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Technical Memorandum 
 

Date:  June 21, 2013 

Subject:  Ballard Bridge Sidewalk Widening – Structural Analysis [Appendix A] 

From:  Greg Banks, BergerABAM 

To:  Seattle Department of Transportation, SDOT 

 

Route to:  James Corney 

 

 

1. Introduction  
 

BergerABAM was hired by the Seattle Department of Transportation (SDOT) to do a conceptual 

study to assess the feasibility of widening the existing bridge pedestrian sidewalks on the 

Ballard Bridge approach structures. The feasibility study focused on alternatives increasing the 

width of the sidewalks to 6 feet and/or 10 feet. This document serves to provide the results of 

the structural analyses conducted by BergerABAM as part of the study. The supporting 

structural calculations are included in Appendix H. Sketches of the sidewalk widening concepts 

analyzed are included in Appendix B. 

 

2. Existing Conditions 
 

Bridge Type/Layout 

The Ballard Bridge is composed of eight segments; six elevated bridge structure segments and a 

fill approach segment at each the north and south ends of the elevated bridge structure. 

Segment 4 is the main bascule span and is located in Salmon Bay spanning the Ship Canal. 

Segments 1 to 3 are to the north of the bascule span, and Segments 5 to 8 are south of the 

bascule span. General details of each segment are provided in Table 1. It is important to note 

that each of these segments have a distinct structural system which required a unique design 

concept for the structural support of the sidewalk widening. 
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Table 1 – Segment Details 

Location 
Segment 

No. 
Type 

North 

Approach 

1  Fill Approach Structure with CIP Cantilever Retaining Walls 

2  CIP T‐Beam Girders Structure & CIP Box Girder Ramps  

3  Built‐Up Riveted Steel Girders with Transverse Floor Beams 

Bascule Span – Not Evaluated 

South 

Approach 

5  Built‐Up Riveted Steel Girders with Transverse Floor Beams 

6  Skewed Rolled Steel Beams 

7  CIP T‐Beam Girder Structure  

8  Fill Approach Structure with Counterfort Gravity Retaining Wall 

 

 

Pedestrian Sidewalks 

Pedestrian sidewalks currently exist on each the west and east sides of the structure, see details 

in Figure 1. The existing sidewalk conditions are substandard in width and safety as noted 

below:   

 

Sidewalk Width 

The sidewalks are typically 4 feet wide between the 18‐inch high traffic curb and the 

metal railing. The sidewalk width reduces to approximately 3.5 feet at the light post 

pedestal locations. 

 

Safety 

There is an 18‐inch curb separating vehicular traffic from pedestrian traffic, which does 

not provide adequate pedestrian safety under vehicular crash conditions or for bicyclist 

containment. Also, the 42‐inch high exterior railing similarly does not meet the current 

height requirements for bicyclist safety and likely will not satisfy AASHTO 

requirements for vehicular impact.   

 

These deficiencies illustrate the opportunity to improve the safety conditions of the existing 

Ballard Bridge while providing a better pedestrian/bicyclist shared‐use facility. 

 

The existing sidewalk utilizes a walkway support system which is similar on all of the elevated 

bridge structure segments except Segment 2. The system consists of a concrete edge beam which 

either spans between bridge transverse cantilever elements (Segments 3, 5, and 7) or is 

continuously supported by a bridge girder (Segment 6). This concrete edge beam is cast 

together with the concrete elements of the pedestrian railing, and is otherwise disconnected 

from the main bridge deck. A 3.5‐inch thick concrete slab element is supported at the edge beam 
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and the bridge deck and spans the space between. Segment 2 uses a simpler system where the 

sidewalk is simply the top slab of the bridge deck.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Existing Sidewalk Conditions 

 

 

The existing sidewalks at the fill approaches, Segments 1 and 8, are unique. Segment 1 

incorporates the sidewalk surface with the adjacent curb and vehicular slab and connects the 

pedestrian barrier to the top of the retaining wall. Segment 8 connects the pedestrian barrier to 

the top of the retaining wall, but uses a more typical slab on grade for the sidewalk separate 

from the curb.   

 

Demolition Details 

The sidewalk widening alternatives will require the existing curb and pedestrian railing to be 

removed without significant damage to the supporting structure; removing the curb without 

damaging the bridge deck and removing the pedestrian railing without damaging the edge 

beam. 

 

For the fill approach segments, Segments 1 and 8, removal of the top of the existing retaining 

wall will be required along with removal of a portion of the existing adjacent roadway slab. The 

existing steel within the roadway slab extents being removed will not need to be preserved. 

 

Demolition extents are shown in the sketches included in Appendix B. 
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3. Design Criteria 
 

The below criteria was used for the structural calculations associated with the sidewalk 

widening feasibility study. The criteria are structural in nature and are not intended to be the 

overall general criteria used for the project.   

 

Project Specific Assumptions: 

 

 Combined pedestrian/bicycle railing shall be a minimum of 54 inches from the surface of 

the deck to the top of horizontal rail. 

 Metal railing shall be fabricated from steel. 

 The curb separating the vehicular lanes and the sidewalk shall be removed and replaced 

with a WSDOT 34‐inch single slope barrier, conforming to WSDOT Bridge Design 

Manual (BDM), §10.2.1 

 The vehicular barrier per WSDOT BDM §10.2.1 shall have railing meeting the bicycle 

minimum height of 54 inches, designed to sit on top the 34‐inch traffic barrier, per 

WSDOT BDM §10.5.2(B) 

 The design clear width of the new sidewalk shall be taken as 10 feet or 6 feet. 

The following manuals were used for analysis and design of the proposed alternatives: 

 

 AASHTO LRFD Bridge Design Specifications, 6E (AASHTO) [“LRFD”] 

 WSDOT Bridge Design Manual, M 23‐50.12, 2012E (WSDOT) [“BDM”] 

The structural design criteria from the AASHTO LRFD and the WSDOT BDM can be grouped 

into three sub‐categories: 

 

1. Structural criteria for material – e.g. concrete, steel, aluminum or wood 

2. Structural criteria based on component – e.g. railing and barrier requirements, 

decking, expansion joints, attachments and cantilever, removal of existing structures, 

etc. 

3. Structural criteria for evaluating the structure (existing or new) – e.g. service, 

strength and seismic analysis and capacity 
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Material Design Criteria 

The AASHTO LRFD provides minimum requirements for the proportioning and detailing of 

various materials by chapter: concrete (LRFD Ch. 5), steel (LRFD Ch. 6), aluminum (LRFD Ch. 

7) and wood (LRFD Ch. 8). WSDOT BDM similarly addresses these same materials, providing 

further information and guidance: concrete (BDM Ch. 5), steel (BDM Ch. 6), aluminum (BDM 

Ch. 7) and wood (BDM Ch. 8). 

 

Component Design Criteria 

AASHTO provides both geometric and structural design criteria for pedestrian railings (LRFD 

§13.8), bicycle railings (LRFD §13.9), traffic barriers (LRFD §13.7), combined traffic‐ped‐bicycle 

barrier‐rails (LRFD §13.10).  WSDOT BDM, §§10.2 & 10.5, address bridge traffic barriers and 

railing, respectively.  SDOT has more stringent spacing criteria than both AASHTO and 

WSDOT in terms of clear spacing between rails.  SDOT uses a 4‐inch maximum spacing. 

 

Structural Evaluation Criteria 

The existing structure (including the Phase II seismic retrofits) was evaluated for increased dead 

and live loads, as well as increased wind resistance. The design loads, load factors and 

appropriate combinations are discussed below. Existing structure demands was checked 

against the Approach Structure LFR Load Rating Report. The existing structure was assumed 

not strengthened to accommodate the widening. 

 

Recommended design loads and load factors are provided in AASHTO LRFD Chapter 3 and 

further developed per WSDOT BDM Chapter 3. For the design of traffic barriers and railing, 

loads applied to such elements are provided in LRFD Chapter 13.   

 

Applicable service and strength load combinations are determined per AASHTO LRFD 

Chapter 3 and modified in some cases by WSDOT BDM Chapter 3. 

 

The mass increase of the sidewalk widening concepts was compared to the provisions of 

WSDOT BDM §4.3 which discuss the condition wherein a seismic analysis would be invoked.   

 

4. Widening Concepts 
 

Structural concepts were developed that would allow the pedestrian sidewalk to be widened to 

either 6 feet or 10 feet for each segment of the bridge; except for Segment 4, the bascule span.  

As noted, it was assumed that the existing curb would be replaced with a concrete TL‐4 crash 

tested WSDOT single slope barrier to separate the vehicular traffic from the pedestrian and 

bicyclist traffic. In addition, it was assumed that the existing pedestrian railing would be 

replaced with SDOT’s pedestrian railing working plan. Further assumptions included concrete 
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densities of 155 pcf for the reinforced concrete weight, and concrete densities of 150 pcf for 

calculation of the modulus of elasticity.    

 

Calculations have been performed assuming pedestrian loads of 75psf as designated in the 

AASHTO LRFD Bridge Design Specifications. A unique structural support system was 

developed for the various structure types along the length of the bridge. Schematic drawings 

have been provided to show the type of construction required for each segment of the bridge, 

see Appendix B. Detailed structural calculations can be found in Appendix H. It should be 

noted that the calculations conducted as part of this study assumed a widened sidewalk on one 

side of the structure. 

 

Segment 1: Cantilevered Gravity Retaining Wall 

The Segment 1 widening concept consists of a slab that cantilevers out beyond the face of the 

existing retaining wall. The cantilevered slab has been preliminarily estimated to be 6 inches 

thick in order to provide strength and stability for the pedestrian loads. The cantilevered slab 

will be cast integrally with a thicker anchor slab that will be supported vertically on the existing 

retaining wall stem and the approach fill material. No dowels or reinforcing will be used to 

positively attach the anchor slab to the wall. The retaining wall’s vertical stem design is very 

strong for vertical loads, so this connection will be used for vertical load; however, without a 

steel connection, the anchor slab will not impart bending moments or significant lateral loads to 

the top of the existing wall.  

 

As the widening increases, the size of the anchor slab must also increase. The depth of the 

anchor slab is estimated to be 1 foot, 3 inches and 2 feet, 3 inches thick for the 6‐ and 10‐foot 

sidewalks, respectively. The anchor slab is estimated to extend to the existing curb line for the 

6‐foot sidewalk and to 1 foot, 6 inches beyond the existing curb line for the 10‐foot sidewalk. 

Extending the anchor slab beyond the existing curb line for the 10‐foot sidewalk was not 

preferred; however, the existing concrete vehicular slab in Segment 1 contains longitudinal 

joints, so the joint nearest to the existing concrete curb was used. In both cases (i.e., the 6‐ and 

10‐foot widening), it is recommended that expandable material be located between the inside 

face of the retaining wall and the side of the anchor slab. This material is intended to prevent 

vehicle impacts on the traffic barrier to impart load directly into the top of the retaining wall. 

 

Segment 2: Conventionally Reinforced Concrete 

The Segment 2 widening concept will attach directly to the existing cast‐in‐place concrete box 

girder structures that were added as a prior vehicular widening in the 1950s. Segment 2 is the 

only portion of the structure with the existing sidewalk integral to the bridge deck, and is 

6.5 inches thick in‐lieu of 3.5 inches thick. The thicker slab allows for a doweled bar to be 

installed in the edge of the existing deck. The slab extension will not be cantilevered, but will sit 

on a longitudinal steel edge beam that is in‐turn supported by a new steel transverse beam. The 
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proposed transverse support beam will be through‐bolted to the existing concrete cantilever 

ribs/beams that extend off of the existing concrete box girder structures. This system is similar 

for both the 6‐foot and 10‐foot widening conditions. 

 

Segment 3 and 5: Non‐Redundant Structural Steel Girder Bridge  

Segments 3 and 5 are similar in terms of structure type. The widening concept for Segments 3 

and 5 widening differs for the 6‐ and 10‐foot conditions. For the 6‐foot condition, a new 

sidewalk slab would be cast starting at the existing curb line and cantilever over the top of the 

existing concrete edge beam. The construction contract documents should draw attention to the 

care that will be required for removing the existing pedestrian rail in order to preserve the 

integrity of the edge beam. It has been assumed that the new slab will be connected to the 

existing edge beam through doweled anchors. 

 

For the 10‐foot condition, a new concrete sidewalk slab would be cast similar to the 6 foot 

condition. A new steel longitudinal edge beam would be required, along with transverse floor 

beam extensions at each floor beam location. The transverse floor beam extensions will support 

the new steel sidewalk longitudinal edge beam. The existing pedestrian railing and edge beam 

would be completely removed, along with a portion of the deck to allow for the splicing of the 

new transverse floor beam extensions. The construction contract documents should note that it 

will be necessary to preserve the existing deck steel where the new steel transverse floor beams 

are to be installed. 

 

Segment 6: Structural Steel Wide Flange Bridge 

Segment 6 is a single span of structure that spans the BNSF right‐of‐way. The Segment 6 

widening concept differs between the 6‐foot and 10‐foot conditions. The concept for the 6‐foot 

condition is similar to that for Segments 3 and 5 (i.e., a new sidewalk slab would be cast, 

starting at the existing curb line and cantilevering over the top of the existing concrete edge 

beam). Again, the construction contract documents should draw attention to the care that will 

be required for removing the existing pedestrian rail in order to preserve the integrity of the 

edge beam.  

 

The Segment 6 widening concept for the 10‐foot condition is unique to the entire project. An 

entirely new girder is shown to support the widening, due to the capacity limitations of the 

existing exterior beam, the complicated geometry of the skewed interior beams, and the 

relatively short span. The addition of this proposed girder will require that a seat extension be 

provided at each supporting pier wall (i.e., Piers 22 and 23). Vertical clearance over the BNSF 

right‐of‐way will also need to be maintained. The widening itself will consist of a new sidewalk 

slab that would be cast starting at the existing curb line and cantilevering over the top of the 

proposed girder. 
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Segment 7: Conventionally Reinforced Concrete T‐beams 

The Segment 7 widening concept for the 6‐foot condition is similar to that for Segments 3 and 5 

(i.e., a new sidewalk slab would be cast, starting at the existing curb line and cantilevering over 

the top of the existing concrete edge beam). Again, the construction contract documents should 

draw attention to the care that will be required for removing the existing pedestrian rail in 

order to preserve the integrity of the edge beam. 

 

For the 10‐foot condition, a new sidewalk slab would be cast, starting at the existing curb line. 

The slab will not be cantilevered but will sit on a new longitudinal steel edge beam that is in‐

turn supported by a series of new transverse steel truss systems. The proposed truss systems 

will be through‐bolted to the existing concrete cantilever ribs/beams that extend off of the 

exterior face of the existing concrete T‐beam girders to form a tension tie, and will be connected 

to the existing concrete tee beam girders with resin bonded anchors to form a compression strut. 

 

Segment 8: Counterfort Gravity Retaining Wall 

The Segment 8 widening concept is similar to Segment 1; a thin concrete slab will cantilever out 

beyond the face of the retaining wall, and a thick anchor slab will bear on the retained fill 

material behind the retaining wall. The existing retaining wall system in Segment 8 differs from 

Segment 1 in that Segment 8 uses a counterfort retaining wall system, whereby individual 

footings support large vertical triangular‐shaped concrete structural members oriented 

perpendicular to a concrete fascia that retains the soil. In this system, the fascia collects the load 

from the soil and carries it horizontally to the large, concrete, triangular‐shaped counterforts. 

The vertical reinforcement in the concrete fascia is minimal because the facing is not intended to 

carry load in that direction.  

 

The counterfort wall does not lend itself well to carrying vertical loads or bending moments 

about the top of the facing wall. Therefore, the conceptual design shows the anchor slab fully 

isolated from the concrete wall with expandable material. The anchor slab was set to extend to 

the existing curb line for the 6‐foot condition, which resulted in an anchor slab depth of 3 feet. 

For the 10‐foot condition, the anchor slab was set to extend 10 feet out from the curb line as an 

attempt to locate the edge of the anchor slab at the adjacent driving lane. The associated depth 

of the anchor slab in this condition was 1 foot, 10 inches.  

 

5. Assessment 
 

For the Ballard Bridge Sidewalk Widening concept study, the objective was to ensure that a 

widening concept was feasible. It was assumed the concepts would be further optimized in final 

design efforts. The structural feasibility of the widening concepts were evaluated based on the 
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impacts to the LFR load rating operating rate factors and impacts to the overall mass of the 

structure. Each is described further below: 

 

Load Rating 

As part of the seismic retrofit project, a bridge load rating analysis was conducted.  Bridge load 

rating is a procedure to determine the adequacy of the structural bridge components to carry 

live loads. Two load rating methods exist: the Load and Resistance Factor Rating (LRFR), and 

the Load Factor Rating (LFR). Per the AASHTO Manual of Bridge Evaluation (MBE), new 

bridges designed after October 1st, 2010 shall be rated based on LRFR methods, and bridges 

designed prior to October 1st, 2010, existing bridges, or partially rehabilitated or reconstructed 

bridges where part of the existing structure was designed by the allowable stress method, can 

be rated by either the LRFR or LFR methods. The Ballard Bridge approach structures fall into 

the latter category. The LFR load ratings for the modified portions of the Ballard Bridge were 

investigated as part of this feasibility study. 

 

LFR load rating equation 13.1.2‐1 from the WSDOT Bridge Design Manual is presented below.  

 

 

 

Note that the equation shown is used for the determination of load rating factors for legal 

trucks, which are the trucks used for assessing load restricting a structure. A different equation 

is available in the bridge design manual for overload vehicles. No equation has been provided 

in the bridge design manual for the determination of the effects of pedestrian loading on load 

ratings. Therefore pedestrian loading has not been applied to the calculation of load rating 

modifiers provided in this document.   

 

A full load rating analysis/report to provide rating factors including the widening concepts was 

not conducted as part of this study. Instead, modification factors that act as multipliers to the 

rating factors presented in the load rating report were developed. The basis of the development 

of this modification factor is as follows: 

 

The only variable in the rating factor equation at a given location is the live load under 

investigation. The structural element capacity, dead loads, and prestress contribution are 

constant values. A new rating factor was calculated by adding in the dead load 

contribution from the sidewalk widening to the existing structure dead load demands. 

The modification factor was taken as the ratio of this revised rating factor to the 

component rating factor provided in the Load Rating report, see equation below: 

 

      RFmodified = (Modification Factor) x RF 
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The calculations for the determination of these modification factors have not been provided in 

the Appendix H of this report as the data provided is not intended to give load rating output for 

the Ballard Bridge structure.  The modification values shown in the Tables 2 and 3 below are 

intended to be used in conjunction with the Load Rating report. 

 

 

Table 2 – Load Rating Modification Factors – 6‐Foot Sidewalk 

Schematic Modifications to Load Rating Factors ‐ 6ft Wide Sidewalk 

Segment  Member  Load Condition 
Modification Factor 

Inventory  Operating

2  Widening Box 
Moment  0.98  0.97 

Shear  0.94  0.94 

3 & 5 

91# Floor Beam 
Moment  0.88  0.88 

Shear  0.99  0.99 

98# Floor Beam 
Moment  0.91  0.91 

Shear  0.99  0.99 

Girder 
Moment  0.96  0.96 

Shear  0.96  0.96 

6  Girder 3 or 4 
Moment  0.95  0.95 

Shear  0.98  0.98 

7 

Short Box between Piers 

23 & 24 

Moment  0.99  0.99 

Shear  1.00  1.00 

Bridge Past Pier 24 
Moment  0.96  0.95 

Shear  0.95  0.95 
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Table 3 – Load Rating Modification Factors – 10‐Foot Sidewalk 

Schematic Modifications to Load Rating Factors ‐ 10ft Wide Sidewalk 

Segment  Member  Load Condition 
Modification Factor 

Inventory  Operating

2  Widening Box 
Moment  0.96  0.96 

Shear  0.90  0.90 

3 & 5 

91# Floor Beam 
Moment  0.75  0.75 

Shear  0.98  0.98 

98# Floor Beam 
Moment  0.80  0.80 

Shear  0.98  0.98 

Girder 
Moment  0.91  0.91 

Shear  0.89  0.91 

6  Girder 3 or 4 
Moment  0.91  0.91 

Shear  0.97  0.97 

7 

Short Box between Piers 

23 & 24 

Moment  0.99  0.99 

Shear  0.99  1.00 

Bridge Past Pier 24 
Moment  0.90  0.90 

Shear  0.88  0.88 

 

 

Segments 3 and 5 show the highest sensitivity to the sidewalk widening. This is due to the 

existing structural system of cantilevered floor beams supporting the bridge deck. Additional 

load from the widening occurs beyond the current extents of the cantilevered floor beams. The 

load, although relatively small, applied to the limits of the cantilever creates large bending 

moments in the floor beams. Note, the 6 foot path alternative only connects to the 91# floor 

beam locations; therefore a modification factor of 1.00 is shown for the 98# beams. Similarly, in 

Segment 6, Girder 4 shows modification factors of 1.00 as an additional beam line is 

recommended for that condition.   

 

Tables 2 and 3 were developed showing the impacts of a single sidewalk widening (ie. 

widening on only one side of the structure). However, the modification factors will not change 

when considering two sidewalks, or a sidewalk widening on each side of the bridge, with the 

exception of Segment 7. Segments 2, 3, 5, and 6 all have rating modification factors relevant to 

adjacent supporting members. Sidewalk widening on the other side of the bridge would affect 

similar members on the opposite side of the structure. Segment 7 was analyzed as a whole 

bridge; therefore the modification would be doubled for that structure. 
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The load rating analysis did not reveal any operating live load deficiencies that would result in 

needing to restrict live loading on the bridge. Based on the reported modification factors and 

the magnitude of the operating rating factors, it was determined that the sidewalk widening 

concepts were feasible without the need to restrict live loading on the bridge. However, it 

should be noted that the addition of the sidewalk widening does cut into the live load carrying 

capacity of the bridge structure. To minimize these impacts, alternate materials/details could be 

investigated in final design (see Section 7 of this memorandum), or modifications to the 

widening concepts could be evaluated. One such potential modification noted in the 

development of the widening concepts is as follows: 

 

Segment 3 and 5 Floor Beams 

 

 Adding bracing members at each connected floor beam.  

o Benefit – This modification has potential to change the structural system of the 

existing floor beam from a cantilevered beam to a more beneficial simply 

supported beam. 

o Concern – Changing the structural system may have consequences not easily 

determined without analysis. E.g.: 

 Increasing axial loads to existing bracing. 

 Ensuring dead load conditions are modified by new framing (“rerouting” 

existing dead load forces is challenging). 

 Connection issues to existing beams. 

 

 Adding new floor beams between all existing floor beams. 

o Benefit – Adding new floor beams will effectively halve the loads to existing 

floor beams. 

o Concern – Adding floor beams will significantly increase the amount of material 

added to the structure.  Significantly increasing added mass and cost. 

 

Structural Mass 

The widening concepts will add mass to the existing bridge structure which will impact the 

seismic demands on the structure. The widening concepts of the bridge have not yet been fully 

reviewed for seismic performance. For this study, the increase in mass was recorded and 

compared to the mass of the existing structure. Per Section 4.3 of the WSDOT Bridge Design 

Manual, a seismic analysis of a bridge widening without new substructure may be waived with 

the owner’s approval if the added mass from the widening is 10 percent or less of the original 

structure weight. The results of the preliminary analysis indicate that the added mass due to the 

bridge widening would not exceed the 10 percent threshold for Alternative 2 with all 

combinations of widths (see Table 4 for details). It should be noted that Table  compares the 

superstructure mass increases only. For the option with 10‐foot width on both sides, the mass 
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increase exceeds 10 percent of the superstructure mass, but it remains below 10 percent of the 

total structure mass. Based on precedent experience, the retrofitted capacity/demand ratios are 

high enough to accommodate the additional mass; however, further analysis should be 

performed if the City chooses to construct the 10‐foot additional width on both sides. Details of 

the structural calculations conducted as part of this study can be found in Appendix H. 
 

Table 4 – Structure Mass Increase Percentages for  

Sidewalk Widening Alternatives 

Bridge 
Segment 

Alternative 2 - Widening Options 

6 ft  10 ft 6 ft & 6 ft 6 ft & 10 ft 10 ft & 10 ft 

1* - - - - - 

2 0.7% 1.0% 1.4% 1.7% 2.1% 

3  1.4% 2.7% 2.7% 4.1% 5.5% 

4** - - - - - 

5 1.4% 2.7% 2.7% 4.1% 5.5% 

6 0.5% 0.9% 1.0% 1.4% 1.8% 

7 1.3% 2.9% 2.6% 4.2% 5.7% 

8* - - - - - 
*Segments 1 and 8 are fill approaches and do not include the same seismic restrictions as the elevated  
bridge structure approach segments (i.e. Segments 2 through 7).  The widening system for Segments 1  
and 8 have been designed as self-equilibrating moment-resisting anchor slabs in order to reduce the  
interaction between the new sidewalk widening and the existing walls. 
**Segment 4 bascule span was not evaluated as part of this contract. 

 

6. Alternate Materials/Details 
 

Typical materials and details were used in developing the widening concepts for the Ballard 

Bridge. Typical design materials provide a sound baseline for preliminary engineering design, 

and are usually less expensive than more specialized alternatives. For the Ballard Bridge 

Sidewalk Widening concept study, the objective was to ensure that a widening concept was 

feasible and then leave the optimization to final design efforts.  

 

There could be significant advantages to using alternate details and materials. Based on the load 

rating report, the Ballard Bridge has little reserve live load capacity. Utilizing alternative 

materials/details could help minimize the impacts to the reserve live load capacity. Alternate 

materials and details would also minimize the added mass, which would minimize the increase 

in lateral seismic inertial loads. Some beneficial alternate materials/details are (1) lightweight 

concrete, (2) steel traffic barrier, and (3) aluminum railings. Each are described further below: 

 

Lightweight concrete 

The most influential component of mass increase in the sidewalk widening design is the 

concrete. For example in the Segments 3 and 5, 10‐foot widening option, the concrete 



Ballard Bridge Sidewalk Widening – Structural Analysis [Appendix A] 

June 21, 2013 

Page 14 

14 

 

represents about 85 percent of the total mass increase; using normal weight concrete 

with a density of 155 pcf. Lightweight aggregate concrete would be analyzed with a 

density of 125 pcf, per the WSDOT Bridge Design Manual. If an additional 5 pcf is added 

in for reinforcing, the use of lightweight concrete would reduce the mass increase 

associated with concrete by about 16 percent. Relating back to Segments 3 and 5 this 

would represent about a 13.5 percent mass savings overall. 

 

Lightweight concrete is penalized, from a design standpoint, with lower shear capacity 

versus normal weight concrete; however, this penalty can be accommodated without 

significant changes to the provided proposed alternatives. 

 

Steel Traffic Barrier 

Concrete is the largest mass contributor to the sidewalk widening, and a major 

component of the additional concrete is present in the new single slope concrete barrier.  

For example, the area of concrete in a typical 10‐foot sidewalk widening is 

approximately 6.2 feet2, and of that area, about 2.4 feet2 is concrete traffic barrier 

weighing 372 plf (based on normal weight concrete). A steel traffic barrier would weigh 

significantly less, potentially resulting in a mass savings greater than an overall change 

to lightweight concrete. 

 

A steel traffic barrier option would not need to be limited to typical bent plate guardrail 

designs (although they may be the most cost effective). AASHTO provides guidance for 

the design of steel traffic barriers. A design could be created which looks more aesthetic 

than a typical thrie beam. 

 

There are drawbacks to the use of a steel traffic barrier. The traffic barrier would 

preferably not be designed to act as a bicyclist fence. Steel barriers are relatively flexible 

compared to concrete barriers, even a small impact could cause pedestrian alarm if the 

barrier and fence moved together due to a vehicle impact. Additionally, should an 

impact cause deformation in the steel railing, it could impact the visual appeal of the 

sidewalk. Constructed separately, the pedestrian fence would not necessarily be 

impacted by a vehicle impact on the traffic barrier. 

 

Aluminum Railings 

Aluminum railings are a lightweight alternative to structural steel railings. Aluminum 

alloys are designed with a density of 175 pcf versus the 490 pcf density of steel. 

Although this weight difference is significant, the design strength of aluminum is 

approximately 85 percent to that of steel (due to lower AASHTO resistance factors), 

which would lead to larger member sizes which counter the weight savings. 

Additionally, the railings themselves are a minor part of the overall mass increase. Even 
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significant mass savings from the railings would only provide minor savings to the 

overall mass increase. 

 

7. Conclusion 
 

Widening of the sidewalks within the Ballard Bridge elevated bridge structure segments is 

structurally feasible at a mass increase of less than 10 percent and without live load restrictions. 

The sidewalk widening for Segments 1 and 8 is feasible with limited impact to the existing 

retaining wall structures. The sketches provided in Appendix B show a typical sidewalk design, 

but will require significant additional detailing beyond what is shown for a complete 

understanding of what needs to be constructed. 
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SECTION AT LUMINAIRE
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 Appendix D 
 Photos and Field Measurements 
 

  



Appendix Narrative 

 

Introduction 

The following appendix summarizes the data gathered on a site visit made on 17 July 2012.  There were 

two primary objectives for this site visit.  Firstly, as-built dimensions at “choke-points” were measured 

for comparison with extant engineering drawings.  Secondly, photographs of the pedestrian paths along 

the east and west sidewalks, as well as the pedestrian underpass and trail area at the south end were 

collected for future reference. 

The contents of this section can be divided into three components.  First is a key plan of the bridge 

noting the approximate locations and directions of view of each photos  Second are the photographs, 

and third is a single sketch showing the typically measurements recorded at critical points along the 

bridge. 

 

Summary of Findings 

Prior to visiting the site, City of Seattle was to provide us with the majority of extant drawings for the 

entire bridge, from Section 1 (north) to Section 8 (south).  We noted that the critical “choke points” 

would most likely be at locations such as the luminaire poles, intermediate posts, approach span railing, 

and bascule span transition areas.  From the information in hand, we decided to measure any other 

anomalies encountered in the field as well as verify the acquired information from the City. 

We took a number of measurements at the locations noted above all along the bridge, and additionally 

at points where the railing/sidewalk appeared to taper or change direction.  What we discovered was 

that the sidewalks appear to generally be in conformance with the information we had previously 

obtained, and that the dimensions were fairly consistent along the length of the bridge. 

With the exception of the south east transition area of the bascule span, the sidewalk at section 4 was 

generally wider than the other sections.  At all the other sections, both east and west, the cross-sections 

at the luminaire poles were the most spatially constricted.  Please refer to the sketch at the end of this 

section for specific dimensions.  These dimensions are approximate, average and were not collected for 

every single instance. 
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Photographs 

 

Fig. 1 – NE end of Section 1 

 

Fig. 2 – NE Section 2 over NW 46
th

 St. 



 

Fig. 3 – NE Section 2 over Shilshole Ave. 

 

Fig. 4 – NE Section 3, north of Lk. Wa Channel 



 

Fig. 5 – SE end of Section 3, prior to bascule span (Section 4) 

 

Fig. 6 – End of Section 3, near guard rail 

 



 

Fig. 7 – NE transition to bascule span (Section 4) 

 

Fig. 8 - NE transition to bascule span (Section 4) 



 

Fig. 9 – SE transition at bascule span (Section 4) 

 

Fig. 10 - SE transition to bascule span (Section 4) 



 

Fig. 11 – NE end of Section 5 

 

Fig. 12 – SE end of Section 5 



 

Fig. 13 – View towards E side of Section 6 

 

Fig. 14 – Bicyclists passing at east side of Section 7 



 

Fig. 15 - Southerly view of Section 7 east sidewalk 

 

Fig. 16 – View of Section 8 east sidewalk to pedestrian underpass 



 

Fig. 17 – View of pedestrian underpass to west sidewalk at Section 8  

+  

Fig. 18 – View of SW side of Section 8 from proposed pedestrian path 



 

Fig. 19 – Northward view at Section 8 SW sidewalk 

 

Fig. 20 – Section 7 sidewalk 



 

 

Fig. 21 – Southward view from Section 5 towards Section 6, 7 and 8 

 

Fig. 22 – Northward view at Section 5 



 

Fig. 23 – Southward view of bicyclist at Section 5 guardrail 

 

Fig. 24 – Northward view at Section 5 guardrail 



 

Fig. 25 – SW transition at bascule span (Section 4) 

 

Fig. 26 – Northerly view of Section 3 and 2 at west sidewalk 



 

Fig. 27 – Southward wiew of Section 2 west over NW 46
th

 St. 

 

Fig. 28 – Northward view of Section 2 west over NW 46
th

 St. 
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 Stormwater Analysis 
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1.0  STUDY DESCRIPTION 

The Ballard Bridge Sidewalk Widening Concept Study being prepared by Berger/ABAM, 
Inc., analyzes the options for improving the pedestrian facilities of the Ballard Bridge, or 
15th Avenue NW Bridge as it is also known.  The bridge crosses Salmon Bay, which is 
part of the Lake Washington Ship Canal.  There are four lanes of vehicular traffic and 
two pedestrian walkways, one on each side of the bridge. 

There are a number of concepts currently under consideration.  This report documents 
the potential City of Seattle Stormwater Code Requirements of the 6’ and 10’ sidewalk 
options. The 6’ concept will remove the existing sidewalks and construct a 6’ wide 
sidewalk on both sides of the bridge, not including the bascule portion of the bridge.  The 
largest concept will remove the existing sidewalk and construct 10’ sidewalks on both 
sides of the bridge, except for the bascule portion. 

 Both concepts include the 
partial demolition of the bridge 
deck and removal of the traffic 
curbs, sidewalks and bridge 
rails.  The proposed work for 
both concepts includes bridge 
deck widening, traffic barriers, 
sidewalks, and new bridge 
rails. 

In addition, the concepts 
include a new trail connection 
at the south end of the bridge. 
The connection will provide a 
pedestrian/bike link to the Ship 
Canal Trail.  

 
2.0  BASIN DELINEATION  

The bridge is located in the 
Lake Union/Ship Canal 
drainage basin as determined 
from the available City GIS 
data, survey, side sewer 
cards, and record documents 
from the City’s Record Vault.   

The runoff from the sidewalk 
and roadway on the bridge is 
collected in bridge drains 
located at the face of the 
existing traffic curbs.  The 
collected runoff discharges 
from stand pipes attached to 
the bridge columns.  Most of 
the water discharges directly 

 

 

Project 
Location 
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to Salmon Bay.  The portion of the northern approach from NW Shilshole Avenue to NW 
Ballard Way is collected in a storm sewer and discharged to Salmon Bay at 20th Avenue 
NW.   A portion of the southern approach between Nickerson Street & Emerson Street 
discharges to the Metro/King County Sewer Treatment Plant at West Point.  There are 
aerial pictures of the bridge and neighboring sewer systems at the end of this report. 

3.0   MINIMUM REQUIREMENTS 

Per the 2009 Stormwater Code, the conceptual improvements would be classified as a 
sidewalk/trail project.  The new and replaced non-pollution generating areas of the 
bridge widening and the southern trail connection are presented in Table 1. 

BRIDGE 
OPTION 

NORTH 
END 

SOUTH 
END 

TOTAL 
AREA 

6’ Sidewalk 12,000 SF 35,000 SF 47,000 SF 

10’ Sidewalk 19,000 SF 47,000 SF 66,000 SF 

Table 1 – Non–Pollution Generating Impervious Surface Areas 

 Based on the requirements the Stormwater Manual, Volume 3, Section 2.4.2 - 
Flow Control Requirement 1, Green Stormwater Infrastructure (GSI), the 
concepts will be required to incorporate GSI to the maximum Extent Feasible 
since the total impervious area exceeds 2000 SF. 

 Based on Section 2.6.4, Construction Site Stormwater Pollution Prevention 
Control will be required on all concepts. 

 Based on Section 2.6.5, Amended Soils will be required in disturbed areas on all 
concepts. 

3.1 Green Stormwater Infrastructure 

There are a number of approved methods used to meet GSI requirements. These 
methods are divided into four Categories as follows: 

 Runoff Reduction 

 Runoff Infiltration and Reuse 

 Impervious Surface Reduction 

 Non-Infiltrating Retention. 

A very common means of reducing runoff is the preservation and/or planting of trees.  
The northern approach to the bridge offers limited opportunity for tree planting.  New 
trees may be planted around the southern bridge approach. There are at least 14 trees 
within the area at the time of this report. Ten new trees are assumed for this report.  

Most of the bridge deck runoff is currently dispersed to Salmon Bay or the ground under 
the bridge.  The use of point discharge dispersion, such as rock pockets, is under 
consideration for the areas which currently discharge under the approach spans.  Sheet 
flow dispersion is not an option as there are no flat vegetated areas in the ROW, which 
are large enough to receive the runoff. 

Infiltration facilities and reuse facilities are possible in the rain shaded areas under each 
bridge approach. The use of these facilities will need further study during design and 
coordination with SDOT Bridge Operations and SPU.  The site soils at the north end of 
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the bridge have an average infiltration rate.  The soils near the southern end of the 
bridge have a high water table.  If infiltration is proposed, soils tests will be performed at 
specific locations. 

Permeable sidewalk concrete is not suitable on the bridge. The trail connection at the 
southern end of the bridge should be considered in future studies. Trail surface 
smoothness will be a concern. As will the potential for contaminated soils in the area.  

Bioretention planters or cisterns may fit in the area around the southern bridge 
approach. 

BRIDGE 
OPTION 

NEW AND 
REPLACED 

IMPERVIOUS 
AREA 

AREA 
MITIGATED 
BY EX.  AND 
NEW TREES 

AREA 
MITIGATED 
BY DIRECT 

DISCHARGE 

PERCENTAGE 

6’ Sidewalks 47,000 SF 900 SF 15,200 SF 34.3% 

10’ Sidewalks 66,000 SF 900 SF 25,300 SF 39.7% 

Table 2 – Existing Mitigation 

The GSI calculations, used n the report, are attached to the end of this report. 

3.2 Stormwater Pollution Control Plan 

The Contractor will be required to provide a written Stormwater Pollution Control Plan for 
his operations. The report will identify specific control measures and best management 
practices. 

3.3 Amended Soils 

The contract will include amending the soil in areas disturbed by construction operations. 

4.0 POTENTIAL COSTS 

As a minimum the planting of new trees, the pollution control plan and amended soils will 
cost approximately $5,000.  The construction of rock pockets at bridge drain outfalls and 
the use of permeable concrete may add as much as $20,000 to the cost of the bridge 
widening project. 
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City of Seattle GSI to MEF Requirement Calculator (2012-05-01)

Building Permit No. Project Type Sidewalk

Project Address Project Area 50,000 sf

47,000 sf

47,000 sf

Facility Size Credit Area Mitigated

Existing Evergreen # Trees Total Canopy Area of Trees sf x 20% Canopy (or min 100 sf/tree) =

Existing Deciduous # Trees 14 Total Canopy Area of Trees sf x 10% Canopy (or min 50 sf/tree) = 700

# Trees x 50 sf/tree =

# Trees 10 x 20 sf/tree = 200

= 900 sf

Dispersed Impervious Area 15,200 sf x 100.0% = 15,200 sf

Note: Confirm flow paths can be achieved

Facility Size Sizing Factor Area Mitigated

1 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

2 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

3 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

Contributing Area sf Bioretention Bottom Area sf ÷ Only for SFR = sf

Number Cisterns

BC Ponding Depth in

BC Design Infilt Rate in/hr

Contributing Area sf Permeable Pavement Area sf ÷ Enter Contributing Area = sf

Ponding Depth
 4 in Plus Permeable Pavement Facility Area = sf

Design Infiltration Rate in/hr

Rainwater Harvesting sf

Bioretention Cell (without Underdrain)

New Evergreen

New Trees

New Deciduous

Downspout or Sheet Flow Dispersion

Retained Trees

Runoff Reduction Methods

Area Requiring Mitigation

New plus Replaced Impervious Area

Applicant must provide documentation of area mitigated by rainwater harvesting

Total Area Mitigated by Trees

Ballard Bridge Sidewalk Widening - 6' Sidewalks

Detention Cistern to Bioretention Cell (BC) (without Underdrain) 
2

Dispersion
   1

Infiltration and Reuse Facilities

Infiltrating Facilities

Reuse Facilities
 1

Permeable Pavement Facility (may receive run-on)
3

Rainwater Harvesting sf

Facility Size Credit Area Mitigated

Permeable Pavement Area sf x 100.0% = sf

Permeable Pavement Area sf x 55.0% = sf

Green Roof Area sf x 55.0% = sf

Green Roof Area sf x 84.0% = sf

Contributing Area sf

Ponding Depth in Bioretention Bottom Area sf #VALUE! = sf

Design Infiltration Rate in/hr #VALUE!

#VALUE!

Facility Size Credit Area Mitigated

Contributing Area sf

Ponding Depth in Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Contributing Area sf Min Cistern Area sf Only Applicable for SFR = sf

Min Live Cistern Volume gal

16,100 sf

47,000 sf

34.3 %

GSI to MEF Target Achieved? NO

Mitigate More Area  

GSI - Green Stormwater Infrastructure sf - square feet in - inch eqn - equation BC - bioretention cell

min - minimum ft - feet in/hr - inch per hour gal - gallons infilt - infiltration

1. Single family residential projects and trail/sidewalk projects are not required to evaluate this BMP.  

2. Each above ground cistern must have 6.68 sf minimum bottom area, a 0.25 inch orifice and a minimum of 3 feet of live storage above the orifice.  If using two cisterns they must be connected 

and have only one orifice. Flow from cistern orifice must be routed to bioretention cell.

3. The area contributing runoff to a facility shall be no larger than 3 times the permeable pavement facility area corresponding to a minimum sizing factor of 33.3%). 

4. Average subsurface ponding depth in aggregate storage reservoir.  

5. Cistern must be above ground. Cistern area must be rounded up to next commercially available product.  Cistern need not have more than 3 feet of live storage volume above orifice.  

6. Water collected using the detention cistern may be used for non-potable uses only (e.g., irrigation).  For additional uses of harvested water consider the "Rainwater Harvesting"  BMP.  

This calculator does not provide conveyance flow calculations.

Applicant is responsible to ensure system overflow conveyance is provided per Section 4.2.5 of the Stormwater Manual Volume 3.

Applicant must provide documentation of area mitigated by rainwater harvesting

Non-Infiltrating Facilities

Total Area Mitigated

Area Requiring Mitigation

Notes:

Bioretention Planter (with underdrain)

Non Infiltrating Facilities

Green Roof (Single/Multi-Course / 4" Growth Medium)

Green Roof (Multi-Course / 8" Growth Medium)

Detention Cistern with Harvesting Capacity 
5, 6

Alternative Pavement Surfaces

% Impervious Area Mitigated

Impervious Surface Reduction Methods

Bioretention Cell with Detention
 
(without Underdrain)

Partial Infiltration
  1

Permeable Pavement Surface (Subgrade Slope ≤2%)

Permeable Pavement Surface (Subgrade Slope >2-5%)

Alternative Roof Surfaces
  1



City of Seattle GSI to MEF Requirement Calculator (2012-05-01)

Building Permit No. Project Type Sidewalk

Project Address Project Area 70,000 sf

66,000 sf

66,000 sf

Facility Size Credit Area Mitigated

Existing Evergreen # Trees Total Canopy Area of Trees sf x 20% Canopy (or min 100 sf/tree) =

Existing Deciduous # Trees 14 Total Canopy Area of Trees sf x 10% Canopy (or min 50 sf/tree) = 700

# Trees x 50 sf/tree =

# Trees 10 x 20 sf/tree = 200

= 900 sf

Dispersed Impervious Area 25,300 sf x 100.0% = 25,300 sf

Note: Confirm flow paths can be achieved

Facility Size Sizing Factor Area Mitigated

1 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

2 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

3 Contributing Area sf Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Ponding Depth in

Design Infiltration Rate in/hr

Contributing Area sf Bioretention Bottom Area sf ÷ Only for SFR = sf

Number Cisterns

BC Ponding Depth in

BC Design Infilt Rate in/hr

Contributing Area sf Permeable Pavement Area sf ÷ Enter Contributing Area = sf

Ponding Depth
 4 in Plus Permeable Pavement Facility Area = sf

Design Infiltration Rate in/hr

Rainwater Harvesting sf

Bioretention Cell (without Underdrain)

New Evergreen

New Trees

New Deciduous

Downspout or Sheet Flow Dispersion

Retained Trees

Runoff Reduction Methods

Area Requiring Mitigation

New plus Replaced Impervious Area

Applicant must provide documentation of area mitigated by rainwater harvesting

Total Area Mitigated by Trees

Ballard Bridge Sidewalk Widening - 10' Sidewalks

Detention Cistern to Bioretention Cell (BC) (without Underdrain) 
2

Dispersion
   1

Infiltration and Reuse Facilities

Infiltrating Facilities

Reuse Facilities
 1

Permeable Pavement Facility (may receive run-on)
3

Rainwater Harvesting sf

Facility Size Credit Area Mitigated

Permeable Pavement Area sf x 100.0% = sf

Permeable Pavement Area sf x 55.0% = sf

Green Roof Area sf x 55.0% = sf

Green Roof Area sf x 84.0% = sf

Contributing Area sf

Ponding Depth in Bioretention Bottom Area sf #VALUE! = sf

Design Infiltration Rate in/hr #VALUE!

#VALUE!

Facility Size Credit Area Mitigated

Contributing Area sf

Ponding Depth in Bioretention Bottom Area sf ÷ Enter Contributing Area = sf

Contributing Area sf Min Cistern Area sf Only Applicable for SFR = sf

Min Live Cistern Volume gal

26,200 sf

66,000 sf

39.7 %

GSI to MEF Target Achieved? NO

Mitigate More Area  

GSI - Green Stormwater Infrastructure sf - square feet in - inch eqn - equation BC - bioretention cell

min - minimum ft - feet in/hr - inch per hour gal - gallons infilt - infiltration

1. Single family residential projects and trail/sidewalk projects are not required to evaluate this BMP.  

2. Each above ground cistern must have 6.68 sf minimum bottom area, a 0.25 inch orifice and a minimum of 3 feet of live storage above the orifice.  If using two cisterns they must be connected 

and have only one orifice. Flow from cistern orifice must be routed to bioretention cell.

3. The area contributing runoff to a facility shall be no larger than 3 times the permeable pavement facility area corresponding to a minimum sizing factor of 33.3%). 

4. Average subsurface ponding depth in aggregate storage reservoir.  

5. Cistern must be above ground. Cistern area must be rounded up to next commercially available product.  Cistern need not have more than 3 feet of live storage volume above orifice.  

6. Water collected using the detention cistern may be used for non-potable uses only (e.g., irrigation).  For additional uses of harvested water consider the "Rainwater Harvesting"  BMP.  

This calculator does not provide conveyance flow calculations.

Applicant is responsible to ensure system overflow conveyance is provided per Section 4.2.5 of the Stormwater Manual Volume 3.

Applicant must provide documentation of area mitigated by rainwater harvesting

Non-Infiltrating Facilities

Total Area Mitigated

Area Requiring Mitigation

Notes:

Bioretention Planter (with underdrain)

Non Infiltrating Facilities

Green Roof (Single/Multi-Course / 4" Growth Medium)

Green Roof (Multi-Course / 8" Growth Medium)

Detention Cistern with Harvesting Capacity 
5, 6

Alternative Pavement Surfaces

% Impervious Area Mitigated

Impervious Surface Reduction Methods

Bioretention Cell with Detention
 
(without Underdrain)

Partial Infiltration
  1

Permeable Pavement Surface (Subgrade Slope ≤2%)

Permeable Pavement Surface (Subgrade Slope >2-5%)

Alternative Roof Surfaces
  1
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 Appendix F 
 Lighting/Photometric Analysis 
 

  



 

 
 

Illumination Study - Bridge Summary 
By DKS 
 
June 2013 
 

Bridge Illumination 

An illumination study was conducted to evaluate the required pole spacing and layout with the new 

sidewalk widening.   The conceptual illumination study was conducted by DKS and Associates and was 

conducted using AGI32 Lighting Analysis Software. The lighting analysis was completed using the 

calculation criteria identified in the SDOT Right-of-Way Lighting Level Design Guidelines.  It was assumed 

for this analysis that all roadway lighting will use LED cobra head style fixtures with the following 

characteristics: 

Roadway Luminaire on the Bridge  

Style: 120LED   

Distribution Type:  Type II Cuttoff 

Wattage: 270W 
 

Based on the roadway and fixture characteristics the following lighting criteria were used for the 

analysis: 

Light Levels  

Roadway Class: Roadway Sidewalk 

Average Design Illuminance:  2.0 fc 1.2 fc 

Uniformity Ratio (avg/min): 3:1 4:1 
 

Based on the new sidewalk widening conceptual layout, it was recommended that the light poles be 

mounted on the outside of the bridge to replace the existing lighting that is currently mounted on the 

existing bridge barrier.  This will allow for the streetlights to provide adequate lighting to the sidewalk as 

well as the roadway without the need for separate pedestrian level lighting.  Standard SDOT street light 

poles where assumed for the analysis with 12 foot bracket arms in a staggered configuration.  

Luminaires were assumed to be mounted at a 35 foot mounting height.  A summary of the study is 

included in the Appendix, including conceptual pole layout and calculations results.  Also included in the 

study was a cost analysis. The recommended illumination system upgrade costs have been included in 

the cost estimate. 

 

 
 
 



 

 

 

Illumination Study - Trail Summary  
By DKS 
 
June 2013 
 

Bike Trail Illumination 

An illumination study was conducted to evaluate the required pole spacing and layout for the proposed 

Ballard Bridge to Ship Canal bike trail.   The conceptual illumination study was conducted by DKS and 

Associates and was conducted using AGI32 Lighting Analysis Software. The lighting analysis was 

completed using the calculation criteria identified in the SDOT Right-of-Way Lighting Level Design 

Guidelines.  It was assumed for this analysis that the pedestrian scale lighting pole and LED fixtures with 

the following characteristics: 

 
Pedestrian Luminaire on the Bike Trail 

 

Style: 49LED Post Top 

Distribution Type:  Type III Medium Cuttoff 

Wattage: 100W 

Mounting height 14’ City Standard 
 

The existing pedestrian path under East Emerson Place does not currently have illumination.  Within the 

SDOT Right-of-Way Lighting Level Design Guidelines there are not clear guidelines for the lighting 

requirements for this facility, but given that it will be a grade separated bike facility and will transition 

under the existing E Emerson Place overpass, the pedestrian illumination has been conceptually 

designed to meet the requirements assuming obstructions are present within the facility: 

Light Levels  
 Classification: 

 
Pedestrian & Bicycle Facility 

Average Design Illuminance:  
 

0.7 fc 

Uniformity Ratio (avg/min): 
 

4:1 

 
Luminaires have been placed on the west side of the bike trail only to minimize the need for conduit 

installation on both sides of the trail between the connection to the Ballard Bridge and the E Emerson 

Underpass.  The existing roadway lighting with 250 watt HPS luminaires along the W Nickerson Street 

ramp have been included in the analysis which are contributing to the illumination along the bike trail.  

This minimized the need for additional lights along the bike trail on the west side of W Nickerson Street.  

One additional pedestrian light was assumed to provide adequate lighting under the W Emerson Pl 

overpass.  A summary of the study is included in the Appendix, including conceptual pole layout and 

calculations results.  Also included in the study was a cost analysis. The recommended illumination 

system upgrade costs have been included in the cost estimate. 
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 Appendix G 
 Bridge Widening Cost Estimate 
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BALLARD BRIDGE SIDEWALK WIDENING

COST ESTIMATE - ALTERNATIVE NO. 1

01 NOVEMBER 2013

UPDATED: 8/20/2014

ITEM DESCRIPTION UNIT UNIT COST QUANTITY TOTAL

REMOVE CEM CONC SIDEWALK SY 20$                0 -$                 

REMOVE CONC TRAFFIC BARRIER LF 15$                5600 84,000$           

REMOVE LUMINAIRE EA 1,500$           28 42,000$           

SURFACE PREPARATION SF 5$                  4800 24,000$           

CONCRETE CL 4000 FOR BARRIER CURB CY 900$              285.867135 257,300$         

EPOXY COATED STEEL REINFORCING BAR LB 2$                  35396.8275 70,800$           

REINFORCING BAR (DOWELED) LB 1$                  9030.66731 9,100$             

DRILL HOLE 5/8" DIAMETER LF 30$                282.5 8,500$             

DRILL HOLE 3/4" DIAMETER LF 30$                198 6,000$             

EPOXY BONDING COMPOUND EA HOLE 20$                856 17,200$           

STRUCTURAL HIGH STRENGTH STEEL LB 4$                  128954.968 515,900$         

ILLUMINATION LS 950,000$       1 950,000$         

Note: costs for widening one side of bridge.

Subtotal 1,984,800$      

BOTH SIDES OF BRIDGE TOTAL 3,969,600$      

MOBILIZATION 10% 396,960$         

TOTAL ESTIMATED ALT 1 COSTS (2013) TOTAL 4,366,560$      

Schematic Quantites and Cost Estimate - Alternative No. 1 (1-ft widening)



Ballard Bridge Sidewalk Widening Concept Study
Estimated Construction Costs (Alternative 3)

Total Costs are 2014 dollars, and rounded to the nearest $100.

1 STEEL RAILING 1.00 4$                LBS. 175,638 702,600$              

2 PAINTING STEEL RAILING 1.00 0.25$           LBS. 175,638 44,000$                

3 DRILL HOLE FOR POST CONNECTION 1.00 30$              LF. 2,168 65,100$                

4 EPOXY RESIN BOND COMPOUND 1.00 20$              EA. 3,252 65,100$                

5 ANCHOR RODS 1.00 4$                LBS. 3,961 15,900$                

ESTIMATED TOTAL COSTS (2014$) 892,700$              

MOBILIZATION 10.0% 89,300$                

ESTIMATED TOTAL COST (2014$) 982,000$              

QUANTITY COSTITEM NO.
STD ITEM 

NO.
DESCRIPTION

DESIGN 

CONTINGENCY

UNIT 

PRICE
UNIT



Note: costs for widening one side of bridge.
Exact Quantities

ITEM DESCRIPTION UNIT UNIT COST QUANTITY TOTAL

REMOVE CEM CONC SIDEWALK SY 20$                 1100 22,000$            1010

REMOVE CONC TRAFFIC BARRIER LF 15$                 5600 84,000$            5596

REMOVE LUMINAIRE EA 1,500$            28 42,000$            28

SURFACE PREPARATION SF 5$                   4800 24,000$            4743

CONCRETE CL 4000 FOR BARRIER CURB CY 900$               570 513,000$          560

EPOXY COATED STEEL REINFORCING BAR LB 2$                   67000 100,500$          66767

REINFORCING BAR (DOWELED) LB 1$                   10000 10,000$            9620

DRILL HOLE 5/8" DIAMETER LF 30$                 680 20,400$            678

DRILL HOLE 3/4" DIAMETER LF 30$                 890 26,700$            883

EPOXY BONDING COMPOUND EA HOLE 20$                 2300 46,000$            2277

STRUCTURAL HIGH STRENGTH STEEL LB 4$                   157000 628,000$          156172

ILLUMINATION LS --- 40 950,000$          28

Subtotal 2,466,600$       

40% Contingency 986,640$          

TOTAL 3,453,240$       

ITEM DESCRIPTION UNIT UNIT COST QUANTITY TOTAL

REMOVE CEM CONC SIDEWALK SY 20$                 1200 24,000$            1180

REMOVE CONC TRAFFIC BARRIER LF 15$                 5600 84,000$            5596

REMOVE CONC DECK - PROTECT EX. STEEL CY 250$               110 27,500$            104

REMOVE LUMINAIRE EA 1,500$            28 42,000$            28

SURFACE PREPARATION SF 5$                   2400 12,000$            2324

CONCRETE CL 4000 FOR BARRIER CURB CY 900$               850 765,000$          850

EPOXY COATED STEEL REINFORCING BAR LB 2$                   138000 207,000$          137393

REINFORCING BAR (DOWELED) LB 1$                   3700 3,700$              3626

DRILL HOLE 5/8" DIAMETER LF 30$                 400 12,000$            393

DRILL HOLE 3/4" DIAMETER LF 30$                 700 21,000$            691

EPOXY BONDING COMPOUND EA HOLE 20$                 710 14,200$            708

STRUCTURAL HIGH STRENGTH STEEL LB 4$                   339000 1,356,000$       338934

LAMINATED ELASTOMERIC BEARING PADS EA 2,500$            2 5,000$              2

ILLUMINATION LS --- 40 950,000$          28

Subtotal 3,523,400$       

40% Contingency 1,409,360$       

TOTAL 4,932,760$       

Schematic Quantites and Cost Estimate - 6ft Wide Sidewalk

Schematic Quantites and Cost Estimate - 10ft Wide Sidewalk



Segment 2 - 6ft 336.12 ft 5 span 24 Cantilevers

Concrete Slab 6.5" x 1'-7" 0.86 SF 11 CY

Slab Reinforcing 2.63 ft #4 Transverse @12" w/ dowel 1.75 LB/FT 589 LB

3.00 ft #4 Longitundinal 2.00 LB/FT 674 LB

Number of Epoxy Bars 337

1.17 ft 5/8" Hole @12" spacing 393.18 ft

Surface Prep 6.5 in Face 182.07 SF

Edge Beam HSS 6x6x3/16 14.51 LB/FT 4877 LB

New Cantilever MC8x8.5 2@18ft 6.67 ft 56.67 LB/Cantilever 1360 LB

New Cantilever Plate PL0.25x4x1'9" 2@18ft .29 CF 142.92 LB/Cantilever 3430 LB

Bolts Through Cantilever 6 - 5/8" x 13" @18ft .01 CF 7.31 LB/Cantilever 175 LB

1.00 ft 6 - 3/4" Holes @ Cantilevers 144.00 ft

Pedestrian Rail See Calculation 36.6 LB/FT 12302 LB

BP Rail See Calculation 6.7 LB/FT 2252 LB

Concrete Barrier 32" Single Slope (8" top) 2.46 SF 31 CY

Surface Prep 394.81 SF
Barrier Reinforcing 2.96 ft #5 w/ dowel 3.09 LB @ 9" in 10' @18" else 898 LB

Number of Epoxy Bars 291

.50 ft 3/4" Hole @12" spacing 145.50 ft

6.82 ft #4 Hoop @ 12" 4.69 LB/FT 1577 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 2805 LB

Standard Luminarie Poles at interior piers 4 EA

Pole offset pipe HSS10.75x0.375 3.00 ft 41.59 plf 4 Locations 499 LB

Top Connection Plate 1.625" thick x 181SQIN .17 CF 83 LB 4 Locations 334 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 4 Locations 415 LB

Removal - Curb 336.12 LF

Removal - Barrier 336.12 LF

Concrete 41 CY

Reinforcing Steel 5055 LB

Reinforcing Steel (Doweled) 1487 LB

Light Poles 4 EA

Structural Steel 25644 LB

Removal LF 672.24 LF

Removal SF 0.00 SF

Remove Light Poles 4 EA

Drill Hole 5/8" 393.18 LF

Drill Hole 3/4" 289.50 LF

Epoxy Bonding Compound 628.00 EA

Surface Prep. 576.87 SF

Segments 3 & 5 - 6ft 1875.95 ft 18 span
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Concrete Slab 4" x 6'-5" 2.14 SF 149 CY

Slab Reinforcing 6.50 ft #4 Transverse 4.34 LB/FT 8145 LB

7.00 ft #4 Longitundinal 4.68 LB/FT 8772 LB

Headed Anchor Studs 5/8" x 8" @ 24" 0.56 LB/Stud 525 LB

Number of Epoxy Bars 938

.50 ft 3/4" Hole @24" spacing 469.00 ft

Surface Prep 9" on Edge Beam 1406.96 SF

Pedestrian Rail See Calculation 36.6 LB/FT 68660 LB

BP Rail See Calculation 6.7 LB/FT 12569 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 213 CY

Surface Prep 2069.50 SF

Barrier Reinforcing 3.72 ft #5 drilled through 3.88 LB @ 9" in 10' @18" else 5785 LB

.75 ft 3/4" Hole 1117.98 ft

7.92 ft #4 Hoop @ 12" 5.45 LB/FT 10227 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 15653 LB

3.00 ft #4 Vertical w/ dowel @ 4ft 2.00 LB/FT 940 LB

Number of Epoxy Bars 469

.50 ft 5/8" Hole @48" spacing 234.50 ft

PL 3/8"x4"x0'4" .0035 CF 1.70 LB @ 9" in 10' @18" else 2536 LB

Standard Luminarie Poles One per span 18 EA

Pole offset pipe HSS10.75x0.375 3.00 ft 41.59 plf 18 Locations 2246 LB

Top Connection Plate 1.625" thick x 181SQIN .17 CF 83 LB 18 Locations 1501 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 18 Locations 1866 LB

Lateral Offset Tube HSS 10x10x0.375 10.00 ft 47.82 plf 18 Locations 8608 LB

Outside Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 18 Locations 1866 LB

Beam Attachment Plates 2 x 0.625" thick x 6"x1'-4" .07 CF 34 LB 18 Locations 612 LB

Removal - Curb 1875.95 LF

Removal - Barrier 1875.95 LF

Removal - Sidewalk 7503.80 SF

Concrete 362 CY

Reinforcing Steel 42797 LB

Reinforcing Steel (Doweled) 6724 LB

Light Poles 18 EA

Structural Steel 100990 LB

Removal LF 3751.90 LF

Removal SF 7503.80 SF

Remove Light Poles 18 EA

Drill Hole 5/8" 234.50 LF

Drill Hole 3/4" 469.00 LF

Epoxy Bonding Compound 1407.00 EA

Surface Prep. 3476.46 SF

Segment 6 - 6ft 84.91 ft 1 span

Concrete Slab 4" x 6'-5" 2.14 SF 7 CY
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Slab Reinforcing 6.50 ft #4 Transverse 4.34 LB/FT 369 LB

7.00 ft #4 Longitundinal 4.68 LB/FT 397 LB

Surface Prep 9" on Edge Beam 63.68 SF

Pedestrian Rail See Calculation 36.6 LB/FT 3108 LB

BP Rail See Calculation 6.7 LB/FT 569 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 10 CY

Surface Prep 93.67 SF

Barrier Reinforcing 3.72 ft #5 drilled through 3.88 LB @ 9" in 10' @18" else 271 LB

.75 ft 3/4" Hole 52.50 ft

7.92 ft #4 Hoop @ 12" 5.45 LB/FT 463 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 708 LB

3.00 ft #4 Vertical w/ dowel @ 4ft 2.00 LB/FT 43 LB

Number of Epoxy Bars 23

.50 ft 5/8" Hole @48" spacing 11.50 ft

PL 3/8"x4"x0'4" .0035 CF 1.70 LB @ 9" in 10' @18" else 119 LB

Standard Luminarie Poles One 1 EA

Outside Pole Elbow pipe HSS8.625x0.375 5.00 ft 33.07 plf 1 Location 165 LB

Top Connection Plate 1.625" thick x 181SQIN .17 CF 83 LB 1 Location 83 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 1 Location 104 LB

Kicker Tube HSS 6x6x0.375 3.00 ft 27.41 plf 1 Location 82 LB

Outside Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 1 Location 104 LB

Inside Reaction Plate 0.625" x 14" x 14" .07 CF 35 LB 1 Location 35 LB

Headed Anchor Studs 4- 5/8" x 8" 0.56 LB/Stud 2 LB

2.83 ft #4 Transverse w/ dowel 1.89 LB/Bar 4 LB

Number of Epoxy Bars 2

1.17 ft 5/8" Hole @48" spacing 2.33 ft

Removal - Curb 84.91 LF

Removal - Barrier 84.91 LF

Removal - Sidewalk 339.64 SF

Concrete 16 CY

Reinforcing Steel 1941 LB

Reinforcing Steel (Doweled) 314 LB

Light Poles 1 EA

Structural Steel 4371 LB

Removal LF 169.82 LF

Removal SF 339.64 SF

Remove Light Poles 1 EA

Drill Hole 5/8" 13.83 LF

Drill Hole 3/4" 52.50 LF

Epoxy Bonding Compound 25.00 EA

Surface Prep. 157.35 SF

Segment 7 - 6ft 287.32 ft 4 span
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Concrete Slab 4" x 6'-5" 2.14 SF 23 CY

Slab Reinforcing 6.50 ft #4 Transverse 4.34 LB/FT 1248 LB

7.00 ft #4 Longitundinal 4.68 LB/FT 1344 LB

Headed Anchor Studs 5/8" x 8" @ 24" 0.56 LB/Stud 80 LB

Number of Epoxy Bars @2ft 144

.50 ft 3/4" Hole @24" spacing 72.00 ft

Surface Prep 9" on Edge Beam 215.49 SF

Pedestrian Rail See Calculation 36.6 LB/FT 10516 LB

BP Rail See Calculation 6.7 LB/FT 1925 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 33 CY

Surface Prep 316.96 SF

Barrier Reinforcing 3.72 ft #5 drilled through 3.88 LB @ 9" in 10' @18" else 950 LB

.75 ft 3/4" Hole 183.75 ft

7.92 ft #4 Hoop @ 12" 5.45 LB/FT 1566 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 2397 LB

3.00 ft #4 Vertical w/ dowel @ 4ft 2.00 LB/FT 144 LB

Number of Epoxy Bars 73

.50 ft 5/8" Hole @48" spacing 36.50 ft

PL 3/8"x4"x0'4" .0035 CF 1.70 LB @ 9" in 10' @18" else 417 LB

Standard Luminarie Poles One per span 4 EA

Pole offset pipe HSS10.75x0.375 3.50 ft 41.59 plf 4 Locations 582 LB

Top Connection Plate 1.625" thick x 181SQIN .17 CF 83 LB 4 Locations 334 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 4 Locations 415 LB

Removal - Curb 287.32 LF

Removal - Barrier 287.32 LF

Removal - Sidewalk 1149.28 SF

Concrete 55 CY

Reinforcing Steel 6555 LB

Reinforcing Steel (Doweled) 1094 LB

Light Poles 4 EA

Structural Steel 15912 LB

Removal LF 574.64 LF

Removal SF 1149.28 SF

Remove Light Poles 4 EA

Drill Hole 5/8" 36.50 LF

Drill Hole 3/4" 72.00 LF

Epoxy Bonding Compound 217.00 EA

Surface Prep. 532.45 SF
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Segment 1 - 6ft 187.09 ft Approx

Concrete CAD Projected area 10 SQFT 69 CY

Slab Reinforcing #4 @ 6" Top Bar 14.67 ft 10.09 LB/FT 1888 LB

#4 @ 12" Bot Bar 5.33 ft 3.67 LB/FT 686 LB

#4 @ 12" TS bot 4.25 ft 2.92 LB/FT 547 LB

#4 @ 12" T&B Trans 20.00 ft 13.76 LB/FT 2574 LB

#4 @ 12" Barrier Back 3.50 ft 2.41 LB/FT 451 LB

#5 @ 9" Barrier Front 5.67 ft 5.91 LB/FT 1106 LB

8 - #5 horiz bars 8.00 ft 8.34 LB/FT 1561 LB

Pedestrian Rail See Calculation 36.6 LB/FT 6847 LB

BP Rail See Calculation 6.7 LB/FT 1254 LB

Removal - Curb 187.09 LF

Removal - Barrier 187.09 LF

Removal - Sidewalk 5.21 ft width of removal 974.43 SF

Concrete 69 CY

Reinforcing Steel 8813 LB

Light Poles 1

Structural Steel 8101 LB

Removal LF 374.18 LF

Removal SF 974.43 SF

Remove Light Poles 1

Segment 8 - 6ft 26.67 ft Approx

Concrete CAD Projected area 16.6 SQFT 16 CY

Slab Reinforcing #4 @ 6" Top Bar 14.67 ft 10.09 LB/FT 269 LB

#4 @ 12" Bot Bar 6.00 ft 4.13 LB/FT 110 LB

#4 @ 6" TS bot 11.67 ft 8.03 LB/FT 214 LB

#4 @ 12" & 6" T&B Trans 29.00 ft 19.95 LB/FT 532 LB

#4 @ 12" Barrier Back 3.58 ft 2.47 LB/FT 66 LB

#5 @ 9" Barrier Front 6.89 ft 7.19 LB/FT 192 LB

8 - #5 horiz bars 8.00 ft 8.34 LB/FT 223 LB

Pedestrian Rail See Calculation 36.6 LB/FT 976 LB

BP Rail See Calculation 6.7 LB/FT 179 LB

Removal - Curb 26.67 LF

Removal - Barrier 26.67 LF

Removal - Sidewalk 3.50 ft width of removal 93.33 SF

Concrete 16 CY

Reinforcing Steel 1605 LB

Structural Steel 1155 LB

Removal LF 53.33 LF

Q:\Seattle\2010\SAPWT-10-057\Engineering\REPORT - Ammend.5\CostEstimate\BridgeCostEstimate_GAB.xlsx

Quantites 6ft 5 of 7



Removal SF 93.33 SF
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Concrete 560 CY

Reinforcing Steel 66767 LB

Reinforcing Steel (Doweled) 9620 LB

Light Poles 28

Structural Steel 156172 LB

Removal of Barrier/Curb 5596.11 LF

Removal of Sidewalk 9086.05 SF

Remove Light Poles 28

Drill Hole 5/8" 678.01 ft

Drill Hole 3/4" 883.00 ft

Epoxy Bonding Compound 2277.00 EA

Surface Prep. 4743.14 SF

Q:\Seattle\2010\SAPWT-10-057\Engineering\REPORT - Ammend.5\CostEstimate\BridgeCostEstimate_GAB.xlsx

Quantites 6ft 7 of 7



Segment 2 - 10ft 336.12 ft 5 span 24 Cantilevers

Concrete Slab 6.5" x 5'-8" 3.30 SF 41 CY

Slab Reinforcing 6.71 ft #4 Transverse w/ dowel 4.48 LB/FT 1506 LB

Number of Epoxy Bars 337.00

1.17 ft 5/8" Hole @12" spacing 393.18 ft

Surface Prep 4 in Face 112.04 SF

7.00 ft #4 Longitundinal 4.68 LB/FT 1572 LB

Edge Beam HSS 8x6x3/16 17.1 LB/FT 5748 LB

Tension Strut @ Canti. MC8x8.5 2@18ft 14.83 ft 126.08 LB/Cantilever 3026 LB

Compression Strut @ Canti. HSS 8x4x3/16 14.54 plf 151.80 LB/Cantilever 3643 LB

Bolts Through Cantilever 3 - 5/8" x 13" @18ft .01 CF 3.65 LB/Cantilever 88 LB

1.00 ft 3 - 3/4" Holes @ Cantilevers 72.00 ft

Compression Anchor Plate 1"x16"x6" .06 CF 27.22 LB/Cantilever 653 LB

Pedestrian Rail See Calculation 36.6 LB/FT 12302 LB

BP Rail See Calculation 6.7 LB/FT 2252 LB

Concrete Barrier 32" Single Slope (8" top) 2.46 SF 31 CY

Surface Prep 394.81 SF

Barrier Reinforcing 2.96 ft #5 w/ dowel 3.09 LB @ 9" in 10' @18" else 898 LB

Number of Epoxy Bars 291

.50 ft 3/4" Hole @12" spacing 145.50 ft

6.82 ft #4 Hoop @ 12" 4.69 LB/FT 1577 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 2805 LB

Standard Luminarie Poles at interior piers 4 EA

Concrete Block 4.67 CF 4 Locations 1 CY

Transverse Reinf 5.33 ft 4 - #4 bars 4 Locations 59 LB

Longitudinal Reinf 6.00 ft 4 - #4 bars 4 Locations 66 LB

Headed Anchor Studs 4- 5/8" x 8" 0.56 LB/Stud 9 LB

.67 ft 4 - 3/4" Holes @ Cantilevers 64.03 ft

Removal - Curb 336.12 LF

Removal - Barrier 336.12 LF

Concrete 72 CY
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Reinforcing Steel 6918 LB

Reinforcing Steel (Doweled) 2404 LB

Light Poles 4 EA

Structural Steel 27722 LB

Removal LF 672.24 LF

Removal SF 0.00 SF

Remove Light Poles 4 EA

Drill Hole 5/8" 393.18 LF

Drill Hole 3/4" 281.53 LF

Epoxy Bonding Compound 628.00 EA

Surface Prep. 506.85 SF

Segments 3 & 5 - 10ft 1875.95 ft 18 span

Concrete Slab 4" x10'-0" 3.33 SF 232 CY

Slab Reinforcing 10.50 ft #4 Transverse @ 4" 21.04 LB/FT 39474 LB

11.00 ft #4 Longitundinal 7.35 LB/FT 13784 LB

Edge Beam HSS 8x6x1/4 22.39 LB/FT 42003 LB

Pedestrian Rail See Calculation 36.6 LB/FT 68660 LB

BP Rail See Calculation 6.7 LB/FT 12569 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 213 CY

Concrete Barrier Slab 8.75" x 18" 1.09 SF 76 CY

Surface Prep face of cut deck 1406.96 SF

Barrier Reinforcing 9.03 ft #5 Hoop 9.42 LB @ 9" in 10' @18" else 14036 LB

14.00 ft 4 - #5 Horiz EF + 6 in slab 14.60 LB/FT 27393 LB

Beam Extension W27x84 15.67 ft @ 20 ft 123440 LB

Flange Splice Plates 0.625" plates for 5 bolt lines .04 CF @ 20 ft 1773 LB

Flange Web Plates 0.625" plates for 5 bolt lines .01 CF @ 20 ft 443 LB

Standard Luminarie Poles One per span 18 EA

Pole offset pipe HSS10.75x0.375 3.00 ft 41.59 plf 18 Locations 2246 LB

Top Connection Plate 1.625" thick x 181SQIN .17 CF 83 LB 18 Locations 1501 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 18 Locations 1866 LB

Lateral Offset Tube HSS 10x10x0.375 3.00 ft 47.82 plf 18 Locations 2582 LB

Outside Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 18 Locations 1866 LB
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Lateral Wide Flange W10x19 19.00 plf 380 LB 18 Locations 6840 LB

Removal - Curb 1875.95 LF

Removal - Barrier 1875.95 LF

Removal - Sidewalk 7503.80 SF

Removal - Deck protect Steel 2813.93 CF

Concrete 521 CY

Reinforcing Steel 94687 LB

Reinforcing Steel (Doweled) 0 LB

Light Poles 18 EA

Structural Steel 265790 LB

Removal LF 3751.90 LF

Removal SF 7503.80 SF

Removal CF 2813.93 CF

Remove Light Poles 18 EA

Drill Hole 5/8" .00 LF

Drill Hole 3/4" .00 LF

Epoxy Bonding Compound 0.00 EA

Surface Prep. 1406.96 SF

Segment 6 - 6ft 84.91 ft 1 span

Concrete Slab 4" x 10" 3.33 SF 10 CY

Slab Reinforcing 10.50 ft #4 Transverse @ 4" 21.04 LB/FT 1787 LB

11.00 ft #4 Longitundinal 7.35 LB/FT 624 LB

Pedestrian Rail See Calculation 36.6 LB/FT 3108 LB

BP Rail See Calculation 6.7 LB/FT 569 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 10 CY

Surface Prep 93.67 SF

Barrier Reinforcing 3.72 ft #5 drilled through 3.88 LB @ 9" in 10' @18" else 271 LB

.75 ft 3/4" Hole 52.50 ft

7.92 ft #4 Hoop @ 12" 5.45 LB/FT 463 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 708 LB

PL 3/8"x4"x0'4" .0035 CF 1.70 LB @ 9" in 10' @18" else 119 LB
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New Bridge Beam W36x150 150.00 plf 12737 LB

Walkway Support Beam HSS 6x6x3/16 14.51 plf 9'-6" @ 10ft 1170 LB

Walkway Edge Beam HSS 6x6x3/16 14.51 plf 1232 LB

Plates - Walkway to Beam 2-PL 0.625x8x0'10" .06 CF Per support beam 241 LB

Plates - Walkway to Concrete PL 0.625x6x1'2" .03 CF Per support beam 126 LB

Headed Anchor Studs 2-5/8" x 8" 0.56 LB/Stud 10 LB

Standard Luminarie Poles One 1 EA

Strong HSS support Beam HSS10x6x1/4 11.67 ft 25.79 plf 1 Location 301 LB

Base Connection Plate 1.625" thick x 225SQIN .21 CF 104 LB 1 Location 104 LB

Pier 22 Extension Top 10.33SQFT x 2FT 20.7 CF @ Pier 22 1 CY

Pier 22 Extension Base 38" Max Depth - Tapers 11.8SQFT x 1ft2in 13.8 CF @ Pier 22 1 CY

Main Reinforcing 3 - #7 Bars 7.75 ft @ Pier 22 48 LB

Secondary Reinforcing 6 - #5 Bars 6.08 ft @ Pier 22 55 LB

Vertical Hoops 5 - #5 Hoops 8.33 ft @ Pier 22 63 LB

Horiz. Hoops 4 - #5 Hoops 14.33 ft @ Pier 22 86 LB

Pier 23 Extension 8.1SQFT x 2ft 16.2 CF  @Pier 23 1 CY

Doweled Reinforcing 10 - #5 Bars 2.58 ft  @Pier 23 39 LB

Doweled Reinforcing 6 - #5 Bars 3.58 ft  @Pier 23 32 LB

Horiz. Hoops 3 - #5 bars 15.00 ft  @Pier 23 68 LB

Elastomeric Bearing Pads 2

Removal - Curb 84.91 LF

Removal - Barrier 84.91 LF

Removal - Sidewalk 339.64 SF

Concrete 22 CY

Reinforcing Steel 3972 LB

Reinforcing Steel (Doweled) 271 LB

Light Poles 1 EA

Structural Steel 19716 LB

Bearing Pads 2

Removal LF 169.82 LF

Removal SF 339.64 SF

Remove Light Poles 1 EA

Drill Hole 5/8" .00 LF

Drill Hole 3/4" 52.50 LF

Epoxy Bonding Compound 0.00 EA
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Surface Prep. 93.67 SF

Segment 7 - 10ft 287.32 ft 4 span 20 Cantilevers

Concrete Slab 4" x 10' 3.33 SF 35 CY

Slab Reinforcing 10.50 ft #4 Transverse @ 4" 21.04 LB/FT 6046 LB

11.00 ft #4 Longitundinal 7.35 LB/FT 2111 LB

Pedestrian Rail See Calculation 36.6 LB/FT 10516 LB

BP Rail See Calculation 6.7 LB/FT 1925 LB

Concrete Barrier 38" Single Slope (8" top) 3.07 SF 33 CY

Surface Prep 316.96 SF

Barrier Reinforcing 3.72 ft #5 drilled through 3.88 LB @ 9" in 10' @18" else 950 LB

.75 ft 3/4" Hole 183.75 ft

7.92 ft #4 Hoop @ 12" 5.45 LB/FT 1566 LB

8.00 ft 4 - #5 Horiz EF 8.34 LB/FT 2397 LB

PL 3/8"x4"x0'4" .0035 CF 1.70 LB @ 9" in 10' @18" else 417 LB

Edge Beam HSS 8x6x3/16 17.10 plf 4913 LB

Horiz. Tension Strut @ Canti. MC8x8.5 2@18ft 18.00 ft 153.00 LB/Cantilever 3060 LB

Vert. Tension Strut @ Canti. MC8x8.5 2@18ft 3.00 ft 25.50 LB/Cantilever 510 LB

Diag. Compr. Strut @ Canti. HSS 8x4x3/16 14.54 plf 124.23 LB/Cantilever 2485 LB

Horiz. Compr. Strut @ Canti. HSS 8x4x3/16 14.54 plf 5.00 LB/Cantilever 100 LB

Bolts Through Cantilever 3 - 5/8" x 13" @18ft .01 CF 3.65 LB/Cantilever 73 LB

1.00 ft 6 - 3/4" Holes @ Cantilevers 120.00 ft

Compression Anchor Plate 1"x16"x6" .06 CF 27.22 LB/Cantilever 544 LB

Standard Luminarie Poles One per span 4 EA

Concrete Block 4.67 CF 4 Locations 1 CY

Transverse Reinf 5.33 ft 4 - #4 bars 4 Locations 59 LB

Longitudinal Reinf 6.00 ft 4 - #4 bars 4 Locations 66 LB

Headed Anchor Studs 4- 5/8" x 8" 0.56 LB/Stud 9 LB

Number of Epoxy Anchors 80

.67 ft 4 - 3/4" Holes @ Cantilevers 53.36 ft

Removal - Curb 287.32 LF

Removal - Barrier 287.32 LF

Removal - Sidewalk 1149.28 SF
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Concrete 69 CY

Reinforcing Steel 12246 LB

Reinforcing Steel (Doweled) 950 LB

Light Poles 4 EA

Structural Steel 24552 LB

Removal LF 574.64 LF

Removal SF 1149.28 SF

Remove Light Poles 4 EA

Drill Hole 5/8" .00 LF

Drill Hole 3/4" 357.11 LF

Epoxy Bonding Compound 80.00 EA

Surface Prep. 316.96 SF

Segment 1 - 10ft 187.09 ft Approx

Concrete CAD Projected area 19.3 SQFT 134 CY

Slab Reinforcing #5 @ 6" Top Bar 25.67 ft 17.66 LB/FT 3304 LB

#4 @ 6" Bot Bar 18.67 ft 12.84 LB/FT 2403 LB

#4 @ 6" TS bot 21.50 ft 14.79 LB/FT 2767 LB

#4 @ T&B Trans 42.00 ft 28.90 LB/FT 5406 LB

#4 @ 12" Barrier Back 3.75 ft 2.58 LB/FT 483 LB

#5 @ 9" Barrier Front 6.11 ft 6.37 LB/FT 1192 LB

8 - #5 horiz bars 8.00 ft 8.34 LB/FT 1561 LB

Pedestrian Rail See Calculation 36.6 LB/FT 6847 LB

BP Rail See Calculation 6.7 LB/FT 1254 LB

Removal - Curb 187.09 LF

Removal - Barrier 187.09 LF

Removal - Sidewalk 6.67 ft width of removal 1247.27 SF

Concrete 134 CY

Reinforcing Steel 17116 LB

Light Poles 1

Structural Steel 8101 LB

Removal LF 374.18 LF

Removal SF 1247.27 SF

Remove Light Poles 1
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Segment 8 - 10ft 26.67 ft Approx

Concrete CAD Projected area 32.8 SQFT 32 CY

Slab Reinforcing #6 @ 6" Top Bar 22.67 ft 15.59 LB/FT 416 LB

#4 @ 12" Bot Bar 9.00 ft 6.19 LB/FT 165 LB

#5 @ 12" TS bot 16.75 ft 11.52 LB/FT 307 LB

#5 @ 12" TS top 13.25 ft 9.12 LB/FT 243 LB

#4 @ 12" T&B Trans 16.00 ft 11.01 LB/FT 294 LB

#5 @ 12" T&B Trans 32.00 ft 22.02 LB/FT 587 LB

#4 @ 12" Barrier Back 3.58 ft 2.47 LB/FT 66 LB

#5 @ 9" Barrier Front 5.56 ft 5.79 LB/FT 155 LB

8 - #5 horiz bars 8.00 ft 8.34 LB/FT 223 LB

Pedestrian Rail See Calculation 36.6 LB/FT 976 LB

BP Rail See Calculation 6.7 LB/FT 179 LB

Removal - Curb 26.67 LF

Removal - Barrier 26.67 LF

Removal - Sidewalk 14.17 ft width of removal 377.78 SF

Concrete 32 CY

Reinforcing Steel 2455 LB

Structural Steel 1155 LB

Removal LF 53.33 LF

Removal SF 377.78 SF
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 Ballard Bridge Sidewalk Widening Alternative Study 

 Seattle Department of Transportation, Seattle, Washington 
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Appendix H – Ballard Path Widening Calculations 

General 
1  Existing Sidewalk 
2 – 3  Segment Limits and Mass 
4  Existing Material Properties 
5 – 18  Barrier & Railing 
19  WSDOT Epoxy Resin Table 
20  WSDOT Steel Light Standard Elbow 

6’ Alternative 
21 – 28   Segment 1 
29 – 48  Segment 2 
49 – 83  Segments 3 & 5 
84 – 111 Segment 6 
112 – 134 Segment 7 
135 – 141   Segment 8 

10’ Alternatives 
142 – 147   Segment 1 
148 – 167 Segment 2 
168 – 189 Segments 3 & 5 
190 – 247   Segment 6 
248 – 265 Segment 7 
266 – 272 Segment 8 
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o Segment 2 – Original structure: f’c = 8 ksi, fy = 33 ksi 
o Segment 2 – Box girder widening: f’c = 5 ksi, fy = 40 ksi 
o Segment 3 and 5: fy = 45 ksi, fu = 70 ksi (A94 silicone steel)  
o Segment 6: fy = 45 ksi, fu = 70 ksi (A94 silicone steel) 
o Segment 7 – Original structure: f’c = 8 ksi, fy = 33 ksi 
o Segment 7 – Widening: f’c = 5 ksi, fy = 40 ksi 
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: LRFD Barrier (small verts)

Scope: Design

LRFD Barrier Rail Design
Wb 490plf Fy 60ksi

Weight of the Barrier: Strength of Reinforcing Steel

td 6.5in f'c 4ksi
Thickness of the Deck:
(REF SHT 60)

Compressive Strength of Concrete

● A combination barrier in conjunction with a raised curb and sidewalk is used only on low-speed highways ( speed 45mph  ) 

● On high-speed highways ( speed 50mph  ), the pedestrian or bicycle path should have both an outboard pedestrian or 
     bicycle railing and an inboard combination railing. (AASHTO C13.7.1.1)

Designing the bridge for Test Level 4 (TL4) - Recommended for most bridges (AASHTO 13.7.2)

Transverse Load: Ft 54kips Longitudinal Load: FL 18kips
Minimum effective height 
of vehicle rollover:

Vertical Force (Downward): Fv 18kips He.min 32in

Longitudinal length of distribution of friction force: LL 3.5ft

Longitudinal length of distribution of impact force: Lt 3.5ft

Longitudinal distribution of vertical force on top of railing: Lv 18ft

Design Height of Barrier: H 32in

Design Procedure for Concrete Railings (A13.3.1)
Two tests are required: Test for impacts within wall segments and tests for impacts at the end of wall or joint
Within a wall segment (A13.3.1-1, 2)
Total transverse resistance of the railing

Rw
2

2 Lc Lt








8 Mb 8 Mw
Mc Lc

2

H








= Mw  is the flexural resistance of  the wall

about its vertical axis (kip-ft)

Critical Wall Length over which the yield line mechanism occurs

Mb  is the additional flexural resistance of

the beam due to wall thickening at the top,
in addition to Mw, if any (kip-ft)

Lc

Lt

2

Lt

2









2

8 H
Mb Mw

Mc







=

At end of wall or at joint (A13.3.1-3, 4)
Total transverse resistance of the railing

Mc  is the flexural resistance of cantilevered

walls about an axis parallel to the
longitudinal axis of the bridge (kip-ft/ft)

Rw
2

2 Lc Lt








Mb Mw
Mc Lc

2

H








=

Critical Wall Length over which the yield line mechanism occurs

Lc

Lt

2

Lt

2









2

H
Mb Mw

Mc







=
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: LRFD Barrier (small verts)

Scope: Design

Flexural Resistance about the Vertical Axis
Two moment capacity values are accepted in the AASHTO equation.  The first, Mw, is a baseline value.  This represents a

barrier which is uniform in shape and reinforcement.  Because most barriers are not uniform in shape and
reinforcement, a second value , Mb, has been created to represent a thickening or extra reinforcing at the top of the

barrier.Baseline Moment about vertical axis Mw

Horiz. bar (Typical size)
on one face of wall:

Hno 5 dno
Hno

0.625 in dno
Hno

0.625 in Ano
Hno

0.31 in
2

Vertical Bar number: Vno 4 dno
Vno

0.5 in dno
Vno

0.5 in Ano
Vno

0.2 in
2

Number of bars along face
(total including strong
section):

nbars 4
β1 0.85

clear 2.5in dno
Vno

 3 in
Clear Cover to bar: Height of Barrier Rail: H 32 in

Average Thickness of Barrier
Rail not including any discrete
width change at top of rail:

tavg 8in
4

21

H

2
 11.048 in hmem tavg spacingbv

H

nbars
8 in

depth to
rebar:

Area of tension steel: As.bv

Ano
Hno

spacingbv
 As.bv H 1.24 in

2 d hmem clear

diamdeform
Hno

2
 7.7 in

Moment Capacity for full yielding of steel

abv

As.bv Fy

0.85 f'c
0.684 in Mw 1.0 As.bv Fy d

abv

2










 H Mw 45.644 kip ft

Additional Flexural Resistance at the top of the barrier ( Mb) β1 0.85

Analyze the strong top portion of the barrier for additional moment capacity

Additional Resistance: Mb 0 Mw Mb 45.644 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: LRFD Barrier (small verts)

Scope: Design

Flexural Resistance about the axis parallel to the longitudinal axis of the bridge
"Where the width of the concrete railing varies along the height, Mc used in Eqs. 1 through 4 for wall resistance should be taken
as the average of its value along the height of the railing." (AASHTO CA13.3.1)

This statement should also apply to variations wall resistance due to reinforcing along the height of the railing.  Weighted
average for resistances due to reinforcing changes should be used.

 The lower portion of the barrier reinforcement anchored into deck slab
The basic development length for a hooked bar of yield strength of 60ksi is determined by 5.11.2.4 (Applies to all bar sizes)

Vno 4 dno
Vno

0.5 in

ld

38.0 dno
Vno



f'c
1

ksi







 ld 9.5 in ld.min max 8 dno
Vno

 6in





 ld.min 6 in

ld

max Fy 60ksi 
60ksi

max ld ld.min  ld 9.5 in

For No. 11 bar and smaller, side cover (normal to  p lane of
hook) not less than 2.5 in., and for 90-deg hook, cover on
bar extension beyond hook not less than 2in:

ld.lower max 0.7 ld ld.min  6.65 in

Lower Section Moment Capacity
Ano

Vno

0.2 in
2

Spacing of bars Near edges:

Away from Edges:

spacingnear 9in

dno
Vno

0.5 in diamdeform
Vno

0.563 in
spacingaway 24in

Clear Cover to bar: clear 2in

Thickness of lower section
of Barrier: hmem 8in

4

21
H 14.095 in β1 0.85

Area of tension steel: As.near

Ano
Vno

spacingnear
0.267

in
2

ft


depth to
rebar: d hmem clear

diamdeform
Vno

2
 11.81 in

As.away

Ano
Vno

spacingaway
0.1

in
2

ft


Moment Capacity for full capacity of steel

anear

As.near Fy

0.85 f'c
0.392 in Mc.near 1.0 As.near Fy d

anear

2










 Mc.near 15.491
kip ft

ft


aaway

As.away Fy

0.85 f'c
0.147 in Mc.away 1.0 As.away Fy d

aaway

2










 Mc.away 5.87
kip ft

ft

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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: LRFD Barrier (small verts)

Scope: Design

Total transverse resistance of the railing

 Impact within a wall segment

Critical Wall Length over which the yield line mechanism occurs

Lc

Lt

2

Lt

2









2

8 H
Mb Mw

Mc.away








Lc 14.748 ft

Lc.center Lc

Rw
2

2 Lc Lt








8 Mb 8 Mw
Mc.away Lc

2

H









Rw 64.929 kips

Rw.center Rw

The demand is: Ft 54 kips
Ft

Rw
0.832

CheckC.D Rw Ft  "SATISFACTORY"

 At end of wall or at joint

Critical Wall Length over which the yield line mechanism occurs

Lc

Lt

2

Lt

2









2

H
Mb Mw

Mc.near








Lc 5.055 ft

Lc.joint Lc

Rw
2

2 Lc Lt








Mb Mw
Mc.near Lc

2

H









Rw 58.7 kips

Rw.joint Rw

The demand is: Ft 54 kips
Ft

Rw
0.92 CheckC.D Rw Ft  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Sidewalk Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Pedestrian Rail

Scope: Design

Flexure and Shear Resistance of Round HSS Members (AASHTO 6.12) φf 1.0 E 29000ksi

 2.5in STD Steel Pipe 
Flexure Check φv 1.0 Fy 35ksi

Ag 1.59in
2 Gross Area of HSS

D 2.88in Outside Diameter of Tube Z 1.37in
3 Plastic Modulus

t 0.189in Thickness of Tube S 1.01in
3 Section Modulus

Limitation: DT
D

t
15.238 shall not exceed 0.45

E

Fy
 373 CheckC.D 0.45

E

Fy


D

t









"SATISFACTORY"

Mn.yield Fy Z 47.95 kip in

Mn.lb
0.021 E

D

t

Fy





S 75.715 kip in

Mn.lb.thin
0.33 E

D

t







S 634.312 kip in Mn Mn.yield

Mn.lb DT 0.07
E

Fy
if

Mn.lb.thin DT 0.31
E

Fy
if

"NA" DT 0.45
E

Fy
if

47.95 kip in

φMn2.5STD φf Mn 47.95 kip in

Shear Check

Lv 54in Distance between Maximum to Zero Shear

Fv.n 0.58 Fy 20.3 ksi

Fcr
1

min
1.60 E

Lv

D

D

t







5

4



0.58 Fy









20.3 ksi Fcr
2

min
0.78 E

D

t







3

2

0.58 Fy









20.3 ksi

Fcr min Fcr  20.3 ksi Vn 0.5 Fcr Ag 16.138 kips

φVn2.5STD φv Vn 16.138 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Sidewalk Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Pedestrian Rail

Scope: Design

Flexure and Shear Resistance of Round HSS Members (AASHTO 6.12) φf 1.0 E 29000ksi

 HSS 2.875x0.25
Flexure Check φv 1.0 Fy 42ksi

Ag 1.93in
2 Gross Area of HSS

D 2.875in Outside Diameter of Tube Z 1.63in
3 Plastic Modulus

t 0.233in Thickness of Tube S 1.18in
3 Section Modulus

Limitation: DT
D

t
12.339 shall not exceed 0.45

E

Fy
 311 CheckC.D 0.45

E

Fy


D

t









"SATISFACTORY"

Mn.yield Fy Z 68.46 kip in

Mn.lb
0.021 E

D

t

Fy





S 107.799 kip in

Mn.lb.thin
0.33 E

D

t







S 915.192 kip in Mn Mn.yield

Mn.lb DT 0.07
E

Fy
if

Mn.lb.thin DT 0.31
E

Fy
if

"NA" DT 0.45
E

Fy
if

68.46 kip in

φMnHSS2.875x0.25 φf Mn 68.46 kip in

Shear Check

Lv 54in Distance between Maximum to Zero Shear

Fv.n 0.58 Fy 24.36 ksi

Fcr
1

min
1.60 E

Lv

D

D

t







5

4



0.58 Fy









24.36 ksi Fcr
2

min
0.78 E

D

t







3

2

0.58 Fy









24.36 ksi

Fcr min Fcr  24.36 ksi Vn 0.5 Fcr Ag 23.507 kips

φVnHSS2.875x0.25 φv Vn 23.507 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Sidewalk Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Pedestrian Rail

Scope: Design

Flexure and Shear Resistance of Round HSS Members (AASHTO 6.12) φf 1.0 E 29000ksi

 HSS 2.875x0.203
Flexure Check φv 1.0 Fy 42ksi

Ag 1.59in
2 Gross Area of HSS

D 2.875in Outside Diameter of Tube Z 1.37in
3 Plastic Modulus

t 0.189in Thickness of Tube S 1.01in
3 Section Modulus

Limitation: DT
D

t
15.212 shall not exceed 0.45

E

Fy
 311 CheckC.D 0.45

E

Fy


D

t









"SATISFACTORY"

Mn.yield Fy Z 57.54 kip in

Mn.lb
0.021 E

D

t

Fy





S 82.855 kip in

Mn.lb.thin
0.33 E

D

t







S 635.415 kip in Mn Mn.yield

Mn.lb DT 0.07
E

Fy
if

Mn.lb.thin DT 0.31
E

Fy
if

"NA" DT 0.45
E

Fy
if

57.54 kip in

φMnHSS2.875x0.203 φf Mn 57.54 kip in

Shear Check

Lv 54in Distance between Maximum to Zero Shear

Fv.n 0.58 Fy 24.36 ksi

Fcr
1

min
1.60 E

Lv

D

D

t







5

4



0.58 Fy









24.36 ksi Fcr
2

min
0.78 E

D

t







3

2

0.58 Fy









24.36 ksi

Fcr min Fcr  24.36 ksi Vn 0.5 Fcr Ag 19.366 kips

φVnHSS2.875x0.203 φv Vn 19.366 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Sidewalk Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Pedestrian Rail

Scope: Design

Flexure and Shear Resistance of Round HSS Members (AASHTO 6.12) φf 1.0 E 29000ksi

 HSS 1.900x0.145
Flexure Check φv 1.0 Fy 42ksi

Ag 0.749in
2 Gross Area of HSS

D 1.900in Outside Diameter of Tube Z 0.421in
3 Plastic Modulus

t 0.135in Thickness of Tube S 0.309in
3 Section Modulus

Limitation: DT
D

t
14.074 shall not exceed 0.45

E

Fy
 311 CheckC.D 0.45

E

Fy


D

t









"SATISFACTORY"

Mn.yield Fy Z 17.682 kip in

Mn.lb
0.021 E

D

t

Fy





S 26.349 kip in

Mn.lb.thin
0.33 E

D

t







S 210.112 kip in Mn Mn.yield

Mn.lb DT 0.07
E

Fy
if

Mn.lb.thin DT 0.31
E

Fy
if

"NA" DT 0.45
E

Fy
if

17.682 kip in

φMnHSS1.900x0.145 φf Mn 17.682 kip in

Shear Check

Lv 54in Distance between Maximum to Zero Shear

Fv.n 0.58 Fy 24.36 ksi

Fcr
1

min
1.60 E

Lv

D

D

t







5

4



0.58 Fy









24.36 ksi Fcr
2

min
0.78 E

D

t







3

2

0.58 Fy









24.36 ksi

Fcr min Fcr  24.36 ksi Vn 0.5 Fcr Ag 9.123 kips

φVnHSS1.900x0.145 φv Vn 9.123 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Sidewalk Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Pedestrian Rail

Scope: Design

Ballard Pedestrian Rail Design (AASHTO 13.8.2)

Loads: w 50plf Vertically and Laterally acting Simultaneously

P 200lb Point Load laterally at the top lateral member

Post (Interior Post Governs)

Post Spacing: L 7ft

Design Reaction Force: R 0.20kips 0.050klf L 550 lb (EQ 13.8.2-1)

Maximum design height of post:
(where post is welded below
4" walkway slab)

h 54in 4in 58 in

Moment in Post: Mpost R h 31.9 kip in Shear in Post: Vpost R 550 lb

Factored Moment: Mu.post 1.75 Mpost 55.825 kip in Factored Shear: Vu.post 1.75 Vpost 0.963 kips

φMnHSS2.875x0.25 68.46 kip in φVnHSS2.875x0.25 23.507 kips

HSS 2.875 x 0.25 is Satisfactory

Lateral Beam

Design Load:
(Vertical and lateral distributed 
load acting simultaneously)

distr w
2

w
2 70.711

lb

ft


Moment in Beam: Mbeam
distr L

2

8
5.197 kip in (distributed load governs)

P L

4
4.2 kip in

Factored Moment: Mu.beam 1.75 Mbeam 9.095 kip in φMnHSS2.875x0.203 57.54 kip in

Shear in Beam: Vbeam
distr L

2
0.247 kips

(distributed load governs)

Factored Shear: Vu.beam 1.75 Vbeam 0.433 kips φVnHSS2.875x0.203 19.366 kip

HSS 2.875 x 0.203 is Satisfactory

Vertical Interior Beam

Design Load: w 50 plf

Moment in Beam: Mbeam
w L

2

8
3.675 kip in (distributed load governs)

P L

4
4.2 kip in

Factored Moment: Mu.beam 1.75 Mbeam 6.431 kip in φMnHSS1.900x0.145 17.682 kip in

Shear in Beam: Vbeam
w L

2
0.175 kips

(distributed load governs)

Factored Shear: Vu.beam 1.75 Vbeam 0.306 kips φVnHSS1.900x0.145 9.123 kip

HSS 1.900 x 0.145 is Satisfactory
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Ballard Pedestrian Rail

Number of Verticals
Spacing of Posts 84 in
Max vertical space 6"+Vert Diam: 7.9 in
Minimum # of Spaces 10.6
Actual # of Spaces 11.0
Calculated Spacing 7.64 in
Actual Spacing 7.625
Actual Clear Opening - @ spacing 5.73 in
Actual Clear Opening - worst case 5.85 in

7.625in Spacing is Satisfactory

Weight of Pedestrian Rail
HSS 2.875x0.250 7.02 plf
HSS 2.875x0.203 5.8 plf
HSS 1.900x0.145 2.72 plf

Lengths
Post 65.25 in
Top Rail 84 in
Bottom Rail 84 in
Verticals 500.5 in

Weight
Post 38.2 lb
Top Rail 40.6 lb
Bottom Rail 40.6 lb
Verticals 113.4 lb

Per Foot Weight 33.3 plf
Add 10% for misc components 36.6 plf

Weight of Type BP Rail on Barrier
Density of Aluminum 175 pcf

Rail - 2.5" STD pipe 2.07 plf
Vertical - 1" STD pipe 0.60 plf
Extruded Channel (approx by geometry) 2.42 plf

Lengths
Rail 8 in
Vertical 20.75 in
Extruded Channel 8 in

Weight
Rail 1.4 lb
Vertical 1.0 lb
Extruded Channel 1.6 lb

Per Foot Weight 6.0 plf
Add 10% for misc components 6.7 plf

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\V2 Pedestrian Rail Weight.xlsx
Pedestrian Rails 1 of 1Page 14



Page 15



Page 16



Page 17



Page 18



Page 19



Page 20



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

BALLARD Widening - Segment 1 - 6t Sidewalk Extension
The sidewalk extension in Segment 1 shall be made in the form of an anchor slab with cantilevered sidewalk extension.  An
anchor slab is preferred in order to isolate the existing retaining wall structure from new loads introduced by the sidewalk
extension and TL-4 traffic barrier. 

In Segment 1, the anchor slab shall be cast against the top of the existing retaining wall.  This will allow for transfer of
some vertical loads into the existing stem wall (additional axial loading is minor) while not transferring bending moments
(more significant loading condition) or potential lateral loads from the new TL-4 traffic barrier.

The slab has been designed for stability under the following conditions:

1) Unbalanced pedestrian live load overturning using strength factors to check LRFD eccentricity limitations
2.) Extreme limit state 10 kip vehicle impact stability load applied to the top of the traffic barrier

LOverhang 1ft 11.5in wLL 75psf γc 155pcf

 Overturning Moment

OMLL wLL

LOverhang
2

2
 143.815

lb ft

ft


OMDC 6in γc
LOverhang 6in 2

2
 234.182

lb ft

ft


OMLL.Lat.Railing 50plf 54 in 225
lb ft

ft


OMLL.Vert.Railing 50plf LOverhang
2.875in

2






 103.906
lb ft

ft


OMDC.Railing 36.6plf LOverhang
2.875in

2






 76.059
lb ft

ft


OMservice OMLL OMLL.Lat.Railing OMLL.Vert.Railing 
OMDC OMDC.Railing 

 782.963
lb ft

ft


OMfactored 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

0.9 OMDC OMDC.Railing 

 1.106 10
3

lb ft

ft


LAS 20ft
Continuous Anchor Slab Length (minimum):

OMveh 10kips 32in 11in( ) 3.583 10
4 ft

lb ft

ft


OMExtreme OMveh LAS OMDC OMDC.Railing  4.204 10
4 lb ft
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Dslab 15in Width 5ft 2.5in
 Resisting Moment

ResDC.slab 12in γc
Width( )

2

2


Dslab 12in  γc Width 1ft 1.5in( ) 2in[ ]
Width 1ft 3.5in( )[ ]

2
1ft 1.5in( ) 2in









ResDC.slab 2.596 10
3

lb ft

ft


ResDC.barrier 32 in 8in 32in
4

21






1

2






 γc 4ft 2in
8in

2
32in

4

21


















 1.265 10
3

lb ft

ft


Resservice ResDC.slab ResDC.barrier 3.861 10
3

lb ft

ft


Resfactored 0.9 ResDC.slab ResDC.barrier  3.475 10
3

lb ft

ft


ResExtreme Resservice LAS 7.722 10
4 lb ft

 Strength Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
12in γc Width Dslab 12in  γc Width 1ft 1.5in( ) 2in[ ] 32in 8in 32in

4

21






1

2






 γc



VDL 1.567 10
3 plf

VLL wLL LOverhang 50plf  196.875 plf

Mabt.toe OMfactored Resfactored 2.368 10
3

lb ft

ft


ecc
Width( )

2

Mabt.toe

0.9 VDL 1.75 VLL 






 1.254 ft ecclimit
3

8
Width 1.953 ft (10.6.3.3)

(Foundation on
Rock)

Bearing Pressure Check CheckC.D ecclimit ecc  "SATISFACTORY"

VDL VLL 1.764 10
3 plf

Bearing Pressure is reasonable as
axial load on retaining wall stem

 Extreme Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) in 8in 32in

4

21






1

2






 γc

 1.248 10
3 plf

Mabt.toe OMExtreme ResExtreme 3.518 10
4 lb ft

ecc
Width( )

2

Mabt.toe

0.9 VDL  LAS







 1.038 ft

ecclimit
Width

3
1.736 ft (10.6.4.2) CheckC.D ecclimit ecc  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

 Sliding Resistance

φτ 0.80 (Table 10.5.5.2.2-1)

φf 28deg Assuming a reasonably shallow angle of internal friction

μR.t tan φf  0.532 (EQ 10.6.3.4-2)

Slidingres.DC.slab.at.wall ft γc 1ft 1.5in 2in 1in( ) LAS 3.746 10
3 ft plf

Slidingres.DC.slab.past Dslab γc 5ft 2.5in 1ft 1.5in( ) 2in[ ] LAS 1.518 10
4 ft plf

Slidingres.DC.barrier 32in 8in 32in
4

21






1

2






 γc LAS 7.611 10
3 ft plf

Slidingresistance φτ μR.t Slidingres.DC.slab.at.wall Slidingres.DC.slab.past Slidingres.DC.barrier  1.129 10
4 ft plf

CheckC.D Slidingresistance 10kips  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Cantievered Sidewalk Design Es 29000ksi Fy 60ksi f'c 4ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2.5in 0.208 ft

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.438 in

Mdes 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

1.25 OMDC OMDC.Railing 









wmem 1.215 10
3 lb ft

Design Moment:

Mservice OMservice wmem 782.963 lb ft
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 3.25 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.125 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.085 in

2

Check compression for full yielding of actual steel Mdes 1.215 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 5.321 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
437.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.5 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.24 f'c ksi( ) Fr 480 psi

S
hmem

2

6
 S 72

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 2.88
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 3.456 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.053 in

Moment Arm: arm d
x

3
 2.899 in

Service Steel Tension: T
Mservice

arm
3.241 kips

Stress in the steel at
service limit state

fs
T

As wmem
8.102 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 2.02

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 27.072 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.75 wLL 1.25 γc 6 in  LOverhang 1.75 50 plf 1.25 36.6 plf  wmem 0.58 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 3.993 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Slab edge deflection 

Moment of Inertia: I
6in( )

3

12
216

in
4

ft


Modulus of Elasticity: Ec 5.521 10
8

lb

ft
2



Edge Deflection
due to ped load:
(Cantilever)

δ

wLL LOverhang
4

8 Ec I
2.877 10

4 in

LOverhang

δ
81685 Exceeds 300 per AASHTO LRFD Guide Specifications for the Design of

Pedestrian Bridges. section 5 

SATISFACTORY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

BALLARD - 6FT - SEGMENT 2 γc 155pcf
New construction

Existing overhang = 4ft 1in max to outside of existing pedestal (REF SHT 36)
 2ft 0in min to outside of existing pedestal (REF SHT 35)

Distance from outside of existing pedestal to inside of existing curb = 5ft 7in (REF SHT 42)

Additional walkway length (6ft): AddlL 6ft 5ft 7in( ) 8in 32in
4

21


















1.591 ft

Total unsupported walkway length: UnsuppL AddlL 4ft 1in( ) 5.675 ft

Walkway will be supported along outside edge and connect to existing cantilevered slab (PIN-FIX)

Thickness of Slab (Ex and New): t 6.5in

wDC t γc 84.0 psf

wLL 75psf

M2DC.pos wDC
9

128
 UnsuppL

2 190.1
ft lb

ft
 M2DC.neg wDC

UnsuppL
2

8
 337.9

ft lb

ft


M2LL.pos wLL
9

128
 UnsuppL

2 169.8
ft lb

ft
 M2LL.neg wLL

UnsuppL
2

8
 301.9

ft lb

ft


Design New Bonded Reinforcing for Maximum Positive/Negative Moment
(Core drilled hole with roughened surface BDM 5.5.4) Es 29000ksi

Concrete Strength of Widening: f'c 5ksi

Bar Strength adjusted to Allowable Design Tensile Load of #4 bar :
(12 kips BDM 5.5.4-1)

Fy
12kips

0.2in
2

60 ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 3in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.8

wmem 1ft Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
12 in

hmem 6.5in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.2 in

2 clearspacing 11.438 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

 Reinforcing Bar is centered in slab.  Negative moment governs concrete design.

Mdes 1.25 M2DC.neg 1.75 M2LL.neg  wmem 0.951 ft kips
Design Moment:

Mservice M2DC.neg M2LL.neg  wmem 0.64 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 3.25 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.077 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.066 in

2

Check compression for full yielding of actual steel Mdes 0.951 kip ft

a
As Fy

0.85 f'c
 a 0.235 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 2.819 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
296.5 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 12 in
 wmem 1 ft   x hmem 0.542 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 827.3 psi

S
hmem

2

6
 S 84.5

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 5.826
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 6.991 kip ft

Mcr.Check "Exception in effect.  Moment capacity exceeds 4/3 Moment demand"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 4287 ksi

 Determine strain compatible neutral axis
n

Es

Ec
6.765

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.751 in

Moment Arm: arm d
x

3
 3 in

Service Steel Tension: T
Mservice

arm
2.56 kips

Stress in the steel at
service limit state

fs
T

As wmem
12.798 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 3 in

βs 1
dc

0.7 hmem dc 
 2.224

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 12.442 in

spacing 1 bundles( ) 12 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu
5

8
1.25 wDC 1.75 wLL  UnsuppL





wmem 0.838 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 4.464 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Development Lengths  (AASHTO LRFD)
The basic development length for a #11 bar and smaller is determined by 5.11.2.1.1

barno 5 Ab Ano
barno

0.31 in
2 db dno

barno

0.625 in Fy 40ksi f'c 5ksi

fct "NA"

ld'

1.25 Ab
1

in
2









Fy
1

ksi







f'c
1

ksi







in( ) ld' 6.932 in

But the development length can not be less than

ld.min 0.4 db
1

in







Fy
1

ksi







in( ) ld.min 10 in or 12 inches

Adjustment factors (LRFD 5.11.2.1.2 & 3):

Bars coated with epoxy with cover less than 3db or clear spacing
between bars less than 6 db:

Top bars placed over 12 inches of concrete coated with epoxy with
cover less than 3db or clear spacing between bars less than 6 db:

All other epoxy bar cases:   1.2 ld' 8.318 in

Reinforcement being developed in the length under consideration is
spaced laterally at least 6 inches on center with at least 3 inches
clear cover measured in the direction of spacing: 0.8 ld' 5.545 in

Lap Splice (LRFD 5.11.5.3.1)

max 1.3 0.8 1.2 ld' 12in  12 in

Lap new bar with existing steel a minimum of 12" - Assuming 2" cover to bar - use 14"

Existing steel is spaced at 6" on center, new steel therefore can not be located more than 6" from existing steel

Min embedment for new #4 bar is 8" per WSDOT BDM 5.5-6
Increasing by 1.3 for lap splice results in 10.4".  Provide 12" embedment.
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Check Existing Reinforcing for Maximum Negative Moment Es 29000ksi Fy 40ksi

Concrete Strength of Widening: f'c 5ksi

Bar size (US number): barno 5 dno
barno

0.625 in diamdeform
barno

0.688 in Ano
barno

0.31 in
2

clear 1.5in (REF Sheet 42)

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.8

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6.5in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.62 in

2 clearspacing 5.313 in

Mdes 1.25 M2DC.neg 1.75 M2LL.neg  wmem 0.951 ft kips
Design Moment:

Mservice M2DC.neg M2LL.neg  wmem 0.64 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 4.688 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.053 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.068 in

2

Check compression for full yielding of actual steel Mdes 0.951 kip ft

a
As Fy

0.85 f'c
 a 0.486 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 8.267 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
869.5 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 5  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.542 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 827.3 psi

S
hmem

2

6
 S 84.5

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 5.826
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 6.991 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 4287 ksi

n
Es

Ec
6.765

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.494 in

Moment Arm: arm d
x

3
 4.189 in

Service Steel Tension: T
Mservice

arm
1.833 kips

Stress in the steel at
service limit state

fs
T

As wmem
2.956 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.5 in

βs 1
dc

0.7 hmem dc 
 1.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 121.326 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Load to Edge Beam

Dead Load of Slab
Toeboard (OSHA Req CFR 1910.28 (b)(7) ) R2DC.Slab

3 wDC UnsuppL

8
178.7 plf

Dead Load of 54 inch Bicycle Railing:

R2DC.Railing 36.6plf

Live Load Reaction R2LL

3 wLL UnsuppL

8
159.6 plf

Edge Beam Length = 18ft 0in max (REF SHT 35) Ledge 18ft

V2edge 1.25 R2DC.Slab R2DC.Railing  1.75 R2LL 548.374 plf
Edge beam is simply supported:

M2edge

1.25 R2DC.Slab R2DC.Railing  1.75 R2LL  Ledge
2

8
22.2 ft kips

Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 6x6x3/16 ~ Fy=46ksi ~ φ = 0.90: φMn.AISC 27.8kip ft

φMn.AASHTO.HSS6x6x3
1.0

0.9
φMn.AISC 30.9 kip ft

M2edge

φMn.AASHTO.HSS6x6x3
0.719

CheckC.D φMn.AASHTO.HSS6x6x3 M2edge  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

"For square and rectangular HSS, the web depth, D, shall be taken as the clear distance between flanges less the inside corner
radius on each side of the area of both webs shall be considered effective in resisting the shear" (6.12.1.2.3b)

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D 5
3

16
in E 29000ksi Fyw 46ksi

tw
3

16
in

D

tw
27.7 1.12

E 5.0

Fyw
 62.9

C if
D

tw
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tw 26 kips

φv Vp 26 kips

Torsion from Pedestrian Rail:

TorsPed 50plf 54in t
6in

2







Ledge

2
 200lb 54in t

6in

2






 3.44 ft kips

V2tors.Ped 1.75
TorsPed

6in
3

16
in

 12.427 kips

Shearedge.beam V2edge

Ledge

2
 V2tors.Ped 17.362 kips

CheckC.D φv Vp Shearedge.beam  "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 2 6ft Design.xmcd - p8

 
1/17/2013

Page 36



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Edge Beam Load transfers to New Channel Cantilever Extension

Length of Cantilever extension:
(Additional cantilever length  - edge beam width {HSS6} / 2 + 6 inches to first anchor to existing cantilever)

Cantinew.L AddlL
6in

2
 6in 1.841 ft

Reaction from edge beam to new channel cantilver extension:
(Each simple span edge beam has its own channel supports ~ two channels per existing cantilever)

V2LL.ped.rail 1.75 50plf
Ledge

2
 200lb









 1.138 kips

RCanti.new V2edge

Ledge

2
 V2LL.ped.rail 6.1 kips

M2Canti.new RCanti.new Cantinew.L 11.182 ft kips

AASHTO LRFD Channel Flexure (6.12.2.2.5)
The provisions for channels in flexure about their strong or x-axis are taken from AISC (2005). (C6.12.2.2.5)

However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-11) may be used for the development of AASHTO capacities.

MC 8x8.5 ~ Fy=36ksi ~ φ = 0.90: φMn.AISC 12kip ft 3kip ft
4

5
 14.4 kip ft

φMn.AASHTO.MC8x8.5
1.0

0.9
φMn.AISC 16.0 kip ftM2Canti.new

φMn.AASHTO.MC8x8.5
0.699

CheckC.D φMn.AASHTO.MC8x8.5 M2Canti.new  "SATISFACTORY"

New Channel Cantilever Load applies an eccentric load to the anchor connections
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Eccentrically Loaded Irregular Bolt Group - AASHTO LRFD

Shear Resistence of a single bolt (6.13.2.7)
Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"

ASTM "A325"

Nominal Bolt Diameter: d
5

8
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.31 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 1

Where threads are included from the shear plane: Rn.shear 0.38 Ab Fub Ns Rn.shear 14 kips

Bearing Resistance at Bolt Holes (6.13.2.9)
For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.179in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 58ksi

Rn.holes 2.4 d t Fu Rn.holes 15.6 kips

Strength Resistance minimum of bolt shear and bearing

Rn min Rn.shear Rn.holes  13.99 kips

φ 0.80 For A325 and A490 Bolts in Shear and Tension

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Irregular, eccentrically loaded bolt group shear check - Instantaneous Rotation Method (AISC 7-6)
Requirements: All bolts must be the same size and strength 

Bolt CG must be right of load (farther positive)
Main load must be oriented vertically (May require "rotation" of bolt group)

Bolt Pattern: X Y X Y X Y X Y X Y
Bolt1 0in 0in( ) Bolt2 6in 0in( ) Bolt3 12in 0in( ) Bolt4 0in 6in( ) Bolt5 6in 6in( ) Bolt6 12in 6in( )

Shear capacity of one bolt: Rn 13.99 kips

Resistance Factor for Strength design of bolts in bearing: φs 0.80

Define Factored Loading:

Load Location: LoadX Cantinew.L LoadY 0in

 Shear 

Vertical Load Component (Up is positive) V RCanti.new V 6.073 kips

Horizontal Load Component (Right is positive) H 0.000000001kips H 1 10
9 kips

X
T

0 6 12 0 6 12( ) in

Y
T

0 0 0 6 6 6( ) in

Geometry Calculations:

Bolt CG: XCG

X
rows X( )

 XCG 6 in YCG

Y
rows Y( )

 YCG 3 in

20 10 0 10

5

10

15

Bolts
Bolt CG
Applied Force

Load Angle (relative to vertical): Θ atan
H

V






 Θ 9.435 10
9 deg

intx

V

H H 0=( ) kip
LoadX





LoadY
H

V
XCG





 YCG

V

H H 0=( ) kip

H

V


 intx 22.10 in

inty
V

H H 0=( ) kip
intx

V

H H 0=( ) kip
LoadX





 LoadY

inty 3.00 in

ecc XCG intx 2
YCG inty 2 ecc 28.095 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Coordinates must be rotated to orient load vertically for evalutaion
V V

2
H

2 H 0

X' X Y' Y intx' intx inty' inty LoadX' LoadX LoadY' LoadY

XCG' XCG YCG' YCG
X Coordinaterotation X' Y' Θ( )

1  Y Coordinaterotation X' Y' Θ( )
2 

XCG

intx

LoadX











Coordinaterotation

XCG'

intx'

LoadX'











YCG'

inty'

LoadY'











 Θ











1 



YCG

inty

LoadY











Coordinaterotation

XCG'

intx'

LoadX'











YCG'

inty'

LoadY'











 Θ











2 



20 10 0 10

10

5

5

10

Bolts
Bolt CG
Applied Force

LoadX 22.095 in XCG 6 in

LoadY 3.638 10
9 in YCG 3 in

intx 22.095 in

inty 3 in V 6.073 kips

ecc XCG intx 2
YCG inty 2

ecc 28.095 in

inputcheck "input is valid"

Bolt shear due to eccentric load: Plastic deformation limit: Δ 0.34in
P roX 0.1in

roY 0.1in

yfactor 0.1

Ycount 1


Runit 1 kip
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

roY roY yfactor in

factor 1.25

roY 0

yfactor 0

Ycount 10000=if

roX roX
factor 1

1.5
roX

ICx XCG roX

ICy
H

V
ICx

H

V
XCG





 YCG roY

lr
i

Xi ICx 2
Yi ICy 2

i 1 rows X( )for

flr

lr

max lr 


fR
i

1 e
10

Δ

in
 flri










0.55



i 1 rows X( )for

vi fR
i

Runit ICx Xi  lr
i






1

hi fR
i

Runit ICy Yi  lr
i






1

ali vi

mi fR
i

Runit lr
i



i 1 rows X( )for

factor al LoadX ICx 





m



1


factor 0.999999 factor 1.000001while

Ycount Ycount 1

yfactor

h
kips

1













yfactor 0.0000001 yfactor 0.00000001while

al

v cos Θ( ) h sin Θ( )

v sin Θ( ) h cos Θ( )( )









Number of bolts actively resisting load:

P1
kips

1.073

P1

kips

0.913

0.401

0.777

0.913

0.401

0.777





















inputcheck "input is valid"

 Actual Bolt Shear:

Vertical 

ShearV
V

P1
P2

Horizontal 

ShearH
V

P1
P3
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

 

 Break shear into Horizontal and Vertical components:

Total Shear
 Vertical  Horizontal

ShearV

5.164

2.267

4.394

5.164

2.267

4.394



















kips ShearH

2.042

4.292

2.986

2.042

4.292

2.986



















kips

ShearBolts ShearV
2

ShearH
2 ShearBolts

5.553

4.854

5.313

5.553

4.854

5.313



















kips

Plastic Reduction to shear
capacity

Rn.plastic Rn

max
ShearBolts

Runit







V

P1

 Rn.plastic 13.731 kips

φs Rn.plastic 10.985 kips

max
ShearBolts

φs Rn.plastic







0.506
The limiting demand / capacity ratio is:

occuring at: Boltnum 1

CheckC.D 1 max
ShearBolts

Rn.plastic




















"SATISFACTORY"

#4 stirrups are located in existing Cantilever at 6" on center.  Stirrups will provide restraining force for anchored
connection to resist concrete blowout.  Anchorage is acceptable.
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Additional dead load to the structure from walkway widening.

Dead Load of Additional Slab: plfslab wDC AddlL 4in 4in t( )[ ] γc 151.593 plf

Dead Load of Railing: plfrailing R2DC.Railing 36.6 plf

Dead Load of Edge Beam: plfedge.beam 14.51plf

Dead Load of New Cantiliever Extensions: plfnew.canti

8.5plf Cantinew.L 6in 2 2in  2

Ledge
115 % 3.267 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Total weight of new work: plfnew plfslab plfrailing plfedge.beam plfnew.canti plfbarrier 593.2 plf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedistal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 58): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedistal weight: plfpedistal

Aped 3ft 9.5in( ) γc.ex

Ledge
39.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

Ledge
127 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 59)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

Ledge


12 2.5 in
3

8
in 5 in 490 pcf

Ledge












plfmetal.rail 16.6 plf

Dead Load of Existing Edge Beam: plfex.edge.beam

1ft 1.5in( ) 6 in Ledge 1ft 4in( )  γc.ex

Ledge
78.1 plf

Dead Load of Existing Curb:
(REF SHT 56)

plfcurb 9.5in
9.5in 8in( )

2
 γc.ex 86.589 plf

Total weight of removals: plfrem plfpedistal plfconc.rail plfmetal.rail plfex.edge.beam plfcurb 348.3 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Total increased weight: plfincrease plfnew plfrem 244.9 plf

Weight of Segment 2 calculated for seismic analysis: Segment2weight 9000kips

Length of Segment 2: Segment2length 336.17ft

Average Per foot weight of Segment 2:
Segment2weight

Segment2length
2.677 10

4 plf

Percent Increase due to extended sidewalk load:
plfincrease

Segment2weight

Segment2length

0.915 % Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 6.5in
10in

2
 34.542 ft

Height to point of connection:

Mwind.lum Vwind.lum H 1.55 ft kips

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 2 6ft Design.xmcd - p17

 
1/17/2013

Page 45



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H 34.542 ft

Mwind.arm Vwind.arm H 3.1 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.arm Pz A 315.609 lb

Height to point of connection: H
Hmast

2
6.5in

10in

2
 17.75 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.arm H 5.602 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 10.252 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset AddlL 2.5in 3in 6in 2.55 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.567 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.159 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 0.876 ft kips

Total Moment from Dead Load:
(+15% for electrical etc.)

MDC 115% MDC.lum MDC.arm MDC.pole  0.172 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.561 ft kips

Weight of Arm: Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.098 ft kips

Weight of Pole:
Icepole π 8 in 3 psf Hpole 294.001 lb

MIce.pole Icepole Offset( ) 0.75 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.091 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 6ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind
1

133%


MDC MIce
Mwind

2










1

133%




















0.172

7.881

4.052









ft kips

Mdesign max Mdesign'  7.881 ft kips
Governing Load

Light pole attaches to 12" concrete cantilever .  Cantilever is reinforced with 2-#11 bars at the base and 8-#5 bars at the top.
(REF SHT 44)

Tension / Compression moment couple: DemandT

Mdesign

10in
9.457 kips

CapacityTop.T

2 Ano.11  40 ksi

1.67
74.731 kips

CapacityBottom.T

8 Ano.5  40 ksi

1.67
59.401 kips

CheckC.D min CapacityTop.T CapacityBottom.T  DemandT  "SATISFACTORY"

Tension couple would acceptably transfer load to existing steel.

Areq

DemandT 1.67

2 36 ksi
0.219 in

2
Required diameter of anchor

diameter 4
Areq

π
 0.528 in

Use 2 - 3/4" diameter F1554 Gr36 Anchors (Tension)
Use 2 top and bottom (4 total)
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

BALLARD - 6FT - SEGMENTS 3 & 5 γc 155pcf
New construction

Existing Edge of curb to edge of deck distance = 13in  (REF SHT 31)

Distance from back of curb to face of existing concrete barrier / 6" edge beam = 4ft 0in

Width of new Traffic Barrier: widthbarrier 32in 6in( )
4

21
 8in 15.238 in

Distance from back of new Traffic Barrier to centerline of existing edge beam: span 4ft widthbarrier 13in 
6in

2
 4.063 ft

Distance from centerline of existing edge beam to 6ft walkway limit: canti 6ft span 1.937 ft

Walkway will be supported by a modified existing edge beam (cantilevering beyond) and monolithically connected to new
traffic Barrier (Bounding conditions: FREE-PIN-PIN for design at edge beam ~ PIN-FIX for design at barrier connection)

Thickness of Slab: t 4in wDC.slab t γc 51.7 psf

wLL 75psf

Dead Load of 54 inch Bicycle Railing: wDC.Railing 36.6plf

 FREE-PIN-PIN Reactions for edge beam design

(assume 1.5in to centerline of railing & 4" from
edge of barrier to vertical restraint doweled bar)Redge.beam.railing

wDC.Railing 1.5in canti span 4in( )

span 4in
53.8 plf

Redge.beam.slab

wDC.slab
6in canti span 4in( )

2

2


span 4in
274.4 plf (assume 6in to free edge of slab)

Redge.beam.DC Redge.beam.railing Redge.beam.slab 328.111 plf

 PIN-FIX Reactions for barrier side design (Neglecting uplift from cantilevered load

Rbarrier.DC
5

8
wDC.slab span 4in( ) 141.981 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

 Cantilever Negative Moment at Edge Beam

M35canti.serv.neg wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2
 wLL

canti
2

2
 369.4

lb ft

ft


M35canti.neg 1.25 wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2










 1.75 wLL
canti

2

2










 532.1
lb ft

ft


 Midspan Positive Bending (PIN-PIN - with partial Live Load contribution for maximum moment)

M35DC.slab.pos

wDC.slab

8 span 4in( )
2

span 4in canti 6in( )
2 span 4in canti 6in( )[ ]

2 59.946
lb ft

ft


M35LL.slab.pos

wLL span
2

8
154.8

lb ft

ft


M35slab.serv.pos 1.25 M35DC.slab.pos 1.75 M35LL.slab.pos 345.8
lb ft

ft


M35slab.pos 1.25 M35DC.slab.pos 1.75 M35LL.slab.pos 345.8
lb ft

ft


 Barrier End Negative Bending (Calculate as PIN-FIX span plus pure bending from cantilever)

M35slab.serv.neg wDC.slab wLL  span 4in( )
2

8
 M35canti.serv.neg 675.5

lb ft

ft


M35slab.neg 1.25 wDC.slab 1.75 wLL  span 4in( )
2

8
 M35canti.neg 1 10

3
lb ft

ft


 Cantilever Shear at Edge Beam

V35canti 1.25 wDC.Railing wDC.slab canti 6in( )  1.75 wLL canti  457.274 plf

V35slab 1.25 wDC.slab
span 4in( )

2
 1.75 wLL

span 4in( )

2
 430.522 plf

V35 max V35canti V35slab  457.274 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Design Slab Reinforcing for Maximum Negative Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 12in Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.437 in

Mdes M35slab.neg wmem 1.005 ft kips
Design Moment:

Mservice M35slab.serv.neg wmem 0.676 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 1.75 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.199 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.135 in

2

Check compression for full yielding of actual steel Mdes 1.005 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 2.621 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
260.7 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

 Determine strain compatible neutral axis
n

Es

Ec
7.563

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.72 in

Moment Arm: arm d
x

3
 1.51 in

Service Steel Tension: T
Mservice

arm
5.369 kips

Stress in the steel at
service limit state

fs
T

As wmem
13.423 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 2.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 12.105 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu V35 wmem 0.457 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.15 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Design Slab Reinforcing for Maximum Positive Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 1.5in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 6in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.2 in

2 clearspacing 5.437 in

Mdes M35slab.pos wmem 0.173 ft kips
Design Moment:

Mservice M35slab.serv.pos wmem 0.173 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2.25 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.051 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.017 in

2

Check compression for full yielding of actual steel Mdes 0.173 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 1.76 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
1 10

3 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 6 in
 wmem 0.5 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 1.184 kip ft

Mcr.Check "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 3 and 5 6ft Design.xmcd - p5

 
1/17/2013

Page 53



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.842 in

Moment Arm: arm d
x

3
 1.969 in

Service Steel Tension: T
Mservice

arm
1.054 kips

Stress in the steel at
service limit state

fs
T

As wmem
5.269 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.5 in

βs 1
dc

0.7 hmem dc 
 1.857

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 50.655 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Load to Edge Beam

Dead Load Reaction
(FREE-PIN-PIN)

Redge.beam.DC 328.111 plf

Redge.beam.LL

wLL 6 ft
6ft

2
4in







span 4in
341.155 plf

Live Load Reaction

Edge Beam Length:
(REF SHT 38)

Ledge 20ft

V35edge 1.25 Redge.beam.DC 1.75 Redge.beam.LL 1.007 10
3 plf

Edge beam is PIN-FIX:
(REF SHT 38)

M35edge.pos

1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge
2

24
16.8 ft kips

M35edge.neg

1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge
2

12
33.6 ft kips

M35edge.serv.pos

Redge.beam.DC Redge.beam.LL  Ledge
2

24
11.2 ft kips

M35edge.serv.neg

Redge.beam.DC Redge.beam.LL  Ledge
2

12
22.3 ft kips

Es 29000ksi
Check Existing Edge Beam for Capacity

Original structure concrete strength: f'c 2.5ksi

Original structure Steel Strength: Fy 33ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Check Existing Edge Beam for Positive Capacity (Neglect compression in new slab)

Bar info
(REF SHT 38)

bararea 1
1

8
in

2 bardiam bararea 1.061 in

clear 2in
Assumed Clear

fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85
Number of layers:

wmem 6in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
6 in

hmem 1ft 1in( ) 8in 4in 1.417 ft
Height of member
(minus new slab depth)

As

bararea

spacing
fulllayers As wmem 1.125 in

2 clearspacing 4.939 in

Mdes M35edge.pos 16.786 ft kips
Design Moment:

Mservice M35edge.serv.pos 11.154 ft kips
Service Moment:

depth to rebar d hmem clear
bardiam

2

fulllayers 1

2
max 1 in bardiam  bardiam 











d 14.47 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 1.269 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.49 in

2

Check compression for full yielding of actual steel Mdes 16.786 kip ft

a
As Fy

0.85 f'c
 a 2.912 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 36.235 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
215.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 6 in
 wmem 0.5 ft   x hmem 1.417 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 585 psi

S
hmem

2

6
 S 578

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 28.179
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 16.907 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3031 ksi

n
Es

Ec
9.567

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









5.631 in

Moment Arm: arm d
x

3
 12.593 in

Service Steel Tension: T
Mservice

arm
10.629 kips

Stress in the steel at
service limit state

fs
T

As wmem
9.448 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 1.19

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 42.674 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ag 0.75in (Aggregate Size) ϕv 0.9

Vu
5

8
V35edge Ledge 12.59 kips

Use Simplified Calc Values?
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "no"

Strain in tension reinforcement:
εs

Mdes

0.9 d( )
Vu









Es As wmem
8.6 10

4

Without min Transverse Steel: sx 0.9 d 13.02 in (approximate distance
between crack control
steel layers)

sxe sx
1.38

ag 0.63in
 13.023

Angle of inclination of diagonal compressive strut

βwo
4.8

1 750 εs 
51

39 sxe 
 2.861

Vc.wo 0.0316 βwo f'c ksi( ) wmem 0.9 d( ) ϕv Vc.wo 10.051 kips

ShearReinfReq "Factored Capacity is less than 2x demand - Reinforcing Required" 2x requirement does not apply to
slabs, footings, or culverts (5.8.2.4)

βw if yesno Simplified( ) 1= 2.0
4.8

1 750 εs 









2.918
With min Transverse Steel:

θ if yesno Simplified( ) 1= 45 29 3500 εs   deg 32.01 deg

Vc.w 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc.w 10.252 kips

vu

Vu

0.9 d( ) wmem
0.161 ksi smax if vu 0.125 f'c min 0.8 d 24in( ) min 0.4 d 12in( )  11.576 in

Minimum area applies only
to sections where 2x
requirement applies (5.8.2.5)

sstirrup 12in Av.min 0.0316 f'c ksi( )
wmem sstirrup

Fy
 Av.min 0.109 in

2

Astirrup 2 Ano.5 Astirrup 0.62 in
2

minimum "Minimum Provided"
(REF SHT 38)

φVc ϕv if Astirrup Av.min Vc.w Vc.wo  10.252 kips

angle between transverse reinforcing and longitudinal axis α 90deg

Vs

Astirrup Fy 0.9 d( ) cot θ( ) cot α( )( ) sin α( )

sstirrup
 φVs ϕv Vs 31.968 kips

ϕVn
1

φVc φVs ϕVn
1

42.22 kips Governing Shear Capacity:

ϕVn
2

ϕv 0.25 f'c wmem 0.9 d( ) ϕVn
2

43.952 kips ϕVn min ϕVn  ϕVn 42.22 kips

CheckC.D ϕVn Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Deflection of Edge Beam

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf)

f'c 4ksi Specified compressive strength of concrete (ksi)

Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

Live Load on edge beam (service): Redge.beam.LL 341.155 plf

CGbot

6in 1ft 1in( ) 8in[ ][ ]
1ft 1in( ) 8in[ ]

2
 4ft 6in( ) 4 in[ ] 1ft 1in( ) 8in

4in

2








6in 1ft 1in( ) 8in[ ][ ] 4ft 6in( ) 4 in[ ]
15.357 in

Ix
6in 1ft 1in( ) 8in[ ]

3

12
6in 1ft 1in( ) 8in[ ][ ] CGbot

1ft 1in( ) 8in[ ]

2






2



4ft 6in( ) 4in( )
3

12
4ft 6in( ) 4 in[ ] CGbot 1ft 1in( ) 8in

4in

2












2



 1.006 10
4 in

4

PIN - FIX Deflection: δ

Redge.beam.LL Ledge
4

185 Ec Ix
0.013 in

Ledge

δ
18151

Live Load Deflection on sidewalk supporting
members is not significant.  

Live Load Deflection is satisfactory
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Check Existing Edge Beam for Negative Capacity (Including tension in new slab) f'c 4 ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2.5in

fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85
Number of layers:

wmem 12in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
12 in

hmem 1ft 1in( ) 8in 1.75 ft
Height of member
(minus new slab depth)

As

bararea

spacing
fulllayers As wmem 1.125 in

2 clearspacing 10.939 in

Mdes M35edge.neg 33.572 ft kips
Design Moment:

Mservice M35edge.serv.neg 22.309 ft kips
Service Moment:

depth to rebar d hmem clear
bardiam

2

fulllayers 1

2
max 1 in bardiam  bardiam 











d 17.97 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.621 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.422 in

2

Check compression for full yielding of actual steel Mdes 33.572 kip ft

a
As Fy

0.85 f'c
 a 1.654 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 86.784 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" Compression block is less than 4" OK ϕMn

Mdes
258.5 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 12 in
 wmem 1 ft   x hmem 1.75 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 882

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 54.39
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 65.268 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









4.389 in

Moment Arm: arm d
x

3
 16.507 in

Service Steel Tension: T
Mservice

arm
16.218 kips

Stress in the steel at
service limit state

fs
T

As wmem
14.416 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 1.193

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 25.525 in

spacing 1 bundles( ) 12 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Tension load to new slab must travel though shear friction at the existing concrete to new concrete interface

Use Galvanized Headed Anchor Stud ILO rebar f'c 4 ksi Fy 36ksi For shear ϕ 0.9   ( 5.5.4.2.1)

Interface Shear Transfer (5.8.4)
For cast-in-place concrete slab on clean concrete girder surfaces, intentionally roughened to 0.25in
  c = 0.28 ksi μ = 1.0 K1 = 0.3 K2 = 1.8 ksi (NW)  or 1.3 ksi (LW)
For normal weight concrete placed monolithically
  c = 0.40 ksi μ = 1.4 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete placed monolithically, or against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.0 ksi
For normal weight concrete against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete against surface not intentionally roughened
  c = 0.075 ksi μ = 0.6 K1 = 0.2 K2 = 0.8 ksi

 Slab on clean concrete

c 0.075ksi

μ 0.6

K1 0.2

K2 0.8ksi

Acv 6in 72
in

2

ft
 Area of Concrete Engaged in Shear Transfer

Avf π
0.5in( )

2

4


1

18in
 0.131

in
2

ft
 Area of Shear Reinforcement Crossing the Shear Plane

Permanent net compressive force normal to the shear plane;
if force is tensile Pc 0.0kips=  (conservative)Pc Redge.beam.DC 328.111 plf

Vn'
1

c Acv μ Avf Fy Pc  8.424 klf

Must be less than: Vn'
2

K1 f'c Acv 57.6 klf Vn'
3

K2 Acv 57.6 klf

Vn min Vn'  8.424 klf

ϕ Vn 7.582 klf

Shear Demand:
(Zero moment to maximum moment = L/4 REF AISC Table 3-23)

Demand
Ano.4 60 ksi

Ledge

4

2.4 klf CheckC.D ϕ Vn Demand  "SATISFACTORY"

Use 1/2" diameter stud at 18" to connect existing edge beam
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Tension dowel requirement at Barrier

Dead Load reaction at barrier: Rbarrier.DC 141.981 plf

Partial Live Load reaction at barrier:
Rbarrier.LL

wLL
canti

2

2


span 4in
31.984 plf

Uplift at Barrier: 1.75 Rbarrier.LL 0.9 Rbarrier.DC 71.811
lb

ft


 No Uplift 

AASHTO specifies a superstructre wind uplift load of 20psf times the width
of the bridge applied at the windward quarter point.  To create an
equivalent distributed force and resultant, a triangular distribution of wind
load will be established across the windward 3/4 of the bridge width.  The
Highest pressure will occur under the proposed sidewalk.

Partial Wind Uplift:

pwind
20psf W

3

4
W

2 53.333 psf

wDC.slab 51.667 psf 53.3psf is nearly equivalent to the 51.7psf slab dead load.  The slab is acceptable for
wind uplift loads

Conservatively apply maximum wind to area tributary to barrier reaction.

Rbarrier.WL pwind
span

2
 108.36 plf

Uplift at Barrier: UpliftI 1.75 Rbarrier.LL 0.9 Rbarrier.DC  71.811 plf

UpliftIII 1.4 Rbarrier.WL 0.9 Rbarrier.DC  23.921 plf

UpliftV 1.35 Rbarrier.LL 0.4 Rbarrier.WL 0.9 Rbarrier.DC  41.261 plf

max UpliftI UpliftIII UpliftV  23.921 plf

Tension
0.9 Ano.4 60 ksi

4ft
2.7 10

3 plf

Uplift force is minor Install #4 bars vertically into slab at 4ft on center.

WSDOT BDM 5.5.4 requires 8 inches of epoxy embedment for full development.

Thickness of the deck is 6.5 inches 
Thickness at the curb is 9 inches (REF SHT 30)

Full Development is not required.  Provide 6" embed
6in

8in
Tension 2.025 10

3 plf

CheckC.D
6in

8in
Tension max UpliftI UpliftIII UpliftV 





"SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Additional dead load to the structure from walkway widening.

Additional Dead Load, Slab and Railing: plfslab.railing wDC.slab span canti 6in( ) wDC.Railing 372.4 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Total weight of new work: plfnew plfslab.railing plfbarrier 759.7 plf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedestal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 37 & 38): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedestal weight: plfpedestal

Aped 3ft 9.5in( ) γc.ex

Ledge
35.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

Ledge
128 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

Ledge


12 2.5 in
3

8
in 5 in 490 pcf

Ledge












plfmetal.rail 16.4 plf

Dead Load of Existing Edge Beam: plfex.edge.beam 6in 4 in γc.ex 25.0 plf

Dead Load of Existing sidewalk:
(REF SHT 37)

plfex.sidewalk 3.5in 4 ft γc.ex 175 plf

Dead Load of Existing Curb:
(REF SHT 38)

plfcurb 18in 7in
3in

2






 3in 2 in





γc.ex 153.125 plf

Total weight of removals:

plfrem plfpedestal plfconc.rail plfmetal.rail plfex.edge.beam plfex.sidewalk plfcurb 533.5 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Total increased weight: plfincrease plfnew plfrem 226.1 plf

Weight of Segment 3 calculated for seismic analysis: Segment3weight 3863kips

Length of Segment 3: Segment3length 419.92ft

Average Per foot weight of Segment 3:
Segment3weight

Segment3length
9.199 10

3 plf

plfincrease

Segment3weight

Segment3length

2.458 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY

Weight of Segment 5 calculated for seismic analysis: Segment5weight 13395kips

Length of Segment 5: Segment5length 1979.51ft 519.48ft 1.46 10
3 ft

Average Per foot weight of Segment 5:
Segment5weight

Segment5length
9.174 10

3 plf

plfincrease

Segment5weight

Segment5length

2.465 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Check Existing Steel Transverse Beam

 Point Load to Edge Beam
Edge Beam Length:
(REF SHT 38)

Ledge 20ft

Edge beam is FIX-FIX:
(REF SHT 38)

Dead Load Reaction: Pedge.slab.rail Redge.beam.DC Ledge 6.562 kips

Dead Load of Existing edge beam: Pedge.exbeam γc.ex 6 in 1ft 1in( ) 8in 4in[ ] Ledge 2.125 kips

Pedge.DC Pedge.slab.rail Pedge.exbeam 8.687 kips

Live Load Reaction: Pedge.pedLL Redge.beam.LL Ledge 6.823 kips

 Point Load to Edge of Deck
Edge of deck is supported by transverse beams at 10ft on center:
(REF SHT 31)

Ldeck 10ft

Dead Load Reaction: Pdeck.slab.rail plfslab.railing Redge.beam.DC  Ldeck 0.443 kips

Dead Load of New Traffic Barrier: Pbarrier plfbarrier Ldeck 3.872 kips

Pdeck.DC Pdeck.slab.rail Pbarrier 4.316 kips

Live Load Reaction: Pdeck.pedLL wLL 6 ft Redge.beam.LL  Ldeck 1.088 kips

 Distributed Loads

Dead Load of existing Slab:
(REF SHT 31) wex.slab γc.ex 8

3

4
in Ldeck 5

7

8
in 2

7

8
in



 10 in



 1.125 klf

Dead Load of existing transverse girder: wex.girder 91plf

Longitudinal Support GIrder 14ft from centerline of bridge (REF SHT 32)
Inside of Curb is 21ft from centerline of bridge (REF SHT 31) Curbto.girder 21ft 14ft 7 ft

Curbto.girder 2ft 5 ft

Live Load (HS20):
(Girders spaced at 10ft, axles spaced at 14ft by lever
rule only consider one axle ~ AASHTO LRFD 4.6.2.2.2f) HS20wheel

32kips

2
16 kips

Only one wheel will load the girder
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

 Bending at girder support

Service Moment:

Mat.edge Pedge.DC Pedge.pedLL  span widthbarrier Curbto.girder  191.294 ft kips

Mat.EOD Pdeck.DC Pdeck.pedLL  widthbarrier Curbto.girder  44.69 ft kips

Mdistr

wex.slab widthbarrier Curbto.girder 2

2

wex.girder span widthbarrier Curbto.girder 2

2
 45.391 ft kips

Mveh HS20wheel Curbto.girder 2ft  80 ft kips

No dynamic allowance is required on
vehicles when combined with pedestrian
Load (AASHTO 3.6.1.6)

MGirder.serv Mat.edge Mat.EOD Mdistr Mveh 361.375 ft kips

Factored Moment:

Mat.edge 1.25 Pedge.DC 1.75 Pedge.pedLL  span widthbarrier Curbto.girder  281.193 ft kips

Mat.EOD 1.25 Pdeck.DC 1.75 Pdeck.pedLL  widthbarrier Curbto.girder  60.363 ft kips

Mdistr 1.25
wex.slab widthbarrier Curbto.girder 2

2

wex.girder span widthbarrier Curbto.girder 2

2








 56.738 ft kips

Mveh 1.75 HS20wheel Curbto.girder 2ft  140 ft kips

MGirder.factored Mat.edge Mat.EOD Mdistr Mveh 538.295 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Moment Capacity at strength limit state in Major Axis for Discretely braced flanges in
Compression - AASHTO LRFD 6.10.8.1.1

φf 1.00 for flexure E 29000ksi
Member information (REF SHT 41)
Top Flange: btf 10in ttf 0.745in Atf btf ttf 7.45 in

2
Itf

btf ttf
3

12
0.345 in

4

Web: hweb 27in tweb 0.46in Aweb hweb tweb 12.42 in
2

Iweb

tweb hweb
3

12
754.515 in

4

Bottom Flange: bbf 10in tbf 0.745in Abf bbf tbf 7.45 in
2

Ibf

bbf tbf
3

12
0.345 in

4

Dimensions shown are from the W27x94 
shape.  The 91# beam weight shown is 
silicone steel, which is slightly less dense
than carbon steel (~97.5%)

CG

Atf

ttf

2
 Aweb ttf

hweb

2










 Abf ttf hweb
tbf

2












Atf Aweb Abf
14.245 in

Itotal Itf Atf CG
ttf

2










2

 Iweb Aweb CG ttf
hweb

2










2

 Ibf Abf CG ttf hweb
tbf

2










2

 3.623 10
3 in

4

Sx

Itotal

CG
254.311 in

3 Zx 2 Atf CG
ttf

2










 tweb CG ttf 
CG ttf 

2










 290.535 in
3

Fy 45ksi Lb span widthbarrier Curbto.girder 12.333 ft

At the strength limit state, the following requirement shall be satisfied: fbu
1

3
fl φf Fnc

The local buckling resistance (6.10.8.2.2) of the compression flange shall be taken as

if λf λpf  then Fnc Rb Rh Fyc= λf

bbf

2 tbf
6.7 λpf 0.38

E

Fy
 9.647

less λf λpf  "Less than or Equal to"

Web load-shedding factor determined as specified in Article 6.10.1.10.2 Rb 1.0= if
2 Dc

tw
λrw

Depth of web in compression in elastic range Dc hweb CG ttf  tbf 14.245 in

Limiting slenderness ratio for a noncompact web:

2 Dc

tweb
61.935 λrw 5.7

E

Fy
 144.7 less

2 Dc

tweb
λrw







"Less than or Equal to" Rb 1.0

Hybrid Factor: Rh
12 β 3 ρ ρ

3 

12 2 β
= Dn Dc 14.245 in For doubly symmetric sections

Afn bbf tbf 7.45 in
2 β

2 Dn tweb

Afn
1.759

ρ 1.0 Non Composite with no cover plates on tensile side

Rh
12 β 3 ρ ρ

3 

12 2 β
1 Fnc.lb Rb Rh Fy 45 ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

The Lateral Torsional Buckling resistance (6.10.8.2.3) of the compression flange shall be taken as

Lp 1.0 rt
E

Fyc
= Limit of Plastic deformation

bfc bbf 10 in tfc tbf 0.745 in

rt

bfc

12 1
1

3

Dc tweb

bfc tfc










 rt 0.212 ft Lp 1.0 rt
E

Fy
 5.37 ft

Fyr 0.7 Fy 31.5 ksi Lr π rt
E

Fyr
 20.165 ft

Cb 1 Unbraced Cantilevers or simple spans

Fnc.ltb Cb 1 1
Fyr

Rh Fy








Lb Lp

Lr Lp














 Fy 38.6 ksi

Fnc min Fnc.lb Fnc.ltb  38.6 ksi

The Maximum Allowable Unbraced Length (6.10.1.6-3) is: Lb 1.2 Lp Cb Rb
Myc

Mu


Lmax 1.2 Lp Cb Rb
Fy Sx

MGirder.factored
 8.577 ft

CheckC.D Lmax Lb  "Not Satisfactory"

Kickers may be required
No Lateral bending is anticipated at this location fl 0

fbu φf Fnc Sx φf Fnc  819 kip ft

MGirder.factored 538.295 ft kips

CheckC.D Sx φf Fnc  MGirder.factored  "SATISFACTORY"
MGirder.factored

Sx φf Fnc  
0.657
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 4ft 37.583 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.687 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H Hmast 4ft 37.583 ft

Mwind.arm Vwind.arm H 3.373 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.pole Pz A 315.609 lb Vwind Vwind.lum Vwind.arm Vwind.pole 0.45 kips

Height to point of connection: H
Hmast

2
4ft 20.792 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.pole H 6.562 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 11.622 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset 5in 3in 6in 6ft 3ft 10.167 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.11 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.192 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 3.492 ft kips

Total Moment from Dead Load: MDC MDC.lum MDC.arm MDC.pole 3.574 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.109 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.118 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hmast 211.01 lb

MIce.pole Icepole Offset( ) 2.145 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 2.154 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind  1

133%


MDC MIce
Mwind

2










1

133%




















3.574

11.425

8.676









ft kips

Mdesign max Mdesign'  11.425 ft kips
Governing Load

Connect pole to square tube:
Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 10x10x3/16 ~ Fy=46ksi ~ φ = 0.90: Mn.Ω.AISC 42.8kip ft

Mn.Ω.AASHTO.HSS10x10x3
1.0

0.9
Mn.Ω.AISC 47.6 kip ft

Mdesign

Mn.Ω.AASHTO.HSS10x10x3
0.24

CheckC.D Mn.Ω.AASHTO.HSS10x10x3 Mdesign  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

HSS Supporting Luminaire shall connect to the girder flange with a pair of attachment plates
Space attachment plates at 24" to reduce the magnitude of the moment couple

Design moment output from AASHTO Signs and Luminaires code is Working Stress.  LRFD factor conservatively assumed as
1.4 (wind > 1.25 DC)

Mdesign 11.425 ft kips

Couple
1.4 Mdesign

2ft
7.998 kips

Load from couple carried by Stiffners to attachment plate:

Small Stiffener is 10" x 4" (10" to connect to outside face of HSS 10 member)
Conservatively place 50% load at top of small stiffener (neglect large stiffener):

Momentstiffener 50% Couple 10 in 3.332 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

AASHTO LRFD 5th Edition - Nominal Flexural Resistance of Rectangular Bars and Solid Rounds
(6.12.2.2.7) Fy 36ksi
Lb 10in d 4.5in t

1

2
in

E 29000ksi

Moment Demand: 178.2kips sin 26.7deg( )( ) Lb 66.724 ft kips φf 1.00

For yielding the nominal flexural resistance shall be taken as:

For rectangular bars with 
Lb d

t
2

0.08 E

Fy
  in flexure about their major geometric axis, rectangular bars in flexure about their

minor geomietric axis or solid rounds:

Mn Mp= Fy Z 1.6My=
Lb d

t
2

180
0.08 E

Fy
64.444 Does not apply

Sx
t d

2

6
1.688 in

3

My Sx Fy 5.062 ft kips 1.6 My 8.1 ft kips

Z 2
d t( )

2

d

4






 2.531 in
3

Mp' Z Fy 7.594 ft kips Mp min Mp' 1.6 My  7.594 ft kips

For Lateral Torsional buckling, the nominal flexural rseistance shall be taken as follows for rectangular bars in flexure about
their major geometric axis:

If 
0.08 E

Fy

Lb d

t
2


1.9 E

Fy
 , then: Mn Cb 1.52 0.274

Lb d

t
2








Fy

E








 My Mp=

Cb 1.0 For unbraced Cantilevers (A6.3.3)

Cb 1.52 0.274
Lb d

t
2








Fy

E








 My 7.385 ft kips

Mn.less min Cb 1.52 0.274
Lb d

t
2








Fy

E








 My Mp






7.385 ft kips

If 
Lb d

t
2

1.9 E

Fy
 , then: Mn Fcr Sx Mp=

Fcr

1.9 E Cb

Lb d

t
2







306.111 ksi Mn.greater min Fcr Sx Mp  7.594 ft kips

0.08 E

Fy
64.444

Lb d

t
2

180
1.9 E

Fy
1.531 10

3

φMn φf if
Lb d

t
2

1.9 E

Fy
 Mn.greater if

0.08 E

Fy

Lb d

t
2

 Mn.less Mp













 7.385 ft kips

CheckC.D φMn Momentstiffener  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Fillet Weld - AASHTO LRFD 6.13.3.2.4 φe2 0.8

Fexx 70ksi

Rr 0.6 φe2 Fexx 33.6 ksi

Weldsize
5

16
in

Momentstiffener 3.332 ft kips

S

2
Weldsize

2










4.5in( )
2

6
1.492 in

3

σm

Momentstiffener

S
26.81 ksi σv

Couple

2
Weldsize

2
 4.5 in

4.022 ksi

σ σm σv 30.832 ksi

CheckC.D Rr σ  "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 3 and 5 6ft Design.xmcd - p28

 
1/17/2013

Page 76



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Luminaire bolted to Existing Beam
Web Height of existing beam = 27in - 2x0.5in = 26in   (REF SHT 37)

Eccentrically Loaded Irregular Bolt Group - AASHTO LRFD
Shear Resistence of a single bolt (6.13.2.7)
Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"

ASTM "A325"

Nominal Bolt Diameter: d
5

8
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.31 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 1

Where threads are included from the shear plane: Rn.shear 0.38 Ab Fub Ns Rn.shear 14 kips

Bearing Resistance at Bolt Holes (6.13.2.9)
For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.460in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 70ksi

Rn.holes 2.4 d t Fu Rn.holes 48.3 kips

Strength Resistance minimum of bolt shear and bearing

Rn min Rn.shear Rn.holes  13.99 kips

Slip Critical Resistance of a single bolt (6.13.2.8)

Kh 1.00
Hole Size Factor:

Ks 0.50
Surface Condition Factor:

Pt 19kips
Minimum Required Bolt Tension:

Rn.slip Kh Ks Ns Pt Rn.slip 9.5 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Bolt Pattern: X Y X Y X Y X Y X Y
Bolt1 0in 7 in( ) Bolt2 6in 7 in( ) Bolt3 0in 12in( ) Bolt4 6in 12in( ) Bolt5 24in 7 in( ) Bolt6 30in 7 in( )

Bolt7 24in 12in( ) Bolt8 30in 12in( )

"Slip-critical connections shall be proportioned to prevent slip under Load Combination Service II, as specified in Table 3.4.1-1,
and to provide bearing, shear and tensile resistance at the applicable strength limit state load combintions." (6.13.2.1.1)

 Service Load Combination II (Slip Critical)
Load: Horizontal Component: H Vwind.lum Vwind.arm Vwind.pole  450.237 lb

Vertical Component: V Wlum Warm Wpole  449.529 lb CG 15 2.5( ) in

m
V

H
0.998

Workpoint, or point in
line with load path: WP Offset

Mwind

Vwind









Resultant Load:

Load H
2

V
2 0.636 kips

100 50 0

0

100

200

300
Eccentricity: 

ecc CG1 1 INT1 1 2
CG1 2 INT1 2 2 314.228 in

Eccentric Moment:

Mecc Load ecc 199.922 kip in

Arm from CG to CL of Bolts and bolt contribution

arm

17.755

13.086

17.755

13.086

13.086

17.755

13.086

17.755

























in
1kip arm

max arm( )

1

0.737

1

0.737

0.737

1

0.737

1

























kips

UnitRn
arm

2

max arm( ) 109.6
kip in

kip


Shear from Moment in outermost
Bolt(s)

Mecc

UnitRn
1.824 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

 Service Load Shear Components

Vea
V

rows Bolt( )
0.056 kips Hea

H

rows Bolt( )
0.056 kips

Shear due to moment in each bolt

Mecc

UnitRn

arm

max arm( )


1.824

1.344

1.824

1.344

1.344

1.824

1.344

1.824

























kips Vecc

1.541

0.925

1.541

0.925

0.925

1.541

0.925

1.541

























kips Hecc

0.976

0.976

0.976

0.976

0.976

0.976

0.976

0.976

























kips

Vcombined Vea Vecc

1.597

0.981

1.597

0.981

0.868

1.485

0.868

1.485

























kips Hcombined Hea Hecc

0.92

0.92

1.032

1.032

0.92

0.92

1.032

1.032

























kips

Vcombined
2

Hcombined
2

1.843

1.345

1.902

1.424

1.265

1.747

1.349

1.808

























kips Vbolt.max max Vcombined
2

Hcombined
2



 1.902 kips

Vbolt.max

Rn.slip
0.2

CheckC.D Rn.slip Vbolt.max  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Irregular, eccentrically loaded bolt group shear check - Instantaneous Rotation Method (AISC 7-6)
Requirements: All bolts must be the same size and strength 

Bolt CG must be right of load (farther positive)
Main load must be oriented vertically (May require "rotation" of bolt group)

Shear capacity of one bolt: Rn 13.99 kips

Resistance Factor for Strength design of bolts in bearing: φs 0.80

Define Factored Loading:

Load Location: LoadX WP1 1 LoadY WP1 2

 Shear 

Vertical Load Component (Up is positive) V 1.25 Wlum Warm Wpole  561.911 lb

Horizontal Load Component (Right is positive) H 1.4 Vwind.lum Vwind.arm Vwind.pole  630.332 lb

X
T

0 6 0 6 24 30 24 30( ) in

Y
T

7 7 12 12 7 7 12 12( ) in

Geometry Calculations:

Bolt CG: XCG

X
rows X( )

 XCG 15 in YCG

Y
rows Y( )

 YCG 2.5 in

0 10 20 30

10

Bolts
Bolt CG
Applied Force

Load Angle (relative to vertical): Θ atan
H

V






 Θ 48.285 deg

intx

V

H H 0=( ) kip
LoadX





LoadY
H

V
XCG





 YCG

V

H H 0=( ) kip

H

V


 intx 200.76 in

inty
V

H H 0=( ) kip
intx

V

H H 0=( ) kip
LoadX





 LoadY

inty 379.97 in

ecc XCG intx 2
YCG inty 2 ecc 434.782 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

Coordinates must be rotated to orient load vertically for evalutaion
V V

2
H

2 H 0

X' X Y' Y intx' intx inty' inty LoadX' LoadX LoadY' LoadY

XCG' XCG YCG' YCG
X Coordinaterotation X' Y' Θ( )

1  Y Coordinaterotation X' Y' Θ( )
2 

XCG

intx

LoadX











Coordinaterotation

XCG'

intx'

LoadX'











YCG'

inty'

LoadY'











 Θ











1 



YCG

inty

LoadY











Coordinaterotation

XCG'

intx'

LoadX'











YCG'

inty'

LoadY'











 Θ











2 



20 0 20 40 60

10

10

20

30

40

Bolts
Bolt CG
Applied Force

LoadX 312.4 in XCG 8.115 in

LoadY 115.051 in YCG 12.86 in

intx 417.224 in

inty 102.98 in V 0.844 kips

ecc XCG intx 2
YCG inty 2

ecc 434.782 in

inputcheck "input is valid"

Bolt shear due to eccentric load: Plastic deformation limit: Δ 0.34in
P roX 0.1in

roY 0.1in

yfactor 0.1

Ycount 1


Runit 1 kip
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

roY roY yfactor in

factor 1.25

roY 0

yfactor 0

Ycount 10000=if

roX roX
factor 1

1.5
roX

ICx XCG roX

ICy
H

V
ICx

H

V
XCG





 YCG roY

lr
i

Xi ICx 2
Yi ICy 2

i 1 rows X( )for

flr

lr

max lr 


fR
i

1 e
10

Δ

in
 flri










0.55



i 1 rows X( )for

vi fR
i

Runit ICx Xi  lr
i






1

hi fR
i

Runit ICy Yi  lr
i






1

ali vi

mi fR
i

Runit lr
i



i 1 rows X( )for

factor al LoadX ICx 





m



1


factor 0.999999 factor 1.000001while

Ycount Ycount 1

yfactor

h
kips

1













yfactor 0.0000001 yfactor 0.00000001while

al

v cos Θ( ) h sin Θ( )

v sin Θ( ) h cos Θ( )( )









Number of bolts actively resisting load:

P1
kips

0.37

P1

kips

0.226

0.015

0.947

0.956

0.93

0.93

0.174

0.088



























inputcheck "input is valid"

 Actual Bolt Shear:

Vertical 

ShearV
V

P1
P2

Horizontal 

ShearH
V

P1
P3
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 6ft

Scope: Design

 

 Break shear into Horizontal and Vertical components:

Total Shear
 Vertical  Horizontal

ShearV

1.278

1.59

0.995

1.388

1.383

0.939

1.848

1.52

























kips ShearH

1.06

1.412

1.218

1.572

1.558

1.163

1.709

1.324

























kips

ShearBolts ShearV
2

ShearH
2 ShearBolts

1.661

2.126

1.573

2.097

2.083

1.495

2.517

2.016

























kips

Plastic Reduction to shear
capacity

Rn.plastic Rn

max
ShearBolts

Runit







V

P1

 Rn.plastic 15.428 kips

φs Rn.plastic 12.342 kips

max
ShearBolts

φs Rn.plastic







0.204
The limiting demand / capacity ratio is:

occuring at: Boltnum 7

CheckC.D 1 max
ShearBolts

Rn.plastic




















"SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

BALLARD - 6FT - SEGMENTS 6 γc 155pcf
New construction

Existing overhang = 5ft 4in from inside curb to outside of existing concrete barrier (REF SHT 36)

Width of new Traffic Barrier: widthbarrier 32in 6in( )
4

21
 8in 15.238 in

Existing Exterior Girder is shown as B36 x 16 1/2 x 230# SIL (REF SHT 52)

Distance from back of new Traffic Barrier
to centerline of existing edge beam: span 5ft 4in( ) widthbarrier

6in

2
 3.813 ft

Distance from centerline of existing
edge beam to 6ft walkway limit: canti 6ft span 2.187 ft

Walkway will be supported by a modified existing edge beam (cantilevering beyond) and monolithically connected to new
traffic Barrier (Free - Pin - Pin for design at edge beam ~ Pin-Fix for design at barrier connection)

Thickness of Slab: t 4in wDC.slab t γc 51.7 psf

wLL 75psf

Dead Load of 54 inch Bicycle Railing: wDC.Railing 36.6plf

 Free - Pin - Pin Reactions

Rbarrier.railing

wDC.Railing canti 1.5in( )

span 4in( )
20.4 plf (assume 1.5in to centerline of railing & 4" from

edge of barrier to vertical restraint doweled bar)

Rbarrier.slab

wDC.slab
canti 6in( )

2

2

span 4in( )
2

2












span 4in( )
62.2 plf (assume 6in to free edge of slab)

Rbarrier.DC Rbarrier.railing Rbarrier.slab 41.8 plf

Redge.beam.DC wDC.Railing wDC.slab canti 6in( ) span 4in( )[ ] Rbarrier.DC 347.892 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

 Cantilever Negative Moment at Edge Beam

M6canti.neg 1.25 wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2










 1.75 wLL
canti

2

2










 652.6
lb ft

ft


 PIN-PIN Positive Bending

M6slab.pos 1.25 wDC.slab 1.75 wLL  span 4in( )
2

8


M6canti.neg

2
 94.7

lb ft

ft


 PIN - FIX Negative Bending (Adding negative moment contributors from cantilever)

M6slab.neg 1.25 wDC.slab 1.75 wLL  span 4in( )
2

8
 M6canti.neg 1.1 10

3
lb ft

ft


 Service Moments

M6canti.serv.neg wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2










wLL
canti

2

2










 450.3
lb ft

ft


M6slab.serv.neg wDC.slab wLL  span 4in( )
2

8
 M6canti.serv.neg 722.6

lb ft

ft


M6slab.serv.pos wDC.slab wLL  span 4in( )
2

8


M6canti.serv.neg

2
 47.1

lb ft

ft

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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Design Slab Reinforcing for Maximum Negative Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in dno
barno

0.5 1.75 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 6in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.2 in

2 clearspacing 5.437 in

Mdes M6slab.neg wmem 0.537 ft kips
Design Moment:

Mservice M6slab.serv.neg wmem 0.361 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.184 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.063 in

2

Check compression for full yielding of actual steel Mdes 0.537 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 1.535 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
286 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 6 in
 wmem 0.5 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 1.184 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.783 in

Moment Arm: arm d
x

3
 1.739 in

Service Steel Tension: T
Mservice

arm
2.493 kips

Stress in the steel at
service limit state

fs
T

As wmem
12.466 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.75 in

βs 1
dc

0.7 hmem dc 
 2.111

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 16.448 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.25 wDC.Railing wDC.slab canti 6in( )  1.75 wLL canti   wmem 0.253 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 1.229 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 6 6ft Design.xmcd - p4

 
1/17/2013

Page 87



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Design Slab Reinforcing for Maximum Positive Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in dno
barno

0.5 1.75 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 6in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.2 in

2 clearspacing 5.437 in

Mdes M6slab.pos wmem 0.047 ft kips
Design Moment:

Mservice M6slab.serv.pos wmem 0.024 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.016 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 5.28 10

3 in
2

Check compression for full yielding of actual steel Mdes 0.047 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 1.535 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
3.2 10

3 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 6 in
 wmem 0.5 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 1.184 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.783 in

Moment Arm: arm d
x

3
 1.739 in

Service Steel Tension: T
Mservice

arm
0.163 kips

Stress in the steel at
service limit state

fs
T

As wmem
0.813 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.75 in

βs 1
dc

0.7 hmem dc 
 2.111

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 302.493 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Load to Edge Beam

Dead Load Reaction Redge.beam.DC 347.892 plf

Redge.beam.LL

wLL 6 ft
6ft

2
4in







span 4in
361.722 plf

Live Load Reaction

Check Existing Edge Beam for Capacity

Existing edge beam (W36x16.5x230#) will fully support walkway, design load to walkway considers the additional load from
the new widening and the reduction of load from the component removals.
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Tension dowel requirement at Barrier

Dead Load reaction at barrier: Rbarrier.DC 41.763 plf

Partial Live Load reaction at barrier: Rbarrier.LL

wLL
canti

2

2


span 4in
43.233 plf

AASHTO specifies a superstructre wind uplift load of 20psf times the width
of the bridge applied at the windward quarter point.  To create an
equivalent distributed force and resultant, a triangular distribution of wind
load will be established across the windward 3/4 of the bridge width.  The
Highest pressure will occur under the proposed sidewalk.

Partial Wind Uplift:

pwind
20psf W

3

4
W

2 53.333 psf

wDC.slab 51.667 psf 53.3psf is nearly equivalent to the 51.7psf slab dead load.  The slab design is
acceptable for wind uplift loads

Conservatively apply maximum wind to area tributary to barrier reaction.

Rbarrier.WL pwind
span

2
 101.693 plf

Uplift at Barrier: UpliftI 1.75 Rbarrier.LL 0.9 Rbarrier.DC  38.071 plf

UpliftIII 1.4 Rbarrier.WL 0.9 Rbarrier.DC  104.783 plf

UpliftV 1.35 Rbarrier.LL 0.4 Rbarrier.WL 0.9 Rbarrier.DC  61.455 plf

max UpliftI UpliftIII UpliftV  104.783 plf

Tension
0.9 Ano.4 60 ksi

4ft
2.7 10

3 plf

Uplift force is minor.  Install #4 bars vertically into slab at 4ft on center.

WSDOT BDM 5.5.4 requires 8 inches of epoxy embedment for full development.

Thickness of the deck is 7.5 inches 
Thickness at the curb is 10 inches (REF SHT 36)

Full Development is not required.  Provide 6" embed
6in

8in
Tension 2.025 10

3 plf

CheckC.D
6in

8in
Tension max UpliftI UpliftIII UpliftV 





"SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Additional dead load to the structure from walkway widening.
Additional Dead Load, Slab and Railing: plfslab.railing Rbarrier.DC Redge.beam.DC 389.7 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Total weight of new work: plfnew plfslab.railing plfbarrier 776.9 plf

γc.ex 150pcf
Weight of Removals

Dead Load of Existing Pedistal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 58 & 37): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedistal weight: plfpedistal

Aped 3ft 9.5in( ) γc.ex

20ft
35.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in 20ft 1ft 4in( ) 0.5in[ ] γc.ex

20ft
128 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

20ft


12 2.5 in
3

8
in 5 in 490 pcf

20ft














plfmetal.rail 16.4 plf

Dead Load of Existing Edge Beam: plfex.edge.beam 6in 4 in γc.ex 25.0 plf

Dead Load of Existing sidewalk:
(REF SHT 37)

plfex.sidewalk 3.5in 4 ft γc.ex 175 plf

Dead Load of Existing Curb:
(REF SHT 38)

plfcurb 18in 7in
3in

2






 3in 2 in





γc.ex 153.125 plf

Total weight of removals:

plfrem plfpedistal plfconc.rail plfmetal.rail plfex.edge.beam plfex.sidewalk plfcurb 533.5 plf

Total increased weight: plfincrease plfnew plfrem 243.4 plf

Weight of Segment 6 Segment6weight 645kips

Segment6length 84.91ft

Length of Segment 6:

Average Per foot weight of Segment 6:
Segment6weight

Segment6length
7.596 10

3 plf

plfincrease

Segment6weight

Segment6length

3.204 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 9.5in( ) 33.792 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.792 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.608 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.907 lb

H Hmast 33.792 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.517 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.792 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.938 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.814 lb

Height to point of connection: H Hmast 4ft 37.792 ft

Mwind.arm Vwind.arm H 3.394 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.896 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.103 psf

Effective Projected Area of mast arm A 8in Hmast 22.5 ft
2

Vwind.pole Pz A 317.715 lb Vwind Vwind.lum Vwind.arm Vwind.pole 0.452 kips

Height to point of connection: H
Hmast

2
4ft 20.896 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.pole H 6.639 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 11.551 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset canti 1ft 3.187 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.529 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.129 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 345.632 lb

MDC.pole Wpole Offset( ) 1.101 ft kips

Total Moment from Dead Load: MDC MDC.lum MDC.arm MDC.pole 0.443 ft kips

Wlum Warm Wpole 0.452 kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.524 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.08 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hmast 212.319 lb

MIce.pole Icepole Offset( ) 0.677 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.073 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind  1

133%


MDC MIce
Mwind

2










1

133%




















0.443

9.018

4.731









ft kips

Mdesign max Mdesign'  9.018 ft kips
Governing Load

Pole will be connected through the top slab into a square tube which will act as a framing member to convert the applied
moment from the luminaire pole to component loads which will be carried by the Slab and Tube Below.
This framing system is sufficiently complex as to justify use of an external frame analysis software.  See the following pages for
general geometry and analysis output.
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Section 6 Luminaire

SK - 1

Jan 17, 2013 at 10:48 AM

Section 6 Luminaire.r3d

Y

XZ
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Section 6 Luminaire

SK - 2

Jan 17, 2013 at 10:48 AM

Section 6 Luminaire.r3d

LUM                             

MAST.TOP                        

MAST.BOT                        

SLAB.EB                         

SLAB.DECK                       
EB.WEB                          

ELBOW                           

-.06k

Y

XZ

Loads: BLC 1, Dead load                       
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Section 6 Luminaire

SK - 3

Jan 17, 2013 at 10:49 AM

Section 6 Luminaire.r3d

LUM                             

MAST.TOP                        

MAST.BOT                        

SLAB.EB                         

SLAB.DECK                       
EB.WEB                          

ELBOW                           

-.059k

-.028k/ft

-.075k/ft

-.094k/ft

-.094k/ft

-.057k/ft

Y

XZ

Loads: BLC 2, Ice Load                        

Page 99



Section 6 Luminaire

SK - 4

Jan 17, 2013 at 10:49 AM

Section 6 Luminaire.r3d

LUM                             

MAST.TOP                        

MAST.BOT                        

SLAB.EB                         

SLAB.DECK                       
EB.WEB                          

ELBOW                           

.045k

.004k/ft

.009k/ft
Y

XZ

Loads: BLC 3, Wind                            
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Company : Jan 17, 2013
Designer : 10:49 AM
Job Number : Checked By:_____

Load Combinations
Description So...PDelta SRSS BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...BLC Fac...

1 STR  III Y DL 1.25WL 1.4
2 EX II Y DL 1.25 SL 1
3
4 COMBINED EX+ Yes Y DL 1.25WL 1.4 SL 1
5 COMBINED EX- Yes Y DL 1.25WL -1.4 SL 1

RISA-3D Version 11.0.0      Page 1 [Q:\...\...\SAPWT-10-057\Engineering\Bridges\JWC\Section 6 Luminaire.r3d] 
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Company : Jan 17, 2013
Designer : 10:50 AM
Job Number : Checked By:_____

Envelope AISC 14th(360-10): ASD Steel Code Checks
Member Shape Code Check Loc... LC Shea...Loc...... ... Pnc/om [k] Pnt/om [k] Mnyy/... Mnzz/... ... Eqn

1 M5 HSS8.625x0.25 .472 0 4 .171 0 5 153.453 154.419 34.371 34.371 ... H1-1b

2 M6 HSS8.625x0.25 .271 0 5 .072 3.75 5 152.255 154.419 34.371 34.371 ... H1-1b

3 M7 HSS6x0.188 .327 0 5 .038 0 5 76.273 79.976 12.386 12.386 ... H1-1b

RISA-3D Version 11.0.0      Page 2 [Q:\...\...\SAPWT-10-057\Engineering\Bridges\JWC\Section 6 Luminaire.r3d] 
Page 102



Section 6 Overall

SK - 1

Jan 17, 2013 at 10:54 AM

Section 6 - 6 ft.r3d

Y

X

Z
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Section 6 Overall - DC = Total Weight of New Work

SK - 2

Jan 17, 2013 at 11:09 AM

Section 6 - 6 ft.r3d

-.777k/ft -.777k/ft -.777k/ft -.777k/ft -.777k/ft -.777k/ft -.777k/ft

-.777k/ft -.777k/ft -.777k/ft -.777k/ft -.777k/ft -.777k/ft

Y

X

Z

Loads: BLC 2, DC 777 plf                      

Page 104



Section 6 - 165pcf x 7.5in x 9ft (round up to 1klf)

SK - 3

Jan 17, 2013 at 11:12 AM

Section 6 - 6 ft.r3d

-1k/ft

-1k/ft

-1k/ft

-1k/ft

-1k/ft

-1k/ft

-1k/ft

-1k/ft

-1k/ft-1k/ft-1k/ft-1k/ft-1k/ft

Y

X

Z

Loads: BLC 3, Slab at 165pcf                  
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Section 6 HS20 - 1ft from barrier

SK - 4

Jan 17, 2013 at 11:13 AM

Section 6 - 6 ft.r3d

-4k

-16k -16k

-4k

-16k -16k

Y

X

Z

Loads: BLC 4, HS20                            
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Section 6 - Ped load - 75psf x 6ft = 450plf

SK - 5

Jan 17, 2013 at 11:13 AM

Section 6 - 6 ft.r3d

-.45k/ft -.45k/ft -.45k/ft -.45k/ft -.45k/ft -.45k/ft -.45k/ft

Y

X

Z

Loads: BLC 5, PED 75psf x 6ft                 
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Section 6 HL93 Lane Load

SK - 6

Jan 17, 2013 at 11:14 AM

Section 6 - 6 ft.r3d

-.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft

-.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft -.32k/ft

Y

X

Z

Loads: BLC 6, LANE                            
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Section 6 - Design Moment

SK - 7

Jan 17, 2013 at 11:20 AM

Section 6 - 6 ft.r3d

0.6

-1224.8 -3349.5 -4499.5 -4563.3-4542 -3701.7

0.4

-2326.2

Y

X

Z

Solution: Envelope
Member z Bending Moments (k-ft)
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

Moment Capacity at strength limit state in Major Axis for Discretely braced flanges in
Compression - AASHTO LRFD 6.10.8.1.1

φf 1.00 for flexure E 29000ksi
W36 x 230 Member information (Including Flange cover plates)

Top Flange: btf 16.5in ttf 1.26in
7

8
in

9

16
in Atf btf ttf 44.509 in

2
Itf

btf ttf
3

12
26.989 in

4

Web: hweb 26.5in tweb 0.760in Aweb hweb tweb 20.14 in
2

Iweb

tweb hweb
3

12
1.179 10

3 

Bottom Flange: bbf 16.5in tbf ttf Abf bbf tbf 44.509 in
2

Ibf

bbf tbf
3

12
26.989 in

4

CG

Atf

ttf

2
 Aweb ttf

hweb

2










 Abf ttf hweb
tbf

2












Atf Aweb Abf
15.947 in

Itotal Itf Atf CG
ttf

2










2

 Iweb Aweb CG ttf
hweb

2










2

 Ibf Abf CG ttf hweb
tbf

2










2

 2.02 10
4 in

4

Sx

Itotal

CG
1.267 10

3 in
3 Zx 2 Atf CG

ttf

2










 tweb CG ttf 
CG ttf 

2










 1.433 10
3 in

3

Mu 4563.3kip ft From RISA-3D structural Analysis Fy 45ksi Lb 12ft 5.5in

At the strength limit state, the following requirement shall be satisfied: fbu
1

3
fl φf Fnc

The local buckling resistance (6.10.8.2.2) of the compression flange shall be taken as

if λf λpf  then Fnc Rb Rh Fyc= λf

bbf

2 tbf
3.1 λpf 0.38

E

Fy
 9.647

less λf λpf  "Less than or Equal to"

Web load-shedding factor determined as specified in Article 6.10.1.10.2 Rb 1.0= if
2 Dc

tw
λrw

Depth of web in compression in elastic range Dc hweb CG ttf  tbf 15.947 in

Limiting slenderness ratio for a noncompact web:

2 Dc

tweb
41.967 λrw 5.7

E

Fy
 144.7 less

2 Dc

tweb
λrw







"Less than or Equal to" Rb 1.0

Hybrid Factor: Rh
12 β 3 ρ ρ

3 

12 2 β
= Dn Dc 15.947 in For doubly symmetric sections

Afn bbf tbf 44.509 in
2 β

2 Dn tweb

Afn
0.545

ρ 1.0 Non Composite with no cover plates on tensile side

Rh
12 β 3 ρ ρ

3 

12 2 β
1 Fnc.lb Rb Rh Fy 45 ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 6ft

Scope: Design

The Lateral Torsional Buckling resistance (6.10.8.2.3) of the compression flange shall be taken as

Lp 1.0 rt
E

Fyc
= Limit of Plastic deformation

bfc bbf 16.5 in tfc tbf 2.697 in

rt

bfc

12 1
1

3

Dc tweb

bfc tfc










 rt 0.38 ft Lp 1.0 rt
E

Fy
 9.648 ft

Fyr 0.7 Fy 31.5 ksi Lr π rt
E

Fyr
 36.228 ft

Cb 1 Unbraced Cantilevers or simple spans

Fnc.ltb Cb 1 1
Fyr

Rh Fy








Lb Lp

Lr Lp














 Fy 43.6 ksi

Fnc min Fnc.lb Fnc.ltb  43.6 ksi

The Maximum Allowable Unbraced Length (6.10.1.6-3) is: Lb 1.2 Lp Cb Rb
Myc

Mu


Lmax 1.2 Lp Cb Rb
Fy Sx

Mu
 11.813 ft

CheckC.D Lmax Lb  "Not Satisfactory" Acceptable

No Lateral bending is anticipated at this location fl 0

fbu φf Fnc Sx φf Fnc  4600 kip ft

Mu 4.563 10
3 ft kips

CheckC.D Sx φf Fnc  Mu  "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

BALLARD - 6FT - SEGMENT 7 γc 155pcf
New construction
Existing overhang = 5ft 3in from inside curb to outside of existing concrete barrier (REF SHT 12)

Width of new Traffic Barrier: widthbarrier 32in 6in( )
4

21
 8in 15.238 in

Distance from back of new Traffic Barrier
to centerline of existing edge beam: span 5ft 3in( ) widthbarrier

6in

2
 3.73 ft

Distance from centerline of existing
edge beam to 6ft walkway limit: canti 6ft span 2.27 ft

Walkway will be supported by a modified existing edge beam (cantilevering beyond) and monolithically connected to new
traffic Barrier (Free - Pin - Pin for design at edge beam ~ Pin-Fix for design at barrier connection)
Thickness of Slab: t 4in wDC.slab t γc 51.7 psf

wLL 75psf

Dead Load of 54 inch Bicycle Railing: wDC.Railing 36.6plf

 Free - Pin - Pin Reactions at Traffic Barrier

(assume 1.5in to centerline of railing & 4" from
edge of barrier to vertical restraint doweled bar)Rbarrier.railing

wDC.Railing canti 1.5in( )

span 4in( )
21.6 plf

(assume 6in to free edge of slab to support
bicycle railing)Rbarrier.slab

wDC.slab
canti 6in( )

2

2

span 4in( )
2

2












span 4in( )
56.2 plf

Rbarrier.DC Rbarrier.railing Rbarrier.slab 34.6 plf

Redge.beam.DC wDC.Railing wDC.slab canti 6in( ) span 4in( )[ ] Rbarrier.DC 355.027 plf

 Cantilever Negative Moment at Edge Beam

M7canti.neg 1.25 wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2










 1.75 wLL
canti

2

2










 695.4
lb ft

ft


 Free - Fix Positive Bending (Neglecting negative moment contributors from cantilever)

M7slab.pos 1.25 wDC.slab 1.75 wLL  9

128
 span 4in( )

2 227.4
lb ft

ft


 Free - Fix Negative Bending (Adding negative moment contributors from cantilever)

M7slab.neg 1.25 wDC.slab 1.75 wLL  span 4in( )
2

8
 M7canti.neg 1.1 10

3
lb ft

ft


 Service Moments

M7canti.serv.neg wDC.Railing canti 1.5in( ) wDC.slab
canti 6in( )

2

2










wLL
canti

2

2










 479.1
lb ft

ft


M7slab.serv.neg wDC.slab wLL  span 4in( )
2

8
 M7canti.serv.neg 740.5

lb ft

ft


M7slab.serv.pos wDC.slab wLL  9

128
 span 4in( )

2 147.1
lb ft

ft


Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 7 6ft Design.xmcd - p1

 
1/17/2013

Page 112



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Design New Slab Reinforcing for Maximum Negative Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 12in Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.437 in

Mdes M7slab.neg wmem 1.1 ft kips
Design Moment:

Mservice M7slab.serv.neg wmem 0.74 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 1.75 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.219 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.149 in

2

Check compression for full yielding of actual steel Mdes 1.1 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 2.621 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
238.3 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.72 in

Moment Arm: arm d
x

3
 1.51 in

Service Steel Tension: T
Mservice

arm
5.885 kips

Stress in the steel at
service limit state

fs
T

As wmem
14.713 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 2.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 10.693 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.25 wDC.Railing wDC.slab canti 6in( )  1.75 wLL canti   wmem 0.523 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.15 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Design New Slab Reinforcing for Maximum Positive Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 1.5in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 12in Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.437 in

Mdes M7slab.pos wmem 0.227 ft kips
Design Moment:

Mservice M7slab.serv.pos wmem 0.147 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2.25 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.033 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.023 in

2

Check compression for full yielding of actual steel Mdes 0.227 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 3.521 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
1.5 10

3 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.842 in

Moment Arm: arm d
x

3
 1.969 in

Service Steel Tension: T
Mservice

arm
0.896 kips

Stress in the steel at
service limit state

fs
T

As wmem
2.24 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.5 in

βs 1
dc

0.7 hmem dc 
 1.857

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 123.178 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

At Existing Cantilever Beam Locations, new slab must void around
ex. cantilever (at sidewalk grade).  Adjacentslab must carry load
from beyond end of ex. cantilever (REF SHT 12)

Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 18in Bars per Layer: nbars 3
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.6 in

2 clearspacing 5.438 in

Mdes M7slab.neg wmem
1ft

2






 2.199 ft kips
Design Moment:

Service Moment: Mservice M7slab.serv.neg wmem
1ft

2






 1.481 ft kips

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 1.75 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.299 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.305 in

2

Check compression for full yielding of actual steel Mdes 2.199 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 3.931 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
178.7 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 3  barno 4  

 in fulllayers 1 (total bars n 3 )

 spaced at spacing 6 in
 wmem 1.5 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 3.552 kip ft
Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.72 in

Moment Arm: arm d
x

3
 1.51 in

Service Steel Tension: T
Mservice

arm
11.771 kips

Stress in the steel at
service limit state

fs
T

As wmem
19.618 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 2.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 7.019 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Load to Edge Beam

Dead Load Reaction Redge.beam.DC 355.027 plf

Redge.beam.LL wLL
span 4in

2
canti





 322.619 plf
Live Load Reaction

Edge Beam Length = 18ft 0in max
(REF SHT 59)

Ledge 18ft

V7edge 1.25 Redge.beam.DC 1.75 Redge.beam.LL 1.008 10
3 plf

Edge beam is FIX-FIX:

M7edge.pos

1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge
2

24
13.6 ft kips

M7edge.neg

1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge
2

12
27.2 ft kips

M7edge.serv.pos

Redge.beam.DC Redge.beam.LL  Ledge
2

24
9.1 ft kips

M7edge.serv.neg

Redge.beam.DC Redge.beam.LL  Ledge
2

12
18.3 ft kips

Es 29000ksi
Check Existing Edge Beam for Capacity

Original structure concrete strength: f'c 8ksi

Original structure Steel Strength: Fy 33ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Check Existing Edge Beam for Positive Capacity (Neglect new slab)
Assume Edge Beam is similar
to Sec. 3 & 5 (REF SHT 38)Bar info

(REF SHT 12)
bararea 1

1

8
in

2 bardiam bararea 1.061 in

clear 2in
Assumed Clear

fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85
Number of layers:

wmem 6in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
6 in

hmem 1ft 1in 8in 4in 1.417 ft
Height of member
(minus new slab depth)

As

bararea

spacing
fulllayers As wmem 1.125 in

2 clearspacing 4.939 in

Mdes M7edge.pos 13.613 ft kips
Design Moment:

Mservice M7edge.serv.pos 9.148 ft kips
Service Moment:

depth to rebar d hmem clear
bardiam

2

fulllayers 1

2
max 1 in bardiam  bardiam 











d 14.47 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.311 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.384 in

2

Check compression for full yielding of actual steel Mdes 13.613 kip ft

a
As Fy

0.85 f'c
 a 0.91 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 39.022 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
286.7 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 6 in
 wmem 0.5 ft   x hmem 1.417 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 1 10
3 psi

S
hmem

2

6
 S 578

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 50.407
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 30.244 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 5422 ksi

n
Es

Ec
5.348

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









4.477 in

Moment Arm: arm d
x

3
 12.977 in

Service Steel Tension: T
Mservice

arm
8.459 kips

Stress in the steel at
service limit state

fs
T

As wmem
7.519 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 1.19

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 54.649 in

spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Check Existing Edge Beam for Negative Capacity (Including new slab - T-section) Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2.5in

fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85
Number of layers:

wmem 12in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
12 in

hmem 1ft 1in( ) 8in 1.75 ft
Height of member

As

bararea

spacing
fulllayers As wmem 1.125 in

2 clearspacing 10.939 in

Mdes M7edge.neg 27.226 ft kips
Design Moment:

Mservice M7edge.serv.neg 18.296 ft kips
Service Moment:

depth to rebar d hmem clear
bardiam

2

fulllayers 1

2
max 1 in bardiam  bardiam 











d 17.97 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.249 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.339 in

2

Check compression for full yielding of actual steel Mdes 27.226 kip ft

a
As Fy

0.85 f'c
 a 0.827 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 88.878 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
326.4 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 12 in
 wmem 1 ft   x hmem 1.75 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 1 10
3 psi

S
hmem

2

6
 S 882

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 76.919
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 92.303 kip ft

Mcr.Check "Exception in effect.  Moment capacity exceeds 4/3 Moment demand"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 5422 ksi

n
Es

Ec
5.348

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









3.773 in

Moment Arm: arm d
x

3
 16.712 in

Service Steel Tension: T
Mservice

arm
13.138 kips

Stress in the steel at
service limit state

fs
T

As wmem
11.678 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 1.193

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 32.682 in

spacing 1 bundles( ) 12 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ag 0.75in (Aggregate Size) ϕv 0.9

Vu
5

8
V7edge Ledge 11.344 kips

Use Simplified Calc Values?
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "no"

Strain in tension reinforcement:
εs

Mdes

0.9 d( )
Vu









Es As wmem
9.669 10

4

Without min Transverse Steel: sx 0.9 d 16.17 in (approximate distance
between crack control
steel layers)

sxe sx
1.38

ag 0.63in
 16.173

Angle of inclination of diagonal compressive strut

βwo
4.8

1 750 εs 
51

39 sxe 
 2.572

Vc.wo 0.0316 βwo f'c ksi( ) wmem 0.9 d( ) ϕv Vc.wo 40.15 kips

ShearReinfReq "Factored Capacity is greater than 2x demand - No Reinforcing Required" 2x requirement does not apply to
slabs, footings, or culverts (5.8.2.4)

βw if yesno Simplified( ) 1= 2.0
4.8

1 750 εs 









2.782
With min Transverse Steel:

θ if yesno Simplified( ) 1= 45 29 3500 εs   deg 32.384 deg

Vc.w 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc.w 43.435 kips

vu

Vu

0.9 d( ) wmem
0.058 ksi smax if vu 0.125 f'c min 0.8 d 24in( ) min 0.4 d 12in( )  14.376 in

Minimum area applies only
to sections where 2x
requirement applies (5.8.2.5)

sstirrup 12in Av.min 0.0316 f'c ksi( )
wmem sstirrup

Fy
 Av.min 0.215 in

2

Astirrup 2 Ano.5 Astirrup 0.62 in
2

minimum "Minimum Provided"
(REF SHTS 12 & 38)

φVc ϕv if Astirrup Av.min Vc.w Vc.wo  43.435 kips

angle between transverse reinforcing and longitudinal axis α 90deg

Vs

Astirrup Fy 0.9 d( ) cot θ( ) cot α( )( ) sin α( )

sstirrup
 φVs ϕv Vs 71.144 kips

ϕVn
1

φVc φVs ϕVn
1

114.579 kips Governing Shear Capacity:

ϕVn
2

ϕv 0.25 f'c wmem 0.9 d( ) ϕVn
2

349.33 kips ϕVn min ϕVn  ϕVn 114.579 kips

CheckC.D ϕVn Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Tension load to new slab must travel though shear friction at the existing concrete to new concrete interface

Use Galvanized Headed Anchor Stud ILO rebar f'c 4ksi Fy 36ksi For shear ϕ 0.9   ( 5.5.4.2.1)

Interface Shear Transfer (5.8.4)
For cast-in-place concrete slab on clean concrete girder surfaces, intentionally roughened to 0.25in
  c = 0.28 ksi μ = 1.0 K1 = 0.3 K2 = 1.8 ksi (NW)  or 1.3 ksi (LW)
For normal weight concrete placed monolithically
  c = 0.40 ksi μ = 1.4 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete placed monolithically, or against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.0 ksi
For normal weight concrete against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete against surface not intentionally roughened
  c = 0.075 ksi μ = 0.6 K1 = 0.2 K2 = 0.8 ksi

 Slab on clean concrete

c 0.075ksi

μ 0.6

K1 0.2

K2 0.8ksi

Acv 6in 72
in

2

ft
 Area of Concrete Engaged in Shear Transfer

Avf π
0.5in( )

2

4


1

18in
 0.131

in
2

ft
 Area of Shear Reinforcement Crossing the Shear Plane

Permanent net compressive force normal to the shear plane;
if force is tensile Pc 0.0kips=  (conservative)Pc Redge.beam.DC 355.027 plf

Vn'
1

c Acv μ Avf Fy Pc  8.44 klf

Must be less than: Vn'
2

K1 f'c Acv 57.6 klf Vn'
3

K2 Acv 57.6 klf

Vn min Vn'  8.44 klf

ϕ Vn 7.596 klf

Shear Demand:
(Zero moment to maximum moment = L/4 REF AISC Table 3-23)

Demand
Ano.4 60 ksi

Ledge

4

2.667 klf CheckC.D ϕ Vn Demand  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Tension dowel requirement at Barrier

Dead Load reaction at barrier: Rbarrier.DC 34.629 plf

Partial Live Load reaction at barrier: Rbarrier.LL

wLL
canti

2

2


span 4in
47.547 plf

AASHTO specifies a superstructre wind uplift load of 20psf times the width
of the bridge applied at the windward quarter point.  To create an
equivalent distributed force and resultant, a triangular distribution of wind
load will be established across the windward 3/4 of the bridge width.  The
Highest pressure will occur under the proposed sidewalk.

Partial Wind Uplift:

pwind
20psf W

3

4
W

2 53.333 psf

wDC.slab 51.667 psf 53.3psf is nearly equivalent to the 51.7psf slab dead load.  The slab is acceptable for
wind uplift loads

Conservatively apply maximum wind to area tributary to barrier reaction.

Rbarrier.WL pwind
span

2
 99.471 plf

Uplift at Barrier: UpliftI 1.75 Rbarrier.LL 0.9 Rbarrier.DC  52.041 plf

UpliftIII 1.4 Rbarrier.WL 0.9 Rbarrier.DC  108.093 plf

UpliftV 1.35 Rbarrier.LL 0.4 Rbarrier.WL 0.9 Rbarrier.DC  72.811 plf

max UpliftI UpliftIII UpliftV  108.093 plf

Tension
0.9 Ano.4 60 ksi

4ft
2.7 10

3 plf

Uplift force is minor Install #4 bars vertically into slab at 4ft on center.

WSDOT BDM 5.5.4 requires 8 inches of epoxy embedment for full development.

Thickness of the deck is 6.5 inches 
Thickness at the curb is 9 inches (REF SHT 30)

Full Development is not required.  Provide 6" embed
6in

8in
Tension 2.025 10

3 plf

CheckC.D
6in

8in
Tension max UpliftI UpliftIII UpliftV 





"SATISFACTORY"

Design Moment on Existing Cantilever

Mfact.ex 1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge span 67.705 ft kips

Mserv.ex Redge.beam.DC Redge.beam.LL  Ledge span 45.499 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Check Existing Cantilever Beam for applied moments
Es 29000ksi

Fy 33ksi
f'c 8ksi Rebar Strength in Existing Structure:

Concrete Strength of Existing Structure:

Bar info:
(REF SHT 12)

Area 1.125in
2 dbar Area 1.061 in

Assumed Clear:
(REF SHT 12)

clear 3in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.65

wmem 8in
Width of member Bars per Layer: nbars 2

spacing
wmem

nbars
4 in

hmem 3ft 3in 3.5in 2.5in( )
Height of member:

As
Area

spacing
fulllayers As wmem 2.25 in

2 clearspacing 2.939 in

Mdes Mfact.ex 67.705 ft kips
Design Moment:

Mservice Mserv.ex 45.499 ft kips
Service Moment:

depth to rebar d hmem clear
dbar

2

fulllayers 1

2
max 1 in dbar  dbar 











d 29.47 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.569 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.937 in

2

Check compression for full yielding of actual steel Mdes 67.705 kip ft

a
As Fy

0.85 f'c
 a 1.365 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 160.309 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
236.8 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 4 in
 wmem 0.667 ft   x hmem 2.75 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 1 10
3 psi

S
hmem

2

6
 S 2.178 10

3
in

3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 189.943
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 151.954 kip ft
Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 5422 ksi

n
Es

Ec
5.348

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









8.031 in

Moment Arm: arm d
x

3
 26.793 in

Service Steel Tension: T
Mservice

arm
20.378 kips

Stress in the steel at
service limit state

fs
T

As wmem
9.057 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 3 in

βs 1
dc

0.7 hmem dc 
 1.143

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 44.72 in

spacing 1 bundles( ) 4 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Additional dead load to the structure from walkway widening.

Additional Dead Load, Slab and Railing: plfslab.railing Rbarrier.DC Redge.beam.DC 389.7 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Total weight of new work: plfnew plfslab.railing plfbarrier 776.9 plf
γc.ex 150pcf

Weight of Removals

Dead Load of Existing Pedestal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 37 & 38): Aped 1ft 4in( ) 12 in 4 1.25in 2 in( ) 1.264 ft
2

Pedestal weight: plfpedestal

Aped 3ft 9.5in( ) γc.ex

Ledge
39.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

Ledge
127 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 59, 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

Ledge


12 2.5 in
3

8
in 5 in 490 pcf

Ledge












plfmetal.rail 16.6 plf

Dead Load of Existing Edge Beam: plfex.edge.beam 6in 4 in γc.ex 25.0 plf

Dead Load of Existing sidewalk:
(REF SHT 37)

plfex.sidewalk 3.5in 4 ft γc.ex 175 plf

Dead Load of Existing Curb:
(REF SHT 31)

plfcurb 18in 7in
3in

2






 3in 2.5 in





γc.ex 151.563 plf

Total weight of removals:

plfrem plfpedestal plfconc.rail plfmetal.rail plfex.edge.beam plfex.sidewalk plfcurb 535.1 plf

Total increased weight: plfincrease plfnew plfrem 241.8 plf

Weight of Segment 7 calculated for seismic analysis: Segment7weight 5350kips

Length of Segment 7: Segment7length 287.32ft 287.32 ft

Average Per foot weight of Segment 7:
Segment7weight

Segment7length
1.862 10

4 plf

plfincrease

Segment7weight

Segment7length

1.298 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 1ft 9in( ) 6in[ ] 34.833 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.563 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection:

H Hmast 1ft 9in( ) 6in[ ] 34.833 ft

Mwind.arm Vwind.arm H 3.126 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.pole Pz A 315.609 lb Vwind Vwind.lum Vwind.arm Vwind.pole 0.45 kips

Height to point of connection: H
Hmast

2
1ft 9in( ) 6in[ ] 18.042 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.pole H 5.694 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 10.384 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset canti 6in 3in 5in 3.437 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.514 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.118 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 1.18 ft kips

Total Moment from Dead Load: MDC MDC.lum MDC.arm MDC.pole 0.549 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.509 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.072 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hmast 211.01 lb

MIce.pole Icepole Offset( ) 0.725 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.144 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind  1

133%


MDC MIce
Mwind

2










1

133%




















0.549

8.22

4.424









ft kips

Mdesign max Mdesign'  8.22 ft kips
Governing Load

Connect pole to square tube:
Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 10x10x3/16 ~ Fy=46ksi ~ φ = 0.90: Mn.Ω.AISC 42.8kip ft

Mn.Ω.AASHTO.HSS10x10x3
1.0

0.9
Mn.Ω.AISC 47.6 kip ft

Mdesign

Mn.Ω.AASHTO.HSS10x10x3
0.173

CheckC.D Mn.Ω.AASHTO.HSS10x10x3 Mdesign  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 6ft

Scope: Design

Light pole attaches to 12" concrete cantilever .  Cantilever is reinforced with 2 - 1.125 sq in bars top and bottom.  Reinforcing
steel in the existing structure is 33 ksi.
(REF SHT 44)

Tension / Compression moment couple: TC
Mdesign

10in
9.864 kips

2 1.125 in
2  33 ksi

1.67
44.461 kips

Tension couple would acceptably transfer load to existing steel.

Areq
TC 1.67

2 36 ksi
0.229 in

2
Required diameter of anchor

diameter 4
Areq

π
 0.54 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 6ft

Scope: Design

BALLARD Widening - Segment 8 - 6t Sidewalk Extension
The sidewalk extension in Segment 8 shall be made in the form of an anchor slab with cantilevered sidewalk extension.  An
anchor slab is preferred in order to isolate the existing retaining wall structure from new loads introduced by the sidewalk
extension and TL-4 traffic barrier. 

The slab has been designed for stability under the following conditions:

1) Unbalanced pedestrian live load overturning using strength factors to check LRFD eccentricity limitations
2.) Extreme limit state 10 kip vehicle impact stability load applied to the top of the traffic barrier

LOverhang 3ft 0in wLL 75psf γc 155pcf

 Overturning Moment

OMLL wLL

LOverhang
2

2
 337.5

lb ft

ft


OMDC 6in γc
LOverhang 6in 2

2
 474.688

lb ft

ft


OMLL.Lat.Railing 50plf 54 in 225
lb ft

ft


OMLL.Vert.Railing 50plf LOverhang
2.875in

2






 155.99
lb ft

ft


OMDC.Railing 36.6plf LOverhang
2.875in

2






 114.184
lb ft

ft


OMservice OMLL OMLL.Lat.Railing OMLL.Vert.Railing 
OMDC OMDC.Railing 

 1.307 10
3

lb ft

ft


OMfactored 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

0.9 OMDC OMDC.Railing 

 1.787 10
3

lb ft

ft


LAS 20ft
Continuous Anchor Slab Length (minimum):

OMveh 10kips 32in 11in( ) 3.583 10
4 ft

lb ft

ft


OMExtreme OMveh LAS OMDC OMDC.Railing  4.761 10
4 lb ft

Dslab 36in
 Resisting Moment Width 4ft 2in

ResDC.slab Dslab γc
Width( )

2

2
 4.036 10

3
lb ft

ft


ResDC.barrier 32 in 8in 32in
4

21






1

2






 γc 4ft 2in
8in

2
32in

4

21


















 1.265 10
3

lb ft

ft


Resservice ResDC.slab ResDC.barrier 5.302 10
3

lb ft

ft


Resfactored 0.9 ResDC.slab ResDC.barrier  4.772 10
3

lb ft

ft


ResExtreme Resservice LAS 1.06 10
5 lb ft
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 6ft

Scope: Design

 Strength Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) 32in 8in 32in

4

21






1

2






 γc

 2.626 10
3 plf

VLL wLL LOverhang 50plf  275 plf

Mabt.toe OMfactored Resfactored 2.984 10
3

lb ft

ft


ecc
Width( )

2

Mabt.toe

0.9 VDL 1.75 VLL 






 1.034 ft ecclimit
Width

4
1.042 ft (10.6.3.3)

Bearing Pressure Check CheckC.D ecclimit ecc  "SATISFACTORY"
VDL VLL

2
Width

2
ecc







1.382 10
3 psf

Bearing Pressure is reasonable

 Extreme Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) in 8in 32in

4

21






1

2






 γc

 2.257 10
3 plf

Mabt.toe OMExtreme ResExtreme 5.843 10
4 lb ft

ecc
Width( )

2

Mabt.toe

0.9 VDL  LAS







 0.645 ft

ecclimit
Width

3
1.389 ft (10.6.4.2) CheckC.D ecclimit ecc  "SATISFACTORY"

 Sliding Resistance

φτ 0.80 (Table 10.5.5.2.2-1)

φf 28deg Assuming a reasonably shallow angle of internal friction

μR.t tan φf  0.532 (EQ 10.6.3.4-2)

Slidingres.DC.slab.at.wall ft γc 1ft 1.5in 2in 1in( ) LAS 3.746 10
3 ft plf

Slidingres.DC.slab.past Dslab γc 5ft 2.5in 1ft 1.5in( ) 2in[ ] LAS 3.643 10
4 ft plf

Slidingres.DC.barrier 32in 8in 32in
4

21






1

2






 γc LAS 7.611 10
3 ft plf

Slidingresistance φτ μR.t Slidingres.DC.slab.at.wall Slidingres.DC.slab.past Slidingres.DC.barrier  2.032 10
4 ft plf

CheckC.D Slidingresistance 10kips  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 6ft

Scope: Design

Cantievered Sidewalk Design Es 29000ksi Fy 60ksi f'c 4ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2.5in 0.208 ft

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.438 in

Mdes 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

1.25 OMDC OMDC.Railing 









wmem 1.993 10
3 lb ft

Design Moment:

Mservice OMservice wmem 1.307 10
3 lb ft

Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 3.25 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.207 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.141 in

2

Check compression for full yielding of actual steel Mdes 1.993 kip ft

a
As Fy

0.85 f'c
 a 0.588 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 5.321 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
266.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.5 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.24 f'c ksi( ) Fr 480 psi

S
hmem

2

6
 S 72

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 2.88
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 3.456 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.053 in

Moment Arm: arm d
x

3
 2.899 in

Service Steel Tension: T
Mservice

arm
5.411 kips

Stress in the steel at
service limit state

fs
T

As wmem
13.528 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 2.02

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 14.208 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.75 wLL 1.25 γc 6 in  LOverhang 1.75 50 plf 1.25 36.6 plf  wmem 0.818 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 3.993 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 6ft

Scope: Design

Slab edge deflection 

Moment of Inertia: I
6in( )

3

12
216

in
4

ft


Modulus of Elasticity: Ec 5.521 10
8

lb

ft
2



Edge Deflection
due to ped load:
(Cantilever)

δ

wLL LOverhang
4

8 Ec I
1.584 10

3 in

LOverhang

δ
22722 Exceeds 300 per AASHTO LRFD Guide Specifications for the Design of

Pedestrian Bridges. section 5 

SATISFACTORY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

BALLARD Widening - Segment 1 - 10ft Sidewalk Extension
The sidewalk extension in Segment 1 shall be made in the form of an anchor slab with cantilevered sidewalk extension.  An
anchor slab is preferred in order to isolate the existing retaining wall structure from new loads introduced by the sidewalk
extension and TL-4 traffic barrier. 

In Segment 1, the anchor slab shall be cast against the top of the existing retaining wall.  This will allow for transfer of
some vertical loads into the existing stem wall (additional axial loading is minor) while not transferring bending moments
(more significant loading condition) or potential lateral loads from the new TL-4 traffic barrier.

The slab has been designed for stability under the following conditions:

1) Unbalanced pedestrian live load overturning using strength factors to check LRFD eccentricity limitations
2.) Extreme limit state 10 kip vehicle impact stability load applied to the top of the traffic barrier

LOverhang 5ft 11.5in wLL 75psf γc 155pcf

 Overturning Moment

OMLL wLL

LOverhang
2

2
 1.331 10

3
lb ft

ft


OMDC 6in γc
LOverhang 6in 2

2
 1.616 10

3
lb ft

ft


OMLL.Lat.Railing 50plf 54 in 225
lb ft

ft


OMLL.Vert.Railing 50plf LOverhang
2.875in

2






 303.906
lb ft

ft


OMDC.Railing 36.6plf LOverhang
2.875in

2






 222.459
lb ft

ft


OMservice OMLL OMLL.Lat.Railing OMLL.Vert.Railing 
OMDC OMDC.Railing 

 3.699 10
3

lb ft

ft


OMfactored 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

0.9 OMDC OMDC.Railing 

 4.91 10
3

lb ft

ft


LAS 20ft
Continuous Anchor Slab Length (minimum):

OMveh 10kips 32in 11in( ) 3.583 10
4 ft

lb ft

ft


OMExtreme OMveh LAS OMDC OMDC.Railing  7.261 10
4 lb ft
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Dslab 2ft 3in Width 6ft 8.5in
 Resisting Moment

ResDC.slab 12in γc
Width( )

2

2


Dslab 12in  γc Width 1ft 1.5in( ) 2in[ ]
Width 1ft 3.5in( )[ ]

2
1ft 1.5in( ) 2in









ResDC.slab 7.686 10
3

lb ft

ft


ResDC.barrier 32 in 8in 32in
4

21






1

2






 γc 4ft 2in
8in

2
32in

4

21


















 1.265 10
3

lb ft

ft


Resservice ResDC.slab ResDC.barrier 8.951 10
3

lb ft

ft


Resfactored 0.9 ResDC.slab ResDC.barrier  8.056 10
3

lb ft

ft


ResExtreme Resservice LAS 1.79 10
5 lb ft

 Strength Eccentricity

VDL 6in γc LOverhang 6in  36.6plf

12in γc Width Dslab 12in  γc Width 1ft 1.5in( ) 2in[ ] 32in 8in 32in
4

21






1

2






 γc



VDL 3.007 10
3 plf

VLL wLL LOverhang 50plf  496.875 plf

Mabt.toe OMfactored Resfactored 3.146 10
3

lb ft

ft


ecc
Width( )

2

Mabt.toe

0.9 VDL 1.75 VLL 






 2.474 ft ecclimit
3

8
Width 2.516 ft (10.6.3.3)

(Foundation on
Rock)

Bearing Pressure Check CheckC.D ecclimit ecc  "SATISFACTORY"

VDL VLL 3.504 10
3 plf

Bearing Pressure is reasonable as
axial load on retaining wall stem

 Extreme Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) in 8in 32in

4

21






1

2






 γc

 2.889 10
3 plf

Mabt.toe OMExtreme ResExtreme 1.064 10
5 lb ft

ecc
Width( )

2

Mabt.toe

0.9 VDL  LAS







 1.308 ft

ecclimit
Width

3
2.236 ft (10.6.4.2) CheckC.D ecclimit ecc  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

 Sliding Resistance

φτ 0.80 (Table 10.5.5.2.2-1)

φf 28deg Assuming a reasonably shallow angle of internal friction

μR.t tan φf  0.532 (EQ 10.6.3.4-2)

Slidingres.DC.slab.at.wall ft γc 1ft 1.5in 2in 1in( ) LAS 3.746 10
3 ft plf

Slidingres.DC.slab.past Dslab γc 5ft 2.5in 1ft 1.5in( ) 2in[ ] LAS 2.732 10
4 ft plf

Slidingres.DC.barrier 32in 8in 32in
4

21






1

2






 γc LAS 7.611 10
3 ft plf

Slidingresistance φτ μR.t Slidingres.DC.slab.at.wall Slidingres.DC.slab.past Slidingres.DC.barrier  1.645 10
4 ft plf

CheckC.D Slidingresistance 10kips  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Cantievered Sidewalk Design Es 29000ksi Fy 60ksi f'c 4ksi

Bar size (US number): barno 6 dno
barno

0.75 in diamdeform
barno

0.875 in Ano
barno

0.44 in
2

clear 2.5in 0.208 ft

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.88 in

2 clearspacing 5.125 in

Mdes 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

1.25 OMDC OMDC.Railing 









wmem 5.554 10
3 lb ft

Design Moment:

Mservice OMservice wmem 3.699 10
3 lb ft

Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 3.125 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.648 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.441 in

2

Check compression for full yielding of actual steel Mdes 5.554 kip ft

a
As Fy

0.85 f'c
 a 1.294 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 9.813 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
176.7 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 6  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.5 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.24 f'c ksi( ) Fr 480 psi

S
hmem

2

6
 S 72

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 2.88
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 3.456 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.388 in

Moment Arm: arm d
x

3
 2.662 in

Service Steel Tension: T
Mservice

arm
16.673 kips

Stress in the steel at
service limit state

fs
T

As wmem
18.946 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 2.02

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 8.715 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.75 wLL 1.25 γc 6 in  LOverhang 1.75 50 plf 1.25 36.6 plf  wmem 1.492 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 3.839 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 1 - 6ft

Scope: Design

Slab edge deflection 

Moment of Inertia: I
6in( )

3

12
216

in
4

ft


Modulus of Elasticity: Ec 5.521 10
8

lb

ft
2



Edge Deflection
due to ped load:
(Cantilever)

δ

wLL LOverhang
4

8 Ec I
0.025 in

LOverhang

δ
2900 Exceeds 300 per AASHTO LRFD Guide Specifications for the Design of

Pedestrian Bridges. section 5 

SATISFACTORY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

BALLARD - 10FT - SEGMENT 2 γc 155pcf
New construction

Existing overhang = 4ft 1in max to outside of existing pedestal (REF SHT 36)
 2ft 0in min to outside of existing pedestal (REF SHT 35)

Distance from outside of existing pedestal to inside of existing curb = 5ft 7in (REF SHT 42)

Additional walkway length (10ft): AddlL 10ft 5ft 7in( ) 8in 32in
4

21


















5.591 ft

Total unsupported walkway length: UnsuppL AddlL 4ft 1in( ) 9.675 ft

Walkway will be supported along outside edge and connect to existing cantilevered slab (PIN-FIX)

Thickness of Slab (New): t 4in

wDC t γc 51.7 psf

wLL 75psf

Positive Moment in new slab assuming FIX connection at face of existing beam 

M2DC.pos
9

128
wDC UnsuppL

2 340
ft lb

ft
 wDC AddlL

2

8
201.902

lb ft

ft


M2LL.pos
9

128
wLL UnsuppL

2 493.6
ft lb

ft


Location of Zero moment for PIN-FIX connections occurs at L/4 from fixed end:
UnsuppL

4
2.419 ft

Equation assumes uniform moment of inertia along the length of the beam.  The true resulting design load is bounded by the
positive moment of the full unsupported length of the slab and the negative moment of the additional length (assuming
existing slab is rigid).  Positive moment governs - Centered rebar used for positive / negative moment capacity.

Negative Moment in Existing Cantilever

tex 6.5in
Thickness of Slab (Ex):

Point location of resultant additional slab thickness: a UnsuppL
4ft 1in

2







 7.633 ft b UnsuppL a 2.042 ft

M2DC.neg

wDC UnsuppL
2

8

tex t  γc 4ft 1in( )  a b

2 UnsuppL
2

a UnsuppL  794.5
lb ft

ft


M2LL.neg

wLL UnsuppL
2

8
877.5

lb ft

ft


Shear transfered from new slab to existing cantilever

ReactionDC
5

8
wDC AddlL 180.551 plf

ReactionLL
5

8
wLL AddlL 262.091 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Design New Bonded Reinforcing for Maximum Positive/Negative Moment
(Core drilled hole with roughened surface BDM 5.5.4) Es 29000ksi f'c 5ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.8

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.4 in

2 clearspacing 5.438 in

Mdes 1.25 M2DC.pos 1.75 M2LL.pos  wmem 1.289 ft kips
Design Moment:

Mservice M2DC.pos M2LL.pos  wmem 0.834 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 1.75 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.204 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.174 in

2

Check compression for full yielding of actual steel Mdes 1.289 kip ft

a
As Fy

0.85 f'c
 a 0.471 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 2.726 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
211.6 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 827.3 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 2.206
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.648 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 4287 ksi

n
Es

Ec
6.765

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.691 in

Moment Arm: arm d
x

3
 1.52 in

Service Steel Tension: T
Mservice

arm
6.583 kips

Stress in the steel at
service limit state

fs
T

As wmem
16.457 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2 in

βs 1
dc

0.7 hmem dc 
 2.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 9.136 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu
5

8
1.25 wDC 1.75 wLL  UnsuppL





wmem 1.184 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.404 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Interface Shear Transfer (5.8.4) f'c 4ksi Fy 60ksi For shear ϕ 0.9   ( 5.5.4.2.1)

Interface between new slab and existing cantilever
For cast-in-place concrete slab on clean concrete girder surfaces, intentionally roughened to 0.25in
  c = 0.28 ksi μ = 1.0 K1 = 0.3 K2 = 1.8 ksi (NW)  or 1.3 ksi (LW)
For normal weight concrete placed monolithically
  c = 0.40 ksi μ = 1.4 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete placed monolithically, or against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.0 ksi
For normal weight concrete against surface intentionally roughened to 0.25in
  c = 0.24 ksi μ = 1.0 K1 = 0.25 K2 = 1.5 ksi
For normal weight concrete against surface not intentionally roughened
  c = 0.075 ksi μ = 0.6 K1 = 0.2 K2 = 0.8 ksi

 Slab on Girder

c 0.075ksi

μ 0.6

K1 0.2

K2 0.8ksi

Acv 2in 24
in

2

ft
 Area of Concrete Engaged in Shear Transfer

(Assuming crack forms to steel centerline)

Avf

Ano.4

6in
0.4

in
2

ft
 Area of Shear Reinforcement Crossing the Shear Plane

Pc 0kips Permanent net compressive force normal to the shear plane;
if force is tensile Pc 0.0kips=  (conservative)

Vn'
1

c Acv μ Avf Fy Pc  16.2 klf

Must be less than: Vn'
2

K1 f'c Acv 19.2 klf Vn'
3

K2 Acv 19.2 klf

Vn min Vn'  16.2 klf

ϕ Vn 14.58 klf

Shear Demand: Demand 1.25 ReactionDC 1.75 ReactionLL 0.684 klf

CheckC.D ϕ Vn Demand  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Check Existing Reinforcing for Maximum Moment Es 29000ksi Fy 40ksi

Concrete Strength of Widening: f'c 5ksi

Bar size (US number): barno 5 dno
barno

0.625 in diamdeform
barno

0.688 in Ano
barno

0.31 in
2

clear 1.5in (REF Sheet 42)

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.8

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6.5in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.62 in

2 clearspacing 5.313 in

Mdes 1.25 M2DC.neg 1.75 M2LL.neg  wmem 2.529 ft kips
Design Moment:

Mservice M2DC.neg M2LL.neg  wmem 1.672 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 4.688 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.143 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.183 in

2

Check compression for full yielding of actual steel Mdes 2.529 kip ft

a
As Fy

0.85 f'c
 a 0.486 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 8.267 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
326.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 5  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.542 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 827.3 psi

S
hmem

2

6
 S 84.5

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 5.826
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 6.991 kip ft

Mcr.Check "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 2 10ft Design.xmcd - p5

 
1/17/2013

Page 152



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 4287 ksi

n
Es

Ec
6.765

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.494 in

Moment Arm: arm d
x

3
 4.189 in

Service Steel Tension: T
Mservice

arm
4.789 kips

Stress in the steel at
service limit state

fs
T

As wmem
7.724 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.5 in

βs 1
dc

0.7 hmem dc 
 1.429

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 44.578 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu
5

8
1.25 wDC 1.75 wLL  UnsuppL





wmem 1.184 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 6.439 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Determine Minimum Embedment to develop new and existing reinforcing

Development Lengths - Existing Bars (AASHTO LRFD)
The basic development length for a #11 bar and smaller is determined by 5.11.2.1.1

barno 5 Ab Ano
barno

0.31 in
2 db dno

barno

0.625 in Fy 40ksi f'c 5ksi

fct "NA"

ld'

1.25 Ab
1

in
2









Fy
1

ksi







f'c
1

ksi







in( ) ld' 6.932 in

But the development length can not be less than

ld.min 0.4 db
1

in







Fy
1

ksi







in( ) ld.min 10 in or 12 inches

Adjustment factors (LRFD 5.11.2.1.2 & 3):

Bars coated with epoxy with cover less than 3db or clear spacing
between bars less than 6 db:

Top bars placed over 12 inches of concrete coated with epoxy with
cover less than 3db or clear spacing between bars less than 6 db:

All other epoxy bar cases:   1.2 ld' 8.318 in

Reinforcement being developed in the length under consideration is
spaced laterally at least 6 inches on center with at least 3 inches
clear cover measured in the direction of spacing: 0.8 ld' 5.545 in

Lap Splice (LRFD 5.11.5.3.1)

max 1.3 0.8 1.2 ld' 12in  12 in

Lap new bar with existing steel a minimum of 12" - Assuming 2" cover to bar - use 14"

Existing steel is spaced at 6" on center, new steel therefore can not be located more than 6" from existing steel

Min embedment for new #4 bar is 8" per WSDOT BDM 5.5-6
Increasing by 1.3 for lap splice results in 10.4".  Provide 12" embedment.
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Load to Edge Beam
Conservative to assume simple
tributary distribution of load to
design edge beam

Dead Load of Slab
R2DC.Slab

wDC UnsuppL

2
249.9 plf

Dead Load of 54 inch Bicycle Railing:

R2DC.Railing 36.6plf

Live Load Reaction R2LL

wLL UnsuppL

2
362.8 plf

Edge Beam Length = 18ft 0in max (REF SHT 35) Ledge 18ft

V2edge 1.25 R2DC.Slab R2DC.Railing  1.75 R2LL 993.055 plf
Edge beam is designed as PIN-FIX
Requiring a full penetration butt weld
(due to deflection criteria issues): M2edge

1.25 R2DC.Slab R2DC.Railing  1.75 R2LL  Ledge
2

8
40.2 ft kips

Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-12) may be used for the development of AASHTO capacities.

HSS 8x6x3/16 ~ Fy=46ksi ~ φ = 0.90: φMn.AISC 41.4kip ft

φMn.AASHTO.HSS8x6x3
1.0

0.9
φMn.AISC 46.0 kip ft

M2edge

φMn.AASHTO.HSS8x6x3
0.874

CheckC.D φMn.AASHTO.HSS8x6x3 M2edge  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

"For square and rectangular HSS, the web depth, D, shall be taken as the clear distance between flanges less the inside corner
radius on each side of the area of both webs shall be considered effective in resisting the shear" (6.12.1.2.3b)

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D 7
3

16
in E 29000ksi Fyw 46ksi

tw
3

16
in

D

tw
38.3 1.12

E 5.0

Fyw
 62.9

C if
D

tw
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tw 36 kips
PIN - FIX

φVn φv Vp 36 kips Vu
5

8
V2edge Ledge 11.172 kips

CheckC.D φVn Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Edge Beam Load transfers to New Channel truss

Distance from Edge beam to face of existing box girder: LHoriz.truss UnsuppL
6in

2
 9.425 ft

Depth of Truss:
(2ft Min) LVert.truss 2ft

Length of Diagonal Compression Strut: LDiag.truss LHoriz.truss
2

LVert.truss
2 9.634 ft

Vertical Reaction at Existing cantilevered beam: Redge 2 V2edge
5

8
 Ledge 22.344 kips

Compression in Compression Strut: Compressionfactored Redge

LDiag.truss

LVert.truss
 107.635 kips

Tension in Tension Strut:
Tensionfactored Compressionfactored

LHoriz.truss

LDiag.truss
 105.29 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Non-Composite Member - Nominal Compressive Resistance (AASHTO 6.9.4.1)
The nominal compressive resistance shall be taken as the smallest value based on the applicable modes of flexural
buckling, torsional buckling and flecural-torsional buckling as follows:

Doubly Symmetric members:
Flexural buckling shall be applicable.  
Torsional buckling shall also be applicable for open-section members in which the effective torsional unbraced 

   length is larger than the effective leateral unbraced length.

Singly Symmetric members
Flexural buckling shall be applicable.
Flexural-torsional buckling shall also be applicable for open-section members

Unsymmetric members
Only Flexural-torsional buckling shall be applicable for open-section members, except that for single-angle 
 members designed according to the provisions of Article 6.9.4.4, only flexural buckling shall be applicable.
Only flexural buckling shall be applicable for closed-section members.

Eqs. 6.9.4.1.1-1 and 6.9.4.1.1-2 are equivalent to the equations given in AISC (2005) for computing the nominal compressive
resistance. (AASHTO C6.9.4.1.1)

if 
Pe

Po
0.44 , then: Eqn. 6.9.4.1.1-1

Pn 0.658

Po

Pe















 Po=

if 
Pe

Po
0.44 , then: Pn 0.877 Pe= Eqn. 6.9.4.1.1-2

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Tables in chapter 4) may be used for the development of AASHTO capacities.

Effective length: K 1.0 LDiag.truss 9.634 ft

K LDiag.truss 9.634 ft

HSS 8x4x3/16 ~ Fy=46ksi ~ φ = 0.90:

Lengthtabulated
9ft

10ft









 Capacitytabulated
122kips

116kips











φPn linterp Lengthtabulated Capacitytabulated K LDiag.truss  118.193 kips

Compressionfactored

φPn
0.911

CheckC.D φPn Compressionfactored  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Tensile Resistance - AASHTO LRFD (6.8.2.1)

The factored tensile resistance shall be taken as the lesser of gross yielding and net section fracture

Design Tension Load: Tensionfactored 1.053 10
5 lb φy 0.95 φu 0.80

Steel Properties Fy 46ksi Fu 58ksi

Gross cross section area:
2 C6x8.2

Ag 2 2.39 in
2

Size of holes in member: dholes 2
3

4
in

1

16
in





 1.625 in

t 0.20in
Thickness of penetrated part:

Nominal section area: An Ag dholes t 4.455 in
2

Fracture resistance
reduction factor:

0.9 for holes punched full size
1.0 for holes drilled full size or sub-punched and reamed full sizeRp 0.9

Shear Lag
Reduction factor:

All tension members, except plates, and HSS, where the tension load is
transmitted to some but not all of the cross sectional elements.U 1

xbar

L
=

xbar 0.512in Connection Eccentricity

L 12in Length of Connection

U 1
xbar

L
 0.957

Pr
1

φy Fy Ag 208.886 kips

Pr
2

φu Fu An Rp U 178.103 kips

φPn min Pr  178.103 kips
Tensionfactored

φPn
0.591

CheckC.D φPn Tensionfactored  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Shear Resistence of a single bolt (6.13.2.7)
Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"

ASTM "A325"

Nominal Bolt Diameter: d
3

4
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.44 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 2

Where threads are included from the shear plane: Rn.shear 0.38 Ab Fub Ns Rn.shear 40.3 kips

Bearing Resistance at Bolt Holes (6.13.2.9)
For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.20in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 58ksi

Rn.holes 2.4 d t Fu Rn.holes 20.9 kips

Strength Resistance minimum of bolt shear and bearing

Rn min Rn.shear Rn.holes  20.88 kips

φ 0.80 For A325 and A490 Bolts in Shear and Tension

Tensionfactored

φ Rn
6.303

Provide 7 - 3/4" anchors through the existing concrete cantilever
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Check Structure for Deflection

Concrete Slab deflection (PIN-FIX - Conservatively use uniform 4" slab thickness)

δc
1

185

wLL 10ft( )
4

Ec
4in( )

3

12










 0.026 in

10ft

δc
4.7 10

3 Greater than 500 okay
REF AASHTO LRFD Guide Specifications for Pedestrian Bridges
Section 5

Edge Beam deflection (PIN-FIX)

IHSS8x6x3 43.7in
4

Concrete slab max deflection occurs at slab midspan.  Edge
beam deflection occurs at the edge beam.  Because edge
beam deflection exceeds the slab deflection, the edge beam
governs the maximum deflection.  

δs
1

185

R2LL Ledge 4

Es IHSS8x6x3 
 0.281 in

Greater than 500 okay
REF AASHTO LRFD Guide Specifications for Pedestrian Bridges
Section 5

Ledge

δs 
769.497

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 2 10ft Design.xmcd - p14

 
1/17/2013

Page 161



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Additional dead load to the structure from walkway widening.

Dead Load of Additional Slab: plfslab wDC AddlL 288.882 plf

Dead Load of Railing:
plfrailing R2DC.Railing 36.6 plf

Dead Load of Edge Beam: plfedge.beam 17.10plf

Dead Load of truss: plftruss

LDiag.truss 14.54 plf 2 LHoriz.truss 1ft  8.2 plf

Ledge
15.458

lb

ft


Dead Load of New Traffic Barrier:
plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229

lb

ft


Total weight of new work: plfnew plfslab plfrailing plfedge.beam plftruss plfbarrier 745.3 plf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedistal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 58): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedistal weight: plfpedistal

Aped 3ft 9.5in( ) γc.ex

Ledge
39.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

Ledge
127 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 59)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

Ledge


12 2.5 in
3

8
in 5 in 490 pcf

Ledge












plfmetal.rail 16.6 plf

Dead Load of Existing Edge Beam: plfex.edge.beam

1ft 1.5in( ) 6 in Ledge 1ft 4in( )  γc.ex

Ledge
78.1 plf

Dead Load of Existing Curb:
(REF SHT 56)

plfcurb 9.5in
9.5in 8in( )

2
 γc.ex 86.589 plf

Total weight of removals: plfrem plfpedistal plfconc.rail plfmetal.rail plfex.edge.beam plfcurb 348.3 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Total increased weight: plfincrease plfnew plfrem 397.0 plf

Weight of Segment 2 calculated for seismic analysis: Segment2weight 9000kips

Length of Segment 2: Segment2length 336.17ft

Average Per foot weight of Segment 2:
Segment2weight

Segment2length
2.677 10

4 plf

Percent Increase due to extended sidewalk load:
plfincrease

Segment2weight

Segment2length

1.483 % Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 33.583 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.507 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H Hmast 4ft 37.583 ft

Mwind.arm Vwind.arm H 3.373 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.arm Pz A 315.609 lb

Height to point of connection: H
Hmast

2
4ft 20.792 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.arm H 6.562 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 11.442 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset
6in

2
2.5in 3in 6in 1.208 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.647 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.221 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 0.415 ft kips

Total Moment from Dead Load: MDC MDC.lum MDC.arm MDC.pole 0.453 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.641 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.135 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hpole 294.001 lb

MIce.pole Icepole Offset( ) 0.355 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.421 ft kips

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 2 10ft Design.xmcd - p19

 
1/17/2013

Page 166



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 2 - 10ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind
1

133%


MDC MIce
Mwind

2










1

133%




















0.453

9.056

4.959









ft kips

Mdesign max Mdesign'  9.056 ft kips
Governing Load

Light pole attaches to new concrete block.  Block is attached to new structure through slab reinforcing and
headed anchor studs.

Tension / Compression moment couple: TC
Mdesign

10in
10.867 kips

3 Ano.4  60 ksi

1.67
21.557 kips

Tension couple would acceptably transfer load to slab steel.

Areq
TC 1.67

3 36 ksi
0.168 in

2
Required diameter of anchor

diameter 4
Areq

π
 0.463 in

Tension couple would acceptably transfer
load to headed anchor studs
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

BALLARD - 10FT - SEGMENTS 3 & 5 - TYPICAL γc 155pcf
New construction

Existing Edge of curb to edge of deck distance = 13in (REF SHT 31)

Distance from back of curb to face of existing concrete barrier / 6" edge beam = 4ft 0in

Width of new Traffic Barrier: widthbarrier 36in 6in( )
4

21
 8in 16 in

Walkway will be supported by a new edge beam supported by a new extension of the existing transverse girders
(Solution is bounded as PIN-PIN for maximum positive moment and PIN-FIX for maximum negative moment)

Thickness of Slab: t 4in wDC.slab t γc 51.7 psf

wLL 75psf

Dead Load of 54 inch Bicycle Railing:

wDC.Railing 36.6plf

 Slab positive design Moment (PIN-PIN)

M35pos.slab 1.25
wDC.slab 10ft( )

2

8







 1.75
wLL 10ft( )

2

8







 2.4 10
3

lb ft

ft


 Slab service Moment

M35pos.service.slab

wDC.slab 10ft( )
2

8

wLL 10ft( )
2

8
 1.6 10

3
lb ft

ft


 Slab negative design Moment (PIN-FIX)

M35neg.slab 1.25
wDC.slab 10ft( )

2

8







 1.75
wLL 10ft( )

2

8







 2.4 10
3

lb ft

ft


 Slab service Moment

M35neg.service.slab

wDC.slab 10ft( )
2

8

wLL 10ft( )
2

8
 1.6 10

3
lb ft

ft


Positive and Negative moments are equal.  Slab shall be designed as symmetric
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Design Slab Reinforcing for Maximum Positive/Negative Moment Es 29000ksi f'c 4ksi Fy 60ksi

barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

Bar size (US number):

clear 2in dno
barno

0.5 1.75 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 12in Bars per Layer: nbars 3
Width of member spacing

wmem

nbars
4 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.6 in

2 clearspacing 3.437 in

Mdes M35pos.slab wmem 2.448 ft kips
Design Moment:

Mservice M35pos.service.slab wmem 1.583 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.451 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.307 in

2

Check compression for full yielding of actual steel Mdes 2.448 kip ft

a
As Fy

0.85 f'c
 a 0.882 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 4.209 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
171.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 3  barno 4  

 in fulllayers 1 (total bars n 3 )

 spaced at spacing 4 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.909 in

Moment Arm: arm d
x

3
 1.697 in

Service Steel Tension: T
Mservice

arm
11.195 kips

Stress in the steel at
service limit state

fs
T

As wmem
18.659 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.75 in

βs 1
dc

0.7 hmem dc 
 2.111

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 9.828 in spacing 1 bundles( ) 4 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3)

Vu 1.25 wDC.slab
10ft

2






 1.75 wLL
10ft

2












wmem 0.979 kips ϕv 0.9

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.457 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Load to Edge Beam

Dead Load Reaction (PIN-PIN) Redge.beam.DC wDC.Railing wDC.slab
10ft

2
6in





 320.767 plf

Redge.beam.LL wLL
10ft

2
 375 plf

Live Load Reaction

Edge Beam Length:
(REF SHT 31)

Ledge 10ft

V35edge 1.25 Redge.beam.DC 1.75 Redge.beam.LL 1.057 10
3 plf

New edge beam is PIN-FIX:
(Assuming pin at expansion
joint)

M35edge

1.25 Redge.beam.DC 1.75 Redge.beam.LL  Ledge
2

8
13.2 ft kips

Square or Rectangular HSS Bending

For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 6x6x2/16 ~ Fy=46ksi ~ φ = 0.90: φMn.AISC 16.2kip ft

φMn.AASHTO.HSS6x6x2
1.0

0.9
φMn.AISC 18.0 kip ft

M35edge

φMn.AASHTO.HSS6x6x2
0.734

CheckC.D φMn.AASHTO.HSS6x6x2 M35edge  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

"For square and rectangular HSS, the web depth, D, shall be taken as the clear distance between flanges less the inside corner
radius on each side of the area of both webs shall be considered effective in resisting the shear" (6.12.1.2.3b)

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D 5
7

16
in E 29000ksi Fyw 46ksi

tw
1

8
in

D

tw
43.5 1.12

E 5.0

Fyw
 62.9

C if
D

tw
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tw 18.1 kips
PIN - FIX

φVn φv Vp 18.1 kips Vu
5

8
V35edge Ledge 6.608 kips

CheckC.D φVn Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

New Extension of existing transverse beam

Length of extension: Lengthext 10ft 3in widthbarrier 11.583 ft

Dead Load reaction to transverse beam extension:

Rbeam.ext.DC Redge.beam.DC Ledge 3.208 kips

Edge Beam Weight

Redge.beam 9.85plf Ledge 0.098 kips

Live Load reaction to transverse beam extension:

Rbmext.ped Redge.beam.LL Ledge 3.75 kips

Beam Extension Self Weight:
(W27x84 to match depth with exsiting structure)

wbeam.ext 84plf

Service Moment: Mext.service Rbeam.ext.DC Redge.beam Rbmext.ped  Lengthext

wbeam.ext

Lengthext
2

2


 87.369 ft kips

Mext.factored 1.25 Rbeam.ext.DC 1.25 Redge.beam 1.75 Rbmext.ped  Lengthext

1.25 wbeam.ext
Lengthext

2

2



Factored Moment:

Mext.factored 130.93 ft kips

Vext.factored 1.25 Rbeam.ext.DC 1.25 Redge.beam 1.75 Rbmext.ped 
1.25 wbeam.ext Lengthext


Factored Shear

Vext.factored 11.911 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Moment Capacity at strength limit state in Major Axis for Discretely braced flanges in
Compression - AASHTO LRFD 6.10.8.1.1

φf 1.00 for flexure E 29000ksi
Member information
Top Flange: btf 10in ttf 0.64in Atf btf ttf 6.4 in

2
Itf

btf ttf
3

12
0.218 in

4

Web: hweb 27in tweb 0.46in Aweb hweb tweb 12.42 in
2

Iweb

tweb hweb
3

12
754.515 in

4

Bottom Flange: bbf 10in tbf 0.64in Abf bbf tbf 6.4 in
2

Ibf

bbf tbf
3

12
0.218 in

4

CG

Atf

ttf

2
 Aweb ttf

hweb

2










 Abf ttf hweb
tbf

2












Atf Aweb Abf
14.14 in

Itotal Itf Atf CG
ttf

2










2

 Iweb Aweb CG ttf
hweb

2










2

 Ibf Abf CG ttf hweb
tbf

2










2

 3.2 10
3 in

4

Sx

Itotal

CG
226.284 in

3 Zx 2 Atf CG
ttf

2










 tweb CG ttf 
CG ttf 

2










 260.731 in
3

(REF SHTS 37 & 41) Fy 36ksi Lb Lengthext 11.583 ft

At the strength limit state, the following requirement shall be satisfied: fbu
1

3
fl φf Fnc

The local buckling resistance (6.10.8.2.2) of the compression flange shall be taken as

if λf λpf  then Fnc Rb Rh Fyc= λf

bbf

2 tbf
7.8 λpf 0.38

E

Fy
 10.785

less λf λpf  "Less than or Equal to"

Web load-shedding factor determined as specified in Article 6.10.1.10.2 Rb 1.0= if
2 Dc

tw
λrw

Depth of web in compression in elastic range Dc hweb CG ttf  tbf 14.14 in

Limiting slenderness ratio for a noncompact web:

2 Dc

tweb
61.478 λrw 5.7

E

Fy
 161.779 less

2 Dc

tweb
λrw







"Less than or Equal to" Rb 1.0

Hybrid Factor: Rh
12 β 3 ρ ρ

3 

12 2 β
= Dn Dc 14.14 in For doubly symmetric sections

Afn bbf tbf 6.4 in
2 β

2 Dn tweb

Afn
2.033

ρ 1.0 Non Composite with no cover plates on tensile side

Rh
12 β 3 ρ ρ

3 

12 2 β
1 Fnc.lb Rb Rh Fy 36 ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

The Lateral Torsional Buckling resistance (6.10.8.2.3) of the compression flange shall be taken as

Lp 1.0 rt
E

Fyc
= Limit of Plastic deformation

bfc bbf 10 in tfc tbf 0.64 in

rt

bfc

12 1
1

3

Dc tweb

bfc tfc










 rt 0.208 ft Lp 1.0 rt
E

Fy
 5.901 ft

Fyr 0.7 Fy 25.2 ksi Lr π rt
E

Fyr
 22.158 ft

Cb 1 Unbraced Cantilevers or simple spans

Fnc.ltb Cb 1 1
Fyr

Rh Fy








Lb Lp

Lr Lp














 Fy 32.2 ksi

Fnc min Fnc.lb Fnc.ltb  32.2 ksi

The Maximum Allowable Unbraced Length (6.10.1.6-3) is: Lb 1.2 Lp Cb Rb
Myc

Mu


Lmax 1.2 Lp Cb Rb
Fy Sx

Mext.factored
 16.124 ft

CheckC.D Lmax Lb  "SATISFACTORY"

No Lateral bending is anticipated at this location fl 0

fbu φf Fnc Sx φf Fnc  608 kip ft

Mext.factored 130.93 ft kips

CheckC.D Sx φf Fnc  Mext.factored  "SATISFACTORY"
Mext.factored

Sx φf Fnc  
0.215
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Simplified Splice Plate Design

Thickness of Top Flange of W27x84 = 0.64 in
Width of Top Flange = 10 in
Thickness of Web = 0.46 in

Provide 1/2" Flange Splice Plates

Slip Critical Resistence of a single bolt (6.13.2.8)

Number of Slip Planes 
per bolt

Ns 2

Kh 1.00
Hole Size Factor:

Ks 0.50
Surface Condition Factor:

Minimum Required Bolt Tension:
7/8" diameter A325 bolt 

Pt 39kips

Rn.slip Kh Ks Ns Pt Rn.slip 39 kips

 Flange 

Bolts required for full yielding of beam flange:

0.64in 10 in 36 ksi

Rn.slip
5.908

Provide 2 lines of 3 - 7/8" diameter bolts

 Web 

Bolts required for Factored shear at the web splice:

Vext.factored

Rn.slip
0.305

Provide single column of Bolts @ 3"
27in 0.64in 3.36in 2in( ) 2

3in
5

5 bolts per line
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

AASHTO LRFD 5th Edition - Block Shear Rupture Resistance (6.13.4) φbs 0.80

diambolt
7

8
in Existing beam

Governs properties
Fy 36ksi

Fu 58ksi
t 0.64in Thickness of Beam Flange

The resistance to Block Shear Rupture is defined by:

Rr φbs Rp 0.58 Fu Avn Ubs Fu Atn  φbs Rp 0.58 Fy Avg Ubs Fu Atn =

Rp 0.90 Reduction factor for holes punched full size (1.0 for holes drilled full size or subpunched and reamed to size)

Avg 2 2in 2 3 in( ) 16 in Gross Shear Area

Avn Avg 2 2.5 diambolt
1

16
in











 11.313 in Net shear area (bolts holes taken at nominal diameter+1/16in)

Atg 2 2 in Gross Tension Area

Atn Atg 2 0.5 diambolt
1

16
in





 3.063 in Net tension area (bolts holes taken at nominal diameter+1/16in)

Ubs 1.0 1.0 for uniformly loaded bolts (0.5 for non-uniform load)

Rr
1

φbs Rp 0.58 Fu Avn Ubs Fu Atn  401.888
kips

in


Rr
2

φbs Rp 0.58 Fy Avg Ubs Fu Atn  368.428
kips

in


Rr min Rr
1

Rr
2







368.428
kips

in
 Rr t 235.8 kips

Full yielding of the flange: 0.64in 10 in 36 ksi 230.4 kips Bolt pattern is satisfactory
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

t 0.375in Thickness of Outside Splice Plate

The resistance to Block Shear Rupture is defined by:

Rr φbs Rp 0.58 Fu Avn Ubs Fu Atn  φbs Rp 0.58 Fy Avg Ubs Fu Atn =

Rp 0.90 Reduction factor for holes punched full size (1.0 for holes drilled full size or subpunched and reamed to size)

Avg 2 2in 2 3 in( ) 16 in Gross Shear Area

Avn Avg 2 2.5 diambolt
1

16
in











 11.313 in Net shear area (bolts holes taken at nominal diameter+1/16in)

Atg 2 2 in Gross Tension Area

Atn Atg 2 0.5 diambolt
1

16
in





 3.063 in Net tension area (bolts holes taken at nominal diameter+1/16in)

Ubs 1.0 1.0 for uniformly loaded bolts (0.5 for non-uniform load)

Rr
1

φbs Rp 0.58 Fu Avn Ubs Fu Atn  401.888
kips

in


Rr
2

φbs Rp 0.58 Fy Avg Ubs Fu Atn  368.428
kips

in


Rr.out min Rr
1

Rr
2







368.428
kips

in
 Rr t

150.7

138.2









kips

t 0.375in Thickness of Inside Splice Plate

The resistance to Block Shear Rupture is defined by:

Rr φbs Rp 0.58 Fu Avn Ubs Fu Atn  φbs Rp 0.58 Fy Avg Ubs Fu Atn =

Rp 0.90 Reduction factor for holes punched full size (1.0 for holes drilled full size or subpunched and reamed to size)

Avg 0 2 2in 2 3 in( ) 0 in Gross Shear Area

Avn 0 Avg 0 2 2.5 diambolt
1

16
in











 0 in Net shear area (bolts holes taken at nominal diameter+1/16in)

Atg 2 4 in Gross Tension Area

Atn Atg 2 diambolt
1

16
in





 6.125 in Net tension area (bolts holes taken at nominal diameter+1/16in)

Ubs 1.0 1.0 for uniformly loaded bolts (0.5 for non-uniform load)

Rr
1

φbs Rp 0.58 Fu Avn Ubs Fu Atn  255.78
kips

in


Rr
2

φbs Rp 0.58 Fy Avg Ubs Fu Atn  255.78
kips

in


Rr.in min Rr
1

Rr
2







255.78
kips

in
 Rr t

95.9

95.9









kips

Rr.out Rr.in  t 234.078 kips

Full yielding of the flange: 0.64in 10 in 36 ksi 230.4 kips Bolt Pattern is Satisfactory
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Net Section Fracture (AASHTO LRFD 6.10.1.8)

Where bolt holes create a reduced net section in a girder flange, the flange stress (over gross area) is limited to the the value
determined in the following calculations.

The failue line connects adjacent bolt holes though straight lines, or zig zags between adjacent holes.  Multiple orientations
should be checked, with the minimum limiting stress governing the flange.

Width of Flange: bfg 10in Utimate Strength of Steel: fu 58ksi

Yield Strenght of Steel: fy 36ksi
Diameter of Bolt hole: dh

15

16
in

Check - Not Staggered
Number of Bolts num 2 Simple Net Width: bfn bfg num dh 8.125 in

Pitch of adjacent Bolts in Failure Line: s 0in Gage of Bolts in Failure Line: g 6in

Addition to Simple Net Width (6.8.3): wadd.1
s
2

4 g
0 in

Limiting Stress: ft.A min 0.84
bfn

bfg







 fu fy






36 ksi
Failure Line Example 

Greater than stress limit used for moment capacity:

Fnc 32.225 ksi Satisfactory 
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Additional dead load to the structure from walkway widening.

Additional Dead Load, Slab and Railing: plfslab.railing wDC.Railing wDC.slab 10 ft 553.3 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Dead Load of New Edge Beam: plfedge.beam 9.85plf

Dead Load of New Girder 
Extension: (Extension length 
varies at 10ft increments
REF SHT 31)

plfextension wbeam.ext

Lengthext Lengthext
52ft 3in( ) 43ft 8in( )[ ]

2












20ft
 79.3 plf

Total weight of new work: plfnew plfslab.railing plfbarrier plfedge.beam plfextension 1.0 10
3 plf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedistal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 58 & 37): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedistal weight: plfpedistal

Aped 3ft 9.5in( ) γc.ex

20ft
35.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

20ft
59.3 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

20ft


12 2.5 in
3

8
in 5 in 490 pcf

20ft














plfmetal.rail 16.4 plf

Dead Load of Existing Edge Beam:
(REF SHT 38)

plfex.edge.beam 6in 1ft 9in( ) γc.ex 131.2 plf

Dead Load of Existing sidewalk:
(REF SHT 37)

plfex.sidewalk 3.5in 4 ft γc.ex 175 plf

Dead Load of Existing Curb:
(REF SHT 38)

plfcurb 18in 7in
3in

2






 3in 2 in





γc.ex 153.125 plf

Total weight of removals:

plfrem plfpedistal plfconc.rail plfmetal.rail plfex.edge.beam plfex.sidewalk plfcurb 571 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Total increased weight: plfincrease plfnew plfrem 458.6 plf

Weight of Segment 3 calculated for seismic analysis: Segment3weight 3863kips

Length of Segment 3: Segment3length 419.92ft

Average Per foot weight of Segment 3:
Segment3weight

Segment3length
9.199 10

3 plf

plfincrease

Segment3weight

Segment3length

4.985 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY

Weight of Segment 5 calculated for seismic analysis: Segment5weight 13395kips

Length of Segment 5: Segment5length 1979.51ft 519.48ft 1.46 10
3 ft

Average Per foot weight of Segment 5:
Segment5weight

Segment5length
9.174 10

3 plf

plfincrease

Segment5weight

Segment5length

4.999 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Check Existing Steel Transverse Beam

 Point Load to Edge of Deck
Edge of deck is supported by transverse beams at 10ft on center:
(REF SHT 31)

Ldeck 10ft

Dead Load Reaction: Pdeck.slab.rail wDC.Railing wDC.slab
10ft

2






Ldeck 2.949 kips

Dead Load of New Traffic Barrier: Pbarrier plfbarrier Ldeck 3.872 kips

Pdeck.DC Pdeck.slab.rail Pbarrier 6.822 kips

Live Load Reaction: Pdeck.pedLL wLL
10ft

2






Ldeck 3.75 kips

 Distributed Loads

Dead Load of existing Slab:
(REF SHT 31) wex.slab γc.ex 8

3

4
in Ldeck 5

7

8
in 2

7

8
in



 10 in



 1.125 klf

Dead Load of existing transverse girder: wex.girder 91plf

Longitudinal Support Girder 14ft from centerline of bridge (REF SHT 32)
Inside of Curb is 21ft from centerline of bridge (REF SHT 31) Curbto.girder 21ft 14ft 7 ft

Curbto.girder 2ft 5 ft

Live Load (HS20):
(Girders spaced at 10ft, axles spaced at 14ft by lever
rule only consider one axle ~ AASHTO LRFD 4.6.2.2.2f) HS20wheel

32kips

2
16 kips

Only one wheel will load the girder
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

 Bending at girder support

Service Moment:

Mat.edge Rbeam.ext.DC Redge.beam Rbmext.ped  Lengthext widthbarrier Curbto.girder 

wbeam.ext Lengthext
Lengthext

2
widthbarrier Curbto.girder











 154.279 ft kips

Mat.EOD Pdeck.DC Pdeck.pedLL  widthbarrier Curbto.girder  88.097 ft kips

Mdistr

wex.slab widthbarrier Curbto.girder 2

2

wex.girder widthbarrier Curbto.girder 2

2
 42.222 ft kips

No dynamic allowance is required on
vehicles when combined with pedestrian
Load (AASHTO 3.6.1.6)

Mveh HS20wheel Curbto.girder 2ft  80 ft kips

MGirder.serv Mat.edge Mat.EOD Mdistr Mveh 364.598 ft kips

Factored Moment:

Mat.edge 1.25 Rbeam.ext.DC Redge.beam  1.75 Rbmext.ped  Lengthext widthbarrier Curbto.girder 

1.25 wbeam.ext Lengthext
Lengthext

2
widthbarrier Curbto.girder













Mat.edge 230.192 ft kips

Mat.EOD 1.25 Pdeck.DC 1.75 Pdeck.pedLL  widthbarrier Curbto.girder  125.746 ft kips

Mdistr 1.25
wex.slab widthbarrier Curbto.girder 2

2

wex.girder widthbarrier Curbto.girder 2

2








 52.778 ft kips

Mveh 1.75 HS20wheel Curbto.girder 2ft  140 ft kips

MGirder.factored Mat.edge Mat.EOD Mdistr Mveh 548.716 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Moment Capacity at strength limit state in Major Axis for Discretely braced flanges in
Compression - AASHTO LRFD 6.10.8.1.1

φf 1.00 for flexure E 29000ksi
Member information
Top Flange: btf 10in ttf 0.745in Atf btf ttf 7.45 in

2
Itf

btf ttf
3

12
0.345 in

4

Web: hweb 27in tweb 0.46in Aweb hweb tweb 12.42 in
2

Iweb

tweb hweb
3

12
754.515 in

4

Bottom Flange: bbf 10in tbf 0.745in Abf bbf tbf 7.45 in
2

Ibf

bbf tbf
3

12
0.345 in

4

Dimensions shown are from the W27x94 
shape.  The 91# beam weight shown is 
silicone steel, which is slightly less dense
than carbon steel (~97.5%)

CG

Atf

ttf

2
 Aweb ttf

hweb

2










 Abf ttf hweb
tbf

2












Atf Aweb Abf
14.245 in

Itotal Itf Atf CG
ttf

2










2

 Iweb Aweb CG ttf
hweb

2










2

 Ibf Abf CG ttf hweb
tbf

2










2

 3.623 10
3 in

4

Sx

Itotal

CG
254.311 in

3 Zx 2 Atf CG
ttf

2










 tweb CG ttf 
CG ttf 

2










 290.535 in
3

Fy 45ksi Lb widthbarrier Curbto.girder 3ft 11.333 ft

At the strength limit state, the following requirement shall be satisfied: fbu
1

3
fl φf Fnc

The local buckling resistance (6.10.8.2.2) of the compression flange shall be taken as

if λf λpf  then Fnc Rb Rh Fyc= λf

bbf

2 tbf
6.7 λpf 0.38

E

Fy
 9.647

less λf λpf  "Less than or Equal to"

Web load-shedding factor determined as specified in Article 6.10.1.10.2 Rb 1.0= if
2 Dc

tw
λrw

Depth of web in compression in elastic range Dc hweb CG ttf  tbf 14.245 in

Limiting slenderness ratio for a noncompact web:

2 Dc

tweb
61.935 λrw 5.7

E

Fy
 144.7 less

2 Dc

tweb
λrw







"Less than or Equal to" Rb 1.0

Hybrid Factor: Rh
12 β 3 ρ ρ

3 

12 2 β
= Dn Dc 14.245 in For doubly symmetric sections

Afn bbf tbf 7.45 in
2 β

2 Dn tweb

Afn
1.759

ρ 1.0
Non Composite with no cover plates on tensile side

Rh
12 β 3 ρ ρ

3 

12 2 β
1 Fnc.lb Rb Rh Fy 45 ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

The Lateral Torsional Buckling resistance (6.10.8.2.3) of the compression flange shall be taken as

Lp 1.0 rt
E

Fyc
= Limit of Plastic deformation

bfc bbf 10 in tfc tbf 0.745 in

rt

bfc

12 1
1

3

Dc tweb

bfc tfc










 rt 0.212 ft Lp 1.0 rt
E

Fy
 5.37 ft

Fyr 0.7 Fy 31.5 ksi Lr π rt
E

Fyr
 20.165 ft

Cb 1 Unbraced Cantilevers or simple spans

Fnc.ltb Cb 1 1
Fyr

Rh Fy








Lb Lp

Lr Lp














 Fy 39.6 ksi

Fnc min Fnc.lb Fnc.ltb  39.6 ksi

The Maximum Allowable Unbraced Length (6.10.1.6-3) is: Lb 1.2 Lp Cb Rb
Myc

Mu


Lmax 1.2 Lp Cb Rb
Fy Sx

MGirder.factored
 8.496 ft

CheckC.D Lmax Lb  "Not Satisfactory"

No Lateral bending is anticipated at this location fl 0

fbu φf Fnc Sx φf Fnc  838 kip ft

MGirder.factored 548.716 ft kips

CheckC.D Sx φf Fnc  MGirder.factored  "SATISFACTORY"
MGirder.factored

Sx φf Fnc  
0.655
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 4ft 37.583 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.687 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H Hmast 4ft 37.583 ft

Mwind.arm Vwind.arm H 3.373 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.pole Pz A 315.609 lb Vwind Vwind.lum Vwind.arm Vwind.pole 0.45 kips

Height to point of connection: H
Hmast

2
4ft 20.792 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.pole H 6.562 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 11.622 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset 4ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.48 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.092 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 1.374 ft kips

Total Moment from Dead Load: MDC MDC.lum MDC.arm MDC.pole 0.802 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.475 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.057 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hmast 211.01 lb

MIce.pole Icepole Offset( ) 0.844 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.312 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segments 3 & 5 - 10ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind  1

133%


MDC MIce
Mwind

2










1

133%




















0.802

9.341

5.207









ft kips

Mdesign max Mdesign'  9.341 ft kips
Governing Load

Connect pole to square tube:
Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 10x10x3/16 ~ Fy=46ksi ~ φ = 0.90: Mn.Ω.AISC 42.8kip ft

Mn.Ω.AASHTO.HSS10x10x3
1.0

0.9
Mn.Ω.AISC 47.6 kip ft

Mdesign

Mn.Ω.AASHTO.HSS10x10x3
0.196

CheckC.D Mn.Ω.AASHTO.HSS10x10x3 Mdesign  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

BALLARD - 10FT - SEGMENT 6 γc 155pcf
New construction

Existing overhang = 5ft 4in from inside curb to outside of existing concrete barrier (REF SHT 36)

Distance from outside of existing concrete barrier to centerline of exterior girder = 11.25" (REF SHT 42)

Width of new Traffic Barrier: widthbarrier 32in 6in( )
4

21
 8in 15.238 in

Existing Exterior Girder is shown as B36 x 16 1/2 x 230# (REF SHT 52)

 Offset from centerline of existing girder to new girder - 3ft 

Walkway Length spanning from new
traffic barrier to new Girder Centerline: Lnew.span 5ft 4in( ) widthbarrier 11.25in 3ft 6.126 ft

Walkway Length cantilevering from new girder
to end of 10 ft walking way

Lnew.canti 10ft Lnew.span 3.874 ft

Walkway will be supported by new transverse steel tubes, supported on a new exterior girder.  The slab will span
longitudinally between tubes, while the transverse support will cantilever beyond the new girder and anchor to the new
traffic Barrier (FREE - PIN - PIN)

Thickness of Slab: t 4in wDC.slab t γc 51.7 psf

wLL 75psf

Slab design

slabspan 10ft
slab span:

Uniform simple span slab: rDC.slab

wDC.slab slabspan
2

8
645.833

lb ft

ft


rLL.slab

wLL slabspan
2

8
937.5

lb ft

ft

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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Design Slab Reinforcing for Maximum Positive Moment Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in dno
barno

0.5 1.75 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 12in Bars per Layer: nbars 3
Width of member spacing

wmem

nbars
4 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.6 in

2 clearspacing 3.437 in

Mdes 1.25 rDC.slab 1.75 rLL.slab  wmem 2.448 ft kips
Design Moment:

Mservice rDC.slab rLL.slab  wmem 1.583 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.451 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.307 in

2

Check compression for full yielding of actual steel Mdes 2.448 kip ft

a
As Fy

0.85 f'c
 a 0.882 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 4.209 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
171.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 3  barno 4  

 in fulllayers 1 (total bars n 3 )

 spaced at spacing 4 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.909 in

Moment Arm: arm d
x

3
 1.697 in

Service Steel Tension: T
Mservice

arm
11.195 kips

Stress in the steel at
service limit state

fs
T

As wmem
18.659 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.75 in

βs 1
dc

0.7 hmem dc 
 2.111

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 9.828 in spacing 1 bundles( ) 4 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3)

Vu 1.25 wDC.slab
10ft

2






 1.75 wLL
10ft

2












wmem 0.979 kips ϕv 0.9

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.457 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 Determine Force on Transverse Supporting Beam

Dead Load of 54 inch Bicycle Railing:
(2.5" STD pipe vert @ 6 ft oc 55" high + 1.5" STD horiz pipes ~ 6 total + 15% for misc components)

wDC.Railing 36.6plf slabspan 366.0 lb

 FREE - PIN - PIN Reactions (PIN-PIN used to determine edge beam reactions - edge beam bias)

Rbarrier.railing

wDC.Railing Lnew.canti 1.5in 

Lnew.span
238.9 lb (assume 1.5in to centerline of railing)

Rbarrier.slab

wDC.slab slabspan 
Lnew.canti 2

2

Lnew.span
2

2










Lnew.span
949.7 lb

Rbarrier.DC Rbarrier.railing Rbarrier.slab 710.7 lb

Redge.beam.DC wDC.Railing wDC.slab Lnew.canti  Lnew.span  slabspan Rbarrier.DC 4.822 10
3 lb

 New HSS Cantilever Negative Moment at Edge Beam (FREE-FIX)

M6canti.neg 1.25 wDC.Railing Lnew.canti 1.5in  wDC.slab slabspan
Lnew.canti 2

2










1.75 wLL slabspan
Lnew.canti

2

2












M6canti.neg 16.525 ft kips

 FIX - PIN Negative Bending (Design based on higher of cantilever moment and FIX-PIN moment)

M6span.neg 1.25 wDC.slab slabspan 1.75 wLL slabspan 
Lnew.span 2

8
 9.2 ft kips

M6neg.design max M6canti.neg M6span.neg  16.525 ft kips

 FREE-PIN-PIN Positive Bending (Unbalanced live load used to maximize live load moment)

M6pos.design 1.25 wDC.slab slabspan 1.75 wLL slabspan 
Lnew.span 2

8


1.25 wDC.slab slabspan
Lnew.canti

2

2
 wDC.Railing Lnew.canti 1.5in 
















 2.5 ft kips

Governing Design: M6design max M6neg.design M6pos.design  16.525 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Square or Rectangular HSS Bending

For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 6x6x3/16 ~ Fy=46ksi ~ φ = 0.90: φMn.AISC 27.8kip ft

φMn.AASHTO.HSS6x6x3
1.0

0.9
φMn.AISC 30.9 kip ft

M6design

φMn.AASHTO.HSS6x6x3
0.535

CheckC.D φMn.AASHTO.HSS6x6x3 M6design  "SATISFACTORY"
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  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

"For square and rectangular HSS, the web depth, D, shall be taken as the clear distance between flanges less the inside corner
radius on each side of the area of both webs shall be considered effective in resisting the shear" (6.12.1.2.3b)

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D 5
7

16
in E 29000ksi Fyw 46ksi

tw
1

8
in

D

tw
43.5 1.12

E 5.0

Fyw
 62.9

C if
D

tw
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tw 18.1 kips

φVn φv Vp 18.1 kips

Vu 1.25 wDC.Railing wDC.slab slabspan Lnew.canti  1.75 wLL slabspan Lnew.canti  8.044 kips

CheckC.D φVn Vu  "SATISFACTORY"

Deflection from live load on Cantilever (FREE-FIX governing moment)

IHSS6x6x3 22.3in
4 E 29000ksi

δcantilever

wLL slabspan Lnew.canti
4

8 E IHSS6x6x3
0.056 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

PINNED reaction on cast in anchors (Unbalanced live load condition)
Space anchors at 10" on center

VDC Rbarrier.DC 0.711 kips

VLL wLL slabspan
Lnew.span

2
 2.297 kips

distanchor2compr 3in
Distance from Anchor centerline to Center of compression block (assume 1" block)

Shear Resistence of a single bolt (6.13.2.7)

Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"
ASTM "A325"

Number of Bolts: num 2

Nominal Bolt Diameter: d
5

8
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.31 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 1

Rn.shear 0.38 Ab Fub Ns Rn.shear 14 kips
Where threads are included from the shear plane:

Bearing Resistance at Bolt Holes (6.13.2.9) For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.375in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 58ksi

Rn.holes 2.4 d t Fu Rn.holes 32.6 kips

Strength Resistance minimum of bolt shear and bearing Rn min Rn.shear Rn.holes  13.99 kips

φ 0.80 For A325 and A490 Bolts in Shear and Tension φ Rn 11.192 kips

1.25 VDC 1.75 VLL

num φ Rn 
0.219 CheckC.D φ Rn 1.25 VDC 1.75 VLL  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Anchor Bolt Design - ACI 318-08 D.4
If post installed anchors are designed for seismic loads then the following criteria must be satisfied (D3.3)
D.3.3.2 - Post installed anchors shall be qualified for use in cracked concrete
D.3.3.3 - Concrete failure modes shall have an additional 0.75 reduction factor
D.3.3.4 - Anchors shall be designed to be governed by ductile steel
D.3.3.6 - Alternative to using a ductile steel element, it is permitted to use a concrete failure mode using an additional 0.4 
                reduction beyond what is specified in D.3.3.3 

General:
Number of anchors in tension: nt 2 Number of anchors in shear: nv 2

Headed Anchor or hooked anchor Headedyes.no "yes" Hookedyes.no "no"

Anchor pattern:
Center to Center distance for outermost Anchors-

s1 0in  Longitudinal Direction Number of bolts in line: NL 1

Limiting concrete dimensions (a1 = Positive Load Breakout Side)

ca1 4in cb1 4in

s2 10in
 Transverse Direction Number of bolts in line: NT 4

Limiting concrete dimensions (a2 = Positive Load Breakout Side)

ca2 999in cb2 999in
 F1554 GR 55 Data

 

Depth of concrete member: ha 6in

Diameter of anchor bolt: da 0.625in

Specify "Area of Head"

set other length to 0

Area of Head: Abrg 1in
2

Hook Length:
3da<eh<4.5da

eh 0

Section area of anchor bolt:

Ase.N 0.226in
2 Ase.V π

da
2

4
 0.307 in

2

Nominal Tensile Stress of Fasteners and Threaded
parts (AISC Table 2-5) & F1554 values:

A307 "no" A325 "no" A490 "no" Specified 0

F1554G36 "yes" F1554G55 "no" F1554G105 "no"

futa 58 ksi

hef 4in
Embedment depth of anchor:

Concrete strength: f'c 4ksi
"shall not exceed 10,000 psi for
cast-in anchors, and 8,000 psi for
post-installed anchors"
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Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Loads "The design strength of anchors shall equal or exceed the largest required strength
calculated from the applicable load combinations in 9.2 or C9.2" (D.3.2)

 Tension Use Negative Values for Compression Forces
Dead Loads: DT 0kips Wind Loads: WT 0kips Live Loads: LT 0kips

LC1T 1.4 DT  LC1T 0 kips

LC2T 1.25 DT  1.75 LT  <-- INCREASED TO AASHTO STR I LC2T 0 kips

LC3T 1.2 DT max LT 0.8 WT  LC3T 0 kips

LC4T 1.2 DT 1.6 WT LT <-- EXCEEDS TO AASHTO STR III LC4T 0 kips

LC5T 1.25 DT 1.35 LT 0.4 WT <-- ALTERED TO AASHTO STR V LC5T 0 kips

LC6T 0.9 DT 1.6 WT LC6T 0 kips

LC7T 0.9 DT LC7T 0 kips

 Shear - Transverse
Dead Loads: DV.tr 0kips Wind Loads: WV.tr 0kips Live Loads: LV.tr 0kips

LC1V.tr 1.4 DV.tr  LC1V.tr 0 kips

LC2V.tr 1.25 DV.tr  1.75 LV.tr  <-- INCREASED TO AASHTO STR I LC2V.tr 0 kips

LC3V.tr 1.2 DV.tr max LV.tr 0.8 WV.tr  LC3V.tr 0 kips

LC4V.tr 1.2 DV.tr 1.6 WV.tr LV.tr <-- EXCEEDS TO AASHTO STR III LC4V.tr 0 kips

LC5V.tr 1.25 DV.tr 1.35 LV.tr 0.4 WV.tr <-- ALTERED TO AASHTO STR V LC5V.tr 0 kips

LC6V.tr 0.9 DV.tr 1.6 WV.tr LC6V.tr 0 kips

LC7V.tr 0.9 DV.tr LC7V.tr 0 kips

 Shear - Longitudinal
Dead Loads: DV.lo VDC Wind Loads: WV.lo 0kips Live Loads: LV.lo VLL

LC1V.lo 1.4 DV.lo  LC1V.lo 0.995 kips

LC2V.lo 1.25 DV.lo  1.75 LV.lo  <-- INCREASED TO AASHTO STR I LC2V.lo 4.909 kips

LC3V.lo 1.2 DV.lo max LV.lo 0.8 WV.lo  LC3V.lo 3.15 kips

LC4V.lo 1.2 DV.lo 1.6 WV.lo LV.lo <-- EXCEEDS TO AASHTO STR III LC4V.lo 3.15 kips

LC5V.lo 1.25 DV.lo 1.35 LV.lo 0.4 WV.lo <-- ALTERED TO AASHTO STR V LC5V.lo 3.99 kips

LC6V.lo 0.9 DV.lo 1.6 WV.lo LC6V.lo 0.64 kips

LC7V.lo 0.9 DV.lo LC7V.lo 0.64 kips
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 (a) steel strength of anchor in tension (D.5.1)

Nominal steel strength of Anchor in tension:

Nsa nt Ase.N futa Nsa 26.216 kips

 (b) steel strength of anchor in shear (D.6.1)

For cast-in headed bolt and hooked bolt anchors:

Vs nv 0.6 Ase.V futa Vs 21.353 kips

 (c) concrete breakout strength of anchor in tension (D.5.2)

Ncbg

AN

ANo
Ψ1 Ψ2 Ψ3 Nb=

The projected area of the failure surface of a single anchor remote from edges:

ANco 9 hef
2 ANco 144 in

2

The basic concrete breakout strength of a single anchor in tension in cracked concrete

for cast-in anchors k = 24, for post installed anchors k = 17

Castyes.no "yes" Postyes.no "no"

kc 24

Nb kc

f'c

psi


hef

in









1.5

 lb( ) Nb 12.143 kips

Projected area of the failure surface for a group of anchors:

1.5 hef 6 in
ANc Projected area of the failure surface for the group of anchors

inside1 if
s1

NL 1
2 1.5 hef 1.5 hef 2 NL 1  s1







0 in

inside2 if
s2

NT 1
2 1.5 hef 1.5 hef 2 NT 1  s2







10 in

proj1A min 1.5 hef ca1  proj1A 4 in

proj1B min 1.5 hef cb1  proj1B 4 in proj1A inside1 proj1B 8 in

proj2A min 1.5 hef ca2  proj2A 6 in

proj2B min 1.5 hef cb2  proj2B 6 in proj2A inside2 proj2B 22 in

ANc proj1A s1 proj1B  proj2A s2 proj2B 
nt

nv
 ANc 176 in

2
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

The modification factor for eccentrically loaded anchor groups (D.5.2.4):

Ψec.N
1

1
2 e'N

3 hef


1= D.5.2.4  Eccentricity of normal force on a group of anchors:  
"If the loading on an anchor group is such that only some anchors are in tension, only those
anchors that are in tension shall be considered."
"Where eccentric loading exists about two axes, the modification factor shall be computed for each
axis individually and the product of the factors used"

e'N 0

Ψec.N min
1

1
2 e'N

3 hef


1










Ψec.N 1

D.5.2.5 Modification factor for edge effects:

Ψed.N 1= cmin 1.5hefif Ψed.N 0.7
0.3 cmin

1.5 hef








= cmin 1.5hefif

cmin min ca1 ca2 cb1 cb2  cmin 4 in

Ψed.N if cmin 1.5hef 1 0.7
0.3 cmin

1.5 hef








 Ψed.N 0.9

D.5.2.6 When an anchor is located in a region of a concrete member where analysis indicates no cracking at service load levels
the following modification factor shall be permitted.

Ψc.N 1= for cracking in service

Otherwise Ψc.N 1.25= if anchors are cast-in and Ψc.N 1.4= if anchors are post installed

Castyes.no "yes" Postyes.no "no"

Crackingyes.no "yes"
Cracking in service?

Ψc.N 1

The modification factor for post-installed anchors designed for uncracked concrete(D.5.2.7):

cac 2.5 hef for undercut anchors (D.8.6)

cac 10 in

If c.ac is less than or equal to the smallest edge distance, the factor = 1
otherwise take maximum of the following equations

min ca1 ca2 
cac

0.4
1.5 hef

cac
0.6

Ψcp.N if yesno Postyes.no  0= yesno Crackingyes.no  1= 1 if cac min ca1 ca2  1.0 max
min ca1 ca2 

cac

1.5 hef

cac




























1

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 6 10ft Design.xmcd - p11

 
1/18/2013

Page 200



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

ANc 176 in
2 Ψec.N 1 Nb 12.143 kips

Ncbg

ANc

ANco
Ψec.N Ψed.N Ψc.N Ψcp.N Nb ANco 144 in

2 Ψed.N 0.9 Ψcp.N 1

Ncbg 13.357 kips Ψc.N 1

 (d) concrete breakout strength of anchor in shear (D.6.2)

Vcb

AV.c

AVco
Ψed.V Ψc.V Ψh.V Vb=

 Is the concrete Normal weight or Light weight?

NormalWeight "yes" Lightweight "no"

λ 1

Longitudinal Shear Capacity:

Projected area of the failure surface on the side of the
concrete member at its edge for a single anchor or a group of
anchors. The depth of this failure surface is permitted to be
the smaller of 1.5 x c1 or the full depth of the member

Where anchors are influenced by three or more edges, the
value of c.a1 used shall not exceed the greatest  of c.a2/1.5 in
either direction, h.a/1.5; and one third of the maximum
spacing between anchors within the group. (D.6.2.4)

If hairpins are provided to prevent concrete breakout, 
Seperate analysis must be conducted to determine 
the adequacy of the reinforcing.

 Depth Check Case 1

ha 6 in 1.5 ca1 6 in

min ha 1.5 ca1  6 in
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 Breakout Width Case 1

ca2 999 in s2 10 in cb2 999 in

min ca2 1.5 ca1  6 in min s2 2 1.5 ca1  NT 1   10 in min cb2 1.5 ca1  6 in

Edge2 if ca2 1.5 ca1 "yes" "no"  "no" Edge3 if cb2 1.5 ca1 "yes" "no"  "no"

Edges "Anchors influenced by less than 3 edges"

Avc.case1 132 in
2

 Depth Check Case 2

ha 6 in 1.5 ca1 s1  6 in

min ha 1.5 ca1 s1   6 in

 Breakout Width Case 2

ca2 999 in s2 10 in cb2 999 in

min ca2 1.5 ca1 s1   6 in min s2 2 1.5 ca1 s1   NT 1   10 in min cb2 1.5 ca1 s1   6 in

Edge2 if ca2 1.5 ca1 s1  "yes" "no"  "no" Edge3 if cb2 1.5 ca1 s1  "yes" "no"  "no"

Edges "Anchors influenced by less than 3 edges"

Avc.case2 132 in
2

c.a1 with possible change for 3 edge effects

ca1 4 in

ca1'.case1 if Edge2 "yes"= Edge3 "yes"=  min ca1 max
ca2

1.5

cb2

1.5


ha

1.5


s2

NT 1  3















 ca1








ca1'.case2 if Edge2 "yes"= Edge3 "yes"=  min ca1 max
ca2

1.5

cb2

1.5


ha

1.5


s2

NT 1  3















 ca1 s1








ca1'.case1 4 in

ca1'.case2 4 in

D.6.2.5 The modification factor for eccentrically loaded anchor groups

Ψec.V
1

1
2 e'v

3 ca1


1=

 Eccentricity e'v 0

Ψec.V.case1 min
1

1
2 e'v

3 ca1'.case1


1









 Ψec.V.case1 1

Ψec.V.case2 min
1

1
2 e'v

3 ca1'.case2


1










Ψec.V.case2 1

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 6 10ft Design.xmcd - p13

 
1/18/2013

Page 202



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704
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Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

D.6.2.6 The modification factor for edge effect

Ψed.V 1= ca2 1.5 ca1'if Ψed.V 0.7
0.3 ca2

1.5 ca1'








= ca2 1.5heif

Ψed.V.case1 if ca2 1.5 ca1'.case1 1 0.7
0.3 ca2

1.5 ca1'.case1








 Ψed.V.case1 1

Ψed.V.case2 if ca2 1.5 ca1'.case2 1 0.7
0.3 ca2

1.5 ca1'.case2








 Ψed.V.case2 1

D.6.2.7 Anchors located in a region of a concrete member where analysis indicates no cracking at service loads, the following
modification factor shall be used.

Crackingyes.no "yes"
Ψc.V 1.4= where no cracking occurs in service

Otherwise Ψc.V 1.0= if anchors are cast in concrete without supplementary reinforcement or edge reinforcement smaller
than a No 4 bar.

Ψc.V 1.2= if anchors are cast in concrete with edge reinforcement of at least a No 4 bar.

if anchors are cast in concrete with edge reinforcement of at least a No 4 bar and with stirrups spaced
at not more than 4"Ψc.V 1.4=

Is Anchor reinforced by at least #4 bars? Reinfwith.no4 "yes"

Is anchor enclosed by stirrups at 4" maximum spacing? Stirrups4inch.spa.max "no"

Are Haripins provided to prevent Concrete Breakout? HairpinsLong.yesno "no"
Ψc.V 1.2

AVco.loLoad.case1 4.5 ca1'.case1
2 AVco.loLoad.case1 72 in

2

AVco.loLoad.case2 4.5 ca1'.case2
2 AVco.loLoad.case2 72 in

2

D.6.2.8 The modification factor for anchors located in a concrete member where h.a<1.5*c.a1

ha 6 in ca1'.case1 4 in ca1'.case2 4 in

Ψh.V.case1 max if ha 1.5 ca1'.case1
1.5 ca1'.case1

ha
 1









1








1

Ψh.V.case2 max if ha 1.5 ca1'.case2
1.5 ca1'.case2

ha
 1









1








1

The basic concrete breakout strength V.b in shear of a single anchor in cracked concrete shall not exceed (D6.2.2):

Vb 7
le

da







0.2

 da








λ f'c ca1 1.5=

Load bearing length of anchor for shear (for anchors with constant stiffness)

le hef le 4 in da 0.625 in

Vb.case1 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca1'.case1
1

in













1.5

 lb( ) Vb.case1 4.059 kips

Vb.case2 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca1'.case2
1

in













1.5

 lb( ) Vb.case2 4.059 kips
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Avc.case1 132 in
2 Ψec.V.case1 1 Ψc.V 1.2

AVco.loLoad.case1 72 in
2 Ψed.V.case1 1 Ψh.V.case1 1

Vcbg.Long.case1

Avc.case1

AVco.loLoad.case1
Ψec.V.case1 Ψed.V.case1 Ψc.V Ψh.V.case1 Vb.case1

Vcbg.Long.case1 8.929 kips

Avc.case2 132 in
2 Ψec.V.case2 1 Ψc.V 1.2

AVco.loLoad.case2 72 in
2 Ψed.V.case2 1 Ψh.V.case2 1

Vcbg.Long.case2

Avc.case2

AVco.loLoad.case2
Ψec.V.case2 Ψed.V.case2 Ψc.V Ψh.V.case2 Vb.case2

Vcbg.Long.case2 8.929 kips

Transverse Shear Capacity:

Projected area of the failure surface on the side of the
concrete member at its edge for a single anchor or a group of
anchors. The depth of this failure surface is permitted to be
the smaller of 1.5 x c1 or the full depth of the member

Where anchors are influenced by three or more edges, the
value of c.a1 used shall not exceed the greatest  of c.a2/1.5 in
either direction, h.a/1.5; and one third of the maximum
spacing between anchors within the group. (D.6.2.4)

If hairpins are provided to prevent concrete breakout, 
Seperate analysis must be conducted to determine 
the adequacy of the reinforcing.

 Depth Check Case 1

ha 6 in 1.5 ca2 1.498 10
3 in

min ha 1.5 ca2  6 in
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Designer: JWC
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 Breakout Width Case 1

ca1 4 in s1 0 in cb1 4 in

min ca1 1.5 ca2  4 in min s1 2 1.5 ca2  NL 1   0 in min cb1 1.5 ca2  4 in

Edge2 if ca1 1.5 ca2 "yes" "no"  "yes" Edge3 if cb1 1.5 ca2 "yes" "no"  "yes"

Edges "Anchors influenced by 3 edges"

Avc.case1 48 in
2

 Depth Check Case 2

ha 6 in 1.5 ca2 s2  1.513 10
3 in

min ha 1.5 ca2 s2   6 in

 Breakout Width Case 2

ca1 4 in s1 0 in cb1 4 in

min ca1 1.5 ca2 s2   4 in min s1 2 1.5 ca2 s2   NT 1   0 in min cb1 1.5 ca2 s2   4 in

Edge2 if ca1 1.5 ca2 s2  "yes" "no"  "yes" Edge3 if cb1 1.5 ca2 s2  "yes" "no"  "yes"

Edges "Anchors influenced by 3 edges"

Avc.case2 48 in
2

c.a2 with possible change for 3 edge effects

ca2 999 in

ca2'.case1 if Edge2 "yes"= Edge3 "yes"=  min ca2 max
ca1

1.5

cb1

1.5


ha

1.5


s1

NL 1  3















 ca2








ca2'.case2 if Edge2 "yes"= Edge3 "yes"=  min ca2 max
ca1

1.5

cb1

1.5


ha

1.5


s1

NL 1  3















 ca2 s2








ca2'.case1 4 in

ca2'.case2 4 in

D.6.2.5 The modification factor for eccentrically loaded anchor groups

Ψec.V
1

1
2 e'v

3 ca2


1=

 Eccentricity e'v 0

Ψec.V.case1 min
1

1
2 e'v

3 ca2'.case1


1










Ψec.V.case1 1

Ψec.V.case2 min
1

1
2 e'v

3 ca2'.case2


1










Ψec.V.case2 1
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Designer: JWC
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D.6.2.6 The modification factor for edge effect

Ψed.V 1= ca1 1.5 ca2'if Ψed.V 0.7
0.3 ca1

1.5 ca2'








= ca1 1.5heif

Ψed.V.case1 if ca1 1.5 ca2'.case1 1 0.7
0.3 ca1

1.5 ca2'.case1








 Ψed.V.case1 0.9

Ψed.V.case2 if ca1 1.5 ca2'.case2 1 0.7
0.3 ca1

1.5 ca2'.case2








 Ψed.V.case2 0.9

D.6.2.7 Anchors located in a region of a concrete member where analysis indicates no cracking at service loads, the following
modification factor shall be used.

Crackingyes.no "yes"
Ψc.V 1.4= where no cracking occurs in service

Otherwise Ψc.V 1.0= if anchors are cast in concrete without supplementary reinforcement or edge reinforcement smaller
than a No 4 bar.

Ψc.V 1.2= if anchors are cast in concrete with edge reinforcement of at least a No 4 bar.

if anchors are cast in concrete with edge reinforcement of at least a No 4 bar and with stirrups spaced
at not more than 4"Ψc.V 1.4=

Is Anchor reinforced by at least #4 bars? Reinfwith.no4 "yes"

Is anchor enclosed by stirrups at 4" maximum spacing? Stirrups4inch.spa.max "no"

Are Haripins provided to prevent Concrete Breakout? HairpinsTrans.yesno "no"
Ψc.V 1.2

AVco.trLoad.case1 4.5 ca2'.case1
2 AVco.trLoad.case1 72 in

2

AVco.trLoad.case2 4.5 ca2'.case2
2 AVco.trLoad.case2 72 in

2

D.6.2.8 The modification factor for anchors located in a concrete member where h.a<1.5*c.a1

ha 6 in ca2'.case1 4 in ca2'.case2 4 in

Ψh.V.case1 max if ha 1.5 ca2'.case1
1.5 ca2'.case1

ha
 1









1








1

Ψh.V.case2 max if ha 1.5 ca2'.case2
1.5 ca2'.case2

ha
 1









1








1

The basic concrete breakout strength V.b in shear of a single anchor in cracked concrete shall not exceed (D6.2.2):

Vb 7
le

da







0.2

 da








λ f'c ca2 1.5=

Load bearing length of anchor for shear (for anchors with constant stiffness)

le hef le 4 in da 0.625 in

Vb.case1 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca2'.case1
1

in













1.5

 lb( ) Vb.case1 4.059 kips

Vb.case2 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca2'.case2
1

in













1.5

 lb( ) Vb.case2 4.059 kips
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Avc.case1 48 in
2 Ψec.V.case1 1 Ψc.V 1.2

AVco.trLoad.case1 72 in
2 Ψed.V.case1 0.9 Ψh.V.case1 1

Vcbg.Trans.case1

Avc.case1

AVco.trLoad.case1
Ψec.V.case1 Ψed.V.case1 Ψc.V Ψh.V.case1 Vb.case1

Vcbg.Trans.case1 2.922 kips

Avc.case2 48 in
2 Ψec.V.case2 1 Ψc.V 1.2

AVco.trLoad.case2 72 in
2 Ψed.V.case2 0.9 Ψh.V.case2 1

Vcbg.Trans.case2

Avc.case2

AVco.trLoad.case2
Ψec.V.case2 Ψed.V.case2 Ψc.V Ψh.V.case2 Vb.case2

Vcbg.Trans.case2 2.922 kips

 (e) pullout strength of anchor in tension (D.5.3)

Npn Ψc.P Np=

Headedyes.no "yes" Hookedyes.no "no"

D.5.3.4 The pullout strength in tension of a single headed stud or headed bolt shall not exceed:

Np Abrg 8 f'c= Abrg 8 f'c 32 kips

D.5.3.5 The pullout strength in tension of a single hooked bolt shall not exceed:

Np 0.9 f'c eh da= 0.9 f'c eh da 0 kips

Np yesno Headedyes.no  Abrg 8 f'c  yesno Hookedyes.no  0.9 f'c eh da  Np 32 kips

D.5.3.6 For an anchor located in a region of a concrete member where analysis indicates no cracking at service load levels

Ψc.P 1.4= where no cracking is expected under service load

Ψc.P 1.0= when cracking is expected

Crackingyes.no "yes" Ψc.P 1

Npn Ψc.P Np Npn 32 kips

Npng nt Npn Npng 64 kips
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Designer: JWC
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 (f) concrete side-face blowout strength of anchor in tension (D.5.4)

For a single headed anchor with deep embedment close to an edge.  

Applicable for : hef 2.5 min ca1 ca2 

hef 4 in 2.5 min ca1 ca2  10 in λ 1

D.5.4.1 For a Single headed anchor with deep embedment close to an edge:

if c.a2 for the single headed anchor is less than 3.ca1, the value N.sb shall be factored by:

Nsb if hef 2.5 min ca1 ca2  160
min ca1 ca2 

in


Abrg

in
2

 λ
f'c

psi
 lb( )









 1 10
10 kips









 Nsb 1 10
10 kips

ψmultiside.blowout if max ca1 ca2  3 min ca1 ca2  1 max min
max ca1 ca2 
min ca1 ca2 

3






1













1

4
 1







1

Nsb' ψmultiside.blowout Nsb 1 10
10 kips yesno Hookedyes.no  Nsb' 1 10

10 kips

D.5.4.2 For multiple headed anchors with deep embedment close to an edge, and spacing less than 6c

Nsbg 1
sedge

6 min ca1 ca2 








Nsb=

Spacing of outer anchors along the edge in the group sedge s1 sedge 0 in

Nsbg 1
sedge

6 min ca1 ca2 








Nsb Nsbg 1 10
10 kips

Nsb'.g' Nsbg kips yesno Hookedyes.no   nt 1  Nsb' nt 1= 

Nsb'.g' 1 10
10 kips

 (g) concrete pryout strength of anchor in shear (D.6.3)
The nominal pryout strength shall not exceed:

Vcp kcp Ncbg=

kcp 1.0= for hef 2.5in hef 4 in

kcp 2.0= for hef 2.5in

kcp if hef 2.5in 1.0 2.0  kcp 2

D.5.2.1 The Nominal Concrete breakout strength of an anchor in tension

Ncbg 13.357 kips

Ncbg 13.357 kips

Vcpg kcp Ncbg Vcpg 26.715 kips
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Summary Reinfwith.no4 "yes"   Seismic Restrictions Apply? 
LC1T 0 kips

Stirrups4inch.spa.max "no" SeismicRestrictions "no"
LC2T 0 kips

Tension 
  Force Seismic Concrete? (severe reduction) LC3T 0 kips

(a) steel strength of anchor in tension (D.5.1) SeismicConcrete "no" LC4T 0 kips

LC5T 0 kips
Nsa 26.216 kips Seismicinput "ok"

LC6T 0 kips

(c) concrete breakout strength of anchor in tension (D.5.2) LC7T 0 kips

Ncbg 13.357 kips

(e) pullout strength of anchor in tension (D.5.3)

Npng 64 kips

(f) concrete side-face blowout strength of anchor in tension (D.5.4)

Nsb'.g' 1 10
10 kips

GovernTension "Governed by Concrete"

Strength Reduction factor assuming anchor has low sensitivity to installation and has high reliability

ϕT 0.7

ϕPn ϕT min Nsa 1 999 yesno SeismicConcrete   Ncbg Npng Nsb'.g' 

ϕPn 9.35 kips

LC1T

ϕPn
0

LC2T

ϕPn
0

LC3T

ϕPn
0

LC4T

ϕPn
0

LC5T

ϕPn
0

LC6T

ϕPn
0

LC7T

ϕPn
0
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Shear 
 Transverse  Longitudinal

(b) steel strength of anchor in shear (D.6.1)

Vs 21.353 kips
LC1V.tr 0 kips LC1V.lo 0.995 kips

LC2V.tr 0 kips LC2V.lo 4.909 kips

LC3V.tr 0 kips LC3V.lo 3.15 kips

LC4V.tr 0 kips LC4V.lo 3.15 kips

LC5V.tr 0 kips LC5V.lo 3.99 kips

(d) concrete breakout strength of anchor in shear (D.6.2) LC6V.tr 0 kips LC6V.lo 0.64 kips

Vcbg.Long.case1 8.929 kips Vcbg.Trans.case1 2.922 kips LC7V.tr 0 kips LC7V.lo 0.64 kips

Vcbg.Long.case2 8.929 kips Vcbg.Trans.case2 2.922 kips

(g) concrete pryout strength of anchor in shear (D.6.3)

Vcpg 26.715 kips

GovernLong.case "Cases are identical" GovernTrans.case "Cases are identical"

GovernLong.Shear "Governed by Concrete" GovernTrans.Shear "Governed by Concrete"

ϕV.Long 0.75 ϕV.Trans 0.75

 Transverse

ϕVntr ϕV.Trans V min Vs 1 999 yesno SeismicConcrete   Vcbg.Trans.case1 Vcpg 

V min Vs 1 999 yesno SeismicConcrete   Vcbg.Trans.case2 Vcpg  GovernTrans.case "Governed by=if



ϕVntr 2.192 kips

LC1V.tr

ϕVntr
0

LC2V.tr

ϕVntr
0

LC3V.tr

ϕVntr
0

LC4V.tr

ϕVntr
0

LC5V.tr

ϕVntr
0

LC6V.tr

ϕVntr
0

LC7V.tr

ϕVntr
0

 Longitudinal

ϕVnlo ϕV.Long V min Vs 1 999 yesno SeismicConcrete   Vcbg.Long.case1 Vcpg 

V min Vs 1 999 yesno SeismicConcrete   Vcbg.Long.case2 Vcpg  GovernLong.case "Governed by=if



ϕVnlo 6.697 kips

LC1V.lo

ϕVnlo
0.149

LC2V.lo

ϕVnlo
0.733

LC3V.lo

ϕVnlo
0.47

LC4V.lo

ϕVnlo
0.47

LC5V.lo

ϕVnlo
0.596

LC6V.lo

ϕVnlo
0.096

LC7V.lo

ϕVnlo
0.096
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Combine Tension and Shear: (D.7)
D.7.1 - if Vua 0.2 φ Vn  then full strength in tension shall be permitted

D.7.2 - if Nua 0.2 φ Nn  then full strength in shear shall be permitted

D.7.3 - otherwise 
Nua

φNn

Vua

φVn
 1.2

Combined Stress Ratio less than 1.0 is Satisfactory

 Transverse Combination:  Longitudinal Combination:

CSRT1

LC1T

ϕPn









LC1T

ϕPn
0.2










LC1V.tr

ϕVntr

LC1V.tr

ϕVntr
0.2









1 0.2
LC1T

ϕPn
0.2










LC1V.tr

ϕVntr
0.2









0

CSRL1

LC1T

ϕPn









LC1T

ϕPn
0.2










LC1V.lo

ϕVnlo

LC1V.lo

ϕVnlo
0.2









1 0.2
LC1T

ϕPn
0.2










LC1V.lo

ϕVnlo
0.2









0

CSRT2 0 CSRL2 0.733

CSRT3 0 CSRL3 0.47

CSRT4 0 CSRL4 0.47

CSRT5 0 CSRL5 0.596

CSRT6 0 CSRL6 0

CSRT7 0 CSRL7 0

Seismicrestrictions "D.3.3 seismic restrictions do not apply"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Load to Edge Beam

Dead Load Reaction plfedge.beam.DC

Redge.beam.DC

slabspan
482.193 plf

plfedge.beam.LL

Lnew.span

2
Lnew.canti









wLL 520.275 plf
Live Load Reaction

Edge Beam Length:
(REF SHT 50 - Elev. Girder 4)

Ledge 490.26ft 406.96ft 83.3 ft

Edge beam is simply supported: V6edge 1.25 plfedge.beam.DC 1.75 plfedge.beam.LL 1.513 10
3 plf

M6edge.pos

V6edge Ledge
2

8
1.3 10

3 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Moment Capacity at strength limit state in Major Axis for Discretely braced flanges in
Compression - AASHTO LRFD 6.10.8.1.1

φf 1.00 for flexure E 29000ksi
W36 x 150 Member information
Top Flange: btf 12in ttf 0.940in Atf btf ttf 11.28 in

2
Itf

btf ttf
3

12
0.831 in

4

Web: hweb 35.9in tweb 0.625in Aweb hweb tweb 22.437 in
2

Iweb

tweb hweb
3

12
2.41 10

3 in

Bottom Flange: bbf 12in tbf 0.940in Abf bbf tbf 11.28 in
2

Ibf

bbf tbf
3

12
0.831 in

4

CG

Atf

ttf

2
 Aweb ttf

hweb

2










 Abf ttf hweb
tbf

2












Atf Aweb Abf
18.89 in

Itotal Itf Atf CG
ttf

2










2

 Iweb Aweb CG ttf
hweb

2










2

 Ibf Abf CG ttf hweb
tbf

2










2

 1.007 10
4 in

4

Sx

Itotal

CG
532.874 in

3 Zx 2 Atf CG
ttf

2










 tweb CG ttf 
CG ttf 

2










 616.932 in
3

Fy 50ksi Lb 10ft
Mu M6edge.pos 1.313 10

3 ft kips

At the strength limit state, the following requirement shall be satisfied: fbu
1

3
fl φf Fnc

The local buckling resistance (6.10.8.2.2) of the compression flange shall be taken as

if λf λpf  then Fnc Rb Rh Fyc= λf

bbf

2 tbf
6.4 λpf 0.38

E

Fy
 9.152

less λf λpf  "Less than or Equal to"

Web load-shedding factor determined as specified in Article 6.10.1.10.2 Rb 1.0= if
2 Dc

tw
λrw

Depth of web in compression in elastic range Dc hweb CG ttf  tbf 18.89 in

Limiting slenderness ratio for a noncompact web:

2 Dc

tweb
60.448 λrw 5.7

E

Fy
 137.274 less

2 Dc

tweb
λrw







"Less than or Equal to" Rb 1.0

Hybrid Factor: Rh
12 β 3 ρ ρ

3 

12 2 β
= Dn Dc 18.89 in For doubly symmetric sections

Afn bbf tbf 11.28 in
2 β

2 Dn tweb

Afn
2.093

ρ 1.0 Non Composite with no cover plates on tensile side

Rh
12 β 3 ρ ρ

3 

12 2 β
1 Fnc.lb Rb Rh Fy 50 ksi
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

The Lateral Torsional Buckling resistance (6.10.8.2.3) of the compression flange shall be taken as

Lp 1.0 rt
E

Fyc
= Limit of Plastic deformation

bfc bbf 12 in tfc tbf 0.94 in

rt

bfc

12 1
1

3

Dc tweb

bfc tfc










 rt 0.249 ft Lp 1.0 rt
E

Fy
 5.986 ft

Fyr 0.7 Fy 35 ksi Lr π rt
E

Fyr
 22.477 ft

Cb 1 Unbraced Cantilevers or simple spans

Fnc.ltb Cb 1 1
Fyr

Rh Fy








Lb Lp

Lr Lp














 Fy 46.3 ksi

Fnc min Fnc.lb Fnc.ltb  46.3 ksi

The Maximum Allowable Unbraced Length (6.10.1.6-3) is: Lb 1.2 Lp Cb Rb
Myc

Mu


Lmax 1.2 Lp Cb Rb
Fy Sx

Mu
 9.343 ft

CheckC.D Lmax Lb  "Not Satisfactory"

No Lateral bending is anticipated at this location fl 0

fbu φf Fnc Sx φf Fnc  2058 kip ft

Mu 1.313 10
3 ft kips

CheckC.D Sx φf Fnc  Mu  "SATISFACTORY"

Check Beam for deflection due to live Load

IW36x150 9040in
4

δspan
5

384

plfedge.beam.LL Ledge
4

E IW36x150
 2.15 in Ledge

δspan δcantilever
453.05
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D hweb 35.9 in E 29000ksi Fyw 50ksi

tweb 0.625 in

D

tweb
57.4 1.12

E 5.0

Fyw
 60.3

C if
D

tweb
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tweb 650.7 kips

φv Vp 650.7 kips

ReactionFactored

V6edge Ledge

2
63.026 kips

CheckC.D φv Vp ReactionFactored  "SATISFACTORY"

Service Reactions to Bearings:

DCreaction plfedge.beam.DC

Ledge

2
 20.083 kips

LLreaction plfedge.beam.LL

Ledge

2
 21.669 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Steel Reinforced Elastomeric Bearing Pads
Design Method A 
AASHTO LRFD 2009 14.7.6 

Preliminary Sizing

(LRFD 14.7.6.3.4) "The maximum horizontal superstructure displacement shall be computed in accordance with Article 14.4.  
The maximum shear deformation of the pad at the service limit state, Δs, shall be taken as the maximum horizontal
superstructure displacement, reduced to account for the pier flexibility and modified for construction procedures."

 Temperature 

α 0.0000065 Coefficient of Expansion for Steel  

Length Ledge (REF SHT 50 - Elev. Girder 4)

Length 83.3 ft Continuous Deck Length

Temperature Range for Steel Structures (Western Washington): 0°F to 120°F                                      (WSDOT 9.1.2-B)

Effective Deck Length per elastomeric pad: Leff
Length

2
 Leff 41.65 ft

ΔTL Leff α 64 0( ) ΔTL 0.208 in

ΔTH Leff α 120 64( ) ΔTH 0.182 in

Sliding Elastomeric Bearing Assembly:
(Allows for unrestricted movement parallel to bridge centerline,
used when deflections cause excessive pad height)

SlideAssembly "no"

Total Movement (Displacement from Center Line)

Per WSDOT 2010 Bridge Design Manual p 9.2-4 

Total Motion = 
3

4
ΔTempRise ΔTempFall  Δshrink ΔPT.creep

δTotal
3

4
ΔTL ΔTH  δTotal 0.292 in
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Sizing (AASHTO LRFD 2009 14.7.6.3.4)

ShearDeformation "Allowed"
hrt.min 2 δTotal hrt.min 0.585 in

Try nlayers 1 interior elastomeric layers hri
1

2
in thick SDIncr 100 %

Exterior layers are hexl 0.25 in   thick

hrt nlayers hri 2 hexl hrt 1 in

PadHeight.Check "SATISFACTORY"

Use hs gapl
14

 gauge steel plates between layers hs 0.075 in
hst nlayers 1  hs

hst 0.149 in

Total Bearing Thickness: hpad hrt hst hpad 1.149 in

Allowable Compression Stress (AASHTO LRFD 14.7.6.3.2)
"For steel-reinforced" elastomeric bearings... σs 1.25ksi   and σs 1.25 G S

"The stress limits may be increased by 10% where shear deformation is prevented"

Select Length for Pad (1" increments are preferred): L 9in

Numberpads 1
Number of Bearing Pads:

For pad loadings, AASHTO requests design forces be based on the "average compressive stress" in at the service limit
state (LRFD 14.7.6.3.2). (Only SERVICE 1 typically Applies - Dynamic Increase not required 14.4.1)  

 Maximum Dead and Live Loads on single pad:
Live loads derived from Standard truck:

RD.max DCreaction RD.max 20.083 kips RL.max LLreaction 21.669 kips

 Minimum Dead and Live Loads on single pad:
Live loads derived from Standard truck:

RD.min DCreaction RD.min 20.083 kips RL.min 0kips

For σs less than or equal to 1.25ksi SDIncr 1.25 ksi  

Pmax RD.max RL.max Pmax 41.753 kips Pmin RD.min RL.min Pmin 20.083 kips

P

L W
1.25ksi SDIncr Wmin

Pmax

L 1.25 ksi SDIncr
  Minimum W dim. for stress check is Wmin 3.71 in

 Choose W 9in
Pmax

L W
0.515 ksi

CheckC.D 1.25ksi SDIncr
Pmax

L W










"SATISFACTORY"

Method A only applies where Si
2

n
1 22  (AASHTO LRFD 2009

14.7.6.1)Si
L W

2 hri L W( )
4.5 Si

2

nlayers
20.25 < 20 CheckC.D 20

Si
2

nlayers










"Not Satisfactory" Acceptable 
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Elastomer Hardness (LRFD Table 14.7.6.2-1) hardness "50"

Select a Durometer Hardness 50, 55, or 60:
(NDOT Prefers 50 or 55 Durometer)

Gmin 0.095 ksi Gmax 0.130 ksi

creep 0.25
Bearing Stability (LRFD 14.7.6.3.6)

The total thickness of the pad ( hpad 1.149 in ) shall not exceed the least of:

W

3
3 in

L

3
3 in

Stability if hpad
W

3
 "not satisfied, W is too small" if hpad

L

3
 "not satisfied, L is too small" "SATISFACTORY"













Stability "SATISFACTORY"

Steel Reinforcement (LRFD 14.7.6.3.7) Fy 36ksi
The thickness of the steel reinforcement shall satisfy:

hs

3 hri σs

Fy
 hri

1

2
in

Thickness of the thickest elastomeric layer

σs.max

Pmax

L W
 σs.max 0.515 ksi Service average compressive stress due to total load

σs.min

Pmin

L W
 σs.min 0.248 ksi Service average compressive stress due to total load

hs.min max
3 hri σs.max

Fy
0.0625in







 hs.min 0.0625 in

Must Also Satisfy:

hs

2.0 hmax σL

ΔFHT


σL

RL.max

L W
 σL 0.268 ksi Service average compressive stress due to live load

ΔFTH 24ksi Allowable Fatigue Stress Range - Category A - 24 ksi
over 2,000,000 stress cycles  (AASHTO LRFD Table 6.6.1.2.3-1) 

hs.min.2

2.0 hri σL

ΔFTH
 hs.min.2 0.011 in hs 0.075 in

plate if hs hs.min if hs hs.min.2 "SATISFACTORY" "Not Satisfactory"  "Not Satisfactory" 

plate "SATISFACTORY"

Second Compression Check 

Gmin 0.095 ksi
σs 1.25 G S SDIncr

1.25 Gmin Si SDIncr 0.534 ksi σs.max 0.515 ksi

CheckC.D 1.25 Gmin Si SDIncr σs.max  "SATISFACTORY"
Conservatively use flexible limit
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Rotation δmax 1.5in δmin 0in

"An allowance for uncertainties, which shall
be taken as 0.005 rad. unless an approved
quality control plan justifies a smaller value"
(LRFD 14.7.3.6.2.5  & 14.4.2.1)

Θmax
3

2

δmax

Ledge

2

 0.005 Θmin
3

2

δmin

Ledge

2

 0

θmax Θmax 0.005rad θmin Θmin 0.005rad

θmax 0.0095 rad θmin 0.005 rad

 Equation 14.7.6.3.5d-1 & 2:
Caltrans recommends
0.2 ksi minimum

σs 0.5 Gmax Si
L

hri









2


θs.x

n
 σs.max 0.515 ksi σs.min 0.248 ksi

σs 0.5 Gmax Si
W

hri









2


θs.z

n


L 9 in W 9 in hri
1

2
in

 Shape Factor Si
L W

2 hri L W( )
 Si 4.5

Shear Modulus of elastomer hardness "50" Gmax 0.130 ksi Conservatively use stiff limit

σrot.max 0.5 Gmax Si
L

hri









2


θmax

nlayers 1
 σrot.max 0.45 ksi

σrot.min 0.5 Gmax Si
L

hri









2


θmin

nlayers 1
 σrot.min 0.237 ksi

CheckC.D σs.max σrot.max  "SATISFACTORY" CheckC.D σs.min σrot.min  "SATISFACTORY"

(n layers +1) is valid for layer thicknesses of 0.5in (with 0.25in or greater exterior layers) 
and 0.625in (with 0.3125in or greater exterior layers)

σrot.min

σs.min
0.956

Acceptable

σrot.max.ortho 0.5 Gmax Si
W

hri









2


0.005rad

nlayers 1
 σrot.max.ortho 0.237 ksi

σrot.min.ortho 0.5 Gmax Si
W

hri









2


0.005rad

nlayers 1
 σrot.min.ortho 0.237 ksi

CheckC.D σs.max σrot.max.ortho  "SATISFACTORY" CheckC.D σs.min σrot.min.ortho  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

If a Sliding Elastomeric Bearing Assembly is used.  Shear forces in the pad are limited to the
Teflon / Stainless Steel interface friction.

SlideAssembly "no"

Coefficient of  friction: μ 0.06

Shearslide μ RD.max yesno SlideAssembly 
Shear Force from Slide Assembly:

Shearslide 0 kips

Anchorage

"If the factored shear force sustained by the deformed pad at the strength limit state exceeds one-fifth of the Minimum vertical
force due to permanent loads, the pad shall be secured against horizontal movement"

Gmax 0.130 ksi G
shearstress

shearstrain
= Conservatively use stiff limit

shearstrain

δTotal

hrt
 shearstrain 0.292

shearstress Gmax shearstrain shearstress 0.038 ksi

Shearforce shearstress L W Shearforce 3.079 kips

Friction
1

5
RD.max Friction 4.017 kips

Anchorage if Shear Friction "Not Required" "Required"( )

Anchorage "Not Required"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Vertical Deflection 
(Vertical compressive strain is based on AASHTO LRFD charts C14.7.6.3.3-1.  Values are linearly interpolated between
shown shape factor lines and durometer graphs)

 Input Parameters hardness "50"

DL Stress: σD

RD.max

L W
 σD 0.248 ksi

LL stress: σL 0.268 ksi

Max combined stress: σs.max 0.515 ksi

Shape Factor: Si 4.5

Short Term Deflection:
 Dead Load:
The vertical strain and deflection on the pad is:

εDL ε Si σD hardness  εDL 2.4 %

δDL hrt εDL δDL 0.024 in

 Live Load:
The vertical strain and deflection on the pad is:

εLL ε Si σs.max hardness  εDL εLL 2.1 %

δLL hrt εLL δLL 0.021 in

Long Term Deformation:

The creep factor is: creep 0.25

δcreep creep δDL δcreep 6.095 10
3 in

 Maximum Long term Deflection:

δmax δcreep δDL δLL δmax 0.051 in

Performance Validation:
εDL εLL 4.5 %

Vertical strain should be limited to 7%

CheckC.D 7% εDL εLL  "SATISFACTORY"

The maximum relative displacement across a joint is 0.125in (AASHTO LRFD 2002 C14.7.5.3.3).
The relative displacement used in this calculation is a combination of creep deformation and live load deflection as the
dead load deformation is negated by the expansion joint construction pour.  

Δ δLL δcreep Δ 0.027 in

CheckC.D 0.125in Δ( ) "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Final Design

 nlayers 1  Layers of Elastomer ( hardness "50" ) @ hri
1

2
in  each 

 with two hexl
1

4
in  exterior Layers

 Separated by nlayers 1 2  - 14 gauge steel plates ( hs 0.075 in  each)

 Total Depth hpad 1.149 in

 Final Dimensions:  Numberpads 1 @

 L 9 in    X    W 9 in     X   hpad 1.149 in

 If a Sliding Elastomeric Bearing Assembly is used, a teflon sliding 
 surface must be provided. SlideAssembly "no"

 Dead Load deflection = δDL 0.024 in

 Live Load deflection = δLL 0.021 in

 Maximum Long term deflection = δmax 0.051 in

 Shear force applied to substructure from single pad under full  
 deformation Shear 3.079 kips

 Total shear force applied to substructure from all pads under full  
 deformation: Numberpads Shear 3.079 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Additional dead load to the structure from walkway widening.

Additional Dead Load, Slab and Railing: plfslab.railing

Rbarrier.DC Redge.beam.DC

slabspan
553.3 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Dead Load of New Transverse Beam:
(10ft support + 10ft perimeter beam)

plftrans.beam

14.51plf 10ft slabspan 

slabspan
29.02 plf

Dead Load of New Support Beam: plfsupport.beam 150plf

Total weight of new work: plfnew plfslab.railing plfbarrier plftrans.beam plfsupport.beam 1.1 klf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedistal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 38 & 37): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedistal weight: plfpedistal

Aped 3ft 9.5in( ) γc.ex

20ft
35.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in 20ft 1ft 4in( ) 0.5in[ ] γc.ex

20ft
128 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHT 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

20ft


12 2.5 in
3

8
in 5 in 490 pcf

20ft














plfmetal.rail 16.4 plf

Dead Load of Existing Edge Beam: plfex.edge.beam 6in 10 in 10in 10 in( ) γc.ex 166.7 plf

Dead Load of Existing sidewalk:
(REF SHT 37)

plfex.sidewalk 3.5in 4 ft γc.ex 175 plf

Dead Load of Existing Curb:
(REF SHT 38)

plfcurb 18in 7in
3in

2






 3in 2 in





γc.ex 153.125 plf

Total weight of removals:

plfrem plfpedistal plfconc.rail plfmetal.rail plfex.edge.beam plfex.sidewalk plfcurb 675.2 plf

Total increased weight: plfincrease plfnew plfrem 444.3 plf
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Weight of Segment 6 Segment6weight 645kips

Segment6length 84.91ft

Length of Segment 7:

Average Per foot weight of Segment 7:
Segment6weight

Segment6length
7.596 10

3 plf

plfincrease

Segment6weight

Segment6length

5.849 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 33.583 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.507 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H Hmast 33.583 ft

Mwind.arm Vwind.arm H 3.014 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.pole Pz A 315.609 lb Vwind Vwind.lum Vwind.arm Vwind.pole 0.45 kips

Height to point of connection: H
Hmast

2
16.792 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.pole H 5.3 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 9.821 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection: Offset Lnew.canti 2.5in 3in 6in 4.832 ft

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm Offset  0.43 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
Offset









 0.054 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

MDC.pole Wpole Offset( ) 1.66 ft kips

Total Moment from Dead Load:
(+15% for electrical etc.)

MDC 115% MDC.lum MDC.arm MDC.pole  1.353 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm Offset  0.426 ft kips

Weight of Arm: Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
Offset









 0.033 ft kips

Weight of Pole:
Icepole π 8 in 3 psf Hpole 294.001 lb

MIce.pole Icepole Offset( ) 1.421 ft kips

Total Moment from Dead Load: MIce MIce.lum MIce.arm MIce.pole 0.962 ft kips
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind  1

133%


MDC MIce
Mwind

2










1

133%




















1.353

8.401

5.432









ft kips

Governing Pole Load max Mdesign'  8.401 ft kips

Pole location requires special transverse support beam.

Combine governing pole load with governing design forces for transverse beam:
(Wind combinations STR III and V)

MSTR3 1.25 wDC.Railing Lnew.canti 1.5in  wDC.slab slabspan
Lnew.canti 2

2










1.25 wDC.slab slabspan 
Lnew.span 2

8








1.4 Mwind

 23.455 ft kips

MSTR5 1.25 wDC.Railing Lnew.canti 1.5in  wDC.slab slabspan
Lnew.canti 2

2










1.35 wLL slabspan
Lnew.canti

2

2








 1.25 wDC.slab slabspan 1.75 wLL slabspan 
Lnew.span 2

8












0.4 Mwind





MSTR5 27.388 ft kips

Mlum.support max MSTR3 MSTR5  27.388 ft kips
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  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Connect pole to square tube:
Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-12) may be used for the development of AASHTO capacities.

HSS 6x10x3/16 ~ Fy=46ksi ~ φ = 0.90: Mn.Ω.AISC 31.7kip ft

Mn.Ω.AASHTO.HSS6x10x3
1.0

0.9
Mn.Ω.AISC 35.2 kip ft

Mlum.support

Mn.Ω.AASHTO.HSS6x10x3
0.778

CheckC.D Mn.Ω.AASHTO.HSS6x10x3 Mlum.support  "SATISFACTORY"
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  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 Shear on Anchors

PINNED reaction on cast in anchors (Unbalanced live load condition)
Space anchors at 10" on center

Dead load reaction from luminaire results in an uplift
reaction which reduces the demand on the connection.
Reaction is neglected.

VDC Rbarrier.DC 0.711 kips

VLL wLL slabspan
Lnew.span

2
 2.297 kips MDC

Lnew.span
0.221 kips

Vwind

Mwind

Lnew.span
1.603 kips

distanchor2compr 3in
Distance from Anchor centerline to Center of compression block (assume 1" block)

Shear Resistence of a single bolt (6.13.2.7)

Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"
ASTM "A325"

Nominal Bolt Diameter: d
5

8
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.31 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 1

Rn.shear 0.38 Ab Fub Ns Rn.shear 14 kips
Where threads are included from the shear plane:

Bearing Resistance at Bolt Holes (6.13.2.9) For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.375in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 58ksi

Rn.holes 2.4 d t Fu Rn.holes 32.6 kips

Strength Resistance minimum of bolt shear and bearing Rn min Rn.shear Rn.holes  13.99 kips

φ 0.80 For A325 and A490 Bolts in Shear and Tension φ Rn 11.192 kips

1.25 VDC 1.75 VLL

4 φ Rn 
0.11 CheckC.D φ Rn 1.25 VDC 1.75 VLL  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Anchor Bolt Design - ACI 318-08 D.4
If post installed anchors are designed for seismic loads then the following criteria must be satisfied (D3.3)
D.3.3.2 - Post installed anchors shall be qualified for use in cracked concrete
D.3.3.3 - Concrete failure modes shall have an additional 0.75 reduction factor
D.3.3.4 - Anchors shall be designed to be governed by ductile steel
D.3.3.6 - Alternative to using a ductile steel element, it is permitted to use a concrete failure mode using an additional 0.4 
                reduction beyond what is specified in D.3.3.3 

General:
Number of anchors in tension: nt 2 Number of anchors in shear: nv 2

Headed Anchor or hooked anchor Headedyes.no "yes" Hookedyes.no "no"

Anchor pattern:
Center to Center distance for outermost Anchors-

s1 0in  Longitudinal Direction Number of bolts in line: NL 1

Limiting concrete dimensions (a1 = Positive Load Breakout Side)

ca1 4in cb1 4in

s2 10in
 Transverse Direction Number of bolts in line: NT 4

Limiting concrete dimensions (a2 = Positive Load Breakout Side)

ca2 999in cb2 999in
 F1554 GR 55 Data

 

Depth of concrete member: ha 6in

Diameter of anchor bolt: da 0.625in

Specify "Area of Head"

set other length to 0

Area of Head: Abrg 1in
2

Hook Length:
3da<eh<4.5da

eh 0

Section area of anchor bolt:

Ase.N 0.226in
2 Ase.V π

da
2

4
 0.307 in

2

Nominal Tensile Stress of Fasteners and Threaded
parts (AISC Table 2-5) & F1554 values:

A307 "no" A325 "no" A490 "no" Specified 0

F1554G36 "yes" F1554G55 "no" F1554G105 "no"

futa 58 ksi

hef 4in
Embedment depth of anchor:

Concrete strength: f'c 4ksi
"shall not exceed 10,000 psi for
cast-in anchors, and 8,000 psi for
post-installed anchors"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 6 10ft Design.xmcd - p42

 
1/18/2013

Page 231



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Loads "The design strength of anchors shall equal or exceed the largest required strength
calculated from the applicable load combinations in 9.2 or C9.2" (D.3.2)

 Tension Use Negative Values for Compression Forces
Dead Loads: DT 0kips Wind Loads: WT 0kips Live Loads: LT 0kips

LC1T 1.4 DT  LC1T 0 kips

LC2T 1.25 DT  1.75 LT  <-- INCREASED TO AASHTO STR I LC2T 0 kips

LC3T 1.2 DT max LT 0.8 WT  LC3T 0 kips

LC4T 1.2 DT 1.6 WT LT <-- EXCEEDS TO AASHTO STR III LC4T 0 kips

LC5T 1.25 DT 1.35 LT 0.4 WT <-- ALTERED TO AASHTO STR V LC5T 0 kips

LC6T 0.9 DT 1.6 WT LC6T 0 kips

LC7T 0.9 DT LC7T 0 kips

 Shear - Transverse
Dead Loads: DV.tr 0kips Wind Loads: WV.tr 0kips Live Loads: LV.tr 0kips

LC1V.tr 1.4 DV.tr  LC1V.tr 0 kips

LC2V.tr 1.25 DV.tr  1.75 LV.tr  <-- INCREASED TO AASHTO STR I LC2V.tr 0 kips

LC3V.tr 1.2 DV.tr max LV.tr 0.8 WV.tr  LC3V.tr 0 kips

LC4V.tr 1.2 DV.tr 1.6 WV.tr LV.tr <-- EXCEEDS TO AASHTO STR III LC4V.tr 0 kips

LC5V.tr 1.25 DV.tr 1.35 LV.tr 0.4 WV.tr <-- ALTERED TO AASHTO STR V LC5V.tr 0 kips

LC6V.tr 0.9 DV.tr 1.6 WV.tr LC6V.tr 0 kips

LC7V.tr 0.9 DV.tr LC7V.tr 0 kips

 Shear - Longitudinal
Dead Loads: DV.lo VDC Wind Loads: WV.lo Vwind Live Loads: LV.lo VLL

LC1V.lo 1.4 DV.lo  LC1V.lo 0.995 kips

LC2V.lo 1.25 DV.lo  1.75 LV.lo  <-- INCREASED TO AASHTO STR I LC2V.lo 4.909 kips

LC3V.lo 1.2 DV.lo max LV.lo 0.8 WV.lo  LC3V.lo 3.15 kips

LC4V.lo 1.2 DV.lo 1.6 WV.lo LV.lo <-- EXCEEDS TO AASHTO STR III LC4V.lo 5.715 kips

LC5V.lo 1.25 DV.lo 1.35 LV.lo 0.4 WV.lo <-- ALTERED TO AASHTO STR V LC5V.lo 4.631 kips

LC6V.lo 0.9 DV.lo 1.6 WV.lo LC6V.lo 3.205 kips

LC7V.lo 0.9 DV.lo LC7V.lo 0.64 kips
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 (a) steel strength of anchor in tension (D.5.1)

Nominal steel strength of Anchor in tension:

Nsa nt Ase.N futa Nsa 26.216 kips

 (b) steel strength of anchor in shear (D.6.1)

For cast-in headed bolt and hooked bolt anchors:

Vs nv 0.6 Ase.V futa Vs 21.353 kips

 (c) concrete breakout strength of anchor in tension (D.5.2)

Ncbg

AN

ANo
Ψ1 Ψ2 Ψ3 Nb=

The projected area of the failure surface of a single anchor remote from edges:

ANco 9 hef
2 ANco 144 in

2

The basic concrete breakout strength of a single anchor in tension in cracked concrete

for cast-in anchors k = 24, for post installed anchors k = 17

Castyes.no "yes" Postyes.no "no"

kc 24

Nb kc

f'c

psi


hef

in









1.5

 lb( ) Nb 12.143 kips

Projected area of the failure surface for a group of anchors:

1.5 hef 6 in
ANc Projected area of the failure surface for the group of anchors

inside1 if
s1

NL 1
2 1.5 hef 1.5 hef 2 NL 1  s1







0 in

inside2 if
s2

NT 1
2 1.5 hef 1.5 hef 2 NT 1  s2







10 in

proj1A min 1.5 hef ca1  proj1A 4 in

proj1B min 1.5 hef cb1  proj1B 4 in proj1A inside1 proj1B 8 in

proj2A min 1.5 hef ca2  proj2A 6 in

proj2B min 1.5 hef cb2  proj2B 6 in proj2A inside2 proj2B 22 in

ANc proj1A s1 proj1B  proj2A s2 proj2B 
nt

nv
 ANc 176 in

2
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

The modification factor for eccentrically loaded anchor groups (D.5.2.4):

Ψec.N
1

1
2 e'N

3 hef


1= D.5.2.4  Eccentricity of normal force on a group of anchors:  
"If the loading on an anchor group is such that only some anchors are in tension, only those
anchors that are in tension shall be considered."
"Where eccentric loading exists about two axes, the modification factor shall be computed for each
axis individually and the product of the factors used"

e'N 0

Ψec.N min
1

1
2 e'N

3 hef


1










Ψec.N 1

D.5.2.5 Modification factor for edge effects:

Ψed.N 1= cmin 1.5hefif Ψed.N 0.7
0.3 cmin

1.5 hef








= cmin 1.5hefif

cmin min ca1 ca2 cb1 cb2  cmin 4 in

Ψed.N if cmin 1.5hef 1 0.7
0.3 cmin

1.5 hef








 Ψed.N 0.9

D.5.2.6 When an anchor is located in a region of a concrete member where analysis indicates no cracking at service load levels
the following modification factor shall be permitted.

Ψc.N 1= for cracking in service

Otherwise Ψc.N 1.25= if anchors are cast-in and Ψc.N 1.4= if anchors are post installed

Castyes.no "yes" Postyes.no "no"

Crackingyes.no "yes"
Cracking in service?

Ψc.N 1

The modification factor for post-installed anchors designed for uncracked concrete(D.5.2.7):

cac 2.5 hef for undercut anchors (D.8.6)

cac 10 in

If c.ac is less than or equal to the smallest edge distance, the factor = 1
otherwise take maximum of the following equations

min ca1 ca2 
cac

0.4
1.5 hef

cac
0.6

Ψcp.N if yesno Postyes.no  0= yesno Crackingyes.no  1= 1 if cac min ca1 ca2  1.0 max
min ca1 ca2 

cac

1.5 hef

cac




























1
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Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

ANc 176 in
2 Ψec.N 1 Nb 12.143 kips

Ncbg

ANc

ANco
Ψec.N Ψed.N Ψc.N Ψcp.N Nb ANco 144 in

2 Ψed.N 0.9 Ψcp.N 1

Ncbg 13.357 kips Ψc.N 1

 (d) concrete breakout strength of anchor in shear (D.6.2)

Vcb

AV.c

AVco
Ψed.V Ψc.V Ψh.V Vb=

 Is the concrete Normal weight or Light weight?

NormalWeight "yes" Lightweight "no"

λ 1

Longitudinal Shear Capacity:

Projected area of the failure surface on the side of the
concrete member at its edge for a single anchor or a group of
anchors. The depth of this failure surface is permitted to be
the smaller of 1.5 x c1 or the full depth of the member

Where anchors are influenced by three or more edges, the
value of c.a1 used shall not exceed the greatest  of c.a2/1.5 in
either direction, h.a/1.5; and one third of the maximum
spacing between anchors within the group. (D.6.2.4)

If hairpins are provided to prevent concrete breakout, 
Seperate analysis must be conducted to determine 
the adequacy of the reinforcing.

 Depth Check Case 1

ha 6 in 1.5 ca1 6 in

min ha 1.5 ca1  6 in
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 Breakout Width Case 1

ca2 999 in s2 10 in cb2 999 in

min ca2 1.5 ca1  6 in min s2 2 1.5 ca1  NT 1   10 in min cb2 1.5 ca1  6 in

Edge2 if ca2 1.5 ca1 "yes" "no"  "no" Edge3 if cb2 1.5 ca1 "yes" "no"  "no"

Edges "Anchors influenced by less than 3 edges"

Avc.case1 132 in
2

 Depth Check Case 2

ha 6 in 1.5 ca1 s1  6 in

min ha 1.5 ca1 s1   6 in

 Breakout Width Case 2

ca2 999 in s2 10 in cb2 999 in

min ca2 1.5 ca1 s1   6 in min s2 2 1.5 ca1 s1   NT 1   10 in min cb2 1.5 ca1 s1   6 in

Edge2 if ca2 1.5 ca1 s1  "yes" "no"  "no" Edge3 if cb2 1.5 ca1 s1  "yes" "no"  "no"

Edges "Anchors influenced by less than 3 edges"

Avc.case2 132 in
2

c.a1 with possible change for 3 edge effects

ca1 4 in

ca1'.case1 if Edge2 "yes"= Edge3 "yes"=  min ca1 max
ca2

1.5

cb2

1.5


ha

1.5


s2

NT 1  3















 ca1








ca1'.case2 if Edge2 "yes"= Edge3 "yes"=  min ca1 max
ca2

1.5

cb2

1.5


ha

1.5


s2

NT 1  3















 ca1 s1








ca1'.case1 4 in

ca1'.case2 4 in

D.6.2.5 The modification factor for eccentrically loaded anchor groups

Ψec.V
1

1
2 e'v

3 ca1


1=

 Eccentricity e'v 0

Ψec.V.case1 min
1

1
2 e'v

3 ca1'.case1


1









 Ψec.V.case1 1

Ψec.V.case2 min
1

1
2 e'v

3 ca1'.case2


1










Ψec.V.case2 1
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Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

D.6.2.6 The modification factor for edge effect

Ψed.V 1= ca2 1.5 ca1'if Ψed.V 0.7
0.3 ca2

1.5 ca1'








= ca2 1.5heif

Ψed.V.case1 if ca2 1.5 ca1'.case1 1 0.7
0.3 ca2

1.5 ca1'.case1








 Ψed.V.case1 1

Ψed.V.case2 if ca2 1.5 ca1'.case2 1 0.7
0.3 ca2

1.5 ca1'.case2








 Ψed.V.case2 1

D.6.2.7 Anchors located in a region of a concrete member where analysis indicates no cracking at service loads, the following
modification factor shall be used.

Crackingyes.no "yes"
Ψc.V 1.4= where no cracking occurs in service

Otherwise Ψc.V 1.0= if anchors are cast in concrete without supplementary reinforcement or edge reinforcement smaller
than a No 4 bar.

Ψc.V 1.2= if anchors are cast in concrete with edge reinforcement of at least a No 4 bar.

if anchors are cast in concrete with edge reinforcement of at least a No 4 bar and with stirrups spaced
at not more than 4"Ψc.V 1.4=

Is Anchor reinforced by at least #4 bars? Reinfwith.no4 "yes"

Is anchor enclosed by stirrups at 4" maximum spacing? Stirrups4inch.spa.max "no"

Are Haripins provided to prevent Concrete Breakout? HairpinsLong.yesno "no"
Ψc.V 1.2

AVco.loLoad.case1 4.5 ca1'.case1
2 AVco.loLoad.case1 72 in

2

AVco.loLoad.case2 4.5 ca1'.case2
2 AVco.loLoad.case2 72 in

2

D.6.2.8 The modification factor for anchors located in a concrete member where h.a<1.5*c.a1

ha 6 in ca1'.case1 4 in ca1'.case2 4 in

Ψh.V.case1 max if ha 1.5 ca1'.case1
1.5 ca1'.case1

ha
 1









1








1

Ψh.V.case2 max if ha 1.5 ca1'.case2
1.5 ca1'.case2

ha
 1









1








1

The basic concrete breakout strength V.b in shear of a single anchor in cracked concrete shall not exceed (D6.2.2):

Vb 7
le

da







0.2

 da








λ f'c ca1 1.5=

Load bearing length of anchor for shear (for anchors with constant stiffness)

le hef le 4 in da 0.625 in

Vb.case1 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca1'.case1
1

in













1.5

 lb( ) Vb.case1 4.059 kips

Vb.case2 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca1'.case2
1

in













1.5

 lb( ) Vb.case2 4.059 kips
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Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Avc.case1 132 in
2 Ψec.V.case1 1 Ψc.V 1.2

AVco.loLoad.case1 72 in
2 Ψed.V.case1 1 Ψh.V.case1 1

Vcbg.Long.case1

Avc.case1

AVco.loLoad.case1
Ψec.V.case1 Ψed.V.case1 Ψc.V Ψh.V.case1 Vb.case1

Vcbg.Long.case1 8.929 kips

Avc.case2 132 in
2 Ψec.V.case2 1 Ψc.V 1.2

AVco.loLoad.case2 72 in
2 Ψed.V.case2 1 Ψh.V.case2 1

Vcbg.Long.case2

Avc.case2

AVco.loLoad.case2
Ψec.V.case2 Ψed.V.case2 Ψc.V Ψh.V.case2 Vb.case2

Vcbg.Long.case2 8.929 kips

Transverse Shear Capacity:

Projected area of the failure surface on the side of the
concrete member at its edge for a single anchor or a group of
anchors. The depth of this failure surface is permitted to be
the smaller of 1.5 x c1 or the full depth of the member

Where anchors are influenced by three or more edges, the
value of c.a1 used shall not exceed the greatest  of c.a2/1.5 in
either direction, h.a/1.5; and one third of the maximum
spacing between anchors within the group. (D.6.2.4)

If hairpins are provided to prevent concrete breakout, 
Seperate analysis must be conducted to determine 
the adequacy of the reinforcing.

 Depth Check Case 1

ha 6 in 1.5 ca2 1.498 10
3 in

min ha 1.5 ca2  6 in
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 Breakout Width Case 1

ca1 4 in s1 0 in cb1 4 in

min ca1 1.5 ca2  4 in min s1 2 1.5 ca2  NL 1   0 in min cb1 1.5 ca2  4 in

Edge2 if ca1 1.5 ca2 "yes" "no"  "yes" Edge3 if cb1 1.5 ca2 "yes" "no"  "yes"

Edges "Anchors influenced by 3 edges"

Avc.case1 48 in
2

 Depth Check Case 2

ha 6 in 1.5 ca2 s2  1.513 10
3 in

min ha 1.5 ca2 s2   6 in

 Breakout Width Case 2

ca1 4 in s1 0 in cb1 4 in

min ca1 1.5 ca2 s2   4 in min s1 2 1.5 ca2 s2   NT 1   0 in min cb1 1.5 ca2 s2   4 in

Edge2 if ca1 1.5 ca2 s2  "yes" "no"  "yes" Edge3 if cb1 1.5 ca2 s2  "yes" "no"  "yes"

Edges "Anchors influenced by 3 edges"

Avc.case2 48 in
2

c.a2 with possible change for 3 edge effects

ca2 999 in

ca2'.case1 if Edge2 "yes"= Edge3 "yes"=  min ca2 max
ca1

1.5

cb1

1.5


ha

1.5


s1

NL 1  3















 ca2








ca2'.case2 if Edge2 "yes"= Edge3 "yes"=  min ca2 max
ca1

1.5

cb1

1.5


ha

1.5


s1

NL 1  3















 ca2 s2








ca2'.case1 4 in

ca2'.case2 4 in

D.6.2.5 The modification factor for eccentrically loaded anchor groups

Ψec.V
1

1
2 e'v

3 ca2


1=

 Eccentricity e'v 0

Ψec.V.case1 min
1

1
2 e'v

3 ca2'.case1


1










Ψec.V.case1 1

Ψec.V.case2 min
1

1
2 e'v

3 ca2'.case2


1










Ψec.V.case2 1
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D.6.2.6 The modification factor for edge effect

Ψed.V 1= ca1 1.5 ca2'if Ψed.V 0.7
0.3 ca1

1.5 ca2'








= ca1 1.5heif

Ψed.V.case1 if ca1 1.5 ca2'.case1 1 0.7
0.3 ca1

1.5 ca2'.case1








 Ψed.V.case1 0.9

Ψed.V.case2 if ca1 1.5 ca2'.case2 1 0.7
0.3 ca1

1.5 ca2'.case2








 Ψed.V.case2 0.9

D.6.2.7 Anchors located in a region of a concrete member where analysis indicates no cracking at service loads, the following
modification factor shall be used.

Crackingyes.no "yes"
Ψc.V 1.4= where no cracking occurs in service

Otherwise Ψc.V 1.0= if anchors are cast in concrete without supplementary reinforcement or edge reinforcement smaller
than a No 4 bar.

Ψc.V 1.2= if anchors are cast in concrete with edge reinforcement of at least a No 4 bar.

if anchors are cast in concrete with edge reinforcement of at least a No 4 bar and with stirrups spaced
at not more than 4"Ψc.V 1.4=

Is Anchor reinforced by at least #4 bars? Reinfwith.no4 "yes"

Is anchor enclosed by stirrups at 4" maximum spacing? Stirrups4inch.spa.max "no"

Are Haripins provided to prevent Concrete Breakout? HairpinsTrans.yesno "no"
Ψc.V 1.2

AVco.trLoad.case1 4.5 ca2'.case1
2 AVco.trLoad.case1 72 in

2

AVco.trLoad.case2 4.5 ca2'.case2
2 AVco.trLoad.case2 72 in

2

D.6.2.8 The modification factor for anchors located in a concrete member where h.a<1.5*c.a1

ha 6 in ca2'.case1 4 in ca2'.case2 4 in

Ψh.V.case1 max if ha 1.5 ca2'.case1
1.5 ca2'.case1

ha
 1









1








1

Ψh.V.case2 max if ha 1.5 ca2'.case2
1.5 ca2'.case2

ha
 1









1








1

The basic concrete breakout strength V.b in shear of a single anchor in cracked concrete shall not exceed (D6.2.2):

Vb 7
le

da







0.2

 da








λ f'c ca2 1.5=

Load bearing length of anchor for shear (for anchors with constant stiffness)

le hef le 4 in da 0.625 in

Vb.case1 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca2'.case1
1

in













1.5

 lb( ) Vb.case1 4.059 kips

Vb.case2 7
le

da







0.2

 da
1

in







 λ f'c
1

psi







 ca2'.case2
1

in













1.5

 lb( ) Vb.case2 4.059 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Avc.case1 48 in
2 Ψec.V.case1 1 Ψc.V 1.2

AVco.trLoad.case1 72 in
2 Ψed.V.case1 0.9 Ψh.V.case1 1

Vcbg.Trans.case1

Avc.case1

AVco.trLoad.case1
Ψec.V.case1 Ψed.V.case1 Ψc.V Ψh.V.case1 Vb.case1

Vcbg.Trans.case1 2.922 kips

Avc.case2 48 in
2 Ψec.V.case2 1 Ψc.V 1.2

AVco.trLoad.case2 72 in
2 Ψed.V.case2 0.9 Ψh.V.case2 1

Vcbg.Trans.case2

Avc.case2

AVco.trLoad.case2
Ψec.V.case2 Ψed.V.case2 Ψc.V Ψh.V.case2 Vb.case2

Vcbg.Trans.case2 2.922 kips

 (e) pullout strength of anchor in tension (D.5.3)

Npn Ψc.P Np=

Headedyes.no "yes" Hookedyes.no "no"

D.5.3.4 The pullout strength in tension of a single headed stud or headed bolt shall not exceed:

Np Abrg 8 f'c= Abrg 8 f'c 32 kips

D.5.3.5 The pullout strength in tension of a single hooked bolt shall not exceed:

Np 0.9 f'c eh da= 0.9 f'c eh da 0 kips

Np yesno Headedyes.no  Abrg 8 f'c  yesno Hookedyes.no  0.9 f'c eh da  Np 32 kips

D.5.3.6 For an anchor located in a region of a concrete member where analysis indicates no cracking at service load levels

Ψc.P 1.4= where no cracking is expected under service load

Ψc.P 1.0= when cracking is expected

Crackingyes.no "yes" Ψc.P 1

Npn Ψc.P Np Npn 32 kips

Npng nt Npn Npng 64 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

 (f) concrete side-face blowout strength of anchor in tension (D.5.4)

For a single headed anchor with deep embedment close to an edge.  

Applicable for : hef 2.5 min ca1 ca2 

hef 4 in 2.5 min ca1 ca2  10 in λ 1

D.5.4.1 For a Single headed anchor with deep embedment close to an edge:

if c.a2 for the single headed anchor is less than 3.ca1, the value N.sb shall be factored by:

Nsb if hef 2.5 min ca1 ca2  160
min ca1 ca2 

in


Abrg

in
2

 λ
f'c

psi
 lb( )









 1 10
10 kips









 Nsb 1 10
10 kips

ψmultiside.blowout if max ca1 ca2  3 min ca1 ca2  1 max min
max ca1 ca2 
min ca1 ca2 

3






1













1

4
 1







1

Nsb' ψmultiside.blowout Nsb 1 10
10 kips yesno Hookedyes.no  Nsb' 1 10

10 kips

D.5.4.2 For multiple headed anchors with deep embedment close to an edge, and spacing less than 6c

Nsbg 1
sedge

6 min ca1 ca2 








Nsb=

Spacing of outer anchors along the edge in the group sedge s1 sedge 0 in

Nsbg 1
sedge

6 min ca1 ca2 








Nsb Nsbg 1 10
10 kips

Nsb'.g' Nsbg kips yesno Hookedyes.no   nt 1  Nsb' nt 1= 

Nsb'.g' 1 10
10 kips

 (g) concrete pryout strength of anchor in shear (D.6.3)
The nominal pryout strength shall not exceed:

Vcp kcp Ncbg=

kcp 1.0= for hef 2.5in hef 4 in

kcp 2.0= for hef 2.5in

kcp if hef 2.5in 1.0 2.0  kcp 2

D.5.2.1 The Nominal Concrete breakout strength of an anchor in tension

Ncbg 13.357 kips

Ncbg 13.357 kips

Vcpg kcp Ncbg Vcpg 26.715 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Summary Reinfwith.no4 "yes"   Seismic Restrictions Apply? 
LC1T 0 kips

Stirrups4inch.spa.max "no" SeismicRestrictions "no"
LC2T 0 kips

Tension 
  Force Seismic Concrete? (severe reduction) LC3T 0 kips

(a) steel strength of anchor in tension (D.5.1) SeismicConcrete "no" LC4T 0 kips

LC5T 0 kips
Nsa 26.216 kips Seismicinput "ok"

LC6T 0 kips

(c) concrete breakout strength of anchor in tension (D.5.2) LC7T 0 kips

Ncbg 13.357 kips

(e) pullout strength of anchor in tension (D.5.3)

Npng 64 kips

(f) concrete side-face blowout strength of anchor in tension (D.5.4)

Nsb'.g' 1 10
10 kips

GovernTension "Governed by Concrete"

Strength Reduction factor assuming anchor has low sensitivity to installation and has high reliability

ϕT 0.7

ϕPn ϕT min Nsa 1 999 yesno SeismicConcrete   Ncbg Npng Nsb'.g' 

ϕPn 9.35 kips

LC1T

ϕPn
0

LC2T

ϕPn
0

LC3T

ϕPn
0

LC4T

ϕPn
0

LC5T

ϕPn
0

LC6T

ϕPn
0

LC7T

ϕPn
0
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Shear 
 Transverse  Longitudinal

(b) steel strength of anchor in shear (D.6.1)

Vs 21.353 kips
LC1V.tr 0 kips LC1V.lo 0.995 kips

LC2V.tr 0 kips LC2V.lo 4.909 kips

LC3V.tr 0 kips LC3V.lo 3.15 kips

LC4V.tr 0 kips LC4V.lo 5.715 kips

LC5V.tr 0 kips LC5V.lo 4.631 kips

(d) concrete breakout strength of anchor in shear (D.6.2) LC6V.tr 0 kips LC6V.lo 3.205 kips

Vcbg.Long.case1 8.929 kips Vcbg.Trans.case1 2.922 kips LC7V.tr 0 kips LC7V.lo 0.64 kips

Vcbg.Long.case2 8.929 kips Vcbg.Trans.case2 2.922 kips

(g) concrete pryout strength of anchor in shear (D.6.3)

Vcpg 26.715 kips

GovernLong.case "Cases are identical" GovernTrans.case "Cases are identical"

GovernLong.Shear "Governed by Concrete" GovernTrans.Shear "Governed by Concrete"

ϕV.Long 0.75 ϕV.Trans 0.75

 Transverse

ϕVntr ϕV.Trans V min Vs 1 999 yesno SeismicConcrete   Vcbg.Trans.case1 Vcpg 

V min Vs 1 999 yesno SeismicConcrete   Vcbg.Trans.case2 Vcpg  GovernTrans.case "Governed by=if



ϕVntr 2.192 kips

LC1V.tr

ϕVntr
0

LC2V.tr

ϕVntr
0

LC3V.tr

ϕVntr
0

LC4V.tr

ϕVntr
0

LC5V.tr

ϕVntr
0

LC6V.tr

ϕVntr
0

LC7V.tr

ϕVntr
0

 Longitudinal

ϕVnlo ϕV.Long V min Vs 1 999 yesno SeismicConcrete   Vcbg.Long.case1 Vcpg 

V min Vs 1 999 yesno SeismicConcrete   Vcbg.Long.case2 Vcpg  GovernLong.case "Governed by=if



ϕVnlo 6.697 kips

LC1V.lo

ϕVnlo
0.149

LC2V.lo

ϕVnlo
0.733

LC3V.lo

ϕVnlo
0.47

LC4V.lo

ϕVnlo
0.853

LC5V.lo

ϕVnlo
0.692

LC6V.lo

ϕVnlo
0.479

LC7V.lo

ϕVnlo
0.096
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Combine Tension and Shear: (D.7)
D.7.1 - if Vua 0.2 φ Vn  then full strength in tension shall be permitted

D.7.2 - if Nua 0.2 φ Nn  then full strength in shear shall be permitted

D.7.3 - otherwise 
Nua

φNn

Vua

φVn
 1.2

Combined Stress Ratio less than 1.0 is Satisfactory

 Transverse Combination:  Longitudinal Combination:

CSRT1

LC1T

ϕPn









LC1T

ϕPn
0.2










LC1V.tr

ϕVntr

LC1V.tr

ϕVntr
0.2









1 0.2
LC1T

ϕPn
0.2










LC1V.tr

ϕVntr
0.2









0

CSRL1

LC1T

ϕPn









LC1T

ϕPn
0.2










LC1V.lo

ϕVnlo

LC1V.lo

ϕVnlo
0.2









1 0.2
LC1T

ϕPn
0.2










LC1V.lo

ϕVnlo
0.2









0

CSRT2 0 CSRL2 0.733

CSRT3 0 CSRL3 0.47

CSRT4 0 CSRL4 0.853

CSRT5 0 CSRL5 0.692

CSRT6 0 CSRL6 0.479

CSRT7 0 CSRL7 0

Seismicrestrictions "D.3.3 seismic restrictions do not apply"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Design Abutment Extension Reinforcing Es 29000ksi f'c 4ksi Fy 60ksi

Bar size (US number): barno 7 dno
barno

0.875 in diamdeform
barno

1 in Ano
barno

0.6 in
2

clear 1.5in dno
barno

0.5 1.063 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft 2in Bars per Layer: nbars 3
Width of member spacing

wmem

nbars
4.667 in

hmem 36in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 1.8 in

2 clearspacing 3.667 in

Mdes 1.25 DCreaction 1.75 LLreaction  40 in 210.086 ft kips
Design Moment:

Mservice DCreaction LLreaction  40 in 139.176 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 34.5 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 1.75 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 1.388 in

2

Check compression for full yielding of actual steel Mdes 210.086 kip ft

a
As Fy

0.85 f'c
 a 2.269 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 270.261 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
128.6 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 3  barno 7  

 in fulllayers 1 (total bars n 3 )

 spaced at spacing 4.667 in
 wmem 1.167 ft   x hmem 3 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 2.592 10

3
in

3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 159.84
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 223.776 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 6 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









7.276 in

Moment Arm: arm d
x

3
 32.075 in

Service Steel Tension: T
Mservice

arm
52.07 kips

Stress in the steel at
service limit state

fs
T

As wmem
28.928 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.063 in

βs 1
dc

0.7 hmem dc 
 1.043

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 15.268 in

spacing 1 bundles( ) 4.667 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

BALLARD - 10FT - SEGMENT 7 γc 155pcf
New construction

Walkway will be supported along outside edge and connect to the new barrier
New slab will be designed as PIN-PIN for positive moments, and PIN-FIX for the negative moment connection to the barrier

Thickness of New Slab: t 4in

wDC t γc 51.7 psf

wLL 75psf

 PIN-PIN  PIN-FIX

M7DC.pos

wDC 10ft( )
2

8
645.8

ft lb

ft
 M7DC.neg

wDC 10ft( )
2

8
645.8

ft lb

ft


M7LL.pos

wLL 10ft( )
2

8
937.5

ft lb

ft
 M7LL.neg

wLL 10ft( )
2

8
937.5

ft lb

ft


Positive and Negative moments are the same.  Slab design shall have a symmetric capacity.

Service Moment:

Mserv.slab M7DC.pos M7LL.pos 1.583
kip ft

ft


Factored Moment:

Mfact.slab 1.25 M7DC.pos 1.75 M7LL.pos 2.448
kip ft

ft

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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Es 29000ksi f'c 4ksi Fy 60ksi
Design New slab for Maximum Positive Moment
Bar size (US number): barno 4

dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in

dno
barno

2
 1.75 in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft Bars per Layer: nbars 3
Width of member spacing

wmem

nbars
4 in

hmem 4in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.6 in

2 clearspacing 3.438 in

Mdes Mfact.slab wmem 2.448 ft kips
Design Moment:

Mservice Mserv.slab wmem 1.583 ft kips
Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 2 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.451 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.307 in

2

Check compression for full yielding of actual steel Mdes 2.448 kip ft

a
As Fy

0.85 f'c
 a 0.882 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 4.209 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
171.9 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 3  barno 4  

 in fulllayers 1 (total bars n 3 )

 spaced at spacing 4 in
 wmem 1 ft   x hmem 0.333 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 740 psi

S
hmem

2

6
 S 32

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 1.973
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 2.368 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









0.909 in

Moment Arm: arm d
x

3
 1.697 in

Service Steel Tension: T
Mservice

arm
11.195 kips

Stress in the steel at
service limit state

fs
T

As wmem
18.659 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 1.75 in

βs 1
dc

0.7 hmem dc 
 2.111

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 9.828 in spacing 1 bundles( ) 4 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"

Shear Strength Provided by Concrete (LRFD 5.8.3.3)
ϕv 0.9

Vu 1.25
wDC 10 ft

4









 1.75
wLL 10 ft

4


















wmem 0.49 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 2.457 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 7 10ft Design.xmcd - p3

 
1/18/2013

Page 250



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Load to Edge Beam (PIN-PIN)

Dead Load of Slab 
R7DC.Slab wDC

10ft

2
6in





 284.2 plf

Dead Load of 54 inch Bicycle Railing: R7DC.Railing 36.6plf

Live Load Reaction R7LL wLL
10ft

2
 375.0 plf

Ledge 18ft
Edge Beam Length = 18ft 0in max (REF SHT 59)

V7edge 1.25 R7DC.Slab R7DC.Railing  1.75 R7LL 1.057 10
3 plf

Edge beam is designed as PIN-FIX
due to deflection criteria:

M7edge

1.25 R7DC.Slab R7DC.Railing  1.75 R7LL  Ledge
2

8
42.8 ft kips

Square or Rectangular HSS Bending
For square and rectangular HSS bent about either axis, the nominal flexural resistance shall be taken as the smallest value
based on yielding, flange local buckling or web local buckling, as applicable

AASHTO Equations all match AISC 13th Edition Equations for HSS Flexure. 
However the reduction factor in AASHTO is 1.0 vs the 0.9 factor in AISC.

 Yielding Limit (AASHTO 6.12.2.2.2-2 matches AISC EQ F7-1) Mn Mp= Fy Z=

 Flange Compact Criteria Buckling Limit 
 ( AASHTO 6.12.2.2.2-5&6 matches AISC Table B4.1) λpf 1.12

E

Fy
= λrf 1.40

E

Fy
=

 Flange Local Buckling Limit For Compact Flanges
 (AASHTO 6.12.2.2.2-3 matches AISC EQ F7-2) Mn Mp Mp Fy S  3.57

bf

tf


Fy

E
 4.0









 Mp=

 Flange Local Buckling Limit for Non-Compact Flanges
 (AASHTO 6.12.2.2.2-4 matches AISC EQ F7-3) Mn Fy Seff=

 Effective width of compression flange
 (AASHTO 6.12.2.2.2-7 matches AISC EQ F7-4) be 1.92 tf

E

Fy
 1

0.38

bf

tf







E

Fy














 bf=

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Table 3-13) may be used for the development of AASHTO capacities.

HSS 8x6x3/16 ~ Fy=46ksi ~ φ = 0.90: φMn.AISC 41.4kip ft

φMn.AASHTO.HSS8x6x3
1.0

0.9
φMn.AISC 46.0 kip ft

M7edge

φMn.AASHTO.HSS8x6x3
0.931

CheckC.D φMn.AASHTO.HSS8x6x3 M7edge  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Nominal Resistance of Unstiffened Webs - AASHTO LRFD 6.10.9.2 φv 1.0

"For square and rectangular HSS, the web depth, D, shall be taken as the clear distance between flanges less the inside corner
radius on each side of the area of both webs shall be considered effective in resisting the shear" (6.12.1.2.3b)

Vn Vcr= C Vp=

C = if 
D

tw
1.12

E k 5.0=( )

Fyw
  then  C=1.0 

D 5
7

16
in E 29000ksi Fyw 46ksi

tw
1

8
in

D

tw
43.5 1.12

E 5.0

Fyw
 62.9

C if
D

tw
1.12

E 5.0

Fyw










 1.0 0








1

Vp 0.58 Fyw D tw 18.1 kips
PIN - FIX

φVn φv Vp 18.1 kips Vu
5

8
V7edge Ledge 11.894 kips

CheckC.D φVn Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Edge Beam Load transfers to New Channel Outrigger Truss

Length from face of connected existing girder to face of curb:
(REF SHT 12)

Lex.gird.curb 1ft 6in

Width of new Traffic Barrier: widthbarrier 32in 6in( )
4

21
 8in 15.238 in

Length from face of connected existing girder 
to new vertical tension strut node: Lex.gird.node 3ft

Depth of Truss (min): Depth 2ft

Reaction from edge beam to new channel truss outrigger: Rfact.truss 2 V7edge
5

8
 Ledge 23.8 kips

Rserv.truss 2 R7DC.Slab R7DC.Railing  R7LL 
Ledge

2
 12.5 kips

LDiagonal Lex.gird.curb widthbarrier 10ft 4in
6in

2
 Lex.gird.node





2

Depth( )
2 10.054 ft

Diagonal compression strut:

Diagfact.compr Rfact.truss

LDiagonal

Depth
 119.579 kips

Horizontal Tension Strut (carries tension):

Horizfact.tens

Lex.gird.curb widthbarrier 10ft
6in

2
 Lex.gird.node





LDiagonal
Diagfact.compr 113.225 kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Non-Composite Member - Nominal Compressive Resistance (AASHTO 6.9.4.1)
The nominal compressive resistance shall be taken as the smallest value based on the applicable modes of flexural
buckling, torsional buckling and flecural-torsional buckling as follows:

Doubly Symmetric members:
Flexural buckling shall be applicable.  
Torsional buckling shall also be applicable for open-section members in which the effective torsional unbraced 

   length is larger than the effective leateral unbraced length.

Singly Symmetric members
Flexural buckling shall be applicable.
Flexural-torsional buckling shall also be applicable for open-section members

Unsymmetric members
Only Flexural-torsional buckling shall be applicable for open-section members, except that for single-angle 
 members designed according to the provisions of Article 6.9.4.4, only flexural buckling shall be applicable.
Only flexural buckling shall be applicable for closed-section members.

Eqs. 6.9.4.1.1-1 and 6.9.4.1.1-2 are equivalent to the equations given in AISC (2005) for computing the nominal compressive
resistance. (AASHTO C6.9.4.1.1)

if 
Pe

Po
0.44 , then: Eqn. 6.9.4.1.1-1

Pn 0.658

Po

Pe















 Po=

if 
Pe

Po
0.44 , then: Pn 0.877 Pe= Eqn. 6.9.4.1.1-2

Because the given equations for member capacity are the same between AASHTO and AISC, AISC tabulated values
(Tables in chapter 4) may be used for the development of AASHTO capacities.

Effective length: K 1.0 L LDiagonal 10.054 ft

K L 10.054 ft

HSS 8x4x1/4 ~ Fy=46ksi ~ φ = 0.90:

Lengthtabulated
10ft

11ft









 Capacitytabulated
152kips

142kips











φPn linterp Lengthtabulated Capacitytabulated K L  151.459 kips

Diagfact.compr

φPn
0.79

CheckC.D φPn Diagfact.compr  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Tensile Resistance - AASHTO LRFD (6.8.2.1)

The factored tensile resistance shall be taken as the lesser of gross yielding and net section fracture

Design Tension Load: Horizfact.tens 1.132 10
5 lb φy 0.95 φu 0.80

Steel Properties Fy 46ksi Fu 58ksi

Gross cross section area:
2 C6x8.2

Ag 2 2.39 in
2

Size of holes in member: dholes 2
3

4
in

1

16
in





 1.625 in

t 0.20in
Thickness of penetrated part:

Nominal section area: An Ag dholes t 4.455 in
2

Fracture resistance
reduction factor:

0.9 for holes punched full size
1.0 for holes drilled full size or sub-punched and reamed full sizeRp 0.9

Shear Lag
Reduction factor:

All tension members, except plates, and HSS, where the tension load is
transmitted to some but not all of the cross sectional elements.U 1

xbar

L
=

xbar 0.512in Connection Eccentricity

L 12in Length of Connection

U 1
xbar

L
 0.957

Pr
1

φy Fy Ag 208.886 kips

Pr
2

φu Fu An Rp U 178.103 kips

φPn min Pr  178.103 kips
Horizfact.tens

φPn
0.636

CheckC.D φPn Horizfact.tens  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Shear Resistence of a single bolt (6.13.2.7)
Bolt Type (mark "yes" or "no"): A325 "yes" A490 "No"

ASTM "A325"

Nominal Bolt Diameter: d
3

4
in Area of bolt (corresponding to nominal diameter): Ab

π d
2

4
0.44 in

2
Fub FUB 0ksi

FUB 150ksi ASTM "A490"=if

FUB 120ksi d 1.0inif

FUB 105ksi d 1.0inif

ASTM "A325"=if


Specified minimum tensile strength
of the bolt specified in Article 6.4.3:

Fub 120 ksi

Number of Shear Planes per bolt: Ns 2

Where threads are included from the shear plane: Rn.shear 0.38 Ab Fub Ns Rn.shear 40.3 kips

Bearing Resistance at Bolt Holes (6.13.2.9)
For Standard, Oversize, or Short Slotted Holes 
spaced at not less than 2 x Bolt Diameter

Thickness of the connected material: t 0.20in

Tensile strength of the connected
material specified in Table 6.4.1-1:

Grade 36: Fu 58ksi

Rn.holes 2.4 d t Fu Rn.holes 20.9 kips

Strength Resistance minimum of bolt shear and bearing

Rn min Rn.shear Rn.holes  20.88 kips

φ 0.80 For A325 and A490 Bolts in Shear and Tension

Horizfact.tens
2

Rfact.truss
2

φ Rn
6.926

Provide 7 - 3/4" anchors through the existing concrete cantilever

Design Moment on Existing Cantilever

Mfact.ex Rfact.truss Lex.gird.node 71.362 ft kips

Mserv.ex Rserv.truss Lex.gird.node 37.571 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Check Existing Cantilever Beam for applied moments
Es 29000ksi

Fy 33ksi
f'c 8ksi Rebar Strength in Existing Structure:

Concrete Strength of Existing Structure:

Bar info:
(REF SHT 12)

Area 1.125in
2 dbar Area 1.061 in

Assumed Clear:
(REF SHT 12)

clear 3in

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.65

wmem 8in
Width of member Bars per Layer: nbars 2

spacing
wmem

nbars
4 in

hmem 3ft 3in 3.5in 2.5in( )
Height of member:
(REF SHTS 12)

As
Area

spacing
fulllayers As wmem 2.25 in

2 clearspacing 2.939 in

Mdes Mfact.ex 71.362 ft kips
Design Moment:

Mservice Mserv.ex 37.571 ft kips
Service Moment:

depth to rebar d hmem clear
dbar

2

fulllayers 1

2
max 1 in dbar  dbar 











d 29.47 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.6 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.988 in

2

Check compression for full yielding of actual steel Mdes 71.362 kip ft

a
As Fy

0.85 f'c
 a 1.365 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 160.309 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
224.6 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 4  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 4 in
 wmem 0.667 ft   x hmem 2.75 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.37 f'c ksi( ) Fr 1 10
3 psi

S
hmem

2

6
 S 2.178 10

3
in

3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 189.943
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 151.954 kip ft
Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:

Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 5422 ksi

n
Es

Ec
5.348

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









8.031 in

Moment Arm: arm d
x

3
 26.793 in

Service Steel Tension: T
Mservice

arm
16.828 kips

Stress in the steel at
service limit state

fs
T

As wmem
7.479 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 3 in

βs 1
dc

0.7 hmem dc 
 1.143

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 55.423 in

spacing 1 bundles( ) 4 in

CheckC.D smax spacing 1 bundles( )  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Check Structure for Deflection

Concrete Slab deflection (PIN-PIN - Conservative)

δc
5

384

wLL 10ft( )
4

Ec
4in( )

3

12










 0.049 in

10ft

δc
2.468 10

3 Greater than 500 okay
REF AASHTO LRFD Guide Specifications for Pedestrian Bridges
Section 5

Edge Beam deflection (PIN-FIX)

IHSS8x6x3 43.7in
4

Concrete slab max deflection occurs at slab midspan.  Edge
beam deflection occurs at the edge beam.  Because edge
beam deflection exceeds the slab deflection, the edge beam
governs the maximum deflection.  

δs
1

185

R7LL Ledge 4

Es IHSS8x6x3 
 0.29 in

Greater than 500 okay
REF AASHTO LRFD Guide Specifications for Pedestrian Bridges
Section 5

Ledge

δs 
744.457

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 7 10ft Design.xmcd - p12

 
1/18/2013

Page 259



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Additional dead load to the structure from walkway widening.

Dead Load of Additional Slab: plfslab wDC 10ft 6in( ) 542.5 plf

Dead Load of Railing: plfrailing R7DC.Railing 36.6 plf
LDiagonal 10.054 ft

Dead Load of Edge Beam: plfedge.beam 17.10plf

Dead Load of New Outrigger Extensions:

plfnew.outrigger

18.99plf LDiagonal Lex.gird.node  2 8.2 plf LDiagonal 9in  Depth  
Ledge

25.438 plf

Dead Load of New Traffic Barrier + BP rail: plfbarrier

8in 32in
4

21






8in

2
32 in γc 6.7plf 387.229 plf

Total weight of new work: plfnew plfslab plfrailing plfedge.beam plfnew.outrigger plfbarrier 1.0 klf

Weight of Removals γc.ex 150pcf

Dead Load of Existing Pedestal at 8" cantilever:
(Neglect 12" cantilever due to irregular placement)

Section area (REF SHT 38): Aped 1ft 4in( ) 12 in 4 1.25 in 2 in 1.264 ft
2

Pedestal
weight:

plfpedestal

Aped 3ft 9.5in( ) γc.ex

Ledge
39.9 plf

Dead Load of Existing intermediate Conc Rail: plfconc.rail

1ft 10in( ) 6 in Ledge 1ft 4in( ) 0.5in  γc.ex

Ledge
127 plf

Dead Load of Existing metal rail: (8.15plf top beam REF SHTS 37 & 38)

plfmetal.rail 8.15plf 2 2.5 in
3

8
 in 490 pcf

2
3

4
 in 3 in 4.5in 5in 7.5in( ) 490 pcf

Ledge


12 2.5 in
3

8
in 5 in 490 pcf

Ledge












plfmetal.rail 16.6 plf

Dead Load of Existing Edge Beam: plfex.edge.beam

1ft 9in( ) 6 in Ledge 8in( )  γc.ex

Ledge
126.4 plf

Dead Load of Existing Curb:
(REF SHT 30)

plfcurb 18in 7in
3in

2






 3in 2.5 in





γc.ex 151.563 plf

Total weight of removals: plfrem plfpedestal plfconc.rail plfmetal.rail plfex.edge.beam plfcurb 461.5 plf

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 - Section 7 10ft Design.xmcd - p13

 
1/18/2013

Page 260



  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Total increased weight: plfincrease plfnew plfrem 547.4 plf

Weight of Segment 7 calculated for seismic analysis: Segment7weight 5350kips

Length of Segment 7: Segment7length 287.32ft

Average Per foot weight of Segment 7:
Segment7weight

Segment7length
1.862 10

4 plf

plfincrease

Segment7weight

Segment7length

2.94 %
Percent Increase due to extended sidewalk load: Less than 10% OKAY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Luminaire attachment 

Hgrade.sep 30ft
Approximate Grade Seperation:

Height of Luminaire Pole above deck:
(REF SHT E-6/91/4 : 782-95)

Hmast 30ft 3ft 7in( ) 33.583 ft

Length of Luminaire Mast arm:
(12' max REF WSDOT STD J-28.10-01)

Larm 12ft

AASHTO Std Specs. for Structural Supports for Highway Signs, Luminaires, and Traffic Signals

Wind Pressure Equation (Eq 3-1)

Pz 0.00256 Kz G V
2 Ir Cd= psf( )

Selecting a wind speed of: 90mph V 90mph

 Wind on Luminaire

Hlum Hgrade.sep Hmast 63.583 ft

Kz.eq z zg α  if z 16.4ft 2.01
z

zg









2

α

 0.865











zg 900ft α 9.5

Kz Kz.eq Hlum 900ft 9.5  1.151

Ir 1.00 Table 3-2 - 50 year recurrence
as recommended by Table 3-3

G 1.14
Gust Effect Factor (3.8.5)

Cd 0.5 Luminaires (with generally rounded
surfaces)

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 13.599 psf

Effective Projected Area of Luminaire Head 
(REF WSDOT BDM 10.1(B) ) A 3.3ft

2

Vwind.lum Pz A 44.876 lb

H Hmast 33.583 ft
Height to point of connection:

Mwind.lum Vwind.lum H 1.507 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

 Wind on Mast Arm

Harm Hgrade.sep Hmast 63.583 ft

Kz Kz.eq Harm 900ft 9.5  1.151

Cd.cylinder V d( ) ω 1.105
V

mph


d

ft


CD
129

ω
1.3



CD 1.10 ω 39if

CD 0.45 ω 78if

CD



Cylinders (3in diameter ~ assumed)

Cd Cd.cylinder V 3in( ) 1.1

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 29.917 psf

Effective Projected Area of mast arm A 3in Larm 3 ft
2

Vwind.arm Pz A 89.752 lb

Height to point of connection: H Hmast 33.583 ft

Mwind.arm Vwind.arm H 3.014 ft kips

 Wind on Pole

Hpole Hgrade.sep

Hmast

2
 46.792 ft

Kz Kz.eq Hpole 900ft 9.5  1.079

Cylinders (8in diameter ~ assumed)

Cd Cd.cylinder V 8in( ) 0.553

Pz 0.00256 Kz G
V

mph







2

 Ir Cd








psf 14.097 psf

Effective Projected Area of mast arm A 8in Hmast 22.4 ft
2

Vwind.arm Pz A 315.609 lb

Height to point of connection: H
Hmast

2
16.792 ft

Total Moment from wind (omnidirectional):

Mwind.pole Vwind.arm H 5.3 ft kips Mwind Mwind.lum Mwind.arm Mwind.pole 9.821 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Dead Loads

Distance from Pole location to Point of connection:

Weight of Luminaire:
(REF WSDOT BDM 10.1.1(B) ) Wlum 60lb

MDC.lum Wlum Larm 0.72 ft kips

Weight of Arm:
(Assume 11 gage)

Warm π 3 in gapl
11

 490 pcf Larm 46.027 lb

MDC.arm Warm

Larm

2
 0.276 ft kips

Weight of Pole:
(Assume 11 gage) Wpole π 8 in gapl

11
 490 pcf Hmast 343.501 lb

Total Moment from Dead Load: MDC MDC.lum MDC.arm 0.996 ft kips

Ice Loads

Ice on Luminaire:
(assuming 6 sides 
of equal projected area)

Icelum 3.3ft
2

6 3 psf 59.4 lb

MIce.lum Icelum Larm 0.713 ft kips

Weight of Arm:
(Assume 11 gage)

Icearm π 3 in 3 psf Larm 28.274 lb

MIce.arm Icearm

Larm

2
 0.17 ft kips

Weight of Pole:
(Assume 11 gage) Icepole π 8 in 3 psf Hmast 211.01 lb

Total Moment from Dead Load: MIce MIce.lum MIce.arm 0.882 ft kips
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 7 - 10ft

Scope: Design

Anchorage from Combined Loads

Mdesign'

MDC
1

100%


MDC Mwind
1

133%


MDC MIce
Mwind

2










1

133%




















0.996

8.38

5.105









ft kips

Mdesign max Mdesign'  8.38 ft kips
Governing Load

Light pole attaches to new concrete block.  Block is attached to new structure through slab reinforcing and
headed anchor studs.

Tension / Compression moment couple: TC
Mdesign

10in
10.056 kips

3 Ano.4  60 ksi

1.67
21.557 kips

Tension couple would acceptably transfer load to slab steel.

Areq
TC 1.67

3 36 ksi
0.156 in

2
Required diameter of anchor

diameter 4
Areq

π
 0.445 in

Tension couple would acceptably transfer
load to headed anchor studs
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

BALLARD Widening - Segment 8 - 10ft Sidewalk Extension

The sidewalk extension in Segment 8 shall be made in the form of an anchor slab with cantilevered sidewalk extension.  An
anchor slab is preferred in order to isolate the existing retaining wall structure from new loads introduced by the sidewalk
extension and TL-4 traffic barrier. 

The 10ft extension option at Segment 8 exhibits high overturning forces due to the length of the cantilever.  These forces
resulted in a requirement for a large back-span anchor slab.  The existing wall was checked as an alternative to carry the
pedestrian load, but is insufficient.    

A 10ft extension into the existing roadway was selected as a minimum to align the edge of concrete with the edge of driving
lane.  If the in situ distance to driving lane exceeds 10 ft the anchor slab can only benefit from the length increase with potential
for reanalysis leading to a thinner slab section.  

The existing concrete approach slab extends only slightly beyond the proposed anchor slab, the entirety of the approach slab
could be removed and replaced with the anchor slab, leading to potential for a thinner slab section, however the length of the
existing approach slab may extend into a second driving lane, which may not be preferred for traffic control at time of
construction.

The length of the anchor slab may be reduced from that shown with the additional thickening below the slab.  Design iterations
suggest that at a minimum, the anchor slab would need to extend 4.5ft beyond the face of barrier with a depth of 4ft. 

The alternative chosen was selected due to its depth, and better appearance to drivers due to a lane aligned longitudinal edge.
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

The slab has been designed for stability under the following conditions:

1) Unbalanced pedestrian live load overturning using strength factors to check LRFD eccentricity limitations
2.) Extreme limit state 10 kip vehicle impact stability load applied to the top of the traffic barrier

LOverhang 7ft 0in

wLL 75psf γc 155pcf

 Overturning Moment

OMLL wLL

LOverhang
2

2
 1.838 10

3
lb ft

ft


OMDC 6in γc
LOverhang 6in 2

2
 2.18 10

3
lb ft

ft


OMLL.Lat.Railing 50plf 54 in 225
lb ft

ft


OMLL.Vert.Railing 50plf LOverhang
2.875in

2






 355.99
lb ft

ft


OMDC.Railing 36.6plf LOverhang
2.875in

2






 260.584
lb ft

ft


OMservice OMLL OMLL.Lat.Railing OMLL.Vert.Railing 
OMDC OMDC.Railing 

 4.859 10
3

lb ft

ft


OMfactored 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

0.9 OMDC OMDC.Railing 

 6.429 10
3

lb ft

ft


LAS 20ft
Continuous Anchor Slab Length (minimum):

OMveh 10kips 32in 11in( ) 3.583 10
4 ft

lb ft

ft


OMExtreme OMveh LAS OMDC OMDC.Railing  8.464 10
4 lb ft

Dslab 22in Width 14ft 2in
 Resisting Moment

ResDC.slab Dslab γc
Width( )

2

2
 2.852 10

4
lb ft

ft


ResDC.barrier 32 in 8in 32in
4

21






1

2






 γc 4ft 2in
8in

2
32in

4

21


















 1.265 10
3

lb ft

ft


Resservice ResDC.slab ResDC.barrier 2.978 10
4

lb ft

ft


Resfactored 0.9 ResDC.slab ResDC.barrier  2.68 10
4

lb ft

ft


ResExtreme Resfactored LAS 5.361 10
5 lb ft
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

 Strength Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) 32in 8in 32in

4

21






1

2






 γc

 5.024 10
3 plf

VLL wLL LOverhang 50plf  575 plf

Mabt.toe OMfactored Resfactored 2.037 10
4

lb ft

ft


ecc
Width( )

2

Mabt.toe

0.9 VDL 1.75 VLL 






 3.398 ft ecclimit
Width

4
3.542 ft (10.6.3.3)

Bearing Pressure Check CheckC.D ecclimit ecc  "SATISFACTORY"
VDL VLL

2
Width

2
ecc







759.574 psf
Bearing Pressure is reasonable

 Extreme Eccentricity

VDL 6in γc LOverhang 6in  36.6plf 
Dslab γc Width( ) 32in 8in 32in

4

21






1

2






 γc

 5.024 10
3 plf

Mabt.toe OMExtreme ResExtreme 4.514 10
5 lb ft

ecc
Width( )

2

Mabt.toe

0.9 VDL  LAS







 2.092 ft

ecclimit
Width

3
4.722 ft (10.6.4.2) CheckC.D ecclimit ecc  "SATISFACTORY"

 Sliding Resistance

φτ 0.80 (Table 10.5.5.2.2-1)

φf 28deg Assuming a reasonably shallow angle of internal friction

μR.t tan φf  0.532 (EQ 10.6.3.4-2)

Slidingres.DC.slab.at.wall ft γc 1ft 1.5in 2in 1in( ) LAS 3.746 10
3 ft plf

Slidingres.DC.slab.past Dslab γc 5ft 2.5in 1ft 1.5in( ) 2in[ ] LAS 2.226 10
4 ft plf

Slidingres.DC.barrier 32in 8in 32in
4

21






1

2






 γc LAS 7.611 10
3 ft plf

Slidingresistance φτ μR.t Slidingres.DC.slab.at.wall Slidingres.DC.slab.past Slidingres.DC.barrier  1.43 10
4 ft plf

CheckC.D Slidingresistance 10kips  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

Cantievered Sidewalk Design Es 29000ksi Fy 60ksi f'c 4ksi

Bar size (US number): barno 5 dno
barno

0.625 in diamdeform
barno

0.688 in Ano
barno

0.31 in
2

clear 2.5in 0.208 ft

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.85

wmem 1ft Bars per Layer: nbars 2
Width of member spacing

wmem

nbars
6 in

hmem 6in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.62 in

2 clearspacing 5.313 in

Mdes 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

1.25 OMDC OMDC.Railing 









wmem 7.283 10
3 lb ft

Design Moment:

Mservice OMservice wmem 4.859 10
3 lb ft

Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 3.187 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.864 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.587 in

2

Check compression for full yielding of actual steel Mdes 7.283 kip ft

a
As Fy

0.85 f'c
 a 0.912 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 7.621 kip ft

CheckC.D ϕMn Mdes  "SATISFACTORY" ϕMn

Mdes
104.6 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 2  barno 5  

 in fulllayers 1 (total bars n 2 )

 spaced at spacing 6 in
 wmem 1 ft   x hmem 0.5 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.24 f'c ksi( ) Fr 480 psi

S
hmem

2

6
 S 72

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 2.88
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 3.456 kip ft

Mcr.Check "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

Distribution of Reinforcement (LRFD 5.7.3.4)
The spacing s of mild steel reinforcement in the layer closest to the tension face shall satisfy the following:
Modulus of Elasticity - LRFD 5.4.2.4

K1 1.0 Correction factor for source of aggregate to be taken as 1.0 unless determined by physical test

wc 0.150kcf Unit weight of concrete (kcf) Ec 33000 K1 wc
1

kcf













1.5

 f'c ksi( ) 3834 ksi

n
Es

Ec
7.563

 Determine strain compatible neutral axis

wmem x
x

2






 As wmem  n d x( )=

wmem
1

2






x
2 As wmem n  x As wmem n d  0=

x max Quadratica.b.c

wmem
1

2






ft

As wmem n 
ft

2


As wmem n d 

ft
3











12 in









1.235 in

Moment Arm: arm d
x

3
 2.776 in

Service Steel Tension: T
Mservice

arm
21.005 kips

Stress in the steel at
service limit state

fs
T

As wmem
33.879 ksi

s
700 γe

βs fs
2 dc

1.00 Class 1 - cracks and corrosion  not a concern
0.75 Class 2 - cracks and corrosion  are a concernγe 0.75 exposure factor dc clear 2.5 in

βs 1
dc

0.7 hmem dc 
 2.02

smax

700 γe

βs fs
ksi( ) in( ) 2 dc 2.67 in spacing 1 bundles( ) 6 in

CheckC.D smax spacing 1 bundles( )  "Not Satisfactory"

Shear Strength Provided by Concrete (LRFD 5.8.3.3) ϕv 0.9

Vu 1.75 wLL 1.25 γc 6 in  LOverhang 1.75 50 plf 1.25 36.6 plf  wmem 1.73 kips

Use Simplified Calc Values
Min Av provided / Section is less than 16in deep / Foundation cantilever < 3dv Simplified "yes"
βw 2 θ 45deg

Vc 0.0316 βw f'c ksi( ) wmem 0.9 d( ) ϕv Vc 3.916 kips CheckC.D ϕv Vc Vu  "SATISFACTORY"
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

Slab edge deflection 

Moment of Inertia: I
6in( )

3

12
216

in
4

ft


Modulus of Elasticity: Ec 5.521 10
8

lb

ft
2



Edge Deflection
due to ped load:
(Cantilever)

δ

wLL LOverhang
4

8 Ec I
0.047 in

LOverhang

δ
1789 Exceeds 300 per AASHTO LRFD Guide Specifications for the Design of

Pedestrian Bridges. section 5 

SATISFACTORY
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  500 E Amigo Court Suite 100 / Las Vegas, NV  89119
  Phone: 702-736-6632 / Fax: 702-736-0704

Title: Ballard Widening
Job #: SAPWT-10-057

Designer: JWC
Description: Segment 8 - 10ft

Scope: Design

Existing Wingwall to Carry Load Check - Not Satisfactory Es 29000ksi Fy 60ksi f'c 6ksi

Bar size (US number): barno 4 dno
barno

0.5 in diamdeform
barno

0.563 in Ano
barno

0.2 in
2

clear 2in 0.167 ft

Number of layers: fulllayers 1 bundled "no" bundles yesno bundled( ) 0 β1 0.75

wmem 1ft 4in Bars per Layer: nbars 1
Width of member spacing

wmem

nbars
16 in

hmem 12in
Height of member

As

Ano
barno

spacing
fulllayers As wmem 0.2 in

2 clearspacing 15.438 in

Mdes 1.75 OMLL OMLL.Lat.Railing OMLL.Vert.Railing 

1.25 OMDC OMDC.Railing 









wmem 9.71 10
3 lb ft

Design Moment:

Mservice OMservice wmem 6.478 10
3 lb ft

Service Moment:

depth to rebar d hmem clear

dno
barno

2

fulllayers 1

2
max 1 in dno

barno







dno
barno





















d 9.75 in

areq d d
2

Mdes

f'c wmem

2

0.9 0.85
 areq 0.164 in

Rectangular Compression Depth:

Required Area of Steel: As.req

0.85 f'c areq

Fy
 As.req wmem 0.223 in

2

Check compression for full yielding of actual steel Mdes 9.71 kip ft

a
As Fy

0.85 f'c
 a 0.147 in ϕMn 0.9 As Fy d

a

2






 wmem ϕMn 8.709 kip ft

CheckC.D ϕMn Mdes  "Not Satisfactory" ϕMn

Mdes
89.7 %

Minimum Reinforcement for Flexural Member (AASHTO LRFD 5.4.2.6, 5.7.3.3.2)

allowexception "yes" xXxXxXxXxXxXxXxXxXxXxXxXxXxXx
allow 4/3 exception?

  Reinforcing Summary
 use nbars 1  barno 4  

 in fulllayers 1 (total bars n 1 )

 spaced at spacing 16 in
 wmem 1.333 ft   x hmem 1 ft

Modulus of Rupture for
Normal Weight Concrete:

Fr 0.24 f'c ksi( ) Fr 587.9 psi

S
hmem

2

6
 S 288

in
3

ft


Section Modulus:

Cracking Moment: Mcr Fr S Mcr 14.109
kip ft

ft
 xXxXxXxXxXxXxXxXxXxXxXxXxXxXx

1.2Mcr wmem 22.574 kip ft

Mcr.Check "Not Satisfactory"

Q:\Seattle\2010\SAPWT-10-057\Engineering\Bridges\JWC\
V2 Section 8 - 10ft Design.xmcd - p7
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 Emerson Underpass Trail Exhibits 
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City of Seattle

SDOT

Ballard Bridge Sidewalk Widening Concept Study

Proposed Emerson Underpass Trail Costs

Planning Level

Estimate of Probable Cost

Std Spec
WSDOT 

STD #
Item Description  Unit Price 

Unit of 

Measure

 Schedule A 

Quantity 

Total 

Quantity

 Schedule A 

Cost 
 Total Cost 

Special 

Provision

PREPARATION

GSP 0050 REMOVAL OF STRUCTURE AND OBSTRUCTION 25,000$    L.S. 1   1  25,000   25,000$    2-02

REQ SPEC 

PROV
0100 REMOVING CEMENT CONC. SIDEWALK 15$    S.Y. 85   85  1,275   1,275$    2-02

REQ SPEC 

PROV
0108 REMOVING CEMENT CONC. CURB AND GUTTER 8$    L.F. 85   85  680  680$    2-02

REQ SPEC 

PROV
P-05 REMOVAL OF CONTAMINATED SOIL 30$    C.Y. 900  900  27,000   27,000$    2-09

GSP ITEM 0215 REMOVING MISCELLANEOUS TRAFFIC ITEM 10,000$    L.S. 1   1  10,000   10,000$    2-02

63,955$    

GRADING

STD 0310 ROADWAY EXCAVATION INCL. HAUL 18$    C.Y. 1,800   1,800  32,400   32,400$    2-03

32,400$    

DRAINAGE

STD 1160 UNDERDRAIN PIPE 6 IN. DIAM. 8$    L.F. 840  840  6,720   6,720$    7-01

6,720$    

STORM SEWER *

STORM SEWER SYSTEM - LUMP SUM 25,000$    L.S. 1   1  25,000   25,000$    7-05

25,000$    

HOT MIX ASPHALT AND SURFACING

GSP 5767 HMA CL. 1/2 IN. PG 64-22 70$    TON 270  270  18,900   18,900$    5-04

STD 5100 CRUSHED SURFACING BASE COURSE 25$    TON 30   30  750  750$    4-04

18,900$    

EROSION CONTROL AND ROADSIDE RESTORATION

EROSION CONTROL - LUMP SUM 40,000$    L.S. 1   1  40,000   40,000$    8-01

LANDSCAPE RESTORATION 15,000$    L.S. 1   1  15,000   15,000$    

40,000$    

TRAFFIC  

STD 4117 PEDESTRIAN BARRIER 120$    L.F. 2,050   2,050  246,000  246,000$    

STD 4415 TRAFFIC BARRIER 100$    L.F. 2,050   2,050  205,000  205,000$    

STD 6857 PLASTIC CROSSWALK LINE 6$    S.F. 400  400  2,400   2,400$    8-22

STD 6890 PERMANENT SIGNING 1,000$    L.S. 1   1  1,000   1,000$    8-21

GSP ITEM 6982 CONSTRUCTION SIGNS CLASS A 20$    S.F. 160  160  3,200   3,200$    1-10

STD 6973 OTHER TEMPORARY TRAFFIC CONTROL - PEDESTRIAN 5,000$    L.S. 1   1  5,000   5,000$    1-10

STD 6904 ILLUMINATION SYSTEM, COMPLETE 100,000$    L.S. 1   1  100,000  100,000$    8-20

GSP ITEM 6971 PROJECT TEMPORARY TRAFFIC CONTROL 5,000$    L.S. 1   1  5,000   5,000$    1-10

567,600$    

STRUCTURE

STD 4006 STRUCTURE EXCAVATION CLASS A INCL. HAUL 35$    C.Y. 700  700  24,500   24,500$    2-09

ELEVATED STRUCTURE TOTAL 2,462,300$     L.S. 1   1  2,462,300   2,462,300$     

SOLDIER PILE WALL 130$    S.F. 1,624   1,624  211,120  211,120$    

STD 7170 BACKFILL FOR STRUCTURAL EARTH WALL INCL. HAUL 25$    C.Y. 320  320  8,000   8,000$    

STD 7169 STRUCTURAL EARTH WALL 40$    S.F. 432  432  17,280   17,280$    

GSP ITEM 4329 BRIDGE DECK 140$    S.F. 5,810   5,810  813,400  813,400$    

GSP ITEM 4339 EXPANSION JOINT SYSTEM STRIP SEAL - SUPERSTR. 250$    L.F. 85   85  21,250   21,250$    

STD 7008 SHORING OR EXTRA EXCAVATION CLASS B INCL. HAUL 2$    S.F. 3,000   3,000  6,000   6,000$    2-09

GSP ITEM 7037 STRUCTURE SURVEYING 5,000$    L.S. 1   1  5,000   5,000$    1-05

GSP ITEM 7038 ROADWAY SURVEYING 2,000$    L.S. 1   1  2,000   2,000$    1-05

GSP ITEM 7164 GRAVITY BLOCK WALL 50$    S.F. 520  520  26,000   26,000$    8-24

STD 7480 ROADSIDE CLEANUP 5,000$    EST. -  -  5,000   5,000$    2-01

GSP ITEM 7571 FA-SITE CLEANUP OF  BIO.  AND PHYSICAL HAZARDS 10,000$    EST. -  -  10,000   10,000$    1-07

REQ SPEC 

PROV
OI-08 UTILITY POTHOLING 5,000$    EST. -  -  5,000   5,000$    8-31

REQ SPEC 

PROV
OI-01 AS-BUILT SURVEY AND RECORD DRAWINGS 2,000$    L.S. 1   1  2,000   2,000$    1-04

3,618,850$     

SUB TOTAL 4,389,175   4,373,425$     

CONTINGENCY 30% 1,312,000$     

TOTAL ESTIMATED CONSTRUCTION COST (2013) 5,685,425$     

*Estimate provided by SDOT, lump sum for trail and bridge.

Q:\Seattle\2010\SAPWT-10-057\Engineering\REPORT - Ammend.5\CostEstimate\
TrailCostEstimate_NEW .xlsx 7/1/2013 Page 1 of  1



City of Seattle

SDOT

Ballard Bridge Sidewalk Widening Concept Study

Proposed Emerson Underpass Trail Costs

Planning Level

Estimate of Probable Cost

Std Spec
WSDOT 

STD #
Item Description  Unit Price 

Unit of 

Measure

 Schedule A 

Quantity 

Total 

Quantity

 Schedule A 

Cost 
 Total Cost 

Special 

Provision

PREPARATION

REQ SPEC 

PROV
0100 REMOVING CEMENT CONC. SIDEWALK 20$    S.Y. 1,100  1,100  22,000   22,000$    2-02

REQ SPEC 

PROV
0145 REMOVING CONC. BARRIER 15$    L.F. 5,600  5,600  84,000   84,000$    

N/A N/A LUMINAIRE REMOVAL 150$    EACH 28  28  4,200  4,200$    

110,200$    

HOT MIX ASPHALT AND SURFACING

N/A N/A SURFACE PREPARATION 5$    S.F. 4,800  4,800  24,000   24,000$    

24,000$    

TRAFFIC  

STD 4117 PEDESTRIAN BARRIER (CONCRETE MIX - CL 4000) 900$    C.Y. 570  570  513,000  513,000$    

STD 6904 ILLUMINATION SYSTEM, COMPLETE 950,000$    L.S. LUMP SUM -  950,000  950,000$    8-20

1,463,000$     

#REF!

N/A N/A DRILL HOLE 5/8" DIAMETER 30$    L.F. 680  680  20,400   20,400$    

N/A N/A DRILL HOLE 3/4" DIAMETER 30$    L.F. 890  890  26,700   26,700$    

N/A N/A EPOXY-COATED STEEL REINFORCING BAR 2$    LB 67,000   67,000  134,000  134,000$    

N/A N/A EPOXY BONDING COMPOUND 20$    EACH 2,300  2,300  46,000   46,000$    

N/A N/A REINFORCING BAR (DOWELED) 1$    LB 10,000   10,000  10,000   10,000$    

STD 4240 STRUCTURAL HIGH STRENGTH STEEL 4$    LB 157,000  157,000  628,000  628,000$    

865,100$    

SUB TOTAL 2,462,300  2,462,300$    

CONTINGENCY 40% 984,900$    

TOTAL ESTIMATED CONSTRUCTION COST (2013) 3,447,200$     

Q:\Seattle\2010\SAPWT-10-057\Engineering\REPORT - Ammend.5\CostEstimate\

TrailCostEstimate_NEW .xlsx 6/25/2013 Page 1 of  1
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NOTE: THIS LETTER DOES NOT APPLY TO THIS PROJECT, BUT REFERENCES EARLIER BRIDGE SEISMIC RETROFITTING.  A NEW DETERMINATION OF THE IMPACTS TO THE HISTORIC CHARACTER OF THE BRIDGE DUE TO THIS PROJECT WILL NEED TO BE MADE.
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Pothier, Erin

From: Banks, Greg <Greg.Banks@abam.com>

Sent: Monday, April 29, 2013 4:03 PM

To: Teo, Yuling

Cc: Zimmerman, Connie; Hoglund-Gray, Ginny; Fernandes, Bob

Subject: RE: Ballard - Sidewalk Widening 

Yuling, 

I think we are saying the same thing and will work on rewording things a bit to make it clearer. 

We think the “Do No Harm” philosophy probably does not strictly apply here without some mathematical proof.  We are 
increasing the mass on the retrofitted structure without adding any additional substructure, and thus, the demands will 
increase.  Therefore, it seems we are “harming” the retrofitted structure to some small degree. We are recommending this 
be assessed by analyzing the retrofitted structure using the additional mass from the widening.  It is our opinion that 
everything will pencil out and the harm will not rise to the level of requiring additional retrofit measures.  In other words, if 
we had done the widening at the same time as the retrofits we would likely end up with the same retrofits.  We have been 
avoiding using the words “do no harm” because it leads to arguments about the definition of the word “harm.”  It would be 
better to simply say it needs to be checked and we can then show the retrofitted structure is OK. 

We referenced WSDOT policy on waiving the need to reanalyze the retrofitted structure as an example of a policy that 
SDOT could adopt for this project.  We have looked at the increases in added mass and came to the conclusion that 
engineering judgment is insufficient to waive the analysis, at least for the 10-foot widening’s.  We can work on wording this 
better or remove it altogether.   

Bob Fernandes and I are available to discuss if necessary.  Also, are you available this next Wednesday (08 May 2013) to 
talk about the Post Earthquake Inspection Manual? 

Regards- 
Greg 

From: Teo, Yuling [mailto:Yuling.Teo@seattle.gov]  

Sent: Friday, April 26, 2013 11:55 AM 
To: Banks, Greg 

Cc: Zimmerman, Connie; Hoglund-Gray, Ginny; Fernandes, Bob 
Subject: RE: Ballard - Sidewalk Widening  

Greg, 

I am able to follow your intent to describe the implication of the added mass to the performance of the existing 

structure, but I think the write-up needs revisions.  Two issues I see with the write-up: 

• It is misleading to the readers by referring to a WSDOT’s policy in the BDM for a SDOT’s project study.

• The 10% or less additional mass threshold for waiving retrofit requirement is a not a hard number; rather, the

key is to determine if the seismic performance impact to the existing structure elements is insignificant.  This

involves engineering judgment.   The fundamental requirement is to demonstrate the “Do No Harm” effect.

Similar to WSDOT’s policy, we would want to separate the seismic risk of the existing bridge from the widening.   WSDOT 

calls for the evaluation of C/D ratios for pre and post widening to demonstrate the Do-No-Harm effect.  If the existing 

structure is already at seismic risk and the post-widening C/D is less than pre-widening C/D, seismic retrofit is 

required.  If the post C/D is more than the pre C/D yet the element is at seismic risk, we would retain the decision to 

seismic retrofit the element.  Is our structure which has just been retrofitted at seismic risk after the widening?  It is your 

judgment to provide for this Study.  You may use the 10 percent threshold based on your experience as well as  referring 

erin.pothier
Rectangle
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to WSDOT’s practice.  SDOT reserves the right to confirm your judgment by appropriate analysis in the future, outside of 

this Study.  Cost contingency for this future effort should be captured in this Study. 

 

The data you presented in the table is good info, but for non-technical readers, it is perhaps more meaningful to 

describe the Do-No-Harm policy that you’re trying to meet.  As far as for the engineering judgment to the Do-No-Harm, 

one thing to be cautioned of is the assessment of capacity protected elements.  If following the BDM 4.3.1 roadmap in 

comparing the before and after widening C/D ratios, the actual impact to the existing capacity protected elements may 

not be obvious.  The demand is the forces associated with the column overstrength moment capacity and thus the 

before and after C/D ratios will not change.  This does not tell you if the capacity protected elements are being made 

worse or not.   

SDOT would like to know the actual impact.  You may address this as a design contingency for future analysis in this 

Study. 

 

Hope this helps.  Feel free to give me a call if you have any questions. 

 

 

YULING TEO 

206-733-9244 (Tel) 

 

 

 

From: Banks, Greg [mailto:Greg.Banks@abam.com]  

Sent: Wednesday, April 24, 2013 5:18 PM 

To: Teo, Yuling 
Cc: Zimmerman, Connie; Hoglund-Gray, Ginny; Fernandes, Bob 

Subject: Ballard - Sidewalk Widening  

 

Yuling: 

 

See italicized text and table below.  When we update the subject report, we were thinking about adding this.  Any 

comments?  Please call to discuss.  Thanks.   

 
Per Section 4.3 of the WSDOT Bridge Design Manual a seismic analysis of a bridge widening without new substructure 
may be waived with the Owner’s approval if the added mass from the widening is 10% or less of the original structure 
weight.  Per the table below, all combinations of widening considered result in an increase in added mass of less than 
10% of the structure weight.  When considering solely the weight of the superstructure, the only combination that exceeds 
10% of the superstructure mass is the 10-foot widening (both sides) for segments 3, 5 and 6.   Based on our experience 
with the seismic retrofit design and the preparation of load ratings for these structures, we are of the opinion that the 
retrofitted capacity/demand ratios are high enough to accommodate this added mass.  However, this should be confirmed 
by appropriate analysis if the City determines it would like to construct the 10 foot widening on both sides of the bridge.    

 

Superstructure Mass Increase Percentages for Sidewalk Widening Alternatives 

  

Widening Alternatives 

6ft  10ft 6ft & 6ft 6ft & 10ft 10ft & 10ft 

Segment 

2 1.0% 1.5% 2.0% 2.5% 3.0% 

3 & 5 2.5% 5.0% 5.0% 7.5% 10.0% 

6 3.2% 5.8% 6.4% 9.0% 11.6% 

7 1.3% 2.9% 2.6% 4.2% 5.8% 

 

Regards- 

Greg 

Greg Banks, P.E. 
Senior Engineer BergerABAM 
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Voice 206/431-2253 
Fax 206/431-2250 
Email greg.banks@abam.com

33301 Ninth Avenue South, Suite 300 
Federal Way, Washington 98003-2600 

http://www.abam.com 

Notice: This message and/or any attachments are private or privileged. If you are not 
the person for whom this message is intended, please delete it and notify the sender 
immediately. Please do not copy or send this message to anyone else. Prior to use of 
this email message or its attachments, the intended recipient agrees to the terms of use 
outlined on BergerABAM's intellectual property link at www.abam.com. Any such use 
indicates recipient's acceptance of the statements and conditions of permitted use 
without exception. 
Please consider the environment when printing this email 
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Pothier, Erin

From: Banks, Greg

Sent: Tuesday, June 25, 2013 1:54 PM

To: Pothier, Erin

Subject: FW: Ballard Bridge Bike Widening Study

From: Jason Holdridge [mailto:jmh@cetransportation.com] 
Sent: Thursday, February 07, 2013 11:54 AM 

To: Anderson, Susan 
Cc: Mark Yand (mcy@dksassociates.com); Banks, Greg 

Subject: Re: Ballard Bridge Bike Widening Study 

Susan, 
Our calculations show about 40 poles.  So the ballpark for the illumination system including poles, bracket 
arms, fixtures, and wiring would be about $450,000.  The conduit work assuming SCL will want at least 2-2" 
conduits and also assuming they will be exposed under the bridge with NEMA boxes, this would be about 
$500,000.  So total would be about $950,000. 

Let me know if you have any questions. 

Thanks, 
Jason 

_________________________________ 

Jason Holdridge, PE, PTOE 
CONCORD ENGINEERING 
TRANSPORTATION CONSULTING

710 2nd Avenue, Suite 830 
Seattle, WA 98104 
Ph: 206.682.0567  
Cell: 206.604.5358 

jmh@cetransportation.com 

This message contains information which may be confidential and privileged. Unless you are the addressee (or authorized to receive for the addressee), you may not use, 
copy, distribute or disclose to anyone this message or any information contained in or attached to this message. If you have received this message in error, please advise the 
sender and delete this message along with any attachments or links from your system.

On Thu, Feb 7, 2013 at 11:28 AM, Anderson, Susan <Susan.Anderson@abam.com> wrote: 

And do you have a ballpark cost for illumination? 

From: Jason Holdridge [mailto:jmh@cetransportation.com] 

Sent: Thursday, February 07, 2013 11:27 AM 
To: Anderson, Susan 
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Cc: Mark Yand (mcy@dksassociates.com); Banks, Greg 

Subject: Re: Ballard Bridge Bike Widening Study 

  

Susan, 

Sorry, I labeled the wrong file.  Attached are the lighting calcs.  I should have the sketches and will take a look. 

  

Thanks, 

Jason 
 

_________________________________ 

Jason Holdridge, PE, PTOE 
CONCORD ENGINEERING 
TRANSPORTATION CONSULTING 
  
710 2nd Avenue, Suite 830 
Seattle, WA 98104 
Ph: 206.682.0567  
Cell: 206.604.5358  

jmh@cetransportation.com 
  
This message contains information which may be confidential and privileged. Unless you are the addressee (or authorized to receive for the addressee), you may not use, 
copy, distribute or disclose to anyone this message or any information contained in or attached to this message. If you have received this message in error, please advise the 
sender and delete this message along with any attachments or links from your system. 

  

On Thu, Feb 7, 2013 at 11:11 AM, Anderson, Susan <Susan.Anderson@abam.com> wrote: 

Jason, 

  

Your attachment was not lighting calcs.  Our sketches haven’t changed since we sent them to you.  Do you need a cadd 

file? 

  

Susan 

  

From: Jason Holdridge [mailto:jmh@cetransportation.com]  
Sent: Thursday, February 07, 2013 11:01 AM 

To: Anderson, Susan 
Cc: Mark Yand (mcy@dksassociates.com); Banks, Greg 

Subject: Re: Ballard Bridge Bike Widening Study 
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Susan, 

Attached are preliminary results of the lighting analysis using 120 LED fixtures with 12 foot luminaire 
arms.  This analysis assumed the poles will be mounted on the outside of the structure.  We are getting about 
160' spacing with a staggered layout.  The light levels we assumed were based on SDOT's Right-of-Way 
Lighting Level Design Guidelines, which requires a light level of 2.0 Average Illuminance (fc).  

As for the conduit, can you send me your current sketches?  That was the thing I was most concerned with when 
I looked at the original sketches you sent me.   

Thanks, 

Jason 

_________________________________ 

Jason Holdridge, PE, PTOE 
CONCORD ENGINEERING 
TRANSPORTATION CONSULTING

710 2nd Avenue, Suite 830 
Seattle, WA 98104 
Ph: 206.682.0567  
Cell: 206.604.5358 

jmh@cetransportation.com 

This message contains information which may be confidential and privileged. Unless you are the addressee (or authorized to receive for the addressee), you may not use, 
copy, distribute or disclose to anyone this message or any information contained in or attached to this message. If you have received this message in error, please advise the 
sender and delete this message along with any attachments or links from your system.

On Thu, Feb 7, 2013 at 10:30 AM, Anderson, Susan <Susan.Anderson@abam.com> wrote: 

Hi Jason, 

Do you have any preliminary results to report?  We need to show conduit feed on our sketches.  Can you comment? 

Thanks, 



 

 

 

 

 

 

 

 

 

 Ballard Bridge Sidewalk Widening Alternative Study 

 Seattle Department of Transportation, Seattle, Washington 

 

 Appendix L 
 Under Bridge Inspection Truck (UBIT) 
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