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Acronyms and Abbreviations  

AFFF Aqueous Film Forming Foam 

AHJ Agency Having Jurisdiction 

As Acceleration Coefficient 

ASTM American Association of State Highway Transportation Officials 

AWT Alaskan Way Tunnel 

BDM Bridge Design Manual 

BDS Bridge Design Specifications 

BODTF Basis of Design for Technical Feasibility  

CCTV Closed-Circuit Television 

CIP Cast-In-Place 

COVID Coronavirus Disease 

EVS Emergency Ventilation System 

FACP Fire Alarm Control Panel 

FEE Functional Evaluation Earthquake 

FFFS Fixed Firefighting System 

GDM Geotechnical Design Manual 

GIS Geographic Information System 

GS Guide Specifications 

HVAC Heating, Ventilation, and Air Conditioning 

I-5 Interstate 5 

IBC International Building Code 

ITS Intelligent Transportation System 

LCS Lane Control Signs 

LED Light Emitting Diode 

LFS I-5 Lid Feasibility Study 

LL Live Loads 

LRFD Load and Resistance Factor Design 

M Magnitude or Million 

MEP Mechanical, Electrical, Plumbing 

N/A Not Applicable 

NB I-5 Northbound Interstate 5 

NFPA National Fire Protection Agency 

O&M Operations and Maintenance 

PGA Peak Ground Acceleration 
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Figure S-3. Utilities Located within the Structural Assessment Boundary  

 
 

The topography of the site is also a major consideration. Seattle in general, and this site in 
particular, has significant changes in elevation both in an east-west and north-south direction, as 
well as between mainline I-5 and surrounding surface streets. For example, Figure S-4 illustrates 
the change in grades within Area 1 of the SAB; showing an east-west section at the Spring Street 
bridge with the dashed green and blue lines showing the grades of the adjacent bridges to the 
north and south.  

Figure S-4. Grade Variation near Spring Street Bridge ( looking north ) 

 
 

The profile of the lid structure(s) would need to meet vertical clearance requirements1 over 
existing roadways, ramps, and bridge structures (i.e., northbound I-5). Some of the existing 
structures over I-5 do not meet vertical clearance design standards, which means that even if a 
similar structure were to be constructed, it would need to be raised from where it currently 
exists. Maintaining vertical clearances and tying the structure directly into the surrounding city 
street scape would be a challenge without unique edge integration in the existing urban context.  

                                                             
1 WSDOT Design Manual M22-01.16 720.03(5)(b)(1): 16.5-foot minimum clearance for new bridge structures. 
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The resulting span capabilities for the various load levels for each structure type are shown in 
Table S-4 whereas Figure S-9 and Figure S-10 illustrate the maximum load levels for a given 
specific location within each area for the maximum and minimum areas considered. For the 
highest load levels at the span ranges of interest, most of the lid structure would need to be 
steel-plate girders; whereas, for lower load levels within the span ranges of interest, the lid 
structure could be prestressed precast concrete. 

Table S-4. Span Capabilities for Conventional Girders  

Conventional Precast Girders  Conventional Steel Plate Girders  

Lid 
Depth 
(Feet) 

Girder 
Spacing 
(Feet) 

Load 
Level 

Maximum Span 
Length 
(Feet) 

Lid 
Depth 
(Feet) 

Girder 
Spacing 
(Feet) 

Load 
Level 

Maximum Span 
Length 
(Feet) 

4 

5 

Open 
space 75 

4 

5 

Open 
space 76 

Low-rise 65 Low-rise 76 

Mid-rise N/A Mid-rise 42 

High-rise N/A High-rise 32 

12 

Open 
space 55 

12 

Open 
space 36 

Low-rise 45 Low-rise 42 

Mid-rise N/A Mid-rise N/A 

High-rise N/A High-rise N/A 

9.33 

5 

Open 
space 160 

13 

5 

Open 
space 153 

Low-rise 130 Low-rise 168 

Mid-rise N/A Mid-rise 120 

High-rise N/A High-rise 105 

12 

Open 
space 115 

12 

Open 
space 131 

Low-rise 85 Low-rise 152 

Mid-rise N/A Mid-rise 104 

High-rise N/A High-rise 82 
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Figure S-9. Highest Load Levels for Maximum Potential Developable Lid Area 
Considered  

 
 

Figure S-10. Highest Load Levels for Minimum Potential Developable Lid Area 
Considered  

 
 

Significant costs exist in the below grade structural supporting elements of the lid structure. This 
is partially due to the larger vertical loads (i.e. potential vertical development) and the fact the 
structure is located in a high seismic region.  Preliminary sizing of the supporting elements was 
determined from a lateral, seismic, parametric study considering ranges in the critical design 
parameters including tributary seismic mass, variations in column heights, and pier type. The 
vertical development was considered seismically independent from the lid structure, with its 
mass being lumped at the level of the lid surface for evaluation of the lid structure itself. Drilled 
shafts were assumed for the subgrade structural supports for the lid structure based on their 
small footprint, which is desirable of support elements being constructed within WSDOT right-
of-way to minimize the disturbance to the traveling public along I-5.  
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Figure S-11 shows the construction costs-per-square-foot ranges per area for both the leanest 
and robust lid project estimates and 20 percent contingency and 20 percent contingency plus 30 
percent risk. The construction costs per square foot are largely controlled by the structures costs 
and the load intensity within an area, as shown in Figure S-9 for the robust lid project range. 

Figure S-11. Construction Cost-per-Square-Foot Ranges per Area (2019 USD) 

 

 
The costs-per-square-foot ranges are construction costs, and thus are not inclusive of right -of-way costs, 
federal and state asset replacement, and other variable costs.  
*Area 2 includes lump-sum construction costs of $25M (at 20-percent) and $32M (at 50-percent 
compounded contingency allowance and risk factor ) for enhancement of the WSCC pedestrian walkway 
along Hubble Place. 

In addition to category-specific cost inputs from other recent and relevant projects, the total 
resulting costs were compared to local, regional, and national comparable projects on a 
normalized dollar per square-foot basis. Figure S-12 shows the findings of this comparison. The 
low end of the range is higher in cost but in close agreement with other comparable projects 
supporting open space loads. The higher cost is likely due to the need to account for project 
contingency, however, and the project length, and the need for fire, life, safety components, 
estimated to be between 4 percent and 12 percent of the total construction costs for the 
leanest and robust lid project estimates, respectively. The high end of the cost range falls 
between the cost of Hudson Yards, a similar lid structure supporting vertical development, and 
the SR99 AWT tunnel costs. 
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Figure 3-3. Topography through the Structural 
Assessment Boundary 

 
 

Figure 3-4. Grade Variation near Spring Street Bridge (Looking North)  

 
 

The topography would create challenges in framing a new structure over the existing 
infrastructure and in maintaining minimum clearances. The lid framing could be built flat but 
would create large balconies with adjacent streets on the west edge of mainline I-5. The new lid 
could be framed to follow the grade variation of the site to minimize balconies; however, this 
would create a variable sloped lid surface that would not easily accommodate new vertical 
development. The existing topography of the site would be a big consideration for the new lid 
structure during design and would require unique solutions to maximize functionality. 
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Area Location  
Vertical 
Clearance Notes 

3 

Boren Avenue Bridge 15.25 feet  Over Pike Street On-and-Off Ramp 

Pine Street Bridge 16.18 feet  Over Pike Street On-and-Off Ramp 

Olive Way Bridge 16.18 feet  
15.85 feet  

Over Pike Street On-and-Off Ramp 
Over Northbound I-5, West Lanes 

I-5 Northbound 15.27 feet  Over Reversible Express Lanes 

4 

Yale Avenue On-Ramp 15.1 feet  Over Pike Street On-and-Off Ramp 

Denny Way Bridge 15.14 feet  
16.47 feet  
15.58 feet  

Over Eastlake Avenue, West Lanes 
Over Northbound I-5, West Lanes 
Over Olive Way On-Ramp 

Tunnel 15.04 feet  Over Reversible Express Lanes in Tunnel 

 

The vertical clearances shown in Table 3-3 are based on as-built drawings and construction 
drawings. Confirmation of vertical clearances through survey would need to be conducted in 
future phases of the project.  

The new lid structure would need to meet the WSDOT Design Manual minimum vertical 
clearance requirements, which means that the new lid would need to be raised at locations with 
vertical clearance deficiencies, and thus, would be grade separated from existing overpasses. 
Vertical clearances requirements may need to be greater than the minimum due to mechanical, 
ventilation, and fire-life safety equipment requirements below the lid. There would be specific 
locations under the new lid and overpasses where the vertical clearance is greater than the 
minimum. Coordinating below-lid equipment would be necessary to minimize the required 
elevation of the new lid structure. 

 On-and-Off  Ramps 

Seven on-and-off ramps are along the length of the SAB. The Seneca Street off-ramp and 
University Street on-ramp are CIP box girder bridges. The Spring Street on-ramp is a CIP slab 
bridge and Yale Avenue is a CIP tee-beam bridge. The remaining ramps are slab on grade. See 
Figure 3-2 for the on-and-off-ramp locations along the SAB. 

 Mainline I-5 

Mainline I-5 runs north-south through the entire length of the SAB. Through Areas 1, 2, and 3, I-
5 northbound is an elevated bridge structure with mainline northbound traffic operating on the 
bridge deck and the reversible express lanes operating below. In Area 4, northbound I-5 is at-
grade with the reversible express lanes in a tunnel that transitions from being under 
northbound I-5 to southbound I-5. Southbound I-5 is always at-grade throughout the SAB. The 
northbound I-5 bridge structures are conventionally reinforced concrete box girders. 

 Walls 

Mainline I-5 was cut through the city when it was constructed in the 1960s, resulting in walls 
along the east and west edges of I-5. Approximately 33 walls are along the length of the SAB 
with wall types primarily consisting of cylinder walls and cantilever retaining walls.  
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Figure 3-5. Replace Northbound I-5 Overhangs 

 
 

3.5.2  Overpass Demolition / Replacement  

The exiting overpasses that span I-5 have complex geometry (e.g., horizontal curves, kink points, 
high skews) that create unique challenges for constructing a new lid structure adjacent to the 
overpasses. Figure 3-6 shows potential demolition methods. The schematic illustrates a more 
methodical approach that would take longer and require more shorter duration closures of I-5, 
and the photo illustrates a more robust, brute force approach that would require fewer but 
longer duration closures. Demolishing the overpasses would open space along I-5 during the 
construction of the lid structure and permit more options for permanent channelization 
reconfigurations, pier locations, superstructure optimization, existing structure modifications, 
and edge integrations. For the purpose of this study, it was assumed that the overpasses would 
not be demolished and replaced in order to capture the most constrained conditions.  

Figure 3-6. Overpass Demolition / Replacement  
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3.5.5  I-5 Channelization Reconfiguration  

Temporary and permanent lane channelization reconfigurations would be required to minimize 
traffic impacts along mainline I-5 and facilitate construction of the new lid structure. Existing 
traffic lanes could be temporarily reconfigured to facilitate construction equipment for 
demolition or construction purposes while keeping some lanes open in order to reduce the need 
to completely close I-5.  

Figure 3-8 shows an example of a permanent lane reconfiguration in Area 4, near where the 
reversible expressway tunnel switches from under I-5 northbound lanes to under the I-5 
southbound lanes. The new lid structure intermediate pier would need to be split and offset 
from the space between the northbound and southbound lanes to prevent interferences with 
the tunnel. As a result, the existing Mercer Way off-ramp would need to be shifted. An idea 
would be to shift the off-ramp to the west side of the intermediate pier between northbound 
and southbound I-5 of the existing Denny Way overpass bridge. This would require building a 
new wall to the west of the existing pier because the I-5 southbound lanes are at a lower 
elevation than the northbound lanes.  

Figure 3-8. Example of I-5 Channelization Reconfiguration 

 
 

3.5.6  Wall Removal / Modification  

The new lid structure would require abutments supported by deep foundations to be 
constructed behind the existing walls located on the east and west sides of I-5. In addition to the 
deep foundations needing to support the vertical load demands from the lid structure, they 
would aid in not increasing the load demands on the existing wall systems. To facilitate 
construction, the existing walls would need to be partially demolished (see Figure 3-9). The 
existing walls are displacement controlled walls, which means that a temporary strut could be 
created ahead of partially demolishing the wall. It should be noted that modification to the 
existing walls could require complete rather than partial demolition. This will need to be 
considered in future studies.  
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Figure 4-8. Assumed Pier Connectivity 
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 Normal and Emergency Power  

The worst-case loading scenario is during ventilation fan operation with a fire within one section of the 
lid structure while traffic is operating in the non-incident section of the lid structure with ventilation fans 
operating in a direction to prevent the entrance of smoke that is being ejected into the non-incident 
section of the lid structure.  

Two medium voltage service entrances are proposed with associated distribution switchgear, 
transformers, and utilization voltage unit substation switchgear for normal utility power distribution. 
The utilization voltage switchgear would have feeder circuit breakers for major loads such as normal 
tunnel lighting panelboards, as well as the normal source for motor control centers for the tunnel 
ventilation jet fans, and would be configured such that half of the total connected load would be split 
between two arrangements. Automatic transfer schemes are proposed for the medium-voltage 
switchgear, and utilization voltage switchgear, such that loads would continue to be supplied upon the 
loss of a medium-voltage service, medium-voltage feeder, or utilization voltage transformer.  

The use of the two separate, physically diverse, utility services, could qualify as an emergency power 
source per NFPA 70, Article 700, if acceptable to the AHJ. The second service would allow for an 
alternate emergency source of power for lid system loads in the event of the failure of the normal utility 
service supply. This would support the capacity required for the loads to classify as emergency loads per 
NFPA 70 and 502. An automatic transfer scheme that senses voltage and frequency for both sources 
would be provided to allow for the automatic transfer between the two sources.  

The life safety Uninterruptible Power Supply (UPS), with normal and bypass feeders derived from both 
sources, would serve select tunnel emergency lighting fixtures, the fixed fire suppression deluge valves, 
the fire alarm and detection system, the SCADA system, and the tunnel traffic warning system.  

An emergency lighting panelboard would be connected directly to the output of the UPS for the 
emergency lighting circuits, as well as a distribution transformer for utilization power for the fixed fire 
suppression deluge valves, the fire alarm and detection system, the SCADA system, and the tunnel 
traffic warning system. 

The second utility service as an alternate emergency power source, complying with NFPA 502 paragraph 
12.4 and 70 Section 700 requirements, would allow the UPS battery protection time to be a duration 
only required to supply power during the transfer time from the normal utility source to the second 
utility service emergency source, and back, such that the life safety loads would not see a momentary 
outage during the transfer. 

All circuiting for emergency loads, regardless of phase, would be 1-hour fire rated in a manner as 
described in NFPA 502 paragraph 12.1.2. DP1181 indicates the circuits in the tunnel requiring this fire 
rating. 

During the detailed design phase, further development and discussion with the AHJ may allow the 2nd 
independent utility source as a recognized NFPA 502 and 70 emergency power supply source (EPSS), 
capable of supplying all required life safety loads.  Another option may be utilize a generator plant sized 
for the worst-case demand load for fire emergency service, to qualify as the EPSS, supplying all life 
safety loads.  If neither of these are viable, another design approach may be to close the tunnel in the 
event of a normal power failure power, if an adequate EPSS of sufficient capacity cannot be provided to 
support all the life safety loads.  This is an approach in force at the SR 99 tunnel, which is powered from 
two separate utility services and has modest generator capacity to power some emergency systems, but 
not the complete life safety load needed in a fire event. 



Technical Feasibility Memorandum 4. Lid Area Concepts  

I-5 Lid Feasibility Study  |  Page 4-45 

 

 Life Safety Emergency Ventilation  

Ventilation  Requirements  

Some form of ventilation would be required for both normal operations (management of vehicle 
emissions) and emergency operations (management of smoke in a fire event). The two primary means 
are mechanical ventilation (fans) and non-mechanical ventilation (natural). A key requirement in NFPA 
502 is the provision of tenable conditions for egress and facilitation of conditions for firefighting. 
Achieving these goals relies on ventilation, means of egress, and fire control. Ventilation is particularly 
integral with fire-life safety because it is essential to smoke management. Ventilation systems for 
modern road tunnels with unidirectional traffic is typically a longitudinal system (Figure 4-8) with airflow 
achieved using in-tunnel jet fans or a Saccardo nozzle injection system. Natural ventilation relies on the 
buoyancy of the smoke layer and proximity of openings in the ceiling to vent smoke without the need 
for fans. This could be an option subject to detailed analysis to confirm performance. Natural ventilation 
can sometimes be shown to meet FLS requirements for tunnels on the order of 600 feet to 800 feet in 
length. Large openings in the ceiling are generally required or fully open sidewalls.  

Figure 4-9. Longitudinal  Ventilation System (nozzle or jet -fan based) 

 
 

Ventilation Options  

The I-5 lid would require ventilation for vehicle emissions and for smoke management. The scheme 
would depend on the length of the cover, the traffic, and construction schedule. Table 4-6 outlines key 
parameters and benefits versus drawbacks for a longitudinal ventilation scheme and a natural 
ventilation scheme. 

Ventilation directs 
smoke 

downstream

Fire 
vehicle

Upstream 
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the leanest and robust lid project estimates, respectively. The high end of the cost range falls 
between the cost of Hudson Yards, a similar lid structure supporting vertical development, and 
the SR99 AWT tunnel costs. 

Figure 7-3. Normalized Cost-per-Square-Foot Comparison of Representative Projects 
(2019 USD) 

 

Comparable costs are representative of construction costs, and not capital costs. Other variable and right -
of-way costs are not included.  

A no-build cost assessment was also conducted to reflect the costs of existing I-5 operations. 
Details of the no-build cost assessment can be found in the life-cycle and economic assessments 
located in the overall LFS report. 
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1. Introduction
This Basis of Design for Technical Feasibility Memorandum documents the proposed approach,
assumptions, and standards to guide the technical feasibility assessment of the Interstate 5 (I-5)
Lid Feasibility Study (LFS) conducted by the consultant team for the City of Seattle, as defined in
Task 4 of the scope of work. The purpose of this document is to define criteria for the study and
to ensure the services are performed efficiently to achieve the project goals.

This report is intended to be a living document that will be updated as required as the study
progresses. The basis of design will ultimately be incorporated into the I-5 LFS Technical
Feasibility Memorandum.

The Structural Assessment Boundary for the I-5 LFS generally runs along I-5 from Madison Street
to Denny Way and its immediate perimeter (Figure 1-1).



1. Introduction Basis of Design for Technical Feasibility Memorandum

Page 1-2 | I-5 Lid Feasibility Study

Figure 1-1.  Structural Assessment Boundary

Source: I-5 Lid Feasibility Study, Request for Proposals, Office of Planning & Community Development,
City of Seattle, 2019
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