












































































































TABLE 1
SUMMARY OF SUBSURFACE EXPLORATIONS

SHANNON & WILSON, INC. 

Start End

B-1 4-Apr-07 5-Apr-07 81.5 - 10 1260340.085 234838.1134 17.5 RAP 01

B-2 6-Apr-07 6-Apr-07 81.5 DSV test casing 10 1260276.167 234893.6035 17.1 RAP 02

B-3 10-Apr-07 10-Apr-07 81.5 - 8.5 1260153.747 234896.3903 16.4 RAP 03

B-4 21-May-07 22-May-07 81.5 - 10 1259961.153 234982.0593 16.4 RAP 04

B-5 11-Apr-07 13-Apr-07 111.5 - 10 1259746.74 234852.3093 16.5 RAP 05 and MLP 01

B-6 13-Apr-07 17-Apr-07 131.5 - 9 1259629.126 234848.9046 16.1 MLP 02

B-7 18-Apr-07 20-Apr-07 136.5 DSV test casing 15 1259552.485 234845.4214 16.1 MLP 03

B-8 27-Apr-07 3-May-07 150.5 - 9.5 1259255.561 234862.7269 16.5 MLP 04

B-9 30-May-07 4-Jun-07 151.5 Shallow OW and VWP 10 1259114.189 234864.3038 15.2 MLP 05

B-10 2-Jul-07 6-Jul-07 146.5 - 12 1259017.311 234866.7492 14.9 MLP 06

B-11 28-Jun-07 2-Jul-07 141 - 7 1258836.063 234963.265 14.9 MLP 07

B-12 6-Jun-07 8-Jun-07 146 - 8.5 1258653.546 234967.3336 14.8 MLP 08

B-13 23-May-07 29-May-07 156.5 DSV test casing 15 1258435.803 234842.8513 14.8 MLP 09

B-14 22-Jun-07 26-Jun-07 126 - 10 1258316.726 234873.3917 15.1 MLP 10, RCP 01, and RBP 01

B-15 20-Jun-07 21-Jun-07 101 - 10 1258034.687 234984.7981 15.5 MLP 11, RCP 02, and RBP 02

B-16 18-Jun-07 19-Jun-07 91 - 10 1257946.545 235004.9925 14.8 RBP 03

B-17 14-Jun-07 18-Jun-07 91 VWP 10 1257892.21 235007.1396 14.8 MLP 12 and RCP 03

B-18 12-Jun-07 14-Jun-07 91 - 10 1257769.842 234864.2289 15.3 RCP 04

B-19 8-Jun-07 12-Jun-07 96.5 - 16 1257608.167 234826.4919 16.0 MLP 13

B-20 14-May-07 15-May-07 106.5 DSV test casing 6.5 1257342.746 234803.0805 15.8 MLP 14

B-21 16-May-07 17-May-07 86.5 Shallow OW 12 1257078.271 234713.7113 18.1 MLP 15

B-22 24-Apr-07 25-Apr-07 66.5 DSV test casing NO 1256719.407 234528.0382 142.1 MLP 16

B-23 5-Jun-07 5-Jun-07 51.5 7 Temporary embankment

B-24 24-Apr-08 25-Apr-08 91.5 - 15 MLP 15
Notes:

DSV - Direct Shear Velocity OW - Observation well

NO - not observed VWP - vibrating wire piezometer

Y Coordinate(2)
Elevation(2) 

(feet)

1.  All borings were drilled by Boart Longyear of Fife, Washington.  A truck-mounted rig with a rope and cathead hammer system
     were used to complete the drilling.  A combination of hollow-stem auger and mud rotary drilling techniques were used to advance
     the holes.
2.  Boring locations were surveyed in September 2007; coordinates and elevations were obtained from a drawing file provided to us
     by HNTB on October 1, 2007.

Nearest Proposed Structure LocationInstall

Measured/ 
Observed Depth 
of Water Level 
During Drilling

(feet)
Boring 

Designation(1)

Drilling Dates
Depth of Boring 

(feet) X Coordinate(2)
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TABLE 2
SUMMARY OF LIQUEFACTION ANALYSIS RESULTS AND GROUND IMPROVEMENT 

RECOMMENDATIONS FOR PROPOSED BRIDGE PIERS

 SHANNON & WILSON, INC.

Nearby Proposed Piers Boring

Elevation of 
Boring

[(feet) NAVD]

Estimated Depths and/or 
Depth Intervals of 

Potential Liquefaction (in 
feet)

(i.e., factor of safety 
against liquefaction less 

than 1.2)

Recommended 
Depth of Ground 

Improvement
(feet)

Recommended 
Lateral Extent of 

Compaction 
Grouting

(feet)

RAP 01 B-1 17.5 - 0 0

RAP 02 B-2 17.1 10-15 15 11

RAP 03 B-3 16.4 8-20 20 15

RAP 04 B-4 16.4 10-37 40 30

RAP 05 and MLP 01 B-5 16.5 10-23, 30-50 50 38

MLP 02 B-6 16.1 10-28, 63-78 30 23

MLP 03 B-7 16.1 10-20, 60 20 15

MLP 04 B-8 16.5 10-20, 34-54 55 41

MLP 05 B-9 15.2 10-48 50 38

MLP 06 B-10 14.9 10-38, 75 40 30

MLP 06 EB-1 8-50 50 38

MLP 07 B-11 14.9 7-38 40 30

MLP 08 B-12 14.8 8-30, 60 30 23

MLP 09 EB-2 10-25, 30-50 50 38

MLP 09 B-13 14.8 10-53 55 41

MLP 10, RCP 01, and 
RBP 01 B-14 15.1 10-33, 70 35 26

MLP 11, RCP 02, and 
RBP 02 B-15 15.5 10-33 35 26

RBP 03 B-16 14.8 10-28 30 23

MLP 12 and RCP 03 B-17 14.8 10-28 30 23

RCP 04 B-18 15.3 10-28 30 23

MLP 13 B-19 16.0 10-43 45 34

MLP 14 B-20 15.8 10-19 20 15

MLP 15 B-21 18.1 8-12, 23-38 40 30

MLP 15 B-24 21.0 - 0 0

MLP 16 B-22 142.1 - 0 0
Note:
Recommended lateral extents of ground improvement are based on our evaluation of the resistance of the improved ground 
and lateral spreading forces.  We assumed a shear strength of 500 pounds per square inch (psi) for compaction grout and 
calculated composite strengths for the improved subsoils.
NAVD -North America Vertical Datum
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TABLE 3
COMPARISON OF CONSIDERED GROUND IMPROVEMENT OPTIONS

 SHANNON & WILSON, INC.

Ground 
Improvement 

Option Advantage Disadvantage

Stone Columns

- Produces dense gravel columns up to 3 feet in diameter.
- Compacts and densifies surrounding granular soils.
- Improves subsurface drainage, which reduces the potential of pore water 
pressure buildup that would ultimately lead to liquefaction.
- Can be effective to 100 feet deep.
- Is less expensive than compaction grouting.

- Produces significant ground vibration within 50 feet of installation.
- Causes excessive ground settlement within 30 to 50 feet of installation.
- Improves soils, but is not effective for soils with more 25 percent plastic, 
fine-grained soils.
- May require predrilling to penetrate vibro-probe through dense granular 
and stiff cohesive soil layers.
- May disturb fine-grained soil layers with vibration.
- Does not significantly improve soils in the upper 10 feet below ground 
surface.
- May contaminate waterways located less than 20 feet from installation.

Compaction 
Grouting

- Produces high-strength cement columns up to 2 feet in diameter.
- Compacts and densifies surrounding granular soils.
- Improves soils to depths up to 100 feet.
- Uses small equipment and can accommodate low overhead clearances.
- Produces high strength soil blocks.
- Uses low slump concrete and can be installed less than 5 feet from 
waterway without contaminating water.

- Is not effective in cohesive soil layers.
- Does not significantly improve soils in the upper 10 feet below ground 
surface.
- Is more expensive than stone column ground improvement method.
- May require grout pressure reduction where existing structures or 
pipelines are within a few feet of installation.

Note:  The above advantages and disdavantages were collected from Hayward Baker's website, published literature, and local experience.
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TABLE 4
RECOMMENDED GROUP EFFICIENCY FACTORS FOR AXIAL CAPACITY AND LATERAL RESISTANCE ANALYSES

SHANNON & WILSON, INC.

Pier Desination Boring

Number of 
Shafts per 

Group
Diameter

(feet)

Circumference 
of Shafts

(feet) ΣPshafts (feet)

Perimeter 
of Shaft 
Group 
(feet)

Shaft Spacing 
(D)

Group 
Efficiency for 

Axial Capacity
Shaft Spacing 

(feet)

Lateral P-Y 
Efficiency 

Factor

RAP01B +C B1 2 6.56 20.6 41.2 45.1 1.6 1.0 9.4 0.7
RAP02A B2 1 8.2 25.8 25.8 25.8
RAP03A B3 1 8.2 25.8 25.8 25.8
RAP04A B4 1 8.2 25.8 25.8 25.8
RAP05A B5 1 8.2 25.8 25.8 25.8

MLP01D to E B5 3 6.56 20.6 61.8 105.1 3.3 1.0 19.7 0.8
RAP06A

 and MLP02B and C B6 3 8.2 25.8 77.3 126.4 2.9 1.0
23.4 0.8

RAP07A
 and MLP03B and C B7 3 8.2 25.8 77.3 150.4 3.7 1.0

29.4 0.9
RAP08A

 and MLP04B and C B8 3 8.2 25.8 77.3 150.4 3.7 1.0
29.4 0.9

MLP05D to F B9 3 8.2 25.8 77.3 132.4 3.1 1.0 24.9 0.8
MLP06D to F B10 3 8.2 25.8 77.3 132.4 3.1 1.0 24.9 0.8
MLP07D to F B11 3 8.2 25.8 77.3 132.4 3.1 1.0 24.9 0.8
MLP08D to F B12 3 8.2 25.8 77.3 192.4 5.0 1.0 39.9 1.0
MLP09G to I B13 3 8.2 25.8 77.3 220.4 5.9 1.0 46.9 1.0

RCP01A B14 1 8.2 25.8 25.8 25.8
MLP10A B14 4 6.56 20.6 82.4 104.0 3.2 1.0 19.4 0.8
RBP01A B14 1 8.2 25.8 25.8 25.8
RCP02A B15 1 8.2 25.8 25.8 25.8
MLP11A B15 4 6.56 20.6 82.4 104.0 3.2 1.0 19.4 0.8
RBP02A B15 1 8.2 25.8 25.8 25.8
RCP03A B17 1 8.2 25.8 25.8 25.8

RBP03B and C B16 2 6.56 20.6 41.2 65.1 3.2 1.0 19.4 0.8
MLP12A B17 4 6.56 20.6 82.4 104.0 3.2 1.0 19.4 0.8

RCP04B and C B18 2 6.56 20.6 41.2 65.1 3.2 1.0 19.4 0.8
MLP13A B19 9 6.56 20.6 185.5 180.0 3.2 1.0 19.4 0.8
MLP14A B20 9 6.56 20.6 185.5 180.0 3.2 1.0 19.2 0.8
MLP15A B21 9 6.56 20.6 185.5 180.0 3.2 1.0 19.2 0.8

MLP16D to F B22 3 6.56 20.6 61.8 123.1 4.0 1.0 24.2 0.9
Notes:
1.  Group efficiency values above are for use in evaluating axial capacity of drilled shaft groups at the proposed pier locations listed above.
2.  Group efficiency for axial capacity based on shaft configurations in the 10-19-07 pier layout drawing file.
3.  If a single shaft lateral resistance analysis is performed, the lateral p-y efficiency factors should be used to account for group effects.

single shaft
single shaft
single shaft

single shaft

single shaft

single shaft

single shaft
single shaft

single shaft
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TABLE 5
RECOMMENDED RESISTANCE AND LOAD FACTORS FOR DEEP FOUNDATIONS

SHANNON & WILSON, INC.

Side 
Resistance Base Resistance Uplift

Service 1.0 1.0 1.0

Strength 0.55 0.50 0.45 

Extreme 1.0 1.0 0.8 

Service 1.0 1.0 1.0 

Strength 0.65 0.65 0.65 

Extreme 1.0 1.0 0.8 

Service 1.0 1.0 1.0 

Strength 0.55 0.50 0.45 

Extreme 1.0 1.0 0.8 

Temporary Augercast Pile Foundations for 
Construction Staging Strength 0.65 0.65 0.65 

Downdrag due to Liquefaction 1.25

Static Downdrag - Filling Jacob's Pond 
after Structure is Loaded 1.25

Static Downdrag - Filling of Jacob's Pond 
Before Structure Loaded 1.0

Resistance Factor, Rf

Note:

Limit State

Load Factor

The load and resistance factors are based on available subsurface data, Washington State Department of Transportation 
(WSDOT) Geotechnical Design Manual guidelines, and our engineering experience and judgment.

Drilled Shaft Foundations

Drilled Shaft Foundations near Pond Filling 
- Pond filled prior to foundation 

construction and loading

Drilled Shaft Foundations near Pond Filling 
- Pond filled after foundation construction 

and loading
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

0 10 10 Sand 125 (0.072) 32 22 40 26 0.008 125 (0.072) Use default

10 12 2 Sand 62.6 (0.036) 32 10 30 8 0.008 62.6 (0.036) Use default

12 28 16 Stiff Clay w/out free water 62.6 (0.036) 0.004 62.6 (0.036) 0.004

28 82 54 Stiff Clay w/out free water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 6 6 Stiff Clay w/out free water 120 (0.069) 1000 800 400 300 0.010 120 (0.069) 0.010

6 10 4 Sand 115 (0.067) 32 22 30 19 0.008 115 (0.067) Use default

10 15 5 Sand 52.6 (0.030) 32 10 25 7 0.008 62.6 (0.036) Use default

15 23 8 Stiff Clay w/out free water 62.6 (0.036) 0.004 62.6 (0.036) 0.004

23 82 59 Stiff Clay w/out free water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 8 8 Sand 120 (0.069) 32 22 80 52 0.008 120 (0.069) Use default

8 10 2 Sand 57.6 (0.033) 32 5 60 8 0.008 57.6 (0.033) Use default

10 20 10 Sand 57.6 (0.033) 32 5 60 8 0.008 62.6 (0.036) Use default

20 82 62 Stiff Clay w/out free water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 115 (0.067) 30 21 20 13 0.010 115 (0.067) Use default

10 37 27 Sand 52.6 (0.030) 26 7 20 5 0.013 62.6 (0.036) Use default

37 82 45 Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 120 (0.072) 30 21 50 33 0.010 120 (0.072) Use default

10 30 20 Sand 52.6 (0.030) 27 7 10 2 0.013 62.6 (0.036) Use default

30 50 20 Soft Clay/Sand(5) 47.6 (0.028) 400 - - 5 30 5 0.020 47.6 (0.028) 0.020

50 65 15 Stiff Clay w/out Free Water 52.6 (0.030) 1,500 1,200 500 400 0.007 52.6 (0.030) 1,500 1,200 500 400 0.007

65 72 7 Sand 67.6 (0.039) 0.006 67.6 (0.039) 0.006

72 90 18 Stiff Clay w/out Free Water 72.6 (0.042) 0.005 72.6 (0.042) 0.005

90 112 22 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

34

-

-

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

32

-

-

-

35

35

-

35

32

-

-

32

36

34

-

60

50

2,000

2,000

-

2,000

70

1,000

-

30

34

-

30

3,000

4,000

30

80

60

2,000

2,000

1,500

-

-

1,000

4,000

-

2,000

3,000

-

1000

B-5
16.5 ft

(RAP 05 and 
MLP 01)

-

4,000

-
B-4

16.4 ft
(RAP 04)

-

-

4,000

-

-

35

-3,000

-

B-3
16.4 ft

(RAP 03)

-

4,000

-

-

B-2
17.1 ft

(RAP 02)
3,500 -

B-1
17.5 ft

(RAP 01)

-

-

-

-

4,000 -

2,000

Modulus of Subgrade 
Reaction, k (pci)

40

60

1,000

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

1,500

2,000 2,000

2,000

70

80

60

80

20

UNIMPROVED CASE

-

Undrained Shear 
Strength, Su

(psf)(3)

3,000

4,000

-

-

-

-

3,500

4,000

1000 400

30-400

-

-

4,000

-

-

-

-

4,000
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Modulus of Subgrade 
Reaction, k (pci)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

UNIMPROVED CASE

Undrained Shear 
Strength, Su

(psf)(3)

0 10 10 Sand 115 (0.067) 30 21 40 27 0.010 120 (0.072) Use default

10 25 15 Sand 52.6 (0.030) 30 5 30 5 0.010 62.6 (0.036) Use default

25 34 9 Sand 62.6 (0.036) 35 25 0.006 62.6 (0.036) Use default

34 63 29 Soft Clay 47.6 (0.028) 500 350 100 70 0.015 47.6 (0.028) Use default

63 78 15 Sand 52.6 (0.030) 30 13 0.010 62.6 (0.036) Use default

78 92 14 Stiff Clay w/out Free Water 62.6 (0.036) 0.005 62.6 (0.036) 0.005

92 132 40 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 120 (0.072) 30 21 50 33 0.010 120 (0.072) Use default

10 20 10 Sand 52.6 (0.030) 23 5 15 3 0.013 62.6 (0.036) Use default

20 27 7 Sand 67.6 (0.039) 0.004 67.6 (0.039) 0.004

27 58 31 Soft Clay 47.6 (0.028) 400 300 30 20 0.020 47.6 (0.028) 400 300 30 20 0.020

58 67 9 Sand 57.6 (0.033) 0.008 57.6 (0.033) 0.008

67 80 13 Soft Clay 47.6 (0.028) 400 300 30 20 0.020 47.6 (0.028) 400 300 30 20 0.020

80 93 13 Sand 67.6 (0.039) 0.002 67.6 (0.039) 0.002

93 137 44 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 115 (0.067) 28 20 20 14 0.013 115 (0.067) Use default

10 20 10 Sand 52.6 (0.030) 28 6 15 3 0.013 62.6 (0.036) Use default

20 34 14 Sand 67.6 (0.039) 42 29 125 75 0.004 67.6 (0.039) 0.004

34 54 20 Soft Clay/Sand(5) 47.6 (0.028) 400 - - 5 30 2 0.020 47.6 (0.028) 0.020

54 78 24 Sand 67.6 (0.039) 0.002 67.6 (0.039) 0.002

78 105 27 Stiff Clay w/out Free Water 62.6 (0.036) 2,000 1,500 800 650 0.006 57.6 (0.033) 2,000 1,500 800 650 0.006

105 125 20 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

125 138 13 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

138 151 13 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

34

35

32

45

34

-

-

45

-

-

45

40

-

125 -

-

-

-

30

-

-

-

-

-

45

-

125

125

125

2,000

- 45

4,000 - 2,000

125

70

2,000

2,000

65

125

100500

70

35

35

65

125

2,000

1,000

50

60

-

-

-

-

-

-

-

40

32-

-

45

1,000

B-8
16.5 ft

(MLP 04)

-

-

-

-

B-6
16.1 ft

(MLP 02)
-

70

125

20

125

60

3,000

4,0004,000

125-

8,000

-

-

-

-

45

B-7
16.1 ft

(MLP 03)

3,000

45

-

28

42

45

-

125

2,000

30

-

-

400

-

-

4,000

-

8,000

-

30-

-

-

40

70
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Modulus of Subgrade 
Reaction, k (pci)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

UNIMPROVED CASE

Undrained Shear 
Strength, Su

(psf)(3)

0 10 10 Sand 115 (0.067) 30 21 30 20 0.010 115 (0.067) Use default

10 36 26 Sand 52.6 (0.030) 30 11 25 8 0.010 62.6 (0.036) Use default

36 48 12 Sand 52.6 (0.030) 28 6 15 3 0.013 62.6 (0.036) Use default

48 73 25 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

73 98 25 Stiff Clay w/out free water 57.6 (0.033) 1,000 750 400 300 0.009 57.6 (0.033) 1,000 750 400 300 0.009

98 103 5 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

103 151 48 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

0 10 10 Sand 115 (0.067) 28 20 25 17 0.013 115 (0.067) Use default

10 20 10 Sand 52.6 (0.030) 28 10 20 7 0.013 62.6 (0.036) Use default

20 36 16 Sand 52.6 (0.030) 30 10 35 11 0.010 62.6 (0.036) Use default

36 48 12 Soft Clay 47.6 (0.028) 400 300 30 20 0.020 47.6 (0.028) 400 300 30 20 0.020

48 77 29 Sand 67.6 (0.039) 0.004 67.6 (0.039) 0.004

77 102 25 Stiff Clay w/out free water 57.6 (0.033) 1,200 900 400 300 0.007 57.6 (0.033) 1,200 900 400 300 0.007

102 147 45 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

0 7 7 Sand 115 (0.067) 28 20 25 17 0.013 115 (0.067) Use default

7 36 29 Sand 52.6 (0.030) 28 10 20 7 0.013 62.6 (0.036) Use default

36 68 32 Sand 67.6 (0.039) 0.004 67.6 (0.039) 0.004

68 97 29 Stiff Clay w/out Free Water 62.6 (0.036) 2,000 1,500 800 650 0.006 62.6 (0.036) 2,000 1,500 800 650 0.006

97 141 44 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

0 8 8 Sand 115 (0.067) 30 21 25 17 0.010 115 (0.067) Use default

8 30 22 Sand 52.6 (0.030) 30 8 20 5 0.010 62.6 (0.036) Use default

30 64 34 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

64 96 32 Sand 52.6 (0.030) 0.013 52.6 (0.030) 0.013

96 146 50 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002-

25

6034

34

34

33

30

38 90

125 45

38

28 30

90

28 30

125

-

42

28

B-12
14.8 ft

(MLP 8)

-

-

-

-

B-10
14.9 ft

(MLP 6)

B-11
14.9 ft

(MLP 7)

25

-

-
B-9

15.2 ft
(MLP 05)

-

-

-

-

95

70

12545

3636

-

33

45

45

30

60

60

95

70

125

30

34

-

-

-

-

-

42

45

-

-

125

-

42

-

45-

100

-

-

2528

100

125

34 60

60

-

100-

-

42

45

- -

45

-

100

125

34

125

60

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Modulus of Subgrade 
Reaction, k (pci)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

UNIMPROVED CASE

Undrained Shear 
Strength, Su

(psf)(3)

0 10 10 Sand 125 (0.036) 34 24 135 90 0.006 125 (0.036) Use default

10 40 30 Sand 52.6 (0.030) 28 9 15 4 0.013 62.6 (0.036) Use default

40 52 12 Sand 57.6 (0.033) 33 12 60 20 0.008 62.6 (0.036) Use default

52 68 16 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

68 82 14 Stiff Clay w/out Free Water 57.6 (0.033) 800 600 200 100 0.010 57.6 (0.033) 800 600 200 100 0.010

82 114 32 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

114 157 43 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 115 (0.067) 29 20 45 30 0.013 115 (0.067) Use default

10 32 22 Sand 52.6 (0.030) 29 10 35 11 0.013 62.6 (0.036) Use default

32 68 36 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

68 75 7 Stiff Clay w/out Free Water 62.6 (0.036) 1,000 800 400 300 0.008 62.6 (0.036) 1,000 800 400 300 0.008

75 83 8 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

83 126 43 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 115 (0.067) 30 21 90 60 0.010 115 (0.067) Use default

10 15 5 Sand 52.6 (0.030) 30 10 60 18 0.010 62.6 (0.036) Use default

15 23 8 Soft Clay/Sand(5) 47.6 (0.028) - - 30 12 100 6 0.018 47.6 (0.028) 0.018

23 33 10 Sand 52.6 (0.030) 30 12 40 15 0.010 62.6 (0.036) Use default

33 68 35 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

68 78 10 Stiff Clay w/out Free Water 62.6 (0.036) 2,000 1,500 800 650 0.006 62.6 (0.036) 2,000 1,500 800 650 0.006

78 102 24 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

0 10 10 Sand 115 (0.067) 30 21 30 20 0.010 115 (0.067) Use default

10 27 17 Sand 52.6 (0.030) 30 7 25 5 0.010 62.6 (0.036) Use default

27 45 18 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

45 92 47 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

29

70

-

60

- -

-

-

2,000

34

125

34

36

135

70

36

45 125125 -

-85

45

85

60

90

-

34 60

37

-

38

2,000

2,000

100

2,000

-

-

4,000

-

-

-

-

-

-

-

-

45

45

37

45

34

30-

-

-

45-

2,000

125

-

8,000

-

-

-

6,000

8,000

-

2,000

8,000

-

-

125

2,000

B-13
14.8 ft

(MLP 9)

B-16
14.8 ft

(RBP 03)

-

B-14
15.1 ft

(MLP 10, 
RCP 01, and 

RBP 01)

B-15
15.5 ft

(MLP 11, 
RCP 2, and 

RBP 2)

60

30

-

-

45 125-

6,000

8,000

-

-

-

-

34

30

100

2,000

-

-

38

36 7036 70

-

-

-

-

4,000

-

-

-

500 100
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Modulus of Subgrade 
Reaction, k (pci)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

UNIMPROVED CASE

Undrained Shear 
Strength, Su

(psf)(3)

0 10 10 Sand 120 (0.072) 34 24 110 75 0.006 120 (0.072) Use default

10 33 23 Sand 47.6 (0.028) 24 4 15 2 0.013 62.6 (0.036) Use default

33 55 22 Sand 62.6 (0.036) 0.006 62.6 (0.036) 0.006

55 92 37 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

0 10 10 Sand 115 (0.067) 30 21 70 45 0.010 115 (0.067) Use default

10 17 7 Sand 52.6 (0.030) 30 12 50 18 0.010 62.6 (0.036) Use default

17 25 8 Sand 52.6 (0.030) 24 8 10 3 0.013 62.6 (0.036) Use default

25 30 5 Sand 57.6 (0.033) 32 12 40 15 0.008 62.6 (0.036) Use default

30 48 18 Sand 72.6 (0.042) 0.002 72.6 (0.042) 0.002

48 91 43 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 120 (0.072) 30 21 50 35 0.010 120 (0.072) Use default

10 34 24 Sand 52.6 (0.030) 28 5 10 2 0.013 62.6 (0.036) Use default

34 43 9 Sand 57.6 (0.033) 32 14 60 20 0.008 62.6 (0.036) Use default

43 50 7 Stiff Clay w/out Free Water 62.6 (0.036) 0.006 62.6 (0.036) 0.006

50 97 47 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 6 6 Sand 125 (0.036) 34 24 130 86 0.006 125 (0.036) Use default

6 10 4 Sand 62.6 (0.036) 34 24 80 53 0.006 62.6 (0.036) Use default

10 19 9 Sand 52.6 (0.030) 30 5 20 3 0.010 62.6 (0.036) Use default

19 35 16 Stiff Clay w/out Free Water 57.6 (0.033) 1,000 800 - - 400 300 0.007 57.6 (0.033) 0.007

35 48 13 Sand 62.6 (0.036) 36 20 80 40 0.006 67.6 (0.039) Use default

48 107 59 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

125

95

110

-

125

35

45

1,000 -

-

-

-

-

2,500

2,000

35

45

36

-

34

-

-

36

-

-

-

B-20
15.8 ft

(MLP 14)

B-19
16.0 ft

(MLP 13)

-

-

2,000

125

125

-

-

4,000

-

45

B-17
14.8 ft

(MLP 12 and 
RCP 03)

B-18
15.3 ft

(RCP 04)

-

-

-

-

-

8,000 - 2,000- 2,000

5030

-

60

80

4,000

-

-

36

-

-

-

-

-

38

2,000

95

34

100

1,000

2,000

70

35 80

95

45

30

80

36 95

36 80

34

34 80

130

-

-

-

-

4,000

8,000

-

-

-

1,000 400

-

-

4,000

2,500
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TABLE 6
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP(1) OR LPILE AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength Static

Reduced 
strength Static

Reduced 
Strength

IMPROVED CASE

Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Modulus of Subgrade 
Reaction, k (pci)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

Soil Type(2)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Layer 
thickness

(ft)

Undrained Shear 
Strength, Su

(psf)(3) Strain at 
50% 

Maximum 
Stress, ε50

(4)

(Decimal)

Friction Angle, φ
Modulus of Subgrade 

Reaction, k (pci)

Effective Unit 
Weight, γ 

[pcf(pci)](3)

Friction Angle, φ

UNIMPROVED CASE

Undrained Shear 
Strength, Su

(psf)(3)

0 12 12 Sand 115 (0.067) 0.013 115 (0.067) Use default

12 22 10 Sand 52.6 (0.030) 0.010 52.6 (0.030) Use default

22 42 20 Sand 57.6 (0.033) 1,500 1,200 500 400 0.007 57.6 (0.033) 1,500 1,200 500 400 0.007

42 87 45 Stiff Clay w/out Free Water 72.6 (0.042) 0.004 72.6 (0.042) 0.004

0 10 10 Sand 115 (0.067) 0.010 115 (0.067) 0.010

10 23 13 Sand 130 (0.075) 0.002 130 (0.075) 0.002

23 67 44 Sand 135 (0.078) 0.002 130 (0.075) 0.002

Notes:

BGS - below ground surface

2.  Soil types listed in this column are for LPILE.  For DFSAP, "Clay" should be used as the soil type for all clays listed in this column (soft and stiff).
3.  pcf - pounds per cubic foot; pci - pounds per cubic inch; psf - pounds per square foot; SPT - Standard Penetration Test; Effective Unit Weight = Total Unit Weight - 62.4 pcf.

5.  For the unimproved case, we recommend using the Soft Clay soil type for Static loading and the Sand soil type for Seismic/Cyclic loading.  For the improved case, we recommend using Soft Clay soil type for both Static and Seismic/Cyclic loading.

26

30

26

-4,000

-

-

6.  Shading indicates potential for liquefaction exists in this soil layer without ground improvement, and static properties were increased assuming that ground improvement is performed from the ground surface to the bottom of the layer.  Where ground improvement is 
implemented, it was assumed that a strength increase would not occur in the upper ten feet below the ground surface.

45

3030

225

2,000

200

30

1.  Parameters given above are based on the subsurface conditions encountered in the borings indicated, and the results of laboratory testing.

B-22
142.1 ft

(MLP 16)

-

-

4.  ε50 values for the sand layers are for use in DFSAP only.  The recommended ε50 values above were estimated using the DFSAP correlation curves provided in the DFSAP help menu (JP Singh & Associates, 2006), published typical void ratio values, and the results of our 
grain size analyses.

45

42

2000

200

225

- 42

-

7.  If ground improvement is not implemented to mitigate liquefaction, the shafts should be designed to resist lateral impact forces resulting from lateral spread of the liquefiable soils using an equivalent fluid weight of 100 pcf to bottom of liquefiable soil.

B-24
21 ft

(MLP 15)

-

4,000

26

35

-

-

- 25

-

-

26

-

35

25
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

0 10 10 Sand No - - -

10 12 2 Sand Yes 16 2 Subrounded

12 28 16 Clay No - - -

28 82 54 Clay No - - -

0 6 6 Clay No - - -

6 10 4 Sand No - - -

10 15 5 Sand Yes 12 2 Subrounded

15 23 8 Clay No - - -

23 82 59 Clay No - - -

0 8 8 Sand No - - -

8 10 2 Sand Yes 5 10 Subrounded

10 20 10 Sand Yes 5 10 Subrounded

20 82 62 Clay No - - -

0 10 10 Sand No - - -

10 37 27 Sand Yes 5 45 Subrounded

37 82 45 Clay No - - -

0 10 10 Sand No - - -

10 30 20 Sand Yes 5 10 Subrounded

30 50 20 Sand Yes 3 80 Rounded

50 65 15 Clay No - - -

65 72 7 Sand No - - -

72 90 18 Clay No - - -

90 112 22 Clay No - - -

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

B-3
16.4 ft

(RAP 03)

B-2
17.1 ft

(RAP 02)

B-1
17.5 ft

(RAP 01)

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

B-4
16.4 ft

(RAP 04)

Liquefied Soil Properties for DFSAP Analyses

B-5
16.5 ft

(RAP 05 and 
MLP 01)
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

Liquefied Soil Properties for DFSAP Analyses

0 10 10 Sand No - - -

10 25 15 Sand Yes 3 5 Subrounded

25 34 9 Sand No - - -

34 63 29 Clay No - - -

63 78 15 Sand Yes 8 15 Subrounded

78 92 14 Clay No - - -

92 132 40 Clay No - - -

0 10 10 Sand No - - -

10 20 10 Sand Yes 6 15 Subrounded

20 27 7 Sand No - - -

27 58 31 Clay No - - -

58 67 9 Sand No - - -

67 80 13 Clay No - - -

80 93 13 Sand No - - -

93 137 44 Clay No - - -

0 10 10 Sand No - - -

10 20 10 Sand Yes 8 5 Subrounded

20 34 14 Sand No - - -

34 54 20 Clay Yes 3 80 Rounded

54 78 24 Sand No - - -

78 105 27 Clay No - - -

105 125 20 Sand No - - -

125 138 13 Clay No - - -

138 151 13 Sand No - - -

B-7
16.1 ft

(MLP 03)

B-8
16.5 ft

(MLP 04)

B-6
16.1 ft

(MLP 02)
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

Liquefied Soil Properties for DFSAP Analyses

0 10 10 Sand No - - -

10 36 26 Sand Yes 11 5 Subrounded

36 48 12 Sand Yes 5 15 Subrounded

48 73 25 Sand No - - -

73 98 25 Clay No - - -

98 103 5 Sand No - - -

103 151 48 Sand No - - -

0 10 10 Sand No - - -

10 20 10 Sand Yes 8 10 Subrounded

20 36 16 Sand Yes 14 15 Subrounded

36 48 12 Clay No - - -

48 77 29 Sand No - - -

77 102 25 Clay No - - -

102 147 45 Sand No - - -

0 7 7 Sand No - - -

7 36 29 Sand Yes 9 10 Subrounded

36 68 32 Sand No - - -

68 97 29 Clay No - - -

97 141 44 Sand No - - -

0 8 8 Sand No - - -

8 30 22 Sand Yes 10 5 Subrounded

30 64 34 Sand No - - -

64 96 32 Sand No - - -

96 146 50 Sand No - - -

B-9
15.2 ft

(MLP 05)

B-10
14.9 ft

(MLP 6)

B-11
14.9 ft

(MLP 7)

B-12
14.8 ft

(MLP 8)
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

Liquefied Soil Properties for DFSAP Analyses

0 10 10 Sand No - - -

10 40 30 Sand Yes 18 15 Subrounded

40 52 12 Sand Yes 28 15 Subrounded

52 68 16 Sand No - - -

68 82 14 Sand No - - -

82 114 32 Clay No - - -

114 157 43 Clay No - - -

0 10 10 Sand No - - -

10 32 22 Sand Yes 13 10 Subrounded

32 68 36 Sand No - - -

68 75 7 Clay No - - -

75 83 8 Clay No - - -

83 126 43 Clay No - - -

0 10 10 Sand No - - -

10 15 5 Sand Yes 15 25 Subrounded

15 23 8 Sand Yes 4 60 Subrounded

23 33 10 Sand Yes 15 25 Subrounded

33 68 35 Sand No - - -

68 78 10 Clay No - - -

78 102 24 Sand No - - -

0 10 10 Sand No - - -

10 27 17 Sand Yes 9 25 Subrounded

27 45 18 Sand No - - -

45 92 47 Sand No - - -

B-13
14.8 ft

(MLP 9)

B-14
15.1 ft

(MLP 10, RCP 
01, and RBP 01)

B-15
15.5 ft

(MLP 11, RCP 2, 
and RBP 2)

B-16
14.8 ft

(RBP 03)
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

Liquefied Soil Properties for DFSAP Analyses

0 10 10 Sand No - - -

10 33 23 Sand Yes 5 20 Subrounded

33 55 22 Sand No - - -

55 92 37 Sand No - - -

0 10 10 Sand No - - -

10 17 7 Sand Yes 20 25 Subrounded

17 25 8 Sand Yes 2 60 Subrounded

25 30 5 Sand Yes 16 25 Subrounded

30 48 18 Sand No - - -

48 91 43 Clay No - - -

0 10 10 Sand No - - -

10 34 24 Sand Yes 5 5 Subrounded

34 43 9 Sand Yes 17 25 Subrounded

43 50 7 Clay No - - -

50 97 47 Clay No - - -

0 6 6 Sand No - - -

6 10 4 Sand No - - -

10 19 9 Sand Yes 7 20 Subrounded

19 35 16 Clay No - - -

35 48 13 Sand No 32 40 Subrounded

48 107 59 Clay No - - -

B-18
15.3 ft

(RCP 04)

B-17
14.8 ft

(MLP 12 and 
RCP 03)

B-20
15.8 ft

(MLP 14)

B-19
16.0 ft

(MLP 13)
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TABLE 7
RECOMMENDED LIQUEFIED SOIL PROPERTIES FOR LATERAL RESISTANCE ANALYSES 

USING DFSAP(1) AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary

Estimated 
Corrected SPT 
Blow Counts, 

(N1)60

Estimated 
Percent 

Fines Angularity

Boring
GS Elevation

(Proposed Pier)

Approximate Depth 
BGS (ft)

Soil Type
Liquefaction

(2),(3)

Layer 
thickness 

(ft)

Liquefied Soil Properties for DFSAP Analyses

0 12 12 Sand No - - -

12 22 10 Sand No - - -

22 42 20 Sand No - - -

42 87 45 Clay No - - -

0 10 10 Sand No - - -

10 23 13 Sand No - - -

23 67 44 Sand No - - -

Notes:

BGS - below ground surface

B-24
21 ft

(MLP 15)

B-22
142.1 ft

(MLP 16)

Potential for liquefaction exists in this soil layer.

2.  If liquefaction mitigation is not implemented, the drilled shafts should be designed to resist lateral impact forces resulting from 
lateral spreading of the liquefiable soils.  To analyze this in Deep Foundation System Analysis Program (DFSAP), under the loading 
case box in the liquefaction menu, check "lateral spreading."
3.  We estimated liquefaction potential for ground motions under a 1,000-year return period.  The following earthquake parameters 
were used to evaluate liquefaction resulting from 1,000-year ground motions:  East of proposed mainline 15 (borings B-1 through 
B-21, and B-24) --> Acceleration coefficient (A) of 0.44g, and a Magnitude (Mw) of 6.8 West of proposed mainline 15 (boring 
B-22) --> Acceleration coefficient (A) of 0.56g, and a Magnitude (Mw) of 6.8.

1.  Liquefied soil properties given above are based on the subsurface conditions encountered in the borings indicated and our 
laboratory test and liquefaction analyses results.  

Tables 6 and 7_rev.xls Page 6 of 6  21-1-09759-012



TABLE 8
ADDITIONAL RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING 

GROUP AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied

0 10 0 - 1.9 0 - 1.3 83.3 55.6

10 32 1.9 - 4.3 0.6 - 1.4 83.3 26.5

32 68

68 75 5.6 4.4 69.4 55.6 5.6 4.4 69.4 55.6

75 83

83 126

0 10 0 - 1.7 0 - 1.1 83.3 55.4

10 15 1.7 - 2.2 0.5 - 0.7 83.3 25.5

15 23 3.5 2.4 27.8 19.4

23 33 3.2 - 4.4 1.2 - 1.6 111.1 40.9

33 68

68 78 6.9 5.2 125.0 93.8

78 102

0 10 0 - 2.5 0 - 1.6 208.3 137.5

10 33 1.3 - 2.8 0.2 - 0.4 27.8 4.4

33 55

55 92

0 10 0 - 2.2 0 - 1.5 138.9 92.3

10 34 2.0 - 4.6 0.3 - 0.8 41.7 6.9

34 43 5.2 - 6.5 2.1 - 2.6 152.8 61.0

43 50

50 97

UNIMPROVED CASE IMPROVED CASE

111.1

20.8

27.8

0.0 - 2.1

20.8

6.9

6.7 - 10.5

0.0 - 1.7

2.2 - 2.9

3.8 - 5.3

0.0 - 2.5

2.4 - 6.0

7.0 - 14.9

3.5

27.8

2.4 - 6.0

6.0 - 7.4

27.8

Ultimate Unit Side 
Friction, fs

(psi)(3)

555.6

Ultimate Unit End 
Bearing, qb

(psi)(3)

B-14
15.1 ft

(MLP 10, 
RCP 01, and 

RBP 01)

B-15
15.5 ft

(MLP 11, 
RCP 2, and 

RBP 2)

250.0

6.6 - 14.4

347.2

27.8

B-17
14.8 ft

(MLP 12 
and RCP 03)

20.8

138.9

277.8

5.5 - 9.6

694.4

Ultimate Unit Side 
Friction, fs

(psi)(3)

Ultimate Unit End 
Bearing, qb

(psi)(3)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

555.6

347.2

555.6

20.8

27.8

5.6 - 12.0

555.6

347.2

277.8

83.3

111.1

208.3

194.4

250.0

347.2

208.3

138.96.9

27.8 555.6

6.9

694.4

250.0

138.9

555.6

194.4

208.3

83.30.0 - 1.9

2.3 - 5.7

6.2 - 12.3

208.3

B-19
16.0 ft

(MLP 13)

Table 8 - Group parameters.xls Page 1 of 2  21-1-09759-012



TABLE 8
ADDITIONAL RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING 

GROUP AT PROPOSED PIER LOCATIONS

SHANNON & WILSON, INC.

Upper 
Boundary

Lower 
Boundary Static

Reduced 
Strength/
Liquefied Static

Reduced 
strength/
Liquefied Static

Reduced 
Strength/
Liquefied Static

Reduced 
Strength/
Liquefied

UNIMPROVED CASE IMPROVED CASE

Ultimate Unit Side 
Friction, fs

(psi)(3)

Ultimate Unit End 
Bearing, qb

(psi)(3)

Ultimate Unit Side 
Friction, fs

(psi)(3)

Ultimate Unit End 
Bearing, qb

(psi)(3)

Boring
Ground 
Surface 

Elevation
(Proposed 

Pier)

Approximate Depth 
BGS (ft)

0 6 0 - 1.8 0 - 1.2 263.9 174.2

6 10 1.8 - 2.4 1.2 - 1.6 263.9 174.2

10 19 2.1 - 3.0 0.3 - 0.5 55.6 8.4

19 35 5.6 4.2 55.6 41.7

35 48 6.3 - 8.5 3.2 - 4.3 194.4 97.4

48 107

0 12

12 22

22 42 3.6 3.1 83.3 72.5 3.6 3.1 83.3 72.5

42 87

0 10

10 23

23 67

Notes:

BGS - below ground surface

5.6

1.9 - 3.1

2.6 - 4.1

6.5 - 8.7

17.4

0.0 - 1.9

0.0 - 1.8

1.8 - 2.4

194.4

B-24
21 ft

(MLP 15)

20.8 347.2

17.4

3.1 - 9.7

27.8

B-22
142.1 ft

(MLP 16)

0.0 - 1.9

416.7

694.4

416.7

20.8

55.6

208.3

263.9

263.9

2.  Parameters given above should be used in conjunction with applicable parameters provided in Figure 2 when using the program 
GROUP V.7.0 by Ensoft.

4.  Shading indicates liquefaction potential exists in the soil layer.  For the improved case, static properties of these layers were 
generally increased assuming that ground improvement is performed from the ground surface to the bottom of the potentially 
liquefiable layer.  However, this strength increase was not applied to any soil layers in the upper ten feet below the ground surface, 
because ground improvement cannot improve the in situ soils in the upper 10 feet due to the lack of confining pressures.  
Additionally, strength increases were not applied to potentially liquefiable fine-grained soil layers within ground improved zones.

694.4

83.3 83.3

69.4

347.2

3.  psi - pounds per square inch

0.0 - 1.9

277.8

69.4

1.  Parameters given above are based on the subsurface conditions encountered in the borings indicated, and the results of laboratory 
testing.

B-20
15.8 ft

(MLP 14)

0.0 - 1.9

1.9 - 3.1

69.4

69.4

27.8

277.8

3.1 - 6.1

Table 8 - Group parameters.xls Page 2 of 2  21-1-09759-012



TABLE 9
RECOMMENDED BACKFILL PARAMETERS FOR LATERAL RESISTANCE ANALYSES USING DFSAP OR LPILE

SHANNON & WILSON, INC.

Soil Type
Effective Unit Weight, 

γ [pcf(pci)](3)

Undrained Shear 
Strength, Su

(psf)(3)

Friction Angle, 
φ

(degrees)

Modulus of 
Subgrade 

Reaction, k 
(pci)(3)

Strain at 50% 
Maximum Stress, 

ε50
(4)

(Decimal)

Sand 125 (0.072) - 34 100 Use default

Sand 130 (0.075) - 40 200 Use default

Notes:

2.  These parameters are based on the assumption that appropriate placement and compaction methods are used during backfilling.

Fill Material(1)

4.  ε50 values for the sand layers are for use in Deep Foundation System Analysis Program (DFSAP) only.

1.  Parameters given above are based on typical values indicated in published sources.  The structural fill parameters estimate is based on 
typical values listed in the Washington State Department of Transportation (WSDOT) Geotechnical Design Manual.  The crushed concrete 
parameters are based on test results published in project summary reports by the Center for Transporation Research at the University of Texas 
at Austin (Report Nos. FHWA/TX-06/0-4177-2 and 4177-3).

Structural fill (2)

Crushed concrete (2)

3.  pcf - pounds per cubic foot; pci - pounds per cubic inch; psf - pounds per square foot; Effective Unit Weight = Total Unit Weight - 62.4 pcf.

Table 9 - structural fill_crushed concrete properties.xls  21-1-09759-012



TABLE 10
SUMMARY OF ESTIMATED SETTLEMENTS DUE TO

MAT-SUPPORTED FALSEWORK

SHANNON & WILSON, INC.

Boring Settlement (inches)

B-1, B-2, B-3 1/2 to 3/4
2-2 1

B-5 through B-7 2 to 3-1/2
EB-1 1-1/2 to 2-1/2
EB-2 1 to 2

Boring 13-6 1 to 1-1/2
Boring 3352-1 3/4
Boring 3352-2 -
Boring 3352-3 3/4

Boring 14-1 1 to 1-1/2
Notes:
1.  An in-house computer program utilizing elastic theory was used to estimate 
settlements due to pressure from falsework support.  Settlement due to primary 
consolidation was also estimated and considered in our study.
2.  Soil parameters used in our settlement analyses were estimated based on 
subsurface conditions encountered and reported in the boring logs for the above 
listed borings.
3.  A uniform pressure of 400 pounds per square foot (psf) acting on the mat of 
falsework was used in our settlement estimates.  This uniform pressure is based on 
the assumption that falsework will be installed to support cast-in-place 
construction of two bridge spans at a time (mat area would be approximately 350 
feet by 60 feet).
4.  If mat-supported falsework is proposed for construction, we could provide 
revised settlement estimates at a later date, when construction sequencing and 
staging limits are better defined.

Table 10 - Summary of falsework settlement.xls  21-1-09759-012



TABLE 11
SUMMARY OF SETTLEMENT AND GLOBAL STABILITY ANALYSES RESULTS FOR PROPOSED APPROACH RAMP MSE WALLS

 SHANNON & WILSON, INC.

Static(1)

Liquefaction-
induced 

Settlement(2)

Unimproved,
Static,

Static Soil

Unimproved,
Seismic,

Static Soil

Unimproved, 
Post-seismic,

Liquefied Soil

Improved,
Seismic/

Static Soil

Improved,(5)

Post-seismic/
Liquefied Soil

West Abutment Approach
(MLP 16)

Proposed wall J
9 B-22 3/4 to 1/ 1/2 negligible 1.4 1.1 NA NA NA NA

23rd On-ramp
(RCP 4)

Walls G and H
7 B-18 1 to 2 4 to 6 1.8 1.3 1.3 1.3 2.1 5

23rd Off-ramp
(RBP 3)

Walls E and F
15 B-16 5 to 9 8 to 12 1.2 0.9 0.5 1.0(6) 1.2(6) 5

East Abutment Approach
(MLP 1)

Walls C and D
10 B-5 4 to 9-1/2(7) 5 to 9 2.4 1.1 1.3 1.4 2.3 5

15th Avenue Overpass
(RAP 1) 

Walls A and B(8)
16.5 B-1 1-1/2 to 2-1/2 1 to 2 1.4 1.0 1.4 NA NA NA

Notes:

Recommended 
Lateral Extent 

of Ground 
Improvement 

from Wall
(feet)

1.  An in-house computer program utilizing elastic theory was used to estimate static settlements due to bearing pressure from proposed mechanically stabilized earth (MSE) walls.

Maximum Settlement 
(inches)

Wall
Nearby 
Boring

Global Stability Factor of Safety (FS)(3),(4)

Maximum 
Wall 

Height 
(feet)

2.  Seismically-induced settlements were estimated in conjuction our liquefaction analysis results.  We estimated liquefaction-induced settlement using the Tokimatsu and Seed 
(1987) and Ishihara and Yoshimine (1992) methods.
3. Global stability was evaluated using the computer program Slope/W 6.20 (Geostudio, 2006).

NA - Not applicable

4.  The minimum required FS values for global stability per the Washington State Department of Transportation (WSDOT) Geotechnical Design Manual (GDM) and American 
Association of State Highway and Transporation Officials (AASHTO) Load Resistance Factor Design (LRFD) Bridge Design Manual are as follows:  Static FS - 1.3, Seismic 
FS - 1.1.
5.  The improved case accounts for improvement under the proposed MSE wall footprint plus the recommended lateral extent beyond the face of the wall only.
6.  If ground improvement by compaction grouting is modeled using reinforcement elements in Slope/W instead of assigning increased/composite soil parameters to the improved 
ground zones, the FSs for these two cases increase to 1.2 and 1.5, respectively.
7. This estimated settlement is based on new surcharge loads.  If the new ramp induces the same or less surcharge then the existing wall, then additional settlement of this 
magnitude would not be experienced (i.e., net settlement will be neglible).
8. The configuration of this wall is not well-defined.  Evaluation of this wall should be revisited during final design.

Table 11 - Summary of Ramp Analyses.xls  21-1-09759-012



TABLE 12
SUMMARY OF EXISTING BULKHEAD STABILITY

 SHANNON & WILSON, INC.

Sliding Overturning Global Stability

Static 2.1 2.4 2.1

Seismic, before liquefaction
(kh = 0.22 or 1/2PGA) 1.6 1.5 1.2

Liquefied 0.6 1.0 0.6

Improved behind secondary wall only and, 
liquefied conditions in front of the wall 0.9 1.6 0.7

Improved behind both primary and 
secondary walls, and liquefied conditions 

in front of the wall
2.4 2.6 1.4

Notes:

Static FS Seismic FS
Sliding 1.5 1.1

Overturning 1.5 1.1
Global Stability 1.3 1.1

3.  The following are minimum required FS values per the Washington State Department of Transportation 
(WSDOT) Geotechnical Design Manual (GDM), American Association of State Highway and 
Transporation Officials (AASHTO) Load and Resistance Factor Design (LRFD) Bridge Design Manual, 
and Naval Facilities Engineering Command (NAVFAC) Design Manual (DM) 7.2:

Condition

Factor of Safety (FS)

1.  Sliding and overturning were evaluated using the parameters provided to HNTB on January 3, 2008, in a 
figure titled, "Recommended Lateral Pressures for Evaluating Existing Bulkhead Wall."
2. Global stability was evaluated using the computer program Slope/W 6.20 (Geostudio, 2006).

Table 12 - Existing Bulkhead Stability.xls  21-1-09759-012
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GEOLOGIC UNIT EXPLANATION
AND PROFILE LEGEND

FIG. 4SHANNON & WILSON, INC.

LEGEND

NOTES

1. This subsurface profile is generalized from materials observed in soil
borings. Variations may exist between profile and actual conditions.
Contact lines are dashed where questionable.

2. Figure adapted from electronic files provided by HNTB,  received 7-5-07.

3. Datum: NAVD 88

4. Profile locations are shown on Figure 3.

5. Soil in these zones are potentially liquefiable during ground motions under
a 975-year return period.  Zones of granular soils are identified as
potentially liquefiable if the calculated factor-of-safety against liquefaction
for the soil sample at the corresponding depth was less than 1.2 using the
latest procedures proposed by Idriss and Boulanger, 2004.  Fine-grained
soil was identified as potentially liquefiable if determined so in our
evaluation of tested samples using the Seed et al 2003 recommendations.
Current WSDOT policy does not consider liquefaction in analyses and
design for depths greater than 80 feet.  Liquefiable potential is limited to
below groundwater levels measured during drilling and in subsequent
peizometer measurements, however liquefaction could occur at shallower
depths if groundwater is at high tide elevations.

GEOLOGIC UNITS

Qvat

Qva

Qpnl

Qpnf

Qvgl

Qvd

FILL:  Fill placed by humans, both engineered and nonengineered
Various materials, including debris; cobbles and boulders common; commonly dense or stiff if engineered, but
very loose to dense or very soft to stiff if nonengineered.

COLLUVIUM:  Hillside slope accumulations due to gravity emplacement
Disturbed, heterogeneous mixture of several soils types, including organic debris; loose or soft.

LANDSLIDE DEPOSITS:  Deposits of landslides, normally at and adjacent to the toe of slopes
Disturbed, heterogeneous mixture of several soil types; loose or soft, with random dense or hard pockets.

ESTUARINE DEPOSITS:  Estuary deposits of intertidal zones associated with rivers and streams located along
the present and former Puget Sound shoreline
Clayey Silt, silty Clay, Silt, and fine Sand; very soft to very stiff or very loose to medium dense.

BEACH DEPOSITS:  Deposits along present and former shorelines of Puget Sound and tributary river mouths
Silty Sand, sandy Gravel, Sand, scattered fine Gravel, organic and shell debris; loose to dense.

REWORKED GLACIAL DEPOSITS:  Glacially deposited soils that have been reworked by fluvial or wave action
Heterogenous mixture of several soil types; lies on top of glacially overridden soils; loose to dense.

PEAT DEPOSITS:  Depression fillings of organic materials
Peat, peaty Silt, organic Silt; very soft to medium stiff

RECESSIONAL OUTWASH DEPOSITS: Glaciofluvial sediment deposited as glacial ice retreated
Clean to silty Sand, gravelly Sand, sandy Gravel; cobbles and boulders common; loose to very dense.

ICE-CONTACT DEPOSITS:  Heterogeneous soils deposited against or adjacent to ice during the wasting of glacial
ice; commonly reworked
Stratified to irregular bodies of Gravel, Sand, Silt, and Clay; loose to dense

ABLATION TILL:  Heterogenous soils deposited during the wasting of glacial ice; generally not reworked
Gravelly silty Sand, silty gravelly Sand, with some clay; cobbles and boulders common; loose to very dense or soft
to hard.

TILL: Lodgment till laid down along the base of the glacial ice
Gravelly silty Sand, silty gravelly Sand ("hardpan"); cobbles and boulders common; very dense.

TILL-LIKE DEPOSITS (DIAMICT): Glacial deposit intermediate between till and outwash; subglacially reworked
Silty gravelly Sand, silty Sand, sandy Gravel; highly variable over short distances; cobbles and boulders common;
dense to very dense.

ADVANCE OUTWASH: Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland
Clean to silty Sand, gravelly Sand, sandy Gravel; dense to very dense.

GLACIOLACUSTRINE DEPOSITS: Fined-grained glacial flour deposited in proglacial lake in Puget Lowland
Silty clay, Clayey Silt, with interbeds of Silt and fine Sand; locally laminated; scattered organic fragments near base;
hard or dense to very dense.

Qvro

Qvt

Hrw

He

Hb

Hls

Hf

FLUVIAL DEPOSITS: Alluvial deposits of rivers and creeks
Clean to silty Sand, gravelly Sand, sandy Gravel; very dense.

LACUSTRINE DEPOSITS: Fine-grained lake deposits in depressions, large and small
Fine sandy Silt, silty fine Sand, clayey Silt; scattered to abundant fine organics; dense to very dense or very stiff to hard.

PALEOSOL:  Buried weathered horizon
Clay-rich with various amounts of clastic debris; commonly contains organic material; typically greenish in color; hard or
very dense.

MUDFLOW DEPOSITS:  Distal deposits of mass movements such as landslides or lahars
Stratified or irregular bodies of a heterogeneous mixture of Gravel, Sand, Silt, and Clay; pumice, obsidian and ash
common; rare organics (charcoal); very stiff to hard or very dense.

OUTWASH: Glaciofluvial sediment deposited as the glacial ice advanced through the Puget Lowland
Clean to silty Sand, gravelly Sand, sandy Gravel; very dense.

GLACIOLACUSTRINE DEPOSITS: Fine-grained glacial flour deposited in proglacial lake in Puget Lowland
Silty Clay, clayey Silt, with interbeds of Silt and fine Sand; very stiff to hard or very dense.

Hc

HOLOCENE DEPOSITS

QUATERNARY VASHON DEPOSITS

QUATERNARY PRE-VASHON DEPOSITS

The description of each geologic unit includes only general information
regarding the environment of deposition and basic soil characteristics.
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NOTE
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at the proposed centerline.
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Figs 7 8 Recommended Design Spectra.xls

Notes:

1. Design spectra correspond to a ground motion
with a 5% probability of exceedance in 50 years
(1,000-year average return period)

2. See Table F-6 for numerical values of design
spectra.
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Figs 7 8 Recommended Design Spectra.xls

Notes:

1. Design spectra correspond to a ground motion
with a 5% probability of exceedance in 50 years
(1,000-year average return period)

2. See Table F-6 for numerical values of design
spectra.
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Based on Boring B-1
at GS El. 17.5 ft

SERVICE LIMIT

FIG. 9

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 01

Unfactored downdrag force is estimated to be 19 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Loose to medium dense 
GRAVEL and SAND; GM/SP

(Hf/Hb)
(liquefiable)

Stiff to hard silty CLAY; CL/ML
(Hls)

Very stiff to hard silty CLAY and 
clayey SILT; CH/ML

(Qpgl/Qpnl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Based on Boring B-2
at GS El. 17.1 ft

SERVICE LIMIT

FIG. 10

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 02

Unfactored downdrag force is estimated to be 66 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Medium stiff to stiff sandy, silty 
CLAY to clayey SILT; CL/ML

(Hf)

Loose to medium dense 
slightly gravelly, silty SAND; 
SM/SP (Hb/Hls) (liquefiable)

Very stiff to hard silty CLAY and 
clayey SILT; CL/CH

(Qpgl)

Very stiff to hard clayey SILT; 
ML (Hls)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 11

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 03

Unfactored downdrag force is estimated to be 45 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-3
at GS El. 16.4 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.
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 Unfactored Side:  1-inch Settlement
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 Factored Total: 1-inch Settlement
Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Very loose to medium dense 
slightly silty to silty, gravelly 

SAND; SP-SM (Hf/Hb)
(liquefiable)

Stiff to hard silty CLAY; CL
(Hls)

Very stiff to hard silty CLAY and 
clayey SILT; CH/CL

(Qpgl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Based on Boring B-4
at GS El. 16.4 ft

SERVICE LIMIT

FIG. 12

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 04

Unfactored downdrag force is estimated to be 87 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Loose, silty sandy 
GRAVEL/gravelly SAND SP-

GM/SM  (Hf)
(liquefiable)

Loose silty SAND/ sandy 
SILT; SM/ML (He/Hb)

(liquefiable)

Hard silty CLAY; CH
(Qpgl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-5
at GS El. 16.5 ft

SERVICE LIMIT

FIG. 13

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 01

Unfactored downdrag force is estimated to be 40 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Loose to medium dense, silty, 
gravelly SAND/ sandy 
GRAVEL SW/GW  (Hf)

(Liquefiable)

Loose to dense silty SAND; 
SM (Hb/Ha)
(Liquefiable)

Soft to stiff silty CLAY; CL
(He)

Medium dense to very dense 
sandy GRAVEL/gravelly SAND; 

GM (Hb)

Very stiff to hard silty CLAY; CL
(Qpgl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-5
at GS El. 16.5 ft

SERVICE LIMIT

FIG. 14

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 05

Unfactored downdrag force is estimated to be 50 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Loose to medium dense, silty, 
gravelly SAND/ sandy 
GRAVEL SW/GW  (Hf)

(Liquefiable)

Loose to dense silty SAND; 
SM (Hb/Ha)
(Liquefiable)

Soft to stiff silty CLAY; CL
(He)

Medium dense to very dense 
sandy GRAVEL/gravelly SAND; 

GM (Hb)

Very stiff to hard silty CLAY; CL
(Qpgl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 15

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 02

Unfactored downdrag force is estimated to be 49 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-6
at GS El. 16.1 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

Very loose to medium dense, 
silty, gravelly SAND/ sandy 

GRAVEL SM/GM  (Hf/Hb/Ha)
(Liquefiable)

Medium dense to dense silty 
SAND and sandy GRAVEL; 

SM/GM (Ha/Hb)

Very soft to medium stiff clayey 
SILT/silty CLAY; MH/CH

(He)

Very stiff to hard silty CLAY; CL
(Qpgl)

Medium dense silty 
SAND/clayey SILT; SM/ML 

(Hb/He)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Based on Boring B-7
at GS El. 16.1 ft

SERVICE LIMIT

FIG. 16

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 03

Unfactored downdrag force is estimated to be 32 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Loose to medium dense, silty, 
trace to gravelly SAND; SM  

(Hf/Hb)
(Liquefiable)

Dense, silty, sandy GRAVEL; 
GM (Hb) (Liquefiable)

Very soft to soft clayey SILT; 
MH/ML

(He)

Very dense clayey, silty SAND 
and GRAVEL; SM/GM

(Hb)

Soft, sandy, clayey SILT; ML/MH
(He)

Medium dense to dense, silty, 
SAND; SM/SP (Hb)

Hard silty CLAY; CL/CH
(Qpgl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-8
at GS El. 16.5 ft

SERVICE LIMIT

FIG. 17

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 04

Unfactored downdrag force is estimated to be 30 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Very loose to loose, silty 
SAND; SP (Hf/Hb)

(Liquefiable)

Dense, SAND; SP (Hb)
(Liquefiable)

Soft, clayey, silty CLAY; CL
(He)

Dense to very dense sandy 
GRAVEL; GP (Hb)
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Stiff to very stiff, sandy, clayey 
SILT; ML

(Qpnl/Qpnf)

Stiff, slightly fine sandy, silty 
CLAY; CL (He)



5/16/2008/GDM_DS_axial_B-9_8ft.xls lmm

1. 1. 1.

2. 2. 2.

1.

2.

3.

4. 21-1-09759-012     

5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-9
at GS El. 15.2 ft

SERVICE LIMIT

FIG. 18

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 05

Unfactored downdrag force is estimated to be 140 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Loose to medium dense slightly 
silty to silty SAND; SP/SM 

-2-foot-thick gravel layer from 33 
to 35 feet bgs

(Hf/Hb/He)
(Liquefiable)

Loose sandy SILT/silty SAND; 
ML (He)

Very dense, silty gravelly SAND; 
SM (Qpnf)

Dense to very dense slightly  
silty to silty, slightly gravelly to 
gravelly SAND; SP/SM (Hb)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-10
at GS El. 14.9 ft

SERVICE LIMIT

FIG. 19

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 06

Unfactored downdrag force is estimated to be 92 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Loose to medium dense slightly 
silty to silty SAND; SP/SM 

(Hf/Hb)
(Liquefiable)

Dense to very dense, trace to 
silty, trace to sandy GRAVEL; 

GP (Hb)

Stiff, slightly fine sandy CLAY to 
clayey SILT; CL/ML (He)

Stiff, fine sandy SILT; ML (He)

Loose to medium dense, silty 
SAND; SM (Hb)

(Liquefiable)

Very dense, trace to silty fine 
SAND; SP/SM (Qpnf)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 20

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 07

Unfactored downdrag force is estimated to be 91 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-11
at GS El. 14.9 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.
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Add Downdrag Loads to Other 
Foundation Loads

(see Extreme Event Limit Note 2)

Loose, trace to slightly silty, fine 
to medium SAND; SP 

(Hf)
(Liquefiable)

Loose, slightly silty to silty 
SAND; SM

(Hb)
(Liquefiable)

Dense to very dense, trace to 
slightly gravelly, slightly silty 

SAND; SP
(Hb)

Stiff to very stiff, fine sandy 
SILT; ML

(He)

Very dense, trace to silty, fine 
SAND; SP/SM

(Qpnf/Qpnl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-12
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 21

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 08

Unfactored downdrag force is estimated to be 67 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Very loose to medium dense 
slightly silty SAND; SP 

-gravelly from 24to 30 feet bgs
(Hf/Hb)

(Liquefiable)

Dense to very dense gravelly 
SAND; SP/GP (Hb)

Interbedding hard silty CLAY 
and very dense SAND and 
GRAVEL; CL (Qpnf/Qpnl)

Stiff/medium dense sandy 
clayey, SILT/silty SAND; ML/SM

(Hb/He)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Based on Boring B-13
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 22

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 09

Unfactored downdrag force is estimated to be 111 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Very loose slightly silty to silty, 
slightly gravelly to gravelly 

SAND; SP/SM 
(Hf) (Liquefiable)

Medium stiff sandy, clayey SILT; 
ML (He)

Hard silty CLAY; CH/CL 
(Qpns/Qpnl)

Loose to very dense slightly 
silty to silty, slightly gravelly to 

gravelly SAND; SP/SM 
(Hb)

(Liquefiable)

Dense to very dense slightly 
silty to silty, slightly gravelly to 

gravelly SAND; SP/SM 
(Hb)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 23

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 10

Unfactored downdrag force is estimated to be 59 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-14
at GS El. 15.1 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

Very loose to medium dense, 
slightly gravelly, silty SAND; SM-

SP/SM (Hf/Hb)
(Liquefiable)

Dense to very dense, sandy 
GRAVEL and slightly silty to silty 

SAND; GP/SM/SP-SW
(Hb)

Stiff to hard, clayey SILT/silty 
CLAY and very dense, silty fine 

SAND; ML/SP-SM (Hb/He)

Hard/very dense silty CLAY and 
very fine SAND/sandy SILT; 

CL/SM 
(Qpnl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 24

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RBP 01

Unfactored downdrag force is estimated to be 74 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-14
at GS El. 15.1 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

Very loose to medium dense, 
slightly gravelly, silty SAND; SM-

SP/SM (Hf/Hb)
(Liquefiable)

Dense to very dense, sandy 
GRAVEL and slightly silty to silty 

SAND; GP/SM/SP-SW
(Hb)

Stiff to hard, clayey SILT/silty 
CLAY and very dense, silty fine 

SAND; ML/SP-SM (Hb/He)

Hard/very dense silty CLAY and 
very fine SAND/sandy SILT; 

CL/SM 
(Qpnl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-15
at GS El. 15.5 ft

SERVICE LIMIT

FIG. 25

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 11

Unfactored downdrag force is estimated to be 72 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Foundation Loads
(see Extreme Event Limit Note 2)

Loose to medium dense, silty, 
sandy GRAVEL, gravelly SAND, 

and sandy SILT; GM/SM (Hf)

Dense to very dense, silty, 
sandy GRAVEL and slightly silty 

to SAND; GM/SP/SM (Hb)

Medium dense, slightly 
gravelly, silty SAND; SM (Hb)

Very loose to loose/soft to 
medium stiff, gravelly, silty SAND 

and sandy or clayey SILT; 
SM/GH/MH (Hb/He/Hf)

Stiff to very stiff, gravelly, clayey 
SILT/silty CLAY; ML/CL (Qvrl)

Very dense, trace to slightly 
silty, fine SAND; SP (Qpnl)



5/16/2008/GDM_DS_axial_B-15_8ft.xls lmm

1. 1. 1.

2. 2. 2.

1.

2.

3.

4. 21-1-09759-012     

5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-15
at GS El. 15.5 ft

SERVICE LIMIT

FIG. 26

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED RBP 02

Unfactored downdrag force is estimated to be 91 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Loose to medium dense, silty, 
sandy GRAVEL, gravelly SAND, 

and sandy SILT; GM/SM (Hf)

Dense to very dense, silty, 
sandy GRAVEL and slightly silty 

to SAND; GM/SP/SM (Hb)

Medium dense, slightly 
gravelly, silty SAND; SM (Hb)

Very loose to loose/soft to 
medium stiff, gravelly, silty SAND 

and sandy or clayey SILT; 
SM/GH/MH (Hb/He/Hf)

Stiff to very stiff, gravelly, clayey 
SILT/silty CLAY; ML/CL (Qvrl)

Very dense, trace to slightly 
silty, fine SAND; SP (Qpnl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-16
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 27

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RBP 03

Unfactored downdrag force is estimated to be 45 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Factored Total: 1-inch Settlement
Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Very loose to medium dense, 
trace to slightly silty, trace to 
slighty gravelly SAND; Hf/Hb

(Liquefiable)

Medium dense to dense, 
GRAVEL and slightly silty to 

silty, gravelly SAND; GP-
GW/SM-SP (Hb)

Very dense, fine sandy SILT and 
silty SAND; SM/ML (Qpnl)

Very dense silty SAND; SM 
(Hb/Qvrl)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-17
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 28

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 12

Unfactored downdrag force is estimated to be 48 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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 Factored Total: 0.5- inch Settlement

 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement
Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Medium dense, slightly silty to 
silty, gravelly SAND; SP/SP-SM 

(Hf)

Dense to very dense, silty, 
gravelly SAND and sandy 

GRAVEL; SM/GP (Hb/Qvrl)

Very dense, trace to slightly 
silty, fine SAND and hard, 

slightly silty to silty CLAY; SP/CL 
(Qpgl)

Very loose to medium dense 
silty gravelly SAND and SILT; 

SM/ML (Hb/He)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-17
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 29

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RCP 03

Unfactored downdrag force is estimated to be 60 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Factored Total: 1-inch Settlement
Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Medium dense, slightly silty to 
silty, gravelly SAND; SP/SP-SM 

(Hf)

Dense to very dense, silty, 
gravelly SAND and sandy 

GRAVEL; SM/GP (Hb/Qvrl)

Very dense, trace to slightly 
silty, fine SAND and hard, 

slightly silty to silty CLAY; SP/CL 
(Qpgl)

Very loose to medium dense 
silty gravelly SAND and SILT; 

SM/ML (Hb/He)



5/16/2008/GDM_DS_axial_B-18_6ft_rev.xls lmm

1. 1. 1.

2. 2. 2.

1.

2.

3.

4. 21-1-09759-012     

5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-18
at GS El. 15.3 ft

SERVICE LIMIT

FIG. 30

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RCP 04

Unfactored downdrag force is estimated to be 51 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Medium dense slightly gravelly 
to gravelly, slightly silty to silty 

SAND; SM (Hf/Hb)
(Liquefiable)

Hard silty CLAY/clayey SILT; 
ML/CL (Qpnl)

Very loose SAND/SILT; 
SP/ML
(Hb/H )

Dense to very dense, silty, 
sandy GRAVEL and gravelly 

SAND; GM/SW-SP (Hb)
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 31

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 13

Unfactored downdrag force is estimated to be 108 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-19
at GS El. 16 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.
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Add Downdrag Loads to Other 

Foundation Loads
(see Extreme Event Limit Note 2)

Medium dense sandy 
SILT/silty SAND; trace of 

gravel; SM (Hf)

Hard silty CLAY; CL (Qpgl)

Very loose to medium dense 
slightly silty to silty SAND; SW-

SP (Hb)

Loose GRAVEL and medium 
dense silty SAND; GP/SM 
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 32

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 14

Unfactored downdrag force is estimated to be 30 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-20
at GS El. 15.8 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.
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(see Extreme Event Limit Note 2)
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(Liquefiable)

Loose to dense, silty, sandy 
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

STRENGTH LIMIT EXTREME EVENT LIMITASSUMED SUBSURFACE
PROFILE

Based on Boring B-24
at GS El. 21 ft

SERVICE LIMIT

FIG. 33

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 15

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Loose to very loose slightly 
clayey, slightly gravelly, silty 

SAND; SM (Hls)

Very stiff to hard silty CLAY; 
CH/CL (Qpgl)

Medium stiff slightly clayey to 
clayey, slightly gravelly to gravelly, 
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5. Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations. FIG. 34

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED UNIMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 16

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-22
at GS El. 142.1 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are 
based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill 
embankment settlement have not been included.

GENERAL NOTES

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as 
noted above.

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill 
all potential voids around the casing and the estimated capacities given above should be re-evaluated.
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Loose to dense sandy 
SILT/silty SAND; ML/SM 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-1
at GS El. 17.5 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 35

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 01

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Factored Total: 1-inch Settlement

Loose to medium dense 
GRAVEL and SAND; GM/SP

(Hf/Hb)

Stiff to hard silty CLAY; CL/ML
(Hls)

Very stiff to hard silty CLAY and 
clayey SILT; CH/ML

(Qpgl/Qpnl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 36

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 02

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-2
at GS El. 17.1 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
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Medium stiff to stiff sandy, silty 
CLAY to clayey SILT; CL/ML 

(Hf)

Loose to medium dense 
slightly gravelly, silty SAND; 

SM/SP (Hb/Hls) (IMPROVED)

Very stiff to hard silty CLAY and 
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Very stiff to hard clayey SILT; 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 37

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 03

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-3
at GS El. 16.4 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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Very loose to medium dense 
slightly silty to silty, gravelly 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-4
at GS El. 16.4 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 38

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 04

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 39

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 01

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-5
at GS El. 16.5 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 40

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER RAP 05

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-5
at GS El. 16.5 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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gravelly SAND/ sandy 
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(He)

Medium dense to very dense 
sandy GRAVEL/gravelly SAND; 

GM (Hb)

Very stiff to hard silty CLAY; CL
(Qpgl)



5/16/2008/GDM_DS_axial_B-6_8ft_GI_rev.xls lmm

1. 1. 1.

2. 2. 2.

1.

2.
3.

4.
5. 21-1-09759-012     
6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-6
at GS El. 16.1 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 41

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 02

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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SM/GM (Ha/Hb)

Very soft to medium stiff clayey 
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Very stiff to hard silty CLAY; CL
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-7
at GS El. 16.1 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 42

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 03

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Very soft to soft clayey SILT; 
MH/ML

(He)

Very dense clayey, silty SAND 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-8
at GS El. 16.5 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 43

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 04

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Very loose to loose, silty 
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Soft, clayey, silty CLAY; CL
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Stiff to very stiff, sandy, clayey 
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Dense to very dense sandy 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 44

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 05

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

Based on Boring B-9
at GS El. 15.2 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-10
at GS El. 14.9 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 45

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 06

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Loose to medium dense slightly 
silty to silty SAND; SP/SM 

(Hf/Hb)
(IMPROVED BELOW 10 FEET)

Dense to very dense, trace to 
silty, trace to sandy GRAVEL; 

GP (Hb)

Stiff, slightly fine sandy CLAY to 
clayey SILT; CL/ML (He)

Stiff, fine sandy SILT; ML (He)

Loose to medium dense, silty 
SAND; SM (Hb)
(IMPROVED)

Very dense, trace to silty fine 
SAND; SP/SM (Qpnf)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-11
at GS El. 14.9 ft

SERVICE LIMIT

FIG. 46

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 07

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement

Loose, trace to slightly silty, fine 
to medium SAND; SP 

(Hf)
(IMPROVED BELOW 10 FEET)

Loose, slightly silty to silty 
SAND; SM

(Hb)
(IMPROVED)

Dense to very dense, trace to 
slightly gravelly, slightly silty 

SAND; SP
(Hb)

Stiff to very stiff, fine sandy 
SILT; ML

(He)

Very dense, trace to silty, fine 
SAND; SP/SM

(Qpnf/Qpnl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 47

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 08

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-12
at GS El. 14.8 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
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 Factored Total: 0.5- inch Settlement

 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement

Very loose to medium dense 
slightly silty SAND; SP 

-gravelly from 24to 30 feet bgs
(Hf/Hb)

(IMPROVED BELOW 10 
FEET)

Dense to very dense gravelly 
SAND; SP/GP (Hb)

Interbedding hard silty CLAY 
and very dense SAND and 
GRAVEL; CL (Qpnf/Qpnl)

Stiff/medium dense sandy 
clayey, SILT/silty SAND; ML/SM

(Hb/He)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-13
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 48

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 09

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement

Very loose slightly silty to silty, 
slightly gravelly to gravelly 

SAND; SP/SM 
(Hf)

Medium stiff sandy, clayey SILT; 
ML (He)

Hard silty CLAY; CH/CL 
(Qpns/Qpnl)

Loose to very dense slightly 
silty to silty, slightly gravelly to 

gravelly SAND; SP/SM 
(Hb)

(IMPROVED)

Dense to very dense slightly 
silty to silty, slightly gravelly to 

gravelly SAND; SP/SM 
(Hb)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 49

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 10

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-14
at GS El. 15.1 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

0

10

20

30

40

50

60

70

80

90

100

110

120

130

0 500 1000 1500 2000 2500 3000 3500 4000

NOMINAL RESISTANCE (tons)

D
R

IL
LE

D
 S

H
A

FT
 B

A
SE

 D
EP

TH
 (f

ee
t)

 Unfactored Side

 Unfactored Base

 Factored Total

0

10

20

30

40

50

60

70

80

90

100

110

120

130

0 500 1000 1500 2000 2500 3000 3500 4000

NOMINAL RESISTANCE (tons)

D
R

IL
LE

D
 S

H
A

FT
 B

A
SE

 D
EP

TH
 (f

ee
t)

 Unfactored Side

 Unfactored Base

 Factored Total

Geotechnical and Environmental Consultants
SHANNON & WILSON, INC.

0

10

20

30

40

50

60

70

80

90

100

110

120

130

0 500 1000 1500 2000 2500 3000 3500 4000

NOMINAL RESISTANCE (tons)

D
R

IL
LE

D
 S

H
A

FT
 B

A
SE

 D
EP

TH
 (f

ee
t)

 Unfactored Side:  0.5-inch Settlement

 Unfactored Base:  0.5-inch Settlement

 Factored Total: 0.5- inch Settlement

 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement

Very loose to medium dense, 
slightly gravelly, silty SAND; SM-

SP/SM (Hf/Hb)
(IMPROVED BELOW 10 FEET)

Dense to very dense, sandy 
GRAVEL and slightly silty to silty 

SAND; GP/SM/SP-SW (Hb)

Stiff to hard, clayey SILT/silty 
CLAY and very dense, silty fine 

SAND; ML/SP-SM (He)

Hard/very dense silty CLAY and 
very fine SAND/sandy SILT; 

CL/SM 
(Qpnl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-14
at GS El. 15.1 ft

SERVICE LIMIT

FIG. 50

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIERS RBP 01 / RCP 01

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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 Factored Total: 1-inch Settlement

Very loose to medium dense, 
slightly gravelly, silty SAND; SM-

SP/SM (Hf/Hb)
(IMPROVED BELOW 10 FEET)

Dense to very dense, sandy 
GRAVEL and slightly silty to silty 

SAND; GP/SM/SP-SW (Hb)

Stiff to hard, clayey SILT/silty 
CLAY and very dense, silty fine 

SAND; ML/SP-SM (He)

Hard/very dense silty CLAY and 
very fine SAND/sandy SILT; 

CL/SM 
(Qpnl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 51

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 11

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-15
at GS El. 15.5 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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sandy GRAVEL and slightly silty 

to SAND; GM/SP/SM (Hb)

Medium dense, slightly 
gravelly, silty SAND; SM (Hb)

(IMPROVED)

Very loose to loose/soft to 
medium stiff, gravelly, silty SAND 

and sandy or clayey SILT; 
SM/GH/MH (Hb/He/Hf)

(IMPROVED)

Stiff to very stiff, gravelly, clayey 
SILT/silty CLAY; ML/CL (Qvrl)

Very dense, trace to slightly 
silty, fine SAND; SP (Qpnl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 52

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT
PROPOSED PIERS RCB 02 / RCP2

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

ASSUMED SUBSURFACE
PROFILE

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Based on Boring B-15
at GS El. 15.5 ft

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
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Loose to medium dense, silty, 
sandy GRAVEL, gravelly SAND, 

and sandy SILT; GM/SM (Hf)

Dense to very dense, silty, 
sandy GRAVEL and slightly silty 

to SAND; GM/SP/SM (Hb)

Medium dense, slightly 
gravelly, silty SAND; SM (Hb)

(IMPROVED)

Very loose to loose/soft to 
medium stiff, gravelly, silty SAND 

and sandy or clayey SILT; 
SM/GH/MH (Hb/He/Hf)

(IMPROVED)

Stiff to very stiff, gravelly, clayey 
SILT/silty CLAY; ML/CL (Qvrl)

Very dense, trace to slightly 
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-16
at GS El. 14.8 ft

FIG. 53

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RBP 03

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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Very loose to medium dense, 
trace to slightly silty, trace to 
slighty gravelly SAND; Hf/Hb

(IMRPOVED BELOW 10 FEET)

Medium dense to dense, 
GRAVEL and slightly silty to 

silty, gravelly SAND; GP-
GW/SM-SP (Hb)

Very dense, fine sandy SILT and 
silty SAND; SM/ML (Qpnl)

Very dense silty SAND; SM 
(Hb/Qvrl)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-17
at GS El. 14.8 ft

SERVICE LIMIT

FIG. 54

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 12

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.
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Medium dense, slightly silty to 
silty, gravelly SAND; SP/SP-SM 

(Hf)

Dense to very dense, silty, 
gravelly SAND and sandy 

GRAVEL; SM/GP (Hb/Qvrl)

Very dense, trace to slightly 
silty, fine SAND and hard, 

slightly silty to silty CLAY; SP/CL 
(Qpgl)

Very loose to medium dense 
silty gravelly SAND and SILT; 

SM/ML (Hb/He)
(IMPROVED)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-17
at GS El. 14.8 ft

FIG. 55

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED  PIER RBP 03

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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Medium dense, slightly silty to 
silty, gravelly SAND; SP/SP-SM 
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Dense to very dense, silty, 
gravelly SAND and sandy 

GRAVEL; SM/GP (Hb/Qvrl)

Very dense, trace to slightly 
silty, fine SAND and hard, 

slightly silty to silty CLAY; SP/CL 
(Qpgl)

Very loose to medium dense 
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(IMPROVED)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-18
at GS El. 0.625 ft

FIG. 56

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER RCP 04

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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 Factored Total: 1-inch Settlement

Medium dense slightly gravelly 
to gravelly, slightly silty to silty 

SAND; SM (Hf/Hb)
(IMPROVED BELOW 10 

FEET)

Hard silty CLAY/clayey SILT; 
ML/CL (Qpnl)

Very loose SAND/SILT; 
SP/ML (Hb/He)
(IMPROVED)

Dense to very dense, silty, 
sandy GRAVEL and gravelly 

SAND; GM/SW-SP (Hb)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

FIG. 57

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 13

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-19
at GS El. 16 ft

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.
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Medium dense sandy 
SILT/silty SAND; trace of 

gravel; SM (Hf)

Hard silty CLAY; CL (Qpgl)

Very loose to medium dense 
slightly silty to silty SAND; SW-

SP (Hb)
(IMPROVED)

Loose GRAVEL and medium 
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(Hb) (IMPROVED)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-20
at GS El. 15.8 ft

SERVICE LIMIT

FIG. 58

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP14

Unfactored downdrag force is estimated to be 0 tons.  Per the WSDOT GDM, a 
load factor of 1.25 is recommended to determine factored downdrag force.  
Downdrag force is recommended to be applied with post-earthquake loading.

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington
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Medium dense to dense sandy 
SILT to gravelly SAND; 

SM/ML/GP (Hf)

Loose to dense, silty, sandy 
GRAVEL; GM/GP-GM (Hb)

(IMPROVED)

Very stiff to hard silty CLAY; 
CH/CL (Qpgl)

Very loose to medium dense, 
silty, gravelly SAND; SM 
(Hb/Hls)  (IMPROVED)

Stiff, silty CLAY; CL (He)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

ASSUMED SUBSURFACE
PROFILE

Based on Boring B-24
at GS El. 21 ft

FIG. 59

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 15

SERVICE LIMIT STRENGTH LIMIT EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.
Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES
The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.
Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington
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 Unfactored Side:  1-inch Settlement

 Unfactored Base:  1-inch Settlement

 Factored Total: 1-inch Settlement

Loose to very loose slightly 
clayey, slightly gravelly, silty 

SAND; SM (Hls)

Very stiff to hard silty CLAY; 
CH/CL (Qpgl)

Medium stiff slightly clayey to 
clayey, slightly gravelly to gravelly, 

sandy SILT; ML/SM (Hls)

Medium stiff silty CLAY; CL/CH 
(Hls)
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6. Shaft capacities assume that the ground has been improved with compaction grouting.  We estimated improved soil properties using area-weighted averages.

Based on Boring B-22
at GS El. 142.1 ft

Per the WSDOT GDM, potential liquefaction below a depth of 80 feet was not considered in the calculations.

GENERAL NOTES

ASSUMED SUBSURFACE
PROFILE

Estimated capacities assume that if casing is used, it will be removed after the shaft installation.  If, however, the casing is left in place, grouting should be used to fill all potential voids around the casing and the 
estimated capacities given above should be re-evaluated.

Estimated capacities assume that the drilled shafts will be installed after construction of the approach embankments.  Downdrag loads due to potential fill embankment settlement have not been included.

The analyses were performed based on recommendations outlined in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses are based on a single shaft and do not consider 
group action of closely spaced shafts (closer than 4 diameters, center to center).

Factored total shaft resistance shown on plots is determined by adding its unfactored side and based resistances multiplied by the appropriate resistance factors as noted above.

EXTREME EVENT LIMIT

Shaft uplift capacity can be estimated by using the unfactored side 
resistance shown above and a recommended resistance factor of 0.45 (per 
WSDOT GDM).

Settlement is based on a single shaft.  No group action is considered.

STRENGTH LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 0.55 and 0.5 for 
side and base resistance, respectively.

SERVICE LIMIT NOTES: 
Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

SERVICE LIMIT STRENGTH LIMIT

FIG. 60

Recommended resistance factors per WSDOT GDM are 1.0 for both side 
and base resistance.

EXTREME EVENT LIMIT NOTES: 

May 2008

ESTIMATED IMPROVED AXIAL CAPACITY
FOR 6.56-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 16
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Loose to dense sandy 
SILT/silty SAND; ML/SM 

(Hf/Hb)

Dense to very dense slightly 
silty to silty gravelly SAND; 

SM/SP-SW (Qvro)

Very dense, gravelly, silty 
SAND; SM (Qvd/Qvt)
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NOTES:
1.

2.

3.

4. ESTIMATED DOWNDRAG AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 07

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).

PROFILE
ASSUMED SUBSURFACE

Based on Boring B-11
at GS El. 14.9 ft

FIG. 61

May 2008 21-1-09759-012     

Jacob's Pond may be filled before or after shafts are installed and the structure is loaded.  Placement of this fill will cause settlement of 
the underlying nonglacial soils, which will induce an estimated unfactored downdrag force of 1010 tons.  Recommended load factors to 
determine the factored downdrag force are provided in Table 5 and should be applied with appropriate loadings from the bridge structure.

Total shaft compressive capacity is the sum of side and base resistances.  We 
calculated factored total compressive capacity by applying a resistance factor 
of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and base 
resistances.  See Table 5 for resistance factors for different construction 
sequences.
The information on this figure is based on Boring B-11.  Subsurface conditions 
along the proposed alignment likely vary.
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Loose, trace to slightly 
silty, fine to medium 

SAND; SP 
(Hf)

Loose, slightly silty to 
silty SAND; SM

(Hb)

Dense to very dense, 
trace to slightly gravelly, 
slightly silty SAND; SP

(Hb)

Stiff to very stiff, fine 
sandy SILT; ML

(He)

Very dense, trace to 
silty, fine SAND; SP/SM

(Qpnf/Qpnl)
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NOTES:
1.

2.

3.

4.

FIG. 62

May 2008 21-1-09759-012     

Jacob's Pond may be filled before or after shafts are installed and the structure is loaded.  Placement of this fill will cause settlement of 
the underlying nonglacial soils, which will induce an estimated unfactored downdrag force of 1070 tons.  Recommended load factors to 
determine the factored downdrag force are provided in Table 5 and should be applied with appropriate loadings from the bridge structure.

Total shaft compressive capacity is the sum of side and base resistances.  We 
calculated factored total compressive capacity by applying a resistance factor 
of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and base 
resistances.  See Table 5 for resistance factors for different construction 
sequences.
The information on this figure is based on Boring B-12.  Subsurface conditions 
along the proposed alignment likely vary.

PROFILE
ASSUMED SUBSURFACE

Based on Boring B-12
at GS El. 14.8 ft

ESTIMATED DOWNDRAG AXIAL CAPACITY
FOR 8.2-FT-DIA. DRILLED SHAFT

PROPOSED PIER MLP 08

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Very loose to medium 
dense slightly silty 

SAND; SP 
-gravelly from 24to 30 

feet bgs
(Hf/Hb)

Dense to very dense 
gravelly SAND; SP/GP 

(Hb)

Stiff/medium dense 
sandy clayey, SILT/silty 

SAND; ML/SM
(Hb/He)

Interbedding hard silty 
CLAY and very dense 

SAND and GRAVEL; CL
(Qpnf/Qpnl)
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NOTES:
1.

2.

3.

4.

FIG. 63
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Jacob's Pond may be filled before or after shafts are installed and the structure is loaded.  Placement of this fill will cause settlement of 
the underlying nonglacial soils, which will induce an estimated unfactored downdrag force of 810 tons.  Recommended load factors to 
determine the factored downdrag force are provided in Table 5 and should be applied with appropriate loadings from the bridge structure.

Total shaft compressive capacity is the sum of side and base resistances.  We 
calculated factored total compressive capacity by applying a resistance factor 
of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and base 
resistances.  See Table 5 for resistance factors for different construction 
sequences.
The information on this figure is based on Boring B-13.  Subsurface conditions 
along the proposed alignment likely vary.

PROFILE
ASSUMED SUBSURFACE

Based on Boring B-13
at GS El. 14.8 ft

ESTIMATED DOWNDRAG AXIAL CAPACITY
FOR 8.2-FT DIA DRILLED SHAFT

PROPOSED PIER MLP 09

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are based on a single shaft and do not consider group action of closely spaced shafts (closer than 4 diameters, center to center).
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Very loose to very 
dense slightly silty to 

silty, slightly gravelly to 
gravelly SAND; SP/SM 

(Hf/Hb)

Medium stiff sandy, 
clayey SILT; ML (He)

Hard silty CLAY; CH/CL 
(Qpns/Qpnl)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RAP 01

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-1
at GS El. 17.5 ft

FIG. 64

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-1.  Subsurface conditions 
along the proposed alignment likely vary.
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Loose to medium 
dense GRAVEL and 

SAND; GM/SP
(Hf/Hb)

Stiff to hard silty CLAY; 
CL/ML
(Hls)

Very stiff to hard silty 
CLAY and clayey SILT; 

CH/ML
(Qpgl/Qpnl)
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NOTES:
1.

2.

3.

4.

5.

6.

FIG. 65

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-2.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-2
at GS El. 17.1 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RAP 02

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Medium stiff silty CLAY; 
CL  (Hf)

Medium dense slightly 
gravelly, silty SAND; 

SM/SP (Hb/Hls)

Very stiff to hard silty 
CLAY and clayey SILT; 

CL/CH
(Qpgl)

Very stiff to hard 
clayey SILT; ML (Hls)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RAP 03

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-3
at GS El. 16.4 ft

FIG. 66

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-3.  Subsurface conditions 
along the proposed alignment likely vary.
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Very loose to medium 
dense slightly silty to 
silty, gravelly SAND; 

SP-SM (Hf/Hb)

Stiff to hard silty CLAY; 
CL

(Hls)

Very stiff to hard silty 
CLAY and clayey SILT; 

CH/CL
(Qpgl)
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NOTES:
1.

2.

3.

4.

5.

6.

FIG. 67

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-4.  Subsurface conditions 
along the proposed alignment likely vary.

May 2008 21-1-09759-012     

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-4
at GS El. 16.4 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RAP 04

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Loose, silty sandy 
GRAVEL/gravelly 
SAND SP-GM/SM  

(Hf)

Loose silty SAND/ 
sandy SILT; SM/ML 

(He/Hb)

Hard silty CLAY; CH
(Qpgl)
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NOTES:
1.

2.
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6.

FIG. 68

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-5.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-5
at GS El. 16.5 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 01

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Loose to medium 
dense, silty, sandy 
GRAVEL; GW  (Hf)

Loose to dense silty 
SAND; SM (Hb/Ha)

Soft to stiff silty CLAY; 
CL

(He)

Dense sandy GRAVEL; 
GM (Hb)

Very stiff to hard silty 
CLAY; CL

(Qpgl)
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NOTES:
1.
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6.

FIG. 69

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-6.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-6
at GS El. 16.1 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 02

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Very loose to medium 
dense, silty, gravelly 

SAND/ sandy 
GRAVEL SM/GM  

(Hf/Hb/Ha)

Medium dense to dense 
silty sandy GRAVEL; 

GM (Ha/Hb)

Very soft to medium stiff 
clayey SILT/silty CLAY; 

MH/CH
(He)

Very stiff to hard silty 
CLAY; CL

(Qpgl)

Medium dense silty 
SAND/clayey SILT; 

SM/ML (Hb/He)
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NOTES:
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6.

FIG. 70

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-9.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-9
at GS El. 15.2 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 05

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET 

ABOVE SOFT SOILS)

Loose to medium 
dense slightly silty to 
silty SAND; SP/SM 
-2-foot-thick gravel 
layer from 33 to 35 

feet bgs
(Hf/Hb/He)

Loose sandy SILT/silty 
SAND; ML (He)

Medium stiff clayey SILT 
to silty SAND; ML

(He)

Dense to very dense 
slightly  silty to silty, 
slightly gravelly to 

gravelly SAND; SP/SM 
(Hb)
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NOTES:
1.
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3.
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5.

6.

FIG. 71

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-12.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-12
at GS El. 14.8 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 08

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET 

ABOVE SOFT SOILS)

Very loose to medium 
dense slightly silty 

SAND; SP 
-gravelly from 24 to 30 

feet bgs
(Hf/Hb)

Dense to very dense 
gravelly SAND; SP/GP 

(Hb)

Stiff/medium dense 
sandy clayey, SILT/silty 

SAND; ML/SM
(Hb/He)
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NOTES:
1.

2.

3.

4.

5.

6.

FIG. 72

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-13.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-13
at GS El. 14.8 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 09

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil  layers that 
may be encountered during augercast pile installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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Very loose to very 
dense slightly silty to 

silty, slightly gravelly to 
gravelly SAND; SP/SM 

(Hf/Hb)

Medium stiff sandy, 
clayey SILT; ML (He)

Hard silty CLAY; CH/CL 
(Qpns/Qpnl)

RECOMMENDED PILE TIP DEPTH RANGES
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET ABOVE SOFT SOILS)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 10

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-14
at GS El. 15.1 ft

FIG. 73

Total pile compressive capacity is the sum of side and tip resistances.  We factored allowable total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-14.  Subsurface conditions 
along the proposed alignment likely vary.
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET 

ABOVE SOFT SOILS)

Very loose to medium 
dense, slightly gravelly, 
silty SAND; SM-SP/SM 

(Hf/Hb)

Dense to very dense, 
sandy GRAVEL and 
slightly silty to silty 

SAND; GP/SM/SP-SW
(Hb)

Stiff to hard, clayey 
SILT/silty CLAY and 
very dense, silty fine 
SAND; ML/SP-SM 

(Hb/He)

Hard/very dense silty 
CLAY and very fine 
SAND/sandy SILT; 

CL/SM 
(Qpnl)
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NOTES:
1.

2.

3.

4.

5.

6.

FIG. 74

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-15.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-15
at GS El. 15.5 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 11

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET 

ABOVE SOFT SOILS)

Medium dense, silty, 
sandy GRAVEL; GM 

(Hf)

Dense to very dense, 
silty, sandy GRAVEL 

and slightly silty to 
SAND; GM/SP/SM (Hb)

Loose/soft, gravelly, silty 
SAND and sandy  SILT; 

SM/MH (Hb/He/Hf)

Stiff, gravelly, clayey 
SILT/silty CLAY; ML/CL 

(Qvrl)

Very dense, trace to 
slightly silty, fine SAND; 

SP (Qpnl)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RBP 03

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-16
at GS El. 14.8 ft

FIG. 75

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-16.  Subsurface conditions 
along the proposed alignment likely vary.
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Geotechnical and Environmental Consultants
SHANNON & WILSON, INC.

RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE SOILS AND AT LEAST 15 FEET 

ABOVE SOFT SOILS)

Very loose to medium 
dense, trace to slightly 

silty, trace to slighty 
gravelly SAND; 

(Hf/Hb)

Medium dense to 
dense, GRAVEL and 
slightly silty to silty, 
gravelly SAND; GP-

GW/SM-SP (Hb)

Very dense SAND; SP 
(Hb/Qvrl)

Very dense fine sandy 
SILT and silty SAND; 

SM/ML
(Qpnl)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 12

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-17
at GS El. 14.8 ft

FIG. 76

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-17.  Subsurface conditions 
along the proposed alignment likely vary.
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Geotechnical and Environmental Consultants
SHANNON & WILSON, INC.

RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE OR HARD SOILS AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Medium dense, slightly 
silty to silty, gravelly 

SAND; SP/SP-SM (Hf)

Dense to very dense, 
silty, gravelly SAND and 

sandy GRAVEL; SM 
(Hb/Qvrl)

Very dense, trace to 
slightly silty, fine SAND 
and hard, slightly silty to 

silty CLAY; SP/CL 
(Qpgl)

Very loose to medium 
dense silty, gravelly 

SAND; SM/ML
 (Hb/He)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER RCP 04

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-18
at GS El. 15.3 ft

FIG. 77

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-18.  Subsurface conditions 
along the proposed alignment likely vary.

May 2008 21-1-09759-012     

0

10

20

30

40

50

60

70

80

90

100

0 50 100 150 200

NOMINAL RESISTANCE (tons)

PI
LE

 T
IP

 D
EP

TH
 (f

ee
t)

Ultimate Side Resistance

Ultimate Base Resistance

Factored Total Capacity

Geotechnical and Environmental Consultants
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE OR HARD SOILS AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Medium dense slightly 
gravelly to gravelly, 
slightly silty to silty 
SAND; SM (Hf/Hb)

Hard silty CLAY/clayey 
SILT; ML/CL (Qpnl)

Very loose SAND/SILT; 
SP/ML
(Hb/He)

Dense to very dense, 
silty, sandy GRAVEL 
and gravelly SAND; 

GM/SW-SP (Hb)
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NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 13

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-19
at GS El. 16 ft

FIG. 78

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-19.  Subsurface conditions 
along the proposed alignment likely vary.
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 2 FEET INTO DENSE OR HARD SOILS AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Medium dense sandy 
SILT/silty SAND; trace 

of gravel; SM (Hf)

Hard silty CLAY; CL 
(Qpgl)

Very loose to medium 
dense slightly silty to 
silty SAND; SW-SP 

(Hb)

Loose GRAVEL and 
med. dense silty SAND; 

GP/SM (Hb)



5/16/2008-Temporary pile support_B-20.xls

NOTES:
1.

2.

3.

4.

5.

6.

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 14

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).

PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-20
at GS El. 15.8 ft

FIG. 79

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-20.  Subsurface conditions 
along the proposed alignment likely vary.
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Dense sandy SILT to 
gravelly SAND; 
SM/ML/GP (Hf)

Medium dense, silty, 
clayey, gravelly SAND; 

SC/SM (Hb/He)

Very stiff to hard silty 
CLAY; CH/CL (Qpgl)

Very loose to medium 
dense, silty, gravelly 
SAND; SM (Hb/Hls)

Stiff, silty CLAY; CL 
(He)



5/16/2008-Temporary pile support_B-24.xls

NOTES:
1.

2.

3.

4.

5.

6.

FIG. 80

Total pile compressive capacity is the sum of side and tip resistances.  We calculated factored total compressive capacity by applying a 
resistance factor of 0.65 (factor of safety of 1.5) to both the estimated ultimate side and tip resistances.

The information on this figure is based on Boring B-24.  Subsurface conditions 
along the proposed alignment likely vary.
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PROFILE

We based our analyses on recommendations in the WSDOT Geotechnical Design Manual (GDM) and local experience.  The analyses 
are for a single pile and do not consider group action of closely spaced piles.  To minimize stress overlap in the underlying He layer, the 
piles should be spaced greater than 5 pile diameters, center-to-center.

ASSUMED SUBSURFACE

Based on Boring B-24
at GS El. 21 ft

ESTIMATED AXIAL CAPACITY
FOR 24-IN DIA AUGERCAST CONCRETE PILE

PROPOSED PIER MLP 15

Magnolia Bridge Replacement 
Plans, Specifications, and Estimate Design 

Seattle, Washington
The piles may need to be predrilled through any dense granular soil layers 
above the proposed pile tip that may be encountered during augercast pile 
installation.

We did not consider seismic loading conditions because these piles are intended for temporary support of construction falsework.

Piles should bear at least 2 feet into dense to very dense sand and gravel 
deposits (Hb).  The final pile tip elevation should be at least 15 feet above any 
underlying soft (compressible) soil (He).
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RECOMMENDED PILE TIP DEPTH RANGE
(SHOULD BE AT LEAST 5 FEET INTO HARD CLAY AND SILT AND AT LEAST 

15 FEET ABOVE SOFT SOILS)

Loose to very loose 
slightly clayey, slightly 
gravelly, silty SAND; 

SM (Hls)

Very stiff to hard silty 
CLAY; CH/CL (Qpgl)

Medium stiff slightly 
clayey to clayey, slightly 

gravelly to gravelly, 
sandy SILT; ML/SM 

(Hls)

Medium stiff silty CLAY; 
CL/CH (Hls)



Estimated settlements due to the proposed walls and embankments are
generally greater than 1 inch, so Service Limit Bearing Resistance is not
applicable.  Estimated static and liquefaction-induced settlements
assuming no ground improvement are provided in Table 11.  Settlement
mitigation recommendations are provided in the main text.

The recommended foundation soil properties and bearing pressures are
for walls bearing on adequately prepared subgrade.

Friction angle and cohesion values for the foundation soil should only be
used to check sliding.

Recommended lateral earth pressures assume imported backfill materials
meet the requirement for gravel backfill for walls, as specified in Section
9-03-12(2) of 2008 WSDOT Standard Specifications.  It is also assumed
that proper drainage is provided behind the walls so there is no buildup of
hydrostatic pressures.

If the wall is free to yield at the top an amount equal to about 0.001 times
the height of the wall, then active earth pressures should be used for
design (γa).  If movement is not allowed because of stiffness or resistance
of the wall, the wall should be designed for at-rest earth pressures ( γo).

Not to Scale

LEGEND

Height of Wall in Feet

Embedment of Wall in Feet

Active and Passive Earth
Pressure Coefficients

At-Rest Earth Pressure Coefficient
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Seismic
Increment
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NOTES
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RECOMMENDED GEOTECHNICAL
PARAMETERS FOR

RETAINED FILL WALL DESIGN

FIG. 81SHANNON & WILSON, INC.

MSE Wall

or

Drainage Sand and
Gravel (See Note 10)

Cantilevered Concrete Wall

Backfill Material
(See Note 4)

Backfill Material
(See Note 4)

Stable Excavation Slope
(contractor's responsibility)

H

Z = 24" min.

γp(Z-2)

Stable Excavation
Slope (contractor's

responsibility)

Wall

Ignore Passive
Resistance

in Upper 2 Ft.

+

Recommended lateral earth pressures assume a horizontal backslope.  If a
sloping ground results, the earth pressures should be increased depending on the
sloping angle.

The active seismic earth pressure increment was calculated with the
Mononobe-Okabe equation using a horizontal seismic coefficient equal to one-half
the design peak ground acceleration, PGA, of 0.44g.  (K for ∆γae was assumed to
equal Kae minus Ka).

The at-rest seismic earth pressure increment was calculated with the
Mononobe-Okabe equation using a horizontal seismic coefficient equal to 1.5
times the design PGA of 0.44g.  (K for ∆γoe was assumed to equal K oe minus Ko).

Surcharge load should be added to the lateral earth pressure where appropriate.
(See Figure 82)

Drainage sand and gravel should meet the requirements of gravel backfill for
walls, as specified in Section 9-03-12(4) of 2008 WSDOT Standard Specifications.

Excavation slope should be determined by the contractor to provide safe working
conditions as required by federal, state, and local agencies.

6.

7.

8.

9.

10.

11.

4" Min. Perforated Subdrain Pipe
Drain to Proper Outlets

H

Z

0.8∆γae(H+Z)
0.8∆γoe(H+Z)

0.6(H+Z)

Resultant
Force

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

May 2008 21-1-09759-012

1.

2.

3.

4.

5.

REINFORCED/RETAINED
FILL PROPERTIES

Unit Weight
Cohesion

Friction Angle
Ka

Ko

Kp

125 pcf
0 psf
34°
0.28
0.44
5.3

RECOMMENDED
EQUIVALENT FLUID

WEIGHTS (pcf)

γa

γo

∆γae

∆γoe

γp

35
55
9
83
440

Mechanically
Stabilized Soil
(See Note 4)

γ

ESTIMATED STATIC FOUNDATION SOIL PROPERTIES

Soil Properties Unfactored Bearing Resistance (psf) Allowable Stress Design (psf)

Location
Unit Weight

(pcf)
Cohesion

(psf)
Friction Angle

(deg) Strength Limit Extreme Event
Limit

Static
Conditions

Seismic
Conditions

West Approach Abutment (MLP 16) 115 0 30 10,000 10,000 3,300 6,700

23rd Avenue On-ramp (RCP 4) 115 0 30 10,000 10,000 3,300 6,700

23rd Avenue Off-ramp (RCP 3) 115 0 30 10,000 10,000 3,300 6,700

East Approach Abutment (MLP 1) 120 0 30 10,000 10,000 3,300 6,700

15th Avenue Overpass Abutment (RAP 1) 125 0 32 13,000 13,000 4,500 9,000

H

Z = 0.1H
(2 ft. min.)

0.7H
(Actual width to be
determined by wall

designer.)

According to the WSDOT Geotechnical Design Manual, retaining
walls and abutment walls that are "directly supporting the traveled
way or walls that are directly adjacent to traveled way and are 10
feet in height or more, should be designed to remain stable under
seismic loading conditions and anticipated displacements
associated with liquefaction.  Mitigation to achieve overall stability
may be required.  If wall face is more than 10 feet from traveled
roadway, and walls are less than 10 feet in height, they are not
required to meet overall stability under seismic loading and for
liquefaction effects."  (Section 6.1.2 of 2006 WSDOT GDM.)

Estimated foundation soil properties are based on unimproved
conditions, regardless of ground improvement.  Compaction
grouting will not provide significant improvement in upper 5 to 10
feet below ground surface; the majority of foundation support for
the wall will come from this zone.

Global stability of the walls was evaluated.  The results of our
analysis are presented in Table 11 and Figures 84 through 88.

Proposed wall configurations were obtained from the 30% Design
Submittal.

12.

13.

14.

15.

4" Min.



RECOMMENDED SURCHARGE
LOADING FOR TEMPORARY AND

PERMANENT WALLS

FIG. 82SHANNON & WILSON, INC.
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PLAN VIEW
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Wall Line

    = H σ p s

L/B = 

L/B = 0.25
L/B = 0.5
L/B = 1

UNIFORM SURCHARGE

H σ s = (K)q

πH = σ     q2

α β

 < 15 FeetH  

EARTH BERM

(psf)s q

2
(K)     (H  ) (γ )

(see Note 4)

s

Note: ψ  < 33°

H

H

z=nH

Bottom of
Excavation

x = mH Q

Point Load
in Pounds

σ   (psf)H

ELEVATION VIEW

x = mH

H

Bottom of
Excavation

W
al

l

z=nH

σ   (psf)H

Line Load in
Pounds/Foot

lQ

B) LATERAL PRESSURE DUE TO LINE LOAD
     i.e. NARROW CONTINUOUS FOOTING
     PARALLEL TO WALL

C) LATERAL PRESSURE DUE TO STRIP LOAD

(β - sin β cos2α) (psf)
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A) LATERAL PRESSURE DUE TO POINT LOAD
     i.e. SMALL ISOLATED FOOTING OR WHEEL LOAD

ψ

D) LATERAL PRESSURE DUE TO EARTH BERM
     OR UNIFORM SURCHARGE

Bottom of
Excavation

Bottom of
Excavation

E) LATERAL PRESSURE DUE
     TO ADJACENT FOOTING

0 0.5 1.0

q

L
B

NOTES

Figures are not drawn to scale.

Applicable surcharge pressures should be
added to appropriate permanent wall lateral
earth and water pressure.

If point or line loads are close to the back of
the wall such that m ≤ 0.4, it may be more
appropriate to model the actual load
distribution (i.e., Detail E) or use more
rigorous analysis methods.

See Figure 81 for recommended K values.

W
al

l

Bearing
Pressure
q (psf)

1.

2.

3.

4.

=

(see Note 4)

I  , Influence Factor

(I  ) q

p 

Lateral Footing
Pressure on Wall

(derived from NAVFAC DM 7.2,
1986; and Sandhu, Earth Pressure
on Walls Due to Surcharge , 1974)

(derived from Poulos and Davis, Elastic Solutions for
Soil and Rock Mechanics , 1974; and Terzaghi and

Peck, Soil Mechanics in Engineering Practice , 1967)

(NAVFAC DM 7.2, 1986)

(derived from Fang, Foundation
Engineering Handbook , 1991)

(NAVFAC DM 7.2, 1986)

     = 1.28                            (psf)H

H

2m   nlQ
(m  + n  )H 2 2 2

(0.16 + n  )
lQ

H
n

2 2
     = 0.20                             (psf)  (see Note 3) For m < 0.4:  σ

For m > 0.4:  σ     = 1.77                            (psf)H

H

2m   npQ
(m  + n  )H 2 2 3

(0.16 + n  )
pQ

H
2n

2
     = 0.28                             (psf)  (see Note 3) For m < 0.4:  σ

For m > 0.4:  σ
2

p

Point Load
in Pounds

γ = Unit Weight
     of Earth Berm

s

Qp

Bearing
Pressure

Earth
Berm

2

2

σH

σH'

σ   = Lateral PressureH

σH'

in radians

ELEVATION VIEW

s 

3

(see Note 3) (see Note 3)
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PASSIVE LATERAL EARTH
PRESSURES vs MOVEMENT

FIG. 83SHANNON & WILSON, INC.
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Seattle, Washington
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NOTE
Refer to Figure 81 for passive earth
pressure coefficients (P P).

Determine the maximum passive earth pressure, P Pult,
for a given depth, D, using our recommended ultimate
passive earth pressure coefficient (K Pult), value of 5.3
and a total unit weight of 125 pcf;

Assume an allowable lateral movement , δp,  and
detemine the mobilized passive earth pressure, P p,
from this figure using the recommmended Curve   A  ;

Calculate a spring constant using P p and δp from Step 2;

Input the calculated spring constant value into a
dynamic analysis and compare computed deflection
with the deflection obtained from this figure;

Repeat analysis, if necessary.

1.

2.

3.

4.

5.

SUGGESTED DESIGN APPROACH

EFFECT OF WALL MOVEMENT ON PASSIVE EARTH PRESSURES

DPile Cap or
Abutment Wall

Vertical Reaction Face
of Foundation Member

Vertical Reaction Face

Passive Earth
Pressure Distribution

SIDE VIEW FRONT VIEW
Where D = minimum dimension of vertical reaction surface.
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5/16/2008-Figure 84 West abut results.xls-lmb

NOTES:

1.

2.

3.

4.

5.

6. Minimum FS values for global stability are:
Static - FS = 1.3
Seismic FS = 1.1

UNIMPROVED, STATIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (9-FOOT-HIGH)

MINIMUM FACTOR OF SAFETY: 1.4

UNIMPROVED, SEISMIC LOADING, LIQUEFIED CASE

The thick black line on the plots above indicates the location of the 
failure surface.
The units for the soil parameters shown are: Unit Weight - pounds 
per cubic foot (pcf); Cohesion - pounds per square foot (psf), and 
Friction (Phi) - degrees.
For the liquefied cases, we assumed that the seismic coefficient, 
kh, was zero.

MINIMUM FACTOR OF SAFETY:  1.1
MAXIMUM EMBANKMENT HEIGHT (9-FOOT-HIGH)

We performed the analyses with the computer program Slope/W 
Version 7.03 (Geo-Slope International 2007).
The Spencer's method of analyses used in the analyses satisfies 
both moment and force equilbrium for the potential failure surfaces 
shown.

1.4

MSE Wall FILL 

Embankment FILL 

Fill (Hf) 

Recessional Outwash (Qvro) 

Glacial Till (Qvt) 

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     
Fill (Hf)      Mohr-Coulomb      115 pcf     0 psf     30 °     
Recessional Outwash (Qvro)      Mohr-Coulomb      130 pcf     0 psf     42 °     
Glacial Till (Qvt)      Mohr-Coulomb      135 pcf     0 psf     45 °     
Slope Fill (Hf)      Mohr-Coulomb      125 pcf     0 psf     32 °     

Slope Fill (Hf) 
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FIG. 84

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

GLOBAL STABILITY OF 
WEST ABUTMENT APPROACH

1.1

MSE Wall FILL 

Embankment FILL 

Fill (Hf) 

Recessional Outwash (Qvro) 

Glacial Till (Qvt) 

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     
Fill (Hf)      Mohr-Coulomb      115 pcf     0 psf     30 °     
Recessional Outwash (Qvro)      Mohr-Coulomb      130 pcf     0 psf     42 °     
Glacial Till (Qvt)      Mohr-Coulomb      135 pcf     0 psf     45 °     
New Fill      Mohr-Coulomb      125 pcf     0 psf     32 °     
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5/16/2008-Figure 85 23rd on results.xls-lmb

NOTES:

1.

2.

3.

4.

5.

6. Minimum FS values for global stability are:
Static - FS = 1.3
Seismic FS = 1.1

IMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (7-FOOT-HIGH)

UNIMPROVED, STATIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (7-FOOT-HIGH)

MINIMUM FACTOR OF SAFETY: 1.8 MINIMUM FACTOR OF SAFETY:  2.1

UNIMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (7-FOOT-HIGH)

The thick black line on the plots above indicates the location of the 
failure surface.
The units for the soil parameters shown are: Unit Weight - pounds 
per cubic foot (pcf); Cohesion - pounds per square foot (psf), and 
Friction (Phi) - degrees.
For the liquefied cases, we assumed that the seismic coefficient, 
kh, was zero.

MINIMUM FACTOR OF SAFETY:  1.3
We performed the analyses with the computer program Slope/W 
Version 7.03 (Geo-Slope International 2007).
The Spencer's method of analyses used in the analyses satisfies 
both moment and force equilbrium for the potential failure surfaces 
shown.

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

MaY 2008 21-1-09759-012

FIG. 85

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

GLOBAL STABILITY OF 
23rd ON RAMP APPROACH
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1.8

Material: Very dense, silty, sandy GRAVEL (Hb)

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb)      Mohr-Coulomb      115 pcf     0 psf     30 °     1      
SAND Below GWT (Hb)      Mohr-Coulomb      115 pcf     0 psf     30 °     1      
Sandy, silty CLAY (He)      Mohr-Coulomb      115 pcf     0 psf     24 °     1      
Sand below GWT (2)      Mohr-Coulomb      115 pcf     0 psf     32 °     1      
Very dense, silty, sandy GRAVEL (Hb)      Mohr-Coulomb      125 pcf     0 psf     45 °     1      

Embankment FILL 

SAND Above GWT (Hf/Hb) 

SAND Below GWT (Hb) 

Sandy, silty CLAY (He) 

Sand below GWT (2) 
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Very dense, silty, sandy GRAVEL (Hb)

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb) (Reduced Strength)      Mohr-Coulomb      115 pcf     0 psf     21 °     1      
SAND Below GWT (Hb) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Sandy, silty CLAY (He) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Sand below GWT (2) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Very dense, silty, sandy GRAVEL (Hb)      Mohr-Coulomb      125 pcf     0 psf     45 °     1      
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Very dense, silty, sandy GRAVEL (Hb)

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb) (Reduced Strength)      Mohr-Coulomb      115 pcf     0 psf     21 °     1      
SAND Below GWT (Hb) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Sandy, silty CLAY (He) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Sand below GWT (2) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Very dense, silty, sandy GRAVEL (Hb)      Mohr-Coulomb      125 pcf     0 psf     45 °     1      
SAND above GWT      Mohr-Coulomb      115 pcf     0 psf     30 °     1      
Sand below GWT (Improved)      Mohr-Coulomb      125 pcf     0 psf     35 °     1      
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Sand below GWT (2) (Improved)      Mohr-Coulomb      125 pcf     0 psf     36 °     1      
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NOTES:

1.

2.

3.

4.

5.

6. Minimum FS values for global stability are:
Static - FS = 1.3
Seismic FS = 1.1

7.

The thick black line on the plots above indicates the location of 
the failure surface.
The units for the soil parameters shown are: Unit Weight - 
pounds per cubic foot (pcf); Cohesion - pounds per square foot 
(psf), and Friction (Phi) - degrees.
For the liquefied cases, we assumed that the seismic coefficient, 
kh, was zero.

MINIMUM FACTOR OF SAFETY:  0.5

We performed the analyses with the computer program Slope/W 
Version 7.03 (Geo-Slope international 2007).
The Spencer's method of analyses used in the analyses satisfies 
both moment and force equilbrium for the potential failure 
surfaces shown.

MINIMUM FACTOR OF SAFETY: 1.2 MINIMUM FACTOR OF SAFETY:  1.2

UNIMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (15-FOOT-HIGH)

IMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (15-FOOT-HIGH)

UNIMPROVED, STATIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (15-FOOT-HIGH)

At a wall height of 2 feet, we 
calculated a minimum FS of 
1.1 for the unimproved, post-
seismic loading, liquefied case.

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

May 2008 21-1-09759-012

FIG. 86

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

GLOBAL STABILITY OF 
23rd OFF RAMP APPROACH
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Deep SAND Below GWT 

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb) (Reduced Strength)      Mohr-Coulomb      115 pcf     0 psf     21 °     1      
SAND Below GWT (Hb) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Deep SAND Below GWT      Mohr-Coulomb      125 pcf     0 psf     37 °     1      
Sand above GWT      Mohr-Coulomb      115 pcf     0 psf     30 °     1      
Sand below GWT (Improved)      Mohr-Coulomb      125 pcf     0 psf     34 °     1      

SAND Above GWT (Hf/Hb) (Reduced Strength) 
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5/16/2008-Figure 87 MLP1 results.xls-lmb

NOTES:

1.

2.

3.

4.

5.

6. Minimum FS values for global stability are:
Static - FS = 1.3
Seismic FS = 1.1

The thick black line on the plots above indicates the location of the 
failure surface.
The units for the soil parameters shown are: Unit Weight - pounds 
per cubic foot (pcf); Cohesion - pounds per square foot (psf), and 
Friction (Phi) - degrees.
For the liquefied cases, we assumed that the seismic coefficient, 
kh, was zero.

MINIMUM FACTOR OF SAFETY:  1.3
We performed the analyses with the computer program Slope/W 
Version 7.03 (Geo-Slope International 2007).
The Spencer's method of analyses used in the analyses satisfies 
both moment and force equilbrium for the potential failure surfaces 
shown.

MINIMUM FACTOR OF SAFETY: 2.4 MINIMUM FACTOR OF SAFETY:  2.3

UNIMPROVED, POST-SEISMIC LOADING. LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (10-FOOT-HIGH)

IMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM STABLE EMBANKMENT HEIGHT (10-FOOT-HIGH)

UNIMPROVED, STATIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (10-FOOT-HIGH)

2.4

Construction/Traffic Surcharge = 250 psf
MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb)      Mohr-Coulomb      120 pcf     0 psf     30 °     1      
SAND Below GWT (Hb)      Mohr-Coulomb      115 pcf     0 psf     27 °     1      
Soft Clay / Sand      Mohr-Coulomb      110 pcf     400 psf     0 °     1      
Stiff Clay      Undrained (Phi=0)      115 pcf     1500 psf     1      
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FIG. 87

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

GLOBAL STABILITY OF 
EAST ABUTMENT APPROACH

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb) (Reduced Strength)      Mohr-Coulomb      120 pcf     0 psf     21 °     1      
SAND Below GWT (Hb) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Soft Clay / Sand (Liquefied)      Mohr-Coulomb      110 pcf     200 psf     0 °     1      
Stiff Clay      Undrained (Phi=0)      115 pcf     1200 psf     1      
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2.3

Name: Sand above GWT (Improved)

MSE Wall Fill (Abutment Face)

MSE Wall FILL      Mohr-Coulomb      135 pcf     10000 psf     38 °     1      
Embankment FILL      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
SAND Above GWT (Hf/Hb) (Reduced Strength)      Mohr-Coulomb      120 pcf     0 psf     21 °     1      
SAND Below GWT (Hb) (Liquefied Strength)      Mohr-Coulomb      115 pcf     200 psf     0 °     1      
Soft Clay / Sand (Liquefied)      Mohr-Coulomb      110 pcf     200 psf     0 °     1      
Stiff Clay      Undrained (Phi=0)      115 pcf     1200 psf     1      
Sand above GWT (Improved)      Mohr-Coulomb      120 pcf     0 psf     30 °     1      
Sand below GWT (Improved)      Mohr-Coulomb      125 pcf     0 psf     34 °     1      
Soft Clay/ Sand (Improved)      Undrained (Phi=0)      110 pcf     400 psf     1      
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5/16/2008-Figure 88 15th OP results.xls-lmb

NOTES:

1.

2.

3.

4.

5.

6. Minimum FS values for global stability are:
Static - FS = 1.3
Seismic FS = 1.1

The thick black line on the plots above indicates the location of 
the failure surface.
The units for the soil parameters shown are: Unit Weight - 
pounds per cubic foot (pcf); Cohesion - pounds per square foot 
(psf), and Friction (Phi) - degrees.
For the liquefied cases, we assumed that the seismic coefficient, 
kh, was zero.

MINIMUM FACTOR OF SAFETY:  1.0
We performed the analyses with the computer program Slope/W 
Version 7.03 (Geo-Slope international 2007).
The Spencer's method of analyses used in the analyses satisfies 
both moment and force equilbrium for the potential failure 
surfaces shown.

MINIMUM FACTOR OF SAFETY: 1.4 MINIMUM FACTOR OF SAFETY:  1.4

UNIMPROVED, SEISMIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (16-FOOT-HIGH)

IMPROVED, POST-SEISMIC LOADING, LIQUEFIED CASE
MAXIMUM EMBANKMENT HEIGHT (16-FOOT-HIGH)

UNIMPROVED, STATIC LOADING CASE
MAXIMUM EMBANKMENT HEIGHT (16-FOOT-HIGH)
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FIG. 88

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

GLOBAL STABILITY OF 
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FIG. 89SHANNON & WILSON, INC.

RECOMMENDED LATERAL
PRESSURES FOR EXISTING

BULKHEAD WALL

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

May 2008

Dimensions of bulkhead are based on the details provided on Sheet 170 of
the original Magnolia Bridge design plans and our observations of the existing
bulkhead during our test pit explorations performed on July 12, 2007.

Existing bridge foundations in vicinity of bulkhead are not depicted above.

Earth pressures provided above are based on our interpretation of the
subsurface conditions along the length of the bulkhead (specifically from
borings B-15 through B-19).

Based on tidal records and the subsurface conditions encountered in our
borings, we have assumed that a maximum differential of 5 feet could exist
during low tide behind and in front of the bulkhead wall.

All lateral pressures are in units of pounds per square foot (psf).  All
pressures are unfactored.
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1.

2.

3.

4.

5.

Lateral pressures shown above are for the static loading case.  To
evaluate the seismic loading condition, a uniform seismic incremental
load of 9H psf/ft of wall is recommended.  This increment should be
applied as a uniform load to the wall and is consistent with a
pseudostatic analysis using the Mononobe-Okabe equation for lateral
earth pressures for a horizontal seismic coefficient of 0.22g (1/2 of the
site PGA).

Surcharge loading is not provided above.  if surcharge loads are
present at the site, they should be considered in evaluation of
bulkhead.  Refer to Figure 82 for earth pressures due to surcharge
loading.
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Vertical stresses due to falsework support were estimated using formulae referenced in 
"Elastic Solutions for Soil and Rock Mechanics" by Poulos & Davis.
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FIG
. 90

An in-house computer program utilizing elastic theory was used to estimate settlements due 
to complete filling of Jacob's Pond.
Elastic parameters were estimated based on subsurface conditions encountered in boring EB-
2 performed at the site.

Notes:
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Figure 91 - Causeway.xls; Figure - 5/16/2008
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Vertical stresses due to falsework support were estimated using formulae referenced in 
"Elastic Solutions for Soil and Rock Mechanics" by Poulos & Davis.
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FIG
. 91

An in-house computer program utilizing elastic theory was used to estimate settlements due 
to partially filling Jacob's Pond.
Elastic parameters were estimated based on subsurface conditions encountered in boring EB-
2 performed at the site.

Notes:

Soil Parameters used:
Depth Interval
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SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants
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Figure 92 - Detour.xls; Figure - 5/16/2008
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Vertical stresses due to falsework support were estimated using formulae referenced in 
"Elastic Solutions for Soil and Rock Mechanics" by Poulos & Davis.
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FIG
. 92

An in-house computer program utilizing elastic theory was used to estimate settlements due 
to partially filling Jacob's Pond.
Elastic parameters were estimated based on subsurface conditions encountered in boring EB-
2 performed at the site.

Notes:

Soil Parameters used:
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TABLE F-1
SEISMIC SOURCE PARAMETERS FOR INTERPLATE AND INTRASLAB SOURCE ZONES

SHANNON & WILSON, INC.

Seismic Source
[Probability of 

Activity]
Maximum Updip Extent

[Weight]

Maximum Downdip 
Extent

[Weight]

Recurrence 
Interval 
(years)

[Weight]

Rupture 
Length (km)

[Weight]

Maximum 
Magnitude 
Approach

Interplate
[1.0]

Slope Break [0.5]
Deformation Front [0.5]

Zero Isobase [0.50]
Midpt. Transition Zone 

[0.33]
Mafic Zone [0.17]

600 [1.0]

150 [0.1]
250 [0.2]
450 [0.2]

1100 [0.5]
Rupture Area [1.0]

Seismic Source
[Probability of 

Activity]
Intraslab Geometry

[Weight]
Maximum Magnitude

[Weight]

Intraslab
[1.0]

Crosson & Owens [0.75]
Stanley et al. [0.25]

7.1 [0.2]
7.25 [0.6]
7.5 [0.2]

Notes:
The following attenuation relationships were used with equal weight given to each:
Youngs et al. (1997)
Atkinson and Boore (2003)
km = kilometer

21-1-09759-012-R1-Table-F1.xls  21-1-09759-012



TABLE F-2
SEISMIC SOURCE PARAMETERS FOR

REGIONAL AREAL CRUSTAL SOURCE ZONES

Seismic Source
[Probability of 

Activity]

Source Depth 
(km)

[Weight]

Maximum 
Magnitude
[Weight]

Earthquake 
Recurrence 

Model

Vancouver Island
[1.0]

2 [0.2]
11 [0.6]
20 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

North Cascades
[1.0]

2 [0.2]
11 [0.6]
20 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

Olympic/Willapa/
Coast Ranges

[1.0]

2 [0.2]
11 [0.6]
20 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

South Cascades
[1.0]

2 [0.2]
11 [0.6]
20 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

Willamette
[1.0]

2 [0.2]
11 [0.6]
20 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

North Puget Sound
[1.0]

5 [0.2]
15 [0.6]
25 [0.2]

7.0 [0.2]
7.25 [0.6]
7.5 [0.2]

Exponential

Central Puget Sound
[1.0]

5 [0.2]
15 [0.6]
25 [0.2]

7.0 [1.0] Exponential

Notes:
The following attenuation relationships were used with equal weight given to each:
Abrahamson and Silva (2007)
Boore and Atkinson (2007)
Campbell and Bozorgnia (2007
Chiou and Youngs (2006)
km = kilometer

21-1-09759-012-R1-Table-F-2.xls
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TABLE F-3
SEISMIC SOURCE PARAMETERS FOR SPECIFIC CRUSTAL SOURCE FAULTS

SHANNON & WILSON, INC.

Seismic Source
(Slip Type)

[Probability of Activity]

SWIF 
Model

[Weight]
Seattle Fault Model 

[Weight]

Dip 
(Degrees)
[Weight]

Source Depth 
(km)

[Weight]

Slip Rate 
(mm/year)
[Weight]

Rupture Length 
(km)

[Splay and Weight]
Segmentation

[Weight]

Earthquake 
Recurrence Model

[Weight]
A

(Low Angle)
[0.25]

20 [0.5]
25 [0.5]

14 [0.5]
20 [0.5]

0.6 [0.2]
1.0 [0.6]
1.4 [0.2]

63 [1.0] Unsegmented [1.0]
Segmented [0.0]

0.24 [0.2]
0.40 [0.6]
0.56 [0.2]

57 [Center, 1.0]
63 [Northern, 1.0]

Unsegmented [1.0]
Segmented [0.0]

0.12 [0.2]
0.20 [0.6]
0.28 [0.2]

51 [Sourthern, 1.0] Unsegmented [1.0]
Segmented [0.0]

C
(Passive Roof 

Duplex)
[0.5]

20 [0.5]
25 [0.5]

12 [0.5]
16 [0.5]

0.6 [0.2]
1.0 [0.6]
1.4 [0.2]

60 [1.0] Unsegmented [1.0]
Segmented [0.0]

A
(Center Segment)

[0.25]

50 [0.5]
80 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.4]
1.0 [0.6] 28 [Center, 1.0] Unsegmented [1.0]

Segmented [0.0]

48 [Center and East, 
1.0] Unsegmented [0.5]

28 [Center, 1.0]
20 [East, 1.0] Segmented [0.5]

34 [1.0] Unsegmented [0.5]
21 [West, 1.0]
13 [East, 1.0] Segmented [0.5]

A
[0.25]

80 [0.5]
100 [0.5]

15 [0.5]
25 [0.5]

0.3 [0.5]
0.8 [0.5] 15 [1.0] Unsegmented [1.0]

Segmented [0.0]

B
[0.25]

80 [0.5]
100 [0.5]

15 [0.5]
25 [0.5]

0.3 [0.5]
0.8 [0.5] 15 [1.0] Unsegmented [1.0]

Segmented [0.0]
C

 [0.5]
80 [0.5]

100 [0.5]
15 [0.5]
25 [0.5]

0.3 [0.5]
0.8 [0.5] 15 [1.0] Unsegmented [1.0]

Segmented [0.0]

78 [1.0] Unsegmented [0.5]

47 [1.0] Segmented [0.5]
78 [1.0] Unsegmented [0.5]
47 [1.0] Segmented [0.5]
78 [1.0] Unsegmented [0.5]
47 [1.0] Segmented [0.5]
87 [1.0] Unsegmented [0.5]

38 [1.0] Segmented [0.5]
87 [1.0] Unsegmented [0.5]
38 [1.0] Segmented [0.5]
87 [1.0] Unsegmented [0.5]
38 [1.0] Segmented [0.5]
55 [1.0] Unsegmented [0.5]

25 [1.0] Segmented [0.5]
55 [1.0] Unsegmented [0.5]
25 [1.0] Segmented [0.5]
55 [1.0] Unsegmented [0.5]
25 [1.0] Segmented [0.5]

45 [0.5]
90 [0.5]

15 [0.5]
27 [0.5]

0.2 [0.2]
0.33[0.6]
0.47 [0.2]

137 [Northern, 1.0] Unsegmented [1.0]
Segmented [0.0]

80 [0.5]
100 [0.5]

15 [0.5]
27 [0.5]

0.2 [0.2]

0.33[0.6]

0.47 [0.2]

140 [Center-Cottage 
Lake, 1.0]

Unsegmented [1.0]
Segmented [0.0]

45 [0.5]
80 [0.5]

15 [0.5]
27 [0.5]

0.2 [0.2]
0.33 [0.6]
0.47 [0.2]

136 [Southern, 1.0] Unsegmented [1.0]
Segmented [0.0]

Z (thrust)
[0.5] A, B, and C

[0.25, 0.25, and 0.5]

20 [0.3]
30 [0.4]
35 [0.3]

12 [0.3]
16 [0.4]
20 [0.3]

0.6 [0.2]
1.0 [0.6]
1.4 [0.2]

137 [1.0] Unsegmented [1.0]
Segmented [0.0]

Utsalady Fault
(Oblique-Slip)

[1.0]

Y and Z
[0.67 and 

0.33]

A, B, and C
[0.25, 0.25, and 0.5]

45 [0.5]
75 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.2]
0.15 [0.6]
0.8 [0.2]

29 [1.0] Unsegmented [1.0]
Segmented [0.0]

Characteristic
[1.0]

Strawberry Point Fault
(Oblique-Slip) [1.0]

Y and Z
[0.67 and 

0.33]

A, B, and C
[0.25, 0.25, and 0.5]

70 [0.5]
110 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.2]
0.25 [0.6]
0.9 [0.2]

29 [1.0] Unsegmented [1.0]
Segmented [0.0]

Characteristic
[1.0]

Devils Mountain Fault
(Oblique-Slip Reverse) 

[1.0]

Y and Z 
[0.67 and 

0.33]

A, B, and C
[0.25, 0.25, and 0.5]

45 [0.5]
75 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.2]
0.16 [0.6]
0.3 [0.2]

125 [1.0] Unsegmented [1.0]
Segmented [0.0]

Characteristic
[1.0]

km = kilometer
mm = millimeter

Southern Whidbey Island 
Fault

(Reverse/Strike-Slip)
[1.0]

Characteristic
[0.67]

Exponential [0.33]

Characteristic
[1.0]

A, B, and C
[0.25, 0.25, and 0.5]

0.3 [0.5]
0.8 [0.5]

C
[0.5]

85 [0.5]
95 [0.5]

15 [0.5]
25 [0.5]

0.3 [0.5]
0.8 [0.5]

0.3 [0.5]
0.8 [0.5]

B
[0.25]

85 [0.5]
95 [0.5]

15 [0.5]
25 [0.5]

Puget Sound Fault
(Strike-Slip)

[0.5]

A
[0.25]

85 [0.5]
95 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.6]
1.0 [0.4]

50 [0.5]
80 [0.5]

Characteristic
[1.0]

15 [0.5]
25 [0.5]

Tacoma Fault Tear
(Strike-Slip)

[0.5]

Olympia Fault
(Reverse)

[0.5]

0.1 [0.7]
1.0 [0.3]

A
[0.25]

50 [0.5]
80 [0.5]

15 [0.5]
25 [0.5]

B
[0.25]

C
[0.5]

Y and Z
[0.67 and 

0.33]

Y and Z
[0.67 and 

0.33]

Characteristic
[1.0]

50 [0.5]
80 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.6]
1.0 [0.4]

Characteristic
[1.0]

50 [0.5]
80 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.6]
1.0 [0.4]

0.1 [0.4]
1.0 [0.6]

Y and Z 
[0.67 and 

0.33]

Characteristic
[1.0]

B
(High Angle)

[0.25]

50 [0.5]
35 [0.5]

24 [0.5]
28 [0.5]

Characteristic
[1.0]

50 [0.5]
80 [0.5]

12 [0.5]
16 [0.5]

0.1 [0.4]
1.0 [0.6]

Seattle Fault
(Reverse)

[1.0]

Tacoma Fault
(Reverse)

[1.0]

B
(Center and East 

Segments)
[0.25]

C
[0.5]

Y and Z 
[0.67 and 

0.33]

Notes:
The following attenuation relationships were used with equal weight given to each:
Boore and Atkinson (2007), Abrahamson and Silva (2007), Chiou and Youngs (2006), and Campbell and Bozorgnia (2007).

Y and Z
[0.67 and 

0.33]

Y and Z
[0.67 and 

0.33]

Y 
(Strike-Slip 

and 
Reverse)

[0.5]

Hood Canal Fault
(Strike-Slip)

[0.5]

0.1 [0.7]
1.0 [0.3]

50 [0.5]
80 [0.5]
50 [0.5]
80 [0.5]

15 [0.5]
25 [0.5]

0.1 [0.6]
1.0 [0.4]

15 [0.5]
25 [0.5]

A
[0.25]

B
[0.25]

C
[0.5]

30 [0.5]
35 [0.5]

15 [0.5]
25 [0.5]
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TABLE F-4 
ESTIMATED CASCADIA SUBDUCTION ZONE (CSZ) 

MAXIMUM RUPTURE WIDTHS 

Boundary Locations 

Updip Boundary 
at Deformation 

Front  
Updip Boundary 
at Slope Break  

Downdip boundary at zero isobase 
 

90 km 65 km 

Downdip boundary at midpoint of transition 
zone  
 

75 km 50 km 

Downdip boundary at edge of mafic zone 120 km 95 km 
 Note: 
 km = kilometer 
 
 



TABLE F-5
ROCK TIME HISTORIES INPUT TO SITE RESPONSE

SHANNON & WILSON, INC.

Earthquake Magnitude Station Name

1949 Olympia, Washington Ms = 7.1 Highway Materials Test Lab (Comp N86E)

1984 Morgan Hill, California Mw = 6.1 Anderson Dam (Comp 250 degrees)

1989 Loma Prieta, California Mw = 7.0 Anderson Dam DS(Comp 270 degrees)

1994 Northridge, California Mw = 6.7 Pacoima Dam Downstream (Comp 265 degrees)

1999 Chi-Chi, Taiwan Mw = 7.6 Station TCU 089N (Comp. North)

1999 Chi-Chi, Taiwan Mw = 7.6 Station TCU 089W (Comp. West)

1985 Valparaiso, Chile Mw = 8.0 UFSM (Comp. 160 degrees)

1985 Michoacan, Mexico Mw = 8.1 La Union (Comp East)

9/12/2007;21-1-09759-012-R1-Table-F-5.xls;ram 21-1-09759-012



TABLE F-6
DESIGN SPECTRAL ACCELERATIONS

Spectral Spectral
Period Acceleration Period Acceleration
(sec) (g) (sec) (g)
0.01 0.44 0.01 0.57
0.13 0.44 0.06 0.57
0.47 1.20 0.16 1.55
0.68 1.20 0.20 1.55
0.70 1.17 0.22 1.55
0.80 1.02 0.23 1.55
0.90 0.91 0.25 1.55
1.00 0.82 0.34 1.55
1.10 0.74 0.40 1.32
1.20 0.68 0.50 1.05
1.30 0.63 0.60 0.88
1.40 0.58 0.80 0.66
1.50 0.55 1.00 0.53
1.60 0.48 1.10 0.48
1.70 0.42 1.20 0.44
1.80 0.38 1.30 0.41
1.90 0.34 1.40 0.38
2.00 0.31 1.50 0.35
2.20 0.25 1.60 0.33
2.40 0.21 1.80 0.29
2.60 0.18 2.00 0.24
2.80 0.16 2.20 0.20
3.00 0.14 2.40 0.16

- - 2.60 0.14
- - 2.80 0.12
- - 3.00 0.11

East of Bent ML-15 West of Bent ML-15

21-1-09759-012-R1-Table-F-6.xls  21-1-09759-012



SHANNON & WILSON, INC.

CASCADIA SUBDUCTION ZONE

September 2007

FIG. F-1

Fi
le

na
m

e:
 J

:\2
11

\0
97

59
-0

12
\2

1-
1-

09
75

9-
01

2 
Fi

g 
F-

1.
dw

g
   

  D
at

e:
 0

8-
23

-2
00

6 
   

 L
og

in
: S

AC

NORTH
AMERICAN

PLATE
JUAN DE FUCA

PLATE

PACIFIC PLATE

GORDA
 PLATE

EXPLORER
PLATE

PACIFIC
OCEAN

BRITISH
COLUMBIA

WASHINGTON

OREGON

CALIFORNIA

San Andreas
Fault

Mendocino Fault

Blanco Fault Zone

G
or

da
R

id
ge

SovancoFault Nootka F.

Queen
Charlotte

Fault
Wilson
Knolls

Explorer
Ridge Vancouver Island

Insular

Belt

Ju
an

de
Fu

ca
R

id
ge

D
eform

ation
Front

52°

48°

44°

40°

52°

48°

44°

40°

130°
126° 122°

130° 126° 122°

0 200 km

Typical Geologic
Cross Section Location

LEGEND
Plate boundaries map based on Hyndman
and Wang (1993), Peterson et al. (1993), and
Geomatrix (1995), Stanley et. al, (1999).

Typical geologic cross section figure adapted
from USGS Pacific Northwest Geologic
Mapping and Urban Hazards.

NOTES

A A'

Cascadia Subduction

Zone Forearc

Cascadia Subduction Zone

Cascadia Subduction
Zone Forearc

C
as

ca
de

 M
ou

nt
ai

ns
an

d 
V

ol
ca

no
es

TYPICAL GEOLOGIC CROSS SECTION
Not to Scale

PLATE BOUNDARIES

1.

2.
A

A
A'

21-1-09759-012

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington



MAJOR CRUSTAL STRUCTURES
IN THE CENTRAL PUGET SOUND

AND ADJACENT AREAS

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

FIG. F-2
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Ground surface response spectra correspond to
the 1,000-year soft rock uniform hazard spectrum.
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Ground surface response spectra correspond to
the 1,000-year soft rock uniform hazard spectrum.
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Ground surface response spectra correspond to
the 1,000-year soft rock uniform hazard spectrum.
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Figs 7 8 Recommended Design Spectra.xls

Notes:

1. Design spectra correspond to a ground motion
with a 5% probability of exceedance in 50 years
(1,000-year average return period)

2. See Table F-6 for numerical values of design
spectra.
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Notes:

1. Design spectra correspond to a ground motion
with a 5% probability of exceedance in 50 years
(1,000-year average return period)

2. See Table F-6 for numerical values of design
spectra.
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B-8 S-12

(by Zone B definition)
B-10 S-22
B-12 S-21
B-8 S-11
B-9 S-20

EB-1 S-22

FIG. F-19

From "Recent Advances in Soil Liquefaction Engineering: A Unified and Consistent Framework", Seed et al. 
2003 (26th Annual ASCE Los Angeles Geotechnical Spring Seminar, Keynote Presentation, H.M.S. Queen 
Mary)

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

Additional samples to be tested to determine liquefaction potential

ASSESSMENT OF LIQUEFACTION
 POTENTIAL OF COHESIVE,

NON-GLACIAL SOIL SAMPLES

21-1-09759-012May 2008

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants
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  (Based on Boring B-1)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-20

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Very stiff, silty 
CLAY

Hard, silty CLAY 
and clayey SILT

Hard, silty CLAY

43'

48'

Loose to medium 
dense, trace to 

slightly clayey, silty, 
sandy GRAVEL

12'

7'

28'

58'

63'

78'

81.5'

Very loose to 
dense, SAND, 

trace of silt

Stiff to hard, silty 
CLAY

Very stiff to hard, 
silty CLAY

Very stiff to hard, 
silty CLAY

Very stiff, silty 
CLAY

End of boring at 81.5 feet.
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  (Based on Boring B-2)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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0

10

20

30

40

50

60

70

80

90

100

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

FACTOR-OF-SAFETY AGAINST LIQUEFACTION (FS)

D
EP

TH
 B

EL
O

W
 G

R
O

U
N

D
 S

U
R

FA
C

E 
(fe

et
)

SUBSURFACE PROFILE

May 2008
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-09759-012

FIG. F-21

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose, silty SAND, 
trace of clay

Hard to very stiff, 
silty CLAY

Hard, silty CLAY 
and clayey SILT

48'

53'

Loose to medium 
dense, SAND, trace 

of silt
13.5'

6'

15.5'

81.5'

Medium stiff to stiff, 
sandy, silty CLAY to 
sandy, clayey SILT

Hard to very stiff, 
silty CLAY

Hard to very stiff, 
silty CLAY

23'

End of boring at 81.5 feet.
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  (Based on Boring B-3)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-22

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense, 
silty, sandy 
GRAVEL

Hard, silty CLAY

Very stiff to hard, 
slightly silty to silty 

CLAY

48'

58'

Medium dense,  
silty, SAND

17'

4'

19.5'

27'

31.5'

81.5'

Medium dense to 
very loose, slightly 
silty to silty, SAND

Stiff to hard, silty 
CLAY

Hard, clayey SILT

Hard, slightly clayey 
SILT

End of boring at 81.5 feet.
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  (Based on Boring B-4)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

LEGEND

BORING B-4

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)

(see Figure F-19 for more information)
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FIG. F-23

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose, slightly 
gravelly, silty,  SAND

Soft/Very loose, 
fine sandy SILT, 
silty CLAY and 
silty fine SAND

81.5'

Loose, silty, sandy, 
fine GRAVEL

9.5'

4'

15'

22'

30'

36.7'

Very soft, fine 
sandy, clayey SILT

Loose to very 
loose, silty, fine 
SAND, trace of 

clay

Medium dense,  
slightly silty 
GRAVEL

Hard, silty CLAY

End of boring at 81.5 feet.
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  (Based on Boring B-5)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-5

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-24

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

0

Medium dense,  
slightly silty, sandy 

GRAVEL

Loose to dense, 
slightly silty to 

silty, SAND

Soft, slightly silty 
CLAY

53'

63'

Loose to medium 
dense, slightly silty, 

SAND

17'

9'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

12'

28'
30'

Loose, slightly 
silty, SAND

Dense to loose, 
silty, sandy 
GRAVEL

Very stiff to 
medium stiff, silty 
CLAY to clayey 

SILT

Medium dense to 
very dense, slightly 

gravelly, silty 
SAND, trace of 

clay, to silty, sandy 
GRAVEL

72'

90'
Very stiff to hard,  
slightly silty CLAY

Very stiff, silty 
CLAY

111.5'
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  (Based on Boring B-6)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-25

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense,  
silty, SAND

Medium dense, 
slightly silty, 

sandy GRAVEL

Very soft to medium 
stiff, silty CLAY

69'

73'

Silty, SAND

25'

2'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

15'

28'

34'

63'

78'

110'

136.5'

92'

Loose to medium 
dense, silty, gravelly 

SAND

Very loose, sandy 
GRAVEL, trace of 
silt, to slightly silty 

SAND

Medium dense, 
silty, SAND, trace 

of clay

Stiff, silty CLAY
Medium dense, 
slightly clayey, 

silty SAND

Very stiff to hard, 
silty CLAY

Hard, silty CLAY

Hard, silty CLAY
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  (Based on Boring B-7)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-7
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FIG. F-26

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Soft to medium 
stiff, clayey SILT

Soft, silty CLAY

Very dense, silty, 
gravelly SAND to 
sandy GRAVEL

58'

80.5'

15'

9.5'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

21'

27'

45'

63'

67'

92.5'

115'

120'

125'

136.5'

Loose to medium 
dense, silty, SAND

Loose, silty, 
SAND

Dense, silty, sandy, 
fine GRAVEL

Soft to very soft, 
trace to sandy, 
slightly clayey 

SILT

Medium dense, 
silty, SAND, trace 

of clay

Dense, slightly 
silty, SAND

Soft, clayey SILT

Hard, silty CLAY

Hard, silty CLAY

Hard, silty CLAY

Hard, silty CLAY
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  (Based on Boring B-8)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-8

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-27

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose to very 
loose, SAND, 

trace of silt 

Dense, SAND, trace 
of silt

Dense to very 
dense, slightly silty, 

sandy GRAVEL

50'

Slightly silty, sandy, 
GRAVEL

18'

3'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

12'

28'

34'

53.5'

78'

105'

150.5'

Very loose to 
loose,  SAND, 

trace of silt

Dense, sandy 
GRAVEL, trace 

of silt

Soft, sandy, 
clayey SILT

Stiff, slightly fine 
sandy, silty CLAY 
to organic CLAY

Glacially 
overridden soils

Soft, sandy, silty 
CLAY 
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  (Based on Boring B-9)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)

BORING B-9

(see Figure F-19 for more information)
Factor of Safety

LEGEND

Liquefiable samples (by Zone A 
definition)
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FIG. F-28

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

0

Loose to medium 
dense, silty, SAND

Medium stiff to very 
stiff, slightly fine 

sandy, gravelly, silty 
CLAY to fine sandy, 

silty CLAY

Glacially overridden 
soils

73'

Loose to medium 
dense, clean to 

slightly silty, gravelly 
SAND to silty SAND

20'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

30'

35.5'

50'

Loose, silty, sandy, 
GRAVEL

Loose to medium 
dense, silty, SAND

Dense to very 
dense, slightly silty, 

sandy GRAVEL 
and silty, gravelly 

SAND

98'

105'

Medium dense, 
silty, fine SAND

151.5'
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  (Based on Boring B-10)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-10

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-29

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose, trace to silty, 
SAND

Dense to very 
dense, trace to silty, 

trace to sandy 
GRAVEL

Glacially overridden 
soils

45'

77'

SAND, trace of silt

6'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

12'
14.5'

19.5'

Loose, slightly silty, 
SAND

Medium dense, 
slightly silty SAND

Loose to medium 
dense, silty, SAND32'

35.5' Medium dense, 
GRAVEL, trace of 

silt

Stiff, sandy, SILT 
grading to silty 

CLAY

102'

Stiff, slightly fine 
sandy, silty CLAY to 

clayey SILT

146.5'
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  (Based on Boring B-11)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-30

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose, GRAVEL, 
trace of silt

Very dense SAND, 
trace of silt

Glacially overridden 
soils

50'

93'

SAND, trace of silt

17'

8'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

32'
35.5'

38'

Loose, trace to 
slightly silty, SAND

Loose, slightly silty 
to silty SAND

Medium stiff sandy 
SILT/silty SAND43'

Dense to very 
dense GRAVEL, 

trace of silt
Dense to very 
dense SAND

58'

Dense to very 
dense, slightly silty 

SAND
68'

97'

Stiff to very stiff, 
sandy SILT/sandy, 

silty CLAY

Stiff CLAY

141'
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  (Based on Boring B-12)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-12

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-31

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose to medium 
dense, slightly  silty 

SAND

Dense to very 
dense, SAND, 

trace of silt

Glacially overridden 
soils

64'

Medium dense, silty 
SAND

34'

4.5'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

9.5'

14.5'

24'

Loose SAND, trace 
of silt

Very loose to 
medium dense, 

trace to slightly silty 
SAND

Medium dense to 
very dense, sandy 

GRAVEL

38'
42'

68'

80.1'

92'

Dense, slightly silty 
SAND

Dense, sandy 
GRAVEL

146'

Stiff, slightly sandy, 
clayey SILT

96'

Medium dense, 
silty SAND

Medium stiff to stiff,  
sandy, silty CLAY 
and clayey SILT

Medium dense, 
slightly silty SAND
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-32

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Very loose, slightly 
silty SAND

Medium stiff, sandy 
SILT, trace of clay 
to slightly sandy, 

silty CLAY

Glacially overridden 
soils

58'

68'

Medium dense to 
very dense, slightly 

silty SAND

32'

12'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

38'

156.5'

19'
Loose, silty SAND

Medium dense to 
dense, silty SAND

40.8' Dense, GRAVEL

48'
Medium dense to 

dense, silty, SAND
Medium dense to 

dense, SAND, 
trace of silt

Dense to very 
dense, silty, SAND

78'
82'

Medium dense,  
silty SAND
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-14

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-33

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Dense, trace to 
slightly silty SAND

Glacially overridden 
soils

38'

63'

Medium dense to 
loose, slightly silty 

SAND

12'
10'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

126'

78'

Loose, slightly silty 
SAND

23'

Medium dense to 
very loose, trace to 

silty SAND

32'

Medium dense, 
slightly silty, SAND

Dense, slightly 
sandy GRAVEL, 

trace of silt

43' Very dense, silty 
SAND

48' Dense, silty SAND

68'
Dense, slightly silty 

to silty, SAND

Stiff to hard, trace to 
slightly sandy, silty 
CLAY/clayey SILT
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-15

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-34

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

0

Medium dense to 
loose, silty SAND

Soft to medium 
stiff,  slightly 

sandy to sandy, 
silty CLAY/clayey 

SILT

Dense, silty, 
sandy GRAVEL

33'

78'

Medium dense,  
silty, sandy 

GRAVEL/gravelly 
SAND

23'

4.5'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

101.5'

9.5'

14.5'
Very loose to 
loose, trace to 
slightly clayey, 

slightly silty 
SAND/sandy 

SILT

Medium dense,  
silty SAND

Dense to very 
dense, trace to 

slightly silty, 
SAND

38'

62'

68' Hard, silty, sandy 
CLAY

Very stiff to stiff, 
slightly sandy to 

sandy, silty CLAY

Glacially overridden 
soils
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  (Based on Boring B-16)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-35

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense, 
SAND, trace of silt

Dense to very 
dense, slightly silty 

to silty,  SAND

Glacially overridden 
soils

34'

61'

Medium dense to 
loose, trace to 

slightly silty SAND

27'

17'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.91.5'

9.5'

14.5'

Medium dense to 
loose, slightly silty 

to silty SAND

Very loose to loose, 
silty SAND

Medium dense,  
GRAVEL, trace 

sand and silt

58' Hard, slightly sandy, 
silty CLAY

63' Very dense, 
slightly silty, 

SAND



5/15/2008-LIQspt_May2007_B-17.xls-lmm

  (Based on Boring B-17)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-36

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Very soft, clayey 
SILT

Dense, slightly silty, 
sandy GRAVEL

43'

53'

Medium dense to 
dense, SAND, trace 

of silt

18'

7'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

91.5'

9.5'
Medium dense,  

SAND, trace of silt

Very loose to loose, 
trace to slightly silty 

SAND

19.5'

23'

33'

Very loose, silty 
SAND

Loose to medium 
dense, silty, SAND

Very dense to 
dense, silty SAND

48'

Very dense, SAND, 
trace of silt

Dense, trace to 
slightly silty, SAND

57'
Glacially overridden 

soils
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-18

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)

0

10

20

30

40

50

60

70

80

90

100

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

FACTOR-OF-SAFETY AGAINST LIQUEFACTION (FS)

D
EP

TH
 B

EL
O

W
 G

R
O

U
N

D
 S

U
R

FA
C

E 
(fe

et
)

SUBSURFACE PROFILE

May 2008
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-09759-012

FIG. F-37

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense,  
silty, SAND

Very dense to 
dense, SAND, trace 

of silt43'

Medium dense,  
slightly silty to silty 

SAND

17'

12'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

91'

19.5'

23'

38'

Very loose, SAND, 
trace of silt

Soft, sandy, silty 
CLAY

Very dense to 
dense, silty, sandy 

GRAVEL

48'
Dense, slightly 

sandy, GRAVEL, 
trace of silt

Glacially overridden 
soils
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  (Based on Boring B-19)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-38

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense to 
very loose, SAND, 

trace of silt

Very dense, clayey, 
silty SAND

Very stiff to hard, 
silty CLAY

43'

Hard, clayey SILT

14.5'

4.5'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

9'

28'

Medium dense to 
loose, silty SAND

96.5'

Very soft, sandy 
SILT and silty CLAY

34'

38'

Loose, GRAVEL, 
trace of sand and 

silt

Medium dense, 
clayey, silty SAND
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  (Based on Boring B-20)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-39

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense to 
loose, SAND

Stiff, silty 
CLAY/organic 

CLAY

Very stiff to hard,  
silty CLAY

43.5'

Dense, sandy SILT 
to silty, SAND

14.5'

3.5'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

9.5'

19'

28'

Medium dense to 
dense, trace of silt 

to slightly silty, 
sandy GRAVEL to 

SAND

Loose to very loose, 
silty, SAND

Loose to dense, 
slightly silty to silty, 

sandy GRAVEL, 
trace of clay

48'
Medium dense, 

silty, clayey, 
SAND

72'
Hard,  silty CLAY

106.5'
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-40

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Medium dense, silty 
SAND

43'

Loose, silty, sandy 
GRAVEL

23'

4'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

7'

12'

86.5'

Very soft to soft, 
slightly sandy, silty 

CLAY
Medium stiff, slightly 
sandy to sandy, silty 

CLAY

Medium dense, 
slightly clayey to 

clayey, silty,  SAND

38'

Hard, silty CLAY

Very stiff, silty 
CLAY
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NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.56g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.
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FIG. F-41

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Very dense, silty, 
sandy GRAVEL

Very dense, silty 
SAND, trace of 

clay

43'

66.5'

Silty, sandy GRAVEL

30.4'

2'

9.5'
12'

Loose to dense, silty 
SAND, trace of clay

Dense and very 
dense, slightly silty 

to silty SAND

Very dense, silty 
SAND

Very dense and 
dense, clayey, silty 

SAND

47'

End of boring at 66.5 feet.
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  (Based on Boring B-24)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING B-24
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FIG. F-42

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose to very loose 
silty sand

42'

23'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

12'

86.5'

Medium stiff to stiff 
sandy SILT

Medium stiff to stiff 
silty CLAY

Hard, silty CLAY
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  (Based on Boring EB-1)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING EB-1

LEGEND
(see Figure F-19 for more information)

Factor of Safety
Liquefiable samples (by Zone A 
definition)

Recommended samples to test to 
determine liquefaction potential (by 
Zone B definition)
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FIG. F-43

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose to medium 
dense, silty SAND

Medium dense to 
loose, silty, SAND, 

trace of clay

Dense, silty, sandy 
GRAVEL73'

98'

GRAVEL

47.5'

35.3'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

1.3'

37.5'

70'

103'

Glacially 
overridden 

soils to 171.5'

Medium dense, 
SAND, trace of silt

8'

Very loose, SILT, 
trace of clay

Very dense, slightly 
silty, SAND

Very soft to medium 
stiff, fine sandy, silty 

CLAY

Very soft, silty 
CLAY
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  (Based on Boring EB-2)  

NOTES
1. References:   Youd, T.L. and Idriss, I.M., 2001, Liquefaction Resistance

of Soils: Summary Report from the 1996 NCEER, the 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils, and Idriss
and Boulanger, 2004 (Proceedings of the 11th ICSDEE & 3rd ICEGE).

2. The analysis was performed for an earthquake with a magnitude
of 6.8 and a peak ground acceleration of 0.44g.

3. The liquefaction resistance of a soil is dependent on its density and
fines content.  The fines content was estimated based on selected
grain-size analyses and engineering judgement.

BORING EB-2
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FIG. F-44

Magnolia Bridge Replacement Project
Plans, Specifications, and Estimate Design

Seattle, Washington

RESULTS OF
LIQUEFACTION ANALYSES

Loose to medium 
dense, silty, SAND

Very dense, 
slightly silty to 

silty, SAND

Loose, silty, 
SAND, trace of 

clay

62.5'

67.5'

GRAVEL

22'

1.3'

Per WSDOT Geotechnical 
Design Manual, liquefaction 
potential was limited to a depth 
of 80 feet in our analyses.

8.3'

19.5'

50.5'
52.5'

72.5'

95'
97.5'

Bottom of Boring at 
160.9

Glacially overridden 
soils

Medium dense,  
SAND, trace of silt

Loose to medium 
dense, silty, SAND

Medium dense,  
slightly silty, 

SAND

Very dense,  
trace to slightly 

silty, SAND

Medium dense,  
silty, SAND

Very soft, slightly 
fine sandy, silty 

CLAY

Very soft, silty 
CLAY
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