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Introduction 
This report presents structural foundation engineering recommendations for the proposed 
replacement Chilkat River Bridge No. 0742, which will cross the Chilkat River on the Haines 
Highway, about 23 miles north of Haines, Alaska. This bridge is located at about 59.41524°N 
135.9322°W. This report is based on information provided by the Southcoast Region Highway 
Design Section, the Statewide Bridge Design Section, and the Southcoast Region Materials 
Section subsurface investigation. 
This will be a new structure having the following characteristics: 

• Four spans 
• new bridge along existing road alignment 
• overall length of 541 feet 
• overall width of 39 feet 4 inches 
• no skew 
• begin bridge station: 1224+58.00 
• end bridge station: 1229+99.00 

Limitations 
The analysis and recommendations contained in this report are based on the results of field 
exploration, laboratory testing, and engineering evaluation. The available subsurface soil 
explorations indicate conditions only at the specific borehole locations, at a specific time, and 
only to the depths penetrated. The boreholes do not necessarily reflect strata variations that may 
exist between, and adjacent to, the drilled boreholes.  
If variations in the subsurface soils from those described in the Foundation Geology Report are 
noted during construction, notify the State Foundation Engineer so the recommendations in this 
report may be re-evaluated.  
If any changes in the character, design, or location of the proposed structure are made, the 
conclusions and recommendations in this report become invalid unless the changes are reviewed, 
and the conclusions in this report are modified, or verified by the State Foundation Engineer.  

Seismic 
The General Procedure outlined in Section 3.4 of the AASHTO LRFD Seismic Bridge Design 
Specifications (2020) was followed to characterize the seismic hazard. The General Procedure 
uses mapped gridded values of peak ground acceleration, 0.2 second spectral acceleration, and 
1.0 second spectral acceleration to develop the 5-percent-damped-design response spectrum 
chart. 
These procedures use a design earthquake with a return period of 975 years, or a 7 percent 
probability of exceedance (PE) in 75 years. Site class D was selected for the bridge site. Site 
factors were selected from Table 3.4.2.3-1 through 3.4.2.3-2 in AASHTO (2020) and multiplied 
by the mapped peak ground accelerations and spectral accelerations in order to determine the 
modified peak ground acceleration and spectral accelerations. The results of the hazard analysis 
are presented in Tables 1 and 2. 
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Table 1: Recommended seismic parameters for Chilkat River Bridge, No. 0742 

Parameter Value 

Acceleration Coefficient, (PGA) 0.32 g 

Spectral Acceleration Coefficient at Short Period, (SS) 0.74 g 

Spectral Acceleration Coefficient at Period of 1.0 s, (S1) 0.29 g 

 

Table 2: Recommended seismic parameters for Chilkat River Bridge, No. 0742 

Parameter Abutment 1 Piers 2, 3, 4, 
Abutment 5 

Site Class E D 

Site Factor at Zero Period, (Fpga) 1.13 1.18 

Site Factor for Short Period, (Fa) 1.21 1.20 

Site Factor for Long Period, (Fv) 2.85 1.83 

Design Ground Acceleration Coefficient (As) 0.36 g 0.38 g 

Design 0.2-sec Spectral Acceleration Coefficient, (SDS) 0.90 g 0.89 g 

Design 1.0-sec Spectral Acceleration Coefficient, (SD1) 0.82 g 0.53 g 

Seismic Zone 4 4 

Seismic Design Category D D 

Statewide Materials classified Abutment 1 as Site Class E while Piers 2, 3, 4, and Abutment 5 
were classified as Site Class D. The site class designation is based on the soil stiffness as 
determined by the Standard Penetration Test (SPT) blow counts (AASHTO 2020).  
Section 3.10.2 of the 2020 AASHTO LRFD Bridge Design Specifications states that a site-
specific acceleration spectrum should be developed for sites within 6 miles of an active fault less 
than 10,000 years old. This bridge site is within an area of defined seismicity, however, the age 
of the nearest fault, the Chilkat River section of the Denali Fault, is aged at 1.6 million years and 
therefore does not require a site-specific analysis, and the AASHTO general procedure is 
recommended. 

Liquefaction 
The project site is classified as seismic zone 4 based on the calculation of the response 
acceleration coefficient, SD1 (AASHTO Table 3.10.6-1). Section 10.5.4.2 of the 2020 AASHTO 
LRFD Bridge Design Specifications states that a liquefaction assessment shall be conducted for 
projects within Seismic Zones 3 and 4 if: 
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• The groundwater level anticipated at the site is within 50 feet of the existing or Final 
ground surface, whichever is lower, and 

• Sands and low plasticity silts are present in the upper 75 feet that have corrected SPT 
blow counts, (N1)60, less than or equal to 25 blows per foot. 

Groundwater at the site was observed within 15 feet of the existing ground surface at the 
abutments and over the surface at the piers; and soils with corrected N-values less than 25 blows 
per foot are present at the site; therefore, a liquefaction assessment was determined to be 
necessary.  
Section 3.10.1 of the 2020 AASHTO LRFD Bridge Design Specifications states that bridges 
shall be designed based on earthquake ground motions that have a 7 percent probability of 
exceedance in 75 years. This probability of exceedance corresponds to a return period of about 
1000 years.  
A liquefaction analysis was conducted using the simplified empirical method as outlined by 
Youd et al. (2001). The design earthquake was selected based on the deaggregation of the 
probabilistic seismic hazard which was completed for this site using the internet-based USGS 
Interactive Deaggregation, Dynamic: Alaska 2007 (v2.1.2) and the historical earthquake record 
for nearby faults. A design earthquake with a moment magnitude (Mw) of 7.47 was selected. The 
corresponding site modified Peak Ground Acceleration of soil (As) used in the analysis was 0.38 
g. 
 
Liquefaction Analysis Results 
Liquefaction potential is considered “high” when the capacity to demand ratio is calculated at 1.1 
or lower, is considered “medium” when calculated to be between 1.1 and 1.4 and is considered 
“low” when the capacity to demand ratio is calculated at higher than 1.4. Results from the 
simplified analysis indicate that the liquefaction potential is high at the bridge site. 
Abutment 1: 
Using the earthquake magnitude and ground acceleration input parameters defined above, the 
results of the liquefaction analysis indicate that the design ground motions will generate excess 
pore water pressure sufficient to trigger full liquefaction. In the test holes (TH10-1A & TH10-
1B) directly above the abutment, a fully liquefiable layer is present from about 17-42 feet below 
existing ground surface (elevation 119 to 94 feet) as well as from about 102-115 feet below 
existing ground surface (elevation 34 to 21 feet). 
Pier 2: 
Using the earthquake magnitude and ground acceleration input parameters defined above, the 
results of the liquefaction analysis indicate that the design ground motions will generate excess 
pore water pressure sufficient to trigger full liquefaction. In the test hole (TH10-2) which 
represents Pier 2, a fully liquefiable layer is present from about 0-9 feet below existing ground 
surface (elevation 112 to 104 feet). 
Pier 3:  
Using the earthquake magnitude and ground acceleration input parameters defined above, the 
results of the liquefaction analysis indicate that the design ground motions will generate excess 
pore water pressure sufficient to trigger full liquefaction. In the test hole (TH10-3) which 
represents Pier 3, a fully liquefiable layer is present from about 7-22 feet below existing ground 
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surface (elevation 104 to 89 feet) as well as from about 53-62 feet below existing ground surface 
(elevation 58 to 49 feet). 
Pier 4:  
Using the earthquake magnitude and ground acceleration input parameters defined above, the 
results of the liquefaction analysis indicate that the design ground motions will generate excess 
pore water pressure sufficient to trigger full liquefaction. In the test hole (TH10-4) which 
represents Pier 4, a fully liquefiable layer is present from about 10-29 feet below existing ground 
surface (elevation 108 to 89 feet) as well as from about 51-53 feet below existing ground surface 
(elevation 67 to 65 feet), as well as from about 64-68 feet below existing ground surface 
(elevation 54 to 50 feet) as well as from about 75-79 feet below existing ground surface 
(elevation 43 to 39 feet). 
Abutment 5: 
Using the earthquake magnitude and ground acceleration input parameters defined above, the 
results of the liquefaction analysis indicate that the design ground motions will generate excess 
pore water pressure sufficient to trigger full liquefaction. In the test hole (TH10-5) which 
represents Abutment 5, a fully liquefiable layer is present from about 18-26 feet below existing 
ground surface (elevation 118 to 110 feet) as well as from about 32-51 feet below existing 
ground surface (elevation 104 to 85 feet), as well as from about 71-76 feet below existing ground 
surface (elevation 65 to 60 feet). 
Liquefaction Induced Settlement: 
Liquefaction induced settlement at the project site was estimated using methods developed by 
Tokimatsu & Seed (1987) with M correction, and by Ishihara & Yoshimine (1992), and using the 
seismic parameters of the design earthquake. Actual settlements are expected to be between on 
half to two times the calculated value. 

Table 3: Summary of Liquefaction induced Settlement at each Substructure 

Location Calculated Surface Settlement 

Abutment 1  11 inches 

Pier 2 3 inches 

Pier 3 6 inches 

Pier 4 9 inches 

Abutment 5 10 inches 

 

Drag Load 
Section 3.11.8 of the 2020 AASHTO LRFD Bridge Design Specifications states that drag load 
on piles or shafts shall be evaluated when: 

• sites are underlain by compressible material such as clay, silt, or organic soil, 
• fill will be, or has recently been, placed adjacent to piles or shafts, 
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• groundwater is substantially lowered, or 
• liquefaction of loose, sandy soil can occur. 

This is expected to have foundations in liquefiable soils, therefore a drag analysis was 
performed.  
As per the neutral plane analysis method, drag loads will develop in pile foundations due to 
minute settlements of the surrounding soils after pile installation. The nominal drag load is 
expected to change during and immediately after the design seismic event, as the soil/pile 
friction is not expected to change because no excess pore pressures are predicted to develop from 
the earthquake shaking.  
The drag loads presented below should be multiplied by an appropriate load factor and then 
combined with the factored dead load in order to check for structural adequacy of the pile. Note 
that drag load is zero in the strength limit state, as the drag loads will diminish with downward 
pile deformation. 

 
Table 4: Summary of Nominal Drag Load at each Substructure 

Location Pile Size Nominal 
Drag Load 
(Seismic) 

Nominal 
Drag Load 
(Static) 

Load Factor (Seismic 
/ Static) 

Abutment 1 24” x 0.50” Pipe 215 kips 215 kips 1.00 / 1.40 

Pier 2 48” x 1.00” Pipe 410 kips 410 kips 1.00 / 1.40 

Pier 3 48” x 1.00” Pipe 385 kips 385 kips 1.00 / 1.40 

Pier 4 48” x 1.00” Pipe 380 kips 380 kips 1.00 / 1.40 

Abutment 5 24” x 0.50” Pipe 145 kips 160 kips 1.00 / 1.40 

 
 
 
 
 
 

Table 5: Summary of Neutral Plane Analysis 

Location Pile Size Assumed Pile 
Length 

Assumed 
Nominal Dead 
Load 

Calculated Pile 
Settlement (seismic 
condition) 

Abutment 1 24” x 0.50” Pipe 146 feet 189 kips 0 inches 
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Pier 2 48” x 1.00” Pipe 152 feet 396 kips 0 inches 

Pier 3 48” x 1.00” Pipe 146 feet 396 kips 0 inches 

Pier 4 48” x 1.00” Pipe 147 feet 396 kips 0 inches 

Abutment 5 24” x 0.50” Pipe 145 feet 189 kips 0 inches 

Note: Pile settlement during the seismic condition can be reduced with increased pile 
embedment. Increased pile length will also increase the drag forces acting on the pile in both 
static and seismic conditions.  

Scour 
Although the abutments will be protected with rip rap, 10 feet of scour has been assumed for 
each abutment at this bridge. Scour has been accounted for by attributing zero skin friction from 
the layers or soil within the scour zone. However, this skin friction will be present during pile 
driving and must be overcome during pile installation. This increased driving resistance must be 
added to the required driving resistance as shown in the contract and is presented below as 
overdrive resistance.  
The estimated depth of scour should be reviewed after the Hydraulics and Hydrology report is 
finalized.  

Table 6: Estimated Overdrive Resistance Required to Account for Soil Scour  

Location Pile Size Depth of Scour Nominal Overdrive 

Abutment 1 24” 10 feet 10 kips 

Pier 2 48” 17 feet 30 kips 

Pier 3 48” 18 feet 40 kips 

Pier 4 48” 19 feet 35 kips 

Abutment 5 24” 10 feet 10 kips 

 

Lateral Resistance 
No pile lateral resistance calculations were performed with these recommendations. The soil 
parameters tabulated in Appendix C may be used in the lateral analysis. The tables include 
parameters for use in software programs such as FB-MultiPier, COM624, and LPILE, which will 
internally generate the p-y curves. These parameters may also be input into the program DFSAP, 
which uses the strain wedge model to predict the lateral performance. The parameters listed are 
for lateral analysis only and should not be used in any other fashion.  
Do not apply resistance factors to any of the parameters in these tables, as these are 
displacement-based analyses, even at the strength limit state. 
The lateral response of the piles should also be checked during a frozen soil condition.  
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Group Reduction Factors 
For lateral pile loading, reductions in the soil response p-y curves are necessary if the piles are 
spaced close enough to influence the other piles in the group. The values of P shall be multiplied 
by P-multiplier values, Pm, to account for group effects. The values of Pm presented below 
should be used, if applicable. 
Longitudinal Direction 
For pile loading in the longitudinal direction, it is necessary to reduce the P values in the soil 
response p-y curves if the center to center spacing of the piles is less than 5 equivalent pile 
diameters. The p-y multiplier can be determined from the equation below: 

Pm = 0.1(S) + 0.5 
Where: 
Pm = p-y multiplier 
S = center to center pile spacing, expressed in number of equivalent pile diameters 

Transverse Direction 
For pile loading in the transverse direction, it is necessary to reduce the P values in the soil 
response p-y curves if the center to center spacing of the piles is less than 5 equivalent pile 
diameters. The p-y multiplier for the first pile can be determined from the equation below: 

Pm = 0.1(S) + 0.5 
The second pile will be influenced by the “shadow” of the first pile if the pile spacing is less than 
5.7 equivalent pile diameters. The p-y multiplier for the second pile can be determined from the 
equation below: 

Pm = 0.225(S) - 0.275 
The third and subsequent piles will be influenced by the “shadow” of the piles in front if the pile 
spacing is less than 6.5 equivalent pile diameters. The p-y multiplier for the third and subsequent 
piles can be determined from the equation below: 

Pm = 0.2(S) - 0.3 

Roadway Approach Embankment 
Backfill material behind the abutment walls should be Selected Material, Type A per Section 205 
of Standard Specifications. This material may be modeled with a total unit weight of 138 pcf and 
an angle of internal friction of 36°. 

Global Stability and Lateral Displacements 
A stability analysis was performed for Abutment 1 and Abutment 5. The slopes were analyzed 
for static and seismic (pseudo-static) stability using Slide 7.0 (Rocscience, Inc. 2016). Residual 
soil strengths were used to model the effects of liquefaction during and after the seismic event 
using the procedure proposed by Kramer (2008). The passive resistive force provided by the 
bridge superstructure and the shear resistance provided by the abutment piles were included in 
each analysis. The bridge superstructure resistive force was calculated using the guidelines 
developed by Caltrans (2012). The piles were modeled as 24 inch diameter, 0.5 inch wall steel 
pipe piles filled with reinforced concrete using RSPile 1.0 (Rocscience, Inc. 2016). Graphic 
results from the stability analysis are provided in Appendix D. 
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The bridge configuration and pile spacing used in this analysis were based on the CAD drawing 
provided by Bridge Design on April 19, 2016. The modulus of elasticity for the pile and 
reinforced concrete core was assumed to be 40,600 ksi. If the width of the bridge or the spacing 
of the piles is modified this analysis should be updated to reflect the new configuration and the 
slope stability re-evaluated.   
Static Stability 
Under static conditions a minimum capacity to demand (C/D) ratio of 1.5 is required for the 
slope to be considered stable. The results of the static analysis indicate that both slopes are 
acceptable.  

• Static C/D ratio for Abutment 1 = 2.32 
• Static C/D ratio for Abutment 5 = 2.19 

Seismic Stability 
Pseudo-static slope stability analyses were performed at both abutments using the estimated full 
drained strength of the foundation soils and a seismic coefficient of 0.190 g, which is one-half of 
the surface acceleration (0.5 x PGA x Fpga from Tables 1 and 2) and corrected for embankment 
height. This model mimics conditions during an earthquake before any loss of soil strength 
occurs.  Slope migration is expected to be less than two inches if the C/D ratio is greater than 1.1.  
The results of the pseudo-static analysis indicate that both slopes are acceptable. 

• Seismic C/D ratio for Abutment 1 = 1.64 
• Seismic C/D ratio for Abutment 5 = 1.43 

Post-Liquefaction Static Stability 
Static slope stability analyses were performed at both abutments using the estimated residual 
strength of the foundation soils. This model mimics conditions after shaking has ceased and 
maximum pore pressures occur. A C/D ratio greater than 1.0 is required for the slope to be 
considered stable. If the C/D ratio is less than 1.0 flow failure is predicted to occur. 
The results of the post-liquefaction static stability analysis indicate that both slopes are 
acceptable. 

• Post Liquefaction Static Stability C/D ratio for Abutment 1 = 1.22 
• Post Liquefaction Static Stability C/D ratio for Abutment 5 = 1.58 

Post-Liquefaction Seismic Stability 
Pseudo-static slope stability analyses were performed at both Abutment 1 and Abutment 5 using 
the estimated residual strength of the foundation soils and a seismic coefficient of 0.190 g, which 
is one-half of the surface acceleration (0.5 x PGA x Fpga from Tables 1 and 2) and corrected for 
embankment height. This model mimics conditions during an earthquake when the soil strength 
is reduced due to increased pore pressures. Under these conditions incremental displacement of 
the slope towards the channel is possible. Total slope displacement is expected to be less than 
two inches if the C/D ratio is greater than 1.1.  

• Post-Liquefaction Seismic Stability C/D ratio for Abutment 1 = 0.86 
• Post-Liquefaction Seismic Stability C/D ratio for Abutment 5 = 1.31 
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The results of the post-liquefaction static stability analysis indicate that Abutment 1 is expected 
to have more than one or two inches of slope displacement, even with the shear strength 
provided by the piles included in the analysis. 
To quantify the expected lateral spread, a Newmark sliding block analysis was performed (Bray 
and Travasarou, 2008). The analysis indicates that when using the shear resistance of one row of 
24-inch piles with a center to center spacing of 6.5 feet, slope migration is expected to be less 
than one half of the pile diameter, which is the performance criteria established by the 
Department’s Bridge Design Section. The results of the analysis are presented below: 

• Post-Liquefaction Seismic Stability yield acceleration for Abutment 1 = 0.11 g 
• Post-Liquefaction Seismic Stability lateral displacement for Abutment 1 = 10 inches 

Foundation Recommendations 
Driven pipe piles are recommended to support the abutments and piers at this bridge. Figure 1 
and Figure 5 present the estimated driving resistances and uplift resistance for 24-inch diameter 
pipe piles at the abutments.  Figures 2 through Figure 4 present the estimated driving resistances 
and uplift resistance for 48-inch diameter pipe piles at the piers. Actual observed capacities are 
expected to vary plus or minus 25 percent from the presented calculated values. 
The following recommendations apply: 

• The combined axial capacity (compression and uplift) of a pile group can be estimated by 
summing the capacities of the individual piles, so long as the piles are spaced no closer 
than 2.5 times the widest dimension of the pile. 

• Group effects have not been included in the attached capacity estimates. If pile spacing is 
less than 2.5 times the diameter of the pile, group effects must be considered in the axial 
capacity calculations. 

• Piling should be grade 50 steel. 

• The method of support for the foundation piles will be from both side friction and end 
bearing. 

• The actual pile tip elevations will vary across the footprint of the foundation as the 
bearing layer is not anticipated to be level. 

• The foundation piles should be installed vertical (plumb). 

Pile Field Acceptance 
Statewide Materials recommends monitoring the pile installation using either dynamic testing 
with signal matching (PDA/CAPWAP) on one pile per substructure or by using the presumptive 
wave equation without dynamic measurements.  
The following resistance factor should be applied to the nominal resistance as observed from the 
chosen testing method to obtain the required capacity: 

Table 7: Recommended Field Acceptance Methods and Appropriate Resistance Factors 

Resistance Determination Method Resistance 
Factor Source 
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Table 7: Recommended Field Acceptance Methods and Appropriate Resistance Factors 

Resistance Determination Method Resistance 
Factor Source 

Driving criteria established by dynamic testing, quality control by 
dynamic testing of at least one pile at Abutment 1, and one pile at 
Abutment 2 

0.65 AASHTO Table 
10.5.5.2.3-1 

 
 

Construction Considerations 
The soil boring logs indicate cobbles and/or boulders at various depths at most of the foundation 
locations and difficult driving is anticipated. Statewide materials recommends that a down hole 
hammer capable of removing cobbles and boulders through the pipe piles is included in the 
required equipment on the Contractors pile driving plan. 
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Figure 1: Estimated Nominal Resistance at Abutment 1
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Figure 2: Estimated Nominal Resistance at Pier 2
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Figure 3: Estimated Nominal Resistance at Pier 3
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Figure 4: Estimated Nominal Resistance at Pier 4
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Figure 5: Estimated Nominal Resistance at Abutment 5
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Appendix B General Layout and Site Plan  
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Appendix C Soil Parameters for Lateral Loading Analysis 
 



Haines Highway MP 3.5 to 25.3 Bridge No. 742 Replacement  
Project No. 0956028/ Z686060000 
Final SFER 

Table C1: Soil Properties for use in lateral analysis, Bridge 0742, Abutment 1, Elevation 136 feet 

Material 
Type 
 

Depth  
Interval 
d 
(ft) 

Effective  
Unit  
Weight 
g 
(pcf) 

Cohesion 
c 

(psf) 

Friction 
Angle 
f 
(degrees) 

Corrected 
SPT 
(N1)60 

(bpf) 

Strain at 50% 
Deflection 
e50 
(%) 

Constant of 
Horizontal 
Subgrade 
Reaction 
nh 

(pci) 

Seismic 
Condition 
P-Multiplier 

Gravel 0-8 137 0 43 60 N/A 355 1.00 

Silty Sand 8-12 106 0 29 5 N/A 12 1.00 

Silty Sand 12-17 60 0 37 25 N/A 81 1.00 

Silty Sand 17-32 44 0 29 4 N/A 13 0.10 

Silty Sand 32-37 55 0 34 12 N/A 42 0.21 

Silty Sand 37-43 39 0 27 2 N/A 6 0.08 

Silty Sand 43-53 60 0 38 28 N/A 89 1.00 

Silty Sand 53-57 60 0 37 23 N/A 75 1.00 

Silty Sand 57-63 75 0 43 60 N/A 197 1.00 

Silty Sand 63-67 60 0 37 24 N/A 79 1.00 

Silty Sand 67-72 75 0 43 60 N/A 197 1.00 

Silty Sand 72-82 62 0 39 36 N/A 111 1.00 

Sand 82-86 75 0 43 60 N/A 197 1.00 

Sand 86-91 61 0 38 30 N/A 95 1.00 

Sand 91-102 64 0 39 43 N/A 132 1.00 

Silty Sand 102-116 59 0 37 21 N/A 70 1.00 

Silty Sand 116-122 61 0 38 32 N/A 99 1.00 

Silty Sand 122-127 65 0 40 45 N/A 139 1.00 

Silty Sand 127- 75 0 43 60 N/A 197 1.00 

 



Haines Highway MP 3.5 to 25.3 Bridge No. 742 Replacement  
Project No. 0956028/ Z686060000 
Final SFER 

Table C2: Soil Properties for use in lateral analysis, Bridge 0742, Pier 2, Elevation 113 feet 

Material 
Type 
 

Depth  
Interval 
d 
(ft) 

Effective  
Unit  
Weight 
g 
(pcf) 

Cohesion 
c 

(psf) 

Friction 
Angle 
f 
(degrees) 

Corrected 
SPT 
(N1)60 

(bpf) 

Strain at 50% 
Deflection 
e50 
(%) 

Constant of 
Horizontal 
Subgrade 
Reaction 
nh 

(pci) 

Seismic 
Condition 
P-Multiplier 

Sand  0-10 61 0 38 31 N/A 98 0.28 

Gravel 10-19 75 0 43 60 N/A 197 1.00 

Gravel 19-24 62 0 39 36 N/A 111 1.00 

Silty Sand 24-29 60 0 38 27 N/A 86 1.00 

Silty Sand 29-34 64 0 39 43 N/A 131 1.00 

Sand 34-44 61 0 38 30 N/A 96 1.00 

Silty Sand 44-59 75 0 43 60 N/A 197 1.00 

Gravel 59-64 64 0 39 44 N/A 135 1.00 

Gravel 64-69 60 0 38 29 N/A 91 0.92 

Gravel 69-80 75 0 43 60 N/A 197 1.00 

Silty Sand 80-95 59 0 37 21 N/A 70 1.00 

Sand 95-99 75 0 43 60 N/A 197 1.00 

Sand 99-104 64 0 39 43 N/A 131 1.00 

Sand 104- 75 0 43 60 N/A 197 1.00 

 
  



Haines Highway MP 3.5 to 25.3 Bridge No. 742 Replacement  
Project No. 0956028/ Z686060000 
Final SFER 

Table C3: Soil Properties for use in lateral analysis, Bridge 0742, Pier 3, Elevation 111 feet 

Material 
Type 
 

Depth  
Interval 
d 
(ft) 

Effective  
Unit  
Weight 
g 
(pcf) 

Cohesion 
c 

(psf) 

Friction 
Angle 
f 
(degrees) 

Corrected 
SPT 
(N1)60 

(bpf) 

Strain at 50% 
Deflection 
e50 
(%) 

Constant of 
Horizontal 
Subgrade 
Reaction 
nh 

(pci) 

Seismic 
Condition 
P-Multiplier 

Gravel 0-7 62 0 39 37 N/A 113 0.75 

Gravel 7-13 59 0 37 21 N/A 70 0.44 

Sand 13-23 57 0 35 16 N/A 54 0.20 

Sand 23-37 61 0 38 30 N/A 94 1.00 

Gravel 37-53 65 0 40 46 N/A 142 1.00 

Gravel 53-63 59 0 37 22 N/A 74 0.26 

Gravel 63-77 75 0 43 60 N/A 197 1.00 

Silt 77-98 62 0 39 36 N/A 110 1.00 

Sand 98- 75 0 43 60 N/A 197 1.00 



Haines Highway MP 3.5 to 25.3 Bridge No. 742 Replacement  
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Final SFER 

Table C4: Soil Properties for use in lateral analysis, Bridge 0742, Pier 4, Elevation 118 feet 

Material 
Type 
 

Depth  
Interval 
d 
(ft) 

Effective  
Unit  
Weight 
g 
(pcf) 

Cohesion 
c 

(psf) 

Friction 
Angle 
f 
(degrees) 

Corrected 
SPT 
(N1)60 

(bpf) 

Strain at 50% 
Deflection 
e50 
(%) 

Constant of 
Horizontal 
Subgrade 
Reaction 
nh 

(pci) 

Seismic 
Condition 
P-Multiplier 

Gravel 0-4 67 0 40 49 N/A 153 1.00 

Sand 4-10 62 0 39 38 N/A 116 0.74 

Sand 10-30 57 0 35 16 N/A 55 0.21 

Sand 30-39 62 0 39 36 N/A 112 1.00 

Gravel 39-44 63 0 39 39 N/A 121 1.00 

Gravel 44-51 60 0 38 29 N/A 92 0.83 

Sand 51-54 61 0 38 32 N/A 101 0.74 

Silty Sand 54-59 64 0 39 43 N/A 132 1.00 

Silty Sand 59-64 62 0 39 38 N/A 117 0.65 

Gravel 64-69 60 0 38 28 N/A 89 0.57 

Gravel 69-75 60 0 38 28 N/A 91 0.71 

Gravel 75-80 60 0 38 26 N/A 86 0.51 

Gravel 80-84 61 0 38 33 N/A 103 1.00 

Silty Sand 84-98 60 0 38 29 N/A 91 1.00 

Gravel 98-0 75 0 43 60 N/A 197 1.00 
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Final SFER 

Table C5: Soil Properties for use in lateral analysis, Bridge 0742, Abutment 5, Elevation 130 feet 

Material 
Type 
 

Depth  
Interval 
d 
(ft) 

Effective  
Unit  
Weight 
g 
(pcf) 

Cohesion 
c 

(psf) 

Friction 
Angle 
f 
(degrees) 

Corrected 
SPT 
(N1)60 

(bpf) 

Strain at 50% 
Deflection 
e50 
(%) 

Constant of 
Horizontal 
Subgrade 
Reaction 
nh 

(pci) 

Seismic 
Condition 
P-Multiplier 

Gravel 0-8 95 0 25 0 N/A 0 0.00 

Silt 8-15 108 0 30 6 N/A 17 1.00 

Sand 15-24 57 0 35 16 N/A 55 0.16 

Sand 24-29 61 0 38 32 N/A 100 1.00 

Sand 29-49 57 0 35 16 N/A 53 0.15 

Gravel 49-68 69 0 40 51 N/A 162 1.00 

Silty Sand 68-74 59 0 37 21 N/A 71 0.63 

Gravel 74-86 64 0 39 44 N/A 134 1.00 

Gravel 86-100 59 0 37 22 N/A 73 1.00 

Silty Sand 100-105 60 0 38 26 N/A 85 1.00 

Silt 105-111 58 0 36 17 N/A 57 1.00 

Silt 111-139 75 0 43 60 N/A 197 1.00 

Sand 139-145 60 0 37 22 N/A 75 1.00 

Sand 145- 75 0 43 60 N/A 197 1.00 
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Appendix D Global Stability Analysis Results 
  



2.322.32

W

 1310.00 lbs/ft

2.322.32

Material Name Color Unit Weight
(lbs/ 3) Strength Type Phi

(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 36

Riprap 150 Mohr‐Coulomb 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 36

SM Loose 120 Mohr‐Coulomb 30

SW‐SM/SM Dense 133 Mohr‐Coulomb 36

GP‐GM V. Dense 138 Mohr‐Coulomb 36

SM/SP‐SM V. Dense 136 Mohr‐Coulomb 36

GW‐GM V. Dense 138 Mohr‐Coulomb 38
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Project

Chilkat River No. 0742

SLIDEINTERPRET 7.014



2.192.19

 1310.00 lbs/ft

2.192.19

Material Name Color Unit Weight
(lbs/ 3) Strength Type Phi

(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 36

Riprap 150 Mohr‐Coulomb 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 36

Safety Factor
0.00
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1.641.64

W

 1310.00 lbs/ft

1.641.64

Material Name Color Unit Weight
(lbs/ 3) Strength Type Phi

(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 36

Riprap 150 Mohr‐Coulomb 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 36

SM Loose 120 Mohr‐Coulomb 30

SW‐SM/SM Dense 133 Mohr‐Coulomb 36

GP‐GM V. Dense 138 Mohr‐Coulomb 36

SM/SP‐SM V. Dense 136 Mohr‐Coulomb 36

GW‐GM V. Dense 138 Mohr‐Coulomb 38

  0.19

Safety Factor
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1.431.43

 1310.00 lbs/ft

1.431.43Material Name Color Unit Weight
(lbs/ 3) Strength Type Phi

(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 36

Riprap 150 Mohr‐Coulomb 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 36

  0.19

Safety Factor
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1.221.22

W

 1310.00 lbs/ft

1.221.22

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 0 36

Riprap 150 Mohr‐Coulomb 0 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 0 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 0 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 0 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 0 36

SM Loose 120 Mohr‐Coulomb 0 30

SW‐SM/SM Dense 133 Mohr‐Coulomb 0 36

GP‐GM V. Dense 138 Mohr‐Coulomb 0 36

SM/SP‐SM V. Dense 136 Mohr‐Coulomb 0 36

GW‐GM V. Dense 138 Mohr‐Coulomb 0 38

Liq 1 120 Undrained 148

Liq 2 125 Undrained 904

Liq 14 120 Undrained 231

Liq 15 120 Undrained 150

Liq 16 120 Undrained 512

Liq 17 120 Undrained 164

Safety Factor
0.00
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1.581.58

 1310.00 lbs/ft

1.581.58

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 0 36

Riprap 150 Mohr‐Coulomb 0 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 0 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 0 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 0 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 0 36

Liq 7 122 Undrained 300

Liq 11 122 Undrained 499

Liq 12 120 Undrained 589

Safety Factor
0.00
0.13
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1.00
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0.860.86

W

 1310.00 lbs/ft

0.860.86

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 0 36

Riprap 150 Mohr‐Coulomb 0 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 0 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 0 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 0 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 0 36

SM Loose 120 Mohr‐Coulomb 0 30

SW‐SM/SM Dense 133 Mohr‐Coulomb 0 36

GP‐GM V. Dense 138 Mohr‐Coulomb 0 36

SM/SP‐SM V. Dense 136 Mohr‐Coulomb 0 36

GW‐GM V. Dense 138 Mohr‐Coulomb 0 38

Liq 1 120 Undrained 148

Liq 2 125 Undrained 904

Liq 14 120 Undrained 231

Liq 15 120 Undrained 150

Liq 16 120 Undrained 512

Liq 17 120 Undrained 164

  0.19

Safety Factor
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1.271.27

 1310.00 lbs/ft

1.271.27

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 0 36

Riprap 150 Mohr‐Coulomb 0 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 0 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 0 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 0 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 0 36

Liq 7 122 Undrained 300

Liq 11 122 Undrained 499

Liq 12 120 Undrained 589

  0.19

Safety Factor
0.00
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1.011.01

W

 1310.00 lbs/ft

1.011.01

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg)

Pile Cap 120 Infinite strength

Embakment 138 Mohr‐Coulomb 0 36

Riprap 150 Mohr‐Coulomb 0 45

Sand w/ Gravel Med. Dense 130 Mohr‐Coulomb 0 33

Gravel w/ Sand Med. Dense 133 Mohr‐Coulomb 0 34

SP‐SM/SM Dense 133 Mohr‐Coulomb 0 35

GW‐GM/GW Dense 136 Mohr‐Coulomb 0 36

SM Loose 120 Mohr‐Coulomb 0 30

SW‐SM/SM Dense 133 Mohr‐Coulomb 0 36

GP‐GM V. Dense 138 Mohr‐Coulomb 0 36

SM/SP‐SM V. Dense 136 Mohr‐Coulomb 0 36

GW‐GM V. Dense 138 Mohr‐Coulomb 0 38

Liq 1 120 Undrained 148

Liq 2 125 Undrained 904

Liq 14 120 Undrained 231

Liq 15 120 Undrained 150

Liq 16 120 Undrained 512

Liq 17 120 Undrained 164

  0.11

Safety Factor
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Appendix E Test Hole Boring Logs 
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