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Executive Summary 
A geotechnical exploration program and laboratory testing program has been performed for the 
U. S. Highway 97 (US 97)/Murphy Road: Brookswood to Parrell Project. The site location is 
shown in Figure 1. The purpose of the exploration program was to evaluate subsurface 
conditions and to determine the requirements to support bridge and retaining wall foundations, 
for approach fill slopes and roadway cut slopes, and for pavement subgrade conditions. The 
exploration program consisted of drilling 20 soil and rock borings and excavating 9 test pits. 
These explorations were performed between September and November 2010. Laboratory testing 
consisted of unconfined compressive strength tests on intact rock samples to determine rock 
strengths. Detailed geotechnical data, including boring and test pit location plans and logs, and 
laboratory test results are included in the Geotechnical Data Report, included in the appendixes 
of the Design Acceptance Package. 

The generalized subsurface conditions at the site consist of zero to 5 feet of soil, consisting of 
silty sand with gravel and cobbles, underlain by hard basalt bedrock. The subsurface conditions 
at the site are generally favorable for conventional shallow footings, founded on bedrock, to 
support the Murphy Road and 3rd Street bridges overcrossing the Bend Parkway/US 97.  

In addition to the bridge foundations, cast-in-place concrete retaining walls and wing walls 
with architectural treatment will be constructed at the bridge abutments as the walls transition 
to approach fill and adjacent site grading features. These walls will also be supported on 
conventional shallow foundations and be constructed to heights up to 16 feet. On the east side 
of the Bend Parkway/US 97, a mechanically stabilized earth (MSE) wall will be constructed to 
support the approach fill for the north bound off-ramp to 3rd Street. The wall will be 330 feet 
long and vary in height from approximately 4 to 15 feet. Details of the bridge layout and walls 
are shown on the preliminary design drawings included as part of this Design Acceptance 
Package (DAP). The overall project site plan is shown in Figure 2. Preliminary foundation data 
for each bridge is shown on the Foundation Data Sheets (Figure 3 and 4). 
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Introduction 
CH2M HILL has been contracted by the City of Bend, Oregon (City) to provide geotechnical 
field studies and design services for the U.S. Highway 97 at Murphy Road project. This project 
is partnered and substantially funded by Oregon Department of Transportation (ODOT), and 
therefore, pertinent documents are also submitted to ODOT for review.  

The preliminary geotechnical design and construction recommendations included herein were 
performed in accordance with the Scope of Services for US 97/Murphy Road: Brookswood–
Parrell Project, dated April 9, 2010. This document constitutes the Draft Preliminary Foundation 
Technical Memorandum and includes the preliminary recommendations and evaluations as 
required in the Scope of Services. A draft Geotechnical Data Report (GDR) (CH2M HILL, 2010) 
was prepared for this project in December 2010 and has been submitted to the City and ODOT 
for review. The draft GDR documents the field explorations, laboratory testing, subsurface 
conditions, and local geology of the project site as required in the Scope of Services. The 
geotechnical evaluations and calculations presented in this technical memorandum were 
performed in general accordance with the requirements presented in the ODOT Geotechnical 
Design Manual (GDM [ODOT, 2010]). Any adjustments or variance to the GDM were performed 
following discussions with ODOT engineering and technical staff. 

Subsurface Conditions 
Subsurface conditions observed in the borings consisted of the following layers as summarized 
below and listed in Table 1, beginning from the ground surface and moving downward. 

 Asphalt Roadway and Gravel Base Course. Where pavements were encountered; the 
material generally consisted of asphalt with a crushed gravel base course. Approximately 
2 to 6 inches of asphalt pavement and up to 10 inches of gravel base course were observed at 
these locations.  

 Silty Sand with Gravel and Cobbles to Clayey Sand. The overburden layer of soil ranged 
in composition from silty sand to clayey sand. Gravel and cobbles were present in the 
overburden layer in some of the explorations. This layer was observed to have a maximum 
depth of 7.5 feet (as encountered in Boring B-17-10), but was generally less than 
approximately 3.5 feet. The soil is generally brown to light brown in color, dry to moist, 
fine-grained sand with occasional medium- and coarse-grained sand. The gravel and 
cobbles encountered were fractured pieces of basalt rock. This material generally was noted 
to become more gravelly with depth, increasing in gravel content until weathered rock was 
observed. Standard Penetration Test (SPT) samples in B-17-10 resulted in N-values ranging 
from 8 to 31 blows per foot (bpf) indicating the soil is loose to medium dense. One sample 
resulted in an N-value of 58 bpf. However, this SPT was performed near the bedrock 
interface, and therefore is not considered representative of the density of the soil. 
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 Basalt. Basalt bedrock was encountered in all the borings and test pits at the site. It is 
generally gray in color with occasional brownish gray and reddish-gray zones. The 
basalt is generally vesicular with vesicles typically .125 to .5 inches in diameter. The 
basalt is typically fresh and hard (R4, difficult to scratch with a metal blade), and was 
encountered to the maximum depth explored. Core recovery was generally high (95 
to 100 percent), except in highly fractured zones where broken cores were observed, 
or where voids were infilled with soil or sediment. In Borings B-11-10 and B-16-10, 
sediment-infilled voids were encountered between depths of 26 feet and about 
31 feet (elevation 3,771 to 3,766 feet at Boring B-11-10), and between 24.5 feet and 
27.6 feet (elevation 3,774 to 3,771 feet at Boring B-16-10). The sediment infill was 
clayey sand with gravel. The measured rock quality designation (RQD) of the basalt 
rock varied from zero to 100 percent, but was more often between 40 and 80 percent. 
Laboratory unconfined compression strength tests on selected rock core samples 
ranged from a minimum of 4,550 pounds per square inch (psi) to a maximum of 
14,370 psi. Top of bedrock elevations were relatively consistent and ranged from 
elevation 3,800 to 3,780 feet at the Murphy Road Bridge (sloping down toward the 
east) and ranged from elevation 3,800 to 3,790 feet at the 3rd Street Bridge (sloping 
down toward the east). 

 
 

TABLE 1 
Subsurface Conditions and Basic Engineering Properties 

Soil Type 

Layer 
Thickness 

(feet) 
Consistency/ 

Density 
Field SPT 
N-Value 

Intact Rock 
qu 

(psi) 

Silty Sand (SM) 0 to 7 
Medium Dense to 

dense 
8 to 581 N/A 

Basalt N/A Hard rock (R4)2 N/A 4,9003 

Notes: 
1 SPT estimated from limited testing in B-17-10. 
2 Rock hardness description was based on field description. 
3 qu conservatively determined from average of 23 tests minus one standard deviation. 
N/A =- not applicable 
psi = pounds per square inch 
qu = unconfined compressive strength 
SM = silty sand 
SPT = Standard Penetration Test 

Groundwater Conditions 
Groundwater was not encountered in the borings or test pits, and is expected to be significantly 
lower than the proposed foundation depth.  
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Discussion of Bridge Foundations 

Bridge Foundation Selection 
The new bridges will be two-span bridges. The preliminary dead load for the Murphy Road 
Bridge will range from 1,400 to 3,150 kips and the live loads range from 350 to 370 kips. The 
preliminary dead load for the 3rd Street Bridge will range from 1,200 to 1,750 kips and the live 
load range from 200 to 400 kips. The preliminary concept for the abutments will be cast-in-place 
concrete retaining walls. At the Murphy Road Bridge and east abutment of the 3rd Street 
Bridge, the retaining walls preliminary concept will be about 43 feet long, 16 feet high, with 15-
foot-wide footings. At the west abutment for the 3rd Street Bridge, the retaining wall 
preliminary concept will be about 46 feet long, 16 feet high, with 15-foot-wide footing. 

Because of the shallow, hard basalt rock located across the site, the most suitable foundation 
type for support of the bridge columns are conventional spread footings, founded on the basalt 
rock. 

At both the Murphy Road and 3rd Street bridges, the depth to bedrock is relatively shallow (less 
than 5 feet) and therefore, shallow foundations can be used to support the bridge and are 
expected to be the most economical solution for supporting the bridge. At the center columns 
and at the abutments, there are no concerns with scour, and it is not necessary that foundations 
extend a certain distance into the bedrock. 

It is expected that some foundation preparation will be required on the rock to facilitate a 
relatively flat and smooth bearing surface. It is likely that a leveling course of granular material 
will be required to create a suitable working surface for structural work that is free of rock 
protrusions and irregularities. 

Preliminary structural analysis indicates that the footings will range from 14 to 16 feet wide and 
3 feet thick. The center bent footings will be square and designed for a maximum bearing 
pressure of 7 kips per square foot (ksf). The abutment footings for the 3rd Street Bridge will be 
36 feet long, while the abutment footings for the Murphy Road Bridge will be 58 feet long. The 
abutment footings will be designed for a maximum bearing pressure of 8 ksf.  

Rock Strength and Engineering Properties 
The strength of the basalt bedrock in triaxial compression was estimated using the most recent 
formulation of what is generally referred to as the Hoek-Brown Failure Criterion. The criterion 
starts with the intact rock strength as determined from compressive strength tests, and 
introduces empirical factors to account for jointing, disturbance, rock mass quality, and rock 
type. The formulation presented herein was based on Hoek (2000), Hoek et al. (2002), and 
Rocscience (2002).  

The failure envelope is defined in terms of principal effective stresses by the following equation: 
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where '1 and '3 are the major and minor principal effective stresses, respectively, 'ci is the 
unconfined compressive strength of the intact rock mass, and mb, s, and a are rock mass 
constants given by: 
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where mi is a rock mass characteristic, GSI is geological strength index based on geological 
description, mi is the intact rock parameter (for Basalt rock as provided by RocLab) and D is a 
disturbance factor. The values of mi, GSI, and D were estimated based on the values contained 
within the RocLab (Rocscience, 2007) computer program for the basalt rock. The results are 
shown in Table 2. A conservative GSI value of 47 was selected, which corresponds to 
“columnar” rock structure, that is, very blocky partially disturbed mass with multi-faceted 
angular blocks formed by four or more joint sets.  

TABLE 2 
Estimated Rock Mass Characteristics 

Rock Type Geological Description GSI mi D1 

Basalt Columnar rock structure with rough to smooth, 
moderately weathered and altered joint surfaces 

47 25 0.2 

Notes: 
1The rock was assumed to be relatively undisturbed due to the limited excavation. 
D = Disturbance Factor 
GSI = Geologic Strength Index 
mi = Rock Mass Characteristic 
 
Based on the assumptions in Table 2, and unconfined compression strength testing resulting in 
4,900 psi (average of tests, minus on standard deviation) the rock mass constants for the Hoek-
Brown shear strength envelope were calculated as follow: mb = 3.052, s = 0.0018, and a = 0.507. 
These values are used to determine the equivalent Mohr-Coulomb parameters, cohesion (c) and 
friction angle (were estimated as 2.38 ksf and 69 degrees, respectively. 

Analyses  

Bearing Capacity and Settlement 
The bearing capacity of the basalt rock was estimated assuming hard rock with widely spaced 
fractures using a failure mechanism similar to that typically assumed in soil mechanics. The 
procedure by Terzaghi as described by Wyllie (1999) assumes straight lines for failure surfaces 
and discount the weight of the rock in the foundation as well as the shear stresses that develop 
along the vertical interface between the two wedges (see Figure 5). 
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FIGURE 5 
Terzaghi Procedure 

3B = 0

1B

1A

3A

Wedge AWedge B

 

The analysis is based on the assumption that active and passive wedges, defined by straight 
lines, are developed in the rock under the footing, and the shear strength parameters of these 
surfaces are those of the rock mass. The minor principal stress in Wedge B, 1B, is equal to the 
major principal stress in Wedge A, 3A, which is the uniaxial compressive strength of the rock 
mass when the surcharge is zero. 

The strength parameters of the rock mass rock in triaxial compression were estimated as 
described earlier. Based on these parameters, the ultimate bearing capacity was estimated to be 
750  ksf. Design calculations are included in Attachment 1, Geotechnical Calculations. Using an 
American Association of State Highway and Transportation Officials (AASHTO) resistance 
factor of 0.45, the service capacity is approximately 338 ksf.  

The elastic modulus (Em) value of the rock was estimated using the RocLab (Rocscience, 2007) 
computer program with an estimated elastic modulus of 326 kips per square inch (ksi). Using 
the procedures described in AASHTO LRFD Bridge Design Specifications (2009), the estimated 
settlement for the service loads was less than 0.1 inch. Additional settlement from intermediate 
soil fill layers or conglomerate layers is expected to be less than 0.5 inches as the stress increase 
at depth is minimized from the overlying hard basalt layers. Design calculations are included in 
Attachment 1, Geotechnical Calculations.  

The results show that the ultimate time resistance factor is greater than the unfactored loads. 
Design calculations for the spread footing are included in Attachment 2. It should be noted that 
the current footing sizes are preliminary. 

Design Ground Motion Determination  
The 0.2-second and 1.0-second spectral accelerations based on a 1,000-year level event are 
approximately 0.262g and 0.121g, respectively, based on the AASHTO Bridge Design 
Guidelines (AASHTO, 2007).  
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Table 3 summarizes the 2007 AASHTO seismic shaking values for latitude 44.018 and longitude 
-121.319. 

TABLE 3 
2007 AASHTO Values for Seismic Design 

Parameter Value 

Mapped Spectral Response Acceleration for Short Periods (SS) 0.262g 

Mapped Spectral Response Acceleration for 1-Second (S1) 0.111g 

Mapped Peak Ground Acceleration 0.111g 

Site Class  B 

Short Period Site Coefficient (Fa), based on Site Class D  1.0 

1-Second Site Coefficient (Fv), based on Site Class B 1.0 

Design Spectral Response Acceleration for Short Periods (SDS = FaSs) 0.262g 

Design Spectral Response Acceleration for 1-Second (SD1 = Fv S1) 0.111g 

  

Sources of Seismic Activity 
The potential seismic activity and potential seismic sources at the project site is based on 
information contained in the Quaternary Fault and Fold Database 
(http://earthquake.usgs.gov/hazards/qfaults/) of the United States Geological Survey (USGS) 
and supplemented by the Geomatrix Report (Geomatrix Consultants, 1995). The USGS online 
database at http://earthquake.usgs.gov/ contains information on faults and structures that are 
potential sources of earthquakes greater than moment magnitude 6 (Mw>6). The database 
contains structures with documented activity during the Quaternary (past 1.6 million years), 
which is the period of geologic time that is most relevant for studies of active earthquake faults. 

The principal tectonic feature of the Pacific Northwest is the active Cascadia subduction zone 
(CSZ). The CSZ is located offshore of the Pacific Coast where the Juan de Fuca tectonic plate 
is plunging beneath the North American tectonic plate. The CSZ stretches approximately 
750 miles from Vancouver Island in British Columbia to Cape Mendocino in California. In 
the vicinity of Oregon, this subduction zone begins off the coast and dips downward beneath 
the Cascade Mountains. Two primary seismic sources mechanisms are associated with this 
subducting plate: an interface source mechanism, and an intraslab source mechanism. In 
addition to these two subduction source mechanisms, shallow crustal sources can also generate 
earthquakes within the North American plate. The following sections describe these sources.  

Cascadia Subduction Zone Sources 
The CSZ sources include the Juan de Fuca—North American plate interface earthquakes and 
intraslab earthquakes. Interface earthquakes are usually thrust faults at depths of less than 
31 miles and are associated with the largest earthquakes observed worldwide. On the basis of 
geologic evidence gathered from coastal areas in Washington and Oregon during the past 
10 years, evidence has been found of very large, megathrust earthquakes of estimated moment 
magnitude (Mw) 8 to 9 originating at irregular intervals from the subduction interface source. 
There is agreement within the scientific community that the last megathrust earthquake 
occurred along the CSZ on the evening of January 26, 1700. The date of the event is known from 
written records of a tsunami in Japan (Satake et. al., 1996), the timing of which is consistent with 
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other data such as turbidity currents, vegetative changes, and changes in growth rings in trees 
along the Pacific Coast (Adams, 1990) and (Atwater, et al., 1995). It is estimated that the 1700 
CSZ event had a magnitude between 8.7 and 9.2 and that ground shaking may have continued 
for up to 3 or 4 minutes. 

In the mid to late 1990s, researchers were evaluating paleoseimic data from the past 3,500 to 
6,000 years and making estimates of CSZ event mean return periods. Adams and Weichert, 
(1994) and Atwater, et al. (1997) concluded that the recurrence interval for CSZ megathrust 
event was 590 plus or minus 105 years and 500 to 540 years (30 to 350 years for the shortest 
return period and 700 to 1,300 years for the longest return period), respectively.  

Researchers have now been able to evaluate deep-water turbidite data from a number of 
sources along the Oregon and Washington Coast to extend the record of previous CSZ 
earthquake events to approximately 10,000 years before the present (Goldfinger, et al., 2003).  

Recent research on the CSZ suggests that the CSZ is divided into “segments” by offshore strike-
slip faults, such as the Wecoma fault located west of Siletz Bay [(Goldfinger et al., 2003) and 
(Witter and Kelsey, 2004)]. This research has identified 19 to 21 major earthquake events that 
occurred over the last 10,000 years. Of these, at least 17 are believed to have been the result of a 
rupture along the entire fault producing quakes with magnitudes around 9. The others are 
believed to have occurred along shorter segments farther south in Oregon and Northern 
California, producing magnitude 8 quakes (Goldfinger, 2004). This research also suggests that 
the largest, most damaging quakes may strike in cycles or clusters which are separated by 
1,000-year periods of inactivity. During these clusters of activity, moment magnitude 9 
earthquakes appear to strike about once every 260 years. However, in southern Oregon and 
Northern California, earthquakes along the subduction zone appear to strike more frequently 
and at more regular intervals rather than in clusters. 

In a paper presentation at the recent Seismological Society of America (SSA) conference held 
April 21 to 23, 2010, in Portland, Dr. Goldfinger reported that the conditional probability that a 
megathrust earthquake will be generated along the northern margin of the CSZ is between 
10 and 15 percent over the next 50 years and that the conditional probability for a segmental 
rupture along one or both of the fault’s southern segment is between 25 and 45 percent 
(Goldfinger, et al., 2010). During this session, presenter Robert Witter also provided the 
following estimated recurrence intervals for different segments of the CSZ.  

 Rupture along the entire CSZ – 500 years 

 Lower ¾ of CSZ – 430 years 

 Lower ½ of CSZ – 320 years 

 Southern ¼ of CSZ – 240 years 

Intraslab earthquakes occur within the subducting Juan de Fuca plate, have a deeper focus than 
interface earthquakes, and typically occur along normal faults as a result of stress and physical 
changes in the subducting slab as it is pulled deeper into the aesthenosphere. The events 
associated with this source can range from Mw 6 to greater than Mw 7½. Intraslab earthquakes 
occur every 20 to 40 years in the Puget Sound, although no earthquakes attributed to the 
intraslab source have been documented in Oregon.  
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Crustal Sources 
Potential crustal sources are the faults and structures within the North American plate. Seismic 
hazard studies generally consider crustal sources within a certain distance from the site. This 
distance is commonly chosen as about 37miles. Crustal sources located more than 37 miles from 
the site are typically not capable of generating significant levels of site ground shaking (PGAs 
greater than 0.05g).  

Sisters Fault Zone (ID 852) 
The project site is located approximately 2 miles southwest the Sisters Fault Zone which is a 
crustal fault source. This fault zone is reported by Geomatrix to be approximately 3.7 to 8.0 
miles wide and to encompass much of the Bend area (Geomatrix, 1995). It is important to 
understand that the mapped location of the fault is not necessarily the location of a future fault 
rupture. The mapped locations are evidence of past faulting; a future rupture may occur 
elsewhere in and around the mapped fault zone.  

The fault zone has some indication that the most recent faulting may have occurred within the 
last 20,000 years, relatively recently in geologic terms. However, the activity of this fault zone is 
uncertain. In addition, prediction of the amount of displacement during rupture is difficult. 
However, it is unlikely that a rupture within the Sisters Fault Zone would cause lateral and/or 
vertical movement that would be significantly greater than the bridges could withstand.  

Metolius Fault Zone (ID 853c) 
The Metolius Fault Zone, Rimrock Tumalo section, is a crustal fault source that passes through 
the project site and does pose a potential risk to the new bridges. According to USGS (2002), this 
fault zone has not had activity in the last 130,000 years. It is one of the older faults within the 
Metolius Fault Zone (compared to the Northwest Rift Zone, the youngest fault whose last 
movement is predicted at 15,000 years). Prediction of the activity and amount of displacement 
during rupture is difficult because of its age. A specialized field survey evaluation and costly 
design would be required to determine the potential for the shearing action caused by fault 
movement. Because of the type of bridges being designed and the uncertainty associated with 
the location of future rupture, it is not likely economical to design for survival during a fault 
rupture of the Rimrock Tumalo Section of the Metolius Fault zone. A more logical approach 
may be to allow the bridges to undergo damage in the unlikely event of a fault rupture, and to 
repair/replace the bridge components at the rupture location. 

Unnamed Faults (841, 842) 
Several unnamed crustal faults have been mapped farther to the southwest and southeast of the 
project site. However, the most recent prehistoric deformation is predicted to be about 
750,000 years ago. No fault scarps in quaternary sediments have been found along these faults. 

Embankment Design 
Specific volumes of embankment materials have not been determined, however it is expected 
that some of the embankments will be constructed of excavated native materials. The excavated 
native materials that may be reused onsite are expected to consist of either fine silty sand with 
gravel, or crushed and processed basalt rock. The stability analyses were performed using 
Rocscience software Slide version 6.0 using Spencer’s method of slices for circular failures. For 
the native silty sand with gravel, an internal friction angle of 33 degrees was used. For crushed 
rock, an internal friction angle of 38 degrees was used. The strength used in the analyses is 
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preliminary and may be adjusted during final design when embankment materials are further 
evaluated. For the pseudo-static seismic slope stability analysis, a PGA at the ground surface of 
0.11g was used. This horizontal acceleration was used as the long-term accelerations of about 
2/3 PGA (2/3  x 0.4g) and is generally considered to be the contributing factor to slope stability 
rather than the transient, short-term seismic loading conditions that normally do not have a 
significant affect on the stability of the slope. Therefore, the horizontal seismic loading used in 
the SLIDE model was 0.074g. 

For embankments constructed primarily of processed basalt rock or imported aggregate base, 
embankment slopes may be constructed at 2 horizontal to 1 vertical (2H:1V). For embankments 
constructed primarily of the native fine silty sand with gravel, embankment slopes may be 
constructed at 2.5H:1V. Analysis results are shown in Table 4. 

 

TABLE 4 
Slope Stability Analysis Results 

 

Analysis 
Condition 

Minimum 
Embankment Slope Material FS 

Static 2H:1V Crushed Rock 1.7 

Pseudo- Static 2H:1V Crushed Rock 1.5 

Static 2.5H:1V 
Native Silty Sand 

with Gravel 
1.9 

Pseudo-static 2.5H:1V 
Native Silty Sand 

with Gravel 
1.5 

 

Because of the competent bedrock located near the surface, settlement beneath the embankment 
is expected to be less than 0.5 inches. Settlement calculations for the embankments, including 
estimate compressibility properties, are included in Attachment 2. 

Pavement Subgrade 
For pavement sections, overexcavation to bedrock of the silty sand layer will not be required. 
However, appropriate bearing values should be used for the subgrade under pavement and 
base course layers. For the fine silty sand, it is recommended that a California bearing ratio 
(CBR) value of 12 be used, which is representative of a fine sand with silt to silty sand. If 
pavement sections are constructed directly on prepared basalt rock, the base course layer can be 
minimized to provide drainage, and possibly reduced to a leveling course to provide a good 
working surface for asphalt construction operations. 

Lateral Earth Pressures 
Lateral earth pressures are needed for designing below grade walls. Three states of static soil 
pressure can develop from movement of below grade structures (walls):  

 At-rest state: Walls that are unable to rotate or translate laterally. 

 Active state: Walls that are free to rotate or translate laterally away from the backfill or 
native material. 
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 Passive state: Walls that rotate or translate laterally into the backfill or native material. 

Lateral earth pressures on walls with level backfill can be computed using equivalent fluid 
pressures (tabulated in Table 3) for the varying states of static soil pressure assuming a sandy 
gravel backfill. In addition to the lateral pressures computed from the table, the effects of any 
surcharge pressure (for example, from adjacent structure foundations or roadways) should be 
included.  
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TABLE 5 
Lateral Earth Pressures 

State of Soil Earth Pressure Coefficient 

Equivalent Fluid Pressure Above the 
Water Table 

(psf) 

At-rest Ko = 0.40 50H 

Active Ka = 0.29 37H 

Passive Kp = 3.4 212H 

Notes: 
1. The magnitude of the lateral earth pressure at a given height of wall is given in units of pounds per cubic foot 
of wall height (H), where wall height is the distance between the ground surface and the base of the wall. Walls 
should be designed to resist surcharge loads and adjacent at-grade structures. The lateral earth pressure 
caused by a surcharge load is equal to the anticipated surcharge load in psf multiplied by the applicable earth 
pressure coefficient Ko, Ka, or Kp. 
2. Equivalent fluid pressures were calculated using an estimated moist unit weight of 125 pounds per cubic foot 
(pcf) and an angle of internal friction of 33 degrees for recompacted native soils.  
3. Substantial movement must take place before the available passive pressure is mobilized. Therefore, a 
reduced value for the passive equivalent fluid pressure of approximately one-half of the total passive pressure 
should be used when calculating resistance to thrust or sliding, as this reduced value is listed in Table 3. 
4. In addition, earthquake loadings should be considered. The design earthquake should be applied in addition to 
the static soil pressure and surcharge loads, as discussed in the following section. 

psf = pounds per square foot 

Dynamic Earth Pressures 
Earthquake loading will lead to an increase in the active earth pressures and a decrease in the 
passive earth pressure acting on a wall. These pressures are estimated using procedures 
presented by Seed and Whitman (1970). These procedures are simplifications of what is 
commonly referred to as the Mononobe-Okabe method of estimating dynamic earth pressures. 
These simplifications assume that the wall displaces and mobilizes the active and passive 
conditions, as noted above. 

According to Seed and Whitman (1970), the estimated increase in force resulting from the 
earthquake for active conditions can be estimated as ¾ kh. Because the peak horizontal ground 
acceleration (PHGA) occurs for only a brief period during an earthquake, the seismic coefficient 
(kh) is typically specified as a fraction of the PHGA. It is recommended that a value of kh equal 
to 65 percent of the PHGA be used. 

Based on this theory, a dynamic lateral active force (Pae) is estimated as: 

Pae = (¾)(0.65PHGA)(moist)(½H2) 

For a PHGA of 0.11g, and a moist soil unit weight of 125 pounds per cubic foot (pcf), the 
estimated dynamic active lateral force is equal to 3.4H2 psf, where H is the wall height. Seed and 
Whitman (1970) indicate that this force acts at a distance of 0.6H above the base of the wall. It is 
recommended that the dynamic lateral force be applied as a trapezoidal pressure distribution, 
with the pressure at the top of the wall (or ground surface) equal to 1.6(Pae/H) and the 
pressure at the base of the wall equal to 0.4(Pae/H). This pressure distribution provides a 
resultant force that is located at a distance of 0.6H from the base of the wall. This dynamic active 
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pressure distribution is then summed with the static active earth pressure distribution to 
determine the total seismic active earth pressure acting on the wall. 

During an earthquake, the passive resistance is decreased. Towhata and Islam (1987) 
recommend that the decrease in resistance be estimated as 17/8kh. A dynamic lateral passive force 
(Ppe) decrease can be estimated as: 

Ppe = (17/8)(0.65PHGA)(moist)(½H2) 

For a PHGA of 0.11g, and a moist soil unit weight of 125 pcf, the estimated dynamic lateral 
passive pressure decrease is equal to 9.5 H2 psf, where H is the wall height. This force acts at a 
distance equal to 2/3H above the base of the wall. It is recommended that the dynamic lateral 
force be applied as an inverse triangular distribution, with the pressure at the top of the wall 
equal to 2(Ppe/H). This dynamic passive pressure distribution is then subtracted from the 
static passive earth pressure to determine the total passive earth pressure acting on the wall. 

If the wall is estimated to be non-yielding (that is, displacements smaller than those required to 
mobilize the active and passive conditions), it is recommended that for the dynamic design, the 
larger of the following be used for the dynamic earth pressure: 

 The at-rest pressure distribution from Table 3. 

 The static plus dynamic active earth pressure distributions. 
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