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Abstract 
 
This paper presents four case histories of estimated and measured 
deflections of cantilevered soldier pile and lagging walls with heights 
ranging from 8 to 19 feet (2.4 to 5.8 meters). The walls were constructed 
for temporary excavation support by placing steel H-piles or wide flange 
beams in drilled holes that were backfilled with concrete (below the final 
dredge line) and controlled low strength material (i.e., flowable fill) (above 
the dredge line). Timber lagging boards were attached to the front face of 
the soldier piles as the excavation in front of the wall progressed. 
 
Site features such as utilities and structures behind the wall required a stiff 
wall to limit deflection and disturbance to these structures. Traditional 
design methods that were used to estimate the required toe depths and 
member sizes do not address deflection. As such, the computer software 
program P-Y Wall, Version 2.0 (Ensoft, Inc., 1999) was used to estimate 
the wall deflections. Soil and rock parameters required by the model are 
not readily correlated to available subsurface data. Therefore, parameters 
were selected based on recommendations in the P-Y Wall user’s guide 
(Ensoft, Inc.). 
 
The wall deflections were measured through each phase of construction 
and excavation using an inclinometer. These measurements provide an 
assessment of the behavior of the walls. Additionally, the initial deflection 
estimates were revised by changing the soil and rock input parameters so 
that the P-Y Wall results matched the measured values. The revised soil 
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and rock parameters provide the beginning of a useful database for 
estimating deflections of retaining walls constructed in subsurface 
conditions common in the Great Lakes Region. 
 
INTRODUCTION 
 
Soldier pile and timber lagging walls are commonly installed for excavation 
support in the Great Lakes Region. The dense/hard glacial till soils that 
cover much of the area are laden with cobbles and boulders often making 
it impractical to drive sheetpiles. Drilling and setting soldier piles in 
concrete filled holes is often the only practical alternative for excavation 
support in these soils. Because of the relatively high strength of the till 
soils and shale rock that the walls discussed in this paper are founded in, 
it is possible to support excavations in excess of 20 feet (6.1 meters) using 
a cantilevered design. Eliminating the need for bracing or tiebacks greatly 
reduces the construction time and facilitates construction by providing a 
clear space for the permanent structure. 
 
A key design consideration for this type of support system is wall 
deflection, particularly if the wall is retaining soil that supports a roadway, 
utilities, or existing buildings. Design methods are based on limit 
equilibrium analyses to estimate embedment depths and required section 
modulus and do not address deflection. 
 
Computer models, such as P-Y Wall (Ensoft, Inc., 1999), are useful tools 
for estimating wall deflections for a wide variety of geometry and soil 
conditions, however, their use requires knowledge of appropriate soil input 
parameters. 
 
This paper presents the results of three case histories that document the 
design, construction, and monitoring of cantilevered soldier pile and 
lagging retaining walls. The three walls, located in Jamestown, Syracuse, 
and Buffalo, New York, were constructed in soil formations common to the 
Great Lakes Region and deflections were monitored as the excavation 
progressed. Soil and rock parameters are presented that, when input into 
the P-Y Wall program, yield deflection estimates that match the measured 
deflections. 
 
DESIGN APPROACH 
 
The retaining walls discussed in this paper were designed using either: the 
American Association of State Highway and Transportation Officials 
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(AASHTO) Simplified Design Procedure (AASHTO, 1996) or the Broms 
Method (Reese and O’Neill, 1988). These methods are based on limit 
equilibrium analyses to estimate the required depth of embedment and 
section modulus of the soldier piles.  
 
Case Histories 
 
Four case histories of soldier pile and lagging walls that were designed, 
constructed, and monitored are presented below. 
 
 Jamestown Ice Arena (Jamestown, New York) 
 
The Jamestown Ice Arena is a public ice rink that was constructed in 
Jamestown, New York in 2001. The site is located on the north side of the 
Chadakoin River Valley that bisects the City of Jamestown. The sloping 
ground surface made a 12 to 16-foot (3.7 to 4.9-meter) high excavation 
support necessary on the north side of the site. 
 

Subsurface Conditions 
 
A generalized subsurface profile is shown on Figure 1. 
 
The subsurface conditions consist of an approximately 9-foot (2.7 meter) 
thick layer of granular fill underlain by glacial till. The till is predominantly 
clay based with varying amounts of silt, sand, gravel, and cobbles. Figure 
2 shows an example of the cobbles removed from the spoil when drilling 
the soldier pile holes. 
 
Ground water at this site was below the tips of the piles. 
 

 
Figure 2 – A picture of  

cobbles encountered in Jamestown 
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Design Procedure 
 
A drilled soldier pile and timber lagging wall was selected for excavation 
support to retain the adjacent city street and buried utilities.  
 
The wall height along the section discussed in this paper was planned to 
be 15 feet (4.6 meters). The soldier piles were placed in 3-foot (0.9 meter) 
diameter holes spaced 7 feet (2.1 meters) apart. After the pile was in 
place, the holes were to be backfilled with concrete from the bottom of the 
hole up to the planned excavation line and a cement, fly-ash, and water 
flowable fill above the concrete to the top of the wall. The soil parameters 
used in the analysis are shown on Figure 1. 
 
The AASHTO Simplified Design Procedure was used to estimate the 
required depth of embedment and section modulus of the soldier piles. A 
22.2-foot (6.8 meter) depth of embedment and 225 in3 (3687x103 mm3) 
section modulus was calculated using this method.  
 

Construction and Monitoring 
 
The contractor installed 40-foot (12.2 meter) long, A 572 grade 50 
W24x104 (W610x155) piles. This provided a section modulus of 258 in3 
(4220x103 mm3) and a depth of embedment 25 feet (7.6 meters) below the 
base of the excavation. The contractor welded studs on the front flange of 
the soldier piles and attached timber lagging boards as the excavation 
progressed (see Figure 3). 
 

 
Figure 3 – View of installation of 

face lagging as excavation proceeds 
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Prior to installation, two soldier piles were each instrumented with 
inclinometer casing along their entire 40-foot (12.2 meter) lengths. The 
2.75-inch (70 mm) diameter PVC inclinometer casing was placed in the 
corner of the H-pile section against the excavation side flange and web 
and held in place with metal straps welded to the pile (see Figure 4). 
 

 
Figure 4 – View of inclinometer casing  

attached to soldier pile prior to excavation 
 
The inclinometers were measured prior to and following construction of 
the wall. The initial measurement was made following installation of the 
soldier piles and before any excavation occurred. The inclinometer was 
measured following the completion of the excavation in front of the wall. 
The deflection of both instrumented soldier piles were similar. Figure 1 
shows the final wall geometry and deflected shape of soldier pile # 39. 
The maximum deflection of SP # 39, with a final wall height of 16.1 feet, 
was 0.68 inches (17.3 mm). Additionally, a deflection of 0.16 inches (4.1 
mm) was measured at the excavation line and deflection was measured 8 
feet (2.4 meters) below the excavation line. 
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Figure 5 – View of completed 

Jamestown Ice Arena retaining wall. 
 
  Syracuse University Parking Garage (Syracuse, New York) 
 
Syracuse University planned to construct a new parking garage near its 
campus. Construction of a new parking garage at Syracuse University 
required excavations up to 22.5 feet (6.9 meters). The construction site 
was bordered on three sides by city streets and existing buildings on the 
fourth side. The streets, adjacent utilities, and existing buildings were all 
sensitive to deflections that could result from the adjacent excavation.  
 
The construction of the parking garage required two walls for excavation 
support, designated as Wall E-1 and Wall E-2. The subsurface conditions 
differed between the wall locations. 
 
The fill, gravel, and weathered shale encountered in the subsurface 
exploration program made drilled soldier piles with lagging the logical 
choice for excavation support. The proposed cuts to accommodate 
construction of the parking garage would require wall heights of 22.5 feet 
(6.9 meters) in front of Wall E-1, including a 2-foot (0.6-meter) precut 
above the wall, and 19.5 feet (5.9 meters) in front of Wall E-2, with no 
precut. 
 

Wall E-1 
The first wall, designated Wall E-1, was constructed along the eastern 
side of the site. This wall was located within 20 feet (6.1 meters) of an 
existing building located on the adjacent property. 
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Subsurface Conditions 
A generalized subsurface profile is shown on Figure 6. 
 
A 6 to 11-foot (1.8 to 3.4 meters) thick layer of fill was encountered across 
the site. Weathered shale, described on the boring logs as gravel, was 
encountered beneath the fill. Shale rock from the Camillus Formation was 
encountered below the weathered shale “gravel.” This formation is 
typically highly weathered near the top and contains varying amounts of 
gypsum and limestone (Fisher and Rickard, 1970). 
 
Ground water at this site was below the tips of the piles. 
 

Design Procedure 
The wall height along Wall E-1 was up to 22.5 feet (6.9 meters). The wall 
was designed as described for the Jamestown Ice Arena, with 3-foot (0.9 
meter) diameter holes spaced 7 feet (2.1 meters) on center and backfilled 
with concrete below, and flowable fill above the excavation line following 
placement of the piles. 
 
The Broms method was used to estimate the required depth of 
embedment and section modulus for the soldier piles on Wall E-1. This 
method was used as competent shale was encountered at approximately 
the same elevation as the excavation line. The shale was assigned an 
undrained shear strength based on data from the geotechnical 
engineering report. A required depth of embedment of 13.5 feet (4.1 
meters) and a pile section modulus of 319 in3 (5227x103 mm3) was 
estimated with this method.  
 

Construction and Monitoring 
The contractor installed 35-foot (10.7 meter) long, A 572 grade 50 
W24x131 (W610x195) piles along this wall. This provided a section 
modulus of 329 in3 (5400x103 mm3) and 21 feet (6.4 meters) of 
embedment. 
 
One soldier pile was instrumented on Wall E-1 prior to installation. 
Installation and measurements of the inclinometer were made in the same 
manner as those for the Jamestown wall. The maximum measured 
deflection was 0.06 inches (1.5 mm) following excavation. The deflection 
at the excavation line was measured to be 0.04 inches (1.0 mm) and 
deflection was measured 6 feet (1.8 meters) below the excavation line.  
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Figure 6 shows the final wall geometry and deflected shape of the soldier 
pile following excavation. 
 

 
Figure 7 – View of completed Wall E-1 at Syracuse University 

 

Wall E-2 
 
Wall E-2 was constructed along the southern edge of site. This wall 
supported a street and various underground utilities behind it.  
 

Subsurface Conditions 
A generalized subsurface profile is shown on Figure 8. 
 
Along Wall E-2, highly weathered shale was encountered below the fill. 
The shale is weathered to the extent that some of samples collected from 
this zone were classified as clayey silt in this layer. Below approximately 
16.5 to 19 feet (5.0 to 5.8 meters), the shale becomes less weathered and 
is described as shale from the Camillus Formation (Fisher and Rickard, 
1970) as encountered in the area of Wall E-1. 
 

Design Procedure 
Wall E-2 was constructed in a similar manner to Wall E-1, except the wall 
height was planned to be 19.5 feet (5.9 meters). 
 
The AASHTO Simplified Design Procedure for soldier piles was used for 
Wall E-2. An 18.5-foot (5.6 meter) required depth of embedment and 
section modulus of 326 in3 (5342x103 mm3) was estimated with this 
analysis.  
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Construction and Monitoring 
 
The contractor installed 40-foot (12.2 meters) long W24x131 (W610x195) 
soldier piles for this wall (see Figure 9). These soldier piles provided an 
as-built depth of embedment of 21 feet (6.4 meters).  
 
One soldier pile was instrumented with an inclinometer for monitoring 
deflection. The maximum deflection measured on Wall E-2 was 0.27 (6.8 
mm) inches with a final wall height of 19 feet (5.8 meters). The deflection 
at the excavation line was measured to be 0.06 inches (1.5 mm) and 
deflection was measured 2 feet (0.6 meters) below the excavation line. 
Figure 8 shows the final wall geometry and deflected shape of the soldier 
pile. 
 

 
Figure 9 – View of completed Wall E-2 at Syracuse University 

 
State University of New York at Buffalo, Ketter Hall Addition (Buffalo, 
New York) 
 
The State University of New York at Buffalo (UB) in Buffalo, New York 
made an addition to Ketter Hall in 2002. An approximately 12-foot (3.7 
meter) deep excavation adjacent to the existing structure was required for 
construction of the addition. The existing facility is supported by a drilled 
pier foundation bearing on rock. The first floor of the existing facility is a 
slab on grade. An excavation support wall, with an alignment within 1 foot 
(0.3 meter) parallel to the existing structure, was required to retain the soil 
that supports the existing slab on grade. 
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Subsurface Conditions 
 
A generalized subsurface profile is shown on Figure 10. 
 
Below the clayey silt fill layer, a layer of silty clay glacial till was 
encountered that extends to the top of shale rock. The shale rock at this 
site is also from the Camillus Formation. At this site, the Camillus 
Formation consists of shale rock with gypsum partings. However, no 
highly weathered zone between the overburden and competent rock was 
observed in this area.  
 
Ground water was not encountered in the subsurface exploration program. 
 

Design Procedure 
 
The design of this wall was complicated by the proximity of the existing 
structure to the excavation support. The total height of the wall was 
planned to be approximately 12 feet (3.7 meters). The top of the wall was 
approximately the same elevation as the existing ground surface prior to 
excavation. The existing structure is supported on a grade beam that 
extends from this elevation to 4 feet (1.2 meters) below the ground 
surface. Since the excavation support was within a foot (0.3 meter) of the 
existing building, the lateral earth pressure from the top 4 feet (1.2 meters) 
of the excavation would be carried by the grade beam behind the wall. As 
such, no lateral loads were considered to be carried by the top 4 feet (1.2 
meters) of the wall. The soil behind the grade beam was considered by 
adding a vertical surcharge at 4 feet (1.2 meters) below the top of the wall. 
 
The wall was planned to be constructed in a similar manner as described 
for the Jamestown Ice Arena, except the hole diameter was 2 feet (0.6 
meters) rather than 3 feet (0.9 meters). 
 
The AAHSTO simplified design procedure was used to estimate the 
required depth of embedment and section modulus for the soldier piles. 
The required depth of embedment was estimated to be 7 feet (2.1 meters) 
with a 36.6 in3 (600x103 mm3) section modulus.  
 
 Construction and Monitoring 
 
The contractor installed 19 foot (5.8 meter) long HP 10x42 (HP 250x62) 
soldier piles. This provided 7 feet (2.1 meters) of embedment and a 
section modulus of 43.4 in3 (711x103 mm3) (see Figure 11). 
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One soldier pile was instrumented with an inclinometer on this wall prior to 
construction. Measurements were made prior to and following 
construction. The maximum deflection of the wall was measured to be 
0.36 inches (9.1 mm) at the top of the wall and 0.10 inches (2.5 mm) at 
the excavation line. Figure 10 shows the final wall geometry and deflected 
shape of the soldier pile. 
 

 
Figure 11 – Completed retaining wall at Ketter Hall 

 
Computer Model – P-Y Wall 
 
The P-Y Wall program estimates the deflections of cantilevered or tied-
back flexible retaining walls. The program uses the p-y method to make 
these estimates. The p-y method of analysis estimates the deflection of 
laterally loaded piles and is a modification of Terzaghi’s subgrade reaction 
method (Ensoft, Inc., 1999). 
 
The subgrade reaction method was studied comprehensively by Karl 
Terzaghi in the 1950’s and provided a method to predict the deflection of a 
beam on an elastic foundation (Terzaghi, 1955). The foundation medium 
in this method is modeled as springs that provide linearly higher 
resistances with greater deflection. The problem, however, with applying 
this method to a soil-structure interaction is that the soil resistance is non-
linear (Ensoft, Inc., 1999). 
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Terzaghi’s subgrade reaction method was modified to consider the results 
of full-scale experiments involving soil-structure interaction under loads. 
From these experiments, series of curves defining the deflection (y) of 
laterally loaded piles as a function of applied loads (p) and depth (x) have 
been developed for various soil types (e.g., soft clay, sand, silt, etc.). The 
p-y method involves estimating the deflection of a laterally loaded 
structural element by applying the subgrade reaction method and fitting 
the curves from the full-scale tests (Reese and O’Neill, 1988). This 
provides more realistic estimates of deflection than those obtained using 
linear resistances of the subgrade reaction method alone. 
 
 Input Parameters for P-Y Wall 
 
In addition to the wall’s geometry, P-Y Wall requires several soil and rock 
input parameters. Many of these parameters, such as angle of internal 
friction, undrained shear strength, unconfined compressive strength, and 
unit weight, have readily available correlations to information available 
from the subsurface exploration program. Other parameters (ε50 and k), 
however, are not commonly used in most geotechnical analyses and 
reliable correlations between subsurface exploration data and their values 
are not readily available. 
 
ε50 represents the strain of a silt, clay, or rock formation at 50 percent of its 
maximum stress. The P-Y Wall user’s manual lists suggested values of ε50 
based on the consistency of clays and undrained shear strength of stiff 
clays. The manual also suggests that a value of zero be used for sands 
(Ensoft, Inc., 1999). 
 
k, referred to as a “soil-modulus parameter,” is the constant used in the 
equation used to define the modulus of elasticity, Es with respect to 
deflection, x: 
 

Es = k times x                                                              (1) 
 
This value is used in the program’s initial iterations to estimate the wall’s 
deflection. 
 
The user’s manual lists suggested values of k based on soil type, 
groundwater conditions, and density/consistency (Ensoft, Inc., 1999). 
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  Calculation of Soil Parameters Using Observed Measurements 
 
Following construction and monitoring of the soldier pile and lagging walls, 
the known geometry and material data were input into P-Y Wall. 
Measurements of the “as-built” wall geometry (i.e., wall height, depth of 
embedment, and ground surface grades) were made following 
construction. This information was used for the input of the wall 
configuration. Information on pile sections and steel grades were used as 
input for the wall properties. 
 
Information from the subsurface exploration programs and construction 
observations, such as grain size distribution descriptions and N-values, 
were used to model the geometry (i.e., layer thicknesses and elevations), 
type (e.g., sand, silt, clay, etc.), and index properties and strength 
parameters (e.g., unit weight, friction angle, undrained shear strength) of 
the soil and rock strata. 
 
This left ε50 and k as the variable parameters in the model. By varying 
these parameters, using the P-Y Wall manual’s suggested values as initial 
estimates (Ensoft, Inc., 1999), the model was run until the predicted 
deflection shape converged with the measured deflected shape. 
 
This method of calculation resulted in the ε50 and k values summarized on 
Figures 1, 6, 8, and 10 and on Table 1. 
 
  Limitations 
 
The back calculation of the wall deflections closely matched the measured 
deflections, but some limitations of this model are recognized. First, it is 
understood that actual subsurface conditions are typically different than 
those observed during the investigation. Data are often taken from borings 
made a significant distance away from the wall. It is therefore imperative 
to obtain as much information as possible during the subsurface 
exploration program and construction. Spoil from the hole made for the 
soldier pile should be observed as well as the soil strata during excavation 
in front of the wall.  
 
Second, these calculations have not been made on walls with a water 
table in the embedment zone.  
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Table 1 – Summary of εεεε50 and k Values 
Clayey Soils 

Soil Strata Case History 
Site 

P-Y Wall Soil 
Type 

Su 
(psf) εεεε50 

k 
(pci)

Silty 
clay/clayey silt 

till 
UB Ketter Hall stiff clay (w/o 

free water) 4000 0.004 1000

Highly 
weathered 

Camillus Shale 

Syr. Univ.  
Wall E-2) 

stiff clay (w/o 
free water) 4000 0.005 1000

 
Coarse-Grained Soils 

Soil Strata Case History 
Site 

P-Y Wall Soil 
Type φ εεεε50 

k 
(pci)

Clayey silt fill UB Ketter  
Hall sand 32° 0 225 

Clayey silt fill Jamestown Ice 
Arena silt 30° 0 90 

Sandy silt fill Syr. Univ.  
(Wall E-1) sand 36° 0 225 

Silt, sand, 
gravel fill  

Syr. Univ.  
(Wall E-2) sand 36° 0 225 

Silty till Jamestown Ice 
Arena sand 32° 0 225 

Clayey silt till Jamestown Ice 
Arena sand 36° 0 225 

Weathered 
shale gravel 

Syr. Univ.  
(Wall E-1) sand 36° 0 225 

 
Rock 

Formation Case History 
Site 

P-Y Wall Soil 
Type qu (psi) εεεε50 

k 
(pci)

Weathered 
Camillus Shale 

Syr. Univ.  
(Wall E-1) Strong rock 1000 0.005 2000

Competent 
Camillus Shale 

Syr. Univ.  
(Wall E-2) Strong rock 10,000 0.004 2000

Competent 
Camillus Shale 

Syr. Univ.  
(Wall E-2) Strong rock 10,000 0.004 2000

Notes:  Su = undrained shear strength psf = pounds per square foot 
 φ = angle of internal friction pci = pounds per cubic inch 
qu = unconfined compressive strength psi = pounds per square 

inch 
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Summary and Conclusions 
 
P-Y Wall is a useful tool for estimating the performance of soldier pile and 
lagging walls. The computer program was successfully used to back 
calculate the stiffness parameters of the soil and rock formations at three 
sites in Western and Central New York. The case studies presented here 
provide the beginning of a database for glacial till and shale bedrock 
observed in the Western and Central New York Area. 
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