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Preface

This report describes three separate studies performed for anchored sheet-pile
walls. The first study investigates the effect of the angle of wall/soil friction on
bending moments. The second study investigates different procedures for
incorporating the influence of surcharge loads on soil pressures. Finally, the
third study compares moment reduction curves from several different sources.
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Center (ERDC), is Problem Area Leader, and Mr. H. Wayne Jones, Information
Technology Laboratory (ITL), ERDC, is the Principal Investigator. The
HQUSACE Technical Monitor is Mr. Jerry Foster, CECW-ED.
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Houston, Texas. Dr. Dawkins also wrote this report.

The work was performed under the general supervision of Mr. H. Wayne
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Technology Laboratory (ITL), U.S. Army Engineer Research and Development
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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units

as follows:
Multiply By To Obtain
degrees (angle) 0.01745329 radians
feet 0.03048 meters
foot-pounds 1.355818 joules
kips (force) 4.44822 kilonewtons
kips (force) per square foot 47.880263 kilopascals
kips (mass) per cubic foot 16018.463 kilograms per cubic meter
Pounds (force) per square foot 47.88026 Pascals
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1 Introduction

This report contains discussions and results of three separate studies of topics
associated with sheet-pile wall design.

Chapter 1 presents an investigation of the effect of the angle of wall/soil
friction on bending moments and compares the results of design and/or analysis
using classical design procedures or one-dimensional (1-D) soil-structure
interaction (SSI).

Chapter 2 discusses the procedures for incorporating the influence of
surcharge loads on soil pressures obtained from different pressure calculation
methods.

Chapter 3 compares moment reduction curves from several different sources.

Investigation of Effects of Wall Friction on
Behavior of Anchored Sheet-Pile Walls

Background

The intent of this study was to investigate the influence of the angle of wall
friction on the results of classical design and 1-D SSI analyses of anchored
retaining walls.

Data for the system shown in Figure 1 and Table 1, to be considered for this
study, were provided by Information Technology Laboratory (ITL). The effects
of several permutations of wall friction angle and factors of safety were analyzed
using CWALSHT (Dawkins 1991). The results of these analyses are shown in
Tables 2, 3, and 4 and are described following Table 4. A table for converting
non-SI units of measurement to SI units is presented on page viii.

Explanation of cases

Coulomb coefficients were used for both active and passive pressures for
Cases 1 through 3A. Coulomb coefficients were used for active pressures for
Cases 4 through 5A. Passive coefficients were obtained from the curves
provided in Naval Facilities Engineering Command (NAVFAC) (Headquarters,
Department of the Navy 1982) for Cases 4 through 5A.

Chapter 1 Introduction
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Figure 1. Wall/soil system

Table 1
System Parameters

Elevations, ft
System Wall Top Anchor Water Anchor Stiffness, Ib/In.
40-ft Wall 40 31.50 29.00 24 x 10
30-ft Wall 30 23.50 21.75 18 x 10°
20-ft Wall 20 15.75 14.50 10 x 10°

Table 2
Results of CWALSHT Analyses for 40-ft Wall

Factors of Safety Wall Friction Angle, deg | Penetration | Maximum Anchor Force

Case Active Passive Rightside Leftside ft Moment, Ib-ft b

40-1 1 15 0 0 17.56 1574 x 10° 1.354 x 10*
40-1a 1 1 0 0 13.12 1.345 x 10° 1.252 x 10*
40-2 1 1.5 8.75 (=4/4) 6.25 14.67 1.321 x 10° 1.195 x 10*
40-2a 1 1 8.75 8.75 10.19 1.115 x 10° 1.099 x 10*
40-3 1 1.5 17.59 (=¢/2) | 12.50 12.40 1.134 x 10° 1.070 x 10°
40-3a 1 1 17.5 17.50 7.86 9.460 x 10* 9.788 x 10°
40-4 1 1.5 24.5(=0.7¢) | 17.50 11.35 1.030 x 10° 9.568 x 10°
40-4a 1 1 24.5 24.50 7.10 8.660 x 10* 9.112 x 10°
40-5 1 15 35 (=¢) 25.00 10.48 9.194 x 10* 9.007 x 10°
40-5a 1 1 35 35.00 6.48 7.781 x 10 8.304 x 10°

2 Chapter 1 Introduction




Table 3

Results of CWALSHT Analyses for 30-ft Wall

Factors of Safety Wall Friction Angle, deg | Penetration Maximum Anchor Force
Case Active Passive | Rightside Leftside ft Moment, Ib-ft Ib
30-1 1 15 0 0 13.15 6.590 x 10* 7.645 x 10°
30-1a 1 1 0 0 9.82 5.630 x 10* 7.069 x 10°
30-2 1 1.5 8.75 (=/4) 6.25 10.98 5.529 x 10* 6.746 x 10*
30-2a 1 1 8.75 8.75 7.63 4.664 x 10* 6.205 x 10°
30-3 1 1.5 17.59 (=¢/2) | 12.50 9.28 4.475 x 10* 6.041 x 10°
30-3a 1 1 17.5 17.50 5.89 3.957 x 10* 5.529 x 10°
30-4 1 15 24.5(=0.7¢) | 17.50 8.50 4.312 x 10* 5.602 x 10°
30-4a 1 1 245 24.50 5.32 3.662 x 10° 5.148 x 10°
30-5 1 15 35 (=¢) 25.00 7.84 3.847 x 10° 5.087 10°
30-5a 1 1 35 35.00 4.85 3.254 x 10* 4.692 x 10°
Table 4
Results of CWALSHT Analyses for 20-ft Wall

Factors of Safety Wall Friction Angle, deg [ Penetration Maximum Anchor Force
Case Active Passive | Rightside Leftside ft Moment, Ib-ft Ib
20-1 1 15 0 0 8.78 1.968 x 10* 3.386 x 10°
20-1A 1 1 0 0 6.56 1.682 x 10* 3.130 x 10°
20-2 1 1.5 8.75 (=¢/4) 6.25 7.33 1.651 x 10° 2.988 x 10°
20-2A 1 1 8.75 8.75 5.09 1.394 x 10* 2.747 x 10°
20-3 1 15 17.59 (=¢/2) | 12.50 6.20 1.417 x 10* 2.675 x 10°
20-3A 1 1 17.5 17.50 3.93 1.182 x 10* 2.447 x 10°
20-4 1 1.5 245 (=0.7¢) | 17.50 5.68 1.288 x 10* 2.480 x 10°
20-4A 1 1 24.5 24.50 3.55 1.082 x 10* 2.278 x 10°
20-5 1 1.5 35 (=¢) 25.00 5.24 1.149 x 10° 2.252 x 10°
20-5A 1 1 35 35.00 3.24 9.727 x 10° 2.076 x 10°

According to EM 1110-2-2504 (HQDOA 1994), Cases 1,2,3,4, or 5 would be

Selection of Sheet-Pile Sections

used to determine the design penetration and anchor force for this system, while
the “A” variations of these cases would be used to evaluate the design bending
moment.

Following the recommendations of EM 1110-2-2504 (HQDOA 1994), Cases

Chapter 1 Introduction

1A, 2A, 3A, 4A, and 5A were used to select an appropriate steel sheet pile
section from the default sections contained in CWALSHT. The selection was
based on an assumed modulus of elasticity of 29 x 10° psi, assumed allowable
bending stress of 25 ksi, with the design bending moment obtained from the

classical design maximum moment reduced according to the NAVFAC values
for Rowe’s Moment Reduction (Headquarters, Department of the Navy 1982;
Rowe 1952; Bowles 1977). The results are shown in Tables 5, 6, and 7.




Table 5

Selection of Sheet-Pile Sections for 40-ft Wall

Sheet Pile p= Moment Maximum
Moment of Section (H+D)*Ei Reduction Design Bending | Bending
Case Section | Inertia in.*/ft | Modulus in.’fft | in.%/lb Coefficient Moment, Ib-ft Stress, Ksi
40-1a Pz32 220.4 38.3 25.8 0.54 7.26 x 10° 229
40-2a Pz27 184.2 30.2 24.6 0.56 6.24 x 10° 24.8
40-3a Pz27 184.2 30.2 20.4 0.59 5.58 x 10° 222
40-4a Pz27 184.2 30.2 19.1 0.61 5.28 x 10° 21.0
40-5a Pz27 184.2 30.2 18.1 0.62 4.82 x 10° 19.2
Table 6
Selection of Sheet-Pile Sections for 30-ft Wall
Sheet Pile p= Moment Maximum
Moment of Section (H+D)*Ei Reduction Design Bending | Bending
Case Section | Inertia in.*ft | Modulus in.%ft | in.’/Ib Coefficient Moment, lb-ft Stress, Ksi
30-1A pz27 184.2 30.2 9.79 0.81 4.56 x 10° 18.1
30-2A pz27 184.2 30.2 7.78 0.91 4.24 x 10° 16.8
30-3A pz27 184.2 30.2 6.44 1.00 3.96 x 10 15.7
30-4A pz27 184.2 30.2 6.04 1.00 3.62 x 10 14.4
30-5A pz27 184.2 30.2 5.73 1.00 3.25 x 10* 12.9
Table 7
Selection of Sheet Pile Sections for 20-ft Wall
Sheet Pile p= Moment Maximum
Moment of Section (H+D)*Ei Reduction Design Bending | Bending
Case Section | Inertia in.*ft | Modulus in.ft | in.%/Ib Coefficient Moment, Ib-ft Stress, Ksi
20-1A Pz22 84.4 18.1 4.22 1.00 1.68 x 10* 11.2
20-2A Pz22 84.4 18.1 3.35 1.00 1.39 x 10* 9.2
20-3A Pz22 84.4 18.1 2.78 1.00 1.18 x 10* 7.8
20-4A Pz22 84.4 18.1 2.61 1.00 1.08 x 10* 7.2
20-5A PZ22 84.4 18.1 2.47 1.00 9.73 x 10° 6.5
SSI Analyses
SSI analyses using CWALSSI (Dawkins 1994) were performed for the
wall/soil system of Figure 1 with depths of penetration from the classical design
Cases 1, 2, 3, 4, and 5 of Tables 2 through 4 and the sheet-pile sections shown in
Tables 5 through 7. Unfactored soil (i.e., active and passive factors of safety
equal to 1) and wall friction values indicated in the “A” cases of Tables 2 through
4 were used. Both rigid and flexible anchors were considered. The flexible
anchor stiffnesses shown in Table 1 were based on a steel rod with cross section
area producing an anchor stress of approximately 25 ksi, based on the anchor
forces shown in Tables 2 through 4 and an effective length of 50 ft. The results
of the SSI analyses are shown in Tables 8, 9, and 10.
4 Chapter 1 Introduction
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Table 8

Results of SSI Analyses for 40-ft Wall

Wall Friction Wall Bottom Maximum Anchor Maximum
Case Angle, deg Elevation, ft Moment, Ib-ft Force, Ib Deflection, in.
40-1AR | 0 -17.56 1.253 x 10° 2.163 x 10* 8.2
40-1AF | 0 -17.56 1.277 x 10° 1.867 x 10* 8.7
40-2AR | 8.75 (=¢/4) -14.67 1.063 x 10° 2.032x10* | 7.7
40-2AF | 8.75 -14.67 1.084 x 10° 1.740 x 10* 8.2
40-3AR | 17.5 (=¢/2) -12.40 9.458 x 10°* 1.859 x 10 | 6.8
40-3AF | 17.5 -12.40 9.673 x 10* 1.588 x 10* 7.2
40-4AR | 24.5 (=0.7¢) -11.35 8.697 x 10°* 1.746 x 10° | 6.3
40-4AF | 24.5 -11.35 8.903 x 10* 1.487 x 10* 6.9
40-5AR | 35 (=¢) -10.48 7.817 x 10°* 1614 x 10* | 6.7
40-5AF | 35 -10.48 8.011 x 10* 1.369 x 10* 6.1
Table 9
Results of SSI Analyses for 30-ft Wall

Wall Friction Wall Bottom Maximum Anchor Maximum
Case Angle, deg Elevation, ft Moment, |b-ft Force, Ib Deflection, in.
30-1AR | 0 -8.78 5.930 x 10* 1.077 x 10* 3.6
30-1AF | 0 -8.78 6.033 x 10* 9.083 x 10° 3.8
30-2AR | 8.75 (=¢/4) -7.33 5.067 x 10°* 9.780 x 10° | 3.2
30-2AF | 8.75 -7.33 5.169 x 10* 8.188 x 10° 34
30-3AR | 17.5 (=4/2) -6.20 4.381 x 10* 9.017 x 10° 3.0
30-3AF | 175 -6.20 4.477 x 10° 7.496 x 10° 3.2
30-4AR | 24.5 (=0.7¢) -5.68 3.981 x 10°* 8.548 x 10° | 2.9
30-4AF | 245 -5.68 4.073 x 10* 7.065 x 10° 3.0
30-5AR | 35 (=¢) -5.24 3.551 x 10°* 8.009 x 10° | 2.8
30-5AF | 35 -5.24 3.631 x 10* 6.565 x 10° 2.9
Table 10
Results of SSI Analyses for 20-ft Wall
Case Wall Friction Wall Bottom Maximum Anchor Maximum

Angle, deg Elevation, ft Moment, Ib-ft Force, Ib Deflection, in.
20-1AR | 0 -8.78 1.886 x 10° 4.418 x 10° 1.8
20-1AF | 0 -8.78 1.920 x 10° 3.621 x 10 1.9
20-2AR | 8.75 (=¢/4) -7.33 1.587 x 10° 4.035x10° [ 1.9
20-2AF | 8.75 -7.33 1.620 x 10° 3.270 x 10° 1.9
20-3AR | 17.5 (=4/2) -6.20 1.360 x 10° 3764 x10° | 2.0
20-3AF | 175 -6.20 1.390 x 10* 3.006 x 10° 1.9
20-4AR | 245 (=0.7¢) -5.68 1.234 x 10° 3.570 x 10 2.0
20-4AF | 245 -5.68 1.261 x 10° 2.842 x 10 1.9
20-5AR | 35 (=¢) -5.24 1.100 x 10* 3.370 x 10° 1.9
20-5AF | 35 -5.24 1.123 x 10° 2.658 x 10° 1.9
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Comparison of Results

Results of the SSI analyses and those from the classical “A” cases, together
with classical design penetrations, are shown in Figures 2 through 28. The
maximum bending moments predicted by the classical Free Earth Method and
the two SSI variations are nearly the same. The slight differences in shapes of
the moment diagrams are a result of: the higher (passive) pressures above the
anchor in the SSI analyses; the location of the resultant of the passive pressure
distribution on the left side of the wall below the dredge line; and, the differ-
ences in penetration for the classical and SSI systems. Soil pressures below the
anchor are full active values in all cases. The pressure distributions for the
classical 1A case and the SSI 1AR case are shown in Figures 10, 19, and 28.

Conclusions
The following conclusions are based on the results of this limited study:

a. The relationships between depth of penetration, maximum bending
moment, and anchor force with increasing wall friction angle are nearly
linear.

b. An initial item of interest was whether the angle of wall friction could be
adjusted to produce SSI moments which would more closely approximate
the moments resulting from application of Rowe’s moment reduction to
the classical Free Earth moments. Figure 8 suggests that the desired
effect cannot be achieved for very flexible walls. For stiffer walls,
Figures 17 and 26, there is little or no reduction permitted, and both
Classical and SSI analyses yield essentially the same maximum moments.

¢. The anchor force predicted by the classical Free Earth Method is
significantly lower than that indicated by the SSI analysis (Figures 9, 18,
and 27). Rowe gave reduction factors for anchor forces similar to his
moment reduction curves. The effect of application of anchor force
reduction factors has not been investigated. However, the results of this
study suggest that reduction of the Free Earth anchor force would be
unconservative. In all cases, the Free Earth Method significantly
underestimates the anchor force as compared to the SSI method.

d. The SSI analysis cannot represent the behavior of the system observed by
Rowe. The Winkler model of the nonlinear soil cannot reproduce the
conditions (which have been suggested to be the result of soil arching
between the anchor and the passive zone below the dredge line) observed
in Rowe’s experiments.

Chapter 1
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Figure 2. Bending moments for wall friction = 0 for 40-ft wall
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Figure 3. Bending moments for wall friction = PHI/4 for 40-ft wall
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2 Comparison of Soil
Pressure Calculation
Methods for Surcharge
Loads

Background

Users of the computer program CWALSHT (Dawkins 1991) have noted that
significantly different design penetrations were produced when the program was
forced to use a wedge method for soil pressure calculation for a system which
ordinarily conformed to the requirements for the Coulomb coefficient method.
Investigation of this problem indicated that the differences occurred as a result of
procedures for incorporating the effects of surcharge loads. In the Coulomb
coefficient method, surcharge effects are calculated using theory of elasticity
equations; whereas, in the wedge methods, surcharges are added directly to the
weight of each (trial) failure wedge.

System for Investigation

The anchored wall/soil system shown in Figure 29 was used for the
investigation. The wall is imbedded in a uniform cohesionless soil with
horizontal soils surfaces. The system conforms to the requirements for use of the
Coulomb coefficient method; however, the program can be formed to use a
wedge method by the inclusion of a second surface point on the horizontal soil
surface. The presence of the anchor has no influence on soil pressures and serves
only as a reference point.

Four surface surcharges on the right-side surface were investigated as
indicated in Figure 29:

a. A uniform surcharge which is treated in essentially the same manner by
both the coefficient and wedge methods.

b. A truncated ramp surcharge which produces an effective surface loading
identical to a uniform surcharge. However, the contribution of this

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads
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surcharge is calculated from the theory of elasticity in the coefficient
method while it is treated the same as a uniform load in the wedge
methods.

c. A triangular surcharge.

d. A line surcharge.

Summary of Soil Pressure Calculation Methods
Coulomb coefficient method

Active and passive pressures are calculated from:
Pur=Kypep, (1)
where

K,p = function of the angle of internal friction of the soil and the angle of
wall/soil friction

p, = effective vertical soils pressure including any uniform surcharge

Fixed surface wedge method

Active and passive forces are calculated for a fixed failure surface inclined at
an angle from the vertical equal to

45 F¢/2

The active and passive forces are converted to soil pressures under the
assumption that the difference between forces at successive calculation points is
the resultant of a linearly varying pressure distribution in that interval.

Sweep search wedge method

Active and passive forces are calculated for a succession of trial failure
surfaces by increasing the slope of the surface until the maximum active and
minimum passive forces are determined for each point on the wall. Active and
passive pressures are calculated as for the fixed surface method.

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads



Comparison of Pressures for Wall/Soil Friction =0
Uniform surcharge

Pressure distributions produced by the coefficient method and both wedge
methods are essentially the same for the wall/soil system shown in Figure 29.

Truncated ramp surcharge

The pressures for the system with the truncated ram load are shown in
Figures 30 and 31. Neither the coefficient method nor either wedge method
recognizes the equivalence of the truncated ramp load and a uniform load. This
accounts for the zero value of earth pressure at the ground surface.

At points below the ground surface, the pressures produced by both wedge
methods are identical to those for a uniform surcharge. However, the coefficient
method overestimates active pressures and underestimates passive pressures.
The coefficient method calculates the contribution of the truncated ramp
surcharge for both active and passive pressures, using the theory of elasticity, as
a constant value at all depths equal to Q/2, where Q (=500 psf) is the intensity of
the uniform portion of the ramp load. The total pressures become

py=p,13+0/2 @)
and

pp=p,®3+0/2 3)

For a true uniform load, the coefficient method should produce:

p,=p,/13+0/3 “4)
and

pr=p,e3+0/3 )

Triangular surcharge

Active and passive pressures for the triangular surcharge are shown in
Figures 32 and 33. The small differences in pressures predicted by the wedge
methods are attributable to the assumed angle of the failure plane of 30 deg from
the vertical for active pressures and 60 deg for passive pressures in the fixed
surface method, while the sweep search method varies the angle until limit values
are attained.

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads
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Figure 30. Comparison of active pressures as a result of “ramp” surcharge and
wall friction = 0
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Figure 31. Comparison of passive pressures as a result of “ramp” surcharge and
wall friction =0
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Figure 32. Comparison of active pressures as a result of triangular surcharge
and wall friction = 0
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Figure 33. Comparison of passive pressures as a result of triangular surcharge
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Line load surcharge

Pressures resulting from a line load are shown in Figures 34 and 35. The
“blips” in pressures calculated by the wedge methods occur as the line load is
encountered by the (trial) wedge at any point. Once the line load is incorporated
in the wedge, any additional weight of the wedge is solely due to additional soil.
Because the pressure is assumed to be a result of the difference in forces at
adjacent points, the pressures from the wedge methods revert to the values which
would be produced without the line surcharge.

Comparison of Pressures for Wall/Soil Friction
=15 deg

Uniform surcharge

Pressures for a uniform surcharge for all methods may be inferred from the
pressures shown in Figures 36 and 37. Pressures produced by the coefficient
method are identical to those predicted by the sweep search wedge method. The
pressures from the fixed surface wedge method differ from those for the other
two procedures because of the assumed fixed angle of inclination of the failure
plane. For the coefficient method and the sweep search method, the limiting
conditions occur at angles with the vertical of ~33 deg for active pressures and
~69 deg for passive effects compared to 30 and 60 deg, respectively, for fixed
surface wedge method.

Truncated ramp surcharge

As for the case of zero wall friction, the coefficient method uses effective
active and passive coefficients of 1/2 for the contribution of the surcharge. For a
wall friction angle of 15 deg, the coefficients should be ~0.29 and ~4.8 for active
and passive effects, respectively.

Triangular surcharge

Pressures resulting from the triangular surcharge for a wall friction of 15 deg
are shown in Figures 38 and 39. Active pressures exhibit similar characteristics
to those for the case with no wall friction with little differences between fixed
surface and, sweep search wedge methods. The sweep search method indicates
high pressures near the surface as compared to the coefficient method. Because
the resultant of the higher sweep search pressure is very near the location of the
anchor, little difference in design penetrations for the coefficient method and the
sweep search method would be expected.

The fixed surface wedge method indicates higher passive pressures than
either of the other methods at all depths. Again, the difference is attributable to
the fixed angle assumed by this procedure.

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads



15

10

ZO—d»<mrm

5

-20

450

ACTIVE PRESSURE (PSF)

900 1350

1800

CouLoMB

— — — — FIXED SURFACE WEDGE METHOD

SWEEP SEARCH WEDGE METHOD

Py

Figure 34. Comparison of active pressures as a result of line load surcharge and

wall friction =0

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads

37



38

20

15

10

Z0—=->»L<MmMmrm

-5

PASSIVE PRESSURE (PSF)
5000 10000 15000 20000

COULOMB
— — — — FIXED SURFACE WEDGE METHOD
——————— SWEEP SEARCH WEDGE METHOD

Figure 35. Comparison of passive pressures as a result of line load surcharge

and wall friction =0

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads



ACTIVE PRESSURE (PSF)
20 0 500 1000 1500 2000
AN
N\ CouLOMB
\\ — — — — FIXED SURFACE WEDGE METHOD
v\ | - SWEEP SEARCH WEDGE METHOD
\
15 A\
\
\
\
\
\
10
5
E
L
E
Voo
A
T
|
o]
N
\\
-5 ’\‘
‘\
\\\
\\\
Y,
\\\
-10 ‘{\
N
‘\
\\\
Y
\\\
15 -
\\\
3
A
%,
X
20 N
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Figure 37. Comparison of passive pressures as a result of “ramp” surcharge and
wall friction = 15 deg
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Figure 38. Comparison of active pressures as a result of triangular surcharge
and wall friction = 15 deg
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Figure 39. Comparison of passive pressures as a result of triangular surcharge
and wall friction = 15 deg
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Line load surcharge

The pressures shown in Figures 40 and 41 exhibit the same characteristics as
those for the case without wall friction. The deviation of the passive pressures
predicted by the fixed surface wedge method is a result of the assumed angle of
the failure surface.
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Figure 40. Comparison of active pressures as a result of line load surcharge and

wall friction = 15 deg
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Figure 41. Comparison of passive pressures as a result of line load surcharge
and wall friction = 15 deg

Chapter 2 Comparison of Soil Pressure Calculation Methods for Surcharge Loads



46

3 Comparison of Moment
Reduction Coefficient
Curves for Anchored
Sheet-Pile Walls in Sand

Background

HQ, Department of the Navy (1982), Rowe (1952, 1957), Bowles (1977),
and U.S. Steel Corp (1975) present curves of bending moment reduction
coefficients to be applied to the bending moment calculated by the classical Free
Earth Method of anchored wall design to account for sheet-pile flexibility. The
curves shown in Figure 13-10a (Bowles 1977) appear to be identical to those
presented in Figures 13d and e (Rowe 1952) (subsequently referred to as Rowe’s
curves). The curves for granular materials given in Figure 19 in “Design Manual
7.2” (HQ, Department of the Navy 1982) (subsequently referred to as NAVFAC
curves) and those shown in Figure 27 (U.S. Steel 1975) are different from those
shown by Rowe (1952) and Bowles (1977), although HQDOA (1994) is cited as
the source of the curves presented in “Design Manual 7.2” (HQ, Department of
the Navy 1982). There is no discussion of the methods employed to extract the
curves in “Design Manual 7.2” (HQ, Department of the Navy 1982) from the
data given by Rowe (1952). The principal differences in the two sets of curves
are:

a. Rowe (1952) and Bowles (1977) give curves for “loose” sand and
“dense” sand which account for the height of the wall and are implicity
restricted as to position of the anchor with respect to the height of the wall
(Figure 42).

b. “Design Manual 7.2” (Headquarters, Department of the Navy 1982) and
U.S. Steel Corporation (1975) present only a single curve for each of
“medium compact and coarse grained soils” and indicate no limitations on
system configuration.

The Rowe’s curves for “loose” and “dense” sands are compared with the
NAVFAC curves in Figures 43 and 44. The NAVFAC curve for “medium
compact and compact” soils appears to be approximately the average of the three
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Figure 44. Comparison of Rowe’s moment reduction curves for dense sand with
NAVFAC curves

Rowe’s curves for “loose” sand. However, the NAVFAC curve for “very
compact” soils is considerably more conservative for stiffer walls (log(H"/El)
< about —3) than Rowe’s curves and approaches the average of Rowe’s curves
for more flexible walls.

Bowles (1977), Rowe (1957), and U.S. Steel Corporation (1975) provide
moment reduction curves for sheet piles embedded in clays. Headquarters,
Department of the Navy (1982) does not address moment reduction for clays.

Current Status

Rowe’s (1952) curves for “loose” and “dense” sands are built into the
CWALSHT computer program and are applied to the results of the Free Earth
Method under the following conditions (see Figure 42 for notation):

a. The soil surface on the retained side of the wall is at the top of the wall.

b. The left-side soils is composed exclusively of one or more layers of
cohesionless material. (Note: Rowe’s (1952) curves were obtained from
experimental data for strictly homogeneous soil systems.)

c. The exposed height of the wall conforms to 0.6 < a <0.8 (Figure 42). The
curve for a system with a not equal to 0.6, 0.7, or 0.8 is obtained by linear
interpolation between the two bounding curves.
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d.

e.

The anchor position conforms to b < 0.3.

The wall flexibility conforms to —3.5 < log(H*/El) < -2.0.

Rowe’s (1957) curves for sheet-pile walls embedded in clay from Dawkins
(1991) and Headquarters, Department of the Army (1994) are built into
CWALSHT and are applied to the results of the Free Earth Method under the
following conditions:

a.

b.

The soil surface on the retained side of the wall is at the top of the wall.

The left-side soils is composed exclusively of one or more layers of
cohesive material. (Note: Rowe’s curves were obtained from
experimental data for strictly homogeneous systems.)

The exposed height of the wall conforms to 0.6 < a <0.8 (Figure 42). The
curve for a system with a not equal to 0.6, 0.7, or 0.8 is obtained by linear

interpolation between the two bounding curves.

The stability number defined by

S =c/pJ1+C,/c

where

Py

e.

f

= soil cohesion

vertical pressure in the right-side soil at the elevation of the left-side
soil

wall/soil adhesion in the left-side soil.)
satisfies 0.5 < S, < 2.0.
The anchor position conforms b < 0.3.

The flexibility number satisfies -3.1 < Log (H*/El) < -2.0.

(Note: The curve for a not equal 0.6, 0.7, 0.8 and for Log(H4/El) not equal to
-3.1, -2.6, or -2.0 is obtained by interpolation among the bounding curves.)

Recommendations

It would be desirable for all Corps of Engineers’ design procedures to use the
same moment reduction curves. However, because NAVFAC Design Manual
7.2 (Headquarters, Department of the Navy 1982) does not account for piles
embedded in clay, it is recommended that Rowe’s curves for both sands and
clays be retained in CWALSHT.

Chapter 3 Comparison of Moment Reduction Coefficient Curves for Anchored Sheet-Pile Walls in Sand
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