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ABSTRACT 

The purpose of this thesis was to develop graphs to 

simplify the design of steel sheet pile walls. There are 

two basic types of steel sheet pile walls: cantilever and 

anchored walls. For cantilevered walls, the pile is driven to 

a sufficient depth into the ground to become fixed as a 

vertical cantilever in resisting the lateral active earth 

pressure. This type of wall is commonly restricted to a 

maximum height of 15 feet. Anchored walls also derive support 

by passive pressure on the front of the embedment pile portion 

as the cantilever wall. Support is also contributed from the 

anchor tie rods near the top of the piling. This method is 

suitable for heights up to approximately 35 feet, depending on 

the soil conditions. 

Sheet pile design can be a rather time consuming, 

cumbersome effort to a practicing engineer. The usual 

objective is to determine the pile's minimum embedment depth, 

bending moment and anchor pull force frequently for varying 

' soil conditions. 
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Four cases for sheet piles were analysed which 

include: 

• Cantilever with granular backfill and granular subsoil; 

• Cantilever with granular backfill and cohesive subsoil; 

• Anchored with granular backfill and granular subsoil; 
and, 

• Anchored with granular backfill and cohesive subsoil. 

A computer program was written in BASIC to aid in the 

trial and 

problems. 

error solutions for individual sheet pile 

Design graphs were developed for the respective 

analytical expressions for pile embedment depth, bending 

moment and anchor force for various soil conditions and 

water levels. Hence, the graphs will greatly reduce the 

length of time required to size a sheet pile and improve 

the accuracy of calculation. 

iii 



ACKNOWLEDGEMENTS 

ABSTRACT 

TABLE OF CONTENTS 

LIST OF SYMBOLS 

LIST OF TABLES 

LIST OF FIGURES 

Chapter 

TABLE OF CONTENTS 

1. 

2. 

INTRODUCTION • •••••••••••••••••••••••••••••••••••••• 

CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL AND GRANULAR BACKFILL •••••.•••••.• 

2.1 CASE 1 
2.1.1 
2.1.2 
2.1.3 
2.1.4 
2.1.5 

Derivations 
Summary of Equations 
Example Problems 
Design Graph ( ~ b = .5 ~) 
New Graphs ( "r b = . 4 't , . 6 "I/ ) 

3. CANTILEVER STEEL SHEET PILE, 

i 

ii 

iv 

vi 

vii 

viii 

Page 

1 

3 

COHESIVE SUBSOIL AND GRANULAR BACKFILL ............. 16 

3.1 CASE 2 
3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.1.5 

Derivations 
Summary of Equations 
Example Problems 
Design Graph ( ~ b = .5 V 
New Graphs ( 'ti b = • 4 'ti , 

4. ANCHORED STEEL SHEET PILE, 

) 
• 6 b' ) 

GRANULAR SUBSOIL AND GRANULAR BACKFILL ............. 28 

4.1 CASE 3 
4.1.1 
4.1.2 
4.1.3 
4.1.4 
4.1.5 

Derivations 
Summary of Equations 
Example Problems 
Design Graph ( ~ b = .5 ~ 
New Graphs ( 'II b = • 4 V , 

iv 

) 
• 6 ~ ) 



Chapter 

TABLE OF CONTENTS 
(CONTINUED) 

5. ANCHORED STEEL SHEET PILE, 

Page 

COHESIVE SUBSOIL AND GRANULAR BACKFILL ••••••••••••• 41 

5.1 CASE 4 
5.1.1 
5.1.2 
5.1.3 
5.1.4 
5.1.5 

Derivations 
Summary of Equations 
Example Problems 
Design Graph ( " b = • 5 'd ) 
N.ew Graphs ( 'fl b = • 4 ~ , • 6 i/ ) 

6 • StJMMARY • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 5 4 

Appendix 

A PILE.4 PROGRAM 

B EXAMPLE PROBLEMS, OPTIONS 1, 3, 5 AND 7 

C OPTION 2 GRAPH DATA 

D OPTION 4 GRAPH DATA 

E OPTION 6 GRAPH DATA 

F OPTION 8 GRAPH DATA 

G 5 1/4" FLOPPY DISK 

REFERENCE LIST 

V 



Symbol 

;, 

C 

'd b 

~ 

Ka 

Kp 

a 

y 

D 

H 

hw 

q 

Pa 

Pp' 

Ra 

y 

Mmax 

T 

oC 

LIST OF SYMBOLS 

Description 

Friction angle of backfill 

Cohesion of subsoil 

Buoyant density of backfill 

Wet density of backfill 

Coefficient of active pressure 

Coefficient of passive pressure 

English 
Units 

Degrees 

psf 

pcf 

pcf 

Depth to zero pressure ft 

Distance from bottom of pile to ft 
point of zero shear 

Minimum pile embedment depth ft 

Pile height above dredge line ft 

Depth to saturated backfill ft 

Effective soil pressure at psf 
dredge line 

Unit backfill active force psf 

Unit subsoil passive force psf 

Resultant of active forces of lbs/ft 
backfill or subsoil 

Distance from centroid of active ft 
forces to point of zero shear 

Maximum bending moment 

Anchor pull force 

ft-lbs/ft 

lbs/ft 

Ratio of (vertical distance from 
ground surface to water table]/ H 

vi 

S.I. 
Units 

Degrees 

kN/m2 

kN/m3 

kN/m3 

m 

m 

m 

m 

m 

kN/m2 

kN/m2 

kN/m2 

kn/m 

m 

kN-m/m 

kN/m 



LIST OF FIGURES 

Figure Page 

2-1. PRESSURE DIAGRAM, 
CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL •••• 4 

2-2. ACTIVE FORCES, 
CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL •••• 5 

2-3. BENDING MOMENT, 
CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL ..•• 7 

3-1. PRESSURE DIAGRAM, 
CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL ..•• 17 

3-2. ACTIVE FORCES, 
CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL ••.• 18 

3-3. BENDING MOMENT, 
CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL •••• 20 

4-1. PRESSURE DIAGRAM, 
ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL ...• 29 

4-2. ACTIVE FORCES, 
ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL •••• 30 

4-3. BENDING MOMENT, 
ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL ..•• 32 

4-4. ANCHOR PULL FORCE, 
ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL ...• 33 

5-1. PRESSURE DIAGRAM, 
ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL •••• 42 

viii 



Figure 

5-2. 

5-3. 

5-4. 

1. 

LIST OF FIGURES 
(CONTINUED) 

Page 

ACTIVE FORCES, 
ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL •••• 43 

BENDING MOMENT, 
ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL .••• 44 

ANCHOR PULL FORCE, 
ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL .••• 45 

CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 

'd b = O. 5 "l/ • • • • • • • • . • • • • . • . . • . • • • • . . . . . . . 13 

2. CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 

'-,/ b = 0. 4 ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

3 . CANTILEVER STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 
~ b = 0. 6 'rf • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 15 

4. CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 

'llb=O.SV ....•........•..........•..... 25 

5. CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 
"lib= 0.4-,/ .•.••......................... 26 

6. CANTILEVER STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 

'db=0.6'({ ....•.•..•...........•........ 27 

7. ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 
't!b=o.s'i .............................. 38 

ix 



Figure 

8. 

LIST OF FIGURES 
(CONTINUED) 

ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 

Page 

't/ b = 0.4 'fl •••••••••••••••••••••••••••••• 39 

9. ANCHORED STEEL SHEET PILE, 
GRANULAR SUBSOIL WITH GRANULAR BACKFILL 
~ b . = 0. 6 " • . • • • • • • • • . . • • . • • • • • • • • • • • • • • • 4 0 

10. ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 

',! b = 0.5 ~ ....................•......... 51 

11. ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 

'l/ b = 0.4 'ti ..•••..•......••..•.....••.•.. 52 

12. ANCHORED STEEL SHEET PILE, 
COHESIVE SUBSOIL WITH GRANULAR BACKFILL 

'lf b = 0. 6 ~ .............................. 53 

X 



CHAPTER 1 

INTRODUCTION 

cantilever and anchored steel sheet pile design can 

be very complex. Once the soil shear strength properties 

are determined through laboratory testing, the practicing 

engineer must calculate the active backfill forces and 

maximum moment on the pile. The minimum pile embedment 

depth is then determined by trial and error solution of a 

cumbersome equation. To simplify these design problems, 

Teng (USS 1975, Figures 18, 22, 24 & 26) had developed a 

few graphs to aid the engineer in such design. Use of the 

graphs greatly reduces the time required to determine 

the pile's minimum embedment depth, anchor pull force and 

maximum moment for a given set of soil and water table 

conditions. However, Teng developed graphs for only one 

type of soil buoyant density ( V b). Teng's graphs (USS 

1975, Figures 18, 22, 24 & 26) are for ~ b equal to one­

half the wet density ( ~) for the backfill soil. 

Four cases (1) 

granular subsoil: ( 2) 

and cohesive subsoil: 

Cantilever with granular backfill and 

Cantilever with granular backfill 

(3) Anchored with granular backfill 
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and granular subsoil; (4) Anchored with granular backfill 

and cohesive subsoil) for sheet piles were analysed for 

minimum embedment depth, anchor pull { if applicable) and 

maximum moment, as outlined on Table 1. Theoretical 

expressions for each case were derived and discussed in 

Sections 2.0 through 5.0. 

A computer program was written in BASIC to aid in trial 

and error solutions. The program is developed to analyze 

either English or S.I. data input. This program listing is 

in Appendix A. The soil's active coefficient {Ka) and 

passive coefficient {Kp) are based on Coulumb's method. 

Calculated results were then plotted for comparison to 

graphs developed by Teng {USS 1975, Figures 18, 22, 24 & 

26). As indicated previously, Teng had derived graphs for 

only buoyant (saturated) soil densities equal to one-half 

the wet density. Hence, the comparison is only applicable 

to these graphs (USS 1975, Figures 18, 22, 24 & 26). Refer 

to Figures 1, 4, 7 and 10 for this author's rederived 

graphs. Here, graphs were also developed for '( b of 

0.4 and 0.6 to cover a broader range of saturated soils. 
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CHAPTER 2 

CANTILEVER STEEL SHEET PILE, 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 

Two equations will be used to determine the pile 

embedment depth and moment for granular subsoil and backfill 

loading conditions. 

2.1 Case 1 

Analysis was performed with program PILE.4, using the 

following minimum pile depth equation derived in Section 

2.1.1 and summarized in Section 2.1.2. 

2.1.1 Derivations 

Determine the pile embedment depth and moment equations 

for granular subsoil and backfill loading conditions. 

Step 1 Find the unit backfill active force, Pa, at the 

dredge line and depth to zero pressure, a, shown on Figure 

2-1. 

Pa = Ka [ ~ hw + ~ b ( H - hw) ] 

H = Pile height above dredge line 
hw = Depth to saturated backfill 

3 

(eq 1) 



Ka 

Vb 

" 

= 
= 
= 
= 

Coe!ficient of active pressure 
tan (45 - ~/2) -
Buoyant density of backfill material 
Wet density of backfill material 

a = Pa/ [ ¥ b (Kp - Ka)] 

= Coe!ficient of passive pressure 
= tan (45 + ~/2) 

Figure 2-1 

H 

D 
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SHEET 
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GRANULAR 
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(eq 2) 
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y 
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Step 2 Find the unit subsoil passive force, Pp, at the 

bottom of the pile shown on Figure 2-1. 

Pa/ a= Pp/ Y 

substitute a 
Pa/ [Pa/ [ Yb (Kp - Ka)] ] = Pp/ Y 

Pp = 'i b (Kp - Ka) Y 

4 

(eq 3) 



Figure 2-2 
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t 

step 3 Find the active backfill forces from Figure 2-2. 

Ra= Resultant of active forces= R1 + R2 + R3 + R4 

R1 = .5 " hw2 Ka 
R2 = P1 (H - hw) 

= f hw Ka (H - hw) 
R3 = .5N (H - hw) 

N = Pa - P1 
=Vb Ka (H - 2w> 

= • 5 V b Ka ( H - hw) 
R4 = .5pa a 

Step 4 Find the centroid, y, of Ra from Figure 2-2. 

Y = Distance from centroid of active forces to 
point of zero shear 

5 

(eq 4) 



y = [R1 (a+ H - .67hw) + R2 [a+ .S(H - hw)] 
+ R3 [a+ .33(H - hw)] + .67R4 a]/ Ra (eq 5) 

step 5 Sum forces in the horizontal direction from Figure 

2-1. 

Ra + R , p - Rp = 0 

Ra + Pp' z/2 + Pp z/2 - Pp Y/2 = 0 

Ra - Pp Y/2 + (Pp + Pp') z/2 = 0 

z = (Pp y - 2 Ra)/ (Pp+ Pp') (eq 6) 

Step 6 Sum moments about the bottom of sheet pile from 

Figure 2-1. 

Ra (Y + y) - Rp Y/3 + Rp' z/3 = 0 

Ra (Y + y) - Pp Y/2 (Y/3) +(Pp+ Pp') (z/2) (z/3) = 0 

6Ra (Y + y) - Pp Y2 + (Pp+ Pp') z 2 = O 

Step 7 Substitute equation 6 into equation 7. 

6Ra (Y + y) - ~p Y2 + (Pp+ Pp') [(Pp Y - 2Ra)/ 
(Pp+ Pp') ] = O 

6Ra (Y + y) - Pp y2 + (Pp2 y2 - 4Pp y Ra+ 4Ra2/ 
(Pp+ Pp') = 0 

let CY= Pp = b (Kp - Ka) y 

multiply by (Pp+ Pp') or (CY + Pp') 

6Ra (Y + y) (CY+~)') - CY Y2 (CY+ Pp')+ (c2 y2 
4CY Y Ra+ 4Ra = 0 

6Ra (~Y24+ Pp' l + CY Y + Pp' y) - c2 y4 - Pp' cy3 
+ C Y - lCY Ra+ 4Ra2 = 0 

6 

y2 

(eq 7) 
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divide by C 

-pp' y3 + 2Ra 
+ 2Ra) = 0 

Y2 + 6Ra (Pp'/C + y) Y + {2Ra/C) {3Pp' y 

y3 - {2Ra/ 
- {2Ra/ 

where: 

Pp') Y2 - 6Ra [(Y/Pp') + (1/C)] 
Cpp') (2Ra + 3Pp' Y) = 0 

y 

Pp' = ll hw Kp + Y b ( H + D - hw) ] Kp - V b D Ka 

(eq 8) 

step 8 Find the maximum moment for the sheet pile from 

Figure 2-3, which occurs where the shear, v, is equal to 

zero. 

Figure 2-3 

H 

Mmax = Ra (y + .67X) 

Where: 

B 

X = [ 2Ra/ [ "t b ( Kp - Ka) ] ] • S 

7 

GRANULAR 
SUBS•IL 

(eq 9) 



2.1.2 Summary of Equations 

Minimum Embedment Depth: 

y 3 - (2Ra/Pp') Y2 - 6Ra ((y/pi') + (1/C)] Y 
- (2Ra/ C Pp') (2Ra + 3Pp y) = 0 

y = 

D = 
H = 
hw = 
Kp = 

= 
Ka= 

= 
~b = 
" = 
a = 

= 
Pa= 

Distance from bottom of pile to 
of zero shear or Y = D - a 
Minimum pile embedment depth 
Pile height above dredge line 
Depth to saturated backfill 
Coe2ficient .of passive pressure 
tan (45 + Qj/2) 
Coe2ficient of active pressure 
tan (45 - 0/2) 
Buoyant density of backfill 
Wet density of backfill 
Depth to zero pressure 
Pa/ [ ~ b (Kp - Ka)] 
Unit backfill active force 

point 

(eq 2-1) 

(eq 2-2) 

(eq 2-3) 

(eq 2-4) 

(eq :2-5) 

= 
Ra= 

Ka [ \f hw + " b ( H - hw) ] 
Resultant of active forces= 

(eq 2-6) 
R1 + R2 + R3 + R4 

y = 

= 

C = 
Pp'= 

= 

R1 = .5 ~ hw2 Ka 
R2 = ~ hw Ka ( H - hw 1 
R3 = • 5 Vb Ka (H - hw) 
R4 = • 5 Pa 2 / [ 't/ b (Kp - Ka) ] 
Distance from centroid of active forces 
to point of zero shear 
[R1 (a+ H - .67hw) + R2 [a+ .5(H - hw)J 
+ R3 [a+ .33(H - hw)J + .67R4 a]/ Ra 

¥ b (Kp - Ka) y 
Unit subsoil passive force 
~ hw Kp + 'i b ( H + D - hw) ] Kp + 'i b D Ka 

Maximum Bending Moment: 

Mmax = Ra (Y + .67X) 

X = [2Ra/ [ ~ b (Kp - Ka)JJ 05 

2.1.3 Example Problems 

(eq 2-7) 

(eq 2-8) 
(eq 2-9) 

(eq 2-10) 

(eq 2-11) 

(eq 2-12) 

Six problems were solved using PILE.4 program, Option 1 
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selection. These problems are included in Appendix B, 

Sheets 1 through 6 and are summarized in Table 1. The 

backfill's friction angle ranged from 30 to 35 degrees 

for these problems. Minimum pile depth results 

deviated from the authors' solutions (Bowles 1982 & Das 

1983) by o.o to 2.9 percent (six solutions) and maximum 

moment deviated by 9.8 percent (one solution). 

2.1.4 Design Graph ( Yb= .5 V) 
PILE.4 program, Option 2 selection was used to develop 

Figure 1. Computer computations were calculated in the 

English system and are included in Appendix c. Six 

solutions are summarized in Table 2, for alpha ( oe ) 

equals o, 0.5 and 1.0. Alpha is the ratio of (vertical 

distance from the ground surface to the water table] / 

[height of backfill]. The backfill's friction angle 

selected is 28 and 37 degrees from the graph data. At a 

zero degree backfill slope the Kp/Ka ratios are 7. 67 and 

16.18, respectively. 

Minimum pile depth ratio (D/H) results deviated from 

Teng's graph (USS 1975, Figure 18) by o.o to 1.4 percent and 

maximum moment ratio (Mmax/ V bKaH3) deviated by o. o 

percent. Data results are plotted on semi-logarithmic paper 

9 



-

on Figure 1 with three available programs (AutoCAD Rel 10, 

GRAPHER Ver l.79E, Lotus 1-2-3 Rel 3) • PILE.4 program 

calculates and saves data points in a PRN extension file. 

This data is included in Appendix c. LOTUS 1-2-3 (Lotus 1-

2-3 Rel 3) is then used to import the data file. The file 

rows and columns were rearranged in an ASCI format suitable 

with a DAT extension for the GRAPHER (GRAPHER Ver 1. 79E) 

program. A DXF plot file is then created by GRAPHER for 

insertion into AutoCAD (AutoCAD Rel 10). The drawing file is 

created in AutoCAD and rearranged for output to a Hewlett 

Packer Pen Plotter. 

2.1.5 New Graphs ( Y b = . 4 V , • 6 ij ) 

Two new graphs were developed for various soil 

conditions and water levels. These include Figures 2 and 3 

for a backfill buoyant density of 'i b = • 4 h' and 

respectively. 

10 
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TABLE 1 
CASE 1 SUMMARY 

OPTION 1 
CANTILEVER STEEL SHEET PILE 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 

FRICTION MINIMUM EMBEDMENT DEPTH, D BACKFILL ACTIVE FORCE, R. 
PROBLEM REF SYSTEM ANGLE TEXT (1) PILE.4 DEVIATION TEXT (1) PILE.4 DEVIATION 

13-6A 1 English 300 (2) 20ft 20.1 ft 0.0% 8,860 lbs/ft 8,871 lbs/ft 0.1 % 

13-60 1 S.I. 330 (2) 5.33m 5.31 m 0.0% 119.2 kN/m 119.0 kN/m 0.0% 

ex 13-1 1 English 30° (2) 16.65ft 16.8 ft 0.9% 6,300 lbs/ft 6,264 lbs/ft -0.6% 

ex6.1 2 S.I. 32" 5.46m 5.42m 0.7% 58.3 kN/m 58.3 kN/m 0.0% 

6.1 2 English 350 23.5 ft 22.8 ft -2.9% NA 6,087 lbs/ft --
6.3 2 EngUsh 32" 27.3 ft 27.3 ft 0.0% NA 19,594.9 lbs/ft --

Notes: 
1. These answers are from the referenced '8xt books. 
2. The wall friction Is 17 degrees for this problem. 

References: 
1. Bowles, Joseph E. 1982, Foundation Analysis and Design, 3rd edition. 
2. Das, Braja 1983, AdvanaJd Foundation Design. 

MAXIMUM MOMENT, Mmax 
TEXT (1) PILE.4 DEVIATION 

NA 135,982 ft-lb/ft --
NA 515.8 kN-m/m --

NA 78,392 ft-lbs/ft --
190.7 kN-m/m 209.5 kN-m/m 9.8% 

NA 96,975 ft-lbs/ft --
NA 173,204 ft-lbs/ft --



TABLE 2 
CASE 1 SUMMARY 

OPTION 2 
CANTILEVER STEEL SHEET PILE 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 

oc:: K.f K. FRICTION DEPTH RATIO MOMENT RATIO 
RATIO RATIO ANGLE GRAPH (1] PILE.4 DEVIATION GRAPH (1) PILE.4 

0 7.67 28° 1.10 1.11 0.9% 0.40 0.40 

0 16.18 37° 0.70 0.71 1.4% 0.29 0.29 

0.5 7.67 28° 1.48 1.49 0.6% 0.92 0.92 

0.5 16.18 37° 0.92 0.92 0.0% 0.63 0.63 

1.0 7.67 28° 1.68 1.69 0.6% 1.23 1.23 

1.0 16.18 37° 1.01 1.01 0.0% 0.77 0.77 

Notes: 
1. oc: Ratio = 'II J 4t = Buoyant Density/ Wet Density 
2. Kj K. Ratio= Passive Coefficient/ Active Coefficient 
3. Depth Ratio = 0/ H = Minimum Pile Embedment Depth/ Pile Height Above Dredge Line 
4. Moment Ratio = Mmax/ ¥ bK.H3 

Mmax = Maximum Moment 

Reference: 
1. United States Steel Corporation July 1975, Steel Sheet Piling Design Manual, Figure 18. 
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CHAPTER 3 

CANTILEVER STEEL SHEET PILE, 

COHESIVE SUBSOIL AND GRANUIAR BACKFILL 

Two equations will be used to determine the pile 

embedment depth and moment for cohesive subsoil and backfill 

loading conditions. 

3.1 Case 2 

Analysis was performed with program PILE.4, using the 

minimum pile depth equation derived in Section 3. 1. 1 and 

summarized in Section 3.1.2. 

3.1.1 Derivations 

Determine the pile embedment depth and moment equations 

for cohesive subsoil and backfill loading conditions. 

Step 1 Find the unit backfill active force, Pa, at the 

dredge line shown on Figure 3-1. 

Pa = Ka [ ~ hw + 'd b (H - hw)] 

H 
hw 
Ka 

= Pile height above dredge line 
= Depth to saturated backfill 
= Coe!ficient of active pressure 
= tan (45 - 1/2) 
= Buoyant density of backfill material 
= Wet density of backfill material 

16 

(eq 1) 
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Step 2 Find the active backfill forces from Figure 3-2. 

Ra= Resultant of active forces= R1 + R2 + R3 

R1 = .5 i hw2 Ka 
R2 = Pl (H - hw) 

= ~ hw Ka (H - hw) 
R3 = .SN (H - hw) 

N = Pa - Pl 
= ~ b Ka ( H - hw) 

2 = . 5 'lf b Ka ( H - hw) 

Step 3 Find the centroid, y, of Ra from Figure 3-2. 

Y = Distance from centroid of active forces to point 
of zero shear 

(eq 2) 

= [R1 (H - .67hw) + .5R2 (H - hw) + .33R3 (H hw)l/ Ra 
(eq 3) 

17 



Figure 3-2 
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Step 4 sum forces in the horizontal direction from Figure 

3-1. 

Ra+ Rp' - Rp = 0 

Ra+ .Sz (Pp+ Pp') - D Pp= 0 

C = Cohesion of subsoil 
q = hw + \s' b (H - hw) 

~, 
= 4c - q 
= 4c + q 

Ra+ .sz (4c - q + 4c + q) - D (4c - q) = 0 

Ra+ .sz (Sc) - D (4c - q) = O 

18 



z = [D (4c - q) - Ra]/ 4c (eq 4) 

Step 5 Sum moments about the bottom of sheet pile from 

Figure 3-1. 

Ra ( D + y) - • 5 o 2 ( 4 c - q) + • 5 z ( 8 c) ( • 3 3 z ) = 0 (eq 5) 

Ra (D + y) - .so2 [4c - ( ~ hw + ~ b (H - hw))] + .sz (Sc) 
X (.33z) = 0 

(eq 6) 

step 6 Substitute equation 4 into equations. Multiply 

by (- 2). 

-2Ra (D + y) + o2 (4c - q) - (Sc/3) [(D (4c - q) - Ra] 
/ 4c] 2= o 

o2 (4c - q) - ~Ra (D + y) - (1/6c) [(4c - q) 2 o 2 - 2D (4c 
- q) Ra+ Ra]= O 

divide by (4c - q) 

o2 - [~2Ra (D + y) )/ (4c - q)] - (l/6c) [ (4c - q) o2 - 2D Ra 
+Ra/ (4c - q)] = O 

[l - (4c - q)/ 6c] o2 + 2Ra [(l/6c) - 1/(4c - q)] D - [Ra 
/ (4c - q)] [(Ra/6c) + 2y] = O (eq 7) 

Step 7 Find the maximum moment for the sheet pile from 

Figure 3-3, which occurs where the shear, v, is equal to 

zero. 

Mmax = Ra (y + X) - .5(4c - q) x 2 

where: 

X = Ra/ (4c - q) 

19 

(eq 8) 



Figure 3-3 
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3.1.2 Summary of Equations 

Minimum Embedment Depth: 

COHESIVE 
SUBSOIL 

y 

[(4c - q)/6c - l] o2 - 2Ra [(1/6c) - 1/(4c - q)] D 
+ [Ra/(4c - q)] [(Ra/6c) + 2y] = O (eq 3-1) 
D = Minimum pile embedment depth 
H = Pile height above dredge line 
hw = Depth to saturated backfill 
Ka= Coefficient of active pressure (eq 2-4) 
~ b = Buoyant density of backfill 

'II' = Wet density of backfill 
Ra= Resultant of ~ctive forces= R1 + R2 + R3 (eq 3-2) 

R1 = .5 'i hw Ka 
R2 = ~ hw Ka (H - hw) 
R3 = .5 ~ b Ka (H - hw)2 

20 



y = Distance from centroid of active forces 
to point of zero shear 

= [R1 (H - .67hw) + .SR2 (H - hw) + .33R3 
X ( H - hw) ] / Ra 

c = Cohesion of subsoil 
q = Effective soil pressure at dredge line 

= ~ hw + ~ b ( H - hw) 

Maximum Bending Moment: 

Mmax = Ra (y + X) - .5(4c - q) x 2 

X = Ra/ ( 4c - q) 

3.1.3 Example Problems 

(eq 3-3) 

(eq 3-4) 

(eq 3-5) 

(eq 3-6) 

Five problems were solved using PILE.4 program, Option 

1 selection. These problems are include in Appendix B, 

Sheets 7 through 11 and results are summarized in Table 4. 

The backfill's friction angle ranged from 30 to 33 

degrees for these problems. Minimum pile depth results 

deviated from the authors' solutions (Bowles 1982 & Das 

1983) of o.o to 0.3 percent (five solutions) and maximum 

moment deviated by o.o percent (two solutions). 

3. 1. 4 Design Graph ( '<{ b = . 5 h' ) 

PILE.4 program, Option 4 selection was used to 

develop Figure 4. Computer computations were in the 

English system and are included in Appendix E. Six 

solutions are summarized on Table 4, for oc.. equals o, 

o.s and 1.0. The backfill's friction angle selected is 28 

and 37 degrees from the graph data. At a zero degree 

21 



backfill slope the cohesion ratio [ (2qu - q)/ '! bKaH] is 

7.67 and 16.18, respectively. 

Minimum pile depth ratio (D/H) results deviated from 

the Teng's graph (USS 1975, Figure 22) by 2.1 to 13.2 

percent and maximum moment ratio (Mmax/ V bKaH3 ) deviated by 

o.o percent. Results are plotted on semi-logarithmic paper 

on Figure 4 as described in Section 2.1.4. 

3.1.S New Graphs ( 'ti b = • 4 ~ , • 6 'if ) 

Two new graphs were developed for various soil 

conditions and water levels. These include Figures 5 and 6 

for a backfill buoyant density of 'ii b = • 4 b" and • 6 b' , 

respectively. 

22 



TABLE 3 
CASE 2 SUMMARY 

OPTION 3 
CANTILEVER STEEL SHEET PILE 

COHESIVE SUBSOIL AND GRANULAR BACKFILL 

FRICTION MINIMUM EMBEDMENT DEPTH, D BACKFILL ACTIVE FORCE, R. 
PROBLEM REF SYSTEM ANGLE TEXT (1) PILE.4 DEVIATION TEXT (1) PILE.4 DEVIATION 

13-2A 1 S.I. 30° (2) 2.72m 2.73m 0.0% 82.6 kN/m 82.7 kN/m 0.0% 

ex6.2 2 S.I. 32° 2.13m 2.14 m 0.0% 52.2 kN/m 52.2 kN/m 0.0% 

13-8A 1 English 300 (2) 12.91 ft 12.95ft 0.3% 8,300 lbs/ft 8,312 lbs/ft 0.1 % 

13-80 1 S.I. 330 (2) 1.84m 1.84m 0.0% 113.2 kN/m 113.1 kN/m 0.0% 

6.7 2 S.I. 30° 7.00m 7.01 m 0.0% NA 99.3 kN/m --

Notes: 
1. These answers are from the referenced text books. 
2. The wall friction Is 17 degrees for this problem. 

References: 
1. Bowles, Joseph E. 1982, Foundation Analysis and Design, 3rd edition. 
2. Das, Braja 1983, Advan~d Foundation Design. 

MAXIMUM MOMENT, Mmax 
TEXT (1) PILE.4 DEVIATION 

NA 198.8 kN-m/m --
103.6 kN-m/m 103.6 kN-m/m 0.0% 

NA 86,445 ft-lbs/ft --
NA 314.0 kN-m/m --

367.0 kN-m/m 367.2 kN-m/m 0.0% 



TABLE 4 
CASE 2 SUMMARY 

OPTION 4 
CANTILEVER STEEL SHEET PILE 

COHESIVE SUBSOIL AND GRANULAR BACKFILL 

oC COHESION FRICTION DEPTH RATIO MOMENT RATIO 
RATIO RATIO ANGLE GRAPH (1) PILE.4 DEVIATION GRAPH (1) PILE.4 

0 9.0 30° 0.30 0.34 13.3% 0.18 

0 1.0 30° 1.50 1.34 -10.6 % 0.29 

0.5 9.0 30° 0.45 0.47 4.4% 0.35 

0.5 1.0 30° 2.45 2.13 -13.0 % 0.69 

1.0 9.0 30° 0.48 0.49 2.1 % 0.39 

1.0 1.0 30° 2.72 2.36 -13.2 % 0.83 

Notes: 
1. oe Ratio = &' J ~ = Buoyant Density/ Wet Density 
2. Cohesion Ratio = (2(l - f-0/ 'i bK.H 
3. Depth Ratio = D/ H = Minimum Pile Embedment Depth/ Pile Height Above Dredge Line 

K. = Coefficient of Active Pressure 
q = Effective Soil Pressure At Dredge Line 
etu = 2 x Subsoil Cohesion 

4. Moment Ratio = Mmax/ "bK.H3 

Mmax = Maximum Moment 

Reference: 
1. United States Steel Corporation, Steel Sheet Piling Design Manual, Figure 22. 

0.18 

0.29 

0.35 

0.69 

0.39 

0.83 

DEVIATION 
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CHAPl'ER 4 

ANCHORED STEEL SHEET PILE, 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 

Three equations will be used to determine the pile 

embedment depth, anchor force and moment for granular 

subsoil and backfill loading conditions. 

4.1 Case 3 

Analysis was performed with program PILE.4, using the 

following minimum pile depth and anchor force equations 

derived in Section 4.1.1 and summarized in Section 4.1.2. 

4.1.1 Derivations 

Determine the pile embedment depth, anchor force and 

moment equations for granular subsoil and backfill loading 

conditions. 

Step 1 Find the unit backfill active force, Pa, at the 

dredge line and depth to zero pressure, a, shown on Figure 

4-1. 

Pa = Ka [ h' hw + ~ b (H - hw)] 

H = Pile height above dredge line 
hw = Depth to saturated backfill 

28 

(eq 1) 



Ka = 
= 

'I{ b = 

" = 

Coe!ficient of active pressure 
tan (45 - l/2) 
Buoyant density of backfill material 
Wet density of backfill material 

a = Pa/ [ 'i b (Kp - Ka)] 

Kp = Coe!ficient of passive pressure 
= tan (45 + ~/2) 

Figure 4-1 

A 
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l GRANULAR 

D SUBSOIL I 
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l 
FI ... Pp -lB 

(eq 2) 

Ro. 

Step 2 Find the unit subsoil passive force, Pp, at the 

bottom of the pile shown on Figure 4-1. 

Pa/ a = Pp/ y 

BUbstitute a 
Pa/ [Pa/ [ ~ b (Kp - Ka)] ] = Pp/ Y 

Pp = ~ b ( Kp - Ka) Y ( eq 3) 

29 



Figure 4-2 
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Step 3 Find the active backfill forces from Figure 4-2. 

Ra= Resultant of active forces= R1 + R2 + R3 + R4 

R 1 = • 5 '( hw 2 Ka 
R2 = Pl (H - hw) 

= 'l( hw Ka ( H - hw) 
R3 = .5N (H - hw) 

N = Pa - Pl 
= " b Ka (H - ~w) 

= . 5 't( b Ka ( H - hw) 
R4 = .5pa a 

l..tep 4 Find the centroid, y, of Ra from Figure 4-2. 

Y = Distance from centroid of active forces to point 
of zero shear 

30 
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y = [R1 (a+ H - .67hw) + R2 [a+ .5(H - hw)l 
+ R3 [a+ .33(H - hw)] + .67R4 a]/ Ra (eq 5) 

step 5 Sum moments about point G on the sheet pile shown 

on Figure 4-1. 

Ra (H + a - y - h1) - Rp (H +a+ .67Y - h1) = 0 

h 1 = Distance of anchor from surface 

Rp = .5 ~ b (Kp - Ka) Y2 

Ra (H + a - y - h1) - .5 ~ b (Kp - Ka) Y2 (H +a+ .67Y 
- h1) = O 

y 3 + l.5(H + a - h1) Y2 - 3Ra (H + a - y - h1)/ [ ~ b (Kp 
- Ka)]= 0 

(eq 6) 

step 6 Find the force in the anchor rod where (hw < H) 

from Figure 4-1. Sum forces in the horizontal direction. 

Ra - T - Rp = 0 

T = Ra - .5 ~ b (Kp - Ka) Y2 (eq 7) 

Step 7 Sum forces in the horizontal direction for the 

sheet pile where (hw < H) from Figure 4-3. 

Spl hw - T + Pl (z - hw) + .SN' (z - hw) = O 

Pl = ~ hw Ka 

(eq 8) 

N' = Pa' - Pl 
= ~ b (z - hw) 

Step 8 Find the maximum moment for the sheet pile where 

(hw < H) from Figure 4-3, which occurs where the shear, 

v, is equal to zero. 

Mmax = T (z - h 1 ) - .sp1 hw (z - .67hw) - .5p1 (z - hw) 
( z - hw) - N ' [ ( z - hw) / 2 ] [ ( z - hw) / 3 ] 
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Mmax = T (z - hi) - .5 'rf hw2 Ka (z3- .67hw) - .5 'd hw Ka 
( z - hw) - ~ b Ka ( z - hw) / 6 

Figure 4-3 

H 

SHEET 
PILE·--

z 

N' I a--------:'---'-'___.------~ 

""""i-im~"'"~~'"""""°--- Po. ' --1 V = 0 

GRANULAR GRANULAR 
D SUBSOIL SUBSOIL 

j 
B 

(eq 9) 

e 

SteQ 9 Sum forces in the horizontal direction for the sheet 

pile where (hw = H) from Figure 4-4. 
5P1' z - T = O 

Pl' = ~ z Ka 

T = .5 'Is' z 2 Ka (eq 10) 

SteR 10 Find the maximum moment for the sheet pile where 

(hw = H) from Figure 4-4, which occurs where the shear, v, 

is equal to zero. 

Mmax = T (z 

Mmax = T (z '6 z 3 Ka/ 6 
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Figure 4-4 
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4.1.2 Summary of Equations 

Minimum Embedment Depth: 

P1' 

V = 
'w'.T. 

C 

GRANULAR 

SUBSOIL 

Y3 + 1.S(H + a - h1) Y2 - 3Ra(H + a - Y - hi) 
/ [ ~ b (Kp - Ka)]= O 

y 

D 
H 
h1 
hw 
Kp 
Ka 
'll'b 

'a' 
a 
Pa 
Ra 

= 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 

Distance from bottom of pile to point 
of zero shear, Y = D - a 
Minimum pile embedment depth 
Pile height above dredge line 
Distance of anchor from surface 
Depth to saturated backfill 
Coefficient of passive pressure 
Coefficient of active pressure 
Buoyant density of backfill 
Wet density of backfill 
Depth to zero pressure 
Unit backfill active force 
Resultant of active forces 

0 

y = Distance from centroid of active forces 
to point of zero shear 

33 
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(eq 4-1) 

(eq 2-2) 

(eq 2-3) 
(eq 2-4) 

(eq 2-5) 
(eq 2-6) 
(eq 2-7) 

(eq 2-8) 



Anchor Pull Force: 

For hw < H: 

T = Ra - .5 ~ b (Kp - Ka) Y2 

For hw = H: 

T = .5 ~ z2 Ka 

z = Distance from surface where shear equals zero 

.5 'd hw 2 Ka - T + 't hw Ka ( z - hw) + • 5 'i b 
x (z - hw) 2 = o 

Maximum Bending Moment: 

For hw < H: 

(eq 4-2) 

(eq 4-3) 

(eq 4-4) 

Mmax = T (z - h1) - .5 ~ hw2 Ka (z - j67hw) - .5 ~ hw 
x Ka (z - hw) 2 - ~ b Ka (z - hw) / 6 

(eq 4-5) 

For hw = H: 

Mmax = T (z - h1) - ~ z 3 Ka/ 6 (eq 4-6) 

4.1.3 Example Problems 

Three problems were solved using PILE.4 program, 

Option 5 selection. These problems are included in Appendix 

B, Sheets 12 through 16 and are summarized on Table 5. 

The backfill 's friction angle ranged from 30 to 32 

degrees for these problems. Minimum pile depth results 

deviated from the authors' solution (Bowles 1982 & Das 1983) 

by o.o percent (three solutions), anchor pull force deviated 
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by 1.6 to 5 percent and maximum moment by 9.8 percent (one 

solution). 

4.1.4 Design Graph ( ~ b = .5 W) 
PILE.4 program, Option 6 selection was used to develop 

Figure · 7. Computer computations were calculated in the 

English system and are included in Appendix E. Six 

solutions are summarized on Table 6, for oC equals o, 0.5 

and 1.0. The backfill's friction angle selected is 28 and 

37 degrees from the graph data. At a zero degree backfill 

slope the Kp/Ka ratios are 7.67 and 16.18, respectively. 

Minimum pile depth ratio (D/H) results deviated from 

Teng's graph (USS 1975, Figure 24) by o.o percent, minimum 

anchor pull ratio (T/ 'tf bKaH2) deviated O. O percent and 

maximum moment ratio (Mmax/ ~ bKaH3 ) deviated by o.o 

percent. Data results are plotted on semi-logarithmic paper 

on Figure 7 as described in Section 2.1.4. 

4.1.5 New Graphs ( 4rf b = • 4 'ti , • 6 4rf ) 

Two new graphs were developed for various soil conditions 

and water levels. These include Figures 8 and 9 for a 

backfill buoyant density of 

respectively. 
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TABLE 5 
CASE 3 SUMMARY 

OPTION 5 
ANCHORED STEEL SHEET PILE 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 
.. ,,...__.., e~-BfT DEPTH D BACKFIU. Ni I IY~ FORCE,, R. IIAXIIIWII llu.1:111, llnax 

PAOBLEII REF 8YS1BI ANGLE TEXTm Pll.E.4 DEVIATION TEXT(1) Pll.E.4 DEVIATION TEXT(1) Pll.E.4 DEVIATION 

13-3 1 Englllh 30• (2) 8.5ft 8.5ft 0.0% 18,8001be,T 18,800I~ 0.0% NA 109,888 lt-lblft --
ex8.3 2 S.l 32° 2.08m 2.02m 0.0% 58.32kN/m 58.35kN/m 0.0% 43.32 kN-m/m 48.03 kN-m/m -9.8')(, 

8.11 2 S.l 30• 4.1 m 4.05m 0.0% NA 204.9kN/m -- NA 338.5 kN-m/m --

Notes: 
1. These answers are from the referenced text books. 
2. The wall friction Is 20 degrees for this problem. 

References: 
1. Bowles, Joseph E. 1982, Foundation Analysis and Design, 3rd edition. 
2. Das, Braja 1983, Advanced Foundation Design. 

PULi .HJ K;t-_ T 
TEXT(1) Pll.E.4 DEVIATION 

9,100I~ 8,910I~ -2.1" 

30.88kN/m 32.4kN/m 5.0% 

114.9 kN/m 113.0kN/m -1 .8% 



TABLE 6 
CASE 3 SUMMARY 

OPTION 6 
ANCHORED SlEEL SHEET PILE 

GRANULAR SUBSOIL AND GRANULAR BACKFILL 

oc: K,J K. FRICTION DEPTH RATIO MOMENT RATIO 
RATIO RATIO ANGLE GRAPH (1] PILE.4 DEVIATION GRAPH (1) PILE.4 DEVIATION 

0 7.67 290 0.42 0.42 0.0% 0.09 0.09 0.0% 

0 16.18 37° 0.25 0.25 0.0% 0.07 0.07 0.0% 

0.5 7.67 290 0.57 0.57 0.0% 0.19 0.19 0.0% 

0.5 16.18 37° 0.33 0.33 0.0% 0.13 0.13 0.0% 

1.0 7.67 290 0.69 0.69 0.0% 0.27 0.27 0.0% 

1.0 16.18 37° 0.39 0.39 0.0% 0.18 0.18 0.0% 

Notes: 
1. oc: Ratio = VJ V = Buoyant Density/ Wet Density 
2. KJ K. Ratb = Passive Coefficient/ Active Coefficient 
3. Depth Ratb = 0/ H = Minimum Pile Embedment Depth/ Pile Height Above Dredge Line 
4. Moment Ratb = Mmax/ 't bK.H3 

Mma,c = Maximum Moment 
5. Anchor Pull Ratb = T/ )/ bt<_H2 

Reference: 
1. United Staes Steel Corporatbn July 1975, Steel Sheet Piling Design Manual, Figure 24. 

ANCHOR PULL RATIO 
GRAPH (1) PILE.4 DEVIATION 

0.33 0.33 0.0% 

0.28 0.28 0.0% 

0.64 0.64 0.0% 

0.54 0.54 0.0% 

0.79 0.79 0.0% 

0.63 0.63 0.0% 
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CHAPTER 5 

ANCHORED STEEL SHEET PILE, 

COHESIVE SUBSOIL AND GRANULAR BACKFILL 

Three equations will be used to determine the 

pile embedment depth, anchor force and moment for cohesive 

subsoil and backfill loading conditions. 

5.1 case 4 

Analysis was performed with program PILE.4, using 

the minimum pile depth equation derived in Section 5.1.1 and 

summarized in Section 5.1.2 

5.1.1 Derivations 

Determine the pile embedment depth, anchor force and 

moment equations for cohesive subsoil and backfill loading 

conditions. 

Step 1 Find the unit backfill active force, Pa, at the 

dredge line shown on Figure 5-1. 

Pa= Ka [ ~ hw + ~ b (H - hw)l 

H 
hw 
Ka 

= Pile height above dredge line 
= Depth to saturated backfill 
= Coe~ficient of active pressure 
= tan (45 - ,12) 

41 

(eq 1) 



~ b = Buoyant density of backfill material 
~ = Wet density of backfill material · 

Figure 5-1 
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Step 2 Find the active backfill forces from Figure 5-2. 

Ra= Result of active forces= R1 + R2 + R3 

R1 = .5 ~ hw2 Ka 
R2 = Pl (H - hw) 

= 4( hw Ka (H - hw) 
R3 = .5N (H - hw) 

N = Pa - Pl 

= .5 
= 't b Ka ( H - hJ) 
"( b Ka ( H - hw) 

Step 3 Find the centroid, y, of Ra from Figure 5-2. 

Y = Distance from centroid of active forces to point 
of zero shear 

42 

(eq 2) 



y = [R1 (H - .67hw) + .5R2 (H - hw) + .33R3 (H - hw)]/ Ra 
(eq 3) 

Figure 5-2 
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Step 4 Sum moments about point G on the sheet pile shown 

on Figure 5-1. 

Ra (H - y - h1) - Rp (.50 + H - h1) = 0 

h1 = Distance of anchor from surface 

Rp = D Pp 

Ra (H - y - h1) - (D Pp) (.5D + H - h1) = 0 

Ra (H - y - h1) - .5D2 Pp - D Pp (H - h1) = 0 

0
2 

+ 2(H - h1) D - 2Ra (H - y - h1)/ Pp= 0 

43 

(eq 4) 



step 5 Find the force in the anchor rod where (hw < H) from 

Figure 5-1. Sum forces in the horizontal direction. 

Ra - T - Rp = 0 

T = Ra - Rp 
= Ra - D Pp 

c = Cohesion of subsoil 
q = 'I hw + ~ b (H - hw) 
Pp= 4c - q 

(eq 5) 

step, Sum forces in the horizontal direction for the sheet 

pile where (hw < H) from Figure 5-3. 

Figure 5-3 
A 

z 
H 

I--------------

D 

I 
COHESIVE 
SUBSOIL 

B 

_,I L 

COHESIVE 
SUBSOIL 

• 5P1 hw - T + Pl (z - hw) + .5N' (z - hw) = 0 

Pl = ~ hw Ka 

44 

V = 0 - e 

(eq 6) 



Pa= Ka [ ~ hw + ~ b (z - hw)J 
N' = Pa' - Pl 

= 'If b (z - hw) 

step 7 Find the maximum moment for the sheet pile where 

(hw < H) from Figure 5-3, which occurs where the shear, v, 

is equal to zero. 

Mmax = T (z - h1) ~ .5p1 hw (z - .67hw) - .5p1 (z - hw) 2 

- N' [(z - .67hw)/ 2] [(z - .67hw)/ 3] 

Mmax = T (z - h¼) - .5 ~ hw2 Ka (z 3- .67hw) - .5 hw Ka 
(z - hw) - ~ b Ka (z - hw) / 6] 

Step 8 Sum forces in the horizontal direction for the 

sheet pile where (hw = H) from Figure 5-4. 

Figure 5-4 
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.5p1' z - T = 0 

Pl' = 'tf Z Ka 

T = .5 ~ z2 Ka (eq 8) 

Step 9 Find the maximum moment for the sheet pile where 

(hw = H) from Figure 5-3, which occurs where the shear, v, 

is equal to zero. 

Mmax = T (z - h1) - .5 ~ z2 Ka (z/3) 

Mmax = T (z - h1) - H z3 Ka/ 6 

5.1.2 Summary of Equations 

Minimum Embedment Depth: 

D2 + 2(H - h1) D - 2Ra (H - Y - h1)/ Pp= 0 

D = 
H = 
h1 = 
hw = ~= 
~ b = 

'I{ = 
Pa= 
Ra= 
y = 
C 
q 

= 
= 

Pp= 
= 

Minimum pile embedment depth 
Height of pile above dredge line 
Distance of anchor from surface 
Depth to dredge line 
Coefficient of passive pressure 
Coefficient of active pressure 
Buoyant density of backfill 
Wet density of backfill 
Unit backfill active force 
Resultant of active forces 
Distance from centroid of active forces 
to point of zero shear 
Cohesion of subsoil 
Effective soil pressure at dredge line 
Unit subsoil passive force 
4c - q 

Anchor Pull Force: 

For hw < H: 

T = Ra - D Pp 

46 

(eq 9) 

(eq 5-1) 

(eq 2-3) 
(eq 2-4) 

(eq 2-6) 
(eq 3-2) 

(eq 3-3) 

(eq 3-4) 

(eq 5-2) 

(eq 5-3) 



For hw = H: 

T = .5 't1 z2 Ka 

Maximum Bending Moment: 

For hw < H: 

Mmax = T (Z - h1) - .5 ~ hw2 Ka (Z - .67hw) - .5 
x ~ hw Ka (z - hw) 2 - ~ b Ka (z - hw) 3/ 6 

z = Distance from surface where shear 
equals zero 

.5 ~ hw2 Ka - T + ~ hw Ka (z - hw) + .5 ~ b 
X (Z - hw) 2 = 0 

For hw = H: 

Mmax = T (z - h1) - ~ z 3 Ka/ 6 

5.1.3 Example Problems 

(eq 5-4) 

(eq 5-5) 

(eq 4-4) 

(eq 5-6) 

Three problems were solved using PILE.4 program, Option 

7 selection. These problems are include in Appendix B, 

Sheets 16 through 19 and results are summarized on Table 7. 

The backfill 's friction angle ranged from 30 to 33 

degrees for these problems. Minimum pile depth results 

deviated from the author's solutions (Das 1983) of 0. 0 to 

6.6 percent (three solutions) and anchor pull force 0.1 to 

6.4 percent. The maximum moment was not calculated by the 

author. 
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5. 1. 4 Design Graph ( 'l/ b = • 5 'Ii ) 

PILE.4 program, Option 8 selection was used to develop 

Figure 10. Computer computations were calculated in the 

English system and are included in Appendix F. Six 

solutions are summarized on Table 8, for oe. equals o, 0.5 

and 1.0. The backfill's friction angle selected is 28 and 

37 from the graph data. At a zero degree backfill slope the 

cohesion ratio [(2qu q)/ 'li bKaH] are 7.67 and 16.18, 

respectively. 

Minimum pile depth ratio (D/H) results deviated from 

the Teng's graph (USS 1975, Figure 26) by o.o percent, 

minimum anchor pull 

moment ratio (Mmax/ 

deviated by o. o percent and maximum 

h' bKa x H3 ) deviated by o. o percent. 

Data results are plotted on semi-logarithmic paper on Figure 

10 as described in Section 2.1.4. 

5.1.5 New Graphs ( h' b = • 4 b' , • 6 &' ) 

Two new graphs were developed for various soil 

conditions and water levels. These include Figures 11 and 

12 for a backfill buoyant density of Vb = • 4 ~ and • 6 ~, 

respectively. 
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TABLE 7 
CASE 4 SUMMARY 

OPTION 7 
ANCHORED STEEL SHEET PILE 

COHESIVE SUBSOIL AND GRANULAR BACKFILL 

FRK:TION IIIIIMUM EMBEDMENT DEPTH, D BACKAU. ACTIVE FORCE. R MAXIMUM MOMENT, llmu 
PROBI..EII REF 8YSTEII ANGLE TEXT(1) PILE.4 DEVIATION TEXT (1) PILE.4 DEVIATION TEXT (1) PILE.4 DEVIATION 

13-4 1 S.I. 30• (2) 1.1 m 1.1 m 0.0% ~82.2 kN/m 182.2 kN/m 0.0% NA 180.7 kN-m/m --
13-12A 1 Englilh 30• U5ft Ulft 8.8% NA 8,312 lbslft -- NA 20,380 ft-lbalft --
13-12D 1 S.I. 33• (2) 0.1 m 0.1 m 0.0% NA 113.1 kN/m -- NA 73.9kN-m/m --

Notes: 
1. These answers are from the referenced text books. 
2. The wall friction Is 17 degrees for this problem. 

Reference: 
1. Das, Braja 1983, Advanced Foundation Design. 

ANCHOR PUU. FORCE. T 
TEXTm PILE.4 DEVIATlON 

71 .2 kN/m 71.3 kN/m 0.1 % 

3,9001bttt11 3,7551ba/ft 3.7% 

51.0 kN/m 47.7 kN/m 8.4 % 



TABLES 
CASE 4 SUMMARY 

OPTIONS 
ANCHORED STEEL SHEET PILE 

COHESIVE SUBSOIL AND GRANULAR BACKFILL 

oc ~OHESION FRICTION DEPTH RATIO MOMENT RATIO 
RATIO RATIO ANGLE GRAPH (1 1 PILE.4 

0 6.0 ~ 0.05 0.05 

0 0.1 ~ 1.42 1.42 

0.5 6.0 ~ 0.07 0.07 

0.5 0.1 ~ 1.97 1.97 

1.0 6.0 ~ 0.09 0.09 

1.0 0.1 ~ 2.23 2.23 

Notes: 
1. or; Ratio= V JV = Booyant Density/Wet Density 
2. Cohesion Ratio = (2clu - q)/ V bK.H 

K. = Coefficient of Active Pressure 
q = Effective Soil Pressure At Dredge Line 
<1u = 2 x Subsoil Cohesion 

DEVIATION GRAPH (1) PILE.4 

0.0% 0.04 0.04 

0.0% 0.11 0.11 

0.0% 0.08 0.08 

0.0% 0.209 0.209 

0.0% 0.10 0.10 

0.0% 0.26 0.26 

3. D~h Ratio = DI H = Minimum Pile Embedment D~h/ Pile Height Above Droctge Line 
4. Moment Ratio = Mmax/ V bt<_H3 

5. Anchor Pull Ratio = T/ 't bt<_H2 

T = Anchor Pull Force 

Reference: 
1. United States Steel Corporation July 1975, Steel Sheet Piling Design Manual, Figure 26. 

DEVIATION 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

ANCHOR PULL RATIO 
GRAPH (1) PILE.4 DEVIATION 

0.23 0.23 0.0% 

0.36 0.36 0.0% 

0.43 0.43 0.0% 

0.68 0.68 0.0% 

0.47 0.47 0.0% 

0.78 0.78 0.0% 
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CHAPTER 6 

SUMMARY 

Twelve graphs were developed to simplify the design of 

cantilever and anchored sheet piles. Complex derivations 

and their reduced equations are presented in this thesis for 

reference. These graphs will minimize the time and greatly 

improve the accuracy of sheet pile design. Graphical 

results are presented on Figures 1 through 12 in preceding 

sections. The practicing engineer can determine the pile's 

minimum embedment depth, anchor pull force and maximum 

moment. The time savings will allow the designer to spend 

time more productively evaluating different soil loading 

conditions and analyzing the cost of these alternatives. 

Four cases for sheet piles were analysed which include: 

• Cantilever with granular backfill and granular subsoil; 

• Cantilever with granular backfill and cohesive subsoil; 

• Anchored with granular backfill and granular subsoil; 
and, 

• Anchored with granular backfill and cohesive subsoil. 

54 



--------------
The practicing engineer could also utilize the PILE.4 

program included in Appendix G. Individual problems can be 

evaluated by the designer with an optional spreadsheet 

printout for inclusion into any calculation brief. 
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APPENDIX A 

PILE.4 PROGRAM 



10 'NOVEMBER 1, 1991 PILE.4 
20 1 JOSEPH F. STOCK, JR., PE 

30 ' 
40' 2253 SUNSHINE PLACE 
50 1 COLUMBUS, OHIO 43232 
60 • 614-575-9126 

70 ' 
80 I 

90 • YOUNGSTOWN STATE UNIVERSITY 
100 1 ENGINEERING GRADUATE THESIS 

110 ' 
120' DR. JOHN CERNICA-PROFESSOR 

130 'PILE.4 
140 'BASIC PROGRAMMING 

150' 
160 'OPTIONS 1 AND 2 
170 •CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL WITH GRANULAR BACKFILL: 
180 'USING CERNICA/DAS' EQUATION FOR DEPTH 
190 'USING CERNICA'S EQUATION FOR MOMENT 
200 ' 
210 'OPTIONS 3 AND 4 
220 •CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL WITH GRANULAR BACKFILL: 
230 'USING CERNICA/BOWLES/DAS' EQUATION FOR DEPTH 
240 'USING CERNICA/DAS' EQUATION FOR MOMENT 

250 ' 
260 1 OPTIONS 5 AND 6 
270 1 ANCHOR SHEET PILE EMBEDDED IN GRANULAR SUBSOIL WITH GRANULAR BACKFILL·: 
280 'USING CERNICA/BOWLES/DAS' EQUATION FOR DEPTH 
290 'USING CERNICA/DAS' EQUATION FOR MOMENT 
300 ' 
310 'OPTIONS 7 AND 8 
320 'ANCHOR SHEET PILE EMBEDDED IN COHESIVE SUBSOIL WITH GRANULAR BACKFILL: · 
330 'USING CERNICA/BOWLES/DAS' EQUATION FOR DEPTH 
340 'USING CERNICA/DAS' EQUATION FOR MOMENT 
350 NSL=0: PRC=O 
310 I 

370 1 

310 COU>R 15,1,1 
3to CIB 
400 PRINT TAB ( 2 4) "INTERACTIVE COMPUTER PROGRAMS" 
410 PRINT TAB ( 24)" . FOR" 

: 20 PRINT TAB ( 25) "FLEXIBLE SHEET PILE DESIGN": PRINT 
.:: PRINT TAB ( 2 6) "BY: JOSEPH F. STOCK, JR. " : PRINT 
t PRINT TAB(3l)"NOVEMBER 1991":PRINT 
.:: PRINT TAB(l5) "SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS" 

470 =NT TAB ( 15) "FOR A MASTER OF SCIENCE DEGREE IN CIVIL ENGINEERING": PRINT 
4IO Pal NT TAB(25) "YOUNGSTOWN STATE UNIVERSITY" 
tto I NT : PRINT : PRINT : PRINT 

, PRINT "REFERENCES: ": PRINT 
PRINT "l. 'STEEL SHEET PILING DESIGN MANUAL', BY UNITED STATES STEEL, JULY 



1975." :PRINT 

510 •PRINT "2. 'GEOTECHNICAL ENGINEERING', BY JOHN CERNICA, PHO, PE, 1982.":PRI 

NT 
520 'PRINT "J. 'FOUNDATION ANALYSIS AND DESIGN, 3RD EDITION', BY J.E. BOWLES, l 

982." : PRINT 

530 •PRINT "4. 'PRINCIPLES OF FOUNDATION ENGINEERING', BY BRAJA M. DAS, 1984.": 
pJtINT : PRINT 
540 INFUT "PRESS RETURN KEY TO CONTINUE!", PRC 
550 IF PRC=O THEN 560 EISE 2810 
560 CI.S: LOCATE 5, l: PRINT "GENERAL DESCRIPTION": PRINT 

570 PRINT "THIS PROGRAM WAS DEVELOPED TO ANALYSE BACKFILL SOIL PRESSURES AND TO 
DESIGN FLEXIBLE SHEET PILES." 
580 LOCATE 2 0, l: INPUT "PRESS RETURN KEY TO CONTINUE! " , PRC 
590 IF PRC=O THEN 600 EISE 2810 

600 CI.S 

610 ' 
620 PRINT "SHEET PILE DESIGN OPTIONS":PRINT:Z=O 
630 PRINT "l. CALCULATE MINIMUM DEPTH AND MAXIMUM MOMENT OF A CANTILEVER" 
640 PRINT " PILE EMBEDDED IN GRANULAR SOIL, WITH GRANULAR BACKFILL." 
650 PRINT "2 • DEVELOP GRAPH OF A CANTILEVER PILE EMBEDDED IN GRANULAR " 
660 PRINT " SOIL, WITH GRANULAR BACKFILL." 
670 PRINT "3. CALCULATE MINIMUM DEPTH AND MAXIMUM MOMENT OF A CANTILEVER" 
680 PRINT " PILE IN COHESIVE SOIL, WITH GRANULAR BACKFILL." 
690 PRINT "4. DEVELOP GRAPH FOR A CANTILEVER :PILE EMBEDDED IN COHESIVE " 
700 PRINT " SOIL, WITH GRANULAR BACKFILL." 
710 PRINT "5. CALCULATE MINIMUM DEPTH AND MAXIMUM MOMENT OF AN ANCHORED " 
720 PRINT " 
730 PRINT "6 • 

PILE EMBEDDED IN GRANULAR SOIL, WITH GRANULAR BACKFILL." 
DEVELOP GRAPH OF AN ANCHORED PILE EMBEDDED IN GRANULAR SOIL, " 

740 PRINT " WITH GRANULAR BACKFILL." 
750 PRINT "7 • CALCULATE MINIMUM DEPTH AND MAXIMUM MOMENT OF AN ANCHORED 
1,0 PRINT " PILE EMBEDDED IN COHESIVE SOIL, WITH GRANULAR BACKFILL." 
770 PRINT "8. DEVELOP GRAPH OF AN ANCHORED PILE EMBEDDED IN COHESIVE SOIL, " 
710 PRINT " WITH GRANULAR BACKFILL." 
790 PRINT "9. QUIT": PRINT 
100 INPUT"SELECT OPTION l THROUGH 9:", SOT 
110 IF SOT=l THEN 900 
120 IF SOT=2 THEN 5160 
ll0 IP SOT-3 THEN 9 00 
'40 IF SOT•4 THEN 67 6 O 
ISO IP SOT•S THEN 900 
Mo IP SOT-6 THEN 5160 
no Ir SOT•7 THEN 900 
• 0 IP SOT-a THEN 6760 
Ito G0To 800 
... I 

110 I 

tao I 
IJo I OPTIONS 1, 3, 5 AND 7 
Ito , 

ClD-O:WLT=O: CLS 



960 INPUT "1. FILE NO. 

970 INPUT "2. 
980 INPUT "J • 
990 INPUT •4. 
1000 INPUT "5 • 
1010 INPUT "6. 
1020 INPUT •1. DESIGNER 
l030 INPUT •9. DATE 
1040 INPUT "CHANGE ANY DATA? 
1050 IF CAD=O THEN 1240 

•:REC$ 
":CY$ 
":PT$ 
•:SE$ 

":CO$ 
•:TP$ 
•:DR$ 
":DE$ 

(ENTER O•NO, l=YES)",CAD 

1060 INPUT "WHICH LINE TO BE REVISED" :WLT 
1070 IF WLT=l THEN 1080 ELSE 1090 

1080 INPUT REC$ 
1090 IF WLT=2 THEN 1100 ELSE 1110 
1100 INPUT CY$ 
1110 IF WLT=J THEN 1120 ELSE 1130 

1120 INPUT PT$ 
1130 IF WLT=4 THEN 1140 ELSE 1150 
1140 INPUT SE$ 
1150 IF WLT=5 THEN 1160 ELSE 1170 
1160 INPUT CO$ 
1170 IF WLT=6 THEN 1180 ELSE 1190 
1180 INPUT TP$ 
1190 IF WLT=7 THEN 1200 ELSE 1210 
1200 INPUT DR$ 
1210 IF WLT=8 THEN 1220 ELSE 1040 
1220 INPUT DE$ 
1230 GOTO 1040 
1240 IF SOT=l THEN 1280 
1250 IF SOT=3 THEN 8500 
1260 IF SOT=5 THEN 1280 
1270 IF SOT=7 THEN 8500 
1280 ' 
1290 • 
1300 • 
1310 • 
1320 • 
1330 GOSUB 1350 

OPTIONS 1 AND 5 (CONTINUED) 

1340 G0To 2490 
1350 • 
1360 ' 
1370 • 
Ulo • 
llto , OPTIONS 1, J, 5 AND 7 (CONTINUED) 

lt: IlfPOT •ENGLISH(O) OR METRIC(l) 
._... IP EHG-1 THEN 1440 -.o' 

SYSTEM":ENG 

io Il1POT .. 1 . 

0 IlfPOT " l . 
lJIPOT "2. 

INPUT SOIL TEST DATA 
BACKFILL WET DENSITY (PCF)":BWD:GOTO 1450 
BACKFILL WET DENSITY (kN/CUBIC METER)":MBWD:GOTO 1460 
BACKFILL BUOYANT DENSITY (PCF)":BBD:GOTO 1470 



1
460 INPUT "2. BACKFILL BUOYANT DENSITY (kN/CUBIC METER)";MBBO 

1470 INPUT "3. BACKFILL FRICTION ANGLE (DEGREES)" ;BFA 
l480 INPUT "4. WALL FRICTION ANGLE (DEGREES)"; BBB 
1490 IF ENG=l THEN 1510 
l500 INPUT "5. HEIGHT OF BACKFILL (FEET)";HHB:GOTO 1520 
1510 INPUT "5. HEIGHT OF BACKFILL (METERS)" ;MHHB 
l520 INPUT "6. SLOPE OF BACKFILL'S GROUND LINE (DEGREES)" ;SOB 
1530 IF ENG=l THEN 1550 
l540 INPUT "7. GROUND WATER DEPTH (FEET)";GWO:IF SOT-3 THEN 1580 EL.SE 1560 
1550 INPUT "7. GROUND WATER DEPTH (METERS)";MGWO:IF SOT-3 THEN 1580 EL.SE 1570 
1560 INPUT "8. UNIFORM SURCHARGE LOAD (PSF) ";SURL:GOTO 1580 
1570 INPUT "8. UNIFORM SURCHARGE LOAD (kN/SMETER)";MSURL:GOTO 1580 
1580 PRINT :PRINT "WALL FRICTION ANGLES" 
1590 PRINT" (STEEL SHEET PILES AGAINST:)" 
1600 PRINT "o CLEAN GRAVEL, -GRAVEL-SANO MIXTURE• 22 DEGREES" 
1610 PRINT "o CLEAN SANO, SILTY SANO-GRAVEL MIXTURE= 17 DEGREES" 
1620 PRINT "o SILTY SANO, GRAVEL OR SAND MIXED" 
1630 PRINT" WITH SILT OR CLAY= 14 DEGREES" 
1640 PRINT "o FINE SANDY SILT, NON-PLASTIC SILT= 11 DEGREES" 
1650 INPUT "CHANGE ANY DATA? (ENTER O=NO, l•YES) ",CAD 
1660 IF CAO=O THEN 2170 
1670 INPUT "WHICH LINE TO BE REVISED" ;WLT 
1680 IF ENG=l THEN 1720 
1690 IF WLT=l THEN 1700 EL.SE 1750 
1700 INPUT BWD 
1710 GOTO 1650 
1720 IF WLT=l THEN 1730 EL.SE 1780 
173 0 INPUT MBWD 
1740 GOTO 1650 
1750 IF WLT=2 THEN 1760 EL.SE 1810 
1760 INPUT BBD 
1770 GOTO 1650 
1780 IF WLT=2 THEN 1790 EL.SE 1840 
1790 INPUT MBBD 
1800 GOTO 1650 
1810 IF WLT=3 THEN 1820 EL.SE 1870 
1820 INPUT BFA 
1830 GOTO 1650 
1840 IF WLT=3 THEN 1850 EL.SE 1900 
1850 INPUT BFA 
1860 GOTO 1650 
1870 IF WLT=4 THEN 1880 EL.SE 1930 
l880 INPUT BBB 
1890 GOTO 1650 
1900 IF WLT=4 THEN 1910 EL.SE 1960 
19lO INPUT BBB 
1920 GOTO 1650 
1930 IF WLT=5 THEN 1940 EL.SE 1990 
1940 INPUT HHB 
1950 GOTO 1650 



1960 IF WLT=5 THEN 1970 E~E 2020 
197 0 INPUT MHHB 
1980 GOTO 1650 
1990 IF WLT=6 THEN 2000 E~E 2050 
2000 INPUT SOB 
2010 GOTO 1650 
2020 IF WLT=6 THEN 2030 E~E 2080 

2030 INPUT SOB 
2040 GOTO 1650 
2oso IF WLT=7 THEN 2060 E~E 2110 
2060 INPUT GWD 
2070 GOTO 1650 
2080 IF WLT=7 THEN 2090 E~E 2140 
2090 INPUT MGWD 
2100 GOTO 1650 
2110 IF WLT=8 THEN 2120 E~E 1650 
2120 INPUT SURL 
2130 GOTO 1650 
2140 IF WLT=8 THEN 2150 E~E 1650 
2150 INPUT MSURL 
2160 I 

2170 IF ENG=O THEN 2230 
2180 BWD=MBWD*6.368 
2190 BBD=MBBD*6.368 
2200 HHB=MHHB*3. 28 
2210 GWD=MGWD*3. 28 
2220 SURL=MSURL*20.89 
2230 PRINT :PRINT "SELECT COULOMB OR RANKINE EQUATION FOR Ka AND Kp":PRINT 
2240 PRINT "SELECT Ka AND Kp. EITHER •cou• OR 'RAN'" 
2250 PRINT :PRINT :INPUT "USE •cou• (ENTER O=NO, l=YES)";SEL 
2260 IF SEL=l THEN 2300 E~E 2270 
2270 IF SEL=O THEN 2430 E~E 2280 
2280 1 BOTH COULOMB AND RANKINE 
2290 GOTO 2230 
2300 1 COULOMB ONLY 
2310 SINA=(SIN( (90+BFA) *3 .14159/180)) •2 : 1 COUMOMB' S EQUATION CONSIDERS THE WAL 
L PRlCTION ANGLE. 
2320 SINB=(SIN( (90-BFA) *3 .14159/180)) •2 
2330 SINC-=SIN ( (90-BBB) *3 .14159/180) 
2340 SINO-SIN ( (90+BBB) *3 .14159/180) 
2350 SINE•SIN ( (BFA+BBB) *3 .14159/180) 
2310 SINF•SIN ( (BFA-SOB) *3 .14159/180) 
2370 SING=SIN ( (BFA+SOB) *3 .14159/180) 
: 3IO SIHH•SIN ( (90+SOB) *3 .14159/180) 

2!tO IA•SINA/(SINC*(l+SQR((SINE*SINF)/(SINC*SINH))) .. 2):'REFERENCE 3, EQ 11-3 
34~: IP-SINB/(SIND*(l-SQR( (SINE*SING)/(SIND*SINH))) ·2): 'REFERENCE 3, EQ 11-6 
a C0To 2480 
420 C0To 2480 

2430 'RANn 24
40 

NE ONLY 
C0SA•COS(SOB*3.14159/180):' COUMOMB'S EQUATION CONSIDERS THE WALL FRICTION 



ANGLE. 
2450 COSB=COS(BFA*J.14159/180) 
2460 KA•COSA*(COSA-(COsA·2-coss·2)·.s)/(COSA+(COSA·2-cosB·2)·.s): 1REFERENCE 3, E 

Q 11-7 
2470 KP=COSA*(COSA+(COSA·2-cosB·2)·.s)/(COSA-(COSA·2-cosB·2)·.s): 1REFERENCE 3, E 

Q 11-9 
2480 RETURN 
2490 I 

2500 ' 
2510 I 

2520 1 OPTIONS 1 AND 5 (CONTINUED) 

2530 0=.2*HHB:JON=O 

254 0 N=O : NN=O 

2550 RG=GWD*SURL*KA 
2560 IF GWD=O THEN 2590 
2570 PA•KA*(BWD*GWD+BBD*(HHB-GWD))+RG/GWD:' Pa 

2580 GOTO 2600 
2590 PA=KA* (BWD*GWD+BBD* (HHB-GWD)):' Pa 
2600 A•PA/ (BBD* (KP-KA)) : 1 a 
2610 RC=.S*BWD*GWD.2*KA+RG: 1 Rl 
2620 IF GWD=O THEN 2650 
2630 M=BWO*GWD*KA+RG/GWD: 1 Pl 
2640 GOTO 2660 
2650 M•BWD*GWD*KA 
2660 RD=M* (HHB-GWD): 1 R2 
2670 RE=PA*. S*A:' R4 
2680 N•PA-M 
2690 RF=.S*N*(HHB-GWD):' RJ RF=.S*BBD*KA*(HHB-GWD) •2 
2700 RA=RC+ RD+ RE+ RF 
2710 MGWD=GWD/3. 28 
2720 MRC=RC*3. 28/224. 8 
2730 MRD=RD*3. 28/224. 8 
2740 MRF=RF*3. 28/224. 8 
2750 MRA•RA*J. 28/224. 8 
2760 MRE•RE*J. 28/224. 8 
2770 YY•(RC*(A+HHB-GWD*2/3)+RD*(A+.S*(HHB-GWD))+RE*(2*A/3)+RF*(A+(HHB-GWD)*l/3)) 
Ill: I y . . 
2'10 IF SOT=S THEN 2990 
2790 1 OPTION 1 (CONTINUED) 
2IOO CU:LOCATE 10,20:PRINT"THINKING" 
2110 G0To 2 8 3 O 
2120 D-D+. l 

!!!0 lDcATE 12 , 2 0: PRINT JON 
... o Y•D-A 

::: n-aao• (KP-KA) *Y: , Pp 
117o IIILA• (BWD*GWD+BBD* (HHB-GWD) ) *KP 
-- IIILB-BBD*D*(KP-KA) 

pPt,.MELA+MELB. I Pp I 
0 I • 

l-(PP•Y-2*RA)/(PP+PPL):' Z 
0-PP/Y 



2910 MM=Y"3-2*RA*Y"2/PPL-6*RA*((l/C)+YY/PPL)*Y-(2*RA/(C*PPL))*(3*PPL*YY+2*RA):' 
DEVIVATION 6 

2920 1MM=6*RA*(Y+YY)-PP*Y"2+(PP+PPL)*ZB"2:' DERIVATION l 
2930 JON=l+JON 
2940 IF MM<O THEN 2820 
2950 XDIST=SQR(2*RA/(BBD*(KP-KA))) 
2960 MMAX=RA* (YY+ ((2/3) *XDIST)) 
2970 XX=QQQ-GWD 
2980 GOTO 3320 
2990 1 OPTION 5 (CONTINUED) 
3000 IF ENG=l THEN 3020 
3010 INPUT"ANCHOR DEPTH FROM SURFACE (FEET)" ;LL:GOTO 3030 
3020 INPUT"ANCHOR DEPTH FROM SURFACE (METERS)" ;MLL 
3030 INPUT "CHANGE ANY DATA? (ENTER O=NO, l=YES)",CAD 
3040 IF CAD=l THEN 3000 
3050 IF ENG=l THEN 3 09 0 
3060 MLL=LL/3. 28 :CLS:LOCATE 10, 20: PRINT "THINKING" :GOTO 3110 
3070 1 IF CAD=l THEN 2760 

3080 ' 
3090 CLS: LOCATE 10, 20: PRINT"THINlCING METRIC": LL=MLL*J. 28 
3100 I 

3110 0-D+. 05: Y=D-A 
3120 MM=Y"3+1.S*Y"2*(HHB+A-LL)-3*RA*(HHB+A-YY-LL)/(BBD*(KP-KA)) 
3130 JON=JON+l: LOCATE 12, 20: PRINT JON 
3140 IF MM<O THEN 3110 
3150 GAM=GWD/HHB 
3160 F•RA-. 5*BBD* (RP-KA) *Y"2 
3170 MF=F*J. 28/224. 8 
3180 IF GAM<l THEN 3260 
3190 BON=O:JOE=O: Z=GWD*. 5 :GOTO 3210 
3200 Z•Z+. 05 
3210 JOE=-F+.S*BWD*Z"2*KA 
3220 BON=BON+l: LOCATE 14, 20: PRINT BON 
3230 IF JOE<O THEN 3200 
3240 MMAX=F* (Z-LL)-. S*BWD*Z "2*KA* (Z*. 33) 
1250 GOTO 3320 
3260 BON•O: JOE=O: Z=GWD: GOTO 3 2 8 0 
3270 Z•z+.05· 
3210 JOE•-F+. 5*M*GWD+M* (Z-GWD) +. S*KA*BBD* (Z-GWD) "2 
3210 BON•BON+l:LOCATE 14,20:PRINT BON 
33oo IF JOE<O THEN 3270 

lllO IDIAX=F*(Z-LL)-.S*BWD*GWD"2*KA*(Z-.67*GWD)-.S*BWD*GWD*KA*(Z-GWD)"2-BBD*KA*(Z 
11D)"3/6 

!320 
IIMMAx=MMAX/224. 8 1 OPTIONS 1 AND 5 

~:: IIBWD-BWD/ 6. 3 68 
bSO l'RATIO=F/ (BBD*KA*HHB"2) 

IO l'RATIO•INT(lOO*(FRATio+.005))/100 
b7o IIBBD-BBD/6. 368 
13eo ICOH•COH/ 2 0. 8 9 

IIIIHB-HHB/3.28 



3390 MD=D/3. 28 
3400 MYY=YY/3. 28 
3410 MA=A/3. 28 
3420 MZB=ZB/3.28 
3430 MZ=Z/3.28 
3440 GAM=GWD/HHB 
3450 ORA=D/HHB:' DEPTH RATIO 
3460 KPKA=KP/KA 
3470 MRATIOzMMAX/(BBD*KA*HHB.3) 
3480 MPP&PP/20.89 
3490 MPPL=PPL/20.89 
3500 MPA=PA/20.89 
3510 MSURL=SURL/20.89 

3520 ' 
3530 MXDIST=XDIST/3.28 
3540 MBWO=INT(l00*(MBWD+.005) )/100 
3550 BWD=INT(lOO*(BWD+.005))/100 
3560 MBBD=INT(lOO*(MBBD+.005))/100 
3570 BBD=INT(lOO*(BBD+.005))/100 
3580 MCOH=INT(lOO*(MCOH+.005))/100 
3590 MHHB=INT(lOO*(MHHB+.005) )/100 
3600 SURL=INT(lOO*(SURL+.005))/100 
3610 MSURL=INT(lOO*(MSURL+.005))/100 
3620 MGWO=INT(lOO*(MGWD+.005))/100 
3630 MD=INT ( 100* (MD+. 005) ) /100 
3640 MYY•INT(lOO*(MYY+.005))/100 
3650 MZB=INT ( 100* (MZB+. 005)) /100 
3660 MMMAX=INT ( 100* (MMMAX+. 005) ) /100 
3670 MRC=INT ( 100* (MRC+. 005)) /100 
3680 MRD=INT ( 100* (MRD+. 005)) /100 
3690 MRF=INT ( 100* (MRF+. 005)) /100 
3700 MRE=INT ( 100* (MRE+. 005)) /100 
3710 MRA=INT(lOO*(MRA+.005) )/100 
3720 RA•INT ( 10* (RA+. 05)) /10 
3730 YY•INT(lOO*(YY+.005) )/100 
3740 KPKA=INT(lOO*(KPKA+.005) )/100 
3750 MRATIO=INT(lOO*(MRATI0+.005) )/100 
3710 DRA•INT ( 100* (ORA+. 005) ) / 100 
3770 IIPP.INT ( 100* (MPP+. 005)) /100 
3710 IIPPL-INT ( 100* (MPPL+. 005) ) /100 
37tO IIPA•INT ( 100* (MPA+. 005)) /100 
3100 IIA•INT(lOO*(MA+.005) )/100 
:lo PA•INT(lOO*(PA+.005) )/100 .:o RC-INT(lO*(RC+.05) )/10 

O IIH•INT(lO*(NN+.05))/10 
.: P.INT(lO*(F+.05) )/10 

IIP-INT(lO*(MF+.05))/10 
O LL-INT(lO*(LL+.05) )/10 

O ::-INT(lO*(MLL+.05) )/10 
INT(lO*(RD+.05))/10 



3890 GAM=INT(lOO*(GAM+.005))/100 
3900 RF=INT(lO*(RF+.05))/10 
3910 RE=INT(lO*(RE+.05))/10 
3920 O-INT(lOO*(D+.005))/100 
3930 A=INT(lOO*(A+.005))/100 
3940 PP=INT(lO*(PP+.05))/10 
3950 PPL=INT(lO*(PPL+.05))/10 
3960 ZB=INT(lOO*(ZB+.005))/100 
3970 Z=INT(lOO*(Z+.005))/100 
3980 MZ=INT(lOO*(MZ+.005))/100 
3990 MM=INT(lOO*(MM+.005))/100 
4000 XDIST=INT(lOO*(XDIST+.005))/100 
4010 MXDIST=INT(lOO*(MXDIST+.005))/100 
4020 MMAX=INT(lO*(MMAX+.05))/10 
4030 KA=INT(lOOO*(KA+.0005))/1000 
4040 KP=INT(lOOO*(KP+.0005))/1000 
4050 IF SOT=l THEN 4120 
4060 PRINT "DEPTH" ;TAB ( 18) "CENTROID"; TAB ( 52) "ANCHOR"; TAB ( 63) "MOMENT": 1 OPTION 5 
4070 1 PRINT "JOE=" ;JOE;" Z="; Z 
4080 PRINT TAB(3)"D";TAB(ll)"Ra";TAB(2l)"y";TAB(30)"a";TAB(40)"MM";TAB(SS)"F";TA 
B(64) "Mmax" 
4090 PRINT TAB(l) "(FT)" ;TAB(lO)" (LBS)" ;TAB(l9) "(FT)" ;TAB(28) "(FT)" ;TAB(53) "(LBS) 
•1TAB(63)"(FT-LBS)":PRINT 
4100 PRINT D;TAB(lO)RA;TAB(l9)YY;TAB(28)A;TAB(40)MM;TAB(54)F;TAB(64)MMAX:PRINT: 
PRINT 
4110 GOTO 4160 
4120 PRINT "DEPTH" ;TAB ( 18) "CENTROID" ;TAB ( 63) "MOMENT": ' OPTION 1 
4130 PRINT TAB(3) "D~;TAB(ll) "Ra" ;TAB(21) "Y" ;TAB(30) "a" ;TAB(41) "Pp" ;TAB(49) "Pp'"; 
TAB(59) "z" ;TAB(64) "Mmax" 
4140 PRINT TAB(l) "(FT) 11 ;TAB(lO) "(LBS)" ;TAB(l9) "(FT)" ;TAB(28) "(FT)" ;TAB(39) "(PSF) 
•;TAB(47)"(PSF)";TAB(57)"(FT)";TAB(63)"(FT-LBS)":PRINT 
4150 PRINT D;TAB(lO)RA;TAB(l9)YY;TAB(28)A;TAB(39)PP;TAB(48)PPL;TAB(S8)ZB;TAB(64) 
IIIIAX: PRINT : PRINT 
4160 INPUT "WANT A PRINT OUT? ( ENTER O=NO, l•YES) ",WPP: 1 OPTIONS 1 AND 5 
4170 IF WPP=O THEN 4740 
4180 GOSUB 4 770 
4190 LPRINT "MMMMl!OOOOOOOO.IMMIMMMMMMl!OOOOOOOO.IMMIMMMMMMl!OO~OOOOOOOO.IMMIMMMMMMlMMl~OOm 
~" 
4200 IF SOT=l THEN 4230 
42lO LPRlNT TAB(45)"INPUT DATA";TAB(70) 110PTION 5 11 :LPRINT TAB(65) 11 PILE.4 PROGRAM" 
ILPIU:NT 
4220 G0To 4240 
4230 I.PRINT TAB(45) "INPUT DATA" ;TAB(70) "OPTION 1 11 :LPRINT TAB(65) "PILE.4 PROGRAM" ILPIINT 
4240 IF ENG=o THEN 4260 ::o I.PRINT TAB(68) "**" :GOTO 4270 
... O LPRINT TAB(46) "**" -..7o I.PRINT 42IO LP1U TAB(33)"ENGLISH UNITS";TAB(56)"METRIC UNITS" 

NT "BACKFILL WET DENSITY= ";BWD;" PCF";TAB(SS)MBWD;" kN/CMET 



4290 LPRINT "BACKFILL BUOYANT DENSITY= 

ER" 
4300 LPRINT "BACKFILL FRICTION ANGLE= 
EES" 
4310 LPRINT "WALL FRICTION ANGLE= 
EES" 
4320 LPRINT "HEIGHT OF BACKFILL= 

• 
4330 LPRINT "SLOPE OF BACKFILL= 

EES" 
4340 LPRINT "GROUND WATER DEPTH= 

• 
4350 LPRINT "UNIFORM SURCHARGE LOAD= 
BTER" 
4360 IF SOT=l THEN 4380 
4370 LPRINT "ANCHOR DEPTH • 
I,PRINT 
4380 LPRINT " 
JIMMMMMMMMM" 
4390 LPRINT TAB(45)"OUTPUT DATA":LPRINT 

";BBD;" PCF";TAB(55)MBBD;" kN/CMET 

";BFA;" DEGREES";TAB(55)BFA;" DEGR 

";BBB;" DEGREES";TAB(S5)BBB;" DEGR 

";HHB;" FEET";TAB(55)MHHB;" METERS 

";SOB;" DEGREES";TAB(55)SOB;" DEGR 

";GWD;" FEET";TAB(55)MGWD;" METERS 

";SURL;" PSF";TAB(55)MSURL;" kN/SM 

·":LL;" FEET";TAB(55)MLL;" METERS": 

4400 LPRINT TAB(33)"ENGLISH UNITS";TAB(55)"METRIC UNITS" 
4410 LPRINT "BACKFILL: 11 

4420 LPRINT "ACTIVE COEFFICIENT,Ka= 
4430 LPRINT "PASSIVE COEFFICIENT,Kp= 
4440 LPRINT "Kp/Ka= 
4450 LPRINT "ALPHA= 
4460 LPRINT "PILE DEPTH, D= 
4470 LPRINT "D/H= 
4480 IF SOT=5 THEN 4490 ELSE 4530 
4490 LPRINT "Z= 
4500 LPRINT "ANCHOR FORCE, F= 
4510 LPRINT "F/ (PHI' *KA*HA2) = 
4520 GOTO 4600 
4530 LPRINT "CENTROID, Y= 
4540 LPRINT "z= 
4550 LPRINT "DISTANCE TO PIVOT POINT, a= 
4560 LPRINT "Pa= 
• 
4570 LPRINT "Pp= 
• 
4510 LPRINT "Pp'= •· 4Sto I.PRINT "X DISTANCE= .... 
4too LPRINT "MOMENT, Mmax= 
1111-a/a• 

4110 
I.PRINT "Mmax/ ( PHI ' *Ka *HA 3) = 

::: ~!!: "BACKFILL ACTIVE FORCES:" 
_.a.&.&,, .a. " Rl = 

0 LPRINT " R2= 

";KA;TAB(55)KA 
";KP;TAB(55)KP 
" ; KPKA; TAB ( 55) KPKA 
";GAM;TAB(55)GAM:LPRINT 
";D;" FEET";TAB(55)MD;" 
";DRA;TAB(55)DRA:LPRINT 

METERS" 

";Z;" FT";TAB(55)MZ;" METERS" 
";F;" LBS/FT";TAB(S5)MF;" kN/m" 
";FRATIO;TAB(55)FRATIO:LPRINT 

";YY;" FEET";TAB(55)MYY;" METERS" 
";ZB;" FEET";TAB(55)MZB;" METERS" 
";A;" FEET";TAB(55)MA;" METERS" 
";PA;" PSF";TAB(55)MPA;" kN/SMETER 

";PP;" PSF";TAB(55)MPP;" kN/SMETER 

";PPL;" PSF";TAB(55)MPPL;" kN/SMET 

";XDIST;" FEET";TAB(55)MXDIST;" ME 

";MMAX;" FT-LBS/FT";TAB(55)MMMAX;" 

";MRATIO;TAB(55)MRATIO:LPRINT 

";RC;" LBS/FT";TAB(55)MRC;" 
";RD;" LBS/FT";TAB(55)MRD;" 

kN/m" 
kN/m" 



4650 LPRINT " RJ= ";RF;" 
4660 LPRINT " R4= ";RE;" 
4670 LPRINT " TOTAL,Ra= ";RA;" 
4680 LPRINT CHR$(12) 

4690 ' 
4700 ' 
4710 ' 
4720 GOTO 4160 

4730 ' 
4740 IF COUNT=O THEN 4760 
4750 CLOSE fl 
4760 END 

4770 ' 
4780 ' 
4790 ' 
4800 ' OPl'IONS 5 AND 7 (CONTINUED) 
4810 IF SOT=J THEN 4950 
4820 IF SOT=l THEN 4950 
4830 1 DR$="JOSEPH F. STOCK, JR":DE$="APRIL 8, 1991" 
4840 IF SOT=5 THEN 4870 EL.SE 4900 
4850 I 

4860 ' 
4870 'OPTION 5 

LBS/FT";TAB(55)MRF;" 
LBS/FT";TAB(55)MRE;" 
LBS/FT";TAB(55)MRA;" 

kN/m" 
kN/m" 
kN/m" 

4880 LPRINT "ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BAC 

MLL": LPRINT : LPRINT 
4190 GOTO 5030 
4100 'OPTION 7 
4910 LPRINT "ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BAC 

DILL": LPRINT : LPRINT 
4120 GOTO 5030 
4130 I 

4940 ' 
4150 ' OPl'IONS 1, 3 AND 7 (CONTINUED) 
4960 'DR$="JOSEPH F. STOCK, JR":DE$="APRIL 8, 1991" 
4170 IF SOT=J THEN 5010 
4110 'OPTION 3 
4190 I.PRINT "CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR B 
ICIPILL•: LPRINT 
Moo G0To 5030 
IOlO 'OPTION 3 

I02o I.PRINT "CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR B 
ICDn.t.•:LPRINT:LPRINT 

O LPRINT "FILE NO.: 
o LPRINT • 

LPRINT • 
LPRINT • 

o LPRINT " 
LPRINT " 
1.PJuNT "DESIGNER: 
LPRINT "DATE: 

";REC$;TAB(65)"SHEET OF " -- -
";CY$ 
";Pl'$ 
";SE$ 
";CO$ 
";TP$ 
";DR$ 
";DE$:LPRINT 



5110 RETURN 
5120 I 

5130 I 

5140 I 

5150 I 

5160 I 

5110 1 OPTIONS 2 AND 6 (CONTINUED) 

5180 CLS 
5190 INPUT "FILE NO.";REC$ 
5200 INPUT "FIGURE NO.";EN$ 
5210 INPUT "DESIGNER";DR$ 
5220 INPUT "DATE" ;DE$ 
5230 INPUT "l. BACKFILL WET DENSITY (PCF)";BWD 
5240 INPUT "2. BACKFILL BUOYANT DENSITY FRACTION (EXAMPLE: 0.5 OF WET DENSITY)" 

:BDF 
5250 INPUT "3. HEIGHT OF BACKFILL (FEET)" ;HHB 

5260 I 

5270 INPUT "CHANGE AND DATA? (ENTER O=NO, l=YES) ",CAD 
5280 IF CAD=O THEN 5390 
5290 INPUT "WHICH LINE TO BE REVISED" ;WLT 
5300 IF WLT=l THEN 5310 ELSE 5320 
5310 INPUT BWD 
5320 IF WLT=2 THEN 5330 ELSE 5340 
5330 INPUT BDF 
5340 IF WLT=3 THEN 5350 ELSE 5270 
5350 INPUT HHB 
5360 I 

5370 I 

5380 I 

5390 IF SOT=2 THEN 5480 
5400 INPUT"l. ANCHOR DEPTH (FEET)" ;LL 
5410 INPUT"CHANGE ANY DATA? (ENTER O=NO, l•YES) ", CAD 
5420 IF CAD=O THEN 5430 ELSE 5400 
5430 'OPI'ION 6 
5440 CI.S:PRINT"ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR B 
ICIPILL":PRINT :PRINT 
5450 GOTO 5500 
5460 I 

5470 I 

l4ao 'OPI'ION 2 

l4to CI.S: PRINT "CANTILEVER STEEL SHEET PILE EMBEDDED IN GRANULAR SUBSOIL WITH GR 
IIULU BACKFILL":PRINT :PRINT 
SSoo 'DR$•"JOSEPH F. STOCK, JR":DE$="APRIL a, 1991" 
= O PRINT "FILE NO.: ";REC$ 
Ill O PRINT "FIGURE NO.: ";EN$ 
Sit O PRINT "DESIGNER: ";DR$ 
-: PRINT "DATE: ";DE$: PRINT 
1S1Q PRINT "BACKFILL WET DENSITY= "; BWD:" PCF" 

O :NT "BACKFILL BUOYANT DENSITY FRACTION= 11 ;BDF 
NT "HEIGHT OF BACKFILL= ";HHB;" FEET" 



5580 IF SOT=2 THEN 5670 
5590 PRINT "ANCHOR DEPTH= 
5600 'OPTION 6 

";LL;" FEET" 

5610 PRINT :PRINT "ALPHA";TAB(8)"FRICTION";TAB(l8)"KP/KA";TAB(26)"DEPTH RATIO";T 
AB(39) "NO. OF ";TAB(48) "MOMENT" ;TAB(58) "ANCHOR" 
5620 PRINT TAB(30)"D/H";TAB(39)"TRIALS";TAB(48)"RATIO";TAB(58)"RATIO" 

5630 GOTO 5740 
5640 PRINT 

5650 ' 
5660 ' 
5670 'OPTION 2 
5680 PRINT :PRINT "ALPHA";TAB(8)"FRICTION";TAB(l8)"Kp/Ka";TAB(26)"DEPTH RATIO";T 
AB(39)"NO. OF ";TAB(48)"MOMENT" 
5690 PRINT TAB(lO)"ANGLE";TAB(30)"D/H";TAB(39)"TRIALS";TAB(48)"RATIO" 
5700 LPRINT "CANTILEVER STEEL SHEET PILE EMBEDDED IN GRANULAR SUBSOIL WITH GRANO 
I.AR BACKFILL":LPRINT:LPRINT 
5710 LPRINT TAB(70)"0PTION 2":LPRINT TAB(65) "PILE.4 PROGRAM":LPRINT 
5720 GOTO 5760 
5730 'OPTION 6 
5740 LPRINT "ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BAC 
U'ILL" : LPRINT : LPRINT 
5750 LPRINT TAB (70) "OPTION 6": LPRINT 
5760 LPRINT "FILE NO.: 

TAB(65)"PILE.4 PROGRAM":LPRINT 
";REC$ 

5770 LPRINT "FIGURE NO.: 
5780 LPRINT "DESIGNER: 
5790 LPRINT "DATE: 
5800 LPRINT "BACKFILL WET DENSITY= 
5810 LPRINT "BACKFILL BUOYANT DENSITY FRACTION= 
5820 LPRINT "HEIGHT OF BACKFILL= 
5830 IF SOT=6 THEN 5880 
5840 'OPTION 2 

";EN$ 
";DR$ 
";DE$:LPRINT 
";BWD;" 

";BDF 
";HHB;" 

PCF" 

FEET" 

5850 LPRINT :LPRINT "ALPHA" ;TAB(S) "FRICTION" ;TAB(l8) "Kp/Ka" ;TAB(26) "DEPTH RATIO" 
r!AB(39) "NO. OF ";TAB(48) "MOMENT" 
5160 LPRINT TAB(lO)"ANGLE";TAB(30)"D/H";TAB(39)"TRIALS";TAB(48)"RATIO" 
5170 GOTO 5920 . 
5180 'OPTION 6 

SIio LPRINT "ANCHOR DEPTH= " ; LL; " FEET" : LPRINT 
Moo LPRINT "ALPHA" ;TAB(S) "FRICTION" ;TAB(l8) "Kp/Ka" ;TAB(26) "DEPTH RATIO" ;TAB(39) 
911C>. OF ":TAB(48)"MOMENT";TAB(58)"ANCHOR" 
S9lO LPRINT TAB(30) "D/H" ;TAB(39) "TRIALS" ;TAB(48) "RATIO" ;TAB(58) "RATIO" 
: 20 GAM•o: 1 OPTIONS 2 AND 6 
.. ~o IBD-BDF*BWD: BFA=S: JON=O 
-.o ' 
ltso IP SOT=6 THEN 10660 

0 I 

lt7o ' 
0 I 

GOsua 6380 

O C0To 6080 
GAII-GAM+.2s 

OPTION 2 (CONTINUED) 



6020 BFA=S 

6030 GOSUB 6380 
6040 IF GAM>l THEN 4740 ELSE 6080 
6050 BFA•BFA+l 
6060 GOSUB 6380 

6070 ' 
6080 COSB=COS(SOB*3.14159/180) 
6090 COSA=COS(BFA*3.14159/180) 
6100 MIKE=SQR(COsa·2-cosA·2) 
6110 KA=COSB*((COSB-MIKE)/(COSB+MIKE)):' 
6120 KP-COSB*((COSB+MIKE)/(COSB-MIKE)):' 
6130 1KA=(TAN{(45-BFA/2)*3.14159/180)) ·2 : 
6140 1KP=(TAN((45+BFA/2)*3.14159/180))A2 
6150 GWD=GAM*HHB:' GROUND WATER DEPTH 
6160 PA=KA*(BWD*GWD+BBD*(HHB-GWD)) 
6170 A=PA/ (BBD* (KP-KA)) 
6180 RC=. 5*BWD*GWD.2*KA:' Rl FORCE 

REFERENCE 3, EQUATION 11-7 
REFERENCE 3, EQUATION 11-9 

'REFERENCE 2, PAGE 317 

6190 RD= (BWD*GWD*KA) * (HHB-GWD): ' R2 FORCE 
6200 RE=PA*. 5*A:' R4 FORCE 
6210 N•BBD* (HHB-GWD) *KA 
6220 RF=. 5*N* (HHB-GWD) : ' 
6230 RA=RC+RD+RE+RF 

R3 FORCE 

6240 YY=(RC*(A+HHB-GWD*2/3)+RD*(A+.S*(HHB-GWD))+RE*(2*A/3)+RF*(A+(HHB-GWD)*l/3)) 

/P.A 
6250 0-D+. 05 
6260 Y=D-A 
6270 PP..BBD* (KP-KA) *Y 
6280 MELA=(BWD*GWD+BBD* (HHB-GWD)) *KP 
6290 MELB=BBD*D* (KP-KA) 
6300 PPL=MELA+MELB 
6310 ZB=(PP*Y-2*RA)/ (PP+PPL) 
6320 'MM•6*RA* (Y+YY)-PP•Y·2+ (PP+PPL) •za·2 
6330 C-PP /Y . 
6340 MM•r3-2*RA*Y.2/PPL-6*RA* ( (1/C) +YY/PPL) *Y-(2*RA/ (C*PPL)) * (3*PPL*YY+2*RA):' 

DEVIVATION 6 
6350 • 
6310 • 
6370 G0To 6490 
6310 IP BFA<=lO THEN 6390 ELSE 6400 
63IO 0-4 *HHB: RETURN 
l400 IP BFA<=lS THEN 6410 ELSE 6420 
1410 D-2*HHB•RETURN 
1420 IP . 
l4 BFA<=25 THEN 6430 ELSE 6440 
..:: 0-1 .1 *HHB: RETURN 
14SO IP BFA<•35 THEN 6450 ELSE 6460 
llto D-. 6*HHB: RETURN 

70 ~ BFA <=45 THEN 6470 ELSE 6480 
•l*HHB:RETURN 

?'9• l *HHB: RETURN 



6500 JON=JON+ 1 
6510 IF MM>O THEN 6600 
6520 IF JON>9000 THEN 6540 
6530 GOTO 6250 
6540 KPKA=KP/KA:KPKA=INT(lOO*(KPKA+.005))/100 
6550 PRINT GAM;TAB(9)BFA;TAB(l8)KPKA;TAB(30)"--";TAB(40)JON 
6560 LPRINT GAM;TAB(9)BFA;TAB(l8)KPKA;TAB(30)"--";TAB(40)JON 

6570 JON=O 
6580 GOSUB 11400 
6590 GOTO 6050 
6600 KPKA=KP/KA:' COEFFICIENT OF PASSIVE AND ACTIVE PRESSURE RATIOS 
6610 XDIST=SQR(2*RA/(BBD*(KP-KA))) 
6620 MMAX=RA* (YY+((2/3) *XDIST)) 
6630 I 

6640 MRATIO:sMMAX/ (BBD*KA*HHB A 3) 
6650 MRATIO=INT(lOOO*(MRATI0+.0005))/1000 
6660 DRA=D/HHB: 1 DEPI'H RATIO 
6670 KPKA=INT(lOOO*(KPKA+.0005))/1000 
6680 DRA=INT(lOOO*(DRA+.0005))/1000 
6690 PRINT GAM;TAB(9)BFA;TAB(l8)KPKA;TAB(29)DRA;TAB(40)JON;TAB(48)MRATIO 
6700 LPRINT GAM;TAB(9)BFA;TAB(l8)KPKA;TAB(29)DRA;TAB(40)JON;TAB(48)MRATIO 
6710 JON=O 
6720 GOSUB 11400 
6730 IF BFA<SO THEN 6050 ELSE 6010 
6740 I 

6750 I 

6760 I 

6770 I 

6780 CI.S 

6790 INPUT"FILE NO." ;REC$ 
6800 INPUT "FIGURE NO." ;EN$ 
6810 INPUT "DESIGNER"; DR$ 
6820 INPUT "DATE" ;DE$ 

OPl'IONS 4 AND 8 

6830 INPUT "1. BACKFILL WET DENSITY (PCF) ";BWD 
6840 INPUT "2. BACKFILL BOYANT DENSITY FRACTION (EXAMPLE: O. 5 OF WET DENSITY)"; 
IDr 
6850 INPUT "3. HEIGHT OF BACKFILL (FEET)" ;HHB 
6860 INPUT "CHANGE ANY DATA? (ENTER O=NO, l•YES) ",CAD 
6870 IP CAD=O THEN 6960 
6880 INPUT "WHICH LINE TO BE REVISED" ;WLT 
6890 IP WLT=l THEN 6900 ELSE 6910 
lloo INPUT BWD 

lllO IP WLT=2 THEN 6920 ELSE 6930 
1120 IHPuT BDF 

ll3o IP WLT=3 THEN 6940 ELSE 6860 
"4o INPUT HHB ltso , 

::: ~PA•30:'f########################### 
ltio DR$•"JOSEPH F. STOCK, JR":DE$="APRIL 8, 1991" 

IP SOT-4 THEN 7 O 5 O 



6990 INPUT"l. ANCHOR DEPl'H (FEET)" ;LL 
7000 INPUT"CHANGE ANY DATA? (ENTER O=NO, l=YES)",CAD 
7010 IF CAD=O THEN 7020 ELSE 6990 
7020 'OPl'ION 8 
7030 CLS:PRINT"ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR B 
1CJCFILL": PRINT : PRINT 
7040 GOTO 7070 
7050 1 OPl'ION 4 
7060 CIS:PRINT "CANTILEVER STEEL SHEET PILE EMBEDDED IN COHESIVE SUBSOIL WITH GR 
ANULAR BACKFILL":PRINT :PRINT 
7070 PRINT "FILE NO. : ";REC$ 

7080 PRINT "FIGURE NO. : ";EN$ 
7090 PRINT "DESIGNER: ";DR$ 
7100 PRINT "DATE: 
7110 PRINT "BACKFILL ASSUMED FRICTION ANGLE= 
7120 PRINT "BACKFILL WET DENSITY= 

";DE$:PRINT 
";BFA;" DEGREES" 

7130 PRINT "BACKFILL BUOYANT DENSITY FRACTION= 
7140 PRINT "HEIGHT OF BACKFILL= 

7150 ' 
7160 IF SOT=4 THEN 7 2 2 0 
7170 'OPTION 8 

";BWD;" 
";BDF 

";HHB;" 

PCF" 

FEET" 

7180 PRINT "ANCHOR DEPl'H= ";LL;" FEET" 
7190 PRINT :PRINT "BACKF";TAB(8)"COHESION";TAB(27)"(2qu-q)/";TAB(36)"DEPl'H RATIO 
•1TAB(49)"NO. OF ";TAB(58)"MOMENT";TAB(68)"ANCHOR" 
7200 PRINT "ALPHA" ;TAB(lO) "(PSF) ";TAB(27) "BBD*Ka*H" ;TAB(40) "D/H" ;TAB(49) "TRIALS" 
;TAB ( 58) "RATIO"; TAB ( 68) "RATIO": PRINT 
7210 GOTO 7300 
7220 'OPTION 4 
7230 PRINT TAB(9) "SUBSOIL" 
7240 PRINT "BACKF" ;TAB(8) "COHESION" ;TAB(27) "(2qu-q)/" ;TAB(36) "DEPl'H RATIO" ;TAB(4 
t )•No. OF ";TAB(SS) "MOMENT" 
7250 PRINT "ALPHA";TAB(lO)"(PSF)";TAB(27)"BBD*Ka*H";TAB(40)"D/H";TAB(49)"TRIALS" 
rT18(58)"RATIO":PRINT 
7260 LPRINT "CANTILEVER STEEL SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRAN 
OLIR BACKFILL" 
7270 LPRINT: LPRINT 
7280 LPRINT TAB(70)"0PTION 4":LPRINT TAB(65)"PILE.4 PROGRAM":LPRINT 
7210 GOTO 7320 . 

~O LPRINT "ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BAC 
- 41.L":LPRINT:LPRINT: 1 OPl'ION 8 
7llo I.PRINT TAB(70) "OPl'ION 8" :LPRINT TAB(65) "PILE.4 PROGRAM" :LPRINT !32

0 I.PRINT "FILE NO.: ";REC$ 

7!3
0 I.PRINT "FIGURE NO.: 11 ;EN$ 

73 
4o I.PRINT "DESIGNER: ";DR$ 

73: I.PRINT "DATE: 11 ;DE$: LPRINT 
'IJ'lo =NT "BACKFILL ASSUMED FRICTION ANGLE= ";BFA;" DEGREES" 
'13ao NT "BACKFILL WET DENSITY= 11 ;BWD;" PCF" 
'13to =NT "BACKFILL BUOYANT DENSITY FRACTION= ";BDF 
'ltoc, , NT "HEIGHT OF BACKFILL= 11 ; HHB;" FEET" 



7410 IF SOT=4 THEN 7460 
7420 LPRINT •ANCHOR DEPTH= •;LL;" FEET" 
7430 LPRINT :LPRINT •BAcKF•;TAB(8)•coHESION";TAB(27)"(2qu-q)/";TAB(36)•DEPTH RAT 
1o•;TAB(49)"NO. OF •;TAB(58)"MOMENT";T~(68)•ANCHOR" 
7440 LPRINT "ALPHA";TAB(lO)"(PSF)";TAB(27)"BBD*Ka*H";TAB(40)•D/H";TAB(49)"TRIALS 
•;TAB(58)•RATIO"TAB(68)"RATIO":LPRINT 
7450 GOTO 7490 
7460 LPRINT TAB(9)•SUBSOIL• 
7470 LPRINT "BACKF.";TAB(8)•coHESION";TAB(27)"(2qu-q)/•;TAB(36)•DEPTH RATIO";TAB 
(49) "NO. OF ";TAB(58) "MOMENT" 
7480 LPRINT •ALPHA";TAB(lO)•(PSF)";TAB(27)•BBD*Ka*H"TAB(40)•D/H";TAB(49)"TRIA~" 
;TAB(58) "RATIO": LPRINT 
7490 COSB=COS(SOB*3.14159/180) 
7500 COSA=COS(BFA*3.14159/180) 
7510 MIKE=SQR(COSBA2-COSAA2) . 
7520 KA=COSB*((COSB-MIKE)/(COSB+MIKE)):' 
7530 KP=COSB*((COSB+MIKE)/(COSB-MIKE)):' 
7540 'KA=(TAN((45-BFA/2)*3.14159/180)) A2 : 
7550 'KP=(TAN( (45+BFA/2) *3 .14159/180)) A2 
7560 GAM=O 

REFERENCE 3, EQUATION 11-7 
REFERENCE 3, EQUATION 11-9 

'REFERENCE 2, PAGE 317 

7570 IF SOT=8 THEN 7580 E~E 7600 
7580 BBD=BDF*BWD:GG=7:JON=O: 1 .OPTION 8 
7590 GOTO 7610 
7600 BBD=BDF*BWD: GG=lO: JON•O: 1 

7610 0-. 02 *HHB 
7620 GOTO 7830 
7630 GAM-=GAM+. 2 5: 1 

7640 IF SOT=8 THEN 7650 E~E 7730 

OPTION 4 

OPTIONS 4 AND 8 

7650 0-. 02*HHB: GG=7: 1 OPTION 8 
7660 IF GAM>l THEN 4740 E~E 7830 
7670 IF GG>.5 THEN 7680 E~E 7690 
7680 GG-GG-.2:D=.02*HHB:GOTO 7830 
7190 IF GG>. l THEN 7700 ELSE 7630 
7700 GG-GG-. 1: D=. 02*HHB:GOTO 7830 
7710 I 

7720 I 

7730 0-.02*HHB:GG=l0: 1 OPTION 4 
7740 IF GAM>l THEN 4740 ELSE 7830 
77So IF GG>l THEN 7760 ELSE 7780 
7710 GG-GG-. 2: 0=. 02 *HHB 
'777o GO'l'o 7830 
nao GG-GG- • 1: D=. 02 *HHB 
n,o GOTo 1 a 3 o 
'Jloo, 
7110 I 

"20 I 

1130«:wl>-(; "4o AM*HHB: 1 GROUND WATER DEPTH 
QIFF-(BWD•GWD)+(BBD*(HHB-GWD)) 
QO•.S*(QEFF+GG*BBD*KA*HHB) 
co11-.s•ou 



7870 RC=.S*BWD*GWD.2*KA: 1 Rl FORCE 
7880 RD=(BWD*GWD*KA)*(HHB-GWD):' R2 FORCE 
7990 N•BBD* (HHB-GWD) *KA: ' OR N•PA- ('BWD*GWD*KA) 
7900 RF•.S*N*(HHB-GWD):' R3 FORCE 
7910 RA=RC+RD+RF 
7920 YY=(RC*(HHB-GWD*2/3)+RD*.S*(HHB-GWD)+RF*(HHB-GWD)/3)/RA 

7930 O=D+.05 
7940 IF SOT=S THEN 8020 

7950 ' 
7960 ' OPTION 4 
7970 MM=D.2*(1-(4*COH-QEFF)/(6*COH))+D*2*RA*(((l/(6*COH))-l/(4*COH-QEFF)))-(RA/( 
4tCOH-QEFF) ) * ( ( (RA/ ( 6*COH) ) +2 *YY) ) : ' DERIVATION 4 

7980 ' 
7990 GOTO 8040 

9000 ' 
8010 ' OPTION 8 
8020 MM=D·2+2*D*(HHB-LL)-2*(HHB-LL-YY)*RA/(4*COH-QEFF) 

8030 ' 
8040 JON=JON+l: ' OPTIONS 4 AND 8 
8050 IF SOT=S THEN 8080 

8060 ' 
8070 IF MM<O THEN 7930 ELSE 8090:' OPTION 4 
1080 IF MM<O THEN 7930 ELSE 8120:' OPTION 8 
8090 XDIST=RA/ ( 4 *COH-QEFF) : ' OPTION 4 
8100 MMAX=RA* (YY+XDIST)-( (4*COH-QEFF) *. S* (XDIST.2)) 
1110 GOTO 8290 
8120 ' OPTION 8 
1130 F•RA-D* ( 4*COH-QEFF) 
1140 FRATIO=F/ (BBD*KA*HHB.2) 
8150 FRATIO=INT ( 1000* (FRATio+. 0005)) /1000 
8160 IF GAM<l THEN 8240 
8170 JOE•O: Z=GWD*. S:GOTO 8190 
8180 Z•Z+. OS 
1190 JOE•-F+. S*BWD*Z ·2•KA 
1200 IF JOE<O THEN 8180 
1210 MMAX=F* (Z-LL) -. S*BWD*Z ·2•KA• (Z*. 33) 
1220 G0TO 8290 
1230 • 

l240 ll•BWD•GWD*KA:JOE=O: Z=GWD: GOTO 8260 
1250 Z•Z+ • 05 

l2IO JOE--F+. S*M*GWD+M* (Z-GWD) +. S*KA*BBD* (Z-GWD) •2 
l27o IP JOE<O THEN 8250 

:,~, •F*(Z-LL)-.S*BWD*GWD.2*KA*(Z-.67*GWD)-.S*BWD*GWD*KA*(Z-GWD)·2-BBD*KA*(Z 
._ 6 

IIOQ IIRATIO-MMAX/(BBD*KA*HHB.3):' OPTIONS 4 AND 8 
l O :-TIO-INT ( 1000* (MRATio+. 0005)) /1000 
O •lNT(lOO*(Z+.005) )/100 

30 Dltl•D/HHB: ' DEPTH RATIO 

0 GG-inc1ooo•cGG+.ooos) )/1000 
llll•INT(lOOO*(DRA+.0005))/1000 



9350 IF SOT=-4 THEN 8420 
9360 1 OPTION 8 
S370 PRINT GAM;TAB(9)COH;TAB(28)GG;TAB(39)DRA;TAB(50)JON;TAB(58)MRATIO;TAB(66)FR 

ATIO;TAB(72) Z 
S380 LPRINT GAM;TAB(9)COH;TAB(28)GG;TAB(39)DRA;TAB(50)JON;TAB(58)MRATIO;TAB(66)F 

pTIO 
1390 GOSUB 11780 
8400 JON=O 

8410 GOTO 7670 
8420 1 OPTION 4 
8430 PRINT GAM;TAB(9)COH;TAB(28)GG;TAB(39)DRA;TAB(SO)JON;TAB(58)MRATIO 
8440 LPRINT GAM;TAB(9)COH;TAB(28)GG;TAB(39)DRA;TAB(50)JON;TAB(58)MRATIO 
8450 JON=O 
8460 GOSUB 11560 
8470 IF GG>=2 THEN 7760 
8480 IF GG>=. 2 THEN 7780 EISE 7630 
8490 I 

8500 I 

8510 I 

8520 I 

8530 1 OPTIONS 3 AND 7 (CONTINUED) 
8540 GOSUB 1350 
1550 PRINT :PRINT "INPUT SUBSOIL DATA":PRINT 
1560 IF ENG=l THEN 8580 
1570 INPUT "COHESION (PSF) ";COH:PRINT:GOTO 8590 
1580 INPUT "COHESION (kN/SQ METER)" ;MCOH: PRINT 
1590 INPUT "CHANGE ANY DATA? (ENTER O=NO, l•YES)",CAD 
HOO IF CAD=O THEN 8660 
1610 IF ENG=l THEN 8640 
1620 INPUT COH 
1630 GOTO 8590 
1640 INPUT MCOH 
1650 GOTO 8590 
IMO IF ENG=O THEN 8680 
"70 COH•MCOH* 2 0. 8 9 
1110 Q0•2*COH: 1 REFERENCE 3, PAGE 58 
1'90 QD'F• (BWD*GWD) + (BBD* (HHB-GWD)) 
1700 GG-(2*QU-QEFF) / (BBD*KA*HHB) 
l710 RC-.5*BWD•Gwo·2•KA: 1 Rl FORCE 
l7ao Rl>-(BWD*GWD*KA) * (HHB-GWD): 1 R2 FORCE 
:lo ll•BBD* (HHB-GWD) *KA: 1 OR N•PA-(BWD*GWD*KA) 

tO RF-. S*N* (HHB-GWD) : 1 RJ FORCE 
l7so IA•RC+RD+RF 
1710 n < lno • RC*(HHB-GWD*2/3)+RD*.5*(HHB-GWD)+RF*(HHB-GWD)/3)/RA 
17ao !' SOT-7 THEN 8790 EISE 8840 

l'Jlo IP !NG-1 THEN 8810: • OPTION 7 

0 :!:"ANCHOR DEPTH FROM SURFACE (FEET)" ;LL:GOTO 8820 
IIPOT"ANCHOR DEPTH FROM SURFACE (METERS)";MLL 

"CHANGE ANY DATA? (ENTER O•NO, l•YES)",CAD 



8830 IF CAD=l THEN 8790 
8840 IF ENG=l THEN 8860: ' OPTIONS 3 AND 7 
8850 MLL=LL/3.28:CLS:LOCATE 10,20:PRINT "THINKING":GOTO 8870 
8860 CLS:LOCATE 10,20:PRINT"THINKING METRIC":LL-MLL*3.28 
8870 O-. Ol*HHB 
8880 GOTO 8900 
8890 o-o+. 05 
8900 LOCATE 12,20:PRINT JON 
8910 EEE=D.2*(4*COH-QEFF) 
8920 IF SOT=7 THEN 8930 ELSE 9000 

8930 ' 
8940 ' 
8950 ' OPTION 7 
8960 MM=D·2+2*D*(HHB-LL)-2*(HHB-LL-YY)*RA/(4*COH-QEFF) 
8970 ' 
8980 GOTO 9080 

8990 ' 
9000 CCC=2*D*RA:' OPTION 3 
9010 DDA=2*RA*YY 
9020 DDB=((4*D*COH-D*QEFF)•2-2*D*(4*COH-QEFF)*RA)/(6*COH) 
9030 ZB=(D* (4*COH-QEFF)-RA)/ (4*COH) 
9040 'MM=-2*RA*(D+YY)+D•2•(4*COH-QEFF)-(8*COH/3)*ZB.2 
9050 MM=o•2•(1-(4*COH-QEFF)/(6*COH))+D*2*RA*(((l/(6*COH))-l/(4*COH-QEFF)))-(RA/( 
4*COH-QEFF)) * ( ( (RA/ (6*COH)) +2*YY)): 1 DERIVATION 4 
9060 I 

9070 I 

9080 JON=J'ON+ 1: ' OPTIONS 3 AND 7 
9090 I 

9100 IF SOT=3 THEN 9140 
9110 IF MM<O THEN 8890 ELSE 9220: 1 

9120 I 

9130 I 

OPTION 7 

9140 IF MM<O THEN 8890:' OPTION 3 
9150 'GGa= (2*QU-QEFF) / (BBD*KA*HHB) 
9160 PRINT "GG=" :GG 
9170 'GGa=INT ( 1000* (GG+. 0005) ) /1000 
9110 XDIST=RA/ (4*COH-QEFF) 
9190 I 

9200 IIHAX•RA* (YY+XDIST) -( ( 4*COH-QEFF) *. 5* (XDIST.2)) 
1210 G0To 9420 
l220 P.RA-D*(4*COH-QEFF):' OPTION 7 
l2lo IIP-P•3. 28/224. 8 :co PRATIO=F/ (BBD*KA*HHB.2) la: PRATIO=INT ( 100* (FRATIO+. 005)) /100 
tno P.INT ( 100* ( F+. 005) ) / 100 
taao llr-INT(lOO* (MF+. 005)) /100 
9ato IP GAM<l THEN 9360 
-.._ IOH•O:JOE=O:Z=GWD*.5:GOTO 9310 
-vu Z•z+ 05 10 • . 

JO!•-r+.5•Bwo•z·2•KA 



9320 BON•BON+l:LOCATE 14,20:PRINT BON 
9330 IF JOE<O THEN 9300 
9340 MMAX•F*(Z-LL)-.5*BWD*Z"2*KA*(Z*.33) 
9350 GOTO 9420 
9360 BON=O:M•BWD*GWD*KA:JOE•O:Z-GWD:GOTO 9380 
9370 Z•Z+. 05 
9380 JOE•-F+.5*M*GWD+M*{Z-GWD)+.5*KA*BBD*{Z-GWD)"2 
9390 BON-=BON+l: LOCATE 14, 20:PRINT BON 
9400 IF JOE<O THEN 9370 
9410 MMAX=F*(Z-LL)-.5*BWD*GWD"2*KA*(Z-.67*GWD)-.5*BWD*GWD*KA*(Z-GWD)"2-BBD*KA*(Z 
-GWD) "3/6 
9420 MRATIO-MMAX/(BBD*KA*HHB"3): 1 OPTIONS 3 AND 7 
9430 MRATIO-INT(lOOO*(MRATio+.0005))/1000 
9440 RA=INT(lO*(RA+.05))/10 
9450 RC=INT(lO*(RC+.05))/10 
9460 RD=INT ( 10* (RD+. 05)) /10 
9470 RF=INT(lO*(RF+.05))/10 
9480 MMAX=INT ( 10* (MMAX+. 05) ) /10 
9490 GG=INT(lO*(GG+.05))/10 
9500 DRA=D/HHB: 1 DEPTH RATIO 
9510 DRA=INT(lOOO*(DRA+.0005))/1000 
9520 GAM=GWD/HHB 
9530 IF ENG=l THEN 9590 
9540 MBWD=BWD/6.368 
9550 MBBD=BBD/6.368 
9560 MCOH=-COH/ 2 0 • 8 9 
9570 MHHB=HHB/ 3 • 2 8 
9580 MGWD=GWD/3. 28 
9590 MQEFF=QEFF / 2 0. 8 9 
HOO MQU=QU/20.89 
1610 MD=D/3. 28 
H20 MYY=YY/3. 28 
9130 MZB=ZB/ 3 • 2 8 

9140 MMMAX=MMAX/224. 8 
9150 MRIPRD*3. 28/224. 8 
1660 MRF-RF*3 .~8/224. 8 
H70 MRA•RA*3. 28/224. 8 
Hao IIRC-RC*3. 28/224. 8 
Hto NXDIST=XDIST/3. 28 · 
llOO MBWO-INT(lOO*(MBWD+.005) )/100 
l710 BWl>-INT(lOO*(BWD+.005))/100 
~ 20 MBBD-INT ( 100* (MBBD+. 005) ) /100 
~lO IBO-INT ( 100* (BBD+. 005)) /100 
.,: IICOB•INT(lOO* (MCOH+. 005) )/100 
l7to IIBlm-INT(lOO*(MHHB+.005) )/100 
tno JIGWo-INT ( 100* (MGWD+. 005) ) /100 
17to IIQ!FF•INT ( 100* (MQEFF+. 005)) /100 
l7to IIQO•INT(lOO*(MQU+.005))/100 

IID-INT(lOO*(MD+.005))/100 
liYY•INT(lOO*(MYY+.005))/100 



9810 MMMAX=INT(lO*(MMMAX+.05))/10 
9820 MRC•INT(lO*(MRC+.05))/10 
9830 MRD-INT(lO*(MRD+.05))/10 
9840 MRF=INT(lO*(MRF+.05))/10 
9850 MRA•iNT(lO*(MRA+.05))/10 
9860 MXDIST-INT(lOO*(MXDIST+.005))/100 
9870 XDIST-INT(lOO*(XDIST+.005))/100 
9880 KA=INT(lOOO*(KA+.0005))/1000 
9890 KP=INT(lOOO*(KP+.0005))/1000 
9900 D=INT(lOO*(D+.005))/100 
9910 YY•INT(lOO*(YY+.005))/100 
9920 IF SOT=7 THEN 9930 ELSE 9980 
9930 PRINT :PRINT "DEPTH" ;TAB(22) "CENTROID" ;TAB(56) "ANCHOR" ;TAB(67) "MOMENT" 
9940 PRINT TAB(3) "D" ;TAB(12) "Ra" ;TAB(25) "Y" ;TAB(34) "MM" ;TAB(59) "F" ;TAB(68) "Mmax" 
9950 PRINT TAB(l)"(FT)";TAB(ll)"(LBS)";TAB(24)"(FT)";TAB(57)"(LBS)";TAB(66)"(FT­
LBS) • : PRINT 
9960 PRINT D;TAB(ll)RA;TAB(24)YY;TAB(33)MM;TAB(58)F;TAB(68)MMAX:PRINT:PRINT 
9970 GOTO 10020 
9980 PRINT :PRINT "DEPTH";TAB(20)"CENTROID";TAB(35)"MOMENT" 
9990 PRINT TAB(J) "D" ;TAB(14) "Ra" ;TAB(24) "Y" ;TAB(36) "Mmax" 
10000 PRINT TAB(l)"(FT)";TAB(1J)"(LBS)";TAB(23)"(FT)";TAB(34)"(FT-LBS)":PRINT 
10010 PRINT D;TAB(13)RA;TAB(23)YY;TAB(36)MMAX:PRINT :PRINT 
10020 INPUT "WANT A PRINT OUT? (ENTER O=NO, l•YES)",WPP 
10030 IF WPP=O THEN 4760 EISE 10040 
10040 GOSUB 4800 
10050 LPRINT "MMMMIOOOOOOOO.OOIJIMMMMMMIOOOOOOOO.OOIJOOIJIMMMMlMMIOOOOOOOOOO.OOl.ltMMMMMMMMlMMID!M 

IIIMMMMMMMMM" 
10060 IF SOT=? THEN 10070 EISE 10090 
10070 LPRINT TAB(45)"INPUT DATA";TAB(70) 11 0PTION 7 11 :LPRINT TAB(65)"PILE.4 PROGRAM 
1 :LPRINT 
10080 GOTO 10100 
10090 LPRINT TAB(45) 11 INPUT DATA";TAB(70)"0PTION 311 :LPRINT TAB(65) 11 PILE.4 PROGRAM 
1 :LPRINT 
10100 IF ENG=O THEN 10120 
10110 LPRINT TAB ( 68) "**": GOTO 10130 
10120 LPRINT TAB(46) "**·" 
10130 LPRINT TAB(33) "ENGLISH UNITS" ;TAB(55) "METRIC UNITS" ::o LPRINT "BACKFILL WET DENSITY= ";BWD;" PCF";TAB(55)MBWD;" kN/CME 

lOlSO LPRINT "BACKFILL BUOYANT DENSITY= ";BBD;" PCF" ;TAB(55) MBBD;" kN/CME -· lOHo LPRINT "BACKFILL FRICTION ANGLE= 
Ills• 
lOl?O LPRINT "WALL FRICTION ANGLE= 
Ills• 
~ lto LPRINT "HEIGHT OF BACKFILL= 

:o LPRINT "SLOPE OF BACKFILL= 

OO LPRlNT "GROUND WATER DEPTH= 

11 ;BFA;" DEGREES";TAB(55)BFA;" DEG 

11 ;BBB;" DEGREES";TAB(55)BBB;" DEG 

";HHB;" FEET";TAB(55)MHHB;" METER 

";SOB;" DEGREES";TAB(55)SOB" DEGR 

";GWD;" FEET";TAB(55)MGWD;" METER 



s• 
10210 LPRINT "SUBSOIL COHESION• ";COH;" PSF";TAB(SS)MCOH;" kN/SME 
TER" 
10220 IF SOT-7 THEN 10230 ELSE 10240 
10230 LPRINT "ANCHOR DEPTH• ";LL;" FEET";TAB(SS)MLL;• METERS" 
102 4 0 LPRINT : LPRINT "MMMMlMMl!OOOOOOOO!MMMMMMMMIMMIOOOOOOOO!OO!MMMMMMMMlMMIOOOOOOOO!tMMM 

10250 LPRINT TAB(45)"OUTPUT DATA":LPRINT 
10260 LPRINT "BACKFILL:" 
10270 LPRINT "ACTIVE COEFFICIENT,Ka= 
10280 LPRINT "PASSIVE COEFFICIENT,Kp-
10290 LPRINT "ALPHA= 
10300 LPRINT "EFFECTIVE PRESSURE, q= 
ETER":LPRINT 
10310 LPRINT "SUBSOIL:" 
1032 0 LPRINT "UNCONF. COMPRES. STRENGTH, Qu= 
R•:LPRINT 
10330 LPRINT "PILE DEPTH,D= 
10340 LPRINT "D/H= 
10350 IF SOT=7 THEN 10360 ELSE 10380 
10360 LPRINT "ANCHOR FORCE, F= 
10370 LPRINT "F/ (PHI' *KA*H.2) = 
10380 LPRINT "CENTROID, Y= 
10390 LPRINT "(2qu-QEFF)/(PHI'*Ka*H)= 
10400 IF SOT=7 THEN 10440 
10410 LPRINT "Z= 
10420 IF SOT=7 THEN 10440 
10430 LPRINT "X DISTANCE= 
ITERS":' OPTION 3 
10440 LPRINT "MOMENT, Mmax= 

kN-m/m":' OPTIONS 3 AND 7 
10450 LPRINT "Mmax/ ( PHI ' •Ka *H • 3) • 
10460 LPRINT "BACKFILL ACTIVE FORCES:" 
10470 LPRINT " . Rl• 
10480 LPRINT " R2• 
10490 LPRINT " R3= 
10500 LPRINT " TOTAL, Ra• 
l0510 LPRINT CHR$ ( 12) 
l0520 GOTO 10020 
10530 • 
10540 , 

";KA;TAB(SS)KA 
";KP;TAB(SS) KP 
11 ;GAM;TAB(55)GAM 
";QEFF" PSF";TAB(SS)MQEFF;" kN/SM 

";QU;" PSF";TAB(SS)MQU;" kN/SMETE 

";D;" FEET";TAB(SS)MD;" METERS" 
";DRA;TAB(55)DRA:LPRINT 

";F;" LBS/FT";TAB(55)MF;" kN/m" 
";FRATIO;TAB(SS)FRATIO:LPRINT 
";YY;" FEET";TAB(SS)MYY;" METERS" 
";GG;TAB(SS)GG 

";ZB;TAB(SS)MZB 

";XDIST;" FEET";TAB(55)MXDIST;" M 

";MMAX;" FT-LBS/FT";TAB(SS)MMMAX;" 

";MRATIO;TAB(SS)MRATIO:LPRINT . 

";RC;" 
";RD;" 
";RF;" 
";RA;" 

LBS/FT";TAB(SS)MRC;" 
LBS/FT";TAB(SS)MRD;" 
LBS/FT";TAB(SS)MRF;" 
LBS/FT";TAB(55)MRA;" 

kN/m" 
kN/m" 
kN/m" 
kN/m" 

l055o GG-1. s•y·2• c. s•Gwo+ (HHB-GWD) +A) 
10560 zz.y· 3 

~~O BH•-3*RA* ( (HHB+A) ~ (YY+. S*GWD)) / (BBD* (KP-KA)) 
~o NM•ZZ+GG+HH 
10510 In'!. ... 

1110 ... A.I.NT "ZZ= ":zz: "GG= ":GG: "HH= • :HH: "MM= 
lei O lI•-.S•RC*GWD*(XX+GWD/3) 
111!0 JJ•F• (XX+GWD/2) 
1113: n--Rc•cxx·2)/2 

LI.--.S*KA*BBD*(XX.3)/3 

";MM 



10640 MMAX=II+JJ+KK+LL: 'REFERENCE 4, PAGE 292 
10650 NN•.5*RC*GWD-F+RC*XX+.S*KA*BBD•XX·2:• REFERENCE 4, PAGE 286, EQ 6.39 

10660 ' 
10670 I 

10680 1 OPTION 6 (CONTINUED) 
10690 GOTO 10730 
10700 GAM=GAM+.25 
10710 IF GAM>l THEN 4740 ELSE 10730 
10720 BFA•BFA+l:GOTO 10740 
10730 BFA•S 
10740 0-.2*HHB:JON•O:Y•D-A 
10750 GOSUB 2300 
10760 GOSUB 11350 
10770 N•O :NN=O 
10780 GWD=GAM*HHB 
10790 PA•KA*(BWD*GWD+BBD*(HHB-GWD)) 
10800 A=PA/ (BBD* (KP-KA) ) 
10810 I 

10820 RC=.S*BWD*GWD.2*KA 
10830 M=BWD*GWD*KA 
10840 RD=M* (HHB-GWD) 
10850 RE=PA*. 5*A 
10860 N=PA-M 
10870 RF=. S*N* (HHB-GWD): 1 OR RF=. S*BBD*KA* (HHB-GWD) •2 
10880 RA=RC+RD+RE+RF 
10890 MGWD=GWD/3. 28 
10900 MRC=RC*J. 28/224. 8 · 
10910 MRD=RD*J. 28/224. 8 
10920 MRF=RF*J. 28/224. 8 
10930 MRA=RA*J. 28/224. 8 
10940 MRE=RE*J. 28/224. 8 
10950 MA•A/ 3 • 2 8 

10960 GOTO 10970 
10970 YY=(RC*(A+HHB-GWD*2/J)+RD*(A+.S*(HHB-GWD))+RE*(2*A/J)+RF*(A+(HHB-GWD)*l/3) 
)/IA 

10980 MLL-LL/3. 28 :GOTO 11000 
l0t90 0-o+. 05: Y•D-A 
Uooo MM-y•3+1.s•y·2•(HHB+A-LL)-3*RA*(HHB+A-YY-LL)/(BBD*(KP-KA)) 
UOlO JON-.JON+ 1 
U020 IF MM<O THEN 10990 
U030 F•RA-.S•BBD*(KP-KA)*YA2 
Uo4o IIF-F•J. 28/224. 8 
Uoso , 

: :o IIBBO-BBD/ 6. 3 68 : MBWO-BWD/ 6. 3 68 
l1oe O IF GAM<l THEN 11160 
111 - O JOE•O: Z=GWD*. 5: GOTO 11100 
--,o Z•z+. 05 
llloo Jo 
llti.o , E•-F+.s•awo•z·2•KA 

l112o IP JOE<O THEN 11090 



11130 MMAX=F*(Z~LL)-.S*BWD*Z.2*KA*(Z*.33) 
11140 GOTO 11220 

· 111so ' 
11160 JOE=O:Z-GWD:GOTO 11180 
11170 Z=Z+. 05 
111so JOE•-F+.S*M*GWD+M*(Z-GWD)+.S*KA*BBD*(Z-GWD)·2 
11190 I 

i1200 IF JOE<O THEN 11170 
11210 MMAX=F*(Z-LL)-.S*BWD*GWD.2*KA*(Z-.67*GWD)-.S*BWD*GWD*KA*(Z-GWD).2-BBD*KA*( 
z..c;WD) .3/6 
11220 KPKA=KP/KA 
11230 DRA=D/HHB 
11240 MRATIO•MMAX/(BBD*KA*HHB.3) 
11250 FRATIO=F/(BBD*KA*HHB.2) 
11260 FRATIO=INT(lOOO*(FRATio+.0005))/1000 
11270 KPKA=INT(lOOO*(KPKA+.0005))/1000 
11280 MRATIO=INT(lOOO*(MRATI0+.0005))/1000 
11290 DRA=INT(lOOO*(DRA+.0005))/1000 
11300 PRINT GAM;TAB(9) BFA;TAB(18)_KPKA;TAB(29) DRA;TAB(40)JON;TAB(48)MRATIO;TAB(58 
)FRATIO 
11310 LPRINT GAM;TAB(9)BFA;TAB(l8)KPKA;TAB(29)DRA;TAB(40)JON;TAB(48)MRATIO;TAB(S 
8)FRATIO 
11320 GOSUB 11680 
11330 JON=O 
11340 IF BFA<45 THEN 10720 ELSE 10700 
11350 IF BFA<=lO THEN 11360 ELSE 11370 
11360 0-1. 2 *HHB: RETURN 
11370 IF BFA<=20 THEN 11380 ELSE 11390 
11380 D=.6*HHB:RETURN 
11390 D=.l*HHB:RETURN 
11400 I 

11410 I 

11420 I 

11430 I 

11440 1 SAVE DATA, OPTION 2 
11450 IF COUNT>O THEN 11510 
11460 OPEN REC$ FOR OUTPUT AS f 1 
11470 WRITE fl,REC$,EN$,DR$ 
11480 WRITE #1,"B.W. DENSITY","D. FRACTION","B. HEIGHT","B. SLOPE" 
11490 WRITE # 1, BWD, BDF, HHB, SOB 
llsoo WRITE #1, "COUNT", "ALPHA", "B. F. ANGLE", "KP/KA-X", "D. RATIO-Y", "M. RATIO-Y" 
llslo COUNT=COUNT+ 1 
lls20 WRITE ~ ,.. 1rl,COUNT,GAM,BFA,KPKA,DRA,MRATIO 
~30 RITtJRN 
lls4o I . 

llsso , 
llsso , SA VE . · · 
lls,o DATA, OPTION 4 
ll5a IP COUNT>o THEN 11630 
l1s, O OPEN REC$ FOR OUTPUT AS # 1 

O WRITE # l, REC$, EN$ , DR$ 



11600 WRITE #1,•B.F. ANGLE",•B.W. DENSITY","B.D. FRACTION","SUB F. ANGLE 
JGHT", "B. SLOPE" 
11610 WRITE #1,BFA,BWD,BDF,BBFA,HHB,SOB 
11620 WRITE #1,"COUNT","ALPHA","COHESION","COH RATIO-X","D. RATIO-Y","M. RATIO-Y 

• 
11630 COUNTsCOUNT+l 
11640 WRITE #l,COUNT,GAM,COH,GG,DRA,MRATIO 
11650 RETURN 
11660 I 

11670 I 

11680 'SAVE DATA, OPl'ION 6 
11690 IF COUNT>O THEN 11750 
11700 OPEN REC$ FOR OUTPUT AS #1 
11710 WRITE #l,REC$,EN$,DR$ 
11720 WRITE #1,"B.W. DENSITY","B.D. FRACTION","B. HEIGHT",•B. SLOPE",•A. DEPl'H" 
11730 WRITE #1,BWD,BDF,HHB,SOB,LL 
11740 WRITE #1,"COUNT","ALPHA","B.F. ANGLE","KP/KA-X","D. RATIO-Y","M. RATIO-Y'" 
, •A. RATIO-YI I" 
11750 COUNT=COUNT+l 
11760 WRITE #1, COUNT, GAM, BFA, KPKA, DRA, MRATIO, FRATIO 
11770 RETURN 
11780 ' 
11790 ' 
11800 I 

11810 'SAVE DATA, OPl'ION 8 
11820 IF COUNT>O THEN 11880 
11830 OPEN REC$ FOR OUTPUT AS #1 
11840 WRITE # 1, REC$, EN$, DR$ 
11850 WRITE #1,"B.W. DENSITY","B.D. FRACTION","B. HEIGHT","B. SLOPE","A. DEPl'H" 
11860 WRITE # 1, BWD, BDF, HHB, SOB, LL 
11870 WRITE #1, "COUNT", "ALPHA", "COHESION", "COH RATIO-X", "D. RATIO-Y", "M. RATIO-Y 
1• , •1. RATIO-Y' 1 " 

11880 COUNT=COUNT+ 1 
11890 WRITE #1, COUNT ,GAM, COH,GG, DRA,MRATIO, FRATIO 
11900 RETURN 



APPENDIX B 

EXAMPLE PROBLEMS 
OPTIONS 1, 3, 5 AND 7 



CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 

FILE NO. : SHEET_I_OF _f_ 
TEST NO. 1 
PROBLEM 13-6A PAGE 514 
BOWLE'S TEXT 

DESIGNER: JFS 
DATE: NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SLOPE OF BACKFILL= 
GROUND WATER DEPI'H= 
UNIFORM SURCHARGE LOAD= 

ENGLISH UNITS 
105 PCF 
60.1 PCF 
30 DEGREES 
17 DEGREES 
25 FEET 
0 DEGREES 
10 FEET 
0 PSF 

** 

OPTION 1 
PILE. 4 PROGRAM 

METRIC UNITS 
16.49 kN/CMETER 
9.439999 kN/CMETER 
30 DEGREES 
17 DEGREES 
7.62 METERS 
0 DEGREES 
3.05 METERS 
0 kN/SMETER 

OUTPUT DATA 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
ALPHA= 

PILE DEPI'H, O= 
D/H• 

CINTROID,Y= 
I• 

DISTANCE TO PIVOT POINT, a= 
Pa• 
Pp-
'P'• 
I DISTANCE= 
lllllbT,Mmax= 
lllax/(PHI'*Ka*HAJ)= 

llapILL ACTIVE FORCES : 
ll• 
12• 
13. 
14• 
!OrAL,Ra= 

ENGLISH UNITS 

.299 
5.385 
17.98 
.4 

20.1 FEET 
.8 

10.25 FEET 
3.75 FEET 
1.91 FEET 
584.36 PSF 
5559.1 PSF 
16652.2 PSF 
7.62 FEET 
135982.2 FT-LBS/FT 
.48 

1572.1 LBS/FT 
4716.2 LBS/FT 
2024.6 LBS/FT 
558.6 LBS/FT 
8871.401 LBS/FT 

METRIC UNITS 

.299 
5.385 
17.98 
.4 

6.13 
.8 

3.12 
1.14 
.58 
27.97 
266.11 
797.14 
2.32 
604.9 
.48 

22.94 
68.81 
29.54 
8.15 
129.44 

METERS 

METERS 
METERS 

METERS 
kN/SMETER 

kN/SMETER 
kN/SMETER 

METERS 
kN-m/m 

kN/m 
kN/m 
kN/m 

kN/m 
kN/m 



CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 2, 

FILE NO.: SHEET...1:..._0F_f_ 
TEST NO. 2 
PROBLEM 13-6D PAGE 514 
BOWLE'S TEXT 

DESIGNER: JFS 
DATE: NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SLOPE OF BACKFILL= 
GROUND WATER DEPTH= 
UNIFORM SURCHARGE LOAD= 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT, Kp= 
Kp/Ka= 
ALPHA= 

PILE DEPTH, D= 
D/H• 

CINTROID,Y= 
I• 

DISTANCE TO PIVOT POINT, a= ... 
Ppa 
'P'• 
I DISTANCE= 

ENGLISH UNITS 
110.17 PCF 
60.43 PCF 
33 DEGREES 
17 DEGREES 
24.6 FEET 
0 DEGREES 
11.48 FEET 
0 PSF 

OUTPUT 

ENGLISH UNITS 

.267 
6.382 
23.92 
.47 

17.42 FEET 
.71 

9.79 FEET 
3.05 FEET 
1.49 FEET 
548.86 PSF 
5888.7 PSF 
19568.7 PSF 
6.64 FEET 

OPTION 1 
PILE.4 PROGRAM 

** METRIC UNITS 

DATA 

17.3 kN/CMETER 
9.49 kN/CMETER 
33 DEGREES 
17 DEGREES 
7.5 METERS 
0 DEGREES 
3.5 METERS 
0 kN/SMETER 

METRIC UNITS 

.267 
6.382 
23.92 
.47 

5.31 METERS 
.71 

2.98 METERS 
.93 METERS 
.45 METERS 
26.27 kN/SMETER 
281.89 kN/SMETER 
936.75 kN/SMETER 
2.03 METERS 

IDIIENT,Mmax= 
-.X/(PHI'*Ka•HA3)= 

115968.8 FT-LBS/FT 515.88 kN-m/m 

llclrILL ACTIVE FORCES : 
ll• 
12-
13. 
14. 
'°'1'AL,Ra= 

.48 

1936.4 
4426.2 
1387.4 
407.6 
8157.6 

.48 

LBS/FT 28.25 kN/m 
LBS/FT 64.58 kN/m 
LBS/FT 20.24 kN/m 

LBS/FT 5.95 kN/m 
LBS/FT 119.03 kN/m 



(:ANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 3 

FILE NO.: 
TEST NO. 3 
EXAMPLE 13-1 PAGE 484 
BOWLE'S TEXT 

DESIGNER: 
DATE: 

JFS 
NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SU>PE OF BACKFILL= 
GROUND WATER DEPTH= 
UNIFORM SURCHARGE LOAD= 

ENGLISH UNITS 
110 PCF 
60 PCF 
30 DEGREES 
17 DEGREES 
20 FEET 
0 DEGREES 
10 FEET 
0 PSF 

** 

SHEET...2_0FL 

OPTION 1 
PILE.4 PROGRAM 

METRIC UNITS 
17.27 kN/CMETER 
9.42 kN/CMETER 
30 DEGREES 
17 DEGREES 
6.1 METERS 
0 DEGREES 
3.05 METERS 
0 kN/SMETER 

OUTPUT DATA 

ENGLISH UNITS METRIC UNITS 
BACKFILL: 
ACTIVE COEFFICIENT, Ka= .299 .299 
PASSIVE COEFFICIENT,Kp= 5.385 5.385 
Ip/Ka• 17.98 17.98 
ALPHA= .5 .5 

nLE DEPTH, D= 16.8 FEET 5.12 METERS 
D/H• .84 .84 

C!NTROID,Y= 8.24 FEET 2.51 METERS 
I• 3.03 FEET .93 METERS 
DISTANCE TO PIVOT POINT,a= 1.67 FEET .51 METERS 
h• 509.05 PSF 24.37 kN/SMETER 
Pp- 4617.2 PSF 221.02 kN/SMETER 
'P'• 14280.7 PSF 683.62 kN/SMETER 
l DISTANCE= 6.41 FEET 1.95 METERS 
llllmNT,Mmax= 78392 FT-LBS/FT 348.72 kN-m/m 
lllax/(PHI'*Ka*HA3)= .55 .55 

llclrILL ACTIVE FORCES: 11• 1646.9 LBS/FT 24.03 kN/m 12• 
13. 3293.8 LBS/FT 48.06 kN/m 
14. 898.3 LBS/FT 13.11 kN/m 

"°TAL,Ra= 
424.6 LBS/FT 6.2 kN/m 
6263.7 LBS/FT 91.39 kN/m 



CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 4 

FILE NO.: SHEET-±_OF~ 

DESIGNER: 
DATE: 

TEST NO. 4 
EXAMPLE 6.1 PAGE 279 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION l 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SWPE OF BACKFILL= 
GROUND WATER DEPTH= 
UNIFORM SURCHARGE LOAD= 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
ALPHA= 

PILE DEPTH, D= 
D/B• 

CINTROID,Y= 
I• 
DISTANCE TO PIVOT POINT,a= 
h• 
Ppa 
Pp•-
l DISTANCE= 
IIIIENT,Mmax= 
lllax/(PHI'•Ka•HA3)= 

llclrILL ACTIVE 
ll• FORCES: 

12• 
13. 
14. 
'°'1'AL,Ra= 

ENGLISH UNITS 
101.25 PCF 
60.62 PCF 
32 DEGREES 
0 DEGREES 
16.4 FEET 
0 DEGREES 
6.56 FEET 
0 PSF 

OUTPUT 

ENGLISH UNITS 

.307 
3.255 
10.59 
.4 

17.78 FEET 
1.08 

7.32 FEET 
3.53 FEET 
2.17 FEET 
387.37 PSF 
2789.5 PSF 
7280.l PSF 
6.69 FEET 
47094.6 FT-LBS/FT 
.57 

669.4 LBS/FT 
2008.2 LBS/FT 
901.8 LBS/FT 
419.9 LBS/FT 
3999.3 LBS/FT 

** METRIC UNITS 
15.9 kN/CMETER 
9.520001 kN/CMETER 
32 DEGREES 
0 DEGREES 
5 METERS 
0 DEGREES 
2 METERS 
0 kN/SMETER 

DATA 

METRIC UNITS 

.307 
3.255 
10.59 
.4 

5.42 METERS 
1.08 

2.23 METERS 
1.08 METERS 
.66 METERS 
18.54 kN/SMETER 
133.53 kN/SMETER 
348.49 kN/SMETER 
2.04 METERS 
209.5 kN-m/m 
.57 

9.770001 kN/m 
29.3 kN/m 
13.16 kN/m 
6.13 kN/m 
58.35 kN/m 



(:ANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 5' 

FILE NO.: 
TEST NO. 5 
PROBLEM 6.1 PAGE 303 
DAS'S TEXT 

pESIGNER: 
DATE: 

JFS 
NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
DLL FRICTION ANGLE= 
BIGHT OF BACKFILL= 
SU>PE OF BACKFILL= 
GROUND WATER DEPTH= 
UIIIFORM SURCHARGE LOAD= 

llCKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
lLPHA• 

PILE DEPI'H, D= 
D/B• 

CIRTROID,Y= .. 
DISTANCE TO PIVOT POINT,a= ,._ ... ,,,_ 
I DISTANCE= 
~,Mmax= 
llax/(PHI'*Ka*HA3)= 

llclrILL ACTIVE FORCES : 
11• 
12• 
13. 
14. 
!OrAt,Ra= 

** ENGLISH UNITS 
100 PCF 
47.6 PCF 
35 DEGREES 
0 DEGREES 
23 FEET 
0 DEGREES 
8 FEET 
0 PSF 

OUTPUT 

ENGLISH UNITS 

.271 
3.69 
13.62 
.35 

22.8 FEET 
.99 

10.16 FEET 
4.35 FEET 
2.52 FEET 
410.28 PSF 
3300.5 PSF 
9297.7 PSF 
8.649999 FEET 
96975.6 FT-LBS/FT 
.62 

867.2 LBS/FT 
3251.9 LBS/FT 
1451.2 LBS/FT 
517.1 LBS/FT 
6087.4 LBS/FT 

SHEET_LOF__L 

OPTION 1 
PILE.4 PROGRAM 

METRIC UNITS 
15.7 kN/CMETER 
7.47 kN/CMETER 
35 DEGREES 
0 DEGREES 
7.01 METERS 
0 DEGREES 
2.44 METERS 
0 kN/SMETER 

DATA 

METRIC UNITS 

.271 
3.69 
13.62 
.35 

6.95 METERS 
.99 

3.1 METERS 
1.33 METERS 
.77 METERS 
19.64 kN/SMETER 
157.99 kN/SMETER 
445.08 kN/SMETER 
2.64 METERS 
431.39 kN-m/m 
• 62 

12.65 kN/m 
47.45 kN/m 
21.17 kN/m 
7.55 kN/m 
88.82 kN/m 



CANTILEVER SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 6 -

· FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 6 
PROBLEM 6.3 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SU>PE OF BACKFILL= 
GROUND WATER DEPTH= 
UNIFORM SURCHARGE LOAD= 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
ALPHA= 

PILE DEPTH, D= 
D/B• 

CINTROID,Y= 
a-
DISTANCE TO PIVOT POINT, a= 
Pl• 
'P-
it'• 
I DISTANCE= 
IIIIEHT,Mmax= 
-.X/(PHI'*Ka*HA3)= 

llcQILL ACTIVE FORCES: 
11• 
12-
13. 
14. 
!orAL,Ra= 

PAGE 304 

ENGLISH UNITS 
105 PCF 
61.6 PCF 
32 DEGREES 
0 DEGREES 
25 FEET 
0 DEGREES 
10 FEET 
0 PSF 

** 

SHEET~OF_L 

METRIC UNITS 
16.49 kN/CMETER 
9.67 kN/CMETER 
32 DEGREES 
0 DEGREES 
7.62 METERS 
0 DEGREES 
3.05 METERS 
0 kN/SMETER 

OUTPUT DATA 

ENGLISH UNITS 

.307 
3.255 
10.59 
.4 

27.3 FEET 
1.09 

11.2 FEET 
5.41 FEET 
3.34 FEET 
606.53 PSF 
4349.9 PSF 
11381 PSF 
10.28 FEET 
173203.9 FT-LBS/FT 
.59 

1613.1 
4839.3 
2129.3 
1013.1 
9594.901 

LBS/FT 
LBS/FT 
LBS/FT 
LBS/FT 

LBS/FT 

METRIC UNITS 

.307 
3.255 
10.59 
.4 

8.32 METERS 
1.09 

3.41 METERS 
1.65 METERS 
1.02 METERS 
29.03 kN/SMETER 
208.23 kN/SMETER 
544.81 kN/SMETER 
3.13 METERS 
770.48 kN-m/m 
.59 

23.54 
70.61 
31.07 
14.78 
140 

kN/m 
kN/m 
kN/m 
kN/m 

kN/m 



CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 7 

FILE NO.: SHEET-1._0F .r 

DESIGNER: 
DATE: 

TEST NO. 1 
EXAMPLE 13-4A PAGE 488 
BOWLE' S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION 3 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SU>PE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 

ENGLISH UNITS 
110.17 PCF 
60.5 PCF 
30 DEGREES 
17 DEGREES 
19.68 FEET 
0 DEGREES 
9.84 FEET 
1201.175 PSF 

** METRIC UNITS 
17.3 kN/CMETER 
9.5 kN/CMETER 
30 DEGREES 
17 DEGREES 
6 METERS 
0 DEGREES 
3 METERS 
57.S kN/SMETER 

OUTPUT DATA 

MCKFILL: 
lC'l'IVE COEFFICIENT,Ka= .299 
PASSIVE COEFFICIENT,Kp= 5.385 
lLPHA= .5 
IFFECTIVE PRESSURE,q= 1679.318 PSF 

SUBSOIL: 
OICONF. COMPRES. STRENGTH, Qu= 2 4 02 • 3 5 PSF 

PILE DEPTH, D= 
D/B• 

CIIITROID, Y= 
flU-QEFF) /(PHI' *Ka*H) = 
l DISTANCE= 
~,Mmax= 
llax/(PHI'*Ka•HA3)= 

~LL ACTIVE FORCES: 
12. 
13-
!0nt,Ra= 

8.95 FEET 
.455 

6.98 FEET 
8.8 
4.640056 
1.81 FEET 
44684.6 FT-LBS/FT 
.324 

1597 LBS/FT 
3194.1 LBS/FT 
877 LBS/FT 
5668.1 LBS/FT 

.299 
S.385 
.s 
80.39 kN/SMETER 

115 kN/SMETER 

2.73 METERS 
.455 

2.13 METERS 
8.8 
1.414651 
.55 METERS 
198.8 kN-m/m 
.324 

23.3 kN/m 
46.6 kN/m 
12.8 kN/m 
82.7 kN/m 



CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 8 . 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 2 
EXAMPLE 6.2 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
BEIGHT OF BACKFILL= 
SWPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 

BlCKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
lrFECTIVE PRESSURE, q= 

SUBSOIL: 
UICONF. COMPRES. STRENGTH,Qu= 

· PILE DEPTH, D= 
D/B• 

CIITROID,Y= 
(2qll-QEFF) /(PHI' *Ka*H) = .. 
I DISTANCE= 
IIIINT,Mmax= 
llilx/(PBI'*Ka•HA3)= 

llcortt ACTIVE FORCES: 
11• 
12. 
13. 
!O!At,Ra= 

PAGE 282 

INPUT DATA 

SHEET Z OF ~ --

OPTION 3 
PILE.4 PROGRAM 

** ENGLISH UNITS 
101.25 PCF 
60.62 PCF 

METRIC UNITS 

32 DEGREES 
0 DEGREES 
16.4 FEET 
0 DEGREES 
6.56 FEET 
981.8299 PSF 

.307 
3.255 
.4 

OUTPUT DATA 

1260.742 PSF 

1963.66 PSF 

7.01 
.428 

FEET 

5.84 FEET 
8.7 
3.85098 
1.34 FEET 
23291.1 FT-LBS/FT 
.283 

669.4 
2008.2 
901.8 
3579.4 

LBS/FT 
LBS/FT 

LBS/FT 
LBS/FT 

15.9 kN/CMETER 
9.520001 kN/CMETER 
32 DEGREES 
0 DEGREES 
5 METERS 
0 DEGREES 
2 METERS 
47 kN/SMETER 

.307 
3.255 
.4 
60.35 kN/SMETER 

94 kN/SMETER 

2.14 
.428 

METERS 

1.78 METERS 
8.7 
1.174079 
.41 METERS 
103.6 kN-m/m 
.283 

9.8 kN/m 
29.3 kN/m 
13.2 kN/m 
52.2 kN/m 



CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 9 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 3 
PROBLEM 13-8A PAGE 514 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

SHEET_LOF S-

INPUT DATA OPTION 3 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SLOPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
EFFECTIVE PRESSURE, q= 

SlJBSOIL: . 
UNCONF. COMPRES • STRENGTH, Qu= 

PILE DEPTH, D= 
D/H• 

CINTROID,Y= 
(2qu-QEFF) /(PHI' *Ka*H) = 
la 
I DISTANCE= 
~,Mmax= 
-/(PHI'*Ka•H~J)= 

llcoztt ACTIVE FORCES: 
11• 
12• 
13. 
'l'OTAI,, Ra= 

ENGLISH UNITS 
105 PCF 
60.1 PCF 
30 DEGREES 
17 DEGREES 
25 FEET 
0 DEGREES 
10 FEET 
1200 PSF 

** 

OUTPUT 

.299 
5.385 
.4 
1951.5 PSF 

2400 PSF 

12.95 FEET 
.518 

8.939999 FEET 
6.3 
5.953199 
2.92 FEET 
86444.9 FT-LBS/FT 
.307 

1572.1 LBS/FT 
4716.2 LBS/FT 
2024.6 LBS/FT 
8312.8 LBS/FT 

METRIC UNITS 
16.49 kN/CMETER 
9.439999 kN/CMETER 
30 DEGREES 
17 DEGREES 
7.62 METERS 
0 DEGREES 
3.05 METERS 
57.44 kN/SMETER 

DATA 

.299 
5.385 
.4 
93.42 kN/SMETER 

114.89 kN/SMETER 

3.95 METERS 
.518 

2.73 METERS 
6.3 
1.815 
.89 METERS 
384.5 kN-m/m 
.307 

22.9 kN/m 
68.8 kN/m 
29.5 kN/m 
121.3 kN/m 



CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 10 

FILE NO.: SHEET~OF .r 

DESIGNER: 
DATE: 

TEST NO. 4 
PROBLEM 13-80 PAGE 514 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION 3 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SU>PE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 

ENGLISH UNITS 
110.17 PCF 
60.5 PCF 
33 DEGREES 
17 DEGREES 
24.6 FEET 
0 DEGREES 
11.48 FEET 
3342.4 PSF 

** METRIC UNITS 
17.3 kN/CMETER 
9.5 kN/CMETER 
33 DEGREES 
17 DEGREES 
7.5 METERS 
0 DEGREES 
3.5 METERS 
160 kN/SMETER 

OUTPUT DATA 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
IFFECTIVE PRESSURE, q= 

SUBSOIL: 

.267 
6.382 
.4666667 
2058.418 PSF 

UNCONF. COMPRES. STRENGTH,Qu= 6684.8 PSF 

nLE DEPl'H, D= 6 • 0 5 FEET 
D/B• • 246 

CIIITROID,Y= 
(2qu-QEFF)/ (PHI' *Ka*H) = 
la 
I DISTANCE= 
IIIIENT,Mmax= 
illlx/(PHI'*Ka*HA3)= 

llclrtLL ACTIVE FORCES : 
11-
12-
13. 
'°'1'AL,Ra= 

8.76 FEET 
28.5 
4.535363 
.69 FEET 
70581.9 FT-LBS/FT 
.294 

1936.4 
4426.2 
1388.9 
7751.5 

LBS/FT 
LBS/FT 
LBS/FT 
LBS/FT 

.267 
6.382 
.4666667 
98.54 kN/SMETER 

320 kN/SMETER 

1.84 METERS 
.246 

2.67 METERS 
28.5 
1.382733 
.21 METERS 
314 kN-m/m 
.294 

28.3 
64.6 
20.3 
113.1 

kN/m 
kN/m 
kN/m 

kN/m 



CANTILEVER SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 11 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 5 
PROBLEM 6.7 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

SHEETr OF...£_ 

PAGE 304 

INPUT DATA OPTION 3 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SLOPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 

ENGLISH UNITS 
99.98001 PCF 
47.76 PCF 
30 DEGREES 
0 DEGREES 
22.96 FEET 
0 DEGREES 
7.872 FEET 
605.81 PSF 

** 
METRIC UNITS 

15.7 kN/CMETER 
7.5 kN/CMETER 
30 DEGREES 
0 DEGREES 
7 METERS 
0 DEGREES 
2.4 METERS 
29 kN/SMETER 

OUTPUT DATA 

BACKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
EFFECTIVE PRESSURE, q= 

SUBSOIL: 

.333 
3 
.3428572 
1507.627 PSF 

UNCONF. COMPRES. STRENGTH,Qu= 1211.62 PSF 

PILE DEPTH, D= 2 2 • 9 8 FEET 
D/H• 1.001 

CINTROID,Y= 
(2qu-QEFF) /(PHI' *Ka*H) = 
la 
l DISTANCE= 
IIIIENT,Mmax= 
'-x/(PHI'*Ka*HA3)= 

llcnILL ACTIVE FORCES: 
ll• 
12. 
13. 
'°TAL,Ra= 

8.42 FEET 
2.5 
5.875398 
7.43 FEET 
82535.5 FT-LBS/FT 
.428 

1032.6 
3958.2 
1812.1 
6802.9 

LBS/FT 
LBS/FT 
LBS/FT 
LBS/FT 

.333 
3 
.3428572 
72.17 kN/SMETER 

58 kN/SMETER 

7.01 METERS 
1.001 

2.57 METERS 
2.5 
1. 79128 
2.27 METERS 
367.2 kN-m/m 
.428 

15.1 kN/m 
57.8 kN/m 
26.4 kN/m 
99.3 kN/m 



ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL I? 

FILE NO.: SHEET_L_OF + 

DESIGNER: 
DATE: 

TEST NO. 1 
EXAMPLE 13-1 PAGE 359 
CERNICA'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION 5 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SWPE OF BACKFILL= 
GROUND WATER DEPTH= 
UNIFORM SURCHARGE LOAD= 
ANCHOR DEPTH = 

BlCKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
lLPHA= 

PILE DEPTH, D= 
D/B• 

la 
&lalOR FORCE, F= 
P/(PBI' *KA*H"2) = 

IIIIINT,Mmax= 
llax/(PHl'*Ka*H"3)= 

llcQ,ILL ACTIVE FORCES: 
11• 
12• 
13. 
14. 
!O'rAL,Ra= 

ENGLISH UNITS 
124.94 PCF 
61.64 PCF 
32 DEGREES 
0 DEGREES 
32.8 FEET 
0 DEGREES 
13.12 FEET 
0 PSF 
9.8 FEET 

** METRIC UNITS 
19.62 kN/CMETER 
9.68 kN/CMETER 
32 DEGREES 
0 DEGREES 
10 METERS 
0 DEGREES 
4 METERS 
0 kN/SMETER 
3 METERS 

OUTPUT DATA 

ENGLISH UNITS METRIC UNITS 

.307 .307 
3.255 3.255 
10.59 10.59 
.4 .4 

13.66 FEET 4.16 METERS 
.42 .42 

26.72 FT 8.15 METERS 
11905.3 LBS/FT 173.7 kN/m 
.58 .58 

87202.21 FT-LBS/FT 387.91 kN-m/m 
.13 .13 

3304 LBS/FT 48.21 kN/m 
9912.099 LBS/FT 144.63 kN/m 
3667.8 LBS/FT 53.52 kN/m 
2113.9 LBS/FT 30.84 kN/m 
18997.8 LBS/FT 277.19 kN/m 



AifCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL I '3 

FILE NO.: SHEET....!._OF.±_ 

DESIGNER: 
DATE: 

TEST NO. 2 
EXAMPLE 13-3 PAGE 492 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

INPUT 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
B!IGHT OF BACKFILL= 
SI.DPE OF BACKFILL= 
GROUND WATER DEPTH= 
UHIFORM SURCHARGE LOAD= 
ANCHOR DEPTH = 

ENGLISH UNITS 
105 PCF 
66 PCF 
30 DEGREES 
20 DEGREES 
30 FEET 
0 DEGREES 
8 FEET 
500 PSF 
4 FEET 

** 

OPTION 5 
PILE.4 PROGRAM 

METRIC UNITS 
16.49 kN/CMETER 
10.36 kN/CMETER 
30 DEGREES 
20 DEGREES 
9.149999 METERS 
0 DEGREES 
2.44 METERS 
23.93 kN/SMETER 
1.2 METERS 

OUTPUT DATA 

BlCKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
ALPHA= 

PILE DEPTH, D= 
D/B• 

z-
AIICB0R FORCE , F= 
P/(PHI '*KA*H"2) = 

IIIIENT,Mmax= 
-.X/(PHI'*Ka*H"3)= 

IAclrILL ACTIVE FORCES: 
11• 
12• 
13. ... 
!OTAt,Ra= 

ENGLISH UNITS 

.297 
6.105 
20.53 
.27 

8.5 FEET 
.28 

21.75 
8909.901 
.5 

109666.4 
.21 

2188.2 
8764.8 
4748.7 
898.8 
16600.6 

FT 
LBS/FT 

FT-LBS/FT 

LBS/FT 
LBS/FT 
LBS/FT 

LBS/FT 
LBS/FT 

METRIC UNITS 

.297 
6.105 
20.53 
.27 

2.59 
.28 

6.63 
130 
.s 

487.84 
.21 

31.93 
127.89 
69.29 
13.11 
242.21 

METERS 

METERS 
kN/m 

kN-m/m 

kN/m 
kN/m 

kN/m 
kN/m 

kN/m 



ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 14 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 3 
EXAMPLE 6.3 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SI.DPE OF BACKFILL= 
GROUND WATER DEPTH= 
1JlfIFORM SURCHARGE LOAD= 
ANCHOR DEPTH = 

BlCKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka• 
lLPHA• 

PILE DEPl'H, D= 
D/11-.. 
AICBOR FORCE, F= 
1/(PHI' *KA*H" 2) = 

IIIIENT,Mmax= 
-.X/(PHI'*Ka*H"3)= 

llckrILL ACTIVE 
11• 

FORCES: 

12• 
13. 
••• 
!o?AL,Ra= 

PAGE 292 

ENGLISH UNITS 
101.25 PCF 
60.62 PCF 
32 DEGREES 
0 DEGREES 
16.4 FEET 
0 DEGREES 
6.56 FEET 
0 PSF 
3.3 FEET 

OUTPUT 

ENGLISH UNITS 

.307 
3.255 
10.59 
.4 

6.63 FEET 
.4 

12.56 FT 
2220.6 LBS/FT 
.44 

10797.9 FT-LBS/FT 
.13 

669.4 LBS/FT 
2008.2 LBS/FT 
901.8 LBS/FT 
419.9 LBS/FT 
3999.3 LBS/FT 

SHEET2__0F.f._ 

OPTION 5 
PILE.4 PROGRAM 

** METRIC UNITS 

DATA 

15.9 kN/CMETER 
9.520001 kN/CMETER 
32 DEGREES 
0 DEGREES 
5 METERS 
0 DEGREES 
2 METERS 
0 kN/SMETER 
1 METERS 

METRIC UNITS 

.307 
3.255 
10.59 
.4 

2.02 METERS 
.4 

3.83 METERS 
32.4 kN/m 
.44 

48.03 kN-m/m 
.13 

9.770001 kN/m 
29.3 kN/m 
13.16 kN/m 
6.13 kN/m 
58.35 kN/m 



,ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL J 5' 

FILE NO.: SHEET±._oF±._ 

DESIGNER: 
DATE: 

TEST NO. 4 
PROBLEM 6.11 PAGE 304 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION 5 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SIDPE OF BACKFILL= 
GROUND WATER DEPTH= 
1JNIFORM SURCHARGE LOAD= 
ANCHOR DEPTH = 

BACKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
Ip/Ka= 
lLPHA= 

nLE DEPl'H, D= 
D/B• 

z-
AIICROR FORCE, F= 
P/(PIII' *lCA*HA2) = 

IIIIINT,Mmax= 
-.Zt(PHI'*Ka*HA3)s 

IM:QzLL ACTIVE FORCES: 
ll• 
12• 
13. 
14. 
'°'1-AL,Ra= 

ENGLISH UNITS 
101.89 PCF 
61.64 PCF 
30 DEGREES 
0 DEGREES 
29.684 FEET 
0 DEGREES 
10.004 FEET 
0 PSF 
4.9 FEET 

** METRIC UNITS 
16 kN/CMETER 
9.68 kN/CMETER 
30 DEGREES 
0 DEGREES 
9.05 METERS 
0 DEGREES 
3.05 METERS 
0 kN/SMETER 
1.5 METERS 

OUTPUT DATA 

ENGLISH UNITS METRIC UNITS 

.333 .333 
3 3 
9 9 
.34 .34 

13.29 FEET 4.05 METERS 
.45 .45 

22.85 FT 6.97 METERS 
7742.6 LBS/FT 113 kN/m 
.43 .43 

76089.21 FT-LBS/FT 338.48 kN-m/m 
.14 .14 

1699.5 LBS/FT 24.8 kN/m 
6686.5 LBS/FT 97.56 kN/m 
3979 LBS/FT 58.06 kN/m 
1684.3 LBS/FT 24.58 kN/m 
14049.4 LBS/FT 204.99 kN/m 



ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL / b 

FILE NO.: SHEET_j_OF~ 

DESIGNER: 
DATE: 

TEST NO. 1 
EXAMPLE 13-4 PAGE 494 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPl'ION 7 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SWPE OF BACKFILL= 
GROUND WATER DEPl'H= 
SUBSOIL COHESION= 
ANCHOR DEPl'H = 

BACKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
EFFECTIVE PRESSURE, q= 

SUBSOIL: 
UNCONF. COMPRES • STRENGTH,Qu= 

PILE DEPTH, D= 
D/B• 

AICBOR FORCE, F= 
P/(PHI' *KA*H"'2) = 

CIITR010,Y= 
~EFF)/(PHI'*Ka*H)= 

,Mmax= 
lllax/(PHI'*Ka*H"'3)= 

llcgpztt ACTIVE 
11• 

FORCES: 

12. 
13. 
'°TAL,Ra• 

ENGLISH UNITS 
105.07 PCF 
66.1 PCF 
30 DEGREES 
20 DEGREES 
29.848 FEET 
0 DEGREES 
7.872 FEET 
1002.72 PSF 
3.936 FEET 

OUTPUT 

.297 
6.105 
.2637363 
2279.737 PSF 

2005.44 PSF 

3.6 FEET 
.121 

4888.24 LBS/FT 
.28 

10.61 FEET 
3 
40611.9 FT-LBS/FT 
.078 

967.9 LBS/FT 
5404.3 LBS/FT 
4745.5 LBS/FT 
11117.7 LBS/FT 

** 
METRIC UNITS 

DATA 

16.5 kN/CMETER 
10.38 kN/CMETER 
30 DEGREES 
20 DEGREES 
9.100001 METERS 
0 DEGREES 
2.4 METERS 
48 kN/SMETER 
1.2 METERS 

.297 
6.105 
.2637363 
109.13 kN/SMETER 

96 kN/SMETER 

1.1 METERS 
.121 

71.32 kN/m 
.28 

3.23 METERS 
3 
180.7 JcN-m/m 
.078 

14.1 JcN/m 
78.9 kN/m 
69.2 JcN/m 
162.2 kN/m 



AJ{cHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL I 7 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 2 
PROBLEM 13-12A PAGE 515 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

SHEET~OF_±_ 

INPUT DATA OPTION 7 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
JACICFILL BUOYANT DENSITY= 
JACICFILL FRICTION ANGLE= 
1fALI, FRICTION ANGLE= 
BEIGHT OF BACKFILL= 
SIDPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 
ANCHOR DEPTH = 

llCIFILL: 
ICTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
lLPBA• 
lrFECTIVE PRESSURE, q= 

SUBSOIL: 
VICONF. COMPRES • STRENGTH, Qu= 

PILI DEPTH, D= 
D/H• 

llaioR FORCE, F= 
1/(PIII'*KA*HA2) = 
Cllrrao10,y. 
~EFF)/(PHI'*Ka*H)= 

,Mmax= 
~(PHI'*Ka*HAJ)= 

":!1LL ACTIVE FORCES: 

12· 
13. 
!O'tlt,Ra-

ENGLISH UNITS 
105 PCF 
60.1 PCF 
30 DEGREES 
17 DEGREES 
25 FEET 
0 DEGREES 
10 FEET 
1200 PSF 
5 FEET 

** 

OUTPUT 

.299 
5.385 
.4 
1951.5 PSF 

2400 PSF 

1.6 FEET 
.064 

3755.21 LBS/FT 
.33 

8.939999 FEET 
6.3 
20380.7 FT-LBS/FT 
.072 

1572.1 LBS/FT 
4716.2 LBS/FT 
2024.6 LBS/FT 
8312.8 LBS/FT 

METRIC UNITS 

DATA 

16.49 kN/CMETER 
9.439999 kN/CMETER 
30 DEGREES 
17 DEGREES 
7.62 METERS 
0 DEGREES 
3.05 METERS 
57.44 kN/SMETER 
1.52439 METERS 

.299 
5.385 
.4 
93.42 kN/SMETER 

114.89 kN/SMETER 

.49 METERS 

.064 

54.79 kN/m 
.33 

2.73 METERS 
6.3 
90.7 kN-m/m 
.072 

22.9 kN/m 
68.8 kN/m 
29.5 kN/m 
121.3 kN/m 



_ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL / S 

FILE NO.: 

DESIGNER: 
DATE: 

TEST NO. 3 
PROBLEM 13-12D PAGE.515 
BOWLE'S TEXT 

JFS 
NOVEMBER 1991 

SHEET..!_oF.±,_ 

INPUT DATA OPTION 7 
PILE.4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BAcKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SIDPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 
ANCHOR DEPI'H = 

llCKFILL: 
ACTIVE COEFFICIENT, Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
IFFECTIVE PRESSURE, q= 

IUBSOIL: 
111CONF. COMPRES • STRENGTH,Qu= 

PILI DEPTH, D= 
D/B• 

&ICBOR FORCE , F= 
P/(PHI'*KA*HA2) = 

Clllfto10,y. 
~EFF) / (PHI' *Ka *H) = 

,Mmax• 
~(PHI'*Ka*HAJ)= 

llcotLL ACTIVE 
11,. FORCES: 
12. 
13. 
'°'1-AL,Ra• 

ENGLISH UNITS 
110.17 PCF 
60.43 PCF 
33 DEGREES 
17 DEGREES 
24.6 FEET 
0 DEGREES 
11.48 FEET 
3342.4 PSF 
4.92 FEET . 

OUTPUT 

.267 
6.382 
.4666667 
2057.582 PSF 

6684.8 PSF 

.4 FEET 

.016 

3270.46 LBS/FT 
.34 

8.76 FEET 
28.5 
16609.5 FT-LBS/FT 
.069 

1936.4 LBS/FT 
4426.2 LBS/FT 
1387.4 LBS/FT 
7750 LBS/FT 

** METRIC UNITS 

DATA 

17.3 kN/CMETER 
9.49 kN/CMETER 
33 DEGREES 
17 DEGREES 
7.5 METERS 
0 DEGREES 
3.5 METERS 
160 kN/SMETER 
1.5 METERS 

.267 
6.382 
.4666667 
98.5 kN/SMETER 

320 kN/SMETER 

.12 METERS 

.016 

47.72 kN/m 
.34 

2.67 METERS 
28.5 
73.9 kN-m/m 
.069 

28.3 kN/m 
64.6 kN/m 
20.2 kN/m 
113.1 kN/m 



~CHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL I CJ 

FILE NO. : SHEET~ OF±._ 

DESIGNER: 
DATE: 

TEST NO. 4 
PROBLEM 6.15 PAGE 305 
DAS'S TEXT 

JFS 
NOVEMBER 1991 

INPUT DATA OPTION 7 
PILE. 4 PROGRAM 

BACKFILL WET DENSITY= 
BACKFILL BUOYANT DENSITY= 
BACKFILL FRICTION ANGLE= 
WALL FRICTION ANGLE= 
HEIGHT OF BACKFILL= 
SIDPE OF BACKFILL= 
GROUND WATER DEPTH= 
SUBSOIL COHESION= 
ANCHOR DEPTH = 

BACKFILL: 
ACTIVE COEFFICIENT,Ka= 
PASSIVE COEFFICIENT,Kp= 
ALPHA= 
IPFECTIVE PRESSURE, q= 

SUBSOIL: 
UIICONF. COMPRES • STRENGTH,Qu= 

PILE DEPTH, D= 
D/H• 

AICROR FORCE, F= 
P/(PHI' *KA*H"'2) = 

CINTR010,Y= 
~EFF)/{PHI'*Ka*H)= 

,Mmax= 
lllax/(PHI'*Ka*H"'3)= 

llcKrtLL ACTIVE 
ll• 

FORCES: 

12. 
13. 
'°'1'AL,Ra= 

ENGLISH UNITS 
101.89 PCF 
57.57 PCF 
32 DEGREES 
0 DEGREES 
26.24 FEET 
0 DEGREES 
6.56 FEET 
564.03 PSF 
3.28 FEET 

OUTPUT 

.307 
3.255 
.25 
1801.298 PSF 

1128.06 PSF 

8.859999 FEET 
.338 

4109.71 LBS/FT 
.34 

9.46 FEET 
1 
33484.3 FT-LBS/FT 
.105 

673.6 LBS/FT 
4041.6 LBS/FT 
3425.3 LBS/FT 
8140.5 LBS/FT 

** 
METRIC UNITS 

16 kN/CMETER 
9.04 kN/CMETER 
32 DEGREES 
0 DEGREES 
8 METERS 
0 DEGREES 
2 METERS 
27 kN/SMETER 
1 METERS 

DATA 

.307 
3.255 
.25 
86.23001 kN/SMETER 

54 kN/SMETER 

2.7 METERS 
.338 

59.96 kN/m 
.34 

2.88 METERS 
1 
149 kN-m/m 
.105 

9.8 kN/m 
59 kN/m 
50 kN/m 
118.8 kN/m 
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CANTILEVER STEEL SHEET PILE EMBEDDED IN GRANUIAR SUBSOIL WITH GRANULAR. BACKFILL 

OPTION 2 
PILE. 4 PROGRAM 

FILE NO.: Tl • .Y-S,N 
FIGURE NO.: 1 -f,-: . 
DESIGNER: JOSEPH F. STOCK, JR . 

> i 
DATE: APRIL 8, 1991 ~-

BACKFILL WET DENSITY= 120 PCF 
BACKFILL BOYANT DENSITY FRACTION= .5 
HEIGHT OF BACKFILL= 20 FEET 

ALPHA FRICTION Kp/Ka DEPTH RATIO NO. OF MOMENT 
ANGLE D/H TRIALS RATIO 

0 5 1.418 8.765001 1906 6.483 
0 6 1.521 7.218 1287 4.652 
0 7 1.632 6.113 845 3.531 
0 8 1.751 5.283 513 2.792 
0 9 1.879 4.638 255 2.277 
0 10 2.017 4.123 49 1.903 
0 11 2.166 3.698 679 1.623 
0 12 2.326 3.345 538 1.406 
0 13 2.498 3.047 419 1.236 
0 14 2.684 2.79 316 1.098 
0 15 2.885 2.57 228 .986 
0 16 3.101 2.375 510 .892 
0 17 3.336 2.202 441 .814 
0 18 3.589 2.05 380 .748 
0 19 3.863 1.912 325 .691 
0 20 4.16 1.79 · 276 .642 
0 21 4.482 1.677 231 .599 
0 22 4.831 1.577 191 .561 
0 23 5.21 1.482 153 .528 
0 24 5.623 1.397 119 .498 
0 25 6.071 1.32 88 .472 
0 26 6.559 1.247 259 .449 
0 27 7.091 1.18 232 .427 
0 28 7.672 1.117 207 .408 
0 29 8.306 1.06 184 .391 
0 30 9 1.005 162 .375 
0 31 9.76 .955 142 .361 
0 32 10.592 .907 _,, 123 .347 
0 33 11.506 .862 105 .335 0 34 12.511 .82 88 .324 0 35 13.617 .78 72 .314 0 
0 

36 14.837 .743 177 .304 
0 

37 16.183 .708 163 .295 
0 

38 17.671 .673 149 .287 
0 39 19.32 .64 136 .279 
0 40 21.15 .61 124 .272 
0 41 23.184 .583 113 .265 
0 42 25.449 .555 102 .259 
0 43 27.976 .528 91 .253 
0 44 30.803 .5030001 81 .248 
0 45 33.97 .48 72 .243 

46 37.528 .458 143 .238 



- ; ' .) 

0 47 41.534 .435 ,, 134 .234 
0 48 46.056 .415 ./ 126 .229 
0 49 51.174 .395 118 .225 
0 50 56.982 .375 110 .221 
.25 5 1.418 10.853 2741 12.192 
.25 6 1.521 8.92 1968 8.691 
.25 7 1.632 7.543 1417 6.554 
• 25 8 1.751 6.508 1003 5.149 
.25 9 1.879 5.705 682 4.175 
.25 10 2.017 5.06 424 3.47 
.25 11 2.166 4.535 1014 2.943 
.25 12 2.326 4.095 838 2.537 
.25 13 2.498 3.725 690 2.217 
.25 ·14 2.684 3.407 563 1.961 
.25 15 2.885 3.132 453 1.752 
.25 16 3.101 2.89 716 1.579 
.25 17 3.336 2.677 631 1.434 
.25 18 3.589 2.49 556 1.311 
.25 19 3.863 . 2. 32 488 1.206 
.25 20 4.16 2 .167 - 427 1.116 
.25 21 4.482 2.03 372 1.038 
.25 22 4.831 1.905 322 .969 
.25 23 5.21 1.79 276 .908 
.25 24 5.623 1.685 234 .855 
.25 25 6.071 1.59 196 .807 
.25 26 6.559 1.5 360 .764 
.25 27 7.091 1.417 327 .726 
,25 28 7.672 1.342 297 .691 
.25 29 8.306 1.27 268 .66 
.25 30 9 1.205 / 242 .631 
.25 31 9.76 1.142 217 .605 
,25 32 10.592 1.085 194 .582 
.25 33 11.506 1.03 172 .56 
,25 34 12.511 .977 151 .54 
,25 35 13.617 .93 132 .5210001 
,25 36 14.837 .885 234 .504 
. 25 37 16.183 .843 217 .489 
,25 38 17.671 .8 200 .474 
. 25 39 19.32 .763 185 .46 
. 25 40 21.15 .725 170 .448 
, 25 41 23.184 .69 156 .436 
, 25 42 25.449 .658 143 .425 
, 25 43 27.976 .625 130 .415 
. 25 44 30.803 • 595 ./' 118 .405 
. 25 45 33.97 .568 107 .396 .2s 46 37.528 .54 176 .387 
, 2S 47 41.534 .513 165 .379 .2s 48 46.056 .488 155 .372 ,2S 49 51.174 .465 146 .365 .2s , 

50 56.982 .443 ✓ 137 .358 .5 5 1.418 12. 803 .• 3521 19.685 .5 
.5 6 1.521 10.493 2597 13.863 
.5 7 1.632 8.843001 1937 10.332 
.5 8 1.751 7.608 1443 8.028 
.5 9 1.879 6.648 1059 6.439 
.5 10 2.017 5.88 752 5.297 
.5 11 2.166 5.255 1302 4.446 
.5 12 2.326 4.733 1093 3.796 
.5 13 2.498 4.293 917 3.287 

14 2.684 3.918 767 2.881 



.., 
I ' • ' 

.5 15 2.885 3.59 636 2.552 

.5 16 3.101 3.305 882 2.281 

.5 17 3.336 3.055 782 2.056 

.5 18 3.589 2.832 693 1.865 

.5 19 3.863 2.635 614 1.704 

.5 20 4.16 2. 455 / 542 1.565 

.5 21 4.482 2.295 478 1.445 

.5 22 4.831 2.15 420 1.34 

.5 23 5.21 2.015 366 1.249 

.5 24 5.623 1.895 318 1.168 

.5 25 6.071 1.782 273 1.096 

.5 26 6.559 1.68 432 1.032 

.5 27 7.091 1.585 394 .975 

.5 28 7.672 1.497 359 .924 

.5 29 8.306 1.415 326 .877 

.5 30 9 1.337 295 .835 

.5 31 9.76 1.267 267 .797 

.5 32 10.592 1.2 240 .762 

.5 33 11.506 1.137 215 .731 

.5 34 12.511 1.08 192 .702 

.5 35 13.617 1.025 170 .675 

.5 36 14.837 .972 269 .65 

.5 37 16.183 .925 250 .628 

.5 38 17.671 .878 231 .607 

.5 39 19.32 .835 214 .587 

.5 40 21.15 .795 · 198 .569 

.5 41 23.184 .755 182 .552 

.5 42 25.449 .718 167 .537 

.5 43 27.976 .683 153 .522 

.5 44 30.803 .65 140 .5080001 

.5 45 33.97 .618 127 .496 

.5 46 37.528 .588 195 .484 

.5 47 41.534 .558 183 .473 

.5 48 46.056 .53 172 .462 

.5 49 51.174 .5030001 161 .452 

.5 50 56.982 • 478 .,,. 151 .443 
• 75 5 1.418 14.673 · 4269 29.106 
• 75 6 1.521 11.983 3193 20.23 
• 75 7 1.632 10.065 2426 14.887 
• 75 8 1.751 8.63 1852 11.425 
• 75 9 1.879 7.518 1407 9.055 
• 75 10 2.017 6.63 1052 7.362 
.75 11 2.166 5.905 1562 6.111 
• 75 12 2.326 5.303 1321 5.161 
.75 13 2.498 4.795 1118 4.423 
.75 14 2.684 4.363 945 3.838 
• 75 15 2.885 3.988 795 3.366 
• 75 16 3.101 3.66 1024 2.981 
.75 17 3.336 3.375 910 2.661 
• 75 18 3.589 3.12 808 2.394 .75 19 3.863 2.892 717 2.168 .75 20 4.16 2.69 636 1.975 .75 21 4.482 2.507 563 1.81 .75 22 4.831 2.342 497 1.666 .75 
.75 23 5.21 2 .192 ' 437 1.541 
.75 24 5.623 2.055 382 1.431 
.75 25 6.071 1.93 332 1.334 
.75 26 6.559 1.815 486 1.248 
.75 27 7.091 1.707 443 1.172 

28 7.672 1.61 404 1.104 

/ 



T : ·;_.,· V 

• 75 29 8.306 1.517 367 1.042 
.75 30 9 1.432/ 333 .987 
• 75 31 9.76 1.355 302 .937 
.75 32 10.592 1.282 273 .892 
• 75 33 11.506 1.212 245 .85 
• 75 34 12.511 1.147 . 219 .813 
.75 35 13.617 1.087 195 .778 
• 75 36 14.837 1.032 293 .747 
.75 37 16.183 .977 271 .718 
• 75 38 17.671 .928 251 .691 
. 75 39 19.32 .88 232 .666 
• 75 40 21.15 .835 214 .644 
• 75 41 23.184 .793 197 .622 
. 75 42 25.449 .753 181 .603 
• 75 43 27.976 .715 166 .585 
• 75 44 30.803 .68 152 .568 
• 75 45 33.97 .645 138 .552 
• 75 46 37.528 .613 205 .537 
• 75 47 41.534 .583 193 .523 
• 75 48 46~056 .553 181 .51 
. 75 49 51.174 .525 170 .498 
.75 50 56.982 • 498 .,. 159 .487 
1 5 1.418 16.49 ./ 4996 40.607 
1 6 1.521 13.423 3769 27.861 
1 7 1.632 11.238 2895 20.244 
1 8 1.751 9.602999 2241 15.344 
1 9 1.879 8.338 1735 12.014 
1 10 2.017 7.328 1331 9.653 
1 11 2.166 6.508 1803 7.92 
1 12 2.326 5.825 1530 6.614 
1 13 2.498 5.25 1300 5.606 
1 14 2.684 4.76 1104 4.813 
1 15 2.885 4.34 936 4.178 
1 16 3.101 3.973 1149 3.663 
1 17 3.336 3.65 1020 3.239 
1 18 3.589 3.365 906 2.887 
1 19 3.863 3.112 805 2.591 
1 20 4.16 2. 887 .,,. 715 2.34 
1 21 4.482 2.682 633 2.126 
1 22 4.831 2.5 560 1.942 
1 23 5.21 2.332 493 1.782 
1 24 5.623 2.182 433 1.643 
1 25 6.071 2.042 377 1.521 
1 26 6.559 1.917 527 1.413 
1 27 7.091 1.8 480 1.318 
1 28 7.672 1.692 437 1.234 
1 29 8.306 1.592 397 1.158 
1 30 9 1.502 V 361 1.091 
1 31 9.76 1.415 326 1.03 
1 32 10.592 1.337 295 .975 
1 33 11.506 1.262 265 .926 1 34 12.511 1.192 237 .881 1 
1 

35 13.617 1.127 211 .84 
1 

36 14.837 1.067 307 .802 
1 37 16.183 1.012 285 .768 
1 38 17.671 .957 263 .737 
1 39 19.32 .908 243 .708 
1 40 21.15 .86 224 .681 
1 41 23.184 .815 206 .657 

42 25.449 .773 189 .634 



Ti . . ( . 

1 43 27.976 .733 173 .613 
1 44 30.803 .695 158 .594 
1 45 33.97 .66 144 .576 
1 46 37.528 .625 210 .559 
1 47 41.534 .593 197 .543 
1 48 46.056 .563 185 .529 
1 49 51.174 .533 173 .515 
1 50 56.982 .sos ....... 162 .5030001 



CANTILEVER STEEL SHEET PILE EMBEDDED IN GBANULAR SUBSOIL WITH GRANULAR BACKFILL 

OPTION 2 
PILE.4 PROGRAM 

F='TLE NO . : T2 . PRN 
FtGURI: NO . : 2 
OE5IGNE?: JOSEPH F. STOCK. JR 
l'ATE: APRIL A. 1991 

RAr:l<FTl.t I.JFT r'IENSJTY= 120 PCF 
eACKFTl_l_ F3(WANT DENC:.JTY FRAC:-TTON= . 4 
1-1EIGHT OF 8ACKFTLL= 20 FEET 

til_PH~ FRICTT0N Ko/Ka OEPTH PATTO NO . OF MOMENT 
~NGLE D/H TRIALS RATIO 

r, 5 1 . .111. 8 8 .765001 1906 6.483 
0 f:, 1 . 521 7.218 1287 4 . 652 
0 7 l.~32 6 .113 845 3.531 

" 8 1 . 75] 5.283 513 2.792 

" 9 1 .A7q 4 . 638 255 2.277 
0 10 2.017 4 .123 49 1.903 
0 11 2 .166 3.698 679 1.623 
0 1.2 2 . 326 3.345 538 1.406 
0 13 2.4q8 3.047 41q 1.236 
0 14 2.684 2.79 316 1.098 
0 15 2.88':t 2.57 228 .986 
0 16 '3.101 2.375 510 .892 
0 17 3.336 2.202 441 .814 
0 18 3_59q 2.0'5 380 .748 
n 10 3 . A63 1.912 325 .691 
I) 20 4 .16 1. 79 276 . 642 
t) 21 4.482 1.677 231 .599 
I) 22 4.831 1.577 191 .561 
0 23 5 . 21 1.482 153 .528 
0 24 5.623 1.397 119 .498 
I) 25 6.071 1.32 88 .472 
0 26 6.55q 1.247 259 .449 
0 27 7 . 0ql 1 .18 232 .427 
0 28 7 . 672 1 .117 207 .408 
0 29 8.306 1.06 184 .391 
0 30 9 1 .005 162 .375 
0 31 9.76 . 9'5'5 142 .361 
0 32 10.592 .907 123 .347 0 '33 11.506 .862 105 .335 0 
0 

34 12.511 .82 88 .324 

0 
35 13.617 .78 72 .314 

I) 
36 14.837 .743 177 .304 

0 37 16 . 183 .708 163 .295 
I\ 38 17.671 .673 149 .287 
0 39 19 .32 .64 136 .279 

40 21.15 . 61 124 .272 
0 41 23 . 184 . 583 113 . 265 
I) 42 25_44q .555 102 .259 
I) 43 27.076 .528 91 .253 

44 30.803 .5030001 81 .248 
45 13. Cl7 . 48 72 .243 
46 37 . r:;28 458 143 . 238 "., " , . i:: ":)" JI':)!:: 1 ":) A ')':)A 

/ 



u ' ~ -- •41:1 4t- . V':>'"' .41 !:> lLb .LL--, 

0 49 51 . 174 .39'3> 118 . 225 
0 50 56 . 982 .375 110 .221 
.25 '5 1.418 11.875 3150 15.892 
. 25 6 l . '521 9 . 753 2301 11 .286 
_2r; 7 1 .632 8.238 1695 8.479999 
. 25 8 1.751 7 .103 1241 6.641 
.25 9 1 . 879 6 . 218 887 5 . 367 
.25 10 2.017 5.513 605 4.446 
25 1_ 1 '? . 16f.. 4 . 935 1174 3.758 

. 25 12 2 . 326 4 _4.5c; 982 3 . 23 
21:, 1.3 2.498 4.04A 819 2.815 
?5 14 ? . 684 3 . 7 f..80 2.483 
2i:-. 1 1:- ? 88C, 3 .397 c,59 2 . 213 

. 25 1 f,, 3 . 101 3 .132 813 1.989 
. 2r; 17 '3 . 336 2.9 720 1.802 
.25 18 3.589 2.695 638 1.644 
25 19 3.863 2 . 51 1:,64 1.509 

.25 20 4 .16 2.342 497 1 . 393 
2c; '.?.l 4.482 2 .192 437 1.292 

.25 22 4.831 · 2.055 382 1.204 

. 2r; 23 '5 21 1.932 333 1 .127 

. 25 24 c; . 623 1.817 287 1.058 

. 25 2'5 6 .071 1 . 712 24S .997 

.25 26 6 . 559 1 . 615 406 .943 

. 2':- 27 7 .ocq 1.527 371 .894 

.25 28 7.672 1.442 337 .85 
25 29 A.306 1.:165 306 .81 

.25 30 0 1.295 278 .774 
25 31 9 _7f., 1.227 251 .741 
2r; 32 10 . 50?. 1 . 165 226 .711 
25 ~3 11 . 5(")i'- 1 . 1.05 202 .683 

.25 34 12 . 511 1.05 180 .658 

.2':- 35 13 617 .997 159 .635 

.25 36 14 . 837 . 947 259 .613 
2c:. 37 16 . 183 . 9 240 .593 
25 38 17 671 . 858 223 .575 
2':- 39 19 . ":<2 . 81.5 206 . 558 

.25 4() 21 .15 . 77.S 190 .542 
25 41 23. 184 .738 175 . 527 

.25 42 25.449 .703 161 .513 

.25 43 27 976 . 66A 147 .5 

.25 44 30.803 .635 134 .488 

.25 45 33.97 .605 122 . 477 

.25 46 37.528 .57.5 190 .466 

.25 47 41.534 . 548 179 .456 

.25 48 46.056 .52 168 .447 

.25 49 51 . 174 _4q5 158 .438 
-25 50 56.982 .47 148 .43 
.s 5 1.418 14 . 785 4314 29 . 996 .s 6 1.521 12.09 3236 20.964 
.5 7 1.632 10 . 17 2468 15.51 .s 8 1.7.Sl 8 . 733 1893 11 .965 .s 9 1 .879 7 . 618 1447 9.531 .s 10 2.017 6.728 1091 7.787 
-~ 1_ 1 2 .166 6 1600 6.494 .s 
" 

12 2.326 5.395 1358 5 . 509 

.s 13 2 _4C:H=! 4.88':, 1154 4.742 

'S 
14 2 .€--84 4.448 97() 4 . 132 

. 'S 1 c::, 2.88C, 4.07 828 3.638 

. 'S 16 3 . 101 3.743 1057 3.234 
~ 

17 3. 33h 3.452 941 2.898 
~ 18 '3 . C:.A9 3 .197 839 2 .617 

1Q 3 . 86~ '2 .967 747 2 . 37A 
It ?('\ 4 1,; ? _7,;? 66C::, 2 . 17:1 

.... 1 ,,, 'o--. ... c-,-,, l:(")1 1 ("")~~ 



-~ ,u:. 
.5T~.r!i~v 
. 5 24 
.5 25 
.5 26 
.5 27 
.5 28 
.5 29 
.5 30 
.5 31 
.5 32 
.5 33 
.5 34 
5 35 

.5 36 
.5 ~7 
. 5 38 
.5 '39 
5 40 

.5 41 

.5 42 

. S 4~ 

.5 44 
C, 

5 
5 

.5 
5 

. 5 
_71:, 
.75 
7r; 

.75 
.75 
.75 
.75 
.75 
.75 
.75 
75 

.75 
75 

.75 
7S 

.75 

.7~ 

. 75 

.75 

.,s 

.,s 

.75 

.,s 

.?5 

.,s 

.?5 

'" .?5 
.?s 
.,s 
.?s 
.?s 
.,s 
?s ,., 
?s 
"t11: 

4 C, 

46 
47 
48 
49 
so 
r:, 
6 
7 
8 
9 
10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 
21. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
"35 
36 
37 
38 
3Cl 
40 
"1 

c, . 21 -
5.623 
6.071 
6.559 
7.091 
7.672 
8.306 
9 
q_76 
10 . S92 
11.506 
12 . '111 
13 .617 
14.837 
16. 18'3 
17 . 671 
19 . '32 
?1 .1 S 
23 . 11=14 
?S . 44CI 
?7 CO(:. 

30 . 803 
33_q7 
37 C.28 
41 . 5'34 
46.05b 
C:.1 . 174 
56.982 
1 .418 
1 . 521 
1.632 
1.751 
1 . 879 
2.017 
2 .16~ 
2.326 
2.498 
2 . 684 
2.88~ 
3 . 101 
3.336 
3.589 
3.868 
4 .16 
4 . 482 
4.831 
5.21 
5 .623 
6.071 
6 . 559 
7.091. 
7.672 
8.306 
9 
9.76 
10.592 
11 .506 
12.511 
13 .617 
14.837 
16 . 183 
17.671 
19 .82 
21 .15 
.-,-, 1 OJI 

2.257 
2 .117 
1.99 
1.872 
1.765 
1.665 
1.572 
1.485 
1.405 
1.33 
1.26 
1.192 
1.13~ 
1.072 
1 .017 
.967 
.91A 
.873 
.8'.?A 
.7R8 
_74A 
.71 
.675 
.64 
.608 
.578 
.548 
.52 
17.592 
14.33 
12.008 
10.27 
8.923001 
7.85 
6.973 
6.248 
5.635 
5.113 
4.663 
4.273 
3.928 
3.622 
3.352 
3.11 
2.892 
2.697 
2.517 
2.355 
2.207 
2.07 
1 . 945 
1 .83 
1.722 
1.625 
1.532 
1.447 
1.367 
1.292 
1.222 
1.157 
1.095 
1.037 
.982 
.932 
oo-, 

463 
407 
356 
509 
466 
426 
389 
354 
322 
292 
264 
237 
21~ 
309 
287 
267 
247 
229 
211 
195 
1.79 
164 
l'SO 
216 
203 
191 
179 
168 
5437 
4132 
3203 
2508 
1969 
1540 
198CJ 
1699 
1454 
1245 
1065 
1269 
1131 
1ooq 
901 
804 
717 
639 
567 
502 
443 
588 
538 
492 
449 
410 
373 
339 
307 
277 
249 
343 
318 
295 
273 
253 ..,..,.., 

J. • 06+"+ 

1.71 
1.593 
1.489 
1.397 
1.314 
1.24 
1.174 
1 .114 
1.059 
1.01 
.965 
. 924 
.886 
.851 
.819 
. 79 
.762 
.737 
. 714 
.692 
.672 
.653 
.635 
.619 
.60'3 
.589 
.575 
. -563 
49.512 
34.074 
24.832 
18.875 
14.819 
11.937 
CJ.82 
8.22 
6.983 
6.007 
5.225 
4.59 
4.066 
3.629 
3.262 
2.951 
2.684 
2.454 
2.254 
2.08 
1.927 
1.793 
1.673 
1.566 
1.471 
1.386 
1.309 
1.239 
1.176 
1 .119 
1.067 
1.019 

· .975 
.935 
.898 
.864 



.75 42 25.44q .838 :ll t, -~04 
7c:, ~ 2. .hl .v 27 co~ .795 198' .777 

_7 ,r:, 44 30.803 .753 181 .752 
.75 4c:, 33 . 97 .715 166 .729 
.75 46 37 .52A .678 231 .707 
75 47 41 . 534 .643 217 .687 

.75 48 46 .056 .61 204 .668 

.75 4<:1 51 174 .'578 191 .651 

.75 50 56.982 .548 179 .634 
1 5 1.418 20.341 6537 7'5.173 
1 6 1.521 16.512 5005 51.019 
l 7 1 .632 13.781:, 3Cl14 36.669 

1 8 1 . 751 11.748 '3099 27 . 491 
1 9 1. . 879 10 17 2468 21 .292 

1 10 2.017 8.915 1966 16.923 
1 11 2 .166 7.R93 2357 13.737 
1 12 2.326 7.045 2018 11.35 
1 13 2 . 498 6.333 1733 9.517999 
1 14 2.684 '5.725 1490 8.086001 
1 15 2 885 5.203 1281 6.948 

1 16 3.101 4.75 1460 6.029 
1 17 3.336 4.353 1301 5.278 
1 18 3.589 4 1160 4.658 

19 3.863 3.69 1036 4 .14 
1 20 4 . 16 3.412 925 3.704 

21 4.482 3 .162 825 3.334 
1 22 4 .831 2.937 735 3.017 
,. 23 i; ?1 2. 7~.i; 654 2.745 
1 24 ,r:, .623 2 . 55 '580 2.509 
1 2i:; 6 . 071 2.382 513 2.303 
1 26 6 . 559 2.23 6'52 2 .123 
1 27 7 . oc:11 2.087 595 1.964 
1 28 7.672 1 .957 543 1.824 

2ci 8.306 1 .A4 496 t. 7 
1 30 9 1 .73 452 1.589 

31 Q . 7~ 1 .627 411 1.49 
1 32 10 . 592 1 . 532 373 1.401 
t 33 11 . 506 1.442 337 t . 321 
1 34 12 . 511 1.362 30C:. 1 .249 
1 35 13 . 617 1 . 285 274 1.184 
1 36 14.837 1.212 365 1.124 

' 37 16 . 183 1 .147 339 1.07 
1 38 17.671 1.082 313 1.021 
t 39 19.32 1 .025 290 .976 
1 40 21.15 .97 268 .934 
1 41 23 . 184 .918 247 .896 
1 42 25.449 .868 227 .862 
1 43 27.976 .823 209 .829 
l 44 30.803 .778 191 .8 
l 45 33.C/7 .738 175 .772 
1 46 37.528 .698 239 .747 
1 47 41.534 .66 224 .723 
1 4~ 46.056 .625 210 . 701 1 
1 

49 51 .174 _5q3 197 .681 
so 56.982 .56 184 .662 

/ 



cANTTLEVER STEEL SHEET PILE EM8EDDED IN GRANULAR SUBSOIL WITH GRANULAR BACKFILL 

OPTION 2 
PILE.4 PROGRAM 

i:ILE NO.: T3.PRN 
FIGURE NO . : 3 

DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8. 1991 

SACKFTLL WET DEN~ITY= 120 PCF 
8ACKF'TI_L 8(')YANT DENSTTY FRACTION= .6 
~EIGHT OF BACKFILL= 20 FEET 

ALPH~ i=prrTT0N Kr:>/l<a l')EPTH RATTO NO . OF MOMENT 
ANGLE D/H TRIALS RATIO 

0 s 1. 41 B ~ . 765001 1906 6.483 

0 6 1 '521 7.218 1287 4 . 652 
0 7 1 . 63? ~ . 113 845 3 . 531 
() 8 l . 751 -=..283 513 2.792 

" 
Cjl 1 . 879 4.638 255 2.277 

" 10 2.017 4 . 123 49 1.903 
n 11 2 .16f:, 3 . 698 679 1.623 
0 12 2.326 3.345 S38 1.406 
0 13 2.498 3 . 047 419 1.236 
0 14 2 . 684 2.79 316 1.098 
0 15 2 . 885 2.57 228 .986 
0 16 3 .101 2.37S 510 .892 
0 17 :1 . 336 2.202 441 .814 
0 18 3.589 2.05 380 .748 
0 19 3 . 863 1.912 325 .691 
0 20 4 . 16 1.79 276 .642 
0 21 4.482 1.677 231 .599 
0 22 4.831 1.577 191 .561 
0 23 5.21 1.482 153 .528 
0 24 5.623 1.397 119 .498 
0 25 6.071 1.32 88 .472 
0 26 6.559 1.247 259 .449 
0 27 7.091 1. 18 232 .427 
0 28 7 . 672 1.117 207 .408 
n 29 8.~06 1 .06 184 .391 
0 30 q 1.005 162 . 37S 
I) "31 9.76 . 955 142 .361 
0 32 10.59:?. .907 123 .347 0 33 11.506 . 862 105 .335 0 
0 

34 12.511 . 82 88 .324 

0 
35 13.617 .78 72 . 314 

0 36 14.837 . 743 177 .304 

0 
37 16.183 .708 163 .295 

0 38 17 . 671 .673 149 .287 
0 39 19 32 . 64 136 .279 
0 40 21 . 15 . 61 124 . 272 
0 41 23 . 184 .583 113 .265 
0 42 25 . 449 . 555 102 .259 
0 43 27 .976 .528 91 .253 

44 30.803 .5030001 81 .248 
45 33 _q7 .48 72 .243 
46 37 . 5?.8 .458 143 .238 
A"? 

JI 1 l:.')JI Jl')I:. 1 ') A ..,..,,, 



u 4'1:1 4o . o~o .41!:> 1.~o .£~.., 
0 TJ. ~ ·-· Sl . 174 .395 118 .225 
0 50 56.982 .375 110 .221 
. 25 5 1.418 10.163 · 2465 10.05 
.25 6 1 .521 8.36 1744 7 .181 
.25 7 1.632 7.073 1229 5.428 
.25 8 1.751 6 .108 843 4.274 
.25 9 1.879 5.355 542 3.473 
.25 10 2.017 4.755 302 2.893 
.25 11 2 .166 4.263 905 2.458 
.25 12 2 . 326 3.853 741 2 .123 
.2r; 13 2 . 4q8 3.50S:, 602 1.8sq 
. 2'5 14 2.684 3.207 483 1.647 
25 l '5 '? .88.5 2 _q5 380 1.474 
25 16 3 . 101 2.725 650 1.33 

. 25 17 '3 .336 2 . 525 f.70 1 . 21 

.2S 18 1.58q 2.347 499 1.109 
. 2i:. 1_ 9 3.863 2 .19 436 1.021 
. 25 20 4 16 2.047 379 .946 
25 ?1 4 .482 1 .917 327 .881 

. 25 22 4 . 831 . 1.8 280 .824 

.25 23 5.21 1.692 237 .773 

. 25 24 5.623 1.595 198 .728 
25 '2':, 6 . 071 1.502 161 .689 

.25 26 6 .559 1.42 328 .653 

.25 27 7 .091. 1 .342 297 .621 

.25 28 7 . 672 1.27 268 .592 
.25 29 8 . ~06 1.205 242 .566 
.25 30 9 1.142 217 .542 
.25 31 q_76 1.082 1cn .52 
.25 32 10 . 592 1.027 171 .5 
.2'5 33 11.506 .977 151 .482 
.25 34 12 . 511 .93 132 .465 
.2'5 3c; 13 .617 . 882 113 . 449 
.25 36 14 . 837 . 84 216 . 435 
.25 37 16 . 18? .8 200 . 422 
.25 38 17.671 . 76 184 .409 
.25 39 1q _32 .725 170 . 398 
.25 40 21 . 15 . 69 156 .387 
.25 41 23 .184 .658 141 .377 
.25 42 25.449 . 625 130 .368 
.25 4~ 27 _q76 . 595 118 .359 
.25 44 30 .803 .568 107 .351 
.25 4':, 33.97 .54 q6 .344 
.2s 46 37.528 .515 166 .336 
25 47 41 . 534 .49 156 .33 

.25 48 46.056 .465 146 .323 
-25 49 51.174 .443 137 .317 
.2s 50 56.982 .42 128 .312 
.5 5 1.418 11.47 2988 14.273 

·.5 6 1 . 521 9.415 2166 10 .109 .s 7 1.632 7.948 1579 7.577 .s 8 1.751 6.845 1138 5.919 .s 9 1.879 5.99 796 4.772 .s 10 2.017 5.308 523 3.945 .s 11 2 .166 4.748 1099 3 . 328 .s 
.s 12 2.326 4.283 913 2.855 

.s 13 2.498 3 . 89 756 2.483 

.s 14 2 .684 3.553 621 2 .186 

.s 15 2.885 3.262 50.5 1 .944-

.s 16 3 .101 3 . 007 763 1 . 745 
s 17 3.336 2 . 782 673 1 . 579 
~ 

18 3 . 589 2.582 593 1.438 
~ 

1Q 1 .863 2.405 c;22 1.318 
It ,o 4 1~ 2 . 245 4c;8 1 21 c; -,, 

" ., o-i ..., 1 A,-..,-.. 1 1 ..., .< 



.5 . 22 4.831 1 . 967 347 1 .047 

. 5 

' 
... ? :r· . 5 . 21 1 .847 299 .979 

.5 
.., ~4 .., ,, '/ 

5.623 1.737 255 .918 
.5 25 ~.071 1 .637 215 .864 
.5 26 6 ~559 1 .542 377 .816 
.5 27 7.091 1.457 343 .773 
.5 28 7.672 1.377 311 .734 
.5 29 8.306 1.305 282 .699 
.5 30 9 1 .235 254 .668 
. 5 31 9.76 1.17 228 .639 
.5 32 10.592 1.11 204 .612 
.5 33 11 . 506 1.052 181 .588 
.s 34 12 .511 1 160 .566 
5 35 13.617 .95 140 . 545 

.5 36 14.837 .903 241 .527 
5 37 16 .183 .858 223 .509 

.5 38 17.671 .815 206 .493 
.5 "39 19 . 32 .775 190 .478 
.5 40 21 .15 .738 175 .464 
.5 41 23 .18"1 . 703 161 .451 
. 5 42 2f..449 . 668 147 . 439 
5 4 '3 27 .97~ .63S 134 .428 

.5 44 ~0.803 .605 122 .417 

.5 4C::, 33.97 .575 110 .407 

.5 M , 37 . 528 .548 179 .398 

.5 47 "11 . 1:-34 . 52 168 .389 

.5 48 46 056 . 49'5 158 .381 

.S 49 .51 174 .47 148 . 374 

.5 50 '56 . 982 .448 139 .366 
.75 5 1 . 418 12 . 718 3487 19 .167 
.7.1:, 6 1 . 521 10.408 2563 13 . 434 
.75 7 1 . 6"3? 8.762999 1905 9.968001 
.75 8 1. 751 7.53 1412 7.711 
.75 q 1.879 6.573 1029 6 .159 
.75 10 2.017 5.808 723 5.046 
75 11 2 .166 5 .183 1273 4 . 219 

.75 12 2.326 4.665 1066 3.589 

.75 13 2.498 4.225 890 3.097 

.75 14 2.684 3.85 740 2.706 

.75 15 2.885 3.528 611 2.389 

.75 16 3.101 3.245 858 2 .129 

.75 17 3 . 336 2.995 758 1.912 

.75 18 3.589 2.775 670 1.731 

.75 19 3.863 2.577 591 1.576 

.75 20 4 .16 2.402 521 1.444 

.75 21 4.482 2.242 457 1.33 

.75 22 4.831 2.097 399 1.231 
75 23 5.21 1.967 347 1.144 

.75 24 5.623 1.847 299 1.068 

.75 25 6.071 1.735 254 1.001 
-75 26 6.559 1.635 414 .941 .,s 27 7.091 1.542 377 .887 .,s 28 7 . 672 1.455 342 .839 75 29 8.306 1.375 310 .795 .7~ 30 9 1.3 280 .756 .?'5 31 9.76 1.23 252 .721 .75 
.?r, 32 10.592 1.165 226 .688 
. ?5 '33 11 . 506 1.102 201 .659 
.75 34 12.511 1 .047 179 .632 
.75 

3 .1:, 13.617 .99'.2 157 .607 

·''S 
3t!S 14.837 .942 257 .584 

.?5 37 16 . 183 .895 238 .563 
·''5 

38 17.671 .85 220 . 544 
.75 19 19 . 32 .808 203 .526 
'tit 40 21 .15 .768 187 .509 " , .,~ 1 Q.11 7~, 1 .,., JIOJI 

I 



• I':> 4L L'::> .44',1 .b~ .j 1'::>/ .4/~ 

75 43 27.976 .658 143 .466 
.75 1 :'~4,1: r?. V 30.803 .625 130 .454 
.75 45 33.97 .595 118 .442 
.75 46 37 . 528 .565 186 .431 
.75 47 41.534 .538 175 .421 
.75 48 46 . 056 .51 164 .411 
.75 49 51.174 .485 154 .402 
.75 50 56.982 .46 144 .394 
1 5 1 . 418 13.92 3968 24 . 751 
1 6 1.521 11.358 2943 17 .156 
1 7 t.632 9.!1;31:- 2214 12.5<:n 
1 8 1. 71:,1 8 . 17 1668 9.639 
1. q 1.879 7 . 11 1244 7.621 
1 10 2.017 6.268 907 6 .183 
1 11 2 .166 5_i:,79 1431 5 .121 
1 12 2.326 5.008 1203 4.317 
1 l3 2 _4q9 4 .'5 21:- 1010 3.692 
1 14 2 . 684 4.113 845 3 .198 
1 15 2.88C:, 3.758 703 2.801 
1 16 3 . 101 · 3_447 939 2.476 
1 17 3.336 3 . 177 831 2.208 
1 18 1 . .589 2.935 734 1.984 
1 1q ~ .863 2.722 649 1.795 
1 20 4 .16 2.53 572 1.633 
1 21 4.482 2 . 357 503 1.495 
1 22 4.831 2.2 440 1.375 
1 23 5.21 2.06 384 1.271 
1 24 5 . 623 1 .93 332 1.18 
1 25 6 . 071 1.81 284 1.099 
1 26 6.559 1.702 441 1.028 
1 27 7 . 091 1.602 401 .965 
1 28 7 . 672 1 .51 364 .909 
1 2q 8 .306 1.422 329 .858 
1 30 q 1.345 298 .812 
1 31 q _76 1 .27 268 .771 
1 32 10.592 1.2 240 .734 

~3 11 l:,1)6 1 . 137 215 .7 
1 34 12 . 511 1 .075 190 . 669 
1 ':l .C. 13.~17 1 .02 168 .641 
1 36 14 .837 .967 267 .615 
1 37 16 .183 .918 247 . 591 
1 38 17.671 . 87 228 .569 
1 39 19.32 .825 210 .549 
1 40 21 . 15 .783 193 .531 
1 41 23 . 18.d .743 177 .513 
1 42 25 . 449 .705 162 .497 
1 43 27.97f., .67 148 .482 
1 44 30.803 .638 135 .469 
1 45 33.97 .605 122 .456 
1 46 37.528 .575 190 .444 
1 47 41.534 .545 178 .433 
1 48 46.056 .518 167 .422 1 
1 

49 51.174 .49 156 .412 
50 56.982 .465 146 .403 

/ 
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OPTION 4 GRAPH DATA 



CANTILEVER STEEL SHEET_PJL~-E~BEDDED IN COHESIVE SUBSOIL. WITH GRANULAR BACKFILL 

OPTION 4 
PILE.4 PROGRAM 

,, .,, 
rILE NO.: t4.Prn 
FIGURE NO.: 4 I ,. 

-, I 
... 

DESIGNER: JOSEPH F. STOCK. JR ~,. 
C 

DATE: APRIL 8. 1991 .. .r 
'; 

.. 
' BACKFILL ASSUMED FRICTION ANGLE= 30 DEGREES 

~ I 
AACKFILL WET DENSITY= 120 PCF .., . 

I 

BACKFILL BUOYANT DENSITY FRACTION= .5 I , . 
HETGHT OF 1=3ACKF!I_L= 20 FEET 

SllBSOI L 
RACKF . COHESION ( 2ou-o )/ DEPTH RATIO NO. OF MOMENT 
c.LPHA ( PSF) 880*Ka*H 0/H TRIALS RATIO 

0 1 300. 001 10 . 323 121 .179 ~· 

0 12A0.001 9 . A .125 122 .179 
0 12~0.001 9 . 60()001 . 33 124 .18 
() 1240.001 9.399999 .333 125 .18 
0 1220.001 9.2 .338 127 .18 
0 1200.001 9 .34 128 .181 
I) 1180.001 8.8 . 345 130 .181 
0 1160.001 8.600001 .348 131 .181 
I) 1140.001 8.399999 .353 133 .182 
0 1120 .001 8 . 2 . 358 135 .182 
I) 1100.001 8 .36 136 .182 
0 1080.001 7.8 .365 138 .183 
0 1060.001 7.6 .37 140 .183 
0 1040 . 001 7.4 .375 142 .184 
I) 1020 . 001 7.2 . 383 145 .184 
0 1000.001 7 .388 147 .185 
0 980 . 0006 6 . 8 .393 149 .185 
0 960 . 0007 6.6 .4 152 .186 
0 940.0006 6.4 .405 154 .186 
0 920 . 0006 6.2 .413 157 .187 ., 
0 900 . 0006 6 . 42 ./ 160 .187 
0 880 .0006 5 . 8 .428 163 .188 
n 860.0006 5.6 . 435 166 . 189 
0 840.000S 5.4 . 445 170 .19 

820 . 0005 S . 2 .455 174 .191 
800.0005 5 .46.S 178 .192 
780.0005 4 . 8 .475 182 .193 
760 . 0005 4.6 . 485 186 .194 
740.0004 4.4 .49A 191 .195 
720.0004 4.2 . 513 197 .196 
700 .0004 4 .525 202 .198 
680.0004 3.8 .543 209 .2 
660 . 0004 3 . 6 . 56 216 .201 
640 . 0003 3.4 .58 224 .203 
620.0003 3_2 .6 232 .206 
600.0003 3 .625 242 .208 
580 .0003 2.8 .653 253 .211 
560.0003 2.6 .683 265 .215 
540.0002 2.4 .718 279 .219 
~::>0.0003 ? . ? . 71-, ?9~ . ??'3 



V ...JVV .vvv, .. . ..., ... ....... ..., . ..... , 

0 480.0002 1 .8 .87 340 .236 
0 470.0002 1. 7 .905 354 .24 
{) 460.0002 1 .6 .945 370 .245 
0 450.0001 1.5 .99 388 .25 
0 440.0001 1.4 1.04 408 .256 
0 430.0001 1 .3 1.097 431 .263 
0 420.0001 1 .2 1.165 458 .271 
0 410.0001 1.1 l.242 489 .28 
0 400.0001 1 1.337-' 527 .292./ 
() 390 . 0001 .9 1.452 573 .306 

0 380.0001 .8 1.595 630 .323 
('I 370.0001 . 7 1.777 703 .345 
() 360.0001 . 6 2.02 800 .375 

0 350 .0001 .5 2.357 935 .417 

0 340 .4 2.862 1137 .479 

0 330 . 3 3.702 1473 .583 

0 320 .2 5.375 2142 .792 
(I 310 . 1 10."383 4145 1.417 
.25 1375.001 10 .408 155 .289 
.2S 1355.001 9 . 8 .413 157 .289 
.25 1335.001 9.600001 .418 159 .29 
.25 1315.001 9 . 399999 .423 161 .29 
.2S 1295.001 9.2 .425 162 .291 
.25 1275.001 9 .43 164 .292 
.25 1255.001 8.8 .435 166 .292 
.25 1235.001 8.600001 .443 169 .293 
.25 1215.001 8.399999 .448 171 .294 
.25 11qr;_oo1 8 . 2 .453 173 .295 
.2S 117.5 .001 8 .46 176 .295 
.25 1155.001 7.8 .465 178 .296 
.25 1135.001 7.6 .473 181 .297 
.25 1115.001 7.4 . 478 183 .298 
.25 1095 . 001 7.2 .485 186 .299 
25 1075 001 7 .493 189 .3 

.25 1055.001 6 . 8 .5 192 .301 
25 1035.001 6.6 .51 196 .302 

.?S 1015.001 6 . 4 .518 199 .303 

.25 q95_oor,~ 6.2 . 528 203 .305 

.25 975.0006 6 .538 _,, 207 .306 '/ 
25 Q55.0006 .r; .8 .548 211 .308 

.25 935.0006 5.6 .558 215 .309 

.25 915.0005 5.4 .57 220 .311 

.25 895 . 0005 5.2 .583 225 .313 

.25 87'5.0005 5 .595 230 .315 
-25 85'5.0005 4.8 .61 236 .317 
-25 835.0005 4.6 .625 242 .319 
-25 815.0004 4.4 .643 249 .322 
-25 795.0004 4.2 .66 256 .325 
-2S 775.0004 4 .68 264 .328 
-25 755.0004 3.8 .703 273 .331 
,2S 735.0004 3.6 .728 283 .335 
-2S 715 .0003 3.4 .753 293 .339 
-2S 695.0003 3.2 ~783 305 .344 
-2S 675.0003 3 .815 318 .349 
-2S 655.0003 2.8 .853 333 .355 -25 
-25 

635 . 0003 2.6 .898 351 .362 

25 615.0002 2.4 .947 371 .371 

-25 595 . 0003 2.2 1.005 394 .38 

2S 575.0002 2 1 .075 .,,- 422 :392 ./ 

2S 555.0002 1 . A 1.16 456 .407 
2t, .CS45 .0001 1 . 7 1. 21 476 .415 
2~ 53C:. . 0001 1 .6 1.265 498 .424 
25 i;25 . 0001 1 . 5 1.327 523 .43.S 
,Iii i:;, !=, .')()();, l . 4 ,_. "3q7 551 . 44A 

c:.r,.:, . 0001 1 . 3 1 . 4A C:,84 . 46? 



-- ---· - ., - · . .. , .., \..J . . . _. , - .~, '-' 

.25 485.0001 1 . 1 1 .687 667 .498 

.25 47 5 .0001 1 1.822 721 .5210001 
25 465.0001 .9 1.985 786 . 55 

. 2'5 4~5.0001 .8 2 .187 867 .586 

25 445 . 0001 .7 2.447 971 .632 

. 25 435 . 0001 .6 2.795 1110 .694 

.25 425.0001 .5 3.277 1303 .78 

. 25 415 . 4 4.003 1593 .909 

.25 405 .3 5.205 2074 1.124 

.25 3q5 .2 7.605 3034 1.555 

.25 385 .1 14.8 ./ 5912 2 .846..,, 
1450.001 10 . 45 V' 172 .351 ./ .5 

.5 1430.001 9 . 8 .455 174 .352 

. 5 1410.001 9.600001 .46 176 .352 

.5 1390.001 9.399999 .465 178 .353 

.5 1370.001 9 . 2 .47 180 .354 

.5 1350 . 001 9 .475 182 .355 

.5 1330.001 8 . 8 .48 184 .356 

.5 1310.001 8.600001 .488 187 .357 

.5 1290 . 001 8_.399999 .493 189 .358 

.5 1270.001 8 . 2 .5 192 .359 

5 125("'1.001 8 .5080001 195 .36 

.5 1230.001 7 .8 . 515 198 .362 

. r; 1210.001 7 _ f-, . 523 201 .363 

.5 1190 . 001 7 . 4 .53 204 .364 
5 1170.001 7 . 2 .538 207 . 366 

.5 1150 . 001 7 . 548 211 .367 

. 5 1130 . 001. f, .8 .555 214 . 369 

.I:- 1110 . 001 6.6 .565 218 .371 

.5 1090. 00 1 6 . 4 . 575 222 .372 

.5 1070 . 001 6 . 2 .585 226 . 374 

.5 1.oi;o. 0 01 6 . 598 ../ 231 .376✓ 

.5 1030 . 001 5 . 8 .61 236 .379 

.5 1010.001 5. 6 . 623 241 .381 

.s 990.0005 5 . 4 .635 246 .383 
.s 970 .0005 5 . 2 .65 252 .386 
.s 950.0005 5 .665 258 .389 
.5 930 . 0005 4 . 8 .683 265 .392 
.5 910.0005 4.6 .7 272 .396 
.s 890.0004 4 . 4 .72 280 .4 
.s 870.0004 4.2 .743 289 .404 
.s 850.0004 4 .765 298 .408 
.s 830.0004 3.8 . 79 308 .413 
.s 810.0004 3.6 .82 320 .419 
.s 790.0003 3.4 .85 332 .425 .s 770 . 0003 3 . 2 .885 346 .432 .s 750.0003 3 .925 362 . 44 .s 730 .0003 2.8 .97 380 .449 .s 710.0003 2.6 1 . 022 401 . 46 .s 690 . 0002 2 . 4 1.082 425 .472 .s 670 . 0003 2 . 2 1.152 453 .487 

Iii 650 .0002 2 1 . 235 c.,- 486 . .504 .,,, 
.s 630.0002 1.8 1.337 527 .525 .s 620 .0001 1.7 1 . 395 550 .538 .s 
s 610 .0001 1.6 1.462 577 .552 

.s '=>00 . 0001 1 . 5 1 . 537 607 .568 

.s 59() _000 1 1 .4 1.622 641 .586 

.s 580 .0001 1.3 1.722 681 .607 
-5 570 .0001 1 . 2 1 . 837 727 .632 
s 560.0001 1 . 1. 1 . 972 781 .661 
s -550 .0001 1 2 .135 / 846 .69.S ✓ 

.s SM) . 000 1 . 9 2 . 332 925 .738 
530 ,0001 .8 2.577 1023 . 791 

.s 520 . 000 1 . 7 2.892 1149 .859 
510 .0001 . 6 3 . 315 1318 .951 



. =' JVV.VVVJ _.., ~. , .. ..., , ...... 

. S 490.0001 . 4 4.78 1904 1.27 

. 5 480.0001 .3 6.243 2489 1.589 

.5 470.0001 .2 9 .163 3657 2.227 

. 5 460 . 1 17.919 
.,, 

7160 4.141../ 

· .75 1525.001 10 .465 _, 178 . 378 _.., 

. 75 1505.001 9.8 .47 180 .379 

.7S 1485.001 9.600001 .475 182 .38 

.75 1465.001 9.399999 · .48 184 .381 

.75 1445.001 9.2 .488 187 .382 

. 7r; 1425.001 q . 493 189 .383 
7'5 1405 . 001 8 . 8 .498 191 .384 

. 7'5 1385 . 001 8 . 600001 . 505 194 .385 

7'5 1365.001 A .399999 .513 197 .387 

. 7c; 1345.001 8.2 . 518 199 .388 

.75 1325.001 8 .525 202 .389 

.75 1305.001 7 . 8 .533 205 . 391 

.75 1285.001 7.6 . 543 209 .392 

7'5 1265.001 7 . 4 .55 212 ."394 

.7S 1245.001 7.2 .56 216 .396 

.75 1225.001 7. .568 219 .398 

.75 1205 .001 6 . 8 .578 223 .4 

.75 1 185 .001 6.6 .588 227 .402 

. 7r; 11€--5 .001 6 . 4 .6 232 . 404 
7'5 1145 . 001 6.2 .61 236 .406 

.75 1125.001 6 .623 241 .409 

.75 1105 . 001 '5 .8 .635 246 .412 
. . 75 1085.001 5.6 .65 252 .415 
_7r; 1.065 .001 5.4 .665 258 .418 
.75 1045 . 001 5.2 . 68 264 .421 
75 1025.001 5 .698 271 .425 

.75 1005.001 4.8 .715 278 .428 

.75 Q85 . 000CS 4 .6 .735 286 .433 

.75 965.0004 4.4 .755 294 .437 
75 945 . 0004 4 . 2 .78 304 .442 

.75 925 . 0004 4 .805 314 .448 

.7~ Q05.0004 3 . 8 .833 325 .454 

.75 885 . 0004 3.6 .863 337 .461 
75 865.0003 3.4 _9q9 351 .469 

.75 B4CS . 0003 3.2 .935 366 .477 
71:, A2'5 .0003 3 . 98 384 .487 
75 805.0003 2.8 1 . 027 403 .498 
75 785.0003 2.6 1.085 426 .511 

.75 765.0002 2.4 1.15 452 .526 
.75 74.5.0003 2.2 1.227 483 .544 
.75 725 . 0002 2 1 . 317 / 519 . 56.5-./ 
75 705 .0002 1 .8 1.43 564 .591 

.75 695.0001 1.7 1 .495 590 .607 
75 685.0001 1 .6 1.567 619 .624 

_75 675.0001 1.5 1.65 652 .644 
_75 665 . 0001 1 .4 1 .745 690 .666 
.75 655.0001 1.3 1.855 734 .692 
.75 645 . 0001 1.2 1.98 784 .722 
.75 635.0001 1.1 2 .13 844 .757 .75 
.75 

~25.0001 1 2.307 915 .8 

75 
615.0001 .9 2.525 1002 .852 

.75 605 .0001 . 8 2.797 1111 .917 

-75 
595 . 0001 .7 3 .147 1251 1.001 

75 585.0001 . 6 3.61 1436 1.113 
?5 575 .0001 .5 4.26 1696 1.269 

.75 565 . 0001 . 4 5.233 2085 1.504 
715 ~~5 . 3 6.8.S 2732 1 . 895 
75 i:,45 .2 10.083 4025 2 . 677 

~:15 . 1 19 . 774 7902 5.023 , ",()() l"\i'q 1 0 . 4f:, ,i:; 17R . 383 
1 r:.Ari ori, q A 47 1 A() ~A4 



... - .... - . ,_ ""' - ------vv .I. 
~ .... ... . ...,...,_. 

1 1540 .001 9.399999 .48 184 .387 

1 1520.001 9.2 .485 186 .388 
1 1500.001 9 .493 189 .389 

1 1480 . 001 8.8 .498 191 .39 

1 1460.001 8.600001 .505 194 .391 

1 1440 . 001 8.399999 .513 197 .393 

1 1420.001 8.2 .518 199 .394 

1 1400.001 8 .525 202 .396 

1 1380.001 7.8 .535 206 .397 

1 1360 .001 7.6 .543 209 .399 

1 1340.001 7 . 4 .5.S 212 .401 

1 1:120.001 7.2 .56 216 .403 

1 1300 . 001 7 .57 220 .405 

1 1280.001 6.8 .58 224 .407 

1 1260 . 001 6.6 .59 228 .409 

1 1240.001 6 . 4 .6 232 .411 

1 1220.001 6.2 .613 237 .414 
1200.001 6 .625 242 .417 

1 1180 .001 5.8 .638 247 .42 

t 1160 .001 5.6 .653 253 .423 

1 1140 . 001 5.4 .668 259 .426 

t 1120.001 5.2 .683 2615 .429 

1 1100 . 001 5 .7 272 .433 
, 1080.001 4.8 . 718 279 .437 

1 1060.001 4.6 .738 287 .442 

1 1040 4 . 4 .76 296 .447 

1 1020 4.2 . 785 306 .452 
1 ("\()() 4 .81 316 .458 
980 .0004 '3 . 8 . 84 328 .465 

1 9~() . 0004 3.6 . 87 340 .472 
1 940.0003 3 . 4 .905 354 .48 
1 920.000'3 3.2 .945 370 .49 
1 900 0002 3 .99 388 .5 

' 880 .0002 2 . 8 1.04 408 .5120001 
1 860.0002 2.6 1.097 431 .526 
1 $:14() 0002 2.4 1 . 1615 458 .542 
l 820.0003 2.2 1.242 489 .561 
~ 800 . 000'.? 2 1.337 527 .583 
1 780.0002 1.8 1.452 573 .611 
l 770 . 0001 1. 7 1.52 600 .627 
1 760 . 0001 1.6 1.595 630 .646 
1 750.0001 1.5 1.68 664 .667 
l 740 . 0001 1.4 1.777 703 .69 
1 730.0001 1.3 1.89 748 .718 
1 720 0001 1 .2 2.02 800 .75 
l 710.0001 1 .1 2 .175 862 .788 
1 700 .0001 1 2.357 935 .833 
1 ~90 .0001 .9 2.582 1025 .889 
1 680.0001 .8 2.862 1137 .958 
1 670.0001 . 7 3.222 1281 1.048 
1 660.0001 .6 3.702 1473 1.167 
1 650 . 0001 .5 4.373 1741 1.333 
1 640 . 0001 .4 5 . 375 2142 1.583 

l 
610 .3 7.045 2810 2 

1 
~20 .2 10.383 4145 2 . 833 
~10 .1 20 . 386 8147 5.333 



CANTILEVER STEEL SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 4 
PILE. 4 PROGRAM 

FILE NO.: T5.PRN 
FIGURE NO.: 5 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL ASSUMED FRICTION ~GLE= 30 DEGREES 
BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .4 
HEIGHT OF BACKFIT,T ;= 20 FEET 

SUBSOIL 
BACKF. COHESION (2qu-q)/ DEPTH RATIO NO. OF MOMENT 
ALPHA (PSF) BBD*Ka*H 0/H TRIALS RATIO 

0 1040.001 10 .323 121 .179 
0 1024.001 9.8 .325 122 .179 
0 1008.001 9.600001 .33 124 .18 
0 992.0008 9.399999 .333 125 .18 
0 976.0007 9.2 .338 127 .18 
0 960.0007 9 .34 128 .181 
0 944.0008 8.8 .345 130 .181 
0 928.0006 8.600001 .348 131 .181 
0 912.0007 8.399999 .353 133 .182 
0 896.0005 8.2 .358 135 .182 
0 880.0006 8 .36 136 .182 
0 864.0006 7.8 .365 138 .183 
0 848.0006 7.6 .37 140 .183 
0 832.0005 7.4 .375 142 .184 
0 816.0005 7.2 .383 145 .184 
0 800.0006 7 .388 147 .185 
0 784.0006 6.8 .393 149 .185 
0 768.0006 6.6 .4 152 .186 
0 752.0005 6.4 .405 154 .186 
0 736.0004 6.2 .413 157 .187 
0 720.0005 6 .42 160 .188 
0 704.0005 5.8 .428 163 .188 
0 688.0005 5.6 .435 166 .189 
0 672.0004 5.4 .445 170 .19 
0 656.0004 5.2 .455 174 .191 
0 640.0004 5 .465 178 .192 
0 624.0004 4.8 .475 182 .193 
0 608.0004 4.6 .485 186 .194 
0 592.0003 4.4 .498 191 .195 
0 576.0003 4.2 .513 197 .196 0 
0 560.0003 4 .525 202 .198 

0 544.0003 3.8 .543 209 .2 
0 528.0003 3.6 .56 216 .201 
0 512.0003 3.4 .58 224 .203 
0 496.0003 3.2 .6 232 .206 
0 480.0003 3 .625 242 .208 
0 464.0002 2.8 .653 253 .211 

448.0002 2.6 .683 265 .215 



0 432.0002 2.4 .718 279 .219 
0 416.0002 2.2 .76 296 .223 
0 400.0002 2 .81 316 .229 
0 384.0001 1.8 .87 340 .236 
0 376.0001 1.7 .905 354 .24 
0 368.0001 1.6 .945 370 .245 
0 360.0001 1.5 .99 388 .25 
0 352.0001 1.4 1.04 408 .256 
0 344.0001 1.3 1.097 431 .263 
0 336.0001 1.2 1.165 458 .271 
0 328.0001 1.1 1.242 489 .28 
0 320.0001 1 1.337 527 .292 
0 312.0001 .9 1.452 573 .306 
0 304.0001 .8 1.595 630 .323 
0 296.0001 .7 1.777 703 .345 
0 288.0001 .6 2.02 800 .375 
0 280 .5 2.357 935 .417 
0 272 ~4 2.862 1137 .479 
0 264 .3 3.702 1473 .583 
0 256 .2 5.375 2142 .792 
0 248 .1 10.383 4145 1.417 
• 25 1130.001 10 .445 170 .345 
.25 1114.001 9.8 .45 172 .346 
.25 1098.001 9.600001 .455 174 .347 
.25 1082.001 9.399999 .46 176 .348 
.25 1066.001 9.2 .465 178 .348 
.25 1050.001 9 .473 181 .349 
.25 1034.001 8.8 .478 183 .35 
.25 1018.001 8.600001 .483 185 .351 
.25 1002.001 8.399999 .49 188 .352 
.25 986.0005 8.2 .495 190 .353 
.25 970.0006 8 .5030001 193 .354 
.25 954.0006 7.8 .51 196 .355 
.25 938.0006 7.6 .518 199 .356 
.25 922.0005 7.4 .525 202 .358 
.25 906.0005 7.2 .533 205 .359 
.25 890.0006 7 .54 208 .36 
.25 874.0006 6.8 .55 212 .362 
.25 858.0006 6.6 .558 215 .363 
.25 842.0004 6.4 .568 219 .365 
.25 826.0004 6.2 .58 224 .367 
.25 810.0005 6 .59 228 .368 
.25 794.0005 5.8 .603 233 .37 
.25 778.0005 5.6 .615 238 .372 
.25 762.0004 5.4 .628 243 .375 
.25 746.0004 5.2 .64 248 .377 
.25 730.0004 5 .655 254 .38 
,25 714.0004 4.8 .673 261 .383 
,25 698.0004 4.6 .69 268 .386 
.25 682.0003 4.4 .71 276 .389 
0 25 666.0003 4.2 .73 284 .393 
,25 650.0003 4 .753 293 .397 
.25 634.0003 3.8 .778 303 .401 .25 618.0003 3.6 .803 313 .406 
•25 602.0003 3.4 .835 326 .412 •25 586.0003 3.2 .868 339 .418 •25 570.0003 3 .905 354 .425 •25 
•25 554.0003 2.8 .947 371 .434 

•25 538.0002 2.6 .997 391 .443 
522.0002 2.4 1.055 414 .454 



.25 506.0002 2.2 1.12 440 .467 

.25 490.0002 2 1.2 472 .483 

.25 474.0001 1.8 1.297 511 .502 

.25 466.0001 1.7 1.355 534 .513 

.25 458.0001 1.6 1.417 559 .526 

.25 450.0001 1.5 ·l.49 588 .54 

.25 442.0001 1.4 1.57 620 .556 

.25 434.0001 1.3 1.665 658 .575 

.25 426.0001 1.2 1.772 701 .597 

.25 418.0001 1.1 1.902 753 .623 

.25 410.0001 1 2.055 814 .654 

.25 402.0001 .9 2.242 889 .692 

.25 394.0001 .8 2.477 983 .74 

.25 386.0001 .7 2.775 1102 .801 

.25 378.0001 .6 3.175 1262 .883 

.25 370 .5 3.73 1484 .997 

.25 362 .4 4.563 1817 1.168 

.25 354 .3 5.948 2371 1.454 

.25 346 ~2 8.713 3477 2.026 

.25 338 .1 17 6792 3.74 

.5 1220.001 10 .5030001 193 .442 

.5 1204.001 9.8 .51 196 .443 

.5 1188.001 9.600001 .515 198 .444 

.5 1172.001 9.399999 .523 201 .445 

.5 1156.001 9.2 .528 203 .447 

.5 1140.001 9 .535 206 .448 

.5 1124.001 8.8 .54 208 .45 

.5 1108.001 8.600001 .548 211 .451 

.5 1092.001 8.399999 .555 214 .453 

.5 1076.001 8.2 .563 217 .454 

.5 1060.001 8 .57 220 .456 

.5 1044.001 7.8 .58 224 .458 

.5 1028.001 7.6 .588 227 .46 

.5 1012.001 7.4 .598 231 .462 

.5 996.0005 7.2 .608 235 .464 

.5 980.0006 7 .618 239 .466 
,5 964.0006 6.8 .628 243 .468 
.5 948.0006 6.6 .638 247 .471 
,5 932.0004 6.4 .65 252 .474 
.5 916.0004 6.2 .663 257 .476 
,5 900.0005 6 .678 263 .479 
.5 884.0005 5.8 .69 268 .483 
.5 868.0005 5.6 .705 274 .486 
,5 852.0004 5.4 .723 281 .49 
,5 836.0004 5.2 .74 288 .494 
,5 820.0004 5 .758 295 .498 
,5 804.0004 4.8 .778 303 .5030001 
,5 788.0004 4.6 .798 311 .5080001 
,5 772.0003 4.4 .823 321 .514 
,5 756.0003 4.2 .848 331 .52 
,5 740.0003 4 .875 342 .527 ,5 724.0003 3.8 .905 354 .534 ,5 708.0003 3.6 .94 368 .542 .5 692.0003 3.4 .977 383 .551 ,5 676.0003 3.2 1.017 399 .562 ,5 

660.0003 3 1.065 418 .574 ,5 
,5 644.0003 2.8 1.12 440 .587 
,5 628.0002 2.6 1.18 464 .603 
,S 612.0002 2,4 1.252 493 .621 

596.0002 2.2 1.337 527 .642 



.5 580.0001 2 1.437 567 .668 

.5 564.0001 1.8 1.56 616 .699 

.5 556.0001 1.7 1.63 644 .717 

.5 548.0001 1.6 1.71 676 .738 

.5 540.0001 1.5 1.802 713 .762 

.5 532.0001 1.4 1.905 754 .789 

.5 524.0002 1.3 2.025 802 .82 

.5 516.0002 1.2 2.162 857 .856 

.5 508.0001 1.1 2.325 922 .899 

.5 500.0001 1 2.522 1001 .95 

.5 492.0001 .9 2.76 1096 1.013 

.5 484.0001 .8 3.06 1216 1.091 

.5 476.0001 .7 3.442 1369 1.192 

.5 468.0001 .6 3.95 1572 1.326 

.5 460.0001 .5 4.663 1857 1.514 

.5 452.0001 .4 5.728 2283 1.797 

.5 444.0001 .3 7.503 2993 2.267 
,5 436 .2 11.048 4411 3.208 
.5 428 .1 21.676 8663 6.03 
• 75 1310.001 10 .525 202 .485 
.75 1294.001 9.8 .533 205 .487 
. 75 1278.001 9.600001 .538 207 .488 
.75 1262.001 9.399999 .545 210 .49 
.75 1246.001 9.2 .553 213 .491 
. 75 1230.001 9 .56 216 .493 
.75 1214.001 8.8 .565 218 .495 
,75 1198.001 8.600001 .575 222 .497 
• 75 1182.001 8.399999 .583 225 .• 499 
.75 1166.001 8.2 .59 228 .501 
. 75 1150.001 8 .6 232 .5030001 
• 75 1134.001 7.8 .608 235 .506 
.75 1118.001 7.6 .618 239 .5080001 
. 75 1102.001 7.4 .628 243 .511 
. 75 1086.001 7.2 .638 247 .513 
. 75 1070.001 7 .65 252 .516 
. 75 1054.001 6.8 .66 256 .519 
.75 1038.001 6.6 .673 261 .522 
.75 1022 6.4 .685 266 .526 
,75 1006 6.2 .7 272 .529 
• 75 990.0005 6 .715 278 .533 
, 75 974.0005 5.8 .73 284 .538 
• 75 958.0005 5.6 .748 291 .542 
,75 942.0004 5.4 .765 298 .547 
.75 926.0004 5.2 .783 305 .552 
.15 910.0004 5 .803 313 .558 
,75 894.0004 4.8 .825 322 .564 
.75 878.0004 4.6 .85 332 .57 
.75 862.0002 4.4 .875 342 .577 
.75 846.0003 4.2 .903 353 .585 
, 75 830.0003 4 .935 366 .594 
• 75 814.0003 3.8 .967 379 .603 
, 75 798.0003 3.6 1.005 394 .614 
• 75 782.0003 3.4 1.047 411 .626 ,75 766.0003 3.2 1.095 430 .639 .75 750.0003 3 1.147 451 .654 ,75 734.0003 2.8 1.207 475 .671 , 75 718.0002 2.6 1.275 502 .691 , 75 702.0002 2.4 1.355 534 .714 , 75 

686.0002 2.2 1.45 572 .742 ,75 
670.0001 2 1.562 617 .775 



.75 654.0001 1.8 1.7 672 .815 

.75 646.0001 1.7 1.78 704 .838 

.75 638.0001 1.6 1.87 740 .865 

.75 630.0001 1.5 1.972 781 .895 

.75 622.0001 1.4 2.09 828 .93 

.75 614.0001 1.3 - 2.222 881 .969 

.75 606.0001 1.2 2.38 944 1.016 

.75 598.0001 1.1 2.565 1018 1.071 

.75 590.0001 1 2.785 1106 1.137 

.75 582.0001 .9 3.055 1214 1.217 

.75 574.0001 .8 3.392 1349 1.317 

.75 566.0001 .7 3.823 1521 1.447 

.75 558.0001 .6 4.4 1752 1.619 

.75 550.0001 .s 5.205 2074 1.86 

. 75 542 .4 6.41 2556 2.222 

. 75 534 .3 8.418 3359 2.825 

.75 526 .2 12.431 4964 4.032 
• 75 518 .1 24.465 9779 7.65 
1 1400.001 10 .525 202 .495 
1 1384.001 9.8 .533 205 .496 
1 1368.001 9.600001 .538 207 .498 
1 1352.001 9.399999 .545 210 .5 
1 1336.001 9.2 .553 213 .502 
1 1320.001 9 .56 216 .5030001 
1 1304.001 8.8 .568 219 .sos 
1 1288.001 8.600001 .575 222 .5080001 
1 1272.001 8.399999 .583 225 .51 
1 1256.001 8.2 .593 229 .5120001 
1 1240.001 8 .6 232 .514 
1 1224.001 7.8 .61 236 .5170001 
1 1208.001 7.6 .62 240 .519 
1 1192.001 7.4 .63 244 .522 
1 1176.001 7.2 .64 248 .525 
1 1160.001 7 .653 253 .528 
1 1144.001 6.8 .663 257 .532 
1 1128.001 6.6 .675 262 .535 
1 1112.001 6.4 .69 268 .539 
1 1096 6.2 .703 273 .543 
1 1080.001 6 .718 279 .547 
1 1064.001 5.8 .735 286 .551 
1 1048.001 5.6 .753 293 .556 
l 1032 5.4 .77 300 .561 
l 1016 5.2 .79 308 .567 
l 1000 5 .81 316 .573 
l 984.0004 4.8 .833 325 .579 
1 968.0004 4.6 .858 335 .587 
1 952.0002 4.4 .885 346 .594 
1 936.0003 4.2 .913 357 .603 
1 920.0002 4 .945 370 .612 
1 904.0002 3.8 .98 384 .622 
1 888.0002 3.6 1.017 399 .634 
1 872.0002 3.4 1.062 417 .646 
1 856.0002 3.2 1.11 436 .661 1 
1 840.0002 3 1.165 458 .677 

l 824.0003 2.8 1.227 483 .696 

l 808.0002 2.6 1.297 511 .717 
l 792.0002 2.4 1.38 544 .742 
l 776.0002 2.2 1.477 583 .772 
l 760.0001 2 1.595 630 .807 

744.0001 1.8 1.737 687 .851 



1 736.0001 1.7 1.82 720 .876 
1 728.0001 1.6 1.915 758 .905 
1 720.0001 1.5 2.02 800 .938 
1 712.0001 1.4 2.142 849 .975 
1 704.0001 1.3 2.28 904 1.018 
1 696.0001 1.2 2.442 969 1.068 
1 688.0001 1.1 2.635 1046 1.127 
1 680.0001 1 2.862 1137 1.198 
1 672.0001 .9 3.142 1249 1.285 
1 664.0001 .8 3.492 1389 1.393 
1 656.0001 .7 3.943 1569 1.533 
1 648.0001 .6 4.54 1808 1.719 
l 640.0001 .5 5.375 2142 1.979 
l 632 .4 6.628 2643 2.37 
l 624 .3 8.715 3478 3.021 
l 616 .2 12.883 5145 4.323 
l 608 .1 25.387 10148 8.229 



CANTILEVER STEEL SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 4 
.PILE. 4 PROGRAM 

FILE NO.: T6.PRN 
FIGURE NO.: 6 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL ASSUMED FRICTION ANGLE= 30 DEGREES 
BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .6 
HEIGHT OF BACKFILL= 20 FEET 

SUBSOIL 
BACKF. COHESION (2qu-q)/ DEPTH RATIO NO. OF MOMENT 
ALPHA (PSF) BBD*Ka*H D/H TRIALS RATIO 

0 1560.001 10 .323 121 .179 
0 1536.001 9.8 .325 122 .179 
0 1512.001 9.600001 .33 124 .18 
0 1488.001 9.399999 .333 125 .18 
0 1464.001 9.2 .338 127 .18 
0 1440.001 9 .34 128 .181 
0 1416.001 8.8 .345 130 .181 
0 1392.001 8.600001 .348 131 .181 
0 1368.001 8.399999 .353 133 .182 
0 1344.001 8.2 .358 135 .182 
0 1320.001 8 .36 136 .182 
0 1296.001 7.8 .365 138 .183 
0 1272.001 7.6 .37 140 .183 
0 1248.001 7.4 .375 142 .184 
0 1224.001 7.2 .383 145 .184 
0 1200.001 7 .388 147 .185 
0 1176.001 6.8 .393 149 .185 
0 1152.001 6.6 .4 152 .186 
0 1128.001 6.4 .405 154 .186 
0 1104.001 6.2 .413 157 .187 
0 1080.001 6 .42 160 .187 
0 1056.001 5.8 .428 163 .188 
0 1032.001 5.6 .435 166 .189 
0 1008.001 5.4 .445 170 .19 
0 984.0006 5.2 .455 174 .191 
0 960.0006 5 .465 178 .192 
0 936.0005 4.8 .475 182 .193 
0 912.0006 4.6 .485 186 .194 
0 888.0004 4.4 .498 191 .195 
0 
0 

864.0005 4.2 .513 197 .196 

0 840.0004 4 .525 202 .198 

0 816.0005 3.8 .543 209 .2 

0 792.0004 3.6 .56 216 .201 
0 768.0004 3.4 .58 224 .203 
0 744.0004 3.2 .6 232 .206 
0 720.0004 3 .625 242 .208 
0 696.0003 2.8 .653 253 .211 

672.0003 2.6 .683 265 .215 



r 
0 648.0003 2.4 .718 279 .219 
0 624.0003 2.2 .76 296 .223 
0 600.0003 2 .81 316 .229 
0 576.0002 1.8 .87 340 .236 
0 564.0002 1. 7 .905 354 .24 
0 552.0002 1.6 .945 370 .245 
0 540.0002 1.5 .99 388 .25 
0 528.0001 1.4 1.04 408 .256 
0 516.0002 1.3 1.097 431 .263 
0 504.0001 1.2 1.165 458 .271 
0 492.0001 1.1 1.242 489 .28 
0 480.0001 1 1.337 527 .292 
0 468.0001 .9 1.452 573 .306 
0 456.0001 .8 1.595 630 .323 
0 444.0001 .7 1.777 703 .345 
0 432.0001 .6 2.02 800 .375 
0 420.0001 .5 2.357 935 .417 
0 408.0001 .4 2.862 1137 .479 
0 396 .3 3.702 1473 .583 
0 384 .2 5.375 2142 .792 
0 372 .1 10.383 4145 1.417 
• 25 1620.001 10 .38 144 .252 
.25 1596.001 9.8 .385 146 .252 
.25 1572.001 9.600001 .39 148 .253 
. 25 1548.001 9.399999 .393 149 .253 
.25 1524.001 9.2 .398 151 .254 
.25 1500.001 9 .403 153 .254 
.25 1476.001 8.8 .408 155 .255 
.25 1452.001 8.600001 .413 157 .255 
.25 1428.001 8.399999 .418 159 .256 
.25 1404.001 8.2 .423 161 .256 
.25 1380.001 8 .428 163 .257 
.25 1356.001 7.8 .435 166 .258 
.25 1332.001 7.6 .44 168 .258 
.25 1308.001 7.4 .445 170 .259 
.25 1284.001 7.2 .453 173 .26 
.25 1260.001 7 .46 176 .261 
.25 1236.001 6.8 .468 179 .262 
.25 1212.001 6.6 .475 182 .263 
.25 1188.001 6.4 .483 185 .263 
.25 1164.001 6.2 .49 188 .265 
.25 1140.001 6 .5 192 .266 
.25 1116.001 5.8 .51 196 .267 
.25 1092.001 5.6 .52 200 .268 
.25 1068.001 5.4 .53 204 .27 
.25 1044.001 5.2 • 543 . 209 .271 
.25 1020.001 5 .555 214 .273 
.25 996.0005 4.8 .568 219 .274 
0 25 972.0006 4.6 .583 225 .276 
0 25 948.0004 4.4 .598 231 .278 
0 25 924.0005 4.2 .613 237 .281 
0 25 900.0004 4 .633 245 .283 
0 25 876.0004 3.8 .65 252 .286 
0 25 852.0004 3.6 .673 261 .289 
0 25 828.0004 3.4 .698 271 .292 
•25 804.0004 3.2 .725 282 .296 
0 25 780.0004 3 .755 294 .3 
•25 756.0003 2.8 .788 307 .305 •25 732.0003 2.6 .828 323 .311 •25 708.0003 2.4 .873 341 .318 



.25 684.0003 2.2 .925 362 .326 

.25 660.0003 2 .99 388 .335 

.25 636.0002 1.8 1.065 418 .347 

.25 624.0002 1.7 1.11 436 .354 

.25 612.0002 1.6 1.16 456 .361 

.25 600.0002 1.5 1.217 479 .37 

.25 588.0001 1.4 1.282 505 .38 
• 25 576.0001 1.3 1.355 534 .391 
.25 564.0001 1.2 1.44 568 .405 
.25 552.0001 1.1 1.542 609 .42 
.25 540.0001 1 1.662 657 .439 
.25 528.0001 .9 1.81 716 .463 
.25 516.0002 .8 1.992 789 .492 
.25 504.0001 .7 2.227 883 .529 
.25 492.0001 .6 2.54 1008 .578 
.25 480.0001 .5 2.975 1182 .648 
.25 468.0001 .4 3.625 1442 .752 
.25 456.0001 .3 4.708 1875 .926 
.25 444.0001 .2 6.865 2738 1.274 
.25 432 .1 13.33 5324 2.316 
.5 1680.001 10 .41 156 .292 
.5 1656.001 9.8 .415 158 .293 
.5 1632.001 9.600001 .42 160 .293 
.5 1608.001 9.399999 .423 161 .294 
.5 1584.001 9.2 .428 163 .294 
.5 1560.001 9 .433 165 .295 
.5 1536.001 8.8 .44 168 .296 
.5 1512.001 8.600001 .445 170 .297 
.5 1488.001 8.399999 .45 172 .297 
.5 1464.001 8.2 .455 174 .298 
.5 1440.001 8 .463 177 .299 
.5 1416.001 7.8 .468 179 .3 
.5 1392.001 7.6 .475 182 .301 
.5 1368.001 7.4 .483 185 .302 
.5 1344.001 7.2 .49 188 .303 
.5 1320.001 7 .498 191 .304 
.5 1296.001 6.8 .505 194 .305 
.5 1272.001 6.6 .513 197 .307 
.5 1248.001 6.4 .523 201 .308 
.5 1224.001 6.2 .533 205 .309 
.5 1200.001 6 .543 209 .311 
.5 1176.001 5.8 .553 213 .312 
.5 1152.001 5.6 .563 217 .314 
.5 1128.001 5.4 .575 222 .316 
.5 1104.001 5.2 .588 227 .318 
.5 1080.001 5 .603 233 .32 
.5 1056.001 4.8 .618 239 .322 
.5 1032.001 4.6 .633 245 .325 
.5 1008 4.4 .65 252 .328 
.5 984.0005 4.2 .67 260 .331 
.5 960.0004 4 .69 268 .334 
.5 936.0004 3.8 .713 277 .338 
.5 912.0004 3.6 .738 287 .342 
.5 888.0004 3.4 .765 298 .347 
.5 864.0004 3.2 .795 310 .352 .5 840.0004 3 .83 324 .358 .5 
.5 816.0003 2.8 .868 339 .364 

.5 792.0003 2.6 .913 357 .372 

.5 768.0003 2.4 .965 378 .381 
744.0003 2.2 1.025 402 .392 



.5 720.0003 2 1.097 431 .405 

.5 696.0002 1.8 1.185 466 .42 

.5 684.0002 1.7 1.237 487 .429 

.5 672.0002 1.6 1.295 510 .44 

.5 660.0002 LS 1.36 536 .451 

.5 648.0001 1.4 1.432 565 .465 

.5 636.0001 1.3 1.517 599 .48 

.5 624.0001 1.2 1.617 639 .498 

.5 612.0001 1.1 1.732 685 .52 

.5 600.0001 1 1.872 741 .545 

.5 588.0001 .9 2.042 809 .576 

.5 576.0001 .8 2.255 894 .615 

.5 564.0001 .7 2.525 1002 .666 

.5 552.0001 .6 2.887 1147 .733 

.5 540.0001 .5 3.39 1348 .826 

.5 528.0001 .4 4.145 1650 .967 

.5 516 .3 5.4 2152 1.201 

.5 504.0001 .2 7.905 3154 1.67 

.s 492 .1 15.41 6156 3.076 
• 75 1740.001 10 . .42 160 .309 
• 75 1716.001 9.8 .425 162 .31 
• 75 1692.001 9.600001 .43 164 .31 
• 75 1668.001 9.399999 .435 166 .311 
• 75 1644.001 9.2 .44 168 .312 
• 75 1620.001 9 .445 170 .313 
• 75 1596.001 8.8 .45 172 .314 
.75 1572.001 8.600001 .458 175 .314 
.75 1548.001 8.399999 .463 177 .315 
• 75 1524.001 8.2 .468 179 .316 
• 75 1500.001 8 .475 182 .317 
.75 1476.001 7.8 .483 185 .318 
.75 1452.001 7.6 .488 187 .319 
• 75 1428.001 7.4 .495 190 .321 
• 75 1404.001 7.2 .5030001 193 .322 
• 75 1380.001 7 .513 197 .323 
.75 1356.001 6.8 .52 200 .325 
.75 1332.001 6.6 .53 204 .326 
• 75 1308.001 6.4 .538 207 .328 
• 75 1284.001 6.2 .548 211 .329 
,75 1260.001 6 .56 216 .331 
,75 1236.001 5.8 .57 220 .333 
• 75 1212.001 5.6 .583 225 .335 
.75 1188.001 5.4 .595 230 .337 
, 75 1164.001 5.2 .608 235 .34 
,75 1140.001 5 .623 241 .342 
,75 1116.001 4.8 .638 247 .345 
, 75 1092.001 4.6 .655 254 .348 
, 75 1068.001 4.4 .675 262 .351 
,75 1044.001 4.2 .693 269 .355 
,75 1020 4 .715 278 .359 
,75 996.0004 3.8 .74 288 .363 
• 75 972.0004 3.6 .765 298 .368 
, 75 948.0004 3.4 .795 310 .373 
, 75 924.0004 3.2 .828 323 .379 
,75 900.0004 3 .865 338 .386 ,75 
,7s 876.0003 2.8 .908 355 .394 

,7s 852.0002 2.6 .955 374 .403 
,7s 828.0003 2.4 1.01 396 • 414 

•7S 804.0003 2.2 1.075 422 .426 
780.0003 2 1.152 453 .441 



.75 756.0002 1.8 1.247 491 .459 

.75 744.0002 1.7 1.302 513 .47 

.75 732.0002 1.6 1.365 538 .482 

.75 720.0002 1.5 1.435 566 .496 

.75 708.0001 1.4 1.512 597 .5120001 

.75 696.0001 1.3 1.605 634 .53 

.75 684.0001 1.2 1.712 677 .551 

.75 672.0001 1.1 1.837 727 .576 

.75 660.0001 1 1.987 787 .606 

.75 648.0001 .9 2.172 861 .643 

.75 636.0001 .0 2.4 952 .689 

.75 624.0001 .7 2.695 1070 .748 

.75 612.0001 .6 3.085 1226 .826 

.75 600.0001 .5 3.63 1444 .936 

.75 588.0001 .4 4.445 1770 1.101 

.75 576 .3 5.803 2313 1.376 

.75 564 .2 8.515001 3398 1.926 

.75 552 .1 16.647 6651 3.577 
1 1800.001 .10 .42 160 .313 
1 1776.001 9.8 .425 162 .313 
1 1752.001 9.600001 .43 164 .314 
1 1728.001 9.399999 .435 166 .315 
1 1704.001 9.2 .44 168 .316 
1 1680.001 9 .445 170 .316 
1 1656.001 8.8 .45 172 .317 
1 1632.001 8.600001 .455 174 .318 
1 1608.001 8.399999 .463 177 .319 
1 1584.001 8.2 .468 179 .32 
1 1560.001 8 .475 182 .321 
1 1536.001 7.8 .48 184 .322 
1 1512.001 7.6 .488 187 .323 
1 1488.001 7.4 .495 190 .325 
1 1464.001 7.2 .5030001 193 .326 
1 1440.001 7 .513 197 .327 
1 1416.001 6.8 .52 200 .329 
1 1392.001 6.6 .53 204 .33 
1 1368.001 6.4 .538 207 .332 
1 1344.001 6.2 .55 212 .334 
1 1320.001 6 .56 216 .336 
1 1296.001 5.8 .57 220 .338 
1 1272.001 5.6 .583 225 .34 
l 1248.001 5.4 .595 230 .342 
1 1224.001 5.2 .61 236 .345 
l 1200.001 5 .625 242 .347 
l 1176.001 4.8 .64 248 .35 
l 1152.001 4.6 .658 255 .353 
l 1128.001 4.4 .675 262 .357 
l 1104.001 4.2 .698 271 .36 
l 1080 4 .718 279 ~365 
l 1056.001 3.8 .743 289 .369 
l 1032 3.6 .77 300 .374 
l 1008 3.4 .8 312 .38 
l 984.0004 3.2 .833 325 .386 
l 960.0004 3 .87 340 .394 
l 936.0003 2.8 .913 357 .402 l 
l 

912.0002 2.6 .962 377 .411 

l 888.0002 2.4 1.017 399 .422 

l 864.0002 2.2 1.085 426 .436 

l 840.0002 2 1.165 458 .451 
816.0002 1.8 1.26 496 .471 



1 804.0002 1.7 1.317 519 .482 
1 792.0002 1.6 1.38 544 .495 
1 780.0002 1.5 1.452 573 .509 
1 768.0001 1.4 1.535 606 .526 
1 756.0001 1.3 1.627 643 .545 
1 744.0001 1.2 1.737 687 .567 
1 732.0001 1.1 1.867 739 .593 
1 720.0001 1 2.02 800 .625 
l 708.0001 .9 2.207 875 .664 
l 696.0001 .8 2.442 969 .712 
l 684.0001 .7 2.742 1089 .774 
1 672.0001 .6 3.142 1249 .856 
l 660.0001 .5 3.702 1473 .972 
l 648.0001 .4 4.54 1808 1.146 
l 636 .3 5.933 2365 1.435 
l 624 .2 8.715 3478 2.014 
1 612 .1 17.052 6813 3.75 



APPENDIX E 

OPTION 6 GRAPH DATA 



ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 6 
PILE.4 PROGRAM 

FILE NO.: T7.PRN 
FIGURE NO.: 7 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .s 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

ALPHA FRICTION Kp/Ka DEPTH RATIO NO. OF MOMENT ANCHOR 
D/H TRIALS RATIO RATIO 

0 5 1.418 3.928 1092 .94 1.201 
0 6 1.521 3.212 806 .719 1.022 
0 7 1.632 2.702 602 .573 .894 
0 8 1.751 2.32 449 .473 .798 
0 9 1.879 2.022 330 .4 .724 
0 10 2.017 1.785 235 .345 .665 
0 11 2.166 1.59 397 .302 .617 
0 12 2.326 1.427 332 .269 .577 
0 13 2.498 1.292 278 .24 .541 
0 14 2.684 1.175 231 .218 .513 
0 15 2.885 1.072 190 .2 .489 
0 16 3.101 .985 155 .183 .466 
0 17 3.336 .907 124 .169 .446 
0 18 3.589 .838 96 .158 .43 
0 19 3.863 .778 72 .146 .412 
0 20 4.16 .723 50 .137 .398 
0 21 4.482 .673 230 .129 .385 
0 22 4.831 .625 211 .124 .377 
0 23 5.21 .585 195 .116 .365 
0 24 5.622 .548 180 .11 .355 
0 25 6.071 .513 166 .106 .347 
0 26 6.559 .48 153 .102 .34 
0 27 7.091 .45 141 .098 .333 
0 28 7.672 .425 131 .092 .322 
0 29 8.306 .398 120 .091 .32 
0 30 9 .375 111 .087 .313 
0 31 9.76 .353 102 .084 .308 
0 32 10.592 .333 94 .081 .302 
0 33 11.506 .313 86 .08 .299 
0 34 12.511 .295 79 .077 .294 
0 35 13.617 .28 73 .072 .285 0 36 14.837 .263 66 .073 .286 0 37 16.183 .248 60 .071 .282 0 38 17.671 .235 55 .067 .275 0 39 19.32 .22 49 6.800001E-02 
0 .277 
0 40 21.15 .21 45 .063 .266 
0 41 23.184 .197 40 .062 .265 
0 42 25.449 .1 1 .045 .227 

43 27.976 .1 1 .026 .177 



0 44 30.803 .1 1 8.999999E-03 
.121 

0 45 33.97 .1 1 -.001 .058 
.25 5 1.418 4.833 1454 1.588 1.874 
.25 6 1.521 1.2 1 8.999999E-03 

.191 
.25 7 1.632 3.307 844 .946 1.395 
.25 8 1.751 2.832 654 .772 1.246 
.25 9 1.879 2.462 506 .648 1.131 
.25 10 2.017 2.167 388 .555 1.039 
.25 11 2.166 1.927 532 .482 .963 
.25 12 2.326 1.727 452 .425 .9 
.25 13 2.498 1.56 385 .378 .846 
.25 14 2.684 1.415 327 .341 .802 
.25 15 2.885 1.292 278 .308 .76 
.25 16 3.101 1.182 234 .283 .728 
.25 17 3.336 1.087 196 .26 .697 
.25 18 3.589 1.002 162 .241 .671 
.25 19 3.863 .927 132 .224 .647 
.25 20 4.16 .86 105 .209 .625 
,25 21 4.482 .8 281 .196 .605 
,25 22 4.831 .745 259 .184 .587 
,25 23 5.21 .695 239 .174 .571 
.25 24 5.622 .65 221 .164 .555 
.25 25 6.071 .608 204 .157 .542 
,25 26 6.559 .568 188 .151 .533 
,25 27 7.091 .533 174 .144 .5210001 
,25 28 7.672 .5 161 .138 .51 
.25 29 8.306 .47 149 .132 .499 
,25 30 9 .443 138 .126 .489 
.25 31 9.76 .415 127 .123 .483 
,25 32 10.592 .39 117 .119 .477 
.25 33 11.506 .368 108 .115 .469 
,25 34 12.511 .348 100 .11 .458 
,25 35 13.617 .328 92 .106 .451 
,25 36 14.837 .308 84 .105 .449 
,25 37 16.183 .29 77 .102 .443 
,25 38 17.671 .275 71 .096 .432 
,25 39 19.32 .258 64 .097 .433 
,25 40 21.15 .245 59 .091 .42 
,25 41 23.184 .23 53 9.00000lE-02 

.419 
,25 42 25.449 .217 48 .087 .412 
,25 43 27.976 .205 43 .085 .408 
,25 44 30.803 .1 1 .078 .393 
,25 45 33.97 .1 1 .052 .331 
,5 5 1.418 5.735 1815 2.457 2.597 
.5 6 1.521 1.2 1 -.03 .045 
.5 7 1.632 3.908 1084 1.436 1.91 
.5 8 1.751 3.34 857 1.161 1.695 
.5 9 1.879 2.9 681 .964 1.527 
.5 10 2.017 2.547 540 .819 1.396 
.5 11 2.166 2.26 665 .708 1.288 .5 12 2.326 2.022 570 .619 1.198 .5 13 2.498 1.822 490 .548 1.121 .5 
.5 14 2.684 1.652 422 .489 1.055 

.5 15 2.885 1.505 363 .442 .998 

.5 16 3.101 1.375 311 .403 .951 

.5 17 3.336 1.262 266 .369 .907 
18 3.589 1.162 226 .34 .869 



.s 19 3.863 1.075 191 .313 .833 

.5 20 4.16 .995 159 .292 .803 

.5 21 4.482 .923 330 .274 .777 

.5 22 4.831 .858 304 .258 .753 

.s 23 s.21 .8 281 .241 .728 

.s 24 5.622 .745 259 .23 .71 

.s 25 6.071 .698 240 .216 .688 

.s 26 6.559 .653 222 .205 .67 

.s 27 7.091 .61 205 .197 .657 

.s 28 7.672 .573 190 .187 .64 

.5 29 8.306 .538 176 .179 .626 

.5 30 9 .sos 163 .171 .612 

.s 31 9.76 .475 151 .164 .599 

.5 32 10.592 .445 139 .16 .593 

.s 33 11.506 .42 129 .152 .578 

.5 34 12.511 .395 119 .148 .569 

.5 35 13.617 .373 110 .142 .558 

.5 36 14.837 .35 101 .139 .553 

.5 37 16.183 .33 93 .134 .543 

.5 38 17.671 .31 85 .132 .539 

.5 39 19.32 .293 78 .127 .53 

.5 40 21.15 .275 71 .125 .526 

.5 41 23.184 .26 65 .12 .515 

.5 42 25.449 .245 59 .117 .509 

.5 43 27.976 .23 53 .116 .506 

.5 44 30.803 .217 48 .111 .496 

.5 45 33.97 .205 43 .108 .49 

. 75 5 1.418 6.635 2175 3.563 3.371 
• 75 6 1.521 1.2 1 -.254 -.23 
.75 7 1.632 1.2 1 -.018 .242 
• 75 8 1.751 3.843 1058 1.638 2.147 
. 75 9 1.879 3.33 853 1.348 1.921 
.75 10 2.017 2.92 689 1.136 1.742 
.75 11 2.166 2.587 796 .972 1.595 
.75 12 2.326 2.31 685 .846 1.475 
• 75 13 2.498 2.077 592 .744 1.372 
• 75 14 2.684 1.88 513 .66 1.283 
, 75 15 2.885 1.71 445 .591 1.206 
• 75 16 3.101 1.56 385 .536 1.142 
.75 17 3.336 1.43 333 .487 1.083 
, 75 18 3.589 1.315 287 .446 1.032 
, 75 19 3.863 1.212 246 .41 .986 
,75 20 4.16 1.12 209 .381 .947 
, 75 21 4.482 1.037 376 .354 .91 
, 75 22 4.831 .965 347 .329 .874 
, 75 23 5.21 .898 320 .308 .844 
, 75 24 5.622 .835 295 .291 .819 
, 75 25 6.071 .78 273 .273 .791 
, 75 26 6.559 .728 252 .26 .771 
, 75 27 7.091 .68 233 .247 .75 
, 75 28 7.672 .638 216 .234 .729 
,75 29 8.306 .598 200 .223 .71 
• 75 30 9 .56 185 .214 .694 ,75 31 9.76 .525 171 .205 .68 ,75 32 10.592 .495 159 .194 .66 ,75 33 11.506 .465 147 .186 .647 ,75 34 12.511 .435 135 .183 .641 ,75 35 13 .·617 .41 125 .175 .626 ,75 36 14.837 .385 115 .17 .617 •75 37 16.183 .363 106 .164 .606 



.75 38 17.671 .343 98 .156 .59 

.75 39 19.32 .323 90 .151 .58 

.75 40 21.15 .303 82 .149 .576 

.75 41 23.184 .285 75 .144 .567 

.75 42 25.449 .268 68 .142 .562 

.75 43 27.976 .253 62 .136 .551 

.75 44 30.803 .238 56 .133 .544 

.75 45 33.97 .222 50 .132 .542 
1 5 1.418 7.528 2532 4.72 4.202 
1 6 1.521 1.2 1 -.2 -.634 
1 7 1.632 1.2 1 -.045 -.014 
1 8 1.751 4.34 1257 2.166 2.605 
1 9 1.879 3.753 1022 1.78 2.314 
1 10 2.017 3.285 835 1.492 2.082 
1 11 2.166 2.905 923 1.27 1.892 
1 12 2.326 2.59 797 1.097 1.734 
1 13 2.498 2.325 691 .957 1.601 
1 14 2.684 2.1 601 .843 1.487 
1 15 2.885 . 1.905 523 .751 1.39 
1 16 3.101 1.735 455 .675 1.307 
1 17 3.336 1.587 396 .608 1.232 
1 18 3.589 1.457 344 .551 1.165 
1 19 3.863 1.34 297 .506 1.11 
1 20 4.16 1.237 256 .463 1.055 
1 21 4.482 1.145 419 .426 1.008 
l 22 4.831 1.06 385 .396 .968 
l 23 5.21 .985 355 .367 .928 
l 24 5.622 .915 327 .344 .895 
l 25 6.071 .853 302 .321 .862 
l 26 6.559 .795 279 .301 .833 
l 27 7.091 .743 258 .283 .806 
1 28 7.672 .693 238 .27 .785 
l 29 8.306 .648 220 .256 .763 
l 30 9 .608 204 .241 .739 
l 31 9.76 .568 188 .232 .724 
l 32 10.592 .533 174 .22 .705 
l 33 11.506 .5 161 .21 .687 
l 34 12.511 .47 149 .199 .669 
l 35 13.617 .44 137 .193 .659 
l 36 14.837 .413 126 .187 .648 
l 37 16.183 .388 116 .18 .635 
l 38 17.671 .365 107 .172 .619 
l 39 19.32 .343 98 .167 .61 
l 40 21.15 .323 90 .16 .597 
l 41 23.184 .303 82 .156 .59 
l 42 25.449 .285 75 .149 .577 
l 43 27.976 .268 68 .146 .57 
l 44 30.803 .253 62 .138 .555 
l 45 33.97 .235 55 .141 .56 



ANCHORED SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 6 
.PILE. 4 PROGRAM 

FILE NO.: T8.PRN 
FIGURE NO.: 8 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .4 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

ALPHA FRICTION Kp/Ka DEPTH RATIO NO. OF MOMENT ANCHOR 
D/H TRIALS RATIO RATIO 

0 5 1.418 3.928 1092 .94 l.201 
0 6 1.521 3.212 806 .719 1.022 
0 7 1.632 2.702 602 .573 .894 
0 8 1.751 2.32 449 .473 .798 
0 9 1.879 2.022 330 .4 .724 
0 10 2.017 1.785 235 .345 .665 
0 11 2.166 1.59 397 .302 .617 
0 12 2.326 1.427 332 .269 .577 
0 13 2.498 1.292 278 .24 .541 
0 14 2.684 1.175 231 .218 .513 
0 15 2.885 1.072 190 .2 .489 
0 16 3.101 .985 155 .183 .466 
0 17 3.336 .907 124 .169 .446 
0 18 3.589 .838 96 .158 .43 
0 19 3.863 .778 72 .146 .412 
0 20 4.16 .723 so .137 .398 
0 21 4.482 .673 230 .129 .385 
0 22 4.831 .625 211 .124 .377 
0 23 s.21 .585 195 .116 .365 
0 24 5.622 .548 180 .11 .355 
0 25 6.071 .513 166 .106 .347 
0 26 6.559 .48 153 .102 .34 
0 27 7.091 .45 141 .098 .333 
0 28 7.672 .425 131 .092 .322 
0 29 8.306 .398 120 .091 .32 
0 30 9 .375 111 .087 .313 
0 31 9.76 .353 102 .084 .308 
0 32 10.592 .333 94 .081 .302 
0 33 11.506 .313 86 .08 .299 
0 34 12.511 .295 79 .077 .294 
0 35 13.617 .28 73 .072 .285 
0 36 14.837 .263 66 .073 .286 
0 37 16.183 .248 60 .071 .282 
0 38 17.671 .235 55 .067 .275 
0 39 19.32 .22 49 6.800001E-02 

0 .277 

0 40 21.15 .21 45 .063 .266 

0 41 23.184 .197 40 .062 .265 

0 42 25.449 .1 1 .045 .227 
43 27.976 .1 1 .026 .177 



0 44 30.803 .1 1 8.999999E-03 
.121 

0 45 33.97 .1 1 -.001 .058 
.25 5 1.418 5.285 1635 1.992 2.252 
.25 6 1.521 1.2 1 -.002 .157 
.25 7 1.632 3.607 964 1.176 1.675 
.25 8 1.751 3.087 756 .954 1.493 
.25 9 1.879 2.682 594 .796 1.353 
.25 10 2.017 2.357 464 .68 1.243 
.25 11 2.166 2.095 599 .588 1.151 
.25 12 2.326 1.877 512 .515 1.073 
.25 13 2.498 1.692 438 .458 1.01 
.25 14 2.684 1.535 375 .411 .955 
.25 15 2.885 1.397 320 .373 .909 
.25 16 3.101 1.28 273 .339 .867 
.25 17 3.336 1.175 231 .313 .832 
.25 18 3.589 1.082 194 .289 .8 
.25 19 3.863 1.002 162 .266 .768 
.25 20 4.16 .927 132 .25 .744 
.25 21 4.482 .863 306 .233 .719 
.25 22 4.831 .803 282 .219 .698 
.25 23 5.21 .748 260 .207 .68 
.25 24 5.622 .698 240 .196 .663 
• 25 25 6.071 .653 222 .186 .646 
.25 26 6.559 .61 205 .178 .633 
.25 27 7.091 .573 190 .169 .617 
.25 28 7.672 .538 176 .161 .603 
.25 29 8.306 .505 163 .153 .591 
• 25 30 9 .473 150 .15 .585 
.25 31 9.76 .445 139 .143 .573 
.25 32 10.592 .42 129 .136 .56 
.25 33 11.506 .395 119 .132 .552 
.25 34 12.511 .373 110 .127 .542 
.25 35 13.617 .35 101 .124 .537 
.25 36 14.837 .33 93 .12 .528 
.25 37 16.183 .31 85 .118 .525 
.25 38 17.671 .293 78 .114 .5170001 
.25 39 19.32 .275 71 .112 .514 
.25 40 21.15 .26 65 .108 .505 
.25 41 23.184 .245 59 .105 .499 
.25 42 25.449 .23 53 .105 .498 
.25 43 27.976 .217 48 .1 .489 
.25 44 30.803 .205 43 .098 .484 
.25 45 33.97 .1 1 9.00000lE-02 

.467 
.s 5 1.418 6.635 2175 3.578 3.465 
.s 6 \ 1. 521 1.2 1 -.086 -.137 .s 7 1.632 4.508 1324 2.052 2.528 
.s 8 1.751 3.845 1059 1.649 2.238 
.s 9 1.879 3.332 854 1.359 2.012 .s 10 2.017 2.922 690 1.147 1.833 .s 11 2.166 2.59 797 .984 1.685 
.5 12 2.326 2.315 687 .854 1.562 
.5 13 2.498 2.082 594 .752 1.459 
.5 14 2.684 1.885 515 .669 1.37 .5 15 2.885 1.712 446 .602 1.296 .5 16 3.101 1.565 387 .544 1.228 .5 17 3.336 1.435 335 .495 1.169 .5 18 3.589 1.32 289 .454 1.117 .5 19 3.863 1.217 248 .419 1.071 



.5 20 4.16 1.125 211 .389 1.032 

.5 21 4.482 1.042 378 .363 .995 

.5 22 4.831 .967 348 .34 .963 

.5 23 5.21 .9 321 .319 .932 

.5 24 5.622 .84 297 .299 .902 

.5 25 6.071 .785 275 .281 .874 

.5 26 6. 559 . .733 254 .268 .853 

.5 27 7.091 .685 235 .255 .832 

.5 28 7.672 .643 218 .241 .81 

.5 29 8.306 .603 202 .23 .791 

.5 30 9 .565 187 .22 .774 

.5 31 9.76 .53 173 .212 .76 

.5 32 10.592 .498 160 .204 .746 

.5 33 11.506 .468 148 .197 .733 

.5 34 12.511 .44 137 .189 .718 

.5 35 13.617 .415 127 .18 .702 

.5 36 14.837 .39 117 .175 .693 

.5 37 16.183 · .368 108 .169 .68 

.5 38 17.671 .345 99 .166 .674 

.5 39 19.32 .325 91 .161 .664 

.5 40 21.15 .305 83 .158 .659 

.5 41 23.184 .288 76 .153 .649 

.5 42 25.449 .273 70 .145 .632 

.5 43 27.976 .255 63 .145 .632 

.5 44 30.803 .24 57 .141 .624 

.5 45 33.97 .225 51 .14 .622 

. 75 5 1.418 7.983 2714 5.778 4.836 

.75 6 1.521 1.2 1 -.511 -.673 
• 75 7 1.632 1.2 1 -.16 .027 
• 75 8 1.751 4.598 1360 2.569 3.033 
.75 9 1.879 3.975 1111 2.098 2.703 
• 75 10 2.017 3.48 913 1.75 2.439 
.75 11 2.166 3.077 992 1.485 2.223 
• 75 12 2.326 2.742 858 1.282 2.046 
.75 13 2.498 2.462 746 1.117 1.894 
• 75 14 2.684 2.222 650 .986 1.767 
• 75 15 2.885 2.017 568 .877 1.655 
• 75 16 3.101 1.837 496 .789 1.56 
• 75 17 3.336 1.682 434 .71 1.473 
.75 18 3.589 1.542 378 .649 1.401 
• 75 19 3.863 1.42 329 .594 1.334 
.75 20 4.16 1.31 285 .547 1.275 
• 75 21 4.482 1.212 446 .504 1.22 
• 75 22 4.831 1.125 411 .466 1.169 
• 75 23 5.21 1.042 378 .438 1.131 
• 75 24 5.622 .97 349 .409 1.09 
• 75 25 6.071 .905 323 .382 1.05 
.75 26 6.559 . • 843 298 .362 1.021 
• 75 27 7.091 .788 276 .341 .988 
• 75 28 7.672 .738 256 .321 .956 
.75 29 8.306 .69 237 .304 .93 
• 75 30 9 .645 219 .292 .91 
• 75 31 9.76 .605 203 .278 .886 
.75 32 10.592 .568 188 .265 .864 
• 75 33 11.506 .533 174 .254 .845 • 75 34 12.511 .5 161 .243 .827 • 75 35 13.617 .47 149 .233 .808 .75 36 14.837 .44 137 .228 .799 .75 
.75 37 16.183 .415 127 .216 .778 

38 17.671 .39 117 .209 .764 



.75 39 19.32 .368 108 .2 .747 
• 7-5 40 21.15 .345 99 .195 .737 
.'i5 41 23.184 .325 91 .187 . • 722 
.75 42 25.449 .305 83 .183 .714 
.75 43 27.976 .288 76 .176 .699 
.75 44 30.803 .27 69 .171 .691 
.75 45 33.97 .253 62 .17 .689 
1 5 1.418 9.325 3251 8.046 6.372 
1 6 1.521 1.2 1 -.415 -1.453 
1 7 1.632 1.2 1 -.171 -.479 
l 8 1.751 1.2 1 -.023 .115 
l 9 1.879 4.613 1366 2.945 3.427 
1 10 2.017 4.03 1133 2.449 3.065 
1 11 2.166 3.557 1184 2.068 2.768 
1 12 2.326 3.165 1027 1. 771 2.523 
l 13 2.498 2.835 895 1.535 2.318 
1 14 2.684 2.555 783 1.343 2.141 
1 15 2.885 2.312 686 1.187 1.992 
1 16 3.101 · 2 .102 602 1.057 1.862 
l 17 3.336 1.92 529 .945 1.745 
l 18 3.589 1.757 464 .854 1.646 
l 19 3.863 1.615 407 .772 1.554 
l 20 4.16 1.485 355 .708 1.478 
1 21 4.482 1.372 510 .644 1.402 
1 22 4.831 1.267 468 .596 1.341 
1 23 5.21 1.175 431 .549 1.281 
1 24 5.622 1.09 397 .509 1.229 
1 25 6.071 1.012 366 .475 1.182 
1 26 6.559 .943 338 .442 1.137 
1 27 7.091 .878 312 .415 1.099 
1 28 7.672 .82 289 .387 1.057 
1 29 8.306 .765 267 .365 1.025 
1 30 9 .715 247 .344 .993 
1 31 9.76 .668 228 .328 .967 
1 32 10.592 .625 211 .311 .939 
1 33 11.506 .585 195 .296 .915 
1 34 12.511 .548 180 .283 .893 
1 35 13.617 .515 167 .265 .864 
1 36 14.837 .483 154 .255 .846 
1 37 16.183 .453 142 .244 .827 
1 38 17.671 .425 131 .233 .807 
1 39 19.32 .398 120 .227 .796 
1 40 21.15 .373 110 .22 .783 
1 41 23.184 .35 101 .21 .766 
1 42 25.449 .328 92 .206 .758 
1 43 27.976 .308 84 .198 .743 
1 44 30.803 .29 77 .187 .722 
1 45 33.97 .273 70 .18 .707 



ANCHORE-D SHEET PILE EMBEDDED IN GRANULAR SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 6 
·PILE. 4 PROGRAM 

FILE NO.: T9.PRN 
FIGURE NO.: 9 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .6 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

ALPHA FRICTION Kp/Ka DEPTH RATIO NO. OF MOMENT ANCHOR 
D/H TRIALS RATIO RATIO 

0 5 1.418 3.928 1092 .94 1.201 
0 6 1.521 3.212 806 .719 1.022 
0 7 1.632 2.702 602 .573 .894 
0 8 1.751 2.32 449 .473 .798 
0 9 1.879 2.022 330 .4 .724 
0 10 2.017 1.785 235 .345 .665 
0 11 2.166 1.59 397 .302 .617 
0 12 2.326 1.427 332 .269 .577 
0 13 2.498 1.292 278 .24 .541 
0 14 2.684 1.175 231 .218 .513 
0 15 2.885 1.072 190 .2 .489 
0 16 3.101 .985 155 .183 .466 
0 17 3.336 .907 124 .169 .446 
0 18 3.589 .838 96 .158 .43 
0 19 3.863 .778 72 .146 .412 
0 20 4.16 .723 50 .137 .398 
0 21 4.482 .673 230 .129 .385 
0 22 4.831 .625 211 .124 .377 
0 23 5.21 .585 195 .116 .365 
0 24 5.622 .548 180 .11 .355 
0 25 6.071 .513 166 .106 .347 
0 26 6.559 .48 153 .102 .34 
0 27 7.091 .45 141 .098 .333 
0 28 7.672 .425 131 .092 .322 
0 29 8.306 .398 120 .091 .32 
0 30 9 .375 111 .087 .313 
0 31 9.76 .353 102 .084 .308 
0 32 10.592 .333 94 .081 .302 
0 33 11.506 .313 86 .08 .299 
0 34 12.511 .295 79 .077 .294 
0 35 13.617 .28 73 .072 .285 
0 36 14.837 .263 66 .073 .286 
0 37 16.183 .248 60 .071 .282 
0 38 17.671 .235 55 .067 .275 
0 39 19.32 .22 49 6.800001E-02 

0 
.277 

0 
40 21.15 .21 45 .063 .266 

0 
41 23.184 .197 40 .062 .265 

0 42 25.449 .1 1 .045 .227 
43 27.976 .1 1 .026 .177 



0 44 30.803 .1 1 8.999999E-03 
.121 

0 45 33.97 .1 1 -.001 .058 
.25 5 1.418 4.533 1334 1.348 1.636 
.25 6 1.521 3.7 1001 1.022 1.393 
.25 7 1.632 3.107 764 .809 1.219 
.25 8 1.751 2.662 586 .663 1.089 
.25 9 1.879 2.317 448 .557 .988 
.25 10 2.017 2.042 338 .477 .907 
.25 11 2.166 1.817 488 .416 .841 
.25 12 2.326 1.63 413 .367 .787 
.25 13 2.498 1.472 350 .328 .74 
.25 14 2.684 1.337 296 .295 .7 
.25 15 2.885 1.22 249 .269 .667 
.25 16 3.101 1.117 208 .247 .638 
.25 17 3.336 1.027 172 .228 .612 
.25 18 3.589 .95 141 .21 .586 
.25 19 3.863 .877 112 .197 .567 
.25 20 4.16 .815 87 .184 .547 
.25 21 4.482 .758 264 .173 .531 
.25 22 4.831 .705 243 .164 .516 
.25 23 5.21 .658 224 .155 .5030001 
.25 24 5.622 .615 207 .147 .489 
.25 25 6.071 .575 191 .14 .478 
.25 26 6.559 .54 177 .133 .465 
.25 27 7.091 .5080001 164 .126 .453 
.25 28 7.672 .475 151 .122 .447 
.25 29 8.306 .448 140 .116 .436 
.25 30 9 .42 129 .113 .43 
.25 31 9.76 .395 119 .109 .423 
.25 32 10.592 .373 110 .105 .415 
.25 33 11.506 .35 101 .102 .411 
.25 34 12.511 .33 93 .099 .404 
.25 35 13.617 .313 86 9.399999E-02 

.394 
.25 36 14.837 .293 78 9.399999E-02 

.395 
.25 37 16.183 .278 72 .089 .385 
.25 38 17.671 .263 66 .086 .378 
.25 39 19.32 .248 60 .084 .373 
.25 40 21.15 .233 54 .083 .372 
.25 41 23.184 .22 49 .08 .366 
.25 42 25.449 .207 44 .078 .362 
.25 43 27.976 .1 1 .076 .358 
.25 44 30.803 .1 1 .052 .303 
.25 45 33.97 .1 1 .029 .24 
.5 5 1.418 5.135 1575 1.85 2.081 
.5 6 1.521 1.2 1 -.002 .129 
.5 7 1.632 3.507 924 1.096 1.538 
.5 8 1.751 3.002 722 .891 1.367 
.5 9 1.879 2.61 565 .744 1.235 
.5 10 2.017 2.295 439 .636 1.131 
.5 11 2.166 2.04 577 .551 1.045 
.5 12 2.326 1.827 492 .484 .973 
.5 13 2.498 1.647 420 .432 .914 
.5 14 2.684 1.495 359 .387 .862 
.5 15 2.885 1.362 306 .351 .817 
.5 16 3.101 1.247 260 .32 .778 
.5 17 3.336 1.147 220 .293 .742 
.5 18 3.589 1.057 184 .271 .712 



r 
.s 19 3.863 .977 152 .252 .686 
.s 20 4.16 .905 123 .236 .663 
.s 21 4.482 .84 297 .222 .642 
.s 22 4.831 .783 274 .208 .62 
.s 23 5.21 .73 253 .196 .601 
.5 24 5.622 .683 234 .185 .583 
.5 25 6.071 .638 216 .176 .57 
.5 26 6.559 .598 200 .167 .554 
.5 27 7.091 .56 185 .16 .542 
.5 28 7.672 .525 171 .153 .531 
.5 29 8.306 .493 158 .148 .5210001 
.s 30 9 .463 146 .142 .511 
.5 31 9.76 .435 135 .137 .501 
.s 32 10.592 .41 125 .131 .49 
.5 33 11.506 .385 115 .128 .485 
.s 34 12.511 .363 106 .124 .477 
.5 JS 13.617 .343 98 .118 .467 
.s 36 14.837 .323 90 .115 .46 
.5 37 16.183 .305 83 .11 .45 
.5 38 17.671 .288 76 .107 .444 
.5 39 19.32 .27 69 .106 .442 
.5 40 21.15 .255 63 .102 .435 
.5 41 23.184 .24 57 .101 .431 
.5 42 25.449 .228 52 .096 .421 
.5 43 27.976 .212 46 .097 .424 
.5 44 30.803 .2 41 .096 .421 
.5 45 33.97 .1 1 .077 .38 
.75 5 1.418 5.735 1815 2.447 2.535 
.75 6 1.521 1.2 1 -.125 -.018 
.75 7 1.632 J.908 1084 1.426 1.848 
• 75 8 1.751 3.337 856 1.155 1.635 
• 75 9 1.879 2.897 680 .957 1.468 
• 75 10 2.017 2.545 539 .812 1.336 
• 75 11 2.166 2.257 664 .701 1.229 
• 75 12 2.326 2.02 569 .613 1.138 
• 75 13 2.498 1.82 489 .541 1.062 
.75 14 2.684 1.647 420 .485 .999 
• 75 15 2.885 1.5 361 .437 .942 
• 75 16 3.101 1.372 310 .396 .892 
• 75 17 3.336 1.26 265 .362 .849 
• 75 18 3.589 1.16 225 .333 .811 
• 75 19 3.863 1.07 189 .309 .779 
• 75 20 4.16 .99 157 .288 .749 
• 75 21 4.482 .92 329 .267 .719 
• 75 22 4.831 - .855 303 .251 .695 
• 75 23 5.21 .795 279 .237 .674 
• 75 24 5.622 .743 258 .223 .652 
• 75 25 6.071 .693 238 .212 .635 
• 75 26 6.559 .648 220 .202 .618 
• 75 27 7.091 .608 204 .191 .6 
• 75 28 . 7.672 .57 189 .181 .584 
.15 29 8.306 .535 175 .173 .569 
.15 30 9 .5030001 162 .165 .556 
• 75 31 9.76 .47 149 .162 .55 
.75 32 10.592 .443 138 .154 .537 
• 75 33 11.506 .418 128 .147 .523 
• 75 34 12.511 .393 118 .142 .515 
• 75 35 13.617 .37 109 .136 .504 
,75 36 14.837 .348 100 .133 .498 
,75 37 16.183 .328 92 .129 .49 



.75 38 17.671 .308 84 .127 .486 

.75 39 19.32 .29 77 .123 .477 

.75 40 21.15 .273 70 .121 .473 

.75 41 23.184 .258 64 .116 .463 

.75 42 25.449 .243 58 .113 .457 

.75 43 27.976 .228 52 .112 .456 

.75 44 30.803 .215 47 .107 .446 

.75 45 33.97 .202 42 .104 .44 
1 5 1.418 6.33 2053 3.066 3.001 
1 6 1.521 1.2 1 -.093 -.235 
1 7 1.632 1.2 1 .014 .192 
1 8 1.751 3.667 988 1.439 1.893 
1 9 1.879 3.18 793 1.187 1.687 
1 10 2.017 2.787 636 1.004 1.527 
1 11 2.166 2.47 749 .86 1.394 
1 12 2.326 2.207 644 .746 1.283 
1 13 2.498 1.985 555 .656 1.191 
1 14 2.684 1.795 479 .583 1.112 
1 15 2.885 1.632 414 .5210001 1.043 
1 16 3.101 1.49 357 .471 .984 
l 17 3.336 1.365 307 .428 .933 
l 18 3.589 1.255 263 .391 .886 
l 19 3.863 1.155 223 .362 .849 
l 20 4.16 1.067 188 .334 .812 
l 21 4.482 .99 357 .308 .777 
l 22 4.831 .918 328 .289 .75 
l 23 5.21 .855 303 .268 .719 
l 24 5.622 .795 279 .253 .698 
l 25 6.071 .743 258 .237 .673 
l 26 6.559 .693 238 .225 .655 
l 27 7.091 .648 220 .213 .636 
l 28 7.672 .608 204 .2 .615 
l 29 8.306 .568 188 .193 .603 
l 30 9 .533 174 .183 .587 
l 31 9.76 .s 161 .174 .572 
l 32 10.592 .47 149 .166 .557 
1 33 11.506 .44 137 .162 .55 
1 34 12.511 .415 127 .153 .534 
1 35 13.617 .39 117 .147 .524 
1 36 14.837 .365 107 .145 .52 
1 37 16.183 .345 99 .137 .sos 
1 38 17.671 .325 91 .132 .495 
1 39 19.32 .305 83 .129 .49 
1 40 21.15 .288 76 .124 .48 
1 41 23.184 .27 69 .121 .475 
1 42 25.449 .255 63 .116 .463 
1 43 27.976 .24 57 .112 .456 
1 44 30.803 .225 51 .111 .454 
l 45 33.97 .21 45 .112 .456 



APPENDIX F 

OPTION 8 GRAPH DATA 



r 
H 

ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 8 
PILE.4 PROGRAM 

FILE NO.: TlO.PRN 
FIGURE NO.: 10 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL ASSUMED FRICTION ANGLE= 30 DEGREES 
BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .s 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

BACKF COHESION (2qu-q)/ DEPTH RATIO NO. OF MOMENT ANCHOR 
ALPHA (PSF) BBD*Ka*H D/H TRIALS RATIO RATIO 

0 1000.001 7 .04 8 .042 .22 
0 980.0006 6.8 .04 8 .046 .228 
0 960.0007 6.6 .043 9 .042 .219 
0 940.0006 6.4 .043 9 .046 .228 
0 920.0006 6.2 .045 10 .043 .221 
0 900.0006 6 .045 10 .046 .23 
0 880.0006 5.8 .048 11 .044 .224 
0 860.0006 5.6 .OS 12 .042 .22 
0 840.0005 5.4 .OS 12 .046 .23 
0 820.0005 5.2 .053 13 .045 .227 
0 800.0005 5 .055 14 .044 .225 
0 780.0005 4.8 .058 15 .044 .224 
0 760.0005 4.6 .06 16 .044 .224 
0 740.0004 4.4 .062 17 .044 .225 
0 720.0004 4.2 .065 18 .045 .227 
0 700.0004 4 .067 19 .046 .23 
0 680.0004 3.8 .07 20 .048 .234 
0 660.0004 3.6 .075 22 .046 .23 
0 640.0003 3.4 .08 24 .046 .228 
0 620.0003 3.2 .082 25 .049 .236 
0 600.0003 3 .087 27 .OS .238 
0 580.0003 2.8 .095 30 .048 .234 
0 560.0003 2.6 .102 33 .048 .234 
0 540.0002 2.4 .11 36 .049 .236 
0 520.0003 2.2 .117 39 .052 .242 
0 500.0002 2 .13 44 .051 .24 
0 480.0002 1.8 .142 49 .052 .244 
0 460.0001 1.6 .157 55 .054 .248 
0 440.0001 1.4 .177 63 .056 .252 
0 420.0001 1.2 .205 74 .057 .254 
0 400.0001 1 .24 88 .06 .26 
0 380.0001 .8 .293 109 .063 .266 
0 360.0001 .6 .373 141 6.800001E-02 

.276 
0 340 .4 .518 199 .076 .293 
0 330 .3 .648 251 .083 .306 
0 320 .2 .878 343 .093 .324 
0 310 .1 1.425 562 .112 .358 



.25 1075.001 7 .053 13 .06 .351 

.25 1055.001 6.8 .053 13 .064 .362 

.25 1035.001 6.6 .055 14 .062 .356 

.25 1015.001 6.4 .058 15 .06 .351 

.25 995.0006 6.2 .058 15 .064 .362 

.25 975.0006 6 .06 16 .063 .359 

.25 955.0006 5.8 .062 17 .062 .356 

.25 935.0006 5.6 .065 18 .061 .355 

.25 915 . 0005 5.4 .067 19 .061 .354 

.25 895.0005 5.2 .07 20 .061 .355 

.25 875.0005 5 .072 21 .062 .356 

.25 855.0005 4.8 .075 22 .063 .359 

.25 835.0005 4.6 .077 23 .064 .362 

.25 815.0004 4.4 .08 24 .066 .367 

.25 795.0004 4.2 .085 26 .064 .362 

.25 775.0004 4 .087 27 .067 .369 

.25 755.0004 3.8 .092 29 .066 .367 

.25 735.0004 3.6 .097 31 .067 .368 

.25 715.0003 3.4 .102 33 6.800001E-02 
.37 

.25 695.0003 3.2 .107 35 .07 .375 

.25 675.0003 3 .115 38 .069 .374 

.25 655.0003 2.8 .122 41 .07 .376 

.25 635.0003 2.6 .132 45 .069 .374 

.25 615.0002 2.4 .142 49 .071 .377 

.25 595.0003 2.2 .152 53 .073 .383 

.25 575.0002 2 .167 59 .074 .384 

.25 555.0002 1.8 .182 65 .077 .39 

.25 535.0001 1.6 .205 74 .077 .391 

.25 515.0002 1.4 .23 84 7.900001E-02 
.397 

.25 495.0001 1.2 .263 97 .083 .404 

.25 475.0001 1 .308 115 .086 .411 
• 25 455.0001 .8 .37 140 .092 .423 
.25 435.0001 .6 .47 180 .099 .437 
.25 415 .4 .645 250 .111 .461 
.25 405 .3 .803 313 .12 .478 
.25 395 .2 1.075 422 .134 .504 
.25 385 .1 1.717 679 .16 .547 
.5 1150.001 7 .065 18 .077 .42 
. 5 1130.001 6.8 .065 18 .083 .433 
.5 1110.001 6.6 .067 19 .081 . • 429 
.5 1090.001 6.4 .07 20 .08 .427 
.5 1070.001 6.2 .072 21 .08 .426 
.5 1050.001 6 .075 22 .08 .425 
.5 1030.001 5.8 .077 23 .08 .426 
.5 1010.001 5.6 .08 24 .08 .427 
.5 990.0005 5.4 .082 25 .081 .43 
.5 970.0005 5.2 .085 26 .083 .433 
.5 950.0005 5 .087 27 .085 .438 
.5 930.0005 4.8 .092 29 .082 .431 
,5 910.0005 4.6 .095 30 .085 .438 
,5 890.0004 4.4 .1 32 .084 .435 
,5 870.0004 4.2 .102 33 .088 .445 
,5 850.0004 4 .107 35 .088 .445 . 
,5 830.0004 3.8 .112 37 .089 .448 
,5 810.0004 3.6 .12 40 .087 .443 
.5 790.0003 3.4 .125 42 9.00000lE-02 

.45 
,5 770.0003 3.2 .132 45 .091 .451 



.5 750.0003 3 .14 48 .092 .455 

.5 730.0003 2.8 .15 52 .092 .455 

.5 710.0003 2.6 .16 56 9.399999E-02 
.459 

.s 690.0002 2.4 .172 61 .095 .461 

.5 670.0003 2.2 . • 187 67 .096 .463 

.5 650.0002 2 .202 73 .099 .47 

.s 630.0002 1.8 .222 81 .101 .475 

.s 610.0001 1.6 .248 91 .103 .479 

.s 590.0001 1.4 .278 103 .106 .486 

.s 570.0001 1.2 .318 119 .11 .494 

.s 550.0001 1 .37 140 .115 .sos 

.s 530.0001 .8 .443 169 .123 .5210001 

.5 510.0001 .6 .558 215 .133 .54 

.5 490.0001 .4 .763 297 .148 .57 

.5 480.0001 .3 .94 368 .16 .593 

.5 470.0001 .2 1.252 493 .178 .625 

.5 460 .1 1.977 783 .209 .677 

.75 1225.001 7 .072 21 .091 .461 

.75 1205.001 6.8 .075 22 9.00000lE-02 
.459 

.75 1185.001 6.6 .077 23 .089 .457 

.75 1165.001 6.4 .08 24 .089 .457 

.75 1145.001 6.2 .082 25 .089 .457 

.75 1125.001 6 .085 26 9.00000lE-02 
.459 

.75 1105.001 5.8 .087 27 .091 .461 

.75 1085.001 5.6 9.00000lE-02 
28 .093 .465 

.75 1065.001 5.4 .092 29 .095 .469 
• 75 1045.001 5.2 .097 31 .092 .462 
.75 1025.001 5 .1 32 .095 .469 
.75 1005.001 4.8 .105 34 .093 .465 
.75 985.0005 4.6 .107 35 .098 .474 
.75 965.0004 4.4 .112 37 .098 .474 
.75 945.0004 4.2 .117 39 .098 .475 
.75 925.0004 4 .122 41 .1 .479 
• 75 905.0004 3.8 .13 44 .098 .475 
.75 885.0004 3.6 .135 46 .102 .483 
• 75 865.0003 3.4 .142 49 .103 .484 
• 75 845.0003 3.2 .15 52 .105 .489 
. 75 825.0003 3 .16 56 .105 .489 
• 75 805.0003 2.8 .17 60 .107 .493 
• 75 785.0003 2.6 .182 65 .108 .494 
• 75 765.0002 2.4 .195 70 .111 .501 
• 75 745.0003 2.2 .212 77 .111 .501 
• 75 725.0002 2 .23 84 .115 .509 
• 75 705.0002 1.8 .253 93 .118 .514 
• 75 685.0001 1.6 .28 104 .121 .5210001 
• 75 665.0001 1.4 .313 117 .126 .531 
• 75 645.0001 1.2 .358 135 .131 .54 
• 75 625.0001 1 .415 158 .138 .554 
• 75 605.0001 .8 .498 191 .146 .571 
• 75 585.0001 .6 .623 241 .159 .595 
• 75 565.0001 .4 .845 330 .178 .631 
• 75 555 .3 1.04 408 .192 .657 
• 75 545 .2 1.377 543 .213 .693 
• 75 535 .1 2.162 857 .249 .753 
l 1300.001 7 .077 23 .093 .458 
l 1280.001 6.8 .08 24 .092 .456 



1 1260.001 6.6 .08 24 .099 .472 
1 1240.001 6.4 .082 25 .099 .472 
l 1220.001 6.2 .085 26 .1 .473 
l 1200.001 6 .087 27 .101 .475 
l 1180.001 5.8 .092 29 .096 .464 
1 1160.001 5.6 .095 30 .098 .468 
1 1140.001 5.4 .097 31 .1 .474 
1 1120.001 5.2 .102 33 .097 .467 
1 1100.001 5 .105 34 .101 .475 
1 1080.001 4.8 .11 36 .099 .472 
1 1060.001 4.6 .112 37 .104 .483 
1 1040 4.4 .117 39 .104 .483 
1 1020 4.2 .122 41 . • 105 .486 
1 1000 4 .13 44 .103 .48 
1 980.0004 3.8 .135 46 .106 .487 
1 960.0004 3.6 .142 49 .106 .487 
1 940.0003 3.4 .15 52 .107 .49 
1 920.0003 3.2 .157 55 .11 .496 
1 900.0002 3 .167 59 .111 .498 
1 880.0002 2.8 .177 63 .113 .5030001 
1 860.0002 2.6 .19 68 .115 .506 
1 840.0002 2.4 .205 74 .116 .5080001 
1 820.0003 2.2 .222 81 .117 .511 
1 800.0002 2 .24 88 .121 .52 
1 780.0002 1.8 .265 98 .123 .523 
1 760.0001 1.6 .293 109 .127 .532 
1 740.0001 1.4 .328 123 .132 .541 
1 720.0001 1.2 .373 141 .137 .553 
1 700.0001 1 .433 165 .145 .567 
1 680.0001 .8 .518 199 .154 .586 
1 660.0001 .6 .648 251 .168 .611 
1 640.0001 .4 .878 343 .188 .649 
1 630 .3 1.08 424 .203 .676 
1 620 .2 1.425 562 .226 .715 
1 610 .1 2.235 886 .264 .777 



ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 8 
PILE.4 PROGRAM 

FILE NO.: Tll.PRN 
FIGURE NO.: 11 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL ASSUMED FRICTION ANGLE• 30 DEGREES 
BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .4 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

BACKF COHESION (2qu-q)/ DEPTH RATIO NO. OF MOMENT ANCHOR 
ALPHA (PSF) BBD*Ka*H D/H TRIALS RATIO RATIO 

0 800.0006 7 .04 8 .042 .22 
0 784.0006 6.8 .04 8 .046 .228 
0 768.0006 6.6 .043 9 .042 .219 
0 752.0005 6.4 .043 9 .046 .228 
0 736.0004 6.2 .045 10 .043 .221 
0 720.0005 6 .045 10 .046 .23 
0 704.0005 5.8 .048 11 .044 .224 
0 688.0005 5.6 .05 12 .042 .22 
0 672.0004 5.4 .05 12 .046 .23 
0 656.0004 5.2 .053 13 .045 .227 
0 640.0004 5 .055 14 .044 .225 
0 624.0004 4.8 .058 15 .044 .224 
0 608.0004 4.6 .06 16 .044 .224 
0 592.0003 4.4 .062 17 .044 .225 
0 576.0003 4.2 .065 18 .045 .227 
0 560.0003 4 .067 19 .046 .23 
0 544.0003 3.8 .07 20 .048 .234 
0 528.0003 3.6 .075 22 .046 .23 
0 512.0003 3.4 .08 24 .046 .228 
0 496.0003 3.2 .082 25 .049 .236 
0 480.0003 3 .087 27 .OS .238 
0 464.0002 2.8 .095 30 .048 .234 
0 448.0002 2.6 .102 33 .048 .234 
0 432.0002 2.4 .11 36 .049 .236 
0 416.0002 2.2 .117 39 .052 .242 
0 400.0002 2 .13 44 .051 .24 
0 384.0001 1.8 .142 49 .052 .244 
0 368.0001 1.6 .157 55 .054 .248 
0 352.0001 1.4 .177 63 .056 .252 
0 336.0001 1.2 .205 74 .057 .254 
0 320.0001 l .24 88 .06 .26 
0 304.0001 .8 .293 109 .063 .266 
0 288.0001 .6 .373 141 6.800001E-02 

.276 
0 272 .4 .518 199 .076 .293 
0 264 .3 .648 251 .083 .306 
0 256 .2 .878 343 .093 .324 
0 248 .1 1.425 562 .112 .358 



.25 890.0006 7 .058 15 .072 .426 

.25 874.0006 6.8 .06 16 .07 .42 

.25 858.0006 6.6 .062 17 6.800001E-02 
.416 

.25 842.0004 6.4 .062 17 .073 .428 

.25 826.0004 6.2 .065 18 .072 .425 

.25 810.0005 6 .067 19 .071 .423 

.25 794.0005 5.8 .07 20 .071 .422 

.25 778.0005 5.6 .072 21 .071 .422 

.25 762.0004 5.4 .075 22 .071 .423 

.25 746.0004 5.2 .077 23 .072 .425 

.25 730.0004 5 .08 24 .073 .428 

.25 714.0004 4.8 .082 25 .075 .432 

.25 698.0004 4.6 .087 27 .072 .426 

.25 682.0003 4.4 9.00000lE-02 
28 .075 .432 

.25 666.0003 4.2 · .095 30 .073 .429 

.25 650.0003 4 .097 31 .077 .438 

.25 634.0003 3.8 .102 33 .078 .439 

.25 618.0003 . 3. 6 .107 35 7.900001E-02 
.441 

.25 602.0003 3.4 .115 38 .077 .437 

.25 586.0003 3.2 .12 40 .08 .444 

.25 570.0003 3 .127 43 .081 .446 

.25 554.0003 2.8 .137 47 7.900001E-02 
.443 

.25 538.0002 2.6 .145 so .083 .451 

.25 522.0002 2.4 .157 55 .083 .45 

.25 506.0002 2.2 .17 60 .084 .454 

.25 490.0002 2 .185 66 .086 .458 

.25 474.0001 1.8 .202 73 .089 .464 

.25 458.0001 1.6 .225 82 .091 .468 

.25 442.0001 1.4 .255 94 .092 .471 

.25 426.0001 1.2 .29 108 .096 .48 

.25 410.0001 1 .338 127 .101 .491 

.25 394.0001 .8 .408 155 .107 .502 

.25 378.0001 .6 .515 198 .115 .519 

.25 362 .4 .705 274 .129 .546 

.25 354 .3 .873 341 .14 .566 

.25 346 .2 1.165 458 .156 .595 

.25 338 .1 1.852 733 .184 .643 

.5 980.0006 7 .075 22 .102 .538 

.5 964.0006 6.8 .077 23 .101 .536 

.5 948.0006 6.6 .08 24 .101 .535 

.5 932.0004 6.4 .082 25 .101 .535 

.s 916.0004 6.2 .085 26 .101 .536 

.s 900.0005 6 .087 27 .102 .538 

.s 884.0005 5.8 9.00000lE-02 
28 .103 .541 

.5 868.0005 5.6 .092 29 .105 .545 

.s 852.0004 5.4 .097 31 .102 .536 

.5 836.0004 5.2 .1 32 .104 .543 

.s 820.0004 5 .105 34 .102 .538 

.5 804.0004 4.8 .107 35 .106 .547 

.5 788.0004 4.6 .112 37 .105 .545 
,5 772.0003 4.4 .117 39 .106 .546 
,5 756.0003 4.2 .122 41 .107 .548 
,5 740.0003 4 .127 43 .109 .553 
,5 724.0003 3.8 .135 46 .107 .55 
,5 708.0003 3.6 .14 48 .111 .559 



.5 692.0003 3.4 .147 51 .112 .561 

.5 676.0003 3.2 .157 55 .111 .559 

.5 660.0003 3 .165 58 .115 .568 

.5 644.0003 2.8 .177 63 .114 .566 

.5 628.0002 2.6 .19 68 .115 .569 

.5 612.0002 2.4 .202 73 .119 .577 

.5 596.0002 2.2 .22 80 .12 .579 

.5 580.0001 2 .237 87 .124 .588 

.5 564.0001 1.8 .26 96 .127 .594 

.5 548.0001 1.6 .29 108 .129 .598 

.5 532.0001 1.4 .325 122 .133 .607 

.5 516.0002 1.2 .368 139 .14 .621 

.5 500.0001 l .428 163 .146 .635 

.5 484.0001 .8 .513 197 .155 .652 

.5 468.0001 .6 .643 249 .167 .677 

.5 452.0001 .4 .87 340 .187 .714 

.5 444.0001 .3 1.07 420 .202 .742 

.5 436 .2 1.415 558 .223 .78 

.5 428 .1 2.211 879 .26 .841 

.75 1070.001 7 9.00000lE-02 
28 .113 .573 

.75 1054.001 6.8 .092 29 .113 .574 

.75 1038.001 6.6 .095 30 .114 .576 

.75 1022 6.4 .097 31 .116 .579 

.75 1006 6.2 .1 32 .118 .583 

.75 990.0005 6 .102 33 .12 .588 

.75 974.0005 5.8 .107 35 .116 .58 

.75 958.0005 5.6 .11 36 .12 .587 

.75 942.0004 5.4 .112 37 .124 .596 

.75 926.0004 5.2 .117 39 .122 .592 

.75 910.0004 5 .122 41 .121 .591 

.75 894.0004 4.8 .127 43 .122 .591 

.75 878.0004 4.6 .132 45 .123 .594 

.75 862.0002 4.4 .137 47 .125 .598 

.75 846.0003 4.2 .142 49 .128 .605 

.75 830.0003 4 .15 52 .128 .603 

.75 814.0003 3.8 .157 55 .128 .605 
• 75 798.0003 3.6 .165 58 .131 .609 
.75 782.0003 3.4 .172 61 .134 .617 
.75 766.0003 3.2 .182 65 .136 .619 
.75 750.0003 3 .195 70 .135 .618 
.75 734.0003 2.8 .207 75 .137 .622 
.75 718.0002 2.6 .22 80 .142 .631 
.75 702.0002 2.4 .237 87 .143 .633 
.75 686.0002 2.2 .255 94 .147 .642 
• 75 670.0001 2 .278 103 .15 .648 
.75 654.0001 1.8 .303 113 .155 .659 
.75 638.0001 1.6 .335 126 .16 .667 
• 75 622.0001 1.4 .375 142 .165 .678 
• 75 606.0001 1.2 .425 162 .173 .693 
• 75 590.0001 1 .493 189 .181 .711 
.75 574.0001 .8 .588 227 .193 .733 
• 75 558.0001 .6 .733 285 .209 .764 
.75 542 .4 .987 387 .233 .808 
• 75 534 .3 1.207 475 .251 .841 
• 75 526 .2 1.587 627 .278 .886 
.75 518 .1 2.47 980 .321 .956 
l 1160.001 7 .095 30 .122 .585 
l 1144.001 6.8 .097 31 .123 .587 
l 1128.001 6.6 .1 32 .124 .59 



1 1112.001 6.4 .102 33 .126 .594 
1 1096 6.2 .105 34 .128 .599 
1 1080.001 6 .11 36 .124 .59 
1 1064.001 5.8 .112 37 .127 .598 
1 1048.001 5.6 .117 39 .125 .592 
l 1032 5.4 .12 40 .129 .602 
1 1016 5.2 .125 42 .129 .6 
1 1000 5 .13 44 .129 .6 
1 984.0004 4.8 .135 46 .129 .602 
1 968.0004 4.6 .14 48 .131 .606 
1 952.0002 4.4 .145 so .134 .612 
1 936.0003 4.2 .152 53 .133 .61 
1 920.0002 4 .157 55 .138 .62 
1 904.0002 3.8 .165 58 .139 .623 
1 888.0002 3.6 .175 62 .138 .62 
1 872.0002 3.4 .182 65 .142 .63 
1 856.0002 3.2 .192 69 .144 •. 634 
1 840.0002 3 .205 74 .144 .635 
1 824.0003 2.8 .217 79 .147 .641 
1 808.0002 2.6 .232 85 .149 .646 
1 792.0002 2.4 .25 92 .152 .65 
1 776.0002 2.2 .27 100 .154 .656 
1 760.0001 2 .293 109 .159 .665 
1 744.0001 1.8 .32 120 .163 .674 
1 728.0001 1.6 .353 133 .169 .686 
1 712.0001 1.4 .395 150 .174 .697 
1 696.0001 1.2 .448 171 .183 .713 
1 680.0001 1 .518 199 .193 .732 
1 664.0001 .8 .618 239 .205 .756 
1 648.0001 .6 .768 299 .223 .789 
1 632 .4 1.03 404 .25 .838 
1 624 .3 1.26 496 .27 .872 
1 616 .2 1.652 653 .299 .92 
1 608 .1 2.565 1018 .345 .994 



ANCHORED SHEET PILE EMBEDDED IN COHESIVE SUBSOIL, WITH GRANULAR BACKFILL 

OPTION 8 
PILE.4 PROGRAM 

FILE NO.: Tl2.PRN 
FIGURE NO.: 12 
DESIGNER: JOSEPH F. STOCK, JR 
DATE: APRIL 8, 1991 

BACKFILL ASSUMED FRICTION ANGLE= 30 DEGREES 
BACKFILL WET DENSITY= 120 PCF 
BACKFILL BUOYANT DENSITY FRACTION= .6 
HEIGHT OF BACKFILL= 20 FEET 
ANCHOR DEPTH= 5 FEET 

BACKF COHESION (2qu-q)/ DEPTH RATIO NO. OF MOMENT ANCHOR 
ALPHA (PSF) BBD*Ka*H D/H TRIALS RATIO RATIO 

0 1200.001 7 .04 8 .042 .22 
0 1176.001 6.8 .04 8 • 046 .228 
0 1152.001 6.6 .043 9 .042 .219 
0 1128.001 6.4 .043 9 .046 .228 
0 1104.001 6.2 .045 10 .043 .221 
0 1080.001 6 .045 10 .046 .23 
0 1056.001 5.8 .048 11 .044 .224 
0 1032.001 5.6 .05 12 .042 .22 
0 1008.001 5.4 .05 12 .046 .23 
0 984.0006 5.2 .053 13 .045 .227 
0 960.0006 5 .055 14 .044 .225 
0 936.0005 4.8 .058 15 .044 .224 
0 912.0006 4.6 .06 16 .044 .224 
0 888.0004 4.4 .062 17 .044 .225 
0 864.0005 4.2 .065 18 .045 .227 
0 840.0004 4 .067 19 .046 .23 
0 816.0005 3.8 .07 20 .048 .234 
0 792.0004 3.6 .075 22 . 046 .23 
0 768.0004 3.4 .08 24 .046 .228 
0 744.0004 3.2 .082 25 .049 .236 
0 720.0004 3 .087 27 .05 .238 
0 696.0003 2.8 .095 30 .048 .234 
0 672.0003 2.6 .102 33 .048 .234 
0 648.0003 2.4 .11 36 .049 .236 
0 624.0003 2.2 .117 39 .052 .242 
0 600.0003 2 .13 44 .051 .24 
0 576.0002 1.8 .142 49 .052 .244 
0 552.0002 1.6 .157 55 .054 .248 
0 528.0001 1.4 .177 63 .056 .252 
0 504.0001 1.2 .205 74 .057 .254 
0 480.0001 1 .24 88 .06 .26 
0 456.0001 .8 .293 109 .063 .266 
0 432.0001 .6 .373 141 6.SOOOOlE-02 

.276 
0 408.0001 .4 .518 199 .076 .293 
0 396 .3 .648 251 .083 .306 
0 384 .2 .878 343 .093 .324 
0 372 .1 1.425 562 .112 .358 



.25 1260.001 7 .048 11 .056 .313 

.25 1236.001 6.8 .05 12 .053 .306 

.25 1212.001 6.6 .05 12 .057 .316 

.25 1188.001 6.4 .053 13 .055 .31 

.25 1164.001 6.2 .055 14 .053 .305 

.25 1140.001 6 .055 14 .057 .316 

.25 1116.001 5.8 .058 15 .056 .312 

.25 1092.001 5.6 .06 16 .055 .31 

.25 1068.001 5.4 .062 17 .054 .308 

.25 1044.001 5.2 .062 17 .059 .321 

.25 1020.001 5 .065 18 .059 .321 

.25 996.0005 4.8 .067 19 .06 .322 

.25 972.0006 4.6 .072 21 .056 .312 

.25 948.0004 4.4 .075 22 .057 .316 

.25 924.0005 4.2 .077 23 .059 .32 

.25 900.0004 4 .082 25 .057 .316 
-
.25 876.0004 3.8 .085 26 .06 .323 
.25 852.0004 3.6 9.00000lE-02 

28 .06 .322 
.25 828.0004 3.4 .095 30 .06 .323 
.25 804.0004 3.2 .1 32 .062 .326 
.25 780.0004 3 .107 35 .061 .323 
.25 756.0003 2.8 .112 37 .064 .331 
.25 732.0003 2.6 .122 41 .062 .327 
.25 708.0003 2.4 .13 44 .065 .334 
.25 684.0003 2.2 .142 49 .064 .332 
.25 660.0003 2 .155 54 .066 .336 
.25 636.0002 1.8 .17 60 6.800001E-02 

.34 
.25 612.0002 1.6 .19 68 .069 .342 
.25 588.0001 1.4 .212 77 .072 .348 
.25 564.0001 1.2 .243 89 .075 .355 
.25 540.0001 1 .285 106 .077 .361 
.25 516.0002 .8 .345 130 .082 .37 
.25 492.0001 .6 .438 167 .088 .383 
.25 468.0001 .4 .605 234 .099 .404 
.25 456.0001 .3 .753 293 .107 .42 
.25 444.0001 .2 1.01 396 .12 .444 
.25 432 .1 1.625 . 642 .143 .483 
.5 1320.001 7 .055 14 .071 .365 
.5 1296.001 6.8 .058 15 6.800001E-02 

.359 
.5 1272.001 6.6 .06 16 .066 .354 
.5 1248.001 6.4 .06 16 .071 .366 
.5 1224.001 6.2 .062 17 .07 .362 
.5 1200.001 6 .065 18 .069 .36 
.5 1176.001 5.8 .067 19 6.800001E-02 

.358 
.5 1152.001 5.6 .07 20 6.800001E-02 

.358 
.5 1128.001 5.4 .072 21 6.800001E-02 

.359 
.5 1104.001 5.2 .075 22 .069 .36 
.s 1080.001 5 .077 23 .07 .363 
.5 1056.001 4.8 .08 24 .071 .366 
.5 1032.001 4.6 .082 25 .073 .371 
.5 1008 4.4 .087 27 .071 .365 
.s 984.0005 4.2 9.00000lE-02 

28 .074 .372 
.s 960.0004 4 .095 30 .073 .37 



.5 936.0004 3.8 .1 32 .073 .37 

.5 912.0004 3.6 .105 34 .074 .372 

.5 888.0004 3.4 .11 36 .075 .376 

.5 864.0004 3.2 .117 39 .074 .374 

.5 840.0004 3 .125 42 .075 .375 

.5 816.0003 2.8 .132 45 .077 .379 

.5 792.0003 2.6 .142 49 .077 .38 

.5 768.0003 2.4 .152 53 7.900001E-02 
.384 

.5 744.0003 2.2 .165 58 .08 .387 

.5 720.0003 2 .18 64 .081 .39 

.5 696.0002 1.8 .197 71 .083 .395 

.5 672.0002 1.6 .217 79 .087 .402 

.5 648.0001 1.4 .245 90 .089 .407 

.5 624.0001 1.2 .28 104 .092 .414 

.5 600.0001 1 .328 123 .096 .422 

.5 576.0001 .8 .395 150 .102 .434 

.5 552.0001 .6 .5 192 .11 .45 

.5 528.0001 .4 .685 266 .123 .476 

.5 516 .3 .85 332 .133 .495 

.5 504.0001 .2 1.135 446 .149 .523 

.5 492 .1 1.807 715 .176 .569 

.75 1380.001 7 .062 17 .071 .375 

.75 1356.001 6.8 .065 18 .069 .371 

.75 1332.001 6.6 .065 18 .076 .384 

.75 1308.001 6.4 .067 19 .074 .381 

.75 1284.001 6.2 .07 20 .073 .379 

.75 1260.001 6 .072 21 .073 .378 

.75 1236.001 5.8 .075 22 .073 .378 

.75 1212.001 5.6 .077 23 .073 .379 

.75 1188.001 5.4 .os 24 .074 .381 

.75 1164.001 5.2 .082 25 .076 .384 

.75 1140.001 5 .085 26 .078 .388 

.75 1116.001 4.8 .087 27 .08 .393 

.75 1092.001 4.6 .092 29 .077 .387 

.75 1068.001 4.4 .095 30 .081 .395 

.75 1044.001 4.2 .1 32 .08 .393 

.75 1020 4 .105 34 .08 .393 

.75 996.0004 3.8 .11 36 .081 .395 

.75 972.0004 3.6 .115 38 .083 .399 

.75 948.0004 3.4 .122 41 .082 .396 

.75 924.0004 3.2 .13 44 .082 .397 

.75 900.0004 3 .137 47 .084 .4 

.75 876.0003 2.8 .145 so .087 .407 

.75 852.0002 2.6 .155 54 .089 .41 

.75 828.0003 2.4 .167 59 .089 .411 

.75 804.0003 2.2 .182 65 .089 .411 

.75 780.0003 2 .197 71 .093 .418 

.75 756.0002 1.8 .217 79 9.399999E-02 
.421 

.75 732.0002 1.6 .24 88 .098 .428 

.75 708.0001 1.4 .27 100 .101 .434 

.75 684.0001 1.2 .308 115 .106 .443 

.75 660.0001 1 .36 136 .11 .452 

.75 636.0001 .8 .433 165 .117 .466 

.75 612.0001 .6 .545 210 .127 .485 

.75 588.0001 .4 .745 290 .142 .514 

.75 576 .3 .92 360 .154 .537 

.75 564 .2 1.225 482 .172 .568 

.75 552 .1 1.94 768 .202 .619 
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