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FOREWORD 

The t echno logy  on which COM624P i s  based h a s  been widely  used  

f o r  many y e a r s  f o r  t h e  d e s i g n  o f  a v a r i e t y  o f  a p p l i c a t i o n s  of  

p i l e s  t h a t  must resist l a t e r a l  l o a d .  While t h e  program i s  based  

on sound p r i n c i p l e s  of  e n g i n e e r i n g  and h a s  proven t o  b e  u s e f u l  i n  

many e n g i n e e r i n g  o f f  ices, r e s e a r c h  i s  c o n t i n u i n g  on s e v e r a l  

aspects of  t h e  b e h a v i o r  of p i l e s  under  l a t e r a l  l o a d i n g .  The  f irst  

development o f  Program COM624 f o r  microcomputers w a s  i n i t i a t e d  i n  

1989, s p o n s o r e d  by t h e  F e d e r a l  Highway A d m i n i s t r a t i o n .  T h e  PC 

v e r s i o n  w a s  p r i m a r i l y  based  on t h e  e x i s t i n g  program COM624, which 

w a s  developed a t  The U n i v e r s i t y  of  Texas a t  A u s t i n .  The updated  

i n f o r m a t i o n  and  u s e r - f r i e n d l y  f e a t u r e s  were p e r i o d i c a l l y  added 

i n t o  Program COM624P. The c u r r e n t  v e r s i o n  o f  COM624P (Vers ion  

2 . 0 )  i n c l u d e s  a s u b r o u t i n e  t o  compute t h e  u l t i m a t e  b e n d i n g  

c a p a c i t y  o f  a  p i l e  and  t h e  v a r i a t i o n  o f  f l e x u r a l  r i g i d i t y .  I t  

p r o v i d e s  a n  o p t i o n  t o  u s e  i n t e r n a l l y - g e n e r a t e d  f l e x u r a l  r i g i d i t y  

o f  c r a c k e d  s e c t i o n s  i n  computa t ion  o f  t h e  p i l e  d e f l e c t i o n .  An 

a d d i t i o n a l  improvement i s  t h e  i n c o r p o r a t i o n  o f  s c r e e n  windows and 

pull-down menus f o r  ease i n  l e a r n i n g  and o p e r a t i o n .  

The d e s i g n  of  p i l e s  i n v o l v e s  a l a r g e  number o f  judgments on 

t h e  p a r t  of  t h e  e n g i n e e r ,  and  COM624P s h o u l d  b e  o f  s i g n i f i c a n t  

a s s i s t a n c e .  The e n g i n e e r  must be a s s u r e d  t ha t  t h e  t echno logy  on 

which t h e  program is  based ,  p a r t i c u l a r l y  t h e  i n f o r m a t i o n  on s o i l  

r e s p o n s e ,  i s  a p p l i c a b l e  t o  a p a r t i c u l a r  d e s i g n ,  t h a t  t h e  program 

h a s  been  used  p r o p e r l y ,  and  t h a t  t h e  r e s u l t s  have been  v e r i f i e d .  

The d e s i g n  o f  p i l e s  u n d e r  l a t e r a l  l o a d  r e q u i r e s  t h e  d i r e c t  

p a r t i c i p a t i o n  o f  an  e x p e r i e n c e d  e n g i n e e r  and, on o c c a s i o n s ,  t h e  

e n g i n e e r  may d e c i d e  t h a t  a f u l l - s c a l e  f i e l d  test i s  needed.  Thus, 

no w a r r a n t y  c a n  be s t a t e d  i m p l i c i t l y  o r  i m p l i e d  by  t h e  a u t h o r s  

t h a t  any  p a r t i c u l a r  d e s i g n  made w i t h  t h e  a s s i s t a n c e  o f  COM624P is  

wi thou t  f a u l t  . 
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COM624P 
LATERALLY LOADED PILE ANALYSIS P R O G W  

FOR THE MICROCOMPUTER 
Version 2.0 

Part I: USERS GUIDE 





CHAPTER 1 .  GENERAL 

The documenta t ion  f o r  Computer Program COM624P c o n s i s t s  of 

t h r e e  documents:  P a r t  I, Users Guide; P a r t  11, E n g i n e e r i n g  

Background; and P a r t  111, Systems Maintenance. 

PURPOSE OF TEE USERS GUIDE 

The p u r p o s e  of  P a r t  I o f  COM624P i s  t o  p r o v i d e  d e t a i l e d  

in fo rmat ion  t o  e n a b l e  t h e  u s e r  t o  employ t h e  program c o n v e n i e n t l y  

and e f f e c t i v e l y .  The p r o j e c t  w a s  conducted under C o n t r a c t  DTHF61- 

88-C-00101 from 1988-1989. The i n f o r m a t i o n  i s  p r e s e n t e d  a s  

fo l lows :  Chapter  1 i n t r o d u c e s  t h e  Users Guide and p r o v i d e s  system 

background; Chapter  2 summarizes t h e  system i n  g e n e r a l ;  Chapter  3 

p r o v i d e s  a s tep-by-s tep  o p e r a t i n g  procedure ;  Chapter  4 p r e s e n t s  

i n p u t  in fo rmat ion ,  names of  v a r i a b l e s ,  and d a t a  s t r u c t u r e  f o r  t h e  

i n p u t  f i les;  and Chapter  5 p r e s e n t s  i n p u t  and o u t p u t  f o r  examples 
t h a t  w e r e  s t u d i e d .  

PROJECT REFERENCES 

The t echno logy  on which t h e  program i s  based h a s  been widely 

u s e d  f o r  many y e a r s  f o r  t h e  a n a l y s i s  o f  a v a r i e t y  o f  p i l e s  

s u b j e c t e d  t o  l a t e r a l  l o a d s .  The e x i s t i n g  program, COM624, was 

developed a t  t h e  The U n i v e r s i t y  of  Texas a t  Aus t in  and h a s  been 

used on main-frame computers f o r  s e v e r a l  y e a r s .  The p r o j e c t  i s  t o  

upgrade COM624 and t o  develop a u s e r - f r i e n d l y  v e r s i o n  f o r  running 

on IBM X T t s ,  A T t s ,  and  c o m p a t i b l e  microcomputers .  The f i r s t  

v e r s i o n  o f  Program COM624P ( V e r s i o n  1 . 0 )  h a s  been  u s e d  and  

d i s t r i b u t e d  by FHWA s i n c e  1990. Because of  a number o f  i n q u i r i e s  

by  d e s i g n  e n g i n e e r s  a b o u t  t h e  u l t i m a t e  c a p a c i t y  o f  a p i l e  i n  

bending,  a s u b r o u t i n e  h a s  been added t o  t h e  c u r r e n t  v e r s i o n  (2.0)  

t o  compute t h e  u l t i m a t e  c a p a c i t y  i n  bending and t h e  v a r i a t i o n  of 

f l e x u r a l  r i g i d i t y  wi th  a p p l i e d  moment. 



The information shown i n  t h e  t h r e e  p a r t s  of t h e  documentation 

i s  l i m i t e d  t o  t h a t  needed f o r  t h e  o p e r a t i o n  of  t h e  computer 

program and t o  a  b r i e f  i n t r o d u c t i o n  of t h e  method of a n a l y s i s .  

The u s e r  i s  r e f e r r e d  t o  two documents publ i shed  by t h e  Federa l  

Highway Administrat ion f o r  a  r e l a t i v e l y  complete t reatment  of t h e  

t o p i c .  The f i r s t  one i s  e n t i t l e d  "Behavior of P i l e s  and P i l e  

Groups under L a t e r a l  Loadw (FHWA/RD-85/106) . The second one is  

e n t i t l e d  "Handbook on Design of  P i l e s  and D r i l l e d  S h a f t s  Under 
L a t e r a l  Loadn (FHWA-IP-84-11) . 

SECURITY 

This p r o j e c t  i s  conducted under t h e  sponsorship of t h e  United 
S t a t e s  Department of T ranspor t a t i on .  Under t h e  United S t a t e s  

Copyright A c t  of 1976,  no p a r t  of t h i s  document o r  accompanying 
sof tware  may be reproduced, t r a n s l a t e d ,  o r  d i s t r i b u t e d  without t h e  
p r i o r  approval  of t h e  Department of Transpor ta t ion.  

No warranty, expressed o r  implied, i s  o f f e red  e i t h e r  by FHWA 

o r  Ensoft ,  Inc . ,  a s  t o  t h e  accuracy of r e s u l t s  from t h e  program. 

The program should  no t  be used f o r  des ign  u n l e s s  c a u t i o n  i s  

e x e r c i s e d  i n  i n t e r p r e t i n g  t h e  r e s u l t s ,  and  i n d e p e n d e n t  

c a l c u l a t i o n s  are a v a i l a b l e  t o  v e r i f y  t h e  g e n e r a l  c o r r e c t n e s s  of 

t h e  r e s u l t s .  The u s e r  i s  assumed t o  be knowledgeable of  t h e  

informat ion i n  t h e  documentation t h a t  accompanies t h e  d i s k e t t e s .  

The u s e r  i s  assumed t o  recognize  t h a t  t h e  i npu t  parameters  can 

have a s i g n i f i c a n t  e f f e c t  on t h e  s o l u t i o n  and must be chosen 

c a r e f u l l y .  



CHAPTER 2 .  SYSTEM SUMMARY AND PROGRAM STRUCTURE 

SYSTEM APPLICATION 

The design of d r iven  p i l e s  and d r i l l e d  s h a f t s  under l a t e r a l  

l oad ing  i s  an impor tan t  problem and one t h a t  i s  encountered 

f r e q u e n t l y  i n  highway des ign .  The p r i n c i p a l  use  of p i l e s  o r  

d r i l l e d  s h a f t s  i n  highway s t r u c t u r e s  i s  f o r  t h e  suppor t  of 

br idges ,  e i t h e r  t o  span water courses  o r  t o  se rve  i n  in terchanges .  

Other a p p l i c a t i o n s  us ing la te ra l ly - loaded  p i l e s  on highways can be 

seen i n  b r idge  abutments, overhead s igns ,  pi le-supported r e t a i n i n g  

wal ls ,  and p i l e - s t a b i l i z e d  s lopes .  

Computer program COM624P is  used t o  analyze t h e  behavior of 

p i l e s  o r  d r i l l e d  s h a f t s  which a r e  sub jec ted  t o  l a t e r a l  loads .  The 

method of a n a l y s i s  implemented i n  COM624P i s  t h e  so-ca l led  p-y 

method. The t h e o r e t i c a l  background about  t h e  p-y method of 

a n a l y s i s  i s  desc r ibed  i n  P a r t  I1 of t h i s  document. The d i g i t a l  

computer a l lows t h e  d e f l e c t e d  shape ( l a t e r a l  de f l ec t ion )  of  a p i l e  

t o  be computed r a p i d l y  and accu ra t e ly  by i t e r a t i o n  even though t h e  

s o i l  r e a c t i o n  a g a i n s t  t h e  p i l e  i s  a non l inea r  func t ion  of p i l e  

d e f l e c t i o n .  A f t e r  t h e  d e f l e c t i o n  i s  determined,  t h e  shea r ,  

bending moment, and s o i l  r e s i s t a n c e  along t h e  p i l e  can be computed 

t h e r e a f t e r .  With t h e  a v a i l a b i l i t y  of microcomputers, t h i s  program 

makes it p o s s i b l e  f o r  highway engineers  t o  employ t h e  r a t i o n a l  p-y 

method f o r  a n a l y s i s  of l a te ra l ly - loaded  p i l e s  and d r i l l e d  s h a f t s .  

SYSTEM COMPONENTS 

The package s e n t  wi th  COM624P, i n  gene ra l ,  con ta ins  t h r e e  

5.25-inch double-s ided,  double -dens i ty  f l oppy  d i s k e t t e s .  The 

f i r s t  d i s k e t t e  c o n t a i n s  t h e  main program of COM624P.EXE and s i x  

sample-data f i l e s :  Example.IN1 through Example.IN6. The engineer  

may use  t h e  sample d a t a  t o  run COM624P and check t h e  s o l u t i o n s  



presented i n  Chapter 5 .  I f  t h e r e  a r e  s i g n i f i c a n t  discrepancies ,  

the  user should report  t o  FHWA immediately. 

The second d i s k e t t e  contains t h e  screen-editing f i l e s .  The 

f i l e s  s to red  i n  t h i s  d i s k e t t e  a r e :  C624EDIT.EXE. ,  C624EDIT.HLPf  

C 6 2 4 E D I T . C F G f  PILEDATA.LIB,  and INSTVIEW.EXE. The engineer may 

use a preprocessor program named C624EDIT.EXE t o  crea te  a new data  

f i l e ,  r e t r i eve ,  and e d i t  an ex i s t ing  data f i l e .  

The t h i r d  d i s k e t t e  contains t h e  graphics package. The f i l e s  

s t o r e d  i n  t h e  d i s k e t t e  a r e  C 6 2 4 V I E W . E X E . ,  C 6 2 4 E D I T . C F G f  

INSTVIEW.EXE, and EXAM1.PLT. The main graphics program i s  named 

C624VIEW.EXE. The user  may execute t h i s  program and assign the  

data  created by COM624P f o r  graphics display.  

SYSTEM PROCESSING 

The system cons i s t s  of th ree  modules a s  described e a r l i e r .  To 

process t h e  system, t h e  user  s t a r t s  t o  load t h e  Menu and s e l e c t s  

t h e  preprocessor  program C624EDIT.EXE t o  c r e a t e  an input-data 

f i l e .  C624EDIT can a l s o  be used t o  r e t r i e v e  an ex i s t ing  data  f i l e  

and t o  e d i t  t h e  da ta  e n t r y .  After t h e  data  f i l e  has been created 

o r  cor rec ted ,  t h e  user  should save t h e  data  f i l e  using the  SAVE 

command. 

The second s t e p  of processing t h e  system i s  t o  c a l l  t he  main 

program COM624P. COM624P w i l l  process t h e  data  f i l e  t h a t  contains 

t h e  u s e r ' s  input  da ta ,  and w i l l  c r e a t e  a text-output f i l e  and a 

graphics-output f i l e .  The user  may view the  output data  on t h e  

monitor o r  p r i n t  t h e  output f i l e  t o  get  a hard copy. If the  user 

p r e f e r s  t o  have a graphics  d isp lay ,  then t h e  program C624VIEW 

should be viewed. C624VIEW w i l l  d isplay t h e  graphics based on t h e  

computed r e s u l t s ,  and t h e  user  can ge t  a hard copy of graphics  

from t h e  i n s t a l l e d  HP p l o t t e r  o r  dot-matrix p r i n t e r .  A flow chart  



dep ic t ing  d a t a  flow and showing t h e  r e l a t i o n s h i p s  of each module 

i s  presented i n  F ig .  2 . 1 .  

SYSTEM CONFIGURATION 

Program COM624P was developed f o r  t h e  IBM-XT and IBM-AT o r  

f o r  any microcomputer t h a t  i s  compat ible  wi th  t h e  I B M .  The 

program has been checked f o r  conformance with ANSI FORTRAN77. The 

For t r an  Compiler from Microsof t ,  I nc . ,  was used t o  compile t h e  

source code and c r e a t e  t h e  execution f i l e .  

The word l eng th  i s  important  f o r  convergence t o  a s o l u t i o n  

of t h e  nonl inear  equat ions  employed by t h i s  program. Therefore, a 
double-precis ion r e a l  va lue ,  occupying 8 by te s  of s to rage ,  was 

used i n  t h e  F o r t r a n  Code. The p r e c i s i o n  i s  approximately 15  

decimal d i g i t s .  I f  a  value  has more d i g i t s ,  only t h e  f i r s t  15 a r e  

s i g n i f i c a n t .  

The program r e q u i r e s  a t  least  256k of RAM memory. The math 

coprocessor i s  h igh ly  recommended bu t  is  not  required.  I f  a  high- 

speed, f loa t ing-poin t  math coprocessor i s  i n s t a l l e d ,  t h e  execution 

t ime f o r  a normal problem i s  less than  one minute. However, it 

can t a k e  3 t o  7 minutes f o r  t h e  same problem, depending on t h e  

t y p e  of microcomputer, i f  t h e  math coprocessor  i s  absen t .  The 

opera t ing  system t h a t  i s  requi red  t o  run t h e  program should be MS- 

DOS 2 . 1  o r  a l a t e r  vers ion .  

The p r e p r o c e s s o r  f o r  i n p u t  d a t a ,  C624EDIT, and t h e  pos t -  

p roces so r  f o r  g r a p h i c s  d i s p l a y ,  C624VIEW, were developed i n  t h e  

P a s c a l  language t o  u t i l i z e  f u l l y  t h e  s c reen -con t ro l  f u n c t i o n  

prov ided  by most microcomputers.  Two p e r i p h e r a l  dev ices  a r e  

r equ i r ed  t o  run C624VIEW. One i s  a graphics  adap te r  which can 

change t h e  s c r e e n  t o  t h e  g r a p h i c s  mode f o r  p l o t t i n g  o u t p u t .  

Current ly ,  t h e  program supports  t h e  following graphics  adapte rs :  



SYSTEM Q 
Prepare lnput Data 

C624EDIT.m 
Create an Input File 

Run Main Program 
COM624P.EXE 

Create Text Output & 
Graphics Output 

t 

L 

Send Text Output 
to 

Printer 

Process Graphics Data I C624YIEW.EXE 
I Create Graphics Plots I 



CGA - IBM Color-Graphics Adapter Driver 
EGA - IBM Enhanced-Graphics Adapter Driver 
VGA - Video Graphics Array Adapter 
HERC - Hercules Driver 
ATCT - AT&T 400 L i n e  Driver 

~ h d  o t h e r  p e r i p h e r a l  equipment is  a p r i n t e r  o r  p l o t t e r  f o r  

hard copies  of g raph ic s .  The program suppor t s  HP p l o t t e r s ;  t h e  

IBM p r o p r i n t e r ;  Epson MX, FX, LX, LQ o r  Epson compatible p r i n t e r s  

inc lud ing  Okidata, Panasonic, and S t a r  p r i n t e r s .  

MAIN PROGRAM STRUCTURE 

The s t r u c t u r e  of t h e  main program COM624P i s  shown i n  t h e  

f low diagram F i g .  2 . 2 .  The f u n c t i o n  of each subprogram i s  

descr ibed i n  t h e  following l i s t i n g .  

1. Main Program 

Function: t h e  main program COM624P inputs  and outputs  a 
smal l  amount of data ,  but  mainly con t ro l s  t h e  
flow of l o g i c  by c a l l i n g  appropr ia te  
subrout ines .  

C a l l s :  UNITSS, NODEM INPT, OPIN, NODE, FLXRIG, DEFLEC, 
ESCALL, DISTR, MCALC, OPCHK, EQUIL, PYGEN, PMEIX 

2. UNITSS 

Function:  t o  store t a b l e  headings. 

Cal led 
From: COM624P 

C a l l s :  none 



(INITIAL Es-ky) 

I;& m c ; \  
CALL STIRB /CALL  FUNCTION^ 
CALL STIFFA I) C. D, O M .  E5Q. 
CALL SAND CAVG. AS, AC. 
CALL ROCK SANDM. PHI 
C A U  LAV€R 

Figure 2.2. The flow chart of Main Program COM624P. 



3 .  INPT 

Func t ion :  t h i s  s u b r o u t i n e  r e a d s  most of  t h e  t e c h n i c a l  d a t a  
f o r  t h e  problem. 

C a l l e d  
From: COM624P 

C a l l s  : none 

4 .  OPIN 

Func t ion :  t h i s  s u b r o u t i n e  o u t p u t s  t h e  d a t a  f o r  a problem. 

C a l l e d  
From: COM624P 

C a l l s :  none 

5.  NODE 

Func t ion :  t h i s  s u b r o u t i n e  (1) c a l c u l a t e s  t h e  c o o r d i n a t e  
f o r  each  node, ( 2 )  c a l c u l a t e s  t h e  number of  t h e  
node a t  t h e  t o p  and bot tom o f  each  l a y e r  of  
s o i l ,  and ( 3 )  i n i t i a l i z e s  t h e  a r r a y  of  s o i l  
moduli .  

C a l l e d  
From: COM624P 

C a l l s :  none 

6. FLXRIG 

Func t ion :  t h i s  s u b r o u t i n e  c a l c u l a t e s  t h e  f l e x u r a l  r i g i d i t y  
o f  t h e  p i l e  a t  e a c h  node. 

C a l l e d  
From: COM624P 

Calls  : none 



7 .  DEFLEC 

Funct ion:  s u b r o u t i n e  DEFLEC c a l c u l a t e s  d e f l e c t i o n  a t  a l l  
p o i n t s  a long  t h e  p i l e .  

Called 
By: COM624P 

C a l l s :  none 

8 .  DISTR 

Funct ion:  t h i s  s u b r o u t i n e  c a l c u l a t e s  d i s t r i b u t e d  l o a d  
r e l e v a n t  t o  each node. 

Called 
By: COM624P 

C a l l s  : none 

9. MCALC 

Funct ion:  t h i s  s u b r o u t i n e  computes t h e  moment, s o i l  
r e a c t i o n ,  and combined stress i n  t h e  p i l e  a t  
each  node a long  t h e  p i l e .  

Called 
By: COM624P 

Calls: FUNCTION D 

10.  OPCHK 

Funct ion:  t h i s  r o u t i n e  c a l c u l a t e s  t h e  imbalance i n  f o r c e  
and moment a t  a node. 

C a l l e d  
By: COM624P 

C a l l s  : none 



11. OUTPT 

Function : subrou t ine  OUTPT p r i n t s  t h e  informat ion from f i n a l  
s o l u t i o n ,  inc lud ing  a  table of depth,  d e f l e c t i o n ,  
moment, maximum combined stress i n  t h e  p i l e ,  
d i s t r i b u t e d  load,  s o i l  modulus, and f l e x u r a l  
r i g i d i t y .  

Ca l led  
By: COM624P 

C a l l s  : none 

12. EQUIL 

Function:  t h i s  subrout ine  (1) computes boundary cond i t i ons  
and p r i n t s  them t o  f a c i l i t a t e  checking and (2)  
computes and p r i n t s  o v e r a l l  f o r c e  and moment 
imbalance. 

Ca l led  
By: COM624P 

Calls : none 

13. I N P Y  

Function:  t h i s  subrou t ine  computes va lues  o f  s o i l  modulus 
from inpu t  p-y curves.  

Ca l l ed  
By: ESCALL 

C a l l s  : none 

1 4 .  FUNCTIONS C, D, GAM, €50, CAVG, AS, AC, SANDAB, P H I  

Funct ions:  t h e s e  func t i on  subrou t ines  do t h e  fo l lowing:  

FUNCTION C computes t h e  va lue  of  cohesion a t  any dep th  by 
l i n e a r  i n t e r p o l a t i o n  from inpu t  data. 

FUNCTION D computes t h e  p i l e  d iameter  a t  any depth .  

FUNCTION GAM computes t h e  average e f f e c t i v e  u n i t  weight of 
s o i l  above a  p o i n t .  



FUNCTION E50 computes t h e  ( s t r a i n  a t  a stress r a t i o  of 
50 p e r c e n t )  by l i n e a r  i n t e r p o l a t i o n  from i n p u t  
d a t a .  

FUNCTION CAVG computes t h e  a v e r a g e  s h e a r  s t r e n g t h  of s o i l  
above a p o i n t .  

FUNCTION AS computes t h e  c o e f f i c i e n t  A, f o r  s t i f f  c l a y  
below t h e  wa te r  t a b l e .  

FUNCTION AC computes t h e  c o e f f i c i e n t  A, f o r  s t i f f  c l a y  
below t h e  water table .  

FUNCTION SANDAB computes c o e f f i c i e n t s  A and B f o r  sand .  

FUNCTION PHI computes a n g l e  o f  i n t e r n a l  f r i c t i o n  a t  any 
d e p t h  . 

C a l l e d  
By: t h e s e  f u n c t i o n s  a r e  c a l l e d  i n  t h e  s u b r o u t i n e s  

t h a t  g e n e r a t e  p-y c u r v e s  (SOFTCL, STIFFA, 
STIFFB, and  SAND) . 

Calls : none 

15 .  PYGEN 

F u n c t i o n :  t h i s  s u b r o u t i n e  reads i n f o r m a t i o n  needed t o  
g e n e r a t e  p-y cu rves ,  s t o r e s  d a t a  f o r  e a c h  l a y e r ,  
and  cal ls  ESCALL t o  g e n e r a t e  p-y c u r v e s .  

C a l l e d  
By: COM624P 

Calls : ESCALL 

16 .  ESCALL 

F u n c t i o n :  s u b r o u t i n e  ESCALL ca l l s  t h e  a p p r o p r i a t e  
s u b r o u t i n e  f o r  c a l c u l a t i o n  o f  s o i l  modulus o r  
g e n e r a t i o n  o f  p-y c u r v e s  f o r  v e r i f i c a t i o n  
p u r p o s e s .  

Called 
By: COM624P, PYGEN 

C a l l s :  SOFTCL, STIFFB, STIFFA, SAND, INPY 



17 .  SOFTCL 

Func t ion :  t h i s  s u b r o u t i n e  g e n e r a t e s  p-y cu rves  f o r  o u t p u t  
v e r i f i c a t i o n  and c a l c u l a t e s  s e c a n t  s o i l  modulus 
a t  a l l  nodes i n  s o i l  w i th  KSOIL = 1 ( i n t e r n a l l y -  
g e n e r a t e d  p-y c u r v e s  i n  s o f t  c l a y  wi th  Mat lock ' s  
( 197 0  ) recommendat i o n s  ) . 

C a l l e d  I 
By: ESCALL 

C a l l s :  Func t ions  D,  C, GAM, E50 

18 .  STIFFB 

Func t ion :  t h i s  s u b r o u t i n e  g e n e r a t e s  p-y cu rves  f o r  
v e r i f i c a t i o n  o f  o u t p u t  and c a l c u l a t e s  s e c a n t  s o i l  
modulus a t  a l l  r e l e v a n t  nodes where KSOIL = 2 
( s t i f f  c l a y  below the water table wi th  c r i t e r i a  by 
Reese e t  a l . ,  1975) . 

C a l l e d  
By: ESCALL 

Calls :  Func t ions  D, C, CAVG, GAM, E50, AS, AC 

19 .  SAND 

Func t ion :  t h i s  s u b r o u t i n e  g e n e r a t e s  p-y cu rves  f o r  
v e r i f i c a t i o n  o f  o u t p u t  and c a l c u l a t e s  s e c a n t  s o i l  
modulus a t  a l l  r e l e v a n t  nodes where KSOIL = 4 
( i n t e r n a l l y - g e n e r a t e d  p-y c u r v e s  i n  sand  w i t h  
c r i t e r i a  by  Reese e t  a l . ,  1974) . 

C a l l e d  
By: ESCALL 

C a l l s  : F u n c t i o n s  D, GAM, PHI 



2 0 .  STIFFA 

Function: this subroutine generates p-y curves for 
verification of output and calculates secant soil 
modulus at all relevant nodes when KSOIL = 3. 

Called 
By : ESCALL 

Calls: Functions D, C, CAVG, GAM, and E50 

21. ROCK 

Function: this subroutine generates p-y curves for 
verification of output and calculates secant soil 
modulus at all relevant nodes where KSOIL = 6 
(internally-generated p-y curves in rock with 
limestone criteria by Reese and Nyman, 1978). 

Called 
By: ESCALL 

Calls : Functions, D, C, CAVG, GAM, E50 

22. LAYERS 

Function: this subroutine calculates the equivalent 
thickness of soil layers for use in the theory for 
the behavior of layered soil. 

Called 
By: SOFTCL, STIFFB, STIFFA SAND 

Calls: none. 

2 3 .  PMEIX 

Function: this subroutine calculates the ultimate bending 
capacity and variation of flexural rigidity based 
on given data on cross section. 

Called 
By : COM624P 

Calls : SETUP, CSTRES, STEELP, SHELLP, SHELLM, COREP, 
COREM . 



CHAPTER 3. GUIDE FOR EXECUTION OF COM624P 
ON A MICROCOMPUTER 

INTRODUCTION 

COM624P w a s  w r i t t e n  w i t h  u s e r - f r i e n d l y  f e a t u r e s  such  as menu 

i n p u t ,  f r e e - f i e l d  fo rma t ,  and s c r e e n  e d i t i n g .  The o u t p u t  can  b e  

s e n t  t o  p r i n t e r s  f o r  hard-copy o r  s e n t  t o  p l o t t e r s  f o r  d i s p l a y  of 

g r a p h i c s .  T h i s  s e c t i o n  describes t h e  s t ep -by- s t ep  p r o c e d u r e s  t o  

o p e r a t e  t h e  system. 

Opera t ion  o f  COM624P c o n s i s t s  of  t h r e e  s t e p s .  The first s t e p  

i s  t h e  c r e a t i o n  of  i n p u t - d a t a  f i l e s  u s i n g  t h e  u s e r  f r i e n d l y  i n p u t  

menus o r  a n  ASCII i n p u t  b a t c h  f i l e  u s i n g  a t e x t  e d i t o r .  A f t e r  an 

i n p u t  f i l e  h a s  been c r e a t e d  e x e c u t e  t h e  program by s e l e c t i n g  t h e  

"Run" menu o r  t y p i n g  COM624P.EXE f o r  b a t c h  f i l e  e x e c u t i o n .  The 

p r o c e d u r e s  f o r  e a c h  s t e p  a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  

p a r a g r a p h s .  

BACKING UP AND RESTORING ORIGINAL DISKETTE 

The u s e r  i s  assumed t o  have basic knowledge on how t o  u s e  t h e  

o p e r a t i n g  s y s t e m  (DOS) f o r  s e l e c t e d  m i c r o c o m p u t e r s .  B e f o r e  

o p e r a t i n g ,  a backup copy shou ld  b e  made f o r  each  o r i g i n a l  d i s k e t t e  

and t h e  o r i g i n a l  d i s k e t t e s  shou ld  b e  s t o r e d  i n  a s a f e  p l a c e .  

To make a backup of t h e  e n t i r e  d i s k e t t e ,  t h e  u s e r  can  u s e  t h e  

f o l l o w i n g  s t e p s :  

1. Format a r e g u l a r  b l ank  f loppy  d i s k e t t e  u s i n g  t h e  FORMAT 

command on t h e  DOS o p e r a t i o n  system. 

2 .  I n s e r t  t h e  o r i g i n a l  d i s k e t t e  i n  D r i v e  A, a n d  t he  

f o r m a t t e d  d i s k e t t e  i n  Dr ive  B, t h e n  e n t e r  t h e  f o l l o w i n g :  



A:> COPY A : * . *  B: <CR> 

(Note: <CR> represents the  enter  o r  re turn  key) 

3 .  I f  t h e  user has a  hard d isk  i n s t a l l e d  i n  t h e  computer, 

use  t h e  following ins t ruc t ions  t o  c r e a t e  a COM624P d i rec to ry  and 

save a l l  the f i l e s  onto the  hard disk:  

(Note: c rea te  a d i rec tory)  

(Note: change main d i rec tory  t o  COM624P directory)  

(Note: copy f i l e s  from the  o r i g i n a l  d i s k e t t e  i n  Drive A t o  

t h e  hard d isk  i n  Drive C )  

GUIDE FOR INSTALLATION OF CONFIGURATION FILE 

The program named 1NSTVIEW.EXE i s  used t o  c rea te  t h e  

configurat ion f i l e  used f o r  video a t t r i b u t e s  and graphics d r ive r s .  

The f i l e  produced by INSTVIEW i s  named C624EDIT.CFG. The 

conf igura t ion  f i l e  mus t  be kept on t h e  same disk d i rec to ry  t h a t  

contains C624EDIT.EXE and C624VIEW.EXE. 

I f  these  f i l e s  a r e  on Drive C, then e n t e r  t h e  following: 



INSTVIEW w i l l  b e g i n  and  w i l l  a s k  t h e  u s e r  t o  make s e l e c t i o n s  

r e g a r d i n g  u n i t s  o f  d a t a ,  g r a p h i c s  hardware,  Graph ics  Mode, and  

v i d e o  a t t r i b u t e s .  The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  i n f o r m a t i o n  

r e q u e s t e d  by INSTVIEW. 

The f i r s t  i n p u t  s c r e e n  p r e s e n t e d  by INSTVIEW i s  t h e  v a l u e s  

f o r  c o n t r o l  pa ramete r s  denoted  by COM624P. The d e f a u l t  v a l u e s  are 
p r o v i d e d  a s  shown i n  t h e  f o l l o w i n g .  The u s e r  c a n  change t h e  

p r e s e t  v a l u e s ,  i f  it i s  n e c e s s a r y .  F O ~  example, a n  i n p u t  v a l u e  of 

2  f o r  u n i t s  w i l l  c a u s e  COM624P t o  d i s p l a y  S I  u n i t s  i n s t e a d  of  

E n g l i s h  u n i t s  When t h e  u s e r  is  s a t i s f i e d  w i t h  t h e  s e l e c t i o n ,  t h e  

F8 key s h o u l d  be p r e s s e d  t o  c o n t i n u e  t o  t h e  s e l e c t i o n  of  t h e  

g r a p h i c s  d r i v e r  and Graphics  Mode. 

C624EDiT Configuration File Editor 

Units, 1 = lbs&inch, 2 = metric, 3 = othcr 1 
p-y Curve Criteria: 0 = cyclic, 1 = static 1 
Print full pile response: 0 = off, 1 = on 1 
Print p-y curves: 0 = off, 1 = on ......... 1 
Iterations Limit for Analysis ............. 100 
Convergence tolerance for pile analysis ... 0.000100 
Back-up data files: 0 = off, 1 = on ...... 1 
Pile Property Library Path & Name ........ B:PILEDATA.LIB 

A 1:DEF:Num 1 
I - : Move Cell - ? : Help - F2 : Edit Cell - F8 : Continue . 



The second input screen presented by INSTVIEW is the menu 

from which the graphics driver is selected. The graphics drivers 

that are supported are: 

(1) CGA 

(2) MCGA 

( 3 )  EGA (256K memory version) 

(4) EGA (64K memory version) 

(5) EGA driving monochrome monitors 

(6) VGA 

(7) IBM 8514 

(8) AT&T 

(9) Hercules monochrome 

(10) IBM PC3270 

Graphics Drivers 

(1) Color Graphics Adapter (CGA) 
(2) MCGA 
( 3 )  16 Color Enhanced Graphics Adapter 
(4) 4-Color Enhanced Graphics Adapter 
( 5 )  EGA driving Monochrome Display 
( 6 )  IBM-8514 Graphics Card 
( 7 )  Hercules Monochrome Graphics Adapter 
(8) ATCT 400-Line Graphics Adapter 
( 9 )  Virtual Graphics Array (VGA) 
(10) IBM PC3270 Graphics 

(11) Accept this selection 

Current Selection is VGA 

Enter new selection: 11 

A l l  of the above graphics drivers, with the exception of the 

IBM PC3270 and Hercules monochrome, can be driven in a variety of 

modes. After the graphics driver has been selected, a third input 



screen i s  presented f o r  th_e se l ec t ion  of the  Graphics Mode. The 

Graphics Mode con t ro l s  t h e  combination of p i x e l  d e n s i t i e s  and 

colors  used by COM624P. 

* 

Graphics Modes for VGA 

(1) 640x200 16-Color 
( 2 )  640x350 16-Color 
( 3 )  640x480 16-Color 

( 4 )  Accept this selectipn', 

Current Selection is ( 3 )  

Enter new selection: 4 

The next screen i s  t o  specify plot t ing-control  values and the  

pr in t ing  device i n  the  system, a s  shown below. I t  should be noted 

t h a t  a l l  t he  p r i n t e r  output w i l l  be sent  t o  por t  L P T 1 .  I f  t he  

se tup  i n  t h e  system i s  d i f f e r e n t ,  t h e  u s e r  can use DOS MODE 

command t o  r ed i rec t  the  p r i n t e r  p o r t .  

Optional Plotting Control Values 

Axis Title Character size (IN) .............. 0.15000 
Plotting Symbol Size (IN) ................... 0.15000 
Plotter Pen Number for Axis Titles .......... 1 
Plotter pen Number for Axis and Borders ..... 1 
Plotter Pen Number for Data Line & Symbols .. 1 ........ Type of Printer Used for Screen Dump 2 
Codes for printers: 1 = Epson MX, FX 

2 = Epson LQ 
3 = Toshiba 24-pin 
4 = HP LaserJet and DeskJet 
5 = HP InkJet 
6 = IBM Proprinter 
7 = IBM Proprinter24 

All printer output is sent to LPT1. 
To redirect LPTl to COMl use the DOS MODE command. 

A 1:DEF:Num 0.15000 

- : Move Cell - 7 : Help - F2 : Edit Cell - F8 : Continue - 1  
I 



The f i n a l  i n p u t  s c r e e n  p r e s e n t e d  by INSTVIEW i s  t h e  

i n t e r a c t i v e  s e l e c t i o n  of  t h e  v ideo  a t t r i b u t e s  used  i n  t h e  s c r e e n  

menus. The u s e r  may use  t h i s  f e a t u r e  t o  customize t h e  c o l o r s  used 

by Menu t o  s u i t  h i s  o r  h e r  p e r s o n a l  t a s t e s .  F i v e  v ideo  a t t r i b u t e s  

may be s e l e c t e d .  They a r e  t h e  c o l o r  schemes u s e d  on Menu 

backgrounds ,  t h e  h i g h l i g h t e d  l e t t e r  c h o i c e s ,  t h e  c u r r e n t  Menu 

s e l e c t i o n s  and t h e  d a t a - e n t r y  ce l l s  ( b o t h  a c t i v e  and i n a c t i v e ) .  

T h i s  i n t e r a c t i v e  s e c t i o n  shows a n  example o f  t h e  c u r r e n t  

s e l e c t i o n s  s o  t h a t  t h e  u s e r  can a p p r a i s e  t h e  s e l e c t i o n s  and avo id  

c o n f u s i n g  combinat ions  of  c o l o r .  Users runn ing  t h e  program on 

s y s t e m s  w i t h  monochrome m o n i t o r s  have  a  s m a l l e r  r a n g e  of  

s e l e c t i o n s ,  but  s t i l l  have a  wide v a r i e t y  of p o s s i b l e  s e l e c t i o n s .  

S e l e c t i o n s  f o r  t h e  v i d e o  a t t r i b u t e s  a r e  made by moving t h e  

box t o  t h e  d e s i r e d  combinat ion  o f  l e t te r  c o l o r  and background 

c o l o r ,  t h e n  by p r e s s i n g  t h e  a p p r o p r i a t e  F u n c t i o n  Key (Keys F1 

t h r o u g h  F5). The u s e r  may change any o f  t h e  s e l e c t i o n s  a s  

desired. The u s e r  t h e n  p r e s s e s  t h e  Escape Key when satisfied wi th  

t h e  c u r r e n t  s e l e c t i o n s  f o r  t h e  v ideo  a t t r i b u t e s .  

The l a s t  step of  t h e  i n s t a l l a t i o n  p r o c e s s  is  f o r  t h e  u s e r  t o  
i n d i c a t e  accep tance  of  t h e  c u r r e n t  c o n f i g u r a t i o n  f o r  COM624P. If 

t h e  u s e r  i s  s a t i s f i e d ,  'Y' o r  ' y '  should  be e n t e r e d  f o r  yes .  If  a 

' y e s '  r e s p o n s e  i s  g i v e n ,  COM624P w i l l  write t h e  new v e r s i o n  o f  

C624EDIT t o  t h e  c u r r e n t  d i r e c t o r y  and i n d i c a t e  t h a t  it h a s  been 

changed.  I f  t h e  u s e r  e n t e r s  a n  answer o t h e r  t h a n  ' y e s ' ,  t h e  

program e x i t s  wi thout  s a v i n g  a new c o n f i g u r a t i o n  f i l e .  



MENU STRUCTURE 

COM624P, Ver s ion  2 . 0 ,  u s e s  t h e  window f e a t u r e  and  pull-down- 

menu i n t e r f a c e  f o r  e a s y  l e a r n i n g  and  o p e r a t i o n .  F i g u r e  3 . 1  shows 

t h e  comple te  s t r u c t u r e  o f  COM624P1s Main Menu and i t s  s u c c e s s i v e  

pull-down menus. 

The main f u n c t i o n  o f  t h e  F i l e  Menu i s  f o r  a s s i g n i n g  f i l e s  f o r  

i n p u t ,  o u t p u t ,  a n d  g r a p h i c a l  d a t a .  The " I n p u t w  Menu w i l l  c a l l  up 

Module C624EDIT which c o n s i s t s  o f  f o u r  sub-menus. The sub-menu 

named " A n a l y s i s m  i n  C624EDIT is  f o r  e n t e r i n g  d a t a  t h a t  a r e  needed 

f o r  c o m p u t a t i o n  o f  a  p i l e  unde r  l a t e r a l  l o a d i n g .  The sub-menu 

named "Mult" i s  f o r  e n t e r i n g  d a t a  t h a t  a r e  needed f o r  computing 

t h e  u l t i m a t e  b e n d i n g  moment and  EI -va lues  f o r  t h e  s e l e c t e d - p i l e  

s e c t i o n .  Because  Module C624EDIT a l s o  c a n  b e  used  a s  a  s t a n d -  

a l o n e  program, t h e  " F i l e "  sub-menu i s  p r o v i d e d  f o r  r e a d i n g  and  

s a v i n g  o f  t h e  d a t a  f i l e s .  The "Option" sub-menu main ly  p r o v i d e s  

t h e  u s e r  a n  e a s y  way f o r  changing  p a r a m e t e r s  on c o n f i g u r a t i o n .  

The *'Runw Menu w i l l  c a l l  up Module COM624P f o r  e x e c u t i o n ,  

u s i n g  t h e  s p e c i f i e d  f i l e s  f o r  i n p u t  a n d  o u t p u t .  The "Graphics"  

Menu w i l l  c a l l  up  Module C624VIEW, which c o n s i s t s  o f  f o u r  sub- 

menus. The sub-menu " F i l e "  under  t h e  Graph ic s  Menu i s  needed o n l y  

if t h e  Module C624VIEW i s  u s e d  as a s t a n d - a l o n e  program. I f  a 

f i l e  name f o r  g r a p h i c a l  d a t a  h a s  been  g i v e n  e a r l i e r ,  t h e  program 

w i l l  a u t o m a t i c a l l y  u s e  t h a t  f i l e  f o r  p r o d u c i n g  g r a p h i c a l  r e s u l t s .  

The sub-menu named "View"  i s  f o r  g e n e r a t i n g  g r a p h i c s  on t h e  s c r e e n  

f o r  p r e v i e w .  The sub-menu named l l P l o t f l  i s  f o r  g e n e r a t i n g  HP-GL 

p l o t t i n g  f i l e s  f o r  h i g h - q u a l i t y  p e n  p l o t t e r s .  The sub-menu 

"Option" i s  p r o v i d e d  f o r  chang ing  t h e  p a r a m e t e r s  on c o n f i g u r a t i o n .  

The d e t a i l e d  d i s c u s s i o n  of  e a c h  menu w i l l  b e  p r e s e n t e d  l a t e r  i n  

t h i s  c h a p t e r .  



Figure 3 . 1 .  Main menu structure of COM624P. 
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GUIDE FOR USING MAINMENU 

The MAINMENU.BAT file is a special batch file that will 

integrate all the modules needed for operation of COM624P in the 

DOS environment. The shell process was used so that the computer 

will automatically transfer control to the appropriate module, 

based on the given command. 

To initiate the program, the user enters 

The program will quickly bring up the Main Menu on the screen. 

The Main Menu has four choices: File, Input, Run, and Graphics. 

File Input Run Graphics 

This program is developed especially for Design and analysis 
of piles under lateral loading. The current version is 2.0 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as assigning input file, 
output file, and graphics file, reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. 

The selection of INPUT menu allows the user to access Program 
C624EDIT to create a data file or to edit an existing data file. 

The selection of the RUN menu allows the user to execute the 
program with the specified input and output files. 

The selection of the GRAPHICS menu allows the user to view the 
soil and pile response curves directly on the screen. The 
system must have graphics adapters such as CGA, EGA, VGA, or 
monographics adapter in order to view the graphics. 

Once the Main Menu has been called, an item can be selected 

by pressing the key corresponding to the first letter in the name 

of the menu. The arrow keys can also be used to move the 

highlight bar and Enter can be pressed when the bar is at the 

appropriate command. 



The s e l e c t i o n  of t h e  F i l e  Menu a l l o w s  t h e  u s e r  t o  access a 
pull-down menu f o r  f i l e  o p e r a t i o n s  such  a s  a s s i g n i n g  a n  i n p u t  

f i l e ,  o u t p u t  f i l e ,  and g r a p h i c s  f i l e ,  r e a d i n g  a n  e x i s t i n g  f i l e ,  
c r e a t i n g  a new data f i l e ,  checking f i les  i n  t h e  d i r e c t o r y ,  and 

s i m i l a r  o p e r a t i o n s .  

The s e l e c t i o n  of  t h e  Inpu t  Menu changes t h e  s c r e e n  from t h e  

Main Menu t o  t h e  Inpu t  Menu as shown i n  F igure  3.1. The s e l e c t i o n  

of  t h e  Run Menu a l l o w s  t h e  u s e r  t o  e x e c u t e  t h e  program w i t h  t h e  

s p e c i f i e d  f i l e s  f o r  i n p u t  and o u t p u t .  The s e l e c t i o n  of t h e  

G r a p h i c s  Menu changes  t h e  s c r e e n  from t h e  Main Menu t o  t h e  

Graphics Menu as shown i n  F i g .  3.1. 

The f i r s t  s t e p  i s  t o  select t h e  F i l e  Menu. Once t h e  F i l e  

Menu h a s  been p u l l e d  down, t h e  h o t  keys f o r  t h e  U p  a r row and t h e  

Down arrow can b e  used t o  h i g h l i g h t  t h e  d e s i r e d  command. 

F i l e  Input Run Graphics 

Directory 
Input F i l e  
Output F i l e  
Graphic Fi le  
Change dir  wit t o  DOS 
Main Menu -n 



The u s e r  needs  t o  s p e c i f y  a I n p u t ,  Output ,  and  Graph ics  f i l e  

b e f o r e  s e l e c t i n g  t h e  Inpu t ,  Run o r  Graphics  Menu. 
File Input Run Graphics 

Read File Name 
EXAMPLE.IN1 

Change dir 
Quit to DOS 

F1-Help Alt-X-Exit 

GUIDE FOR USING INPUT MENU 

Once you select t h e  "INPUT" f rom t h e  Main Menu, t h e  Inpu t  

Menu w i l l  be shown on t h e  s c r e e n  as i n  t h e  f o l l o w i n g .  
File Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 



The Inpu t  Menu h a s  f o u r  submenus: F i l e ,  Ana lys i s ,  MULT, and 

Option.  The f o u r  menus a l l o w  t h e  u s e r  t o  a c c e s s  f i l e  o p e r a t i o n s ,  

d a t a  e d i t i n g ,  c o n t r o l  of  v a r i a b l e s  i n  t h e  a n a l y s i s ,  and program 

o p t i o n s .  I f  h e l p  i s  needed f o r  data e n t r y ,  t h e  F I  key i s  p r e s s e d  

t o  a c c e s s  t h e  h e l p  f i l e s .  

The u s e r  can move from one cho ice  t o  a n o t h e r  by u s i n g  e i t h e r  

t h e  arrow keys o r  by t y p i n g  t h e  h i g h l i g h t e d  l e t te r  o f  t h e  cho ice .  

Thus, i f  t h e  F i l e  s e l e c t i o n  i s  c u r r e n t l y  h i g h l i g h t e d  (and t h e  F i l e  

pull-down menu i s  n o t  shown),  one may move t o  t h e  A n a l y s i s  

s e l e c t i o n  by e i t h e r  t y p i n g  t h e  r igh t -a r row key twice o r  by t y p i n g  
' A '  o r  'a '  f o r  Ana lys i s .  

The F i l e  Submenu p r e s e n t e d  under  t h e  " I n p u t v  menu p r o v i d e s  

a d d i t i o n a l  a c c e s s  t o  t h e  commands f o r  t h e  c o n t r o l  o f  i n p u t  f i l e s .  

This  menu c o n t r o l s  r e a d i n g  o f  i n p u t  f i les,  c r e a t i o n  of  new i n p u t  

f i l e s ,  s a v i n g  o f  f i l e s ,  e x a m i n i n g  t h e  c o n t e n t s  o f  a n y  
s u b d i r e c t o r y ,  changing of  d i r e c t o r i e s ,  and e x i t i n g  t h e  program a t  
t h e  conc lus ion  of  use .  

If t h e  u s e r  has  a l r e a d y  s p e c i f i e d  t h e  f i l e  name f o r  t h e  i n p u t  

d a t a  under  t h e  Main Menu, t h e y  need n o t  g i v e  t h e  f i l e  name here ;  

however, i f  t h e  i n p u t  f i l e  was n o t  s p e c i f i e d  p r e v i o u s l y ,  t h e  

s e l e c t i o n  o f  " F i l e w  w i l l  a l l o w  you t o  e n t e r  t h e  f i l e  name a g a i n .  

T o  a c c e s s  t h e  f i l e  menu, you need t o  move t h e  h i g h l i g h t e d  b a r  t o  
t h e  " F i l e "  and p r e s s  <Enter>.  The o p t i o n s  under t h e  F i l e  submenu 

w i l l  be shown on t h e  s c r e e n  a s  t h e  fo l lowing.  

The F i l e  pull-down menu commands are: 

Read - t o  r e a d  d a t a  f i les,  
New - t o  c r e a t e  a new d a t a  f i l e ,  
Save - t o  save t h e  c u r r e n t  d a t a  a s  a d i s k  f i l e ,  



Directory - t o  display d i s k  d i rec to r i e s ,  
Change Dir - t o  switch subdirector ies ,  
Exi t  t o  Dos - t o  leave t h e  program, and 
Main - t o  re turn  t o  t h e  Main Menu. 

File Analysis Mult Opt ion 

Directory 
Change dir 
Quit to DOS 
Main Menu L 

F1-Help Alt-X-Exit 

For example, t o  r e t r i e v e  an ex i s t ing  input f i l e  named EXAMPLE.IN6, 

you can move t h e  cursor  t o  h ighl ight  "Read" on t h e  submenu and 

p r e s s  <Enter>. The screen w i l l  have a window f o r  t h e  user  t o  

en te r  t h e  f i l e  name a s  shown below. 

File Analyr is Mult option 

New File Narna 
EXAMPLE.IN6 I 

Change dir 
Quit to DOS 
Main Menu C 



Once t h e  i n p u t  f i l e  i s  found, t h e  program w i l l  read l i n e  by l i n e  

from t h e  f i l e  and t h e  d a t a  w i l l  be echoed on t h e  s c r e e n .  

File Analysis Mult Option 
Reading EXAMPLE.IN6 

Line #lo: 30.0000 30.0000 14906.0000 707.0000 
Line #lo: 160.0000 30.0000 47813.0000 707.0000 
Line #11: 1 4 0.0000 360.0000 90.0000 
Line #12: 0.0000 0.06900 
Line #12: 360.0000 0.06900 
Line #13: 0.0000 0.0000 38.0000 0.00000 
Line #13: 360.0000 0.0000 38.0000 0.00000 
Line #17: 4 
Line #18: 20.0000 
Line #18: 60.0000 
Line #18: 100.0000 
Line #18: 150.0000 
Line #19: 1 
Line #20: 1 60000.0000 0.0000 50000.0000 
Line 121: 2 1 
Line #22: 50000.00 
Line #23: 3500.00 60000.00 0.00 29000000.00 
Line #24: 0.00 30.00 0.00 0.00 0.00 
Line #25: 8 12 0 3.0000 
Press any key to continue ..... 

If t h e r e  is  a n  e r r o r  i n  r e t r i e v i n g  data, a message w i l l  be g iven  

on t h e  s c r e e n .  The u s e r  shou ld  n o t e  t h e  cause  o f  t h e  e r r o r  and 

p r e s s  t h e  <Enter> key t o  con t inue .  Most of t h e  e r r o r s  have t o  do 

w i t h  t h e  format  of  i n p u t  d a t a .  The u s e r  s h o u l d  check t h e  l i n e  

number and make t h e  c o r r e c t i o n  l a t e r  on t h e  E d i t  s c r e e n .  

A f t e r  t h e  e d i t i n g  o f  t h e  i n p u t  d a t a  i s  completed, t h e  user 

needs  t o  s a v e  t h e  new d a t a  by  moving t h e  c u r s o r  t o  "Save" and 

p r e s s i n g  <Enter> a f t e r  t h e  "Savew was h i g h l i g h t e d .  A window w i l l  

a l l o w  t h e  u s e r  t o  g i v e  a  f i l e  name f o r  t h e  new d a t a  a s  shown i n  

t h e  f o l l o w i n g .  

The u s e r  can p r e s s  "MW and t h e n  <Enter> t o  r e t u r n  t o  t h e  i n i t i a l  

Input  Menu. 



File ~nalysis Mult Option 

Save File Name 
EXAMPLE. IN7 I 

Main Menu 

I 

The Analysis Submenu opens access t o  e d i t  t h e  var ious data  

groups defining the  problem. Variables t h a t  may be ed i t ed  through 

t h i s  submenu a r e  t i t l e  f o r  t h e  problem, p i l e  p r o p e r t i e s ,  s o i l  

p r o p e r t i e s ,  l oad- t r ans fe r  da ta ,  da ta  f o r  loading, computation 

cont ro l  and output format. 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



The Analysis pull-down menu commands are :  

T i t l e  - t o  e d i t  t h e  program t i t l e ,  
Pi le  Properties - t o  e d i t  the  p i l e  proper t ies  (length,  

diameter, cross-sectional area,  and E I )  , 
So i l  Properties - t o  e d i t  t h e  s o i l  proper t ies  ( layers ,  

s t rength  parameters, un i t  weights, e t c . ) ,  
Load-Transfer - t o  e d i t  the  user-specified p-y curves, 
Data for Loading - t o  e d i t  loads a t  the  top  of the  p i l e  and 

the  d i s t r ibu ted  load, 
Computation Control - t o  s e l e c t  the  tolerance and i t e r a t i o n  

numbers f o r  computation, 
Outpu t  Tables - t o  s e l e c t  options f o r  p r in t ing  output data, 

and 
Main - t o  re turn  t o  Main Menu. 

The user  can s e l e c t  any one of t h e  i tems shown i n  t h e  

Analysis submenu t o  review, c rea te ,  o r  change t h e  da ta .  Some of 

t h e  var iables  f o r  input may use an abbreviated name because of the  

l i m i t e d  space a v a i l a b l e  on t h e  e d i t i n g  window. However, a l l  
var iab les  w i l l  have a f u l l ,  de ta i l ed  explanation i n  the  help f i l e .  

I t  should a l s o  be noted t h a t  a l l  t h e  x-coordinates descr ibed by 

t h e  program a re  based on t h e  o r ig in  which is  s e t  a t  t h e  top  of the  

p i l e .  I f  help i s  needed f o r  data  en t ry ,  t h e  user can press  t h e  

"F1" key t o  access t h e  help f i l e ,  and press  t h e  wF811 t o  re turn  t o  
t h e  e d i t  screen. 

The screens t h a t  a r e  used t o  c rea te  da ta  f o r  EXAMPLE.IN6 a r e  

presented i n  t h e  following t o  i l l u s t r a t e  t h e  usage of t h e  Analysis 

submenu. 



File Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title B-------. 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

* 

Move the cursor to "Title", then press <Enter> key; the 
following screen will appear. 



File Analysis Mult Option EXAMPLE. IN6 - 
Enter title for this data file (up to 72 characters long) 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

- I A 1 :DEF:Lab EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

t-- : Move Cell-? : Help- / : Edit Scree- F8 : Continue A 
F1-Help ~lt-X-~xit 

Press Command Key: [FBI. 

File Analysis Mult Option 

Title 
Pile Properties4 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu - 

Move t h e  cursor  t o  " P i l e  Properties", then press  <Enter> key; 
the following screen will appear. 



File Analysis Mult Option EXAMPLE. IN6 

Editing Pile Dimensions 

..................... Number of increments (<= 300) 100 
Distance from top of pile to ground surface - inches 0.0 .............................. Length of pile inches 360.00 
Pile modulus ................................ psi 3200000 
Slope of ground surface (degrees) ................. 0.0000 

L : Move Cell - ? : Help - / : Edit Scree- I8 : Continue 
F1-Help Alt-X-Exit 

1 
Press Command Key: [F8]. 

File Analysis Mu1 t Option EXAMPLE. IN6 

1 
I Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
4 inches inches inches**4 inches2 
1 0.00 30.000 47813.0000 707.0000 
2 30.00 30.000 14906.0000 707.0000 
3 160.00 30.000 47813.0000 707.0000 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

L : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key [Fl] or  "?"  fo r  help, the  screen on next page 
w i l l  appear. 



File Analysis Mult Option 

Help Topics 

Mu1 t MENU Edit - Computation Control 
Mult - Shape and Axial Loads Edit - Output Tables 
Mult - Rebar & Concrete Strength FILE MENU 
Mult - Section Dimension File - Read 
Mult - Rebar Arrangement File - New 

EDIT MENU Fi le - Save 
Edit - Title File - Write 
Edit - Pile Properties- File - Directory 
Edit - Soil Properties File - Change Directory 
Edit - Soil - p-y Criteria File - Exit to W S  
Edit - Soil - k for Clays MAIN MENU 
Edit - Soil - k for Sands Main - Pull-down Menus 
Edit - Soil - E50 Main - Hot Keys 
Edit - Soil - p-y Multipliers OPTIONS MENU 
Edit - Soil - Unit Weights Options - Units 
Edit - Lat . Load Trans. Options - Pile Property Library 
Edit - Data for Loading Options - Save Config. File 

Options - Auto-backup - 
F1-Help Alt-X-Exit 

Move the cursor to "Pile PropertiesI1 and press <Enter>; the 
following screen will appear. 

File Analysis Mult option 

The maximum number of increments allowed into which the pile is 
divided is 300. Typically the user will have selected the number of 
increments to be equal to some multiple of the overall pile length, 
so that the output values are calculated uniformly with depth. 

Piles can have several different segments but each one is treated 
as a uniform cross section. For taper piles, the program allows 
the user to use up to 10 uniform segments to model the properties. 
"Top Depth" shown in Editing Pile Section Properties is the x-coord. 
(depth below the top of pile) of the top of a segment of pile with 
uniform cross section. 

For frequent designers if the pile diameter is set equal to zero, 
the user gains access to a library file defining pile properties. The 
pile property library is created separately by the user for his own 
use. If the units of the data in the pile property library are dif- 
ferent from those set inside C624EDIT, a units conversion is performed 

FI : Help Index - PageUp PageDown - F8 : Return 
F1-Help Alt-X-Exit 

Press Command Key [Fa] to return to the Edit Menu. 



File Analysis Mult Option EXAMPLE. IN6 

I 
I Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inchesa 
1 0.00 30.000 47813.0000 707.0000 
2 30.00 30.000 14906.0000 707.0000 
3 160.00 30.000 47813.0000 707.0000 
4 
5 
6 
7 
8 
9 
10 

I To access pile property library leave pile diameter blank. 

I : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 2 
F1-Help Alt-X-Exit 

Press Command Key: [F8] . 

File Analysis Mult option 

Title 
Pile Properties 
Soil Properties 4 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

J 

F1-Help Alt-X-Exit 

Move the cursor to "Soil Properties", then press <Enter>; the 
following screen will appear. 



File Analysis Mult Option EXAMPLE. IN6 

I Editing Soil Layer Information 

Layer Criteria X-top X-bot k 
# # inches inches lb/in3 
1 4 0.00 360.00 90.00 
2 3 360.00 540.00 500.00 
3 
4 
5 
6 
7 
8 
9 
10 

p-y Curve Criteria 
#1 = Soft Clay Criteria # 3  = Stiff Clay Above Watertable 
12 = Stiff Clay Below Watertable #4 = Sand 
#5 = Interp. Between Input Curves 16 = Vuggy Limestone 

L : Move Cell-? : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

Press Command Key [F8] to continue. 

File Analysis Mult Option EXAMPLE.IN6 

I 
I Editing Effective Unit Weight Information 

Point Depth 
inches 
0.00 

360.00 
360.00 
540.00 

Unit Weight 
lb/in3 
0.069 
0.069 
0.034 
0.034 

I : Move Cell - ?  : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

Press Command Key [F8] to continue. 



Pile Analysis Mult Option EXAMPLE.IN6 

1 

Editing Shear Strength Information 

Layer Depth c (0 ESO 
# inches psi deg . @ 50% of c 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
Fl-Help Alt-X-Exit 

Press Command Key [F81. 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading4 
Computation Control 
Output Tables 
Main Menu - 

F1-Help Alt-X-Exit 

Move the cursor to "Data for Loading", then press <Enter>; the 
following screen will appear. 



File Analysis Mult Option EXAMPLE. IN6 

I I 
Editing Loading Information 

Distributed lateral loading (y/n) 7 ............... n ......................... Is loading cyclic (y/n) ? n 
Boundary condition code (KBC) ..................... 1 

KBC = 1 for shear and moment (free head) 
KBC = 2 for shear and slope (fixed head) 
KBC = 3 for shear and rotational restraint (partially fixed) 
KBC = 4 for deflection and moment 

- : Move Cell - ? : Help - 1 : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key [F8] to continue. 

File Analysis Mu1 t Option EXAMPLE.IN6 

Editing Pile-head Loading 

KOP Shear 
pounds 

1 20000.00 
1 40000.00 

Moment Axial Load 
in-lbs pounds 

0.000 50000.00 
0.000 50000.00 

L : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key [F81. 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control-a 
Output Tables 
Main Menu 
i 

- 
F1-Help Alt-X-Exit 

Move the cursor to "Computation Control", then press <Enter>; 
the following screen will appear. 

File Analysis Mu1 t Option EXAMPLE. IN6 

1. Maximum number of iterations allowed for analysis 100 
2, Tolerance on solution convergence, inches : 0.000010 
3. Value of deflection considered to be excessive, inches : 147.0000 
4. Computation using internally-generated cracked EI (Y/N : N 
Note: If the above answer is Y, remeber to enter the same 

axial load and other parameters such as arrangement 
of rebar, concrete and rebar strength in the "MULT" 
menu later. 

L : Move Cell - ? : Help - I : Edit Screen- PB : Continue 
F1-Help Alt-X-Exit 

2 

Press Command Key [F8] (if needed, press the [F-1] key to access 
the Help File for an explanation of cracked/uncracked EI). 



Analysis Mult Option 

1 ~itle 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output T a b l e s t  
Main Menu 

Move the cursor to "Output Tables," then press <Enter>; the 
following screen will appear. 

File Analysis Mult Option EXAMPLE.IN6 

Output Printing Options 

*** Lateral Load Analysis *** 

Printing Increment (1 for every node, 2 for every other node, etc) 1 
Print deflection, moment, shear over full length of pile (y /n)  Y 
Print p-y curves for verification Y 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key: [F8]. 



The MULT Submenu opens access to the editing commands for 

ultimate-bending moment computation. Variables edited through 

this menu are the title for computation, cross-sectional shape, 

axial loads, strength of materials, dimensions of cross section, 

and rebar measurement. The user can pull down the MULT submenu by 

moving the highlighted bar to "MULTW and press <Enter> after the 

initial Input Menu is returned to the screen as shown below. 

File Analysis Mult Option EXAMPLE.IN6 

Title 
Cross Section Shipe 
Axial Loads . 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

The MULT pull-down menu commands are: 

Title - to edit the program title, 
Cross-section Shape - to select the shape of the cross 
section, 
Axial Loads - to enter the values of axial loads that are 

considered, 
Strength of Materials - to enter the yield strength and the 

elastic modulus, 
Dimension of Cross Section - to enter the dimensions for 

specified cross section, 
Rebar Arrangement - to enter the rebar size, rebar number and 

arrangement, and 
Main - to return to Main Menu. 



I f  t h e  u s e r  would l i k e  t o  compute t h e  u l t i m a t e  bending moment 

of t h e  p i l e  o r  a s k  t h e  program t o  g e n e r a t e  c racked /uncracked  

bending s t i f f n e s s  used  f o r  d e f l e c t i o n  computa t ion ,  i n p u t  d a t a  

s h o u l d  be p r o v i d e d  f o r  e a c h  i t e m  under  t h e  MULT submenu. If 

c racked  E I  i s  chosen f o r  t h e  computat ion,  t h e  a x i a l  l o a d  e n t e r e d  

i n  t h e  "Data f o r  Loading" submenu of t h e  "Analysis"  menu should be 

c o n s i s t e n t  w i t h  t h e  a x i a l  l o a d  used i n  t h e  "MultW submenu f o r  each 

c a s e .  If h e l p  i s  needed f o r  d a t a  e n t r y ,  t h e  u s e r  can p r e s s  "Fl" 

key t o  a c c e s s  t h e  h e l p  f i l e  and t h e n  p r e s s  t h e  "F8" key t o  r e t u r n  

t o  t h e  p r e v i o u s  s c r e e n .  

The s c r e e n s  t h a t  a r e  needed t o  c r e a t e  d a t a  f o r  EXAMPLE.IN6 

a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s c r e e n s  t o  i l l u s t r a t e  t h e  usage of 

t h e  MULT menu. 

File Analysis Mult Option 

Title 
Cross Section Shaped 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

F1-Help Alt-X-Exit 

Press Command Key: [ C ]  . 



File Analysis Mult Option EXAMPLE.IN6 
I 

Identification number of the shape of cross section 
of the pile: 

1: Rectangular or square; 
2: Circular (without shell or core); 
3: Circular (with shell but without core); 
4: Circular (with shell and core); 
5: Circular steel pipe; 

Enter the number: 2 

I :Movecell- ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key: [F8] 

File Analysis Mult Option EXAMPLE.IN6 

Title 
Cross Section Shape 
Axial Loads C--.--- 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

F1-Help Alt-X-Exit 

Press Command Key: [ A ]  



File Analysis Mult Option EXAMPLE.IN6 

I 
Enter axial loads for cross section design: 

Point Loads pounds 

If the cracked EI will be used in computation of the pile deflection, 
the field will show the same axial load given in the "Analysis" menu. 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key: IF81 

File Analysis Mult Option EXAMPLE.IN6 

Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

rress Command Key: [Sl 



File Analysis Mult Option EXAMPLE.IN6 

I 
Enter strength parameters of materials ...................................... 

Cylinder strength of concrete psi 
Yield strength of reinforcement psi 
Yield strength of shell or core psi 
Modulus of elasticity of steel psi 

? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key: [F8] 

File Analysis Mult Option EXAMPLE. IN6 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section-• 
Rebar Arrangement 
Main Menu 

F1-Help Alt-X-Exit 

Press Command Key: [Dl 



File Analysis Mult Option EXAMPLE. IN6 

I 
Enter cross-section dimension ............................. 

Width of section (rectangular section only) inches 0.00000 
Depth of section (rectangular section only) inches 0.00000 
Outer diameter (circular section only) inches 30.00000 
Outer diameter of core (circular section only) inches 0.00000 
Thickness of shell (circular section only) inches 0.00000 
Thickness of core (circular section only) inches 0.00000 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

Press Command Key: [F81 

File Analysis Mult Option WAMPLE. IN6 

F1-Help Alt-X-Exit 

r.recs LOmmand Key: L R j  

r 

. 

Title 
Cross Seztion Shape 
Axial Loads . 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement4 
Main Menu 

b I )  

1 



File Analysis Mult Option EXAMPLE.IN6 

Rebar Arrangement 

Size of the rebar (enter the bar number, 3, 5, 8, 9 . . . )  8 
Number of reinforcing bars 12 
Number of rows of reinforcing bars (rectangular section only) 0 
Cover of rebar (from center of rebar to outer edge 3.0000 
of concrete] inches 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Hqlp Alt-X-Exit 

Press Command Key: IF81 

File Analysis Mult Option EXAMPLE. IN6 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu C--- - 

F1 -Help Alt-X-Exit 

Press Command Key: [MI 



File Analysis Mult Option 

I C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

I 1 
Fl-Help Alt-X-Exit 

Press Command Key: IF1 

File Analysis Mult option 

F1-Help Alt-X-Exit 

Press Command Key: [ s ]  

Write 
Directory 
Change dir 
Quit to DOS 

_j 
C 



The Opt ions  Submenu p r o v i d e s  a p a t h  f o r  t h e  u s e r  t o  t h e  

commands t h a t  c o n t r o l  where C 6 2 4 E D I T  looks  f o r  a l i b r a r y  f i l e ,  f o r  

p i l e  p r o p e r t i e s ,  and t o  save  t h e  c u r r e n t  Ana lys i s  v a r i a b l e s  i n  t h e  

c o n f i g u r a t i o n  f i l e .  The procedure  f o r  a c c e s s i n g  t h e  Options p u l l -  

down menu i s  no d i f f e r e n t  t h a n  f o r  t h e  o t h e r  menus. The u s e r  can 

move t h e  c u r s o r  t o  "Opt ions"  and p r e s s  < E n t e r > .  The f o l l o w i n g  

in fo rmat ion  w i l l  be shown on your  s c r e e n .  

File Analysis Mult Option 

Library Directory 
Save Configuration file 
Auto Backup On 
Main Menu 

The Opt ions  pull-down menu commands a r e :  

Units - t o  select u n i t s  f o r  computation, 
Library Directory - t o  change t h e  name of t h e  s u b d i r e c t o r y  

c o n t a i n i n g  t h e  p i l e - p r o p e r t i e s  l i b r a r y ,  
Save Configuration File - t o  save  t h e  c u r r e n t  v a l u e s  of t h e  

A n a l y s i s  and Opt ions  v a r i a b l e s  t o  t h e  c o n f i g u r a t i o n  
f i l e ,  

Auto Backup - a  t o g g l e  s w i t c h  t o  e n a b l e  t h e  automat ic  
back ing  up o f  any f i l e  r e a d  by C624EDIT.EXEr s o  t h a t  
t h e  f i l e  may be  saved under i t s  o r i g i n a l  name. The 
backup- f i l e  name w i l l  be t h e  o r i g i n a l  f i l e  name wi th  a  
f i l e  e x t e n s i o n  of  "BAK," and 

Main - t o  r e t u r n  t o  t h e  Main Menu. 



COM624P can  pe r fo rm c a l c u l a t i o n s  i n  pounds and  i n c h e s  (Opt ion  I), 

k i lonewtons  and  meters (Opt ion  2 )  , o r  any  c o n s i s t e n t  set on u n i t s  

(Opt ion  3) f o r  f o r c e  and  l e n g t h .  The u s e r  s h o u l d  t a k e  c a r e  t h a t  

a l l  i n p u t  v a l u e s  are e n t e r e d  i n  c o n s i s t e n t  u n i t s .  The f o l l o w i n g  

s c r e e n  w i l l  i l l u s t r a t e  how t o  select  t h e  u n i t s  t h a t  t h e  u s e r  

r e q u i r e s .  

Fi le  Analysis Mult Option 

force & length 

Units = 1 

I n  many c a s e s ,  a  u s e r  may want t o  t r y  s e v e r a l  d i f f e r e n t  s i z e s  

of p i l e s ,  which c a n  b e  a  s t a n d a r d  steel s e c t i o n  o r  a  non-s tandard  

r e i n f o r c e d  c o n c r e t e  s e c t i o n ,  f o r  t h e  p r e l i m i n a r y  s t u d i e s .  The 

p i l e - l i b r a r y  f i l e  i s  a da t a -base  f i l e  i n  which t h e  u s e r  can  s t o r e  

d a t a  f o r  most  commonly-used p i l e  s e c t i o n s .  T h i s  f i l e  w i l l  b e  

a u t o m a t i c a l l y  l o a d e d  i n t o  t h e  computer  memory e a c h  t i m e  t h e  u s e r  

c a l l s  t h e  I n p u t  Menu. 

The p i l e - l i b r a r y  f i l e  i s  a s s o c i a t e d  w i t h  t h e  s e c t i o n  f o r  

e d i t i n g  p i l e  p r o p e r t i e s  i n  Module C624EDIT. The p i l e - l i b r a r y  d a t a  

w i l l  b e  p r e s e n t e d  on t h e  s c r e e n  f o r  s e l e c t i o n  i f  t h e  u s e r  l e a v e s  



blank t h e  e n t r y  f i e l d s  f o r  p i l e  diameter, moment of i n e r t i a ,  and 

area during the  e d i t i n g  process. 

The name of t h e  f i l e  under which C624EDIT looks f o r  t h e  p i l e  

property l i b r a r y  can have up t o  42  characters .  The user should be 

sure  t o  e n t e r  t h e  f u l l  name of t h e  p i l e  property l i b r a r y  f i l e ,  

including t h e  d isk  dr ive  l e t t e r  and path.  The following screens 

w i l l  i l l u s t r a t e  how t o  se lec t  the  new p i l e  property l i b r a r y .  



File Analysis Mult Option 

Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inches a 
1 0.00 
2 240.00 
3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue - 
F1-Help Alt-X-Exit 

Leave blank for all fields except for "Top Depthm, then press 
[F8 I key. 

File Analysis Mult Option 

Pile Section 1 - Top Depth = 0.00 inches 

Select Appropriate Pile Type 

HP 14x117, Axis X-X 
HP 14x117 Axis Y-Y 
HP 14x102, Axis X-X- 
HP 14x102, Axis Y-Y 
HP 14x89, Axis X-X 
HP 14x89, Axis Y-Y 
HP 14x73, Axis X-X 
HP 14x73, Axis Y-Y 
HP 12x74, Axis X-X 
HP 12x74, Axis Y-Y 

FX = A FY = 3 Page = 0 Library entry 3 

Move the cursor to the selection for the first pile segment, 
then press <Enter>. 



File Analysis Mult Option 

Pile Section 2 - Top Depth = 240.00 inches 

Select Appropriate Pile Type 

HP 14x117, Axis X-X 
HP 14x117 Axis Y-Y 
HP 14x102, Axis X-X 
HP 14x102, Axis Y-Y 
HP 14x89, Axis X-X 
HP 14x89, Axis Y-Y 
HP 14x73, Axis X-X- 
HP 14x73, Axis Y-Y 
HP 12x74, Axis X-X 
HP 12x74, Axis Y-Y 

FX = A FY = 7 Page = 0 Library entry 7 

Move the cursor to the selection for the second segment, then 
press <Enter>. 

File Analysis Mu1 t Option 

I 
I Editing Pile Section Properties 

Section 
t 

Top Depth Diameter Mom. of Inert. Area 
inches inches inches**4 inches' 

0.00 14.030 1050.0000 30.0000 
240.00 13.640 734.0000 21.5000 

3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

L : Move Cell - ? : Help - 1 : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

The selection from the pile-library is shown on the above 
screen. 



The format  f o r  p i l e - l i b r a r y  d a t a  i s  q u i t e  s t r a i g h t f o r w a r d .  

There are t w o  l i n e s  of i n p u t  r e se rved  f o r  each s i z e  of  p i l e .  The 

first l i n e  i s  used f o r  t h e  d e s c r i p t i o n  of  t h e  p i l e  s e c t i o n  such as 

"HP 1 4  x 73, Y-Y Axis t t .  The second l i n e  c o n s i s t s  of  f i v e  e n t r y  

f ields.  The first  e n t r y  is  t h e  I . D .  f o r  u n i t s .  For  Eng l i sh  U n i t s  

"1" i s  e n t e r e d ,  and w2tt i s  e n t e r e d  f o r  S . I .  u n i t s .  The second 

e n t r y  on L i n e  2 i s  t h e  diameter o r  w i d t h  o f  t h e  s e c t i o n  

p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  l o a d i n g .  The t h i r d  e n t r y  on 

Line 2 i s  t h e  v a l u e  of t h e  moment of  i n e r t i a .  The f o u r t h  e n t r y  on 

Line 2 is  t h e  c r o s s - s e c t i o n a l  a r e a .  The l a s t  e n t r y  i s  t h e  modulus 
of e l a s t i c i t y  f o r  t h e  s e c t i o n .  The f r e e - f i e l d  format  i s  used f o r  

t h e  e n t r y .  The u s e r  can use  any t e x t  e d i t o r  t o  add o r  d e l e t e  t h e  
d a t a  i n  t h e  p i l e - l i b r a r y  f i l e .  

When a s e l e c t i o n  is  made from t h e  Ana lys i s  o r  Mult Submenus, 

a  da ta-ent ry-worksheet  d i s p l a y  a p p e a r s  on t h e  s c r e e n .  The data 

t h a t  h a v e  b e e n  e n t e r e d  a r e  shown i n  a  s p r e a d s h e e t - t y p e  
arrangement .  

The d a t a - e n t r y  worksheet  s c r e e n ,  as shown i n  F i g .  3 .2 ,  

c o n t a i n s  t h r e e  main s e c t i o n s :  

1. The t o p  l i n e  o f  t h e  s c r e e n  d i s p l a y  i s  t h e  Main Menu 
wi th  ' E d i t t  h i g h l i g h t e d .  

2 .  The d a t a - e n t r y  worksheet s e c t i o n  c o n s i s t s  of two 
boxes, a  l a r g e  box about 18 l i n e s  h i g h  fol lowed by a 
s m a l l  box about  two l i n e s  h igh .  

3 .  The bottom two l i n e s  of t h e  d i s p l a y  c o n t a i n  a 
gu ide  t o  some of  t h e  'key ass ignments '  f o r  
commands t o  use  wi th  t h e  da ta -en t ry  worksheet.  



File Analysis Mult Opt ion EXAMPLE.IN6 -Top Line 

Editing Shear Strength Information 

Layer Depth c 
# inches psi 

cD E5 0 
deg . e 50% of c 

- : Move Cell - ? : Help - / : Edit Screen----- F8 : Continue 
~l-Help ~lt-X-~xit 

Large box for  
-data entry 

Small box for  
-data entry 

-Key Assignment 

Figure 3 . 2 .  Data-entry worksheet. 



The da ta -en t ry  worksheet, Sec t ion  2 ,  is  t h e  most important  

p a r t  of t h e  d i sp lay ,  and t h e  s ec t ion  where a l l  of t h e  da ta -en t ry  

operat ions  w i l l  t ake  p lace .  

The upper, and l a r g e s t ,  box of t h e  worksheet s e c t i o n  of t h e  

screen d i s p l a y  con ta ins  t h e  d a t a  t h a t  have been en t e red .  These 

da t a  a r e  i n  a spreadsheet-type arrangement; t h a t  is ,  i n  columns, 

d e s i g n a t e d  a l p h a b e t i c a l l y  from l e f t  t o  r i g h t ,  and i n  rows, 

des ignated numerically from t o p  t o  bottom. A l oca t ion ,  des ignated 

by a column l e t t e r  and a row number, i s  c a l l e d  a c e l l  and each 

i tem of d a t a  i s  s t o r e d  i n  one of t h e s e  c e l l s .  By us ing  t h e  

cursor-movement commands, a h i g h l i g h t  can be  moved i n  any 

d i r e c t i o n  from t h e  upper l e f t  c e l l  t o  t h e  lower r i g h t  c e l l .  The 

h i g h l i g h t e d  c e l l  i s  c a l l e d  t h e  'working c e l l ' .  A c e l l  must be 

h igh l igh ted  - t h e  working c e l l  - f o r  da t a  t o  be en te red  o r  e d i t e d .  

The d a t a  i n  an e x i s t i n g  f i l e ,  shown on t h e  worksheet,  can be 

manipulated t o  some e x t e n t  by us ing  t h e  Worksheet Ed i t  commands 

t h a t  w i l l  be descr ibed l a t e r .  

The lower box of t h e  worksheet s e c t i o n  of t h e  d i s p l a y  is 

where da t a  a r e  en t e red  i n t o  t h e  working c e l l ,  o r  t h e  e x i s t i n g  da t a  

i s  e d i t e d .  This  box has two l i n e s .  The upper l i n e  shows t h e  

following information f o r  t h e  working c e l l :  

Location - column l e t t e r  and row number, 
S t a t u s  - UND means t h e  c e l l  i s  not def ined as a p a r t  of 

t h e  data and DEE means t h e  cel l  has been 
def ined  t o  contain  data ,  and 

Data - t h e  da t a  type  [Num f o r  numeric and Lab(labe1) 
f o r  alphanumeric] followed by t h e  e x i s t i n g  
da t a  i n  t h e  c e l l .  

The bottom l i n e  of t h e  lower box i s  t h e  'Entry  Line '  where 

d a t a  e n t r y  o r  data e d i t i n g  are done. A b l i nk ing  cu r so r  is  shown 

on t h i s  l i n e .  Data a r e  typed by moving t h e  cu r so r  t o  t h e  r i g h t .  

Only t h e  Backspace key, however, may be used f o r  c o r r e c t i o n s  t o  



t h e  typed  d a t a ;  t h e  Backspace key i s  used t o  move t h e  c u r s o r  back 

(wi thout  c a n c e l i n g  t h e  typed  symbols) t o  where a  c o r r e c t i o n  i s  t o  

b e  made, and t h e n  t h e  c o r r e c t  d a t a  a r e  o v e r t y p e d .  The E n t e r  

(Re tu rn )  key i s  used t o  a c c e p t  e d i t e d  d a t a  a s  t h e  d a t a  i n  t h e  

working c e l l .  

I f  t h e  in fo rmat ion  i n  t h e  working c e l l  r e q u i r e s  e d i t i n g ,  two 

methods may be used .  The s i m p l e s t  way i s  merely t o  r e e n t e r  t h e  

d a t a .  The o t h e r  way i s  t o  e n t e r  t h e  C e l l  E d i t  Mode by p r e s s i n g  

t h e  F2 key.  E d i t i n g  i n  t h i s  mode w i l l  be e x p l a i n e d  l a t e r .  The 

key ass ignments  i n  t h e  bottom two l i n e s  o f  t h e  d i s p l a y ,  Sec t ion  3,  

change t o  show C e l l  E d i t  commands. These commands a r e  used t o  

make t h e  d e s i r e d  m o d i f i c a t i o n s  t o  t h e  d a t a  i n  a  c e l l .  P r e s s i n g  

E n t e r  ( R e t u r n )  w i l l  e x i t  t h e  E d i t  Mode and a l s o  r e p l a c e  t h e  

e x i s t i n g  d a t a  i n  t h e  working ce l l  wi th  t h e  e d i t e d  d a t a .  

There a r e  t h r e e  sets of commands t o  be  used wi th  a  da ta-ent ry  

worksheet .  These a r e  t h e  B a s i c  Worksheet Commands, t h e  C e l l  E d i t  

Commands, and t h e  Worksheet E d i t  Commands. The B a s i c  Worksheet 

Commands a r e  i n  e f f e c t  when a d a t a - e n t r y  worksheet i s  e n t e r e d .  

The o t h e r  two se ts  o f  commands a r e  invoked from t h e  B a s i c  

Worksheet Commands. A key assignment  i n  t h e  form of ' " (key) ' may 

be  found i n  t h e  command sets.  To o b t a i n  t h i s  key assignment ,  t h e  

' C n t l '  and t h e  second key a r e  p r e s s e d  a t  t h e  same t i m e .  For  

example, "A i s  o b t a i n e d  by p r e s s i n g  <Cntl> and <A> a t  t h e  same 

t i m e .  The key ass ignments  f o r  t h e  v a r i o u s  sets of  commands a r e  

g iven i n  t h e  fo l lowing  pa ragraphs .  

These commands are i n  effect  when a d i s p l a y  o f  a  da ta -en t ry  

worksheet  i s  on t h e  s c r e e n ,  excep t  when e i t h e r  o f  the o t h e r  two 



command s e t s  has been invoked and i s  i n  use.  The key assignments 

f o r  some, but  not  a l l ,  of t h e s e  commands a r e  shown i n  t h e  bottom 

two l i n e s ,  Sect ion 3,  of t h e  screen d i sp lay .  The key assignments 

f o r  t h e  commands i n  t h i s  s e t  a r e  a s  follows: 

L e f t  Arrow Move h igh l igh t  one c e l l  t o  t h e  l e f t  

Right Arrow Move h igh l igh t  one c e l l  t o  t h e  r i g h t  

Up Arrow Move h igh l igh t  up one c e l l  

Down Arrow Move h igh l igh t  down one c e l l  

Page Up Move up one page ( i f  more than one page) 

Page Down Move down one page ( i f  more than one page) 

F2 

Return (Enter)  

End 

? o r  F1 

Enter  Cell-Edit Mode 

Accept da t a  entered o r  ed i ted ,  e x i t  Cell- 
Edi t  Mode 

Enter  Worksheet-Edit Mode 

Return t o  Edi t  Menu o r  move t o  next 
worksheet f o r  cur ren t  menu item 

Return t o  Main Menu 

Enter  Help Mode 

The preced ing  commands a r e  a l l  se l f -explana tory  except f o r  

"F2" - Enter  C e l l  - Edi t  Mode and " / I 1  - Enter  Worksheet - Edit  

Mode, which w i l l  be descr ibed  i n  d e t a i l  i n  t h e  next two sec t ions .  



The fol lowing sc reens  i l l u s t r a t e  t h e  procedures f o r  c a l l i n g  

t h e  he lp  f i l e  dur ing da t a  en t ry .  I t  should be noted t h a t  t h e  he lp  

f i l e  is  a  simple t e x t  f i l e  t o  which t h e  u se r  can add h i s / h e r  own 

comments o r  no t e s  a t  d e s i r a b l e  l oca t ions .  The use r  can open t h e  

he lp  f i l e  named C624EDID.HLP by us ing  any a v a i l a b l e  t e x t  e d i t o r .  

The h e l p  f i l e ,  however, always needs t o  s t a y  i n  t h e  same f i l e  

d i r e c t o r y  wi th  C624EDIT.EXE. 

File Analysis Mult Option EXAMPLE.IN6 

Editing Shear Strength Information 

Layer Depth c (0 E5 0 
# inches Psi deg. ' e 50% of c 

L : Move Cell - : Help - I :  it scree- F8 : continue ----L 
F1-Help Alt-X-Exit 

The he lp  t o p i c s  w i l l  be shown on t h e  screen once t h e  "F1" o r  

"?I1 keys have been p re s sed .  You can move t h e  c u r s o r  t o  t h e  

d e s i r e d  t o p i c s  and p r e s s  <Enter> t o  b r ing  t h e  he lp  i n s t r u c t i o n  on 

t o  t h e  sc reen .  



File Analysis Mult Option 

Help Topics 

Mult MENU Edit - Computation Control 
Mult - Shape and Axial Loads Edit - Output Tables 
Mult - Rebar & Concrete Strength FILE MENU 
Mult - Section Dimension File - Read 
Mult - Rebar Arrangement File - New 

EDIT MENU File - Save 
Edit - Title File - Write 
Edit - Pile Properties File - Directory 
Edit - Soil Properties File - Change Directory 
Edit - Soil - p-y Criteria File - Exit to DOS 
Edit - Soil - k for Clays MAIN MENU 
Edit - Soil - k for Sands Main - Pull-down Menus 
Edit - Soil - E50- Main - Hot Keys 
Edit - Soil - p-y Multipliers OPTIONS MENU 
Edit - Soil - Unit Weights Options - Units 
Edit - Lat. Load Trans. Options - Pile Property Library 
Edit - Data for Loading Options - Save Config. File 

Options - Auto-backup 
F1-Help Alt-X-Exit 

Move t h e  cu r so r  t o  t h e  "E5OW, t hen  press <Enter>.  

File Analysis Mult Option EXAMPLE. IN6 

Soil Strain Parameter E50 

Soft Clay, c = 1.74 to 3.47 psi ESO = 0.02 
250 to 500 psf 
12 to 24 KPa 

Medium Clay, c = 3.47 to 6.94 psi E50 = 0.01 
500 to 1000 psf 
24 to 48 KPa 

Stiff Clay, c = 6.94 to 13.9 psi E50 = 0.007 
1000 to 2000 psf 
48 to 96 KPa 

Very Stiff Clay, c = 13.9 to 27.8 psi E50 = 0.005 
2000 to 4000 psf 
96 to 192 KPa 

F1 : Help Index - PageUp PageDown - F8 : Return 
F1-Help Alt-X-Exit 

Press Command Key [F81 t o  r e t u r n .  



The C e l l - E d i t  Mode i s  used t o  make changes and a d d i t i o n s  t o  

t h e  d a t a  i n  t h e  working c e l l ,  and i s  e n t e r e d  by t y p i n g  t h e  F2 key. 

When t h i s  key i s  p r e s s e d ,  a  h i g h l i g h t e d  b a r  w i l l  appear  on t h e  

l i n e  between t h e  two worksheet boxes a s  shown i n  t h e  fo l lowing .  

File Analysis Mult Option EXAMPLE.IN6 

Enter title for this data file (up to 72 characters long) 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

Edit Mode Overwrite 
A 1:DEF:Lab EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 
EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

-F : Move Cursor ~nsert/Delete/-G 3- 
The h i g h l i g h t e d  b a r  c o n t a i n s  ' E d i t  Mode' and a n  i n d i c a t i o n  t h a t  

t h e  d a t a  e n t r y  i s  i n  t h e  ' I n s e r t '  o r  t h e  'Overwr i t e '  c o n d i t i o n .  

Two g e n e r a l  t y p e s  o f  commands a r e  a v a i l a b l e ,  cursor-movement 

commands and  data-change commands. The key ass ignments  f o r  t h e  

Ce l l -Ed i t  Mode a r e  d i s p l a y e d  i n  t h e  bottom two l i n e s ,  S e c t i o n  3,  

of  t h e  s c r e e n .  

L e f t  Arrow Move c u r s o r  on t h e  e n t r y  l i n e  t o  t h e  
l e f t  



Right Arrow 

" F 

I n s e r t  

D e l  

"G 

Return ( E n t e r )  

Move c u r s o r  on t h e  e n t r y  l i n e  t o  t h e  
r i g h t  

Move c u r s o r  t o  beginning of t h e  e n t r y  
1 i n e  

Move c u r s o r  t o  end of t h e  e n t r y  l i n e  

Toggles between I n s e r t  and 'Overtype ' 
f o r  d a t a  e n t r y  

D e l e t e s  c h a r a c t e r  t o  t h e  l e f t  of t h e  
c u r s o r  

Deletes c h a r a c t e r  a t  t h e  c u r s o r  

Accepts d a t a  on t h e  e n t r y  l i n e  and e x i t s  
Cel l -Edi t  Mode 

The f o l l o w i n g  s c r e e n s  i l l u s t r a t e  how t o  u s e  t h e  above 

commands f o r  changing t h e  d a t a .  

File Analysis Mult Option EXAMPLE.IN6 

Enter title for this data file (up to 72 characters long) 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

Edit Mode 1noert on 
A 1:DEF:Lab EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 
EXAMPLE 6 ANALYSES RELATED TO DESIGN OF REINFORCED CONCRETE PILES 

-F : Move cursor Insert/l)elete/-G 
F1-Help Alt-X-Exit 

Press t h e  " Ins"  key t o  change t o  i n s e r t  mode f o r  t h e  edited cell ,  

t h e n  add t h e  word "Reinforced" b e f o r e  t h e  word "Concretew a s  shown 

i n  t h e  nex t  s c r e e n .  



File Analysis Mult option EXAMPLE. IN6 
* 

I 
Enter title for this data file (UP to 72 characters long) 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF REINFORCED CONCRETE PILES 

-, 

A 1:DEY:Lab EXAMPLE 6 ANALYSES RELATED TO DESIGN OF REINFORCED CONCRETE PILES 

- : Move cell - 7 : Help - / : Edit Screen- FB : continue " 1 
F1-Help Alt-X-Exit 

The Worksheet-Edit Mode is used to manipulate entire lines of 

data in the worksheet. It is invoked by typing / from the 

Basic-Worksheet-Command list. When the / is typed, a 

highlighted bar appears on the line between the two worksheet 

boxes, and a list of possible operations appears in the 

highlighted bar as shown in the following. 

File Analysis Mu1 t Option EXAMPLE. IN6 

I 1 
I Editing Pile Section Properties I 

Sectitin Top Depth Diameter Mom. of Inert. Area 
I inches inches inches**4 inches a 
1 0.00 - - -  - -  30.000 - -  - - -  47813.0000 - . - - - - - - - 707.0000 - - - - - - - 



A / a l s o  appears on t h e  e n t r y  l i n e  of t h e  lower box. To 

complete t h e  command, the  f i r s t  l e t t e r  of the  choice from the  l i s t  

of poss ib le  operat ions i s  typed on t h e  en t ry  l i n e ;  i n  addi t ion ,  

some answers t o  prompts on t h e  en t ry  l i n e  may have t o  be typed. 

A f t e r  t h e  se lec ted  operation i s  complete, the  program re tu rns  t o  

t h e  Basic-Worksheet-Command Mode. The following opera t ions  a r e  

avai lab le :  

/B ( lank)  Erase current  row and s e t  a l l  c e l l s  on t h e  row t o  
UND (undefined) s t a t u s  

/c (OPY) Copies contents of f i r s t  row speci f ied  t o  
second row speci f ied  

/D  ( e l e t e )  Deletes current row and moves up following 
rows 

/E (xchange) Exchanges contents between f i r s t  row speci f ied  
and second row speci f ied  

/ I  ( n s e r t )  I n s e r t s  blank row where spec i f ied  and moves 
following rows down 

/M(ove) Moves contents of f i r s t  row speci f ied  t o  second 
row spec i f i ed  and ad jus t s  contents of 
intermediate rows so no data  a r e  l o s t  

ESC (ape) Exi t s  Worksheet-Edit Mode without performing 
any operation 

The fo l lowing s c r e e n s  a r e  p resen ted  t o  i l l u s t r a t e  t h e  

procedures f o r  copying and de le t ing  one row of da ta .  For copying 

data ,  type "C" i n  t h e  lower box of t h e  e d i t  screen, then t e l l  t h e  

program t o  copy da ta  from Row 2 t o  Row 4 as shown below. 



File Analysis Mult Option EXAMPLE.IN6 

1 I 

I Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. 
# 

Area 
inches inches inches**4 inches a 

1 0.00 30.000 47813.0000 707.0000 
2 30.00 30.000 14906.0000 707.0000 
3 160.00 30.000 47813.0000 707.0000 
4 

10 

To access pile property library leave pile diameter blank. 

Blank Copy Delete Exchange Insert Move 
A 1:DEF:Num 0.00000 

to row 4 + . Move Cell - ? : Help - / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

Press  <Enter> a f t e r  t h e  command i s  given, you w i l l  see  t h e  data  

from Row 2 a r e  a l s o  presented i n  Row 4 .  

File Analysis Mult Option EXAMPLE.IN6 

I I 
I Editing Pile Section Properties I 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inches' 
1 0.00 30.000 47813.0000 707.0000 
2 30.00 30.000 14906.0000 707.0000 
3 160.00 30.000 47813.0000 707.0000 
4 30.00 30.000 14906.0000 707.0000 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

I : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



I f  t h e  u s e r  d e c i d e s  t o  e r a s e  Row 4 ,  t h e  u s e r  need  t o  p r e s s  t h e  "/" 
key f i rs t ,  t h e n  t y p e  "D" i n  t h e  lower  box of t h e  edit  s c r e e n .  The 

s c r e e n  w i l l  a s k  t h e  u s e r  t o  s p e c i f y  a row number a s  shown below. 

File Analysis Mult Option EXAMPLE. IN6 
i 

Editing Pile Section Properties I 
Section Top Depth Diameter Mom. of Inert. Area 

# inches inches inches**4 inches' 
1 0.00 30.000 47813.0000 707.0000 
2 30.00 30.000 14906.0000 707.0000 
3 160.00 30.000 47813.0000 707.0000 
4 30.00 30.000 14906.0000 707.0000 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

Blank Copy Delete Exchange Insert Move 
A 1:DEF:Num 0.00000 
Delete row: 4 rC - : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

P r e s s  t h e  < E n t e r >  key ,  t h e  u s e r  w i l l  f i n d  data on Row 4 are 

removed as p r e s e n t e d  i n  t h e  f o l l o w i n g  s c r e e n .  

File Analysis Mult Option EXAMPLE. IN6 

I I 
I Editing Pile Section Properties I 

Section 
# 
1 
2 
3 

Top Depth Diameter Mom. of Inert. Area 
inches inches inches**4 inches J 

0.00 30.000 47813.0000 707.0000 
30.00 30.000 14906.0000 707.0000 
160.00 30.000 47813.0000 707.0000 

4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
Fl-Help Alt-X-Exit 



GUIDE FOR RUNNING MAIN PROGRAM (COM624P) 

A f t e r  an  i n p u t  f i l e  h a s  been  c r e a t e d  and  s a v e d  on t h e  same 

d i r e c t o r y ,  p r e s s  t h e  <ALT> and  <X> keys  s i m u l t a n e o u s l y  t o  e x i t  t h e  

I n p u t  s c r e e n  and  r e t u r n  t o  t h e  o r i g i n a l  Main Menu a s  shown below. 

To e x e c u t e  t h e  program, t h e  u s e r  s h o u l d  move t h e  c u r s o r  t o  "Runw 

as shown on t h e  top o f  t h e  s c r e e n  and  p r e s s  <En te r> .  A normal run  

w i l l  e n d  i n  less t h a n  o n e  m i n u t e  i f  a  m a t h - c o p r o c e s s o r  i s  

i n s t a l l e d .  The t e x t  o u t p u t  and  g r a p h i c s  d a t a  w i l l  b e  created and  

s a v e d  t o  t h e  p r e v i o u s l y  s p e c i f i e d  f i l e s ,  r e s p e c t i v e l y .  I f  a n  

u n e x p e c t e d  r e s u l t  i s  e n c o u n t e r e d ,  t h e  program w i l l  s t o p  r u n n i n g  

and  a n  e r r o r  message w i l l  be shown on t h e  s c r e e n .  Then, t h e  u s e r  

s h o u l d  check  t h e  i n p u t  d a t a  c a r e f u l l y .  I f  Module COM624P i s  used  

as a  s t a n d - a l o n e  program,  make s u r e  t o  e r a s e  t h e  f i l e  named 

"COMFILE.DATW i f  it e x i s t s  i n  t h e  same d i r e c t o r y .  T h i s  f i l e  i s  a 

temporary  f i l e  t o  b e  u s e d  f o r  t h e  s h e l l  p r o c e s s .  

File Input Run Graphics 

This program is developed especially for Design and analysis 
of piles under lateral loading. The current version is 2.0 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as assigning input file, 
output file, and graphics file, reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. 

The selection of INPUT menu allows the user to access Program 
C624EDIT to create a data file or to edit an existing data file. 

The selection of the RUN menu allows the user to execute the 
program with the specified input and output files. 

The selection of the GRAPHICS menu allows the user to view the 
soil and pile response curves directly on the screen. The 
system must have graphics adapters such as CGA, EGA, VGA, or 
monographics adapter in order to view the graphics. 



GUIDE FOR OPERATING GRAPHICS POSTPROCESSOR (C624VIEW) 

After  a successful  run, the  graphics data  w i l l  be saved t o  

t h e  spec i f i ed  f i l e .  The user  can move t h e  cursor  t o  "Graphics" 

shown on t h e  t o p  of t h e  Main Menu and press  <Enter> t o  open t h e  

graphics window. 

File Input Run Graphics + 

This program is developed especially for Design and analysis 
of piles under lateral loading. The current version is 2.0 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as assigning input file, 
output file, and graphics file, reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. 

The selection of INPUT mend allows the user to access Program 
C624EDIT to create a data file or to edit an existing data file. 

The selection of the RUN menu allows the user to execute the 
program with the specified input and output files. 

The selection of the GRAPHICS menu allows the user to view the 
soil and pile response curves directly on the screen. The 
system must have graphics adapters such as CGA, EGA, VGA, or 
monographics adapter in order to view the graphics. 

The graphics  window with pull-down menu i s  designed f o r  

C624VIEW. The configurat ion f i l e ,  C624EDIT.  CFG, must be on t h e  

same d isk  d i r e c t o r y  t h a t  contains  C624VIEW.EXE. I f  t h e r e  i s  no 

p l o t  shown on t h e  screen a f t e r  t h e  graphics da ta  have been read 

i n ,  t h e  use r  may need t o  again run t h e  i n s t a l l a t i o n  program 

INSTVIEW.EXE, descr ibed  i n  a previous sec t ion ,  t o  s p e c i f y  t h e  

co r rec t  screen d r i v e r  f o r  t h e  program. The d e t a i l e d  procedures 

f o r  using C624VIEW t o  obta in  graphics  w i l l  be presented i n  t h e  

following sec t ion .  

The d r ive r  supports the  IBM color-graphics adapter (CGA) ,  IBM 

enhanced color-graphics adapter  ( E G A ) ,  Hercules graphics  boards 

and video-graphics  a r r a y  (VGA) . The g raph ics  a d a p t e r s  and 



p r i n t e r s  s u p p o r t e d  by t h i s  g r a p h i c s  package a r e  l i s t e d  i n  Table  

3.1.  The d i s t r i b u t o r  w i l l  no t  be  r e s p o n s i b l e  f o r  modifying t h e  

so f tware  f o r  use  on any g r a p h i c s  a d a p t e r  o r  p r i n t e r  no t  l i s t e d  o r  

n o t  compat ib le  t o  t h o s e  l i s ted  i n  Table 3.1. The g r a p h i c s  program 

i s  e a s y  t o  u s e  and t h e  p rocedures  w i l l  b e  i l l u s t r a t e d  i n  t h i s  

s e c t i o n .  

TABLE 3.1. DRIVER INFORMATION FOR 
GRAPHICS ADAPTERS AND PRINTERS 

GRAPHICS ADAPTERS 
IBM Color-Graphics Adapter (CGA) 
IBM Enhanced-Graphics Adapter (EGA) 
IBM PC3270 
Hercules  Monochrome 
AT&T Indigenous Graphics Board 
IBM Video-Graphics Array (VGA) 

PRINTERS 
Epson MX, FX, LX-80, 100, Okidata,  

Panasonic,  and S t a r  Gemini 
Epson LQ 
IBM P r o p r i n t e r  
H e w l e t t  Packard Laser  Jet and Desk Jet 
H e w l e t t  Packard Pen P l o t t e r  

The Graphics Menu i s  d i s p l a y e d  on t h e  t o p  l i n e  o f  t h e  s c r e e n .  

Th i s  menu h a s  f o u r  submenus: F i l e ,  S e l e c t ,  view, and Opt ions .  Any 

of t h e s e  s e l e c t i o n s  may b e  chosen by h i g h l i g h t i n g  t h e  s e l e c t i o n  

u s i n g  t h e  c u r s o r  keys  o r  by t y p i n g  t h e  f i r s t  l e t t e r  o f  t h e  

s e l e c t i o n  ("Vw f o r  V i e w ,  e t c . )  

When t h e  G r a p h i c s  Menu i s  a c t i v e ,  a s t a t u s  r e p o r t  i s  

d i s p l a y e d  on t h e  s c r e e n  below t h e  Main Menu. T h i s  r e p o r t  shows 

t h e  number and s i z e  o f  any d a t a  sets s t o r e d  c u r r e n t l y  i n  t h e  

microcomputer ' s  memory and i n d i c a t e s  what d a t a  sets a r e  c u r r e n t l y  

s e l e c t e d  f o r  viewing.  



File View Plot Options 

C624VIEW Version 2.0, Graphics Data: 
Number of p-y curves: NumPYcurve = 4 
Number of load-response curves: NumCurves = 2 
Number of point on load-response curves: Npts = 99 
Units are Pounds & Inches 
p-y Curves selected for viewing 

Response Curves selected for viewing 

277520 bytes available 
Largest block contains 277520 bytes 

The graphics data file is PLOTDATA 



The F i l e  Menu i s  used t o  r e a d  f i les  of g r a p h i c s  d a t a ,  show 

t h e  c u r r e n t  s u b d i r e c t o r y ,  change t h e  logged s u b d i r e c t o r y ,  o r  q u i t  

t h e  program and  r e t u r n  t o  t h e  d i s k - o p e r a t i n g  sys tem.  The 

s e l e c t i o n s  i n  t h e  F i l e  Menu a r e :  

Read - t o  e n t e r  t h e  name of  t h e  f i l e  t o  be r e a d .  If t h e  f i l e  
does n o t  e x i s t  o r  is  empty, a d i a g n o s t i c  message is  
d i sp layed ,  

Directorv - t o  d i s p l a y  t h e  d i r e c t o r y  of  t h e  c u r r e n t  sub- 
directory, 

ae D i r  - t o  change t h e  logged s u b d i r e c t o r y ,  

Qvit - t o  q u i t  UPVIEW and r e t u r n  t o  DOS, and 

- t o  r e t u r n  t o  t h e  Main Menu. 

I f  t h e  u s e r  h a s  a l r e a d y  s p e c i f i e d  i n  t h e  Main Menu t h e  f i l e  

name f o r  t h e  g r a p h i c s  d a t a ,  t h e  program w i l l  a u t o m a t i c a l l y  r e a d  

and d i s p l a y  it on t h e  s c r e e n .  However, i f  t h e  u s e r  would l i k e  t o  

view t h e  g r a p h i c s  under  o t h e r  f i l e  names, t h e n  t h e  u s e r  can move 

t h e  c u r s o r  t o  "Read" and type  t h e  new f i l e  name a s  shown below. 



File View Plot Options 
e 

Directory 
Change dir 
Quit to DOS 
Main Menu 

Alt-X Exit 

Move t h e  cursor to t h e  "Readw, t hen  press <Enter>.  

File View Plot Options 

Read File Name 
PLOTDATA 

Main Menu 



The View Menu i s  used t o  s e l e c t  t h e  da ta  s e t s  t o  view under 

the  View opt ion.  The se lec t ions  on the  View Menu a r e :  

urves - t o  s e l e c t  individual  p-y curves f o r  viewing. To 
s e l e c t  a p-y curve, the  user tabs  down t o  the  desired 
curve using t h e  cursor keys, then presses the  space bar .  
An a s t e r i s k  w i l l  mark any p-y curve t o  be displayed. 
Pressing t h e  space bar a second time w i l l  tu rn  off the  
s e l e c t i o n .  Final ly ,  F8 i s  pressed t o  return t o  the  
Selec t  Menu. 

R ~ S D O ~ S ~  Curves - t o  s e l e c t  individual  curves f o r  viewing 
t h a t  show t h e  response of the  p i l e .  Pile-response 
curves a r e  se lec ted  i n  the  same manner a s  p-y curves, 

Ultimate-Moment Curves - t o  s e l e c t  curves of moment versus 
curvature o r  curves of f l exura l  r i g i d i t y  ( E I )  versus 
moment f o r  d i f f e r e n t  axial-loading cases.  

In te rac t ion  Diaaram - t o  s e l e c t  the  in terac t ion  diagram 
(u l t imate  moment vs .  a x i a l  l o a d ) .  In order t o  view the  
diagram, t h e  user must have se lec ted  a t  l e a s t  three  
d i f f e r e n t  a x i a l  loads f o r  computation. 

view Curves - t o  display the  se lec ted  curves and t o  dump t h e  
graphics on t h e  screen, and 

Menu - t o  re turn  t o  the  Main Menu. 

The user  can type "V" o r  move t h e  cursor t o  "View," then press  the  

<Enter> key t o  p u l l  down the  View Menu. 

The p-y curves a r e  displayed f i r s t  ( i f  s e l e c t e d ) ,  followed by 

t h e  pi le-response curves f o r  de f l ec t ion ,  moment, shear,  and s o i l  

r e a c t i o n ,  and followed by t h e  moment-curvature curve, t h e  E I -  

moment curve, and t h e  i n t e r a c t i o n  diagram. The user c l e a r s  the  

d isp lay  by press ing  t h e  <Enter> key. 



File View Plot Options 

Response Curves 
Ultimate Moment 
Interaction Diagram 
View Curves 
Main Menu 

A l t - X  Exit 

A dump of t h e  g r a p h i c s  from t h e  s c r e e n  i s  p o s s i b l e  t o  any 

Epson dot -matr ix ,  IBM o r  HP laser jet,  o r  any compat ib le  p r i n t i n g  

d e v i c e .  The dump i s  t r i g g e r e d  by p r e s s i n g  t h e  C o n t r o l  and "Pn 

keys  s i m u l t a n e o u s l y .  The u s e r  can  s p e c i f y  t h e  t y p e  o f  p r i n t e r  

d u r i n g  i n s t a l l a t i o n  o r  s p e c i f y  t h e  p r i n t e r  i n  t h e  Options submenu. 

If no p r i n t e r  i s  connected o r  i s  t u r n e d  o f f ,  t h e  program w i l l  l ock  

u n t i l  t h e  p r i n t e r  i s  made a v a i l a b l e .  

The f o l l o w i n g  s c r e e n s  w i l l  i l l u s t r a t e  t h e  p rocedures  t o  view 

each g r a p h i c .  B e  s u r e  t o  f o l l o w  t h e  i n s t r u c t i o n a l  commands which 

a r e  p r i n t e d  d i r e c t l y  below each sc reen  f o r  p r a c t i c e .  



File View Plot Options 

p-y Curves - 
Response Curves 
Ultimate Mamcnt 
Interactive Diagram 
View Curves 
Main Menu 

Alt-X Exit 

Press Command Key: [PI. 

File View Plot Options 

Selection of p-y Curves for Viewing 

Number Depth 

ON 1 20.00 
ON 2 60.00 
ON 3 100.00 
ON 4 150.00 

Toggle Viewing of Curves ON/off Using Space Bar- 

F8 : Continue 
Alt-X Exit 

Press Command Key: [FBI.  



File  View Plot Options 

p-y Curves 
Response Curves 4 
Ultirnate Moment 
Interactive Diagram 
View Curves 
Main Menu 

A l t - X  Exit 
Press Command Key: [ R l .  

P i l e  V i e w  Plot Options 

Selection of Response Curves for Viewing 

Number Oaf lect ion  oma ant Shear So i l  Reaction 

1 ON ON o f f  o f f  

Toggle Viewing of Curves ON/off Using Space B a r 4  

F8 : Continue 
A l t - X  Exit 
Press Command Key: [FBI* 



File View Plot options 

Response Curves 
Ultimate Moment 
Interactive Diagram 
View Curves 
Main Menu 

b 

Alt-X Exit 
P r e s s  Command Key: [Ul. 

File View Plot Options 

Selection of Moment, Curvature and EI Curves for Viewing 

Number Moment vs Curvature EX vs Moment 

ON 
off 
off 

ON 
off 
off 

Toggle Viewing of Curves ON/off Using Space Bar 

F8 : Continue 
bit-X Exit 
P r e s s  Command Key: [F81 . 



F i l e  V i e w  P lot  Options 

Responre Curves 
U l t h t e  Moment 
Interactive Diagram 
V i e w  Curves 
Main Menu 

hl t -X  Exit  

Press Command Key: [I] . 

F i l e  V i e w  P lo t  Options 

Se lect ion  of  Curves Under Various Axial Loads for Viewing 

Number Axial Load 

ON 1 0.00 
ON 2 100.00 
ON 3 1000.00 

Toggle Viewing of  Curves ON/off Using Space Bar 

- F8 : Continue 
A l t - X  Exit 

Press commana Key: [F8]. 



File View Options 

Response Curves 
Ultimate Moment 
Interactive Diagram 
View Curves 
Main Menu 

,It-X Exit 
Press Command Key: [Vl . 
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PLOTMTA Cntl-P t o  P r i n t  Scr- 



pt-omtala Cntl-P to  Pr int  S c r m  

Curvature <O. mo1' r> 

Cnt I-P to  P r in t  S c r m  



PLOTIWITA Cntl-P to Print S c r m  



The Plot Submenu i s  used t o  se lect  the se t s  of data and t o  
**a...=-A &LA 2 1 -- ---- L 1 - -  . .  . . I  L - -  - -  -.I - L A - - -  



F i l e  V i e w  Plot Options 

Ultimate Moment 
Interaction Diagram 
Generate Plots 
Main Menu 

A l t - X  Exit 
Press Command Key: [ R l .  

F i l e  V i e w  Plot options 

I Selection of R ~ s ~ o M ~  Curves for Plotting 

I Number Deflection Moment Shear So i l  Reaction 

1 ON ON o f f  o f f  

Toggle Plotting of Curves ON/off Using Space Bar- 

I F8 : Continue 
A l t - X  Exit 

Press Command Key: [FBI . 



File  V i e w  Plot Options 

A l t - X  Exit 

P r e s s  Command Key: [GI. 

i 

F i l e  view Plot Options 

Response Curves 
Ultimate Moment 
Interaction Diagram 
Generate Plots 
Main Menu 

Response Curves 
Ultimate Moment 
Interaction Diagram 
Generate Plots 

Preparing HPGL plot  f i l e  for p 

Example. hpg 
Enter f i l e  name for plotter f i l e :  

Select pen speed (1=slowt38.1 for high quality, 100 for max speed 5 0 4 -  

i 

A l t - X  Exit 

P r e s s  Command Key: [ E n t e r ]  . 



File View Plot Options 

C624VIEW Version 2.0, Graphics Data: 
Number of p-y curves: NumPYcurve = 0 
Number of load-response curves: NumCurves = 0 
Number of point on load-response curves: Npts = 0 
Units are Pounds & Inches 
p-y Curves selected for viewing 

Response Curves selected for viewing 

212416 bytes available 
Largest block contains 212416 bytes 

The graphics data file is D:PLOTDATA 

Alt-X Exit 
Press Command Key: [ALT] [XI . 



Af te r  t h e  HP-GL-plot f i l e s  have been c rea t ed ,  t h e  user  can 

e x i t  (Alt-x) t o  DOS and use t h e  following DOS commands t o  ge t  hard 

copies from t h e  HP-plotter.  

C : >  MODE COM1:9600,N,7,1,P <CR> 
(For DOS 4.01 o r  higher ,  using t h e  following 

MODE COM1:9600,N,7,1,B <CR>) 

C : > P r i n t  (HP-GL File-Name) <CR> 

Some parameters  used i n  t h e  Mode command may vary with t h e  

set-up of t h e  hardware. The use r  should r e f e r  t o  t h e  DOS Manual 

f o r  proper  changes. 

The Options s e l e c t i o n  of t h e  Main Menu i s  used f o r  s eve ra l  

op t ions  r e l a t i n g  t o  t h e  d i s p l a y  of d a t a  on t h e  screen.  The user  

can move t h e  c u r s o r  t o  "Options" followed by t h e  <Enter> key t o  

open t h e  f i r s t  window as shown below. 

File View Plot options 

Optional Plotting Control Values - Screen 1 of 2 
Symbol plotting increment.................... 
Upper y-value for p-y curves (in)............ 
Limiting depth for response curve plots (in). 
Plotter X-coordinate for origin (in)......... 
Plotter Y-coordinate for origin (in)......... 
Plotter X-axis length (in)................... 
Plotter Y-axis length (in)................... 

Symbol plotting increment is 0 for no symbols, 1 for every symbol, 2 for 
every 2nd point, 3 for every 3rd point, and so on. 

A 3:DEP:Num 6.OOOOOOOOOOE+02 L : Move Cell - 3 : Help - F2 : Edit Cell - F8 : Continue 
Alt-X Exit 



The f i rs t  o p t i o n a l  v a l u e  i s  t h e  increment  used t o  mark i n d i v i d u a l  

d a t a  sets  w i t h  un ique  symbols.  Any v a l u e  o f  increment  may be 

used, i n c l u d i n g  ze ro  f o r  no symbols a t  a l l .  A legend d e f i n i n g  t h e  

symbols used by UPVIEW i s  d i s p l a y e d  on each graph.  

The second o p t i o n a l  v a l u e  i s  t h e  v a l u e  of  d e p t h  below which 

no response  of t h e  p i l e  i s  d i s p l a y e d .  The program w i l l  normal ly  

a l low t h e  u s e r  t o  view t h e  curves  showing t h e  response  of t h e  p i l e  

o v e r  t h e  f u l l  l e n g t h  o f  t h e  p i l e .  By s e t t i n g  t h e  l e n g t h  t o  

something less t h a n  t h e  f u l l  l e n g t h  of  t h e  p i l e ,  t h e  u s e r  may zoom 

i n  on t h e  a r e a  where t h e  response  i s  most o f t e n  c r i t i c a l .  

The t h i r d  o p t i o n a l  v a l u e  i s  t h e  y-value above which no p-y 

d a t a  a r e  d i s p l a y e d .  Th i s  a l lows  t h e  u s e r  t o  zoom i n  on t h e  p-y 

v a l u e s  n e a r  t h e  o r i g i n  t o  examine t h e  i n i t i a l  s t i f f n e s s  of t h e  p-y 

c u r v e s .  The o t h e r  o p t i o n s  a r e  f o r  t h e  format  used  by t h e  pen 

p l o t t e r .  The most impor tant  o p t i o n  shown on t h e  second window is  

t h e  s e l e c t i o n  of  a  p r i n t i n g  d e v i c e .  The p r i n t e r  may a l r e a d y  be 

s p e c i f i e d  i n  t h e  c o n f i g u r a t i o n  f i l e ;  however, t h e  u s e r  may make a  

change h e r e .  The code f o r  p r i n t e r s  must b e  set b e f o r e  t h e  

command f o r  "screen dumpw can be s e n t .  

File View Plot Options 

1 1 
I Optional Plotting Control Values - Screen 2 of 2 I 

Axis Title Character Size (in) .............. 0.15000 
Plotting Symbol Size (in) ................... 0.15000 
Plotter Pen Number for Axis Titles .......... 1 
Plotter Pen Number for Axis and Borders ..... 1 
Plotter Pen Number for Data Line & Symbols .. 1 
Type of Printer Used for Screen Dump ........ 2 
Codes for printers: 1 = Epson MX, FX 

2 = Epson LQ 
3 = Toshiba 24-pin 
4 = HP LaserJet and DeskJet 
5 = HP InkJet 
6 = IBM Proprinter 
7 = IBM Proprinter24. 

All printer output is sent to LPT1. 
To redirect LPTl to COMl use the DOS MODE command. 

, L : Move Cell - ? : Help - F2 : Edit Cell - FB : Continue 
Alt-X Exit 

1 



CHAPTER 4 .  INPUT INFORMATION AND DATA STRUCTURE 

INTRODUCTION 

A u s e r - f r i e n d l y ,  menu- input ,  p r e p r o c e s s o r  C624EDIT w a s  

deve loped  t o  create and e d i t  i n p u t  d a t a  f o r  t h e  computer program 

COM624P. C624EDIT i s  a f u l l - s c r e e n  e d i t o r  and  h a s  a n  o p t i o n  t o  

save  and r e t r i e v e  d a t a  f i l e s .  

The u s e r  can  a l s o  p r e p a r e  an  i n p u t  f i l e  by f o l l o w i n g  t h e  

l i n e - b y - l i n e  i n p u t  g u i d e  w i t h  any  a v a i l a b l e  t e x t  e d i t o r .  The 

s t r u c t u r e  o f  i n p u t  d a t a  i s  p r e s e n t e d  i n  t h i s  c h a p t e r .  I t  s h o u l d  

b e  n o t e d  t h a t  a l l  t h e  d a t a  e n t r y  i s  f r e e - f i e l d  f o r m a t  w i t h  a 
maximum o f  80 c h a r a c t e r s  p e r  l i n e .  There fo re ,  numer ica l  data may 

b e  e n t e r e d  i n  f i x e d ,  f l o a t i n g - p o i n t ,  o r  e x p o n e n t i a l  fo rma t  as 

d e s i r e d .  A b l a n k  space  i s  needed t o  s e p a r a t e  two v a r i a b l e s  i n  t h e  

same l i n e .  The sequence  of  t h e  l i n e - b y - l i n e  i n p u t  f o r m a t  i s  
p r e s e n t e d  i n  Appendix A.  

GENERAL REMARKS 

Data i n p u t  is  based  on a c o o r d i n a t e  sys tem i n  which t h e  p i l e  

head  ( t o p  o f  p i l e )  i s  t h e  o r i g i n  and  t h e  p o s i t i v e  x - d i r e c t i o n  i s  
downward ( F i g .  4 . 1 )  . The g round  s u r f  ace n e e d  n o t  be a t  t h e  

e l e v a t i o n  o f  t h e  p i l e  head .  S i g n  c o n v e n t i o n s  are shown i n  F i g .  

4 .2 .  

Any c o n v e n i e n t  and  c o n s i s t e n t  u n i t s  o f  f o r c e  and  l e n g t h  can  

be u s e d .  T h e  program i s  set up t o  l a b e l  t h e  o u t p u t  i n  one  of  

t h r e e  ways. 

1. The u s e r  can  d e s i g n a t e  t h a t  E n g l i s h  u n i t s  o f  i n c h e s  and  

pounds w i l l  b e  used,  and  o u t p u t  w i l l  b e  l a b e l e d  a c c o r d i n g l y .  



Figure 4 . 1 .  Coordinate system. 



Lood Shear Moment Slope 
Diagram 

Oef lection 
Diagram Dia gmm Diagram Diagram 

Posi t ive Positive Positive Positive Positive 
Load Shear Moment Slope Deflection 

Figure 4 . 2 .  Sign conventions. 



2 .  The u s e r  can  s p e c i f y  t h a t  S I  u n i t s  of  k i lonewtons  and 

me te r s  w i l l  b e  used, and o u t p u t  w i l l  be  l a b e l e d  a c c o r d i n g l y .  

3 .  The u s e r  c a n  u s e  any  o t h e r  c o n s i s t e n t  u n i t s  ( t h e  

computer does  n o t  need  t o  know which o n e s )  o f  f o r c e  and  l e n g t h ,  

and o u t p u t  w i l l  b e  l a b e l e d  i n  t e r m s  o f  f o r c e s  and l e n g t h s  (F and 

L) 

S e v e r a l  d e f a u l t  v a l u e s  may b e  used  i n  d a t a  i n p u t .  Where t h e  

u s e r  d e s i r e s  t o  u s e  a d e f a u l t  v a l u e ,  t h e  i n p u t  s h o u l d  b e  l e f t  

b l ank  f o r  t h e  r e l e v a n t  v a r i a b l e .  

( I n  t h i s  s e c t i o n ,  t h e  symbol "0" d e n o t e s  a  c a p i t a l  l e t t e r  0; 
t h e  symbol "0" d e n o t e s  t h e  number z e r o . )  

The f o l l o w i n g  s t e p s  a r e  recommended f o r  p r e p a r a t i o n  o f  i n p u t  
o f  d a t a .  

1. Decide which u n i t s  w i l l  be  used f o r  f o r c e  and l e n g t h .  

2 .  Decide i n t o  how many i n c r e m e n t s  t h e  p i l e  i s  t o  be 

d i v i d e d .  Up t o  300 inc remen t s  are a l lowed .  Be  s u r e  t o  s a t i s f y  

y o u r s e l f  t h a t  an a d e q u a t e  number o f  inc remen t s  have been used  t o  

o b t a i n  a s a t i s f a c t o r y  s o l u t i o n .  Some t r i a l s  w i l l  be h e l p f u l  as 

d i s c u s s e d  i n  P a r t  I1 on v e r i f i c a t i o n  o f  r e s u l t s .  

3 .  Decide whether  p-y c u r v e s  w i l l  b e  i n p u t  o r  whether  t h e y  

w i l l  be g e n e r a t e d  i n t e r n a l l y .  I f  t h e y  are t o  be i n p u t ,  p i c k  t h e  

d e p t h  f o r  e a c h  c u r v e ,  p i c k  t h e  number o f  p o i n t s  t o  b e  i n p u t  f o r  

e a c h  d e p t h ,  a n d  t a b u l a t e  t h e  d a t a .  Up t o  30 p-y c u r v e s  are 

a l lowed .  



4 .  I f  p-y curves a re  t o  be generated in te rna l ly ,  divide the  

s o i l  p r o f i l e  i n t o  from one t o  .nine layers ;  decide which of t h e  

following p-y c r i t e r i a  w i l l  be used f o r  each layer:  

Matlock's (1970) c r i t e r i a  f o r  s o f t  clay; 

Reese e t  a 1 . I ~  (1975) c r i t e r i a  f o r  s t i f f  c lay below 
t h e  water tab le ;  

Welch and Reesets (1972)  c r i t e r i a  fo r  s t i f f  clay above 
the  water tab le ;  

Reese e t  a l . ' s  ( 1 9 7 4 )  c r i t e r i a  f o r  sand; and/or 

Reese and Nymants (1978) c r i t e r i a  fo r  limestone. 

Estimate undrained shear  s t r e n g t h  c and s t r a i n  a t  50 percent  
s t r e s s  l e v e l  E 5 0  f o r  c l ay  layers ;  es t imate t h e  angle of i n t e r n a l  

f r i c t i o n  $ f o r  sand; and estimate t h e  slope k of a p lo t  of maximum 

s o i l  modulus E, versus depth x  f o r  a l l  s t r a t a .  Be sure t o  read t h e  

background on any c r i t e r i a  t h a t  a r e  used so t h a t  t h e i r  bas i s  and 

l imi ta t ions  a r e  thoroughly understood. 

5 .  Selec t  t h e  length of t h e  p i l e ,  t he  modulus of e l a s t i c i t y  

of t h e  p i l e  ma te r i a l ,  and t h e  x-coordinate of t h e  ground surface 

(x  i s  equal t o  zero a t  the  top  of t h e  p i l e ) .  

6 .  Divide t h e  p i l e  i n t o  from one t o  10 segments with 

uniform c r o s s - s e c t i o n .  For each segment, t a b u l a t e  t h e  x- 

coordinate of t h e  top  of t h e  segment, t h e  diameter of t h e  segment, 

t h e  moment of i n e r t i a ,  and t h e  p i l e  cross-section area .  

7 .  I f  t h e r e  a r e  any d i s t r i b u t e d  l a t e r a l  loads on t h e  p i l e ,  
t a b u l a t e  up t o  1 0  p o i n t s  on a  p l o t  of d i s t r i b u t e d  load versus 

depth below top  of p i l e .  



8 .  Tabulate  up t o  1 0  p o i n t s  on a p l o t  of e f f e c t i v e  u n i t  

weight of s o i l  versus  depth.  This s t e p  is  not necessary if no p-y 

curves a r e  generated i n t e r n a l l y .  

9 .  Tabulate up t o  10 p o i n t s  on p l o t s  of C, 4, and &so versus 

x .  Skip t h i s  s t e p  i f  no p-y curves w i l l  be generated i n t e r n a l l y .  

10 .  I f  p-y curves  are generated i n t e r n a l l y  i n  t h e  program, 

t a b u l a t e  any dep ths  for which p-y curves  a r e  t o  be p r i n t e d .  

O r d i n a r i l y ,  a f e w  c u r v e s  a r e  p r i n t e d  f o r  t h e  purpose of 

v e r i f i c a t i o n .  

11. Determine t h e  l oads  t o  be a p p l i e d  t o  t h e  t o p  of t h e  

p i l e  : 

A.  l a t e r a l  load a t  p i l e  head o r  l a t e r a l  de f l ec t ion  a t  
p i l e  head; 

B .  second boundary condi t ion a t  p i l e  head, which can 
be e i t h e r ,  

i. moment (Q), 

ii. s lope  (St), 

iii. r o t a t i o n a l  r e s t r a i n t  (%/St) ; and 

C .  a x i a l  load  (assumed t o  be uniform over f u l l  length 
of p i l e ) .  

Up t o  20 load ing  combinations can be input  f o r  each problem, 

e .g . ,  t o  genera te  a load-def lect ion curve. 



SELECTION OF BOUNDARY CONDITIONS AT PILE HEAD 

F o u r  t y p e s  o f  boundary  c o n d i t i o n s  f o r  t h e  p i l e - h e a d  
c o n n e c t i o n  a r e  implemented  i n  Program COM624P. These  a r e  

d e s i g n a t e d  a s  Cases 1 t h r o u g h  4 .  The d e t a i l e d  i n f o r m a t i o n  f o r  

modeling t h e s e  boundary c o n d i t i o n s  i s  described i n  Chap te r  2 of 

P a r t  I1 of  t h i s  manual. 

1 - Pile fIead is F r g e m c = l L  

The l a t e r a l  l o a d  ( P t ) ,  t h e  bending moment ( M t ) ,  and t h e  a x i a l  

l o a d  (P,) a t  t h e  t o p  of  t h e  p i l e  a r e  known. No r o t a t i o n a l  

r e s t r a i n t  w i l l  be provided by t h e  s u p e r s t r u c t u r e ,  and t h e  r o t a t i o n  

a t  t h e  t o p  o f  t h e  p i l e  w i l l  depend o n l y  on t h e  f l e x u r a l  r i g i d i t y  

of  t h e  p i l e  i t s e l f .  I f  t h e  above c o n d i t i o n s  a r e  m e t ,  t h e  u s e r  can 

select t h i s  boundary c o n d i t i o n  f o r  a n a l y s i s .  A t y p i c a l  example i s  

a  p i l e  t h a t  i s  used t o  suppor t  an overhead s i g n .  

F r e q u e n t l y ,  t h e  p i l e  head i s  embedded i n t o  a  m o n o l i t h i c  

r e i n f o r c e d - c o n c r e t e  cap .  Conceptual ly ,  i f  t h e  f l e x u r a l  r i g i d i t y  

of t h e  p i l e  c a p  i s  much s t r o n g e r  t h a n  t h a t  of  a  connected  p i l e ,  

t h e  r o t a t i o n  a n g l e  between t h e  p i l e  head and t h e  m o n o l i t h i c  cap  is  

unchanged w i t h  o r  wi thou t  l a t e r a l  bending.  For  such a c a s e ,  t h e  

p i l e - h e a d  c o n n e c t i o n  i s  d e f i n e d  a s  c o m p l e t e l y  f i x e d  a n d  t h e  

r o t a t i o n  o f  t h e  p i l e  head w i t h i n  t h e  m o n o l i t h i c  c o n c r e t e  c a p  i s  
assumed t o  be ze ro ,  i n  which c a s e  t h e  s l o p e  ( S t )  i s  set t o  ze ro .  

However, i f  a s m a l l  r o t a t i o n  a t  t h e  p i l e - h e a d  c o n n e c t i o n  i s  

a l l o w e d ,  t h e  u s e r  can  s p e c i f y  t h e  s l o p e  ( i n  r a d i u s )  f o r  t h e  

c o m p u t a t i o n .  To a p p l y  t h e  boundary c o n d i t i o n  i n  Case 2,  t h e  
la tera l  l o a d  (Pt) , t h e  s l o p e  o r  r o t a t i o n  (St) a t  t h e  p i l e  head, and 

t h e  a x i a l  l o a d  (P,) shou ld  be g iven .  



The connect ion  between t h e  p i l e  and t h e  s u p e r s t r u c t u r e ,  such 

a s  a  s teel  frame, may n o t  be  always a  p e r f e c t l y  r i g i d  j o i n t .  If 

t h e  magnitude of  t h e  r e s t r a i n t  between t h e  p i l e  and s u p e r s t r u c t u r e  

can  be estimated, and can be f u r t h e r  expressed  w i t h  a f u n c t i o n  of 
Mt/St ( M t  and St are t h e  bending moment and t h e  s l o p e  a n g l e  a t  t h e  

p i l e  head,  r e s p e c t i v e l y ) ,  t h e  e l a s t i c a l l y - r e s t r a i n e d  boundary  

c o n d i t i o n  can  be  selected f o r  use  i n  Program COM624P. The elast ic  
r e s t r a i n t  Mt/St i s  l a r g e l y  a f f e c t e d  by t h e  s t i f f n e s s  of  

s u p e r s t r u c t u r e s .  The s u p e r s t r u c t u r e s  a r e  d i f f e r e n t  i n  many ways; 

t h e r e f o r e ,  t h e  e last ic  r e s t r a i n t  a t  each j o i n t  needs t o  be s t u d i e d  

by u s i n g  a sound s t r u c t u r a l  t h e o r y .  If t h e r e  i s  a n o n l i n e a r  
r e l a t i o n s h i p  be tween M t  and St ,  i t e r a t i o n  may be r e q u i r e d  t o  

a c h i e v e  c o m p a t i b i l i t y .  To a p p l y  t h i s  boundary c o n d i t i o n ,  t h e  
l a t e r a l  l o a d  ( P t ) ,  t h e  e l a s t i c  r e s t r a i n t  (Mt/St), and t h e  a x i a l  

l o a d  ( P x ) ,  a t  t h e  t o p  o f  t h e  p i l e  must be known. 

If t h e  p i l e -head  d e f l e c t i o n  ( y t ) ,  t h e  bending moment ( M t ) ,  and 

t h e  a x i a l  load (P,) a t  t h e  t o p  of  t h e  p i l e  are given,  t h e n  the u s e r  

can u s e  t h e  boundary c o n d i t i o n s  i n  Case 4 f o r  computa t ion .  The 

d e f l e c t i o n  o f  t h e  p i l e  head can be r e s t r a i n e d  i n  e i t h e r  d i r e c t i o n .  

The r e a c t i o n  f o r c e  a t  t h e  p i l e  head ( r e s t r a i n e d  p o i n t )  w i l l  be one 

of t h e  o u t p u t s  of t h e  program. T h i s  boundary c o n d i t i o n  c a n  b e  

a p p l i e d  t o  p i l e s  which suppor t  a  b r i d g e  abutment t h a t  has z e r o  o r  

a  v e r y  s m a l l  a l l o w a b l e  movement. 

ITERATIONS OF COMPUTATIONS USING CRACXED/UNCRACICED EI 
GENERATED INTERNALLY BY SUBROUTINE PMEIX 

A new f e a t u r e  o f  t h e  second v e r s i o n  o f  Program COM624P i s  
t h a t  t h e  program w i l l  u s e  a more r i g o r o u s  approach t o  c o n t r o l  t h e  



u s e  of  c racked  and uncracked E I  v a l u e s  d u r i n g  computa t ion .  The 

s u b r o u t i n e  PMEIX w i l l  compute t h e  u l t i m a t e  bending moment f o r  t h e  

selected s e c t i o n .  For  r e i n f o r c e d  c o n c r e t e  s e c t i o n s ,  it w i l l  

compute t h e  E I  v a l u e s  f o r  uncracked s e c t i o n s  and  f o r  c r a c k e d  

s e c t i o n s .  The u s e r  can manually i n p u t  d i f f e r e n t  E I  v a l u e s  f o r  

s e v e r a l  s e c t i o n s  a f t e r  examining t h e  computer c u r v e  f o r  bending 

moment and f i n d i n g  t h e  l e n g t h  over  which t h e  moment d i s t r i b u t i o n  

t o  t h e  c r a c k e d - s e c t i o n  c o n d i t i o n s  w i l l  e x i s t .  Two o r  t h r e e  

i t e r a t i o n s  may be r e q u i r e d  t o  a c h i e v e  s a t i s f a c t o r y  r e s u l t s .  

Program COM624P p r o v i d e s  a n  o p t i o n  f o r  t h e  u s e r  t o  r e q u e s t  t h e  

computer  t o  se lec t  v a l u e s  o f  EI i n t e r n a l l y  f o r  c r a c k e d  o r  
uncracked s e c t i o n s  f o r  use  i n  t h e  i t e r a t i o n s .  

F i g u r e  4 . 3  shows t h e  v a r i a t i o n  o f  b e n d i n g  moment a n d  

a s s o c i a t e d  cracked/uncracked E I  v a l u e s .  A s  it may be seen,  o n l y  

t h e  upper p o r t i o n  o f  t h e  p i l e  w i l l  be s u b j e c t e d  t o  a  l a r g e  moment. 

Because t h e  upper p o r t i o n  o f  t h e  p i l e  needs g r e a t e r  s t i f f n e s s ,  t h e  

r e i n f o r c i n g  steel can be enhanced o n l y  f o r  t h a t  p o r t i o n  i n  o r d e r  
t o  reduce  t h e  p i l e  d e f l e c t i o n .  
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Figure 4 . 3 .  Bending moment and f l e x u r a l  r i g i d i t y  
versus  depth f o r  a l a t e r a l l y - l o a d e d  p i l e .  



CHAPTER 5. E W L E  STUDIES 

INTRODUCTION 

This  c h a p t e r  p r e s e n t s  s i x  examples t h a t  were s t u d i e d  by u s e  

of COM624P. The f i r s t  example i s  f o r  a  14HP89 steel p i l e  embedded 

i n  a  s i n g l e - l a y e r  d e p o s i t .  The s e c o n d  example i s  f o r  a  

r e i n f o r c e d - c o n c r e t e  p i l e  embedded i n  a  m u l t i - l a y e r  d e p o s i t .  The 

t h i r d  example i s  f o r  a  p i l e  embedded i n  a  s l o p i n g  abutment .  The 

f o u r t h  example i s  t o  i l l u s t r a t e  t h e  use  of  p-y curves  e n t e r e d  by 

t h e  u s e r .  Examples 5 and 6 a r e  inc luded  t o  i l l u s t r a t e  t h e  c a s e s  

i n  which t h e  u l t i m a t e  bending moment and d e s i g n  of  r e in fo rcement  

a r e  r e q u i r e d .  

The examples t h a t  f o l l o w  a r e  i n t e n d e d  t o  d e m o n s t r a t e  t h e  

c a p a b i l i t y  of t h e  computer program and a r e  n o t  i n t e n d e d  t o  be a 

comple te  p r e s e n t a t i o n  o f  t h e  d e s i g n  p r o c e s s .  The p u b l i c a t i o n  

(FHWA-IP-84-11) e n t i t l e d  "Handbook on Design of  P i l e s  and D r i l l e d  

S h a f t s  under  L a t e r a l  Loadt1 i s  h i g h l y  recommended f o r  e n g i n e e r s  

s e e k i n g  g u i d e l i n e s  f o r  d e s i g n .  There a r e  a  number of  f a c t o r s  t h a t  

must b e  c o n s i d e r e d  i n  d e s i g n  b e f o r e  a n d  a f t e r  t h e  computer  

e x e c u t i o n .  

A g e n e r a l  p r o c e d u r e  on p r o p e r  u s e  o f  t h e  program was 

developed by C h r i s t o p h e r  Dumas of  FHWA d u r i n g  t h e  d e s i g n  review 

and a n a l y s i s  o f  a  c a s e  s t u d y  f o r  p i l e - s u p p o r t e d  abutment .  The 

g u i d e l i n e s  and p rocedures  a r e  p r e s e n t e d  i n  Appendix B. 

The program g i v e s  ou tpu t  a s  fo l lows :  

Echo-print  o f  i n p u t  d a t a ,  

Generated p-y curves ,  



L i s t i n g  of  p i l e  d e f l e c t i o n ,  bending  moment, s h e a r ,  
s o i l  r e s i s t a n c e ,  and  f l e x u r a l  r i g i d i t y  a l o n g  
t h e  l e n g t h  o f  t h e  p i l e ,  

Summary r e s u l t s  o f  p i l e - h e a d  d e f l e c t i o n ,  maximum 
bending  moment, and  maximum s h e a r  force fo r  
v a r i o u s  l o a d i n g  c o n d i t i o n s ,  and  

L i s t i n g  o f  bending  moment, E I ,  n e u t r a l  a x i s ,  and  
c o n c r e t e  s t r a i n  a t  e a c h  c u r v a t u r e .  

From t h e  v a r i e t y  o f  o u t p u t  t h a t  can  be g e n e r a t e d ,  t h e  u s e r  s h o u l d  

be a b l e  t o  g e t  a l l  t h e  needed i n f o r m a t i o n  on t h e  r e s p o n s e  of a 

p i l e .  



EXAMPLE 1, P I L E S  I N  A SINGLE LAYER OF SOIL 

A 14HP89 H-pi le  i s  used  f o r  t h e  f o u n d a t i o n  of  a b r i d g e  

abutment .  The wid th  of t h e  steel s e c t i o n  i s  14 .7  i n  and  t h e  

l e n g t h  o f  t h e  p i l e  i s  25 f e e t .  The s o i l  d e p o s i t  i s  a uni form 

s t i f f  c l a y  above t h e  water  t a b l e .  The undra ined cohes ive  s t r e n g t h  

i s  1 4  l b / s q  i n ,  t h e  t o t a l  u n i t  weight i s  0.069 l b / c u  i n ,  and t h e  
Ego i s  0 .007 .  The v a l u e  o f  s o i l  modulus ( k )  i s  assumed f o r  

400 / lb /cu  i n c h .  The u s e r  can e s t i m a t e  t h e  v a l u e  of  k based On 

Table 3 . 2  i n  P a r t  I1 of t h i s  manual i f  k-values were n o t  measured 

f o r  s o i l s .  The a x i a l  l o a d  i s  39 k i p s  and l a t e r a l  l o a d s  a t  t h e  

p i l e  head a r e  40 k i p s  and 20 k i p s  r e s p e c t i v e l y .  The p i l e  head is  

assumed t o  be f r e e  t o  r o t a t e .  

T h i s  example was used by t h e  Design Handbook (FHWA-IP-84-11) 

i n  S e c t i o n  3 .5 ,  Page 75.  I n  r e g a r d  t o  t h e  a s p e c t s  o f  d e s i g n ,  

thorough d i s c u s s i o n s  have been g iven i n  t h e  handbook. The u s e r s  

a r e  encouraged t o  r e a d  t h a t  s e c t i o n .  The s t r o n g  a x i s  of  t h e  p i l e  
(I, - 904 i n s )  w i l l  be u s e d  t o  resist t h e  l a t e r a l  l o a d .  

T h e r e f o r e ,  t h e  w i d t h  (14 .7  i n )  of  t h e  f l a n g e  was used  a s  t h e  

e q u i v a l e n t  d iamete r  f o r  t h e  i n p u t  r e q u i r e d  by Program COM624P. 

The i n p u t  f i l e  c r e a t e d  by C624EDIT is  p r e s e n t e d  on t h e  n e x t  

page f o l l o w e d  by a l i s t i n g  o f  t h e  o u t p u t  d a t a .  The computed 

maximum bending moment on t h e  p i l e  i s  less t h a n  t h e  y i e l d  moment 

(5.84 x l o 3  in -k ip )  o f  t h e  s e c t i o n .  I n  t h i s  example t h e  u s e r  can 

i n c r e a s e  t h e  l a t e r a l  l o a d  u n t i l  t h e  u l t i m a t e  bending moment i s  

6 reached.  The s e r v i c e  l o a d  can b e  s e l e c t e d  by d i v i d i n g  t h e  maximum 

l a t e r a l  l o a d ,  which c r e a t e s  t h e  u l t i m a t e  bending moment, w i t h  a 

l o a d  f a c t o r .  The l o a d  f a c t o r  can b e  2 t o  2 . 5  depending on t h e  

impor tance  o f  t h e  s t r u c t u r e .  The d e f l e c t i o n  under  t h e  s e r v i c e  

l o a d  a l s o  needs  t o  be  s a t i s f i e d  by t h e  des ign  s p e c i f i c a t i o n s .  The 

g r a p h i c s  d i s p l a y  o f  p-y c u r v e s ,  p i l e - d e f l e c t i o n  c u r v e s ,  and  

bending moment cu rves  a r e  a l s o  p r e s e n t e d  f o r  v e r i f i c a t i o n .  



The input and output data a re  shown i n  t h e  following pages. 



INPUT SCREENS FOR EXAMPLE 1 





~ i l e  Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult Option - 

Directory 
Change dir 
Quit to DOS 



File ~nalysis+ Mult Option 
1 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it my not be needed 
for most computer systems. 



File Analysis Mu1 t Option 

Title - 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

- 
File Analysis Mu1 t Option EXAMPLE.IN1 

I 

I Enter title for this data file (up to 72 characters long) 

EXAMPLE 1 PILES IN A SINGLE LAYER OF SOIL 

A 1:DEF:Lab EXAMPLE 1 PILES IN A SINGLE LAYER OF SOIL 

I : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mu1 t Option 

Title 
Pile Properties4 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu - 

File Analysis Mu1 t Option EXAMPLE. IN1 

Editing Pile Dimensions 

..................... Number of increments ( c=  300) 120 
Distance from top of pile to ground surface - inches 0.0 
Length of pile .............................. inches 300.00 
Pile modulus ................................ psi 29000000 ................. Slope of ground surface (degrees) 0.0000 

- 

A 1:DEF:Num L 120 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mu1 t Option EXAMPLE.IN1 

Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inches1 
1 0.00 14.700 904.0000 26.1000 
2 
3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

L : Move Cell-? : Help- / : Edit Screen----- F8 : Continue A 
F1-Help Alt-X-Exit 

File Analysis Mult option 

Title 
Pile Properties 
Soil Properties4 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE.IN1 

I Editing Soil Layer Information 

~ayer Criteria X-top X-bot k 
# # inches inches lb/in3 
1 3 0.00 360.00 400.00 
2 
3 
4 
5 
6 
7 
8 
9 
10 

p-y Curve Criteria 
41 = Soft Clay Criteria #3 = Stiff Clay Above Watertable 
# 2  = Stiff Clay Below Watertable #4 = Sand 
#5 = Interp. Between Input Curves #6 = Vuggy Limestone 

L : Move Cell - 7 : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE.IN1 

I 
I Editing Effective Unit Weight Information 

Point 
# 
1 
2 
3 

Depth 
inches 
0.00 

360.00 

Unit Weight 
lb/in3 
0.069 
0.069 

I : Move Cell - 7 : Help - / : Edit Screen---- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE. IN1 

Editing Shear Strength Information 

Layer Depth c (0 ESO 
# inches psi deg . e 50% of c 

: Move Cell - ? : Help - I : Edit Scree- I?* : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading4 
Computation Control 
Output Tables 
Main Menu 

+ . 



File Analysis Mult Option EXAMPLE.IN1 

Editing Loading Information 

............... Distributed lateral loading (y/n) ? n 
Is loading cyclic (y/n) ? ......................... n ..................... Boundary condition code (KBC) 1 

KBC = 1 for shear and moment 
KBC = 2 for shear and slope 

! KBC = 3 for shear and rotational restraint 
KBC = 4 for deflection and moment 

L : Move Cell-? : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

File Analysis Mu1 t Option 

Editing Pile-head Loading 

KOP Shear 
pounds 

1 20000.00 
1 40000.00 

Moment Axial Load 
in-lbs pounds 

0.000 39000.00 
0.000 39000.00 

I KOP=O if only a sumnary output for this load is to be printed 
=l if complete output is desired for this load 

L : Move Cell-? : Help- / : Edit S c r e e n F 8  : Continue '-- 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control4 
Output Tables 
Main Menu 

File Analysis Mult Option EXAMPLE. IN1 

Maximum number of iterations allowed for analysis 100 
Tolerance on solution convergence, inches : 0.000010 
Value of deflection considered to be excessive, inches : 147.0000 
Computation using internal-generated crackedluncracked EI: N 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 4 
Main Menu 

A 

File Analysis Mult Option EXAMPLE. IN1 

Output Printing Options 

I *** Lateral Load Analysis *** 

Printing Increment (1 for every node, 2 for every other node, etc) 2 
Print deflection, moment, shear over full length of pile (y/n) Y 
Print p-y curves for verification Y 

- : Move Cell - 7 : Help - / : Edit Screen- F8 : Continue 
Alt-X-Exit 

d 
F1-Help 



File Analysis Mult Option EXAMPLE. IN1 

1 
Enter depths for which p-y curves are to be calculated for verification: 

Point Depth inches 

: MOM Cell - ? : Help - I : Edit Scmn- 1 8  : Continue 
F1-Help Alt-X-Exit 

I 

File Analysis Mult Opt ion 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File 
-- -- 

Analysis Mu1 t Option 

Write 
Directory 
Change dir 
Quit to DOS 
Main Menu 

File Analysis Mult Option EXAMPLE. IN1 

Save File Name 
EXAMPLE.IN1 I 

Quit to W S  



OUTPUT RESULTS FOR EXAMPLE 1 





EXAMPLE 1 PILES IN A SINGLE LAYER OF SOIL 

UNITS--ENGL 

............................................................. 
PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE ............................................................. 

I N P U T  I N F O R M A T I O N  ................................. 

THE LOADING IS STATIC 

PILE GEOMETRY AND PROPERTIES 

PILE LENGTH - - 300.00 IN 
MODULUS OF ELASTICITY OF PILE = .290E+05 KIP/IN**2 

1 SECTION(S) 

X DIAMETER MOMENT OF AREA 
INERTIA 

IN IN IN**4 IN**2 
.oo 

SOILS INFORMATION 

X-COORDINATE AT THE GROUND SURFACE = 

SLOPE ANGLE AT THE GROUND SURFACE - - 
1 LAYER(S) OF SOIL 

.OO IN 

.OO DEG. 

LAYER 1 
THE LAYER IS A STIFF CLAY ABOVE THE WATER TABLE 
X AT THE TOP OF THE LAYER = - .OO IN 
X AT THE BOTTOM OF THE LAYER - 360.00 IN 
VARIATION OF SOIL MODULUS, k = .400E+03 LBS/IN**3 



DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH 
2 POINTS 

X, IN WEIGHT,LBS/IN**3 
.OO .69E-01 

360.00 .69E-01 

DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH 
2 POINTS 

X, IN C,LBS/IN**2 PH1,DEGREES E50 
.OO .140E+02 ,000 .700E-02 

360.00 .140E+02 .OOO .700E-02 

FINITE DIFFERENCE PARAMETERS 
NUMBER OF PILE INCREMENTS - - 120 
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .100E-04 IN 
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = - 100 
MAXIMUM ALLOWABLE DEFLECTION - .15E+03 IN 

INPUT CODES 
OUTPT = 1 
KCYCL = 1 
KBC = 1 
KPYOP = 1 
INC = 2 

EXAMPLE 1 PILES IN A SINGLE LAYER OF SOIL 

O U T P U T  I N F O R M A T I O N  ................................... 

GENERATED P-Y CURVES 

THE NUMBER OF CURVE IS 

THE NUMBER OF POINTS ON EACH CURVE 



DEPTH BELOW GS DI AM C CAVG GAMMA E50 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 
20.00 14.700 .1E+02 .1E+0 2 .7E-01 .700E-02 

Y P 
IN LBS/IN 
.ooo .ooo 
.274 395.168 
.549 469.936 
.823 520.070 

1.098 558.852 
1.372 590.914 
1.646 618.471 
1.921 642.771 
2.195 664.590 
2.470 684.451 
2.744 702.719 
3.018 719.664 
3.293 735.490 
3.567 750.356 
3.842 764.387 
4.116 777.686 
5.145 777.686 

DEPTH BELOW GS DI AM C CAVG GAMMA E5 0 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 
60.00 14.700 .1E+02 .1E+O2 .7E-01 .700E-02 

Y P 
IN LBS / IN 
,000 .ooo 
.274 558.061 
.549 663.650 
.823 734.449 

1.098 789.217 
1.372 834.496 
1.646 873.412 
1.921 907.729 
2.195 938.543 
2.470 966.590 
2.744 992.388 
3.018 1016.318 
3.293 1038.668 
3.567 1059.662 
3.842 1079.477 
4.116 1098.258 
5.145 1098.258 



DEPTH BELOW GS DIAM C CAVG GAMMA E5 0 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 

100.00 14.700 .1E+02 .1E+02 .7E-01 .700E-02 

P 
LBS / IN 

.ooo 
720.954 
857.364 
948.829 
1019.583 
1078.078 
1128.354 
1172.687 
1212.495 
1248.729 
1282.058 
1312.973 
1341.847 
1368.968 
1394.568 
1418.830 
1418.830 

DEPTH BELOW GS DI AM C CAVG GAMMA E5 0 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 

150.00 14.700 .1E+O2 .1E+02 .7E-01 .700E-02 
Y P 
IN LBS/IN 
.ooo ,000 
.274 924.570 
.549 1099.506 
.823 1216.803 

1.098 1307.540 
1.372 1382.555 
1.646 1447.031 
1.921 1503.885 
2.195 1554.936 
2.470 1601.403 
2.744 1644.145 
3.018 1683.791 
3.293 1720.819 
3.567 1755.601 
3.842 1788.430 
4.116 1819.545 
5.145 1819.545 



PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD 
APPLIED MOMENT AT PILE HEAD 
AXIAL LOAD AT PILE HEAD 

X DEFLECTION MOMENT 

IN-KIP ********** 
.000E+00 
.971E+02 
.187E+O3 
.2703+03 
.3453+03 
.4133+03 
.473E+03 
.524E+03 
.5683+03 
.6033+03 
.630E+03 
.649E+03 
.6593+03 
.6613+03 
.6553+03 
.641E+03 
.6193+03 
.589E+O3 
.553E+03 
.5093+03 
.4603+03 
.4053+03 
.3453+03 
.2843+03 
.227E+03 
.1763+03 
.130E+03. 
.8 9 23+0 2 
.546E+02 
.259E+02 
.2873+01 -. 146E+02 - .2673+02 -. 3393+02 - .366E+02 

-.3533+02 -. 306E+02 
- .232E+02 

= .2003+02 KIP 
= .000E+00 IN-KIP 
= .390E+02 KIP 

TOTAL 
STRESS 

LBS/IN**2 ********** 
.1493+04 
.2283+04 
.3023+04 
.369E+04 
.4303+04 
.4853+04 
.5343+04 
.576E+04 
.6113+04 
.6403+04 
.6 6 23+0 4 
.6773+04 
.6853+04 
.687E+04 
.6823+04 
.6703+04 
.6523+04 
.6293+04 
.5993+04 
.564E+04 
.523E+04 
.4793+04 
.4303+04 
.3803+04 
.3343+04 
.2923+04 
.2553+04 
.2223+04 
.194E+04 
.1703+04 
.152E+04 
.161E+04 
.1713+04 
.177E+O4 
.179E+04 
.1783+04 
.174E+04 
.1683+04 

SHEAR SOIL FLEXURAL 
RESIST RIGIDITY 

KIP LBS/IN KIP-IN**2 ********** ********** ********** 
.201E+02 .2673+03 .2623+08 
.1863+02 .279E+03 .2623+08 
.1723+02 .2903+03 .262E+08 
.1573+02 .2993+03 .2623+08 
.1423+02 .3083+03 .2623+08 
.1273+02 .3153+03 .2623+08 
.lllE+02 .321E+03 .262E+08 
.945E+01 .326E+03 .262E+08 
.781E+01 .3303+03 .2623+08 
.615E+01 .3323+03 .2623+08 
.4493+01 .3323+03 .2623+08 
.2833+01 .3323+03 .2623+08 
.118E+01 .329E+03 .2623+08 

-.4563+00 .3253+03 .2623+08 
-.2063+01 .3183+03 .262E+08 
-.364E+01 .310E+03 .2623+08 
-.516E+01 .2993+03 .262E+08 
-.663E+01 .286E+03 .262E+08 
-.802E+01 .270E+03 .262E+08 
-.9323+01 .250E+03 .2623+08 
-.105E+02 .224E+03 .2623+08 
-.115E+02 .1873+03 .2623+08 
-.1233+02 .8053+02 .2623+08 
-.1183+02 -.1763+03 .2623+08 
-.108E+02 -.2053+03 .262E+08 
-.9783+01 -.2213+03 .262E+08 
-.865E+01 -.229E+O3 .262E+08 
-.750E+01 -.2333+03 .2623+08 
-.633E+Ol -.233E+03 .2623+08 
-.517E+01 -.230E+03 .262E+08 
-.404E+01 -.2243+03 .2623+08 
-.295E+Ol -.2143+03 .2623+08 
-.192E+O1 -.1983+03 .262E+08 
-.974E+00 -.1803+03 .2623+08 
-.127E+00 -.1593+03 .262E+08 
.613E+00 -.1363+03 .262E+08 
.123E+01 -.llOE+03 .262E+08 
.1703+01 -.7293+02 .262E+08 



COMPUTED LATERAL FORCE AT PILE HEAD = .20000E+02 KIP 
COMPUTED MOMENT AT PILE HEAD = .00000E+00 IN-KIP 
COMPUTED SLOPE AT PILE HEAD = -.22178E-02 

THE OVERALL MOMENT IMBALANCE = .103E-09 IN-KIP 
THE OVERALL LATERAL FORCE IMBALANCE = .612E-08 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION = .145E+00 IN 
MAXIMUM BENDING MOMENT = .661E+03 IN-KIP 
MAXIMUM TOTAL STRESS = .687E+04 LBS/IN**2 

NO. OF ITERATIONS - - 2 0 
MAXIMUM DEFLECTION ERROR = .949E-05 IN 

-,,---,--- *** -,,,,-,-,- 

PILE LOADING CONDITION 



LATERAL LOAD AT PILE HEAD - - 
APPLIED MOMENT AT PILE HEAD - - 
AXIAL LOAD AT PILE HEAD - - 

X DEFLECTION MOMENT 

IN-KIP ********** 
.000E+00 
.197E+03 
.3833+03 
.5593+03 
.724E+03 
.8783+03 
.102E+04 
.115E+04 
.1273+04 
.1373+04 
.146E+04 
.154E+04 
.161E+04 
.166E+04 
.1703+04 
.1733+04 
.1743+04 
.1743+04 
.1723+04 
.170E+04 
.1663+04 
.1603+04 
.1543+04 
.1463+04 
.1373+04 
.1283+04 
.117E+O4 
.1053+04 
.9253+03 
.798E+03 
.6783+03 
.5653+03 
.4623+03 
.3673+03 
.2823+03 
.2063+03 
.1403+03 
.8223+02 
.3343+02 

TOTAL 
STRESS 

.400E+02 KIP 

.0003+00 IN-KIP 

.390E+02 KIP 

SHEAR 

KIP ********** 
.403E+02 
.3803+02 
.3603+02 
.338E+02 
.3 16E+0 2 
.293E+02 
.2693+02 
.2453+02 
.2203+02 
.195E+02 
.1693+02 
.1433+02 
.1163+02 
.8973+01 
.6303+01 
.3643+01 
.978E+OO -. 166E+01 -. 4283+01 -. 6853+01 -. 9373+01 -. ll8E+02 -. 1423+02 - .1653+02 -. 1873+02 -. 2073+02 - .226E+02 -. 2433+02 -. 2553+02 - ,248Ei-02 -. 2333+02 -. 2163+02 -. 198E+02 -. 1803+02 -. 161E+02 - .1423+02 -. 1243+02 -. 1063+02 -. 889E+01 

SOIL FLEXURAL 
RESIST RIGIDITY 
LBS/IN KIP-IN**2 ********** ********** 
.3853+03 .262E+08 
.4043+03 .2623+08 
.4223+03 .262E+08 
.4383+03 .2623+08 
.454E+03 .262E+08 
.468E+03 .2623+08 
.481E+03 .262E+08 
.4923+03 .2623+08 
.5033+03 .262E+08 
.512E+03 .2623+08 
.519E+03 .262E+08 
.5253+03 .262E+08 
.530E+O3 .2623+08 
.532E+03 .262E+08 
.5333+03 .2623+08 
.5333+03 .2623+08 
.5303+03 .2623+08 
.526E+03 .2623+08 
.5193+03 .2623+08 
.5103+03 .2623+08 
.4993+03 .262E+08 
.4853+03 .2623+08 
.468E+03 .2623+08 
.448E+03 .2623+08 
.4243+03 .2623+08 
.3943+03 .2623+08 
.35SE+03 .262E+O8 
.3013+03 .2623+08 
.176E+O3 .2623+08 

-.2743+03 .2623+08 
-.3273+03 .2623+08 
-.3563+03 .2623+08 
-.3683+03 .2623+08 
-.3733+03 .2623+08 -. 3733+03 .263*+921 
-.3693+03 .262E+O8 
-.3623+03 .2623+08 
-.3523+03 .2623+08 
-.340E+O3 .2623+08 



COMPUTED LATERAL FORCE AT PILE HEAD = .40000E+02 KIP 
COMPUTED MOMENT AT PILE HEAD = .00000E+00 IN-KIP 
COMPUTED SLOPE AT PILE HEAD = -. 745023-02 
THE OVERALL MOMENT IMBALANCE = -.278E-07 IN-KIP 
THE OVERALL LATERAL FORCE IMBALANCE = .563E-06 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION = .6233+00 IN 
MAXIMUM BENDING MOMENT = .174E+04 IN-KIP 
MAXIMUM TOTAL STRESS = .1563+05 LBS/IN**2 

NO. OF ITERATIONS = 27 
MAXIMUM DEFLECTION ERROR t ,8803-05 IN 

S U M M A R Y  T A B L E  ......................... 

LATERAL BOUNDARY AXIAL MAX. MAX. 
LOAD CONDITION LOAD YT ST MOMENT STRESS 
(KIP 1 BC2 (KIP) (IN) (IN/IN) (IN-KIP) (LBS/IN**2 



Depth 

20 inches 
0 60 inches 

A 100 inches 

'1 150 inches 

p-y Curves. 



Pile Deflection vs. Depth. 



Ploment (Inch-Kips) C1000's) 

Bending Moment vs. Depth. 



Shearing Force vs. Depth. 



Soil Reaction vs. Depth. 

Soi 1 k t  ion (PanQ/Ineh) , (1QIY s) 

-0.5 0.0 0.5 1.0 1.5 

3.5 

- .  - .  - .  
........ r ....................... ; ........ ; ........ ; ........ : ........ ; - .  - .  

- ,  ........ ............. -... .... , .......................... - ........ : 
....... ........ ............. - ....... .. .......................... - .. 





EXAMPLE 2, CONCRETE PILES IN LAYERED SOIL WITH 
DISTRIBUTED LOAD 

This  example i s  inc luded  t o  i l l u s t r a t e  a  common c a s e  i n  which 

a 36-in d i a m e t e r ,  r e i n f o r c e d - c o n c r e t e  p i l e  i s  s u b j e c t e d  t o  b o t h  

h o r i z o n t a l  a n d  v e r t i c a l  f o r c e s  a t  t h e  t o p  o f  t h e  p i l e .  

D i s t r i b u t e d  l o a d s  a r e  a l s o  s p e c i f i e d  n e a r  t h e  t o p  p o r t i o n  of t h e  

p i l e .  The s o i l  d e p o s i t  i s  n o t  uniform and, a s  shown i n  F i g .  5.1, 

f i v e  d i f f e r e n t  l a y e r s  a r e  encountered i n  t h i s  example. 

The recommendations f o r  p-y c u r v e s  f o r  l a y e r e d  s o i l s  a r e  

p r e s e n t e d  i n  Chapter  3 of  P a r t  I1 of t h i s  manual. The computer 

w i l l  c a l c u l a t e  t h e  e q u i v a l e n t  t h i c k n e s s  f o r  each  l a y e r .  I f  t h e  

u s e r  wants  t o  check t h e  p-y curves  genera ted  by t h e  computer, t h e  

e q u i v a l e n t  t h i c k n e s s  should  be  t aken  i n t o  account .  The p-y curves  

f o r  r o c k  a t  t h e  f i f t h  l a y e r  were g e n e r a t e d  i n t e r n a l l y  by t h e  

computer. The o n l y  parameter  t h a t  i s  needed f o r  rock i s  t h e  s h e a r  
s t r e n g t h .  The modulus k and &so a r e  o n l y  used  f o r  t h e  i n i t i a l  

c o n d i t i o n .  I t  shou ld  b e  no ted  t h a t  t h e  s h e a r  s t r e n g t h  i s  h a l f  of 

t h e  u n i a x i a l  c o m p r e s s i o n  s t r e n g t h  r e p o r t e d  f o r  most  r o c k  

specimens. 

Layered-so i l  i s  commonly encoun te red  i n  r o u t i n e  d e s i g n .  I t  

s h o u l d  be n o t e d  t h a t  t h e r e  may be some u n c e r t a i n t y  r e g a r d i n g  t h e  

t h e o r y  used  f o r  convers ion  o f  l a y e r e d  s o i l s .  I f  s o i l  l a y e r s  do 

n o t  change t h e i r  n a t u r a l  p r o p e r t i e s  d r a m a t i c a l l y  ( f o r  example, 

sandy l a y e r s  w i t h  d i f f e r i n g  a n g l e s  o f  f r i c t i o n )  t h e n  t h e  best 

approach f o r  modeling t h e  s o i l  response  i s  t o  u s e  a  lower number 

of  l a y e r s .  However, care must be  t a k e n  t o  c h a r a c t e r i z e  i n  d e t a i l  

t h e  s t r e n g t h  v a r i a t i o n  p r o f i l e  i n  t h e  i n p u t  d a t a .  

The i n p u t  and o u t p u t  d a t a  a r e  shown i n  t h e  fo l lowing  pages .  



10 0 kips 

Sand 

S t i f f  Clay 

Pile Length - 500 in. 
Pile Diameter - 36 in. 6 
Modulus of Elasticity = 3.1 X 10 lb/sq in. 

100 in-kip 

Figure 5 . 1 .  Data for Example 2 .  

S t i f f  Clay 

- 

- 
S o f t  Clay 

- 

-.I 

U ?/- 60 Ib/cu ft. 

Limestone 
c = 408,816 lb/sq f t .  

A 
c = 2000 lb/sq ft. 

y = 125 lb/cu ft. 

= 0.005 

60 in. 

- - t 

0 -  30 deg 

1'- 60 lb/cu it. 
120 in. 

- -- f 
c - 800 lb/sq ft. 
./= 60 lb/cu ft. 60 in. 

es0 - 0.02 - - v 

c = 3000 lb/sq ft. 

y =  60 lb/cu ft. 
E =0.005 

5 0 

144 in. 

- - v 



INPUT SCREENS FOR EXAMPLE 2 





~ile+ Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mu1 t Option 

Write 
Directory 
Change dir 
Quit to DOS 
Main Menu 



File Analysis Mult Option 

New Fi le  Name 
EXAMPLE. IN2 

Change dir 
Quit to Dos 

F1-Help Alt-X-Exit 

File Analysis Mult Option 

Directory 
Change dir 
Quit to W S  

& 



File Analysis* Mult Option 

I C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mu1 t Option EXAMPLE. IN2 

Enter title for this data file (up to 72 characters long) 

EXAMPLE 2 CONCRETE PILES IN LAYERED SOIL WITH DISTRIBUTED LOADS 

A 1:DEF:Lab EXAMPLE 2 CONCRETE PILES IN LAYERED SOIL WITH DISTRIBUTED LOADS 

: Move Cell - 7 : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 

...---.. 

File Analysis Mult Option 

Title 
Pile Properties4 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE. IN2 

Editing Pile Dimensions 

Number of increments (<= 300) ..................... 100 
Distance from top of pile to ground surface - inches 20.0 
Length of pile .............................. inches 500.00 
Pile modulus ................................ psi 3100000 
Slope of ground surface (degrees) ................. 0.0000 

- : Move Cell - 7 : Help - I J / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE.IN2 

Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches* * 4 inches2 
1 0.00 36.000 82500.0000 1080.0000 
2 300.00 36.000 61500.0000 1080~0000 
3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

L :Movecell- ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties4 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

File Analysis Mu1 t Option EXAMPLE.IN2 

I Editing Soil Layer Information I 
Layer Criteria X-top X-bot k 

# # inches inches lb/in3 
1 3 20.00 80.00 1000.00 
2 4 80.00 200.00 60.00 
3 1 200.00 260.00 200.00 
4 3 260.00 404.00 1200.00 
5 6 404.00 600.00 2000.00 
6 
7 
8 
9 
10 

p-y Curve Criteria 
tl = Soft Clay Criteria #3 = Stiff Clay Above Watertable 
42 = Stiff Clay Below Watertable t4 = Sand 
15 = Interp. Between Input Curves 16 = Vuggy Limestone 

A 1:DEF:Nm 3 

I : Move Cell - 3 : Help - / : Edit Scree- F8 : Continue A 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE.IN2 

I 
I Editing Effective Unit Weight Infomation 

Point 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth 
inches 
20.00 
80.00 
80.00 
600.00 

Unit Weight 
lb/in3 
0.072 
0.072 
0.035 
0.035 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue I - ,  
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Depth 
inches 

Editing Shear Strength Information 

c (D E50 
psi deg . e 50% of c 

A 1:DEF:Num 20.00000 

Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help ~lt-X-~xit 



File Analysis Mult Option 

File Analysis Mu1 t 

I 

Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading r 
Computation Control 
Output Tables 
Main Menu 

L 

Editing Loading Information 

Distributed lateral loading (y/n) 7 ............... Y 
Is loading cyclic (y/n) 7 ......................... n 
Boundary condition code ( K 8 C )  ..................... 1 

KBC = 1 for shear and moment 
KBC = 2 for shear and slope 
KBC = 3 for shear and rotational restraint 
KBC = 4 for deflection and momcnt 

A 1:DEF:Lab y L : Move Cell - 3 : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

I Editing Distributed Loading on Pile 

Point 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth Loading 
inches pounds/inches 

- : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE. IN2 

Editing Pile-head Loading 

KOP Shear 
pounds 

1 50000.00 

Moment Axial Load 
in-lbs pounds 

100000.000 100000.00 

KOP-0 if only a summary output for this load is to be printed 
=1 if complete output is desired for this load 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control.# 
Output Tables 
Main Menu 

File Analysis Mult option EXAMPLE.IN2 

I 

Maximum number of iterations allowed for analysis 100 
Tolerance on solution convergence, inches : 0.000010 
Value of deflection considered to b@ excessive, inches : 360.0000 
Computation using internal-generated cracked/uncracked EI: N 

L : Move Cell - ?  : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 



File Analysis Mu1 t Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 4 
Main Menu 

File Analysis Mult Option 

Output Printing Options 

*** Lateral Load Analysis *** 
Printing Increment (1 for every node, 2 for every other node, etc) 2 
Print deflection, moment, shear over full length of pile (y/n) Y 
Print p-y curves for verification Y 

A 1:DEF:Num 2 L : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option B:EXAMPLE.INZ 
I i 

( Enter depths for which p-y curves are to be calculated tor verification: 

I Point Depth inches 

- : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1 -Help Alt-X-Exit 

File Analysis Mu1 t -tion 



File Analysis Mult Option 

I C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen, The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The sele tion of the ANALYSIS menu allows the C user to enter required data f r computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
'for most computer systems. 

File Analysis Mu1 t Option 

Directory 
Change dir 
Quit to DOS 



F i l e  Analysis Mult Option B:EXAMPLE.INZ 

Save F i l e  Name 
EXAMPLE.IN2 I 

Main Menu 



OUTPUT RESULTS FOR E%AMPLE: 2 





EXAMPLE 2 CONCRETE PILES IN LAYERED SOIL WITH DISTRIBUTED LOADS 

PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE ............................................................. 

I N P U T  I N F O R M A T I O N  ................................... 

DISTRIBUTED LOAD CURVE 3 POINTS 
X,IN LOAD,LBS/IN 
.OO .500E+02 

10.00 .100E+03 
20.00 .200E+03 

LOADING 

PILE GEOMETRY AND PROPERTIES 

PILE LENGTH - - 500.00 IN 
MODULUSOFELASTICITYOFPILE = .310E+04KfP/IN**2 

2 SECTION(S) 

X DIAMETER MOMENT OF AREA 
INERTIA 

IN IN IN**4 IN* * 2 
.oo 

36.000 .825E+05 .108E+04 
300.00 

36.000 .615E+05 .108E+04 
500.00 

SOILS INFORMATION 

X-COORDINATE AT THE GROUND SURFACE = 



SLOPE ANGLE AT THE GROUND SURFACE = .00 DEG. 

5 LAYER(S) OF SOIL 

LAYER 1 
THE LAYER IS A STIFF CLAY ABOVE THE WATER TABLE 
X AT THE TOP OF THE LAYER - - - 20.00 IN 
X AT THE BOTTOM OF THE LAYER - 80.00 IN 
VARIATION OF SOIL MODULUS, k = .100E+04 LBS/INR*3 

LAYER 2 
THE LAYER IS A SAND 
X AT THE TOP OF THE LAYER - - - 80.00 IN 
X AT THE BOTTOM OF THE LAYER - 200.00 IN 
VARIATION OF SOIL MODULUS, k = .600E+02 LBS/IN**3 

LAYER 3 
THE LAYER IS A SOFT CLAY 
X AT THE TOP OF THE LAYER - - - 200.00 IN 
X AT THE BOTTOM OF THE LAYER - 260.00 IN 
VARIATION OF SOIL MODULUS, k = .200E+03 LBS/IN**3 

LAYER 4 
THE LAYER IS A STIFF CLAY ABOVE THE WATER TABLE 
X AT THE TOP OF THE LAYER - - - 260.00 IN 
X AT THE BOTTOM OF THE LAYER - 404.00 IN 
VARIATION OF SOIL MODULUS, k = .120E+04 LBS/IN**3 

LAYER 5 
THE LAYER IS A ROCK 
X AT THE TOP OF THE LAYER - - - 404.00 IN 
X AT THE BOTTOM OF THE LAYER - 600.00 IN 
VARIATION OF SOIL MODULUS, k = .200E+04 LBS/IN**3 

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH 
4 POINTS 

X,IN WEIGHT,LBS/IN**3 
20.00 .72E-01 
80.00 .72E-01 
80.00 .35E-01 
600.00 .35E-01 

DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH 
10 POINTS 

X, IN C,LBS/IN**2 PH1,DEGREES ESO 
20.00 .1393+02 .OOO .500E-02 
80.00 .139E+02 .OOO -500E-02 
80.00 .000E+00 30.000 ----- 
200.00 .000E+00 30.000 ----- 
200.00 .556E+01 .OOO .200E-01 
260.00 .5563+01 .OOO -200E-01 



FINITE DIFFERENCE PARAMETERS 
NUMBER OF PILE INCREMENTS - - 100 
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .100E-04 IN 
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = - 100 
MAXIMUM ALLOWABLE DEFLECTION - .36E+03 IN 

INPUT CODES 
OUTPT = 1 
KCYCL = 1 
KBC = 1 
KPYOP = 1 
INC = 2 

EXAMPLE 2 CONCRETE PILES IN LAYERED SOIL WITH DISTRIBUTED LOADS 

O U T P U T  I N F O R M A T I O N  ................................... 

GENERATED P-Y CURVES 

THE NUMBER OF CURVE IS = 4 

THE NUMBER OF POINTS ON EACH CURVE = 17 

DEPTH BELOW GS D I M  C CAVG GAMMA E50 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 
40.00 36.000 .1E+O2 .1E+O2 .7E-01 .500E-02 

Y P 
IN LBS/ IN 
.ooo .ooo 
.480 956.753 
.960 1137.777 



DEPTH BELOW GS DI AM PHI GAMMA A B 
IN IN LBS/IN**3 

100.00 36.00 30.0 .6E-01 1.14 .78 

P 
LBS / IN 

.ooo 
370.940 
741.881 
1093.652 
1216.369 
1320.962 
1413.062 
1495.924 
1571.620 
1641.561 
1706.759 
1767.966 
1825.758 
2669.421 
2669.421 
2669.421 
2669.421 

DEPm BELOW GS DI AM C GAMMA E5 0 
IN IN LBS/IN**2 LBS/IN**3 

220.00 36.000 .6E+01 .5E-01 .200E-01 



DEPTH BELOW GS DI AM C CAVG GAMMA E50 
IN IN LBS/IN**2 LBS/IN**2 LBS/IN**3 

340.00 36.000 .2E+02 .2E+02 .4E-01 .500E-02 
Y P 
IN LBS/IN 
.ooo .ooo 
.480 2789.525 
.960 3317.323 

1.440 3671.222 
1.920 3944.985 
2.400 4171.313 
2.880 4365.843 
3.360 4537.376 
3.840 4691.404 
4.320 4831.600 
4.800 4960.555 
5.280 5080.173 
5.760 5191.892 
6.240 5296.831 
6.720 5395.880 
7 .200 5489.757 
9 .OOO 5489.757 

PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD 
APPLIED MOMENT AT PILE HEAD 
AXIAL LOAD AT PILE HEAD 

DISTRIBUTED LOAD CURVE 

= .500E+02 KIP 
.100E+03 IN-KIP 

= .100E+03 KIP 

3 POINTS 



X DEFLECTION MOMENT 

IN-KIP ********** 
.100E+03 
.6053+03 
.112E+04 
.160E+04 
.202E+04 
.2373+04 
.266E+04 
.2873+04 
.302E+04 
.310E+04 
.314E+O4 
.3143+04 
.3093+04 
.300E+04 
.289E+04 
.2743+04 
.2573+04 
.238E+04 
.218E+04 
.196E+04 
.1743+04 
.151E+04 
.127E+04 
.102E+04 
.7873+03 
.558E+03 
.336E+03 
.152E+O3 
.161E+02 -. 7443+02 -. 122E+03 - .1323+03 - . llOE+03 -. 643E+02 -. 235E+02 -. 167E+00 
.711E+01 
.2963+01 

TOTAL 
STRESS 

LBS/IN**2 ********** 
.114E+03 
.2253+03 
.3373+03 
.4 4 2E+0 3 
.5343+03 
.611E+03 
.673E+03 
.7193+03 
.7513+03 
.7703+03 
.778E+O3 
.7773+03 
.7673+03 
.748E+O3 
.722E+03 
.6903+03 
.6533+03 
.6121+03 
.5673+03 
.5203+03 
.4723+03 
.4223+03 
.3693+03 
316E+03 
.2641+03 
.2143+03 
.1663+03 
.126E+O3 
.961E+02 
.109E+03 
.1193+03 
.131E+03 
.125E+O3 . lllE+03 
.9953+02 
.926E+02 
.9473+02 
.9353+02 

SHEAR 

KIP ********** 
.5023+02 
.5073+02 
.5073+02 
.4493+02 
.384E+02 
.3163+02 
.248E+02 
.1783+02 
.112E+02 
.621E+01 
.149E+01 - .288E+01 - .6843+01 -. 104E+02 -. 134E+02 -. 160E+02 -. 181E+02 - .1973+02 -. 210E+02 -. 219E+02 -. 226E+02 - .2363+02 -. 2433+02 

-.2413+02 -. 2343+02 -. 226E+02 -. 208E+02 - .1603+02 - .113E+02 -. 688E+01 -. 283E+01 
.690E+00 
.3523+01 
.4793+01 
.321E+01 
.149E+01 
,8223-01 -. 533E+OO 

SOIL FLEXURAL 
RESIST RIGIDITY 
LBS/IN KIP-IN**2 ********** ********** 



COMPUTED LATERAL FORCE AT PILE HEAD = .50000E+02 KIP 
COMPUTED MOMENT AT PILE HEAD = .10000E+03 IN-KIP 
COMPUTED SLOPE AT PILE HEAD = -.20834E-02 

THE OVERALL MOMENT IMBALANCE = .756E-09 IN-KIP 
THE OVERALL LATERAL FORCE IMBALANCE = .152E-06 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION = .251E+00 IN 
MAXIMUM BENDING MOMENT = .315E+04 IN-KIP 
MAXIMUM TOTAL STRESS = .779E+03 LBS/IN**2 

NO. OF ITERATIONS - - 14 
MAXIMUM DEFLECTION ERROR = .499E-05 IN 

S U M M A R Y  T A B L E  ......................... 

LATERAL BOUNDARY AXIAL MAX. MAX. 
LOAD CONDITION LOAD YT ST MOMENT STRESS 

( KIP BC2 ( KIP (IN) (IN/IN) (IN-KIP) (LBS/IN**2) 

.500E+02 .100E+03 .100E+03 .251E+00 -.208E-02 .3153+04 *779E+03 





EXAMPLE 3, P I L E S  I N  A SLOPING ABUTMENT 

The t h i r d  example i s  i l l u s t r a t e d  i n  F i g .  5 .2  and  i s  i n c l u d e d  

t o  show t h e  u s e  o f  t h e  program f o r  a n a l y s i s  o f  a  36-O.D. d r i l l e d  

s h a f t  i n  a  s l o p i n g  abu tmen t .  The p i l e  l e n g t h  i s  500 i n  and  t h e  

diameter i s  36 i n c h e s .  The s o i l  s t r a t u m  i s  a  medium-dense sand  

l a y e r  u n d e r l a i d  by a  s t i f f  c l a y .  The s l o p e  of  t h e  abutment i s  20 

d e g r e e  from a h o r i z o n t a l  s u r f a c e .  

The i n p u t  and  t h e  o u t p u t  a r e  shown i n  t h e  f o l l o w i n g  p a g e s .  

The d e f l e c t i o n  a t  t h e  p i l e  head  f o r  t h i s  c a s e  i s  0.402 i n ,  which 

i s  abou t  20 p e r c e n t  h i g h e r  t h a n  t h a t  (0 .335 i n )  i f  t h e  ground were 

a  f l a t  p l a n e .  A p a r a m e t r i c  s t u d y ,  w i t h  d i f f e r e n t  s l o p e  a n g l e s  i n  

e a c h  run ,  i n d i c a t e s  t h a t  t h e  d e f l e c t i o n  of  p i l e s  i n c r e a s e s  w i t h  an 

i n c r e a s e  i n  t h e  s l o p e  a n g l e  ( F i g .  5 . 3 )  . 

It s h o u l d  be n o t e d  t h a t  t h e  s l o p e  a n g l e  canno t  be g r e a t e r  
t h a n  t h e  i n t e r n a l  f r i c t i o n  a n g l e  @ i f  t h e  s o i l  i n  t h e  s l o p e  i s  

c o h e s i o n l e s s  m a t e r i a l .  If a s l o p e  h a s  a  f a c t o r  o f  s a f e t y  below 

t h e  s t a n d a r d  r e q u i r e m e n t ,  it may c r e a t e  a  d r i v i n g  f o r c e  i n s t e a d  of 

a  r e s i s t i n g  f o r c e  on t h e  p i l e .  For  such  a s i t u a t i o n ,  a n a l y s e s  f o r  

s l o p e  s t a b i l i t y  w i t h  p i l e s  i n  p l a c e  s h o u l d  be conduc ted .  I f  a  

d r i v i n g  force f rom t h e  s l o p e  i s  p o s s i b l e ,  t h e  u s e r  s h o u l d  i n p u t  

t h e  d r i v i n g  f o r c e  as a d i s t r i b u t e d  l o a d  on t h e  p i l e  i n  making t h e  

d e s i g n .  

The i n p u t  a n d  o u t p u t  data are shown i n  t h e  f o l l o w i n g  pages .  



L Dia - 36 in. 
11 2 

EI = 2 .56  X 10 lb-in. ------- 

Figure 5 . 2 .  Data for Example 3 .  

162 



Y t  Uemus Slope lngle 

Figu re  5.3. Pi le-head d e f l e c t i o n  yt ve r sus  s l o p e  ang l e .  





INPUT SCREENS FOR EXAMPLE 3 





File* Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for Preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult Option 

Save. 
Directory 
Change dir 
Quit to DOS 
Main Menu 

, 



File Analysis Mult Option 

n 
New I 

New File Name 
EXAMPLE.IN3 I 

Change dir 
Quit to DOS 
Main Menu 

File Analysis Mu1 t 

- 

Option 

Directory 
Change dir  
Quit to DOS 
Main Menu n- 

F1-Help Alt-X-Exit 



File Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data fbr computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mu1 t Option 

Title - 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE.IN3 

Enter title for this data file (up to 72 characters long) 

EXAMPLE 3 PILES IN A SLOPING ABUTNENT 

A 1:DEF:Lab EXAMPLE 3 PILES IN A SLOPING ABUTMENT 

- : Move Cell - 3 : H e l p  - / : Edit Screen- F8 : Continue 
F l - H e l p  Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File ~nalysis Mult Option EXAMPLE.IN3 

I 
Editing Pile Dimensions 

..................... Number of increments (<= 300) 100 
Distance from top of pile to ground surface - inches 20.0 
Length of pile .............................. inches 400.00 ................................ Pile modulus psi 3100000 ................. Slope of ground surface (degrees) 20.0000 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
'1-Help Alt-X-Exit 

I 



File Analysis Mu1 t Option EXAMPLE.IN3 

I Editing Pile Section Properties I 
Section Top Depth Diameter Mom. of Inert. Area 

# inches inches inches* *4  inchesa 
1 0.00 36.000 82500.0000 1080.0000 
2 
3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

- : Move Cell - 3 : Help - / : Edit Screen- F8 : Continue 
'1-Help Alt-X-Exit 

I 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Propertiest 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE.IN3 

Editing Soil Layer Information 

Layer Criteria X-top X-bot k 
# # inches inches lb/in3 
1 4 20.00 180.00 60.00 
2 3 180.00 500.00 1000.00 
3 
4 
5 
6 
7 
8 
9 
10 

p-y Curve Criteria 
#1 = Soft Clay Criteria #3 = Stiff Clay Above Watertable 
12 = Stiff Clay Below Watertable #4 = Sand 
#5 = Interp. Between Input Curves #6 = Vuggy Limestone - : Move Cell-? : Help- / : Edit Screen- F8 : Continue A 

F1 -Help Alt-X-Exit 

File Analysis M ~ l t  Option EXAMPLE.IN3 

I 
I Editing Effective Unit Weight Information 

Point 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth 
inches 
20.00 
180.00 
180.00 
500.00 

Unit Weight 
Ib/ in3 
0.069 
0.069 
0.072 
0.072 

L : Mave Cell - ? : Help - I : Edit Scree- FB : Continue - 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE.IN3 

Layer 
# 

I 
1 
2 
3 
4 ~ 5 

~ 6 
7 
8 
9 
10 

Editing Shear Strength Information 

Depth c 
inches Psi 

(0 E50 
deg . e 50% of c 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading4 
Computation Control 
Output Tables 
Main Menu 

F1-Help Alt-X-Exit 



File ~nalysis ~ u l t  Option EXAMPLE.IN3 

I 
Editing Loading Information 

Distributed lateral loading (y/n) ? ............... n 
Is loading cyclic (y/n) ? ......................... n 
Boundary condition code (KBC) ..................... 1 

KBC = 1 for shear and moment (free head) 
KBC = 2 for shear and slope (fixed head) 
KBC = 3 for shear and rotational restraint (partially fixed) 
KBC = 4 for deflection and moment 

A 1:DEF:Lab n 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

d 

File Analysis Mult Option 

Editing Pile-head Loading 

KOP Shear 
pounds 

1 40000.00 

Moment Axial Load 
in-lbs pounds 

600000.000 200000.00 

KOP=O if only a summary output for this load is to be printed 
=1 if complete output is desired for this load 

:Movecell- ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control.4 
Output Tables 
Main Menu 

File Analysis Mult Option EXAMPLE. IN3 

Maximum number of iterations allowed for analysis 100 
Tolerance on solution convergence, inches : 0.000010 
Value of deflection considered to be excessive, inches : 360.0000 
Computation using internal-generated cracked/uncracked EI: N 

: Move Cell - 3 : Help - / : Edit Screen- F8 : Continue J 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 4 
Main Menu 

File Analysis Mult Option 

Output Printing Options 

*** Lateral Load Analysis *** 
Printing Increment (1 for every node, 2 for every other node, etc) 2 
Print deflection, moment, shear over full length of pile (y/n) Y 
Print p-y curves for verification Y 

A 1:DEF:Num 2 

- : Move Cell - ? : Help - / : Edit Screen- 18 : Continue I * 
F1-Help Alt-X-Exit 



File Analysis Mu1 t Option EXAMPLE.IN3 

I 
( Enter depths for which p-y curves are to be calculated for verification: 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth inches 

50.00 

L : Move Cell-? : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

File Analysis Mult 



~ile+ Analysis ~ u l t  option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data fhr computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult option 

Directory 
Change dir 
Quit to DOS 
Main Menu 



File Analysis Mult Option EXAMPLE. IN3 

Save File Name 
EXAMPLE.IN3 I 

Quit to DOS 
Main Menu 



OUTPUT RESULTS FOR EXAMPLE 3 





EXAMPLE 3 PILES IN A SLOPING ABUTMENT 

UNITS--ENGL 

............................................................. 
PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE ............................................................. 

I N P U T  I N F O R M A T I O N  ................................. 

THE LOADING IS STATIC 

PILE GEOMETRY AND PROPERTIES . ,  
PILE LENGTH - - 400.00 IN 
MODULUS OF ELASTICITY OF PILE = .310E+04 KIP/IN**2 

1 SECTION(S) 

X DIAMETER MOMENT OF AREA 
INERTIA 

IN IN IN* * 4 IN**2 
.oo 

36.000 .825E+05 .108E+04 
400.00 

SOILS INFORMATION 

X-COORDINATE AT THE GROUND SURFACE = 20.00 IN 

SLOPE ANGLE AT THE GROUND SURFACE = 20.00 DEG. 

2 LAYER(S) OF SOIL 

LAYER 1 
THE LAYER IS A SAND 
X AT THE TOP OF THE LAYER = - 20.00 IN 
X AT THE BOTTOM OF THE LAYER - 180.00 IN 
VARIATION OF SOIL MODULUS, k = .600E+02 LBS/IN**3 



LAYER 2 
THE LAYER IS A STIFF CLAY ABOVE THE WATER TABLE 
X AT THE TOP OF THE LAYER = 180.00 IN 
X AT THE BOTTOM OF THE LAYER = 500.00 IN 
VARIATION OF SOIL MODULUS, k = .100E+04 LBS/IN**3 

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH 
4 POINTS 

X,IN WEIGHT,LBS/IN**3 
20.00 .69E-01 
180.00 .69E-01 
180.00 .72E-01 
500.00 .72E-01 

DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH 
4 POINTS 

X,IN C,LBS/IN**2 PH1,DEGREES E5 0 
20.00 .000E+00 34.000 ----- 
180.00 .000E+00 34.000 ----- 
180.00 .139E+02 .OOO .500E-02 
500.00 .139E+02 .OOO .500E-02 

FINITE DIFFERENCE PARAMETERS 
NUMBER OF PILE INCREMENTS = 100 
TOLERANCE ON DETERMINATION OF DEFLECTIONS I .100E-04 IN 
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = 100 
MAXIMUM ALLOWABLE DEFLECTION = .36E+03 IN 

INPUT CODES 
OUTPT = 1 
KCYCL = 1 
KBC = 1 
KPYOP = 1 
INC = 2 

EXAMPLE 3 PILES IN A SLOPING ABWMENT 

O U T P U T  I N F O R M A T I O N  ..................................... 



GENERATED P-Y CURVES 

THE NUMBER OF CURVE IS = 1 

THE NUMBER OF POINTS ON EACH CURVE = 17 

DEPTH BELOW GS DIAM PHI GAMMA A 
IN IN LBS/IN**3 

30.00 36.00 34.0 .7E-01 2.23 

PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD 
APPLIED MOMENT AT PILE HEAD 
AXIAL LOAD AT PILE HEAD 

P 
LBS / IN 

.ooo 
90.000 
180.000 
228.027 
247.984 
264.660 
279.114 
291.948 
303.543 
314.151 
323.954 
333.085 
341.646 
466.197 
466.197 
466.197 
466.197 

= .400E+02 KIP 
= .600E+03 IN-KIP 
= .200E+03 KIP 



X DEFLECTION MOMENT TOTAL SHEAR SOIL FLEXURAL 
STRESS RESIST RIGIDIm 

IN IN IN-KIP LBS/IN**2 KIP LBS/IN KIP-IN**2 ***** ********** ********** ********** ********** ********** ********** 
.00 .403E+00 .600E+03 .316E+03 .4063+02 .000E+00 .2563+09 

8.00 .379E+00 .925E+03 .3873+03 .400E+02 .000E+00 .2563+09 
16.00 .355E+00 .125E+04 .458E+03 .400E+02 .000E+00 .2563+09 
24.00 .3323+00 .157E+04 .5293+03 .3993+02 .3353+02 .2563+09 
32.00 .308E+00 .190E+04 .5993+03 .3943+02 .105E+O3 .2563+09 
40.00 .286E+OO .2213+04 .668E+03 .383E+02 .1773+03 .2563+09 
48.00 .2643+00 .252E+04 .7343+03 .365E+02 .2503+03 .2563+09 
56.00 .242E+00 .280E+04 .797E+03 .3433+02 .317E+03 .256E+09 
64.00 .222E+00 .3073+04 .8563+03 .315E+02 .3783+03 .2563+09 
72.00 .202E+00 .3323+04 .9093+03 .283E+02 .4283+03 .2563+09 
80.00 .183E+00 .3533+04 .9563+03 .2473+02 .4713+03 .2563+09 
88.00 .164E+00 .372E+04 .9963+03 .208E+02 .503E+03 .256E+09 
96.00 .147E+00 .387E+04 .103E+04 .166E+02 .5253+03 .256E+09 
104.00 .131E+00 .3993+04 .106E+04 .124E+02 .538E+03 .256E+09 
112.00 .1163+00 .4073+04 .1073+04 .807E+01 .5373+03 .2563+09 
120.00 .101E+00 .4123+04 .109E+04 .383E+01 .5223+03 .2563+09 
128.00 .879E-01 .4143+04 .1093+04 -.236E+00 .492E+03 .256E+09 
136.00 .757E-01 .4133+04 .109E+04 -.407E+01 .4653+03 .256E+09 
144.00 .645E-01 .408E+04 .108E+04 -.7633+01 .425E+03 .256E+09 
152.00 .543E-01 .4013+04 .106E+04 -.108E+02 .3753+03 .2563+09 
160.00 .451E-01 .391E+04 .1043+04 -.1363+02 .3173+03 .256E+09 
168.00 .369E-01 .380E+04 .101E+04 -.159E+02 .2773+03 .256E+09 
176.00 ,2973-01 .3663+04 .984E+03 -.181E+02 .2573+03 .2563+09 
184.00 .2333-01 .3513+04 .9503+03 -.2123+02 .4263+03 .256E+09 
192.00 .179E-01 .3333+04 .911E+03 -.245E+02 .411E+03 .256E+09 
200.00 .132E-01 .312E+04 .8653+03 -.277E+02 .3923+03 .256E+09 
208.00 .937E-02 .288E+04 .814E+03 -.3083+02 .371E+O3 .256E+09 
216.00 .624E-02 .263E+04 .758E+03 -.337E+02 .3443+03 .2563+09 
224.00 .376E-02 .2353+04 .6973+03 -.363E+02 .3123+03 .256E+09 
232.00 .1883-02 .205E+04 .6323+03 -.3863+02 .2693+03 .2563+09 
240.00 .502E-03 .173E+04 .5633+03 -.405E+02 .198E+03 .256E+09 
248.00 -.440E-03 .141E+04 .492E+03 -.395E+02 -.3993+03 .256E+09 
256.00 -.103E-02 .llOE+04 .4263+03 -.3593+02 -.493E+03 .2563+09 
264.00 -.134E-02 .8333+03 .3673+03 -.318E+02 -.5273+03 .2563+09 
272.00 -.145E-02 .596E+03 .315E+O3 -.2753+02 -.5363+03 .2563+09 
280.00 -.140E-02 .3933+03 .2713+03 -.2323+02 -.5323+03 .256E+09 
288.00 -.126E-02 .2243+03 .2343+03 -.190E+02 -.5183+03 .256E+09 
296.00 -.106E-02 .876E+02 .2043+03 -.150E+02 -.4963+03 .2563+09 
304.00 -.835E-03 -.167E+02 .1893+03 -.lllE+02 -.4683+03 .256E+09 
312 .OO - .616E-03 -. 911E+02 .205E+03 -.7533+01 -. 433E+03 .256E+09 
320.00 -.419E-03 -.1383+03 .215E+O3 -.4233+01 -.394E+03 .256E+09 
328.00 -.257E-03 -.1593+03 .2203+03 -.126E+01 -.3483+03 .256E+09 
336.00 -.133E-03 -.1593+03 .2203+03 .131E+01 -.296E+03 .256E+09 
344.00 -.497E-04 -.1393+03 .216E+03 .342E+01 -.231E+03 .256E+09 
352.00 -.698E-06 -.1053+03 .208E+03 .4783+01 -.8083+02 .2563+09 
360.00 .220E-04 -.6773+02 .200E+03 .424E+01 .1263+03 .2563+09 
368.00 .277E-04 -.379E+02 .1933+03 .319E+01 .136E+03 .256E+09 



COMPUTED LATERAL FORCE AT PILE HEAD = .40000E+02 KIP 
COMPUTED MOMENT AT PILE HEAD = .60000€+03 IN-KIP 
COMPUTED SLOPE AT PILE HEAD = -.30108E-02 

THE OVERALL MOMENT IMBALANCE = .996E-07 IN-KIP 
THE OVERALL LATERAL FORCE IMBALANCE = -.174E-05 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION = .403E+00 IN 
MAXIMUM BENDING MOMENT = .414E+04 IN-KIP 
MAXIMUM TOTAL STRESS = .109E+04 LBS/IN**2 

NO. OF ITERATIONS - - 18 
MAXIMUM DEFLECTION ERROR = .809E-05 IN 

S U M M A R Y  T A B L E  ......................... 

LATERAL BOUNDARY AXIAL MAX. MAX. 
LOAD CONDITION LOAD YT ST MOMENT STRESS 

( KIP 1 BC2 (KIP) (IN) ( IN/IN ) (IN-KIP) (LBS/IN**2 





EXAMPLE 4,  USER INPUT p-y CURVES 

This  example i s  inc luded  t o  i l l u s t r a t e  a c a s e  i n  which t h e  p- 

y c u r v e s  a r e  s p e c i f i e d  e x t e r n a l l y  by t h e  u s e r .  The head of t h e  

p i l e  w i l l  b e  assumed t o  be  u n r e s t r a i n e d  a g a i n s t  r o t a t i o n  ( f r e e -  

head c a s e )  w i t h  no moment. A l a t e r a l  l o a d  of  5 k i p s  w i l l  be used 

t o  g e n e r a t e  d a t a  f o r  p r e p a r i n g  a l o a d - d e f l e c t i o n  curve .  The p-y 

curves  shown i n  F i g .  5 . 4  w i l l  be used.  The ou tpu t  f o r  every  o t h e r  

mode i s  shown on t h e  fo l lowing  pages .  

The program i n t e r p o l a t e s  l i n e a r l y  between p o i n t s  on a p-y 

curve  and between p-y c u r v e s .  I n  t h i s  example, t h e  deepes t  p-y 

curve  i s  given a t  188 i n c h e s .  For  any nodes t h a t  ex tend  below t h e  

d e p t h  of t h e  d e e p e s t  p-y curve ,  t h e  program u s e s  t h e  d e e p e s t  p-y 

curve  f o r  computat ion.  

The i n p u t  and o u t p u t  d a t a  a r e  shown on t h e  fo l lowing pages .  



' x  = 60 in. 

x = 240 in. 

x = 360 in. 

Input p-y  curve^ for 
Example Problem 4 

Pile Properties: 

* 16" O.D. Pipe Pile 
* E - 2 9 x 1 0 ~  p i 

h x - 214 in. and below 
* I = 1047 in.' between x = 0 

and x = 180 in. * I * 720 i n . 4  between x = 180 
and x = 720 in. 

* Length = 720 in. (76 In. 

Figure 5 . 4 .  Data for Example 4 .  



INPUT SCREENS FOR EXAMPLE 4 





File+ Analysis Mult option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The sele tion of the ANALYSIS menu allows the 
user to enter required data f P r computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult option 

Directory 
Change dir 
Quit to DOS 
Main Menu U 



File Analysis Mult Option 

New File Name 
EXAMPLE.IN4 I 

Change dir 
Quit to DOS 

File Analysis Mult Option 

Directory 
Change dir 
Quit to DOS 



File Analysis Mult Option 

Title- 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

I 

File Analysis Mult Option EXAMPLE. IN4 

Enter title for this data file (up to 72 characters long) 

EXAMPLE NO 4 USER INPUT P-Y CURVES 

A 1:DEF:Lab EXAMPLE NO 4 USER INPUT P-Y CURVES 

L : Move cell - , : Help - 1 : Edit scree- F8 : continue I 



File Analysis Mult Option 

Title 
Pile Properties4 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

I 

F1-Help Alt-X-Exit 

File Analysis Mult option EXAMPLE. IN4 

Editing Pile Dimensions 

..................... Number of increments (<= 300) 120 
Distance from top of pile to ground surface - inches 60.0 .............................. Length of pile inches 720.00 ................................ Pile modulus psi 29000000 
Slope of ground surface (degrees) ................. 0.0000 

L : Move cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 

d 



File Analysis Mu1 t option EXAMPLE.IN4 

Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inches a 
1 0.00 16.000 1050.0000 35.9000 

To access pile property library leave pile diameter blank. 

L : Move Cell - : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties4 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE.IN4 

Editing Soil Layer Information 

Layer Criteria X- top X-bot k 
# W inches inches lb/in3 
1 5 60.00 720.00 50.00 
2 
3 
4 
5 
6 
7 
8 
9 
10 

P-y Curve Criteria 
#1 = Soft Clay Criteria W3 = Stiff Clay Above Watertable 
WZ = Stiff Clay Below Watertable #4 = Sand 
W5 = Interp. Between Input Curves #6 = Vuggy Limestone - : Move Cell - 3 : Help - / : Edit Screen- F8 : Continue 

F1-Help Alt-X-Exit 



File Analysis Mult Option 

File Analysis Mult Option EXAMPLE.IN4 

I 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 4 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

I Editing Load-Transfer Data 

A 

I Depth of Input p-y Curves 

Point 
t 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth 
inches 

60.00000 
76.00000 
92.00000 
io8.00000 
140.00000 
188.00000 
214.00000 

1- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue - 
F1 -Help Alt-X-Exit 



File Analysis Mu1 t Option EXAMPLE. IN4 

Poi 

Editing Load-Transfer Data I 
p-y Curve #I of 7 at 60.00 inches I 

Deflection 
inches 
0.00000 
0.20000 
0.40000 
0.80000 
1.20000 
6.00000 

Soil Resistance 
pounds/inches 

0.00000 
66.10000 
83.20000 
105.00000 
120.00000 
0.00000 

- : Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 

I 

Pile Analysis Mult Option EXAMPLE.IN4 
I 1 

I Editing Load-Transfer Data I 
I p-y Curve #2 of 7 at 76.00 inches I 

Point Deflection 
# inches 
1 0.00000 
2 0.20000 
3 0.40000 
4 0.80000 
5 1.20000 
6 6.00000 
7 

Soil Resistance 
pounds/inches 

0.00000 
79.80000 
100.00000 
127.00000 
145.00000 
15.00000 

L : , -11 - ? : m l p  - : ,it Scree- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE. IN4 

i 
Editing Load-Transfer Data 

p-y Curve #3 of 7 at 92.00 inches 

Point 
# 
1 
2 
3 
4 
5 
6 
7 

Deflection 
inches 
0.00000 
0.20000 
0.40000 
0.80000 
1.20000 
6.00000 

Soil Resistance 
pounds/inches 

0.00000 
93.30000 
117.00000 
148.00000 
169.00000 
34.00000 

: Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE.IN4 

I I 
I Editing Load-Transfer Data 

I p-y Curve #4 of 7 at 108.00 inches 1 
Point 

# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Deflection Soil Resistance 
inches pounds / inches 
0.00000 0.00000 
0.20000 107.00000 
0.40000 135.00000 
0.80000 170.00000 
1.20000 194.00000 
6.00000 61.00000 

Move Cell - ? : Help - / : Edit Scree- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE. IN4 

Editing Load-Transfer Data 

p-y Curve 15  of 7 at 140.00 inches 

Point ' Deflection 
# inches 
1 0.00000 
2 0.20000 
3 0.40000 
4 0.80000 
5 1.20000 
6 6.00000 
7 

Soil Resistance 
pounds/inches 

0.00000 
134.00000 
169.00000 
213.00000 
243.00000 
123.00000 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mu1 t Option EXAMPLE. IN4 

Editing Load-Transfer Data 

p-y Curve 16 of 7 at 188.00 inches 

Point Def lection Soil Resistance 
# inches pounds/inches 
1 0.00000 0.00000 
2 0.20000 175.00000 
3 0.40000 221.00000 
4 0.80000 278.00000 
5 1.20000 318.00000 
6 6.00000 264.00000 
7 
8 
9 
10 

A 1:DEF:Num 0.00000000 

1 - : Move Cell - 3 : Help - / : Edit Scree- F8 : Continue 
F1-Help ~lt-X-Exit 



File Analysis Mult Option 

I Editing Load-Transfer Data 

I p-y Curve #7 of 7 at 214.00 inches 

Point 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Deflection 
inches 
0.00000 
0.20000 
0.40000 
0.80000 
1.20000 
6.00000 

Soil Resistance 
pounds/inches 

0.00000 
198.00000 
250.00000 
315.00000 
360.00000 
360.00000 

L : Move Cell - ? : Help - I : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mu1 t Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 4 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option EXAMPLE. IN4 

I i 
Editing Loading Information 

Distributed lateral loading (y/n) ? ............... n 
Is loading cyclic (y/n) ? ......................... n ..................... Boundary condition code (KBC) 1 

KBC = 1 for shear and moment (free head) 
KBC = 2 for shear and slope (fixed head) 
KBC = 3 for shear and rotational restraint (partially fixed) 
KBC = 4 for deflection and moment 

A 1:DEF:Lab n 
I 

: Move Cell - 3 : Help - / : Edit Screen- F8 : Continue I 
F1 -Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE. IN4 

Editing Pile-head Loading 

KOP Shear 
pounds 

1 5000.00 

Moment Axial Load 
in-lbs pounds 

0.000 100000.00 

I KOP-0 if only a sununary output for this load is to be printed 
=l if complete output is desired for this load I 

: M O W  Cell - ? : Help - I : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Opt ion EXAMPLE.IN4 

File Analysis Mult option 

Maximum number of iterations allowed for analysis 100 
Tolerance on solution convergence, inches : 0.000100 
Value of deflection considered to be excessive, inches : 100.0000 
Computation using internal-generated cracked/uncracked EI: N 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control. 
Output Tables 
Main Menu 

L : Hove Cell - ? : Help - / : Edit Scree- 1 8  : Continue 
F1-Help Alt-X-Exit 

d 

# 



Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables + 
Main Menu 

File Analysis Mult Option EXAMPLE.IN4 

i 
I Output Printing Options 

1 *** Lateral Load Analysis "* 
Printing Increment (1 for every node, 2 for every other node, etc) 3 
Print deflection, moment, shear over full length of pile (y/n) Y 
Print p-y curves for verification N 

L : Move Cell - ? : Help - : Edit Screen- PO : Continue 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral P-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu( 

Pile Analysis Mult Opt ion 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for u8er8 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choicest FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in in existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data f&r computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allow8 the user to enter data 
of a selected pile 8ize for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not k needed 
for most computer systems. 



File Analysis Mu1 t Option 

Directory 
Change dir 
Quit to IX)S 
Main Menu 3 

File Analysis Mu1 t Option EXAMPLE.IN4 

Save File Name 
EXAMPLE.IN4 I 

Main Menu 

- 



OUTPUT RESULTS FOR EXAMPLE 4 





EXAMPLE NO 4 USER INPUT P-Y CURVES 

............................................................. 
PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE ............................................................. 

I N P U T  I N F O R M A T I O N  ................................. 

THE LOADING IS STATIC 

PILE GEOMETRY AND PROPERTIES 

PILE LENGTH - - 720.00 IN 
MODULUS OF ELASTICITY OF PILE = .290E+05 KIP/IN**2 

2 SECTION( S) 

X DIAMETER MOMENT OF AREA 
INERTIA 

IN IN IN* * 4 IN**2 
.oo 

SOILS INFORMATION 

X-COORDINATE AT THE GROUND SURFACE = 60.00 IN 

SLOPE ANGLE AT THE GROUND SURFACE - - .OO DEG. 

1 LAYER(S1 OF SOIL 

LAYER 1 
THE LAYER RESPONSE IS DEFINED BY INPUT P-Y CURVES 
X AT THE TOP OF THE LAYER - - 60.00 IN 



X AT THE BOTTOM OF THE LAYER - - 720.00 IN 
VARIATION OF SOIL MODULUS, k = .500E+02 LBS/IN**3 

INPUT P-Y CURVES 7 CURVES, 6 POINTS ON EACH 



FINITE DIFFERENCE PARAMETERS 
NUMBER OF PILE INCREMENTS - - 120 
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .100E-03 IN 
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = 100 
MAXIMUM ALLOWABLE DEFLECTION 0 .10E+O3 IN 

INPUT CODES 
OUTPT = 1 
KCYCL = 1 
KBC = 1 
KPYOP = 0 
INC = 3 

EXAMPLE NO 4 USER INPUT P-Y CURVES 

O U T P U T  I N F O R M A T I O N  ................................... 

PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD 
APPLIED MOMENT AT PILE HEAD 
AXIAL LOAD AT PILE HEAD 

= .500E+01KIP 
= .000E+00 IN-KIP 
= .100E+O3 KIP 



X DEFLECTION MOMENT 

IN IN IN-KIP ***** ********** ********** 
.OO .453E+00 .000E+00 

18.00 .396E+OO .9573+02 
36.00 .340E+00 .191E+03 
54.00 .286E+OO .287E+03 
72.00 .235E+00 .374E+03 
90.00 .188E+00 .435E+03 
108.00 .146E+00 .468E+03 
126.00 .109E+00 .475E+03 
144.00 .762E-01 .4603+03 
162.00 .488E-01 .4283+03 
180.00 .259E-01 .384E+03 
198.00 .795E-02 .331E+03 
216.00 -.488E-02 .2763+03 
234.00 -.134E-01 .2223+03 
252.00 -.185E-01 .1723+03 
270.00 -.209E-01 .127E+03 
288.00 -.214E-01 .8903+02 
306.00 -.204E-01 .5763+02 
324.00 -.186E-01 .325E+02 
342.00 -.162E-01 .134E+02 
360.00 -.137E-01 -.516E+00 
378.00 1 1 E - 0  -.101E+02 
396.00 -.866E-02 -.161E+02 
414.00 -.649E-02 -.1923+02 
432.00 -.46lE-02 -.203E+02 
450.00 -.305E-02 -.198E+02 
468.00 -.179E-02 -.1843+02 
486.00 -.820E-03 -.1633+02 
504.00 -.993E-04 -.1393+02 
522.00 .406E-03 -.ll5E+02 
540.00 .732E-03 -.913E+01 
558.00 .917E-03 - .702E+01 
576.00 .993E-03 -.519E+01 
594.00 .987E-03 -.3663+01 
612.00 .925E-03 -.245E+01 
630.00 .824E-03 -.1533+01 
648.00 .699E-03 -.8663+00 
666.00 .561E-03 -.4273+00 
684.00 .415E-03 -.168E+00 
702.00 .267E-03 -.410E-01 
720.00 .118E-03 .000E+00 

TOTAL 
STRESS 

LBS/IN**2 ********** 
.2793+04 
.3513+04 
.4243+04 
.497E+04 
.563E+04 
.610E+04 
.635E+04 
.640E+04 
.629E+04 
.605E+04 
.571E+04 
.787E+04 
.725E+04 
.665E+04 
.6093+04 
.560E+04 
.517E+04 
.4823+04 
.455E+04 
.4333+04 
.419E+O4 
.430E+04 
.4363+04 
.4403+04 
.4413+04 
.4403+04 
.4393+04 
.437E+04 
.434E+04 
.431E+04 
.4293+04 
.4263+04 
.4243+04 
.4223+04 
.4213+04 
.4203+04 
.419E+04 
.4193+04 
.419E+04 
.418E+04 
.418E+04 

SHEAR 

KIP ********** 
.532E+Ol 
.500E+01 
.500E+01 
.500E+01 
.387E+Ol 
.235E+Ol 
.869E+OO -. 435E+00 - .151E+O1 - .231E+01 -. 284E+01 -. 310E+01 - .312E+01 - .2953+01 - .2673+01 - .231E+01 -. 193E+01 -. 156E+01 - .121E+01 -. 898E+OO - .632E+OO -. 411E+00 -. 236E+00 -. 101E+00 -. 2563-02 
.653E-01 
108E+00 
.l3lE+00 
.139E+00 
.136E+00 
.126E+00 . lllE+OO 
.935E-01 
.758E-01 
.587E-01 
.431E-01 
.295E-01 
.182E-01 
.952E-02 
.344E-02 
.000E+00 

SOIL FLEXURAL 
RESIST RIGIDITY 
LBS/IN KIP-IN**2 ********** ********** 
.000E+00 .305E+08 
.000E+00 .305E+08 
.000E+00 .305E+08 
.000E+00 .305E+08 
.798E+02 .305E+08 
.862E+02 .305E+08 
.780E+02 .305E+08 
.663E+02 .305E+08 
.524E+O2 .305E+08 
.373E+O2 .305E+08 
.218E+02 .2573+08 
.730E+01 .2093+08 
.484E+O1 .2093+08 
.133E+02 .2093+08 
.183E+02 .2093+08 
.207E+02 .2093+08 
.212E+02 .209E+08 
.202E+02 .2093+08 
.184E+02 .209E+08 
.161E+02 .2093+08 
.135E+02 .2093+08 
.llOE+02 .209E+08 
.858E+01 .2093+08 
.642E+01 .2093+08 
.457E+01 .2093+08 
.302E+01 .2093+08 
.177E+01 .209E+08 
.811E+00 .209E+08 
.981E-01 .2093+08 
.402E+00 .209E+08 
.725E+00 .209E+08 
.908E+00 .209E+08 
.983E+OO .2093+08 
.977E+OO .2093+08 
.916E+00 .209E+08 
.816E+00 .2093+08 
.692E+OO .2093+08 
.555E+OO .2093+08 
.411E+00 .209E+08 
.265E+00 .2093+08 
.117E+00 .2093+08 

COMPUTED LATERAL FORCE AT PILE HEAD = .50000E+01 KIP 



COMPUTED MOMENT AT PILE HEAD 
COMPUTED SLOPE AT PILE HEAD 

THE OVERALL MOMENT IMBALANCE 
THE OVERALL LATERAL FORCE IMBALANCE 

= .00000E+00 IN-KIP 
= -.31736E-02 

= -.162E-08 IN-KIP 
= .117E-07 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION .453E+00 IN 
MAXIMUM BENDING MOMENT = .475E+03 IN-KIP 
MAXIMUMTOTAL STRESS = .826E+04 LBS/IN**2 

NO. OF ITERATIONS - - 6 
MAXIMUM DEFLECTION ERROR = .881E-04 IN 

S U M M A R Y  T A B L E  ......................... 

LATERAL BOUNDARY AXIAL MAX. MAX. 
LOAD CONDITION LOAD YT ST MOMENT STRESS 
(KIP 1 BC2 (KIP) (IN) ( fN/IN (IN-KIP) (LBS/IN**2) 





EXAMPLE 5, COMPUTE ULTIMATE BENDING MOMENT FOR BORED PILES 

Example 5 i s  inc luded  t o  i l l u s t r a t e  t h e  f u n c t i o n s  of  Program 

COM624P f o r  comput ing  t h e  u l t i m a t e  b e n d i n g  moment a n d  a n  

i n t e r a c t i o n  diagram. A t o t a l  o f  e i g h t  a x i a l  l o a d s  a r e  s p e c i f i e d  

f o r  t h e  program t o  compute t h e  u l t i m a t e  bending moment a t  e a c h  

a x i a l  l o a d  and  t o  c o n s t r u c t  t h e  i n t e r a c t i o n  d iagram ( u l t i m a t e  

bending moment v e r s u s  a x i a l  l o a d ) .  Only t h e  t a b l e s  o f  o u t p u t  f o r  

a x i a l  l o a d  o f  0 k i p s ,  100 k i p s ,  and 500 k i p s  a r e  shown i n  t h e  

fo l lowing  pages .  

The u l t i m a t e  bending moment of  a r e i n f o r c e d - c o n c r e t e  s e c t i o n  

i s  t a k e n  a t  a maximum s t r a i n  of  c o n c r e t e  o f  0.003 based on t h e  ACI 

code .  I t  s h o u l d  be n o t e d  t h a t  t h e  f l e x u r a l  r i g i d i t y  ( E I ) ,  

c o r r e s p o n d i n g  t o  t h e  u l t i m a t e  bending moment, i s  s i g n i f i c a n t l y  

lower t h a n  t h a t  o f  t h e  uncracked E I  v a l u e .  There fo re ,  t h e  u s e r  

shou ld  a l s o  pay a t t e n t i o n  t o  t h e  v a r i a t i o n  o f  EI v e r s u s  moment as 

shown i n  t h e  f irst  two columns i n  t h e  ou tpu t  summary. I n  g e n e r a l ,  

t h e  moment d i s t r i b u t i o n  i s  no t  much a f f e c t e d  by t h e  EI used i n  t h e  

computa t ion .  However, i f  t h e  d e f l e c t i o n  i s  more cr i t ical  for t h e  

des ign ,  t h e n  c a r e f u l  i n t e r p r e t a t i o n  o f  E I  should  be done. 

Three ranges  of E I  magnitude can be  found i n  t h e  o u t p u t .  The 

f i r s t  r a n g e  o f  EI  magni tude  i s  a s s o c i a t e d  w i t h  t h e  uncracked  

s t a g e .  The c o n c r e t e  i s  uncracked and  t h e  E I  i s  more-or- less  

c o n s t a n t  and i s  e q u a l  t o  t h e  c a l c u l a t e d  E I  f o r  t h e  g r o s s  s e c t i o n .  

The second  r a n g e  o f  EI  magnitude i s  f o r  t h e  c r a c k e d  s t a g e .  A 

s i g n i f i c a n t  d e c r e a s e  i n  t h e  E I  v a l u e  t a k e s  p l a c e  as c r a c k s  

c o n t i n u e  p r o p a g a t i n g .  The t h i r d  range  of  EI  magnitude i s  f o r  t h e  

c racked  and l a r g e  s t r a i n  s t a g e .  The E I  v a l u e  i s  f u r t h e r  reduced 

because  t h e  s t r e s s - s t r a i n  curve  a s  shown i n  F i g .  4 . 1  o f  P a r t  I1 of 

t h i s  manual i s  s o f t e n e d  a t  l a r g e  s t r a i n .  

The i n p u t  and o u t p u t  d a t a  a r e  shown i n  t h e  fo l lowing  pages .  





INPUT SCREENS FOR EXWPLE 5 





File Analysis Mult Option 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mu1 t Option 

Directory 
Change dir 
Quit to DOS 
Main Menu . 

I 



File Analysis Mult Option 

New File Name 
EXAMPLE.IN5 

Change dir 
Quit to DOS 
Main Menu 

File Analysis Mult Option 

Directory 
Change dir 
Quit to DOS 
Main Menu L 

b 



File Analysis Mult Option 

I C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The sele tion of the ANALYSIS menu allows the 
user to enter required data f 6 r computing the. response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult Option 

Title 4- 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 



- 
File Analysis Mu1 t Option EXAMPLE.IN5 

Enter title for this data file (up to 72 characters long) 

EXAMPLE 5 COMPUTE ULTIMATE BENDING MOMENT FOR BORED PILES 

1 A 1 :DEF: Lab EXAMPLE 5 COMPUTE ULTIMATE BENDING MOMENT FOR BORED PILES 

I : Move Cell - 7 : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Cross Section Shaped 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

- 



- 
File Analysis Mult Option EXAMPLE. IN5 

Identification number of the shape of cross section 
of the pile: 

1: Rectangular or square; 
2: Circular (without shell or core); 
3: Circular (with shell but without core); 
4: Circular (with shell and core); 
5: Circular steel pipe; 

Enter the number: 2 

- : Move Cell - 3 : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mu1 t Option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

i 



- 
Pile Analysis Mult Option EXAMPLE. IN5 

I 
Enter axial loads for cross section design: I 

Point Loads pounds I 

- : Move Cell - ? : Help - / : Edit Scree- FB : Continue 
Fl-Help Alt-X-Exit 

File Analysis Mult Option 

r 

Title 
Cross Section shape 
Axial Loads 
Strength of Materialsc 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

F1 -Help Alt-X-Exit 



- 
File Analysis Mu1 t option EXAMPLE.IN5 

Enter strength parameters of materials ...................................... 

Cylinder strength of concrete psi 
Yield strength of reinforcement psi 
Yield strength of shell or core psi 
Modulus of elasticity of steel psi 

L : Move Cell- 7 : Help- / : Edit Scree- F8 : Continue - 
F1-Help Alt-X-Exit 

File Analysis Mult option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section-c 
Rebar Arrangement 
Main Menu 



LL- 

File Analysis Mult Option EXAMPLE.IN5 

Enter cross-section dimension ............................. 

Width of section (rectangular section only) inches 0.00000 
Depth of section (rectangular section only) inches 0.00000 
Outer diameter (circular section only) inches 30.00000 
Outer diameter of core (circular section only) inches 0.00000 
Thickness of shell (circular section only) inches 0.00000 
Thickness of core (circular section only) inches 

I 0.00000 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement4 
Main Menu 

< 



- 
File Analysis Mult Option B:EXAMPLE.INS 

Rebar Arrangement 

Size of the rebar (enter the bar number, 3, 5, 8, 9. . . )  8 
Number of reinforcing bars 12 
Number of rows of reinforcing bars (rectangular section only) 0 
Cover of rebar (from center of rebar to outer edge 3.0000 
of concrete) inches 

: Move Cell - ? : Help - / : Edit S c r e e  F8 : Continue 
F1-Help Alt-X-Exit 

1 

, File Analysis Mult Option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu+- 



File- Analysis ~ u l t  option 
1 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data for computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

Fl-Help Alt-X-Exi t 

File Analysis Mult Option 
2 

Directory 
Change dir 
Quit to DOS 



File Analysis Mult Option EXAMPLE. IN5 

Save File Name 
EXAMPLE. INS I 

Quit to IX)S 

< 





OUTPUT RESULTS FOR E%AMPLE 5 





EXAMPLE 5 COMPUTE ULTIMATE BENDING MOMENT FOR BORED PILES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ULTIMATE BENDING RESISTANCE AND FLEXURAL RIGIDITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DIAMETER = 30.00 IN 

CONCRETE COMPRESSIVE STRENGTH = 4.000000 KIP/IN**2 

REBAR YIELD STRENGTH = 60.000000 KIP/IN**2 

MODULUS OF ELASTICITY OF STEEL = 29000.000000 KIP/IN**2 

NUMBER OF REINFORCING BARS = 12 

NUMBER OF ROWS OF REINFORCING BARS = 7 

COVER THICKNESS = 3.000 IN 
SQUASH LOAD CAPACITY = 2939.89 KIPS 

ROW AREA OF DISTANCE TO 
NUMBER REINFORCEMENT CENTROIDAL AXIS 

IN**2 IN 

OUTPUT RESULTS FOR AN AXIAL LOAD = .OO KIPS ..................................................... 

MOMENT EI PHI MAXSTR NAXIS 
IN-KIP KIP-IN**2 1/IN IN/IN IN 



THE ULTIMATE BENDING MOMENT AT A CONCRETE STRAIN OF 0.003 
IS : .6271+04 IN-KIP 

OUTPUT RESULTS FOR AN AXIAL LOAD = 100.00 KIPS ..................................................... 

MOMENT 
IN-KIP 

PHI 
l/IN 

.000001 

.000005 

.000009 

.000013 

.000017 

.000021 

.000025 

.000029 

.000033 

.000037 

.000041 

.000045 

.000049 

.000053 

.000083 

.000113 

MAX STR 
IN/IN 

.00005 

.00011 

.00017 

.00019 

.00023 

.00027 

.00031 

.00034 

.00038 

.00042 

.00045 

.00049 

.00052 

.00056 

.00083 

.00110 

N AXIS 
IN 



THE ULTIMATE BENDING MOMENT AT A CONCRETE STRAIN OF 0.003 
IS : .7123+04 IN-KIP 

OUTPUT RESULTS FOR AN AXIAL LOAD = 500.00 KIPS ..................................................... 

MOMENT EI PHI MAX STR N AXIS 
IN-KIP KIP-IN**2 1/IN IN / IN IN 

THE ULTIMATE BENDING MOMENT AT A CONCRETE STRAIN OF 0.003 
IS : .9553+04 IN-KIP 



C u r v a t u r e  < 0.0001 *S ) 

0 -00 1 .a0 2 -00 3.00 4.00 5 -00 6 -00 7.00 

- 
C: PLOTDATA Cnt1-P to Print S c r m n  

Bending Moment vs. Curvature 



-0  r l O O  C:  PLOtDATa C n t l - P  to Print S c r w n  

EI vs.  Bending Moment 



C: PLOTDRTA Cnt1-P to Print Scr- 

Interaction Diagram 



EXAMPLE 6, ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

T h i s  example i s  p r e s e n t e d  t o  i l l u s t r a t e  t h e  c a p a b i l i t y  of 

Program COM624P t o  pe r fo rm a n a l y s e s  t h a t  can  y i e l d  r e s u l t s  of 

direct b e n e f i t  t o  t h e  d e s i g n e r  of a  r e in fo rced-concre te  p i l e .  The 

p i l e  i s  30-inches i n  d iamete r  and 30 f t  i n  l e n g t h .  The p i l e  i s  

embedded i n  a  uniform dense  sand wi th  a n  i n t e r n a l  f r i c t i o n  a n g l e  

of 38 d e g r e e s .  I n  g e n e r a l ,  w i t h  i n p u t  i n f o r m a t i o n  p rov ided  f o r  

r e in fo rcement  i n  t h e  same d a t a  f i l e ,  t h e  program w i l l  compute t h e  

u l t i m a t e  b e n d i n g  moment a s  t h e  f i r s t  s t e p .  Load ings  a n d  

p r e l i m i n a r y  d a t a  on p i l e s  a r e  selected, and t h e  program y i e l d s  

v a l u e s  of  p i l e  d e f l e c t i o n ,  moment, s h e a r ,  and s o i l  r e s i s t a n c e  a s  

t h e  second s t e p .  

The u s e r  can t h e n  compare t h e  maximum bending moment computed 

i n  t h e  second s t e p  w i t h  t h e  u l t i m a t e  bending moment i n  t h e  f i r s t  

s t e p  f o r  a n  a l l o w a b l e  f a c t o r  of  s a f e t y .  The p r o p e r t i e s  o f  t h e  

p i l e  can  t h e n  b e  changed, i f  n e c e s s a r y  o r  d e s i r a b l e ,  and f u r t h e r  

computat ions made t o  a c h i e v e  t h e  f i n a l  s e l e c t i o n  of  t h e  p r o p e r t i e s  

of  t h e  p i l e .  

AS d e s c r i b e d  i n  Example 5, t h e  E I  v a l u e s  used  f o r  each p i l e  

have  a  s i g n i f i c a n t  e f f e c t  on t h e  d e f l e c t i o n  o f  t h e  p i l e .  The 

r e l a t i o n s h i p  between moment and EI  i s  computed d u r i n g  t h e  f i rs t  

s t e p .  There fo re ,  t h e  u s e r  can a s k  t h e  program t o  t a k e  t h e  moment- 

EI  v a r i a t i o n  d i r e c t l y  i n t o  t h e  computa t ion .  The u s e r  may a l s o  

manual ly  i n p u t  t h e  j u s t i f i e d  E I  v a l u e s  f o r  d i f f e r e n t  s e c t i o n s ,  

b a s e d  on t h e  c u r v e  o f  b e n d i n g  moment v e r s u s  d e p t h  o b t a i n e d  

e a r l i e r .  I n  t h i s  example, t h e  o p t i o n  f o r  a u t o m a t i c  i t e r a t i o n s  

u s i n g  i n t e r n a l l y - g e n e r a t e d ,  c racked/uncracked E I  v a l u e s  was g iven  

t o  t h e  computer f o r  t h e  f i n a l  s o l u t i o n .  



The p r o c e d u r e  t h a t  i s  i l l u s t r a t e d  is ,  of c o u r s e ,  o n l y  one  

aspect of t h e  d e s i g n  of a p i l e  b u t  i t  i s  c e r t a i n l y  an  i m p o r t a n t  

one .  

The i n p u t  and  o u t p u t  d a t a  are shown on t h e  f o l l o w i n g  pages .  



INPVT SCREENS FOR EXAMPLE 6 





~ile+ Analysis Mult Option 

I C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for users 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The selection of the ANALYSIS menu allows the 
user to enter required data fQr computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the uoer to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult Option 

Directory 
Change dir 
Quit to DOS 
Main Menu 



File Analysis Mult option 

Read 
New I 

New Pile Name 
EXAMPLE. IN6 1 

I 

Change dir 
Quit to Dos 
Main Menu 

File Analysis Mult Option 

Directory 
Change dir 

1. 



File Analysis Mult Option 

Title - 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

File Analysis Mult Option EXAMPLE. IN6 

Enter title for this data file (up to 72 characters long) 

EXAKPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

A 1:DEF:Lab EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 
I - : Move Cell - ? : Help - / : Edit Screen--- F8 : Continue i 

F1 -Help Alt-X-Exit 



File Analysis Mult Option 

Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 

File kralysir Mult Option EXAMPLE. IN6 

Editing Pile Dimensions 

Number of increments (<= 300) ..................... 100 
Distance from top of pile to ground surface - inches 0.0 . 
Length of pile .............................. inches 360.00 ................................ Pile modulus psi 3200000 ................. Slope of ground surface (degrees) 0.0000 

A 1:DEF:Num L 100 

: Move Cell - 3 : Help - / : Edit Screen---- F8 : Continue 
F1 -Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE. IN6 

Editing Pile Section Properties 

Section Top Depth Diameter Mom. of Inert. Area 
# inches inches inches**4 inchesa 
1 0.00 30.000 39761.0000 707.0000 
2 
3 
4 
5 
6 
7 
8 
9 
10 

To access pile property library leave pile diameter blank. 

- : Move Cell - 3 : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Propertiest 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables 
Main Menu 



File Analysis Mult Option 

I Editing Soil Layer Information 

Layer Criteria X-top 
# 

X-bot 
# 

k 
inches 

1 
inches 

4 
lb/in3 

0.00 
2 

360.00 
3 

90.00 
360.00 

3 
540.00 500.00 

4 
5 
6 
7 
8 
9 
10 

P-Y Curve Criteria 
#l = Soft Clay Criteria # 3  = Stiff Clay Above Watertable 
#2 = Stiff Clay Below Watertable #4 = Sand 
#5 = Interp. Between Input Curves #6 = Vuggy Limestone - : Move Cell - ? : Help - / : Edit Screen- FB : Continue 

F1-Help Alt-X-Exit 

File Analysis Mult Option 

Editing Effective Unit Weight Information 

Point 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth 
inches 
0.00 

360.00 
360.00 
540.00 

Unit Weight 
lb/in3 
0.069 
0.069 
0.034 
0.034 

L : Move Cell - ? : Help - / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE.IN6 

I 
I Editing Shear Strength Information 

Layer Depth c 
inches psi 

cp E50 
deg . @ 50% of c 

: Move Cell- 1 : Help- / : Edit Screen- F8 : Continue A 
F1-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 4 
Computation Control 
Output Tables 
Main Menu 

i 



File Analysis Mu1 t Option EXAMPLE.IN 

Editing Loading Information 

............... Distributed lateral loading (y/n) ? n ......................... Is loading cyclic (y/n) ? n ..................... Boundary condition code (KBC) 1 

KBC = 1 for shear and moment (free head) 
KBc = 2 for shear and slopee(fixed head) 
KBC = 3 for shear and rotational restraint (partially fixed) 
KEC = 4 for deflection and moment 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Option EXAMPLE.IN6 

Editing Pile-head Loading 

KOP shear 
pounds 

1 20000.00 
1 40000.00 

Moment Axial Load 
in-lbs pounds 

0.000 50000.00 
0.000 50000.00 

KOP-0 if only a summary output for this load is to be printed 
11 if complete output is desired for this load 

: Move Cell-? : Help- / : Edit Screen-PI : Continue- 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control-g 
Output Tables 
Main Menu 

File Analysis Mult Option EXAMPLE.IN6 

1. Maximum number of iterations allowed for analysis 100 
2. Tolerance on solution convergence, inches : 0.000010 

I 3. Value of deflection considered to be excessive, inches : 147.0000 : 4. Computation using internally-generated cracked EI (Y/N : N 
Note: If the above answer is Y, remeber to enter the same 

axial load and other parameters such as arrangement 
of rebar, concrete and rebar strength in the ttMULT" 

I menu later. 

/ : Edit Screen- F8 : Continue ' ' 
F1-Help Alt-X-Exit 



File Analysis Mult Option 

Title 
Pile Properties 
Soil Properties 
Lateral p-y Data 
Data for Loading 
Computation Control 
Output Tables( 
Main Menu 

File Analysis Mu1 t option EXAMPLE. IN6 

Output Printing Options I *** Lateral Load Analysis *** I 
Printing Increment (1 for every node, 2 for every other node, etc) 1 
Print deflection, moment, shear over full length of pile (y/n) Y 
Print p-y curves for verification Y 

L : M e  1 - ? : H e  - / : E d  e n -  I 8  : Continue 
F1-Help Alt-X-Exit 

d 



File Analysis Mu1 t Option 

Enter depths for which p-y curves are to be calculated for verification: 

Point Depth inches 

A 1:DEF:Num 20.00000 L : Move Cell - 3 : Help - / : Edit Scree- F8 : Continue 
PI-Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Cross Section shape+ 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 

A 

- 



- 
File Analysis Mult Option EXAMPLE. IN6 

~dentification number of the shape of cross section 
of the pile: 

1: Rectangular or square; 
2: Circular (without shell or core); 
3: Circular (with shell but without core); 
4: Circular (with shell and core); 
5: Circular steel pipe; 

Enter the number: 2 

: Move Cell - 7 : Help - / : Edit Screen- F8 : Continue 
F1 -Help Alt-X-Exit 

File Analysis Mult option 

Title 
Cross Section Shape 
Axial Loads- 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 



- 
File Analysis Mult Option 

Enter axial loads for cross section design: 

Point Loads pounds 

- : Move Cell - ? : Help - / : Edit Screen- F8 : Continue 

File Analysis Mult Option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials* 
Dimension of Cross Section 
Rebar Arrangement 
Main Menu 



- 
File Analysis Mult Option EXAMPLE. IN6 

Enter strength parameters of materials ...................................... 

Cylinder strength of concrete psi 
Yield strength of reinforcement psi 
Yield strength of shell or core p6i 
Modulus of elasticity of steel psi 

L : l l . ~  cell - f : Help - / : M i t  Scree- Fa : Continue + 
F1-Help A1 t-X-Exi t 

Pile Analysis Mu1 t option 
r 

- 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section-4 
Rebar Arrangement 
Main Menu 

- 



- 
File Analysis Mult Option EXAMPLE.IN6 

I 
Enter cross-section dimension ............................. 

Width of section (rectangular section only) inches 0.00000 
Depth of section (rectangular section only) inches 0.00000 
Outer diameter (circular section only) inches 30.00000 
Outer diameter of core (circular section only) inches 0.00000 
Thickness of shell (circular section only) inches 0.00000 
Thickness of core (circular section only) inches 0.00000 

L : Move cell- 7 : Help- / : Edit screen- F8 : continue A 
F1 -Help Alt-X-Exit 

File Analysis Mult Option 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of Cross Section 
Rebar Arrangement4 
Main Menu 



- 
File Analysis Mult Option EXAMPLE. IN6 

I 
Rebar Arrangement 

Size of the rebar (enter the bar number, 3, 5, 8, 9...) 8 
Number of reinforcing bars 12 
Number of rows of reinforcing bars (rectangular section only) 0 
Cover of rebar (from center of rebar to outer edge 3.0000 
of concrete) inches 

: Move Cell - 3 : Help - / : Edit Scree, F8 : Continue 
F1-Help Alt-X-Exit 

File Analysis Mult Opt ion EXAMOLE. IN6 

Title 
Cross Section Shape 
Axial Loads 
Strength of Materials 
Dimension of CrOS8 Section 
Rebar Arrangement 
Main Menu - 

* 



~ile+ Analysis Mult Option 
* 

C624EDIT 2.0, Edit Variables: 

This program is a preprocessor developed especially for usera 
for preparation of input for the computer program COM624P. The 
main menu for this program is displayed as a bar at the top 
row of the screen. The main menu has four choices: FILE, 
ANALYSIS, MULT, and OPTION. 

The selection of the FILE menu allows the user to access a pull- 
down menu for file operations such as reading in an existing file, 
creating a new data file, checking files in the directory, and 
similar operations. The sele tion of the ANALYSIS menu allows the 
user to enter required data f C r computing the response of the pile 
and soil, such as distributions of deflection, bending moment, 
shear, and soil resistance as a function of length along the pile. 
The selection of the MULT menu allows the user to enter data 
of a selected pile size for computing the ultimate bending moment 
and other design-related information. 
The OPTION menu is used for screen setting and it may not be needed 
for most computer systems. 

File Analysis Mult option - 

Directory 
Change dir 
Quit to DOS 

F1-Help Alt-X-Exit 



File Analysis Mult Option EXAMPLE. IN6 

Save File Name 
EXAMPLE. IN6 I 

Quit to DOS 



OUTPUT RESULTS FOR EXAMPLE 6 





EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

............................................................. 
ULTIMATE BENDING RESISTANCE AND FLEXURAL RIGIDITY ............................................................. 

DIAMETER = 30.00 IN 

CONCRETE COMPRESSIVE STRENGTH = 3.500000 KIP/IN**2 

REBAR YIELD STRENGTH = 60.000000 KIP/IN**2 

MODULUS OF ELASTICITY OF STEEL = 29000.000000 KIP/IN**2 

NUMBER OF REINFORCING BARS = 12 

NUMBER OF ROWS OF REINFORCING BARS = 7 

COVER THICKNESS = 3.000 IN 
SQUASH LOAD CAPACITY = 2643.50 KIP 

ROW AREA OF DISTANCE TO 
NUMBER REINFORCEMENT CENTROIDAL AXIS 

IN* * 2 IN 

OUTPUT RESULTS FOR AN AXIAL LOAD = 50.00 KIP ..................................................... 

MOMENT EI PHI MAX STR N AXIS 
IN-KIP KIP-IN**2 1/IN IN/IN IN 



THE ULTIMATE BENDING MOMENT AT A CONCRETE STRAIN OF 0.003 
IS : .6573+04 IN-KIP 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

............................................................. 
PILE DEFLECTION, BENDING MOMENT, SHEAR & SOIL RESISTANCE ............................................................. 

I N P U T  I N F O R M A T I O N  ................................. 

THE LOADING IS STATIC 

PILE GEOMETRY AND PROPERTIES 



PILE LENGTH - - 360.00 IN 
MODULUS OF ELASTICITY OF PILE = .320E+04 KIP/IN**2 

1 SECTION(S) 

X DIAMETER MOMENT OF AREA 
INERTIA 

IN IN IN**4 IN**2 
.oo 

SOILS INFORMATION 

X-COORDINATE AT THE GROUND SURFACE = 

SLOPE ANGLE AT THE GROUND SURFACE - - 
.OO IN 

.00 DEG. 

2 LAYER(S) OF SOIL 

LAYER 1 
THE LAYER IS A SAND 
X AT THE TOP OF THE LAYER = - .OO IN 
X AT THE BOTTOM OF THE LAYER - 360.00 IN 
VARIATION OF SOIL MODULUS, k = .900E+02 LBS/IN**3 

LAYER 2 
THE LAYER IS A STIFF CLAY ABOVE THE WATER TABLE 
X AT THE TOP OF THE LAYER = 360.00 IN 
X AT THE BOTTOM OF THE LAYER = 540.00 IN 
VARIATION OF SOIL MODULUS, k = .500E+03 LBS/1Ne*3 

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH 
4 POINTS 

X,IN WEIGHT,LBS/IN**3 
.OO .69E-01 

360.00 .69E-01 
360.00 .34E-01 
540.00 .34E-01 

DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH 
4 POINTS 

X,IN C,LBS/IN**2 PH1,DEGREES ESO 
.OO .000E+00 38.000 ----- 

360.00 .000E+00 38.000 - - - A -  

360.00 .100E+02 .OOO .500E-02 
540.00 .100E+02 .OOO .500E-02 



FINITE DIFFERENCE PARAMETERS 
NUMBER OF PILE INCREMENTS - - 100 
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .100E-04 IN 
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = - 100 
MAXIMUM ALLOWABLE DEFLECTION - .15E+03 IN 

INPUT CODES 
OUTPT = 1 
KCYCL = 1 
KBC = 1 
KPYOP = 1 
INC = 1 

EXAMPLE 6 ANALYSES RELATED TO DESIGN OF CONCRETE PILES 

O U T P U T  I N F O R M A T I O N  ................................... 

GENERATED P-Y CURVES 

THE NUMBER OF CURVE IS 

THE NUMBER OF POINTS ON EACH CURVE 

DEPTH BELOW GS DI AM 
IN 

PHI GAMMA A 
IN 

B 

20.00 
LBS/IN**3 

30.00 38.0 .7E-01 2.36 1.73 



DEPTH BELOW GS DIAM PHI GAMMA A 
IN IN LBS/IN**3 

60.00 30.00 38.0 .7E-01 1.48 

DEPTH BELOW GS DIAM PHI GAMMA A 
IN IN LBS/IN**3 

100.00 30.00 38.0 .7E-01 1.01 

P 
LBS / IN 

.ooo 
375.000 
750.000 
1125.000 
1401.127 
1545.320 
1674.083 
1791.286 
1899.424 
2000.215 
2094.899 
2184.406 
2269.455 
3514.745 
3514.745 
3514.745 
3514.745 

DEPTH B w  GS DI AM PHI Gw A 
IN IN LBS/Iv**3 



PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD = .200E+02 KIP 
APPLIED MOMENT AT PILE HEAD = .000E+00 IN-KIP 
AXIAL LOAD AT PILE HEAD = .500E+02 KIP 

X DEFLECTION MOMENT 

IN-KIP ********** 
.000E+00 
.000E+00 
.1443+03 
.215E+03 
.2843+03 
.352E+O3 
.419E+03 
.482E+03 

TOTAL 
STRESS 

LBS/IN**2 ********** KIP ********** 
.201E+02 
.200E+02 
1983+02 
.195E+02 
.191E+02 
.186E+02 
.180E+02 
-17 4E+O 2 

SOIL 
RESIST 
LBS/IN ********** 
.000E+00 
.345E+02 
.665E+02 
.961E+02 
.123E+03 
.148E+03 
.171E+O3 
.191E+O3 

FLEXURAL- 
RIGIDITY 
KIP-IN**2 ********** 
.1533+09 
.153E+09 
.153E+09 
.153E+09 
.1533+09 
.153E+09 
.1533+09 
.153E+09 





COMPUTED LATERAL FORCE AT PILE HEAD 
COMPUTED MOMENT AT PILE HEAD 
COMPUTED SLOPE AT PILE HEAD 

THE OVERALL MOMENT IBBALANCE 
THE OVERALL LATERAL FORCE IMBALANCE 

= . 2 0 0 0 0 E + 0 2  KIP 
= . 0 0 0 0 0 E + 0 0  IN-KIP 
= - . 1 0 4 7 3 E - 0 2  

= - . 8 1 3 E - 0 8  IN-KIP 
= . 1 2 9 E - 0 6  LBS 

OUTPUT SUMMARY 



PILE HEAD DEFLECTION = .llOE+00 IN 
MAXIMUM BENDING MOMENT = .112E+04 IN-KIP 
MAXIMUM TOTAL STRESS = .4933+03 LBS/IN**2 

NO. OF ITERATIONS - - 6 
MAXIMUM DEFLECTION ERROR = .461E-07 IN 

PILE LOADING CONDITION 

LATERAL LOAD AT PILE HEAD = .400E+02 KIP 
APPLIED MOMENT AT PILE HEAD = .000E+00 IN-KIP 
AXIAL LOAD AT PILE HEAD = .500E+02 KIP 

X DEFLECTION MOMENT TOTAL 
STRESS 

IN IN IN-KIP LBS/IN**2 ***** ********** ********** ********** 
.OO .337E+00 .000E+00 .707E+02 

3.60 .323E+00 .000E+00 .7073+02 
7.20 .309E+00 .2893+03 .180E+03 
10.80 .296E+00 .431E+O3 .2333+03 
14.40 .2823+00 .570E+O3 .2863+03 
18.00 .269E+00 .707E+03 .3373+03 
21.60 .255E+00 .838E+O3 .3873+03 
25.20 .242E+00 .964E+03 .435E+O3 
28.80 .228E+00 .108E+04 .4803+03 
32.40 .215E+OO .120E+04 .5223+03 
36.00 .202E+00 .130E+04 .561E+O3 
39.60 .189E+00 .140E+04 .597E+03 
43.20 .176E+00 .148E+04 .630E+O3 
46.80 .164E+00 .156E+04 .660E+03 
50.40 .152E+00 .163E+04 .6863+03 
54.00 .141E+00 .169E+04 .708E+O3 
57.60 .130E+00 .1743+04 .728E+03 
61.20 .119E+00 .1783+04 .7443+03 
64.80 .109E+00 .182E+04 .7573+03 
68.40 .991E-01 .184E+04 .766E+03 
72.00 .899E-01 .1863+04 .7733+03 

SHEAR 

KIP ********** 
.402E+02 
.401E+O2 
.3963+02 
.3903+02 
.3813+02 
.3703+02 
.3563+02 
.340E+02 
.3203+02 
.2993+02 
.2763+02 
.2523+02 
.2273+02 
.2033+02 

. .178E+O2 
.153E+02 
.1293+02 
.105E+02 
.815E+01 
.591E+01 
.3773+01 

SOIL 
RESIST 
LBS/ IN ********** 

FLEXURAL 
RIGIDITY 





COMPUTED LATERAL FORCE AT PILE HEAD = .40000E+02 KIP 
COMPUTED MOMENT AT PILE HEAD = .00000E+00 IN-KIP 
COMPUTED SLOPE AT PILE HEAD -.37926E-02 

THE OVERAU MOMENT IMBALANCE = .519E-08 IN-KIP 
THE OVERALL LATERAL FORCE IMBALANCE = .885E-07 LBS 

OUTPUT SUMMARY 

PILE HEAD DEFLECTION = .337E+00 I N  
MAXIMUM BENDING MOMENT = .2173+04 IN-KIP 
MAXIMUM TOTAL STRESS = .8903+03 LBS/IN**2 

NO. OF ITERATIONS - - 1 3  
MAXIMUM DEFLECTION ERROR .435E-05 IN 

S U M M A R Y  T A B L E  ......................... 
LATERAL BOUNDARY AXIAL MAX. MAX. 

LOAD CONDITION LOAD YT ST MOMENT STRESS 
(KIP)  BC2 (KIP)  ( I N )  ( IN/IN 1 (IN-KIP) (LBS/IN**2) 



Deflect ion I: Inches > 

Deflection vs.  Depth 



Moment  t: Inch-Kips ) (: 1000 ' 5  :I 

Bending Moment vs. Depth 



Curvature < 0 .M)Ol 's ) 

0 . o o  1 .w 2.00 3.00 4.00 5 -00 6 .OO 7 .C"u 

Bending Moment vs. Curvature 



EI vs.  Bending Moment 





COM624P 
LATERALLY LOADED PILE ANALYSIS PROGRAM 

FOR THE MICROCOMPUTER 
Var8ion 2.0 

Part 11: Background 





CHAPTER 1. INTRODUCTION 

The documentation f o r  Computer Program COM624P c o n s i s t s  of 

t h r e e  documents : P a r t  I ,  Users Guide; P a r t  I1 Engineer ing  

Background; and P a r t  111, Systems Maintenance. 

The in format ion  shown i n  t h i s  document i s  l i m i t e d  t o  t h a t  

needed f o r  t h e  ope ra t ion  of t h e  computer program and t o  a  b r i e f  

i n t roduc t ion  of t h e  na ture  of t h e  method of ana lys i s .  The user  i s  

r e f e r r e d  t o  two documents p u b l i s h e d  by t h e  F e d e r a l  Highway 

Adminis t ra t ion  f o r  a  r e l a t i v e l y  complete t rea tment  of t h e  t o p i c  

(FHWA-IP-84-11 and FHWA/RD-85/106) . A s tudy of those  pub l i ca t ions  

and some of t h e  papers  t h a t  a r e  c i t e d  t h e r e i n  w i l l  be necessary 

f o r  t h e  engineer  t o  make proper  use of COM624P. This program does 

no t  p rov ide  an "automatic" s o l u t i o n  t o  t h e  problem of t h e  p i l e  

under  l a t e r a l  l o a d i n g ;  r a t h e r ,  d e c i s i o n s  of an exper ienced  

engineer  a r e  requi red  i n  t h e  s e l e c t i o n  of appropr ia te  input  and i n  

t h e  a n a l y s i s  of output  of t h e  program. 

NATURE OF THE PROBLEM 

The a n a l y s i s  of a  p i l e  under l a t e r a l  loading i s  a  problem i n  

s o i l - s t r u c t u r e  i n t e r a c t i o n ;  t h a t  is ,  t h e  d e f l e c t i o n  of t h e  p i l e  i s  

dependent on t h e  s o i l  response and t h e  s o i l  response i s  a  funct ion 

of p i l e  d e f l e c t i o n .  Thus, t h e  problem cannot be solved by t h e  

equa t ions  of s t a t i c  equ i l ib r ium,  bu t  a  d i f f e r e n t i a l  equat ion must 

be solved t o  ob ta in  t h e  d e f l e c t i o n  of t h e  p i l e .  I t e r a t i o n  must be 

employed because t h e  s o i l  response i s  a  nonl inear  funct ion of p i l e  

d e f l e c t i o n  and of p o s i t i o n  a long t h e  leng th  of t h e  p i l e .  



The d e f i n i t i o n  of  s o i l  response  i s  given i n  F i g .  1.1. F igure  

l . l a  i s  a n  e l e v a t i o n  view of  a s e c t i o n  of  a p i l e  wi th  t h e  dep th  

i d e n t i f i e d  a t  which t h e  s o i l  response  i s  i n v e s t i g a t e d .  F igure  l . l b  

g i v e s  t h e  d i s t r i b u t i o n  of  u n i t  stresses around t h e  p i l e  a f t e r  i t s  

i n s t a l l a t i o n  and b e f o r e  l o a d  i s  a p p l i e d ;  i f  t h e  p i l e  h a s  been 

i n s t a l l e d  w i t h o u t  bending,  t h e r e  i s  no unbalanced f o r c e  a c t i n g .  

I f  t h e  p i l e  i s  c a u s e d  t o  d e f l e c t  t h r o u g h  a d i s t a n c e  y l  

( exaggera ted  h e r e  f o r  c l a r i t y  of  p r e s e n t a t i o n ) ,  t h e  u n i t  s t r e s s e s  

may be a s  shown i n  F i g .  1 . 1  The u n i t  stress has  dec reased  on 

t h e  back s i d e  o f  t h e  p i l e  and h a s  i n c r e a s e d  on t h e  f r o n t  s i d e .  
The unbalanced f o r c e  i s  now p l ,  i n  u n i t s  of f o r c e  p e r  u n i t  of 

l e n g t h  a l o n g  t h e  p i l e ,  and can be found by i n t e g r a t i n g  t h e  u n i t  

stresses. 

A n o n l i n e a r  r e l a t i o n s h i p  e x i s t s  between p and y because,  a t  

some d e f l e c t i o n  y ,  t h e  s o i l  r e s p o n s e  p w i l l  r e a c h  a l i m i t  and  

remain c o n s t a n t ,  o r  p e r h a p s  d e c r e a s e ,  w i t h  f u r t h e r  d e f l e c t i o n .  

The n o n l i n e a r  c u r v e  r e l a t i n g  t h e  s o i l  r e s p o n s e  and t h e  p i l e  

d e f l e c t i o n  i s  termed a p-y c u r v e .  A f ami ly  of  p-y curves  can b e  

g e n e r a t e d  by methods d i s c u s s e d  l a t e r  and it i s  e v i d e n t  t h a t  t h e  

c u r v e s  can v a r y  i n  any a r b i t r a r y  manner a l o n g  t h e  l e n g t h  of t h e  

p i l e .  

The s o i l  modulus,  a s  employed i n  t h e  s o l u t i o n  o f  t h e  

l a t e r a l l y - l o a d e d  p i l e ,  i s  d e f i n e d  as p d i v i d e d  by y, has  t h e  u n i t s  

of f o r c e  p e r  l e n g t h  squared ,  and i s  given t h e  symbol Es. Thus, Es 

can b e  c h a r a c t e r i z e d  as a n o n l i n e a r  s p r i n g  whose s t i f f n e s s  i s  
l a r g e s t  w i t h  s m a l l  d e f l e c t i o n  and d e c r e a s e s  as t h e  d e f l e c t i o n  of 

t h e  p i l e  i n c r e a s e s .  



Figure 1 . 1 .  .Definition of  p and y (a f t er  Reese, 1983) . 



The lef t -hand po r t i on  of F ig .  1 . 2  shows t h e  upper por t ion  of 

a  p i l e  wi th  t h r e e  p-y curves i n  conceptual  form. The curves a r e  

p l o t t e d  i n  t h e  second and f o u r t h  quadran ts  because t h e  s o i l  

response i s  oppos i t e  i n  s i g n  t o  p i l e  d e f l e c t i o n .  The p i l e  i s  
assumed t o  be sub jec t ed  t o  a  l a t e r a l  load P t  a t  i t s  t o p .  Dashed 

l i n e s  a r e  drawn t o  show t h e  poss ib l e  d e f l e c t i o n  of t h e  p i l e  under 

two d i f f e r e n t  load ings  wi th  t h e  curva ture  i n  t h e  d e f l e c t i o n  being 

ignored f o r  ea se  i n  p r e s e n t a t i o n .  For each of t h e  p-y curves,  

do t t ed  l i n e s  a r e  drawn t o  t h e  i n t e r s e c t i o n  of t h e  d e f l e c t i o n  with 

t h e  p-y cu rve .  The s l o p e  of t h e s e  d o t t e d  l i n e s  i n d i c a t e s  t h e  

magnitude of t h e  s o i l  modulus Es a t  each of t h e  p a r t i c u l a r  po in t s  

along t h e  p i l e  and a t  each p a r t i c u l a r  de f l ec t ion  of t h e  p i l e .  

The r ight-hand p o r t i o n  of t h e  ske tch  shows a  p l o t  of Es a s  a  

func t ion  of d i s t a n c e  x along t h e  p i l e .  A s  may be seen, Es i s  some 

a r b i t r a r y  func t ion  of x  and y  f o r  any p a r t i c u l a r  l a t e r a l  load P t  

a t  t h e  t o p  of t h e  p i l e .  The f i g u r e  suggests  t h a t :  a  s o l u t i o n  of 

t h e  problem cannot i n  genera l  be based on some presumed v a r i a t i o n  

of Es a s  a  func t ion  of x; t h a t  Es i s  not  a  p roper ty  of t h e  s o i l  

bu t  i s  merely a  f i t t i n g  f u n c t i o n  t o  be determined; t h a t  t h e  

a b i l i t y  t o  formulate  p-y curves i s  e s s e n t i a l  t o  a  so lu t ion ;  t h a t  

i t e r a t i o n  w i l l  i n v a r i a b l y  be  necessary ;  and t h a t  a  computer 

program is  e s s e n t i a l .  

A method of a n a l y s i s  employed i n  some engineer ing  o f f i c e s  

s t a r t s  wi th  t h e  s e l e c t i o n  of  a  depth below t h e  groundline a t  which 

t h e  p i l e  i s  assumed t o  be f i x e d  a g a i n s t  r o t a t i o n .  No s o i l  i s  

assumed t o  e x i s t  a long  t h e  p i l e  above t h a t  po in t ;  thus ,  t h e  p i l e  

i n  s o i l  i s  r e p l a c e d  by a c a n t i l e v e r  beam, and s o l v i n g  f o r  

d e f l e c t i o n  and bending moment p roceeds  by us ing  t h e  o r d i n a r y  

equat ions  of mechanics. If ,  by chance, t h e  depth t o  t h e  po in t  of 

f i x i t y  w a s  s e l e c t e d  c o r r e c t l y ,  t h e  computed maximum bending moment 

would ag ree  wi th  t h e  a c t u a l  maximum moment, bu t  t h e  d i s t r i b u t i o n  

of bending moment a long  t h e  p i l e  would c e r t a i n l y  be i n c o r r e c t .  
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Figure 1 . 2 .  Concept o f  determination o f  s o i l  modulus 
a s  a function o f  distance along p i l e .  



Furthermore, t h e  s e l e c t i o n  of a  po in t  of f i x i t y  (such t h a t  both  

t h e  maximum d e f l e c t i o n  and t h e  maximum bending both were computed 

c o r r e c t l y )  would be a v i r t u a l  imposs ib i l i t y .  Thus, no gu ide l ines  

can be developed f o r  s e l e c t i n g  a  po in t  of f i x i t y  t h a t  would al low 

t h e  response of a  p i l e  t o  be computed accura te ly .  This d i scuss ion  

i s  f o r  t h e  purpose of r e in fo rc ing  t h e  d e s i r a b i l i t y  of us ing t h e  p- 

y  method of a n a l y s i s  as presented here in .  

DESIGN BY FACTORING THE LOAD 

A p i l e  under l a t e r a l  load,  and some amount of a x i a l  load as 
w e l l ,  must be s e l e c t e d  s o  t h a t  it has an app rop r i a t e  f a c t o r  of 

s a f e t y  a g a i n s t  c o l l a p s e  due t o  bending and a g a i n s t  exces s ive  

d e f l e c t i o n .  If a  curve were t o  be developed f o r  bending moment o r  

d e f l e c t i o n ,  t h e  curve  would be non l inea r  wi th  r e s p e c t  t o  t h e  

lateral  load .  Thus, t h e  p re fe r r ed  method of design of t h e  p i l e  i s  

t o  f i n d  t h e  f ac to red  load t h a t  w i l l  cause t h e  p i l e  t o  " f a i l . "  The 

f a c t o r  i s  s e l e c t e d  s o  a s  t o  p rov ide  an a p p r o p r i a t e  f a c t o r  of 

s a f e t y  wi th  r e spec t  t o  load .  I f  t h e  a l lowable-s t ress  approach i s  

used,  t h e  l o a d  t h a t  produced t h e  a l l owab le  stress could  be 

increased  on ly  a  smal l  percentage and f a i l u r e  might occur because 

of t h e  response of t h e  nonl inear  p-y curves.  

The load- fac tor  approach r e q u i r e s  t h a t  t h e  c r o s s  s e c t i o n  of 

t h e  p i l e  be analyzed t o  determine t h e  u l t i m a t e  moment t h a t  w i l l  

c ause  t h e  development o f  a p l a s t i c  h inge .  Such v a l u e s  a r e  

t a b u l a t e d  f o r  s t r u c t u r a l  shapes ,  and computer programs a r e  

a v a i l a b l e  t o  ana lyze  composite s e c t i o n s ,  such as a re inforced-  

c o n c r e t e  s e c t i o n .  The d e t e r m i n a t i o n  o f  some magnitude of  

d e f l e c t i o n  t h a t  w i l l  cause  a  f a i l u r e  i s  l e s s  s t r a i g h t f o r w a r d .  

There may be some s t r u c t u r e s  t h a t  a r e  s e n s i t i v e  t o  d e f l e c t i o n  f o r  

a  s i t e - s p e c i f i c  reason,  and t h e  load-factor  method can be used t o  

reduce t h e  l o a d  t h a t  r e s u l t s  i n  exces s ive  d e f l e c t i o n  t o  a  s a f e  

l a t e r a l  load .  



Another type  of f a i l u r e  can be inves t iga t ed  by COM624P. The 

e q u a t i o n  t h a t  i s  programmed and d e s c r i b e d  l a t e r  d e f i n e s  t h e  

behavior of a  beam-column s o  t h a t  one of t h e  input  parameters i s  

a x i a l  l o a d .  Some p i l e s  may ex tend  some d i s t a n c e  above t h e  

groundl ine  s o  t h a t  buckl ing may be a problem. The f a i l u r e  of t h e  

p i l e  i n  buck l ing  can be i n v e s t i g a t e d  by ho ld ing  t h e  f a c t o r e d  

l a t e r a l  l o a d  c o n s t a n t  and by i n c r e a s i n g  t h e  a x i a l  l o a d  i n  

increments u n t i l  t h e  d e f l e c t i o n  becomes excess ive .  I t  i s  important 

t h a t  t h e  a x i a l  load  be increased  i n  smal l  increments because t h e  

procedure t h a t  i s  employed behaves e r r a t i c a l l y  a t  loads  above t h e  

buckling load .  

NATURE OF LOADING 

I n  r e s p e c t  t o  l a t e r a l  l oad ing ,  f o u r  k inds  of  l oads  a r e  

encounte red  i n  p r a c t i c e :  shor t - te rm,  r epea t ed ,  s u s t a i n e d ,  and 

se i smic  o r  dynamic. The engineer  must s e l e c t  t h e  so i l - response  

cu rves  t o  be used i n  a  p a r t i c u l a r  des ign  by g i v i n g  c a r e f u l  

cons idera t ion  t o  t h e  na tu re  of t h e  loading.  

Short - term o r  s t a t i c  l oad ing  i s  f r e q u e n t l y  employed i n  a  

f i e l d  tes t  i n  o rde r  t o  o b t a i n  t h e  response of a  s o i l  t h a t  can be 

c o r r e l a t e d  wi th  t h e  engineer ing  p r o p e r t i e s  of t h e  s o i l .  The p-y 

curves f o r  s ta t ic  loading,  t hus ,  are a  s o r t  of llbackbonel* response 

by which t h e  response of a  p i l e  t o  o t h e r  s o r t s  of loading can be 

judged. I n  some in s t ances ,  t h e  s t a t i c  p-y curves can be used i n  

des ign .  Methods of p r e d i c t i n g  p-y curves  f o r  s t a t i c  load ing  a r e  

p resen ted  l a t e r .  



Many s t r u c t u r e s  a r e  sub jec t ed  t o  c y c l i c  o r  repea ted  l a t e r a l  

loads .  Wind g u s t s  a r e  an example. Other examples a r e  t r a f f i c  loads 
on curved b r idges ,  braking loads ,  cu r r en t  and wave loads ,  and i c e  

l oads .  The p-y curves  t h a t  a r e  proposed f o r  c y c l i c  loading a r e  

p r e s e n t e d  i n  a l a t e r  s e c t i o n  of t h i s  r e p o r t .  The proposa ls  a r e  

s t rong ly  based on f i e l d  experiments. Only a l imi t ed  number of such 

experiments have been performed and t h e  judgment of an experienced 

engineer  i s  needed i n  a s c e r t a i n i n g  t h e  magnitude of t h e  load f a c t o r  

t h a t  i s  a p p r o p r i a t e .  In  some in s t ances ,  f i e l d  load  t e s t s  a t  t h e  

s p e c i f i c  s i te  a r e  i nd i ca t ed .  

Retaining walls ,  bulkheads, and br idge abutments are subjected 

t o  s u s t a i n e d  l o a d i n g .  A p i l e  i n  g r a n u l a r  s o i l  o r  h e a v i l y  

ove rconso l ida t ed  c l a y  can be expec ted  t o  undergq on ly  a s m a l l  

amount of a d d i t i o n a l  d e f l e c t i o n ,  o r  perhaps none, depending on t h e  

magnitude of t h e  u n i t  s t r e s s e s  t h a t  e x i s t  around t h e  p i l e .  On t h e  

o t h e r  hand, i f  t h e  p i l e  is  i n s t a l l e d  i n  normally conso l ida ted  o r  

l i g h t l y  overconso l ida ted  c l ay ,  t h e  t ime- re la ted  d e f l e c t i o n  due t o  

conso l ida t ion  and c reep  may be s i g n i f i c a n t .  In concept, an ana lys i s  

could be accomplished by s t r e t c h i n g  t h e  y-values on t h e  p-y curves 

an amount t o  accommodate t h e  t ime- re la ted  displacement.  However, 

no a n a l y t i c a l  method has  been proposed f o r  making t h e  adjustments 

i n  t h e  p-y curves .  

The procedure t h a t  is  suggested i s  t o  r e f e r  t o  any information 

t h a t  may be found i n  t h e  t e c h n i c a l  l i t e r a t u r e ;  f o r  example t o  t h e  

papers  by Neukirchner and Nixon (1987) ,  and Neukirchner (1987) . 
Also, t h e  computer program can be u t i l i z e d  t o  ob ta in  an e s t ima te  

under t h e  working load  of t h e  l a t e r a l  stresses a g a i n s t  t h e  s o i l .  

The t h e o r y  of  c o n s o l i d a t i o n  can be employed t o  ga in  some i n s i g h t  



i n t o  t h e  poss ib l e  add i t i ona l ,  t ime-rela ted de f l ec t ion  of t h e  p i l e .  

In  t h i s  connection,  some cons idera t ion  must be given t o  t h e  time- 

r e l a t e d  changes i n  t h e  s o i l  s t r e s s e s .  

An a l t e r n a t i v e  procedure i n  important cases  i s  t o  i n s t a l l  a  

t e s t  p i l e  and sub jec t  it t o  sus t a ined  loading.  The length  of time 

t h e  load  can be maintained would be l imi t ed ,  of course;  however, 

t h e  a d d i t i o n a l  d e f l e c t i o n  w i l l  decay exponen t i a l l y  s o  t h a t  it 

would be p o s s i b l e  t o  make an e x t r a p o l a t i o n  t o  es t imate  t h e  f i n a l  

amount of a d d i t i o n a l  d e f l e c t i o n .  

There may be i n s t a n c e s  i n  t h e  des ign  of p i l e s  where t h e  

l a t e r a l  l o a d i n g  a r i s e s  from v i b r a t i o n  a s  from o s c i l l a t i n g  

machinery. Because t h e  d e f l e c t i o n s  of a  p i l e  would, i n  general ,  

be q u i t e  sma l l  due t o  t h e  v i b r a t i o n ,  a  cons tan t  value  of s o i l  

modulus a s  a  func t ion  of d e f l e c t i o n  could be s e l ec t ed .  The reader  

i s  r e f e r r e d  t o  t e c h n i c a l  l i t e r a t u r e  on s o i l  dynamics f o r  guidance. 

With regard t o  t h e  response of t h e  p i l e ,  i n e r t i a  e f f e c t s  cannot be 

ignored a s  i s  poss ib l e  with s t a t i c  o r  with most c y c l i c  loads .  

A d i s c u s s i o n  of t h e  des ign  of  a  p i l e  t o  s u s t a i n  l a t e r a l  

l oad ing  t h a t  could be genera ted  by an ear thquake i s  beyond t h e  

scope of t h i s  r e p o r t .  The design may be made by a  pseudo-s ta t ic  

method o r ,  i f  a  r a t i o n a l  method i s  t o  be employed, t h e  a n a l y s i s  

would s ta r t  wi th  an e s t i m a t i o n  of t h e  f r e e - f i e l d  motion of t h e  

su r f ace  s o i l s  a t  t h e  s i t e .  



INTERACTION OF THE PILES WITH TEE SUPERSTRUCTURE 

A s  shown l a t e r ,  t h e  u se r  of t h e  program can select a v a r i e t y  

of s e t s  of boundary c o n d i t i o n s  a t  t h e  t o p  of t h e  p i l e .  The 

condi t ions  of equ i l i b r ium and compa t ib i l i t y  a r e  s a t i s f i e d  by t h e  

app rop r i a t e  s e l e c t i o n .  I f  a  p i l e  extends upward t o  support  a  road 

s ign,  t h e  two boundary condi t ions  c o n s i s t  of a  shear  and a  moment. 

If a  p i l e  extends upward t o  form a  p a r t  of t h e  supers t ruc ture ,  t h e  

two boundary c o n d i t i o n s  c o n s i s t  of a  s h e a r  and a r o t a t i o n a l  

r e s t r a i n t .  I n  o r d e r  t o  s e l e c t  t h e  proper  magnitude of t h e  

r o t a t i o n a l  r e s t r a i n t ,  i t e r a t i o n  between t h e  p i l e  foundation and 

t h e  supe r s t ruc tu re  i s  usua l ly  necessary.  

I f  a  p i l e  extends  upward and i s  embedded i n  a  concre te  mat 

such a s  t h e  base of a  r e t a i n i n g  w a l l ,  an accep tab le  s o l u t i o n  i n  

some cases  i s  t o  assume t h a t  t h e  p i l e  head i s  f u l l y  f i x e d  aga ins t  

r o t a t i o n .  The second boundary c o n d i t i o n ,  t h e  shea r ,  may be 

s e l e c t e d  by d i v i d i n g  t h e  t o t a l  l a t e r a l  load  of t h e  w a l l  by t h e  

number of p i l e s .  There may be occasions when t h e  d e f l e c t i o n  a t  t h e  

p i l e  head i s  one of  t h e  known boundary condi t ions .  For example, a  

b r i d g e  may be c o n s t r u c t e d  i n  such  a  way t h a t  t h e  l a t e ra l  

d e f l e c t i o n  of  t h e  p i l e  head i s  l imi t ed  t o  a known amount. 

I n  any case ,  t h e  engineer  must make a  c a r e f u l  s tudy  of t h e  

manner i n  which t h e  p i l e s  i n t e r a c t  with t h e  e n t i r e  s t r u c t u r e  s o  

t h a t  t h e  proper  input  t o  t h e  program can be s e l e c t e d .  A number of 

t r i a l s  may be necessary on occasion.  



INFLUENCE OF P I L E  LENGTH 

The l eng th  of t h e  p i l e  t h a t  i s  employed i n  t h e  ana lyses  by 

computer i s  an important  cons ide ra t ion .  An examination of t h e  

ou tpu t  f o r  t h e  s o l u t i o n  of t h e  behavior of a  long p i l e  w i l l  show 

t h a t  t h e  d e f l e c t i o n  o s c i l l a t e s  back and f o r t h  about t h e  a x i s  of 

t h e  lower po r t i on  of t h e  p i l e  s o  t h a t  t h e r e  a r e  a  l a r g e  number of 

p o i n t s  of  z e r o  d e f l e c t i o n .  I f  t h e  l e n g t h  of t h e  p i l e  i s  

a r b i t r a r i l y  shor tened s o  t h a t  t h e r e  a r e  only  two o r  t h r e e  p o i n t s  

of ze ro  d e f l e c t i o n ,  a  comparison of t h e  two sets of r e s u l t s  w i l l  

show t h a t  t h e r e  is  no d i f f e r e n c e  i n  t h e  groundline d e f l e c t i o n  o r  

i n  t h e  magnitude of t h e  maximum moment. A s  a  mat te r  of f a c t ,  

t h e r e  i s  no d i s c e r n i b l e  d i f f e r e n c e  i n  t h e  two s o l u t i o n s  f o r  t h e  

p o r t i o n  of t h e  p i l e  above t h e  f i r s t  p o i n t  of zero d e f l e c t i o n .  

Therefore,  t h e  engineer  may wish t o  shor ten  t h e  leng th  of a p i l e  

t h a t  i s  being analyzed i n  o rde r  t o  save computer t ime.  This can 

be done by  examining t h e  r e s u l t s  of t h e  f i r s t  run t o  discover  t h e  

number of p o i n t s  of ze ro  d e f l e c t i o n .  The length  of t h e  p i l e  can 

then  be shor tened  s o  t h a t  t h e r e  a r e  two o r  t h r e e  p o i n t s  of zero 
d e f l e c t i o n .  

On t h e  o t h e r  hand, i f  t h e  t o t a l  l e n g t h  of a  p i l e  i s  not  

s e l e c t e d  on t h e  b a s i s  of  a x i a l  l oad ing  bu t  on ly  on l a t e r a l  

loading,  it w i l l  be d e s i r a b l e  t o  make a  s e r i e s  of computer runs 

wi th  v a r i a t i o n  i n  t h e  p e n e t r a t i o n  of t h e  p i l e .  A s  shown i n  Fig .  

1.3, a  c r i t i c a l  p e n e t r a t i o n  w i l l  be found. A t  pene t r a t i ons  l e s s  

t han  t h e  c r i t i c a l ,  t h e  t o p  of t h e  p i l e  w i l l  experience a d d i t i o n a l  

d e f l e c t i o n  because t h e  bottom of t h e  p i l e  is  d e f l e c t i n g .  The p i l e  

i s  undergoing a  " fence-pos t ing"  a c t i o n ,  a c o n d i t i o n  t h a t  i s  

gene ra l ly  undes i rab le .  



b ~ r i t i c o l  Penettotion 

b 

Pile Penetrot ion 

Figure  1 .3 .  Inf luence of p i l e  pene t ra t ion  on 
groundline de f l ec t ion .  

PILE GROUPS tJNDER LATERAL LOADING 

Sing le  p i l e s  can be employed t o  support  an overhead s ign  but  
most p i l e s  a r e  i n s t a l l e d  i n  groups.  Two problems must be 

addressed with r e spec t  t o  p i l e  groups: t h e  l o s s  of e f f i c i e n c y  due 

t o  c l o s e  spac ing ,  and t h e  d i s t r i b u t i o n  of t h e  l oad  from t h e  

supe r s t ruc tu re  t o  each of t h e  support ing p i l e s .  

The second of t h e s e  problems can be solved r a t i o n a l l y  i f  t h e  

t h r e e  nonl inear  s t i f f n e s s e s  a t  t h e  p i l e  head; f o r  a x i a l  load, f o r  

l a t e r a l  load,  and f o r  moment; can be def ined.  The r e s u l t  i s  t h e  

v e r t i c a l  d isplacement ,  l a t e r a l  displacement,  and r o t a t i o n  of t h e  

s u p e r s t r u c t u r e  and t h e  corresponding movements a t  each of t h e  p i l e  

heads .  The response  of  each  of  t h e  p i l e s  i s  computed. The 

s o l u t i o n  i s  as a c c u r a t e  as t h e  p i l e  head s t i f f n e s s e s  can be 

determined. 

The problem of  t h e  i n t e r a c t i o n  between groups of c l o s e l y  
spaced p i l e s  cannot be so lved  with  t h e  same assurance a s  can t h e  

one desc r ibed  above. The theo ry  of e l a s t i c i t y  has been employed 

t o  develop i n t e r a c t i o n  f a c t o r s ,  bu t  experiments have shown t h a t  



t h e s e  f a c t o r s  can be s e r i o u s l y  i n  e r r o r .  Other methods have been 

s u g g e s t e d  b u t  r e s e a r c h  h a s  n o t  y e t  d e v e l o p e d  s u f f i c i e n t  
in format ion  t o  a l l ow  an eng ineer  t o  make a con f iden t  p r e d i c t i o n .  

The behav io r  of  p i l e s  i n  groups is  d i s c u s s e d  i n  t h e  two FHWA 

p u b l i c a t i o n s  on l a t e r a l l y  loaded p i l e s  mentioned e a r l i e r  (FHWA, 
1984; FHWA, 1986) .  

VERIFICATION OF ACCURACY OF TEE COMPUTER OUTPUT 

Chapter 5 of t h i s  r e p o r t  is  concerned i n  some detai l  wi th  t h e  
v e r i f i c a t i o n  of  t h e  r e s u l t s  of t h e  computat ions .  An impor tan t  

c o n s i d e r a t i o n  i s  t h a t  t h e  r e s u l t s  s h o u l d  be c o n s i d e r e d  as 
q u e s t i o n a b l e  u n t i l  t h e  eng inee r  h a s  done an independent  s tudy ,  

however b r i e f ,  t o  v e r i f y  t h e  s o l u t i o n .  

The computer w i l l  produce r e s u l t s  i n  a s h o r t  p e r i o d  of t i m e  

t h a t  would t a k e  weeks,  o r  much l o n g e r ,  w i t h  t h e  c a l c u l a t o r .  

De f l ec t i on ,  r o t a t i o n ,  bending moment, shea r ,  and s o i l  r e s i s t a n c e  

are g iven  p o i n t  by p o i n t  a long  t h e  l e n g t h  of  a  p i l e ,  and t h e  

e q u a t i o n s  o f  e q u i l i b r i u m  and c o m p a t i b i l i t y  are a u t o m a t i c a l l y  
s a t i s f i e d .  A series of  l oads  can be i n p u t  and t h e  computer w i l l  

r a p i d l y  produce pi le-head d e f l e c t i o n  and maximum bending moment as 
a  f u n c t i o n  o f  l o a d .  I f  d e s i r e d ,  t h e  r e s u l t s  can  be r e a d i l y  
d i sp l ayed  i n  g r a p h i c a l  form. 

The v e r s a t i l i t y  and u t i l i t y  of t h e  computer program are s o  

i m p r e s s i v e  t h a t  it i s  d i f f i c u l t  n o t  t o  a c c e p t  t h e  r e s u l t s  as 
c o r r e c t ;  however, t h e  e n g i n e e r  i s  w e l l  a d v i s e d  t o  q u e s t i o n  t h e  

r e s u l t s  and t o  adopt  some r o u t i n e  means f o r  v e r i f i c a t i o n .  The 

methods t h a t  are i n d i c a t e d  i n  Chapter  5 should  prove h e l p f u l  and 
t h e  eng inee r  may d e v i s e  o t h e r  methods t h a t  are a p p l i c a b l e  t o  l o c a l  

s i t u a t i o n s .  





CHAPTER 2. BASIC THEORY OF COMPUTATION 

THE DIFFERENTIAL EQUATION 

The s t anda rd  d i f f e r e n t i a l  equat ion f o r  t h e  d e f l e c t i o n  of a  

beam a s  presen ted  i n  textbooks on mechanics provides t h e  b a s i s  f o r  

t h e  a n a l y s i s  of most of t h e  cases  of p i l e s  under l a t e r a l  loading.  

The on ly  adjustment t h a t  i s  needed t o  t h e  b a s i c  equat ion i s  t o  
r ep l ace  t h e  d i s t r i b u t e d  load p  with t h e  s o i l  modulus Es times t h e  

p i l e  d e f l e c t i o n  y  (with a  negat ive  s i g n ) .  

However, i f  t h e  a x i a l  l oad  i s  r e l a t i v e l y  l a r g e  o r  i f  an 

unsupported po r t i on  of t h e  p i l e  extends above t h e  groundline,  t h e  

i n c l u s i o n  of t h e  e f f e c t  of t h e  a x i a l  load  i n  t h e  d i f f e r e n t i a l  

equa t ion  i s  necessary .  The beam-column equat ion t h a t  i s  der ived 

can be used t o  i n v e s t i g a t e  buckling and, f o r  cases  where t h e  a x i a l  

l o a d  i s  a p p l i e d  a t  t h e  groundl ine ,  w i l l  a l low t h e  a d d i t i o n a l  

l a t e r a l  d e f l e c t i o n  due t o  a x i a l  loading t o  be computed. 

The d e r i v a t i o n  of t h e  beam-column was done by Hetenyi (1946). 

The p i l e  i s  assumed t o  be replaced by a  bar  and a  segment, bounded 

by two h o r i z o n t a l s  a  d i s t a n c e  of dx a p a r t ,  has been cu t  from t h e  

b a r  a s  shown i n  F ig .  2 .l. The segment has been d i sp laced  due t o  
l a t e r a l  load ing  and a  p a i r  of v e r t i c a l  compressive fo rces  Px a r e  

a c t i n g  a t  t h e  c e n t e r  of  g r a v i t y  of t h e  end c ros s  s e c t i o n s  of t h e  

b a r .  

The e q u i l i b r i u m  of moments ( i g n o r i n g  second-order terms) 

leads  t o  t h e  equat ion:  



Figure 2.1. Element for beam-column (after Hetenyi, 1946). 



D i f f e r e n t i a t i n g  E q .  2 . 2  with r e spec t  t o  x, t h e  following equation 

is  obtained:  

The fol lowing i d e n t i t i e s  are noted: ,  

dV 
= p, and dx 

And making t h e  i nd i ca t ed  s u b s t i t u t i o n s ,  Eq .  2 . 3  becomes: 

The d i r e c t i o n  of t h e  shear ing  fo rce  V, is  shown i n  Fig .  2 . 1 .  

The shea r ing  f o r c e  i n  t h e  p lane  normal t o  t h e  d e f l e c t i o n  l i n e  can 

be obtained as: 

Vn = V, cos S - P, s i n  S.  ( 2 . 8 )  

dil Because S i s  u s u a l l y  s m a l l ,  cos  S = 1 and s i n  S = t a n  S = dx. 

Thus, E q .  2 . 9  i s  obtained:  



Vn w i l l  most ly  be used i n  computat ions b u t  Vv can be computed from 

E q .  2 .9 where dy/dx i s  e q u a l  t o  t h e  r o t a t i o n  S. 

The f o l l o w i n g  a s s u m p t i o n s  a r e  made i n  d e r i v i n g  t h e  

d i f f e r e n t i a l  equa t ion :  

- t h e  p i l e  h a s  a l o n g i t u d i n a l  p l a n e  of  symmetry; l o a d s  and 
r e a c t i o n s  l i e  i n  t h a t  p lane ,  

- t h e  modulus of e l a s t i c i t y  o f  t h e  p i l e  m a t e r i a l  i s  t h e  same 
f o r  t e n s i o n  and compression, 

- t r a n s v e r s e  d e f l e c t i o n s  of  t h e  p i l e  a r e  smal l ,  

- t h e  p i l e  i s  n o t  s u b j e c t e d  t o  dynamic loading,  and 

- d e f l e c t i o n s  due t o  s h e a r i n g  stresses are n e g l i g i b l e .  

The s i g n  convent ions  t h a t  are employed a r e  shown i n  F i g .  2.2.  

For  ease of unders tand ing ,  t h e  s i g n  convent ions  a r e  p r e s e n t e d  f o r  

a beam t h a t  i s  o r i e n t e d  l i k e  a p i l e .  A s o l u t i o n  o f  t h e  

d i f f e r e n t i a l  e q u a t i o n  y i e l d s  v a l u e s  o f  y a s  a f u n c t i o n  of x.  A 

f a m i l y  o f  c u r v e s  can  t h e n  b e  o b t a i n e d  as shown i n  F i g .  2 . 3  by 

u s i n g  t h e  fo l lowing  b a s i c  e q u a t i o n s :  

EI &Y = M, and 
dx2 

where 



Lood Shoor Momont Slope I k f  loction 
Diogmm Diogrom Dio gmm Diogrom Diogmm 

Positive h s i t i v e  Positive &sit ivo Poritivo 
Load Shear Moment Slope Dof loction 

Figure 2 . 2 .  Sign conventions. 

Figure 2 . 3 .  Form of t h e  r e s u l t s  obtained from a complete so lu t ion .  



V = s h e a r ,  

M = bending  moment of  t h e  p i l e ,  and 

S = s l o p e  o f  t h e  e l a s t i c  c u r v e .  

SOLUTION TO TEE GOVERNING DIFFERENTIAL EQUATION 

Equa t ion  2 .7  is  r e w r i t t e n  and shown as Eq. 2 .13 .  The t e r m  W, 

which i s  e x a c t l y  s imi lar  t o  p, i s  added t o  a l l o w  a  d i s t r i b u t e d  

l o a d  t o  be p l a c e d  a l o n g  t h e  p i l e  as, f o r  example, when t h e  p i l e  

e x t e n d s  above t h e  g r o u n d l i n e  a n d  i s  s u b j e c t e d  t o  a d i s t r i b u t e d  

l o a d  from water c u r r e n t s  o r  wind. The term k i s  s u b s t i t u t e d  f o r  
Es f o r  ease i n  w r i t i n g  t h e  e q u a t i o n s .  

E q u a t i o n  2 . 1 3  c a n  be s o l v e d  r e a d i l y  b y  u s i n g  f i n i t e -  

d i f f e r e n c e  t e c h n i q u e s .  The d e f l e c t i o n  o f  t h e  p i l e  by f i n i t e  

d e f l e c t i o n s  i s  shown i n  F i g .  2 . 4 .  The f i n i t e  d i f f e r e n c e  

e x p r e s s i o n s  f o r  t h e  first two terms o f  E q .  2.13 a t  p o i n t  m are: 

where 



Figure 2 . 4 .  Representation of  def lected  p i l e .  



Rm = f l e x u r a l  r i g i d i t y  a t  p o i n t  (m)  , t h a t  is,  

Equat ions  2 . 1 4  and 2.15 a r e  s u b s t i t u t e d  f o r  terms i n  Eq.  2.13 

and t h e  r e s u l t i n g  e q u a t i o n  f o r  P o i n t  m a long  t h e  p i l e  and Eq .  2 .17  

r e s u l t s .  

The a x i a l  f o r c e  Px which produces  compression i s  assumed t o  

be p o s i t i v e .  Also, P, a c t s  through t h e  a x i s  of  t h e  p i l e ;  t h u s ,  Px 

causes  no moment a t  t h e  t o p  of  t h e  p i l e .  

Applying t h e  boundary c o n d i t i o n s  a t  t h e  bottom of  t h e  p i l e ,  

t h e  s o l u t i o n  t o  t h e  d i f f e r e n t i a l  e q u a t i o n  i n  d i f f e r e n c e  form can 

proceed (Gleser, 1 9 5 3 ) .  

Us ing  t h e  n o t a t i o n  shown i n  F i g .  2.5, t h e  two boundary 

c o n d i t i o n s  a t  t h e  bot tom of t h e  p i l e  ( p o i n t  0)  a r e  z e r o  bending 

moment, 

and z e r o  s h e a r ,  



Figure 2 . 5 .  Points at  bottom of p i l e .  



For  s i m p l i c i t y  it i s  assumed t h a t :  

These boundary c o n d i t i o n s  are, i n  f i n i t e  d i f f e r e n c e  form, 

Y - 1  - 2 ~ 0  + Y 1  = 0, and (2.21)  

r e s p e c t i v e l y .  S u b s t i t u t i n g  t h e s e  boundary c o n d i t i o n s  i n  f i n i t e  

d i f f e r e n c e  form i n  E q .  2 .17  where m i s  e q u a l  t o  z e r o ,  and  

r e a r r a n g i n g  terms, r e s u l t s  i n  t h e  f o l l o w i n g  e q u a t i o n s :  

YO ' aoYi  - boy2 + do, 

Ro + R , and 
bo ' RO + R l  + kOh4' - 2pXh2 

Equa t ion  2.17 can  be e x p r e s s e d  f o r  a l l  v a l u e s  o f  m o t h e r  t h a n  

0 and  t h e  t o p  of t h e  p i l e  by  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  



bm = %, and 
Cm 

where 

The t o p  of t h e  p i l e  ( m - t )  i s  shown i n  F ig .  2 . 6 .  Four s e t s  of 

boundary condi t ions  a r e  considered.  These a r e  designated a s  Cases 

1 through 4 .  

1. The l a t e r a l  load (Pt )  and t h e  moment ( M t )  a t  t h e  t o p  
of t h e  p i l e  a r e  known. 

2 .  The l a t e r a l  load ( P t )  and t h e  s lope  of t h e  e l a s t i c  
curve (St) a t  t h e  t o p  of t h e  p i l e  a r e  known. 

3 .  The l a t e r a l  load (Pt )  and t h e  r o t a t i o n a l - r e s t r a i n t  
cons tan t  (Mt/St) a t  t h e  t o p  of t h e  p i l e  a r e  known. 

4 .  The moment ( M t )  and t h e  d e f l e c t i o n  (y t )  a t  t h e  t o p  
of t h e  p i l e  a r e  known. 

F o r  conven ience  i n  e s t a b l i s h i n g  e x p r e s s i o n s  f o r  t h e s e  

boundary condi t ions ,  t h e  fol lowing cons tan ts  a r e  def ined:  



Figure 2 . 6 .  Points at  top of p i l e .  



The boundary condit ions  f o r  Case 1 are shown by the  sketches 

i n  F i g .  2 . 7 .  The d i f f erence  equations f o r  the  top o f  the  p i l e  are 

a s  shown i n  Eqs. 2 .37 and 2 . 3 8 .  

Support f o r  an 
overhead sign 

Note: Pt and Mt a r e  known; they a r e  shown i n  the  p o s i t i v e  sense i n  
t h e  sketches. 

Figure 2 . 7 .  Case 1 of boundary condit ions  a t  top of p i l e .  



After s u b s t i t u t i o n s  t h e  d i f ference  equations f o r  the  def lec t ion  a t  

the  top  of t h e  p i l e  and a t  t h e  two imaginary poin ts  above the  top 

of t h e  p i l e  a re :  

where 

J2 + G1yt - dt-= 
Y t + l  = G2 

, and 



HI = -2at-1 - Eat-1 - bt-2 + at-lat-2,  and ( 2  - 4 6 )  

The boundary conditions f o r  Case 2 a r e  shown by the  sketches 

i n  Fig.  2.8. The d i f fe rence  equations f o r  the  boundary conditions 

a r e  given by Eq. 2.37 given e a r l i e r  and Eq. 2.48 shown below. 

Y t  + 2 
Concrete foundation 

I-\ , , 
w i t h  known r o t a t i o n  

ground1 i ne 

Note: Pt and St a r e  known; they a r e  shown i n  the  p o s i t i v e  sense. 

Figure 2 .8 .  Case 2 of boundary conditions a t  top  of p i l e .  

The r e s u l t i n g  d i f ference  equations f o r  t h e  def lec t ions  a t  the  

three  poin ts  a t  t h e  top  of t h e  p i l e  a re :  

- at-1yt - J1 + d t -1  
Y t + l  - 

G4 
and 



where 

+ dt-1 ( 2  + E-at-2) - dt-2, and 

and t h e  o t h e r  cons tan ts  a r e  a s  previously  def ined.  

The boundary condi t ions  f o r  Case 3 a r e  shown by t h e  ske tches  

i n  F ig .  2 .9 .  The d i f f e r ence  equat ions  f o r  t h e  boundary condi t ions  

are Eq. 2.37 given earlier and Eq.  2.55 shown below. 

The r e s u l t i n g  d i f f e r ence  equat ions  f o r  t h e  d e f l e c t i o n s  a t  t h e  

t h r e e  p o i n t s  a t  t h e  t o p  of t h e  p i l e  a r e :  



P i l e  extends and 
i n  effect becomes 
a column i n  
superstructure 

ground1 i n e  

Note: Pt and M IS a r e  known; they a r e  shown i n  the  p o s i t i v e  
t t 

sense i n  the sketches 

Figure 2 . 9 .  Case 3 o f  boundary condit ions  a t  top of p i l e .  

- Y t  (G1+Jqat-l) - dt-l ( I - J ~ )  
Y t + l  - 

dt-1 (1-J4) 
G2 + J4G4 = H3Yt - G2 + JqGq 

and 

where 

G I  + J q a t - ~  
H3 = 

G2 + J4G4 ' 

The other  constants  have been previously defined.  



The boundary c o n d i t i o n s  f o r  Case 4 a r e  shown by t h e  s k e t c h e s  

i n  F i g .  2 .10 .  The d i f f e r e n c e  e q u a t i o n s  a r e  g iven  by Eq. 2 .38  g iven  

e a r l i e r  and by Eq. 2 .60 g iven  below. 

Us ing  t h e  above  e q u a t i o n s  w i t h  a  f a m i l y  o f  p-y c u r v e s ,  

i t e r a t i o n  i s  c a r r i e d  o u t  u n t i l  t h e  s o l u t i o n  c o n v e r g e s  t o  

a p p r o p r i a t e  v a l u e s  o f  k  a t  a l l  p o i n t s  a l o n g  t h e  p i l e .  Thus, t h e  

b e h a v i o r  o f  a  p i l e  unde r  l a t e r a l  l o a d  may b e  o b t a i n e d  by u s i n g  

COM624P. 

Bridge abutment 
moves 1 a t e r a l l y  1 ground1 i n e  

I I Pi  le-head moment i s  
known; may be zero 

t h a t  

Note: Mt and Y are known; they a r e  shown i n  the  p o s i t i v e  t 
sense i n  the sketches 

F i g u r e  2 .10 .  Case 4 o f  boundary c o n d i t i o n s  a t  t o p  o f  p i l e .  



CHAPTER 3. SOIL RESPONSE CURVES (p-y CURVES) 

INTRODUCTION 

A s  noted e a r l i e r ,  t h e  s o i l  response i s  charac te r ized  a s  a  s e t  
of d i s c r e t e  mechanisms such t h a t  t h e  s o i l  response a t  a  po in t  i s  

not  dependent on p i l e  d e f l e c t i o n  elsewhere, thus ,  a  continuum i s  
n o t  p e r f e c t l y  modeled. However, t h e  recommendations f o r  

p r e d i c t i n g  p-y curves ,  as p re sen ted  he re in ,  a r e  based on f u l l -  

s c a l e  exper iments  i n  which t h e  continuum e f f e c t  was e x p l i c i t l y  

implemented.  Fur thermore ,  a  s m a l l  amount of  unpubl i shed  

exper imental  d a t a  sugges t s  t h a t  t h e  s o i l  response a t  a  po in t  i s  

u n a f f e c t e d  by t h o s e  changes i n  d e f l e c t e d  shape t h a t  can be 

achieved by a l t e r i n g  t h e  r o t a t i o n a l  r e s t r a i n t  a t  t h e  p i l e  head by 
any p r a c t i c a l  amount. 

The t h r e e  f a c t o r s  t h a t  have t h e  most inf luence on a  p-y curve 

a r e  t h e  s o i l  p r o p e r t i e s ,  t h e  p i l e  geometry, and t h e  n a t u r e  of 

loading.  The c o r r e l a t i o n s  t h a t  have been developed f o r  p red i c t i ng  

s o i l  r e sponse  have been based  on t h e  b e s t  e s t i m a t e  of t h e  

p r o p e r t i e s  of  t h e  i n - s i t u  s o i l  with no adjustment f o r  t h e  e f f e c t s  

on s o i l  p r o p e r t i e s  of t h e  method of  i n s t a l l a t i o n .  The l o g i c  

suppor t ing  t h i s  approach i s  t h a t  t h e  e f f e c t s  of p i l e  i n s t a l l a t i o n  

on s o i l  p r o p e r t i e s  a r e  p r i n c i p a l l y  conf ined t o  a  zone of s o i l  

c l o s e  t o  t h e  p i l e  wal l ,  while a mass of s o i l  of s e v e r a l  diameters 

from t h e  p i l e  i s  s t r e s s e d  as l a t e r a l  d e f l e c t i o n  occurs.  There a r e  

i n s t ances ,  of course ,  where t h e  method of p i l e  i n s t a l l a t i o n  must 

be cons idered ;  f o r  example, i f  a  p i l e  i s  j e t t e d  i n t o  p l ace ,  a  

cons ide rab le  volume of  s o i l  could be removed with  a  s i g n i f i c a n t  

e f f e c t  on t h e  s o i l  response.  

The p r i n c i p a l  dimension of a  p i l e  a f f e c t i n g  t h e  s o i l  response 

i s  i t s  d i ame te r .  A l l  of  t h e  recommendations f o r  developing p-y 



curves include a  term f o r  t h e  diameter of t h e  p i l e ;  i f  t h e  c ros s  

s e c t i o n  of t h e  p i l e  i s  no t  c i r c u l a r ,  t h e  width of t h e  p i l e  

perpendicular  t o  t h e  d i r e c t i o n  of loading i s  usua l ly  taken a s  t h e  

diameter.  

USE OF SOIL MODELS TO DETERMINE SOIL BEEAVIOR 

Some w r i t e r s  have made use  of t h e  theory  of e l a s t i c i t y  t o  

develop express ions  f o r  p  a s  a  funct ion of y, but  t h e  approach has 

been of l i m i t e d  use .  S o i l  behavior can be modeled by t h e  theory 

of e l a s t i c i t y  only f o r  very small  s t r a i n s .  The l imit -equi l ibr ium 

approach a p p l i e s  a t  l a r g e  s t r a i n s  and i s  employed h e r e i n  t o  

develop some use fu l  express ions .  

The assumed model f o r  es t imat ing  t h e  u l t imate  s o i l  r e s i s t ance  

near  t h e  ground s u r f a c e  is  shown i n  F ig .  3 .1  (Reese, 1958)  . The 
force  Fp is  

1 
Fp = cabH [ t a n  a + (1+K) c o t  a] + 5 y b ~ 2  + caH2 sec  a 

(3.1) 

where 

ca = average dra ined  shear  s t r eng th ,  

K = a  reduct ion f a c t o r  t o  be mu l t i p l i ed  by ca t o  y i e l d  t h e  

average s l i d i n g  s t r e s s  between t h e  p i l e  and t h e  s t i f f  

c lay ,  and 

y = average u n i t  weight of s o i l .  

( t h e  o t h e r  t e r m s  a r e  def ined i n  t h e  f i g u r e )  



Figure 3 . 1 .  Assumed passive wedge-type fa i lure  for  c lay:  
(a) shape of wedge (b) forces act ing on wedge 

(a f t er  Reese, 1958) . 



The angle a is taken as 45 degrees and K is assumed equal to zero. 

Differentiation of the resulting expression with respect to H 

yields an expression for the ultimate soil resistance as follows. 

It can be reasoned that at some distance below the ground 

surface the soil must flow around the deflected pile. The model 

for such movement is shown in Fig. 3.2a. If it is assumed that 

blocks 1, 2, 4, and 5 fail by shear and that block 3 develops 

resistance by sliding, the stress conditions are represented by 

Fig. 3.2b. By examining a free body of a section of the pile, 

Fig. 3.2c, one can conclude that: 

Equations 3.2 and 3.3 are, of course, approximate but they do 

indicate the general form of the expressions that give the 

ultimate soil resistance along the pile. The equations can be 

solved simultaneously to find the depth at which the failure would 

change from the wedge-type to the flow-around type. 

The soil model for computing the ultimate resistance near the 

ground surface is shown in Fig. 3.3a (Reese, Cox, and Koop, 1974) . 
The total lateral force Fpt (Fig. 3.3~) may be computed by 

subtracting the active force Fa, computed using Rankine theory, 

from the passive force Fp, computed from the model. The force Fp 

is computed by assuming that the Mohr-Coulomb failure condition is 

satisfied on planes ADE, BCF, and AEFB. The directions of the 

forces are shown in Fig. 3.3b. No frictional force is assumed to 
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Figure 3 . 2 .  Assumed l a t e r a l  flow-around type o f  f a i l u r e  f o r  c lay :  
( a )  s e c t i o n  through p i l e  (b) Mohr-Coulomb diagram 

(c )  force s  ac t ing  on P i l e  4 . 5 .  
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Figure 3 . 3 .  Assumed passive wedge-type failure: 
(a) general shape of wedge (b) forces of wedge (c) forces on pi le  

(after Reese, e t  a l ,  1974)  . 



be a c t i n g  on t h e  face o f  t h e  p i l e .  The e q u a t i o n  f o r  Fpt is  a s  

fo l lows  : 

KoH tan$ s i n $  t a n $  
p t  = w2 [ + H @ + 3 t a n $  t a n a )  

3 t a n  ($-$I c o s a  t a n  ($-$) 

where 

KO = c o e f f i c i e n t  o f  e a r t h  p r e s s u r e  a t - r e s t ,  and 

Ka = minimum c o e f f i c i e n t  of a c t i v e  e a r t h  p r e s s u r e .  

The u l t i m a t e  s o i l  r e s i s t a n c e  p e r  u n i t  l e n g t h  of t h e  p i l e  is  

o b t a i n e d  by d i f f e r e n t i a t i n g  Eq. 3.4.  

KOH tan$ s i n $  t a n $  + ( b  + H t a n $  t a n a )  
t a n  ($-$I c o s a  t a n  ($-$I 

Bowman (1958) sugges ted  v a l u e s  of  a from $/3 t o  $/2 f o r  l o o s e  sand 

and up t o  $ f o r  dense  sand.  The v a l u e  of  $ i s  approximated  as 

f o l l o w s  : 

The model f o r  computing t h e  u l t i m a t e  s o i l  r e s i s t a n c e  a t  some 

d i s t a n c e  below t h e  ground s u r f a c e  is  shown i n  F i g .  3 . 4 a .  The 
stress 61, a t  t h e  back o f  t h e  p i l e  must be e q u a l  t o  or l a r g e r  t h a n  

t h e  minimum a c t i v e  e a r t h  p r e s s u r e ;  i f  no t ,  t h e  s o i l  c o u l d  f a i l  by 
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Figure 3 . 4 .  Assumed mode of s o i l  fa i lure  by l a t e r a l  flow around the 
p i l e :  (a)  sect ion  through the p i l e  (b) Mohr-Coulomb diagram 
representing s t a t e s  of  s t r e s s  of  s o i l  flowing around a p i l e .  



slumping.  T h i s  assumption i s  based on two-dimensional behav io r ,  

of c o u r s e ,  and  i s  s u b j e c t  t o  some u n c e r t a i n t y .  However, t h e  

assumption shou ld  be  adequa te  f o r  t h e  p r e s e n t  purpose .  Assuming 

t h e  s t a t e s  o f  stress shown i n  F i g .  3.4b, t h e  u l t i m a t e  s o i l  
r e s i s t a n c e  f o r  h o r i z o n t a l  f low around t h e  p i l e  i s  

A s  i n  t h e  c a s e  f o r  c l a y ,  Eqs .  3 . 6  and  3 . 7  a r e  q u i t e  

approx imate  b u t  t h e y  s e r v e  a  u s e f u l  purpose  i n  i n d i c a t i n g  t h e  

form, i f  n o t  t h e  magnitude, of  t h e  u l t i m a t e  s o i l  r e s i s t a n c e .  The 

two e q u a t i o n s  can be  s o l v e d  s imul taneous ly  t o  f i n d  t h e  approximate 

dep th  a t  which t h e  s o i l  f a i l u r e  changes from t h e  wedge t y p e  t o  t h e  

flow-around t y p e .  

RECOMMENDATIONS FOR p-y CURVES FOR CLAYS 

Three major exper imenta l  programs were performed f o r  p i l e s  i n  

c l a y s  t o  y i e l d  t h e  c r i t e r i a  which fo l low.  I n  each c a s e  t h e  p i l e s  

were s u b j e c t e d  t o  shor t - te rm s ta t i c  l o a d s  and t o  r e p e a t e d  ( c y c l i c )  

l o a d s .  The e x p e r i m e n t a l  program i s  d e s c r i b e d  b r i e f l y  i n  t h e  

p a r a g r a p h s  t h a t  f o l l o w ;  a  s t ep -by-s tep  p rocedure  i s  g i v e n  f o r  

computing t h e  p-y curves ,  recommendations are g iven  f o r  o b t a i n i n g  

t h e  n e c e s s a r y  d a t a  on s o i l  p r o p e r t i e s ,  and example c u r v e s  a r e  

p r e s e n t e d .  

a of Soft bala_ar +be War Z & b  

Matlock (1970) performed lateral  l o a d  tests employing a steel 

p i p e  p i l e  t h a t  w a s  12 .75  i n c h e s  i n  diameter and 42 f t  long .  It 

was d r i v e n  i n t o  c l a y s  n e a r  Lake Aus t in  t h a t  had a s h e a r  s t r e n g t h  



o f  a b o u t  800 l b / f t 2 .  The p i l e  w a s  r e c o v e r e d ,  t a k e n  t o  S a b i n e  

Pass, Texas ,  and  d r i v e n  i n t o  c l a y  w i t h  a s h e a r  s t r e n g t h  t h a t  

ave raged  abou t  300 l b / f t 2  i n  t h e  s i g n i f i c a n t  upper  zone.  

The f o l l o w i n g  p r o c e d u r e  i s  f o r  s h o r t - t e r m  s t a t i c  l o a d i n g  and  

i s  i l l u s t r a t e d  by F i g .  3 . 5 a .  

1. Obta in  t h e  best p o s s i b l e  estimate o f  t h e  v a r i a t i o n  of  
undra ined  s h e a r  s t r e n g t h  c and  submerged u n i t  weight  Y'  
w i t h  d e p t h .  A l so  o b t a i n  t h e  v a l u e s  o f  E50, t h e  s t r a i n  
co r re spond ing  t o  one-half  t h e  maximum p r i n c i p a l  stress 
d i f f e r e n c e .  If no  s t r e s s - s t r a i n  c u r v e s  are a v a i l a b l e ,  
t y p i c a l  v a l u e s  o f  E50 are g iven  i n  t h e  f o l l o w i n g  t a b l e .  

TABLE 3.1. REPRESENTATIVE VALUES OF E50 

Cons i s t ency  o f  Clay  E5 0 

S o f t  0.020 

Medium 0.010 

S t i f f  0.005 

2 .  Compute t h e  u l t i m a t e  s o i l  r e s i s t a n c e  p e r  u n i t  l e n g t h  of 
p i l e ,  u s i n g  t he  smaller o f  t h e  v a l u e s  g i v e n  by t h e  
e q u a t i o n s  below. 

where 

y' = a v e r a g e  e f f e c t i v e  u n i t  weight  f rom ground s u r f a c e  

t o  p-y cu rve ,  
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Figure 3.5 .  Characteristic shapes of the p-y curves for  so f t  clay 
below water surface: (a)  s t a t i c  loading (b) cyclic loading 

( a f t e r  Matlock, 1 9 7 0 ) .  



x  = d e p t h  from ground s u r f a c e  t o  p-y curve ,  

c = s h e a r  s t r e n g t h  a t  d e p t h  x, and 

b  = width  o f  p i l e .  

Matlock (1970) s t a t e d  t h a t  t h e  v a l u e  o f  J was de termined  
e x p e r i m e n t a l l y  t o  be 0.5 f o r  a s o f t  c l a y  and  about  0 . 2 5  
f o r  a  medium c l a y .  A v a l u e  o f  0 . 5  i s  f r e q u e n t l y  used  
f o r  J.  The v a l u e  of pu i s  computed a t  e a c h  d e p t h  where 
a  p-y c u r v e  i s  d e s i r e d ,  based  on s h e a r  s t r e n g t h  a t  t h a t  
d e p t h .  

3 .  Compute t h e  d e f l e c t i o n ,  y50, a t  one-half  t h e  u l t i m a t e  
s o i l  r e s i s t a n c e  from t h e  f o l l o w i n g  e q u a t i o n :  

4 .  P o i n t s  d e s c r i b i n g  t h e  p-y c u r v e  are now computed from 
t h e  f o l l o w i n g  r e l a t i o n s h i p .  

The v a l u e  o f  p  remains  c o n s t a n t  beyond y  = 8 ~ 5 0 .  

The f o l l o w i n g  p r o c e d u r e  i s  f o r  c y c l i c  l o a d i n g  a n d  i s  

i l l u s t r a t e d  i n  F i g .  3 .5b .  

1. C o n s t r u c t  t h e  p-y c u r v e  i n  t h e  same manner as f o r  s h o r t -  
t e r m  s t a t i c  l o a d i n g  f o r  v a l u e s  o f  p  less t h a n  0 . 7 2 ~ ~ .  

2 .  So lve  Eqs.  3 . 8  and  3 . 9  s i m u l t a n e o u s l y  t o  f i n d  t h e  dep th ,  
xr, where t h e  t r a n s i t i o n  o c c u r s .  If t h e  u n i t  weight  and 
s h e a r  s t r e n g t h  are c o n s t a n t  i n  t h e  upper  zone, t h e n  



If t h e  u n i t  weight and shear  s t r e n g t h  vary with depth, 
t h e  va lue  of xr should  be  computed wi th  t h e  s o i l  
p r o p e r t i e s  a t  t h e  depth where t h e  p-y curve i s  des i red .  

3 .  If t h e  depth t o  t h e  p-y curve i s  g r e a t e r  than o r  equal  
t o  xr, t hen  p i s  equa l  t o  0 . 7 2 ~ ~  f o r  a l l  va lues  of y 
g r e a t e r  than 3y50. 

4 I f  t h e  depth t o  t h e  p-y curve is  l e s s  than xrf then t h e  
va lue  of p dec reases  from 0 . 7 2 ~ ~  a t  y = 3y50 t o  t h e  
value given by t h e  following expression a t  y = 1 5 ~ 5 0 .  

The value of p remains constant  beyond y = 1 5 ~ 5 0 .  

d Soil T m  

For  de te rmin ing  t h e  v a r i o u s  s h e a r  s t r e n g t h s  of t h e  s o i l  

r equ i r ed  i n  t h e  p-y cons t ruc t ion ,  Matlock (1970)  recommended t h e  

following tests i n  order  of preference:  

1. i n - s i t u  vane-shear tests with p a r a l l e l  sampling f o r  s o i l  
i d e n t i f i c a t i o n ,  

2 .  unconsolidated-undrained t r i a x i a l  compression tes t s  
hav ing  a c o n f i n i n g  s t r e s s  e q u a l  t o  t h e  overburden 
p re s su re  wi th  c being def ined  as h a l f  t h e  t o t a l  maximum 
p r i n c i p a l - s t r e s s  d i f f e r ence ,  

3 .  min ia ture  vane tests of samples i n  tubes,  and 

4 .  unconfined compression tests. 



Tes t s  must a l s o  be performed t o  determine t h e  u n i t  weight of 

t h e  s o i l .  

Reese, Cox, and Koop (1975) performed l a t e r a l - l o a d  t e s t s  

employing s t ee l -p ipe  p i l e s  t h a t  were 2 4  inches  i n  diameter and 50 

f t  long .  The p i l e s  were d r iven  i n t o  s t i f f  c l ay  a t  a s i t e  near  

Manor, Texas. The c l a y  had an undrained shea r  s t r e n g t h  ranging 

from about 1 t o n / f t 2  a t  t h e  ground su r f ace  t o  about 3 t o n / f t 2  a t  a 

depth of 12  f e e t .  

The fol lowing procedure i s  f o r  short- term s t a t i c  loading and 

is  i l l u s t r a t e d  by F ig .  3 .6 .  

1. Obtain va lues  f o r  undrained s o i l  shear  s t r eng th  c,  s o i l  
submerged u n i t  weight Y t ,  and p i l e  diameter b.  

2 .  Compute t h e  average undrained s o i l  shea r  s t r e n g t h  Ca 

over t h e  depth x .  

3 .  Compute t h e  u l t i m a t e  s o i l  r e s i s t a n c e  pe r  u n i t  l eng th  of 
p i l e ,  u s i n g  t h e  s m a l l e r  of  t h e  va lues  given by t h e  
equat ions  below: 

pet = 2cab + Y'bx + 2.83 caxl and (3.14) 

4 .  Choose t h e  app rop r i a t e  value  of As from Fig.  3.7 f o r  t h e  
p a r t i c u l a r  nondimensional depth.  
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Figure 3 . 6 .  Characteristic shape of p-y curve for s t a t i c  loading in  
s t i f f  clay below the water surface 

(after Reese, e t  a l ,  1 9 7 5 ) .  



Figure 3 . 7 .  Values of  constants As and Ac 
(a f t er  Reese, et a l ,  1975)  . 



5. E s t a b l i s h  t h e  i n i t i a l  s t r a i g h t - l i n e  p o r t i o n  of  t h e  p-y 
curve ,  

U s e  t h e  a p p r o p r i a t e  v a l u e  o f  ks o r  kc from T a b l e  3 .2  
f o r  k .  

TABLE 3 . 2 .  REPRESENTATIVE VALUES OF k FOR STIFF CLAYS 

Average Undrained Shear  S t r e n g t h *  

ks ( S t a t i c )  l b / i n 3  

kc ( C y c l i c )  l b / i n 3  200 400 800 

*The average shear strength should be computed from the shear strength of the 
s o i l  t o  a depth of 5 p i l e  diameters. I t  should be defined a s  half the  t o t a l  
maximum principal  s t r e s s  difference i n  an unconsolidated undrained t r i a x i a l  
t e s t .  

6.  Compute t h e  fo l lowing :  

U s e  a n  a p p r o p r i a t e  v a l u e  o f  ~ 5 0  f r o m  r e s u l t s  o f  
l a b o r a t o r y  tests o r ,  i n  t h e  absence  o f  l a b o r a t o r y  tests, 
from Tab le  3.3. 

TABLE 3 .3 .  REPRESENTATIVE VALUES OF &50 FOR STIFF CLAYS 

Average Undrained Shea r  S t r e n g t h  
t o n / f t 2  



7. E s t a b l i s h  t h e  f i r s t  pa rabo l i c  por t ion  of t h e  p-y curve, 
us ing t h e  fol lowing equat ion and ob ta in ing  pc from Eqs. 
3.14 o r  3.15. 

Equation 3.18 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  po in t  of t h e  i n t e r s e c t i o n  with Eq. 3 . 1 6  
t o  a po in t  where y i s  equal  t o  Asy50 (see note  i n  Step 
10) . 

8 .  Es t ab l i sh  t h e  second parabol ic  por t ion  of t h e  p-y curve, 

Equat ion 3.19 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  p o i n t  where y  i s  equa l  t o  ASy5o t o  a  
po in t  where y  i s  equal  t o  6Asy50 ( see  note i n  Step 1 0 ) .  

9. E s t a b l i s h  t h e  nex t  s t r a i g h t - l i n e  p o r t i o n  of t h e  p-y 
curve, 

Equat ion 3.20 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  p o i n t  where y  i s  equa l  t o  6Asy50 t o  a 
po in t  where y  is  equa l  t o  18Asy50 (see note  i n  Step 1 0 ) .  

10.  E s t a b l i s h  t h e  f i n a l  s t r a i g h t - l i n e  p o r t i o n  of t h e  p-y 
curve, 



Equat ion 3.22 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  po in t  where y  i s  equal  t o  18Asy50 and f o r  
a l l  l a r g e r  values  of y  ( see  following n o t e ) .  

Note: The step-by-step procedure is  ou t l ined ,  and Fig .  
3 . 6  i s  drawn, a s  i f  t h e r e  i s  an i n t e r s e c t i o n  between 
Eqs.  3 .16  and 3 .18 .  However, t h e r e  may be no 
i n t e r s e c t i o n  of Eq. 3.16 with any of t h e  o the r  equations 
d e f i n i n g  t h e  p-y curve.  Equation 3.16 de f ines  t h e  p-y 
c u r v e  u n t i l  it i n t e r s e c t s  w i th  one of t h e  o t h e r  
e q u a t i o n s  o r ,  i f  no i n t e r s e c t i o n  occu r s ,  Eq. 3 .16 
d e f i n e s  t h e  complete p-y curve. 

The f o l l o w i n g  p rocedure  i s  f o r  c y c l i c  l oad ing  and i s  

i l l u s t r a t e d  i n  F ig .  3 .8 .  

1. S teps  1, 2, 3, 5, and 6  a r e  t h e  same a s  f o r  t h e  s t a t i c  
case .  

4 .  Choose t h e  appropr ia te  value  of Ac from Fig.  3.7 f o r  t h e  
p a r t i c u l a r  nondimensional depth.  

Compute t h e  following: 

7. E s t a b l i s h  t h e  pa rabo l i c  po r t i on  of t h e  p-y curve, 

Equa t ion  3.24 shou ld  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  p o i n t  of t h e  i n t e r s e c t i o n  with  Eq. 3.16 
t o  where y  i s  equal  t o  0 .  6yp ( see  no te  i n  s t e p  9)  . 

8.  E s t a b l i s h  t h e  nex t  s t r a i g h t - l i n e  p o r t i o n  of t h e  p-y 
curve, 



CYCLIC 

1.8~~ 

Deflection, y (in.) 

Figure 3.8. Characteristic shape of p-y curve for cyclic loading in 
stiff clay below water surface (after Reese, et al, 1975) . 



Equat ion 3.25 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  po in t  where y  i s  equal  t o  0 .  6yp t o  t h e  
po in t  where y  i s  equal  t o  1 . 8 ~ ~  ( see  note i n  s t e p  9 ) .  

9. E s t a b l i s h  t h e  f i n a l  s t r a i g h t - l i n e  p o r t i o n  of t h e  p-Y 
curve, 

Equat ion 3.26 should  d e f i n e  t h e  p o r t i o n  of t h e  p-y 
curve from t h e  po in t  where y  is  equal  t o  1. Byp and f o r  
a l l  l a r g e r  values  of y  ( see  following n o t e ) .  

Note: The step-by-step procedure i s  ou t l ined ,  and F ig .  
3 .8  i s  drawn, as i f  t h e r e  is  an i n t e r s e c t i o n  between Eq. 
3.16 and 3.24. However, t h e r e  may be no i n t e r s e c t i o n  of 
t hose  two equat ions  and t h e r e  may be no i n t e r s e c t i o n  of 
Eq. 3.16 with any of t h e  o the r  equations def in ing  t h e  p- 
y  curve .  I f  t h e r e  i s  no i n t e r s e c t i o n ,  t h e  equa t ion  
should be employed t h a t  g ives  t h e  sma l l e s t  va lue  of p  
f o r  any value of y .  

d Soil T w  

T r i a x i a l  compression tes ts  of  t h e  unconsolidated-undrained 

t ype  wi th  conf in ing  p re s su re s  conforming t o  i n - s i t u  p ressures  a r e  

recommended f o r  determining t h e  shea r  s t r e n g t h  of t h e  s o i l .  The 
va lue  o f  &50 shou ld  be  t aken  a s  t h e  s t r a i n  du r ing  t h e  t e s t  

co r r e spond ing  t o  t h e  stress e q u a l  t o  h a l f  t h e  maximum t o t a l  

p r i n c i p a l  s t r e s s  d i f f e r e n c e .  The shea r  s t r e n g t h ,  c ,  should be 

i n t e r p r e t e d  a s  one-half of t h e  maximum t o t a l - s t r e s s  d i f f e r e n c e .  

Values  o b t a i n e d  from t h e  t r i a x i a l  t e s t s  might be  somewhat 

conse rva t ive  bu t  would r e p r e s e n t  more r e a l i s t i c  s t r e n g t h  va lues  

than  o t h e r  tests .  The u n i t  weight of t h e  s o i l  must be determined. 



e of Stiff Clav - W v e  me m e r  T a b l e  

A lateral load test was performed at a site in Houston where 

the foundation was a drilled shaft, 36 ins in diameter. A 10-inch 

diameter pipe, instrumented at intervals along its length with 

electrical-resistance-strain gages, was positioned along the axis 

of the shaft before concrete was placed. The embedded length of 

the shaft was 42 feet. The average undrained shear strength of 

the clay in the upper 20 ft was approximately 2,200 lbs/ft2. The 

experiments and their interpretation are discussed in detail by 

Welch and Reese (1972) and Reese and Welch (1975) . 

ns for C b - v C u r v ~ g  

The following procedure is for short-term static loading and 

is illustrated in Fig. 3.9. 

1. Obtain values for undrained shear strength c, soil unit 
weight Y, and pile diameter b. Also obtain the values 

of E50 from stress-strain curves. If no stress-strain 

curves are available, use a value from E50 of 0.010 or 
0.005 as given in Table 3.1, the larger value being more 
conservative. 

2. Compute the ultimate soil resistance per unit length of 
shaft,pu, using the smaller of the values given by Eqs. 
3.8 and 3.9. (In the use of Eq. 3.8 the shear strength 
is taken as the average from the ground surface to the 
depth being considered and J is taken as 0.5. The unit 
weight of the soil should reflect the position of the 
water table. ) 

3. Compute the deflection, y50, at one-half the ultimate 
soil resistance from Eq. 3.10. 



Figure 3.9. Characteristic shape of p-y curve for static loading in 
stiff clay above water surface (after Welch and Reese, 1972). 



4 .  Points descr ibing t h e  p-y curve may be computed from the  
re la t ionship  below. 

5. Beyond y = 1 6 ~ 5 0 ,  p  i s  equal t o  pu f o r  a l l  values of y. 

The fo l lowing procedure i s  f o r  c y c l i c  loading  and i s  
i l l u s t r a t e d  i n  Fig.  3.10. 

1. Determine t h e  p-y curve f o r  short-term s t a t i c  loading by 
the  procedure previously given. 

2 .  Determine t h e  number of t imes t h e  design l a t e r a l  load 
w i l l  be applied t o  t h e  p i l e .  

3. For seve ra l  values of p/pu obtain t h e  value of C, t h e  
parameter descr ibing t h e  e f f e c t  of repeated loading on 
deformation, from a re la t ionship  developed by laboratory 
t e s t s ,  (Welch and Reese, 1972), o r  i n  t h e  absence of 
t e s t s ,  from t h e  following equation. 

4 .  A t  t h e  value of p  corresponding t o  t h e  values of p/pu 
se lec ted  i n  s t e p  3, compute new values of y  f o r  cyc l i c  
loading from t h e  following equation. 

where 

yc = def lec t ion  under N-cycles of load, 

ys = def lec t ion  under short-term s t a t i c  load, 



Figure 3 .10 .  Characteristic shape of  p-y curve for  c y c l i c  loading 
i n  stiff  c lay  above water surface ( a f t e r  Welch and Reese, 1972) .  



~ 5 0  = d e f l e c t i o n  under short-term s t a t i c  load a t  one- 

half  the  ul t imate res is tance ,  and 

N = number of cycles of load appl ica t ion .  

5 .  The p-y curve def ines  t h e  s o i l  response a f t e r  N-cycles 
of load.  

Soil Te- 

T r i a x i a l  compression t e s t s  of t h e  unconsolidated-undrained 

type w i t h  confining s t r e s s e s  equal t o  t h e  overburden pressures  a t  

the  e l eva t ions  from which t h e  samples were taken a r e  recommended 
t o  determine t h e  shear s t r eng th .  The value of &50 should be taken 

a s  t h e  s t r a i n  during t h e  t e s t  corresponding t o  the  s t r e s s  equal t o  

ha l f  t h e  maximum t o t a l  p r inc ipa l  s t r e s s  d i f ference .  The undrained 

shear  s t r e n g t h ,  c ,  should be def ined  a s  one-half t h e  maximum 

t o t a l - p r i n c i p a l - s t r e s s  d i f f e r e n c e .  The u n i t  weight of t h e  s o i l  

must a l s o  be determined. 

RECOMMENDATIONS FOR p-y CURVES FOR SAND 

As shown below, a  major experimental program was conducted on 

t h e  behavior of l a t e r a l l y  loaded p i l e s  i n  sand below t h e  water 

t a b l e .  The r e s u l t s  can be extended t o  sand above t h e  water t a b l e .  

e of Sand be;Low W a w  T u  

An ex tens ive  s e r i e s  of t e s t s  was performed a t  a  s i t e  on 

Mustang I s l and ,  near  Corpus C h r i s t i  (Cox, Reese, and Grubbs, 

1 9 7 4 ) .  Two s t e e l  pipe p i l e s ,  2 4  i n s  i n  diameter, were driven i n t o  

sand i n  a  manner t o  s imulate  t h e  d r iv ing  of an open-ended pipe,  



pipe ,  and were s u b j e c t e d  t o  l a t e r a l  load ing .  The embedded l e n g t h  

of t h e  p i l e s  was 6 9  f e e t .  One o f  t h e  p i l e s  was s u b j e c t e d  t o  

shor t - te rm l o a d i n g  and t h e  o t h e r  t o  r epea ted  load ing .  

The s o i l  a t  t h e  s i t e  was a  uni formly graded,  f i n e  sand wi th  

an  a n g l e  of i n t e r n a l  f r i c t i o n  o f  39 degrees .  The submerged u n i t  

weight  was 66  l b / f t 3 .  The wa te r  s u r f a c e  was main ta ined  a  few 

inches  above t h e  mudline throughout  t h e  test program. 

The f o l l o w i n g  procedure  i s  f o r  shor t - te rm s t a t i c  load ing  and 

f o r  c y c l i c  l o a d i n g  and i s  i l l u s t r a t e d  i n  F i g .  3.11 (Reese, Cox, 

and Koop, 1 9 7 4 ) .  

1. Obta in  v a l u e s  f o r  t h e  a n g l e  of  i n t e r n a l  f r i c t i o n  $1 t h e  

s o i l  u n i t  weight 7, and p i l e  d iameter  b. 

2 .  Make t h e  fo l lowing  p r e l i m i n a r y  computat ions.  

9 9 a = - *  2' p = 45 + - *  2' KO = 0 .4 ;  and Ka = t an2  

3 .  Compute t h e  u l t i m a t e  s o i l  r e s i s t a n c e  p e r  u n i t  l e n g t h  of 
p i l e  u s i n g  t h e  s m a l l e r  of  t h e  v a l u e s  g i v e n  by t h e  
e q u a t i o n s  below. 

Kox t a n @  s i n $  t a n $  
P s t  = P [ + ( b  + x t a n $  t a n a )  

t a n  (@-$I c o s a  t a n  (p-$1 

+ Kox t a n $  ( t a n 9  s i n p  - t a n a )  - Kab . (3.31) I 
- ~ ~ b y x  ( t a n 8 a  - 1) + Kobp tan$ tan4$. ( 3 . 3 2 )  Psd - 

For  t h e  sand  below t h e  water  t a b l e ,  t h e  submerged u n i t  
weight y' shou ld  be used.  



Figure 3.11. Characteristic shape of a family of p-y curves for 
static and cyclic loading in sand (after Reese, et al, 1974). 

3 4 2  



4. In making the computations in Step 3, find the depth xt 
at which there is an intersection at Eqs. 3.31 and 3.32. 
Above this depth use Eq. 3.31. Below this depth use Eq. 
3.32. 

5 .  Select a depth at which a p-y curve is desired. 

6. Establish yu as 3b/80. Compute pu by the following 
equation : 

- - 
Use the appropriate value of A or A from Fig. 3.12 
for the particular nondimensional depth, and for either 
the static or cyclic case. Use the appropriate equation 
for ps, Eq. 3.31 or Eq. 3.32, by referring to the 
computation in step 4. 

7. Establish ym as b/60. Compute pm by the following 
equation : 

Use the appropriate value of Bs or Bc from Fig. 3.13 
for the particular nondimensional depth, and for either 
the static or cyclic case. Use the appropriate equation 
for ps. The two straight-line portions of the p-y 
curve, beyond the point where y is equal to b/60, can 
now be established. 

8. Establish the initial straight-line portion of the p-y 
curve, 

Use the appropriate value of k from Tables 3.4 or 3.5. 



- - 
Figure 3.12. Values of coefficients A c  and A s  

(after Reese, et al, 1974). 



Figure 3.13. Values of coefficient B for soil resistance 
versus depth (after Reese, et al, 1974) . 
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TABLE 3 . 4 .  REPRESENTATIVE VALUES OF k FOR SUBMERGED SAND 
(Stat ic  and Cyclic Loading) 

Relative Density Loose Medium Dense 

Recommended k (lb/in3) 20 60 1 2  5 

TABLE 3.5. REPRESENTATIVE VALUES OF k FOR SAND ABOVE WATER TABLE 
(S ta t ic  and Cyclic Loading) 

Relative Density Loose Medium Dense 

Recommended k ( lb /  in3)  25 90 225 

9 .  Establish the parabolic section of the p-y curve, 

- 
P' C Y  1 /n (3.36) 

F i t  the parabola between points k and m as  follows: 

a .  G e t  the slope of l i ne  between points m and u by, 

b. Obtain the power of the parabolic section by, 

- 
c. Obtain the coefficient  C as  follows: 



d .  Determine po in t  k a s ,  

e .  Compute appropr ia te  number of po in t s  on t h e  parabola 
by us ing  Eq. 3.36. 

Note: The step-by-step procedure i s  ou t l i ned ,  and F ig .  
3.11 i s  drawn, a s  i f  t h e r e  i s  an i n t e r s e c t i o n  between t h e  
i n i t i a l  s t r a i g h t - l i n e  p o r t i o n  of t h e  p-y curve and t h e  
p a r a b o l i c  p o r t i o n  of t h e  curve a t  po in t  k .  However, i n  
some i n s t a n c e s  t h e r e  may be no i n t e r s e c t i o n  wi th  t h e  
parabola .  Equation 3.35 de f ines  t h e  p-y curve u n t i l  t h e r e  
i s  an i n t e r s e c t i o n  with another  branch of t h e  p-y curve o r  
if no i n t e r s e c t i o n  occurs ,  Eq. 3.35 d e f i n e s  t h e  complete 
p-y curve .  This  completes t h e  development of t h e  p-y 
curve f o r  t h e  d e s i r e d  depth.  Any number of curves can be 
developed by r e p e a t i n g  t h e  above s t e p s  f o r  each d e s i r e d  
depth.  

T r i a x i a l  compression tests a r e  recommended f o r  ob ta in ing  t h e  

a n g l e  of  i n t e r n a l  f r i c t i o n  of  t h e  sand.  Confining p r e s s u r e s  

should be used which a r e  c l o s e  o r  equa l  t o  t h o s e  a t  t h e  depths 

be ing  cons idered  i n  t h e  a n a l y s i s .  T e s t s  must be  performed t o  
determine t h e  u n i t  weight of t h e  sand. 

The procedure  i n  t h e  prev ious  s e c t i o n  can be used f o r  sand 

above t h e  water  t a b l e  i f  app rop r i a t e  adjustments are made i n  t h e  

u n i t  weight and a n g l e  of i n t e r n a l  f r i c t i o n  of t h e  sand.  Some 
smal l -scale  experiments were performed by P a r k e r  and Reese (1971) 

and recommendations f o r  p-y curves  f o r  d ry  sand were developed 

from t h e  exper iments .  The r e s u l t s  from t h e  Parker  and Reese 



exper iments  s h o u l d  be  u s e f u l  a s  a  check of s o l u t i o n s  made u s i n g  

r e s u l t s  from t h e  tes t  program u s i n g  f u l l - s c a l e  p i l e s .  

RECOMMENDATIONS FOR p-y CURVES FOR W G G Y  LIMESTONE 

Very l i t t l e  in fo rmat ion  i s  a v a i l a b l e  on t h e  behavior  of p i l e s  

t h a t  have been i n s t a l l e d  i n  r o c k .  Some o t h e r  t y p e  of  founda t ion  

would normal ly  be used .  However, a  s t u d y  was made of t h e  behavior  

of  a n  i n s t r u m e n t e d  d r i l l e d  s h a f t  t h a t  was i n s t a l l e d  i n  vuggy 

l imes tone  i n  t h e  F l o r i d a  Keys (Reese and Nyman, 1 9 7 8 ) .  The tes t  

was pe r fo rmed  f o r  t h e  p u r p o s e  of g a i n i n g  i n f o r m a t i o n  f o r  t h e  

des ign  of founda t ions  f o r  highway b r i d g e s .  

D i f f i c u l t y  w a s  e n c o u n t e r e d  i n  o b t a i n i n g  p r o p e r t i e s  of t h e  

i n t a c t  rock .  Cores b roke  d u r i n g  excava t ion  and penet rometer  tests  

were m i s l e a d i n g  (because  of t h e  vugs)  o r  cou ld  n o t  be  r u n .  Tests 

were made on two c o r e s  from t h e  s i t e .  The s m a l l  d i s c o n t i n u i t i e s  

i n  t h e  o u t s i d e  s u r f a c e  of t h e  specimens were covered wi th  a  t h i n  

l a y e r  o f  gypsum cement  i n  a n  e f f o r t  t o  m i n i m i z e  s t ress  

c o n c e n t r a t i o n s .  The ends  o f  t h e  specimens were c u t  w i t h  a  rock 

saw and l apped  f l a t  and p a r a l l e l .  The specimens were 5.88 i n s  i n  

d i a m e t e r  and w i t h  h e i g h t s  o f  11 .88 i n s  f o r  Specimen 1 and 10.44 

i n s  f o r  Specimen 2 .  The undra ined s h e a r  s t r e n g t h  of t h e  specimens 

were t a k e n  a s  one-hal f  t h e  unconf ined  compress ive  s t r e n g t h  and 

were 17.4 and 13 .6  T/sq f t  f o r  Specimens 1 and 2, r e s p e c t i v e l y .  

The rock a t  t h e  s i t e  was a l s o  i n v e s t i g a t e d  by in - s i tu -g rou t -  

p l u g  tes ts  under t h e  d i r e c t i o n  of D r .  John Schmertmann (1977) . A 

5 .5 - inch  d i a m e t e r  h o l e  was d r i l l e d  i n t o  t h e  l i m e s t o n e ,  a h i g h  

s t r e n g t h  s t ee l  b a r  was p l a c e d  t o  t h e  bot tom of  t h e  h o l e ,  and a  

g r o u t  p l u g  was c a s t  o v e r  t h e  lower end  of  t h e  b a r .  The b a r  was 



p u l l e d  u n t i l  f a i l u r e  occur red  and t h e  grou t  was examined t o  see  

t h a t  f a i l u r e  occurred a t  t h e  i n t e r f a c e  of t h e  grout and l imestone.  

T e s t s  were performed a t  t h r e e  bor ings  and t h e  fol lowing r e s u l t s  

were obta ined,  i n  T/sq f t ;  depth  i n t o  l imestone from 2 .5  t o  5 f t ,  

23.8, 13.7, and 12.0; depth i n t o  l imestone from 8  t o  10 f t ,  18.2,  

21.7, and 26.5; dep th  i n t o  l imestone from 18 t o  2 0  f t ,  13.7 and 

1 0 . 7 .  The ave rage  of  t h e  e i g h t  t e s t s  was 16 .3  T/sq f e e t .  

However, t h e  rock was s t r o n g e r  i n  t h e  zone where t h e  d e f l e c t i o n s  

of t h e  d r i l l e d  s h a f t  were most s i g n i f i c a n t  and a  shear  s t r eng th  of 

18 T/sq f t  was s e l e c t e d  f o r  c o r r e l a t i o n .  

The d r i l l e d  s h a f t  was 48 inches  i n  diameter and pene t r a t ed  

43.7 f t  i n t o  t h e  l imes tone .  The overburden of f i l l  was 1 4  f t  

t h i c k  and was cased.  The load  was app l i ed  about 11 .5  f t  above t h e  

l imes tone .  A maximum h o r i z o n t a l  l oad  of 75 t o n s  was app l i ed  t o  

t h e  d r i l l e d  s h a f t .  The maximum d e f l e c t i o n  a t  t h e  po in t  of load 

a p p l i c a t i o n  was 0 .71 i n  and a t  t h e  t o p  of t h e  rock (bottom of 

c a s i n g )  it was 0.0213 i n c h .  While t h e  curve  of l o a d  ve r sus  

d e f l e c t i o n  was non l inea r ,  t h e r e  was no i n d i c a t i o n  of f a i l u r e  of 

t h e  rock.  

A s i n g l e  p-y curve,  shown i n  F ig .  3.14, was proposed f o r  t h e  

des ign  of  p i l e s  under l a t e r a l  load ing  i n  t h e  F lo r ida  Keys. Data 

a r e  i n s u f f i c i e n t  t o  i n d i c a t e  a  fami ly  of curves  t o  r e f l e c t  any 

increased  r e s i s t a n c e  of t h e  rock.  

A s  shown i n  t h e  f i g u r e ,  l o a d  t e s t s  a r e  recommended i f  

d e f l e c t i o n  of  t h e  rock (and p i l e )  are g r e a t e r  t han  0.0004b and 

b r i t t l e  f r a c t u r e  i s  assumed i f  t h e  l a t e r a l  s t r e s s  ( fo rce  per  u n i t  

l eng th )  a g a i n s t  t h e  rock becomes g r e a t e r  t han  t h e  diameter t imes 
t h e  shea r  s t r e n g t h  su of t h e  rock.  



Perform proof k s l  I f  delloclion 

I lr h lhia ronge 

Figure 3.14. Recommended p-y curve for design of drilled shafts 
in vuggy limestone (after Reese and Nyman, 1978) . 



The p-y curve shown i n  F ig .  3.14 should be employed with  

considerable  cau t ion  because of t h e  l imi t ed  amount of experimental 

da t a  and because of t h e  g r e a t  v a r i a b i l i t y  i n  rock. The behavior 

of rock a t  a s i te  could be very wel l  con t ro l l ed  by jo in t s ,  cracks,  
and secondary s t r u c t u r e  of rock and not  by t h e  s t r eng th  of i n t a c t  

specimens. 

RECOMNDATIONS FOR p-y CURVES FOR IAYERED S O I L  

There a r e  numerous c a s e s  where t h e  s o i l  nea r  t h e  ground 
su r f ace  i s  not  homogeneous bu t  i s  layered .  If  t h e  l a y e r s  a r e  i n  
t h e  zone where t h e  s o i l  would move up and ou t  a s  a wedge, some 

modi f ica t ion  i s  p l a i n l y  needed i n  o rde r  t o  compute t h e  u l t ima te  
s o i l  r e s i s t a n c e  pu, and consequently modi f ica t ions  a r e  needed i n  

t h e  p-y curves.  

The problem of t h e  l a y e r e d  s o i l  has  been given i n t e n s i v e  

s tudy  by Allen (1985) ; however, A l l en ' s  formulat ions  r equ i r e  t h e  

use  of s e v e r a l  computer codes.  I n t e g r a t i n g  t h e  methods of Allen 

wi th  t h e  methods shown he re in  must be delayed u n t i l  a la ter  date 
when h i s  research  can be put  i n  a r e a d i l y  usable  form. 

The p r o p o s a l  of Georg iad i s  (1983) w a s  s e l e c t e d  f o r  t h e  

purposes of t h e  computer code t h a t  is  presented here .  The method 

i s  based on t h e  determinat ion of t h e  "equivalentw depth of a l l  t h e  

l a y e r s  e x i s t i n g  below t h e  upper l a y e r .  The p-y curves  of t h e  

upper l a y e r  a r e  determined accord ing  t o  t h e  methods p re sen ted  

he re in  f o r  homogeneous s o i l s .  To compute t h e  p-y curves  of t h e  
second l a y e r ,  t h e  equ iva l en t  dep th  H2 t o  t h e  t o p  of t h e  second 

l a y e r  has  t o  be determined by summing t h e  u l t ima te  r e s i s t a n c e s  of 



t he  upper layer  and equating t h a t  value t o  t h e  summation as  i f  the 

upper l a y e r  had been composed of t h e  same mate r i a l  a s  i n  t h e  
second l a y e r .  The values of pu a r e  computed according t o  t h e  

equations given e a r l i e r .  Thus, t h e  following two equations a re  
solved simultaneously f o r  H 2 :  

'1 = JOH1 Pul  dH, and 

The equivalent thickness  H 2  of t h e  upper layer  along with the  s o i l  

p roper t i e s  of t h e  second layer ,  a re  used t o  compute the  p-y curves 

f o r  t h e  second l aye r .  

The concepts  p r e s e n t e d  above can be used t o  g e t  t h e  

equiva lent  th ickness  of two o r  more d i s s i m i l a r  l a y e r s  of s o i l  

overlying t h e  l aye r  f o r  whom t h e  p-y curves a r e  desired.  

The example problem t o  demonstrate t h e  manner i n  which the  

computer program dea l s  with layered s o i l s  i s  shown i n  Fig .  3.15. 

A s  seen i n  t h e  ske tch ,  a  p i l e  with a  diameter of 2 4  i n s  i s  

embedded i n  s o i l  c o n s i s t i n g  of an upper l a y e r  of s o f t  c lay ,  

overlying a  l aye r  of loose sand, which i n  tu rn  overlays a  layer  of 

s t i f f  c l a y .  The water t a b l e  i s  a t  t h e  ground su r face  and t h e  

loading i s  assumed t o  be s t a t i c .  

Four p-y curves f o r  t h e  case of layered s o i l  a r e  shown i n  

Fig.  3.16. The curve a t  a  depth of 36 i n s  f a l l s  i n  the  upper zone 

of s o f t  c lay ;  t h e  curve f o r  t h e  depth of 72 i n s  f a l l s  i n  t h e  sand 



Depth, in. 
r W.T. 

Figure 3 .15 .  Example problem for s o i l  response for layered s o i l s .  

353 



Figure 3 . 1 6 .  Example p-y curves for layered s o i l s .  



j u s t  below t h e  s o f t  c l a y ;  and  t h e  c u r v e  f o r  d e p t h s  of  1 4 4  i n s  and 

228 i n s  i n  t h e  lower  zone o f  s t i f f  c l a y .  

F o l l o w i n g  t h e  p r o c e d u r e  s u g g e s t e d  by  G e o r g i a d i s  ( 1 9 8 3 ) ,  t h e  

p-y c u r v e  f o r  s o f t  c l a y  c a n  b e  computed a s  i f  t h e  p r o f i l e  c o n s i s t s  

a l t o g e t h e r  o f  t h a t  s o i l .  When d e a l i n g  w i t h  t h e  s a n d ,  a n  

e q u i v a l e n t  d e p t h  of s a n d  i s  found  s u c h  t h a t  t h e  v a l u e  o f  t h e  sum 

of t h e  u l t i m a t e  s o i l  r e s i s t a n c e  f o r  t h e  e q u i v a l e n t  s a n d  and  t h e  

s o f t  c l a y  a r e  e q u a l  a t  t h e  i n t e r f a c e .  The e q u i v a l e n t  d e p t h  of  

l o o s e  s a n d  t o  s u b s t i t u t e  f o r  t h e  e f f e c t  o f  t h e  c l a y  was computed 

t o  b e  74 i n c h e s .  Thus, 68 i n s  o f  s o f t  c l a y  i s  r e p l a c e d  by 74 i n s  

o f  l o o s e  s a n d ,  a n d  p o i n t  B t h a t  d e f i n e s  t h e  p o s i t i o n  o f  t h e  p-y 

c u r v e  i n  t h e  s a n d  i s  78 i n s  below t h e  assumed ground s u r f a c e  t h a t  

t h e  a c t u a l  d e p t h  o f  72 i n c h e s .  F i g u r e  3 .17  shows a  p l o t  o f  t h e  

sum o f  t h e  u l t i m a t e  s o i l  r e s i s t a n c e s  w i t h  t h e  e q u i v a l e n t  t h i c k n e s s  

o f  t h e  s o f t  c l a y  l a y e r  (computed a s  H2 by  u s e  o f  Eqs .  3 . 4 1  and  

3 . 4 2 )  a s  shown a s  XEQ. 

An e q u i v a l e n t  d e p t h  o f  s t i f f  c l a y  was found  such  t h a t  t h e  sum 

o f  t h e  u l t i m a t e  s o i l  r e s i s t a n c e  f o r  t h e  s t i f f  c l a y  i s  e q u a l  t o  t h e  

sum o f  t h e  u l t i m a t e  s o i l  r e s i s t a n c e  o f  t h e  l o o s e  s a n d  a n d  s o f t  

c l a y .  T h a t  e q u i v a l e n t  d e p t h  w a s  f o u n d  t o  b e  45 i n s  a n d  i s  

i n d i c a t e d  i n  F i g .  3 . 1 7 .  Thus, t h e  d e p t h s  t o  t h e  two p-y c u r v e s  i n  

t h e  s t i f f  c l a y  are assumed t o  b e  69 i n s  a n d  213 i n s  r a t h e r  t h a n  

t h e  a c t u a l  d e p t h s  o f  144 i n s  a n d  288 i n s  ( t h e  a c t u a l  t h i c k n e s s  of 

120 i n s  o f  t h e  two u p p e r - l a y e r s  w a s  r educed  t o  45 i n s ,  a r e d u c t i o n  

o f  75 i n c h e s  . )  

Anothe r  p o i n t  o f  c o n s i d e r a b l e  i n t e r e s t  i s  t h a t  t h e  p r e s e n c e  

o f  n o  f r e e  water was u s e d  f o r  t h e  s t i f f  c l a y  i n  t h e  

recommendat ions  f o r  p-y c u r v e s  f o r  s t i f f  c l a y .  T h i s  d e c i s i o n  i s  

b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  s a n d  above  t h e  s t i f f  c l a y  can  

move downward a n d  f i l l  any  gap  t h a t  d e v e l o p s  between t h e  c l a y  and 



Depth, i n .  

0 

360 i n .  

4 Sum of u l t i m a t e  s o i l  resistance x 10 ( I b s )  

Loose XEQ = 45 i n .  

Clay lCt 144 
i n .  

Old Coordinate New Coordinate 
i n .  i n .  

Figure 3 . 1 7 .  Equivalent depths of overlying s o i l  for  use 
i n  computing p-y curves for a layered system. 
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t h e  p i l e .  Furthermore, i n  t h e  s t i f f - c l a y  experiment where f r e e  

water was p re sen t ,  t h e  f r e e  water moved upward along t h e  f ace  of 

t h e  p i l e  wi th  each cyc l e  of loading.  The presence of s o f t  c l a y  

and sand t o  a depth  of 1 0  f t  above t h e  s t i f f  c l ay  i s  be l ieved  t o  

suppress  t h e  hydrau l i c  a c t i o n  of f r e e  water even though t h e  sand 

d i d  not  se rve  t o  c l o s e  t h e  p o t e n t i a l  gaps i n  t h e  s t i f f  c l ay .  

MODIFICATIONS TO p-y CURVES FOR SLOPING GROUND 

The recommendations f o r  p-y curves  presen ted  t o  t h i s  po in t  

a r e  developed f o r  a ho r i zon ta l  ground sur face .  In  order  t o  allow 

d e s i g n s  t o  be  made i f  a p i l e  i s  i n s t a l l e d  on a s l o p e ,  

modi f ica t ions  must be made i n  t h e  p-y curves .  The modif icat ions  

i n v o l v e  r e v i s i o n s  i n  t h e  manner i n  which t h e  u l t i m a t e  s o i l  

r e s i s t a n c e  i s  computed. In  t h i s  regard,  t h e  assumption i s  made 

t h a t  t h e  flow-around f a i l u r e  w i l l  not  be in f luenced  by s lop ing  

ground; t h e r e f o r e ,  only  t h e  equa t ions  f o r  t h e  wedge-type f a i l u r e  

need modif icat ion.  

The s o l u t i o n s  p re sen ted  h e r e i n  a r e  e n t i r e l y  a n a l y t i c a l  and 

must be considered a s  p re l iminary .  Addi t ional  modif icat ions  may 

be i n d i c a t e d  i f  it i s  p o s s i b l e  t o  implement an e x t e n s i v e  

l abo ra to ry  and f i e l d  s tudy.  

The u l t i m a t e  s o i l  r e s i s t a n c e  nea r  t h e  ground s u r f a c e  f o r  

s a t u r a t e d  c l a y  where t h e  p i l e  was i n s t a l l e d  i n  ground wi th  a 

h o r i z o n t a l  s lope  was der ived  by Reese (1958) and was shown i n  E q .  

3 .2 .  



If  t h e  ground su r f ace  has a s lope  angle  8 a s  shown i n  F ig .  3.18, 

t h e  s o i l  r e s i s t a n c e  i n  t h e  f r o n t  of t h e  p i l e ,  fol lowing t h e  Reese 

approach is :  

( p u )  ca  = (2cab + ybH + 2 -83 C ~ H )  
1 (3.43) 

1 + t a n  0 '  

The s o i l  r e s i s t a n c e  i n  t h e  back of t h e  p i l e  i s :  

cos 0 
(pU)  Ca - (2cab + P H  + 2.83 C,H) 6 cos (450 + 0) 

where 

(Pu) ca  = u l t ima te  s o i l  r e s i s t a n c e  near  ground surface ,  

ca = average undrained shear  s t r eng th ,  

b = p i l e  diameter,  

y = average u n i t  weight of s o i l ,  

H = depth from ground su r f ace  t o  po in t  along p i l e  where 

s o i l  r e s i s t a n c e  i s  computed, and 

8 = angle  of s lope  a s  measured from t h e  ho r i zon ta l .  

A comparison of  Eqs. 3.43 and 3.44 shows t h a t  t h e  equa t ions  a r e  

i d e n t i c a l  e x c e p t  f o r  t h e  t e r m s  a t  t h e  r i g h t  s i d e  of  t h e  



Figure 3 . 1 8 .  P i l e  i n s t a l l e d  i n  s loping ground. 



p a r e n t h e s i s .  I f  0 i s  e q u a l  t o  ze ro ,  t h e  e q u a t i o n s  become e q u a l  t o  

t h e  o r i g i n a l  e q u a t i o n .  

for U-tn S m  

The u l t i m a t e  s o i l  r e s i s t a n c e  n e a r  t h e  ground s u r f a c e  f o r  sand 

where t h e  p i l e  w a s  i n s t a l l e d  i n  ground w i t h  a h o r i z o n t a l  s l o p e  i s :  

KOH t an$s in$  + t a n $  
( P u )  s a  = YH (b + H t a n $  t a n a )  

t a n ( $ - $ ) c o s a  t a n  ($-$I 

I f  t h e  g round  s u r f a c e  has a s l o p e  a n g l e  0, t h e  u l t i m a t e  s o i l  

r e s i s t a n c e  i n  t h e  f r o n t  of t h e  p i l e  is: 

KoH t a n 4 s i n B  
( P u )  sa ' YH t a n  (e-+) c o s a  

where 



D2 = 1 - D l ,  and 

($  i s  def ined  i n  F i g .  3 . 3 )  

The u l t imate  s o i l  r e s i s t a n c e  i n  t h e  back o f  t h e  p i l e  i s :  

K,H tanesinp tD: - 3D3 2 + + 
(Pu) s a  ' YH tan  ($-$I c o s a  I 

D + H a n  t a n  
tan  <$-$I 

where 

tanptane 
D3 " and 1 - tanStanel 





CHAPTER 4. COMPUTATION OF ULTIMATE MOMENT AND 
FLEXURAL RIGIDITY OF PILE 

INTRODUCTION 

The des igner  of p i l e s  under l a t e r a l  loading must usua l ly  make 
computations t o  a s c e r t a i n  t h a t  t h r e e  f a c t o r s  a r e  wi thin  t o l e r a b l e  

l i m i t s :  combined stress ( inc lud ing  bending s t r e s s ) ,  shear  s t r e s s ,  

and p i l e -head  d e f l e c t i o n .  The f l e x u r a l  r i g i d i t y  of t h e  p i l e  

(bending s t i f f n e s s )  i s  an important  parameter t h a t  in f luences  t h e  

computations (Reese and Wang, 1988) . 

In genera l ,  t h e  f l e x u r a l  r i g i d i t y  of re inforced  concrete  with 
a s p e c i f i e d  c r o s s  s e c t i o n  v a r i e s  n o n l i n e a r l y  wi th  t h e  a p p l i e d  

bending moment, and a cons tan t  E I  employed i n  t h e  p-y ana lys i s  f o r  
a conc re t e  p i l e  w i l l  r e s u l t  i n  some degree  of inaccuracy i n  t h e  

computation. 

Because t h e  response of  a p i l e  i s  nonl inear  wi th  respec t  t o  

load  ( t h e  s o i l  has a nonl inear  response) ,  t h e  load-factor  approach 

i s  recommended. Therefore ,  t h e  u l t i m a t e  bending moment of a 

re inforced-concrete  member, and of any o the r  type  of s ec t ion  being 

analyzed, i s  needed. 

The code PMEIX has  been developed t o  y i e l d  t h e  u l t ima te -  

moment capac i ty  of a re inforced-concrete  o r  s tee l -p ipe  pi le .  and t o  

g ive  t h e  bending s t i f f n e s s  of such p i l e s  a s  a func t ion  of app l i ed  

moment. With t h i s  in format ion  t h e  des igne r  can make a c o r r e c t  

judgement i n  t h e  s e l e c t i o n  of  a r e p r e s e n t a t i v e  E I  v a l u e  i n  

accordance wi th  t h e  l oad ing  range and can compute t h e  u l t i m a t e  

l a t e r a l  load  f o r  a given cross-sect ion.  



The program solves f o r  t h e  behavior of a s l i c e  from a p i l e  or 

from a beam-column. It i s  of i n t e r e s t  t o  note t h a t  the  E I  of the  

concrete member w i l l  experience a s i g n i f i c a n t  change when cracking 

occurs .  In t h e  coding used herein,  the  assumption i s  made t h a t  

t h e  t e n s i l e  s t r eng th  of concrete i s  minimal and t h a t  cracking w i l l  

be c l o s e l y  spaced when it appears .  Actually,  such cracks w i l l  

i n i t i a l l y  be spaced a t  some d i s t ance  apa r t  and t h e  change i n  the  

E I  w i l l  no t  be s o  d r a s t i c .  In  r e spec t  t o  t h e  cracking of 

concrete,  the re fo re ,  t h e  E I  f o r  a beam w i l l  change more gradually 

than i s  given by t h e  coding. 

The u l t imate  bending moment of a reinforced-concrete sect ion 

i s  taken a t  a maximum s t r a i n  of concrete  of 0.003 and i s  not 

a f f e c t e d  by t h e  crack spacing.  The u l t imate  bending moment f o r  

s t e e l ,  because of t h e  l a r g e  amount of deformation of s t e e l  when 

s t r e s s e d  t o  beyond t h e  propor t ional  l i m i t ,  i s  taken a t  a maximum 

s t r a i n  of 0.015 which i s  f i v e  times t h a t  of concrete. 

STRESS-STRAIN CURVES FOR CONCRETE AND STEEL 

Any number of models can be used f o r  the  s t r e s s - s t r a i n  curves 

f o r  concre te  and s t e e l .  For t h e  purposes of t h e  computations 

presented herein,  some r e l a t i v e l y  simple curves a r e  used. 

Figure 4 . 1  shows t h e  s t r e s s - s t r a i n  curve f o r  concrete.  The 

following equations apply t o  t h e  branches of t h e  curve. The value 

of f ' ,  i s  spec i f i ed  by t h e  engineer;  t h e  other  symbols a r e  defined 

below o r  i n  t h e  f i g u r e .  



F i g u r e  4 . 1 .  S t r e s s - s t r a i n  curve  f o r  c o n c r e t e .  



Eo = 1 . 7  f', 
Ec 

where 

Ec = i n i t i a l  modulus of t h e  concre te  and t h e  u n i t s  of Ec, f r  

and f', a r e  ps i .  

F igu re  4 . 2  shows t h e  s t r e s s - s t r a i n  (0-&)curve f o r  steel and, 

a s  may be seen ,  t h e r e  i s  no l i m i t  t o  t h e  amount of  p l a s t i c  
d e f o r m a t i o n .  The c u r v e s  f o r  t e n s i o n  and  compress ion  are 

i d e n t i c a l .  The y i e l d  s t r e n g t h  o f  t h e  s teel  fy i s  selected 

accord ing  t o  t h e  material be ing  used, and t h e  fo l lowing  equa t i ons  

app ly  

E, = 29,000,000 p s i .  ( 4  7 )  

The models and t h e  equa t i ons  shown h e r e  are employed i n  t h e  

d e r i v a t i o n s  t h a t  a r e  shown subsequently.  



F i g u r e  4 . 2 .  S t r e s s - s t r a i n  (a*) c u r v e  f o r  s teel .  



CROSS SECTIONS THAT CAN BE ANALYZED 

The f o l l o w i n g  t y p e s  o f  c r o s s  s e c t i o n s  can be analyzed:  

1. s q u a r e  o r  r e c t a n g u l a r ,  r e i n f o r c e d  c o n c r e t e ,  

2 .  c i r c u l a r ,  r e i n f o r c e d  c o n c r e t e ,  

3 .  c i r c u l a r ,  r e i n f o r c e d  c o n c r e t e ,  w i t h  s t e e l  t u b u l a r  s h e l l  
a round c o n c r e t e ,  

4 .  c i r c u l a r ,  r e i n f o r c e d  c o n c r e t e ,  w i t h  steel t u b u l a r  s h e l l  
and t u b u l a r  c o r e ,  and 

5. c i r c u l a r ,  steel t u b u l a r  s h e l l  

The o u t p u t  c o n s i s t s  o f  a set  o f  v a l u e s  f o r  M v e r s u s  EI f o r  

d i f f e r e n t  a x i a l  l o a d s  r a n g i n g  from z e r o  t o  t h e  a x i a l - l o a d  c a p a c i t y  

f o r  the  column. The number o f  l o a d  cases i n  one run  is  l i m i t e d  t o  

10 .  

COMPUTATION PROCEDURE 

The f l e x u r a l  b e h a v i o r  o f  a s t r u c t u r a l  e lement  such  a s  a  beam, 

column, o r  a p i l e  s u b j e c t e d  t o  b e n d i n g  i s  dependent  upon i t s  

f l e x u r a l  r i g i d i t y ,  EI ,  where E is  t h e  modulus of  e l a s t i c i t y  o f  t h e  

material o f  which it i s  made and I i s  t h e  moment of  i n e r t i a  of  t h e  

c r o s s  s e c t i o n  a b o u t  t h e  a x i s  o f  bend ing .  I n  some i n s t a n c e s  t h e  

v a l u e s  o f  E a n d  I remain  c o n s t a n t  f o r  a l l  r a n g e s  o f  stresses t o  

which the  member i s  s u b j e c t e d ,  b u t  t h e r e  are s i t u a t i o n s  where b o t h  

E and  I v a r y  w i t h  changes i n  stress c o n d i t i o n s .  



T h i s  v a r i a t i o n  i s  most pronounced i n  r e i n f o r c e d  c o n c r e t e  

members. Because of n o n l i n e a r i t y  i n  s t r e s s - s t r a i n  r e l a t i o n s h i p s ,  

t h e  v a l u e  of E v a r i e s ;  and because  t h e  c o n c r e t e  i n  t h e  t e n s i l e  

zone below t h e  n e u t r a l  a x i s  becomes i n e f f e c t i v e  due t o  c r a c k i n g ,  

t h e  v a l u e  of I i s  reduced .  When a member i s  made up  of a 

composi te  c r o s s  s e c t i o n  t h e r e  i s  no way t o  c a l c u l a t e  d i r e c t l y  t h e  

v a l u e  o f  E f o r  t h e  member as a whole. R e i n f c r c e d  c o n c r e t e  i s  a 

composi te  material; o t h e r  examples are c o n c r e t e  encased i n  a  steel 

t u b e  o r  a  steel s e c t i o n  encased i n  concre te .  

An e l ement  from a beam w i t h  a n  unloaded shape  o f  abcd i s  

shown by t h e  dashed l i n e s  i n  F i g .  4 . 3 .  The beam i s  s u b j e c t e d  t o  

p u r e  bend ing  a n d  t h e  e lement  changes i n  shape  as shown by t h e  

s o l i d  l i n e s .  The r e l a t i v e  r o t a t i o n  o f  t h e  sides o f  t h e  element  i s  

g i v e n  by t h e  s m a l l  a n g l e  doand  t h e  r a d i u s  o f  c u r v a t u r e  of t h e  

e las t ic  e lement  is  s i g n i f i e d  by t h e  l e n g t h  p.  The u n i t  s t r a i n & ,  

a l o n g  t h e  l e n g t h  o f  t h e  beam i s  given by Eq .  4 . 8 .  

( 4 .8 )  

where 

A = deformat ion  a t  any d i s t a n c e  from t h e  n e u t r a l  a x i s ,  and 

dx = l e n g t h  of t h e  e lement .  



Figure 4 . 3 .  Element from a beam with an unloaded shape of  abcd. 
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From similar tr iangles  

EL-2 
dx A 

where 

'll = distance from neutral a x i s .  

Equation 4.10 is  obtained from Eqs. 4 .8  and 4.9 ,  as follows: 

From Hooke's law 

where 

ax = unit  stress along the length of the beam, and 

E = Young's modulus. 

Therefore 

From beam theory 

where 



M = a p p l i e d  moment, and 

I = moment of  i n e r t i a  of  t h e  s e c t i o n .  

From Eqs. 4 .12  and 4 . 1 3  

Rewrit ing Eq. 4 . 1 4  

Continuing wi th  t h e  d e r i v a t i o n ,  it can be seen t h a t  dx =pdeand  

de For  convenience, t h e  symbol$ i s  s u b s t i t u t e d  fora;; t h e r e f o r e ,  from 

t h i s  s u b s t i t u t i o n  and Eqs. 4 . 1 5  and 4.16, the f o l l owing  equa t i on  
is  found. 

A 
dx then,  Also, becauseA = qdeandEX =- 

The computa t ion  f o r  a  r e i n f o r c e d - c o n c r e t e  s e c t i o n ,  o r  a 

s e c t i o n  c o n s i s t i n g  p a r t l y  o r  e n t i r e l y  of a p i l e ,  p r o c e e d s  by 

s e l e c t i n g  a v a l u e  o f  $ and e s t i m a t i n g  t h e  p o s i t i o n  o f  t h e  n e u t r a l  

a x i s .  The s t r a i n  a t  p o i n t s  a l o n g  t h e  dep th  of  t h e  beam can be 



computed by use  of E q .  4.18, which i n  t u r n  w i l l  l e a d  t o  t h e  f o r c e s  

i n  t h e  c o n c r e t e  and s tee l .  I n  t h i s  s t e p ,  assumpt ions  a r e  made 

t h a t  t h e  s t r e s s - s t r a i n  curves  f o r  c o n c r e t e  and s t e e l  a r e  a s  shown 

i n  F i g s .  4 . 1  a n d . 4 . 2 .  

With t h e  m a g n i t u d e  o f  t h e  f o r c e s ,  b o t h  t e n s i o n  and  

compression, t h e  e q u i l i b r i u m  of t h e  s e c t i o n  can be checked, t a k i n g  

i n t o  account  t h e  e x t e r n a l  compressive load ing .  I f  t h e  s e c t i o n  i s  

n o t  i n  e q u i l i b r i u m ,  a  r e v i s e d  p o s i t i o n  o f  t h e  n e u t r a l  a x i s  i s  

s e l e c t e d  and i t e r a t i o n s  proceed u n t i l  t h e  n e u t r a l  a x i s  i s  found. 

The bending moment i s  found from t h e  f o r c e s  i n  t h e  c o n c r e t e  

and  s teel  by t a k i n g  moments abou t  t h e  c e n t r o i d a l  a x i s  of t h e  

s e c t i o n .  Thus, t h e  e x t e r n a l l y - a p p l i e d ,  a x i a l  l o a d  does n o t  e n t e r  

t h e  e q u a t i o n s .  Then, t h e  v a l u e  of  E I  is  found from Eq. 4 .10 .  The 

maximum s t r a i n  i s  t a b u l a t e d  a n d  t h e  s o l u t i o n  p r o c e e d s  b y  

i n c r e m e n t i n g  t h e  v a l u e  o f  @. The computa t ions  c o n t i n u e  u n t i l  t h e  

maximum s t r a i n  s e l e c t e d  f o r  f a i l u r e ,  i n  t h e  c o n c r e t e  o r  i n  a steel 

p i p e ,  i s  reached o r  exceeded.  Thus, t h e  u l t i m a t e  moment t h a t  can 

be  s u s t a i n e d  by t h e  s e c t i o n  can be found. 



EXAMPLE CALCULATION BY RAND 

F i g u r e  4 . 4  shows t h e  c r o s s  s e c t i o n  o f  a  beam s u b j e c t e d  t o  
bend ing  moment. The a x i a l  l o a d  i s  200 k i p s ,  @ = .0001 in'l, Ec = 

4,000 k i p / s q  i n ,  and  Es = 30,000 k i p s / s q  i n c h e s .  The v a l u e  of  M 

and E I  are t o  be found.  

A s  t h e  first s t e p ,  t h e  p o s i t i o n  o f  t h e  n e u t r a l  a x i s  shou ld  be 

de te rmined  by  t r i a l ,  s u c h  t h a t  t h e  n e t  f o r c e  on t h e  c r o s s  s e c t i o n  

e q u a l s  t h e  a p p l i e d  l o a d  of  200 k i p s .  Concre t e  below t h e  n e u t r a l  

a x i s  w i l l  be n e g l e c t e d  i f  t h e  t e n s i l e  stress i n  t h e  c o n c r e t e  i s  

h i g h  enough t o  c a u s e  t h e  c o n c r e t e  t o  c r a c k .  A l i n e a r  stress- 

s t r a i n  r e l a t i o n s h i p  w i l l  b e  assumed h e r e  f o r  s i m p l i c i t y .  

Strains : 

A t  t o p  f iber  o f  c o n c r e t e :  ( .0001)  ( 9 . 2 )  = .00092 

1st row o f  b a r s :  ( .0001)  ( 6 . 2 )  - .00062 
2nd row o f  bars: ( .0001) ( 1 . 8 )  = .00018 
3 r d  row o f  bars: ( .0001)  (9 .8 )  = .00098 
4 t h  row o f  bars: ( .0001) (17 .8 )  = 00178 

Forces : 

Concrete: [ ( .00092)  (4000/2)  ] [ (20)  ( 9 . 2 )  ] = 338 k i p s  comp 

1st row o f  bars: 
2nd row o f  bars: 
3 r d  row o f  bars: 
4 t h  row o f  bars: 

4 4  k i p s  comp 
8 k i p s  t e n s i o n  
46 k i p s  t e n s i o n  
127 k i p s  t e n s i o n  

N e t  f o r c e s  = 201 k i p s  - OK 



Figure 4 . 4 .  Cross section of a beam for example problem. 



The bending moment due t o  a l l  t he se  fo rces  about t he  

c e n t r o i d a l  a x i s  of t h e  c ross  s ec t i on  now i s  t o  be found. 

Clockwise moments are  taken a s  pos i t ive .  

Moment due t o  compression i n  concrete 

= +4,033 in-kips. 

c  - 9 inches. 

S t r a i n s  : 

A t  top f i b e r  of concrete (.0001) (9) = .0009 

1st row of bars:  (.0001) (6) = .0006 
2nd row of bars:  (.0001) (2) = .0002 
3rd row of bars:  ( .  0001) (10) = .001 
4th row of bars:  (.0001) (18) = .00018 

Forces (stress x area) : 

Concrete: [ (.0009) (4000/2) 1 [ (20) (9.0) 1 = 324 kips comp 

1st row of bars:  

2nd row of bars:  

3rd row of bars:  

4th row of bars:  

(.0006) (30,000) (3) (.79) 
= 43 kips comp 
( .  0002) (30,000) (2) ( .  79) 
= 9 kips tension 
( .001) (30,000) (2) ( .79) 
= 47 kips tension 
( ,0018) (30,000) (2) ( .79) 
= 128 kips tension 

Net forces = 183 kips comp - no good 



c = 9.2 i n c h e s .  

Moment due t o  compression i n  Row 1 b a r s  = ( 4 4 ) ( 1 2 )  = +528 i n - k i p s  
Moment due  t o  t e n s i o n  i n  Row 2  b a r s  = (8)  ( 4 )  = -32 i n - k i p s  
Moment due  t o  t e n s i o n  i n  Row 3 b a r s  = (46) ( 4 )  = +I84 in -k ips  
Moment due  t o  t e n s i o n  i n  Row 4 b a r s  = (127) (12) = +I524 in -k ips  
N e t  moment M = +6237 i n - k i p s  

The n e t  moment from t h e  computer s o l u t i o n  i s  6169 i n - k i p s .  

T h e  d i s c r e p a n c y  between h a r d  c a l c u l a t i o n  and computer s o l u t i o n  can  

be f u r t h e r  r e d u c e d  i f  more t r i a l s  by  hand c a l c u l a t i o n s  c a n  be 

done.  

E I  = M/@ = 6237/.0001 = 62,370,000 k ips - sq  i n c h e s .  

The above  method, though  s i m p l e  i n  cases l i k e  r e c t a n g u l a r  

c r o s s  s e c t i o n s ,  becomes t e d i o u s  when c r o s s  s e c t i o n s  w i t h  v a r y i n g  

w i d t h s  are c o n s i d e r e d .  F u r t h e r ,  because  t h e  a c t u a l  s t r e s s - s t r a i n  

r e l a t i o n s h i p  o f  c o n c r e t e  i s  a n o n l i n e a r  f u n c t i o n ,  f o r  a c i r c u l a r  

c r o s s  s e c t i o n ,  t h e  c o m p u t a t i o n  of  f o r c e s  w i l l  i n v o l v e  d o u b l e  

i n t e g r a t i o n ,  one f o r  t h e  area and one f o r  t h e  stress. T h i s  i s  n o t  

feasible by  hand c a l c u l a t i o n s .  However, w i t h  t h e  a i d  o f  the  h igh-  

s p e e d  d i g i t a l  computer ,  t h e  s o l u t i o n  h a s  been  made p o s s i b l e  f o r  

t h e s e  compl i ca ted  cases. 





CHAPTER 5. VERIFICATION OF ACCURACY OF SOLUTION 

The a c c u r a c y  of  t h e  o u t p u t  o f  any computer run  must be  

v e r i f i e d  because  of a  compel l ing  and u rgen t  r eason .  An e r r o r  i n  

t h e  o u t p u t  c o u l d  l e a d  t o  an i n c o r r e c t  d e s i g n  wi th  unforeseen and 

u n d e s i r a b l e  r e s u l t s .  I n c i d e n t s  can be c i t e d  wi th  regard  t o  p l a c i n g  

t o o  much r e l i a n c e  on t h e  a c c u r a c y  of any o u t p u t .  I n  a n o t h e r  

C o n t e x t ,  t h e  l a t e  D r .  K a r l  T e r z a g h i  w r o t e  a b o u t  h i s  e a r l y  

exper iences  a s  an  eng inee r  i n  Russ ia .  He looked a t  t h e  p l a n s  f o r  a  
major b u i l d i n g  and by h i s  exper ience  he knew t h a t  some re in fo rced-  

c o n c r e t e  beams were t o o  smal l .  A s  noted  e a r l i e r ,  t h e  a n a l y s i s  of a  

p i l e  under  l a t e r a l  load ing ,  o r  l a t e r a l  and a x i a l  loading,  r e q u i r e s  

t h e  f u l l  a t t e n t i o n  of an  exper ienced eng inee r .  

V e r i f i c a t i o n  i s  n e c e s s a r y  f o r  s e v e r a l  r e a s o n s :  t h e  i n p u t  

boundary c o n d i t i o n s  and  s o i l  p r o p e r t i e s  c o u l d  be i n  e r r o r ;  t h e  

p a r t i c u l a r  computer c o u l d  be o p e r a t i n g  w i t h  a n  i n a d e q u a t e  word 

l e n g t h ;  some problem c o u l d  e x i s t  w i t h  t h e  o p e r a t i n g  system of t h e  

computer; t h e  number o f  increments  i n t o  which t h e  p i l e  i s  d i v i d e d  

c o u l d  be improper;  and, f i n a l l y ,  t h e r e  c o u l d  be  a  "bug" i n  t h e  

computer program i t s e l f .  Some t e a c h e r s  o f  methods of coding t h e  

s o l u t i o n  t o  e n g i n e e r i n g  problems have s t a t e d  t h e  fo l lowing  t ru i sm,  

"It i s  imposs ib le  t o  w r i t e  a  computer code of any l e n g t h  without  an  

e r r o r .  " 

With r e g a r d  t o  t h e  accuracy  of  t h e  coding of COM624P, s e v e r a l  

comments can  be made: t h e  code was w r i t t e n  by a  programmer w i t h  

e x t e n s i v e  e x p e r i e n c e  i n  w r i t i n g  c o d e s  a n d  w i t h  a n  e x c e l l e n t  

e d u c a t i o n a l  background i n  mechanics,  many p a r t s  of  t h e  code have 

been  t e s t e d  a g a i n s t  e x i s t i n g  c o d e s ,  t h e  program was checked 

thorough ly  b e f o r e  any r e l e a s e ,  and t h e  program w i l l  have been used 

by a  number of  b e t a  s i tes b e f o r e  any g e n e r a l  release. Furthermore, 

by agreement w i t h  FHWA, ENSOFT w i l l  answer q u e s t i o n s  wi th  t h e  view 

o f  m a i n t a i n i n g  t h e  code  f o r  a  c o n s i d e r a b l e  p e r i o d  o f  t i m e .  



Nevertheless, the verification of the output for any problem should 

be viewed as an integral part of using the program. 

The verification may be accomplished by one of the methods 

given herein or, preferably, by means devised specifically by the 

engineer for the particular problem that is being addressed. The 

following sections of this chapter present specific suggestions for 

verification. 

SIGNIFICANT FIGURES 

The solution of the differential equation is done numerically 

by use of difference equations as presented in Chapter 2. The 

differences between deflections at adjacent points will disappear 

unless a sufficient number of significant figures are carried in 

the computat ions. COM624P is written in double-precision 

arithmetic and, using IBM PC's XT and AT, the word length for 

computations is 64 bits, resulting in 15 significant figures. 

The first step to be taken by the user of COM624P is to 

investigate the operating system of the particular computer being 

used to make sure that a sufficient number of significant figures 

is being used in the computations. Also, the identical problems 

can be run that are solved in Part I, Chapter 5, and the output can 

be compared in detail. 

SELECTION OF NUMBER OF INCREMENTS 

A fundamental aspect of the solution of the differential 

equation by difference techniques, as shown in Chapter 2, is the 

selection of the number of increments into which the pile is 

divided, or, in effect, the selection of the length of an 

increment. The length of the pile that is to be sub-divided is the 

embedded length plus the portion above the groundline. 



The f i r s t  s t e p  i n  t h e  s e l e c t i o n  of t h e  increment i s  t o  

e l i m i n a t e  t h e  lower p o r t i o n  of a  p i l e  where t h e r e  may be seve ra l  

p o i n t s  of ze ro  d e f l e c t  i on .  A s  d i scussed  e a r l i e r ,  t h e  groundline 

d e f l e c t i o n  and t h e  maximum bending moment a r e  unaf fec ted  if t h e  

leng th  of a  p i l e  extends  s o  t h a t  t h e r e  a r e  a t  l e a s t  two p o i n t s  of 

zero d e f l e c t i o n  a t  t h e  bottom of t h e  p i l e .  

With t h e  l eng th  of t h e  p i l e  ad jus t ed  s o  t h a t  t h e r e  i s  not  a  

l a r g e  number of p o i n t s  of zero de f l ec t ion ,  t h e  engineer may wish t o  

make a  few runs  wi th  a  r e l a t i v e l y  l a r g e  l a t e r a l  loading with t h e  

p i l e  subdivided i n t o  d i f f e r e n t  numbers of increments. The r e s u l t s  

f o r  an example of such a  s tudy a r e  shown i n  Fig .  5 .1  where computed 

va lues  of g roundl ine  d e f l e c t i o n  and maximum bending moment a r e  

p l o t t e d .  S e r i o u s  e r r o r s  were i n t roduced  when t h e  number of 

increments was less than  50, and v i r t u a l l y  t h e  same r e s u l t s  were 

ob ta ined  i f  t h e  number of increments was 100 o r  more. Because of 

t h e  n o n l i n e a r i t y  of  t h e  problem and because of t h e  number of 

parameters  t h a t  are involved,  t h e  s e l e c t i o n  of an a p p r o p r i a t e  

number of i nc remen t s  cannot  e a s i l y  be  made au toma t i c .  The 

engineer-user should s tudy  a number of t h e  kinds of problems t h a t  

a r e  u s u a l l y  encounte red  i n  t h e  l o c a l  p r a c t i c e  and make enough 

s t u d i e s  of t h e  s o r t  shown i n  F ig .  5 .1  t o  be assured of in t roducing 

no e r r o r s  due t o  t o o  few increments. 

CHECKING AGAINST EXAWPLE PROBLEMS 

S i x  examples of  computer ou tpu t  a r e  p re sen ted  i n  P a r t  I, 

Chapter  5 .  The engineer  may wish t o  code one o r  more of t hose  

problems f o r  t h e  p a r t i c u l a r  computer being used.  I f  agreement i s  

not  obta ined between t h e  ou tpu ts ,  t h e  opera t ing  system of t h e  l o c a l  

computer needs t o  be evaluated;  it may be necessary t o  make use  of 

another  computer. 
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Figure 5 . 1 .  Influence o f  length of increment on pile-head 
d e f l e c t i o n  and maximum bending moment. 



CHECK OF ECHO-PRINT 

The code f o r  COM624P i s  w r i t t e n  s o  t h a t  t h e r e  i s  an echo-print  

of t h e  i n p u t  d a t a .  A c a r e f u l  check of  t h e  echo-pr in t  t o  see t h a t  

t h e  coding was c o r r e c t  i s  necessa ry  f o r  each computer run .  

CHECK OF SOIL RESISTMCE 

The eng inee r -use r  h a s  t h e  o p t i o n  of  a s k i n g  t h a t  p-y curves  be  

p r i n t e d  f o r  v a r i o u s  p o s i t i o n s  a l o n g  t h e  l e n g t h  of  t h e  p i l e .  A s  

COM624P i s  b e i n g  implemented and on occas ion  t h e r e a f t e r ,  t h e  u s e r  

may have some p-y curves  p r i n t e d  f o r  t h e  purpose of checking.  The 

f irst  s t e p  i s  t o  check one o r  more o f  t h e  c u r v e s  a g a i n s t  t h e  

recommendations shown i n  C h a p t e r  3 .  The computa t ions  may be 

t e d i o u s  b u t  t h e  assurance  of  a c c u r a t e  computations i s  necessary .  

The n e x t  s t e p  i n  t h e  check i s  t o  r e a d  o f f  t h e  t a b u l a t e d  va lue  

of d e f l e c t i o n  from a t a b l e  o f  o u t p u t  f o r  one of  t h e  p-y c u r v e s .  

With t h a t  v a l u e  of d e f l e c t i o n  as an  argument,  t h e  p-y curve  i s  

c o n s u l t e d  and t h e  s o i l  r e s i s t a n c e  cor respond ing  t o  t h e  d e f l e c t i o n  

i s  i n t e r p o l a t e d .  The s o i l  r e s i s t a n c e  should  a g r e e  c l o s e l y  wi th  t h e  

v a l u e  t a b u l a t e d  i n  t h e  o u t p u t .  I n  t h i s  connec t ion ,  t h e  p o i n t  

shou ld  b e  made t h a t  t h e  e q u a t i o n s  f o r  t h e  p-y curves  are employed 

f o r  e v e r y  p o i n t  t h a t  a s o i l  r e s i s t a n c e  i s  needed a s  t h e  computer i s  

do ing  t h e  i n t e r n a l  computat ions;  however, t h e  s o i l  r e s i s t a n c e s  t h a t  

are o u t p u t  f o r  a p-y curve  a r e  f o r  d i s c r e t e  d e f l e c t i o n s .  Therefore,  

t h e  i n t e r p o l a t i o n  mentioned above cou ld  be ve ry  s l i g h t l y  i n  e r r o r .  

The p r o c e d u r e s  o f  v e r i f i c a t i o n  w i t h  r e s p e c t  t o  a s p e c i f i c  

computer run  w i l l  b e  implemented w i t h  r e s p e c t  t o  Example 1 i n  P a r t  

I, C h a p t e r  5 .  With r e g a r d  t o  t h e  p-y c u r v e s ,  t h e  v a l u e s  o f  

u l t i m a t e  r e s i s t a n c e  w i l l  b e  computed f o r  t h e  f o u r  cu rves  t h a t  are 

t a b u l a t e d ;  t h e  v a l u e s  were computed by c a l c u l a t o r  t o  be  778, 1098, 

1419, and 1820 l b / i n .  These v a l u e s  a g r e e  w i t h  t h e  v a l u e s  t h a t  a r e  



t a b u l a t e d .  The d e f l e c t i o n  was checked a t  which t h e  s o i l  r e s i s t a n c e  
became c o n s t a n t ,  o r  1 6  y50.  The v a l u e  of y50 was computed t o  b e  

0.257 i n  a n d  1 6  y50 w a s  computed t o  be 4.12 i n c h e s .  T h i s  v a l u e  

a g r e e s  w i t h  t h e  t a b u l a t e d  v a l u e s .  

Next,  a  check  w i l l  b e  made t o  d e t e r m i n e  whe the r  o r  n o t  a n  

a p p r o p r i a t e  v a l u e  of s o i l  r e s i s t a n c e  was computed. The p-y c u r v e  

a t  a d e p t h  o f  20 i n s  and  t h e  r u n  f o r  a  la tera l  l o a d  o f  20,000 l b s  

were selected. The d e f l e c t i o n  a t  a  v a l u e  o f  x  o f  20 i n s  w a s  0 .101  

i n c h .  Employing t h e  e q u a t i o n  f o r  t h e  e a r l y  par t  o f  t h e  p-y c u r v e :  

p = ( 0 . 5 )  ( 7 7 8 )  ( 0 . 1 0 1 / 0 . 2 5 7 ) 0 . ~ ~  = 308 l b s / i n c h e s .  T h i s  v a l u e  

a g r e e s  w i t h  t h e  v a l u e  shown i n  t h e  o u t p u t  f o r  a d e p t h  of  20 i n c h e s .  

CHECK OF MECHANICS 

A s  n o t e d  ea r l i e r ,  t h e  computa t ion  o f  t h e  b u c k l i n g  l o a d  d o e s  

n o t  i n v o l v e  t h e  s o l u t i o n  o f  a n  e i g e n v a l u e  p r o b l e m ,  b u t  i s  

a c c o m p l i s h e d  b y  i n c r e m e n t i n g  t h e  a x i a l  l o a d  u n t i l  t h e r e  i s  

e x c e s s i v e  d e f l e c t i o n .  The computer  o u t p u t  c a n  be examined and  a 

p o i n t  below t h e  g r o u n d l i n e  can  be found where t h e  moment i s  z e r o .  

T h i s  p o i n t  can  be s e l e c t e d  as a h i n g e  and t h e  E u l e r  e q u a t i o n  can  be 

u s e d  t o  check  t h e  b u c k l i n g  l o a d  f o r  t h e  column t h a t  c o n s i s t s  o f  

t h a t  p o r t i o n  o f  t h e  p i l e  f rom t h e  assumed h i n g e  and  above.  

A p l o t  can  be made by hand o r  w i t h  t h e  computer o f  t h e  v a l u e s  

o f  s o i l  r e s i s t a n c e  t h a t  are  computed f o r  a  p a r t i c u l a r  r u n .  The 

boundary  c o n d i t i o n s  c a n  be u s e d  a n d  t h e  shear c a n  be computed 

p o i n t - b y - p o i n t  a l o n g  t h e  p i l e .  T h e  v a l u e s  o f  s h e a r  computed i n  

t h i s  way s h o u l d  a g r e e  c l o s e l y  w i t h  t h e  v a l u e s  t h a t  a r e  t a b u l a t e d .  

Also,  t h e  a r e a  unde r  t h e  p-x c u r v e  c a n  be i n t e g r a t e d  approx ima te ly  



t o  o b t a i n  a  c o n c e n t r a t e d  l o a d  t h a t  i s  e q u i v a l e n t  t o  t h e  d i s t r i b u t e d  

l o a d .  The e q u i l i b r i u m  of t h e  p i l e  i n  s h e a r  can t h e n  be  checked. 

If t h e  p i l e  i s  s u b j e c t e d  t o  a n  a x i a l  l o a d ,  t h e  computat ion w i l l  

have some e r r o r ,  b u t  t h e  e n g i n e e r  can reach  a  r easonab le  conclus ion  

about  t h e  accuracy  of  t h e  computer r e s u l t s .  

A check o f  t h e  r e s u l t s  f o r  Example 1 w i t h  a  l a t e r a l  l o a d  of  

20,000 lbs  i s  con t inued  by making a  p l o t  of t h e  s o i l  r e s i s t a n c e ,  a s  

shown i n  F i g .  5 . 2 .  The c o n c e n t r a t e d  l o a d s  w i t h  t h e i r  e s t i m a t e d  

l i n e  o f  a c t i o n  a r e  shown i n  t h e  f i g u r e .  The c o n c e n t r a t e d  l o a d s  

were f o u n d  by c o u n t i n g  s q u a r e s .  The l i n e s  o f  a c t i o n  w e r e  

" e y e b a l l e d . "  The ou t -o f -ba lance  o f  t h e  s h e a r  i s  1 ,800  lbs ;  a  

s a t i s f a c t o r y  s o l u t i o n  i n  c o n s i d e r a t i o n  of t h e  method and t h a t  t h e  

e f f e c t  o f  a x i a l  l o a d i n g  i s  i g n o r e d .  The out -of-balance  of  t h e  

moment, i f  moments a r e  t a k e n  abou t  t h e  t o p  of  t h e  p i l e ,  i s  o n l y  

9,200 i n s - l b s ;  a g a i n ,  a  s a t i s f a c t o r y  s o l u t i o n .  

An examinat ion  of  t h e  t a b u l a t i o n  of t h e  v a l u e s  of d e f l e c t i o n  

f o r  t h e  o u t p u t  b e i n g  s t u d i e d  shows t h a t  a  z e r o  s l o p e  occur red  a t  a  

v a l u e  of  x o f  abou t  130 i n c h e s .  A p l o t  of t h e  moment diagram t o  a  

d e p t h  o f  130 i n s  was made, n o t  shown h e r e ,  and t h e  second a r e a -  

moment p r o p o s i t i o n  was employed t o  compute t h e  d e f l e c t i o n  a t  t h e  

t o p  of  t h e  p i l e .  A v a l u e  o f  0 .15  i n  was computed, which a g r e e s  

w e l l  w i t h  t h e  v a l u e  from COM624P. 

The t a b u l a t e d  r e s u l t s  from t h e  computer  of t h e  g r a p h i c a l  

r e s u l t s  can  be checked t o  see t h a t  t h e  e q u a t i o n s  of mechanics a r e  

s a t i s f i e d  a t  s i g n i f i c a n t  p o i n t s .  The fo l lowing  checks can be  made: 

t h e  s h e a r  must have  maximum v a l u e s  where t h e  v a l u e s  of  s o i l  

r e s i s t a n c e  a r e  ze ro ,  t h e  moment must have maximum v a l u e s  where t h e  
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Figure 5.2. Plot of soil resistance for Example 1, 
lateral load of 20,000 pounds. 



va lues  of shea r  a r e  zero,  and t h e  s o i l  r e s i s t a n c e  must be zero 

where t h e  d e f l e c t i o n  i s  zero.  

An examination of t h e  output  f o r  Example 1 i n  P a r t  I, Chapter 

5  shows t h a t  t h e  checks t h a t  a r e  i nd i ca t ed  a r e  s a t i s f i e d .  

CHECK BY IMPLEMENTING APPROXIWATE METHODS OF ANALYSIS 

The two p u b l i c a t i o n s  on l a t e r a l l y  loaded p i l e s  sponsored by 

FHWA (FHWA, 1984; FHWA, 1986) conta in  s e c t i o n s  on two methods of 

a n a l y s i s  t h a t  y i e l d  approximate r e s u l t s .  The methods proposed by 

Broms, (1964a, 1964b, 1965),  al low f o r  t h e  computation of t h e  load 

a t  which t h e  p i l e  w i l l  develop a  p l a s t i c  hinge; then t h e  load can 

be compared t o  t h e  comparable load obtained by t h e  computer. The 

method i s  based on t h e  equa t ions  of s t a t i c  equ i l ib r ium and it i s  
approximate ;  n e v e r t h e l e s s ,  t h e  e n g i n e e r  can o b t a i n  a  c rude  

eva lua t ion  of t h e  accuracy of t h e  computer so lu t ion .  

The second method of a n a l y s i s  can provide a  much c l o s e r  check 

of t h e  computer r e s u l t s .  With t h e  p-y curves  t h a t  a r e  e i t h e r  

t a b u l a t e d  o r  p re sen ted  i n  g raph ica l  form by COM624P, t h e  engineer 

can use  nondimensional curves and check t h e  r e s u l t s  of t h e  computer 

f o r  any p a r t i c u l a r  run.  The bending s t i f f n e s s  of t h e  p i l e  should 

be taken  a s  t h a t  f o r  t h e  upper s e c t i o n ,  t h e  boundary condi t ions  

shou ld  be  u sed  a s  t h e  l a t e r a l  l o a d i n g  on t h e  p i l e  a t  t h e  

groundl ine ,  and a x i a l  l oad ing  must be ignored .  Even wi th  t h e  

approximat ions  t h a t  a r e  made i n  t h e  nondimensional method, t h e  

agreement with t h e  computer s o l u t i o n s  should be f a i r  t o  good. 

CHECK BY AN ASSOCIATE OR A COLLEAGUE 

One of  t h e  emerging methods of v e r i f i c a t i o n  of eng ineer ing  

s t u d i e s  i s  pee r  review. Such a  technique should be advantageous 

wi th  r e s p e c t  t o  t h e  v e r i f i c a t i o n  of  t h e  r e s u l t s  of computations 



w i t h  COM624P. I f  such  a p r o c e d u r e  were t o  be implemented, t h e  

review shou ld  p robab ly  be  d e l a y e d  u n t i l  t h e  computat ions had been 

completed f o r  a p a r t i c u l a r  d e s i g n .  

CONCLUDING COMMENT 

The use  o f  a c a l c u l a t o r  t o  make checks of t h e  o u t p u t  of  t h e  

computer program i s  a time-consuming and t e d i o u s  p r o c e s s .  However, 

such a p rocedure  pays  d i v i d e n d s  i n  p r e v e n t i n g  e r r o r s  and w i l l  g i v e  

t h e  e n g i n e e r  an  e x c e l l e n t  u n d e r s t a n d i n g  o f  t h e  c o m p u t a t i o n a l  

p r o c e s s  t h a t  i s  employed i n  t h e  program. However, a f t e r  t h e  

e n g i n e e r  g a i n s  some e x p e r i e n c e  i n  a n a l y z i n g  t h e  t y p e s  of p i l e s  i n  

t h e  k i n d s  o f  s o i l s  t h a t  a r e  u s u a l l y  e n c o u n t e r e d  i n  t h e  l o c a l  

p r a c t i c e ,  t h e  c o r r e c t n e s s  of a computer run  can r e a d i l y  be judged 

on t h e  basis of  p a s t  e x p e r i e n c e .  Some s e r i o u s  checking i s  advised ,  

however, when a new s i t u a t i o n  i s  encountered .  



CHAPTER 6. FULL-SCALE TESTING OF PILES 

INTRODUCTION 

T h e  t e s t i n g  of p i l e s  i n  t h e  f i e l d  under a x i a l  loading  is  a  
we l l - e s t ab l i shed  p r a c t i c e  and has  been common s i n c e  p i l e s  were 
first used. The t e s t i n g  of p i l e s  under l a t e r a l  loading  i s  less 

frequent ,  perhaps because t h e  means of e s t a b l i s h i n g  f a i l u r e  of a  
p i l e  under l a t e r a l  load has not become common knowledge. However, 
with t h e  a v a i l a b i l i t y  of t h e  technology presented  he re in ,  t h e r e  
a r e  b e n e f i t s  t o  be gained from t h e  performance of f u l l - s c a l e  t e s t s  
of p i l e s  under l a t e r a l  loading. The photograph i n  Fig.  6.1 i s  of 
a  t e s t  of a  d r i l l e d  s h a f t  a t  Los Angeles. T h e  t e s t i n g  arrangement 
is  a s  descr ibed l a t e r  i n  t h i s  chapter .  

Figure 6.1. Test ing of a d r i l l e d  s h a f t  under 
l a t e r a l  loading, Los Angeles. 

There are two genera l  reasons f o r  performing tests of p i l e s  
i n  t h e  f ie ld  under a x i a l  loading: t o  prove a p a r t i c u l a r  design, 
and t o  g a i n  information t o  al low f o r  a  redes ign  (Reese, 1978). 

These reasons  a r e  v a l i d  f o r  t h e  test of a  p i l e  under l a t e r a l  



loading. Thirdly, in some cases a valuable contribution to the 

technical literature can be made. 

With regard to a proof test of a pile under lateral load, the 

procedure is not straightforward, because the response of the pile 

under lateral load is affected strongly by the way the pile is 

connected to the superstructure. A single-pile foundation for an 

overhead sign, for example, will be subjected to a shear and a 

moment. The exact simulation of the pile-head conditions for the 

sign structure and for a particular kind of loading is impractical 

if not impossible; therefore, analytical procedures must be 

employed to interpret the results of virtually any lateral-load 

test. Such analytical procedures are presented later in this 
chapter. A standard test is described where no internal 

instrumentation is used in the pile and where only a relatively 

small amount of instrumentation is used above the groundline. The 

standard test can be employed to prove any given design and, in 

some instances, the standard test can provide information for 

redesign. 

Some information is given on a comprehensive testing program 

where a pile is instrumented internally for the measurement of 

bending moment along its length. Precise information on soil 

response at a particular site can be gained from such a testing 

program, design information will be specific and valuable, and a 

contribution to the technical literature can be made. The 

comprehensive program is expensive and advisable when the benefits 

are worth the cost. 

SELECTION OF TEST SITE 

Site selection is simplified if a test is to be performed in 

connection with the design of a particular structure. However, 

even in such a case, care should be taken in selecting the precise 



l o c a t i o n  of t h e  tes t  p i l e .  I n  gene ra l ,  t h e  t e s t  l o c a t i o n  should 
be where t h e  s o i l  p r o f i l e  r e v e a l s  t h e  weakest c o n d i t i o n .  I n  

e v a l u a t i n g  a  s o i l  p r o f i l e ,  t h e  s o i l s  from t h e  ground su r f ace  t o  a  
d e p t h  e q u a l  t o  f i v e  t o  t e n  p i l e  d i a m e t e r s  a r e  of p r i n c i p a l  
importance.  I f  des igned  on t h e  b a s i s  of  t h e  r e s u l t s  from t h e  

weakest s o i l ,  t h e  p i l e s  a t  o t h e r  p l a c e s  on t h e  c o n s t r u c t i o n  s i t e  

should behave more favorab ly  than  t h e  test p i l e .  

The s e l e c t i o n  of a  s i te  where a  f u l l y  instrumented p i l e  is  t o  
be tested i s  u s u a l l y  d i f f i c u l t .  The p r i n c i p a l  aim of such a  test 
i s  t o  o b t a i n  expe r imen ta l  p-y cu rves  t h a t  can be employed i n  

developing p r e d i c t i o n s  of  s o i l  response.  Thus, t h e  s o i l  a t  t h e  

s i te  must be r e l a t i v e l y  homogeneous and r e p r e s e n t a t i v e  of a  t y p e  
of s o i l  f o r  which p r e d i c t i v e  equa t ions  a r e  needed. For many of 

t h e  p a s t  exper iments ,  t h e  f i n d i n g  of a  s u i t a b l e  s i t e  was a  major 
problem. 

A f t e r  a  s i t e  has  been selected, a t t e n t i o n  must be given t o  
t h e  mois ture  conten t  of t h e  near-surface s o i l s .  If cohesive s o i l s  

e x i s t  a t  t h e  s i te  and a r e  p a r t i a l l y  s a t u r a t e d ,  s t e p s  may be taken  
t o  s a t u r a t e  t h e  s o i l s .  If t h e  cohes ive  s o i l s  w i l l  be submerged 

d u r i n g  t h e  l i f e  o f  t h e  s t r u c t u r e ,  t h e  s i t e  should  be f looded  

du r ing  t h e  t e s t i n g  pe r iod .  

The p o s i t i o n  of  t h e  water table and t h e  mois ture  conten t  a r e  

a l s o  important  i f  t h e  s o i l  a t  t h e  test s i t e  i s  g ranu la r .  P a r t i a l  

s a t u r a t i o n  of sand  w i l l  r e s u l t  i n  an apparent  cohesion t h a t  w i l l  

no t  be p r e s e n t  i f  t h e  sand dries o r  i f  it becomes submerged. 

INVESTIGATION OF SOIL PROPERTIES 

The recommendations f o r  o b t a i n i n g  s o i l  p r o p e r t i e s  should be 

c o n s u l t e d  when o b t a i n i n g  d a t a  on s o i l s  f o r  u se  i n  ana lyz ing  t h e  



results of the lateral-load experiments. Those recommendations 

make use of the soil parameters of significance. 

For cohesive soils, high-quality tube samples should be 

obtained and laboratory tests should be performed. The Standard 

Penetration Test is the principal investigative technique for 

cohesionless soils, but the static-cone-penetrometer test is also 
recommended. 

In performing the soil investigation, careful attention 

should be given to the near-surface soils, a zone that is 

frequently given little attention for design of piles under axial 

loading. As noted previously, the soil strata within a few 

diameters of the ground surface provide the principal support for 
a laterally-loaded pile. 

SELECTION OF TEST PILE 

If a lateral load test is being performed to confirm the 

design at a particular site, the diameter, stiffness, and length 

of the test pile should be as close as possible to similar 

properties of the piles proposed for production. Because the 

purpose of the test is to obtain information on soil response, 

consideration should be given to increasing the stiffness and 

bending-moment capacity of the test pile in order to allow the 

test pile to be deflected as far as possible. The increased load 

that will be necessary will usually cause no significant problem. 

The length of the test pile must be considered with care. As 

shown in Fig. 5.1, the deflection of a pile will be significantly 

greater if it is in the "short" pile range. Tests of these short 

piles could be hard to interpret because a small change in the 

pile penetration could cause a large change in the ground-line 

deflection. 



The selection of the test pile for the case of complete 

instrumentation involves a considerable amount of preliminary 

analysis. Factors to be considered are: the pile diameter for 

which the soil response is desired, the soil conditions, the kind 
of instrumentation to be employed for determining bending moment 

along the length of the pile, the method of installing 

instrumentation in the pile, the magnitude of the desired ground- 

line deflection, and the nature of the loading. 

INSTAUATION OF TEST PILE 

For cases where information is desired on pile response at a 

particular site, the installation of the test pile should agree as 

closely as possible to the procedure proposed for the production 

piles. The response of a pile to load is affected considerably by 

the installation procedure; thus, the detailed procedure used for 

pile placement is important. 

For the case of a test pile in cohesive soil, the placing of 

the pile can cause excess porewater pressures to occur. As a 

rule, these porewater pressures should have dissipated before 

testing begins; therefore, the use of piezometers at the test site 

may be important. 

The installation of a pile that has been instrumented for the 

measurement of bending moment along the length of the pile must 

consider the possible damage of the instrumentation due to pile 

driving or other installation effects. The instrumentation must 

be especially rugged where the pile is to be installed by an 

impact hammer and where hard driving is expected. However, the 

installation must be such that it is consistent with methods used 

in practice. In no case would jetting be allowed with wash water 

flowing up and along the outside of the test pile. 



The influence of the ins t a l l a t ion  procedures on the  s o i l  

properties should be investigated i f  possible. However, almost 

any t e s t i n g  technique p r io r  t o  the  loading would cause s o i l  

disturbance and would be undesirable. Some non-intrusive methods 

are  available, based on the use of dynamic methods, t ha t  can be 
considered. 

Testing of the  near-surface so i l s  close t o  the p i l e  wall a t  

the completion of the load t e s t s  is  useful and can be done without 

any undesirable e f fec ts .  The kinds of t e s t s  tha t  Eire desirable 

are indicated where c r i t e r i a  for  p-y curves a re  discussed. In 

general, laboratory t e s t s  of undisturbed samples are recommended. 

TESTING PROCEDURES 

Excellent guidance for  the  procedures f o r  t e s t ing  a p i l e  

under l a t e r a l  loading i s  given by the ASTM Standard D 3966-81, 

"Standard Method of Testing P i l e s  Under Lateral Loads." Some 

general comments on the  ASTM standard are  given in  t h i s  section, 

and detai led recommendations are given in  the following sections. 

For the  standard t e s t  a s  well as  fo r  the instrumented t e s t ,  

two pr inc ip les  should guide the  t e s t i n g  procedure: (1) t he  

loading ( s t a t i c ,  repeated, sustained, o r  dynamic) should be 

consistent w i t h  t ha t  expected for  the production p i l e s  and (2)  the 

t e s t i n g  arrangement should be such t h a t  deflection,  rota t ion,  

bending moment, and shear a t  the  groundline (or a t  the  point of 

load application) are measured or can be computed. 

With regard t o  loading, even though s t a t k  (short-term) 

laadina is seldom encountered i n  practice, the  s o i l  response from 

tha t  loading i s  usually desirable so tha t  correlations can be made 
w i t h  s o i l  propert ies.  The combination of s t a t i c  and reheated 



may be desirable. A load can be applied, readings taken, 

and the same load can be reapplied a number of times with readings 

taken after specific numbers of cycles. Then, a larger load is 

applied and the procedure repeated. The assumption is made that 

the readings for the first application at a larger load are 

unaffected by the repetitions of a smaller load. While that 

important assumption may not be strictly true, errors are on the 

conservative side. 

loads will probably have little influence on the 

behavior of granular materials or on overconsolidated clays if the 

computed values of soil stresses are well below ultimate. If a 

pile is installed in soft, inorganic clay or other compressible 

soil, sustained loading would obviously influence the soil 

response. In general, loads would have to be maintained for a 

long period of time and a special testing program would have to be 

designed. However, data can be obtained in a period of several 

days or a few weeks that can allow extrapolation to results for a 

long period. 

The application of a a c  load to a single pile is 

feasible and desirable if the production piles sustain such loads. 

The loading equipment and instrumentation for such a testing 

program would have to be designed to yield results that would be 

relevant to a particular application, and a special study would be 

required. The design of piles to withstand the effects of an 

earthquake involves several levels of computation. Soil-response 

curves must include an inertia effect and the free-field motion of 

the earth must be estimated. Therefore, p-y curves that are 

determined from the tests described herein have only a limited 

application to the earthquake problem. No method is currently 

available for performing field tests of piles to gain information 

on soil response that can be used directly in design of piles to 

sustain seismic loadings. 



The testing of battered piles is mentioned in ASTM D 3966-81 

(also see FHWA-IP-84-11, Appendix 8). The analysis of a pile 

group, some of which are batter piles, is discussed in the 

technical literature. In such analyses, information is required 

on the behavior of battered piles under a load that is normal to 
the axis of the pile. Unless the batter is large, the behavior of 

battered and vertical piles under this normal load (lateral load) 

is similar. For large batter, an approximate solution is given in 
FHWA-IP-84-11 (page 300). 

The testing of pile groups, also mentioned in D 3966-81, is 
desirable but is expensive in time, material, and instrumentation. 

If a large-scale test of a group of piles is proposed, detailed 

analyses should precede the design of the test in order that 

measurements can be made that will provide critical information. 

Such analyses may reveal the desirability of internal 

instrumentation to measure bending moment in each of the piles. 

The analysis of test results is not covered in D 3966-81. 

The argument can be made, as presented earlier in this chapter, 

that test results can fail to reveal critical information unless 

combined with analytical methods. The next section of this 

chapter suggests procedures that demonstrate the close connection 

between testing and analysis. A testing program should not be 
initiated unless preceded and followed by analytical studies. 

The ASTM standard mentions methods of dealing with the 

lateral soil resistance against a pile cap. A conservative 

procedure, and one that is consistent with reality in many 

instances, is to assume that there is no soil resistance either 

against the sides or the bottom of the cap. A small amount of 

settlement would eliminate the bottom resistance, and shrinkage 

would eliminate the side resistance. Therefore, it is recommended 



t h a t  a p i l e  cap no t  be used i n  t h e  t e s t i n g  program o r ,  if used, 
t h a t  t h e  cap no t  be p laced  a g a i n s t  t h e  s o i l .  

ASTM D 3966-81 g ives  a number of procedures f o r  applying load 
and f o r  measuring movements. Some detai ls ,  g e n e r a l l y  c o n s i s t e n t  
w i t h  t h e  ASTM s t anda rd ,  about methods t h a t  have been found t o  be 

s a t i s f a c t o r y  a r e  g iven  i n  t h e  nex t  s e c t i o n .  With r ega rd  t o  a 
loading schedule,  ASTM i n d i c a t e s  t h a t  loading should be appl ied  i n  
increments t o  a maximum of 200 t o  250 percen t  of t h e  design load.  

However, it i s  r a r e l y  p o s s i b l e  t o  per form a tes t  w i t h  t h e  
r o t a t i o n a l  r e s t r a i n t  a t  t h e  p i l e -head  e x a c t l y  t h e  same a s  f o r  

p roduc t ion  p i l e s ;  t h u s ,  an a l t e r n a t e  sugges t ion  i s  made t h a t  t h e  
l oad ing  be cont inued  i n  increments  u n t i l  t he  p i l e  a c t u a l l y  f a i l s  
due t o  the  development of  a p l a s t i c  hinge. O r ,  t h e  loading can be 

con t inued  u n t i l  t h e  bending stress becomes equa l  t o  a c e r t a i n  
percen tage  of  t h e  u l t i m a t e ,  as i n d i c a t e d  by computations. 

The s e c t i o n s  i n  D 3966-81 on s a f e t y  requirements  and r e p o r t  

p r e s e n t a t i o n  are worthy of  c a r e f u l  cons ide ra t ion .  Sa fe ty  i s  an 
important  concern i n  load  t e s t i n g  and s a f e t y  meetings p r i o r  t o  any 
l o a d  t e s t  shou ld  be h e l d .  The d e t a i l e d  l i s t  i n  t h e  s e c t i o n  on 
r e p o r t i n g  is  use fu l  and i n d i c a t e s  most of t h e  items t h a t  should be 

addressed  i n  p r e p a r i n g  a r e p o r t .  

TESTING PILE WITH NO INTERNAL INSTR-ATION 

A step-by-step procedure is given i n  t h e  following paragraphs 
f o r  t h e  t e s t i n g  o f  a p i l e  o r  p i l e s  w i t h  no i n t e r n a l  
i n s t r u m e n t a t i o n ,  termed t h e  s t a n d a r d  t es t  b e c a u s e  of i t s  

s i m p l i c i t y  and ease of performance. The test program is i n i t i a t e d  

w i t h  a s t u d y  t o  i n d i c a t e  t h e  economic a d v a n t a g e s  o f  t h e  
e x p e r i m e n t .  I t  i s  presumed t h a t  a c a r e f u l  s u b s u r f a c e  

i n v e s t i g a t i o n  w i t h  l a b o r a t o r y  t e s t i n g  has  been c a r r i e d  ou t  and 



t h a t  s o i l  p r o p e r t i e s  a r e  well  known. The s o i l  p rope r t i e s  near t he  

ground sur face  a r e  e s p e c i a l l y  important .  

A f t e r  t h e  t y p e  and s i z e  of  p i l e  has  been s e l e c t e d  f o r  

t e s t i n g ,  p r e l i m i n a r y  computat ions  should  be  made us ing  t h e  

computer code d e s c r i b e d  h e r e i n .  The computa t ions  shou ld  

a n t i c i p a t e  t h a t  t h e  p i l e  head should be f r e e  t o  r o t a t e  and t h a t  

t h e  shea r  should be a p p l i e d  near  t h e  ground s u r f a c e .  Analyses 

should be  done us ing  p-y curves  f o r  bo th  s t a t i c  and repea ted  

l o a d i n g .  cu rves  showing p i l e -head  d e f l e c t i o n  and p i le -head  

r o t a t i o n  should be developed f o r  a range of load ing  up t o  t h e  

po in t  where t h e  u l t imate  moment is  developed. 

Computations should be done with  parameters var ied ,  and t h e  

l e n g t h  of t h e  t e s t  p i l e  and i t s  bending s t i f f n e s s  should be 

s e l e c t e d  on t h e  b a s i s  of t h e  computations. 

The bending s t i f f n e s s  of t h e  test  p i l e  o r  p i l e s  can be found 

by computation,  bu t  it i s  p r e f e r a b l e  t o  o b t a i n  t h e  s t i f f n e s s  

expe r imen ta l ly .  I f  t h e  p i l e  c o n s i s t s  of a p ipe  o r  some o t h e r  

p r e f a b r i c a t e d  s e c t i o n ,  r a t h e r  t han  a cas t - in -p lace  p i l e ,  it i s  

p o s s i b l e  t o  support  t h e  p i l e  near  i t s  ends i n  t h e  l abo ra to ry  and 

load it as a beam. The s t i f f n e s s  of t h e  p i l e  can be computed from 

t h e  d e f l e c t i o n .  

For a cas t - in-place  s e c t i o n ,  o r  f o r  a p r e f a b r i c a t e d  s e c t i o n  

as w e l l ,  s e v e r a l  f e e t  of s o i l  around t h e  p i l e  can be excavated 

a f t e r  t h e  primary t e s t i n g  program i s  completed. The p i l e  can be 

re loaded and d e f l e c t i o n s  can be measured a t  s e v e r a l  p o i n t s  a long 

t h e  exposed p o r t i o n  of t h e  p i l e .  I f  t h i s  l a t t e r  procedure i s  t o  



be employed, t h e  l a t e r a l  load ing  should have been stopped before  

t h e  p i l e  was damaged. 

The s t i f f n e s s  of d r i l l e d  s h a f t s  and o the r  reinforced-concrete 
s e c t i o n s  w i l l  vary  with bending moment. Some information on t h i s  

v a r i a t i o n  can be ob ta ined  from t h e  f i e l d  measurements descr ibed  

above. That in format ion ,  a long  wi th  t h e  use  of t h e  code f o r  

PMEIX, should provide engineers  wi th  adequate da t a  on s t i f f n e s s  of 

reinforced-concrete s ec t ions .  

A s  noted e a r l i e r ,  t h e  i n s t a l l a t i o n  of a test p i l e  should be 

done i n  t h e  same manner a s  f o r  t h e  produc t ion  p i l e s .  Small 

amounts of a c c i d e n t a l  b a t t e r  w i l l  have l i t t l e  in f luence  on t h e  
performance of  a p i l e  under  l a t e r a l  l oad .  Care should  be 

e x e r c i s e d  i n  i n s t a l l a t i o n  t h a t  t h e  near-surface  s o i l s  have t h e  
same p r o p e r t i e s  as f o r  t h e  production p i l e s .  

A wide v a r i e t y  of arrangements f o r  t h e  tes t  p i l e  and t h e  

r e a c t i o n  system are p o s s i b l e .  The arrangement t o  be s e l e c t e d  i s  

t h e  one t h a t  has  t h e  g r e a t e s t  advantage f o r  t h e  p a r t i c u l a r  design.  

There  a r e  some advan tages ,  however, i n  t e s t i n g  two p i l e s  

s imul taneously  a s  shown i n  Fig .  2 of D 3966-81. A r eac t ion  system 

must be s u p p l i e d ;  t h u s ,  a second p i l e  can supply  t h a t  need.  

Furthermore, and more important ly ,  a comparison of t h e  r e s u l t s  of 

two tes ts  performed s imul taneous ly  w i l l  g i v e  t h e  des igner  some 

i d e a  of  t h e  n a t u r a l  v a r i a t i o n s  t h a t  can be  expec ted  i n  p i l e  

performance.  It  i s  impor tan t  t o  no te ,  however, t h a t  spac ing  

between t h e  two p i l e s  should  be  such t h a t  t h e  p i l e - s o i l - p i l e  

i n t e r a c t i o n  i s  n e g l i g i b l e .  



Drawings of two two-pile arrangements a r e  shown i n  F igs .  6.2 

and 6.3. I n  bo th  i n s t a n c e s  t h e  p i l e  head i s  f r e e  t o  r o t a t e  and 

t h e  l o a d s  a r e  a p p l i e d  a s  nea r  t h e  ground s u r f a c e  a s  convenient .  

I n  bo th  i n s t a n c e s  f r e e  water  should be maintained above t h e  ground 

s u r f a c e ,  if t h a t  s i t u a t i o n  can e x i s t  d u r i n g  t h e  l i f e  of  t h e  
s t r u c t u r e .  

The detai ls  of a  system where t h e  p i l e s  can be shoved a p a r t  

o r  p u l l e d  toge the r  a r e  shown i n  Fig.  6.2. This two-way loading is 
important  i f  t h e  produc t ion  p i l e s  can be loaded i n  t h a t  manner. 
The l a t e r a l  l o a d i n g  on a  p i l e  w i l l  be predominant ly  i n  one 

d i r e c t i o n ,  termed t h e  forward d i r e c t i o n  here .  I f  t h e  load ing  i s  
r epea t ed  o r  c y c l i c ,  a  sma l l e r  load  i n  t h e  r eve r se  d i r e c t i o n  could 

conce ivab ly  cause  t h e  s o i l  response t o  be d i f f e r e n t  t han  if t h e  

load  i s  a p p l i e d  only i n  t h e  forward d i r e c t i o n .  A s  noted e a r l i e r ,  

it i s  impor tan t  t h a t  t h e  s h e a r  and moment be known a t  t h e  ground 

l i n e ;  t h e r e f o r e ,  t h e  l o a d i n g  arrangement should  be  designed a s  

shown s o  t h a t  shea r  only is  app l i ed  a t  t h e  po in t  of app l i ca t ion  of 
load .  

F i g u r e  6 .3  shows t h e  d e t a i l s  of a  second arrangement f o r  
t e s t i n g  two p i l e s  simultaneously.  I n  t h i s  case ,  however, t h e  load 

can be a p p l i e d  i n  on ly  one d i r e c t i o n .  A s i n g l e  b a r  o f  high- 

s t r e n g t h  steel t h a t  pas se s  a long t h e  diameter of each of t h e  p i l e s  

is  employed i n  t h e  arrangement  shown i n  F ig .  6.3. Two high- 

s t r e n g t h  bars a r e  u t i l i z e d  i n  t h e  arrangement shown i n  F ig .  6.3. 

Not shown i n  t h e  s k e t c h e s  are t h e  means t o  suppor t  t h e  ram and 

l o a d  cel l  t h a t  ex t end  h o r i z o n t a l l y  from t h e  p i l e .  Care must be 

taken  i n  employing t h e  arrangement shown i n  e i t h e r  F igs .  6.3a o r  

6.3b t o  e n s u r e  t h a t  t h e  l o a d i n g  and measuring systems w i l l  be  

stable under t h e  a p p l i e d  loads .  



Figure 6.2. Two-pile test arrangement for two-way loading. 
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Figure 6.3. Two-pile test arrangement with one-way load 



The most convenient way t o  apply t h e  l a t e r a l  load i s  t o  

employ a hydraul ic  ram with hydraul ic  pressure developed by an 

air-operated o r  e lec t r ic i ty-opera ted  pump. The capacity of a ram 

i s  computed by mul t ip ly ing  t h e  p i s t o n  a r e a  by t h e  maximum 

pressure.  Some rams, of course, a re  double ac t ing  and can apply a 

forward o r  r e v e r s e  load  on t h e  t e s t  p i l e  o r  p i l e s .  The 

preliminary computations should ensure t h a t  t h e  capacity and t h e  

t r a v e l  of t h e  p is ton  a r e  ample. 

I f  t h e  r a t e  of loading i s  important (and it may be if the  
t e s t  i s  i n  c lay  s o i l s  beneath water, and erosion a t  the  p i l e  face 

i s  important) ,  t h e  maximum r a t e  of flow of t h e  pump i s  important 
along with t h e  volume required per inch of s t roke of the  ram. The 

s e a l s  on t h e  pump and on t h e  ram, along with hydraulic l i n e s  and 

connections, must be checked ahead of time and spare p a r t s  should 

be ava i l ab le .  

High p ressu res  i n  t h e  opera t ing  system c o n s t i t u t e  a sa fe ty  

problem and can cause operat ing d i f f i c u l t i e s .  On some projec ts ,  

t h e  use of an automatic c o n t r o l l e r  f o r  t h e  hydraul ic  system i s  

j u s t i f i e d .  A backup c o n t r o l  must be a v a i l a b l e  t o  allow t h e  
overr ide  of t h e  automatic system i n  case of malfunction. On a t  

l e a s t  one important p r o j e c t  t h e  malfunction of t h e  hydraul ic  

system caused a l a rge  monetary l o s s .  

The loading  system shown i n  Fig .  6.3 w i l l  ensure t h a t  no 

e c c e n t r i c i t y  w i l l  be appl ied  t o  t h e  load c e l l  and t h e  hydraul ic  

ram. I f  t h e  two-bar system shown i n  Fig.  6.3 (b) i s  employed, it 

should be even simpler t o  achieve concentr ic  loading. However, 

t h e  system shown i n  Fig.  6.2 w i l l  r equi re  t h a t  t h e  load c e l l  and 

t h e  ram be connected r i g i d l y  and t h a t  bearings be placed a t  t h e  
face  of each of t h e  p i l e s  s o  t h a t  no eccen t r i c  loading i s  applied 

t o  t h e  ram o r  t o  t h e  load c e l l .  The arrangement shown i n  Fig.  6.2 



may r e q u i r e  t h a t  t h e  p o i n t s  o f  l oad  a p p l i c a t i o n  be a d j u s t a b l e  i n  

o r d e r  t o  p r even t  t o r s i o n a l  l oad ing  o f  t h e  p i l e s .  

A s imple  system f o r  o b t a i n i n g  t h e  d e f l e c t i o n  and r o t a t i o n  of 

t h e  p i l e  head i s  shown i n  F ig .  6.4. The s l o p e  o r  r o t a t i o n  of t h e  

p o r t i o n  o f  t h e  p i l e  above t h e  p o i n t  o f  l o a d  a p p l i c a t i o n  can be 

found by knowing t h e  gauge read ings  and t h e  d i s t a n c e  between them. 

The same d a t a  w i l l  y i e l d  t h e  d e f l e c t i o n  a t  t h e  p o i n t  of l o a d  

a p p l i c a t i o n .  I n  t h e  t e s t  shown i n  F ig .  6.1, a  ca s ing  was a t t a ched  

t o  t h e  r e b a r  cage  p r i o r  t o  c o n c r e t i n g  and a  s l o p e  i n d i c a t o r  was 

used t o  measure t h e  s l o p e  ( o r  r o t a t i o n )  of  t h e  d r i l l e d  s h a f t  over  
i t s  f u l l  l e n g t h .  

F i g u r e  6.4. Schemat ic  drawing o f  de f lec t ion-measur ing  system. 



An a l t e r n a t e  o r  redundant method of ob ta in ing  t h e  pile-head 

r o t a t i o n  i s  shown i n  F ig .  6 . 5 .  A s e n s i t i v e  bubble f o r  l eve l ing  a 

bar  i s  a t t ached  a s  shown. A micrometer i s  f ixed  t o  one end of t h e  

b a r  and a hardened p o i n t  t o  t h e  o t h e r .  A s t u r d y  b racke t  i s  
a t t a c h e d  t o  t h e  p i l e ,  o r  t o  an ex t ens ion  of t h e  p i l e ,  a t  a 

convenient d i s t ance  above t h e  po in t  of load app l i ca t ion .  Readings 

of t h e  micrometer when t h e  ins t rument  i s  c a r e f u l l y  l eve l ed  f o r  

each load w i l l  a l low pile-head r o t a t i o n  t o  be computed. 

Sensitive level bubble 
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U 
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Figure  6 . 5 .  Device f o r  measuring pile-head r o t a t i o n .  

E l e c t r o n i c  l o a d  c e l l s  a r e  a v a i l a b l e  f o r  r o u t i n e  purchase.  

These c e l l s  can be used with  a minimum of d i f f i c u l t y  and can be 

read with  a high-speed da ta -acquis i t ion  system, i f  de s i r ed .  

The motion of t h e  p i l e  head can be measured with d i a l  gauges, 

bu t  a more convenient  way i s  t o  employ e l e c t r o n i c  gauges. I n  

e i t h e r  case ,  gauges wi th  s u f f i c i e n t  t r a v e l  should be obta ined o r  

d i f f i c u l t y  w i l l  be encountered dur ing t h e  t e s t  program. Two types  

of e l e c t r o n i c  motion t r a n s d u c e r s  a r e  i n  common use :  l i n e a r  

p o t e n t i o m e t e r s  o r  L V D T 1 s  ( l i n e a r  v a r i a b l e  d i f f e r e n t i a l  

t r a n s f o r m e r s ) .  The LVDT may have a l onge r  l i f e  t h a n  t h e  

d i f f e r e n t i a l  po ten t iometers ;  i n  e i t h e r  ca se  t h e  motion t ransducer  

should be a t t a c h e d  s o  t h a t  t h e r e  i s  no binding a s  t h e  motion rod 

moves i n  and ou t .  



Two o t h e r  comments about ins t rumentat ion a r e  important .  The 

v e r i f i c a t i o n  of t h e  ou tpu t  of each ins t rument  should be an 

important  s t e p  i n  t h e  t e s t i n g  program. Also, t h e  ins t ruments  

should be checked f o r  temperature s e n s i t i v i t y .  In  some cases  it 

may be necessary  t o  perform t e s t s  a t  n igh t  o r  t o  p r o t e c t  t h e  

var ious  ins t ruments  from a l l  but  minor changes i n  temperature. 

The i n t e r p r e t a t i o n  of d a t a  from a  test  of an uninstrumented 

p i l e s  i s  a  s t r a igh t fo rward  process .  P l o t s  a r e  made of de f l ec t ion  

ve r sus  a p p l i e d  load  and r o t a t i o n  ve r sus  a p p l i e d  load ( f o r  t h e  

ground l i n e  o r  f o r  t h e  p o i n t  of load  a p p l i c a t i o n ) .  Computer 

Program COM624P i s  t h e n  used,  and computations of p i le -head  

d e f l e c t i o n  and r o t a t i o n  a r e  made f o r  t h e  same loads t h a t  were used 

f o r  t h e  f i e l d  t e s t .  The r e s u l t s  a r e  p l o t t e d  a g a i n s t  t h e  f i e l d  

r e s u l t s .  I f  t h e  r e s u l t s  do no t  ag ree ,  t h e  s o i l  parameters  

(p robably  t h e  s h e a r  s t r e n g t h  of  c l a y  and a n g l e  of i n t e r n a l  

f r i c t i o n  of sand) a r e  changed by  t r i a l  t o  b r ing  t h e  computed and 

exper imental  r e s u l t s  i n t o  agreement. (Most of t h e  i n t e r p r e t a t i o n  

w i l l  be done i n  t h e  o f f i c e ;  however, it i s  d e s i r a b l e  t o  do some 

p l o t t i n g  i n  t h e  f i e l d  a s  a  means of checking t h e  v a l i d i t y  of t h e  

da t a  t h a t  a r e  being t a k e n ) .  

The s o i l  parameters  a s  modified a r e  t hen  used i n  making a  

des ign  f o r  t h e  s i t e .  An app rop r i a t e  f a c t o r  of s a f e t y ,  normally 

i n t roduced  as a  l o a d  f a c t o r  t o  i n c r e a s e  t h e  working load,  i s  
employed, t a k i n g  i n t o  account a l l  of t h e  re levant  cons idera t ions .  

The t e s t  s e l e c t e d  f o r  s tudy was performed by Capozzoli (1968) 

near  S t .  Gabr i e l ,  Louis iana .  The p i l e  and s o i l  p r o p e r t i e s  a r e  

shown i n  F ig .  6 .6 .  The load ing  was s h o r t  term. The s o i l  a t  t h e  



s i t e  was a  sof t - to-medium, i n t a c t ,  s i l t y  c l a y .  The n a t u r a l  

m o i s t u r e  c o n t e n t  o f  t h e  c l a y  v a r i e d  from 35 t o  46 p e r c e n t  i n  t h e  

upper  10 f t  o f  s o i l .  The undra ined  s h e a r  s t r e n g t h ,  shown i n  F i g .  

6 .6 ,  w a s  o b t a i n e d  from t r i a x i a l  tes ts .  The u n i t  weight  of t h e  

s o i l  w a s  110 l b / f t 3  above t h e  w a t e r  t a b l e  and 48 l b / f t 3  below t h e  

water t a b l e .  

P i l e  Cross sect ion 

F i g u r e  6.6.  In fo rma t ion  f o r  a n a l y s i s  o f  test  a t  S t .  Gabriel. 

I  f t  
Ground Surface 

pt  

The r e s u l t s  f rom t h e  f i e l d  expe r imen t  and  computed r e s u l t s  

a r e  shown i n  F i g .  6 .7 .  The e x p e r i m e n t a l  r e s u l t s  are shown by t h e  

open circles;  t h e  r e s u l t s  f rom Computer Program COM624P w i t h  t h e  
r e p o r t e d  s h e a r  s t r e n g t h  o f  600 l b / f t 2  and  w i t h  a n  E50 of  1 . 0  

/X\ 

p e r c e n t  are shown by t h e  s o l i d  l i n e .  The s o i l  p r o p e r t i e s  were 

v a r i e d  by  t r i a l  and  the  best fit t o  t h e  e x p e r i m e n t a l  r e s u l t s  was 
found f o r  a n  u n d r a i n e d  s t r e n g t h  o f  887 l b / f t 2  and  a n  &50 of 0 .9  

/x\ 
6 f t  

v G.W.T. 

p e r c e n t .  These  v a l u e s  o f  the  m o d i f i e d  s o i l  p r o p e r t i e s  s h o u l d  be 

u s e d  i n  d e s i g n  c o m p u t a t i o n s  f o r  t h e  p r o d u c t i o n  p i l e s  if t h e  

p r o d u c t i o n  p i l e s  are t o  be i d e n t i c a l  w i t h  t h e  one employed i n  t h e  

l o a d  t e s t .  

P i l e  P r o p e r  t i es  
1 1 5 f t  € I s 3 8  x l o 9  1b-sqin. 

b = 10 In. 
M y  = 1 1 6 ft-kips 

S o l l  P r o p e r t i e s  

D e p t h  = 0-115 f t  
c = 600 Ib/sq ft 

b = 1 % 
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Groundline D e f l e c t i o n ,  y, , in. 

Figure 6.7. Comparison of measured and computed results for 
St. Gabriel Test. 

Computer Program PMEIX was employed and an ultimate bending 

moment for the section in Fig. 6.6 was computed to be 1392 in- 

kips. In making the design computations with the modified soil 

properties, the computed maximum bending moment should be no 

greater than the ultimate moment (1392 in-kips) divided by an 
appropriate factor of safety. In computing the maximum bending 

moment, the rotational restraint at the pile head must be 

estimated accurately as possible. assumed that the 

pile will be unrestrained against rotation and that the load is 

applied one ft above the ground line, a load of 21 kips will cause 
the ultimate bending moment to develop. The deflection of the 

pile must be considered because deflection can control some 

designs rather than the design being controlled by the bending 

resistance of the section. 



Two other  f a c t o r s  must a l s o  be considered i n  design. These 

a re :  the  nature of the  loading and t h e  spacing of the  p i l e s .  The 
experiment employed short-term loading; i f  t h e  loading on t h e  

production p i l e s  i s  t o  be d i f f e r e n t ,  an appropriate  adjustment 

must be made i n  t h e  p-y curves. Also, i f  the  production p i l e s  a re  

t o  be i n  a closely-spaced group, considerat ion must be given t o  

p i le -so i l -p i le  in te rac t ion .  

TESTING PILE WITH INTERNAL INSTRUMENTATION 

The performance of exper iments  w i t h  p i l e s  t h a t  a r e  

instrumented i n t e r n a l l y  f o r  t h e  measurement of bending moment 

along t h e  length of t h e  p i l e  i s  highly des i rable .  The r e s u l t s  of 

experiments t h a t  a r e  c a r e f u l l y  performed w i l l  allow experimental 

p-y curves t o  be developed; thus,  s i g n i f i c a n t  information can be 

added t o  t h e  t e c h n i c a l  l i t e r a t u r e .  In add i t ion ,  of course,  

exce l len t  da ta  w i l l  be ava i l ab le  t o  guide t h e  design of p i l e s  a t  

the  t e s t  s i t e .  However, t h e  performance of experiments with p i l e s  

t h a t  have i n t e r n a l  instrumentation i s  expensive, both i n  labor and 

m a t e r i a l s .  In  a d d i t i o n ,  ins t rumenta t ion  s p e c i a l i s t s  w i t h  

exce l len t  s k i l l s  a r e  required.  Therefore, a  de ta i l ed  cost-benefit  

study should be undertaken before such a  t e s t  program i s  begun. 

I f  a  major  exper iment  w i t h  a  p i l e  w i t h  i n t e r n a l  

i n s t  rumentat ion i s  t o  be undertaken, t h e  preliminary computat ions 

should be exhaust ive.  Assuming t h a t  t h e  t e s t  s i t e  and t h e  p i l e  

geometry have been s e l e c t e d  and t h a t  s o i l  p roper t i e s  a r e  known, 

computations must be performed t o  get  t h e  bes t  poss ib le  est imate 

of t h e  response of t h e  p i l e .  On t h e  bas i s  of these  computations, 

t h e  na ture  of t h e  loading system i s  decided upon and a  d e t a i l e d  

design of t h e  system is  made. 



The pre l iminary  computations a l s o  allow t h e  s e l e c t i o n  of t h e  

kind of i n t e r n a l  i n s t rumen ta t ion  t h a t  i s  t o  be employed and a  

d e t a i l e d  design of t h e  ins t rumentat ion is  then made. E l e c t r i c a l -  

r e s i s t a n c e  s t r a i n  gauges a r e  f r equen t ly  employed t o  read s t r a i n s  

i n  t h e  p i l e  m a t e r i a l .  The t e s t  p i l e  can be c a l i b r a t e d  by 

suppor t ing  t h e  p i l e  a s  a  beam, applying known measurements a t  

p o s i t i o n s  of s t r a i n  gauges, and reading t h e  output  of each gauging 

p o i n t .  I f  a  d r i l l e d  s h a f t  i s  employed i n  t h e  t e s t ,  an 

ins t rumented p ipe  can be c a s t  a long  t h e  a x i s  of t h e  s h a f t  and 

c a l i b r a t i o n  can be done a f t e r  t h e  t e s t  i s  over by removing s o i l  

around t h e  p i l e  t o  a s  g r e a t  a  depth a s  poss ib l e  and re loading t h e  

p i l e  (Welch and Reese, 1 9 7 2 ) .  

Fu r the r  computations must be c a r r i e d  out  t o  ensure t h a t  t h e  

p i l e  i s  n o t  damaged i f  it i s  t o  be  i n s t a l l e d  by d r i v i n g .  

Di l igence  i n  planning and i n  performing pre l iminary  computations 

can do much t o  ensure  t h e  success  of t h e  expensive instrument.  I 

The i n s t r u m e n t a t i o n  t h a t  i s  p l aced  above t h e  ground i s  

s i m i l a r ,  i f  not  i d e n t i c a l ,  t o  t h a t  descr ibed f o r  t h e  p i l e  with no 

i n s t r u m e n t a t i o n .  While t h e  p r i n c i p a l  i t e m  of  i n t e r n a l  

i n s t r u m e n t a t i o n  p e r t a i n s  t o  a  d i r e c t  de te rmina t ion  of bending 

moment from p o i n t  t o  p o i n t  a long  t h e  p i l e ,  t h e  use  of a  s lope  

i n d i c a t o r  from which d e f l e c t i o n s  can be ob ta ined  i s  sometimes 

d e s i r a b l e .  I f  space a l lows  and i f  t h e  load ing  schedule t h a t  is  

proposed w i l l  a l low a  s lope  i n d i c a t o r  t o  be used, t h e  i n s t a l l a t i o n  

of s lope- ind ica tor  cas ing  may be warranted. 

A s  no ted  above, t h e  u se  of s t r a i n  gauges t o  enable  bending 

moments t o  be ob ta ined  i s  a  common p r a c t i c e .  However, innovat ive  

techniques  a r e  be ing  developed r e g u l a r l y ,  and t h e  s e l e c t i o n  and 



i n s t a l l a t i o n  of t h e  i n t e r n a l  i n s t rumen ta t ion  should  fo l low a 

c a r e f u l  s tudy of a v a i l a b l e  methods. 

Some i n v e s t i g a t o r s  have made measurements of ground-surface 

movements dur ing  t h e  l a t e r a l  load ing  of a p i l e .  The p l ac ing  of 

markers on a g r i d  p a t t e r n  around t h e  t e s t  p i l e  and t h e  measurement 

of t h e  movement o f  t h o s e  markers  a r e  time-consuming and 

cumbersome. The use of photographic techniques t o  ob ta in  ground- 

su r f ace  movements has much t o  recommend it. 

The p r i n c i p a l  a n a l y t i c a l  t e c h n i q u e  i s  t o  per form two 

i n t e g r a t i o n s  o f  t h e  b e n d i n g  moment c u r v e s  a n d  two 

d i f f e r e n t i a t i o n s .  The boundary condi t ions  a t  t h e  head of t h e  p i l e  

must be employed i n  t h e  a n a l y s i s .  The i n t e g r a t i o n s  y i e l d  t h e  p i l e  

d e f l e c t i o n s ;  wi th  reasonably  good moment curves  and with  good 

measurements o f  t h e  boundary c o n d i t i o n s  a t  t h e  p i l e  head, an 

a c c u r a t e  f ami ly  of curves  g i v i n g  d e f l e c t i o n  of  t h e  p i l e  a s  a 

func t ion  of depth can be obta ined.  

The two d i f f e r e n t i a t i o n s  are another  mat te r .  E r ro r s  i n  t h e  

moment va lues  a r e  accentuated.  Therefore, it is  usua l ly  necessary 

t o  employ c u r v e - f i t t i n g  t e c h n i q u e s  and o b t a i n  a n a l y t i c a l  

exp res s ions  f o r  s e l e c t e d  p o r t i o n s  of t h e  moment curves .  I f  t h e  

d i f f e r e n t i a t i o n s  can be c a r r i e d  ou t  success fu l ly ,  t h e  r e s u l t  w i l l  

be a fami ly  of curves  showing s o i l  r e s i s t a n c e  a s  a func t ion  of 

depth .  S p e c i f i c  dep ths  can be s e l e c t e d  and c ros s -p lo t t i ng  w i l l  

y i e l d  a family  of p-y curves .  

An a d d i t i o n a l  s t e p  i n  t h e  a n a l y t i c a l  process i s  t o  employ t h e  

p r i n c i p l e s  o f  s o i l  mechanics and o f  e l a s t i c i t y  t o  deve lop  

p r e d i c t i v e  equa t ions  f o r  p i l e  response.  Idea l ly ,  t h e  p r e d i c t i v e  

equa t ions  should agree  wi th  t h e  exper imental  r e s u l t s  a t  t h e  t e s t  



s i t e  and should f u r t h e r  serve t o  predic t  t h e  behavior of p i l e s  of 

d i f f e r e n t  geometry a t  t h e  t e s t  s i t e  and a t  o ther  s i t e s  where the  

s o i l s  a r e  s i m i l a r .  The p r e d i c t i v e  equat ions w i l l  be va l id ,  of 

course, only f o r  t h e  kind of loading employed a t  the  t e s t  s i t e .  

Mat lock (1 970) performed experiments near Austin, Texas, and 

near Sabine, Texas, i n  s o f t  t o  medium c lay .  The p i l e  was a  s t e e l  

pipe,  1 2 . 7 5  i n s  i n  diameter .  Thi r ty- f ive  p a i r s  of e l e c t r i c a l -  

r e s i s t a n c e  s t r a i n  gauges were i n s t a l l e d  i n  t h e  i n t e r i o r  of t h e  

p ipe .  The gauges were spaced 6 i n s  a p a r t  near t h e  top  of t h e  

embedded p o r t i o n  w i t h  wider spacings being used below. The 

embedded por t ion  of t h e  p i l e  was 4 5  f t  long. The pipe was s p l i t  

along a  diameter, t h e  gauges were i n s t a l l e d ,  and t h e  two halves 

were welded together .  

The p i l e  was c a l i b r a t e d  p r i o r  t o  d r iv ing  so  t h a t  extremely 

accura te  de terminat ions  of bending moment could be made. The 

experimental  p-y curves  t h a t  were obta ined  from t h e  t e s t i n g  

program form t h e  b a s i s  of recommendations t h a t  a r e  widely used f o r  

design of p i l e s  i n  s o f t  c lay  under l a t e r a l  loading. 

Cox, Reese, and Grubbs ( 1 9 7 4 )  performed experiments i n  sand 

near Corpus C h r i s t i ,  Texas. The p i l e s  were s t e e l  pipes, 2 4  i n s  i n  

d i a m e t e r .  F o r t y  e l e c t r i c a l - r e s i s t a n c e  s t r a i n  gauges were 

i n s t a l l e d  i n  each of t h e  two p i l e s  by p l a c i n g  t h e  p i l e s  

hor izonta l ly  and by working from a  t r o l l e y .  Two p i l e s  were driven 

a t  t h e  same s i t e ;  one p i l e  was t e s t e d  under s t a t i c  loading and the  

o ther  under c y c l i c  loading. The embedded length of each p i l e  was 

69 f e e t .  



The p i l e s  were c a l i b r a t e d  i n  t h e  l a b o r a t o r y  p r i o r  t o  

i n s t a l l a t i o n .  The experimental  p-y curves t h a t  were obtained from 

t h e  t e s t i n g  program form t h e  b a s i s  of recommendations t h a t  a r e  

widely used f o r  t h e  design of p i l e s  i n  sand under l a t e r a l  loading.  

Welch and Reese (1972) conducted a t e s t  of an instrumented 

d r i l l e d  s h a f t  wi th  a nominal diameter of 30 in ,  a t o t a l  l eng th  of 

44 f t ,  and a pene t r a t i on  of 42 f e e t .  The s o i l  a t  t h e  s i t e  was an 

overconsol idated c l a y  with an average undrained shear  s t r e n g t h  i n  

t h e  upper 20 f t  of approximately 2,200 l b / f t 2 .  Average values  of 

l i q u i d  l i m i t  and p l a s t i c  l i m i t  were 70 and 20, r e spec t ive ly .  The 

water t a b l e  was a t  a depth of 18 f e e t .  

A s t e e l  p ipe ,  wi th  an ou t s ide  diameter of 10.75 i n  and with a 

wal l  t h i ckness  of 0.25 i n ,  was s p l i t  l o n g i t u d i n a l l y  and s t r a i n -  

gauge r o s e t t e s  were i n s t a l l e d  on each ha l f  t o  form a f u l l  br idge 

a t  28 p o i n t s  a long t h e  d r i l l e d  s h a f t .  Twenty-three gauge p o i n t s  

were a t  spacings  of 15 i n  from t h e  t o p  and t h e r e  were 5 spaces a t  

30  i n  near  t h e  bottom. 

The l a t e r a l  loads  were app l i ed  a t  t h e  groundline and i n  one 

d i r e c t i o n  only .  Readings were taken a f t e r  1, 2,  5, 10, 15, and 20 

a p p l i c a t i o n s  of load .  Readings were taken with a da t a  logger of 

t h e  gauges a t  t h e  t o p  of t h e  d r i l l e d  s h a f t  and of a l l  of t h e  

gauges f o r  t h e  measurement of bending moment. Af te r  t h e  loadings 

were completed, an excavat ion t o  a depth of 20 f t  was made around 

t h e  d r i l l e d  s h a f t  and a l oad ing  was made t o  o b t a i n  d a t a  f o r  

determinat ion of t h e  a s -bu i l t  values  of bending s t i f f n e s s  (EI), a s  

wel l  a s  c a l i b r a t i o n s  f o r  each of t h e  gauge p o i n t s  s o  t h a t  s t r a i n -  

gauge readings  could be converted d i r e c t l y  i n t o  bending moment. 

Curves f o r  each of  t h e  a p p l i e d  loads  were p l o t t e d  t o  show 

bending moment a s  a func t ion  of depth .  A s tudy of c u r v e - f i t t i n g  

techniques  was done and t h e  r e s u l t  i nd i ca t ed  t h a t  t h e  b e s t  r e s u l t s  



could be obta ined with leas t -squares  us ing a 7-degree polynominal. 

The values  of d e f l e c t i o n  (y)  and s o i l  r e s i s t a n c e  (p)  were obtained 

a t  var ious  p o i n t s  a long t h e  d r i l l e d  s h a f t  by us ing t h e  following 

equat ions .  

The r e s u l t i n g  p-y curves  f o r  t h e  depth of 37 .5  i n  below t h e  

groundl ine  a r e  shown i n  F i g .  6 . 8 .  The curves  i l l u s t r a t e  t h e  

e f f e c t  of c y c l i c  loading.  The s o i l  r e s i s t a n c e  i s  decreased o r  t h e  

d e f l e c t i o n s  a r e  i n c r e a s e d  wi th  c y c l i c  l oad ing .  The a u t h o r s  

dec ided  t o  t a k e  c y c l i c  load ing  i n t o  account by i n c r e a s i n g  t h e  

computed d e f l e c t i o n  f o r  s t a t i c  loading by an increment t h a t  t akes  

i n t o  account t h e  stress l e v e l  and t h e  number of cyc les  (Welch and 

Reese, 1 9 7 2 ) .  The r e s u l t i n g  e q u a t i o n s  a r e  implemented i n  t h e  

recommendations f o r  p-y curves  t h a t  a r e  shown e a r l i e r  i n  t h i s  

document. 

CONCLUDING COMMENTS 

Only a b r i e f  p r e s e n t a t i o n  i s  poss ib l e  concerning t h e  d e t a i l s  

of a program of t e s t i n g  of p i l e s  under l a t e r a l  load.  The b rev i ty  

of t h e  p r e s e n t a t i o n  i s  c o n s i s t e n t  wi th  t h e  purposes  of t h i s  

document and i s  no t  meant t o  d e t r a c t  from t h e  importance of t h e  

t o p i c .  

Simple, inexpensive experiments can be performed with  p i l e s  

wi th  no i n t e r n a l  i n s t rumen ta t ion  and d a t a  of g r e a t  value  can be 

obta ined concerning t h e  response of a p i l e  a t  a  p a r t i c u l a r  s i t e .  
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Figure  6.8. E f f ec t  of  r epea t ed  load ing  on p-y curves .  
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The performance of tests of piles with internal 

instrumentation can well be justified at the site of a major 

project, especially if the current methods of predicting p-y 

curves are not exactly applicable to the soil, pile, and loading 

to be employed at the site. In addition to getting data for the 

design of a particular project, data will be obtained for use at 

similar sites. Also, a contribution can be made to the 

engineering profession. 

Redundancy in load-measuring and deflection-measuring systems 

is good practice. Rams can be calibrated as a means of checking 

readings from load cells. Stretched wires or surveying 

instruments can be employed to check deflection. Such redundancy 

can be extremely useful in case of the failure of a primary system 

of measurement. 

The available data are insufficient to allow a comment to be 

made that all field tests of piles under lateral loading are cost 

effective. However, the tests that have been performed appear to 

have saved money on specific projects. The tests of instrumented 

piles have paid for themselves many times over. The investigation 

of the benefits from performing field tests of piles under lateral 

loading for a specific project is strongly advised. 





CHAPTER 7. SUGGESTIONS FOR DESIGN 

A conference  on deep founda t ions  s e v e r a l  y e a r s  ago was opened 

by a n  a d d r e s s  by D r .  Ralph B.  Peck ( 1 9 6 7 ) .  H e  gave f a c t o r s  t h a t  

r e l a t e d  t o  a  s u c c e s s f u l  d e s i g n :  load ing ,  s o i l  c o n d i t i o n s ,  t h e o r y ,  

t o l e r a n c e  t o  d i f f e r e n t i a l  movement, and q u a l i t y  o f  c o n s t r u c t i o n .  
D r .  Peck concluded h i s  a d d r e s s  by s a y i n g  t h a t  v e r y  f e w  problems 

w i t h  f o u n d a t i o n s  c o u l d  be a t t r i b u t e d  t o  inadequacy o f  t h e o r y  b u t  

t h a t  most o f  them were due t o  misjudgment of  l o a d i n g  o r  of  s o i l  

c o n d i t i o n s  o r  t o  c o n s t r u c t i o n  defects. The computer  program 

COM624P might f i t  i n t o  t h e  ca tegory  o f  t h e o r y  i n  D r .  Peck ' s  l is t ;  
however,  it w i l l  be e x c e e d i n g l y  d i f f i c u l t  t o  d e s i g n  a  p i l e  

p r o p e r l y  t o  s u s t a i n  l a t e r a l  l o a d i n g  wi thout  a  s u i t a b l e  a n a l y t i c a l  

t o o l .  The p o i n t  t h a t  t h e r e  a r e  many impor tan t  a s p e c t s  of  d e s i g n  

i n  a d d i t i o n  t o  a n a l y s i s  i s  w e l l  t aken .  

There  i s  a  movement i n  s e v e r a l  c o u n t r i e s  t o  d e s i g n  on t h e  

basis of " l i m i t  s t a t e s "  and " p a r t i a l  s a f e t y  fac to r s . ' '  The concept  

of  l i m i t  s t a t e s  i s  t o  i d e n t i f y  a l l  o f  t h e  r e a s o n s  t h a t  a 
p a r t i c u l a r  d e s i g n  c o u l d  f a i l  t o  pe r fo rm i t s  a s s i g n e d  f u n c t i o n  

d u r i n g  t h e  l i f e  o f  t h e  s t r u c t u r e ;  i n  o t h e r  words, r e a s o n s  t h a t  

would l i m i t  t h e  u s e f u l n e s s  o f  t h e  c o n s t r u c t i o n .  P a r t i a l  s a f e t y  

f a c t o r s  a r e  employed t o  f i n d  a  g l o b a l  s a f e t y  f a c t o r  f o r  a  

component of  a  s t r u c t u r e ,  s a y  a  p i l e .  A p a r t i a l  f a c t o r  would be 

a p p l i e d  t o  l o a d s ,  s o i l  p r o p e r t i e s ,  t h e o r y ,  c o n s t r u c t i o n ,  and s o  

on, i n  c o n s i d e r a t i o n  o f  t h e  e n g i n e e r ' s  e v a l u a t i o n  of  how w e l l  each  

o f  t h e  items c o u l d  be e v a l u a t e d .  The two concep t s  a r e  used  r a r e l y  

i n  t h e  Uni ted  S t a t e s  b u t  t h e  e n g i n e e r  b r i n g s  exper ience ,  t r a i n i n g ,  

and judgment t o  b e a r  r a t h e r  t h e n  u s i n g  a  f o r m a l i z e d  approach t o  

t h e  s e l e c t i o n  of t h e  f a c t o r  o f  s a f e t y .  Such a t t r i b u t e s  o f  t h e  
e n g i n e e r  are e s s e n t i a l  w i t h  r e s p e c t  t o  t h e  d e s i g n  o f  p i l e s  under  

l a t e r a l  l o a d i n g .  



SELECTING AN APPROPRIATE MODEL FOR A PILE 

A s  no ted  e a r l i e r ,  two a s p e c t s  of t h e  response  of a  p i l e  must 

be  c o n s i d e r e d  i n  d e s i g n :  t h e  development of  a  p l a s t i c  h inge ,  o r  

h inges ,  a l o n g  t h e  l e n g t h  of  t h e  p i l e ;  and e x c e s s i v e  d e f l e c t i o n .  

I n  b o t h  i n s t a n c e s ,  t h e  p i l e  must be  modeled p r o p e r l y .  A s  a n  

example ,  a  p i l e  i s  c o n s i d e r e d  t h a t  i s  a t t a c h e d  t o  t h e  

s u p e r s t r u c t u r e  a t  some d i s t a n c e  above t h e  g r o u n d l i n e .  I n  many 

i n s t a n c e s ,  t h e  p i l e  head i s  n e i t h e r  f r e e  t o  r o t a t e  nor  f u l l y  f i x e d  

a g a i n s t  r o t a t i o n  b u t  i s  somewhere i n  between. I n  some i n s t a n c e s ,  

t h e  d e t e r m i n a t i o n  o f  t h e  d e g r e e  o f  r o t a t i o n a l  r e s t r a i n t  i s  

d i f f i c u l t .  Then, some p a r a m e t r i c  s t u d i e s  can be done wi th  t h e  

r o t a t i o n a l  r e s t r a i n t  v a r i e d .  The computer o u t p u t  u s u a l l y  w i l l  

a l l o w  t h e  e n g i n e e r  t o  d e c i d e  whether  o r  n o t  t o  proceed wi th  an 

u n c e r t a i n  p i l e -head  c o n d i t i o n  o r  t o  des ign  one wi th  a  p r e d i c t a b l e  

amount of  r o t a t i o n a l  r e s t r a i n t .  

With r e g a r d  t o  t h e  a x i a l  l o a d  and bending moment t h a t  w i l l  

r e s u l t  i n  t h e  fo rmat ion  of  a  p l a s t i c  hinge,  formulas a r e  a v a i l a b l e  

f o r  s teel  p i l e s .  However, a  computer program i s  d e s i r a b l e  f o r  t h e  

d e t e r m i n a t i o n  o f  t h e  u l t i m a t e  moment f o r  a  r e i n f o r c e d - c o n c r e t e  

p i l e .  The bending s t i f f n e s s ,  E I ,  of t h e  re in fo rced-concre te  p i l e  

w i l l  v a r y  w i t h  t h e  l o a d i n g .  Thus, t h e  o u t p u t  from t h e  computer 

w i l l  e n a b l e  t h e  e n g i n e e r  t o  select t h e  E I  t o  a g r e e  w i t h  t h e  

bending moment when modeling t h e  p i l e .  

The a x i a l  l o a d  t h a t  a c t s  on a  p i l e  s u b j e c t e d  t o  l a t e r a l  l o a d  

u s u a l l y  h a s  o n l y  a  s m a l l  e f f e c t  on t h e  bending moment; t h e r e f o r e ,  

t h e  assumpt ion  i s  made t h a t  t h e  a x i a l  l o a d  i s  c o n s t a n t  over  t h e  

l e n g t h  of t h e  p i l e  b e i n g  analyzed by COM624P. Any e r r o r  r e s u l t i n g  

from t h a t  assumption i s  though t  t o  be ext remely  s m a l l .  I n  almost  

a l l  i n s t a n c e s  t h e  r e d u c t i o n  i n  a x i a l  l o a d  from t h e  g round l ine  t o  

t h e  p o i n t  of  maximum bending moment w i l l  be n e g l i g i b l e .  



I f  t h e  above assumption i s  v a l i d ,  t h e  behavior of a  p i l e  

under  a x i a l  l o a d  and  u n d e r .  l a t e r a l  l o a d  can  be s o l v e d  

independently.  However, i n  computing a x i a l  load of a  p i l e  i n  c lay  

by use of s o i l  p r o p e r t i e s ,  t h e  engineer  could decide t o  e l imina te  

t h e  c l a y  from t h e  f i r s t  po in t  of ze ro  l a t e r a l  d e f l e c t i o n  t o  t h e  

groundl ine  i n  computing t h e  a x i a l  load .  The c l a y  can be molded 

away by l a t e r a l  d e f l e c t i o n  and l o s e  a t  l e a s t  some of it a b i l i t y  t o  

t r a n s f e r  a x i a l  load.  

STUDY OF INFLUENCE OF VARIOUS - PARAMETERS 

A number of sugges t ions  have been made i n  previous  s e c t i o n s  

about t h e  d e s i r a b i l i t y  of varying c e r t a i n  parameters i n  t h e  input  

and observ ing  t h e i r  i n f l u e n c e .  The engineer-user  i s  urged t o  

extend t h e  procedure t o  most of t h e  f a c t o r s  t h a t  must be i npu t .  

The r e s u l t s  of some such s t u d i e s  a r e  given elsewhere (FHWA/RD- 

85/106, pp. 197-210) but  t h e  s t u d i e s  a r e  more meaningful if done 

f o r  l o c a l  subsur face  cond i t i ons  and f o r  t h e  p i l e s  t h a t  a r e  more 

commonly used i n  p r a c t i c e .  

The paramet r ic  s t u d i e s  are e s p e c i a l l y  u s e f u l  with respec t  t o  

t h e  p r o p e r t i e s  of t h e  s o i l .  An informat ive  s e t  of computations i s  

t o  pu t  t h e  maximum and minimum values  of s o i l  s t r e n g t h  t h a t  could 

be reasonably expected a t  a  given s i t e ,  and ob ta in  upper-bound and 

lower-bound s o l u t i o n s .  Such a  s tudy  would g ive  exce l l en t  guidance 

on t h e  b e n e f i t s  o f  a  comprehensive s t u d y  of  t h e  subsu r f ace  

cond i t i ons .  In  connection with t h e  s tudy of t h e  in f luence  of s o i l  

p r o p e r t i e s ,  t h e  s h e a r  s t r e n g t h  and o t h e r  r e l e v a n t  p r o p e r t i e s  

should be v a r i e d  wi th  depth.  Contrary t o  t h e  need f o r  p i l e s  under 

a x i a l  load ing ,  t h e  p r o p e r t i e s  of  t h e  near-surface  s o i l s  a r e  very 

s i g n i f i c a n t .  S t u d i e s  of t h i s  s o r t  could l e a d  t o  a  change i n  t h e  

way t h a t  s o i l s  a r e  sampled and t e s t e d  when a  p i l e  under l a t e r a l  

loading i s  t o  be designed.  



CASE STUDIES 

An exe rc i se  t h a t  is  of considerable  use i s  t o  compare r e s u l t s  

from a n a l y s i s  wi th  t h o s e  f o r  experiments.  Some o f f i c e s  have a 

number of such cases  i n  t h e  engineer ing  f i l e s  and t h e  t e c h n i c a l  

l i t e r a t u r e  c o n t a i n s  a number of  r e p o r t s  on l a t e r a l - l o a d  t e s t s .  

One of t h e  d i f f i c u l t i e s  i n  making such comparisons i s  t h a t  t h e  

r e s u l t s  of t h e  exper iments  a r e  f r e q u e n t l y  incomplete.  Typical  

da t a  t h a t  a r e  missing a r e  t h e  po in t  of app l i ca t ion  of t h e  l a t e r a l  

load and t h e  bending s t i f f n e s s  of t h e  t e s t  p i l e .  

Comparisons of t h e  r e s u l t s  from ana lys i s  and from experiments 

have been r epo r t ed  (FHWA/RD-85/106, pp. 211-244) . Reference t o  

t h e s e  s t u d i e s  and t o  t hose  made by t h e  user-engineer w i l l  provide 

va luab le  in format ion  of t h e  accuracy t h a t  can be expected from 

COM624P. 

FIELD TESTS 

Upper-bound and lower-bound s t u d i e s  and case  s t u d i e s  w i l l  

p rovide an e x c e l l e n t  background f o r  making a dec i s ion  about t h e  

d e s i r a b i l i t y  of running a f i e l d  t e s t  a t  t h e  cons t ruc t ion  s i t e .  A 

f u l l - s c a l e  t e s t  of  t h e  proposed p roduc t ion  p i l e s  might be  

necessary a t  l o c a t i o n s  where a number of p i l e s  are t o  be i n s t a l l e d  

and where t h e  l a t e r a l  load ing  i s  s i g n i f i c a n t .  Procedures f o r  such 

t e s t s  a r e  given i n  some s tandards ;  however, one f e a t u r e  i n  some 

such recommendations i s  inapprop r i a t e .  That is, it i s  v i r t u a l l y  

impossible  i n  most cases t o  prov ide  t h e  r o t a t i o n a l  r e s t r a i n t  a t  

t h e  p i l e  head t h a t  w i l l  e x i s t  i n  t h e  s t r u c t u r e  t o  be cons t ruc ted .  

Therefore,  t h e  t e s t i n g  program should be aimed a t  determining t h e  

response of  t h e  s o i l  (FHWA, 1984, pp.  176-178) The response s o  

ob ta ined  can be used t o  design p i l e s  of var ious  diameters and w i t h  

va r ious  bending s t i f f n e s s e s .  



A d e s i r a b l e  t e s t i n g  t echn ique  i s  t o  tes t  two i d e n t i c a l  p i l e s  

s i m u l t a n e o u s l y  by j a c k i n g  them a p a r t  o r  p u l l i n g  them t o g e t h e r  

(FHWA, 1984, pp.  169-175). The d i f f e r e n c e  i n  t h e  response  of t h e  

two p i l e s  w i l l  g i v e  t h e  e n g i n e e r  some i d e a  o f  t h e  amount of 

v a r i a b i l i t y  t h a t  cou ld  be  expected  wi th  t h e  product ion  p i l e s .  

TECHNICAL ADVANCES 

The e n g i n e e r - u s e r  o f  COM624P may wish t o  s e a r c h  t h e  new 

t e c h n i c a l  l i t e r a t u r e  f o r  a r t i c l e s  on p i l e s  under l a t e r a l  load ing .  

Of p a r t i c u l a r  i n t e r e s t  w i l l  be  a r t i c l e s  t h a t  d e a l  wi th  t h e  t e s t i n g  

of f u l l y  i n s t r u m e n t e d  p i l e s  t o  o b t a i n  p-y curves  and a r t i c l e s  on 

t h e  r e s p o n s e  o f  p i l e  g r o u p s  t o  l a t e r a l  l o a d i n g .  Research  i s  

underway i n  t h e  U n i t e d  S t a t e s  and i n  many f o r e i g n  c o u n t r i e s  on 

l a t e r a l  l o a d i n g  o f  p i l e s ,  and t h e r e  undoubtedly w i l l  be a  number 

of advances i n  t h e  s t a t e - o f - t h e - a r t  from t i m e  t o  t i m e .  
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CHAPTER 1. GENERAL 

The documentation for Computer Program COM624P consists of 

three documents: Part I, Users Guide; Part I1 Engineering 

Background; and Part 111, Systems Maintenance. 

The necessity of maintaining a computer program, regardless 

of its length and simplicity, is essential and procedures for the 

maintenance must be clear. Maintenance assures the user that the 

program is operating satisfactorily and that information can be 

obtained about the program when necessary. As a part of the 

maintenance, the user should be able to obtain a rapid response to 

questions as they arise. 

The expected use of COM624P in the solution of problems in 

foundation engineering imposes some special requirements regarding 

the maintenance of the program. It is expected that copies of the 

program will be distributed to one or more offices of the 

departments of highways of the States, and possibly to other 

transportation agencies in the States. The components of the 

program to be distributed are the user guide, and floppy disks 

with an executable object code, example problems, and graphics 

capabilities. The object codes are to be permanently identified 

as being distributed to a particular engineering office. 

The source code will remain at an appropriate office in the 

Federal Highway Administration where the maintenance of COM624P 

will reside. After the initial period when ENSOFT will maintain 

the program according to the terms of the contract, it is expected 

that FHWA will assign maintenance responsibilities to two persons: 

a geotechnical engineer, and a computer programmer. However, only 

minimal questions are expected to arise that must be answered. 



The terms of the con t r ac t  f o r  Version I r e q u i r e  t h a t  ENSOFT 

provide  t e c h n i c a l  a s s i s t a n c e  f o r  18 months from t h e  d a t e  t h e  

program was submitted t o  June of 1990 .  The p r i n c i p a l  a c t i v i t i e s  

r e l a t e d  t o  t h e  maintenance of COM624P were handled by ENSOFT 

dur ing  t h a t  pe r iod .  I t  i s  expected t h a t  many of t h e  u s e r s  w i l l  

receive  Version 2 . 0  of t h e  program and t h a t  FHWA s t a f f ,  a long with 

t h e  a s s i s t a n c e  of  Enso f t ,  w i l l  h e l p  t o  a d d r e s s  most of  t h e  

quest ions  t h a t  a r e  expected t o  a r i s e  from t h e  use r s  i n  1 9 9 3 .  

The USERS G U I D E  was prepared i n  a  manner t o  a l low almost a l l  

of t h e  quest ions  t h a t  a r i s e  on t h e  p a r t  of t h e  u se r  t o  be answered 

by r e f e r r i n g  t o  t h e  document. I n  t h i s  connect ion,  some of t h e  

m a t e r i a l  t h a t  might be normally placed i n  t h e  SYSTEM MAINTENANCE 

MANUAL i s  included i n  t h e  USERS G U I D E .  The exper ience  of  ENSOFT 

with s i m i l a r  programs has l e d  t o  t h e  c a r e f u l  s e l e c t i o n  of m a t e r i a l  

so  t h a t  t h e  user  can use COM624P with assurance.  



CHAPTER 2. SYSTEM DESCRIPTION 

SYSTEM APPLICATION 

The program computes deflection, shear, bending moment, ?nd 

soil response with respect to depth for a laterally-loaded pile in 

nonlinear soils. There are three major components of this 

software for the microcomputer for the analysis of laterally- 

loaded piles. The system consists of a menu-input preprocessor 

(C624EDIT), a main program for the analyses (COM624P), and a 

postprocessor for display of graphics (C624VIEW). A flowchart 

showing the interrelationships of the major components of the 

system is provided in Fig. 2.1. 

SYSTEM ENVIRONMENT 

The system was developed for the IBM-XT and the IBM-AT 

machines or for any other microcomputer that is compatible with 

those IBM machines. The microcomputer should have at least 256k 

of RAM memory. A high-speed, floating-point math coprocessor is 

highly recommended but it is not required. 

Two peripheral devices are required for the display of 

graphics: a graphics adapter and a graphics printer. The specific 

graphics adapters and printers supported by the system are 

described in Chapter 3 of the USERS GUIDE. 

The operating system that is required to run the program is 

MS-DOS 2 - 1  or a later version. The main program is written in 

FORTRAN language with double-precision arithmetic. A FORTRAN 



Figure 2.1. The interrelationships of the major components 
of the system. 

SYSTEM 
LATERALLY-LOADED PILE 

ANALYSIS 

PREPROCESSOR 
C624EDIT 
(menu input) 

MAIN PROGRAM 
COM62 4P 
(analysis) 

POSTPROCESSOR 
C624VIEW 

(graphics 1. 



compiler in compliance with ANSI FORTRAN 77 is required to compile 

the program if any modifications are made in the future. 

The preprocessor and the postprocessor are written in PASCAL 

language to utilize fully the screen functions. A TURBO PASCAL 

compiler from Borland International should be used to recompile 

these two programs if any upgrade is required in the future. 

COMMUNICATIONS 

No requirements are necessary. 

INTERFACES 

No requirements are necessary. 

SECURITY 

No data base in included and no security is required. 

Security of the source code that is supplied should be maintained 

by FHWA. 
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LINE-BY-LINE INPUT GUIDE FOR BATCH FILE 

The f r e e - f i e l d  format  is  used  f o r  a l l  t h e  data e n t r y .  Each 

l i n e  can  have a maximum o f  80 c h a r a c t e r s .  The v a r i a b l e s  can  b e  

s e p a r a t e d  by e i t h e r  a s p a c e  o r  a comma. I t  i s  recommended t h a t  

t h e  u s e r  f o l l o w  t h e  l i n e  a r rangement  d e s c r i b e d  later  i n  e n t e r i n g  

t h e  d a t a .  

Number o f  l i n e s :  1 

Exp lana t ion :  

Any c h a r a c t e r s ,  i n c l u d i n g  b l a n k s ,  are  a l l o w e d  i n  t h i s  
d e s c r i p t i v e  t i t l e .  However, do  n o t  t y p e  t h e  word END i n  columns 1 
th rough  3 as end is  used  t o  i n d i c a t e  t h e  end o f  t h e  d a t a  i n p u t .  

Variables : ISYSTM, NCOM, ME1 

Number o f  l i n e s :  1 

Exp lana t ion :  

ISYSTM = 1 if E n g l i s h  u n i t s  o f  pounds and i n c h e s  are t o  
be used, 

= 2 i f  S I  u n i t s  o f  k i lonewtons  and meters are 
t o  b e  used,  and 

= 3 i f  some o t h e r  c o n s i s t e n t  set o f  u n i t s  f o r  f o r c e  
and l e n g t h  are t o  be  used  ( t h e  program w i l l  n o t  
t r y  t o  de te rmine  which set  o f  u n i t s  i s  used  b u t  
w i l l  i n d i c a t e  u n i t s  on o u t p u t  by F f o r  f o r c e  and L 
f o r  l e n g t h ,  e . g . ,  stress would b e  F/L**2) . 

NCOM = 1 f o r  a n a l y s i s  o f  p i l e s  under  la tera l  load ing ,  
= 2 f o r  computat ion o f  u l t i m a t e  bending  moment, 
= 3 f o r  b o t h  a n a l y s e s ,  

I f  NCOM = 1, omit  i n p u t  l i n e s  2 1  t o  26, 
If NCOM = 2, omi t  i n p u t  l i n e s  3 th rough  20, 

ME1 = 0 f o r  no i n t e r n a l  v a r i a t i o n  o f  E I  employed i n  
computat ion,  

= 1 f o r  u s i n g  t h e  i n t e r n a l  v a r i a t i o n  o f  EI  g e n e r a t e d  
by  t h e  program d u r i n g  computat ion,  and 

If  NCOM = 1 o r  2, set ME1 = 0. 



Variables: NI, NL, NDIAM, NW 

Number of lines: 1 

Explanation: 

NI = number of increments into which the pile is 
divided (maximum is 300), 

NL = number of layers of soil (maximum is 91, 
NDIAM = number of segments of pile with different 

diameter, area, or moment of inertia (maximum is 
101, and 

NW = number of points on plot of distributed lateral 
load on the pile versus depth (minimum is 0, 
maximum is 10) . 

Set NW = 0 if there are no distributed loads on the pile. 

Variables: NG1, NSTR, NPY 

Number of lines: 1 

Explanation: 

NG1 = number of points on plot of effective unit weight 
versus depth (minimum = 2, maximum = la), 

NSTR = number of points on input curves of strength 
parameters (c, 9, versus depth (minimum = 2, 
maximum = la), and 

NP Y = number of input p-y curves (minimum = 0, maximum = 
30) . 

Set NGI - 0 and NSTR = 0 if all p-y curves are to be input by 
the user (if no p-y curves are to be generated internally). 

Variables: LENGTH, EPILE, XGS, SLOPE 

Number of lines: 1 

Explanation: 

LENGTH = length of pile (L), 
EPILE = modulus of elasticity of pile (F/L~), 



XGS = depth below top of p i l e  t o  ground surface ( L ) ,  and 
SLOPE = slope angle of ground surface t o  horizontal  plane 

(degrees) . 
6.  * 
Variables : KPYOP, I N C  

Number of l i n e s :  1 

Explanation: 

KPYOP = 0 i f  no p-y curves a r e  t o  be generated and pr in ted  
f o r  ve r i f i ca t ion  purposes, 

= 1 i f  p-y curves a re  t o  be generated and pr in ted  
f o r  ve r i f i ca t ion  (see 1 7  and 18 f o r  input of depths 
a t  which p-y curves w i l l  be generated and p r i n t e d ) ,  

I N C  = increment used i n  pr in t ing  output, 
= 1 t o  p r i n t  values a t  every node, 
= 2 t o  p r i n t  values a t  every second node, and 
= 3 t o  p r i n t  values a t  every t h i r d  node, 

e t c .  (up t o  N I  + 1) . 

Variables : KBC, KOUTPT, KCYCL, RCYCL 

Number of l i n e s :  1 

Explanat ion : 

KBC = code t o  control  boundary condition a t  top of p i l e ,  
= 1 f o r  a f r e e  head (user  spec i f i e s  shear Pt and 

moment M, a t  the  p i l e  head), 
= 2 f o r  spec i f ied  shear Pt and slope St a t  t h e  p i l e  

head (St = 0 f o r  a fixed-head p i l e ) ,  
= 3 f o r  a spec i f ied  shear Pt and ro ta t iona l  r e s t r a i n t  

Mt/St a t  the  p i l e  head, 
= 4 f o r  a spec i f ied  def lec t ion  yt and moment a t  the  

p i l e  head, 
KOUTPT = 0 i f  data  a r e  t o  be pr in ted  only t o  depth where 

moment f i r s t  changes sign, 
= 1 i f  data  a r e  t o  be pr in ted  f o r  f u l l  length of 

p i l e ,  
= 2 f o r  ex t ra  output t o  help w i t h  debugging, 

KCYCL = 0 f o r  c y c l i c  loading, 
= 1 f o r  s t a t i c  loading, and 

RCYCL = number of cycles of loading (need only f o r  p-y 
curves generated with c r i t e r i a  f o r  s t i f f  c lay 
above t h e  water t a b l e ) .  



V a r i a b l e s :  MAXIT, YTOL, EXDEFL 

Number of  l i n e s :  1 

Explanat ion:  

MAXIT = maximum number of i t e r a t i o n s  al lowed f o r  a n a l y s i s  
of  s i n g l e  set o f  loads ,  

YTOL = t o l e r a n c e  ( L )  on s o l u t i o n  convergence. When t h e  
maximum change i n  d e f l e c t i o n  a t  any node f o r  
s u c c e s s i v e  i t e r a t i o n s  is  less t h a n  YTOL, i t e r a t i o n  
s t o p s ,  and 

EXDEFL = v a l u e  of d e f l e c t i o n  o f  p i l e  head (L)  t h a t  i s  
cons ide red  g r o s s l y  e x c e s s i v e  and which s t o p s  t h e  
r u n .  

O m i t  i f  NW = 0 

V a r i a b l e s :  X W ( I ) ,  W W ( I )  

Number of l i n e s :  NW 

Explanat ion:  

XW = dep th  (L) below t o p  of p i l e  t o  a p o i n t  where 
d i s t r i b u t e d  l o a d  is  s p e c i f i e d ,  and 

WW - d i s t r i b u t e d  l a t e r a l  l o a d  (F/L) on p i l e .  

The program u s e s  l i n e a r  i n t e r p o l a t i o n  between p o i n t s  on t h e  
WW-XW curve  t o  de termine  t h e  d i s t r i b u t e d  l o a d  a t  eve ry  node. For  
b e s t  r e s u l t s ,  p o i n t s  on t h e  WW-XW curve  shou ld  f a l l  on t h e  p i l e -  
node p o i n t s .  Wherever no d i s t r i b u t e d  l o a d  i s  s p e c i f i e d ,  it i s  
assumed t o  b e  z e r o .  Data must b e  a r r a n g e d  w i t h  ascend ing  v a l u e s  
of  xw. 

V a r i a b l e s :  X D I A M ( I ) ,  D I A M ( I ) ,  MINERT ( 1 1 ,  AREA(1)  

Number of  l i n e s :  NDIAM 

Explanat  i o n  : 

XDIAM = x-coordinate  (dep th  below t o p  of  p i l e )  o f  t h e  t o p  
o f  a segment o f  p i l e  with uniform c r o s s - s e c t i o n  
(L )  . The f i r s t  dep th  (XDIAM (1) ) must e q u a l  0.0, 



D I A M  = d iamete r  of  p i l e  cor responding  t o  XDAIM ( L ) .  For  
n o n - c i r c u l a r  c r o s s  s e c t i o n s ,  u s e  o f  minimum width 
w i l l  produce c o n s e r v a t i v e  r e s u l t s ,  

MINERT = moment o f  i n e r t i a  o f  p i l e  c r o s s  s e c t i o n s  ( ~ ~ 1 ,  and 
AREA = c r o s s - s e c t i o n a l  a r e a  o f  p i l e  ( ~ 2 ) .  I f  l e f t  b l ank ,  

program w i l l  compute area assuming a p i p e  s e c t i o n .  

Data must b e  a r r a n g e d  w i t h  a scend ing  v a l u e s  o f  XDAIM. Note 
t h a t  a t  a d e p t h  between X D I A M ( 1 )  and  X D I A M ( 1  + I ) ,  t h e  p i l e  
p r o p e r t i e s  a s s o c i a t e d  w i t h  X D I A M ( 1 )  w i l l  b e  used .  For  a p i l e  w i t h  
un i fo rm c r o s s  s e c t i o n ,  j u s t  one p i l e  p r o p e r t y  v a l u e  i s  needed.  
The l a s t  v a l u e  o f  XDIAM need n o t  be  g r e a t e r  t h a n  o r  e q u a l  t o  t h e  
l e n g t h  o f  p i l e .  

Variables: LAYER, KSOIL, XTOP, XBOT, K 

Number of  L ines :  NL 

E x p l a n a t i o n :  

LAYER(1)  = Layer i d e n t i f i c a t i o n  number ( u s e  1 f o r  t h e  t o p  
l a y e r ,  2 f o r  t h e  second l a y e r ,  e tc .  ) , 

KSOIL = code t o  c o n t r o l  t h e  t y p e  o f  p-y c u r v e s  t h a t  w i l l  
be used  f o r  L-th l a y e r ,  

= 1 t o  have p-y cu rves  computed i n t e r n a l l y  u s i n g  
Mat lock ' s  (1970) c r i t e r i a  f o r  s o f t  c l a y ,  

= 2 t o  have p-y cu rves  computed i n t e r n a l l y  u s i n g  
Reese e t  a l .  I s  (1975) c r i t e r i a  f o r  s t i f f  c l a y  
below t h e  water table, 

= 3 t o  have p-y cu rves  computed i n t e r n a l l y  u s i n g  
Welch and Reese's (1972) c r i te r ia  f o r  s t i f f  c l a y  
above t h e  water  t a b l e ,  

= 4 t o  have p-y cu rves  computed i n t e r n a l l y  u s i n g  
Reese e t  a l . ' s  (1974) c r i t e r i a  f o r  sand ,  

= 5 t o  u s e  l i n e a r  i n t e r p o l a t i o n  between i n p u t  p-y 
cu rves ,  

= 6 t o  have p-y cu rves  computed i n t e r n a l l y  u s i n g  
Reese and Nyman's (1978) l i m e s t o n e  c r i t e r i a ,  

XTOP(1)  = x-coord ina te  o f  t o p  of  l a y e r  ( L ) ,  
XBOT(1)  = x-coord ina te  o f  bot tom o f  l a y e r  ( L ) ,  and 

K ( 1 )  = c o n s t a n t  ( F / L ~ )  i n  e q u a t i o n  E, = kx. T h i s  i s  used  
(1) t o  d e f i n e  i n i t i a l  s o i l  moduli  f o r  t h e  f i rs t  

i t e r a t i o n  and (2 )  t o  de te rmine  i n i t i a l  s l o p e  of  p-y 
c u r v e  where 

KSOIL = 2 and 4 .  

Arrange data i n  a scend ing  o r d e r  o f  LAYER(1). 



Variables :  X G 1  ( I ) ,  GAM1 ( I )  

Number of l i n e s :  N G 1  

Explanation: 

XG 1 = depth below t o p  of p i l e  t o  po in t  where e f f e c t i v e  
u n i t  weight of s o i l  is  s p e c i f i e d  (L), and 

GAMl = e f f e c t i v e  u n i t  weight of  soil(^/^^) corresponding 
t o  XG1.  

The f i r s t  dep th  ( X G l ( 1 ) )  must not  be g r e a t e r  t h a t  t h e  x- 
coord ina t e  of t h e  ground s u r f a c e  and t h e  l a s t  dep th  ( X G l ( N G 1 )  
must no t  be  less t h a n  t h e  l e n g t h  of  t h e  p i l e .  The program 
i n t e r p o l a t e s  l i n e a r l y  between p o i n t s  on t h e  X G 1  - GAMl curve t o  
determine e f f e c t i v e  u n i t  weight of s o i l  a t  a p a r t i c u l a r  depth .  
The d a t a  must be arranged with ascending values  of XG1.  

O m i t  t h i s  l i n e  i f  NSTR = 0. 

Variables :  XSTR(I), C 1  ( I ) ,  PHI1 ( I ) ,  EE50(I) 

Number of l i n e s :  NSTR 

Explanat ion : 

XSTR = x-coordinate (depth below t o p  of p i l e )  f o r  which 
c, $, and E50 are s p e c i f i e d  ( L ) ,  

C1 - undrained shear  s t r e n g t h  of  s o i l  (F/L*) 
corresponding t o  XSTR, 

PHIl = angle  of i n t e r n a l  f r i c t i o n  (0,  i n  degrees)  
corresponding t o  XSTR, and 

EES0 = s t r a i n  a t  50 percent  stress l e v e l  
dimensionless)  corresponding t o  XSTR. 

The program uses  l i n e a r  i n t e r p o l a t i o n  t o  f i n d  c, $, and €50 a t  
p o i n t s  between inpu t  XSTR's. XSTR(1) should n o t  be  g r e a t e r  t han  
t h e  x-coordinate of  t h e  ground s u r f a c e  and XSTR(NSTR) should not  
be less than  t h e  l eng th  of t h e  p i l e .  Arrange d a t a  wi th  ascending 
va lues  of  XSTR. For c l a y  l a y e r s  (KSOIL = 1, 2, 3, o r  61, PHIl 
w i l l  no t  be used and may be l e f t  b lank.  For sand l a y e r s  (KSOIL = 
4 1 ,  C 1  and EE50 are not  used and may be l e f t  b lank.  



14. for r p ~ u t  of m - v CUULLIQ 

O m i t  t h i s  l i n e  i f  NPY = 0 

Number o f  l i n e s :  1 

Explanat ion:  

NPPY = number of p o i n t s  on i n p u t  p-y curves  (minimum - 2, 
maximum = 3 0 ) .  

O m i t  t h i s  l i n e  i f  NPY = 0 

V a r i a b l e s  : XPY (I) 

Number of  l i n e s :  1 

Explanat ion:  

X P Y  = x-coordinate (depth  below t o p  of p i l e )  t o  an  i n p u t  
p-y curve  (L) . 

Data must be  a r r a n g e d  i n  ascending o r d e r  of  X P Y .  Inpu t  XPY, 
t h e n  data t o  d e f i n e  t h e  a s s o c i a t e d  p-y curve  (see nex t  l i n e ) ,  t h e n  
t h e  n e x t  XPY, e tc .  

O m i t  if NPY = 0 

Number o f  l i n e s :  NPY * NPPY 

Explana t ion :  

Y P = d e f l e c t i o n  (L)  of  a p o i n t  on a p-y curve,  and 
PP = s o i l  r e s i s t a n c e  (F/L corresponding t o  Y P ) .  

Data must be a r r a n g e d  i n  ascending o r d e r  of YP. Sequence of 
i n p u t  i s  as f o l l o w s :  

DO 30 I=1, NPY 
READ (5 ,10) ,  X P Y ( I )  

10 FORMAT (D10.3) 
READ (5 ,20) ,  (YP( I , J ) ,  PP(I,J),J=1,NPPY) 

20 FORMAT (2D10.3) 
30 CONTINUE 



The program interpolates linearly between points on a p-y 
curve and between p-y curves. The program uses the deepest p-y 
curve available for any nodes that extend below the depth of the 
deepest p-y curve. 

Omit this line if KPYOP - 0 
Variable: NN 

Number of lines: 1 

Explanation: 

NN = number of depths for which internally-generated p- 
y curves are to be printed (maximum = 305). 

Internally-generated p-y curves may be computed for selected 
depths and printed for verification purposes. In the analysis of 
pile response, a separate p-y curve is calculated at every node. 
Therefore, the number of p-y curves printed will have no effect on 
the solution. 

Omit this line if KPYOP = 0. 

Number of lines: NN 

Explanation: 

XN = x - coordinate (L) at which internally-generated 
p-y curves are to be generated and printed. 

Variables: LOAD 

Number of lines: 1 

Explanation: 

Number of different loading conditions involved in one 
computer run (maximum = 20) 



Variables: KOP, PT, BC2, PX 

Number of l ines :  between 1 and 2 0  

Explanation: 

KOP = 0 if only the p i l e  head deflection, pile-head 
slope, maximum bending moment, and maximum combined 
s t r e s s  a r e  t o  be printed fo r  the  associated loads, 

= 1 if complete output is  desired fo r  the  associated 
loads, 

PT = l a t e r a l  load (F)  a t  top of p i l e  i f  KBC = 1, 2, o r  3, 
l a t e r a l  deflect ion (L) a t  top of p i l e  if KBC = 4,  

BC2 = value of second boundary condition, 
= moment (F-L) a t  top of p i l e  i f  KBC = 1 or  4 ,  
= slope (dimensionless) a t  top of p i l e  i f  KBC - 2, 
= ro ta t ional  s t i f f n e s s  (F-L),  o r  moment divided by 

slope, i f  KBC = 3, and 
PX = ax ia l  load (F) on p i l e  (assumed t o  be uniform over 

whole length of p i l e ) .  

Variables: I D ,  NP 

Number of l ines :  1 

Explanation: 

I D  = ident i f ica t ion number of the  shape of cross section 
of column/pile: 
1. rectangular o r  square, 
2 .  c i rcu la r  (without s h e l l  or  core) ,  
3. c i rcu la r  (with she l l  but without core) ,  
4 .  c i rcu la r  ( w i t h  s h e l l  and core o r  without 

s h e l l  and core, and 
5. c i rcu la r  s t e e l  pipe. 

NP = number of ax ia l  loads. 

Variables : P ( I )  

Number of l i ne s :  NP 

Explanation: 



P = a x i a l  l o a d  (kN). The t o t a l  number of  a x i a l  l o a d s  
p e r  run  i s  l i m i t e d  t o  10 

V a r i a b l e s :  FC, BARFY, TUBEFY, ET 

Number of  l i n e s :  1 

Explanat ion:  

FC = c y l i n d e r  s t r e n g t h  of  c o n c r e t e  (kPa) 
(0 i f  I D  i s  5 ) ,  

BARFY - y i e l d  s t r e n g t h  of  re inforcement  (kPa) 
(0 i f  I D  is  5 ) ,  

TUBEFY = y i e l d  s t r e n g t h  o f  s h e l l  or core (kPa) 
(0 i f  I D  i s  1 or  2 ) ,  and 

ET = modulus o f  e l a s t i c i t y  of steel (kPa) .  

V a r i a b l e s :  WIDTH, OD, DT, T, TT 

Number of  l i n e s :  1 

Explanat ion:  

WIDTH = width of  s e c t i o n  i f  r e c t a n g u l a r  (m) 
(0 i f  c i r c u l a r ) ,  

OD = o u t e r  d iamete r  i f  c i r c u l a r ,  or d e p t h  o f  s e c t i o n  if 
r e c t a n g u l a r  (m) , 

DT = o u t e r  d iameter  o f  core (m) 
(0 i f  I D  i s  n o t  4 ) ,  

T = t h i c k n e s s  of  s h e l l  (m) . 
(0 i f  I D  i s  1 or  2 ) ,  and 

TT = t h i c k n e s s  of  core (m) 
(0 i f  I D  is  n o t  4 )  . 

25. W g  
(Sk ip  t h i s  l i n e  i f  I D  is  5) 

V a r i a b l e s :  NSIZE, NBARS, NROWS, COVER 

Number o f  l i n e s :  1 

Explana t ion :  

NSIZE = s i z e  number of  r e b a r s  proposed t o  u s e .  
E n t e r  number as 3, 4 ,  5, 6, 7, .. .... 1 4 ,  



NBARS = number of  r e i n f o r c i n g  b a r s ,  
NROWS = number of  rows of r e i n f o r c i n g  b a r s ,  

( a  number no t  exceeding 50), and, 
COVER = cover  of r e b a r ,  from c e n t e r  of r e b a r  t o  o u t e r  edge 

of c o n c r e t e  (m) . 
26. 
(Skip  t h i s  l i n e  if I D  i s  >1) 

V a r i a b l e s :  X S ( I ) ,  AS(1) 

Number of  l i n e s :  NP 

Explanat ion:  

XS(1) = d i s t a n c e  o f  row from c e n t r o i d a l  a x i s ,  s t a r t i n g  
from t o p  row ( m ) ,  

AS ( I)  = a r e a  of  r e i n f o r c i n g  i n  a  row ( m 2 ) ,  
AS(1) = if f o r  t h e  t o p  row (m2), and 
AS(2) = i f  f o r  t h e  second row from t h e  t o p  (m2), e tc .  

The t o t a l  number of  v a l u e s  should  no t  exceed 50. 

Genera l ly ,  r e b a r s  w i l l  be  e q u a l l y  d i s t r i b u t e d  i n  a  c i r c u l a r  
c r o s s  s e c t i o n .  If  t h i s  i s  t h e  case ,  t h e  program w i l l  compute t h e  
r e q u i r e d  in fo rmat ion  i n t e r n a l l y ,  based on t h e  d a t a  provided i n  t h e  
p r e v i o u s  l i n e .  The u s e r  needs t o  i n p u t  d a t a  o n l y  i f  t h e  shape of 
t h e  s e c t i o n  i s  square  o r  r e c t a n g u l a r .  





APPENDIX B 

DESIGN PROCEDURE FOR LATERALLY LOADED 
DEEP FOUNDATIONS USING 

COM624P VERSION 2 

by 
Christopher Dumas, P. E. 

Hydraulics & Geotech Branch 
FHWA Headquarters Bridge Division 





Hydnulica & Geotech Branch of FHWA Headqualten Bridge Division 

DESIGN PROCEDURE FOR LATERALLY LOADED 
DEEP FOUNDATIONS USING 

COM624P VERSION 2 

The computer program COM624P i s  an excel l en t  t o o l  f o r  designing latera7 7y 

loaded deep foundat ions. However, c u r r e n t l y ,  there  i s  1 i t t  l e  guidance 

avai 7ab7e i n  e i t h e r  the  Users manual, o r  o ther  pub l i ca t ions ,  on i t s  proper use 

as an analys is t o o l .  A general procedure on the  program's proper use was 

developed dur ing the  design review and analys is o f  the  case study abutment 

foundat ion (Appendix C ) .  Th is  procedure i s  a synthesis o f  the  FHWA manual 

"Handbook on Design o f  P i l e s  and D r i l l e d  Shaf ts Under Lateral  Loads, " t he  

COM624P Users Manual, and phone conversations w i t h  Dr. Shin Tower Wang o f  

Ensoft.  The method i s  f l e x i b l e  and may be modif ied t o  f i t  s p e c i f i c  

s i t u a t i o n s .  The genera7 procedure i s  broken i n t o  s i x  major tasks:  

TASK I. Identify the loading combinations to be analyzed and project 
serviceability criteria. 

TASK 11. Determine a preliminary shafvpile size and foundation 
configuration. 

TASK III. Based on ultimate moment capacity criteria, determine if the 
shaftlpile is structurally acceptable. 

TASK IV. Determine if the shaftlpile is acceptable based on allowable 
service load deflection criteria. 

TASK V. Determine minimum shaftlpile depth required for axial 
capacity . 

TASK VI. Based on the analysis results from TASKS I through V, choose 
the final foundation configuration, shafvpile diameter, and 
shaftlpile length. 
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TASK I: Identify the loading combinations to be 
analyzed. 

Identify design loading requirements (axial, lateral and bending moments) and 

performance criteria for routine AASHTO loading combinations (Table 

3.22.1A), and special design events such as ship impact and seismic loading. 

It is essential the foundation designer be positive as to whether the supplied 

combination loads are load factor design (LFD) values or service load values. 

Each set of load combinations should be evaluated separately since 

combinations, load type (static, cyclic, or dynamic) and performance criteria 

(safety factor or deflection limit) will modify the loads used in the analysis 

and interpretations of the results. This is a critical step in overall design 

process. Inappropriate designs have resulted from designers applying 

incorrect load magnitudes, "piggybacking load combinations" (applying the 

largest axial, lateral and bending moments from different combinations 

simultaneously), and applying inappropriate performance criteria. This 

information should be supplied by the structural engineer. 

i. For each critical loading combination, determine the bending moments, 

lateral loads, and axial loads for analysis. Be careful to determine if the 

applied loads are Load Factor Design (LFD) values or are Service Load 

values. 
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TASK II: Determine a preliminary shaftlpile size and 
foundation configuration. 

i. Determine a preliminary foundation configuration using AASHTO1 

guidance on spacing and group reduction factors. The AASHTO 

guidelines are believed to be conservative, but currently there is 

insufficient evidence or implementation guidance for adopting other 

methods. Therefore, engineering judgment should be applied cautiously 

when considering any modification of the AASHTO reduction factors 

and spacing requirements. 

TASK Ill: Based on ultimate moment capacity 
criteria, determine if the shaftlpile is 
structurally acceptable. 

i. Determine the ultimate shaftlpile loads: 

Factor of Safety x Service Loads @ending moments, axial loads, and 
lateral loads) or the Load Factor Design values. 

ii. Determine a preliminary shaftlpile reinforcement configuration (Drilled 

Shafts Only). 

'AASHTO "Standard Specif icat ions f o r  Highway Bridges, " 1992. 
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iii. Determine the maximum applied bending moments (computed by 

COM624P subroutine of COM624P version 2 program) and maximum 

ultimate moment m~acity (computed by the PMEIX subroutine of 

COM624P version 2 program) for both a free head condition K B C  - - 11 
d a fixed head condit . . ion (KBC=2). The designer may analyze only 

one pile head condition if they are confident the pile head is 100% free 

or 100 % fixed. In most cases, it is recommended the designer start 

with a free head condition and then perform a fixed head analysis. 

This will provide the designer with a maximum and minimum range of 

deflections and moments. 

Q For both the free head and fixed head conditions, execute 
COM624P version 2 using the ultimate axial loads from step i in 
both the "Data for Loading" submenu of the "Analysis" menu, 
and "Axial loads" submenu of the "Mult" menu. Do not input 
design loads in the "Data for Loadingw submenu. The axial loads 
must match. The shaftlpile should be as long as possible for the 
given soils information. 

iv. Determine if the shaftlpile is acceptable based on ultimate moment 

capacity criteria. For both the free head and fixed head conditions, 

perform the following: 

O Review the text and graphical output. For the ultimate axial load 
input in step iii, compare the computed maximum applied 
bending moment (COM624P subroutine) in the shaftlpile and the 
maximum ultimate moment capacity (PMEIX ultimate capacity 
subroutine) of the shaftlpile. 
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9. If the computed maximum bending moment in the shaftlpile is 
larger than the maximum ultimate moment capacity of the 
shaftlpile, then either: a) modify the reinforcement (shafts only); 
or b) increase the shaftlpile diameter and return to Task II. 

9 If no run time error messages flash on the screen and the 
program terminates without generating complete graphical or text 
output, the computed deflections are excessive and the program 
was terminated. Increase the shaftlpile diameter and return to 
TASK 11. 

TASK IV: Determine if the shaftlpile is acceptable 
based on allowable service load deflection 
criteria. 

i. Determine the maximum shaftlpile deflection for a free head condition 

(KBC = 1). The designer may skip to step iv for a 100% fixed head 

condition. 

9 Execute COM624P version 2 using the internal-generated 
c G n  in the "Computational control " 
submenu of the "Analysis" menu. Use the service load axial 
values in both the "Data for Loading" submenu of the "Analysis" 
menu, and the "Axial loads" submenu of the "Mult" menu. The 
axial loads must match. Again, make the shaftlpile as long as 
possible for the given soils information. 

ii. Determine if shaftlpile is acceptable based on free head deflection 

criteria. 
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0 Review the graphics results (Graphics Menu) and text output to 
determine the maximum deflection. Based on the designer 
estimate of shaftlpile head fixity, determine if the deflections are 
acceptable. For example, if a shaftlpile has a computed 
maximum free head deflection of 1% inches and a maximum 
allowable deflection is 1 inch, the following decisions could be 
made based on the estimated shaftlpile head fixity: 

+ Designer estimate of 0% shafvpile head fixity. 

1 % inches of deflection. No good. Increase the 
shaftlpile diameter and return to TASK II. 

+ Design assumption of a 50% shaftlpile head fixity. 

Continue analysis. 

iii. Determine preliminary maximum shaftlpile depth. 

0 Review graphical plot of shaftlpile moment versus depth. Locate 
the depth where the moment plot crosses the zero moment line 
for the second time (second point of contraflexure). This depth 
will negate the influence of depth on the shaftlpile deflection and 
is therefore a good first estimate of minimum depth. The depth 
can be refined later after the minimum shaftlpile size, foundation 
configuration, and minimum depth for axial capacity have been 
determined. 

iv. Repeat steps i through iii for a fixed shaftlpile head condition 

(KBC =2). The designer may skip this step for a 100 % free head 

condition. 
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v. Determine if shaftlpile is acceptable based on the range of deflections 

(free head and fixed head). 

Q Based on the designer estimate of shaftlpile head fixity, determine 
if the deflections are acceptable. For example, a shaftlpile has a 
computed free head deflection of 2 inches, a computed fixed 
deflection of lh inch, and maximum allowable deflection of 
1 inch. The following decisions could be made based on the 
estimated shaftlpile head fixity: 

+ Designer estimate of 25% shafvpile head fixity 

No good. Increase the shaftlpile diameter and 
return to TASK II. 

+ Designer estimate of 50% shafvpile head fixity 

Marginal. Depending on the designers 
confidence in the soils data, Continue analyses 
or increase the shaftlpile diameter and return to 
TASK II. 

+ Designer estimate of 75% (or higher) shaftlpile 
head fixity. 

Continue analysis. 

TASK V: Determine minimum shaftlpile depth 
required for axial capacity. 

0 If large lateral deflections are expected, use the COM624P 
deflection plot to determine the portion of the top of the shaftlpile 
where skin resistance should be ignored. 
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TASK VI: Based on the analysis results from TASK I 
through V above, choose the final 
foundation configuration and shaftlpile 
diameter. 

i . Determine final shaftlpile depth. 

O If the minimum depth required for axial capacity is less than the 
depth determined in TASK IV, the final shaftlpile depth could be 
refined. 

Repeat TASK IV with shorter shaftlpile lengths. The 
COM624P manual recommends the shaftlpile extend at a 
minimum to the depth where the deflection plot crosses the 
zero line a second time. If this results in unacceptable 
deflection, try again with the shaftlpile five feet deeper. 
Repeat until an optimum depth is found. 

ii . Determine the final foundation configuration. 
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USING COM624P VERSION 2 AS A DESIGN TOOL 

ABUTMENT FOUNDATION DESIGN 

A CASE STUDY EXAMPLE 

The computer program COM624P i s  an excel 7ent too7 f o r  designing 7ateral  7y 

loaded deep foundat ions. However, c u r r e n t l y ,  there  i s  7 i t t  l e  guidance 

ava i lab le  i n  e i t h e r  the  Users manual, o r  o ther  pub l ica t ions ,  on i t s  proper use 

as an analys is t o o l .  A general procedure on the program's proper use was 

developed dur ing the design review and ana7ysis o f  the  case study abutment 

foundat ion.  Th is  procedure i s  a synthesis o f  the  FHWA manual "Handbook on 

Design o f  Pi 7es and Dri 7 7ed Shaf ts Under Lateral Loads, " t he  COM624P Users 

Manual, and phone conversations w i t h  Dr. Shin Tower Wang o f  Ensof t .  The 

method i s  f 7exib le and may be modif ied t o  f i t  s p e c i f i c  s i t u a t i o n s .  

The genera7 procedure i s  broken i n t o  s i x  major tasks: 

TASK I. Identify the loading combinations to be analyzed and 
project serviceability criteria. 

TASK 11. Determine a preliminary shaft/pile size and foundation 
configuration. 

TASK 111. Based on ultimate moment capacity criteria, determine 
if the shaftlpile is structurally acceptable. 

TASK IV. Determine if the shaftlpile is acceptable based on 
allowable service load deflection criteria. 

TASK V. Determine minimum shaft/pile depth required for axial 
capacity. 

TASK VI. Based on the analysis results from TASK I through V, 
choose the final foundation configuration, shaft/pile 
diameter, and shaftlpile length. 



Hydmulics & Geokch Bmnch of FHWA Hudqurten Bridge Division 

TASK I: Identify the loading combinations to be analyzed. 

The submitted abutment design section and loads are shown below i n  Figure 1. 

DL=3.1 klf 

M I 

16.0 ft 

P = 64.8 k l f  L = 21.1 k l f  

Figure 1 - Submitted Design Section and Applied Loads. 
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TASK 11: Determine a preliminary shaftlpile size and foundation 
configuration. 

The submitted foundation conf igurat ion i s  shown below i n  Figure 2.  

DL = 3.1 klf 
ft q LL = i .3  klf 

Soil Unit 
wt. = 120.opcf 

35.5 klf 

'. 

I 
. . . . . . . . .  

1 \. :is;o:fi.:.: 
b 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  3.0ft . . . . . . . . .  

3'-6" DIA. 
Drilled Shafts 
@5'CTC 

Figure 2 - Submitted Foundation Configuration. 
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i. Determine a prel iminary foundation conf igurat ion using AASHTO guidance 

on shaf t  spacing and group reduction fac tors .  The AASHTO guide1 ines are 

general l y  considered conservative, but cu r ren t l y  there i s i n s u f f i c i e n t  

v e r i f i c a t i o n  o f  how t o  apply other methods. Therefore, engineering 

judgment should be appl ied caut iously when modifying the AASHTO p i l e  

reduct ion fac tors  and spacing requirements. 

A.A.S.H.T.0 "STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES," 1992 

4.6.1.6 BATTER SHAFTS 

"The use o f  bat tered shaf ts t o  increase the l a t e r a l  capacity o f  
foundations i s  not  recommended due' t o  t h e i r  d i f f i c u l t y  o f  
construct ion and high cost. Instead, considerat ion should f i r s t  
be given t o  increasing the shaf t  diameter t o  obta in  the required 
1 a te ra l  capacity . " 
4.6.5.6.1.4 GROUP ACTION 

Minimum center-to-center (CTC) shaf t  spacing o f  2.5 diameters i n  
the d i r ec t i on  normal t o  the l a t e r a l  load. 

AASHTO GENERAL GUIDE FOR THE EFFECTS OF GROUP ACTION FOR 
IN-LINE LOADING CTC < 8B (NON-DISPLACEMENT P I  LING) 

Based on t h i s  AASHTO c r i t e r i a ,  the submitted i n - l i n e  o f  loading shaf t  spacing 
(Figure 2) o f  2.08 (7'CTC, 3.5' c lear )  reduces the l a t e r a l  resistance o f  the 
back row t o  near ly  zero. I n  addit ion, the f r o n t  row spacing o f  1.48 (5 '  CTC) 
does not  comply w i t h  the AASHTO minimum guide o f  2.5B. Therefore, the 
submitted spacing conf igurat ion i s  not  acceptable. 
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TRY A SINGLE ROW OF 3.5'0SHAF7.S UITH A CTC SPACING OF 2.58 ( 9 ' )  UITH THE 
SHAFT ROlJ L AT THE VERTICAL FORCE RESULTAUT (NO NONEKT AT THE PILE HEAD). 

TASK III: Based on ultimate moment capacity criteria, determine if the 
shaftlpile is structurally acceptable. 

i . Determine the u l t imate s h a f t l p i l e  loads: 

Factor o f  Safety x Service Loads (bending moments, ax ia l  loads, and 
1 a tera l  loads) or the Load Factor Design Values. 

Single row of 3 .5 '0  shaf ts w i t h  a CTC spacing o f  2.58 (9 ' )  and F.S.= 2.0 

P = (64.8 k l f  * 9 ' )  x  (2.0) = 1,160 k ips  

L = (21.1 k l f  * 9') x (2.0) = 380 k ips  

i i . Determine a p re l  i m i  nary s h a f t l p i  1 e reinforcement conf igurat ion (Dr i  11 ed 

Shafts Only). 

f ' c  = 4,000 ps i  14-#9 bars 

i ii . Determine the maximum applied bending moments (computed by the main 

subroutine o f  COM624P version 2 program) and maximum u l t ima te  moment 

c a ~ a c i t ~  (computed by the PMEIX subroutine of COM624P version 2 program) 

f o r  both a f ree  head condi t ion (KBC=l) and a f i x e d  head condi t ion 

(KBC=2). The designer may analyze only one p i l e  head condi t ion i f  they 

are conf ident  the p i l e  head i s  100% f ree  o r  100% f ixed.  I n  most cases, 

i t  i s  recommended the designer s t a r t  w i t h  a f r ee  head condi t ion and then 
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perform a f i xed  head analysis. This w i l l  provide the designer w i t h  a 

maximum and minimum range o f  def lec t ions and moments. 
0 For both the f ree  head and f i xed  head condit ions, execute COM624P 

version 2 using the u l t imate loads from step 3 i n  both the "Data 
f o r  Loading" submenu o f  the "Analysis" menu, and "Axial  loads" 
submenu o f  t t ie "Mult" menu. Do not  input  design loads (serv ice 
loads) i n  the "Data f o r  Loading" submenu. The ax ia l  loads must be 
the same. To negate the e f f ec t s  o f  shaf t  length  on de f lec t ion  and 
moment magnitudes, the s h a f t l p i l e  should be as long as possib le 
f o r  the given s o i l s  information. 

The case study s o i l  s t rat igraphy i s  shown i n  Figure 3. 

i v .  Determine i f  the s h a f t l p i l e  i s  acceptable based on u l t ima te  moment 

capacity c r i t e r i a .  For both the f ree  head and f i xed  head condit ions, 

perform the fo l lowing:  

o Review the t e x t  and graphical output. For the u l t ima te  ax ia l  load 
input  i n  step i i i, compare the computed maximum appl ied bending 
moment (COM624P subroutine) i n  the s h a f t l p i l e  and the maximum 
u l t imate moment capacity (PMEIX u l t ima te  capacity subroutine) o f  
the s h a f t l p i l e .  

0 I f  the computed maximum bending moment i n  the s h a f t l p i l e  i s  l a rge r  
thankthe maximum u l t imate moment capacity o f  the sha f t /p i l e ,  then 
e i the r :  a) modify the reinforcement (shaf ts only); o r  b) increase 
the s h a f t l p i l e  diameter and re tu rn  t o  Task 11. 

0 I f  no run time e r ro r  messages f l ash  on the screen and the program 
terminates wi thout  generating complete graphical o r  t e x t  output, 
the computed def lec t ions are excessive and the program was 
terminated. Increase the s h a f t l p i l e  diameter and re tu rn  t o  
TASK 11. 
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Figure 3 - Case Study Soil Stratigraphy 
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CHECK FREE HEAD CONDITION 

COM624P VERSION 2 - RUN #I 

BRIDGE ABUTMENT - 42 INCH DIA SHAFTS Q 9 '  CTC 

FREE HEAD CONDITION AND FULL GROSS SECTION 

ULTIMATE LOADING (F.S.= 2) 

Maximum Bending Moment computed by the main program o f  COM624P vers ion 2 
program = 44,700 k-in. 

P lo ts  o f  computed de f lec t ions  and moments versus depth are shown i n  
Figures 4 81 5 respect ively.  

Maximum Ul t imate  Bending Moment Capacity computed by the PMEIX 
subroutine o f  COM624P version 2 = 25,100 k - in  

PMEIX computed I n t e rac t i on  Diagram i s  shown i n  Figure 6. 

44,700 k-in, 25,100 k - in  NO GOOD. RETURN TO TASK II 

NOTE: "Fu l l  Gross Section" r e fe r s  t o  the Shaft E I  value used i n  t h i s  COM624P 
run - E. I .  f o r  a f u l l  uncracked sect ion. Since t h i s  w i l l  no t  a l low the sha f t  
t o  crack, the r e s u l t s  w i l l  be conservative ( la rger  moments). 



Figure 4  - COM624P computed de f l ec t ion  versus depth f o r  a  42" diameter shaft  
w i th  u l t ima te  loads and f r e e  head condit ion. 



Figure 5 - COM624P computed moment versus depth for a 42" diameter shaft with 
ultimate loads and free head condition. 
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TRY SINGLE ROW OF 5 '  0 SHAFTS 
CENTERLINE ON THE VERTICAL FORCE RESULTANT (NO MOMENT AT THE PILE HEAD) 

AND SPACED AT 12'  CTC (2.58). 

Check the u l t ima te  c a ~ a c i t v  (F.S,= 2 1  
P = (64.8 k l f  * 12') x (2.0) = 1,560 k ips  

L = (21.1 k l f  * 12') x (2.0) = 506 k ips  

f ' c  = 4,000 ps i  28-#10 bars 

CHECK FREE HEAD CONDITION 

COM634P VFRSION 2 - N #2 
BRIDGE ABUTMENT - 60" DIA SHAFTS 8 12'  CTC 

FREE HEAD CONDITION AND FULL GROSS SECTION 

ULTIMATE LOADING (F.S.= 2) 

Maximum Bending Moment computed by the main program o f  COM624P vers ion 2 
program = 65,300 k-in. 

P lo ts  o f  computed de f lec t ions  and moments versus depth are shown i n  
Figures 7 & 8 respect ively.  

Maximum Ul t imate Bending Moment Capacity computed by the  PMEIX 
subroutine o f  COM624P version 2 = 74,000 k - i n  

PMEIX computed I n t e rac t i on  Diagram i s  shown i n  Figure 9. 

65,300 k - in  < 74,000 k - in  OK J 

NOTE: "Fu l l  Gross Section" r e fe r s  t o  the Shaft E I  value used i n  t h i s  COM624P 
run - E. I. f o r  a f u l l  uncracked sect ion. 



Oef l r c t  ion (Inches) 
-0.50 0 0.50 1.00 1.50 2.00 

Figure 7 - COM624P computed d e f l e c t i o n  versus depth f o r  a 60" diameter s h a f t  
w i t h  u l t i m a t e  loads and f r e e  head cond i t ion .  

476 



Moment (Inch-Pounds) (10000000 ' 8 )  
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Figure 8 - COM624P computed moment versus depth fo r  a 60" diameter s h a f t  w i t h  
u l t i m a t e  loads and f r e e  head cond i t ion .  
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CHECK FIXED HEAD CONDITION 

COM624P VERSION 2 - RUN #3 
BRIDGE ABUTMENT - 60" DIA SHAFTS 8 12' CTC 

FIXED HEAD CONDITION AND FULL GROSS SECTION 

ULTIMATE LOADING (F.S.= 2) 

Maximum Bending Moment computed by the  main program o f  COM624P vers ion  2 
program = 59,000 k- in .  

59,000 k - i n  < 74,000 k - i n  OK J 

TASK IV: Determine if the shaftlpile is acceptable based on allowable 
service load deflection criteria. 

i. Determine the  maximum s h a f t l p i l e  d e f l e c t i o n  f o r  a  f r e e  head c o n d i t i o n  

(KBC=l). The designer may s k i p  t o  s tep i v  f o r  a  100% f i x e d  head 

cond i t ion .  

6, Execute COM624P vers ion  2  us ing t h e  i n t e r n a l  1  v qenerated 
crackedluncracked E I  op t i on  i n  t h e  "Computational c o n t r o l  " submenu 
o f  t he  "Analys is"  menu. Use the  serv ice  l oad  values i n  bo th  the  
"Data f o r  Loading" submenu o f  t he  "Analys is"  menu, and the  "Ax ia l  
loads"  submenu o f  t he  "Mul t "  menu. The a x i a l  loads must be the  
same. Again, make the  s h a f t l p i l e  as l ong  as poss ib le  f o r  t h e  
g iven s o i l s  in fo rmat ion .  

NOTE: i n t e r n a l l y  generated crackedluncracked E I  op t i on  r e f e r s  t o  t h e  automatic 
v a r i a t i o n  o f  E I  w i t h  s t ress  along the  s h a f t  length .  When st resses are high, 
t he  s h a f t  cracks, d e f l e c t i o n s  increase, and st resses migra te  downward. 
Therefore, t h i s  op t i on  prov ides super io r  p i l e - s o i l  i n t e r a c t i o n  model i n g  and 
computed d e f l e c t i o n  magnitudes. 
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Service Loads 

P = (64.8 k l f  * 12' )  = 778 k i p s  

L = (21.13 k l f  * 12 ' )  = 253 k i p s  

f ' c  = 4,000 p s i  2 8 4 1 0  bars 

CHECK FREE HEAD CONDITION 

COM624P VERSION 2 - RUN #4 

BRIDGE ABUTMENT - 60 INCH DIA SHAFTS 0 12' CTC 
FREE HEAD CONDITION AND CRACKED SECTION 

SERVICE LOADS 

Maximum p i l e  head d e f l e c t i o n  ca lcu la ted by the  main program o f  COM624P 
vers ion 2 = 0.667 inch 

P lo ts  o f  computed de f lec t i ons  and moments versus depth are  shown i n  
Figures 10 & 11 respect ive ly .  

ii. Determine i f  s h a f t l p i l e  i s  acceptable based on f r e e  head d e f l e c t i o n  

c r i t e r i a .  

o Review t h e  graphics r e s u l t s  (Graphics Menu) and t e x t  output  t o  
determine the  maximum de f lec t i on .  Based on t h e  designer est imate 
o f  s h a f t l p i l e  head f i x i t y ,  determine i f  t h e  d e f l e c t i o n s  are 
acceptable. 

MAXIMUM PILE HEAD DEFLECTION W/FREE HEAD = 0.667 INCH 

0.677 INCH < 1.0 INCH MAXIMUM ALLOWABLE - OK d 



Deflect ion (Inches) 

Figure 10 - COM624P computed deflection versus depth for a 60" diameter shaft 
with service loads and free head condition. 



Moment (Inch-Pound81 ~10000000 ' 8 )  

Figure 11 - COM624P computed moment versus depth for a 60" diameter shaft with 
service loads and free head condition. 
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i i i . Determine p re l  iminary maximum s h a f t l p i l e  depth. 

e Review graphical p l o t  o f  s h a f t l p i  1 e moment versus depth. Locate 
the depth where the moment p l o t  crosses the zero moment l i n e  f o r  
the second t ime (second po in t  o f  contraf lexure) .  This depth w i l l  
negate the inf luence o f  depth on the s h a f t l p i l e  de f l ec t i on  and i s  
there fore  a good f i r s t  estimate o f  minimum depth. The depth can 
be re f i ned  l a t e r  a f t e r  the minimum s h a f t l p i l e  size, foundation 
conf igurat ion,  and minimum depth f o r  ax ia l  capaci ty have been 
determined . 

Review o f  Figure 11 moment versus depth p l o t  shows the moment crossing 
the zero l i n e  a second time a t  500 inches. 

PRELIMINARY SHAFT DEPTH 

i v .  Repeat steps i through iii f o r  a f i xed  s h a f t l p i l e  head cond i t i on  
(KBC=2). The designer may sk ip  t h i s  step f o r  a 100% f r ee  head 
condi t ion.  

CHECK FIXED HEAD CONDITION 

COM624P VERSION 2 - RUN #5 
BRIDGE ABUTMENT - 60" D I A  SHAFTS O 12' CTC 

FIXED HEAD CONDITION AND CRACKED SECTION 
SERVICE LOADS 

Maximum p i l e  head de f l ec t i on  calculated by the main program o f  COM624P 
vers ion 2 = 0.172" 

A p l o t  o f  computed de f lec t ions  versus depth i s  shown i n  Figure 12. 



Oaf l e c t  ion (Incherr) 
-0.050 0 0.090 0.100 0.150 0.  a00 
0 

Figure 12 - COM624P computed deflection versus depth for a 60" diameter shaft 
with service loads and fixed head condition. 
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v. Determine i f  s h a f t l p i l e  i s  acceptable based on the  range o f  d e f l e c t i o n s  

( f r e e  head and f i x e d  head). 

SUMMARY OF COM624P LATERAL LOAD ANALYSIS RESULTS 

BRIDGE ABUTMENT - 60" DIAMETER SHAFT O 12' CTC: 

U l t imate  Load (F.S.= 2): P = 1 , 5 6 0 k i p s  L =  5 0 6 k i p s  

Service Load : P = 778 k ips  L = 253 k i p s  

Shaft  Mater ia ls :  f t c  = 4,000 p s i  2 8 4 1 0  bars 

Maximum Service Load Deflection - 0.667" (Free Head) 

Minimum Service Load Deflection - 0.1720° (Fixed Head) 

Minimum Shaft Length - 42.0 feet 

Estimated % sha f t  head f i x i t y  = 0-10% 

0.172" t o  0.667" < 1.0" MAXIMUM ALLOWABLE - OK 

TASK V: Determine minimum shaftlpile depth required for axial 
capacity. 

rc If large lateral deflections are expected, use the 
COM624P deflection plot to determine the portion of the 
top of the shaftlpile where skin resistance should be 
ignored. 
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CHECK AXIAL LOAD CAPACITY FOR A 5 ' 0  SHAFT: 

P,.,. = (64.8 k l f  * 12') = 778 k i p s  

P = ( 7 . 1  KLF * 12') = 85 k i p s  

TOTAL = 433 TONS 
ANALYSIS PERFORMED WITH ENSOFT COMPUTER PROGRAM SHAFT1 

AXIAL CAPACITY OF DRILLED SHAFTS 

SUMMARY OF RESULTS FOR THE DESIGN LOAD OF 433 TONS (Bas.= 2 )  

MINIMUM EMBEDMENT FOR A 5'0 TO MEET LATERAL LOAD REQUIREMENTS IS 42'. 

MINIMUM EMBEDMENT FOR A 5'0 TO MEET AXIAL LOAD REQUIREMENTS IS 46'. 

5'  0 SHAFT IS AN EFFICIENT SIZEJ 
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TASK VI: Based on the analysis results from TASKS I through V, 

choose the final foundation configuration and shaftlpile 

diameter. 

i . Determine f i n a l  s h a f t l p i l e  depth. 

0 I f  the minimum depth required f o r  a x i a l  capaci ty  i s  l e s s  than the  
depth determined i n  TASK I V ,  the f i n a l  s h a f t l p i l e  depth could be 
re f ined  . 

MINIMUM REQUIRED AXIAL DEPTH OF 4 6 '  > MAXIMUM REQUIRED LATERAL DEPTH OF 4 2 '  

OK J No refinement necessarv 

A SINGLE ROW OF 5' DIAMETER SHAFTS @ 12' 

CENTERLINE OF SHAFT ROW AT THE VERTICAL 
FORCE RESULTANT (NO MOMENT) 

MINIMUM OF 28 - #10 BARS FOR SHAFT 
REINFORCEMENT 

MINIMUM OF DEPTH OF EMBEDMENT - 46' 






