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EXAEPLE PROBLPH NO. 4 
BRENNIBOFF'S EXhMPLE - ChSE 4 h  

YS, OF PILE 33WS = 5 ? V A T S I X  IS ChLC@LATSD T39 EACE R O U  

, m " * =  - .  i.r.o,r Or Flir A?;? SOIL 36TL 





= 0 -845 kips and P = 31.13 kips F = O kip-ft 
1 3 5 

in comparison with 

F, = 0.84 kips and F3 = 31.2 kips F 5 = 0 kip-ft 

from Hrennikoff's paper. The pile forces along the pile axis for piles 

2-5 also agree closely. The computer resdts and Hrennikoff's results 

are presented below. 

Hrennikoff's 

Pile 
No. - 

1 0.845 31.132 31.2 



Two-dimensional problem, 
Hrennikoff rs  example 
case  6a (medium s o i l  

73. This e ~ a p l e  i ' 'lie ja (medim s o i l )  fro:" Hrennikolf f s  pape. 
The Physieal I ' r o b 1 ~  is shown i n  I i m e  10. 

pTperties and 
condi t ions  a r e  shorn i n  F i m e  13. 

m e  input da t a  a  s toped i n  file 
p r i o r  t o  t h e  a d  a r e  shown i n  Table l o .  m e  c o m p ~ t e ~  outgut  i s  
Presented  i n  Table 11. 

74. This example a serves 3s a e n  t o  ve r i@ t h a t  

a  With t h e  c l a s s i c &  %tho_i pesultsa 

- - " " I -  

4 ' O r  t o r s ion  (fi) 
= 0.0 

2 I 



Table 10 

Input Data for Example Problem 5 

Group 
1A 18889 EXAMPLE PROBLEM N O -  5 
1 B  lQQlQ BWERIN~[KOFF"S EXAMPLE - CASE $A 
2A PQ920 2 



Table 11 

Output Data for Example Problem 5 

EXAMPLE PSOPLPM N O .  5 
RRENNIAOFF'S FXAYPLE - CkSF 6.4 

N O .  OF PlLF ROWS = 5 B YATPIX IS CAZCULATFD FOR EACE ROW 

I .  TABLE OF PILE AND SOIL DATA 

PILE NUYBERS 

I 5 F = 0.15.E 07 PSI IX = 322.06 %%*a4 IT = 3?2.36 I%**4 
AREA = 67.5 IY**2 X = 9.50 IN I = 9,5% 1% 
LENGTH = 30.0 FFST FS = 312.300 
K l  = 8.4107 K2 = 1.0000 K3 = 0. 
K 4 =  0. 1;5 = 0. K 6 =  0. 

ALLOWAPLFS: COMPRESSIVE LOAD = 92.500 KIPS 
TSYSILE LOAD = 40.000 KIPS 
?EYDPNG = 100,000 KIPS 
MOMENT = 100,000 KIP-FT 

THE B MATRIX FOR PILES I THROUGH 5 15 

2. TABLE OF PILE COORDINATES A N D  BATTER 

2 -3,OO -2.500 
3 -3 -00  0 .  
4 VERTICAL 3.050 
5 VERTICAL 7,080 

3 .  STlFFYESS HATRlX S FOR TEE STRUCTURE 

k 

3.4 FLEXIBILITY HATRIX F FOR THE STRUCTURE 

COORDINATES OF ELASTIC CENTER 
E C 1  = 3.003 EC? = -0.002 

( Cont inued)  



F1 ( k i p s )  from 

P i l e  Computer Hrennikof f ' s 
No. - Out put Example 

1 1.338 1.34 

76. m e  v e r t i c a l  p i l e  fo rces  a l s o  agree c l o s e l y  and a r e  shown 

below : 

F 3 ( k i p s )  from 

P i l e  Computer HrennikofT8s 
No. Out put Exariple 

1 36.790 36,8 



Table 11 (~occl~ded) 

4. VATRIX OF APPLIED LOADS 0 (KIPS 6 FEET) 

5. STRUCTURE DEFLECTIONS (INCHES) 

D P D3 DF. 
-8.2573 00 0,553F-BE 8,368F-03 

6. PILE DPFEEGTIONS KEQNG BILE AXIS (IYCEIES) 

7. BILE FORCES RLOYG PILE AX%S (LIPS 8 E'T) 

5 -1.611 6,454 Q -  

TOTAL NO, FAILURES = d LOAD CASE 'I 

8. PILE FORCES ALONG STRUCTURE AXIS (KIDS 5 FEET) 

PILE P l  P5 15 
1 -12.903 34-47? 0. 
2 -12.051 31.836 0. 
3 -11.199 29.194 @. 
4 -1.611 ll.137 0 .  
5 -1.611 6.491 0 .  

----------------------*--------------------- 

SUM -39.375 lt3.LBB 173.400 



Example Problem 6 

Two-dimensional prob- 
lem, 16  p i l e s  with 

77. To f u r t h e r  i l l u s t r a t e  t h e  use of program LMVDPILE f o r  two- 

dimensional systems, a s i x t h  example problem w a s  run. The B-matrix 

terms a r e  input  d i r e c t l y .  The phys i ca l  problem i s  shown i n  F igure  1 4 .  

The p r o p e r t i e s  and loading  condi t ions  a r e  showp i n  Figure 15 .  The inpu t  

d a t a  a r e  s to red  i n  a f i l e  t h a t  i s  l i s t e d  i n  Table 1 2 .  The computer out-  

pu t  i s  presented i n  Table 13. 

78. This two-dimensional example was run t o  v e r i f y  t h a t  t h e  com- 

p u t e r  r e s u l t s  agree wi th  t h e  S t .  Louis D i s t r i c t ' s  program o u t p u t  

Figure 1 4 .  Phys ica l  problem f o r  example problem 6 

F i g w e  15. P r o p e r t i e s  and loading condi- 
t i o n s  f o r  example problem 6 



Table 12 



Table 13 

1. T h b L E  OF P I L L  A N 9  SOIL DATA 

P I L i  nUnBERS 

ALLOaAiLZS: ~ ~ s + ? R i S S I T i  LOA3 = $.se5 
TENSILZ L O A D  = Q.252 ~ : ? j  
aiNDIHG = e.188 
xoflEN? = @ . l e e  KIF-FT 

F I L E  hj,  
1. 

3 

5 
6 

i 3 F  FILE i00231hA?XS A N D  

(Shee t  1 of 7) 



Table 13 (continued) 

4 .  M A I R I X  OF APPLIED L3ADS 2 (KISS 5 FEET) 

:i 23 35 
-o.~le 2 . 6 7 s  -177.52e 

(Continued) 

7 6 



Table 13 (continued) 

P I L L  i l  

TCThL SJ. FAIL3tLS = 1E LC83 CASi 1 

i. P I L I  FJ2iiS h L O h C  STilil2TURI AXIS (KIPS i F E E T )  

(continued) 



Table 13 (~ontinued) 

~ 9 I C U I 8 ~ C I L b 8 I ~ I O I I I L ~ * b 8 ~ U I ~ e I ~ ~ ~ B D ~ t t L % 5 E E ~ ~ ~ t ~ t ~ ~ * ~ ~ t t t O ~ W E ~ S ~ ~ ~ ~ & ~ E  

4 .  Xi.I%II  3i A P P L I E D  LJk3S 2 ( S I P S  b F:ETl  

; 1 23 c 5 
-Z.llZ 3.110 -2L5.667 

(Shee t  4 of 7) 



Table 13 ( ~ontinued) 

S + L * ~ ~ B ~ ~ X ~ ~ ~ O ~ ~ ~ ~ ~ I ~ ~ * ~ V * ~ ~ ~ C I ~ ~ ~ . I B L I * ~ ~ ~ ~ * * ~ ~ S ~ ~ * * * ~ ~ B E ~ ~ ~ ~ ~ * * * * ~ ~ * ~ * ~ W ~  

5 .  P I L E  i S R i i S  A L O h G  S T R J C T U R E  AXiS ( K I P S  i TiEIl 

14 
15 
1 E -- - -- -- 

Suf i  

( ~ o n t  i n u e d )  



Table 13 (continued) 

4.  BATRIX OF APPLIED LOh3S 2 (&IPS 5 F Z f l l  

? I  C 3 * z 4 - 
- a . l i e  2.428 -1.233 

6 .  PILL D E F L E C F I O k S  ALONG F I L E  A X I S  ( I ; IC! iES!  

PILE 7.1 
1 -2.32.5: P Z  
2 -2.cjEoi 62 
3 -e .3?5i  2.2 
4 - L . ~ s ~ E  B e  
5 -2.355i Le 
6 -d.E95i d Z  
7 -4.BS5E ie 
3 -a.assi ee 

( con t i nued )  

Go 



Table 13 (concluded) 

TOTAL NO. i h i L J 3 i S  = 2 i3P.5  C A S i  ? 

( s h e e t  7 o f  71 

81 



Resul t s  and c a l c u l a t i o n s  

7 9 .  The computer r e s u l t s  presented i n  Table 1 3  agree c l o s e l y  

with answers from S t .  Louis program output .  For example, f o r  p i l e  1 and 

load ing  case  1, t h e  p i l e  f o r c e s  along t h e  s t r u c t u r e  a x i s  from Table 13 

a r e  

F = -0.045 kip 
1 

F = 0.178 kip 
3 

as cornpared. with 

from t h e  S t .  Louis program. The r e s u l t s  f o r  a l l  piles agree very 

c l o s e l y .  



Example Problem 7 

Three-dimensional 
problem, 4 pinned p i l e s  
and const  an t  s o i l  modulus 

80. This  example problem i l l u s t r a t e s  t h e  use of program LbmDPILE, 

given f o u r  v e r t i c a l  p i l e s  ( s i m i l a r  t o  example problem 1 f o r  2-D s y s t e n )  

Figures  1 6  and 17  show t h e  phys ica l  problem. There a r e  s i x  loading  

cond i t i ons :  a  u n i t  l oad  appl ied  a long  each a x i s ,  a  u n i t  moment about 

t h e  U and U axes and a  combination of a l l  l oads .  Figure 18 shows t h e  
1 2 

loading  condi t ions  and p r o p e r t i e s .  The input  d a t a  a r e  s t o r e d  i n  a  da t a  

f i l e  p r i o r  t o  running t h e  program and a r e  shorn i n  Table 1 4 .  The com- 

puter  ou tput  i s  p resented  i n  Table 15. 

81. This e x a ~ p l e  i l l u s t r a t e s  hov a  t h r e e - d i m e ~ s i o n a l  problem with 

l i n e a r l y  vary ing  s o i l  modulus i s  coded. It a l s o  serves  a s  a mews t c  

v e r i f y  t h e  computer output  by c o ~ p a r i s o n  wi th  manual calculations. 

F i ~ u r e  16. Plan view of exaxpie ?roblen 

8 3 



Figure 17. Sec t ion  A-A f o r  
example problem 7  

U l t .  s t r .  of concre te  = 5000 p s i  

KS = 10,000 pc i  

V e r t i c a l  (h = 0.0)  

I1 = 833 333 i n .  4 Degree of f i x i t y  = 0.0 

1 = 833.333 i n .  4 
2 P i l e  r e s i s t a n c e  ( ~ 2 )  

2 = s.0 
Area = 100,O i n ,  P a r t l c l p a t i o n  f a c t o r  

f o r  t o r s i o n  (~4) 
= 0.0 

Length = 100.0 f t  Torslon modulus = 0,O 

Loading % 
Gas e  (k ips  ) 

Q2 
(k ips  ) 

&3 Q4 &5 
P ( k i p - i t  ) ( k i p - i t  ) ) (ki:!fr ) 

Figure 18. P rope r t i e s  and loading  condi t ions  
f o r  example problem 7  



Table 14 

Input Data for Example Problem 7 



Table 15  

Output Data for Example Problem 7 

EXAMLE PROBLEM NO. 7 
VERTICAL P I L F S  WITH UNIT LOADS 

NO. OP P I L E S  = 4 B MATRIX I S  CALCULATED FOR EACB P I L E  

* t * 4 6 * r t 9 8 * 9 * * 4 * B B % 0 * * 4 * * * * * * * 9 8 4 8 * ~  

1. TABLE O F  P I L E  AYD S O I L  DATA 

P I L E  NUMBERS 

1 4 E  = 8.433 07 P S I  I X  = 833.33 IN**+ IY = 833.33 I N * * 4  
&REA = 180.B IN**2 X  = I@.@@ I N  T = 10.0% I N  
LENGTB = 188.0 F E E T  E S  = 10.008 
KI = 0.41a7 ~ 2  = 1 . e e m  ~3 = e .  
E 4 =  e. K 5 =  0. K 6 =  0 .  

ALLOYABLES: COMBINED EENDINC FOR TFNSION = 100.0BB K I P S  
MOMENT ABOUT MINOR AXIS FOR TPNSION = 10@.d0@ K I P - F T  
MOHENT ABOUT MAJOR A X I S  TOR TENSION = laB.00a YLP-FT 
COVBINED BENDIkG FOR COMPRESSIOY = 108.088 S I P S  
M O M E Y T  A B O U T  M I Y O R  A X I S  FOR C O M P F E S S I O N  = 18e.ee0 KIP-FT 
MOYEPT &BOUT MAJOR A X I S  FOR COMFRESSION = ise.800 K I P - F T  
COVPRFSSIVE LOAD = le0.000 K I P S  
T E N S I L E  L O A D  = lea.eea K I P S  

TEE E MATRIX FOR F I L E S  1 THROUGP 4 I S  

0.108E O W 0 .  0. 2 .  0.  8 .  
0 .  e . 1 ~ 8 ~ 0 5  e .  e .  e .  e .  
0 .  0. 0 . 3 5 7 ~  06 0 .  5 .  0 .  
0. 0. 8. e .  0 .  0. 
e .  0. 0. 0. e.  e .  
0. 0. e .  0 .  a .  e .  

2 .  TABLE O F  P I L E  COORDINATES AND BATTER 

P I L E  NO. BATTER ANGLE U I ( F T )  U 2 ( F T )  U 3 ( F T l  
1 VERTICAL 0. 1.000 1.005 0 .  
2 V E R T I C A L  a .  1 . 0 ~ 0  - 1 . ~ ~ 0  0 .  
3 V E R T I C A L  8 .  - 1 . ~ 8 0  - 1 . e ~ ~  e .  
4 VERTICAL 0. -1.880 1.880 0 .  

3.  S T I F F N E S S  MATRIX S  FOR TEE STRUCTURE 

3 A  F L E X I B I L I T Y  MhTRlX F  FOR THE STRUCTURE 

( Continued ) 



Table 15 (cont inued)  

*4****4* LOADING COKDlTlOM 1 9--- 

4****4444****4**44444***44**44****~444****444**4*4***444:~4**4*44*4****** 

4 .  flATRIX OF APPLIED LOADS Q ( K I P S  6 F F E T )  

5. STRUCTURE DEFLECTIONS ( I N C H E S )  

6 .  P I L E  CEFLECTIONS ALONG P I L E  AXIS ( 1 . .  - - )  

P I L E  X1 12 X3 X4 X5 1 6  
1 0.231E-01 0. 0. 0. 0. 0. 
2 0.231E-01 0. 8. 0. 0. 0. 
3 0.231E-01 0. 0. 0. 0. 0. 

7. P I L E  FORCES ALONG P I L E  AXIS ( K I P S  d FEET) 

P I L E  f l  F 2 P 3 F 4  F 5  F6 CBFTR FAILURE 
CB B J  CO TE 

TOTAL NO. FAILURES = 0 LOAD CASE 1 

8 .  P I L E  FOXCLS ALONC STRUCTURE AXIS (KIPS  6 TPET) 

P I L E  F1 F 2  F 3  F 4  F 5  P6 
1 0.250 0. 0. 0. 0. 0. 
2 0.250 0. 0. 0. 0. 0. 
3 0.250 0. 0. a. 0. 0. 
4 0.250 0. 0. 0. 0. 0. ..................................................... 

sun 1.000 0. 0. 0. 0. B -000 

(cont inued)  



Table 15 (.Cant inued )l 

#***** LOADING CONDITION 2 *******a 

4 .  MATRIX OF APPLIED LOADS Q ( K I P S  6 FEET) 

Ql Q2 Q 3 44 . - Q6 
? C  

0. 1.000 0. 0. 0. 0. 

6. P I L E  DEFLECTIONS ALONG P I L E  A X I S  ( I N C H k S )  

P I L E  I1 X2 X3 X4 X5 X6 
1 0. 0.231E-01 0. 0. 8. 0. 
2 0. 0.231E-01 0. 0 .  0. 0. 
3 0. 0.2313-01 0. 0. 0. 0. 

7. P I L E  FORCES ALONG P I L E  AXIS (KIPS d P E E T )  

P I L E  F 1  F 2  'F3 F 4  P5 F 6  CBFTR FAILURE 
C 3  B 3  CO TI: 

4 0. 0;250 0; 0. 0. 0. 0. 

TOTAL NO. FAILURES = 0 LOAD CASE 2 

8. P I L E  FORCES ALONG STRUCTURE AXIS ( L I P S  6 FFET) 

P I L E  F 1  F2 F3 F 4  F 5  F 6  
1 0. 0.250 0. 0. 0. 0. 
2 a .  0.250 0. 0. 0. 0. 
3 e .  0.250 0. 0. 0. 0. 
4 e .  0.250 0. 0. 0. 0. ................................................... 

sun 0. 1.000 0. 0. 0. 0.000 

(continued) 
(sheet 3 of 7) 



Tabie 15 (cont inued)  

***a**** LOADING CONDITION 3 ******** 

4 .  MATRIX OF APPLIED LOADS Q (KIPS 6 FEET) 

Q1 22 Q3 Q4 F 5 Q6 
8, e .  1.000 e. 0. 0. 

5. STRUCTURE DEFLECTIONS (IHCEES) 

6. PILE DEFLECTIONS ALONE PILE AXiS (1NCEZ.S) 

7 .  PILE PORCES ALOHC PILE A X E S  (KIPS 6 FEET) 

PILB Fl F 2 P3 f4 F 5 fE CSFTR FhILURF 
CB BU C O  TF 

TOTAL NO. FAILJRES = 8 LOAD CASE 3 

8. PILE PORCES ALONG STRUCTURE AXIS (KIPS b FEET) 

PILE Fl F2 F3 P4 I. 5 PE 
1 0. 0. 0.252 0. 8. 0. 
2 e. e .  0.250 8. 0. 2. 
3 0. E * .  0.258 0. 0. 0 .  

( ~ o n t  inued) (Shee t  l+ o' 7) 



Table 15 (Cont inued)  

*****a** LOADING CONDITION 4 ******a* 

4.  HATRIX OF APPLIED LOADS Q (KIPS 6 FEET) 

5 .  STRUCTURE DEFLECTIONS (INCBES) 

Dl D2 D3 D4 D5 36 
0. 0. 0 .  8.583E-04 0 .  0 .  

6 .  PILE DEFLECTIONS ALONG PILE AXIS ( I N C E E S )  

PILE XI X 2 X 3  X4 X 5 XE. 
1 0. 0 .  3.700E-03 0.5833-C4 @ . e .  
2 0 .  0 .  - 0 . 7 ~ ~ ~ 4 3  e . 5 ~ 3 ~ - 2 4  0 .  5 .  
3 0 ,  0 .  -0.70BE-03 0.583P-04 0. C .  
4 0. 0 .  0.700E-83 8,5833-84 0 ,  E .  

7 .  PILE FORCES ALONG P I L E  AXIS (KIPS 6 FEET) 

PILE F1 F2 F3 F4 F5 FE CBFTR FAILURE 
CP B :3 TP 

1 a .  0 .  0 .250 0. 0 .  e .  8 .e0 
2 0 .  0.  -0.250 0 .  0 .  0 .  0 . re  
3 0 .  0 .  -0.250 8.  0 .  0 .  0 .OO 
4 8 .  0 .  0.250 0.  0 .  0 ,  2 .@B 

T O T A L  N O .  F A I L U R E S  = C LOAD CASE 4 

8 .  PILE FORCES ALONG STRUCTURE AXIS (KIPS 6 F E E T )  

PILE F l  F 2 F3 F4 F 5 i5 
I E .  '2. 8.253 0 .  0 .  0 .  

( Cont inueci ) 



Table 15 ( ~ o n t  inued ) 

******** LOADING CONDITION 5 ***a**** 

4. BATRIX OF APPLIED LOADS Q ( K I P S  h F E E T )  

Q 1 Q2 Q 3 C4 - F . - 
0. 0. 0. 'a. 1 .@'a0 '2. 

5 .  STRUCTURE DEFLECTIONS ( I N C E E S )  

6. P I L E  EEFLECTIONS ALONG P I L E  & X I S  (IMCHPS) 

P I L E  X I  X 2 X3 X4 X f  x 6 
1 0 .  0. -0 . 7 e @ ~ - e 3  e . 0.583'-94 e. 

7. P I L E  FORCES ALONG P I L E  AXIS ( K I P S  h F E E T )  

P I L E  F 1  F  2 F 3  F 4  F 5  F U C F T R  FAILURE 
B CB B 3  CO TE 

1 e. 0 .  -0.250 0. e .  2.  0 .ee 
2 0. 0 .  -0.250 0. 0 .  0 .  0 . E @  
3 e .  0 .  0.250 0. 0 .  e .  e .e0 
4 0. e .  0.250 e .  0 .  0 .  o .a0 

TOTAL NO.  FAILURES = 0 LOAE CASE 5 

8 .  P I L E  FORCES ALONG STRUCTURE A X I S  ( K I P S  h F E E T )  

P i L E  F 1  F  2 F 3  F4 ? 5 F 6  
1 a. E. -0.258 a. 0 .  0 .  
2 e. e. -0.250 a. e .  e. 
3 a. a. e . 2 5 ~  e ,  e .  2 .  
4 0. e. e.25e 'a. 5 .  e .  
_______-__________________I__-_____________--_------------- 

s u n  0. e.  - e . e e ~  -e.eea i . e * e  e .  

(continued) ( shee t  6 of r ' )  



Table 1 5  ( concluded) 

4.  MATRIX OF APPLIED LOADS Q (KIPS b PEEP) 

Q1 42 Q 3 C4 C5 
1.000 1.088 1 .000 1 .S00 1 ,800 8. 

F6 

5,  STSUCTURE DEFLECTIONS (INCUES1 

' D l  D2 D 3  04 D5 D6 
0.23l.E-0% 8.231E-01 0.7BBE-03 8.5835-04 0.583f-04 0 .  

6 ,  PILE EEFLECTIONS ALONG PILE AXIS (INCHES) 

FILE X 2 X3 X4 X5 X 6 
i 0.231E-01 8.2313-81 0.70BE-03 0.5835-@4 0.583E-e4 e. 
2 0.231F-01 8.231E-01 -8.7803-83 0.5835-d4 8.583'-04 0. 
3 0.2313-81 8.231E-01 8.900E-03 0.5832-e4 8,583E-84 8 ,  
4 8.231E-01 8.231E-81 0.2183-02 Q.583F-04 0.5831-k?4 8 .  

7, PZLE FORGES ALONG PILE AXIS (KIPS h FEET) 

TOTAL N O ,  FAILURES = 0 LOAD CASE 6 

8. B I L E  FORCES ALONG STRUCTURE AXIS (KIPS 6 FEET) 

PILE Fl  F2 F3 34 F5 F6 
1 8,258 0.258 0.250 0. 0. 0 .  
2 8.250 0.250 -0.250 0 .  8 .  0. 
3 0.250 8,258 8.258 0 .  8 .  P 

---------------------------------------_____ 
sun 1.000 1.008 1 . 8 8 ~  1.008 I . ~ B B  E . ~ E  



Results  and c a l c u l a t i o n s  

82. The p i l e  forces  can be ca l cu la t ed  by s a t i s f y i n g  equi l ibr ium 

IF = 0  . These were found t o  agree  wi th  t h e  program output shown i n  

Table 15 .  For example, i n  loading  case 3  wi th  a  1-kip v e r t i c a l  l o a d ,  

t h e  fo rce  i n  each p i l e  is  0.25 kip.  The f o r c e  on each p i l e  i s  

FH = 1/4 ( a p p l i e d  v e r t i c a l  l o a d )  = 1 1 4  (1 k i p )  = 0.25 k i p  

The displacement i n  each p i l e  i s  equal t o  

1 - x 1 x 100 x 12 
PL 4 6 = - =  = 0 ~ 7  x i n .  

L O O  AE 4300 x 1 4 4  x a 

This r e s u l t  a l s o  agrees  wi th  t h e  computer program r e s u h t s ,  

83. In  loading  case  4 ,  a 1 k ip - f t  moment i s  app l i ed  about t h e  

U -ax is .  The p i l e  f o r c e s  can be ca l cu la t ed  by  s a t i s Q i n g  equi l ibr ium 
1 

where 

f3, = v e r t i c a l  f o r c e  i n  p i l e  n ,  n  = 1 - 4 

Q4 = appl ied  moment = 1 kip - f t  

U = h o r i z o n t a l  d i s t ance  along t h e  U -axis  
1 1 

From sy~~rne t  ry F31 = F31 a.112 F3* = F33 
- 



This r e s u l t  agrees  with t h e  computer ou tput .  

84. Load case 6 can be obtained a s  a superpos i t ion  of l oad  cases  

1 through 5. The d e f l e c t i o n s  of  t h e  p i l e s  and t h e  load  on each p i l e  

can a l s o  be obta ined  by superimposing t h e  r e spec t ive  r e s u l t s  fo r  load  

cases  1 through 5 .  The fol lowing computations v e r i m  t h e  computer 

r e s u l t s  i n  i tem 6 ( d e f l e c t i o n s )  and i tem 8 ( l o a d s ) .  

Deflect  ions 

P i l e  Load x1 x2 Xh X 
'To. 5 
P 

Case 
X3 

- ( i n . )  ( i n . )  ( i n .  ) i r a d )  ( r a d )  

( Corlt inued)  



Loads 

F1 F2 3 5 F "4 F 
- 

P i l e  No. Load Case ( k i p s  ) (k ips  ) ( k i p s )  ( k i p - f t  ) (k ip - f t  ) 

These r e s u l t s  a l s o  agree with t h e  computer program r e s u l t s ,  



Three-dimensional prob- 

85. This  example problem has only  one v e r t i c a l  p i l e  completely 

f i xed  i n t o  t h e  r i g i d  cap. It i s  similar t o  example 2 except t h e  analy- 

s i s  now i s  three-dimensional.  Figure l 9  shows t h e  physical  problem. A 

1 kip - f t  moment i s  appl ied  about t h e  U U2 and U axes.  Figure 20 
3 

shows t h e  load ing  condi t ions  and p r o p e r t i e s .  The input  da t a  a r e  s t o r e d  

i n  a  f i l e  p r i o r  t o  running t h e  program and a r e  presented In Table 1 6 .  

The computer ou tput  i s  presented i n  Table 17.  

86. This example serves  a s  a  means t o  v e r i f y  t h e  computer ou tput  

by comparison wi th  manual c a l c u l a t i o n s .  

Figure 19 .  Plan view f o r  
example problem 8 

R e s u t s  and c a l c u l a t i o n s  

67. I n  t h i s  example, 1 k ip - f t  moments   bout t h e  U '2-, znd U 
1' r 3 

axes were appl ied  a t  t h e  cen te r  o f  t h e  s t r u c t u r e  where t h e  p i l e  i s  

l oca t ed .  The p i l e  i s  col-pletely f ixed  i n t o  t h e  r i g i d  cap. Therefore.  

t h e  r e s u i t i n g  moments about t h e  U Up, and U- axes a r e  1 h i p - i t .  Tliese 
1 ' J 

r e s u l t s  agree with t h e  p r o g r m  output  presented  i n  Table 1 7 .  



I P r o p e r t i e s  I 
/ U l t .  s t r .  o f  c o n c r e t e  = 5000 p s i  

j ~CS = 10.000 p c i  

I, = - 

Are a 

i n .  
i; 

in. 
4 

in. 
2 

Length = 100.0 f t  

I 
V e r t i c a l  = (h = 0.0) 

Figure  2O. P r o p e r t i e s  and l o a d i n g  c o n d i t i o n s  f o r  example problem 8 



Table 16 

Input Data for Example Problem 8 

U liG1g0 TXh *PL r  ?53EiE?1 :vC. f 
EB 15B1.J 3 h n  ? 1 X E 3  7 E R T I u i i  P I L E  &IT: JNIF YOMZRTZ 4 ? P L I h 9  
2~ i eeza  2 
2B 12530 1 I 1  
3 15QilZ 5 I @  .mi3 
4~ 1Ze52 i 1 125.25e 5 
4c I Z O E Z  ~ 2 3 . 3 2 5  2 3 . 3 3 3  1se.eze rs .eea  1s.zse 
?A 12570 1 
5B 1EZ3Z 5222.2EG: 152 .25E  
6~ 1253E 1 



Table 17 

Output Data for Example Problem 8 

i X A l 4 P L i  P B O I i i i V  ,.a. 3 
3Ni FIXES VERTICAL FILL SITE U N I T  MOMENTS A F P L I E )  

8 3 .  O F  FILES = 1 B YATRIX I S  CALCULATE3 F34 EA C B  T I L Z  

1 1 E = Z.4:i  27 PSI IX = 533 .23  l i t $ * +  I Y  = $23.33 ! < * * I  
A S E A  = 122.8 1k**2 x = : e . s e  ~h Y = 1 z . e ~  I K  . - ,ah;TS 1 1U.e  FEET iS = 1 2 . 2 d e  
ii = 1.2755 K2 = 1.5eE8 KS = 1.4958 
a; = 1 . 2 e e 2  ~f = 2 . 2 5 9 2  s5 = 2.;?5e 

;. ThiLE CF F : i i  r J C E 3 I N R T E S  A N D  E h T T E 2  

? I L L  h O .  E A T T S U , K Z L E  Ji(FT) U 5 ( f T )  :3 1 5  3 
1 VEi7:Ch: 2. 2 .  8 .  G . 

( Continued) 

99 



Table 17 ( Concluded) 

7. ?ILZ FOSCES dLShG P l i i  M I S  (YIFS 5 FZET I 

?ILL Fl F2 1 1  F4 F5 F 6  iEiT? FAILJSZ 
CJ B; ,3 Ti 

a .see  - 8 . a ~ ~  e .  l.aee i .eee i . a e e  e . 2 2  

TOTAL h3. FAILUSIS = E L3.4D ChSE L 

6. ? l i E  FO?,CiS A L O N G  STR32TU3E AXIS (&IPS S FEET) 

PlLZ F l  I'2 F 3  F4  F 5  . ic - 
I e .eee  -z.aee 0 .  1.eae i.eee l . a e e  



Example Problem 9 

Three-dimensional 
problem, 27 p i l e s  
with cons tan t  s o i l  modulus 

E8. To demonstrate f u r t h e r  t h e  use of  program LMVDPILE an example 

problem with a  cons tan t  s o i l  modulus i s  given. Figure 21 shows t h e  

phys ica l  problem f o r  t h i s  example. The p rope r t i e s  and load ing  condi- 

t i o n s  a r e  presented i n  Figure 22. The input  da t a  a r e  input  i n t e r a c t i v e l y  

and a r e  shotrn i n  Table 1 8 .  These d a t a  a r e  saved i n  a  f i l e  and a r e  l i s t e d  

i n  Table 19 .  The computer ou tput  i s  p resented  i n  Table 20, 

89. This example i l l u s t r a t e s  t h e  opt ion  of i n p u t t i n g  d a t a  i n t e r -  

a c t i v e l y  f o r  a  three-dimensional problem wi th  27 p i l e s  ( v e r t i c a l  and 

b a t t e r e d )  and a  cons tan t  s o i l  aodulus .  It a l s o  shows how t h e  b a t t e r  

can be input  i n  groups, 

ORIGIN- i 

N O T E :  P IL INGS NUMBERED 7 - 1  2 R O T A T E  
A T  2 7 g 0  IN DIRECTION SHOWN. 

P IL INGS NUMEERED 13-24 R O T A T E  

A T  90' 1l.i  DIRECTION SHOWN, 

n. rlguz-e 21.  Phys ica l  problem f o r  example 
problem 9 



J. 

3s = 200.0 p s i  K2 = 1.0 
4 I1 = 1728 , 0  i n .  DF = 0,O K -K = 0.0  
4 3 6 

I2 = 1728.0  i n .  PR = 1 . 0  

( ~ r e a  = ILL. 0  i n .  2 PFT = 0,O 

F igure  22. P r o p e r t i e s  and l o a d i n g  c o n d i t i o n s  f o r  
example problem 9 

R e s u l t s  and ca1cula t ion.s  

90. The program o u t p u t  i s  shown i n  Table 20. From s t a t i c s ,  

C F = O .  

where 

F  = h o r i z o n t z l  p i l e  f o r c e s  a l o n g  t h e  s t r u c t u r e  a x i s  ( k i p s )  
1 
Ql = a p p l i e d  h o r i z o n t a l  i o a d  i n  t h e  Ul d i r e c t i o n  ( k i p s )  

S i m i l a r l y  



Table 18 

Interactively Input Data for Example Problem 9 

I N P U T  CATA F I L Z  1 4 Y T  I N  E CHA.=AC?T?S OE 5 5 5 ; .  E l 1  A 
tAF.R!P.iF RET:i\ I T  I V i U T  DATA r ! L L  COYT T'3" l':Fd!N;L. 

7 

; h i U T  A I L F  ! :&US ?;> Z A T A ,  ., C,:"I4Cc :rT'j>' ,  

I i  723 X ChCT ~ i ! d T  TC S A V E  OATA F I S ? .  - .--? ' - L Z c  

I N P U P  Ta'? L I h E S  C i  ? = C J Z C ' I '  I D X Y T I F I C A T I C k  Y O T  
i O  EXZESE EE 1E.i"AZTEES FACH 

i N F U 1  F I R S T  L I S T  
7 I X > , C P L r  P C E L F Y  h O .  9 

:NP;: s z : p s >  ::\.: 
7 hC; E j , + Y ' : :  ',:,CSLZL - C C r C  ::',: Z C : :  .:I:'!: 

20 YOU RANT ?3  "jh A 2-2 OR 3-3 .A.NAL?YIS? 
SUTS.? 2 Ci 3 7  3 

I K P U I  F I L L  S!:4iF C A i i :  
\FAPI ' -N ; :~ !C?TION Y3MBE9 SF ; l E S :  ? i i X  1 4  G E X P  
* P 3 = i D E \ T i ? : C A T I O N  WUf?BER O F  L!.S'? P I L F  IN SROUF 
SLE!i=L?CS7? OP ? I L ?  ( P E P T I  
hF'=CC:: :OF T T P F  Cf IVPUT T 9  CCwFL!T- 3 L I S T I C  F:LE COYST!. TS 

I = I b ? Y :  i I L J  3 MATRIX T?RMS Ci?E :TLY ~- ~ 

2 = A V Y  S E A P E  P I L S  
3=?OCIC P I L E  

I N P U T  U S = U L T ! Y I T I  5 ;Er ' iGTA O F  C C P ; C R r I F  
n'=wTI;B: 3 F  CCNCFETS { P C F )  

7 5cee.z.:5~.? 

I K i U T  F I X Z T Y  D A T A  - N i  ( l = I N P U T  ALL ? I ! I ?Y  : C F F F I C ; I U T S  
OR 2 = I N P U T  CPCRCE C F  F I Y I T ?  

7 2 

I S P U T  EF - 3ZCF32 Cr P l ? I T Y  ( Z . P , < . ? . ! . L !  
?F - F:L' ;';:jTh,'*;: (1=D:A.:';S 0 :  P , ' : ? F I : I I O \  
P F T  - F<??!C!FATICV FACTO? ? C S  TC3S:Oh 
S - Z ? , j ; C \  -COULUS ( F S I )  

? 4 ? . L , l . < , < ' 2 , C . Z  



Table  18 (Concluded) 

I N P U I  ALLObABLF L C I D S  AYD MCYFHTS: 
ACBI=ALLCJAELI i X I . 4 L  LCAD USED I h  COYBINED FE 'd ; Ih3  

FOR P I L E  IN TEVSION ( X I P S )  
AMINT=ALLOIA2LF MOwFNT ABOUT MINCR P 3 I N C I P L E  4 x 1 s  

FOR P I L F  IN TENSION ( L I P - F T )  
bWAJT=ALLC*AaLt  YOYPNT ABCUT YPJOR ?:.:NCIiLE AXIS 

FOR P I L F  IM TBNSIOV ( K I P - F T I  
ACEC=ALLOVABLE AXIAL LOAD USE3 IN COMBINED EZVDIY; 

FOE P I L F  I F  COMP3ESSICN ( K I P S )  
bWINC=ALLOYAELF ECMFNT ASOUT Mlf<CR P 3 I N C I P L E  .?XIS 

FOR P I L F  IN COMPREtSION ( Y I P - F T )  
AWAJC=ALLOWABLE MOMENT ABOUT EAJCR P R I X C I P L ?  AXIS 

?CR P I L l  IN COY?!?FSSIOK : ? I ? - ? T )  
ACL=ALLOUABL? CCMFRISSIVE LOAC ( K I P S )  
ATL=ALLOlABL? I Z N S I L E  LCAD ( S I P S )  
i c ? ~ . i , l d z e . i . 1 . e 2 ~ e , 1 ? ~ : . e ~ 1 ~  . . . d , ~ . . L <  . c  ,; P V  .< .% 

INPUT I t :  P=I f iPUT E i T S S R  P O 1  E P C 5  P I L '  C?  
TEE hUMBE9 CF SUE;ROUPS d I l E  TEF 5.%xE :ITTE; 

? 3 

I h P U I  hFP-hO.  OF FI.?S? F I L E  N L P - N C .  OP LAST P I L T  
EATT-BAlT?3=BATT 7:3TICAL 08 1 '3PIZOS$:A.L 
A%GL=CLOCK'i?SF it iGLE E r T d r E h  P C S I ? I Y E  Y-AXIS 3 I..: 

STRUCTURE P N C  X-AXIS ( D I R F C T I O N  3; BATTER) CF P i L r  i35;) 

FOE F I L E  S U a S R 0 3 P  - 1  ? 1 , 1 2 , 3 . 2 7 P  

?OR F I L E  SUEGROJP - 2 7 1 2 , 2 4 , 3 . 9 e  

i O 2  P I L E  SUBCaOUP - 3 ? 2 E , 2 7 . ~ . 0  

T E I S  FROChAU GaNEFATFS THE POLLOdI!~C SABLES: 

TABLE !10. CCN?!FTS 
1 F I L S  ?'<3 S 3 ? L  DCTS 

P i L f  COOEDIb!%TES AV;  BAT?FR 
SXIFFNTSS AN? 7 L E ~ I S I L ! ? Y  E4T7I:LS F;F 7 F -  
SIROCTUSP AND COOR3INATFS OF ELASTI: C r Y T 7 2  
A F P L I f D  LOADS 
STR3CTyP.r DTTLECTLONT 
P I L E  DEFLPCTICNS ALOVS F I L F  B X i S  
P I L F  FORCPS ALOS3 P I L P  AXIS 
P I L S  FORCPS ALONZ STRUCTUR!' AX15 

INPUT TE' &UMBERS OF TES SABLES FCE I Z I C H  YOU d A N ?  THE OUTFUI 
S E P A H T E  THF HUMEZRS WITH COMMAS. 7 1 . 2 , 3 . 4 , 5 . E , 7 , 8  

INPUT A F I I ? h I N C  iOE T A B L F  5 I N  9 Oi!ARACTPSS OR LZS: 
I F  YO3 r k N ?  TO 35?  i : < I S  IhFCRM1T:OK FCZ ? t vTd  EU,, 
I411 A C A E t l h C Z  RrTi'FN l i  PO3 DS 4 0 7  r ? U l  T!:lS i l L P .  

INPUT A F I L E  %.+Mi T;R CUTPUT IN 5 CSL'ACTIRS OR ::SS. 
ZIT A CAERIASS 2PTL"N I i  OUTPUT I S  T i  = F  ?FIL?ED 0% T1:, ' : f<41. 

7 

iNPL'; L.2 S - C! j ?? \CT-5  ? E C U  n i t l : i .  ; I L E  

.iL;hG "3  AXIS 
7 2 7 a C . 2  

:hFUi b P F L I E C  LOdDS Ah> Y 3 U ? N T S :  
C: 6 C i  - :>C?IZCLtTAL LCADS iLO:i 31 i d 2  i X i S  i % I ? S j  
" - 
h 2  - Vv?.TICAL :C:D 'LOWS C 3  ! i I S  i R i F S 1  
$4,C5.QE - f lO?"YTj  ABOUT U l . U Z . 3 2  L Y F S  (Y!F-FT! 



Table 19 

Input Data for Example Problem 9 

Group 
IA r e a m  EXAMPLF F ~ O F L X Y  N X ~ .  3 
1B 10GlB NOD 3XAMPLF F9OBL9M - CONSSAXT SOIL 33DULUS 
28 18020 3 



Table 20 

Output Data f o r  Example Problem 9 

EXAUPLE PaOBLIn t ic.  s 
h03 E X A M P L E  PEOELEW - CONSTINT SOIL ECDULUS 

NO. C i  PILES = 27 9 M A T R I X  IS C A L C U L A T E D  TO8 EAC5 P i 1 2  

1. 7 h B LE O F  E i L E  A % D  SOIL DdTA 

PILE N U M B f h S  

1 27  F = @.43E C 7  PSI I]: = 1729 .89  :N444 I Y  = 1728.28 IV"*4 
R P E A  = 144.2 i ~ * * i  x = 1 2 . e ~  IN : = 12.ee 1%' 
~ G T B  = 7e .e  FFPT ES = 2e0 .eeL 
El = e.4127 32 = 1.OCBe K3 = E .  
x 4 =  P .  r 5 =  9 .  ~6 = e .  

TEE 9 nbTRIX FOE F I L E  1 TEROUGG 27 15 

PILE NO. BSTTiE A N G L F  31(;T) U Z ( ? ? ,  J ' I F T I  

3.eZ 272.  -2.262 
3 . t e  272. -F .PBP 
3.pe 272.  -1e .eee  
3 . ~ e  272.  - : 4 . e ~  
5 . e e  272.  1 S . i E e  
3 . 5 ~  272. r.eee 
3 . t e  m a .  - 4 . m  
3 . z e  i 7 F .  - 1 2 . 2 3 ~  
3.2P SF. 12.L*? 
3.3e s e .  4 . 2 ~  
3 . 2 ~  9 e .  - 4 . ~ 2  
3 .2e  9 2 .  - 1 2 . e E E  
2 . 2 2  9 2 .  14 .eed  
3.EB 9e. ~ e . e e e  
3 .ee  S 2 .  6.CCP 
3 . e Q  5>. 2.FEP 
3.20 se. - 2 . 1 ~ ~  
3 .de  se .  - e . < e ,  

- .  - 
3 . z e  ce .  -14.222 

C E P ; I C I L  P .  1 5 . 5 2 2  
V F R T I C I L  C?. I i .c? t?  

( c o n t i n u e d )  
f ,,neet q. i of 3 )  



Table 20 (.Continued) 

3. STIFFNESS V A T R l X  S FOR TfiE STRUCTURE 

3 A  FLLXIBILIIT Y A T 3 I X  ? TOR TRE S T R U C T U 3 E  

~ ~ * ~ * ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * O ~ ~ & I O B ~ O $ ; ~ ~ O ~ ~ ~ ~ ~ ~ ~ L & I ~ B ~ L O ~ B ~ - * ~ ~ ~ ~ ~ S : ~ ~ O ~ ~ ~ O ~ O ~ * ~ * ~  

6. PILE DSFLFCTION' hLOi$ PILP 'XIS  ; I X C R E S I  

PILE h :  
1 -I.l25.? 
2 -8 .1232  

( ~ o n t  inued) 
(S11et.t 2 of 3 )  



Table 20 ( ~oncluded) 

7. P I L E  FOECFS & L O W  T I L E  A X I S  ( K I P 5  6 FfET) 

P I L E  F1 i 2 FJ F4 F 5 iS CB.Fr,&. P A I L X Z  
C3 '3: Z C  T5 

TOTAL NO. FAILUAFS = 0 L O A D  G A S 3  1 

8. PILL FCEC'S A L O S G  STR'JCTJ5F . 4 ~ 1 <  !g!PS 6 T r f ? ,  

PILE $1 P2 F' F4 F5 
- -  .. i 

I - e . ~ 1 5  7.752 -18.225 e .  a .  a .  

e .  
'a. 
6 .  
0 .  
8 .  
e .  

21 L ~ P ~ E  i:.jei 43.99i a .  e .  e .  
22 Z.PIE 16.323 44.951 Z .  'a. e .  
23 P.PIE z e . 5 5 ~  45.923 0. a .  e .  

-------------------------------------------*-------------------- 

sun - d . ~ a ' a  276.961 344.9PB 5287.422 ~ . B E E  - 3 . ~ 2 ~  



and 

These r e s u l t s  agree  c l o s e l y  wi th  t h e  computer r e s u l t s  ( i t e m  8 ) .  



Example Problem 10  

Three-dimensional prob- 
lem, 9  p i l e s  and l i n -  
e a r l y  v a r y i n g  s o i l  moduli 

91. The t e n t h  example problem i l l u s t r a t i n g  t h e  use  o f  program 

ZIVnDPILE h a s  l i n e a r l y  v a r y i n g  s o i l  moduli  and i s  t a k e n  from S a u l  ( 1 9 6 8 ) .  

F i p r e s  23  and 24 show t h e  p h y s i c a l  problem. Figure  25 shows t h e  prop- 

e r t i e s  and l o a d i n g  c o n d i t i o n s .  The i n p u t  d a t a  a r e  s t o r e d  i n  a d a t a  

f i l e  p r i o r  t o  runn ing  t h e  program and a r e  shown i n  Table 21. The com- 

p u t e r  out2uz i s  p r e s e n t e d  i n  Table 22. This  exa,r?le i l l u s t r a t e s  how a  

th ree -d imecs iona l  problem w i t h  L i n e a r l y  va ry ing  s o i l  moduli i s  coded. 

It a l s o  shows how b a t t e r e d  p i l e s  a r e  coded. 

ResuLts and c a l c u l a t i o n s  

92.  From s t a t i c s  CF = 0 . Fron t h e  p rograx  ou tpu t  i n  Table 22 

F igare  23. Plan view o f  exmple  p r a b l e m  19 



F i g u r e  2 4 .  S e c t i o n  A-A f o r  example problem 1 0  

USE: f n 1 1  p i l e  head f i x i t y  
4 pi les  a re  , nrWF_; 

KS = 100 .0  p c i  
4 

/I, = 211,9 i n ,  

/ ~ r e a  = 1 6 . 1  i n .  K- = 0.544 > I 

F i g u r e  25. F r o p e r t i e s  and l o a d l c g  c o n d i t i o n s  
f o r  example problem 1 0  



Table 21 

Croup 
IA l e e e e  E X A M P L E  P R O E L S M  N O ,  1e 
1B 10013 SLD CFFCK PS03LEM KC), 2 - S'i'J9, 
2A 1022E 3 



Table 22 

Output Data for Example Problem 10 

E X A - P L F  P 9 0 - 5 F f l  NO. 18 
S L ?  C!?ECT P P O B L E K  N O .  ? - S A U L  

Y O .  O? P I L E S  = 9 * K k T S I X  I S  C A L C V L A T E D  F O S . E A C P  P I L E  

1 .  T A B L E  O F  P I L T  AYE $ 0 1 1  DATA 

P I L E  N U M B P s S  

h L L O Y A n L ~ s :  G O M B I Y E D  * P N D I N C  ?OR T P Y S I O Y  = 'BB.@EB L I P S  
UOMEHT A3OUT P I Y O 4  A X I S  T O 9  T E N S I O Y  = 333.333 T I P - F T  
WOflEYT REOUT M h J O R  4 T I S  FOR T E N S I O V  = 333.336 K I P - F T  
COPlBIYED ? Z U D I Y G  P O 9  C O q P R E S S I O Y  = 52@..305 KIPS 
YOYZN? AEOD? ? I N 0 9  AXIS TOR 3 0 H P Q E S S I O Y  = 333.330 K I P - T T  
u o n ~ ~ ~  ~ O D T  P ~ A J O ~   XIS 701 COP!PRESSIO% = i33.330 I IP-FT 
C O Y P R F ~ S I P T  LOAD = cze.aaa K I P S  
T Y Y S I L F  L O 4 D  = l38.0B0 K I P S  

F P "  F K A T ? I 7  TOR P I L E S  1 T 9 R O U G E  9 IS 

8 .  a . 7 = ~ -  a5  a. - 5 . 2 6 2 ~  57 pi. 0 .  

~ a * P + E O Q ~ 0 8 0 ~ 4 0 t i 5 B 4 : 8 B L * 8 * L ~ B ~ ~ O O ~ E 1 ~ * 5 t 1 ~ O L ~ * ~ B b L ~ t B 8 e C 8 ~ O 5 " 8 * 3 5 O B U B 5 ~ ~  

2 .  T A Q L ?  O F  P I L E  C O O R D I V A T S  SIYD B A T T E R  

P I L Y  NO. 
1 
7 

3 

R A T T E R  ANGLV U 1 ( P T  

F a rcs. - 4 . % 0 ~  a .  0. 

L E U l t O t ~ * b 1 4 t b G 0 5 4 t 8 n ~ * L B O i P 5 I t * 4 4 O ~ d B ~ ~ B O ~ E ~ * * 5 * ~ * ~ 5 * U 5 * * 8 ~ * ~ * * 5 * 8 8 * * U ~ ~  

3. S T I p F I E S S  V A T R I X  S T O 9  T E F  S T R U C T U R E  

- I  ~ L E X I S I L I ? ?  e$?qIX ? FOR I F F  S T R U C T U Q E  



Table 22 (concluded) 

******** L O 4 D I N C  C O N D I T I O M  1 *******+ 

6 .  P I L E  D E P L E ? T I O Y S  4LOV; P I L E  hXIS (IUCSES) 

P I L E  T I  

PILZ r: ~2 71. F 4 F= P5 CEBTR A -  FAlLU?E -.. -- -- 

T O T A L  N O .  FAILURPI = 4 LOAD CASE I 

* B C ~ B t 8 * * t b * * C ~ * * 8 ~ Q O $ . i * 9 * ~ ~ ~ U i i 8 * O * L ~ I * O ~ ~ ~ * + ~ ~ * * C * * * ~ ~ ~ 5 ~ C ¶ ~ U * 0 U * Q 5 ~ ~ ~ ~ ~  

8. P I L E  P O V T E S  A L O V C  STRUCTURE AXIS (KIPS h FEET) 



this can be shown. For example, for a 200-kip applied horizontal load 

in the U direction 1 

where 

F = horizontal pile force along the structure axis 
1 
Q1 = applied horizontal load in the U direction 

1 
IF =22.12+b8.00+66.7+9.98-23.32-24.59+4.27+37.13 
1 +59.73 

IF = 200,O kips 
1 

where 

Q2 = applied horizontal load in the ii9 direction 
i 

IF2 = 100.0 kips 

where 

F = vertical pile force dong the structure axis 
3 

q3 = applied vertical load in the Up 6irection 
3 

CF = 1500.0 kips 
3 

These results agree with the computer program results. 

93. Manual calculations for this exanple are presented in Sad's 

(1968) paper. The computer results presented in Table 22 agree closely 

with the classical method results. For exa~ple, a conparison of the 

monents about the U, -axis (74 Is) is shorn below: 
.A. 

FL from 
Tile Corr2uter Saul's 
No. ,SUi'?,." / :-- n 
-- L y L A u  { L 2 - f t  ) Exazgle (kip-ft ) 

1 2.319 2.31 
2 -- -., a .- 266 -19.25 
3 :so -696 120.68 

(continued) 



~4 from 
P i l e  Computer Saul's 
80. 
_b_ 



Example Problem 11 

Three-dimensional problem, 60 p i l e s  
with l i n e a r l y  varying s o i l  moduli - 

94. This  example prodleln i s  a  three-dimensional system wi th  60 
p i l e s .  The phys i ca l  problem f o r  t h i s  example i s  shown i n  Figure 26. 

The p r o p e r t i e s  and loading  condi t ions  a r e  shown i n  Figure 27. Table 23 

shows t h e  d a t a  f i l e  saved p r i o r  t o  t h e  run. The computer output i s  

presented  i n  Table 24, 

95. This  example was run t o  v e r i f y  t h a t  t h e  computer r e s u l t s  agree 

wi th  t h e  S t .  Louis D i s t r i c t ' s  p r o g r m .  

Resul t s  and c a l c u l a t i o n s  

96. The computer r e s u l t s  shown i n  Table 24 agree c l o s e l y  wi th  

those  from t h e  S t .  Louis program ou tpu t .  For example, f o r  p i l e  1 f o r  

l oad  case  1, t h e  p i l e  forces  along t h e  s t r u c t u r e  a x i s  from Tabie 24 a r e  

F 1 = b2.305 k ips  

F  = 0 .0  k i p s  
2 

F = 120,806 k ips  
3 

F4 = 0 k i p - f t  

= 0 k i p - f t  
- 5 

" = 0 k i p - f t  ' 6 

The S t .  Louis program produced 

F = h2.3 k i p s  
1 

F = 0.0 k i p s  - 2 



Figure 26. Physical problem for e x a q l e  problem 11 



i J E  = 0 . 3  x 1 0  psi K = 0.411 
1 

ilS = 2.000 p c i  

= 5461.333 i n .  
4 

I1 
I, = 5461.333 i n .  

4 

/ G e a  = 256.000 i n .  2  

F i g u r e  27. P r o p e r t i e s  and l o a d i n g  c o n d i t i o n s  f o r  example problem il 

F = 120 .8  k i p s  
3 

Fh = 0 .0  k i p - f t  

F, = 0.0 k i p - f t  
0 

These r e s u l t s  a g r e e  very c l o s e l y .  



Table 23 

Input  Data fo r  Example Problem 11 

Group 
1A 100'20 EXdMPLF PROBLEM N O ,  I? 
1s lt30lP T E C S F - V P ~ ~ I L I O Y  CUTLT: S1FU;TJ:r 7.17 -; S E b c I ; ,  
2.4 1ea2e J 
2B led32 6e 1 7 
3 lZd4S L 2.220 
4~ 126% i fk' 5 i  2 
LC l e a se  " 4 ~ 1 . ~ 3 3  5461.333 2 5 5 . ~ 3 2 ~  l e . , a ~  i c . e e e  
5 A  i ee7e  4 
5: 12ded 3 e e e e e e . z ~ ~  
bA i 0 L 9 2  1 

18E.422 
1e0. e0e 

P. 
P. 
e .  
P .  
3.  

138 .La0 
ise .Gee 
I s e  .Pee 

e.  
L. 

2 .  
5 .  
E .  

lee.  eea 
13L.dEC 
132 .eaz 

8. 
e .  
Q. 
e .  

u'. 
1. 
i .  



Table 24 

Output Data f o r  Example Problem 11 

NO. OI PILES = 6 d  D PlATRII IS ChrCUi*.TED FOX.EhCn PILL 

1. TBBLi Oi  P I L E  hND SOiL DATA 

PILE KURBEXS 

1 60 i = 0.30i 0 7  PSI IX = 5*61.33 IN**= I Y = 5 6 1 . 3 3  I N * %  
i 3 i h  = 256.ti I h m 2  X = 16 .d0  IN X = 16.00 I N  
L E S T 8  = 30 .0  FiET iS - 2.800 
K l  = 0.4110 i2 = 0.2dB0 I3 = 0.  
i t =  0 .  s > =  0 .  i o =  0. 

BLLOYABLES: CCB=IkEL aiNDIN2 e3R TBNSlOEi = 263 .WE KIPS 
~YOtlikT XaGUT MINOR hXlS I G R  TANSION = 5.9.70B KIP-FT 
fiCNiNT ABuUT NhJOh BXiS iCk TiHSION = 59.780 KIP-iP? - -  - 

: ~ M B I N P D  S Z ~ L I N G  FOB ~ o M P ~ ~ s s ~ o ~  = 268.3d0 <IPS 
flONiHT hBOUT NINOd nYI3 FCR LOXPRLSSION = 59.780 CIP-TP 
RCM;tiT n3rUT NhJOR BAIS ;Us JOXPRZSSION = 59.7gB KIP-7T 
iORP3iSSIYZ LOAD = 150.&8 KIPS 
TrNSiLE LOAL = 1d0 .000  KiPS 

TEE 3 NBTRIX i C R  PILLS 1 TISOUGH 56 i S  

( con t inued)  

121 

( S h e e t  1 of 11) 



Table 24 (Continued) 

2 .  T I B L E  O F  PILE COORDlNnTES AND BATTER 

PILh NO.  BATTrR hhCLa U l ( i T )  Uk1kT) U 3 ( F T )  
1 3.00 0. -1% 2.30 50.170 8. 
2 ~ . 0 0  0 .  -A,758 50.170 8. 



Table 24 (continued) 

*a*-*** LOaDI  NG C O N D I T I O N  l ****m 

~ ~ * ~ + ~ + ~ ~ S ~ ~ ~ ~ ~ ~ O ~ ; ~ ~ O * ~ ~ ~ ~ ~ ~ B ~ O B ~ B L + P ~ ~ Y . O ~ O Y . ~ ~ ~ ~ O L + ~ O E Y O ~ O ~ ; ~ C ~ O C ~ O ~ ~ C ~ O ~ ~  

6. P I L E  LZFLECIIOI*S  d L O N c  PILE axis (IhCPESJ 

P I L P  X i  

(continued) (Shee t  3 of 11) 



Table 24 (continued) 

7. P I L E  TORC 

PILE TI 

:2S ALONG P I L E  A X I S  ,Kips 

0 - 
B. 
LO. 
0 .  
8. 

TOTAL NO. T A I L C R Z S  = d LOni ChSZ I 

(continued) 

124 



Table 24 (continued) 

e. P I L E  FCRCES *LONG S T X U C T U R Z  AXIS ,Kl?S - F i E l ,  

P I L E  F l  i- , i3 1 4  1 3  i 3  
1 42.305 0.d06 128.006 d. 0 .  0. 



Table 24 (continued) 

~ L Q ~ I ~ ~ ~ ~ ~ P L U Q L L ~ I D ~ ~ ~ ~ U O ~ ~ O Q Q A Q Q ~ I ~ E ~ ~ Q S ~ ~ E O Q L ~ ~ U ~ O ~ ~ B O ~ ~ ~ ~ ~ B O L ~ ; Q ~ ~ O ~ ~  

6 .  PILL DBFLBCIIOHS ,,LONG P I L B  AXXS t I h i 5 E S )  

PILE 11 Xr A .: 
1 0.37Ci 80 0.2922-.5r 0 . 1 ~ 3 ~  00 
2 E.2832  00  0 .2EaI -$3  d . 1 0 1 ~  0 0  

(Continued) i 



Table 24 (continued) 

7. PILE TGRJLS AbOkL P I L i  nria I K I Y J  . E'hEIl 

PILi il i L 23 i .  42 io C31T3 i n 1 L B R E  
ca B B  cc TZ 

0.1300 51.6d2 0. 0. 0. 0.21 
-0.000 -Jb.o3Y 0. 0. 0. 0.13 
-0.d00 -54.801 0.  0. 0. 0.24 
-@.Be0 -08.143 0. 0. 0. 0.25 
0.000 37.662 0. 0. 0. u.21 
0.d00 100.dL7 0. (1. 0. 0.37 
d.0-0 83.886 8. 0. 8. 0.3: 
0.000 71.724 0. 0. 0. 0.27 
0.606 37.602 3 .  0. 0. 1.21 

-0.000 -39.e59 0. 0. 0. 0.i5 
-0.000 -5r.461 B. 8. 0. 0.2E 
-0.000 -00.14s d .  0. 0. 6.25 
8.60b 57.6d2 0. 0. 0. 0-21 
0.~00 1 ~ 0 . ~ 2 7  6. 0. a. 0.37 
e.000 O ~ . O ~ O  ... 6. 0.32 
5.080 71.7-4 0. 0. 0 .  0.i/ 
~ . ~ 0 0  ;7.6~2 a. 4 .  0 .  0 . 2 ~  

-d.d00 -39.@59 0. 0. 0. 0.15 
-6.030 -54.601 0. 0. 0 .  k?. 25 
-8.dd0 -01.143 13. 0. 0. 0 . ~ 3  
@.d00 d7.6~2 0. 0. 0. 0.21 
t3.0&3u 100.dL7 0. 0. 0 .  2.37 

TOTAL NO. inILUB-S = L iv-.u Char, L 

5 0 3 Q 0 1 0 f B ~ 5 5 5 0 0 5 9 ~ ~ 0 L 9 0 1 + 0 ~ 5 B 5 ~ t l 6 1 0 0 U ~ i + 5 5 ~ 5 t B ~ O O C O U 5 s 3 ~ 5 O 0 0 9 9 5 ~ O ~ ~ ~ 4 4 Q  

(continued) 



Table 24 (continued) 

e .  P I L L  i G H C E S  ALONG b T B U C T U K i  6Zij 

P I L E  ii t~ 1 .: 
i 34.3'3 @.dB0 93.99: 
2 2a.Y2@ 0.600 85.350 

san 1454 .256  

0. 0. e .  
0. 0. , . 
0 .  0 .  u. 

0. 0 .  $. 
0. 0. ". 
0. 0. d. 
0. E. d .  
0 .  0. 0. 
0. 0. 0. 
0. 0 .  i?. 
a .  0 .  e .  
0 .  0. e .  
0. 0. 0. 
0. 0. a .  
0. 0. d .  
a .  a .  ". 
a .  0. ". 
0. 0. 0 .  ------- ---- - ------------- 

-2 .  A00 -1Z43.534 -0.400 



Table 24 (continued) 

( Continued) 
(Sheet of 11) 



Table 24 (~ontinued) 

PILP 11 ii 2.5 i i i5  CsFT3 F A I L U R E  

TOTAL hO. I k l i L E i 5  - 7 *-..L Ch>; - 



Table 24 (concluded)  

8 .  P I L E  FORCES AiChG STRGCZUBE h i 1 3  , K 1 5  s FPETi 

.. . 
rl. 
0 .  
0 .  U .  

I ] .  
0. 

36 22.47e 8 . ~ 0 ~  54.30r) a. d .  0. 
37 3+?.<26 - P . D B M  -77.,7~ 0. 0. a .  
38 34.646 -0.400 -91.,*51 r). 0. e .  
39 33.206 -5.d~~ -1~3.53- 0. 0. 0. 

........................................................ 
sun iazj.~5t -0.*~0 875.540 - ~ . m e  -5779.62- -0 .001 

(Shee t  11 of l;~j 

131 
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f e n e r a l  I n t r o d u c t i o n  

1. Documentation f o r  t h e  computer program PILESTF--to compute t h e  

p i l e  head s t i f f n e s s  m a t r i x  f o r  a l i n e a r l y  e l a s t i c  p i l e - s o i l  sys tem-- is  

p r e s e n t e d  i n  t h i s  zppendix and i n c l u d e s  a g e n e r a l  i n t r o d u c t i o n ,  p r e v i o u s  

work, g e n e r a l  p i l e  hea? s t i f f n e s s  m a l y s i s ,  guide  f a r  d a t a  i n ? u t ,  a ~ d  

in?u . t - c .~ tpu t  Cata  f o r  example p r o b l e n s .  
- * .  

2 .  FILSSTF Ls a f i n i t e  eiement computer code (deve loped  by D r .  k i l -  

1 1 ~ ~ -  ?. gawkins j t h a t  can s o l - ~ e  f o r  t h e  p i l e  s t i f f n e s s  x a t r i x .  The 

,- , - 0 c e 3 ~ e  -,- u s s d  i s  a one-2 inens iona l  f i n i t e  e l e z e n t  m a l y s i s  o f  a S e a n  on 

- .  
an e l a s t i c  f o u n d a t i o n .  The a i l e  i s  r e p l a c e d  'zy a i l n e z r l y  e l z s t i c  sys-  

-OF YUL.. --^ iiL -l,-.-7 a r l l n g s  ( , - i l e  s t i f f r ? _ e s s  c o e f f i c i e n t s )  x h l c k i  C e s c r i b e  t h e  r e s i s -  

;ante c f  ''9 u - ~ ~  p i l e  t o  C isp lace r i ec t s  o f  t h e  s t ruc ;u re .  

3. PILES" can be r-LY on t h e  YES G-635, :v!acoc H-6000, m d  Boeing 
. . CZC: co-aters i n  t h e  size-sr,ar:ng c:sse. Tne p r o g r z ~  i s  cert of t h e  C3RPS 

- .  
l i b r a r y  ana  i s  i d e n t i f i e d  by tine program number X0335. To e x e c u t e  t h e  

progin%, i s s u e  one of t h e  follo>;irig a p p r o p r i a t e  rily c o r ~ n m c k .  On t h e  ?YES 

On t n s  3 o e i n g  c o 2 p ~ t e r :  

9 ~ 1 3 ,  ~ C ~ S / ~ J ~ = ~ ~ C E ~ ~  
CALL, CORPS, X0035 

Data n u s t  o e  i i lput  in- teract ivei ; :  a t  e x e c u t e  'cixe.  Cutptit ccmes d i r e c t l y  

kacii t o  t h e  t e r n i n e l .  

i o  A + - , - n i c a l i y  l a t e r a l l ; {  l o z a e d  -iLe u i  r P and t h e  n o t a t i o c  x e d  i n  t h i s  

r e p o r t  z r e  sho7m: i n  F i g u r e  A I .  Only 2 2D s y s t e r  i s  s h ~ ~ . ~ ~ r ! ;  e x t e n s i o n  t o  
. . t1lr-e <iyi.,=csions in i r r z ~ e d i a t e .  3 e  r e i a t i o n s i 2 i p  bet;.ieen f o r c e s  a2pLiea  

. - tc +.n- U - ~ L  c-ie heae acd  ++;e r e s j l t i r L g  d i s p l a c e r , e n ~ s  r c - 2 ~  -2e e>;>resse& 2s 



a.  FORCES 
b. SOIL 

NiODULilS c. DISPLACEMENTS 

: iotatien f c r  l a t e r a l l y  loaced p i l e s  

The [b] matr ix  i n  Equaticn M i s  t h e  p i l e  head s t i f f n e s s  mat r ix  and 

each t e r n  i n  t h e  x a t r i x ,  b . .  , i s  equal  t c  t h e  fo rce  of type  i prcduced 
1, 

by a  displacenlent cf t j ~ e  J wi th  a l l  o ther  displacements equal  t o  

zero. Because t h e  p i l e - s o i l  sys t en  i s  assm-ed t o  be l i n e a r l y  e l a s t i c ,  

energy must be conserved which r equ i r e s  t h a t  
bi3 = b f o r  every 

J i 
i and j. 

5. Assessrent  of t h e  -\ralues of t h e  biS c o e f f i c i e n t s  has been 

based on t h e  f i c i t e  d i f f e r ence  s o l u t i c n s  by Zeese and Natlock (1956) 

of  t h e  fourth-crder  d i C f ~ r e n t i s l  eguat lon 

where 

EJ = bending r i g i d l t ;  cf  t h e  ~ i l c  

u  = l a t e r a l  displ.acement 

z = d i s t ance  along t h e  p i l e  

k(zj = s o i l  rodulns which Ray be a  func t icn  of z a s  shown i n  
F i g w e  ki. 



6. Reese and Matlcck (1956) have expressed t h e  l a t e r a i  force-  

deformation behavior i n  t h e  f e r n  

and 

-&ere, f o r  i n s t ance ,  wlth k ( z )  = k z" 
-2 

. .  . 
an2  A Eu , Ag I 2-e cce r ' ? i c i e r t s  ii::c~ depend o:, ?he r e i i -  

6 
-. . ~ 

I l v e  zagni tudes  GI^ I k ( z )  , exci p i l e  l e n ~ t ? ~ ,  Cra r t s  givrzg valz.es 

given i n  Reese and iIat;ock (1956) 

7. The s t i f f n e s s  t e r ~ s  b . .  a r e  r e a d i l y  obta ined  frc;?. Ewe-= 
12 

t i c n s  A 3  and ~4 and t h e  t a b u l a t e d  c o e f f i c i e n t s  of Reese and b:atlcck 

(1.956) by i ~ p c s i n g  successive &?it va lues  c f  u and e an6 eva lua t ing  

t h e  r e s u l t i n g  f o r c e s  F and 1C a 
X Y 

8. i le te rmir~a t icn  cf  ehe . . i c r  extreme cases  cf e  r igici  ~ i l e -  
1 j 

s t r u c t u r e  connection o r  a  pinned p i i e - s t r u c t u r e  connectlon i s  s t r a i ~ k t -  

fcrwar2. However, an erionaly a r i s e s  >:hen t h e  r : i l e - s t r u c t ~ r e  ccnnec"lcn 

i s  a s s m e 6  t o  be cn ly  p a r t i a l l y  e f f e c t i v e  i n  r e s i s t i z g  zcrnent, ;re-- 

v ious ly  used nethod and an a l t e r n a t i v e  procedure f c r  eva iua t i cg  t k e  

1, s t i f f n e s s  terms f o r  p a r t i a l l y  f i x e d  head ? i l e s  a r e  descr ibed kelow. 
ui j 

and t h e  ~ - j i l e - s t r n c t u r e  con;lection i s  capable c' ~ r o d u e i n i ;  cn ly  a  



fraction D of the resisting nonent cf a completely fixed nead pile. 

First, the reliiicnship between  he moment developed in a completely 

fixed pile and a unit value of iateral displacemect ( u  = 1, E = 0) 

is determined. 

10, Frce Equation ~4 fcr 6 = 0 , 

A 
8 

7 '  = - p  
A. 2 T j-f 3 x 

rn -he ess~?~~ticn is ',hen xade ?;hat the pile heed prcdcces Tcr cay 

dispLacecent u , 

--.- >%:,ere 3 < '"P' -- , d l ,  I. a 

- - . , 
11. r'rcr C-quaticns A? arc: .Lie, 



where 

14. 3cr evzl-i~ticn cf ccefficients b13 
and b33 , %he asswip- 

i 2 ~ ~ c n  is xade that tke 2ile heaa rozent for 8 = 1 , u = 0 I s  



18. Ic suxnary the pile head 

prcceeure is 

stiffness matrix established by this 

. - -A:nc A-- -+  19. b L o  c A, = 3 - (see Reese acd :,:etlcck (1956) ) , the 
" U 

t e r ~  I- L ,  ---- .-cj .ce writter 2s 
31 

2 9  It is agparent that except for pinned head piles ((DF) = 0; 

cr fixed ieiC giies ((9:) = 11, the pile head stiffness matrix G ~ v e l c ~ e d  

by this ~rccciure is  us;^.-:itric 2-8 thirefcre \-io1ates the rey;iyer:en< 

of cc~servaticn of ecergy. 

21. It is Tsrther tc be noted that the effect of partial fixity 

jLs diff-rer.; fey r2sistance to leteyai tracsiaticn u tka: f'cr rota- 

tion ? In tile stiffness catrir, Squaticn Al5, resistance to rotatior, 

is directly ~r.cl;crticnal tc (CF) while resistance to translation is 

inversel;: prc;crticnal to (3F).  



Alternate Derivaticn 

22, For a pinned head pile, ((DF) = O), Equaticns A3 rnd AL 

yield (with u = 1 , 0 = 6 :: = o )  
f r e e y  y 

and 

7 23, :or a partially restrained zile It Is assa~~ed that acnent 
/ ? ? \  resistance develops a: a reduce? raze (prc~jcri;lcr:e~ tc \ L c  - - 1 

Tken from Equations A3 an6 AL, 

Equations 817 and ~ 1 6  xay be soivee sinultar~ec-;sl>- to find 



where 

For - bL3 ancl b , d i sp l acenen t s  u = 0 ane F: = (Dl?) .re 
33 

'yn'ecl a t  t h e  p i i e  head. Then from Equaticns A3 and AL, -a.&u"u 

E q u a t i c n s  -21 a n a  A22 nay be soiveri  s i z u i t a r ? e c u s l ~ -  to _' in2 

and 

where 

25 I ~ L  ~u~:~:.?-r>-, L:,r t h e  a l t e r n a t e  p rccedure  , t h e  fcllo.i,ring n i l =  
. . head s t i Y r r L e s z  ::atrls 1s o k t a i c e d :  



;Joting ",hat k = 3 . t h e  abcve s t i f f n e s s  rriatrix i s  symqetr lc  s:id alL 
0 G '  

c c e f f i c i e n t s  are  d i r e c t l y  p r c p o r t i c n a l  t c  (DF). 

26. Tke -,-aLues c:rained f o r  K3 and K. s r e  t r e  sa7e i y  e i r h e r  
4 

r , rccedure .  i 7 ~ l u e s  f rcz $ 5 ~ .  ~ T * - C  p rocedures  f o r  'J and X 2  ?_re CCIC- "1 - 
. . s a r e c  i c  F i g u r e  A-2 fsr ;ke c a r t ; c ~ l a r  c a s e  of an " inPic i te l ; ; "  l o n g  n i l e  

F I I I ' Y  IDFI 

.- . ,. e 2 Compciricon o f  s:iZl"ness 

cce l ' f i . c i en t s  



v i t h  s o i l  modulus k ( z )  = k z . ( ~ r o m  Reese and I"!atlock (1956)  and 
2 

j i e n i  (1976) f o r  t h i s  c a s e ,  AU = 2.435 , B = A = 1.623 , 
u 8 

E = 1 . 7 4 9 . )  
6 

General  P i l e  Head S t i f f n e s s  Ana lys i s  I n t r o d u c t i o n  

27. The procedures  d i s c u s s e d  above may be used t o  develop p i l e  

head s t i f f n e s s  m a t r i c e s  p rov ided  t h a t  a p p r c p r i z t e  v a l u e s  o f  A 
U 9  B u s  

-4 
0 

Be a r e  a v a i l a b l e  f o r  t h e  p a r t i c u l a r  combinat ions  o f  E I  , k(z) , 
and p i l e  l e n g t h  under  c o n s i d e r a t i o n .  Reese and ?.'atlock (1956)  p r o v i d e  

t h e s e  c c e f f i c l e n t s  f c r  orilg a  i l c i t e d  n u ~ b e r  of v a r i a t i o n s  of p i l e - s o i l  

p a r a ~ e t e r s .  I n  t h e  remainder  o f  t h i s  a ~ p e n d i x  a  procedure  and a t t e n d a n t  

c c r r z t e r  progr&r! a r e  d e s c r i b e d  :;.;lick p e r x 5 t  development c f  ~ i l e  head 

s t 5 f f n e s s  ~ a t r i c e s  f o r  e i t h e r  twc- o r  t h r e e - d i n e n s I o n a l  p i l e - s o i l  sys -  

t e n s  f o r  an;- con 'c icat icn  of p i l e - s o i l  p a r z ~ e t e r s .  It was m t i c i p a t e d  

t h a t t h e  p i l e  head s t i f f n e s s  r L a t r i c e s  d e ~ e l c p e d  ky t h e  prcgram w m l d  

subsequen t ly  be used a s  i n p u t  fcr g e n e r a l  purpose s t r u c t u r a l  a n a l y s i s  

programs. Secause  nany cf t h e s e  g e n e r a l  purpose  p r o g r a m  do n o t  a c c c m c -  

d a t e  ur~symmetrie s t i f f n e s s  m a t r i c e s ,  t h e  a l t e r n a t e  p rocedure  f o r  p a r t i a l  

f i x i t y  d e s c r i b e d  i n  p r e v i o u s  s e c t i o n  v ~ , s  adopted.  

P i i e - S o i l  BIcdel 

28, The procedure  used  i n  t h i s  appendix I s  a o n e - d i ~ e n s i o n a l  f i n i t e  

element a n a l y s i s  of a  beam on en  e l a s t i c  founda t ion ,  The con t inuous  

2 i l e - s z i l  c y s t e n  Is r e p l a c e d  ky a bem r e s t i n g  on d i s c r e t e  s p r i n g s  as 

shorn1 i n  F i g u r e  A3a and A3b. Freebcdy diagrams c f  a  g e n e r a l  node i 

and a d j a c e n t  elerxents i and i+l a r e  shown i n  Yigure A3c. ( i ~ c t e :  
i+l 

s u b s c r i p t s  r e f e r  t o  nodes ,  s u p e r s c r i p t s  r e f e r  t o  e lements ;  e . g . ,  f .  
1 

i s  t h e  s h e a r  f o r c e  at  node i i n  element 1 Each node undergoes 

a t r a n s l a t i o n  u  ii; t h e  x - d i r e c t i o n  and a r o t a t i o n  6; about  a y- 
i - 

a x i s ,  where x mcl y a r e  p r i n c i p a l  2xes o f  t h e  c ~ c z s  s e c t i o n .  Ex- 

t e r n a l  n c d a l  f o r c e s  F and M . a r e  a s s i r e 2  t o  a c t  a t  each node,  
x, i y,: 

al t l icugh a l l  noda l  f o r c e s  excep t  a t  t h e  p i l e  head . r i l l  subsequer , t ly  b e  



a.  COYTlNUOi iS b.  FINITE ELEMEnT c. F R E E B O D Y  
SYSTEM ?GODEL D lAG RAidS 

. - Figwe Fi~ite eleaen$ xodel of cile-soli sys<erL 

set tc zero. The scil spring at each node prcc-ces a fcrce which re- 

sists displacenent equal to xhe product of the spring stiffness S, 
L 

and the x ncdal displaceaent u. . 
A 

29. Zefcre a:?alysis of +' bne finite elerrex; r~cdel cen be cerfc:rr:eC. 

the stiffness Si , Figure A 3 ,  must be es-tablished frcn the -3ro~erties 

of the surrounding scil. At ariy code the scil ~.odulus is 

. . A weiglltcd averagir,~ process is .used to co;17,r~~: ",he r:;C:C1UiL?S 'LG 

ciiscre7:e spring stiffnesses as fcllows. 

Ail 



At i = 3 (pile head): 

- r c r  1 < i < m - 1 :  - - 

And fcr i = ;r (bcttcrz cf ~Tle): 

30. The  ex6 I^crce-6lsp13ce~er:z rP';aticr?s ere cb~air.ed Trc: 
r.-?s< -2y . -  - - 7 - -- .A  -..--.. 3C.%? Z Z Z ~ ; - S : ~ S  2 ~ 2  :".?*:: -2e €:.:prfsceL ?.s i . ~ - _ ^ . : , r ~ .  : eleze-t 5 

zt code i: 





S ~ e c l a l  Condi t ions  a t  Kcde rr, j ~ c t t o n  c f  F i l e )  

32. A t  ncde m, because  element m+l dces  n o t  e x i s t ,  Equatfcn ~ 3 4  

reduces  to\ 

33. Secause  no e l e g e n t  e x i s ~ s  above ncde c ,  Z ~ u a t % c n  A32 reduces  t c  

3h. Equa t icns  ~ 3 h ,  A35, and L.36 r e p r e s e n t  a i l  s i m d t a n e c u s  

e q u a t i o n s  which r e l a t e  p i l e  head f o r c e s  ( ?  and 1: t o  d i s p l a c e ~ e n t s  
x , o  '7 , c  

aLcng the > f i e i .  Ir: c r i e r  ic Eevelo- t h e  p i l e  hea; sti:?ness i - s t r i x ,  

p a r t i c u l a r  c c n b i n a t i c n s  o f  p i l e  hea5 d i sp lacements ,  u and 8 ('1 
c  0 Y , C  

f o r  a pinned head. p i l e ) ,  a r e  imposed. The f o r c e s 9  F afid I.! 
x , o  y , c  ' 

r e s u l t i n g  Yrcz t h e s e  s p e c i f i e d  c c n d i t i o r s  a r e ,  by ' e f ' r i t i c n ,  e lements  

o f  t h e  d e s i r e d  s t i f f n e s s  n a t r i x ,  

35. Zcr a p i r n e d  head c i i e ,  t h e  c o n 6 i t i c n s  t o  be s p e c i f i e d  a t  t h e  

p i l e  head a r e  u = i and :: = G . To r e f l e c t  t h e s e  c c n d i t i o n s  
0 Y , Q  

Bquat icn ~ 3 6  ( s e e  a l s o  Zquat icn .28)  st be  a l t e r e d  t c  

The displace:-er:ts 0.52ained f r c z  t h e  s c i u t i c n  o r  I - x a t i c r s  ~ 3 $ ,  3 and 

:,?7 2-1-e + ~ . - o ~  P..-.>c--;d-. . 
.2 

- ^ _  , 
b 2 U L ; u A d d < e a  1 . t ~  E,qxaxicrs -2-26, A28, azz L2z  ( w i t h  

i = 0) t c  c S t a i n  



and 

For t h e  pinned head p i l e  b = bil = b33 = 0 . The v a l u e  of 
13 

- 
'c - ' f r e e  

o b t a i n e d  from t h i s  s o l u t i o n  i s  used subsequen t ly  f o r  e s t a b -  

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

p:le head.  

36. For ~ a r t i a l l y  r e s t r a i n e d ,  o r  f i x e d ,  head p i l e s  t h r e e  s t e p s  i n  

t h e  s o l u t i o n  a r e  rea_uired. F i r s t ,  t h e  s c l ~ t i c c  f o r  a  p inned heed p i l e  
. - .  

i s  p e r f c r ~ e c  tc c k t a i c  ' f r e e  "en, t c  e s t e c ~ ~ s h  t h e  b, .LA and 53; 

t e r n s  cf t h e  s t i f f n e s s  z a t r i x ,  c c n d i t i c ~ s  u  o = i and 

8 = (1 - D F ) ~  a r e  iv-posed et t h e  p i l e  3-eeG. Tke'se c o n d i t i c n s  
o  f r e e  

r e s u l t  i n  a l t e r i n g  Equat ions  ~ 3 6  (and  A22) t c  

-- 
The d i s2 lacements  f r o ~  s o l u t i o n  of ~ q u a t i c n s  - 3 k ,  435, and ~ 4 0 ,  t o g e t h e r  

w i t h  Equa t ions  k28 and A32 f o r  i = O Y v i e 1 5  r. " bll 
a s  i n  "uat icns  A32 

and A39, and 



0 

f - - 

( c i r ) = s  
f r e e  

9 i s p i a c e x e n t s  frcm s c l u t i c n  c f  Equa t i cns  ~ 3 4 ,  3 6 ,  and ~ 4 3  w i t h  

zo...-t -ud, icns  ~ 2 8 ,  X32, A38, and A L ~  y i e l d  

and 

- .  
37. The  p r e c e c l n g  sec_.Jence c f  c p e r a t l c r i s  c z z ~ l e t e s  " i i~e  c e t e l - r i r z -  

"'nn - .  
bAb.. c f  t h e  p i l e  kcad s t i f f ' c e s s  :.iatrix T o r  a 5*~e-a;zensic.na1 qrstep.  

i n  t h e  x-z p l a n e  wnere I ir. a!; e q u a t i c n s  Is t h e  ncment of i n e r t i a  

- 'i of  t h e  c r o s s  s e c t i o n  a h c u t  t h e  y z i i s  ( i . e . ,  - - 

38 .  Fcr a  t h r e e - ? . i r e ~ s i c r a l  s y s t e r  t h e  p i l e  hea6 Ccrce Cis;lzce- 

rcent r e l e t i c n  i s  expanded t c  

- --- -- 

-, i 
* 12,- 21ld bGL a r e  c o e f f l c i e n t ; ~  rela<p': t c  ->:in1 2nd to~-r icn?!  e f -  -- A ects, respec t l i7e l . ; ,~ ,  ar,? t k e i l -  d e t e c A i n z ~ ; l c r .  5s  n e t  tile i;u?j,.j cct of 

t h i s  appendix .  



Ic t h i s  e x p r e s s i c n  c o e f f i c i e n t s  bll , b51 , 'c r e p r e  sen-r; 
b15 55 

e f f e c t s  due t c  d i s p l a c e m e n t s ,  u  and 8 , i n  t h e  x-z p l a c e ,  and a r e  

o b t a i n e d  a s  d e s c r i b e 3  i c  paragraphs  30 th rcugh  36 w i t h  I = I . 
V 

C o e f f i c i e n t s  
b22 , b12 ' b24 , and bb4 , which a r e  r e l a t e d  t o  d i s -  

placements v azd Q , 5n t h e  y-z p l a n e ,  may a l s o  be  c b t a i n e d  from t h e  

two-dimensional a n a l y s i s  w i t h  I = I (moment c f  i n e r t i a  o f  t h e  c r o s s  
X 

s e c t i o n  about  t h e  x-x a x i s ) .  

39. "his proced=e has  been expanded t o  a  l a y e r e d  s c i i  sys terr .  

r 1,he c c n t i n u o ? ; ~  system zcd t h e  f i n i t e  element n c d e l  a r e  sho;m I n  

6 2  
, igx-e ~ 4 a  acd ~ b b .  

40. The s t i f f n e s s  S must be e s t a b l i s h e s  f r o n  t h e  g r o p e r t l e s  
i 

of  tk surrounding s o i l ,  For  any ncae i i n  l a y e r  1, t h e  s c i l  ncdu lus  i s  

5. FINITE ELEMENT 
MODEL 

- .  , . * - ~ -  - .  . - 7 - - r e  A4 r 1.n.-te element I-.ccLe_ of  
. .. - - i l e - a u l t i i x y e r c d  - s o i l  systcz 



where 

K ( I )  = t h e  K, c o n s t a n t  f o r  l a y e r  I 
1 A . - &*(I) = t h e  K c o n s t a n t  f o r  l a y e r  I 

ii 

Z i s  a  l e n g t h  f a c t o r  t h a t  r e p r e s e n t s  t h e  confinement e f f e c t .  Z w i l l  

be t h e  dep th  f r o =  t h e  t o p  o f  t h e  l a y e r  t o  t n e  p o i n t  i f  on ly  one l a y e r  i s  

p r e s e n t .  If c o r e  t h a n  one l a y e r  i s  p r e s e n t ,  Z = Z where Z I S  
e f f  e f  f  

t h e  e f f e c t i v e  d e p h  a s s m i n g  t h a t  t h e  l a y e r  p r o p e r t i e s  under cons idera -  

t i o n  ex tend  a l i  t h e  way t o  t h e  t o p  o f  t h e  p i l e .  Z i s  dependent on 
e f  f 

t h e  r a t i o s  o f  t h e  u n i t  we igh t s  o f  t h e  l z y e r s  and ;he dep th  o f  t h e  over-  

i y i r g  Layers .  Z i s  ali?s.jrs r e a s u r e 2  from t h e  t o p  o f  t h e  p i l e ,  noz t h e  

t o p  o f  t h e  i a y e r .  If node j is l o c a t e d  at  t s o i l  l a y e r  b e . ,  l q f e r s  l 
- - and 2), t h e  sci; xca:dus i s  

For any node i< ir, an;- l a y e r  1.1, t h e  s o i l  modulus Is 

n . -  ~ u l c e  t o  Data  I n p u t  - 

$1. ? a t e  s::o-di ae  i n p u t  t o  program PILESPF accord ixg  t o  t h e  

f c l l c w i n g  gu ide .  A l l  i n p z t  i s  f r e e  f i e l d  ( a  con-?a o r  a t  l e a s t  cne 

blank shou ld  s e p a r a t e  d a t a  i t e m s ) .  

GROUP 1 - T i t l e  

I H W  = 60 Ckarac te r  P r c b l e ~  Heading 

GROUP 2 - P i l e  P r o p e r t i e s  

A. E, C, XL, DF, KZI;! 

E = :.:cdl;lus o? e l a s t i c i t y  

G = Shear  modulus 
? -- 
A s  = T i l e  l e c g t h  ( i f  l e n g t h  is Lnpl:i a s  z e r c ,  proc:rs-Y 

c a l c u l a t e s  increment l e n g t h  a s  h = I4IIT 121x ,  12:-, 
2nd X i  = 200 x h ,  o t h e r w i s e  11 = XI,/200) 



DF = Degree o f  f i x i t y ,  0< - DF - < 1 

0 - pinned head 

1 - f i x e d  head 

NDIM = 2 - two d i n e n s i c n a l  s y s t e x  

3 - t h r e e  dimensional  system 

B. XI, YI, XJ, A, AXCO, TOCO 

XI = bloment o f  i n e r t i a  about  X - a x i s  

0 f c r  two d i n e c s i c n a l  

Y I  = IEornent of i n e r t i a  about Y - a x i s  

X J  = T o r s i o n a l  moment of I n e r t i a  

0 f o r  two d i x e n s i c n a l  

= C r o s s - s e c t i o n a l  a r e a  

3XCO = Axial stiffness f a c t o r  

r-P ,uCO = T o r s i o n a l  s t i f f n e s s  f a c t o r  

0 f o r  t;:o d i n e n s i o c a l  

TiUYE2 = nnmber o f  s o i l  l a y e r s  

where E = XIU + XK2 **Z,N 
s 

C. Necessary o n l y  i f  IiLhYER > 1 
, --- at-ql ( 1 ; ( 1 ) z ~ j  ( 1 ) ~IEPTZ ( 1 ) I>~~J?L~ ( 1 ) 

- -* _ r r 7  ' - k;liere 2 = A , ~ ~ ~ \ - )  + ~~:<2(1) 5 * ~ 3 1 g ( ~ )  
S . - ;3p"<(:) = 3ot;oa e leyrat icn  o f  s o l i  l a y e r  I ( f e e t )  

- G~'::'x~\(I) = Unit  weight o f  s o i l  i n  l e y e r  i 

1;ote: Fieseat 'roup 3-C d a t a  I i W i E Z  (nunber  o f  l a > - e r s ;  
a m b e r  or" t i n e s  

7 -  k-xarinle S o l u t i o n s  

2 k 2 ~ x b e r  c f  sc1u;lons h v e  beec  cijti?inec! f o r   he p i l e  

parai71eter.s s i i o ~ i  $11 -Table A;. The p i l e  p r c b l e ~ n s  s c l v e d  h e r e i n  3r.e Fn- 

t ended  on ly  t o  demons t ra te  tk use  of t h e  program and t o  inclica-te t h e  

i n f l u e n c e  o r  some prc'iclen s?r&nef,ers on t h e  p i l e  head s t i r f n e s s .  



3 i scuss ion  of Resul t s  

43. S t i f f n e s s  c o e f f i c i e n t s  obtained wi th  t h e  computer program a r e  

corncared i n  Table A2 wi th  va lues  obtained by t h e  procedures i n  t h e  pre- 
11 . vicus  work s e c t i o n  us ing  d a t a  from Reese and Matlock (1956) f c r  In-  

f i n i t e l y "  long  c i l e s .  Except f o r  prcblems 3A, 6 ,  and 9 ,  t h e  d i f f e r ence  

between va lues  p red ic t ed  by t h e  p r o g r m  and those  obta ined  a s  i n  t h e  

prelricus work s e c t i o n  a r e  l e s s  than one pe rcex t .  The d i f f e r ences  i n  

groblem 3A i l l u s t r a t e  t h e  e f f e c t  of l e n g t h ;  t h e  p i l e  i n  t h i s  ~ r o b l e m  

i s  no t  i i i n f i n i t e l y "  long.  This  i s  s u b s t a n t i a t e d  by t h e  r e s u l t s  of 

prcblei-s 3B and 3C. The l e n g t n  c a l c u l a t e d  by t h e  conputer prcgrrr,  f o r  

problem 3C i s  on ly  an approxiriation t o  render  t h e  p i l e  " i n f i n i t e l y i '  

long  end no c t h e r  s i g n i f i c a n c e  should be atzached t o  t h i s  value.  

41,. Example proble;:: 1-14 i s  t h e  same a s  2 rcb lex  1 except 2 l a y e r s  

of s o i l  s r i t h  t h e  same prcperi i ies  were used insteaci of jusr. 1 l ayey .  
r- ,ne a n s - ~ ~ e r s  from both exmple prc'clems a r e  t h e  same. The sane s i t u a t i o n  

a p p l i e s  t o  exazple p r o b l e ~ s  2 and 2-A, 

1 5 .  Froblen 10  i l l u s t r a t e s  t h e  e f f e c t  of d i f f e r e n t  c ros s  s e c t i c n  

noments of  i n e r t i a .  The s i l e - s o i l  paranieters were chosen t c  uermit 

cozpariscn of s t i f f n e s s  c o e f f i c i e n t s  a s s o c i a t e d  wi th  f c r c e s  and d i s -  

p lacenents  i n  t h e  x-z p l a ~ e .  Data a r e  not  a v a i l a b l e  i n  Reese and 

:fatlock (1956) t o  ger - . i t  coi-pariscns f o r  c o e f f i c i e n t s  r e l a t e d  t c  tne 

y-z p lane .  

Conclusions 

46. The exzlrple s o l u t i o n s  demonstrate t h e  c a p a b i l i t i e s  of t he  

computer proera9 t o  develcp t h e  p i l e  head s t i f f n e s s  mat r ix  f c r  l a t e r a l  

e f f e c t s  of a  l i n e a r l y  e l a s t i c  p i l e - s o i l  system. The prcgrav cen 

r e a d i l y  Fe extended t o  p e x L i t  anal:;sis of p i l e s  having v a r i a b l e  crc:;s 

s ec t ion  p r o p e r t i e s .  I f  prcced7;res a v a i l a b l e  t o  approximate t!-*e 

r e s i s t a n c e  of t h e  soi;  t c  a x i a l  and/or t o r s i o n a l  displacements cf + ; - , 3  b . 1 ~  

p i l e ,  t h e  n m e r i c a l  a n a l y s i s  prcce jure  used i n  t h e  prcgrzm coi~lcl; 1.c- ex- 

tended tJo inc lude  t h e s e  effect:;  e s  .*-ell. 
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It.1Pl-IT THE MI_IMBEF O F  : :OIL L t i ' f 'ERS 
i.1Lt-3'~'EFi 

- - - - - - - - 
- - 1 

OI_!TPi-IT FROM i i i i : T F  
HEAD 11415 
P ~ ~ J B .  1 - erlp ~ O ; . + . ~ T W ~ . I T  I..DIL I~OLILILCI-L . r i M r 1 E T l  H t H L I  

P I L E  DRT6 
E I? LEI'III.TH I- 1 : I T 1.1 LI i M 

1 * 5 I> I> 11 I! :: 1.1 - 4 . -3 1:i 1:I I l  1:) 6 Ill . L 

I ::<: Xi ._I PI $+,{I:.D TUC.O 

[:I . 2 3 I:, , 
,_I . _I L, - 1 Iil 111 I11 l! 1.l d 1 I> 1) !d I> 

IDIL D H T A  



ENTER HEWDING i6O CHHRHCTERS HRX.) 
=FFOH. lit - Z D s  i:ON5TANT 5CIXL PIODULU:S, ,> .SOIL  LA'y'EQ:;. 

ENTER P I L E  DATA UNDER HEAnINGS 
E 13 LEPiGTW F I X I T Y  NDIPB -------- -.------- -------- ------ - 

- - 4. .3D6 !:I 1 2 I:! 12 ii 2 

IPIPI?T THE PilJetBER DF T B I L  LAYERS 
t+LF+'(€F -------- 

EPITER 5E3 I L IiBTR IJPeIlER HEAD 1 N65 
FUR :Z.U%L p?nDLILCIC ES=C 1 +CEaZ*sZP(  
k! 1 b:.. 2 2 N DEPTH iSAHMA 

-------- -------- -----_-_ -------- -----_-- 
= I [I iJ I:! .j 111 0 5 O 
= 1 0  I:! i:I 1 2 0 i:l 5 ij 

P I L E  IIATW 
E 1: LEWGTH F I : < I T Y  NDIR 

4,:lr:ijcIEs 06 [I. I , Z i j [ i D  ( 1 3  I? . 2 L- 

I x 1 C.( --I A A:?;I:C TDi:D 
0, :3.:::3:3D 1112 0. 1. OCtt!D 112 I .  DOSI 0, 

F ' I LE  HEAD : I T I F F H E S S  R R T F I X  FOR 2-fi P I L E  



E/.ITER H E ~ L I I  HI? _;ihl:l i . f 4 r i i i f iCTkRS firit<:. > 
=PPIJB. 2 - 211. L ~ ~ . { E H R  j Q I L  ! lUU l>~ l . lS~  F IXEL1  HEAD 

ENTEP P I L E  DHTr i  ~ l i l L i E P  H E F ~ I I I M I ~ :  
E IT L F N I ~ T M  FIXITY r.triim -------- -------- -------- ------ - 

= 4..3116 0 1 2 1.1 111 1 d 

I < '...# ', I 'i' _I ri eXk:U TOCU -------- -------- -------- -------- ---- ---- 
- - 0 :?> r. r. 1, - -t -, e -, .-* I:! 1 111 I.! 1 ?I 

PILE D e T @  
E !3 iEi.iI3T W , % :.L 11 1 4 F I '<' I T ',.. 

4 = : I I ! I 6, 111 . 1 . c 1.l 1.i l l  1.1 3 I . I! 1.r ij L 

I ;:< I 'I' I ?+ t-::ii.il TUL:LI 
!:I . : : : I I I:! . 1.Cil.ll!Ll Lid I.l.llJlj I!. 

Wi&;ID .L.TIFFHE.i: !.lriTPIX FUF d-Ti P I L E  



ENTER HEADIRG ( 6 0  CHWWWTERS R A X . )  
=PPDB. 2 H  - E B ?  LINEAR S B l L  MODULUSP 2 S O I L  LHYERS 

ENTER PILE DATA UNDER HEADINGS 
E 13 LENGTH FIXITY N D I R  -------- -------- -------- -----_ - - - J.3D6 0 1 2 0 0  I 2 

I N P U T  THE NURBER BF S O I L  LHYERS 
NLRYER -------- 

ENTER S B l  L DATW UNDER HERD 1 N6S 
FBR S O I L  MaDULUS ES=KI+K2*Z**ZH 
K f #2 ZW HIEPTH I5ARHR 

-------- -------- -------- __--___I ---_____ 
- - [I 1 1:l L 6013 - 5 0 - 0 1 0  E 1 5 I:) I:I 5 0 

OUTPUT FROM PhSTF 
HEAD E NG 
PRBBm 2 R  - 2Dp LIREWR S D % b  MBDULCISP 2 S D I b  LA\i'EW.z 

HIJHBER OF S B I L  L A Y E Q ~  
I~LW'Y'ER 

2 
k:. 1 k.. 2 Z N DEPTH SARMR 

0. 1.1100D 01 I .  U O O D  0 0  6 .  0 0 0 ~  3 ,  O D O D  01 
0. 1. ~:iiinII ill I .  000D OI:I 1.20011 C I : ~  5. 0 0 0 ~  c11 

P I L E  MEMD S T I F F M E S S  RWTREX FBR 2-D PILE 



E N T E P  P I L E  D A T A  I-IIJDER HtfiDIH12.i 
E 13 LENGTH F I X I T ' r '  r . I L I I M  -------- -------- -------- ------ - 

PILE DFtTiri 
E 1: iENI5TH I T Y  ? f T i i ; l  

1 ,' I:! 1) 11 Id ;; 1 1: I I I i:1 . 1) * 

1 :;<: l 'i -1 A H:.<,IIU T[?Ca  
I:! . I I !:I. t* - .2 2, !:I Ll l j  1 ij = :r I) !:I 11 * 

P I L E  .;TIFFME5:: Il t+TRI:: i  FUR ,'-D P I L E  



EMTER HEADlkif5 r b r f  cWi-iiinf- T E R 2  i l n x . ,  
=PPCIE. 3 n  - 2 n q  i U N I T .  ' - L I F T "  : O I L  nun.. ' - r - ( i - ~ i d ~ ~  plLt 

E N T E R  P I L E  DATli I-IPiDEP ntt+Df ki13.5 
E 1.7 L E I ~ I ~ T H  F 1x1 T'.i t-fL11m -------- -------- -------- _----- 

- - 
- 1.5Dd I:! .3 6 1.1 I:! 2 L 

IMPLIT THE MLIMBEF O F  :OIL L n t t P :  
itLlir'EFa 

E N T E R  2 . 0 1  L I ieTA I-lrJIiEP ~ E l j r D l t ~ G  :: 
F O R  5 3 1  L ifiOI11-ILI-1.2 -$,.,=# 2 t R i + Z + . + z @  
p:: 1 1.. 2 2 pf 

-------- ----I___ _ _ _ _ _ _ _ _  
- - :, 1 2 2 -. . L ;' 111 !:I 

P I L E  I ~ i i T f i  



Er-+TER HEFtD I NC; e l:I C-HrikHCTERC Rex.  , 
= p p o ~ : .  31; - .;. - e rq~  6.1: > A  E:.<:CEPT iEt415TH i r i L i . .  B'i Pi i i I t j .  

ENTER P I L E  D e T G  ILINDER HEnUIMtj:~: 
E 15 LENGTH F I X  I - T ' i  ilfll Pi 

-------- -------- ------ - 
- - I e 5116 IU CI 1:) 2 

I I.tPI-IT THE I.fUMG-:ER OF .5:0 1 L LH'r'ERS 
:.IL&'.iEFi 

- - - - - - - - 

P I L E  I l F i T f i  
E 13 LENGTH I T  N I I I M  

1 . 5 lrl 13 11 111 6 iil I.377D !:I.> I! . 2 
1 ::{ I "i J t-i nr: 1: D 7 KI I-: il 

l i  = j C 2 2 1 I l  I!,? 11. P. . 3 5 111 I! 1 I i  . 5 i:l I! l i  . 
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- E 
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I ::< I 'I' .-I H BXL.U . 'I UC:U 
-------- -------- ------- -------- ---- ---- 

- - &:I 3 =, 5 .-1 L. L . 6 U h.3. kt 111 . 3 0 
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:.ILfi'r'EP -------- 

- - 1 

ENTER SOIL DATH lClt.lDER HERD1 NIX. 
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K: 1 r. 2 Zt-4 

-------- -------- -------- 
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1) , i_i 

/_I 

1) 
0 .  CI . 111 . 11 11 . 



EHTEP HEFtDIflS r 61-1 CMnWAt T E W  n H A .  
=PFiDE. 7 - I A M E  rtI 0 E.<CEPT FIcc.EL1 HtHI t  

EI jTER P I L E  DATH UPiDEP HEHDI  I J I ~ Z  
E I_; LE~.(c.TH FIXIT',' PiD1I-l 

-------- -------- -------- ----- - 
- - 4. 3116 1 :if116 IzirU 1 3 

INPI-IT THE iJLliTBER DF . O I L  Lli'r'ERS 
:.{LA-f'ER -- ------ 

- - I 

Dl-ITPI-IT FPDM PL.l.TF 
611 I r-i 1.; 

PpZB. 7 - .ietlE I+.: 6 E>:l:.EPT FE>:EII 1-4EhLi 

P I L E  i ieTA 
E I? LEMlJTH F 1 :.< 1 ? ' ?  :? 11 1 rq 

4 3 I:[ I:! 11 1:IG 1 = :3 111 !:I 11 111 5 1 2 1:1 !:I 11 111 3 I . I:! 1:) 111 
1 ;XI I 'r' _I t-i i-,<.l-.D T~I:.E 

. 3 : I I 2 3 . . 3 3 I I l . c.n 7 D I:I 3 1 - I! I) I! LI ,j 1 I! I! 1.1 1 a 1-1 ~j 111 

I - O I L  DFiTA 

I4!-I:qE:ER O F  :53 1 1  Le ' iERS 
:JLAYER 

1 
t:: 1 K Z ;j 

0 . 1 * 1:t I:! !:I 11 111 : 1 I> 111 I! fi I) I! 



EHTER PILE U & T A  1-INDEK HEAD1 HGS: 
E b LEtJI3lH F I X I T ' i  N D I M  -------- -------- -------- ------ - 

= 4.3Dtj 1. :$& 1 2 111 I:I 111 . 5 .A 

ItJPLIT THE 11UtIFER UF SDIL LA' r 'Ekd 
r.f L 6"i ETt -------- 

- - t 

ENTEP IOIL I l nTe  UNDER HSHDING- 
FOP 0 1  L VUDULU- E; =K l +~i?*i++ZI1 
1 I K 2 ZN 

OUTPUT FROM F'LSTF 
*AD f HI5 
,PROE. 8 - 5.riME A i  7 EX!:-EPT F'HRTIPTLL',' PE$:TRt+IRkD I-1EHD 

P I L E  MEeD ITIFFME<: M H T R I # ,  FOP 3-D P l L t  



EHTEQ HEHDIMIJ <el!  ~ M n f ' W t  TERS Mnn. 
=PRO@. '3 - L H M E  - t3: 7 EXCEPT E,iPONEMTlFtL .OIL IIUDLILLI~ 

ENTER P I L E  DATl i  I-~~.ITIER HE~Tr I i ' f l3 i :  
E lr LENI~TW I T  MLII~I 

-------- -------- -------- ------ - 

I I.IPLIT THE t.lLlr4LiER OF i . U I L  L F ~  i E P S  
PfLi+'<EP 

- - - - - - - - 

ENTER I : D I  L I l l i TA  iLIr4DER HEiiTr l N152 
FOP I ' U l L  :1ODl- l~~- l j  5- 1 +PdsZ++ZM 
K 1 p: L 2 ZtY 

-------- 

OI_ITPI..IT FROM Pi.;:TF 
r-iEHill Mi3 
FROB. 9 - S.Ht?E Ft.i 7 EXCEPT E:XPUNEI.IT I HL i 3 I L  i l i3 i l i iLL i~ .  

P I L E  D&TA 
E 13 L ~ H I ~ T H  1 i.iTilT"; 

4 . .I: 111 !:I Ll 111 1 ILI I) [I I> e 1 2 111 Id Ll I) 3 1 . Ill I) 1.r 

1 )i I 'r' _I ff n...; I- Li T 3 11. U 
:3 . 3 3 2 11 02 :3 * .j 3.3 LI IiI 2 1 * &Q 7 11 lj 3 1 * 1:) 1.1 1.r Ll lj 2 1 * I.! 1.r I) 1 * lj IJ I! 

P I L E  H E e D  STIFFNE5.5 MHTPIX FUR .3-D PILE 



ENTER S O I L  D l i T e  ;i-I!lDER HEF+I l l  l.il.55 
FOP 5 3 1 L  MODI-ILCI:. E.$=K I +k 2+Z@+TM 
K 1 i 2, 2 

PILE DATt3 
E 13 LENI3'I W FIXIT ' .<  F.iL~im 

1 I I I I I 7 2 . 5 i:i 1:) D (I 6 1 2 111 1:) 11 11 d P . ll ?i I! .i 

I X 1 L' J t3 1 :  4 .  7 C: 0 
1 - 44 111 11 !:I 2: 1 m I:! 12 [:I [I 1:1 .3 d 44 I! Ll 81.3 1 s 2 iJ !.I Li 1-12 1 IJ I! I! I * IJ IJ 1) 

O I L  DHTA 



EbiTEP HEAD I PiG i. [I I: HAF'FII: TEPZ I.16:~:. ! 
=PPOJj. 1 1 - ZfiptE A:: ,3 E:>::C'EPT 3 .::a 1 L LA'f'EF'Z 

ENTER P I L E  TIATA I>T-1DEP HEADINI~::: 
E 

- 
13 LEIIGTH FI::.'ITY P I I I I P ~  -------- -------- -------- ------ - 

= 4.'?116 1 . :3116 1 2 111 IT1 1 .I+ 

II.iP?IT THE ILIIQEEP OF ::OIL LA'YEPS 
P+LASr'EP 

- - - - - - - - 
- - .:, 

EP4TEP C:D I L  Eiii iB ILNIIEF HEAD II.iG:S 
FOP :TO I L f.lO~lI>Li-I._' EI=V ~+I.'E+PG.+ZP{ 
k: 1 K 2 Z Pi 1IEF;'Tt-I IGAPIPlii 

-------- -------- -------- -------- -------- 
- - J !:I I! I_/ .:: [I [I 5 111 
- - 1 1:i O !:I 6 [I 1:; 4 1:1 
- - 111 l I:! 1 1 5 IZI 1:1 5 i:1 

P I L E  HEAT; IT IFFPIE I I  PlFtTFI:: FLIP 3-D F I L E  



EIJTEf? B I L E  DATe Ut.(DER HEWIlINi5T 
E 13 LEPitiTW F I X  I TY ND I M -------- -------- -------- ------ - 

IP1PUT THE PIUPIBER OF :::OIL Le'.(ER:: 
ULliYEPj -------- 

- - . , 

ENTER 'I O I L  IIATe IClNIlEY HEADIPII~:? 
FOP I L MODI-ILI-I.: E:.=t" 1 +F2az+aZf( 

1 }.;z Z P i  DEPTH iAPIP1A 
-------- -------- -------- -------- -------- 

OUTPlJT FROM PL5TF 
ME6311 I PO5 
PFQE:, 12 - .IAt.lE 6': 1% EXCEPT DIFF. : IDIL  PpjJPEpTIE: 

FILE DATA 
E 

- 
12 LEPIiSTH I T  PlDIM 

4 , 3 i:i 0 D 13 6, 1 ::; f:i !:I 11 111 6, 1 2 13 ii 11 111 .i: I. CiUO 
I :..: 1 n.,' _I A A:>::II 0 T~IIO 

:?:*.::.:::I1 i:iz :;:-::;.3.311 [:I2 l m c b c s ? I i  il::: l = [ l C l [ l I !  <I; I ~ ~ I ~ I ! : !  1~~ l i : l i : l  

tfI_II1E-:EF' CIF :I0 I L Lti'l'EP'T 
I-4LH'fEI" 

t 1 I.. L =' Z ti DEPTH iSiit*lPlR 
1 111 i:1 I:! 11 I:! 1 I:! 1:) . :: 111 i:i 111 11 111 2 5 = i:1 1:i 111 11 1:1 1 
0. 1 i:i I:I I:I 11 I:I 1 1 I:I I:! I:) 11 I:I i i  C, a I:! I:, !:I 11 13 2 4 I:! [I i:~ 11 I:! 1 
1-1 I (:I 111 111 11 !:I I z I:! 111 !:I 11 i:i I:$ I 2 [I 11 I:# .:: 5 111 I:[ I:I 11 I:I 1 

P I L E  HE1311 IT IFFP IE IT  PIATTI:;: FCIT .3-D P I L E  



APFELUDIX 3 :  USER'S GUIDE FOR PROG-W TDRAW 

General  I n t r o d u c t i o n  

1. D o c ~ ~ e n t a t i o n  f o r  t h e  computer program FDIiiibI--an i n t e r a c t i v e  

g r a p h i c s  pos t -p rocessor - - i s  p r e s e n t e d  i n  t h i s  appendix a d  i n c l u d e s  a  

g e n e r a l  i n t r o d u c t i o n ,  guide  Por d a t a  i n p u t ,  and example p r o b l e m .  

2 FDRAIV' i s  capab ie  o f  d5sp lay ing  p i l e  g e o n e t r y ,  r e s u l t a n t  a x i d  

f o r c e s ,  s e v e r a l  d i f f e r e n t  p i l e  l o a d i n g  f a c t o r s ,  and e l a s t i c  c e z t e r  C a -  

g r a m .  ProgrmA conrands c o n t r o l  t h e  d i s p l z y  Tne prograr! -das C~irelocefi  

b y  John J o b s t ,  S t .  Louis D i s t r i c t .  

3. F3Ui,ii runs  on "Ye id3S G-635, !lacon H-6090, =d Boeing C3C csx- 
. , 

A --<- 2 u t e r s  i n  t h e  t i m e - s h a r i s g  acde .  It i s  l i r r d t e e  t o  execuxion o r  z  "0' 

t r o n i x  4014. The p r o g r m  i s  p a r t  o f  t h e  CORPE l i b r a r l ~  a116 i s  i d e c t i f i e s  

by t h e  p r c g r a i  n;;iber ~ ~ 3 3 6 .  To execu te  t h e  prograT~,  i s s u e  o - e  o f  t h e  

f o i l o v i ~ g  r7m cormanas . Cn t h e  iKZS o r  l.Iacon c o z p u t e r ,  

On t h e  Soe ing  c o n p u t e r ;  

TLdo b i t s  of <s fc ry-a t ion  a r e  p r o r p t e d  f o r  by t h e  progin?-? .cefo:-e 

any corfimmds Kay be g i v e n :  

The nane o",he p l o t t i r i g  f i l e  c r e ~ t e 6  by an anai-s ls  r - a  - 
o f  X C 3 3 L ; .  

b, The r z d i u s  c f  < r e  f i g u r e s  t o  be d r a m  on t h e  s c r e e n  ( p i i e  - 
coordir ia te  .::its Fer  i n c h  o f  s c r e e n ) ,  

5. A f t e r  t ? i s ,  any ~ a l i d  FDFdW cornand ma;\* be c i v e n .  Yze p r5s raT  
. . 

assLr.es l o a d  c a s e  1 t o  be t h e  cur renc  l o a d  c a s e  u t i l  it IS  chenged b:: 

g i v i n g  t h e  ' 'LCALI' '  cor"s1.zcc, 

i-ede?'-e J - - - -  :he r a 5 i u s  of the fig3;res r q r ? ~ ~  U-  c C .  2: ;js-e ~ 2 l . e n y :  

( i i n i t s  ';'.::.t t :ye  c o o r d i n a t e s  o? ?;he 2 i l e s  e r e  , - i ~ e r  l:: :,er 
ir,ci? o r  ~-:- i .ec) .  



COMB TO d i s p l a y  t h e  combined bending f a c t o r  f o r  each  p i l e  and 
t h e  p o r t i o n  o f  t h a t  f a c t o r  due s o l e l y  t o  t h e  e x i a l  :caS 
on t h e  p i l e ,  f o r  t h e  c u r r e n t  l o a d  c a s e .  

&3 94 45 C.B,F. = - + - + -  
FA FB4 FB5 

S \ a  where 63 = v e r t i c a l  l o a d  a l o n g  U, a x i s  ( k i p s )  
2 

64 = moment abou t  U a x i s  ( k i p - f t )  
1 

Q5 = moment about  U a x i s  ( k i p - f t )  
2 

FA = a l l o w a b l e  a x i a l  l o a d  ( k i p s )  

~ a 4  = a l l o w a b l e  m o ~ e n t  about minor p r i n c i p a l  e x i s  
( k i p - f t )  

y T 5  = a l l o w a b l e  moment about  major p r i c c i p a l  a x i s  
( k i p - f t  ) 

PLF To d i s p l a y  t h e  p i l e  l o a d  f a c t o r  and P.5.F. F l e g  f o r  each  
p i l e  f o r  t h e  c u r r e n t  l o a d  c a s e ,  

Tor p i l e  i n  compress ion:  

For p i l e  i n  t e n s i o n :  

A > F C  To d i s p l a y  t h e  a x i a l  f a c t o r  and P.L.F.  F l a g  f o r  each 
p i l e  f o r  t h e  c u r r e n t  l o a d  c a s e ,  

For p i l e  i n  compress ion:  

Q3 A.F. = ---- 
CP.SOiY' 

ic l~ere  CALOb! = Edlowable C o r p r e s s i v e  Load ( k i p s )  
For p i l e  i n  t e n s i o n :  



where TkLOW = Allowable T e n s i l e  Load ( k i p s )  

FORCE To d i s p l a y  t h e  a x i a l  f o r c e ,  Q3, f o r  each  p i l e  f o r  t h e  
c u r r e n t  l o a d  c a s e .  

CCOXl3 S i m i l a r  t o  "CONB" excep t  t h a t  it d i s p l a y s  t h e  c r i t i c a l  
combined bending f a c t o r  f o r  a l l  l o a d  c a s e s  m d  t h e  c r i t i -  
c a l  l o a d  c a s e  number, f o r  each p i l e .  

CPLF S i m i l a r  t o  "PLFil excep t  t h a t  it d i s p l a y s  t h e  c r i t i c a l  
p i l e  l o a d  f a c t o r  f o r  a l l  l o a d  c r s e s  and t h e  c r i t i c a l  
l o a d  c a s e  number, f o r  each p i l e .  

CCAXFC S i m l l a r  t o  "AxFC" excep t  t h a t  it d i s p l a y s  t h e  c r i t i c a l  
a x i a l  f a c t o r  f o r  a l l  l o a d  c a s e s  and t h e  c r i t i c a l  l o a d  
case  number, f o r  a l l  p i l e  i n  cor ipress ion.  

CTAXFC To d i s p l a y  e v e r f i h i n g  "cCAXTC" does ,  excep t  f o r  a l l  p i l e  
i n  t e n s i o n .  

ELCE!': To ?:splay t 3 e  e l a s t i c  c e c t e r  and resu l t an-c  f c r c e  d i a g r z z s  
f o r  a l l  Load c a s e s .  

Guide f o r  Daza I n p u t  

5. Program ~0034 of t h e  CGRPS liji-z-ry c r e a t e s  a p l o t t i n g  f i l e  t o  

be used a s  t h e  i n p u t  d a t a  f i l e  f o r  t h i s  prograT.  D r t a  a r e  w r i t t e n  t o  

t 3 i s  f i l e  accord ing  t o  t h e  fo l lowing  gu ide .  E l  i n p u t  i s  i n  f r e e  f i e i d  

( a  corrma o r  a t  l e a s t  one b lank  shou ld  s e p a r a t e  d a t z  i t e m s )  excep t  Group 

5 * 
Group l - P i l e  Data 

LINE = f i v e  a i g i t  l i n e  nlmiber 

I P  = t c t a l  n ~ i b e r  o f  p i l e s  i n  t h e  Founciation 

B, IJo6,e : Repeat NP ( ~ u r n b e r  of' P i l e s )  n ;~d[ :er  o f  tiir.eS 

TJI = d i s t a n c e  from o r i g i n  t o  p i l e  d o n g  UI-axis ( f e e t )  

C2 = 2 i s t e n c e  fro= o r i ~ l n  t o  p i l e  e l c ~ g  U2-exis ( f e e t )  
1:- . , 

L J  = d i s t a n c e  from o r i g i n  t o  p i l e  &Long U3-2x1s \ f e e % )  

i-: = ' pa t t e r  5 v e r t i c a l  on 1 horizc::tal 0 -- v e r t i c a l  p5;e 

AIJG = clockwise  a n g l e  between t h e  p s i t i v e  U l  a x l s  o f  t h e  
s t r u c t c r e  and t h e  U1 a x i s  ( d i r e c t i o n  o f  h a t t e r )  o f  t h e  
p i l e  ( d e g r e e s )  



Group 2  - Loading C o n t r o l  Data 

( LINE ,KLDCS I 
NLDCS - X m b e r  o f  Loading Condi t ions  

Group 3 - E l a s t i c  Cen te r  Data  

EC1 - U 1  c o o r d i n a t e  of e l a s t i c  c e n t e r  i n  U1-U3 p l a n e  

EC2 - U2 c o o r d i n a t e  o f  e l a s t i c  c e n t e r  i n  U2-U3 p lane  

EC31 - U3 c o o r d i n a t e  o f  e l a s t i c  c e n t e r  i n  U2-U3 p i a n e  

EC32 - C3 c o o r d i n a t e  o f  e l a s t i c  c e n t e r  i n  U2-U3 p l a n e  

Group 4 - Appl ied Loads 

r LI:;E,iS;!,&2," q3, G5, Q4 J 
= n o r i z o n t a i  l o a d  a l o n g  U - a x i s  (k i - -  

1 
,.! 

&2 = h o r i z o n t a l  l o a d  a l o ~ g  J,-axis ( k i 2 s )  
d 

33 = v e r t i c a i  l o a d  a l o n g  U,-axis ( k i p s )  
3 

45 = momens ebou5 ?,-axis (kip-") 

Q4 = zoment about  L, - a x i s  ( k i p - f t )  
A 

Group 5 - Load F a c t o r s  

CEF = Combined b e r ~ i n g  f a c t o r  

PLF = P i l e  l o a d  f a c t o r  

FLAG = F l a g  2 e n o t l n g  c o m ~ r e s s i o n  o r  t e r s i o n  

C = conpress ion  

T = t e n s i o r :  

3 C  = compress ion i n  combined bending 

2'T = t e c s i o n  i n  combined bending 

2 = if ax521 f o r c e  = @ 

AFFC = A x i a l  f a c t o r  

srv .PC = ar.Lal rzc.kor 

Q3 = 1:xial f o r c e  52-61 

Note: Repeat Group 5 da-ta ;:P (,':umber cf p i l e s )  ;;.;.::her o f  t i m e s  a 

Then r e p e a t  Groups 2 an6 5 d a t a  IJLCCS (riw;zcjr- o f  l o a d i n g  
c o n d i t i o n s  1 r,~::Se:- o f  ti~es. 



7. The examples which follow illustrate the displays availabie 

from FDRAX. The data used are the o~tput f ron  example groSlern 9 pre- 

sented on pages 101-139 of the main text of' t h i s  repcrt. The innut 5 7 . L ~  

are stored ic z file en2 are ?resented in Teble 31. TFLere is l load case 

and 27 piles I n  the foxcda;icn. 
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