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1
n

F. = 0.845 kips and F3 31.13 kips FS 0 kip-ft

in comparison with

i
"

F. = 0.8L kips and T 0 kip-ft

1 31.2 kips  F

3
from Hrennikoff's paper. The pile forces along the pile axis for piles

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

are presented beélow.

€

Hrennikoff's

Compuﬁer Qutput Example

Pile B F3 o F3
No. (kips) (kips) (kips) (kips)
1 0.8k45 31.132 0.84 31.2
2 0.83k 37.20k 0.83 37.2
3 0.82u h3.276 1 0.82 h3.2
L 0.853 -1.117 0.85 -1.0
5 0.853 | 9.12L 0.85 9.1
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Zxample Problem 5

Two-dimensional problem,
Hrennikoff's example
case ba (medium soil)

73. This example is case 6a (medium soil) from Hrennikoff's pape: .
The physical problem is shown in Figure 10. The Properties and loading
conditions are shown in Figure 13. The input data are stored in a file
prior to the run and are shown in Table 10. The computer output is

Presented in Table 11. .
Th. This example also serves as a means to verify that output

agrees with the classical method results.

Properties “1
E=20.15 x lOT psi Degree of fixity = 0.0
ES = 312.30 psi Pile resistance (K2)
I, = 322.06 in." Partiéipation factor

for torsion (Kh)

I, = 322.06 in.t = 0.0
Area = §£3.5 1n.2 Torsion modulus = 0.0
Length = 30 rt

Loading Ql QB Q5
Case (kips) (kips) (kip-ft)
1 } -39.375 113.1 173.4

Figure 13. Properties and loading conditions
for example problem 5

&

Results and caleculations

5. Manual calculations for this example are presented in
Hrennikoff's paper, case 6a. The computer results shown in Table 11
agree closely with the classical method results. For example, a com-

parison of the horizontal forces in each pile is shown below:
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Table 10
Input Data for Example Problem 5

Group
1A 10002 EXAMPLE PROBLEM NO. &
iB 10912 BRENNIKOFF’'S EXAMPLE = CASE 64

ok 10020 2
°B__1003¢ 5 1 1

3 100649 i 312.329

Lo 10059 1 5 30.200 3

LD 10060 9.0089

SA 18079 4 ‘

oC_ 109080 1500000.209 i

64 10896 2

6C 10100 ‘B 1.000 g. G

T 191109 i

8 10120 82.9609 46.000 166.000 106.090

9A 10130 2

9B 101490 1 K] =3 . 000

161509 4 5 O
10 1901692 ~5.000 -2.2500 0. 3.08€ 7.000
12 10170 =39.375 1313.1 173 .4
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Table 11
Output Data for Example Problem 5

EXAMPLE PRO®LIM NO, &
ERENNIKOFF’S EXAMPLE - CASE 64

NO. OF PILE ROWS = 5 B MATRIX IS CALCULATED FOR EACE ROV

L et s R a a2 S Ll L e R T T e L

i. TABLE OF PILE AND SOIL DATA

PILE NUMBERS K
322,26 Ins*g

1 5 F = §.,15F 67 PSI X = 322,06 [N%®4 ¥ =
AREA = 6%.6 IN¥%2 X = 8.8 IN 1= 9.20 IN
LENGTH = 32.0 FERT ES = 312.328
E1 = ?.41687 E2 = 1.8¢869 K3 = 2.
£4 = 8. K5 = 6. K6 = e.
ALLOWARLES: COMPRESSIVE LOAD = 82.200 EKIPS
TENSILE LOAD = 40.002 EIPS
TENDING = 166.0606 KIPS
MOMENT = i%¢.2068 EIP-FT

THEE B MATRIZ POR PILES 1 THROUGH 5 1s

G.779% 04 8. T
78 9.265E 3€ &,
8. G G.

BERRFRRRGERERRBER R R RS EF RN R A B R GERRR SRR PR R E Rk ok kR e ok ek ek o sk ok

2. TABLE OF PILE COORDINATES AND BATTER

PILE ROY BATTER U1 (FT)
1 ~3.38 -5.0688
2 ~3.08 -2.5%6
3 -3.08 @.
4 VERTICAL 5.008
5 VERTICAL 7.088

EERR BB RERRERRE LR O RERERLEERR R IRER R OFEEERCR S G R R G RR 5 BB EE R Bl b feof sk oy R

5. STIFFNESS MATRIX S POR THE STRUCTURE

$.116E ¢6 -8,.232F 66 -8.695E 27
-0.232E 86 @.125F% 07 ~3.133E @8
-2.695E @7 -2.163F 68 ©.329F i@

& .
3A TFLEXIBILITY MATRIX F FOR THBE STRUCTURE
0.205F-84 @.427F~85 0.9566E-07

8.427E~05 @,171E-05 ©.144E-07
8.566E-87 $.144E-07 ©.468E-39

COORDINATES OF ELASTIC CENTER
£l = 23.683 EC2 = ~3.802

(Continued)
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Fy (kips) from

Pile Computer Hrennikoff's

No. Output Example
1 1.338 1.3k
2 1.365 1.37
3 1.392 1.39
L 1.611 1.61
5 1.611 1.61

76. The vertical pile forces also agree closely and are shown

below:

F3 (kips) from

Pile Computer Hrennikoff's
No. Output Example

1 36.790 36.8

2 34,01k 34.0

3 31.237 31.2

i 131.137 1.1

5 6.454 6.5

e



Table 11 (Concluded)

wekdeets LOADING CONDITION | #etzsas

RS RRER TR B R R R PRI E RS AR A AP E SRR RPN SR R R SR E P RS SN SRS R R GRS T Y

4. MATRIX OF APPLIED LOADS ¢ (KIPS & FEILT)

Q1 Q3 Q%
~39.375 113.198 173.408
: €
FEER A EE LT e L1 T

S. STRUCTURE DEFLECTIONS (INCHES)

D D3 his 3
~3.207E 66 ©6.553F-01 0.368F-03

FAA S RE R SG B R G R R AR A GG AR RRLERR R ROy R R E RN S e p Rk fkdokdok R R Rk Rk kg

6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)

PILE i i3 X5

1 ~8.172E 8¢ ©.139% $8 0.368E-83
2 ~B.175E 0¢ P.128E 2@ ©.3E£8E~03
3 ~@.179E ¢0 ©.118F 0¢ ©.368E-03
4 ~%.207% 22 ©.420E-81 B.368E-33
5. -@.207F @3 0@.243E-¢1 0.368E-33

LS S k- Rt T g 2 ey e e T I

7. PILE FORGES ALONG PILE AXIS (KIPS & FT)

PILE Fi F3 S FAILURE
30 CO TE

i ~1.338 36.79@¢ B.

2 =1.36% 34.014 g.

3 ~1.382 31.237 B.

4 =1.611 11.1%7 @.

S =1.611 6,454 8

TOTAL NO. FAILURES = & LOAD CASE 1

o e o A e oo o o s R s o o R O R o oo R o o e o e R sk

&

8. PILE FORCES ALONG STRUCTURE AXIS (K1PS ¢ FELT)

PILE Fi F3 F5
1 ~12.903 34.479 8.
2 ~12.251 31.836 8.
3 -11.189 29.194 e.
4 ~1.611 11.137 2.
5 -1.611 6.45¢% 2.

SUM ~39.375 113.108 173.400

B REER R LN ARG R AR AL AT A E R ARG A REFERE SRS EE R F AL S SR F U R Sk R R R R G%




Example Problem 6

Two-dimensional prob-
lem, 16 piles with
linearly varying soil moduli

TT. To further illustrate the use of ﬁrogram LMVDPILE for two-
dimensional systems, a sixth example problem was run. The B-matrix
terms are input directly. The physical problem is shown in Figure 1k,
The properties and loading conditions are shovn in Figure 15. The input
data are stored in a file that is listed in Table 12. The computer out-
put is presented in Table 13.

78, This two-dimensional example was run to verify that the com-

puter results agree with the St. Louis District's program output.

65}&61&6,smnsﬁﬂsmnaﬁnjylsﬂneﬂ;sm\3ﬁnsﬂ\8mnso;3@;
ORIGIN Usl 1 IR

A DL

Figure 14. Physical problem for example problem 6

-
R

Properties
bll = 5.6 E = 30,000.0 psi
b22 = Uu8.0 KS = 0.001 pci
b = 0.
33 001
Py =0
Loading Ql QB Q5
+Case (kips) (kips) (kip-ft)
1 -0.11 2.678 -177.5
2 -0.11 2.110 -206.67
3 -0.11 0.028 -1.233
Figure 15. Properties and loading condi-

tions for example problem 6
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Table 12
Input Data for Example Problem 6

1A 12822 :XariPL: P2031EM KC. €
1B 1¢€12 JUdn 3 CV:3TON -0C:. AND 24F JFRAME ADCACAENT
28 1¢222 2
2B 14432 i35 1 3
3 12¢4€ 2 2,221
Ly 17€Z2 1 lc £2.222 1
kg 12282 5.62¢8 243.c28 2,221 Z.
SA 1¢E7d Z
5¢ 12252 2ep2e.zze
6a  lezse 1
6B 1clée 1.¢€¢ 1.2e¢ 1.pv¢e 1.728 1.220 1.27¢2 1.229
7 1211¢ 1
8 10120 ’.36% 2,222 d.1 2.1
94 10132 2
98 1214¢ 1 2 -4.262
1¢152 3 16 2.
10 12162 6.5,1455,22.5.33.5.55.5,4t.5.54,5,€2.5,’??.5,7&5.8&5;9%.59
1617 122.5,110.5,11=.5,12¢,5
12 1¢132 ~-2.112 2.E73 ~177.%520
121z¢ ~2.112 3.11¢ -=22¢,6¢7
122e0 ~2.112 2,225 -1.222




Table 13
Output Data for Example Problem 6

EXAPLE PROBLEM NO. ¢

JOAN H QVERTON LOCK AND DAM UFRAME ADJACENT

NO. OF PILE RCdS = 1€ B MATRIX IS CALCULATED 73R zic3 06

#“lt¥8‘&“t§t$*ttt$&33&"##8&“5“'883ll‘a&‘t‘.ﬁ‘t“‘&lctlttﬂ‘l#tttltla

1. T4BLE OF PILZ AND SOIL DATA
PILé oUMBERS
1 1SE = 2.32% 25 pSI ES =
X

1 =i.202¢ K2 =1.ppee
k4 =1.8082 K5 =1.2¢0¢

2.2e1

ALLOCAZLES: COMPRESSIVE LOAD =
TENSILE LOAD =

BENDING =
MOMENT =

B HATRIX INPUT DIRECTLY AND THEN MODIFIED BY FILITIES

€.183 £IpS
€.1¢e KIF-FT

TEEZ 3 MATRIX FOR PILES L THRIUIE 15 IS

2.5€28 €1 ¢. 2.

2. €.448F 33 @.

2. ¢. 2. 18RE~22
EBREECEECERREE

2. TABLE OF FILE COOADINATES AND BATTER

PILE KOs BATTER Ur (F1)
1 ~4.22 &,52¢
2 ~%.20 14.52¢
3 VERTICAL 22.5¢2
4 VERTIGAL 32.%28
S VERTICAL 33,988
5 VERTICAL 34¢.5¢8
7 VERTICAL S4.58e
& VERTICAL
3 VERTICAL

12 YERTICAL
11 VERTICAL
12 VERTICAL
13 VERTICAL
14 VERTICAL
18 VERTICAL
16 VERTICAL 126.5¢¢e

¥¢at¥¢$¢3#°$3#&&#*:2&&#3&‘&388&&&

S. STIFFNESS MATRIL S 7oR TYE ST

2.1428 23 -2.,2¢3% g2 J.252F ¢5
~.2238 23 ¢.7121 ¢4 ~2.571% g7
C.2€2: ¥3 ~2.871F @7 €.597F 12
&
SA  FLEXIEILITY MATRIX F FOR THE
€.513:5-¢3 2.343F-2¢€
T

2
3 2.710E-¢3 2
S 2.676E-2€ 2.811F-2Q

COQEDINATES OF ZLASTIC CENTZR
Z2.281 L2 = e

vl o=

{Continued)

k#@&#&k*$3$@5&$*$t33$¢3¥338t83#t'6&#8&‘

RUSTJRE

STRUCTJRL

@2

5

13 =1.282¢0
L8 =1.¢828

$$$¢$$$$$$$t$¢$k$$$$t&$$§&$$¥?*G#

(Sheet 1 of 7)



Table 13 (Continued)

seeesers [C4DING CONDITION | ¢eseeses

LTS BETLLCOOLATLELEVSLE FuOURC LB FETOTL QUL SBSYLRLEHTBRGUEB LR BECHEIEERRQ

4, MAIRIX OF APPLIED LOADS Q (KI®s & FZET)

o1 <3 5
-2.118 2.678 ~177.52¢

2PREREERBEL CLBERERERHORERVRCL G LR T LCOLEL TL VR ETLECOSFRCLVG AL EBEVUG S S RBREST

5. STAUCTJRE DEFLECTIONS (IHCHES)

D1 23 5
~3.244F 28 7.3€1lL 22 -2.1¢3E-04

s BEEOCEHETHRBEELECROROLY

CHELELCLCES L BLBABYREHTEH L &F FEEETLnES

€, PILL DEFLECTIONS ALONZ PILE AXIS (INCEBES)

PILz X1 X3 I&

1 ~2.145¢ €0 2.41%Z 2€ -9.103f-24
Z ~2.14%F ¢¢ 2.411F 08 -@.133E-2¢
3 ~2.244E €€ T.3E4L £ -§.123E-84
4 =3.244% 2€ 2.I6LL 28 -3.1€31-24
5 =2.244% 22 @€.ICBL 28 ~F.133i-24
6 ~2.244% ¢€ (C.367L 2¢ ~¢.183E~34
7 ~4.244L 22 23.3€3E L€ ~C.1€3E-24
& =3.244E8 ¢d 2.3£9f €8 -2.1031-2%
g =Z.244L 22 £.2721 €2 -83.123E-24

1¢ ~8.2¢4F 2@ 2.371L €@ ~3.1233E-%4
11 —Z.244F 2¢ 2,2725 2@ ~B.183k-24
12 -2.244F 2 @.7173% €2 ~2.31gli~R4
18 =2.244F 2¢€ £2.374f 2€ ~2.1233~24
14 =2.244E 08 2.375L €0 -0.123E-24
15 -8.234t 28 Q€ .376F @€ -2.133E-24
16 ~2.244L 22 ¢.377: 20 -§.1Q2i-24

BEASEGPEH AR R IR SRS E U LETEHESIL L EREF LRSI TL VLG LB LR FEVHRLCHBER SR RTFEELEY

&

(Continued) (Sheet 2 of T)
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Table 13 (Continued)

7. PlLi FOACES ALOnG PILE AKIS (LIPS & FT)

PiL: Fi
1 ~2.221
z -2.2€¢1
S ~2.221
4 =2.E801
S =~2.201
£ ~2.¢21
7 -2.821
3 -2.201
» =¢,281

1 -2.20:

11 -Z.g81

12 ~2.¢21

13 -2.¢221

14 -2.2e1

15 -z.22l

16 -2.201

£3

ot b b St o pd e
N O ch i1 U
[URTR VAR AP A3 N

o~
-
™

€.163
8.165

TOTAL NJ. FAILUEKES

Fi Fallide

£U CC TR

~2.200
-z.2¢e
-2.22¢
-¢.228
~2.208
~-e.ece
~2.208
~Z.20z7
~2.2€8
~€.28¢
-g.22¢
-¢.eee
-¢.223
~3.2¢¢
~3.0e28
-€.3e¢

21 g v g g 0o by Sy g g ] ey g ot g

i€ LCAD CASE & «

R A I I S P L S R TP I A L L L E L E by T e T Ty T 1

m
[
tat
]
[
w
I3

g
>

i1
~2.¢45
-2.245
-2.e21
~2.8¢1
-2.ee1
~2.ee1
~2.2?1
~¢.221
~¢.2€1
12 ~€.2€)
11 ~2.221
iz -2.e21
13 -¢.221
13 -2.2¢21
15 -g.2¢1
18 -2.c81

il

[TXTURS B NN N Vit

F3

£S ALOKG STRUCTURE AXIS (KIPS & FEIET)

2=

2.178 -¢.2€2
2,193 -2.2%€
2.163 -0.88¢e
£.1£3 ~¢.280
2.154 -e.eee
2,184 ~2.208
Z,1€8 -2 .88
2,165 -2.2¢¢
2.166 -z.22¢
2.1¢€€ -g.22¢
Z2,1€6 ~2.28¢
Z.1e7 ~¢.,2e¢
2.1€7 -¢.ee2
2, 1€38 ~¢.2e2
Z.1€2 -¢.ee¢

2.13¢ ~e.ez8

SuM -£.,112

2.675 ~177.509

B A T D L e P L e 222 ¥

(Continued) (Sheet 3 of

17



Table 13 (Continued)

sve0686¢ [JADING CONJIITIONR 2 #%céeses

# SRBRILEARLSELLBLCEDE OB

FELOLLRLLEL QAL LBLHOBTOLBRBHRR

4. MATRIL QF APPLIED LJADS 3 (XIPS & FiETH

<l 3
-Z.11¢ z

2

P
&5

118 -22£.667

L T T Y i T e e T e e e e e T e L e

. STRUCTIRE DRFLECTIONS (INTHES)

o1 22 25
~2.143k 28 €.431% €2 ~9.21%E-25
B L R e e

£, PILE DEFLECTIQNS ALONG PILE ALlS (INCHES,

PILE L1 L3 £5

1 ~2.337E~81 2,452& 20 -2.215¢-23
Z ~Z.33EE~YL  ©.403L <€ -2.219i-2%
3 -2.143% &€ 2.432: %2 ~€.2i8i-2%
4 ~2.143E 2€ 2.432:¢ €@ ~£.2132E-2%5
5 =2.143F 2¢ €.432% €2 -0.219E-¢5
€& ~2.143% 22 2,432: 22 -0.215F~23
? -4, 1438 ¢€ 2.433, 28 ~@.21%w-C%
3 -2.143F €& 2.433% 20 -£.21Ga~dE
S -2.145% ¢ €,433% <€ ~£.210E-25

12 ~2.1438 2¢ 2.433Ef 88 -8.2168-35
11 ~2.142E8 22 2.433: £¢ -2.213E~3%
12 ~2.143F 22 2.434% 2@ -2.21G5f8-23
13 =2.143F 2€ 2.434f 8¢ -@.2162-8%
14 =~2.143% 2@ €.4341 BC -3.2185~€%
15 ~3.143F 2¢ 2.434: 2€ ~¢.212s-2%
1c-~2.1438 €e 2.434:-28 ~€.Z15E-¢%

FRESHSELEEIE L L AREF VB AS AR FRS TR G CE RN RS SR A N LR R AR RSO C RS R D LR EL S SR RS G Y

&

(cOntir;ued) (Sheet L of T)
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Table 13 (Continued)

7. PILE ¥ ALOwG FILI AXIS (4IPS S FT)
PILE Fl S g FAILJRE
8J C3 Tt

1 -Z.e¢e 2 i

z -=2.ee2 4 i

3 =Z.221 ? ¥

4 =.221 2 ¥ .
s -2.221 2 F

£ =2.,231 4 B

7 =Z.221 2 F

3 ~<4.d21 2 r

g =i.z2¢1 4 F

1z =Z.221 4 F

1 ~Z.221 2 T

12 =2.221 2 r

13 ~2.221 4 ¥

14 -2.221 2 I
15 -2.2¢1 2 T
1€ -2.e¢1 2 B

€
TCTAL NC. FAILURES = 1€ LOAD CASE 2

EEE G EE N LIS SR EO BT AL XS U TR R AR K S EER UL AL BEAEDE L EREELE LR LB CT TN BE GG X EH

. PILE FORCES ALOKG STRUCTURE ALIS (X1PS & FiF%)

D

PILE F1 F& £5

] ~2.L84% 2.137 -g.eee
2 ~2.243 2,167 -¢.8¢¢
3 -¢.eel 2,153 ~-¢.2e¢
4 -Z.e8L 2.1:33 ~-2.22¢
3 -2.221 Z.lx4 -2.22¢
6 ~2.221 2.154 -Z.2¢8
? =¢.221 2,164 -2.602
& ~2.221 d.154 ~2.22¢
17 ~€.221 2.194 ~3.2e¢
12 -2.€21 2.154 -2.e¢ee
11 ~2,c81 Z.154 -Z.2ee
12 ~2.¢e1 Z.124 -0.22¢
13 -2.£21 Dol ~¢.288
4 -¢.2¢1 #.194 -8.822
18 -z.221 2.195 ~g.8e2
1€ . ~¢.cey 2.135 -2 .2862

SuM -2.112 3.118 -285.667

BREKEREFREREHECREERF IR ERBE R FFRL ALV IS HTTE L FHRELEHE XN EER TG FEFRHRE SR B L&

&

(Continued) (Sheet 5 of T)
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Table 13 (Continued)

eReBEIEE LOADING CONDITION 3 ¥#Bwtexs

HEZBRBEFLEIE VLGB DAL EELXEQ IV SL GBS EERSLBLREE T SRR ERLIL VR LBIFVLE L OQ LR

4. MATRIX OF APPLIED LOADS 3 (£1IP5 & FeRT}

3 &

2 ,
-23.11¢ 2.928 1.233

*R sRE *® %2RV R IS LLEBH L LEBLRLHRLEHO LRSS ELHLEORT

5, STRUCTURL DEFLECTIONS (INCHES)

D1 33 o5
~2.395F ¢¢ -2.P11E-21 ~2.3588~24

FRERBEERE 2 eHe CEREEER R FEBREG RIS LR EEREL IS DL ELE RO G L EFREHF REX

6. PILE DEFLECTIONS ALONG PILE AXIS (IWCHES)

PILE L X3 %5

~2.388L €2 2.13%k €0 -2.3S8E-24
~2.880L ¢& €.143: @2 -.55%5f-24
~@.355E ¢ ~2,.€8LE-21 ~€.8B9BE-24
~2.365E ¢ ~&.597i~¢1 -0 .555E-24
~2.365F ¢€ ~2.515:-01 -€.683E-24
-2 .E95E 8¢ -0.432:-21 ~8.355:-24
~3,355E ¢ -2.259i-¢1 -@.358e~24
-2.895L 88 -~0.Z63E-@1 -B.£5BI-24
~€.835E 22 -2.135i~21 -8.3528i~24
1¢ ~3.2%2E €06 ~2,124E~21 ~2.3382-24¢
11 ~2.895F ¢g¢ ~2.287k-22 ~0.3585-24
12 -2.895L €2 2.517E-82 -0.388i-24
L 2¢ @.144b-81 -2.888I-2¢
2¢ €.228g-01 -B.358:8-04
2¢ €.2e3i-21 -0.358f-¢4
1€ -2.5895f ¢¢ €.391F-81 ~0.358E-0¢

WW M bD b

FREEBBENDEERFOE BRI LB LG REGLEFE N AR VLT A NR AL E LB LR L LR XL LI LRI VL LR EREHSG RS

{Continued) (Sheet 6 of T)
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Table 13 (Concluded)

7. PILE FORCES ALONS PILE 2XIS (4195 & FI)

4 FaILURE
eU CC TE

Fliz £l F3

1 -2.288 ¢.261 -2.22¢
2 =2.225 3.264 =~0.2¢0
3 -C.2€5 -2.23 -¢.eee
4 =~¢.BZ3 -2.827 -2.2@2
& -2.u85 =-2.223 -e.gee
& -2.285 -2.213 -£.2%2¢
7 -3.225 -2.21% -2.82¢
3 =~-A.2¢2 =-2.812 -z.2e¢
2 =2.,28% =~2.203 =~g.20¢
12 =2.22% =-2.28% ~@.22¢
11 -2.2€%5 -2.ze1 -0.e2¢
12 -2.225 2.283 =~g.020¢
3 -2.283 ¢.eg6 -2.2¢¢
14 ~2.z22% 2.21¢ ~-2.328
15 ~2.2¢5 2.214 ~-@.2¢2
18 -¢.¢es 2.213 -@.028

TOTAL NO. FAILURES = 2 LOAD CaSE 2

RS RN GRS R R SRR SRS L R SER AR PR R RS IR NG R RN BS CERE BN ST EC S ER B SRFEEREOERG R

3. PILE FORCIS AL0nG STAUSTURE AXIS (&IPS & FEET)

?ILE Fi F3 5
1 -2.22¢2 2,227 -¢.220
2 -2.8z2 2.461 -¢.ee¢
z -2.2¢5% ~2.232 -2.¢¢2
4 ~2.223 ~¢.227 -e.cee
s -g.225 -Z.223 ~8.208
€ -2.28% -Z2.e1¢ -2.4¢¢
7 -£.285 ~2.,£16 ~-2.¢80¢
3 -2.225 ~2.212 -2.2.¢
g -g.ees ~7.2e3 ~2.28¢
12 -2.2¢% ~Z.ee5 -2.202
i1 -2.283 -7.ee1 -2.22%
12 -2.225% 2.t€3 ~0.22¢
13 ~2.ee5 2.225% -2.222
14 ~&.285 2.21¢ -2 .2z¢
15 ~3.223 2.214 ~g.¢R2
16 -2, 225 2.218 -2.cee
SUM -2.312 Z.228 ~1.233
# EREEE S ERSHLBBESEZERRBREH DL EF 4 R BR IR REY AT RBGEE KBS EEAEIFR B R K
ready

(Sheet T of 7)



Results and calculations

79. The computer results presented in Table 13 agree closely
with answers from St. Louils program output. For example, for pile 1 and

loading case 1, the pile forces along the structure axis from Table 13

are
F = -0.0L5 kip

F_ = 0.178 kip

3

F_ = 0.0
>

as compared with

Fo= -bs5.b 1
1 5 1

F_ o= 178.1 1b
bl

F_o=0
5

from the St. Louis program. The results for all piles agree very

closely.



Example Problem T

Three-dimensional
problem, 4 pinned piles
and constant soil modulus

80. This example problem illustrates the use of program LMVDPILE,

civen four vertical piles (similar to example problem 1 for 2~D system).
Figures 16 and 17 show the physical problem. There are six loading
conditions: a unit load apprlied along each axis, a unit moment about
the U, and U, axes and a combination of all loads. Figure 18 shows the

1 2
loading conditions and properties. The input data are stored in a data
file prior to running the program and are shown in Table 1Lk. The com~

puter output is presented in Table 15.
81. This example illustrates how a three-dimensional problem with
linearly varying soil modulus is coded. It alsc serves as a means to

verify the computer output by comparison with manual calculations.

1.0’

==

1.0'

i

Figure 16. Plan view of example problem 7

83



RIGIN U
ORIG #_J

4, £

Figure 17. Section A-A for
example problem T

Properties
Ult. str. of concrete = 5000 psi Vertical (h = 0.0)
Ks = 10.000 pci
Il = 833.333 inei Degree of fixity = 0.0
12 = $33.333 in.2 Piielfgsistance (k2)
Area = 100.0 in. Participation factor
’ ’ for torsion (Kk)
Length = 100.0 ft To;sgég modulus = 0.0
N
Loading Ql Q2 QB Q& QS Q6
Case (kips) | (kips) | (kips) | (kip-ft) | (kip-ft) | (kip-ft)
1 1.0 0.0 0.0 0.0 0. 0.0
2 0.0 1.0 0.0 0.0 0.0
3 0.0 0.0 0.0
L 0.0 1.0 0.0
o > 0.0 0.0 . 0.0
6 1.0 1.0 1.0 1.0 0.0

Figure 18. Properties and loading conditions
for example problem 7

8L



Table 1k
Input Data for Example Problem 7

1A 10222 TXAMLT® PROBLEM %0. 7
1B 1¢21¢ VERTICAL PILTS #ITY UNIT LOADS

28 129¢2¢ 3 TYPE OF ANALYSIS 3-D |

2B 10838 4 1 € WUMBER OF PILES, PILE GROUPS, LOADING CONDITIONS |

3 1ge4e 2 12 .¢0¢ S0IL PROPERTIES]

Lo 1gece 1 4 10¢ .2@¢ 2

L  1228¢ £33.332 223,333  180.402 12 .908¢ 1¢.¢c¢  [PILE GEOMETRY |

SA 1¢Ee7C 1

SB__1¢@5¢  S¢0@.c¢¢ 156 ..9¢ [ PILE WATERIAL |

6A 12492 2

6c__121eg g, 1,200 2. ¢ JPILE FIXITIES |

7 10118 122.0% 19¢.02 102.¢¢ 10€./@ 128..¢ 12¢.2¢ 122.7@ 1c@.cZ ALLOWABLE LOAD
8 10127 T { & MOMENTS
8 12132 1 4 2. 2. BATTER AND ARGLE ORIENTATIOR|

op 1¢14¢ 2%1.0¢C,2%-1.080 U1 COORDINATES
op 1v1%¢ 1.888 2%=1,022 1.88¢ .02 COCRDIHATES
13 _COORDIINATES

gc 121€¢ 4%8.¢

17162 1.ce¢ z. z. z. z. z.
1 12288 e. 2. 1.6:0 Z. 2. . | awp MOMERT

19212 0. 2. e. 1.00¢ e c. IR

12224 e. 2. 2. e 1.000 v,

12230 1.2¢8 1.200 1.262 1.028 1.7¢0 2.
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Table 15
Output Data for Example Problem 7

EXAMLE PROBLEM NO. 7
YERTICAL PILFS WITH UNIT LOADS

HO. OF PILES = 4 B MATRIX IS CALCULATED FOR EACH PILE

a2 2 108 2 BREXFBIERE ARG LR FENGER

1. TABLE OF PILE AND SOIL DATA
PILE WUMBERS

i 4 E = 9.43E @7 psSl IX = B833.33 IN¥%4 17 = 833,32 Inv¥g

AREL = 180.8 IN®%2 X = 12.806 IN T = 12.80 IN

LENGTH = 1P8.8 FEET ES = 10.0080

K1l = 9.4187 K2 = 1.028¢ X3 = e.

K4 = 28 ES = 2. K6 = 2.

ALLC¥ABLES: COMBINED BENDING FOR TENSION = 108,008 KIPS

MOMENT ABOUT MINOR AXIS FOR TENSIQW = 168 .838 KI1P-FT
MOMENT ABOUT MAJOR AXIS FOR TENSION = 192 .82 KIP-FT
COMBINED BENDING FOR COMPRESSION = 100 .268 KIPS
MOMENT ABOUT MINOR AXIS FOR COMPRESSION = 189 .200 KIP-FT
MOMENT ABOUT MAJOR AXIS FOR COMPRESSIOK = i¢6.288 KIpP-FT
COMPRYSSIVE LOAD = 122 .888 EIPS
TENSILE LOAD = 1@g.2ge KIPS

TEE B MATRIX FOR PILES 1 THEROUGH 4 IS

©.198E 25 2. 2. 2. 2. 2.
8. ¢.1¢8F @5 2. 2. 2. e.
D, 0. ©.357E 66 2. [ .
B 2. & @, 2, 6.
2. @. 28 2. 2. 2.
2. 2. a. 2, 2. e.
o g e e o R A e e A RO B0 R (= s A A o e e S KR R RO K e

2. TABLE OF PILE COORDINATES AKD BATTER

PILE NO. BATTER ANGLE UL(FT) U2(FT) U3(FT)
VERTICAL 2. 1.860 1.229 g
VERTICAL 2. 1.88¢ -1.92¢ [
VERTICAL g. =1.e8¢ -1.g00 [
VERTICAL e. =-1.809 1.289 [

.

ENE] Y

BERB G EE R RSP AR ARG R R SRR E R ER LS P ER B EET YRR R ER AR R RGO w R R b R SR e gy sk se X

3. STIFFNESS MATRIX S FOR TEE STRUCTURE

2.433E €5 ¢, 8. 2. 2. g.

2. ©.433F €5 2. g. g. 2.

2. 2. 0.143E @7 2. 2. e.

2. e. 2. 9.206E €9 2. 2.

e. @. 2. 2. @.206% 29 8.

2. 2. 4 2. 2. ©.125F (8
34 FLEXIBILITY MATRIX F FOR THE STRUCTURE

2.231E~24 2, 2. 2. 2. 2.

0. ©.231E-04 0. 2. 2. e,

2. 2. 0.708E-06 ¢, [ e.

8. 2. . ©.485E-28 2. e.

8. e. 2. J. 2.486E-28 ¢,

2. 2. B. g. 2. 2.801E-07

{Continued)



Table 15 (Continued)

hkkgks® LOADING CONDITION 1 stsemess

et oot el s e ok ook o s s ook o Sk R oK o ek e

4., MATRIX OF APPLIED LOADS Q (KIPS & FFET)

Q1 Q2 Q3 Q4 Q5 Q6
1.000 2. 8. |28 @. |28
ek ks ek gk s ook o o e

5. STRUCTURE DEFLECTIONS (INCHES)

D1 D2 D3 D4 DS e
2.231E~01 8. 2. 2. 8. 2.

POt 3 e & sed s Kk d

6. PILE DEFLECTIONS ALORG PILE AXIS (In{

PILE X1 X2 X3 I4 x5 I6
1 B.231E-61 @. 2. d. 0. g.

2 ©.231E-01 6. g. 2. 8. 8

5 ©.231F-81 9. 2, 2. g. 2.

4 ©.231E-01 2. [ 2. 2. 2.

Rk sk g

7. PILE FORCES ALONG PILE AXIS (KIPS & FEET)

PILE F1 F2 F3 F4 F5 F6 CBEFTR FAILURE
’ CB BJ CO TE
1 2.250 0. 2. @, 2. 2. 2.
2 9,250 2. 2. 2. @. 2. 2. N
3 9.250 e, 2. 2. 2. 2. a.
4 2.250¢ 2. 2. 2. 2. @. 2.
TOTAL NO. FAILURES = 8 LOAD CASE 1
[T # LT LR T2

8. PILE FORCES ALONG STRUCTURE AXIS (KIPS & FFET)

PILE Fi F2 3 F4 F5 Fe
1 2.250 0. 2. 2. 2. 2.
2 2.25¢ 2. 2. 2. 2. 2.
3 2.252 9. 2. 3. B, 2.
4 0.250 2. e. 2. 2. 8.
SUH 1.0809 2. 2. [ 2. 0.000
Ea ittt PRI ook 8K L2 21 2

(Continued) (Sheet 2 of 7)
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Table 15 (Continued)

#%daik LOADING CONDITION 2 *wkdmamn

wE *

&, MATRIX OF APPLIED 104D5 Q (KIPS & FEET)

Q1 Q2 Q3 Q4 € Q6
2. 1.008 2. 2. 8. 2.
sk E2 L322 23 EE .24
5. STRUCTURE DEFLECTIONS (INCHES)
D1 D2 D3 D4 DS D6
8. 8.2315-21 @. g. 2. 8.
Fe e R A e
6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)
PILE b $1 32 13 X4 xS 16
1 8. %.231E-01 8. 8. 2. 8.
2 @. ©.231E-81 ©. 3. g, g,
3 8. 2.231E-61 8. 2. 2. 2.
4 8. 2.231E-81 4. g. 2. .
N b ek
7. PILE FORCES ALONG PILE AXIS (KIPS & FEET)
PILE Fi F2 "F3 F4 FS F6  CBFTR  FAILURE
CB BY €O TE
1 e. 8.250 0. 8. 8. 2. a.
2 8. 2.25¢6 @. 2. g. 2. 2.
3 9. 2.258 @, 8. 2. 2. 2.
4 0. g.25¢ 8. 8. 2. 8. 8.
TOTAL NO. FAILURES = @ LOAD CASE 2
L2 1333331 L2 33 ek LS 234 L3 %
8. PILE FORCES ALONG STRUCTURE AXIS (EIPS & FFET)
PILE F1 F2 3 F4 FS F6
1 2. 9.25@ 8. 8. 8. 2.
2 e, 8.258 2. 2. 8. 8.
3 2. 8.25¢ a. 8. 2. 2.
4 2. $.259 g. 8. a. 8.
SUM 9. 1.0208 8. g, 2. 0.080
e o s el 2 sele o o o o o ek et A 23 223 333 32 233
(Continued)

(Sheet 3 of T)
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Table 15 (Continued)

sgeeesen LOADING CONDITION 3 ®w&kaiss

FERGHRER Ao e sy HBEREREE

4. MATRIX OF APPLIED LOADS Q (EIPS & FEET)

Q1 Q2 Q3 Q4 5] Q6
2. . 1.009 2, 2. 8.
HREBELEL LR LLERGER SEER L EL LR & % ESE ExS

5. STRUCTURE DEFLECTIONS (INCEES)

i 2 D3 D4 D5 o6
6. 2. 8.728E-23 2. €. e.
s e oo o e S AR e s e o O R AR TR e e A e e % EER R

6. PILE DEPLECTIONS ALONG PILE AXIS (INCHES)

PILE 11 X2 X3 X4 =l X6
1 8. @. 8.708E~-03 8. 9. e.
2 0. 2. 0.700E-23 8. 2. 2.
3 8. 2. 6.78BE-03 @, . 2.
4 8. 2. 8.762E-82 8. 2. 2.
R FEFHEE R

7. PILE PORCES ALOKG PILE AXIS (KIPS & FEET)

PILE F1 F2 3 F4 Fe F€ CBFTR FAILURE
€R® BU CO TE
1 2. @. 8.258 2. 8. 2. 2.08
2 2. 2, 2.258 2. 2. 2. ¢.22
3 B. 8. 6,258 a. 2. 2. .26
& (8 8. 8,258 g, 6. 2. 8.00
TOTAL HO. FAILURES = £ LOAD CASE 3
FEERRERRRALGRECEE EEE # L2 1Y [ SRREBBEERELEREENLETRED

8. PILE FORCES ALOKG STRUCTURE AXIS (KIPS & FEET)

PILE F1 F2 F3 P4 S FE
1 é. 2, 6.252 2. e. e.
2 2. 2. 2.250 e. g. 2.
3 2. 2. 8.25¢ 3. 6. 2.
4 28 2. 6,250 3. a. 2.
sum 2. 2. 1.268 -0 .69 -&.008 8.

FRESHAGEE SHR AR RE LS

BARRREREESRERE T RE FER

(Continued) /

Sheet &4
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Table 15 {Continued)

sRpgedds [OADING CONDITION & *eitssax

VEER GG SR F QLR A e % L2 L2 EERBEREGE K

4. MATRIX OF APPLIED LOADS Q (EIPS & FXET)

Q1 Q2 Q3 c4 Qe [o13
. 2. a. 1.8¢8 (28 2
ERESuBEEGHREE P32 £33 L Weagrale o P T L T
5. STRUCTURE DEFLECTIONS (INCEHES)
D1 ord D3 De D8 e
8. [/ g. 2 .583E~04 0. 2.

Ao dn e R R AR A X o e o A R A e ko otk ol A A ok R R

6. PILE DEFLECTIONS

LLONG PILE AXIS (INCEES)

PILE X1 X2 X3 X4 X8 e
1 8. ¢. ¢.,726E~03 ©.583z-084 €. g,
2 a. 2. ~8.780E-83 @.583E-24 0. C.
3 8. 2. ~Z.788E-83 ©.983F-0¢ @. (8
4 @ 2. 2.780E~03 ©.583E~B4¢ O. 2.

*:**t*##*$*##****#*$####¢#*##*#**t*#**#*#****tt&$¢$*$$##:#**#$**#¢¢¢$#*$

7. PILE FORCES ALONG PILE AXIS (KIPS &-FEET)

PILE F1 F2 F3 Fe FS Fe CBFTR FAILURE
C® BY CO T%
1 2. a, ©.250 8. 0. 2. 2.2
2 2, 2. -2 .250 2. 2. 2. 2.c8
3 2. 2. -8 .250 2. 2. 8. ?.00
4 2. 2. 2.250 28 2. 2. 2.08
TOTAL NC. FAILURES = € LOAD CASE 4

8. PILE FORCES ALONG

STRUCTURE AXIS (KIPS & FEET)

AR R FEFEL LY R CRRL LR A FFEEF VRN RRE G NG REER g

PILE F1 F2 F3 Fs F5 F8
i 2. 2. %.252 8. e. 2.
2 2. 2. -2.254 2. e. 2.
3 . 2. -B.250 [ 2. [
4 2. e. 0.25¢ 2, e. 2.
sUmM 2. 2. -3 .28¢ 1.0€8 -2.8e8 Z.
e L LT T T T ey s SOQ B Rl R SRR

(Continued)



Table 15 (Continued)

wEaRExE® LOADING CONDITION 5 *®&axadx

Lt 2 g *& L33 # TR Sfe R

4, MATRIX OF APPLIED LOADS Q (EIPS & FEET)

Q1 Q2 Q3 Q4 2 Q6
2. 2. 2. 2. 1.000 2.
Wk ek R g e O B A R e A e R M % gk s R e e

5. STRUCTURE DEFLECTIONS (INCEES)

D1 D2 D3 D4 DS D6
D 8. 8. 2. 0.583E-64 €.
A e ok o A o o e AR T e oo e e AR 5 o oo oo o o sl e o o o el AR o Mok

6. PILE DEFLECTIONS ALONG PILE AXIS (INCHES)

PILE X1 X2 X3 X4 Is ig
1 8. 2. -3 .7¢6E-03 €. 2.583E~24 €.
2 8. 2. -@.7¢0E~23 2. 2.883E~-24 @.
3 8. G, 2.790E-83 6. 2.883i~84 €.
4 @, 2. 3.7¢0E-83 @. 2.583E-¢4 €.
st ki ek o E2d W R kA sk Ao
7. PILE FORCES ALONG PILE AXIS (XIPS & FEET)
PILE F1 Fe F3 F4 Fe Fe CBFTR FAILURE
[ CB BU CO TE
1 é. 2. -3,259 2. 2. 2. ¢.e0
2 . 2. - .258 9. o. 9. @ .29
3 2. 8. .250 2. 2. 2. .28
4 (28 2. 2 .25¢ 2, 2. 8 .00
TOTAL NO., FAILURES = @ LOAD CASE ©

8. PILE FORCES ALONG STRUCTURE AXIS (EIPS & FEET)

PILE Fl F2 F3 4 FS Fe
1 2. e, -2.25¢ 3. [ e.
2 2. 2. -0.25¢ 9. 2. 2.
3 2. 2. ¢ .25¢ 2. 2. Z.
4 2. 2. ¢ .25¢ 2. 2. 2.
SUM 2. 2 -¢.eeo =-2.0¢0 1.e28 2.

e e 2 e R 3K Ao o o ol et RO FOR SORAR S o O R R RO R e R RSB HE T bk e AR R AR A ek

{Continued) {Sheet 6 nf



Table 15 (Concluded)

seresees LOADING CONDITION ¢ »ovcsems

LHESRPRPE LR LL EERE

4. MATRIX OF 4PPLIED LOADS Q (EIPS & FEET)

Q1 Q2 Q3 G4 s Q6
1.808 1.898 1.889 1.206 1.008 2.
F349 £33 F-3:3
5. STRUCTURE DEFLECTIONS (INCHES)
“Di D2 D3 De D5 D6
9.231E-01 @.231E-81 ©.780E-83 ©.583F-04 @.583%-84 8.
serds F3s E-2-3.2.3 L3 ® Lz 21
6. PILE DEPLECTIONS ALONG PILE AXIS (INCEES)
PILE 11 X2 X3 X4 & 18
i 8.231E-81 ©.231E-61 @.7060E-03 ©.583%T-04 £.583E-g4 £.
2 $.231F-81 0.231E-01 ~B.768E-83 0.583E~v¢ ©6.583F-g4 O.
3 $.231E~61 ©.231F~@1 ©6.70B8E-63 @.583:-g4 0©.583I-24 6.
4 ¢,231E~-8] ©.231FE-61 ©.216E-82 ¢.583E-04 ©.583F-24 8.
] e 2 14
7. PILE PORCES ALONG PILE AXIS (EIPS & FEET)
PILE Fi F2 F3 Fa F5 FE  CBFT:  FAILURE
CB BU CO TE
i 2.2%% @.258 B.258 8. 2. 8. 2.2
2 B.258 ©£.256 -0.25¢ @. e. 8. 5.00
3 @.25¢0 £.256 ©.25¢ 8. é. g. 8.20
4  @.258 .25 8.752 B. 2. @. g.e1
TOTAL NO. FAILURES = 8 LOAD CA4SE 6
EFEELLEEREE TR G AR EEPE R PR fk EEGRE L2 2213 AEBERE
€. PILE FORCES ALONG STRUCTURE AXIS (EIPS & FERT)
PILE Fi F2 F3 74 F5 F6
1 2.250 2.250 8.259 . B. e.
2 8.250¢ 2.258 6,256 2. 2. .
3 8.250 2,258 8.25% 5. 2. .
4 0.258 2.250 8,750 8. 5. 2.
SUM 1.8929 1,008 1.090 1.099 1.202 2.cop
Mt sfe e koo o o R e o T o o o e BELEEGCEERG R B L FH D o dg R ok XK

(Sheet 7 of T)
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Results and calculations

82.
IF =0

Table 15.
the force in each pile is 0.25 kip.

FH = 1/4 (

For example, in loading case 3 with a 1l-kip vertical load,

The pile forces can be calculated by satisfying equilibrium

These were found to agree with the program output shown in

applied vertical lecad) = 1/4 (1 kip) = 0.25 kip

The displacement in each pile is equal to

1

x 1 x 100 x 12 3

= 0.7 x 10 ~ in.

T
¢ = IiE

L
4300 x 1LL x

100
1hlk

This result also agrees with the computer program results.

83.
Ul—axisn
Mﬁl =0 .
where

F3n

!
Ul

ZMUl = FBlUl(l) - F32Ul(2)

In loading case 4, a 1 kip~-ft moment is applied about the

The pile forces can be calculated by satisfying equilibrium

- F33Ul(2) + F3hU1\l)

vertical force in pilen, n =1 - &

applied moment = 1 kip-ft

horizontal distance along the Ul—axis

From symmetry F31 = FSM and F3

i
'__l
O
h
ot

i

0.25 kip

O
|98

The force on each pile is



This result agrees with the computer output.

84. TLoad case 6 can be obtained as a superposition of load cases
1 through 5. The deflections of the piles and the load on each pile
can also be obtained by superimposing the respective results for load
cases 1 through 5. The following computations verify the computer

results in item 6 (deflections) and item 8 (loads).

Deflections
b4
Pile Load Xl X2 X3 Xu -5
Ho. Case {in.) (in.) {in.) (rad) (rad)
1 1 0.0231 O. 0. 0. 0.
0 0. 0.0231 0. 5 O 0.
3 0. 0. 0.7 x 1073 0. O
L 0. 0. 0.7 % 10_3 ©0.583 x 10 0. .
5 0. 0. -0.7 % 10 0. 0.583 x 107"
6 0.0231 0.0231 0.7 x 1072 0.583 x 107% 0.583 x 10
o 1 0.0231 0. 0 0. 0.
o 0. 0.0231 0. 3 O 0.
3 0. 0. 0.7 x 1077 0. o O
L 9. 0. ~0.7 x 103 0.583 x 10 0.
5 0. 0. -0.7 x 10 0. 0.583 x 10
6. 0.0231 0.0231 -0.7 x 10"~ 0.583 x 107" 0.583 x 107~
3 1 0.0231 O. 0. 0. 0.
o 0. 0.0231 O. _3 O 0.
3 0. 0. 0.7 ¥ 10_3 0. o 0
L 0. 0. ~0.7 x 10_2 0.583 x 10 0.
5 0. 0. 0.7 x 10°° © 0.583 x 10
3 T,
6 0.0231 0.0231 0.7 x 10 ° 0.583 x 107" 0.583 x 10
L 1 0.0231 O. 0. 0. 0.
2 0. 0.0231 O. 5 O 0.
3 0. 0. 0.7 x 1073 O. 0
L 0. 0. 0.7 x 1073 0.583 x 10 0.
5 0. 0. 0.7 x 10 0. 0.583 x 10
=2 -k
6 0.0231 0.0231 0.21 x 107 0.583 x 10 0.583 x 10

(Continued)
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Loads
F

p)

F
(kip-ft)

=y

3
(xips)

(kip-ft)

(kips)

(kips)
0.25

Load Case

Pile No.

loNeNe N

[oNeNeNw)

[QUN 0.0 I S Vo

0.25 0.25

0.25

0.25

[@NeReN®]

0.25
-0.25
-0.25
~0.25

0.25

[N eNe]

OO OO

0.

0.25

0.25

i

O C oo

OO OO

[QUEN e p T~ N FaN

1 0.25 0.25

0.25

0.25

OO oo

0.25
0.25
0.25

0.25

o OO

(AU JE-STeN

[SAN
o

0.25

0.25

\O

program results.

ts also agree with the computer 1

I
A

These resu
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Example Problem 8

Three~-dimensional prob-
lem, 1 fixed vertical pile

85. This example problem has only one vertical pile completely

fixed into the rigid cap. It is similar to example 2 except the analy-
sis now is three-dimensional. TFigure 19 shows the physical problem. A
1 kip-ft moment is applied about the Ul’ U2, and U3 axes. Figure 20
shows the loading conditions and properties. The input data are stored
in a file prior to running the program and are presented in Table 16.
The computer output is presented in Table 17.

86. This example serves as & means to verify the computer output

by comparison with manusl calculations.

n

Figure 19. Plan view for
example problem 8

Results and calculations

87. In this example, 1 kip-ft moments about the Ul’ Ug, and U3
axes were applied at the center of the structure where the pile is
located. The pile is completely fixed into the rigid cap. Therefore,
the resulting moments about the Ul’ Uz, and U3 axes are 1 kip-ft. These
results agree with the program output presented in Table 1

-
7
i

96



Properties

Ult. str. of concrete = 5000 psi Kl = 1.0756
KS = 10.000 pci K2 = 1.0

I, = 633.333 in. K, = 1.4988
12 = £33.333 inaz Kh = 1.000
Area = 100.0 in. K5 = 0.9990
Length = 100.0 f% K6 = 0.9990
Vertical = (h = 0.0)

Loading Ql Q2 QB o QB Q6
Case (kips) | (kips) | (kips) | (kip-ft) | (kip-ft) | (kip-ft)
1 0.0 0.0 0.0 1.0 1.0 1.0

Figure 20. Properties and loading conditions for example problem 8

917



Table 16

Input Data for Example Problem 8

Group
1A 1<0¢8 EKAMELE PRJELEM wC. =
1B _19€1¢ ONz FIXED VERTICAL PILE #ITZ JUNIT MOMENTS A4PPLIED
28 12€22 R :
2B 17830 1 i 1
3 10849 4 12.98¢
La  1z€32 1 i 120.2€¢ P4
be 120€¢ 223.222 533.333 1¢@.22¢ 12 .269 12.22¢
SA 12272 1
5B 1¢232 tI20 .28 122.228
6a  1Zegi 1
6B 1£122 1.0¢@ 1.2726 1.22¢ 1.4538 1.222 £.569 Z2.29¢
7 1211¢ 120.3¢ 120.029 100 .020 190V0.2¢ 127 .¢¢ 107.77 1TC.te 17T.2Z
8A 12129 &
10 16139 < o Ze <. R ¢ o
11 14142 2. 2. N 1.¢0 1.208 1.22%
ready

3%
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Table 17

Qutput Data for Example Problem 8

EXAMPLE PROBLEM &d. 3
ONE FIXED VERTICAL FILE #ITE UNIT MOMENTS APPLIED

NO., OF FILES = 1 B MATRIX IS CALCULATED FOR EACH PILZ

SHREEHTREREEBERE L LR QL RSB RAGERELEREERE R AP LS CORERAGLFTHEE R R ERAERRBAXERE S

&
v
[
[
™
-
r
€
5
«©
~
1
o
o
»3
£

1. TAELE O

PILL NUMBER

w

S33.33 INFEL

1 1 E = 2.43r 27 PSI I = 833,33 Ii%%4 1Y =
AREA = 122.2 IN¥*2 I = 1g.ee IN 1= 12.2¢ IN
LEINSTE = 122.@ FLET £ES = 12.2¢8
£1 0= 1.2736 K2 = 1.2€82 K2 = 1.498
L4 = 1.2282 1% = Z.268¢ uf = 2.596¢
ALLO6ADLES: COMBINED EENDING FOR TENSION = 12e.ee8 X17S
MOMEINT ABOUT MINOR AXIS FOR TESSION = 10€.22¢ XIP-FT
"G T A30UT MAJOR AXI3 FOR TEASION = 1e¢.282 r1p-?7
ENDING FOR COMPRESSION = 128.¢ee 125
50UT MINOR AXIS ¥FOR COMPRESSION = 12€.228 {1P-FT
QUT MAJOR AXIS FOR JOMPREESION = 128,28 LIP-FT

1%z LOKD = 12¢.22¢ K1pS
LOAD = 1¢e.2¢8 X1PS

€.283F 25 2. 2. <. 2.138% 27 <.
2. 2.234% 25 @ -3.13% 7 2. 2.
2. 2. 2.327: 2€ ¢, 2. Z.
2. -Z.13281 27 €. 2.1@4f €= 2. e.
2.1358 27 2. Z. 2. 2.1241 23 2.
2. 2. Z. <. <. 2.1288 ¢%

FEBRKEAS R AR SRS EAR GRFEFERGEFE AR L LR U R GFEERRF D EF LR GHRRFERFERERBRE SRR ERS

2. TABLE OF FILE COCRDINATES AND FATTER

4

PILE NO. FEATTER ANGLE JI(FT) UZ2(FT) U3(FT)
1 VEETICAL 2. s 2. 2.

P S S Y e X Ry L e L L

34 FLEXTBILITY MATRIX

[

N

(Continued)
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Table 17 {(Concluded)

dosagase LOADING COADITION 1 seemsees
B EEEECES It LRI RS SRS N RS SR EODREACERED0C EUTRELFEACATRLETERLY SRHLRVBLL

. MATRIX OF APPLIZD LOADS & (X125 § FEET)

i c2 o3 <4 <<
2. 2. 2. 1.8¢2 1.6e2

ERVLEREELCRE AP RV LB REF LI REFAQLEFEFENCEE DX BEH VGO ECEBE X TFE PR LB L EBHE AL LR T

S. STRUSTURE DEFLECTIONS (INCHES)

51 o2 23 Dt oL jalol
—¢.144:~21 €.144i~21 O. 2.322E~28 ©.322I-@3 ¢€.122:1 22
% ] @ Py LESBREXHEHRELES FERBEBER &

€. PILY DEFLCTIONS ALONS FILE AXIS {INCAESy

Pilz I X2 15 i4 X5 xe
i~ 2.322F~23 @.3€2:-23 £.12€f 22

£.144E~21 €.144L-81 ©O.
CHEHR BB L RO R TR N L RE TS L LN ES E LG L LS H S SR UOTHCEREL DSBS E VAR ERF L ARG ESE

7. PILE FORCES ALONG PILE AXIS (XIPFS & FEET)H

PILE Fi 2 F2 Fe S 6 CEFIA FAILURZ
€3 BY 20 Ti
i 2.2¢2 -g.208 2. 1.8¢2 1.0€¢ 1.8¢¢ 2.c2
TOTAL ~0. FAILURES = 2 LOAD CASE L

RPEERGEREVERERGLELT RO QR X LRRC L LIE R 2L XL L YRLL YR T CREIL P ERCLEQRANL 2L LR TER

6. PILLI FORCES ALONG STRUCTURE AX1S (&IPS § FEET)

PILZ Fi F2 F2 Fe FS Fe
3 ¢.e0¢ ~2.220 8. 1.g3¢ 1.ee¢ 1.8€2
SUn $.e¢2 -2.202 €. i.cee 1.322 1.872

CEEEERETE LY S EASREPLLLCLRT L EEDOTR R LLLCOLLREX L ER VALV I L ELRB LA FIFLETL IRET &R
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Example Problem §

Three-dimensional
problem, 27 piles
with constant soil modulus

£8. To demonstrate further the use of program LMVDPILE an example
problem with a constant soil modulus is given. Figure 21 shows the

physical problem for this example. The properties and loading condi-

tions are presented in Figure 22. The input data are input interactively
and are shown in Table 18. These data are saved in a file and are listed
in Table 19. The computer output is presented in Table 20.

89. This example illustrates the option of inputting data inter-
actively for a three-dimensional problem with 27 piles (vertical and
battered) and a constant soil modulus. It also shows how the batter

can be input in groups.

ORIGIN :
\ __
OF -6
) 0 © 9 2
N &/ 7/ f
) (3 () 3 1
| \7¢g \T?Q \\?Q \?é? ©
— OO O QT QT O |
3.5 iz.o' 2.0 4.0 ?2.0‘ z‘o'iz_o‘ 2012.01201201202.02.0]2.0°1.5'
! ! ! ;
35.0' -

NOTE: PILINGS NUMBERED 112 ROTATE
AT 270° IN DIRECTION SHOWN.

PILINGS NUMBERED 13=24 ROTATE
AT 90° IN DIRECTICON SHOWN.

Figure 21. Physical problem for example
problem 9

101



Properties

Ult. str. of concrete = 5000 psi Kl = 0.4107

ES = 200.0 psi K2 = 1.0

Il = 1728.0 :Ln.LL DF = 0.0 KB—K6 = 0.0

12 = 1728.0 in. PR = 1.0

Area = 1LL.0 in.2 PFT =

Length = T70.0 ft G =
Loading Ql Q2 QB % QS Q6
Case (kips) | (kips) (kips) | (kip-ft) | (kip-ft) | (kip-rt)

1 0.0 276.961 3Lk, 9 5287.422 J 0.0 0.0

Figure 22. Properties and loading conditions for
exanmple problem 9

Results and calculations

90. The program output is shown in Table 20. From statics,

tF=20.
ZFl = Q1
where
Fl = horizontal pile forces along the structure axis (kips)
Ql = applied horizontal load in the Ul direction (kips)

ZFl = 8(-0.015) + L(0.006) + L4(0.008) + 8(0.018) + 3(~0.0011) = 0

Similarly
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Table 18

Interactively Input Data for Example Problem 9

INPUT DATA FILE NAMT IN 8 CHARACTERS OR L¥E3
CARRIAGY RETURN IF INFUT DATA WILL COMT =%
?

ECT IDEINTIFICATICN NOT
FACH

INPUT T¥O
10 EXCEIED

UN A z~D OR 3-D aNALYSIS?

INTIR 2 CR 3

InpUT . PILT GROUPS, AKD LC«DIMG IInIITICNS
INPUT

7
DATA FOR FILY GROUP ~O. - 1

INPUT PILE L TA:

NPA=] ATION NUMBER OF IR
ATION WUMBER OF LAS
PILF (FEET)
TYPF CF INPUT
PILT 3B MATRIX

INPUT AIX & AIY-nMCME
ARVA = CFPDSS S

INPUT PIL® MATEIRIAL DATA-MP (1=CONCFPT™, Z-TIV¥TIi, 3=STTEL. 4:5:3ICIAL}
71
INPUT US=ULTIMATS STRTNGTH OF CONCRFIF (P31,
¥=WFPIGET OF CCNCRETE {PCF)
? 5¢e€.2,154.¢

INFUT FIXITY DATA - NF {1=INPUT ALL FIXITY CTCYFFICIZINTS
OR 2=INPUT DFGRYE CF FIXITY

INPUT

(Continued)
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Table 18 (Concluded)

INPUI ALLOWABLF LCADS AND MOMENTS:

ACBT=ALLCWARBLT AXIAL LCAD USED IN COMBINED EX.DING
FOR PILE IN TENSION (KIPS)

AMINT=ALLO¥ASLF MOMFNT ABOUT MINOR PRINCIPLE &XIS
FOR PILF IN TENSION (EIP-FT)

AMAJT=ALLCWASLE MOMTNT ABCUT “MAJOR P-INCIELZ AXIS
FOR PILF IN TENSION {(XIP-FT) .

ACBC=ALLOWABLE AXIAL LOAD USED IN COMBINED REVDING
FOR PILT IN COMPRESSION (KIPS)

AMINC=ALLOWASLT MOMFNT ABOUT MIKOR PRINCIPLE X!
FOR PILF IN COMPRESSION (¥IP-FT)

AMAJC=ALLOWABLF MOMENT ABOUT MAJCR PRINCIPLY AXIS
FCR PILT IN COMPRFSSION {ZIp-TT)

ACL=ALLOWABLY COMPRESSIVE LOAD (XIPS)

ATL=ALLO¥ABLT TENSILE LCAD (ZIPS)

108C 0 1400 2, 1. 02,8, 10¢T. 8, 17 ,e,1ai¢. 0,0 @iai ol ot

-

INPUT Ik: @=INPUT BATTEIR FOR EACYH PILT (%
TEE NUMBER CF SUEBSROUPS WIIE THE 3a™E ZATTER
2

-3

INPUT NFP=-NO. OF FIZST FILT NLP-NC. OF L&3T PILF
BATT-BATTER=BATT VIRTICAL ON 1 HORIZONTAL
ANGL=CLOCKY¥ISY ANGLE BYTWFEN POSITIVE Y-aXIT OF 177

STRUCTURE AND X~-AXIS (DIRECTION OF BAITER) CF PILT iDE3)

E FILE SUBGROUP - 17 1,12,3.2%7¢

i)

sat

Y
OR FILE SUBGRQUP = 27 13,24,3.9¢
Ok PILE SUBGROUP - 3 ? 28,27.2.,¢

o}

TEIS FROGHAM GENERATFS THE FOLLOYING TABLIS:

TABLE HO. CONTEINTS
1 FILT AND SOIL DaTi
2 PILZ COORDINATES 4N BATIER
3 STIFFNFSS AND FLEYIEBILITY MATRIZES
STRUCTURF AND COORDINATFS OF ETLASTI

APPLIED LOADS

STRJUCTURY DYFLECTIONS

PILE DEFLECTICNS ALONG SILT AXIS
PILE FORCFS ALONG PILFT 2XIS

PILE FORCES ALONG STRUCTURY AXIS

M =2 e

INPUT TET NUMBERS OF THE TABLES FOR WHICH YGU @ANT THE OUTPUI.
SEPARATE THF NUMBERS WITH COMMAS. ? 1,2,3,4,5.6,7.8

INPUT A FILENAME FOR TABLF & IN 8 CHARACTFRS OR LESS

IF YOU ®ANT TO USZ THIS INFORMATION FCR ¢ hT¥¢ RUL

HIT & CARRIAGE RVTUEN IF YOU DO NOT saNT THIS FILF,
7

INPUT A FILE NAMXI FOR CUTPUT IN S CYLTACTERS OR 1L7ES,
HIT A CARRIAGS RETUSN IF OUTPUT IS T, =% PEINTED OK TIAvINAL.
?

INPUT U1°S -~ DISTANCES FOR ORIGIN TO PIL®

ALONG Ul 8%1I%
7 14,18,6,2,-2,-€,-12,~14,12,4.~4,~12,12,%,~4 ,-12,1¢,1¢,
? ~2,<6,~1€,~14,16,12,8

O

IS

INPUT U2°S ~ DISTANCES FROM CRIZIN T0 PILT
ALONG U2 &XI¢
TOERL L, 4%4 5, 4%8 0, ER12,0,3%2 ¢

f

INPUT U37S - DISTANCES FROM ORIZIN 7O :ILST
ALONG 03 AXIS
7 27%¢.2

It

INPUT 2
CZ = HCEIZONTAL LCADS ALONG Ul 4 U2 AXES (ZIPS)
VERTICAL LCTAD &LONG U2 4X1S (XKIPS)

FLIED LCADS AND MOMENTS:
¢5,Q€ -~ MOMINTS ABOUT U1,U2,U2 &XFS (KIP-FT}

P
1
%

O 6 e

&
e

FOR LOALING CONDITION ~ 17 €.€ 272.2€1,314.9 %

10



Table 19

Input Data for Example Problem 9

Group
14 1220¢ EXAMPLYT PROBLEM NO, 3
1B  10¢1p NOD EXAMPL® PROBLEM - CONSTANT SOIL MODULUS
24 10920 3
28 10238 27 1 1
3 1¢242 1 202 .000
Lo 129°%e 1 27 Te,.e00 P
Lo 100€2  1728.9¢8 17235 .¢23d 144,70 12 ,:0¢ 12.2¢8
54  1E¥7¢ 1
5B 1QC8@ 5¢28.2€2 15¢.228
6A  18€%¢ 2
6c 12129 Z. 1.28¢ g. ¢.
7 10112 120¢ .02 170C .22 1< €7.e¢ 1000 .0 10807 .20 1TVUT Y8 1c¥0.7¢ 1VEd .7t
BA  1012¢ Z
1813¢€ r.2C 2ve .t 14.¢2¢ 1.07 ‘.
10 16140 3.28 27¢.£@ 1¢.2% 1.2%2 ‘e
121¢g2 .02 27¢.2¢ €.72 1.8¢ z.
igiee 3.0¢ 272.¢2 2.9 1.%¢ g.
1217¢ .20 278.2¢ ~2 .80 22 ¢,
1¢218¢ 2.8¢ 272.%¢ -6.20 1.5¢ @.
1e19¢ 3.22 27¢.2¢ -12.20 1.50 <.
12220 Z2.2¢ 270.B2 -14.40¢ 1.2¢ e.
12214 3.28 27¢.8¢ 12.2¢ 4.52 2.
18229 3.8¢0 27€.¢0@ 4,20 4.5¢ 2.
1923¢ 3.2¢ 272.2¢ -1..8 .£¢ z.
19224¢ 3.8¢ 27¢.22 -~12.¢9 4.5¢ ¢.
18252 3.00 IR % 12.80 G.cl 2.
1€260 3.20 9¢.e¢ LA 2.i¢ <.
1227¢ 3.0¢ 3¢ .ee -4, 3¢ S.: Z.
12289 3.¢¢ 32.62 =-12.2@ gL 20 z.
1€29¢ 3.0 g2.e¢ 1+.99 1Z2.¢. <.
1¢3¢¢ 2.22 92 .62 12.29 12 .00 ¢.
18316 2.0 ¢z.28 £.2¢ i2.e¢ g.
1232¢ 2.2 8¢ .¢l 2.2¢ 12.¢2 Z.
1¢433¢ 3.29 S¢.te -2.¢8 12.708 2.
12344 3.0 g2.4¢ -€.2¢ 12.v0 2.
1235¢ 3.22 Sty -12.0¢€ 12.72 <.
1€3€2 3.22 3¢.6¢ <14.2¢ 12.¢¢ <.
16374 ¢. <. 1€.0¢ 3.2 e,
12282 2. ¢. 12.2¢ 3.c¢ g
1239¢ C 2. B2.40 3.2 [
11 luéid ¢ 275,561 244,982 E287.,4%22 v, o .
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Table 20
Output Data for Example Problem 9

EIsMPLE PROBLEM NO. S
NOD EXAMPLE PROBLEM ~ CONSTANT SOIL MCDYLUS

NO. CF PILES = 2% B8 MATRIX IS CALCULATED FOR EACH PILE

FRSAXCEEHBRB RN LG LR L EE R LS

1. TABLE OF FILE AND SOIL DATH

PILE NUMBERS

EER B GREREE

1 27 F = €.43F ¢7 PSI 1X = 1728.0@ IN®¥4 1T = 172B8.28 Iww%4
ARLA = 144.2 IN®%Z X = 12.¢8 IN ¥ = 12.88 1w
LINGTH = 7¢.¢ FEET £S5 = 22@.¢29¢
£l = ¢.4127 X2 = 1.8208¢ X3 =
K4 = 2. K5 = @. ¥g = e.
ALLO¥ABLES: COMBINED BENDING FOR TFNSION = 180€.¢28 EIPS

MOMENT AEQUT MINOR aXIS
MOMENT ABOUT MAJOR AXIS
COMBINED BENDING FOR COMPRESSICN =
MOMENT ABOUT MINGR 4XIS FOR COMEFESSION =
FOR COMPRTSSION =

FCR TENSION = 1262..2¢ ¥Is-5T
FOR TENSION = 12€£.22¢ ElP-77T
1¢@e.eee XIFS

icee.e2e

MOMENT ARQUT MAJOR AXIS iges.eee
COMPRESSIVE LCAD = 16€2.2e¢ KIPS
TEINSILE LOAD = 1288.¢@2 KIPS

TEE B MATRIX FOR PILFS 1 TEROUGH 27 15

@.11€E 25 ¢, €. e [ 49

2. 2.11¢F €5 @. [ &, 2.

2. <. 3,735E 2€ €. 2. Z.

2. 2. e. 2. 2. 2.

2. €. 2. 2. 2. e.

[ 2. 2. €. 7. Z,

U#‘ﬂ$*$¢ﬂ#&###**#*ﬁ#ﬁ#***$$**#*$#*ﬂﬁ*$#$&##$*¢*B*#*##3¢ﬁ$#***3**####$##*

2. TABLF OF PILE CCORDIHATTS AND 3ATTT:

PILE NO. BATTER ANGLF  UL{FT) U2(FT; UI{FT)
1 S.c@ _27¢. 14.€82 1.5¢¢ €.
2 3.é8 27e¢. 12.%¢ee 1.5¢¢ 2.
3 3.2 27e, £.208 1.8e¢ e.
4 3.22 272, 2.0:82 1.5¢€ 2.
< 3.e¢ 27¢, =-2.282 1.52¢ z.
€ 3.e¢ _27¢. -e.zee S22 e,
? J.ee 27¢. -1e.,ee¢ 1.5¢¢ [
g 3.08 272. -14 .00 1.8¢2 2.
El d.e¢ 272, 1z.cee 2.278 e,

1€ 3.e2 274 . ¢.cee 4.52€ z.
11 3.8e 278, -4 2€2 £l Z,
1e .22 270, =-12.28¢ 4,582 2.
13 3.¢2 se, 1z.22¢ S.L82 2.
14 S.2¢ ge. 4.28¢ g.¢ce 2.
% 3.28 ge. -4,22¢ g.eee 2.
1€ 3.2¢ ge, =12.02¢ g.i82 e.
17 3.2¢ 92, 14.€¢2 12.22¢ 2.
18 3.¢¢ 82. 1g.eee 12.c.8¢ e.
1 3.ee S¢. 6.e¢¢ 12.:92 e.
e 3.ee g2, 2.62¢ 1z.c2e 2
21 3.8¢ ge. =-2.40€¢ 12.0:€ 2.
cz 44 G, =¢.f0 12.¢0¢ 2.
23 3.42 wg. =1J.88¢  12.02¢ 2.
24 3.8 ¢e. ~14,222 1z.cee 2.
et VERIICHL 2. 1%Z.,88¢ 2.eee 2.
e I ¢ 12.c22 3.2e2 2.
27 [4 g.cte 3.eL¢ 2.

ﬂ$*¢*vw¢¢#¥¥##8$*$$¢ﬁ#**#3*$*¥*$&###k*#$ﬂ#d#&#v&*#ﬁ*#****Vﬂ‘*vﬁﬂV*#KJ*ﬁa

(Continued) L
A
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Table 20 (Continued)

3. STIFFNESS MATRIX € FOR THE STRUCTURE

2.298% @6 -€.G49E-22 0.337E-81 €.127F @1 @.931F-89 ~-£.22F% 23
-0 .949E~€2 2.204F 87 -0.2034E~@1 €.266FE 09 ¢.150FE @1 2.47VE 7
©.337E-21 -¢.234F-C1 2.181F 28 ¢.,137% 18 ~@.317F ¢£9 2.%5¢.7 ¢
©.127E 81 €.Z€E6F 99 ¢.137F 1@ 2,153% 12 ~2.114F 11 @,25€6% .3
€ .4€E6E-C9 0.520F 2€ -0.317F 89 -0.114F 11 £.238F 12 Q.Eéﬂi 3
-2 .226E 28 £.477F @7 @. €.25€E €3 ¢2.64C€F €3 271 11
3A  FLEXIBILITY MATRIX §F fOR THE STRUCTURE

€.,3585-85 ~2.239E-27 -0.986F-28 2.128Z-06 -7.665%~11 @.Zv@"-¢F
-2 .2Z9E~L7 2,1871-2E% Q2.691F-PE - ,0C4F-¢8 {,487F-p9 -£,3145-02
~@ . GEEE~L8 £.651F-€€ Z.4C1%-P€ ~P.523E-22 (£.3€617-83

2,129E-29 ~¢,504F-08 -€.C209F-P8 {.6G27I-10@ -2.373t-11
-8 .695E-11 €,487 & 8.361¥-¢9 -2,373E-11 ©€.45¢F~11 2i-
©.32CE~88 -2,314E-0S ~8.138E-09 @.176E~11 ~B.915E~-13 ©,354E-1¢

medksRRE [OAD] 1 SssasEEe

NG CONDITION

S A K R R R R AR R AR R F TR A e AR WA ARG R AR R EREER R ERE S

4. MATRIX OF APPLIED LOADS ¢ (EIPS & FFFT)
¢l ez °3 o4 [ g
2. R7€.551 344,50 €287 .422 a. 2.

et A AR R R AR K A R AR AR e A AR R R R AR AL R R RO Ak R R R

5. STRUCTURE DEFLECTIONS (INCHES)

s i

b3 D4 3
2.6145~04 €.227E-04 ~C.240T-24

€.148E-¢1

rz

1
-G .1E€3E-€2 €.128% &2

et

L fe e R e R AR R AR ® EE R B 2 L B S g
€. PILE DEFLECTIONS ALONG PILE AXIS {INCHES)

PILE X1 rz xXZ X4

1 =$.122F @@ ~B.138I-82 ~0.2788-d1 —¢,135%-04 & ~7.72
2 -2.,123F €8 ~-0. 119V-22 - ,271E-€1 ~2.139E~24 ~-¢.3
3 -2.124F 22 -2.139:-62 -8.264E-71 —-€,116F-24 -2.
4 -3.126EF €¢ -2.15 92 ~8.258E-21 ~2.130%-C4 -¢.
£ -@.127F ¢2 ~2.,1 @2 -08.251E-01 ~€.139E~¢4 -2.
6 -8.128F €¢ -2.13 22 -~2.244E-81 -£€.1387-24 -¢.
7 ~¢,12RF ¢€ -¢.139¥~82 -B.238F~01 ~8.139E-C4 -2 .
& -2.122F 22 -0.139F-@2 -0.231E-21 -€.,1297-2¢ -2.
g ~£.123% ~¢ ,£29E=-33 -€,2583F-~81 -2.139E-¢4 -?
12 -2.126% ~g.240E-@1 ~-0.138E-24 ¢ 614f~24 ~Z.
11 ~£.129F -0 .227E-81 ~C.139F-2¢ 2.614E~0¢ -€.
12 -2.132¢ -2, 212F-01 -2.139F~¢4 € ,E14%-24 -:
13 9.113F @2 ¢.567E-31 .281F-924 -2.,514F-24 -C
14 ©.114F ¢¢ -8.772F-23 2,595F¥~@1 ©,291F-04 -2.614F-¢4

15 ©.116F 22 -2.778%-g3 £.523T-¢1 €.2917-¢4

16 €.117F €8 ~2,7725-2% £.651F7-21 £.29017-C4

17 £.111F 28 -€.164F-02 ©.581f-21 £.2011-04

18 2.11Z2E « ¢.

19 2.113F 4 e.

28 ©.114EF 2. 2.

21 €.114F 2. z.

22 2.11tF 2. 2

23 @.11€F e. Z.

24 £.117% 2. ¢.

28 ~2,962E-¢ 2.1 2.

26 ~0.9€ZE-23 €.1 2.

27 ~3.962E-22 2BE 28 4, 2 9.427*-?4

(Continued)
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Table 20 (Concluded)

B ERRNEARD B K seeoe &% FEREREER AL RAGY KEFEERET

7. PILE FORCFS ALOWS PILE AXIS (KIPS & FEET)

PIlE F1 F2 F3 P& FS FZ CBFT: FAILURT
C3 BJ CC TT
1 -1.341 -€.815 -22.39€ @. 2. 2. @.e2
2 -1.3%7 -¢.21% ~19.90% 2. 3, e. .22
3 ~1.373 -2.@1% -19.415 [ €. 2. 7.¢2
4 -1.289 -2.21¢ ~-18.925 2. 2. @. 2.¢2
S ~1.48¢ ~-2.215 -12,43% 2. . e, 2.02
€ =1.42¢ -2.21% -17.944 e. Q. e. 2.l2
7 =1,436 -2.21% -17.454 =8 e, 2. 2,22
8 ~1.452 -¢.21% ~1€.9€4 2. 2. 3. .22
S =1,387 -~p.e06 ~18.5¢9 2. 2. 2. .22
12 -1.388 -¢.,028 -17.628 e. 3. 2. 2.22
11 =-1.422 -0@.208€ -16.648 2. 2. 2. e.ez2
12 -1,4%2 -0.986 -1%.667 2. e, Q. g.e2
13 1,241 =~-¢.008 41.544 2. 2. [ 3.24
14 1,288 -~2.28& 43.€97 2. 2. 8. Z.24
15 1.274 -2.288 45,751 D, 2. e. 2.2%
16 1.281 ~2..08 47.3e% 2. 2. e. ¢.e:
17 1,226 -@.218 42,872 2. 2. 2. 2.24%
18 1.238 -B.215 43.£99 Z. [ 2. .24
19 .24 =2.018 44.725 2. [28 2. 2.4
2¢ 1.284 =-2.818 42,7853 2. €. 2. ¢.2¢
21 1,263 ~-€.018 48,782 2. [ Q. Z.e%
22 1.271 -f.21%5 47.826 €. 2. [ Z2.2%
23 279 =-2.218 45,833 2. e. 2. ¢.ec
24 1.287 ~@.218 49.8€¢ 2. ¢. 2. 2.es
25 -2.211 1,3€2 9.329 2. 2. é. 2.¢1
26 =-€.211 1,378 18.1¢9 2. e. z2.e1
27 -¢.211 1.388 12.g9eg 2. ¢. @. .21
TCTAL NO. FAILURFS = @ LOAD C4S: 1
FERBEREEFRURTEALR ERLEBLEEY FEREBGE ] R RRFRE GG HGERGEER
8. PILE FCRCTS ALONG STRUCTURE 4XIZ (KIPS & FVIT,
PILE Fl F2 Fq 3 34
1 ~2.e1% 7.722 2. 2. 2.
2 -£.215 7.C€2 a. Z. 3.
3 -B.21% ?.442 .93 e. @. 2,
4 ~2.01% 7.5e2 -17.51% 2. @. 2.
5 -8.815 7.1€62 ~17.844 2. [ e.
& -8.21% 7.e22 -1€.574 D 2. €.
7 -¢.21% €.882 ~16.124 2. . 2.
8 =2.215 €.742 -18,824 2. <, 2.
g ~8.P2E 7.172 =17.22% €. 2. 2.
ie ~2.286 €.802 -16.285 e, 2. &,
it ~4,306 £€.612 ~1%.344 2. 2. €.
12 ~2,806 €.332 =14 .404 Z. 2. 2.
13 2.e08 14.347 38.114 e¢. @, 2.
14 €.8086 15.¢212 41,857 e, 2. 2.
18 ¢.ee8 15.877 43.28¢ 2, 2. 2.
1€ 2.e08 1€.242 44,943 8. 8. 8.
17 £.¢18 14.€61 42 .264 2. [ 2.
ig 2,215 14,983 41.265 2. 2. 2.
18 2,818 18.326 42.237 2. 2. 2.
2e 2,818 15,655 43.0€8 2. 2. 2.
21 ¢.218 18,581 43.9%¢ 2. 2. 2.
22 2.¢1€ 16.323 44 .9€1 2. 2. 2.
23 ¢.21¢ 16.685€ 45.823 2. 8. €.
24 £.¢18 1€.988 46,894 Z. g. <.
22 -9.211 1,363 Q.389 2. 8. €.
2€ -3.211 1.372 1¢.1e22 2. e. ¢.
27 -2.¢11 1.238 ie.9e¢ 2. a. 2.
SuM -4 .828 27€.961 344,528 S2ZR7.422 z.eeg ~2.¢28

FERRSRHE LR SR G AR R FE A RS A E A SR E T LR R G AT AT NE SR G LR AR USSR E R AR GRS SR Y

(8heet 3 of 3)
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$F. = 7.722 + 7.582 + 7.4L2 + 7.302 + 7.162 + 7.022
+ 6.882 + 6.7h2 + T7.172 + 6.892 + 6.612 + 6.332
+ 14,347 + 15.012 + 15.677 + 16.3k2 + 1L.661
+ 14.993 + 15.326 + 15.658 + 15.991 + 16.323
+ 16.656 + 16,988 + 1.363 + 1.375 + 1.388

IF, = 277

and

IF, = - 18.925 -~ 18.455 ~ 17.985 - 17.515 - 17.0kLk
- 16.57h - 16.104 - 15.634 - 17.225 ~ 16.285
- 15.3kL ~ 1k Lok + 39.114 + L1.0ST + L43.0
+ Lh,ok3 + L0.09Lk + L1.065 + 42.037 + L3.008
+ 43.980 + LL.951 + L5.923 + L46.89L + 9.309
+ 10.109 + 10.909

IF_ = 345

-+

These results agree closely with the computer results (item 8).
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Example Problem 10

Three-dimensional prob-
lem, 9 piles and lin-
early varying soil moduli

91. The tenth example problem illustrating the use of program
LMVDPILE has linearly varying soil moduli and is taken from Saul (1968).
Figures 23 and 2L show the physical problem. Figure 25 shows the prop-
erties and loading conditions. The input data are stored in a data
file prior to running the program and are shown in Teble 21. The com-
puter output is presented in Teble 22. This example illustrates how a
three-dimensional problem with linearly varying soil moduli is coded.

It also shows how battered piles are coded.

Results and calculations

82, From statics ELF = 0 . From the program output in Table 22

/:q k °
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3 ‘ !
LS| 5.0' | 4.0" | 1.5
M o i oy O
| 12.0'

Flgure 23. Plan view of example problem 10
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0.5'—e

ORIGIN

2.0'

USE:

=

Section A-A for example problem 10

full pile head fixity
piles are , n=77

Properties
E=0.3x 108 psi K, 0.576
KS = 100.0 pci‘ K2 2.0
I = 211.9 inﬁz Ky = 1.043
12 = 211.9 in. Kh 7063.3
Area = 16,1 in.2 K5 0.5kl
Length = 120.0 ft K¢ 0.54k
Loading | Ql % QE o QS Q‘6 }
Case (kips) (kips) {kips) (Kip=-Fft) (kip-ft (kip-ft)i
1 200.0 100.0 1500.0 1000.0 4000.0 416,667 {
Figure 25. Properties and loading conditions

for example problem 10
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Table 21
Input Data for Example Problem 10

1A 1¢¢e¢ EXAMPLE PROBLYTM NO. 1€
iB 18212 SLD CEFCK PRO3LEM KO, 2 - S47L

24 16¢2¢ 3
28 12032 g 1 1

3A 12240 2 122,.02¢

LA leese 1 S 122.¢40 2
1

uc 1226¢ 2l1.c22 211.02¢ 5.128 1.22 1,068

Sh 18072 4
SC 12287 20802020.200

64 12092 1
6B 1e1exs 1.828 2,567 2,408 247 7¢63.27¢ 2.544

1.
7 1211¢  Zg¢e,e¢ 333,33 335.33 S00.2¢ 33T, 32X ZBX I EQE.2C 12¢.7¢

84 18120 2

10 17132 4,000 15C.00¢ .00 C. 7.
1214¢ Z. Z. 4.220 2. e.
1218¢ 3.29¢ ¢ .28 4,528 3.22¢€ 2.
1¢1€¢ 4.0€0 180 .40¢ 2.5 ¢ 2.2e0 2.
1g1ve 3.2€€ 135.2¢¢ =4 ,522 3.5¢¢ <.
12189 3.208€ 12¢.292 -4 ,.2¢0 2. 7.
12192 2.ece 225.20¢ ~4.5:0 =2 .22¢ g.
12222 4.000 212.¢0¢ ¢.576 ~3.2e¢ g.

1¢21¢ 3.22% 2e¢.20¢ 4.22¢ -3.520 e

1l 12222 20C.L2¢ ice.2ed  1ted.ce@ 1008 .%ed 4@26:2@? 51%.8°7
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Table 22
Output Data for Example Problem 10

EXAMPLY PROPLEM KO, 1¢

SL™ CHECY PROBLEM NO. 2 - SAUL

N0, OF PILES El ® MATRIX IS CALCWLATED FOR "EACE PILE

R XL KRG L RAFREFRRE NG G VR EBETERSEE G2 PR RS EFREELY

BEEEN L2 2 222

1. TABLE OF PILT A%D SOIL DATA
PILE NUMBERS

1 3 E = 3.38% 38 P8I X = 211.89 IN®%4 I = 211.90 IN®%g
AREA = 15.1 IN®¥®2 X = 1.68 1IN 1= 1.8¢ 1IN
LENSTE = 1208.¢ FEET ES = 1067.203
i = 2.5673 K2 = 2.308¢ X3 = 1.2432
K4 =7063.3263 K5 = 2.544¢ V6 = €.544¢
ALLOYARLES: COMBINED BENDING FOR TENSION = 526,628 LIPS

333,338 TIp-F7
333,338 EIP-FT
2¢¢.28% KIPS
333,338 KIP-F1T
333.33¢ EIP-FT

“OMENT ABOUT MINOR AXIS FOR TENSION
MOMENT ABOUT MAJOR AXIS TOR TENSION
COMBINED TENDING FOR COMPRESSION =
POHENT AROUT MINOR AXIS POR COMPRESSION
H“OMENT ABOUT MAJOR AXIS FOR COMPRESSION
COMPRESSIVE LOAD = €2@¢.28% EIPS
TENSILE LOAD = 122 .286 KIPS

TRT B MATRIX FOR PILES 1 TEROUGE g Is

2.7228 88 2. a. @, 3.262% ¢7 8.

2. 2.7¢2% 35 Q. ~3.262E €7 ©. é.

8. 3. 6.A71E 656 8. G 2.

. -2.282% 7 3. ’ Z.1R2E 29 @&. 3.

¢.262E 87 2. 3. 3. 2.182E 29 @.

e . 2. 2. 8. 2,786E €7

BEFHGEE

SEREEGEE

B

= eTR

&z

2. TARLT OF PILE COORDINATES AND BATTER

Been

PILE NO. BATTER ANGL™ UIL(FT) U2(FT) UZ(¥PT}
i 4,78 180. ©.528 . @,
4 YVRTICAL 2. 4,508 e, 3.
3 T.70 &, 4,529 T.588 6.
4 4.08 188, 7.508 3.588 G
< .28 135, -4.5%8@ 3.5¢8 3,
€ 3.73 188. ~—4.%03 8. (8
7 3.2¢ 225, -4.520 -3.53¢ @.
8 4,28 213. ¢.50¢ -~3,.5868 .
g 3.28 338, 4.5¢8 -3.53¢ 8

BRE G EER

2EELLE R LR EL L ETRAERE NG SR HEE BV LY E L IR ERREA XNV BL S L A LT E RIS AR TLTNEF RS ERR S

STIPPNESS MATRIX S ¥0OR THF STRUCTURE

3.
¢.911F 06 8.7327-¢3 ~8.636E #5 @.313E 06 -0.803% 37 8,.628E~01
2,97?E-233 G.R41E 95 2.195%v-82 3,688F 27 $.250FE 8¢ ©.177F 27
-@.636Y @& F.391E-¢2 @.563L 97 ¢.5¢8F% 868 -8.11RE 28 -2.375F &2
2.280T @2 @.%88Y ¢7 ©@,T@0Y 28 (.343% 16 0. 2.8B87F 29
-3,802F% 67 3,188F ¢p -£.11%FE 28 ©,.1€6% 22 £,128% 11 2,289F ¢2
¢.196F @8 2.177% g7 -@.563F 7@ £,857F 89 2.322% 22 ¢2,3¢5% 1@
24 FLEXIBILITY MATRIX P FOR TREE STRUCTURE
3.1227-25% -#,144E-14 §,.137F~26 ~3.534F-1Ff 6,878E-P9 @.513I~19
~3.1%AF~14 3.129E-¢5 -7,634FE-15 -B.936%-39 - .23R¥~16 ~3.432E-89
¢,137E-06 ~0.975F-15 3.1G4F-2F =2,138E-16 €.264%-39 J.244F-16
-@.392E-1€ -23,9367-39 -4,183%~16 3,.123E-29 §.622E-19 -€.341F-12
2.878E-80 -@.172E-16 8.764Y-20 ~8.116F~18 @,788FE-12 -2.667F~18
~3,3358-1F -2,432E-29 ©.314%-16 -2,341%-10 -4,828E-18 2&.338E-39

(Continued)



Table 22 (Concluded)

sersssas LOADING CONDITION | seecsess

YT T

LESEABERO SR H I LAIVHFELTER BRGEHE
4. MATRIX OF APPLIED LOADS Q {KIPS & FFIT)
1 kg Q3 04 Q5 Q8
208.800 180.060 1502.800 1266.029 42¢0.8008 415,867
LR PR CRERCHEERY RS PR ERRACHOILEN LS AR E G EREF R AL XA NP2 LLARLCOH LR AR RS RE LD
5. STRUCTURE DEFLECTIONS (INCHES)

01 b2 D Da D8 bl
@.49BF 26 J.198F 78 ©,.333F P8 P.122E=-32 $.436T-$2 0@.124E-82

CRREEEE N R R A PR NECRA G G EEE BT ERCHEER LR VLR PE S S PEBE LT GRR P ETESL LR ELERBE TR R

6. PILE DEFLEZTIONS ALONG PILE AXIS (INCHES)

PILE T1 12 X3 T4 1= 8

1 ~B.249% 28 ~3,114% 28 2.177% 80 ~0.148E-02 -0.47%68-32 @.9¢%F-¢3
2 P.48RY 28 2,173F 22 @.0%28~-81 ©.122F-02 ©0.436E-82 @8.124¥-82
T Z.33T %8 ~@.701f 82 @,L25%F €@ 9. 376E-02 B.1178-32 &,.28%6%-22
4 ~@.R%Qav 20 -3,317E %€ @.267F 26 B.797%~@3 -@.438F-02 0.147F-82
® —2.481Y 3F -@ . Z7F 23 §.49%% 8@ 0.172E-02 -§.394E-32 {£,188T-22
€ -C.R42F 28 -0 .39%V-21 2,382F 00 -0.154E-92 -5 .43%€%-32 §.78B9T-23
? -§.5872% £ Q.354F 76 €.7%53F 36 ~2.413V-02 -8 ,2220-82 -@.7221~04
8 -3.,571% 3@ 2.172% 32 ©.118F €8 -2 .343E-02 -@.316F-02 §.417%-03
9 ©.10@% 22 @.5E4F "¢ @.799E~31 -B.733V-@2 0,323E-02 2.17IE-@3

R G LRI R AL SRS EL RGN R RN G LR LB IR SRR SR ARG XA R R RS G ARSI GRVRERR TGRS

7. PILE FORCES ALONG PILE 2X1S (KIPS 5 F¥ET)

PILE ¥ F2 F3 T4 e 5 CRFTIR FAILURE
¢B BU (O TE

1 -52.443 -4.669 118.877 2.318-18%,527 8.533 .89

2 48.2¢3 9.821 €3.888 -19.266 172.62¢ 2.728 .72

T 28,687 -31.6R8 171.191 12¢.69€ 83.134 1.908 e.es

4 -41.2f7 ~-25.81% 178,317 B81.659~153.219 0.867 1.36 F

£ -44.R83 -29.,717 332.913 09.416-163.382 1.104 1.45 F

£ ~-58,533 1.274 256.359 -14.844~-206.142 3.4€4 1.18 F

7 ~47,167 %7.34% 242.492-139,9%3-152,982 -8.843 1.3¢ F

] ~51.343 21.R48 79.427 -89.%R5-172.434 D.24% 2,94

9 12,951 £2.443 5%.626-172.469 78.896 g.1¢2 2.84

TOTAL WO. FAILURTS = & LOAD CASE 1

GO R RS R R R L RS N R RGN CEE R R LR LA LRGSR LT O NAS I IFE RO R B R AT LLER LR LR

8. PILE FORLES ALONG STRUCTURE AXIS (KIPS & FEET)

PILE ¥1 F2 ®3 ¥4 F& Fg8
1 ?2.118 4,7€2 127.786 -2.379 185.827 -3,046
2 4R ,22% G, R71 53,888 -19.266 172.620 3,728
3 €6.631 52,11° 15¢ ,202 -14,2237 141.141% ~36.739
4 Q.977 24.24¢° 182.881 8,324 172.11F -18,.819
s ~2%.322 €5.348 3338.021 46,470 188,344 =32.391
€ -74.£39 -1.874 262,329 13,236 26,142 5,138
7 4.771 ~48.542 243,366 ~18.223 222.741 44,231
8 7.1 -Z 791 22,477 ~11.,882 182.758 21,965
Q £9.731 ~2.27¢ 45 .823 -29,387 177.2€68 84.617
SUH 238 .820 172.26¢ 1532.0¢0 12060.272 4008.208 416,667

BRREE GG AL LR EE RS AR A SRR L ERHO RO S L ONROEL ORISR EOR R EL R IR R REE AR LR AN RER R
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this can be shown.

For example, for a 200-kip applied horizontal load

in the U, direction

1

Similarly

Wwhere
Q2 =
Foo=
2 2
LF_ =
3
where
F
3
Q
3

ZF3 =

horizontal pile force along the structure axis
applied horizontal load in the Ul direction

20,12 + 4B8.00 + 66.7 + 9.98 - 23.32 - 2L.59 + k.27 + 37.13
+59.73

200.0 kips

(o]
by
[AV]
fl
O

applied horizontal load in the U, direction
100.0 kips

Q
3
vertical pile force along the structure axis

applied vertical load in the U3 direction

1500.0 kips

These results agree with the computer program results.

93.

(1968) paper.
with the classical method results.

moments about the U, -axis {

Manual calculations for this example are presented in Saul's

The compuber results presented in Table 22 agree closely

For example, a comparison of the

Fh's) is shown below:
L from
Pile Computer Saul's
No. Outvut (kip-ft) Example {(kip-ft)
1 2.319 2.31
2 -16.266 -19.25
3 120.696 120.68

(Continued)
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Fi from

Pile Computer Saul's
No. Qutput (kip-ft) Example (kip-ft)
4 81.059 81.03
5 99.5416 99.38
6 ~14 .84k ~14.85
7 ~-139.903 - -139.88
8 -89.585 -89.58
9 -172.408 ~172.36
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Example Problem 11

Three-dimensional problem, 60 piles
with linearly varying soil moduli

9k, This example problem is a three-dimensional system with 60
piles. The physical problem for this example is shown in Figure 26.
The properties and loading conditions are shown in Figure 27. Table 23
shows the data file saved prior to the run. The computer output is

presented in Table 2k,

95. This example was run to verify that the computer results agree

with the St. Louis District's program.

Results and calculations

96. The computer results shown in Table 2L agree closely with
those from the St. Louis program output. For example, for pile 1 for

lcad case 1, the pile forces along the structure axis from Table 2L are

Fl = 42,305 kips
F2 = 0.0 kips
FS = 120.806 kips
Fh = 0 kip-Tt
F5 = 0 kip-ft
F6 = 0 kip=ft
The St. Louis program produced
Fl = L2.3 kips
F_o = 0.0 kips
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e problem 11
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Physical problem for exampl

Figure 26.
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Properties
E=0.3x 107 psi Kl = 0.411
K5 = 2.000 pci K., = 0.5
L 2
Il = 5461.333 in. K3—K = 0.0
I, = 5461.333 in.h
Area = 256,000 in.2
Length = 60.0 ft
| Q Q Q Q Q
Loading % 2 3 i 5 6
Case (kips) (kips) | (kips) (kip-ft) (kip-ft) (kip-ft
1 1207.5 0.0 3113.25 0.0 L825.5875 0.0
2 1hsk.25 0.0 1683.15 0.0 -2Th3.53L2 0.0
3 1825.95 0.0 875.5 0.0 -5779.62 0.0
Figure 27. Properties and loading conditions for example problem 11

F_ = 120.8 kips
3

F) = 0.0 kip-ft

Fo = 0.0 kip-ft

(@A

These results agree very closely.
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Table 23

Input Data for Example Problem 11

Group

1A 1006€@ EXAMPLF PROBLEM NO. 11

1p 18921¢ TECHF-VTRMILION CUTL®T SIRUCTURT 7.17 T7 SPaCIvy

on  1292¢ K

2B 1€v32 e 1 Z

3 T1734% z 5.020

Lp o 123%2 1 (44 of 2

bc 18262 C4€1,333 5461.,333 25C.027 1£.:2@ 1€.¢2¢

54 12e7¢ 4

s¢ 12489 ceeeee.cee

6A 10292 1

6B 121232 2. 2.411 2.5:2 2, <. 2.

7 1211¢ 268.2¢ E8.,7¢ 9.7¢ 2f%.% 8.7, 20.,7¢ 1TZ.i. 1e2e¢..¢

8A_1z1ze [4

10 12138 3.202 g. ~11.25¢ 26.17¢ 2.
12142 2.€2¢ o, ~3.7%¢ Sg.17e z.
i21ge 3.¢29 e, 3.78¢ £o.17¢ 2.
1¢1€2 3.20¢ 2. 11,282 £2.17¢ 2.
10172 3.2ee 182.208 -11.252 43 .002¢€ 2.
ie18¢ 3.222 18e.222 -3.782 43 .7e¢ 2.
12192 Z.¢22 180.200 3.7z2 ¢ 2.
iezee 3.22¢ Z. 11.22%2 e.
1e2ie 3.£2¢ e. ~11.28@ Z.
1e222 2..20 ¢. -2,78¢ 2.
1g22e 3.¢2% 2. 3.75¢ <.
12249 3.z2ee 2. 11.28¢ 35.833 2.
12252 3.eee 132,490 ~11.28¢ 28 .£€7 2.
1226¢ 3.€2¢ 182.00¢ =3.7%¢ 28 (827 <.
1ez27¢g 3.229 12¢ .¢e¢ 3.75¢ 28,287 2.
le2ee 2.¢2C 2. 0 ZR 387 z.
12292 3.0e¢ 2. 21.5¢2 Z.
1232« 3.¢¢9 2. z21..¢2¢ 2.
1831¢ Z.g2e <. 21.5%¢ <.
183z¢ 3.280 €. 21.2¢¢ Z.
1233¢ 3.68¢ 182.200 14,333 Z.
12342 s.e2¢ 132.¢202¢ 14,333 2.
1832y 3.ece 13¢.e22 14,333 8
183€e z.eee 2. 14.333 2.
1237¢ 2.229 2. 7.17¢ a,
1238¢ 3.¢22 e, -3.75¢ 7.17¢ e.
1239¢ 3.22¢ e, 3.78¢ 7.172 2.
lo4ce 3.229 2. 11.2:2¢ 7.172 ¢.
1241¢ 3.222 18¢.222 -11.2¢2 28 2.
12422 2.eee 1€¢.20¢ ~3.7%¢ 2. 2.
19439 3.gee 159.49¢ 3.72¢2 Z. 2.
10442 3.2e0 2. 11.2¢8¢ e. 2.
124%¢ 3.ec8 <. ~11.2¢2 =717 .
124€¢ 3.c28 2. 3787 -7.172 Z.
ies7e 3.228 2. 3.78¢ -7.172 e.
17482 z.elv Z. 11.287 =7.17¢ ¢,
igas2 3.¢0e¢ 1c2.223 -11.2%¢ -1£.3233 7.
1¢5¢¢ 3.¢ee 182.¢¢2 ~3.75¢ -14,333 2.
1221¢ 2.¢08 15€.20¢ 3.7¢¢ -14.232 z.
iesze S.£28 Z. 11,287 -14,322 2.
12834 3.ee¢ Z. ~-11.2%¢ -21.52¢ Z.
1284¢ 3.200 <. ~3.7%¢ -21.%¢e@ 2,
1e85¢ 3.¢3¢€ . 3.758 -21.52 2
iesee 3.828 2, 11.28¢ -21.82¢ ¢,
1gg7¢e 3.822 182,202 -11.2¢8¢ ~28.6€7 g,
i25g2 3.0e¢ 182,222 -3.75¢ -23,687 Z.
12289¢ 2.2ce 158 .20¢ E.78¢ ~ZB EE7 2.
126ed Z.038 e. Z.
12€12 3.222 2. e.
iegeae Z.22¢ 2. 2.
12€3¢2 3.2¢20 2. 2.
12647 3.¢e¢ Z. .
12652 2,20 1Z¢.eee 7.
1geee 3.2¢¢2 122 .¢92 2.
1R€72 .eee 188.22¢ .
ie68e 3.e2¢ <. 2.
126G Z.eed <. 2.
127¢¢ Z. 7.
ievie ¢. Z.
187z¢ 2. 7.
18738 4. 3113.28¢ €. 4825 JLE7S 7.

11 12749 e. 1683.1592 2. -2742.5242 e.
1evee Q. 875.5e8 3. -£779.62¢ <.




Table 24

Qutput Data for Example Problem 11

EXAMPLE PROBL:EM NO. 11

TECHE~VERMILION QUTLZT STRUCTURZ 7.17 7 SPAGING

NO. OF PILES = 6¢

- BEGG

5 MATRIX IS CauCULATED FOK .EACH PIL:

BRGBEHESN K

Bl kg Rk S GR FH B G

1. TABLE OF PILE aND SQIL DATA

PILE NUMBERS

i1 62 i = v.38:s 87 PSI IX = 5261.33 IN¥®4 If = 5461.33 In*#%4

ARZA = 256.¢ IN®E2 X = 18.¢8 IN Y= 15.98 1IN

LENGTH = 58 .6 FEET &5 = 2.200

K1 = ¢.4110 K< = 2.00B8 K3 = 8.

{g = 2. LU = 2. Lo = 2.

ALLOWABLES: CCMB3INED sENDING fOR TENSION =  268.82¢ KIPS

MOMENT ABGUT MINOR AXIS #GR TENSION = 52.79¢ E1P-FT
MOMENT »BUUT MAJOR AXIS FOK TEZNSION = 58.786 K1P-FT
COMBINED BENDING FOR COMPRZSSION = 268.806 LIPS
MOMsRT ABOUT MINOR aklIs FUR COMPRESSION = 59.708 KIP-FT

MCHMaNT ABUUT MAJOR AXIS #OR COMPRESSION
COMPRESSIVE LOAD = 158 w8 KIPS
TeNSILE LOaL = 1906 .886 KIPS

29.7¢@ KIP-FT

THE B MATRIX :CR PIL3S 1 THROUGH &¢ 1S

9.758% ¢4 0. g. G. g. 2.
. .75 6¢ 2. . é. 2.
2. & 2.533% w6 8. 2. 2.
2. . 2. 2. 8. 2.
2. Fd 2. 8. 8. .
2. ] 2. 9. N .

i d 253

(Continued)
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Table 24 (Continued)

2. TA3LE OF PILE COORDINATES AND BATTER
PILE B0, BATTER ANGLe UL(FT) Ux(kT) U3(FT)
1 5 17

S.0¢ 9. ~11 .259 o8.178 8.
2 .68 8. =3.75¢ 58.178 6.
3 308 e $.79¢ 58,174 8.
% 9.20 . 11.25¢ 58.:i7¢ B
£ 3.4€ 168, -11.2b0 43.488 [
€ J.08 188. -3.7%¢ 43.46¢ .
? Jedd ies. 3.70¢ 43.008 @.
8 I.08 2. 11.25¢v 43.008 8.
) 3.09 8. ~11.29¢ 35.433 2.
ié 3.00 Y. =3.75¢ 055.833 @.
bS 3.02 B, 3.T58  35.833 ¢.
12 3.08 @, 11.2%2 3$5.833 2.
13 3.08 188. -11.236 28.067 2.
14 3.0 188. -3.754 &.087 2.
12 o6 186. 5.75¢  £B.667 é.
16 S.¢8 2. 11.26¢ 28.607 9.
17 JeB 8. =11.25¢ 21,240 8.
18 Sebu 8. =3.7%vw 2i.980 8.
14 3.89 e. 3.75¢ 21.588 2.
28 3.8¢ €. 11.25¢ 21.5¢8 8.
21 $.20 188. =11.258 14..33 e.
22 3.¢8 168, =5.7b¢ 14.333 @.
23 3.98 188, 3708 14.333 0.
24 3.08 8. 11.250 14,333 2.
2% 3.29 8. =11.202 7.178 8.
z2€ S8 2. =3.799 7,178 8.
27 Z.ue 2. 3758 ?.178 9.
28 S.u8 g. 11.29¢0 7.178 2.
2% 3.8 188, =11.252 é. .
3¢ l.28 189. ~3.75%¢ 8. 8.
i i.2€ JET-N 3.754 & P
32 3.08 9., 11.259 8. 2.
33 3.9 8. -11.2% -7.17¢ D
34 S.0¢ 8. -3,.750 -7.178 &,
35 S.6 @. 3.7%¢  -7.178 2.
38 3,28 8. 11.258 ~7.178 &.
a7 w89 188. «11.250 -14.333 2.
SE s8¢ 160, =~3.75¢ ~14.033 2.
38 Va1 186, S.758 -14.333 @
48 S.0¢ d. 11.200 -14.333 9.
41 3.48 8. ~11.254 ~21.3580¢ 9.
4z S.0¢ &, ~3.750 -21.50¢ 8.
43 969 [ 3.753 ~<21.288 0.
44 3.99 ¢. 11.250 -2i.5¢v@ e
45 3.08 168, ~11.250 ~c8.587 I’
46 Jefwo ieg, =3.758 -28.0567 2.
&7 3.0¢ 1o8. 3.75¢% ~28.067 @.
48 - <.9¢ 8. 11.234 -28.067 2.
45 S.08 @. =11 .250 ~35.053 8.
5S¢ 3.0¢€ 8. =0.730 ~35.403 Q.
51 $.00 D 0758 -35,833 2.
52 Jede d. 11.208 -35.833 @.
52 S.08 186, ~11.2b¢ ~43.498 9.
54 3.¢40 186, -3.75¢ -43,200 2.
pedel 3.08 186. 3.75¢ =43.400 0.
S€ S.ud 8. 11.208 ~45.¢08 d.
57 .09 8. ~11.2506 -—d¥,i?@ 2.
58 3.08 ¢, ~3.750 52,174 G
=2 3.9 9. 3.758 ~58.179 8.
¢ 3.0 8. 11.25¢ -52.17¢ 3.

GEERE NG SR URGE LR S IF BB G ER B G GG NBG SRR E

3. STIZFNESS MaTniX S FUKk THs STRUCTURE

“0.2ive~42 B.204%L ¥7 @.lo8. 82 -B.298E ¢9 4.7808% 21
2.455. ¢o £.6075-62 0.1862-¢7 B.29Bs ¢ @.547:2-¢)
2.657p~82 B.238z 23 B8.32¢s w2 B.5¢0E 09 £.o¥0E 21
2.1806-97 B.3c¢u €2 B.093: 13 P.512E @3 -2.523F 12

S.905 @ 6. 2.162: b« B.cd2n 12 8.124E 4
[ P.ob¥u-2l @.0:8n €1 -2.523:. i2 B.64JE 63 8.9035 12

34 FLEMIEILITY AsTRIX F FOk TH: STHUCTUR:

2. ~¢ . 3eoE-87 - -3,7112-17

¢ > ~8.601.-15 1o =9.c762~1d
-3 Q.00 u-d7 o -$.032E~18 -2.£74E~18
-8,z ~d.colu=1d B.&wlu-12 ~B.247.-28 @2.3¢25-12
a0 L 18 0 03cnml0 Y. w4720 B.077n-11 -0.1l84:

=¢.43¢s~1c ~@.dDco~1l B.3¢2.~12 -€.683:-24 3.238%
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Table 24 (Continued)

weressst LOLDING CONDITION § #BBes2se

1 RS R A R BB BRGERERE B
4. MATRIX OF APPLIED LOADS Q (KIPS o FZET)
Q1 e N we <z Q6
1267.508 2. 3113.2%¢ g. £825.588 g.
* HEEGERSEY R RGBT Rg R R G R EER
S, STRUCTURz DIFLECTIONS (INCHXS)

Di
6.017L @¢

i

< bd prs Lo Do
@.80¢i-1o B.T70TE-0L —B.340.~-11 @.522:-83 =3 .185E~1¢

L TR T

PILE 11
2.2545
9.269%
2.284E
0.2993

-6.348%

-, 3332

~0.313%
2,259
9,254
¢.269%
8.264%
¢.259%

13 -8.348%

14 -2.333E

15 -¢.318F

16 6.298E

17 B.254E

18 8.269%

19  6.264E

26 " 8.259%

21 -B.346%

22 -@.333E

-
RO DO A

ba

23 -0 .318E
24 0.2989:
25 ©0.254F
26 ©.269%Z
27 8.284%
28 ©0.2899E

29 -0.348%
38 ~8.333%
31 ~@,318F
32 8.289%
33 9.254%
34 ©.269%
35 B.zBal
36 ©.289%
37 -2.343%
38 ~8.333%
36 -0.318L
42 2.289%
41 2.254E
42 0.265k
43 ©.Z84E
44 d.2YbE
45 -B.c48E
46 -9,333%
47 -3.316k

i3 £ o g K
6. PILE DEFLECTIONS aLONG PILE AXIS (INCHES)
X< eV X4 i3 X8
40 8.15@E-0& D.24vE 26 S.919£6-13 2.522:-83 -0.11Q6E~-10
28 B.553e~8S 2.183F vf B.918£-13 B8.522:~83 @.112E-10.
g8 -0 .3G2E-8S O.1b1le ¢8 B.¥1l9s-18 8 .522:-03 -2.110E~18
68 B 134508 Q.196s B 2.vi9x-13 B .522.~-83 -0.1183-18
90 -0.,213-88 Y.o¥dE~¥l ©.753.-11 P.522:~03 —€.896E-11
80 ~@.118s5-98 ~B.52B8L-v2 €.753E-11 3 ~3.8%GE-11
28 -0.235k-98 G.4Y9E-¢¥1 ©.7502-11 -2 .856E~-11
00 ~0.13¢5-38 ©@.120s B¢ ©.8183-13 ~3.118E~-10
B ©.150E-v8 @.24¢L 60 ©.s195-13 @.522i-903 -2.116E~-18
8¢ @.550:2-05 B.195L 48 B.9195-13 £.522:z-82 -$.11@:-12
¢80 -0 .392E8-09 ©.151E By ©B.21898-13 0.9522:~63 —©.11€E-13
29 ~@.1340L-¢8 ©.1YBE ¢® 2.9198-13 §.522:.~83 —©€.1102-18
g8 -@.213E~-88 @.3435-81 ©.7535-11 £.522£-03 ~2.858E-11
@ ~B.1188~88 “B.523:.-42 B.753E~-11 ~8.522:-83 ~2.856L-11
98 -0.2385-0Y —B.498r-¢i1 2.7532-~11 -B.522.-83 -¥.85E~11
8¢ -D.134L-YE& ©.180:L vd G.¥ivE-13 B.95221-83 -0.110E-18
20 B.150i-98 0.24¢5 88 ©.9188-13 ©.522:-83 —8.1186E-1¢
29 B.5532-¢C B.13Yn 46 €.5195-18 ©.522:1-03 -B.110E~10
g0 -0.3928~09 ©B.151s 08 ©.9195-13 ©.522:-83 -€.118E-19
Y8 -P.134E-9c B.106F ¢8 ©.5%194~13 @.522:i-63 -2.110E-10
28 -2.2135-28 B.3935-¢1 ¢.7T53E~11 ~0.522:-03 ~F.856E~11
@ ~B.118E-¢8 ~B.528p-02 ©.753s5-11 ~@.522:-83 -9 .BE6E-11
Y0 @ .230E-0¢ ©.4994-91 @ .75JE~11 —B.522i-83 -€.856E-11
28 ~0.1345~¢8 B.1306% 6w $.9194-13 2.522:-6%5 €.118E-1D
Y0 ©.150L-8¢ B.244: ¢80 @.vivs-1d 6.522:~23 -9.11¢E-18
20 . B.553i-yy B.199E v8 $.919E-13 £.5222-83 -8.118E-19
4@ -3.392E-v8 @.151L 68 £.91985-13 8 .522:~93 -B.1160E-19
66 ~8.1345-¢<¢ ©.1002 B¢ B.9i8.-13 3.522:4-85 -0.110E-18
G ~B.213E-0R §.9835~¢1 @.7535-11 ¥.5z22:-83 ~B.856E~-11
29 -¥.1185-28 -9.5285-¢2 €.753E-11. —£.856E-11
Q¢ -0.233E~0y -€.45Qk~81 @.753E-11 ~2.38565=~11
26 -0 .134E-¢8 @.196L 48 £.918E-13 -2 ,110E8-18
28 ©.150:5-¢8 @.24vy 0¥ B.9198-13 —£.11¢E-10
G B.S505-8S @.1955 of 8.916E~13 €.522i-33 =9.1185~1¢
2¢ “B.3923~v45 H.151% 89 ©.¥182-13 £.522:-83 -B.118F-1¢
2 ~D.104E8-¢t ©@.1¢0: P¢ B.9195-13 J.522:-03 —0.110E-12
¢B -0.2105-¢8 B.343E-01 @.750L-1l1 -2.522:83 -©.835E~11
¢2 ~0.1132-88 <.5285-82 €.753E-11 -2 .522i~83 -B.856:2-11
83 ~B.238E-RY —B.4995~¢1 Y.75H3E-11 ©.522.-83 -B.856i~11
88 -0 .134E-8F §.185% 42 2.919:-13 2.522I-83 ~2.11fE-10
20 2.150i~9Y8B B.249Z 88 ©€.9198-13 3.522.-83 -@.110E~18
2¢ B.593:~¢Y B.1u52 08 £.41¥e-13 §.522:-00 -0.110E-10
g3 -B.3924~¢% @.191L 88 ©£.919-13 §.522:-83 —0.118E-18
P2 -B.154n-08 G.1868 o8 B.uwl9E-1S -¢.1185~-19
28 -0.213c-28 0.5838-¢1 £.753E-11 ~4.856E~-11
2¢ ~0.1lcs-08 —9.523:~02 £.7535-11 “P.836E-11
20 -0 .«38E-96 —0.449n-p1 B£.753:z-11 -¢ 856 E~-11
~B.134u-0e B.lubr 0 B.9194-13 -3 .118E~-13
§.1508~¥3 ©.24%% 28 2.91%.-13 5 ~8.110E-1¢
2.5538~8% @.19DE 8¢ @.919E-13 2. ~3.118E-18
b -, 3¥28-89 €.1Z1E «@ ©8.9183-13 2 —2.1185~1¢
@.120s <8 2.2189s-15 @. -2.118E-18
-2 R135-98 8.3%os~c1 2.7%82-11 @ -3 . B55E-11
-9.1165-28 -¥.5288-02 @.7038-11 @ -2 .8568-11
- 2BBE=0S B, 4985-81 2 -2 - .886E~-11
-2 .1345-¢8 @.1665 <@ d. -3.118E~1¢
$.1590E-9d B.249% 30 2. ~6.11¢E~-1¢
D.552E-¢8% Q.1l¥br ¢9 [l ~F.1188
~@.362-dy QB.191k 28 2.
-8,134E~0WE ©2.1¢908% <¢¢ $.2192~-13 2
(Continued)




Table 24 {(Continued)

RSO BECUEHNEEBERG - P ® -

7. PILE FORCES ALONG PILE AXIS \KIPv « FZRBT)

PILE Fi ¥z 2o e o For CaFTE FAILURE
$3 BU CO TE
1 1.931 2.588 127.985 O b 2. ¢, 48
2 2.844 2.208 184 .2¢97 2. 8. 2. <. 28
3 2.157 -0.002 &8.433 2. ¢. é. 2.29
4 2.278 —¢.088 56.657 @ g. (29 g.21
5 =2.,838 =-B.08¢ 20.657 8. %28 2. @.8c
6 =Z2.525 =-@.g8% -2.318 . O . .81
7 =2.412 ~£.980 -26.5v4 8. é. 8. 2.10
8 2.278 =g.ed8 56,657 2. de Y. B.21
9 1.9831 2.49% 127 .8a5 B. 2. 8. 2.48
i@ 2.84%% 2,000 104.2¢> 2. 2. 2. 2.59
11 2197 ~0.¢P0 BY.203 8. ‘8 g. 8.38
12 2.278 -2.0Y@ 56.657 2. 8. 8. g.21
13 -2.6386 -@.208 20.557 [“ g. 2. g.8y
i4 =-2.525 -2.809 -2.81b 8. & 2. .01
15 ~2,412 ~0.¢088 -20.5v4 8. 2. é. g.18
16 2,278 ~0.¢g8 356.657 & " 4o B.21
17 1.831 2.3€8 127.985 2. Yo 2. @.23
18 ¢.00¢ 1Bb.iuw 2. 8. g. Oe DG
18 4408 Q8 .433 8. 8. [*28 8.38
28 -3 .08 56.657 e. 2. D ¢.21
23 -2.208 26.957 . g. 2. 8.8z
22 -¢.¢80 =<.818 g. 2. €. 8.81
23 -3.388 -20.59¢ 8. G 2. 9.1¢
24 -4.808 55,657 @ (218 e. 9.21
25 @.088 127.985 @. 6. 8. @.48
26 ©.488 164.2¢4 @. é. @ . 2.0
27 ~G.088 of.433 @, [ @ . 8.3¢
Z28 -2.0u@ 56.657 2. g. G- 4.21
28 ~¢.288 208.957 2. 8. 8. 3.20
34 ~@. 088 -~z.&ld @, é. . G
331 -3 .380 -26.594 [ 8. é. @.i8
32 ~¢.28¢ 36.857 8 B 8. v.21
33 9.496 127.985 8. 8. 8. .48
34 2.8¢0 184.299 [*I8 . @ €. 2,39
35 -0 .20% oB.433 8. 128 2. @.38
36 -%.u00 56.657 . [N 4. 8.21
37 -8.080 28.857 [“28 2. @. g.g8
38 «“B .89 =2.818 Ze. (2N g ¢.91
3¢ ~0.880 -26.594 d. 218 8. é.19
40 2.27¢ ~¢.u@@ 56.057 we a. g. @.21
41 1.931 ¢.080 127 .985 2. 2. @ . 2.48
42 2.844 2.080 184 .26 g. ég. . 8.3%8
43 Z2.157 =~2.880 80.433 ] 8. 8. g.32
44 2.27% ~8.888 55.857 2. @ 8. g.21
45 =2.638 ~2.v¥B 20.557 I8 8. 8. ¢.863
46 -2.525% -g.208 -2.818 2. 3. 8. 2.31
47 =2.412 ~£.98B -20.5%54 2. 2. Yo .18
48 2,278 -2.989 356.657 a. 2. g. 8.21
49 1.631 .ol 127,885 ¢. [ P2 €43
o1’} 2.844 @.402 194.2¢% é. [ &. 8.3¢
21 2.187 ~0.0B8 o8.433 B, 4. @ 8.3¢
52 2,278 -B.¥98¢ £6.657 /)8 g. 2. o2l
53 -2.638 ~2.40¢ 28.857 3. g. 8. 2.83
54 =2.525 -2.088 -2.3818 g é. & e d.81
5% -2.412 -0.868 -20.55¢ 2. 2. 28 3.13
58 2.278 =~2.088 5H6.657 g. e. 9. g.21
87 1.631 f.c88 127.905 & [“8 8. €.4c
58 2044 P.408 104 .2¢ > Do 8 2. 3.38
58 2,157 «@.028 34.433 8. 8. 2. 2.32
&8 2,278 ~P.086 56.657 8. & e. e.21
FOTAL NO. FAILURZIS = LOaL C4SE 1
B2 1 33-°% 3 HREE LEECRCLCLLH ARV L I RO S SEERSER LY
Continued R
( ) (Sheet 4 of 11)
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Table 24 (Continued)

€. PILE FORCES ALONG STRUCTURE AXIS K1?5 « FiEl,

PILE Fl Fe 3 i4 35 I
1 42,365 2.409 128 .006 . 0. @.
2 34,893 2,000 98.210 2. 2. 9.
3 27.461 -0.c€0 75.5e3 G. @. d.
[ 2€.87¢ ~2 .30 83.932 2. & 2.
S -4,1c0 ©.908 28.716 9. v 2.
6 $.287 ¢80 -1.872 9. @. 2.
7 ie.698 ~0.080 -24.407 2. I 2.
8 20.97¢ -0.28¢ 53.232 2. V. €.
g 42,345 8.040 120 .88¢ 2. e 8.

19 S4.843 2.800 g98.21%2 @, ve 2.

11 27.481 ~-@.¢80 75.623 2. g 2.

12 20.478 ~¢.¢00 £3.43« 8. d. 2.

13 ~4,125 0.000 28.716 [ . 8,

14 3 .287 8.400 -1.872 8. 0. 2.

15 18.698 -2.400 ~24,407 G @. 3.

16 28.87¢ -2.688 23.23: 2. 2. @.

17 42.30%2 8.909 126 .24t g. 2. 2.

18 34.883 .28 8e.2i0 2. e. 2.

18 27 .481 ~B.98¢ T75.023 2, 2. e

28 28 .87¢ ~0.284 53.v32 g. Q. g

21 -4¢.125 g.v80 20.716 2. 2. Ve

22 3.287 B.2e8 -1.87c 2. 2. 2.

23 16.698 ~g. 000 =24 .407 Q. @. C.

24 29.87¢ -0, <00 55.u32 e. de e

2% 42.3¢5 %.000 120.803 2. é. @.

26 34,695 @.000 98.215 g. <. 8.

27 27.431 ~0,508 75.623 2. 3. 2.

28 208.87¢ -3 .080 53.432 é. 2. 2.

29 ~4.125 &.008 20.7186 e. ©a 8.

32 _3.287 2.088 -1.870 &, PN [

31 1e.093 -0 .08 2% .487 8. 2. 2.

32 28.274 =8, w08 23.332 2. 2. a.

33 42,005 wl.cB8 128 .886 2. e 2.

34 34.853 2.vdo 88.2:5 2. e [

3% 27.481 -0.900 75.623 a. 2. 8.

36 20.279 ~8.ubd 53.¢32 2. D 2.

37 -4.128 2.890¢ 29.716 Iz 2. 2.

38 3.287 2.009 ~1.379 g. 2. @.

38 18.698 -2.088 ~24. 467 8. 0. g.

49 29,070 -B.880 53.432 2. @. PN

41 42.085 €.220 120 .085 2. 8. de

42 34.893 2.908 w8.210 2. 2. D

43 27 .481 -3, 060 75.623 @. 2. 2.

44 28.87¢ -9 .068 53.432 9. . 2.

45 -4.125 2.00¢ 28.716 ¢. S 2.

46 3.287 8.609 -1.874 8. . a.

47 19.698 -G .888 “24 ., 487 @. 2. .

48 22.079 ~2.080 53.93¢« G 8. a.

49 42,305 .28 120 .88¢ é. d. 8.

59 34.823 2.08¢ 88.21% 8. [ 8.

51 27 .481 -2.002 75.623 2. G 2.

82 20.370 ~8.080 53.832 2. 8. 228

53 ~4,125 ¢.9806 28 .716 2. e 2.

S4 3.287 2.880 -1.872 €. e 8.

85 16.698 -3.8088 ~24., 467 6. 2. 2.

5 20,478 ~6.099 53.832 ©. 2. e.

57 42.385 2.986 120 .866 . @. 2.

58 34.893 2.008 88.215 B 2. €.

59 27.481 -2.098 75.623 g. 2. 2.

&8 28.879 -3 .088 53.832 9. v 2.

SUM 1207.to@ 8.086 3113.250 ~¢.281 48625.587 ~0.209
#ikg we B4 B HUESESCX HSREE R R B SR EEE S
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Table 2L (Continued)

essesens [OADING CCNUITION 2 *oeeetes

BEH e 2 RS ee L4242

4. PATRIX OF APPLISD LO&DS ¢ (KiPS o F.ET)

Q1 Q2 Qo wt &< B
1454.258 e 1683.158 8. 27400554 9.

HOVER KB CEESE RSO R R ' NECEROFBLERE B

£. STRUCTUR: DERLECTIONS (INCHES)
D1 Lz o Lz %] o
6.415E 06 ©.15¢2-68 ©.1792-¥l —B.3<2:+1] B.311E-95 ~B.162E~1¢

CERIVEBRRREEVY S SR FEE EENC QY RHRE ZeR: CEBEUEE RS EL SR RY

6. PILE DEFLBCTIIONS .LONG PILE AZ1S (INJBBES)

PILE X1 Xe J. 9 X4 AL L5

1 8.3754 88 Q.2u2:%r ©.1837 o8 8.164L-12 3.311:-83 —£.197:i~18
2 ©£.083L €8 0.288i-¢S $.i0ls 00 2.164n-12 9.311i"83 ~6.1878-18
S B.I92E @Y 0.100:-9Y5s 2.133p ¢8 0.164i-12 B8.311E-83 ~0.1075-18
¢ 8.491c <8 €.1854-¢3 B LYok «€& 0.104s-12 B.311:~83 —B.1875-18
S =B.412E 80 -0.3742-9€ B.747i-01 B.687s-11 -8.311:-83 ~F.845E-11
6 -0.423L B0 -€.282:~88 -©.101c B ©.6873-11 —8.311:-283 —0.8455-11
7 =@.395E v -8.1502-05 ~B.1:BE ¢ ©.587:=11 -§.311:-23 -0 .845F-11
8 D.¢481E 6¢ B.1652-96 ©.1¢3d. @9 B.1642-12 B8.511:-83 ~G,.1¢v7I-12
S B.075E 98 @.262:-Yc B.188i B¢ B8.1645-12 8.311.-62 —3.187E-18
12 2.383E ¢8 ©2.2895-88 @.16li 48 6.1642-12 $.311i-03 —9,1075-10
11 ©.392s 98 B.lBo.~¢vd B.1355 B ¥.1642-12 B.311:-83 -8.1873-1¢
12 B.401lp €2 ©£.1655~93 B.1<¢3L ¢¥8 ©0.164s~12 J.311i~03 «2.107E~10
13 -0.4124 00 -2.3744-88 ~B.747:i~v1 @.6875=1% P, 3112-23 -2.845E~11
14 ~0.483L €0 -0.282:-08 ~@.,1012L 8¢ ©.6872-11 ~9.311:~83 -6.8458~11
15 ~8,395% 88 -0.1905-88 -@.120L 4@ 9.687:-11 -0.311:i-33 -0.845E8-11
16 B.401E 99 0.1605-¢9 @.108L 8¢ @.164E-12 B.313E-03 ~0.1873~19
17 B.375E 8¢ €.292E-¢0 £.148L 80 8.1645-12 ©.311:~63 —3.1875-10
18 ©.383F v@ ©¢.2002-0€ @.lolL v8 B.164:-12 3.3117=83 ~3.167i~18
18 8.392c €8 @.103p~8 ©0.135% w8 B.1642-12 B .311:-83 -6,1073-18
28 0.401% 08 0.1605-9y ©.148E 28 ©.164:-12 8.311:-85 -0 .107E~13
21 =B.412E 9¢ -0.072s-8E€ -0.7¢7o=¥1 0.687%-11 -8.311:-03 ~8.845E~11
22 ~0.403E 00 -0.C02E~08 -9.10LL €0 ¢.687:i~13 -0.311.-23 -0.B45E5-11
23 =8.3958 80 -0.190E-0y ~0.1lc8i 28 0.687r-11 —§.311:i-23 -6.845E-11
24 ©.421E @6 @.1605-¢¢ @.140r €0 0.164E-12 3.3111-83 ~8.107L-10
25 B,37LE €0 0.292:-35 B.108. <0 0.164£-12 F.311E-B2 -6.1873-10
26 B8.383% 84 0.2¢2i-¢Yo L.1G1E 2@ 0.162.-12 B.311:-85 -B,1872-18
27 8.392F ¥2 Q.10BE-¥8 B.135: o0 0.1645-12 B.311I-83 —B,187E-10
28 2.40LlE Y0 B.185£-¢¥ @.1248% vl 8.1644-12 B.311.-83 -3,187E-13
29 =B,41ZE 80 -6.374E-8¢ =B.7472~¢1 B.0B7L-13 ~8.311:i-83 ~£.8458~11
M ~9.483c 00 -0.202:-08 H.181i £8 G.087E-11 -6,.311:~33 —6,.8458-11
31 ~@.360E 29 -0.1v8i-08 B.125: w8 @.687:i-3i -0.311:-83 ~2.845B~11
2 8.4918 0@ C.10diE~d> €.18zs ¢ 0.1645-12 0.3115-83 -B,.187E~18
33 0.375E ¥8 P.2y¥2z€e P.1d84 B B.164:-12 2.311.-93 —$.187:~18
34 ©.383F o0 0.208i~33 B.10iz B0 ¥.164.-12 6 .311:-93 -4.1075~13
35 B.392E 08 B8.188:2-06 2.130: 20 2.162£-12 B.311:i-33 B.107Z-18
38 R.491% ¢2 B8.165E-49 @.188L Z¢ 0.1645-12 £.311.-83 ~¢.197E-i8
37 ~B.412E 00 -Q.374E90E B.7«7E-21 @.087:i-11 ~8.311i-23 -0.845E-11
38 ~8.483k 60 -0.262E-98 -6.161L 6 €.087Li-11 -9,311:-83 -f.845:-11
35 -0.3¢0n 908 -0.1980-¢8 —d.12ci ¢8 2.667:=11 ~0.311i-83 ~@2.845E-11
46 ©.401E 92 8.160.-¥S OQ.leocr ¥¢ 2.1642-12 £.311E-81 ~2.107E-1@
41 B.O7DY BY Q.20Zi-¥8 d.1e8r U8 @.164.-12 B.311.-93 ~3,.187E~18
42 ©.383L w® D.20Pi-¢c B.161. v £.1045-12 ©€.311:-063 -2,1272Z-18
43 B.0Y2i ¥8 0.1082-¢8 B.155L 8 B.164E-12 3.311:-03 -0.187:-18
44 B.401E B0 ¢.16D2-0¢ B.13ds wf 3.164:-12 ©.311:-93 ~3.137E-12
45 -B8.412% 00 -0,07¢i~B¢ =B.747Z-¢1 B.087i-11 -2.311:i-83 —B.8452-11
46 =2.4¢3% @0 -B.202:-28 B 101E <@ R.6872-11 -2.331:~83 ~¢.845E~11
47 =0,39CL B0 -v.1U2E~BE8 -B.1l23L ¢B @B.687:i-11 -B,311:-23 -3.845E~11
48 9.401F 0@ @.1uds o8 ©.1642-12 0.311.-83 -2.187E-190
48 @.075b €@ 0.168s <8 2.1635-12 B.311:-82 -2.127E~18
o8 B.38DE 8o ©.181: 88 B.1645-12 3.,311:i-93 —2.1472-1¢
51 ©.392. ¢P d.135% ¢¥ v.1642-12 8.311.-é3 ~2.107E-18
52 ¢.4¢1e 00 G.ligs 22 2.1645-12 2.3112-33 ~¢.127E-12
03 ~¥.4125 v ¢ 0,747 .m0l B.0875-11 —.311:i-83 ~€.8452-11
54 =0.4035 69 -@.z825-9 ~0.1¢1lx Q¢ ¢.uoB7H-11 -3 .311:-35 -4.845E-11
55 -8.39E5s 98 -Q.198E~¥8 B.128L ¢B ©.087:5-11 —$.311:i-33 ~2.845E-11
56 £.4%1: 20 ®.1%08 0B ©.164E-12 9.311.-83 ~@.187%-16
57 2.375E o8 2.1o6E ¢@ ©.164s-12 0.3511:-33 ~2.187E-1¢
548 w.383. 66 G.101c 89 ©.162x-12 0.511:-43 —B.1873~10
S8 8.322% B4 B.1¢o ©.1352 20 £.164.-12 2.3311 ~22 ~2,1¢7E~18
oY B.481F ¢@ £.1652 G.1¢ce B $.104--12 9.3111-¢3 -0.1072-12
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Table 24 (Continued)

7. PLILE FORULS ALONG PILE okls (KiPs .« FuET)

PILlE 1 Ic 3 F 1 9] 1] CBFTR FalLURE
€3 BU CC TE
i 2.643 v.2080 126.227 0. . 2. 8.07
2 2.5918 Bevl¢ 85.886 3. g. 2. 2.3z
3 2.977 v.0dd  71.744 é. a. 2. 2.27
4% 3.945 g.88c 57.6¢2 2. g. 2. g.21
S ~3.129 ~0.089 ~dv.oby a. B. 8. 2.15
6 =3,062 -2.908 -54.001 28 8. 2. @.2¢
T =2e$95 -0.080 -cB.145 2. Q. a. 2.25
8 S.845 B.068< D7.6¢62 9. 8. 8. 4,21
] 2,843 ¢.000 1€8.827 8. 6. 2. g.37
i 2.81l¢ ¥.0cv® 85.88% 2. 2. . ©.3C
il 2.977 2.880 7i.724 2. 2. @. 8.27
12 3.845 @.08¢ 27.662 2. é. 0. 4021
13 =-3.12y -9.0086 -39.859 @ 2. 2. 2.15
1¢ =3.962 ~0.080 -5:.¢21 Ge 2. . 8.2¢
15 -2.995 ~0.009 -03.14d 3. 8. 9. 2.2%
i€ 3.045 B.00c 57.602 g. 2. 2. 8.21
17 2,843 G.w20 140.827 [ 2. 2. 8.37
i8 2.91¢ €.88s JSu.oBo e - . 2.32
18 2.977 2.660 71.7=4 . 2. 2. G.c?
28 3.0&5 2.8 357.602 . & . 2.21
21 -3,129 ~¢.32@ -39.859 2. 2. 2. 9.15
22 -3.¢662 -0.028 -54&.¢@l 2. . g. g.2¢
23 =2.995 -2.098 -58.143 g, 2. é. 8.5
24 3.043 9.900 57.602 -8 2. @. g.21
25 2.840 %.08u 180 .47 g. 2. 8. ¢.37
26 2.510 2.089 c..880 2. 2. e. 2.3z
27 2.977 2.8088 7i.7¢4 2. 3. 2. 2.27
28 3.945 8.8%9¢ 57.692 8. 8. 8. 2.21
29 =3.129 -9.90@¢ -35.85% 8. 8. . 2.15
30 -3.062  -8.008 a. e. 2. .20
31 -2.995 -¢.068 2e 8. 8. 8.25
32 3.845 2.000 8. 8. 3. g.23
3 2.643 v .008 2. G. 2. B.57
34 2.510 £.990¢ 3. 2. v .32
25 2.977 ¢.008 2. 8. 2. 2.27
36 3.845 F.88 07.6¢2 2. G 8. ¢.21
37 =3.1239 -~90.808 -09.80v 3. 2. 2. 8.15
38 ~2.862 ~0.200 ~-D4.491 2. é. g. ¢.20
39 ~2,995 -2.d0@ -63.143 3. . . <.25
4«0 Z.045 2.498 57.682 e. 3. 2. g.21
41 2.843 ¢.8v8 12€.0827 2. 2. 2. 4,37
42 2.918 8.088 85.886 e. 2. 2. 9.32
43 2,977 ¢.o88 71.744 4. D 2. 8.27
44 3.845 2.98¢ 57.6¥2 3. @. . @.21
45 =3.129 -2.980 -o9.850y e Q. 28 ¢.15
46 =3.¢462 ~-8.808 -5=.pl1 . e. a. 2.2¢
47 ~-2.995% ~@.000 -6c.143 2. . 2. 9.25
48 3.045 v.008 57.642 . 2. 2. 2.21
49 2.843 ¢.080 1¢¢.827 2. g. 2. $.57
2% 2.910 G.0P8 85.886 2. . 2. 9.32
51 2.9%7 8.0886 71.744 2. 8. 2. 2.27
52 J.0485 0.682 57.6¢02 é. 8. 8. g.21
53 ~3.128 ~C.480 -3S5.05¢ . 2. 2. 8.1%
S54 =3.862 -2.400 -54.201 2. 2. 8. @.2¢9
55 ~2.985 -0.086 -63.143 a. 2. °8 2.25
56 3.845 8.860 57.6¢2 e. g. 9. 2.21
57 2.543 g.006 160.227 2. ¢ [4 3.37
58 2.91¢ 2.008 85.886 2. @é. (28 2.32
59 2.977 @.cB@ 71.744 2. 2. /8 8.27
69 3.245 2.888 57.6¢2 a. 2. g. 8.21
TOTAL NC. FAILURLS = « LUns C&3E <
& . b2 EHERE ARG LLE 3SBLE VLB ELEOCE XPEHE TR vl el F R s e gh WAK
{Continued) - .
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Table 2L (Continued)

8. PILE FORCES ALONG STRUCTURE A%is

WKIrd o FEET)

PILE Fi i io 4 Fu Fo
1 34.329 @.009 83.992 @. 3. )8
2 29,928 ©.¢00 82 .bbo . 2. .
3 25.81z2 é.98v ©7.121 2. 2. 0.
4 21.184 2.08. S50.630 0. 8. 2.
5 12.573 ~0 .08 ~o0 . 824 9. 2. “s
© 19.881 ~2.840 o8 .zol @, g. P
7 24.3388 ~d .08 -63.699 [ e 2.
8 21.1¢4 0.00¢ 53.685 . S 2.
g 34.329 8,028 83.98% 2. 2. e.

18 29.520 2.409 82.:58 [ 2. 2.

11 25.812 2.¢%0 “7.12% 0. 2. 2.

12 21.104 2.040 23.8a0 . 2.

13 1£.573 ~B.6c8 ~3%. 824 a. 8. 2.

la 18.981 ~3..08 =B .20 2. 2. Q.

15 24.369 v .488 63 699 2. . 2.

16 21.1¢4 0.208 55. 083 2. g a.

17 34.329 2.008 G588 2. 8 8.

i8 256.92¢ ¢ .8¢2 8@.9538 2. @. [

pR} 25.512 0.262 67.121 6. 2. 2.

2e 21.1¢¢ 2 .63¢ 53.083 2. ®. 2.

21 15.573 -0 . 408 ~56.824 8. ag. 2.

z2 17.981 -8.288 ~0¢ .201 . 2. G

23 24323 -8 .849 -85 . 049 2. 2. <o

24 21.104 €.080 53.683 2. 0. 8.

25 34.329 @ .¢98 $3.9932 b g. 2.

26 22.52¢ ¢.366¢ 88 .58 2. 2. 2.

27 25.512 2.98¢ 67.121 3. @. 8.

28 21.184 8.880 53.68% 2. d. a.

29 1£.573 -¢ 049 -36.324 2. d. 8.

39 15.981 -4.688  -58.201 2. v 2.

3 24383 ~3.008 B0.549 d. 6. .

32 21.1¢4% 9 .08 D3« B 8. ¥ 2.

33 34,328 9.000 95.489> 9. [ 8.

34 2Y.52% 9.08¢ 89 ..53 2. 2. d.

35 5.512 ¢.000 67.121 2. 2. &

36 zl.le4 g.068 53.653 2. [ 2.

3 15.573 2,489 ~36.0524 Q. 2. 2.

38 19.981 ~2.¢08 ~5@ .2391 Y. 3. 2.

39 24,389 -2.088 ~63 . 093 YU I .

40 21.1€4 2.008 53 .580 g. . 8.

41 34.329 2.200 $5.99 0 . 28 2.

42 29.9208 2.980 .55 . 2. e

43 25.512 B.200 67.121 e. g. a.

44 21.104 ¢.0¢8 53.685 @. a. Ye

45 1£.573 -3 .00 -36.824 2. g. &

46 12.981 -2 .408 ~53 .20l Q. 8. 9

47 24.389 ~@.6v8 ~63.628 é. da W

48 21.10¢ 6.000 230803 e. 2. 2.

49 34.329 PRl B ou8h B. 2. Yo

50 29.92¢ ¥ .080 80 .55d @. <. 2.

51 22.512 g.oe 67.121 a8, G B

52 21.1¢4 3.048 50.603 a. 2. ¢

53 18,578 -8.289 -56.824 ¢. 8. [N

o4 19.88% -3 .08 -58.261 9. a. 2.

55 Z4.008 -¢.008 —B5.649 2. 2. [

56 21.184 8.248 S5o.068¢ 2. 2. 2.

% 34.529 2.208 Y5.992 . 2. 2.

58 29.928 0 .00¢ d . 558 2. 3. P

3o z25.512 2.6¢8 o7.121 @. Q. e

62 21.1904 €.u08 53.6u2 é. 6. e.

SUM  1454.25¢ -9 .88 1683.108 ~0.908 -£743.534 ~@.%02

BEEIG BV RBAFEE PEBS A IFE L LTSN VE PR LOLCER VAL S RPGEE VGG B O BOL S S L NL R R L RN

8

e

{Sheet



Table 24 (Continued)

#rpeeee® [OATIAG CONLITION O 2@rttes

EEREEFEEFSPE VY EXGH OGSy D20 & TEEREEENEERE R R RREGR Y
4. MATRIX OF AFPLIED LOALS ¢ Ki?5 & FeET,

Q1 <2 <3 <& QL Q6
182%.950 2. 875.548 b ~5779.629 e.
RERERTEE CHEEROE ILTRER MEEEEREELE

5. STRUCTURS DEFLACTIONS (INCHes)

D1 “e o ve ud Lo
@.552F 3¢ 0.279E-98 -0.2392=01 -0.307i-i1 £.325:i-83 -0.1lv¥:s-1g
##vsstnsztmutttnussn*&: NG AR ERE

6. PILE LEFLECTIONS nLONG PILE aXIS (INCHES)

£ Lz Lo P
L 20 0.440Z-95 B.193E 0 8.290n=-
g 8.032:-0¢ B8.166E 08 8.2w24-

M

o

oSS Fo WO R XY S
s
] e

-8.5492-83 9.155F 46 8.787¢-

LIS SIS S Y

~2.334E-98 —0.2112 8¢ 8.787:-

0.2256-48 9.138F 8o B.296u-
8.1182-28 08.1142 88 ¢.2982-12 2.325.-83

“$.44cu-P8 ¥.143L 88 ©.7878-

i3
12 2.325:-83
12 B.325£-83
12 2.325:~83

11 8.3251-83
11 ~2.325:-83
i1

12 2.3252~83

12 2.325.-83
11 2.3256-83
11 ~2.325:2-83
11 -2.3251-@3
12 3.2256-€3
12 8.325.-85

8.5 ¢ B.llos-d€ B.i10Z 00 B.2Y90s-12

2.81 28 B.440i-Y3 P.1udr do B.2ude-12
1Y B.5209L @ $.932i-8c B.lobr ¥B B,.20¢E-
11 2.535L ¥8 ¢.225:~@¢ ¢.130Z 36 0.2924-12 2.323:-83
12 2.045: <€ ¢.llou-wé [ IET- P
13 ~€.53¢z 29 ~2.549L-08 8.787
14 -8.52¢1 82 -9.442:7v¢0 0 .78
5 =@.EL1E 22 -2.33%i-¢c ©.7878~
16 ©.545% 8@ 2.llci-¥& §.110L ¥v B .2995-

S17Z ¢2 B.44Pi4-d0 8.133E B0 B.298s-

2.352i-v¥e @.i06I ¥¥ B.20¢E
€.2255-8c €.133F o8 0.290Z-

<1lpE-—¥8 08.110r 69 ©.24d4e-

20328860 0.166L 4«8 9.298L-
8.225:2-6¢ B.1308 v8 @.,2985-)

€.1155-48 B.1182 ¢6 2.29@.-

¢ S33u8s W.211: 8 8,787~

2,032,488 ©.106u B¥  8,20ési-
2220588 B.13z8 € B.240s5-
Sollen-08 2.110: o8 D.2s8n-

8.287 -
L1182 8 B.ZudL-

“3,0d

Zeilca-do

J118. #9

¢.lles~8E B.118: <8 ¥.2wdx-12 £.323
doado-de Q.1i930 6@ 2.2904-12 8.325E-03

~2.54J5-0c ~€.1552 0@ B.787s-11
2 —@.44cn¥d ~3.,1cdi 39 2,787

1wor 8 U.2s82-12

12 3.325:-83
12 2.325.-83

¢.lloe-d8 $.118%Y <@ 0.2u8:-12 8.325i-83
“€.54vu—dn -8.155: .8 ©.787:-11 -8.325:-83
~%.442L-08 B.103E ¥ ©.7875-11 —¥.325.-83
~0.034L-%E& ~©.2112 80 0.787£-11 -P.325:-63

12 8.325:-83

©.440E-9¢c O.lvdx ¥8 $.299L-12 8.325i-83

12 2.325.-83
12 2.328:-83

@.ilow=d8 P.llue 88 ¢.200:-12 3.325.-83
-B.545E-¢0 -@.155% ©8 B.787s-11 -6.325:-83
“Cegdr~VE -9.183r 28 y¢.7B7E~11 ~8.325E-63
~2.33%s-%d ©.211% 8 B.V8VE-
c.11EL-28 ©0.1105 ¢ 8.29@:-12 ©.323:-03
8.2995-12 B.3252-83
B.29065~
2.2905-12 8.325:-83
8. 290E -
=0.5492-0c —¢.155E 88 0.787:-11 =2.325:-03
“%.+42L-8¢ B.183: 8¢ @.787E-
“2.33%.-¢3 B.211s ¥ B.787i-11 $.325:~83

11 B.3:545-83

12 0.325.-83
1z 2.325.-83
11 -8.325:-83
12 3.323:2-83

2.440.~¢8 0.1955 ¢B £.2505-12 8.3:5.-83
3.3324-98 B.1665 ¢B8 ©.2865-12 8.329:-63
6.2208-08 B.13cr <6 €,200-
S.lloi=dc $.118Ek ¥¢ 8.2992-12 £.325:~83
~0.049E-08 ~B.105: 48 B.787.-11 —D.3253~83
~¢.4422d%0 ~P.18d8 & 8.7B7I-11 —0.323:-83

12 8.3258-63

11 -3.32 é3
23

i2 2.323:-93
12 8.325.-83

e 9.
~3.
11 .
11 ~2.
iz 2.
3.
2.
2.

16
-2 .125E-18
—28.125E~10
—©.1253-12
-2 .120E~-10
-3 .998E-11
~2.9955-11
—£.9668-11
~8.1252-10

3 ~0.123E-18

~%.125E-1¢
-8.1255~19
~%.1258-1¢
~%.986E~11
~@.9965-11
-2 .9865~11
~8.125E-106
<@ .125E~12
-€.125E-1@
~0.125E-10
-5.125E~10
~.9965-11
-0 .8965~11
-£.9962-11
~8.1258~-18
~0.1258-19
-8 .1252-1¢0
~0.125E-10
~@.1258-19
-8 .996E=-11
“B.996E~11
~2.9962-11
-0.122E-10
~8.125E~1¢
~0.128E~10
-8.125E-10
-3.125E-18
¢ .996E~11
-0.9962-11
~2.980E-11
~9,125E-10
~3.1258~18
-8 .120E-14
-8 .1252~12
~¢.1258-10
~8,9858-11
~0.8963-11
~2.9962~11
-2.122E-13
-8.125E-10
—2.125E-10
~0.1258-1¢

-&.125E~-10
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Table 24 (Continued)

7. PILE FOKG4AS ALONG PLLE aals

K.F: o FIET,

FAILURE
C3 BU CG TE

by

ey

PILS ¥l Fe I £ 134 F3 C:FTR
1 3.523 €.00¢ 183.13= 2. 8. d. Yedd
Z 2,993 ¢.800 oo0.3lv 2, 2. 2. 2.33
3 4. 60¢ 80808 Toouvs a. ¢. Je 2.27
4 4,134 Q.2¢0 0B.0Tw 2. ¢, . g.22
5 4,01y ~v.v0@ -oc.dvé 9. P <. 2.31
6 =0.948 =0.620 -7 .71x 2. 2. ED @.36
7 =3.879 -8.80¢9-11c.034 2. ©. g. ve42
8 4.3134 8.wé8 S0.67v v O I’ B2
9 3.923 6.000 1¢3.135 2. 2. 2. 2.38

2 ST 2.002 dSB.31v 2. 2. 2. 8.32

11 4. w64 €.000  75.499 w . 2. 2. 2.27

iz 4,134 €.0¢¢ ZE.07y 28 2. 2. 8.2

10 —=4&,8ly -~$.088 -Be.ofs 2. 2. g. 2.31

14 <~0.¥¢y ~€.808 -97.71¢ S <. & .30
S5 «3.8%y -=0.000-1llc.00¢ 2. d. 2. 2.42

1% 4,254 ¢.epd  58.074 2. 8. 8. 2.2¢

17 0. F2d 0.000 123.13=> . g. 38 8.3%8

18 3.99% 2.08¢ 8.0314 Q. 2. 2. 2.23

ie 4.25% G000 To.428 2. 2. 2. 2.27

2¢ 4,124 B.00¢  5B8.07s 3. g. e. 8..2

21 ~4¢.gly —0.980 -cr.£85% g. e. @. 8.31

22 ~i.949  -2,¢Bd -2/ .Tia 2. . g, v 36

23 ~&.873 ~0.288-112.00¢% 2. 0. 2. B4l

2¢ 4.154 Y020 358.97= 2. 2. 2. G.c2

25 D223 B8P L0132 2. <. 2. 0.36

&6 S.985 2.800 os8.31w 2. e. @. 8.53

27 4.¢04 ¥.eB8 75.4v8 <. e. é. B.c?

28 4.184 ¢.ed% 38.07y 2. 2. 2. é.2¢

29 =4.¢19 -9.00¢ -oc.89% é. 8. 2. #.34

38 -o.94y  -0.008 97,71« 6. 8 2. 8.36

31 -3.873 -¢.028-112.504 6. &. 8. Bode

32 4,134 ©Y.622 58,07y 2. @. &. 6.22

33 o.d23 ¢.0ud 163.136 8. 4. <. .36

34 .98 2.28¢ 38.313 2. 2. 2. 3.53

o8 $.264 $.880 To.xu9 d. 2. a. .27

36 4.134 2.608 28.07y 2. €. @ . e.2.

37 ~4.81l3 ~0.88C¢ -cZ.o¥a 2. g. 2. 2.31

38 =3.948 -0.0¥@ -97.714 4. é. é. é..6

39 -5.87y -¢.000-112.53% 2. ©. @e. 2.42

4¢ 4,134 2.988 358.67=> 3. &, 2. e.zo

41 3.623 €.¢vd 145.13> 8. 2. 2. 2.356

42 5.99% .00 o8.01v 8. 2. 2. g.03

43 4.864% Gl Td.4ow 2. €. B D.27

44 4,134 ¢y oB.oTx g. 8. 2. .22

45 ~4.¢ly -¢.000 -cz.owé S . é. @ . «edl

46 <72,948 ~E.806 ~-97.714 é. PN /28 .36

47 ~3.87y -9.28¢-112.03% 2. 2. B. 2.42

48 4.134 $.000 58.075 2. 2. 2. B.2z

49 54623 2.992 193.133 . 2. 2. .33
o8 3.993 2.908 oo.31d 9. e. g. 3,33

51 2,864 €. To.avy 2. 2. 2. e 27

52 44134 2.280 8.07v g, é¢. @. 2.22

53 =4.21y -¢.¥80 -5Z.634 . 2. . ¢.31

54 -3.948 -€.000 -97.7i¢ 2. 2. e. ¢.35

55 =3,579 ~£.¢@0-il12.534 8. . a. 2.42

86 4.13¢ 2.002 E8.0%74 8. 2. 8. .22

57 2.523 2.48c 183.13» 2. LN v, .03

o8 3.993% £.690 o8.31v 4. 2. 2. 2.33
sg 4.06% 8.888 7o.449 2. 2. 8. B.27

51 4.134 2.8068 Zoc.o7s 2. B. 6. d.22

TOTAL 80. FAILURAES =~ 7 bver Ca5o o
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Table 24 (Concluded)

8. PILE FORCES ALGNG STRUCTURE aals

EIPS o FZETs

PILE F1 Fo o .3 ro 13
1 36.337 2 .48, Y4 .06 8. 8.
2 31.717 8.000 B2 54 2. 2.
3 27.898 2.000 8. 4dx ¢. 2. 'R
4 22.478 2.000 54.30u Y. 2. 2.
5 3¢ .06 ~2.088  ~77.370 G. 2. e.
6 34.646 ~@.008  ~%l.451 9. 2. 8.
7 59,256 ~3.000 -193.5.3 2. a. 2.
8 22.478 2,008 24.30¢ é. 8. 8.
9 36.337 P2 56,605 €. Jd 8.
10 31.717 5.000 8,024 @. e 0.
11 27,95 g .088 60,44 2. PR 2.
12 22.478 o889 54.300 2. . 3.
13 30 .20 -0.808  -77.3%¢ 2. 2. é.
14 34.616 ~9.900  ~91.451 2. 2. é.
15 33.266 ~6.69% -1£5.533 . . 3.
16 22,478 2.00u 54.30u 2. a. e.
17 36.337 ¢.989 95.645 8. 2. 2.
18 331,717 €.008 82.322 2. z. 3.
19 27.098 2.200 65,445, 2. 2. a.
28 22.478 ¢.08v B4.3u0 2. @. 8.
21 30,926 -8.¢00  =77.379 8. . S
22 34.646 -0.00¢  -vl.4dl 8. 8. 8.
23 39.266 ~¢.080 ~-103.533 2. g. o,
24 22.478 @ .08 54,30 ¢. 8. Se
25 36.337 0.uee ©5.6¢5 2. 2. .
26 31.717 ©. 088 82.524 2. ve 2.
27 27.9v8 3.09¢ Bo.ddk 2. R 2.
28 22.478 2.409 54.30¢ C. 8. 2.
25 30.¢26 ~¢ .09 77 .57 @. 2. 2.
38 34.648 —¢.483 ~$1.451 % . 8. 2.
31 39.266 -2.488 -185.5.3 3. 8. 2.
32 22.478 8.¢80 54,300 8. 8. 2.
33 36.327 ¢.u00 gu.6.5 6. 2. 3.
34 31.717 2,06y 82.3.4 2. 2. 3.
35 27.098 B.000 08,44 8. 2. .
36 22.478 B.808¢ 5¢.30¢ 2. é. 2.
37 30 .26 -3, 08¢ -7 . 370 8. a. 2.
38 34.646 -8 .488 -91.451 v. g. e.
39 395.206 -2.488 -185.530 o. 8. G.
49 22.476 200w 54.309 9. 8. e.
41 36,237 2.088 86 .645 0. 8. 2.
42 31.717 3.008 82.324 o, 8. 8.
43 27 286 €.089 68.44s 3. 8. 8.
44 22.478 2.280 54,500 9. 2. 2.
4% 30.026 ~B.0d8  —77.37¢ 2. @. 2.
46 34.646 ~P.0e@  =ul.4bi 2. 2. de
&7 39 .266 ~3.000 -185.533 2. 8. 2.
48 22.478 2.680 54 .394 2. 2. ¢.
49 36.337 ¢ 002 96.665 8. v 6.
5@ 31.717 2.000 82.524 8. 9. 2.
81 27.498 8.0860 88.442 @. 2. 2.
52 22.478 @ .008 54,389 8. 2. 0.
53 30.025 -2.,008  ~T7.37¢ G. 8. 2.
54 34.646 -0.888  ~9i.451 6. 8. 2.
%) 39.266 -2.¢86 -105.83¢ 8. 8. ¢
56 22.478 3.229 5%.360 g. 2. 2.
57 36.337 8.200 95.605 e. 8. G.
5 31.717 0.088 82.0:4 2. P PR
59 27.¢83 .22 6a.442 2. 2. v
69 22,478 3.002 54.359 ;N 8. 2.
SUM  1825.952 -2.0.86  875.540 ~4.86% -5779.82s -2.001
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APPENDIX A: USER'S GUIDE FOR PROGRAM

General Introduction

1. Documentation for the computer program PILESTF--to compute the
pile head stiffness matrix for a linearly elastic pile-soil system--is
presented in this appendix and includes a general introduction, previous
work, general pile head stiffness analysis, guide for data input, and
input-output data for example problems.

2. PILESTF is a finite element computer code

Dawkins) that can solve for the pile head stiffness matri

w0

procedure used 1s a one-dimensional finite element analysi

CDC computers in the time-sharing mode. The program is part of the CORPS

er X0035. To execute the
ollowing apprcpriate run commaends. On the WES

or Macon computer,

On the Boeing computer,

OLD, CORPS/UN=CECEL
CALL, CORPS, XGO035

Data must be input interactively at execute time. Cutput ccmes directl;

back to the terminal.
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Figure Al. ©XNotation for laterally lcaded piles

The [b] matrix in Equaticn Al is the pile head stiffness matrix and
each term in the matrix, bii , 15 equal tc the force of type 1 prcduced
by a unit displacement cf t”;e J with all other displacements equal to
zerc, DBecause the pile-scil system is assumed tc be linearly elastic,
energy must be conserved which requires that bij = bji for every
i and j.

5. Assessment of the values of the bi‘ cecefficients has been
based cn the finite difference soclutions by Reese and Matlock (1956)

of the fourth-crder differential equation

duu
EI —7 k(z) u=20 (42)
dz
where

EI = bending rigidity of the pile

u = lateral displacement

2z = distance along the pile

k{z) = soil modulus which may be a function of 2z as shown 1in

Figure Al.
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6. Reese and Matlcock (1956) have expressed the lateral force-

deformation behavicr in the form

FXT3 MyT2
— {n
b EI Au EI Eu (£3)
and
F T 1T
X . N - {oat
= e ———— [ -+ s ISt
° BT %t TET S (a2)

where, for instance, with k{z) = kgz ,

and A B A =
U El u 9 e 3 6

tive magnitudes of EI , k(z) , and pile length. Charts giving values
of A , B , A_, B for a variety of scoil-pile parameters are
u u & g
given in Reese and Matlock (1956).
7. The stiffness terms bii are readily cbtained from Equa-
[ %
tiong A3 and Al and the tabulated coefficients of Reese and Metlock

(1956) by impesing successive unit values of u and § and evaluating

the resulting forces FX and M,

¥
8. Determination of the [ for extreme cases of a rigid pile-
1J
structure connection or a pinned pile-structure connecticn is straight-
tructure ccnnecticn

forward. However, an anomaly arises when the pile-s
is assumed to be only partially effective in resisting mement. A pre-
viously used methed and an alternative procedure for evaluating the

o
b stiffness terms for partially fixed head piles are described

1J




fraction (DF) cof the resisting moment of a ceompletely fixed head pile.
First, the relaticnship between the moment develoved in a ccmpletely
fixed pile and a unit value of lateral displacement (u = 1, 6 = 0)

is determined.

10. From Equation Ak for 68 = Q
2

4

i)
3 = _.._Ae T o (a5
s TR &L \fl))
: i) X

The assumpticon is then made that the pile head produces for any
displacement u ,
¥ o= (DF) M (46)
Y yI

o
H
X — g
u=-—— |t - (DF) — B (a7)
BT u B u
9 )
12. By definition,
F
- - X -~ EI
= —— ¥ —
b, - i,
E u £ m3
where
. 1 .
I\l — /; VRO
5 oy O
A~ (DF) = B
u B u
8
12 S Tl e o) E e T AT e
13. Similarly from Equaticns AS, 46, and AT, by .
e A
Mo (DR,
e LA O
U u
cr
BT
b, = K, =
S (A,
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ternate Derivaticn

22. For a pinned head pile, ((DF) = 0), Equatiocns 23 and AL

vield (with u=1, 8 = Opoe > M, = 0)

and
r e
J.X.r_ ” -
le - A - 2 = { a7 £
R = — o= — \ALC)
Weree EI 8 AT
u
23. For a partislly restrained pile it ig assumed that mcment
- , N 3 : / ot T
resistance develops at a reduced rate (properticnal tc (DF)e6_ ).

3 o
FT ¥T
-
1= = J 7 (417)
i gy 19 gy E=R [ U iy G
Juny |93 bI w
-
T 7°
1 X RN
—_— — FEN S
p . Ae + VLT
. A

T
b, = F = K ==
11 X 1.3
where
B
PR i
. 1 (DF) | PR
K, =— |1+ | (A19)
1 A A
u u B -
U
SR |
L ha d

Co. &= L = 55 =%
31 kY 2 .2
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For b13 and b33 , displacements u =0 and 6 = (DF) are
ile head. Then from Eguaticns A3 and Ak,

T MT

X v ‘hn
0= -7 A, == B [£21)

S ik

; e
b, = =K, 6 —
) M SRR
where
, (DF) \
K_oo= - APR
g = (A23)
11
n — —— A
.a_Je .;:\A [16
u
and
T
b= F =K
13 X 4
T
where
™
¥ = <DI‘ : (A‘S)‘ ‘)
u\q A P
u o .
= B, - A,
B { )
u
25. In s by the alternate procedure, the fcllowing pile

head stiffriese matrix 1s obtained:

A8



i, (DF) EL 5 (DF) EI
A - A B 3 A e
u u _8 IR U 5 A T
B_ A, B 9 8
2 8 "
(p] = 0 b, 0 (A25)
22
(pr) EI o (pF) EI
B 2 B 7
_° A - B T B - U A
AL Tu u 6 A T8
e U
Noting that A, = B the above stiffness matrix is symmetric and all

6 u ’

A~ . . - . i \
cecefficients are directly proporticnal to (DF).

26. The wvalues cbtained for

E1XITY (OF)
Comparison of stiffness
coefficients

FUT A0
uIre Ac.

A9



with soil modulus k(z) = k2 . (From Reese and Matlock (19%6) and
Wiemi (1976) for this case, A= 2.435 , B = Ae =1.623 ,

By = 1.749.)

General Pile Head Stiffness Analysis Intrcducticn

27. The procedures discussed above may be used to develop pile

)

head stiffness matrices provided that apprcpriate values of Au s B,

u
~ s B6 are available for the particular combinations of EI , k(z) ,
and pile length under consideration. Reese and Matleck (1956) provide
these ccefficients for only a limited number of variations of pile-soil
parameters. In the remainder of this appendix a procedure and attendant

cmputer program are described which permit develcopment cof pile head

@]

tiffness matrices for either two- or three-dimensicnal pile-soil sys-

O]

L

tems for any combinstion of pile-soil parameters. It was anticipated
that the pile head stiffness maitrices develcped by the pregram wculd
subsequently be used as input for general purpcose structural asnalysis
programs. Because many of these general purpose pregrams do not accommoe-
date unsymmetric stiffness matrices, the alternate procedure for partial

fixity described in previous section was adopted.

Pile-5So0il Mcdel

28. The procedure used in this appendix is a cne-dimensional finite
element analysis of a beam on an elastic foundaticn. The continuous

= i

rile~spil system is replaced by a beam resting on discrete springs as

&)

shown in Figure A3a and A3b. reebedy diagrams of a general node 1
and adjacent elements 1 and i+l are shown in Figure A3c. {Note:

) . . . i+l
subscripts refer to nodes, superscripts refer to elements: e.g., fi

is the shear force at node i in element i+l .) FEach node undergces

a translation u in the x-directicn and a rotation 6, about a y-

[N

i
v are principal axes of the cross section. Ix-

2

axis, where x an

ternal nodal forces T_ . and M . are assumed to act at each node,

] BAPES

although all nodal forces except at the pile head will subsequently be
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Special Conditicns at Nede m (Bottom of Pile)

32. At ncde m, because element m+l dces not exist, Equation A3h

~
reduces to

a U + (bm + S )U =F =0 . (A35)
T ~IT e~ 1T ~T0 ~

A

Special Conditicns at Node ¢ {(Pile Fead)

33. Zecause no element exists above ncde ¢, Eguation A32 reduces o

bT o+ S )U +cU =F . (436)
&~o ~o/~0  <o~l  ~o : ’
3L, Equaticns A34, A35, and A36 represent m+l cimultaneocus
eguations which relate pile head forces (FV o &n M o} tc displacements

ReE Js
aleng the pile. In order tc develop the pille head stiffness matrix,

particular ccmbinaticns of pile head displacements, Uy and eo (My o
N b

for a pinned head pile), are imposed. The forces, Fy . and Mv o
R DA ]
resulting from these specified conditions are, by definiticn, elements

of the desired stiffness matrix.
35. Tor a pinned head pile, the conditions to be specified at the
pile head are u_ = 1 and = 0 . To reflect these conditions

Equation A36 {see also BEquation A28) must be altered to

—
(&)
o
O
S NN
(@]
[}
oot
.
}_

~6ET 2EI o ~-6EI ) o 0
2 n| (e 2 (%)
L N n

L

The displacements obtained

2 A ~A ™ e ADE LR PR <0 .
AZT are then :d into Zguations A2C, AZC, and A32 (with
i = 0) to ohtain
1T0OTT LT S o7
- - 2Rl bEI 12ET " A o [ a8
= oo - u 5.+ S, 128
¥,0 2 o 2 Ve 3 1T e LaoE)
3 3}

A1k



and

= 7 ({A3Q
bll “x,0 (A39)
Fer © i d head pi b,, =1 = =0 . T lue of
or the pinned head pile 13 031 b33 The value
= obtained from this solution is used subsequently for estab-

8 8

e free
lishing the stiffness coefficients of a Tixed or partially restrained
S

ile head.

36. For partially restrained, or fixed, head piles three step
f

the solution are required. First, the soluticn for a pinned head pile
is performed to cobtain 6, . Then, toc establish the b,., and b,

free 1x 31
terms of the stiffness matrix, conditions u_ = 1 and

6 = (1 - D?>@p ce BTE impesed &t the pile head. These conditions

O
-
-
D
@]
O
O

ey
l»_!
[}
o
1
O
O
-
SN
&

nd ALO, together

w
Jess
|
1
-
®©

=

[he displacements from sclution of Eg
with FEquations A28 and A32 for 1 = 0 , yield bjl as in Equaticns A3E

and A39., and

L e A
\ 6EI 6ET 2T R
= u_ o+ —-— L b e B (ALDL)
v, C 2 C < - n 4
h h
and
b = ( [x,lll’)\
o f Au2
31 Kge ’
Finally, for T.. and Db, , o= C
13 31 c
are imposed which result in the fellowing form of

I
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In this expressicn coefficients b b b b__ represent
+ p ll 3 51 E} 15 3 5> s

effects due to displacements, u and 6 , in the x-z plane, and are
cbtained as described in paragraphs 30 threcugh 36 with I = I, -

Coefficients b22 5 bLE 5 bzh , and bhh , which are relateé to dis-
placements v and ¢ , in the y-z plane, may also be cbtained from the
two-dimensional analysis with I = IX (moment of inertia of the cross

section about the x-x axis).
g. This procedure has been expanded to a layvered scil system.
39 Th proced has been expanded t lay i t

Ll

The continuous system and the finite element mcdel are shown in

Figure Ala and Abb.
LO. The stiffness Si must be established from the proverties

of the surrcunding scil., For any ncde i1 in layer 1, the scil medulus i

4 N 4 X 0 e%"-—g
E (1) = KIZ) = K, (1] + r<2mz"
i1 —Nx/\-—g
x
g i _4‘\/\—-%
<L
-
o -
" 2
T AAA E
~ t+1 A
O
P
o (K (1) + /<2/r/z”/ UK (2)+ K2(2}Zn/‘
£ =
ﬁ s 2.0
T R YV
o~
o
ud
> - -~
3 k St
- PP n
3 E12) = K(Z] = K (2) + K, (2)Z
[75}
v
vﬂug
i
a. CONTINUQUS b, FINITE ELEMENT
SYSTEM MODEL




(1) =+ K, (1) A

S i 1
where
Kl(I) = the K, constant for layer I
IZ(I) = the X, constant for layer I

will

Z 1is a length factor that represents the confinement effect. 2

be the depth from the top of the layer to the point if only one layer is

If more than one layer is present, 2 = 2 where is

present.

the effective depth assuming that the

tion extend all the way to the top of

the ratios of the unit weights of the
Z

is always measured from the top

7
eff Tefr
layer properties under considera-
Z or is dependent on

4

the pile. -
the depth of the over-

layers and

of

. - I -
located atl & soil layer (i.e., layers 1

For any node K in any layer ¥, the soil

Input

L1. Datz should be input to program PILESTF according to the
following guide. 411 input is free field (a comma or at least cne

blank should separate data items).
GROUP 1 - Title
THEAD

IHEAD = 60 Character Prcblem Heading

GROUP 2 - Pile Prcperties
A. E, G, XL, DF, NDIM
E = lodulus of elasticity
G = Shear modulus
XL = Pile length (if length is input as zerc, program
calculates increment length as h = MIN lZIX, 121
and XL = 200 x h, otherwise h = XL/200) :

418



DF = Degree of fixity, O< DF < 1
0 - pinned head
1 - fixed head
NDIM = 2 - two dimensional system X = Ul
3 - three dimensional system - Y = U3
B. XI, YI, XJ, A, AXCO, TOCO
XI = Moment of inertia about X - axis

0 for two

YI = Moment of

dimensicnal

inertia about Y - axis

Torsional mement of Inertia

0 for two dimensicnal
A = Cross-—sectional ares
A¥CO = Axial stiffness factor

Torsional stiffness factor

0 for two dimensional
3 - Scil Properties
A,  NLAYER

NLAYER = number of scil layers

[}

B. DNecessary only if
XK1, XXz, ZN

where ES = XK1

EPTH(I), GAMMA(I)

WKI(T) +

3

Bottom elevation of soil layer I (feet)
Unit weight of scoil in layer I

i

data NLAYER (number of layers,

Solutions

have been cbtained for the pile

a

T R
soiuvions

Le.

parameters shown in Table Al.

4 number of
The pile problems sclved herein are
tended only to demonstrate the use of the program and to indicate t

influence ¢f some prcblem parameters on the pile head stiffness.
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Discussicn of Results

43, Stiffness coefficients obtained with the computer program are
compared in Table A2 with values cobtained by the preocedures in the pre-
viocus work section using data from Reese and Matlock (1956) for "in-
finitely" long piles. Except for problems 34, 6, and 9, the difference
between values predicted by the program and those obtained as in the
previcus work section are less than one percent. The differences in
problem 3A illustrate the effect of length; the pile in this problen
is not "infinitely" long. This is substantiated by the results of
problems 3B and 3C. The length celculated by the computer program for
1

problem 3C 1is only an approximation to render the pile "infinitely"

nd no other significance should be attached to this value.

Example problem 1-4 is the same as precblem 1 except 2 layers
of soil with 1

1 the same preoperties were used instead of just
The answers from both example problems are the same. The same situation
applies to example problems 2 and 2-A.

L5, Problem 10 illustrates the effect of different cross section
moments of inertia. The pile-soll parameters were chosen te permit
compariscon of stiffness coefficients associated with forces and dis-
placements in the x-z plane. Data are not available in Reese and

Matlock (1956) to permit comparisons for coefficients related toc the

y-z plane.
Conclusions
46. The example solutions demonstrate the capabilities of the

o
cemputer program to develcep the pile head stiffness matrix for lateral

lastic pile~soil system. The program can

D
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ot
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}»J
3
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}__I
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}._
o
0

readily be extended to permit analysis of piles having variable cress

o]

seclion properties. I precedures were available to approximate the

S

pile, the numerical analysis procedure used in the pregram conld be ex-
tended to include these effects as well.
X Ta
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EMTER HERDING (ol CHHRBUTERD MAA 2
=pROE, 1 - 20 CONSTHANT Z0IL MODOLUZ. FPINCMED HER

ENTER FILE DARTHA LUNDER HERDIMG:Z
E 5 LEMGTH

FIZALITY HLIM

1200 0 i~

Heizl

= i 833,22 i 104 1

INFPUT THE HUMBER OF =0[L LHYERE
MLRYER

ENTER =Z0IL DATR UNDER HeEsDIMNG
FOR Z0IL MODULU:s ESSKI+kZeIeeIN
K1 K2 2

JQUTPUT FROM PLETF
HERDING
PROB. 1 — &k COMSTANT =010 MODULUZ: FPINMED

PILE DRTH

E 13 FIxITY

LEMETH

SoEo0l 0s . R A 1,
Ix Iv A +
i, S.anEl U i1, 1. Dnal ue

=OIL DRTH

HMEBER OF 2010 LRYERZ
NLAYER
1
K1 = 2N
1. 0000 01 . [

PILE HERD STIFFMEZS MRTRIx FUR 20 FPILE
[ .

Szl a9 .
1 .

St S ey (R P
0.
i

DO vOU wENT ANOTHER RUMT (l=svhRos U=MU2

ot
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ENTER HERDING <460 CHARARCTERS MAX.)
=FRORB. 1A - 20« COMSTANT ZOIL MDDULUZs 2 20IL LAYERS

ENTER PILE DATR UNDER HERDINGS

E i3 LEMGTH FIXITY MDIM
e T

I Iy J ] AXZO  TOCO
e L T T T

INPUT THE MUMBER OF Z0IL LAYERS

MLAYER
EMTER =SOIL DATR UNDER HEARDINGS
FOR Z0OIL MODULUS ESsKi+EPeleeZN
K1 ke ZN DEFPTH GRMMA
= 10 il [ [ox1E1] 50
= 10 { i 1200 50
QUTPUT FROR PLSTF
HEADIING
FROE. 1R - 2D COMSTANT SDIL MDDULUS: 2 S0IL LAYERS
FILE DATA
E [k LEMETH FIXITY MDA
4, 2000 Ne 0. L.goan 32 0. =4
I 1Y J ’ # RACO  TOCO
0. D.333D 02 i 1.0000 02 {.000 0.
TOIL DATRA
MUMEER DF SOIL LBYERS
HLAYER
{291 kg M TEFPTH SRMARA
T.0000 01 0. 0, 2. U000 U2 5. 0000 01
T.Qoon oy 0, . 1.2000 03 S.0000 01
FILE HERD EZTIFFHESS MRTRIX FOR &-D PILE
SLPRIVE onE . 0.
o, Z.5REI30 05 [
0, 0. o,
0O wOU WAMT RNOTHER RUNT C1=YES, U=NO>
=1

.
o=
no
o
4=



=PROB.o -

= 3. =0s i
I Iy A
= [} A ICNCIE i
INFUT THE HUMBER OF z0IL LRYERE
MHLRTER
= 1
ENTER Z0IL L[ATH LNDER RHERDIMNGE
FOR Z0IL MODULUY gZskl+tkdeieelN
k1 ke 2h
= i 140 1
OUTPUT =ROM PLETF
HERDIMG
FROB.2 - &0 LIMERR 2010 MODuLus
FILE ImeTr
E [ LEMNGTH
S 200D e i, 1.0l 0l
I I N
i Senaal 02 i,
FOIL DATH
HUMBER OF Z0Ic LAYERE
MLAYER '
1
K1 K =
1. T O0HOD w1l 1. gl g

Cn o CHRRACTERS
2010 MODULUEs

HERLIING
2hs LIMERR

ENTER

EMTER PILE DRATR UNDER HERDIMG=Y
E ] LENGTH

HERD STIFFNEZE «(RTRIx FOR

0 [}

D0 v0OU WHNT SeOTHER RPUn?

ME e
FI<ED

FIxiTy

1o el

2~

"

1.4

CI=TE e =N

s FLlxED

FIKITY
1.t fad

HEARD

MOLIM

Tocn

1 i

He L

RIS

i

the 1. L

Tawn

.



ENTER HERDING (50 CHARACTERS MRx.)
=PROB. ZA - 2D:; LINEAR ZOIL MODULUS. 2 S0IL LAYERS

ENTER PILE DATR UNDER HEADINGS

E 5 LENGTH FIXITY NDIR
= asme 0 1z 1z

I® Iy J A RXCO0 TOCO
= 0 asmaa o iee 1 4

INFUT THE NUMBER OF SO0IL LRYERS

NLAYER
= 2
EMTER SOIL DRTR UMNIDER HERDINGS
FOR SOIL MODULUS ES=Ki+KReZeelN
K1 K2 N LEFTH ZAMMA
= 0 14 i =00 S0
= 0 10 1 1200 S0
OUTPUT FROM PLETF
HERDING
FREOB. 2A - 2D LINERR SOIL HMDDULUS: 2 20IL LAYERS
FILE DARTR
E iz LEMGETH FIXITY NID IR
4.300D 08 0. {.206D 03 1. 000 z
Ix I J = AxCO TOCO
. S, 333D 08 0. T.000D 02 1.000 0.
Z0IL DRTH
MUMEBER OF SOIL LAYERS
MLRYER
K1 ke oM LEFPTH GAMMA
. 1.0000 01 $.000D 00 A.000D 02 S.000D 0Ot
U. T.000D €01 1.0000 00 1.,200D 03 S,000D 0f
FPILE HERD ITIFFNESS MRTRIX FOR 2-I PILE
2.24900 a4 0 1.3598D0 06
[ 252220 05 a.
.......... 1. 38580 08 n 1.04510 08
IO ¥OU WANT ANDTHER RUNT (1=YESs =N
=1
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ENTER HERDIMG (o0 UHRFAUTER: MHAX.
=FROB, 3B - ZAME AI 38 EACERT "LON:" PILE

ENTER PILE LIRTH UNDER HERDIMNGLZ
E 13 LENITH FIXITY HUIM

1 It A H Haul 700D

= i I22, On 1 a83.5 e S 0

INPUT THE HNUMBER OF Z0IL LHYERE
NLRYTER

ENMTER Z0IL DHTR UMDER HEADIMoX
TOIL MODULUS ES=Kl+KzZeleesN
re

= i ;
OUTPUT FROM PLITF
HERDING
PROE., ZE - SAME RS 3R EXCERT “LONS" PILE
FILE DRTH
E 15 LEMaTH FIsITY ML
1.2000 Om i, 1.0l s . :
I 1Y N H R L TOoD
. Z.221D0 ag e BN S VNS W P R PR A
Z0IL DRTH
MUMEBER OF ZOIL LAYERS
HLAYER
1
DL 23T a0 o0, 0.

FILE HERD ZTIFFNEZZ MATRIX FOR o-D Pllk

(S Y0 S0 N Pl . e
. G, 9nsal as e

[ i, [RIN

[

DO YOU WANT HNDTHER RUNT C1=TESs O=MUD



ENTER HEARDING (ot CHARRKUTERS MHAX. s
=PROB. 3R - 20s CONZT. "ZO0FT" Z0IC MOD.s “SHORTY PILE

ENTER FILE LDATH UMDER HERDINGG
E 5 LENTH Fi=iTy HLIMm

= 1.508 X ol i N

1% 17 I H RAsO TOCD

= 0 2. 5 0 2.3 e S u

INPUT THE MHUMBER OF Z0IL LAYERS
NMLRYER

EMTER Z0IL DATH UNLER HERLIMGD
FOR 20IL mMODULUE Esskl+kEelewlN
s g s

JQUTPUT FROM PLZTF
HeROINE
PROB. 3/ - 2Ds COMNEST."S0FT™ Z0IL MOL. e "SHORTY FILE

PILE DATH
E 5 LENGTH FIleldy NOEM

1.5000 s i, dewtiul g e o
IX I J [ Heoo 1aca
G. d.22iD ag e SR U UNRTE S U U T T

z0IL DRTA

MUMBER OF Z0IL LAYTERE
HMLRYER
1
1 K. N
ZL. 1230 00 o0, i,

ru

FILE HERD ZTIFFNEZZ MATRIX FOR 2-0 PILE

S ANSED 02 . R
e 13282 us i
. . 0.

DO w0l WANT AHOTHER FUNY C1=YEDs 0=n:

427



ENTER HEARDING (ol CHARRCTERS MHX.2
=FROE. 30 - EZAME AZ IR EXCEPT LEMGTH CrRLUL. BY PROG.

EMTER FILE DARTR UNDER HERDING:
E = LENGTH FIRKITY NOIM

1 I N ] A=l Touca

INPUT THE MUMEBER OF X0IL LHYERY
MLATER

ENTER Z0IL DHATH UNDER REARDINGDE
FOR =0IL MODULUE ESsKi+kzZeieelN
#1 ke 2N

OUTRUT FROM PLETF
HERDING
PROEB. 30 — SAME #B% Zm EXCERPT LENGTH CBLC. BY PROG.

PILE DRTH

E LEMETH FIAITY MO

'l

1.5000 08 0, 1.53770 02 [N Fed
1% I o H HxDO 1000
the .21 o2 A1 (SIS R S AR U S F P R £ R R

=OIL DRTH

HUMBER OF 20IL LRYERZ
HMLATYER

1
#1 = &

230 a0 0. .

[

S PILE HERD ITIFFNESZZ MHATRIX FOR =2-L PILE

Zodendall ug t. .
e I.nZ0iDons (AR
e i, .

¢

DO ¢OU WHANT ANOTHER RUNY c1=vEZs G=nN02




ENTER HERDING ool UCHRERCTERT Mk, :
=PROB. 4 - ZAME BRI 2R EXCEPT ITIFFER 20IL

ENTER FILE DRTA UNDER HERDIMZE
- E ] LENBTH FI®ITY

= ] 22808 i B3. 5

INPUT THE NUMBER OF =0IL LHYERE
MLAYER

ENTER Z0IL DATHR UMDER HEARDINGE
FOR ZO0IL MODULUE ESsKl+KZeleslN
Kl (=4 2

GUTPUT FREOM PLETF
HERDIIMG
PROB. ¢ -~ ZRME AY 2R EXKCERPT STIFFER =0IL

FILE [RTR
£ 5] LENGTH FIAIT
1o SO0 Os [N TSmOz .
Ix I I =
U, H.Z2il ng 1. e dDup

20IL DnvTrH

MUMBER OF 30IL LHYERE
HLRYER )
1
1 (=4 Zh
o123l a1 O, e

PILE HEARD ZTIFFNEZE MATRIA FOR -1t PILE

.S 0n 0z [ I,
. 1..22220h 0h (A
U, t, te

DO wOU wWRNT ANOTHER RUNT cl=YESs O=nds
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EMTER HERDING (od UHBRACTERY MAX. 2
=PROE. S - IAME AT 3A AND 4 EXCEPT ZTIFFER :0IL

ENTER PILE IRATR UMDER HERDINGZ
S ] LENBTH FIxLITY NIIM

= 1.50e i e U 4

I 1 i H H=CD 100l

= il 22, s i 2.9 {1 1

[HMPUT THE NUMBER OF 30IL LHTERE
MLAYER

EMTER =0IL DATH UMDER HERDIMNGE
FOR Z0IL MODULUE Eiskil+xeeleelN
k1 ke i

OUTFRUT FrROM PLETF

HERDINGE

PROEBE. 5 - SAME A2 3¢ AND 9 BERCERPT ZTIFFER =201L

FILE DRTHR

E iz LEMBGTH FIITY NOIM
1.5000 Os . Zen Ul 0z . 2

Ix I ] ++ HAs0
e Z.22iD 0z [N ) e SO0 01 0, S0

=010 DATH

NUMBER DOF Z0IL LEYERS
ML RER

[ [ ZM
=30 e . .

FILE HERD STIFFNEZZ MRTRIZ FOR -0 PILE

L 1. 38220 us A8
i, 1, L
00 00U WANT RNDTHER RUNY 1sYEZe d=pls

A31
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ENTER HERDIMG

Bl CHRRBCTERS

MM, 2

=PPOR. o - 20 LINEAR I0IL MOTHILUS s PINMED HEWD
ENTER PILE DRTHA UNDER HEADING:
£ & LENGTH FIXETY NI LM
= 1.308 1eoan ] 3
I A I HACO  TOCO
= I e 1onn, B; 1014 1 1
INPUT THE NUMBER OF S0IL LHYER:
HUAYER
= 1
ENTER ZOIL DHTH UNDER HESDIMNG:
FOR Z0IL MODULUS EizKiekdeleelN
K1 Ke 2
= £ 18 1
OUTPUT FROM PLITF
HERDING
PROB. & ~ 2De LINEAR ZDIL MOLULLS. FINNED HERD
PILE DRTH
£ 15 LEMI=TH FIXITY NLIM
o 2000 05 Lodtidn s ool uy e 3
Ix Iv N H HA O TOUA
B ITID g B R 0z TemedD 03 1o thrdly a2 1.0y g, [ARA] -
0IL DRTH
MUMEBER OF Z0IL LAYERS
MLAYER
H
K1 K2 NS
. T.0000 61 1, 0000 o0
FILE HERD STIFFNEZT MRTRIN FOR -0 FILE
1201 D ng . . e ity [N
. Tzl g9 A 1, [ i,
0, e e SRR Al s ., i, .
I, . i, o, [N e
i, T i, i, th, i,
e . . . [N SeSuuul e
DO vOU WANT HHOTHER RUNT CI=YEZs 1=
Va
[ Boia Rl 1]
gl BIv By big Bl Lls
L o ~ v
9] 12 ) K
B2l [Bz~] Bz y 82 Ote

{3;?/ B3+ é& 7‘%] ]i:;:::]

041 M 349
(I57) ps»

; iy 04 T
Jé! lf &/L gé g@‘g‘lsz Jéj {@f:‘“’j‘
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ENTER HERDING (o0 CHHRRACTERI MHX, s
=FROE. 7 ~ ZAME AZ o EXCEPT FIXED HERD
ENTER PILE DHRTR UMDOER HERDINGE
E = LENLTH FIRITY RISy

12ud i ]

N i HRLU T0CU
= 1eE5,. 687 10w 1 1

INPUT THE nMuMBER OF =0IL LAYERE
HLHRTER

ENTER Z0IL DRTHA UNDER HERDIMNGE
FOR ZOIL MODULUE EX¥sKi+rZelesiN
K1 ke N

QUTPUT FROM PLZTF
HERDING
FPROEB. 7 - ZRME RS B EXCEPRPT FIXED HERLD
omTH
= LENGTH FIITY ML
s I.2000 08 1.200n a3z 1. L =
he A H Heild o TOLD
Zhoa2 lewmo7D 02 SR AR AT A P WA T N R E A N G A R N

=0IL DATH

MUMBER OF ZO0IL LAYERE
NLRYER
1
Bl Ke 21
0. 1,000 0y 1. o000l aug

FILE HeEAD ZTIFFNEZE MRTIRIXK FOR Z-0 FILE

Se.adR0l 0l 0, i, 1. 1o 350D us 0,
. S.Esdsun 08 0. ~1, 35920 s, (1
e . FOBERID S, [ i,

i —-1.35%30 08 . Te Sl g U, L
L2292l aw . [ U Toushiln oz o
Vi I, I, it [k e SN

DO vOU wanT BNOTRER RUMT C1=vEIs u=n0
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ENTER HEADING (20 CHHARAUTERY MHX. s
=PROE. 2 - ZAME RI 7 EXCEPT PARTIALLY REITRAINED HERD

EMTER PILE DRTR UNDER HERDIMGE:

E & LENGTH FIXITY NILM
- Tiane toane tesd oms 3

1% A H HACO  TOEd
= amna Clsem.er 1m0 1 1

INPUT THE NUMEBER UOF 201L LHYERXZ
NHLAYER

ENTER ZOIL DRATA UNDER HERDINDL:
FOR z0IL mMODULLUE Ei=sKl+reeleedlN
k1 K <

QUTPUT FROM PLZTF
HERDING
FROB. & = ZAME RE 7 EACERT FRRTIRLLY REITRRINED HERD

FPILE DARTH

E = LEMESTH FIKITY ML
&, 2000 O 1T.3000 A& 1.2000 03 e B0y 3
IX Iy . 5l R TLel
2, 3330 02 H, 2230 g 1.l U3 o 1,000l ue 1. 1. it
ZOIL IRTR
NUMBER OF Z0IL LHYERE
HLRYER
1
k1 =4 I
0, $. 000D 01 1. 000 0o

FILE HERD STIFFNEIZ MHTRIX FOR s-I FILE

130350 04 it . . berr=1D S (1%
e 1,290 g U, -2, feRID 0US U, e
e . G SERIAD 05 0. . .
. ~m. 021D a3 A, S.2edel uy o o, U
B.rrRID 05 U, . S.22Sel By,
1, i, i, i, £, e Sl e

DO ¥YOU WANT ANOTHER RUNT <1=YESs u=nNl>»
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ENTER HERDING (o0 UHARRCTERY MA

Ke

=PROB. 2 — ZHME BRI 7 EXCERPT EAPONENTISL S0IL MODULuE
EMTER PILE DRTHR UMDER HERDIMNGE
E i3 LENGTH FIXITY MM
= 1o 1 =
N H A0 10U
= lone,. 57 10w 1 1
INFPUT THE HUMRER OF =0IL oBYERE
HMLRTYER
= 1
ENTER Z0IL DRTHR UMIOER HERDIMGE
FOR ZOIL MODULUE EXsri+rgeleesN
F1 [ Zh
= i 14 Z
OUTRUT FrROM PLITF
HERDIMNG
PROB. <@ — ZAME AY 7 ExXCERY EBXPOMENTIFAL S0IL mMOLULUY
PILE LATHR
£ ] LEMaTH FIRITY MM
G, S0 e 1.0l e U g 1. L -
I N . H =il
=38 e =, 3EED u2 oD n 1o gD gs 1.y
=01l DRTAH
MLlBER OF Z0IL LRYERZ
HMULRYER
1
1 = Zh
. 1. 0000 ul 2,000l g
FPILE RERD STIFFNEIZZ MRATRIx FOR -0 FILE
R T F Y L . [ A DR
0. <o e300 050 1. =D.3927D 0e .
i I P R U e the
U —D, 3BST0 Us . 2. 14330 020,
D, 337D a8 ije L. i, = A
0. . U, [N 18
DO YOU WRNT aNDOTHER RUNTY (1=YESe d=n[02

]
-

Taca
1.0

(A=

i

e
i,
e
e
1.
e SUnan

b



ENTER HERDING

(ot CHARRUTERS

MEN. s

=PROE. 10 - 3Ds DIFF. I1X & IYe LINERR Z0IL mMODULUE
ENTER PILE DRATHR UNDER HERLINGE
(= =3 LEMNGTH FIZITY MO
= 1a, 08 2. 508 1z 1 ]
1 Iy N ] RxCO 7000
= 1440 1 = = 120 1 1
INPUT THE NUMBER OF Z0IL LHTERE
NUAYER
= i
ERTER ZOIL DATH UNDER HERDIME
FOR ZOIL MODULULZ EXsKi+rReeleedN
[ K <M
=  io i 1
QUTFRUT FROM PLETF
HERDIING
BROB. 10 = 3De DIFF. IX % IYe LiNERNR 20IL nmODuLUs
PILE DRTH
E [ LEMNGTH FI=ITYy ML
1. o0al ofF STl fn 12t s 1. b =
Ix IY J H [RESME
10l 03 10000 12 R A AR Tl Ul U2 1. uuu
F0IL DRTR
NUMBER OF 20IL LRYERE
NLRYER
1
K1 K i
1.0000 02 Z.S00D 01 1o 00un
PILE HERLD ZTIFFNESE MRIRIX FOR &S-L FILE
T S2320 03 U, . i, $o 10l
[N 1. 332l as [N =3, 10930 un e
i, . 1. 0000n Ue Ue L,
[ -3, 18520 us L F, UVEeD oz .
4. 16170 08w, U . ERIE S et
[ i, e . e
DU YOU waNT BNOTHER RUNT C1sSYEIe O0=NU»
=0

TOCw
1o 1

iim

L

T’
e
i
.
il
C‘

K=

I
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EMTER HERDING CA0 CHARRACTERES MAXN,

=FROE. 11 - ZAME AZ 2 EBESCEPT 2 Z0OIL LAYERI

EMTER FILE IRTR UNMDER HERDINGE
g = LEMGTH FI=ITY ML I

]
S
[N
o]
e g
s
.
[Ex)
[om ]
[a s
[y
i
P
o
[
Lot

! H HACO TOCO

IMFUT THE HUMEBER OF ZODIL LAYERSE

HLAYER

EMTEFR ZO0IL DRTA UNDER HERDIMGE

FOR ZOIL MODULLE ElsKi+kzeleeiN

91 k2 oM LEFTH SHMMR
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APPENDIX B USER'S GUIDE FOR PROGRAM FDRAW

General Introduction

1. Documentation for the computer program FDRAW--an interactive

-

graphics post-processor--is presented in this appendix and includes a
general introduction, guide for data input, and example problems

2. TFDRAW is capable of displaying pile geometry, resultant axial
forces, several different pile loading factors, and elastic center dia-
grams. Program commands control the display. The program was developed
by Mr. John Jobst, St. Louls District.

3. TFDRAW runs on the WES G-635, Macon H-6000, and Boeing CDC com-
puters in the time-sharing mede. It 1s limited execution on & Tex-

to
brary and is identified

'm

onix LOl4. The program is part of the CORPS 1

by the program number X0036. To execute the program, issue one of t:

follovwing run commands. On the WS or Macon computer,
0LD WESLIB/CORPS/X0036,R
GCS2Dh
device - TKL

On the Boeing computer,

OLD,CORPS/UN=CEC
CALL,CORPS3, x0036

any commands may be given
The name of the plotting file created by an analysis run
of YUUJ%Q

b. The radius of the figures to be drawn on the screen {pile-
coordinate units per inch of scre

5. ATter +his, any valid FDRAW command may be given. The prog

assumes load case 1 to be the current load case until it is changed by

giving the "LOAD" command.

wTP tist £

HELP iist of

™A + = ¢ -
ADT he radi screen

bt
[9e}
L



)

G o = basic eomety p127

$04PL, = Plrsn 4 ple nimbas
;LéI"Jg’ = jgjy -+ b2t e ralves

To change the current load case.

To display pile locations, with the options of printing
the batter for each battered pile and/or numbering the

COMB

PLF

—pile. 5

To display the combined bending factor for each pile and
the portion of that factor due solely to the axial lcad
on the pile, for the current load case.

n 93,8 85
. C.B.F. A + = + o5

vhere Q3 = vertical load along U3 axis (kips)
QL = moment about U, axis (kip-ft)
Q5 = moment about U2 axis (kip-ft)

FA = allowable axial load (kips)

FBL = allowable moment about minor principal axis
(kip-ft)

FBS> = allowable moment about major principal exis
(kip-ft)

To display the pile locad factor and P.L.F., Flag for each
pile for the current load case.

For pile in compression:

P.L.F. = MAX {C.B.F.} P.L.F. Flag = [BC
ALF. C

For pile in tension:

P.L.F. = MAX EC.B.F. P.L.F. Flag = [B7
EASF, T

To display the axial factor and P.L.F. Flag for ezch
pile for the current load case.

For pile in compression:

_ Q3
A.F. = CALOW

Where CALOW = Allowable Compressive Load (kips)
For pile in tension:

Q3

AR = | TALOW

B2



where TALOW = Allowable Tensile Load (kips)

FORCE To display the axial force, Q3, for each pile for the
current load case.

CCOMB Similar to ""COMB" except that it displays the critical
combined bending factor for all load cases and the criti-
cal load case number, for each pile.

CPLF Similar to "PLF" except that it displays the critical
pile load factor for all load cases and the critical
load case number, for each pile.

CCAXFC Similar to "AXFC" except that it displays the critical
axial factor for all load cases and the critical load
case number, for all pile in compression.

CTAXFC To display everything "CCAXFC" does, except for all pile
in tension.

ELCEW To display the elastic center and resultant force diagrams
for all load cases.

END To end FDRAW.

Guide for Data Input

6. Program X003k of the CORPS library creates a plotting file to

be used as the input data file for this program. Data are written to
his file accordlng to the following guide. All input is in free fleld
(a comma or at least one blank should separate data items) except Group

5.

Group

1
A, | LINE,NP |

LINE = five digit line number

NP = total number of piles in the foundation

NP {Number of Piles) number of times

t
| LINE,U1,U2,U3,H,A1G |

Ul = distance from origin to pile alcong Ul-axis (feet)

U2 = distance from origin to pile along UZ2-axis {feet)

U3 = distance from origin to pile along U3-axis { feet)

H = batter H vertical on 1 horizontal 0 -- vertical pile
ANG = clockwise angle between the positive Ul axis of the

structure and the Ul axis (direction of batter) of the
pile (degrees)

B3



Loading Control Data

LINE,NLDCS

NLDCS - Number of Loading Conditions

Group L -

Elastic Center Data
| LINE,EC1,EC2,EC31,EC32 }
EC1 - Ul coordinate of elastic center
EC2 ~ U2 coordinate of elastic center
EC31 - U3 coordinate of elastic center
EC32 - U3 coordirnate of elastic center
Applied Loads
| LTIE,Q1,82,083,05,0L ]

in Ul-U3 plane
U2-U3 plane
in U2-U3 plane
in U2-U3 plane

in

Gl = horizontal

@2 = horizontal loed slong U,-axis (kips)
Q3 = vertical load along UB—axis (kips)
Q5 = moment sbout Ug—axis (kip-*t)

QL = moment about U, ~axis (kip-ft)

[ LINE,LC,CBF,PLY FLAG,AFFC,STFC,03 |

Cols
LC = Loading Case 6-8
CBF = Combined bending factor 9-18
PLF = Pile load factor 19-28
FLAG = Flag denoting compression or %ensicn 30-31
C = compression
T = tension
BC = compression in combined bending
BT = tension in combined tending
B = 1f axial force = 0
AFFC = Axial factor 32-41
STFC = Steel axial factor a2-51
Q3 = Axial force So-61

Number of times.

s
(number of loading

NP (Number of pil
L and 5 data NLDCS

y

By



oblems

]
=

Example

7. The examples which follow illustrate the displays available

from FDRAW. The dats used are the output from example problem 9 pre-

A

sented on pages 101-109 of the main text of this report. The input dats
are stored in a file and are presented in Table Bl. There is 1 load case
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