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~ ON EL\STIC FOUNOOtrON 

Oifferential Eguation 
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Derivativas 
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Pile of Infinit!_ Length 

Boundary Conditions 
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Pi le 2f lnfinite Length (Continued) 

For large x 

e - e • o 
1 ' 

1 
' '" -' 

App ying ;:..._¡_ t 

dx2 El 

Appl:'ing d
3

v ~ 
,,' 

' 

" ' " 
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With the determtnstion of che coefficients substitutions c~n be ~ude snd 

relevant ~quations derived as shown following. 

Timoshenko sayo the "long" pile aollltion is satisfactoi"y wher-e SL.?:._4. 

Substituting 

' - l :e cos Sx + Mt (ces ex~ sin 

' - (sin Sx + cos Sx) + coa Bx] 

_,, [ ' CO$ 6x) j '- ' sin 6x + M (sin Sx + ' ' ' 

~' ' ' -
_,, 

(ces Sx - sin Sx) - 2MtS •lo 
'" J ' 

' - 20 -ex¡_p 
"' ' L ' 

cos 6x - ',' (cos Sx - sin '"' l 



' 
It is conveni~nt to d~fin~ some functions wh1ch make it easier to 

l.n."lta th~ abOv<! ~qustions. These <~re: 

,, _,, 
("OS '" '" 

,,, -' 

., _,, 
(~os ,, - sin ax) - ' 

,, -e -~>t 
~os 

,, 

Using these functions, the above equattons become: 

" . ", ' ,, - ., ' - ' ' ' 2na· 

-?P B2 
H 
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' H • ' 01 +~!tAl 
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Sign Conven~ions 
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Pt le of Finire Length ---

Boundary Conditions 

·" " - o M " M 

o - ' 

at 1< '" L M • O 

Applying,B.C. (A) 

. ' ) 
' 

Applying B.C. (B) 

' 

ó2 M 
o• !!.....1: .. ...!. 

' dx2 El 

,, ' 
" .:!....Y - ...!. 

' dxJ EI 

E~ • 2 3
3 

(C 2 - C
1

) + 2 e3 
(C 4 + C

3
) 

Applying B.C, (C) 

o - 2 

,,, 
,,, 
,,, 

'" 

(1) 

(2) 

(3) 

2 -eL 
o • (C

3 
Sin 8L - c

4 
Cos 8L) 

(4) 
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1i.!.! of Finlte Length (Continued) 

Applying B.C. (D) 

SL - c
1 

Ces SL) 

(6) 

(See Table cf Symbols at end of this sectton) 

(10) 

• 

Eqs. 6, 7, 8 and 10 are the lo equations to be aolved 

From Eo. 6 

Substic"ting c
4 

from Eq. (11) into E~s. 7, S, and 10. 

Eq. 7 becomes ,. '· !" ' ' ' . ,. . ' 
( 13) 



i'i~ ~ HnJ~e Lenglh (Continued) 

f.•¡. 8 becomes 

"' 
·A¡,C¡ • A16c2 + A6C3 • A17 

Eq. " becom~s 
···¡ {¡ + A1{2 ·1· A

13
c 3 + A

1
,.c

2 
- A1\t, 

• o 

Eqs. 13, 15, and l7 u e no"' the 3 eqllations to bu so1ved. 

~q. 13 becomes 

Sub. Eq, 18 in lo Eq. 15 

S"b· l::q. 18 1nto Eq. 17 

8 

(14) 

( 15) 

( 16) 

(17) 

(16) 

( 19) 

(21) 

(22) 
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' 
Pi le of Finite L~nsth (Continued) 

oc 

(24) 

Eos. 21 and 24 a~e nov the 2 equation' to be solved. 

Solving for c
2 

hom Eq. 21 

(25) 

Sub, Eq. 25 into Eq, 24 

(26) 

e, (· 
A21A23 

+ A24) • A25 -
A22A23 ,, ,, (27) 

'"' 
A27c3 • A26 (28) 

Finally 

This compLetes the derivation. See pages 10 and lL for Table of S)""bols. 
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rable oi Symbol~ 

" ,, ' • 

' e' " 
', 

"2 " 
2 e' " 

., • 2 i!2ei>L ,,, 31. 

,, • ' 
• 2 5L ' . Sin ~L 

's • ' 
2 ·e r. 

S " Cos "· 
•• • ' 

.2 ·S' 
Sin SL ' • o 
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Table of Symbolo (Contin~ed) 

Table of Functions for Pile of Infinita Length 

,, 
Al Bl el '1 

,, 
Al Bl e, Dl 

. 
o 1.0000 1.0000 l.OOOO o 2.4 -0,0056 -0.1282 -0.0669 0.0613 

0.1 0.9907 0.8100 o. 9003 0.0903 2.6 -o.o2S4 -0.1019 -0.06)6 0.0383 
0.2 0.9651 0.6)98 o.So2~ 0.1627 2.8 -0.0)69 -0.0777 -0.0573 0.0201; 
0.3 0.9267 o ,1.888 o.10n 0.2189 3.2 -0.0431 -0,0383 -0.0407 -0.0024 
0.4 0.8784 0.)561¡ 0,6171¡ . 0.2610 ,_, -0.0366 -0,0124 -0.0245 -O.Ol2l 
0.5 0.8231 0.2415 0.5323 0.29o8 4.0 -0.0258 0.0019 -0.0120 -0.01}9 
0.6 o. 7628 Q,ll;jl 0.4)30 0.3099 4.4 -0.0155 0.0079 -0.0038 -0,0117 
o, 7 0.6997 0.0599 o. 3798 0.3199 4.8 -0.0075 0.0689 0.0007 -0.0082 
0.8 0.63~4 -0.0093 0.3131 0.)223 5 .2 -0,0023 0.0075 0.0026 -0.0049 
0.9 0.5712 -O.o657 0.2527 0.3185 5.6 0.0005 0.0052 0.0029 -0.0023 
1.0 0.5083 -O.llo3 0.1938 0.3096 6.0 0.0017 0.0031 0.00:?4 -0.0007 
1.1 o. 41¡76 -0.11¡57 0.1510 0.2967 6.4 0.0018 0.0015 0.0017 0.0003 
L2 0.3899 -0.1716 0.1091 0.28c>7 6.8 0.0015 0.0004 0.0010 0.0006 
1.3 0.3355 -0.1897 0.0729 0.2626 7.2 0.0015 -0.00014 0.00045 o.ooc6o 
1.4 0.28~9 -0.2011 0.0419 0.2~30 1.6 0.00061 -0.00036 0.00012 0.000~9 
1.5 0.2384 -0.2068 0.0158 0.2226 B.o 0.00028 -0.00038 -0.0005 0.000)3 
L6 0.1959 -0.2077 -0.0059 .0.2018 8.4 o. 000<)7 -0.00031 -0.00012 0.00019 
1.7 0.1576 -0.2047 -0.0235 0.1812 8.8 -0.00003 -0.00021 -0.00012 0.00009 
LB 0.1234 -0.1955 -0.0.376 o .l610 9.2 -o.oooo8 -o.00012 -O.OOOlC 0.00002 
1.9 0.0932 -0.1879 -O.Ol.94 0.1!:15 9.6 -0.00008 -0.00005 -0.00007 -C.OOC01 
2.0 0.0667 -0.1794 -0.0563 0.1230 10.0 -0.00006 -0.00001 -0.00004 -0.00002 
2,2 8.02~4 -0. 1548 -0.0652 0.0895 
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LATERALLY-LOADt:D PILES 

Piles must often support substancial lateral loada as well as axial 

loads. Exarnples of pile-aupported structures whtch must support larga 

lateral loada include marine structures, lsrge advertising signa, and 

transmiasion towers. 

While axially loaded pilas rnay be deai~n~d satisfactcrily by simple 

static methods, the design procedure for laterally loaded piles is more 

ccmplex, involving the solution of a fourth-order differential equation. 

The solution must insure that conditions of equilibrium and compatibility 

are satisfied. The problem of lstei"ally-loaded piles h funher compl1-

catad because of the nonlinesr soil response. 

The diffei"ential equstion to be solved, as derived from conv~ntional 

beam theory (Hetenyi, 1946), is: 

where· 

" • 

' • 

' • 

' • 
' 
' • 

4 
El .!..Y + 

4 ,, 

flexural I"igidity 

deflection of pila 

length along pile 

axial ''" 
soil reaction ,., 

(l) 

of pile 

unit length. 



2 

f.quat1on 1 rnay be salvad very conveniently by a digital computer (Reaea G Manoliu, 

!9'/J); how"-ver, non-d.tmertsional methcxla cwy so01ati...,s be employed to yield 

an lCCepcahle aolutiou {llatlock and Re ese, 1961), Jlolh solution mechada 

gi•Je all th~ ne.;:essary design inforotation including the mo,..nt, deflec-

tlun, an~ "hear at deaired len~~ha along tha pile. 

C<)IL !tP.SPONSE 

rhe L~havJ<.>r of the soil ~urcoun.ding che laterally loaded pile ia 

,,ften desc•·tb .. d in terma of p-y curveg, whi~h relate the soil reshtance. 

to the pll•1 Jeflection at vat·iacs depths below the .surface, A ser of 

cypicel p-}' curves are sho""' in Fig. l. ln general, these curves are non-

lin~r and dep~nd on severa! parameters, including depth, ahearing arrength 

ut che soil, and number of load c:yc:les. 

For c:onvenienc:e in aolving Eq. 1, a sec:ant modulus of &oil reaetion, 

E
8

, 1s often used. 

E " p/y. 
' 

(2) 

As m.;y ha understood !rom Fig. 1, E
5 

can vary in an arbitrary qnner 

however, E is often a~sumed to vary • 
Jin.,:~rl:.· with deptlt, i.e., E

8 
• kx. It ls reCoiii!IIElnded that p-y curves 

L•' •:o•mtnt~t:ed a.~ shawn Lelow attd that the vallles of .~oU modulus be de-

t<'noined froc those curves. Four expedm~nts on full-Siz~d, instrumented 

pi les hav~ l~d to methods ior constructü:g p-y curves for the following 

~as.,s: soft days b"l~ the ~o~ater surfaee, stiff cl&ya belo1o1 the water 

,ur(ac~. stiff cl,¡ys abov .. the wat.,r table, and sanda. 
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p~y Cl!R.VES FOR SOf'T CLAYS BEWW WATER SURFACE 

!LHlock (1970} pr..so;oted procedures for developing p-y curves for 

~ul L: clay~ helow ~he <J~ter surface tor two loading conditions: shorc-term 

st.1tic snd cyclic. Those procedures, somewnat silnplified are su~nmarized below. 

L Obtain the bese possibla est1..ate of the vadation of shear 

s~ren~th'and effectivo; unit weight with depth. Also obtain the 

value of ~SO' eh~ sLrain corre~ponding ro one-half the maximum 

principul stress ditl'erence. lt no values of e 5
0 

are ovailable, 

Lypical valL>es sug¡¡e~tcd by ~kempton (1951) nre gi.vcn below in 

rahle l. 

table 1 

ConHist:ency nf Clay 

So fe 0.020 

Hedium 0.010 

Stiff o.oos 

Compute che c~ltimute sotl re~ütance per unit length of shaft, 

p , uoin~ th" smaller of ¡he valu~s giv"n by the equations below. 

" 

+ 0.5 :o;] cb 

' 
(3) 



where 

p • 9 cb 

" 
(4) 

y s average efhctive unit weight ft-om ground surface to p-y 

curve, 

e ~ shear strength st depth x, 

b • width of pile. 

The value of p is computad at each depth where a p-y curve is 
" 

desited, based on the shear strength at that depth. 

5 

3. Compute the deflectioo, y
50

, at one-half the ultimate soil resh­

tance from the foll~ing equation: 

(5) 

4. Poincs describing the p-y curve are '"'" computad from che rela-

tionship belcw, 

p/p - o.s 
" 

(6) 

The value of p remains constant be'yond y•8y 50 

f:>chc Loading 

l. Construct che p-y curve in che sa<De manner as for short-teilll 

statit loading for \.alues of p lesa than O. 72 p . 

" 



• 
' 

2. Solv!! Equations 3 and 4 simultaneou~ly to find the depth, "r• 

\Jb.ere the t:ran~üion oc~ur~- If the unit W"eight and ahear strength 

ticb 

"' 
J. !f th" depth to th<! p-y curve h greater than or equal to "r• 

p for all valueu of y 
" 

gres ter than 3y SO • . 

4. If tllt' deptil to the p-y curve is leu than "r' then the value 

r,f p d""' .,as.,s l'rom o. 72 p 

" 
to the value given by 

th.e expression bel01o1 at y .. lSy 
50

• 

¡!...¡ 
' < 

The val1.1e of p r_emains conatsnt beyond y R l5y
50

• 

p-y C\JRVES FOR STIFF CLAYS ABOVE THE ~'ATER TABLE 

(8) 

Reeae and Wi!lch (1975) presented procednres fnr developing p-y curves 

for stHf daya above th" Ita-ter table. Mechada are given for both short-

tHm ~t.:Hic «nJ cyclic loading~. 

1. Obt<oin th« b .. st possibl.e estiloate of the var1at1on of shear 

atrength and effeccive unic w~ight ~itb depth. Alao ohtain the 

Vollue ot 'so• C:he strain corre~ponding te onc-half che m1udmum 



principal stress difference. If no value of e
50 

is availabl~<, 

use a value from Tabla 1, the larger value being more conserVa-

ti ve. 

2. Compute the ultimare soil resistance per unit length of shafc; 

7 

Pu• using the smaller of the values given by Eqs. 3 and 4 (rn the 

use of Eq. 3, the shear strength 1s caken as the average from the 

ground surface to the dept~ being considered). 

3. Compute the deflection, y 50 , at one-half tha ulti!llate so11 reah­

tance from Eq. S. 

4. -Points describing the p-y cm·ve may be computad from the relation-

ship below. 

5 • B~yond y • l6y50 , 

Cyclic Loading 

.!',_- o.s 

'" 
p is equal to p for all values of y. 

" 

(9) 

1. Determine che p-y curve tor shorc-rerm static loading by the pro-

cedure previously given. 

2. Determine the numbar of times the design lateral load will bo; 

applied to rhe shaft. 

3. For several values of p/pu obtain th<! value of C, the parameter 

describing the effect of repeated loading on defonnation, ftíl1D a 

relationship developed by laboratory tests, or tn the abaence of 

tests, from the following equation. 



whete 

• 

(lO) 

L At the values of p corresponding to the values oí p/p
0 

selec:ted 

in step 3, compute new values of y for cyclic loeding from che 

follo~ing equation. 

y e"' ya+ y50 ·e • log N (11) 

Y, • detlection under N cycles ,, load 

'· • deflection under short-term Sta tic load, 

'so • defiection under short-tHIII etatic load at one-half '"' 
ultiaaate resiatance, 

' • number of cycles ot load application. 

8 

5. The p-y curve defines the soil response after N cychs of load, • • 

~-y CURVES !'OR STIFF CL,\YS BEtOIJ WATER SURFACE 

Reeal! e t. al. (1975) pres~nt method~ for obtain1ng r-y curves for 

~Liff clays below the water surface. :Jethods are given below for both 

l. Obtain values for undrained soil shear strengtha e, soil sub-

rne<ged unit weight y, and pile diamatar b from ¡¡:rou¡¡d surfaca 

to u~Dth H. 

• • 



' 
2. Compute the average undrained soil ahear- strength c

8 
over th" 

depth H-

3. Use the following equaüons for computing aoil re11istam:e at 

depth H: 

a, Ultimare soil resistance near grollnd surface, 

' • 2 " 
(1.2) 

b. Ultimate soil resistance well below the ground sur taco, 

pc
2 

.. llcb (l)) 

Use the smallH of Eq. 12 or 13 for the vslue of Pe· 

4. Choose the appropriate value of A from Fig. 2 for th<l psrticul<lr 

non-dimensional depth. 

5. Establish the initial straight line portien of the p-y curve, 

(14) 

Use the appmpriate value of k from Table 2. 

5. Compute the following: 

(15) 

Use an appropriate value of ce from Tsble 3. 



fig. 2. Values of Conscants A and !l 
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k (Static) ' . 
k (Cyclic) ' . 

TABLE 2 

RECOi·iiiEilDCD VALUES QF ~ FOR ST!I'F CLAYS 

lb/in 3 

lb/in3 

Average Undrained Sllear Stren9th* 

ton/ft2 

o. 5-l 1-2 2.4 

5(;0 1000 2.000 

200 400 800 

*The average shear strength sllould be c.omputed from the shear strength of 
the soi1 to d depth of 5 pile diJ.meters. 

TABLE 3 

REPRESENTAT!'IE VALUES OF te. FOR STIFF ClAYS 

·Average Undrained Shear Strength 

ton/ft2 

o. 5-1 1-2 2-4 

', (in./in.) 0.007 0.005 0.004 

.u 



7, Establtsh the first paraboli~ pcrtion of the p-y curve, 

(16) 

lntersection with. Eq. 14 ~y <A y e (if th.ere is no inteuec­

tion, f.q. 16 COilt':'Ols). 

8. E~t .. blish thl/. st'.cond pa•abol!c po:rtion of th.t'. p-y curve, 

Ay <y <6Ay e - - e 

9. f.stablish, th.e next straight-lina ponion of che p-y curve, 

p • 0.5 p (6A) 0 · 5 - 0.411 
o ' -o 

0.0625 ,, 

{17) 

{18) 

10. Establish. th.t'. final straigh.t-1ine portion of th.e p-y curve, 

L Stepo l, 2, J, and S are th.e same as for the static case. 



lJ 

4. Choose the appropr-iate value of B ft-cm Fig. 2 for the particular 

non-dimensional depth. 

6. Compute the follouing: 

' - ' , ' ' 

y'"4.1Ay 

' ' 
Use an appropr-iate value of ~e from Table 3. 

7. Establish the parabolic portien of the p-y curve, 

P"Bp [1-

' 

y-0.45y 2.5 

1 --¡;-¡""""-"1 1 0.45 yp 

(20) 

(21) 

(2Z) 

Intersection li'ith Eq. 14 ~y~ 0.6 yp (if there is no inter­

section, Eq. 22 controla). 

8. Eatablish the next straight-line portien of the p-y curve, 

p • 0.936 B p -

' 
o.oas ,, p (y - 0.6 y ) ' 0.6 y <y < 1.8 y 

e P p- - P 

9. Establish the final straight-line portien of the p-y curve, 

p • 0.936 B p -

' 
0.102 ,, 

(23) 

(24) 
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p-y CURVES FOR SANO, SHORT-TERM STATIC AND C'iCUC ¡,OADING 

R~ese, Cox, and Koop (1974) preaented procedures for developing p-y 

Ctlt"V~d for san.:!. Methods ere given for both snort-term statie and for 

1. Obtain value,; for significanto soil properties and pile dimensiona, 

~.y,and'b. 

~. Mak~ the following preUminary computations for use in the equa-

cions for computing soi1 resiseance. 

' 2, S '" • 0.4, and (45 - Íl 

J. Us., the following equations for computing soil reahtance: 

a, Ultimare resistance near ground sul·fa.,_e, 

Klltan1>sinS tanS 
1-'---,o-:c-"'-=c;;c-,-+ ,.~,o.'7,,:f-'-c,c)C (b + H tan B tan o) tan (S - 1>) coa o ~ .. 

b. Ultimate resistan<:" well below che ground surface, 

4 
tan B 

{25) 

(26) 



•• 

4. Find the ine~rsection, xt' of lhe equations for the ultimar.-. e..>il 

resistance near the ground surfece and the ultimate aoil resis-

tance well below the ground surface. Above this depth use liq. 

25. Below this depth use E:q. 26. 

5. Select a depth at whtch a p-y curve ts desired. 

6. 'Eatablish yu as 3b/80. Compute p by the following equation: 
" 

p • Ap 

" ' 
(27) 

Use the.appropriate value of A from Fig. J, for th" particular 

• non-dimensional depth, and for either the static or cyclic case. 

Use the appropriate equation for pe' Eq. 26 or Eq. 26 by referrin& 

ro the computation in step 4, 

7. Establish y
01 

as b/60. Compute pm by the follOW"ing equation: 

p ,. Bp . ' (28) 

Use the appropriate value of B frorn Fig, 4 for the particular 

non-dimensional depth, and for either the statit or cyclic ca~e. 

use the appropriate equation for p . 

' 
8. Establish the slope of the initial portien of the p-y curve by 

seleccing the app•opriate value of k fro01 Table 3a or 3b. 

9. Select the following parabol.> to be fitted between points le and 

•• 

(29) 



A 
o 1.0 2.0 

1.0 

2.0-
1 

1 
A5 (STATIC) 

1 
( r 
) 3.0 1 

1 
1 
1 

4.0-

!.1.0 
X . 
b > 5.0, A=0.88 

GO ·--------~----------L-------~ 

Fig. 3. Non-dimensiaMl Coefiioien~ A for Ultimate SoH Resisu.nce 
V~rsus Dep~h. 

('. 
' . 



' ' 

1 X 
-
b 

17 

8 

o LO 2.0 

' ' \(Be (CYCLIC) 
1 \ 

1.0 ' 85 (STA TIC) 
1 

+ 
' 2.0 .¡ 

1 , 
1 

3.0 

5.0 

1 ' 
1 l 1 
1 1 
1 X 

> 5.0 ' B, = 0.55 -1 1 b 
1 85 = 0.5 1 
1 1 
1 

1 
1 

4.0 

6.0 ¡__ _ __u_ _ ___¡_ ____ -L. ___ __j 

' . ' l g . • Non-dimensionJl Coe~fi~ient B for Soit Resistance Versus !l.!pth. 
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Table 3a o 
Recocce~ded Values of k For Submerged Sand 

Rclati\le Density Lo ose Dense 

60 

Table Jb 

Recowo.ended Valu~¡¡ of k For Sand Above Water Table 

~<!lat!ve Di!nsity Loo se Hedium Dense 

25 90 

• 



10. Fit the parabola bctween points k and m as follows: 

a. Get slope of line between points = and u by, 

(JO) 

b. Obtain the power of the parabolic section by, 

(31) 

c. Obtain the coefficiertt C as follows: 

) ' - (32) 

d. Determine point k as, 

(33) 

e. Cocpute appropriate number of points on the parabola by 

using Eq. 29. 

This completes the develop=ent of the p-y curve for the de~tred 

depth. AnY number of curves cnn be developed by repeating the 

ateps above for each depth desired. 



COMMENT:i OU PROCEDURES FOR COMPUTING p-Y CURVES 

Each oi che four procedure~ described above is based on experimental 

studles usbg full-sized, instrumenced ptles. In each case, p-y curvu 

w~re dtrived írom experimental resulta an<i were employed in developing the 

t·eco=ended procedures. Further1:10re, rheories for the behavior of soils 

un~er stress ;¡ere cmplcyed as fully as possible in developing the reeommen­

dat.bns. As a final step in the development, th" recomruendstions for p-y 

curvus <~ere 11sed to make predi.ctions of pile behavior to co~:tpare with be­

havior obs~r·Je<! in the experlments. ln all cases the compariaona were 

excel ienl. 

On the l>asb cf the above comments, the designH m.ay e10ploy the p-y 

racommendations With reasonable confidence; however, only a Umited number 

of experi~nen~s hdve been pe~formed. '!he uaer of the deaign mathod described 

he~.·fn should r~ad the r~porta on the e¡¡perirnental st .. diea and may wish 

to perfore~ full-scale experiments, perhaps on uninatrumented pilea, to 

conílrm pile designs for important projects. 

A fllrtber coa::nent should be made to the effect that the reco!milendations 

for p-y curves do not deal with the cases of austained loading and of 

~eismlc loaJing. 

~OI.UTION l'ROCEDURE 

-~" iterative procedure, using non-dimensional coefficients, ls 

recocnm•mded for the aolution of Eq. 1 for cases where there is no axial 

Jo;¡d and where. the pile stiffness is constant. Th.e solution procedure is 

rlpscribed below for three sets of boundary conditions at the tOP of the 



•, J 
pile: 1) pile ll.ead free to roeate, 2) pile head fixed againat rotatiou, 

J) pile head resrrain,¡od against rotation. These boundary condiciona, 

along with che sign convention usad in the following solutions, ~re ahown 

in Fig. 5. 

~ I. Pi le .!!!!i!!:!..! To Rotate 

l. Construct p-y curves "' various depths by procedures recomno.Jnoted 

above, with the spacing between ,., curves being cloS!l.r ¡lt!ar ''" 
ground sur faca than near the bottom of ,,, pila. 

2. As sume a value of T, "' I"elative atiffnesa factor. "' t,;lativ• 

stiffneas factor 1a given as: 

i 
(34) 

where 

El • flexura! rigidity of pile, 

k ~ constant relating the aecant modulus of eo:ll reaction to 

depth (E8 • kx). 

). Compute the depth coefficienc, ::o:max' as follow9: 

(JS) ,. .. 



-+V 

+X 

Fig. S. (a) Slgu Convention (Aft~r Uatlock and Rees~. 1961) 

+v~-~ 

Cas~ I. Ptle !lead 
rre" t" Retace 

Cas"- II. PiJe Head 
Fixed Agatnst Rotation 

. (bJ llo•mdary Conditions Considerad 

() 

+P 

Case II I. Pilo Head 
Restricted Against Rotation 



) 

where" 

• 

. ' 
' 

4. Compute tll.e defléction, y, at each depth along che pile wh~ce 

5 . 

a p-y curve is avaibble by using the tollowing .. quation: 

' • 

' ,, • 

' • 

' • 

' 
"' 

• 

" • 

' . ' ' 

deflection coefficient, found 

ahear at top of pile, 

relative stiffneas factor, 

deflection coufficient, found 

molllent " top of pila 

flexura! rigi<Jity of pile. 

in Fig. 6 ' 

in Fig. 7, 

(36) 

The particular curves to be employed in getcing th~ A.¡ and By 

coefficients depend 

' 
on the value of t COlllputed in step 3. =· 

From a p-y curve, select the value of soil rasistance, p, that 

con·esponds to the ptle deflection value, y, at tha depth of 

the p-y curve. Repeat this procedllre for every p-y curv" chat 

is avaih.ble. 

23 

6. Compute e secanl modulu~ of soil resction, E
8

, using ~q. 2. 

che E values versus depth . 

P J.o t. 

• 
7. Frow the Es va. depeh plot in step 6, compute the constnnt, k, 

which relates E
5 

m depth (k. '" Es/x). Give !llore ueight to the 

E9 values near the gruund surface. 
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CEPTH CO€Ff"ICIENT, Z 

"' t••A.{-Ef) ••Z{T) 

1 '· 
• wt .. re h (Elfl<)ot, 

Fig. 6. Pile deflection proCuced by lateral load al rnud line. 



OEPTH COEFFICIUH, Z 

- '• ",, 
'"'e,(E'¡l , • Z ( T 1 

"·( • "'Mrl T•(E!/k)"o 

Fi¡:. 7. p¡)., dcllcniun ¡>rnduccd by mom.,nt :lpp\i<.·<.l :lt mud li"c. 



8. Compuc" a v,<lue of che rellltive stiffn.,ss factor, T, from the 
' 
value of k found in scep 8. Compare thi;; value of T to the 

valu., of T assu,.ed in step 2.. Repeat steps 2 through 9 using 

che new value of T each time until the assumed value of T equals 

the ~~~l~ulated valuc of T. 

~. h'h~u lhe ice,ative proc~dur~ ha!< been completed, the values of 

deUection along the pile are kno<m from step 4 of the final 

il;:~ration. Values of soil reaction may be computed from thó\1 

hasic expression: p " E y • • Values of slope, 1:110men:, ·-nd shear 

along th" pile can be found by u!ling the following equationlJ. 

S " ' • 

M" "' . ' 

(37) 

(38) 

(39) 

Th" cpprOprL<t~ coefficienta to be uaed in the above equationa 

11111y be obt.<ined frmn Figs. 6 through 13. 

u 

.i 
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DEPTH COEFFICIENT, l 

• ("') S.. A, TI •·i:!Tl 

w~tre T·(ElM\Io 

1 F'itl, 8. Slopc of pile causcci by lateral lr¡<J.d .. t mud linc. e, 
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OEPTH C;OEFFICIENT, Z 

• • Z (T) 

fl!:- 9. Slope of pile caused by moment applied at tbe mud line . 
• 
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OEPTH COEF FICIENT, Z 

"'•'A~(P,TJ t•l(Tl .. 
• •htrl T • (El/~ l .. 

Fig. 10. Bending moment produc~d by lateral load at mud Hne. 
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0EPTI1 COEFFICIENT, Z 
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30 

Fig. 11. Bending momeut produced by moment applied a.t mud line. 

' 
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> • 

OEPTH COEFfiCIENT, Z 

•• l(T) 

fe, ' where T • (E 1/kr 

Flg. 12. Sh~<H p:roduc.,d by lat.,ra.l load at the mud linc·. 
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CIEPTtl COEFFICIENT, Z 

' V.·s..(~) ,.zm 

' wh~rf T • (E 1/k} ' 
Fig. 13. Sh"ar r>rotlu~~u by rnorn.-nt <>ppli~d at thc mud hnc. 
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~..U.· Pile Head Fixed Against Rotation 

Case II ~:~ay be used to obtain a solution for the "ase where tha IU¡>er~ 
• 

structure translates under load but does not rotate and wbere the super-

structure is very, very stiff in relation to the plle. 

l. Perform acepa l, 2, and 3 of the solution procedure as for free-

head piles, Case l. 

2. Compute the deflection, y, at each depth along the pile wher11 a 

p-y curve is svailable by using the follawing equation: 

' ' 
(40) 

The deflection coefficients, F , 

' 14 with the appropriate value of 

may be follnd by entering Fig, 

3. The solution proceeds in steps atmilar to those of steps 5 through 
' 

8 for the free-head case. 

4. Compute ~he mo~:~ent at the top of the pile, M.¡.. from the follwing 

equatton: 

• F P T 
Mt t ' 

The value of F.., may be fonnd by encerlng Table 4 with rh., 

"'' 
appropriac~ value of tmax 



,.. 

OfPTH COEFFICIENT, Z 

"' Y~•F,{~ 1 ) ••Z(T) 

• ' •Mro T•lEI/k)~ ·' 

Fig. 14. Del1ection oi pile iixed a~a.inH rotation at mud li:ne. 
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" 
Table 4 

Moment Coeffic!ents at Top of Pila for Fixed-Head Case 

' '"' ... 
2 -1.06 

3 -0.97 

4 -0.93 

5 and above -0.93 

5. Compute values of slope, moruent, sht!ar, and soil t<!ll~tion al<>n)_\ 

che ptle by following ttle procedure in step 9 for che fr~•-heod 

ptle. 

Case 'nr. Pila Head Resnained Against Rotation 

Case III may be L.Lsed to obtain a solution for the case where the 

superstructure translaces under load but does not rotate. 

where 

l. Perfot"m steps 1, 2, 3 of che solution procedure for free h,.ad 

pUes, Case I. 

2. Obtain the value cf the spring stiffness, ke• of the pil~-super­

Stt"ucture system. The spring ~tiffness 13 deftned llll ÍOl1011s: 

' . ' 
(42) 



l\ " rnoment at top of pile, 

S • slope at top of pile. 

' 

J, Compute the slope at the topo! pil<'-, St, as foU01o1s: 

,, 
-'­
" 

Asé " slope coefficient, found in Fig. 8, 

BH • slope tru:>ffident, found in Fig. 9. 

4, Salve equatious ~2 and 1,3 for the moment at the top of che 

J6 

(43) 

5. Perform steps 1 through 9 of the solution procedure for free 

head piles, Cese t. 

This completo;s che soluti'on of the laterally loaded pile proble:1. !or 

three sets <.lf Doundary conditions. The solution gives values of deflec-

ticn, slo¡>e ""'ment, and shear, snd soU reaction as a function of depth. 

T" illu~trate the solution procedures, <l.n example problem is pr .. sented. 

. 



" 
E.XAMPLE PROBLF.."-

Problem Statement 

Find the deflection, moment and ahear as a function of depth alo!!g 

a pil~ that is free to rotare and is subject<:d to a horizontal for~e and s 

111001ent. The p-y curves are to be conatructed at Z, 4, 8, 16, and '0 f~. 

The soil ~~~a stiff tlay sbove the wat~r table. Other data for the probl~m 

are shown below. 

' • 

' 
35,000 " 

M • 

' 
3.02 X 107 in-lb. 

L • 40 ft. 

, • 7 fe. 

" 7. 39 X 1é0 lbs-in. ' • 

' • 1000 "' 
' • 110 pcf 

' • 1000 cycles 

Solution 

The solution will proceed in the step-by-step manner as descr1h~d 

for Case l. 

l. Consnuct p-y curves. 

Assume (SO ~ 0.01 in the absence of stress-strain curves. 

Compute p
0 

as the smaller of the values from Eqa. 3 and 4 íor 

d"pd. of O, 24, 48, 96, 144, 192, and 288 in. 



' 
Depch, 

~~tatic 

o.ooo 
0.001 

,).015 

0.24 

o. 6 ') 

1-24 

z. 50 

5.00 

9-60 ---

Compute y 5
0 

from Eq. 5 and compute pointa on the p-y curves 

for sbort-cerc stacic loading using Eq. 9. 

Compute y va1uea for cyclic loading by llS<! of Eq. 11. 

Tbe resulta of the computatiuns are shown in the Tabla 5. 

Table 5 

Computad p-y curves 

'"· o " " 96 "' l9Z 288 

Y c'yclic 
,, lb/in 

0.000 o o o o o o o 
0.003 H 63 75 99 123 147 m 
0.04 100 m 147 195 243 291 299 

o. 6 7 m 147 '94 390 "5 580 596 

1.68 250 310 370 490 610 730 750 

3.48 300 372 444 588 731 875 899 

7.00 357 443 529 700 872 1043 1072 

14.00 425 527 "' 833 1036 1240 1274 

26.88 500 "' 740 980 1220 1460 1500 

(Th" p-yc::yc:lic curves "-r<! plotted in Fig. 15). 

~. ,\usume T: 'f • 126 in. 

40(12) - 3 81 126 . . 

J8 

~- Compute the deflection, y, at depths of O, 2, 4, 8, 12, 16, snd 

24 ft. Using Eq. J6 (Use Figs. 6 and 7; the computa.tions are 

rabul~ted 10 the iollowing cable· 

( 



1500 

1000 

500 

o 
o ' lj Y { ir>CIIfl) 

Fi¡¡. ~ ~. rlot -:>f p-y Curvl's lo• e~nmple p:oble~. 

10 

t<<i!f cl"Y "'-'""~· uatl'r 

' " 288 in. 
192 in. 

144 in. 

96 in. 

48 in. 

24 in. 

o 

" 
table- .-yclic load in& 

w -



A, in. 

o 
¡r, 

;,a 

" 
144 

192 

2SS 

460 

' 

'· 

'· '"· 
o 

' 

" 
" 1~4 

J_n 
283 

" 

40 

Table 6 

Cornp~ted Deflectiona 

' ''' '"· 
., ,,, '"· ,, '"· ' ' 

o 2. 50 2.16 1.65 10.71 12.87 

0.19 2. 20 1.91 l. 30 8. 43 10.34 

O.JS 1. 85 1.60 LO 6. 49 8.09 

0.76 l. 35 1.17 0.60 5.89 5.06 

l.g 0.98 0.85 o. 25 1.62 2.47 

1.52 0.45 0.39 0.07 0.45 0.84 

2. 29 

3. 81 0.20 0.11 -0.10 -0.65 -0.82 

From the set ot p-y cur-ves (Fig. 15), the values of p are selec-

t~d, con~sponding to the y values computed in step 4. (See 

tabulation in step 6.) 

Compute the E value at each depth (see following Table 7), ,. 

Tsble 7 

Computed Soil Modulus Values 

y, '"· ,, lb/in. '•' "' 
12.87 -420 33 

10.34 -470 47 

S.OY . -540 " 5.06 -642 lV 

2. 4 7 -670 m 
o. 84 -600 714 

-o. a2 +710 866 



7. A plot of E
11 

vs. depth 19 ahown in Fig. 16. The k value i¡¡; 

•.• ,,,~1000Ll651•/< 3 
.. 11 605 ' "' "-"· 

8. Compute T: 

5-- 5 7.39 X 1010 
T • IEI/k • 1 1.

65 
• 136 in • .¡. 126 

This completes che first iteration of che solution procedute. B<~.fore 

proceeding to the ne~t iteration, the resulta thua far will be examtned 

for guidance with regard to further computations. 

lt 1S evident from Fig. 16 tha.t E "' kx is not a good represtntation 

' 
of the variation of che soil rnodulus with depth. A straight lina, pae~;in¡; 

through the odgin, does not fit the plotted points. However, the solu-

tion will proceed by use of the non-dimensional curvas in order to g:ain 

an approxtmste idea of the final design. 

Figure 16 also reveala that the solution haa not been found becaua~ 

the k that waa tried is not equal to the k that was obtained, Further, 

it would appear that the value of T 1s l~kely to be great:er than 135. 

With a val<Je of T of 126, the "'max was ),IH and that value at con~ 

vergence ~o~ill be even SOUiller. A study of Figs. 6 and 1 sho'Js tha: th<~ 

bottom of the pile is deflecting for z values ••• of less than 5. Thern-

fore, the pile length probably should be increased to insur~ lateral 

stability. The furrher computattons will be performed ~o~ith a ltmgth of 

60 ft. 
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X 

300 

400 

500 

. 

Es(rsi) 

500 

Fig. 16. Plot of Es versus X for example ¡nobl"m 
Ffrst fnrcraction 

1000 

o 

• 



• 

• 

Even though the length of che pile 1s tncreased, the deflection at 

the groundline will ha considerable. An evident way to decreas~ tha 

deflectton 1s to increase the stiffn~ss of che pile; ho~o~ave"t, for thh 

problem it will be assumed that Che deflection is not a probl~. 

The iterations are continuad but with a pile with length incraased 

to 60 ft; convergence vaa achieved with T ., 143 in. 

9. Compute the values of moment and sl¡ear using Eqs, 38 end 39 

/ 

43 

(see Fig. 17). Also shown in Fig. 17 are plota of the moment 

and shear diagrama from a computar solution of Che exampla prob­

lem (aee next section). As may be sean, excellent agreement i~ 

found between the computar soluciona and the non-dimensional 

solutions. 

ANALYSIS BY COMPlJTER PROGRAM 

While the non-dimensional method described above is sstisfactory for 

many problema, sorne l~terslly-loaded.piles can be analyzed more uffic­

iently by mean~ of a computar program. The program reco<Wnended for prob­

lema of laterally-losded pUes h C0M622 (Reesa and Manoliu, 1973). 

The program uses auccessive difference-equation computationa, h~r.ed 

on repeated reference to the p-y curv~s. to determine at incr~ment~ ai~ng 

tbe pil~ tbe values of soil mndulus wbich insures both compatibility and 

equilibrium for the soil, the pile, and tbe superstructuro. Som .. o! th<o 

advantages of using COM622 are: 
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- Non·dimen$iOnol 'olution 

• • • Computer !Oiution 

::J:. J/. Plot of mornent and shear diagram~ for el<ample problem 
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l. - Step changes in the flexural stiffness of the pile may be tn-

troduced at any depth. 

2.· The pile length 111ay be changed as desired. 

3. The p-y data may be tntroduced in several convenient waya. 

4. The boundary ccmditions at the top of the ptle may be sped_f"i.ed 

as the lateral load and: a) the m=ent, b) slope, e) the rota-

tional spring conatant (moment/slope). In additton, an axial 

load ~~~ay be specified. 
The computer program may be obtained at the Computing Center, Univeraity oí 
Bolder, Colorado. 

CONCLUDING RD!ARKS 

A number of methods have been suggested in technical ·literatura for 

the analysis of piles under lateral load but the method presenteJ above 

has the principal advantage of satisfying fully the principies of mechan-

ics. The only Umitation in the ~:~ethod is in regard to the ceagernen· 

of the data concerning the predicticn of the p-y curves. HowevtJt, as 

more information becomes available on the behavior of the soil arou"d a 

pile under lateral loading, that information can be put to use in ...aking 

analyaes. 

In general, the computer program is favored as en analytical method. 

Problelll!l can be ueated more exactly, parameters can be varte.d lo improvc 

the ability of che engineer to make decisions of pile geometry, snd the 

computations are ine><pensive. However, the non-dimensional method should 

be employed on almost every occasion as a check of the computer ~olution 

or ro give prelimtnary design information . 
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DERIVATION OF DIFFERENCE EQUATIONS 
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OERlVATlON OF DIFF'ElUJICE EQUAtlONS 

1\ouic ~xpre~eion for yrn 

The ba~lc differentlal equation for flexure of a beam 
for uwll deflection& is 

' '• 

• M 

When differentintcd twice Eq Al boco ... s 

• p 

~ere p • distrlhutcd noil reQction nlong the pite 

I'or conv<lnience in "'ritlng 

R D tl ' . 

At th!s point it i& conv~1dent to show derlvativcs In 
diffcrencc form. Referrin¡; to thc notaUon in Flg 1, 

• 

• Ym-1 - 2yr.1 +ym+l ,, 

+2Y-¡ -y..-+2 

' 

AS 

.•.1 



1 

1 

1 

ri~. '' f\uprasenta'llon of' de!'lcctocl pilc. 

( ' 
' 



ln differoncc for111, tq A2 ""'Y be wrttten as follows' 

·2ym +y..;¡.1) Rmt-l (y,. -2ym+l 

·•''-,----;-----"h' •' 

Eq AB becomes 

Subst 1 tute 

p .. -k y 
m m 1:1 

The followil)g general expresslon is obtained. 

_,, 
o-1 

.. , 
" 

(' 
1 

+4R +R 1 +k h
4

) 
m· 10m+ m 

_,, 
mtl 

• 

• o 

-

rhe two · boundary conJit ions nt thc bottor.o of Lhe pi! e ere thnt the 
momcnt nnd th~ shc<:r ~re ~ero. Uslng thc not<:tlon In Fig 2, these 
two bound<ll"y cundition~ ,1rc <.lefined in Eqs Al2 nn~ Al). 

y _, 
- o 

• o 

J 

" 

A9 

A lO 

Al2 



l 



• 

Writ1ng P.q All about Po1nt O 

+yl f2R0 ·2R1) +y2 (R 1) " O 

'• 

From Eq Al3 • 

Substitt:ting expression in E:q AL5 tor Y.
2 

in fiq Al4 

From Eq A12 

" 

Substttuting ""Pr"ssfon in Eq Al7 for Y.
1 

in Eq Al6 

Putting Eq Al8 into the form 

y ,. a Y¡ 
o o 

And furthor •eUJng 

-b y 
o 2 

-· . - ' 

' 

Al4 

Al6 

Al7 



rt.c follow!ng cxpresstona for a and b result 
o o 

" ,·2R l 
" ' " " Ro +R¡ +ko 

,, 
• 

' ... 
' 

o 1 -o 

' o +R'¡ +1; 
,, 

" 

Th" ne:<t st~p in th"- <l~rivntion is to •,¡riL"- Eq All about Point 1 

'-1 

U:.i.ng E<¡ Al7 

IJsillg Eq .->.19 

+y ( -2R 
" o 

·2n R 
" 1 

· .. tun,: P.q A25 into tho. lorm 

"'' 

A24 

A2S 

A26 



The following expressions for a
1 

und b
1 

rcsult 

2R¡ -2b0R1 +2R
2 ., . 

4 .. , -2a R +R2 +klh 
o ' 

' • ., . ' 
+k h

4 

"' -2aoR1 +Rf 
' 

Thc. derivation is continucd by wdtlng Eq All about Point 2. 

Using Eq Al9 

Ustng Eq A26 

.. 

·b R ) o 1 

' 

A28 

A10 



~ut:ting Eq AJI lnto ~he form 

tho following exprcsslons for a
2 

and b2 rosult 

b " 2 

+k h4 
2 

A34 

Sr; contlnu!.ng ro wrtte Eq All about successive points a long tho pile 
11nJ by ~kin~ the aubstltutions indlcat•~. general e~pressions e~rge 
for y Jnt! for the cocfUcients us follo<~s: 

y • • "'1 -by m mt-1 m m+2 

-~b R +" b R +ZR - m-1 m-1 1:1-2 m-1 m-1 m 

'.c .. . . 

A35 

A36 

A38 

'rile genorn1 exprc~s!ons sh<nJn tn EqG A35 through A38 c!ln be u.,ed ior 
'"'"'!n•tint; valu~s of y fnr puints along tha pilc exccpt Polnts O and 1, 
~heril i:qs Al9 through A22 illld A26 through A28 must be usnd. 

"¡1·~ use of these ex¡>rcss!ons for y for cornput:!ng the deflectlon elong a 
1. :~ l•cqutres thut uome dcflections be knovn. Bound<lty con<lit lons at the 
rup of thc p1le ore e"'''loycd in deriving the necessury e>epresaion6 
!o• <kflcction. 

--. 



Expres~ions for B<>undary Conditions pt and Mt 

For conveniencc in writing, the foUowing equaltties are 
catablish,.d. 

' ., 

The difference expressions for moment and shear 
(~ee Eqs A5 nnd M) are: 

• M 
m 

{Y,..¡ • 2y ljl .¡.y mf.l) • m h' 

' • (y.,_2 ·2Y.,.¡ lym+l -ym+2) • m • 
2h3 

. "' 

... 

A41 

'" 
Using the notation shcr.m in Fig 3 for the subscripts «nd uatng the 
above four cquations, the cquation's- which expTese the desired boundnry 
conditions at tht! top of the pile are: 

Eq J\35 may be used to obteln the following exprcssions: 

'
.,,.,, 

t-2 t-2 t-1 t-2 t 

M4 

"' 

' 



r,- t + 2 
1 1 
1 1 
1 1 
H- t + 1 

1 1 
1 1 
1 

t 

1 
t - 1 

h 

j_ 
-- t- 2 

fir;. 1-.J Point~ at top or pile. 



• 

Substituting e><pt"Csslon for yt•l · from Eq A46 ir.to Eq A4J the following 
expression ls ohta!ned: 

·Glyt .¡.{J2ytt-1 o 
'2 A4B 

whera 

,, • 2 ., 
<·1 ., A49 

,, • 1 -b~-1' • ASO 

Subatitutlng e><preuions for y 
1 ,. and yt• 2 

obtain~d. 

from Ec¡s A46 and A47 into 
Cq A44 the following expres8ion is 

m 1 +>) ,_ 

Solvlng Eqs A45, A48 and A5l for yt' the following express!on is 
obtained, 

' . ' 

Prom Eq A48 

Frnm Eq Alo5 

J2C3 + J3G2 

G
2
c

5 
- c1c3 

where 

.. 

·2 .Oh 1 +b 
1
o, 

2 t- t- ·-

Eqs A54, IL55 and A56 are the dusired cxpress!ons. 

.\51 

A52 

AS4 

1156 

11 



Fo~ thü derivation it io convenicnt to define the following equ.olity: 

. ' 
l'he difference equation tor slope is: 

" m 
" 1 

2h 
A58 

Uslng the prevtous notat1on, the eq<1ation which r~presenta the boundary 
cooditioo for slope at the top of the pila is: 

A59 

Ir. sddHion to lllllking use of l'.q A59 it is necessnry to use Eqs A44, A45, 
f1.',6, end Al•7 wl1ich wcrc usc.d in the previous derivation. Combining 
!:•¡:; 1145 nn<l AS9 to eliJ!limlte yt·l' the following exprusion is obtninod: 

'" .. 

o,-l+b._¡ ",, . "' 
Pr<>cceJing no previously Eqs A45, A51 und 1160 ure solvud nir:rultnneounly 
for yl, as follows: 

Solvirtg r:q 1150 for yt+l 

yt+l .. A63 

.· 

\ 



The exprcssion for yt+l 1s the sWE>e n. prevlously dcrlvcd in ~<¡ A56. 

This completes tha derivstion of the desired CJ<tltC:saion for these 

boundary condltions. 

expressions for lloundary Comlitions Pt nnd t\/St 

For this derivation it la convenient to deftn~ the following equality: 

The~, the bounJary condltlon for 

yt-1 "2Yt +yt+l 

yt·l "Yt+l 

M 'js 

' ' 
!s cxpressed 1111 follows: 

In addition to !Tlllking u~c af Eq A65, it h ncces9nry to use Eqs 1144, 
A45, A46, nnd A47 ns previously. Cotnbining equntions A45 nnd A65 
to eli!oinstn y , , th<> following expression is obtninnd: 

<-< 

Now solv,ing Eqs A45, J.:Jl and A66 Gimultancously for yt: 

Solving Eq A66 for yt+l: 

yt+l .. 

A64 

A55 

A66 

"' 

A6e 

Tloe cxpression for yt+l is the ssroe aa previoudy dcrived in Eq 'A56. 

·n,ts co01pletes thú Jerivntion of the dcsircd c"prcssiuns for tlocsu 

bound.,,y condi t !.ons. 

13 
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Foundation Analysis of Otfshore Pile Supported Structures 
'::i Analyse des fondations des constructions sur piéux en mer o 
N 
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'"" LY,.ON C. RE<SE Assodato Prof<ssors of Civil Engine<ring 

Summary 

Whon: lato111l lúodo on pile-oupporled ""'''"'.,oro •it~nillcan!, 
the crilical foclor for !l<terminin1 1he ,;,. of the poi<> ;. lr<q"'ntl~ 
tito pOfllon of the >Ir= =ulllnl lrom bendon& mo..,.nt. Whil< 
the onolyoi> of the •<rlicallo.od oapocity of • piJe can prooee!l by 
oonV<ntional m<1hods. rhe OO>Iy•i• fvr lot<rol load ir more 
dilliculO, r<Qu"i"• the >ulution o/ o founh-order <iotrerenrial 
oqu•tion. Compl"otin¡ rho ration•l oolurion of the probl<m " 
that ltotic <quohbroum mu>t be momtoioed ond compotrbit·ty 
mu>t be •chie>ed bet~oo:n the beh»io• of the oupentru<tul<, 
the foundotion pol•ro- •nd the ou~porting ooil. 

1"" totoun•l mOIIwrlo"' preocnL<d fur unolyzing pilu undor 
l>t<rol loo<ls. o no a h•nd >elutton ond u,. other rcquirin11 • <lii<"l 
compu<tr. Oy iterott•< pr<>«dum, eaeh of Lh< metb<Hlo ochie>es 
compattbility betv.ecn an inelallic !.OLI and an el .. tic pilo "hich 
" cl .. ucal\y rntrained by tilo oupenrructure. Th< soil ottlfnc» 
'"""'""aro adJuSted for ••eh tria! on aceor<lan<:< woth predcci<d 
for«·<leforma!<un rcl.trLuns fo1 Lh< soil. 

E .. mple probloms Ort sol>ed by ooch ol th< m<th<Hlo ond rhe 
rcoulro are comparod. Charro a<>d tobles '"' inelu<l<d ond eompu­
Lation pro=lur" an: ohown for tilo hand .oluuon. The di~•tal 
eompuLer .oluuon ;, n~orous and o oro adaptable but the hond 
solution i> indim<d to be Misfaot>ry for many problen11. 

• 

Introduttion 

Offshore muc<urn ha,·e been er..::led in many pans of 
the world for lhe produciJon of Otl and for many other por­
poses, Although u wide •ari<Ly of strucrurol forms and 
concepto has l><cn employed mos< of lhe structurn "'" IIIP­
poned by piJ ... 

lbe d"ign of o!l'shore stru<:turcs m>ol"" ooosiduation 
of unusually lor¡¡c rntJos of lat<ral to •etticollood, particularly 
in arcas sub¡ect to severo storms. Whilo the analy>is of the 
foundation for vertical load capacity follows conventional 
procedures, the lateral-load analysis po><S a more complex 
problom. Sincc ccmhinod ll<xurol and uial stresseo are u .. d 
to determine rc<¡uirod pile sizcs and M« 111< Hexural .rrcsses 
are 11suolly the rnajQr facLor, bending momen" in th< piles 
must be reliably prodicted. Thil r<Qutus thor th< interaction 
bctwwn the mucturo and tite foundation eloments be rotion­
ally onalyzed. 

The suooes,ful opplicatJon of a rational meth<>d of l•t<ral­
load analysis depends upon the availablltiY of detailod infor­
mation concernina soil properties. lt ;, espcdally imp<>rwn 
lO bave •o::urate ""''' infcnnation very noar the ¡round 
<urfacc, 1< <kptho le<! than 10 lo 20 p¡lo diamcten. Ofl'shore 
soil bonn¡¡s, usually n1ade from a Hoatin¡ ves .. l, are oxpen-

Sommolre 

Quond leo charJ"' lattraleo ~ui p< .. nt sur d., "'"""'" '"01-
p<>rtte> par de> pi<ux sont impononres, le faoteuz utti~ue po>o~r 
dOLornuncr le> ll•monoio!U de= ~"'"' ost frOo¡uemmrnt 1> con>· 
po .. nte de lo <contrainte rbult•nt du momont do n"'""· Alur< 
quo l'onolyse Oo 1• capaCLIO de charge vertJCole d'nn pieu ~'<"' 
ftre elfoctué pur le~ mOthodes ord'""'"''• l'analyse do lo <>j>ll<oté 
de charge l.o.ttrole '" plus compbo et ui1e pour ,. l<llut;un 
""" tqll>tion d¡fl'trentielle du quatnéme on!rc_ L'tquohb« >t•· 
tique, qoi doot ttre m•intenu, <1 lo condition ole '""'"""~Jhtt 
entre le rompurt<ment <lo lo "'""""· leo piou• do fo.,dat'<>tl 
" le !OI qui 1" Oupporto, "'" doot itre •atisfaito conoplo"uc en""'" 
1• ><>lution r.tionnolle <Ju prubl<me. 

L'auteur prOt>t>l< do"' mOth.,h:o pour ai\JIIyser le <ompurt<· 
ment d<$ pi<u• .oum¡:¡' deo charlO' laLtral .. , l'u"" ne """'"'"' 
tant que d<> oalcull pouvant oe /atto ;. la mnin, l'aulro «i[IC•nt 
l'omploi d'un oalculatcur éle<tr.>nique. l.'uno <tl'aurn: 1'" """'"" 
por t¡tonnom<n" d'""'"" O 1" '"'"'l"llibiltLt entro un '"1 '"'" 
tl.,tique er une pJle Ola.,ique '"""'"' 1. l'•ct;un de 1• '"'"'""""· 
'""'· le< con>tantet de <Liido~O du >ol oont cho"i"' puur ebaq.,. 
..,.¡ en oocon! '""' le> telot;om fo«:<-dóforrnalt<ln pt<'""<> 
pour le ool. 

11 ttL" d'exemplo l'outeur o r<>olu deo problóme, p.or '"·''"'" Jo 
c'el <ieu• mtthoOos et on • comparé leo r<!>ultal> D" cou•l>e• ct 
d<> tabk> oont in<IU><> et leo mttho<le> de <.>lcul '""' in<liqt.>ta 
pootr la oolution monU<IIe. Lo >Oiurion par c•lculateul at ri&OO· 
n:ul< et pluo adap,.b!e, mato 1• •olutiuo manudle cot dtjl oat;,. 
foi~&nto pour beoucoup do prJtbltn><>. 

si•e but are indispensable to th< analy•Í• ond ultimat< .. rcty 
of any olfshol'< structure, 

In order lo sol ve the problcm of a l•torally loaJod pLie, 
it it necessary to predict the lateral ooil ""'""'""' ulvn~ the 
pi!e u a fun«ion of dell..::tion of Lbc pi !e. This prublem•ha, 
beon dl5CUSS<d by TERLo,Out (19~~) ond McCLr.u..No "'·d 
Foctrr (19S~), and llas l><cn tho sub¡oct ol e>tensi•c rc<earch 
(M~TLOCK and Rl"PERVER, 19$6 and 19)3). A pntontlally­
uscful concept hos l><cn pr<><nted by So:•MPTON (1951). 

Ri>lk>rrol .w~rlr«h of .-1..,fy.t.--For rational wlution> ot 
mue~ure-""il interncticn problems it io n<e<:s>ary tl"ll ccndi­
tions of both static <quilthriunl •nd cumpallbility 11f ddormo­
tions be achieved simultanouusly for <di pórts of tho ''""'"· 
In the ,. .. of laterally IU4dod pilc-•upp<>rted structures, it 
is uwally pouib!e lo ""'' tho mucture aod the pilos as 
hn01rly elasti< components, but in goncnd \be m..::hanicot 
chora<leristJCS of the soil "" vory non-linear. SoluLiuu• onay 
be obtoined by repoated elastic-theory computations, with 
soll sttll'n= .aloe• adjust<d aftcr each iteration. 

A~ Ex11mp/~ D/ La~<•ai-Loml AIIU/yslr-As an e<ampl< 
of the typ< of ooil-pile-structure mlcntcrion prublen" "lt;ch 
can be sol.ed, a typical olf•hurc struotllrO i• shuwn in t'i~. L. 

" 



""""""' -· .... ., ...... 

1 t ¡ 1 
! ·~- 1 Latero! rore<> op~hed to •~ olf•hor< otroctuTo. 

Fruta l01ónlu .,,,..ni..,, ~ne """""'"en mer. 

11.o opeoif1o prublem considcn:d is lhat o! •ulvin~ fm th< 
btoduo~ momtn!l in !he ponion of the >tructural 5)'11tm 
whi<h líes beneath lile "'il ourfacc. In crocting sooh o >lructuro, 
a pr<fabricated w<lded-pope frameworl or ''jacket" ;, set in 
pl·l"c on the """"" bottou• ond pipe pilos are driven through 
lh~ '<l1'c•l "'emberS of 1he jacht, 

Tho rnm•r~ oolution will ronsi11 of ~ndin¡ !he scl of 
ei.!Stic <lenoctiono of the p1le (mclud'"lr the •hort jacl<et-ltt 
''·"""'ion) which •imultaneo>uol~ ..,¡¡¡ sallsfy (1) non-lin<ar 
ro'i"""'''·<Jdorm•l•on rd,.ions whkh ore predicted' fnr 
oh; •mL (ll !he ela>tio bcndin¡ propertic> of lhe pjles, and (3) 
,,.. ORJUI3r stillna.s of the upper >lri>Ciilrt 11 tlle pile-ta­

""""'" connection, 
ll1e. cla-tio doononl' nt the probltJn are de'"' il><d m F •a. 2. 

l).o """"'"' •pocc botwoon the pile and the jachi coluoM 
,. ,.,_.JJnod t<> be ¡¡rouled so that tbe 1wo rn<mberl will bend 
'".o com;>o>rte ""'"ion. This io ftequcnUy but noc alvrayo dono 

'" """"' 1""";,..,_ 
~'" ,:.,¡;.- ""~"'"' T<strniorl r•ovidod by tite por\lon of 

lhc• '" U<l!U< ab"'" tho soil many be anal~zed by detennimn¡ 
tl1c momont requirM to produce a unot valuc of tOtalÍOn 
ot \he eonnectiM. This value, rnd 1he 1mposoed !&!eral load, 
wn>ltlule 1he bo•mdory conduíons for thL> particular pmblem. 
h•r !he c>lln>ple, tho el.,tic ~JLJulot 1c•traiat M,/S, 
• td76 x 10' in.-lb/,.dion and the l>!erol lood P1 -

lj¡},\UJ lb per pile. , 
1 he forcc-ddormation ehoractori>lics of !he ooil are 

:'-'""''''! by " sot ~~ p•edictcd "p·Y" cunes, 1uch as are 
.. l><mn loe thc cxomj'lc" pmlolem in l'i¡. l. Such curvcs m~y 

" 

bc developed frorn wil test dala by methods previoU>Iy 
"""'ti<med. Sioce oolutioru for tbc mle,..,iO<O probltm rely 
on repeotod •ppi¡CDtÍons of elo"k thcor~, a =ant modulns 
of soil reoction ¡,;, i> 1equirod whoeh ;, do~ned as 

_, 
E,'" y '" 

Th" modulu• ;, o=ntially only a compulolion devlce whi<:h 
•ario• with both <l<Plh and pile deile<uon. h is nota uniquc 
wil proporl~. 

Th< dilferontial equolion fm a bearn, from oonventi.;nal 
lhonr), ;, 

,., 
El- - p ,,. 

Combinin~ Jiq!lulions 1 ond 2, the aenerol dilferential 
equotion for the l•l•r•ll~ IOHdo<l pile is 

~. 
d~· + '· "' -" '" 

Two methods of ooluuoo will be descrlbed for tbe exo.mple 
problem, by wh1ch the correo:t 1<! of E, valueo ore found 
and detloouons <Lnd bending mornents oro compul~d. 

~ ... _., ..... 

. ...... 

.... h 

'-

... e. 

r 
~ ... .. 
··~ - ¡.. .. . ,,, .,.,, ... . 
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.... ..,, ' "" .•• 
..-' 

•.. .m .. , 
• 

l 01 '"" • ooooo•.,,..,• 

~· 
F>a- l Thc •u¡o<ntru(lur. an~ the pilc, cooolderc~ os .....,_.., 

olemon" ol tOo problem 
La SUP<roi<Liotur< « 1• ptlo, con•idtr!" ocmme ko 

<J~mon11 tl•otiqua du probl!me. 
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Court>o I>'J'iq"" de •oria<ion de tl>i>tooce prhue pour 
le 101 • di~,... profoodeu" 

Hand Sol~tkm- Non-dunensiooal <olutiom IIUIY bt 
<kveloped for any !ixed form of variotH>n of E, with dcpth 
(Monnc~ and REE,., 1960). One oct <>f ¡uch &Oiuuons for 
E, propOrtional to dcpth x, or E, - k.<, IS a.ailable (Ji""" 
and MATlOCK, 19S6). In lhi• >el of solutions, tho dcftection 
y of the piJe, ot any depth x, i• 

"' y - A, ~/ + 
M,r• 

B -­'E< '" 
wl>en! Eli< lho k•uu.l ~ity of the pile, where T is tbe 
relativc <tilfneu factor, define<! by . " r~T (S¡ 

and -.hcre P1 and M, are u >h<>wn in FiJ. 2, ..r and B are 
non-dim<n,ional coeffic~<nl• for dene<tion d~c to .'hoar 
and Jcll<:<:tron duc lo momc:nt, r<spectively. Thcy are funct10,. 
of only a depth C<>efllcie,u Z "hich is equal to x/T. Coelli­
cieoiS for the ase of •ery kms pHes, and appropria~ equa­
llon• and SJgii <:onventions, uc gi...,n in Table l. 

lt ¡, convenienl lo define an oddJtJuual oet of non-dunen­
sional dellcction coeflkienu by rearr.o.n1!n8 Equa!ion 4 as 
followo, 

'·" y-e.u 
wbcrc, al .o.ny depth cocfficicnt 2, 

e, - ..... + M, 

'· '·' 

'" 

,,.,, 
' ·-""''"" .. ~ ............ ·-· "'"' 

.. 
' ' o ' o • 
o ' .. 

.. 
o ' • • . ' • • 
' ' .. 
' ' •• • • 
1 1 

..... 

...... ,_ 

"'" 

..... 

.... ,_, ... 

' ' '-'" _,_., 0- ··-,_,., _,_,,. .. .... ..... 
'-"' ,, 

"' '·'" '·"' '·'" _,_,,. 
'·"' '-'" ..... ... ,., •- "' ._ ... ·- """" '·'" '·'" 

• ' ' •• 
'·"' ... '" ·- ·-""' ·'-'" ··- .. _ ... 
'·'" 

_,_,, ·- .. .... 
""' ... ., . ··- .. _ .. , ,_ .. , "'·"' .... .. .... 
'·"' ·'·'" o .... .. _,, 
'·"' ·'·'" ..... -0. '" 

'·"' "'·"" '·'" ·o.m ..... ...... '·"' -'" ·-- ...... ..... ..., 
·~ ·• ... 
·' 

. . " 

• 
. -
.. 

"' . _,_ . " 
'• •' . ......... 
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,.. 
•, " 

o,' 
··~ 
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'· - " 
' ·-.,,, 

·• •" ...... 
·• "' .. _.,, 

• 
o-

·• "' -· "' ''·"' ·• ... .,,,, 
.,_.,. ...... .. '" .... , 

.............. 

Dcp<ndins on lho on¡u!u rcstraiot providod by the uruc· 
IUrc, va loes of M,/P, T will ra'lge fro1n zom for !he riou.ed­
end case lo ..()·93 fur the ea>e wherc the •trneluro prc•cuto 
ony rolalion of the pi le btad. Volucs of e, ore ¡¡i•en by tbo 

""''"" in Fi¡. 4. 

To bolin the solulion of the e<arnp!c problw1 Ll is neco,.,ory 
lo asswne, tompo.-arily at )e.,l, th•< o he forrn of •o ti mu<!ulu• 
variation E, - U will b< a sacósfactory oppro•im.uion <1f 
the actual final E, Yariation. Also, ao;ailablc oon-dim<nstgnal 
solu!ioru ore lim>lod 10 a p1le of con>lant bendtn~ Ol11f""»· 
For che •••mpk hand solulion tho pilo llilfne" wil~ be 
•»urru:d oquol lO thac of tho combined p1le """ jack<l le~. 
The elfccl of lhÍ> ..,.umptoon wiU be co¡ns.idercJ •ubseq'"""l y. 
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l·i!. 4 NuD-jimen•l<mol -.><ITkienl> r~r l•l«al <l<n<aion of o pik, auumin¡ •oil rn<><lultl$ pru¡>or<tonal 1<> <l<pth, ot C, - b, 

r~,mci<IU> ''"" el""'"''""' ''""' Je~l""""''"' ''"''' .J'uol< pilo ••ec wn1n•o ily~othi~o le m01dulo du sol propÓrtto.,ool 
i.loprofondeur.ou E,-h, 

1 be ''''1"' ot oho top of !he pi le is 

"' '· - ' ' " 1':1, 
t B,, ~,r 

E!, '" 
,.,, '< !lo< iUb«ript 1 indi<:at .. valu .. ot z = O. The rc:Jo!ion 
~••-."'" M, .tnd S, from t'i¡. 2 is 

---}-1 1.'1, '" 
C:o1 1Liuin3 &¡u•tions 7 and ~- and rearrangin¡, 

'•, '• ' - 1·62JT ' - .. -r,r • '~ •Ns + Hm 1' 
3

_
5
-B.,T -+ 1·7SO ' H 

'" 

Sinco !he relativo stiffne" foctor T depends on !he <<Xffrclent 
of ooil ntoduluo variation k ond thi< qu•ntily in turn dependo 
on oon·line>r ooil ,...¡.,.""" cha.raooeri,ics, the ><>lotlon 
must procccd by a P"''""' of rcpcued t<i.al and ll<ljustmc:nl 
of value• of T(or k) untilth< dofteotiun and r.SistdoCo pa\lerno 
of tho pile are made tu •&~« as closcly as pouible with the 
'"'iolanO<·dc~a:tion (¡>-)') rdanono P"'"ously "'timalod 
lor tbe soil and IMwn in Fi1. l. Even lhou¡h thc final >el 
of scC.nt soil n•oduli (E,- P/1) may not vory 10 o J>Orfectly 
linear r~shion with depth, propor thtins of t:, - h will 
usu.tlly produ<e uli•factoty oolutiono. (Sce MAn.oc:x and 
~ .... 1961).) 

Far thc fim uL.l, Tw•ll be ""umed <Gua! lo lOO in. !'mm 
Equatlon 9, lhe comspondmg value of M,/P,T is -O·i76. 
For thio 1alue or M,!P,T. •a loes of e, are interpolo.ted from 
Fi¡. 4 and ore IÍ>'tn 111 Tibie 2 al <kp<h• «>rrespondtDJ 
10 the posu'o"" of the severa! p·r eu<"es of Fía. l. Values 
of de~oclion y aro then oompulod al each depth. By reference 
lo Fi~. J, \"alu" of soil ""istance p are obtainod, and ooil 
modulo• val~es E, u< o<>rnputed. Thi• i• .,mllar to lile 
m<lho.l of MoCl.lLt.,u;O ond Focl<r (1958). 



Table 2 

Samp1e Computatiooa for First Trial 

Depth 

'"· 
" 
" 
90 

"' 240 

Depth Deflection 
Coefficient Coefficient 

' 
" -' 

0.15 

0.30 

0.45 

o. 75 

1.20 

e 

··~ :Hg. 4 

1.13 

1.06 

0.99 

0.82 

0.5 7 

Valuet of soil modulu• from the fint trial ore ploned vor>;u> 
dopth oo shown m Ft8. 5, A >!rat8ht lino through the origin 
;, fined LO Lho point•, with more W<J¡¡ht bein¡ ¡¡ven Lo pomt• 
al depths tes. than x ~ 0·5 T Iban at Rnater dcplh>. For this 
strai¡bt line. 1M coclli<:iont of soil modulus van.otioo re.ulting 
frorn the ftnt trio! is compuLed u 

' -

¡ 

' • • 
' 

E, 

• 

•• 

.. 
000 

... 

'" 

- 1·6 lb/io.' (1 O) 

' .. '" M od ""• l>lll 
000 

\\ 
\\\. . ..... '"" \\ \' ..... ,. 

\\ \ ...... ,~L . . . 
.... ,,,,j 
'"" \ 

F•~ S Tnal ploll of ""' m.adulut '"'""· Th< lint tria! cor· 
t<>poodt to computaLion• in Tabl~ 1. 

Courbes corrolpond•nL a di>enos valeuto du modulo o u 
ool. La promr<re corr .. pond ou oaloul fi¡uront 

· T•ble 2. 

Deflection 

' 

'"· 
3.20 

3.00 

2.81 

2.32 

1.62 

So U 
Reailtance 

' 
··~ Fig. 3 

lb in. 

-132. 

-285 

-420 

-578 

-67.5 

Soil 
Hodulu• 

' • 
-.. 

' 2 lb in. 

" 95 

149 

249 

"' 
The corros¡>onding value of the relative >tiffncu (;retor;, 

• 'El 1¡_.,.., ~ \/ T - !94 In. ( ¡!) 

lf tho value of T'"""'"'" were equal 10 iho value of T""""' 
the trial and error pWC<:S3 wouiJ havo been complm~. T<> 
facilrt.at<: additional estimatin¡ and lo roach closun: with a 
minimwn of triat.. a plot r>f T-volucs io ~>Sed. ao >llowt1in 
FJg, 6, Two 1ri•l• will uouoll~ allow intupolatlon for tho 
linal valuo of T. A final S<t uf compulali<>ns fur E, '"'""" t> 

then rnadc •• • "heck. 
Computation of valueo of bendmg momont aiUJtH thc 

pilt (and or dcllccuon. olope, ohear and sotl «aetion, if deoirnll 
are mad<: by application of tho equotiono aod non.tJrtoon· 
sional ro<:fficiento given m Toblo 1. ., 

J 
000 •..t'/ 

' (.-/ ..__, .... ) 

® 

'"·~· ' 
) 

'-fl"l T • lOO'" 

'" _..-• 

r ....... 
Fi1. 6 lnterpoiOLion for bnol val u< of rol.,i.o •t>lfnao f•ctor {. 

ln«:rpolation pour lo vakur fin.ol< du focteur óo n~idw~ 
.-.loti-. T. 

" 



'i'hc "'"''"'"' curv~ frv1n the h•nd •olulton ~of the ••ample 
~"'~Iom io sh<n •• a ocli~ onne in Fig 7. Sub""'nent cum· 
rari!on• "ilh more rigorou• com¡>IHcr >Olulion• will dtmOO· 
>lrai< 11>< eiT«U of 11\o Jlrnplif)m~ oS>umplioiU =<1 in lhc 
~\>ove s_clullon, Tñose anumplions are (1) lhal E, - b: 
" " SatO<Iaclory appro>~mauon of thc real v"'ialion o/ E 
""'""'· and (21 tha1 1he use of • con01an1 1alue for the ne.u1a! 
>litf.•= of 1~-< pile does no\ inlludll« e•ceuac cncr. 

'""'P"'''' S<Jio</vn.t-Whcre unuoual variation• in '""'1 
"""""'" aro encounlored and wh<l'e it is dcsirablc to con­
"dtr propelly ony chan¡es m lluural St111'n .. o o! !he pile, 
1!>< u;< o! • d<Kital <<>mpu\0! is a practi.,J n«:esoily, 

Tilc ~.lferoiiCC..:qualion m<tbud olfcn a convcoicnl means 
<lf .olving lhe probtem of the lalcrally loado.! pile (Glu ... 
19SJ) (RICSO and 01Nl0Alt<J, 1960), A pro¡ram has b«n 
devdoped for the lBM 6!0 computer, wbicb pro.,dco \he 
follo•""' rrinctpal featut .. 

(11 S~<p-chan¡¡es in nuural stitrno" m•Y bo io\10-"'uced 
"' any .leplho. 

_, ... , 

000 

• • 
' ' -• 
• • o -• 

-,_ 

(l) Uoglh of lhe pilo 11\oy bo varlod as de.lircd. 
(J) The <oil P"Y dato may bo introduced in scv<ral ways, 

includtn~ • 1implc nwncricol tahulolion to define a S<! <>1 
individ'"'l p-y cur""' of any form and of any variation 
wilh deplh. 

(4) Va!J<l\>S cum~ination• o! boundory condillons rnay t.) 
introdUC<:d, includm¡¡; latero\ l<>lld P 1 and e:ilhe< (a) momcnl 
M 1. (b) •lopo S1, or (e) momcnl divided by slope, MJSr 
(Th<: last form is US<d wab the examplo problcm.) 

(!) By su"""lSiYo ela<tic·thcory ditrcronce..:<¡uotion com· 
Plflaticn•, baSC<l on rcpeated refercnce to tbo cail p-y dat.a, 
the C<Jmpuler will del<nnine, in<lepe~~dtlltly at oaeh i~~CTe~t>mt 
alon~ the pilc, !he value of soil mudulus which rcp,....o!S lhc 
propcr compatibility and equilibrium conditiono for ti'" 
ooil, tbo pile, and lile ouperstructure. 

'Ci>mp<~ri.w~ 11[ &l~t.OAJ-Tbc r .. u!la of tbret <:<~~~~pule( 
•olution.o ar~ ohcwn by tho dosll«< ourvco in Fl1. 1 and mar 
be oomparcd wilh \he hond solulion prcviously dco<:ribod. 

w, B•••··~ .,.,.,.,, oot' ••·•~ 
_, o .,. 

1 
._,...., .... ,,., 1 

/1- tU-~-~~ 

··~··"' '''"''" ' ~ 
··~ .... , '"''"'" ¡_.,, '"" " 

oo-.,.h '""! 

.• . " 

F·i,. 7 Companwn of m<><n<nl ..,,.., for Uand Soluti"" ¡.,'""""' O<m$\ont tluurol olllfness fU, of p1le, 0:1<1 &<r~l n-cduluo 
l, - kx¡ with (o) Compuler Solutlon l ( .. ,. oo Hocd Solutio.o <1<00111 E, Y&ri., 01 r«¡uir«<J, (b) Computu Sol•<•co l 
(tho """"'" wlution), and (el Comput<r Solu1ion J (a cort<CI oolu\ion .,.)eh wil resiotonce <limtnat«< b7 ..:our •~ 1 
~cpth of 90 io~choo). 

1·>~- 1 Coonporoioon d., oourbeo <101 mome"" pour la oolutiun manocllo (aup~''""' une ri¡idit! t la ne•lon du pLOU """',."" 
f./, e\ lo lnOdule du ool C, - h) 11'«, /o) ootulion du <•toulateur lid.ntique a lo oolulion m•nucllo l l'c•ocp<Oo•n 
d .. condH1ono de ••rialion de E,}, lb) oolu11on lau caloul.,rur /sotulioo oorrc..'t<}, <1 (<} "'lution J •~ eokuhtem (ool•· 
1ion corr<cte aU la re<lmnce du oul ni <l>mmt< P" lo ctouocmon\ juo.qu'i uno P">fondeur M~ inc:ha) 

To t«l the vahday of \be ""umption lha1 E, ~ kx, Com· 
""'' ~.ulution 1 ""'' perforl)l<d 011 exacUy lht. .ame bui> 

od thc hand "'h.tion c.ccpt thal the computor wa• allcwcd 
'> •<el: the ~rorer •·alucs of ooil moduli indcpenJently ul 
··ool1 <l<J'Ih, Tbe lkxural Sliffno" of thc pile wu beld «mSiant. 
Wl·•' • 1"'0\l o¡;re<mcnl "'ith lhc prc~iollll holnd so!nlion ¡, 
.. olamoc a1 "''""" of m.a•imum ncgalive and muimum 
r•hitiw n>vmont, somo divergenoo ¡, TIOted al ~re1!1er Jep1bo. 

Tho aO\ual vari•lion of Hexural "ift'ne" at lhe end of tbe 
j.-~et-1<8 c•t.ension woo added lo tbe cOndilions of lho 
~toblem for Compuler Solulion l. The ditrcren=~ hclwc<:n 
thc re;ul¡, ~~ Computer SoluliOn< l and 2 rcpre"'nt 1he 
>111 "hangc duelo lho slop-cban~o in Hexurol stiffne" llf lhe 
oik. 

5ccur cf 11\o c.:;<an boUorn artRlnd oll'•horc s1rm:1ure• is 
" matt<r of comidcrabt.e impal'\ance lo thc ,..fe\y of !he 
.,,, 

structures. For Comput.er Solution l !be impul condiuon• 
of Computcr Solulion 1 _,.. mox!HI«< by elim•n•uns co,.. 
plelcly the soil rc!i•t•nce te a dc¡>1h of oboul cisJ!t k.;t, 
Th10 modJ!ication would be difficult lo mtroducc lnto a hand 
•olution but ;, euily done witb the compulcor by simplo 
chonii<O in the Input data which deoeribo tbe <<>11 ctw-..ct<<• 
iotics. An appre<iabk inc:ru .. in botb muimum no;¡:.U.o 
•nd maXImllm pootlive bondiog moment.< may bo ooted. 

··~ 
Ltl Gc"""· Sn1 M, (l~ll). Latero\ Luod T0110 un Ve•llcot 

Fi .. d·h,.ó •nd Froeh-ead Pllco. Sympc•l•m on LD~tr•l 
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TABU:S OF NON-DltENSlONAL SOLll'l'lONS FOR lATERALLY LOADED PIU:S 
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Appendix A.l. Deflect1on CoefC1~ient& 

z,..,-

• 

~ 
• (El/k) 

• H 

Z,.,., • LfT 

7-----------as o_o 

M,/P, T '• 
(EI/RT) - e., 

..tlore ..... '""'a,,..,.. oDeffioienll for olopo 
ol lho top ol lhtpi" {Z•O), ..tlio~ 

art obt«i ... d frarn Appoodll A.Z. 

Deflechon y ' C 1 (P1T~EI) 

for Bl&&tfc Pile•, Zmax varied from 2.2 to 10. 
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z 
-1.0 -0.9 o. e -o. 7 

.o Q,B 12 0.975 1.137 1.299 

·' o, 820 Oo965 l • 1 1 1 l.25b 
.z 0.619 o. 948 l. 07 7 l. 207 

·' 0.809 o. 924 1.038 1.152 

·' 0,793 0.893 0.994 l.Q94 

·' o. 711 o.sse 0.945 1.032 

·' o. 743 o. 818 0.893 0.969 
.7 o. 711 o. 775 0.839 0,904 

·' Q,676 o. 730 0.784 0,838 
.9 0.638 0,663 o. 727 o. 772 

'·o -0,598 0.634 o.67l 0,707 

1 • 2 O, ~lS 0.537 O.SS9 o .SB2 

'·' 0.432 0,443 0,4S4 0,465 

'·' 0.351 0,354 o. 3~7 0,360 
1 •• 0.277 o. 274 0,271 0,268 
2 .o o .211 0.204 0.197 0.190 

,., 0,085 0,075 0,064 0,054 
,.o 0.014 o.oos 0.::>04- 0.013-

'·' 0,016- 0,022- o.o2e- 0,034-
•• o 0.022- 0.025- Oo028- o.on-

'·' 0,011- o.o1e- 0,019- 0,020-

,.o 0.010- 0.010- 0.0}0- 0,010-
¡0,0 o.ooo 0.000 0.000 o.ooo 

' Tab1e A. l. l. Defl~ction Coefficients 

• 
MT/ P1T 

-0.6 05 -O< 

1.461 lo624 1 o78b 

1.401 l. 546 l. 692 
lo336 lo465 1.594 
lo267 lo)Bl lo495 
lol94 lo294 1.395 
lo 120 lo207 l. 294 

1.044 loll9 l. 194 
o. 968 lo032 lo09b 
Oo892 Oo946 l. ooo 
Q.817 Oo862 o.9o7 
Oo744 o. 1ao o.s11 

O o604 o .626 Oof>49 
Oo476 0.466 0.499 
O o 363 Oo366 Oo3f>9 
Oo265 Oo262 Oo259 
o.IS3 o.J76 0.169-

o. 043 Oo033 0.022 
Oo022- o.o3l- Oo::l40-
Oo0?9- Oo045- o.osi-
0·033- Q,Q36- Üo039-
Oo02l- 0.022- 0.022-

Oof\09- 0·009- o.oo9-
O o 'lOO 0·000 Oo000 

' ' 
for Ela&tic Piles, 

z . 

-0.3 -0.2 
_, 

0.0 

lo94B 2 olll 2. 273 2,1o35 .o 

1,837 ¡.982 2.128 2.273 • 1 
1,724 ¡, 8 53 1.982 2. 112 • z 
lo609 lo 724 l. 838 l. 9 52 "' 1,495 ¡, 595 lo696 1.796 ·' 1,381 1.41:>9 1 .556 lo b43 . , 
1,270 1.345 lo420 l. 495 ·' 1,160 1.224 1. 2 e e 1,353 .7 
l,Q54 ¡,Los 1,162 l ,2 16 ·' o,951 Q,99b 1.041 1.086 .9 
0.6~3 Q.8B9 0.926 Q,962 I.o 

o.67l Oo768 o.8l7 o. 738 1.2 
O, ~lO O· ~2! o. ~33 o.544 '·' 0.372 O· 3 75 0.378 o.381 1 • 6 
o.25f> o.253 0.250 0.247 1 • e 
0.162 o.lss Ool48 o. 141 2.0 

0.012 OoOOI o.oo9- Oo020- 2 • 5 
Oo048- Oo057- Oo066- o.o75- J.o 
0.056- Oo062- OoOf>B- Oo074- '·' 0.042- o.045- Üo047- o. oso- '·O 
0.023- Oo024- 0.025- 0.026- '·' 
o.oo9- o.oo9- o.oo9- o. 009- 5·0 
Q,')OO o.ooo o.ooo o. 000 10·0 

z"""' - to.o 



' Mt/ PtT z 
-ce -0.9 -o. e -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -o.¡ 0.0 

.o O, B 21 o ,984 1 ,14 6 1.308 1.471 1 • 63 3 }o791, 1.958 2, 121 2,283 2. 445 .o 

• l 0.829 o. 974 l .120 l. 2 6 5 l • 411 1-~56 l. 702 l o84 7 l. 992 2,138 2.283 ·' .2 o.aza 0.957 1,08 7 l.ll6 1. 341> lo1t75 lo604 lo 734 lo863 1.992 2.122 .z 
. ' 0.819 o. 933 l. 048 1,162 1.276 l. 391 1.sos lo6l9 1.734 },848 1,9b2 .3 

·' a .BOJ 0.903 ~. 004 1.104 lo204 1 • 30 5 lo4Q5 ¡.sos 1.605 1.706 1,806 ·' • 5 -0.781 o. 866 0,955 1.043 1 • 13 o lo2l7 1.304 lo392 1.479 1.566 1.653 . ; 
·' 0.754 o. 829 0.904 Oo979 lo0 54 1 • 129 J,ZQS ¡.zao 1.355 lolo30 ¡,sos ·' .7 0.722 0.786 o.aso 0.914 0.978 1. 042 lo 106 lol70 1,234 1.299 lo 363 ·' . ' o .687 o. 741 0.795 Q,B49 o .902 0.956 1.010 lo064 l. 118 1,172 lo 226 •• 
·' 0.&49 0.694 o. 738 0.783 o.eze 0.872 0.917 Oo961 l.006 1.051 1, 095 ·' l • o 0.609 0.6'<6 0,682 0.718 Oo75'< o.791 0.827 Q.863 0.899 Q,936 o. 972 t.o 

1.2 o. 527 0.5'<9 o • 5 7 1 0.593 o .615 Oo637 o. 659 Qo681 Oo7Q3 Q,725 o. 7'<7 l • 2 

'·' o,,.,.,. 0.,.55 0.466 Oo4 76 Oo487 Oo498 o.5o9 Oo520 Oo_53l 0.542 o. 552 '·' '·' o.J64 o. 366 o. 369 o.~7l Oo37'< Q,376 o. 3 79 Oo381 0.364 Q,366 o. 3ee '.' 1.e Oo289 o.2aó· o.2s2 0.279 o. 275 o. 272 o.26B Oo265 0.261 o.258 o.254 1.8 
2.0 ['.222 ('. 215 (1,207 0.200 0.192 Oo}85 o .177 o.l70 o.l62 0.154 0.147 2.0 

2 • 5 o .091 0,080 0.069 o ,058 0,047 Oo035 o. 024 o.OlJ o.002 0.009- o.o2o- 2 • ; ,., 0.0(17 0.002- 0.012- 0.021- O.OJl- 0·040- Oo050- Oo059- 0.0&9- 0.078- o.088- '·O ,., 0.048- 0.054- 0.059- 0.065- Oo07l- Oo076- o.o82- 0·088- Oo094- 0.099- Ool05- ,., 
•• o 0.093- Oo091o- {1,096- Oo0Q7- Oo099- o.too- Ool02- OolOJ- o. Jos- o.l06- O o lOS- •• o 

Table A.l.2. P~fl~cticu Coefficients Cy fcr Elamtic Pil~a, E8 • kx, Z~ • 4.0 ' . 
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' M1/P 1T ,. 

- 1.0 -0.9 -Q.B -0.7 06 -0.5 -0.4 -0.:3 -0.2 -0.! 0.0 

o o o. 857 l. 020 l • 164 l. 348 l. 511 loó75 1.839 2.002 2.166 2.330 2,493 .o 

" o. 864 l. 010 l,B7 l. 304 l .450 lo597 1.743 1.890 2.037 2.183 2. 330 •ol 

·' o. 862 o. 992 l ,123 1,253 1.)84 1.515 }.645 1.776 lo906 2 o 037 2.167 ·' 
o ' o. 852 o. 967 l. 083 1.198 l. 314 }o4l9 1.545 lo660 1,776 1 • 891 2. 007 o 3 

·' o.sJs o. 936 1.038 1,139 lo240 lo342 lo 443 1.545 1.646 lo748 l. 849 ·' o 5 o.BI2 o. 900 0.988 l. 077 l. 165 l. 2 53 l. ]42 1,4)0 lo 518 l o607 l. 695 o 5 

·' o. 783 0.859 0.936 l. o l 2 l. 088 l • 164 lo241 1. 3 17 1.393 lo470 lo 546 ,, 
o 7 o. 751 0,816 0.881 0,946 l.Oll 1. o 76 1 • 14 1 1,206 1,27l 1 .337 lo 402 o 7 

·' o. 714 0,76'} 0,1:>2" o. 879 o. 934 Q.989 }.Q .... 1.099 1.154 lo 209 1.263 •• 
·' o.676 o. 721 o. 71>7 Q,812 o .ese 0·904 0.949 0.995 1.040 lo 086 1,132 ·' o •• 
~" o .635 0.612 0.709 o. 746 o. 784 0.821 o. 8~8 0.89~ 0.932 0.970 1.007 loO 

~ • 2 o.sso 0.573 o. 595 0.618 0.641 0·664 Oo687 o. 710 o. 733 0.756 o.778 lo Z 
! • 4 o ,464 o. 475 0,487 o ,498 o. 510 o.522 o. 533 o. 545 o. 557 0.568 o. seo lo' 
!.6 o. 380 0.383 o. 386 o. 389 o. 392 0.395 0.398 0.401 Oo405 Q.40B Oo411 loó 
\,0 Q.30l 0,298 0.295 o ,292 o. 289 Oo285 0.282 0.279 o ,276 0.273 0.270 loO 
2.~ o .228 Ll,221 o ,214 0.206 o .199 o .192 o .!84 0.177 0.169 o .162 Q.l55 loO 

'o 5 Oo076 0,064 0.052 0,040 o.o2e o.016 Q.Q04 o.ooe- o.o2D- o.o3z- 0·044- ,,, 
~ • J Oo044- O,JS6- 0.068- O,JBO- 0.092- '-lol04- 0.116- 0.128- Ool40- 0.152- Ool64- 3oO 
~ • 5 o.l52- 0.162- 0.173- Q,l83- 0.194- 0·205- o.z1s- 0.226- 0.236- 0.247- Q,257- 3.5 

Table A.1.3. Dcflectinn Coefficients for Elastic Pilea, zmax- 3.5 



2 Mt!PtT 2 

-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -o. 2 - 0.1 0.0 

.o 0.967 1,14] l. 318 1.494 lo 670 lo845 2,021 2.197 2.372 2 o 548 z. 123 .o 

. ' o .968 l. 126 1, 2 8 4 lo442 lo600 1.758 lo 916 2.074 2.232 2. 390 2.548 "' • 2 Oo961 lo 102 1.2 .. 3 l. 38~ l. ~26 }.61,7 lo SOS lo950 2 o091 2o232 2.373 .2 

·' 0.945 1.071 1.196 1.322 1.44 7 J, 573 l. 699 1.824 1.950 2 o075 2.201 ·' ·' 0.922 1 o 03 3 1.144 1.255 1,]66 }.477 l o 588 l. 699 1.609 l. 920 2.031 ·' . , .0.893 o. 991 1.088 1.185 l. 2B2 lo]79 l. 4 77 1.574 lo6 71 lo768 lo865 .5 

. ' 0.859 0,944 1.028 1, ID lol97 lo282 ),366 1.451 1.535 1-619 lo704 ·' .7 o.az¡ o. 894 Oo9ó6 1.039 J. 112 1 o 164 1,257 1, 3 30 1.402 1, 475 1.548 ·' ·' o. 779 0,841 0.903 0,965 l. 02b lo088 ¡,}50 1, 212 1.274 l. 335 1.397 ·' ·' 0.734 o. 786 o. 838 o. 890 0.942 0·994 1. 046 1.098 l. 149 1.201 1.253 • 5 
! .o o, 688 o. 730 o. 773 0,816 o. 859 Oo902 o. 944 Oo91!7 1.030 1.073 loll6 '.o 
l. 2 0.590 0,617 Q,644 Oo6 71 o. 699 o. 726 O· 753 o.7SO o.ao7 o.834 o.S6J '·' 
J • ' 0.491 0.505 o.~zo 0.!'>34 0.546 o. 563 o. 577 0.592 0._606 0.621 0.635 ' ·' ' • ó o. 393 0.397 0,401 0.406 0.410 o.<ol4 0.419 0.423 0.427 0.431 0.43& '·' '·' 0,298 0.294 0.290 0.287 o. 283 Oo279 o. 276 o. 272 0.268 0.265 o.Z61 '·' , . 
-·" 0,207 o. 19 7 0.187 0,177 0.167 Ool57 0.147 0.137 0.127 0.1111 0.108 2.0 

'·' 0.004- o.ozs- 0,045- 0.066- o.os7- 0.108- 0.129- o.Jso- Ool 70- Ool91- 0.212- '·' J,O o.2oz- 0.231- 0.260- 0.289- (I,JJ9- 0-348- 0.377- Oo406- 0.435- Oo464- Oo493- '"' 

Tabl~ A.l,4. Deflection CoefficientB Cy for El4Btic Pile•, E8 • ~. Zmax • 3.0 

) 



z Mr!P1 r 

-LO -0.9 ·00 -0.7 -0.6 -05 ·O' -0.3 0.2 -0.1 0.0 

.o 1-027 1 o 213 1,398 1, 584 lo770 1-956 2.142 2.328 2. 514 2. 700 2.886 .o 

• l 1 • o 24 1,192 l. 359 1, 527 lo695 lo862 2o030 2ol97 2.365 2 o 532 2o700 .t 
.z 1 .o 13 1,163 l o 31 3 1,463 1.614 lo764 lo914 2.064 2.215 2.365 z. 515 • z 
• 3 o. 993 l. 127 lo 261 1,395 lo 529 t-663 lo797 lo93l 2.01'>5 2, 198 2.332 • 3 

·' Oo967 lo085 1,204 1,322 lo 4<d ¡, 560 lo 6 78 lo 797 lo9l5 2 o034 2.152 ·' • 5 0.934 1,038 1.142 1,24 7 l. 351 1 o455 1.559 1.664 1,768 1,872 1.976 • 5 

.6 Oo896 0.987 1, 078 1,169 lo 260 1. 350 },441 l. 532 1.623 l. 714 1.804 •• 
·' Oo854 o. 932 lo 011 1,089 1.168 lo246 lo 324 1.403 1,481 1.559 1.638 ·' ·' o.sos o. 875 o. 942 1,009 lo076 1.143 1.209 1.276 lo ]43 l,lo!O 1,477 .o 
• 9 o.7bO o.s 16 0,872 Q,928 o. 984 lo04l ¡, Q97 1.153 l. 21 o 1.2bf) 1, 322 ·' l • o o.7D9 o. 755 o. 802 Q,848 o.B95 Oo941 o. 988 1.034 1.os1 lo 127 1.174 '·o 

'·' Ool>03 0.633 0,662 0,691 o. 721 Oo750 o. 780 OoB09 OoB38 0.868 o. 897 '·' l • ' Q,495 0.510 o. 526 Q,54l o. 556 o. 571 0.586 Oo60l "0,617 Oo632 o. &47 '·' l • 6 o.388 0,391 0.395 Q,398 Oo40l Oo405 Oo408 0.412 Oo4l5 0.419 o,422 1.6 

l • ' o,282 0.27& o. :no 0,2&3 0.257 Oo251 Oo245 o .238 0.232 0.22& o,219 l .o 
2. 0 o.!eo 0.165 o. 151 o. 136 0.122 Ool07 o.o93 0.078 o.o64 Oo049 o. 035 z.o 

2. 5 o.066- o.o97- Ool28- o.l59- Ool9l- Oo222- 0.253- 0.284- 0.316- Oo347- 0.378- z.s 

'·' Oo209- 0.250- 0.290- 0.330- 0o)71- (1.411- Oo452- Oo492- 0.532- Oo573- o.613- z.a 

T.able .\.1.5. Defle.ct~"n Coefftdents Cy for Elutic Pilu, !S "'k!:, Z"lllal'"' 2.8 



z Mtn't T z 
- LO -0.9 -o. a -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 

.o 1 ,115 lo 320 1.526 l. 731 lo 936 2.141 2. 346 2.551 z. 757 2.962 3ol67 .o 

ol 1.107 1.292 lo<t78 1,663 1.849 2o034 2.220 2,405 2.591 2. 776 2.962 ol 

·' lo089 1.256 1.423 1,590 1 • 7 57 lo924 2, 090 2.257 2,424 2. S91 2.758 ·' .; 1.064 1.213 1,362 1,511 1,661 1,810 l. 959 2,108 2,257 2.407 2,556 .; 

·' lo O 31 1.164 1.296 1,429 l. 561 lo694 lo 826 l. 959 2.091 2. 224 2.357 ·' .5 0.992 1 • l 09 l. 226 1,343 1.460 1,577 lo 694 l. 810 }.927 2 o 044 2.161 • 5 

·' o. 949 1.051 1.153 1.255 1 • 3 5 7 lo459 lo 561 1.664 1.766 1.868 1.970 ·' ·' Oo900 0.989 l. 077 l. 16; 1.254 lo 342 1 ... 31 1.519 lo607 1.696 lo 784 ·' ·" 0.848 o. 924 t.ooo 1.075 lo 15 1 1.226 1 • 3 02 1.377 1.453 1.528 lo604 ·" ·' 0.794 0,857 0.921 0.984 1.048 loll2 l. l 75 1,239 1.302 lo366 lo <t29 •• 
1.0 0,131 o. 7139 0,642 0.694 Oo947 o.999 1 ,Q51 1.104 lo 156 lo209 1. 261 loO 

1.2 o. 619 0.651 0.664 o. 716 0.749 o. 761 0.614 0.847 Oo879 0.912 0.944 1.2 
l., Oo496 Oo513 Oo529 o. ~44 o. 559 o. 575 o. 590 Oo606 Oo62.1 0.637 Q,65Z 1 • '• 
loó 0.376 0.371 Oo378 0.378 Oo379 0·380 o. 381 o.Jei Oo382 Oo383 Q,383 lo' 
!.8 0,2!>6 0.244 0,232 0,220 0.207 o. 195 o ol83 0.170 Ool!>S 0.146 o.134 1.0 
z.o 0.!38 Üoll4 Oo090 0.066 0.042 Oo018 o.oo6- OoC'30- Oo054- Oo078- 0.102- 2o0 

2.5 o,"5l- 0.201- 0.252- 0.303- 0.353- Oo404- Oo455- 0.505- Oo556- Oo606- Oo657- '·' 2., o.zos- o. 264- 0.320- 0.376- Oo43l- Oo487- Oo543- o.599- o.6ss- o.111- Oo766- 2., 

Table A.l.6. Deflection Coefficienta Cy for Elaatic Piles, Es • kx, Zmax • 2.6 



z Mr!Pr T ' 
1 _,o -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -o. 2 -Q.I o.o 

·- 1.201 l. 434 lo 667 1.900 2.133 2.366 2.599 2o832 3.o65 3,299 3 oS32 .o 

• 1 1,186 ¡,397 1.608 1,820 2.031 2-242 2.454 2.665 2, 876 3. 087 ), 299 .¡ 

. ' 1 • 162 lo 3 52 lo 543 l. 733 lo 924 2oll4 2 •. 305 2.495 2,666 2.876 ),067 .z . ~ l. 130 1,301 lo 471 1.642 loS l3 lo983 2. 154 2.325 2,495 2.666 2.637 ., 
·' 1 .091 1,243 ¡,395 l. 547 lo698 1.650 2.002 2.154 Z.306 2,458 z, fdO ·' . , 1.046 l • 1 80 },314 1,446 lo 582 lo 716 l. 850 1.964 2.118 2. 252 2. 366 ·' 
.; Q,995 1. 113 lo 230 l. 34 7 1 o4ó4 1. 58 l lo698 1.816 1,933 2.050 2,167 _, 
• 7 Q,94I l. 042 l. 14 3 1.244 l. 346 1 .447 l. 548 lo6'+9 lo 751 lo 852 ¡,953 .7 . ' Q,882 o. 968 1.055 1.141 1.227 lo313 1.400 1,486 1,572 },658 l. 744 . ' . ' Q,62l Q,893 o. 965 1.037 lol09 lol81 1. 253 l. 325 1.397 1,470 lo 542 . ' 
'·' o. 757 0.816 Ooll75 0.933 0.992 lo051 l. llO l.lbll 1.227 1,281> ¡,345 !.o 

J.? 0.625 o. 1>60 Q.b94 0,728 o. 763 o. 797 Oo832 Oo8bb 0.900 o,935 Oo969 1.' 

'·' Q,490 o.503 o.515 0,528 Oo54Q Oo553 0.561> 0.578 o. 591 0.604 o.616 ¡.' 
1 • 6 0,354 0,347 . Q,340 0,333 Oo325 Oo3l8 o. 311 0.304 0.297 0.290 o. 2!13 '·' 1, B 0,218 0,193 o,l68 0,142 0.117 0.092 0.067 0.041 o.ol6 0.009- Oo034- '·' 2.:) 0.083 0,041 o.oo2- 0.044- o. 087- Ool29- o. 172- 0.214- 0.257- o.299- O• 342- z.o 

'·' 0.185- 0.261- 0.~37- 0,412- 0.4BB- Oo564- Oo64Q- 0.7!6- 0.791- 0,867- Oo943- '"' 

Table A. l. 7. Dcfl~ction Coefficients for E:lutic Pilea, E,. "' kx, z....u::- z.4 



z Mt1P1 T z 
- 1.0 -0.9 -o. e -0.7 -0.6 -0.5 - 0.4 -0.3 -0.2 -0.1 0.0 

.o 1.268 1,!>43 1.817 2.091 2.365 2oó40 2. 914 3,188 3,462 3.737 4o0ll .o 

.! 1.247 },496 lo 745 1.994 2o243 2o492 2.741 2.990 3.239 3.488 3. 737 .! 

.z lo 218 l. 442 1,66 7 1.891 2-116 2o341 2,565 2.790 3,014 3.239 3,464 ·' .3 l .180 l. 381 1.582 lo 783 1.985 2.186 2,387 2o589 2.790 2. 991 3.193 .3 

·' 1.135 l. 314 1,493 1.6 72 1,850 2. Q29 2.208 2.387 2.566 2.745 2, 924 ·' ·' lo084 lo 241 l. 399 1, 556 l. 714 lo 871 2.029 2.187 2.344 2. 502 2.659 . ' 
·' lo027 lo 164 1.302 1,439 lo 576 }o 713 },850 1.987 2 o 12 5 2.262 2,399 ·' ·' 0.966 lo084 1.202 1.320 1.437 ¡,55 5 1-6 73 l. 790 lo908 2 o026 2 ol43 ·' •• o. 902 loOOl 1.100 lo 199 1,290 lo 397 1.497 1.596 1.695 1,794 1,893 •• 
• 9 0.835 o. 916 o. 997 1,079 1.160 lo241 ¡,323 1,404 lo485 1.567 lo648 .9 

l.C 0,765 o. 829 o. 894 0.958 1.022 lo087 1,151 1,215 1.280 1.344 1.409 !.o 

1.1 0.62() o.6~3 0.686 o. 718 0.751 o. 783 o. 816 Oo848 0.861 0,914 o. 946 !.2 
'.' Oo472 Oo47:> 0.478 0,482 Oo485 Oo488 o ,491 Oo494 Oo497 o. 500 o. 504 '.' 
¡ • ' o.nz. Oo298 0.273 0.249 0.224 Oo200 o. ns o. l 51 0.126 0.102 o. 077 ¡.' 
1.8 0.172 o. 12 l 0.070 0.019 o.on- Oo083- o .134- 0.185- Oo236- 0.287- O· 338- ¡ •• 

'·' 0.022 o.OS5- 0.132- Oo209- 0.286- Oo363- Q,44Q- o.sn- o.S94- 0.671- o. 748- z.o 

'·' OolZ7- o. 230- 0.333- 0.436- Oo539- Oo641- Q,744- 0.847- Oo950- loOS3- lol5S- '·' 

7able A.l.8. Deflcction Coefficients Cy for Elaatic Piles, E8 ~ kx, Zmax • 2.2 

\ 
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Apnen~ix A.Z. Elastic Pile Solutions, E, m kx, • varied fro::n Z.2 tolO. r -max 

' • 'PrrnoAr + (M,T~I)B1 

' • (P,T"/EI)A, + (M,T/EI)B. 

• • (P,T)A., + (M+) B., 

' • (P,)A, + (M,/T)B, 

p • (P,/T)A~ + (.,. 1/r')e. 

'· '· '· '• 



' '· '· '· '· '· B, B, '· B, B, z 
o.o 2.435 },623~ o.ooo loCO O o.ooo l. 62 3 } 0 749- 1.000 o.ooo o.ooo o.o 
O.> 2.273 1.618- OolOO 0.986 Oo221- 1.453 1,649- loOOO o.oo7- 0.145- o.> o .2 2.112 1.603- 0.198 0.956 Oo422- 1,293 1, 549- 0.999 o.oza- 0.259- o.2 
0.3 1.952 },578- 0.291 0.906 o.sq6- 1.143 }.450- 0.994 o.osa- Oo343- 0-' o •• 1.796 l. 545- 0.379 0.840 o.ns- l. 003 },351- Co987 Q.Q95- o.4oi- O·' o.; 1,643 l. 503- 0.459 0,763 Oo822- ('1.873 1.253- ('1,976 0.137- Oo436- o.; 

0.6 1.495 1,453- o. SJI 0.677 Oo897- 0,752 1,156- Oo96Q 0.181- 0.451- o.6 
o.' l. 3 53 l. 397- Oo595 o. 585 Oo9'•7- 0.641 t.o6L- 0.939 0.226- Oo449- o. 7 
O.B 1.216 1.335- 0.649 0.489 0.973- o. 540 0.968- Oo914 Oo270- Oo432- o.e 
'·' }oQ86 }o2b5- Oob93 0.392 Oo977- o. 449 Qo878- Oo865 0.312- Oo403- '"' !.O 0,962 1.197- 0.121· 0,295 Oo9~2- o. 364 o. 791- Oo852 0.350- o. 364- ;.o 

>.2 o. 738 1,047- o. 767 0.109 o.885- o. 223 0.628- o. 775 Oo414- Oo2ó7- '. 2 ' . ' 0.:044 0.893- 0,772 Q,r>5t>- Oo7t>Í- .o.l12 ·0.482- Ooó88 Oo456- Ool57- '·' !,6 0.381 0.741- o. 746 0,193- 0.609- o. 029 0.354- o. 594 0.477- 0.046- '. 6 > .B 0,247 0.596- 0.696 0.299- 0.445- ('.030- (',245- 0.498 0.476- o.o55 '·' 2.0 (!.141 0.464- 0.628 0.371- 0.2S3- (',Q70- (1,155- ('.404 Oo456- Oo140 2.0 

2.5 o.o2o- o.2or.- 0.422 0.424- o. (149 ().105- Oo006- o.zoo o.Jso- o-263 2.5 

'"' 0.075- (',1)40- 0.225 (',:;>49- o. ?26 é'o089- Q,Q57 Oo059 Q.2B- o.268 ,.o 

'·' Q,Q74- 0,034 o.0a1 0.223- 0.?57 0.057- Oo065 0.016- 0.095- o. 200 '·' '•. o O.'JSO- 0.052. o.ooo 0,]06- Oo20l Oo028- Oo049 o.o~z- 0-017- Ooll1 •• o 
'• • 5 o.•)26- Oo042 0.032- 0,;)27- Ooll7 0.009- Q,Q28 O o039- o.o21 Oo041 '·' 
;.o o.oo9- 0.025 o.rJ33- 0.1"113 Úo'l46 1).000 o.oll Oo026- o. 029 o.ooz '·' ¡c.~ o.ooo o. 000 o.:lOO o.ooo o.ooo OoOOO o.ooo o.ooo o.ooo o.ooo Io.o 

Tahle ..\.2.1. A and B Coeffic:ien~.ll for Elutic Pile11, E
8 

,. kx, Zlllll>< • 10.0 

' 



.... 

' '· '· '· . '· '· '· '· '· '· '· ' o. o 2o44~ 1.6:::.4- 0.000 1, !'00 Oo000 1.624 1. 7~3- 1.000 OoOOO OoOOO ,., 
'·' 2.283 1,619- O. lOO 0,9'11 0.228- 1.454 1.653- I.ooo 0.006- Ool45- ,., 
0.2 2.122 l. 604- 0,1'18 0,9!>9 0.424- 1,294 l. 553- 0.998 o.026- 0.259- o.z 

'" 1.962 l. 580- o .291 Oo906 o.~89- l. 143 1.453- o.994 Oo057- o. 343- 0-' 

'·' 1.806 !,546- 0.378 Oo!!'-l 0.722- l. 003 1.354- o.987 Oo094- o.4oi- •·' o.o 1 • 6 53 1. sos- 0.4~9 0.1f,2 0.8?:7- 0,873 1.256- 0.975 0.137- Oo436- .. , 
'·' 1.505 1.4~5- 0.5)1 0.6 76 o. 903- o. 752 1.159- Oo960 o. 18Q- 0.451- ,_, 
o.' l. 3'>3 l. 3Q9- o. 594 0.593 o. 954- Oo64} lo064- Oo939 Oo226- Oo448- ••• 
"' 1.2?:6 1,337- 0.647 0.496 0.981- 0.539 0.972- Oo914 Oo270- Oo43l- ••• 
'"' 1.095 1,270- o. 691 0.387 0.986- 0.446 o.B82- o.aas 0.312- Oo402- ,., 
:.o 0.972 l. 179- 0,725 0.2"0 0.972- 0.362 o. 795- o.852 0.35()- 0.362- ¡.Q 

i. 2 0,7-'<1 1.0'•9- 0,764 0.102 0.896- 0.220 o. 632- 0.775 0.41]- o.264- ,,, 
!.4 o. 552 o.8"6- 0.767 0.066- o. 773- Oo}09 Oo465- Oo686 o.45s- Ool52- , .. l., 0.398 o. 745- o. 739 Oo20ó- 0.622- (1,025 (1.357- Oo595 0.474- Oo04o- ,., 
1.a C'o254 0.602- 0.6% 0.314- 0,457- (1.035- 0.248- o.soo Oo471- Oo064 1. 8 

'·' 0.14 7 0,471- o, 616 0.]39- 0.294- (1.075- Ool57- 0.407 Oo45:)- o. 151 "' 
2.5 o.o2o- Q,2l7- 0.400 0,445- o.oH "tl.ll2- o.oos- o.zos 0.336- o.2ao ,,, 
3.0 0.088- 0.070- 0,174 0,361- 0.263 Q,Q95- Oo063 Q,Q76 0.191- 0.284 ,., 
3,5 0.105- 0,012- o. o 5 1 o.2oo- Oo3'>8 o.057- Oo083 o.ol4 0·067- o.zoo ,., 
'• . :; OolOB- Q,':'Q]- 0.(100 0.000 Oo431 OoOlS- C·085 o .coa o.ooo OoOóO ••• 

Tabl~ A.2.2. A and B Coefficients for ElastiC Pi1es, E• • kx, Z~ ~ 4.0 



' 
o.o 

o. ' 0,2 
o.; 

'·' J,5 

·o.6 

'·' 0,8 
0.9 
1 • •J 

'·' '·' :.6 
'. 8 
2.,) 

2.~ 
~ . ') 

3o5 

'· ' . '· '· '· B, '· '· 
.?.493 lo636- o.ono I,QI)Q OoQI)O lo636 lo 755- loOOO 

2,330 1,632- Q,lOO 0,988 o .2 33- 1.466 1.655- l,QQO 
2.167 1.617- 0.197 0.956 0.433- ¡, 305 1.555- Oo998 
2.007 1.592- Q,290· 0.900 0-602- l. 1 55 1.456- 0.994 
1,849 1.55-9- 0,377 o.an o.7~o- lo0l4 1-357- o. 986 
1,695 1.517- Q,456 0.754 0.848- O o 884 lo 2 59- o. 974 

1.546 1.468- o.5<'7 0,6(:-4 Oo927- Qo763 lol62- o.9S8 
lo402 },412- o.Sl"f. 0.567 o.9el- o-651 }oQ67- Q,9J7 
1.263 1.3:.1- 0,641 Q,4f.7 loO!l- O· 549 Oo975- o .911 
1.1:'12 1,2fl4- Q,6fl2 0.365 lo('!9- ('.456 o.aa:>- {1.882 
1.007 1.214- o. 7)4 Oo2f.4 lo01.)7- O· 372 o. 799- o. 848 

0.776 1.068- 0.7''7 o.o~8 Oo934- Oo229 Oo637- Oo769 
0.5~0 0,918- o, 762 O,l'JB- 0.6!2- ·o. lit. Q,<o92- o.t.79 
0,411 o. 773- 0.71)5 0.2~6- 0.657- 0-031 0-365- 0.583 
0.270 0.638- o.6~ 2 0.370- o.4e6- Oo03l- 0.259- 0.485 
0.155 0.5!6- 0.5~9 0.449- 0.31)9- Oo074- o.111- o-389 

Q,QI.o.4- o. 2~8- 0.314 0,4Q7- 0.1).0 o-120- o.o31- o.!Bl 
0.164- 0.199- o ,095 0.346- o. 4"2 o.l20- o. 022 Oo046 
0.2~7- 0.11"3- o. 000 o.ooo 0.9!11. Ool06- o. 030 o.ooo 

Table A.2.3. A and B Coi!ÍHcienta for Eluttc Piles, E - kx, • zmax - 3.5 

'· '· ' 
o.ooo OoOOO o.o 

o,ooa- Ool47- o.' 
0.027- 0.261- o.2 
o.06l- Oo346- o.s 
o,09e- Oo406- O·' 
00140- 0.442- o.s 

o.l86- Q.4S8- o.ó 
o. 232- Oo456- o.7 
o.2n- Oo439- o.B 
o,J2o- Oo41Q- O·' 
o. 359- 0.372- ,,o 

o.424- Oo274- '. 2 
o.4t.a- Ool63- '·' o.48Q- 0.049- '·' 0.486- o.o56 '·' o. 468- Ool46 2.0 

Oo351- o.3oo 2.5 
Q,l64- 0.359 ;, o 
o.ooo 0.370 ,,, 



' '· '· '· '· '· B, '· '· '· '· z 
o.o 2,72:3 1.756~ 0,000 loOOO o.ooo l. 756 1.818- loOOO o.ooo .o.ooo o.o 
o,¡ 2.54!:! 1,751- 0.100 0.987 o.zss-. 1,579 1.118- loOOO o.ooa- 0.158- O.l o.z 2. 373 l. 736- Ool97 0.950 0.475- 1.413 }.618- Oo998 Oo03Q- o.zaJ- o. z o.' 2. 201 1.712- 0.289 Oo893 Oo660- 1.2:56 lo519- Oo993 Oo064- Oo377- o., 
'·' 2.031 1.679- o. 375 0.818 0.812- lo 1 09 lo420- 0.985 O o lOS- Oo444- ,,, 
0.5 1.865 1.637- 0,453 o. 731 Oo933- Q,97 2 1.322- Oo972 0.152- Oo486- o.> 

"' 1.704 1,589- 0,521 0.635 lo022- o.s~os 1.225- Oo955 Oo20l- Oo507- O·' 

'·' 1,548 1.534- 0.579 0.527 1.083- o.727 1.131- o.9Jz o.25J- O o '>09- O•' 

'·' 1,397 1,473- 0,62:6 0.417 lollB- 0.618 1.039- o. 904 o. 302- 0.495- O•' 
o.9 1.253 1,409- 0.662 0.304 1.128- 0.519 0.950- 0.87! o. 352- Oo467- o., 
~.o l. 116 1,341- o.be7 Q,J02 l.} !6- 0.428 0.865- o.834 0·396- Oo428- loO 

l.Z 0.861 1.201- 0,704 0.025- 1.0~4- o. 271 o. 707- o. 747 Oo472- 0.325- ¡,z 
'·' 0.635 1.0&3- 0.679 0.218- o.8e9- o. 144 o.567- o.&47 o.szs- o.202- ¡,, 
'·' 0.43& 0.932- 0,61S 0.37!1- 0.697- o. 043 o.449- 0.538 o.ss2- 0.069- '·' '·' 0.261 0.817- 0.530 0.495- Oo470- o.oH- o.352- 0.427 0.553- o.o66 '·' z.c 0.108 o. 722- 0.423 o. 5é4- 0.215- 0.099- o.278- 0.319 o. su,- Ool98 z.o 

'·' 0.212- o.SB1- 0,143 0,4a2- o.s~o o.2oa- 0.178- o.o94 Oo346- Oo521 '·' ~.:J 0.493- 0.556- o.ono 0.0'10 1o4flQ 0.291- Ool62- o.ooo o.ooo Oo874 ,.o 

Table A.2.4. B Co~fíicicnts fo• Elastit Piles, E~ • kx, - 3.0 



z '· '· '· '· '· '· '· '· 
C ,O 2.886 1.859- o.ooo loDO O o.ooo lo 859 1.883- loOOO 

o .1 2.700- 1.854- 0.100 0.987 Oo270- 1,676 l. 783- loOOO 
o .z 2.515 1.839- 0,197 0,946 Oo503- lo 502 1.683- Oo998 

'·' 2.332 1.815- 0,288 o. 884 Oo700- lo 339 1.584- o. 993 
0.4· 2.152 1.782- o. 373 0.804 Oo8ól- 1.181> l. 485- 0.984 o.' 1.976 1.741- 0.449 o. 710 Oo9!!8- 1,042 lo)87- Oo97Q 

'·' lo804 1,692- '0,515 0.605 lo083- o. 908 lo29l- 0.951 
o. 7 1.638 1.638- 0,570 Oo493 lol46- Oo781o 1.197- o. 926 
0,8 1.477 1.579- 0,613 0.376 lol82- Oo669 lol06- o. 896 
0.9 l. 322 1,516- 0,645 0.258 lol90- o,563 lo0l6- o. 861 
1.0 1.174 l,lo50- 0,665 Q,DB 1,174- o.46!'> o. 934- o.azo 

1 • z 0.897 1,316-;, Oo669 o.o9o- loQ77- Oo294 Oo779- Oo72!'> __ 

'·' Oo647 1.166- 0.631 o.269- Q.9Q6- ·Q.l52 Oo64$- o. 617 

'·' 0.422 lo066- 0.556 0.449- o. 676- o.o35 o. 533- o.soo 
1. 8 0.21';1 Oo965- 0.455 0.556- 0.395- o.063- o.44S- o. 380 
z.o Oo035 0.886- 0.331 0.6(13- Oo070- o.l4S- o-391- o. 265 

'"' 0.379- o. 769- 0.066 0.397- 0.945 0.313- Oo308- OoO'I-6 
2.8 0.613- o. 78:?- o.ono o.ono lo7l 1 0.404- Oo)04- o.ooo 

Table A.2.5. A and !1 Coefficienta for 1'!1utic Pilu, E • k:<, • zm.ax - 2.8 

e, '· 
o.ooo OoOOO o.o 

o.ooa- OolbB- o.1 
Oo033- Oo300- o.z 
Oo0ó9- Oo402- '·' Ooll4- Oo474- o.• 
0.164- Oo52:1- o.> 

0.219- Oo545- 0·6 
Oo274- Oo549-. o.7 
o. 328- 0.535- "' o.Jso- o. so&- o. 9 
0.430- Q.46!'>- ¡.o 

Oo!'>l3- Oo353- l. z 
o. %9- o.213- '·' o. 596- o.o55- '"' o. 59!- Ooll) 1·8 
o-551- o.290 2.0 

o. 286- o. 781 '"' o.ooo 1.131 2.8 



" '· '· '· '· '· '· B, '· '· '· ' c.o 3.167 2,052- Q,Q(l(\ l,QOO o. ooo z.os;: 2.016- loOOO o.ooo o.ooo 0·0 

0.1 2.962 2,047- Q,lOO o. 987 0.296- l,BSS 1.916- 1.000 o. 008- Q,}86- o. 1 
o.z 2. 758 2,032- o ,197 0,944 o.ssz- l. 669 lo8l6- Q,998 Oo035- Oo334- o.z 

'·' 2,556 z.ooa- o.zea 0.879 o. 767- },49::' 1.716- o. 993 o. 073- Oo448- ,., 
~ ... 2. 357 },975- 0.372 Q,793 Oo943- l. 32 5 1.617- Q.983 Ool22- Oo53é)- , .. 
!.'. 5 2, H>l ¡,934- Oo446 Q.69l }oQ8l- 1. 169 l. 520- o. 968 Üol79- o. 584- O•' 
C.B 1,970 ¡,'.186- Q,SlO 0,578 1,182- lo 021 1.424- Oo947 o.zJe- Q.ól3- ,., 
'·' 1.784 ¡,832- 0.56] 0,45:- lo24Q- o.éla4 1.331- 0.920 0.301- Oo6l9- ,., 
'·' 1.604 1.77lo- 0.601 0.329 1.2~3- o, 75S lo 240- 0.887 0.362- Q,6Q4- '"' ~.9 }.429 1,712- Q.627 o. 200 1.2E6- o. 636 1.153- o. 848 Q,421- Oo572- o-9 
1 • o l. 261 1.649- 0,641 o, 072 1.2!':1- 0.524 1.071- o. 803 0,476- 0.524- loO 

1.2 0,944 1.521- o. 630 0,170- 1,133- 0,326 0.921- 0.698 o. 569- 0.391- lo 2 
1 • ' o. 6~2 1.40!)- o. 57~ 0,376- 0.913- o. 15 5 0.793- 0.577 0.630- Oo2l1- ¡., 
1 • 6 0.383 1,294- 0,483 0.531- 0.613- 0.007 0.690- o. 448 0.653- Q.Qll- 1 • 6 
1 • B 0.134 1,20€- o. 367 0.618- Oo240- 0.123- o.6I3- o.-319 0.633- 0.221 loS 
2.0 0.102- t.14e- o. 241 0.622- 0.203 0.240- 0.562- 0.198 0.563- o .480 z.o 

' . , 0.657- l. 094- o.o 1 o 0,182- 1. 642 o.~o6- 0.519- o.oo7 0.136- 1.266 '·' '·' 0.766- ],094- o.ooo o.ooo lo993 o • .-,58- 0.519- o.ooo o.ooo 1.451 Zo6 

Table A.2.6. A and B Caefficlenta fa.- Elutic PUes, E
8 

3 loe, z,ax • 2..6 



' 

,., 618' [ ooo·o 

o·z 6'19'0 -9;:<;'0 

'.' ""'"'0 
-9<;9'0 

'.' 
Ett•o -Z1L '0 

,., -LLI'O -"OL ·o 
'. t -n.,•o _,..,.9'0 

o.' -I!BS'O -€'><;'0 
,., -6"9'0 -Z9'1'0 
,., -069'0 -'1h·'0 
,., -60L'O -'>'"E'O 
,., -€0L'0 -'I'LZ "0 

,., -OL9'0 -90Z'O 
,., -L09'0 -!?T'O 
,., -C'l'i'O -(110'0 
,., -tiiE'O -0'70'0 
,., -nz•o -600'0 

o·o ooo·o ooo•o 

' 
'a 'a 

~· '1"1:. -z • 'X>! O= :¡ 'nna :.nn;g m¡ •quap1.nao:. s: pUII' y ·cz·v <>tq".t 

ooo•o -6211'0 ~ao:;L ·o t9Z •;: ooo·o 000'0 -1!6'1'1 -(.,6'0 

6tt ·o -9'19'0 -o:;z.,•o (1!9'0 -~u;·o LE 1 'O -ero:;•¡ -Z'1E'O 
9EZ '0 -tilii'O -zo:;z·o ;:90'0 -9'>9'0 '{'H'D -e<;o:;•t -'1€0'0 
9LE'0 -Z'16'0 -ILQ•O -(<;.,•o -L09'0 691: •o -EZ9't. Eez•o 
6[<;•0 -ZEO'l 921'0_ -(911'0 -H'\>'0 116"'0 -ZH "1 919'0 
¡;<;q•o -O<;T"I .,.,E •o -€9I'T -OLZ'O '1L5'0 · -OZB'l 696 ·o 

'>LL'O -E6Z't ego:; ·o -o:;'1E'T -910'0 (09'0 -11(6'1 <;'1_€'1 
na·o -EH '1 TlL'O -L~E' I OZI '0 1!6<;'0 -666 '1 <?:'1~'1 
HI!'O -IIS'1'1 Z99 •O -96(' I on·o 6L<;'O -LSO'Z '1'1L't 
1106 •o -L'><;'T E:l.C'l -L9E't tt6E'O 9+,o;•o _.,n •z E'i6"T 
6€6'0 -61;9'{ ZLT," t -00€'T C'E'i'O OO!ó'O -991'<' L9T"Z 

€96'0 -'>EL't 0'>('{ -E6T 'T ~<;9'0 0'7'1''0 -ETC''<' 911('<' 
!116'0 -Z€11'1 61S"'l -t¡'70'{ 69L'O 69€'0 _.,c;z ·z 019';:' 
l66' o -0(6'1 LOL'T -T'iii'O S911'0 L8l'O -LII<:''<:' LEII'Z 
966'0 -OEO'l 'i06'l -€[9'0 aE6'0 961'0 -TTE'Z L90'E 
ooo•r -on ·z EH •z -OEE 'O 996'0 001'0 -9ZE'Z 66l'E 

000'1 -OEZ'2 lEE ·z ooo·o ooo• r ooo•o -!EE'l ZE<;'E 

"a 'a 'a ., ., ., 'o • 
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,., 
,., 
'. ' '. t ,. t 
,., 
o. t 
,., ,., ,., ,. o 

,., _.,.o ,., ,., ,., 
o•o 

' 



' '· 
0,0 4,011 

o .1 3, 737 
0.2 ),464 
0.3 3,193 
o,, 2.924 
0,5 2,659 

o.o z. 399 
o, 7 2.143 ,,, },893 
0.3 1,648 
1,0 1,409 

1.2 0,946 
1., 0,504 

1 • ' 0.077 
1.6 0,338-
2.0 o. 748-

,,, 1.155-

T.:<ble A.:::.s. 

'• '· ' ' B '• • ' ' z. 743- o.ooo 1.000 o.ooo z. 743 2:,583-

2.738- 0.099 0.980. 0.374- 2.489 2,483-
z. 723- 0.195 0,926 Oo693- 2.246 2,363-
2,699- o. 284 0,840 0,958- 2oOl3 2.283-
2o667- 0.363 o. 733 lol70- l. 789 2.185-
2,627- 0,430 0,609 1.330- l. 576 z.oe9-
2,581- 0.484 0.468 1,439- lo 37 2 1,994-
2,531- o. 523 o. 3l8 1.500- 1.177 ¡,904-
Zo477- o. 548 0.168 lo 514- o. 991 1.817-
2.422- 0,557 0.019 1.483- 0.813 l. 735-
2.366- o.ssz 0,126- 1,409- 0.644 1.659-

2.260- o. 500 0,384- 1.135- o. 326 ¡. 526-
2.169- 0,403 0.570- 0.705- o.o3I ¡, 423-
2.101- 0,278 0,656- 0.!23- Oo245- 1.351-
2.059- 0,148 0,610- 0.609 0.511- 1.309-
2,040- 0,044 0.401- 1.496 o. 770- 1.291-

2o037- o. ooo o.ooo 2. 542 lo 028- 1.288-

A 6nd B c~ffielents ter ELa.tie Pile•. E "'h, • 

\ 

"· '· '· ' 
1.000 o.ooo o.ooo o. o· 

loOOO o.Ol4- 0.249- O.! 
0.997 Q,Q48- 0.449- O·' 
o. 989 Ool04- Q,6Q4- ,,, 
Oo9T6 Ool70- Oo7}6- ,,, 
0,955 0.246- o.7ee- 0•5 

Oo927 0.326- o.an- ,,, 
o.a9o Oo4ll- 0.82:4- 0•7 
o. 845 0.491- Oo793- ,.. 
O o 792 o. 568- 0.732- O•' 
o. 731 0.636- Oo644- loO 

o.593 0.742- 0.391- lo 2 
0,438 o. 7.87- Oo044- 1·' 
0.283 0.753- 0.392 1•' 
o.l43 Oo624- Oo919 1· 6 
Q,Q41 0.378- 1.541 "' 
o.ooo o.ooo 2.262 ,,, 



,.--...._' '·~t ., '· =!--- "=·¡-
Doflection •1-

' • (El/k) 
" ,..,. 

" ¡ 
' • " Momenl 

..... ,_ • L/' 
--hl- Soil reoction 

'• '· '· '· •• '· 
T 
' 
j 

_, ---·' ... 
o'.ppend ix B .l. ' ""' B Coefficients for Elaetic Piles, zc.ax • 10, ' • 

y • (P,T}'EI)Ar + (\,\T~I)B, 

' • (P,r"/EI)A, + (M,T/EI)B, 

M • (P,T)A,. + (M,) B. 

V • (P,)A, + (M,/T)B, 

p • (P,/T)Ap + (M 1/T')S, 

'· '· '· '· 

n varted fram 0.0 to 4. 



' '· '· '· '· '· a, a, a. a, a, ' 
o.o 1 • 412 J,998- o.ooo 1. 000 1.412- o. 998 ¡, 412- 1.000 o.ooo Oo998- 0·0 

o.; 1,31'3 0,993- o, Q93 Q,S64 1.313- o. 861 l. 313- Q,995 Q,Q93- Oo86l- o. 1 
o., 1 o 2 14 0,960- o ,173 0.738 1.214- o. 735 1.214- Q,981 o.In- o, 73S- O•' 
o.' 1.117 0,959- o. 240 0.621 1 oll 7- 0.618 1,117- Q,96Q Oo24Q- Oo61B- o.> 
o·' 1,022 (1,932- 0.297 o. ? 14 1.c22- o. 512 l. 022- (),933 0.297- o.5I2- O•' 
o.> 0,930 (),900- o. 343 Q,416 0.930- o. 414 o. 930- o. 901 Q.343- 0,414- O·' 

o·' o. 842 0,664- 0.380 0.328 Q.S42- o. 326 Q.842- Oo865 Oo38Q- Oo326- O•' 
o.' o. 758 Q,824- o. 409 0,248 Q,758- Q,2,.6 (l. 758- o.ezs Oo409- Oo246- O•' 
0.8 o ,6 77 o. 783- o. 430 o. l 76 0.617- Q,l74 Q,677- o. 783 Q,43Q- Ool74- 0•8 
o.o 0,601 o. 739- 0,444 o. 1 12 0.601- o.no c.60l- Q, 7H Q,444- o.Ilo- o . ' 
1 • o o. 529 0,694- (),452 o.o56 o. 529- :).054 Q,529- o. 694 Q,452- Q,Q54- ¡.o 

lo2 0,400 0,603- (:,453 c.on- 0.400- Q,039- Q.400- o. 603 o.45J- Q,Q39 ¡. 2 

1 • ' (1,288 0.514- 0,438 ('.106- Oo288- o.l07- 0.288- o. 514 Oo438- Oo107 ¡.' ¡,, 0.194 o. 429- 0.412 0.154- 0.194- Q,l55- 0.194- Q,428 Oo412- Ool55 ¡.' 
1 • " o. 116 0.350- o. 37B 0.185- Ooll6- 1),185- o.ll6- o.349 o. 378- Ool85 ¡.e 
2oO c,054 C,278- o. 339 0.201- o.o54- o.2o2- c.os4- o. 277 0.339- Oo202 ,.o 

'·' '),047- 0,134- '),236 0,200- o.o47 0.201- Q,047 Q,l34 o.236- O o 201 ,., 
'.o (!,088- o. 040- 0,144 C.l64- o.o88 Q.165- o. ose Oo039 Ool44- O o 165 3·0 

'·' 0.093- 0.014 (',Q74 (1,118- o.o93 o.lla- Oo093 Oo014- o. 074- o. 118 ,_, 
,.o 0,079- o. 038 o.o26 Q,Q74- Oo079 (.',074- o.o79 (lo038- o. 026- Q,Q74 •• o 

'·' 0.059- (1,043 o.oo2- Q,Q40- O o (159 0.040- O· 059 (1.043- o. 002 Oo040 ,_, 
5.0 0.038- :¡,038 1),01&- o.ol6- 0.038 Q,Ol6- o.038 Oo038- Oo016 o.o 16 , . o 

l o.o o.ooo ').002- '),QOO 1¡,'100 1),(100 1).002- ('1.003- o.ooo o.ooo Oo002 1Qo0 

Table B.1.1. A and B Coefficients for Elaa~ic Pilea, E8 • k, z ., 10 mu 



z ' '· ' ' ,, 8 8, 8, 8 8, z ' • ' • • ' 
o.o !.794 ¡, 236- o. 000 1.000 o.ooo 1.236 1.550- loCO O o.ooo o.ooo o.o 
o. l lo670 1.231- O .lOO o ,953 Oo939- 1.086 ¡, 450- 1·000 Oo03I- Üo6ll- o.l o.z lo 548 1.217- o. 191 0.854 1.0}5- 0,946 1.3SO- o. 994 Oo093- Q,¡,]3- o.z 0.3 1.427 1.193- 0,271 0,750 l. 056- Q,BJ6 1,252- o. 981 Ool54- o.&o<o- ,. 3 
0,4 lo309 lo 163- (1,341 o. 6<t5 l,(l<o)- 0.696 1.154- Oo963 0·212- o.SS3- O·' o. 5 1.194 1,126- (),400 o. 543 l.QQ4- o. ses 1.059- 0.939 Oo265- o.<o92- o.5 

'·' lo084 1. 083- Q,449 Q,445 0.954- Oo484 Oo967- Oo9lO o-311- Q,426- Oo6 
O.> 0.978 1.036- 0.489 Q,3:>3 0.8'14- o. 392 0.878- (1.877 0·350- Oo358- ,,, 
"' 0.877 (),986- o. 520 0.266 Oo829- o. 308 o. 792- Oo840 o. 382- o. 292- o.8 
o.o o. 781 0.933- o. 542 o. !87 o. 760- o. 2 3 3 0.710- OoBOO Oo408- o.z;n- O· O 
l • o Oo690 0.878- 0.557 0.114 0.690- Ool66 Oo632- Oo759 o. 428- o.l66- 1 • o 

l • 2 0.526 0.765- o.567 0.010- o.sso- Oo055 Oo489- Oo670 Qo45Q- OoQ57- ¡, 2 

'·' 0.384 0.653- o.sss 0.106- Oo4]7- OoOJQ- Q.)64- o. 580 Qo452- Oo033 '·' '·' 0.264 0.5'+5- o. 526 0.177- Oo297- Oo092- 0·257- Oo490 Oo43-8- Oo103 '.' l • 8 o. 165 0.444- Oo485 0.226- 0.192- Ool34- 0.167- 0-405 Q,4J2- o. 155 lo 8 
z.o (1.086 0.352- Oo436 o.255- OoJOJ- o.I59- (1.094- ('1.326 o-378- Ool'?O "' 
2.5 0,040- 0.167- o. 303 0.265- Úo051 0.173- 0.025 o. 162 Q.273- 0.218 2.5 

'·' 0.091- 0.047- 0.180 0.219- o. 12 o 0.145- o. 077 o.os2 0.169- o ol91 "' 3.5 0.096- o. 018 0.0!17 (1,155- o. 131 Ool03- o. 086 0·010- 0·0!16- o.14l 3.5. 

'·' Oo079- ('.045 0.025 Oo093- o olll 0.063- O o073 Üo038- Oo029- o.oss '·' '·5 o.oss- 0.048 0.009- 0,045- o.oao 0.031- o. 052 Oo043- o.004 ··0-045 '·' 
; .o 0.032- 0.040 (1.023- (1.013- 0.048 o.oll- ().032 Oo037- O· 019 o.ol6 5.0 

!O o O o.oo¡- 0.002- ('1.000 o.ooo (I.QQ2 o.oo¡- 0·002- OoOOO 0•000 0·003 lOo O 

Tabh 8.1.2. A mo 8 Coef fiel en t" íor Elastic Piles, ' • kx0.25 
'~ •lO • ' 



z '· '· '· '· '· '· '· '· '· '· z 
o.o 2 o041 lo 384- o.ooo 1 • 00 o o.ooo 1.384 lo626- 1. 000 o .coa o.ooo o.o 

o. ' lo903 l. 319- Q,lQO 0.970 Oo602- l. 2.26 lo52b- ¡,ooo o.ozo- 0.388- o.• o.z lo766 lo 364- o ,194 0.900 Oo190- l, 078 1.426- Q.996 ÜoÜóJ- Q,482- o.z 
Od l. 6 30 1.340- 0.280 o.Bl6 0.893- Q,941 1.327- Qo987 Qol}J- . Q.'>l'>- Od 
o •• 1.498 1.308- Oo357 o. 724 0.947- o. e 13 l.Z29- Qo974 o.l64- o.514- '·' 0.5 l .368 1,269- 0.425 0.628 0.968- 0.695 1.133- Oo955 o.21s- Q,49l- o.' 
o •• lo244 1.224- 0.483 0,532 0.963- Q,58ó l. 039- 0.931 0.262- 0.454- O.ó 
o., 1. 124 },173- 0.'>31 Oo436 Q,94Q- O o 487 Oo947- o. 902 o. 305- Q,4Q8- o., 
0.8 lo009 },118- 0.570 o. 344 0-"02- o. 397 o. ese- Oo870 o.343- o. 355- o •• 
o.o Oo900 1.060- 0,600 0,256 (1.863- o. 316 o. 773- Qo833 o.376- Q,3Q2- '"' •• o (),797 0,999- 0,621 o.1 n 0.797- Q,242 Ooó92- Q,794 0.403- 0.242- . l. o 

'·' 0.610 0.872- 0.641 0,026 o.668- o. 1 19 Oo54l- o. 709 0,441- o.13l- '. 2 

'.' Oo448 0,744- 0.633 0.094- o. 530- o.025 0·408- o. 619 Oo456- o.oJo- ' . ' '·' o. 3 12 0.620- 0.605 (!,186- Oo395- Oo045- 0.294- Q.528 Oo454- Oo057 '. ó 

'·' o. 200 0.:004- 0.560 0.252- 0.268- Oo093- Úo197- O· 439 Oo435- Ool25 '. 8 z.o 0ol10 0.397- 0.505 ('.294- o. 156- (1.125- (1,1}8- Q.354 Q,4Q5- Ool75 '·O 

z.; Oo032- o. 184- Q.348 0.316- o.oso Ool47- o. 013 Ool77 0.299- 0.232 '·' ,.o ÚoQ86- 0.046- o. 2 o 1 0.263- 0.149 c.l24- 0·069 0o057 o.l85- 0.214 3.0 

'·' ÚoQ9Q- C'o023 (',089 0.!81- C'ol68 0.085- O· 078 0·011- o.o91- Ool6Q '"' '·' 0,07(1- (1,049 1"'.019 n. 1 OJ- ('. 14 o 0.049- 1"1.064 n.oJ9- Oo027- o. 098 •• o 

'·' Úo045- (l,Q48 0.016- (',044- o. 095 o.o22- (1,Q43 (1.043- o.Oo9 Oo047 '"' 
;.o Úo024- o. 036 (1.028- 1),007- OoOSJ o.oos- '-"'·024 0.034- 0.023 0.012 '·O 

1 o. o '1.001- '),':)01- 'l.'lOO 1),000 Oo002 ').001- 'l·OOO 'loOOO OoOOO Oo002 lOo O 

Ta:Ole ».1.3. ;. and Ii Coe.Hicients !or Elastic Piles, - kx0.5 '· . Z ~ lO 
·~ 



~ ' ' ,, ' '· ~ ... '· e, e ' ' a, e, z ' 
'·' 2.'•3? 1. (,;> .'1~ o.ooo 1.ooo o.ooo 1. 62 3 l. 749- 1.000 o.ooo o.ooo O• O 

o. l 2 .273 l. C. H> o. l 00 0.968 0.227- ],l¡~) ], (·'•\1- l. 000 0.007- 0.145- o. l 
e•.? 2 • 1 l 2 1 .&o:-· .. o. 198 0.9~6 0,422- 1.293 1.~ 1:9- (l,<¡j<J O,Q2B- 0.259- o.z 
(1. 3 l • 9 ~2 1.~71)- o. 2 91 0.90(, 0.596- l. 1 ~ 3 j.t,SO· (1,99~ o.oss- 0,)1¡)- O·' 
0. '· 1. 79(, J,~t,;,- o. 379 Q.BloO 0.718- l • 003 1.3~~- Q.\1(17 (o,Q0/5- o.4ol- O·' 
(_o 0 5 l. Vd· J.~o3·· Q 0 1o~9 Q,7G) 0,822- (', 873 J.253- 0o97ú o. 13 7- 0·'•36- O • S 

(' • 6 1,4'1:.> ).lo 53- 0,531 o.6n 0.897- (l,7!>2 ]. 156- 0.960 o.Jsl- Oo45!· "' o. 7 ),3:>3 1.397- 0.595 o • 5 8 5 Q,9rd- (>,611 ] J,Gbl- 0-939 (),226- Q,4l¡O· o • 7 
~· . " 1. 216 1.335- o .649 0.499 0.973·· (.', 540 o. 9(,<: ·- o.9Jt, Q,2"/[,- o-~32- o • e 
J • 9 J .086 lo268- o. 693 .0.392 0.977- o.44B Q,!l70- o • 8 8 ~ o. :;12- Oo403- Q.3 
~ • J o.%2 lol'n- o. 727 0.29' Q,9')2- (',}(,4 (', 7<:1- ('.(!52 8.?,C·¡¡- 0.36~- ~.o 

1.2 0.738 1. 04 7- Q. 76 7 0.!09 Q,l![l!,·· (1.223 (1,(.:'~· 0 , ·n ~ Q,.",llj- o. 2&7- l· 2 ' . . " o.s"!o o.B92-- o. 712 o.nSt:.· 0,761· 0.112 Q,482- 0.688 Q,45b- Q,JS7- l • ' 
1 • 6 o. 38 1 0.741- o. 746 0,193- 0.60'1- o. 029 o,354- o. 594 0.477- Oo046- ¡. ó 
1 • a o. 24 7 o. ~96- o ,696 0.299- 0·'·'·~- Q,Q)O- (',<''•!>- 0.49(1 Q,476- o .oss 1 • a 
2.0 (',141 Q,f,64- Q,628 0.371- Oo2S3- (1.070- (1,155- 0· 1•04 Q,4'>5- 0.140 z.o 

"' (', 020- o. 200- 0.422 0.424- OoC'49 o.Jo5- o. 006- o.zoo o. 3So- 0.?.63 z.s 
3 .o (',01~- o.o~o- 0.225 ('.349- o. 226 0o089- Q,057 o.os9 0.213- o. 268 ,.o 
3 • 5 0.074·- o. 034 0.081 0.?.23- 0.?57 o.os7- 0-065 0.016- 0.095- o.?oo ,., 
'•. o (',050-' o. 0~2 o.ooo Q.J06- o.zol o. 028- 0,049 o.o42- o.o11- o.t 13 "' '• • 5 0,026- 0.042 o,o32- 0.027- Q,ll7 o.oo9- Q,026 Q,Q39- o.o2I o.o,.l '·' 
5.0 0.009- 0.025 0.033- 0.013 0.046 o.ooo o.o11 o.ozó- Oo029 o.Oo2 ,. o 

1 e. o o .o o o OoOOJ o. ooo o. 000 o. 000 o.ooo o.ooo o .o o o o.ooo OoOOO 10·0 

T2 bl;, n .1.4. A and B Coeffidcnt5 for ElnsliC Piles, E~~ b:, Zmax g 10.0 

' 



' '· '· '· '· '· e, e, e, e, e, z 
o,o 2. 818 ¡,882- o.ooo 1.ooo o.ooo 1.882 1.886- l .ooo o.ooo OoOOO o.o 

o' 1 2.630 1.877- 0.100 o. 999 o.oz&- 1.698 lo786- 1.ooo Q,QQI- o.on- o. 1 o .z 2.44'3 1,862- 0.200 0.993 OoQ98- lo525 loó86- 1.ooo o.oos- 0·061- o.z 
'-' 2.258 \,837- 0,299 0,977 o.zo3- 1.31>1 lo5S6- o.999 0.014- Ool22- 0·'3 

'·' 2.075 l. 602- 0.395 (1.951 Q,1J2- 1.207 1.487- o. 997 o.oJo- Ool93- O·' o.; 1.897 1.758- 0,489 Q.910 0.474- 1.064 1.387- o. 993 0.053- Oo266- O• 5 

O.ó 1,724 l. 705- o. 577 0.856 o.ó:?l- Q,930 1.288- Q,987 Oo083- Oo335- O• ó 
o.' lo5'>6 },643- (),660 o. 786 0.162- o.ao6 1.190- Oo977 Ooll9- Oo395- O• 2 

'·' 1.395 1,573- 0,735 0.704 0.893- 0.692 1.093- Oo963 Ooló!- Oo443- o.e 
"' l. 241 1,497- o.aoo 0.609 ¡, 006- (lo587 Oo998- o.94'< Q.2Q7- 0.476- O• 9 
1 .o 1.096 l. 414- {),il56 O,SQ4 l. 096- O· 492 l'lo904- 0.921 0.255- Oo492- 1. o 

1. 2 0.631 1.234- o. 934 0.273 1.196- o. 330 0.726- 0.860 0.353- Oo475- ¡.2 
1 • ' (1.603 1.044- o. 965 0.034 1,161- (1.201 o. 562- o.76l o.44I- 0.395- 1.' 
1 • ' (1,413 (1,852- 0,949 0.191- t.ose- o.to4 (1.415- 0.665 (l. 507- 0.267- ¡.; 
1 • ' o .262 0.667- 0.890 0.383- 0.848- 0.034 o.288- 0.579 o. 545- 0.111- ¡.e 
2.0 0,146 0,498- (1,798 (1,526- 0.582- 0.012- (1.184- (1,469 (1.551- Oo049 z.o 

2.5 0.015- o,l74- 0.490 1),643- o. 096 o.o56- Oo015- o. 213 Oo443- Oo353 2-5 
3.0 Oo053- 0.004- o. 200 (),482- Oo480 Oo045- o. 044 1),041 0.242- O o409 3oO 
3 • 5 0,039- o. 046 (1,022 0.230- 0.476 Oo022- Oo042 (',Q33- Oo067- o. 271 3· 5 
'.o o.on- o. 038 (l,Q41- 0.042- 0.264 o.oo6- o.ou o ,Q40- (1.023 0·09~ •• o 
' '5 0.003- o, 017 (1,038- 0.036 o .o61 (1o001 0.006 (l.Q22- (1.040 0·014- •• 5 

5 .o ').001 :),003 1),017- 1),039 'lo034- o. 002 o.oo1- o.n06- O· 023 Oo04o- ;. o 
¡c.c -~.000 '),001') 1),000 1),().~0 (),000 0·000 0·000 f\oOOO n.ooo OoOOO lO• O 

T~b~e B.l.S. J. anci 11 Goeffic:ienu for ElasUc l'ile•, 



z '· '· 
o.c 2o754 lo 940-

o.' 2.560 }.935-
o.z 2 o 36 7 1.920-

o • ' 2.176 1.895-
Q,l¡- 1.988 1.860-

'·' 1.804 lo815-

'·' lo625 1, 760-
o.' 1.452 1.696-
c.s 1.286 1,622-
o. 9 1.127 1,539-

' • o 0.978 ¡, 448-

' . ' 0.708 l. 244-

' . ' 0.481 1.020-

' • 6 o.Joo o. 789-

' • 6 0.165 0.568-
2 .o 0.072 0.370-

z • , Oo02l- 0.049-

'.o OoOI&- 0.034 
J • 5 o.ooz- Oo016 

'·' 0.001 o.OrlO 
4oS o.ooo 0,001-

s.o o.ooo o.ooo 
lOo O o .ooo o.ooo 

Table B.l. 6· A a¡¡d 

'· '· '· B, 

0,000 ¡,ooo o. 000 lo94Q 

0.100 1.000 o.ooo- l. 7 52 
o.zoo 1.000 0.004- lo 57 3 
0,300 0.996 OoOlB- ! • 405 
0.400 '),995 Oo051- l. 24 7 
0,499 Oo987 Ooll3- !.Q99 

o. 597 0.970 0.211- Oo960 
0,693 0.942 Oo349- 0.832 
o. 78, 0,899 0.527- 0.714 
0.873 o. 835 0.740- Oo605 
0.952 o. 749 0.978- o.so1 

1,080 0.504 lo 468- o,339 
¡, 1 50 0,170 lo849- o.zoe 
l. 146 0.216- 1.968- o. 11 2 
1.064 0.615- 2. 227- Oo046 
o. 904 0.932- lol53- o o006 

0,373 1,009- o.eos Oo02l-
0.012 0.390- 1. 319 Q,QQ9-
0,051- 1),048 0.365 OoOOI-
0.011- 0.063 ().156- o.ooo 
1),002 1),002 Oo056- i),QQO 

o.oo¡ 0.004- Oo012 o.ooo 
o. 000 o.ooo o.ooo o.ooo 

B Coeff1c1eut6 fo• Elast1c Piles, 6 • 

'• '· '· '· z 
1.9]2- J,QQO o.ooo o.ooo 0.0 

1.832- l .ooo o.ooo o.ooo- Od 
1.732- loOOO o.ooo OoOOJ- '" lo (>33- J,QQO OoOOl- OoOll- '"' 1.533- 1·000 Q,QQJ- Oo032- ,,, 
1.433- O· 999 o.ooe- 0.069- o.s 
1.333- o. 998 o.o1e- Ool24- ,,, 
1.233- o. 996 Oo034- o.zoo- '·' 1,134- o. 991 0.059- 0.292- e • s 
1.035- o .984 o. 094- o. 397- '"' o.937- o .973 Q.l39- Q,SQ7- loO 

o. 746- 0.934. o.26o- o. 702- '. z Oo5b6- 0-867 Oo4l2- 0.799- '.' o. 402- o. 769 o.Sós- o. 731- '.' 0.261- o.64l 0.698- 0.621- '. 8 
o.147- Oo493 o. 764- Oo09&- 2.0 

Oo007 o. 14 1 0.559- o.Sl9 '"' o. 02& o.o29- o.IJo- Oo716 '·O 
1).007 ().031- o. 063 Oo078 '·' o.ool- I),QQ3- o. 032 Q,l]<¡- '"' o.ooo o.OQ2 o.ooz- o.o2o- '·' 
o. 000 o.ooo o. 002- o.oos s.o 
o.ooo o.ooo o.ooo o.ooo lOo O 

zmax - 10 



'· '· '· '· '• 

T 
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_, ---.... -

Appnndix B.2. A and B C6efficients for Elastic Pites, z - 10, 
·~ 

'· '· '· '· '· 

k /k1T varied from 0.1 to 5. 
o -



e '· '· '· '· '• a, a, '· e, '· ' 
e .o 2olSl lo468- o.ooo 1 .ooo o • .z!s- lo 468 1·660- loOOO o.ooo Ool47- O• O 

Col 2o004 lo46)- 0,099 0.969 Üo40l- },)Q7 lo56Q- Qo999 o.oz¡- Oo261- Ool 
~.2 lo858 lo449- o, 194 o. 9 21 0.557- ¡, 156 lo46Q- Qo996 o.osi- Oo347- O•' 
0, ¡, 714 1.425- 0,283 0.859 o. 686- 1 o 015 lo36l- {'o989 Oo089- Oo406- O·; 
o •• 1.573 1.393- 0.366 o. 786 0.786- Q.884 }.263- Qo978 Ool3I- 0.442- O·• 
0.6 lo435 1.352- 0,440 o. 703 0.861- (1.763 }ol66- 0·963 o. 176- 0.458- O·' 

0.6 ·¡. 302 1, 305- o. ~06 o.~IS 0,<112- O· 651 lo070- Oo943 o.zzz- Oo456- 0·6 
Q,7 ¡, 1 74 1.251- o.%3 o. 522 o. Q40- o.S49 Oo977- Oo9l9 o. 266- 0.439- O•' 
2,8 l. 0 52 1.!93- o.t>ll 0.428 0.947- Q.456 Q.887- Qo89Q Oo309- 0.410- o. a 
0.0 ('o9)6 },130- o. 649 0.333 Oo936- 0. 3 7 1 n.eoo- Qo85 7 Oo348- 0.371- O•; 
,,o Oo826 1.063- 0.677 0.~41 0.909~ (1.296 (1.716~ 0·820 Oo383- Q,JZS- ! • o 

l ·' 
0.627 0.92$- o. 708 o. 'J68 o.e1s- 'Jol68 'Jo56Q- Oo738 o.437- o.219- l • ' 

1,4 o.4S6 o. 783- o. ?06 0.')82- 0.685- /)o07l Oo42l- 0·640 0.470- 0.106- ¡ •• 
l • 6 o.JI4 0,644- 0.676 o.2o4- o.S34- o.oot-. o. 302- Qo551 0.4~0:- Oo002 ¡. 6 
:,8 c.l98 0.514- 0.626 0.295- 0.377- Q,OS!- c.2ot- o.455 Oo470- Oo097 loS 

'·' Col08 o. 395- 0.560 0.355- 0.226- (_1.082- Coll9- Co364 Q.443- o,¡ 7 3 loO 

'·' ' n.o27- 0.!63- o. 36 7 o. ~89- 0.1}71 1}.105- Oo0l2 (lol69 0.326- Oo273 '"' ; • o .':'.071- 0.026- 0.189 o, 31 o~ 0.219 ')o084- O• 061 Oo04l o.1s9- o.260 ;.o 

'·' ·· Oo065- 0.035 0.063 o.\92- o. 235 (1.051- C'o063 0·024~ o.on- o.IS4 '·' 
'•. o 0.043- 0,047 0.006- 0.')87- 0.177 0·024- o. 045 Co043- o.oo7- o.o97 "• o 
'. 5 0.022- 0.037 0.030- 0.018- 0.(199 Oo007- (1. 024 (lo037- Oo024 Oo030 .. , 
'.o c.oo7- 0.021 0.030- 0.015 Q.Q36 O· 001 o. 009 0·02:3- o.oz9 Oo0Q7- 5 • o 

¡o.o o.ooo o.ooo o.ooo o.ooo o.ooo OoOOO 0·000 0•000 CoOOO o.ooo lo·O 

Table B.2.1. B Coeff1cienta for Elaat1c Plles, 



z o, '· ' '· '· '· B, '· '· '· z • . 
o.o 1.930 ¡,348- o.ooo 1.ooo 0.386- 1.348 1.589- loOOO o.ooo o.no- o-o 
o. 1 1.796 1,343- 0.098 0.954 Oo5)9- 1 • 194 lo489- 0.999 Q,Q)l- 0.358- o.! o.z 1.662 l. 329- 0,191 0.894 o.6s5- lo OSO 1.390- e ,994 0.070- 0.420- o.z o., 1.530 1,305- 0,277 0.822 o. 765- 0.916 lo29l- O o 985 0.114- Oo458- O•' o.• 1 ,4Ql 1. 274- 0,355 o. 742 o.e4o- (),792 loJ93- Oo97l 0.161- Oo475- o-• o., 1.275 1,235- 0,425 0.65!:> 0.893- 0.678 1.097- 0.952 o.zoa- Oo474- o • , .. 
o.o '1,154 1.189- 0,486 0,565 0.923- o. 573 loCO)- Q,929 o.zss- Oo45B- O·' 
O.> lo037 1.138- 0,538 o. 472 0.933- Q,477 o.9ll- O o 902 0.299- Oo43Q- O·' o.o Oo926 1.082- o. 58 1 o. 3 79 0.926- o.39I 0.823- 0 0 869 Oo34Q- Oo391- o-• o.z .~.821 1.022- Oo6l4 0.267 Q.9Q3- 0.313 O o 737- Oo833 0.377- Oo344- O•' 
1.0 (',722 (1,960- (',638 0.199 0.866- 0.243 ('.656- (1,794 Oo409- Oo292- 1· o 

1 • ' :),543 'J.829- o. 661 0.036 o. 760- o. 127 'Jo506- Oo707 Oo456- Ool78- 1·' 
1 •• 0.390 0.698- 0.654 0.103- 0.62'<- o. 040 O o 374- o .613 Oo480- Oo064- 1·' 
1.0 0.263 0,570- (1,621 0.213- 0.474- Oo023- o.26l- o. 516 O.lo82- 0.042 '"' 1.0 :.'o 162 0,450- o. 570 0.292- Oo323- Oo065- o.167- o.421 1).465- o. 13 l '"' 2.0 '), 083 (1,343- (1,506 Üo343- Ool82- Oo09l- Oo092- o.33l· 0.431- Oo200 z.o 

'·' 0.033- (.1.135- o. 324 0.~60- 0.1)88 Ool04- .0.024 o.l45 o. 306- Oo280 ,., 
M r ::J.066- 0.015- 0,161 0,279- Oo213 Oo079- Oo064 o.o26 . o. no- 0.253 3·0 

'·' 0.059- 0,036 0.049 0.168- Oo2l7 0.046- Oo06l .o.o3o- 0.063- o. 171 ,_, 
•• o o.oJB- 0.044 c.oo9- 0.'.173- o. 15 8 o.c2o- Oo042 Q,Q44- OoOOl o.o85 •• o 

'·' .'l,OlB- o.o33 ll,Q29- o.rll2- o.oe5 .o.oos- n. 021 • n,o35- o. 026 0·022 ,_, 

'·' (1.005- 0.018 0.027- 0.(115 Oo029 Oo002 Oo007 Oo021- Oo028 OoOll- 5·0 
! o. o fl,OOO c.OO(l o.ooo O.llDO o;IJOO 'J,OQO lloOOO o.ooo o.ooo 0·000 10·0 



2 o, '· •• '· A, B, '· '· '· '· ' o.o }.490 10104- o.ooo 1.000 o. 745- 1.104 ],439- loOOO o.ooo Oo552- o.o 
' o o l 1.380 1,099- 0.09(> 0.921 0.828- o. 965 1.339- Oo997 Oo057- Oo579- Od 
0.2 l. 270 1.085- o. 184 o. 836 Oo889- o. 836 1.240- o. 989 o.us- o.sas- o. 2 
0.3 1.163 1.063- 0,263 o. 745 Oo93Q- o. 717 lol42- O o 974 o.l13- Oo574- 0.3 
o., t.ose ],QJJ- o • 3 3 3 o. 651 0.952- Oo608 1.046- n, 954 o-229- o.547- o·' 
'·' '· 956 o. 997- o. 394 c.sss 0.956- o. sos Q,95l- Oo929 Oo28l- o. sos- O o 5 

0.6 (),858 o. 955- o. 444 Q,460 0,944- Q,417 0.860- Q,898 o,JJo- Oo459- Oo6 
o. 7 o. 765 0.908- 0.486 0.367 Oo9JB- Q,JJ6 o. 772- o .863 Oo373- Q,4QJ- Oo7 
o.e Oo677 (!.858- Oo518 Oo277 o.eeo- Oo26J Oo688- Oo823 Oo4lO- O o 342- o.e 

·O ,9 0.593 o.eos- o. 541 o.l92 Oo831- O o 198 Oo608- Oo78l Oo44J- Oo278- O•' 
loO 0.516 o. 750- (1,556 0,112 Oo77J- o. 141 0.532- Oo735 0.466- 0 • .212- loO 

1.2 0.377 0.638- o.s6~t 0.030- 0.640- o.049 0.394- 0.638 Oo495- Q.Q84- lo 2 
lo' OolbO Oo527- 0.545 0.144- 0.495- ,0.017- 0.277- 0.538" o. soo- o.o33 1·' 
loó .0.166 C¡42t'- o. 508 0.228- 0.348- o.o6z-- Ool79- o.439 o. 483- o. 131 '·' 1.' 0~091 0.325- 0.456 0.284- 0.210- o. 090- O .lOO- Oo346 Oo449- o.2o1 loO 
2.0 0.035 a. 24o- o. 395 0.113- o.o88- 0.103- 0.040- 0.260 Oo403- o. 259 2.0 

2 • 5 0.041- 0.062- o. 238 0.298- 0.124 0.098- 0.046 0.094 0.259- Q.295 2.5 

'·' 0.058-. 0.003 0.!08 0.212- o • .20 3 0.068- 0.066 o.ooo Ool24- Oo238 3oO 
3.5 0.047- o. 035 o.oz7 0.126- o. 187 o.o37- o.o55 o.o37- o.04Q- 0.147 3.5 
'.o 0.028- o. 036 0.015- 0.048- Ool25 o.OI4- o.on Oo042- O o 012 Oo064 •·O --..s 0.012- 0.025 0.026- 0.002- o.osl Oo002- Oo0l6 o.o31- 0.029 o.oo9 .. , ... . - _·.- . 
s.o , o.-oOJ- 0.013 0.022- 0.016 OoOlS 0.003 Q.004 Oo017- Oo026 Oo0l6- s.o 

¡0.0 o.ooo o.ooo o.ooo o.ooo CloOOO O o 00() o.ooo o.ooo o.ooo o.ooo lOo O 

Z "' lO -



' A, A, A, A, A, B, B, '· B, '· ¿ 

e.? 1,097 o. 679- o.ooo 1.ooo lo097- o.B79 1.290- loOOO o.ooo , Oo879- 0·0 

o. 1 1 ,010 0.674- 0.095 0,890 lolll- Oo755 1.190- Oo996 o.oBb- ().830- Oo1 
0.2 Q,923 0.861- 0,178 o. 779 lol07- Q.641 1.091- o.9BJ o.t6s- 0.769- 0·2 
o.' 0,837 0.839- 0,250 0.669 lo089- o. 537 o. 994- o.963 0.239- o.69B- 0.3 
o •• o. 755 0,811- 0.312 o. 562 lo057- Oo442 Q,B99- Oo935 o. 305- Oo6l9- O·' 
o. 5 Oob 75 o. 777- 0.363 0,458 lo0}3- Oo357 Q,807- O· 902 o. 31>2- Q,SJS- o-5 

O.ó o. 599 o. 739- 0,403 0.360 0.959- Q,ZBI Q,719- o. 863 Q.4ll- Oo449- "Qo6 
o., 0.527 0.697- 0.435 0.267 Oo897- o.213 O· 635- Oo6l9 0.452- o. 362- O•' 
o.e Q,460 0.653- Q,457 o. 181 o.BZB- Ool53 Q.556- o. 772 Q,464- Oo276- .o.s 

'"' o,397 0.606- 0.4 7l 0.102 o o 754- Q,JQ2 Q,48l- o. 723 o. 507- Ool93- 0•9 
1 • o o. 339 0.559- 0,477 0.030 0.677- o.os7 o,4ll- o.6 11 0.523- o. 115- 1·0 

1 • ' 0.236 0.464- 0.470 0.090- o.s2o- 0.012- o,2B8- o.565 o.s:H- Oo026 1·' 
1 • ' '),153 o. 372- 0,443 0.178- 0.367- o. 0 59- Q, LBS- o.460 o.sl4- 0.141 1·' 
1.ó 0.087 0.288- 0,400 0.238- Oo227- o.oe7- Q,l03- Oo36Q 0.477- o. 226 1·' 
1.8 0.037 0.213- 0,349 0.270- O. loS- o.IOl- o,o4o- Oo269 o. 426- o. 283 , .. 
2.0 0.001 0.149- 0.293 0.281- Oo004- o.1o4- o.oos o.l9o o.366- o. 312 '"' 
2.5 0.042- 0.036- 0.160 0.240- 0.146 Oo084- o.06l 0.047 0.210- 0,29S '· 5 
J .o 0.044- 0.017 o.o60 0.156- o. 177 OoOSl- Qo064 0·025- Q,Q83- o. 205 '"' ' • 5 :0.031- 0.031 o.ooJ 0.075- 0.139 o:o23- o,045 Oo045- o.oo6- o.1o5 '" 5 '.o 0.016- '0.026 o.ot9- 0.020- o.oel o.oo6- o-.024 0.038- o.o26 o.on •• o 
,.5 0.006- 0.016 0.021- o.ooa Oo031 . 0.002 o. 009 Oo023- o. oJo o.oog- ,.5 

;.o o.ooo 0.007 0,014- O.'l!S o.oo2 0.004 o.ooo o.oio- o.o22 Oo022- 5·0 
¡0.0 o.ooo (I.COO o.ooo o.ooo o.ooo OoOOO o.ooo o.ooo o.ooo o.ooo lO• O 

Ta.ble B.2.4. A and !1 Coeffictenta for Elastic Piles, E5 • ~O+ 1o.1x where "o'"-¡T • l. O, 2m=" 10 
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o. 1 1),360 Q,431- 0,090 Q,8Q7 1.837- 0.348 Oo825- Q,989 o.l98- 1,775- O•l 
0.2 0.318 0,418- 0.161 0.633 1.651- o.no 0.728- Oo960 o. 357- 1.406- Oo2 
Od o .277 0,399- 0.216 0.4 77 1,465- Oo202 Oo634- Q.9l8 Oo481- lo073- O•' 
M 0.238 o. 3 76- 0.257 0.340 lo 283- Ool44 0.545- (),664 0.573- Oo775- O•A 
D.> 0.201 '),349- !!.264 0.220 1.107- 0.093 Oo461- o.ao3 0.637- Oo5I4- O•> 

o·' 0.168 o. 319- Q,JQI o. liS Q,940- Q,Q'H o.JB4- ·Q.737 Q.677- Oo287- O•' 
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Appendix C.l. • and b Coefficienta for Rigid Piles, E5 ~ kx
0

, n varied from 0.0 to 4. 



' o, •• •. o, o, 

o. 00 4o000 6 o 000- o.ooo 1 .o o o 4,QQO-

o.os 3. 700 6oOOO- Üo045 o.aoe 3o7QQ-
0,}0 ~ o40Q 6. 000- 0.075 o. 623 3.400-
0.15 3,1QO 6.000- 0.108 Oo468 3o!OQ-
o. 20 z. 800 6o000- 0.128 0.320 z.eoo-
0,25 2, 500 6.000- o. 14 1 o ,188 2. 500-

o. '30 z.zoo 6. 000- c.l4 1 0,070 z.zoo-
0,35 '· 900 6 o 000- Q,l48 0.032- 1.900-
0.40 J o6QQ 6oOOO- 0.144 0.120- l. 600-
o .45 lo 300 6o000- Col36 Oo192- 1.300-
o. so t.ooo "'. 000- 0.125 0.250- 1.:)00-

0,55 0.700 6.000- c.111 0.293- 0.700-
0,60 Oo400 6.000- Oo096 o. 320- 0.400-
0.65 o. roo 6.000- o.oeo 0.333- o.roo-
o. 70 c.2oo- 6.000- 0.063 0.330- 0.200 
o. 75 o.soo- 6. 000- 0.04 7 0.313- o.soo 

o.eo o.soo- 6o000- 1).032 o.2ao- 0.900 
o. 85 l, lOO- 6. 000- 0.019 0.233- 1.100 
o. 90 lo400- 6.000- 0.009 o .170- 1o400 
o. 95 lo 700- 6o000- 0.002 0.093- !.700 
¡,QO z.ooo- 6.000- o.ooo o.ooo 2.ooo 

Table C.l.l. a nnd b Coefíicienta fot R!gid Piles, 

b, 

Óo QQQ 

5o 400 
4.8QO 
4o200 
3.600 
3. 000 

2o40Q 
t.eoo 
lo2QQ 
Oo600 
o.ooo 

Oo600-
1.200-
t.soo-
2.400-
3. ooo-

3.600-
4.200-
4.Boo-
5o400-
6·000-

E ~ k 
• 

'· '· 
12.ooo- !.ooo 

12.ooo- Üo99} 
IZ.ooo- o. 963 
¡z.ooo- Oo939 
¡z.ooo- o.e96 
12. ooo- o .844 

tz.ooo- o. 784 
l2oOQQ- o. 718 
¡z,ooo- Oo648 
12.ooo- o. 575 
12.ooo- o. sao 

12.ooo- Oo425 
t2.ooo- o. 352 
r2.ooo- 0.282 
12.000- 0.216 
¡z.ooo- ()ol56 

tz.ooo- o. 104 
12.ooo- o. 061 
t2.ooo- o.oze 
12. ooo- Oo007 
12·000- O•OQO-

b, '· ' 
o.ooo 6.000- CoCO 

o. zas- 5.400- Oo05 
Qo555- 4,800- o.to 
o. 765- 4,200- Ool5 
Üo96Q- 3.600- Üo2Q 

1.¡25- 3.000- Oo25 

1 o 260- 2,4QO- Oo3Q 
l. 365- 1.800- Oo35 
1.440- t.zoo- Oo4Q 
}o4S5- o.6oo- 0·45 
l. 500- Q,:JOO- ')o 50 

lo485- Q.600 ·o.ss 
J. 440- 1. 200 0·60 
1.365- ¡. 800 O o65 
lo 260- 2. 400 Oo7Q 
lol 2 5- 3. ooo Oo75 

0·960- 3.600 0·80 
o. 765- 4. 200 Oo85 
0.540- 4.800 o. 90 
Oo285- 5.400 0·95 
OoQOO- 6.ooo 1 • 00 



' o, o, o. o, o, 

o.o:~ bo 398 9.242- o.ooo ¡,noo o.ooo 
o. 05 .5.936 9,242- 0.048 0.895 2, B07-
o. 10 So 4 74 9.242- o. 081 Q,7Q2 3o078-
o. 15 5.012 9,242- o. 122 o. 591 3ol!9-
o.zc 4, 550 9.242- Ool48 0.436 3o043-
0.25 4,088 9.242- 0.16& 0.288 2.890-

o. 30 3,626 9,242- 0,177 0,148 2.683-
o. 35 3, 164 9.242- o. 181 o.ozo 2 o433-
o. 40 z.7ol 9.242- (1,179 Oo095- 2olú8-
0,45 2.239 9,242- 0.172 0.194- 1.8~4-

0.50 1 • 77 7 0,242- o. 160 Qo27B- lo494-

0.55 l. 315 9,242- o. 145 0.343- 1ol33-
o. 60 o. 853 9,2<t2- Ool26 0.390- Q.7Sl-
Q,65 o. 391 9.242- Ool06 o.4ta- 0.351-
0.70 0.071- 9.242- o.oas 0.425- Oo06~ 

o. 75 0.533- 9o242- Oo06't 0.411- d.<t<l6 

(1,60 0.995- 9.242- 0.044 o.:ns- Oo94l 
0,85 lo457- 9.242- Oo026 0.317- lo 399 
0.90 1.920- 9o242- o.on 0.235- lo870 
0,95 2. 382- 9.242- 0.003 0.130- 2.351 
l. o o 2,644- 9.242- o,ooo- o.ooo- 2.644 

Table C.l.2. a and b Coefficients for Rigid Pi1es, 

'· '· 
9o242 16·600-

8. 412 l6o600-
7.582 16·600-
6.752 16·600-
5o 922 l6o600-
5 o092 16·600-

4,262 l6ob0Q-
3,432 l6o60Q-
2 o602 l6o600-
1.772 l6o600-
o.942 léo600-

Ooll2 16•600-
o.na- 16·600-
l. 548- 16.600-
2.378- 16·600-
3.208- 16.600-

4o038- 16.600-
4. 868- 16·600-
5. 698- 16•600-
6.528- 16·600-
7.358- 16.600-

.... ,_ __ 0.25_ 
·, -

'· 
1 .ooo 

Oo997 
Q.973 
Oo96l 
Oo927 
Q.884 

0.831 
o. 771 
(.'1. 704 
Ooé32 
o. 556 

Oo4, 76 
Oo40Q 
o. 324 
(1.251 
Ool83 

o. 123 
o.on 
Oo034 
o.oo9 
o.ooo-

'· '· ' 
OoOOO 0·000 0•00 

O o ISO- 3.978- 0•05 
(),424- 4.264- O o lO 
0.571- 4. 202- Qol5 
0.776- ].960- 0·20 
Q,9b5- 3.601- Oo2S 

1,134- 3.154- o .30 
},279- 2,640- Qo35 
lo397- 2o069- Qo4Q 
1,485- lo451- Qo45 
1,542- 0.?92- O o 50 

1.564- o.o97- Qo55 
1.551- o .632 Oo60 
1.soo- lo 390 Qo65 
1.411- 2.175 0•70 
lo282- 2.985 O• 75 

1.112- 3 o819 0•80 
o.9oo- 4o674 Oo85 
o.645- 5. 550 0•90 
0,345- 6o444 Qo95 
o.ooo- 7.356 1•00 



' o, o, o, o, o, 

o.oo 0,404 l3ol65- o.ooo 1.000 o. 000 

o.os e. 745 13.165- O,Q49 0.936 1.956-
0.10 8.087 1~.165- 0,087 Oo782 2.557-
o.¡s -.,429 13.165- 0,131 0.685 2.877-o.zo 6. 77l 13,165- 0.161 o. 537 3.028-
u.zs 6.112 13,165- 0.184 Oo384 3. 0:'6-

0,30 5,454 13.165- o. 200 0.233 2,987-
0,35 4.796 D ,165- 0.208 o. 08 7 z.a:n-
0,40 4,1)8 13.165- 0.208 o.oso- 2.617-
0,45 J-,479 lJ,lbS- 0.20) 0.174- 2 .))4-
o. 50 2.621 13.165- o. 191 0.263- }.995-

0,55 2, 163 13.165- 0.175 o. 373- l. 604-
(1,60 l. sos 13.165- 0,154 0.442- 1.165-
0.65 o. 846 D. 165- o. 131 0.488- o. 61'12-
0,70 o. 186 1~.165- (1,106 0.510- 0.1~7-

D.75 0.470- 13,165- o.oso o. 504- 0.407 

o. e o l. 128- 13,165- o.o56 Q,468- l.Q09 
0,65 1,787- 1~.165- (1,034 {1,402- l. 647 
('.90 2,445- !3,165- o.oi6 0.303- 2. 320 
0.95 3.103- 13.165- 0.004 0.170- 3. 025 
l. oo 3.762- !3.165- o. ooo 0.1)00 3o 762 

Table c.l.J. a and b CoefficientG fo• Rigid Pilcs, 

b, b, 

l3ol65 2lo931-

12.069 21-931-
10.972 2lo93l-
9.875 2lo93l-
8.779 2lo931-
7o682 2lo931-

6. 586 Zlo9)I-
5.489 2lo931-
4. 393 ;>1.931-
3.296 21-931-
2.200 2lo93l-

1.103 21-931-
o.oo6 2lo93l-
lo090- 2lo93l-
2.187- 21.931-
3,283- 21.931-

4.380- 21o931-
5.476- 21,931-
6,573- 21.931-
7.670- 21.931-. 
8.766- 21-931-

' ~····0.5. 
' -

b, 

loOOO 

0.998 
o. 982 
0.973 
o. 947 
Q. 911 

0.865 
Oo8ll 
O• 748 
Oo676 
o.603 

0.524 
0.443 
0.362 
0.283 
o.2o9 

Ool42 
Q,Q64 
o.Q40 
o.olo 
o.ooo 

• 

b, b, " 
0•000 o.ooo OoOO 

Oo089- 2.699- 0·05 
0.302- ).470- 0•10 
Oo429- 3.825- OolS 
0·624- 3,926- Oo20 
o.st9- 3.841- Oo25 

loCOS- 3,607- o. 30 
1 ol77- 3.247- O o35 
lo 326- z. 778- Oo40 
1·4!>4- 2.211- Oo45 
}. 546- lo 555- O oSO 

1o606- o.616- O o 55 
1o629- o.oo5- Oo60 
1o607- Oo879 Oo65 
1o'i40- I.-830 o. 70 
].423- 2.843 o. 75 

1.254- 3,917 Oo60 
}oQ3Q- s.o49 o .as 
Qo748- 6, 236 Oo90 
Oo406- 7,475 Oo95 
o.ooo- a. 766 loO O 
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ST'O -06L'2 -OEZ'O 886. o -000. 9~ 009'1H -09!'2 s2s·q 1'71'0 -000''12 00'>''71 <; ¡ • o 
Ol·O -0'>0'2 -6El'0 266. o -000'9€ 00'>'02 -0%'1 568'0 t,60'0 -000''72 009'51 o¡ • o 
e; o • o -on·r -6lÜ'0 000'1 -000'9€ ooz·z2 -0'78'0 6L6'0 oc;o·o -000''72 008'91 so·-o 

00•0 ooo•o ooo•o ooo•t -000•9€ 000''7l ooo·o ooo· t 000' o -o o o ''>2 ooo•sr oo• o 

,, ., ., ., ., ., "o "o "o 'o 'o 
' 



' o, o, o, o, o, 

o.oo 48.000 60.000- o. 000 1.000 o.ooo 
e .os 45.000 60,000- 0,050 0.998 0.112-
o .ro 42.000 60.000- 0,099 0.981 o. 420-
0,15 39.000 bO.ooo- Q,l48 0.954 Q,877-
0,20 36.000 60.000- 0,195 0,896 ¡,440-
0.25 33,000 60,000- Q,237 0,809 2. 062-

o. 30 30,000 60.000- o. 275 0.690 2.700-
').35 27,000 60,000- 0.306 0.539 3.307-
'.lo40 24,000 60.000- Q,328 0.360 3,840-
0,45 21.000 60.000- 0.341 '),157 4. 252-
o.so 18,000 60.000- o. 344 0,062- -4.500-

0,55 15.000 60.000- o. 335 0,289- 4. 53 7-
0.60 12.000 60.000- o. 315 0.512- 4,320-
0,65 09.000 60,000- 0.284 0.716- ).802-
0,70 06.000 60,000- 0,244 0.88&- 2. 940-
o. 75 03.000 60.000- 0,196 lo004- 1.688-

o.eo oo,ooo &0.000- 0,145 lo048- o~ooo-
o.es 03.000- 60.000- 0.093 0.996- 2.167 
'.l,90 0&.000- ~o.oon- o.o47 0.822- 4,860 
0.95 09.000- 60.000- 0,013 o.soo- B , 122 
loOO 12,000- 60.000- o.ooo o.ooo l2o000 

Tabl• C.l,S. a and b Coefficients for Rigid Pilcs, 

o, 

60.000 

56o000 
52.000 
48.000 
44 .ooo 
40oOOQ 

36o000 
32o000 
28.000 
24o000 
20o000 

l6o000 
12.000 
08.ooo 
04.000 
oo.ooo 

04.000-
os.ooo-
12.ooo-
1&.000-
20oOOO-

' . ·-·' . -

'· '· 
so.ooo- loOOO 

so.ooo- 1.000 
so.ooo- o.999 
eo.ooo- o. 998 
so.ooo- 0.993 
eo.ooo- Oo984 

so.ooo- Oo969 
so.ooo- Oo946 
eo.ooo- o.913 
eo.ooo- 0.869 
8o.ooo- 0.812 

8o.ooo- o. 744 
8o.ooo- 0-663 
8o.ooo- O· 572 
eo.ooo- Oo4 72 
so.ooo- O· 367 

so.ooo- 0-263 
eo.ooo- Q,J65 
so.ooo- o.oBl 
eo.ooo- o.o23 
eo.ooo- o.ooo 

b, b, " 
o.ooo o.ooo 0•00 

OoQ02- Ool40- Oo05 
OoQ24- Oo52Q- O .lO 
o.o57- r.oso- Ool5 
0.}28- ¡, 760- 0·20 
Oo234- 2o50Q- Oo25 

o.ns- 3.240- Q,)Q 

Oo557- 3o92Q- Oo35 
Oo768- 4o48Q- Oo40 
1oQ02- 4o860- O. ,.S 
1o250- s.ooo- o.so 

1.497- 4,B4o- O o 55 
lo728- 4o320- Oo60 
1.922- 3o380- o. &5 
2o058- lo960- o. 70 
2ol09- o.ooo- O• 75 

2oQ48- 2. 560 O oSO 
lo842- 5.780 Oo85 
1,458- 9. 720 Oo90 
0.857- 14,440 Oo95 
o.ooo 20.000 1 .oo 



" o, 

o.oo 179.998 

o.os 11>9,498 
o. lo 158,998 
0,15 146.498 
o.zo 137,998 
Q,25 127,498 

0,30 116,998 
0,35 106,499 
0,40 95.999 
0.45 85.499 
0.50 74.999 

0. !>5 64.499 
0, 1>0 53.999 
o .65 43,500 
(\. 70 33,000 
0,75 22.500 

o.so 12.000 
o. 85 01.500 
o. 90 09.000-
0.95 19.500-
1.00 "29.999-

Table C.l.6. 

o, '• o, o, "· 
209,997- o.ooo 1.000 o.ooo 209o997 

209.997- o.oso 1.000 o.ool- l97o397 
209,997- O .lOO 1.ooo O,Q}6- 184.797 
209,997- 0,150 0.998 0.075-· 172ol98 
209,997- o ,200 o. 991 Oo22l- 159.598 
209,997- 0,249 0.973 Oo498- 146 o 998 

209,997- 0,297 0,938 o. 948- 134.398 
209,997- • o. 342 o.s 7~ lo 598- 121.798 
209,997- 0.384 o. 775 2.4!;8- l09o198 
209,997- 0,419 0.626 3,506- 96.599 
209,997- 0,445 o. 422 .4.687- 83o999 

209,997- 0,4(>0 0.157 5o902- 71.399 
209.997- o. 460 0.166- 6.998- 58.799 
209.997- 0.44 3 0,537- 7. 765- 4(>.199 
2('9,997- 0,406 0,933- 7. 923- 33.600 
209.997- o. 350 1, 314- 7 oll9- 2lo000 

209,997- 0.276 1,621- 4,9}5- 08.400 
209,997- 0,190 1,773- o. 783- 04o20Q-
209,997- 0.103 },(>57- 5.905 l6oBOO-
209.997- 0.031 1.128- 15.882 29.399-
209.997- o.ooo o,ooo- 29.999 4lo999-

.. . ·-·' a and b Coeffichnts for Ri.gid Pues, E.,_ ....... 

o, '· ' "· " • 
25lo996- ¡.ooo OoOOO o.ooo CoCO 

251.996- lo QQQ OoOOO- Q.OO!- 0·05 
.251.996- ¡,QQO OoOOO- o.ols- O o lO 
251.996- 1.000 OoOOJ- Q,087- Ool5 
251.996- ¡.ooo OoOll- 0.255- Oo2Q 
251.996- Qo999 0·031- Q,574- Oo25 

251.996- Qo996 OoQ71- 1.089- O oJO 
251.996- Qo991 Ool43- 1.828- Oo35 
251.996- O• 981 Oo258- 2,795- Oo40 
251.996-" Oo964 Oo426- 3.961- Oo45 
251.996- Oo938 0·656- 5.2!>0- O o 50 

251.996- Qo89B Oo951- 6.533- O o 55 
251.996- -0 ;a41 lo306- 7,620- Oo60 
251.996- O• 766 lo706- 8.247- Oo65 
2S1.996- Qo67l 2o1lB- 8.067- Oo70 
25lo996- Oo!>55 2o492- 6o644- o.7~ 

251.996- Oo423 2o752- 3.441- o.eo 
251.996- Oo283 2.795- 2,192 Oo85 
251.996- Oo150 2.480- 11.022 Oo90 
251.996- Oo044 1·625- 23,946 o. 95 
251o996- 0·000 OoOOO 41.999 loOO 

• 

' 



•• 
r-....+M, 

' =- ~¡-
Oeflectinn y • (P,/JL)a, + {M1/JL0)b1 

• ¡ e J • k,L Slope ' • (P,/J~)a, + (M¡/JL')b, 

• 
' Mo~l • • {P,Lh,. + (M, )b,. 
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(P,)o, (M1/L)b, . • h • •fL Shoor ' • + 

Soil recc!Oon p • (P1/L)~ + (M,~)b• 
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" o, '• '• '• '• . o, o, o. o, o, " o. 00 12.289 16,&27- o.ooo l.ooo 1.229- 16.627 26.024- l.ooo OoOOO 1.663- O oOO 

o.os 11,458 16.627- O,Q48 o. 926 1.719- 1~.325 26.024- Oo998 0·100- 2.299- o. os 
o. lo 10.627 16.627- 0.089 0.812 2.125- 14.024 26.024- o. 985 o.zsJ- z.sos- o.1o 
O,JS 09. 79';, 16,&27- 0,131 o. 715 2,1<49- 12.723 26.024- 0.97:> o. na- 3.181- o .15 
0.20 08.964 16.627- 0,163 Q,586 2.689- 11.422 26o024- Q.952 Qo544- 3,427- o.zo 
0.25 08.133 16.627- Q,I89 0,447 2.846- 10.120 26.024- o.no o-718- 3.542- o.zs 
0.30 07.301 16.627- o. 208 o, 303 2.920- 08o8l9 26.024- O· 880 Oo896- 3.528- 0.30 
0,35 06.470 16.627- o. 220 0.157 2.911- 07.,18 26·024- Qo8JO }oQ69- 3.383- Q,J5 
0,40 05.639 16.627- 0.224 0.013 2.819- 06.217 26·024- o. 773 lo232- 3 .lOS- Oo40 
0.45 04.807 16.627- o. 221 0.124- 2.644- 04.916 26·024- O· 708 1.378- 2-704- Q.45 
0,50 03.976 16.627- 0.212 ·o.zso- .2.386- Q3,6!4 26o024- Q.636 t.soo- 2. 169- o. so 

'),55 03,145 16,627- 0,196 0.361- 2,Q44- 02.313 26.024- o;ss8 1· 592- l. 504- o. 55 
0,60 02.313 16,627- o. 176 0.453- 1.619- 01.012 26.024- o. 4 77 1o648- Oo708- 0·60 
o. 65 0!.482 16,627- o. !51 0.522- 1.!11- 00.289- 26.024- o. 394 lo66l- 0.217 Q.65 
o. 70 00,651 16.627- 0.124 0,563- 0.520- ')1,590- 26·024- o.3l2 lo624- 1 • 2 7 2 0.70 
0.75 00.181- 16.627- o.096 0.572- o.t 54 02.892- 26o024- Oo232 }o532- 2,458 Oo75 

0,80 01.012- 16.62 7- o ,06 7 0.546- o. 911 04.193- 26.024- 0·160 }.376- 3. 773 0·80 
0,85 01.843- 16.627- o.o" 2 0,480- l. 751 05.494- 26o024- o. 091:. 1·152- 5. 219 o.e5 
0.90 02.675- 16,627- 0,020 o.:no- 2.675 QE,795- 26.024- o.o46 o.es2- 6.795 Oo90 
J.95 03,506- 16.627- '),006 o.zll- 3.681 08.096- 26.024- o.ot2 Oo47Q- 8.501 0.95 
1.')0 04.337- JD,627- o.ooo 0,000 4. 7 7 l 09.398- 26.024- o.ooo o.ooo- 10.337 l • 00 

' 



• 

o o, o, o. o, o, b, b, '· b, b, o • 

J .o o 9. 344 12.787- o.ooo 1 .o o o 1.869- 12-787 20o656- lo 000 o.ooo 2.557- O o 00 

o.os So 70S 12,787- Q,Q48 0.899 2.176- 11.754 20-656- 0.997 Ool38- 2.939- O o OS o,¡o 8.066 12.787- 0.086 o. 768 z ... zo- 10.721 20o656- o. 980 Oo314- 3.216- o.to 
0.15 7.426 12.787- 0.126 0.658 2 o 599- 9.689 20o656- o.967 Oo458- 3.391- o.LS o.zo bo 787 12.787- o. 155 0.525 2. 715- 8.656 20.656- 0.940 Oo6JO- 3 o 462- Oo20 
0,25 6. 148 12,787- 0,178 0.387 2.766- 7.623 20.656- 0.904 0.802- 3. 430- o.zs 
C,JO s.soe l2,7fl7- 0,194 0.249 2. 754- 6o590 20.656- 0.860 Oo97l- 3 o 295- Q, 30 
0.35 4o869 12.787- 0.203 o. 113 2.678- 5. 557 20.656- Oo607 lolJO- 3o057- Oo35 
0,40 ... 230 12,787- o. 205 0.018- 2.538- 4. 525 20·656- o. 747 lo275- 2,715- Oo'+O 
0,45 3.590 IZo 767- o. 201 0.140- 2.334- 3 o492 20.656- Oo680 1o400- 2-270- 0·45 
0.50 2. 951 12.787- 0.192 0.250- 2.066- 2.459 20.656- o. 606 1.soo- 1.721- o. 50 

o. 55 2. 311 12.787-. 0.177 0,345- l. 734- 1.426 20.656- o. 531 1.570- 1.070- o.55 
0,60 l. 672 12.787- 0.157 0.422- l. 338- Oo393 20.656- Q.45l lo605- Oo315- Oo60 
0.65 1.033 12.787- o ,13 5 0.478- Oo878- Oo639- 20.656- o. 371 lo 600- o.543 Oo65 
0,70 0.393 12,787- 0.110 0,509- 0.354- 1.672- 20o656- o. 292 l. 549- ¡, 505 o. 70 
u. 75 o. 246- 12,787- 0,084 0,512- o .234 2. 705- 20o656- o. 217 lo448- 2,570 Oo75 

0,80 o. 885- 12.787- 0.059 0.485- 0.885 3.738- 20.656- Ool48 1.290- 3.738 o.8o 
0,85 1. 525- 12.787- '),036 0.423- 1.601 4. 770- 20.656- o.089 1.on- 5. 009 Oo85 
0.90 2.164- 12.787- 0.018 Oo323- 2.380 5.803- 20·656- Oo042 o.r8e- 6. 384 Oo90 
0,95 2.803- 12.787- 0.005 0.184- 3.224 6o836- 20-656- 0·011 Oo432- 7.861 O o95 
l. OO 3. 443- 12.787- o.ooo o.ooo 4.131 7.869- 20.656- o.ooo o.ooo 9o443 J,QQ 



" o, '• o o, o, , 
"· "· 

, 
"· " ' • ' 

o.oo 5.455 7.636- o.ooo l,OQO 2.727- 7.636 l3.Q9l- l. 000 o.ooo 3.818- CoCO 

o. os 5.073 7,636- Q,Q47 o. 862 2. 790- 6. 982 13,Q9l- Q.99:0 Q,l92- 3.840- O o 05 o. 1 o 4,691 7.636- o.osz 0.710 2.815- 6. 327 l3,Q9l- Q.974 Q,4Ql- 3.796- ColO 
o,IS 4, 309 7. 636- o. 119 o.sat Z.Bol- 5.673 l3oQ91- o .957 Oo57Q- 3,687- Q.l5 
o.zo 3. 927 7o63b- 0,144 Q,442 2.749- 5 ·018 13.091- Oo924 o.751- 3.Sl3- ColO o. 2 5 3,545 7.636- 0.163 Q,]Q7 2.659- 4. 364 l3o09l- o.ssz 0.920- 3o273- O o25 

0,30 3. 164 7,636- 0.175 o .177 2.531- 3.709 13.091- o.an l.Q77- 2.967- 0.30 
0,35 2.782 7,636- 0.181 o .Q54 2.365- 3 o 0 55 13.091- o, 77S 1.216- 2.596- 0.35 
0,40 2.400 7,636- 0.181 0.059- 2.160- 2o400 l3oQ9J- o o 711 1.335- 2. 160- Oo40 
0,45 2.018 7.636- 0.175 0.161- )o9l7- lo745 13.091- o .642 1.431- 1.6:.8- Oo4;, 
o.so 1.636 7,636- o. 165 0.250- l. 636- 1.091 l3o09l- O· 568 1.:.oo- t.o91- o.so 

0.55 1.255 7,636- 0.150 0.324- 1.317- 0.436 13.091- o.492 lo 539- 0,458- O· 55 
0,60 0,873 7,636- o. 133 0.381- o. 960- o.21s- 13.091- 0.415 lo 54~- o.240 Oo60 
o, 65 0,491 7,636- 0,113 0,419- Oo565- 0.873- !3.091- o. 338 1.514- lo004 Oo65 
0.70 0.109 7.636- 0.091 0.437- 0.131- l. 527- 13.091- Qo264 ¡;443- ¡,e 33 o. 70 
o. 7 ~ o. 273- 7.636- 0.069 0.432- 0.341 2.182- 13.091- Oo195 !.;no- 2.727 0·75 

o.ao 0,655- 7.636- 0.048 0,402- 0.851 2.836- l3o09l- 0.132 1.169- 3.687 o.8o 
0.85 l. 036- 7,636- ').029 '),346- 1.399 3.491- l3o09l- 0·078 Oo960- 4o713 o .es 
é\,90 1,418- 7.636- 1),014 1),262- 1.985 4,145- l3o09l- 0·037 Qo697- 5o804 Oo90 
0.95 ¡, 800- 7.636- o.oo4 0.147- 2.610 4o80Q- l3o09l- 0·010 0·378- 6o 960 Oo95 
1,00 2.182- 7.636- 'J.ooo o.ooo 3.273 5.455- l3o091- o.ooo o.ooo- 8.182 1 .oo 



" o, "• o, o, o, "· o, "· "· "· " • 

o.oo 3. 2 31 4.~15- o.ooo 1 • 00 o 3.231- '-·615 8.308- 1·000 o.ooo 4.615- OoOO 

0,05 3.000 4.615- 0.046 0.840 3ol50- 4o200 8-308- o. 994 0-226- 4o4lO- 0·05 o. 10 2. 769 4,615- 1).079 0.675 3.04&- 3.785 8o308- o. 910 0.457- 4.163- O .lO 
0,15 2.538 4 ,615- 0.115 0,536 2.919- 3.3(:,9 S oJOS- Oo95l 0.641- J.en- Ool5 
0,20 2.308 4,615- o. 138 0.394 2.769- 2.954 8.308- Qo914 0.827- ).545- Oo20 
0.25 2, 077 4,615- 0,154 o. 260 2,596- 2. 538 8.308- Qo868 Oo995- 3 ol73- Qo25 

0,)0 1.846 4,615- o. 164 o. 1 3 5 2. 400- 2 o 123 8.308- Qo8l5 lol44- 2o760- Q,JQ 
0,35 l. 615 4,615- 0.168 o.ozo 2,!81- 1 • 7 08 8o308- O• 754 1,271- 2.305- 0.35 
o ,40 l. 385 4,615- 0.166 0.083- 1.938- 1.292 8.308- Qo688 1,374- ¡, 809- Oo40 
0.45 1.154 4,615- Ool6Q 0.173- 1,673- o. 877 a. 308- O• 617 1.451- 1.272- Qo4!:1 
0.50 o. 923 4,615- o .149 0.2~0- 1.)85- o ,462 8.:w8- O• 543 1. 500- Oo692- O • '>O 

0.55 0.692 4,615- o. 13 5 0.312- l.o73- o. 046 8. 308- o. 468 1.519- o.o12- O o 55 
0.60 0.462 4,615- o. 118 Oo357- o. 738- Oo369- 8o308- Oo392 l. 506- O• 591 0•60 
0,65 0.231 4,615- 0.100 0.385- 0.381- o. 785- 8.3oa- o. 318 1,459- 1.295 Q.65 
o. 70 o.ooo- 4.615- o.o8o o.395- o ·000 lo2oo- 8.308- {'o247 lo376- 2oQ4Q O• 70 
0.75 0,231- 4,1>15- 0.060 0.385- 0.404 1.615- 8.308- Ool8 1 1.255- 2o827 o. 75 

0,80 0,462- 4,615- 0.042 0.354- 0.831 2.031- a. 3oa- Qo122 l.Q93- 3.655 o.8o 
o.85 0.692- 4,615- 0.025 0.301- 1.281 2. 446- 8. 308- Oo072 Oo889- 4. 525 Oo85 
0,90 0.923- 4,615- 0.012 0.225- 1.751. 2.862- a. 308- O o Q34 0.640- 5.437 o. 90 
0,95 1,154- 4,615- o. 003 0.125- 2.250 3.277- 8.3o8- 0·009 Oo344- 6. 390 Oo95 
loDO 1.385- 4,615- o.ooo o.ooo 2. 769 3.692- 8.308- o.ooo- 0·000- 7. 385 1 • 00 

T11ble C.2.4. b Co~rf~cients for Rigid Pilea, 



" '· '• '• '• '• " "· "· '· '· ' • 
o.oo 1.78" 2.595- o.ooo 1 .o o o 3.568- 2.595 4o865- loOOO o.ooo 5o 189- 0·00 

o.os lo 654 2,595- 0.046 0.826 3.391- 2 • 3 5 l 4,865- (),994 o.zso- 4.820- Oo05 
0,10 lo 524 2. 595- o. 078 0.652 3.2Ql- 2 o lOS 4. 865- Qo%7 0.497- 4,427- QolO 
O,J 5 l. 395 2. 595- 0.112 0.506 2.998- lo865 ... 865- Qo946 0.693- 4,QQ9- Qol5 
0,20 l. 265 2.595- o .134 o .362 2. 783- l. 62 2 4.865- o .906 o. S82- 3o568- O o20 
o. 25 1.135 2.595- 0. 1 48 0.228 2.554- l. 3 7 8 4. 81>5- o. e se l.Q49- 3.101- o .zs 
0.30 t.oos 2.595- o .157 0.106 2.3}2- 1 • 135 4oB65- Qo802 l. !92- 2.611- 0·30 
0.35 o. 876 2,59S- o. 159 Q,QQ3- 2. ose- o. 892 4.865- O• 739 J,J}Q- 2. 096- Qo35 
Oo40 o. 746 2,595- 0.156 o.o99- 1. 790- O o649 4o865- QoÓ 71 l.4Ql-. 1.557- Qo4Q 
Üo45 0.616 2.595- Q.l49 0.182- lo 5I O- O o405 4o865- O• 600 1.465- Oo993- o. 4 5 
o.so 0.486 2.595- 0.139 0.250- lo216- o. 162 4,86">- 0.525 l. 500- :'),4.15- o. 50 

o. 55 0.357 2.595- 0.125 0.303- 0.9}0- 0.081- 4,86'>- 0,4~0 lo 50~- r>.2n? o. ~ 5 
o. 60 c. 227 2. 595- 0.108 0.341- Oo590- Oo324- 4o86S- o. 375 l. 4 79- ().843 QobO 
o. 65 0.097 2. 595- Oo091 0.362- o.25e- Oo568- 4o865- c.3o3 l.42C- l. 504 Q o65 
o. 70 0.032- 2. 595- 0.073 c.%6- o. oe8 Co8ll- 4.865- 0 .234 l.32E- 2.189 e. 7o 
0,75 o. 162- 2.595- 0.054 0,353- o. 446 1,054- 4.865- o.l7l 1.201- 2.899 Oo75 

0.80 Oo292- 2.595- 0.038 0.322- 0.817 1o297- 4o865- o ,}l4 loQ38- ) o6)2 o .so 
0.~5 0.422- 2.595- 0.023 0.211- 1.202 1.541- 4,865- 0·067 Q.837- 4,391 0•85 
0,90 0,551- 2.595- o. o 11 0.201- 1 • 599 1,784- 4.865- e. o3l 0.598- 5. 173 0·90 
0.95 0.681- 2.595- 0,003 Q,lll- 2. 009 2.021- 4. 865- o .oca c.32o- 5. 980 O• 95 
I.oo o.eu- 2. S95- o.ooo o. 000 2·432 2.270- lto865- o.ooo o. ooo- éo 811 l o 00 

• 
Tabl~ C.2.5. • b Cnefficients for Rigid Piles, 



• 

' o, o, o. o, o, b, '• '· b, b, ' ' 
o.oo o. 71>2 1.127- o,ooo 1.000 3.8!2- 1.127 2.188- I.ooo o.ooo 5.63~- 0·00 

o.os 0.706 1.127- Q,Q45 o.BI6 3.566- 1.018 2·188- Oo993 0.269- 5.139- 0·05 o olO 0.650 1.127- 0.076 0.635, 3,314- Q,9QS 2.188- Qo965 o.s29- 4.632- o o 1 o 
0,15 0.593 1.127- Q,llO 0,484 3.QS6- Oo799 z.Iss- o. 942 o. 732- 4,114- o o 15 o.zo 0.537 1.127- o. 130 o. 338 2. 792- 0.690 z,ISB- Oo90J 0.925- 3. 585- o.zo o.zs 0.481 }.127- 0,}44 o.zos z.sz3- o.sao z.tss- o.sso 1.091- ].046- Oo25 

0.30 o. 424 1.127- O, 1 S 1 Oo086 2.249- o ,4 7l 2.188- o. 792 1.229- 2.495- o o 30 
o, .15 o. 368 1.127- o. 153 0.020- lo969- o -361 2·188- O· 728 1· 340- }o933- o .35 
0.40 o. 312 1.127- 0,149 0.111- 1. 683- 0.252 2·188- 0.659 lo422- ].360- Oo40 
o. 45 0.255 1.127- Ool42 0.188- 1.391- Oo}4) 2ol88- o. 586 lo476- Oo777- O o45 
o.so o. 199 1.127- 0.131 0.250- lo091.- o.on 2.188- e. s11 1. 500- o. 182- o. so 
o. 55 o. 143 1.127- 0.117 0,297- 0.791- 0.076- 2o166- Oo436 1,494- o. 423 o.ss 
o. 60 Oo086 1.127- 0,101 0.329- Oo4S3- 0.166- 2.166- o. 363 1.458- lo040 0·60 
o. 65 o. 030 1.127- 0,084 0.345- 0.169- 0.295- 2.188- 0.291 1.390- 1.667 O o65 
0,70 0.027- 1.127- 0.067 0.346- 0.} SI 0.404- 2.166- o. 224 1.291- 2. 305 0.70 
0,75 o.oB3- 1.127- c.o50 o.JJo- Oo477 c-514- 2o1BB- 0·163 1.159- 2 • 9 ' 4 Oo75 

0,80 0,139- 1.127- 0.034 0,298- o. sos 0.&23- 2.198- Ool09 Q,995- 3, 615 o.8o 
0,85 0.191)- }.127- o.o21 0.249- lo144 0.733- 2.188- Oo064 O· 798- 4. 286 o .es 
0,90 0,252- 1.127- 0.010 0.184- 1 ,486 0.842- 2.188- o.o29 Q.566- 4. 968 O· 90 
0,95 o. 308- 1.127- a,OOJ 0.101- 1 • e 34 0.951- 2.188- c. o os Oo30l- ~.661 o • 9 5 
1 • o o c. 31>5- 1.127- o.ooo- o.ooo 2.188 lo06I- ZolBS- o.ooo- o.ooo- 6. 365 ! ·00 

T.:~hle C.2,6. • and h Co~~ficients for Ri¡id Pilcs, 
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11, SOIL Rl:SPONSI'. 

INTRODUCTION 

As d1scusaed In the p~evioua ~cction, thc response of 11 aoil arountl 

a laterally loaded pile can be chnroctcri~ed by a set of p-y cu~es which 

show the soil resiatance when thc piJe !a deflected a distance y. A typical 

family of p-y curves h shown in Flg. 5(;¡), 

The formo[ the p-y relationship dependa en many factora, such as 

soil propen!ea, depth, the grometry of the pile, and the ·acate of ~n-esa 

and strain throughont thc nffcctc<.l aoll zone. In.addition,' the p-y 

relation will be nffectcd by the type of loí!ding, Le., whether it is 

short-tem static, long-t"r-.. 9unic, shorc-terll cyclic, long-ter'" cycliL, 

or dynamic. 

The chsractcri!ltlc ~hJpc oí 11 p-y' curve, plotted in the first 

qu~druut for cunv"nl~nce, 1• shown In Flg. 5(b). As ..ay b" not..:d in lh..: 

figure, thc inltinl portian of thc curve ¡ 9 cssentially a straight line, 

defined by the modulus E , 

" 
and indlc11t~s o lhlenr clasti~ beh>.~vior of 

' 

sol l. Also os sho~<n in thc !Jgurc, thc sotl rcsistoncu p <atttdna .. Hr>lting 

value, definad 09 the ulU<11<1tc ~oll In noost of thl! 

ouctical design proble"'8, dcflcctiona ovcr 0 atgniflcant portian of thc 

length of the pile are gr~oter thon thot ot che lilllit of the str.,ight-linc 

portian of the p-y curves. 

,, 
Thercfore, the soil madulus E is a nonltne'lr 

' 
functton of deflectlon and dcpth. 
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The use of methods of analysl~ for sotls to predict an entire p-y curve 

is not posslble, but thero nte nnulyticol methods for predicting the inltinl 

portien and final ponion of tilo curve5 as dlscuS!Ied below. 

ANALYTICAL BASIS FOR INlTlAL PüR'f!ON 0!' p-y C!JR\IE 

Sand 

The lnitlal portien uf th~ ¡>-y curve has been dtscussed ,hY Parker nnd 

Reesc (1972), based on lo'Otk by Tcrznghl (1955). Terzaghi uses the follo..-

lng uquation as t,!1e bnsls for hl>l rcconHncmbtlons. 

where 

o • 

" • 

' • 

' ' • 
" 

' . !!!! ' • ' ' 
• 

unlt preuurc 

dialllet~r of pila 

influence cocff le lcnt 

rwdulus of clnstlclty "' H!Lnd 

r:quat!nn ~ ls derJved from n ttwOry-of-clnstlclty solution for 11 Iitn! 

of prcssure p ncttn¡¡ <ni"" cl1111tlc l11yer .,¡ lhlckncss )ll. tr001 rhe elas-

Uc solutlon, 11 vtdu" oí t.J'i lu f.,ut,J r,,.. ~h~ !nfluence factor ! . T!\e 

' follnwtng e<¡u~ticn •e~ult~ by Hub~tltuting iur \ nnd noting thul p ¡,¡ cqual 

to ~D. 



' . ' ' • 
l.JS 

Thus, thc modulus of tite lllltl<tl portian of a p-y curve can be computed 

fro., Llw vnluc of thc modulus uf el 11tH lclty of the sand. The e
111 

of sand 

"''" b<! found fnH" ln~uruto<·y strc~s-str~ln curve". Tf no _luboratory dnta 

nn• "'"'Habl~, Em can b~ c•~tlm~tcd by uslng an cxpresston suggested by 

Tenaghi. As wnuld be \'Xp~ctcd, E,. lncrcnscs lincnrly with depth for a homo­

geneous 5,10d with a "onstarH c!fcctlvc un le ·.,etghc (Eq. 6). 

E • .fyK • 

J ~ nondii:>Cnslan.~l cocfflclcnt 

y~ effectivc un!t wclght nf sand 

" ~ dcpth balO" gruund suducc 

S<~l•stltutlon of Eq. (6) loto Eq. (~) lends to 

(6) 

(7) 

.. 

• 



RearringtnC thc terms yields Eq. a. 

E. .. ili 
y 1.35 

-E • -'""--
1.35 

14 

(B) 

(9) 

The expression -1!.8 • kx ha" oftan bcon "~ed (Recse ~nd Hatlock, 1956) in 

solutions of thc latarally loaded pilo probl~m. The vHiue of k in Eq. 9 ls 

The values propos~d by 

Terzaghi for n pJle 1 ft widc are o·,•pro"IL"''''I 111 thc tnble below. 

Table 1 

• 
Relativc Denaity of sand Lue>se Mcdium ll"'w~ 

Range of values uf J 100-300 300-1000 lOU0-1llCO 
Adopted values of J 200 000 !Süil 

Dry or moist sand, values of k, tOnsHt3 

' " " (lbB/1n 3) ( 8 . 1 ) (24.3) (6\.6} 

vdues of k, 
¡ 

Submerged sand, tons/.ft 4 14 J!¡ 

{lbs/1n3) {4. 6) (16.2) {39.1,) 

The factor k is utilizcd In the. c~itcrla for._deriving p-J e•nves for E"nds 

below the water table., 'Ihc~e crlll!TI" wlll .b~ dlscu,;~e<l latcr in thiR scetlon. 

Al thou¡oh Tcrzagbi prcpo11Ccl vuluc• of k for " pile 1 ft wlde, 

the v.-Ju.,,; are a'pplic~Llc lo '' ¡.11,• .,f ""Y wldtil. Coll!put;nluns usin¡; tbc 



equations of elasric!ry Jo~ a l!ncarly cbstlc "'atorial reveal that the soil 

tKH!ulus (Es) is ind<!pendcnc of bcn"' .,ldth o~ pllc clt<uo.,ter. Thus, no ckange 

in k ur J i~ r~quir~'<l to apply the foranJLu ro piles of different diameters. 

Undtaincd Clay 

In hls paper "" sub~rndc rcuctton, Tcrz<~ghi (1955) aleo propases vnlue! 

or the coefficient of subgrode teZ!Ct!on for sttff tu vcry hard clays. 

Terzagh!" suumed the soil ""'dulug of stiff ~laya to be const<~nt with depth. He 

val~es in tercw of a coetficient of subgrade reaction as follows. 

where 

E ~ modulus of so~l rcactlon no defined in~~. (3) . • 
~~ - coefftcicnt of horizontal subgrade reaction 

k - basic value of cocff!clent of vertical aubgrade reaction 

" 
b • width of pile 

(lO) 

T~<tzaghi proposed the values of k81 glven in Table 2. The values are liwited to 

cuntact pte$sures vhich do not CKceed one-half of the ulri~te unir besring 

L¡ble 2. Values of k51 for Calculat!ng S.OH liodulus (E
11

) Values 

Can~istcncy of clax Stiff Ver y atiff Hard 

Valuca of q (tsf) . l- . ' " 
2- ' > 4 

kange of ksl' tons/ft
3 50-100 100-200 >200 

Propoaed values " 150 300 



ANALYTICAL RASlS FOR ULTIKATE RESISTANCE 

Sand 

The analytical basta for the ultimate r~slstance of aand ~ith regard 

to laterally_ loaded pUes can be dlvid~d lnto two types of failure (Parke·r 

and Reese, 1971}: a deep or flow-nr<>und failure nnd <1 óiedge-typc faiJ_ure 

near the aurface. Thc tlow·around fnllure will occur at depths "'hcre the 

overburden pressure is aufficlent to confine the soll movcment to hori:onta1 

planes. Near the aurface where OV<!rburden preasures are small, the soll may 

fail as a wedge with thc wcdgc movinr, both hot·izontally and vertical! y. 

The two types <>f fniluro are Jlscusscd ill more det,1il bo;,low. 

Deep or flow-amund [nilu,-e. At dOme point below thc grollnd surface 

the soil falla by flowing owund ~he pll~. Ba6cd ,un thh typc of soil 

failute an expression· will be derived fa( the ultima te lateral soil 

resiatancc well bolow thc ground aurf<tcc. The derlvation is taken from 

Reese, Cox,- and Ko:>P (1974}. 

Tbe behavior of the sond ns lt moves lwrizontnlly around the ~!le. is 

quite indeterminate. The aimplifying ussumptions whido ere mrule in ordet 

to obtain ~n approxim~te ~olutlan t" thu proble,. are lllustrated in I'ig,• 6, 

A sketch of a sectiou through thc pl,lc ls ahown,>in tlte upper pnrtion nf tbe 

figure, The almplc.blocks for computatlon of ll,.itlng ntreso~s in soil~ 

lead to case in computation and nre probubly rigorous eoH>ugh fol' th~ purp.:se. 

The sketch indicares the flow of aoil frooo thc front, around oue side, 1111d 

lo tne ),r,ck of the pil,·. Thc flow wlll occur, of course, around eech aidc 
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" 

but for simplicity only nne side 1s silo""'. As Che pile Jouves In che 

direction indicated, streues of sufficlent lllilgnitude develup in·hl<•ck 5 

to pur that block into Che fnilure condit1on. The possible failure 11 ,n·-

faces which develop are indicaced by the dotted Unes. Stresses are in 

turn u·ansm!tred through block 4 nnd on around to block 1, such that the 

soil flows from the front to Che rear of the pile. The movement involves 

the simultsneous hilure of four of th~ five ¡onsmatic bloclts and the.slld-

ing uf block J, 

the I"eprcsentation of the failurn Hres~os Js shnom 011 the Hohr-

Coulomb diagram, Fig. 7. Thcrc 1s o lack of rigor in the a~sumption ol' 

the failure su:rface~ sho..n In F!g. 6. the Mohr-Coulo111b theory woultl 

indicare that Lhe failure sudaco: should not nccur at :m angle of 45 

clegrees; h.ow.,ver, thls lack. of rigor is thought nol to be inconsistent 

with the overall appr<><~Ch to thls port of the problf!:l . 
• 

The computstion of the stress ot the front of the pile can proceed 

w!thout difficuly 1f 4 value is asslgne<.l to the stress a
1

. It ¡ 5 

reasone<l that tbe v~lue of a1 coul<.l nut be less than the 111inin:u111 active 

' 
earth pressUre. lf block 1 is conaidcred, n 11tress for ~~"¡ of less theo 

minf.rnum active earth prcssure wo.uld lmply that the soll coul<l slurnp ond 

fill Lhe space behind the pi le ns the p!le mV<!d fi>rward. However, this 

bchavior was expresdy <!lii:Oinnted slnce lt is ass"med that the anil v!ll 

move in a horizontal dlrection. 

Block ) la assumcd to IDOVf! intoct In u dlrection oppesite to the 

!lll)tion of the pile. The stress u4 is ussum~d tu be lar¡;er than o
3 

by an umount auffidcnt tu cnu~e alldlng nf t)lis particulal· block. If 

it is assuO>e<.l thut at-r~st eurth pres~ure is dCtlng un the outside of 

block) <ind tllat there io no frlction bdW'~I!n thut block and the pH~. 
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the derivation can proceed as shown in the following equations, 

o •KyH 
1 ' 

(ll) 

where · 

Ka o: Rankine active pressurc conff!cient 

y • Bffective unit weight, the unlt wclght whi~h <-'ould b" u~ed in 
cnlculati<lg effectlve ovcrburdcn pressnres. 

whe10e 

K • Rankine pasnlve pre•sure coefflclent 

' 

where 

' • " rest preuure 

1 • aogle uf internnl 

,,, 

Thernfore, ''" limiting or 

Eqs. ·¡¡; and 16 such that 

K- • K Y 
' ' ., . " . J ',' ll t~n ' . 
• 

cocfflclcnt 

fdction 

' 

' 
J 

's • . , • ' ' '" + 

' o 

o
5 

K ' ' ' "• • • " ' + ,. " ' 
ultlm11te aull rcslatance 

• 

(12) 

(Dl 

' 11 ' ,' ' 
2 

+ ',' " t«n 

' ' " ten + ' (l.')) 
o ' 

' ' " " ten ' ' ' 
2 

(16) 

.. , ,, computed f ro10 

ll (K 
1
' - l) + K b Y H tan + K 2 

' o ' 
where ,,, 
width b. 

is the ultimare soll TC!sibtance pcr unit length of pile ot 

' . " 

20 

• '(14) 

(11) 



v.~ri<>us vnla~u of K have bcen 6uggustcd, but it is normally assumcd that 
o 

K ln c¡•¡noxJmately O.lo fue loosc s.1nds <~nd 0.5 for dense sand 11 • 
o 

!lenr-groomd-s,.rface fallurc. Theorctlcd solutions for the ultl~~ate 

Si>il re~iatance near lhe ground surfacc have been presented pteviously 

(ll<.J""""'"• ')5&¡ Raese, 1962¡ Recae, Cox, and Koop, 1971,), These se>lutions 

~re bas~d on the as~umptlon thot at ultlmate load a wedge of sand ~115 

d~v~loped nesr th" grounJ ~urfacc. Thc ahopo of the wcdge wns assu<P."d 

t<> loa· as shown in FiB· 8. 

Equ~tlons fur thc ulUmatc soil rcolstnnce bascd on the rnodel shown 

In Flr,. 8 "dll b<> dcrJvcd by rrocedurcs sl111llar to those used previously. 

(Reo:sc .::t al, 197~) The sm:1e thcontlcnl asaumptlon will still be made 

that fallure aurf01ce~ auch ns tho~e shOWil In Flg. 8 are planes tather 

tioau curves. Thlo assumptlon ls not lmco!llpatible "'ith the overall approach 

to lhe problem. 

The force, F , resultlng (rom ~ctlvc e~rth preeaure on the back of 
• 

the pile may be eatiBilted by R3nkine's theory os follows: 

(18) 

Thln force acts in thc direction of ~vemcnt of the pile. 

the forces resisting 1110vement are computed from the assu~d wedge 

~h·>~TI in Fig. a. In developing an expression for the reaisttng forces, 

t;,,. forces againn the vertical aldc planea, ADI!: and BCF, and agalnat 

th~ slantcd plane, ABFE, will be con~idcrcd aepatately. 

Thc force normal to planes AD~ ond BCF, which are subjected to at-rcst 
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', .¡" o ' " " 

0 ~ nonnal ancas on plinle~ AOI·: nnd BCF. 

" 
Fro,. tbe Mahr-Coulomb diagnuo in FJg. 9, tbe normal stress on the 

rail~re planes ADE and BCF, is 

x ~ <leptb measured from p;round Hudace. 

1)u'! exprcssion for thc differeMinl aren, dA, <.>f tbese planes ts, 

dA •_{11-x) sec" tan 11 dx 

u and 11 are defined tU Fig. 8. 

Substitutins the exprenionH from Eq. 20 and 21 into Eq. 19 and 

ln~egrating gives, 

force, F , due to 6hear stress on planes ADE and BCF ts 
' 

g1vcn ~)1 the expres¡¡ion, 

.r" 
'• l 

' 
o t~n + dA 
" 

Substitut!ng the e~preaston from Eqs. 20 and 21 into the above 

equation and integrating gtves, 

yran+tsnB 

cos o 

2J 

(20) 

(21} 

(22) 

(23) . 

(24) 



• f:tg. 9. 
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1-!d:c-Coulc:n!o ~il_;~~"' R~prc•erHlr:~ St,ttu of 
StiUS 'for Var:i~~' f:atth Pr~s~ur~ C<:,..dl:l.;,!>$. 



Su=.ing !orces on ~he "'cdge (l'lg. Bb) in the horizontal direuton 

yidd~, 

cosasinBF • ·2sinaF 

" 
foumming !orces also in the vcrtic~l direction, 

' - ' (2 coa ' ' >W) • (LH) • 
"" 

•hen::, '· '"" ,..,ight nf thc soll 1<1cclgc ''· 
- 2 tan e [ ~ ' a un o.1 ' - ' ' • J ''" 

¡;uostituting E4. " into Eq. 25 givca, 

(25) 

(26) 

(27) 

F ., cos(IH) (Z 
P sin{B~tl 

cos B F • .¡. W) + 2 coa n atn B F
8 

- 2 sin . ' " 
(28) 

Substituting thc cxprcssions fro~ Eqs. 22, 2~. snd 27 into 

Eq. 2B gives, 

y 1!2 ( K
0

l! ton t sin B • tnn B (" ·) ' -
" 3 tan (B-4 l '"' " tnn(B-t) ¡;+3tan a tan 

' l\ ·tnn ' - tan ")1 • • ( (.10 t sin ' (29) 
J 

25 

Thc total ultlmate lateral re~tstnr.ce of the pile section is given by 

-' ' 
(30) 

~ubstituting the expressions fro~ Eqs. 18 nnd 29 into the above 

Lxpr~~sion for the total eoil resi•tance from the ground aurface to the 

d<.:pth H gives, 

' ,, -
• 

- 2 r K0 11 tnn + uin B 

' ' + ] tnn (IH) cos o. 
K 11 tan B • ( tan + sin B • 

J 

t.1n 

'"" 
"" 

~Hl (~+;tan e tan (l) 
a) - K;b] (31) 



25 

Hr>weve~, che uHimate soil rcsialnncc pel' unit length of p1le la 

d<!aired for use in thc p-y cu.-ve conslruct1on. This Moil resi~tc.u~~ pur 

•mit lcngth of pile at any depth m~y be found hy diffcrentiating r.q. 31 

with reapect " depth "· giving 

" ¡ "' tan ~ "" S 

' • ---"'- t :n (<)[1 jl 

"' • ' " (B-~) • tan(B-•)(b + H tan o) 

'" '" " 
• "' tan B (t~n 9 11ln ~ - tan o.)- K11b] ()1) 

" 
Equation n h based on the assu01ption that atresaes en plant: CDEF 

in Fig. 8 act in the horhontdl dircctlon only: the frtetionat force 

between plane CDEF and the face of th" pil~ waa neglecte<l. Thh ha 

eonservative aasUmption. 

The values of the para01eters In Eq. 32 """ be deten.ined f~om 

theory and experimental data. Valuea for K ha1re heen Uiscussed ¡.revlousl~·· • 
The angle S is approxtmated by thc follo';'int . .,,¡uation; 

(3]) 

Values of thc angle ~ havo bcen dote~mincd from results of model 
.• 

witha smallJ flat. plutc in sand. 

statcs that u is prolwbly a functi<>n o( Lhc votd r~Cio of tlu> snnd, with 

values ranging rrom ~/3 te t/2 fur luoue s"nd tu t lor olensc sand. 

Undrolned Clay 

Thc ult!m,HC resistmlce of an undn>inc<l d<lY c:cn alsJ h" dividcd l"l'' 

t.wo dlfferent types u1 fnllurc, 11s dl~~ussd b~luw. 

'' 
r ' ' r ., The modcl for Lhi,·, ; •• ,.,, •.• , _,, .••. ,, '''· ,.,,,_. cep or .u .. -aronlll' .!.'..~-'.!..'.:.'!· " • , ~ ~ ~~ _ 

10 1s simlla• to tite u,~cp fallurc nJodel fur ~mod, Thu dcrtvntiun tlwl. follows 

ls tnken fror.> Rc~sc (1958). 
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First, it is assumed that the atreas, o1 , "~ting un the pile bloc~ is 

zero. Then, if the shear strength, s, of thc sull is assumed to be defined 

by,. e, tos determined in lln unconsolidate<t~und<ain<'d trinxinl test ur 

vane test) the stress o 2 w!H be 2~. Thia protess is repeated to ubtaln tlle 

following values of the stresses. 
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o, • Bo (36) 
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• lOe ( 3 7 ) 

lly considerin¡¡ equilibrlum of the pile, the follcwing equntton results. 

OHJ 

Near~sround-surface failure. Figur~. 11 shows a.failure wedge a~su...,d 

for a near-surface fsilure for sttff clny. The forces ahown in Ftg. U 

are defined below. 
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• l/2 Ybll tan a (.19) 
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y., effectJve unlt weigllt• of elny, the unit weight wldch ,.0 uLd 

be usecl '" caleulating ~ffectivc uverburdcn pressures 
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Fig. 11. Failure M.echnnism for lfcdgc Fnilure for Clay 
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where 

a " reductiun f;_¡~~<>r, .Lim!lur tn thnt empl<lye<l for compútin& ~1;:!., 

resistanoe of plle ln nxl<~L lon<.l!ng. 

All other quintitles nre u..llc"t~·d·tn·~'l~. 11. 

Supping forces In the V<'rtlci!l Ulrecttun ytcldr. the following, 

' s~c· o + ucbll """ o + cbll "*'e + .c~r 

SumminB fOrcus In the lwrl~•HO~IIl !llrectlon resulL~ :In: 

sec e 

The ultinoute soil res!Btnnce r.<~n l>u fount! by diffHcnttn{l 

to H. 
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where 

t.ccording tu E<¡. f,J, thc ult!111.Hc r~"ist~nc~ al the surfn~e la le. 

H t~e pile is assu<lled to ~" a s<¡u"T" wllh lts sideR cqual to Lhe diameter 

iu <""Tn•!nt!nfi F<¡. 1•7 tu·~XP<'T\ooent~l o·esults au 
' 

u~:it.<..ttu rusi~tanc~ val"" .<t llt<• 'urf."·, . .,r le ls .. su"lly nssumeJ. 

F.Xl'P.R!NENTAL ,TECHN!QUES VOR UHTAINIIIG p-y. CURVF.S 

1hi'~c ¡¡re ~l:wonal mHh<>J~ t>i "btulnln~ p·y r_el¡¡ti<.>ny fr<.>m laterslly 

l<J.:.;l!ld pilo e~pcrlments. Sume<>( th•·~·· m<lthods nrc Jhcu11sed below. 

Dlrl'ct Mo,.,aurc"'ent 

Jf n test is perftorrned <>n n l"tcrnlly londcd ¡>tlt!, tt would be theo• 

rerfc,1lly possible to lnstru.,Nlt th~ pllc ~" th"t vnlucs uf p m1d y could 

be o!otained dlrc~tly. Ta '""'·'sur~ prc~~ur", 11"1:"" wuu!d be requlred that 

-.:cu!d be senHitivc to ~oth shc;u· "tr<.·~" ,mJ n<>r•mt ~tre~s. For 10ensur1ng the deflec• 

tlon a hollow pil<!. inst<u""'nted "Jth s,•;ll<•fl n•<IJ.,blc· by~"""' type uf optic'll 

.F.~ncrlm .. nt~l H=cn¡ Curves 

Another mctho<l of obta!n!n¡¡ p-y curve'" trom .1 t;~teral load test fs to 

tastrtllll<lnt thc pll" with" stndn S·•~cH "t variou~ ¡>~>int~ ~long the pi le. 
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The straln gages reedings C<Ul 1>~ ,.,.,v..rt<•d lnto monu:mt v~lue~ by u~e ,t 

calibratiun curve~ that aru <lbt~llwtl hv "l'['lylllg k"""'" va tu.,~ of mom.,nt. 

W1th valuas of cxpnrimcl\tal "'"""'"l ''' V'lrlou~ poJut~ ul,.,g the length of tlw 

pile are knoWit, thl! d"flactlr>n" nt ~arh <l<•pth can hQ catculat~d from the 

following equation. 

where 

" y•IIT¡<l>< 

El ,. stJffness of the pil" 

(481 

The doublc integratlon <"·'" ¡,,. "~"'""l'ibh"d by numerl~al proccdnres ''" 

by integratlng ·' puly<~UJIIl.!l ;;htch has h<Hm fittcd to the 

The rcshtuncc per unlt l"n¡;lh v.du,·~ ~·'" 1>~ J~tucmln"d from thc 

mC'asured mum.,nts by cluublt: <liffH,<•utli!Llun "" fullo~o~::. 

• 1' -

procedures. 

pro~cd!lre. 

' ,¡ )1 

' ,,, 
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,Hlcr ll1e p <llld y valuc~ h:wc bccn obt~!ncd, thcy ""' c-roas plottcd at 

cnch dcrth to yJ.cld 11 fn011ly ní p-y curves. 

Th" rncthcd of obtaining p-y curves by the use nf nondtmensional coef-

(tci~nts, Jeac-ribd in ~ccsu nnd Cox (i'J(>8), tnvolvea of courae the use of a 

lntcrnl load test, Huwever, no costly lnstrumentation b necessary, While 

lhc r-1. curves obta!ned from nondhocu~tonul mcthods are not "" secura te as 

tho~e obtnlneJ fro01 {ully inHtrulll~ntcd tc•t~, guod aold aomctlmes vcry good 

,, 
p-;· curv<!s can be obtnin~d. 

·Thc test procedurc r<Jqulr~~ llnot lhc dcflcction .nld llopc at che 

grnundltne be mcusured f"r ench npplicd morncnt nn'd lnt<'rnl load, Then, 

;1"a"med varlnt!uns of che~.,¡¡ rn<l<lulu" wlth dcpth unrll thc Holut!ons 

a 11 ree with th~ r.~easurecl value~ nf dcflcctlun Ilfld ~lo1>c "t the groundline, 

,, 14 rc~t1(H\~ betwecn the nondimcn~iou¡¡l soluti<m~ and tl>e •easured deflectfon 

,1,.,¡ •dope v¡¡luu& indicate tho propcr v.Hiatto" oE ~uil 1110dulos has been 

tuun<l. This con-e~t soU ID.Odulus La uacd to solve the diffen•ntial equation 

•,y .JtrfeTctlcc methoda to obtoln thc d<!Uecttuot oa n Eunction of dcpth. 

Thun, lwLh Lll<! ~oil modutu~ und dcflectlun nrc knuwn along the lcngth of 

the ¡1 1Ju. Th'" valuc of rc~l•tullce lit dual red dcpths cnn then b" computed, 
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The procedure descdbed 3bove is repea~ed for various valuee <.>f applied 

load and 111010ent to generate a Í31111ly of p-y _curves. 

REC011M~NDATIONS FOR CIILCULATING p-y CURVES 

l.lecau<le of the comple~ nature of thc sotl response "round a lsterally 

loaded pile, as men~ioned-previou~ly no purely analytical procedur~ can be 

used tu predicl p-y curves. Insteod, thc·results of exper1111ents on full­

scale load tests are employed as tl>e basis Of the predl.ction of p-y curves. 

Experimental re~ults are compare<.! wtth analytlcal expressions for the inittal 

slope and for the ultimo te rcsiMtnncc of the p-y curve (see dertvations at 

the beginning of tlda sectl<m). Emplrlcal ~oefficlents are used to obtaln 

agreement betwcen cxpertmcnt ~nd thcory. Tran~ltion portions of the ¡;-y 

curve, as well a~ thc cff~ns of cydl~ lo.1ding, are also descrihed c'"pirically. 

While a particular ser of re~ornmendations for p-y curves will hove some 

basis in theory, th~ rccOhlr.\cndations a,-~ strcngly telatcd to the cxpetimcnts 

on wh1ch they are based. That fact shn1•1<! he considered carefully in using 

the curves for design. 

The rec"rnmcnd~tlons for cnlculnting p-y curves for four soil conditions, 

soft clay~ bolow the water surfacc, snnds, and st1ff clays above rhe below the 

'"'U:>' snrfaco!, are given bclow alon~ wal1 a bricf deserlption of the relcvant 

~xpcrimenrs .. 
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NCMBRE '1 DIRECCICN 

1. ~. ES'IEBliN AMBRIZ REYES 
Casas Gramas 153-303 
Col. Narvarte 
~co 12, D. F. 
Tel: 5-30-02-29 

2. lliG. BJ\.LTAZAR ~ DE lA FUNI'E 
1\m:>res No. 249-2 
Col. del Valle 
~ico 12, D. F. 
Tel: 5-23-17-48 

3. ~. PAO.W CE:R\1l'.Nl'ES BErli'F.AN 
Edificio A-5 r:epto. 401 
Col. Torres de Mixcoac 
M&ioo 19, D. F. 
Tel: 5-93-25-30 

4. ING. CARLa; ~ OCMIN3tJEZ 
Arroyo de los Ahuehuetes No. 11 
Fracc. la Escalera 
M&icol4, D. F. 

5. AOOLFO GAFCIA CAST!LW 
calle 1 No. 31-F 18 
Col. Pantitlan 
~ 9, D. F. 
Tel:5-58-08-75 

6. lliG. RAFAEL M)Ill\lES '1 ~ 
Av. Ccpilco 337 
Copilco-l.Jniversidad 
H~xioo 20, D. F. 
Tel: 5-50-13-05 

7. IDG. SEffiiO PEREZ USCi'.NGI. 
Paseo de Italia Nci. 101 
Lemas ~rdes 
Naucalpan, México 
Tel: 3-93-21-66 

ll!PRESA '1 DIJ<EX:OCN 

SEO\E:l'ARIA DE ~ fltlMANC6 '1 
OBRAS PUBLICAS 
Xola y Ave. Universidad 
México 12, D. F. 
Tel: 5-30-02-29 

SOCRETARIA rE ASEm'ANIE?m:s 1ftMriOCS Y 
OBRAS PUBLICAS 
Xola y Av. Universidad 
~ico 12, D. :F. 
Tel: 5-38-28-38 

DIVISICN DE ESTWI(l; rE PCSGRMX:HJNAM 
Ciudad Universitaria 
Mlbc.ico 20, o. ; '1. 
Teh 5-50-16-24 

IPN-ESIA 
Unidad Profesional de Zacatenco 
Col. LirxlaVista 
!~CÓ 14, D. F. 
Tel: 5-86-96-44 

SERVICIOS PR:FESICJWES DE nnm:ERIA,S.A. 
!>2lchor (X¡¡¡¡po 445 
Col. Anzurez 
~ico 5, D. F. 
Tel: 5-25-{)2-90 

FACUill'AD rE IN:iENIERIA., tNl\."1 
Ciudad Universitaria 
~~o 20, D. F. 
Tel: 5-46-96-69 

""""" INDUSTRDU. Tosltoi No. 22 
Col. Anzures 
~.D. F. 
Tel: 5-33-15-00 Ext. 274 



NO<lBRE Y OIRElX!CN 

6. M. en l. VIC!OR P0.RPAS SILVA 
Periferico sur 3301 
Mizar 403 
Pedregal San Angel 
~~oo 20, D. F. 
Tel: 5-50-16-24 

9. rnG. WUCELO RICS ~IA 
Georgia 163-1 
Col. Nápoles 
~o 16, D. F, 
Tel: 5-43-01-59 

10. m3. RAFAEL roJAS ROJAS 
Norte 1-B- tb. 5012 
Capultitlan 
Máxico 15, D. F. 
Te1: 5-67-33-95 

11. IN:>, SOR!A E, R!JIZ W1EZ 
Av. Universidad 2042-410 
Copil=-Uni versidad 
~co 21, O. F. 
Tel: 5-48-98--63 

12. D'IG. S!\I.CMN SE[W¡) Lio::::W!. 
Jlqaparrlo No. 57 
Jardines de Coyoacán 
~111xico 22, D. F, 
Te1: 6-77--Q9-16 

13, rnG. ARW\NOO w:NG PA'Ul" 
Calle 7 Edif. 57-aDepto. 203 
Lams &:! Sotelo 
~co 10, D. F, 
Tel: 5-57-7o-42 

14. m3. OZIEL L. ZAPA:IE CWZ 
Sc:hatan No. 145 
COL Vallejo 
~o14, D, F. 
Tel: 5-37-00-96 

• 

OlVIS!CN DE ES'IU:l!C6 DE POSGIWXJ - t.WIM 
Cil:dad Universitaria 
~co 20, D. F. 

SOW1, S, A. 
Miner!a tb, 145 
Col. Esc<Url6n 
Máxico 18, D. F. 
Tel: 5-16-04--60 

IPN-ESIA 
Uni&d ?rofesialal de Zacatenco 
~co 14, D. F. 

PRíliECI'CG WI.'UNOS, S. C, 
Arenal N;J. 44 
CKtqlul=-Uni versidad 
~ioo 20, D. F. 
Tel: 5-5Q-80-33 Ext, 141 

o::J.IISICN F'EllEAA,L DE ELECTR!Cl:!W 
AUJUSI;o Jbd!n No. 265 
Col. Noche Buena 
Máxico 19, D, F. 
Tel: 5-63-37-QO 

DEPJ\lm\MEl'ID) re IN:iENlERIA EXPEfillF.!-l'&.L, .s.l\ 
Sierra Gorda No. 23 
Imas de 0\apul tepec 
Máxico 10, D. F. 
Tel: 5-2()-,7J-Q7 

· nsrrroro r1E:l(JOIN) JEL PETrolEO 
Av. de los Cien M=b:os No. 152 
M'h:1co 14, D. F. 
Tel: 5-67-66-QO Elct. 2314 • 


