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Differentigl Equacion

2

4 .
——§ - %}- Basic D.E. for flexure
x

4y _ EE Assuming ETI 1s constant

u+a5£*y.g

Solution of Differential Equation

" + 4 2Yy <0

m + 4 3& =0

ml = -m3 =B {1 + i}
m, = -m, = 2 (-1 + 1)
¥y = g= " (Cl Cos Bx + C2 5in Bx) + e'ﬂx { CS Coa Bx + Cﬂ Sin Bx)



Z v}
ﬂtx-ﬂlg—in—t
dx El
Sy e
3 EI

dx

ar ®» = very large, deflecrions must be small

2
Derivacives
dv _ . 3x _ -Bx%
A Be { Cl Cos £x + EZ 8in ax Cl S3ip 8x + C2 Cos dx) + Fe
{-C3 Cos PBx - Cﬂ Sip gx - C3 Sin Bx + CL Cos gx)
2
_d_.sz. a 2 gagh¥ (C, Cos Bx - C Sin Bx) + 2 g2e B (Cy Sin px - C, Cos Rx)
dx !
d3 3 Bx
——% = 7 g7e {C2 Cos Ax - €, Sin gx ~ ¢, Sin Bx - C. Cos Bx)
dx 1 A 1
+ 2 Eje-ﬂx (—C3 Sio Bx + Ca Cos 2% + C3 Cas Bx + C# Sio Bx)
da 4 Bx 4 -fx
S m g g%P® (cc, Sin 8x - C. Cos Bx) + 4 B e ©F (-C. Cos Bx - G, Sin Bx)
dxﬁ 2 1 . 3 4
Pile of Ipfinite Length
Mt
Boundary Conditions F% /’F_MR\\




Pile of Infinire Length (Continued)

For large x

Cl = CZ = 0
Applying dzg - E£
de 1
C, = - i
4 2e12® )

P
Applving djv L ok
1 EI
dx

|3
£

2E1ﬂ3

Cy +C, =

With the dertermination of the coefficients substitutions can be made and

relevant equations decived as shown following.

Timoshenko says the "long" pile solution is satisfactory where BL>4.

————— i b A —

Substitucing
e‘ﬂx i Pt
y = 5 | cog Bx + Mt {fcos Bx -~ sin Bx)
2ELB |
_ax | ZPLEE . M
5 = —g x -—E:F— {sin Bx + cos Bx) + EEE cos 8x
-Bx F
M=oz ——EE——-sin Bx + Mt {sin fx + coa Bx}
a 7
Vo= " [?t fgoa % - sin fx) - EHtB ain EKJ
-8x r . .
p = 28e | -P_cos 8x - M @ {cos 8x - sin Bx) |
I



It iz convenient ko define spome functions which make 1r easler to

wrlta the above equations. These are:

A, o= g X (cas 8% + sin ax)

R = e-ﬁx {roa Bx - sin £x)

c, = e " o3 gx

Dl - E-Bx sin 89X

Ueing thesze funceciona, the above equaciena become:

2p 8 H,
y=—F ¢ 5
5 2E18°
-ZPtBE M,
Se—x— 4 @ &
1
Pt
Me-"D +4a
g PO tHA

[ -
v PEEO —HtEDl

o
n

. 2
-EPEBCI - ZHtE El

A table giving values for A B El' and Dl, ia shown on page 11.

1’ lJ
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File of Finite Length

Boundary Conditcions

AL x = 0 M=M or—%F=T (A)
dx
3 P
- F dy __t
V= of 3 " E; (B}
d=
dz
at x = I, M=0 or -—% =0 {C)
dx
3
V=0 or ﬂ—% .0 (D)
dx
Applying B.C. (A}
M
t 2
=7 " 2 8 {Cz - Ch} . (1
Applying B.C. (B)
p
Lagoate, -ey+2p%(c, +oy {2}
EI 2 1 & 3
=23 (e, +0, . +c) (3
- 1 2 3 i

Applying B.C. (O

2

0 =2 g% &°F (C, Cos BL ~ C, Sin BL) + 2 e BL (C, Sin 8L - C, Cos BL)

1 4

{4)



Pile of Finite Length (Continued)

applying B.C. (D)

\

o =2 BjeEL (CE Cos AL - Cl Sin AL - C2 Sin pL - Cl Coa AL)
42 ple Rl (-C, 8in AL + C, Cos BL + C, Cos BL + C, Sin BL)

C, - €, =4, (6)
(Se? Table of Syubols at end of thi¥ section)

“Cy # Ty + 0y +C, = A (7
AC, - A0+ AC, - AC, =0 ' (8)
ﬂ?CE - AECI - AECE - A?Cl - Amcj + Agca + ﬁgﬂa + ‘“mca = {9}
Rewriting (9) 'ﬁllﬂl + AIECZ + A13C3 + ﬁlhcﬁ - [ (10)

Eqs- 6, 7, 8 and 10 ate the 4 equations to be solved

£, = C, - A (11}

Substicuting C, from Eq. (11) inte Eas, 7, B, and 10,

4

Eq. 7 hecomes v g T, IR e

€y 26, 40y = AL (13)



rile of Finite Length {(Continued}

Fi. 8 becomes

- - H + - -
A;cl A3h2 ﬂﬁcﬂ ESCE + ﬁsﬂl 0
(113

Gy F Ayl AL, A,

Eq. 10 becomes

CA 0 _
Priby T AREy P Aty A G, - A

or

A0yt Agly A0, = A

Egs. L3, 15, and 17 2te now the 3 equations to be solved,

Egq. 13 becomes

Cl = 3 C2 + C3 - hlS

Sub. Eq, 18 inte Eq. 15

-2 ﬁhcﬁ - &&EE + Aﬁﬁlﬁ + Alﬁcz + A6C3

or

O TR A TP

Sub, Lq. 18 into Eq. 17

-7 C - * -
All 7 ﬂllﬂa + ﬁllﬁls + ﬁlﬂLz + ﬁlacj A

2 1%14

19

(14)

(15}

(16)

(17}

(18)

(13

(213

(22)



Pile of Finite Length (Continued)

or

AygCy T 49,04 = 454 (24)

Eaqs. 21 and 24 are now the 2 equations to be solved.

Selving for CE from Eq, 21
A A
22 21
L, =— -—==¢ {15)
2 Ayy Ay 3

Sub. Eq. 25 into Eq. 24

Ao3h22  Aiafyy

C, + &,,C, =4 (26)
A0 250 3 243 25
A A
P - Ar9tas
k|
Ay 24 25 Ay (27N
and
Aggta = Ay * (28)
Finally
A
26
. = 28 29
37 &, {29)

This completes the derivetion. See pages 10 znd 11 for Table of Symbols,
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Pile: of Finite Lepgth (Concinued)

Tablea

of Symbals
M
L A=A - A
2 6% E1 13 “ A " Ap
v E- ]
: Al ™ 4 T A
2 87 EI
b = A+ A
2 ﬂzeEL Cas 31 13 L z
, 52,BL Stu EL Apg ¥ Ayt A
AL = <AA
2 Eze"EL Cos EL 17 L3
7 52.7%L g45 aL Mg ™ A1a T Ay
- Alg = Ayhyy
4,
- Aoy ™ ~24, + Ay
P Ay,
A, = -A + A
21 i T R
5 A
- Rag ™ Ayp m Aytys
6
e Ayy = “2A11 * A4
1T g
. Aoy ™ "Bt A



Table of Symbols {Continued}

11

Bag = B1g T Appfys
U L
26 25 Ay
A _LA
21723
Ay, = - + A
27 hED 24
Table of Functiens for Pile of Infinite Length
Bx Al Bl Cl Dl px ﬂl El Cl Dl
0 1.0000 1.0000 1.0000 0 2.4 -0,0096 -0.1282 .0.0669 0.0613
0.1 0,9%07 0Q.B100 2.9003 0.000% (2.6 -0.0254 -0.101% -0.0636 0.0383
0.2 0.9651 ©.6238 0.8024 0.1627 2.8 -0.0%69 -0.0777 -0.0573 0.020k
0.3 0.9267 0.4888 o0.7077 0.2189 | 3.2 -0.0k3) -0,0383 -0.0LGT -0.0024
0.4 0.8784 0,358 00,6174 0.2610 | 3.6 -0.0366 -0,0124 -0,0245 -0.0121
0.5 0.8231 o.2415 00,5323 0.2008 |h.0 -0.0258 0.0019 -0.0120 .0.0l39
0.6 0.7628 0.1:31 0.4530 0.3099 [L.L -0.0155 ©.0079 -.0.0038 -0,0117
0.7 0.6997 0.05%9 0.3798 0.3199 | 4.8 .0.0075 0.0082 o©.0007 -0.0082
0.8 0.635L _0.0063 0.3131 ©0.322% | 5.2 -0.0023 0.0075 0.0026 -0.0049
0.9 0.5712 -0.0657 0.2527 0.3185 | 5.6 0.0005 0.0052 0.0029 -0.0023
1.0 0,5083 -0,1108 0.1988 0.3086 | 5.0 0.0017T 0Q.0031L  0.0024k -0.0007
1.1 o 4476 _0_LL5T ©0.1510 0.2967 [6.% 0.0018  0.0015 ©.0017  0.0003
1.2 0.3869 -0.1716 0.1091 0.2807 (6.8 0.0015 0.0004  0.0010 0.0006
1.3 ¢.3355 -0.1897 0.0729 00,2626 [ 7.2 0.0015 -0.0001% 0.00045 0.00C60
1.5 0.2840 0. 2011 0.0419 0.2430 [ 7.6 ©.00061 -0.00036 O.CO0L2 O.0GQHT
1.5 0.2384 -0.2068 0.0158 0.2226 |8.¢0 0.00028 -0.00038 -0.0005 O.000%3
1.6 0,1959 -0.2077 -0.0059 .0.2018 18,4  0,.00007 -0.00031 -0.00012 0.00019
1.7 0.15756 -0.2047 -0.0235 0.1812 | 8.8 _0.00003 -0.00021 .0.00012 0.00003
1.8 0.1234 -0.1995 -0.0376 0.1610 (9.2 -0.00008 -0.00012 -0,0001C 0©.00002
1.9 0.0932 -0.18c9 -0.048k ©0.1k15 [ 9.6 -0.00008 -0.00005 000007 -G.00001
2.0 0.0667 —0.1794 -0.055% 0.1230 | 10.0 -0.00006 -0.00001 .0.0000L -0 00002
2,2 0 0

-

Lo2kh

-0.15LE -0.0652 0.0895
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LATERALLY-LDADED PILES

Pilas must often support substanrial lareral loads as well as axial
loads. Examples of pile-supported structures which must support large
laceral loada include marine structures, large advercising signs, and
transmigslion towers.

While axially loaded piles may be designed satisfaccorily by simple
static methoda, the deslgn procedure for laterally loaded piles 1s more
complex, Involving the solution of a fourth-order differencial equarion.
The solution must 1lnsure chat condirigns of equilibrium and compatibilicy
are satisfied. The problem of laterally-loaded plles 1s further compli-
cated because of the nonlinear soil response.

The differentlal equacicn to be solved, as derived from convestional

beam theory (Hetenyi, L946), is:

4 2
er 4L+ d—%—p-ﬂ (1)
dx R dx

wheres:

EI flexural rigidicy of plle

deflection of pile

e
]

length zlong pile

]
1

o
1

axial load

s0il reaction per unitc length.

-
1



Fyuation ] may be solved very convenlently by a digital computer (Reasa & Manoliu,
1972); howaever, non-dimensional methods may sometimes be employed teo yileld

an iccepreble solution (Matlock and Reese, 1961), gBoth soluclion methoda

glve ail th: necessary design informacion including the moment, deflec-—

tiun, and shear ar desired lengths along the pile.

SO TL RESPONSE

The Luhavior of the soll surcrounding che laterally loaded plle i
pften degcribed in terms of p-y curves, which relate the scil ragistance
to the pila deflection at varloes depths below the surface, A get of
typicael p-¥ curves are shown in Fig. 1. 1n general, thede curves are oon-
linear and depend oo several parameteérs, including depth, shearing strengch
uf cthe soil, snd number of leoad eycles.

For convenience in solving Eq. 1, & secent modulus of soll reaction,

E

8" 1s ofren used,

E_ = ply. ' {2)

As ma¥ k2 understood from Fig. 1, Es car vary in an arhitrary manner
vish Jdapth and wich deflecrion; however, Es Is often AAgumed to vary

Jinearls with depth, f{.e,, E_ = kx. [t 1s recommended that p-y curved

' 3

b conscrueted as shown below and that the valueg of soll modulus he de-
rermineyd from those curves, Four experiments on full-sized, instrumented
nilea have lad ro methods for conscructlng p-¥ curves for che following

cases: soft clays below the water surface, stlff claya below the water

surtace, 9tiff clays above the water table, and sandsa.
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Filg, 1. Sut of "p-y" CLurve &



p-y CHMRVES FOR S0OMT CLAYS BELOW WATER SURFACE

Matlosk {1970) presented procedures for developing p-y curves fer
sl L clays below the water gurface for two loading conditions! shorc-term

statle and eyelic., Those procedures, somewnadt giwplified are summarized below.

Shart=Tarm Static Loading

Obtain the best poasible estimara of the variacion of shear

tq-

srrength "and effective unlt welght with depth. 4laso obtain the
value of €oqe the strain corresponding to one-hali che maximum
prinelpul stress difference. [f no values of gy BYE svailable,

typical values suggested by Skempton (19531) nre giliven below In

Table 1.
Takle 1
Condistency of Clay €54
Sofr 0.020
Hedium 0.610
SELEF 0,005

LBV}

Compure che ultimuta soil resiscance per unit leogth of ahaft,

P, uging the smaller of the values glven by the equations below.

pu=[3+§x+%-5-x] b (3}



P, 9 cbh {4)
whare

y = average effective unit weight from ground surface to p-y
curve,

x = depth from ground surface to p-y curve,

¢ = shear scrength ar depth x,

b = width of pile.

The valuae of P, is computred ac each depth where a p-y curve is
desired, based on the shear strength at that depth.
3. Compute the deflection, Ygqpe 2t one-half che ultimate soil resia-

tance from the following equation:

4. Points describing the p-y curve are now computed from the rela-
tionship belaow,

el = 0.5 (y/y,) " (6)

The value of p remalnsg constant beyond y-ﬂyjﬁ

Cvelic Loading

1. Construct the p-¥ ¢urve in the same manner as for short-term

gtatic loading for values of p less than 0.72 Py



S50lve Equatigns 3 and 4 simultanecusly to find the depth, X,
vhare the transition occurs. If the unit welght and shear strength
are ¢onscant in the upper zone, then

bch

r = (yb + 0.5¢) n

X
if the depth o che p-y curve is greater than or equsal to X
then p is equal to 0.72 Py for all valuyes of y greater than BySﬂ‘
If the deptis to the p-y curve {s less than LI then the value
of p decresges Lrom 0,72 p, 8L Y™ 3y5ﬂ to the value given by

tha expression below at y » 15y50.
p0.72p, (=) (8)
r

The value of p remains congtant beyond ¥ = liyjﬂ.

p-y CURVES FUR STIFF CLAYS ABOVE TWE WATER TABLE

Renae and Welch (1975) preseunted procadures for developing p-y curves

for stiff clays above the water table. Mecheda are given for both short-

term atatic and cyclic loadings.

Sheve-Term Sracic Loading

btain the best possible estimate of the variaticn of shear
strepgth and effective unic weight with deprh. Alsc obtain che

vilue of Ecqs the strain corresponding to ome~half the maxinum



principal stress difference. If no value of €55 is available,
ude a value from Table 1, the larger value being more conserva-
tive.

Compute the ultimare soll resiscance per unic length of shafe,
Py uging the smaller of the val;es given by Egs. 3 and &I{In the
use of Eq. 3, the shear strength 13 taken as the average from tha
ground surface to the depth being considersd).

Compute the deflecrion, Ygp» 2 one-half the ultimate goll realn-

tance from Egq. 5.

‘Points describlng the p-y curve may be computed from the relation~

ship below.

P g5 (Xylf4 (9)
Py Y50

Beyond y = lﬁysﬂ, p la egual to P, For all walues of y,

Cyelic loading

1.

Determine the p-y curve for shorc-term static loading by the pro-
cedure previously siven,

Determine the number of clmes the design lateral load will be
applied to the shaft.

For several values of p!pu obtaln the value of C, the parameter
desc¢ribing the effect of repeated loading on deformacion, from a
relactionship developed by laboratery tests, or in the abaence of

tests, from the following equation,



C = 9.6 (%—}‘r‘ ' (10)

u

Y. At the values of p corTesponding to the values of pfpu selected
in step 3, compute new values of ¥ for cyclic loeding from the

following equation.

. + - L] 1
Yo 2 ¥, T g €+ leg N (11}

where

¥, = deflection under N cycles of load

y, = deflecrion under short-term static load,

Ve = deflaction under short-cerm atacic load ar ene-half the
ultimate resigtance,

N = number of cycles of load application.

5. The P-y, curve deiines the soil response after N cycles of load.

p=y CURVES ¥OR STIFF CLAYS BELOW WATER SURFACE

Regge et. zl. (1975} present methoda for obtaining p-y curves for
st1fE clays below the water surface. lethods ave given below for both

chiort~term atatic and cyclic loadings.

short-Tetm 3tatic Loading

L. Obraln values for undrained soil shear strengths ¢, soil sub-

merged unit welght vy, and pile diswater b from ground surface

e ilenth W



Compute the average undrained soil ghear strength c, over ths
depth H.-
Use the following equations for computing soil resistance at

depch H:
a, Ultimate soil reslstance near ground surface,
= 2 + v’ + 2.8

Pey ¢, b+y b H+ 2.83 c, H {12)

b, Ulrtimate seil resiatance well below the grotund surfaca,
Pea * 11t (13)

Use the smaller of Eq. 12 or 13 for the value of Pe*
Choose the appropriate value of & from Fig. 2 for che particular

non-~dimensionzl depth.

Establish the initlal straight line portion of the p-y curve,

p=kxy {14}

Use the appropriate value of k from Table 2.

Compute the Fallowing:

y. =€ b {15)

Uge an appropriare value of €y from Table 3.



o

PILE |
STATIC

£~g.

PILE 2
4 ® CYCLIC

01—

|
I
|
|
|
I
I
|
I
I
|

12 | |

Fig. &, Values of Consctants A and B



TABLE 2
RECOWMIENDCD YALUES QF Kk FOR STIFF CLAYS

Average Undrained Shear Strength*

ton/ft
051 a2 2.4
k, (Static) 1b/in’ 500 1000 - 2000
k_ (Cyclic) 1b/in’ 200 400 800

*The average shear stréngth should be computed from the shgar strength of
the sgpil to a depth of 5 pile diameters.

TABLE 3
REPRESENTATIVE VALUES OF € FOR STIFF CLAYS

* Average Undrained Shear Strength

tun)’ft2

0.5-1 o 1=2 2 -4
€, (in./in.) ' 0.007 0.005 0.00C4

- 11
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1. Establish the first parabelic portiom of the p~y curve,

p=0.5p, (2% (16)
c

Intersection with Eq. 14 <y <A Yo {1f there is no intergec-

tion, Egq. 16 controls).

8. Establish the second parabelic portion of the p-y curve,

- A
0.5 ] v ¥e.1,25
p = 0.5 p. (&7 - 0,055 p (=)0 47,
C Yo c & Yo
Ay, sy=sbay, 17)

9., Establish the next astraighc-linc porcion of che p~y curve,

_ 0.0625

p=0.5p, (6577 - 0.411 p_
c

pc(y—ﬁﬁ}rcl,ﬁﬁy <y <18 ay

C <

{18}
10. Establish the fipal straight-line pagtion of the p-y curve,
p=0.5p {6&}3'5 - 0,411 p_ - Q.75 A, 18 A vy <vy {13}
T e ) ¢ P P Ay c —

fvelie Loading

L. Steps 1, 2, 3, and 5 are the same aa fu} the scatie case.
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4. Choose the appropriate value of B from Fig. 2 for the particular
non—dimensiconal depth.

6. Compute the following:

Yo ™ T, b {20}
YP = 4,1 A Fc fil{

Use an appropriate walue of £a from Table 3,

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

y - 0.45 y 2.3
- -— —-l-n-l-—_E
p=Bop, (1- |5z 2 P (22)

Intersection with Eq. 14 <y < 0.6 e (Lf there is nc inter-

section, Eq. 22 controls).

8., Establish the next straight-line portion of the p-y curve,

0.085

p=0.936 B Po " P, {y - .6 yp], G.6 Fp-: y <1.8 yp (23}

C

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

p = 0D.936 B Pe = 0.102 y , 1L.By =<y (24}

. L P
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p-y CUEVES FUR SAND, SHORT-TERM STATIC AND CYCLIC LOADING

Reese, Cox, and Koop (1974) presented procedures for developing p-¥
curves for sand. Mechods are glven for both short-ters statie and for

eyclic loadings,

1. 0Obrain values for significant soil propercles and pile dimensions,
4, ¥, and ‘b,
4. Make the following preliminary cowputations for use in the egqua-

tions for computing soll resistance.

=% gads+?

- - 2 -3
oy 3 5 Ka 0.4, and KH tan (45 2}

J. Use the following equations for computing soil reaistance:
a, Ultimate resistance near ground surface,

KuH tan 4 sin B

tan 8
= +
Pee = Y H [tan (8 - 4} cos o ran (B - ¢) (b +H tan 8 ran a)
+ KDH tan & (can ¢ sin 8 - tan a} - Kﬂb] {25)

b. Jltimate resistance well below the ground surface,

Pog ™ Kab vH {tana g ~=1) + Kob vH tan % tann B (24)
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Find the intersection, xt, of the equations for the ultimata seil
resistance near the ground surface and the ultimate 801l resis-
tance well below the ground surface. Above this depch use 2q.
25. Below this depth use Eq. 286.

Select a depth at which a p-y¥ cutve 13 desired.

"Eatablish Y, 28 3b/80. Compure P, by the following equation:

p = Ap {27)

u c

Use the appropriate value of A from Fig. 3, for the particulsr
nan-dim;nsiunal depth, and for efther the static or cyclie case.
Use the appropriate equation for pc; Eq. 26 or Eq. 26 by referring
to the computation 1n step 4.
Establish y_ as b/60. Compute py by the following equstion;

P EpC {28}
Use the appropriate value of B from Flg., 4 for the particulsar
non-dimensional depth, and for either the scarie or cyclic case,
Use the appropriate eguation for P
Establish the slope of the inirial portion of the p-v curve by
seleccing che appropriate value of k from Table 3z or 3b.
Selact the following parabola to be fitted between points k and
-

p = Cy {29}
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1.0 . 2.0

WA (CYCLIC)

v
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X ' -
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Fig. 3. Ron-dimensional Coefricient A for Ylgimats Soil Resistance

Vursus Depth.
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Mon-dimensional Coefficlent B for Soil Resistance Versus Depth.



Tabkle 3a

Recotmended Values of k For Submerged Sand

18

Kelatvive Density Loose Madium Denge
Recommended ¥ {1b/in’) 20 60 125
Tabkle 3h
Recommended Values of k For Sand Above Water Table
fQelative Density Lonse Hedium Dense
Recompanded k {1b/in) 25 90 225
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Fit the parabola between points k and m as follows:

a. @Ger slope af line between points = and u by,

F
m = —— (30)
m

no=— (31}

¢, Ubrailn the coefficient C as foallows:

Pm
€= 1 (32)
m
d. Determine point k as,
w & ninl (23)
e * Nx

e. Compute appropriate number of polnts on the parabola by

using Eq. 29,

This completes the development of the p~y curve for the desired
depth. Any number of curves can be developed by repeacing the

gteps above for asach depth degsired.
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COMMENTS OH PROCEDURES FOR COMPUTTING p-y CURVES

Each of the four proceduraes describaed above ig based on experimental
studies using full-sized, inmacrumenced plles. In each case, p-y curves
were derived from experimental results 2nd were employved In developing the
recoenended procedures. Furthermore, theorfes for the behavior of soils
under stress were employed as fully as pagsibla in developing the recommen-
dations. As a final step in the development, the recommendations for p-y
curvis were naed to make predictions of plle behavier te compare with be-
havior obsurveg in the experiments, Ip all cases the comparigons wete
excelieut.

im the basis of the above commepnts, the designer may employ the p-y
racomnendations with reasonable confidence; however, only a limited number
of experimencs have been perforwmed. The user of the deaign methed deacrihed
herein should read the reports on rthe experimental studies and may wish
to perform full-scale experiments, perhaps on uninstrumented piles, to
conflrm pile designe for important projecta.

A further comment should be made to the effect that rhe recomendations
for p-¥ curves do not deal with the cases of sustalned loading and of

qezismic loading.

SOLUTION PROCETDURE

An iteracive procedure, using non-dimensional coefficiencs, is
recomhended for the solution of Eg. 1 for cases whete there is no axjial
Jpad and where the plle stiffnesas ia coustant. The solution procedure is

deseribed below for three sets of boundary condirlons at the top of the
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pile; 1) pile head free to rotace, 2} pile head fixed against rotatiow,

3) pile head restralned against rotacien. These boundary conditions,

along with the sign convencion used in the following solurions, are shown

in Fig. 5.

Pile Head Free To Rotate

Casa 1.

2.

vhere

Construct p-y curved at various depths by procedures tecommended

above, with the spacing between p-y curvea being closer pear the

ground surfaca than near the hottem of che pila.

Assume a value of T, the relative stiifness factor., The reulative

ariffnegs factor fa given as:

T »~ YEi/R . (14)

El = flexural rigidicy of pile,
k = constant relaring the secant modulus of soil reactivm to

depth {Eﬂ = kx}.

Compute the depth cocefficiear, Zoax’ 38 followa:

2 - 02X {35)
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Compute the defleccion, ¥, at each depth along cthe pile whure

A p-y curve is avallable by using the following eguation:

PTT3 HTT2
y= ﬁy EI * Ey EI (36)

A = deflecrion coefficient, found in Fig. &,
P, = ghear at top of pile,

T = relative stiffness factor,

B_ = defleccion cowfficient, found in Fig. 7,
MT = mpoment at top of pile

ElI = flexural rigidity of pile.

The particular curves to be emplayed in getring che &Y and B

coefficients depend on the value of Zoax compuced in step 3.
%

From a p~y curve, select the value of soll resiatance, p, that
corresponds to the pile deflection value, ¥, at the depth of

the p-y curve. Repeat thiz procedure for evary p-y curve chat

is available.

Compute & secant moduluys of soil reaction, Ea' using Eq. 2. Plo:s
tha E.‘El values versus depth.

From the E_ va. depth plot in step &, compute the constant, %,
which relates EB to depth (k = Esfx}. Cive more weight to the

Es values near the gruund surface.
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B. Fompuca a vidlue of the relative stiffness faetor, T, from the
value of k found in srtep 8. Compare this value of T to the
value of T zssumed in step 2. Repeat sceps 2 chrough % using
the new value of T each time until the assumed value of T equala
the calculated value of T.

Y, Whew the ireracive procedure has been completed, the valuass of
deflection along the plle are known from step 4 of the final
fLeracion. WValues of soil reaction may be compuced from the
.hasic gxpression: p « an. ?alﬁes of glope, aomen:, ‘-nd shear

alang the pile can be found by using che following equaticna.

Pth HtT
S A TEC Y A T . GD
M= AmPtT + B M (38)
and
Mt

The appropriate coefficienta to be used in the above equaticns

way be obtained from Figs. & through 13,
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Cage II. Pile Head Fixed Agalnst Rotation

Case II may be used to obtain a solution for the case where tha super-

gcructure trapslates under load but does not rocare snd whare the super-

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

l. Perform stepa 1, 2, and 3 of che solution procedure as for free-
head piles, Case I.
Z. Compute the deflegtion, y, at gach depth along the pile where s

p-y curve is available by using the following equation:

P T3

£
Yp FF T - {40}
The deflaction coefficients, Fy' may be found by encering Fig,
14 wich the appropriate value of =z
max
3. The solution proceeds 1n steps similar to those of steps 5 through
r
g8 for the free-head case.
4. Compute the moment at the teop of the pile, HT’ from the following

equagion:
M, = Fy P.T, (a1}

The value of th may be found by entering Table 4 with the

appropriate value of 2 nax”
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Table 4

Moment Coefficlents at Top of Pile for Fixed-Head Case

2 -1.06
3 ~-0.97
4 -0.93
5 and above -0.23

5. Compute values of slope, moment, shear, and soll reaction alony
the pile by following the procedure in step 9 for the free-haod

plla,

Case III. Pile Head Rescrained Against Rotation

Cage III may ba used to obtain a solurion for the case whers the

superstructure translares under load but does not rotate,

1. Perform steps 1, 2, 3 of the golution procedure for free haad
piles, Case I,
2. Obeain the value cof the spring stiffness, kB‘ of the pile-super-

structure system. The spring stiffneas ia defined as follows:

4!

L
- — &
RB St (423

where
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M _ = moment at top of pille,

St = glopeg #c rop wf pile.

Compute the slepe at the top of pile, S:' as focllows:

2
p.T HTT
5 = A L"‘B ———

£ st EI st EI (43)

ﬁﬂt = glope coefficient, found in Fig., 8,

BEL = siope coefficient, found in Fig. 9.

Solye eguatious 42 and 43 for the momanr at the top of the
pile, Ht'
Perform steps 1 through 9 of the solution procedute for free

head piles, Case I.

Thig completes the solution of the laterally loaded plle problea for

thraz sets of boundary conditiona. The solution gives values of deflec-

tion, 8lope moment, and shear, and soil reaction as a function of depth.

b ]

Tir {llustrate the golution procedures, an example problem is presented.
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EXAMPLE PROBLEM

Proklem Statement

Find the deflection, moment and shear as a funccion of depth aleug
a pile that is free to rotate and is subjected to 2 horizontal force and a2
moment. The p-¥ curves dre to be conatructed at 2, 4, &, 16, and 40 £,

The so0l1l is a stiff clay abeve the water ruble. Other daca for the probhlea

are shown below.

Pt = 35,000 1b

Moo= 3.02 X lﬂ? in-1b.

L = af ft.

b =2 fr.

EL = 7.39 X 10" 1bs-in.?
¢ = 1000 psf

v = 110 pef

N = 1000 cycles

Solutian

The scluclon will proceed in the step-by-step mamnner as describazd

for Case I,
1. Copscruct p-y curves.

Assume €5 = 0.0l in the absence af stress-strain curves.
Compute P, 28 the smaller of the values from Eqa. 3 and & for

depth of O, 24, 4B, 94, 144, 192, and 288 in.



Compute Y50 frem Egy. 3 and compute pointa on the p-y curves

for shurt-cerm static leading using Eq. 9.

Compute y wvalues EFor ¢yelic loading by use of Eq. 11.

The resulta of the computationg are showm in the Table 5.

Table 5

Computed p-y curves

96

38

Depth, in. 0 24 48 144 132 288

¥static Fc}clic Py Ib/in

0.0049 .000 )] 0 1] ) Q G 0
2.001 4,003 a1 53 5 59 123 147 152
J.015 0.04 100 123 147 195 2413 291 299
0.24 0.467 1845 247 294 330 485 580 596
0.81 1.58 250 310 3 490 &10 730 750
1-24 J.48 K11 372 Gh4 588 731 B75 899
2,50 7.00 357 443 529 700 872 1043 1072
5.00 14.00 425 52V 629 833 1034 1240 1274
9.60 26. 88 500 K20 740 580 1220 1460 1500

{The p-ycycll: curves are plocted in Fig. 15).
2y assume T!

3. Cumpute z :
ma

24 fr.

tabnluted in the follewing table.

z
maXx

T = 126 in.

X

max _ 40(12} _

1.8

T

126
4., Qompute the deflection, ¥y, at deptha of O, 2,

1.

]

Using Eg. 36 (Uge Figs. 6 and 7; the computations are

4, 8, 12, 15, and



150G~ 284 in.
122 in.

194 in.

1000+ 96 in.

48 in.

P {lb /in.)
T

24in.

3| ¥ {inches)

Fig. 5. Tlot of p-y Curves for exnmple problex, xiiff clasy abovs warer table - -~yelic loadieg

6E



Table 6

Computed Deflectiona

40

X, in z AF A in. 'By ¥y in, ¥, in.
\ o 2.50 2.16 1.65 10.71 12,87
34 .19 .20 1.91 1.30 B.43 10,24
43 .38 1.85 1.60 1.0 6.49 8.09
Ju 0.76 1.35 1.17 0.60 5.89 5.06
144 1.14 0.98 0.8% .25 1.62 2.47
92 1.52 0.45 .39 0.07 0.45 0.84
288 2.29 —_— o ——— —— _—
LE0 .81 0.20 .11 -0.10 -0.65 -0.82
5. From the setc of p-y curves (Fig. 15), the values of p are salec-
ted, corcresponding to the y values computed in step 4. (See
tabulation in step 6.)
6. Compute the Es_value at sach depth {seg foallowing Table 7).
Table 7
Computed Soil Modulus Values

x, 1n ¥, in. p, 1bfin. EE. pai

Q 12,87 =420 33

S 10,34 ~470 47

afl 8.0y © =540 b7

%6 5.06 ~642 127

1as 2.47 -670 271

102 0.84 -600 714

233 _—— e - _——

50 -0.82 +710 366
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7. A plot af E5 VB, depth-is ghown in Fig. 16. The k value iu;

k Esfx 665 1.65 1b./in.
B. Compute T:
50—  5,7.39 x 1019
T YVEI7k » w132 X 100 y50 a0l & 126

1.65

This completes the first iteration ﬁf the solution procedure. Bafare
proceeding to the next iterarion, the resulcs thus far will be examined
tor g;idance with regard to furcher computations.

It is evident from Fig. 16 that E, = kx 13 not a good representatlion
of the variatien of the soil modulvus with depth. A atraight lina, passing
through the origin, does agt fic the plotted poinmts. However, the solu-
tion will proceed by use of the non-dimensional curves in order to gain
&n approximate idea of the final design.

Figure 16 also reveals that the sclution has not been found becausa
the k that was tried is not egual to the k chat was obtained. Further,
it would appear that the value of T 1s likely to be grearer than 135,

With a value of T of 126, the Zoax ;as 3,41 and cthat value at cohi-
vergence will be even smallar, A study of Figs. & and 7 shous thar tha
bottom of the pile {g deflecting for 2oy Yalues of legs than 5. Thera-
fore, the pile length probably should be increased to inaure lateral
stability. The further computarions will be performed with a length of

60 ft.
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Fig. 16. Plot of Eg; versus X for example problem
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Even though the lengeh of the pile 1s increased, rhe deflactipn at
the groundline will ba considerable. An evident way to decresse the
deflectiun i3 to inerease the stiffness of the plle; howaver, for this
problem it will be assumed that the deflection is not a problem,

The iteratiens ave continued but with a pile with leagth increasad

to 60 fr; convergence wag achieved with T = 143 in.

2. Compute the values of moment and shear using Eqa. 358 and 39
(see Fig. 17). Also shown in Fig, 17 are plots of the moment
and shear diagrams from a computer solution of the exampla prab-—
lem (aee gext section). AS may be 5een, excellent agreement is
found between the computer solutions and cthe non-dimensional

aglutions.

ANALYSIS BY COMPUTER PROGRAM

While che non-dimensional method deseribed above is sacigfactory for
many problems, some laterally-lpaded piles can be znalyzed more effile-
lently by means of a computer program. The program recommended for prap-
lems of latarally-loaded piles ia COM622 (Reess and Manoliu, 1973).

The program uses #Auccessive difference-equation compucations, hased
on repeated reference to the p-y curves, to determine at {acremeats aiong
the pile the wvalues of soll medulus which i{nsures both compatibilicy and
equilibrium for the seil, the pile, and cthe suparstruccture. Soma of the

advantapes of using COME2Z are:
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l. - Srep changes in the flexural sciffness of che pile may be in~
troduced at any depth.

2." The pile length may be changed as desired.

3. The p-y data may be Iintroduced in several convenient waye.

4. The boundary conditions at the top of the pile may be specified
as the lateral load and: a) the moment, b} slope, ¢) the rora-
tional spring constant (moment/sleope). In addirion, so0 sxial
load may be speclfied.

The computer progtam may be pbtained at the Computing Center, University of

Bolder, €olorada.

CONCLUDING REMARKS

A number of methods have been suggested in technical literaturs for
the analysis of piles under lateral load but the method preaenced above
has the principal advantage of satisfying fully the principies of meﬁh&n-
ics., The only limitation in the method is Iin regard to the peagernszas
of the data concerning the ptediction of the p-y curves. However, g8
mate Information becomes avallable on the behavior of the soill around a
pile under latersl loading, that information can be put to use in making
analyses.

In general, che computer program 1s f;vored B8 an analytical method.
Problems ¢zn be rreated more exactly, parameters can be variad to improve
the ability of the enginesr to make decisions of plle geometry, and the
computations ate inexpensive., However, the non-dimensicnal method should
be employed on almest every ogcasionm as 8 check of che computer dclution

or to give preliminary design informacion.
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DERIVATICH OF DIFFERENCE EQUATIONS






DERIVATION OF DIFFERENCE EQUATIONS

Basic Expresefon for Yo

The basle differentlal equation for flexure of # beanm
for small deflections is

When differentiated twice Eq Al becomes

dz}

2

dx

——

-

Where p = distributed goil reaction along the pile
For convenilence In writing
BE = EI

At this point it 1% convenlent to show derivatives in
difference form. Referring to the notatiom in Fig 1,

¥ 4

dy - m-1 w1
dx ?h
m
d?y e Yl Yo Yen
dxz h2
m
w3
Py Yooz B Wy Vo
dx 7h° -
r
dﬁ ¥ =4y 4By -4y +y
vd = m-2 m-1 m 1 2
A 4
dx [}]
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In difference form, Eq A2 may be written #s follawa:

m-l“’ -2 '”m-l *}'n} 'Rm'me-l 'zfu ﬂ'ml}

% . h? =
hZ
(et " Yampy? R o1 On ~on +Tm+z_:'
N . h?
h2
Eq A8 becomes
Yn-2 [Rm-l} -zym-lrnm-l +RKP +Ym{Rm-1 +%Rm +REH1}
'
Wy Rp o) Hvp, R o= opgh A3
Substitute
P, = kv AlD
The Enlluuiqg general expresSion is ocbrained,
Yp-2 (Rm-l} -2yn—l {Rmbl +Rm)
by (R . +4R_ 4R, +k B
o m=-1 m m+l ™
-2ym+1 {Rm url-ljl +Fm+2 l:ﬁm+l} m 0 - All

The two boundary conditions at the bottom of the pile gre that the
moment and the shear are zero. Using the notation in Plg 2, these
two boundary conditions are defined in Eqs Al2 and AlJ,

Y. "y, ty, = O AlZ

}.-2 -2}1‘1 +2}r1 -},r2 = 0 Al3






Writing Eq All abosut Point D

&4
Yoy R Hy ) IR -2R) 4+ oy (R MR R, D)

+, ezna'-znlj +y, (R,} = 0 ~ Al4
From Eq Al3 .
Yog = Iy | vy v, : Al3

Substituting expression I{n Bq ALS For Y.g in Eq Al4

i

yoy (FIR)) v, (R, +4R_ 4R+ BY)
+y) (-2Ru “IRy <R ) + ¥, fnl +n‘1) = D Alg
From Eq AlZ
Y = W, N ' ALY
Substityting expression in Eq Al7 for .1 in Eq AlS

- . - ~
¥ (R_1 Rtk b Y+ Y1 { R, 2&_1} + Y, (R1 +R_1} 0 Alg

Q 1

Putting Eq AlB inte the form

Yo ® a ¥y by, Al9

And furtlior setting



The tellowinpg expressicone for a_ and bn reault

ERH +2R1
au=—|—-—u-—-u._.|.-.-'; Azl
B+, +k h
o 4 a

l‘l'::| -Hll

————— 4 A22
E 4B, + h
o 1 a

Thae wext step in the derivation is to write Eq All about Point 1

: 4
Yo (R #y, (-2R_ -2R,) 4y, (RO 4R, R, +k; h7)

4y, (=28 -2R.) 4y, (R,) =0 A23

Using Eg Al7
b
Y, (-znl} +¥ (ﬁRl +R2 +L1 L) +y (-ERI -2&2]

Yq {Hz} w0 A24

Using Eq AlY

g
yy (6Ry 4R, -2a R,k W) 4y, (-2R, -2R, +2b R

2 l.:|

“ALing Hq A25 inta the [erm

¥ =8y by A26



The followlng expressions for 8, and I::1 result

2B, -2b R. +2R
ol

1
a, = 2 4 A27
4R, -22 R, R, +kh
\_RI
b, = 2 JAY;
. 4 -
4R, -2a R, 4R, +k b

The derivation is continucd by writing Eq All ebout Polnt 2.

4
yncﬂlj +yl{-231-2R2} +y2(R1 +4R2 +le+k2 h')

+yy (-2R,-28,) 4y, (R,) = O K29
Using Egq Al9
(-2R,-2R, +8 R.) +v.(R, +iR, i, +k h° «b & )
FPATERY TRy TGN TN TRy Ty TRy o1
+7,{+2R,=2R;) 4y, (BRy) = 0 A30

Using Eq A26

_ 4
¥, (R #4R, 4Ry -b R, -20,R, ~2a.R, +3 3 R, +k,h )

+y3(-2R2 -ZRJ +2h1R1 12h1H2 vaﬂblulj +yﬂ{R3} (Y A3l



Futting Eq A3l into the form

the foilowing expressions for a, and hé result

~2b_ R+ +a b
11" o

1 1R1 -?blﬂl +2&1 +2R3

4 A33

an = ~ ~ -
2 R¥ ZﬂlRI bDRl +aaa1R1 +¢R2 zalRE +R3 +k2h
Rq
b, = 4 A4
2 Rl -Zalkl -buRI +ﬂoalﬂl +4'+R2 -Ealﬁz +R3 +k2h

by continuing to write Eq All about successive points along the plle
ant by makineg the substlitutlons indicareld, general expressions smerpge
for v and for the coefficients as follows:

Ya © ﬂm:'rm+1 -bmym+2 ; AiS

o F m-lRm-l +am-2bm-lkm-l +2Rm -2bm-1Rm +2Rm+l
a = AlS

m .G
-'ll - B
E

L

bm - c a7
m

c =R 2n +4R

m m-l m-lRm-l -bm-inmul +am-23m-1Rm-1 m

4
an_lkm +Rm+1 +kmh A3B

The peneral expressions shoun in Eqs A35 throuph A38 .can be used for
computine values of vy for puints along the pile except Polnts O and 1,
where Sqs A19 through 422 and A26 through A28 must be usged.

ile use of these expressions fer y  for computing the deflection clong a
{.32 yvguires thut some daflections de known, Boundary conditions at the
tup af the pile ore employed in deriving the necessary expressions .
tar Juflecrion.



Expressions for Boundary Conditions p, and M

Fer convenience in writing, the following equalicies are
oatablished,

ch2
J2 " x - A9
t .
K
grthj
J] " R A4D
L
Tha differencé expressions for moment and-shear
{see Eqs A5 and AB) are!
1 Rm !
L h_f Va1 "Wg W) Abl
v o= Mooy 2y By ey ) - A&2
moo =5 Vo2 "ee P Yo

Using the notation shown In Fig 3 for the subscripts und using the
above four equations, the equatlons which express the deaired huundary
conditions at the rop of the plle are:

Yeal " Wegp = 35 AG3

Yeer ") e Tz T o a44

Eq AJS3 may be ussad to obtaln the following expressions:

Ye = 3V PV - ‘ ALS
Yeer = Bot¥e Pra¥in B 45
ALT

Yeop * %Vl Bl Yy

]
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Substituting expression
expression {s obtained:

61 ¥

whera

Gy =2 =3, 4

. Gy =1-b .

Subetituting expresgions

Yo (O 1% .2

Ly

11

L

for yt-ld from Eq A46 inta Eg Aﬁ]rthe following

:Jz

for ¥po1 end Yeuz
Cq A44 the following expression 1s obtalned,

el Prozd Peer PeogPra t

Adl

A49

from Ega A46 and A4T into

1 +2)

Yep2 Iq 251
Solving Eqs AAS, A4B and AS] for Fpo the following expresajon is
cbtalined,
. . J263 + JJGE 453
L 5265 - GIGB
where
a
6y » £ 2.0 “2.0b, ) b .3 AS3
C
and
G, = L =b -2t +a_ & AS4
5 bt c-2 t=1 t-lt-2
From Eq A48
¥y G, +J
£l 2
AT G A33
2
From Eq A4S
ay =¥
¥ - Ll TC AS6
t+2 bt

Egs AS4, AS5 and AS6 are the desired expreasicna.



Expressions for Boundary Conditions Pt and S,

For this derivation it is comvenient to define the'follawing equalicy:

Jl = EhSt AS7

*
+
'

The difference equation tor slope is;

s = L &y 4 ¥y . . A58
LIS m-1 Tm+l L

Using the previous notation, the equation which represente the boundary
condition for slope ar the top of the pile is:

Yool Y1 = 9 ‘ _ 459

In addition to making use of g ASY it ia neceagsory to use Eqz Add, A4S,
Mo, and A4T7 which were used in the provicus derivation. Combining

Eqs ASH and ASY to elipminate v -1 the following expreseion ig abtainod:
P hGnFc+1 = Jl - : A5Q
wigre
G, = 1+b A6l

Proceeding os previously Eqs A45, A5l and AGO zre solved sicultancously
for Y, » a8 follows;

‘]3{:; - chf!- 162
v ¥ 6,6, - G,8
475 37e-1
Selving Eg Ab0 for Yeil
W Yea o -d 3
Yeal te-l 1 e . Ab
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The exprecsion for 1s the szme as, previously derived in Bq AS6.

Ye42
This completes the derivation of the desired expresalon for these

houndary condltions.

Expressions for Boundary Conditions Pt and Htht

¥or this derivation 1t is convenient to define the following equaliry:

.
1.1 ERt St

Then, the boundory conditien for HQHSE iz expressed as Follows;

Yeap "2 ¥ o 3, ' ' A65
Yeel Yesl

In addition te making usce of By A65, 1t 13 necessary to use Egs A4S,
A4S, A46, and ALY as previously. Cowbining equations A46 and ABS
to eliminate ¥eo1r the following expression {s obrtained:

Y, {G1 +Jﬁﬂt—1} 'Yt+1(52 +J&G&] a O ASH

Now sclving Eqs A45, A51 ond A86 simultancously for y @

e
.Fl_' - -JE{GZ +J3§Glf|.} . AGT
G3(31 +Jaﬂt-1) -G, {G2 +J4Ga}
Solving Eq AbS for Yegl!
Yot (G +ipa, y) ABH
52 + J&Gh
The expression for 42 is the same aa previcusly dcrivad in Eq ASH.

This completes the derivation of the desircd expressions for theso

boundary ¢onditions.
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Foundatton Analysis of Offshore Pile Supported Structures

Analyse des fondations des constructions sur pieux en mer

by Hubpson MaTLOCK
and
Lywmon C. REEsE Associale Professors of Civil Engineering

Summary

Where lateral bonds on pile-supporied structurss are significanr,
the critical factor for determining the size of the piles is frequenily
the porticn of the stress resulting feom bending momeni. While
the analysis of the veriical Toad capacily of a pile can procecd by
convenuonal methods, the apalysis for Jalercl load i more
difficult, requiring the solution of a4 fourth-order  differencial
equation. Complicating the rational solution of the problem is
thay smiic equilibrium must e maintained and compatibiiy
mugl b achicved betwesn the behavior of the supentrucioz,
the Toundation piling and the supporting sail.

Twu rational melhods are presented for wnelyzing piles under
lateral loads, one 4 hand solution and the siher requiring o digial
compuier, By iteralive procedures, each of the methods achieves
compatibility between an inelnstic il and an elasiic pike which
15 elastically restrained by the supersiruciare, The soi! suffness
conetants are adjusied for tach trial in aceordance with predicred
force-deformation relations Tor Lhe soil,

Example problems are salved by cach of 1the methods and the
resules &re compared. Charts and tables are included and compu-
tatian procedures are shown for the hand salution. The digizal
computer $alution 5 rigorous and 1 ore adaptable but the hand
solution is indicaied (o be satisfactary for many problems,

Introduction

Offthore structures have been erecled in many parts of
the world ler the production of oil and for many other pur-
pases, Although o wide wvariely of stroetural forma and
concepts has been employed most of the siructares are sup-
poried by piles,

The design of offshore struclores involves tonosideralion
of unusually large ratios of lateral 1o vertieal load, particularly
In arcas subject to severe storms. While the mnalysis of the
foundation for werucal load capacity follows conventional
procedures, Lhe lateral-load analytis poses & more complex
problem. Since combined Rexural and axial stresses are used
to delernmune requirgd pile sizes and sinoe the Aexural stresses
arc usually the major facior, bending moments in the piles
must ke reliably predicted, This requirey that the inleraclion
between the structures and the foundation elements be ration-
ally analyzed.

The successful application of a rational method of luteral-
Inad_ analysis depands upon the availability of detailed infor-
malion ¢oncerning toil properties, It j3 especially imporiant
10 have sccurate soils information very near the ground
surface, ot depths less than 10 1o 20 pile diameters, Offshore
50il borings, usually made from a floating vessel, are expen-

Sommaire

Quand ley charges latérales qui pésent sur des struciures sup-
poriées par des piux tonl imporiantss, ¢ facicur criligue pour
déterminer ley dimensions de cos pieux el Féguemment lz con-
pomnle de la comrainte résublant du moment de Aeaion. Alors
que I'analyse de la capacité de charge weelicale d'un plew prug
dre cflactué pur les méthoder ordingires, I'analyse de la capacité
de charge ladrale £51 plus complexe el exige pous sa solulion
une équation difftrenticllc du gquairiéme ordre. L'équilibee sia-
tique, gui don #ire maimtenu, < la condition de compatibjhie
entre lr compopiement de Ia siructure, les picux de fonddiion
et le 5ol qui les pupprorie, qui Jon étre satisfuite compligue engar:
la serbution cationnelle du probléme,

Liauteur propose deus mdthodes pour snalyser k campare-
menl dey pitux soumis 4 des charges laiérales, 'ung 1w compur-
it que des calult pouvant se faice A la main, Pauire cnigeant
I'emploi d'an caleutarcur Eleciranique, L'une et autne permatient
par lafonnements d'arriver & Lo compatibifité entee un sol o
dlastique et une pile elastigue soumise 4 'action de & supersiroc-
ture. Les constantes de rigiditk du sol s3ont choisics pour chague
cusal en accard aves les retavions force-déformaion prévucs
pour le sal,

A viare d'exemple Favteur a résolu Jdes probldroes par chavune de
ey deux mithodes o cn a compard les réaulials. Doy courbes ot
des bles sont incluses el lea méthodes de calcul sont indiquécs
pour ta solution manueile, La welation par calculateur o5t rigeu-
Teuse of plus adaplable, mais la solulion manucllc o1 Jéjd satis-
faisante pour beaucoup de problémes,

sive but are indispensable to the analysis and ultimate salcry
of any offshore slructure,

In order to salve the problem of a laterally loaded pile,
it is nmecessary Lo predict Lhe lateral soil revistance wbong the
pile a3 a funciion of defisclion of the pile. This problem: has
been discussed by Temzaasa (1955) and MolCietlann ond
Focur {1958), and has boen 1he subject of exlensive research
(Matiocx and Rareercer, 1956 and 1953). A polcndally
useful concept has besn presenied by Skemeron [1951)..

Rovional Methods of Amelyris—For ratioral solutinns o
strogture-soil inleraction problems iy is necessary thal candi-
tions of both static equilibrium and compatibility of deforma-
ticny be achieved simultaneously for ull parts of the system.
In the casc of lateraliy loaded pile-supported siougtures, it
is usually possible Lo treat the structure and the piles as
linearly clastic componentt, bul in geneml 1the mechanical
characteristics of the soil are wery non-lincar, Solutions oy
be obtained by repeated elastic-theary computalions, with
toll stifness values adjusted alter each iteration,

An Example of Lateral-Load Anglysis—As an examnple
of the type of soil-pile-sizucture interaction problenss whnh
can be solved, o typical oifyhore struclore is shown in Fig. 1.

2
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Lateral forcer applicd to an offshore siruciure.
Forees latéralcs apiszant sur une struciufe en mer.

tip. 1

The spesific problem considered 15 that of tolving for the
bending moments in the portion ol the siruclurgl sysiem
which Jies bencath the soil surface. 1n erscting sueh a slrzctore,
a prefubricaled welded-pipe framework or “jacket™ is set in
pldes on the ocean botton apd pipe piles are driven through
the werticaf members of the jacket,

The primary solution will consisl of finding 1he set of
elistic deflections of the pile {including the shoet jacket-leg
axtension) which simutlnecusly wibl satisly {1} non-lingar
eesislunge-daformmtion  relutions which pre predicied  for
the sl (27 the elaslic bending properties of the piles, and (3)
ine angular stilfmess of the upper structure al the pile-to-
sLrLstuRe Coanneslion,

Tha elastiz clenwnts of the problen arc described in Fig. 2,
The unoular epace belween the pile and the jacket column
1+ at.ined o be grouted so that the 1wo members will bend
iy ot composite section, This is feequently but not always donc
In ool practice,

fhe caslis aupular restrpint provided by the portion of
the puctiure above the soll many be analyzed by detenmining
th: moment required to produce a unit value of rolation
at the connection, This value, and the imposed lateral lead,
constitute the boundary conditions for this particular problem,
Fror  the cauumple, the elastic ougular  1ssteatnt A5,

+ 0176 = 10* in-lbfiadian and ihe lateral load P, m
1 30000 1 per pike. '

I he Torce-deformation ¢haracleristics of the sail are
tecriled By n oset of guedicted “p-3" curves, such as are
slman Ter the cxamyple problem in Fig. 3. Such curves may
L

51

be developed [rom soif test dala by methods previously
mentioned. Since selulions for the interaction problem rely
on repeated applications of eiastic theery, a secant modolus
of soil reaction £, is 1equired which is defined as

£ S

Thiz madulus is essenlially only a compulation devige which
varies with both depth and pile defecucn. It is rol 3 unigos
soil propecty.

The ditterential ¢qualion for a beam, from conventional
theary, is
dty

dit

Combining Eguulions 1 and 2, the general differential
equation for the lalerally ioaded pie is

Ef =2 = p ceee (B

Hy E
E+§y-“ R ] {3]

Twe methods of selution will be described for the example
problem, by which the correct set of £, values wre found
and deflections and bending moments are compuked.
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1 The superstrucierz and che pile, considercd a3 clastic
clementy af the problem.

La superstructure ot la pile, conndécties comme lew
Elémenta élastigues du probléme.
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Courbe 1ypique de¢ variation de résistance prévoe pour
le 3ol & diversey profendeurs.

Hand  Selutlon — Non-dimensional  solutions may be
developed for any fized form of variation of £, wilk depih
(Matiock and Reesg, 1960), One st of such tolulions, [or
E, proportional 1o depth x, or E, = kr, is available {REese
and MATLOCK, !9568). In thiv set of solutions, the deilsction
¥ of the pile, at any deplh x, ia

P,T? AL T?
Y= Aoy YA @

where ET is the flexural rigidity of the pite, where T is Lhe
relative stifiness factor, defined by

ET

b
T P P &}
and wheee Pe and M, arc as shown in Fig. 2. 4, and B, are
non-dimensionat coeflicients for defigcion due o shear
and Jeflection due to moment, respectively. They are funclions
of only a depth coefficient Z which js equal to xf T, Coelli-
cients for the case of very long piles, and appropriale equa-
tions and sign conventions, afc given in Tabls 1.

It is convenient to define an odditisnal set of non-dimen-
;‘:iunal deflection coeflicients by rearranging Equation 4 as
ollaws,

P T

J‘-C,—ET {8)

where, at any depth cocticient 2,

M,

CH=A_+}'—T-HH

Tabla |
Capflleclanid wsk Equacions {1 Lemg Flian, ll = by

k .l l‘ Aﬂ & l'
a.m 1an ~1_411 . 1,050 B, b
0.l m -1.6m 4,1 0.k 9.237
9.2 2.hd =1.407 a.lsm -AL -0.422
L5 1,942 B L] .14 LA a, 53
L B 1. tlohed [ M [ -a.TLk
b3 1k D140} L A1 O, T A
LA 1.uw R ] iy LK L] E Nl
5.7 (LS ] L1 X1 o, bud R
b.n 1.1k L3118 [ TY ] oan -2.8r1)
1.4 L. D ETSLT ] [ TH o1 -0
Le AT -1 hai [l 4.14 -} 4t
b o_ru EN- 1 g,z i N T
It i, ek =0.] L AP 0.0 & il
14 o.Hl E AL N, I E ALY 0.k
L. L1 o, b LA ] <. it = kb
g 123 an.4bk "M H ] ¥ 111 LB
La -g.08) -0 e g z21 L. 18 B 174
N 2 k) g.041 I, 900 L ] b}
= bl 1 . B Old
r ‘! l'I lk .Il' ll'
LR 1) =1, 74 (-] L] 0. o2a
LA 1,411 =181 ] 0007 «f.14%
L 1.11) -1.43d | R -5.008 8. 1%
LB LI&)  -1.450 e LN N T
L 1.a0) <[40 | R TN LN 1] =0 ha3k
a4 o.ukd -|:.-I!|1 @ e o 13 0.k
d.k B 13 =l.k3a L X 1.1 ] LY L] LT TE
2.7 A,H3 =1,051 4. =0. 37k L L |
[ ¥ | LT LRTT] "I A AN AN
gy 0. ki 0.0 [ A I B IR i 40z
Li_  w 4.2 | A1 H -] oy,
Li g.113 =a, k2 1 =0,k i, 1wl
I e ~B. 68T AT LY -.157
(N .24 BTN N1 =040 T
LA 5 T T [T TS [ 0.
L2 LN M) A, L4 Bl -4k -M Y]
-a T e
L8006k LT N LN TH [ HTE}
NN §.0Lb 0. 07) J.afh, _-moo0z
Tarm Equalion Hgn Coviventipn
Dugth a v FT
2
rrt r o
A —
Gl lncilos LI r ET 1 'l 3] P
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LI | 1 —
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¥}
Shaar Vo AR LI + E L1}
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Depending on the angutar sesiraing provided by the stroc-
lure, values of Af /P, T will range froin zero for the pigned-
cod case 10 -0-93 Tor the case where the structuce prevents
aay rotation of the pile head. Valucs of €, are given by the
curves in Fig. 4.

To begin the seletion of the examgle problent it is pecessary
to assume, mporarily at leasl, that the form of soil moeduluy
variation £, = &x will be a satisfactory appraximation of
the actual Anal F_ varistion. Also, avaitable non-dimensional
solutiony are lmiled 1o a pile of constant bending &lifMrmess.
For the esamiple hand solution the pile siffness wilk be
sssumed cgual 1o that of the combined pile and jacket ley.
The effect of this assumpuion will be cunsidered subscqueutl y.
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big. 4 I\'qu-_dimnsh.:nal viclficients for lateral delection of a pile, asseming soil modulas proportional to depth, o E, = £x,

Coeflicies sans  dinengions pour déplacement laieral d'une plls aver comme hypothése le mwdulo du sel praportioongl

i la profondeur, ou £, = fx,

Tle glopwe at the top of the pile is

FN AT
L A's'—{-— + A phin] Iy R 7
! Er, + Er )

It re the subscripl ; indicates values wt & = & The relation
wlwern A and &, from Fig. 2 is

A

A
sEL A &

a, -

s sbining Equations 7 and 8, and rearranging,

'iJr .-'fi‘ T — 1'623 I ]
i

— __B‘ I amm o |'730 F

35 ' 35 173

PO &

Since the relative stiffess facior T depends on the coefiglent
of s¢idl niodutus variation & and this quantily in tuin depends
on non-linear 401l residtance characteristict, the solutlon
musl proceed by a process ol repeated Leial and adjustment
of values of T{or &) until the defiection and resistance patterns
of the pile are made 1o agree as closely as possible with the
resistance-deflection  {(p-y) rclations  previously  cslimabed
for the s0il and shown in Fig, 3. Even though the final set
of secunt soil moduli (E, — pf¥} may nol vary in & perfectly
binear Fashion with depth, proper fitling of £, = kx will
usudlly produce salisfactory solutions. (See MaTLock and
REESE 1960.)

Far the first trial, T will be assumed equal to 200 in. From
Equatlen 2, the corresponding value of M4P,T is -0-776.
For this value of M /P, T, values of C, are interpolated from
Fig. 4 and are given in Table 2 at deprhs corresponding
1o the positions of the several p-y curves of Fig. 1. Values
of defection p arce then computed at each depth. By seference
te Fig 3, values of sall resistance p are obtained, and toil
modulus values E, are computed. This is sumllar to the
methid of MeCLntaxno wnd Foonr (19583



Table 2

Sample Computations for First Trial

Depth  Depth Deflecrion Deflection Soil Boll
Coefficient Coefficient Renistance HModulus
X z EY ¥ P Eu
3
X from ¢ P1:T from . P
T Fig. & y EL Fig. 3 ¥
in, -- — ia, 1b/ta. lbfin‘_?_
ao 0.15 1.13 3.20 -132 . 41
60 .30 v 1.06 .00 ~285 85
a0 0.45 D.99 2.81 =420 149
150 0.75 0.82 2.32 -578 244
240 1,20 0.57 1,62 =675 416

Values of soil modulus from the first trial are ploited versus
depth w3 shown in Fig. 5. A straight Jine through the origin
is fitted 10 the points, with more weight being Fven 10 points
at depths less than x = 0-57 than &t greater depths, For this
straight line, the coefBicient of soil modulus variation resuhing
from the frst irinl is computed as

E \
i om L = -6lbfin? cee. U10)
X
E,. So0d Modunn, 1640
o 1] 2?0 00 lgg_ B0
o} W\
fi \\.\ - Racond Triml
£ oD} W29 bein®
£
A_ s Final Tral
’ 20 Wt YRR T
Fwal 'I'rlql_B
4 = Lk
o v 3 Y
250 ]
Fig. 5 Tnal plom of coil modulus valucs, The first 1rial cor-

respondn 10 computations in Teble 2.

Courbes correspondant & diverses valeurs du module du
ao0l. La premitre corfespond su caloul figurant
* Tablz 2,

The cotrcsponding value of the relative stifocss felor is

8 SET
T{mm1=\f—k-—’—-194 in. cone {1

If the value of Fabuwined: were equal to the valuc of T,
the trial and error process would have been completed. To
facilitate additional estimating and to reach ciosure with a
minimimn of 1rials, a plot of T-values s usod, Ay shown in
Fig. 6, Two friuls will usually zllow interpolation for the
finul value of T. A final set of compulations for £, vilues i
then made a3 4 check.

Computation of values of bending moment along the
pile {and of deflecuon, stope, shear and soil cearticn, il desired}
are made by application of the equaticns and non-dimen-
sianal coefficients given in Table I.

23T

200T Af{‘/
/l+‘\'— Trial |

NLFIIHI T+ 183 in

Lﬁ'l
®

T3

1 —
209 Fi4!

o
130 173

T,

Edrimdl
Interpelalion for finnl valuc of relative stiffnead Mucier 10

Intcrpolation poue la valbeur finake da factcur do rigidug
clative T

Fig. &

25



The moamcal gurve fron the hund solution of the example
rtalilem is given as a solid curve in Fig. 7. Subsequent com-
parirens with more rigorous compuier solutions will demoa-
sirale the effects of the gimplifying #ssumptions used in the
ahave selurlon, These assumptions are (1) that E, = kx
is a satisfaclory approsximation of the real varialion of £
values, and (2 that the use of a consiant value fur the Reaural
stifficss of whe pile docs not introduce excestive crror.

Corparer Sofarfoar—YWhere  unusual  variations in sl
resislanee Bre encounlered and where it is desirable to con-
sider propeily any changes in flenural stiffnest of the pile,
the use af & digitat compulter is & practcal oocessity,

The Cifference-equation method offcrs 2 conveaien! means
of =olviag the problem of the lateradly loaded pile [GLiazs,
1951) {Rruse and Ginzsara, 19600, A program has been
developed for the 1BM 650 computer, which provider the
fotlowing principal leatures.

(1) Sezp-changss in Aexural stiffness muy bo introduced
at oany Jdeplha,

() Length af the pils may be varied as desired.

(3} The soil p-y data may be introduced in several ways,
includig a simple numcrical tabulalion to define & set of
individyal py curves of any form and of any vernation
with depth.

{9} Vagious combinations of boundary conditions may be
introduecd, including laterat load P, and either (a) moment
M. (b) slope 5,, or (c) moment divided by slope, MJS,.
fThe last form is used with the example problem.)

(%) By successive elastic-theory difference-equation com-
pulations, based on repeated reference to the gail g-p data,
the compuier will determing, independently at each increment
along the pile, the value of sait modulus which represents Lhe
proper compatibility and equilibrium cenditions for 1l
sail, the pile, and 1he supersiructure.

‘Compariton of Solutiorn—The resutls of ihre¢ computer
solutinns ars showa by the dashed curves in Fig. 7 and may
be compared with the hund solution previously deseribed,

M, Banding Wament, (101" in-1g

=30 ~i0 =10 1] +Q
Foe 83 50D M .
@ —m—
S -
T Cownputar Baulion |
— -
i = e
!"'"-T-:_-.-_,.. __.‘4/‘ SET conpipat ]
o
200 TS
H Compulnr Sclullon !—\\ \" o,
E A "“'r; I
" Campaler Schulion 3 —- o
r- Ly
B [wsth bequr e \:“'4,_:
a 90~ inth dapth }
-.- m
hand Talwiice
= [akmty £ =hn
amd € copstani}
o0
L]

Fig. 7 Coamparscn of miyeal curves for Herd Sclution fassuming consiant frexural uiffness g:'.", of pile, and ewil odutus
£, = kx) with (a} Compuler Solution 1 (zame #5 Haod Solutica excapt E, warics aa required), {b} Computer Saluvion 3
fihe corrzct molutiond, snd {c) Computer Selution 3 {a corect solution with 30il resistance elimioaicd by scour e B

depth of 30 inches).

Fig. 7 Comparaison des courbes des momenes pour |2 solution manuelle (suppessnt wne gigiditd & la Nexion du pisd constank
Ei, el ko module du sol E, s kx) avec, (1) solulion du calculatzue |ideniigue i Ia :uluuqn manueile & eacepunn
des conditions de vanalion de E.), {6) solution 2 au caleutatenr (soliption correcic), &4 (2) salution J #u cakulateur (saiu-
tion correcte ab la réshalance du sol esl eliminés par le cseurement jusqu'd une profondeur de S0 inches).

To tesl the validily of Lthe assomption thal E, = kx, Com-
saler Solution | was performed on exacily the same bavs
i thz hand solution except that the computer was allowed
ty reek Lhe proper values of zoil moduli independently mi
vach depth, The Rexurzl stiffnsss of the pile was held constant.
Wt ol agreement with Lthe previous hand selulion is
notaimes al pointy of maximum negative and masimuen
posilive moment, some divergenca is noted at greater dephs,

The actuel variation of fiexural elifiness at the end of the
jackel-leg extension was added Lo the condilions of the
problem for Computer Salution T The differences belween
the resufts of Computer Solutions ! and 2 repressnt Lhe
m ! ghanes Jue 1o the slep-change in Aexurel stiffness of 1he
pile. '

Seour of Ihe ocean bottom around offshore struciures i3
a matter of considerable importance to the ssfely of the

T

structures. For Computer Solution 1 the impul conditions
of Computer Solulion T were modided by elimintting com-
pletely the soil resistance to a demh of abow) eight Rt
This medification would be difficult to inweduce into & hand
solution but is easily done with the compulet by Ssimple
changes in the input data which deseribe the soil charcetss
istics. Anr appreciable increass in both maximum negullve
and maximutm positive bending moments may be noted,
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Vs A
T = (eI} M, /P, T —{E—m—'i__ﬂ:_
1

where A, ond By, ora coefficients for sic
X = I7T ot the top of the ple {Ts0), whic
are obixined from Appandiy A.2.

Zoux = L/T Deflecton  y = C,(P,TYEI)

xaf —

| | Fo T

M./PT= 10 05 0.0

Appendix A.l1. Deflection Coefficients Cy for Elaptic Pilea, Es = kx, % varied from 2.2 to 10.



z M,/ BT Lz

- 1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -02 - -0l 0.0
-0 04812  0.975 1,137  1.299  1.461 14624  1.786 1,948 2,111 2.273 2,435 .0
.1 0,820 0.965 1.111  1.256 1.401 1.546 1.692 1,837 1.982 2.128 2,273 el
.2 0.819 0,948 1,077 1.207 1.336 14465 1.594% 1,724 1.853 1,982 2.112 .2
.3 0.809  0.924 1.038 1,152 14267 1.381  1.495 1.609 1.72%  1.838  1.952 .3
.5 0.771  0.858  0.945 1.032 14120 1.207 1.29% 1,381  1.469 1.556  1.643 .5
b 0.743  0.818  0.893  0.969  1.044  1.119  1.194 1,270  le345 1,420  1.495 .6
o7 0a711  0.775 0.B39  0.904 04968  1.032  1.096 1,160 14224 1,288 1,353 .7
«B Qa8 Ce730 .78 D.838 D«892 0:346 1.000 1,05%4 l.108 1,182 1.216 -8B
.9 0.638 D.683 0,727 0,772 0.8l7 0.862 0.907 0.951 0.996 1.041  1.086 .9
1.0 -0.598  0.63% D0.67! 0,707 0.744  0.780 0.817 0,853 0.889 0.926 0.962 1.0

1.2 0+515 04537 0.559  0.582 0604 04626 046649 0.671 0.788  0.817  0.738
1oi 0.432 0,643 0,454 0,465 0476 04488  0.49% 0,510 0«521  0.533  0.544
1.6 0.351 0,354 0,357 0.350 0363  0.366 0.359  0.372 0.375  0.378  D.38!
1.8 0.2T7 04274 G271 04268 04265 04262 0259  0.256 04253 D250  Qa.247
2,0 0.211  0.204 0.197 0.190 0.1B3  0.176 0.169. 0.162 _0.155 0.148  0.1al

P Pl ol ot et
» » * 4 »
Lo T o I L o W

2D 0.08B5 0.078 0.064 0,054 G043 D033 0.022 0.012 Q.001 C.009— (.020- 2.5
340 U.Glh D-GG‘E Uiﬂﬂ‘t— U.Gl'&— H-DEE- 011331— G.CI&D- G.C‘ME— ﬂiﬂﬁ-?— 0*06&- U-DTE" 3-0
1.5 0.016— 0,022~ D.0208~ D034~ 0.029- 0,045~ 0.051- 0.0% - 04062~ GCus06B— 0.074- 3.5
"iqn D.GZZ- U-GES- Glﬂza' 0-(}31_ D-l’}33- D-D36- ﬂ-ﬂ39— 0.“‘42_ D-n‘t5' G-GQT- D-ﬂﬁu— 'EI'-D
4.5 0,017- 0,018- 0,019~ 0,020- 0.021- 0.022- 0.022- 0.,023- 0.024~ 0.025- 0.026- 45
5.0 0.010- 0.010- 0.010- 0.010= G009~ 0.009- 0.009- 0.209- 0.00%- 0.00%- 0.009- 5.0
0.0 0.000 0000 0.200 0.200 0«000 0060 O.a0c G200 0500 0.000 0. 000 10.0

Table A.1.L. Deflection Coefficients € for Elastic Files, E =lx, 2~ 10.0
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-0 -(.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.F . 0.0
0.B21 0.754 l.la6 1,308 1.471 1.633 1.79% 1.958 24121 Z2.283 2a%45

0.829 Qe9T4 14120 la265 1.4l 1556 l.702 1+847 l.%92 24138 2.2813
c.828 0.%57 1,087 1.216 1.345 lat' 75 leb04 leT34 1.863 1.992 2.122
0.81%9 0.933 l.04H 1,162 lu276 1.391 1.505 1.61% l.734 1.848 1.962
J.803 0.903 .00 1.104 1.204 1305 l.405% 1.505 1.605 1.706 l1.806
-0.781 G.8B68 0D.955 1.043 1.130 1.217 1.304 1392 1479 1+566 1853

0.754 0.829 Q0.304 D.979 1.054 1.129 1.205 1.280 1.355 l.430 l.505
0.722 0.786 0.85%0 0.914 C.978 14042 l.106 1.170 1.234 1.2%9 lsa363
0.687 O.Té4l D795 Q.847% U302 D.956 1.010 1064 1.118 l.172 l.226
Dabh? D.694 0.738 D.783 0.828 0.872 DeTl7 D961 l.006 1,051 1Le 095
0.609 O.646 D682 0D.718 Q754 D721 D.827 0.863 C.B99 0,936 D.272

D.527 O0.54% D.571 0.593 D.&415 D&37 D.65% D-6B81 C.703 G.725 O Ti7
Dadidey 0,455 0466 0as756 DedtBT D«498 G509 D.520 0e531 0.562 0552
0s364 - D.360 0.367% DedTl Q.374 G376 U.379 D«+381 O.384 0.386 O.388
G.28% 0.286 0.282 0.279 0.275 0.272 Gel&8 0+265 G.261 0.258 0254
f.222 0.215 0.207 0.200 0.1%2 0.185 G.177 0.170 0.162  0.154 O.l%7

D.091 ¢.,080 0.069 0,058 D.047 0+035 G.024 0.013 G.002 0.009- 0.0D20-
0.007 D.002- 0.012- 0.02]1=- 0.031~ Qa«040- 0.080- 0.089= 0.069~ (.0T7T8- 0§.088-
Da0LE~ 0.054— 0.0569- 0,065~ 04,071~ D.076- 0.082- 0.088— 0.094~ 0.099- 0.105-
0.093—- 0.,094- 0,096- 0.097- 0.0%9- 0.100- 0©.102- 0.102- 0.105- 0.106- 0.l0B-

Table 4.1.2. Defiection Coefflclents Cy for Elantic Pilen, E' - hx, 2 = 4.0

-



M,/P,T z

[:}LD -0.9 -0.B -Q.7 -0.6 =05 -0.4 . -0.3 -9.2 -0.1 0.0
0.857 1.020 1,184 1.348 1.511 1.675 1.82% 2002 £.166 Z.33p Ze%93 «Q
0.862 0.9%2 1,123 1,253 1.384 1.515 l.64% 1.776 l.906 2037 2.167 .l
0.852 D.567 1.083 1.198 l.314 1.429 1.545 1,660 L.776 1.891 2.007 3
0.835 D.936 l.038 1,139 ls240 le362 l.443 1545 l.&ité 1.748 laB49 S
0D.B12 0.900 0.988 1,077 l1.165 1+253 1.342 1.430 l.518 1,607 1.695% 5
D.7E3 0.859 0.9346 1.012 1.088 l.1&4 1.2%1 l.217 l.2913 le470 1,546 «5
0.751 0.816 0.881 0,946 1.011 1.076 la141 l.206 1,271 1.337 lete02 .7
O0.714 0,769 Q. 824 D.879 0.334 0.98% l.p44 1,099 1,154 1.209 l1.263 + B
0.676 06.721 0. 767 0.812 g.858 0904 0aFe? 0.995 l.040 l+086 1,132 .9
p.ﬁ35 D.G6T2 0.709 0,745 J.784 c.821 D.858 G.895 0.932 0.970 1.007 l.0
0.550 0,573 0.595 0.618 OeH4l Gebbhd DubB7Y 0.710 0.733 0. 756 0.T78 le2
Oedrbis 0.475 0.487 0,498 0.510 D.522 0.533 0.545 0.557 0.568 0.%80 Tad
b.380 0.383 0.386 D.389 0.392 0.395 0.398 O.401 0.405 Q.a08 Caill l.&
0.301 0,298 0.295 0.292 0.289 0285 0.282 0.279 0.276 D.273 0.270 1.8
Ga.228 0,221 0.214 0,206 0.199 0.1%2 D.184 0.177 D.l&9 G.162 0.155 2.0
0076 Qa.054% QeD52 0.040 0.028 0.01& 0004 0.008~ D.022- 0.032- 0.064- 2.5
Os0ba~ Q,056— 0.06B— 0,80~ 0.092- 9.104- 0.116- 0.128- D.140- 0.152~ 0.164- 3.0
0.152=- 0,162= 0.173- 0,183- 0.1%4= 0Q«205~ 04215« 0.226— 0236 0.247= 0.257- I.5

Table A.1.3., Defledétion Coefficients CY for Elaatic Pilesn, E' = kx, T = 3.5



M,/ BT

L -io

-9 -0.8 -0.7 -0.8 =-0.3 -0.4 e -0 2 -0 0.0

0.967 1,143 1.318 l.494 1,670 1.845 2.021 2,197 2.372 22588 2,723
0.968 l1el2é 1,284 ledde? 1,600 l.758 l.214 2a0T4 dazd2 2.390 £e54B
D901 1,10 l.243 1.358% l.528 1eb67 1,808 1+950 2091 24232 2.373
J.945 1.071 1.196 1,322 ladg? 1573 1.69% l.624 1.950 2.075 2.201
D.922 1.0313 1.144 1.25% T.36& l.477 i.588 1.69% 1.809 1.920 2«03
.D.BG3 0.991 1.088 1.185 1.282 1379 1.477 l.574 1+671 l.748 l.B865%
D.HEDG C.944 l.028 1,113 l.197 1.282 1+3566 laasl 1.535 latbl® 1l.704
0.821 O.8%4 C.966 - 1.03% l1.112 l1.184 1257 1,330 l.502 la475 la54E
C.7T79 O.841 0.903 0.565 l.0z26 1.08& l.150 l.212 1.27u l.335 1.397
De T34 0. T78é& D.B38 D.AGO 0,947 0.994 1,046 l.o%8 l.149 l.201 1.253
O0.688 0.730 D.773 0.816 0.85%9 G907 O.%45 C.987 l.030 1.973 l.115
0. 590 0.617 0u.bhh O.6T1 D«69% O« 726 Q=733 0.780 0.807 0.B34 =861
0,491  0.505%  0.520 0.534  0.548 0«563  0.577  0.592 0+606 04621 04635
0.3%3 0,397 0,401 D.406 CudhlD C-%i4 0.619 0.423 .27 O.431 Q435
0.298 C.25%4 0.230 G.287 G.283 0.279 D.276 0.272 {.268 D.245 0.261
0,207 0.197 0.187 DL.IT7 D.1&67 0.157% O.147F 0.137 0.127 O.114 O. 108
G-GD-'{I" D-GEE‘- G}GE"E_ D-Uﬁ&' GGDE?" ﬂ- 105_ Ds 129- ﬂllEG- Otl?'ﬂ"" Dll?l"' 0-212—
ﬂ-ZGZ— 0-231_ U’;Eﬁﬂ- 0.259- 0;319— G-S"lﬂ" 0-3?7- U’-‘#Gﬁ"' U‘-"I-Bs'- Gebhls— G-‘l?]—
Table A.1,4. Deflection Coefficients CY for Elastic Piles, Es = kx, zm:x = 3.0



- 1.0 -0.9 -0.8 -0.7 -0.6 -Q5 04 = -0.3 -0.2 -0.1 0.0
1.027 1.2132 1,398 1,584 1770 l.95& 2elb2 2.328 2.514 2.700 2.888
laQ24 1.1592 1.359 1,527 la&6925 1.8&2 Ze«030 2107 2,355 2.532 22700
1.013 L1463 1,313 1,463 latbld la 754 1.914 2.064% 2.215 24385 24515
0.993 1.127 1,261 1,39% 1,529 l.563 1797 1,931 2.065 2.1%8 2+332
0967 1.085 1,204 1,322 luotegl 1.560 l.&7B 1,797 1.915 2.034 2+152
U934 1.038 l.142 1.247 1.351 l+455 1.55¢9 labE4% 1.7&8 1,812 1.976
O«896 0.987 1.078 1,169 le260 1.350 loaal 1.532 1.623 le7hé 1.804
D.854 0.232 1,011 1.089 }.leB le 246 le524 143 leu81 l.55%9 l.638
0.808 0.A7% 0.942 1,009 l.076 1.143 1.20% 1,276 14343 1.410 1.477
O.760 0.B1l6 0.872 0,528 0.284 leD4G1 1.097 1.153 1.21n l.266 1,322
0.70%9 . 755 0,802 0,848 D.E95 0.941 0.988 l.034 l.nal 1,127 l.174
Dub03 Oe633 Debb2 0.56%91 D.721 Q0750 0. 780 D.BOY G.538 D.868 D.B9T
DeBFE 0.510 B.526 0,541 0.558 0+571 - (0.586 D«&01 "D.617 Def32 OsbdT
N.388 0,391 U.395 0.398 .40l G405 O.408 D412 C.alb O.41% Oei22
N.282 D.276 U, 270 D263 D.2597 D251 D.245 D.238 O.232 0,226 D.219
.10 0165 D.151 0,136 D.122 Q+137 0.0%3 0.078 G064 D049 D+035
Je0&E- Lua37- Del28H- ﬂnlﬁg- Js191- OD222- G-253- Je284- 0316~ De347— ﬂl3?ﬂ"‘"
04209— 0.250— D.290~ 0.330- (e371- 0aall— Qets52— Qeda2- De532—- 0.573- 0.&13-

Table A.1.5. Deflection Coefficlents EY for Elastic Piles, EH = kx, zmax = 2.8



M AP T

=10

-9 -01.8 -0.7 -0.% 0.5 -0.4 -0.3 -0.2 -0, (a4}
1,115 1,320 l.526 1.731 1.93& 2aifr] Z2v 346 2.59%1 2157 2.962 2.lBT
1.107 l.292 luaie78 l.663 1.84% 2034 Zal220 2605 212991 2.776 2aPb 2
l.089 1.256 lo23d l,5%0 1.757 laB24 Z2.0%0 2.2587 2424 2+«59] 2.758
l1.064 1.213 1,382 1.511 l.661 laB10 l1.95%9 2.108 Zel2hB7 2407 LT A
"1.031 1,164 1236 I.429 1.561 la9h 1,256 1.95%2 22091 2allh 2.307
0,992 1109 1.7226 1,347 l.460 TeSTY 1.694 1.810 1.927 2 Didh Zdelil
0,949 1.051 1.153 1.255 1.357 I+845%9 la561 lebit 1. 766 l.868 L2970
0«900 D.989 1.077 lalas la254 la342 1.431 la91% la607 l.696 l. 784
O.848 D.924 1.000 1.075 1151 1,226 l.202 1.377 lede 53 1.528 looDa
Da 794 0,857 0.5921 Q284 1.048 lall?2 14175 1.229 1302 la3E6 l.429
0,737 a,78%9 0,842 U.B%4 Os347 G.5%9 1.051 1,104 lel56 1.209 l1.261
0.61%9 0.651 Dabb4 0.716 0749 0.781 L8114 CaB47 C.B7% Ca%l2 Db
D498 ~ D513 Q529 Dabhd 045%9 =575 Qe530 0.606 Q+621 D.637 0.65%2
D276 CGe 377 0+37E 0.378 0.379 0«380 0381 0-3821 O«3B2 0Oa23E3 O«383
0.2%6 Oa 2 0.232 0.220 O.207 0.195 D.183 0.170 Oelb8 O.146 0134
D.138 D114 0.090 0.066 0.0482 O.018 D.006- D030~ D2054- D.07B- 0.102-
01151_ {J.Eﬂl— D.252— B-3ﬂ3— U¢353- ﬂi#ﬂ‘q— ﬂt455— G-E'DE'— ﬂ.55ﬁ- Diﬁﬂ'ﬁ- 0-&57_
O0.208- O 2Hh4G—~ 0,320~ Q.3T76— Da.83]1- D+887— [De543— D.599- 0D=655- DeTli= DuTEHE-
Table A.1l.6. Deflectlon Coefficlents ﬂ].r for Elastic Piles, EB = kx, zm w 2.6



M /Py T

- 1.0 -0.9 -0.8 -0.7 0.6 -0.5 -0.4 -0.3 -0.2___-ql o.oj
1,201 1.434 1,667  1.900 24133 2,366 2.599  2.832  3.065 3,299  3.532
l.185 1.397 1.608 I1.820 Z2=0731 2elB 2 2.&54 2abthS ZaBTE 3.08T 3,799
1.1672 1. 352 le943 1733 la924 Z2slid 22305 22435 2686 2.87& 1,067
1.130 1,301 1.471 l.ga? l.8113 1.9813 Z+154 24325 2+495 Zebbhb 2837
1.091 1,243 1.39% 1.547 l.56%8 1.850 2.002 2.154 2.306 24458 2.610
1.046 1.180 1.314 l1.448 1.582 1.71& l1.B50 l1.984 Z.118 2.252 2.388
D.39%5 1,117 1.230 1,247 l.aba 1-2A1 l.&98 l.B1l6 1,933 2.000 2.167
Ge941 I.042 11473 1.244 1.245 1447 l.548 1.649 le751 1.852 1.955
G.8B82 0,968 1.0585 1.141% la227 1.313 l.a00 laaB6 1,572 1.5658 l. T44
0.i21 0,893 s 965 1.037 1ol 1.181 1.253 1.325 1.397 1.470 1542
0,757 0018 0.875 0.933 0.992 la051 1.110 1,154 1.227 1.,2B6& l.34%
D.5625 f.560 Ba5%4 Q0,728 G753 G737 D.837 0.866 0.300 0.%35 Oe963
0,490 D.202 0.515 D.028 D540 D«553 D.546 D.578 0.591 OD.506 D616
0,354 D347 . D.360 0,333 0.325 D318 D.311 O.3204 0.297 D.290 D.£83
0,083 0,061 D.002= O.O8d= Oa087- 0129 0,172 (0214 (0257~ 0u29%= (Qa342-
0.185- 0.261— de237- Guﬁlg" Ded4BB- DS54~ Diﬁhﬂ‘_ D.716~- ﬂ-?gl— D.867- ﬂtg’ﬁa‘
Tahle 4.1.7., Deflection Coefficlents CF for Flaatic Piles, E .~ kx, 2 - 2.4

mEx



My /P, T

L_-10 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 _J
1.258 1.543 1.817 ce 091 Ze365 2ol 2?14 3.1488 482 A.737 4.011
1.247 1.496 1a745 1.994 2eZ473 2s432 2.741 Z+990 3.239 A.5848 3.737
l1.218 Ladeds? 1.667 l1.891 2+116 2a34] Z2s565 2+790 3.014 3.239 3,464
1180 1.381 1l.582 1,783 1.985 2«1864 2+38B7 - 2.58%9 2+790 2.991 3.193
l1.084 1.241} 1.3%% 1,556 1.714 l1.6871 2.029 2,187 2a3b 2.9202 25659
l.027 1,164 1.302 1,439 1.576 1.713 1.850 l.987 2.125 2e262 2a.3%5
0.988 1.084 1,202 1.320 lu&37 1555 1.673 1.790 l.908 2+026 Zeli3
O.2C2 l.001 1.1040 1,199 I.29n0 1-397 127 I1.596 lea95 lae794 1.893
D.83% DaTlE 0,997 1,079 l.160 le24l l.323 l,a04 l.aB5S l1.567 l.648
0765 0.82%9 Do 854 0,958 1022 1.087 1.151 1,215 1.280 1.344 l.409
0.620 D653 0.686 0.718 0.751 O.783 0.816 0.848 0.881 De91d 0.9456
Ceal? DeThH Ga7TH D.aB82 Dadgh D488 C«%71 Cutr Tl Qa9 T 04500 O«504
D.,322 O+298 Ca2732 Ca247 OedZ2h D« 200 Dal?5 D.151 0.126 C.102 DOT?
Q172 Da121 0.070 0.019 0.032- Q+083- (.134- (0.185- Q.236~ 0.287— (a338-
D.G22 0055 D.132- 0.209- C0.286— Q363- D.b40- D.517~ Du594— 0D.6T1- (uThB-
Del27— 0,230~ 0.233- D436~ 0DeB39= QDubEHl— QeTh4—= DuB&GT- De950- 1.053- 1.155-
Table A.1.6., Deflection Coefficients ﬂ? for Elastic Piles, En = i, Zmnx - 2,2
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Appendix A.2. Elastic Plle Sclutions, Es = kx, :max varied from 2.2 to 10.
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24435

2.273
2-112
10952
1.7596
1,643

1,495
1.353
l.216
1.086
0.962

D.738
D504
0.381
D.2467
Calnl

E-ﬂzﬂ"
U-ﬂ?ﬁ-
DeO7h—-
Q.ﬂﬁﬁ‘
ﬂ1926-

0.00%—
0.D00D

le623~

l.618-
l1.603-
1.578-
]I545-
1.5&3_

1-&53"
1-39?-
1.335-
]-2&5-
1.197-

lqﬂﬁT—
0.893-
0.761-
E-EQE—
D.bbs4-

Qe 20N~
Cafle—
0,034
D.052.
0.042

0.025
0.0202

Ay

0.000

0.100
0.198
0.291
0.379
0,459

D.531
0.595
0.649
D.693
0,727

D767
G.772
0.746
C.696
0.628

Oeaz22
D.225
0,081
G.00C
0.032~

' U-ﬂ33‘

0.202

A

¥

1. 000

0.988
0.956
ﬂl?gﬁ
D.B40
0.763

Q.6T7
0.585
O.48%
D392
0.295

0.109

D.nEe—-
0.193~-
01299_
0.371-

Oad 24—

Dl?ﬁg*
01223“
0.106~
D27~
D.N13
0.2300D

F
0.000

0,227~
Qes22-
U«5R6—
ﬂt?lﬂ“
0.B822-

D.897-
Q9477
Q.973-
QeF77-
3-952‘

D.885-
Oe761—
D.ﬁﬂ?—
Detth5-

0,293~

0.04%
D.226
0257

C.201
Del17

O«n346
0.3400

)

l.623

1.453
1,293
laldd
l.003
0.873

D752
O=641
O.540
QeG4 s
O.364

D.223

-0.112

0.029
G¢ﬂ3ﬂ'
DaDTG-

0.105-
NeQBY=
N.057-
0.,028-
ﬂ-UGQ—

0« 000
0.0060

e

1.?“9*

1,649~
1-549_
1-“50"
1,351~
1.253-

1115ﬁ-
1.061-
U-?EH“
0.878-
0., 771-

0.628~

'0!432“

0-35#’
0-2“5_
01155+

ﬂaﬂﬁﬁ_
Q.057
N.065
0.049
0.028

0.011
0.000

Table 4.2.1. A and B GCoefficients for Elastic Piles, EI = lx, zmax

B

3

1,000

1.000
D.399
0.994
0.987
0.976

0960
J.93%9
0.914
0.865
0.B852

0773
0.588
0594
O.498
Y, I

D«200
Q.059
0.016-
O.042-
C.039-

D026
0000

= 10.0

8

L

0.000

ﬂ-ﬂﬂ?_
G-QZE-
GQGSB"
0.095-
0.137-

D.1B81-
De226-
g.270-
0.312-
0.350~

Detli—
D|h56—
D.477—
Giﬁ?ﬁ-
ﬂ-“ﬁﬁ—

0350~
G.213-
GIDQE_
D.017-
0.021

D. 029
0.000

- B
0.000

ﬂl]ﬁﬁ'
0=.259-
0e i 3-
D401~
D36~

ﬂ-#ﬁl-
Dl 3-
Daded -
Oea03-
0-36#—

D«267-
Q«157—
D.046-
0.055
D.140

D263
O=258
0200
D.113
D041

0.002
0.000

C.0

0.1
Duf
0.3
Daie
0.5
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102
1.5
1.3
2.0

2a5
3.0
3.3

frov

2eltht

2.2A012
2.122
la962
1.806
1.653

1505
1.363
1,226
l1.095%
D972

O.7a7
0.552
'+ 388
Culbh
O.14%7

Oe.020-
D.CBR~
Gnlﬁ&‘
0.10B=~

Table A. 2.7,

l.624-

1.619*
l.604-
1.580~
1,546-
1.505-

1.455-
1.399~
1 > 3‘3?-
1.270-
1.199-

1.069-
p.896-
OuTh5-
0.602-
0.471-

5-21?-
0&0?9“
Cc,0lZ-
0.7023~

& and B

0.C00

C.100
D.198
0.291
0.378
Q.09

Du.531
D.5094
D.647
UI&Q]
D725

D.76%
D767
0.739
D.686
0.616

Q400D
0.174
0.051
G.000

Coafficients for Elastic Plles, E' - kx, Z

1.000

D.721
0.959
D.906
Defa]
DaTh

Q0.676
0,583
D.486
0.3587
0al90

ﬂ.]ﬂz

DeQbBE-
0.20a8-
De3lé-
E. 359_

Oedited-
Oe351-
0.200-
0.000

0.000

De228-
D.il-z!‘-'l-—
C.589-
G-Tzz-
DeB827-

Q.903-
Da954—
0.981-
D.986—
0972

0.896-
D.773-
ﬂ-ﬁZZ-
Ded57—
Del2F4-

0051
Ge263
O+358
O.431

1624 l1.753-

1,454 l.653-
1,294 le 553~
1.143 led53-
1.003 1,354
D.873 1.256-

D.752 1.159-
Q.64]1 l1.06%-
0.53% 0.972-
G-a“ﬁ D-BBZ“
0.362 0.795-

0.22¢ D532
C.109 C.485-
0,025 0.357-
0.035- 0.248-
0-&?5— D-15T+

Te112- 0005~
0.095- Q.063
0.05%7- 0.083

GIGIE* 0-535

BAY

8

"
1.000

l.p00
0.998
0.%%4
D.987
0.975

0.960
0.939
0.914
D.B885
0.852

0.775
0.688
04595
0.500
0.407

0.208
G.076
G.0ls

*U-Eﬂﬁ

= 4.0

B
0.000

0. ﬂﬂﬁ-
D.025-
D-GET_
0.0%4-
0113T_

0. 180~
0.226—
0270
D-BIE-
01353'

O.413-
Q-QEE—
OedeT—
Dué71-
et~

0=336-
0.191-
Cu067-
0.000

B,

0.000

Oulés-
ﬂl259-
0.343-
D.401-
Ded36—

Gl“51_‘

Osb48—
D31~
Da.402-
Oe3db7-

0«264%-
Del52-
QeQ40~
0.084
Gal51

0.280
0.284
D«200
0+ 060

2
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243

22330
2.167
2,007
L.849
1l.695

l.544
d.402
l1.263
1132
1.007

0.778
D.5ED
0.411
C.270
Gsl55

Qe diady—

D.184-
0.257~

Table A.2.3.

la835-

l.632-
1151?*
1-592‘
1-559-
1.517-

ltﬁﬁﬂ—
loal2-
l.351-
1,284-
1.2!4‘

l.0&88-
0.%18~-
0.773-
ﬂ'ﬁgg—
D.518~

0-2?3“
01199*
CelB83-

A
0. 0N

0.100
0.197

D-zgﬂ'

(.A77
T

0.527

De 289

Babf]
0.682
0. 710

D.T07
O,762
0.705
Oabil?
D.20%

0.314
0.095
0.%300

A
1.000

0.%88
0.956
C.900
0.822
0.75u

Oubéh
0567
O.hbT
Ca365
L2t

G.0c8

C.ln@-
ﬂ.256—
0.370-
Ou.htag-—

D497
o T
0.000

0. 000

Gi233—
ﬂla33_
G-ﬁDE-
ﬂ-?ﬁﬂ“
Qe8af~—

Ou9e7T-
D.981-
l.p)i-
llﬂlg-
laﬂg?_

De93H—
0'312'

_ﬂ|ﬁ5?‘

ﬂ-#Eﬁ—
0-309‘

GCa.110
{uko?
G-QUL

B

¥

1+636

1466
1305
I.155
1.014
O« B88a

DeTEI
D651
0.549
D.456
0372

D229

'Gillﬁ.

0-031
0.031
0.074

0-120
p.120
0«106

A and B Cocfficients for Elastic Plles, E

B

la755-

leb655-

1.555-
l.456-
1.357-
1,259~

l.i162~
llﬂﬁT_
01975_
0.885-
0.799-

De63T-
01492—
0.365-
- 0.259-
- 0«171-

- D.021-
= G-GZE
- U-Uﬂﬂ

- kx, Z
maX

‘B

1.000

1000
D.958
O.%94
0.986
D974

G.958
D.937

0D.%11 o

0.882
0.848

DeTHY
Q.679
O.583
0.485
0.389

0.181

Oa«CQ4b
0.000

= 3.5

8
0.000

0.008-
ﬂ-ﬂZT-
0.061-
0.096-
0;149_

G-laﬁ-
D-232-
0-2?7_
O.320-
0.359-

O824~
D.d&8-—
0.48%-
ﬂ.#ﬂﬂ_
Ou 68—

ﬂ¢351-
OwlB4—
0. 000

B
0.000

Delay-
D.261-
Oa3b6—
ﬂ-#ﬂﬁ_
Oaisg2—

Dals 58~

O«055-

‘Dot 39—

Ded10-
D.372-

De274-
D163
ﬂ-ﬂﬁ?—
0.05&
O«l48

0.300
0.359
Ga370

Ge0



B . . 8, B

A, A, A, A, A, B, . B .
2aT223 1.756~ 0,000 l1.000 0.000 1l.756 1.818- 1l.000 0.0090 Q=000
2.548 Le751- D0.100 0.987 DaZ255~. 1,579 i+71B- 1l.000 C«008- 0.158-
24373 1l.736- 0.197 D.950 O.475- lat13 1.618= (.998 0.030- 0.283-
2.201 , 1.712— (D.289 Q.893 Qe HED- l1.256 1.519- 0Du.993 D-084= 0377-
2.031 l.679- G-BTE G.818 0.812- 1.10%9 la&20- 0985 O.105- ﬂ-‘t#‘!"
1.855% 1.637- ﬂt"‘53 0. 731 D933~ G972 1!3212- 0‘9?2 O« 102- 0;&56"
i-7ﬂ4 l1,58%- 0,521 D.635 l1.022- 0.B485 l1a225- 6-955 0« 201 Q507 -
l.548 la534- (0,579 DuS27T l.OB3- D.727 1.121- (0.932 0.253~ [Q.505-
1-39? 11“?3- ﬂiﬁzﬁ 0.417 1!115_ D-EIE liﬂag_ D-QEQ 0-302- 0-495_
1.253 1,409- (0.662 0.304 l1.128-~ G.51% 0.950- D.B71 0352~ (Qud&T-
1.116 1.341- D.BE7 1 e, lallg- D.&28 0.865—- 0D.824 0.396=- De.528-
0.861  1.201- 0.706  0,025- 1.0%4—  0.271  0.707- 0.747  0s472- 0.325-
G035 1.063- §.67% 0.218— 0a.B88%- 0. 1544 D267 Q.b47T D.525~ Q0.202-
D.4235% , D.932-~ 0.618 0,378~ D.607~- 0,043 Dedele G- 0;533 QOebbh2- Q.069-
D.261 0.817- 0.530 D.495-  Dab&70- 0.037—- D.352- D.&27 0.553~ D.064
D.108 OaT22- Cu.423 BeD84- (04215~ C.099- (0.278- {0.31% 0.526— 0.19B
D.212- 0.,5P1- 0,143 Dafe22— 04520 G208~ 0.178- 0.0%94 De346— 0.521

0.493=- 0.55846- 0.0N0 0.0N0 la B0 0.2%91~ 0.162- 0.000 0. 000 0.B74

Tabie 4.2.4. A 2nd B Coefficients for Elestic Piles, En = kx, 2 = 3.0
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1.8

¥

Z.8864

2.700-
2.515
2.332
24152
_1.976

1,804
l.638
1.477
1.174%

0.8%7
QebhT
ul“zz
.219
0.025

G-BTB_
01513“

Table A.2.5. A and B Coefficienta for Elastic Piles, En = k%, zmax

Ay

1.859~

11354-
1.839-
le815-
l.782-
1,741~

1-&92—
l.638-
l.579-
1.,91&-
1,820~

1-3161‘
1,188~
le06E-
0.965-
0.BBE-

D.TEQ-
0,782-

A

0.000

D.100
0,197
0,288
D.273
D.44%

"0.515
D.570
0.613
Qebis
0,663

D.LET
O3]
0.556
0.455
D.337

D.GC66
D.000

1.0C0

0587
0.946
O.BBL
C.BOL
0710

De &5
D493
D.376
N.258
0.138

D-ﬂ?ﬂ—
D289~
Oadds G-
De&E556-
De603-

De307-
0.000

0000

0.270-
0«503~
G-TDE-
O.861-
O0.9B8~-

l.D83-
lalbt-
la182-
1,190~
1l.1%4-

lan?T_

0.906-

ﬂaﬁ?ﬁ—
Da.305-
Q.070-

0945
1.717

¥

1.859

la678
le502
1.339
l.1B6
1e04¢

D.708
D.784
RT3
D+ 563
01465

D.2%4

Gel52

D.0D25
Dlﬂ63‘
G-145*

Ga313-
Do 404—

El
1.883~

1.7832-
la683~
1.584-
1-#35'
1.387-

la291-
lal197~
l.106~
l.0l8-
O.538-

D.779-
0-645"
01533'
04445‘
0.381-

D-3ﬂﬂ—
D«304-

}+000

1.000
0.998
D+993
D.984
0.970

0.951
0.326
0. 856
G861
0.820

0+725

C:.5617
C.500
£.380
D.26%

0.044
C.00D

= 2.8

e

L

¢.000

d.008~-
ﬂnﬂ33‘
D.0b69-
Dalléy=-
ﬂ-lﬁﬁ-

C.219-
CedTh-
D.328~
O.3B0-
Dade3P~

D«513-
94569_
0-596-
D.59])~
Da.551-

0e286—
0.000

B

3

0.000

GalbB-
O 300~
D-#DZ—
Dede Th—
Q.521-

DeS45-

O+349-.

De 525
0. 5086~
Oab&5-

30353-
0.213-
0-055—

‘0113

0.2%0

0.781
1.131
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A, As A, . A, A, B, By Bu B, 8, 2

IalE? 2052~ 0,000 1,000 0.000 Z.05¢ 2.016— 1.000 0.000 - 0.000 0+0
2,347 2,047 (0,100 0.987 0.296- 1,855 l.9le- 1.000 0.008- 0.l186- 0«1
Z.758 ZL032= 0.197 O a0 De552- l.&665 l4816- (.598 0«035- Qe33i4- D2
2.554 2.,008- (0.Z288 D.87% ° Q.767- 1. 492 1.71&6- (.993 0-073- QOabuf- O3
2357 1.,976- 0,372 0,793 DeS43~ l.325 1+A17- D.983 Cel22- 0.530- Oatr
2+161 1.334%= Qab4g D.691 laQB1- l. 169 1.520~ p.968 D«l79~ QQa584- OeS
1.970 1.,986- 0,510 Ge5TH 1,182~ 1.021 lat24- 0,947 0-.238- (.613-. Qe b
1-?8“ 1&532_ 01551 Giﬂ'ﬁi‘ I.Zﬁq— GIBB"" 1-331_ 0'920 01301_ Uiﬁl?" D'?
l.504 1.774— (.0601 J.32%9 l.283- 0755 1.240- 0.887 D«362- 0.604- 0«8
la429 1,712 0.627 D.200 1.286- 0.636 1.15%3- p.B4B Q.421=- 0.572- 09
1.26 l.564%- 0,641 .07 1.261- G224 l.071- 0.803 DadT6— Deb24- 1.0
0. Shd 1.521- 0.630 D,170- 1,133~ 0,326 0.921- 0.&698 0.569~ G.391- 12
0.652 l1.400- D575 0.376— 0.913- D.155 C0«723- 0.,577 0630~ 0.217- a4
D.383 1.254- 0,483  0.531- 0.613- 0007  G+690- Q.448  0.653~ p.gll- 1+&
0-13“ 1-2{}8" Dijﬁ? U.ﬁlﬁ- Gtzﬁ‘ﬂ_ ﬂ-l;‘.'?r- GI&]-B‘- 9-319 I:I-l533— 0.221 lia'
Gilﬂ'z_ 1.1“‘5“ D-zhl 94622'— ﬂ.Z*}E G-Z«’-r{]- 0.562- D.I‘JB 0-553- D.#Bﬂ Z2a0
Dueb5T— 1,094 0.010 D,182- la.h42 0.506- Q.219- 0,007 D.136~ 1.266 2eb

C.766- 1.0%- 0,000 0.C00 1.993 0.958- 0.519- (0.000 0.000 lait51 2eb

Tabie A.2.5. A &and B Caefficients for Elagtic Plles, EB = kx, zmax = 2.6



3.532

3,299
3.067
24837
E-ﬁlﬂ
2.385

2,167
1.953
1744
1.542
1.345

0.9569
D.616
0.283

DeQ34-

01342‘

D-gﬁj-

Table A.2.7.

2e331-

2e326~
2-311*
2.287-
24254~
2,213~

21 léﬁ*
2all14-
2.057-
1.99%-
1,938-

1.820-

_1.712-
1623

1,558~
1«518“

let3H~

A and B Coefficients for Elastic Pllen, !:lL

a
G.800

0100
0.196
De287
(43563
Qi O

D500
Ds546
0.579
0.5%98
0.603

- 0a57Th

D.498
0.389
O.361
0,137

Q.000

Ful
1,000

0.986
0.938
0.865
0.769%
0,655

D532
0.398
Q260
D120
Q.015~

D.270~
Ur4?ﬂ—
D-ﬁDT—
0'6"‘*8"
0.575~

G.000

0.000

Oa 33{}-
O+6]3~
0.851-
l.044-
1-193‘

la300-
1-3&?_
1 - 39&""
14387~
1-3&5*

1.163"
D-Bb3-
I
0.062
0683

24263

B

¥

2.331

Zell3
1.90%
l.707
1.519
1.340

1172
1.913

T peBB2

De 721
G=5BB

O« 304

‘Del26

O«07F1-
DeaSZ-
De 25—

CI- Tﬁs"'

[

2« 230~

2. 130~
2+.030-
l1a%30~-
1-&32*
1o734~

11639"‘
l.547-
ltﬁBB-
1.373-
1.293-

le180~
1-&32_
e P4 2—
Q.881+~
D.846-

DeBe2e=-

max

1.000

1.000
D.998
De992
De981
0.943

0.939
0.908
0«.B71
O.B26
G774

0-555

Ga519
Q376
O«238
0.119

0.000

- 2.4

0.000

0.009-
Q. 040
0.083-
Dl141_
D:ZG&‘

'ﬁ-274*

013“4_
Dedia—
Ds4B82-
00543_

Qs & H—
D-?ﬂﬁ-
G.712-
Giﬁﬁﬁ—
Dt52ﬁ—

0«000

D.000

Uadll—
G381~
0.212-
Qeb0T—
Q.&TO

‘D703

D709
QbS50
Oubao—
D.588-

Oadl2-
DalTi—
D.113
Dalady
O.849

l.819
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i 011

3,737
3.4064
3,193
2e924
2.65%

24395
2elé3
1.893
1 .ﬁ“a
l.40%

0.9456
0.504
0077
0,.338-
0,748~

1.155-

Table A.2.8.

2.?"3-

2.738-
22723~
2-5?9*
2ebET-
24627~

2-581“
2{531_
2edTT-
222~
2e 3586~

2+ 260~
2.169-
22101~
24059~
21ﬂﬁu_

2.037~

0.000

0.099
G.195
0.284
0.363
0.%430

0.484
0.5£3
De548
0.557
0.552

0,500
0.403
$.278
0.148
0o 044

0.000

1.000

04280
0.926
0,840
Qe723
D.60%

O.468
0.318
C.168
0.01%
ﬂ.126-

0,384~
0.570-
C.856~
D.610-
D.401-

0.000

0.000

013?4-
O.693-
O.358-
lal?ﬂ-
1,320~

la.439-
l1.500-
laSl4~
l.ag3-
1.409-

14135
Ui?ﬂﬁ'
Del23—
0.609
1496

Ze562

2aT43

2.489
2u2bts
24013
1-?39
1.976

1,372
1.177T
U0.291
0D.813
0.604

D326
0.031

5 ]

24533_ 1-Gﬂﬂ

2.483- 1.000
2.3&3_ GiggT
2.283—- (.989
2-1&5“ D-?T&
znﬂeg- 0.955

1,9%4— 0927
l.904— (g.899Q
1-317— ﬂ1545
1.735= Q792
1.659- D.731

1-52&' ﬂl593
1-*23_ O+438

D-2ﬁ5— 1-351‘ 61253
0e311- 1.309- (al43

G770

l.028

A and B Coctiicifents for Elastic Files, Eu

- 1.291= 0.04}%

- 1l.288- 90.000

- kx, Z___ =22
Tmax .

B
0.000

ﬂ-ﬂl#-
U-Dﬂﬂ-
Oa 104—
0.170-
U‘-Zﬁﬁ'

ﬂ-326—
Oadsll-
ﬂiqgl-
O.568-
ﬂ-ﬁaﬁ_

Oe 72—
G-TBT_
G-T53‘
Deb2a—
D.378-

0.000

B

0000

D.24%9-
Db 4=
CubOb~
ﬂ-?lﬁ—
D-TEB_

ﬂ-823—
O.824-
O 793~
0.732-
01644—

Ga.391-
Da084—
0.392
Q.719
lab4])

24262



{MJ?Eﬁa,
(M1/€1} B,
{M,) B,
{M,/7T})8,

(M,/T%)8,

. 1
o Deflechon = l!’,'T.r"EiM,
T = (E1/%)
Stope = (RTYENA,
X = IT Mamsnt = [(BT)aA,
Shear = {:P,r']h,
Lo = LT
Sail reoction s (ﬂe‘" T}ﬁP
&, A, A, A, A, B, 8,,
Z
z'ﬂ'ﬂ!l
A and B Coefficiente for Elastic Piles, zmax 10, F = kxn, n varled from 0.0 ro 4.

Appendix B.1.




OO oo [
& = 8 & = . Ped
WP o M L]

_ D0 oo
- 4 & 4 m
OO

L N L
= 8 % % W
o m ot R b

1.412

1.314
1,214
1.117
1.022
0.220

n.g4z
O.758
ND.6T7
0,601
T.529

0,400
DIZBE
0.194
0.116
£e00%

I:]Iﬂq.?
G'GHE
N.093
Q.079
0,059

0.038
J.000

Table B.1,1.

j. 998-

0993~
fn,980-
9,956-
4,932~
n.%00-

e 864~
0.826~
0.783-
0.739-
D694~

C.602-
0514~
C.B29-
D.350-
C2T8-

0,134-
0.080—
Ga014
f.038
(e043

n.038
N.002-

2.000

0,093
G.173
0.240
0.297
0.343

0,380
0.40%
e 30
O bbb
n,452

Gad53
Dea3B
D.412
DIETB
0,339

0,236
D.144G
Q.074
0.026
U-GUZ-

*DL01B-

0.000

1.000

D.BEL
0.738
.62l
D.514
D.Glb

n'325
D.248
D176
0.112
D'D56

C'DET_
OIID&‘
E-15#-
01135_
C-EOI-

0.200-
C+1&h*
L.118=-
CuGT4-
0.040-

O-Glﬁ—
D.n00

l-ﬁlz_

11313-
1-21&‘
1,117~
11022_
0-935'

G.B&Z-
UITEE—
ﬂ-ﬁ??_
D.601-
ﬂ-529-

Cet00-
0.288-
U-l?ﬁ-
Dellé—
DIGEQ_

0047
c.0848
D093
O.07%
D.059

0.038
D, A00

B

b

N.998

0.861
n, 735
0.618
0,512
Da.4l4

0.326
Da2bb
De174
0.210
GaQ2dh

U.DZ?
0. 107
0.155
fia185
0-202

0.201
D163
p.118
C.OTa

G-Oﬁﬂ—

n,016
n.002

A and B Coefficients for FTlagric Piles, E
B

= k,

B

5

By

1#313"'

0a7%5

l.2la- 0¢.981
1,117~ 0.960

l.022~ 0,933
ﬂ-93ﬂ‘ G-gﬂl
ﬂ.ﬁﬁz- D.865
0D.758- Na825
D.6TT- pD.TB3
C.60l- pn.73%9
0.929- 0.694
D400~ D603
DIEBB- G-E]ﬁ
0.194— Q428
C-D5ﬁ- G-ETT
O.047 0.134
0.088 c.039
G-G93 Diﬁlﬁ_
0079 0.038-
ﬂaDE? Dlgqa_
D-D3E ﬁaﬂ33*
H.003= (0.000
mec= 10

0.000

C.093~
D-l?]-
De 240~
ﬂ-Z?T‘
D353~

0. 380
O a09—
Ge4320-
0ol dy—
Dadh2-

Da&53-
D38~
D-le-
0378~
ﬂi339_

0-236—
01144'
CaQT4-
0-526‘
0.002

0.016
0000

B
P

.%98-

0.861-
G|?35_
0.61B-
0-512-
Oeala-

0.326-
Qs 26—
Utl?ﬁ‘
D.110~
Oa054-

O.03%
0. 107
0155
0185
0.202

0.201
0165
D118
Del T4
D«0%0

ND.01F6
Da002



0.0

0.l
S.2
Cul3
Tuts

0.5

Lub

[
Lon BN S 1
* =
oo

1.79¢4

14670
14548
laa27
1+309
1.194

1.084
0.378
0.877
NeTHI
GLbS0

J+528
De384
(Ga2biG
0elbs
R.086

Grﬂﬁﬁ_
D-Dgl'
D.0%96~
Diﬂ?g_
D055~

D.032-
0.001-

Table B.1.2.

fut &

la23s- 0,000

la231- 0,100
1.227- 0.1%91
1.193- 0,271
141&3_ G-Bﬂl
l.1286= 2,400

1.083~ Gtﬁﬁg
1.&36- G.ﬁﬂ?
OD.%86- 0.520
De%33— 0.542
GiBTBh G|55T

JaTH5- D067
0.653~- 0.555
Oe.545=- 0,526
Outbdy— Oud85
00352_ Diﬁ3ﬁ

D.167- 0.303
C.047- O.180
C.018 G.087
D.045 0.025
O.048 h. 009~

G.047 0023~
G.00Z2- D.000

A and B Coefficients for Elastic Plles, Es - et

1.000

0.353
0.B54
D750
D.645
C,543

Qedd s
0.353
0.2866
0.187
D.114

0.010--
0.106-
Gll??-
G-ZEE—
0.255-

G'ZﬁE-
9-219—
Os]55*
C.093-
e (145

D-ﬂ13—
0.000

[
[
0.000

O.239-
1.0325-
l.056-
laba]-
1.004-

01954"
D'BQQ“
C.829-
O.T60-
O.5670-

0550
D-#lT_
e 2927~
O.192-
D103

0.051
0.120
0.131
0.111
0-080

0.048
f.002

B

T

1.234

1,086
Ua5946
D.81&
0.6%6
NeSBS

O.484
34392
O« 308
N.233
G. 166

D055

J.030-
DeDSE-
Dell3gf~
D156~

0.173~-
N
O.,103-
Del&2~
Uuﬂal—

chll-
D.001-

8
1-550_

lat450~
1. 350~
1.25%2~
1-154“
1-&59-

D.967-
O.8TH-
D.¥72-
GU?IG-
De632-

Des B9~
D-3ﬁﬁ—
0425?_
011&?‘
D-O?a—

0.025%
0.077
0.086
D.073
0052

Da032
0.002-

B

L]

l.000

1.000
O«994
Da P81
De%63
DeF3%

D910
0.877
DaB40
f.800
0759

DabTO
0580
D+490
0-“05
0326

0.162
D.052
C.01I0~
D.038-
O«043-

0.037-
0.000

8

W
0000

OeD31-
O.0%3-
OelBy-
04212—
thﬁE'

9-311—
D-35D“
DIBBE*
Gea0B~
0.428-

DelS50-
G-QEZ-
Osa38-
ﬂ-ﬁIZ‘
N.378-

ﬂ1273h
Gilﬁg*
O.0Ba-
5402?"
D004

0-01%
t«000

B

E

0.000

D-ﬁll_
D-b33_
OulD4=
0-553'
DlHQZ'

Ded26-
U¢353*
Ga292~
D.ZZT*
Dllﬁﬁ_

Ga(57-
D.033
0.103
04155
0.190

O.218
0.191
Deldl
.08E
- Da 345

0.01l6
D.003
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2e0dl

14903
le 766
l.630
J.46%8
l1.368

leZ24y
1.124
l.009
M. 300
NeT97

0.&10
Qedpds §
De312
0.200
0110

0.032-
D-Dﬂé-
G-ﬂgﬂ-
ﬁtﬂ?ﬂ'
niﬂ45_

Delted-
Q001

Trble B.1.3,

14384-

1,379-
le3bs-
la 3'£+G"
1 » BGB_
102&?_

l.224~
l.173-
1:113_
1.,060-
0.999-

D.872-
Qa.T04-
0-620_
O 5UJ+*
0.397-

0.184-
0.04B=-
0023
N.049
0.048

2.038
N.201-

LA and &

0.000

0.100
0.194
D.280
04357
0.4250

DetB3
0.531
04370
N.500
N.621

0.641
D633
0.605
0.560
0.5205

0a348
e201
C.089
fa0]9
DIDI&_

ﬁIGZE-
M. 200

1.000

0.970
D.900
N.816
D.T24
Dab28

O.532
O30
0.344
N.2506
N.173

D.D2&

0-994-
D186~
D252~
0.2?‘!‘

Dijlﬁ_
L2632~
CelB8i-
t.103-
f‘-fl'*’-rl’-l-—

fO.007-
1.000

0.000

Oeb02~-
D-Tgﬂ“
Grﬂgg_
ﬂvgﬁ?‘-
0!9‘]5"

Gi?ﬁB-
e 340
G-?DE—
ﬂ-563—
(a.797-

Oa ﬁtlﬂ-
Dl 530"’
0«395-
C'- 2&5_
DI 156_

0050
D149
D.168
Calap
Ca NP5

(. 053
O.002

B

)

l.384

1'22&
1.074
Da%41
D.B813
0.65%5

D584
Q48T
.397
Ded1&
Nal2d2

D.119
0025

Qe O45—
0.0%3~-
De.l25-

B

labr2h—

1-52&'
11426_
1-32?—
1-229'
1-133'

1. GB‘g-
D-QQT-
G858~
0773~
Nefh92-

O+5&1-
C.408-
0.296~-
O« 19?‘_
GallB8-

Dela7=- 0.013
Qell2é— 0069
C.0B5- 0078
G049 D064
D-ﬂzz— 'D'-CI--‘#B-

G-GGB_ 0-02#
N.001- 0.000

Cosfficients for Elastic Flles, EE

0.5

= kx

1.
0.95%6
D.987
D574
D.955

1.000

oog

G.931
Nw
G.870
0.833
D795

202

0.709
0.619
D.528
Gl"‘-FB?
fe354

D177
0+057

G-Gll-
n-ﬂ3?'
D043

C.034~

N.000

Z
oax

=10

D« 000

U-DEG—
D063~
0-113-
U-lﬁﬂ-_
01215—

ﬂ- 252—
Os 305~
Da3a3-
DedT&—
Oalt)s=

D.ﬁhl“
OubSa—
Ou854-
Do %35
O.%05-

N.299-
Cw 135"'
0091~
027~
0.00%9

D023
D+ 000

D«000

U- 333_
01432_

"Na515—

0.514-
ﬂl"-lgl_

O.454-
0.408-
Oa 55—
Ox 302-
GI 242_

01131-
D.030-
0057
Dal25%
D175

D.232
Gellh
0« 160
g.09e
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0.012
0002
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.0 2w 3h 1,625~
0.1 Z2.273 TosleE-
0.2 2,112 1,005
cl 3 1-?52 115?8_'
'L'c"" ]oTG{’ 1I5{i5“
a5 1,643 145903
0.6 1,495 1,453~
c’f_l" 1-353 1-3??‘
ET-E‘ 1-216 ];335"
519 ]iOBéJ 1!2‘58"‘
1.2 O.5%02 1,157~
1.2 0-?33 ]lO'i'?"'
L 0.53%4 D.AG:-
1.6 0,381 O.7T41-
l.8 0.l Dab%6-
2-3 c'l]-'q'l 'D-'ri&'{l_
2-5 Dl':';":ﬂ' 'D-ED'D_
3.0 0.0 0,0&0-
3.5 0.074=- D.034

L ¢c,050~ 0,002

'r+p5 G.'D'ZEI_ ﬂ'-ﬂﬁz

50 0.009- 0,925

1C.D O.000 Q.00

Table B

W

0.000

0.100
0,198
0.,2%1
0.379
Geh2d

0. 531
ﬂ.5g5
0.645
0.493
0.727

0.767
6.772
0. 7406
Q.070
D628

D.422
0.225
0.081
Dlnnﬁ
0.032-

0.033-
0. 000

£
1.000

0.988
DU
0.3006
0.840
0.763

D617
D.58B0
0.489

.0.392

0.295

O.00%

005G
0.,193-
0.299-
0.371-*

C.424-
0o R49—
Dad23~
ﬂn}ﬂﬁ—
0.027-

0.013
0.000

.4, A and B Coefiicients for

&P E? ES
0.000 1.623 1.749-
ﬁ-EZT' 1!‘*53 ]ir:"'ﬁg"
O.4622- 1.293 1,545
Oe580- balu3 1.450-
01?13_ 1.003 11.35]"
DeB22- 873 1.253-
O.897- 0702 1.156~
G-gr*?- {1‘15111 of\*{"r]."
0,973~ 0,540 0. 5068
De TPV~ D448 D.870-
fa9%k2- 0. 364 C.72)-
(o BBRL- D222 Oafl B
0.761- GuallZ Nn.482-
Q-GDQ— D.UZ? 0. 3h4-
Oadenb- 0.030- Quecib-—
042583~ D.070- p.155-
O.04% 0.105- 0,006-
0-226 ﬂiﬂﬂg_ U.UET
0.257 D.O037T— D.0&S
0.201 0.028- 0,049
0117 0.009- 0.028
0.046 0.000 D.G11
0.000 O« 00N 0. 000

Flastic Piles, Es = by, zmax

ki

L

1.000

1.000
0. 039
e 994
0.947
0e?T70

Ce90L0
0.939
0.914
{.H8%
C.05?
O T75
0.688
0:5%4
0498
Dlﬁﬂ#

0.200
D.059
ﬂ-ﬂlﬁ—
D.0582-
0.03%-

0.026-
0.000

= 1¢.0

B
0.000

0.007-
G' GZE-
O, 05%6-
0075
D.137-

B.181-
D-EZEII_
0.2?0—
O 312"

L
AR

O.alg—
UII“EE?-
ﬂo'ﬁ-??‘
0.4 7Th—
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0.350-
00213*
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G.029
0. 000
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0.000
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0-259'_
013‘13"
0."!01_
Daf%36-

O.45F-
Oty o=
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Teble B.1.5. # and B Coefficienrs for Elastic Piles, E_=in", Z

A A A, A A 8 B B, B = Z

¥ [ A b W F
2.818 1.882- G.000 1.000 O.000 l1.882 l.886- 1.000 0.000 0000 0.0
2630 1.877~ 0.1040 0.399 026 1.698 l. 786 1l.000 Q=001- 0.017- 0al
26473 1,862- (0.200 D.993 0.098- 1.525 l.686- 1.000 0.005- 0.061- 0=2
2.208 1,837- (.299 0.%77 0203~ 1.361 1.5886—- 0.5929 OD.0l4— (.122- 0.3
EIG?E I-BDE_ 0-395 ngﬁl 01332- ltZDT 1#43?‘ 0-99? G-ﬂaﬂ_ GilgB- 0-&
1.897 1. 758~ 0,489 0.910 0Q.476~ 1,064 1387~ 0.993  0.053- 0.266- 05
1,724 1,705= D.577F D.8%6 0.621- 0.930 1.288- (.9817 0.083- 0.335- O«b
1.556 1643~ D660 0.786 0.762- 0.506 1190~ 0.977 Oell9— De395- 0«7
1.395 1.573- 0,735 O.704 0,893~ DabT2 1.093- (0.963 Qel&l— Qebd3~ 0=2
1.241] l.497- 0.800 0.609 1.006- D.587 0.998= 0.944 0207 O0.476- 0.9
I-D?ﬁ I.ﬁlﬁ- ﬂ-ﬂﬁé ﬂ.iﬂﬂ ]-ﬂgﬁ- 5-492 ﬂ#gﬂﬁ- ﬂ-921 5-255‘ ﬂ.ﬁqz_ 1-ﬁ
0.831 l.234- 0.%34 0.273 1.196- 0. 330 0.T26- D860 0.353- Q.475- la2
U-6U3 1tﬂﬁﬁ_ n.?&ﬁ D-DB# 1.181' U-EGI 00562_ GIT&I D-ﬁ“l- G|395_ 114
00413 0-852- Gtgﬁg U.I?l' I-GEE- Oilﬂh ﬂl#lﬁ_ 01635 ﬂ-suT_ ﬂ-EﬁT_ liﬁ
D.Zﬁz G-ﬁﬁT' D-ﬂ?ﬁ 00353- ﬂ-E&E* ﬂ-DEﬁ 0-235— ﬁ-5?9 ﬁ-5ﬂ5‘ Dtlll- 1'3
leﬁﬁ G-ﬂgﬂh D-?gﬂ ﬂ|525— DiEBz_ ﬂ-DlZ— 0-154_ 01469 01551“ D-ﬂﬁg 2-0
D.015- 0,174 0,490 .643- 0N.036 0,055~ Q.015- g.213 Dedd3— (L3523 2ud
0.053- 2,004- 0.200 D482~ Oes80 De045~- DNa044 N.041 DuelZd?— (J.409 2.0
0.,033- [,0468 G.022 0.230- 0476 De022=~ Q042 L0033 0.067- 0.271 3.5
0.017~ 0D.038 0,081 D.042= (.264 C0.0086- D022 D.O00- 0.023 D.095 4]
H.003-~ 0,017 C.038—  .036 D.081 0.001 N« 006 Da022= (0040 Dallb~ iy oS
D.001 . 003 N«017- N,039 Ne030— Q.002 0.001= CQ.N06— D023 D+040- 5«0
000 T.000 f1., 000 Na00 1.000 =000 000 7000 0. 000 0«.000 10«5
2
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22754

2.560
2e367
2.17&
1+988
1.B04&

lab625
1,452
1.28B&
1.127
0.978

{.708
De481
D.300
0,165
0.072

0.021“
J.016-
D002~
fl.001
0.000

0000
0.000

Table B.l.s.

5 ] 1 P ¥
ligﬁD_ DIGDD IIGGG O.000 1.940
1a93%- (0.100 1.000 0.000~- 1752
1.920- 0.200 1.000 0.004- 1,573
1.815— D,49% C.787 0113~ 1.099
l.896- (0,693 0.%94%2 0.349- 0.83¢
le&22- 0.785 0.899 R.527- D714
1,539~ 0,873 Q.835 O.740- 0.&605
1-##5“ 01952 0!?4? ﬂthB" 0-50?
1-2#4— 1QOBD G-50“ 1-#&3- 61339
1.020- 1.150 G.170 leBau9- 3208
0. 789- 1,146 Dedlb=- la9GB- D112
Cs568- 1.064 Ou.615- 2.227- NDuDi4b
G-B?D_ U‘guﬁ 0.932“ 1!153_ ﬂl006
D-Dﬁg" DQﬂTE 1-0&9— D-EUB DtﬂEl*
0.034 d.012 D.3%0- 1.31%9 D009~
0.018 Nef51- N.048 C.3865 G.001-
D.000 NaQll= 0,063 DalB6- 0. 000
DLOOL- 0.002 0.002 0.0546~ 1000
Oa 000 0.001 0.004-— 0.0172 0.000

0.000 L.000 ¢.000 0.000 0. 0G0

A and B Coefficients for Elastlic Piles,

E
-

1-932_

l.832~
1-?32_
le633-
l.5332-
1.433~

1.333-
1.233-
1&134-
1.035-
ﬂ-937-

D-?ﬁﬁ‘
TabG6-
01402“
Glzﬁl—
Dllh?-

D« 007
D.026
N.007

Dtﬂﬂl_
0. 000

0.000
d.000

= kx

+

Z

EAX

1.000

1.000
1.000
l.Qo¢
1.000
D-?qg

0.778
D.9%946
0.991
0.384
G373

0.%34,
O.867
O.769
D.64]
Oed93

B.141
G-GZQ—
N.031—
N« 003-
Da002

0.000
0+000

= 10

G.000

0-000
0.000
D.001-
D.003-
0.008~

D-Ul&'
0.034-
ﬁ.l:'rflg—
D-Ugﬁ‘
. 139-

D-zﬁﬂ“
ﬂ-412_
O.568-
3-593—
Dl?ﬁﬂ'

Glﬁﬁg_
'Dll3ﬂ_
Na.063
0.032
0.002-

0.002-
C.000

E, z
Q000 Qe
0.000~ Dul
0003 De?
g.011- 0«3
D032 Oty
ﬂ-ﬂﬁg' ﬂiﬁ
Qel2a- Os6
0.200- 0«7
O.292- Qa8
0397+ Ge¥
ﬂ-5DT_ lnﬂ
C.702—- 1.2
Ge799- leds
O.731~ 1.8
D.&El- 1!3
ﬂ-ﬂqﬁ' 2-0
0819 245
0716 3.0
0.078 3.5
Os.110- G40
G020~ Gab
0.008 5.0
0.000 19«0
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AT We———c rrrrry '
I " Deflection ¥ = (RT¥ENA, + (MTYENS,
T = {EI/x)
+X ,:: Slope 5 = {Pi‘T!fEi]A.‘ + {MJ,I"'EI}B.
N :
o x = ZT Moment M o= (RT)A, + (Mm,)B,
z :
Shear v = (R)a, + (M,/T)B,
Zows * L/T
-.J._-...ltL Soil reaction p « (B/TI&p + (M, /TY)B,
Ay A, A A, 8, B, B, B, B, 8,
z
1|‘
||
-2

sppendix B.2, A and B Coefficients for Elastic Piles, 2 ax " 10, E_ = ko + klx, kn!k1T varied from 0.1 to
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A 0 AD
L I
D 0 o - o

2e15] letpd-

2,004 le&g3~
1.858 loGaB-
liTlh 1.425_
1.572 1,393-
1.435 1,352~

1.302 1.305-
l.174 1.251-
. lapb2 1,193~
0.936 1,130~
ﬂ.BEﬁ llﬂﬁj—

D527 D.%225-
Ca%56 0.782-
0s314% Debdd-
C.198  C,514-
C+108  0.395-

* D.027- D,263-

_ﬂvﬂ?l_ D026~
“feD&5- 0,035
OD.0683= 04,047
f.022- 0.037

C-GDT_ E-ﬂ?l
0+ 000 0.000

Table B.2.1. A and

0.000

0.099
Cal9%
0.283
0.3566
Gas40

0.506
D.563
D.611
Du64?
Oea77

0,708
ﬂ-?ﬂﬁ
Q.676
D.626
Ca560

0.267
0.18%9
0.063
Oiﬂﬂb-
G-GBD_

*(.030-~
G.000

E Ceoefficients for

1.900

G969
0.921
D.859
01?86
0.703

0.615
Da522
0.428
0.333
Dudél

0.068

0.082-
G-EUQ_
0.295-
0.355-

0.33?-
Qe3l0-
0-192-
U'GB?—
DUDIB*

D.N15
0.000

0+215-

5-401-
D557~
D.686—
0. 786~
0.861-

Ou.%12~
0.940~-
DaQ4T-
Da936-
D«309-

O.B15-
01655_
0153Q_
0377
0.226-

0.071
0.219
0.235
0177
De99

0.036
C« 000

B

¥

l1«468

1.307
l.154
1.015
01534
Na763

ﬂ-ﬁEl
De349
D456
Ga371
0.296

Nel6B
J.071

" 0.001~

Q.051-

n.0az2=--

01105_
Ne«084—
ﬂiﬂEI_
GIGEQ‘
D.007-

D-001
0+000

B
l1-660~

l1+560-
latbO—
l1.3561-
1263~
lal&—

1«Q70~
D577~
GIHBT-
n.BDGq
0-?16_

Ox560-
G-aZI"
D302~
0201~
Nells-

0.012
D061
0+063
0-045
0.024

0.00%
0=000

Eigatic Piles, E_ = kﬂ + kyx

5]
1000

D995
D«5%98
D989
Ce978
J-963

e243
0.%19
0.830
N.857
D.820

D«T38
D648
Da551
Q455
0384

D167
a6l

D-ﬂE#“
ﬂ-ﬂﬁB-
Uiﬂj?‘

0.023-

0000

B

¥

" 0.000

G-GEI—
D.D51-
C.089-
0.131-
P B

O.222-
0-265-
0.309-
O+348-
0.383-

Ce37—
Dl#?ﬂ-
ﬂq#ﬁﬂ?
G|QTG_
Glﬁ43_

Ce326-

De189-
GIOT?-
U-Gﬂ?-
D024

0.029
E.qun

vhere k. /k.T = 0.1,

Gi

thﬁ?'

Gczﬁl‘
De3sT—
Qa6
0-442-
Os458-

Dude2b-
Da%39-
O«410-
GIBTI_
01325-

D-El?—
ﬂllﬂﬁ'

C.002
D097
D173

D273
D260
O=184
0.097
0.030

D007~

0.000

Z
max

nlﬂ

1o.

L e e e D OO D o Do oo
= & m & » E s ® ¥ @ # ® & % a
Lo JE - L N O 0 O - O W RO e

O o
- B & & B
LA B L BT

o0



A, A Ay A, Ay B, . . B, By . B, B, z
1.930 - 1,24B- 0,000 f-GDG U-3éﬁ— 1.348 l. 589~ .lcﬂﬂﬂ O0.000 Q.270- O«0
1.794 1,343- 0,098 D954 0.539- 1,194 1.489- $H.999 0.031- (0.358- DO+1
l.662 1.32%9- 0D,l91 0.894 0. 685- 1.050 1390- (.994 D070~ D420~ D-2
1.530 1,305~ 0277 0,822 DaT65- D216 led2?1- (.985% Jellg— Daa4i8- Dul
TeGQ1 1.274=- (0,355 O.Th? OJeBa4Q— N.792 l.193- p.971 Dualbl- ODude?¥hH- Q=i
1.275 1,235- 0,425 0,655 0.893- 0.678 1.097~ 0.952 0.208- 0D.aTa- 0=5

1.154  1.189- 0,486 0,565  0.923- 0.573  1.003~ [0.929  0.255- 0.458- 06
1.037 1.138- 0,538 0.472 0.933~ Vet 77 0.%1l- pD.902 0.299- 0.430- 0«7
0.926 1.082- 0,581 0,379 J.9726- 0.391 0.823—- ([G.BG6Y 0.340- D391~ N.8
D LB21 1.022—- D.614 G287 0.903~- d0.+313 O0.737— 0.833 0:377T— De3ba- Ds %
0-?22 0.9‘&{)— 0-635 G‘IQQ U'le.‘rﬁ— 9-2‘&3 0-65&— D-T9i+ 0-409" 0.292— 1-I‘J
2.543 n,829- 0.66! 1. N34 D. 760~ 0.127 N.506- 0.707 D456~ D178~ 1.2
03290 D.59B- D.5650 0.103- Deb2a- D040 Du3ThH=- ﬂ-ﬁlg G.#En— C+064— lets
De263 0.570- 0,621 0,213~ Q.u7a~ D.0223= Du28l- (.51& CadB2— 0a042 rl.ﬁ
T.162 0L,450- D,5T70 0.292- 0.323- D.065- 0167~ (g.421 Catts5— 0aul31 1«8
Q-q&j ﬂ.343" C‘-ﬁﬂﬁ Ut343— ﬂ-lﬁz- D-Ggl- ﬂaD?E— 01331 ﬂv‘l‘jl' IJ-ECHJ 2-0
0.033- n.135%- 0.324% D.%360~ 0.088 D.106- 0.024 D145 O0.306— 0.280 245
P 0.066- 0,015- Q.l61 0.279- (0.213 C«079— D.,064 0026 . 0.170—- 0253 3«0
ﬂin5g- Dtﬂaﬁ ﬂ'tﬂ'{'g ﬂ-lﬁﬂ- D.EIT ﬂ-ﬂ‘lﬁ— ﬂ-C'Erl .Diﬂaﬂ— D-0&3- ﬂ'l 171 3-5
0-035- U‘.ﬂqﬁ' Dtﬂﬂg"" UOOTB" ﬂllEE D-GEU- GIU'EI'E G-G‘I‘ﬁ“ D-G‘G‘l D-UHE Lal0
"-D]B— EI.U’33 ﬂ.DE?-' n-fllZ* U'-an} ﬂ-DG5- n-DE] 'QQGBE" ﬁ.l‘.}zﬁ ﬂ-ﬂEE‘ 4-5
ﬁ-ﬂﬂﬁ_ U-GIB ) 'D-Dz?— D.01% 04029 D.{'JDE 0.007 0-021— U-DEB ﬂrﬂ]l- 5«0
N.000 g.00 0.000 O, no0 0.n00 0.000 1« 000 G.000 0000 D300 13«0

Table B.2.2. A and B Coefficients for Elnsti? Pllies, En - kg + klx where kufle = 0.2, 2 =10



0.0

1.490

1.380
1.270
1.163
1.058
Ta956

0.858
D765
D677
0.593
D.516

0.3717
Cec2b0

Lelbé

0.091
J.035

Cudb1-
GIGSE*.
0047
0.,028-

 D.012-

3.003-
0.000

lﬁlﬂﬁf

1,099-
1.935-
1-563-
1.033-
Qa.%27-

g1955_
0.908-
GIBEB-
0.805-
Da.750~

De638-
0.527-
Nne&21-
3-325“
N.240~

C.082-
0.003
0,035
0.0236

0.025

0.013
0.000

0.000

0.0%6
0.184
De263
D.333
0394

0,6k
0.488
0.518
0.541
q.ﬁﬁﬁ

DeDbd
Ca54b
D.508
0456
De395

N.238
0.108
0.027
Q0.015-
0.026-

D.022-
0.000

b,

¥

1.000

D.921
D.836
De785
0.651
C.555

Q.460
0.367
04277
0.192
0,112

0.030-
0- 14“_
0.228-
0-234*
0.313-

U-E?B'
0-212—
Dal2b-
0.04B-
U.002-

0.016
g.anon

A

ﬂ-?hﬁ_

D-EEB—
0.889-
0.930-
51952-
0.956-

0.%64~
0.%918-
ﬂlBBD-
0.B3l1-
O.77T3-

Oa 640~
DeltTo-
0.348-
D.210~
0.0BE~

Qel2é
D203
D«187
Oel25
0.041

0.015
0« 000

B

T

1.104

0.965
0.836
O.717
G.508
0.508

9.41?
0335
D263
0.1%8
0.141

G.04%

0.017-
0.062—"

0.090-
ﬁ-lﬂﬂ-

D.0%98-
ﬂiﬂﬁﬁ-
DlﬂjT*
C-014-

Q.002-

0.003
0.000

ES
] 39-

].33?—
1.240-
laldgd~
1-0&6_
0.951-

ﬂlﬁﬁﬂ-
D.T72~
D.688-
0.608-
0.532-

0.394-
ﬂ-E??—
0.179-
0.100~
N.040-

O0.046
0.066
0.055
D.035
D.016

0.004
0.000

B

1.000

0.997
C.9?B69
01274
(1+954
0929
G.8%98
0.863
ne823
0.781
D735

D.638
D.538"
Dede39
D« 346
0260

0.094
C.000
U.DaT_
D082
0.031-

ﬂaﬂl?_
D000

8

v

0.000

Ca05T-
GIlIS-
GIITB_
0-229‘

G-Eﬂl‘

0.330-
De373-
Ded 10—
Qatlits]—
Daibb—

O B95-
0.200-
Qu«4B83-
Caedpds3
DJ403-

0.259
D.124-
O=.040—-
Q.012
0.02%

02026
0-000

B, 7
De502~ D.0
DeBT79- Osl
O.585- 0.2
Glﬁ?ﬁ' G13
GIE#T- G-q
ﬂvﬁﬂﬁ_ D-S
Gedhg- O+6
OadD3- O« 7
O 2542- O«A
G.278~ (1
Oa.212- 1.0
O=084~ 1.2
0033 late
O.1321 la6
D207 l1-8
D259 2o}
Del2%5 2.5
0« 238 2.0
O« 1T 3.5
D«064% Gel)
0.009 4.5
0s016~ 540
0000 100

Table B.2.3. A smd B ﬁu?fficiamtn for Elascic Piles, E‘ - kg + klx where kbfklr - 0.5, Z“‘x = 10
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Table B.2.6. A and B Coefficlents for Elastic‘PiIEl, E = kyt kyx where kufle =10, 2 _ =10

A
1.097

].-G]-ﬂ
0.923
0.827
D.755
0.675

0.599
0.527
N.460
D397
9.339

0.236
flel53
n,Ga7
nD.037
G001

0.G42-
ﬂ - D‘t-ﬁ—

‘0.031-

G-Ul&‘
0.006~

0.000
0L.000

A

D. BTg—

0.B874-
D.861~
Qe 839-
Q-Bll*
0.777~

D. T3g‘_
De b9~
D.653-
D.606-
De559-

GI L64G-
D, 372~
0.288-
0adl3-
Oeldso—~

D-Daﬁ_
0.017
0.031

0L 026

0.01&

0.007
D.C00

A
0.00G

0.093
0,178
0250
0.312
0.3&3

0,403
0.435
N.u57
f.471
0,477

0.470
D3
Q.400
0,349
D.2%2

0.160
0.060
0.003
0.01%-
ﬂqul-

T 0.Cla-

0.000

1.00G0

0,820
C.779
D.0672
0.562
C.458 |

0,350
0.267
0.181
0.102
0.030

0.0%0-
g.178~-
0.238-
0.270-
0.281-

0.240-
0.156-
0.075-
G.ﬂEG—
0.008

0.015
0000

1.0G7-

l.111-
lvlﬁT*
1.089-
1&05?‘
1.013-

ﬂl 959-
O.897~
O.RAZB-
0754~
D.677-

G-EED_
Q-3E:T-
D.227-
0.105-
0. 004-

O.146
0.177
0D.13%
G.081
0.0312

0.002
0.000

B

T

0.87%

Q.755
Dubb]
D.537
Ded42
0e357

D.2B81
=213
D.1532
0.102
N.057

ﬂlDlZ“
ﬁlﬂﬁg_
0.087-
U-].Gl-
Del04-

DeC8H~
G.051i-
0 -'GE 3-
0.006-

- 0.002

0.004
0« 000

B

5
1.29{]—
lllgﬂ-
Ioﬂgl*
04994~

0.899-
ﬂ- BGT_

D719~
Ca 635-
ﬂl 555_
01431-
Dedsel]l=

De2E88~
ﬂl 135-
0-1()3_
O.040~
0.005

0.061
0054
0065
0.026
0,009

0.000
=000

B
1.000

0.996
0D.983
0.963
D935
0.902

D.863
0.81%
D772
D.723
0-671

D«565
0.460
De3560
0269
0.1980

O.047

ﬂ.025—
Q.Q45-
Gcﬂjﬁ_
D.0223-

d.0l0-
0.000

B
¢.000

ﬂ.ﬂﬂﬁ'
Da.l65-
0239-
0.305-
O.362—

D-ﬂll_
ﬂ-#ﬁz*
Da.aB4-
0. 507—
Da.523-

D.531-
Q.514-
Ded 77—
D- 42&"
O.366-

O.210-
0-033-
ﬂtﬂﬂﬁ_
D.026
0.030

D.022
0000

8

D879~

G-B:'HJ'
Q-T6£9-
C.698-
D.619-
D.536-

O hg—

0.3&2~
0.276-
0s193-
0«.115-

0.026
Delul
0.226
0.283
0.312

0.295

0.205 |

D105
0.031
0.009-

0.022-
D«00Q

L

440

10«0
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08, 742

D.675
D.510
Na54%6
n.485
D26

0.371
04320
D272
C.22B
0.188

N.120
D.0&67
0.027
U-UD]‘
G-ﬂzﬂ'

Fa036-
De029~
0.017-
D«007—
0.001-

T.001
n.Goo

Table B.2.5.

Deb63-

Grﬁﬁg_
N.646~
Deb25-
0.599-

_D»Eﬁﬁ_

0u.534-

0.497-

0-#53_
:Iblg_
3-3?9-

U-3DE—
D231~
Delb9-
D1115_
f.072-

0.,003-
N.022
O.024
G.016
D.C08

D.002
0.300

A and

0.000

0.093
DI]-T]-
D.226
0,288
D.329

D359
G380
0.392
Ce396
0394

D.373
0.337
0.291
O.242
0.193

N.087
0.020
N.01l1~-
0.018~
D.014-

T 0,008~
0.00D

B Coefficlente for Elastic Piles, E' - ku + klx vhere knfle = 2.0,

L

1.000

G825
Q.717
D.587
Du&bb
"De355

0.253
Dud62
0.080
0.030%
D.052~-

Oxlbb6-
0.207-
0,239~
O.24B-
Ge 240~

Nal?5~
0,095-
D034
D.000
D.012

0.912
0,000

0en07-

Ap

1.483-

ls418-
1.3“2_
1.25&‘
l.163-
l.066-

De965-
De863-
O.7T51-
O«.661-
O.564-

0.3B4~
0.227*
0.087-
0.004
0.Q7H

Gel61
O.147
0.095
Q.043
0.009

- om

N= 000

B

¥

D.5653

D555
0457
{1« 369
0.220
0.220

0.159
0.107
O.061
0023
J=009-

DiGEE"
U.GEE—
0-095"
0.09%-
0.0%2-

3-063—
0-032_
0.011-
0.000
0.003

0.003
Q. 000

B

5

1130~

l.030-
0.732-
D.83&~
D-Tﬁ3—
ﬂ-ﬁﬁ“"

0.570-
0e491-
Qelll~
De3d0—
J.288-

Da.181-
0.097-
D-GB#“
0.011
3040

G.0485
0.052
0.031
0.013
0.002

N.002—
0000

EH
1.000

0,993
0.975
D.947
N.310
0+866

0.817
D.763
0.707
Q.649
D590

Date TH
D+365
D267
f.183
0.114

0.001

O.041-
Ca0463-
Q.029-
De014-

0.006~
0000

C
0.000

GIIES-
0.233-
D.326-
Oua3-
Datbhs-

0-514-
0s549-
O.572-
U-EEﬁ_
0.588-

D.565-
5-519-
0-456—
0-355-
D-311—

ﬂll#ﬁ_
.035-
0.018
0032
0.026

0-.014 -

0000

g, z

1.,327- D.0
lal&b— 0wl
l.006- ﬂ-z
Do Blo- O=3
Deb97- O«
D.551- 0«5
ﬂ-ﬁlﬁ" et
0288~ B«7
ﬂ-l?l_ G.E
D«06T— J0«9
Q0256 1.0
D«176 1.2
0«280 14
D342 lot
03569 1.8
D368 2o
0.282 Zad
0.160 340
D+:060 3.5
D.001 HeD
Ds021- G5
0.022- 540
0000 100

A = 10
max



¢ A, A, A, A, A, B, 8, By B, B, R
0.0 0,408  0.435- 0,000 1,000 2.019- 0.435  0.925- 1.000 0.000 2.177- 0.0
Jael 360 Ne431— 0.090 Q.807 1.837- 0348 0.825- n.989 D198~ L1,775- O«1
Dad 0.318 G418~ 0,161 0.623 1.651- 0.270 0.7T2B- D.960 0.357- l.a0ps- 0s2
De3 D277 O399~ (0.2106 Cad7TT l.a65- 0.202 0.634— p.918 Osa4B81- 1.0T73~ © 0e3d
Oty N.238 O 3756- D.257 . 0.340 1,283- Delhd Da545— Q864 D573— Qa7¥75~ Oat
Qab 2168 O.2319- 0.301 ballB 0.940~- D051 0.384=- 0a.737 D«6T7— 0Q.287- O=6
0.4 N.110 U.258- 4,307 D.040- 0,638 D.012- D.251- 0.598 0.6%98- 0D.067 0«8
D.9 .086 Nu228=- 0,300 TuDFT— D505~ Oal3d= D2195~ (D.528 0.685- (0.198 ‘DT
la0 A,D64 N.19%9- n.,2ag Oelisl2~ (QL.3BT- N.0580- D.l45- p.4bl 0.6560~ 0303 1.0
1.2 D.0320 n.léa- 0,253 0.198~ 0.188- D.071- CQ.0866- nN.336 0. 584~ Ua#ﬁﬁ 1ad
1.ds 0.006 0,098 0.210 0221~ DL0&1- C«078- 0.01l0- 0.228 0+ 450~ 0.499 les
1«6 0.002- 0.060- 0.1586 0.218- 0,061 C.076- 0.027 Dala0 0:389- 0.500 16
1.8 D.018- 2.032- 0,124% 0.199- (.124 D.068— 0.068° 0.072 0e293— Qebbe 1«8
2.0 D.022- P,RIil- 0,086 0.,17T1- 0O.1%6 .- 0.087T- 0.057 0.022 Da206~ D+40] 20

ﬁ2.5 0.020- 9,015 n.021 D.,091- 0.14%9 0,029~ D.050 G038 0.051- D.218 T 245
Fal f.011- {217 G.008- 0,030- 0,091 0.009=- " 0.029 0.043= 0.019 D074 2.0
3-5 glﬁﬁfi- D'ﬁll ntﬂl"*- ﬂaﬂﬂl D--’JBT D!G'ﬂﬂ GIDII 0-025— U-ﬂ34 G-nﬂz_ 3-5_
4.0 0,001- 0.00% 0,310-" n.01G D.n05% N+003  0D.001 Na0l2= D.026 0e026- 4s0
&b 0.001 0.001 0.005~ 0,009 (e 007~ Da002 D-002=  D.002- D.013 O.023~ Gebd
5.0 N.001]1 0,001- " 9.00]1- 0205 0.008- 0001 ﬂ-.ﬂﬂz- 0001 O« 004 Q«013- Fs 0

10.0 0.000 0,000 D000 C.000 G.000 G000 G.000 C.000 C«000 0.000 1040

+ k

0 1

Table B.2.6. A and B Coeffictents for Elasric Piles, En -k

x where kﬂfle =50, I = 10
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Deflaction (Ra)a, + {m AU,
I J e sl Siope (r,/A%)e, + (M/Mb,
Maoment {F{L] 0, + {H,] by
d—xel — ‘{“ h* xA Sheor {F}]u, + [H,fL}b.
4 -
§ Soil reaction r/L)e, +  (m/)b,
o, e, a, | b, be by b,
h

Appendiz C.1.

a and b Coefficients for Rigid Piles, En = kx,

|
N

n

n wvaried from 0.0 to 4.




0.435
0.10
9.15
G.20
Q.25

0.30
0,35
Q.40
O.45
0a50

Q5%
04480
D.65
0,70
0.75

0.80
.85
0,20
D.95
1.00

4.000

1,700
1.400
3. 100
2,800
24500

2,200
la200
1.600
1.300
1.000

0700
0. 400
¢.100
EIEDD-
0-5ﬂﬂ—

N.800-
1-1Gﬂ-
ltﬁﬁﬂ*
1« 700-
2.000-

Table C.1.1.

H M
ﬁ-DGD‘ Q000
&.000- D045
&IGUG- Diﬂ?E
€.000- 0.108
6.000- 0.128
e 000- Dulél
&.000- C.147
65.000- D.la8
& 000- O.lbd
6. 000~ C,138
A.000- 0.125
&.000~ (.11l
£a000- 0.09&
&.000- 0.080
&.000- D.0&3
EIDDD— ﬂiﬂﬁ?
&.0D00- N.032
6.000- 0.019
6-DDD- Uiﬂﬂg
6.000- 0.002
ﬁ-ﬂﬂﬂ- ﬂ-ﬂﬂﬂ

a2

and b Coeffiecients for Rigid Piles,

1,000

0.808
C.6213
D.468
D.320
O.188

C.070

01032_
U-]EG-
D.192-
U-EEG—

0.293-
U-EEU'
D+333-
0.,330-
0.312~

D-EEU_
0,233~
GIITD-
0.093-
0.000

4.000-

3700~
3.400-
3+.100-
2.800-
E-EDG_

2200
1.900-
1.600-
1.300-
1lﬂﬂﬂ“

O.7T00-
O.a0-
DIIDG_
0,200
0.500

0.800
1.100
l.400
1.700
Z.000

6.000

5.400
4.800
44200
2.600
2.000

2,400
l.800
1.200
Q5600
0.000

0.600-
l.200~
1.800~
Z-QDG—
3.ooo-

3tﬁﬂﬂ‘
ha200-
“.EDD-
Sea0~
6000~

E =k
&

b

2

12-ﬂ0ﬂ—

12.000~
12.000~
12.000-
12.000-
12.000-

12.000-
1¢+000-
12.000-
12.000-
12000~

12.000-
12000~
12000
12.000-
12.000-

12.000-
12|DUD-
12.000-
12.000-
12.000~

1.000

G993
0.963
0.53%
D.B96
0.B44

D.784
0.718
0548
0.575
12500

Qets22
0352
0.282
0.216
Nel56

fal0%
Da061
n.028
G.007
0.000-

0.000

0.285-
0.555~-
ﬂ-?ﬁE_
0.960-
1-125—

1,260~
1 » 365-
lihﬁﬂ_
1-455_
1500~

le&aB5—
L
1-355'
1.260-
14125~

D+560-
ﬂ-?&ﬁ—
EGE#G—
G-EES‘
C«000-

6-09&‘

S.400-
4,800~
44200~
BI&DD_
3.000-

2.400~-
1.800~
1. 200-
0 600~
0.200-

0.600
1.200
1.800
2.400
E.DGO

1.50D
4.200
4.800
5. 400
&.000

0«00

0«05
0+10
.15
0«20
0«25

O« 30
035

M PR 4 )

0«45
230

‘Qend

Q&0
O«65
070
D15

N.50
D85
0«0
Da%5
l.00



Be 398

Sa936

Sl TH
5.012
LuaBSO
4.088

3,626
3,164
2. 701
2.23%
1,777

1.315
0.853
0.391
G.U’? 1—

01995-
10“5?_
l1.920-
2,382~
Eoﬁﬁq-

Table C.1.2.

Fe242-

94242-
G242~
9-242"
9.242-
Q.242-

Felb2-
9.2"'}2—
D.247-
9,242
‘.}-242_ ,

9-242‘
9-242*
G l242-
o, 2‘!2-
De242-

YL
G244 2-
Q24—
9- 2'&2-
D242~

a and b Coafficients for Rigid Piles,

0.000

0.048
0.081
0.12¢2
0.148
0.166

0.177
0.181
0.179
0.172
0.160

Dulédb
O.126
OD.106
D.08%
a6k

O.044
D.026
0,013
D.o03
D-ﬂﬂﬂ“

1000

0.595
D702
0.591
Det3b
De2BE

D.la8
0.020
ﬁcﬂgﬁ*
0.194-
0.278-

D363~
O.390-
D.41E8-
'D-hzfi—
D.411-

D 375~
De317-
0-235"
0.130~
Q.000-

0.000

leDT_
2.078-
34119-
Ja043-
Znﬂgﬂ“

2.683-
2 a33-
2elag-
1.83"1-_
l.,494-

l.133-
D-Tﬁl_
0.351-
Q.065
J.a96

O.941
1.399
1.810
2,351
2.844

9.242

B.4al2
Te582
6a752
S.922
S.092

4,282
3.432
2+602
1.772
0.942

Dall2

© 0.7168-

1-5£IB_
2-3?8-
30203-

4 .038-
Ge568-
S.5698~
fh.528-
Fa+358-

E = kx
E

by

16600~

15600-
16600~
1&-600-
15+600-

16600~

lﬁlﬁﬁﬂ—
l16+600-
16«500-
16600~
lﬁtﬁﬂﬂ-

l6+600—
LG« B00—
lé=600-
16600~
16.600-

164600~
16600~
l4+«H00~
16600~
16600~

0.25

1000

D+9%7
0.973
0.%61
0.927
D.884

0.831
0.771
G704
0+632
D«556

D& 7B
0.400
0.324
0.251
0.183

0.123
D073
D034
0.009
D.Oﬂﬂ-

0.000

04150~
0.t24-
QIS?I'
ﬂl??ﬁ—
0.965-

1.134%-
l.279-
1.397-
1,585~
l.542-

1.564%—
1-551“
ltﬁﬁa‘

'1.411-

l.282~

1- 112-
0.900~
64645_
0. 345-
G-ﬂﬂﬂ"

c=000

3.978-
o2l
"‘*i 292-
2.9560~
3- 5'01-

3,154-
24640~
Z-Dﬁgh
laftdl-
Q.792-

0+097-
U.6322
1.390
2175
2«985

3.B19
Gt Th
5.550
Ha+l844
T«358

D00

0«05
GelD
0«15
0«20
Grlh

030
H+35
040
DelS
0«50

O+55
D+60
N+65
Q70
DTS

0«80
D+&%
0«90
0«25
1«00



2.05
0.10
0.15
0.20
.25

0,30
035
0440
Leans
.50

0u.55
0,60
.65
ﬂ'?a
LN

0L 80
0,85
¢.30
0.95
1.00

0.404

BeT45
B.087
T, 4d9
6.7T1
b.112

Sa 454
4796
b4yl
A.479
2'521

24162
1.505
J,. 846
0.1l88
UI ‘*?G_

1.128-
1.787-
Z.t5-
34103~
35?52-

Table C.1.3.

13.165-

13.165-
13-1&5_
13.165-
13,165~
13,1565-

13,165-
134165~
13.165-
13.165-
13.1656-

13.165-
13,165-
13.165-
12,165-
13,165-

13,165~
12,165-
13,145~
13.165-
13-1&5_

a and b Cogfficiente for Rigid Piles,

0.000

D.0%9
D.087
0,13]
0,161
0. 184

0.200
0.208

0.208
0.203

D.191

uil?ﬁ
0,154
0.131
0,106
0.080

0.056
0,.G24%
0.016
0.00%
{]Iuau

1.000

0.9236
0.782
0.685
0.537
D.384

0.223
0.087

G-UED—
Oul Th=-

ﬂl253-

d. 3?3-
U.562-
Da488-
ﬂ-ﬁlﬂ—
0.504-

Gi#ﬁﬂ—
D.402-
0.303-
ﬂ-l?ﬂ“
0.500

Dp
0.000

1 .956-
Za 55?"
2 -ETT‘
3 .GZE—
3.056-

2.987-
24&3?‘
2.617-
24334~
1-995_

l.604-
1-1&5"‘
D.682-
D.157-
Cet07

1.009
1.667
2.320
3.025
1,762

b

T

13.165%

12.0469
10.972
7.875
B.779
7+682

£.986
S5.489
4.3%3
1.2946

2.200

1.103
0.008
1,090~
2.187-
3.283-

4.380-
5-“?6-
6.573-
T.670~
Bc?ﬁﬁ—

0.

E = kx
&

bs
214931~

21-931*
21.931-
21.931-
2le331~
21931~

21.93]~
21&931‘
2la931-
21.931~

21.931=-
214931~
21.931-

21.931-
21.931-
21.931-
21.931~,
21.931-

1.000

0.998

0.982
0.573
O.947
0.911

0.865
D«.811
D748
0.678
0.4603

DeDH24
O«tehed
Da36é
0.282
0.20%

De142
0.084
0040
0.510
0000

D000

O.089-
DIEGE'
Oe&29~
D.624-
0.819-

le005-
lel77-
la3Z2B-
1-454-

l-ﬁﬁﬁ-

laﬁﬂﬂ-
le29~
lab 07~
1540~
]-423“

1a254%-
I-G3D-
Qe 748~
e &0b6—
G-000-

0.000

24699~
3-#?0—
3-525_
3.926-
3-5‘!1"’

1,507~
3. 247
22778~
2+211-
l1u555-

EJEIB“
0« 005-
D879
1+830
Z2.843

3.917
5-0&9
6236
TelsT5
Ba766

G«00

Qa05
0.10
Del5
CudQ
Guldb

0«30
0«35

- Ce4l

Qs4h
J«50

D+55
Qa0
O+565
O+70
D75

0«80
0.45
0«50
0«95
1.00



18.000

16. 800
15.600
14,400
13.200
12.000

10.800
9.600
B+ 400
T.Zﬂﬂ
&+ 000

4.800
J.5800
2« 400
1.200
0,000

l.200-
2-4UU—
2.600-
&,800~
5IUDD-

Table C.1.4.

Qs

E#IGGD*

26,000~
24 .000-
24,000~
24,000~
24 ..000-

24 ,000-
Zﬁ.DDﬂ_
Zﬁ.DGD—
2“-ﬂ00*
24,000~

Eﬁ-ﬂﬂﬂ-
26,000-
24000~
24,000~
24.000—

24,000~
24,000~
24,000-
26 .,000-
24 .000-

a and b Coefficients for

D.000

}.050
0.094
O.1l4]
0.17%
0.211

0.235
Da251
0.25%9
0.25%9
0.250

0.234
O0s211
0.183
0.15%1
CallT

0.083
0,052
0.025
0.007
0.000

1.000

0.979
0.895
0.825
0.706
0.562

U406
0.241
D.072
0.093-

0.250-

0.391-
Dae512-
U-ﬁDE-
0.666-
ﬂ.&ﬂﬁ"

ﬂ.ﬁﬁﬁ-
0.550-
O.458-
Q-EEQ—
0.000

0.000

d.850-
I-EED_
Za160-
2-&40-
B-GDG“

3.240-
3:369_
E'Bﬁﬂ-
J.24D-
3.000-

2eb40—
2.160-
J.5E0-
Q.840-
0.000

ﬂ'gﬁﬂ
2+0a0
3.240
b+ 550
6000

Bigid Piles,

b?

24 +000

22.200
20.400

18600

16.800
15.000

13.200
11.400
2.600
T«800
6+000

44200
2+ 400
U600
1.200-
3.ﬂﬂﬂ-

4+ B00—
G+ &00-
B+400-
10200
12.000-

E = kx
] .

b

36000~

34.000-
36.000-
36.000-
36.000-
36.000-

36.000--
36.000-
3&H.000-
36-.000-
36.000-

3&.000~
36.000~
Bﬁiﬂﬂﬂ‘
A6.000-
36000~

36.000-
36IDGG‘
A5.000-
36.000~
35,000~

b

1.000

1.000
0952
D.988
0.973
DTy

0-.91%6
O.874
0.821
0-.759
D«&8T

D.60%
0.525
Dat37
0.348
0262

O.181
0.110
D052
D014
o«.000

b

v

0-000

Q29—
0.139-
O.230-
G.BBQ-
G-EEZ*

Qe 756~
QeF55~
1-152_
1.336-
14500~

1s633-
1.728-
1774~
le764-
liﬁﬂT_

1.536-

l.301-
D.972~
Oe542-
0.000

b

0.000

Illlﬂ-
2-540—
2-?9&'
a.360-
A.750~

3a9ﬁﬁ‘
3590~
3-54ﬂ‘
3-515-
3.000-

2-310-
loGt-
Da390~-
D«B840
2.250

2eB4]
bab1l0
7550
690
12.000

000

OeQ%
010
OelS
0«20
D25

0«30
0«35
Q«40
D45
O 50

0«55
0«60
De65
070
0«75

C+80
O.B5
D90
Da5
l.00



L.05
ﬂ|1ﬂ
0415
9,20
0.25

0e30
N.3%
D alr()
D.45%
2,50

0.355
q.60
D.65
Gi?D
G-TE

Q.80
0.85
0.50
Nag5
1.00

Q.

48.000

45.000
42.000
39,000
36.000
33,000

30,000
27,000
24,000
21.000
1,000

15.000
124000
09,000
0&.000
03,000

00,000

GBIODD_
06.000-
0%.000-

" 12,000-

T!bh&ﬂ-l.Sﬂ

60.000-

60,000~
6G|DDD_
60.,000-
60,000~
60,.,000-

40.000-
6ﬂ.ﬂﬂﬂ-
E0.000-
&0.000~-
£0.000-

60.000~
ﬁﬂ-ﬂﬂﬂ'
&0, 000-
G0. 000~
60.000~

50.000-
&0.000-
£0.,000-
£0.000-
604 000~

a and b

0.000

G.050
0.0%%
0.148
D.195
0,237

0.275
0,306
N.,328
0.341
Q.304

(s 235
0.315
0.284
0,244
0,196

0,145
0.093
0.047
0,013
0.000

Coefficlants for Rigid Piles,

L

1,000

0.9%8
0.981
0.954
C.896
Q.809

05690
D539
0.360
0157
0,062-

D-EE?‘
O.512-
0.716~
0.B86-
1.004-

l1aQ&B-
0,396~
0.822-
D!EGG-
0.000

D000

O0.112-
O.420-
D877~
la440-
2+ 062~

2+700-
1,307~
B-Eﬁﬂ_
ﬂ-252—
'ﬂiﬁﬁﬂ-

4,537-
4,320~
3.802-
2-94&'
l.6BB—~

0.000-
2.167
4L.B6D
g,122
12.000

b

¥

60.000

56000
52000
48.000
44 . 000
404000

36.000
32.000
2B.000
24 .000
20.000

16.000
12.000
08.000
04« Q0O
00.000

04000
GB.000~
12.000-
15.000~-
20.000-

2

E = kx
3

b

BO000-

BO.000C-
A0.000~
80.000-
80.000-
R0.000-

§0.000-
50.000-
B0.000~
Bd.000-
EU-DDG'

Eﬂnﬂﬂﬂ-
BD«000-
BO.000-
80.000-
Bﬂlﬂﬂﬂ_

B0.000~
20000
80.000-
BD.000~
BO.0G0O-

1.000

1.000
0.9299
0.998
0.993
d.984

G.9569

-2 -

0.913
0.84%9
0.812

O Téd
D663
D572
Qa2
0357

0.263
O.165
0.082
0.023
0.000

C.000

0.002-
Qe(24—
EIG5T*
G.IZE‘
De234-

GIETB_
0557~
O.768-
l.ga2-
1&250_

1a497-
1728~
1-?22_
2e058-
22109-

Z2eDGB-
1.842-
1-458_
O«.857-
0.000

0.000

O« 140-
0-520‘
I-QBU‘
le760-
2.500~-

312“0_
3920~
i uBD-
L4 eB60-
SJQQD_

by B4~
Q-BZU-
3.350—
1.960-
G«.000-

2e560
3« 780D
9-T2ﬂ
14,440
20.000

Q.00

Da05
Q.10
015
0«20
D25

0.30
0«35
Dadad
LY
=50

D«55%
D560
O=h5
0=70
Q0«75

0«80
e85
0«90
J«95
I.00



9y

179.9%8

169,498
158.998
148,498
137.998
127,498

116,998
106,499
25.999
B5.499
Tie 399

54,499
53,999
43.500
az,000
22.500

12,000
01.500
0%.000-
19,500~
‘29,999~

Table £.1.6.

Cs

205,997~

209.997-

209,997~
Eggvgg?-
25919?7‘
2G9-997*

zﬂ?qgg?_
209,997-
20%.997-
209,997~
209.99?“

209,997-
209.997-
209.997~
209,797~
209.997-

209,997~
209,997~
206,997~
209.997-

2&?-99?_

a and b

] L
0.000 1.000
0.050 l1.000
0.100 1.000
0.13%0 0.998
0,200 0,291
0.24%9 0.973
0.297 0.938
Da.342 Q.8175
0.384 0.775
Oe&19 Q.6206
Dath5 0.422
0,460 0,157
0,460 O.166-
Oab4d 0.537~
D.ﬁﬂﬁ 0.933-
G.35G 1n314*
G-ZTﬁ 1.&21‘
0.1%0 le 772
0.103 1,657~
01031 1-12&“
U.000 0,000-

Coefficients for

05

0.000

G-Uﬂl‘
ﬂ-Ul&*

Ce075—-

De221-
Qes 98-

C.9gE-
1,598-
2efabB-
3-5ﬂﬁ—
- e HAT-

5!902_
b.998~
?IT&S—
2923~
Tall9-

4.915-

0.783-

5.9056
15.882
29.5999

Rigid Piles,

b

209997

197377
184.797
172.198
159.598
146 .9%8

134,398
121798
105198
6599
B3.99%

71.299

. 5B.799

GGhe 199
33.600
21000

N8+ 400

D200~
14.800-
29.399-
41999~

E = kx
g

b!

251-995_

251.9%96-
251.?9&‘
251-995-
251.996‘
251-99&_

251t?gﬁ_
251 e P96
251.996-

251,995

2514996

251.996-
261,.99&-
251-9?&‘
251l.996-
251.9%96-

251.9?6_
251l.996-
251.996-
251996

251996~

1.000

1.000
1000
1.000
l.000
0+599

0«3%6
0991
G.581
O=364%
O=%38

n-8%8

'D;Bﬁl

0. 766
N+671
D«5505

OQefa23
Ua233
O« 150
0e0h%
D=000

b

L 3

0.000

O«000-
0«.000-
0,002~
D.011-
QeQ21i-

OaQ7T1-
G« léa3-
Ge258-
Dedrd b=
DebSb-

0.951-
1+306-
1706~
2.118-
22892~

Za 702~
2uT90=-
E-kBG*
1-625*
0000

b,

0.000

U'DDI_
ﬂ-ﬂlﬂ‘
ﬂ-ﬂa?*
Gi255_
D.HT4-

1.08%-
I-BZB*
20?95*

3.961*.

5.250-

bed33-
T.ﬁzﬂ—
Ba247-
B-ﬂﬁ?'
G544~

J.441-

2.192
11.022
23,946
41999

0«00

005
O.10
Ga.15
0«20
D«25

0«30
O35
el
Ot
De50

55
D60
O:55
D«TO
075

0«80
0+85%
.30
0«23
100



-

J = KL

h = x/L

Def laction
Slope
Moment
Shear

Soil reoction

Appendlx C.2. & and b

Coefficients for Rigid Piles,

E =k + k
5 o

1

x, knf' le varied

{P,/9L)ay
(P Ja,
{gL) o
(Rls,

{Pqﬂ-}u;

{m, /2%,
WAL
(1,) s,

(M, /L0, .

(M, 2},

from 3.1 ta 5,




0 .00

D.0%
Cel0
D415

0.20

U025

Q.30
0,35
O.40
Oadh
0,50

D455
Catd
0,65
.70
0.75

0.80
D.BS
0.90
Ja95
1.0

nT
12,289

11.458
10.627
0%.795
08,564
0B.133

07.301
Db.a70

05,639
04,807
02,9764

03,145
02.313
01.482
00.651
00.181~

0l.0l12~
0l.843~-
02.675-
03,506~
04,337~

Takle C. 2.1,

Oy
16,627-

la.627-
lé.627-
15:52?“
16.627-
lBeb 27—

16-&27—
16.627-
16.627-
16.627-
lé.627-

l16,627-
1&:527—
16,627~
l16.627-
164627

1&.627-
16,627~
16,627-
15.627-
16,627~

a and b

0.000

0,058
0.089
0.131
0.163
0.18%

0.208
D.220
O.22%
0.221
0.212

0.196
0.176
0.151
0.124
0. 096

0,067
O.Q42
0,020
n.006
OQGDD

Coefficientz foar Rigid Piies,

l1.000

D.926&
DIE]-Z
0.715
D.58&
Dot

0.303
0,157
0.013
OulZb-

0.250-

0.361-
Dal53-
D.522-
D.563-
D.572-

01546—
Qut80=—
0,370~
0.211-
0.000

ap

1+22%-

1-?19-
2;125*
24 4P~
2+ 689-
2.8&&F

2.920-
ElgllF
2.819-
2ebbb-

.2.385-

E.Qﬁﬁ—
le619-
1elll-
De520-
Oulbd

0.911
1.751
2+.675
3.681
4,771

E
s

D'f
l6.627

15,325
14.024
12.723
11.427
10120

0B+81%9
O7.518
D&.217
D4+916
03.614

n2,3113
D1.012
o0.289-
gl-ﬁ?ﬂ*
DE-E?Z‘

04193
DS.4Fa-
DE.795—
0B.0%6—
09,398~

Ly

by

2E.0Z0-

26024~
26024
26.024~-
26024
2&-024“

26-02“*
eoa024-
26.024-
260246
20024 -

2ELQ24—
2H.020—
FheDZh—
2Hhe024—
2h«024-

26024
ZEe020—
2hs0ch—
cha024-
2EL020~

= k. + k.% where

J3

by b,
IUDGD GQGUD
0.95%8 O«100-
D-985 0-253F
0375 D+378-
D.952 DaSgl=
G920 Dall8-
0.BB0 O«B8%6—
0.830 1a069-
D-T?J 1-232_
0-?53 1-3?8_
Giﬁaﬁ loﬁﬂﬂ—
04558 1.592-
Ded TV lobha-
O«394 letabl=-
0.312 lego2a-—
D.232 lab32-
0s1&0 1.376-
0.0%96 le152~-
O«045 D.852-
D.012 Qeda70-
D.000 D«000-
kufle = .1

1-6&3_

2.29G~-
2.B05=-
3-131“
3.427-
3abai-

3-525_
3.383-
3-10&"
2-?&4_
2-1&9-

1-504-
0.708-
G.217
1.272
24458

P
5.219
G.7950
8.501
10337

0«00

D.0%
D10
0.15
0«20
Dedb

0430
0«35
Gl
Gadh
D50

Deb%
D60
D«B3
DaT0
Q75

089
0+85
QeSO
0.95
l.00



Q384

84705
B.066
7.426
6. 787
. 148

5.208
b.86%
4e230
A,59Q
2.951

2e311
1,672
1.033
0.393
D.245-

0.B85-
1.525-
2o J6G4—
2.803-
3.443-

Table C.2.2.

Qg

12787~

12-?8?*
12.7B%-
l12.787-
121?8?'
12,787~

12.787-
12-?37-
124787~
I12.78%—-
12.787~

12.7B7--

i2.787-
12.787-
12,787~
12,787~

IthE?_
12.787-
IE-TBT-
12.787-
12-?8?-

a and

Ou

0.000

D.04EB
0.08E
DellE
0.155
0,178

0.194
0.203
0.205
0,201
0,192

0.177
0.157
0«135
N.110
0,084

0.059
D.036
0.018
0.005
0.000

b Coefficients for Rigid Piles,

1.000

0.899
D.768
D658
0.525
0.387

0.249
0.113
O-DIE_
0. 140~
0.250-

D.345-
D.&22-
Du&TE—
g&ﬁﬂg_
D.212-

O«485-
O.423-
O.323~
O0.,184-
0.000

1.86%9-

2«1?6_
20“20*
2.599-
2.?15-
2-?6‘6-

27568~
2.678-
2538~
2 133'&"‘
2.0656-

1.734~
1-338—
0.878-
61354"'
0.234

0.885
1.5601
2.380
3.224
4.131

12.78B7

li.754
10.721
F.689
B.456
Teb623

ha+590
5.557
4.525
1.452
2.459

lettZ
De393
D639~
le672~
24705~

3-?35_
ﬁ-??ﬁ_
h.B803-
GeBAS5—
T.B59—

= k S ’
Es LD. ow

bs
20+ 658-

2“-&5&*
204656
20e656-
20.656-
20656

20-&56—
EﬂrﬁSb-
204656~
zﬂ-ﬁﬁﬁ-
204656~

20.6556-
2ﬂ'ﬁ56_
Z0+656-
20.656-
2D« 656~

20-65&‘
20e656-
EDiﬁE&-
EDD&Eﬁ-
20656~

1

hH
1000

0.997
D.980
D.967
0.940
D-gah

0.860
De807
De7aT
D680
0.608

G.531
ND.451
0.371
0.292
D217

f.l48
0D.089
Oe0b2
0.011
0.000

0.000

C.138-
Oulld~
Dut58-~-
0.530~
C.802-

D971~
1!139-
1-2?5_
llﬁﬂu-
l.500~

l.570-
lasos5-
liﬁﬂﬂ_
l.549-
1,468-

1-290_
l.o72-
D.788~
O 32—
D.000

= 0.2
where knfle Q.

2-55?‘

2.939_
31216"‘
31391-
3sh62-
3,430~

3,295~
d.057%-
2y TLo—
ErZTQ-
la721~-

1ID?D-
0u3l56-
31543
1.505
24570

3738
5.009
6e384
T.841
Febh3

D-Qﬂ

0«05
0=10
Dal%
J«20
O+25

0430
0«35
O=»40
Q.45
0.50

G55
Deb0
Dukh
Q70
DeTh

0«80
D85
J+%0
De%3
l.00



S.455

2073
4,691
44309
3.927
3.545

1. 164
2+ 782
2« 400
2.018
1.63%

1.255
G.873
Ca.491
0.109
D.273-

Os655-
l.026-
14415-
1.800-
ZalB2-

Table C.2.3.

T.&aﬁ-

T.Gﬂﬁ—
T.636-
Tab3b—
T+636-
Tab3h-

Tab36~
?.536-
T-ﬁ]ﬁ_
T-ﬁaﬁ‘_
?-&3&-

Tab36-
T-ﬁﬂ&—
Teb36-
Tel3b-
?1636_

Tebdb-
Teb35-
T&36-
Teblb—
71636-

a and b Coefficients for Rigid Piles,

0.000

Q047
0.082
0.11%
D.144
0.163

0.175
N.181
0.181
0.175
D.165

0.150
Gul133
0,113
0.091
0.06%

0.048
0.029
N.014
0.004%
N.000

1.000

0.862
0.710
0.581
O.as2
0.30T7

0.177
0.054
0.059-
ﬂ-lﬁl-
D.250-

0- 324—
0.381-
D.6819-
G.437-
O, 432

G-#DE-
60345_
N.262-
Oalé&T~
.000

2'?27-

2790~
2.815-
2«80~
25—
2|ﬁ5?"

2-531-
2-355_
leﬁﬂ"
1-917-
1-&‘3&-

1-31-?"'
Q.260~
0.565-
D.131-
0.34]

D861
1.399
1.985%
2+610
3,273

T+636

6.782
G.327
94673
2.018
44364

J.T09
3.055
Z+400
1.745
1.0%91

0.43&

O.218~-
0.873-
lIEZ?*
2.182~

2.836-
3-‘*?1_
H4145-
44800~
S5.455-

E5 = kn

b b

E "
13.091- l.00D0

13,091- (.995
13.0%9i- 0.974
13.0%91- Q.957
13.091- 0.924
13.091- 0.882

13-091— G-BBZ
13.09k= D.775
13.09- g.711
13.0%1- pD.642
13.091- (0.568

13,0%1- (D.415
134ﬂgl_ D-BBB
13-ﬂ91- G-Zﬁﬁ
13.091- (.195

13.091- D.132
12.0%91- Q.078
13.091- 0.037
13.091- 0.010
13.091- 0.000

0.000

0-192-
ﬂuﬁﬂl-
Ga.570-
D.751-
0.920—

1.077-
1-216*
1335~
1-431_
1- E‘Uﬂ_

l1.539-
l.545-
1.514-
loa43-
l' 33‘3-

le169-
01?5ﬂ_
D37

D-ﬁ?ﬂ-
C.000-

+ klx where kokaL = .5

3-313_

3.840-
3- Tg&-
I.687-
3.513-
3.273-

2.967-
2+556-
2el60=
14558-
lvﬂgl-

D-ﬁEE-
Dadd0
1eQ0%4
1.833
Z2.727

2.587
4eT13
5.804
£+960
5-152

0.00

0«05
0«10
al5
0«20
Q25

0«30
O35
Do
QeaS
050

D55
.60
DeGS
070
D75

0.80
0«85
G«20
0+95
100



0.00

0.05%
0.1G
0.15
c,.,20
Oudb

030
.35
Dot}
CadseD
0.50

D355
da&0
D.65
0«70
0.75

0.8a0
O.85
.90
D95
1.00

.23

3.000
2a 769
24938
Z.308
2,077

l.846
lab15
1.2385
1.154

Da.923

D.&9s
Ou&b2
0.231
CeQ00~
0.231-

D.hﬁ?—
G.692-
0.%23-
1.,154-
1.3B5-

Takle C.2.4,

a

a3 uu

4.615= 0.000

L.515— 0.046
L.615- 0.079
4,.,615- 0.115
G.015%- 0.138
4,615 0,154

L5615 D.1684
4,6159- 0.168
4.615- QD.146
4.,615— p.160

4L.615- [(.135
41615' GII]B
4,.615- ¢,.100
4.615- D.080
4.615- 0,060

G.615—  Gu042
4.615-  0.025
4,615- 0,012
4.615- 0,007
4.615- 0.000

A

and b Coelficients for Rigid Piles,

1.000

D840
D675
D.536
0.324
Dal60

Ce135
0.020
0.083-
Del73-

D+.250-

0e3l2-
D.357-
DiBBE"
G13g5-
0.385-

D254~
0.301-
D.225-
Dalds-
0.000

3.231-

30150_
3-(}5}6—
2.919-
2.T769-
2e396=

Z.400-
2,181~
1.938-
14673~
142385~

1,073~
Q.738-
DIBEI_
Q.000
Cef0b

De631
1.281
1.754
2,250
2.769

G515

4200
3.785%
3-3&9
2-954
24538

2+123
1.708
1,292
D877
Qa2

QweDbab

DIB&?‘
04?55-
laZ20D~
La&15-

2.631-
2-&&6—
2.862~
3.2??_
3-692_

E =k
]

BE.308-

B.308-
8.308-
B.308-
8.308-
BIEDE_

8.308-
B.308-
EOEDE_
Be308~
Bs30B-

Bi3ﬂa_
B.308~
B.308~
E.BGE*
3-303—

H.308-
8.308~
B » 303"‘
Bs30D8~
EJBGB_

+ klx where

b,, b,
1-000 D.000
Dl?gﬁ 51226'
0370 O.457~
D.951 Qubdl~
D'glq G-EZT-
0.868 0.995-
J«815 laltéy-
D580 1,374=-
0617  1.451-
De543 1.500-
Da«23922 1.506-
N.318 1,450-
GQZQT le378&-
0122 l.g93-
0.072 0.389-
D.034 Q. H40-
N«00% Owdad-
D-DUD— 0.000-

kﬂfle = 1.0

'&IEIE‘_

Lebln-
40163
3-375-
3-545_
3,173~

2« TEO-
2-3D5—
1lﬂﬂ9_
1.2?2_
0-&92-

G-GTZ*
D+591
1,295
2e 040
£«827

3.655
ﬁ|525
5.437
b.390
?'385

0.00

Q=05
O«l0
0«15
0+20
DelH

O30
0.35

. De&D

D45
D«50

D455
D«bD
D55
070
0a75

0-80
0.85
.90
G995
1.00



l.784

1.654
l.5%24
1.3%5
l.285%
1.13%

1.005
D.B7&
D746
Da.blt
J. 486

0.357
c.227
0.097
U-ﬂaz*
Del62-

D.292~
Galsd 2=
0.551~
CebB1-
DeB11-

Table C.2.5,

2.595-  0.000

2&595' 004 b
Z+595- (0.078
2.595- 0,112
E|595_ ﬂ-lBh
2.595- 0,148

2.595- 0,157
2-595- 0.15?
2.595%- D.156
24595 04149
2+595~ 0.13%9

2-595— 0-125
2+9%995- 0.108
2.595- (.091
2,595~ 0,073
2.595_ GIDEQ

2&595- G-Q3E
2595 D.023
2.595- 0,011
2-595_ DQGOB
2.595- 0D.000

i

and b Coefficlents for Rigid Piles,

1.000

ﬂiszﬁ
D.652
0.506&
0.362
0.228

0,106

G-ﬂﬂg‘
D.09%-
D.182-
0-250_

0-333-
ﬂ-3ﬁl—
D.362-
C.366-
0+353~

9-322-
G-ETl-
01201-
¢.111-
24.000

3568~

3.391-~
3.201-
2'995"
EITEB—
2.554-

2-312“
2-&53-
IITgG-
1.510-
1!216_

0.910-
D-ﬁ?ﬂ_
Ca258-
0.088
Ouddb

C.a17
l1.202
1.599
2.009
2a432

b* us
245095 4eBH50-
2.351 4eBEG-
Z-IDB Q-Eﬁ5-
1+84&5 4eBHRS-
1.622 4.065-
1.378 4.865-
1,135 4.865-
0.8%2 L. H65-
Oebia? 4.B65-
O=405 4y 865
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,45d 1.+505=-
013?5 144?9-
01303 liﬁzﬂ_
Ded34 1,32E-
0D.171 1.201~
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G-UBI D-SQE_
ﬂlﬁﬂﬂ C.EEG"
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4-&20_
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h-ﬂﬂg_
3-565-

.3-1D1‘
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Ded5-
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P ¥ 3 L] ¥ P
0.762 1.127- g,000 l.000 3.812- 1.127 2+.188- l.000 0.000 2.635- Q.00
0.706 le127- 0.085 0.816 3.566- l.cls 2«188B- 0.993 D.26%9- 5.,139- 0«05
D.650 1.127~ 0.078 Deb35 3,314~ D.908 2+ 188~ (§.965 U«529- 4.5632- 0«10
G.593 lel27= [.110 0,484 3056~ 0.7%9 2.188- 0.942 OaT732- 4,.114- 0«15
D-ﬁa? 1'12?' ﬂ413ﬂ G-Baﬁ E-Tga— Utﬁ?ﬂ 2-133_ U-?Dl Q-QZE"' 3-585_ GIEG
D.#ﬂl 1-12?- ﬂ.]'{l'ﬁ' GIEDE‘ 2-523_ CI-EEG E'IBE- GHEEG 1-091— 340‘!&_ ﬂi-eﬁ
Da&2b 1.127- 0.151 D086 2.249- DadeT1 2.188- DL.792 la229—- 2.495— T30
D368 l1.12%- 0.153 0.020- 1.94%- 0.361 2«188- D.728 1340~ 1.933- D.35
0.212 1.127- 0.149 0.211- 1.683- D.252 2+18B- (0.859 lea22- l.36D- O akD
0-255 lelZ27- Dtl“’*z D-IEE“’ 1-391‘ G-l"ia EGIBB_ G-EIBE! li'ﬁ?&_ Q-TTT- 01"‘5
0.199 1.127- 0,131 0.25%50- 1.094- 0.G33 Z.188- ¢.511 1.500- (0.1B2- D50
D.143 la127- (.117F 0,297~ D.791- O.076- 2.188- 0.a36 laa%4— 0,423 0255
0.088 14227- 0,101 Q.329- DL4B3- D+186- 2.188- 0.3863 1.458-  1.240 N.40
0.030 l.12%7- 0,084 0.345- 0,169 0.295- 2+188- 0.291 1:390- 1.5667 0«65
0.027- 1.127~ 0.067 0.346- 0,151 O0.004— 2+ 188- (0.224 1.291-  2.30% 0.70
0.0B3- 1.127- 0.050 0-330~ 0.a77 Dadliy- 2«1B8~ D.I63 1.15%- 2.954 Oa75
D.139— 11 12?"‘ 0-03“|‘ 51295" U'-B'DB 90523"‘ Z-IBB‘ D.lU? 0-995- 3-!‘515 G-EG
O« 196- 1.127- D.0E1 Da28%9= 1.144 O-.732- 2+188- D.064 G-79B—- 4.286 0«85
0.252- 1.127- 0.010 Q.184- 1,486 O.842- 2+188- 0.029 D566~ 4,5560 0«90
0. 308- 1.127- 19,003 Q0.101- 1.834 0.951- 2+188- 0.008 0.301= bH.661 0a95
e365- 14127~ $.000- $.000 2+188 1.061- Zel88- 0.000- (0.000- 6.365 YL.00

Table C.2.6. a and b Coefficients for Rigid Piles, E_ = R T where ko/kL = 5.0
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IT. B50IL RESPONSE

INTRODUCTION

&a.discussed in the previous section, the response of ; goll around
a laterally loaded pile can be characterized by a set of p-y curves which
show the s0il resiatance when the pile fa deflected a distance y. 4 typical
family of p-y curves 1s shown in Fig. 5(a).

The form of the p-y relationship depends on many factora, such as
s0ll propercies, depth, the geometry of the pile, and the étate of sLress )
and strain throughout the affected aoil zone. In.addition,' the p-y
relation will be affected by the type of loading, f.e., whether it is
short-ters static, long-term statfe, shorc-term cyclic, long-term cyclic,
or dynamic.

The chatacteristle shape af a p-y curve, plotted in the first
quadrant for convenlunce, 1; shown in Flg. 5(b). As may be noted in the
figure, the initial portion of the curve is uséentiallr a straight line,
defined by the modulus Eai' and indicates o 1ipeatr elastlic behavier of
s0il. Alsv as shown in the [igure, the soil realstance p attains a4 lipiting
value, defined as the ulti{mate soil resistance Py In most of che
prectical design problems, deflectiona over o significant portion of the
lengeh of the plle are greater than that ot the limic of the straight-llac

o -

portion of the p-y curves. Thercfore, the soil modulus E 45 & aohlinear

funcrion of deflection and depth.



Fig. 5.

SOIL REACTION, p

—==—p

Typlcal ﬁ—y Curves
(a) Family of curves.

{by

.(b) Characteristic shape of p-y curve.

1l
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The use of methods of analysis for solls to predict an entire p-y curve

is not possible, but there are anslytical methods for prediccing the initial

portion and fina! porcionm of the curves as discussed bhelow.

ANALYTICAL BASIS FOR INITIAL PORTION OF p-y CURVE

Zand

The Ilnitial pertion of the p-y curve has been discussed by Parker and

Reese (1972), hased on work by Terzaghl {1955), Terzaghi uses the follow-

!Ing uvquation sz the basis for Iis recommendut lons.

y w 2 {4)
By

where

g = upit pressure

diameter of plle

=
|

influence copflficient
¥ r
modulua of closticliy of wand

—
|

m
1

Equation 4 Ig derived from a th"bf?““f‘ﬂlﬂﬂtftlty s0lucion far a Iline
of pressurc p acting on an clastle layer ol Chickoess 3D, From the elas-
tic solution, a value of 1,35 §v Cound for the {ufluence factor T . The

following equation results by substituting For IF gnd noting that P is cqual
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P o (5)

Thus, the medulus of the {nftial portion of 4 p-y <curve can be computed
from the value of the modulus of elasticlty of the gand, The Em of sand
can be tound from loboratory stress-straln curves. TIF no laboratory data
are svailable, E can be citlmated by uslng an expression suggesred by
Terzaghi. As would be capected, Em inereases linearly with depth for a2 homo-
genecus sand with a consctamt effvetive uh!c'#eight (Eq. &).

~

L

o . (6)

where

nondirenalonal coefficient

Ty
L]

effeccive unit woight of sand

-
L}

depth below ground surface

B
It

Sulist {tucien of Eq. (&) into Eq. (53} leads to

- J .
n yJyx P



Rearringing the terms yilelds Eq. 8.

B dyx (8
y =~ 1.35
Or,
-E_ = Jyx 9
f T.3% (%)

The expression _EB = kx hag often been uszed (Recse ang Hatlock, 1956) in
solutions of the laterally loaded pile problem, The vulue of k in Eq. 9 ia

Jy71.35,

The values proposed by

Terzaghi for a pfle 1 fr wide are reproduced [n bhe taple below.

Table |

Relative Density of sand Luose Medium Depse
Range of values of J 100-300 300-1000 1000- 2000
Adopted values of [ 200 G600 : 1500

. K|
Dry or moist sand, values of k, tonsfft 7 2 56

(1bsfin3} (8.1) {25.9) (64.8}
Submerged sand, values of k, consifc? 4 14 3

i
{1ba/in™) {4.8) - {16.2) {39.4}

The factor k 18 utilized In the criteria for geriving p-y carves for ganda

below the water table. These crltuerla wil)l boe discussed latgr in this scerion.

Although Terzaghl proposcd _ viulues of k for a pile 1 ft wide,

Lhe values are applicable to o plie ol oy widrh. Computatlans using thoe
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equations of elasricity for a lincarly elastic material revesl rhat the goll
modulus [Es} is independent of beam widch or plle diameter. Thusz, no change

in k or J is required to apply the formula to piles of different diameters.

lndrainnd Clay

In his paper on subyrade reaction, Terzaghi (1955} alsc proposes values
ef the coefficient of subgrade reaction feor stf{fi to very hard clays.
Terzaghi assumed the soll modulus of atiff clays rp he constant with depth. He

gave values in tersw of a coefficient of subgrade reaction as follows.

Es = hb - k31{1 frifl.s {10)

where

EE = modulus of soil reactlon a8 defined in Kq. {3).
Ry = coefficient of horizontal subgrsde reaction
% .= basie value of coefficlent of vercical aubgrade reaction

sl
b = width of pile

Terzaghi proposed the values of kal gEiven in Table 2. The values are limited to
contact pressures which de not exceed one-haif of the ultimate unit bearing

copacity of the clay.

tuble 2. Values of a for Calculating Soil Hodulus (E} Values

Values of qu[tsf} -2 - 4 s 4
Range of ko, tons/fr’ 50-100 £00-200 >200

Proposcd values 1% 150 300
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AMALYTICAL BASIS FOR ULTIMATE RESISTANCE

Sand

The anaiytical basls for the ultimate resiscance of sand with ragard
to laterally loaded piles con be divided Into two types of fallura {Parker
and é?ese. 1371}: a deep or flow-around faillure and a2 wedge-type fallure
near the gurfoce. The Elow-around Fallure will ancut at depths whera the
overburden pressure 1s sufflcient to confine the soll movement to horizonta!
planes. Hear the surface where overburden pressures are ewall, the sall may

fall as a wedge with the wedge moving both horizontally and vertically.

The two types of failure are dlscussed {n wmore detail below.

Deep or flow~argund failure. At wome poilnt below the ground surface

the soil Falls by flowlng around Lhe glle. Based wn this Lype of soil
failure an expression will be derived for the ultimate laceral scil
resistance well below the ground surface. The derivation 18 taken [rouw
Reese, Cox, and Koop (1974},

The behavioer of the sand as it moves horlzentally around the bilﬂ.ig
quite indeterminate. The aimplifying ogsumptiona which are made i{n order
to obeain ;n approximate solution te the problem are Illusteated in Fig. 6.
A sketch of a sectlou through the plle Is showneln the upper purtion of the
figure. The simple.blocks qu computation of llmiting stresses Ln soils
lead to ease in computatlon and are probubly rigerous encugh for the purpese.

The sketch indlcates the flow of sell from the front, around one side, and

Lo the hack of the pilv., The flow will occur, of course, around each alide
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(1)

Mudline o 2000
PRI n *Tﬁ‘*.\.‘i?", L * T
TH 74 M
i _ 9 Y

(]

Fig, 6. Assumed Mode of SDiI'Fnilure by Laterz2l Flow Around
the Pile. (a) Section through the pile. (b) Elevation
of the plle,
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but for simplicity only one side is shown. 4s the pile roves ip the
direction indicated, streasea of sufficlent magnitude develop in-block 5

tc pur that block into the Fallure cenditfon. The possible failure sur-
faces which develop are indlcaced by tha dotted llnes. Stresses are in
turn transmicted through block 4 and on arcund ta bloeck 1, such that the
soil Elows from the front to the rear of the plle. The movement involves
the aimultanecus fallure of four of the five prlsmatic blocks and the.alld-
ing of block 3.

The representation of the failure stressos 1s shown on the Hohe-
Coulamb diagram, Fig. 7. Therc is a lack of rigor In the assuwprion of
the failure ;u:faceg shownn In Filg. 6. The Hohr~Coulomh tﬁenry would
indicate thac¢ the fallure surface sheuld pat occur at an angle of %5
degrees; however, thls lack of rigor {3 thought net to he ipconsistent
with the overall approach to thls port of the problen,

The computation of the stress at the front of the pile can proceed

without diEficuly LE a4 value la nygigned to the stress g It is

1
reasoned that the value of a could pot he less than the minizuwm active
earth preseare. If block 1 is éunaidered, a BLresy for 7 of lesa thap
minimum active earth pressure would imply rhat the sofl could slump nné
fi11 the space behind the pile a8 the pile moved forward. lowever, this
behavier un; expresgly eéliminated since it is ossumed thar the goil wlIl
move in a horizontal direction.
Block 3 Is assumed ro wmeve intact In o direction opposice to the

motion of the plle. The 3tress v, lg assumed to be larger than oy -
by an amount sufficlent to caude sliding of chis particular bleck. If

it 1g assumed chat at-resc earth preasura is deting éan the gutside of

block 3 and that there 18 oo [rictlon betwesn that block aud the pile,



& O,

Fiz. 7.

7 U, ds - - s

Hohr-Coulomb Diszram Pepresenting States of Stress of Spil
Flowing Acound u Pile.

61
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the derivation can proceed as shewn in the following equationg.

o, = K v H , (11)

where

K = Rankine active pressure coefliclent
a

Y = Effective unit weight, the unlc welpht which would be uased ip
caleulating effective overburden pressures. '

- G, = 9, hp - Kay H Kp . (12}
where
E = Rankine pasaive pressure coelflclent
' - 2
o, " 0, Kﬁ KHT H KP (13)

- by Y 2 ¥ ) .
o, "oy Kyl g nkTuy K"+ K¥ Htan ¢ {14}

where

K & at resr pressure cocfficlent

¢ = angle of internal friction
g, g, K =Ky Il K 3 + Ky He ¥ {15
5 4 a o an P 3

and

- 4 - ; a - 2
0y O hp huy ] KP  + KGY H tzn 4 Kp (16}

Thercfore, the limiting or ulcimare soll reslstance may be computed from

L

Egs. 16 and 16 such that “w

ERTIPVR I - 2
By = Kby ol [hp 1) 4 Kby H tan ¢ hp (1)

where Ped 1z the ultimate soll resistaonce per unit length of pile of

width b. ALl terms i Eq. !7 are Jdefined with the exeeptlon of Ku.



Yarionus waluay af E} have been suggested, but ir is normally amsumed that

ﬁ} Lz spproximately 0.4 for loose sands and 0.5 for dense sande.

Mepr-ground-gurface fallure. Theoretical solutions for the ultimate

anil resistance neatr Lhe kruund surface have been presented previcusly
(Bowman, 956; Reewe, 1962; Reese, Cox, and Xoop, 1974). These solutions
were baand on the assumption that at ultizate load a wedge of mand was
developed near the ground surface. The shope of the wedge was assumed
e ba-és shown in Fig. 8.

Equations For the ultimate soll realstance based on the madel shown
in FLR_'H wili be derived by procedures simllar to those used previougly.
{Reizse ot al, 1674) The same theoretical agsumpeion will still be made

that failure surfuces such ns thosce shown {n Flg, B are planes rather

21

than curves. This assumption is not imcompatible with the overall approach

to the problem.

The force, Fu’ resulelng froa active eacth pressure on the back of

the pile may be cstimared by Ranklne's theary as follows:
F = £/2 K 7 bl (18)
a a4

This fugce acts in the direccion of rmovement of the pile.

The forces resisting movement are computed from the assumed wedge
shown in Fig. 8. In develaplng an expression for the resisting forces,
the forces against the vertlcal side planes, ADE snd BCF, and against

thz alanted plane, ABFE, will be condldered seporately.

The force normal to planea ADE and BCF, which are subjected to at=-rest

i#rrth preszsure, 1a



Direction
of Pile
Movement

Fn

Pile of
Diameter b
FD Fpt Fﬁ
——————ipd W = — et ——

;i plppit= failure, (a) General
; 1 Tassive Woedga-Type Fal ‘
iiigrﬂm of wedpe. (1) Furces on wedge. (c) Furees

on pila.

Fig. 8.
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wiare

g = normal screes on planes ADE and BCY.
I .

From the Mohr-Coulomb diagrap in Fig. 9, che nermal stress on the

tailure places ADE and BCF, is
a =K yx (20)

whire
% = Jepth measured Irom ground surface.

:Ihe expression for the differential area, dA, of these planes is,

dh = {ll-x} sec a tan 8 dx (21}

WiiBET
« and  are defined in Fig. 8.

Substitucing the expressions from Eq. 20 and 21 into Eq. 19 and

Integrating glves,

3
F o= H Kn ¥ tan 8 (22)
" b cos a
The force, F , due to shesr stress on planes ADE and BCF is
o5
given by the expresslon, )
F = g Ltan ¢ dA (23) -
5 n
u
Substituting the expression from Eqs. 20 and 21 intc the above
equaction and integrating gives,
3 -
UW” K y tan ¢ tan B
Fa - u (26)

& cos o

N,



fa7H Ko7H 7H Kp 7H

. 9, Mok r-Coulemh Diagram Representing Stdtey pf

Stress ‘for Yarioc: Earth Preasurs Coudisians.
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Summing forces on the wedge (Flg. 8b) in the horizonral direction
yielde,

= - + 2 -
'Fp caz (B-¢) F* cos o sin @ Fs 2 sin a Fn {25)

Sumeing forcea also In the vertlcal direction,

F o= _ 1 {2 cos A Fs + W) {26)
¢ Ein (E-4)

~hera, W, the weight of the soll wudgé is,

- b
W=y H? tan B [ T+ g ten & Lan n] {27)

[

Supstituting E4. 26 inte Eq. 25 glves,

F = caa{ﬂ-i} q F + W ;.2 . -
P in(B-0) (2 cos 8 g J ces a éln B Fs 2 gin a Fn

{28)
Substituting the oxprussions [rom Egqe. 22, 24, and 27 into

Eq. 24 gives,

2 K Utan ¢ sin B

F =y it o + tan B b H
P 1 tan (f~4) cvs 0 tan(B-¢) (2 + j tan B tan o

K H'an 8

_..‘i...:i—-—-—— {tan ¢ sin & - tan u]] {29)

The total ultimate lateral resistonce of the plle seccion 1s given by

rpt = FP - Fa (30)

Substituting the expressions from Eqs. 18 and 29 {nto the above
exprussion for the total sofl resistance from the ground surface to the

dupth H gives,

- K I ta £ a

F E =y H2 g an ¢ oin 8 + tan # b H 8

P 3 ton {B-4} cos o tan (R-4) ]2 3 tan tan o
Ku H tan 8 b

+

{(31)

+
3 § tan ¢ sln B - tan a) ~ a ]
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Howevar, the ultimate soll resistance per unic length of plle Ls
deaited for use in the p-y curve consitruction. This seil resistance pur
nnit length of pile at any depth may be found by differentiating Bq. 31

with reapéct to depth B, giving

p dF " _ Ku" toan ¢ sin B tan 8
ct a7 t tan {f-3)} cos a + tgn{5_¢){b + H tan a)

+ KDH tan B (tan ¢ slo B - tan a) - Kﬂb] {32}

Equation 32 1s based on the assumptlon that stresses on plane (DEF
in Fig. 8 act in Che horizental direction only; the fricrienal force
between plane GDEF and the face of the plle waa neglected, This 13 a
conservative asgumptlon.

The values of the parameters In Eq. 32 can be determined From
theory and experimental data. Values for K, bave bren diacussed previcusly.

The angle B 1s approxlimated by the follewing equation;
0
B.= 45 + 4/2. (33)

Values of the angle o have bcen d?termined from results of model tests
with a amall flat plate in saml. Frow chese wadel tests, Bowman {1958)
stares that o is probably a function of the vetld rutio of the sand, with

values ranging from ¢/3 to ¢/2 for looue mund tu ¢ lor dense sand.

Undralned Clay

-

The ultimare reslstance of an undrained clay cvan also be divided into
two diffarear types ot fallure, us dlscussed below.

Noep or [low-avround failure. The modal for this falluve, shewn f Pl

10 is simi{lar re the deep fallure model for sand,  Thoe derivation thit follows

is token from Recsc {1938).



Ground Surfoce =P Js O
o ar e iy | TR IR, —_— f -1 ' = a8 e
o— P ikE
A 8 hrﬁ fcr4
: | pasiTion OF  p——— : T 104
, PILE AFTER 77777
il (1 oEFiLecTION 4,_5/‘ c ‘| e
1 ] [l
; ; o toy
| || SOIL BEING
I 1| INVESTIGATED d el o L
| ]
K} 1
{o) VERTICAL. CROSS " (b} POSITION OF PILE {¢) STRESS ANALYSIS

SECTION OF PILE AFTER DEFLECTION

"Fig. 10. Failure Mechanism for Flow-Around Ultimate Resistance for Clay



28

First, it is assumed Chat the stress, ul, acting on the pile block is
zeto. Then, i{f the shear atrength, 8, of the suil i3 agsumed to be definad
by a = ¢, &8 determined {n an unconsolidated-undrained triaxial teat or
vane test) the stress ¢, will be 2c, Thie process 1s repeated to obtaln the

following values of the stresses.

u] = he {14)
0, = S {35}
o, = 8¢ ‘ (35)
O = 1Ge {(37)

By considering equilibrium of the pile, the following egquation results,

p = {o_ + 2¢ - GI] b= 12 cb {2#)

uvLT b

Neate groundegurface failure. Flgure 1l showa a failure wedge assused

fur a near-surface fallure for sclff cloy. The forces shewn In Fig. 11

ate defined below.

. = 172 3ot can 6 (39)
where
Y = effective unit welghtr of clay, the unit weight which would

be used in calculating effective overburden pressures

FE “ chil ¢ © M)
. 2
Py ® 1/2 <lI” tan 8 {41)
. 2
Pa = 1f2 cll” tan 0 £42)

FS * achi [ﬂﬂ{



Fig. 11, TFailure Mechanism for Wedge Failure for Cluy
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where

a = reductien factor,.similar ta that employed for compiting side

resistance of plle Ln axlal loading.

All other quancicles are lod Fented -In-Flg, L1,

Suming forees in the vertieal direction yields the following,

- 2 .
Fﬁ = 1/2 vbt” scee 0 + ackll vse U + cbijl cae @ +,¢H2 (643

Summing forces In the harlzenlal direeclon resulrs in:

F? = 172 ;hll2 + acbl ¢ol 9 + 2 2Bl see @ cge 9 + cu2 sec @ {hh)

The vltimppe soil resistance can bue found by diffﬂrunting Fg, (43} with respest
Lo H.
Py = B (¥t +uc ot 04 2 ¢ coc g + 2 C—ILS_'-'E._EJ {-ﬁf':}

If the vertieal reslstaoce along the Length of the pile is Ignuied and

i is assumed to be 45°%, the f{ollowlug cquat lon resulis,

Py -1h (fp + & +d ¢ ﬂ} e+
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where

J =« 2,83 = 2 goc ﬁﬁu

Accerding to Eq. 47, the ultimate resistance at the surfoce ig 2c.

If the pile 1s =ssumed to by a sguire with lté sides equal to Lhe diamerer

wizh meil shear acting agolnst the sldes also, the ultimare resistance '
will inerecase to 4c. o corrveiating Yq. A7 tuwexperimentcal vesults, an

uwltdpate resivcance value ab the sucfuve of e Is usually assumed,

EXPER IMENTAL TECHNIQUES FOR UKTAINUMG p-y CURVES

Thopre are several methods of obhlalelng Py relationg Erum taterally '

loadad plie experiments. Some of thewe methods are dlacuesed below,

Direce Heasurement . .

If a test 1s perfurmed on a laterally lund&d éllu. Lt would be theg-
retically possible to instrument the plle so that values of p and ¥ could
be obitatned dirccely. To oeasure pressure, gages would be required that
would be sensitive to both shear ritess and normal stress.  For measurieg the deflec~
tion a hellow pile. instrusdoted with scaled readable by some type of optical
avstum would he necesssry.  Wille soch equlpment probably does not cxceed
present technology, the procedure would be quite cxpensive and has not bean

vaed to date (Recse and Cox, [968).

Erxpurimental Momeni{ Cufves

Another mechod of obtainlog p-y curves trom o lateral lead tast is to

‘ {astrumeat the pile with straln gages at varlous points alonpg the pile.
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The atrain gapes readings oin e venverted [nto moment vgluey by use ot
calibration curves that are obtalined by applying known values of moment
With values of experimental mement at viarlous points along the length of tie

4

pile are known, the deflections at each depth can be caleulated from the

fFollowing equatian.

M
y = gy o (481
where

FI = sriffness af the plilc

M = muusured moment.

The double integration vin be accwmplishbed by numecical procedures o
by integrating | a polyogmlal which has been firred to the
dota by least squares technigues.

The resistance pE; unit lenpih values can he detesmlned freom the

measured moments by deuble differcatiatlon as follows,

44

Again, the double dlfferentintiva can be peeluvemcd by wwaerlcal ar  xacr
procedures. However, extremely dacougate moment vaaluos are aceded for this
procedure. To uvold the newd [or such weeuracy, the reslstance values wre

often obtained by nondimensional coelltelents as discussed below.
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After the p and y values have been vbtaloed, they are crvosa plotted at

each depth to yield a family nf p-y curves.

hond imenslonal Mechods ,

The meched of obtainiog p-¥ curves by the use of nondimansional coef-
i{cianty, deacribed in Peesu and Cox {19&&]; {nvolves of courae the use of a
lnteral load test., However, no costly Instrumentacion i necessary, While
t hes p*y,;urves obratined from nundlneuﬂloﬂul_muéhuda ALe not as accu;ate as
these obtained from fully indtrumented LOHEH, gvod and swomecrlmes very good
p-¥ cu?ves can he obtained,

The test procedure requires that the defleccion und slope ar the
araundline be measured for each applicd moment and laternl load. Then,
wond Inenylonal solut lons (i be dlacussed) are generated using differont
nusume& varfiarions of che sell modulus with dup;h mt !l the selutlons
agree with the measured valucs of deflectlon and slope ot the groundline,
Axrccenanc between Lhe nondimenslonal solutlons and the measured deflection
aml slope valuea indicate tha proper varistion of seoil moduylus haa been
tound. This correct soll modulus Is used to solve the differential equation
Yy difference methods to obtoln the deflection ag o function of depth.

Thus, both the soil modulus and deflection are known aleng the length of

the plie, The value of reslatunce at desired depthe can then be compured,
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The precedure described above is repeated for various values of applied

load and moment Lo generate a family nf poy GuIves.

RECOMMEWDATIONS FOR CALCULATIRG p-y CURVES

Because ol the complex nature of the s0il reaponse around a laterally
loaded pile, as mentioned- previously no purely analytical procedure can be
used tuo predict p-y curves, Instead, the-results of experiments on full-
scale load tests are employed as the basls of the prediction of p-y curves,
Experimental results are compared with analytical expressions for the initial
slope and for the ultimate resistance of the p-y curve (see derivations at
£he beginning of this section). Empirical cocfficients are used ta obtaln
dgrecment betwean exper;ment and cheory. T}ansitlon portions of the p-¥
curve, a; well as the cffects of cyclic loading, are alao described empirically. 1
While a partiecular ser of recommendacions for p-y curves will have some
basis in theory, the recommendations are strongly relared to the experiments
on which they are based, That fag¢t showld he considered carefully in using_

the curves for design.

The recommendaticns (or caleulating p-y curves for four Boil conditions,
soft clays below the water surface, sands, and atiff clays above the below the

wetor surfaecn, are given below alonpg wich a brief deacription of the relevant

cXpeCiments.






3.

DIFECTORIO CE ASISTENTES AL CURSO COMPORTARMIENTO NE FIIOTES SCMETIDOS A

CARGAS TATERALES ( DEL 30 DE JULIO AL 10 OE AGOBTO Lk 1579 )

MOMEBRE ¥ DIRECCICH

TNG. ESTEBAN AMERTZ
Casas Grandes 153~303
Col. Marvarte

MExico 12, D, P,
Tel: 5-30-02-29

ING. BALTAZAR CEIMPOS DE LA FIENTE
Amores No. 2492

Col. del valle

MExico 12, D. F.

Tel: 5-23=-17-48

TNG. BAMY CERVENTES BELTHIN
FAfficio A-5 Depto. 401
Col. Torres de Mixcoac
M&xico 19, D, F.

Tel: 5-93-25-30

ING. CARLOES MAGDALENO DOMIMNGUEZ
Mrovo de los Aehuetes No. 11
Fracc. La Escalera

MBxico 14, D, F.

ADQLFC GARCIA CASTILIO
Calle 1 No. 31-F 1B
Col. Pantitlan

MExicao 5§, D. F.
Tal:5-58-08~75

ING. RAFAEL MORALES ¥ MCONROY
v, Coplloo 337
Copileo-{niversidad

Mixico 20, D. F.

Tel: 5-50-13-05

. ING. SERGIO PEREZ USCANGA

Pasexs de Italia No. 101
Lamas Werdes

Naucalpan, M&xtico

Tel: 3-93-21-£€&

EMPEESA ¥ DIRECCION

SECRETARTA DE ASENTAMIENTCS HUMANCE Y
QBRAS PURLICAS

¥ola y Rve. Universidad

México 12, D. F.

Tel: 5-30-02-2%

SECAETARTA [E ASENTAMIENTOS HUMBNCS Y
CBRAS PLBLICAS

Xola y Av. Universidad

M&xico 12, D. F.

Tal: 5-38-28-39

DIVISIQN DE ESTUDICS DE PCSGRADC-UMAM
Ciudad Universitaria

México 20, D.171

Tel: 5-50-18-24

TPN-ESIA

Unidad Profesional de Zacatenco
Col. Lindavista

M¥xico 14, D. P,

Tel: 5-8B6-96-44

SERVICICS PRFESICNALES DE IHNGENIERIA,S.A.

Melchor Ccampo 445
Col. Anzurez

MExico 5, D. F.
Tel: 5-25-02-90

FACULTAD DE THGENIERTA, ONAM
Ciudad Universitaria

MExico 20, D. F.

Tel: G-48-05-£9

HIFETE INDUSTRIAL
Togltol Mo, 22
Col. Anzures

M&dico, D. F.
Tal: 5-33-15-00 Ext, 274
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DIRECTORIO DE ASISTENTES AL CURSQ DE COMPORTRMIENTO DE PILOTES SCMETIDOS

B CARGAS ITATFRALFS [ DEL 30 CE JULIO AL 10 CE AXSI0 LE 1979 ¥

RCHMBRE ¥ DIRECCION

M. en I. VICTORE DOHRRAS SILVA
Periferico Sur 3301

Mizar 403

Pedregal San Angel

México 20, D. F.

Tel: 5-50-18-24

ING, MARCELIG RICS GARCIA
Geaorgia 163-1

Col, Nipoles

M&xico 18, D, F.

Tel: 5-43-01-59

TNG. RAFAEL ROJAS ROJAS
Norte 1-B- No. 5012
Capultitlan

M&xico 15, D. F.

Tel: 5-67-33-95

NG, SORTA E. RUIE GIMEZ
Av., Universidad 2042-410
Copileo~-Univarsidad
Maxico 21, D. F.

Tel: 5—-4B-98-63

ING. SALOMON SEDAND LICCHA
Agapando Mo, 57

Jardines de Coyoacin
México 22, D, F

Tel: 6-77—09-16

ING. ARMANDO WOHG RAMIS

Calle 7 Edif. 57-B Depto. 203
Lomas de Sotele
MExico 10, D. F.
Tel: 5-57-70-42

ING, OFIEL T,, EARATE CRUZ
Schoman No. 143

Col. vallejo

Maxico 14, D, F.

Tel: 5-37-00-56

EMPRESA ¥ DIHBCCICON

DIVISICH DE ESTUDIOS DE POSGRADO - ARM
Ciudad Universitaria
M&ico 20, D. P

SOLIM, S, A.

Mineria Mo, 145

Col. Escandfn

M&wico 18, D. F.

Tel: S=16-04-4G0

TPN-ESTA

Unidad Profesional de Zacatenco
M&xico 14, D. F.

PROYECTOS MARINGS, 5. C,
Arenal No. 44
Oxtopulco-Universidad
Mixico 20, D. F.

Tel: 5-50—30“33 Ext, 141

QOMISION FEDERAL DE FLBECTRICINAD
Auqusto Podin No. 265

Col. Noche Buena

México 19, D, F.

Tal: 5~63-37-00

[EPARTAMENTO DE INGENIERIA EXPERDTNLAL,.S.A

gierra Gorda Mo. 23
Lomas de Chapultepec
MSxico 10, D, F.
Tel: 5=20-73-07

* TNSTTTUTO MEXTCANC OEI, PETROLED

Av. de los Tien Metros No. 152
MSxieo 14, D, F.
Tel: S5-£7-66-00 Ext. 2314




