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CHAPTER 1V
ANALYSIS CF RESULTS
The data obtained from the tests will now be presented.

4.1 Young's lModulus of Coil

BROMS (1964a) suggested that the modulus of elasticity of the
soil (E_) should be got from the stress-strain curve of

unconfined compression test as follows:

B =R qu

e} &50 45 2 sitrain ‘

From unccnfined compression tests in the laboratory we
obtained:

Lverage q, 0.42 ksc,

Average ESO

From vane shear test in the field:-

18.43 koec.

C = 0.26 lcsc.

u
POULOS (1971a) hcs showm that good agrecment is found
between the measured load-deflection curves for = series of
tests on model piles in clay and those predicted from the
theoretical curves, using a value of Young's modulus of about
4C0 P in the analysis. DReasonable agreement is also found
for o reported series ¢f field tests on larger-scale piles.

From Eq. (21)
= 4 = 4

Es = 400 ¢, = 400 x C,26

104 ksc.
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4,2 Pile Clasgcifications

(a) Free headed pile:-

1) Short pile : B L < 1,5

ii) Pile of medium length : 1.5<(}iL < P8
iii) Long pile :ﬁ.L>2.5

/
Basced on research by VESIC (19(:‘»1a>)_4

K = kD =

(b) FOI‘ E& = 18.43 kSCO

i) Short pile :-
EI = 6,06 x 109 kg—cm2
PP

L 290 cm.

'Let assume /ﬁé = 0.50

p—

12/ 4
Pa— .1‘30\ /18.43 x 18 . 18,43 2
codlk 10° 1- (0.5)
= 16,34 ksc,

, L . . ] %k o
B =ATTEY"="\/ :
5 / PP V 4 x 6,06 x 10

9

5.10 x 10™°  em?1

1.48 < 1.5

FEL

It is = short pile,
ii) Long pile :-

ZI = 2.98 x 10° kg-cm2

!

o
il

60C cm.



12/

18.43 x 18° . 18.43

K = 1.30 \/ :
L ‘4'/ 2,98 x

B 17-33 kSc.

Ak A B
TR V/ 4 % 2,08 x 10

= 6.17 x 107 en-1

= 3.7 >2.5

P L
It is a long pile.

(¢) For EE = 104 ksc.

(o]

i) File of medium length i~

K

104

& 30\/104::18
6,06 x 1

106,47 ksc.

4 /

B° 1 (0.8

=.8,14 x 10~

.5
jL = 2436

It isc a pilec of medium

ii) Long pile :=~

| 106,47 :
\/4 x 6.06 x 10°

2/10?& x 18°

104

K = 1.301\

\/ 2.98 x 10 i< 5"

112,96 ksc.

gx

0
!

_/\/112 » 96
® / x 2.98 x 10

P L 5.92 > 2.5
It is 2 long pile.

1}

9 =

= 9.87 x 10~°

wl
cm,

Cri,



4,3 Coefficicnt of Subgr:sde Reaction

4.3.1 Short Piles (RL< 2.25)

From Eg.

Let assume /?ﬂ

.

i <

from Table 3 for L

k
j+)
From Fq. (18)
K
m
]
where L
1
3: Y
B

from Table 3,m

k
m

Takble 5 - Coefficient of Subgrade Reaction of Short

J
(17)

I
=]

, " ! e
m{ 1=~ /is) P\/LD

0.5 in the analysis.

250 cm,

=\\18 cm,

16,11

ﬁ' = 16-11’ mn = 0069

2,60 x 102 E

ES
.'—T"'
m(i-—/{va 3]

L
= 10 = 29 Ciile

= 1-61
= 0.,¢4

6.23 x 10”° E
=3

B 3 ki/cm"
B (kse) kp (kg/em™) k.m (kg/em™)
18.43 0,50 1.15
104 2.80 5,48

51
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4,3.2 Long Piles (RL> 2.25)

From Eq. (14)

k= oL o
o D
i = o .
where ‘So = 1,67 Es0
A = ; = - = .
0 n,n,, from Tables 1 and 2}111 0 32,n2 1.15
= 0.32 X 1.15 == 0:37

Table 6 - Coefficient of GSubgrade Reaction of Long Pile

E_ (ksc) k_, (kg/cm3)

S
18.43 0.63
104 3457

4,4 Load~Deflection Characteristics

4.4,1 Prediction of Lodd=Deflection Relationship at

Working Load by Brom's Method

(a) Short piles (BL< 1.5)
s

Deflection at ground surface ¥, .* yp + Yo
& 12, 35M

p
= ¥
2
Pl pg K

where M 191 P,

Let assume P = 544 kg.

¥ & 544 z 12,35 x 544 x 191
l¢] 18 x 290 x kp 18 (290)2 km

0,103 + 0.848
= T K

P m
18,43 ksc,

(]
i

For

0.943 cn,

g
1]
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(b) Pile of medium length

From Eq. (11)

SlnhBL CoshﬁL - s:.nﬁ L.cos BL]+ 2M E S:mh bL-psin BL

= = <
KJ L Slnh):L- s:.nij J " Sinh}a L-81n FL)
For F, 8614 x 10 s cm':'1
L = 290 cm.
F L = 2436
e = 46 cm,
Let P = 5844 kg,
SinhpB L = 85,25
CoshJaL = 5.34
sinpgL = / 0J70
g,
cosPL = = 0.71
Y, =/ 0«120 - _cm.

(¢c) Long piles - From Eq. (9)

L s .. _2PB(ep + 1)
Deflection at ground surface y, = Jkoa 7D
Let assume P = 435 kg.
e’ = . 9 Chle
L = 600 <:em,
4 D
SO = 1%,.; °
')3 2E 1
PP
For E, = 18.43 ksc, k = 0.63 kg/cm®
* 0.63 18 -3 -1
g = s s = 5.55 x 107" cm:
4 x 2.98 x 10
BL = 3.33 > 2.5

It is a long pile.

2 x 435 x 5.55 x 10°°(90 x 5.55 x 10" °+1)

Yo C.63 x 18

It

0.64 cm.,



3

] 04 ks = .
For E_ 104 ksc , de 3.57 kg/cm

ik
B = \V/'3‘57 X280 x5 BeBT x 1072 em7?

4 x 2,98 x 10

pL = 5.1 > 2.5

It is a2 long pile.
2 x 435 x 8.57 x 1079(90 x 8.57 x 10"+ 1)
3,57 x 18

¥s =

0.210 cm.

44,2 Prediction of Load-Deflection Relationship at

Working Load by Theory of Elasticity (Poulos s Method).

Freec headed piles (POULOS, 1571a)

P M
y = I ™ '+I :3‘_—?., .-.......---...-..(29)
o fP “sL j’MusL
where IPP = displacement influence factors for

constant Es due to load Pj;

-
o
]

displacement influence factors for
constant Es due to moment M,
The pile flexibility factor (KR) for constant E, can
be calculated from this eguation:
|
5 0

POULOS (1971a) has plotted the displacement influence
factors I p? ;fM as the functions of pile flexibility factors

r

KR' The ?fP’ %fM and KR relationship curves were shown in

Appendix C,

54
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i) Short piles

FOr ES = 18043 k.SC.

~9
Y - -

KR ¥ 6,06 x 10 Y = 4,65 x 10 2:>1O 2

18.43 x (290)
It is o relatively stiff pile,

L
5 = 200/18 = 16,11
from Appendix C
{?P = IfM = 6,5
Let assume P = 544 kg,
yo = 0,512/ cns
For B = 104 ksc,.
s
9

K, = 800 X 10 - g.24 x 1070 107

104 x (290)
It is a relatively flexible pile,
%P =Ty %M € 11
yo = O. 122 cm,
ii) Long piles
FOI‘ E = 18043 I{SCI

B 9

2,98 x 10 -3 -2

KR= 4=1.25)c10 < 10

18.43 x (600)

It is a relatively flexible pile.

L GCO

From Appendix C
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Let assume P = 4 35 kg.
yO = 004\:6 Cine
For Es = 104 ksc.
9
Kp o 2+ 90 x 10 - - 2.21 x 10-4
N 104 x (GCC)
pr = 108 IfM = 60
Y, = 0.136 . cm,

4.%443 Prediction of Deflections ané Bendingz Moments -

along the Long Pile below the Ground Surface

From 29, (A-132)
‘ -px
o— < = i =51
Y(x)— —g 7 : [Pcost + PM(cosf,x &nnng))

ZEE

e

For P = 435 kg.
Let X = +10C cm,
B, = 10.43 ksc.
=
js =126 17 X 10-—5 cm'.-1
EI = 2,98 x 109 kg--cm2

y(x)= 0016 Ciile

From Eq. (4-13c)

M - _._e:}?xp sing x M(cosp x + sing x)
Bl ot e Rl £%)

Let X = 10C cm.
E} X = Oo 32

M(v)= - 51’218 kg—cmo-
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4e4s4 Load-Deflection at Ground Surface The relationships

of load-deflection at ground surface of all piles are shown frcm
Figs. 11 to 24 and summary of all relationships are collected
in Tables 7 to Q.

4,4.5 &Iffect of Repeated Loading The effect of repeated

loading on laterally loaded piles are shown in Figs. 25 to 26.

4.5 Ultimate Lateral Resistance

4,51 Prediction of Ultimate Lateral Resistance of

Piles by Brom's Method

(2) Short Piles

L=2O cm ,D=18 cm , e = 46 cm,

From Eqs. (25) to (28)

P
f = ch .cooc.cccuoooooooooco(a)
os 2
MP = Ple + 1.5D + 0.5%) = 2.25 ¢ _Dg ... (b)
L = (1.5D+f+8) o-.coon.oc.-(C)

Substituting Eq. (a) and Eq. (c¢) into Eq. (b) yields
ocD f(e + 1.5D + 0.5£) = 2.25 ¢ D(L - 1.5 D - £)°

0.25 £2 4+ 205 £ - 17202

= 0
s =205 *\/205%.4 x 0.25 x 17202
2 'x 0,29
= 77 e 10 Cia L]
Pult = chDf
= 3247 kg.
Mggi = 3247(46 + 1.5 x 18 + 0.5 x 77.10)

= 362,208 kg~-cnm.
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2000 O

Fig. 11 - Comparisons Setween Cbserved and Computed

Load-r"eflection Curves




Deflection at Ground Surface (cm.)
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Fig. 12 = Comparisons Zetween Observed and

Computed Loald-Ceflection Curves

O



Deflection at Ground Surface (em,)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm.)

Lozad (kg.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (em.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm.)

Load (kgz.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (ecm.)
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Deflection at Ground Surface (cm.)
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Deflection at Ground Surface (cm,)
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Table 7 = lLateral Cefleetion for

»
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Measured

Brom's Approach|Poulos's Approach
Pile | Testing| Applied | Lateral
Ho. | Methods| Load Deflection ycalc Bt ih ycalc Ratio
P.in Yy : y
test, in cm, ycal«:/ in cm. ycalc/
in cil. test ytest

i 1L 544 0;047 C.943 20,0C 0.512 10.39
ML 1083 04129 1,386 14,062 1,024 - 7.94

ML 1631 Ce212 20027 13.33 1.535 7.24

CRD 544 Ce2350 U.943 7 0.512 2.05

CID 1CCC Z6 0S80 1,836 2473 1.024 1.40

CRD 1631 15310 20027 | 2.186 1,535 1,17
Quick 544 0.045 0.942 | 2C. 90 Ca512 11,308
Suick 103 0130 1. 206 { 14.51 1.024 7000
Suick 1631 04267 2027 | 10.59 13535 5,75

2 ML 544 3,017 UeB43 | 55.47 U612 30,12
ML 1030 Ce041 1.C0 46,00 1._024 24,98

ML 1631 06126 20027 | 22,44 1.535 12,108

CRD 544 Ce140 C.943 674 0.512 3,66

CRD 1083 04 3C0 1,306 Gs29 1,024 3.41

CRD 1631 04500 2.827| 5.65 1.535 3.07
Quick. 544 0.039 0,943 | 24.10 0,512 13.13
Quick 10808 Ce119 1,386 15,85 1.024 3401




Table 7 - Lateral Deflection for B

18.43 lsc,
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{

lieasured
! a : !
Pile | Testing | Applied Lotk Brom's Approach|Poulost!s Approach
e
No; Methods | Load Deflgetion ycal}: RyckAp ycal&: sy !
f
Bln bo Yiest, in cz.| Yeale/ | in em. | Yeale/ |
iy L)
in cme. Ytest Ytest
3 ML 544 0.031 0.943| 30.42 | 0,512 16,52
ML 1088 0.093 1.886! 20,28 1,024 | 11.01
ML 1631 0,210 2827 13.46 | 1.5351 = 7.31
!
CRD 544 0.040 0.943' 23.58 | 0.512 12.80
CRD 1088 0.125 1,886 15,09 1.024 8.19
CRD 1631 0,270 2,827 10,47 1,535 5,69
quick | 524 |/ 0.036 0.943] 26,19 | 0.512 | 14.22
Quick 10883 |  ©.099 1.888| 19.05 1.024 10.34
Quick | 1631 f 0.206 2.827| 13,72 1,535 7.45
i
4 ML 435 | 0.022 0.754| 34.27 | 0.409 18.59
ML 870 i €.059 1.508 25,56 | 0.819| 13.08
ML 1305 | 0,110 2.262| 20.56 1.228 11.16
CRD 435 | 0,080 0.754| 12,57 | 0,409 6,02
CRD 870 | 0.120 1.508| 12.57 0.819 6.03
CRD 1305 } 0.210 2.262| 1C.77 1.228 5,05
CRD 1631 | 0,200 2.827| 10.10 1.5%8 5,4C
i
Quici 544 | 0,045 0.943|{ 20,96 | 0,512 11.38
Quir . 1088 0.114 1.0861 16,53 1.024 8.98
Quick | 1631 C.218 2.027 | 12,97 1.535 7,04
5 ML | 435 0.119 0.640 | 5.373 | 0.406 3,412
ML | 750 0.240 1,103 . 4.596 ' 0.700 2.817
ML | 435 | 0.120 0.640| 5.333 | 0.406 |  3.383
6 | wL | 750 | - 0,300 1.103 | 3.677 | 0.700 2,433
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Toble 8 - Laterel Deflection for Z_ = 104 ksc.
Telmrec Brom's Approach| Poulos's Approach
Pile !Testing |ipplied |Lateral
No., ffethcds | Load Deflection ¥ oale Ratio Yenli Ratio
. It

Pelaphay y1:esi:, in em|Ycale/ |in em. | Yeale/

in cm, ytest ytest

1 ML 544 0,047 04120| 2,55 0.122 2460
ML 108 Cs129 0¢240! 1,306 0.244 1.89

ML 1631 0,212 Oe36C| 1470 C+ 366 1.73

CRD 544 04250 0.120| Q.48 0.122 0.49

CrRo 1085 $e 690 0.240| 0©0.35 0.244 C.35

CRD 1631 1.310 0e360| 0427 0.366 0426
Quick 544 0,045 041201 2,67 0.122 2.71
Quick | 1008 04130 Ce240| 1,05 C.244 .38

Quick | 1631 C.267 0e360| 1435 0. 366 1,37

2 ML 544 0,017 0e22C|  7.06 Geg32 7.18
ML 166G '0e041 C.24C| 5,05 0.244 5.95

ML 1631 0,126 0.360| 2.06 0,366 2.90

CRD 544 0. 140 Ce120| 0.6 C.122 0.07

CRD 1088 0o 300 04240| 0,30 0.244 | 0.81

cRD 1631 Ce 500 0.360| 0,72 0.3C6 0,73
Quick 544 0,039 ;1201 3.00 0s122 3.13
Quick | 1088 " 0e119 Ce240( 2,02 Ce244 2,08

Quielt | 1631 0,234 Ce3CO| 1.54 0+ 366 1.56

3 ML 544 0.C31 C.120| 3,07 0.122 3,94
ML 1068 0.093 0.240| 2,5C C.244 2,062

ML 1631 0.210 Ce 3601 - 1,71 0.3C6 1.74

CRD 544 8,040 G320 S50 1 0. 182 3.05

CRD 1808 | 0.125 0.240! 1,92 Ce244 1.90




Table 8 - Lateral “eflection for
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¥
i

! } lleasured ' Brom's Approach E Poulos's Approach
Pile |Testing | Applied | Lateral
’ 3 ” ;/'3 T '1_ - ; ™ 3 I‘ - ‘ ' P 5
Ne Methods | Load ; Deflection L atio Yeiid i atio
Ryin kg, Ttest ’ in cn. [Ycale/ in em. | Yeale/
5 in en, Ytest i Yiest
3 : CLb 1631 0;270 Ca360 1,33 0,366 1. 36
Quiclk | 544 0,036 0,120 3.33 C.122 3¢ 39
Quick | 108C 0,099 C.240 2442 0.244 2,40
Quick 1631 04206 0ae36C 1.75 Ce 3006 1.70
4 ML 435 0,022 Ga098 14,36 2,090 4,45
ML 870 0.059 Cs192 3,25 0,195 3,31
ML 1305 0,110 0.2308 2,82 04263 2.66
ML 1631 C+170 Qe 3E0C 2,12 0.356 2,138
CRD 3870 Ce 120 0i192 1,60 0,195 1. G3
CRD 1305 Cae210 0,208 1,37 0e293 1.40
CRD 1631 Ca200 0. 360 1.29 Ce3C6 1,31
Quick 544 0.045 Ce12C 2. 0% O.122 2:.71
Quick 10C8 C.114 0.240 2.11 Qe.244 2,14
Quick 1631 0:213 04360 1,65 G366 1.608
5 ML 250 0.,C6C C.121 2,02 0.073 1. 30
KL 435 0.119 0,210 1.76 0,136 1.14
ML 750 04240 Ce 362 i.51 C,234 0. 98
6 ML 250 0.CGC O.121 2,02 0.07¢ 1. 3C
ML 750 0. 3CC Ce 362 1.21 0,234 Cs 78




78

(b) Long piles

= 60Cecm., D =10 cm , e = 9O ecm.

d‘= 2 X 24+ 2 x 3.5 = 2.75 cni.
d= 18 - 2,75 x 2 = 12,5 cm.
A9 = 4 x 0.13 = 0.52 cme.
£, = 17,50 kac £ = 440 ksc,

i) Ultinate moment of piles

A £
g St X
M, A B f(':b))
= /107,708 kg-cm.
o | TP e
Let Mu S Myield of the long pile.

M =P (e + 1.5+ 0.5¢f)

167,707 = P (90 + 1.5 x 18 + 0.5xf)

4 D) - P
From Eq. (25) f = gcu 5

Substituting Egq. (25) into Eq. (28) yields

Lo}
]

20.11 cm.
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ii) Cracking moment of piles

1
Cracking stress = OC.1 fc = 44,80 ksc.
g 8 x 1350
Prestressing stress = E g gl 33.33 ksc.
External stress at cracking = 78.13 ksc,
) # = 8,748 cm?
8 s d g Gl a®
c
External moment = 75,942 kg-cm,
For pile No., 5 .
Cracking load = 1196 kg.

Cracking moment 1196 x 9C = 107,640 kg-cn,

Observed crackin- moment 107,540
e o Gl
Calculated cracking moment .
For pile No. 8
Cracking load =» 1305 kg.
Cracking moment = 117,450 kg-~cm.
Observed cracking moment _ 117,450 _ 1.55

Calcalated cracking moment 79,942

It should be noted that the cracking was started about
10 em,above ground surface and made 45° with vertical direction.

It is shown in Appendix D,

4.5.2 Ultimate Lateral Resistance All of the ultimate

lateral resistances determined from load-deflection curves
(Figs. 11 to 24) are tabulated in Tables 9 to 13.
The details of ultimate load and deflection criteria

are shown on pp. 35 - 36,



Table 9 - Ultimte Load for Pile No. 1

Criterial ML Test CRD Test Quick Test
Ultinate| Ratio|Ultimnte| Ratio |Ultimate Ratio
He. L?;g.) Ptest/ Lo?ﬁg.)v Ptest/ L?;g.) Ptest/
cale calc calc
1 2650 O.082 3540 1.09 3340 1.03
2 1800 0.55 3440 1,06 1680 0.52
3 1800 0.55 3440 1.C6 1680 0.52
g 1800 C.55 3440 1.66 1680 0,52
5 5C0 0.15 2 = 1CCO 0,31
6 iCC0O 0.31 - - 1150 Ce34
s - - - - - -
8 - - S - - -
) 2480 0,76 | o0 | 0.26 - 2500 0.77
10 3120 0.96 : 1980 } 0,61 3400 1,05




Table 10 - Ultimate Load for Pile No. 2

a1

Sritords ML Test CRD Test Quick Test
Ultimmte Ratio|Ultimate| Ratio | Ultimate Ratio
il L?ig. ) ztest/ Lc();(é') ztest/ L(()ig_ ) ptest/
calc calc cale

i 3660 01,13 4100 1.26 3260 1.00

2 1640 0.51 3700 1.14 1640 0.51

3 1640 Ue51 37C0 1.14 1640 Ce51

4 1640 0«51 | 3700 1,14 1640 0.51

5 1075 0e 33 - - - -

6 145C 0,45 - - 800 Ce25

7 10C0O 0.31 - - - -

8 2800 0.86 - - - -

9 2840 O.8? 1920 0.59 2800 0. 06
10 3500 1.08 3840 1 1.18 4040 1.24




v

Table 11 - Ultincte Load for ile No. 3

Beibaital ML Test CRD Test Quick Test
Ultimate| Ratio | Ultimnte| Ratio |[Ultimnte! Ratio
ke L‘(’l‘jf , :: test/ L‘();g y itest/ L‘(’lii ) ztest/
: calc calc cale
1 3225 0.99 | 3825 1,09 4240 1.31
2 2175 0.07 2400 Ce74 2000 0,62
3 2175 Co G2 2400 C.74 | 2000 0.62
4 2175 9,67 2400 C.74 2000 0.62
5 625 Q.19 - - 1200 Ca37
6 9CG Q628 750 0.23 1800 0,55
~ “ Z = e & &
8 2500 Q.77 - ~ - -
) 27CC Ce 83 2500 Oa?7 2900 C.89
10 3325 1.02 3750 1.15 4100 1,26
Table 12 - Ultimate Load for Dile No. 4
Critinii ML veut CRD Test Quick Test
Ultimate| Ratio [ Ultimnte| Ratio |Ultimate Ratio
i L‘(’ES ) ; test/ L(()ig ) gtest/ L‘(’f:g ) ztest/
calce cale cale
2560 C.79 3300 1.02 3400 1,07
a 13C0 0.4C 2000 0. G2 2080 0.064
3 13C0 0,40 2000 C.062 - 2080 C.04
4 1300 0a40 2000 U. 02 2080 U84
5 800 0.25 - - 1C00 0«31
6 1100 0.34 - - 1100 0.34
7 o o - - & o
g i ~ b - a -
9 2470 0.75 2740 Oe8 2760 0.85
10 3120 C. 96 3460 1.07 3600 1,11




Table 13 - Ultimate Lozd for ile Noe.

5 "‘&“d I‘*IO.

¢

i Pile No. 5(KL Test)Pile No. 6 (ML Tect)

Criteria
Ultimate Ratio Ultimate Ratio
No, Load fpteat/ Load Ptest/
(kzg. !Pcalc (kg.) Pcalc
1 1110 1.31 1325 1.56
2 430 Ue51 440 0,52
3 430 Ul 51 44C CeS2
4 430 0.51 44C C.52
5 & i o S
G - = - -
7 oy P - -
3 13C0 1,583 1375 1.62
2, 11CO 1.3C 1083 1,20
iC 1490 1.76 1540 1,32
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