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Summary

In order to design the reinforcement of flexible piles subjected to horizontal loads, the place
where the bending moment is maximum in the pile shaft must be known.

In this paper, the behavior of single free head flexible two dimensional piles buried in
homogeneous soils and subjected to horizontal loads is investigated.

The elastic differential equation for the infinitely deep flexible pile subjected to a horizontal
Toad at its free head is expressed by
Eul. (d*y,/dx*) =0  above the ground surface, and by
Eul, (d'y./dx*) =p=-Es-y, below the ground surface in which E, and Es are the moduli of
elasticity of the pile and the soil, respectively, I, is the moment of inertia of the pile section, y;
and y, are horizontal deflections above the ground and below the ground, respectively, and p is
the passive pressure (Chang) .

Solving these equations, the distance L, between the ground and the place where the bending
moment is maximum is expressed by,
Lo= (1/8) tan™' {1/(1-+28e)}, in which e is the distance of the loading point above the ground
surface and
B=(Es/4Eu]y) i

By introducing the relative stiffness factor K, where K,=E.I,/E;L* in which L is the
embedment depth of the pile, the above L, is non dimensionally obtained by,
Lu/L=1414Kr""tan™ [1/ {1+1414 (e/LYK,"4}]
In the case of a rigid pile, the values of L,,/L are 0.414 for clay and 0.498 for sand.

Theoretical values of the ratio L,/L are compared with observations made from model
instrumented flexible pile tests in homogeneous clay and sand, and good agreement is found.

Key words: bending moment, clay, elastic theory, flexible pile, homogeneous soil, horizontal load,
model test, reinforcement, sand.
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Table 1 Pile Data

Pi Material Emdedment| Width | Thickness | Loading [Flexural K,
N‘ée Depth Blem) | T{cm) Point Rigidity - -

’ E,(kg/cm?) L{cm) e(cm)  |E.L(kgem?)| Clay Sand
1 1.45 89,700 0.17335 0.0161
2 Acrylic 0.95 21,500 0.04150 0.0039
3 41.0 10.45 0.75 3.0 13,900 .02685 0.0025
4 3.4x10° 0.50 3,680 0.00710 | 0.00066
5 0.30 795 0.00153 | 0.00014
6 0.15 99 0.00019 | 0.000018

e
/\ N e
Nz Y N R
\
\
Strain L
Gages
L N
l x
U B
Q Ea
T

Fig. 2 Test Setup



86 EERRBERER BT75 (1994)

8 T T Y ¥ 1 1 1 T T 10 T L T Y T ’1

1 2 ?

. 6 . i
,Eé’ ] :
4 < 4 };
< 4 < 5[ - i
Q o |
| ~
| - ;
<< < .
: 5
= (a)CLAY o ;
Cu=0.0061kg,cnf (b)SAND ,

P=31" 1 |

)3 1 i 1 1 1 i H ] 1 1 i ‘

0 50 100 0 20 0 50
HORIZONTAL DEFLECTION Yo({mm) HORIZONTAL DEFLECTION Yo(mm)

Fig. 3A  Load Deflection Curves. . © Fig. 3B Load Deflection Curves.

|

Broicky b, ENESFTAR (REERMSME ©fFo . .

EWERCBI 3, Vo L HBIO UV FASERHMEL, F—FuF—c X DEFBL, OF a5 f
RE BT E— 2 > MR BB U, EBIC L VBN, BEAICET 2 Q~y M % g
Fig. 3A 82 U B iz, BEZENBCET HITE— 4> ' OoH0% Fig dAB LU Bic®h |
FhonL Iz,

4, EEBIUER

() BRIFE—X > Ml Fig JA BL U B Iz L hid, —BIEBRTRH BB 27—
AP EPIOBIESRNREWIEEREL, &, WITE—X 2 FBRAEE S HOMEB RO
AN E L BB HONTHBRERZFE ST I 905,

BENDING MOMENT M (kg-cm) BENDING MOMENT M (kgwcm)
~1 10 20 30 —1 10 20 30 40
0 ¥ T 4 T v 1 T v T 1
6 L
10 F
CORSE E i
N3 3
N |
E 20t e
o £t
2 5
o S ;
30 (a)CLAY <bésf$D
Cu=0.0061kg, o ‘
&
40t 40 b

Fig.4A Variation of Bending Moment With Fig. 4B Variation of Bending Moment With
Depth. Depth.




B KPR EE R S-S EROEREENIC DT 87

(2) Lp/L e K2oBE: (0ORERT L3, Kr OB Es OEXLETH S,
ML 0BG, Poulos?id, BIEDE S OEABMIZ DL TORE-EMNBEFE» S, B Gt
i, & ‘
Es= (15~95) Cyeeeeee (14)
DOEFEDH Y, I, E=40Cu L7252 L2 RWHL Tw 3, ()RICBWT, BSH»0»
HHEOBERECHOEE, BulLoBEREVWAOERFERATHIE L V., KEROSE,
KR S »uo T, KR
Es=30C,----- (15)
b, Es=30x0.0061=0.183kg/cm?% F\>7z,
% 7z, T, MR OKERE - KFENBEGR> S HESCB W THEL THE s Es O
»e, KA
EES:ES/Z ...... (16)
12 & % Eps=1.98kgf/cm®% Fivaie,

Fig. 513 Fig. AA BI U B & DA -z La/L DR KiZ L TRLIZ DD TH 3,
Fig. 51213, &7z, TthABERCBEWTE, QDRI D OFEE (27201, ¢/L=0.073)
, BERCBOTE, IDXBLVTUNRLVOHEHESEBTRLTVE, JhickdE,
FHEE & EERE & ORI AT RV,
LTetto T, A FERERZT 5 b AEROMITE— 4 > FEAKOAE L/L i, S50 %R
HTADRC I DR VBE L CHEEHES L2 5,

5. 1 B

KREHEEZZT B b AMROBWREE 2 RO DE, My vy 7 M L0 EOETH
FE— A M PRERERIPPHONETNRIER S 2w,

RENE, ¥—HE T R U B B R T H % 7o b A RITHEO KR E T
BUAEHIOOTHFELLLDTH S,

7o AR Z O BH BB W ORERE 22 0 L ROMEMS AER IR TN
%, (Chang)
Eplp (dty,/dx") =0 #EEFHEBWT
Eplp (d*y./dx*) =p= —Esey, #iPEcBWT

3 0 8 V(l’ ¥ ' ’ ¥ ,’ I

™

E ~ OCLAY -
~ 0.6 ® SAND -
Z | —Theory 0.498(SAND)

M ooal . 0,41§(CLAY')

= o

£ - .
O

o 0.2+ -
& B ®

= -
- 0 sl peotoa sl it tagndd foodot il I RNt

: 0.0001 0.01 1

RELATIVE STIFFNESS FACTOR (Kr)

Fig. 5 Relation Between Lm/L and Kr.



88 EERERERER FTTS (199)

72720, EeBIX U ERFNFNRE L B oBERE, Lo - REe—22 b, Yxﬁv
SV v 2N F N EERE L ORI B 2 OKTEER, p XSELETH B,
INSOFBREME L, HTE— AV PR E 2B UBEOHRE L & QIR Lo i XX
TEEND,
Ly=(1/8) tan™* {1/(1+28e€)}
L, e HIEE S SEET S COERE, SRR TSN,
= (Eo/4BpLy)
FLOMMRIMERE Kr 28A T2 &, SRTELE LadkRTEZ 5013,
Lo/L=1.414K,*tan™* [1/ {1+ 1.414(e/L)K,"*}]
72720, LEmoBAnLE, Kr gk TtE5z25N0 5,
K, =Epl/EsL¢
BT OEE W, Lo/L O, ¥ U Tid0.414, oL Tid0.498 1 3,
Lo/L OFHEHE L H— 218 s L OB B IRERE I v — 2RO 0720
AUET A DOV TOERMEL N L L 25 Ru—FB R o,

5 0B X #®

1. Chang, Y. L.(1937). Discussion on the paper "Lateral Pile-Loading Tests” by L. B. Feagin, Trans.
ASCE, Vol. 102, pp. 272-278.

2. Poulos, H. G.(1971). Behaviour of Later-ally Loaded Piles: I -Single Piles, J. S. S. M. F. D., ASCE,
Vol. 97, no. SM 5, pp. 711-731.




