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MODEL TEST OF LATERALLY LOADED PILE GROUPS-(1)

By Toru SHIBATA, Atsushi YASHIMA and Norio TBRADA

Synopsis

Lateral load tests are made on model free-headed pile groups. Pile details and arrangement
of pile groups are shown in Tables 1 and 2. The test piles are embedded in relatively dense sand of
D,=~70%,. The variations of group efficiency with pile spacing for Parallel-, Series- and Box-pile
groups are shown in Figs. 8-10. Some comparisons are made between the test results and theo-
retical predictions based on the method developed by M. F. Randolph (1981). The predicted
and measured values of group efficiency are generally in good agreement, with the maximum dis-
crepancy being about 309 (see Fig. 11).
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Table I Details of aluminium model pile.

External Wall . -
diameter thickness Length Bending rigidity
20 mm 1.6 mm 110 cm 2.84 x 105 kg.cm?

glension gauge Pulley i, pfEc—HE>OOFH 7~V EMD, 7—
P F 4 ¥ PHITHE Uo7 — ¥ OB MDD S 40cm
FT 10cm kg, ThLI%ER 20cm MREOAE 162 T
7 & % (Photo. 1),
SEOERTIHE, MBICB T2 MEESLNEHR &
THEDIT, FHRHEMHEEOMIC2 =X~ v e ¥ adg
S ——————————— VIEBER LN, TOY a4 v MR, BIRERD 2
b P 165 cm KX LT RS EELHT 60 THS (Photo. 2),
Fig. 1 Sketch of lateral loading apparatus. HAMROERICEL TR, TE3708—ntls
BHEIIC, UTOEEZIT- 7, TTFBMMRAELTA
ATHS, LEREDDOESS0em TR, BERA
LTRT20mEAEDZ, ZDOBRITEED 04D
it EAR -2 T a— o THN, HBESE—-THBT &
LD D, FD®IZIER 10cm FOMEHRALTH
X, ZO7UR 200[ABAEDTE—4 71— TH
—HEHRT S, COLHIKUTEHO LT THlEds
BERIND &, REICI00EBELED B, EBHMOK
MERIKBOTHE, HEOBERIENEELEZI OIS

105 cm

Load

Photo. 1 Piles and strain gauges. Photo. 2 Universal joints.

DT, Hl O MBI IO OEEEL - 7,

Fig. 2 1243, #R LR OBEMBEMBERT, TABCe -~V FNTHEDEEEZ, 2-VBAK
FlEAGA S UTHEMB OB #HE L& 25, $0.55 (MM®E Dr=70%) TH- 7.
BRBLOASHIZ, Table2 O X 5 ic#iai s UTHF, EASEUTRy 7 BB E L, HAMEHP
D s & s=20d, 2.5d, 50d ic& x 7 (Fig. 3), ZREBMORBRUMEZRAL T, BILOERELTL TH
L7

BRIPADKTENR, H1IKLVOHERAT v 7% 2kg ¥oMA, 8kg, 16kg BXT 24kg IKHBWNT
—BE¥e3THEUTHBM U2, M 1IEY Y OMEY 4 7 v% Fig. 410RT,

HEEER, FRUAZDTEF —Y Of, Fig.5 WWRTKEEMDZDD ¥4 ¥y — (D(H)),
D(HY)), MEEMDIDDE L ¥ =Y (D(V), D(V)), BXUTF v v a vy —VOETHS, Thbid,
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AZAERHEAZEER SO0 FHMERICABNCHTIND,

Table 2 Details of laterally loaded group pile tests.

Parallel-piles Series-piles Box-piles
Num‘ber of s/d Numper of s/d Num.ber of s/d
piles piles piles
2 2.0,2.5,5.0 2 2.0,2.5,5.0 4 2.0,2.5,5.0
3 2.0,2.5,50 3 2.0,25,5.0 9 2.0,2.5,50
4 2.0,2.5,50 4 2.0,25,50 16 2.0,25,5.0
s: spacing between pile centreline, d: diameter of pile
foo
RS i Parallel
> [ [0 00
g i (Load)
. 5o} Series
2%
N i Box
i 00O
0 P L O O O
o.1 0.5 Jo 5.0 000
Grain size mm
Fig. 2 Grain size distribution curve. Fig. 3 Arrangement of pile groups.
Dovy) DV
D(Hp
DCH 2) T
24 Piles
20 10
bl [PUE A D(H) -«=-{
16 20
"0 sl
0 10
§ 2 2 .D (Vy)
8t - D(Hz) =
L 2
-‘J_r] D : Dial gauge
0 Time  min T : Tension gauge
Fig. 4 Lateral loading cycles. Fig. 5 Piles and gauges.
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BE SOEMICHZBRUFIEOHEICONTIR, FHEY BEEEL Y2 —2fFoTVE0T LI TRE
BRI EEL, %9 Randolph OREEERT 2,

ZOKHER, BHEMBPOROBBHEARERLCE ST A MY v 7RO bOT, B OHE
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O« —HBUCER T 3 KD H, it BE AT 28 —~2 v F M.

@it : —HOHRE d, HH v v 7' % E,=64(EI),/nd".

@# : —HIVER G ORE z HROWME m=4G/dz, H30E3HET YV vl v 2BALT m*=m1+

3v/4).
ThRbL, BEHOMERCEGZEMES, it
b f(r B, M) (L-a)

COBHER, #loX (1-b) ikThiohs,

WICEHICH LT3, Poulos? & FRKICHAE MO KR (interaction factor) £ % 2, Z B
A% k(=8 EH) LULLX, nEABRTO i BEROERMIZ—IC

1
5'=F;§: Qig Py coee e 10))

ZTiT oyl BHE J BEROMOLERY (=1, P;:j BAROHETH B, ZLTKENERY 3
HRHEBRTE, KEAIRX > THREMEZHN S ¥ 2%

0 6:252 C1'=G(1+3u/4) Boan), B—2 Y bk THEMABINS € 5 HK
. c

() TDOHREHE SN B,
O RBREIE, ROZBOMBELTEDLIH
50
a:g(%, oo _‘:_, 5) ..................... (3-a)

CORF G i3, HOBRAEZ L 2RR (4)THD 3
B, L2 RICBY B G*=G(1+3/4) it% Lis (Fig. 6
DG.=G* 4 5.)

2/9
lc:d(ran*‘;) ................................. 4)
b 1 o RMMBAEDH—HEEDT 52— 2 T,
Pile L/4 & 1/2 BERXBESH GU+3/4) HO W, s B
H\ _\\ﬁ. PR, BRWPOREBEFAORTAE TS 2
Fig. 6 (a) Definition of p. and G,; (Fig. 6 1),
(b) s and . X (3-a) OEKIIG IR IL, BBROR (3-b) TR

Ehd,
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HWREREZAZSCEOREIDS, HAEESDVT
BULBH, s/d LBKEL BT E 6, NS BHERA

Single pile

41 : 4 x4 Box pile
: (5=2.5d)

0 500 . ow
6 X/Ozmm

Fig. 7 Deflexions of single pile and group
piles.
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Fig. 8 Test results and theoretical curves for Parallel arrangement
piles: (a) pile deflexions at the loaded end; (b) group effi-

ciencies.
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. [ (&) Experimental
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X 400 A 4
W 300
200} 2/"'1@3 (theoretical)
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Fig. 9 Test results and theoretical curves for Series arrangement piles:
(2) pile deflexions at the loaded end; (b) group efficiencies.

BHoh3, 7o Fig. 8~10(b) ki3, BIOZEM §,=176X107>mm & Lict EOBME e BT wy
FLTH S,
2T oORICH Y i Randolph Kk 3MERLIL LD THY, UTOLXIBFHETRDA,
FTHROBEFCB I AEMS, 3, xR (1-a) TEI SOy, ZOREER

_ H E, \™3/° M E, \-5/°
B=216 i (o) B (GR) T (1-b)

ERABNT, REAK m* 2RD B, LTS, (HF) &6, GEH) ZREBCEEL LM, K-
KA E 4cm THEAR 110om KERTNSNWI EdH Y, BT §,~0, LHLT. ZLTH
=8kg, d=2.0cm, E,=3.616x10°kg/cm?, M=8x4=32kgecm 2RATRE, HERELT m*=02633
kg/cm® BRE S, CHIZEIEM 4z=1.0m it LT, Mo REIERYES 4G(1+3v/4) 2% 26.33kg/cm?
THBCLEBRLTV S,

PEoEIckY, X (1-b) AAOE 1 FHid 1.48mm, 5§52 HHid 028mm &85, B> THLOE o,

i, BEEH « ZAVT,

3,=1.48(1+ Zary) +0.28(1+ Zaa) B4 mm
ZCTay & ay DHAER, BCR (2-2) K THROILLY, BENIKRRATEAONS,
1/7
az=0.25 Pc(—g—:") —;1—(1‘1‘0052 BY Lo (2-b)

ay=ak
#2#L ax>0.5 DB, 1—(@ay)™ ITHIE,
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Fig. 10 Test results and theoretical curves for Box arrangement piles:

(a) pile deflexions at the loaded end; (b) group efficiencies.
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Fig. 11 Measured and calculated group efficiency.
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LBEBOT, R (20) FAVTHHREMOEERM ax & an 23 ETEC LHTES,

Fig. 8~10 iR L-BREE, T0b B 6,~(s/d) BB XV e~(s/d) HiiRZ, YULOFHEEETH
1EDTHD. EAEICHBEHDIE S5DENHEDOTHRELRRITELVY, BREIRLEREEZRN
HFP LB S LHESN S,

Fig. 11 3, 4E#%E UAMEABOSEBMOER L Pandolph BRLEOUELZ LI SDTHS, C
nickhid, BRHHBOERER, WOBLHORETEINEERETEL L LNGD B, UEBEE T
EBOOFEY ERAOTRARORME - 1208, HEHRI e OMEBD THK BK2.5(8) cAHb3
T &t ot

4.3 HiFE— 2> FOFREHH

EMEHBOMMKICE LAY~ 2 v ORI FAMAIR, oo /47 2 -4 &L T, Randolph iKkb

M [H I Moment Kg-cm
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/o Wt /’
//,/ /,/ 40F i e 0.5
0 8 - I/ 7 s / /I,/’
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e
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Fig. 12 Bending moment profile: (a) theoretical curves; (b) comparison with test result for
single pile.
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Fig. 13 Examples of bending moment distributions for pile groups.
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Fig. 2(a) kS icEZoh T3, chicdhid, JRMie—»2 v b BRETIRIE, HBOREYE
BE—IBE (o.=10) IT L/4, BIESRIICHHAT 54 (0.=05) 1K I./3 THY, FLBRKE-2V1T
i3

Mase = (%2 )1,

THEDbEB, LOTLDD, KFHH ERUD Muw M  Kg-Cm
BROMOMAER L XY, p. EHETHC LHTE 0 40 80 120
5 ; A

Fig. 12(b) 13, BALORM<— 2 > b (E8) &, or
LROFETRSLBREE BB EOLETSHS,
HRickhid, Elle—2 v rOEIFAREIR, BXE
0.=0.5 ITHIS LTI T LB B,

RICBHOME LT, L5444, HA4FHS LD
Ky 7 2 A KHOBAE Fig. 13 OFT, HEBEHS
ho s=20dTH5Y, REAOE MCLIEREEA
EH5hI0, LLI6EKy 7 2 (Fig. 14) (T3 3
&, M,,, OELZFORERE icid Fig. 13 &2 81
v, BRES L SHABMEE TTRS S s
CHB. COBIIE, ®v 7 AEFMT KL EicE <
15, BEBORNHADLTLLNE0T, 4, 100

BHEBERNT S LT, BRIRERL PV O—DL Fig. 14 Example of bending moment distri-
BA5, bution for Box-piles.
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