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INTERACTION OF LATERALLY LOADED PILE GROUPS

By Toshihisa Apacui, Makoto KiMura and Akira MORMOTO

Synopsis

In order to estimate the displacement of laterally loaded pile groups, it is very important to evalu-
ate the interaction between group piles. In this study, the interaction between group piles is investi-
gated by the centrifuge model tests (40 g). We place focus on the simplest case, that is, the interac-
tion between two piles. The model piles have the same bending rigidity as the actual steel pile, 60 cm
in diameter. Air-dried Toyoura standard sand is used for the ground material, and its relative density
is more than 90%. The spacing between pile centers and the angle from the loading direction are the
experimental parameters. From the test results, it is found that the load distribution decreases for the
pile positioned in back, since the interaction between each pile are not equal due to the difference in
subgrade reaction in front of the pile. Secondly, three-dimensional elast-plastic FEM (GPILE-3 D) is
improved and analyzed above centrifuge model tests to check the validity of this analysis.
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Fig. 1. Schematic view of the centrifuge.
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Fig. 3. Sketch of model piles.
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Table 1. Details of model piles, prototype piles, and assumed steel piles

d (cm) ¢ (cm) L(m) |EI (kgf cm?) | Material accgggirfuat%
Model pile 1.5 0.1 0.4 7.80%x10* Aluminum
Prototype pile 60 4.0 16 2.00X10" | Aluminum 40g
Supposed pile 60 1.2 20 2.01 x10% Steel
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Fig. 4. Cone penetration resistance for the
model ground in centrifuge condition.
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Fig. 6. Relationship between lateral load and
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Fig. 7. Relation between lateral load and lateral displacement (s/d=2.5).
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Fig. 8. Bending moments distribution (s/d=2.5, 8=0°).

2) BREBUTE— AL POMEE, BROBEIRAT, M2, M1IDEI/PEL 2T S,
LR LERIR, BNHEHTT>TWEDTEMIMET 6em LEA—DEMBEFHELTB Y, &HMICER
TAMBRIMICE > TEL 5T b,

LEDOEME L YHARICT 72002, BR/1XF 2 -4 & LT, MEZEMA 6cm DBEOBMESHOR
KEHFE— A ¥ PRERE (2y (Pile-1) , zu (Pile-2)) %, HHORAEEES (2v (Single)) THIEEL LM%
Fig. 9 ISR T, BiHICMNETAM2 T, BREFEIEEWEZEDLLLZWVLOD, BHINBET LM ] Ti
MEEIIRS CRBERT, BAVNEL 2 W BATFHIICH L CEFIREEIC 2 51201 T, ARSI IZEIE

._7_



86 WRBIKBIZEFTER 365 B-2 F5. 4 (1993)

(a) Pile-1 (b) Pile-2

120 ® s/d=20 110
) o O sh=25 |2
= s} & % B =30 |50 o
< < °
3 O sd=40 | & |, * e
~ 1o} ° ~ o0k
= = B 5 3 &‘\100 g e @ =
= . . ¢ = o)
£ 10 o £ oost
& &

10T g 30 60 OO 30 60 90

B (degree) B (degree)

Fig. 9. Comparison of the depth of maximum moments between the single pile and group piles, (a)
Pile-1, (b) Pile-2.
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Fig. 10. Distribution of subgrade reactions, (a) Single pile, (b) Group piles (s/d=2.0, 8=0°).
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Fig. 11. Relation between the coefficient of subgrade reaction @, and the ratio of spacing
between piles s/d.
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Fig. 12. Efficiency of pile group.
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Table 3. Properties of the pile and ground constants

Young modulus: E,=6.5X10° (tf/m®) (beam elements)
E,=7.0X 10 (tf/m?) (column elements)

Cross section area: A, =0.28 m?

Geometrical moment of inertia: I, =1,=2.77X173 (m*)

Young modulus: E,, Azs/A,=480 (tf/m®)
Poisson’s ratio: vs=0.33

Unit weight: 7=1.6 (tf/m?)

Coefficient of earth pressure: Ky=0.5
Cohesion: ¢=0 (tf/m?

Internal friction angle: ¢=35°

Pile Constants

Ground Constants

B, 4T - DXy T a kAN THBRE T o7,
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25, BRICETERMASEEICR 2B L REE, EBNE 2L, T, a7 AEERFTOMICIIARIGE
WESHTE VA Z LIk 5%, BROEMICEFVELAERELAVIGE, ZOREBNREDL IR
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2% 3285 —v (H, 3, M), TLMCESREACAEY-2 @) 2135 - 04—
DAyTakHY, FRENE Casel ~4 T 5, ¥—ARYF4 —%4T 7789 — % Table. 5 IIRT
M, FNEROINY — THEEE 2 AN BUPLHEBYL s/d=2.0, BMEHFEERPLEOLZTH =
0°) 2 DWTHBHT 4T o 720 BAMOBEIEr — AHESIZIRFE s ¥, BHOBSRIRT g o3 TET,
BREBLUBMOA v 2 20% Fig. 15 IR T, £OKE &1, 13.5 X 13.5x 17.6m OEHAEIKE
LT, dHEdZRLTEOESFEFERY EiFle, 2720, WTFROBELRIFENDR » ¥ 2D
PYHHILLALTHL, H1BIE, ES Lidm 0FHELRTY, HAEUNOHTOERKIZY I -BER
ELTHEEREEBRBICT IS b0 HV,

¥ 70, KPHEIR, MAICEPHEL LTRSS ¥, GPILE-3D ik, WELMICG2 AWEELE
BLTWAY, BLEBOLS ICEHTO 2 RICE LVBIEMEELIELILI>TELRY, 22T,

Table 4. Kinds of FEM meshes

Fineness
of Meshes ..
Shapes fine medium rough
of Piles Elements
Octagon Case 1 Case 2 Case 3
Square Case 4 - -

Table 5. Kinds of case studies

Case 1 Case2 | Case3d | Cased
Single Pile O O O O
Group Piles (s/d=2.0, 5=0") O O - O
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Fig. 15. Three dimensional FEM meshes for the single pile and group piles (s/d=2.0, =0°).

EEBTHEONLSMOBRAMESLREIZE0 27 » TIHELTEN L, EBREME, EROLSHSRES
MEE, y-z @TiE x HRIDOAEE, vz B TRy FRADOAEE, ¥—2BRFIIE L TREKA LR L
FbAAEHSEVELEE, FANHETR s HILYDLbABLY y FAOAEET, 20MIZE
el

(2) HWE~ZMHERBIUCHITE-X MH

(WHE%D%mwfﬁﬁ@ﬁﬁﬁﬁﬁ%ﬁot%eo,ﬁﬁﬁi~ﬁﬁ%&%%%FsztﬁTom
FIZIZEBRTF— 25705 P LTh b, BIRICA » 2 OV Case 3s Ti, FEIHBFIIEL LT
WA, FRUNADY - XA TiEde ) B-MEERLTBY, £ » P adSlibvii & HMKT I 5H8R
BROND, T/, HOBOBEBVICLILEEL DLV, WTRIZLTYH, Case 3s % B { BB EITTIZ,
EBRERL AL VERNIITHBTETHWAEVLE,

RIZ, BEALOBEAMEREANT I L ZHERE ~MEEMBR L Fig. 17 1R T. MEASE—EETHR IR T
W5 Case 2g Th, MEBEBDEVICLIWESHEORVERITETEY, 2y Y 20EVIZLAELL
BAE, 72, Case lg DEHDARDBEL RoTVBA, A v L2 DBEWIZL LETHM E BHMOLH
HOEVIEHT Y RONEV, BHEE WTIhoBsBROBE L +5FETcETnbsE Vi b,



94 AR KRFTER $36 5 B-2 F5. 4 (1993)

25 r
=)
N’
am
g
3
3 Case 1s
= o T Case 2s
S R 2 Case 3s
= .t < |7 Case 4s
- ® Exp.
8
Lateral displacement of pile top (cm)
Fig. 16. Lateral load vs. lateral displacement curves on single piles.
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Fig. 17. Lateral load vs. lateral displacement curves on group piles (s/d=2.0, 8=0°).
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(a) Single pile(Case 4s)

(b) Group piles(Case 4g)
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Fig. 18. Distribution of bending moments, (a) single pile, (b) group piles.
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Fig. 19. Plastic region on the symmetric plain (6/d=0.03).
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Fig. 20. Analytical results of load-displacement curves.
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Fig. 21. Displacement vectors of the ground surface (6/d=0.10).
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Fig. 22. Displacement vectors of the symmetric plain (6/d=0.10).
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