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ABSTRACT
The downdrag on pile groups was .nvestigated by using a numerical
analysis and an analytical study,

The emphasis was on quantifying the reduction of downdrag on piles in a
group due to the group effect, The case of a single pile and subsequently
the response of groups is analyzed by using a three dimensional non-linear
finite element approach., A closed form solution is also developed for the
case of the single pile,

It is shown that the downdrag on piles in a group is much less than the
downdrag on a single pile. Based on the results obtained, a simple method is
proposed to design groups of 9 to 25 piles with spacing-to-diameter ratios
varying from 2.5 to 5.0 for downdrag loads,
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2% 4. Variation of Vertical Effective Stress near a Pile
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3 1. Numerical Apalysis for Pile Groups
Group End bearing cap Sofl Model Spacing
Conditlion |Rigidity {s/d)
Ixl End bearing F Elastic 2.3 &5
L Friction
{Single) * F Elastoplastic &5
[ 1xz (%) " F Elastic es5 |
End bearing F Elastoplastic ']
_J.;(I {G) - F Elastic 2.5 & 5
1x6 (G) L F Flastic 2.5& 5
1x8 (G} " F Elastic [
1x10 (6) |End bearing 4 Elastic 2.5 &5
& Friction .
1%12 (¢) |End beazing F Elastic ES
2%2 (G) |End mearing F Elastic 2.5 & 8
& Friction
" F Elastoplastic 2.5 & 5
Ik (@) - ¥ Elastic £S5
- ¥ Elastoplastic s
Ixlo {G) : " F &R Elastic &5
Ax4 (G) - ¥ Elastic | 2.5 5
‘ sx5 (G) " FaR Elastic 2.5L 5
. F&R Elagstoplasatic &S
5x10 (G) - F&R Elastic 2.5 & 5
626 (G) - ¥ Elastic 2.5 &5
. N Elastoplaatic €5
8xe {G) - . F Elastic 2.5& 5
10x10 {G) - FER Elastic 2.5 & 5

notas : 5x10 {G) = 5 rows and 10 columns of pile groups,
8 = center-to-center spacing betwean piles,
d = diameter of pile, G = pile group,
F = flexible pila {without piia cap),
R = rigid pila (with pile cap}
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Y 6. Typical Geometry of the Pile Groups Analyzed
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X 2. Material Properties for Pile Groups

Pile area 0.6 mx 0.6 m
langth 30 m embedding depth
E, 20x 10*kN/m? (concrete)
v - 0.3
Soil Elastic properties
E, 20x 10%kN/m?
£, 20% 10'%kN rm?
v 0.4
2\ 2.0kN/m?
So0il Plastie properties
1y S 25 degree
B 34.5 degree
\d 0 degrea
c 3.0kN/m?
Surcharga Qo 250kN/m*
note : £, ! Young's modulus of piles
" E. i Young’s modulus of surrcunding sail
Es : Young's modillus of bearing layer
Ys ¢ unit weight of piles
Y @ effective unit welght of soil
#_ i internal friction angle of soil
C’ 1 cohesion of soil ’ '
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3% 8. Effect of Number of Piles in End Bearing Piles

{a) s/d = 2.5, (b) s/d = 5.0
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<y 10> 2 UE 23] dojdulE 4t A UH2 downdrag 31F XS B
o
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(b)
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(a}

Endbaearing, Corner Plies

FnfFin

T T T T
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3% 9, Effect of Group Spacing in End Bearing Piles ' )
{a) Corner Piles, {b) Perimeter Piles, (c} Interior Piles

Single Plle, Endbesting, Elagtoplastic

[
0 \
E \\
3; as \\‘\\
e \
o5 \.
VT T T T T T T T T T
0 2 4 8 B 10 12 14 18
Axtal Forow, kKN
{Thousands)
I+L-mm+L-15m|

23 10. Effect of Embedded Pile Length in End Bearing Single Pile
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12>, <HE 3 2 Okabe off 2% ¥V HYANE FUFY HEYFE g
interaction factor &} ¢elA HAIHG chmgse] oS H3F o&x8le] u
aejc},

(X 3> Okabe o] @&}l vl

nhE 9] ] Okabe, kN of & 2], kN 22}
1 3450 3550 2.9
2 1050 1065 1.4
3 980 1065 8.7
4 1000 1065 8.5
6. HE

3o Azte] AMA 9-25712] TUHE YUY downdrag & T ¥ HAYEES
AAlshd ohEa el
T WEAez 25 AHRCE @2 YL 258 F¥at AL L2 group effect § B
At
* 7tZo]l 5 v} A EHct AH olF L group effect 7} glv}. uwiglrd FUHFL
SR Yo 2 dAR ok Yrl
T ZtZo] A2 5 v} A|FolT downdrag 3H35-E ¥ dA= viE BFAE HRY
T AUtk
Fn (corner) = 0.9 Fn (single)

Fn (side) = 0.8 Fn (single)

H
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* ZtHo] AL 2.5 v} R FRct BAL o HAUYY group effect 7} glch
downdrag S13& A HAL The BAE H8Y 4+ k.
Fn (corner) = 0.5 Fn {single)

Fn (side) z 0.4 Fn {single}

Fn {interior} = 0,15 Fn (single)
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% 11. Pile Group Configuration (After Okabe, T., 1977)

(a) Axlal Force of Ordlnary (Slngle} Plle (b} Axlal Forces of Pile Groups
Endbearing Pile Endbearing Pilas
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2% 12, Comparison of Axial Forces with Observed Performance
(a) Single Pile, (b} Pile Groups
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