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Case analysis of settlement control mechanism for

settlement reducing pile
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2. School of Civil Engineering, Tongji University, Shanghai 200092, P. R. China)

Abstract: The relationship between pile numbers and settlement is the most important reference for pile
foundation design, based on the deformation control (or design of reducing settlement pile foundation),
which is affected by several factors, such as the loading magnitude, the pile arrangement and the soil type.
Combined with the measured data from case history, the approximate numerical method and plane strain
finite element method are put forward to analyze two piled raft foundations with different pile numbers for
multi-storey residential buildings. The effects of different pile spacings on compressive deformation,
internal force of foundation and stress-strain distribution of soils are studied, and a reasonable explanation
is given for the problem that foundation settlement is almost unchanged after the pile number is reduced by
half. The results show that, the lower the loading magnitude or the smaller the compressibility difference
between pile side and pile tip soil layer, the foundation settlement is less sensitive to the change of pile

numbers. For low-cap pile group foundation in deep soft soil, pile foundation design based on deformation
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control can reduce pile numbers considerably, with significant economic benefits.

Keywords: settlement reducing pile;settlement; approximate numerical method;finite element method
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Fig. 1 Physical and mechanical properties of soil layer

(modified from the literature[3])
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Table 1 Foundation data summary of two buildings
25 A1 I 2
Qiot/MN 46. 4 54
Piot/kPa 66 60
peir/kPa 22 9
Peit/ Ppre <1 <1
K /m X 58 /m 50 X 14 75X 12
L6 AFIEE By /m 26.5 30
BER £, /m 28 26
BEAE d/m 0.3 0.3
s/d 6 10
ly/B: 1.1 0.9
FURE BT R BT /KN 220 330
R FRR ) /KN 660 471
FAERCR 211 104

R 2 A 3 e Tl 45 0 T

House 1:Conventional foundation
(211 piles:28 m long)
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House 2:Settlement-reducing piles

(104 piles:26 m long)

1981 {1982

1983(1984 {1985 |1986 {1987 {1988

1989

1990

o

N

2

S

4

S

— House 2

——

House 1

Average settlement:mm

6

3

B2 SoillbE B TURE (5] B seak(2])

R M £ . W LUE Hh L 2 M6 2 SR U0 R O L
o R 3T 2 DLRE A RO > — 2 S5 AR E

Fig.2 Measured settlements of piled raft foundations

(from literature [2])
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Table 2 Engineering application summary of reducing settlement piles
2% 7RI 2~3 2B 2 i 2 R E
FLREHER /m 2.5~3.0 4.4~5.0 0.0 0.0
B,/m 27 76 82 35
ot/ kPa 75 50~70 20~30 25
peit/kPa 25 0 20~30 25
peit/ Pore <1 <1 <1 <1
lp/m 12 18~26 21 9
ly/B. 0. 44 0.24~0. 34 0. 26 0. 26
i k2% P 1H/4 m? 1 #2/20 m? 1 #2/30 m? 1#2/1.9 m?
s/d 7 15 18 9
PR Tk [ 45 R+ E T 45 R 1 Tl [ 45 Bl s B A
FH+ZEE/m 30~40 >50 >40 m 25~30 m
ANHEKBUBY 58 B . /kPa 10~40 15~55 10~60 15~45
TR AE Ao 4% 3 4H 1L 33% 14~30% 25~33% -
S PR/ mm 5008 T 8 4F) 25GR T 3 4F) 10~2004 T. 2 4F) 8~ 22 (I [ A H)
SCHR A I8 SCHRCL] SCHRLL] SCHRLL] SCHR[12]
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Fig.3 Hybrid analytical model of piled raft
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Fig. 4 Schematic of raft mesh partition and pile layout
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Table 3 Parameters of finite element models
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A RITE A 25 1 I 2
MK E £/ m 50 75
A TEE br/m 14 12
WifE d/m 0.3 0.3
5 HEBEEL npite 26 26
BE B BRI AL A, /m? 0. 07 0. 07
B BEAE MM 167 B A/ m? 0. 94 0. 94
HE B 45 8BRS E /Gpa 3.06 2.04
RIS PTES g 0.45 0.42
BEMIAR BREER S f</kPa 19.43 17.48
ENU 45 2% BRIEEBH ) feo/kPa 1.76 2.85
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Fig. 6 Load-settlement curves for piled raft
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Fig.7 Measured vertical displacements of foundation centers
(modified from literature [3])
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Fig. 8 Calculated vertical displacements of foundation centers
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Table 5 Percentages of settlement of pile end

bearing layer %
I AR 2% 2 135 T AR f 25
R 1(s=6d) 75 76
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Fig. 9 Contour maps of soil vertical displacements
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Fig. 10 Contour maps of soil plastic strains

P11 Ay Kb A R bR 285 5 il G TRT b, i 8% i) 7
DA e I i 11 S 18 5 B U S N AP K [ B PN R - 2
SN ] TR B A0 #1942 Ud B 8 £ 287 20 A AR
JEG T ¢ 8 2% 7 FH S S ek A 0 A A S i) 4%
JEAG I R TR B W RE S R T A R A B T A
W AL R ) 4R o R BE B T A L X
B AR 7 AR B R B 25 AN BT ) SO AR B I
V7 7% I A1 DR i B B8 2 [ 3 A1 22 5 5 A9 45 4 T
IO 77« JRAT BERE A A B AE A 05 S A AR PR AL
A ) B ARG A i R S L 2 A A ] £ 5

(a)BH1 (175MN)  (b) #2 (108MN)
B 11 EZEREH=E

Fig. 11 Contour maps of soil vertical stresses
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Fig. 13  Axial force distribution of pile foundations
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Table 6 parameters of plane strain model

1 M2
MEEL  Ep.eq/GPa  foo/kPa  HEEL  E,../GPa  fi./kPa
480 7.06 10. 98 320 6.28 8.78
400 5.88 9.15 240 4.71 6.59
320 4.71 7.32 200 3.92 5.59
208 3.06 4.75 160 3. 14 4. 49
120 1.76 2.74 104 2.04 2.85
80 1.17 1. 83 60 1.17 1. 65
40 0.58 0.91 40 0.78 1.10
16 0.24 0. 36 20 0.39 0.55
8 0.12 0.18 4 0.08 0.11

UiF%/mm
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Fig. 14 Relationship of pile number and settlement
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Table 7 Basic parameters of sites

(A t k%5 E/MPa vs qpk/MPa
MM LEZ HRFL 6 0.4
MM LZE B 6 0.4 0.3
FAHCED - 20 0.3 0.8
ikt 40 0.3 1.6
mw L 60 0.3 2.5
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Fig. 16 Pile number and settlement curves with

different pile tip bearing stratum
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