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: The rigidity of the raft in piled raft foundation under

vertical loads will affect the foundation settlements
significantly. For small pile foundations, the raft or pile



cap of the foundation can be considered as rigid. The
foundation settlement is more uniform. The load
distributions of the piles can be estimated using the
equations of pile-to-pile interactions with uniform
settlements. For piled raft foundation where the raft is
relatively large, the raft will preserve flexibility.
Uneven settlements will be resulted. In such case the load
distributions are interested. The pile stiffness reduction
caused by pile-to-pile interactions is also worthwhile to
be studied. 3D finite element analyses will be conducted to
examine the proposed analysis.

The WEAPR-S program has been developed to simulate the
piled raft foundation behaviors under vertically uniform
load. Two-dimensional deformations of the raft and one-
dimensional deformations of the piles were solved in such
analysis. In this study, modified Lysmer analog model was
used to simulate the soil springs underneath the raft.
Ultimate strength model of the soils was used to simulate
the equivalent pile stiffness. Pile-to-pile interactions
were considered in developing WEAPR-S2 program. Validation
was conducted using Midas-GTS NX program. The piled raft
foundation settlements, pile load distributions, pile
stiffness reduction were discussed for the applicability of
such analysis.

It concludes: 1. The use of modified Lysmer springs and
ultimate strength soil springs around the piles with pile-
to-pile interactions formula can improve the original
WEAPR-S analysis. 2. The soils under the raft of the large
pile-raft foundation are important to the foundation
behaviors. The settlements and loads of the foundation are
both found large at the foundation center. 3. The number
of piles on the flexible pile raft foundation will also
affect the foundation behaviors. As the pile number
increased, more uniform pile loads and pile stiffness can
be found, and the reduction effect becomes trivial. As the
pile number decreases, the pile-to-pile interaction
influence on the corner pile is more significant than rest
of the piles. 4. The study reveals that the loads carried
by the piles of a piled raft foundation with rigid raft
will be much greater than those at a piled raft foundation
with flexible raft. The settlements of the former will be
smaller than those exerted at the latter. When the design
concept of grouped piles with rigid pile cap is applied to
mega piled raft foundation, the design will be over
conservative. 5. Although the WEAPR-S2 analysis can roughly
grasp the piled raft foundation load-deformation behavior,
i1t will underestimate the internal stresses of the piles
due to the ignorance of the structural geometry. Further



Foe Mg

cautions must be taken. 6. Stiffness reduction of the piles
in a piled raft foundation are affected by raft rigidity,
S/D and soil stiffness, since the pile stiffness is
changeable, the WEAPR-S2 analysis is not suitable to
monitor the effects. FEM analysis should be applied to such
study.

piled raft foundation, flexible raft, differential
settlements, pile-to-pile interactions, pile load
distribution, equivalent pile stiffness, stiffness
reduction
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Stiffness reduction of piles due to pile-to-pile interactions for piled raft foundation under vertical load
ABSTRACT
The rigidity of the raft in piled raft foundation under vertical loads will affect the foundation settlements
significantly. For small pile foundations, the raft or pile cap of the foundation can be considered as rigid. The
foundation settlement is more uniform. The load distributions of the piles can be estimated using the equations
of pile-to-pile interactions with uniform settlements. For piled raft foundation where the raft is relatively large,
the raft will preserve flexibility. Uneven settlements will be resulted. In such case the load distributions are
interested. The pile stiffness reduction caused by pile-to-pile interactions is also worthwhile to be studied. 3D

finite element analyses will be conducted to examine the proposed analysis.

The WEAPR-S program has been developed to simulate the piled raft foundation behaviors under
vertically uniform load. Two-dimensional deformations of the raft and one-dimensional deformations of the
piles were solved in such analysis. In this study, modified Lysmer analog model was used to simulate the soil
springs underneath the raft. Ultimate strength model of the soils was used to simulate the equivalent pile
stiffness. Pile-to-pile interactions were considered in developing WEAPR-S2 program. Validation was
conducted using Midas-GTS NX program. The piled raft foundation settlements, pile load distributions, pile

stiffness reduction were discussed for the applicability of such analysis.

It concludes: 1. The use of modified Lysmer springs and ultimate strength soil springs around the piles
with pile-to-pile interactions formula can improve the original WEAPR-S analysis. 2. The soils under the raft
of the large pile-raft foundation are important to the foundation behaviors. The settlements and loads of the
foundation are both found large at the foundation center. 3. The number of piles on the flexible pile raft
foundation will also affect the foundation behaviors. As the pile number increased, more uniform pile loads
and pile stiffness can be found, and the reduction effect becomes trivial. As the pile number decreases, the
pile-to-pile interaction influence on the corner pile is more significant than rest of the piles. 4. The study
reveals that the loads carried by the piles of a piled raft foundation with rigid raft will be much greater than
those at a piled raft foundation with flexible raft. The settlements of the former will be smaller than those
exerted at the latter. When the design concept of grouped piles with rigid pile cap is applied to mega piled raft
foundation, the design will be over conservative. 5. Although the WEAPR-S2 analysis can roughly grasp the
piled raft foundation load-deformation behavior, it will underestimate the internal stresses of the piles due to
the ignorance of the structural geometry. Further cautions must be taken. 6. Stiffness reduction of the piles in a
piled raft foundation are affected by raft rigidity, S/D and soil stiffness, since the pile stiffness is changeable,

the WEAPR-S2 analysis is not suitable to monitor the effects. FEM analysis should be applied to such study.

Keywords: piled raft foundation, flexible raft, differential settlements, pile-to-pile interactions, pile load

distribution, equivalent pile stiffness, stiffness reduction
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TR BB R BT ERL SEAEE RIS A ] ARTENBEACEHERS S o
FHRELEALR AREL PR T EEAAN AT E R 2 BRI BRE ek F
BB RH B MRS AN TR R EE R ARA T EE LR -

12 HHE OGEE DR R

ST E — 4k R Midas-GTS NX

3T H ok i (m/s) 120 150 180 120 150 180

5 ER S, 2mrdz e e R e
& AN Kps - d
R SR : BTER A X A @
R A 05 mr? 16T 5
o Kps = —4 -
BEYE AR b = X9

B aso r (KNIM) | 35778 | 55,268 | 78,369 | 32,794 | 49.848 | 64,644

4.2 7 U2 % W Midas-GTS NX

Midas-GTS NXi#c48 4 4 Midas 2> @ 51 B 2% = % AEEEEMo A E G o ey s 8
7 % # it o Midas4 47 12 = w %8 (hexahedron) =~ % % i #gﬁa > # = & 4 (triangular prism)=~% » &7 =
AP VR E T WA HAH I XY TG BAE > B ZiP ¥ R SR R T kR
B Rl > o T 2 PR o R 2 eI S BRI R 2 e
FHARR o 3 U A2 o2 BR e RHAAERER AFGEERER B R A - REER
(consistent boundary or transmitting boundary) - # #= 3 #-12 zl_d\j;‘-’ g i (o LR gt R
AR AE A AR AT ARSI R R BT LR E AT
ﬁ’?ﬁi%%*+‘“Mﬂ¢~ﬁﬁ*&‘éﬁﬁ%w\§ﬂ@|ﬁgﬁﬁ\gﬁg7ﬁ
WHRG EHEELZ FIRAITEFALERTL B R2 et 22 w3 224t
FEEHER > T EP A & Midas-GTS NXA 45 B 14 % 2 A 4715 2

(1) ~ ke R

PAZ AR 2ZRPE e R7LUBERNE 22 5d XL HBE R~ B2
EdiTl TE AT RS H RS o AT % * 2~ g 8 (hexahedron)~ % 5 3 ’fé'jﬁ"a"/‘ £ = & {a(triangular
prism)~ % o g A= B(XK-Y)T G ¢ 2 o ﬁﬂ&,&#@,rfz~ i ARz mAd s g ERH e
H2 FRefipT 2R AR d ¥ 2k B9 B Skt B8 =’5<ﬁiw)§' Z)F
BREE LEFRATEERERGEE S BN RS2 RREFRoME 7 ARRHRE E LT RS Hé«
2l ?Jﬁ’*ﬁ-‘ﬁ BB ATTHMELSER o AT HRERA S 6] %?Lf“fﬁﬁ:ﬂ' | > K~ % = 05m
S-Bo BAAZEFIME - 2o FEAFAFEIME - 2o

(D) HE R 3 R dR

= BPWEAPR-S2#25V i f7vh i v 3 VA RF BE HCAE I ARG (7 5 8 T 0 > & 4F WEAPR-S2
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2 Midas-GTS NX %#c— =4 » &7 3 12384 fit#c(elastic modulus)#? 4p #1+ (Poisson's ratio) 3 i & 445!
Fce TR 0 B9 o RUE L B RH S 3x10° MPa -~ it 50155 Ak 4 M 8 5 128MPa(¥ st
74 L 150m/s) ~ fprr 5040

() FRhFEEXE

Midas-GTS:# % % i+ 2 & 5 ;% £ -K&(roller support) » & 4= N/ & BEAHE 4 508 %4 AR - 3t 4 45
BXZe (A5 )~ YZ5 (3 6 )2 AIXY(- ¢ )w BR 2 SBABEIX YIeZe fd B o gL
Bl % 4z & -k (hinge support) -

(4) A7+ PR

R R N T S A S SRR N !
=200mx200mx60m -

43 HEHI FIFF S £

~F2 3 31 % Dobry and Gazetas(1988)i£ i 2. ¥ #5854 I 4] F]F 2 255 » 4o 54 (2) » 2% 3 f250 (10 E

P REE A Es LB AHEERALREE "3 S RARERDY - AFIREA RS

WEAPR-S#z;% » # 202 8 3 MR (L2 L Rtk AX 4 > N2 X ERIFIEL 2 ErG8E PR IT

BOHERp c B3R RTUN L BRAIEE S SR D REFARRKT TS A RE BRSPS

(Chang et al., 2009) » 2% 38 = #2830 F 727 | * PAE R o

— $)05 % (—8wS/Vs) y p(—iwS/Vs)

(r/s) e e 2)

2P o Ven T4 iE E =2 iﬁﬁﬂ‘ﬂl‘il’u o R TR A S (F =0T 584 ) SEART HE
E’F'g'\ :ub%ﬁ:uﬁ&&]—:”rﬁ.é

5, BRBARE P

51 &EHI

Bk < A e A AL R Hd 0 BA ?x%xr'%s =26mx26mx1m > & 3@ ;% ; Bg%, ﬂ%,a 7 /&1m >
£ 220m > Ho pEE RS (SID)8 6~ 40 H AT 2162549 A FE L
o RS S Am 5 R R 4 B 0 #c30GPa ~ a1t 015~ B wa‘24kN/m WAL ARS %*4 t¥ %= éﬁ

Boir (F033 0 A8) 0 2 T T 4 i V=150m/s ~ 4p it v=0.4 ~ B = F 20kN/m® o d 3t eh 4 gt 4

AT S B R Bl Bl R - B o B S v IR 2 (SID)TE S R T Sl
AR By ke IEMAFF LA PFTREERTAE AT RS &&@;ﬁwbgﬁﬁm’
(L ESEE § NS (vs)+ﬂ$ % (]150m/s > #74 V=120m/s§-V=180m/s » 2 3 4 4>t (V128 % $]0.4 >
H4ev=03% v=0.53 B 5Bt o b 2 AHm i F BUREAARF L EPE I3 T HE T 7J< ;
A BRBEF L AFXIO0KPasH &8 fmE 18 o 0+ 2 ET A R F R TG x;:}ii%ﬁfmﬁ}a
R FHE M F- e FARR T CABREART L Br o d i e - L gpd ?
Ao B TR REERA £k 0 BT B IME KR a4t 04 397% jF£100kPath Y B 10k H £
B AA T+ 2 B - K9 1 10kPa (CITIMA)FEE 2 > 1 54 2 RHATRAE R (P 5230
2016) » H ¢ AHFEfF AR LD FRREAR N AFTRE -
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L %,éﬁi@Mldas GTS NXHEAHR AT RACHE E 2 BB XA 1755 40B3 7 d R
PEERNEHSED BAY e £IEBIR S o KA B HBELIERCE AL E L R
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B3 Midas-GTS NX PR26HE I % b2 # 4 (=4 & i)
270 O @
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8- ®
6
4 ®
i
2 0.0096
s o )
>
2+
-4+ ®
-6+
8 o
10+
B . Sl P
2 0 2 4 6 8 10 12
X-axis Unit : m

B4 WEAPR-S2 PR26#%# % &) 2. #% 2k =45 & PP

%3 Midas-GTS NX£& WEAPR-S2E & % ] & 47 2. 24 & v e &
AL E | Midas-GTS NX | WEAPR-S2 | 48 $igmus 25 %
LN 43 9.8mm 9.6mm 2%
313 7.4mm 7.1lmm 4%
A % 25 5.6mm 4. 7mm 16%

WEAPR-S24% ;% ] * #5 ¥ B
WoF 3 ELivr pFos %E/ﬂfrﬁ;’}% [R=F N A A
0.065m > FiT#H A7 w A5 H 452

R 2 B R BRI S 17 A RRSE S WO
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% CST

g e

¢BK AT S B R
et 2 F”#Bé‘ff*%’ﬂ % 0.064m4c
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B5 PR26 S/D=4%52 2 B Ap ¥t =4 & » % Bl

B5¢ 24 FuRIL2HEKBI2ZFHAEEHSE0064m > B RSB 2FAEEHE
0.065M: % #42 2 FMApH B A FHARES »BEEF DAL » TR AP vz HEH 208 E o
Bk o iy ot 2 BAp s B £ (dg) v BIF 2 A 12 2 B Ap =8 £ (do)4p IF - WEAPR-S2
FEN A s o AN A 1TS/D=4 6% G o AN REE P B KA B(Y e B hg
L) A B2 PR L EF A2 - T car o @ S/D=8pF FIH R Gl m iz L FIAP SR IR E S A2 -
T R D 5T R R A B A B(P gk Bl ArBR) B E 2 Y
L 2L 87 fp X =0 BB Ao BI6F T o
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RMS Error(%es)
o 8
I I
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Iteration number
B16 PR26 S/D=8{ =4 & 2 4p $1%e 35-Z &2 fp % = bl T2 ]
53 I HTREF

ek 2 K ¥ 4 i# (Vg 5 120 ~ 150 ~ 180m/s » % ¥ ¥ 4 & :x % Midas-GTS NX2* WEAPR-S24 47
BEARKACE2 B8RRI AORT o 44702 JORECEE 2 R RS A R AT S ©
* GV pfrE=2Gx(1+v)H & 2 3B Hlcie (74 47 Bk fa it 5 048 - $H 2 S I HHc A &) 5
E=82MPa ~ 128MPafr185MPa - ¢ 7% B 4 @ M4 MR A B EP R > > 2 L RIS B
S A DAL B A S ARAT 0 A om0 2 BH AR R HOT e B AT A B P49 ¥ P & - WEAPR-S2
22 Midas-GTS NX# & 42 5% #5447 % 1t fide £ 4 > d 24 7 3757 WEAPR-S242 58 4 472 7 (744
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@ -@- @ \WEAPR-S2 Center
A -A- A WEAPR-S2 Edge
I -- W WEAPR-52 Corner
O—O—O Midas Center
I\ Midas Edge
D—D—D Midas Corner

Displacement (mm)
S 8
T

=
I

0 | ‘ |
120 150 180

Shear velocity (m/s)
7 23T 4 ki EPR262 KA =45 £ v KRB
4 3ImT 4 pE R EPR6Z AT B RA

* 1;@212;&@ A E | Midas-GTSNX | WEAPR-S2 | 48 $Hsmeg 3% £
P B 14 .8mm 14.7mm 0.3%
V, =120 X3 11.4mm 11.3mm 1%
R 8. 7mm 7. 7Tmm 11%
LY 43 9.8mm 9.6mm 2%
V, = 150 w2 74mm 7.1mm 4%
f 18 2k 5.6mm 4. 7mm 16%
s 2 7.0mm 6.7mm 4%
V., = 180 H s 5.3mm 4.9mm 7%
AR TE 3.9mm 3.2mm 20%

531 A#h4 A pid

DR AR RARS AT RT E R RE AR §F 2R R F L Ftie- AEHA
ﬁ,&%i S5 o Midas-GTS NX#s 2 At 4 A% d ¥ e & BERER - 2 A }_%‘K;‘;_U%.

& Ac2 1.4%~2.5% ; WEAPR-S2/ 45 & % 24 "Ta &5 a0 > ¢ wfi® 4 B wﬁ,*;?‘;—ka ,
w,ﬁ;&/- s R AL ARBE S B2 15%~25%,,+ ET 4 RN L ARRS T ARFRE Hw
R A KRR Ar£D e

“—N+

%5 3T 4 L B PFPR26Z AFE 4

iﬁgziz]:a ® BT E | Midas-GTS NX | WEAPR-S2
LT 2.5% 2.5%
Ve =120 X 2.1% 2.0%
A R4 1.6% 1.6%
LTS 2.5% 2.5%
Vs =150 i 4 2.0% 2.0%
f it 1.5% 1.5%
T 2.5% 2.5%
V; =180 H A 1.9% 2.0%
A i 1.4% 1.5%




5.3.2 A BT R ITH hdk

Midas-GTS NX 5 i FR A 4758 % > Fl mEp L E3FH A4~ 4o 58 ¥ 2 & & » WEAPR-S242 5%
S ¢ AR IABRA LI CET PR PP EREBRIANAE c JESEF P ARS R
FOHRITREGEPERC]) IR EF S AR A ofrdb gt 2 A FIAKRKEARIEF &
A AR EoBEE D RAIT ) ARECEY D RITR G 81%2% > H A4S Rk 60 1 AR F AR
P R ARDRITRE Gl ERRFLHRFETE SR

26 FIET 4 i g pFPR262 AR E 2B R TR Gl i

ERANER | o % | WEAPR-S2
(m/s)
b o iE 1.0%
V. =120 H s 0.0%
A &5 2.0%
P A 1.0%
V, = 150 H 5 0.0%
f [ 45 2.0%
LENY 1.0%
V., =180 | H G 0.0%
4 [ 45 2.0%

MEEBERBEYE

HAE S R Y E Bk A2 = 100% — =
v A RURBEHBEDE

5.4 PhIE 5 B

POERITASIDEE T EAE R RENE BRSO EE S 54 S G
e8> A kA thlicE & ] 5 49 ~ 254016 > S/DiF > A th e E H 4e > SIDA{ e AR IR 0 o 2 Sl
B % 5)V=150m/s ~ v=0.4%£S/D< % Midas-GTS NX2r WEAPR-S24 47 5% % 2 & sk =4 & % 4o B8 -
BERAAHZ HACH ELFSDEF B REAABREKEH > AR B ETH > pESDF - &
AT CBEHEER S gL 0 ARE) BRI ARAF IR LEFE AL R ¥
B A & A BB A e 0 B P o KA EHE 0 B I S 4V=150m/s ~ v=0.4pF - SID%
CHEHBREAAR AT ZBATHE S SR T o

40
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0 I\ Midas Edge
€ [CHHCJ Midas Corner
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©
a
@
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#7 SID% 1 pFPR262 % A#H LA =4 £ v £

HotE sk | BAME | Midas-GTS NX WEAPR-S82 A8 HHimeE R £
LN 5 9.8mm 9.6mm 2%
S/D=4 45 . 7.4mm 7.1mm 4%
A % 2 5.6mm 4.7mm 16%
LN 1 . 11.0mm 11.7mm 7%
S/D=6 g 41 7.9mm 8.3mm 5%
AR5 B ‘ 5.6mm 4.9mm 13%
LNy 47 12.3mm 12.3mm 0%
S/D=28 i§ 8.6mm 9.3mm 8%
A & 2L 5.7mm 5.lmm 10%

541 Atk4 A pe

AT ENARS/DEHY =B - AR FIP AR S RFEETE - R ARAp T
% S/ID=8PF & A ¥t 4 $3%~11% > ¢ BHE 4 &+ S/D=6pF £ A% 4 925%~6.1% ¢ < HE 4 K
% 5 SID=4pF & A% 4 915%~25% 0 ¢ w4 Bk o Zﬁﬁﬁzgi\aﬂﬁﬁi Athx 4 urf«fr AN
FT AR w2 AT B o e RS/D R AR A R Y 2R 4 2 e
BEI I REHECAEIESEERETS T B9 W«L HAp P e gS/DA A e ;Y 4 R
R ABRRA BF B A7 305 2MART S BB PR E 2 F 4t o R Y LA TIS/IDRE S A
PR A S o AR 4 A e SEFSIDH A AR A F AR D BEAPRS/DRE 0 2T S
PR AR A A s e FlAR R 2 a2 T 4 R 2 R R o R B A
KA AR LR A dortd a2 TS BT B2 bt 2 AR 4 SIDR
PGP SR Ap o VRIS ¢ T SIDRF o AR 4 B R < 30 2 ik 0 WEAPR-S24 41 7
A S At faRiT > RS v R R
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Pile load (%)
T

©® @ @ \WiAPRS2 Vs=120m/s
A A& A WEAPR-S2 Vs=150m/s
10— - A WEAPR-S2 Vs=180m/s
OO0 Midas Vs=120m/s
I\ Midas Vs-150m/s
OHOH Midas Vs=180m/s

B9 S/D%i-pFPR267% I+ 3T 4 2 ABRBFL L 4 Fan
542 AHBSRIITEGEK

RF B E BRI ELEPE ARIOGER P AITF AEPP EXSDEE Ak %
Frtee 2 41 B frCo) = T AP B > 52 53 4 Tk a1“-”"*’S/DF£L§ Prded 7§ AipEE AR S frds
1‘r1a«é" il 2 At BHRERI f"*ﬁt‘“fftﬂ S SRS R S SR
P AEEfrE R P E R L AREERE S 7%5; Lo B ATl Ac A 8 0 AR B RS B
RATRGEE DT ¢ HBREBRI F AT  ARE EE DR 2 HBE DR oRARE(R 1)
AR T AR E R TR TR G 2R 2 R R T ] Gl e eran g o
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%7 SID% I EHBRE BRI HAES o R (BB B E =8 T %3 F10)

S/D=8 S/D=6 S/D=4
ERECE 53 ERECE S ERECR 03
KA R A R Kt K
Hfv v g
i FB s 35 A i 5.1 i ik 9.4
& i LR 5.5 # g 10.0
P 4.0 o s b M 5.6 LT 104
P4 59 EL LA 10.5
P A 6.0 794 5+ 4 10.8
il 6.2 74 P 4 1.2
NiA NA ME R | 113
NIA NA 3P 11.6
P9 d R 11.8
LT 11.9
1: J
3 g5 5| A i
2 B EAE
o) % o) o c 6 ° ¥ Rl
(0]
N
O o] O (0]
O O O O
B110(a) PR26 S/D=8 th % e A ¥h & 4
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12 3 ° °
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B110(c) PR26 S/D=4z #5558 5 & 4
%8 S/D% it BFHPR262 A 5% > ¥ o B 47 A i(Rp) . A

S/D=8 S/D=6 S/D=4
A g Rp K E Rp A g Rp
f Pt 42% 4 Fe s 8% A Fa s 2%
& g ik 37% $ Y 0% & ok 0%
¥ R 0% A Sk 0% e ek 0%
Ml 0% F4 P s 0%
P & A 0% IEREIE 0%
P AE 0% P340 P9 s 0%
N/A N/A PR & Rl A 0%
N/A NA & MG 0%
A alb A 2%
LT 2 1%

B8R T MEFSIDR S AR R P 0 ARETEY B RITR AR 0§ AR E Y- LR
BR(S/D>6)FE » AfE B D RITHF L HTF 2 A ARG § ARKER S ARKE
POBF SR A FARIDS > A L ARIOGEF P RBRIT > FIP S RITRGT LRI P A S/IDE AR E R
FORATR GEM BRIl = BSIDE G Y o £ WMIRY F FAATRET S 0 JI7 p Ao 2 2
#2575 (r’=0.999) » = 258 402 55 (3) -

Rp = 0.05515 x ¢(0.82985)%(S/D)] o
I Legend
V=120~180m/s A centsr
“ A  Edge
2=0.3~0.5 @ comer
60 |
g
e 42.16
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55 HERI R
551 F BthH A#

B2 4 B2 0 1428 ¢ (ISSMGE)F A AL | & (TC212)# &1t i A a3 7 3 $IH
DY A A 2l (Katzenbach and Choudhury, 2013) » H & = 75 ~ ZAfR& 2 EE R4 F% 4] > 2- H R4
B g 2 LT B 4cB12 - BI128 T B i AA AR P o A A B(a )& B A#HT
m:fiﬁ Sp)frE = A#H (W K A)THAE (Ser) 2+ B (Sp/Se) T ®H M BR - AT Atk s A2
IWI2 SRR EAeBIB e AL AT & D alicdy B E R IR TR RER 0 A 17 & bRk
TR A AREAA S I ERACH ERTE ARG I bR o B FS/DIc L Hp
YR A\%fr..‘%% B 4 PRI o M PR T AT HREAHZFRFE H(apmimh i ERE
AA A AR B 0 B (Sp/SaAPLT o e AL+ (2016) 1 ALEH LI B 2 i R AR
5% (dy | Fn"’*‘i%ﬁ‘\?v 2w *‘v)ﬁu - ROAFFTREZREID BREAAB R IR BFLE
AT TR BE ARV r A AH S FAH G BFRF PHER T RISAATETREZE - H
P AIHE

. Combined Pile-Raft Foundation |

b gl |

0.0 . @ am
1.0__«_&%\__\\/\\&\\\

Rl12 g AAHCK - TR R (from Katzenbach and Choudhury, 2013)

Combined Pile-Raft Foundation

X >
0.0 1.0
0.0 | >ay,
Legend
® :SD=8
O :SD=6
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1.0— Groen : 04
v Blue :v=0.5
Spr/ sz

B13 WEAPR-S2 PR264" 47 . & % #l>* ISSMGE#, 5 3% 3+ £ &
552 KB AR

Fabz Ay Ay R A A B AH S L B AH T AT 24 ACI Committee 336 (ACI, 1988) &

% E| Gendy(1998) - aaizw BHEAN S TE BN E AR RIEA D o .; ERAFTY R TRR

LI By U WA éﬁﬁe w0 AERGHE BERE SR AHAETED AT A% o G 1‘3—‘*%&%'] )

BAE AL R AR B RS S 12 5000GPa > i adF E R I T ‘“i‘aﬁ BAARRS EPE R

oo AR B BN i a5 30GPa 0 ] * WEAPR-S2£ Midas-GTS NXig {7 4 47 - WEAPR-S2°¥ 1 3%
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SEE ©UR @ Lysmer2 3ESEE 5N 0 H SN YR A ARd BTG R GV TR K
&éf’w FEBIRE o BE o R B B E 0 F fisd 2 B s 8 £ di=dy90.03m~0.045m - k]
PR AR R AH S ] AR S R B AR R R varﬂﬁwwﬁ* e o RAR G
B 5 10°GPafriR e 4 4t 0.1 L 00 F = 35 Sdct® R 3 AR L R A # - Midas-GTS
NXE TR S ARSI Rl AABACH B2 L B iwHaL £ & 4f > J5d B2 L R wiaE
Hgrpt AA LT SR AR S FLY SRR BAAT B E TR > T2 LB UK 2 o i Sk
AR BAL R IUHEE S 9 50.00Im FpF RHAL L KA LT LT 243 o Midas-GTS NX¢2
WEAPR-S27% & 4258 i (T Wl B A#A 1T 8 % 4T > F AV BN AHL B A B E - R S
29 AT REV FRPHEEAHZ BANIGER I BBREAH LR wrmEs 2 P& > S/ID
;‘)é“ CERACHEL EF TR BAY BB E R o Bz o £EEREC] 0 FARR T

BAAAE o B ARN A TR R 2 dp L L F 10% 0 T > P WEAPR-S24 45 B M 5 A A 2 T AR
]“J‘ V- HEHBARL S rARECEY P RITR Rk

#9 S/D% i | 1EPR262 & A =45 £ v A

Mo sB giis gt | KA E | Midas-GTSNX | WEAPR-S2 A8 $Heg 35 £
LN 7.8mm 7.1lmm 10%
S/D=4 431 7.6mm 6.9mm 9%
A [ Es 7.2mm 6.7mm 7%
LN 4 8.4mm 8.6mm 2%
S/D=6 4k 8. 1lmm 8.4mm 3%
A [ Es 7.8mm 8.2mm 5%
LN 4 8.9mm 9. 1lmm 2%
S/D=8 E R 303 8.6mm 8.9mm 4%
A [ Es 8.2mm 8.7mm 6%

55.2-1 & #,4 Ape

At FRAeA 10 EFSDECAARTRAY w2 AL 4 A& BREXBRERIT FIBE R
P A#HZ AR A RREIEREAHNF  BIEREAFE AR L A8 s
éjufr A w2 AR A AR EFSIDILR  ABRX AR 5353 0 EBREAKL B S BE
TR E I PR AR T EFABREKEN L ARR S AT

%10 S/D% it pFk|1EPR262 A 5% 4 W ik £
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EAmE B2 h Eirm g B h EA g £t
& i 7.0% i F& i 5.0% A ik 2.8%
& A 6.7% EET 4.8% EXEss 2.7%
¥ i 4.7% E L LA 4.7% # N 2.6%

7l 45 3.6% EL L AGE 2.6%

ICEC R E 1.9% Pl s 4 2.5%

P iy 0.5% P9 P 4 22%
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