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Experimental study on seismic behavior of bored cast-in-situ pile in soft soil area
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Abstract: The field pseudo-static tests on 4 full-scale reinforced concrete cast-in-situ bored piles with different reinforcement
ratios are performed at a typical soft soil site of Tianjin. The seismic behavior indice, such as hysteretic behavior, energy
dissipation, stiffness degradation, displacement ductility and bearing capacity of the test piles with different ratios of
reinforcement under horizontal low cyclic loading, are studied. The results show that the equivalent viscous damping
coefficients of four piles mainly appear between 0.10 to 0.23, and the displacement ductility coefficients of four piles are all
above 4.5, indicating good energy dissipation and ductility. Increasing reinforcement ratio does not significantly improve the
stiffness degradation process of the cast-in-situ bored piles and does not slow down the rate of stiffness degradation. Increasing
the reinforcement ratio can effectively improve the plastic deformation capacity of the piles, and increase their ultimate
displacement, and significantly increase the yield load and ultimate load of a single pile. Both the energy dissipation capacity
and the displacement ductility of the piles increase firstly and then decrease with the increase of the reinforcement ratio, and
based on the seismic performance of cast-in-situ piles, the recommended value of the optimal reinforcement ratio of cast-in-situ
bored piles is 0.63%.
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Table 1 Reinforcement configuration of test piles

FP5 EIkel DM EF I E B/ %
1 YZ12 812 0.46

2 YZ14 8d14 0.63

3 YZ16 gd16 0.82

4 YZ18 8418 1.03

R 2 YJEAZHEFMHRELER

Table 2 Mechanical properties of longitudinal reinforcement

JEMRGREE WIRPIRRE SRR
R mRE S WRERPURGRE SRR
/MPa /MPa /GPa
HRB400 462.7 671.4 202.6
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Table 3 Physical and mechanical parameters of typical soil layers

- TRE EKE EE WA #HEc  AEEM |k DG S E 7k 1= G CIE R =4
B/m /% /(KN'm?) tt /kPa o) B3 =20 C. C,
2a By 1.7 35.6 18.82 0.999 15.3 19.7 12.20 0.92 0.135 0.013
2b WRFHHE 14 39.7 18.16 1.142 11.1 6.9 17.80 1.09 0.185 0.009
2c AL 4.9 35.7 18.46 1.000 12.8 22.0 14.56 0.93 0.152 0.004
a ML 4.8 32.2 18.19 0.977 17.7 19.3 14.02 0.61 0.170 0.007
3b kit 3.6 21.0 19.61 0.619 8.5 27.0 7.68 0.45 0.097 0.008
Sa B 3.6 39.2 18.63 1.033 23.9 18.5 14.43 0.98 0.174 0.026
6a # 3L 4.7 23.0 20.47 0.635 17.6 22.2 10.82 0.49 0.110 0.011
6b ¥+ 4.3 174 20.99 0.522 13.1 28.2 8.02 0.37 0.085 0.006
7R L 5.0 31.1 19.33 0.845 29.7 24.3 15.52 0.56 0.144 0.014
8a F i 3 L 6.0 23.6 20.42 0.647 30.1 25.7 13.81 0.44 0.086 0.016
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Fig. 1 Profile of soil layers around pile
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Fig. 2 Horizontal loading device of test pile

A5 B R FLRE VAT AL b 5= far O AR T 2644 T [RK
SPARENLE] L PURENERE, KR CRFPUR ISR
JGI/T 101—2015, H45i6a CRFUHIEEA T TE)
GB50007—2011. (EFUMEIEF AFIE) JGI 94—2008
HORH SR T e LR ke, SRR - A TRA W
i, BEAAmEE B 3 Frs. A E IRETR
R amoma, 202 20 kN; #ENJERE, KA
PALREINE, HzNEIRAIRE A, FIfE, anriigiit
GYHIT s [REEH JAyalE  n a i] R AN [ o ke 5 SR 1 )
SO, X ARSI 22— X 20 mm. R FH A 2% )
IR B e N R 42 IR HT B 40 5 2 &l i
JE AT B s B R i R T ) e T S 2
A S B i R A i AR TR ) - RS R R T
1R 211, FHUIEHRRE NSO e . B (8L
) HEhniE, 4ERREZR (B0 4 min SRELE,
RIGENE, (BAF) 2E, 15 2 min FUCRELE,
2 T8 — I ENERAE IR s TN A E I 3 I
R HIE AR 1502 1B A ABE TR 7 R %



% 2 3]

g, A B DR FLREEBEBURR MR RE IR IR BT T 363

AR AT BN 85% BUE B A AR B SN IE T4k K
o

FIRFHHB B (SR B

R-TRIRATE Ay - TR
3 fE i I E R R E

Fig. 3 Schematic diagram of loading plan of pseudo-static tests
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Fig. 4 Hysteretic curves of load and deformation

FEAL R FEHI AT BT B, % HE - G ENE T 1 3 4K

¥, ATLAER], 5 2 S5 3 RIEA RN AR BU £
BOYIE, T FE B PIRAL T 1 R B 2k
N5, BIEEERA RGN, M~ A AR A &R
TR R SE RIEREAG, T RE. X —IURE
WA R ARAE LRI 58 1 AR I8 R A T ORI
ERVEARTY ) BEARTERL T — N T U B — 2 IR SENE
P A BE ] A A AR T & AR5 2 IR 3 RT3
NI, 3K PR P Vi B AR A S IR (2405
VER 25 PR BEARAEME L T X SR A FE A2 Bl I
FABE PR AR B AU e 3 P R R N B L
[FIREI, FECLRSIEEIING B, NN — 2
Monarid, e b2 3 YA I A A 2
P00 AN R 2 S SR K P AR BT — AN B AR
Ho BRI, BEEAAE GG AR, FERETIK T
REALHTHE 20 mm FOIERE A, ARV BRI A B 1] B
TR SRR, RIS 7K 7 DA S - AR (2 v AR
JSEA7 K BETT A~ A B AT A 2R B A2 I A5 L3R
s X W T AETUK AR B e R A A . B
B, FEAR — AR AT R AR, kA T X
BT 20 mm A7F PP AR T R R LA e
B TAELEZ AT 3 URIEA A B 52 40 b b - Bk iE
JRRI AR BRI NG, AZ AR R L AR B 7K T AR B
3 M ABLAE T b A s XoF I 1 5 KK T 7 a8
T3, RIAERTE - (AR AL b, BV I — Bl 2k



364 =

+ T B % ik

2018 4F

ARG soh, HE 4 TUER], SHmER
N 3 IRIEFR I EN AR B R oA £, BRI A
TREF—20 R, EIER R AR BE N EE O L 4%
PEXE N

FE) A PO RE B B T o B A [ A i, £ v
BT R T X R — N ED SR A 1) S FE R W
FNSE R JE R A TP R AR R A TP A 3548
ICHEIFERERE J7. QB S TR, BN (BB T L 1
TR B R — YOI EN 0 06 FR L FE IR A FERE W7s S i
HEN=% Qe B BN =W = K

é,eq :L. S(ABC+CDA) (1)

’

21 Scopropm
K, Susccpa VLS i B 28 B A8 B i AR, B
Ws Sose-oonNE 5 =¥ OBE 5 ODF Wi 2
*D o

N
ZZ%\

Q\ CF Xo
>

5 fEIRREE

Fig. 5 Hysteretic curve ring of load-displacement
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Table 4 Characteristic values and displacement ductility coefficients of test piles

fF /KN {3 #%/mm R IE

Ak  mm ‘ R Em mRmRe mm MRE
WM TR ey BRERRCOMAER hc bn nwms ke 4
1Em 37.91 47.05 60.62 51.53 7.45 20.87 50.90 95.84 4.59

YZ12 A 39.58 51.26 62.00 52.70 8.53 18.87 70.19 86.82 4.60
YA 38.75 49.16 61.31 52.11 7.99 19.87 60.55 91.33 4.60

1Em 43.70 63.44 74.86 63.63 8.98 27.75 70.57 133.84 4.82
YZ14 %A 42.43 63.03 76.38 64.92 7.94 23.92 52.29 117.15 4.90
¥i{E 43.07 63.24 75.62 64.28 8.46 25.84 61.43 125.50 4.86

1Em 48.37 78.20 95.81 81.44 9.06 28.11 80.95 149.56 5.32
YZi6 XA 49.21 80.39 95.10 80.83 8.32 34.82 101.33 169.55 4.87
¥i{E 48.79 79.29 95.45 81.13 8.69 31.46 91.14 159.56 5.10

1Em 53.08 97.26 110.05 93.54 9.17 36.84 141.29 184.69 5.01
YZ18 XA 51.69 98.24 110.67 94.07 9.36 38.38 123.10 186.24 4.85
$i{E 52.39 97.75 110.36 93.81 9.27 37.61 132.20 185.47 4.93
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(YZ12) #n%] 1.04% (YZ18), RI6HE (1) i ARA7 A%

SFE M 19.87 mm HZE 37.61 mm, KT 89%; A
i, AEBRALES FE1E M 91.33 mm % 185.47 mm, 1Y
MEIA 103.1%. AJ L, GAIFI5Z 7780 55 (1) 3G 2l A 20 &
R 7 VR T A FLIE TR A AR SR A RS, B K HEVE AR AR AR
AT AR TG . WA SCHR[29],  FERIA AR B 1 &
KT 3 BIAT R AR B E A R IR R s 4 R
RIOHE A S BV RBOYTE 4.5 DL E, RILHE BRI
VAR TERE S0 Fh IR WA s TR A L VR A I — i A
Ay BRI EERE. R, WTLAER], BEER
FERBG N,  ARESAE 7 A% A VE RT3 (E 2o
SRR, TEFCHZEN 0.82% (YZ16) Kk
Bl KAE 5.100 HTINA, X—IRMEEET, B
HRCH R MAWIE R, MRRALFE IS 2Rk eg, 4
FART B R e s K2 i, 7 1 VE R 208
Ne YZI8 HET YZ16, JEMRMEEK T 19.5%, 1M
W PRALFE IR A 16.2%, B2 YZI18 WIRIFE e R 5L
BT YZ16 BRIK T 3.3%. FiREBIZREM, MWEiFLEE
TERE AR AE VA FE BT, [ REARAE — D B AR 26
FT I E N 0.82%.

IR HTR, BEGFLEEAE A S A P R AL
Ee AN S W ES O P O s N
WIS BT IE Y R %A 0.82%
(YZ16), FEfeRe/ImMMEAIZHEN 0.63% (YZ14),
CEE AT BR I 2 AR, 0 TR X A L
TEAEAE I 58 fr ORI 26 R IR R RE . AT 1)
B PUEC 7 R A UE N 0.63%~0.82%; FEiZIGEN, &4
FLVE AL 1 28 14 1 e S FERE g ) 3] 2k B AL K
Fo

3 & i

ASCEIS B R )15, & B T
i X 40 755 VR 5 L FL VB Y AT A b A O AR TR S
PR KRR KPR tERe, WA THZ 58
TEREr . HEILLT 6 fighiie,

COBREFNE I 3 - 1R S 0% Z B 0 ar 55 4%
(IR K IR IRE T T ETF. KT ZBR% K BRI 4 it
P2 BEERCH MG, B4k b Ag Eom ARy
BEYE BLZ TR, IR 1 B AR TR R 1A Wi =

(2) S EFAE e [ it 2 3 B v, gt
BHJE 2B H7E 0.10~0.23 2 [8], ¥EREME fe BRI LT
BEAE P C A 2R N, HEVEAEAE B AR N TR
B B B A B Jee B (1 K AR TE B B ) S5 30 B e R 2
Py SR R e S R AR s ELIX B AN BORERE 1)
BAREC A AMKICN 0.82%,  0.63%.

(3) 4 HEAS [RI N A TC 555 256 FRIE VA A P D91 IR A R
PRI — 3, EIZRRI B A R AT, 38 K 0TI A9
FE RSl FLHEVE R AEfr 280 PR BRI S BT A% W 2 15
DABE T, AH FF AN BE B b D5 A A ViR ok L VR VA A ) I P
B FE, IR NIRRT =R

(45 P\ 3 TC 393 256 PRI o, S A 1 e R A 28K
R SR A7 2 30 A7 B (3G K s (E AR PR A 28 R 3 Kl 12
TR, RIS, 3O IC A 26 B8 A G K
TEMEIARBR OIS,  Cl AN TR A LAk FLVE Ve it i AR S
AR TV RE -

(5) BREEMM BN REUYTE 45 DL E, A
BRI EEMERE . MER MRS, BEERIAL
FE LM R AR eI RSN AR AR, AR — NI
MR B EC A%, FETIZME N 0.82%, LEEAHN
RS RE M RECTIAE] 5,10,

(6) NFEVEREFERE RE ) AL RS SEME AN J7 TH 255
e, T ZAIGLE R, TR X LT
PELEHDFE AT LT 264 R PR RE T &, A&
G755 1) e A T 7 2% e PR 22 1SR 0.63%~0.82%
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