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Seismic Performance of Column-to-
drilled-shaft Connections

ZHANG Penghui, ZHOU Lianxu, WANG Zhiqiang
(College of Civil Engineering, Tongji University, Shanghai
200092, China)

Abstract: In order to deeply reveal the force
transmission and damage mechanism of column-to-drilled-
shaft connections, detailed finite element simulation of
exist experimental test was conducted, and force
transmission and damage mechanism were analyzed. After
verification of finite element models, the effect of shear-
span ratio, embedment depth, connection diameter-to-
column diameter ratio and pile transverse reinforcement
ratio on seismic performance of column-to-drilled-shaft
connections was studied by numerical simulation. Results
indicate that proposed finite element models can
adequately replicate the mechanical behavior of column-
to-drilled-shaft connection. The damage of connection
region is presented as pile stirrup yielding induced by

horizontal compression from embedment pier segment.
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Additionally, the connection strength increases with the
increasing of shear-span ratio, connection diameter-to-
column diameter ratio, embedment depth and pile

transverse reinforcement ratio.
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Tab.1 Measured reinforcement strength

for specimens

A ZH A AT PR WA
Sf/MPa  463.3  482.7% 4544 4827+
DS2
f/MPa  735.7 655.3 702.6 757.5
fi/MPa  448.2  482.7%  475.8  482.7*
DS4
f/MPa  661.9 717.1 675.7 675.7
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Tab. 2 Measured concrete cylinder strength for
specimens
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Fig.1 Details of specimens (Unit: mm)
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Fig.2 Configuration and mesh density of the numer-

ical models
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Tab.3 Parameters for bond stress-slip curves

v 24 BN ARG SR AR
7,,/MPa 16.08 7.55 0.32 0. 30
7/MPa 6.43 3.02 0.32 0.30

DS2 51/mm 1 1.8 0.01 0.01
5,/mm 2 3.6 0.01 0.01
55/mm 10.6 6.2 0.01 0.01
7.,/ MPa 15.99 7.73 0.32 0.31
7/MPa 6. 39 3.09 0.32 0.31

DS4 51/mm 1 1.8 0.01 0.01
5,/mm 2 3.6 0.01 0.01
s3/mm 10. 6 8.3 0.01 0.01
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Fig.3 Comparison of backbone curves
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Fig.4 Comparison of crack distribution

3 EEKIFBIAEX ST

N T PRUEAR S R AR T EE , FE00 R AR B I S
PERE , —J7 11 75 ZEORIE A ZE 42 DN B S5 77
HAT RS IRl T B 5 55— i o P e A A8 0 1Y
i 513 LA By L1 $ SO0 )7 A2 . McLean il Smith™
KIS Bk 1 4 A3 e i P B i 42
H AP 6a i 78 AR TR AT , A JC 4l P42 (1 A
Z AT AR R AT (B R AT 0 08 457, 3
SN T S ) B A, AN SRR BE L I BTR SR
DA 353 o A AT S 7 R T B BIRAR S , AR 7 S A g
6] F49 7187 , ] A 30 2 DX Il A ) e oA ] By
_ Avfids

A fu
A A D BRI 3 AR R T AR 5 £, Ay 317 e e i
15 LRSS E 3 A NI A SRR AR 5 £ A
I BRPTRLSR AL . HE— 20 M, %) T R A A S
PESEGAA A G e 42, S 1 AR L ) = AR AT
B (& 6b) , 15

(4

S

_2nA [yl
Aifa

% 18 3 3 (2) AE F T 7 A o 24 FH 0 5 450

AASHTO ™% b 47 TA& 1E LA F T 32

TRYELL, P

 2mA Ll

Se— 7@4]]21

2 B R T SZ AR AR BT BN

R LU 3], T Ao R T ) 25 SR AT A 2 3 A
TARSFHBICH 0. 53 A SR B LBUR 1. 740

432 o 3 B DX A i AR R R AT T ek

PEES AR 7 X A B SR DS 45 T PR A3 G4 i

(5)

Ste

(6)



5 3 TR , S8 AT AT AW — S e A DU R RE 2 BT 327

% —4-03% #-0.7% —o-12% —-20% *3.0%  FfH: 403% -w07% —12% --20% —*3.0%

i ) . 800 . i . 30! . . ) 800 : . i
0 0.002 0.004 0.006 0 0.002 0.004 0.006 0 0.01 0.02 0.03 0 0.0006 0.0012 0.0018

F el e i 17 1 A 5 A APk i 1 17 A2 SR AR SRR 17 A2
a DS2if{

R 4-1.0% -W18% -*-3.6% HiEH: 4-10% -®18% -*36%

WREE / mm

—800 . L ) 800 1 1 | 80! L 1 ) 800 . \ )
0  0.002 0.004 0.006 0 0.002 0.004 0.006 0 001 002 003 0 0.0006 0.0012 0.0018
FR A SR A 1 A DA L A 1 A R AR LAY A
b DS4idft:

E5 AREBETIRAMELERII

Fig.5 Comparison of measured and computed reinforcement strain with various drift
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Fig.7 Stress distribution of stirrup at the top of pile
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Fig.8 Comparison of pile stirrup strain in tension

side and compression side
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for the models with various shear-span ratio
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Tab. 4 Details of considered specimens

%% D.J/D, h., p/% Kg/(KNemm ') F o/ KN
Al 1.2 1.4D. 0.35 14.59 255. 14
A2 1.4 1.4D. 0.35 16.82 266. 90
A3 1.6 1.4D. 0.35 20. 30 275.10
A4 1.8 1.4D. 0.35 22.92 284. 84
Bl 1.3 0.5D, 0.35 A\ 189. 89
B2 1.3 0.8D, 0.35 14.62 234. 50
B3 1.3 1.1D. 0.35 14. 88 252. 20
B4 1.3 1.4D. 0.35 16.19 254. 20
€l 1.3 1.4D. 0.28 16.15 249.43
€2 1.3 1.4D, 0.40 16. 26 263. 59
€3 1.3 1.4D. 0.53 16.37 272.88
C4 1.3 1.4D. 0.81 16.52 285. 80*
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Fig.10 Comparison of backbone curves with various

connection diameter-to-column diameter ratios

O -
—150 1
&
g
~ —300
{%
iz 7
2 &S
—450}F 1/ -m-D.,/D.=1.6
i -&Dy/D.=1.4
. -o--Dy/D=1.2
_600 1 i 1 I
0 0.25 0.50 0.75 1.00

o /]gvn‘
E11 AEMHEBERL TR N2 %

Fig.11 Comparison of stress distribution of pile
stirrups with various connection diameter-

to-column diameter ratios
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