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Abstract ; To study the cooperation work performance of stainless steel bar and carbon steel bar in
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concrete hollow pier columns under mixed reinforcement. The reinforced concrete hollow pier
column model was established with using Abaqus finite element software, and the applicability of
the analytical model was verified with test results from the literature. Based on the proposed
model, the seismic performance of concrete hollow pier columns with two types of reinforcement,
mixed reinforcement of stainless steel bars and carbon steel bars and all carbon steel bars were
analyzed. After wards, the seismic performance of the stainless steel-carbon steel reinforced
concrete hollow pier column was further analyzed with expanding the parameters of the specimen
model. The damage of each pier column occurred first at the foot of the column;the hysteresis
curves of the specimens were similar in both reinforcement forms; the stiffness of each specimen
was similar,but the bearing capacity and energy dissipation capacity of the mixed reinforcement
specimens were better. This verifies that the mixed reinforced concrete hollow pier column with
stainless steel bar-carbon steel bar has good comprehensive seismic performance. When the depth-
width ratio was controlled from 4 to 10, the axial compression ratio was controlled from 0. 5 to 0. 7
and the longitudinal reinforcement rate was controlled from 1.5% to 4.3% , the load bearing
capacity of the mixed reinforcement specimens could be improved by appropriately reducing the
depth-width ratio, and the ductility of the mixed reinforcement specimens could be improved by
reducing the axial compression ratio and increasing the longitudinal reinforcement rate.

Key words stainless steel bar; mixed reinforcement; stainless steel bar constitutive model; finite-
element simulation ; seismic performance
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Table 1 The test piece design for tensile testing
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Table 3 Load data of each specimen at different stages
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Table 4 Equivalent viscous damping coefficient of specimens
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Table 5 Bearing capacity and ductility coefficient of specimens
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Table 6 Bearing capacity and ductility coefficient of specimens
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S2 0.3 53.558 25. 660 99. 855 64.728 83. 563 140. 182 5.463
S4 0.5 80. 290 22.014 106. 181 59.223 83. 561 122. 619 5.570
S5 0.7 86.712 25.320 166. 871 69.218 132.258 139. 674 5.631
S6 0.9 62. 481 25. 409 91. 069 68. 993 70. 266 141. 114 5. 624
4. 3% B A B KPR BT TR 5 2 A 150 ¢
FBCAT R R T 4. 3% B 3 09 /K7 7 2k B
SR W, LA A S i Y, ”
AF T BTRETERE ; 50
T B AR 2 ) T RS A R AR LR T R 0
INFRHTTT LA H, SEVE 2R HGEA) 4 g0 10 w0
AR R WSS . YITRCAT R R T e
4.3% I AP IEVERA RS BTG R 5
RN T 1.5% ~4.3% W, 90 B 7 25 150 L 3o
{#/mm

g IR BOR, MRE IR AL S | AR
AE 7Bt

B 13 S3.S7 ~S10 KR4l
Fig. 13 Skeleton curves of S3 and S7 ~ S10

®7 IR ET EENE R
Table 7 Bearing capacity and ducitility coefficient of specimens
. LN Jei e i B e R BB WIRBT B FA ST
i R fis/kN fi/mm GFE/KN fB/mm WEV/KN 605/mm EY
S3 0.015 44.545 25.703 77. 842 76. 863 60. 410 143.034 5.591
S7 0.021 65. 381 22.372 94. 504 68. 255 84. 061 150. 061 6.781
S8 0.032 49. 866 18. 740 123.017 81.347 108. 691 128. 594 6. 803
S9 0. 043 82.436 23.291 127. 269 71. 445 97. 622 156.718 6.811
S10 0. 056 80. 650 21. 074 96. 724 72.452 59. 549 143. 601 6. 750

(1) 38 5 511 23 b %o 19 o 95 98 2 R AT
W R I, IR A BE A TR B 4 25 O B 7K 38 )
BORE AT IR BE LA OB R RS T
41.47%
KECHR], ERHIR A B 7T A 2R R EE 1
OB ZE B PR ERE

VAR 9 7 2 ) B S 5 T S 3 R B
4 ~ 8, KM G TEIEAR T MPiE, N
[l . G A2 %) 7R 2% B T 2 i) 8 =, o S
MESZAR T il R H B HIAE 0.5 ~0.7, [
IFP A5 B A SR AE 1. 5% ~ 4. 3% I 3E 24
PR P ABC AT T CE AN - RN IR

RERE 1 A7 T 8 o, ity W5 A2 4k

BE 2 O EHE R PTRMERE

FeHLAE



o 5

Ll TR AN - B R A IR MO AT TR BE L 2 DS TR P RERT 5T

813

&% 3k

(1]

ZHANG H,XUE P, WANG D, et al. A novel
approach to achieve high yield strength high
nitrogen stainless steel with superior ductility
and corrosion resistance [ J]. Materials letters,
2019,242.91 - 94.

SAKURAGI T, YOSHIDA S,KATO O,et al.
Study of stainless steel corrosion by hydrogen
measurement  under  deoxygenated, low-
temperature and basic repository conditions
[J]. Progress in nuclear energy, 2016, 87.
26 -31.

WU X,LI L L, LI H, et al. Effect of strain
level on corrosion of stainless steel bar [J].
Construction and building materials,2018,163 .
189 - 199.

MEDINA E,MEDINA J M, COBO A, et al.
Evaluation of mechanical and structural
behavior of austenitic and duplex stainless steel
reinforcements [ J]. Construction and building
materials ,2015,78 .1 - 7.

FHg e v PNV, S AN A A TR BE -
FE/MRLSZ FEERE [T, #IVT R 22240 (T2
%) ,2018,52(10) :19 —29.

(WANG Hailong ,LING Jiayan,SUN Xijaoyan et al.
Performance of stainless steel reinforced
concrete column under compression with small
eccentricity [ J]. Journal of Zhejiang university
( engineering science ), 2018, 52 ( 10 ).
19-29.)

AT TR, TR, Tl B o A PR AN 5 B9 4 1
TREE LA HURMERRIRAT 5T [T ], o K32
W BRBIFRR) ,2020,48(6) :803 —810.
(ZHAO Yong, ZHANG Chen, WANG Xiaofeng.
Experimental study on seismic performance of
stainless steel reinforced concrete columns
configured with high ductility [ J]. Journal of
tongji university ( natural science edition ),
2020,48(6) :803 - 810. )

e B, kR AN, I, 4. 304 AN EE N
PR EE LR Z TR [T]. I PE AR,
2019,45(17) ;36 -37.

(ZHANG Long, QIAN Peng, ZHANG Junjie,
et al. Study of flexural performance of 304
stainless steel reinforced concrete beams [J].
Shanxi construction,2019,45(17) :36 —37.

re il SR, T IDEIG S TC S AN B NN
TREE T2 BRI p e [ 1], A NF
2%,2018,34(5) :40.

(GAO Di, ZHANG Hui, WANG Xiaofeng,
et al. Experimental study on flexural capacity
of reinforced concrete beams with high-strength
stainless steel bars [J]. Building science,
2018,34(5) .40.)

(9]

[10]

[11]

[12]

[13]

[15]

[16]

MARANAN G B, ¥ MANALO A C,
BENMOKRANE B, et al. Flexural behavior of
geopolymer-concrete  beams  longitudinally
reinforced with GFRP and steel hybrid
reinforcements [J]. Engineering structures,
2019,182:141 - 152.

REFAI A E, ABED F, AL-RAHMANI A.
Structural performance and serviceability of
concrete beams reinforced with hybridn ( GFRP
and steel ) bars [ J]. Construction and building
materials ,2015(96) ;518 —529.

WUZ S, YANGC Q, IWASHITA K, et al.
Development of damage-controlled latter cast
FRP - RC hybrid girders [J]. Composites
part B:engineering,2011,42(6) :1770 — 1777.
EICI, A BUE AR, A5 R TR A
GANSZ SR I B AR TR E PR M (7] WL B
I EE (A REEIR) ,2010,26 (6)
1021 - 1026.

(WANG Yuanging, GAO Bo, DAI Guoxin,
et al. Analysis on overall stability of stainless
steel beams with welded I — steel[ J]. Journal
of Shenyang jianzhou university ( natural
science) ,2010,26(6) :1021 - 1026. )

PORE BN R B R
LT ZAERE[T]. 2 #5838 B4, 2016, 33

(12):1-5.

(LI Chengchang ,MU Minghao ,NIE Changxin,et
al. Mechanical and technological properties of
stainless steel bars [J]. Road traffic technology.
2016,33(12) :1 -5)

WA — UK 320, 55 DU A5 9 5 5
TRBEL A BT Sl S8 B2 o [0 ], TR PH
BOR 222 4l (A SRR, 2019, 35

(3) :445 -452.

(XU Chunyi, YUAN Yongsheng, LU Biao,
et al. Anchorage design and reliability analysis
of duplex stainless reinforcing steel [ J ].
Journal of Shenyang jianzhu university ( natural
science ) ,2019,35(2) 445 -452. )

o JE R e, FAE . AN IR B R P A5 0
VR s e R [J]. T2 1 %%, 2015 (3):
28 -40.

( HAN Qiang, ZHOU Yulong, DU Xiuli.
Seismic performance of reinforced concrete
rectangular  hollow  bridge piers [J].
Engineering mechanics,2015(3) ;28 - 40.

i N RIEFNE 3 5 F & 0. R BE -
ZERTETT A . GB 50010—2010 [ST. dE3t.
Hh TSR Tl H AL, 2015.

(Ministry of Construction of the PRC. Design
code for concrete structures: GB 50010—2010

[S]. Beijing: China Architecture & Building
Press,2015. )

(TR kA PSR XK ZE )



