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Experiment on seismic performance of prestressed CFRP tendons and rebars-steel

reinforced concrete eccentrically tensioned members

ZHANG Peng , HUA Dongsheng’, DENG Yu, LI Zhenzhen , GUI Jinyang , QIN Xuansheng
(College of Civil Engineering and Architecture, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract: In order to investigate the seismic performance of prestressed carbon fiber reinforced polymer (CFRP)
tendons and rebars-steel reinforced concrete (SRC) eccentrically tensioned member, the low reversed cyclic load-
ing tests of four members of prestressed CFRP tendons-SRC eccentric tension, 4 members of prestressed rebar-SRC
eccentric tension and 3 members of ordinary SRC tension were conducted. The test parameters include eccentricity,
prestressed tension level, vertical force and the types of prestressed tendon. The results show that the failure modes
of all the members are bending shear failure, and the hysteretic curves of all the members are full and the ductility is
good. With the increase of eccentricity, the bearing capacity, ductility and energy dissipation capacity of each com-
ponent decrease accordingly. With the increase of the prestress tensile level, the bearing capacity of the component
increases to a certain extent, but the energy dissipation capacity decreases, and the ductility coefficient increases
first and then decreases, and the increase range is greater than the decrease range. With the increase of vertical
tensile force, the bearing capacity, ductility and energy dissipation capacity of the prestressed CFRP tendons-SRC
eccentric tensile member decrease correspondingly. Compared with the ordinary SRC tensile member, the
prestressed CFRP tendons-SRC eccentric tensile member has better bearing capacity, stiffness, ductility and crack

resistance, but lower energy consumption capacity. Compared with the prestressed rebar-SRC eccentric tensile
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member, the prestressed CFRP tendons-SRC eccentric tensile member has lower bearing capacity and ductility, but

higher energy dissipation capacity.

Keywords: prestressed CFRP tendons; eccentric tension; steel concrete member; pseudo-static test; seismic

performance
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Fig.1 Geometry size and reinforcing bars of prestressed carbon fiber
reinforced polymer (CFRP) tendons and rebars-steel reinforced concrete

specimens
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Fig.2 Schematic diagram ofloading end of prestressed CFRP tendons

Unit: mm

and rebars-steel reinforced concrete specimens
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Table1 Main design parameters of prestressed CFRP tendons and rebars-steel reinforced concrete specimens

Specimen e/mm Ly/% T/kKN Type of prestressed tendon
SEM-F7-T1-N1/C 50 40 30 CFRP
SEM-F7-T1-N2/C 50 60 30 CFRP
LEM-F7-T1-N1/C 150 40 30 CFRP
SEM-F7-T2-N1/C 50 40 50 CFRP
SEM-S15-T1-N1/C 50 40 30 Rebar
SEM-S15-T1-N2/C 50 60 30 Rebar
LEM-S15-T1-N1/C 150 40 30 Rebar
LEM-S15-T1-N2/C 150 60 30 Rebar
ATM-T1/C 0 0 30 —
SEM-T1/C 50 0 30 —
LEM-T1/C 150 0 30 —

Notes: ATM—Axial tension member; SEM—Small eccentric member; LEM—Large eccentric member; F7—CFRP tendons; S15—Finely-

rolled threaded bars; T1 and T2—Eccentric tension of the specimens, which are 30kN and 50kN; N1 and N2—Tensioning level of the

prestressed tendons, which are 40%f, and 60%f;,q; C—C40 concrete; e—Eccentricity; L,—Prestressed tension level; T—Vertical pull.
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(a) Physical drawing of loading device
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(b) Detailed structure of loading device
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Fig.3 Tensioning device of CFRP tendons and rebars
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Table 2 Mechanical properties of steel

Type Yield strength/MPa Ultimate strength/MPa Modulus of elasticity/10°MPa
Steel Q235 312.5 447.5 2.0
ee Q345 395.6 556.6 2.0
C6 492 608 2.1
Grade HRB400 reinforced Cl0 475 690 2.1
Cl2 438 618 2.0

®3 WA HF R

Table 3 Mechanical properties of prestressed tendons

Type Diameter/mm Ultimate strength/MPa Modulus of elasticity/10°MPa

CFRP 7 1910 1.54
Rebar 15 1026 2.10
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d

1 —Reaction wall; 2—Reaction frame; 3 —Fixing bolts;
4—Jack; 5, 7— Actuator; 6—Load end;
8 —Slide base; 9—Test component

(a) Schematic diagram of loading device

(b) Field drawing of loading device
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Fig.4 Testloading device
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Hinged shaft
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L,—Distance from the point of horizontal force to the bottom of the
component; L,— Distance from the point of vertical force to the bottom
of the specimen; L;—Distance between the point of vertical force
operation and the vertical hinge shaft; L,—Distance from the specimen
axis to the horizontal hinge axis; P—Actual horizontal tension;
P,—Component of horizontal force perpendicular to the direction of the
specimen; P,—Component of the horizontal force along the direction of
the specimen; N—Actual vertical tension; N;—Component of vertical
tension along the direction of the specimen; N,—Component of the
vertical tension perpendicular to the direction of the specimen;
6,—Deviation angle between the horizontal hinge axis and the horizontal
plane; a—Rotation angle between axis and vertical direction;
B—Deflection angle between the direction of vertical tension and the
vertical direction; §— Distance between the point of horizontal force and
the specimen axis; 4—Horizontal displacement at the point of horizontal
force
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Fig.6 Force schematic of prestressed CFRP tendons and rebars-steel

reinforced concrete specimens under deformation
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Fig. 7 Failure patterns of prestressed CFRP tendons and rebars-steel reinforced concrete specimens
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Fig.8 Hysteretic loops of prestressed CFRP tendons and rebars-steel reinforced concrete specimens
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Fig.9 Skeleton curves of prestressed CFRP tendons and rebars-steel reinforced concrete specimens
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Table4 Main experimental results of prestressed CFRP tendons and rebars-steel reinforced concrete specimens

) Loading  Cracking Yield point Peak point Ultimate point
Specimen o intP. /kN u
direction  pointP/ P/kKN 4,/mm P, /kN Ap/mm P,/kN 4,/mm
SEMF7-T1-N1/C 24.2 85.4 10.17 128.1 40.72 84.1 61.08 543
T 12.1 75.3 12.56 104.2 40.70 99.0 61.05 )
+ 32.1 100.2 12.19 141.1 32.31 116.3 43.07
SEM-F7-T1-N2/C 3.77
- 10.2 80.3 10.76 104.1 32.30 88.2 43.10
+ 18.1 85.6 12.08 118.2 34.36 104.2 57.24
LEM-F7-T1-N1/C 4.87
- 14.0 85.2 11.44 110.1 34.35 100.0 57.21
21.1 84.0 12.12 116.0 39.48 98.1 65.81
SEM-F7-T2-N1/C * 3.99
- 18.1 74.1 13.16 104.1 39.52 88.5 65.72
+ 26.2 84.0 10.53 155.7 34.66 137.7 60.65
SEM-S15-T1-N1/C 6.38
- 13.8 75.2 8.66 110.0 34.65 106.1 60.63
+ 30.0 105.3 18.01 161.1 54.01 134.1 72.05
SEM-S15-T1-N2/C 3.99
- 12.1 100.3 18.14 121.6 54.06 110.2 72.06
23.0 91.9 13.74 130.4 29.13 108.1 48.17
LEM-S15-T1-N1/C 5.76
- 15.1 66.0 6.02 114.4 29.10 96.8 48.19
+ 26.1 120.2 28.88 154.1 39.27 132.1 65.42
LEM-S15-T1-N2/C 3.63
- 13.7 80.0 13.09 110.3 39.26 94.3 65.42
+ 8.8 70.4 12.1 110.3 36.30 93.0 60.50
ATM-T1/C 4.94
- 10.0 80.0 12.4 106.9 36.28 90.9 60.52
4.27 65.9 12.34 103.3 24.69 87.1 49.38
SEM-T1/C * 421
- 12.10 73.0 11.16 100.1 24.70 86.1 49.38
LEM-T1/C 2.01 48.1 6.85 96.2 20.56 82.3 34.28 3.89
13.23 70.0 12.36 93.71 20.60 80.9 34.25

Notes: P, —Specimen cracking load; Py—Yield load at the end of specimen; 4,—Specimen yield displacement; P,,—Peak

load; 4,,—Displacement when the specimen reached peak load; P,—Ultimate load of the specimen at failure; 4,—Displacement when the

specimen reached ultimate load; -Ductility factor which is the ratio of 4, to 4, and the ductility factor is the average of the positive and

negative values.
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Table 5 Equivalent viscous damping coefficients of prestressed CFRP tendons and rebars-steel reinforced concrete specimens

Specimen hey hem hey

SEM-F7-T1-N1/C 0.056 0.191 0.265
SEM-F7-T1-N2/C 0.043 0.188 0.229
LEM-F7-T1-N1/C 0.052 0.183 0.239
SEM-F7-T2-N1/C 0.049 0.189 0.240
SEM-S15-T1-N1/C 0.067 0.173 0.255
SEM-S15-T1-N2/C 0.045 0.162 0.215
LEM-S15-T1-N1/C 0.059 0.167 0.232
LEM-S15-T1-N2/C 0.031 0.154 0.207
ATM-T1/C 0.063 0.228 0.295
SEM-T1/C 0.061 0.166 0.282
LEM-T1/C 0.060 0.156 0.247

Notes: h,,—Equivalent damping coefficient of yield point; h.,—Equivalent damping coefficient of peak point; h.,—Equivalent damping

coefficient of ultimate point.
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Fig. 10 Stiffness degradation curves of prestressed CFRP tendons and rebars-steel reinforced concrete specimens



-+ 1690 -

EEMRER

4 Z5if

A X 4 MR TR A7 b AT 2 1 s A IS 2 A R R
(CFRP) i -7 59 /1R 5 + M LA 1 . 4 AR T 7 08
SN - AN /TR D AR 4 A 3 AR X 25 4 /1R
#t 1 (SRC) Z i 1h i pr Bt AR IR, BT
4518

(1) SRC ZZ 4 4 Fn il 1 77 T /1 £ (PSRC)
T PG 1 1 R R IR L S N T8N . AT
R ACINES SOk KON P Xy Sa

(2) Bl DU B P38 R, 2 i T ot 4 1 s 2
TREH BRI S, W RARTE /N, &K E )
TR, BRI, WIE R R A Y, A R
RE BE 77 Y540 7 AL 5

(3) Fifi & L1 g 5K LK P 19 35 K, PSRC #4 14
RBITAH —Ef e, HFERERE I REIL, 1T R4
MG ERE, H LR R TREAUIRE, JRRAET
R 7 14 it fn . % Bl T PSRC R 1 14 1E ]
PERE, HA R R A e T LS ISP b
BAERBIRE S, BTN sk hi K VR 40% 1914
PHIEPE R 805 T SRC R, (HL Bl 2 10 ) 5K 7K
FHy g, PSRC AR AR MEfE 1 F e, Sk AH
FEAG . DLAESC R T/ b, 0 26 4 310 iR )
s I T 5

(4) BEE e By 3G O, MR Ty . SEE
NAERERE ST Y AR N FEAG,  SE M R EPRAR T 26.52%.
W ) g 0> o7 J7 J2 5% WA T8 J) CFRP #i -SRC i $7 44
PEyoR ke — P EERE R, £ TR ™
& 4 ) 35 1] T

(5) CERP i { A PSRC #4 {4 i Hi 1 J1 7, 3L
P TASOE R R fr 48, H AR RE R 4F
AR T3 SRC &Z hitb {1, TN /) CFRP fifj -SRC
s PG 1 BA G B A Ty o WIBE | MR Y
AB 1, [AFEREAE JI A% AHEC T TR0 ) 98 48050 f7 -
SRC M i A4 4, T F1 CFRP 75 -SRC 1 4 #4) 14 1)
ARG FIEPE AR, (HAERERE JT 98 .

S Hk:

(1] sRB3R, JR/NAe. T0URE g 280 4 YR 6 - 445 ) 0 72 1 B Y 9T 25
1. JLPERLE, 2013, 31(1): 63-66, 89.
ZHANG Shugiang, SU Xiaozu. A review on seismic per-
formance of prestressed steel reinforced concrete struc-
tures[J]. Jiangxi Science, 2013, 31(1): 63-66, 89(in
Chinese).

(2] AE%E, i, IRIEl]. TN ) AU IR EE L 25 B BEFE ()], T

(3]

[4]

[5]

(6]

[7]

(8]

(9]

(10]

[11]

SR, 2012, 42(4): 113-117.

XIONG Xueyu, GAO Feng, XU Xiaoming. Theoretical re-
search on prestressed steel concrete structure [J]. Industri-
al Building, 2012, 42(4): 113-117(in Chinese).

A, TR, B BH . AR OR S 25 (R 45 A 75 b [ i T 5 %
JEE[T). 25 )54, 2012, 18(1): 3-16.

DONG Shilin, XING Dong, ZHAO Yang. Application and
development of modern large-span spatial structure in
China[J]. Spatial Structure, 18(1):
Chinese).

FHIEP, #e R, TRt FRPUCHT IR EE L 45 AR FE I e R
FHD]. #SR4E AR, 2021, 42(1): 134-150.

YIN Shiping, HUA Yuntao, XU Shilang. Research progress

2012, 3-16(in

and application of FRP reinforced concrete structures[J].
Journal of Building Structures, 2021, 42(1): 134-150(in
Chinese).

SELVACHANDRAN P, ANANDAKUMAR A, MUTHURAMU
K L. Modified frosch crack width model for concrete beams
prestressed with CFRP bars[J]. Polymers and Polymer
Composites, 2016, 24(7): 587-596.

CAO Qi, ZHOU Jianpu, WU Zhimin, et al. Flexural behavi-
or of prestressed CFRP reinforced concrete beams by two
different tensioning methods[J]. Engineering Structures,
2019, 189: 411-422.

FEARNE, FRSCHE. TR S5 CERP A4 TN I IR BE - 2
500 0], B4R, 2008(5): 104-113.

CHENG Donghui, ZHENG Wenzhong. Test and analysis of
unbonded CFRP bars partially prestressed concrete con-
tinuous beams[J]. Acta Materiae Compositae Sinica,
2008(5): 104-113(in Chinese).

UY B, CRAINES. Static flexural behaviour of externally post-
tensioned steel-concrete composite beams[J]. Advances
in Structural Engineering, 2004, 7(1): 1-20.

FH, B, WK, . TN BN IREE L - TR LS
AR ST PR M RR I O T (7). B U4 273k, 2018,
39(12): 29-38.

WANG Kun, ZHI Haixiang, CAO Dafu, et al. Experimental
study on seismic performance of prestressed steel-con-
crete beam and concrete-filled steel T-ubular composite
column frame joints[J]. Journal of Building Structures,
2018, 39(12): 29-38(in Chinese).

V. 5 A O AR R R TR T HEL A — IR T 2 5
Z NIVEREWTSED]. MG /RIEE: RALMOL R, 2019,

LI Shiping. Study on mechanical behavior of large-scale
prestressed H-beam with core constrains[D]. Harbin:
Northeast Forestry University, 2019(in Chinese).

R, BIGHE, TKMG. T 7 B TR BE AL AR O 2 MR I
L)), BRLEH IR, 2019, 40(5): 115-123.

DENG Yu, WU Xiaotong, ZHANG Peng. Experimental study


https://doi.org/10.3969/j.issn.1001-3679.2013.01.017
https://doi.org/10.3969/j.issn.1001-3679.2013.01.017
https://doi.org/10.1177/096739111602400719
https://doi.org/10.1177/096739111602400719
https://doi.org/10.3321/j.issn:1000-3851.2008.05.018
https://doi.org/10.3321/j.issn:1000-3851.2008.05.018
https://doi.org/10.1260/136943304322985729
https://doi.org/10.1260/136943304322985729
https://doi.org/10.3969/j.issn.1001-3679.2013.01.017
https://doi.org/10.3969/j.issn.1001-3679.2013.01.017
https://doi.org/10.1177/096739111602400719
https://doi.org/10.1177/096739111602400719
https://doi.org/10.3321/j.issn:1000-3851.2008.05.018
https://doi.org/10.3321/j.issn:1000-3851.2008.05.018
https://doi.org/10.1260/136943304322985729
https://doi.org/10.1260/136943304322985729

b A

ik 8. TR J) CFRP 5 -8R 5059 5 - 180 419 AR B - i or 1 1 0 A 1 i iU e - 1691 -
on eccentric tensile behavior of prestressed SRC study on mechanical behavior of steel high-strength con-
columds[J]. Journal of Building Structure, 2019, 40(5): crete column under low cyclic cyclic load[J]. China Civil
115-123(in Chinese). Engineering Journal, 2007(7): 11-18(in Chinese).

(12]  FB3CE, EHE RIGIREE T - M IR D AE AR MR (17] 50, AE=: K. TRURE ) U0 IRIE T HE S b 5 1) S S o R A
5T 0], EARTHE#H, 2011, 44(3): 49-60. TFHURTEREIKIIET [T]. AL, 2013, 34(7): 62-71.
ZHENG Wenzhong, WANG Kun. Experimental study on GAO Feng, XIONG Xueyu. Experimental study on seismic
seismic performance of shaped steel concrete beam-angle performance of prestressed SRC frame structures under
steel concrete column frame[J]. Chinese Journal of Civil vertical repeated loading[]].Journal of Building Structures,
Engineering, 2011, 44(3): 49-60(in Chinese). 2013, 34(7): 62-71(in Chinese).

NN, TS TSN TRIE R IR SR Ak A e O

[13] ?Fi'%, E‘?HTR y :]:sz HK]’}'}J %J&WE&%{W%:‘:”E?}LE I.S_tﬂbl«i [181 %‘M‘Eﬂ, E?'FF}TE, *ﬁu]%’ j]_'g %ﬁ@ﬁﬂ%/ﬁﬁii%-%ﬁ/ﬁ%i*{
IWFFE ()], L2444, 2019, 40(8): 42-50. o o N
LY AR ® AR AR B ). AEHLEHF A, 2012, 33(6): 66-
YANG Yong, XUE Yicong, YU Yunlong. Experimental study 4
on seismic performance of partially precast steel concrete . i . i

JIN Huaiyin, XUE Weichen, YANG Xiao, et al. Experiment-
columns([J]. Journal of Building Structures, 2019, 40(8):
al study on seismic performance of prestressed steel-con-
42-50(in Chinese).
- o o N crete beam and concrete-filled steel tubular column

(14]  FERlBH, S, (] e B2 A A T B AR TR BE LA AU MR g
e N joints[J].Journal of Building Structures, 2012, 33(8): 66-
RIGHFE (1], TR 12, 2013, 30(12): 123-131.

74(in Chinese).
XUE Jianyang, MA Hui. Experimental study on seismic per- )
(19] (AL, 2T 5, PNGEIE, 45, TN g K AR T000 ) AR B 1 HE
formance of shaped steel recycled concrete short B
. - 2 ) Rhis e ReiR m o 1], A5 544R, 2010, 31(8):
columned under low cyclic repeated load[J]. Engineering
Mechanics, 2013, 30(12): 123-131(in Chinese). 15-21.

(151 Bi/NAI, A 7ok, Sk, R 0IREE R M R S B 5t ). FU Chuanguo, LI Yuying, SUN Xiaobo, et al. Experimental
JEERHE 4R, 2009, 31(12): 1516-1524 study on stress and seismic performance of prestressed
CHEN Xiaogang, MOU Zaigen, ZHANG Jubing. Experiment- and unprestressed steel concrete frame[J]. Journal of
al study on seismic performance of steel reinforced con- Building Structures, 2010, 31(8): 15-21(in Chinese).
crete columns(J]. Journal of University of Science and (201 e N BRIGANE £ 55 Ak & d BEap. R+ 250 7 ik
Technology Beijing, 2009, 31(12): 1516-1524(in #E: GB/T 50152—2012[S]. Jbat: RS Tk iRt 2012.
Chinese). Ministry of Housing and Urban-Rural Development of the

(16]  Z=(RAE, FHaE, BEAl P, AR S 4 T 2B e SR B A 32 People's Republic of China. Standard for test method of

FiERe R K gE (1], £K TRE2#4), 2007(7): 11-18.
LI Junhua, WANG Xintang, XUE Jianyang. Experimental

concrete structures: GB/T 50152—2012[S]. Beijing: China
Architecture and Building Press, 2012(in Chinese).


https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.6052/j.issn.1000-4750.2012.08.0571
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1001-053X.2009.12.006
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003
https://doi.org/10.3321/j.issn:1000-131x.2007.07.003

	1 试验概况
	1.1 试验设计
	1.1.1 试件设计
	1.1.2 预应力部分设计

	1.2 材料的力学性能
	1.3 加载方案与测点布置
	1.4 试验数据修正

	2 预应力CFRP筋-螺纹钢筋-型钢/混凝土构件试验过程及破坏特征
	3 试验结果及分析
	3.1 预应力CFRP筋-螺纹钢筋-型钢/混凝土构件滞回曲线
	3.2 预应力CFRP筋-螺纹钢筋-型钢/混凝土试件骨架曲线
	3.3 预应力CFRP筋-螺纹钢筋-型钢/混凝土试件承载力及延性
	3.4 预应力CFRP筋-螺纹钢筋-型钢/混凝土试件耗能能力
	3.5 预应力CFRP筋-螺纹钢筋-型钢/混凝土试件刚度退化

	4 结 论

