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Seismic Behavior of Reinforced Concrete
Columns Strengthened with Textile Reinforced
Concrete Added Polyvinyl Alcohol Fiber
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Engineering, China University of Mining and Technology, Xuzhou
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Abstract: To investigate the seismic behavior of RC columns
strengthened with textile reinforced concrete (TRC) added
PVA fiber, seven reinforced concrete (RC) columns were

designed, one of which was used as the control column, (Four
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of the columns were square, one was circular, and the rest
were rectangular. ) and six of which were strengthened with
TRC. The low-frequency cyclic loading test was conducted by
considering the volume quantities of PVA fiber and section
forms of columns. The experimental results show that TRC
can constraint the core area of concrete, restrict the
development of concrete cracks effectively by adding a
moderate PVA fiber, and the cracking loads and peak loads of
the columns increase. When the volume quantities are within
0.5% , the ductility of the strengthened columns is improved,
the stiffness degradation rate is small, and the energy
dissipation increases. With the increase in volume quantities,
the strengthened columns perform poorly in ductility, energy
dissipation, and stiffness degradation. The circular column
strengthened with TRC has a low bearing capacity, but it is
superior to other cross section columns in ductility, stiffness
degradation, and energy dissipation. The reasonable volume
of PVA fiber should be less than 0.5% , and the strengthened

circular column performs better in seismic behavior.

Key words: seismic behavior; textile reinforced concrete;
reinforced concrete column; polyvinyl alcohol (PVA) fiber;

section forms; low-frequency cyclic loading test
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I A B 00 32 AR 2R BE 1 4R 5 1R Bournas %575
TFIRE ST T TRM (textile reinforced mortar, ZH
PSR I TN AR B R L A A TR B A B L
AR, S5 R F W, TRM 3 i %iE 28 ¥ 1 4 X 40 45 14
o AR 3 Vel 2D 45 AN A O RE 45 1R B, T LA KR FE 4R
KA B8 1 F#ERE BE /1. Al-Salloum 45 %t 5 4~
PUBA B R B AT KPR A E AT
A 715, 56 45 SR R W, TRM i [& 7 LA Rk,
PREPURA A A BB BY 38 B RN, HEAK
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WA A M ED MY, I BB A BRI FEBERE 71,
Alhaddad 49 %F TRC Jin & ) 40 AL 5 s ZE A4
HRATE T #H47 TiRAE, It 5 R FELERRITH
B s A BB R B A T L, 25 SRR B, SO AR Y
A REASAR G b T . TRC i [ 32844 76 Hb 732 1op 2%,
YERTF AR . Yin S50V B 5T T 0 B 45 1k s B9 RC
HRPTREMRE, 45 R R, AR S IFE T, TRC Xf
G R AR A R B R 5 S B S 85 i
& 77 LTS5l n 1B 64 i 1B 97 =X TRC i [
REAS LU A UL 48 = S 3R 55 T RC MM BB
RET].

AN, G20 450 Shafiq 4502 g EE 4508
RRW, RGP BARBE &M EY A %),
TREE - HE AR B 5. X2 H AT e IR 450
¥R BB AT RS 2 —.

£8 LA, TRC i & RC A:HT 7% 1 B8 A BF 5 42
2V, BRI Xt S5 iR v se A R 4F ks
YEFE. Rtk 23 WA [R] PVA (polyvinyl alcohol, 28
LIGHED A 4B R IE WA 71, R FF TRC
B RC HPiZEERE B,

1 REEHER

1.1 A&t

R AL THRIE 7 AR AR B A o,
R AN B 5 AR A5t oA, 1 AR AR, 1 ARAE AR, K
R 4RI AP A E A 300 mm, FIE A
B R T2 250 mm X 300 mm, FA I A B 8
RSF#492 300 mm X 300 mm, BT A HE 1 5Y 85 L 35
3.8, KM M B 1 740 mm. YE B EAZ R 14
mm, YA ER N 8 mm. R 1R R AR
W5 IR A F AT S FEF, RBOMT R A
AR IR e BR324 B, BEAEARFE 100 mm 35 Bl 4
ST B /5 8% , [ BE A 50 mm., R4 B TL T R R

B AN 1 Bow. A S H LR 1, % CL X
HRL 3 1A By
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Fig.1 Specimen size and reinforcement detailings
(unit; mm)
x1 KHEEFRSH

Tab.1 Basic parameters of specimens

R TREEL piifcs| BRI Him PVA &4
w5 RESR  BEK EX BBBER/%
Cl1 C40 0 0.25 LA
C2 C40 2 0. 30 yigis 0
C3 C40 2 0. 30 yigis 0.5
C4 C40 2 0.30  JkE 1.0
C5 C40 2 0.30  JkE 1.5
C6 C40 2 0. 30 [ 0.5
C7 C40 2 0.30 A 0.5
1.2 mMEFZER

B 5, SR FR T B 600 mm I [ A AE B BEAT
AT B HR, FAKIR 8 A B, IF 08 ve R 1 #
TR B 52 5 5 FEUK o 260 [ X3 B 3R T 3 S UR PR 4 kL
BEEL 2~3 mm, AFIREE AR SBEFEBA
PVA -4k ; SR )5 , %532 53 7K JR 1 3% 1) £F 4k 2 23 W0 34
FEAENE B 3R, PRIFEF 4t G N ik 41 4 3R 5 42 ) °F-
1T e B B g MR AU IE 1 2 dR0R 5
+, 58 1 EmE. mBE L SRR 2 JE i E.

1.3 #RhER
1.3.1 B#E+

TR H R e S R R TR B L R IR
Lk C40, 3597 28 d J5 A5 n E 7 7 (R e b
SREE K 42. 1 MPa.

1.3.2 HfH

RIS PR A C14 F0 A8, X 4K 7 4 R 5o
BE PUPLR B BT Z AT, B A RE AR
FRILER 2. R, f, B E IRGR BE 5 £ B BLhL
SR ;0 A .

1.3.3 A 4HmAN
21 2k G 27 W) F Tl 35 41 4 BROTR 4 1 B » Rk £4F
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x2 WEHFHEETER
Tab.2 Mechanical properties of steel bars

GBS fy/MPa fu/MPa 8/ %
Cl4 463 597 28.10
A8 345 468 31. 25

YETR T 4458 07 1] BT 4E R RN RS [ E AR A
YR RSP IEIFE SN 10 mm X 10 mm. £F 4 4% 28 W)
BAKILE 2, H 2= R LR 3.
1.3.4 4kLiREE+

TRC FefA b fifi F i 40 1R B 1 2 ok U8 f
BREIR IR AN BB A AR, HSR I = LA LR 4. 40

B2 HFHEREAN
Fig.2 Textiles

=3 FEREAMNFERE
Tab.3 Mechanical properties of textiles

\ N MLRER MR BAdgmn  GRRAEE ke

SR R HRARE % i/ MPa #ikt/GPa /% (g km™)) (g cm )
T700S 12 000 4 660 2.0 801 1.78
E-glass 4 000 3 200 4,5 600 2.58

RriRSE T IR 28 d JEIASPURSRE N 52. 5 MPa.
1.3.5 PVA#4

IR A PVA £ 4kt H AT SR A 7 4=
7 H AP RE LR 5.

F4 PHBEELTEELL

Tab.4 Mixing proportions of fine grained concrete
kg e m—?

MR Kl MK REKR Kk 4R KR BUkHF

Jiihs 475 168 35 262 460 920 9.1

x5 PVAHFERNNZERILMASE

Tab.5 Properties and geometric parameters of PVA

KE/ HEZ/  BIREE/ PAPERIR/ EE/
mm pm MPa GPa (g cm™®)
12 40 1 600 42 1.3

1.4 mMEFREUWXHE

ARG R MTS R R AR N R G AT N 28,
FKETT R A 100 t ZKSPVEShER Ik , 1% )k >k
WA TP 100 t FESIESHEIN , PRIE T3R50 50 72 H e
g ) g FEARAE, I3 B AN 3 R,

T AR S A 52 e R SR — g ¥l 1) g
17 DUTE BRI 56 iR 22 , SR 5 T4 il 1) g i 22 i
FEAE , Rt 0l 77 2808 — 2 B AR R AN AR IS TR AR
5. 6 #E R - B IR A AL DY
Jer BB SR P s i, B3R 1 3K, R IR S Bk (i B8
i, BRI AIGEIN 1 AR JE RS, AR 3 IR Y
BAFRK R B TR EMA R 85% A, R
5.

B3 KimEmEEE
Fig.3 Test setup

AP T BN B A ALK H) KA
A JER PR 7K Y57 % LA B A AR TS BRI A A3 1 AR 32 4% 1
G5 1~2, AR R I 45 S1~S12, B ILIE
4. LA EBE Rl DH3816 s i s SEi R 48, 4%
R JRe {2 e BE I SSOURIN » K5 B2 A 0. 02 mm.

Bt 1 [T 71
——%
S11 Stz
S5(6) =]
S9 1[S3(4)|1St0—HR
2
s7 {81 @ge 2|
P&t 2
——%

4 MEHEE
Fig.4 Layout of measuring point



612 Il ¥ K % % ROH R B % 8O

F4T%

2 RBHEREHH

2.1 WIFEiE
211 #C1

R Cl K Ffargk P = 36 kN B, BEAEAR TR
24 260 mm F1 420 mm AZbF=A K- 4%, KEEA K
200 mm,4£5%: 0. 04 mm. 24 P = 92 kN B}, R HE
200 mm 755 B PO A A 7 10 AR 38 B IR L AR , 7K -S4 4%
WA A A TR S , HREETE 0. 54 mm, i
AN HIBT B, M E 24, (A, Rk 0 JE i
MRS HIEE 1 IRAEFFET . 7K T fr R 35 20 06 1 05, S44%
L 2 SE3G K IREE R BRIV, L HEH
MRERIREE - & £ KRR L. &G MBEE 34,
B o Ak B 0 A 5 DX 5K A TR O TR R, AT A0 B, AR R
FITGE T % 10 45 R
2.1.2 & C2

TEKEfTE P=72 kN B, BEAEAR K 250 mm I
FEI P, A A P M B T 28 450K - 24 4%, 48 58 0. 02
mm, %% 5 KK Y 50 mm, 53 ER 4 CL A
bt i C2 P 2 AR . QRS 2, R
RGBS R R, LA B K388 7= A 7EK
SR #kiAE] 108 kN A, K- 4838 £, I BLVE AR
T B 24 % , X E T R A2 RS I Bk 45 S . K
HEUkSE R R, KR £, TRC hin & 2 2 8 A 2> &2 3
% I A A RRE MR RS, REMEZE 44,
if AR SR PSS IX R4 TRC N 2 5 iR+ 35,
WERIREE 6 BRI A, iR AR 3 T R 0
ERTER A 85 %0, IRIGLEIR.
2.1.3 &4 C3

R C3 MR 96 kN, ik C2 ML,
VAR R, B AK PRI 170 mm,
ZUBEFERE 0. 04 mm, HEEK FY) 50 mm. 4kEEHE
B, R RGNS, TEK AT 8RR 112 kN B, 44
JE R s FEANE RS I I B B M AR E 24, B, A F O
T PR AR 4% R A KPRk it — 2 R B,
IF) B A £ BT S B0/ B e ) B s AR SR 2K, A TR =
AR/ MY A R R MRS R R, B E
40, B AR BT T BRI S5 TR
2.1.4 34

K ER P=94 kN B, ZEFEAE AR 140 mm
1150 mm b4 B 1 SRk 3448, 48 5538 0. 04
mm; KR ECH 96 kN B, £ 140 mm 75 B4k sK
SFABEVTRE T BLIE. B 2R A 3G 0, A TE A B0

EaE, R AR S R B, BLAE TG . YK
i P=116 kN B, X4 JE A, 56 n 28 A A7
e HINERZE 24, B, BEAEIT B 150 21 4k g 2 )
W AT N A BT R Ak, TR AR Ak 2
R BIMEE 44, B, H A A 4E W 3¢, TRC fin
[ 2 5 IR RS, NERIRGE B R R, i AR 3
TR Z WA RTE A 8520 , TG L5 TR,
2.1.5 &K C5

FEKFERTE P=92 kN B, BB 4K 344,
FEETERE 0. 10 mm, B Y 120 mm. FELRSLNE,
BRI BN, BRI K, JRA R8E Y
SLRRE. MKFfE P=100 kN B, 7 H 31K &
EsE, JE NS R PR S 4k S R R ; [F A,
I IR I AR HI B B, S INERZE A, B, fi
B HI B e R R E S A B T E R RIE R T
TR NEE 24, B, AERE R KEREH KER
1, B2 A TUE A T 7K R A% AR AR R = A D
B 4 AR, BRI ZE 44, B4 TRC fin
)= YA SR AR SR AN WS S e WA
R, IR 2 R
2.1.6 &k Co

LK Ffar# P=68 kN B, 34 C6 ZEFE A AR &R
70 mm Kb BB 45 544% , 4595 0. 04 mm, [FEHA/F
JR. BEE TN ERA B 1K, BRI 2 4 T 34 4%,
i C3 Mk, R4 C6 8% B3R . BIRE B
K. EMBE 44, B 40/ NREEGE R FRTY B TH R
KRR IR, BRI VT B AT ZE i U T 34 1Y
TR BB R 2 77 38 B i KAE. M TEIF 2 84,
B, R ER T AR I AT ER Y 85 20 LT, IR IS 45 R,
2.1.7 R Cr

TEAK gk P=64 kN B, ZEFEAEAR T 140 mm
1210 mm AL [F BB 2 Sk 544, AE =N B
TR C3. 4Kk P=104 kN B, 5055 8 AR,
BT TRCIMEZWZRER, B E 24, W5 1
WAHEFR BT A FF 4R H B B 5 S 4% , W] A AR 034 4k Ab
WD e, YA BIEA AT 34, B, MK
B FFIE T B A I 4 s B4 ) B4 4% , 2F 2k ) Mt
AN B AR 2. TE 44, IS 1 IRPEFRET , BEAEARER
170 mm Ab£F 4 I TEE, i [ 2 7™ 8 A1k, AR TR IR B
R, BB AR R T R . BRI E 54,
B, AEARTR TRC hnfE 25 1R 8 + 75 iR ERR.
2.2 WSS

BRI IE S AN E 5 FrR. BB E A, &
PEREIR YA IR, SR mE A C1AH E, b & A
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R BE W e, N RTR B 3 B R T B R
BEBIGL, TRC A A R T IR IR 8 £, B [ A
F 2 5 IX 5 E ALK

XFFBAR FHATR S B0 B AT 76 i 380 72
HREE T 248 BOTE . 78 3 AR T 2 A U 2 40
/NEEE B REE ST HE B RGN, A2 MR SE O 1
BLBARHER. BARE . 7E PVA 4K BRBE N
0. 520 i 24 5% G B AH 0 £/, HLIE KR8 =i

a &M Cl

f iK1 Co

PVA S UIEF4E ] LR 84% BRI 18], i3 TRC
TN AT B 5Re5E 5 Je.

ot E AN [v) 48 o 72 =X o 1 A i B (R0 FE2 T A
RMY E AR REE , TV B 248 4, T A TR
o A 0 T e B A S ) 26 L X R TRC i [ [5]
MERA B4 8925 IR AR, T TR I A ) e IR
FE AN U 1] B A A0 7 A

g ikff C7

B5 it Cl1~CT ifEs
Fig.5 Failure modes of specimen C1 to C7

2.3

7 [ A 2%
HRMFFERGEERILE 6. £, P, Rk E

s B 7K S 16 28 Ay 55 T AR A 2% L G 7K S £
% » P iR A BT RE K 32 9 B R IKF 5 3 An Tl 5 1

#6 HFRHRBLER

Tab.6 Test results of columns

. JER A EAE {279 2 E
ARSI L
Py/kN Ay/mm P./kN Am/mm P,/kN Ay/mm (kN * m)
1Em 111. 96 18.91 119. 89 26. 23 101. 88 60. 31
C1 3.17 36. 67
bd| 103. 33 18. 75 114, 85 28. 81 97. 62 59, 27
. 1E [ 113. 37 7.26 131. 50 21. 99 111. 78 35.09
C2 3.47 49. 34
| 103. 14 12. 47 108. 00 16. 29 91. 80 33.43
1EA 115. 63 6. 95 138. 20 21.32 117. 47 36. 10
C3 3.83 49. 70
bd| 111. 77 11. 08 126. 80 21.23 107. 78 32. 96
1Em 116. 46 7.27 135. 00 13. 63 114. 75 29.77
C4 3.26 39, 81
farm 113. 06 13. 91 116. 00 20, 22 98. 60 39,22
. 1E [ 102. 81 5.76 129. 30 18. 27 109. 91 30. 44
C5 3. 30 38.19
bd| 102. 76 14. 15 114. 60 18. 27 97. 41 35. 33
1EA 65. 21 4. 88 72.20 20. 23 61. 37 38. 27
C6 7.19 45,42
7 [ 65. 56 4, 83 68. 00 5. 04 57. 80 31.62
. 1E [ 104. 09 6. 21 109. 20 12.70 92. 82 25.13
C7 3.93 33.21
bd| 96. 35 6. 62 102. 00 12. 55 86. 70 25. 31
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(EL RO B B2 A8 » P ik B BEOR 7o 2R
Ay S WEIR AT BN L K288 AR i R AR E)

BRI 28 R BRAT A K F AT R R R 0. 85 1%
WA {75 A8 ST T X O 4 A 28R, %312 [ by 2 5 2R DL

1 B Park 3550 WA BN RIS B 6.
1501 1501 1501 150
1001 100+ 100+ 100
50F 50F 50F 501
Z Z
Z g £ Z
& Zsof & Zsof & sof & sof
=100 =100+ -100+ =100}
130 —-60-40-20 0 20 40 60 _15960 -40-20 0 20 40 60 _15960 —-40-20 0 20 40 60 _15(—)60 -40-20 0 20 40 60
A/mm A/mm A/mm A/mm
a i#ff C1 b i C2 c i#f4F C3 d i C4
150 1501 150
1001 1001 100
5 50F 50r E 50F
N 0 E 0 < 0
& sor -sor L) & _sot
=100 =100 =100}
_15960 -40-20 0 20 40 60 _15960 -40-20 0 20 40 60 _15960 -40-20 0 20 40 60
A/mm A/mm A/mm
e &4 C5 f a4 Co g B’ C7
B 6 X FREE Lk
Fig.6 Hysteresis curves of specimens
ik C1 A i C2~C7 s B 34 45 & A ig;@g%

X34 22, Vi [ B TR RRUE O, 106 B I [ 4G 44 O FE RE RE )
#m. XF i C2~C5 k3, {4 C2~C4 #i [a] i
LRE R4 C5 il , i Co“48 45" MR BT B i
A C5 AR BR A7 A5 2 /INTF At i A, 33X 150 B 24
PVA £ 4R T3 B3 K, R4 B 2E 1 & B b
R XA i P R 2 AN I B2 . 43 A D R IA Sl &8 4
BRWMING, S4E2 RIME R X HERAE®E RS T
TREE - TR JE ARBY VIR 77, 3 TR RERRAIR.
ik C3 Fkfk C7 ML, i F C6 W IR
TN &R, FEAL B4R I B Be AR 3 ) AR AR e BE AR K (H R
BRANEL  WHREEREMBEATAEAR
U RREPE. 256K 6, B 6 AT %0, R C3 Hir A1 #h 4%
FEXT B IR , RERB RE 1 K FRIAE AT AE.
2.4 Bz

SRR BRI A 7 FR.

B 2. 1950 A, 5l CL A, i C2~C5
HIFFBUFT R4 B4R B 100%.166. 67%.161. 11%F1
155. 56 %, i b %% C2~C5 kB, S5k C2 Mk, i
4 C3~C5 My FF 3ty B AL ERA Frg hm, 0 48 T
33.33%.30. 56 Y% F1 27. 78%. X UiBH TRC fin[E gets
AW RC HAZOIREE L, BRI A8 1 R e, JEIR 3455
I A, BA—E R B PVA 485 R i
e R RBCREMEE. XERNIPVAL4E AT

-+ C3(B=E 0.5%)
——C4(BE 1.0%)
- C5(BR 1.5%)

150
100+ [
> 50
< 0
&
_50 L
—~100} ".\. 4
-150 : - ;
-80 -40 0 40 80
A/mm
a idff C1~Cs
1507w C3(rkE) |
100> CO([EAE) \:’\
+C7(%E%E) addAL,
> 50r
Z 0
N
=50 Adasaa
-100} BN
_150 1 1 J
-80 -40 0 40 80
A/mm
b &4 C3.C6.C7
B 7 KHERME

Fig.7 Skeleton curves of specimens

BRTE—E TG N, £ 4k 2 B IR 6 + AR K 7
AORILR B T8 , (K 20 A 5 BUR » B M A R BT
BE. o 3o AR Ay 280 1 e L 765 288, TRC ol [T 44 126 A5 e
e, I IEA FR.

i 2.1 35 R, il C3.C6 A C7 B IT 3 4%
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B Cl WABKIBERE. hiZ 6 MK 7b ol 41, 5k
4 C6 F1 C7 # b, 44 C3 By JE IR o7 28 43 51 48 &
73. 88 % F1 13. 29% , (B fF 2R 43 B 425 89. 02% F
25. 47 Y. X UL FERC B AH R A BT TRC Jin
[ 7 R A AR 3 BB 0 U F IR AR AR T A X (B A
FRE 1B, 4t SR R, R e X R A
FEVR B + 32 e X T RN, B2 00 X G5 2 F R TE A AN
JrIEAE s B BRI [ A BT 40, TRC fin (& )2 4 34
BRI BE , AT 437K i 28, 32 1 i [ Ak oy 0
BT 2%, (H 3% iE G BR , B) TRC i [& J2 X 7K S 0 {8 i
HITTHRA K.

2.5 M

HZ 6 XFH R, 5k C2 A H, A B4k
Cl B RS IE T R BU AR T 8. 64%, 3% &£ R 8 TRC
INEEA SRR BIFMEN, iz 5% RE 2
FREEPERE R4, B0 T 00 AR A S 5 K44 C3 1AL
BIEMERBERE T 10. 37%, Mk C4 #1 C5 Mz
FEIEPE R B4 BIEAR T 6. 05% 1 4. 90% , 33 Ui BH
PVA SR B RS —E MBS X TRC
F12EMEREF= A AR . 43R, 7 TRC Fe{R-41
FOREE L PVA G4 kBB &t KA, PVA £
B ARREI ST M B ADRLIR P  FE BB A B Pt
oIS H A, R PVA 4 4EF TRC
AR B R PR B RIS, HE T TRC B 7 2# M RE. 1L
Hh 3t tRETHIR F C6 Ak C7 By R B
S C3 #5857 107. 20% 1 13. 26 % , 1388 1 &
(B A ) 2 1 P S O o 31 6 ALK R0 o [T A
HIEME R B F I E 54, X B TRC GBS B 41 b
PR R AT AL R .

2.6 NIEE{

2 BRSCHR 16 ] H @ B 4 33 B R I B SR A AT 45
AR EE IR AR L. AR X W B2 IR A th 4k an ] 8
B, Fod oy S 45 i T 3R B0 2R W32 55 0 AR I 7 EE
1HL, B R WEEAE A 78 55 T IR AV 8 ) LU AL

HH  8a AT, X A fn [ AE C1, HoRIBE R LB
[E4E C2~C5 BB, R 5 20 i NI B s AR B
K 5 X0 [ A, TRC i [ J2 78 34 i B LS X
RC A0 TR B A8 B B 29 RAE T  AR3IE T B A
IR AR ZGR Akt B, B TRC i A A9 18 £k Bl 28
KA A, UL H P = M B 8 4, TRC i &
RC MR B 47 X Fhn s C2~Cs, 8 i Xt H Ay
LRI, FER A RS » (B T 38 1 NG I3
R, AR A NI B B A A R B SR,
W C3 W FEE A X 518 , U #E TRC Hfkrp
BAEREW PVA G4 B TS TRC i E AR

BEIRAL , PRAUE NN 1A 78 AL B 18 21 A RE A A L 48 1Y
I RE .
1257
100}
075}
0500
025}

B
a i{fk C1~C5
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Fig.8 Stiffness degradation of specimens
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Fig.9 Energy dissipation capacity of specimens
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