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Experimental on the shear behavior of pre-damaged RC beams strengthened by textile

reinforced highly ductile concrete

ZHANG Min', DENG Mingke™ , ZHI Aolong' , MA Xiangkun"?
(1. School of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. China Fortune Land Development CO., LTD., Xi’an 710055, China)

Abstract: Static load tests were conducted on eight reinforced concrete (RC) beams strengthened by textile rein-
forced high ductile concrete (TRHDC) and one control beam to study the effect of secondary loading on the shear
behavior of TRHDC-strengthened beams. The influence of the number of the textile layer, damage degree of beams,
and different sustained loads on the failure mode, load-deflection curves, load-strain curves of stirrups, and load-
strain curves of textile were analyzed. The results indicate that all beams fail in shear compression mode, and the
debonding phenomenon is only observed in one beam. TRHDC can effectively restrain the development of shear
cracks, delay the yielding of stirrups and the stiffness degradation. This strengthening method can significantly im-
prove the shear strength and deformation capacity of RC beams by up to 67% and 54%, respectively. The strengthen-
ing effectiveness does not completely increase with the number of the textile layer increase, which is related to the
utilization rate of the TRHDC layer. When the stirrup of the original beam does not reach its yielding strength, the
damage degree has no obvious influence on the shear behavior of strengthened beams. On the contrary, the shear

strength of strengthened beams decreases with the increase of the damage degree. The strengthening effectiveness
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decreases with the sustained load increasing. The completely damaged RC beams can be restored by the TRHDC

with two numbers of the textile layer. A calculation formula for the shear strength of TRHDC-strengthened beams

considering the secondary loading was proposed. The calculation values are in good agreement with the test results.

Keywords: textile reinforced high ductile concrete; pre-damaged RC beam; shear strengthening; secondary

loading; shear strength
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Table1 Strengthening parameters of reinforced concrete
(RC) beam specimens

. Number of the
. Damage Unloading . .
Specimen degree level textile layer in
& TRHDC
L-0 - - -
CL-1 - - 1
CL-2 - - 2
CL-3 - - 3
Shear cracks X
SCL-1 occurred Unloaldltnig 2
(47%P, o) completely
Stirrups yielded Unloading
SClL-2 (56%P,,0) completely 2
Failure (the load .
SCL-3 drops to Unloaldltnig 2
85%P,. ) completely
Shear cracks .
XCL-1 occurred lstn l;;aglng 2
(47%Py,0) oo
Shear cracks
XCL-2 occurred Not unloading 2
(47%P u,O)

Notes: P, ,—Peak load of the control beam; L—Control beam;
CL—Strengthened beams without initial stress; SCL—
Strengthened beams with different damage degrees; XCL—
Strengthened beams under sustained loads; TRHDC—Fiber

reinforced high ductility concrete.
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(a) Sectional dimension
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.
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: 1 o
3625 = 3925 | { =
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Yot =
200 15 200 15
Unit: mm

(b) Reinforcement details of the cross-section

1 RC BRI R T 2 BeAf

Fig.1 Dimensions and rebar of RC beam specimens
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Table 2 Mechanical properties of reinforcement

Type Diameter/mm Yielding Ultimate
P strength/MPa  strength/MPa
HPB300 6 343 508
HRB400 18 438 610
HRB400 25 450 620
1.2.2 TRHDC
(1) £ 421

IR H B9 £F 4E 2140 24 20 mmx20 mm %) X [i1]
WREFAE AU, HRTIR AN G, DL 2T 4
WAk Z Ty PERE, ZUIE X T 2 g 43 50 WL
& 2 13k 3,

(2) HDC

B R B HDC HK Y8 . YK . & . 3T
b, PVA 254k . KRR, HE A L& 4.
PVA ZF 4 R T8 B K 1.5v0l%, 727 PEREFE A%

Fig.2 Form of textile
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Table 3 Mechanical properties of textile

Typ.e of fi/MPa  E/GPa &/% p¢/(g-cm™) A/(mm*bundle™)
textile

Carbon 3 600 230 1.5 1.74 0.88

Notes: f—Tensile strength; E—Elastic modulus; &—Tensile

elongation; pr—Density; A—Cross-sectional area of each

bundle of yarns.

W2 5. i SR 100 mmx100 mmx300 mm f 1
FEAA R Hery dl0 32 a5 75, HDC i 4h.O bt e
58 & A 45.2 MPa, kA 3 F)f/?i@i’]m%iiﬁﬁﬁﬁ
HDC # 17 S h A 5, 45 HDC 19 T 4 38 &
4 3.5 MPa™,
F4 STEWRELT (HDC) WEMARELL
Table4 Mixed proportions of matrices in high ductile
concrete (HDC)
(kg/m®)

Cement Flyash Mineral powder River sand Water Water reducer

235 764 177 424 376 8

R5 RZIEEE (PVA) TR NFMEREER
Table 5 Mechanical properties of polyvinyl
alcohol (PVA) fibers

fy‘gsr [/mm D/um E/GPa fiIMPa &/%  p/(gcm™)
PVA 12 39 40 1 600 7 1.3
Notes: L—Length; D—Diameter; E—Elastic modulus;

f—Tensile strength; e—Tensile elongation; p—Density.

b 55 l§b 230 l§b 55 b 15
1 1 1 1
1\ [ ]
L/ (U

\
> FRP tabs <
| I 1 |?
v
100 150 100 [

} } }
Gauge length Unit: mm
FRP—Fiber reinforced plastic
3 ST R
Fig.3 Dimensions of dog bone specimens
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SN #% TRHDC SRR AR )2 PR RES R, R
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(a) Stress-strain curves
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(b) Crack pattern
C1—1 ply fabric; C2—2 ply fabric; C3—3 ply fabric
4 LRGSR R E TR EE -+ (TRHDC) R 77 -8 I 2R R 2445
Fig.4 Stress-strain curves and crack pattern of textile reinforced high

ductile concrete (TRHDC)
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(b) Loading device
K5 ek
Fig.5 Testsetup
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b L2 ¥
cG ¢ sG3 sGe#cGe
CG2NfSG2 SG54eCG5
CGI‘ SG1 sG4 g 594

N
LVDT LVDT LVDT

(a) Arrangement for displacement gauges, and the strain gauges of
stirrup and TRHDC surfaces
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i

¥ 1

WIGES
ALECH N7 (W
8) TP

AR » § 7R r,7,7,,7,7,,7,7,,7,7,,,,,,,,,,,,,,,,}LSGL,,,,

(b) Arrangement for the strain gauges of textile

LVDT—Linear displacement transducer; SG1-SG6—Stirrup strain gauge
number; CG1-CG6—Strain gauge number on the surface of
TRHDC; WG1-WG6—Strain gauge number of longitudinal mesh; WG1'-
WG6’—Strain gauge number of transverse mesh; P—Vertical
concentrated load

K6 Wi

Fig. 6 Measuring points
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(a) L-0

- (b) CL-1

(¢) CL-2

(d) CL-3

(e) SCL-1

(f) SCL-2

B

(g) SCL-3

(h) XCL-1

(i) XCL-2
Bl 7 £ RC BB S

Fig. 7 Failure modes of RC beam specimens
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Table 6 Test results of RC beams

Specimen Py Py Py Ay Failure
IlIl)lIIlbeI' Per/KN Pero Pr/kN Py Pu/kN Puo 4y/mm Auo mode
L-0 42 — 172 — 367.56 — 5.88 — S
CL-1 250 5.95 335 1.95 585.54 1.59 9.05 1.54 S
CL-2 190 4.52 330 1.92 563.90 1.53 6.96 1.18 S
CL-3 300 7.14 410 2.38 615.49 1.67 7.97 1.36 S+PD
SCL-1 180 4.29 300 1.74 528.38 1.44 6.71(0.63) 1.14 S
SCL-2 165 3.93 280 1.63 565.22 1.54 6.60(0.61) 1.12 S
SCL-3 160 3.81 223 1.30 434.91 1.18 6.71(2.59) 1.14 S
XCL-1 210 5.00 320 1.86 498.76 1.36 5.62(1.29) 0.96 S
XCL-2 200 4.76 280 1.63 485.03 1.32 5.24(1.86) 0.89 S

Notes: P and P.o—Cracking load of the strengthened beam and control beam, respectively; P; and P.o—Loads corresponding to the
yielding of stirrups of the strengthened beam and control beam, respectively; P, and P,o—Peak load of the strengthened beam and
control beam, respectively; 4, and 4,9—Ultimate deflection corresponding to the load dropping to 85% of the peak load of the
strengthened beam and control beam, respectively; 4, of specimens SCL-1, SCL-2, SCL-3, XCL-1, and XCL-2 is the midspan deflection
under secondary loading, while the values in parentheses are the residual midspan deflection before secondary loading; S—Shear-

compression failure; PD—Debonding failure between the concrete and the TRHDC layer.
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Fig.8 Load-midspan deflection curves of RC beams
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Fig.9 Load-strain curves of stirrups of RC beams
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Fig. 10 Load-textile strain curves of specimen CL-3
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fiand f>—Principal tensile and compressive stresses at the node B

zone, respectively; 6;—Angle between the longitudinal tension
reinforcement and the diagonal strut; h—Depth of RC beams;
d.—Distance from the centroid of the nodal A zone to the centroid of the
nodal B zone; [y and [;—Depths of the nodal A and B zones, respectively;
a—Distance from loading point to support; /,—Width of the nodal B
zone; Vrc—Shear strength of RC beams; Cc —Compressive force of the
concrete in the shear compression zone; Ts—Tensile force of
longitudinal reinforcements; F;—Compressive force of the concrete
diagonal struts
Fl11 RC B JEFFAR
Fig. 11 Strut-and-tie model of RC beams

S CHR [28-29],  fo F £ RTINS0 51 R

Jov = fyvAsv sinfscosbs/Ac (4)
4u fyAs sinf
IS il 5
Ju Ac/sinby ©)

Aorbe fo o BT Y R R BE 5 Agy o i T Y BT
A AR ARETE TR, Ac=bd., b H#E
e E, dIJLE 11, ooRIREE T HiFF 5 IEFT 1Y e
s AN 2 R0 IR AR NI 32
o 40 s 1 AT T AR ok O A 3% BY TRk 9 8 IE &R
ﬁ,pz&%/J@d#%?m,ﬂﬁ%ﬁ%m

ARG 11 AL SC &, TR BE b BLAT 18£8 0,0

e b OB R L 5 LML AT A5 A B Y
M, BE2a; ach W 2 R G )
PIZPAGREER; a IR, SOERLERSE
HR AT A A 2 M) B B
RC TR 1Y 52 BT R 1 N
1

- 4 sin 6, cos O N sin O
fiAc SeAsu

Kb, Ag 1R B T H AT 09 88 80 1 A, Age =
b(l. cosbs + I, sin ),

Shy 3B A YT R R BN L AT s D AR
—Fiti
Vre/sinbs < fl Age (8)

3.2 TRHDC EER#HIHITE

RO -HA T AR T, 21 AR B R ) )
Sxol R RS , R B Y R B R
e R R E S SRR A L, HILEIA
F B ko¥t TRHDC it 4758 B 217 479 . TRHDC Tfi
JEWVE S fl A 2L, i TRHDC Ifi J2 /) Bt 59 1E
FHR ] A5 M 2R B4 7 31050, Rk T .

A
V1rupC = ko fir %ho 9

K. kg2 SRR A K R 0 RIS
R T M IS, 0 =450 kgl 0.625; £l
TRHDC FYHi 58 B 5 Ao~ TRHDC T )2 Y 4 1
B s R i 3 TR 5 g SRy o [T 3 7 T 190 A 0 v 2
3.3 HEESKIKELR

t R ik A B 2 Y R R Wk 7,
H1 AR SCOR P SO AR 48, 045 i 1 52 B 7R 3K
120 0.5 5 W fp 4% . 5 280 [E] % TRHDC 32 57
JnfE RC B AFIMEF, BAE 52 35 2K 20 15
MR T ITECRE, W R Bk AR
¥ ks T TRHDC Ml [ 3Z 45 RC Z (1) 32 57 14 fig if
FE, Hoko M kg 1A O T 45 33— 25 (0 B0 E
PRI 16 BT FRP N [ 37 5% RC 32 P 1) 52 89 7k 35
FtEE SRS E T e . Hd, FRP N2
14 5 I3 A AH R Sk e B R B T SEE L SCRk [32]
P T B35 0 {1 =2 T a5 2 AR R A5 R 1) D PR 2
I [ X i 4 TG B 45 WUN ) 52 35 Jn[E RC Bk A

(7)

Vre




EEMRER

- 1634 -
®7 & RCEZIAFNTHEHESIKBELLER
Table 7 Comparison for the calculation values and test results of shear strength of RC beams
Resource Strengthening method Specimen number Py /KN Py cal/kKN Py cal/Puyg
— L-0 183.78 218.02 1.19
CL-1 292.77 259.43 0.89
Non-damaged strengthened beams CL-2 281.95 281.50 1.00
CL-3 307.74 301.64 0.98
This study SCL-1 264.19 281.50 1.06
Pre-damaged strengthened beams SCL-2 282.61 281.50 1.00
SCL-3 217.45 217.40 1.00
XCL-1 249.38 242.53 0.97
Pre-damaged strengthened beams under sustained load
XCL-2 242.52 242.53 1.00
J3B 212 200.89 0.95
Pre-damaged strengthened beams J3C 200 189.78 0.95
Literature [31] 13D 178 178.86 1.00
6C 166 175.64 1.06
Pre-damaged strengthened beams under sustained load J
J6 D 160 171.20 1.07
L,Rd,P,A,,-70 342.00 288.200 0.84
L,Rd,PyA,;,-70 410.50 332.950 0.81
Literature [32] Pre-damaged strengthened beams under sustained load vz 2l
L,Rd,P,A,,-70 344.50 275.033 0.80
L,Rd,P,A,,,-70 440.50 323.608 0.74

Notes: P, —Experimental value of the specimen; P, .,y —Calculated value of the specimen.
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