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Abstract:

type of composite material with fiber woven grid as the

Textile reinforced concrete (TRC) is a new

reinforcing material and polymer mortar as the matrix. Its
mechanical properties are obviously affected by the
different number of strands and layers of the fiber grids. In
order to study the mechanical properties of this new
composite material and the bond-slip performance
between TRC and the reinforced concrete, tensile tests of
fiber mesh and TRC with different strands and layers were
carried out, and also TRC-concrete interface bond-slip
test with different reinforcement layers. The tensile
constitutive model of fiber mesh and TRC that varies with
the number of layers and strands, the TRC-concrete
interface bond-slip constitutive model is established,
which provides the theoretical basis for subsequent
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Fig.1 Fiber mesh tensile test specimen
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Tab.1 List of tensile results of fiber mesh

ST W BB 4°F Prhvid i3y spbism - R AR
S HIfE /KN fli/MPa  ${f/GPa F3{E/ %

] LS 1.79 2037.88 119.48 1.74

15 3 5.07 1916. 67 108. 04 1.79

A | SRR 7.98 1814. 39 110. 20 1.68

| S22 14. 46 1642.80 104. 41 1.58

o R b Sz 532 20. 63 1562. 63 93.61 1.68
542 26.08 1482.01 94.49 1.57

B3 KEEE 8 I HLZ 10. 09 1433.71 109. 78 1.31

10 JBEE 2 12.69 1442.05 115. 62 1.26

Fig.3 The test device
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Fig.4 Failure mode of TRC specimen FEHM,
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Fig.6 Stress-strain curve of 5-strands fiber mesh with different layers
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Fig.7 The relationship between the mechanical parameters of the fiber mesh and the number of strands
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Fig.8 The relationship between the mechanical parameters of the fiber mesh and the number of layers
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Fig.12 Stress-strain curve of TRC with different strands

P 14 R TRC B B R B AR Rl 21 4 IRE4L
AL . Bl BE I £, TRC HLhrad & 2~
Rt R s 24 A FREBSC A 8 IR, S iy e o s o e it
TRET 19.77 Y (B 5 & 7a ML, T B B2 BH 808,
AN TR R RS 2, L2 J13 5 AR 2%

LPYE B IE R AR AR 22 P S, Ja 3 W A
TRC DI BEAR Oy A% S A T — 5 iYL A TAf:
Befilh, o TRC v AN [R) 21 2 J 22 [ s 4 P A% g T e
WHMEZ 7. PG 14b |, BEE BB £, TRC
RS BR I AR FEA R 1. 2 Yo~1.5 Y2 0], JCH i



712 A 5% K % 2 (A R B2 MO %51 %
12 12 -
10} 10 F A
. 8 P < 8F
& 7 a
= =
~ 6 ~ 6
5 5
= 4r « B5—1—1 Bdpe oa —ee B5—2—1
A B5—1—2 AT mmees B5—2—2
e B5—1-3 2rpr s B5—2—3
—— AR ’ —— AR
1 1 1 1 1 I | | I | | |
0 0.3 0.6 0.9 12 1.5 1.8 0 0.3 0.6 0.9 1.2 1.5 1.8
NS/ % NAE /Y%
a HJZE b 2)Z
121 121
...... |I/ A ¢
10 it 10r By
A y
£ 8 ra & 8r
o ¥ i .,
= & =
E 6 2 E 6 f
= % =
= Ab Lot e B5—3—1 = s A o B5—4—1
et s B5—3—2 s B5—4—2
2tf B5—3—3 ot/ B5—4—3
} — AR AR
1 1 L | | | | | | | | ]
0 0.3 0.6 0.9 1.2 1.5 1.8 0 0.3 0.6 0.9 1.2 1.5 1.8
NAE /%4 NS/ Y%
c 3= d 42
13 5 BB R £ LT 4 R 4% Bz 7 Bz 25 fh 2%
Fig.13 Stress-strain curve of 5- strands TRC with different layers
12 201
1.8
- 10 \\‘\/‘ 1.6F
[a W) L
. - 1.2F
%ﬁ 61 #;( 10
e 1=l L.
5ot = 08
= X 061
L s 0.4r
2 —=— TRCHCRLIEE ol —=— AR PR AR
O 1 1 1 I} O 1 1 1 ]
1 3 5 8 10 1 3 5 8 10
e e
a TRCHUIGEE b PR AE
E 14 TRCHMMAFSHMEHTLXER
Fig.14 TRC tensile mechanical parameters change with the number of strands
G =E [ TAEPERE M2 , S BOLhTRR AR, (HAH L T

15} TRCHLRISRSE \ TRC HEF 2 MRS By i
JEE T TRC W IR 0 28 Bl P A 2B AR . Bl )2
BAWHEZL , TRCHTRGRAE 2 FIHES, 42 M8 TRC
ARG R 23. 29 Y63 TRC IS e hn i 2 2
AR, 4 )2 RSB E I 2 R 18,52 % i
SRRt RIS %2 38K T TRC IS i3, (i HTh
SRR R 5 T DR R S 2R 2, AS 2 ] AL

8a [LLARFIL , AR 2RO T 5 (M
AR, B TRC PR RRDIR XA R RS2 IR
L[] TARPEREA I

MRAEIE 15¢ , BEH PR 2B 2, TRC B9 PR
SEAZ et TR M 3 J2 IR MG K o A BRIV A S
Wk " TRC IA S R AR Z T I A KN, B RAS
JRROE 2, TRC B & il R, TRC 527 AR 1



W5 5 1

BTN, A AT AR AR S R IRBE LA b 2 e 713

TTRRALIE R, 107 Fh T2 4k R RS Y S2 R s P A T B
i T AR AL, PR, AR R B ARt B 2 T I 5
BT RT 3JZ2)F TRCHBRIV AL i K, 2

TR PR Z R0 2, S () 3E R TARPERE S 22, &
2 St RIS LT AERI W R AR I, AR R

e 2000 20 -
1750 181
el = \\v\ 5
S // S 1500 S EF
8f =5
» B g 1.2 \\/
=6 2 1000 B ol
g =750 = 08}
& o4t = = =
g £ 500 B 8-2 i
i — TRCHCHIHRSE 2501 —=— TRCTHIHEHUAIIRE 0zl e AR
1 1 ] L L I O 1 1 I
Ol 2 3 4 Ol 3 4 1 2 3 4
S JEH JEH

a TRCHUHIHEE

E 15

b TRCH MRS TR
TRCH B AFSHBEEHTUXR

c MRFRNAE

Fig.15 TRC tensile mechanical parameters change with the number of layers

2.4 TRCHL AR

FF ACK Hi¢ (Aveston-Cooper-Kelly ) #2451 i
PR G W BHP) 22 2L RRAE O A Y B A SO fil
FACK B 4l 3 TRC h AR ARG RS IR LT ik
S : OPL 72 o TRC 80 2 T8 e ; @4
5 25 Y o 22 1) B~ X B 45 0 1 R R R O 2R 4l
A2 A 07 I B 7, A5 SRR W 4R A8 I o
F b, ACK Fi nlKs TRC Bl 1 e [y — o7 728 il
i o = BrEZ, WKl 16 Frs.

— ik
357 — B

3.0+ (o.lu,u,et‘u,il) .

25 _(O'mheml)

20}

15 [
1.0 ;\E_]

W11/ MPa

0.5

0 01 0203 04 05 0.6 0.7 0.8
BiAE /%%

E16 ETACKIHZi®H TRCZHIA K3 ik
Fig.16 TRC tensile stress-strain curve based on
ACK theory

K116 ™1 o Al e 53 IR 55 —4T S0 ) RN AE
BT 247 F3 FITF LR AR 5 E i TRC MR 55—
B B Y i AR s e S B BEZE SRR A N AR 3X
— B BB R KF B iR B N 1 TR s 0, R
BRI T, e u HLBRIAS , E,s g TRC WEMIRF SRS =
BBy AR i, BVRS E 4AE B B () S PR AR o

R4 ACK #lig , TRC & & # Fr il A4 55 — By

BB A MENR G, I A bR R BE 5
ST L RIELAA Y S AR SRR AT OC ™ 1
E.=EV,+E,V, (6)
X Ew o TRC G MR PR R E, f V08
SR AR Y SR A R AR RR R E RV G300 Ry
LA IR ) B FARRR
F— B B s i B B IR ) 640, H
FEZHM I IR THLRBE 6,0, P57«
Ei6m
Ol = E @D
BEARIREE T IT 2R R I 240 03 i o 21 4
55 BT RHR] A RE 25 04 A 8 R 2T AE S A 338 2
SRR, A RO S5 K 0 T AR B g 1 i 1S
|, 8p
Al
nCit
2 A BRI CO RAR M R 4R A sn Ry
L1 A S RE R A R TR E 2 A A
GEN 1. FEZRABERY B, AEE WM BEAE 0 FN 20 Z [
ARAE SR, 2EE ] BE TS AT HUK 1. 3374511 6,
PRI 268 — B Beah R A AR e
A

(8

gmu
611]27E7m+ 1.337 nEfo (9)
LR IR B e N, 2 2L B BEAE R, 1K

THUR PEA S =B B RIES E R4 [ B, TP B 2
H LR AE AR 7 XN EE ST
E.s=EV; (100
LT LA 5E A TR, TRC S5 B AR BR
AR T EFHE IR BB 2 RE  HERIR T

€lu,u_ Gf (11)

E



714 [l o K 2 2 MCH 9K BE 2% O

51 %

Jr L, TRC &G MHRA AL R IR T
E.¢€ (0<<e<ew)
Eu€u (e <<e<ew) (12)
Euew TEVi(e—ew) (ee<Te<ew.)
A (12) AR rh | 2 4 Xk AH O ) 22 S50 £
A PR P AR T 25 HR Y SRR BE 1 A
E, SRS Fe A g s R I 25. 3 GPa, 2R
B L PUHIR L o, MR SR, WIS AR
JR R B A T A, B
Ome = 0.407f0"" = 2.62MPa 13)
K L2) XA R ER AR R ZEO A T A
HIZE R UL 12 FiE 13,45 T PRSI A KA

Ow

3 TRC-REIFEFZIEREXINHAR

3.1 Wil
TR R AR FIRRETAE WA [] A 5

PRI

N Sk
MI1SIZLUE: $200REUMA V7 SsommpiRs+ MISIRLUB
[ [ S——

150 | 150 400

SBFFE TRC A M 5594 TR B - A {2 1T 8] )
eI RMERE , A SCR I 17a IR R0 2745 TR —AR
© 20 PR TR EEE e CREAAR e SR FRUIIT) 14 7
PrARBT YA . TR RS 300150 <150 mm,
SN 28 d bR ST 7 AR A B R S Y 36. 5
MPa, FhZ5 M AL IR (430 440 ) 37 i BT e
FESEYE R 41. 1 MPa, TRC i TR Sex MRS it
TP T B 17c ), S BIREE N 3. 68
mm, ZXHR A AT R A AT RO A L
126 X128 mm (&l 17d ) o AR I I A A R4k il
IR CIIAS 2 A R ) |, a2 V) 1 5 190 B4 1 A
F R K 30 mm, TRC P A% J2 18] B A4
JZIERER N 5 mm A ER LA 18 B, B 1k
TRCJZ P EWAR 5SS BRI b N T —E g
JKGRIRI—sE Fe Bl er 2. iaginiat it 4 41, 4 34,
PRI TR 22 3)2 A4 )Z MY TRC 51REE+ 55
ZEE R .

75 75

75

75

150 400 | 150 |
1400 |
1L
a JRIATRIE Hit
FEEX
& 20838050 7 i TP E
2
............. [y JEJA%]X
138 p4 138 | >———
00
c BBV

b L]
B AR 225 DX O 1] i A A XTI
BOOBLE 135/ 39 135 |
s:> e} .‘2\‘ 4]
BE B IX
wlpl]  2oxia=20 |||
300

d TRCHREE L BHAGTEH

E17 TRC-BETHEEH XM (AL mm)

Fig.17 TRC-concrete bond-slip specimen (unit: mm)

R E 5 mE K
T30 N A [ TS, 2 R R AR
AH I (digital image correlation, f&jFK DIC £2 K ) | i
1o FE IR BRI R R o ] AR B 1Y 284k
KA, K 19 s, [FE B FER 0 L
TR T T A i S AR

3.2

3.3 LR

TRC 5 IREE - M FRES I AR e S M 2 VR
T EZGTE T SMRIAE A R G EF YRR 2 8] Y
FIBIR (T8 TRC 5 IREE T8 BE4S 1 IR (11, 14)
FIBRAS AL TREE L AEIR (1, 28Y) , 4nf&l 20 B, %34
TRCREE L BRI R, I A E



55 5 BTN, A AT AR AR S R IRBE LA b 2 e 715

K EEEIN, TRC A S hiss B3, Axti 5 TRC
iR RS AR S5

a [RlCoBExT b TRCZHil{E c YJEITRCZ

RE AP E y ST o o . - H.ﬂd 4!
E 18 TRC-REITHE BB GHELRE E20 TRO-ZHE+ 54 BERTTA
Fig.18 The process of making TRC-concrete bond- Fig.20 TRC-Concrete bond-slip failure mode

slip specimens

%3 TRC-EHIFEBBRELER R

VG
‘ é%% Tab.3 List of TRC-concrete bond-slip test results
5.05
4.40 4k 2 R SETR R 3
ﬁé Rk 2 FhEE K/ Fhaknm g/ *B;BE{%*Z BRI A
L5 mm MPa i /mm
Lb 26 1.06 0.22 17
) —0.1
§ ] = 26 0.77 0.21 11, Y
— v 21 S 27 0.73 0.16 17
3 —3.4
a AR R R IR b H b DICHT BRI 5 i 27 117 0.32 I, 24
. o o 28 1.13 0.28 14
E19 TRC-RE LR BZINFAZMIN - 26 1.13 0.22 17
Fig.19 Displacement measurement of TRC-concrete 27 1.74 0. 47 11, 7Y
bond-slip specimens 33 27 1.82 0.52 1T, 2
27 1.98 0. 50 11, 74
[ R AR R A T R T e APl 21 B, — 3% Ak 2 218 0.56  IL®
AHETT ™ e R 26 2.35 0.76 11, 7
N N N = . . bA=
BN R, HEH2 JZ AT, BRI TR £, 4= 27 2.44 0.71 I, 8
3JE ML bR 3 A T, RN L, B IR, 1d BH G )
1.2 -
‘ 120 R
1.0+ e P /‘;"’
< < 10}
=l e !
i e
% L LEA 0.6
® 5 #®
w 0.4 r : D11 & o4l A o7 T D2—1
pi-2 | i g Dz—2
ozt T - D13 ool ST o D23
A —— AR — AR
0 0.05 0.10 0.15 0.20 0.25 0 O.(l)5 0‘1‘0 0‘i5 OéO O‘2|5 0..:30 0‘."55
W/ mm W E / mm
a M b 2z
20 ¢ 251 ,
§ 15+ & 2o -
E (e
& 15t G
1ol = Py
Ho = = 1.0k .
3 i ® | o e D4—1
= 05t o L gt e D4—2
— +itn T
/ I 1 L 1 L | 0 7 1 1 J
0 01 02 03 04 05 06 0.2 0.4 0.6
W / mm W& / mm
c 32 d 42

E21 AREMEE#HTRC-EE TEE 3%

Fig.21 TRC-concrete bond-slip curve for different reinforcement layers



716 [l o K 2 2 MCH 9K BE 2% O

51 %

K] 22 2k TRCREE - Zh 2550 B AR R RS i

RS SZE G DL B AR 2 ES 2, Bhas i
FIRR BRI B F 5 L T s, 4 2 WA s ) 25 i A
BT 2P T 63 U0, BRI BRI K T 71 %o

TRCREE L [RI I BH A5 T B A8 P 7 . — 2 TRC
TR SRR RHR A BESE RS s —J2 TRC 51k
e SRR . o Rha R 2 —F s
Hsthl, BEE MRS ERONE L TRC HTh R A RS,
TRC Hr % -5 AR R A0 25 8 T AR N B /57 , ST
B 1 Al I 59441k, Bg b, TRC SR

30r

25
g‘f 2.0
=
~ 15
R
E=IN)

il R
e iz
O 7 5 1
%
a BhEEIRIE

Bkt S R4S R RS B AR AR SE AR5
JEE % S TR AT G , PRI T AN , WA = R0 A 2 —
SE(EG , SHBESS R NAZE TAE , (HA S T
AR, RAATX— IS ZBUE, A o m gt — e
111 TRC—{FEHE L[] AR BRI B 12 ph 21 4 R A% S A
FARHRE AT A% 1A TRC S IREE 1 W] A AL P
AR, AT B SR EE R, PR, B3 WA 2 40
Z , A SRR RRHRI A Rt R, R B ] 22b BT
7N B9 TRCEEBE - 18] A4 BIR T F% B AN T

b HEHE

E22 HEEREMBBERMEEHEZUXE

Fig.22 The relationship between bond-slip parameters and the number of reinforcement layers

3.4 TRC-RELTFREBBARE

HRAE AN [F) =T A A A R A T R g TS
SEN - ARRHE R I (UL 21 ), 2 n 245, DIF
JE PRSI REEE R EE 7,0 WRPBRIEFE R 5, WFEEI TTC
SN, [ 25 R A S IO Rt 0 A PR 1 7%
il 2 AW TN 1 R g ST O G A EY
by b, AT

b,=0.6n+0.31 (14

b,=0.841n — 0.0042 (15
. blz-ml

=5 X b (16)

3 (16) RIS TRCHEHE LR Z5 1 H AR, ]
HXFASTR] A6 28501 TRC AT A I ZE SR TR 21
e, iR AU SRR A R AT &

4 Hig

ARG AN F B RZ AT AR RIS |
N[5 PSRN [+ JZ2 2T 4 R A% 114 TRC 25 i ik
5 N[BT A AR 1 TRCTREE - ZE 451 A5G,
WFFE T AP A AR SR RO LR RE RIS T R 4N 1
REATSENA , EEEBMSCRANT «

(1) BB LT AEECR S 2 2, 2 4R 11
PURIsm B SR BRIk, TR R R 27 4t
JREAIUAS [] A% S22 (AN BEAR G (0 [R] TAE R, ifi ELET
HEBCRIAES ZEOR LR TAEMEREZ2E . [RIRE, Bl
F LA ORI 2 H0 3 £, TRC A M BIBTHibs
JEAl R RREE NI (H R T RAARR A R A7
ANFIEFLERE AR A% 2 R R TAEERERS 20k,
FEIH TRCHUHIREE I T BRI B A 2T 4E ™A
TRC FPEF 2k AR AT 500 Pt B Sk 25 T4 R A

(2)BEZE RS 2 H08 22, TRC-TRBE 1 Bh45 08 2
W R B 5 S B G L TR 4 2 AR s 2l s i i
W RIS AT ER 2 A B T 63 YoM 71 %,
TRCREE T &5 WL S IEAL PIFF : TRC PIHHHE
IR S LR A 22 8] 1) ] B REIR (T8Y) A1 TRC 51REE+
[ RS IR (1L 3Y) | Bl 7 A% 2408 £, TRC
D% -5 FE AR ] AT S RE D AR B e, ST A 1M R B0
ek T2 11 BUEEA B BIR R RS ot A S 15 K

(3)MILIRIGAFTT , 7. T BELT L BRI A% )24
AR LT L S PP AAAE A TRC &AM Z i AKE
BRI TRCRBE - Fh 45 ARG ERL , S J5 S20F5T
FUTRER FHERHE T B ARYE



55 5 BTN, A AT AR AR S R IRBE LA b 2 e 717

fEETTmk A= A :

WSO RERTTE R KT R T S5 A
BAERIIHT 5

W2 5K R, s R S SRS

2RI AR PR A, S ST AR R AL ik
WA S BB 3T

SE WK

(1] SCHEE, TP AR IR . 2T 4R IR e - i RIF 7 1
AR HT] RARTRER, 2015,48(1):27.

Al Shanxia, YIN Shiping, XU Shilang. A review on the
development of research and application of textile reinforced
concrete [J]. China Civil Engineering Journal, 2015,48(1):27.

(2] PP ARHEIR . 4R iR e+ n R 7] &2
GRREEA, 2012,29(5) :222.

YIN Shiping, XU Shilang. Tensile mechanics model of fiber
woven mesh reinforced concrete [J]. Chinese Journal of
Composites, 2012,29(5) :222.

[3] VIHRE, ORIl 5. KRGS h R sE [T ].
ZEH T REIN, 2018,34(1):76.

JIANG Jiafei, DOU Xiangxiang, SUI Kai, ez al. Experimental
study on tensile properties of basalt fiber mesh [J]. Structural
Engineer, 2018,34(1):76.

[4] CONTAMINE R, A.S. Larbi , HAMELIN P. Contribution to
direct tensile testing of textile reinforced concrete (TRC)
composites[J ]. Materials Science and Engineering A, 2011,528
(29/30) :8589.

[5] HAUBLER-COMBE U, HARTIG J. Bond and failure
mechanisms of textile reinforced concrete (TRC) under uniaxial
tensile loading[J]. Cement and Concrete Composites, 2007, 29
(4):279.

[6] LARRINAGA P, CHASTRE C, BISCAIA H C, et al.
Experimental and numerical modeling of basalt textile reinforced
mortar behavior under uniaxial tensile stress [J]. Materials &-
Design, 2014,55(6) : 66.

[7]  CUYPERS H. A stochastic cracking theory for the introduction of
matrix multiple cracking in textile reinforced concrete under tensile
loading[C] // ICTRC'2006-1st International RILEM Conference
on Textile Reinforced. Nordrhein Westfalen: RILEM Publications
SARL, 2006:193-202.

[8] HARTIG J, HAUBLER C U, SCHICKTANZ K. Influence of
bond properties on the tensile behaviour of textile reinforced

concrete[ J ]. Cement and Concrete Composites, 2008,30(10):898.

[9]

[11]

[12]

[13]

[14]

[15]

[16]

ORTLEPP R, CURBACH M. Bonding behavior of textile
reinforced cnocrete strengthening[ C] // International Workshop
High Performance Fiber Reinforced Cement Composites.
Bagneux: RILEM Publications SARL, 2003:507-527.
ORTLEPP R, ORTLEPP S, CURBACH M. Stress transfer in
the bond joint of subsequently applied textile reinforced concrete
strengthening [ C] // Proceedings of the 6th International RILEM
Symposium on Fiber Reinforced Concretes. Bagneux: RILEM
Publications SARL, 2004 : 1483-1494.

k. g b B iELS CTRC-TRBE L AU MERERTSE [ D], L3t -
[, 2019.

WANG Bin. Researches on the interfacial behavior of CTRC-
concrete in elevated temperatures and after elevated temperatures
[D]. Shanghai: Tongji University, 2019.

XUHET . FAERIRHERIREE - (TRC) AR ERER I [ D]
i R TR, 2020.

LIU Qingyu. Experimental study on high temperature performance
of textile reinforced concrete (TRC) [D]. Shanghai: Tongji
University, 2020.

Hhe N BRI [ 58 Bk e B A S A i B . BRETAESZ 22 i if
PEREIRIS 7% : GB/T 3362-2017 [S]. dbat: P AR H ARG,
2006.

General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China. Test method for
tensile properties of carbon fiber multifilament : GB/T 3362-2017
[S]. Beijing: China Standards Press, 2006.

AR NSRRI G . EmiRaE L A RER I s GB/
T50081-2002[ S]. dbmt: ApEIE S Toll ittt , 2003.
Ministry of Construction of the People’s Republic of China.
Standard for test methods of ordinary concrete mechanical
properties: GB/T50081-2002 [S]. Beijing: China Building
Industry Press, 2003.

R, XS, 9270 R TR E A TR SR 45
FARIEHTTE [T ], @HLH, 2010, 40(2):109.

CHEN Meng, LIU Lixin, PENG Shaomin. Experimental study
on the conversion relationship between tensile and compressive
strength of ready-mixed concrete at various ages [J]. Building
Structure, 2010, 40(2):109.

e TRC KA 1 £ PRI 7 % TRC M & 1 e - 3
ZIIPEREI T (D] B IR R, 2021.

LI Yao, Experimental study on the mechanical properties of
TRC composite materials and analysis of the mechanical
properties of TRC reinforced concrete beams [D]. Shanghai:

Tongji University, 2021.



