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Abstract: The finite element model (FEM) of the reinforced concrete (RC) beams strengthened with pres-
tressed steel wire ropes-polymer mortar composite was established and validated by available test results.

Based on the FEM model, the flexural behaviors of the strengthened beams under different preload ratios were
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studied. The results show that the FEM model could solve the problem of uncoordinated deformation between
steel wire ropes-polymer mortar composite layer and RC beam under the preload. As the preload ratios in-
crease, the increasing range of ultimate capacity of the strengthened specimen gradually decreased. When the
preload ratio is less than 20% of the ultimate capacity of unstrengthened RC beams, the effect of preload can
be neglected due to the minor damage in the concrete. When the preload ratio is greater than 20% of ultimate
capacity of unstrengthened RC beams, the preload effect of the lagged strain of material on ultimate capacity of
unstrengthened RC beams should be taken into account. Based on the plane cross-section assumption and the
lagged strain of steel wire ropes, the formula of ultimate capacity of strengthened RC beams under preload is
proposed, and the calculation results conform well with the numerical ones.

Keywords: strengthening; steel wire ropes; flexural performance; Preload; finite element model
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Fig. 4 Variety of deflection and material strain with load
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Tab. 3 Comparison of simulated and calculated ultimate capacity of specimens

WL mmss PN Paw/N RGN gl gesl o SemeRey
CB — - 111.0 113.7 1. 000 - —2.375
SB-2 - — 172.4 179.0 1.553 1. 000 —3.687
B2 10 17.2 168. 2 175.2 1.515 0.976 —3.995
B3 20 34.5 163.5 171.3 1.473 0. 948 —4.553
B4 30 51.7 158.1 166. 5 1.424 0.917 —5.045
B5 40 69.0 153.6 161.7 1. 384 0.891 —5.009
B6 50 86. 2 150. 2 157.0 1. 353 0.871 —4.331
DBWO - — 185.0 186. 1 - - —0.591
SW1 38 70.0 240.0 251.0 - - —4.382
SW3 49 90.0 230.0 235.7 — - —2.418

http: // www. hdxb. hqu. edu. cn



286 A R e Al CA R B 2R O 2021 4

3 ZETMERT RC ZRRAKNITE

3.1 BEARE

RC A8 7K 3% — 5 (W) 06 Ao 281 SR A7 0 [ 0 [51)2 55 D53 44 180 7 A6 10 7 -7 A8 i i B2 figk e Jon 81 )22
IO AR i 0] R AT B 28 2 T o [T SR 0 S R T T AR S B D IR,

BUAE LA B - 1) i [ 2 A58 A 1 1 2V 8 e S e o A A B P OE ROE 5 2) RS2 i R
B AMEETE A o R G Wb )2 5 IR BE R S N 22 88 5 R G Wb IR )2 ) Kz 1 N SR
B ADRG 25 T 58 oI B R B S LR 1 35 3) 2 A2 B IR B + RS Wb KA A F L 2 1 X R i g 42
T 1 0 7 0B 22 4 R AH 5 4) TRBE 1 R - AE 56 FR R A Hognestad @130 46 70 L 4K A 1) B g - A%
K FR R FH B AR B A0 PR AR TR 0 22 2R AR A O PR MR R TR AR A ROl o, = Een s L E,
22 S Y SRR A A
3.2 mMERHREEEITE

FERTAE S M, VBT o [ 52 04 5 7 A8 mT 4 [ 6 JH 53 0T R e AT 3 3. T/ 6 ok SRR s he R

T 280080 50 W A0 A PR 9 A 18 s e ARG 2 foy

FE 300 41 FE S v R0 2 FE K F 6+ Co 3 595000 /B
S FE R - 4 T R P G0 5o, 4 6 20 1 PR 19 3%

RBIR I J1 3 AL % B0 5 7 L. 3 T 6 1 f e 78 5032 w5

R LA + L B 2 T DK U 1 2 v A B FE SR A e, i

__€w (hy —x)
g0 = (0 6 B B 1

£ Fig. 6 Calculation diagram of lagged stain
Cey = * . (2)

Lo
EWIR S Mo AT 32 e X IREE - N 71 196 77 4 RS 53
1 %,l 0<Tew<<eo Hﬂ‘ »Ceo *n ycoﬁi}'%'Jﬂ‘j

C, — J Gy (o) v b o dy = fibre @(1 — e‘—‘“) l
0 €0 3eo
Leo - . . [ . . d ) (3)
— Jo Gh‘)<€(.'y) 7Y J _ Lo 880 — 3ew
0 — - = - -
j oo_C.y(eC’y) e b dy 4 380 €0
0

2) %’[ g0 <ew <€ HTJ‘ vccoﬂ:ﬂ ycoﬁ%[]y‘j

€0"c0
0

C, = J “ oo b derJ;:,,co 6oy (eey) ob v dy =
0

£c0

O. 07563() - O 2586(2) — €€ + O 3338@\5() + O 858&8()
e (—ew T &)

_ 0.1ed, — 0. 117} — e’y +0.166 7ewel +0.85e¢%e, 0. 5xy
e 0. 075530 — 0. 2585;2) T €€ + 0. 333ecueo +0. 85¢ew €0 €0 ’

A oo, (o) TR BE LR AE e, I (] )1 3% Hognestad @ UCAGRIRS BEH; 0 S IR BE L 32
B8 5 f e S WEAE N ) o BB A (AN BR AT 1T 988 J3E 50 Ry AR L T W {17 7 B89 102722 5 B 0. 002 56, 1 1 R TS 17
A7 VB 0.003 8.

R A0 2 1 F- i 25 0 L T A

febx y 4)

Co=T. 3
G T A Z AL AN B A .
Xt N 1] 52 A A A 1 VO T A
M, =Cy(ho—yu). (6)
AR O BE - 153 BIERD U6 2 Mo AT 32 180 22 48 9 5 LS €0

http: // www. hdxb. hqu. edu. cn



&4 3 M . S5 . TN ) O 22 48 SR A W D A TR BTSN B 4 A RC SRR A ORI TR 287

ew():€y()(}l+8/2_1}()>. (7)

Lo

D0 Ry i 2 R
3.3 MEARZERKENITE

U ) 50 22 28-3R A RS SO ] RC AR BR300 B BRAR S, R E 5 B R IR E & . D 2 04N
55 Jee MW » TS 958 05 Bt 0 22 8 P T 5 20 32 40 A3 Jek IR TS 96 - PR 5t sf 4K 24 4 A B0 . SR A R T A A
T B R 3 T2 A 35 L T3 4 & A A 22 248 0 T 1 IR TR =Xk Ak s

Jon [ 3 AR R R 3 SR AT el 7 s BB 7 R M, R R A s e S AR BR i IR A TR TR -
PRI sa, a5 50 TR BE £ 32 32 B0 IK R 32 R AR 2 B 5 A o AL 5300 o B 24 28 1 52 6 44 7
P4 VT L 5 €00 KT AT R A R 0 22 208 107 AF 50 R TR BBE - 32 S DX 00 2% 14 R 107 78 5 o AR BRCIRAS R 2 R X
B Coyoye S BN BRARAS T 22 IR BE & 1 BAEFR B E 5 f, s f, 539000 52 5 55 1 52 14500 5 1) T
RS BE 5 o A8 SCEN 22 2 1) 9 B 4% R AR

PR | =
3 S 3
s — Ro:\ Ccu

. i

= Mu<<>

AS
ddd SAs

== A
o t P { Q\ Aw gw,load + 0 lpwfw w

&7 ] A A R R 2 5
Fig. 7 Calculation diagram of ultimate bearing capacity of strengthened members
R4 - 48 I A R ] A 380 AT 8 O 2R
— L cuo
O 82— 2
B TN ] 2 52 5B TN N 2 4 i 4 ) g A8 5 AR B A 107 A 1 LU AL, iR =0

(swv,lo;xtl+€w() ). (8)

I

eﬁw :sw,pre +€w,10ad +€w()

do= - - 9
HLOHF ¢, <10 I FAH o =>1. 0 BF S o = 1. 056w A R THL JJ 77 25 19 9 22 2890 1R 28 s e R 5N
24 4 1 B R P 75 sor "
AR L 3 i 4P 1 25 | S 19 ks i AR
Cat 1A= FLA A ¢ fUA,. 10 200 -
X 2458 5 9 5 U L T 7 & sl
M,=Cy, + h458/2— 30+ £,/ A ht5/2—a) — < ol LT s i
frACa+0/2). av 7
IR R B R R i s [
W42 3 . [ 8 o F o ST B R 30751 € lov 25 0. 7S 20012820
B 3 AT A A5 R 5 0 45 R B 45 R W) & BT ’
IR 7E 10 Y0 LAY L IE B A 5 10 4 AP M8 BIERGTERER A I
Fig. 8 Comparison between simulation
4 gﬁi/l’.\. results and calculation results

SN TN, T B 22 48 - 2R 5 DD T ZE AN L A RC B2 A BR OG0 A B R R AT AN [ 45 4ef BT
[E] 5% 14 3 27 PERE 23 M7« I B 1 o [ % 64 4 BROR 38001 T H 3R A S0 FE TS i S B B A AT LR B DLE 3
ANE L.

D) 1E“ B EITHAR H L FIH » Model change” f1* » Elcopy” it 4 » AT LU 4 Hb fif o 45 477 45 1F T
I JZE 5 RC 52 2 8] 50 A b A 28 T8 25 ) B8, A3 28058 e 4er 45 0F B Il RC 22 A9 S0{E 353 70

2) 24 RC BEAE 1096 ~ 50 Y6 B A 7] UMM 48 2 A5 30547 0 o] g+ G AR R AR 28 0 R X — RS2 1 T R T

http: // www. hdxb. hqu. edu. cn



288 A R e Al CA R B 2R O 2021 4

A0 ~13 Y0 s TN BN TR0 F AR BR R BT 16 20 60 i TR BE 4 B0 B L B T e — 2 T L
N 5 21 TN 28 8 T A 55 S AR R B T B 20 D0 I o Jon [ R R S5 18R AN AT LA Z20W L 25 LB E AR S
O 78 X AR R 7 28 F7 1 B2 .

3) 4R Hh BT B 22 A i A T A O SR A [ RC SR A A% BR R 28 00 T3 8 5 3 AR A
5 B LA R W) 5 KL 4F

S & k-

(1] 7. HAER 55 FA BN D28 RC R4 sy kg il s [1]. hm KFEEM A AR MO 2015,
46(7):2590-2596. DOI:10. 11817/j. issn. 1672-7207. 2015. 07. 028.

(2] B4esk. k&%, BTRT .55, TN i 3 A 20 2k -2 5 0 1 5 I 81 5 07 8 B s v e I 30 DT 90 [T ). el 45 4 4 4R
2017,38(6):70-77. DOI:10. 14006 /j. jzjgxb. 2017. 06. 008.

(3] SRBHAR¥A . BE2% 5. BN ) 5 309 22 0 58 5 0 0 3K B 25 m [ 1 fg il 0 5 #e 4r A L 1. b B2 % % 4. 2017, 30
(6):239-248. DOI1:10. 3969/j. issn. 1006-3897. 2017. 06. 007.

[4] ZHANG Kexin,SUN Quansheng. The use of Wire Mesh-Polyurethane Cement (WM-PUC) composite to strengthen
RC T-beams under flexure[ ] ]. Journal of Building Engineering,2018,15;122-136. DOI: 10. 1016/j. jobe. 2017. 11.
008.

(5] Mo, BORE BT, 98 ¥4, 5. PHSW-PM Jin [ RC #7322 g o5 Mg il g [ ], o B A B % 4k, 2018, 31 (11) : 102-
112. DOI:10. 3969/j. issn. 1001-7372. 2018. 11. 011.

(6] BBt s F k. WhAkok . 5. ML W Jr - 2R G Wb S Jon 260400 47 TR o6 0 2 2 &5 Mk g i I A % S I SR L B 43 A LT .
FLEF) 4R . 2019,40(12) :78-87. DOI:10. 14006/j. jzjgxb. 2017. 0742.

[7] YUAN Fang, CHEN Mengcheng, PAN Jinlong. Flexural strengthening of reinforced concrete beams with high-

strength steel wire and engineered cementitious composites[]J]. Construction and Building Materials, 2020, 254 ;
119284. DOI.10. 1016/j. conbuildmat. 2020. 119284.

[8] M~FF. W4 % WA MeME G KmE RCEZRZ HZERRBIFFRI]. @R 45 M . 2005,26 (5) : 74-80.
DOL. 10. 14006 /3. jzjgxb. 2005. 05. 011,

[9] LONG Bangyun, YUAN Guanglin,ZHU Danyu. RC beam strengthened with pre-stressed CFP under the secondary
load[ J]. Journal of China University of Mining and Technology, 2008,18(4):618-622. DOI; 10. 1016/S1006-1266
(08)60305-3.

[10] A& UHE. H8xt CFRP K CFRP 584 A N RC B4 HaER 2 m LT ] thp K222 IR B ARERO

2010,41(6):2393-2399.

(117 #hiz 2%, HB = . A 2%, Frgk T iR 77 CTRC A E RC bt B dEaE[T]. e K22 (A KRR , 2019, 50
(12):3066-3074. DOI:10. 11817/j. issn. 1672-7207. 2019. 12. 016.

[12]  ZRBIN L (A% [, BRUE . g 2 B0 20 £ -2 5 0 3 Jon 19 o = B2 i 2 ok Oy 3H 500 ). AR B 5 [ sk
2007,29(4) :9-12. DOI:10. 3969/j. issn. 1002-8412. 2007. 04. 002.

(18] REMS.BUKA AP EESF ZRZ T WL L M- BB RS R INE RC R4 pr s []]. TRHE
5 0m B . 2011,33(2) :84-88. DOI:10. 3969/j. issn. 1002-8412. 2011. 02. 015.

(147 SRHEVT L BRI X B, S5 BUE LE X BN ) -G Wb HOm i RC AR Z S PERe s m [T ], 0 K22 i (A A
Bl ,2018,39(2) :186-191. DOI: 10. 11830/ISSN. 1000-5013. 201611071.

(151 JSR, BRI EZEAM 5. a4 T CERP I A0 52 588 A2 e i s L1, T Jy2#,2015,32(11)
201-209. DOI:10. 6052/j. issn. 1000-4750. 2014. 04. 0357.

[16] ELHACHA R.WIGHT R.GREEN M. Prestressed fibre-reinforced polymer laminates for strengthening structures
[J]. Progress in Structural Engineering and Materials,2010,3(2):111-121. DOI:10. 1002/pse. 76.

[17] OBAYDULLAH M, JUMAAT M, ALENGARAM U, et al. Prestressing of NSM steel strands to enhance the
structural performance of prestressed concrete beams[ J|]. Construction and Building Materials,2016,129:289-301.
DOI:10. 1016/j. conbuildmat. 2016. 10. 077.

(18] b ftifs. 49 7 TR 35k - St S LML b 5t 3 A 2 At , 2013,

(RERE: RLER: HTEP

http: / www, hdxb. hqu. edu. cn



