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Numerical Analysis on Flexural Performance of Strengthened RC
Beam with High Strength Stainless Steel Wire Mesh
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(1. School of Civil Engineering, Chang’an University, Xi'an 710061, Shaanxi, China;
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Abstract: Based on the tests conducted to investigate the flexural behavior of strengthened
reinforced concrete (RC) T-beams with stainless steel wire mesh and permeability polymer
mortar which took the reconstruction project of a bridge in Cangzhou, Hebei Province as the
project background, the finite element program was used to analyze the flexural performance of
strengthened T-beams. The influences of concrete strength, longitudinal reinforcement ratio,
amount of stainless steel wire and secondary loads on the flexural performance were discussed.
The analytical results show that with the increase of the concrete strength, longitudinal
reinforcement ratio and amount of high strength stainless steel wire, yield capacity, ultimate
capacity and yield deflection are improved, but the ultimate deflection decreases and the ductility
of members wanes. The performance of the strengthened members under secondary load is
bounded by which can yield under first load or not. If it could not yield before strengthening, the
influence of the magnitude of the first load on the performance of the strengthened members is
negligible, otherwise, the performance of the strengthened members is promoted greatly with the

increase of the magnitude of the first load. The final failure modes of the strengthened members
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are affected by the longitudinal reinforcement ratio, the amount of stainless steel wire, concrete

strength and so on.

Key words: high strength stainless steel wire mesh; polymer mortar; flexural performance; nu-

merical analysis; RC beam; concrete strength
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Tab.1 Parameters of Specimens

- ™
ROFAS | Rk {:ﬁ\ﬁi ;zz hzk?lf* 85 /m
RCBF-1 | T2KmE%E | 40.13 | 12¢14 | 493.2 6.1
RCBF-2 X L 3t 40.13 | 12214 6.1
RCBF-3 | T2Kn@E% | 25.57 | 12214 | 493.2 6.1
RCBF-4 | [[ 6% | 37.73 | 12¢14 | 493.2 6.1
RCBF-5 | T28MM@E% | 23.14 | 12214 | 4¢3.2 6.1
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Fig. 1 Section Sizes and Reinforcements of

Test Beams (Unit:mm)
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Tab.2 Main Test Results

e M./ M,/ M,/ Ay/ | A/
45 |(kN « m)|{(kN » m)|(kN « m)| mm | mm

<z

'y
y Ay

RCBF-1 440.75 | 602.70 |24.58]166.91|1.367|6.790

RCBF-2| 30.75 | 430.50 | 584.25 |23.48|175.28|1.357|7. 460

RCBF-3| 30.75 | 451.00 | 553.50 |24.60|169.47|1.227|6.890

RCBF-4 420.25 | 603.72 |21.35(199.87|1.436(9. 360

RCBF-5| 41.00 | 399.75 | 512.50 |25.00|145.30|1.2825.812
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Fig. 2 Strengthening Schemes (Unit:mm)
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Tab.3 Strength of Steel Bar and Stainless Steel Wire

X% | HAE/mm JiE IR % B/ MPa e B 58 B / MPa
14.0 385. 57 583. 68
~ 12.0 450. 81 719.18
W
8.0 548. 28 574. 27
6.5 553. 17 579.08
W2k 3.2 1 606. 00
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Fig.3 Finite Element Models of Strengthened
Beams (1/4 Model)

AN TR A SO A A T T SR 4 R AN 2
S Az Sy R B ANIA
2.2 IEMERBEHESHER

T IERGTE E B A o A4 R WL 4. ik 4
AP DU A BROCHT 5 25 28 50 8 22 056 - 2 (H W)
 RLAE » BREN ZXE AL BT I B B A 22 B R A L AL 4R AR
(B RE X 158 22 K97 500 LLIA S ELBR I R A 2851 o AH XS
WREHAKT 14,

T ] S L B o 2 45 X fth 2 EE DL AT 4
H AT 4 AT UL BT 5 1) 25 -5 v g 38 o LS -
B DX Joi 1077 fh 2K 25 R 60 2 0 A i 2 B
LIV RAF A7 FROCASE RUAR G M S ke 1 i 8] #4 1
(152 Ty BN A O 5 2R mT AR D 8 9 A A
I FE » [ T T 025 ] PR TR AR5

3 MEMERERTSHSH

TEDT 20 [ 5% 5 (B A 400 Ay 6 ity b, X 5% el o [
KRB & W RTS8, % RIR BE LR
JE AT O A 2 0 2 2k A L L OB B AE BT
B, A R R gy [W) FEME-J, %R A 1/4
AL, BRI A F
3.1 R A58 B XThn B AR B9 R

TR B A 5 S BB A R BE SR R IR 1
[ 25. 57 MPa Fl 40. 13 MPa D) & 5 ) 50 MPa
=S BE SR N T E S R 58 A A [ G0 T
AN 3. 16 20, I 0 2e 2 i o 16 A1 25 b A
X AR I A R LK 5

128 5 R UL o [ AL e Al ey R O L BETR



% 3 4 F OAF . HERAKLEMMmE RC 2 4% 4864 5 57 43

x4 MEARBESHERSHELEROXTLL

Tab.4 Comparisons Between Numerical Analysis Results and Test Results of Strengthened Beams

S | IR/ (KN » m) | PIWifar 2k / (kN « m) | M BR A& ZK J1/ (KN « m) | i} IR 48 B/ mm | 40 28 2 H Wi $8 i/ mm | % BR 4% B / mm
RCBF-3 451,00 512.50 553. 50 24. 60 86. 52 169. 47
RCBF-5 399. 75 481.75 512. 50 25. 00 84.90 145. 30
RCBF-1 440,75 522.75 602. 70 24.58 98. 47 166. 91
RCBF-4 420, 25 492.00 603.72 21. 35 78.93 199. 87
FEME-J 436. 00 512. 83 598. 57 24.55 101. 50 180. 43
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Fig. 4 Comparisons Between Numerical Calculation Curves and Test Curves of Strengthened Beams
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Tab.5 Influences of Concrete Strength on Flexural Strengthened Beams
. . LR A W A7 28/ ) ) e .
ARG | JE R AT/ (kN - m) RN - ) W BRR A J3/ (RN« m) | JE HRBEJE /mm | 9 S0k fr Wi 2 2/ mm | ] IRERJE/mm | FE 75 R L
*m
FEMF-25 436.58 589. 04 24.81 111. 85 4.51
FEMF-40 440.12 607. 38 660. 26 24.18 105.76 157.70 6.52
FEMF-50 442,74 602. 23 686. 22 24.53 106. 47 188. 39 7.68
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Fig. 5 Numerical Calculation Curves of Flexural Strengthened Beams with Different Concrete Strength
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Tab. 6 Influences of Longitudinal Reinforcement Ratios on Flexural Strengthened Beams
N ) AR 2/ | | ' ) e e e ) i .
KI5 | oIR8/ (kN + m) N - W BRI R 7/ (&N« m) | Ji FREEBE / mm | $0 28 E 0 W7 1% B2/ mum | ) BR % B2/ mm | 48 14 2 4L
*m
FEMF-2. 11 301. 14 449.07 509. 80 19.90 112. 84 191. 77 9. 64
FEMF-3. 16 440.12 607. 38 660. 26 24.18 105. 76 157.70 6.52
FEMF-4. 21 555.52 731.47 766. 28 24.31 115. 98 141. 90 5. 84
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Fig. 6 Numerical Calculation Curves of Flexural Strengthened Beams with Different Longitudinal Reinforcement Ratios
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Tab.7 Influences of Amounts of Stainless Steel Wire on Flexural Strengthened Beams
B o 9 B 2R AT £ 2/ _ , , s s e i/ \ . ¥
WA | IRA 2/ (kN « m) kN » m) W BR AR F7/ (,N » m) | JE IREEBE /mm | L AL T 52 4/ mm | A FREEBE / mm | E P R %L
*m
FEMF-4 436. 00 512.83 598. 57 24.55 101. 50 180. 43 7.35
FEMF-8 442.55 552.98 613.13 24.33 105. 07 170. 09 6.99
FEMF-16 440. 12 607. 38 660. 26 24.18 105. 76 157.70 6.52
FEMF-24 442. 44 630. 11 679.16 23.27 117.62 165. 38 7.11
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Fig. 7 Numerical Calculation Curves of Flexural Strengthened Beams with Different Amounts of Stainless Steel Wire
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Tab.8 Influences of Different Secondary Loads on Flexural Strengthened Beams
S | Bk TR A/ | BIW A | BRRAR R )/ i M 5/ LR P W/ T
(kN + m) (kN » m) (kN « m) mm

FEMF-4-5 450. 11 618.07 634. 86 33. 36 167. 14 187. 44 5.62
FEMF-4-10 450. 12 619. 00 637.02 27. 20 169. 85 190. 94 7.02
FEMF-8-5 N 449,52 638. 81 654. 05 25.08 168.76 186. 36 7.43
FEMF-8-10 % 448. 27 635.07 653. 64 25.32 167.22 188. 36 7.43
FEMF-16-5 446. 41 677. 84 689.03 25.72 167.78 180. 48 7.02
FEMF-16-10 447,11 676.68 687.13 26.92 170. 32 182. 05 6.76
FEMF-4-20 420. 62 552.32 625. 40 22.90 96. 30 173.01 7.56
FEMF-4-30 420. 87 598. 85 627.99 22.42 147.72 181. 16 8.08
FEMF-8-20 ., 420.62 574.58 651.71 22.90 102. 76 182. 83 7.98
FEMF-8-30 IV 420. 89 617.08 643. 96 22.42 147.75 177.75 7.93
FEMF-16-20 420. 62 623. 39 672.69 22.90 116. 47 165.76 7.24
FEMF-16-30 420. 89 661.22 677.19 22.42 157.93 173.56 7.74
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Fig.8 Numerical Calculation Curves of Flexural Strengthened Beams with Different Secondary Loads
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