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Analysis of Influencing Factors of Seismic Performance of RC
Columns Strengthened with Steel Wire Mesh

HUANG Hua'®> TIAN Ke' SHI Jin-hui' LIU Bo-quan'
(1. School of Civil Engineering Chang’an University ~Xi‘an Shaanxi 710061 China;
2. School of Highway Chang’an University Xi‘an Shaanxi 710064 China)

Abstract: By establishing the finite element model of RC columns strengthened with steel wire mesh the
mechanical properties under cyclic loading is analyzed and the correctness of the finite element model is
verified. The hysteretic curves skeleton curves strain curves and the change of stiffness and ductility of
strengthened RC columns of the columns under different strengthening conditions are calculated by FE model
to research the influence of axial compression ratio stirrup ratio longitudinal reinforcement ratio concrete
strength  steel wire quantity and ecceniric compression on the seismic behavior of the strengthened columns.
The results show that ( 1) with the increasing of axial compression ratio the ultimate bearing capacity of the
strengthened columns increased by 9% - 17%  while the ductility reduced by 9% — 15%; (2) with the
increasing of stirrup ratio longitudinal reinforcement ratio concrete strength and steel wire quantity the
ultimate bearing capacity and ductility of the strengthened columns increased by 2% —28%; (3) with the
increasing of vertical pressure eccentricity the stirrup and steel wire strain of the strengthened columns
developed quickly the ultimate bearing capacity reduced by 2% —13% their ability of energy consumption
reduced by 35% and their stiffness and ductility decreased.
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Tab.1 Parameters of simulation strengthened columns

ANSYS -

/

RC /MPa  MPa /MPa

> > > > RCC14 0.24 31.7 — — 1535
RCC13 0.24 28.9 62.1 @3.2@30 1535
RCC23 0.48 30.1 58.3  ¢3.2@30 1535

1.3

1.1 4 mm,; 20 mm

1 RCCI4 3
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Fig.2 Hysteretic curves of strengthened columns
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Tab.2 Comparison between numerical values and 2

experimental results of strengthened columns

/kN /kN /
40
RCCI4  0.22  -77 82.8 -90.07 95.4 1.17 1.15 428 /mm
’ ’ ' ’ ’ ’ | — RC-1CGHIEEE 40.24)
RCC13 0.24 -109 116 -110 124 1.01 1.07 e — — RC-2(§h HE . 20.36)
" 150 d - " RC3(HUELL0.48)
RCC23 0.46 -142 153 -148 151 1.04  0.99 5.
(a) (] i 2k
2
3 20 40
’ —— RC-1(%iF: Lk 0.24)
1= — RC-2(%E Lk 40.36)
TR o T - - - RC-3(Hfi i k. 40.48)
0.24. 0.36. 0.48 3 -150 -
b) ‘B4 i
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30. 1 MPa 58.3 3
MPa 1.1 ° Fig. 3 Curves of strengthened columns in different
N N axial compression ratios
3 (a) ~(b). 3. 3
RC2 RC3 Tab.3 Ultimate bearing capacity and displacement of
RC4 9.49 17.3%:; strengthened columns in different axial compression ratios
/kN / /
/kN mm mm
; RCH 134 -121 127.5 5.47 48.8 8.92
RC=2 144 —135 139.5 5.21 42.2 8.10

9% ~15% . RC3 153 - 146 149.5 5.67 43 7.58
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Tab.4 Material’s strain in different axial compression ratios

/mm 2 8 16 20 25 30 35
) RCH 4 32 74 113 153 204 256
RC2 7 41 90 133 180 251 322
( x107%)
RC3 8 48 97 146 201 283 370
) RCA -1 64 225 336 459 605 763
RC2 -16 41 151 219 286 378 440
( x107%)
RC3 -32 24 147 240 320 423 476
RCH 6 47 96 139 180 249 302
/ RC2 8 89 160 238 318 458 578
(x107%) RC3 10 94 159 235 309 431 593
4, 4
2.2
0.09. 0.25. 0.49 RC-
4, RC5. RC-6. 3
317 MPa 0.48
30. 1 MPa 58.3 MPa
1.1 o
4 (a) ~(b). 5,
2%
1.7% ~3.1% o

5
Tab.5 Ultimate bearing capacity and displacement of

strengthened columns in different stirrup ratios

/kN / /
/kN mm mm
RC-4 153 - 146 149.5 4.67 43.1 9.229
RC-5 153 - 147 150 4.69 44 9.382
RC-6 153 - 147 150 4.15 39.5 9.518
6.
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Fig. 4 Curves of strengthened columns in different

2.3

20 40

{3 #/mm
— RC-4(p,,=0.09)
— — - RC-5(p,,=0.25)
- RC-6(p,,=0.49)

(b) ML

stirrup ratios

0.32. 0.50. 0.79

8. RCH.
385 MPa
30. 1 MPa

P10@ 150
6

RCF. RC-

0.48
58.3 MPa
1.1 o

Tab. 6 Material’s strain in different stirrup ratios

/mm 2 8 16 20 25 30 35

RC«4 8 48 146 201 283 370 448

( ><10‘5)/ RC-S 8 34 97 123 166 217 269
RC-6 7 24 62 79 96 100 101
RC~4 2 191 730 967 1282 1485 1561
(x 10_5)/ RCS 2 190 722 925 1202 1440 1541
RC-6 2 189 659 844 1089 1205 1 181

RC«4 10 94 235 309 431 593 679

/ RC-S 10 105 261 355 461 568 820
(x107%)  RC6 10 94 230 314 412 568 679
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Tab.8 Material’s strain in different reinforcement ratios
; /mm 2 8 16 20 25 30 35
; RCH 8 34 97 123 169 212
RC-8 7 36 104 133 175 218 254
( x107%)
10% ~ 17%; RCY 7 36 96 129 179 214 240
RCH 2 191 709 922 1196 1 365
Ay w=Ay/Au o /
( 10_5) RC8 3 174 824 1093 1428 1652 1734
%10~
200 _ RCH 7 152 619 871 1226 1368 1360
= - RCH 10 96 231 303 402 511
' / RC-8 10 113 292 390 529 629 733
( ><10’5) RC9 9 99 228 333 483 692 780
a0
{i #/mm °
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1504 . o— =
z ], i 1.1,
= 1004
.: q:} A)
X . 6 (a) ~(b). 9.
40 T 20 40 : RC41.
{ir #%/mm
RCH42 RCHO 4.4%
RC-7(p,=0.32) .
e — — - RC-8(p,,=0.50) 6.8%;
RC-9(p,,=0.79)
(b) B A Mk
5 1
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Tab.7 Ultimate bearing capacity and displacement of

strengthened columns in different reinforcement ratios

Tab.9 Ultimate bearing capacity and displacement of

strengthened column in different concrete strengths

/kN / / /kN / /
/kN mm mm kN mm mm
RCH 155 -147 151 6.11 34.1 5.58 RCH0 150 - 144 147.0 4.99 36.2 7.25
RC8 171 -166 168.5 6.31 38.7 6.13 RCA1 155 -152 153.5 4.81 36.1 7.51
RC9 197 -190 193.5 6.49 42.5 6.55 RC42 161 -153 157.0 4.5 41.8 9.29
8. 10,
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Fig. 6 Curves of strengthened columns in different

concrete strengths
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Tab. 10 Material’s strains in different concrete strengths

/mm 2 8 16 20 25 30 35

RCHO 10 53 143 204 292 402 500
RC41 8 45 141 196 278 358 435

( x107%)
RC42 7 42 138 187 258 334 411
) RCA0 0 172 548 722 936 1133 1241
RCA1 7 187 781 1034 1438 1939 2325
( x107%)

RC42 13 186 727 959 1253 1503 1697

RC40 11 133 349 453 610 734 635
/ RC41 9 105 267 357 470 558 601
(x107%)  RCH2 9 96 257 335 456 620 730
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Fig.7 Curves of strengthened columns in

different steel wire diameters
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Tab. 11 Ultimate bearing capacity and displacement of

strengthened column in different steel wire diameters

/kN / /
/kN mm mm
RC43 139 -136 137.5 4.78 36.8 7.70
RCH4 152 -145 148.5 4.92 41.2 8.37
RC5 175 -175 175 5.26 53.1 10.10
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Tab. 12 Material’s strain in different steel wire diameter — /
“’_ ——
/mm 4 12 20 25 30 35 40 i
RC43 16 106 235 326 402 494 g §
/
RC44 16 98 205 290 377 436 L = L2
( x107%) | 750 le— 750
RC45 14 83 159 217 285 347 413 (a) Ef (b) W
RC43 69 557 1164 1425 1530 1706
/ B8 mEHMHETRER (£4: mm)
RC44 69 486 1001 1291 1501 1461
( x107%) Fig. 8 Loading on strengthened column (unit; mm)
RC45 67 479 902 1174 1484 1699 1990
RC43 26 191 406 613 917 1114 i
o
/ RCH4 22 189 377 471 633 838 f{ 100
103 % p7Z
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Tab. 13 Average ultimate bearing capacity of
strengthened columns
6% ~13% /kN
/kN
0. 48 RC1-9 81.5 -77 79.25 1 —
0.24 . RC14 138 -130 134 1.691 1
RC1=2 135 -129 132 — 0.985
150 4 > < . 1 _ _
z /&%a{}.— S RCI3 133 129 131 0.978
= w1 2 RC20 92.2 -87.1 89.65 1 —
o RC24 155 ~144  149.5  1.668 1
RC22 144 —-141 142.5 — 0.953
40 _ 20 RC23 134 -129 131.5 — 0.880
i % /mm
Rl 0.0097 _g RCI-1(HIE H0.24 1
Z 7 e — R.C:’_'U[lﬁal_".‘fﬁ=3u mm) B S -1 f .24) v RCE—HWH‘& t".‘ﬂ'ﬁ}
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Tab. 16 Overall stiffness of strengthened columns under

different cyclic loadings

/

o /( kN * mm)
(kN * mm)
3.4 12mm 16 mm 20 mm 25 mm 30 mm 35 mm
1 14 . RC14 12.79 9.25 7.55 6.38 5.31 4.45 3.74

RC1-2 11.77 9.22 7.46 6.29 5.19 4.33 —
RC13 12.3 9.18 7.54 6.35 5.21 4.32 —
RC24 19.72 11.2 8.84 7.29 5.92 4.69 —
RC22 18.75 11 8.66 7.09 5.58 — —

RC2-3 17.17 10.4  8.18 6.3 — — —

N N 17 B/B,
; Tab.17 B/B, of strengthened columns under different
o cyclic loadings
14 B/B,
Tab. 14 Ductility coefficients of strengthened columns B/B, 12 mm 16 mm 20 mm 25 mm 30 mm 35 mm
RCIH4 1.00 0.72 0.59 0.50 0.42 0.35 0.29
/mm /mm RC12 1.00 0.78 0.63 0.53 0.44 0.37 —
RC1O 024 6.83 m 6. 442 — RCI3  1.00  0.75 0.61 0.52 0.42 0.35  —
RCId 0.24 791 375 5 201 1,000 RC24 1.00  0.57 0.45 0.37 0.30 0.24  —
RCI2 0.2 8.18 4.8 5110  0.982 RC22 - 1.000.59 0.46 0.38 0.30  — -
RC13 0.24 7.51 37.8 5.033 0.968 RC23 1.00 0.61 048 037 — — -
RC2-0 0.48 5.53 18.3 3.309 — 16 17
RC24 0.48 5.42 29.7 5.480 1.000
RC2=2 0.48 5.66 27.9 4.929 0.900 .
RC23 0.48 5.79 20.4 3.523 0.643 .
3.5 2
2
o 15, .
30%
15 4
Tab. 15 Hysteretic area of strengthened column (1

RC1I4 RCI2 RC13 RC24 RC23 RC24

N 12 394 8 221 8 700 8 991 6 881 6145
(kN mm) 2% ~28% .

1 0.663  0.702 1 0.765  0.683

3.6 7% ~30% -
(2)
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