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C-1.0-27 C-type 75 37.0 8.7 0.84 S
P-0.5-27 P-type 37.5 26.2 10.3 0.99 S
P-0.75-27 P-type 56 38.1 11.7 1.13 S
B-0.5-27 27 B-type 37.5 18.2 79 0.76 S
B-0.75-27 B-type 56 32.0 89 0.85 S
T-0.5-27 T-type 37.5 19.2 44 042 V
I T-0.75-27 T-type 56 21.7 3.5 0.34 V
C-1.0-60 C-type 75 479 113 0.73 S
P-0.5-60 P-type 37.5 41.1 16.2 1.04 S
P-0.75-60 P-type 56 53.9 16.3 1.05 S
B-0.5-60 60 B-type 37.5 33.1 13.8 0.89 S
B-0.75-60 B-type 56 49.1 147 0.95 S
T-0.5-60 T-type 37.5 21.4 48 0.31 |14
T-0.75-60 T-type 56 21.6 33 0.21 V
C-1.0-27 C-type 75 59.9 13.8 1.32 S
P-0.5-27 P-type 37.5 51.6 25.7 2.47 S
P-0.75-27 27 P-type 56 61.4 215 2.07 S
R-0.5-27 R-type 37.5 431 113 1.09 S
I R-0.75-27 R-type 56 51.8 9.1 0.88 S
C-1.0-60 C-type 75 68.0 15.6 1.01 w
P-0.5-60 P-type 37.5 67.3 29.7 1.92 V
P-0.75-60 60 P-type 56 66.3 204 1.32 V
R-0.5-60 R-type 37.5 79.1 20.8 1.34 S
R-0.75-60 R-type 56 849 149 0.96 S

Note] f,. = compressive strength of concrete, I,, = embedded length of V-tie leg, P,,. = peak load, -, = bond
strength, =

pre

= predicted bond strength using CEB-FIP equation.
* In the failure mode, S, V, and W refer to the concrete splitting failure, fracture of V-ties, and welding
fracture at the reinforcing bar connected with V-ties.
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I 202 OIS D2F2 Y 232E A8
fi J2ao £
OF [AA 3 fey W (MPa) (E'*T) (MPa) Wl
1day | 3day | 7day | 14day |28day | 28day . 14day | 28day | 14day | 28day
MC-1 132 | 188 | 225 | 236 | 292 - 185 0.17 | 0.28 | 0.035 | 0.052
I MC-2 10.7 | 178 | 193 | 19.8 | 20.3 - 235 043 | 051 ]0.097 | 0.113
MC-3 9.7 147 | 165 | 17.0 | 20.0 - 185 0.41 045 | 0.099 | 0.101
MC-4 - - - - - - - - - - -
MC-5 72 | 313 | 399 | 40.1 | 445 - 250 0.77 1.02 | 0.122 | 0.153
I MC-6 13.0 | 169 | 312 | 343 | 355 7.4 180 1.03 1.20 | 0.176 | 0.201
MC-7 143 | 20.1 | 374 | 385 | 44.1 6.3 165 1.05 1.18 ] 0.169 | 0.178
MC-8 - - - - - - - - - - -
MS-1 - 9.5 186 | 20.1 | 222 - 175 0.25 | 0.27 ]0.056 | 0.057
I MS-2 - 8.4 178 | 183 | 19.6 - 170 041 046 | 0.096 | 0.104
MS-3 - 7.3 162 | 173 | 18.0 - 175 0.39 | 040 | 0.094 | 0.094
MS-4 - 103 | 19.0 | 209 | 214 - 165 035 | 0.38 | 0.077 | 0.082
MS-5 - 8.8 129 | 16,5 | 20.8 - 225 0.33 | 0.62 | 0.081 | 0.136
v MS-6 - 8.7 127 | 16.1 | 188 4.2 235 056 | 0.57 |0.140 | 0.131
MS-7 - 8.0 11.1 | 155 | 186 4.7 250 0.36 | 0.84 | 0.091 | 0.195
MS-8 - 8.6 11.1 | 16,6 | 178 - 250 0.60 | 0.60 | 0.147 | 0.142
CC-1 234 | 356 | 413 | 46.7 | 46.7 5.6 610 1.42 1.43 | 0.208 | 0.209
A% CC-2 1.7 15.1 | 254 | 333 | 375 5.8 400 1.39 1.65 | 0.241 | 0.270
CC-3 - - - - - - - - - - -
50 25
45
Ezf 40 g 20 |
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-+ Axial Performance of RC Columns Strengthened with Different Jacketing Methods, Engineering Structures, 2020.
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Test results Predictions

Specimens P, P, (P)aa (P) g/

(kN) | (kN) g (kN) (7o)

No.1 Existing 3894 | 5277 | 0.0020 | 0.0036 0.90 5173 1.02

No.3 FRP strengthening - 6,298 | 0.0019 | 0.0039 0.98 5173 1.22

No.4 Monolithic 12,258 | 16,084 | 0.0024 | 0.0044 1.05 15,557 1.03

No.5 Cross-tie anchoring| 13,989 | 17876 | 0.0020 | 0.0037 0.93 1.04

No.9 =+No V-tie 13,582 | 18,424 | 0.0021 | 0.0028 0.70 1.07

No.10 =+V-tie(1.04,;,) | 14,067 | 17,119 | 0.0021 | 0.0042 1.05 1.00

No.11 =+V-tie(1.54,,) | 14,551 | 18,443 | 0.0026 | 0.0044 | 1.10 17,193 1.07

No.13 U+No V-tie 14,877 | 21,091 | 0.0029 | 0.0035 0.88 1.23
No.17 Non-anchoring, V-

e 13,425 | 17,781 | 0.0021 | 0.0027 0.68 1.03
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-+ Axial Performance of RC Columns Strengthened with Different Jacketing Methods, Engineering Structures, 2020.
- Axial Test of full-scale columns strengthened with jacket section, Magazine of Concrete Research, &3,

- Axial performance of RC columns with glass—fiber grids as peripheral hoops, Journal of Structural Integrity and
- Maintenance, &334

- GojdAd A o] WHE wi el e B 7159 T Fébe AT Uk dETREXGRAHE T3], 2018.
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(m) All-fabric sheet (n) 300-fabric 2L

(0) 150—fabric 2L (p) Existing+fabric 2L (q) fabric 2L(2.04,,)  (r) U+AIll fabric(2.04,,)
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—©— Existing —— Steel strengthening
18000 | —=—FRP strengthening —>*— Cross-tie anchoring
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Applied load (kN)

—o— Existing

—— = +V-tie(1.0Ash)

—t+— = +No V-tie
—A— C +V-tie(2.0Ash)

0.004 0.006

Axial strain

(c) @220 M Hlu(=-Al2lX)

Applied load (kN)
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——U+V-tie(1.0Ash)

—+— U+No V-tie
—— U+V-tie(2.0Ash)




Applied load (kN)
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20000

—o— Existing —>¢— Cross-tie anchoring
18000 —=— C—+No V-tie —A—U+No V-tie
—+— fabric 2L(2.0Ash) —o— U+All fabric(2.0Ash)
16000
é 14000
B 12000
ae]
B 10000
=
< 8000
6000
4000
2000
0 @
2.6 2t SA=6Is A 21t
Predictions
Test result
Strengthening fee fej ACI 318-14
No. Pn (Pn)P (Pn)E /
method (MPa) | (MPa) €oe €ss " re. Xp-
(kN) &N) |Po)re.
1 Existing 33.8 - 6.034 10.002240/0.002910, 0.73 1.07
Steel strengthening
2 33.8 - 7,320 0.003083/0.003934| 0.98 1.29
(t = 45 mm) 5,665
FRP strengthening
3 ) 33.8 - 7,113 ]0.003233|0.003877| 0.97 1.26
(1 wrapping)
4 | Cross-tie anchoring 33.8 25.9 13,317 10.002778|0.003740, 0.93 13,813 0.96
5 = +NoV-tie(1.31,) 37.2 32.1 | 15,606 0.003552/0.004050] 1.01 15,281 1.02
6 |=+V-tie(1.04,,,0.25,)| 33.8 25.9 | 14,414 |0.003577|0.004840 1.21 13,813 1.04
7 |=+V-tie(2.04,,,0.250,)| 22.7 25.9 | 13,696 [0.002928|0.006039| 1.51 12,335 | 1.11
8 U+No V-tie 37.2 32.1 15,303 ]10.003728|0.004566| 1.14 15,281 1.00
9 U+V-tie(1.04,,) 33.8 259 13,979 10.003536|0.004996| 1.25 13,813 1.01
10 U+V-tie(2.04,,) 22.7 259 14,528 |0.003500/0.005980, 1.50 12,335 1.18
11] 90Hoop + No V-tie 22.7 - 9.004 10.002313|0.004111] 1.03 6.966 1.29
12 90Hoop + V-tie 22.7 - 8,758 10.002442|0.004273| 1.07 ’ 1.26
13 All-fabric sheet 33.8 25.9 6.545 10.002497|0.003216/ 0.80 1.16
14 300-fabric 2L 33.8 25.9 6,583 10.002607|0.003348| 0.84 5,665 1.16
15 150-fabric 2L 33.8 25.9 6,526 10.002503|0.003466| 0.87 1.15
16| Existing+Fabric 2L 33.8 25.9 6,318 ]0.002537|0.003808| 0.95 5,665 1.12
17| fabric 2L(2.04,,) 227 25.9 13,223 |0.002530/0.004487| 1.12 12,335 1.10
18| U+All fabric(2.04,,) 22.7 259 13,544 10.003154|0.006252| 1.56 12,335 1.07
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- Flexural Behavior of Columns Strengthened using an RC Jacket with Seismic Details, ACI Structural Journal, Z¥)A.

- Seismic Behavior of RC Jacketed Columns under Different Axial Loads, Magazine of Concrete Research, 3o A,
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1. Existing 36.6 : 52.8 | 412 | 129.1 | 102.1 | 1622 | 124.6 | 1434 | 1024 | 21.16 | 2.07 | 120 | 135 1.06
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8. U+V-tie(154,,) | 343 | 259 | 1246 | 1204 | 2678 | 281.0 | 373.0 | 3525 | 362.8 | 18.13 | 71.38 | 3.94 | 923 | 3455 | 1.05
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Section maintain
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=ealie (MPa) (kN) (kN) (kN (mm | (mm | wa | Weo | (e | (Ve /

Aerer | By | gwe | By | s | B | ww ) e

1. Existing _0.25 25 46.5 539 109 114 1344 | 1554 | 1449 10.2 - - - 138.6 1.05
2. Existing_0.4 25 499 52.5 125.9 1296 | 1540 | 1719 163.0 10.0 - - - 1514 1.08
3. Existing 0.55 29 51.6 56.8 1254 | 137.6 | 152.2 1849 | 168.5 10.0 - - - 147.9 1.14
. Section maintain

strengthening 25 45.6 46.8 127.8 | 130.1 146.6 | 152.7 | 149.7 10.0 | 48.1 479 | 165.6 138.6 1.08
(15145}1)_025
. Section maintain

strengthening 25 56.8 494 140.1 113.5 168.3 142 .2 155.2 10.1 502 | 498 | 1704 138.6 1.12
(2.04,,)_0.25
. Section mqintain

strengthening 29 57.4 65 140.8 | 1753 | 1759 | 1904 | 183.1 99 39.6 | 399 | 134.6 157.1 1.17
(1.54,,)_ 04
. Section maintain

?tlr%rjlélgtk;eglg%g 29 57.6 58.6 152.1 1549 | 172.8 | 179.1 1759 10.2 | 30.5 | 2.99 31.0 147.9 1.19
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