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Abstract — This study investigated the structural behavior of an under-tension strengthening system for the deflection retrofit of
steel industrial buildings. Tensile tests were conducted on six specimens considering housing thickness, housing height, rod
material, and initial bolt pretension as experimental variables. The design target strengthening force was 320 kN, determined
from structural analysis of a representative steel industrial building. The maximum loads of the specimens ranged from 614.66
to 761.57 kN, exceeding the target force by 1.9-2.4 times. Reducing the housing height from 90 mm to 50 mm decreased the
maximum load by approximately 17 %, while the SCM440 QT rod showed comparable performance to the ASTM A193 Grade
B7 rod. The results demonstrate that the proposed system can provide sufficient strengthening capacity, with housing
dimensions and rod material identified as important design parameters.
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Under Tension

Fig. 1. Under-tension strengthening concept

Connection Bracket
Steel Girder
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Tension Rod

Fig. 2. Components of the under-tension strengthening system
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Fig. 3. Details of the connection bracket
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Table 1. Design verification according to bracket thickness

Th(i;knlll;: 58 Sf:_tjsn S;};t]i; n Interaction Result
8 OK OK NG NG
9 OK OK Satisfied OK
12 OK OK Satisfied OK
15 OK OK Satisfied OK
18 OK OK Satisfied Adopted
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Table 2. Test specimen

Housing Housing Initial bolt

No. | Specimen* | thickness height pretension
(mm) (mm) (kN)
1 | 18-90-237-S 18 90 237
2 | 18-70-237-S 18 70 237
3 | 18-50-237-S 18 50 237
4 | 15-90-237-S 15 90 237
5 | 15-90-237-B 15 90 237

6 15-90-0-B 15 90 0

*Specimen denotes Housing Thickness (mm)-Housing Height
(mm)-Initial Bolt Pretension (kN)-Tension Rod Material, where
S and B denote SCM440 and ASTM A193 B7, respectively.
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Table 3. Results of the tensile test
¢ F, E, Elongation
Component| Coupon (mm)| (MPa) | (MPa) %)
Steel SS275 8 1390.13(498.12 35.65
Giredeer SS275 | 13 |361.05]527.25| 35.89
SS275 20 (290.44430.30 40.73
Connection|  gqr75 | 15 |278.51 |45638|  29.93
Bracket
. SCM440
Housing QT HRC 30 18 [820.47|954.21 16.28
B7 D24 [815.57|944.30 17.70
Tension D36 |695.52
Rod SCM440 | D24 [1066.09(1155.47, 14.38
QT HRC 30| D36 (1055.23

Table 4. Test results

No. | Specimen* g;“ﬁ; Failure mode

1 |18-90-237-S| 741.37 Tension rod fracture

2 | 18-70-237-S | 734.72 Tension rod fracture

3 118-50-237-S | 614.66 Housing yielding followed by
tension rod fracture

4 |15-90-237-S| 761.57 Tension rod fracture

5 [15-90-237-B| 614.95 Tension rod fracture

6 15-90-0-B 621.09 Tension rod fracture
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(a) Yielding of the housing (b) Fracture of the tension rod

Fig. 8. Representative failure modes
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Fig. 9. Load—displacement curve (housing height)
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