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Evaluation of Hysteretic Behavior of Composite Steel Damper System
Using the SPHC Steel
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Abstract - In this study, a single slit damper was designed using SPHC, which has a relatively higher elongation than SS275, is
more economical than HSAS80, and has a relatively high yield strength. The main variables were set to 1, 1.5, and 2.0 by
representing the yield strength of SD(SPHC Damper) as a ratio based on the yield strength of CD(Carbon Steel Damper). In
addition, HSD(Hybrid SPHC Damper) combined with CD was designed using SD_1.0, which has the greatest yield strength.
Through the static loading experiment, it was confirmed whether the historical characteristics of SD and HSD represent the
sequential yield, which is a characteristic of the composite steel vibration control system, and the error between the experimental
results and the analysis results was confirmed through the finite element analysis. Finally, the history characteristics of
HCD(Hybrid Carbon Damper) and HSD combined with slit steel damper using SS275 and SPHC were compared, and HSD
showed superior results in yield displacement, yield strength, initial stiffness, and energy capacity than HCD

Keywords - Carbon steel, SPHC, Slit steel damper, Composite steel damper, Sequential yield, Static loading test, Finite element

analysis
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(b) SPHC tensile coupon

Fig. 1. Details of tensile coupon tests(Unit : mm)
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Fig. 2. Stress-strain diagram

Table 1. Results of tensile coupon tests

Specimens £ % %u o /o EL
P (GPa) | (MPa) | MPa) | """ | (%)

SS275-16t 210 291 413 0.71 27

HSAR80-15t 190 77 274 0.28 66

SPHC-12t 225 273 343 0.79 36
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Fig. 3. Design concept of hybrid steel damper system
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Table 2. Test specimens(SD_n, HSD)
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Specimens t B H Num Hﬁ B d%.d %d kd i,d
(mm) (mm) (mm) ber ratio (mm) (kN) (kN/mm)
SD_1.0 12 30 110 4 3.67 0.51 39.74 78.4
SD 1.5 12 20 70 4 3.5 0.37 26.36 70.7
SD_2.0 12 25 150 4 6 0.94 20.64 22.1
HSD SD 1.0 12 70 150 1 2.14 0.48 40.46 84.2
CD 16 30 180 4 6 1.32 40.28 30.5
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Table 3. Material parameters

Isotropic hardening Kinematic hardening
Q c
b 14
(MPa) (MPa)
SS275 122 23.85 2909.26 23.85
SPHC 70 6.73 470.5 6.73
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Table 4. Experimental results of specimens

Energy

. ) 9 K 3
Specimens & e G il Capacity
(mm) | (kN) | (kN/mm) (kN-mm)

SD 1.0 0.69 54.37 74.69 84286
SD 1.5 0.51 33.33 65.36 56109.8
SD 2.0 1.06 24.8 23.4 40112.2
HSD SDchl.O 1.07 101.35 94.72 137950.7
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Fig. 13. Hysteresis curve through experiments
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(a)SD_1.0 (b)SD_1.5 (¢)SD_2.0 (d) HSD
Fig. 14. Status of the specimen after the analysis
Table 5. Experimental and analytical results of specimens
Ener
% < oK Capacgi?f/y
Specimens (mm) (kN) (kN/mm) (kN-mm)
Analysis Exp/Ana Analysis Exp/Ana Analysis Exp/Ana Analysis Exp/Ana
SD_1.0 0.72 0.96 51.85 0.95 72.51 1.03 78024.6 1.08
SD_1.5 0.48 1.06 33.41 0.99 69.6 0.94 52556.4 1.07
SD 2.0 1.06 1 26.22 0.95 24.86 0.94 40676.9 0.99
HSD S%—Dl'o 1.01 1.06 97.9 1.04 97.41 0.97 151006.4 091
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Fig. 16. Hysteresis curve through analysis
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[ Carbon Steel Damper 2]
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Fig. 17. Hybrid Carbon Damper(CD+CD_1.0)

Fig. 18. CD_1.0 Strut Break
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Fig. 19. Comparison of HCD skeleton curves for HSD
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Fig. 20. Comparison of HCD hysteresis curves for HSD

Table 7. Comparison of HCD results for HSD

Energy
Specimens % < K Capacity
Table 6. Test specimens(HCD, HSD) (mm (kN) | (kN/mm) (N-mm)
CD_1.0
Specimens HCD HSD HCD =1 101 | 8502 | 8451 | 1376339
p
CD 1.0 CD SD 1.0 CD CD
¢ SD 1.0
16 16 12 16 HSD |——= 107 | 101.35 | 9472 | 137950.7
(mm) CD
B
strut | 55 30 70 30 HCD/HSD(%) | 94 84 89 99
(m}:n) 150 180 150 180 o
B AE g1 &+ AU
ratio 2713 | 138 21 6 HCDS} HSDO] 0|41 1] = Fig. 200 YR Y
(drj;rf) 065 | 132 | 048 | 132 2.7 Table 75 F5tof HSDef Histe] HCDS F=4
. Q= 0.944], FEZTLE 0.844), 27| 74AL 0.894],
yv.d
o 403 | 4028 | 4046 | 40.8 o U 2] AAFEES. 0,998 2 LiehdiTh
d[{i,d
PR 67.85 | 305 84.2 30.5
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