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Abstract - In this study, steel slit dampers with various combinations of strut widths were fabricated to investigate the structural
performance through cyclic tests with incremental displacement loading protocol. Six specimens were planned, with the
identical steel material (SS400), whole height (233 mm), thickness (14 mm), and total width of struts (240 mm), including 2
specimens with the same strut width (40 mm, 60 mm) and 4 specimens with varying strut widths. Experimental results showed
that specimens with the same strut width simultaneously cracked and specimens with varying strut widths failed at the top and
bottom ends of the widest struts. In specimens with a maximum strut width of less than 50 mm, initial stiffness and yield strength
were on average 33% lower compared to specimens with a maximum strut width of 60 mm or more. However, due to larger
ultimate displacements and cycles to failure, the energy absorption capacity was more higher.

Keywords - Steel slit damper, Incremental amplitude loading, Strut width, Ultimate strength, Initial stiffness, Energy

dissipation capacity
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< ARGA] A 3|
AL SS400(7- KSTFF)= A7 - Al A H-

Table 19] AgA|Fo|A ‘CSD'= ©H42Z HH
(Carbon Steel Damper), ‘W1, W2, W3, W4, W5, W6’
< Fig. 194 AESIZ3} 2|0 whE duH ol
H}R| 9k 0 2 “W3-4, W-4, W5-470 4] HT 4’0
T-9] tiitoll= ZTEA] 9F2 Y B4 AdA el
A dAHrIE TR EZT} LR 9§ AE7E
ZEEZ WS @E Yehdo. 2t HHE A5t &
EZ(Strut)Z3F} £AE Table 13} Fig. 19] YeERHTE
AEE Z0] LA O Kim2] 73_]4_[13]2 Zrz5ko] A&}
gtk A¥A CSD-W19] B¢ AESE0] HE 40 mm

o]il
20 m

=
1
=
(e}
A

% 67olt}. AT A CSD-W4a-4= Z+7+ 27]9] =
me} 50 mm AE I} 1719 £ 100 mm AEE O
T €.

22 489 2 7HEA

SHEIR AR S 57 g AUA AE, WA 2 2
EQ1 Ao]x] A HXZ Fig. 20] LreHHict. Fig. 2(a)
AR Shiol 199 g

= 2o, AA9 Felof

2. A3H| A3 o Alur = Yool < ‘575 AR7MEEY] 55 4 YHY
PEETATm s ERe & ] Sistel G 2Ystl=g AR
JRU—— AP L 1A YAE A HEIFS =
ZIEnxﬂZ“—l 7‘(11]‘1 =
g3F7] #I5ke] Fig. 2(b)et & l 67112 |MSIA(LVDT)E
A EAAEe) 484 AT AWAS) e 2 AASAT
Z} Table 13} Fig. 10 Yebiith A A= 4 35l stollA AR olA WMol HS5E
g A DHRES XYW A 2L 430 mm, WA ACE WHHE FYE L 9% 2EZY 4oiro]
%ol 475 mm, AEFO] £0|E 233 mm, AEHR & BHOREE s mmPolW HoA HAES 245}
Table 1. Specimen list and geometric information
Measured Measured . .. No. Minimum
. . . Strut width combination .
Specimen thickness thickness Tl struts | aspect ratio Common
£, (mm) £, (mm) (EA) | (H/B,.)
CSD-W1 14.90 14.90 40+40+40+40+40+40 6 5.83 Loading protocol : FEMA-461
CSD-W2 14.95 14.95 60+60+60+60 4 3.88 S;g;ﬁf;r;ﬁjj;‘?o
CSD-W3-4 14.83 14.83 50+35+35+35+35+50 6 4.66 15 mm
CSD-W4-4 14.76 14.76 20+50+100+50+20 5 2.33 Height of the straight strut part
CSD-W5-4 14.84 14.84 40+80+80+40 4 291 Total h_eiijj gﬁe st
CSD-W6 14.84 14.84 80+40+40+80 4 2.91 = 406 mm
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(b) CSD-W2

50 1354 1351 1351 {351 -5

(e) CSD-W5-4

Fig. 1. Specimen configuration and strut dimension

(f) CSD-W6
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(c) Strain gauge in CSD-W1

Fig. 2. Specimen set-up and measurement plan
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Fig. 3. Loading protocol (FEMA461)
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o

Table 2. Material properties of SS400 material

Tensile w, Z, E o, % |, /o EL
coupon |[mm] | [mm] |[GPa] |[MPa]|[MPa]| * “| (%)

CS-1 25.53 | 14.79 |185.53|253.10[{407.96| 62.04 | 48.08
CS-2 25.48 | 14.76 |184.99|252.85|409.95| 61.68 | 47.12
CS-3 25.54 | 14.79 |186.88|244.05|407.60| 59.87 | 47.20
Average |25.52|14.78 [185.80(250.00|1408.50| 61.20 | 47.47
COV 0.001 | 0.001 | 0.005 [ 0.021 | 0.003 | 0.019|0.011
Note : CS=Carbon steel, ‘1°, 2°, ‘3’

width of coupon, #,: Measured thickness of coupon, E: Elastic modulus, o,:

: Number of coupon, W,: Measured

Yield stress, o,: Tensile strength, £L: Elongation at fracture

o} W S A (E) = 188.80GPa, FEL T (0,) L 9
AT (s,)= ZH7 250 Mpa®} 408.50 MpaZ KS D
3503:20169] 4 AAFEZ =L} HAUGHES 1t
=5he e S,

Sy Res] =57 4367 ABS(EA A1903) 20241 6Y 167



Zo| T2 ARSI 2 FALAEN ] FEAS] B YA A7

400
300 Y

0 0.1 0.2 0.3 0.4 0.5
Strain

Stress [MPa]
[~}
[=1
<

—
o
=]
9]
%)
—

(=]

Fig. 4. Stress-strain curves of damper material
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Table 3. Test results

HOARHELR ()= 22 39.61 mm, 34.27 mm=E =H|
e o= W FAdEHoA = FAEH
£ A5t 2ESIF0] 8% AAYZ AT = A
o FEWH g (HRHWHHY ¥l A
(B=P_/P,)21.54-1.789] H 2 LeFITE

Z o] Z 2] 80%71A] 2] o] F Ao A
AL ANAAZTFEH(EDT 1 AFNA ] AolZ
F(N)= g3 Aol 7 WA Yerd CSD-W17F
141.03 kNm, 32.53]2 7} =9t} o] FE Y}
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Ego] HEdZEo] &Y% FHHFS FHstAr
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Axo] FALNZE 2 AL & 4 ATt Table 3014 F
oflqA F&58o] WokH CSD-W4-4, CSD-W5-429}
CSD-Wod A A= F AL = F3dth AES J9o] £
&2 FYotal A7 v F A™A CSD-Ws5-49
CSD-W6= A9 FARE A5 YEH AL, Fig. 6(c)&
R F Qg&o] AEFE0| Z CSD-W6AHA| 7L

HT
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of»
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ot

Specimen Lo % Ko i L r/P O e Test eifi) e N,

[kN] [mm] | [kKN/m] | [kN] [kN] “ [mm] | [mm] =D P, of 80% s
CSD-W1 106.40 1.87 56.84 189.84 | -198.78 1.78 33.08 | -33/96 150.11 141.03 32.5
CSD-W2 165.77 2.11 78.52 288.43 | -286.97 1.74 28.50 | -19.90 124.70 120.92 29.5
CSD-W3-4 | 123.46 2.14 57.81 189.73 | -192.15 1.54 26.55 | -28.27 126.07 118.04 32.5
CSD-W4-4 | 172.35 1.97 87.59 26891 | -266.74 1.56 17.37 | -17.75 93.72 73.11 27
CSD-W5-4 | 16791 1.85 90.92 285.53 | -307.62 1.70 2349 | -23.14 100.20 90.07 28
CSD-W6 178.67 2.07 86.40 299.15 | -304.41 1.67 23.29 | -20.39 104.46 89.23 27.5

Note : P,,: experimental value of yield strength, 4,,: yield displacement at yield strength, X,: experimental value of stiffness, 7, : experimental value of

positive maximum strength P, : experimental value of negative maximum strength, §": experimental value of positive displacement, §,: experimental value

of negative displacement, £: elastic modulus, ~;: number of loading cycle for 80% of P,

168 FH=7d7-2018] =4 A36 ¢ A3 2 (Ed A1902) 2024 62
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Fig. 5. Load-displacement curves
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Fig. 6. Load-cumulative displacement curves
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Fig. 9. Strain distribution
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gots A0 R 7HYsto] AES F4F Foto] A4t aedier 47] HoRwH Adbd WMo oled
o7, 77 9 Zo| o2 23S ZH T o] Ao Amo} 5= Table 40 2|5ttt AHA| Q] AFFE ¢ Hof
Foll o) 2 2] BAE dzke] Hof ey 4y HHI) HE CIEYH B AAWAU(L/, 27,
3t 5 23102 YL Astact o] PAZ2 717} 1.34, 1.400.2 A3 A Ao o3 1}
Ag7VeE ATFE BPoU FRAAG SHA £
» _Mm[n oytéz . 20th] W A ok lfi‘r%q TEHY7L _%7‘] 3L ?'%“ﬂ
v 3/3 29 7 A ARG &9 59 ¥R AP
tB? 20/B o o] A 4tgkol Qs HAZL Aok Ao UEy
P, = Min [% i " a5 ] @ o} =3, CSD-W1T} CSD-W2& A| QI3 HE AEQS
7= AEA Y B9, AA Ao FEWRY AHA A
A71M, H= HHe| ol, B 2EIEF, 1= €W A AAHO FEHS = LA AES Z3 X4
A, w2 AERO A, 0,5 ARFELRE, 0,5 U o] AR Dt Z FEUYHA YA 2 2EZ Q] 3P4
Table 4. Comparison of test results and theoretical predictions
Specimen [g\el] [n?l;] [kIfIy/em] [kKll\;] [lfly\tl] [12;1] [kIfIy/tm] [fli;] BBy | BB | 8lOn | Kol oy
CSD-W1 | 10640 | 198.78 | 1.87 | 56.84 | 81.14 | 132.58 | 141 | 577 | 131 | 150 | 133 | 0.99
CSD-W2 | 165.77 | 28843 | 2.11 | 7852 | 122.12 | 199.54 | 1.03 | 11856 | 136 | 145 | 205 | 0.66
CSD-W3-4| 12346 | 192.15 | 2.14 | 57.81 | 8328 | 136.08 | 275 | 3026 | 148 | 141 | 078 | 191
CSD-W4-4| 17235 | 26891 | 197 | 87.59 | 132.29 | 216.16 | 4.62 | 2865 | 130 | 124 | 043 | 3.06
CSD-W5-4| 167.91 | 307.62 | 1.85 | 90.92 | 134.69 | 22008 | 228 | 59.18 | 125 | 140 | 081 | 154
CSD-W6 | 178.67 | 30441 | 2.07 | 8640 | 134.69 | 220.08 | 228 | 59.18 | 1.33 | 138 | 091 | 146

Note : P,: theoretical yield strength, §,,: theoretical yield displacement at yield strength, X,: theoretical initial stiffness, 7,,: theoretical maximum strength
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)
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wAe 2
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