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An Experimental Study on the Structural Performance of Steel Slit Dampers
with Varied Strut Width under Constant Amplitude Loading Protocol
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Abstract - In this study, steel slit dampers with various strut widths were subjected to cyclic tests with constant displacement
amplitude loading protocol to investigate their structural performance. A total of nine specimens were fabricated using general
structural rolled steel, with varied strut widths and loading protocols. Three cyclic loading protocols consisted of shear
deformation angles of 3 %, 5 %, and 7 %. Experimental results indicated that as the shear deformation angle increased, the total
number of cycles to reach 90 % of the maximum load decreased to an average of about half. Specimens with a maximum strut
width of less than 50mm exhibited lower initial stiffness and maximum load compared to those with a maximum strut width of
100 mm, however, they demonstrated higher energy absorption capacity. This is because the specimen with a strut width of 100 mm
experienced shear cracking and failure at an earlier stage, leading to a quicker reduction in strength. The arrangement of strut
widths was confirmed to be a significant varied influencing the structural performance of the damper.

Keywords - Steel, Structure, Steel slit damper, Constant amplitude deformation, Cyclic loading, Strut width, Energy dissipation
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Fig. 1. Design configuration of the slit damper

ol

1919,093

o2 e

O
2 oox oy w2 [m

FotA A5t 7

29l F2YEANE

@



BT (MPa), H= AE®9 &
£ Yerd
A= Foll o3 =

)
N
=
2
rlr
=
fu
1o
odk
d
oN

1.50 H. \2
5 =5t 6= T[(i) +2.6] 3)

AEZ Y| AR} Ad@FEo] Lt T
4, 2EZEO Hidt fFEEClY] HE oF 1402 A
AT 1350 2 3¢ ol2H o2 3353 A2
UEr A, o] ¢ Addo] AEZ | AT A
HiSHA ot dutHo s fgEPor dAH S3H
He Ag FEYor dAd edn iy HYsd

L A3
. T =2 u pE3 (o]
Zs}ot ?5_'1] X 480 mmgr E{—O] 475 mm, AE

1=
o] F KSZE09l dub 28 A A7AIQl SS400(SS275
2 HA)E Aot

Table 1. Specimen list and loading protocol

H o] AESIE()0] et FE%0l(h)S] Hl(h./b)

A EZE 7|&#0 % CSD-W3=
4.4, CSD-W4+=2.75, CSD-W5+ 2.20|t}.

Table 12] AFA|FoJA 'CSD'= ©47 W
(Carbon Steel Damper), 'W3, W42} W5'= Fig. 20{ 4]
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Fig. 2. Details of specimens and strain gauge location (unit: mm)

. Thickness of damper Strut width Number .

Specimens .. Loading Protocol Common
[mm] combination [mm] of struts

CSD-W3-1 14.70 Constant-3 %
CSD-W3-2 14.88 50+35+35+35+35+50 6 Constant-5 %
CSD-W3-3 14.80 Constant-7 % _Steel material: SS400
CSD-W4-1 14.93 Constant-3 % -Height of the straight
CSD-W4-2 14.98 20+50+100+50+20 5 Constant-5 % strut part: 233 mm
CSD-W4-3 14.70 Constant-7 % -Total h?ggt of the strut:
CSD-W5-1 14.88 Constant-3 % mm
CSD-W5-2 14.97 40+80+80+40 4 Constant-5 %
CSD-W5-3 15.02 Constant-7 %

S=7daete] = Ao A6 (5 A|193%) 2024 1249 335
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Fig. 4. Test set-up
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o FEZEE 02 % F7 HFo] TSt AFE 7
To® ZAstglon 1 AW, B+ BHAF(E)=
188.80 GPa, B FEHE(0,)E 250 MPa, 18]
T AZAE(0,)= 408.50 MPai2 UEFGTE o] KS
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341‘41141@1 90 % (90 % of P,, ) o|5} A|AA U &

58, = 90% olst Aol A S o] E())
& Astel Table 3o AeIStedek. of714, 5ol
Table 2. Material properties of carbons BAT UP) o} 2B (K)E R AR Hol2L 7=
| W t E o o FEL
i g € Y z 0 2 =710 A] v o 2 ALA 519
Specimen | 1| (mm] | [GPa] |[MPa]|[MPa] %/, (%) 22 57k A o2 Aol
CS-1  [25.53[14.79 |185.53|253.10{407.96| 62.04 | 48.08 Zy AQA Y B FS5EB=P,./P.)E FEFZO
CS-2  |25.48|14.76 |184.99|252.85(409.95| 61.68 | 47.12 st o el(+)9] Hlo]™ 1.45~1.979] Y= e
CS-3  |25.54|14.79186.88/244.05407.60/ 59.87 |47.20 o} B A AL Mohuigzo] 275t et 25
NOtE: CS = Carbon gteel; W, =measured w1.dth o.f each ipemmen; Aol Z7hsholT).
t, = measured thickness of each specimen; EL = rupture - ~ o )
elongation CSD-W3 éfﬂﬂlﬂ Auge g2 4@ e
OF 53 %66 % J &= RO}, o] Z4(V)e ol v A
450 S48 47 15~88§] 108.04 kN-m-167.5 kN'm
2 =7 Yehgon, ATt E 7l 5 %(11.65 mm)of of
z o ohE ARA T RS AT A4SES AT
= -
7 ZotHo]| & AEZZS ujx|3l CSD-W4, CSD-W5
& 10 AA= CSD-W3o] H|s FEF =, 271734, 2l
00 = = =]
e Po] S5 H5-g BYo AAFZo] Skl
b el g g3%e AY94Y I AEEE e CSDW3
Stran YAZE S5aAAE A skt 55, SRl
Fig. 7. Stress-strain curves of SS400 100 mm AEZEZZ 8j X3t CSD-WS5 A A= o= 4
Table 3. Test results
_ EACIKN - m]
2 K P P 5 5
5 ye 1 ue ue P+ P max max 0 N,
Specimen | Xy | ] | kMg [kN] e/ Fie [mm] | [mm] | attestend | O 92”’ of !
CSD-W3-1 82.96 57.74 128.15 -131.98 1.54 6.90 6.88 186.48 167.50 88
CSD-W4-1 | 134.77 117.77 192.55 -203.19 1.43 7.13 | 6.93 203.80 125.20 49
CSD-W5-1 140.30 94.53 202.96 -209.83 1.45 7.04 7.20 235.31 193.21 73
CSD-W3-2 81.58 72.23 148.23 -152.62 1.82 10.88 | 11.39 168.17 127.76 30
CSD-W4-2 145.32 101.61 239.43 -241.12 1.65 11.36 | 11.54 155.48 68.62 11.5
CSD-W5-2 | 149.16 80.69 246.44 -251.71 1.65 11.54 | 11.28 138.73 99.81 15
CSD-W3-3 84.45 61.33 166.29 -169.34 1.97 15.87 | 15.51 139.43 108.04 15
CSD-W4-3 | 141.97 73.37 265.57 -271.98 1.87 16.4 | 15.32 118.00 54.13 5
CSD-W5-3 | 145.78 81.80 276.70 -280.19 1.90 16.21 | 16.12 100.56 81.04 7.5
Note: P, = experimental value of yield strength; &, = experimental value of stiffness; 7, ,. = experimental value of positive

maximum strength; 2,

max

duax = €xperimental value of negative displacement; £4C'= elastic modulus; N, =

max

= experimental value of negative maximum strength; &

= experimental value of positive displacement;

> “max

number of loading cycle for 90% of P,

max

7o) = Ao A6 (S A|193%) 2024 129 337
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Fig. 10. Fracture shapes at test end
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Fig. 12. Load-cumulative deformation angle curves
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Fig. 14. Fatigue curves of steel slit damper

Table 4. Value of C and m for fatigue curves

. Experimental variable
Specimen
C m
CSD-W3 0.181 2.141
CSD-W4 0.101 2.778
CSD-W5 0.114 2.801
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AL 53], YT 2 2EREFZ 7H CSD-W4et
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Table 5. Comparison of experimental results and theoretical performance

. A e Oy e Be e Iye e emax
Specimen | 1 | ieN] | [y [kN/rrllm] kN] | [KN] | [mm] [kN/nl‘nm] Bl e | B | Gl G | S
CSD-W3-1| 77.70 | 12815 | 135 | 57.74 093 | 094 | 050 | 191
CSD-W3-2| 7843 | 14823 | 1.09 | 7223 | 8328 | 136.08 | 275 | 3026 | 094 | 1.09 | 040 | 239
CSD-W3-3| 80.68 | 16629 | 1.07 | 75.30 097 | 122 | 039 | 249
CSD-W4-1| 12423 | 19255 | 1.18 | 10547 094 | 089 | 026 | 3.68
CSD-W4-2| 14551 | 23943 | 138 | 10545 | 132.29 | 216.16 | 462 | 2865 | 1.10 | 1.11 | 030 | 3.68
CSD-W4-3| 136.54 | 26557 | 124 | 109.93 103 | 123 | 027 | 384
CSD-W5-1| 141.15 | 202.96 | 149 | 94.54 105 | 092 | 065 | 1.60
CSD-W5-2| 143.67 | 246.44 | 178 | 80.69 | 134.69 | 22008 | 228 | 59.18 | 1.07 | 112 | 078 | 136
CSD-W5-3| 14824 | 27670 | 1.81 | 81.80 110 | 126 | 080 | 138

Where

se l/c

maximum strength (Eq. (3));

’rq(

= experimental value of yield strength; , P,

> e” max

= experimental value of maximum strength; 4,
displacement; /&, = experlmental value of stiffness; ./, = calculated value of yield strength (Eq. (2));

= experimental value of yield
= calculated value of

3(1](

LG mdx

= calculated value of yield displacement (Eq. (6)); .A; = calculated value of stiffness
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