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Abstract - In this study, a new detail and a design formula are proposed which can theoretically overcome problems that a con-
ventional damage control system with an energy absorber installed at a beam end can have in a situation of 750 mm or more of
the beam depth. Nonlinear Finite Element Analysis for derived Optimum Design variable, compared with existing details, ver-
ification proposed equation and possibility of proposed as detail for seismic beam-to-column connections 750 mm or more of

beam depth is verified.

Keywords - Beam-to-column connection, Damage-control, Slit-damper, Strength ratio, Deep beam

LAE

A7 AEBA ) 752 RS 715 1 2y
S Yo BE0 24 AR LAISHE 5158 o]
2} o5 Raw Qls) MAISHE oele MY FaT &
Arolm] 72 7% FR| ) WS- g3k 0] Ao
o] S0 AELE KOS S 5715 3

o] YAsol njet B B, 57 S4RUES
S0z 1R ool 19 5 ol et A2 4 A 1

Note.-Discussion open until August 31, 2020. This manuscript
for this paper was submitted for review and possible publication
on October 04, 2019; revised December 02, 2019; approved on
December 10, 2019.

Copyright © 2020 by Korean Society of Steel Construction
“Corresponding author.

Tel. +82-51-510-7608 Fax. +82-51-514-2230

E-mail. powerseismic@gmail.com

SPPIHRSAS AGAEE YA 31t & §
o) HHEZEE AFEY A WS A oJste] 4
AW 2 FUE YelE B Al gastol A%
2 A0 B BFS AL 5 glom 955 A
2 B3 BIE HYPNS A TOE YKo A%

=2 Wil se A 5= 9lt
AQ7IEFE0A HE 3 E-RHE T2
©] 750 mmE ZIFoHA] QHE=S ARISEAL Sl ©]
7ol B E3 FAH Aol o vige o
& U STAAZ] oA E oA LSt
[ Arfe] S g o] S71skH HE 750 mm o4
) SRS AL B4 B Tl A g8t
E < 0}04 233 HﬂOM 27] #HAor
FEoto] HERHESTRE AMSIES A
ot E}UP Rk *e 3}01 1450185
& WEdhe Ao] YSHA2 4- 8l

rr

tr

i
Z oo o

)
ol

his

i)

1)

ot
=
_&

Eoln
L

O.u
irﬂ:L4
u9£

l_.

e o rr 2 H
l~> ofN %
)

1,
o
1o

4o
I S
= R
fm

i)

Off

;O

E'_

SRAE.

-|m
A
N
O

Sz ele] =2 A32E A5 (EE A1643) 202019 2 11


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2020.32.1.011&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

&3she7lo] Altent.

Sotoll ket A 8] 2 f-A(reuse) 7t 7Rs R USSR
Al2dlo] Q] AFAEL] Frg ] o] Ao,
o] &gt £AA| o FRAAHL K7} opd o] A==
N A] SR of| A AAFRIA)7F Ao R W3 I
glo] B-715 HEH-9 A/958-S g oh= Aol 7hsoith

waha] 2 AoA = A7) AF T A o] FRAIAH]
< 55750 mmE 235z H(o|t P B)o) A5t
o S 4= Q)= EAIE S ol B4 02 FESI oM g
EAES FE] Yt WP E A8 HEAE Arsta
o} AlRE A9 fRte e AS AAIske] ARk A2t
71& /3A19] vl a7t ARESH A e 2 As HE 9 F
A du/E g 2, 2liA7t 7Hs e R A EA 9
NP E AL 7HsdS EA6HA

2006 Oh et al -2 7|5~ K o] 7| 5= A, T-
AR EWAE TG EER A sto] FFo] 31 d54

= A
€ LHEER A Zsto] oA sk WglvAE
SHF A 84 (ofst Hu ol ok AER AlLde
AFSRATHFig. 1 =), A8 A3} HA oo} o] Fm
of thF-2o) P A7 AFHL 7|, B 5 F8 EX
= B0l HF= Aol A 0.04 rad & 2I8k= 5B
= URISkTt B3t I aIE st £7F e Axto]
AL 3t A4 750] 7hs et Aot A AL .

T et s QoM = SR EE -5 A ALt
ClEo] HE 750 mm| g Eof ot A7k P = of 2%
o ol2et Ao e TS HERE T
S U RBS o2 dFoto] SHPUTS HEFOA 2
U2 571 F8olt ey ol et Al e /8 A7
ollA stz G4 Fof A 2] F/dutete] #1o] of

12 3=7d7-2010] =g AI32 3 Al 2(EE A 164%) 20209 2€

8] EASHAY GHEH =2 -t 271 Aste] £A1
o] AT, ThE A AFTE EA oL RAIAH
I} o] K o] duwfrh AAE A2 7 248%A17F
Hj ol 25| ol H/guhte] el 21, w2
§5e 2ETO R M F7eto] et Hof /g
E

Column

Split-T

T
Z
ey E 0 4 L

D2
' l ' ' l l 2000
-0.06  -0.03 0 0.03 0.06
Rotation [rad.]

Slit type plate

Fig. 1. Existing damage-controlled system™
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Name Yield strength | Number of damper True length Fillet radius Damper width | Damper thickness
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DL12 1,275.9 16 120 15 60 15
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Material property: SN355B
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Fig. 6. Damper detail and symbol definition!”
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Fig. 7. Max PEEQ index by damper FEM result
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(a) DN modeling

(b) DL12 modeling

(c) DL20 modeling

Fig. 8. Von Mises stress distribution by modeling
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o Joint stiffness: Out of plane stiffness of T-stub upper
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Fig. 11. Symbol definition of members
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Table 2. Elastic stiffness design equation
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Fig. 12. Hysteretic characteristics of proposal details
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Table 4. Detail of modeling for beam to column connection
Lower connector Slit damper Reinforcement
Name X Column Beam yield force yield force plate yield force
[kN] [kN] [kN]
BCC-0.5 0.5 1,177.2 560.6 616.6
BCC-0.6 0.6 1,412.6 672.7 740.0
BCC-0.7 0.7 1,648.1 784.8 863.3
BCC-0.8 0.8 H-600x600x50x70 | H-1,000x300x16x25 1,883.5 896.9 986.6
BCC-0.9 0.9 Yield moment Yield moment 2,119.0 1,009.0 1,109.9
BCC-1.0 1.0 7,500.9 kN'm 3,343.2 kN'm 2,354.4 1,121.1 1,233.3
BCC-1.1 1.1 2,589.8 1,233.3 1,356.6
BCC-1.2 1.2 2,825.3 1,345.4 1,479.9
WC - - - -

. Lower connecter PEEQ index extraction area

Beam PEEQ index extraction area

(a) Whole modeling constraint

. Slit damper PEEQ index extraction area

(b) Slit damper PEEQ index extration area

Fig. 14. Beam to column connection modeling constraint
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(a) Negative moment
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(b) Positive moment

Fig. 15. Moment—displacement graph by beam to column connection modeling
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(a) BBC-0.5 modeling
Fig. 16. PEEQ distribution by modeling in 0.04 rad story drift ratio
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Fig. 17. PEEQ index distribution by beam to column
connection modeling in story drift ratio 0.04 rad
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(b) BBC-0.6 modeling

(c) BBC-0.8 modeling

Table 5. Appropriate damper/beam strength ratio

Modeling igjﬁglﬁzzz d]zﬁlggjgle lcv:g:::ei?; Remarks

BBC-0.5 0.5 OK. N.G.

BBC-0.6 0.6 Say O.K.| O.K. |Appropriate
strength

BBC-0.7 0.7 Say O.K.| O.K. ratio

BBC-0.8 0.8 N.G. OK.

BBC-0.9 0.9 N.G. O.K.

BBC-1.0 1.0 N.G. OK.

BBC-1.1 1.1 N.G. O.K.

BBC-1.2 1.2 N.G. OK.




Table 6. Calculation of elastic stiffness and yield strength
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Yield strength Initial elastic stiffness
Calculation
Name FEM | Calculation| Error | Bending | Bending | Whole | Displacement |Beam-to-column| FEM | Error
[(kN-m] | [kN-m] [70] | shear bar 1 | shear bar 2 | damper |by out of plane| connection |[KN/mm]| [%]
[kN/mm] | [kN/mm] |[kN/mm] [kN/mm] [kN/mm]
BCC-0.5 | 1,787.3 1,764.0 -1.3 38,515.2 98,539.6 833.1 392.33 11.3 12.2 -7.8
BCC-0.6 | 2,167.5 | 2,116.6 23 38,515.2 98,539.6 994.9 392.33 12.5 13.2 -4.8
BCC-0.7 | 2,595.0 2,488.6 -4.1 38,515.2 98,539.6 1,166.5 392.33 13.7 13.9 -1.5
BCC-0.8 | 2,990.3 2,854.8 -4.5 38,515.2 98,539.6 1,334.4 392.33 14.5 14.8 -1.5
BCC-09 | 33315 | 32245 | -32 | 385152 | 98,539.6 | 1,503.2 392.33 15.4 160 | -4.0
BCC-1.0 | 3,621.8 | 3,6103 | -03 | 385152 | 98,539.6 | 1,677.4 392.33 16.3 164 | -08
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