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METHOD FOR UNIFORMIZING MAXIMUM INTER-STORY DRIFT ANGLE OF MULTIPLE SEISMIC
RESPONSES IN ELASTO-PLASTIC EQUIVALENT SHEAR-SPRNG MODEL
AND APPLICATION TO ELASTO-PLASTIC DAMPER PLACEMENT METHOD

ER
Mitsuo SUZUKIT

In this paper, a method of uniform inter-story drift angle of elasto-plastic equivalent shear-spring model in seismic response is discussed.

The main contents are as follows. (1) A method to achieve a uniform inter-story drift angle response that envelops the maximum response

values of multiple seismic motions is shown by setting the primary mode form, updating and adjusting the stiffness and the skeleton

curve, and repeating the process. (2) Applying the response uniformity method for elasto-plastic buildings, a method of placing elasto-

plastic dampers in each story with the goal of uniform response is proposed. Good results are obtained in time history analyses,

confirming effectiveness of these methods.
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Fig.1 Skeleton curve
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Fig. 2 Ratio of inter-story component in time history analyses
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— 456 —

-4 EIc(NS) --@=-Taft(EW) --a--- Hac(NS) --o=-- BCJ-L2(x0.815) -~ Kok(HAC) --4~-- Kok(Kobe)

40000 40000
35000 | 35000
= 30000 f = 30000
2 4 =3
g 25000 | 7o @ 25000 r
S 20000 | /1o £ 20000 |
© 77 o
@ 15000 | 2 15000
S w
10000 | 10000
5000 | 5000
0 . | 0
0 0.005 0.01 0 0.005 0.01
Inter-story drift angle (rad) Inter-story drift angle (rad)
(a)Initial (b) Control

Fig. 13 Skeleton curve (6.,,>1.0)

1.1 :
!

R R SRR
. —

So9 :".:3».“. 15.stt‘)ry
5 ., ** buildings

0.8 5

07 R

0.96 0.98 1 1.02 1.04

) _ Control/Initial ZQi ) i
Fig. 14 Relationship between maximum inter-

story drift angle and shear force in the ratio
after control to initial conditions

ZOEIT, BEPLT L RERIGE TR T, 2Nk
LRDEDTIBEL Y bERISEENBEL RDr—ARbDH L
DHER S NTZ0 OB 1.0 R IO — 2 b HEH S TERE
THHPRIE I RE RIS E & 725 T D, 7272 L, FIRIREE I %
T 5% OB RINERBE AR AL 1.04 SFECTHY | IZIFF%
DL WZ D, ek, HEEOTANNS <7D | HlfE#E O M2
TG DARBEH R DMEN G B ~ORPAT7 ik & Ui, Wtk & itH & =
Bl BB ERRE LTV A Z 0 b FRET B [E A JE 2 PR
ML DENELS LTI 2 Z 83 o—o L LTEZLND,

PLE X0 —HREHIEITE O E OVEMESEN 1L FREELL T Th iU,
HEdae, 23 0.1 FLEELL T O—BLSFTRE T b . RFIETIGEEMZAE
o —Rb S 2 2 &1k B RE A A 2R T S 560
Thd I EDMRINT,

WRBRAT 2 5 BXFHTIL, —RIZEOMMEREEZ 20 AT ET5 2
LR BV WIS E DO —HRE N FEB TE S REAENHD &
Ezbihd,

7. GBS U /N—EE~OIGH

W DRI & 2 —FRkid, P L L7REB ISR W TH, —ED
FEEELIN TR RIRE Cdp D Z & 2l L7z, AU Lhud, AtRE
DB A RS DML & B O B R AR E T D 2 L&
DARE & 7R %o EEEOBRFHII W THEE DM & 4% thit 4 EIL5
D & O ITHERHE R L UM ERGTS RO b D Z &I/ 575, HER
T2 RV U =T o FRiiRE EBR T L XD ITEMRE 21T &
DY, FURN—ICLDPREPEGHNEEZLND,

T 2T, WML OER S S — % B 2 W & i A il
D DTN S /=D T & U BE S AT R O i | 5
AP S = AT L CLUSE R M 28 E S 2 KL SN THE
B2,



(1) W¥EYES L S— D B R i
WML X — & LT, BRI T L — 2 %% X2, Fig.15 17
T &9 PR, AL ORISR E STV D b O LR

ET 5. o
[T] o T
ET- ............. 7%59T3
i i
= ! !
v{ i
« i
EE 3
L1 L1l
| |

Ls

Fig. 15 Elast-plastic damper in brace
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Table 2 Parameters of the analytical model

X Weight Stiffhess
Height
Story] | Wommg K

(kN) (kN/m)

20 4.10 19907 1064665
19 4.10 14100 1120700
18 4.10 14140 1176735
17 4.10 14179 1232770
16 4.10 14218 1288805
15 4.10 14257 1344840
14 4.10 14296 1400875
13 4.10 14335 1456910
12 4.10 14375 1512945
11 4.10 14414 1568980
10 4.10 14453 1625015
9 4.10 14492 1681050
8 4.10 14531 1737085
7 4.10 14570 1793120
6 4.10 14610 1849155
5 4.10 14649 1905190
4 4.10 14688 1961225
3 4.10 14727 2017260
2 4.10 14766 2073295
1 5.00 14806 2129330

Table 3 Marerial of yield part  Table 4 Modulus of

of damper elasticity of damper
Yield stress Modulus of elasticity
04y (N/mm2) E (N/mm2)
220.6 205000




Table 5 Parameters of damper in brace

Sto Work- Ratio of Yield
Span |, . r]f[ point Length of cross- | . hce
Story| Ls e;{g_ length of each part of damper sectional nI:cnt
(mm) (m];) damper area Say(mm)
(mm) Ld(mm) | Le(mm) | Legmm) ac/ad
2~20 [ 6400 4100 7601 4000 1059 742 2.0 54
1 6400 5000 8122 4000 1411 650 2.0 5.8
2
o0 = [—po - tanh {(T®)* = 8.0} + py + 1| ,3,/H, ®)
pe = —0.75h™ +0.185 )
oY ={=0.06In(h®) — 0.02}7® (10)
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Fig. 17 Relationship between natural period
and predicted uniform drift angle
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Table 6 Parameters of trilinear skeleton model (Casel) Table 7 Parameters of trilinear skeleton model (Case2)

1st brake point 2nd brake point Ratio of stiffness Ist brake point 2nd brake point Ratio of stiffhess
Story Story Sto ; Story § Story
St Ty [ Shear force | . Shear force | .
ory Shcarf;cc displacerment Shcar:;cc disphacernent| g, © Qu(kN) displacement QuakN) displacement| o, a
Qyi(kN) Syt (m) Qy2(kN) 8y2 (m) Y Sy (m) . Sy2 (m)
20 21293 0.0200 25552 0.0262 | 0650 | 0.030 20 25043 0.0235 32428 0.0319 | 0.828 | 0.092
19 22414 0.0200 26897 0.0262 | 0.650 | 0.030 19 23126 0.0206 30654 0.0333 | 0.531 | 0.060
18 23535 0.0200 28242 0.0262 | 0.650 | 0.030 18 26198 0.0223 32201 0.0292 | 0.733 | 0.041
17 24655 0.0200 29586 0.0262 | 0.650 | 0.030 17 20519 0.0166 22205 0.0185 | 0.741 | 0.070
16 25776 0.0200 30931 0.0262 | 0650 | 0.030 16 24274 0.0188 30229 0.0248 | 0.774 | 0.002
15 26897 0.0200 32276 0.0262 0.650 | 0.030 15 32202 0.0239 42454 0.0329 0.851 0.067
14 28018 0.0200 33621 0.0262 | 0650 | 0.030 14 31356 0.0224 41020 0.0306 | 0.841 | 0.052
13 29138 0.0200 34966 0.0262 | 0650 | 0.030 13 28752 0.0197 37511 0.0288 | 0.661 | 0.131
12 30259 0.0200 36311 0.0262 0.650 | 0.030 12 27215 0.0180 36070 0.0275 0.612 [ 0.056
11 31380 0.0200 37656 0.0262 0.650 | 0.030 11 43135 0.0275 48908 0.0320 0.809 [ 0.030
10 32500 0.0200 39000 0.0262 | 0.650 | 0.030 10 29418 0.0181 34604 0.0218 | 0.871 | 0.035
9 33621 0.0200 20345 0.0262 | 0650 | 0.030 9 15043 0.0089 21405 0.0143 [ 0710 | 0.118
8 34742 0.0200 41690 0.0262 | 0.650 | 0.030 8 42316 0.0244 46392 0.0276 | 0.728 | 0.091
7 35862 0.0200 43035 0.0262 | 0.650 | 0.030 7 25863 0.0144 31078 0.0193 | 0.598 | 0.065
6 36983 0.0200 44380 0.0262 | 0650 | 0.030 6 45636 0.0247 59305 0.0335 | 0.837 | 0.095
5 38104 0.0200 45725 0.0262 | 0650 | 0.030 5 42227 0.0222 47478 0.0265 | 0.640 | 0.040
4 39225 0.0200 47069 0.0262 0.650 | 0.030 4 56144 0.0286 73844 0.0432 0.619 [ 0.049
3 40345 0.0200 48414 0.0262 0.650 | 0.030 3 33395 0.0166 36057 0.0183 0.739 [ 0.117
2 41466 0.0200 49759 0.0262 | 0650 | 0.030 2 38880 0.0188 48366 0.0298 | 0.413 | 0.000
1 42587 0.0200 51104 0.0262 | 0650 | 0.030 1 50778 0.0238 55505 0.0265 | 0.847 | 0.065
——EIc(NS) —m—Taft(EW) —— Hac(NS) —o— BCJ-L2(x0.815) —— Kok(Hac) —— Kok(Kobe) —&—Elc(NS) —8—Taft(EW) ——Hac(NS) —0—BCJ-L2(x0.815) ——Kok(Hac) ——Kok(Kobe)
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WP OMRIE T BE & 0y & THUT, RIS HTL 7 L — 2 Ol 7 ) B (R TR
71 aQuyl X FRO@EY L7225,

aQay = a0y (A-2)
$ o BRI T L— A OBIT A FRRENL (dgy iF TR THEND,
aday = ay(2Le/aesa + La)/E (A3)

2T, MO Eia, A E L, ZOMDONT A —F —F[EHEE &
AU, BIE gl & BRI oQay (Fag DBIEL & 72 0 | BRRZENL odgy i Tag s
boF—EmE D,

7ol IREMENT CTIXERRAE T L — A ORIME, BRI, BIREN %
TV — A E @, T, KFEH M kg Qg dgliEHT S,

kg = gkq-cos?py (A-4)
Qq = aQay - cos@y (A-5)
day = oday/cos@q (A-6)
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