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DAMAGE EVALUATION OF BEAM-ENDS IN CONCENTRICALLY BRACED STEEL FRAMES
DURING LONG-PERIOD AND LONG-DURATION GROUND MOTIONS

O RORY, ORRIEM AT TN
Ryota MATSUI, Yusuke INABA and Toru TAKEUCHI

Recently, there have been worries concerning the risk of fracture at the end of beams in the existing steel building frames during a long period

and long duration motion caused by the Nankai-trough great earthquake expected near the future. Researchers proposed several simple evaluation

methods to capture damages at the end of beams. In this paper, damages at beam-ends in a high rise steel building during a long period and long

duration motion are considered taking fracture of braces into account. And the simple damage evaluation method which is more accurate than ever

are proposed.

Keywords : Long Period Earthquake Motion, Braced Steel Frame, Member Fracture, Damage Evaluation, Linear Cumulative Damage Rule
REMHRE), 7 L — ARG, A, BRI, S SARHESH

1. F

2011 4RI AR L7 BRI R iR 2 & - 01 & LT, B,

WEE, FEUE, BT L— FAVEET S UEER OFME R T 7 EX
MBS R AT B ATREME MR &, AHEHUEIC L A Em ~ 0 R
DRFShIGD TV D Y, FIHER X, KK, 4R, faSokR
HR T T, METREIAY 600s LL L& RWREMIHED (bbb, K
W - RFEEMHESR) 2ol L, RHEREZ 2 5 it Em L
AT S5 A 28 BRI & — S U T8, R R R R A
T VAMEETE NS HERR S D72, 7 b— ARG A3
SHEGT L REMENER STV D 2, o T, AHTRBT S
JEIH) 3~7s OFMEE AL REH] - KR HIER BN 5 R O
AV EZHGET 5 ZENEH LR 5Oh D Y,

I OMGE UARIEREICBI L, ER)G Y%, EEMTHEMS
VD L & T2 B O FE AR O AGR Ui R ATV, bk
TR L2 RIREEOARA 1 7 g i E IR E L TV D, Z o
Iy A VT, 7 o & MRIEC KT LAV BEHAGAT (Miner HII)
TR OB & R 2 KRR R R SN TV D, B,
FERIE CIE ARSI 81T DA E 2 B D M TH Y,
Gyl SVE SR D e KA ds K ORI TE S R D B W e Ig Bk
LIEENT WD, —F, FH DT A 2 W AR %
\ZEoTET AL, Gl o [ElHE M s & (812 G20 O Ry T %
ez L 99, BIFEM ORI MERER 2 M & S5 2 & TRIB OB
FE %G 5 TR IRE L T 9,

i E OB OISEIZ oW T, bR S 213 4 i oV TR
W b7 7 ERMEAEE Lo RAW - RIFFMHMEB A2 ER L, 6l
M A BCE L7 200m B o RIS AT U CIRERIIRE IS B T A

1TV, BEEEMOMBHEICOWTOIT LTS, —F, 55
NI F LT — 227 A ZHEISE AT M TRLE
e LTANZRAF—EERL, AJJT R X —HR 1.5~25
b ERD56TIE L5 LFNOEAICH LT, HEISEARY hL
MAERETH 7 L— A IS EROBENREL 2D 2 RL
Tnd, E£io, MEMHE Y L—AEBEMHR T L— R, B0
VT IRE S R A T2 105 2 ML 0 A A TERE N RSB fRT 77 77 7 N K 0 Bl
EEMOMBEMEREZ LRRIE CTE 2 FIEFIREL WD 9, ZoF
HELD, ERICED SN MESR) 928 7, 15, 2L DT L—AfE
MUC A&, RBREIER AN 150 UL L L7556 Tk, S
W% B L CRtE L MM N, JEB B CHE LR & i
LCHHEIZREL RAHMEMITH D Z L EMEREL TV D,

Ln L, kGRS 600s & 88 2 2 2 )8 1] - RIEH BB %k~ 2
BahZ P S LB LTI £ 20 7L, 7 L— RO
Wr DI 8B D i OG5 2 DB HOW T Lz
WFZEGIIIFE L7\, & HIT, STHk 3) THRE S o Bl OB 5 £ o
WEHE L LS HIE & ORSERIC OV TIZE AR HMALETH 5.
T I TAMIETIE, RAW - RIFMHEREN 21 BT L — A
MICAN ENTHAIT, 7L —RADEMEEM OIEER, ZEC, A
3 MR 0D JE) I B S SR DR R I - 2 D BB IT W T
T, SHIZ, XMkI)DIEHILEAIGH L, M RED Lv, #
BEOFMTEEZRET D, £2, AT FX — L EHBEGE O
Rao 5 2 & T, RERBISEMT 2 AW 8 o ENERE %
A7 V== 7T 5 FEICOWVTHRFT 5,

2. RAY - REMBEDHER T PREMBESEFHOLE

ORGSR EER Bh - ik ()
PO DR KRR
ORGSR g - R ()

Assist. Prof., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.
Grad. Stud., Dept. of Arch. and Build. Eng., Tokyo Institute of Technology
Prof, Dept. of Arch. and Build. Eng., Tokyo Institute of Technology, Dr.Eng.

—115—



2.1 SHBEBHOETIVEE

AWFZECIE, EH ORI ISRV THr Licfifiko 21 g~
VAP EEEMESRL, BEET v e LTEAT S, K 1ICHE
M — 5 A, X 1ICHREHE 7 VAR 2 7R3, R P LSRR R
7L —ABRB)ZIE L= ET VA HIIRET LV, HE#E 7 L—2
(CHS)Z & LT VEIMETT VET 5, HIEET VL, 3%E
RSB AT NV Y O AN T) % 50T 72 B e R g A 4 5
1/100rad JT 5 (2 72 % & 9 12, BRB DlEds & OWeRE /) % 8D 5 19,
MR E 7 /W, 8 ORA ACER 13 H I E M Qu/Qun 23R E 7 /L
LR L 70D K 578 CHS 8T 2, 7o, (RATAKCETM 71 5HE I
D4 JE D Ds EIEHIIRET T A2 0.25 (2% LT, T /L TiX CHS
N BB, BCT> 27 THhY, 035 04DNFRNOMEERD, 1K
AIEAMIEHIRE T LV ClE 2.48s, THEET LV TIE1.92s TH D
2.2 B BLERITICE T A2HRMERDRTE

FEIRT 7 A /X — 8238, G2y il 1 22 35 0D il s L W 2B M [ i /N o1
FEINCHHE L2 EHE, 7L —RFlhife— 22 &AM LA

NEFE L, HEIEEE, HRENEES LT 5. BRIGEIEE 1
WORTHIM O FEE T 5, WMEREITH L 7 L — 1% E=205,000
N/mm?, ZE AT 7 05458 L, E=307,500N/mm? &4 %, fED
Ty A N—HF, IREYERIEL SR, BRB O 50 S REEIE 2
‘$&1&Wﬁ®um0ﬁkLtA4J:7%7w,GB@@LLK

BRI 15 0% BB LI ESEmERTT L W 5, iRt
M 203 0.01s & L, $fEfE 4551215 Newmark-8 ik (=1/4) % A%,
%7v—xmm%#m:ixﬁlaJ@;mf?&%ﬁwéo7v
— 2R EE B L O e — A N A0 & L, PRI ER RS M
WL TV R WIREED 105 &+ 5,

2.3 Eﬂﬁﬁ . Eﬁf‘ii&%iﬁo)?’“

AT DR OB A K 2 \TRT, FEifE b T 7 BERHLE & 4UE
Ltﬁﬁﬁ%WEW,EE%'E%%%%@N&,%&UWM%%
D, BHE 2 Th D, RelDEEHRH T RLF =AY b &

LIS E AT PV S, TRUTZMETH D, T4 5 D 0L IE A
R MV ER 2 1RT, BT 7 EEER IS 2BV TA
BEhTWEHDOT, BEREARY MO LERAER Qo mE
JRE AT R VIZEE LV 80em/s (CH3, 0S3, SZ3, KAL), 1.5f%D
120cm/s (CH2, OS2, SZ2), 2 f#® 160cm/s (CH1, OS1, SZ1)od 3 Bk
BETR LTS, 728, CHIXPFHIE, OSITAMKIE, SZ 1%k IR,
KA [ZBIRIE % &9, BLlEKIZ Wi, BRIEIC LD 2 Bt o
B HAR I3 D INEE OB % SR O EIRE ALY LS
Fe U7- MREh o L, 0.92~3.485 DREPHIT 35\ T i & 0 FE i 2 A
RT NVOFESO ZFMP RN E R DEFEEREL, BLDHIET
B L CRET D,

B 2 \R & D ISR S AT, KB IE L BIEE (R (d),
(e)) TIX 5~8s L L7203, METET VO 1 WEAA M & 13—
LCugy, —J5, HpontEl & i VG s ll3 2 JE I A% 0 <
BEHE T L0 LR EARE E & —8F 22, Pt (FE(D)) 1% 1~5s
LREBHAR <, R ([AX(C) 1% 1~3.5s & GEBHAI Y,

2.4 MEEMBLUVETILICE 2 RIHFHOBEED LR

LUFHEE 2 BT DB\ T, RS o BRI ZI 7% L v
MERIRIE A L, Miner HINC X - CTHEIE 0 il L[R]3 & il e
WU E 2 TR LAY 25 2 & TR OBMGE %253 5

— 116 —

=1 EMETE—
JE +E K BRBIE (R il /1 (KN) CHS
21F [1-600x28 H-900x300x16x22 - $-216.3x4.5
20F [1-600x28 ¢ -216.3x8.2
19F [1-600x32 ¢ -216.3x8.2
18F $-267.4x9.3
17F ¢ -267.4x9.3
16F [1-600x32 H-900x300x16x22 ¢-318.5x7.9
15F [1-600x36 H-900x300x16x30 ¢ -355.6%6.4
14F - ¢ -355.6x7.9
13F 7.6 ¢ -355.6x7.9
12F [[1-600x36 166.7 ¢ -355.6x9.5
11F [1-600x40 247.8 ¢ -355.6%9.5
10F 377.2 ¢-355.6x11.1
9F 495.7 ¢ -406.4x12.7
8F [1-600x40 598.3
TF [1-600x50 H-900x300x16x30 555.7
6F H-900x300x16x32 827.1 ¢ -406.4x12.7
5F [1-600x50 935.0 ¢ -457.2x12.7
4F [1-600x55 876.1 ¢ -457.2x12.7
3F [1-600x55 H-900x300x16x32 494.7 ¢ -457.2x9.5
2F [[1-600x700x55 | H-1100x300x19x33 - ¢ -457.2x9.5
1F [1-600x700x55 H-1100x300%19x33 486.7 ¢ -457.2x7.9
M BCP325 SS400 LY?225 STK400
=2 ANMERHRE
7 L— X iEER | |ﬂkm~%ﬁ}ﬂ%
T n . ki I S T R B e
84.2m |[—— :BRB---:CHS T |5 T i
_ CH1 161 [ 149 [2.89 [2.87
< N [
X Padl CH2|  distld 114 124 |2.64 2,67
IS < CH3 88 | 80 |1.70 258
ST PN os1 104 [ 111 [2.18[3.39
r = AN 97 [ 90 |1.71]2.98
r :—~: 0s3 695.34 178 [ 66 [2.20[2.60
- —=< Sz1 174 | 154 |1.60 [2.01
ol = Sz2| il 1 113 [118 [1.88 [2.18
7 N ==~
< - Sz3 73 | 76 |1.98 [1.64
=y i KAl B 39 | 34 [3.03]2.68
=] Z ML
L ¢ ELC[ElCentro_ NS| 5374 [170 [128 [1.10 [1.61
L Z HCH[Hachinohe NS| 50.98 [210 129 [1.90 [1.90
z
[ 7 M€ /L : 1.92s
r 7~ 2 240, ﬁlﬁ}—%Tﬂ/ 2.48s
i S g 0.0
IR Z7XN
X 7~
8 Z7N\
Sk
ow 7N
o% N
Bl
s - r \A\’ ! 1o
716000 12500 16000 X of Tl
L 0 4 6 8
| BEETLEER A (5)
() BRIz 2
MEEE7 /L : 1.92s MHEEET /L 1 1.92s
@ 240 il i %TW 2485 5 o4 il fRE 7 /L : 2.48s
g €
=200 g
w
21
-’
Al
K4
X
o
fd
H

e
[E A EH (s)
(b) st 39

MiEEE7 /L : 1.92s

ﬂiUHE{—T/b 2.48s

T
[EA & (s)
(c) Hi I 3 3k
MMETT /L 1.92s
ﬂiUHJE:ET/b 2.48s

NN
o b
o O

v

160

N
o

1200

0.0

0.0

WIS A2 kL S (emis)
[e]
o

OO

FN

)
(d) KB 3 3
K2 AHDE

A
BA R (5)

SRDEEIREANRY bIL

10

(e) BHIRIE 1



WREENO D, 7k, MVERIRIR S EVEEP & BIEEEF I 5 0 T

LUDETHAD D ET D,

£, HUEB OMEERH S X0 B RN A OE WA L Sz CHL
¥, HCH & A Lo o8 0 DR 2R T 5, K 3(@), (b)
27 L— A DOEMIEWIIESE, X 4(), O)ITHEELILAICBTD

it 558 7 /L ORI, B RIBRATEA, 3 X OSREIE06 2 =T,
B, BEESMHIZOVTE, FBICBITHE

56 ORI

RLTWD, Brlii

iR OREE L, B
ENGA LI LT 2-3 iR EER & < 72D, [ 5(a), (D)IZHHEET
V(T L= AD MBS ) (2o W T OB & R, 788
M5 E 7V TIET L — ADSEM W 2 4 Ulend, HHRE T LTI

R e VA GAYAS

2o

V. R

SRV A

Ly

S D 5 B KO
B A RTEFTOMERLTND, 7 L —ADOHMEN &5 E Lz

FOBGIE D m KM, HEBEOLE O 4 2L E TH

AN T TR D

IR T AN T vy 7OFMEIEDLS
T, HHRE T VISR T DR OBEE X, 7L — 2O &

EELEMETT VOEAICHT 1/4~13 BE £ TEBSh Ty

[ 3~5(a), (b)Y, MEGERERIO RV CHL #E 0 J5 7% HCH 3 o

£ B

LT 5 P

SRV E

BT LT Zgun

(e 1

T
st

ARV

£
|

%
s A

o

Wil
ggimm

A

I
AR
AT

!

7

]
I

<%

2.5 MR RBRBIFEIC & 5 RIHEDIBGED LK

21y
18-

BILBG I 2 0E & 72 5085, Mkgi o8V HCH

o -

A

3
FOMBEFEIIREL 2D, 7 L—ADOMMEK 24 T T

RWHHRET A TYH, MR OE W CHLIEIZB WAL T v 7%

R

o : X ]
002040608 1 12

(a-3) R A

(b-1) HEAREX

005001015302
e K JeE TR] 25 1 £ (rad)
(b-2) mREMEEA

(b) HCH

BIEE (TL—RD

o i ;
02040608
it 3i

(b-3) RIS Al

T T T

BRI T 3F B 1)
21 +2)

1)

b o

(a) CH1 i

(b) HCH ¥

H )<

(c) SZ1 ¥
®5 HIRETIOEGESM (T L—XDOEHMBEHER)

a I ]
% 02040608 1 1.2
15

URAT AT MR D JE e BORF MRS L D38 T DLW T, CHL %, SZ1
Wa AT LTty % bl L Cie

M2 ZiE L= 5aic

BT 5, M4a@), (@7 L—ADHE

BU BB T A ORHE, RABRLRY
fi, BENEO AT, BRI 27 bov, MR
5 N T 7V DR IR b RRIE T 575, SZL A AJI L
14 6 OISR

PE OB EIX, CHLEA AN LA 0 UdFREE T
R L TWb, £72, CHLIEEDOFBRER L TW5AH T L— 2 DEM K
HE2, LVEMARET VOINEZRT D120, MEETVIC

CHL1J & SZ1 % AT LT-BR D% 3 @2 3617 2 V34 g AT /4 D IRF
GIEEZM 61" T, SZLEEAA LIZHE

Yaty, FYERIZAH 1L 160s
BV ETIHCHLEZ AN LA ERERIGEEZRLTEY, 7

L— R 122~157s (/T TR A4 U T\ 2523, 160s DARE IS
DNEL LD, TITC, IRRIERMER A & BRIRIERER MM 5 R
S D FIRRIIME X 0 FHE U X EA A O 2150 4~5s L7 B,
CH1 ¢ Clx, EF/LVOEAER O 4~5s |

B HMEIGE AT b
Ui, 2~3s OFEFH & [RFEECH D, SZLPFE TR FLTWD, =

NEY, CHL L SZ1 FITBIT DIGEDEWE, 7 L —RADMEE,
P O LI LY, BT O RNT O EAAE RN E O 7D

ICELTZEBZZLND,

2.6 ZmMOBRGELHABBERADOBER

B3, 4 LV, 7L —ADMMBIOIRBZEBEICEHD LT, &
RIEWERARRKRE DB L, Gt

HEROBEBE N K LR DB
PFLH—FIZL TWHWRY, ZOERKRDO—>E LT,

G D (A1

P 7N R

21
(2

.ss
£/
il

%
5

IIII%IIIIII
]

Tl

hill
DL

I
i

)

il
:%ﬁ
il

i
i,

£ <Y

;
|

53055 B 915502

S ONEILESIZEI ()

(a-2) Fe KJERIZER A
(a) CH1 i

==

et
e 15|
_ 12|
— i
[] 8
6L -
> g-e2 3]
R ¥4 W

Vo7

CHS Tilh7
(b-1) A

Gtdos oot bo1s 502
S ONEILESIZEI (L)
(b-2) FKJERIZTE A

(b) HCH %
YT oo
,,,,,, : / _

R ZN N 21

5
fd
!

I
|
I

I
W)
i

il
Il
gl

)=

0005001 915:

Fie K TR 28 1 £ (rad)

(c-1) HAEIY (c-2) FmARJEMALT A
(c) SZ1 %

K4 MEETILOHMENE (TL—XDRBHHEEEE)

02

— 117 —



A, BICEAGENTWD LEOREH &, RO R A IR
BINDD, THEOREEENIZE T 2 EERORRE 2 73 K R
ALV L T D RREx N5, 22T, XA FRT LD
o, L@ s FRORKBRIZERMA O L LCHYERZEA d
EERT D,

— d,+1+d

6, =~ @

22U, di BiEoORKERERMATHL, MTITHE LT, it
BWET VT CHL I, HCH % A1 L7-BRIT 7 L— R O Rl &

FEBIE L LG A OMYERARA, 3LV CHL EE AT L72BRIC
T L — ZAOH MM FE LG A oMY EHEAR A ERT, K
3(a-3), (b-3), X 4(a-3)DIRMGE /N & bt 5 &, PRI DR LE
OFR/NBEFRITMY ERIZEEA L —K L, kKERDEL—-HLTH
5, ZhEv, MYEMEEAZANIUE, EETVICH L TR
S OBBE N K L R D BERE LGD B2 6N5,

3. RinE OB E T

BANG NL, REICRTHRE L2 BRI HE S < 57 i &
@I/ 3 Gb H 00 VAP = A R g0 22 FH S C 2050 D B it b L[]
BNz dfH i L T %,

u=C-N;* @) M= 3)

oo A FRIE(=0IL), 0, @ Rs VAR O [@E]
L: HFEBRE A Lf:ur*ra)"ﬂ?‘a%

% p.4.2-2

22T, 0 B

A OFPERSY, 60 RO,
C: ANT v 7THDOYH 4.0, TDYH 5.6 (SUHK 4)IC

OFAOME), p=13 Th 5,

— 0, EH D NI@) R M 0% 57 iR PICE(G), (6), (7)
TR END PIBTE R 4e(%) 2 Q%M AT 5 2 & TR O
Wil L[R2 Ne 2 374l L TV 5,

Ag =C,-N{™ 4

Ag, = a(246,)%
1 yLEq +C )
\FLeq( al a2 (5)
(7%7%,4]
:Bb = Cﬁl(cﬁzet) &

h(aM
=2 c 6
Ag, 2( £l +A¢pj (6)

Ag, =min {max(azIAgn A8, + B,) oy Ae, + ﬁs}
o, =-2.37x107°xy, +4.31
a, =exp(-1.66x1072 x 7, +4.45)

{ﬂz =423x107xy,-396  (7)
a,=-591x107 x 7, +8.66

B, =—-2.25x10"xy, +22.22

T, RO S B, C=35, my=0.47, A0, : Frbi o YA [l HE
PR R A¢p: o OV MR AR, e 0 BILARL, Le: B
OEFMIRE, h: R, o BIIETT, | RO —RE— A v
b, AM, @ BIRE O T — A > N RIREE, g ETRER, e, B
BRSO B ARIE (%), £ OMOFREERITE &0 TEIITRT,
¥, JRPTE SRR MR b 5 O 7o B R IRE TRET 5,

— 118 —

Broopl o4 oo b T e
100 150 41 (s) 200 250
(a) CH1 %

5;'0-515 i oHSIE
- -0.02 . - . L b . . . . . . .
100 150 140 (s) 200 250

(b) SZ1 %
EETILDE I BTEHEMER ARZIE
21 21

6 fE

0 00050010015002
JEMIZATEA (rad)

00 0 005 0 010. 015 0.02 0 0.0050.010.0150.02
JEWZTEA (rad) JEWIZTEA (rad)
(a) CH1 % (b) HCH % (c) CH1 %
(7' L — A DML IES ) (7 L — A DRI FE)

M7 MEETIOHRLBHERA

10 prr—; W!t(4) S ——
TN A7 T i}%{%’/ﬂl{
ERREN = / ;
o 7 oL ° o0 !
N0 St .
{;H 2717/741 g’:l
= {(”2') B T E TN
0.5bd m‘”““’f//T\ 05hui 1o L N
051 100 1000 051 100 1000
%LL.@I N @J& LE%L N
M8 PHMOEFHMSEN RO RENORSHE (BEH)
e -
S35 ARERRESC R =3 BETEH
330 Co1 | Cuo
122 251 = 15 | 014
1—520 z ~E Cupi| Cpa2 | Cpa| Cpa |
Gl 061 | 14 | 20 | 0.038 |
k-ﬂ 101 (8) Al B Cii
g I 21 5 v 74| -223.29] 137.91 | 10.77
E 2 : : U #J1 7 v 7 4E|-138.04] 8582 | 6.7
0 L \0.5\ L 1 L ‘1_5‘ L K(S) Az Bi Cia D1
PR ARIE Ag (%) 257y 74| 1.02 | 564 | -0.61 | 4.82
27 v 74| 063 | 351 | -0.38 | 2.99

®10 RmIBAAE - FHEBR

KT K D RUHE ORI 2 2 (2) DR BL & il 2, Wi ORI
29 55 M 2 OF TR 8127, @I D AW Lm0 dst
()&l LC, MWMEREREA 1.0~20 T/h&E <, 2.0-3.0 TR,
3.0 PETKE Tl STV D, ZAUFTA(INC R REAMG A B fil
FENTICHE SN TED BNT2Tod TH D03, Wi 1 aalm sEikIc 43 A
LTW5, WELBEOIKEREO LRIV CL, S ERE R E
Fe L, R@)PRXRQITEET 2 L 2RO ER@ITRT LI ITEEL,
P O 7 iR A — L TR 2D 5

min(A,4e: + B, Ae2 +C, Ae,,
Ag, = A, A +B,487 +C,Ae, +D),) (4e, <0.4%)  (8)
A,A&d +B,4¢? +C A, + D, (4, > 0.4%)



I ICHMERE, K9 IEEROKEITIRE, X 10 ([ZX(7)D
ETERT & @) DIETER DO RIGE O RFTE - FHERFRZRT, M9
F R EEESNTZAN@)IMA—EL, £ 10 LV IJRITER
BRPERIPE CIE, BEROEITMEER LR —% L, BIEFEEICADL
EHDITIFE AL AT, KEIC AT oMRE 2D,

72H, AL TIXLAERER D IR Ly ss tii e v g
Ui AT 2 R S5 2 & & T D,

4. PEHEMOBEEFEFEICSTIREEZDRE

2 W CHOWIEREIL ARG B\ TR SRR 23 0 3 e 7
W, FFEREKERY, FMTHDL, UKL, BERIS Y
X R RBIEE TSR & O O MMk O Fe KA RIS pmex & IV,
G OISR FIEIC B 1 2 2 B ORFIELAIREL T\ 5,

1 DITHERINE &, IR O R KRR — & O ERIR RSN E &
B2 2FETHD, (M11) =088, SR LR N &,
K(2) L V155 DMK LEEL Nimax & DRV, KON RTHE
BHED %2155, (LI OFiEEZ M-Max & #HT,)

N n Moo VP _ 1 Mo P
| GOl O

4(,umax -l C
b9 1IN E %, ESRIRIE OB 403 0 2> b KRR £ C
—RRIC AT HIEENCE S 2 D FIETH D, (K 11(b) Miner HI
2RV, FIRIEOBGE LR & AR LR O R Z ET 5 2 &
<, RO R THEEE D 21525, (LU Z OFiki M-Dist & #79)

o

1

D= 77" Hinax (:umax JE (10)
2(1+1/ ) (e ~2)°\ C

112 A BE B OB 534 OBERIX, d KOMERIE LR RIE & @
RISPRZRT, 723, M-Max, M-Dist Tkl & bICHIERPHOIE
MEZERE L ThRY, 11(a), (D)ITHRD X O ITHEBE D/ SV
PHIZER T, MREIEC X 2 REE IR AL & ik L b & GRS
nNTna, £, BEENRKER2HI2210T M-Max (12X 241
JE1E M-Dist £ 0 K& < FHM STV A DS, ZAUTIENESR O e KIRIE
—ETHIET EREL TNDIDEEILND,

Z 2T M-Max, M-Dist FiEZIGA L, INE % & 5 Ltk
O iR — E CHMOR I IREN i & oz T, R OHAGE A S5
DWEHEILEAREL, TOFILEORYMOMGEEZ RS D, 28, i
ORI E LTXQEHWD b0 LT 5, Zogs, HEKER
BORRBIESR 4Tng; & ARE LTINS e O REBMERN 88
D EAUGE LTzt DHRIGE Der 13X (1) TR E 1D,

D — Mot :(Zniﬂi)ﬂ;&?uﬁcfw (11)

ref
N

f,ref

ZZ L:, Nref, Nf,ref [ Href #/’JI_’VC%;%@ Lfl%@%{ﬁ@@ L@;ﬁ gf E&”
Wridah LRI, n i 3MESR T IRIE 1 252 2K LRI CTH 5, —
J7, Miner HNZ X 2815 Dy L (12) TR s .

Du :z%:Cwﬁzniﬂiﬂﬁ (12)

fi

H(11)D Dy & K(12)D DuBSE LWER,  lhy =7 M & BT 1L,

By 1E@3)tREN D,

n

ZHEE v Miner Hi|
| .
0 Hmax

\ \ i i
0 5 1 15 2 005 1 15
WL X 2 M WEEL VAT X % M
(a) M-Max (b) M-Dist
11 BRELZOHEENHOMSH L FBFEE L OXIGERK
500 ; ; H ; ; ; 500 ; ; 1 ;
oS " T T | - 1

220 220
o5 S
) ji)
%10 ng ,,,,,
R | | [ R S 5 L
0 0
0 05

05 1T 05 5. 1 15 7 25
TEAVESR O RIS 1 VEPESR O RIS 1

(a) SZ1 i (b) SZ2 %
12 BUHERRIRIEOHEES T (WMEETIL, 8 2 BRIH)
A A 0.7
= — |
u . Hmax 0.6 }
'_L‘/ u 05 ‘ 7=0.5
0 Hmax' Hmax : i
13 HEARETI 04 ‘ 2037
10 J JTOE] IS R T e N
g [ e e | T
0.2 }
@ 6 o1 }% HooF15
%4 , ' i R’umax:z'o
= 2 B 0 . B} L
.;:} ‘ 0 1’ 2 3 4 5 6 7 8
0 L IBPESR OB R ARG 1

3 4 5 6 7
TR RS e g |
15 Dy oy B8R

14 v ~Hmax SR

n A ptres = 0.5 ftmax n 755:%@ * ptrer = 0.37 ptmax
RPN PN
............ s i
0 rei max 0 ef max
) e | s 2 o tim
1.5
=
1
4
=)
t]]1*0.5
ﬁE H H > " | |
0 L N i
0 05 1 5 2 0 05 1 15 2
MR K 2 e LR & D 4RIG R
(@) M-Ref (=0.5) (b) M-Ref (;=0.37)
16 M-Ref FEDHEESMOBMEE EBEE L DXIIGERF
Y A
Hre 1 Zniﬂi A
po b 1| G 13)
Fna e \ DLW

1212, THEEET VIC SZL U, SZ2 W% ANJJ LI-BED% 2 g
B d5 U 2 VMR SR R R IR OB 3 A 2o 3, B D YRR F T
LIEBUIE AT 20, —EOWIEEEBZ 5 L &RETHNT- &K
RIAVERAST IR LIRS AT 20 72 BIPER O B IR 1

—119—



SZ2 W&V SZLWDFHNKEL, Db REL 25, LLLEOMNA
XMW THEEETH D, WBESR T HRIE OB A0 n A& WM AR
s DA% S L, EHAEZ AW TH(14)TET,

n(u)=Alp (14)

W3R T LD, B AT 0<S < gy, TIXIEIZ 040 L, ftimax'
D EBEIVTZ fimax 70D tmas-Ou O LT — TEAE Alptmax 33705 5 & 9
EFT LT Do 2 BDISEMHT OFERNS ENX, pmax D3N E WV T
IXIEIE 0 & 7220, KEWHIPATIT max DRI VI 2 A
RBONTTED, duma) 2 RA5)D & 912 1 RKTHET,

Al — b (,umax zb/ a)

&) = {0 (4. <bla) (15)

ZIT,ablidEETHB(a%0), I 2 TIEAEIOMNTE R D,
12 a=h=0.65 L <, FF =0 DL =, XA3) T D Tny, Enwit” &
ZnEnA(16), ANTRT LD ROFHH TEX®Z 5,

[ n(u) s = At (16)

0

[ nGu) " du = ABLEY, an
X(16), A7)ZXWNIMRAT DL, yiFX(8)TERIND,

v
y=p (18)

Wiz &0 oL X, XA O T, Ty’ & 72 h(19), (20)
R 8D R TR E A D,

T2 00) R+ 01t ) B8 1= (i + 1) A (19)

[ s b 0 s = A B st + i asf - (20)

0

H(19), 20)&FRUANTRAL, fh' =t —& , & & LTH(15)
(a=b=0.65) % MV, = 7= S 5 P 4R R 00 B8 53 A1 D Z) F (X IRE LI TR i
SARATCIE 001 & LTRELTHY, du=0.01 &5 & y 117(21)
TERIND,

b
1 { B(0.354,, +0.65)"7 + 17 x 0.01}17/?

21
Lo 0.354,,, +0.65+0.01 @)

3(18), (21) & VRO BALTZ ppimax BIFR A B 14 1T T 5 tmax D3N S
WHEPATIX y 138 L% 057 TETH DD, tmax DEIAMZFEN p 13X
B LT, RIS ICHRIEIC L VRO TBEE D & e DBILR
T, D=1 & 72 5 WBIERO KT IRIEOFPHILE X T gna>l5 T
HY, D2 THEHBELE tmc2 £ 5, y ITREDICFHET 25 & Bl
HOBEZ Z BT T 2 2 & 720, K14 D p-pima R L,
KLEVRT L IIC DL B\ T RLE 2 & 725 y=05 & § 515
AL, D22 IZBWTHIRE LM & 22D 9=0.37 LT 554 O 2 FEEHIC
DWW T R OBE I Z MR L CTH D, ZABIEZTNEIHE

ST BRI KO AT D LARE L & & DI,

PLEE D, HOERIGE & b 7 5 ISR R g, — E RS
BB X Rz T B, RSO H 12 X (23) & Y T
T%, (UK, = OFiEE M-Ref Fik L)

Hret =7 " Hinax (7=05' 037) (22)

— 120 —

x4 FSREZROELSODERLVRLADTOY FHDLELE

D=1 D=2

T BEEE | TE | ok | e | TaeE] ok
M-Max 0.186 0.12 0.042 0.223 0.13 0.047
M-Dist 0.159 0.097 0.19 0.163 0.096 0.18

M-Ref (y=0.5) 0.234 0.14 0.86 0.337 0.18 0.90
M-Ref (y=0.37) 0.147 0.069 0.32 0.174 0.074 0.33
w DB mEE T 1928 ‘ ‘ [h=0.05)
b L HEREESL248s. o Slhoos,
; : CHL  ,s71  KAL
o ] e
S
I
H
IS
< ;
% 2 8 10

* @ °
17 AATRILF—LLARYT FL

®  R_=2.0 ~35(CH,0S KA)
O : R=10 ~2.0(SZ,/lli)

T T T T
1

¢ 1 §,=120cm/s

®: S =160cm/s M : S=80cm/s
12— P

1.2
1’%

NI A - S TN
0 05 1 15 2 25 3 35 4

00 56 160 150 260 250
MR A7 B LS (cmis) AFI=RAF—H R
(a) ARG - S, BIfR (b) ARG - Re Bt
18 JARBEEEANDLALOEE
(FL—RDOBHMBHIIEZR, DTy TH)

x5 BRABEHEELANIRILF—LOHEEREER

[EAEMICEB T 5HS, 160 cmi/s 120 cmi/s 80 cm/s
FABIEREL r (p<0.01) 0.97 0.96 0.96
T LA 9 2 95% T- I X i +0.16 +0.13 +£0.02
1
C B
D= & = (23)
Aftieg \ Pt

ZIZT, Su (IOEMEEPE L BE L REBNETH D, 16 2
M-Ref F=35: DB 5347 ORE &K & 5 L ORISR E R, FIX
()T RT y=0.37 & L2 D H s, R0 EIEIC & 5 3 IifE R L 0
LS FHEENDES LB HD, FM@IC/RT =05 & L=5E
F 0 HRBREIEERVREERT, 22T, ®AICKIEFEIEORRE
x5, BEE ORI LTI AR 2 & SRR AR R T,
B 1 LLF O#PATIE, M-Ref (y=0.37) FiE M MEHERE 5 L ONEY
AL bR b/INESL 0D, —HFT, HIBE 2 LT O T,
M-Dist FiEN i BIEHER 2213/ S0 s, FHIRRZE 1T M-Ref (3=0.37)
FENRB/NSWVEEZRLTWD, SBIT, BEREZ A3 G
FORERIE L 0 RE < ARIVUT R 2 Z 2N CE 5 &5
Zz, FRICHEEOHIAZ LICBIT 5, &F07ay MU+
LEMOT vy NEDOWHEEIE R, BEELUTIZBNT
M-Dist T Tl 19%, M-Ref (y=0.37) LTI 32% & 72 0, 1RG5 2
LUFIZHWT, M-Dist 5 TIE 18%, M-Ref (35=0.37)F1:Tid 33%
LHREINT,

5, AANTRILF—L & RIHEDIEGEEDRERF
4 TR LEIEREIE, EEREORNE & REEOLZ 0D
728, FERIE LB LIS Cldd 203, WA EMIT 2175 Z &




DEIHEE 720, < OBEFREE A A 7 ) —= 0 79 DI
RIpWE 2 B3 5, ARTECIEREZI RIS E M 2 VIR0 0 i
KAIGHE & HEE LIS D FIEIZ OV TRT,

£, HEBOMKEIEE LR OISECBREBICHEBEE 5252 L
ZEEL, KLV AN F X —L Re 224D L 9 12T
B SNOHZAICE T D L EAER DT RLF =AY NLOTRE
FUEAE Ve 2R EEIRE ALY pL S, THRLEME LTERT S,

ma#%%% (24)

B 17 IC AN RN F =AY MV ERT, A 3.0s 2L E
D RJEWIHET, MR ORI 7 7 FRE R 0 7 A3 kiR
MOENERIE L0 b AT X =R RE L R EEAICH

BRI B OB O Mk R BN B HBL K F T 2 L L, R0

AT HET DK LAE LD ETAEBHEL TWD, BEIRE AR
MV HN RS 2, =R LF— x«&hwﬂ$wmaﬁm+ﬁ1
ERTLETDHE, BRETAOEFEBICI T 2 HEISE AT b
IV %R 2 AVEHERE R S B L - HUB B OBUBII A = r v ¥ — Lk
WCIRGET 5 2 L1220, AN FF—BRERT 51 omfm%

EHMOBEE L ART S, 2 CTHREFET VO A JE I
W IRE A7 M VAR L% 80, 120, 160cm/s | MKKMW
7y7ﬁ T L— ZADOEMIEWIIEEBRE) (CxF L, X 18(a)ls YL EEL
iz L KR Ll IS A~ MV O %, K 18(b)IC i K
E%E&Aﬁiz»%ﬁmm%%%mﬁolm®_%5;9_,ﬁ
Em%x&7%wﬁ%m”mmwwf%:%iﬁém%@(VNW
2 HuFE®h) (A4 92 165em/s T IZ VT, Re A% 1.0~2.0 TILidi
%1WML&wm,¢mﬁﬁ®Ewﬁ@b77ﬁmﬂ S A5 Re
P 2.0~3.5 TIAMEWIT % WTREMEAN Y, E72 18(b), F5ITR D KL
T, WEIRE AT NV EZ T 2NN ORITIZRS W THEK
@p@OLﬁ%wE@W%ﬁﬁ%ﬂko

YRURES DM & 2 U 5 Re OHUE % E ®mAICFHIT 2 7290121, &
D %< ORPPRETIEH D08, K 17 IR T AF TR =LA~
7 RV ER 180T IR KRG & AT =1L X — OBtk A H
WIUE, RIEH OO EAHECE L ELLND,

6. #&

21 JE OFMEE T E LI BIRIA R T L— 2k SO EME 7
—AERLE LI e T Va5 e LT, B - RIFMHES 2 AT
L 72 B D Rt OB E DA DOV THEE L, RIS LRGSO R
EROVICHG I FIEORRIEEZRE LTz, HERICATTHLF
— b & R E OGO BIRIZ OV T T Lz, BLRIZG bz
Rzrd,

DRAH - REFFHMESH 22T 5, ME#HE 7 L —2EE Sz

i B L ORISR0 D Bt O IE 3 AL, R AEHZE Y

ﬁfﬁk%ﬁiﬁmﬁmﬁ‘éo 72, BV E S 2 @R KEHERMA D

EMEE, BEBERRE B REWETRRNLE 2D,
RIGEHNC AT T v T AL TWDLGE, HWIGE & i L TR

HOBGE L IMRE LS L, 7L —2AOHM A5 ET 5 L,

HBEOLE L LT AR B5 LT,

3) LI O M ER I A A, I KVAMESE % 0.37 1 L 72 YEPESR R IR ©
—ECHETIRENC & X 2 7250, WRIEBIC X 2 REE IS
HMEFEDOIE SO XL, AR O CITHEEGE 2 LTI L
T, R 0174, FHIRFAE0.074 L2, FH2EOT o v k
BKIFT D220 T 7y MO T 33% & Gl S iz,

AT =R VX —N 2.0 LLE2Do L)L 2 $Hé|0)ﬂ7‘]ﬂﬁ SH) A7
7% 21 B OIS LI, PR AN B AT AR A TS V. E
7=, Y O [E A JE I kwfﬁmeX«ﬁbw%#ztﬁu

PIGE O F KIBESEE & AT = 3L F— I ITm W IE OB AL 5
U, ATTERVF =L & RE AT SV C QR O i KRS
ERHETELEEZLND,

SE X

1) ELRWA  EREEEDEICR T HEE ST T
A ET ~ %%, 2015.12

2) HK@*%:E*%L@E?%*%L@Z@EA D EOKHEER AR - PR

MOOERMEICL S

R 2 A E OB FLA, 2015 4R HE A AR A S RAEEI M SR or
?4xﬁyv3ygﬂ,mw9
3) B, twocuy, BoRE, ARG - BEHHEBIC KT 5 &

JE S S A O R 4 P B3 2 M, AELFJERT & No.160, (filt)
HEETIERT, 20147

4) PrNfi, RILFEH, AJEIE
TENERE - HIHRERA & AN U 72 s o SRR O TR EEMEREZ D 1 -,
FMEIE RS, B 75 %, 5655 %, pp.1671-1679, 2010.9

5) PrPNAl, ORIIFRHL, ARJFEK « MR U & 52T 2 R S T b T oD S
TEERVERERTAN - HIHREA 2 500 U 72 i s FE SRR AR O iH R PERE 2 o
2 -, AAREE PSRRI, #7658, #6615, pp.695-702, 2011.3

6) AAJEROK, &L, Prevm o RO A BE LT L — AT — 2
EHRLD T X —WIERE, B ASHIREE S BRSO, B ARG
e, #79%, 45204, pp.1l-18, 2013.9

7 BRIERK, iFﬂ#%}zﬂ, FRERFAL, PTAL . 7 L — RIS LR ﬁ%jWEZI*J‘rEf
B RE L7k A O TR PERERTAN,  H AL S Rin SR,
%‘ 5 717 5, pp.1745-1754, 2015.11

8) MR, P : S ZBERE L7 L — AT — A DT R
S —IRIERE, HARREC R IE RT O, B T6 B, A 665 &,
pp.1337-1345, 2011.7

9) [Ehaz@ VR 19 R E LA E A R 622

10) AAGEMERS « Sy 7RISR - B T~==7 v, 43 ffl,
2003.10

1) Provsi, S, AndEROK, AN - JREEIE & O ML T L —
D JEJE % R IENEIR S K OB BIE T RE, B AREESIE RH R, W
77 %%, 35681 %, pp.1781-1790, 2012.11

12) T. Takeuchi, M. Ida, S. Yamada, K, Suzuki: Estimation of Cumulative
Deformation Capacity of Buckling Restrained Braces, Journal of Structural
Engineering, ASCE, Vol.134, No.5, pp.822-831, 2008.5

13) T. Takeuchi, R. Matsui: Cumulative Cyclic Deformation Capacity of Circular
Tubular Braces under Local Buckling, Journal of Structural Engineering, ASCE,
\Vol.137, No.11, pp.1311- 1318 2011.11

14) JERA VR 12 R 5 R 5 1457 55 10

15) #effide—BE, KHRTE, nfESE, ZA R - KRR SR OKY 1 2L
PETFRFEIC BT 2 P58, B AL i IS R R AR, 5 472 77, pp.139-147,
1995.6

16) AKIIZ, AT : =RV F =AY f L EREIGE AR VORI,
AR L 3 R SCEE, 26 608 7, pp.37-43, 2006.10

s HRFERAA 2 AN L 7 i o B AR D il L8
A A5

— 121 —



DAMAGE EVALUATION OF BEAM-ENDS IN CONCENTRICALLY BRACED STEEL FRAMES
DURING LONG-PERIOD AND LONG-DURATION GROUND MOTIONS

Ryota MATSUI™*, Yusuke INABA ** and Toru TAKEUCHI **

*I Assist. Prof, Dept. of Arch. and Build. Eng, Tokyo Institute of Technology, Dr.Eng.
fz Grad. Stud., Dept. of Arch. and Build. Eng.,, Tokyo Institute of Technology
*3 Prof, Dept. of Arch. and Build. Eng, Tokyo Institute of Technology, Dr.Eng.

1. Introduction
The long period and long duration ground motions of the 2011 Tohoku Earthquake caused large deformations in tall (> 80
m) braced steel moment frames. Many engineers and researchers have claimed the damage observed at the beam-ends in
these high-rise buildings. Thus, one of urgent tasks is to develop a simple method for screening vulnerability of the
beam-ends in braced steel moment frames. Some researchers have proposed several evaluation methods to capture damages
at the beam-ends. In this paper, the validity of those methods is investigated, considering fracture of braces, and a simple is
proposed that does not require time consuming time history response analysis.
2. Response of Braced Steel Moment Frames under Long Period and Long Duration Ground Motion
First, an approximately 85 m height building model is created to examine the accuracy of the proposed method for
evaluation of the beam-end damage considering the brace fracture. 10 long period and long duration artificial ground
motions, scaled to 3 kinds of velocity spectrums: 160, 120, 80 cm/s, and 2 observed ground motions, scaled to the velocity
spectrum of Building Code in Japan, are adopted as input ground motions. This analysis suggests that the damage
distribution of the beam-ends is similar to the story drift distribution. Observation of previous analysis shows that damage
of the beam-ends with a weld access hole is frequently larger than those with no hole.
3. Accuracy of Proposed Damage Evaluation Method by Previous Researcher
The accuracy of a damage evaluation method using Manson-Coffin rule previously proposed by a researcher (Manson-Coffin
method) is investigated. Miner's rule is used for the evaluation of the beam-end damage in the method, which is largely consistent
with static testing results. Another evaluation method using local strain at a beam-end proposed by the authors is fitted to the
Manson-Coffin method to improve the accuracy.
4. Reference Ductility Ratio for Damage Evaluation
The number of cycles at each ductility ratio is required to evaluate the damage of the beam-ends using the Miner's rule. This
method involves running a time history analysis program. Several ductility ratios are introduced as a reference to reduce
calculation time for the damage evaluation of the beam-end. Damage values of the beam-end calculated by one of the reference
ductility ratios are consistent with those by the time history response results within a margin of error of plus or minus 30%.
5. Index for Screening Vulnerability of Beam-ends in Braced Steel Moment Frames
The energy ratio is introduced, defined as the earthquake energy spectrum Ve to the maximum velocity spectrum S,. For Rg = 2.0
- 3.5 and a maximum velocity is close to 160 cm/s, the beam-end fracture is likely. Re is promising an index to determine the
damage of the beam-end.
6. Conclusions
This research investigated the damage evaluation of beam-ends in braced steel moment frames during a long period and long
duration motion. The results are summarized as follows.
1) The damage distribution of the beam-ends is likely to be similar to the story drift distribution. The damage of the
beam-end with a weld access hole is frequently larger than that with no hole.
2) Damage values of the beam-ends calculated by one of the reference ductility ratios are consistent with those by the time history
response results with a margin of error of plus or minus 30%.

3) When the maximum velocity is close to 160 cm/s and the Re ranges from 2.0 to 3.5, the beam-ends are likely fracture.

(2016 4 5 7 10 HIJsAa=2 2L, 2016 42 9 7 21 HIRAUE)
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