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In timber frame construction, it is common practice to use the shaft
framework with diagonal bracings as bearing walls to resist horizontal loads during earthquakes
excitations. The diagonal bracings are also applied to retrofit existing building frames
seismically, but they have a disadvantage in preventing the openings in the exterior walls of the
buildings. Therefore, the possibility of seismic reinforcement of the timber frames and retain the
existing openings with knee bracings was investigated. In this study, a ductile steel knee brace,
which were originally developed for steel building structures, were applied to existing timber
residential buildings to determine their optimal shape.

Monotonic and cyclic loading tests were conducted on a ductile steel knee brace using thin steel

plates, and nonlinear frame analysis was performed on a timber frame with a ductile knee brace,

gonsidering the joints of the timber frame, to investigate the effect of the ductile steel knee
race.



¥ X C—19,. F—19—1, 2—19 (58

1. WHERARE A O R

ARG 15 T, HIERIRF O KIS LA & ARV Tz ik B 4y 2 i ke & L TR
SELON R TH %, Z ORGSR L TIEMR A 5E. Bz itz LT
MABELIER T D 2 ENEZDND, —F7, L ROM A2 TAC TR LA R oRIE - i
& @D, DORREEEORIM: « Wi /om B2 2 FikbEx bivd, ZOHEE, #
EROEAADIZZ T MRS T AWD Z & T RS R TS| MO
HWRIZHAT, i LS L 2 DO a A MTEN L, B HERF O K- T) 25215 T2 IR
ARIERHLIIA A TIIRE REREETE AT, Z OZE 2K TR E 22K RN 2 555
SEDLRA L 72> T %, AWFZETIE, FEa VT A 2 #5092 9912 & 0 A 24k
DEWE - W zm ESE5 2 a2BEZXTWD, £, T2 5RE GEIERLTED o i
HIRER 2R UEAO =R F—RINEEN 2 8= SE, T E THEEE IS LT
WTE T2 HHIAHIR T D ) U D 2 REEHEI A2~ 2 & T [FflisR e LT RIgEMEDNA
FTons EHERI,

2. WHEDHB
ABFIEO B L, ARIEEIFLIZE A T 522 M Che TN S 72 i RS Rt & fismii bt 2 12

RTDETH D, TOTDOITIT, WFlO THRETHE G2 5 2720 &9 25t O mIrE: - i
NERIBERZ L LTONREIFHIBIUCESE R THENDH L, Elo, BIERG R O]
PE « T3 2 THEEREN & . FEHBAREIE L E X TV D,

3. WDk

(1) THETITRE LI BPER TR A ATE flE 2808 238 S W 72 iR R o BPER 5
B> BLRHEAT R 21T 5 0 BARANIIE BT CTH LD A b T v b ORMRIIN /) & SEIEm ) M
ONIPEZ 28R & 0 ERR 5, ARIEHIHEAE & SR BEIA OB LI 2R M /)3T o 2 2 et L,
BIVERTT LD 2 2T b % RIEEHZAE O D T2 O ORI 2 52T 5,

(2) TSR 2 IO T2 ERPERT L O 0 IR Ui 2R K O BRER AT 217 5 . FTRLD il
LTI ZETE D HRIME R DN ) 2B S22 LT FRo ¥R #8 2 KB TE 587 V%
R L, B TOETIFIELEMET D,

(3) A& BZMS (K1, ) DAL RIS, FITRDSE D AT < BB A RBE LI A IS L %%
BOZED B HERE DGR 2 RFES Do

4. BFIERR

(1) VRSO EINERL T LD BRHEAT R &2 1T - 7202, BRMICIE, 2 E TITEHIT,
S R O FEC G OBEGHE 0 IZEYD S < BB O EERE & (I S B 780
PERU G D DR IEE AT - T & 7=, RITRLIE, E4HED S R IZ 52 2 71 % [R5 AL
NTEAMTI & L TRESE D720, SIS TRk OGS 258 AW AT % vl he
L. ZOLBHREZ AL THIEZIREZEE T 5 A7 A Z ML TWDI, ZDT A
T I ARTERHRLIZ G S5 7D SR (1.6mm) 2 F U7 B PETR AL o0 B AR E T SEBR A ATV
EHUROERET D Z & 2R Lo, F7o, BB EL D 268 O EFR LI 1FET L
N K Dl B OMIHERHE & 0FE TIT o 72, IS & 2 HBTENIC IV T b R E) DU
T, BE L2 FE T A TR ) R OWIHIRIMES G & 52 2 L 2B L7z, Ll



M E L2 ST LA E LT, IRETILEBIE SN > RO ms L
ZRE DS TITHERR S 7 (42)0: 2,

(2) (L) TOEBRICIV T, HHIRIZ X 2P OR T EE 2 MR LTV 5, RO
JEIZ X BB E RIS 5760, AR (0.8mm) TOBIMN O HFRHE A EREIT - 72, T OREE,
FERRAR 2 AN R D — D12, IRBTERDSBRARI 0122 L7, R CAUBE 2 A UL il AR
JEZ <35 LR CIRIENEITT D2 EN00o723099 0.7, R UEREG, #2160
ENMETT250, 5 - EOMBELEEF LT EZERORPHEK L, HFOMENS EF+5 2
LR ST, £ 2T, IRBTEOME D IR U EBR 2TV, M0 IR Ui 325k & HLEREURT
FBRCOZEE A L UGS L7z, &t T, ARRERMNT & D2 TV U8 o 1|l
BT, ZORER, 0 R Ui IEER & BT O i Tk, RETERECIN ) L5728 A
HAILDRITIEE L TV 25, M0 IR UEATREIC 2 CAUBIE 2 8142 U - E- AT BRI 1T
DEFGET, BAEAFF LD /NS WD ENgholc, ZHUE, 1T A BN LA DT,
BRPER) 722 CAURE ST MR T O EER TH H 2 & 2R L Tu5 (3),

(3) AREFHOIE AT OZFE 2 EE LT E 7 V2 AFR U, AREEHELIZ 5B A B )
1235 O B RHZEAE O HYBVERRIT 21T o 12, T OREER, 2V v 72 5 Ko
IR U, R B (11 5 2 & CTHRIEBZHES IR TE 5 2 L3 b 12 (1X4),

BshRIL Hﬁkgtﬁﬁ’&ﬂ BAAMBHAOET VIR (=0.8mm)
© © fxi-H
g —— 3 — KR =112 rad Wi 6, — EIRIB CRRE TR
= — . E =
O O N . —
| 300 | 20, | :
SEEEAR : PL-300% 140 (SS400, SUS304 ) ¥RE
(a) HHEGM S L S—DORT L
[ 24D oD o
ARG (a LhOHT) (A 59 FEYOHK
EElas
(b) BEHEZT-BHOEROKRF
Bl SRR v AT A X2 IEHrEH O Ui okk 1
o

s 'v‘ N
t-qﬁ%::;-
ol

(BrmE) wHarvs—R

——— PHARIE (ki =3.81kN/mm)
O eNr, epNL

CFE) IEhavie—H
BRERBITCL DR LIDOBKF R UhEEHEECEERE GREO. 8mm)

B3 0k Uit IR e



L5 @, (kN)

90,
CZIQb 1+

/
R
S 05 . /// ]
y | | | | ~" R, (rad) M’i’ R, (rad)
-0.04 -o.(% 001 002 003 004 -0.04 -0.03 - 002 003 0.04
RN 05 / L A05

A 2R |
QuRIHE
. .15 b 15
ReZHER A @ HEX vi—1zL () HIER v i—BHY

4 85y B2 OO IR LR AT

(51 3CHk]

1)

2)

3)

4)

5)

6)

7)

8)

PRSI, AREVINE G, RS, (LR P FIE: Sk 2 v 722 A BT R B A X v
N—DNFEE) D 1. & AWTRRBIEM & v o8 — O EARVERE R, P AR RS
SRR (LR ARSI, 950-951, 2019.

ARE/NE S, TR SEE, TR FIE: i 2 v 7z & AR RBU A & o8 — D )5
HI2EE) 2 @ 2 E-ZTEBIR DT, H ARG P R PR EEELE (Iuke) HEiE1I)
952-953, 2019.

Sayuri Honma, Kazumasa Ebato, Yukihiro Harada: Ductile steel knee brace with built-in comb-
shaped seismic damper, Journal of constructional steel research 184, No. 106765, 2021

Sayuri Honma, Yukihiro Harada, Kazumasa Ebato: EXPERIMENTAL STUDY ON THE IN-
PLANE INSTABILITY OF A SHEAR-YIELDING SEISMIC DAMPER USING A THIN
STEEL PLATE, 17th World Conference on Earthquake Engineering, 17WCEE, Sendai, Japan -
September 2¢-0027, 2020

B, AR/ NE S, B SER, TOE SR AR 2 O o AT R R LSRR & %
—ofhFRCivER 03 RE0.8mmE W7o FHEAICBI 3 2 5k, A AR
DRETFHGEHARE  (BIH) IS - 7 L — 2, p. 1043-1044, 2020.

A INEE, R, (TR RIE: R A2 FO 72 AW BRI & 2 S — o T
RCIVEEZ D4 BIEDIENT K DRTE-ETEER DT, AAREE 2 R AR
FAAE (BA) M3 - 7' L—R) 1045-1046, 2020.

AHVINEE, JRE=E, (TR RIE: EHR 2 O 72E A W RI T B & o R — o T
1 AV, SHAREAE UG SCI 2R, #5299, p.771-777, 2021.

AHVINEE, JRE=E, (TR RIE: R 2 W72 AW BRI T B & o R — o T
RENEE £ 5 AREFZMTIC & 2 B 5 IR R OMGE, A AREES R
s E R EE (BF), No. 22523, p.1045- 1046, 2021.



3 3 0 0

S. Honma, Y. Harada, K. Ebato -

Experimental study on the in-plane instability of a shear-yielding seismic damper using a thin 2020
steel plate

17 th World Conference on Earthquake Engineering c- 0027
DOI

Sayuri Honma, Kazumasa Ebato, Yukihiro Harada 184

Ductile steel knee brace with built-in comb- shaped seismic damper 2021

Journal of constructional steel research 106765
DOI

10.1016/j . jcsr.2021.106765

2021

771-777

DOl

2019




2019

3

0.8mm

2020

2020

2021







