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Abstract

A Study on the Structural Strengthening Characteristics

of the Traditional Wood Structures Cantilever Members

By Cho, Youn hee
Adviser : Prof. Kim, Jeong sup, Ph.D.
Department of Architectural Engineering,

Graduate School of Chosun University

This study obtained the following conclusions through a test of reinforcement and
joint reinforcement using a steel plate in consideration of the deflection and
transformation by structural behavior and damage by wood decay in the cantilever

members of traditional wood structures.

1. Test of cantilever members

1) In the reinforcement test of cantilever members, yield load increased by 44~
135% in the reinforcement test sample compared to the standard test sample, and,
specifically, yield load, initial stiffness, and maximum load were augmented in the
reinforcement test sample of a double-T form steel plate as well as of a T form
steel plate. Therefore, the effect of deflection control is expected through such

reinforcement.
2) The coefficient of ductility increased by 7~46% in the reinforcement test

sample of a - form steel plate compared to the standard test sample, and other

reinforcement test samples were discovered to have deteriorated ductility, overall.

- ix -



3) Concerning stiffness, initial stiffness was found to increase by 8~40% in the
reinforcement test samples of T form and double-T form steel plates.

Given the fact that the initial stiffness was much higher in the reinforcement test
samples than in the standard test samples, the effect of deflection control in the

behavior of cantilever members in the elastic region is expected.

4) In consideration of the characteristics of cantilever members, when any
damage is caused by the stress concentration and transformation in the upper part
of a corner pillar, yield load was shown to increase more in the reinforcement test
sample of which some part was replaced with new members than in the standard

test sample.

As above, when summarizing the test results of the cantilever members of
traditional wood structures, in consideration of the preservation of original forms for
their beauty and structural safety in wooden cultural heritages, cantilever
members(Hip Rafter) the reinforcement with the - form steel plate, T form steel
plate, and double-T form steel plate is expected to increase yield load, maximum
load, and initial stiffness and to control deflection compared to the reinforcement
method.

Furthermore, if a member is replaced with a new one that is of appropriate
thickness according to the depth of damage of the member and if it is reinforced
with bolts and nails of T form and double-T form steel plates, it will show
structural behavior and reinforcement effect which is similar to that of the standard

test sample.
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[ @ Wade)n] 1 103+, I @ Wi Zoln] 11143
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(c) 3&¥ A¥ A7 (d) da&33 A d A4
[AHx1 3.3] &4 A=A @ A7

<¥ 35> H7ZAY EIH EA

T 7 g9 2 A Y9 (mm) &4 A<= (MPa) 27484 (MPa)
S 4.0 2.0x 10’ 240
2 E M24, M16 2.0x 107 240

S 20d(150mm) 2.0x 10° 240
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(c) TAY + EE 2 & 7 (d) double T2% + EE B 7}
[AFR 3.4] A R7AAE AF
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Ado] AgEd AF77)E= v E2A 3 7] (Universal Testing  Machine,

} 50 30 }
LT T T T T T T I
[CF Finee 58
L &80 ]
1,360 1360 630
4000
0.5H
I
SEF.D T
BMD Mmax=0.34F
(a) Typel
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26,25
| ses |
1590 1130 680
4000
0.5P
T
S.F.D I

BMD Mmax='0.39P
(b) Typell

[Z¥ 35] WRIFEA AP A Set-up=

(a) 33 A (b) 3= F
[Ak1 35] HRIFA @A 44 A7



(data)= =% 63 Fx3t] AAgrt. FALFA N Astel= stes 4] 574

at7] flate] 7hEd Aol Load Cells AAte] AAIE 7HdA o] @& &5&

HeEAde 5 9 #AS9 ZHHA s 7 R4, BN A S R o
A MY x 17§49 LVDT(Linear Vertical Displacement Transducer, & 7|
o] #]. o]3} D.T.)E AAste 7t dAlel we A ¥MeEs 4

BE £7471719 SAdelH = Data Loggerel AZA3te Fsta 7fA&

W ogEy MgEs BAw

ot
ol
34
An)

O
Aol Wetex] worw Adgdytel] wE FALHANM 22 3

Z 9 A7 BANA Bl 271342 A9 AN 2499 QAo wA
e 3uIFoE A4

3
B AL w277 AXE A@AeA Fe, AdAE 44

A Fhelate] HAeE e AR @,

)
i)
i)
£

i
i,
U U
2
>~
>,
ofo
i,
>
)
N
-
i
iuf
o
_E
i
o

o WEFZ2%7](UTM) : Shimadzu Co., Japan
« Dateletty 402(Shimadzu ; Japan)
+ Datelogger(STC-16NB ; 4171 (5) ; Korea)
« Displacement Transducer(100mm)

* Load Cell (IMN, = 1MN, <13 0.5MN)
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Typel 712243 A gEsE=S 77.2kN, Hs5S 362.8kNo| 11, &z AR
2 Ao R B APAY FEaTS 62.1kNORE 20% A ov Hos)

TA A#o= 273 APAe F5sF2 171.7kN, HslsL 3584kNoZ A
FEaF 1224% S7Fs W, Hdlekse 12% 4= fa

OE T# #doz n7e AdA ] 535S 1463kN2ZH 895% T7HatAd
3, HolskEe 3B519kNeZH 185% AL Fras Bt

£ £ o1 (10cm) TA 23 BAA &85 181.5kNCZH 1351% A
= F7teg oy AgetEe 164%~46.1% #AstE Ao E UEkskth

Typell 715489 &8585 904kN, HjslFS 3465kNolaL, RS 2
Ao g WA AdAe FudF2 176.9kNOZH 957%°] F7Hs, TA Ao
2 R A9 FgHeF 166.8kN 845% HE F7HaHH ).

Ue T# daoe w33t Ao 5652 189.4kN, Fthsls 2 350.5kN L
2H FEs e 1095%, At 12% F&= S7HE BT
+(10cm) B TA A3 wAdel F53ka 2 150.1kNS. 22X 66.0%

LB Fgele A A% RAS TA 2 HE TA A%
2 sl A8e Bal AFABAE vl A3t fAR T2A ABL ANT F

B sk % AY adzE BW stgo] FHEVEFH RIFAe] @i



dA BtE o] AFes Ao e

WRIFEA ] Typed 9 BZAE AdAY Addxes <iE 41>~<3F 42>
(29 41]~[19 45]9F 2t}
<¥E 41> Typel UYHEA] A4 27
FE3}F HY 535

A A A Py 8y Pu su
(kN) (mm) (kN) (mm)

HRT-N-1 64.6 79 340.9 83.1
HRI-N-2 89.73 8.0 384.7 7.5
HRTI-SB-1 60.4 7.8 367.8 109.3
HRI-SB-2 63.8 9.2 368.2 142.4
HRI-TSB-1 195.8 12.6 347.8 75.2
HRI-TSB-2 147.6 12.8 369.0 114.8
HR I -TSB-HJ10-1 213.3 20.6 333.9 85.7
HR I -TSB-HJ10-2 149.6 19.5 257.2 89.9
HR I -TSB-HJ15-1 136.8 254 195.6 110.2
HR I -TSB-HJ15-2 154.2 21.8 2115 114.0
HR I -DTSB-1 152.2 12.3 364.8 133.8
HR I -DTSB-2 140.3 11.0 339.0 117.8
HR I -DTSB-HJ10-1 152.2 18.6 281.8 133.0
HR I -DTSB-HJ10-2 158.9 174 324.9 127.3
HR I -DTSB-HJ15-1 148.6 22.9 2219 82.0
HR I -DTSB-HJ15-2 180.1 23.0 237.6 61.8
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<E 4.2> Typell uEA A8 A

FE}F AQats

A Py 8y Pu &u
(kN) (mm) (kN) (mm)
HRII-N-1 85.3 10.4 340.2 108.8

HRIO-N-2 95.4 11.2 352.7 78.2

HRII-SB-1 200.7 19.9 311.5 78.3
HRIO-SB-2 153.0 19.1 315.1 199.7

HRII-TSB-1 164.0 20.3 301.3 96.5

HRIO-TSB-2 169.5 20.6 307.7 99.1
HRIO-TSB-HJ10-1 135.8 25.6 198.0 111.3
HRIO-TSB-HJ10-2 143.3 23.7 219.6 99.0
HRIO-TSB-HJ15-1 141.4 26.9 202.7 195.0
HRII-TSB-HJ15-2 1395 21.3 2173 1429
HRII-DTSB-1 167.2 15.0 329.7 1715
HRIO-DTSB-2 2115 23.2 371.3 185.0
HRIO-DTSB-HJ10-1 154.1 23.3 287.9 103.9
HRIO-DTSB-HJ10-2 146.0 19.7 287.1 164.4
HRIO-DTSB-HJ15-1 133.3 26.7 196.8 128.1
HRIO-DTSB-HJ15-2 126.4 24.4 211.1 135.8
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Load (kN)

Load (kN)

450

I I I [
—-DT1 ®DI2 —+DT3
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Deflection (mm)

(a) HRI-N-1 A8
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(b) HRI-N-2 A A
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Load (kN)

Load (kN)
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s S M

1
preen ‘ —-DT1 —=DT2 —-DT3

400
350 \‘ ,/ "‘ftﬁ /\
300 / /
/ Vadll)
250 ! /
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ot A ;
p H / P
o |11 Wx"“‘
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o \ ] nﬂ"”..
40 =20 O 20 40 40 80 100 1O MO WO 18O 200 220
Deflection (mm)
(c) HRI1-SB-1 A3 A
450 1 1 | |
‘ —+-DT1 =DT2 —-DT3
400 |Sg el MRS
350 I I /" N\ =
300 /
i I .
250 ﬁ : 1:
200 ; ! /
t : // )/
Be i v
NN / |
- \ ] MM
40 =20 © 20 40 60 80 100 RO 14O O 18O 200 220
Deflection (mm)

(d) HRI -SB-2 A& A
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Load (kN)

Load (kN)

450 1 1 1
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(f) HRI -TSB-2 A3 A
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Load (kN)

Load (kN)
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(h) HRI -TSB-HJ10-2 & 3 A
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Load (kN)

Load (kN)
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(j) HR I -TSB-HJ15-2 A & A
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Load (kN)

Load (kN)
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Load (kN)

Load (kN)
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Load (kN)

Load (kN)
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[29 4.1] Typel WHIEA AFA 9 sF-AA F
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Load (kN)

Load (kN)
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(b) HRIOI -N-2 A § A
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Load (kN)

Load (kN)
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(c) HRII-SB-1 A & A
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(d) HRO-SB-2 A g A
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Load (kN)

Load (kN)
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450

400

350

—-+DT1 —=DT2 —«DT3

300

250

200

100

ey

450

Deflection (mm)

(g) HRO -TSB-HJ10-1 2 & A)

-20 (@] 20 40 60 80 100 120 40

160

180

200

220

400

gl

DT1

= DT2 —+DT3

350

300

250

P ——

200

150

100

y
/

]

/

_.»*‘M

L

-20 O 20 40 60 80 100 120 %]

Deflection (mm)

(h) HRII -TSB-HJ10-2 A & A
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Load (kN)
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450

400

—-DT1

=DT2 —=DT3

350

300

250

200

150

100

A

-

|eaet*”|

-

450

-20 lo] 20 40 60 8O 100

Deflection (mm)

120

140

(o) HROI-DTSB-HJ15-1 A4 & A

160 18O

200

220

400

—+DT1

= DT2 =« DT3

350

300

250

200

jolo]

N\

-20 (o] 20 40 60 80 100
Deflection (mm)

120

4o

(p) HRO-DTSB-HJ15-2 A & A
[2¥ 4.2] Typell HFIEA] AFAY FF-AAF T4
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g
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(a) Typel WA A3H

TSB

TSB-HJIO  TSB-HJIB DTSB DTSB-HJIO DTSB-HJI5

(b) Typell WHIHEA A3
[2¥ 43] WHEA AdFA 9 & HstF v
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[2F 45] Typell WRIFEA A s5-HF F4d v
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4.2 #4 9

“

3 33

1) Typel WHIFA HEA

(1) HRI-N-1 7]=A A

3% e & 27
122.6kNol A =351 27t A4S wasta 183kNe A Asls aert you 8%
o] Z7bell wel Wgo] AP WA wppEje} A AR 9] = QA

A A 9] g53FF2 64.6kN, FHUstE 3409kNo.=2 YEelstor HASAH JH
of zZhe &ol7b Qo] &o] FHeA o] Hawrirt gy Eglon nptE]

_—

TE2 A B2 el AR B wge] MyHAL

3% 718 B 142kNoll A E3l= 47 A wrAsl 252kN A wolA wg &
27} Ui UA] 323kNelA] 27] o] wrAlEle] 373kN~380kN Alole] &<
S7tel wek Algw ol MAsky] kA ek P WRIFA e vl s
AR AR Sk = A

AgA e FHstF 89.7kN, HulshES BATKNS 2 YEpton, HZA5 A
oM A} whtE] FEo] Ak vy E= Ao w e

(3) HRI-SB-1 243 A

ZNEAAA L FLdA 27 FE

of

shalx] ergrom] 148kNel A Eab a7}
Ao wAs T 65N Hate aglel #A HEAQ TRl wdo] A%H
on, 8% Z7tel W HEets 2o wego] Asdor ASHWA ¥ H Yok

AA e FRAFE 604kN, HUIHFS 678KNOE Lhebskon], A=A F9)
Bo} whe] REolA o] wAshe] uhulE gL,

(4) HRI1-SB-2 B7-A A
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S50 F7bel mel WE ool flthh ISTKNIA Ag ey
BN obgl o] 100KNA ek &t wASREAT A 9l

ArolA HAol Aol Zwe] Zhe Fwol AekAr] AFeidn 1§ #AS5AH

- ko] 368kNell A wtdo] 1 d s b ¥ 9o

F 53l 63.8kN, HUlstz 3682kNo=2 YElom H(SAH T
Sop uhe] RRoA el whaste] Thulwglc.

(5) HRI -TSB-1 ®.7-2 38 A
stzol S7kebH 127kNelA 5 AE|7F HAsdow, k5 7kl mel Wy ol

A EEA 312kNel A 25 AHFE 5o TALRS A 25 F2odAM =

1Egel MATGom, vhel Fio] ZekAwA a5 Ar,

APA FREFL 158N, AMSIFL UTBNOR vehdon, #2544 4
3o A5 wlpdel Fedo] st B R,

(6) HR1 -TSB-2 8723 7
st5Z kel wheh 140kNel A 5 AE)7h @Aehel s 248kN~264kN7HA] o 2]
7h A& B A o, 355kNel A S A7t A st x7] ol

Ay

o

btk SBAKNOIA #EA7 4F-sh A SHAtelo] Fol a TAARS A

Fob BE RO TG WA vhe Yol ZebdwA v H ek

A SFEE=S 1476kN, FHJstES 369.0kNC 2 vElton H=xd A
ol = nppeo) A Fdo] WA ste] 13w ok

(7) HR I -TSB-HJ10-1 = 7;2 & A
sEZ7be] we Wde] wMAHWA I5KNOIN Eist A
201kN#} 267kN| A S 7 SAE QAT dFHo] WA= &

geton, A&d

& A1e% 203Nol A 27] #do] WAGA 33NN # 2eg @ 9

AAA e FEeFS 2133kN, HistE2 3339kNo= yeiston, dde &

_84_



A7 g 9ol

Mo} BE Mool A whaE k.

oo

(8) HRI -TSB-HJ10-2 ¥ 728 A

FZ7 el wel Wgo] wAE WA SOkNel A HAe7h Ae 2L 166kN
of BE FtoA z7] o]l AIE L, 250kNe Al AlF-Ael FRAS] A
el A o] HASATE 1§ shFo] FUEsHWAl 250kNe A HSA A A
2 2 et A gk H A

F& 2572kNo g2 Yehyon #Ede =
BE HoA] @A E gtk

(9) HR I -TSB-HJ15-1 R7A 3 A

AEA = o7 B2 FHEA 27 F AP STkNOlA vk e, 195kN
oM HFAH HF Fol FolM ZTIwdo]l Ao, 132kNol A F-H
190kN7HA] & 4g]7F o2l | EA 7 195kNel A 2 &jeh g7 3k o=
ok AEAY FEESS 136.8kN, Hists S 195.6kN O 2 LERRLT

(10) HR I -TSB-HJ15-2 .74 3 A

Al 93kNolA et ekt ow, 169kNe A AZ5A% - s o] &5
oA Z7istde] AN 203kNelAM = Aol Fdo] TASAY. 1 F
21IkNON A 3 &eleh g dpajo] o235ty A Ao 535 154.2kN, s

T2 211.5kNO = YERSL

d

(11) HRI-DTSB-1 723 A
A3 shgol Fbe o 7kx WS BAEAA N Fde TR ko,
146kNol Al A& AE]7F dAsETh HE5AH Fio BES BEALS] A=A 4
Bo A #Z vpyty] Fdol 302kNIF 350kN Abolol A do] AlLaA s
o, whrE] Fito] ZAepA WA s EdTh APA e FEsFS 152.2kN, st
& 364.8kNC 2 LpEHTE
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(12) HR I -DTSB-2 B 743 )

& 28] 139kNol A vhebytom 151kN~302kN 7hA] Al&d 93] 227} et
Stk 1% 262kNell A HSA Tl A ZolA = A7t whow, 302kNo A e =
= whote] FEo] ek 7] ARt AE5AH R BES BEALo]= 332kNo|
A owdo]l 7k B EAT. @AY e 140.3kN, HietE> 339kNo =

(13) HR I -DTSB-HJ10-1 ¥ 72 & A

steS7bel wel WPol WAEWA  115kNolA St Ao dAEAS
222kNO A HE5A A AF FH ol e Z7|irde] LA e, 302kNo A #
ael e A 3 = vt

Ao FEst5S 152.2kN, H sz 281.8kNCo 2 YEton #de 2=

AR o 2E 3 &o] FolA EAH A

o
_{
_1
P
4z
fo,

(14) HR I -DTSB-HJ10-2 ®.74 3 A

a5 7bol wel Weo] AR WA 115kNol| A Z7] A7 A& a1, 222kNo|
A Z7Idde] EAHAT 25 AEA FHolS 222kNellA HESAH AR T
ol &Fol| 7ol TAst ow, 310kNA 3 Aot g7 33w}

APA e FEetFS 1589kN, FHstF 3249kNo& vEelyton dde &=

A A oISt BEAA TAH AT

(15) HRI -DTSB-HJ15-1 XA A
stzol S7kst HSAA AR ol & A2 7h 135kNe A A& A
% Z7F weh 183kN# 218kN Atojof =

2x)gnst ol ool A @alglel o] WAEY, 2ATKNOIA Baelst g
At

AAA e FEetFS 1486kN, FHuiets2 221.9kNe= Yo, H5A4 4
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Bol o] g Alo]o A Fdo] WAl 3] = ¢t}

(16) HR I -DTSB-HJ15-2 ¥ 72 & A

AR Ego] SR A EatE AEet 7] Fdo] 153kNA A& wAEH 3}
7kl wheb 183kN# 203kN Akelell #HFA| 5 5-oF FH o] FHoA EUgle] o
o] WA, 237kNell A B ek §A 3 = At

AgA e 8-S 180.1kN, Hsle> 2376kNO 2 vElgon A=A 4
H-9} o] - Alolol| A o] WAt m ¥ E Qi)

1 ol

2) Typell WRIEA 2FA

(1) HRI-N-1 7] 52 & A

7FE S 144kNel A 538t &E]7F AS St k59 S7hel wet wdgo] 7
w1 320kNel Al 7] Fdeo] B o1, 340Nl A 23k 33 =] Tk,

A A e g&sFE 85.3kN, HuletE 340.2kNo 2 el o HZAH Ay
of #dol 7t S EHAoH, F5 wigrE] Fito] ZAupAw mEE Aow e
=g

(2) HRII-N-2 7] 523 A

A sFe 7hEsta drk FEA 61kN A HANA A &E7E o,
315kNe Al 7]t d o] YERE 330kN HEollA HS5AH Fol A o] HA
s, B A& wet wdo] HAEy AR BRI & vty R
o] 7k ma =HAth.

AEA o] FEsFT 954kN, HhstF S 3527kNe 2 LEron #3214 A1
of el 7k HHEYow, &5 vty Fio] ZdupAw g EHE o2 e

1F
A

=

o] ¥4

o
M
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(3) HRI-SB-1 H. 723 A

Z7)3de gEs A JelgA = ekgkon, 111kNoA %3l 287 S 2As)
3L, 194kNol A -8 285kN7HA] Al 5 &b 47t vhebst ek 311kNel A - A
o} A 57 A Abololl A FHw e os AFA I o2 FH At

AgA o] FEeFE 200.7kN, st 3115kNe 2 vElg o Hak w7
shekytol o] shw 3k o),

(4) HRII-SB-2 B.7FA 3 A

Z7]dL st vebuA = &gk, 149kNellA Hak= 287t AS A st
al, 226kNell A 208kN7HA] Alsdl shdkgo] WrERSETE 208kNol A Fase]eh g 8t
o] HasttrE thAl e A 315kNOl A sk sk 4 93w Qi

ARAA S FEeFTS 153.0kN, Hdsts 315.1kNOZ veiston, 524 4
F-ob Ayt BAA shekRol] o] HPHm 3k At

(5) HRII-TSB-1 E72 & A

G5 AT I5ANIA % Lel7} wAsgon, sF Fojol weh Wale]
ofuith. 268kNOIM FE ek MAISIGE, 204kNOIA HEAH RS wgA)
kol d BE Re] A el wAskm wulw el

AEA Y FEesS 164.0kN, Hetw> 30L3KNS 2 Yy ow (A5 4
Sop BEAbo] #o] WAl vl H e,

v
o
B
L)
—(\(—)‘ -{E
il
X,
f
ol
2
S
o
m
>
2
=)
-
iu)

271#do] BAE Y oH, 307.7kNe
nRo] BHAWA 3 H A,
AFAY FESFS 169.5kN, FHUsts2 307.7kNo.2 YUEston (=2 d 4
wAA S BEA, B2 nlpale) A o] walste] ) E i

-z
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(7) HRII-TSB-HJ10-1 ®.7;2 & A

g5l wEl Wo] WA HA 104kNol A H4E7F e BN 53
o] F-9} go] Abo]7} 171kNoI A %7] itdo] LA o, 187kNoA] BES} &
EApol7k o] 7hm, 197kNell Al 2 Ao} A oh] = vt

A e dEeFe 136.8kN, HUsES 1980kNe = Yefgton Fd-e 3
ol g9} o], BES BEALo|o A A= AT},

5V

PN
5T

(8) HRII-TSB-HJ10-2 X723 A
g5 7ol wEl WMol WAFHA FHo)SHTF 124kNo A Aoz A9
37 o] WAL, 218kNol A & gl el A 13 =k,

AEA ] FESFES 143.3kN, Hojsts2 2196kNO = YEl o, dde #5
AA FHE o) B2 A A E ST

(9) HRII-TSB-HJ15-1 ®.7;2 & A

AgA = TIkNIA AL oz & 2| 7F ek on] 98kNoA] F3 o] &5 7
el A 7)ol TAsES on) 191kNell A 201kN7EA] 3 o] &4 afhol Al 25
A4 A Tdel #dol dolun  Fae] ol=yu. AFAY] FEI}TS

141.4kN, Hdjs}52 202.7kNO. = e

(10) HRII-TSB-HJ15-2 X723 A

AdAAE o7t B FHE AS 5 hgE 61kNoA UEwon, F3o)&
ol 97kN BEol Al Z7]wtde] wAsd o, 156kNo Al &o]FRlo] o]
sttt 217kNol A 3k 2ot 37 shsol dAH R i oA F
7vet A S E QT APA Y] FEtFS 1395kN, HuletE 217.3kNe 2 e}
wteh.

0,

(11) HRI-DTSB-1 ®7A A

Z7] 2¥= 156kNelA dojwkAIrt, 43 stzo] S/t o 7b#4] WL 2y
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3 A%E s sl TAHAA R FAe wAE R kgton] 258kNol A go] F
WMol o] AbWA Solh EEEo] Ugti, T F BES BE Alololq Tl
e 320kN AR HEAH A Ay ol R FAH SR Ao A
Fdol wAsy ST APAe] FHaAFE 1672KN, HhaEL 3297kNS
2 vyt

(12) HRO-DTSB-2 X723 A

g AT 162kNol A mgo =2 WAlsES L, 227kNe|A & t] 4= A shH
BAsr 277 30N AR s, A2 Y Ad ofY
FAH FUYE Alolol A #do] AN LAse AT ARA ) FHaF

2 211.5kN, Hdjslg2 371.3kNo. 2 ey

(13) HRII-DTSB-HJ10-1 X743 A

A &gl S6kNCoZ mlaH whE AlZbel] uElygtow wba) e A& 2
ABEEA 198kNell A 27] wtdo] FHo] oA LA AT HdL FH|SH
oF #HSAF Afolell 274kNell A A& EAg sty v 5 ),

AAA ] FEeET 1541kN, Hsts> 287.9kNO. = UEyton, Hde =

AR A eHoleRe BE F, ASARAMRE HASvirEtA ddo

nE
o

(14) HRI-DTSB-HJ10-2 R732 3 A

S 2ElE IM4kNO® nSo g Bl eyt o 156kNdA 7] d+do] 4
BolgiolA TR, shsol EtrbAA BAAQD o] S5 wA= 4t
A& a4 ekl 272kN~287kNoll 3 o] &34 &30l HZ=AHoA 2= np

2 dd wAs gl on, 287.1kNe Al 32 = it}

AdA ] FHetFS 146.0kN, HUshsS 287.1kNOo.Z Yyt on #de =

A7 AR FoleR aiel AZALNNRE FSuTANA Fdo] BAF
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(15) HRIOI-DTSB-HJ15-1 2723 A)
A5ae]7F BokNCO 2 vl A w2 A e om stFo] Frbe] whel 154kNel A
Bog5ol A A wdo] ASHH 193kNoll A Z7]o] Fdo] zkel
Holv e WA 53 5 Qo)

A e dEetFe 133.3kN, HMsES 196.8kNe2 el o], #3214 4
R RS =) e o R R e S o A

o

A

-z
2o
4
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o,
dlo

(16) HRI-DTSB-HJ15-2 R 743 A

8kNell Al A& Sagel A Zyjwde] LAt stEol F7kel whet
160kN ~210kNell A Aldd kAol HFA4 AH-oF ol 554 Atololl A YEbst
th 211kNel A 22 Z2f ok 3 9h3] ¥ v

AAA ] dEeTS 1264kN, st 2111kNe = yeiston (A4 A

Woh ol & SOl Atolo| A we Fol wAste] shals k.
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. 4 A 4
(a) HRI-N-1
(b) HRI-N-2
h A h 4
(c) HR1-SB-1
b A h 4
(d) HRI-SB-2
h 4 5 h 4
(e) HRI-TSB-1

A h 4

(f) HRI -TSB-2
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A h 4

A

A v
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() HRI-DTSB-2
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W T A V' N

a w

W T A V' N

A b 4

i B s : ]

(o) HRI-DTSB-HJ15-1

A b 4

(p) HRI -DTSB-HJ15-2

[Z2¥ 46] Typel WHEA AIA dE =
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A
(a) HRO-N-1
v
A
(b) HRII-N-2
S . 4
FA‘ v
(c) HRI-SB-1
& & v
,WA ==
(d) HRII-SB-2
- & & b 4
S

(f) HRO-TSB-2
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Al o

a b 4

Al o

A h 4

® W b7 A

(p) HRO-DTSB-HJ15-2

[ 4.7] Typell WHEA AP FE=
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4.3 WRIFA ddAY +=24 AF

4.3.1 A4 (jEH, Ductility) 37}
WA A4e BoAs] M RAY FE A AP JFoE se] P

Hejsts Aol AE Hl&Z YERT

& 7oA Tl AE g e HAdstes ¢ o AAE + gl o

Uy = Ou /5y (4-1)
JIo E“XH EEH—S}%‘A]Q ﬁ*éﬁ]"?
Sy 0 A HAdstE el Wl (mm)

A @A-Dell mah FAE Al welek Hujsts Ao WS VEom A4

= st Aeskain

Typel ¥ Typelle] WA AFA AGAGT= TypeldA 7l=2Ad A
ale) A AAE B AAAT 46%, E TA AR BFAEANA 7% A
AAG7 S7heke Aoz yehgon Typelldlde tE TA BAAHA7 1%
o] F7HE dEloy, 1 99 BAAFEANA AP ATE Fadte AFE B
ct.

Typel o dQAFE FEA 71EA@ANA 1010]3 24 A3 B AP Aol A]
1482 46%9 =& dAZ7HE deudoen, BN 31~14824 4
Ay BAAFA} d&8 TA A ngAdAq9e v v AdAA dAdol A
= Aoz Yelyth Typelle AT FRZ 71E4dA0A 87, A4
GAlolA 43~9728 HE TA A3 2ZAdAd b2 234 dA = A4
o] Aty A¥}E ehirh



Typel WHIREA AFA ARATE <F 44> 2L [29 48], Typell W3
9

AAA AAFE <

=5
N
(@)
\V
ME
I
o
N
fo
i
O,

<3} 4.4> Typel WAEA AFA A+

AR AF a3 H)
APA
pu A@ /7%

HRI-N 10.1 1.00
HR I -SB 14.8 1.46
HRI-TSB 75 0.74
HR I -TSB-H]J10 4.4 0.43
HR I -TSB-HJ15 4.8 0.47
HRI-DTSB 10.8 1.07
HR I -DTSB-HJ10 7.2 0.72
HR I -DTSB-HJ15 3.1 0.31

<3 4.5> Typell HWRIFA LA A+

A A< /g
APA
1 AHZ/71=%

HRI-N 8.7 1.00
HRII-SB 7.2 0.82
HRII-TSB 4.8 0.55
HRII-TSB-HJ10 4.3 0.49
HRI-TSB-HJ15 7.0 0.80
HRI-DTSB 9.7 111
HRI-DTSB-HJ10 6.4 0.73
HRI-DTSB-HJ15 5.2 0.59
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Ductility
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14

Ductility
0

SB TSB TSB-HJIO TSB-HJ156

DTSB

DTSB-HJIO DTSB-HJB

[29¥ 48] Typel WRIFA dJAE QAT

@

SB TSB TSB-HJIO TSB-HJI5

DTSB

DTSB-HJIO DTSB-HJB

[Z2¥8 49] Typell WRAEA AIAE dAAF
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1&712 4o Ad. FAel
717478 (Ke) 2+ 22439 734 (Kp)

;"

4.3.2 77 (M, Stiffness) %7}t

=

o e}

™ ACI Committee 36301 4]

1o

(4-2)

o},

9
“

(4-2), 2 (4-3)7} o] A<

F2he) 4

Z

-

L

o

0
N
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Br

0

4

9 2]

A

(4-3)
3 5

T
=i

)

A
=

2

=i
=

e gAY} B

-
L

SEAe Do

S

= o, Typell ol A
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(4-3)7 2] (4-4)el wet Ao

5t (kN)

Al 2] (mm)

F= (kN)
3l A M2 (mm)

2

71734 o]

I3

] oh

. 3

-

L
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g

Aol A
1 4] ol] A

ko3
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o 7] A,
Py
8.
P,
5,
/\El

£

+

W54 (1) 2] Type I %4 A8 A )
[e]

ATt
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TAk

=

Ao A 136° %

3

ke
=

W Typel, TypelllA]

=

3}
Al A 91% 8%, T

3

o
=

A E v
%

1)

Aol 97, TA A3 BFA
Aol A 84, ‘2 A w7FA

A A 1252 29%

5]

ke
=i

]

A
=

701—

B

)

%

A

e o, 1 29
A 71EddA AN 2

=

[}
3

koh
=4

A
Typell ¢ 7]

7
40%, ©& TA

7Hel

B

—_—

7

AS

A7 1012 B

o
<V
N

]

1

en

w0

l

A7} 5.

S

Aol v
3

©
=

2

)

Ao A 1302

LA

1

o

A A 7]
AL Typel oA 0.7~27,

3

&
=

]

=

7OL

3ol

oz

sHA YE e, Typell ol A

S

2~

-~

Aol A 32, TA
ol HAAHANA 052 8%
1748 Typel oA H

Aut v

=

Typel oA 0.7~18% 7]+4

J

koh
=4

=

3T

]

RyZ

A7k 30%, 15cmT
o

4

ik
o

7.
APA NS

-

2GR Typel o ¥R 71ZAAANA 40013 2}

Typell o] FR7 714

1~101% w3
o]

6.2~1362 =

o7 Fuy

|7} 44%, 15cm <

A 2782 H
A

= At

~
__OO

A7t 71E=A G Aol H]

k3]
=

a8 BrE JtA

)
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Typel, Typell WWFEA AFAE FAHdS <

(28 4.11] ¢} #t}

>

o)

V
{

<E 47> % [1¥ 4101~

<¥ 4.6> Typel WHUHEA AFH ZA

e
AP A 2717374 (Kp) &4 9734 (Kp)
e A3d/71E g d3/7+

HRI-N 9.7 1.00 40 1.00
HRI-SB 7.4 0.76 2.7 0.66
HRI-TSB 136 1.40 2.3 0.57
HR I -TSB-HJ10 9.0 0.93 17 0.42
HR I -TSB-HJ15 6.2 0.64 0.7 0.16
HRI-DTSB 125 1.29 18 0.45
HR I -DTSB-HJ10 8.7 0.82 13 0.33
HR I -DTSB-HJ15 7.1 0.74 14 0.34

<¥E 4.7> Typell WHEA HHA 74

3
29A 27174 (Kp) &4 9734 (Ke)

24 | A9/FE | A | d9/F
HRI-N 8.4 1.00 3.2 1.00
HRI-SB 9.1 1.08 14 0.44
HRI-TSB 8.1 0.97 1.8 0.56
HR I -TSB-HJ10 5.7 0.68 0.9 0.27
HR I -TSB-HJ15 59 0.70 0.5 0.16
HRI-DTSB 10.1 1.21 1.0 0.32
HR I -DTSB-HJ10 7.0 0.84 1.3 0.41
HR I -DTSB-HJ15 5.1 0.61 0.7 0.22
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16

14
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Stiffness
[+-]

16

14

12

10

Stiffness
[=-]

LEAS e B AGTY

SB TSB TSB-HJIO TSB-HJIb DTSB DTSB-HJIO DTSB-HJB

[Z2¥ 4.10] Typel WRIFA AFA ZA4

SB TSB TSB-HJIO TSB-HJI5 DTSB DTSB-HJIO DTSB-HJB

[Z¥ 4.11] Typell WRIFA AIA 24
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433 WRIFA APA ] AT o] SF v

WrlE-A Al el AsAdelA Dol
Al

<E 4.8> Typel UyaEA AIJA Az o239 v

A9AY Py? tPy® py/py | Do E¥A
(kN (kN) EESEE
HRI-N 7.2 360 0.214 1.00
HR I -SB 62.1 360 0.173 0.81
HRI-TSB 171.7 360 0.477 2.23
HR I -TSB-HJ10 1815 360 0.504 2.36
HR I -TSB-H]J15 145.5 360 0.404 1.89
HRI-DTSB 146.3 360 0.406 1.90
HR I -DTSB-H]J10 155.6 360 0.432 2.02
HR I -DTSB-HJ15 164.4 360 0.457 2.14

<X 49> Typell WHFA AFA 2z o]E3Y v

AR Fy ty py/py | o=@
(kN (kN) PEREE
HRIO-N 90.4 3079 0.293 1.00
HRI-SB 176.9 3079 0.575 1.96
HRIO-TSB 166.8 3079 0.542 1.85
HRI-TSB-HJ10 139.6 3079 0.453 1.55
HRIO-TSB-H]J15 140.5 3079 0.456 1.56
HRIO-DTSB 1894 3079 0.615 2.10
HRII-DTSB-H]J10 150.1 307.9 0.487 1.66
HRII-DTSB-HJ15 129.9 307.9 0.422 1.44
7) Py  FAAHAA Ao &dEFFo A g(kN)
8) tPy : AMBHAEE A &3 dEsF2] o] ZFh(KkN)
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A @A) AGE Ao ARADANA Dold FEHFL
o

<E 410> HAEA yuZdoud APA o]z AA

Type I WA (240mmx>300mm)

bh? _ 240 < 300
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