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Abstract

A Study on the Structural Strengthening Characteristic
of Reinforced Concrete T-shaped Beams

By Shin, Yong-Seok

Adviser : Prof. Kim, Jeong-sup, Ph.D.
Department of Architectural Engineering,
Graduate School of Chosun University

This study manufactured T-type beams with reinforced concrete, conducted
flexural and shear strengthening according to diferent kinds of strengthening
and position, examined the reinforced effects and structural characteristics and

obtained the following conclusions.

1) In the fracture pattern of the strengthened specimen, the specimen
strengthened by fiber sheet was fractured by interface debonding of the surface
and the specimen strengthened by steel plates was fractured by rip-off failure.
The specimen by CB(carbon bar) was fractured by cover separation and shear

crack without interface debonding of the surface.

2) The flexural and shear strengthening specimens showed an increase of
strength compared to the standard specimen. In case of flexural strengthening,
2GFS flexural strengthening specimen showed an increase of strength of 46.2%
compared to the standard specimen and in case of shear strengthening, SP

strengthening specimen showed increase of strength of 80.7% compared to the



standard specimen.

3) In case of strengthening effects by strengthened cross section, CB showed
greater strengthening effects than other strengthened materials. In particular,
the specimen with flexural strengthening for the lower part by CB bending
showed strengthening effects of 109% and the specimen with shear

strengthening by CB of 300mm showed strengthening effects of 58%.

4) The ductility of the shear strengthening specimen was increased in
comparison with the standard specimen and it is expected that the embrittling
behavior of the standard specimen are more ductile than the shear
strengthening. Ductility of the flexural strengthening specimen was decreased
in comparison with standard specimen and it is considered that embrittling

behavior flexural strengthening should be induced to ductility behavior.

5) The stiffness of the shear strengthening specimen, the initial stiffness was
increased more than the standard specimen. In the the stiffness of plastic
region, CFS shear strengthened specimen and S-BCB shear strengthened
specimen was lower than the standard specimen. GFS and SP shear
strengthened specimens and S-ACB shear strengthened specimen showed higher
stiffness of plastic region than standard specimen.

Initial rigidity and plastic region rigidity of flexural strengthening specimens

showed increase with the increase of strength compared to standard specimen.

6) As a result of comparing experimental values of shear and flexural

strengthened specimens and the theoretical values of existing formula



suggestions, it was found that theoretical values were higher than experimental
values. It was considered that it was resulted from the lowering of attachment
of strengthened materials and difference in strengthened intervals and strength
load by strengthened position.

Therefore, it is thought that the application of partial strength reduction
factor(Bf) is needed by types, folds, location and intervals of strengthening in
calculating strength of strengthening from shear and flexural strengthening.

7) To sum up the experimental results, CB strengthening specimens were
embedded in the inside of concrete and the strengthening was not destroyed. In
addition, CB strengthening specimens were most superior in improvement of
strength, ductility and rigidity and it is thought that it is better to use carbon
bar for reinforced concrete strengthening.

Strengthening by steel plates showed increase in ductility and shear strength
and strength of strengthening was great, but there was low strengthening effect
by lowering of attachment to concrete.

Fiber sheet strengthening showed superior effects, but interfacial delamination
was found due to the lack of attachment in destruction and its measure is

needed.

- Xil -
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Az} N
(=97 %) a7 #FA9 ax a F 4 &
. e Q1A H 2o Wile] W& CFRPe EZAN
e by | S pathening of o sl AYH - A4Y A7E S
- o, f-3ta iyl 9sle v - AEF
M. JTe&fsco' Concrete Beams | 1909 | e 4ol B2 nAuE CFRPY ¥ %
Hugiles'M B::gded éorll’lnpossi,te e @A AES %%.ﬁ}jqﬂ- doid
L i W, ddHes w& A2 HAH:
y CFRPS} 7 ##|7ke] vy viewlz g,
Ei-Mihil rein?gi(:dtlzgngfrete 'FRPI&‘Q‘% n7e _@egga}g :E A
my. M. T Beams 3¢ 8 452 ‘%‘7]"6}71 A% dstn A H
T eciescc.) J‘ Strengthened with | 2000 | A<l 3|4 24E& A
W e Fibar-Reinforced e 7}E HO AMNAZEL 93 FRPHY ©
- Polymer(FRP) e - A AT
Plates
Rational Method oFRPHCZ HZE HIZEAYE FA 9 A
Razaqpur, A for Calculating F dEFE AT AHHA AFE FP3
G. Svecova, Deflection of 2000 o X7 A ZHE-ZE BAE 72E ¥
D. Cheung, Fiber-Reinforced o Ho Zolg uatA W 23 EWEV W
M. S. Polymer Reinforced sgthe JMAd 71xEy s A HRA
Beams e A3 FI9%.
Deric J. A structural e FRPE UW R2A3HS Ao da] 27
Oehlers engineering A A3, do], FA, FA7ZE € ¥73E RC
Sung-Moo | *Bresch 1o o | aops | %9 HAE #a ¥ ww.
Pank M. S. | 0 o inal plates edudon A% du % ¥ e Fs5z
Mohamed to'RC beams and 4oz A AR L 4E F U A
Ali slabs A g AR
s ZAYE QAFEALE oLy, ZagE
T 4% uAdY mde HEdle wAdg ML
gage | AL R EEUEE | o [ B3 4 musae A
19 EH;;??H‘Q@_"“? o AYS B3 H RYUEE "y F JgF3
- - 2 ey, HAHA BFEY F Az o
g o] FE vES AoE #d
e xZIIEEE e AY 2 24K A
yzxe | GFRPE B73d RC EE BYY FSITAYE SR 95y
4°]° Hel 3 EAq 1998 | ASEA4E #9F
= TH H¥y A4+ o R LMol meli® wlHY Hyz=aza
& e
e BANE B A RIS BPF F$
Ae)e] stFo] diste] HAAANA LA
AdAGSH =H¢S 438 £ Qe
Nz 9 BRAE Bg Y 2dg AN, FFaLHY Ads w
1ol RC B9 AWEH | 199 | - AEF

A2

e ALY AYIEH FTLLAY FHhE ]
24 2 gAs, Add $d5L wAe
RolX Hujghg melXg me] Folrz 2

+& d43 g4




gy | @F#Am | u= a7 U &
o &t M H B W (Carbon Fibar Reinforced
waNE BUBE Plattes : CFRP®)2.2 279 RC Ho] g
- o4 Hat% Ad A%, BRUl, GRuY ol
S5y | moaazE na | a0 (we 2Ese 39e 59 2aw
“ B 4% Aol enZold st 243 #F Zrhaas
23 484 47 A dehte, e3uZe B9 3¢ B3
Efe WRYols BEES S50 B,
« CFRP Plate B744ol] W3t % w34 @
grvoz n7zd 3 nRAE A3 U 4Ye Bael =
RC ®e] 3014 B ggol yg 4748 YEshe] CFRP
144 B 27] 2001 | Plate u7ol 3lo1A ALEA o} Rg AEY
geASd B enZolt A4E B g F7h, wA
a7 BF RpEEAN 45 de @ 9d 27
Eshe F8) olug
«FRPZ %3d RC 89 § 27 &#d 9%
) & WA Wl Bk AT,
e ey BPoz B Rl Wa
aa | S G | 201 | = 8 uE Wae A
a5 ez « 2AAE Z%, WAA FA, 1A ol
v Me, w7 7, B 279 W o
A4H A7E 2T
Hybrid FRPE e CFS9} GFS @7 2789 RC RHe +%
e | BAEATI3AS | A A wAE U s,
B § Agol ezazE Fx, d2v, By 27 59 W
4 A7 ol oie 49 W fELrAN ST
e CFRPZ H7}d HFIEIHE Heo APy
2 wAdols % A2, wRIF %
e AdAe da Ausze 5% 43
wswe | CFRPE 7% St AaEe ety dydsel me 9
e dzgade we | 2003 | F& 24
< AE 54 e 2737o|7} 08L ol e BHaszol A
o UAE e HPoH HHF AR ¥A
Fol 2 9ol gln B} e AL
92 Fi a7 2A YEldo
- e ¥ JEoN 7€ & 284709 AF
=R A F B2ARAEY el mud 574
BESE | g NYAE o2 SANRAE SeAe 7
291 ypegade | 200 | =€ FAE _
cnBUE, AEEA, UHRD £F, 2

ARe AR We
GE

B, 24, AAHTE R e 24g F
gile] A FEARATE AAE.
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odel WA mAY vish go] 1T ATE PRE MAANEE ol§F ¥
FFPoR UFY WFE dote] ATE FYSA B FE 4PN 2w
27) %ol BE PAPAEL AN
A WYFE) U ATFE BAEAE FESHE AAAA oFlAn g
ATE 71z A7 vd AYFHel oA mAEN B wAe) Fo W

2
59 34 1 A7E £9840
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rf

. AZZ3FE B RAEAN
21 A2 ZIFE B B 3Py

211 A9 w7 33y~

FRP %02 A¢nzy AZIIE Ho| yig Adold Be FyHe] 7
$¢ Y. Wendy Fo23E B9 37 FRP vuto] gl: Aus
%), FRP v9to] m& Awss FRP welu 23536 o3 dustnzt Qo

RE F2EaE o YN Aedy AL Auly, -3y, Augsy
Z2e H(deep beam) H7t Yok A F-Fusde A/l st
2 7% 24sm 2E RC Rol Y014 a/d=25~69 A$E Avpuns} =g,

AUFEANE BE o/d ¥V} 1~25 AR FE BelA TAs AL B 3
SHs HE o)$ e o/d vl 104 7R BelA ARG ®

¥ 2% FRPZ A% 27d 22AE ue o)A odg FAYes 9
e =Y #A7 05 5 A Z2e) BH el FRPY ASH /A5 E3
9 4 itk 28U AR oEe Bl st A we ¥ 4 A= A
Boz M WAY AT7 "oy 4¥ATNN BRY FRPY A5 =
Astel, 2t S P dNHoE e go] 4RY & Yo,

oft

(1) FRP vi¢to] od Adsy

FRP sgtol] o A= [29 2115 Zol dGdE3 4 713 gol 4
3o Ao =2RE LAY Hadol dA HAEH,

ANRAH A Tdol AstHE 3o WAH HApdde] @ + Aok BE
Bgole AAEEel #A7] BASIE Ik FAELY Fo| Frigd oz
FRPe] Hu WP EL A3 S¢ HYE ZD8A =Hed, o @42 35 ¥4
o] sttiol A wAG, o] BE FRP/F S84 =0 =¢sld ul2 sadd,

a2y FRPY 322 ZAYEY FAEEE wet duso], HPHoz n A

- 12 -



Aol HF 2 oloiAA Bt RS F$ B3 Wo] B Swo] $2y FRP}
¥Hoz "ok F4ol YojuAw, AF wule FRP ekl o5t 4@,

Je=2 FRP welz} o] B gee) 2% dusde 938 FAE e A
@8 AYuolHSolA FRPZ ZAAY UY AAR%os njd A9 RE nyt
ol BAPelg nolm YO

N
S
"
[A=——"N

fl
L
~

A\ RP 130 A5

[19 2.1] FRP 919& 2= Add 333

(2) FRP 3Hgto] 9l Ay

of HH YL WA FRP7F Hugx gEgE e Addn: 2A¥os
FRP $gg¢ 2t& Au#ys 2o FRPE 22Es} oy Fox 438 332
qAs AN $ Yo

(3) FRP 429 9% Ay

Aer e RC Re FRPY Hd 98 g < o [29 2219 [2¥
2312 4zt UY AAHR &1 EHoE %7t 7t 99E RAFa o 9
FRP7} ®AZA 7] Azstd Ee o+ 43 sgdn. o Fuz sass B
AR AWty oz wj$ Zo o]§ s APuoHELS FRP7 FHew 3
¥ 3% A9 ZE REHR U AA #Fos nd €2 HAA o] R 53
& R9F3 .

_13_



Debonded zone
N L

[29 22] FRP udol o @ A : U AALZ

/N

[2% 23] FRP deld o& Ausd : 2% % FRP

4) 7143 AZFZA {29 39

RC He] &9 %3¢ FRPE A7 A3 7IAH FANE AHse 34, A
AZA 2o H7F dojd Mol o =M TH R EJR) offdl U
¥ AAE AFs7] A3 A8 714 ARFAE EIN/FE FAHAA 94
g °IsAY 7143 BAFA F2eA FRPY TIAYE7 IHRAHo= Hid
F 907
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212 8 2% 335>

(1) ¥ (flexural failure)

2 BFe & e <A 2153 Zo] dR7E HHIA AAErd FRP
7b st g EAHAY 45 AYUEV B3 E o FIEIE B ¥
Zew oo td=2A Ed. oJe HFAH FRP FHolEVF HA9 Wi o
oF7ke] Aol A|Qsluye AZZAUE B AFHQA H o of$ vk

FRPT Zol%3e] Aol §&5F Fo gd HARE HZo] AFHAM 433
He "olxl o A= AAGAAM S ZAZE FEAHA =237 A BPY
A7 A4 g @ Fx glth

<AHA 21> ARFANE § 57 28A9 i35

(2) A3
<A 225004 mEo RE RE FuAL we W HYHIY & 3o

Yt FZEAE BE FAGY 2L AdgyrdEs 497 HEES
AARHAT FEZE oy Aduyst 4 £ o,

ety AGRP}E F3te ISFAYE B AGAREE FI/HA AT §9, )&
B3 8FEHE AL AGAEE 2H8HA] FEE FoEHN HAHHA Add
Ard g7 WA $AE 5 JEE dof g v E HAAHAA dHHE B
A AZAHE B Iy (flexural failure)’} Aetsts) Rdrc o dAA43o)

_15_



7) el Batazt WA dojuA st gl Hhata sk,

<AHA 22> ZR-EFEHE § 17F APA Adsd

(3) d8utg]o] o] @ w3 (plate-end debonding failure)

He HZxd gz Ao urgle o)s)A =7]33](premature failure)7t ¥
od = Ut AFATNA 7F Bo) Bud wny 2dL 3R ZolEe]
FE FL F M AFHE ZAYE WY Eaolt} o] B9 o} FRP &
golE9 £t ok o] F 71X %I Ede 3 HoA yehta, <Akz
23>0 4 B £ dxol A dojd & gl

<A 23> ARAE 3 27 4¥9A9 dEEg @iy

- 16 -



(4) 89 A& Awvre] sy

Tdeol A Aty s dFdA Hy "o A3 FEFZAAMY ¥ &
T H-ddTgd A gAeA dot. deuIgs i FFHAYG I YE Ao
o} F&RHd 7h7te] Qe FAYEAAAN AZHT. metA griM e dtend g ¥
Tdo 9 Adady Be H-doaddd % A9 etz Fgsgo.

AR 2450 M= HF G o AdesIed AFHY 29 E9FI Y
. gF2 ZAYESFo] FoolEd BT o8 FIHA HHAAS} FAYE F
Aol AFE FEA 37 dojdrte RS & & At old HilH= FT
A ZHmid-span)9] & Fo| Sl UF A fJaia &i712] oz Egr}
dojupAl dohe HE Y 3foF &4

&2 H(shallow beams)ollA] Tl A% Awwteisart o @o] sz, &
FeaggdaEgs dudes AHHA AFS gt A2 YEEt

<AIA 24> AFANE B 9% 3449 2 AAds

(1) BT g Adute gy

T FaEd 9% AR e gde A 9y 5L gy Fo. 23
Edi & ddo] A7IA HY o]d FAHEANA B A H(tension stresses)©]
FRP EH°EZ AEdd I Z3} FRP EdolES FATE Alo]oA FH A
S8AFo] A71A "t o)A dtFol FUEFE FAUY AFYo] FrtEa,

- 17 -



old wat HAYE THAAN F3HES FRP FAAWAA Arle AUEY
(interfacial stresses)e] %7134 Bt} o]d &¥o] 4 F&Eol YdozA =4 ¢
dol A& FEAA dE st dojuA Hed, die & F SF F M F
o2 w37t AAsA Aot

(2) F-Ada gl g% AAdte] v

A Ee 4% GEnAe FSo oA, ddFo] HojFozn dEgIE
A do. a2y F-ADTdEed g4F AW vegd e B oM E, 449
FH Abol9] AU 37 W] 23t FRP EHESY FTAYEY Ale]g ¥l
-8 (peeling stresses)©] 4714 B (Triantafillon and Plevris 1992, Swamy
and Mukhopadhyaya 1999, Rahimi and Hutchison 2001). 2ol B33z #4¥
9 o7l g FL% UAAol, FEAY FIHEYL fFoE FA4E AR
wddd

- 18 -



22 71F AG AAH 2NY

(1) ACI 440.2R-25°*

1) 4k ALg

FRP %A 37149 AL Es B ¥-E(FAS A, B3 ¥y, &
AYE Zx F)E 71822 X%, ACI 4402R-29] Z¥ 5 93ld AEFHo
g += .

FRP E§Ae] ¢ oF AdrFe 43 2484 99014 &y 2]
X Aol 3 AT AP EUE ZHYdA FAE ¥ ¥F ¥
HATE FJAN7e AL FAE EA3 FAE ARG gfMT aRHd
T Atk 2EY Y9 YR FF B A 2EY Aol FH BHL 2EHY Y
Hlol d/4& B #&E 233 ¢t Ao

2) FAAGAE

FRP E#AMZ B7E FILE RAY FTHALGAEE £8FGAE o H
of §it}, FRP B A2 27d ZIAHE RA £2AGZEE ACI 318-99¢ A
NE BFASF € FERLASTE H &3 ANET,

oV, = V, (2.1)

FRP B5§A2 B73d IE R T ALZEE F29 93 238 &3
ZlEd] FRP E#Ad & BAYesE F/MNPe=2M d3E F U F7HE
FEZLASF ¢ FRP B4 9] ARG 4% 7L FEde2 3@

SVo= ¢Vt V,+ 4, V)) 2.2)

FEFZLAS ¢ UY R AR A 0858 A0, Add BEe
0958 H&@d.
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3) FRP E§Ale HdiFd ©t& FAYAGAE

FRP 539 AR Ao B3A H#9 2% 7138 4¢€ AL 93
o Attdn. FRP Ao 4@ AR 45L 7138 ¢4E 7I2A2& FRP
B3Ae 9FEH o2ty Add oz HoHr g A

Afvf_fe (Sinﬂ+ Cosﬂ)df
&

v, = 23)

Aq7\A, Ay, = 2nt,w;
Vi 1 B e FIASRE
Ayt RAAS @A H
fre * B73AY A3
d; @ R
B Bl BA Fo dE FRP B3A9 Hf 3% 4=
S BB} 13

FRP E3A|o] 9@ Ao S@Yeolx e FRP £34 9384 A
Bgol A LAsts WY EA AFH e a3ty H(24)3 Feo] AU

Sre = € (2.4)
A7NA, €  BFAY FARYE
E; : B7A 9 @A

4) FRP BgAe $EUYE
FRP B¢ $a¥8EL I853 wAdA FRP 237 yehie Ay
WY Eoln, FRP B¢A= B3y A2IIUE 249 Farcd o8 F9d)
NeAE A5 B LEES BT dor o, NuMHA BYrsd 9@
$E WYEL Agsor 9, ATE3E Ao FRP E¥AE ALgstd Ag
274E ste A9ols FRP Bg¢As nuyd wd $AUYEL Fae Uy
& 77 we mABo.
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7hH Add B3a 74

FIZEIFYE 7]Fod B HA FRP E3#Az Avd BRss 3¢ a9
ES ZA FHEY FLAAY FAANE Hf9 I WYERD G WY EI
A AT old w3 4L W) YA 48 23 (Priestley et al. 1996)
S} AYL vgoz AAAN ALHE HUHUYEL 04%2 AT o}

€fe = 0.004 < 0'7561'1‘

(2.5)
A71A, €5 : BAAY SEAYE

W) UY mgold 3w m7

Auwg SRR Roe 29 BA REY FLAJE Ay Aol 2ad
EdA FRP 2¢#7 #e8t 53 2= Jehdch, od o2 of npwys
F84olY ANYE UAE BASY) JAAE 28 L w=A ool
#9494 EVYEL LRARAS(K)E A LSS ANV

€,e = kuefu < 0.004 (2.6)

FRAZAS(k)E SIYE FE, B8, B3A 24 S d3 2A=HA

o0& Hez Addd. AVA, Lt $FE§d9 diiio]l FA=HE Holelt. o
Hole 4287 Folrh

2.7

it 28)
AINA, k¢ E2YE ZE AF

ky ¢ BAREAS

L : FAFZ

n B @F

t; : BZA FA

E; : B3R @AAS

-21 -



FAAFAT B8 k% kol 93t FeEn o] FAAFE thE3 o] Atdrh

k, = (%)2/3 (2.9)
df - Le -

ky= Z Us B7) (2.10)
df_ 2Le

k, = 7 (%9 27

hE A4SE BPe BxlEe vE dendd dudd e FUES @
£ RASH galqT FHE0 foh ¥S 2 Wi Be Wy AuLHo) By
Moz zAgat Jdooli} P47t FEYL B JAAE FEIA Pol %m
TN ke 228 229 4%e dAGR Y. AN BAFEAEL o 2
Aeg 957 9o Buo A48 4 Yo 2 A FRFAY ne A
de S5t AEHolof Bk AT ojW F$olE FRP @A fEvyEe
00048 238 4 gtk

5) B7 A%

A AGEZS FADGRPeH ATEZE FRP E3HA Y H%59 oz Atd
o HA ADRZES ACI 318-99914 AZ AA A 7|&g wgoz g
o] A,

V,+ V; < 0.66/Fub,d (2.11)

(2) ENV Eurocode™
FRP EAZ Ad BRAdE AZIZTIYE He BRAF g o823 HIL

e ey, 7] AFAEL A F2d J&aAdd. 27 dFAE 93}
o Busi e dT7EHM AT A& dAser Qo] FLo3A BEHE
FE2 FRUYE Mgolit

Trianafillou(197)€ |&dFAIEZL SHE X g F@s}FHERY o FL2 &
HaANA AFAY dendrt dAdTn BEIFHPoH, GLHFAE T3 A

_22_



o] HYEL FAAYEZ A8 HY. Triantafilloudl ¢35« A¢d FRP =34
o AeFEE 483 2o
0.9 .
V= Tfprfefebwd(1+cotﬂ)s1nﬁ (2.12)
_ |0.0119-0.0205,E; +0.0104(p; E;)* for 0 < ppF; <1 2.14)
€fe —0.000650,E; +0.00245 for 0< psE; <1 '

71X, 7 ¢ FRP 5&A AZZ = oig 72 #Z4 AF
CFRP = 1.15, AFRP = 1.20, GFRP = 1.25
ps * FRP B2 HE R 7|
w - H DEe Y]
P H Zlo]
cBel B Zo g FRP B3AY A# W 4=

o

D &

919l 242 ENV EurocodedlA AM&EH+& 2on, AGRPH p & AGRZSZ
7 FZZAYE X W FRP 53 A Y BAZAE g o3 .

Triantafilou (2,12), (213)8] & ¥4 4 EHYEL W77 915k FRP
ANES] Z3(pE)) & T8 WTE APE TPt 2(214)9 Zo] AA A

(3) CEB-FIP

1) 49t At

FRP E¥AE o4 FZZIYE FAY A FAFEYY 4 B
A F HAfwdge] 7ted & HYPsA B o BFEAS st Aok

FAZe ity £Hs}FE e QEEY T2 FASY AddHIN A
Fe89 AEE FAZA distoq di=g 45°7F HAW dubH oz EAZe tiste
AR FLEFE W0°E FFHAIE o] ¥ A8F o,

FAIEZIGE FAY AGRF g 7€ FA ATFEL FHF o2 A g
B =% AA7F AT dYgHez, gRrEY ATFAELS FRP BAAE JdEY
23 §AFSHA o|4sts] $om, FRP 2@ Ae4d5S FRPY AHYE(e,,)
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ojuf A4 H HYETN e dAY AYEZ 73 AP oZ spAHJY.
HT AT A Taljsten(1998), Triantafillou(1998)2} Antonopoulos(2000) 5& &

AYE FA7L ddAT A 22 ES ¢, 7Y FRP B¢ e d49d
HBE(e,) B0 W2 MFE GAZA S/ FH34T. o] 43E2 &Y
HE ()2 HET, FRP EAY dar7 a3E FRP 5849 AH Wl
He BAST(E), BAHS, BAEE 59 A ot |

FEHYEES AEF HHd g3t Aidste AL @A, g& RdFyol
A2 ZAEANE T Hrte 7testth FEAMYEES HrtolA Faod AL
AZZAYE HA9 Adtvm A FRP B4 Ao Aelo] s Edolt, Az
E 3 SIYEY AAF distd FoAHE S HAHor gt

FRP E3Ae] SdAes v E weet FAd HFHA7E dAsA gogxE,
FRP E3tA|¢} Z3E FHA 27t dojg o LA 24A8Y 4
ukslE AEe FRP 539 ¥¥E EUX FRPY =3 HYPAd 93
AR FEL $YHE JAFAIL, FHAHQ g E GAAIG

etA, AFAEL FEAYE(e,)o] FRP B3A9 FFZdold 9slyg g

WeETi F48a glom, oJAL FaRAZLo|(FRP E§tAle £agEY EWHI
A AR zgHo] WA= F31), “development length”(FRP E3tA9) <% 51
F=37] A dFHor FHol 3t Ho)et BAV Uvh FAYEH(EH
oy Axy ZAJAH 5)& A9stadtE, “development length”s= FRP E§x)
o EB(Epp)l jstd AR, Adkol] uknjg dv, F3E Fx L AFF

=

x

L

|

]

of MeEgc TagEee AFHL f,,  TAYE FEFE) W dtE 2
< ol dFHoden, AFAEL 1o we FRP & FEWUYE
(Brupp)] (fon /20 MldGTr R F3stn U

2) S{AE=HAEULS)Y HARL
Triantafillou (1998)¢} Tiljsten (1999a)e] 2l ]84, £j§ F 2@ FRP 2%
Ae dADrF2H =g FFFERPY F ALae &9 H88)s Jeby
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3 g dta glew, Ade FANFE(ZRYE AAFTE LA)AAE FRP
BRAAY F&ELF et FEUHE(ep)0] TAITT 7R ok duk3
o2 FENYE(,)S FUMPE(,,) 2o F wald B dAw 4L
ENV 1992-1-1, Eurocode 2 4o @3o] 1} Aoz Aidc

Vg =min(Vg+ Vgt Vig, Vi) (2.15)

FRP A9 A7 (V)& b5 Jez Addd

Via = 0.9¢;,4  E;pb,d(cotd + cota)sina (2.16)
71X, €74, ¢ FRP 583 fFEHYES HAZ

b, : TETHY HAZ

d K 9He frel

pr ¢ 2t;/b, EE (2t:b,)(bs/s;), FRP 27|

6 < HAZF o dEZ, Aoz 452 74

a FAZF oi¥ FRP 23 AY AF¥T 4

€pe - keg,

k : FRP E3&A 9 Au8S54d W& ZEAZAF(= 08)

3) FRP H&A9] FavyE
FEHYEY @ﬂ]%l‘(efk.e)% FEAAAF()E YFES 3y, FEE dolH
7t &R FEAYE(,)Y T ARAFT(kE T3

efk,e = kef’e (217)
o714, k = 0.8
<3 2.1> FRP 53 A9 Asd AAF(y)
FRP type Application type A Application type B*
CFRP 1.20 1.35
AFRP 1.25 1.45
GFRP 1.30 1.50

() 25 &5 ¥4 w4l 5o A8 399 A55% 9ol 48
(2 2Eu £= EW vighyd 5ol ¢ & A9o] A
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FEGAATZE FRP 583071 gdsEe 49 <X 22>8 430, FRP 5§
Aol wlo] oste] WASE £HRH BE 4=1,=130¢ 4T ¥R o
TAELE FAAYEY HJHg g A 2EFY Lo QAL 0006 ©8 2 A
3ot

Khalifa (1998)¢] d78 3 o] BL AFAESL AV %o &2 YES FRP
BAA 2A%5 ¢ HE5AUY. Trantafillou(2000®E 19979 Ragd xAle)
A7dd HAR=g FHEso Ao A& WyIIJew, CEB-FIP(200) e
Triantafillou®] 4& vlgo2 FAYUYES Hrisiy], B Ea 2349 F5H
we} 371X Aoz FEE,

f%;; 0.30
€, =0.17 Epp ) €/u (2.182)
ul’f
33 0.56 2’{3 0.30
. -3
€7, =min _0.65( Epupy %10 ,0.17( E}..pf) e,u] (2.18b)
peeling—of f fracture
fgl{;, 0.47
€, =0.048( Z, p,) €fu (2.18¢)

q71M, fat MPa &9
E;,= GPa &9

4 (218a)t @A2AHFEZAY Add B HEHT, Q218 @LHFE
ZA9 UY B34, 2(218c)= ottv=df A Add Bt 388,

(4) Concrete Society UK
1) AA 4utAg

VR,mnx = Un axbd (219)

o714, b : @l Yy
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d: 99 FEZ0|

A7NA, Vg @ A2 AQ H¥F
Vi : SIYEY AG 4%

VRf = (1/7mF)Afg (Efdffe )sinﬂ(l + COt,B)(df/sf) (2.21)
4714, A, = FRP A& 2% WH(=2twy,)
w;, = FRP #&EYH|
L, = §EF2720](461.3/(t;E;,)"%)
€. = FRPS & WY&
B = FRP$} ¥A9] F%3¢ Ztx(= 45° or 90°)
df = FRP AGR3A9 o], dutzoz A ZY due do T
gl (d-&dE FA4)9) g}
s; = 2EY 39 B3Y A$ FRPEZA Alel9] FANEA (A4Y nFp
d By 31=‘wf)
Ymr = FRPS] REGAA S

2) FRP B3¢ fFaWYE

7h) Add ni3e 3¢
€1e = €74 [0.5622(p E;,)? — 1.2188(p By )+ 0.778) (2.22)
@7]M, ¢, = FRP B84 HeAg8] HAX = e/ 1
py = FRP B34 Adnzu),
229y B3 B4 (2t,/b,)w,/s;), &0} 34 2t,/b,
E;y = FRP9 @A A% (kN/mm?)

W) U8 272 R A 2739 Z¢

€7 = 0.0042[(0.835f 4)*w,, |/ [(Et,)"%d,] (2.23)
A7, fo = S2YE H8LY Z=

FRP &9 & uin|

FRP 89 @444 (kN/mm?)

w,c

Efd
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(5) CSA Standard™

1) GukALg

FRP RZAE B FAZF ddtd Foz FARFgosny B AEdeE
F7HA717]1 f1E AHSEY. B 23y, g FRP B3AY F¢E A
@ BAAZ AHSEY. FRP R3AE B FHd 4 Foz FeA oAU
(strips), A% (patch)©2 €d Aolg, FRP HE+ HAME &8 (Wrapped)
EolAY, B9 A7 YUUY 279 3¥E EoAY, B9 FH(FH e
2 €Y F Aok U¥ By Id B 3 FES £3-do7t §rygAY,
dE9 7IAY BAFA7 D8t FRP B AE AdrnZE 8o ASH7 =
AR, B 2AAY v g WAy A3t AHEHIE

Vo=V.+V,+ V; < V,+0.60,/fub,d (2.24)

V,=0.20d, /f i bod (2.25)
Afd

= Aoty (2.26)

o 8

A,Ee,d
v,= YA Eeseds 2.27)

3
qg714, A E3YES 933 v FAAF
2) FRP £ %3¢ - ANYE
A7 A= Je ATFEHE°] ¥ZF3=2 FRP EdA9 FAVYE
(ere) AT A AAHL glon, b3 o

(@) #r¥ A% B39 B4 FAUYE(ef)S 00048 A8
(b) ¥ By FEE FAFIAo7 rJt HR) & S FAVNYEL

0.002& AH&&oh.
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<E 22> 439 Ad v AAH v
Uy 9 949 »3

¥ Add B3
As fr. (sina+cosa)d,
V=
8y
ffe = echf
efe = k,,equ 0.75
- Ay, fre(sina+cosa)d, I = 23,300
f s e (ntf Ef )0.58
ACHAD | fre = €y Bl ¥o J2/s
€7e = 0.004 < 0.75¢;, JRRET ¢
N di— L,
V,+V; < 0.66/fyb,d ey = ;d : uY 27
i
f!!_ QLF
ky= ——— (%4 273)
df
Vo,+ V; < 0.66/f,b,d
0.9 .
V= ’Y_fprfefebwd(l + cotfB)sinf
ENV | pr= 2t;/b,
o= 0.0119—0.0205p,5; +0.0104(p, B )? for 0 < p;E; <1
fe = |~ 0.00065p,E; +0.00245 for 0< p;E; <1
Ve =in(Vy+ Vou+ Voo Vi) Vea =min(Vy+ Vot Vi Van) .
CEB- Via = 0.9¢;, . By, pyb, d(cotf + cota)sina Via = 09¢7,,. Epuppb, dlcotd + cotar)sina
J fd, /!3 0;0 fa/a 0.56 ﬁ/a 0.30
FIB P O 1 ¢/, =min 0.65( 2 ) ><10",o.17( < ) & ]
e =01 E. p fu o E:[up] E,;up! u
Tufy peeling—of f fracture
Vﬂ,mu . vmuw VR,mu . vmuw
UK Vige=Vac XV Vee= Ve X Va
x VRI= (1/'7,,,1:-)‘4,, (E}ffe )Binﬂ(l"'wﬁ)(dj-/-’f) an= (1/‘7".,-)14,. (El,ff, )Sinﬂ(l"'mtﬁ)(df/’f)
€0 =€/, [0.5622(p, E;,)° — 1.2188(p, E;,)+0.T78] | ¢;, =0.0042](0.8351,,)**w,, |/ [ (E;t,)**%4; |
_ GpApEged;
Vp=—"—"-1
3r
CSA | (a) 8 A4 279 A9 FAUYE(ef.)2 0.004F AHEETH.
(b) ¥d HAoly FET FEFFHHo)7t Hryt HA &E A§ FEA
HEZ 00028 AH8%ct
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23 71& 8 AA4 B4Y

Zt3o @8 AAXNAAME FRP BFAZ R4d 249 8 Ude ungd 249
gdom=e oebd 4¥stn gtk FRP BHAZ 3 nijd ge 429 AANHE
A3 YehlE < 23>3 g

%, FRPs} 3 E7 SAFAATES FAF FeHM 3YE9 ¢F EE
FRP 5§49 stdo] 93 HFodArst Aulsges A v Hgzdw ¥ o
8 2708 o8t Z A5 SPAXNZEE H WI L AL F U

gbd FRP B39 ute] - gt 93 HFAA7 AMEe A4 oA
FRP fA¥g o] BY&alr] mio] ACH403} YREREIE AY3 R FF
oA FRPY FEWEHES dA# olstZ ATt Ut

agy FRP 53§71 dtelgs He A FERYES 2449 A4 o
g & Fog2 Z4dE Ao HuHa Qo gy FEAUNYES @R
AT B BAA FAhol AL EAdME Ad3A AdEZ HAHEZ n A
HQ B7o] "4 gtk BAA AAe) & Ao A" @k olsldlA g 5
E oenz AN S FuEA R

gt ACI440% QB EZ &3 oA Adsts FRP EfA ] FENEE AR
olgjg 7|&S ATFAFAE WGt EAAY ZAE nestan dvh. 2 AA
Ao 2ol He HdAAgY AAA YA FIARE, BAYZA T FE flo]
EE A¥48E £@¢stxm 7] W& FRP EdA9 FA¥PES Aoy risie
Ro g BiusEa .

53] FRP A2 27d BAd4A4 detd & de dAYHE 25 A0
olE 2 FRP E#Ae FIVYPEL FEE dAES TS 44 A &
JE FAUYE Hoh DA AAFHojoF gt

metA FRP 53A9 FEVNIEL 7|E9 AAAHAA Agstes B3A 34
o] e it RARE=E 1T G g didtd FES FET 49
& 8% ZAAEE gudlool & Aoz AlREY.

T3 FRg AsdA I BAoNY AFFAAY HrpdHel oid o]
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o]Folzo} 3, ENE WELZ2RYH FEE FAVYES qIE 4¥A3s v
Wete GFEFo2 A} 7HEsEF AL o @

<X¥ 23> 439 @ 17 4A4 v

FRP #2353
T ' SAYEAF
uhe] w3 g g
F!e = l‘.u"]u ( E
1 n ',rf',r ]
_ _Be _Be 60e,, |~ 360,000 _]‘: 00| - L, +d
aciug | M= AL A S (- k,, = for nEjt, < 180,000 | - L, +150mm
v RRALAF, 085 1 (*"’-‘“')g,,m, - Vg >2/3Ve
60¢,, u[f}.‘.;
for nEt, > 180,000
i) 2a8E &
M, = 8,41, 50) 4,4, B, (1 2
= ii) FRPo& .uel g mase FRP B by Bt
Bie Bie, | o AdEe Aoz A% | b kT,
=¢,A,f,(d— =) +¢,A.f; (h——— '
ISIS M ¢l .tfa( P ) ¢f j‘ffu( 2 ) E,e < 0.007 k=0.184
E3YE AQASF : 4. =06
A2 AP+ 1 ¢, = 085
FRP AgASs : ¢, = 0.75
i) E3gE ¢4
M, = Af [, o+ A E /v, £, (z+ (h—d))
it) FRP3}& _ ) c @R
(:Oﬂ(.:rete M =A,fy/7m‘l+ A,fju/’YmF‘ymE(z'l"(h_d) e]e :zx f:g}% M 'ﬁ"éﬂ' ﬁz}’ﬂ
Soee Mg = 115 1 BERRAAAS " geT R BEESS “ byft; 250
Vb = Vnf Ymm - FRPRE¢HA A+
Vg - FRPE-EQIRA AL
SCE B HGJ,L-}
JSCE Jﬂf - n, et

FRP 5332 2738 FA¢ 3 2345 4dd dgd d7EHE XA
3, BAEAC 9% vAe 2L BEYIIAT. EF ZF A7}l V& 4
Ao Nrdd AlgE EAMEQon, dxeos e nAHL Qe FPAR
o] ¥3tE vopstaA .
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(1) g3 did 7|& Q7437 24
1) Saadatmanesh(1998)

Saadatmanesh®9] AFelMe EaEe ¢&H3e} JFE FRP B4A 3
do] FAld HAFHE FPGAE J|ELE ZF #IR=E {U3tE FRPY
BA3E A¥E Adzd 4 3 HPHozRE {fE3Y ot FRPEFA
2 278 2A 8 AANME Z38E ¢4E%3 2 FRP 2AAY suo]
g #Ae) ¥ Asg e WY2AA o8 Al & Aok

O TIYE 45999 AZIZ §59 F¥AAE FU3E FRP B3F F
A AN ZIYEL ¢EHnAg AFHZo] FA FEE A¥HAxD
S WE3E FRP BAEL AN 4 glon, A" FRP B#9 nAZg 7)
TOoE ARAE 2 & old9 FIAE A AFIZ FF o|F9 FAE
B g AL 5 gk

@ E3E 45379 FRP 534 9 #¥97E {23t FRP B4 %
Zades 45979 FRP RAA7 S vdse JPxHo2 7 FRP 2
ZAZ BeEHE BAFE A" = Ak

2) KICT(2001)
FRP E¢Az 8 BEZE FA9 #-dd 7€ d7A FRP 59 mdo

A APAE A4 23 FRP H#§AY ddRes BAvgo) 9 o
m AsAFAIAAAN Aoz HAFE Hgteq AA FAd w7AE F5 A
=7t ZAase Rez Basta .

T3 B Sl wet dA@ FEss Aoz BRaustu glon o
2] CFS BZAE FAA CFSY BZuisd] wg Addre ZAd4E AAd
Btg3t7] st FEGLATE H(228)F o] AdsA.

W, =¢;—0.11(n—1) 2 0.5 (2.28)
A7IM, ¥ @ dEHRHES] FEFLAT
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$pi P AFFFA BE 271X
(7= 200g ; 0.83, 7= 300g ; 0.70)

n  Bivjs

(2) FRP 5314 ¥Zuid) di@ 7|& A7d3% 4
1) Jones, Swamy, and Charif(1988)

Zues B FAY FAuI dAHAYZFA A olgo2HEH 42299 &
A AL Adsgen, 3o @ AdsFHol V2.0f,& 2AAE v¢F
537 dYse AL AgHes AFAga®

r= —V"‘gj” i (2.29)

A7VM, V, : BAA @RI Bed
n, : BAAG gaHES BHAS ¥ (E/E)
Ay : nRAY GuR
x P EZGEY FYF A%
I : @asEed FriuuiEdE
b :RRAY B

2) Roberts(1989)

Roberts+ partial interaction theory¢l 712 &<o B 7 A @i @Y A
g2 223003 o] AMFsg o, Jones, Swamy, and Charif(1988)°¢] 442 3}
o wasP*

= k, 1/2 VemiAf _
Tena = [1+( Byt b, 1%a,] b5, (df zf) (2.30)

Aq71M, o, : AFOZRE BAA @GR A
Vena * B7ZA @GR 9 Ad¥
Ly : @¥ FRPY @9 24 EHE
x; 1 7Eede $UZ A
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b
ko ARAY AP ﬂl-T—(Gat—")

3) Ziraba, Sharif ¢} (1994)
B MY SFasrdHe E39 Roberts(1989)°°9] 2lo] utmte] RAAZ m7w
RANNE SR ANGHE FAYsEE Ao Rusy +AY ATSHY

< A¢3HAH
BAA dRAA AEeEE 4Q3DF Zo] 78 = den, oY AL
FZAYE ZFE, Av2d, BAA 249 9% v Aoz BNy

5
C'm Vo7

(2.31)

=a,f, (——)

1=[1+(E£dp)2a*]b"i” (h,—h) (2.32)
q7IAM, o ¢
fi 1 82YE AFRE
a B wRAN M/ V,, Aerad

4) Saadatmanesh, Malek(1998)

Saadatmanesh®& BZA 98 Bd& WAy Adddgedsd $38H0] 7
A Bgg f2d 4 Y= Aoz BudU. Malek(1998)®e B walg
Fadste gdF EASHAXY FHEYHFE closed form solutiondl] &3 oS
e A& LA, Malekd 2oA AW g HE$HS BFAY
2, B i AAL A vHstd Frtste Ao2 Ykt

5) Sebastian(2001)
7]1€ AFAHEe] FRP 32 Bn7Gd F Ao FRP H#&A 9 wiurale
3l FHHoE nFgd vwlEld Sebastiane ©F 229 F48 vkg el zo]

of thate] AUt
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7h) g5-dte

FRP 53A9 g5uty] sae BEALA BN die AdF 3E Aol
TAHLHA AdZE] JTAN 3 LAY, FEo| YA Fe EAA &
e TY g F&ae B RHE 3 RAZFEH gF¥HE o &
&, ol#| e HISHL FATEE FUL T peel S FEstE o=
Ueistth £ o)A ZFS AHA RAA @FAlele] At AeF FUHEG.

) YR

9@ FRP 2§49 9% Sonss 2aas Add 238 224 WA
TAHE § 220 o8 B AaEdol FEHy, oY@ ANFL &g
o Qs e BAA FRAH B3} FRAEe] TAV AF FY Yo 9
A BAAE gasE gHozRH AU, 27t od# wed Yol 3
Fo Z7hel W FAHoR FAEG o= £3 UHEYA wRE BHA B
A4},

6) Chen(2001)

Chen FRP H@A9) 2a4Ed w9 A4&dg viuste] snast ¢4
e MY AFsY uE PN BRAA AP FTAYE ARAE
wEee], BaAe) Ao wadse Aoz B

7) Brefia(2004)

FRP EgA=z 3 BZE FAdA BZA TR LAHe= AdEHS
Roberts(1989)%¢] o] 7]%3to Ziraba(1994)e] 93] $48 oz 78 4+ g
on, A Ao wel FRP A dR A E deuye FIAHE A
A ggvae R & BAAY FAdo] & F-oe @F peelingd & 3t
A7 AujHolr, BAFAS Aol FL flexible plates TF AlHdre] 9 1
7} G
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8) ¥135(2005)

$d5%E FRP E@A9 #a%470lg 71A4ste wHeRs3e Adsnct?

FRP BZAd 2= F£H8YL I3 AL goluz RIAgIYE F2 AG
S8 o3 TP A RAA HAFHEHL BAA dFe SHIFT
oz A8 oo whu|3l(Tanaka 1996)3 0], F & FHdolz A¥sE
FRP & R{42g B34 AFZ=e vage=y Rgasss 4t
Astgch. wEsAdFe BEFAEE, BAA Zd e, AHAM EZA
SR ARG A L BAAY FAge vt ez vERd.

9) Christopher K.Y. Leung(2006)

Christopher’® neural network 7]& o]£3}o] FRP 2§Ae fFEuYES
E3se A2 BEAYEE A¢sdd. FRP E3A= 3 274€ A< g4
JIEATAolA FRP E3A47} ut2lg 143709 AP A7 tidte 4 §
d9om, ACI4409) A3} v 2d it FRP H¢A e FAVPEL FA% B
A GFd 7138y i A5EAHY YL Lon, Fadxe BEAY
Aoz eyt £ FUE FAAME FEF uel FRP £#%A9 fAW
YEo| F7tste Aoz YEelgt.
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m. 2 A48

31 43878

2 d7dME FSIIE TERY § 2 Ad 4FA AFstd H/HAES
28, gadwed 59 ERAsE 3 2 AGEAo) wE RAEs % 72
A& #3te] APt

APL A ALY qudE 2 2 4808 FES dFsv, A5dY
< 2 494 AH8dE AEY SIYE, 2 T ARHA EHE AP A%
o L,00OkN® UTM<E o] &8, KSTFH ot A&t
ARFANEREAFAE, FAHFAE), 48, @24d79d, dFAFAE A=
Zatell A FAANG 7| #e st E& AFFHA 9 BEQ#ES H LI oud
FolMe FEZ A4S ¢4 3398 q71x 718 F I8 Hg& Fgofsto 7]
FHAGAY SFHHez AP,

B AfodMe 4 dads 238 AgAd 3Fe ZHgzrde A 3
A, dEo|Fo = ¥ WAooz d4dHI 4 d71x] 3FTEH 2879 ¥
2 7t43td, Zzte] ¥go] mE 723 S4 % BAEARE v HEHH.

32 43dA A3

Fogdee TYRY GHdAE (29 3119 2o TENIE 24 AZTE
AZ0099 dAA SY TYne 27 43U AFaE FAAY FARE
BRZ(p,)9 1/20140loF Brhe 712 o8 EAX FAGRE 100m A,
¢ TARY FEAERE BRE(D,)9) 4 ojskz Hajop vt s1Td o4
ZUA FEZ(H)S 500mz AA DY,
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t
~10Q

b'
1

(29 31] 59 T3x 47

1) A2 E TER Ad 434

AZZHYE TYE 4¥AE A2ASS Fotsy] AsiA Z=AAY ¢ 3
ZE2IYEFZAAYIE et e A AdFAAE FE&7] A3 [
¥ 3219 o] AZTE TIR A9 4PAE ATt

A3z 252 A¥AY a71e (29 328 Zew 500(6)x200(bw)x100(4)

x400(H)x2,400(L)m = HAZEZE TR E Az

r

"

c.a{— E! (H-200X%200X6X12)

I

7
e

[T Hege

M, =0.175P=52.5kNm

e — |
[raE| M, =52.5kNm
U8 v, =1207kN
]

S P=300kN

P>V, Avsd a4

[2d 3.2] A4 AAA v= 2 HA
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FZE38E TR FHZ
F=3t7] 918l 28 ¥ HDI0@300& wistn #&

3y, Ay E
2 3

2) AZEUE TR | 43A

AZZYUE THE # 43A<

Fl-l

B

FIZEYE THEEY

& 712 500(b)x200(bw)x100()x400(H)*x2,400(L)nn 8] A2 EAZE THEE

ghot.

3 HPAY FH2
et R R=s
AE 30mEz o}

=237 A8 [ 33]3 Zo] A
ge

LU v

& SD400E AbgEte] A%
A 87] 918 2H Astirup)© AHP o2 HDLO@INE ¥,

9} %o 2-HD16& wiZ%ch A

& SDA0E AHEStel A%sh sHFol 2-HDIES

FA1E= 30mm

HATE HoFstr] A8 FEAAYA A8 2
FAYEFZAAIE w2t A AdFA S vz dddAE dAsa ¥
ZHE THEE F AFAE 4A8H.

[27 3.3]e Yebd uwieh Zo] Ak dPAY T

A =}

ket

9% 7

Load Cell

LI T T

O

(O 2-+0%

ﬁ-'—“—ﬁ

I

o \—I'Dbﬁml i

= F_’

5)

i

|

B0 o

N Py

S.F.D [[TIIIF=#= 1111

I ¥=8E= I

ST v ] TUARSE2

M, =52.5kNm,
V, = 254kN,
M, =0.35P=52.5kN.m
. P=150kN

PV, 833 4%
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33 4¥A 2%

331 A4 13

AIZIYE TEERE AFstd HKAECFS, GFS), Z%(SP), @44dFTd
(CB)E AM&3te] RAAE, RAAS, B Aoz A sty 49 87)&
(29 3419 2t

L1-=CIL]

ETNTR:
€ CFS(EIABRANIE) € GFS(RAIERAE)
€ SP(VE!) ¢ CBEIAAIYTH)

HEvSe R VN
® iply). 2(2ply)
€ A(300m), B(150mn)

auTFm:
& MERREES)

(19 34] A9 57 433449 ®7]

71E AFE B3 Ae AP A, UAY(R SE+SIURDAT A (R
ZHR7hos BAste A%, [A¥H UAYY BREFddE FRE 2o)7 Qe
Ro2 vety & A7 e B Sdg u7g [o2 apddoen] B 3%
o FRoE BFE AAsA gen®

AFANER B3 Ad AFAe A9 27 A26)7 949 F22agdE Ty
Bo] MFANE(CFS, GFS)E AM43te] re ZWo BAhs o we Ad 23e
A A3ttt

28 17 AGAEAE 54 45m ZHE ALEEY BAe EAY BERHSE
M2 F2 gon vgxdfwoe BAAY 14 (150m, 300m)ES W2 £
B7g A%

CB B¢ Ad AdAc Fd @2dfode 23734 & 150m, 300mz 2
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Zste] Ad B3E AAZ
BRAEE 2% @t dd B APAY d4E <FE 31>7 2k

<E 31> AYG v AdAY A

A3 A H74d o] g R

1 S-N 08¢ = -
2 S-1CFS 08¢ 1ply T
3 S-2CFS 08¢ 2ply T3
4 S-1GFS 08¢ 1ply 3
5 S-2GFS 08¢ 2ply T3
6 S-ACB 08¢ @300mm T3
S-BCB 08¢ @150mm 3
S-SP 08¢ 1ply =37

/— CFs, GFS &Y _\ oo

Z A

300

oo : | m_l

(a) CFS () GFS
<AHA 31> AFAIE Ad 53 A4



I

3] -
100 10 10

« . 98

I_Jl?_.l

i

[1¥ 371 CB AYd B7 44
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(a) @150 H7}

(b) @300m 2.7

<AlA 33> CB Ad w7 A4

332 8 A

2232 E TEEE AFsY AFAIE(CFS, GFS), #424#20(CB), 2%
(SP)E AM&3le EAAE, B AAE(REE, BEH, FdH AR), 27hH5
et @ Rt ¥4 #2rle (29 3817 2.

L1 =0I0IL

- R

¢ LIENEY) & MOIRB+EMETY)
€ UoIEB+SPmEig BY)
HYE® -

¢ NEETY) @ CFSEAMINE)

€ GFS(Z 23N E) ¢ SP(HEY

¢ CBErAp1 S BiCH)

HYES

€ iply) @ 2(2ply)

aurE.

¢ LaxEB)

[2¥ 381 8 73 43432 x7]

At o2 FAHFAIES] BAY V& AFAAME dAHRY BAFo F7t
g5 HdWHol Frleivrt 44 BAES doed I BRFadst SR @
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= Aoz udm gu®

ARANE A¥Ae Adrn7 A2t 43 AIFAUE TR CFS%
GFSE o|&3to 3F(L), 3HH+EHM), s+ A+ZTAXAE(U) 59 273
R 1ply, 2ply 59 BEZAHEF @& 2739 CFS, GFS # 27 AAEE [19
391¢ 2.

A FAIESY FEHFAEY EAYHES BAAE AgA ¥4 232 A
A F ZAYE W REE, B2y SHH AR dAHFAESY FIYHFAE
7t 2 RFAHES Zgolr EXY. oz BA9 AFgHoly AR
ZHgHd A& 19Y 2L 29gos WAy FHER) HIFLAE ¥ F
FA &t

<E 32> MHANE ¥ 217 A¥AYL a5

No AYAd BAAFRH RAASF LA B B74 o)
1 B-N - - - -

2 B-1CFSL 1ply L

3 B-1CFM 1ply M

4 B-1CFU lply U

5 B-2CFSL CES 2ply L

6 B-2CFM 2ply M

7 B-2CFU Zply U

8 B-1GFSL 1ply L 1,700mm
9 B-1GFM 1ply M

10 B-1GFU Iply U

11 | B-2GFSL GFS Boly L

12 | B-2GFM 2ply M

13 B-2GFU oply U

14 B-CBL = L

15 B-CBM CB - M

16 B-CBU - U

17 B-SPL ~ L 1,700mm
18 B-SPM SP = M

19 B-SPU - U
% H79X - L:sheEw B M: RH+EW 57, U: sRE+«29 + o 57

_44_



400

CFS.GFSHY — _  ma
/;’T {

(a) CFS 3%#+&9 B7%
™ SECrE N

(b) GFS 2% 2%
<AFR 34> ARAE § B AA

oA YAM o BadfUUE AHgstel SR 8L, B
+Z2+SYEARU) BAsgon RASAEE [293.101~

i
ri
e
ju
AC)
i
—
oft
B Rk
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(@) SH%+20 u7 | b) 4% n7
<AlA 35> SP H W7} AA

9 oo

[29 3111 CB # 23 B7 A
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<¥ 33> 2% Y A
F 9 ¢ A

. .'._@s - Ii'
EETEEES

(@) H%+30 07 o b) A% 87
<Ad 36> CB 8 1% A7

o FEd RS <8 36> Zo 9A HAAE RPAY FaE9 EH
83 AA 2 WdF d2dfgd B AA ¢ FAdE ¥ thgow @2y
o dFE AR (Cutting)d A FL AT F ZAYES @249
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o RFg A8 TAYE § R ZeolnE EEXIY. 121 2AYES
Axo) BaYFANE YN F o EA EXEE @ F n7W n=2r]g

bk,

<% 34> CB &% 37

T

A
s

ool F9 Ak

e B7AHA HE ¥
= |

e Zjoln] =¥

e MR WY R AEA =X

e 2Z9A W Ao
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34 A8 A=

341 3

A3 AHE FIEIYE TIHES HIE HDINSD400), HDIGSDA)SE KS B
BL(EEAR AFAIEE, 2007.1D3 KS B BR(FEAES] A EHH, 2003.10)0) =
WEARBE AFet] AZAEE AAth 2 29 QFAFETE <F 35>9) 2.

<¥ 35> A9 Aw 54

= = LRk JERE IAF}E | dAg B3
m no' (MPa) (MPa) (%) =
HDI10 71.3 462.3 611.4 21.3 3
HDI16 198.6 438.9 6178 22.2 %2
342 ZadE

Ao AR TAHEE HAVNERE(EK) 2IMPacln, ZAJE IF wigA
AT 5 e FE 28 Fo7] AN <E 36>7 2L ddYx EIYEE A
230, 2agE wid] AleE AWEE=

AEE DALY 15 EEYWE ARIEE ARE3H
FLIAY AW AL 25me] A

, AEA ] =-HE 2869 FEHE AL

<¥ 36> ZAJE H¥H

fi w/C T ZF o ﬂ(kg/m3)
H| I
MPa) | 56) | naE | a4 |sesa|adss| o |
21 53 349 837 867 185 1.75
343 RAA R

AEA S BAE AT G2HFAECFS), FHAARAIE(GFS), Yy @24 +%
Si(CB), Z#(SP) & IudAA AdH<e
54L& <F 37>¢ o

(=]
R&

AHEEeH, AR B3
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<% 37> RAARY EF 54

28 AT A AFRE | HEAASF (DA REE
(kg/mrf) (mm) (MPa) (MPa) (%)
CFS 2 0.11 3,550 24x10° 15
GFS 9.2 0.77 576 25x10* 1.7
SP - 450 240 2.1x10° 25
CB - 3.50 1,670 1.5x10° 2.1

3.4.4 9 ZA] 5=A (epoxy resin)

£ HYidM e BZAE AFAAY FETYE AFA L AIAg zEAYE 9
3] Zeto]v(primer)E AHEECE TE FYE& ANEAS H$ FA : A3A = 4: ],
BAAE AL BUAYE AT Zetolvo] F9 FA : Akl = 219 ¥ &
2 Egste AL 4] A5 dE 4EL <F 38>~<HE 310> Zth

<E 38> HFANE AFA A9 B4 42

QA # ]
T £ = SA A AR BA A S
(MPa) (MPa) (MPa) (MPa)
Primer(PR67) 83.8 4086.6 1215 3822.0
<HE 39> @24 F59d AL dEA9 23 4
2 2w AR EZRE A2 E2ARE
= (MPa) (MPa) (MPa) (MPa)
CE-33 45 106 64.6 0.43
<X 3.10> @24 Fud AL dEAe xetolv] EA
u A= = ZRIAAIZE (R AZRAZL YR
TE (23T CP) Mg (hr.) (min.) (%)
ZF Al 120 1.01
CE-33P| A A 40 0.97 8 40 48
& 3 70 0.99
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35 43 ¥4

e 24¥2 [39 31219 2ol b7 2AE7I7F AX" Ao e, W
9 A&Re] PHYE zHFo] DTIFH DT29 AN £ Adde LEE BE
AAgte A7 94 9 q7ix 71E F Jduge 248,

200 20
T I [ m_j
L_—_-,_ ~Load Cel /- “ImE! (H-200x200x8x12)
I = |

CL T T T ITr T
) ges

a/d=2

SFD [IIv=ez=IITI] — [TV [T
LI o I

BMD |=sccormill mﬂmm

L Mnaxeg e [T
(IWE

[29 3.12] A9 A9 Set-up

@ 712 494 #3 A (b) 712=A9A B F
<AHA 37> AG A3 7l&E AFdA H#9 A, F AF

_51_



(@) 71E 484 B3 A ) NEAYA 3 ¥
<7 38> AY nA gAY By A, F A7

Ay

+ 3 492 [2d 313]5 o] B TFEAENI AAd AN P, &
AAZeE dPAE HA3tn 249 AF4FE A&t APAY FIF o] &
T & ¥EF BE HA3y YAV ¢4 #9E WA e F 8 uEe 44

2.
Q —Load Cell

(T T T T 1]

[ eoe )

DTS(@ct) l

SFD RS An
BMD

INIRZEATN
T e T TTIHECCIEEE=

(29 3.13] ¥ 43F Set-up

Tde APFFL 35 E 71 A sFdAed o A= 7S /4
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g ALE3t 94X ¢} stF S FEAISTHA FoFgie
AdAEe BRAAERZ S99 S8 E 27 A¥A, T 1A A 7
2ot wAe NS, $4 F, (29 3919 2ol 358H AFU 28 A

syor g BHd w7tz sHE e,

7H L WAl WAz 7tEsty, 7hEg Ao Load Cell& A X3 719
Al bE 5FE A

APA 5o dRole LY [Rollen)E A X3t FPAY e A g +&
o] AR ¥EEF dtu, AHAAE LAY s 120mEFY] F4y FFEL A
218t} Ag gt

T TEFA 300m EolX HEFI Fo] WA LVDT(Linear Vertical
Displacement Transducer, ¥ @ Al°]A]. o]3} DT)E 5704 AR 7t Ao o}
2 A¥A9 AL FHE

BEE ZA7I719 3F ¢ W9, A28HL Data Loggerdl 94239 33,

MYE AFHE ol &5t HE A2 g

(@) 712 49A 3 2 | ) 1Z29A B3] ¥
<A 39> ® AY 71F AUAS #*H A, ¥ A7
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(@ 71& A 33 2 b) 71EA9A B3 F
<AMA 310> 8 R A¥Ae % A, F A7

3.6 43 7]7]

B Age] el
UTM7F A8 28464 P80, 2rzg 494 71 ZAGAB-N, S-N)¢ =
AAEAEE &4 33 g g7x sHee] FFYHL JEAPAY FayFe
2 HAAI

A717E e TtRAY7](Universal Testing Machine,

Ao

B 2yel A48 4971 FE deR 2o

vks T Z A8 7] (U.T.M) : Shimadzu Co, Japan
HdletF IMN, &%) 3m, HolEZo] 42m

Dateletty 402(Shimadzu ; Japan)

Datelogger(STC-16NB ; €7/ (5) ; Korea)

Displacement Transducer (100mm)

Load Cell (1IMN)
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V. Av Agd%

41 24323

A2E3YUE TY B9 B3Ad Ad A9 43234 <& 41> 2 [2H¥
411~[2 ¥ 4.2]¢ 2d.

ASE3YE TY R BAAAE JAd BT 4F 23, 7IS48AY 53

F 2146 kN, Hdists 2683 kNo| H|3) g B AFA7L &H{TS 46~
80.8% Ax, HlstF L 445~80.7% A= F7lstATh

A 27 A¥AF SP A B AFAE 80.7% A= HE F7H&ol 7 =A
velstow, CFS, GFS, CB Ad B3 AdA e 45~53.0% A=2 FASE WYy F
7He BAd.

<E 41> Ad 273 4344 4332+

Beam Yield Load Ultimate Load
Type | GR | mede | @ | dxb | g | @
S-N 2146 100.0 Sl 268.3 100.0 54
S-1CFS 3103 1446 4.3 387.7 1445 79
S-2CFS 319.2 148.7 &l 3986 1486 77
S-1GFS 311.0 1449 35 389.3 145.1 59
S-2GFS 3284 153.0 39 410.6 153.0 74
S-ACB 319.2 1487 4.4 390.4 1455 71
S-BCB 326.1 1519 4.8 406.8 151.6 9.6
S-SP 388.0 180.8 1.6 485.0 180.7 4.8

BEAHRAE e 27 A8AdE 4925, S-ICFS 48AY #E55L 3103
kN, Hjs3e 387.7 kNo.2 7|&Ag Ao v 44.6% A= Z71sH4 .
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S-2CFS AgAY A, 535S 3192 kN, FHUstF2 3986 kNeZ 7]&A4
@Alo) s 487%AE, S-1CFS 4@Aol wa 28% A=) Frhehs 4L n
k.

FUHFAE A9 B7 A9Ad 2925, S-1GFS 29AY FEFL 3110
KN, Hoish L 3803 KNOZ 71299400 ulal 449% A% F7Hshan.

2GFS A@Ae A9, FRHFL 3BAKN, ASEL 4106kN2 FEAHA
of vl& 53.0% 4 %=, S-1GFS A @A) vl 55% HEe] F7tste F3des HAH.

HHAE HY 27 A¥ARE FRARY 2AAT Frle] me npE
28~55% AEZ tha vHd WHFIE Re] FES RAYES Furt L Y4
AEY gl E $AY £ AvE 4R 29 ool BY Bo: 14

o2 nZsE Aol HE ARHY Aoz Buw)

@ Yield Load
m Ultimate Load

400

Load(kN)

200

S-N S-ICFS  S-2CFS S-IGFS  S-2GFS S-ACB  S-BCB  S-SP
[19 41] ¢ 57 2dAd 4342

gadgutd A B AgAe Ad843 g@AHFEd 300mm (FEo2 B
3 S-ACB 2@A|9 3E35L 3192kN, HJstE L 3904kNo.2 7] A3 A o
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v 3 48.7% AE F78

gadfay 150m HFeE BBF S-BCB AIFAY A, FEize
326.1kN, Hdist5L 4068kNo.Z 7|&A A us] 51.9%F =, ACB Ay Al
8] 4.2% BE Fr+st)

48 Ad B} AFAY FS, FEFL 383.2kN, HudF S 485.0kNL.E 7]
Z4PA o v 80.7% A=, S-CFS B7 A@A) H8 21.7% HE, S-GFS B
7 AgA vls) 183 % AE, S-CB 27 AgAld vl3) 192 % A= We] 7}

Ft.

S$-ICFS §-2CF$S S-IGFS  S-2GFS S-ACB S-SP

70

90
70
50

8

Load ratio{9%)
8

3

(24 42] A< 273 4944 U4 F7
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42 Ad 17 ddAd g ng 53

A 27 A9Ae BEZEIdE EFAY AR B =l 23A] Ad B &
BH(ADE F3 BAHF(PIE TIHRLH, ol& Pex(ZlE HFAE Hdg3F-
RAAAYAE Hosts)H v s

B dddo] dd Ad B d¥AY BAEAE < 42> 2 [29 43]%
Zon gaidfutd 300mtAE AW EFF S-ACB A7 1088% B2
M =, @AHFAE 2702 B S-2CFS AdA = 278% AR B4 @
dHo] A BAEAR} 7 A deEo

CFS g BZ HdAd BE7 dudd] oid AFAe BAFEH= S-1CFS 4
A B9 509% HFE, S-2CFS A¥A< 278% BER 102 Ad B4 48
A Bt} 546% A E 2 EAAAE YEHAC

<E A2>AG 17 dFo g AFAd n3asg

Beam Iy As Py Prest Prest/Ps
Type (MPa) (') (kN) (kN) (kN)
S-1CFS 3,550 66 234.3 1194 50.9
S-2CFS 3,550 132 468.6 130.3 278
S-1GFS 376 462 1736 121.0 69.7
S-2GFS 376 924 3472 142.3 41.0
S-ACB 1,670 67 112.2 122.1 108.8
S-BCB 1,670 134 224.1 1385 61.8
S-SP 240 1,260 302.4 216.7 71.6

fri B AARE, A BT EE
P 173'5']'%, Prest : Ak _1_#_7J-}é§j.“ gq’]s}'%‘7]-7‘fﬂ{§i-“ A=

GFS 4 B7 A¥Ad 27 ddFo i dFAY BFaHAE= S-1GFS
APAE 69.7% AxE, S-2CFS A ¥ A= 41.0% B=e RFaAE B

GFS B <o vt vuge 3¢ 1802 Ad B3 AFA 7t 252
A BAE APAEY 588% AT & BZEHAE Yetdlo] 49 CFS v axn
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o} ulFA7IAZ GFSE BRAASI) 21842 usle ZaE 249 ASAE
7} Ratgo] "Holx HAATE Adste Aog AIREHY BAASFA Fobd o
& FEZEAF HEo] BAF R0z AlmHL

80

Piest/Ps(%)
3

S-1ICFS $-2CFS S$-1IGFS $-2GFS S-ACB $-BCB S-SP

[1¥ 43] A€ 2% dd3d d@ 4944 »nFas

g9l Ad B A9AE B3 gyl A dFA BAEH B,
gadaod 300m tAe® Ad BAE S-ACB A @AE 108% A=, A4
G 150m Ao ® Ad RS S-BCB AFA T 618% FEZ ThE EZAA 9
Hl3 27 g 3 BAadE FUHHAE Aoz vEnd. o gxiday
el FAE EA¢e] dA AFHoEN & BAA v& BAaHAst S
H Ao Asdn g9 ARAES vAVA R BAA Y LAY FUlE AY B
o] FEFE BAARVte BAEAE Astele AR Alsd.

28 2 dEd g AFAe] A RAEHAE 716% AT B dHH
W BREARE BAd.
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43 A 17} AYA AA(EH:, ductility) 37}
2Ae A4e WAs) A B FEAY AP lEoD s 2A 3
AN APL wg2 Ve
ACI Committee 363(American Concrete Institute, 7| 3 E 3 2005) o
Ae FAT Ao W9 B FEAY ¥y w4 4-DIF HUslF Ale W
Aok A gEA Yo ue} 4 (4-2)9 o] AAHATE AYdn Yul.
Ocu

Uy = (s—y ......................................................................................................................... (4_1)

Uoy © FAT A9 QA5
b * FATT Al9] A (om)
& ¢ FEIF Al ¥ (mm)

- 6“
U, = .(_s;. ........................................................................................................................... 4-2)
m: AdatE Ao AgAS
60 HhakF Aol ¥ (m)

FZIZ3E TY B9 EAAE Ad 233 48 2748 5 Ag 4PA9
AAATt AdHE <E 43> H [29 44]~[29 4518 #o.

Ag 27 A dgAFE, 71€4GA7 Q4AS 17691 vis] S-1GFS 4
A 50% =, S-ACB AFA< 84%AE Aol ZarddIyov Urx Ad w
Z AgAe QG oE Usto] FEo)F AJo] Frlste 645~742% FE
7tk %S BY.

Z1Edd Al vl A B APAF SP AY B APAs g S48
742% RA=E 7V =A JES ey, S-ACB AW 27 APA7L 84% AER AA
o] @A Yeste

SdEdRAE A B APA AAAFE ICFS AFA7 187 A=R 7184
A H3) 64% H= F71EEATE S-2CFS A¥A S A5, A7 209 A=
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2 7|EAdA v3f 189% AHE, ICFS AgA H& 118% A= dAQAF7
F7ete A¥E B

<¥ 43> AG 177 AJdAY AZA+

Yield load Ultimate load Ductility
Beam Type :
&(un) 5,(mn) o Ductllity
S-N 3.1 54 1.8 100.1
S-1CFS 4.3 7.9 19 106.4
S-2CFS 3.7 7.9 2.1 1189
S-1GFS 3.5 59 1.7 95.0
S-2GFS 3.9 74 19 108.8
S-ACB 44 7.1 1.6 916
S-BCB 4.8 9.6 2.0 114.2
S-SP 1.6 4.8 2.6 146.2
4
3
S-N S-1CFS S-2CFS S-1GFS S-2GFS S-ACB S-SP

[2¥ 44] A9 27 24341 A¥AF
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FHHFANE A B AFAe A4AFE S-1GFS AFA7ZL 167 BEER 7]
EAEA 3 50% = FAI}HAGD. S-2GFS AFA S A-¢, <4471 191
AERE 7]EA QA vl 88% AL, S-1GFS A @A vl 138% A= A4A
T7F F7hete B¥S BYdh

gl dd B dPAe AdAsE S-ACB 4347t 161 =R 7E
AdA v 84% A= #AAdAT. S-BCB A¥Ae ATt 201 A==
714 A vs] 142% %=, S-1GFS A@ A vl 248% = QAT F
7hete A%S B

28 Ad B APAY Bs, QAT 257 =R o & A v AR
BAog FEo|F xNHo] F7et 7IEHHA Hld 46.0% B=E S-CFS R7%
A A v 285% A=, S-GFS¢ S-CB 23 A¥A & 427 % A= A4
of 4 Yetut.

8§ 8 5 8

8

Ductility factor ratio(%)
8

8

3

o

SN S-ICFS $-2CFS S-IGFS  S-2GFS S-ACB $8CB

(29 45] A€ 273 432 A4y
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450

400

Load(kN)
&

8

3

—~+-DT1 -=-DT2 -+DT3 ---DT4 +DT5|

15 20 25
Deflection(mm)

(a) S-N

—-—DT1l —=-DT2 —+DT3 - DT4 DTS5

15 20 25
Deflection(mm)

(b) S-1CFS
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450

—--DT1 —=-DT2 —+DT3 ---DT4 DTS
400 L — — —

8

o 5 10 15 20 25
Deflection(mm)

(c) S-2CFS
450
—-DTl =-DT2 -+DT3 --DT4 —-DT5
350
300
Zzso
g
_l200
150 |
100
50
(o]
o 5 10 5 20 25
Deflectionimm)
(d) S-1GFS
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Load(kN)

| DTl —=-DT2 —+DT3 —--DT4 -»DT5

15 20 25
Deflection(mm)
(e) S-2GFS
450 —_—
—-—DT1 —=-DT2 —+«DT3 ---DT4 —»DT5
350
300
250
200
150
100
50
o
15 20 25
Deflectionimm)
(f) S-ACB
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Load(kN)

8

3

—DT1 —=-DT2 —+DT3 ---DT4 -DT5

Deflection(mm)

(g) S-BCB

25

—-—DT1 —+-DT2 —DT3 ---DT4 DTS

(o) 5 1 15 20
Deflection(mm)

(h) S-SpP
[27 46] A9 23 A¥AE s5-AF I4
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44 AF 7} AYA 733 (M, stiffness) 7}

e Aoz dF-23 49 712712 AYddd. BA d@ 3L
271343 (Ke)# 24940M9 ZAKe) o2 YE F Jon, 474 2(4-3), (4-4)
3 Zo] e ¥4

271744 :
P
K p= T-"- ...................................... 4-3)
¥
&899 24 :
R
KP_ Ju—Jy s esaessssnsenssnensassnsanes (4—4])
o 71 A4

P, : H3tF A9 31F(kN)
S * AT A9 B ()
Py : #E3F A9 33 (kN)
& 1 BEI}F A9 A9 (m)

Ae 27 A9A9 234, BAAAE 2734 R 249 YL <H 440
R [2¥ 471~[2¥ 4815 2o 71E48 A9 2734 L 699, £49 34L& 2
312 A B3Z 49A7 71F A@A v B4l ¥4 dEsto.

A 27 4QAT 28 273 4847 2A9 54 2 B3 @z A x7]
A4 R 249 349 FU7t M3 2A dgEd.

EF HRAEY B3 H5 R d2dRIde BAF IHETLE 203492
FHEAY £2AH4ZAHL S| WY w3 A Fo] T3t Bl F48)
T 3%S 24

- 67 -



<E¥ 44> AG v} AJAqE A 97}

Yield Load Ultimate Load Stiffness
Beam Initial Plastic region
Type P y & Py o

(kN) (mum) (kN) (mm) Test/ Test/

KEe  |standard| P |Standard
S-N | 2146 | 31 | 2683 | 54 699 | 1000 | 231 100.0

S-1CFS| 3103 4.3 38717 79 76.0 108.7 216 93.3
S-2CFS| 319.2 3.7 398.6 A 87.1 1246 19.8 8.9
S-1GFS| 311.0 35 389.3 5.9 8.1 126.0 334 1445
S-2GFS| 3284 39 410.6 7.4 34.8 121.3 233 100.7
S-ACB | 319.2 44 390.4 7.1 72.5 103.8 26.4 1145
S-BCB | 326.1 438 406.8 9.6 68.4 979 17.2 745

S-SP | 3880 1.9 485.0 48 209.7 300.0 31.7 1374

250
@linitial stiffness |
m Plastic region stiffness
200 .
£ %o
gloo
=1
50 .
(o] : : = I—
S-ICFS S2CFS S-IGFS S2GFS S-ACB S-BCB  S$-SP

[29 47] A9 23 A¥A2 24

- 68 -



CFSE A4 BAE A¥A 27 Z4Y A S-1CFS 4dA+E 760 X,
S-2CFS A¥AT 71442 871 AEZ yelgon Ao u&) Hgo Zds
o] 87~246% ALX 7ITAEA vl& St

CFS Adt E73d A3A 249 ZAH9 A$ S-ICFS A¥AE 216 AE,
S-2CFS A@A= 27134L 198 =2 Yeion A F71& du Wy F
7hgo) ZAAdY 67~141% RE 71EFAGA ) v gis4ach

CFS BZAAF7E F7te wet 2713488 146% A= FU=Edoy FBojFo
W F7H& Hd AP F7hEe] FuHA A2H8F FAHL 83% HE #ide
AE By

GFS A RS AgAY %7 24 3% S-1GFS 4PA+: 81 A==
26.0% HE, S-2GFS AFA = 48 FEE 213% FE 71EAGA vs 740
37kt

GFS dd E73 dFA 249 B399 A S-IGFS A¥A+e 334 FE=R
445% A=, S-2GFS HA@A e 233 LR 07% AL 7|FAGAd ¥3] FAo
A Jebsth

GFS EZAHs7t S7ke et A F7Eel vs] g 7180 #A389 %27
AL 37% BE, 2AY BAHL 302% AE ¥ AL By

ACB Ag 2Zg 4PA B4 A% 7|4 AN vl8 AR s Wgo)
FUE 271348 38% AR, 249 FAHL 145% AL EA Uikt

BCB A9 BE7Z AFA B A5 714 A b8 23Fo] 712 XA
F7Hed AR FIHEel #FAsg VAL 21% A=, 2489 BN 255% A
T we BFgS By

SP Aet BA% A 249 B5 /1S AA vs] AP 68 o
FUEH 2NAAHL 2000% AE, 249 FAHL 461% RE A JEt
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initial Stiffness
300 | WPlastic region stiffness | : ; —
260
¥
K]
£ 29
b
g 150
100 el - e . o - m— | — . pu—
50
o
SN S-ICFS  $2CFS S-IGFS§ S2GFS S-ACB  S-BCB s-sp

[79 48] A9 7 43AE Fdn
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45 A B A¥A 339F

Ao 27 AgAe) AAgeE <® 4559 2.

ARAES ZRoz AT BFY AYA A, B9 FIF P wRM Y
3ol @ AeEd A B4 SHUA ByHu,

gadfed WY 27 4894t ngAe du 2w glo] Auddd oy
%3 ",

<¥E 45> A9 B A¥AY AP

Beam Type 1 9 3
S-N 7 ot 3
S-1CFS FTEE A9 + B3A de
S-2CFS F4F Adnd + B4 He
S-1GFS FY4F ddny + B v
S-2GFS F4F Adgy + BFA Hhg
S-ACB FTEF Hdg
S-BCB FTEE AdHy
S-SP FYE Adg + B7A HE

(a) S-N-1 A3

Z7] 4L $57HEA R A A}stF 108 kNYE o HA Ao A3 &5
o] kel wel RA FE2 FAFE FZE Y € FEEFo] FoiHAh

& A4 FZ 71894 AlojolAd 146 kNG o AgFdo] dAsges Ast
3% F7hel A3 Hugd Y 2 FLEo] FUE HY3F 283 kNS AU Ad
w7 Ao

(b) S-N-2 4 gA
YT SYBRAA AFE X7 FEL 67 kNY o L3I A3 359
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Zrlol Wet BA iz £97Y g2 A9 2 FAZo] FYIAY.

A27187% F2AW Aol, 35 AQH FFE AololA 145 kNY o derzd
of HAsYem A 4% 7ol o) AvEFd I L FAEo FyHYeH
A2 WP FFE AloldA Avzdel os FtF: 254 kN& A dekgz
g9

(c) S-1CFS-1 484

A2 Y $2 7HEY SRl 0 kN 9 9 AE g R BTo] BRI
o 27)Fde H2AW S FFoIA 56 kN U W TS 405 kN U o
BAHRAET} $Ho2 Fojd Aael AR At Tl Frtel o #
273 $5 7H47 Afolo] AuEdo)l WAld] AT YHAES e ol 3
A Hojsts 38kNS A} dedy H9d,

(d) S-1CFS-2 A A

z7174L A& AH Y8 FFAA A3etF 27 kN o o LA A}
3tF 190kNlA #HASAH ARFAES Hago] AFHden Adets 360 kNY

57184 st AFAHAN HFAEZ £Ho2 A HAT AdHF F
7bll A&l AESAHT $-F ZHHA Abolo] HEF LA ¥ BILHFAEY g
gol FulEel HdstF 387 kN A Hazy HYo

(e) S-2CFS-1 A9 A

271842 #F AY €PB FFANA AT 72 kN d o TAHey &
FAHAA HFAES AHestF 250 kN 4 W sp3o] AU

A s3ltE 362 KN 57184 2o ed B HFFAAM HRHAES AFA7}
EF @4 ZAsAen FdFNA 364 kN & o AFA FREZ HARHAES
Tz HaHeH AT F7iol ATl AT HAFAET H2HEA
HostF 417 kNS Ay g3 HJo.

(f) S-2CFS-2 A A
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z7184L #F AH <YE FFAA A3tetF 60 kN I FAFA 29 At
35 295 kN & o) $5AH dFoA HRAEY o] AFFHA,

Astete 340 kN & @) $-57HHA spFolM AFAE7L R0 FeH o
368 kN ¢ o Hdtddol o3 ANE EF ¥ dg @] LA

Aststs 7t TEHY AEddY FUHE AFAEIL FHOE YA
HdlslF 404 kNS A dddd] HAU.

(g) S-1GFS-1 A &84

27178 &5 AW HB FFolM AsletF 70 kN 4 | EAsAer A3t
35 170 kN 4 o HEAH &4, AstdtT 199 kN 4 @ $FAH sHFoM A
FAESY ddSo] AFHAY.

AststE 380 kN o = 2HSFAH Ho} SHE YR A o FA EF 4ol &
B3 ZSAH FRAA AL A ANE EF 2 g Aol 2.

Asts FT7tol TEF Meddd FUHE AFAEIL R dHEA
Ho ks 390 kNS Ay ddas] HIuoh

(h) S-1GFS-2 Ad A

271FDe #5 AW AR AFolA AkeF 4 kN dn GG As
% 320 kN 9 ) 3 7HgAelN segol AFsgch AstatF 352 kN 4 o
FU4R SR HRAES YHAE Gel@gol AT

AsetE FhE R AgTdol s HAAES HAHUA Hua3F
389 kKN& A 3 = Qieh,

(i) S-2GFS-1 A& A

Z7129L #AF AY B AR FHAAM AdetF 64kN Ao 2o
A&ets 170 kN 4 W FEF B oA HFAES ddgo] AZHNUY.

Atets 342 kN 9 o #HZAY B oA ZIUE GSHAR AT FEY
TUHE ARAE dg] 2 FIYE g g4e] AU FSAH Fud T4
Addde] FUHE ARAEZL AP HustF 417 kNS A A3 Sl
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(j) S-2GFS-2 A3 A

27)79e B2 A4 S92 A% FHN A33AF 5 kN Iof GAR e
ASEZE B kN D W 92 G SARAA AFAES Fego] AUt

ASEF 394 KN o W HEAY B ST 2AE GE0y A AuEd
of WASe] B B% T FUZ HAAE %el % zaE 9 A4 A
k.

AsE F7h2 Qs AvFdel O YAAE welt FuHEN Hosz
404 KN& A Fess) =ik

(k) S-ACB-1 A g4

Z27124L #F AH SHE Y FRAA AFEHE 40 kKN 4 of LA

At atF 127~198 kN o o #HFAHH +571493 Alo]dM v Addd
o] kAP om 255 kN ¥ W B B HIFAX ddo] T

AstetE 347 kN 4 o LA AGT D 3] FEFo] FUE Astd st
F 389 kNS Ay deatd HA.

() S-ACB-2 494

2717 E& F& AF &8 AR FAAA AstetF 64 kN ¢ o ZAsA .

A3t 8kF 121~16 2kN € o FHZAHA $5714H AlojolM g9 Addd
o] FAR o AT 390 kN & w #A7] AT AGd e A3 HojsF
392 kNE Ay Adstd HYo.

(m) S-BCB-1 4§ A

Z718EE #EF AQ €W A5 FHAA AgetF 74 kN € o T en
At 3HF 108~135 kN ¥ $-Z7H8y FAY FEFAAM v ddddel &
st AdtstE 286 kN 4 o 7] AT Adddd AR 308 kN
d | BAAY dekFo] AFHUG

AaalE 314 kN ¥ B 57183 FAdA »BA7) AT daddel & #
dEo] FHHAUAM Add3] HU,
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(n) S-BCB-2 A ¥

Z7HEL & NF YR AR FHAA AFEF 74 kN o o AP o
A3t &5 115~135 kN 4 o HE5AHF} 57153 FHA4 g9 Adddo
B AstetE 283 kN € W EZAY sdkSo] AU

TN Y AGT LY FEEF0] FUHHAEAN Advy HJYT

(0) S-SP-1 A&A

27122 E S AY SYB AN FHAA AT B kN o d TA}IoH
At 3F 289 kN € W BAA & dFoA o FA EFF] ZBe e yol
dAsAT. AestF 312 kN € | 257143, 381 kN @ o AdFdol A3}
Ao A3letF 485 kN A v|RBE $5AHAA dedddo] ez Ady
I HA

(p) S-SP-2 A gA

271449 L #F A3 B FF FRAA AststF 88 kN do LAs ey
Ast 3tF 247 kN € W BAA $F dFoAN AFA £FF FHde R PP
G P AstetE 208 kN € W HF/HHMHAA EZ3A dr @ o] LA L
o AdEE 317 kN € o Addde 48 FEFo] To R DHY HUAN
A =y

@ 29 47 b) A2 A3
<R 41> A B 71F 4942 7Y F A3
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(a) S-ICFS 29 374 (b) S-ICFS =2 A4

(a) S-2CFS &4 274 (b) S-2CFS &8 33
<Atd 42> CFS A4 273 4¥9Ad 719 ¥ A7
5

-

(a) S-2GFS 2@ A7
<A}A 43> GFS AY »A A 719 & AA

(b) S-2GFS €#d¥8 AA
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|
£
[

(b) S-ACB &#dH AH

=

(b) S-BCB &8 A4

(a) S-BCB &9 373
<AHd 44> CB A9 27 4944 719 ¥ 473

(b) €AE AA

(a) 29 A7
<AHA 45> SP Aw uj A4 7Y § A7
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46 AG A5 o AP olEF v
ACI 712l Relsts 87 Ardz g9 nyd 349 A¢ FEE (445
3} o] Ao At}

L R 45)
Afr.d

V= S e, (4.6)
8¢

o7 V,.: E3FYE 9% FI AGRA=E
Vs : AR A2 93 AdAx
Vi A B 9% Adpe

71 AdTAEL FRP 5§AZ Ad B7d A2FTIGgERS] AW v} adeg
ZAYES A B2 AGRFGE T FRP E{AY Ad i oz A
Ao dEsta gloh. oo wel FRP B A 93 Ad BAEIHV)es B3
g4 FAY AA AU, S(VAVAHVplA BZZTIHE B ADWH(VAVIE
2zt A3 AL 7R dtu gt

meb Ag 2ol g AGuE (Ve AANZ(VSHVSHV0 Ad
BAHR] Fe JEFAPAY AGWF(VIHVNE et Tk

ACI #&4d ddty nAAsd dd 23d FSZTagrd dg g g1
of wet A& o2V T AP AV dE vae <E 46>3 Zoh

ACI Codedll Al At e AGWY BriA S HE& o|Eaa Az o
3t HlmE A, o2zl wls| S-ICFS AT B A¥AE 103% AE,
S-2CFS A4 BZF AHAE 8% A=Y APHS 29on vi3ds 74 o
2} 25% BAEo AP o] Aol& UEIY

GFS Ag n7 HA#AY A, ol&gkel vs] S-1GFS HAdA+E 108% AX,
S-2CFS AdA9 Z$ 8% A= AAgE Jdegdor B35 o 14%
Az Y& 2t
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CB A9 B7} AFAY Z§, o]t S-ACB AY B HAPA<e 5% RE,
S-BCB ¢ B HA¥A= 2% A=Y HIUE BHH. ol HAWHo| BAHE
ARAIES Z2ad Hl&) AGAZF o] widgel et & B4Ad v 4%
3 o] &3ko] & AolE HolE RoZ AlRHT

CB Ad ®Zo 9% AdR=(V/HE ZEAAYY V.02 AGRZE 434
A3, o]&gkel] vls] S-ACB Aw B d¥A< 65% A%, S-BCB Ad 27 4
A 32% BE9 Agats B9 @AHT gu BAd o AdFE A
ACI &4 Bos ZEAARYY V, Ndes ADdZEE APses AS uE3
g o= Algdrh

SP AGRF A¥A Ate 82% Ax ol&ate] AFurt =A derwd. o
E RAREE 29 ud Zud 23 2A9e BRAge Az fEd Re
2 Atz g

ACI Codedll A AMteta e AGNY Hr7HA S A8 o|8ga AFPgke] dist
o vug A3, BAA He FUe B HF mE 1A RRA AR Q)
A gte] o]&gtol Hld] 8~98% HEY zlolg EHo BEAAY FF H BAHF,
B7 7t7d) wa 021~1.08 ALY REZAAF(F] o Aoz Atgdr)

<}k 46> AG B dFd AP ol Egt9 v

fest cal V=V
et (kaN) (‘;fN) (F22AA5 ) h

S-1CFS 595 57.7 1.03
S-2CFS 65.2 84.1 0.78
S-1GFS 605 56.0 1.08
S-2GFS 712 765 093

S-ACB 69.  |1,0535(107.0) 0.05(0.65)

S-BCB 693  |3061.0214.1) 0.02(0.32)

S-SP 1084 294.0 037

¥O)e gaidfdd FEsts ddd S F=HANEY VieE 73
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47 &2 4

DAY 27 AFAE WE37te 2 2% AFAV 71& 43AR0 A4 U
Elgton, CFS B7 APA7}F 46.7% AE, GFS B AFA7 49.0% FE,
CB 2% A3gA7} 50.3% BFE, SP 27 APA7} 808% HE 71F APA )
vl 8 Agugo] FrtstA .

2) BAPSY ME RAEAE FEE $AREY Fust ¥ HHAES wyu
YA E G 4+ AW 2 Aol HEE Ao Yehith maAd 44
ANEZ HURAY] old FEW $AZEs} Sudnd 0o wiss
B9t V4 sl a gud

3) Ad 27 AgA H3 4L CFS, GFS A¢ 2% AdAe $94579 A
g dol g3 FIF ARFAEZ g HEA FAHU.
SP A EZARAY A5, dfolr Adddel &) RAZA7 weHEA
G =T CB e RFAPA Y 45 TIF9 Addd 2 AZE L
gsiA 33 =

4) A B A¥AY N2 A BAo= 3 FA T8 F9o Aol FUt
ko] Z1EAGA vlE CFS 27 d3Ae 127%AHE, GFS B AgA+e
20% A=, CB B3 A¥A<L 29% AXE, SP 27 A¥Ae 742% =9
A4l F7sAd.

5) Ae B HAPA Y IAAHL Ad BAcE A3 FA FE A 2FHo

Z7h2 J1EARAC wa FAY. 249 AL nFR Frz As)
$% ol Aol U s1E APAl va 249 F4o AU,
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6) de B A¥AE B Ao g BFEARY F$, CB &2 43A7
61.8~1088% AEE T & B v RAIHHL He w3 BnPas)
E € RAeE yEyd. ot ZIAYE vidd @2 FHUs AGHE2Z o
& Fol o] 2R oy BFEFAE & o2 AsdH

7) ACI CodeclM #ltstz e Aadiy BHIHE HEE olatd Akl
et vawg A3, BFA de Stk B 3Hd wE Bie ¥4 A
32 A APkl o] &gkl HE] 8~98% HE ol HA BAAY F
2 BERES BF 334 w2t 037~1.08 A= FEZAAT(He] 8

g Aoz AlmdEn,
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V. 3 4943

51 24323

F2Z3YE TY B9 B3AE 3 4349 4323%= <E 5.1>% 2.
F2EZ3YE TY 29 2344 § 2743 3 49 23, 8 23 4347 35
35S 99~642% AE, AN3F S 109~469% AX ZIESHEAY v F713t
.

B-GFU A¥A17F Wy 371&o] 469%=2 714 =A Jelged, SPE 359 3
B AQA7F 109% =R /Mg ¥ S-S B

<E 51> 3 27 4¥8Ad 43943

Beam Yield load Ultimate load
Py Load & Py Load &

Type (kN) ratio (zm) (kN) ratio (um)
B-N 218.6 1.0 6.3 279.9 1.0 486
B-1CFL 240.3 1.1 7.3 3155 1.1 19.9
B-1CFM 279.9 13 7.6 373.7 1.3 16.9
B-1CFU 296.8 14 a3 371.0 1.3 154
B-2CFL 283.4 1.3 7.6 329.8 1.2 16.2
B-2CFM 348.8 16 7.3 389.0 14 124
B-2CFU 351.8 1.6 7.8 391.2 14 11.0
B-1GFL 261.1 1.2 7.6 321.3 1.2 23.1
B-1GFM | 2819 1.3 @2 389.4 14 19.9
B-1GFU 305.0 14 75 387.9 14 19.7
B-2GFL 266.5 1.2 7.6 345.4 1.2 20.0
B-2GFM 304.8 14 74 409.1 15 16.3
B-2GFU 3476 16 75 411.3 15 16.9
B-CBL 286.4 13 7.3 346.0 1.2 139
B-CBM 317.8 15 8.1 369.0 1.3 115
B-CBU 3304 15 8.1 375.2 1.3 10.6
B-SPL 284.7 1.3 6.8 3119 il 20.3
B-SPM 346.0 16 4.3 3769 14 195
B-SPU 359.0 16 45 381.0 14 20.1
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| @Yield Load mURlimate Load

Load rc%o(%)

5 & 8

B-N B-ICFL B-1CFM B-1ICFU B-2CFL B-2CFM  B-2CFU

[Z29 511 CFS § 7 4844 Uy F71&

CFSZ AT EZTIYE TYRE HAAXNEZ u74F APA Wy 7182
(2% 5117 2.

71Ed4gAl "8 B-2CFU A¥A7L 398% AX Adiugel 713 =4,
B-1CFL A @dA7} 127% A= Ad Wg F7H&o] 718 @A F718d

H2MFAE 1702 573 APAE 249X E2 v uyd& 3§, ICFL 44
Ao vls] B-1CFM A@A7 208% A%, B-1CFU A@AE 198% F=2 WY
o] F7tstslth.

ety g2AHFAE 17302 27 AgAF B-1ICFM 27 43¥A9 WHo] &
A F7hste sRgt BRste ARE 1302 &89 2Ue BYsE 3 &
#Hg Aoz gadt £ B-1CFU A4¥A & B-1CFM$} A Wg5718¢
Ho CFS €8 4% B a3E Qe ez Asd.

2422 CFS EZ% A¥AE 2AAAEZ vzgle 3¢, B-2CFL A @A
v 8] B-2CFM A dA7} 21.2% AE, B-2CFU 43 A7} 219% ALEE 1432 3§
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g AdgAg A 2AAAE WEgFEE 20

Y 27 944 B3 A5 w2 HzZyE 3§, B-2CFL 43 A7 B-1CFL
ARART 51% A=, B-2CFM A8 A 7 B-1CFMEH 55% A X, B-2CFU 49
A7t B-1ICFURT 72% A= &A Jelv 23e2 27 A& 35 7Ied3Ae
1302 BT AR ¥ yyFrted BIiG.

%0 mYield Load mUltimate Load

Load ratio(%)
8

& & 8

B-1GFL B-IGFM  B-1GFU B-2GFL B-2GFM B-2GFU

[19 521 GFS § 27 434 Jg F71&

GFSE AZE3YE TYERE BRAAXNEEZ Hu74d 4FAY ey F71e2
[z 52]% Zr

71EAgAe] ws] B-2CFU A@dA7E 469% A= HAduge 71 £A,
B-1CFL Ad A7} 114% 3= HAd Wy F71&<] 713 @A S/

GFS S4d+d ne 238 AFANE 249 ds nauye 3¢, B-GFL 4
Ao Hlsl B-GFM A ¥ A7t 228~243% AE, B-GFU A@AE 235~238%
AE2 WEo] Frste] ¢9 CFS BAAAAY vlA7IN 2 GFS B7 A%8%
e gl RAeE AlgHY Ry BRste ARdE 1@z %y 9
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BAse Aol A B HHd Ao AddET

Y 27 AXE 2 Had o2 vagds 39, B-2GFL 4947t B-1GFL
APAR 86% AHE, B-2GFM A A7+ B-1GFMXEt} 7.0% A%, B-2GFU 4
FA 7 B-IGFURT 84% A%, =/ veston 7IEHEAE 1732 2738 A
iy 2o BANE BAF ¥ WEIEES BAY.

metA o] CFS HEZ A¥ZAAs} updrtA 2 BAvjae Frkd me 43
4E€ gusy] A3 FEGLATY g Ho¥ Aoz Algdo

ARAES FFHEE IR AAE ¥EAES BF, B-GFL BZ AFA7L
B-CFL B73 A8 A7 21~56%% %, B-GFM 27 A A7 B-CFM 2% 4
AT 56~72% HE, GFU B7 4347t CFU 27 A@AEY 60~72% A
E A deud. ole FYHRANET @M FAIE Hg 2WFeR FHS F
@3t GFS E7 A8A7E CFS B3 A¥9AEY d& 2 WYy F71es B
Ao2 A= HRAEE AMEeto HRA 8= 3% CFS BZEHE GFS B
FE e Aol By FL ez Asd.

@Yield Load mUltimate Load

B-CBL B-CBM B-CBU B-SPL B-SPM

[1¥ 53] CB, SP 357 434¥ g F71&
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BadATs gRos Aeade TYIRE BuPd 49449 Wy 37}
%

SR E ASEAYE TIRE BRI 4FAd 43244, 71&49
Al wls] B-CBL A8A7F 236% A%, B-CBM 23 A7 31.8%F =, B-CBU
348% A= WHol A el
PRt B AdAet €8 CBE g

o
o
)
|m
fu
ol
-
[-'121
fe
ol
%
i
e
i_:"
lo
[
{
w
—
X

BAE 4gAEe 2gAH, RPAAEE
HENE BZ AAS 437tee ngom, J1Z4PAA v
B-SPL A& A17}1.4% A X, B-SPM A8 A7t 34.7% A %=, SB-PU 36.1% BXx W
Hol ¥A ek,

180 - ——

| DYieldLoad  mUttimate Load

8

i

Load ratio(%)
8

8

e

-

i o
BN ICFL ICFM XCFU 2CFL 2CFM 2CFU 1GFL 1GFM 1GFU 2GFL 20GFM 2GFU CBL CBM CBU SPL

[19 54] 3 27 2FAE Uy F7H&
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—--DT1 =-DT2 —-+-DT3 ---DT4 —-DT5
400
350
300
Z
=‘gzso
8
9200
150
100
50
o
o) 5 10 1B 20 25 30 3 40 45 50 55 60 66 70 75
Deflection(mm)
(a) B-N

450 —
-+ DTl —-DT2 -=-DT3 —--DT4 -=DT5
400 | . = [
350
300
Z
=\5250
8
_'200
150
100
60
(o] .
[o] ] IO B 20 25 30 35 40 45 BO 685 60 65 70 75
Deflection(mm)
(b) B-1CFL
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—-DTl =DT2 -+DT3 ---DT4 —=DT5

o 5 1 1B 20 268 30 35 40 45 B5O 585 6O 65 70 75 80

Deflection(mm)
(c) B-1CFM
450 . —_— -
—--DT1 =-DT2 -+«DT3 ---DT4 DTS5
350
300
Z
¥250
T
8 200
B
150 |-
100
50

O 5 1O B 20 25 30 35 40 45 BH5O 55 60 65 70 75 80
Deflection(mm)

(d) B-1CFU
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Load(kN)

Load(kN)

| <-DT1 —=-DT2 —=DT3 --DT4 DTS5

400
350
300
250
200
150
100
50
(o]
(o] 25 30 35 40 45 650 55 80 65 70 75 80
Deflection(mm)
(e) B-2CFL
450
| =DT1 -=-DT2 -+DT3 ---DT4 DTS
25 30 35 40 45 S50 655 60 65 70 75 80O
Deflection(mm)
(f) B-2CFM
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Load(kN)

Load(kN)

§ § 8 &

§

|-0—DTI -=-DT2 —+-DT3 —--DT4 DTS

g

8

8

8

o
O 5 10 1B 20 25 30 35 40 45 50 85 60 65 70 75
Deflectionimm)

(g) B-2CFU

450

|+DT1 -=-DT2 —+DT3 -+«DT4 DTS
400 !
350

[o] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Deflection(mm)

(h) B-1GFL

-90 -



—--DT1 =-DT2 —+DT3 —~DT4 —=DT5

O 5 1O 1B 20 25 30 35 40 45 50 55 &0 65 70 75 80
Deflection(mm)

(i) B-1GFM
450
—--DT1 +-DT2 —«DT3 —--DT4 —=DT5
350
300
ézso
B
150
100
50
o .
o] § 10 1B 20 25 30 35 40 45 5O 55 60 65 70 75 80
Deflection(mm)
(i) B-1GFU
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2 30 35 40 45 55O 65 60 65 70 75
Deflection(mm)

(k) B-2GFL

| ~<DTl -=DT2 —+DT3 --DT4 —=DT§

O 5 10 B 20 25 30 35 4 45 50 55 60 65 70 75
Deflection(mm)

(1) B-2GFM

- 92 -



400

Lgad(kN)
S B 8 8

8 3 B

—-DT1 =-DT2 —+DT3 ---DT4 DTS5

20 25 30 35 40 45 50 55 60 65 70 75
Deflection{mm)

(m) B-2GFU

80

—--DT1 =-DT2 —+DT3 ---DT4 -=DT5

20 25 30 35 40 45 50 55 60 65 70 75
Deflection(mm)

(n) B-CBL
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Load(kN)

400

350

Lgadﬂ(N)
g8 8 8 8 % §

o]

I—o—D'n =+-DT2 —«DT3 ---DT4 —»DT5

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Deflection(mm)
(o) B-CBM
\-.-Dn —=-DT2 ~+DT3 —DT4 —=DT5
5 10 1B 20 25 30 35 40 45 50 55 60 65 70 75

Deflection(mm)

(p) B-CBU
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oy DTl —=-DT2 —+DT3 ---DT4 +DT5I

(o] 5 10 1) 20 25 30 35 40 45 50 585 60 65 70 75
Deflection(mm)

(q) B-SPL

—--DTl1 =-DT2 —+DT3 ---DT4 DTS

Load(kN)

O 5 1 1B 20 25 30 35 40 45 50 55 60 &5 70 75
Deflection(mm)

(r) B-SPM
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—--DT1 =-DT2 —+-DT3 —--DT4 -—=-DT6

8 8 § 8 &

Load(kN)
8

8 8 B

0

O 5 10 B 20 25 30 35 40 45 5O 55 60 65 70 75
Deflection(mm)

(s) B-SPU
[2¥ 55] ¥ 2% 49AY 3F-AF J4
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52 3 B dFd o nAga

HEZ dEHe i dFAE EFEHE <% 52> R [2¥ 561% 24

H 27 AgAS 2ade RAAS AFBEE)N AFAS] ¥ 23 D
(Ans &3t BAF([P)E T3ALT, & Pea(V]1E AFAYE HAstT- B3
AFAE Foak)d v A

¥Rz 9 gy w3ase CBL B2 AgAst 57.3% A=2 713 ¥4,
SPU 2% AdA7 81% AEE 7M1 @¥& RAANRE Blen Biddss vy
o] me BEFo] FEFE BFade A2

<¥ 52> 3 BZ duFHd @ dIAY RPFEI}

Beam I Ay P Prest Ptest/Ps
Type (MPa) (') (kN) (kN) (kN)
B-1CFSL 22 78.1 36.5 46.7
B-1CFM 88 3124 94,7 30.3
B-1CFU 132 468.6 92.0 19.6
B-2CFSL 3550 44 156.2 50.8 325
B-2CFM 176 624.8 110.0 17.6
B-2CFU 264 937.2 1122 12.0
B-1GFSL 154 88.7 42.3 477
B-1GFM 616 354.7 1104 31.1
B-1GFU 924 532.0 108.9 205
B-2GFSL e 308 177.3 66.4 374
B-2GFM 1,232 709.4 130.1 18.3
B-2GFU 1,848 1064.1 132.3 124
B-CBL 70 116.9 67.0 573
B-CBM 1670 210 350.7 90.0 25.7
B-CBU 350 b84.5 96.2 165
B-SPL 900 216.0 329 15.2
B-SPM 240 3,420 820.8 979 119
B-SPU 5,220 1252.8 102.0 8.1

fr: BEAA Q32 =, A BREAR
Ps . E_7J'3'}"%‘, Ptest . % __H;_7c]—}éf§j." 3]‘4]5’]'%‘—7]—7‘,_‘—)3?'{;]21] 3]\4]5’]-%‘-
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8

&

EI’FE;EBPI RSt YR IN%)
8

3

B-ICF. B-ICFM B-ICFU B2CA. B-2CFM B-2CFU B-IGR. B-IGFM B-IGFU B-26GFL. B-26FM B-26GFU

[Z9 56] CFS, GFS # »7 93 oig 43Ad n3as

CFSZ B3 ddAe nAddde BRFadE B-1CFL A438A7F 23d9
Ao diH] 46.7% AEE 7ME ¥ BAEHAE BRey B-2CFU 484+ 12.0%
FEEZ B v§) 7 @ BZAF}E YHEHG.

CFS BE% HAF7l 71855 304~419% A= B7 GHHd vl3 BAFaH=
Zdadtden B3 fAAdE FH B v FRU+FH KHiFo] 351~458%
A, R A+SU+SYE A BAo] 580~632% A= BAEAH Fadte A
€ YEhdo

GFSE HE7Z§ AFA<= B-1GFL A¥A7 2A3ddHo] iy 47.7% A==
7t 22 BRAEFHE Boen B-2GFU A ¥8A< 124% F =2 BTG HAFH A v
3 71 @& RAARE UEddg.

GFS B% He7t 571845 215~418% A= B7 dHF o vl 2AaH}E
FadHon B fAEE R BAe] Hld FH+FH BAo| 348~51.0%
AE, FFHP+ZH+ESYE AF B7o] 571~668% AE BAEH} Zasts A
< e,



8

5

E'U'.is'EEI"I Rt YR IN%)
8

8

B-SPU

BcBL BCBM 4 BCBU 4 BSPL 4 BSPM

[29 571 CB, SP # 27 @d3d & AIAd nFas}

CB 273 494 49+ B-CBL 2% A3A7 57.3% AEE BAAF 713
B2 BAAAE B ol dA2ARTHUI F2 Hgo 2 vijdHo AdFAZ
Adgs FozH AL duiye & nAENE B HoZ AR

CBM ®7 Ad¥A+= 55.2% AE, B-CBU A¥Al= 71.3% A= 357 23 d
CBL 27 A@Ad BZEAE HJ

SPL 27 A A7l 152 %A=, B-SPM 27 A8A+= 119% A=, B-SPU 4
A= 81% AEE Y REAA v3] B7 @A L 2 i3 RPFEAE= 7}
F e AL B0
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533 R»7} AdA 94 H7t

FxEo A9 F Jde HUEdSFE ¢ o AAY # ¢l o FAdvdn =
g Aol uwet 4 (4-2) HE3Hen BHAASE, BAAXNE # G 4
Ao AAXAFE <E 53> Zr

<¥ 53> § 27 492 d44A+

Yield Load | Ultimate Load Ductility

Beam TYPe [ 5 (am) 6im) o ratio ()
B-N 6.3 486 7.8 100.0
B-1CFL 7.3 199 2.7 35.1
B-1CFM 76 169 22 284
B-1CFU 7.3 154 2.1 270
B-2CFL 7.6 16.2 2.1 272
B-2CFM 73 124 1.7 21.7
B-2CFU 7.8 110 14 182
B-1GFL 7.6 23.1 3.0 389
B-1GFM 7.2 199 2.8 353
B-1GFU 7.5 19.7 26 336
B-2GFL 7.6 20.0 26 336
B-2GFM 7.4 16.3 2.2 284
B-2GFU 75 16.9 2.2 286
B-CBL 7.3 139 19 24.5
B-CBM 81 115 14 182
B-CBU 8.1 106 1.3 16.7
B-SPL 45 20.3 3.0 38.2
B-SPM 4.3 195 4.6 58.6
B-SPU 45 20.1 45 57.2

CFSZ HEZF 4dA49 dA4gule [2d 5713 2oy, 7|4 @A7 7818 B
Z AGA vs £2 dAFE HEHAH
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CFS 3 &7 438A% B-SPM 43 A7l 462 7} £, B-CBU 4347} 1.3
2 ARAF7 M Ee AEE BT

3

8

N
(o]

Ductility factor ratio(%)
3

3

B-ICFL B-ICFM B-ICFU  B-2CFL B-2CFM  B-2CFU
[29 58] CFS 3 27 A3AdE Ay

BAMFAIE 1502 B A4PAE 29X EE s 2%, ICFL 4%
Aol ¥&EB- 1CFM A¥A7F 191% A%, B-ICFU A3dA+< 232% A2 44
AF7tzdasda. 24852 CFS B AdA9 73¢9, B-2CFL 4@A ul3
B-2CFM A ¥ A7t 204% A%E, B-2CFU A3 A7t 332% A== 1H3os HRAY
g AFA B AT Zasdern B3 fRd wel R3guFHol Frtl
et AQAFE Fhste BEE EA

TY BF A B3 Heel wet vy e F¢, B-2CFL 4¥ A7 B-1CFL
AFARY 225% HE, B-2CFM A3 A7} B-1CFME Y 23.7% A=, B-2CFU 4
FA7F B-1CFUR Y 325% A= =A deid &8 2AAAE 4459 vpirt
Az B Hae 7k w8t dAAsE A, ol EAdEHAn 234
T F7IE U3 FA FH o]F9 AFHo| FUHer Hasted AMAF FA
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e Aoz Ay
GFSZ #u7zd AyAe Ayue (27 587 2ok

120

8

8

Ductility factor ratio(%)
6 &

3

B-N B-IGFL B-IGFM B-IGFU B-2GFL B-2GFM B-2GFU

[29 59] GFS ¥ 27 43Ad A4

GFSZ HuZ¥ J¥AY A4AFY A%, CFS 27 YA waztne
AEAGART GFS 8 27 4¥AZ QAR RA dehton ny A8A
% B-1GFL A#A7 3042 7b¢ %A, B-2GFM A@A7} 2228 A4A%7} 7}
4 3 A%¢ neon wedd 2 wAS FAYSS AAFE B
st

GFS 1892 u74¢ AYAE B398 vugde 2%, B-IGFL 4gAol
"3 B-1GFM A A7 148% AXx, B-1GFU AdA & 93% A=Z AZASF7}
27 JeRt 2402 B3% gAY A%, B-2GFL @Al us B-2GFM
QA7 156% B, 2GFU ABATL 149% A= AHAS7 dastarh

U 2% A B daol ek MaRe 3, BT FHEEE 2 g
2 o)%e AYo] AUHez Fastd 135~195% A= A4ASE A Ve,
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HENES FREZ A4ASE NTRE AP, ok FIYMIAES VAR
Aeol vla) 2@gos £ Hustd FEolFe Ao IR Ase] w7
Hx¥E B-GFL 7 A8A7F B-CFL 272& 2A8A 2o 108%~574% AXZ
£/ Yebie,

waygotosl 2Roz YrAw 4uAe 46 [29 5919 2o

120

| W om l
e s
B-CBU B-SPL

B-N B-CBL B-CBM B-SPM B-SPU

Ductility factor ratio(9%)
6 3

3

[21¥ 5101 CB, SP § 27 A¥AE dAAH|

gadfeg HRgd AEAY A4 A9, B-CBL 2% AgdA 9 AAF
7F 19 22 71E43A B8 245% F=e AN R

g2 gd HEAYxNEE vagyds A$, B-CBL BZ AgAd s
B-CBM E7% A¥AE= 263% A=, B-CBU % A@AE 316% Z= G4l A
&= et

8 AR AEAY 949 BY, UE ERAAC 28 & 4L Bioy
712 @A vl&) 64.7~77.8% AE9 A4S Jebyrh

- 103 -



54 3 7 A¥A A4 Bt

3 27 APAe nAAY, 2AAXE 2034 2 249 AL <F 540
Zow 7EAPAY 27 BAE 352, 249 AL 142 YR AFA7 7FE
A@ A v ZAel A YEtsd

PR7 APAF B-SP 27 AEA FA FEAY A v WfHo] ZA
Z718t x40 4 AA EFrstgern 249 AAdAE B-CBU 2% A
A7t 7H8 =A e

T HRAE BAAEAE 23 FF FHETE ARAEY FFAGo] HoA

ol Fadte AFE B

<¥E 54> 3 17 4344 Z4 |7

Yield Load Ultimate Load Stiffness
Beam s 5 - 5 Initial Plastic region
Type kN KN Test/ Test/
UN) | () | GN) | () | K g odard| KP |Standard
B-N 2186 6.3 2799 486 35.2 1.0 14 1.0

B-1CFL 240.3 7.3 315.5 19.9 BER 0.9 5.9 4.1
B-1CFM 279.9 7.6 373.7 16.9 36.8 1.0 10.1 7.2
B-1CFU 296.8 7.3 371.0 154 40.5 1.2 9.2 6.5
B-2CFL 283.4 7.6 329.8 16.2 37.1 1.1 5.4 3.9
B-2CFM 348.8 7.3 389.0 12.4 476 14 7.9 5.7
B-2CFU 351.8 7.8 391.2 11.0 45.3 1.3 12.1 8.6

B-1GFL 261.1 7.6 S21k3 23.1 34.3 1.0 3.9 2.8
B-1GFM 281.9 2 389.4 19.9 39.0 1.1 8.5 6.1
B-1GFU 305.0 75 387.9 19.7 40.7 1.2 6.8 4.9
B-2GFL 266.5 7.6 3454 20.0 35.0 1.0 6.4 4.6
B-2GFM 304.8 7.4 409.1 16.3 415 1.2 11.7 8.3
B-2GFU 347.6 7.5 411.3 16.9 46.1 1.3 6.8 4.9
B-CBL 286.4 7.3 346.0 13.9 394 11 9.0 64

B-CBM 317.8 8.1 369.0 11.5 B0 11 14.9 10.7
B-CBU 3304 8.1 375.2 106 | 406 1.2 18.1 13.0

B-SPL 226.1 45 3119 20.3 41.8 1.2 2.0 14
B-SPM 346.0 4.3 376.9 19.5 81.4 2.3 2.0 1.5
B-SPU 359.0 4.5 381.0 20.1 79.8 2.3 14 1.0
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CFSZ 3n73 AYAY 77244, 249 ZA4vl= [2¥ 51118 B-2CFU
AYA 7} 2713 453, 249 AL 12102 714 =4, B-1CFL 438A7F 2
71L& 331, AANY BAL 592 CFS 7 AQAF /1% ¥ AAH L 5y

1]

®Initial sfiffness |
| mPlaseic region stiffness |

- LI

B-N B-1CFL B-iICFM B-I1ICFU B-2CFL B-2CFM B-2CFU

[ 5111 CFS ¥ R7 A3Ad 34

CFS 849 Aol W& 27 AXNd2 vz E& %9, B-1ICFM A@A7 271%
AolME 114% AE, 249 BAAME 70.7% FE, B-ICFU AdAe 271744
oM 225% AE, 249 ZAA 542% FEE 5T B B-1CFL 4@ A
Hjs] FAde] Fdl HAc

24 2T AdA A$, vt 23 B-2CFL 4 w3 B-2CFM 4
A7 271AZANME 281% BE, 249 BAAME 468% BE, B-2CFU 48
A 2714804 221% BE, 2489 ZAANAN 1237% A= ZA el F7rstaA

Y 27 9XE 27 A g vaPds A, B JA5Y Fvb gg 2
7148 E 120~1124% BE Aol FHAAT. &4 A= B-CFL A3 A
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£ 91% FE B-CFM A8A < 218% FER BAHFA F7t me A4l Z
4% wel B-CFU A@AE 27% AT 249 24 Z7tsad
getA B He € BIHXE BRG] FUE 271 A4Y AL

BInitial sfiffness
m Plaseic region stiffness

B-1GFM B-1GFU B-2GFL B-26FM B-2GFU

[2¥ 5.12]1 GFS ¥ B3 A@Ad 24|

GFSZ BE7Zd AdA FAv e [24 512]8 Z

GFS 27 434 % B-2GFU A3A7 2734 L 461, 2489 BAL 682
7V4 EA, B-1GFL @A77 271724 L 343, 249 ZAL 392 713 we 7
Ae& B

GFS 549 5o we 57 9xd=2 vayd$ 2%, B-1GFM AdA7 271%
AAME 138% AE, &49 ZAdME 1185% AE, B-1GFU AdAe 271%
AolA 43% A=, 2439 BAHAA 755% AER 8% B3 B-1GFL A3 A
of Hl& FAdel T HAH

27 S AEAY A, &5 273 2GFL A g Ao v & B-2GFM A EA
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7} 27134 AAE 11.8% BE, £489 FANME 831% AXE, B-2GFU 43A <
Z7138A 31.3% BE, 249 AP 74 A= Bl T/

TY EZ AAd B Haol b vuRe g, 2 P S o 2
N733E 21~132% BE, 249 ZEAMNE 04~641% A= FHHAL

' minitial sfiffness
| mPlaseic region stiffness |

%9 -
£
} J I
o LI
B-CBL -

[29 5131 CB, SP & 27 AdAd 7ZAm)

B-CBU B-SPL B-SPM B-SPU

SAAFSD 2 Aunoz HEPT AFAY 2739, 249 AAdvE [
¥ 5131 Zt

gAY 2R AAA AL T BAE CBL AF A #& CBM
ARAZF 27138 FAsIRA U, 249 FAPdME 661% AE, CBU 43A<
27174 A 29% AE, 101.8% =2 A4l U HIUH.

ZH BRZY APAe AL SPM 28 A SPM d3dA 9 AL FAIR L.
L shEek B3 SPL A @A vl SPM A3AE 947% AXE, SPM A¥8 A<=
90.8% FE Z71ZAHL FUtsdh AT B AXE BPFAFo] U 5F
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42 o) 3o WY Fulo) ula) Al A 249 FAL Fastar

mInitial stiffness
| m Plastic region stiffness

BN ICFL ICFM ICFU 2CFL 2CFM 2CFU 1GFL 1GFM 1GFV 2GFL 2GFM 20FU CBL CBM CBU SPL SPM SPU

[ 5.14] 8 272 AFAd ZAdv
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55 3 B 4dA A IJH

BAAEE HR3e 4949 Bae gre HEie 2 AW el A
A He Age nyon BAANE REY A¥AY 349 FHE <F 559
2t

<¥ 55> 3 27 4¥Ad 3P

ch:k ke % ¥ ¥ H
BN TN FATE 4% P9
1CFL 5 9F Ad g
1CFM 5 @Y RE HERY 1 W Auye
1CFU & 3%, 59 AW 4
2CFL 5 97 A9 9y
2CFM $5 9F 37 E AERY P 50 AW
2CFU #5 37, 59 Ad v
1GFL & @5 Ad e
1GFM 5 @ sFw A 9
1GFU H& @8 37, 59 AW 4
2GFL 5 9% 9E £
2GFM & 95 59 Ad 9
2GFU A5 59, 37w A e
CBL 5 9@F g8 73
CBM 25 9y I8 29
CMU A5 @F 98 27
SPL 35, +5 @F 9
SPM #&, -5 9F Fdsds) 4 drve
SPU &, $5 o ddds 94 grg

(a) B-N 27 A8

Z7] #EE& FAY T4 dFA 60 kNY o FHo] FAAo A &7
o F7te wet RA ARE £33 dEo] SUHEHAT. 180 kNolA AdFdo] &
AR FEFNAN ST FATEY FEEo) FoHHEA F33F 280 kNol
A oy HAo
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(b) ICFL E7 ¥4

271 29L& FAY $& 71 oA A &dF 19 kN o o Fdo] LA
sk Ast 859 104 kN o @ 248, A3 3F 137 kN & 9 Aggdo
GAstE T AstEE ok g3 Aol FUEHEA $E5EF A AWt 9
& w2 5

(c) 1ICFM 27 A ¥A

SEaR SN AsEtF 260 kN € o 2 ES BZA AW e 4
o] ATt FH& dRoA A3}t 31F 285 kN ¥ w s FHo] HAFHIL
o A3 8F 302 kN ¥ W SHA FHEggoz HolFo LA

Ast &dFY F7tel wek AYe] FUHEHAEA 5 R RN FREL %
ZWoA ARzt JAPHAA g3 =

d) ICFU 27 AdA

#F57 & 7HEAY ARAA A3t 3F 150 kN € W AE =] L AE
FojZ o] LA

- g5 SdoA AsteF 217 kN ¥ o, FF 98 FHAAN A3} 3F 235
kKN ¢ o 23 YES} G2 FAESS] ARt veEw.

HZ23 5 9dF S A5EF 240 kN € o P22 JRHAEZ Hoj
dao] HAsHon Ast dF F7/HE Aol FTUHHEA H& dF Fd
ZHdA Atert AYHAA g3 =]

e) 2CFL 27 A4

%7] 28L& RA FEE R At 8F 64 kN ¥ W FEo] Uegge
™, 3159 F7to] wet +ATE P2 JPIA

& gioAM 3 3% 171 kN 4 o AaFd T4 F 234 e 4] &
AstRoe A 3% 210 kN € u ANE gdd A7t YEsd,

Ast 5] Frbol e MY T 2 & GF R BAE da2HRA
E7} AE de] HEA g
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f) 2CFM 27 234

Ask 8% 110 kN 9 o AE gdxgr vyegon 2 i Zdda A3}
3% 200 kN ¢ o Adddo] A3

FHz3 $2aR WA AstelE 270 kN ¢ © S3IES} BAAY v &
o] velwth & 9 WA A} 3F 312 kN € o FEYFoez HojF
o] dAstA o A} 5 Fle mE Mol FUEHUA 5 G 3HFH
A HEREYG SHAA AdEE s 3A JPHAA I H U

) 2CFU 2% 494
2wy 2dolq As a4% 170 kKN o 9 AE g 22 dehton #33
% g

11e]

At
Ast B3 F2 Aol FUHUA $5 ©R ARAR Fe|A Awde
L EEEEEETE

h) 1GFL 27 A
7] 2de RA) FIF ARolA A3t 3% 65kN I W FLol TS
Sz gr ZuoA Ast 3 205kN U W o) EAS BPA REA FLol

velskon A3t &5 208kN ¥ o AE Bg 2 Jeut
AestF 7kl o3 Aol FHEEA $E2@F W] RZAE HHFAESL

Adute st APEAA A=A

i) 1GFM B7 AgH

$2 7lEQ sURAA A% % 120kN I W FLol Een 3 wy
290l q Ast 53 205kN 4 o AwFdol LAY

Ask 5% 236 kKN 4 W AHAE we) 27 BARAG. AF, 5 wR 2
"ol A As %3 241 kN U W ANt HEAE FRAN FLo| deon
Astarz F7tol dal Aol FUHWA ASuR H¥dEd BPE HAAET}
Awete) HwA 595 gch
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i) 1GFU 27 A38A]

Ask 8% 160 kN 9 W H4AE ¥ £} SASAT HS @ FHAA
Ast 85 201 kKN 4 o, $SGE ZwdA Ast &3 218 kN 4 W o EA|s}
HEAE 2Req Fdol Uthton A 3 206 kN U W HZ, $3 vF
ZRe]s RAA wdel TS

AdetF F7ko) el Ao FUHNPA AZF HRUE A2 B, Fde
AR welol gaA 9t

k) 2GFL ®7} A& A

Z27] 8L FAY FIF sHFlA A &F B kN d W Fdo] vE%en
At 3% 150 kN & w AE mdiart SAstg o

o, $& gy ZddA A} 35 183 kN ¥ o A ZF A HAA FEAA
Tdol Yelton A3k &F 199 kN duf Ad# o] JEGT.

AstetE F7tel g8 APl FUHUAM $SdF SHd RFAd HRAEZ}
HE £ HaA I HA

) 2GFM 27 4 @A

& dRoA A3t &F 220 kN 4 o AFAE dd 48 2 234 g2 &
Aol MAZtFg o = g ZuoA Ad F 238 kN € o B4A €a @A
o] Uebgtt}. &= ¢ oA A3 33 315 kN ¥ o, ZHolA A3} 5F
339 kN ¢ o &8 38 w7z ua dAo] w54

AstetE F7tel s Aol FUHHAEA $EHER FWA BAE HRAET
A gralo] oaix v =AU

m) 2GFU 2% 2%
A2 $= g s 35 199 kKN ¥ o MHAE s 27 2 u o
2 @ao] yehstrh,
42 @3 2N A3t 3% 257 kN 4 o AuFdol BAARe™ A3 3
% 333 kN o W R e @4l e
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AsetE F7kol s Aol FUHVA $2uY Zdd 3wl RAA
AR wel Sed B9 =T

n) CBL 27 A3 A

27) 29L H= A4Y F2olA A3 8% 5 kN U o FLol HAFH.

& 9% A3t 3% 201 kN 4 o, +F 2% A 3F 256 kN I o Ad#
ol vehter Astatg Frtdl g Aol FHHHEN ¢35 dRAA & 2
g HEA =AY

o) CBM 27 AdA

z27] 2L H#5 A AFA A 35 80 kN & w #Fo] LAFHALH
A3 st 223 kN o W = SF FoA o FAg BAA FEo] YR

Aststs 7l o AFe] FUHAAAM HE dFolA B Ee HAA 37
HA

p) CBU 27 AgA

z7] #EL H#SF 714 FFAAM A3t 83 8 kN d o #Fdo] 2
A3t F 202 kN o o H& S5 A o FA S B ddo] Uend.

AastE Sk A3 MHol FUHHAA HS dFA A& B HEA 33
HA.

q) SPL 27} A gA)

27) FEE& 9% 7HEA SFRolA A $F 120 kN 9 W FLo] hehroh

22 wR 2dolA Ad 3% 15 KN 4 9 H5 ©R SR04 dZAs} ny
A Fol teksit.

Aststs F7kol o3 Aol FUAUA A5 BRIA W% B HdN %3
H9ie,
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r) SPM 87 4¥A
% $2 ©R ZR0A As 3% 250 kN I 9 HE BR R4 o ZA
9 nAl Fdo| Vet
AetF F7tol 9o Aol FUHEN H2% $5 wRoN duFd L A
EIECIEERIE TS

s) SPU E% 2434
Z, 5 9 FHA A3l 8% 235 kN A o 3 G5 FFAAN g FA
ot BAA dEo] veEryt
AetF Tkl 93] AFo] FUHEA FFI $F dFA Addd £ A
H odte] HEA s 5l
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56 3 X W3 AA@F ol v
ACI 71244 Aelshe B7 ARd2 ¥ u7d 249 ¥ ZEE (A50% 2
o 3o} fr},

c
_2_) ............................................. (5.2)

M"=Asfs(d_%)+lpf,4fffe(d_
7] M, : @ T A%
M, : Z3dE9 YRPFIZe A=
My : B7e 9% 7=
¥ B o8 FEZLAF

<X 56> 2= dd AAZHA o279 v

test cal test cal
Beam Type My M; (M;™/M;™) H] 31
kN-m)| (N-m)| @Rezg4408)
B-1CFL 12.8 21.6 0.77
B-1CFM 33.1 81.2 0.53
B-1CFU 32.2 81.2 0.52
B-2CFL 17.8 415 0.67
B-2CFM 38.5 157.1 0.38
B-2CFU 39.3 157.1 0.39
B-1GFL 14.8 23.1 0.94
B-1GFM 38.6 88.1 0.64
B-1GFU 38.1 88.1 0.63
B-2GFL 23.2 445 0.90
B-2GFM 455 168.1 0.46
B-2GFU 46.3 168.1 0.47
B-SPL 23.5 41.2 0.57
B-SPM 315 64.3 0.49
B-SPU 33.7 66.1 0.51
B-CBL 115 9.6 0.73
B-CBM 34.3 2779 0.75
B-CMU 35.7 2117 0.78
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71€ AFAEL FRP 5§42 § B7E A3 ERY 3 BAERE 32
JES 3 BRZY 3 FEEWM)T FRP E3A9 3 E9EWne o2 A
¥tn 2¥3tn 9ok oo mEl FRP £ & 8 27 8 Jdidpe AA
FRP EtAZ2 278 A9 3 NI W=M+MpoalA FZZAE KB I WY
(Mo & Azsted AAse 2AE 7|02 81 o

w8 B7d o 3 WldWmHe AANY =M MA A 3R
ZH A & 71EAEA 8 WIAWHE et FEA

CFS # Bl o3 ACI Codedll A zItst o]&gtst APgkel st Hud
A7, o]2%kel s B-1CFL # 2% AdAE 7% A=, B-1CFM # 23 43
Ax 53% A=, B-ICFU ¥ 27 A3AE 52% A%, B-2CFL ¥ 2% 2¥A=
67% A%, B-CFM ¥ 27 AgAE 38% FE, B-CFU APAE 39% Z=9 A
Y3k B

CFS BAHS 3 27 JAEZ oz AFd@S vugds AF, 22dF
Z7 ol 93l 14~28% A=, RAHAER 31~43% BE9 zo]& YEeErRT

GFS 3 27 AdAY 2%, ol&3k°] "8 B-1GFL ¥ 2% d@A = 94% A
%, B-1GFM ¥ 27 A¥AE 64% =, B-1GFU ¥ B3 AL 63% AE,
B-2GFL # R7Z 4dAME 90% AL, B-GFM # 273 AJAE 4% AE,
B-GFU A 8A < 47% A=Y AEaE UYetio

GFS B7ZZH59 Z7tdl o8] 5~27% A%, GFS 3 2% A¥2 31~43% 3
o ol2gtH AL AolE BT

CB # 272 A¥A9 %%, olgzd Hlsl B-CBL # B3 HAdAEe 3% AE,
B-CBM ¥ 27 A¥AE 64% A%E, B-CBU # 2% APAE 63% =9 43
& B4 CB 8 2% 9XE2 vagds 39, 3~7% Ax o|E@H 4F@g
2}o) & v}EbWT),

SP 8 27 AgAe B¢, ol2atel Hlsl B-SPL ¥ B A¥AE 51% AL,
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B-SPM ¥ 2% A¥A: 49% A, B-SPU # 127 d¥A< 51% A= 49
& vtk SP # B fXd2 vafde A, 11~14% A= °lE33% 4%
g 2ol g YEld

ACI 719X Boste B3 Asds 3 2729 749 3 2= 4% 9%
HZEE vag 23 RZAREE § 2AE B¢ AYFRG oje@e] A ¥
HHE 2%e R0

ol BF A9 Tkl mE RFY Ast BANAA wE Y FHe Ao
HEQL AR AIREHY B7 HEy R RAAXNEE FEZRPAT HEo] YLy
Aoz Atgdd. WA £ 2349 F7 R EAHT, 27 AXEE 038~0HM
Ax FEZAAT(RDY Mol €8 Y Ao AR
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574+ 4

D AIE3YE TR B2AAE HEA o3 11~47% F= W] F7}3t
How GFU A8A7 469% AE2 7% EA, SPL A8 A7 109% =2
7P 9 Wy 3718 2R
ERAAAERE 79 B Ros d8ud S9 Biel WHo A F713t
Aom WS BAF AS IRUR} AL AT HEFd FAHE Y 71
€2 THE <8 A% 3L a3 Qe AL2E AlgdH.

ARFAES BAHF & Wy F7le CFS E7 43AE 51~72% A X,
GFS 27 A3 e 51~86% AER 7|EHIANE 1722 BT ARG 2
Heg A Aol ¥ WHFHE B+

2) 427 9 Ui BRase CBL 274 AJA7 57% A== M =
BRAERE YetdY. ot FINFes vgd dxidadde dE2H
TUE A4S FoEA FL ¥ gy RAEHAE E AR AsEH

3) BEZ A¥A9 AML RAPT R BP X wE BHAPFe] FHEs
AP A M3 FE o]F e AFo] Aade Z|ELPAA & 217~
586% HE9 AN RA

4) HEZG APAY B4L 27 Hes R BER AAE B guHo| FgsE
W2 A Fdd A Mo it 71E AFAN v 271348 R &
Y 7ol FUEHNUH.

g n7 A¥Ae BAYHE AFAE A9 B 39 2 GRug yuy
9 % AR gelel dad BAPE FFE Bk da¥ATR RFAYA
t 2ZA e R AW glo] 2AAE RAH ¥ ABE I8 %

5)
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6)

IR B PPN HHNEE AWl e He] Basd @
Fol PuAA 2Aste Aol FL VANAHAUE 0§35 wPHE
Aol £¢ Aoz Azdd
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