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MREZM(FABRIC, TEXTILE)E Sntstol Hteig £ + e @7 x70| JhsE.

- EAel =ME2 = dHiRlHe] A, A|HE+ZEl0|of4], Me|7tE2=2 FMEo{U2n], ZXY

ARO[= O~1mme| ZHEME ALE5HE US.

- [Ag7t&]2 337] 2k 100um=Z o 22 FEHAXE JHX|= olael vhsM ZEEE A
2M, AHE $31o| £ SAZF9| slLtel £AetZtE(Ca(OH)2)2t BhEsto{ tHEEIASl
£ =0|1, =Ust o|M|Tx=2 o EElAQ} HIAEIR Alo|o] ZEHEHE SIHA L

- [Eztolof#|]= MEIAL TREOIH, AAT7|E 10~30umZ A|HEL} H|SHX| 2 7
A2 A|MESf THEE. AE[FtE2 2l 2 2SSt B FY|NMezs YEIF 2 0
Y71 2= N Fdo| gaE.
2= Uetstdol| JHMEn, Y2 (pH)7F HdaE. £, 3t
m}

- =
daEn, 7| UES XAA IR, 7|2 5t chEe| gl AletA SZ

3

2) Binder: ZEME 2lojsin], A|HESL =5l (&ela, M2l7HE, E2loloj4] )2 FHEHUS.
3) Technische Universitat Dresden: =g =M F =2 Adof 2{x[st S ale| Soichstm

4) Butler, M., Mechtcherine, V., Hempel, S., 2009. Experimental investigations on the durability of fibre-matrix interfaces in

textile—reinforced concrete. Cem. Concr. Compos. 31, 221-231.
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= eH&l (EVA(Ethylene vinyl acetate)Zl, ACRYLATE, SBR(Styrene butadiene rubben S)&
HIlte 24 FRCM S&Mel M 3 HMsS SMAZE = US.

H# 1.1> FRCM2| tfEXel FI|A4 HEEA Fd

Mineral-based matrices

PZ-0899-01 FA-1200-01 M1 M3 M7
Materials SFB 532 SFB 532 SFB 528 SFB 528 SFB 528
Cement ¢ kg/m* 490 210 539 549 839
Cement type = CEMI1525 CEM 1525 CEM III/B 32.5 CEMI325R CEMI325R
Fly ash f kg/m® 175 455 243 246 =
Silica fume s 35 35 - - -
Silica slurry (w:s=1:1) - - 539 54.6 -
Binder (c+f+s) 700 700 809 822 839
Plasticizer % by mass 1.0-15 0.9 2.1-22 23-24 2.1-2.2

of binder
Siliceous fines kg/m? 500 470 - - -
0-0.125 mm
Siliceous fine sand 715 670 - - -
0.2-0.6 mm
Sand 0-1 mm = = 1079 1092 1189
Water 280 280 2427 245.6 279.9
w/c - 0.57 1.33 045 045 033
wh=w/(c+f+s) - 0.40 0.40 0.30 0.30 0.33
(L)) A LR (TEXTILE)
- dMdE8e= SoIA JHE LetMo g Mgz BAEY el a2l =g
- ebHel 1 gdoz Fotd?l chol YFci(Warp yamn, ZAH At
olof| =|ztdtek ZH(Weft Yarn, ®IANE 719l 2, 2HA40t A =& MEelE 7
X|st7| #5t 3 2.2]

Twisted warp yams

2|= A= g (EX: T. Triantafillou, 2016)

- J2|= "Aetde 2D 12 gatolod, Mg2xof w} 2D HAEAS
C =

A Al =

Ol

[28 2.3] 2D HlAEY EF(EX: T. Triantafillou, 2016)

_9_



- FItMe g, HNzxE a2l HAsrdel IYEH2 [I28 2.4]9 20| FoulardE AtER.
ZE Ozl EAEREZ Foulard ool X , ot3%, SBR &)x=E& SIA7|0f

I
Squeezing E21E 083510 =X[& M = JIE7H S SHUSIHM J2|= HAEL S Hot
Al74 ZEIS 2MAIZ.

Sqgueezing

roller Cooling

Winding

- HAElOR|E Eo| 5ME HAERRS TMste MRRYUe WEFXE HYSIAI7| 1, HEl
E Z™AF|= Adoln, 7|AIM EMel AFUEE 77| 2Tt w3|E [O8 2.5]

- ZEMe| MEo wal Y s53= IA ZEXe, =X g2 2ol IEE =Y Hch
eldtstE 2 WX|gh #Eo| =2 SFol US.

- (sl2l HAEY HE )2 M =Y Al

SR, BN, AZH So| Jeslof HFol Mg
MES A Y BB US.

o "SOLDIANAE AR-R2I4iff, BIIEN, SERE N8BS FRP 222 2 oy
A gefo] 2D/3D HAEIY ME 9 ZalFjAE TRC MES Eoisin e,

o “V.FRAAS™AME BiAEIY HME, HAEIUS P 2% ME U HEJ| & 5 AL

o EE SRS MSshe 2A.

ne
10

T I T R
e J\,

s 1860 RO‘."iﬂg' 2400 tex wn’ylﬂs‘ef—urﬂmﬂne
Z ; P
30mm > Concrete: SFB 532 Standard el Tepregd
— i j__‘,,f";/'/: Cold hardening epoxy
S 1500 1 e
tF < P ) e

o e U] g
5
m — —_—

1~ Concrete f‘fﬂ_ﬁ.———ﬂ— Water based epoxy

)"'__‘-\::::-
ﬁ| 30 mm vam .
. ¥ 7 B
ey B
Separator ___+—— Flexible epoxy
|~ Sealing /""'f
o
Roving /
— Metal pipe o ca
VE /,f'——*" Without impregnation
t

1 1.5
Crack opening (mm)

[18 2.5] TERAN S EHY QlutM 55

ofr

5) Schleser, M., 2008. Einsatz polymerimpra “gnierter, alkaliresistenter Glastextilien zur Bewehrung zementgebundener matrices.
Dissertation, RWTH University, Aachen
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(7h o=l eH(EZ 2RE] 2H)

- E8I=A00f| =M, FI(H HEML LFZAH2 AlSH(Fasd, doefda)nt M7
eto| AN, LiFM (YL, ettt )22 @FXHS UHESt= 7|&2| FRCM Hi &
(TU Dresden, RWTH Aachen)dlA HMA|Sl= 8 ZEAE[(W/B)2| 30~40%E 7|&=2=2 Z=E
HietS AASIS.

- M=o g2 KS L 51092 wfghdttHof w2t 51 Z X E ALEsto] =28 dE3s =%
7| otofl €0 o|z| wigts =2 =2xMe MHS F T HEHESE 60 SO =9t = 1
£OZ H}HO| 30 o =gtsict O T, 2V E MX|stl, REEEE 90X Q2 X
g = ofA| £Ho 2 60X Fof =Eetct

- Z[ZHf e AHES| 2SS 40~60 SR 5 SEH%M SIMAA & Z=ME(W/B)e| Bist
of s FI/A HEHe Ms"HIE AAst¥en], Axdnt & ZeH[(W/B) 42.5%= 7|
FoZ AHIE0| SIIE w2l AFLE 3 HAE 25 TSItk 482 HolX|2h, &4F4E
o A2, & ZATAH| 34%0|stlM Z=7F L™ s RAI=EUS. <E 2.2>

<E 2.2> 2Z4EANU|(W/B)e| Histol| wE v |

- A - . Compressive Strength Flexural Strength

Mix W/B Composition of content by weight (%) (MPa) (MPa)

(%) 1) 2) 3) 4)

NO. C S E.A S.P W 3d 7d 28d 3d 7d 28d
1 42 .5 40 56.02 3.80 0.18 17.0 38.5 43.2 52.4 9.4 11.6 12.9
2 37.8 45 50.81 4.00 0.19 17.0 40.6 46.8 57.8 10.1 12.7 13.5
3 34.0 50 45.70 410 0.40 17.0 43.3 53.5 63.9 10.8 14 .1 15.4
4 30.9 55 40.58 4.20 0.50 17.0 47 1 58.2 64.3 11.7 141 16.8
5 28.3 60 33.45 4.30 0.60 17.0 50.9 59.5 64.8 12.7 14.2 17.2

Note: 1) C: Cement, 2) S: Sand, 3) E.A: Expansion agent, 4) S.P: Super—plasticizer

F

X

q

Of

(Lh) o

0x
or
02
0z
mjo
do
_91[
=

Oh
Y
X
0
N
r
=

o

I pS| Sk dlj &l =

- zZ[=dfgte| ZalE 2.2 FX)E HIEHCZ F/ZAAMME[(W/B) 37.8%= ot0{ et Ms(Ys2
=, ", FE4E) E WFMHE STAFI7] fIstod cieket A (AHelFHE, 1242 o|E
) 2 short fiber, PolymerE F7I2 ZQlst0{ tijghd A 2 J|2ASES AAGIRS. <E 2.3>

- JE1tl &2 FRCME F7(A4 ofEEAL dstM M5 3 WFAE S&lsH7| fI5t0 2|7t
Eo ZUHES 1.0~4.0 SH%HRAZ 5t 1.0 S%U SIIA7 AMe2|7tES HIH|S0
e Zx HIE =elsty| (st b etstd s

- g2t as1tlEte AEADE ZHE AZFE 1.05F%E 7|F Hlgez sl W+
Mg ZEAF|I7] 2sto] sefd EUZFS 2.0~8.0 SHRHRZ st1, 2.0 SR STHA
71 Eellae =™ w2 ZEHSE 2elsiA S

- OE3dEe EUTEES 250 OE1, 2dfgte] MEHANNE ZHE AYE ZER e KAl
HE 42 ZH%, M2|FIE 1.0 %, Sl 2.05H%)2 7|F22 HERe =& uf
2 ZzH3E 2elstR S, (Arisoy and Wu, 2008)

o

0
N
N
=2
Im

i
[>
|0

- OE4tHfgt2 FRCME & |
7 8 AIIY WE YEHIE SHelsty

SAMSS ST 250 B2I0 (PolymenS
p=2
s

6) T.C.Triantafillou, Textile Fibre Composites in Civil Engineering, Woodhead Publishing Series in Civil and Structural Engineering:

Number 60, Elsevier
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H 2.3> F7A EF | siehdA 2 AeZ ot

Composition of content by weight (%) Strength (MPa)
Group ;
of W Flow Compressive Flexural Bond
/B mm
Mix. o | & |ceas|seo| pva | POY | ™
—mer
3d 7d 28d 3d 7d 28d 28d
45 0 185 40.6 | 46.8 57.8 10.1 12.7 | 13.5
44 1 180 42.0 | 47.3 62.6 11.3(11.7 | 18.3
1 43 50.81 0 2 0 0 170 42.7 | 49.8 72.6 122 | 12.6 | 18.9 -
42 3 170 47.8 | 55.8 72.8 12.8 | 141 20.5
41 4 175 48.4 | 54.5 71.5 12.5 | 13.8 19.4
44 0 180 42.0 | 47.3 52.6 11.3 | 11.7 | 18.3
42 2 175 44 .4 53.4 70.2 14.4 | 14.7 18.4
2 40 50.81 4 1 0 0 170 43.7 | 54.7 70.9 13.8 | 145 | 18.3 -
38 6 170 43.2 | 54.3 73.4 14.8 | 15.2 19.3
37.8
36 8 175 46.2 | 57.7 75.6 13.4 | 14.9 | 19.5
50.81 0.0 175 44 .4 | 53.3 70.2 11.4 | 14.7 | 18.4
50.61 0.2 170 47 1 61.1 75.9 16.2 | 17.4 | 20.1
3 42 2 1 0 -
50.41 0.4 165 51.8 | 60.8 7.7 16.2 | 17.6 | 19.8
50.21 0.6 150 51.8 | 57.6 76.2 | 16.6 | 16.8 | 19.6
50.81 0.0 180 44 .4 | 53.3 70.2 11.4 | 14.7 | 18.4 1.05
ACR?
50.61 02 180 30.5 | 35.5 40.4 11.8 1 11.9 | 13.2 1.583
4 42 2 1 0
EVA®
50.61 0.2 180 41.8 | 50.2 64.2 12.6 | 15.2 18.2 1.75
SBR?
50.61 0.2 180 41.8 | 449 | 58.4 | 12.3 | 13.6 | 15.6 1.53

NOTE 1) Cement, 2) Sand, 3) Acrylate, 4) Ethylene Vinyl Acetate, 5) Styrene Butadiene Rubber
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o o G -~ = OF 7 OF nf % MU Rl NE O ! R ¥ R g
N oo =2 WY ¢z o0 € x gy A5 e = ue 3 LY
U Lyg £ T Xy 22U o m N Il o gl
MW L8 WK N BHo- > O = - :
S-enNzE oo Swma TR =3 WD 22888%882° 22888%882° =
I I _ I (ed ) WSuans darssadwo)) (edIN) Y3uans darssaadwo) 0
~
=

1986
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"Flyash, Silica Fume, Slag and Natural Pozzolans in Concrete." ACI SP-91, Vol.2,

, 2009

=

8) Malhotra, V.M.
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90 25
80 @28 days
§ 70 & T 20 77 7
= 60 — e Sl < B =S L % 7
E 50 .—_— ..... ._ _ ’. _________ . g 15 | / / /
P £ Y _%zfﬁ_i J
2 30 | -@ 3 days E / 7 /
= =
g 20 -m-7 days = 5 | / / /
&) 10 / / /
. —A—28 days , A A A
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
PV A-Short fiber content (%) PV A-Short fiber content (%)
(c) Short fiberel =¢lzkol| w2 Z TSt
90 =
= 80 SBR :ﬂr
E 70 ey LH
< 1XME e S5 X |
Eﬁﬁﬂ — —/— — EVA =
e [ |
£ 50 S e |
; 40 - :\Vj L $ ACR
230 i -@- 3 days
< 20 1 -m-7 days NON I
10 —&—28 days T T T T
0 0 0.5 1 1.5 2
NON ACR EVA SBR Adhessive Strength (MPa)
(d) Polymer 70| 2 ZEH5}
(O3 2.6] z[Mufjgd| =& AsHZ 1}
(Ch A5ty EM 2 ZAMME 12s 2 AuligH| =&
- Hlolrie] PHER 2 AES] Beloke WAR 510] (1#)HES AME 420 EF%, 22
0.2 %, AE7IE 0.1 SH%=ZE 7|2 Z st end, (2w)dighe (184)ulf gtofl H|st
o ME|7tES HMelst Higez si¥en], ()2 Ale[7tg ¥ £eldE M elst, AH
Eol EUUS 40.0 ET%E stof viF F LT L FHY ENS 2HUS
- =Z2r 2 AR = 37 v 2R AXEHE SELR UEAUE 60MPa, EXUE 6MPasS BHE
SIX2H AXMM EMS st Zul Seiael J71A(53:/kg), AlEIFtEel 714 (420) /ko) A&
oz 25t 1m® & ebuirh ksSSP mf2o| 2 EolA FRCME F7(A4 HEA el AMAMe
12sto] (3H)uiEe 2 BHIESZE MHSIFS. <E 4>, [0 2.7]
<¥ 2.4> FRCME F7|A ™=H =[xl ghd|
Compressive Flexural
Mix Composition of content by weight (%) strength strength
\?{,//? (MPa) (MPa)
(o]
NO. c" | 8% | sF| s | pvAY  EVAY | ADY | W 28d 28
1 37.8 | 42.0 2.0 1.0 | 50.31 0.2 0.20 429 [ 17.0 75.0 18.5
2 38.6 | 42.0 2.0 0.0 | 51.31 0.2 0.20 429 [ 17.0 74.9 17.4
3 42.5 | 40.0 0.0 0.0 | 55.31 0.2 0.20 429 | 17.0 68.3 16.3

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate ,
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5) A.D: Admixture



(Bh 7I1E EsREEt2elo] Hoty 54 A 74 H|L Al

BA|HE
- R
I I I I I
0 30 60 90 120 150 180

t4 (®EE/m?)

(28 2.7] 27|14 & ZAAE 24

1171 1o X
AlEoll Hojsln Qe 7|1E EenEEt=ete] & ﬂmlouA sk 2714 HAA e 22|M S
2 T (LR 2 2SS, B3IEE) A
(Wzigld vjm) [38 2.8]olAM LtERH Zd1p Zo| & LPHIOHH et S04 HEH S| e
Ze|ds2 7|& EfZ=E=2} v|WSte] detdsolM 2 XolE I—PEH—HII Ao, KS F
40420l M HA|E AFZE 20MPa2| 7| &0l 2HESH| LA S0| SE5] HEHUS.

(%;#—ﬁl-’?— Hlw) [38 2.9]n Zo| AyAn, = "PHIOHH =l —'?'— | Al JHJ"‘7(1|°| = 74

>
ol
ﬂJlO
E

0|r

£ 01022 7|& 2522Et29 $X(Q 0.1
F 40420._I 0.5[kg/(m?>n*)] OISt Z|Egfoll 2+F5}0] %—E—ﬂ HWrds E—.*Eﬁﬁi%.
(SS=Z Hn) Loz F7\A4 HEHMe 7|82 57 =2 d2e &5zl

dek2 o|RH, HUFHSHME SZESHASEnt 2Fet 2AE 7HX7| 2ol dataE =2
=

= AFolAM Jhget FI[AH YEA SS2x=
S 227t M2 AE S5t =28 dF &

<E 25> EfZEEE2(7|E, 7iehel g ¥ s2H E4

Compressive Flexural
Mix Composition of content by weight (%) strength strength
W/B (MPa) (MPa)
(%)
NO. o s? PVA® EVA® A.DY W 28d 28d
7= | 45.7 35.0 61.14 - - 3.86 16.0 61.7 13.4
ek | 42.5 40.0 55.41 0.2 0.2 419 17.0 68.3 16.3

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate , 5) A.D: Admixture
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(3) BAEIY T2|E MATIEHY W BN MSBM/TEMS HE
(h BZ8 HAE WTN HE MY

- HAEtdel 7Y HES Slsl0] BUS HAEtde NRER, 2EFR(Roving/Grid), &
dh (SR, EHAH3%), LZEI(PH13), NaCI(3%))8 Wa2 & 14470 MEAE FEstof ol
HAUHS +HHAS.

- (%2Y: Roving) AHZINE 2.6, 22 2.11), EtAMR(CARBON)= Z&X| A& ol H|E
0f UZ2|(pH13), H20I2(NaCl:3%), B4H2%) R0l Ex|st Melxlols oIztzze| 3
b wMER| e Hez LiEps.

- HIMEMR(BASALT)E RAX AMEFol bl3to] YZa|(pHI13)BHl EXIst MElHolAl o
47%2| AZZ ol XMst7t LEHG 20|, HA0[2(NaCl:3%) UM 17%2| AXLE Xst7t
SASIH 0], BAH2%)BUOIA SIEZE I 022 et WMol 1R Flokst Hew
Ebt S

- PETAR= Sax Agdlol ul5to] Lza|(pH13) %ol HxIeh AalaolA oF 17%, Hol

2 (NaCl:3%)8Holl Al 16%2| AT M3lrt LIERGOD], BHAH2%) B0l A L T4el A

St7t Aol LtEtLEX] @

tob EHatol U LITASS LIEHY S,

- 72l F(E-GLASS)= F&X| AEAMo| H|stod LZe|(pH13)8MHo| & X|sH AHAMAM 37%
o QIAMUEXNSIE LIENNU2D], HA0[2(NaCl:3%)mt &rH2%)dM= HTFEX ST 2
SHX| U=,

- 72| F(C-GLASS)= E-GLASS AlEA 2t FAFSHA LZe|(pH13)SHol| EX|eF Al X ol A
46%2| AFBUEXNSHE LIEIASD], F20[2(NaCl:3%)nt & 2%)AHM= WHTFMX St
LM SHR| 22U,

- 72l R (ECR-GLASS)= E-GLASS 2 C-GLASS2t FAFSHA &Z2|(pH13)=2dol| = X[EH
Ao 33%2 QAAUEZXGIE LIEINU SO, HA0|2(NaCl:3%)Zt EAH2% )= Wi
TAX ST W SR 2AUF

- Zte| Aol 2o ot e SoM ElAM F(Carbon)7t 71 55t 20, HIAE
M7 (Basalt)= 7t Ftsh AHZANE LEHJIS. ESH Fe2ld F(E-GLASS, C-GLASS,
ECR-GLASS)= 40|21 Ziatof oist MetdsEct eZtz|o ofst MaMds0| W2 Ad
ZAIE LIEHNAS.

<E 2.6> UTH A5 AEZ 2 (Roving)
IEZ = (MPa)
Sy HRZR | =ZH
& pH13 NaCl (3%) 2HAH2%)

CARBON 1,929 1,916 (99%) 1,927 (100%) | 1,917 (99%)

BASALT 847 451 (53%) 705 (83%) 0 (0%)
PET 778 645 (83%) 653 (84%) 768 (99%)

Roving None
E-GLASS1) 408 259 (63%) 407 (100%) 407 (100%)
C-GLASS2) 1,226 662 (54%) 1,165 (95%) 1,210 (99%)
ECR-GLASS3) 627 423 (67%) 601 (96%) 629 (100%)

Note: 1) E-GLASS: Electrical GLASS, 2) C-GLASS: Chemical
chemical) Resistant

_’|7_

GLASS, 3) ECR-GLASS: E-GLASS

Corrosion (High



140%

ZNON B Alkali
120% A
O NaCl 0O H2S04
100% + -"7"_#-—---" === Sl = = pm e T T PR T - =& T -
2 17% 17%—]-’( 3% | 46% ] 3% |
E g% 4 = = ; 2 " 7
E ° 3 47% || 100% 16%
£ ] = = &
S 60% - = l . i 7 |& e
a = a1 i -
g 40% -
5
%)
2 20% -
£
)
H ..
CARBON BASALT PET E-GLASS C-GLASS  ECR-GLASS
(22 2.11] 74 dF A& Z2HRoving)

(L) 28 HAEY BaMs HE A

o
- BNz N8 YA J2|=e 271 HANMSt RAMSS A st £ X

Ct2 &&F(Pull-off, Pull-out)e| E&ASH S XS S.
(o)

- -2l Al A==l Cish HIAEY O2|EE 2 T, AR5 FE, dAMAol=E, ZEAYE,
AxHAHZ F 47 D52 EF/sH] AHES THoIUS. <& 2.7>
<E 2.7> MY EE(Pull-Off) A Lzt
- - s Z{ XFAlo| =
AEEE a8|= EIN 248 ol 2l A AT
CARBON st=: C
M7
— = BASALT == A Epoxy 25%25
ST
ECR-GLASS st=: C
24 X} 10x10
BASALT =2 A Acrylate 25%25
Aol =
40%40
=2 S Epoxy 21 %21
SHELA Acrylate 23%x22
== CARBON E=1=1 Y/ SBR 23x23
Polystyrene 23%x22
20 mm
PET
st=: H PVC 25%25
(Press)
CARBON
SE .
- (Pillar =2: S Epoxy 21x21
CION| .
= stitch) —
E-GLASS | oeetlieeg
(Leno S sh=: HI Urethane 20%20
weave)
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Adhesive stength (MPa)

Adhesive stength (MPa)

3.0 3.0
= L= Je|= 37|
= 150%
[-™ o,
2.0 S 134%
N’
144 o) 1.37
w
1.0 E 1.0
$
=
=
<
0.0 0.0
CARBON BASALT GLASS 10x 10 25x25 40 x 40
(a) 22lE 3R (b) azl= 37|
3.0 3.0
2.48 X1 X Hity
s - 2.23
< — -
- i
2.0 S 20
41% 2 37%
=
]
w»
1.0 2 10
‘»
D
=
=
<
0.0 R R R 10y 0.0
EPOXY POLY ACR SBR Pillar stitch Leno weave oFxt
(c) &M &7 (d) &=g

(38 2.12] Pull-off A& 1}

(NFE: Pull-off) AEAD[IE 212], JBS FRY EHMSS oME MR}
1.44MPa2 71 £2 SESHES w3 5US. HAMRE HHAE MR HIl0 82% FE
(118VPa)o= S5E 458 w3 SAMSE 12%4FoR Jhn we 2xse

1O 1

= 235K

o = =g —__‘17|“=' FAREs2 aslE 277 10mmolME= 1.37MPazZ 7+& 27 LEHg 2],
25mm, 40mmollM 134~150% =22 SAMEAS.

eEFe] ERE FHYsS IE2EHusX|et of3EX=2 ' J2[ETF °F 2.35 ~
2.48MPa2 71 £2 SS22 UELUSN, olEAFX P SBR FXOME o
Yactel J2i=e] NZWYAM WE LASHE Pilar stich HEWA 7t

= —_
2.23MPaZ JI&F =7 LIEIG 20, Leno weavell Press & =xdtA ol A< oF 37~50% —’F—’E

oz ez U2 FEAIHE LEUAS[E 2.7 F=X].

M

b: Pull-out) Al&Z

o
3
I

21, ZE A2 EFJ"—I@EHE a2 =T = EE
|

=] = d
g ARSI 27| ofEZAte| Falof oSt MFeldo ofsto] T = AUS
[O& 2.13]oll ZH BHieEZ Qlutg3 T EtdAl MAE LIEIUAS. J2ls &Fol w2 ¢l
SR XMAT = BN FIL 4.32MPa2 7HE = LIEHGen | 7| BIM AR SUSIY S.
EM BR0 wE ALURIZUT= o ZA X2 ZE G |=7} 5.43MPa2 71& =2
TZEo| Ridss Ust¥en], Ez|Aa2d, ot 0|E, SBR =MZ2 FAM 50| XMt
= ZES LEAS. ZT|EHEAFe| 2, ol EA|, E2|AEA, SBRe| EEAMIL H|xst
FZ0|0{, ol Ea0|ET} JIE IR FFE2 LIEHAUS
BIAENY T2[=e| A xdkA o w2 ExMs 2 XIJ|ERM AT} Pillar stitch 5.43MPa, Leno

weave 3.02MPa, Press 2.45MPa =MZ olX|= A2 LIEpA2[E 2.7 &H=].
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6.0 6.0
(@)
g 40 o T 40 ©
3 2 o
4 2.0 O 4 2.0 A
= TN =
»n 0.0 2 0.0
1000 1000
800 800 o A o
E 600 g 600
= 400 © - = 400
& 200 A & 200 g
0 0
CARBON BASALT GLASS EPOXY ACR SBR POLY
Type of grid Type of impregnation
(a) J2lE BF (b) & B&F
6.0
(@)
E 4.0
2 20
»n
£
2 0.0
100
800 )
E 600 O
2 400
w2
200
= A
0
Pillar stitch Leno weave Press
(c) = z=ur
[28 2.13] Pull-out A&Z 2}
5.0
O Pull- out
7.0
[ ] puroen
6.0
4 & &
&lﬂ 5.0
=) ® O
=
5 4.0
z
W
v 3.0 ®
g Py
=20 o
! O O O
1.0 § § %
g Ll Bt e N : N | %_
CARBON BASALT GLASS 10x10 25x25 40x40 EPOXY POLY ACR SER Pillar Leno Press
stitch weave
FIBER GRID SIZE IMPREGNATION WEAVING
(28 2.14] SAEY J2|S0 BANS NHAD
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(Eh oistsl 54 2 Y7y

|

25 BIAEY 2|2 M (2) RAl

=

7(ROVING, GRID)7F &Zel(pH13), @20[2(NaCl:3%), =it
ABUE NUB0| ot hTH0| F2 MR HIHAS.
(P

Ly A Alsi o
(H2S04: 2%)EHof|

o oo
rok F>
ox

- HIAEY Oe|Ee RU|A nHEgEARte| BatMEE 271X AlEYHH (Pull-off, Pull-out)oll 2
stol st 21, FEU4E= MRE3FAUM B FO2lE, SEMBFAM of ZA|FX], &
Aol M Pillar stitch 7} 712 258t M8 4435192

- HIAEIY Oz|Eo| M 3 BEXMs AFHZALE 1DsiFS I Bt R O2|EE AIEE
42, ¥ ZI2E FxEo Msaa 2 FXHzlo Fele Aoz motxo{, HlAEY O
2l=o| SHEAN 2 Al xdHHo| Cist HE= 2AHH R FIMOZE 5P S

(4) =&

SI21A A HigtalE S §stod SHielHd|(wW/B) 2 F7IH 2 (AlelZtE, S213),
Short fiber, Polymer(EVA, ACR, SBR)E &85t 7|& E+Z2El=20| H|5l0] Hstd M5
% UHTFAESS &aAZI FRCM S8 F7(14 F&HE 7Hestd 3.

o= o
FROM =8t 22tg elAety Ja|=o| 2 MrAl(ehs &3] 95l MRERg(sa
HE, HMENR, RRHR) SEYTHAE (LR, g4, Yo0l2) W HARY J2iE 5
Mg SAMS MBS SUS ZD, SANMSIE UPMSTOIM 4E ARUE LEYC
of, BAElY SMol MRER, J2IS 37|, AN BF, MY LANS B g
2 olxle W2 selsigon, BAsty da|S AXMA(eHeR Tejslol WS AR

_2‘|_



[2RHA = ]

AN Y =

53]

| R HETE N

S A
5/1: FRCMEE TX2 B4 827|s 2 I7|HS S8/UTHE}

1) =% 7z2
A

HE, Q)32 2#H E£= X200 M Zst7

- Ol 22X ALl cfetdel sZMoz IjEEAE RIIS0AM FI7ZMZ thAst, M7
HZM= F7] ojEglAlte| BAMSS SHAA[F|7| 2[5t01 AXIHEl (Textile)2 23 ALE
5t

- M7 43E Ues T2 SENe FHH2E|= FHMEEA St (Metal Matrix Composite,
o|3t MMC), 12X} o E=lA =& (Polymer Matrix Composite, 0I5t PMC), FMIjEA
S &HAl (Brittle Matrix Composite, 0|3t BMC)2 TF&%=/0f FRCM2 BMCel sh7idol =
5t 12)

— )

©

"

@ Strain-Hardening
E Un:a’.\ _______________________________________
—

o

o pROTEY .

Stram-Softening

Amount of fiber. Bond stress |

|

Em Strain (&)

[O8 2.15] M ofEE=A 2| (Brittle Matrix Composites)el =X HE

- BMCOlM DHEEHA(FZ|AH §&M)s dd¥ez ofsdoll, v|luX =
o} =

OF, QIMZETE H2 O2IRE, ZE2E}

ASLEE WA

rlo

S
, =32 EQl.

10) Choi, D.U., Kang, T.H.K., Ha, S.S., Kim, K.H., and Kim, W.S. (2011) Flexural and bond behavior of concrete
beams strngthened with hybrid carbon—glass fiber reinforced polymer sheets. ACI Structural Journal 108(1),

90-98

11) Al-Salloum, Y. A., Elsanadedy, H. M., Alsayed, S. H., and Igbal, R. A. (2012) Experimental and numerical
study for the shear strengthening of reinforced concrete beams using textilereinforced mortar. Journal of
Composites for Construction 16(1), 74-90.

12) Diana Arboleda,

“Fabric reinforce cementitious matrix(frcm) composites for infrastructure strengthening and

rehabilitation: characteriazation methods”, doctor of philosophy, University of miami, August, 2014
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- BMCe| #+=H H=2 FRP2} 0 Ct=0{, TextileZ} tHESA Al0|o] AHMHZATHFEEAMS)0|
okt =St ofE=l Aol HESH (em)ollM FHo| 25| ARSI, Textilente| Cl&
= (Debonding) % 0|112{& (Slippage)2 2 25101 4PN S 205tA 7| = HIIHES LS.

- S FAXM ofEALR XE MFes H4itnds 2 S MMEHHE Ssif ¢l &nt
OlM S 2 SFAA|F|X|OH TextileZt BHE2IA HHEAMESo| FX|7F Mall=|ofof & 13)

- [O8 2.15]= BMCe| SH-#HEE HsS LIEto], tHESA9 QAZTUENX| MYEIMMO
2 zEstn 8 7‘7P°F01I w2l o E2l Ao o3| H¥o| wMst Textileol| 2|5t0 S&

- [FRCM Satiel mFelz
AL2 51 o] 14)15)16 7t

v
=
~

-l

208 2t Wo= 2w,

MATRIX
18 EE B

Core filamenis
Sleeve filaments

" Bulk matrix

[vpe of Tl {
Pullout + tensile failure == |

i
H
Pull-out = I | ] —_—
Tensile r'.qzllJJ.:: J;._-—-——I :_]
|

Penctrated matrix B Tensile failure

[122 2.16] FRCMS| ©l&tol| o/t HAM LS 7HE £18)

- FRCMS| =
FRCMe| ¢lZt =
|112{72 Textileo] 2ebd BHEl (of ZA|

- HEZ A2} Textile Atol2 O SE= 2E (ol FAl 5) & cl=Foll 7|els
o, 228 A= drUlFel s2l22t F0j9| o|ne{FHol|l Ea| =5 AFFdol A

13) Callister, W. D., & Rethwisch, D. G. (2012). Fundamentals of materials science and engineering: An integrated
approach John Wiley & Sons.

14) Contamine, R., Si Larbi, A., and Hamelin, P. (2011). “Contribution to direct tensile testing of textile reinforced
concrete (TRC) composites.” Mater. Sci. Eng., A, 528(29), 8589.8598.

15) Zhu, D., Peled, A., Zaguri, E., and Mobasher, B. (2011). “Dynamic tensile testing of fabric-cement
composites.” Constr. Build. Mater., 25(1), 385.395.

16) Hartig, F., Jesse, F., Schicktanz, K., and Haubler—-Combe, U. (2012). “Influence of experimental setups on the
apparent uniaxial tensile load—bearing capacity of textile reinforced concrete specimens.” Mater. Struct., 45(3),
433.446.

17) Arboleda, D., Loreto, G., De Luca, A., and Nanni, A. (2012). “Material characterization of fiber reinforced
cementitious matrix (FRCM) composite laminates.” Proc., 10th Int. Symp. on Ferrocement and Thin Reinforced
Cement Composites, H. W. Rivas, L. P. Seosane, and |. G. Castro, eds., Havana, Cuba, 29.37.

18) Banholzer, B., Brockmann, T., and Brameshuber, W. (2006). “Material and bonding characteristics for
dimensioning and modelling of textile reinforced concrete (TRC) elements.” Mater. Struct., 39(8), 749.763.
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- FRCM2| QIZEN Sats 25101 Textile =& ¥ oHEZ ARt BEHM
- [FRCM=etxe| & QUESM]oAM, FRCM Sl 25 2 EZM=
SH 7t o2 A2l Panel, Deck & CtFeh &
g otsoll tiet Mes=e grite i S8
- [28 2.17]2 FRCMQ| Htxol & 7 %OIEH, CtSob 20| 2749 g¥oz 7122 & UZ.
A A

- Zone |: O E=

S7kst7| AlZtst 5HEO| Textileo| MEHE
- Zone Il Textile2| QAXLET} ZSESHD Textilerl o ESIA ALO[of "”‘E st Z&o| =Rt

|A Textileo| s0{LIHA 3stES EESI L=

00
12
i)

g o
S 4
— — /7onel —->»<€«— Zonell 3
l)(.z (‘('(-‘
Second Peak on H«‘#rdf-mr'
o
First Peak o
%
s
Second Peak P‘;O 2er p
9. HQ[O‘_{
% -
&
>
< Role of —>«——— Role of Textile Disp]acement

Concrte

[12 2.17] FRCM & -oI&HE TAISH9)

2 2.17]3F Z0| FRCMOIA Textile2 Zone oMol HZof ¥e2 o|x|od Textilee| &
Epoxy)01—'?’—, AXRtel 37|, lE= AR} Textilee| HH FEMs2 & AZAHSS SMAZ
o TSy
SEA 2Qf2Z RCES & A
o} 2H 350, 2006 AEE 2k 10
| APO|=E= 2k 2.0me| FaAHe| 72 422 beams
EBtAM F(Carbon Textile), 24 7(Glass Textile), s1F24MF (Basalt Tex’ule) PBOMO
(PBO Textile) .
- Ho| mIBE= @Textile slippage, @7|=Z32|EQ} nfEE2A9l HHuly|, @ojE=IAL}
Textilee| AlHIY, @REIZIE H[=9| EEI ®Textile Zict, @2 32E ¢Fonty|, @232
E Moty 2 & 778K 2| gEef 2 FEEIS.

|
2y

%7H ?13t01 FRC

M SBel Ha232|E Heof
AR E 21FHe| =2 2

0k

=
[=)
=
S
=
S

10

[
o HL 12 = > o

v

@)

Z1r

- F2 O, @ 09 ZA2EJ FE o|FH, E dsEZEzfol tigh o7 Hy= 2ojof
7, RCEe| FH2H|, Textile2| FERMS(HE, EHIAYF), HEFHAI] %5‘“};%, S AE}
do| 2zetHo| e Edds it 229

M.
o

19) dMd, “3XHY Textile 2 AIHE Sz A SAHAS G giAtetel=E, M3tete ofstel
4



(2) RTH5 L&Y 27|H HAH Mol N

7h) 271 HEH e MSHME 98 7MY

- Soi|A| A

- <# 2.8>1 #o| 1xhd (1) etz (3H)ufgrel FEdsS &elsty| #/sho
AlstRieny, =ZE Hige A5z H 2 ZE, FEEE(EE)c 2Adkx
70.0MPa, 8.0MPa, 2.0MPa O|&tS EtHRSIIoL}, 2HEt=EAle] FARUEE F
FEZHO|AMe| LT Ect 2HHtE x40 A2

0

—_

- FRCM =&t HE4-BZo| M &35

% S olro| =5H Tx2of 5t iz
o5l H3 HBAS I8 HMuE| TH0 LR

= X}
Mix Composition of content by weight (%) Tl
W/B 2= | (MPa)

(%) (MPa) | (MPa) o0

NO. c” | S§ I sF | s | PVAY | EvAY | ADY | W zz | 5¢

1 37.8 | 42.0 | 2.0 | 1.0 | 50.31 0.2 0.20 | 429 | 17.0 | 76.5 | 18.4 | 2.33 | 1.94

3 | 42.5 | 40.0 - - 55.31 0.2 0.20 | 4.29 | 17.0 | 70.4 | 18.0 | 2.16

—
o)
S

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate , 5) AD: Admixture

[@FE-d584S fI8 Polymer MEAH]

- TEAE Al 4 == 320 C-S-H ZZAolo EF3I{ 352 oeF0 Fa4s
—

o
of 227t e Mttd S2lHe SFol w2t 714 & dsoll Xo|zt 7| ol S22
=

TSRS, <E 2.9>

S®(ACR, EVA, SBR)oI|l & F&EHMs M2 =
- M, BE HES USVEIL 2AMAE SEYS OIEsHE ZTE LIERARISH
: o

A0 E LIEffien], 2HELE ZZAHo|A= ACRZEX|, EVATX|, SBRTXIE H7let ZE i
2ol 2xRtAE =34t olstel ZutE LiEtfof, FIHA el digte| JiMo| st
<E 2.9> E2|H ER0| ©E PANS MHEIHMY 28Y)
Composition of content by weight (%) sl
i w/B P Y WeIght 12 o= (MPa)
i’ &) 1 GG 2) 3) 4 | Poly 5) Gl =4
C BS SF S PVA e AD W & T
ACR® 75.2 1.57 1.30
EVA? 37.8 | 42.0 2.0 1.0 | 50.31 0.2 0.2 429 | 17.0 76.5 2.33 1.94
SBRY 73.8 2.20 1.83
Note: 1) C: Cement, 2) SF: Silica fume, 3) S: Sand, 4) PVA: Polyvinyl alcohol, 5) AD: Admixture, 6) Acrylate, 7) Ethylene

Vinyl Acetate, 8) Styrene Butadiene Rubber
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(@AM SeHle 98t A8A £7HA3]

- 71& Aol u=920), FI(AH HEHe FEEMs SAS (503 CSAA FA|, CSAAH =
4dx, Me|F7tES AtEstH, CSAA HEA 2 SN <, =74 7|72F Sote| WA EOo|
S22t ZZlof| FdE=2 0|x[ X2 FI|H HEMIF WHSH = AxsF0 ¥38 522 Qs
of Zo|l#Hzl7F AA =M, Choi et al2)o| E 105 HIQF ZHo| F7|H HEAM LI 7|& 232 E
AHE w2l ctREFo| 30| A 2 st E&Z T XNote= 2MA0 US

- Alg|7I&2e| 2, Bhanja and Sengupta22) 7} H15H Hiel ZHo| ZEZH HHE 3} A|HE QIX}
o 328 MF= filergnZ 2lsto] 7|& ZIC|ELle| JEHME FIIA 7 &2 S
of 217F U= H2 L5 Alz|FIEe =AL2 1.0~4.0 TEH% HRAE HFTZE 5101 &
S0 o)X= Hdeks "olsld s, <& 2.10>

- AEZy ZE HeEE AR = 2XHE SH4E UHESIen, BAEUE A FEX
HoM = 2XHAE FEGE ESIUX| 2, 2HUE AN = 2.0 SH%0|4 =2ls5t0] 2
T gEEStE ZoE HERRQACEH SHEX|TH ME|FtER IeERTF =2 UE 4=
g Deistel Belere ZHstoiof B

<E 210> AZ|FIF = e FERMHs AFHZINAEH 28Y)
" . = X}
Composition of content by weight (%) (,;A"P;)
Mix W/B A=
(%) (MPa) oL
c" | 89 | sk | s | PvAY | EVA | AD? | W = | §&
S.F 1.0 42.0 1.0 76.5 2.33 1.94
S.F 2.0 41.0 2.0 79.9 2.74 2.28
37.8 2.0 50.31 0.2 0.2 4.29 17.0
S.F 3.0 40.0 3.0 82.6 3.31 2.75
S.F 4.0 39.0 4.0 77.7 3.20 2.66
Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) AD: Admixture
[(@3HZE MEMS st MM 24 3 CHIF "z ghobA|A|]

- Algdigtel ZoEMoz EEF HiEte] HEME 2848 =0|7] fdiAl= digtol ALSS
= |29 chy[EZ0| ER3517| W20 | =Zo st dMMd 2MsS SIS, TZn
<E 211>} Zo| AMz(7tE 2 Ez|He JiHo| A|HME, n=2sefad o|E22ol| dH|sto] 74
o ol MAMA HMEL 7tHdE SIHAZE = US

_ oM o] AFREHT QU= AlE|FIES w290/9| Elkem AlOIAM £915t0f ALRE|0{, 7}

—_

2 420@/kgolod, ofof| H[T

- AR 0| HMEo| e
A2 2E7| 2510l 7180l vhEtel HMAHES SHHAS.

20) $¥=2 24, 2RI 28 E2H AHME z=2Et2o| YA o|x=

A HM1=, 2007 pp. 85-94

2
of ZZ4tel A, 50% XSk 210 /kgolCt.

&, M1

21) Choi, D.U., Fowler, D.W. and Wheat, D.L., “Thermal sresses in polymer concrete overlays” AC| SP-166,

Properties and uses of polymer in concrete, U.S., 1996

22) Bhanja, Santanu and Sengupta, Bratish “Optimum Silica fume content and its mode of action on concrete.”

ACI| Materials Journal, V.100 No.5, 2003, pp. 407-412
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<E 211> B/ HEA A 22o| ZXHAM 24

Hi 8t Z st (Binder)
e Al E s de7tE 2|
= (Cement) (GGBS) Elkem =AL (EVA)
714 (|/kg) 140 53 420 210 4,200
Hi SIS (%) 92.00 4.42 3.10 3.10 0.44

- <& 2.12>0 M z=AtE dz2[FtE2| atstE=d S LEH e

P
X HEHNM2 SIMF0| O =2 A2=

#0| & MEF 25 Si0, &2

ek 90%0|0q, H|E LIEFGCE.
<E 212> M =AM Alg|7t&9 ststx=M
Type SiO» lg.loss Bulk density Blaine
y
(%) (%) (kg/m?3) (m?/g)
Silica (Elkem) 90.0 3.0 200~350 15~25
fume (China) 90.8 2.06 350~400 18~30
- <¥F 2.13>0 L}EpH Zdnp Zol MEH 282N ElkemAlRl S=4te| Alz|7tEe AFLE
BRZATE o |AEE £FEoz ZTIt W Edon, FAATE FZMo| of 55 A
= Eolstct
- EESH Z=Qleko| Histo| mE UEME2 271X H=AI 25 2 X0|& LIEILIX] 2UX
FaMs2 =% NMueErE BRUTIF A5k 482 LER D doeni, 1.4 s%f/
Ol M= 2XHHE FHGECH S22 X[ LIERRACE
<E 213> AlZ2|FIE M=EAIE 2t Hato e F2Ms AEZDN(ME 28Y)
- . = X}
Composition of content by weight (%) ) (ﬁp_é)
Vi | W/B o1
(%) GG (MPa) 2L
c" Bs | SF s? | PvAY | EVA | ADY | W EE ]
?:g E9 42.0 1.0 76.5 2.33 1.04
E 77.9 2.39 1.99
S 418 1.2
c® 73.3 2.44 2.03
E 74.5 2.48 2.06
?-Z 416 1.4
C | 378 2.0 50.31 | 0.2 02 | 429 | 17.0 74.6 2.55 2.08
E 75.7 2.51 2.09
?-g 414 1.6
c 74.0 2.56 2.13
E 74.7 2.61 217
?-g 4.2 1.8
c 77.3 2.60 2.16

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) A.D: Admixture, 5) Elkem, 6) China
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- <FE 2.14>0f LIERH Zdmp Zo| MFH 282oM E2H =S Mz w2 S2H §4 Ad
Ay UFUEE= 2XEAE FHYS PHES=E Z3E LIER D /JAX|2H EVASTX| e HIEE
2o BEEMO| M= ZIE HEHHY E2lHe| HMIIEHE 0.2 SE%E ®Alstke A2
2 253

<E 2.14> Z2|H(EVAFA|) e Mzhol e a8 s ASHZD(AE 28Y)
Composition of content by weight (%) il
.| wB o2 (MPa)
Mix (7) 6 (MPa) Rlalj
c’ | B8 | SF | §? | PvAY | EVA | ADY | W EE oS

EVA

0.00% 50.51 0.00 73.7 1.96 1.63

EVA

0.05% 50.46 0.05 70.3 2.01 1.67

EVA 1378 416 | 20 | 1.4 | 5041 | 02 | 010 | 429 | 17.0 | 71.4 2.06 1.71

0.10% ) ) ) ) ) ) : ) ) ) ) )

EVA

0.15% 50.36 0.15 75.1 2.09 1.74

EVA

0.20% 50.31 0.20 74.6 2.50 2.08

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) A.D: Admixture, 5) Acrylate, 6) Ethylene Vinyl Acetate, 7)

Styrene Butadiene Rubber

(027 M5g uEste 2B £5]

HE MENS 9T 2F 453 USsts I HEX LS sl RZA U AF,
AHA 2M2 S5l0f <E 215500 LIERd T} Zo| HMuEE S BHNAS

HE 2T\ FEM(FRCM) 2Buiatel 228 SA(US, 8, PAYT)2 24T SEY
2 fHEsin, 7|E B2 Z2EI2(PM300)2t H|wsto] YFHT = 135%&4E 74.6MPa, &
UEZE 70%EAE 17.4MPa, RAZEE EExZ0IA 58%8HAME 2.48MPa, 2Wyt=xZ
oA 66%&atE 2.06MPazZ A|ISEZZES F SMATHS

w3k AxsEo| 23 Aets 0jxs 242 olme] MEsls S2o| oket 27 Hx
Mol 2dof Zesh ®rter=el ZolHalAs [1F 2.18]3 ZO| 2E HiEE KS JIE
(£0.5%0IL)2 BHE3t0f, 28Ul Lolwstg 7|= 4o 2Et=o| b5t 58% A2

= AnE LIERYACE.

(28 2.19]2 &o| 7|& B2 =2El22to] ANAM H|WUAME 7|& EFR2=2El27} 7|utst
BI|H FEA o H|SHd m3(12H|)7|F 358,000 22 2k 6% MBS A= LIERHT QUX|
oF JHerst 214 H&EME 7|& EZ2El2HC 228 EM 2 A 50| O£ Alskg]
of A7|Hl RX|&2| EHoA AXMMo| &

<E 215> 2AHALE BI|A HEA 2 Bujgd ¥ 7|E Ez2=El2ee| MsH|W (ME 28Y)
Mi Composition of content by weight (%) 7=
iX 1t y wel o _ _
w/B o= | 2 (MPa)
(%) (MPa) | (MPa) oL
NO. c” | S§  sF | s | PvA? | EVAY | ADY | W Bx | 52
g | 37.8 41.6 2.0 1.4 | 50.31 0.2 0.20 4.29 17.0 74.6 17.4 2.48 2.06
7|E 48.6 35 - - 61.29 - - 3.71 17.0 31.7 10.2 1.57 1.24
Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate , 5) A.D: Admixture
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A

X
FBG(Fiber Bragg Gratlng) MMZ FE==H AZFS o
X} st= -_rL_’F_%QI -?—IiI% Ei‘él M-St HelE AMst = 3 fIXlol Bragg 4XHE 7t

ZolM HEM0| HoiX|= FBG MMECH S22 HstE AAZISZ 1}
i &= (Spatial resolution)7}t Floftt 2 Zefol(Rayleigh) OTDR ==& Al

ot

et B2 7 J2|=o A7 dAM H{E]SHOAM, 387 MMe E
Magnetic Interference) ZHJ0|Lt &7|ofl CHallA F&o| M1, M7t &2 dZo0
of EZM% a2l=8 A= uff Z&(Warp thread) M & X zlslod 27 2|
UCt. ACtzb ot Jt=e| B 7 MME o|3sl AAZIeE ZE AF JEE

= Z™o| ULt Wang et al. & ELH7F d2| =0 HHEFHME LA 2Hintegrate) AlZ|
o =2 E’“‘*%‘r Je|ER BEASH =2 HEE, 2k § =2|A HEEES ASY
uteH S M Al S Ct.

SHX|2H EHMF MMe= FREO oSty Mo EXMR I2EE A =stke I Al
Warp, MZ22te, ZdAhHe| 8 MdrE 4w MME A5t M7t gas dx <t AlZ
SHalnt s Al (Weft, 7ZI22ehE 2l =x7|o dZst0 J2/EE A =xsts Y
mf AT sjAe| wmxtE= DZHE (high strength) Z8HE &/(Binder yarn) 2
T S22 0|R0ZA EXMR O2lEs Z4o| gl Ealut mMAalel WXtAEo|A
7 MME ™57 o@ct w2t JzlEE S3E & (Special polymer
J2|lE ZAnt 824 Sof oiet MEgHeg =ol1l, Hdw MMt az2(=el FES Cehs| '

A Il =

45 rr 30 4%

—

|r
0
T
Mo
=

ox JI

4 ook MR MME d8lS9 AME Al KNS BEe S A=xe ,
M RMA REFCl 71240] o dB|S MAol MxsHs He SM AtEol 2R erech

Anisioz BUMF 128 Axmsts B TR BHF MME ohstoof 5
o2 Aol FERYMOR MALIL AS02 HEBMo| Woth w8 WM MAE 1o
Fstol T, F7ho| AZo| B SHo| BIBDE LAost MEF & oo EME
JEl=e] Zolyste]l MMM M7} Jbssict wetd EZMR d2lEe NEnky

7
2 gf2|so|x| ge Hoz metd
=

7t
E3 | olsh hE st A =
IMMX | SHoIA, TEBO| Balgel MES SHEY
247 22150 olEAl S Zaln MM E Agsiol N D !
ARRol ZEBlof MAlet ARMBE BUMT dBISrF SH%
AN % w4 Buseg Sl 2UaclSel MHE FEAY W, WA} 2

= stofof 50 AIZ Al MAQl &2 27| fls) MAl RElMF 25 (Clad)
ot s MME AFgsit

L

0
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- BYMKAZ F YHR MM MxE MBY SwolM HolMS XBsxT, MNE(IE,
BHR), B8 BUHRY MES 530 5o #B0| Bey

(4) FRCM & T== 22 ds "7}
7

Off
o
HL
N
_>|._ -
|
mo
08l

or
o 0

S 7

SZIE HIEY22 V.FRAAS(SY), SOLIDIAN(=Y)2l &
el HI-GRIDZ & 37H2| HAEtdds ARSSIIC

|® &/, Aluminium EHIAY /-7,

&2 ASTM C1609-19a2| Aol o5t0 A

)||
I
]
ok 0x
AN |
|'|_|II
rn
.

el
kA

3

T

ok
ik

> 2
m
o) _0|'|ﬂ

- NFolH

ACl 549.4R-13, &
4

A A R AeE
(o]

3 4
2
_Oi
52
o

e HM3std2n, g lZdddoM 2y
LIEFLH A =

(15Tcrack)o| 2tMst X|H 2 o|o|5ind,

L
2
A
>

Warp direction

- Weaving method: Pillar stitch - Weaving method: Pillar stitch - Weaving method: Leno weave

- Type of impregnation: SBR - Type of impregnation: EPOXY - Type of impregnation: EPOXY

- Yarn: Weft (GF: 1,200TEX) - Yarm: Weft (CF. 50K) - Yarn; Weft (GF; 2,400TEX)
Warp (CF: 50K) Warp (CF: 50K) Warp (CF: 48K)

- Size of gnd: 27mm x 27mm - Size of grid: 21mm x 21mm - Size of gnd: 21mm x 21mm
(a) V.FRAAS GRID (B) SOLIDIAN GRID (<) HI GRID

(28 2.23] Hi2Etd O2|E SFE 5T

[ACI 549.4R-13]

Idealized tensile stress versus strain curve of FRCM A LOP : Limit of Proportionality
Muitiple MOR : Modulus of Rupture
ffu ] Cracking
- '
Puor [~~~ 77T T ==
) Deflecti |
a eflection
@ Ef — < hardening | Pwor > Prop
- : |
w ! 9 Piop [Pl —» == ve—inim—r S v e proo e
K ; B I Puor < PLop
g ¥ : @) Deflection
ﬁ fft - - (0.9f¢, — 0. 6f¢,) Puor | softening
| f= ’
! E; (Sf@o.qu - sf@o.efﬁ,)
Eft Eru Srop Swor Suor -
Tensile strain, & DEFLECTION
(18 2.24] MFIZ % H AT S4

23) ACI 549.4R-13, Guide to design and construction of externally bonded fabric-reinforced cementitious
matrix(FRCM) systems for repair and strengthening concrete and masonry structures.
24) UMY, “3xtel Textle HZ AHE =exRe & U 5A4HES Hob dAalggl=e, AE0ED of
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) = :[;:II:::_]:% Clevis
: all e grip
|—='"*
e
Wi Test
: %] | specimen
umimy
Transducer

Direct tensile test

Iq_.U

=

UNIT : mm
LOAD CELL
P/2 P/2
) [@®)
400 &
=]

(
SPECIMEN 100*100
100 100 100
Roller /‘fc R ﬁj :’i “\ Roller
Sitting | / \ Sitting
VDT J_ ’-_l
[ 1
I TEST MACHINE FIXED SUPPORT ]

Bending test
(ASTM C1609/C1609M-19a)

(ACI 549.4R-13)
(28

L Vi

35 80 35
DI0@100 |———
S2 series

(0.75pmax)

210 2-p10
185.5
3-D13

35 80 35
DI0@100 |
. 210 2-D10
S1 series 240 184 250
(l'spmin) 2-D10
v Y
150 500 365 77 365
A L J P
Jl Jl (Unit: mm)
Q —» FRCM
¢ 150 5 ‘ ‘ ¢ 150 5
[O3 2.26] FRCM 2[FE2Z RC 2ol & A& set-up
- 32 -




Fiber stress (MPa)

Fiber stress (MPa)

- [OFgAFA™] 22 <x 216>, [A8 2.27]of e Zdab Zol, MAEAo] SHE A
Foll we =28 SdollM EPOXY=X|2 =& E S_EPOXY_NON&EA 2| 2l FL=(f,)

o o1

= 2,122MPa, 2HH#HE 8 (e, )2 0.52%0|04, ofof H|5t0f SBRFXZ FHEE V_SBR.NONA

srlol HUQIRUE(f,)E o 47.5% +&E2 1,008MPa 0%20f, HCjHES(c, )2 o

52% & 0.27%=2 2 2|8 52 LIEHAUZ

8t S_EPOXY_NONA
glAloll |50l Leno weavedH o= A =3 HI_EPOXY_NON&EA 2l A= (f,)=
°f 76% T==¢l 1,606MPa ol20i, 2tHHE Z(e,,) & 62% FF2l 0.32%=2 Z= =2/
d5& LUEAS. Pillar  stitch =g M2 EPOXYSXIE  ARSE =<
[SOLIDIAN] Ate| BjABtY J2|=0t 22|14 54
EHIY 770 WE 22H SYHolM dFo|50eHE TExot V.SBRAL dEME =X
SHAl 22 V_SBR_NON&EAH|SH0] ZtHATLZ(f,,)E 2F 1.981 S7tet 1,949MPao|t2
of, &S (e,)2 1.681 ST 0.43% 2 FRCMSEA 0| 225 S40| HZ gFa= e
D#, 0|9+ St LRolEIPHE TES HL_EPOXY _ALMEA S| AtHAFLE(f,), Al
HEHS(e,)2 TESHR 22 HI_EPOXY_NONAEAof H|5to 1.1481(1,829MPa), 1.3j
(0.43%) SItstol det dgs LERK AL,

o H—

S| AEt o A xdHol| E =2|H SHolM Pillar stitchdtfHez A=
X

02t

L
H

N

- ZExXoz, FRCMEEA S 22|15 S4ols =AEtY J2|=0] SHel AN R A=
gteo| HeS o|x|nf, BlAEtY O2|=2| EHO UYFo|g uPHE TESHH FI(A FHE
Hete| REMsSE SaA7|H FRCMEA e S2(X dsS i = /UAZ. ek, 7Hdst
[HI-GRID]= =22| [SOLIDIAN]JAIS| T2|=o| H|stod =E2|d MHs0| X HAEQ T
2Ee| ¢Fo|lg EHMIEHS S50 558 FZE2Z FRCMEEM e 22| Ms waol 7t
S3 Aoz AIRE.

3000 3000 " . 3000

- -TV.S N --TVSN “THLEN THLEN -=-T_S E NI —T_S_E_N4 ~~T_S E_N5

2500 { T V.S N4 — T_V.SN5 2500 ---T_HI_E_NS 2500 A

= = -
2000 < 2000 & 2000 et
e g T '

1500 % 1500 % 1500 e ,;?f-"" -

£ = e bl

1000 4 .‘E 1000 .‘E 1000 - ,’F__r/. ,// E |

= = & A [

500 500 500 4 ;’f;zx \

e ol
0 —_ 0 — [ N S
00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07
Strain (%) Strain (%) Strain (%)
(a) =< V.FRAAS (NON) (b) 7Het HI-GRID (NON) (c) =2 SOLIDIAN (NON)
3000 3000 —-T_HI_E_ALI — - T_HI_E_AL2 0 TS EROXY AT = S_EPOXY AL2
"-TV.S ALL Torvsao o T_HI_E_AL3 -+~ T_HI_E_AL4 S_EPOXY AL-3  ---S EPOXY_AL-4
2500 4 ---T_V_S_AL3 T_V_S_ALS 2500 A ---T_HI_E_AL5 2500 1 __5 EPOXY AL-5
2000 1 £ 2000 4 i £ 20m
2 T 2
1500 A g 1500 o II ; Vi g 1500
3 ' [ g
1000 5 1000 1 A 5 1000
2 o 2
= [ =
500 500 . 500
IR ;
0 . . . . . . 0 . —_ 0#
00 01 02 03 04 05 06 07 03 04 05 06 07
Strain (%) Strain (%) Strain (%)
(d) =2 V.FRAAS (AL) (e) 7Het HI-GRID (AL) (f) =< SOLIDIAN (AL)

(28 2.27] AHAEAHZ D} (SH-HEE 2A)
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1%t Crack Peak
Specimens fr €ft Et*” S ru €fu E?
(MPa) (%) (GPa) (MPa) (%) (GPa)
CTRL 327 0.08 419 - - -
V_SBR_NON 349 0.08 418 1,008 0.27 333
V-SBR-AL 713 0.09 792 1,949 0.43 398
S_EPOXY_NON 609 0.10 642 2,122 0.52 372
S_EPOXY_AL 755 0.13 585 2,046 0.62 360
HI_EPOXY_NON 695 0.07 960 1,606 0.32 405
HI_EPOXY_AL 687 0.10 709 1,829 0.43 347
Note: 1) Efi Uncracked tensile modulus of elasticity, 2) E;Z Cracked tensile modulus of elasticity

- [@F IFAH] A, <& 217>, [O8 2.28]o HEPH ZH3} ZHol, stETt

V-S-NONA &A= 3st& 41.58kNollM LOPol £ =, o|EcCt @2 st&¢l
{0

A ZMo|A
26.28KNOi[ A

MOROI TEtste #Haeist BMg LIEW|XBE S-E-NON, HI-E-NON AEHE 27t 5%

29.64kN, 32.92kNoflA LOPOll =% =, O|ECt =
TEste HEds S48 LEWAZ. ALEHZE

=]

Lo
=

F=¢2l 50.15kN, 43.29kNolA MORO||

5
Aol 49, V-S-ALAEAH = stE

32.76kNofl A LOPOf| _._% =, O|HEct =2 3552l 36.78kNollA MORO| TEst= HE A5}
of RMez HMatxden], S-E-AL, HI-E-ALA™A = 22t 3H& 33.24kN, 34.30kNOi|Ad
LOPOl =% =, O|2Ct =2 st=¢2l 60.86kN, 61.30kNollA] MOROll =E5t= Hadst =M
o2 ALuteH Zxdof H[5t0] 3tS0l S7I5HE. 2E A®€Ad = MOR X[Ho|AM sHS0l

ALEMIE Mol H|5t0 Z715tF 204, HI-GRDIOIA Z71Z0| 71& =H LIEIGS.
- & Z% 2 ToughnessolM, V.FRAAS1Z2| =(Pillar stitch, SBR) & V-S-NONAISHA 7}
TR 2 =0 F UE 2 ToughnessE LIEIfUSCH =

2l A zxd#H el SOLIDIAN 2]

E(Pillar stitch, EPOXY)7F M & S-E-NONA &7} 7}& %% g Zx 2 ToughnessE L}

EfLiRACt ALEHZAE S M Es5tH, MORX|FHoAM 2| & ZE= V-S-ALAMEAM=

11.03MPa, S-E-ALMEAM= 20%&7tet 18.26MPa, HI-E-ALAEAM =
18.39MPa= L|Ef-tof, 7HY

<)
N=o o d} = oS oF A ol
—I_T'__—‘l —E! é;IoE E_?'lol-l_ Z\E = T AME.

-
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8 - - V-NON-1 - ..V-NON-2 0 - -S-NON-1 - --S-NON-2 » - = HI-NON-1 - - -HI-NON-2
Zw| —VNON3 ---CTRL o8 | T SNON3 --=CTRL 2 | —'HFNON3  ---CTRL
=< =<
] 2 @ 3
S a0 g k oy e £ 4 e
A 40 L oot it
. ‘l'/'
i e i
20 ’]'y V 2 1{ 20 3:(
. L
0'/ e 0 - 0 e ——
0 1 2 3 4 5 6 1 8 0 1 2 3 4 5 6 71 8 0 1 2 3 4 5 6 71 8
Deflection (mm) Deflection (mm) Deflection (mm)
(a) =& V.FRAAS (NON) (b) =2 SOLIDIAN (NON) (c) 7He HI-GRID (NON)
80 100 80
- -V-AL-1 - V-AL-2 - -S-AL-1 - -S-AL-2 - -HI-AL-1 - - -HI-AL-2
x — V-AL-3 ----CTRL 2 8 — SALS “CTRL 2| —HRAL3  --CTRL...-
) ) R
] 3 0| v 3 S
S a0 ‘o S //:7’7' S|, L
H‘-,f/' 40 | - /.-"'4’ "“ . ".‘
20 :{?"f‘, R\,')::'//' 20 ':"",""/
y S H
’ I 4 ;
0 e 0 ‘ — 0 ‘ —
0 1 2 3 4 5 6 1 8 1 2 3 4 5 6 1 8 0 1 2 3 4 5 6 71 8
Deflection (mm) Deflection (mm) Deflection (mm)
(d) 52 V.FRAAS (AL) (e) =2 SOLIDIAN (AL) (f) 702 HI-GRID (AL)
(O3 2.28] & A ZD (5tE-MA 2HAH)
<E 217> 3 &AM AMeddT
: V=S V=S S-E S-E HI-E HI-E
Unit CTRL
NON AL NON AL NON AL
PLop (kN) 36.55 41.58 32.76 29.64 33.24 32.92 34.40
fLop (MPa) 10.97 12.47 9.83 8.89 9.97 9.88 10.32
LOP
SiLop (mm) 0.56 0.62 0.53 0.50 0.55 0.46 0.48
Toughiop (KN-mm) 8.14 10.69 717 6.60 7.59 6.04 7.81
Pmor (kN) - 26.28 36.78 50.16 60.86 43.29 61.30
fvor (MPa) - 7.89 11.03 15.05 18.26 12.99 18.39
MOR
Smor (mm) - 1.42 1.49 4.82 4.42 4.57 5.79
Toughwmor (kN-mm) - 31.33 35.81 174.66 170.25 156.80 231.47
Pu/iso (kN) 30.60 18.65 24.90 36.74 36.50 39.50 33.68
fLs0 (MPa) 9.18 5.60 7.47 11.02 10.95 11.85 10.10
L/150
SL/150 (mm) 0.49 2.0 2.0 2.0 2.0 2.0 2.0
Tough1s0 (kN-mm) 6.05 58.18 50.73 53.15 53.20 57.38 52.16
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- [@2F 2EZs RCEe & HZAMEH] Za, 24H2d|(p, )5 1.5812 HiZ 8 S1Al2|=2}
2 & 24| (p,, )2l 0.758 2 Hi2F S2Al2|=2| 7|EAEA (S1-CTRL, S2-CTRL)= F&EZ
g50|F 24z} 43.2kN, 89.1kNoflAl Z32|E AFmtzlof o|sto] A Bty =Ues, [I
29, 30]oil I—FEFLH Ao ol 7|EAEAo| Hlstol FRCM SEM= 2Zs MMl o5t
E 782 V-S-NONAEA It 13%= 7I& Z& $&F0|20{, S-E-NON, HI-E-NON A
Sx 2o 27 33%, 44% +ECE B oY AHZUL vI2E AHE LERES. AL

- o o

5]

HIE S HI-E-AL 8= 40% T=Z2Z HI-E-NONA & Aol d|sto] = cfstEe| S7+H&0|
S22 ZuEsE LIERS.
- S2AEl=E  St1AlE|=Lt SYUSHA sHESTE V-S-NON(8%), S—-E-NON(18%),

HI-E-NON(21%) ©=MZ ZItst= de2 L_|-E|-LHI|E||- S1Al2| =2} H|L0F04 Lt AKOI

7|- 2 LIEIfALCE. o|2{st O|°'— x:L_Q_I ?Dj}:(DSXES)Ol

2 M, 7|&HAF(Usama E. et.al, 2017)2t =Lt HE=s L}E}Lj%_
8

- IESH FRCMEEM =z 225t 2ol et stE-He IMolM Ezst AdAMolM ZthstE 4t

_n
py
O
<
i
o
2
lo
|-|I
oN
i
or 4
2
0°|' 0|

of =& st T HAE Oz|=9| oA E= ZI2E 7|EoM2e| Debondingoll £|sHod
LEAR SIEXSIE LIEIGS

- [Oa8 2.31]0o LIEMH Zd3T} ZHo|, 2E(S1, S2A|2|=) FRCMLe=z2 HZ=E Ho| odMX|$=
Z|=AEAof H|St] e =00, STA|Z|=0lAo V-S-NONAEX = Z|=A& Ao H|5H0d

22%(2.5)TESE I 2 AMX|FE HHERHACE S-E-NON=Zt HI-E-NONA A= 2tz
44%(4.9), 61%(6.8)T&F2E HI-E-NONA M7} 7t& =2 AMX|+E LIEIA2H, S5

Eoten sYst Zes LERS

- FIIMe2, ALTHRHE TEst H-E-ALAEA = TESX| 242 HI-E-NONA ol H|5}o]
AMA| 7L Lo ZoE LEf s o2 ALEHAL of3to HABtdTa|=et e A
of &Y Frez lstol 2

o zJFuy2=rt Z2tM7| WE(Textile slippage — I.C
Debonding)2 2 FI7IMol chEFEYH| gt o457}

120 120 8

--- $1-CTRL 1.5p,; 1.5
. min D Py
100 —S1.V-S.NON 100 ] e
~~~~~~ $1-S-E-NON 80
2 80 z ‘?
) --- S1-HI-E-NON c) L3t 1.484 1.4H4 .
= 60 N = 60 : 3 4
< 2T, =+ :S1-HI-E-AL & 1144 =}
=) 5 1.0 - - R sy N - 5% - 25
= 40 e 40 -
T 2
20 20
0 0 0
0 20 40 60 30 100 V-S-NON S-E-NON HI-E-NON HI-E-AL V.S-NON S-E-NON HI.E-NON HI-E-AL
Displacement at center (mm)
(a) S1 Alg|= (a) S1 Al2l= (a) S1 Al2|=
120 120 1.28) §
H] .
100 e 7 e L2 ] 075 Puax
i H \
y A0 wy 9 = - == = = d. 6
80 : e T R ~ 2
Z b
@ < 60 I E 4 20 3.6
< 60 ---S2.CTRL g a 33 :
S a0 —S52.V-S-E-NON
30 o 2
o [ R $2-S-E-NON
- - S2-HI-E-NON
0 0 0
0 20 40 60 80 100 V-E-NON S-E-NON HI-E-NON V-E-NON S-E-NON  HI-E-NON
Displacement at center (mm)
(b) S2 Al2l= (b) S2 Al2l= (b) S2 Al2l=
[O8 2.29] st=-tHel A [28 2.30] Z=distE Bl [O8 2.31] AAX|5 vl
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<¥ 2.18> RCHZe| & EZAE AsZdnt
Beam Gain in Failure
in i
2) 3) P, = 8,2 s Ductility” | mode
index” Ps (oF; y u Pu (%) y 0.85pu Yy "
at Py
S1-
0.453 - 37.0 43.2 100 5.4 60.4 11.2 Cc.C
CTRL
S1-V-S
0.453 0.030 37.7 48.6 113 7.2 18.2 2.5 G.S
NON
S1-S-E
0.453 0.030 37.3 57.4 133 6.4 31.2 4.9 G.S
NON
S1-HI-E
0.453 0.028 34.0 62.2 144 5.3 36.1 6.8 G.S
NON
S1-HI-E
AL 0.453 0.028 41.8 60.4 140 8.2 41.5 5.1 [.C
S2-
1.207 - 78.2 89.1 100 9.4 95.6 10.2 C.C
CTRL
S2-V-S
1.207 0.030 83.7 96.3 108 9.8 39.5 4.0 G.S
NON
S2-S-E
1.207 0.030 85.6 104.7 118 9.8 35.9 3.3 G.S
NON
S2-HI-E
NON 1.207 0.028 85.0 107.9 121 10.0 32.0 3.6 G.S

Note: 1) S1: Minimum steel ratio 1.5 times, S2: Maximum steel ratio 0.75 times
2) Steel ratio, 3) Grid ratio, 4) Load at longitudinal steel yielding, 5) Maxmum load, 6) Deflection at Pu
7) 80.8spu/Sy, 8) C.C: Concrete crushing, G.S: GRID slippage, |.C: Intermediate crack debonding

2lE HolAM 2o z[thstEEZF(UHsSHE)S atA|7[7] et FRCME| 7|+ ACI
30fM HMAIE L2 Z=SH0] AHAtSHN, Cl2 71 E 7|8tez &

— ACI(American Concrete Institute)ollA | otst MAOAS] JIH 2 [28 2.32]2F &o| 2F
Bt EZA MEo tist BFHEAMo| o[&= 0, FRCM A|AR T Z232|E Alo|e| Z&o| uf

WAl 7HX] wESIctE 7HE =4S 2HESto{of 2t
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248 RCi| HUE 24
Ec fe aif’e
Cu C c%‘ E ’ C=(1]f’cB[Cub
» Ts » Ts= Asfy
— Tem = Asfre

Assume neutral axis depth ¢,
£e=0.012 € = LIf/E

Compute strain level in concrete and steel assuming failure mode is
r
e (B d £

s Cu fe

governed by FRCM delamination
& = df iy Efe

&=
& = £
c df— G fe
Compute internal forces

T, = Asfy — AgEqeg
Y
3ele, — 53)

Tf = NAbefEfe

Compute concrete stress block factors
8 ( 4e, — g, ) (
= = | — qq1 =
; A 6c. — 2¢, X 3B
fg v
1 fe B b
Error_c, = (¢ —c,)/cy
NO Frror_c, < Tol. (0.01)
YES
Compute ultimate moment
& c
A “) +A\Eel(d—d) My=T; (df - ‘812 “)

Ms=Ts(d— >

£ 28t Flowchart

Compute theoretical ultimate load

—

PRI = 2(M, +Mp)/1,
| AF

8_

w

[Z18 2.33] SettAloM 2] Sotsts A
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25) ACI 318-19, Building code requirements for structural concrete.
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- % ctg, (A 9)°t Zo| LfF &eo HYAZ 0|35t (A 10)dM ZS&EF Zol(& 11)E
AT (07]0[A], As= B 22| EHAo|H, n2 FRCMe| EZZAL, Af= FRCMe| ZE cf
Hxo|ct)

];_ Tchm =C (AI 9)
T;:Asfs (AI 91)
Tfrcm:nAfbffe (AI 10)
C=a,f.B,be, (Al 10.1)
Af . +nAbf,
= AN (44 11)
o fBb
- O|"EA =S Zo|7t F=4oll 7i7tel & wi7tx] Btsstnd, SES 20|17 A- =M (A 12)
o (A 13)0I M2 M2 Mo @ BI5101 ZHDHE 2 A sbat,
Bic,
M, = Af,(d=—5) (A1 12)
/Blcu
My =nApf . (h——=) (41 13)

- A=A (o) (A 15)2F 20| ACI 56226) 2 ACI 318 7|&=g wl2cCt. =S o=
g o ZEdUd2AT(on)s 12 HESts A2 wolsiokstnd, A ZXol| 230 (4 15)&8
= g3t

0.9 for e; > 0.005
_ : 0.25({?!—&'5”) = .
‘:P”! — 065 + W—tq” tor Egy < Ef < UOOS

- 3, ACI 5490 A= FRCM Al2% HM8A| M8 M J|Z7x2e| 8 S2iof 50%S X3t

X| gfotof &t

26) ACI 562-20, Code requirements for assessment, repair, and rehabilitation of existing concrete structures and
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AFNL =57 MLAAAR 7S, T AISKIEM & S22 A" 7l A
=13

- @HOIE: MR MM AS(HMHEE S) L HMTI TE7IE, FUR MA
2 E

M7 MY 2 AE MY EF, AMEE "I}

P2AMATOM st Il ZAMTF MMEH XIExEAL 2 EMS S50 HIAERY J2|EE
A xst= ofdol Z€eFZioot 287 MAME of@lsto{of stE2 A% FEMAN 3 M EEHt
Asoz HEMo| Ron, M7 MM FEE &eto] 2, SZtol| eddo| #7|H FH
o] E7lsl22 Fersk(Warp direction)o 2t M- S35oF sI22 HIAEIY O2|=9| & Z=11H 0| A
87 MME & =of 2l fElsts A2 &e|Ho|x| g2 HHE AdUCH

olzfsr ZuE HiEe =z XMZeo| He|lds 11250 A =g EHAE OZ|Eo EeFZho gt
LM FHAME Mx[ot= WHE M5V {5l OSEMSHTEE st HAS 2 24, A7
T HIE st AEe s en, @3MRF HE HAEY OZ[E M=EI(s2 st
o

= .

= AHEdME EFurdd HHASE™ el Rayleigh#2lofl 7[8Het LEAHAAM QIE{ 240l
Mg HolHE S5t 20

ODIiSI-BE AtE35to] sietz, MAZol X
L AoE Sal B

IE I
m 4
™
o
H
B
-1
0x
ol
)

e moe sols _ o
YHURO WMHES PEE HISYS. B U 4DE =tAl B Rl
] M3ID AE SAl BAIY & AAS

=
cloleel &2 [ .34]1°F Zo| UTMe| stEHI0|E{ 2t Strain gaugell HEOIOIEE @
Data rogerg &=35t04 & 2 @TDS-7130AZEQ0E 0|85t ZUEHE 5t o, 2N
T MdMel HEHolEl= ®, @WLUNA ODISI-B &% % AZEQo{E 0|E5t0] O|o|g X
3 ZLUEHYSIFS. ZE HOlEHe sIES7IEHAIEE 7822 AAZI2e2 SAlo +=HsI¥ .

E 2.19>0| LtEPH Zdnp ZHo|, MAM{Zol= 1,200mm, SAHL= 2.6mmo|nd, M RE
Al=o| #AH FEE %= YA Sodstod [ 2.34]1F Z0| 200mme| HHEHekstedod
O:

1,000mme| MMFA, 10mme| ez & dd7 MME ALESIUcH




AlZI[28 2.35]E 0|83t A= A2,

Age g olztoz FWSIRD, TSR
tistSEE2 1,000kNolct. 38 7ta] & Aee| A9, A E s S0l 2hets| XXt
on, Lt 7|9 2T ol Tzl X|Holl x| = At MSH L2 0.1mm/ming|
OjMet £x2 HMOUHE AESIUS

<E 219> Al2= MAMe S
sensing Sensor Maximum and minimum Gauge L 5
Type of i , ; Data acquisition C..
length diameter operating temperature pitch
sensor . . rate (Hz) (Hz/ue)
(mm) (um) sensing region(C) (mm)
OFDR
1,200 155 220 and —40 2.6 100 -6.679
sensor
Strain 5
- -196 ~ +150 - - -
gauge 30

Connector

Protection jacket

7\
L &
£

Polyimide coated fibre

-

Termination

4 v

20cm

strain relief region

[O28 2.36] &M T
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1o
N
o
T
OolI
S
)
ol
> o
L 2
sl
u
or
gl
o0H
0x
=
rx
x
10
Jal
)

_o't
¥

0
g
FH ru
Mo

(o]

- = Zlctof B
= AEg QA 0|X|2e] Mg H|W HESE

— <E 2.20>1} Z0o| AlES & o|EAIF
(Strain gauge)™} ZM-FMA{(Optical fi

oflAl 7HESH HI-GRID, Z|& =X &2l SOLIDIANM‘ RAASM‘°| :LE| £ ASSHUE.

(a8 2.37]z Zo|] AlgxA= Zol(L) 380mm, =(W) 100mm, FH(T) 30mme=z

6.021 & mtd| "efe| H(Beam)olnd, BlAEIY J2[E= YHAA 5mmel =2 F1 A

MAM(L: 1.2m)= AX|™OAM A|ZESH0] 240mmE §ZHSensor region A)St

| = ) O:l?r
1, Eelag REE 0[35H0d 170mme| H| FXFZHExternal loop)S F1, BAIH™JHX]
240mmE FZHSensor region B)3IZCE Strain gauge= Z2| ST 5X|Mof AMx[5t0]{ Z
B Hs Al HYE82 SYsIUS. AME FI7(H4 &M= 2x1ATo| Al E2=2 Jlgkst

100 mm

w

HEEF MM FE} o =1 = FSESS| NEEES
HI-GRID S(EA)
(EPOXY) [AEz|el Ao[X]]
SOLIDIAN CNE=(oF3 A, 194%)
= 2(EA
5 2 Eaf 2l 0| x] (EPOXY) (EA)
5 o1ed) + [ZH S HA]
=0 S MA V.FRAAS M—-BOND-200(0fl ZA| 7|, 12434) 2(EA)
(SBR)
A 6(EA)
P
_ 40mm 150 mm ‘1‘ 150 mm __ 40mm
= Stramgauge@Omm) —_ 30mm20mm 20mm 30mm
E Optical fibre o
i T e . - _A‘-';, —_— 2 - - <o
. ‘ < 100 mm .
External loops
Plastic tube . 240 mm R
t [0 il 0 il il 0 0 0 0 0 0 0 0
|| || cnsor rcgon (B) n | Strain gauge (6mm)

Sensor region (A) A

v 1O 1] 1 1] 1] 1 1 1 1 1 1 1 1

70 mm 60 mm 60 mm 60 mm 60 mm 70 mm

[O8 2.37] A&HA 7
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iy
1

<E 2.21>2} [2& 2.38]0f L}E}
1,10INOIAM & BHmf 70| 2hA

]

st SA

g -
[o]]
~L
of¥
Rl
[o]]
\J
T
el
>
==
el

206

SOLIDIAN

113

V.FRAAS

363

6.0
—V.FRAAS

5.0

4.0

3.0

Load (kN)

2.0

0.0

4.0 6.0 8.0

Displacment (mm)

0.0 2.0

(a) V.FRAAS

(28 2

6.0

Load (kN)
Pow s 2
=] =] =] > =]

—
=

—HI-GRID

5.0

4.0

3.0

Load (kN)

2.0

1.0

—SOLIDIAN

e
=

0.0

.38]

4.0 6.0 8.0

Displacment (mm)

2.0

(b) SOLIDIAN

2.0 4.0 6.0 8.0

Displacment (mm)

(c) HI-GRID

HEAI
(=l

(Strain gauge)2l
AERY T2l E

HdE2
B 54

— o

H

—

tHE el HES

xl2| Aol x| =
0l H|5t0{ T29I %2

T421x|2] A o|Xx|2|
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Micro strain (mm/mm)

Micro strain (mm/mm)

50| =2 A2 & = US. 0|A2 T¢I x[of &Mt #Hofl 2|st0 S0 HEF=HU7| W
o2 AlRE
oY &5 Al (st crack)
300 12000
—--S8.G-T1 : < | fg
250 ... S.G-T2 X T 12 13 T 150 £ 10000
200 E 8000
150 £ 6000
i
100 o 4000
P
2
50 S 2000
0 0
80 0 100 200 300 400 500
Time (sec.) Time (sec.)
(a) HI-GRID
300 12000
250 §10000
200 E 8000
150 = 6000
=
100 o 4000
1
=2
50 S 2000
0 0
0 50 100 150 200 0 300 600 900 1200 1500
Time (sec.) Time (sec.)
(b) SOLIDIAN-GRID
500
E —--S8.G-T1
E 400 || S.G-T2
E —S.G-T3
- 300 |1---8.G-T4
E --- S.G-T5
£ 200
=]
)
S 100
=
0
0 5 10 15 20 25
Time (sec.)
(c) V.FRAAS-GRID
[ 2.39] 7|&=&Al(Strain gauge)l| HEEs 2%
[ZBMF MA(Optical fiber sensor)el HEE EX] [ 2.40]7 Zo| ZAMF MAMel BiE
E EXoM 2Y stE AR ZOf 55 ChAe| HYE FEX2 FESH] LEHAS.
1.2mZ2olel M7 MMOA 2.6mmE 17HAE 5101 & 463722 HESES S™SIF 20,
gaglel J2|so BaE MR MM 53 gode 9arfaole. [ 2.40]2 EBF 9
xE HAEE EEXE LEHfD Jen, HAER J2|=o FSUFM o=z 27| FESH
M7 MM Exs 2E AEAAM sdet 2EXE LIEHA20, J7[E AE QA O Xo
HlSto{ 1EAol HEE ZxE &2l Jtse.



Micro strain (mm/mm)

Micro strain (mm/mm)

Micro strain (mm/mm)

300

250

200

150

100

50

300

250

200

150

100

50

300

250

200

150

100

50

oY 5t5 oA (st crack) 2|t 3t& oA (Peak)
15000
Sensor Sensor ,g Sensor Sensor
region (B) region (A) region (B) region (A)
Distance to : §12000 Distance to
connector 1=} connector
E 9000
Z(S)(l;il External E Zgé‘il External
. - h o -
0 S.G-T2 toops @ 6000 1 6 s.G-12 1oRs
O S.G-T3 = O S.G-T3
3
O S.G-T4 = 3000 || o 5.G-T4
A S.G-T5 A S.G-T5
0
0 240 1200 1440 0 240 1200 1440
Posmon (mm) P0s1t10n (mm)
(a) HI-GRID
15000
Sensor Sensor — Sensor Sensor
region (B) region (A) region (B) region (A)
Distance to §12000 Distance to
connector =) connector
E 9000
:g(liil External § Zgéil External
G- — G-
0 S.G-T2 00ps 2 6000 1 5 5.G-12 toops
O S.G-T3 = O S.G-T3
3
O S.G-T4 = 3000 || o S.G-T4
A S.G-T5 A S.G-T5
0
0 240 480 720 960 1200 1440 0 240 1200 1440
Position (mm) Posmon (mm)
(b) SOLIDIAN-GRID
500
,é\ Sensor Sensor
region (B) region (A)
g 400 Distance to 2 i ;
g connector
E 300
= —O.FS External
<
o A S.G-T1
2 2001 55612 Loops
S 0 S.G-T3
= 100 || 0 s.G-T4
A S.G-T5
0
0 240 480 720 960 1200 1440
Position (mm)
(c) V.FRAAS-GRID
[O8 2.40] &M= HA(Optical fiber sensor)e| HeEE 2=
12000
— HI-GRID o) — HI-GRID
g 900 | T SOLIDIAN
-------- SOLIDIAN g V.FRAAS
N’
=
= 6000
=
w
(=]
b 3000
=
0
540 600 660 720 780 840 900 540 600 660 720 780 840 900
Position (mm) Position (mm)
oY 5t5 oA (st crack) 2|t 3t& oA (Peak)
[O8 2.41] Ozl E/YE 23487 dAMe HE s 2= dH|1 (Sensor region B)



- OB|E SRY MG MM HEg BExE [O8 2.41]0 LIEHHAS. 7|ZE AEE ¢l Aol
x|} &o| =t} 5IE ctAMM 2= SFE HEE 22X Xl0|E LIER)D, HAERK O
2| =9 BEAMSE =X Qx¥E HYEES Xo|(HEE/E™RAX Zoltiztzhz 2lsld EH
s £ Qlond, x[f 3= chAolAM HI-GRIDO||l H|3t0f SOLIDIAN Z2|=2] E&xMSo0| 2%
st{, V.FRAAS Od2|E&= 713 92 &M sS LIEf D JUAS.

— b — b e, e,
T ....... G
‘ v ? | |
h MI M2 M3 M4 M5
4 - BM.D I | '
L oA e N S Sy
X (n 134, fet ot
(a) cHH|M (S HEE &) (b) BHE ME
(122 2.42] Ho| clHslA 2 DHE MT
300
- —— HI-GRID-Exp.
g 250 ----S-GRID-Exp.
= HI-GRID-Theor.
g 200 M3 S-GRID-Theor.
N’
£ 150
-
>
2 100
|
2
2 50
0
540 600 660 720 780 840 900
Position (mm)
[O8 2.43] HM7 dAM 2XE HYE 2= H|W (MG vs allAMgH
<E 2.22> fAd 5t& chtAOIMe| ctosiA ZAobgtol AlEZf Bl
Type Experiment strain (umm/mm) Theoretical strain (umm/mm)
of Sensor
arid M1 M2 M3 M4 M5 M1 M2 M3 M4 M5
v S.G" - - - - - 19 58 97 58 19
“GRID | g ps?2| - - - - - 19 58 97 58 19
23 70 117 70 23
. 1 11 .
S S.G 8 39 3 0 3.8 (77%) | (55%) | (96%) | (0%) | (16%)
-GRID 23 70 117 70 23
F. 12 112
O-F.S 53 °8 9 (51%) | (75%) | (96%) | (82%) | (38%)
36 107 179 107 36
. 2 2 1
HI S.G 0 98 06 38 0 (56%) | (91%) | (115%) | (35%) | (42%)
~-GRID 36 107 179 107 36
.F. 2 1 1
O.F.S 0 80 90 98 ° (56%) | (75%) | (106%) | (91%) | (42%)
Note: 1) S.G: AEa|elA0]X|, 2) O.F.S: ZMF MA
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27) Janetzko, S., Kravaev, P., Gries, T., et al., 2010. Textile reinforcement with spread and commingled yarn

International Conference on Material Science and 64™ RILEM Annual Week in Aachen—MATSCI.
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(b) Pillar stitch

(a) Pillar stitch &l Z=gbaAl

[28 2.45] Pillar stitch 2 =24 2 X x &

- 8X FUAAM= LEYE O2|=2o| MAEMH2 |eno weave YHAS 0| AIESt Y20,
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(2) 2745 +7Y 2IA HAH M5HM A7

- 2AMAEOff JHEer 27(A HEAM L UFLET 74.6MPaR DZES ZEEIE0|0{, 1L Eo
7 2

7|

o
=
2
H
Mt
n
39

o o
8
>
0l
?

lo

— I

7t o|S5t7| of 3 ¢

=M E28)g n2{sto{of 2.

2z FI1A HEA 2 etdeE sk
I |-E

5. <E 22000 Lichd 23 Zo| USAEE Ak EE Awe 2o HE|

nf, Yut EL@EEl=E 48.7MPa, WY 27|74
A

LHERH A CE.

Mix Composition of content by weight (%)
W/B o= 2|
(%) (MPa) (MPa)
NO. c" | 8% | sF | s? | PvAY | P.PY | EVAY ADY W
04t | 37.8 | 41.6 2.0 | 1.4 | 50.31 0.2 = 0.20 4.29 17.0 74.6 17.4
ik | 457 | 35.0 - - 60.45 - 0.2 0.35 4.20 16.0 48.7 10.3

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate , 5) A.D: Admixture

6) P.P: Polypropylene

- WetdE g MEM= 72, ME(W, H) 200mm, FHI(T) 30mm°| YAtz AlHE 242

274 M Estof 28 SO 25 20427 Q| UMM %
a

= b &ol, 2ol &o| A= 1HE %E
1, sl RA|S olgstol MEA EHol AF sldsiod oiel
ARL, FET S2 HelHYUS
~ 1mssc
==
220
Al
=l
=2 | I —
a
M
> E
I xl
2
g

[O38 2.47] WstAlES set-up

28) Y.Andrber, Spalling phenomena of HPC and OC, Proceedings of International
High—Strength Concrete, NIST, 1997.
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60 3

e | HEA | vle eRR ) 25 doy 50

b & o zauy

2% (t) | 2% () (c) Y 40 .
b _ ,
B %0
soz olpt AHE U
7He 24.9 Zd=2 olst MEse oft 2° — Tt
w --- gt
gt | 249 56.9 27.2 O T o e e
== : : ’ 0 120 240 360 480 600
7FE At (Sec)
(a) 70 271H H = (b) it R2E=2
[O8 2.48] AYZT (7t¥He 4L =)

- AHZAD} Jjgst FI1H HEAH AEME JHEo| ARE XHOA 22 F JIE oM Z Q0|
2SI AlSle SCH5Igion], bt Hep2El2= Z 2hMelo] 56.9CHHX| 2Z7F AS
SIS, w5t tUHS SHOR olHE DPS0| LR WolLhE YATAO| LYIIUS.

<IE 2.26> e AIME viE JHE (RHEH 28Y)

Mix Composition of content by weight (%) _ _

W/B 2= =
(%) GG (MPa) (MPa)

NO. cV Bs | SF s | pvA® | P.P® | EVAY | ADY | W

71 41.6 2.0 | 1.4 | 50.31 0.2 = 0.20 4.29 17.0 74.6 17.4

ks

1 37.8 | 41.6 2.0 | 1.4 | 50.11 0.2 0.2 0.20 4.29 17.0 71.8 17.9

=

5 41.6 2.0 | 1.4 | 49.91 0.2 0.4 0.20 4.29 17.0 71.7 18.2

Note: 1) C: Cement, 2) S: Sand, 3) PVA: Polyvinyl alcohol, 4) EVA: Ethylene Vinyl Acetate , 5) A.D: Admixture
6) P.P: Polypropylene
- DYE ez Y MOE 4 s wolozs m=el= uiE Al Be/ZzIY MR
(P.PER)E EQUsts wHo| 71 58X 2oz B12)sof US|, Yuxoz Eye

29) T. Lennon, N. Clayton, Fire tests on high grade concrete with polypropylene fibres, BRE Report 395, 1995.
- 52 -



190°C~250CAlO|of| Al YA SI=0 H|5I0{ P.PA R = 170ColA =7| w20 o ES AL o
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5217t 82 = Uc oMt 352 Y5 = o|2M 57| 0] Zobx[A F.
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RS, <FE 2.26>0] LIEIH Zdm 2rH TE 0.2%, 0.4%E #H
Jbet WiEel UEZE @ B 2EE SHE An, YSUCE Y AMED SS6 HsS

» = o o
E 2.27>3 Zo| WEMEAD, Y diEte ALSs Y A YEFe 2E MEAE
dof ofst EH AR WMHK AYon, JIE M-T SEMEY2 PPYRE 0.2%E H
Jhst AEAE 18.0C, 0.4%S H7IeH AEHAME 156C2 Lot HHmEEl2 AEHA ol b5}
of o 57~67% FESOE st 50| EMEUS
2.27> A (REHSEH HlW)
60
o | 7MEAlL |t #EF | 2z M5 5 1
a (¢) | 2% (t) (c) o =@uy o o
& 40 # g .
& @) 7 A
ﬁ [ _,—"_J- ;_';
My | 249 Zoim olft NEHEC LN S i
H [ o St
o % [ —g -y
702k 24.9 42.9 18.0 10
HE - TR
0 L L L L L
= 24.9 40.5 15.6 0 120 240 360 480 600
71RAIZ (Seq)

(a) 7He F2[AH H=H (c) 7H&2 (P.P:0.4%)

[O8 2.49] AlEAD} (7lgHe| A4 2X)

e 277 HAH % HAEIY 12[S8 0|88 FROMAIAH S TxobYA 2 o8t A
52 gIIsP| 250l MM PEEe| 7SS S48 RC 7SS MH-HEE UIMSs U
2 +HAS.

<E 2.28>0 LIEHH ZH1p Zo| deHes OHEAEIZ|ES] FAEOHY HI-GRID, 54
V.FRAAS, =2 SOLIDIAN), @ 2Z2HE(FRP SHEET 22, FRCM =& E2ZhH=E 272

5lo{ & 6x 2l AEME H2SHAZ.
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- <X 229>, [O" 2.50]0f LIEPH 3} Zo] EAAMe| 7= AMEA = FEH(D:350mm)0|
o0y, =0[(H) 2,000mm, a/d7} 3.521 & M3l mI|defe| 7|82 AMAsIHS. Z32E &
FSUE = 24MPao|ny, FEHZ2 8—D22(fy 450MPa), 2422 D10@1 25mm(fy 500MPa)
2 HlZ5tn, ¥8o £E0| =EE 0|2510] EfMSI0] AEAE MZESIF S

- Mztst Aex= 78 2 = ZIEE SAIH UAEULTE SHSI] HMAUES US| 2F 70%
ol 23.6MPaZs Ztel & muxUS MASAUS. FROM =@wlel m2imols 7|5e a2
ol(d)el 1.58fQl 420mm=Z 7| AHSHRES AMSTIX| 72t S &5 HUSIFS. ELTsAM =
OEFEHEAMZ L AA D™ ZEsE MX-0F7|A &AM EE(ZYH 10mm)—-@EAER! 1
22 AX-0F7(H H&M =EZ(OIE 15mm)—>0UMel =M 2 FalsIR S, [O8 2.51]

<E 2.28> 7|5 A Lzt

MY 2z z? BdAS 2 Z+2(Roving) BAZERY | mHIE | ojEmxA

CONTROL - - - - - -
P-HF SHEET HF: 150 EPOXY NON EPOXY

M-V-NON V-GRID CF: 18 SBR NON

M-S—-NON S-GRID 1 Layer CF: 18 EPOXY NON VMORTAR

M—HI-NON CF: 19 NON (74 2)

HI-GRID EPOXY

M—HI-AL CF: 19 AL

Note: 1) Specimen name: A-B-C(A: FRP or FRCM. B: Type of GRID, C: Surface coating)
2) Sheet: FRP sheet, HI: 702, V: V.FRAAS, S: SOLIDIAN
3) SBR: Styrene Butadiene Rubber

<E 2.29> 7|=AHEA 37| F HiZ

Speci fck Size (mm) Longitudinal Re—bar Transverse Re—bar
(MPa
mens ) bxD H d a a/d db fy Os db fy Otie
D10@1
CTRL 35 350 2,000 | 280 1,000 3.5 8-D22 | 450 3.22 o5 500 0.41

1200
100200 600 20010

, D22(SD600)

| [
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il| 40

5
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[T p22(sD400)
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40
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L e/

=3
<
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i

LT1
160 200 1
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[ 1 L
00200600 20010
1200

[O8 2.50] ZI=AEH HiZ2E
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| CEAGIED)
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I\ =xzio)
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t——— zuz2iay

05 222 2 10mm) L =gz = o@pzk 15um)
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)
O
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o

a7t Mast= MEE sdstds. [O28 2.52]0 LtERH ZdTF 20| 1,000kN 2| 2|
aisto| ol Folo|E{E o|&3to] AlEAlof 295kN2| F35HE(0.1b-D-fy)2 7F4SH ¥ 1,000kN
g0 47 wWate] AX0|0lE{S 0| 8510 Ay Tlo| SUst MEAo| ABHES HE
2 Jtst¥S. et Itz ¢F Fol dxE FEFAEXE 0|85t TS0 EHESH=
ol ofet HelSEa=Hr-ARTHE Za=t6ctER SIS, 718 Z2O-2 [O8 2.52]
3} Zol FHZo| sH=Alo| HeI(A)E 7IE2R o HeIMolWAloR v Jlesil S
Reaction 10>< .
A wall 1
A::‘tuatlor ™ 8.
(1,000kN) 6—_ A A
4
2 2] A AL
Parallogramie e P AAAN NNV
g 5] VARV
g o VY
s I
,,,,,,, 5]
-8
'10‘ T T T T T T T T T
0 2 4 6 8 10 12
J Number of cycle
(328 2.52] 71y & ==Y
Positive Negative
Direction Direction
(+North) [; = (-South)
N LVDT’s for i
\ Measuring
displacement
é —E—
E
|
S.ED B.M.D —B]
(O3 2.53] AF & A o4
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- (& st=1 ¥ A ZIE <F 2.30>, [2E 2.54]0f LIEHAQUCE AEFH L StEZ2 HE
ofo|Efofl HEAEl REMo| FHZIS ARSI SN, HelE [28 2.54]0 LIERH LVDTEE
B AZE 2usF #Helo| YRS ARSSIQIct MItEAle 5tF 2 #Hels (+), F7iEAL
5t 2 #Hele ()2 e A

<E 2.30> 7|5 A Ay
zE2 ¥2(5) S = S
R Heek(+) FaE(-) 5 85%
513 4 9| 513 4 9| e 4 2| 082 | o4 M2
(kN) (mm) (kN) (mm) (kN) (mm)
44 1 -41.8
CONTROL | 141.2 22.6 157.7 2.04, -178.6 (184, 79.5 3.52
48.1 -47.0
P-HF 167.0 25.0 190.2 (194, -165.2 (194, 150.6 6.02
42.2 -43.8
M-V-NON 150.7 22.6 180.1 (194, -188.6 (194, 122.4 5.42
49.0 -46.9
M-S-NON 167.7 25.0 195.4 2.04, -193.5 (194, 132.7 5.31
70.9 -41 .1
M-HI-NON | -155.5 -20.5 195.8 354, -187.4 2.04, 133.8 6.53
47.8 -48.4
M-HI-AL | -168.6 ~24.2 198.7 2.04, -194.1 2.04, 146.4 6.05
Note: 1) Specimen name: A-B-C(A: FRP or FRCM. B: Type of GRID, C: Surface coating)
2) 60.85})1,/ d,

- FEZ g5Ael #e()= 2MEIXIFZhol FES BHEE ORIt FEHYE(,
0.0025mm/mm)oll E==sIAS el HelE LiEto|, ojufe| StES FHZ =4 552
2 A5 S,

- (FEZ =4l gsls 3 H)E Control AExo Z2, 35 U H[E 141.2kN,
22.6mmo|0, P-HF A&H = 167.0kN, 25.0mm, M-V-NON A& = 150.7kN, 22.6mm,
M-S-NON &AlSH+= 167.7kN, 25.0mm, M-HI-NON A& &= (-)155.5kN, (-)20.5mm,
M-HI-AL A &H+E= (-)168.6kN, (-)24.2mm=zZ Zt A "2 Aol on], ojmel HYE
AR M2

2of
190.2kN, V-GRID&
S-GRID
St

—

CESIR e

FRPAIEZ EZsot

St

S

P-HF e 1.94,00A4
M-V-NON A&&E 1.94004 1.148)

X
s |

M.

=2
o
£ =83

Alxl= 3.5A0M 1.248] S7t5H 195.8kN, HI-GRIDO ALEH
APIM 1.268) Z7k3H 198.7kNOILS.

El

5.
s
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Lateral Load (kN) Lateral Load (kN)

Lateral Load (kN)

24

-

o 4%, 2.0A0IM 157.7kNe=2 |t LfHoi

- Z[Cf iAol AHAME EstE A, HIt

M= 1.9400M <F 1.208f 7t 190.2kN, V-GRID
oF M-S-NON &&xl= 2.0401M 1.2480 &

olA 1.148f Z7t5t 180.1kN, S-GRID

= ~T1O0

7tet 195.4kN, HI-GRIDE X &% M-HI-NON4!
of M-HI-AL &&= 2.04,01A 1.268] 72k 198.7kNO[A S

HI-GRIDOl ALEHZEZ ¢
- = Aol TS HI-GRID2| st=ofl et &
300
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g
0 —
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-100 %’
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=200
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g
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=
=
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(38 2.54] &35
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HiSES 7|E 22 MBI S, Control AEA
TESlY o0, FRPAIEZ EZSH P-HF AE
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0
-100
-200
-300
-200 -150 -100 -50 0 50 100 150 200
Displacement (mm)
(d) M-S-NON
300
M-HI-AL Peak
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0
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Displacement (mm)
() M=HI-AL
—Hel 2A



(o2 2.55]0 LIERH Zd3b ZHo| Control

et M=

- [ﬂ'oado

grzfof 2

stof 232|E

Ep

BZFZHAEHEWMEE 420mm)o|2le| FZHiAM

|

M

o

dizt
—/ 1

E

| T2tel FRP Al

51X

24

5104

et "l

Mg

ool LIEI%20i, Control

oo
B3

—r
[I[e]

Tor

ol
~

i

U

Aol 7|

oF F7|4

—
—

|

HI-GRID= 2

|, S-GRID,
| AX2E, FRCM =

2 ER

T

Atol 2]

F

S
=

El=t
=

H m=o|

!

~ X
H T

A

F21A

M-V-NON

(c)

HF

(b) P

Control

(a)

(e) M—HI-NON (f) M=HI-AL

(d) M—S-NON

_58_



[ SH] RC 7|5 FMolAM AM2 Mats=o Z Tt glo] HEg jAled = Us
sHE olo|stn{, chHo| StE-Hel IM ZAHE 0/|83510] LIEHHAS. AMX|F== =|HstS
o] 80% HEE&= 85%¢C1 A|HOM dbYsind, 2 AEdM = FUstEel 85%2 A|™OA LAY S
A= [28 2.56]

- z|tfstE e 85% =2 AMX|F= Control AEHOA 3.50|04, P-HF A& X= Control Al
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off H|stod 1.581 S5t 204, HI-GRIDE A& A&Ad = 1.8440/0, HI-GRIDO| ALZEH

FE g oF MM = 1.784 SIS
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<I 2.31> F& o|HX| 2t
£5 o x| &4 (KN-mm)
SEL
0.25% 0.5% 1.0Ay 2.0Ay 4.0Ay 6.0Ay 7.0Ay
CONTROL 0.6 1.91 6.59 20.34 61.24 95.85
P-HF 0.34 1.55 6.74 22.39 63.55 126.31
M-V-NON 0.77 2.41 7.50 22.19 65.60 134.97
M-S-NON 0.69 2.23 8.16 25.68 77.18 157.66
M-HI-NON 0.82 2.55 7.20 19.75 67.45 171.50 238.57
M-HI-AL 0.73 2.36 7.36 23.53 72.40 195.35 242.10
300 T 300 300 :
2 2 50l 2 By
£ 240+ /A : E *E 240+ A —A—HINON 4
Z A/ Z 200t 2 /
= 180F « =t = 180+ )
g £ 150] g
2120} £ £ 120} / o
Z & 1001 2 .
T 6ol 2 sl Shon || 5 60F
80 20 —A— Solidian 20
o % o —A—V.FRAAS o
=) = | | | =] i | | ; =] . ! | | |
= OO 2 4 6 8 10 = 00 2 4 6 8 10 = 00 2 4 6 8 10
Loading cycle Loading cycle Loading cycle

(a) ALEHPH EZRFF

(b) 22l BFE

(c) FRP VS FRCM

(28 2.57] & oLl 252

- dENoz, 2 odTo|M MLE H-GRIDE RC 7|50 X235 FRCM =ed 223 uf
HET 2 oM, offx| A4AHsHo| fHE Bweol Selsiond, S| V-GRIDL
S-GRIDOI| Bl3t0f BZA50| SAlE|US. EoH J|Zo| YABUBHOR ol AFBE D 3
= FRP BU3Hol u|sto] 5ol AL bl5et +FOIXL, ANSA SR8 242
Hobsls M O AAHsOIA BAE M52 WIS
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30) Guide for Concrete Floor and Slab Construction, ACI 302. 1R-04, 2004
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SEMAEIQIDL 27|H HAHI(FRCM)E #38 =2
\ B321E FXE YSBY Y AR NAY IS WY
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In this study, experiments were conducted to evaluate the flexural performance of the
RC column reinforced with hybrid FRP sheet.
reversed cyclic antisymmetric moment,

The experiments were carried out under
The variables of the
specimens is reinforcement with hybrid FRP sheet which was made up of aramid fiber
and glass fiber. Experimental results showed that the specimen reinforced with hybrid
FRP sheet exhibited a flexural performance equal to or higher than that of the specimen
without hybrid FRP sheet. Moreover,
dissipation

such as seismic loads.

ductility capacity increased by 1.9 times and energy
1.75 compared with the
It was confirmed that the specimen reinforced with hybrid FRP

capacity increased by times, respectively,

non-reinforced specimen.
sheet have sufficient structural performances which exceed requirements recommended
by the design codes; KCI 2017 and ACI 318-14.
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ABSTRACT  In this study, experiments were conducted to evaluate the flexural performance of the RC column reinforced with
hybrid FRP sheet. The experiments were carried out under reversed cyclic antisymmetric moment, such as seismic loads. The
variables of the specimens is reinforcement with hybrid FRP sheet which was made up of aramid fiber and glass fiber. Experimental
results showed that the specimen reinforced with hybrid FRP sheet exhibited a flexural performance equal to or higher than that of the
specimen without hybrid FRP sheet. Moreover, ductility capacity increased by 1.9 times and energy dissipation capacity increased by

175 times compared with th inforced specimen. It that reinforced with hybrid FRP
sheet have sufficient structural py which exceed by the design codes; KCI 2017 and ACT
318-14.
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ABSTRACT  Fiber-reinforced cementitious matrix (FRCM) composites made of textile grids embedded in an inorganic matrix are
advanced cement-based materials designed for repair and retrofitting of concrete structures. Composite materials are the result of
combining basic materials into new material systems that have improved properties compared to the basic materals. In this respect,
improving the performance of th of the composit is important. In this study, basic research was carried out to derive the
optimum mixture for improving the performance of FRCM inorganic matrix for repair and retrofitting of conerete structures. For the
development of the inorganic matrix for the FRCM composite, four groups were sequentially determined and the basic propertics
were confirmed. From the experimental results, optimum results were obtained with 2.0 % GGBS, 1.0 % Silica fume, 0.2 % PVA
fiber, and 0.2 % EVA Polymer. In terms of durability, the alkali resistance was reduced by about 70 % compared with that of
conventional mortar, and the water absorption rates were almost identical.
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ABSTRACT

In this shudy, in arder to reinforce the fiexural performance of the recertly aging structure of RC structures, the
flesarsl performance: eveluation wes perfarmed using the presence: or absence of reinforoerment of FROM composites
and the mumber of lavers as variables. As a result of the experiment, it was confirmed that the specimen reinforoed
with FROM composite had improved flexural performence compared to the wreinforced specimen, and there was a
difference in the fallre mode. In addition, it was confirmed that the flesural performance of the specimen reinforced
with two lavers was improved compared o the specimen reinforced with ore ply.
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(7H Evaluation of Bond Properties of a Fabric-Reinforced Cementitious Matrix for Strengthening of
Concrete Structures

=8 E:

Min=Jun Kim, Hyeong—-Gook Kim, Yong—-Jun Lee, Dong-Hwan Kim, Min—Su jo, Kil-Hee
Kim, “Evaluation of Bond Properties of a Fabric-Reinforced Cementitious Matrix for
Strengthening of Concrete Structures”, MDPI, Applied sciences, 2020, Vol.10, Issue 11,
3767, pp.1~12, =AM =&, SCl=&(l.P:2.217)

In the present study, pull-out and pull-off tests were conducted to examine the bond
strength between an inorganic cement adhesive (hereinafter referred to as the “matrix”)
and a textile, which composed a fabric-reinforced cementitious matrix (FRCM). The
matrix was developed by mixing slag and short fibers in an attempt to improve the
alkali resistance and compressive strength. The developed matrix was examined with
regard to its alkali resistance, water resistance, and void distribution. Bond tests were
conducted in two parts: a pull-out series and pull-off series. The type of textile (carbon
or basalt) and the weaving methods were selected as test parameters. These tests were
performed in accordance with the methods described in 1SO10406-1 (pull-out) and
ASTM C1583 (pull-off). The test results showed that the developed matrix was superior
to existing mortar methods in terms of alkali resistance, water resistance, and
compressive strength. Additionally, the FRCM in which carbon textiles were used
exhibited excellent bond performance.
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Abstract: In the present study, pull-out and pull-off tests were conducted to examine the bond
strength between an inorganic cement adhesive (hereinafter referred to as the “matrix”) and a textile,
which composed a fabric-reinforced cementitious matrix (FRCM). The matrix was developed by

C1583 (pull-off). The test results showed that the developed matrix was superior to existing mortar
methods in terms of alkali resistance, water resistance, and compressive strength. Additionally, the
Published in: ERCM in which carbon textiles were used exhibited excellent bond performance.
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1. Introduction

Reinforced concrete (RC) structures are subject to degradation of their structural stability as they
are exposed to external loads such as earthquakes and to stress over time. Notably, cracks that occur
on the concrete surfaces of RC structures negatively affect their serviceability and induce the
corrosion of reinforcing bars, thereby resulting in the deterioration of structural performance. Thus,
the safe use of RC structures requires effective repair and reinforcement methods that can control the
cracking of concrete. Currently, steel plate reinforcement is mainly used for the repair and
reinforcement of RC structures [1,2]. However, this method may be involved in problems related to
reduced adhesive strength at the steel-concrete composite interface, as well as increased self-weight
of structures. To overcome these problems, research has been actively carried out since the 1990s on
fiber-reinforced polymer (FRP) reinforcement methods, where fiber sheets with a high tensile
strength and elastic modulus are used [3-8].

The FRP reinforcement method is better than existing steel plate reinforcement when used for
the repair and reinforcement of RC structures because it is lightweight, corrosion-resistant, and non-
conductive. However, the FRP reinforcement method may cause fiber sheets to be detached from the

Appl. Sci. 2020, 10, 3767; d0i:10.3390/app10113767 www.mdpi.com/journal/applsci
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Configuration and Yield Strength of Transverse Reinforcement on Lateral Confinement of

RC Columns
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Kil-Hee
Kim, “Effect of Configuration and Yield Strength of Transverse Reinforcement on Lateral
Confinement of RC Columns”, MDPI, Vol.11, Issue 15, 6696,
pp.1~17, JLAHXM =2
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Min—=Jun Kim, Bum-sik Lee, Yong-Jun Lee, Dong—-Hwan Kim, Sang-Pil Han,

Applied sciences, 2021,
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the lateral confinement capacity of RC columns is influenced by the strength
and configuration of transverse reinforcement. In this study, performed antisymmetric
flexural moment experiments that simulated seismic loads, with the configuration and
yield strength of the transverse reinforcement of RC square columns as main variables.
The eight specimens were square cross—sections measuring 250 X 250 mm, and the
lateral confinement effect in relation to main variables was examined by inducing flexural
in the plastic hinge zone under (a/D) of 3.0.

Transverse reinforcements comprised a square and octagonal S-series and tie—based

failure a shear span—to—depth ratio
H-series. The vyield strengths of the transverse reinforcements were 453 MPa and 1053
MPa, respectively. Compared to the H-series,

transverse reinforcement is closer to a circular form, exhibited more prominent ductile

the S-series, whose configuration of

behavior after flexural yield with increasing vyield strength of transverse reinforcement,
which indicates greater lateral confinement.
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1. Introduction

RC members designed 10 undergo fexural failure will develop a plastic hinge at the
critical section, located away from the end of a member by a length corresponding to
the effective depth (d), when the longitudinal reinforcement experiences flexural yield
under repeated loads like seismic loads. According to past research, flexural RC members,
exhibit ductile behavior through mement redistribution after plastic hinge formation [ 1-3].
However, they may not engage in ductile behavior if concrete undergoes compressive
failure due to insufficient lateral confinement at the critical section, located away from the
end by a length coresponding to the effective depth (d).

The ductile behavior of RC columns, which are subject to axial force, is dominantly
influgnced by the lateral confinement effect of concrete near the plastic hinge zone. Proper
lateral confinement of RC members by transverse reinforcement will prevent buckling
of longitudinal reinforcement and, at the same time, ensure effective moment redistribu-
tion [4=7],

Past studies have showed that the lateral confinement capacity of columns is influ-
enced by the amount and af the core
conerete, and by the yield strength, with circular exoss-sections having better lateral con-
finement than square cross-sections [~12]. However, columns are usually designed to
have square cross-sections Lo enable oining with beams, and for more convenient longi-
tudinal rei ian at the column-beam joints. While RC members with
circular cross-sections can provide lateral confinement to the core concrete using hoop

square cross-sections provide lateral to the core using square

Appl. Sci. 2071, 11, 6695, hitpse/ ol veg 103390/ app! 115665

hitps: /  wwwemelpt.comjournal fapplsc

strengthe. Eng. Stricl. 2010, 32, 297305, [Cronshied]
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(ch) Evaluation of Mechanical Properties and Flexural Behavior of FRCM System Composed of Different
Types of Textile Grids and AL powder
=28 E: Min—-su Jo, Hyeong—gook Kim, Yong—-Jun Lee, Dong—hwan Kim, Kil-Hee Kim, “Evaluation

of Mechanical Properties and Flexural Behavior of FRCM System Composed of Different
Types of Textile Grids and AL powder”, Construction and Building Materials, = <|H & (Al
ALE), SCl=&

This experimental work aims to evaluate the flexural strengthening effectiveness as well
as the mechanical characterization of different types of textile grids and AL (Aluminum)
powder surface coatings. The experiment variables were weaving methods (Pillar stitch,
Leno weave) and types of impregnations (SBR, EPOXY), AL power surface coating. The
mechanical properties of FRCM systems have been evaluated by direct tensile and
bending tests of FRCM, and flexural tests of RC beams. Direct tensile tests of FRCM
have been performed with clevis grips (AC434.13). Bending tests of FRCM have been
performed with ASTM C 1609M. Flexural behavior and performance were analyzed in
flexural tests using reinforced concrete beams strengthened with FRCM systems. For
flexural tests, nine reinforced concrete beams 2,500mm long, 150mm wide, and
250mm deep were fabricated. The RC beams were classified into two groups (1.5pmin,
0.75pmax) according to the rebar ratio, and consisted of two reference specimens and
seven specimens externally strengthened with the FRCM system. Test results showed
that the mechanical property of FRCM systems and the flexural capacity of RC beams
highly depend on the weaving methods and the impregnation types of textile grids.

ELSEVIER

ad Building Matorlal sl CGonsuctivsand Dulding Msgrchs 323 (022} 126552
(5) TRCM system reinforced beams without AL powder coating Eailed
due 0 slippage between the textle grid and the matrix, while

FRCM system reinforoed beams coated with AL poveder faled
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due to debonding between the concrete sbstrate and the FRCM
camposite system caused by intermediate cracks.

(6) In the S1 series beams, the ductlity of the FRCM systems for each
type of textile grid inereased in the order of V'S NON (25), SE
NON (4.9}, and HLE-NON (6.8) specimens, while the HLE-AL
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Mechanical characterization of a FRCM system with aramid fiber fabric embedded in green
high—strength cementitious matrix
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Fabric reinforced cementitious matrix (FRCM) system can be applied to strengthen
existing RC structures. In this experimental study, aramid fiber (AF) mesh was used
along with green high—strength mortar (f'c = 75.6 MPa) incorporating fine waste glass
powder as partial replacement of cement and 100% recycled fine aggregate. Test
objective was to provide basic design parameters through me—chanical characterization
of the AF-FRCM system. Three different types of tests were conducted: Uni—axial test
of tensile specimens; flexural test of composite short beams; and pull-off test of thin
FRCM placed on top of normal strength concrete. Thickness of FRCM was about 10
mm while the volumetric ratio of the fiber fabric to gross volume was 1.3% (0.65% in
each direction). Tensile test results showed that the load—displacement relationship of
the FRCM was relatively ductile, while tensile behavior of the AF governed at the peak
load. Nominal tensile strength of the FRCM cross—section was 6.4 MPa at 4.6% strain
of the composite material. Short beam strength of 1.3 MPa was determined from
flexural test of composite short beams (or interlaminar shear test) performed following
ASTM D2344M. In the pull-off test, two different failure modes were identified: Interface
failure or substrate failure in tension. Average pull-off strength was 2.84 MPa. Design
values were suggested based on current test results of the AF-FRCM.

Journal of Asian Concrete Federation, Vol. 6, No. 2, December 2020
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Abstract: Fabric reinforced cementitious matrix (FRCM) system can be applied to strengthen existing
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In this study, pure torsion tests of reinforced concrete beams strengthened by Glass Fiber
Reinforced Polymer(GFRP) sheet were conducted to provide a database for the preparation of
structural standards for Fiber Reinforced Polymer(FPR) torsion reinforcement in Korea. GFRP sheet
reinforcement and the fiber direction were used as main variables. As results of the tests,
compared to unstrengthened specimens, the maximum torsional strengths of specimens
strengthened by GFRP sheet were improved by an average of 50%. This showed that the GFRP
reinforcement was fairly effective in improving the torsional strength of RC beams. In addition,
comparing the torsional strengths obtained from the test, KDS 14 20, Fib bulletin 14 and
Talisten’s model, it was found that while KDS 14 20 which does not consider the contribution of
FRP to torsional strength underestimates the test results, the Fib bulletin 14 and Taljsten’s model
provide favorable predictions.
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—==L&: This research aims to develop an environment—friendly and durable repair mortar. Three types of
mixtures were used as follows; with concerning binder first, OPC (OPC only). second, AAM300-0
(GGBS only). third, AAM300-1 which is composed of 70% GGBS and 30% cement with the
addition of alkali activator. However, AAM300-0 was removed from the durability test early on.
Because its adhesive strength did not meet the repair mortar standard (KS F 4042). In order to
confirm physical characteristics and durability, various tests were conducted including XRD
analysis, heat resistance, and chloride penetration resistance. Also, various type of acids were
used with the mixtures to figure out acid resistance. The test result shows newly developed
AAM300-1 has higher heat resistance and chloride penetration resistance compared to
conventional repair mortar (OPC). Especially, acid resistance was noticeably higher than that of
OPC. However, initial compressive strength and adhesive strength are lower than that of OPC.
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AAMI-0Y 19 Y3Fest Y 2 F7b oPC - i
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M s i s of i et oo o IS O Dot amns 00
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