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Wasin Chimmanee 2010: Fatigue Behavior of Externally Strengthened RC Bridges
with CFRP Composite. Master of Engineering (Civil Engineering), Major Field:
Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Assistant Professor Piya Chotickai, Ph.D. 300 pages.

Carbon fiber reinforced polymer (CFRP) has been widely used for repairing and
strengthening of reinforced concrete members due to its superior material properties, e.g., light
weight and high strength. Although the CFRP is commonly recognized as a corrosion-resistant
material, the bond strength at an interface of the concrete member and CFRP itself may be
impaired when exposed to severe environments. This research was, therefore, aimed to evaluate
the long term performance of reinforced concrete (RC) bridge members externally strengthened
with CFRP. The failure mechanisms and load-carrying capacity of the members were examined
under monotonic and fatigue loadings. The fourteen RC specimens were exposed to simulated
corrosive environment in the laboratory for 90, 240, and 360 days, and were then tested under
four-point bending up to failure. The experimental results revealed that the debonding between
the CFRP and concrete members could be noticeable after the flexural cracks were developed in
the members. The debonding was then extended toward the supports, as an increase in the
applied load. The ultimate loads obtained from the experiments were less than those obtained
based on the assumption of fiber break at ultimate. The ultimate capacities of the control
specimens and specimens subjected to fatigue loadings were found to be comparable. However,
the severe environment had detriment effects on reducing bond strength and fracture energy at
the interface of the CFRP and concrete, as well as altering the mode of failure. In addition,
nonlinear finite-element analyses were conducted to investigate the failure mechanisms and
capture crack propagations in the concrete members. The research results provided herein could
be used as database information for the design and evaluation of strengthened concrete bridge

members exposed to severe environment.

Student’s signature Thesis Advisor’s signature
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M1319% 1 Environmental Reduction Factor for Various FRP Systems and Exposure Conditions

Exposure conditions Fiber and resin Environmental reduction factor (CE)
type

Interior exposure Carbon/epoxy 0.95
Glass/epoxy 0.75
Aramid/epoxy 0.85
Exterior exposure Carbon/epoxy 0.85
(bridges, piers, and unenclosed Glass/epoxy 0.65
parking garages) Aramid/epoxy 0.75
Aggressive environment Carbon/epoxy 0.85
(chemical plants and waste Glass/epoxy 0.50
water treatment plants) Aramid/epoxy 0.70

31: ACI 4402R-02
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SHESs type Glass FRP  Aramid FRP Carbon FRP
Sustains plus cyclic stress limit 0.20f,, 0.30f,, 0.55f,,

31: ACI 4402R-02
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Properties Epoxy Type 1 Epoxy Type 2 Epoxy Type 3
Chemical Name Modified Amine/Epoxy  Polyoxypropylenediamin Amine
Resin Blend e Hardener/Epoxy resin Saturant/SolventOFree
Expoxy
Chemical Composition Modified Amine 30 % Proprietary Bisphenol A Epoxy
Resin 50 %
Alkyl Ether Amine 40 %

Polyoxypropylenediamin

e25%

Isophorne Diamine 15 %

Aliphatic Amine 10%
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Properties Epoxy Type 1 Epoxy Type 2 Epoxy Type 3
Mixing Proportion 1:2 3:7 1:2
Water Miscibility > 10%/<0.1% >10%/Negligible >10%/Insoluble

Density(g/cm’) 1.1 1.11 N/A
Viscosity @ 25°C (cPs) 12,350 9,415 18,000
Tensile Strength (MPa) 55.9 69.7 54

Flexural Strength 78.7 78.4 69
(MPa)
Tensile Modulus 2.35 3.06 2.3

Elongation (%) 2.4 35-5.0 2.68

131: Toutanji and Gomez (1997)
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N(o,)" =K (20)
Taeh
o o 09’
N = PUIUTDVUDINTATLRIH
o, = FIUBIAWIAU
m = ANUFUVDIFIIANUAY (HAWNITY 9.5)
K = Mean Minus Two Standard Deviation ﬁ?hwhﬁu 1.0x

29

10
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Y v v
FariU 1UB$1809 S-N Curve Ntaua 1ag Moss (1980 ) TANNFURUTLAAIGITNNITN
N(c,)** =1.0x10% 1)

3) Moss (1982) MANBAzIA UL VU109 S-N Curve DINHANITNAADULITIAA
vounanasuvmaduiiguinais 16 wu. faluasuniaaiy Taserfodred1anaden
$119u 118 Fred (dadallszdovesneunsail 28 Su 57.6 MPa uazﬁﬁuﬁmmummjm
3.95 MPa) fimsnadeUiinwd 3 He mﬂ“lé’fqmmwmﬁ’nfimﬁﬂminﬂmﬁ (Constant Load
Amplitude)  UAYOININITIATITHIINTAFY (Regression  Analysis) nWan1snaden 1@

ANUFURUSLAAIAIAUNT

N(o, )" =K (22)
Tagh
K = Mean Minus Two Standard Deviation YAUNINY 0.59
x 107

FaTTU LUVF1899 S-N Curve Niarua 1as Moss (1982) HANNFURUSUTAIAIaNNT
N(o, )*" = 0.59x10% (23)

o ) o a L4
4) Mallett (1991) AN¥131UTIWMAZIAUDLUUUT1A0Id 11T UNIUATIZHOIYNS 19
Y = a <] 9 a 9 1 < A
\‘1TL!"’U@\‘]Tﬂﬁ\?ﬁi”l\‘iﬂ@LlﬂﬁGl!ﬁim!ﬁaﬂﬂ’lﬂﬁlﬂWﬂﬁﬂﬁﬁull‘UUa1 IﬂﬂLLUQﬂTNﬂJuW@ﬂIﬂQLWﬁﬂLﬁ?M

a <3 [ 1] 4 [ 1
TuTassadaaeuniaasuman tanuduiusiaaafaaumsn

Class R1 ¢ <16 mm (0'r )m N =0.75x10% (24)
Class R2 ¢ >16 mm (O'r )m N =0.07 x10% (25)
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Tagn
m = ANNFUVDIFIIANNIAY
AUNINY 5 118 N < 1,000,000 81
1 U A‘

JAUNINY 9 139 1,000,000 < N < 10,000,000

1A UMIA 11 15 N > 10,000,000 591

dmfunamsnaaonInseadunmuneuniaasumanasuidedisiagaonTnda
Lﬁ§ug§uiﬂ%ﬁ@dwqc]ﬂ1ﬂiﬁﬁ%?ﬁiﬂu5inﬂﬂizﬁ1uu1n§1ﬁwnwiaﬁauianiﬂﬂuaﬂﬁﬁﬂWi
ﬂﬂﬁ@ﬂ@ﬂﬂﬁ%iﬂ1§%ﬂﬁ@ﬂIﬂiﬂﬁ%Nﬂﬂuﬂ%ﬁmﬁuUH8ﬂﬂ%ﬂﬁﬁ%ﬁﬁhu55nﬂﬂi$ﬁ1uUU§H
ﬁﬁﬁ%ﬁﬁﬂi%ﬂﬁﬂﬁﬂﬁﬂﬁﬁ%ﬁﬁhﬂizﬁunﬂﬁéﬁﬂﬁﬁﬂiﬂﬂﬁ@ﬂﬂﬁﬂﬁﬁ%ﬁﬁhﬂiinﬂﬂ§$ﬁ1
uﬂuﬁaﬁ%uﬁﬁ®ﬂ1ﬂﬂﬂﬁﬂﬂaﬁaLﬁﬁﬁﬂiﬂﬂﬁ@lﬁﬂﬂiﬁﬁ%ﬂﬁhﬂiinﬂﬂ5$ﬁ1uﬂué%ﬂuﬁjﬂﬁw
nageIianI 3R faaaslumsii 4 nagasedl 5 ludamvesuuiiaes SN Curves

= a <

"Uf]\‘]Iﬂ'i\1’d%jNﬂ’E')‘L!ﬂ‘iﬁL’t?f‘illL“Vi'ﬁﬂiﬂElalﬂgljwQaﬂiihllﬂﬂ%1%1ﬂh1ﬁ‘i§1u!lﬁ$NﬁﬂTi‘ﬂﬂ’df]‘U

[P v o J = a <
ﬁWﬂJWiﬂijUijullagﬂﬂﬂuﬂu ﬂi']wﬂj’lnallwuﬁ S-N Curves "U'E-)\‘iIﬂi\?ﬁ%}']\?ﬂ@uﬂiﬁlﬁiulﬂaﬂ

aQa o v 9 @ a a Y 9 g’ Y o g’ @ {
Lﬁ‘iiJﬂ'lﬁ\‘]@')El'Jﬁﬂﬂ’f]iJTWﬁ@llﬁiﬂlﬁuiﬂﬂ'lﬂclﬁu'lﬁuﬂ‘]Jii‘V!ﬂﬂ‘ig‘ﬂnl‘ﬂ‘ﬂ‘ﬂﬂ muﬁﬂﬂumwﬁ 5



Y Y
v £% o v o

H a < { a 0o w o :l o a
M990 4 Hanmsnaaeu lassadaeunIaasumani ldsumsasusidenmelfimiinassiuuusuaznageumeldiiminnssiwuuadaou

v 1 ﬁ a oA
- . minageumelMiminussnnnszuvud Wl .
- . - 31208108AVDIIAY n15wﬂﬁaun1&1ﬂu1wunusann
JgazReAMURIRL AT YZRLAMIAINNEI FRP "
IouNaH HUVADA (Monotonic Test) - uuums
Y (Fatigue Test) ANNATY
1PN A . IR
1H23IINANNA
904 ry 3 5 . Mode of
. an anudsmaiieada " ol E, f, B anud : Y Sasimsli Thiin %) (
[ZELUIN p SMIUFY/ AN BIVDNNHD MUY Y Failure)
wan 130 iﬂiﬂiﬂuﬂﬁ ﬁmunmﬂ_m uIInNn
nagey " . 11 (mm) qaga naaeY
®.) NG TENLEIT] 3 (GPa) (GPa) (MPa) (MPa) (Hz) (kN/s) Faga (kN)
Gheorghiu NA 1.10 Unbonded Middle CFRP (Sika) 0T /1.2 2.4 155 S ° > P, 9 0.1 55.6 - D
4
etal. NB 1.10 Unbonded Middle CFRP (Sika) A0IFU /1.2 24 155 - - - P, - 0.1 56.7 - D
2
(2007) L400A 1.10 Unbonded Middle CFRP (Sika) AU/ 1.2 24 155 < = 3-0.05 15%P, -35%P, 400,000 0.1 56.6 Nyifianudone D
y
L400B 1.10 Unbonded Middle CFRP (Sika) AU /1.2 24 155 - - 3-0.05 15%P, -35%P, 400,000 0.1 54.7 ifianudene D
y
L800A 1.10 Unbonded Middle CFRP (Sika) A0IFU /1.2 24 155 - - 3-0.05 15%P, -35%P, 800,000 0.1 56.5 ifinnudene D
9
L800B 1.10 Unbonded Middle CFRP (Sika) AOIFU /1.2 24 155 - - 3-0.05 15%P, -35%P, 800,000 0.1 55.0 Tufianudeno D
y
L800C 1.10 Unbonded Middle CFRP (Sika) a0 /1.2 24 155 - - 3-0.05 15%P, -35%P, 800,000 0.1 572 ifinnudene D
y
L2000A 1.10 Unbonded Middle CFRP (Sika) AOIFU /1.2 24 155 - - 3-0.05 15%P, -35%P, 2,000,000 0.1 58.7 Tifianudene D
y
L2000B 1.10 Unbonded Middle CFRP (Sika) A0 /1.2 24 155 - - 3-0.05 15%P, -35%P, 2,000,000 0.1 59.4 hifinnudene D
H400A 110 Unbonded Middle CFRP (Sika) Aot /1.2 24 155 o o 3-0.05 35%P, - 75%P, 400,000 0.1 622 Tifinundene D
y
H400B 1.10 Unbonded Middle CFRP (Sika) q0IFU /1.2 24 155 - - 3-0.05 35%P, - 75%P, 400,000 0.1 F (203,000) Yiifinnudene 1
HB00A 110 Unbonded Middle CFRP (Sika) 03t/ 1.2 24 155 - g 3-0.05 35%P, - 75%P, 800,000 0.1 59. Tifinnundone D

14



M3519N 4 (919)

Swazduamuiletanaaey

FazBuAMIEINMEe FRP

zaziduavediag

msnageumealdimiinussnanszuuud

msnageumeldiminussgauuy

Woumau A0 (Monotonic Test)
(Fatigue Test) = uwums
aNuasvig .
& o A
nas ~ 1H23IINANNA
N ANUABYIIY . o e (Mode of
3984 L P X % i E, o E, anua , s . X danmsln Wi (%)
feE aNu 1ieedurize M3 Swauru/ anu 1I9VRINNIN EUTRITELHT] s Failure)
Y = J ihminussnn USINNGIFA
naaoy o (W) HosiumsIva Juuuy #iU1 (mm) q9gqa naaoy
y (GPa) (GPa) (MPa) (MPa) (Hz) (KN/s) (kN)
s ARRY
HS00B 110 Unbonded Middle CFRP (Sika) TOITU /1.2 24 155 - 3-0.05 35%P, - 75%P, 800,000 0.1 F (709,000) hifinnundene 1
H2000A 110 Unbonded Middle CFRP (Sika) A0 /1.2 24 155 - 3-0.05 35%P, - 75%P, 2,000,000 0.1 F (243,000) laifinnmidens I
H2000B 110 Unbonded Middle CERP (Sika) q09FU /1.2 24 155 - 3-0.05 35%P, - 75%P, 2,000,000 0.1 62.1 hifianudenie D
K. Harries ACS 9.15 - CFRP nitadu /1.4 2.8 155 47 2069 - P, - - - Tifinmdeny D
uagJ.
Aidoo
(2005)
4 2 s 4
ACF 9.15 - CFRP M/ 1.4 2.8 155 47 2069 12 DL - AASHTO 2,000,000 - - hifinnundene -
2004
4 2 ,
QCs 475 - CFRP M/ 1.4 2.8 155 47 2069 - P, - - - hifinnundene D
4 2 e o
QCH 475 - CFRP Mt / 1.4 28 155 47 2069 12 221 MPa (F, 600,000 - - lLifianuduy s>
Renforcement)
4 2 1 s
QcL 4.75 - CFRP MG/ 1.4 28 155 47 2069 12 156 MPa (F, 2,000,000 - - hifianudenio s>D
Renforcement)

LY



M3519N 4 (919)

msnageumalMihminussyanszuvus

. o > o Swaziduavesdag msnageumelfiminussgn
NeazegAfNIUMIdEINNAadY 918az108AMSIAINNA FRP A
IFouMIIY UUUEADA (Monotonic Test) o puwums
Y (Fatigue Test) ANNAYTIY
[CHEAEREN] 4 Y Rl
IHBINNANNAT
89 X T o H (Mode of
, anudameiiosdu . fru = f, E, anud , Y REEATNEL Wwiin )
A20619 AN DUIUTY/ AN 9V NN ENTRITEGT] Y Fai
a o ava ) ailure)
LG ﬂ'l‘iﬁﬂ\iﬂ'ilm‘ﬂﬂﬂ HINUIVIIND usINn
naaey 817 (31.) A s #H1 (mm) q9ga naaey
HUBANOY 3 (GPa) (GPa) (MPa) (MPa) (Hz) (KN/s) qaga (kN)
Gheorghiu - - = - - - < 2-0.05 15%P, -35%P, 400,000 0.1 257 Tiflaademne D
etal. S0 1.10
(2004)
Cl 1.10 - CFRP (Sika) wiledu / 1.20 24 155 3 - 2-0.05 15%P, -35%P, 400,000 0.1 64.2 liflaanuidemne D
. 4y -
&) 1.10 - CFRP (Sika) wiedi /1,20 24 155 - - 2-0.05 15%P, -35%P, 400,000 0.1 60.1 Tiflnadems D
13 souilonadunia CFRP (Sika) uiledu/1.20 24 1565 o - 2-0.05 15%P, -35%P, 400,000 0.1 63.2 Tifianudeme D
cw 1.10 P
i)
13 souidlonadunite CFRP (Sika) wiledie/1.20 24 155 - - 2-0.05 15%P, -35%P, 400,000 0.1 69.2 hifiawideme D
CW-S 1.10 y
(iunde 4%)
CI 1.10 ualwin 160 Su CFRP (Sika) wiledu /1.20 24 155 4 5 2-0.05 15%P, -35%P, 400,000 0.1 67.4 liflaanuidene D
wiluinin@e 160 Su CFRP (Sika) wiledi/1.20 2.4 155 c 5 2-0.05 15%P, -35%P, 400,000 0.1 67.4 ldfimanandems D
Cls 110 Y
(WUNAD 4%)
RI 1.10 - CFRP (Mitsu) wiledu /0.1 34 230 - - 2-0.05 15%P, -35%P, 400,000 0.1 375 liflaanuidemne D
) 4 v -
R2 1.10 - CFRP (Mitsu) wiedi/0.11 3.4 230 - - 2-0.05 15%P, -35%P, 400,000 0.1 55.7 Tiflnadems D
13 sauiTanaduudia CFRP (Mitsu) wiledu /0.1 34 230 - - 2-0.05 15%P, -35%P, 400,000 0.1 59.9 Taifauideme D
RW 1.10

o)

8y



M3519N 4 (919)

SeazPeamuiIetINATeY

Jgazdeamsa3uiae FRP

zaziduavediag

msnageumaldimiinussnanszuuud

mInageumeldinminusimn

WouHaH nuane (Monotonic Test)
(Fatigue Test) . JUnuums
ANudeEY
y o 4 Riic)
19na1581984 = P > 1193991A NN
aNagring . iwmm{lw s (Mode of
- .~ A i fou Eq f, E, aud , b : . vwin & )
10819 ANNEN 193U MT UIUTU/ ANY BIVIIUIHUN NUIUY HIFUD Failure)
N V3INNGIA
naaeu @) HlaafumsIifauuy Sy ¥i#1 (mm) qaga naaeu U330
(GPa) (GPa) (MPa) (MPa) (Hz) (kN)
usudou (KN/s)
13 sauilunadu CFRP nibedu/0.11 3.4 230 2-0.05 15%P, -35%P, 400,000 0.1 53.1 Tiflaaw D
RW-S 1.10 I .
W (UINQD 4%) (Mitsu) aaung
wlutin 160 Ju CFRP wikedu/0.11 3.4 230 2-0.05 16%P, -35%P, 400,000 0.1 55.7 laiflau D
RI 110 ; .
(Mitsu) Rewne
A v 4
wtluinin@e 160 CFRP wiledu/0.11 3.4 230 2-0.05 16%P, -35%P, 400,000 0.1 55.0 laiflau D
RI-S 1.10 . v ' .
Fu (Binde 4%) (Mitsu) Rewne
HUYLa
Q

Y
F: M521ATEHINMINATOULVUNTENIH

a vAa 3 a 4
: ?J‘]_ILL‘U‘Uﬂ"Ii'J‘UGILL‘UUﬂTﬁ‘WﬂWU’t’NWiﬁﬂlﬁill!ﬁﬂﬂﬁnﬂﬂ’ﬂngT (Steel Fracture)

S
R : glupumsatanuumsnavesidgaon Indaasuduloiiosnnaudr (FRP Rupture)
D

- uuumsiauuumsgardemsdamzvesiagaon Tndaasuduly (Debonding Failure of FRP)

1: guuumsitauuumsgademstamzszninnounsanuiagaen Tndaasudule

14



a va 1 @ a a 4 <] a
C : sdupumsanuumsvgarasuvesiganen Indamsuduleiiosnnsesuand 1nuesnounsafuHanie sy (Concrete Clear Cover Peel

Off)

v Y
M3190 5 HANITNATDULVUUITINTLE VUMD NATDVINA

SazdeamuiIetINATeY

Fgazdeamsia3uiGs FRP

Tzaziduavesiag

MINAAOUIVUUIINTZIND

Wounay o
(Fatigue Test) gﬂuuumsmﬂ
y o
19NATD190Y
. anudemeaiiosdy A\ . o o E® f, E, ANd ¥averimiin (Mode of Failure)
A0 AU UIUTY/
EHnY UIUTOUNATRY
nagey 3.) u v mad A ANUHU (mm.)
w30 msteaiumsItRuuunsudeu (GPa) (GPa) (MPa) (MPa) (Hz) qgn
Khaled A. Soudki F-C-72 1.8 - - - - - 15-3 72%P, 120,800 S
atel. (2007)

F-C-57 1.8 - - - - - 15-3 57%P, 311,748 N
F-C-47 1.8 - - - - - 15-3 47%P, 681,089 S
F-CD-72 1.8 Aty (5%) - - - - - 1.5-3 2%P, 73,744 N
F-CD-57 1.8 AN (5%) - - - - - 15-3 57%P, 198,669 S
F-CD-47 1.8 A (5%) - - - - 15-3 47%P, 399,448 S

- 4 2
F-CR-72 1.8 1l (5%) / U Wrap CFRP (SIKAWRAP 103C) M/ 1.016 0.717 65.087 - 1.5-3 2%P, 114,604 SR

- 4 2
F-CR-57 1.8 AN (5%) / U Wrap CFRP (SIKAWRAP 103C) it /1.016 0.717 65.087 - 15-3 57%P, 386,648 SR

- 4 2
F-CR-47 1.8 1l (5%) / U Wrap CFRP (SIKAWRAP 103C) nilafu /1.016 0.717 65.087 - 15-3 47%P, 827,956 SR

0S



M319N 5 (A0)

SazPeamuiIeEINATeY

FgazBeaMsIa3uiEs FRP

31zaziduavesiag

MINATOUILVNIINTZIN

%1

WoNNaY e
(Fatigue Test) UM
g o
19n381989
. anudemeaiiosdy " e fou E, f, E, Aud ¥Iaveimiin (Mode of Failure)
fedha ANEN Sraui/
giluuy dnnuseunaaey
nagey @) “ Nt ... % AWK (mm.)
w30 msteaiumsItRuvunsudeou (GPa) (GPa) (MPa) (MPa) (Hz) AbE
A 09 - - - - - - - - - 183,674 s
4.2
A-1-4-80 0.9 - CFRP (MBrace C-130) il /0.17 38 260 - - 4 80%F, 131,619 c
4.2
A-1-4-70 09 - CFRP (MBrace C-130) nitedu/0.17 38 260 - - 4 70%F, 287,594 S>D
4.2
A-1-4-60 09 - CFRP (MBrace C-130) niledu /0.17 38 260 - - 4 60%F, 778,734 s>c
4.2
B-1-2-80 0.9 - CFRP (MBrace C-130) WUIBU /0.17 3.8 260 - = 4 80% F, 290,307 S Ea))
4.2
B-1-2-70 09 - CFRP (MBrace C-130) Wit /0.17 38 260 - 5 4 70%F, 336,873 s2D
4.2
B-1-2-60 09 - CFRP (MBrace C-130) nitedu/0.17 38 260 - - 4 60% F, >4,000,000 Not Failure
B-2-2-70 09 - CFRP (MBrace C-130) doatu/0.17 3.8 260 - - 4 70%F, 150,000 c
3
B-2-2-60 09 - CFRP (MBrace C-130) 0341 /0.17 38 260 - - 4 60%F, 2,000,000 Not Failure
42
C-1-2-808 09 - CFRP (MBrace C-130) nitedu/0.17 38 260 - - 4 80%F, 326,775 S>D
4.2
C-1-2-708 09 - CFRP (MBrace C-130) niledu/0.17 38 260 - - 4 70%F, 440,193 s>
4.2
C-1-2-608 0.9 - CFRP (MBrace C-130) nitedu/0.17 38 260 - - 4 60%F, >4,000,000 Not Failure

IS



M319N 5 (A0)

eazdaamuietanagen

gazdaamsa3uig FRP

zazdeaveiag

MINATOUBVLNIINTZINGN

WouNaY o
(Fatigue Test) gﬂuuumsmﬂ
y o
19n1391999
" anademeniiosdu i . fo E, f, E, aud Fravensimiin (Mode of Failure)
GRLIAN ANNE Suautu/
Junuy SIuseunaaRY
nagey 3.) u N .. = ANUHUI (mm.)
n30 msteafumsitRuuunsuden (GPa) (GPa) (MPa) (MPa) (Hz) LALG)
Masoud et al. 11-RI 3.00 aiin(lalih) / U GFRP Wrap - - - - - - 1.7 95%F, 118,000 S
(2005)
12-RI 3.00 aiiu(luih) / U GFRP Wrap - - - - - - 17 95%F, 94,800 S
13-RI 3.00 aiiu(I#h) / U GFRP Wrap g - P . 2 - 1.7 95%F, 101,000 S
A Ly
11-RII 3.00 aiin(ih) / U GFRP Wrap CFRP NI / 1.00 0.96 73.10 - - 17 80% F, 232,000 SR
- 5.8
12-RII 3.00 adiu(Ii#) / U GFRP Wrap CFRP wiladu / 1.00 096 73.10 - - 1.7 80% F, 209,000 SR
- by
13-RII 3.00 aiin(Wih) / U GFRP Wrap CFRP M / 1.00 0.96 73.10 - - 1.7 80% F, 216,000 SR
3
P.J. Heffernan liag CFa-L 3 - CFRP HUIFU - 233 ° - 3 60% F, 4,890,000 s=>D
M.A Erki (2004)
Y,
CFb-L 3 - CFRP niledu - 233 - - 3 60% F, 6,440,000 S>D
42
CFa-M 3 - CFRP HUIFU - 233 - - 3 70% F, 900,000 s2D

(43
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 qluums3iRuuumsnave undnasunileaa1naud (Steel Fracture)
 giuumsiiaiumsnavestagaon Tndamasuduleilosninanud) (FRP Rupture)

- guuumsiauuumsgapdemsdamzvesiagaon Tndaasuidule (Debonding Failure of FRP)
- suumsAiAuuumsgarEemsgamzszrinaounianuidgaen Tndadsudul

a va 1 @ a a 4 <] a
: E”IJLLII‘]Jfﬂi'J‘U@'ILL‘]Jllﬂ1§ﬁﬁj‘ﬂﬁﬁ@uﬂli’)\nﬁﬂﬂ@3~lIWﬁ@]LﬁﬁllLig{)uclfJLﬁﬂﬁﬁnﬂi@EJLL@]ﬂ%??%@ﬂﬂ@ﬂﬂ?@ﬁlﬂlﬁﬁﬂlﬁiﬂ (Concrete Clear Cover Peel

Off)
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Number of Cycle to Failure

Papakonstantinou et al. (2001)
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R. Gussenhoven uag S.F. Brena (2005)

ACI 215R-74
CEB 1988

Masoud et al. (2005)

*

Meier et al. (1992)

Barnes and Mays (1999)
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gUnsamazizms
ginsal

o ' a 3 o Y [l
1) m@mmﬂaaumuﬂauﬂ%mﬁumaﬂmmu 14 A28

Yy 9 Y
o =X

Jo Y { o
2) gUnsalsrassaninadeunguLsIszuLIhIuhag

3) nTeanad PUMEITATIUYAA (Corrosion Analysing Instrument Proceq Testing)
4) Lﬂ?ﬂ\iﬂﬂﬁﬂﬂuﬂﬂuiﬂﬁa@eﬂuW] 250 ?2111.! (UTM-HYD Instron)
A o o
5) ATONNATDULUUULTINTENILIVUIA 15 kN (Instron)
6) gilnsalianuATenlsvinn FLA-5-11-1L 1ag PL-90-11-1L (Strain Gauges)
o d‘ @ -
7) ’qﬂﬂi UIANTLAADUAI (TML Displacement Transducer)

8) 1AT9LUNNNANITNATOY Digital Dynamic Strain Meter (TSK 31 SDA-810C 18

KYOWA 34 PCD-300A)

Y
a g

4 Y] a a o
9) m%‘m3@amwguﬁummmmmm\hmﬂ (Infrared Thermography) uazqﬂﬂimslﬁ’

Q

]
AITUIDU

Jan
10) ﬂé’mﬁ;amsﬁummmmumw (Dino-Lite Digital Microscope)

A a J
11) 1NT93INADUNUNDT
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ad
IHNT

o A Aav 4 a =) < A o w
mimmmm’mmﬁaﬁﬂmwmﬂiiummé'wmazwmﬂauﬂ?mﬁmmaﬂmmmm

4 4 ] g = I [l o v dy
meuenlaeasueu Iiwesauisoutiatuneumsanyieanilu 9 druman q aeae liil
1) #ANYINUNIUNUIENEIUL AL AT AU UAIDEIINAT D
9 @ v ) o Y Aa va
2) Msasndeddmiunadenlunealgiianms
o k4 Y a va
3) msdasanzuadenluvieslians
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10.1 ﬂmﬁmﬁaﬂlmiﬁﬂ (Material Property)

10.1.1 ABUAIA
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#31: Kachlakev (2001)
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Compressive Strength ( fcl ) Modulus of Modulus of Poisson's Ratio
Elasticity (E,) Rupture
(v)
MPa MPa MPa

44.99 30,700.89 3.98 0.183
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Strain Stress
Point mm/mm MPa
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4 0.002500 44.43
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D B —

Reinforcing fiber Polymer (binder)

(2]

x = . y
Unidirectional lamina

Mni 25 dnvazueiaaney Indaasudule
#31: Kachlakev (2001)
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Local Elastic Major Poisson’ Tensile Shear Thickness of
Modulus Ratio Strength  Modulus Laminate
Axis
(Ep (v) (f) (©)) (t)
MPa MPa MPa mm
X 230,500 0.34 3,482 86,007.46
Y 3,034 0.40 54 19.29 0.165
Z 3,034 0.40 54 82,321.43
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#31: CEB-FIP (1990)
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22.91 kN 139 0.898P (Debonding 900 mm)
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17.75 kKN %159 0.737P.__ (First Crack)

max

v 9
MW 152 1UUSaeImsuani1veIRIsgunadey DMI2 meldiminussyn

19.45 kN 159 0.807P (Debonding 300 mm)

max
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v Y
MW 153 1uUSaeamsuaniNveIdlsgunadoy DMI2 meldiminussyn

20.20 kN 159 0.838P (Debonding 600 mm)

max

T RS
i o o a o

v Y
MW 154 1UUSIeImsuaniveIdlseunadey DMI2 meldiminussyn

22.00 kN %30 0.913P__(First Yield)

= o
.apr
e 2l el

TL

v Y
MW 155 1uUSaesmsuaniveIdissunadoy DMI2 meldiminussyn

23.35 kN 1130 0.969P__(Debonding 900 mm)

max
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v Y
MW 156 1UUTIeIMsHANS1NVBIRIBEINAToY DMI2 meldiminussyn

24.10 kN Y50 P

(Ultimate )

v Y
M99 22 Massuihmiinuaznis Insdrvesdiedanaaeumeldusinssiwuuana

First Crack First Yield Ultimate
Specimen Load  Deflection Load Deflection Load Deflection
kN mm kN mm kN mm
CM-1 18.16 2.33 20.98 3.56 26.69 12.53
CM-2 21.45 1.42 25.10 11.73 27.67 20.92
DM3 20.31 0.85 23.14 4.10 30.13 22.40
DMS8 20.50 1.50 22.99 5.37 27.38 19.96
DM12-1 19.49 1.18 NA NA 29.85 22.08
DM12-2 20.23 1.67 NA NA 30.27 28.36
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First Yield Ultimate
Specimen Load Deflection Load Deflection
kN mm kN mm
CF-1 23.15 6.95 24.97 19.35
CF-2 22.93 3.43 28.60 22.29
DF3-1 24.15 3.61 30.22 17.67
DF3-2 21.38 3.34 29.23 23.80
DF3-3 23.39 6.96 26.04 21.25
DF8-1 22.47 3.89 27.74 25.14
DF8-2 21.75 6.08 29.64 20.45
DF8-3 NA NA 28.94 26.06

WINYING NA: Strain Gauge 178
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Sample Number Compressive Compressive Modulus of Poisson's Ratio
Strength ( fCI ) Strain (&, ) Elasticity (E,)
(v)
No. MPa mm./mm. MPa
1 44.21 0.00224 31,217.90 0.187
2 45.78 0.00273 30,183.50 0.170
3 44.99 0.00260 30,701.29 0.193
Average 44.99 0.00252 30700.89 0.183
M3WINT N2 HaMINATEUMAN LIS PIveIREUNIA ( f)
Specimen No. Modulus of Rupture Splitting Test
No. MPa MPa
1 4.22 3.70
2 4.23 3.92
3 4.18 3.27
Average 421 3.63




! wva < a
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Specimen Diameter Cross- Yield Ultimate Modulus of
Section Strength Tensile Elasticity
No.
Strength
Area ( fy ) (E))
(f)
(A)
No mm mm’ MPa MPa MPa
1 5.51 23.90 402.36 543.90 186,386.24
2 5.52 23.96 416.61 549.20 208,390.39
3 5.53 24.00 419.39 558.07 208,807.21
Average 5.52 23.95 412.79 550.39 201,194.61

Y o v w [ v < a
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M51E07 04 AautiAvesurumsuou luiued (degussa MBRACE CF130W)

Property CFRP Sheet
Density, g/m2 300
Tensile Strength, MPa ( f;; ) 3,482
Tensile Modulus, MPa 230,500
Ultimate Tensile Elongation, % (g:u ) 1.5

Thickness, mm 0.165
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v Y
M3HUINT 05 JoyanuaniavesIagdnan (degussa) M5 IagT09NY (MBRACE

Primer) 79 n11 (MBRACE Putty) tazensinaouidules (MBRACE

Saturant)
Property ”ﬁ@ﬁmﬁru e EPRRI msnaoudule
(Primer) (Putty) (Saturant)

Tensile Strength, MPa 12 12 54
Tensile Strain, % 3 1.5 2.5

Tensile Modulus, MPa 717 1,800 3,034
Flexural Strength, MPa 24 26 124

Flexural Modulus, MPa 593 903 3,731
Compressive Strength, MPa 24 24 86

Compressive Modulus, MPa 669 1,076 2,621
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Epoxy Putty Filler
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Concrete Substrate
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CM DM3 DMS DM12
G, (N/mm) 0.902 0.876 0.634 0.559
Slips Shear Stress ~ Force Shear Stress ~ Force Shear Stress ~ Force Shear Stress ~ Force
mm MPa N MPa N MPa N MPa N
0.000 0.000 0.00 0.000 0.00 0.000 0.00 0.000 0.00
0.010 0.908 2,838.48 0.882 2,754.80 0.638 1,993.78 0.563 1,759.67
0.020 1.624 5,076.12 1.576 4,926.47 1.141 3,565.53 1.007 3,146.85
0.092 3386  10,579.70  3.286 10,267.80  2.378 7,431.32 2.099 6,558.70
0.192 2.442 7,631.81 2.370 7,406.82 1.715 5,360.68 1.514 4,731.21
0.292 1.341 4,191.04 1.302 4,067.49 0.942 2,943.84 0.831 2,598.16
0.392 0.675 2,109.78 0.655 2,047.58 0.474 1,481.94 0.419 1,307.92
0.492 0.328 1,025.32 0.318 995.09 0.230 720.20 0.203 635.63
0.592 0.157 490.60 0.152 476.14 0.110 344.61 0.097 304.14
0.692 0.075 233.08 0.072 226.21 0.052 163.72 0.046 144.50
0.792 0.035 110.37 0.034 107.12 0.025 77.53 0.022 68.42
0.892 0.017 52.18 0.016 50.64 0.012 36.65 0.010 32.35
0.992 0.008 24.65 0.008 23.93 0.006 17.32 0.005 15.28
1.092 0.004 11.64 0.004 11.30 0.003 8.18 0.002 7.22
1.192 0.002 5.50 0.002 5.34 0.001 3.86 0.001 3.41
1.292 0.001 2.60 0.001 2.52 0.001 1.82 0.001 1.61
1.392 0.000 1.23 0.000 1.19 0.000 0.86 0.000 0.76
1.492 - - = = - - - -

a J. 1w
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CF DF3 DF8

G, (N/mm) 0.902 0.682 0.579
Slips Shear Stress Force Shear Stress Force Shear Stress Force
mm MPa N MPa N MPa N
0.000 0.000 0.00 0.000 0.00 0.000 0.00
0.010 0.908 2,838.02 0.686 2,144.74 0.583 1,822.66
0.020 1.624 5,075.30 1.227 3,835.50 1.043 3,259.52
0.092 3.385 10,577.99 2.558 7,993.98 2.174 6,793.52
0.192 2.442 7,630.57 1.845 5,766.56 1.568 4,900.59
0.292 1.341 4,190.36 1.013 3,166.73 0.861 2,691.18
0.392 0.675 2,109.44 0.510 1,594.14 0.434 1,354.75
0.492 0.328 1,025.15 0.248 774.72 0.211 658.38
0.592 0.157 490.52 0.119 370.70 0.101 315.03
0.692 0.075 233.05 0.056 176.12 0.048 149.67
0.792 0.035 110.35 0.027 83.40 0.023 70.87
0.892 0.017 52.17 0.013 39.43 0.011 33.51
0.992 0.008 24.65 0.006 18.63 0.005 15.83
1.092 0.004 11.64 0.003 8.80 0.002 7.48
1.192 0.002 5.50 0.001 4.15 0.001 3.53
1.292 0.001 2.60 0.001 1.96 0.001 1.67
1.392 0.000 1.23 0.000 0.93 0.000 0.79
1.492 - - = - - -

a J. 1w
HNELTIA YUIAVDAUDAUUATANINEAMNY 25 .
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ﬂﬁﬁ”ll!’Jil!ﬁﬂJiJWﬁjg‘ﬂl ACI 440.2R (2002)

Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
1 CM-2 12.15 18.43 0.66
2 DM3 12.05 18.43 0.65
3 DMS8 10.95 18.43 0.59
4 DM12-1 11.94 18.43 0.65
5 DM12-2 12.11 18.43 0.66
6 CF-1 9.99 18.43 0.54
7 CF-2 11.44 18.43 0.62
8 DF3-1 12.09 18.43 0.66
9 DF3-2 11.69 18.43 0.63
10 DF3-3 10.42 18.43 0.57
11 DF8-1 11.10 18.43 0.60
12 DF8-2 11.86 18.43 0.64
13 DF8-3 11.58 18.43 0.63
Beber et.al. (1999) 14 VRS 40.01 43.32 0.92
15 VR6 39.38 43.32 091
16 VR7 48.62 48.83 1.00
17 VRS 48.55 48.83 0.99
18 VR9 50.74 49.40 1.03
19 VRI10 53.64 49.40 1.09
Bonacci and Maalej (2000) 20 B2 192.40 183.89 1.05
Chen et.al (2001) 21 B2 228.00 216.18 1.05
22 B3 281.60 273.83 1.03
23 B6 206.40 216.18 0.95
24 B8 352.00 329.67 1.07
Delaney (2006) 25 R _UC_Control 1 36.41 40.32 0.90
26 R _UC_Control 2 40.59 40.32 1.01
27 R _UC_Control 3 37.15 40.32 0.92
28 R _UC_Control 4 39.77 40.32 0.99
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Experimental Predicted Result

Reference No Specimen Moment Moment MeXp/Mpre d
kN-m kN-m %
Gap et.al. (2004) 29 A0 20.18 21.33 0.95
30 Al10 19.68 21.33 0.92
31 A20 21.98 21.33 1.03
Kishi et.al. (1998) 32 C300-1 41.58 43.91 0.95
33 C300-2 39.38 43.91 0.90
34 C445-1 44.10 49.29 0.89
35 C445-2 43.47 49.29 0.88
Leung (2004) 36 B11 1221.12 1170.80 1.04
37 B12 1239.60 1170.80 1.06
38 B21 164.64 163.71 1.01
39 B22 163.50 163.71 1.00
40 B31 19.26 22.61 0.85
41 B32 19.29 22.61 0.85
42 B41 20.88 24.04 0.87
43 B42 22.71 24.04 0.94
44 NBI1-16 1316.40 1108.04 1.19
45 NB2-2 129.72 135.15 0.96
46 NB2-4 143.46 151.88 0.94
47 NB2-6 153.12 159.86 0.96
48 NB2-8 165.54 161.30 1.03
49 NB3-2 20.58 22.78 0.90
50 NB3-4 22.32 26.15 0.85
Maalej and Leong (2005) 51 A3 19.38 19.83 0.98
52 A4 18.88 19.83 0.95
53 A5 21.85 24.49 0.89
54 A6 21.45 24.49 0.88
55 B3 131.75 156.84 0.84
56 B4 130.15 156.84 0.83
57 B5 147.35 175.45 0.84
58 B6 142.15 175.45 0.81
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M3 1INUINN A3 (AD)

Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
59 C3 522.32 624.73 0.84
60 C4 535.44 624.73 0.86
Maeda et al. (2001) 61 SP-C 29.36 32.93 0.89
62 SP-C2 40.88 46.06 0.89
Rahimi and Hutchinson (2001) 63 B3 20.70 19.22 1.08
64 B4 19.69 19.22 1.02
65 B5 26.14 33.58 0.78
66 B6 26.10 33.58 0.78
67 B7 22.16 17.15 1.29
68 B8 23.10 17.15 1.35
Saadatmanesh and Ehsani (1991) 69 B 247.81 242.64 1.02
Spadea et al.(2001) 70 Al.l 78.12 70.68 1.11
71 A3.1 67.32 71.63 0.94
Takahashi and Sato (2003) 72 F1 79.45 72.41 1.10
73 F2 85.40 93.58 0.91
74 F3 94.50 105.01 0.90
75 F5 97.30 95.74 1.02
76 F6 108.85 108.36 1.00
Takeo et al. (1999) 77 No.2 33.85 35.39 0.96
78 No.3 30.68 35.39 0.87
79 No.4 30.45 35.39 0.86
80 No.5 36.30 35.53 1.02
81 No.6 39.30 49.39 0.80
82 No.7 42.80 57.58 0.74
Wu et al. (1999) 83 HS 40.95 41.63 0.98
84 HE 47.07 45.31 1.04
Wu et al. (2000) 85 RC-1 29.25 27.61 1.06
86 RC-2 31.01 27.61 1.12

87 RCS-1 33.08 34.38 0.96
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M3 1INUINN A3 (AD)

Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/ Mo

kN-m kN-m %

Zarnic et al. (1999) 88 1 56.06 56.52 0.99
Zarnic et al. (2005) 89 B-2 42.47 44.97 0.94
Max 1.35

Min 0.54

Mean 0.91

SD 0.16

COov 17.14

! o o W w J 1 o v w 4
ﬂTi'NN‘H'Jﬂ‘ﬁ A4 WaNMIMUIUANAIST TUNUANNHAMINATO VAN U TN UAINKHE

MIAUIVANNINTFIU FIB Bulletin 14 (2001)

Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/Mpre g
kN-m kN-m %
1 CM-2 12.15 12.76 0.95
2 DM3 12.05 12.76 0.94
3 DM8 10.95 12.76 0.86
4 DM12-1 11.94 12.76 0.94
5 DM12-2 12.11 12.76 0.95
6 CF-1 9.99 12.76 0.78
7 CF-2 11.44 12.76 0.90
8 DF3-1 12.09 12.76 0.95
9 DF3-2 11.69 12.76 0.92
10 DF3-3 10.42 12.76 0.82
11 DF8-1 11.10 12.76 0.87
12 DF8-2 11.86 12.76 0.93

13 DF8-3 11.58 12.76 0.91
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre J
kN-m kN-m %
Beber et.al. (1999) 14 VR5 40.01 35.41 1.13
15 VR6 39.38 35.41 1.11
16 VR7 48.62 47.52 1.02
17 VR8 48.55 47.52 1.02
18 VR9 50.74 58.14 0.87
19 VR10 53.64 58.14 0.92
Bonacci and Maalej (2000) 20 B2 192.40 175.68 1.10
Chen et.al (2001) 21 B2 228.00 226.04 1.01
22 B3 281.60 283.32 0.99
23 B6 206.40 226.04 0.91
24 B8 352.00 338.90 1.04
Delaney (2006) 25 R _UC_Control 1 36.41 31.24 1.17
26 R _UC Control 2 40.59 31.24 1.30
27 R_UC Control 3 37.15 31.24 1.19
28 R_UC Control 4 39.77 31.24 1.27
Gap et.al. (2004) 29 A0 20.18 17.28 1.17
30 Al0 19.68 17.28 1.14
31 A20 21.98 17.28 1.27
Kishi et.al. (1998) 32 C300-1 41.58 37.00 1.12
33 C300-2 39.38 37.00 1.06
34 C445-1 44.10 40.49 1.09
35 C445-2 43.47 40.49 1.07
Leung (2004) 36 Bl11 1221.12 1187.60 1.03
37 B12 1239.60 1187.60 1.04
38 B21 164.64 144.77 1.14
39 B22 163.50 144.77 1.13
40 B31 19.26 18.94 1.02
41 B32 19.29 18.94 1.02
42 B41 20.88 20.22 1.03
43 B42 22.71 20.22 1.12
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre J
kN-m kN-m %
44 NB1-16 1316.40 1376.86 0.96
45 NB2-2 129.72 121.58 1.07
46 NB2-4 143.46 137.57 1.04
47 NB2-6 153.12 152.75 1.00
48 NB2-8 165.54 166.99 0.99
49 NB3-2 20.58 19.57 1.05
50 NB3-4 22.32 23.19 0.96
Maalej and Leong (2005) 51 A3 19.38 17.27 1.12
52 A4 18.88 17.27 1.09
53 AS 21.85 20.50 1.07
54 A6 21.45 20.50 1.05
55 B3 131.75 138.08 0.95
56 B4 130.15 138.08 0.94
57 B5 147.35 164.23 0.90
58 B6 142.15 164.23 0.87
59 C3 522.32 573.20 0.91
60 C4 535.44 573.20 0.93
Maeda et al. (2001) 61 SP-C 29.36 24.32 1.21
62 SP-C2 40.88 33.77 1.21
Rahimi and Hutchinson (2001) 63 B3 20.70 16.54 1.25
64 B4 19.69 16.54 1.19
65 B5 26.14 29.83 0.88
66 B6 26.10 29.83 0.87
67 B7 22.16 18.45 1.20
68 B8 23.10 18.45 1.25
Saadatmanesh and Ehsani (1991) 69 B 247.81 254.10 0.98
Spadea et al.(2001) 70 Al.l 78.12 69.27 1.13
71 A3.1 67.32 70.25 0.96
Takahashi and Sato (2003) 72 F1 79.45 62.19 1.28
73 F2 85.40 75.73 1.13
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre J
kN-m kN-m %

74 F3 94.50 88.44 1.07

75 F5 97.30 76.52 1.27

76 F6 108.85 89.69 1.21

Takeo et al. (1999) 77 No.2 33.85 28.77 1.18
78 No.3 30.68 28.77 1.07

79 No.4 30.45 28.77 1.06

80 No.5 36.30 28.86 1.26

81 No.6 39.30 37.43 1.05

82 No.7 42.80 45.83 0.93

Wu et al. (1999) 83 HS 40.95 42.03 0.97
84 HE 47.07 33.73 1.40

Wau et al. (2000) 85 RC-1 29.25 25.11 1.16
86 RC-2 31.01 25.11 1.23

87 RCS-1 33.08 29.36 1.13

Zarnic et al. (1999) 88 1 56.06 55.16 1.02
Zarnic et al. (2005) 89 B-2 42.47 39.41 1.08
Max 1.40

Min 0.78

Mean 1.05

SD 0.13
cov 12.14
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Experimental Predicted Result

Reference No Specimen Moment Moment MEXP/Mpre d
kN-m kN-m %
1 CM-2 12.15 11.13 1.09
2 DM3 12.05 11.13 1.08
3 DM8 10.95 11.13 0.98
4 DM12-1 11.94 11.13 1.07
5 DM12-2 12.11 11.13 1.09
6 CF-1 9.99 11.13 0.90
7 CF-2 11.44 11.13 1.03
8 DF3-1 12.09 11.13 1.09
9 DF3-2 11.69 11.13 1.05
10 DF3-3 10.42 11.13 0.94
11 DF8-1 11.10 11.13 1.00
12 DF8-2 11.86 11.13 1.07
13 DF8-3 11.58 11.13 1.04
Beber et.al. (1999) 14 VRS 40.01 25.42 1.57
15 VR6 39.38 25.42 1.55
16 VR7 48.62 24.65 1.97
17 VRS 48.55 24.65 1.97
18 VRO 50.74 25.17 2.02
19 VR10 53.64 25.17 2.13
Bonacci and Maalej (2000) 20 B2 192.40 157.94 1.22
Chen et.al (2001) 21 B2 228.00 149.99 1.52
22 B3 281.60 193.84 1.45
23 B6 206.40 149.99 1.38
24 B8 352.00 234.77 1.50
Delaney (2006) 25 R _UC Control 1 36.41 25.76 1.41
26 R _UC_Control 2 40.59 25.76 1.58
27 R _UC_Control 3 37.15 25.76 1.44

28 R UC Control4  39.77 25.76 1.54
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Experimental Predicted Result

Reference No Specimen Moment Moment exp/Mpre d
kN-m kN-m %
Gap et.al. (2004) 29 A0 20.18 15.64 1.29
30 Al10 19.68 15.64 1.26
31 A20 21.98 15.64 1.41
Kishi et.al. (1998) 32 C300-1 41.58 35.26 1.18
33 C300-2 39.38 35.26 1.12
34 C445-1 44.10 36.30 1.21
35 C445-2 43.47 36.30 1.20
Leung (2004) 36 BI1 1221.12 855.59 1.43
37 B12 1239.60 855.59 1.45
38 B21 164.64 123.64 1.33
39 B22 163.50 123.64 1.32
40 B31 19.26 17.32 1.11
41 B32 19.29 17.32 1.11
42 B41 20.88 18.57 1.12
43 B42 22.71 18.57 1.22
44 NBI1-16 1316.40 701.24 1.88
45 NB2-2 129.72 115.01 1.13
46 NB2-4 143.46 118.32 1.21
47 NB2-6 153.12 113.37 1.35
48 NB2-8 165.54 105.40 1.57
49 NB3-2 20.58 18.06 1.14
50 NB3-4 22.32 18.08 1.23
Maalej and Leong (2005) 51 A3 19.38 16.43 1.18
52 A4 18.88 16.43 1.15
53 A5 21.85 15.95 1.37
54 A6 21.45 15.95 1.35
55 B3 131.75 117.18 1.12
56 B4 130.15 117.18 1.11
57 BS 147.35 96.14 1.53
58 B6 142.15 96.14 1.48
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Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
59 C3 522.32 411.74 1.27
60 C4 535.44 411.74 1.30
Maeda et al. (2001) 61 SP-C 29.36 22.16 1.32
62 SP-C2 40.88 25.15 1.63
Rahimi and Hutchinson (2001) 63 B3 20.70 14.35 1.44
64 B4 19.69 14.35 1.37
65 B5 26.14 16.19 1.61
66 B6 26.10 16.19 1.61
67 B7 22.16 9.53 2.33
68 B8 23.10 9.53 2.42
Saadatmanesh and Ehsani (1991) 69 B 24781 168.01 1.47
Spadea et al.(2001) 70 Al.l 78.12 51.92 1.50
71 A3.1 67.32 52.85 1.27
Takahashi and Sato (2003) 72 F1 79.45 59.01 1.35
73 F2 85.40 62.95 1.36
74 F3 94.50 65.65 1.44
75 F5 97.30 63.48 1.53
76 F6 108.85 66.29 1.64
Takeo et al. (1999) 77 No.2 33.85 26.86 1.26
78 No.3 30.68 26.86 1.14
79 No.4 30.45 26.86 1.13
80 No.5 36.30 26.95 1.35
81 No.6 39.30 29.61 1.33
82 No.7 42.80 31.62 1.35
Wau et al. (1999) 83 HS 40.95 28.93 1.42
84 HE 47.07 27.91 1.69
Wu et al. (2000) 85 RC-1 29.25 24.95 1.17
86 RC-2 31.01 24.95 1.24
87 RCS-1 33.08 26.58 1.24
Zarnic et al. (1999) 88 1 56.06 43.82 1.28
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MIINUINN AS (AD)

Experimental Predicted Result

Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
Zarnic et al. (2005) 89 B-2 42.47 37.65 1.13

Max 2.42
Min 0.90
Mean 1.36

SD 0.29
Cov 21.22

3 o o v w 4 1 o v w 4
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msﬁwmmmnmmgm SIA166 (2003) g TRS55 (2004)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre :
kN-m kN-m %
1 CM-2 12.15 14.49 0.84
2 DM3 12.05 14.49 0.83
3 DMS 10.95 14.49 0.76
4 DM12-1 11.94 14.49 0.82
5 DM12-2 12.11 14.49 0.84
6 CF-1 9.99 14.49 0.69
7 CF-2 11.44 14.49 0.79
8 DF3-1 12.09 14.49 0.83
9 DF3-2 11.69 14.49 0.81
10 DF3-3 10.42 14.49 0.72
11 DF8-1 11.10 14.49 0.77
12 DF8-2 11.86 14.49 0.82
13 DF8-3 11.58 14.49 0.80
Beber et.al. (1999) 14 VRS 40.01 39.25 1.02
15 VR6 39.38 39.25 1.00

16 VR7 48.62 53.15 0.91
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MSNUINN A6 (519)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
17 VRS 48.55 53.15 0.91
18 VR9 50.74 63.54 0.80
19 VR10 53.64 63.54 0.84
Bonacci and Maalej (2000) 20 B2 192.40 183.05 1.05
Chen et.al (2001) 21 B2 228.00 247.61 0.92
22 B3 281.60 304.59 0.92
23 B6 206.40 247.61 0.83
24 B8 352.00 359.67 0.98
Delaney (2006) 25 R_UC Control 1 36.41 34.13 1.07
26 R _UC_Control 2 40.59 34.13 1.19
27 R_UC Control 3 37.15 34.13 1.09
28 R_UC_Control 4 39.77 34.13 1.17
Gap et.al. (2004) 29 A0 20.18 18.40 1.10
30 Al0 19.68 18.40 1.07
31 A20 21.98 18.40 1.19
Kishi et.al. (1998) 32 C300-1 41.58 38.77 1.07
33 C300-2 39.38 38.77 1.02
34 C445-1 44.10 43.06 1.02
35 C445-2 43.47 43.06 1.01
Leung (2004) 36 BI11 1221.12 1255.83 0.97
37 B12 1239.60 1255.83 0.99
38 B21 164.64 153.29 1.07
39 B22 163.50 153.29 1.07
40 B31 19.26 20.01 0.96
41 B32 19.29 20.01 0.96
42 B41 20.88 21.32 0.98
43 B42 22.71 21.32 1.07
44 NB1-16 1316.40 1470.35 0.90
45 NB2-2 129.72 125.79 1.03

46 NB2-4 143.46 144.96 0.99
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MIINUINN A6 (AD)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
47 NB2-6 153.12 162.66 0.94
48 NB2-8 165.54 178.62 0.93
49 NB3-2 20.58 20.55 1.00
50 NB3-4 22.32 24.83 0.90
Maalej and Leong (2005) 51 A3 19.38 18.11 1.07
52 A4 18.88 18.11 1.04
53 AS 21.85 22.01 0.99
54 A6 21.45 22.01 0.97
55 B3 131.75 144.76 0.91
56 B4 130.15 144.76 0.90
57 B5 147.35 176.35 0.84
58 B6 142.15 176.35 0.81
59 C3 522.32 600.30 0.87
60 C4 535.44 600.30 0.89
Maeda et al. (2001) 61 SP-C 29.36 26.49 1.11
62 SP-C2 40.88 38.03 1.07
Rahimi and Hutchinson (2001) 63 B3 20.70 18.09 1.14
64 B4 19.69 18.09 1.09
65 BS 26.14 33.95 0.77
66 B6 26.10 33.95 0.77
67 B7 22.16 20.41 1.09
68 B8 23.10 20.41 1.13
Saadatmanesh and Ehsani (1991) 69 B 247.81 272.64 0.91
Spadea et al.(2001) 70 Al.l 78.12 75.02 1.04
71 A3.1 67.32 76.05 0.89
Takahashi and Sato (2003) 72 F1 79.45 65.46 1.21
73 F2 85.40 60.49 1.41
74 F3 94.50 97.37 0.97
75 F5 97.30 83.00 1.17

76 F6 108.85 99.11 1.10
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Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
Takeo et al. (1999) 77 No.2 33.85 30.78 1.10
78 No.3 30.68 30.78 1.00
79 No.4 30.45 30.78 0.99
80 No.5 36.30 30.88 1.18
81 No.6 39.30 41.39 0.95
82 No.7 42.80 51.64 0.83
Wu et al. (1999) 83 HS 40.95 46.43 0.88
84 HE 47.07 36.56 1.29
Wu et al. (2000) 85 RC-1 29.25 26.07 1.12
86 RC-2 31.01 26.07 1.19
87 RCS-1 33.08 31.28 1.06
Zarnic et al. (1999) 88 1 56.06 58.94 0.95
Zarnic et al. (2005) 89 B-2 42.47 41.22 1.03
Max 1.41
Min 0.69
Mean 0.98
SD 0.14
cov 14.00
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HANTATUININNIUIVYUDY Teng et al. (2003)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
1 CM-2 12.15 11.07 1.10
2 DM3 12.05 11.07 1.09
3 DMS 10.95 11.07 0.99
4 DM12-1 11.94 11.07 1.08
5 DM12-2 12.11 11.07 1.09
6 CF-1 9.99 11.07 0.90
7 CF-2 11.44 11.07 1.03
8 DF3-1 12.09 11.07 1.09
9 DF3-2 11.69 11.07 1.06
10 DF3-3 10.42 11.07 0.94
11 DF8-1 11.10 11.07 1.00
12 DF§-2 11.86 11.07 1.07
13 DF8-3 11.58 11.07 1.05
Beber et.al. (1999) 14 VR3S 40.01 21.16 1.89
15 VR6 39.38 21.16 1.86
16 VR7 48.62 20.58 2.36
17 VRS 48.55 20.58 2.36
18 VRO 50.74 21.06 2.41
19 VRI10 53.64 21.06 2.55
Bonacci and Maalej (2000) 20 B2 192.40 152.06 1.27
Chen et.al (2001) 21 B2 228.00 165.50 1.38
22 B3 281.60 217.80 1.29
23 B6 206.40 165.50 1.25
24 B8 352.00 264.40 1.33
Delaney (2006) 25 R_UC Control 1 36.41 25.00 1.46
26 R _UC_Control 2 40.59 25.00 1.62
27 R_UC_Control 3 37.15 25.00 1.49

28 R_UC_Control 4 39.77 25.00 1.59
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Experimental Predicted Result
Reference No Specimen Moment Moment MW/MPre d
kN-m kN-m %
Gap et.al. (2004) 29 A0 20.18 16.25 1.24
30 Al0 19.68 16.25 1.21
31 A20 21.98 16.25 1.35
Kishi et.al. (1998) 32 C300-1 41.58 34.15 1.22
33 C300-2 39.38 34.15 1.15
34 C445-1 44.10 34.95 1.26
35 C445-2 43.47 34.95 1.24
Leung (2004) 36 Bl11 1221.12 754.78 1.62
37 B12 1239.60 754.78 1.64
38 B21 164.64 115.19 1.43
39 B22 163.50 115.19 1.42
40 B31 19.26 16.82 1.15
41 B32 19.29 16.82 1.15
42 B41 20.88 18.06 1.16
43 B42 22.71 18.06 1.26
44 NBI1-16 1316.40 580.90 2.27
45 NB2-2 129.72 111.68 1.16
46 NB2-4 143.46 103.56 1.39
47 NB2-6 153.12 91.60 1.67
48 NB2-8 165.54 85.16 1.94
49 NB3-2 20.58 17.32 1.19
50 NB3-4 22.32 14.55 1.53
Maalej and Leong (2005) 51 A3 19.38 16.14 1.20
52 A4 18.88 16.14 1.17
53 A5 21.85 14.62 1.49
54 A6 21.45 14.62 1.47
55 B3 131.75 107.54 1.23
56 B4 130.15 107.54 1.21
57 BS 147.35 88.16 1.67
58 B6 142.15 88.16 1.61
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXp/Mpre g
kN-m kN-m %
59 C3 522.32 364.04 1.43
60 C4 535.44 364.04 1.47
Maeda et al. (2001) 61 SP-C 29.36 20.84 1.41
62 SP-C2 40.88 23.27 1.76
Rahimi and Hutchinson (2001) 63 B3 20.70 14.45 1.43
64 B4 19.69 14.45 1.36
65 B5 26.14 16.47 1.59
66 B6 26.10 16.47 1.58
67 B7 22.16 9.69 2.29
68 B8 23.10 9.69 2.38
Saadatmanesh and Ehsani (1991) 69 B 247.81 166.91 1.48
Spadea et al.(2001) 70 Al.l 78.12 52.43 1.49
71 A3.1 67.32 53.47 1.26
Takahashi and Sato (2003) 72 F1 79.45 56.94 1.40
73 F2 85.40 69.84 1.22
74 F3 94.50 62.57 1.51
75 F5 97.30 61.84 1.57
76 F6 108.85 64.24 1.69
Takeo et al. (1999) 77 No.2 33.85 26.00 1.30
78 No.3 30.68 26.00 1.18
79 No.4 30.45 26.00 1.17
80 No.5 36.30 26.45 1.37
81 No.6 39.30 28.89 1.36
82 No.7 42.80 30.76 1.39
Wu et al. (1999) 83 HS 40.95 24.08 1.70
84 HE 47.07 26.47 1.78
Wu et al. (2000) 85 RC-1 29.25 24.25 1.21
86 RC-2 31.01 24.25 1.28
87 RCS-1 33.08 25.72 1.29
Zarnic et al. (1999) 88 1 56.06 45.71 1.23
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MIINUINN A7 (AD)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXp/Mpre g
kN-m kN-m %

Zarnic et al. (2005) 89 B-2 42.47 36.88 1.15
Max 2.55

Min 0.90

Mean 1.43

SD 0.36

cov 24.97
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HANIIATUININIUIIOVD Teng ef al. (2004)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre A
kN-m kN-m %
1 CM-2 12.15 14.52 0.84
2 DM3 12.05 14.52 0.83
3 DMS 10.95 14.52 0.75
4 DM12-1 11.94 14.52 0.82
5 DM12-2 12.11 14.52 0.83
6 CF-1 9.99 14.52 0.69
7 CF-2 11.44 14.52 0.79
8 DF3-1 12.09 14.52 0.83
9 DF3-2 11.69 14.52 0.81
10 DF3-3 10.42 14.52 0.72
11 DF8-1 11.10 14.52 0.76
12 DF8-2 11.86 14.52 0.82
13 DF8-3 11.58 14.52 0.80
Beber et.al. (1999) 14 VRS 40.01 30.24 1.32
15 VR6 39.38 30.24 1.30

16 VR7 48.62 34.09 1.43
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MSEUINT AS (91D)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre J
kN-m kN-m %
17 VRS 48.55 34.09 1.42
18 VR9 50.74 34.09 1.49
19 VR10 53.64 34.09 1.57
Bonacci and Maalej (2000) 20 B2 192.40 168.15 1.14
Chen et.al (2001) 21 B2 228.00 186.09 1.23
22 B3 281.60 243.15 1.16
23 B6 206.40 186.09 1.11
24 B8 352.00 298.71 1.18
Delaney (2006) 25 R UC _Control 1 36.41 27.46 1.33
26 R_UC_Control 2 40.59 27.46 1.48
27 R _UC_Control 3 37.15 27.46 1.35
28 R _UC_Control 4 39.77 27.46 1.45
Gap et.al. (2004) 29 A0 20.18 18.83 1.07
30 Al10 19.68 18.83 1.04
31 A20 21.98 18.83 1.17
Kishi et.al. (1998) 32 C300-1 41.58 38.46 1.08
33 C300-2 39.38 38.46 1.02
34 C445-1 44.10 40.22 1.10
35 C445-2 43.47 40.22 1.08
Leung (2004) 36 Bl11 1221.12 1018.37 1.20
37 B12 1239.60 1018.37 1.22
38 B21 164.64 131.99 1.25
39 B22 163.50 131.99 1.24
40 B31 19.26 18.71 1.03
41 B32 19.29 18.71 1.03
42 B41 20.88 19.99 1.04
43 B42 22.71 19.99 1.14
44 NBI1-16 1316.40 944.05 1.39
45 NB2-2 129.72 121.10 1.07

46 NB2-4 143.46 126.65 1.13
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AT NHNHINN A8 (§1D)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre g
kN-m kN-m %
47 NB2-6 153.12 130.95 1.17
48 NB2-8 165.54 134.60 1.23
49 NB3-2 20.58 19.46 1.06
50 NB3-4 22.32 20.74 1.08
Maalej and Leong (2005) 51 A3 19.38 17.75 1.09
52 A4 18.88 17.75 1.06
53 A5 21.85 19.09 1.14
54 A6 21.45 19.09 1.12
55 B3 131.75 131.85 1.00
56 B4 130.15 131.85 0.99
57 BS 147.35 133.92 1.10
58 B6 142.15 133.92 1.06
59 C3 522.32 52491 1.00
60 C4 535.44 52491 1.02
Maeda et al. (2001) 61 SP-C 29.36 25.54 1.15
62 SP-C2 40.88 29.97 1.36
Rahimi and Hutchinson (2001) 63 B3 20.70 17.43 1.19
64 B4 19.69 17.43 1.13
65 B5 26.14 23.17 1.13
66 B6 26.10 23.17 1.13
67 B7 22.16 14.34 1.55
68 B8 23.10 14.34 1.61
Saadatmanesh and Ehsani (1991) 69 B 247.81 214.26 1.16
Spadea et al.(2001) 70 Al.l 78.12 60.45 1.29
71 A3.1 67.32 61.51 1.09
Takahashi and Sato (2003) 72 F1 79.45 64.22 1.24
73 F2 85.40 73.59 1.16
74 F3 94.50 74.17 1.27
75 F5 97.30 66.99 1.45

76 F6 108.85 71.03 1.53
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AT NHNHINN A8 (§1D)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre g
kN-m kN-m %
Takeo et al. (1999) 77 No.2 33.85 30.78 1.10
78 No.3 30.68 30.78 1.00
79 No.4 30.45 30.78 0.99
80 No.5 36.30 30.75 1.18
81 No.6 39.30 35.00 1.12
82 No.7 42.80 38.18 1.12
Wu et al. (1999) 83 HS 40.95 34.23 1.20
84 HE 47.07 31.31 1.50
Wu et al. (2000) 85 RC-1 29.25 26.97 1.08
86 RC-2 31.01 26.97 1.15
87 RCS-1 33.08 29.65 1.12
Zarnic et al. (1999) 88 1 56.06 SIS 1.09
Zarnic et al. (2005) 89 B-2 42.47 41.27 1.03
Max 1.61
Min 0.69
Mean 1.13
SD 0.20
cov 18.02

! o o v w J 1 o v w 4
minwmnﬁ A9 WaMIAIUIUAEYTU TNNUANINNANSNATOUADA1ITY THINUAINKG

MIMUIUIINIIUITYVOI Arya 1@ Farmer (2001)

Experimental Predicted Result
Reference No Specimen Moment Moment M&XP/Mpre d
kN-m kN-m %
1 CM-2 12.15 12.18 1.00
2 DM3 12.05 12.18 0.99
3 DMS8 10.95 12.18 0.90

4 DMI12-1 11.94 12.18 0.98
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MSNUINN A9 (91D)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
5 DM12-2 12.11 12.18 0.99
6 CF-1 9.99 12.18 0.82
7 CF-2 11.44 12.18 0.94
8 DF3-1 12.09 12.18 0.99
9 DF3-2 11.69 12.18 0.96
10 DF3-3 10.42 12.18 0.86
11 DF8-1 11.10 12.18 0.91
12 DF8-2 11.86 12.18 0.97
13 DF8-3 11.58 12.18 0.95
Beber et.al. (1999) 14 VRS 40.01 34.09 1.17
15 VR6 39.38 34.09 1.16
16 VR7 48.62 45.46 1.07
17 VRS 48.55 45.46 1.07
18 VRO 50.74 55.72 0.91
19 VR10 53.64 55.72 0.96
Bonacci and Maalej (2000) 20 B2 192.40 172.93 1.11
Chen et.al (2001) 21 B2 228.00 218.77 1.04
22 B3 281.60 276.10 1.02
23 B6 206.40 218.77 0.94
24 B8 352.00 331.78 1.06
Delaney (2006) 25 R_UC Control 1 36.41 30.26 1.20
26 R_UC_Control 2 40.59 30.26 1.34
27 R_UC_Control 3 37.15 30.26 1.23
28 R_UC_Control 4 39.77 30.26 1.31
Gap et.al. (2004) 29 A0 20.18 16.90 1.19
30 Al10 19.68 16.90 1.16
31 A20 21.98 16.90 1.30
Kishi et.al. (1998) 32 C300-1 41.58 36.39 1.14
33 C300-2 39.38 36.39 1.08

34 C445-1 44.10 39.62 1.11



282

MIINUINN A9 (D)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
35 C445-2 43.47 39.62 1.10
Leung (2004) 36 BI11 1221.12 1164.19 1.05
37 B12 1239.60 1164.19 1.06
38 B21 164.64 141.84 1.16
39 B22 163.50 141.84 1.15
40 B31 19.26 18.56 1.04
41 B32 19.29 18.56 1.04
42 B41 20.88 19.84 1.05
43 B42 22.71 19.84 1.14
44 NBI1-16 1316.40 1342.58 0.98
45 NB2-2 129.72 120.10 1.08
46 NB2-4 143.46 134.98 1.06
47 NB2-6 153.12 149.21 1.03
48 NB2-8 165.54 162.69 1.02
49 NB3-2 20.58 19.23 1.07
50 NB3-4 22.32 22.61 0.99
Maalej and Leong (2005) 51 A3 19.38 16.98 1.14
52 A4 18.88 16.98 1.11
53 A5 21.85 19.97 1.09
54 A6 21.45 19.97 1.07
55 B3 131.75 135.76 0.97
56 B4 130.15 135.76 0.96
57 B5 147.35 160.02 0.92
58 B6 142.15 160.02 0.89
59 C3 522.32 563.78 0.93
60 c4 535.44 563.78 0.95
Maeda et al. (2001) 61 SP-C 29.36 23.58 1.24
62 SP-C2 40.88 32.32 1.26
Rahimi and Hutchinson (2001) 63 B3 20.70 16.02 1.29

64 B4 19.69 16.02 1.23
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Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
65 B5 26.14 28.39 0.92
66 B6 26.10 28.39 0.92
67 B7 22.16 17.79 1.25
68 B8 23.10 17.79 1.30
Saadatmanesh and Ehsani (1991) 69 B 247.81 247.61 1.00
Spadea et al.(2001) 70 Al.l 78.12 67.31 1.16
71 A3.1 67.32 68.97 0.98
Takahashi and Sato (2003) 72 F1 79.45 61.07 1.30
73 F2 85.40 69.23 1.23
74 F3 94.50 85.37 1.11
75 F5 97.30 74.32 1.31
76 F6 108.85 86.50 1.26
Takeo et al. (1999) 77 No.2 33.85 28.09 1.20
78 No.3 30.68 28.09 1.09
79 No.4 30.45 28.09 1.08
80 No.5 36.30 28.18 1.29
81 No.6 39.30 36.10 1.09
82 No.7 42.80 43.87 0.98
Wu et al. (1999) 83 HS 40.95 40.49 1.01
84 HE 47.07 32.77 1.44
Wau et al. (2000) 85 RC-1 29.25 24.78 1.18
86 RC-2 31.01 24.78 1.25
87 RCS-1 33.08 28.71 1.15
Zarnic et al. (1999) 88 1 56.06 53.87 1.04
Zarnic et al. (2005) 89 B-2 42.47 38.79 1.09
Max 1.44
Min 0.82
Mean 1.09
SD 0.13
COov 11.88
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MIAUINIINIIUINGYDY Shehata ef al. (2001)

Experimental Predicted Result
Reference No Specimen Moment Moment Mexp/Mpre d
kN-m kN-m %
1 CM-2 12.15 11.02 1.10
2 DM3 12.05 11.02 1.09
3 DM8 10.95 11.02 0.99
4 DM12-1 11.94 11.02 1.08
5 DM12-2 12.11 11.02 1.10
6 CF-1 9.99 11.02 0.91
7 CF-2 11.44 11.02 1.04
8 DF3-1 12.09 11.02 1.10
9 DF3-2 11.69 11.02 1.06
10 DF3-3 10.42 11.02 0.95
11 DF8-1 11.10 11.02 1.01
12 DF8-2 11.86 11.02 1.08
13 DF8-3 11.58 11.02 1.05
Beber et.al. (1999) 14 VRS 40.01 34.09 1.17
15 VR6 39.38 34.09 1.16
16 VR7 48.62 45.46 1.07
17 VRS 48.55 45.46 1.07
18 VRO 50.74 55.72 0.91
19 VR10 53.64 55.72 0.96
Bonacci and Maalej (2000) 20 B2 192.40 167.02 1.15
Chen et.al (2001) 21 B2 228.00 204.09 1.12
22 B3 281.60 261.40 1.08
23 B6 206.40 204.09 1.01
24 B8 352.00 317.15 1.11
Delaney (2006) 25 R UC Control 1 36.41 28.28 1.29
26 R _UC_Control 2 40.59 28.28 1.44
27 R _UC Control 3 37.15 28.28 1.31

28 R_UC_Control 4 39.77 28.28 1.41
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Experimental Predicted Result
Reference No Specimen Moment Moment MW/MPre d
kN-m kN-m %
Gap et.al. (2004) 29 A0 20.18 16.12 1.25
30 Al10 19.68 16.12 1.22
31 A20 21.98 16.12 1.36
Kishi et.al. (1998) 32 C300-1 41.58 35.13 1.18
33 C300-2 39.38 35.13 1.12
34 C445-1 44.10 37.82 1.17
35 C445-2 43.47 37.82 1.15
Leung (2004) 36 BI11 1221.12 1116.16 1.09
37 B12 1239.60 1116.16 1.11
38 B21 164.64 135.83 1.21
39 B22 163.50 135.83 1.20
40 B31 19.26 17.80 1.08
41 B32 19.29 17.80 1.08
42 B41 20.88 19.06 1.10
43 B42 22.71 19.06 1.19
44 NBI1-16 1316.40 1269.49 1.04
45 NB2-2 129.72 116.99 1.11
46 NB2-4 143.46 128.75 1.11
47 NB2-6 153.12 141.75 1.08
48 NB2-8 165.54 153.48 1.08
49 NB3-2 20.58 18.51 1.11
50 NB3-4 22.32 21.40 1.04
Maalej and Leong (2005) 51 A3 19.38 16.38 1.18
52 A4 18.88 16.38 1.15
53 A5 21.85 18.89 1.16
54 A6 21.45 18.89 1.14
55 B3 131.75 130.93 1.01
56 B4 130.15 130.93 0.99
57 B5 147.35 151.34 0.97
58 B6 142.15 151.34 0.94
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXp/Mpre g
kN-m kN-m %
59 C3 522.32 544.20 0.96
60 C4 535.44 544.20 0.98
Maeda et al. (2001) 61 SP-C 29.36 22.11 1.33
62 SP-C2 40.88 29.41 1.39
Rahimi and Hutchinson (2001) 63 B3 20.70 14.96 1.38
64 B4 19.69 14.96 1.32
65 B5 26.14 25.45 1.03
66 B6 26.10 25.45 1.03
67 B7 22.16 16.44 1.35
68 B8 23.10 16.44 1.40
Saadatmanesh and Ehsani (1991) 69 B 247.81 234.18 1.06
Spadea et al.(2001) 70 Al.l 78.12 63.31 1.23
71 A3.1 67.32 64.25 1.05
Takahashi and Sato (2003) 72 F1 79.45 58.77 1.35
73 F2 85.40 87.61 0.97
74 F3 94.50 79.11 1.19
75 F5 97.30 69.87 1.39
76 F6 108.85 80.04 1.36
Takeo et al. (1999) 77 No.2 33.85 26.72 1.27
78 No.3 30.68 26.72 1.15
79 No.4 30.45 26.72 1.14
80 No.5 36.30 26.81 1.35
81 No.6 39.30 33.41 1.18
82 No.7 42.80 39.91 1.07
Wu et al. (1999) 83 HS 40.95 37.32 1.10
84 HE 47.07 30.79 1.53
Wu et al. (2000) 85 RC-1 29.25 24.08 1.21
86 RC-2 31.01 24.08 1.29
87 RCS-1 33.08 27.37 1.21
Zarnic et al. (1999) 88 1 56.06 51.25 1.09
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MIINUINN A0 (9D)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXp/Mpre g
kN-m kN-m %

Zarnic et al. (2005) 89 B-2 42.47 37.51 1.13
Max 1.53

Min 0.91

Mean 1.15

SD 0.13
cov 11.70

¥ [ o v o J 1 o v w 4
minwmnﬁ A1l #amMIRIUINMAS U TUUUAINNANSNAFEUABRIAIT U TNINUAYINHE

MIATUINIINIUINGVDI ACT 440.2R (2008)

Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre A
kN-m kN-m %
1 CM-2 12.15 18.43 0.66
2 DM3 12.05 18.43 0.65
3 DMS 10.95 18.43 0.59
4 DM12-1 11.94 18.43 0.65
5 DM12-2 12.11 18.43 0.66
6 CF-1 9.99 18.43 0.54
7 CF-2 11.44 18.43 0.62
8 DF3-1 12.09 18.43 0.66
9 DF3-2 11.69 18.43 0.63
10 DF3-3 10.42 18.43 0.57
11 DF8-1 11.10 18.43 0.60
12 DF8-2 11.86 18.43 0.64
13 DF8-3 11.58 18.43 0.63
Beber et.al. (1999) 14 VR5 40.01 34.77 1.15
15 VR6 39.38 34.77 1.13

16 VR7 48.62 39.84 1.22
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre J
kN-m kN-m %
17 VRS 48.55 39.84 1.22
18 VR9 50.74 43.78 1.16
19 VR10 53.64 43.78 1.23
Bonacci and Maalej (2000) 20 B2 192.40 171.39 1.12
Chen et.al (2001) 21 B2 228.00 201.60 1.13
22 B3 281.60 259.33 1.09
23 B6 206.40 201.60 1.02
24 B8 352.00 315.38 1.12
Delaney (2006) 25 R _UC_Control 1 36.41 36.42 1.00
26 R _UC_Control 2 40.59 36.42 1.11
27 R _UC Control 3 37.15 36.42 1.02
28 R_UC_Control 4 39.77 36.42 1.09
Gap et.al. (2004) 29 A0 20.18 19.24 1.05
30 Al0 19.68 19.24 1.02
31 A20 21.98 19.24 1.14
Kishi et.al. (1998) 32 C300-1 41.58 39.72 1.05
33 C300-2 39.38 39.72 0.99
34 C445-1 44.10 41.78 1.06
35 C445-2 43.47 41.78 1.04
Leung (2004) 36 Bl11 1221.12 1113.55 1.10
37 B12 1239.60 1113.55 1.11
38 B21 164.64 147.40 1.12
39 B22 163.50 147.40 1.11
40 B31 19.26 21.21 0.91
41 B32 19.29 21.21 091
42 B41 20.88 22.58 0.92
43 B42 22.71 22.58 1.01
44 NBI1-16 1316.40 1094.20 1.20
45 NB2-2 129.72 126.17 1.03
46 NB2-4 143.46 133.65 1.07
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre g
kN-m kN-m %
47 NB2-6 153.12 139.30 1.10
48 NB2-8 165.54 144.00 1.15
49 NB3-2 20.58 20.61 1.00
50 NB3-4 22.32 22.21 1.00
Maalej and Leong (2005) 51 A3 19.38 19.83 0.98
52 A4 18.88 19.83 0.95
53 A5 21.85 22.02 0.99
54 A6 21.45 22.02 0.97
55 B3 131.75 145.30 0.91
56 B4 130.15 145.30 0.90
57 BS 147.35 157.85 0.93
58 B6 142.15 157.85 0.90
59 C3 522.32 576.16 0.91
60 C4 535.44 576.16 0.93
Maeda et al. (2001) 61 SP-C 29.36 29.81 0.98
62 SP-C2 40.88 36.04 1.13
Rahimi and Hutchinson (2001) 63 B3 20.70 19.22 1.08
64 B4 19.69 19.22 1.02
65 BS 26.14 27.06 0.97
66 B6 26.10 27.06 0.96
67 B7 22.16 15.86 1.40
68 B8 23.10 15.86 1.46
Saadatmanesh and Ehsani (1991) 69 B 247.81 224.97 1.10
Spadea et al.(2001) 70 Al.l 78.12 60.10 1.30
71 A3.1 67.32 61.31 1.10
Takahashi and Sato (2003) 72 F1 79.45 70.65 1.12
73 F2 85.40 81.64 1.05
74 F3 94.50 87.57 1.08
75 F5 97.30 86.74 1.12

76 F6 108.85 94.05 1.16
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Experimental Predicted Result
Reference No Specimen Moment Moment MeXP/Mpre g
kN-m kN-m %

Takeo et al. (1999) 77 No.2 33.85 33.30 1.02
78 No.3 30.68 33.30 0.92

79 No.4 30.45 33.30 0.91

80 No.5 36.30 34.92 1.04

81 No.6 39.30 40.95 0.96

82 No.7 42.80 45.39 0.94

Wu et al. (1999) 83 HS 40.95 35.06 1.17
84 HE 47.07 39.12 1.20

Wu et al. (2000) 85 RC-1 29.25 27.61 1.06
86 RC-2 31.01 27.61 1.12

87 RCS-1 33.08 32.51 1.02

Zarnic et al. (1999) 88 1 56.06 48.88 1.15
Zarnic et al. (2005) 89 B-2 42.47 43.48 0.98
Max 1.46

Min 0.54

Mean 1.00

SD 0.19
cov 18.72
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Tensile Strength (Mpa)
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Tensile Strength of Primer and Putty

30 60 90 120 150 180 210 240 270 300 330 360
Durability Cycle —a— Fresh Water —a— Salt Water
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IUIUTO MPa MPa

0 43.13 43.13

90 43.06 44.10

150 39.74 30.96

240 36.07 31.38

360 27.32 23.86
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creating essentials

Carbon Fibre Reinforcement Systemn for MBrace Composite Strengthening System

DESCRIPTION
L e
The MBrace CF130W is the backbone of the MBrace
Composite Strengthening System. MBrace CF130W is
enveloped in MBrace Saturant resin to yield a range of
high performance features.

MBrace Composite Strengthening Systems incorporate
the MBrace CF130W carbon fibre and MBrace EG200
carbon fibre. Each fibre reinforcement system within the
MBrace Composite Strengthening System permits high
strength-to-weight ratio and structural integrity that is
similar to bonding steel plates to concrete surfaces.

FIELDS OF APPLICATION

RECOMMENDED FOR

Walls, beams and slabs of buildings
Beams, deck slabs and columns of bridges
Chimneys and towers

Silos and tanks

Pipes and tunnels

Marine structures

FEATURES AND BENEFITS

e

‘improves Increases fiexural strength, shear,

concrete confinement, ductility, seismic and

performances eﬁrgggged fatigue resistence.

Easy to install Able to adapt to any shapes,
lightweight and suitable for space-
consiraint areas.

Durable High strength-to-weight ratio, well
control of crack propagation and
comosion resistant.

TYPICAL PERFORMANCE DATA

MBrace CF130W

Density, g/m* 300

Tensile Strength, Nimm’
Tensile Modulus, Nfmm?

Thickness, mm 0,165
Uttimate Tensile Elongation, % 1.5 (o.0152
Width, mm - 500
. anT .
PRLLRANR S
_-'II'.'J.
Chapter 1 >>

23482 (35,506 kat)
1230500 ( 2351 lee kse)

MBrace Composite Strengthening System using
MBrace CF130W

Ultimate Tensile Strength, Nimm? - 740
Ultimate Tensile Elongation, % 1.5

Ultimate Tensile modulus, Nmm?® 57,600

Design Thickness, mm (086

Shear Bond Strength : 2.0 or concrete
{on G40 concrete), Nimm* substrate failure

PROPERTIES

Generic Type : Carbon
Colour . Black
Density : 1.82 glem®
Modulus, Nfmm? : 230,500
Surface Preparation

Proper substrate preparation is critical for optimum)
performance. The prepared surface should be structurally|
sound and free from contaminants such as oil, grease,
curing membrane, previous coatings, dust, fungus, mass,
etc.

Depending on the substrate condition and environmenital
requirements, use an effective method recommended by
ICRI Guideline No. 03732 for selecting and specifying
concrete surface preparation for sealers, coatings and
polymer overlays.

Primer Al

Mixing 3.1

3 volumes of MBrace Primer Part A to 1 volume of
MBrace Primer Part B. Blend with a mechanical mixer
for at least 3 minutes or until it is homogeneous. Mixing
time may be adjusted according to the temperature
during application.

Placing

Apply the MBrace Primer to the intended substrate using
a brush or short nap roller.  Spray application of MBrace
Primer is not recommended. MBrace Primer is applied
only once to the concrete substrate even when multiple
piles are required P

Saturant P

Mixing

3 volumes of MBrace Saturant Part A to 1 volume of
MBrace Saturant Part B. Blend with a mechanical mixer
for at least 3 minutes or until it is homogeneous. Mixing
time may be adjusted according to the lemperature
during application.

MnNINT 68 AuautidvowHumsueululiues (degussa MBRACE CF130W)
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Placing J
Apply the catalysed MBrace Saturant to[the MBrace
CF130W until fully saturated. The appearance of the
MBrace Saturant, when applied by roller should be
translucent blue. The colour of the application will vary
due to overlaps and slight thickness variations.

Fibre

Placing

Place the fully-impregnated MBrace CF130W unto the
primed concrete substrate.

For multiple plies, repeat application procedure as in
Saturant and Fibre.

Top coat (Optional)

Use high solids, high gloss, corrosion-resistant topcoat
1o provide a protective/aesthetic outer layer.

ESTIMATING DATA

Primer : 0.15-0.25 kg/m®
Coverage may vary depending on
density of concrete

Saturant 10406 kgm® per layer of fibre
sheet.

MBrace CF130 : Cut according to the area to be
reinforced.

Chapter 1 >>

MNHUINN A68 (71D)

PACKAGING

Width, m Length, m
[50.0 m* per roll 05 100
SHELF LIFE
H2

MBrace CF130W can be kept for at least 24 months
from date of manufacture if stored in a dry enclosed
place at temperatures between 10 and 32°C without 1~
&xposing to direct sunlight, flame or other hazards.

ity .
PRECAUTIONS

MBrace CF130W contdins carbon fibres. Wear gloves
and appropriate work clothing while handling the
product. Wash thoroughly after handiing.

Eliminate all sources ignition from work area.

For detailed Health, Safety and Environmental
Recommendations, please refer and follow all
instructions on the product Material Safety Data Sheet.
These products are for professional and industrial use
only. Application directions must be followed.

CE1-1-1004
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MBrace™ Primer

degussa.

Clear epoxy primer for the MBrace compuosile strengthening sysfem

DESCRIPTION:

The tdBrace™ clesr apoky primer 8 8 v viscosity, 100%
st spay compoand based onoa ubique addud curing
teennolbgy. Tre technology sssults in tolerande for surface
moisture, e al temparatures 1o 38 5F {270 and abdity
torcurs in the prasentd afmoisturs.

WiBrace primer s dolerant ioa wide variety of fetd conditons.
Whean apoled e oanaely, e surface is upgradesio give
hightensile bosd shengih o the systembaing used. When
appliad to propeny grepered slesd surlaces, MBrace primer
formean exceliedt bond and inkibiis cotrosion unti addiionsl
frateriale can be appliad. :

Bindar
Lise fMBrate pomer in compaunds forfiling sir voids
A g holes in conerate walls,

Spacification v
Enal be & 100% solids polyanine-ares gpory.

HANDLING PROPERTIES:

Fiet (Partido Pant Byby volume
100 W30 (Part Ao Parl By by weight
Mirest Weight Per Volume: 87 #ddgal (1,100 0il)
Mined Viscosity:

Haieing Ratio:

Ty Wintosity
50 °F (10 °6) 1,208 eps

TR {250 400 0pg

GO°F (32 % o0 ops
Working Thrne, basad on1gai{3.8 L) sample,
approxinated: Temodrature Potl e

GO 000 Thminules

TERF (25 ) 20 niinutes

b1 B S K Yl 941 A sdiuiies

LIMITATIONS:

Frirned sudfaces should besapeoated withinwo days lo
assuis proper adhesicn ol he MBrecp system lothe sub-
steate X i

MNHUINN A68 (71D)

PHYSICAL PROPERTIES™:

Genaric Typa!

Caler;

5?0{: Contant:
(EFA Method 24)

Flash Point:

{(Pengty-fartens Closed Cup)

SBrace Syimer PartA
Afrace Primer Part g

Tensie Strass at Yiekd:
TASTM D638}

Tenshe Steain st Yield:
(ASTM DE38;

Tensile Elastic Hotkius:

(ARTM 838

Flexural Strangth:
(ASTM D790;

Flesura: Modulus:
(ASTM D790}

Compressive Sirangth:
{ASTV D598}

Compressive Modulus:
(ASTAM D805

WeighGatlon:
MErawe Paoer Panh
MBrace Pumer Parl B
WBrace Pdmar Miset

Aghesion. . .
(ASTM D587}

Shedf Life, 70°T (29 °Ch

*Drenotes neal resin fropartes.

00% solids amjre-ciired lguid Booxy

Part & [y
Part B Claar
Miewd Arrbar

388 tiga {1079

204 YR (BE Y
2200 4F (93 5C)

1EGG psi (12 MPa)

10 kst (717 WPa)

3,300 psH24 MPa)

E5 ksl (295 MPa)

3,500 pe (04 MPa)

S5 kst (809 kP a)

25 5(3,139 g1
8.3 {96 gL
8.2 1110391

Strongerthaiconcrete

Partd 15 moniie
ParkB 18 months
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APPLICATION PROPERTIES:

Burface Praparation:
Ccnemté :
Tasive blasting or ssarfication o remove fatancs and
surface mr‘tamzna s required. Condrete must ba
Hicroughly curéd, et ol olls, 38 oF ok
relpate ananis, dust ard mustbe dey 2t ime of applcation.
Referto ICRI Cuidetine Mo QRIS

Stegl

Abrasive blast to "White Matal' in acenrdance nith "SSP0
Soceivior Prledive Costings” Speciioation SR80 0r
NACE Mo, 1, using cleary dry abirss
3.0 profile. Surlace must badryand free of Toreizn
maliar

Covarage:
Concrete:
Civerage may vary depanding on densily oiconcrate.
« FiestConl - 200102501 pal MB10E Ly
+ Recpat B0 320 el (BT o B i)
Btest 28010 325 ft**eoa§ [CRRGE: 0 ”:ﬁfL ]
Apg:l;caksn Eguipmeni:
ea brush arshertaap roller Spray ﬁpp cationof MBrace
Primerks aoliscommaended,

Mixing Ratio:
Syalumes MBrave Primer PRitAlo | volunie MBrace Priver
Part B, Blend with a mechanical mizer.

CLEAN UP:

s Tud74, mathyl efhylketode or ageione,
Ohserve fire and health precautions with salvents,

COMPONENTS PROVIDED BY:

Master Biilders, e
United Siates

L3700 Chagrin Boulevard
Cleveland, Ohio 241225554
{808) MET-0200

Fan{2 18/ 336010

teanada
3637 WeslonRosd

{BOGjaer-H8E2
Fan (416 74170826

WMASTER CONTRACTUR:

Strugtural Preservation Systems, Ine. f
2118 Momumerts) Road &
 Baitrnore, MD 212271833 . 5 retworol 3
BOGESSA01E L apgroived
SGanirasten

TH Tragemark pfMBT Hplding 5.6 8 Registersd Tradeniak MBT Molilihy A 0

1968, Haster Boilders,

MNHUINN A68 (71D)

weto abtainaminimum

Tororte, Ontare MaL1WY

dequssa.

QRDERING INFORMATION:

Volume  Package Waight
1 gl unit Jots One 2 gal pait T
Faith
gl ke 1t qan 2
Part B
4-gal unit Zgal Cme S gal pail 27
Pari &
gt Cre {galoan 803
Pan i
STORAGE:
Sloreiaw zzzm plana i winter so maderisiwill néndie and

cupe hattar: Iy summmer store 1 cool place so the working
life wiill b Tongar. ‘IVis best t sfore material between
65 ard 75 °F [18140 24 781

CSAFETY:

WARNING ~Vapor may be harmiul. Contéing apoxy

sesing andouing agenl. May cause skin sensitivity

wrodher slerglc retponss. Koy snay Trom haol sparks or
e flame. Inenciosed sress orwhers ventitation s poor
vee an approved alr mask and wilize sdequate safsly
precautions o prevent fiee or explasion 3 case of skin
coftact wash with soap and walsn Forayss, flush
imimediately {seconds coupt} with watar for 15 minutes

and CALL APIYSICIAN. swallowsd, CALLAPHYSICIN
HAMETRATELY.

{Ninterngiiongt Concra*e Fepair nstitn e JCROGuidsding for
i REaiag,

arder orfnee

crstivgs and polymee m;@:!é;#s

Mexice

Biud M Aelta Camacho 80, 3er Pise
S3300 Mavenipeh, Mégky

O44-526 557-5544

Fax Q118253857803

Srintad v U5 4 488
s d pBE SAP IS

(i
ﬁﬁ i

¥
v
|
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MBrace™ Pully

Paste adhesive for the MBrace composite sirengthening system

DESCRIPTION:

MBrace™ Putty adbésive 58 100% solids, tor-sag saste
apoxy maleris forusewith the MBrace sompogile
sirengthening sysism. Recommendsd uses includs sesling
surtaces o o epes ijection: boading of rigid materials,
and leval ng doeven sarfaces pror fo appicationof the
WBrace sysiem

HANDLING PROPERTIES:

Tixing Rativ: ot (PartA o Part By by volurne
1000 30 (Parl & o Pyl i) by weight
Mixed Welght Per Volume: 08 igsl (1,380 0Ly
Maxirum Nonsag Thickness:! - (25 el 3 vy
Mined Viscodity:

Tepsishae Vigeosiy

BOCELTONE) PG00 aps
TEAF L2500 500D opy
b0 g R e 0 Fallocps

Working Time, bassd on 1 gal{3.8 Ly sampig,

approdmated: Temperaiie PolLifa
50 *F{1H0°C) 28 minutes
TTRR{25 50 40 minulas
SOPF {350 18 minutes

dequssa.

TYPICAL PHYSICAL PROPERTIES":

Generic

Color:

YOC Content;
{EPA Meihod 24)

Flash Point
(Fenshy-Martens Closed Cup)

Tensile Stress at Yistd:
[AGTH DEIE)

Tensile Strain &t Vielt
JARTA BE38)

Tensile Elastic Modhitus:
(48T DEB8E

Flexural Strangth:
{ASTM D2

Flencuire: Maodulus:
(ABTM DZHEY

Comprassive Strangthi
{ASTM D635}

éﬂmpressfve Miodius:
ASTHM DEDGT

Shelf Life @77 °F (25 °C):

‘Denolgs nealresin properties,

 PACKAGING

100% solids aritde-tursd epaky

Barts Tan
Part g Chawoul
dlwad Tan

074 Ibtgal (B gall)
Parth | Z10°F (850)
Partl =200 9340}
EB00 by 12 MPa)

T8%

260 kel {1,800 MPa}

3 B00 s (26 MPa)

230 ksl (903 pMPa)

4500 08 (24 MPE)

IBERSI LT E NP}

18 months

Custently avallablein T U S gat {38 L unig,

| LIMITATIONS

296

Furfaves should belopooalad within twi oy rassiing
artped siheson st the MBrare syste rilo e substrsie

COVERAGE!

Estiaied coversge rales ere ss folows fora 1B ino{125
miite d ) application thickness:

Smueth surfaces

12 fi/gal
- Roughsurfaces |

G280
§ férgal (0,

b
i
{5
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APPLICATION (abbrevialed):

Surface Praparation:
& ¢ > Bhod blasting or e blasting fo remove
¥ s surfan 3 ioin g regioirad, The
kxm: e st bmmgmx g!’fy g frps of olis curling
soiutonsor moki releass &g ol gustal

e time of appioation, Rafe:m SCREGuitdsline No 037320

Application of MBrace Puity Adhesive:

WNMechsncally premix Resin {(Part Avand Haroéner (Part B}
separaady Afterinifial pre-rixing, combing Somponenis and
re thirae yrintes o wntd o

App!y e MErace PuliyAdhesive fothe pimed subsirate

3;'»3 5 z;;artr\g ~slend rovwel c« oirer suliatiemplemant. The
appi and 5t e ooverege mies will
b b ighiv dapandenton the: mrsdxttcm ardorofieof the
conorete sulstiade:

ORSERVE WORKING THAE LIMITATIONS -

Catalyze noraors mabenal ancan ba apphat within the werk
Hine period il ke teiipeiature and complexity
citheaspicalion arsp will determine now much rmaledst
should be catalyrer atonelime. Kespwaleralaodiand
shaded fromdirect stalight o warm weather, Work imacan
beeddended by keening mulerdal vool before and after mising
s By imnersing phtin los wiaterd irisg hot westher, |

COMPOMNENTS PROVIDED BY
Masier Builders, Ing,

United Slawy

23700 Shagrin Bousvard
Clevaiand; Chipd4122.5854
(800) MET-0000

Fax (21687 8354810

Conadla
FEIT Weston Road

(BOOyaRTREEZ
Fax (418} FA1-7E26

MABTER CONTRACTOR:
structuraé Prazervation Systems, Ing. 27

. 2116 Wonumenal Road et o
; . Boftnre, MO 212371633 1 oot
*B00-8R0-1018 p v

TR of MET Holdng 8.0, ® Registerad T
1998, Master Buliders, e,

MNHUINN A68 (71D)

Tosonio, Drdaris MOL B0

R MET Holting A&

degussa.

CLEANUP
Use =410 Salvent, Mathyl Ethyl Ketone or Acstons.

SAFETY

WBrace Pully adhesive contains reacliveresing and diluerds,
Obzerve the olowing heaith and physical precaufionany
measutes before using T proxdudt,

Haait Protection information - Wear gloves; eye protection,
and appropaate work clothing lo avord confachwith compe:
wents: Vendlation B veqiined with special condidedation far
sricloged oroonfined greas, Ar movemantmus! be designet
foersure tomaoveeat all locations in work and adjscent areas
toavesid buslidup of heavesapors, Refer to Materal Safaty
Diata Sheels (MEDE) for padific healh inldimation dnéach
proguct

FORINDUSTRIAL AND PROFESSIONAL USE
ONLY

{1y iR st b Bl Guideling fos seleningand spaniiving
GO B preparation lorseslers, coalings and miyemer
nvarizye

Mexiv

Bibed, L Aviia Camaeho 80, SerPlsg
53390 Nazcslpan, Mésico
115285575544

Fax O1H-525-386-7803

Priled il 5 4408
e pBS . F114785

{lig
T
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MBrace™ Saturant

Impregnation resin for the MBrace compuosite strengthening system

DESCRIPTION:

MBrace™ Salwantisa 100% solis lowvisediity spusy
mreateria fiat b used to dmpregnats carbon or glass fiker
refeforpament sheals, Curstwilh the Jow shewt, MBrace
Saturant resin produces a high perfoihancs sombasis
systemfor use nodérmal structural fepalr crapgrade
apptications.

HANDLING PROPERTIES:

3o 1 (Past A Parl Bpbywolume
TG0t 34 Pa s o Pad B byoweight
Mized Weight Por Volume: 8.2 lgal B84 gLy
Maxi N & Thich FEmily 6258 gm)
Wined Yiscasity:

Mixing Ratio:

Terrpaii Vigoogity
EUE P00 2500 eps
TEOE[IES0Y 4 s cps
BO°F (32°CF 900 eps:

Working Tine, based ont gal 3.8 1) sample;
: Jemperaiue Fatlie

EGCF 1100 200 mintes
TTF (25 °0) A5 mihutes
B0 AE (320 Eminutes

MNHUINN A68 (71D)

FPHYSI AL FRUPER TIEDT]

Generic Type: 1U0%: sokids amine-curad apoxy
Lalar: Part e Bl
Pad B Clagr
Mixgth - Bue

Volatile Organic Compounds:
(EPA Methind 24)

Q.24 fpal (2B, 0gi)

Flash Point: Pan s
(Pensky-Martens Closed Cupl Fan B

236 °F (115701
=200 F (93 C)

Tiansile Strength: T 000 pal (54 MPa)

(AT Daa)

Tensla Strain; Z5%
(ASTM DE38}

Tensile Elastic Modulus: 4 sl {3,054 0dP )
(ASTM DB3E)

Flexural Strength; 18000 psi (124 1Pa)
(ASTM DT80

Flaxuial Moduhis: SA0 KRS 731 MPa)
[ASTM D780

Comprassive Strangth: 12,500 pet (BE NP
ASTAL DEGE)

Compressive Modelus:
CASTM D89S]

380 kel (2,821 MPa)

Shelf Life @ 88°F (20 °C: 18 monihe
*‘Denclex restiasn propesties

PACKAGING:

Currenily available vons (1) and fowr (4] gallon units,

CSTORAGE: -

Storgin a coul, dry place putof direct suntight.

El
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LIMITATIONS:

Surfaces shovld belopeoated within Two days when exposed
o dectsunlight. Gih itmmustbe tog withinone
waek o sssurs prousr i ol opooat to selurant,

O S ACTE
LOLRL S oa ) oot vy

Estimatnd edvarage 195510 85 #¥gal (1.3 fo U8 w2200
20 {204 10 24. 207 per dgaton unit Based or pres
saturation of Shor sheet and 2nd cogtof satursnt watedal

APPLICATION PROPERTIES:
(ABBREVIATED)
Surface Praparation:

Consrete:

Shoiblasting orabrasve Masting Lo removs g tance and
surfaes contarmination s rectired. Thepanoslte must be
thoraughly suved, and freeof oils . ciring Solulions, 4 dld
releacs agents and must be fresof dust sl thedime of -
application. Refer 0 ICREGuideime Mo DE732.9 Sufaces

degussa.

LS

CREERVE WORKING TIME LIMITATIONS:

Calalyze ni wore than zan be applied withi the work fme.
pevod, Avaiishl 1k e, temp andeomplexity of
e applicalion sreawill How miich material shouid
i catalyzad 48 oae foig. Kesp pater al ool dénd shaded from
disgctsuntightin ward woalhar Work e g bs exlendsd
Iy kaaping: material todl before and sliee mixing.

CLEANUP:

Use 410 selvand, methyl ethvl kelone oraceione.
Obaerve firs and hastth pracautions will schenis,

SAFETY:

iiBrzee Saturent tesin pondains reactive rasing and diluanis.
Ohserve the Bllowing fealth snd physical
pratsstionany measures befors using this product.

Heall Protedlion Informalon - Waar gloves. eve proleclion,
and appropriste waork clothing te aveid contactwith
componenEs. Yonlilation is required with special

st e arimesd and levelsd priorte Koes shast i o

Apptication of MBrace Saterant Resin

flacharicaly pramix ihe MBracs Saturantrssin

{Fart A} individually prios to adding Hardener, After initial
izl add MBrace Saurant Hasdensr and mix

thrae minutes or uniilhomogensous.

Al calalyred MBrate Saturanlresin st 017 i the O
B0, CBA0 angd EG-30 tow sheeds.

Tranpsaranca of thy MBegos Satursnt matsrial whan
Applisd by twller 3803 nap racommended, should beraisiu-
cant Baee, Theooln of the spplicalich wilf vari dug o
averizps and slight ihickness varations:

LOMPONENTS PROVIDED B
Masier Builders, Ing,

Uritad States

370 Thayrin Boulsvand
Cleveland, Ohip 441228854
{8003 MRT-8090

Fax (21678316010

Canada
3637 Weslon Soad

[BONYBAF-5862
Eax (416} 7417025

MASTER CONTRACTOR:
Btrugiural Preservation Systems, inc, el

g 2TTE Morumenial Road ol n
@ Baltimsee, MD 212271633 1 Soctondon

VO BO0ERGTIE . mppfoved

. Lorirations..

T Trademsrk of MBT Holding A.G. & Regisiered Tt
B EEE, Master Buliders, s

MNHUINN A68 (71D)

Torgrsio, Oraric MUL 10

cHET Hokding A G

arsideration for snclesan nirontingd arsas, Al movement
mtisl b desiined o ansure turnover slalliocalions in

oworkand adigoant areas o avold buitdup of eavy vapors:

Reler Io Materia’ Safely Data Sheets (MB0S ) or spacific
hepliviniormation on each produck

FOR INDUSTRIAL AND PROFESSIONAL USE
ONLY,

4 idraatipnal Calnrete Rapal bistinis IR

Mexico

Byl W Avla Camacha B0, GerPlsg
H3580 Mauoalpan, Mixion
119-526-567 5544

Fax 011-525-385-7803
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