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Study on long term durability of polymer composite materials for

structural application in construction
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Synopsis

Polymer composite has a good protective performance against corrosion that will be useful as a con-
struction material. In order to enhance the benefit of the material as a structural material for construcrtion,
it is required that to evaluate the avairablity of the material’s strength‘as a safe and efficient material
through the study on long term durability. This report describes the result of deterioration by water,
moisture, outdoor exposure and fatigue, deterioration by outdoor exposure and static Joad in cable
application and the coating materials to protect composite, through accelerated and exposure tests.
Kewords: Polymer composite, durability, structural material, outdoor exposure, fatigue, cable,
coating '
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7 A VAR, UPCRIGRGR U 225V, EP it B, VE YR b A7 L8, ROV

##—3. 14 K-BECII2WEREICETS
B wens HEEH s ATENOME | SEMRRG |
. o i 211495 0%
C. H. Shen & -
CHRE/EP - = "
{14 &B?.?)s;)rlnser (LGB 45 BN 27-149C 0.8
Joo" A 27149 0.8
Bl 77, 20408 |0.95
2. R. Clriscioll, |CFRP/EP "
DS ora doan  |@e. oMzUaH osiliona WASTA A M
S AR G, 30-eH |10
. — R 76T
e o, . CPRE/EP 457 /07 1B GOTBAXTLTIUC [0.05~
fza! o ey |08 o sugst o |FIERLE Hioon (B 108
: 2/545° /0" ),
(£30% 1y LB 4 0.95
0" ), St % G s [oss
T K. Toatsis s ; 95% CzamD & o
t57) |and ¥. CpRe/ee ) - 0% A Zo
Woitsman (1990} k30" dgy ERRIR B 2 bty {683
e (5-644 20
Pl 290

% BRI




LA EA R~ OEA BT S AT RESHEORMBAEIC BT 555

FREARREOEEERN LI BDIENTESE
#Z BN, '
ZOLDRBANS. K- BEICLSREREES
W L R AT, MR ER - 3. 1 3RUS.
S 14ET. #E~3. 1 3HGFRPRETAXET
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3. 1 4RI ENTIL 0.6~ 1.05 OMBEREFRN
HWEINTWS, Tsotsis & DHWET 5 0.65 11 90°
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BETHLDRIEENMEN, ZORDF RPEHR (EH
T) RREETSEE, RECHEKBRHD, baHP
ARSI WL RREERTY &8RS [49]
[50], #ZTHEOBEEFEDHEIITL. FRPOD
AR O EERASLENDH S, TOEDEFRP
ELT.GFRPOH T AR OB % R B MHEICE
EMAI.CF/GENT 7 Uy FBIREF RPN
HIF SN, BRI, MERBOR D RETHE ER
HeiBoo LNTES EHBEINS,

CDXDICFRP OBEFEREM LEEDH L FR
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. FRPEMERZEORBBE WD, BRI
DWTHCFRP.CF/GFN1 7w RFRP %
FOTINETCHEEOPRNINTEL L
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WBURREMOCFRPERCFEF /GFNT T W
FRPIZDWT, 3k sl EkL.,
TAMEEME E U TERT SBOEFHEICLS
RERTE, 107 EERFRENSHND, /e, BiE
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4. 2 RE

4, 2. 1 G

F—4. 1IZRTIFEOBRREHM (GFRP,
CFRP, CF/GFNT7Uw RFRP) 2ERL
. FRPBIHEEREMIZIVTRBEMFIT VIR
(k) BUITHD, HEHEROENEIVEEICKER
HEEEAD, S ORBRRE. 2T~ H e
BMNESLBNESRSTENS. EBLLDOBEICY
WUt AREMBEL oNH5DT, GFRP. CFR
PTRRAYA TOHBBHEEERLE.GFRPIE

#-4. 1 HRCHEHELEFRP
CF/GF hybrid
GFRP _ CFRP FRP
V%) 52 45 52
Matrix resin Vinylester Vinylester Vinylester
Hollow square Plate Plate
Original shape | 50X50 mm | 420 mm width | 420 mm width
4 mm thickness| 4 mm thickness | 4 mm thickness
15 mm width
Specimen shape 4 mm thickness
84 mm length
Cloth 30.7% | CSM (GF) 8%
CSM 8% UD 4.0% KFC (GF) 20%
Layer system | Roving 84% Cloth 30.7% UD {(CF) 44%
CSM 8% UD40% | KFC (GF) 20%
Cloth 30.7% | CSM (GF) 8%

bE *ﬁfﬁé’ﬁ?ﬁﬁim@ﬁ@ﬁﬂ 5 Mt hi%-ra CSM:3r7{zafA- A9
Fore OREEAD, KEC(Eyb7y7 Wi AR E T M0 5%
e A0, Cloth: 845 ,Roving RO UD~ 4158

£—4. 2 3EETEYRRORHE

Items Condition
Support span 16 times of thickness
Temperature -15. 23, 50C
Frequency 1 Hz, 5 Hz
Min. stress/Max. stress 0.05 10 0.22 (pulsating)

H-4. 3 HHRBOBKE
Flexural strength Elastic modulus
GFRP 847 MPa 25.1 GPa
CFRP _ 470 MPa 42.6 GPa
CF/GF hybrid FRP 458 MPa 22.6 GPa

HIRENTNEEONSBB L=, —FREN8 4%
EENEDTH B, = QLD RIBIROF IS TERMIL
b5 A, R ST A NS, CFRPAUC
F/GENA 7w RERPIX AEHBO-DICHLE
EN/k, CFRPIRZOABOEENE L, —HAlE
8 %LU, b EORIRIIES 2 0 mmOIIKT
5, COLDIRCFRPOFEBBREBEANRE
@, 0° &9 0° OHFECIRS 2NESTHEH &
EZZ5N5,CE/GENT 7 U w RFRPEIEYR
OZ b TEMEREEE D I BREF L 7z, RS
T— EHHOR) PRSEMHES 0 X (A 1T
PRV EMTHDEITEB LA S Afo—7F
8O3 % RREGHICEEMALFRPELE.CF
S GEFIEII4 4% THD, TOFRPOBRNG,
%1 5mm.EE84mmOBRICEUKLEbDEL
ke Uz, HESEERS/DIC, —#T, ES
Sbmm, E&12 Smmc?){ ui{:ﬁk%%ﬁ”bﬁ_o)
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4. 2. 2 HEBAHE

(1) B

Feig7e 3 AEVTRBRIZIIS K 7055 B L THHE
Uiz, RIS 1 BBlc DX S @ H LU -, SsE
Vi 2mm/min & UFe, ZRMEEIHEEEEX D 16
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El=PRF XP/48 8

EL Ml#%: (Nm?

12 3% A FEBE AL (my)
P: E (N)

8: Tz A (m)

(4. 1)

HRBICB VT 2 BEOM IS ERELE. O
EOR S K 7082 i L T, B HIE® 0.8
KAETTRETHED, DHIVEDEREDLAI I0mm
KETLRTHL EYHREBORBRTEERRD
AHA10mmIZE L ARCHEL T, BENF 0.8
LB HFBHNT M eFA Lo,

4. 3 #R
4. 3. 1 #ansieg
4. JITHAIMITREROBEERT, 2 COH®
AR E P RECOS RSB AR L. GFRPIZ
~HEEORENREN DB VIITRESRL .
CFRPIEBVHITHELEERLE.CF /GFNT
71w RFRPIEGFRPL D BENEITHE GRS
AU CREGFR P —HEENEED8 4%
HBEDIHLUT.CF/GFNT 7Y v BFRPTIL
— B4 4 % Ui, E£i, REMEITDHE
IZBL TWA b EEZL NS,
4. 3. 2 HEHFABOWEET—F. ERUDA
-4, 154, 3ETIGFRP, CFRP,
CF/GFNA17Uw RFRPOHIMEBEREERT,
GFRPOHMHER (M—4. 1) FRRCHIHL
TORTFL. FOBCAMRETERILE. £8T0
G F R P ERIESRBICB W T A Tk

TARNIEATHE 5 200 &

@ 1.2 s 0,64 kN
hf 1 : 0.80 kN
«-2 ey 0.85 kN
O L V.
ﬂ ------ 0.90 kN
_u 0.95 kN
%0'2 —— L1kN
M O T T T T T=T=rYY T T T txlllﬂ? .
1x10?7  1x10° 1x10* 1x10° 1x10° 1x107
Number {(cycles)
M—-4. 1 RIEOE(GFRP)
m— AKN reseas OB3KN oo (67 kN
vt (JGISKN e QGSKN  2ooe 0.75 kN
weemmens (.62 KN
§; 1.2
g J
g1+
‘fﬁ" n
= 0.8 1
%05
o= 04
2 ]
§ 0.2 1
&) 0 lfnnr!i T™TTT TT-TTT, ||||1|E| Iillflﬂ]
um21nm 1x10%  1x10° 1x10° 1x107
Number (cycles)

B—-4. 2 BHEOZELCFRP)

ww—— .34 KN
%1.2 038 kN
ki ]
g 15 S—PYRRN
5 0.8 1 I A SR Ve W1 O 0.50 kN
Q
g 0.6 j e (3,58 KN
.§ 0.4 e .63 KN
g 0.2 1 I S e | 0.80 kN
M 0 T IHI"! T |||HI’T| TETUTTTYT (]

1x10?  1x10° 1x10* mw51nm hw7

Number {cycles)

M—4. 3 RBEOERCE/GFNT T v REFRP)

THIEREEAE I U £< OHfEARTHOCSM
BEo—-VrIRBORTHEENED SNE,
CFRPOREIE (F—4. 2) HGFRPOEARR
BT ERERM 7 EERTOCTEFR P #RA
BT E PR TEREEEZE C L w Do
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g 2y

E 0.4 ook w

= & broken

E o * b
5 1}« unbroken :
= O——-r-mr]—rrrmv*—r"rrmq Tt .u..m*—-rwmn]

1x10° 1x10" 1x10% 1x10° 1x10% 1x10° 1x10° 1x107
Number (cycles)
M—4. 4 GFRP OiEHHBER
(S5 Rk MMM < 0.8,
23 C, 5 Hz, B/MiIE = 0.1kN)

FE-E 1
%0 i .
£ 08P
2 W‘k, A
7 0.6
8 . M
g " {1 4 broken T
% 0‘2—_ ~ unbroken
p= O—fmﬂ-?m&'ﬂﬂw—rmmwr—mw
1x10° 1x10! 1x10% 1x10° 1x10* 1x10° 1x10° 1x107
Number (cycles)
®~4. 5 CFRP O HEBRER
(FE IS MRS < 0.8,
23°C, 5 Hz, B/IVHE /BKHE=0.1)
E 1
%’ : A
5 0.8 M Y
% N
§ 0.6 ‘:
% 04 A%
o 0.4 b
o ™
% 0'2'—_ A broken
2 Oﬂwﬂ—mﬁﬂmmwmm

1x10° 1x10% 1x10% 1x10° 1x10% 1x10° 1x10° 1x107
Number (cycles)
K—4. 6 CF/GFM7 Y9t FRP O SUBRIER
(FEISREEE: MIMERFFAR < 0.8,
23 °C, 5 Hz, B/IMHE / BKXHE=0.1

@%ﬁ%ﬁiﬂl&'ﬂitﬁﬁ{ﬁ%%{%mﬁﬁﬁ&%%!’ﬁ]ﬁ%&:ﬁi: L
i

CF/GENATUw FFRPOEIME (K—-4.
3) IZGF RP E&FERRI, BB T L.
Bl ANRETERLEEEETOCF/GEN

Maximum stress/Strength

23
< deflection >10 mm
A& stiffness retention ratio < 0.8
= unbroken
-
5 1
g 0.8
4 \ Aq | defflection > 10 mm
§ 0.6 “ / S
g 04 M /
E . Do
5 0.2 | stiffneTs retention ratio < 0.4 I
E 0 I 1III¥$I1 LA + LT ETHT L] LR RREL L 3 LA
k10?2 1x10%  1x10*  1x10°  1x10°  1x10’
Number (cycles)
M—-4. 7 PEH W O E WGFRP)
{23 °C, b Hz, ENRE = 0.1kN)
‘O deflection >10 mm
A stiffness retention ratio < 0.8
= upbroken
1 $
1 _defiection > 10 mm
0.8 A -
0.6 Lol
0.4 v - - 8
0.2 ] stiffness fetention ratio < 0.8
0- T LIER 2 ALY E] LR RLEELL 1] IR A RLLE T LB Lk k] 1 LELEALL
1x10?  1x10® 1x10* 1x10° 1x106  1x107
Numnber (cycles)
M—4. 8 EHWEOENWCFRP)
(23 °C, 5 Hz, B/MIHE / BAME=0.1)
O deflection >50 mm
A stiffness retantion ratio < 0.8
«?ﬂ 1
: B
£08 \\\& S S
A . deflection > 10 mm
S5 i
é 0.6 %\
7 A
o 1 . . . \\
802 stiffess retention ratio < 0.8
2 0 T F § 1T{T]] |_|l|i||| Iiil?ﬂ T Tt 1 illl‘&—q
1x102  1x10°  1x10% 1x10° 1x10% 1x107
. Number {cycles)

R—4. O EHBHEOEN(CE/GFEMY Yyt FRP)
(23 °C, 5 Hz, B/NVHE / BARE= 0.1
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