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Material Direction X Y Z XY XZ YZ
GFRP Elastic modulus (GPa) 17.92 16.64 5475 — — —
Shear modulus (GPa) — — — 2.585 3491 3491
Poisson’s ratio — — — 0.1305 03750 04120
Tensile strength (MPa) 3354 284.5 — — - -
Compression strength (MPa) 264.5 2411 - - — —
Shear strength (MPa) — — — 38.10 — —
Concrete Elastic modulus (GPa) 8379 —
Poisson’s ratio - 0.2000
[Total] S-S

x2 Tandem load
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(@) Top flange

(c) Inner web

(d) Top comer

(b) Bottom flange & Outer web

(e) Bottom comer
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&, HHlR RO 2 5O MRS HAT S 2B, B8 Tl
ZEEN 529 mm AE L TWADIZREL, B9 TIIZEANE 4
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HEEZI LD, Gk I CEH T % GFRP O warp /717
DB | EMIEARRIT 1792 GPa TH 52, [ERRIEAREN X
2249 GPa £ BIBEL VKI5 GPaEV Y. RAITREN TV S
X 91z, AHFFETIE GFRP O X FIHEIERE L LT —
T 1792 GPa & 5-Z2 72 1-0\2, FHT ClIEHE TOR)|
PENERE L VRS EH SRR H 5. £ 2T, X
T TEMEEMARE T 2249 GPa % 5- 2 CIRIRED AT % F2Hi
L7z, BT 53-8 12 FEMresult (E=2249GPa) & L
TRINTND. B8 D, HieHMEfREA 2249 GPa &
L7250, Bl B 2 (52T LI B0 437
mm CTHY, ERELIZEAE - LIEERE R,
VI EAEZBE LT, AL THENE L7 fmrs RSk 9¢
TOE SN R L TWND SO L BT L, RO,
AT 2 520 L 7=

(2 #Y&RLEFEOEFRIE

10 (2T D3 DALToRR Y IR LB & RO RS
fRZRT. 2 Z C OISR & S H AR L CRR
THZETHEH L F72, B0 ITEER ORI
P - 40 K UEEHR R B0 22605005 X 91,
ARG ORI TIL, 0= UM LT HERM
ORI 2K T Lighotz. —FT, 3Gk 9T
HAETTIE 200 ST DA V) I LRI\ SFRAFRIMELT 5.9%(K
TLTEY, &3R5 mE R LTz, Lo LR



Stiffnes ratio
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n: Number of cycles

BO-10 BT £ X 2 SHURTHEOD iYL F R R TR

2,000,000

1.002

0.998
0.996
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=0.992
S 0.99
£ 0.988
@ 0.986
0.984
0.982 |
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0 1,000,000
n: Number of cycles

FUA T B < 20 FAAriF O TR R

2,000,000
12

5, FEBRCIT=EOELS, 27 U— b - FRP MOAf
FEINODE CT=mTREMER H Y, ZD K D 7oK THAT
IR L L2 B2 BRD.

FERTIZ RN TR 2 <K T Led o 2RI & L
T, 1ERIGBSH NS Do T2 2 RN EZHND.
HHTE D 2[5 28T LB T VN TA Ul ik |
BRIG/IIX 13.6MPa TH 1, e RIEHMES711E 11.8MPa T
o7 SN HIFRD B RO SN DI T FEMN L, BRI
3 13.6MPa DR, K52 HNpr =236 X10°TH 5. [
JE7IH3 11.8MPa DI, R(15)22HNee =524 X102 Th 5.
Z DX DT R ARSI NS WA S F s
FE AR LWV TUONE D 70 IR LI E 720,
107 [ THIEFHFEMD 0.1%I 7272 =D, SR
IHEEALIERTET, BRE L CHMAELZ (L LR,
P EDZ EMnD, IEHEICLDERIGH MmO T/hE 0
ralZiE, MEIORIMK T 2E5E L7z & LT HEMmIN:
WAL LRV ATREMES D 2 & A3y ino 7.

() BRAREZEKEL LEBADOEERIME
MEHIWEDME T U235 8 OE ORI 2535 728,
HRT T A B ST H R EE 0D 20/ (176KN) (ZHEHN UARHT

[Total] Y
%20 Tandem load = 176kN , J

L
Gonstraint |2°
> <>

L’ =305 mm

"AT Gonstraint |
<4 > <
L’ =305 mm L = 3658 mm

ELEC R e B R S S

11

Ex (MPa)

+1.792e+04
+1.777e+04
+1.761e+04
+1.746e+04
+1.730e+04
+1.715e+04
+1.6092+04
+1.684e+04
+1.669e+04
+1.653e+04
+1.638e+04
+1.622e+04
+1.607e+04

T

Midspan

60{\0“

f

R-13 200 /5 1mlHAT% O[Oho SR EAR L AT

Stiffness decreased
10% in lower flange

Ev (MPa)

+1.664e+04
+1.582e+04
+1.499+04
+1.417e+04
+1.335e+04

+1.088e+04
+1.006e+04
+0.236e+03
+8.413e+03
+7.591e+03
+6.768e+03

Stiffness decreased
59% in upper flange

Load

d’reCtion

J

B-14 200 J5[Elni% 00 [0] a8 7m

EHERL. ok, IAEORERC X AR
BB 728, B-11 DL HIZET /L% 305Smm ¢ DR
L, fEELI-ES DT 7T 2P0 H HIE Z i S s )
wLz.

HARFAT L 176 KN C 200 J7[R] D V) 3R UaifarfidT 2 F2ht
LR N, M0 U L ARt o Btk % K-
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Fatigue analysis of FRP-concrete composite girder focusing on stiffness degradation of
GFRP

Akihiko SATO, Yasuo KITANE and Kunitomo SUGIURA

GFRP is widely used as a main structural member of pedestrian bridges and small water gates. However,
the fatigue properties are not clear. It is known that GFRP material stiffness decreases due to fatigue damage,
but there are very few examples of fatigue tests of GFRP members, and the cause of the change in member
stiffness recorded in the fatigue test has not revealed. Therefore, this study attempts to evaluate the remain-
ing stiffness of GFRP members based on the stiffness degradation model obtained from the material fatigue
test. The target structure is a GFRP-concrete composite girder, and a bending fatigue test with double the
axle load was reproduced by numerical analysis. As a result of the analysis, it was clarified that the member
stiffness does not decrease even after repeated loading because the acting stress is small under the design
load. Furthermore, the analysis estimates that the fatigue failure of the target structure initiates from the

lower surface of the upper flange under large repeated load.
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