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The Relation between the Methods of Construction of the FRP Board
and the Fatigue Strength by the Flexural Fatigue Test

Kazuhiko Asano*

Abstract

The relation between the methods of construction the FRP board and the fatigue
strength was investigated by the flexural fatigue test.
A summary of the results is as follows:
1. The fatigue strength of the FRP was weakened at the secondary bond.
2. The flexural fatigue test could be used to identify the faults in construction, as
shown in Fig7, 8 and 9.
3. The fatigue strength was weakened when construction at the roving cloth was
stopped.
4. Under the flexural fatigue test, the strengths of FRP boards can be compared by
using the load number 10°.
There remain many problems to be solved in regard to the fatigue test, but I think it will turn
out to be the best method for comparing the strengths of FRP Boards.
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Fig. 1. Fundamentals of flexural fatigue test machine.

1. Dial gauge 2. Measuring arm 3. Dynamo. Spring.
4. Test piece 5. Driving arm 6. Connecting rod
7. Double eccentricity device.
& &
25 I 40 25
90

Fig. 2. Dimensions of test piece (mm).
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K1 iwEr B0 RER YR T,

M2 wxFBBRK oMk E =T,

BEHRBROBE UEE X 1200R/M (20Hz) THh 5, EFRBRPOARA OBERER (R
HEo) RHERFCEFRBREBEYELEL LAY T -1,

BB OWEOHE I IRIMRFER 80% ETFT LAY - THBE R LTV 3,

HEBRRReER
1. (MR) X4, 8ply @) FRP #&@k

3,4, 5 &R BMO S—N BRETT, SRPOEFRIABRKES, BATAXNTSE 9
ORRLBEBEVRE R UCRBRA, BA R BEBRAIERD R BOFB & b AMERERL 80% &
o BB 2 RT,

FEHRBIC BT 5D L AFEROB G oVTiE, FRP 0 E%RR TR AR RN 10° KT
BCEXESETE L L08EL, SHEOBRBKERICOVTLARER N<I0® L N>10° 0D 2
rITES G CTERERERD T 5,

ABH 1

N<10® oc=—245log N+17.12 R=-090
N>10° o=—0.391og N +8.13 R=-0.65
TIT, o JEH, N AWEH, R HBRETHS.
At 2

N<10° o=—0.74 log N +9.81 R=-038
N>10° o=—0.13log N +6.39 R=-022
HABH 3

Kx/m2

o

e~

Im

S = ~245 tagN +12.12

-

10° 10° 10° 107

Number of Cycles

Fig. 3. S-N Lines of tested piece No. 1.
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Fig. 4. S-N Lines of tested piece No. 2.
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Fig. 5. S-N Lines of tested piece No.3.
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TEST PIECE 2 -2 , TEST PIECE 1—3

Fig. 6. Damaged Surface of tested piece No. Fig. 7. Damaged Surface of tested piece No.
2-2. 1-3.

TEST PIECE |—

TEST PIECE 1—4

Fig. 8. Damaged Surface of tested piece No. Fig.9. Damaged Surface of tested piece No.
1-9. 1-4.

N <10° o=—3.5T7log N +22.63 R=-097

N >10° o=—0.50log N +8.35 R=-073
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OBHICE\T, XKEO RBOHE X b AIMRERD 80% KETLLKATORMO M
ECRAEABEET TRV, b, RBOHB X 2HEIETTS L, ABAFOER
D M BHTOBRBERRIZIERK 6 Officinb,
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80% ¥ FhiholbE5ZLTHAD,

CHhODERI D, KX BHO 2 REFOFEB I S>WTRRBM | o HETHOEE R,
RRHEED RBOHBC L 2WEAR Y THRR T LRTERD T,

7oid, ZRRBM B CCHEEL Ry - AR THE T2 L ESBEREBEG DRI S
ERI BB,

DEoBgh#&ERLIy), RBAORHEOHB L I 2EB YR LOAEHETMBL LI
MRMRM, 5ply © FRP BEBROBBRM 2 ER L CEFRAB LT -1,

2. MRMRM, 5ply ¢) ERP @k

X 11, 12, 13 i & BH O S—N R %R T

ZOE¥RBIE VT, RBAORSEEE VIBEIE L, B, 12, 13 F0 AR
RN, 80% wEl- 7%, BE, 80% M LicHENEE L HBRF YR, AR
B LIt 80% B L ot o e RB A R T, o ks, B A OB LR eIl R FR 5 809, %
HoBEE LTS, RUZAGAEEREY LRBRFOEYRRERO—FE T,
BEHRBRERIC OV, HFRAMEC AR N>10° CHEBLAABRA R Ponwied, ith &
WEAREROBEF T N<10° monWTHEFRD T35,

Rt 4
N<10° o=—0.85log N +10.26 R=-0.48
(%)
_100] . O TEST PIECE NO I- 12
[ ] ” NO2-6
o L[]
90| ..
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o] (o] o
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5 4 ) E Ne®
[} e} o0
o © %0
_69
10* 10° 10° 10’

Number of Cycles
Fig. 10. Examples of fatigue tests in which there was a break at the roving cloth.
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Fig. 11. S-N Lines of tested piece No. 4.

8 = -s517LogN+2943
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Fig. 12. S-N Lines of tested piece No. 5.

o=—5.17log N +29.43 R=-089
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N<10° o=—2.15log N +15.22 R=-093

¥7e, E11,12,18 & 0 HRBH ORRRE (AREK 107 % TRt 2 bh 2 5JE) 3BT 4
T#) 5.5 kg/mm?, B 5 T 5.0 kg/mm®, FHEH 6 T 4.8kg/mm® LHEE S D,

LEXb, cos/Ar—7TCoEYRBRTIERERDOF v +1bsb00D, EHEHTHH
BIRBRHE 4, 5, 6 DJEL Y, FRPEBROBBRICKT S 2 REFMBIE kB L
Mo THEFBENMET 5 Z EARENI,

¥1e, SEOERRRLMO FRP oF¥RBERY RCH?, E¥RBRE V- TARERK 10°
~10" DRITHE TS 2 L3V, I, FEHRBERCEVCAMEK 10°~10" O TH
B ARRAE OGN & ATE E OHEEE ST, Fh6OEBEROBEEINEL, BE
KFEEEZTHLIVEBWTH D,

Kl
:
8
] 0 = -25l09 N41522
7| \ 3
4
. o
s 6| g 10
- [o]
wn
5 22
5
O+
4 s
]
o
1o* 10° 108 107

Number of Cycles

Fig. 13. S-N Lines of tested piece No. 6.

Table 1. Data on tested

T.P No. E R D T P DxP
4- 5 890 6.0 101 5.0 72 73
4- 6 890 5.6 107 5.3 71 76
4- 8 890 6.3 99 438 72 !
5-10 780 5.3 141 6.2 64 90
6- 8 840 4.9 104 5.6 77 80
6-9 840 5.0 108 5.5 T4 80

E: Stiffness (kg/mm?) R Load of fatigue test (kg/mm?)
D: Value of dial gauge (mm) T Thickness of tested piece (mm)

P : Point of recovered stiffness (%)
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Zhb Xy, FRP o3 BRCRATEL 10° 3 CORBRRMIC L b #EER K L 5I8EHE
RERTSCTRELE L B,

DT ERHEER, EBRMI2BEISRTELESYRBROEM (ATDR 107 Tik4~6 Hoh b
DOH10° TR 1~16BM L e 5,) L7sh, BB IEH,b cizinl, EHHRBRO FRP# %D
WEMNMMGOKEALCLFHETEL 5,

wie, 14,12, 18 DA, AHORBRE ORIMEERS (LI, 80%RAIKEE LS 5.) ow
TERET,

Zhi, 80% RIEEEIEAE 10 w3k, RIMERIEERD 909% 7tk X b ABCRIEOE T24E
U, HIERRER 0% gk CHIROREI BT 5,

&, ZORIGRRFEED 10% MECRMoEE BE5 - LB L, SRBFO&EEYLE 1
wrd, GRBRHA6-2%K<.)

RZ10ZFBBRF OB BURIZHBRM SEOFTHETHD, VDT YR EFALET
HBHY,

1 TRENBIRT, 80% RIKEEOME SR ETCOEYRBEO £ 1 YLy — o0 DX

ez

O TEST PIECE NOS-10

° . ° ” NO6-8

E

IB‘
[o}
]

Stiffness

60

T T 5 B T
oy 10 10° 10’
Number of Cycles

Fig. 14. Examples of fatigue tests in which stiffness was recovered.

pieces that recovered stiffness

TPNo. | DxP/T | 09D/T ExP Hz 09Hz | RxPxT
4- 5 14.6 18.3 641 12.9 14.4 21.6
46 143 18.2 632 135 15.2 21.1
48 148 185 641 12.3 13.8 21.8
5-10 145 20.4 499 14.1 16.7 21.0
6- 8 143 16.7 647 145 15.6 211
6- 9 145 17.7 622 139 154 20.4

Hz: Number of vibrations at point of recovered stiffness
0.9 Hz: Number of vibrations at point of 909, stiffness
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P, #1727 v 7 DRIBOME,) ¥RBAOHRE (T) CERLIMEIL (DXP/T) i1 14.3~14.
8L—FThB, 2D E LD, EEIT0Y BIKEERRIEYARE L HRBH L OREART
I EUCO TR EEZ S,

Thbb, EXRBROBBCEVTRRIOAMRETC L )V EFAREOINIKEAF 17 %
27 Y v 7 OFBERABEOVET LRARAM AREK 20 Hz c AFAL, BBcAEETHET 5, &
b1z, RBREOBMEHE T LtV EREAREPVET LARRSIIEE ), CORRTAEE
BWEOLEURVIE N TORBA GREEEE S,

YU EOEROBRED LD, 3 1 KRS MR 0% ORKTELD L LT, &HR
B DRl R 90%, DEEETD F A ¥ Ay — o DEXRARA ORE TR LB ©0.9D/T) &
B B B AR OB EE D14 % 5 B S C D HEIRE (He) & RIFERRERD 90% RN i35 IR,
9Hz) #RDT 5,

CHBRBREOERIHIEEED S LB, RERLE (DXP/T) D H - -3
FUEMNAE Lo T BARIEEREOKE AR A TORERI2IZIF 13511 Hz DEL ST
W5, ¥ T, BRRHORIMRIER 909 B & BIKEEER SOFEROZEIY 15H2 T 7 Y £
BB,

crT, RBRELEYRBEO S (72 AT Y V7 LOKRRAFOITh 5 BEE Y 19Hz &
BEts e FAFEATY v 7 X BHEERD LRRWASHz Lie %, 2D 4.5 Hz ¥HABRA DR
MR EEER 909, B S0 EIRR A MA B L 3E20+1Hz 2720, BHRBTORELEEL LD,

tﬁ,%@Oaﬁ#&ﬁ%aﬁﬁaoﬁﬁmﬁbrm,ﬁ41%xfuvi®%ﬁ%mﬁﬂ&
HAREL, Ibi—E, AEOETUARRN PR X ZHES R L LT bR EE
TR EMTELDREDMEDS DY, SEOER T 80% AIKEEASOBY IRETDH
%,

X1z, 809 FIEEEOET BN T CoOAMER 107 L EoBRE 2> - TRBET > TH
D, FORELR 15 TR, & OEYRBT b 80% AIKEE X177 - AR LRI, —
B, FItREE 5% % TRIET L, BE, 8% ¥ CAMEAEHEL TW5, Ebic, £OHK, 7h
X HRIMEEES R U st b ATE 6~9X 107 DRI TRIKRER 80% ¥ RD, oK, K4
IR T U ARE 15X 10° KE 5, = ORAEYRBRERCE CHERFERIRIIC
80% H &l - B AR b > CTHE L R T2 LOEBROV T BRAOLELDH 5,

(%

]
o
90 o
Q (o o)
o] o
80 o ° ° ®o o 00 o
E [ o ° 0°09 60
= o
‘: o
& _70]
T T T L
& 7 8
10° 10 10 10

Number of Cycles

Fig. 15. Results of fatigue test with load above 107. Tested piece No. 6. ¢=4.8kg/mm?
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Fig. 16. Recovery of stiffness after fatigue test was stopped. (MR) x4, 8 ply, 6=>5.62 kg/mm?.

(%)
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i
/
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i ° o o
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[
60
T T T T
o i0° 108 10’

Number of Cycles

Fig. 17. Results of fatigue test that was stopped after 12 hours. (MR) x4, 8 ply, §=5.65 kg/
mm?.

Fiz, AioEEEL T2, FRPEHHBCEVTRBOTMICIDEL L L4355,

FEOT» T BEFFRBRCRRARFORSERERYHAT 5 0By RBRBYEIEL T
5, TOBEYRBOBELARMCI Y MBI LRBRF OBESESRROPEIC L h BAIX
h, BlERENTS, Lal, BROTEREREO b clEYRRODENC L 5 EE X/
W, L LT, 5 5.6 kg/mm?® B0 HBRE L O R & Al EEOBFRZ R 16 xR
= :
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EHK, RITCESRBRELYH 12 BEELE L BRoEYRREEYRT, COB, BYRB
FEARE ORI LB 12 BERID X 10% @ FRIEAEFE L TV5, UL, EYAREE
BERAECAMIETLTEY, 20B0FEB VTR 1T EAR D, EYRBRc L 28
BPNECRTH B,

HE, BHOT TV HERTCOBEHABIMC L 2BBRERLEOHcIY, SLE
AFEIRbDEELB,

] B

FRP 0¥ AR CREYABRBOBELCRBR HES I 0 B2 HEY R T,

2bi, FRPERROEFHB T~ # b4k, BrEZOFRL TV 2EHRBRECOF —
A REECELVRETHS,

ok, FRPBREBROEYRRICIRBRFIELED, %< ORMERD 5,

SEIOEF B TR, MMOWHRRERBICKERHABED 7 v +PRRBESCREY S
ATV DM

1. 2REBEFICE HEHHBERTOHAL

2. M7,89REhsEBREORR,

3. m—EYvEBTHEEYLE®LZ L 3EYEEE T oRNS,

4 EHREOHBIARMBIK 10°  COERUCIETH 2,

IeEDEREIME bR,

¥, SEORFRABROMBESE LT, 80% MIEH, K 7,89 0BEERMEOMA L EHD S
RERD 2REEF XS0 FRPEEROZEROBRE ~OBEORY I L EERBR A5
RBRAETHBZEBRIRLELS,

X 73

D BE—E (1980). FRPEBR MK I E¥RBRCHI5AM EFIDET LT, bkK
EER 31, 246-251.

2) FHHE— (1977~1980). FRP M33EE. ##y  553-584.

3) BE—Z0981). FRPEBER WM 1L fiFRBC k) 5 HEOBEI ST, JbAKERE
32, 176-181.
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