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FRPIGRITE DR A+ 0iE0 L THEHA SNDRETH L0, ED L 5 BGEIZ FRPIERZHH
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FRP (X2 E TOEARMBHI UL RS AT 2, R 11 IO TARMEEME & Dbk~
FRP [ ZEEDO DV IZRIERENENZ 30035, BISRBEAZBE CRLUIZBETRD & X0 Bk
& 72 %, FRP (X5 L TR 1/5~1/4 TH D DIZxE LT, BIREEIL 132 5 Th 5, FRP D5
SRIREE ORI OIE, T Z OFPHCREITE 5 2 & AR d, @i Imi & AR L <
HVWDOHENRL, HHRIIEEMOIETE 1/10 THY | MEMHZLE L TUHERWE DI 5258720, —
HC, TEMTAET D L O RERITEE 2, FRP T2 L LARWEORELE W 9 ol Tl s,
INFEERBE « MEPEBRBEIC R DIMAMEX, BEOAT L AE 0 HENTRY , ElgEAT v L2
F & I EORMEME L T RE L~V EE X HLD,

FRP (37 /L X =7 NE4A & 13, BEEDIR L 0 AR | Skt L 0 ORROTRAE 2 RFo | PR MR,
REDET, BHLTWAHEEZD (2P LFRP OF BN E VIR, L0 SO0, LIk
BRPESROBIITA AT %), FRP A LTV D E SN HEELH D, K L1 THOND LT, AT
FRP |ZHEARTHEE SRR S HILITMK< | FRP &R UMEZ XX 2 DIZL 0 Z < OWfEiAs Mz 725 2
ENGND, Elo, AMARITE V=AML V) 7= DS N TR Y . EARIREOHEH O
FPEBNNEL 2D,

FREOMMOMEERE e DO FRP OF5 S UCid, SENE, EhizmattnEiTe LT, —7h,
WP R O EPERANERT & L ChIT B D,

FRP O EIOE X 2472 ) O WA O 10 1555 20 f5FEE TH 5, Ziudm L 212/ 553, FRP
DR ZZREICE AN TORWOT, Tz B2 O@Eu CldiRv, [ABomEY 4
1/10 OAATE CRYETE UL, IZEMEIZRIC L7220 TH Y, BUTED X 5 i b E£ET 5,

1.1 FRP LAMOREER R & DR

B, B 5 | BETR A 5 | AR/ AL MR HAT
(g/em’) (MPa) (MPa/g/em’) (GPa) (M/kg)
FRP (GFRP) 1.6-1.9 150-1000 79-625 10-40 1500-2500
AEIEHE  (SS400) 7.9 450 57 206 120
_ 520
AT L ASH 7.8-8.0 (SUS304) 65-67 197
345
(Nt G4 )
7 NS 27 (A5083P) 128 72 380
21-60
arry— . o - - -
71—k 24 (S ) 9-25 23-35 5-7
A (BEKR) 0.58-0.78 60-110 77-190 13 50-170

LSEEH~ AN OEITFERES D X 0 1Rk
R BEATR i 2 & 0 B
(FF : X Y7 OHEAICH DO CHMENT TX720,)



FRP

1.1 THEME LTOFRP OFER A Y v ML, &AM TH D & OR-RERT-, b0k
PEZEEE 2 T, IAREEM R LTO FRP O A U v MEAREICHRETT 5, FRP % AR SRR L 5
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ARG THDH Z LT, ERa A FEHIRTE 57210 T, TEMURFERAER - =1L
F—OHEAKND 72 L BEEEN D @V IR IR C& 2, ZAUTH TRAZOWTH K0 /il
DERETHL /R EORPWIFRFCE 5, S BICUHEOBS 22 L B~ 7 & ANRFENGEIT
b, HEHIRS BB FTREL 72 572, PIEPHIFRFCX 5,
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@ T D KEHE

W T LA Th H7-8, THIZEHET H2FNTED, TORER, BT TEPORFIZH
OBIFIAR < TE D, BHANERGOYE CORRIR I HIHLEA T 2 BT 5 WER H 2551 b A
FITdhn, KiERTHEM @5 B-7 B) 2EBLZHA Y055, B, Zhucky, &fkax
ME10%MER S 25 2 L3Rz LiE ST s, (B TSR T3 H15.11.5)
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B Ch DT DM LS5 Z &N TED, Z< OREHIN G| RO EL & [FIHIED FRP
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THIENTE D EHETE D, BEAIZ L DMt LIx i AR D22 2tk m Bloo7eif 5 2 &
NTED,
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FRP L [FARRCRIAT 2 Z EORG ey 7 2= U o TH RS2 2 & C, fRfE e
HZEBIIKGRbDETLIENTED L LBIT, RN RIZHELTDH T ENFRETH D, Hi
BEOSRERNC Y, 2 OEEMOREEZTREHICE =4V > 7 UHI§ 5 Z L3k D728, 4B
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FRP (JHERE, @R LR E WO PRI AE B S, BRx e AR~ OB R S h
TETo, FHIBERRAEY ORI OV T, FIRDEHE SFUR < B X Lood %725, FRP & 2 G
B3 DML, E120E - BATOBRICH D, T E TITHREDMTHOI TN S FRP 4 =2
FHE 5 IEREY) & L TIL FRP IR, FRP JEEHE, FRP ARERGO 3 AL BN D, SHEEN TH
BRosE FHFBIEC 8 v | i AR ORI, @AM BT D AR TR RS ShTnd, AET
13 EFEo 3 FADE T iR 9 . FRP A%EG & FRP EFKEICOW T, BREFHICRET 2 BEEm & #%
BRI HEAIEN TV D LS ST D FBIORE 1T - 72,

FRP

FRP #HEMEIL, EEE - RIS TRIER AN T D 2 L. BROE T2 FFE EBE L 72<
THELeZ LMD, HLELDOEMEEN, 2L OFFNMOLNTND,

FRP #AAEREOHIRI 72 BT 1X, KE D E. T. Techtonics #1:1Z & V) % X 417- Longspan Prestek System
EMHIN D R=— T ZETH D, Z D FRP AEHEIL 1980 4ERUITBAYE S 4L, BEIC 200 ff2 8 2 2 FEfk
WD EIND, ZOTDFEIELTND EFZ B, FRP ANERGO WRetE 2 Gt % ECEE
RS TE 2,

MMIZI31T 5 FRP HREREORGEE & L TiE, 1992 4FICE% S 7~ Aberfeldy Bridge 1673, BUETH
IO FRP RVERG & L CTHA TH DM, ZORBRIT ACCS VAT A EFRT 525 M/ 1 TRk L
AA G O THM 28T 28I 2 VTR D | BEFINREND bR TH o722 EimE ST
W%, ACCS ¥ A7 L ZFI L7z FRP BRI LHEE 2 ISV < OAMEET D130, 1B - IR &
HH L7zl e Tng,

BRINDZE DAL D FRP ASERGEOERF] & L TiX, A1 > Lleida THEEEX S4L72 FRP 7 —FHG203, Filt
HEE SNIZFHH & L THDILTO DA, ZORERITZE ORERE N2 D i Ch - T- L ST g,

EINTIXHAYID FRP AXERECTH 21— K 3—24F (2000 4F) b5, ZORIESPIPCHELE L
TRHBE SN2, Z D%, FRP OENIZMit EVEZ HIFF L C FRP 23R Siv7c, HUMESFAS el iigikes ©
HY | PCHEDOLGEITHART B TRETH D Z LD FELAHERCE . 2Fow#ia X & LTix
PC lEDYG L KFER ol L S TnWD, ZOEGREET VI —A & LTz LCC it sH5l & 5728,
FDOFEFIZOW T LT,



Longspan Prestek System
@

E. T. Techtonics fLiZ K VW B SN T2R=— F 7 AR FRP iR TH D, VAT MESNTABEBRTH Y |
KEINZ HUINZ 200 LA EDFEEN DD EDZ L TH D, AEDAI— 28— N TEHER 72 FRP A3
BOREENMER SN TS (F2.1.1), XM 9~40m, TEE 0.6~3m TH Y, L)/ N D5 [k
T % bR < VW Q0 %, L. C. Bank |3, Z @ FRP HxEiGOEUER Zfif& 1L, #&E 15m LT
$540~650/m>, ¥ E 15~24m C$750~860/m’. 155 24m LA L ClE$915~1,075/m FLEE T 5 L LT

D P BETH Y BEESANRLVGFTICHORENRTRETH LR ED, BNAHRE L OLDOEEZD
b,

2.1.1 Longspan Prestek System OFEHER AR OHERS

R 1.5m~30m
fEE :  0.6m~3m
i ARERER L OMERE SRS, 293kef/m™~489kgf/m’

GaFIIMEER 15m LT OB 415kgfim®,  15m LA EDOBA T 293kgf/m?)
Hm R AEREA X AASHTO H-Truck 245
TN/ 0 MPBHR IR ICLL F DR A U CRE D,

FlRE 2.5
JEARIR S 25
HAWETRS 2.5
Hi PR 2.5
Biflh - 2.5
A 3.0

ToOAHIRR : L1240

FRET I EAIRBE R 0 5.0Hz

A mEAREE AL 3.0Hz

e EFTRBIUOA V7 HIVEZR Y = 25 UEIIEIZ X 5 FRP 514G

MBI OPRGESREE
FIRIRE - 228MPa
JERERE 228MPa
HAMETRS 31MPa
s 228MPa
SR 19.3GPa

KRR . BB~ JEE Sem X E 25em A £ 72138 & 7.5cm X iF 30cm #4




() 1 (Middlebury Run Bridge)

Middlebury Run Bridge |3 KIE A~ A7 27 o (Akron) TPNT, AL 0 BES 72, 2003
10 Acsek Lz, £ 17.7m, 1§ 10ft 3.0m) @ FRP AEMECTH D, FEMTEIT 7000 AR B (3.181)
THDHA, S CHEEREE L725A12iE, 20,000 R R 9.1t (IZ7e-7z SN Cn5, ER D
BRIIAT VL AGERAV R -y RBMER STV D2, i EEZEE TR FRP OfEA
MTTEMEND YAy BRI EN TS, BEFHTIZHS25, 10,000 AR FOHMOE T TE
Do

MEPEIE 53,400 K Kv (110 [,/ kvl LT, £9590 1) Tholz L@ s g, Bl
X, WS &2 2 < O 21 EMEHEIAME S 22 0 09 3, ZOB T, BB =2 B0 F ¥
CHNEM ARG, ZhEZH LTS, R=— 7 A THITCOEMPAREL D2 b ax MK
TOEREZZBND, TN T AOKGEE A 710 ORINEE 58 25 72 D GOSN 15 1T A S/ T,
AN T AL EE TN D,

THESFE ORI & LTIE, AREPNSORHIE N & it 2 B8 S5 72 O O BRI A DS W22 556
W LTS, IBEWEMTHHETFrTHY | BMADEEBIZL D A TEHGITAT L2 L
ARECTHDH L LTWD,

2.1.2 Middlebury Run Bridge ®F%540

HH B

(RS 58ft (17.7m)

5 10ft (3.0m)

TE= R=—F TR

FEAAT L 7000 K> K (3.18tf)

il R FRFEL : FRP B3I
AIVNE: AT VLA
IRRI : 35t~ %4

2.1.1 Middlebury Run Bridge D#Mgl 5B

-6-



2.1.3 Middlebury Run Bridge > =#BA Wi

2.1.4 Middlebury Run Bridge {O4MEI 52 (T )
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(€) 2 (Carey Avenue Bridge)

Carey Avenue Bridge® 13 2005 424812 555% L 7~ Middlebury Run Bridge O A BAF T 722 Eab,
KEANA ZINT 7 v TN THEERH S47- FRP 22EE Ch 5, BIHColt THREHIL, /E£E3 A
T 3 IRffH] & RO THIRFH TR T LT D, #E AT, FMEEIIAT VARV M T BERITHH
STV, g ERETIIZRWVEDICE, EARLY Ry MMEDNTWD, 7l TEMICITE
HG TR OGRS BTV R T,

FEFEIE 40,000 /L (110 [,/ KL & LT, K440 T1) Thois,

2.1.3 Carey Avenue Bridge DFZ 34T

HH B

fER 15m

& & 3.0m

B R=—hrF X

i AR FAEE : FRP 5k
AVNE: AT LA
PRIR @ 38t~ 4

2.1.5 Carey Avenue Bridge D/MEI 5 &



ACCS

ACCS (Advanced Composite Construction System) A7 AlE, €D Maunsell Structural Plastics £1:{Z &
STRF SN, FRP BIEHE KT L DV AT L TH D, 1 HEEFBITENE A T EZRITO7
Tz RS (K 2.1.6), SiiZid T FIRICMATE EABPMELIN TS, HEOA A TS &
V. M axs F— LIESEEROEELZ < IFARTITDIAA THEMACEERE L, X 0 K& 22 26K
TE5X 772> T0 %,

ACCS ¥ A7 L% FWEMEHZ W T, ZAVE TIZW K O OANERBERE STV D, 1992 FFITHE
B ST Aberfeldy ASEREIIMER 113m, XHE 63m ORBEETH Y . BIETH IR E KD FRP 458G
THhn Y,

BRI TRERZ OOV TEEZAIRE 1L/, FHERFOEDRA K2R b)) THhHZETHY, ff
L UCHRUSER L RS0 a2 hCTHER S, 7B DR Tk i « SR 2 M B L L0 s CF
NTCWe el EnTnWg, £, SR oA THY . AEPIERL o7 (Im BT OIEfE
=5.6kN/m, FEAEE=0.6kN/m) sl ST,

2.1.4 Aberfeldy D FEETT

HH T

&k 113m (25m+63m+25m)
2, 2.5m

S 17.2m

2N 3 FEfRhE R R

AR 3.52~5.6kN/m’

PR R FAEE : GFRP600x80mm D% ~ 7 /L Cilifk

X T — 4O E 48D %7 2 THEL L 760x760mm
Vabi

ATFA =TI 1 T 5 3 Nk




Taggle
.‘ Connector

216 ACCS > A7 LODWrh

31.50tm

- 17.240m ————>

25.043m
Half span l

2.1.7 Aberfeldy f&OHEIEIX]

l

3

Handrail post
penetrates
deck and
crossbeams

H Deck from

planks and

|
A | 2 connectors

il [TTTET T

/

Edge beam from
5 connectors

2.1.8 Aberfeldy {0 G H 2.1.9 Aberfeldy DK HIIERL

-10 -



Lleida

AN T 2001 AEICHERR ST Lieida 46 Vi, HEHY NI O [H A 2 o & < AV = 7 —F
57 D% GRS AFTS270,000, #a#%#$325,000 & DZ L ThHDH, ZD
WA CrES T2 AT D L e 2 b EfliChoTo b D Z & Th A,

LD, HERIFHI A RIS T2 Z EMEETH Y | FRP AFROBENEATEDL T

&ThDd, HHILFRP S
BRI R Z2m & i 5 73,
ZOBITEIME TH D Z

SR TCHRA T T SEDZENTERLLDZ L THD,

2.15 Lleida &0 FE2EE T

HH T
FHE 38m
i 5 3m
S 6.2m
=N T —FHE
HEAnf 19tf
AL FHFEE: GFRP 5I#ERIEH U300x90%15
BLONEAR 180x12 DFAAHE
RERFERT : E W T A
AT INT ENFRRY T AT )L
Wk E;=23-27GPa
o1=240MPa
or=50~70MPa
/N 77—+ GFRP 5 [#k10EH4 1160x80%8
AT LA —T)L 12mme
PERR : GFRP B4k A4 1200x100x10  (60cm [HBE)
4em 7V
AVIE: AT LA

..-lr' | |
IFJ ildﬂl

wmwﬂmﬁ |

2.1.10 Lleida {&D41ME]

-11 -




. . FRP LCC

2000 FFEIZHEERR SAVZ[ENHIO FRP AAMEBOEE ChH L0EPER)If e — RA— 27 2T 7 V7 —A
& L7=. FRP #4REEOD LCC 3REIHN ST 5 O, FRP #3#HG & PC ARERGOWIMIE F & HEFS
R % LSRR L 7oA SRR 2.1.6 IR T L B0 TH D, ik LW RBREIRM 20t & L2 EAI1L,
PC ASEBIZI AR ANE L 725 Z v, FRP ANEBO A M7 U EEEINCK S Z & T, Pt
KA L 7= PC AxEfE L W, LCC O CHF N &2 a7 25 & OMENRINTND,

2.1.6 FRP #EHG DR W

PC | ne pe ) |FRP | FRP
PC__ ) 15 [30 ( )
4,824 5,062 5437 7,360 6,235
1,013 1,013 1,013 691 691
5,837 6,075 6,450 8.051] 6,926
(30 ) 2,450 0 1,800 900 600 350
(50 ) 4,250 0 2,700 900] 1,000 350
(100 Y 6,950 2,450 5,400 2,700] 2,000 700
50 LCC 10,087 6,075 9,150 7,350 9,051] 7,276
100 LCC 12,787 8,525 11,850 9,150] 10,051] 7,626

2111 GHERERJIER e — R 8—2 15

. . FRP

AE & CO FRP ASEGIZRE T2 FHlRE0 5 FRP AEMEICIIEC = > 7 U — MEEOMEROME}
DHXERG & g L7356 Sz 72 0 35 CTidd 203, BHEIRO TRE1T9 2 & T, WA,
LCC M7 & bITHF 1RO+ 3o D b D LB X HID, ZDTDITIE, FRP BEROFRE %
T £ 2 T TERD A RER G - M LEDRGRNE L B 2 Hivd,

-12 -



FRP

FRP % EZAEEM A L7oBEisEOF5] & L CTld, TECH21, Tom’s Creek Bridge 72 734 %, TECH21
LB OFHT FRP 4%, Tom’s Creek Bridge 154 7 VD = 7D 1431 7V v RFRPFETH D, W T
O 10m FREOFAMERGE CTH Y . RBRIEOBEREGVDBRVMER TH 5,

FRP JEFEEOFIA & LTI, ENANE, EREERENHT DD, T E CITRENRR % b
ZIE LT, FRPEBBOME AT SV TORBEHIAN S0 TS, L. C. Bank?/3K[E D FRP
TEROBLRZ /94T L7-HC, FRP A5EFES° FRP FRIRIZ A~ C FRP JEBAEIIBUR CIIogE A m < |
FANNTRNEETED TR L 245 LTV %, H. E. Nystrom” 513, FEESICHER S 7= 4% FRP
EHEERIZ, 74 79 A 73X hOmEDLOMETEITV, RC 1§ & ik L72355121%, F2kD FRP
EEBOWRIZE D 3 A MEHEBE L T, BREHRBEE ) OHClInve v gk L & OfiRZ ST
%, EBIT, TAREAMGRMEET — 2 Y CIE, 6 RETEGHER GBIV N T 2) OmEkit%, FRP
Z WG L 2 O e 5A CHUREE L, FRP & W7o a TR THENL & 72 D RTREMEAMERU
EDFREREHE TS, UL ED X 91T, ZHVE T T4 7 FRP EEFEOE AT BT 2 s s, =
DOREF LA DN TR, B ATl s L RS2,

TECH 71 BREDGE|

OEIDE M

2.1.13 FRPEHMEDF] 2 (Tom’s Creek Bridge)

- 13 -



AREETIE FRP ORI BT 2B Siil=o, POttt & #5 2 b 2 M 9H5) 2394 L 7=, FRP 4
ERBIZOWTIE B2 2 TRIC X ISR OBiF 12 BT D AREMED H 2 D L EZ B S D3, FRP
EHBIZHOWTIBIREA T LW ORBUMR TH 5 & DFER L 7o 72,
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HEHIROIEFERGIL, HEFRR, fEERDOOH DM, MEERGE L CEfif S-SR ERGIZ OV
THEEPEITLIEEEDOLONZ N (K3.6,3.7) o ZHHOHREEDITESRNTIB Y HZ 5 Z LR
RBICH 23, /INIBLREEM OYFEITIX, MERFEEIC a0 T 5 10 b AN 7= F O8H
LD MERFEBEOEINLEND Z AR EBIRTX 2,
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ZNETOEE FRP HAGOAEBOEH & L TiL, ENOME—D FRP SHEBOFETH D, FEHE
B — R =248 GXEIE 19.7+172m) 3 HN5, WKz 4.1.1 () (R, ZOBE R
OHFESE L, K41L1OIRT L H 7%, 2 FHIFRP SEiE skt 2 L & Lz,
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4.12(a)), GFRP OFFE TIIREETH LY, ZOWrm a2 L CRBMEE ~A 7V v MeT 20 &
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3.440m
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PRIR, M7, BT, A
F (R b +EEEM0EH)
Ux7 + 77 (GFRP 5l4kEAA)
T7 7 ¥ CFRP i
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2K

3.000m
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IR t=3.0cm

[J210X 110X5.0X5.0 (GFRP)
FEERFS © GFRP, ALk SUS304
SefmidE  RRR. A7)
JEME ORIR. 341
R ()

JEME ()

PRAR 5.0 [kN/m’]

FHT 3.5 [KN/m']

BELE0.97 [KN/m’] X AR EIEE 3.000 [m ]
il 0.55 [kKN/m]

PRIR « F:47 & H 1T L/400

32

Kh=0.3

3.0 [KN/m?]

SRS 411 MPa
JEHERS T 410 MPa
TS 379 MPa
AN 33.7MPa
24,000 MPa

143,000 MPa
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AFEORMIE, 2 ROEMIT L FRFS IR & U CHEAT BRI KOG 81 4 [EHESCRF - D481 &
L7z, RhRORE X, FRP (GFRP 5 #aA64) 2T 25D &35,

1 — 0210 X 110 X 5 X 5 (GFRP)

IRIROREHE, ISR K ONERTERIZ DA DOWTIREZIT 5, 7eds, TEMEITFHEME S L Ml
Dz W5,

- BEEMTE w=50kN/m’

2
4.1.4 ([ ZREE OB 27T
3440
220 3000 52k
£ A$E

——————————————————————————————

220/ 3000 s 280

4.1.4 ZRTER

a)
OFEHFE (BEAE 1.0m 72 0 O E)
- Bl 0.970 X< 1.000 =0.970 kN/m
- RAR 0.059 X 1.000/0.110 X 1.000  =0.536 kN/m
d=1.506 kN/m
OIEfrE AR 1.0m 720 OffE)
ISR w=5.000 X 1.000=5.000 kN/m
b)
OHfE—A» b BEHRE LCEHET )
Md=1/8 X 1.506 X 3.000"2 =1.69 kN*m
Mw=1/8 X 5000 X 3.00072  =563kN'm
M=732kN'm
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@E AW MR E LCEERS2)

Sd=1/2 X 1.506 X 3.000
Sw=1/2 X 5.000 X 3.000

1 — 0210 X 110 X 5 X 5 (GFRP)

(110mm Z A&7 M%)

HERR I TR

1.0m & 7= Y OWriFE

1.0m &7z ) OWrEitREL
1.0m & 7= 0 OWrif 2 IRE-A/b
1.0m 7= Y OREHRINT EiF

=226kN
=7.50 kN
S=9.76 kN
A= 3,100 mm’
Z= 173,579 mm’
1= 18,225,833 mm*
Aw = 2,000 mm’
A= 28,182 mm’
WA 1,577,991 mm’
Y= 165,689,391 mm*
AW = 18,182 mm®

c=M/Z=732 X 1006/1,577,991 =4.6 MPa <379 MPa

©)
- BT
- BT
- BA{7E
- BA{7iE
OrF IS E
Q@AM FIE
T=S/Aw=
d)
ORI

9.76 X 10"3/18,182

da=1L/400=3,000/400="7.5 mm

QG fiET=

ow

TETETRE w=15.000 kKN/m
Y o 71%8 E = 24,000 MPa
= 5wl / (384EI)

5 X 5000 X 3.000M4

(2R 82>32 LV OK)

=0.5MPa <33.7 MPa

(243 62>32 LV OK)

=13mm<da=7.5mm

384 X 24,000 X 165,689,391
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IRIGEHR S OREE 2 [X] 4.1.5 1T, IRGEHESIE. AEOGAIIZFEF IZEHENV D W= it %
AMETE D, oL, PR EZHERT27-0HELHE T 2035, 22T, FFHIHWSHE
L. FEATER - ISR L OVEMHE ) &5,

il
=

%%%ﬁlz:\/ /

o Lo
S o
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ki3
i

30
ot
|

210 _

5

THIFR T Z o PhED1/2
75 145, (RRRZH)
20

N A

415 PRRRGEHRER

@ (Md)
- ik (AT 720
N 12 X 0.536 X 0.145"2 =-0.006 kN-m
- Mg -0.100 X 0.035 =-0.004 kN*m
i -0.550 X 0.035 =-0.019kN-m
Md =-0.029 kN*m
@ ( ) (Mw)

SRHERICIZ, JHA7 BT S 7w,
©)) (Mp)

- EABRHE /) P=2.50 kN/m
Mp=-2500 X 1.335=-3338kN-'m
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*

®)

M=Md +Mw +Mp=-0.029 + 0.000 -3.338 =-3.367 kN-m

1 — 0210 X 110 X 5 X 5 (GFRP)
(110 mm ZA&Hh A VD)

» BT
» B
» B
» B

iilpanva)is

HERR I TR

1.0m & 7=V OWEFE

1.0m 7= V) OB

1.0m & 7= V) OWiif 2 E—A > b
1.0m & 7= 0 OIEFRKTIRAE

A= 3,100 mm”
= 173,579 mm’
1= 18,225,833 mm*
Aw = 2,000 mm’
YA= 28,182 mm®
WA 1,577,991 mm’
SI= 165,689,391 mm®
SAW = 18,182 mm’

c=M/Z=-337 X 10°6/1,577,991 =-2.1 MPa <379 MPa
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AREOFMIL, 2 RFHTOTDEEHIZ K DRI EABL 72V DO TSR CRRETT o b D &5,
FHTERAIL, FRP (GFRP 51HakB44 +CFRP #58) % N5, MELOBIEIL, LLFISR 92
L7z, MEDRE2% GFRP & CFRP O/ A 7Y REFF OWrMEREIX, S Radbim &5z, LRt
WCEVENT D ETD,

- GFRP JHEAREK E= 24,000 MPa
« CFRP 54055 E= 143,000 MPa

@
< 3440 5
320 3000 5 220
@ﬁ by
ﬁr KR
220|, 3000 51220
4.1.6 WritsiE
a)
- El %S 0970 X 3.000 = 291 kN/m
< IR R 0.540 X 3440 = 186 kN/m
- M B 0210 X 2 = 042 kN/m
SR | 0.550 X 2 = 1.10 kN/m
- E AT 0.550 X 2 = 110 kN/m
do= 739 KkN/m
FTHT 1 AR B T= 0 OFEATE
d=1/2 X 739=3.70kN/m
b)
- BEEMTE (FMT 1 AR%720)
w=3.500 X 3.000/2=25.250kN/m
®
a) ( )
Md=1/8 X 3.700 X 10.120"2 =4737kN'm
Mw=1/8 X 5250 X 10.120"2 =67.21 kN-m

M=11458 kN'm
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b) ( )
Sd=1/2 X 3.700 X 10.120 =18.72kN
Sw=1/2 X 5250 X 10.120 =26.57kN

S=4529kN
O]
M= 11458 kN-m
S= 4529 kN
CFRP FVEGREL 143000 MPa
GFRP #EL%% 24000 MPa
Yo TREL 6.0 (CFRP/GFRP)
Amm’ y mm Ay mm’ Ay’'mm’
GFRP 1-Flg 300x 18= 4,824 291 -1,403,784 408,501,144
GFRP  1- Web 564 x 12 = 6,768 - - 179,406,144
GFRP 1-Flg 300 x 18= 5,400 291 1,571,400 457,277,400
CFRP 1-Flg 300 x2.4= 4,320 301.0 1,300,320 391,396,320
25,632 1,467,936 1,436,581,008
-101,172,540
[ = 1,335,408,468
e = 68.9 mm
yu= -368.9 mm
yl= 233.5mm
X E7 7 oo0E, REUHT AL MK D51 X 2583 5,
2-916 X 18=576 mm’
- BTN
cu=M - yu/I=114.58 X 10°%6 X -368.9/1,335,408,468
=-31.7MP<379MPa (%4 12>32 LY OK)
ol=M - yl/I=114.58 X 10°%6 X 233.5/1,335,408,468
= 200MPa<379MPa (%43 19>32 LY OK)
- WA

1=S/Aw=4529 X 10"3/6,768 =6.7 MPa < 33.7 MPa
(‘2% 50>32 LV OK)
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IGRFEIRE w= 5.250 kN/m
Yo 71%8 E=24,000 MPa

dg = 5dL"4 / (384EI)
= 5 X 3700 X_10,120"4 =158 mm
384 X 24,000 X 1,335408,468

b)
da=L/400= 10,120 /400 =253 mm
c) ( )
dw=5wL"4/ (384EI)
= 5 X 5250 X 10,1204 =224 mm<&a=25.3 mm
384 X 24,000 X 1,335,408,468

(6)

a)

ExEt /] R= 45290 tf
b)

HEAMRTE 87 LY 24XIRE (288mm) ZEHCAERINE &9 5.

7 A
|
i )
7 (@]
7 —
i \4 w0
I - I N~
g N o\
. 5e)
7 (@]
é —
ﬁ
% N
—)H(—
¢ 288 5

4.1.7 S5 EAERES oW
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d)

(GFRP) Wrimfs  Ix
2-STIFFPL 103 X 17 3502 1468

I-WEBPL 288 X 12 3456 4
6958 1472

As = 6958 mm’ < 17XAstff = 5953 mm’

x = 1472 cm®

Rx = J (Ix/As) = 046cm

wEEAIE (B) = 103ecm > HwA0 + 5 = 7.00cm
MAAE (T) = 17em > B/13 = 0.79cm

JERERE  oca = 410 MPa
oN = R/As = 45290/6958 = 65MPa < 410 MPa
(2243 63.1>32 £V OK)
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(€3]
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(]
<A

v N .
" N ——
=
(]
S 19

N — Y E
o
(]
©

4 \ 2

W=23.00x 1.425 / 2 = 2.14 kN/m
4.1.8 UikEMTOO JE fhf B
@HEMTE

« FEAEL d=7.39 kN/m

- B E (BEEMTEZ 1L00KN/m® 25T 5)
ew=1.00 X 3.000=23.00kN/m

- REHAE TR A
V =739 +3.00 =10.39 kN/m

- BRbACT L kh=03
E=1039 X 03/2=156kN/m
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FROFFELY BfEEE 5,

b)
IR T AR 2 Wi 2 R 2,

SRR

3000

&

330 i 10120 330)

419 Sk
P = w-L=214 X 2860= 6.12kN

c)
IO T, 1ERNEBET 2D LT 5,

- fFEREL 1-PL.400 X 5=2000 - 200 = 1800 mm®

XWX, 77 VBT ARV M X551 X 2583 5,
2-¢20 X 5=200 mm’

- S

on=P/An=6.12 X 10"3/1,800
=34MPa<379MPa (%4 111>32 XLV OK)

d)
ToAHT R TOMTERIE, BATELS J D86 U CRREH&AT 50 METFRBOREE H IR (25 L
TREZITI bO L5,
s M OSIEGIR LT (HEAM TR 25:8)

T miEnpE e= 50 mm
HE t= Smm
N AWTEERE 1= 30 MPa

M = e X t X 1t X 2
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4.1.10 HEFSEET L

Pi=50 X 5 X 30 X 2/1000=15.00 kN
PV AREERT L2 L0,
SPi=4 X 15.00=60.00kN>6.12kN
(4% 98>32 XKV OK)

< NV RO AW
AL R M20 (SUS304)
RV N OWiHiFE A=314 mm’
HAMES TR
1=P/nA=6.12 X 10°3/ (4 X 314 ) = 49MPa
<ta=061.2 MPa

3
a)
TSR IL, ST & A C &7 D,

b)
R TI AR 9 D i ) 2 BT 5,
EEii)

S
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Hh I REAT

3000

&

w

T P
| 5060 |
33 10120 30

4.1.11 iR OREE

P = w-L=214 X 5060= 10.83kN
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d)

BETORER T, 1ERNZRET D b0 LT 5,
- fEHIERAA 1-PL. 400 X 5=2000 -200 = 1800 mm’
MWrEREIE, 7 7 VBT ARL Mk L& 2 EE T,
2-¢20 X 5=200 mm’
Al
on=P/An=10.83 X 10°3/1,800
=6.0MPa<379MPa (Z4% 63>32 LV OK)

T R ORTHIT, BT BB L CRE AT 5.
HEFRORGHT, MR L TR TS b0 LT 5,

s ESMA DS IEGIR LT (AR TR 2555)

iz el e= 50 mm
& t= 5 mm
T PN AU T= 30 MPa
b = e X t X 1X 2
Sk 51
Pi —
=D

4.1.12 TS L

Pi=50 X 5 X 30 X2/1000=15.00 kN
RV ARG 5720
YPi=4 X 15.00=60.00 kN> 10.83 kN
(Z4% 55>32 LY OK)

« RV RO AW
AL R M20 (SUS304)
AL S OWEFE A=314mm’
AW
t=P/nA=10.83 X 10°3/ (4 X 314 ) =8.6MPa
< 1a=61.2MPa
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- EfE w= 2.14kN/m
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1. AR 7T =%
54 THEE
i B A BT
oA B 6
oM O 9
-1 #iR7—%
Eii(m)
NO. Him X Y
1 1 .0000 .0000
2 2 5.0600 .0000
3 3 10.1200 .0000
4 4 .0000 3.0000
5 5 5.0600 3.0000
6 6 10.1200 3.0000

1-2 EM oA RER U EEET—5

B (m,m?,m*, kN/m?)

NO. A aim bin MR WEE  MER VO URE
1 11 2 5.060 .0000001 .0000000  .200x10°
2 22 3 5.060 0000001 .0000000  .200x 10
3 3 4 5  5.060 0000001 -0000000 200 % 10°
4 4 5 6 5.060 0000001 .0000000  .200x10°
5 5 1 4 3.000 0000001 .0000000  .200x10°
6 B 2 4 588 .0005000 .0000000  .200x 10
7 72 5 3.000 .0000001 .0000000  .200%10°
8 8 2 6 5.88 .0005000 .0000000 200 x 10°
9 9 3 6  3.000 0000001 .0000000  .200x10°
1-3 %Xm7—%
XM =
B (kN/m, kN-m/rad)
NO. &5 X#pm  Yé#AE EEHRE
1 1 BlZE EE =]z
2 3 )] EE 8H
14 AREEY—XF—¥
HWEY —-R= HELM . RBEE
*k EIAFETE vk Bi(7(m, kN, kN-m, kN/m)
NO.  EDMF e mEERE DHE BE (48) BE M) 1E
1 1- 0000 .0000 2.1400 21400  #E
HEY - A= HELH : HEFE
*x BIMETE B2 (m, kN, kN-m, kN/m)
NO.  EB#F Y8 RERRE DA BE (38) BE M) 758
1 1 .0000 .0000 1.5600 1.5600  #@
-5 #HEF—%
H{z(m)
i) EEEE aimn s DREE DEIE EEEREK
LA ERE 7 1 .000
iy £ fiI 1 .000
S R h .000
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4 mm thickness

Plate
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4 mm thickness

Plate
420 mm width
4 mm thickness

Specimen shape

15 mm width
4 mm thickness
84 mm length
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Items Condition

16 times of thickness

5, 23, 50C

1Hz, 5 Hz

0.05 to 0.22 (pulsating)

Support span
Temperature

Frequency

Min. stress/Max. stress
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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

gbooobooobobboobooboobooo
gboooboogoboboboboooobooobo
oooooobobooobobo™@oboobooobo
gbooobooboboobooboboobobo
oooooobobooobobobooomooobo
gboooooboboobobomoboboobo
oooooobo™@ooboobobobooobo
gbooobooboobooboboooobooobo
oboooooboboooboobmuobooooobo
gbooooooboobobbobooboooobo
oooooobmoboboobobobooobo
gobobbooobbooobobbooobboo
M- gboo° bobobooobobooooobo
gboooomoboobobooboboboobo
ooooooboboooboobobooobmoobo
gboooobooboooboboobbooboobo
oooooobobooobobo™@moboobooobo

gbooooobgoboobooboboobobmo
gbooobooboobobobooboobooo
gbooobomobooobobooboboooobo
obooobmobobobooboobobobooo
gbooboobooboobooboobon

gbooopogooboboJaskKross500n0ooog
gbooooooboobooboobooboboboo
Oz2mm/min00000000OO00OO0OO0O0ODO 16
googo

gbooobobobobooboooobpooboooo
oboooboooobobooboobooboboo
gboooboomoobobooboboooobo
gbooooboobbooobooboobobooo
gboboooobgoobooboboobomooobg
obooobobog3lgoobooooboobonbg
gbooobgoobobo

ElI=Fx P/486
El:O00 (Nm?)
O0o0o0od (m)
P:O0O (N)
6:000((m)

goooo

gbooooobobooboobobooobobon
gooJusKro82000000000O0OO0DOOO0.8
oooo00oo0ooooooooobobOobO 10mm
oboooboobo™@bobooobobooobooonog
gboiommOO00O00O00O0O0O00b0O0O000o.8
gbooobooboboboboobon

gbooobobobooboobooooboboo
gboooboobgooooboboobomooobg
gbooooobobooobooboboobobgooboo
gbooobooboobooboboomoooobo
gboooboobooboobooboobooooboo
gbooomoboobobooboboooobo
obooooobmoboboooboboooboong
gbooobooboboobobobooboboo
gbooobooooboobooo

01510



g 1.2 — (.64 KN
S 14 0.80 kN
2 _
0.8 1 0.85 kN
o]
0.6l e R 0.90 kKN
8 0.4 0.95 kN
§ 0.2 — 1IKN
E 0 =
1x102 1x10® 1x10* 1x10° 1x10° 1x107
Number (cycles)
00000000000 (GFRP)
— 0AKN  treer Q63KN e 0.67 kN
w0615 KN —— 0.65kN ------ 0.75 kN

0.62 kN

Retention ratio of stiffness
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Maximum stress/Strength

O deflection >10 mm

A stiffness retention ratio < 0.8
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