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Study on Fatigue Behaviors and Maintenance Techniques for
Cracking at Rib-to-deck Welded Joints in Orthotropic Steel Deck
(Abstract)

Orthotropic steel deck (OSD) bridges have been widely used for long-span bridges and urban viaducts to
reduce dead load. OSDs consist of many thin steel plates, stiffened by a series of closely spaced longitudinal ribs
supported by transverse floor beams. As they directly support vehicle wheel loads as deck system, consideration
for fatigue has been supposed to be required in the design. With rapid increase of vehicle weight and traffic
volume in Japan, various types of fatigue cracks have recently been observed in existing OSDs under severe
traffic condition, resulting from the complicated welded details combined with local stresses that can be difficult
to quantify in the design. Among such fatigue damages, two types of severe cracks have been observed at the
rib-to-deck welded joints. They initiate at the root of the one-sided fillet weld. One type of them propagates into
the deck plate and finally reaches its surface (deck plate crack), while the other propagates through the weld (bead
crack). Among them, the deck plate cracks have potential to threaten safety of traffic due to cave-in of road
surfaces if they reach a certain length. Focusing on the two types of cracks, especially the deck plate cracks, the
research objectives in this paper were listed as follows:

(1) Identification of the causes of fatigue cracking and proposal of appropriate structural details to improve

fatigue durability for newly constructed OSD bridges

(2) Development of an non-destructive inspection technique which can detect invisible cracks initiating in the

weld root at the rib-to-deck connections of existing OSD bridges

(3) Performance evaluation of applicability of steel fiber reinforced concrete (SFRC) overlays as a measure to

retrofit existing damaged OSDs

As to the first objective (1), characteristics of existing damaged bridges were investigated and wheel
running fatigue tests were conducted with a full-scale test specimen with 6/8 mm thickness trapezoidal ribs. Finite
element analyses were also conducted in order to evaluate local stress behaviors at the weld root of the rib-to-deck
connections. The major findings are summarized below.

* Deck plate cracks have been observed in existing OSD bridges in about 10 to 30 years after construction
under heavy traffic routes. The thicknesses of the damaged deck plates were 12mm.

- Behavior of deck plate cracking was clarified by wheel running tests. The cracks initiated at the weld root and
propagated toward the top surface of the deck, which was similar to the behavior of actual cracks observed in
damaged bridges.

- Relative high peak stresses occurred at the weld root due to local bending of deck plate when the dual-tire
wheel load were applied above the rib-to-deck connections. Sufficient partial penetration of one-sided fillet
weld prevents bead cracks from initiating in the weld root, while it did not affect stress reduction for the deck
plate cracks.

The effect of thickness of deck plate on fatigue durability of OSDs was also discussed from experimental
and analytical results in order to improve durability of the structural details for the deck plate cracks. Wheel
running fatigue tests were conducted with a full-scale test specimen which has combination of 16/19mm thickness deck

plates and 6/8 mm thickness ribs. Finite element analyses were also conducted in order to clarify the effect of



thickness of deck plate on local stress behavior at the rib-to-deck welded joints. The major findings are summarized
below.

* Deck plate cracks occurred at the rib-to-floor beam connections even with the deck thickness of 19mm.
However, based on the fatigue test results of the present study and other previous studies, the crack growth
tended to progress relatively slowly with increase of deck plate thickness.

- The extent of stress reduction around the weld root was evaluated with the increase of deck plate thickness
from 12mm to 16mm.

As to the second objective (2), performance requirement for non-destructive inspection techniques and an
ultrasonic inspection method using SV waves by critical angle beam probe was discussed. Accuracy of the
proposed method was investigated with small-size test specimens which modeled rib-to-deck connection details
with fatigue cracks generated in the laboratory fatigue test. Field ultrasonic inspection was conducted with the
proposed method in an actual OSD bridge with a deck plate crack. The major findings are summarized below.

+ A reliable/practical ultrasonic inspection method with unique technique of the sensitivity calibration procedure
was proposed for detecting deck plate cracks.

- It was clarified that fatigue cracks with depth of more than 4mm propagating into the deck plate can surely be
detected by the proposed method.

As to the third objective (3), SFRC overlays have been used for existing damaged OSD bridges as an
effective retrofit measure against deck plate cracks. For the purpose of evaluating the retrofit performance under
severe service condition, a series of shear bond strength tests of epoxy adhesive layer at the deck-to-overlay
connection with small-size test specimens, and wheel running tests of a full-scale OSD test specimen with SFRC
overlay were carried out. The major findings are summarized below.

- Shear bond strength test results show the significant influence of environmental impacts due to high
temperature with water both on the bonding strength and the destruction property. Relative differences in the
bonding performance among 3 types of epoxy adhesives were evaluated.

- In the wheel running tests under the severe condition where water permeates from the concrete cracks,
durability performance of SFRC overlay was evaluated under the wheel load of 150kN at 2million cycles.
Specific deterioration such as progress of concrete cracks, change of strain and deformation measured on the
deck plate, and strength reduction of adhesive layer was not observed in the tests.

- It was clarified that it is necessary to assess the durability performance of SFRC overlay by verification tests
for the effect of cyclic wheel loading and environmental action.

Combined with SFRC overlays, crack tips of existing weld bead cracks are needed to be removed in the
shape of cut-out details for reducing the stress concentration. Static and fatigue loading tests and finite element
analyses were also conducted for a full-scale OSD test specimen overlaid by SFRC with thickness of 75mm in
order to investigate fatigue behavior at the cut-out details. The major findings are summarized below.

- The local stress behavior at the cut-out details of repaired bead crack was evaluated by changing length and
location of bead cracks.

* Cracks occurred at the weld root in the cut-out-details and propagated into the deck plate. Since the crack
growth tended to progress slowly, SFRC overlay combined with crack tip repair may be a practical and
effective measure for the existing weld bead cracks without steel plate bonding at the rib-to-deck connections
of OSDs.
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1) (Z2WC, JEIFREFORTILIKE, BARMUCEE L CiL, RIFREHTIES <55 AL L - iigs
WH SN TS, JEHFREF TG SRR <1, BEREENENZ L H Y, T v TR E T
FIEHE SN TR, HEEFE I RSt OME S L C0D. ZoXZUTAERER - &
LY, FEHTIREREIRAICIY, SHOBEA T =L, FAERR K O E RO+ 72 DG 5
NTWDDIT T oz, 207, FEREENEET DIEENITESNTEBY, AR BRI
WTHRERTL TS BB H o 7.

2) IZOWTC, ZOEENIREL— MBS T v X7 L— MR L, 7 v X REICEHT D7
¥, EHLSRTCIIIRAE - R L EEHGET 5 Z SR TH Y, REFERE - AR TS 2 &
INTERY. 207D, TyxF 7 L— MRBTORNCERHE AT DI120E, EEEIREGEOIAME
AR 2 E T 20BN H L3, SROFELARNTE, TORIS ZERMITHEE rTRERTIEL L
TiE, BURTIET v ¥ 7' b— F R D OB ERIREENE—DEL B2 bND. — T, &
BETRGIR T B IR EAITE OB R ST <, BIR D OFEIC K 0 B - 154
PEDRFEREAF D 7201, PRl ORECHRGE, R L = a—&m S OBLEMTHIC L DR
FOFHBFE DN TH DR LETH D, £, FETIE EMEREL 25703, iRfrEE Fo
BHERAEBRAERICO > THET 21218, S5 COMEEMEOEmWREEZ IR L OO BN H -
7.

3) (IZOWT, ZOXZ~DORLE LT, BEDOT 27 7L Militz, RN S < ol EOIRIEE
BV HEfTR =~ U — b (LLF, SFRC: Steel Fiber Reinforced Concrete) &t (&E X 4.2 5 %t
RTIENPRE SN, BECEERRSARR A~ A 2D HCE Tng 210 Z o TikL, SFRC #8585
MIZED T ox 7 L— e~ KIS E2 2 LT, 7o X 7 L— MORHAELIHIL, EcUu V7o
BEROISH AR 5 Z L IC X0, YREE O HORAEZB L, EREIHT 2 L%
HEJL LTS, —75, UHE VIO +0 2 BRE RV Wi C, SFRC &lEDOUEINIE LR
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ARV TA U TORWA,  FHT EOARITEE 213 CORFT 6 OOFIAFEA L T 2% F4)
HLRONTND. Z0ld, RLEOFEFE~OEMIZHTz>T, MAMEHASRDEEEA R T 5720
(Z, FFIZ SFRC &%E B RO ARG BT 2Rt 2D TN T ERNEETH L. £, ThbHD
RS RCBHEOFAZE, M THERIEOHN AR E 2, FATEZ#EAT 258 025
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3) SERNER LT5aN, SEHREGORE NI LD —FWEIC SRR LB ENR HDH T L
= MEMRITIE, THIRER R

TS OFRERRIZ T T, AR TIELL T oA ¥ —7 v & L TRt EtED T&E 7.

) IZDWT, F& LTT v REREAOBAFR AT 5 & & bIT, BENE~DKBOBLEND,
I8 ST FREH OSR R OMEEFEMORGEE, AR ERICOW TR 21T 9 .

2) IZOWTC, 7 ¥R S HORAENRED LSRG W T, BERREEEZ IR E LT, 7
FEME - ERMOBLENG, BHNCERARK TE RS @O FEIC OV TG E1T 5. AWF7ET
1%, T AROGEMZ MR T 2B D, “RX RN O X3 E Bk L Lot 5 2 &7 <k
FIZRAOIT D T AR FIRIC, BEREEGEC OV TREZ1T .
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HEEDHE AT 9.
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1.3 SHERRRDBEDEE

1.3.1 #it") TOEENEE

FURRE, 12mm BREOREZ DT v X7 L— Mfit) 7 AR Y 7 CHREBRICHHI L 72K CTH v, RC
PRI E Lol U CHREECdd 2720, FEATEIBRIREE OBLE) D RIME O ARREECH N S8 A < A
HILTE TV, fit) 7ofAICIE, B-1.5 13 K9 2Bl ) 7 LBlra ) 7 & hd 5. 1oAY
KOFHE N THUL, U U 71308 40 8 L 0 PSR ORBR OB OB E & HIck & L
TETWD. BURTIE, #ifME7 & OB NS WD U U 7 TR I LVGAS, 1
AN U U 7 HELE CE WA SEERE, #EOREMENS U Y 7OBANER 2> TD. £
7o, TRSREICBAL L, ARSI (SSI108-2006) (ZHEHLL 7= U JEERAS—f1I & 72> C
W5, [FIHUSIIRERN 55 ARITHIE (AN 58 4, PR 18 AR —HidUE) SV TWDH A, AT 5 E T
flix DGR « SHEOHE) 7 MER ST 5.

1L

(1) V- (i) 77T FL— b (i) HLIFEHH (i) T %
(a) BHITIEIREY 7 DR

Y VU

(v) & U V2) V)Y (vi)) VI (vii) HUTE

(b) PAWTIEREY 7 DR
B-1.5  SRh#GE ) 7 oWk

1.3.2 WITREEIZHITHREFTEEE L-1BEHH
SRR 14 OB RSGET T, I 97 OEAZEOSRRIR O BYE - it TOREDOFTENK 5T D
HIRI DO U U 7T w27 L— MNEORBATE LTI, FIC B — R & S04 D9 o7 -

TyxTL—Fh

SRR R
O,
I8
Ny
LK

PRlrE ) 70 =7

EHE—F
SOL— NEROIGHIEF 2T 2B D, VEINARED CIEEMRT S & b,
75%LA L OBKAI B R

E-1.6 EHEORAKE

11



D) #EY 7XE LA, L=25m THD.
2) MEV T, SVTTL—RY T, R Y T E LIRS RN
my) 7 Thsb.
DU-320x240%6, @U-320x260x6
@U-320x240%8, @DU-320x260x8
3) TyXTL—MRE £ 23, 2mm= ¢ ,=16mm TH5.

B-1.7 JEITHREHT 31T D SMPRRARE O F7ek Foo i DR ¥

ZHME LT, B-1.6 1T7T X918, FTEDD EREESABENBIE SN TND. TyH T L— R
U U 7 OFEBAIMSRIN TR L 72 203, ZRLIANERE 6mm O U U 7 TN LE217h 3 A
SRBHSCD & F T BRIEHEAAT 5 FIER— B TH Y, 8mm O U U 7 CIIAEHER e & D132 < Bde A &
DYE L L BRVEANR LN G, IR DT, LT \ORTERMECIRE Lz BT, M
TR CE DHEET « 7 — VBT 2 FEEZHE L T 5. TRk 14 FER ORI ORS8N0 E LT
13, MY TR OT 4 T (A h Ty TORE) R THIRESZET HiLd. MY TN
T, #4775 2RGSO EETORNG & DI SVVEDOBIE CIRESNIBA L H DM, it
FeOHEETIFBATO 2.5mixt LT, 3~4m FE L IR < Lo T2 56 i o s.

Z O Y, FEHFREHZ B THIRIR OB ST AMEDOHELR O T2 O DIEDRIT BTV D, b1,
WY 24 SEOIERSCETIE, 7 v FEREHA~ORGE LT EE FOU U ZH#R DT > F i)
HIEDOREL (v 3HUE 12mm 25 16mm (ZHE) AT, LITIE, ERHEERT
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IRHIRNZ EERIE (a8 53.9)
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I RRAHECEE T 2 ONEE LN & a2l GERI1.94.7)
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(R & D R BN L L oo 5.

U U 713l E D 720, BUYERRZRBWCT v 37 L— N & OWEBEIS NI O O il 70 5.
FFROBENMIDOEHD S L, FvFFL— & U U TORBL— MB (EHEEBOEIE T~ X4
OB 25053) D ERFA - MR L, MEMRALEL D2 FHRHRE SN TS, 20X
23, 0BRGN, FICTF vx T L— MICHER LT v X REICERTHEE CUF, Fu¥
EREA) L— MEIhbEEE— FNICERT &R CIF, e—FMEREE) 024107, L
IEMEDREA Lo SR bivd. BigO7 v X 2T 2000 FEL Y Roh->Tnd23, H
TR Gl RO SR AT 5 Te ORIEEREI OV TIIARBZR 003 <, & D% OFRERERkIE 1.1
WZIRR7= L B0 TH L. ZOXHNT X7 L— M HE UERT 2 LEEEOLRE LTENS DT,
ZDRERGyDEERFEFTOREAY: © FIERRERFF X FFCR R SN T\ 5. SEEOBIENRFTIC
FAET DD LWGAIE, SRERRERCT v X 7 L — FREADREZRET 2 Z EAEETH S,
BRI X A X 5 7 OME RGBS O E OB bIThhT\D % —J, %ED
v— MEREAL, BB L Oa#EE — FREICBIVUIEFERATEE TH 2723, O CEAREITEK
LEADPEL 10em &R <R LR TRA SN EH LR INTEY, Wit ERKOERR
WZ L5 TUERHOMRPUNE L 2 5.

ET, BURRROIEIHEEICE LT, EURERICIW TR, Ak - 08 E, sIRTEORE
DD HIVTN D, IS BREIIAHETIC T 2 AT « IGEF OBV IR LIZ XV BAT D0, %
DRI T ARB A BRSO EEEA], HEEEESE ORLFHEER, R E SO EER S E T b,
TEREC 2D DR ZFRE LoD, MEEROBERE - B2 400E U LT 4 %E
THZENEETHD. XZUL, @, WAEE FOBHETIC RO, SIRROSS, il
BRIZDT o TR OGS, S EORASM b F—Th 57280, RO oL
THIHPEETDAREMENREZOND. 207, PR SNIEMLORL ST, ETIEE
TRRIChIZ o TR 2 2 AEDO AR 2 B £ 2 TR Z a2 0 E R S 5.

SR IEE LTS, EZUT K DM ORI SO TSI L D iR o bivsd. =
OffIR S, THIREDBLR DRGHT 2R 2 551 & R A D FREMED W REEE & 1N — 5%
LD ENT UL BERINEL RO WEE DD, Fio, FEMEHORES, Tox 7 L— &
[ A AR D EF AT & DI AWVEICOEE T 2 0NE D, Zofh, X0 -ERRAICHIRIR S
REART 2 BT, MEORVEREEZHEER L, 7 v F 7 L— bk EARS B CHIRAEO IR 7] -
EREBIR ST D Z LI L 0IRFIHANEZ ] E S8 2 TIENIREMOBRRE L L TR BN,

BERSRPR ISR O S E DR K DI RO FTIEIZ OV TS, BRCAEO TIEMER SN TR
D, ZO— DI HlBHETR =~ U — b (Steel Fiber Reinforced Concrete (LA, SFRC) ) &fidEnszsif
HiLd. SFRC FEZEICOWTIE, 1980 I B4 TEEHERAHIIBNT, 7 —RAT A7 7L
kOMANE (BAKTH, bIEbBiEN) SOEND T v 7RSIl STk Y, 4l
L L TUIMT L HHT LW LIETII R, (EROHEE L ARBEWNC R 2 50, SIRROE xR E L
T, L L SR A —ME LA, WhIEE ARG L LTl TWo L ZAILH D, £z,
WEANIIREROIEEN T > ¥ 7 L— b LEEEME 2% » RTHEE L TWAOIZH LT, MiTEE25E
LESFEME BRI LG L LTS R R .

SFRC &1 JHEN AR PN el -0 — AR EREN 28 DR ARG O S5k RIS A S Cnd. filx
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I, PR 15 AEEEICRIEAA 7 ) v PO fRIERE 357 BEROCEA G 75mm) St M) SRl
HOOEFRILOBFEZIA OB LE N Ef ST D . Eiz, MR OMET ARG TR 17
R BERR SRR RRAG O 57 53K & L CHIH T SFRC i (sl & U -Colrimifiog & 52kt 73
EnTEY MY, 2ok, FHNEESER NCEA SN T D. [E sl OBERRIFNE sk
THHBNIRIED 2RO DHERATHE A &b, SFRC &I X D3 AN E R B (IR, SFRC
MFRTIE) 1%, B-1.917 T X 918, BEROT 27 7 /L MfEEARIPED = SFRC SEEICE X #iz %
ZET, TR T L— bORERERRKL, T vx T L— b EU D TEBEHEL OISR IS ) A5
% Z L K BRRIROIE FTHAMEDR EE XD 0 Th D, FhR - T Ldud, SER7 ik
REICxE L C 1/10 BREE, 7 A7 7 /L MEREIZRE U C 1/3~1/2 FREE (MRS 20Co 5 TCREEEIZXT L C,
EREEOBEELREA 1500 N/mm® 7> 5 4000N/mm” (ZARE) & Cffar B ) 28889~ B F5 A H AT
5 19),20).

EREOWRIC L D3R TIEITIE, SFRC SEELSMT b AFE TIEOIFEBRREAM TN T 5. Bl
L COBgRER A D SFRC &7 A7 7 /L Mo — @tk & 955 9=, SFRC LIS OEIRE - mifif
DR RS2 T3E 202, i T s 7 L v 2 Mk 22 VD TIESEMER SN TOD 3,
BLIRCIE SFRC &HEEAME— DR TIE L 72> TS,

T v ¥ L— FOEK T X7 L— hOER/N
(RO I TIR) VBRSO JRRAE S0/
(a) — A7 bt (b) SFRC %

X-1.9 SFRC &I L 5T v %7 L— NEEETE « i 1OREiA A—

1.4.2 B5oEE
MO TH FARREHMALE T DHRIBAEIC, 7 > SR E RN O — FfER S 2 L 585
FHIAHE S TND. FORAETHSE ST g F2aS] %73

(1) #EIEE5
1) 7dEREA

T TR E RNRONHRE SNZDIL, 7T v ADIEREZE (1971 48) (2815 1977 40
) DL E 2 HLD. ZOMBRIIIEER 3.5m D2 FHHTTH Y, FIRITT v 3E 10mm, B Y
7 6mm F72/E7mm THDH. 7 v ¥F 7 L— b EEICIENE Y LD OEEIES LI 0D, AR
FUHA@ T 1,500 B/HBRT, S ZATEATEE FOMEY 73T (B8 TERAEL TV D,

HT U H T, D AIEG ORI & 10 FICB W TRIBFEFIDSHE ST g 7. &
WINZHERE Z 4172 Van Brienenoord 18 (1990 FAER) 1, #EONEERAN D725 45K 1,320m OIEZ
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ThY, HIEHEASERIE 7,000 BOEAZBPEIUNEST D, 2RO D HEM 60.3m O FEFOBKE
FEZHIPRAR. (BJZ 12 mm, 8 m/E DR URIEHEL) Vo, S&IT, 1997 FITEDOET L
— ORI TIE (FIHRY 7R (ISR SC0D. FRETIE, EARRE LT, A
FRORNE RV EZ 52 L E720, SHIO 12mm 25 16 mm~28 mm CRAHEE O 3 HiiE
ITOFBATITHE) (RSN, FREOHRELE, 47 2 TidT v FE@BE R D EAME
DARERR S AL, 1998 ARG A & IR n = 7 b sBsR S A, JRIRITEN & A
EHLN TS, 207 ay=y FOHT 50mm EOT A7 7 /b Mtk 2 [FE O s R EE kAR =
»Z7 J—1k (LLF, HPRC : High Performance Reinforced Concrete) |ZiE X #2253 A3BH% ST
%. HPRC Hf#LDNE Mz d7- - T, FEM AT-CRIRUSEER7) 5 HPRC (2 & 206 /RGN ) ifeaE
AL, 1998 4EICT y FEIRE LI L7z Caland 1 (FTER) (230 TRl LM 7440 7=. HPRC
1, JEMETREEAY 110N/mm? LA EE WO BERED a7 ) — R TH Y, BIEA D 5 1= OISk (5
&F9 15mm, AR Skg/m®) K27 2 U VEHE TR ST\ D, SRR & 13 X SIS R
MIZ X o> TREG SAVIEERD (KR 3~6 mm) THEHIIZHEA L TRY, 27— ;tUU%lJz%Oﬁ%
A2 5 72002 50 mmfFIRRICELE S 72 B 8 mmDEK A 3 FEIZELE LT\ 5. il LRFIZIX
ﬁ@ﬁﬁ%ﬁéh,mujk?y#%%%ﬁ%®?y%T@M®mﬁﬁ,ﬁﬁE£Dﬁ%@7x77
Jb MEREIZ LT 70~80% Kk S iz & LT 5.
2) b— iR xR
b R E AP EH Shi-Fpl e LT, REOERBETH S Severn 1 (X 1966 4F, fERE
1,600m ) TOHFFINZET LD P, 1977 FICFE AL G BORSHRENER SN TR, &%
D2 VHMEIH L — o Difipfar EIEL T OPAWTI U 7 OVEEERICE T LTy vz, 488 RMIFO @ #IT 50,
000 &/H, RATEIRAZRITK) 30%DEATBIEM Th o7, FZEIES 38mm O~ AF v 7T AT 7 )b
NS, SRR O > JRI3H0 12mm, PAMrE ) 7JE1% 6mm T 5. Sevem FETIE, bE— FEM@E
HOMERE L UTHEHEDSRA ST 5.
7T VAT, AEROT v R & DR SR EZEIC BT — MR X RHOE L H
HBENTHD M, I 8 TR & 40mm~350mm DX %7820 EATLL ERA L Tz, 2oRIT
FERIZHL, Z20% 2 /T 1,500mm ([ZEL-H Db Holo b Zivd. 1984 HITIX, Richemont 1
(X 1966 1) 2B\, ERROEEP RSN, SRR OT -~ F/E1E 12mm, A Y 7 =1L 6
mm, FHEEEIL S0mm TH 5. 1987 HITIEE X 570mm~2,240mm D b — RHER XN 15 fHpT TR A

ERTN5.

(2) EREtEE

R-1.1 ITHURIR O TR EHT B 5 ERBUEICHOWT, BRERFE? &, KE, MINoHEE (UL

T, FHFI AASHTO =1— K ¥ | Eurocode™ ) %t L TR

KETIE, AASHTO =2— R &I3HBING, 2012 AEICHEAGERIT (FHWA) 2RRRRORRGT, BUE, HERE
BT 2 FHIRC LA LD~ =a T PEREFIL TS, EN, BRNEO Z i E TR

IR DB RS0 DI E O FEE & B CAERK LIz b D Lo TERY, SRR A % LT

WS ETOSBEL WO NEMTEBZ DD, HERSNDHRROTE LT, &-1.2 Ofnh

IRENTWA, 0B, Fl~=o7 /LT, BB S ES Eurocode O L 9 |TAEHER) 7ot &AM & <l

16



1.1 EAEEIZ ST DERIRO L7 1EH H

s/ IMRIE

t =0.035X b (ATE R )
72720, t=12(mm)
ZZIZ, btV 7 IR (mm)

PAWTIEY 7 D35 A, e BE [ C

1 ERICES T 1= 16(mm)

Fefii e AASHTO EN 1993-2
EHIE RS E - FfFDL2012.3) LRFD Bridge Design Eurocode 3-Design of Steel
2 g Specification Structures (2006.10)
TS FE (20123)
ToXF T L—hrD | t=0.037Xb(BIEH{H) t=0.625(in) [t=16(mm)] SRR 2370mmbA L = 14(mm)

MY 70 = 7 MR D4%LL
k

S E H340~70mm : 1= 16(mm)

TR TV — MR DM
T BT OU =7 LD R%e
(mm), 7v¥ 7L — b OWE %t
(mm) ELT, kA3 5261 T
Wa.

et=25(7=72L, e=300 & F
L)
MG ~o A7, BT
JRUTelE5%H4 2 L.
P IRIAE Y =7 D 8mm 0.1875in (4.78mm) 6mm
B/ MRIE 6mm
(ERBREEICEE L7254
PATEE Y —7 D HERL HERL HERL
XM (57 +EEr : 2,500mmPL ) (R LOBEAOLERH V)
PAMTIERGE Y =7 & CFTEDOD LR LA B  VRBET IR BE JE LAY 7 DIRIELL %
FyXTL—FD JiEES * HEY TR D 80% D YEIAF- HEES
VEHE « PEARBIIHEY TR DT5% B, EHFiFRLT RIEFE LV — Iy Y 73 2mm
Pk TRIA T B T0%LA b % Ffe R B
s b— F ¥ ¥ v 7130.02inEL T
(0.5mm)

F-1.2 HELE X4 2 HAARRIGE T O R E

HEIERERN

il PR

T v X7 L— MRUE

¢ > 16(mm)

itV 7 DORE

6mm < ¢ < 12mm

flE Y 7 ol (s =L E)

600mm < s < 762mm

B 7 I

L <600mm

fEY 7w/ MY 7wk

hrib/hFB< 0.4mm

TRENTELT, SHBOIFICRRIRIC L VR 2 0ERDH L L LT,

F-11HOT v ¥7 L— hOR/IMIUEIZBI LT, AASHTO =1— RCIE, T E TORBR) HIEREN)
2 EHIMANED S OBLED D 14mm 232 FE L E LT3, 2012 AESCER Tl 16mm (2 HLE S
VT 5. Eurocode Tl, OBHIEDRI, @k L OEMIERDEE, @7 vX* 7L — Na&XFFT 5
HEV 70 = 7 ORIMRIZ L » TRAMIEZIRE L TS, BRI IUE, #t) 7o =7 e 25
/ND300mm ETDE, T yR T L— FOR/IMIEIE 12mm L5,

i€V 73ZMITDOVNT, AASHTO = — RTIE, BUEITRRIT BTV, #iE) 73 &t 7 %
ZHONT, HIRIR O AT CIIFBRANII R HAL7- Pelikan-Esslinger V5% VS Z &, diwfir 12 &

DI DR LT M) 7 & IR & DA B@)%‘%Bﬁi\jﬂi, FERIAESE DRT 21 T 72 Aud7se
BN &, SIS 6,000mm Z 8 Z 70\ O BAIEHE Y 7 O EIC L DT, WEY 71 ARIHER T A%

ENOFIE L, BT HH) 7o BIIEZ < Th o E, LLTnA.
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FHEOUSIAINZE LT, Eurocode TlE, HRLEHENDOD EIEDOMHERITIMA T, L— ¥y v 7L
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Zond . BEREOLS, AR 2D 2 LD, S TARHE L U ClhEmE A v M &M LT
F-42 ITHEEM OVERS KO LB Ot 23, KNTRT XL 918, 7 v S FKim a5 L 78k -
HENCHEEM %A L, 75mm JE0 SFRC Z 1% L, BAHE 2 L7-BRiR L U=, BT+
FRERMEA AT ORI URIERE U, BEM A Z25KIZ, 5 B, C 2N 3 e xigis L
7. BEEM A, BIZOWTIE, SRR 0> SFRC SEEDEE ~DERFERENH 5. BEHM C 2oV T
%, AZ v FICE VAT 52 A 7D SFRC FHEIZIWT, IRIRPIKZ B RIS S
FER DD, DTN BEEM & L CUIBRAITED S0COEEIIEM 2 b s e B2 605, #H
U7 SiELE, ¢ 0.6mm, & 30mm OWjE~ » 7 RO 7 7 A /3—"C, IRAFIT 1.27v0l.%  (100kg/m’)
L.

100

100 .

~
~

SFRC E% )

A

\ I |
\ 75 [T

B-43 HAWEERIZ DIV IR DO SHETR

4.4.2 HEBRADRME
LUFIZ BRI OB EFIAZ /-7
1) SR OPERICH LT, 77 A NIJEIC L 26 HFHE (S a v 7T R MU, FREGE Sa2.5 2
JEZ EAE, BT 150kgm®) Z1TH. FHERESGIIREOSEDOIHNZTEAI THERD.
2) PN~F 100x100x125mm OFELORIN T, FHIFHE L7-8ikk (100x100x50mm) ZHHEAT 5.
3) FTEDEFIE CTEAI L LA RS LTcBEEM &, 7272 BICHEMGRE U =gt LICpE &
(14kg/m®) o L, ~O CIRENE) 20D X 21281 5.

4) FI & B LA A 1R 5 30 43 C SFRC Z#T3% L, #REG 2 VT 10 R EEIRE) 2 5 2 KD [E 6 5.

5) #AET— MTEV, 1B 20°C, 1BE 60%I IR 7= HIRE THAETT ).

6) FIRRDE R (24 BiIL) (CHIBLL, WiEICEAET — 7 %> Chl &S ERE TR ML AL LT

(CHFHG 28 B £ THRATS.

FlE D) TiE, 7I7ANHOATF =L ay MERIRDEZFER L. FlE4) O, BE#%) 5 SFRC &
FIRT 2 £ TORFH (30 43) (ZOWTIE, FrEOBEMRREGD Z LN TE, D DO%ENE LAY AT AR
MaBE L TRELL. £, FOEDICELT, IREiG &S 7 L— 2 L 5 HREREREE RO
EORAONARP-TZ e D, IREBICEDZ L LY. REIT= 7 U — hREOREL
DERE LT, EMLTE, a7V —r7 4=y ¥xl2kY, a7V — MRENLTRE
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#-4.1 SFRC OFEMESAE

av 7 J—h SR ke
AL O g ol men |mEHO A
| i | Kk | | 27 | omaw |BEHO ) e
: | HewrC (%) (%) (cm) (%) (ke/m’)
(3m5 ) (mm)
8 T 2
oo b | 24Nmm 40 50.1 5.0£1.5 3.0+1.5 13 ¢ 0.6x30mm 100
=42 BEEM OVER I OREZ ORI
5 B BAMA P B Bt C
- E Al WA E Al WAL eS| WAL
ok » | sevwm | T | s | (ST | e | AT
A4S Bl A=A FH MR PENERER b 1B Ik R BRI HEHIR
iR & H LA LA =5 1 (IR A LA =41 1 () LA LA =51 1 CEH)
ok ¥ Ltk E 1.40+0.20 (JIS K 7112) 1.35+0.05 (JIS K 7112) 1.65
EoOME m X 50 N/mm* |- (JIS K 7181) 70 N/mm®2L | (JIS K 7208%) 107.9 N/mm® (JIS K 6911 )
IE M M AR % 1.0x10° N/mm*pl I (JIS K 7181) | 1.5x10° N/mm*PA E (JIS K 7208%) ENICATT)
#ooF m X 35 N/mm”2l |- (JIS K 7171) 40 N/mm®2l |- (JIS K 7208%) 58.8 N/mm” (JIS K 6911 )
BBt AT B AR 10 N/mm”L_E (JIS K 6850) 10 N/mm”B_F (JIS K 6850) ENGIESS)

) B AEOEATERE & LA SENTFE IS 2R T

RL22D X IKEOE DI TN TS 0, BRBREOFEOEDIL, ZhEhRI%EOSKMEEE 2T
W5, FllE 6) TiX, =7V — FOMENC L 2BERMNEZEZE L, BREAMOZELIIMICT DT
W, 28 HETHEAE L. 72k, BBAITHEEMTEN]Z L1233 BT TRYE L 72, SFRC DJFH
SR (FEEfR/:, 28 HORE) 1, 70N/mm’ (BEEH A), 68N/mm” (BEE#H B), 7SN/mm’ (BE&Hf C)
Thol.

4.4.3 HEAZE

PERAIUER, 43 IR TEREAN R OSBRSS0 T C, —mE ARFRERIZ LV #2578 O HARRHE:
et Uiz, 7ok, BBRREOREFENCRT 2B C, #BRAcEE=IC 1 AMEVW-CV D, 20
B, IREEE L — A NERICHLDIA AT F A A ROICEYE L TR X, ITEORBRE ChHDH Z &
S LTV D,

B-4.4 |2 AMRRBROME 27~ 7. SRR EEATR BRI 1T, aesliigs V¢, PrEoii
FELMECHAHERE Imm/min CHEEES % & Tt L, £ OBEORAFEZFHII L7, 7ok, hikOR-4.6
D(a) & (b)TlE, FATMEZEN 2 2HTAE (HAB 232) Tl 62mm, (b) Tid 38mm) (2 X 0 HAWEL
BRAAT- TS, AW & 8L ONE BRSNS, AWTRE G B2 A mOmE ChL
THEH U50E) ([T BE2 52 DR Lo T D, BBRICE LT, #ifaia B o¥ MR E ~D R E
BT DRERH DD, AR CIIREIERIC X 0 B ROF 21T > TR Y, #aEMRE oM}
HIZRMERELEBU I TRZE L 2N b D EBZ X TNV D.

AEEPEIRIZDUNTIE,  BRUC &0 Rl O RSRIR I 2 SIESARI D S imiflesE, AR O 2 FREEIC X5y
L, MEBSEOERESIEZEL L. MEMEOmEIL, SREmOMLE TERE L, K riai
WTHHBUICTSFRC 2378 LT 280y K 0 IS sReD 72 5RBRIZAS 7 — AT DWW T3R5 L 7.
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HE TR
50705
30
JJI:ﬁbZ/
=
138
| | ok
o 45— s ) 105 (10530)
' 205~25 v
- 50— f SR OO
75 50
+——— > ——pf
SFRC 4k SFRC
{

X-4.4 HAWERBROBEL

4.4.4 FHEREROFTEAE

BEEM OBSEMERIT, TOBENIEIC LY, IS RBE (BEh L s R & O S\ T, %
SRS (BEBN TS, MEREE WS AN O OIRIBICMESN, 205 HRSEMREDEHE
PEOBLEN DI LEE UWBEEMERIIMEREE & ST 5. F70, GHEMIE & milss 4 g4 5
&, FUESEDSG A I THE MR OIZ GO E R E FEMEMET L, #EM oM S L TUIr+4
THHESNTND . 22T, 44 ORBEREEE 2 C, MR COMEME B258ICho
72 SFRC N CORE) OEFEEIAD 90%LL ETh D 2 & & RIf A2 A L QD 2 O HZ L
L7z, 728, BEEmICOWTIE, SN, HTCidd s, SMRmAETEN L W HEAREN
DIEPRRONDHENH Y, RGO B2 2 B2 100% & § 5D La>72720, [
FEGHIOREEE H 58 LT 90%Lh & L7z

—J5, BAMEBREIZOWTIE, ANRO &I ) B OFHAEIERE & FHNC R 2 72 D O—3ABR )5
L LTORELTWD DL, HORE DG GO AT COX AWFREOFTEE LR T 5 2 L1
LN &, JEHIRE IOV TR E A TRBRIC K VMBS TRE L B2 DD Z LD, B
ROFNO BZEEZ R LTV, 72720, HBikod 4.4 KON 4.5 1R 9 a0 R & RIS FERE DL Eootk
HE (B-4.6(b) T DHEM A DFEOTAMITRE) 26T 52 ENEELNEBEZTND. ek, 5
M2 B & 2 72T BB DOV CIEA L ORRBE & U720,

445 HBRBERLEEBR

(1) SFRC L EEMDIZEEDIRE

BU-4.5 |[ZHEEM A GREZATNT 2 L, BRI 20°C) |2 X 2B M A ORBRIK O SRR 277
BIFCiE, BRSEE L2 L AR —Al AR CRYE L 72, BEAT 24 L72V SFRC H{KDFHFTHR
L AMERE OBIR VA OFECORT. EEEMBEGE AR E LIt AW T, BAHMHIO
SFRC N CHEENVE U TR Y, MEMEE (SFRC NTOREE) LEx b5, SEEMBA T O AW
JE1% SFRC BUADH AWHRE & Lol U CIERVMEANIC S 5. BEETR T, SHEOHL S M ETE 722
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_ 9 0
E 12 O
g o
z 96 8
R
2 :
=
< 4
el
® B E AT
O SFRCHi{A&
0 |
50 60 70 80

JEAESE . (N/mm?2)
X-4.5 #E5M A GREARTRL, #BREE 20°C) O AWmHaERHE

SRR A (SR 42564 00 S T DRl
B B ETRGEE (8255 8 10 ¥ > 72 SFRC N GOk )

T B OTREEI S

— 7 10
B 6 587 & g 7.83 7.86
g3 4.67 4,43 E'T
%s & 3 @ =
ES Ew 4 2770
2 2 N 2 9
P 1 — B
0 0
100% @
: ZU i Zu
80% B _
—  60% g— {% ﬁ ?— %—
g 7 1771 W71
B 40% A gt ) 7
N / = - /
£ 20% %— & —/ — /—
S o o O # ] ] v o
-10°C| 20°C | 50C -1o°c‘ 20°C ‘ 50C -1o°c‘ 20°C ‘ 50C CUTIE L SUAEAT 0| B L|¢é TR AT 0| £ 17 1 Jﬁ?ﬁﬁ U
B A EAMB BEAHMC HEAHMA HEAMB HEAHMC
(a) RBRIFOIRSE DB (b) IRE LRI K BEREE AT O

X-4.6 AW & O E O miaE &

W, THLDBREIE L B A TR B 2 DD, ZO X DA E T, #5558 L b SFRC
& bR D MERE AR TRERDME O TR Y, #55H & SFRC OG- HERICHRES 5 Z L AEET
HHLEEAD.

(2) EFrAEREBFDREDTZE

B-4.6(a)l245 7 — AT - AMRE T L OMSEN EOmERS G M) 2779, WwWih
DEFEM TS, WD LD > TEAMREE TR T 2 ond. filziE, 50Cic
B DEEEM A, B, C OIEIXTIL, 20COEAITH LT, £, 69, 2% Thb. 12721,
PEEM A VIHEEM B, CIZHEAR T DK T EAVDVINE < IREIC X S A I ZEE L T 5.
FTo, HEM A CHREICL S TIREREDBMEBE CH DO LT, #EHM B L& C Tik
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AT

SFRCE A SFRCE  SiRf

ol 4 Lon s X

SMRAIICSFRCH HER LT 4K EE
(a) EFFIEL (b) BTFAY
-47 BREECEMRATER OBIERORBLOB] (HEH C)

SRR oD SRR Oy DARMFRE H V), FRCEIRAI T OFIG E MEAA R 515,

Q) BELKIZLIREATOEE

B-4.6(b) |2 — AT B AR I L OBMSEN EO TS G KN 27R7. Ko
AL &3 28 H Q0°CHEAE), AfTA Y &3k 57 B (B4 28 A, BREEALT 28 HIH (50°C,
KHNRE), Sz 1 AR CORMBERAZEWRT S, BOEHM A T, TARIREIME TS5 L
372 <, BEROIZIETEEPMEREECho7-. —J7, #EM B T, BREAMNOA I CEAMHEE
(B AT R DRV, BREEAMIT & > THlARI O SR EfE O mfgR 503 & < 72 28R 7 s i
%. BREARA Y TIRITRE IS THRIIO S EmkdE & 72 o7z, Fiz, #2556 C T, EAWTR
FERELRTT DL & bIT, MEEALE & MR b S O S mEA~BE 2 LT D (F
-4.7, RERD 3 HEICHE L7272, SIREERICENE T TS,

PLED X 91z, BEEMOMRE ORI UBIIE OS2 1) CliE, #26M & L COMEENHRSID &
TEER B, AGRIC L 0 BE MR TR OREREOFIEZ HAREH LI TEDL O EEZ HND.
7235, B-4.6 D(a)&(b)TlE, BREAMA LG22V (@) Tk 20°C, (b) TIXARELOS)) ot
AMTREE NI TR DFER L 72> C0ND . ZhUE, AR EBY, FE L TORBRRHNS, K44 12
ARTHAROIEEZRE  LIzZ EFIC XY, $8mITERT 2 T2t 5 5 RIS OR8N 372 5K
EEZLIND.

4.5 SEXHRIRGAERAD T EEITHERIC & DEFMAIEDIRET

4.5.1 EHERA

B-4.5 |ZHmfr AT TRBRIC A U 7o ERARMGRBR AR O ~HER IR & o i & 2w 3. SifEE
SM490Y Th 5. ERAITHFMIMY 721X 2 BREITH Y, kY 7 & PiEEY) 7 ofiidiE, Uk
B OFIF_EZ 2 2750mm, 1375mm & LTW5. T SR IR IOE CHEEYERD 7 12mm T
H5. AWERAL, emm/EOU V7% 2K, Smm/EOU U 7% 3K (& HITES 240mm, §F 320mm)
G955, VTR 8mm O U V7 THfRRAZ{T> T\ D, 77 A MLE (ay b7 TR Mg
(AF =7 ) MER), BREFE Sa2.5 T4 HIE, A 150kg/m?) 12X FHEE1T-7-
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O EATHERAIE RABRE

4450

175 ; 2750 1375 1500 () Casel 1005 EIFEFTHSIRAEREFR
T oS e e > Siy5 T O Casel 2005 T3 BEBER
l (SFRCH#8) (0 Case2 20075 [ ET# 51 3REABRE R
BEE ] ! y i X
o o . of' . ol . ! £
g ; : ETE 52 v Lo j \
3 —] I8 .—IM
E= 2| s (===
1 e |
: £
* | * s
‘Bl | ' f
g 2
o [ z
g gl 3 H % :]
= C:SJ - B ! {: 5 - =]
E I ! 23 &
I : : E m ::Ej
I 1 1 1 ﬁ ‘E
I 1 1 1 115
F°Poe I TN
® | ,\‘ 1 1 1 * é E
I = l I 2[|:
T T T w
. .I . .I . . [ . . ! 2
' § ! ! | —;]
) e ! ! | ! ! ] [
J
A MR B MFEC ¥FED MR EE it E T2
"

B-4.8 SFRC &k S 7= ERERMGRER IR O~HEIR

%I, |42 TOBSEM A 24T L, SFRC ZiBRIADIXTRMIZES 75mm THGEX L7z, SFRC O
Bl AR S ERMEHT, HEHMORIHE (15Smm) LUME, AiROFR-4.1 OLBY THD. Mg
T A2 & fEF L ChR 3 BEC 24N/mm” OJERFIREE NS S D SFRC 2B =7 U — v 7T v
hcHlig L7-. SFRC OFEAFIREEL, 27N/mm” (Blih 3 B#fl), SINmm® (M7 H) Th-o7iz.

FARMANCIT , —¥0 SFRC HEPNERIZ MG 100mm OR--ROMBRE (Wrinfg 39.2mm?) Z3%E L
72. CFRP 7'V v R ERHIN D RFAHE A BRI IR S0 b — B Liliisb Ch 5. F7z,
FRIRR U 7 ArE W D (21% SFRC OF Tk H Z23%1 Tl v, EAMMI & 402> SFRC OFTER1% 2
RIZCHEMm L. FIkR 7222027 Y — MEIZIZT v ¥ 7 L— b & SFRC OFEEIHEHA L
D LR CHEM A 84 LT

4.5.2 EREAE

F-4.3 (MR & FEWIROME T A —2 23, R — AL, FHIC LY SFFS o8k
Jift > SFRC &L AT 2MER T 2854 (Casel) & IEHITAMEMT25E (Case2) D2 r—A L
L7z, Casel 1%, KEUEDHERS TN 2 A YREMZE HA TH Y, AHFIZE Y FAHE LIAET
2 OOEIFGI B A B AR S D 2 &0 D, SEEIITERIIIC g LW — A Th 5. Case2 1,
T ¥ T L— & U U T HOBEEERO & ZH AR LTk LOERGIFE L B2 6D X TN H A T
U V70 =7 Al 2 B L 72— A TH S,

OOEIVE AR & AE U 72 SRR IGRBR IR FEM fATIZ JAuE, SFRC &gk e 7 > %7 L— b
DG SNTOREE T, B84 K OY SFRC % & Il S O T X OSSR I BV TS )
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WREREL < 7o T B . ZEaE x5 &, RS, SRR Lo&ETIE, FHr =7 Ricéis
ZPE D OO DA LB EICEET 2 ATREMEA @ . AT IO BRRA 09 5 OOFIR UK AR A
LODHEAHEICIET v & 7 L— hO#MITFEIZIE CCHIEDBMERT . ZOEMNIKBEGET DI
PUC, i EOME EOMR Y K URn O BZ 1T 5 Z &5 SFRC #iEIZ & o TR LW &EDO—D2Th
D EEZ. 22T, Casel T, W EEITRBRIZIENL S, Witk A, C, E OfEIZENZIUTE (&
-4.11 B8) ZHEfrL, FHTY =7 BICOUEINAEA L7ct4, 100 58] (50 1EE) O a7
EML, SOICHRBRIK EMEICKEZIEY, SFRC &% 522K S E7REET 100 7 la O 2 52

i L7~
FT-43 WIS & FEWR O ST XA —H

%t%ﬁ e gy g
i e 7 i i b
AB CRRP
w7 2 1 S0KN AN
Cur  [EIEODE| mL
TR | o] s0kN R Al
e (FTHEE E5)
7Kg 0 10075 [A]
E L
AB CFRP
7Y v R
Case2 iy i 7 1 SOKN c L
(i | A%»2005m [T o L
(FTHEE 55)
E L

B-4.9 K&V PR Tt T TRBRR

BI-4.10 5 IRABURATERE & RBREOMIE =27
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Case2 TlX, I HKESHTRAET 200 Jlal Ok B AT T4 550 L7z, B-4.9 I[ZKIREY IREETD
BRI 2

SR AL TR SR RETIAE R 0 ISRV CEHI SN K E 298kN 2B | ZHif R 4
150kN & L7z, KMHE DKL 7 V2 A VI K Dl B2 AUE L, JES 22mm, #E 200mm O = L4 2
Koz 100mm B LTRSS ICEE, Zo Ric#lii7 vy 7 2@ & #er Lz, BB, BT oE)
A7, Wi EETT ST EMICE B L CHEEM A O5 R (B-4.10) 1772, SBRALED,
48\ T LB ThDH. SFRCEHEIL, a7y X EHNT, ¢ 100mm OYIY AL ZT > % Eifi
IZET HETAN, HF 0.IN/mm’® ORGHEE CHREZHA L, 7 %7 L— k& SFRC #iiows
BERMDSET 2 £ TRBRZITV, B A 31 U 7. S8R Jiner B84 THRBRAT (0 0 [ElHifieg)
K72 LB (100 HIEREARE) , KIRY (7% (200 JTEIHERRE) (25865 L7z

4.5.3 HEBRRLER
(1) IEHEREER

1.5 OB EDIIZE Tl A~z £ D ICFTIEC & 28EER 2 WHIIIRIRIC K 57 v F 7 L—he U U7
DYEEEEBITBEOIS IR RT, FH T THIH LTSN TV V. ARIORER T b ISR O
HENRH -T2 MR L TWD. Bz, Case2 IZBITAT vF 7 L— MR & e x5t
L7=BBOTH 0L LTOT v X FTHIBEHWOT A (T v - UV TEEEROT v SIS S
Smm AZEIZAGT L7277 — PR Imm OO HS —T OfF) 1%, Wi C Tl 150kN #ifiiRgC 451 CREl
HERE-1100p) & RIEIZIK T L TR Y HERHET 10%LL F &> T D, & 51, Casel,2 & b ITiwfar EE
TOU U 7HEBEREEOT v AR U U 7 HOOT AL, 38R TREE TRERZTIARONTT >
7L — h & SFRC £ O— LIRS TV 2B BND. 728, AfmSCTIE SFRC FizEs o
BRI RIS 2 BAERRATIIAT - TRV, 3538 B SBIERTENE L 7238 T D572 2 FERHRIGRER (A4
W ERHRTRRER 2 PR TR O O3 B B & TIE O I 1T - T D, ZOFERIC
FAuE, HATHIIOBHE T SFRC &l & 7 FHCIHRTREEMTH D Z L 2R L T D.

(2) FNETICK DV UVEINEAR; (Casel) DEE)
®-4.11 |2 CFRP %I L7~ A &, BaE LWV WG C, B 23T A1FE & O UEUIE O B %

350 WiHE UU‘%IJ%L%FE
300 HI140kN

WrimC OO s

950 #I200kN ‘
z \
200
E —s— I A
150 A N Tel |
& KT E
100
50 7 T iow o
WrimA O OVEI A

0 , #9120kN
-0.020.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
OO HUE (mm)

B-4.11 OUERVEASITIZ T D fr - O A Bf%
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1 1
§ 0.10 10 Wf ’ia.of*ﬂ;ﬂis-%ﬁsf 1.06 0.0570.45
W "ﬁ

| 0.05°
}ﬁtﬁﬁéflﬁﬁﬁaomm
(O simstmEmo LAIR-955R

®-4.12 200 J7lalfaf EAETTRERIE TR OFHT Y = 7 EH EOOOEIRVIRIL (Casel)

L~ |
U1

Sl

o T T
|

H

ey IO OUERUIE & XM Y = 7TE RICERE L a5 —DIC KV EHII LB TH 5. 7eds,
n W — A WAL E & 2 ORI 80mm BEIL/-AIEOGFEE 3 FEFTICERE LRI AT o 7228, 3 T
CTOFHNEICA B ZEITTRO Hied o 7272, WrifiEOma AV Cnsd. Wi A TITK 120kN,
Wi C T34 200kN, Wi B TR 140kN TOUEIM ST Lz SHERIS S, Ak 30, 32
TR S L7 EE DS, AR OERATE & LT 150kN FEEEAEE S, FHTIE F0o> SFRC SR H
ZITEm i EC L D AT DEEOAH TOUEINAIAET DA RS RKE VWL F 2 5. 723, CFRP 7
U RCHEER L7 A TIHRWHTE COOEINSHEL TWD. F70, Wim A OOOEFUIE X
C, E S L TUT L/ WD Tldew. FF IS VIR AZ O CRETHZ x5 & L
TR AR A S LT Y 2, Z OB ClIARA O B K D OUEIRUWEIR OFEE R~ T
5703, OUENO GRS OOERUROIIHIZIA T4 L S UIHEICITERD bR, 2 b OfER
O L, D7 EBAMTIZRT S CFRP 7' v ROOUEINFEA £ TOXMRDRIT NN H O
EZEZBIND.

Bfiits o BARBIEUC L 5 OOEINIEIL, Wi A, C, E & H120.04mm Tho7-. £7-, OUERE
ANZOFTE 150kN fiifir + BRAFIC K 2 OOSEIRUIE O Z B S 0.02~0.04mm Th 7=

) EWEIEEST (Casel,2) BOUVUEINEE) & HIRMEIK

B-4.13 12, Casel (2351} DHmffEAEITIE 1% (200 J7[AIRE, MEEGHRAE) @ SFRC i DO OO
Do & OOEFUIEZ 7~ 3. i BT TRRBRET O O-UEVEAGRBRIZ R\ T, OOEIUIHIE A, C,
E OAIFEE L TN, SRffEOMEE LEITIC L 0 T Y = 7HE EOSRIZHE > TOUERUAERE
L7 B4 U OO oY, BERBI£1Z X3 0.05mm~0.15mm THh W /hEWH D Th o7z,
FHIE EOOVERUCDONT, SIIERBREOILE CHEEE L= & 25, #2200 LS =207 OJE i
FTHERL W 2L, TEMOBMICED, X0 MR T 2REOHMAR DO TH
ofc. Fiz, Wik D IZITERAETTALE D B iR UG £ CREhE A O OOEINAAE Ue. Z o8
SEEEY TE ETH Y, 7D SFRC OFTfkH OALE TH & 5. OUFIFUIRIZ 0.035~0.05mm ThH 7=,
¥, ZNHOOUERUL 100 JTEIFER & 200 TTEIFER TR E 72740370 <, ARV I X HHERITeh
STebDEZEZHIND.

Case2 TlE, KEENET 503, WEA TAEIZIR > 7 OUERUTR. 5407, SFRC OFTHER O & 2 HifE
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ovsing [ awme T ] miarns (B-4.80 0178 RGBT
(1) () NOEUE (%) 1IN E 2310 28 B O iR & CEEE) 2779,

5 ( : 5
—~ (100%) 100% _
= 37 3.9 (100%) E 4
g (100%) 7 g (100%)  (100%)(100%)
z A cowo | z 28 2929
3 28 % (100%) % \ 28 29
= |23 / i 7
= | i
CHE AL - 3IRII3RI031K] Lefk][31K] [BERME - 3R] (31K 6fk]
R A — R Casel KER A — 2 Case 2
BRI 1G] difr EAETTHT | KARLETHR | KIRVETHE B | W EE TR | KRV BT
(REHEHD (073151 (100751=]) (200731]) (B FHE%D (075 181) (20075 [=])
(a)Case 1 (b) Case 2

®-4.13 EHfAEETRBRATRICBIT 57T v ¥ 7 L— b & SFRC &R oS m D8 [IERBRE R

BRY 7 NCE (Wi D) AHEOERE FI2HE 0.05~0.4mm O OONEIE LTz,

@) Ty¥FTL— k& SFRC SHERDEAE DS IIRARE

Bl-4.13 (T Casel, 2 (2D Tl B E TRBRITR 2361 T D HEG 1 O 5 IR OREREE R CF9H) %
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