ISSN 1346-7328
[EReHIE R 556085
oK 22 9 A

= TN BOR ST FEATE B
HLRINTEHRE =

TECHNICAL NOTE of
National Institute for Land and Infrastructure Management

No.608 September 2010

FREHRIL A2 B R LTSl R i OIS B 2R E LI B9 2 WP 58

Research on structural improvements with damage evaluation
for orthotropic steel deck

EtRmE  EEEINEORIE S SERET
MO AT Btk N £ K HFFE BT
HEHEAN BRABREBERB =

National Institute for Land and Infrastructure Management
Ministry of Land,Infrastructure, Transport and Tourism,Japan
Public Works Research Institute

Japan Association of Steel Bridge Construction






E +H AT BOR R & AR 2T g R Technical Note of NILIM
%6085 201049 A No.608 September 2010

BRI EZZ R LR OEERAE LICE T 2015

Research on structural improvements with damage evaluation
for orthotropic steel deck

= EAgimA E A BOR S iR
MOSE AT BrisE N bR HF 52 P
(NN NS WV N (O 3 <

e

National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure, Transport and Tourism,Japan
Public Works Research Institute
Japan Association of Steel Bridge Construction

B

TS E OB BAG OBURMR O F7ax 51T, [HhE G ORI FHESE) 1T X D EEER G HIED K
EINTWD, LrL, F727U 72T 28RS OW TIIEME R SIS 42 A e
ETHDHE LB, #ELZNT 2O CTEHENERT 2 EORESCETMEOIZL DX HK
<, REHIBWCEHRIG ) 2 310 U TR FIHAMEZ EYICEHET 5 2 EnHEETH Y, 1»oFD
FIELMHEL SN TS TN, —7F, IHFICe > TR HEZ @& O L O EEFR O SRR IZ B0
TT X7 L= 2 BETHISHARBAINET LD,

T, ARWFZETIE, ORGSR ERNEBE L, IR eHE o AN TRE S D b
77)7%ﬁ¢émfw_ﬁbf,_h%@ﬁﬁ%ﬁ IS X0 SIS AMEDS ]IFF T X D XIR
DO 7 BRZ, FHTMHAMEIC KA 2B 2 R-T¢EZ20N0 77V 7T X7 L—hD
WEIZEB LT, ﬁ%x#ﬂ@% &ﬁ%%%mt&Eﬁﬁfﬁﬁ%k%%k&ﬁm%%wtfﬁ
FEETRBRAER L, 210 ORI D% 57Tt AL R LT,

%@%%,%?7Uf%ﬁ#é%%%@ﬁ%m%@tﬁbf?y%7v~b®mrﬂk%ﬁ%@
BH 25N gnotz, £, WHEOBEFEHFNT v 7 L— MR 12mm OFETEL TS
BUR & AWFZED FRFER D, T o X7 b — MiEL 16mm LLEE 352 & C, FEOKEITHEED
RAEV AT BRI TED Z ENGhotz,




Synopsis

Standard fatigue design method for orthotropic steel deck for highway bridges is provided in
“Fatigue design manual for steel highway bridges” in Japan. However, for orthotropic steel decks
with U-shaped rib, it is hard to verify the durability properly based on calculated stress since it
have complicated welded structures and magnitudes of live loads and their location vary, and the
design method has not been established. On the other hand, the crack which develops through the
deck plate has begun to be detected recently.

Several kinds of fatigue tests were conducted with the combination of thickness of U-shaped rib
and deck plate that is considered to have major role to durability against fatigue being paid
attention in order to establish the countermeasure which ensures the durability against fatigue.
The effects of these combinations to the durability against fatigue were observed.

It was found that the thickness of deck plate gives great effect to durability of orthotropic steel
deck with U-shaped rib, and that 16mm or more of thickness of deck plate can reduce the risk of
generation of same kind of fatigue damage from the results of these tests and the facts that recent
damages are detected in the case of 12mm of thickness of deck plate.

Key Words : Fatigue, Orthotropic steel deck, U-shaped rib, Thickness of plates
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2-50



®
A

Ab&cD I
@a~d DFH

F-l{oakdoFty[- -

140

40

20

140.0

(W) XEIERE R

0.0

8ne6la

9n61a

8n9la

9ngla

8nvida

Inv1ia

8n¢ia

Inela

8Nn61a

9neLa

8n9lLa

9ngtLa

8nvia

anvia

8nc¢ia

9nzia

(b)

VBR CHRPE L 7o R OHIPH x

(@)

i

%]-2.3.40 fikEE

OakdD ¥
AbkcDFLY

F-—--|ea~ddFy - - ------—--————

<
<

(ww) A EERE 2

Q
o~

e
o

8N61a

9neLa

8n9lLa

9ngtda

8nvia

anv1ia

8n¢ia

9ne¢ia

8ne61a

9n61a

8n9la

9ngla

8nvia

anvia

8nc¢ia

9ncia

(b)

VBR CHRPE L7 S R OHIPH y

(@)

B

T

X|-2.3.41

Ab&cD I

®a~d DF1Y

F-{0akdDFHF -

10
8
6
4

(Ww) ZHEIERER

2

8n6La

9neLa

8n9La

9nglLa

8nv1a

anvia

8n¢la

9ne¢ia

8ne6La

9N61a

8n9la

Ian9La

8nv1a

Inv1a

8nc¢ta

Incia

(b)

(@)

VBR CHEE L7 X R OFIPH 2

B

%-2.3.42 i

2-51



(b)

B A

F2

2-52

o ! !
' 1| sneLa ' O® ! 8N61d .
| | ! ! 8N61Ld
BN ” | o ‘
1| 9n6la (@ | 9Nn6La b
o ” ” A ” ”Qg | 9nsia
L1 | snata B o ! 8n9La = | 8nola
Lo i , | Q T ]
11| enola K ® ” 9n9ta ) . 9N9ia
o = | | S L 1
o snyia pcbl ,‘ ” 8nv1a \(k.U\/ W_& ” Q” 8nv1La
see =3 N 0 | 1
&g | onva ) [ ] a8 | onvia g ® | |F@a | onva
2 \® & , BF B B ~ , , \w BF B
357 | snera i , S8s - 3§85 | eneia
234 ATk N imw 8nzid A b MMW‘
T | 9nzia L ” c<de i @ : 9nzia
! L & ”Q | 9nzia 0 i !
£ al o o o o o o o
$8328888R82° Mlm L g ©® o w® o & £ 88 8 8 R
(%) SEHYEY S W) I OEOER & @) VRBOESR
o S
@ O O T % @ QO O T W@& © QO O T
oo k oo &\C oo
) ] k
8N61d W o0 8n61a 3 & D 8n61a
| | | | | —
9n61d hﬁ R, 9n61a i @ 9n61a
v T i 8
8noLa pE] oh Lol 8nota % 0 8noLa
s ol & ]
9N91a MW INccenli 9n91d et e | 9noia
—~ =B [ T B —_~ wm_i&
snvid 2 C k" gyl & & < | snvia
on [ [
onvia h: s onv1a T © o | onvid
. | | | | |
N [ N I | e} O 8Nc¢lda
8nz1La = I= - N 8nz1a ol ]
| | | | | B @DN—Q
oneid 2 9nzia % <
| | | | |
8 8 38 8 ©
Qrezae S g & &
(%) B EY Ww) 110 (Juw) VEHEIORER

(@)

%]-2.3.45 i

R CHEE LT A ofHE»OHEB L& o

B
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200 J5[EIODH 0 3R Ui farslBR O T B S SN U 7o & B PR R D © OHEE = AL
LB OB CRE LT S REH O 21T - 72,

ZORER, BERRERR) O OMERH R L WEBERRITT LA LD —A TN —%
B LTc, FRCZT v X 7 LU— FNE~OEZERIES (2) IC W TEImHF ORERITITIE—
BHLTRY, BEREERRICL - TTF v X7 L — FNElEZOBENE~DE S J7 i
JBURSIIRE L SHEETE D MREMERE W2 ERRST,

#-2.3.27 V2812 a~d DXRIGHET DRV T O & ZURABED UT HEERE IR & Al alin
FER O 2R,

(1-2346~51 122 b%x 77 7k LIzt DERT,

#-2327 EZLRAED UT HEERE R & mealings 5 otz (1)

UTH LD HETE =
(20075 [E6F ) (WFffff)
r—X (ab,c,ddD 1) abo, =
EREEx | EREEy | SNEFz | SHOBED | EROEMIE| SREHEx | 2REFRy | TRNEFz | RO B0 | EROEE
(mm) (mm) (mm) Y)L(mm) Almm?) (mm) (mm) (mm) LJL(mm) Almm?)
D12U6 94.3 8.1 9.7 12.7 595.8] 109.4 7.8 10.1 12.8 698.0
D12U8 107.5 8.1 10.4 13.1 704.7, 101.7 7.0 9.9 12.1 615.9
D14U6 104.5 10.5 11.5 15.6 812.8 105.0 10.3 11.1 15.1 796.3]
D14U8 106.8 11.6 11.2) 16.1 859.9) 86.4 10.0 11.1 14.9 642.9
D16U6 85.5 15.9 13.5 20.8 886.9 840 9.1 11.5 14.7 617.2
D16U8 100.3 12.3 124 175 877.4 102.6 112 125 16.8 861.7,
D19U6 82.0 9.8 9.6 13.7 568.9 65.8 9.5 10.0 13.8 455 4
D19U8 81.0 8.9 7.9 11.9 491.8] 54.5 8.0 8.1 11.4 330.5

£-23.28 XZLREED UT FEH & ARG 0 Lk (2)

UTHER/BIRHRIER

b—2 (a,bc,dDF1y)

TREFE | SNEE | SREE |2RoBOY| HOEHE

X y z L A

D12U6 0.86 1.04 0.96 0.99 089
D12U8 1.06 1.15 1.05 1.08 1.14
D14U6 1.00 1.02 1.03 1.03 1.02
D14U8 1.24 1.16 1.00 1.08 1.34
D16U6 1.02 1.74 1.17 1.42 1.44
D16U8 098 1.10 0.99 1.04 1.02
D19U6 1.25 1.03 0.96 1.00 1.2
D19U8 1.49 1.12 0.98 1.05 1.49
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3.3.2 Wi B AT TRAER S SR

(1) BHAYFHANC X 2 sl 5 6] 52 B

FB22 TR TEIAFHHIT v > =L (8CH) OFHHFE SR A2 TR 3 A7 — VI T, X-33.3
~51ZRT,

(a) EITBHAARIIIR (FE 30 I EIETTH T )
(b) AEfTHHRE (718 195 T IEEITHE T RE)
(c) EATHETHE (718 300 J7[ElETTHE TR

(-3.3.3~5 XV, 11 (EW 3.2 sec FefE) ORI HA (12 34 (ADL-3-0), 1/4 X
s (BDL-3-0)) OO AL 635~650 ufE2E Th o7, 70, & H ROSHEZNL (DS-D2,
DS-D5) (% 1.3~1.5mm FREDRIFE Th o7z, T HITEITRRIGPIIIRED & ETH THREE T
FEALRRBREDIRIETH Y, FICRKEREMITA LN THRY,
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VT H(u)

VFH(u)

VFH(u)
o

1000
750

500
250 |

max 165 u

\ O i 635 1

-250

-500 ‘
1FEESYOHM = 3.2 sec (0.3Hz)

=750 [

min 470 u

-1000

30.2 31.0 314 318 33.0

B¥fl(sec)
(a) BINUTAHT—4 (ADL-3-0) (30.2~334FhFKR)

30.6 322 32.6

334

1000
750

500
250 |

max 165 u

ONT A #iPH 635 u

(0.3Hz)

{FE S VDOE I = 3.2 sec

min 470 u

-750

-1000

322 326 33.0 334 33.8 34.6

EFfil(sec)

342

(b) BV THAT—4E (BDL-3-0) (32.2~354FhFKR)

35.0

354

1000
750

500 f
250 [

-250

-500
-750

-1000

30.2 30.6 31.0 314 31.8 32.6

BFfEl(sec)

322

(c) MUV THAT—4 (AR3R-0OU) (30.2~334FFR)
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VFH(u)

1000
750
500
250

-250
-500
=750

-1000

OFH(u)

241 (mm)

40
3.5
3.0
25
20
1.5
1.0
0.5
0.0
-05

1000
750
500
250

-250
-500
-750
-1000

I|'v

322

32.6 33.0 334 33.8 34.2 346 35.0
B¥fEl(sec)

(d) BV THT—4 (BR3R-0U) (32.2~354F)FKR)

354

max 2.0mm

/

i

ZENEAGPR 1.3mm

|| min 0.7mm

30.2

30.6 31.0 314 31.8 32.2 32.6 33.0
EFfEl(sec)

(e) BIMZERT—4 (DS-D2) (30.2~334FFKR)

334

,JW”“MW@WMN

30.2

30.6 31.0 314 31.8 32.2 32.6 33.0
BfE(sec)

® BHWUOTAT—4S (ADL-4-0) (30.2~334FPFR7R)
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VT H(u)

1000
750
500
250

-250
-500
-750
-1000

4.0
3.5
3.0
2.5
20
15
1.0
0.5
0.0
-0.5

ZE4I (mm)

30.2 30.6 31.0 31.4 31.8 32.2 32.6 33.0 334
B (sec)

(&) BIMUTHT—4 (AR4L-OU) (30.2~334FFKR)

max 2.7mm

ZEATHEEHE 1.3mm

30.2 30.6 31.0 31.4 318 32.2 32.6 33.0 334
FFfii(sec)

(h) BIRZERIT—42 (DS-D5) (30.2~33.4F)FKR)

4-3.3.3  BYRYFHANC K 2 Awah T B (1708 30 5 [EETTHE T )
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VFH(u)

VFH(u)

1000
750
500
250

0

-250

-500

-750

-1000

max 200 u

O B fipH 650 u

1EBELYOEH = 3.2 sec (0.3Hz) min ~450 p

30.2 30.6 31.0 314 318 32.2 32.6 33.0 33.4

1000
750
500

'S 250

S -250

-500
-750

-1000

FFfEl(sec)
(@) MUV FTHAT—4S (ADL-3-0) (30.2~334FHFKR)

max 170 u

bt e

O i 640 u

1EEYSYOJEH = 3.2 sec (0.3Hz) min =470

322 32.6 330 334 33.8 342 34.6 35.0 354

1000
750
500
250

-250
-500
-750
-1000

BEfEl(sec)
(b) BBV THT—4 (BDL-3-0) (32.2~354FpFKR)

30.2 30.6 31.0 314 318 322 326 33.0 334

B¥fEl(sec)

(c) BIIUTHAT—4 (AR3R-0U) (30.2~334FhFK )
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UFH(u)

1000
750 [
500 [

250

0 L‘V""V"’L“ VI | - w""l F‘" ) M AYAA o I\UAYAVAVI\‘Wn"r\“
-250 W w
-500 [

=750 |

-1000
322 32.6 33.0 334 33.8 342 34.6 35.0 354

FEfi(sec)

(d) BV THT—4 (BR3R-0OU) (32.2~354F%FKR)

40
35
30 |

25 max 2.2mm

L e R A |

£ (mm)

05 min 0.8mm
00 [

-0.5
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750 [

500
250
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o
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1000
750
500
250

-250
-500
-750
-1000

30.2 30.6 310 314 31.8 322 32.6 330 334
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750
500
250
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-250

-500

-750

-1000

322 32.6 33.0 334 33.8 342 34.6 35.0 354
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750
500
250
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-250

-500

-750

-1000

30.2 30.6 310 314 31.8 322 32.6 33.0 334

7..l|.\| nﬁl.

- 1FEYUYDJE = 3.2 sec (0.3Hz)

BFfii(sec)
(a) BIIUT A T—4 (ADL-3-0) (30.2~334F)FKR)

1FEE LD = 3.2 sec (0.3Hz)

BFfEl(sec)
(b) BT HT—4 (BDL-3-0) (32.2~354F2FKR)

NI T N

[ i dn

B (sec)

(c) MU THT—4 (AR3R-0U) (30.2~334FhFKR)
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O AdiF 645 1

min —440 u

max 210 u

O A&iPH 640

min —430 u
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500
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