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Development of Fatigue Free Orthotropic Steel Deck System
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Abstract - This paper presents detailed research procedures and results to develop fatigue free orthotropic steel deck system. The
developed system controls concentrated stresses in fatigue-vulnerable regions without changing 14mm deck thickness by installing
bulkhead plates inside u-ribs at the location of transverse rib. Parametric studies on adequate number of transverse and u-ribs and
boundary conditions are conducted to evaluate the suitability of finite element models. Experimental results assure the efficiencies of
bulkhead plates and fatigue categories. Additional parametric studies on shapes of scallop and bulkhead plate and its initial welding
locations inside u-ribs result in fatigue free deck system having nominal stresses in five fatigue-vulnerable regions less than the

cut-off limits of corresponding category.
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Fig. 1. Basic model for the finite element analysis of orthotropic
steel deck system
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Table 1. Contact areas of fatigue design truck

Front wheel Mid. wheel Rear wheel
19.2 kN 54 kN 76.8 kKN
103mm x 258mm| 173mm x 433mm|206mm x 516mm

Applied Load (P)
Contact Area
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Fig. 2. Fatigue design truck
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Fig. 4. Max. principal stresses with different number of cross ribs
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Fig. 6. Max. principal stresses with different boundary conditions
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Fig. 7. Dimensions of U-rib and scallop
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Table 2. Descriptions of fatigue vulnerable regions
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Location Descriptions limit
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Fig. 21. Fatigue vulnerable regions and stress contours
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Table 3. Nominal stress range and cut-off limit

Location Category Cut-off limit stress range
@ E 15.5 MPa 6.1 MPa
@ C 34.5 MPa 8.7 MPa
® B 550 MPa 529 MPa
@ C 34.5 MPa 255 MPa
® A 82.5 MPa 60.6 MPa

4. 4 &

B w2 AT FAE 4mmE FASIEA 3-8 5
¥ 20 WAISIA] oh= ZduE T AlARRE i she -2
£ iRt Ao, duiae] s7f m2AeR (=R E #1119
Zarea UslE 85, 7i=e|Eu UslE 8, 7iee]E
279 S -SERISE, UR|He Es]e EolE 84, ¥
TI= EoIE st 3HHTTHOIM ske T3S
£ sfgete Al et SR W2 Aol = Al
ZArE A2 TS f15t s A A A7 AR AL
238 W82 thadt Lk

5

2|82 15 ZJo] 9m, £ 3,52mQ] 7| EeAE S A5 0.
], 7 Sk u] 3ol 317] 1 B2 2719] BARE 28
A= Yt

(2) 2714 Z3etE ATRIARE AlRkste] B2 AR 3T A
7k 2] H R0 bt Uz H 9 E- 8 RoflA 2 P
o] sl A RIS on, w2/ AT = ER RIS
=

(3) UZ| BO] FEH distortion)& A ofd H4 0] T 5] = S
O|E 9] FAS WSIAIA ShAI3E TS Higo R XA Hdis
o IASH=AAIE Aol om s = S| EAHS
7B o] WEAZIA o2 A ()0 AEE $A -5
S FR FAY R Bt e 4 QLS iAS ol 29l
i3t

(4) 32 7 B 23S 53 U] B Yol A E 3]
T EZolE] aiE gRIstglon, 7hae]E A% s3]
ASH= BAR Yol e E-etal W ZAAES BE 2-83foF 5t
£ A0% UeRith

(5) 7} B A7 B4, U] E o] AAJoi=Ead|= &4
o|EQ| P U LA & WE T oS st Zh o=

TR = AR1E A13(Ed Al158%) 201949 2€ 51



k|4 73t A2 A

ZF|okEo)| A FASH= 2R Q1Afe o] o= AMA| 9] ok provement of Fatigue Strength in Scallop of Cross-Rib
TAN 2T BRI E 245 S5l 240 ekl A A and Cable Anchorage of New Wando Bridge: The Final
< Ftsle] A5 Report, Samsung C&T Corporation, Korea (in Korean).

[9] £89(2003) Zrieaine] HAA2He oIt shaA AT
ARRISN=E, SIS
Cho, Y. (2003) Analytical Study on Optimal System for
Orthotropic Steel Deck Bridges, Master’s Thesis, Kookmin

Z -3 (References)

[1] Kolstein, H., and Wardenier, J. (1998) A New Type of Fa-

University, Korea (in Korean).

[10] =542010) 2gh@ge] Aol Futtae] 4 4
Aol Tt A0 9 S QA7 AAeleheg, St
Do, H. (2010) Analytical and Experimental Studies on

tigue Failures in Steel Orthotropic Bridge Decks, Proceed-
ings of 5th Pacific Structural Steel Conference, PSSCA,
Korea, pp.483-488.

[2] European Committee for Standardization (2006) Eurocode

Optimal Details of Orthotropic Steel Deck. Long §
3: Design of Steel Structure, Part 2: Steel Bridges (EN ptimal Details of Orthotropic Sicel Decks for Long Span

. Bridges, Master’s Thesis, Kookmin University, Korea (in
1993-2: 2006), Belgium.

Korean).

[3] American Association of State Highway and Transporta-

[11] Oh, C.-K., Hong, K.-J., and Bae, D. (2011) Analytical and

tion Officials (2012) AASHTO LRFD Bridge Design Speci- . . . . .
Experimental Studies on Optimal Details of Orthotropic

fications, USA. .
Steel Decks for Long Span Bridges, International Journal

[4] Midas IT (2009) Midas Civil 2009, Midas Information

[6

7] W, 3%, 2282002) Zeteing] A 9 A3y

(8] HISFH, TS, Q4EH2006) Y=o Zuftuto] ajy

| FEFE2012) =20 AA7IEGARTEEAD).

—_

of Steel Structures, KSSC, Vol.11, No.2, pp.227-234.
[12] HAH2(012) FRIR4HE 7HI 24 ek A28

i, ARk, S RItieka

Choi, J.-Y. (2012) Development of Optimal Steel Deck

System with Fatigue-Free Life, Master’s Thesis, Kookmin

Technology, Co. Ltd., Korea.

Ministry of Land, Transport and Maritime Affairs (2012)
Highway Bridge Design Standard (Limit State Design),
Korea (in Korean).

Kaczinski, M.R., Stokes, F.E., Lugger, P.L., and Fisher,
J.W. (1997) Williamsburg Bridge: Orthotropic Deck Fa-
tigue Test, ATLSS Report No.97-04, ATLSS Engineering
Research Center at Lehigh University, USA.

University, Korea (in Korean).

[13] Oh, C.-K., and Bae, D. (2013) Fatigue Test of an Advanced
Orthotropic Steel Deck System Using High Performance
Steel for Bridges, International Journal of Steel Structures,
KSSC, Vol.13, No.1, pp.93-101.

[14] Oh, C.-K., and Bae, D. (2014) Proposed Revisions to Fa-

FIHEL B, FTHIA, WIS TAFAIA
FHEL AT 2T § BT SR tigue Provisions of Orhotropic Steel Deck Systems for Long

Bae, D, Kong, B.S., and Oh, S.T. (2002) A Study on Im-

Span Bridges, Int tional J [ of Steel Struct s
provement of the Design and the Constructibility of Or- P ges, International Journal of Steel Structures

KSSC, Vol.14, No.4, pp.811-819.
[15] FETEE(2015) E20EA7|EEHAVSE AR, Alols:
).

Ministry of Land, Infrastructure and Transport (2015)

thotropic Steel Deck Bridge: The Final Report, Samsung
Heavy Industries Co., Ltd., Korea (in Korean).

A% B A A1 Ao e AW A7, HEnn
A, A Aan e
Bae, D., Kong, B.S., and Oh, S.T. (2006) A Study on Im-

Highway Bridge Design Standard (Limit State Design):
Cable-Supported Bridge, Korea (in Korean).

2 OF:0] RO BIhRATE 2 e AL L] 1% A7 34 9 WS Aet Aolck. Zutetel £
4mm $A3HEA 71222 9410 US| o] A3 B0 ES AA\slol 2 Hre] $2& Aofsls slsic. 7l a}4

B TR /12 U U, AR S AR o s B o] A7 489 4R MRS G

Ao 53 A= EFo|ES] AdE IRUsHA o, ﬂl Fopr2l ﬂi’%*ﬂ‘%*éé gelsteint. 7tz 2| A9 94, Eas=

Edlo 1‘5«]%‘%”1U‘D'l‘ﬂlﬂ«l SHAA S PR

%

R EEEE L EUR SRS BESEERE
oA MAISHE B3-S o] 2 A S ek Fated BT 24 Hek A HASHE ek Al A9 Apstel AXSHsc

Yol : Tt 2y JHg T, At e £, UR B, Zhee|E, 229 458 E S o|E, m2dd, Foked SA Y

52

=772 =2 AR AZ(EE A1158%) 20194 24



