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5- Partial joint penetration groove weld
6- Hot spot stress

7- One millimetre stress

8- Tee joint

(<)
Sl polis (Al :g0¥ 98 S gy gi ) slaadd e ) S
Ol 30 Swd S 35 dxsmns bl 9) Oz (o onns

VLl ol sacd hg > Vlasl S b3, sy
o)ls ogzg (alide sla sl adye axmio 4 Jsb az 5
a5 o Sl cnSs Sl B dlagtg, o o
S5l b sy ol el 098 o0 0ils> LEFM jlazs | 4
ooliiul 5 3,15 55 03,95 S 5 (slwojle dilowny Cuoglie g
Yu..‘_: Sl o akald et 50 CBS s atunly jlws 15
be, ol lilye 51 [0-] el TS 5 S GlLLI s (SIF)
Olts a5 0,5 0 )il S 5 (58 (domie (taled 4 Ol o
[0] 555 o 0) 6582 (Krnd ooy Jl p S5 S des
2S5 bz glaojlail (58 b sl Sl sla s
S5 andy glwdd g odd plxl (Kiwd S5 s bl
L0 o5 n plonl T sy Jga 8 51 30 (65 1Sl L
2 S sl cuyp pliie 4 3 sla e 5o
O Hgeo (g0t Sllllhae soVed Sugie5 )l slaad e OYLasl
Juo o [8] ol ten g Nguyen calal, ol o .ol a3 5
74 Jeb 4z Jlail (s pee 2] jelate 4 Yo
" Y5 Sy gl ad e S LEFM g, 4 o5

1- Linear elastic fracture mechanics
2- Stress intensity factor

3- Crack tip

4- Paris formula
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4- Correction factor
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1- Micro cracks
2- Blow holes
3- Incomplete weld penetration
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1. Introduction

In this study, a three-dimensional finite element model of a partial orthotropic steel deck was created by
ABAQUS software [1], and fatigue design load was simulated according to the AASHTO LRFD Bridge Design
Specification [2]. The stress in points susceptible to fatigue cracks of rib-to-deck joint is investigated in five
different cross-sections in model’s middle span and most sensitive region of fatigue cracks was identified. Then, the
most sensitive region of fatigue cracks cross-section was simulated with a two-dimensional sub-model by compact
meshing and domains of stress intensity factor were calculated with various depths of crack in point susceptible to
fatigue crack by the numerical method, finally according to stress results and using the linear elastic fracture
mechanics (LEFM) method Fatigue evaluation, including simulation of cracking growth, estimation of loading
period and connection fatigue resistance, was done.

2. Fatigue assessment through linear elastic fracture mechanics approach

Process of fatigue damage in materials includes cracking start, cracking stable extension and cracking unstable
extension. Since the rate of cracking unstable extension and cracking start in comparison with cracking stable
extension is short, the fatigue age of welded joints can be estimated with the cracking stable extension age being
calculated by Paris equation according to LEFM method. Using the formula of Paris and the domain of stress
intensity factor (AK ) and integration in the range between the initial and final depth of the crack, the number of
load periods (N) leading to fatigue failure can be calculated according to the following equation:

N 2 1 1 "
C(m—2)Fm(AJ)m7z% VA4

i f

where, ¢ and m are constants related to materials, F is the correction factor, Ac is the nominal stress domain at
the cracking-apt point, a, is the initial depth of the cracks and a, is the final depth of the cracks along the thickness

of steel plate. As is clear from the relationship, the number of load period is dependent on the correction factor
which is calculated numerically in this study.
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3. Finite element modeling of under study models

To modeling the under study models, the ABAQUS software was used. In three-dimensional models, the shell
three-dimensional elements were used due to the small thickness dimension relative to the two other dimensions,
and the model was meshed with the Quad type of S4R (four-nodes elements with six degrees of freedom in every
node).

4. Results of finite elements analysis

4.1. Investigating the stress domain in fatigue cracking-apt points and identifying the most capable
points of cracking

In Fig. 1, the most critical state of stress for the points susceptible to fatigue crack in the desired joint and in the
under-study sections of stress is shown. By observing the graphs of Fig. 1, we conclude that, when the wheel load
has approached to under study sections of stress (A to E transverse sections), transverse stresses are getting bigger
and by placing the wheel load on each of under-study stress sections, transverse stresses have reached their highest
amount.

dPa)
D)
=
h‘—‘:
--180 TS| ST 4B L o : uygE  Uosmsermsbeassnadia TS i el el seuen i
= Longitudinal position (mm) *  2*0¢  3e00 360 Longitudinal position (mm) ~ 2#°°¢  3eo
a) The maximum stress in cracking-apt point 1 b) The maximum stress in cracking-apt point 2
‘MPg)

ay(MPa)
ay(MPa)

Longitudinal position (mm) Longitudinal position (mm)
¢) The maximum stress in cracking-apt point 3 d) The maximum stress in cracking-apt point 4
Fig. 1. The longitudinal influence lines of stress for the fatigue cracking-apt points

For the points susceptible to fatigue crack in deck plate, it is more likely to create fatigue cracks in a point that
transverse beam and rib joint to the deck plate in crossing each other.

In general, by comparing the stresses amount in rib-to-deck joint, it is concluded that fatigue cracks in rib-to-deck
joints are more likely to extend and penetration from the base or toe of the welding, into the thickness of deck plate.

4.2. Fatigue evaluation

Fig. 2(a) shows the stress intensity factors in relation to the integration paths for the cracking initial four depths;
and Fig. 2(b) shows the domain of stress intensity factor in relation to the cracking depth. Finally, regarding to the
domain of stress intensity factor for each cracking depth, based on Eq. (1) the curve of cracking growth in the
thickness of deck plate versus the number of loading period (N) in accordance to Fig. 3(a) is simulated and then joint
fatigue resistance is determined in accordance to Fig. 3(b). Joint fatigue resistance is determined according to
AASHTO guideline in 2 millions loading period. It is concluded from the Fig. 3 that the crack grows slowly when
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the Penetration depth of crack is smaller than 1 mm into deck plate thickness, after that, the crack develops rapidly
through the thickness.
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Fig. 2. The calculation of the domain of stress intensity factor
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5. Conclusions

In the orthotropic decks, cracking that begins from the welding toe and penetrates into thickness of deck plate, in
the nearest section to the transverse beam, is the most sensitive region of fatigue cracks in rib-to-deck joints. The
crack grows slowly versus loading period when the penetration depth of crack is smaller than 1 mm into deck plate
thickness. But after being more than 1 mm, cracking develops rapidly to its final depth with less loading periods and
endangers the stability of deck plate. Finally, it was found that the most important effective factor in fatigue life, is
stress domain and in order to avoid or, at least, to reduce the fatigue damages in rib-to-deck joints, the increase of
the toughness of deck plate in the form of increasing thickness is recommended.
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