Journal of the Korea Institute for Structural Maintenance and Inspection
Vol. 18, No. 5, September 2014, pp.068-077
http://dx.doi.org/10.11112/jksmi.2014.18.5.068

pISSN 2234-6937
eISSN 2287-6979

=t 235|E XS XMEet ZlETe| =S| et oM iy

Analysis Study on Fatigue Stress on the Orthotropic Steel Deck Applied
Polymer Concrete Pavement
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Abstract

In this study, polysulfide epoxy polymer concrete was chosen as an ultra thin bridge deck overlay, and the effect of polymer
concrete pavement on the fatigue stress range of the orthotropic steel deck was analyzed through the comparative analysis with
epoxy asphalt pavement and SFRC pavement. Abaqus was used to estimate the fatigue stress range, and signed von-mises stress
was used to estimate fatigue stress range according to pavement materials and thickness, considering there were multi axis stresses
which have longitudinal and lateral direction on the welded parts of the steel deck.
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Fig. 1 Cross Section of the Girder for Analysis

Table 1 Initial Value of the Girder

Thickness 12 mm
Wearing surface
Type Polymer Concrete
Deck plate Thickness 14 mm
Rib span 3000 mm
Floor beam
Length of web 800 mm

Fig. 2 Modeling for Finite Element Numerical Analysis

®

Fig. 3 Cross Section of Modeling Layers

Table 2 Element Types of the Layers

No. Layer Element Type Interaction
@) Deck plate shell

@ Adhesive layer cohesive tied

® Wearing surface continuum shell tied
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Fig. 4 Mesh for the Deck Plate in ABAQUS
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Table 3 Properties of Materials

Materials Mass D%nsity Poiss-on Modulus of Elasticity
(t/m”) Ratio (GPa)
Steel 7.85 0.3 210
Polymer 1.9 0.3 4.1
Epoxy 2.4 0.3 2.62
SFRC 2.3 0.2 29.2
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Fig. 5 Transverse Location of Wheel Load



Effective Width of U-Rib Effective Width of U-Rib

Effective Width of Effective Width of
Wearing surface _"| |"_ Wearing surface _"| |"_

Table 4 The Thickness of Wearing Surface and Fatigue Stress
for Polymer Concrete

/ /

Welded part between U-Rib and Deck Welded part between U-Rib and Floor
plate plate

(Part A) (Part B)

Fig. 6 Location of Analysis for Fatigue Stress
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Fig. 7 Fatigue—Wearing Thickness Curve for Polymer Concrete
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Table 5 The Thickness of Wearing Surface and Fatigue Stress
for Epoxy Asphalt

Thickness (mm) 0 12 16 20 40 60 80 | 100
Range of _ -
|swess 0 85.6 | 79.4 | 75.3 | 70.8 | 53.1 | 44.6 | 39.4 | 35.4
Rate of | 0 | 73 |-121|-17.3|-38.0|-48.0|~54.0|-58.7
change (%)
Range of
G by | 509 | 495 | 493 | 490 | 470 | 449 | 431 | 414
B R of
aeol 00 | —27|-32]-38]-77 |-11.8|-15.4|-186
change (%)
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Fig. 8 Fatigue—Wearing Thickness Curve for Epoxy Asphalt
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Table 6 The Thickness of Wearing Surface and Fatigue Stress

for SFRC
Thickness (mm) | 0 | 12 | 16 | 20 | 40 | 60 | 80 | 100
Range of _ _
| |ses (P | 856 | 545 | 446 | 385 | 269 | 217 | 180 | 84
Rate of 1) | _36.4|-47.9|-55.1|-68.5|~74.7| ~78.9|~00.1
change (%)
Range of
 |swess (P | 509 | 46.9 | 45.7 | 445 | 39.8 | 37.0 | 35.7 | 349
Rate of 165 | 791 -103|-12.7|-21.9|-27.2|~20.9|-31.5
change (%)
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Fig. 9 Fatigue—Wearing Thickness Curve for SFRC
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Fig. 12 Fatigue—Wearing Thickness Curve for Part B according
to the Directions
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Table 7 The Parametric Ratio of Wearing Thickness

Thickness (mm) 0 12 | 16 | 20 | 40 | 60 | 80 | 100

Ratio of Wearing

Thickness () 00 10| 13| 17 |33 |560]67] 83

Pavement Thickness
Representive Thickness

Note: n, =

Table 8 The Parametric Ratio of Modulus of Elasticity

Type of Epoxy Polymer SFRC
Wearing Surface Asphalt Concrete
Modulus of Elasticity (GPa) 2.62 4.1 29.2
Ratio of Modulus of Elasticity (ng) 0.6 1.0 7.1
Note © n2 = Modulus of Elasticity of Wearing Sur face
" Modulus of Elasticity of Polymer Concrete
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Fig. 16 Fatigue—Parametric Ratio Curve for Part B

Table 9 The Parametric Ratio of Modulus of Elasticity

Type of Wearing Actufll Reduction Rate of Fatigue Stress Range
Surface Wearing
Surface Part A Part B
Polymer Concrete 12 10.3 3.2
Epoxy Asphalt 60 48.0 11.8
SFRC 80 78.9 29.9
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