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Modelling and Analysis of Roll-Type Steel Mats for
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ABSTRACT

Finite element modelling and analysis were conducted for the roll-type steel mats which were placed on loose sand and
subjected to a standard truck wheel load in this study. The roll-type steel mats mean that the steel mats can be folded
as a circle shape for the carrying to fields in cold regions where workability is limited and are developed for a rapid
rehabilitation method for roadway across soft ground which is caused by thawing during the summer season in cold regions.
The model is composed of link elements to simulate nonlinear behavior of connections between steel mats, thick shell
elements to have flexural stiffness of the steel mats, and springs to simulate characteristics of foundation soils. The structural
behaviors of the shell, link elements, and springs were verified at each modelling step through experiment and analysis.
Beam and shell analysis without the link elements were conducted and compared to results obtained from the model presented
in this study. Significant vertical displacement is shown in the shell model with hinge connections. Therefore, the results
demonstrate that the analysis model for the roll-type steel mats on loose sand needs further detail parametric studies.
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(b) Folded steel mat

Fig. 1. Details of the steel mat
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Fig. 2. Degree of freedom of the link element for modelling
of the connections
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Cell

Fig. 3. Visual investigation for Rz
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Fig. 4. Flexible joint element (ABAQUS, 2003)

(a) One shell model
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Fig. 5. One shell model for the verification of the link element
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(b) Moment reaction results

Fig. 6. Reaction results at node 5

Table 1, Calculation of moment of inertia for a cell in one module

! Cell b h y A2 d: (y*]g.A*) Ad23 [4 [+A:i2

(mm) (mm) (mm) (mm?) (mm?°) (mm”) (mm”) (mm’)

web 23 21 105 483 0 0 1775.025 1775.025

Top flange 10 23 19.85 23 9.35 2010,718 10,13917 2020,857

bottom flange 10 23 115 23 -9.35 2010,718 10,13917 2020.857
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Table 2. Summary for a model of steel mats on loose sand subjected to a truck wheel load

Part Element Property
Steel mat Shell (54 £= 20061
eel mats e ) h, =13.6mm
D, = 10%kN/m
D, =10°kN/m
D, =10°kN/m
Link elements JointC R, =10°%kN/rad
R, =10°kN/rad(—90° ~—28°, 28° ~ 90°)
R = 0kN/rad(—28° ~ 28°)
R, =10°kN/rad
Foundations Elastic foundation k=68259 kN/m° (£, ), = 200MPa)
Wheel load Pressure 96 kN/(0,60X0,24)=667 kN/m’
1.5E+09 D, D, D,
Wk (R
1.0E+09
10°N/mmor
— 5.0E+08 10°N/rad
K — | 10°N/rad
2
S‘ 0.0E+00
5 Beam model
Zz
& -5.0E+08
-1.0E+09 Shell model
-1.5E+09
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Displacement(mm) or rotation (radian)

Fig. 9. Inputted load—displacement curves for link elements
between steel mat modules
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