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Analysis of the Dynamic Behavior of Guardrail Posts in Sloping Ground using LS-DYNA
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ABSTRACT

PURPOSES : This paper presents a finite element model to accurately represent the soil-post interaction of single guardrail posts in sloping
ground. In this study, the maximum lateral resistance of a guardrail post has been investigated under static and dynamic loadings, with respect
given to several parameters including post shape, embedment depth, ground inclination, and embedment location of the steel post.

METHODS : Because current analytical methods applied to horizontal ground, including Winkler's elastic spring model and the p-y curve
method, cannot be directly applied to sloping ground, it is necessary to seek an alternative 3-D finite element model. For this purpose, a 3D
FHWA soil model for road-base soils, as constructed using LS-DYNA, has been adopted to estimate the dynamic behavior of single guardrail
posts using the pendulum drop test.

RESULTS : For a laterally loaded guardrail post near slopes under static and dynamic loadings, the maximum lateral resistance of a guardrail
post has been found to be reduced by approximately 12% and 13% relative to the static analysis and pendulum testing, respectively, due to the
effects of ground inclination.

CONCLUSIONS : It is expected that the proposed soil material model can be applied to guardrail systems installed near slopes.
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Fig. 1 FE Model of the Guardrail System in Sloping
Ground
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Table 1. Input Data for 3—D Soil Material Model

RO(kg/mm?) | NPLOT | SPGRAV | RHOWAT(kg/mm?)
2.35E-6 3 2.79 1.000E-6
VN K(MPa) | G(MPa) PHIRES
1.1 11.766 7.06 0.91
INTRMX MCONT | ECCEN COH(MPa)
10 0.034 0.7 6.2E-3

RO : Mass density(kg/mm?), NPLOT : Plotting options
SPGRAV : Specific Gravity of Soil used to get porosity.
RHOWAT : Density of water in model units(kg/mm?®)
— used to determine air void strain (saturation).

VN : Viscoplasticity parameter (strain—rate enhanced strength).
K : Bulk Modulus(MPa), G : Shear modulus(MPa).
PHIRES : The minimum internal friction angle, radians

(residual shear strength).
INTRMX : Maximum number of plasticity iterations
MCONT : Moisture Content of Solil
ECCEN : Eccentricity parameter for third invariant effects.
COH: Cohesion n Shear Strength at zero confinement (MPa).

Table 2. General Range of Mechanical Modulus
according to Soil Type When ©=0.25

ol e M;::tliﬁ;f Bulk modulus [Shear modulus
EMPa) K(MPa) G(MPa)
Loose sand | 10.35-24.15 6.90-16.10 414-9.66
Medium | 4035 1725 | 6.90-1150 | 4.14-6.90
dense sand
Dense sand| 17.25-27.60 | 11.50-18.40 | 6.90-11.04
Silty sand | 34.50-55.20 | 23.00-36.80 | 13.80-22.08
Sand and | o4 60 17050 | 46.00-115.00 | 27.60-69.00
gravel
2.3. K=z

o
SY-H%E JA2 Table 3?4 2t} LS-DYNA|
A AlFE= *MAT Piecewise Linear Plasticity 7H=
£ ARESH, A9 ot Al faadHEES 0.3147}
ARG,

Table 3. Input Data for SS400 Structural Steel

Mass density M;g;';fn;f POI;T;”‘S Yield stress
7.83 kg/mm? 210 GPa 0.3 0.25 GPa
EPS1 | EPS2 | EPS3 | EPS4 | EPS5 | EPS6 | EPS7 | EPS8
0.000 |0.0221|0.0375|0.0571| 0.114 | 0.176 | 0.209 | 0.314
ES1 ES2 | ES3 | ES4 | ES5 | ES6 | ES7 | ES8
0.25 | 0.327 | 0.371 | 0.402 | 0.464|0.507 | 0.525 | 0.770

B EPS : Effective plastic strain values
B ES: Effective plastic stress values
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Fig. 3 Finite Element Model of Guardrail Post Embedded
in Sloping Ground
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Fig. 6 von—Mises Stress Distribution for Horizontal
Ground Case by Pendulum Test
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Fig. 11 von—Mises Stress Distribution for Sloping Ground
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Table 4. Comparison of Ultimate Lateral Force of
Guardrail Post

Test Ultimate lateral force | Reduction
(kN) (%)
) level 517
Static - 12%
sloping 453
level 56.5
Dynamic - 13%
sloping 491
6 60
5 250
L :
S g
g =
§ 3 § 30
2 K
£ £
= , = g KK
S i
, + U o . - 307

1 11 12 13 14 15 1.0 14 12 13 14 15
Embedment Length (x10°mm) Embedment Length (x10°mm)

Fig. 16 Maximum Accerleration Fig. 17 Maximum Lateral Load
with Respect to Embedment of Post with Respect to
Length of Post When s=0  Embedment Length When s=0
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Fig. 19 Maximum Lateral Load of
Post with Respect to Embedment
Location When L=1500mm
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