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Numerical Study on Shotcrete Lining with Steel Reinforcement
Using a Fiber Section Element

ABSTRACT

In this study, the load capacities and behaviors of a shotcrete member with steel supports, as composite member, are investigated
numerically by using a fiber section element. The cross section of a shotcrete lining with steel support is divided into a bundle of fibers,
which are allocated nonlinear stress-strain relations and used for determining internal forces. To verify the used approach of the finite
element method for shotcrete with steel supports, the load-displacement relations of shotcrete lining obtained by numerical analysis are
compared with existing experimental results and are analyzed with the stress distribution of the shotcrete and steel support obtained
numerically. As a result, it is shown that the proposed approach can predict the load capacities of each material and the overall
nonlinear behavior of shotcrete lining with steel supports. The change of location of the neutral axis and the flexural resistance ratio
of each material are also derived from the stress distribution of the cross section of the shotcrete lining with steel supports. From the
results, it is concluded that the flexural resistance performance of steel support should be considered in shotcrete lining design.
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Table 1. Material Constitutive Model and Input Variables

Material Constitutive model Input variables
fop (MPa) 30
£ 0.002
Kent & Park model + f.. (MPa) 255
Shotcrete Linear Softening
model Eeu 0.006
Jip (MPa) 3
€y 0.025
FE(GPa) 200
H section o (MPa) 278
Li . . (SS400) |
Steel 1ne@ 1sotr0p1f: K (GPa) 2.00
. hardening plastic
reinforcement E(GPa) 205
model Rebar
MPa 2
(spaogy | v MPD)| 520
K (GPa) 2.05
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Table 2. Comparison between Peak Load of Experiment and
Numerical Analysis

Section | Section | Section | Section | Section | Section
A B C D E F
Peak load
(Experiment, |31.0227 | 156.000 | 196.279 | 181.111 | 240.569 | 109.694
KN)
Peak load
(Numerical | 34.146 | 153.994 | 198.322 | 157.997 | 216.290 | 117.809
analysis, kN)
Steel
reinforcement
. 0 1257 | 1.885 | 2513 | 3.770 | 3.288
area ratio
(A,/4,%)
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