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1. Introduction

Truss retaining systems are extensively utilized as an
effective stabilization technique for urban shallow to
medium-depth excavations. In conventional engineering
practice, the design of these structures is predominantly
governed by Rankine’s classical lateral earth pressure
theory, which assumes a linear, triangular stress
distribution. However, this simplified approach fails to
account for the complex, three-dimensional soil-structure
interaction, spatial variation in structural rigidity, and the
consequential stress redistributions. The primary objective
of this extended abstract is to critically re-evaluate
Rankine’s assumptions for truss systems, highlighting the
profound impact of the soil arching effect on the non-linear
distribution of lateral earth pressure and its direct
implications on structural member design.

2. Numerical Modeling and Methodology

To accurately capture the soil-structure interaction and the
non-linear response of the retained soil mass, an advanced
three-dimensional continuum modeling approach was
adopted using FLAC3D version 6.0. The soil medium was
simulated using the Hardening Soil (HS) constitutive
model, which is highly capable of representing stress-
dependent stiffness and yielding phenomena typical in
excavation-induced unloading paths.

A comprehensive parametric study comprising 20
distinct scenarios was executed, investigating excavation
depths of 4, 7, and 10 meters across four varying soil
densities (loose to very dense), as well as different
cohesion and surcharge values. Structural components,
including vertical piles and inclined braces, were modeled
as structural elements, while the soil-structure interface
properties were assigned a strength reduction factor of 2/3
relative to the surrounding soil’s shear strength. The
geometrical configuration and the specific layout of the
structural members for varying excavation depths are

thoroughly illustrated in Figure 1.

(a) (b) (c)
Figure. 1: Geometrical configuration and member layout of
the truss retaining system for various depths

3. Results and Discussion

3.1. Lateral Pressure Distribution and the Arching
Effect

The numerical simulation results reveal a significant
departure from classical theories. Rather than following
the linear Rankine profile, the actual lateral earth pressure
distribution exhibits a pronounced parabolic, non-linear
trend. This deviation is primarily driven by the soil
arching effect. Because the stiffness of the retaining
system is non-uniform, active lateral earth pressure is
transferred away from the relatively flexible sections of the
vertical piles and highly concentrated at the rigid truss
joints. This phenomenon and the resulting stress
concentration are clearly demonstrated in Figure 2, which
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compares the numerical pressure profile against the
Rankine theory for a 7-meter excavation depth.
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Figure. 2: Comparison of lateral earth pressure
distribution: Numerical model vs. Rankine theory for a 7m
excavation depth
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3.2. Point of Action of the Resultant Force

Another pivotal finding of this numerical study pertains to
the elevation of the resultant lateral force. Classical
Rankine theory assumes the resultant force acts at an
elevation of 0.33H measured from the base of the
excavation.  Conversely, the numerical analyses
demonstrate an upward shift of the pressure center. As
explicitly depicted in Figure 3, across a broad spectrum of
soil parameters and conditions, the actual point of action
consistently stabilizes at an average elevation of 0.42H.
This substantial rise directly amplifies the overturning
moment and inherently alters the load transfer mechanism
to the supporting braces.
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Figure. 3: Variation of the resultant force location (Z/H) relative to soil parameters, indicating a constant average of 0.42H

4. Engineering Implications and Structural Design
The discrepancies in the pressure distribution and the point
of action fundamentally impact the final structural design.
To quantify this, the internal forces obtained from both the
numerical model and Rankine’s analytical approach were
utilized to design the structural members following the
AISC-ASD89 code specifications.

Table 1: Comparison of required structural sections based
on Rankine theory vs. Numerical analysis (Medium Soil,

Depth=10m)
Rankine- .
Structural Member Based Numggcctz?l)-rl?ased
Section
Vertical Pile (Main) 2IPE220 (Egéigrln‘ilgal)
Raker 2IPE300 (2(;5)5?:28
Middle Horizontal and
Diagonal Members 2IPE140 2IPE140
Horizontal and Diagonal
Members near the Bottom  2IPE160 2IPE140

of the Excavation

Table 1 provides a comprehensive comparison of the
required cross-sections for a 10-meter deep excavation in
medium-dense soil. The results are particularly critical for
design engineers: applying Rankine’s theory leads to over-
designed, uneconomical cross-sections for the vertical
piles due to an overestimation of bending moments.
Conversely, and more alarmingly, it severely
underestimates the axial compressive loads on the main
inclined braces, resulting in potentially non-conservative
and unsafe designs for these critical elements.

5. Conclusion

This advanced numerical evaluation conclusively
demonstrates the limitations of applying Rankine’s linear
earth pressure theory to truss retaining systems. The
manifestation of the soil arching effect leads to a parabolic
stress distribution with severe stress concentrations at the
truss joints, and elevates the resultant force point of action
to 0.42H. Consequently, traditional design approaches
may yield uneconomical vertical members while
compromising the structural integrity of the bracing
system. It is highly recommended that contemporary
design codes incorporate modified pressure distribution
coefficients that account for these critical, non-linear soil-
structure interaction effects in flexible retaining systems.
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Re-evaluation of Rankine's Theory in the Design of Truss Retaining Structures: A Numerical Study on
Lateral Pressure Distribution

Amirreza Ghodrati Mohammad Hazeghian

Abstract The conventional design of truss retaining structures in engineering practice is predominantly based on
Rankine's lateral earth pressure theory, which neglects the actual soil-structure interaction. This research utilizes
advanced three-dimensional numerical modeling in FLAC®® to compare the actual lateral pressure distribution with
Rankine's theory and to evaluate its consequences on the design of the structural members. The results of parametric
analyses indicate that the lateral pressure distribution is highly non-linear due to the arching phenomenon, concentrating
at the truss connection points. The total lateral force in shallow excavations is considerably greater than the predictions
of Rankine's theory, though this difference diminishes with increasing depth. More importantly, the resultant force's point
of application is, on average, at a height of 0.42H from the base, which is significantly higher than the 0.33H assumed in
Rankine's theory. These findings reveal that the traditional design approach leads to an uneconomical design for the
vertical pile while simultaneously resulting in a potentially unconservative design for the critical raker member, thereby
underscoring the necessity of revising current design practices.

Key words Truss Retaining Structure, Lateral Earth Pressure, Soil-Structure Interaction, Arching Effect, Rankine Theory
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