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Abstract

The reliability and safety performance of steel beam girders are significantly influenced by the number of supports provided
along their spans. This study presents a statistical analysis of the variation of reliability indices (B) of a steel beam girder subjected
to bending, shear, and deflection limit states under different support conditions. Reliability indices were evaluated for girders
having two, three, four, and five supports and compared with the target reliability index (Bt = 4.0). The results show considerable
variation in structural reliability with changes in support configuration. Shear reliability remained consistently high, ranging
from 5.14 to 5.32, indicating adequate safety against shear failure. Bending reliability exhibited significant fluctuations, with
indices ranging from 0.532 to 6.98, suggesting that support arrangement strongly affects bending performance. Deflection
reliability increased progressively from 0.402 for two supports to 4.65 for five supports, indicating improved serviceability
performance with increased support numbers. The study demonstrates that while increasing the number of supports generally
enhances serviceability reliability, it does not necessarily guarantee improved bending reliability. Statistical evaluation revealed
that girders with four supports achieved the most balanced performance, satisfying the target reliability requirement for all failure
modes. The findings provide useful insights for the reliability-based design and optimization of steel girder support systems.
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1. Introduction

Steel beam girders constitute essential structural members
in buildings, bridges, industrial facilities, and other engineer-
ing structures due to their high strength-to-weight ratio and
ease of construction. Their structural performance is governed
primarily by bending moment, shear force, and deflection cri-
teria. Traditional deterministic design approaches employ
safety factors to account for uncertainties in loads, material
properties, and construction practices. However, reliability-
based design provides a more rational assessment of structural
safety by explicitly incorporating uncertainties into the design

process. Structural reliability is generally defined as the prob-
ability that a structure will perform satisfactorily throughout
its intended service life under prescribed conditions.

The reliability index (B) is widely used as a quantitative
measure of structural safety. A higher reliability index corre-
sponds to a lower probability of failure, while lower values
indicate increased risk of structural inadequacy. In reliability-
based structural design, target reliability indices are specified
to ensure acceptable levels of safety and serviceability. The
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relationship between the reliability index and failure probabil-
ity has been extensively employed in evaluating the perfor-
mance of structural systems.

Support conditions play a critical role in determining the
behavior of steel girders. Increasing the number of supports
alters load distribution, internal force patterns, and defor-
mation characteristics. While additional supports generally re-
duce bending moments and deflections, their influence on
overall reliability may not always be straightforward due to
changes in structural redundancy and load-sharing mecha-
nisms. Previous studies have demonstrated that reliability in-
dices vary significantly depending on the governing failure
mode and structural configuration.

The present study investigates the variation of safety indi-
ces of a steel beam girder with different numbers of supports.
The reliability performance in bending, shear, and deflection
is statistically analyzed and compared with a target reliability
index of 4.0. The objective is to identify the support configu-
ration that provides the most satisfactory balance between ul-
timate and serviceability limit-state requirements. Steel beam
girders are widely employed in bridges, industrial buildings,
offshore structures, and transportation infrastructure because
of their high strength-to-weight ratio, ease of fabrication, and
excellent load-carrying capacity. The structural integrity of
these members is governed primarily by their ability to resist
bending moments, shear forces, and excessive deflections un-
der service and ultimate loading conditions. Consequently, en-
suring adequate safety and serviceability throughout the de-
sign life of steel girders remains a major concern in structural
engineering [2].

Conventional structural design approaches are based on de-
terministic safety factors that account for uncertainties in load-
ing, material properties, dimensions, and construction quality.
However, these methods do not explicitly quantify the proba-
bility of failure. Reliability-based design (RBD) has emerged
as a more rational approach because it incorporates uncertain-
ties directly into structural assessment and provides a quanti-
tative measure of safety through reliability indices and failure
probabilities [5, 6].

The reliability index (B) is a widely accepted measure of
structural safety and is defined as the shortest distance be-
tween the mean state of a system and the limit-state failure
surface in the standardized normal space. Higher values of 8
indicate lower probabilities of failure and therefore greater
structural reliability. According to the latest reliability back-
ground studies supporting the Eurocodes, target reliability in-
dices between 3.8 and 4.7 are generally recommended for
structural members depending on the consequence class and
design life [4].

Recent research has shown that reliability-based methods
provide a more realistic evaluation of structural performance
compared with conventional deterministic approaches. [2]
demonstrated that reliability indices are highly sensitive to
variations in load factors and resistance models. Similarly, [1]
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reported that reliability-based calibration procedures can sig-
nificantly improve structural safety and economic efficiency
in steel structures.

Support conditions constitute one of the most influential pa-
rameters affecting the behavior of beam girders. The number
and arrangement of supports alter the distribution of internal
forces, stiffness characteristics, and deformation patterns. In-
creasing the number of supports generally reduces span
lengths and deflections but may also introduce complex mo-
ment redistribution effects that influence bending reliability.
According to [3] support configurations can significantly af-
fect the reliability performance of girders, particularly under
serviceability limit-state conditions.

The concept of structural redundancy associated with addi-
tional supports has also attracted considerable attention in re-
cent years. [7] observed that redundancy improves overall
structural robustness and durability but does not necessarily
guarantee increased reliability in every limit state. Similar
findings were reported by [8] who demonstrated that different
failure modes may exhibit varying reliability responses under
identical structural modifications. Despite the growing appli-
cation of reliability-based design, limited studies have specif-
ically investigated the variation of reliability indices for steel
beam girders under different support configurations. Most ex-
isting studies focus on material uncertainties, loading effects,
or code calibration rather than support optimization. Recent
studies [9-11] demonstrate the application of reliability-based
optimization to achieve both safety and material economy. [12]
also emphasized that fatigue and deflection reliability must be
jointly addressed for steel girders, especially in offshore decks
subjected to fluctuating loads. In recent years, computational
advances have improved these methods. [14] applied FORM
to steel bridge girders, while [13] extended reliability analysis
to continuous beams under multi-hazard loading. Emerging
methods like subset simulation and machine-learning-en-
hanced FORM are being proposed for offshore structural reli-
ability, reducing computation time while capturing nonlinear-
ity [15, 16]. Therefore, this study evaluates the statistical var-
iation of safety indices in bending, shear, and deflection for
steel beam girders having different numbers of supports and
compares the obtained values with the target reliability index
of B =4.0. The findings are expected to contribute to the opti-
mization of support arrangements in steel girder design and
provide insights into the influence of structural configuration
on reliability performance.

2. Methods

2.1. Research Design

This study adopted a quantitative reliability-based analysis
approach to investigate the influence of support configuration
on the structural performance of a steel beam girder. Reliabil-
ity indices corresponding to bending, shear, and deflection
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limit states were evaluated for girders having different num-
bers of supports. The analysis was based on the principles of
structural reliability, which provide a probabilistic framework
for assessing the safety and serviceability of structural systems
under uncertainty [6].

The reliability performance of the girder was examined for
four support configurations comprising two, three, four, and
five supports. The obtained reliability indices were subse-
quently compared with a target reliability index (Bt) of 4.0,
which is commonly adopted in reliability-based structural de-
sign for normal consequence structures [4, 5].

2.2. Reliability Theory

Structural reliability is defined as the probability that a
structure will perform its intended function without failure
throughout its design life under specified loading conditions.
Reliability assessment is generally based on a limit-state func-
tion expressed as:

9(X)=R-S M)

where:

g(X) = limit-state function,

R = structural resistance,

S = load effect.

Failure occurs when:

g(X)<0

while safe performance is achieved when:

G(X)>0

The reliability index (B) is used to quantify the safety level
of a structural system and is related to the probability of failure
(Ps) through:

B=-o(P)* @)

where:
B = reliability index,
P: = probability of failure,
A higher reliability index corresponds to a lower probability

TRANSVER SE

of failure and therefore a safer [2].

2.3. Structural Performance Criteria

Three principal structural performance criteria were consid-
ered:

2.3.1. Bending Limit State

The bending limit state evaluates the ability of the girder to
resist flexural stresses induced by external loading. Failure oc-
curs when the applied bending moment exceeds the available
flexural resistance of the section.

The reliability index for bending (B) was used to assess
safety against flexural failure.

2.3.2. Shear Limit State

The shear limit state evaluates the capacity of the girder to
resist shear forces without web yielding, buckling, or shear
failure.

The reliability index for shear (B) was used to quantify the
level of safety against shear failure.

2.3.3. Deflection Limit State

The deflection limit state assesses the serviceability perfor-
mance of the girder. Excessive deflection may impair struc-
tural functionality, aesthetics, and user comfort even when the
structure remains safe against collapse.

The reliability index for deflection () was therefore used
to evaluate serviceability reliability. According to [3], service-
ability reliability is often more sensitive to support arrange-
ments than ultimate limit-state reliability.

2.4. Data Collection

Reliability indices obtained from the structural analysis of
steel beam girders with varying support configurations were
used as the study data. The support configurations considered
were: Two supports, Three supports, Four supports and Five
supports (Figures 1-3).
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Figure 1. Steel Beam Girder.
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Figure 2. Loads acting on beam girder.

12" PIPES

(10 meters)

Transverse BEAM

GIRDER TRANSVERSE
BEAM [ e e
GRATING
CENTER FLOOR
BEAM 12" PIPES

(22.5 meters)
Longitudinal

| VALVE || SUPPORT

Figure 3. Platform Deck 3D View.

The corresponding reliability indices for bending, shear, and deflection are presented in Table 1.

Table 1. Reliability Indices for Different Support Configurations.

Number of Supports p in Bending B in Shear B in Deflection Target
2 5.65 5.32 0.402 4.00
3 2.39 531 1.174 4.00
4 6.98 5.26 4.0412 4.00
5 0.532 5.14 4.65 4.00
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2.5. Statistical Analysis

Descriptive statistical techniques were employed to analyze
the variation of reliability indices with the number of supports.
The statistical parameters evaluated include:

1) Mean Reliability Index: The mean reliability index was

computed as:

Bm =sum (B)/n 3)

where:

Bm = mean reliability index,

B = individual reliability index,

n= number of observations.

2) Standard Deviation

The standard deviation was calculated to measure the dis-
persion of reliability indices:

’ i— 2
SD= [sum i[?lﬁm) (4)

3) Coefficient of Variation
The coefficient of variation (COV) was determined to eval-
uate the relative variability of the reliability indices:

SD
Cov= om x 100 (5)

According to [8] the coefficient of variation provides a use-
ful measure for comparing the stability of reliability indices

across different structural configurations.

2.6. Evaluation Criteria

The reliability indices obtained for each support configura-
tion were compared with the target reliability index of:

Bt=4.0

The evaluation criteria adopted were:

Reliability Index Performance Level

B < 2.5 Poor Reliability

2.5 < B <4.0 Marginal Reliability

4.0 < B < 6.0 Adequate Reliability

B > 6.0 Excellent Reliability

This classification was adapted from recent reliability as-
sessment recommendations for structural members [4].

3. Results and Discussion

The results were presented using tables showing reliability
indices for each support configuration, graphs illustrating the
variation of reliability indices with the number of supports,
comparative analyses of bending, shear, and deflection relia-
bility performances. and assessment against the target reliabil-
ity index of 4.0.

This approach enabled a comprehensive evaluation of the
influence of support configuration on the safety and servicea-
bility performance of steel beam girders.

Safety Index, §

O = N W B U1 O~

0 1 2

3 4 5

Number of Supports

Variation of Nos. of Support with Safety index_Bending
—@— Variation of Nos. of Support with Safety index_Shear
—@— Variation of Nos. of Support with Safety index_Deflection

—&@— target Safety Index_JCSS

Figure 4. Variation of Safety indices with number of supports.
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Table 2. Variation of Safety indices with number of supports in Bending, Shear and Deflection of girder.

No. of Supports B in Bending B in Shear
2 5.65 5.32
3 2.39 5.31
4 6.98 5.26
5 0.532 5.14

3.1. Reliability Variation in Bending

The bending reliability indices exhibited substantial varia-
tion as the number of supports increased. The highest reliabil-
ity index was obtained for the four-support girder (p = 6.98),
while the lowest value occurred for the five-support girder (B
= 0.532). This finding suggests that the relationship between
support number and bending reliability is non-linear. The two-
support girder achieved a reliability index of 5.65, which ex-
ceeded the target reliability index of 4.0. However, introduc-
ing a third support reduced the reliability index to 2.39, indi-
cating a decrease in bending safety. The four-support config-
uration significantly improved the bending reliability,
whereas the five-support arrangement resulted in a substantial
reduction. These variations may be attributed to changes in
moment redistribution and internal force patterns resulting
from additional supports. Similar observations were reported
by [3] who found that modifications in support conditions can
significantly alter structural reliability even when material and
loading parameters remain unchanged.

The results further support the observations of [2] who con-
cluded that structural reliability is highly sensitive to varia-
tions in system configuration and load-transfer mechanisms.

3.2. Reliability Variation in Shear

Unlike bending reliability, the shear reliability indices re-
mained relatively constant across all support configurations.
The values varied only slightly from 5.14 to 5.32 and consist-
ently exceeded the target reliability index. This stability indi-
cates that shear resistance is less affected by support configu-
ration than bending resistance. The relatively small variation
suggests that the girder possesses sufficient reserve capacity
against shear failure regardless of the number of supports pro-
vided. These findings agree with those of [8] who reported that
shear-related reliability indices generally exhibit lower sensi-
tivity to geometric modifications than flexural reliability indi-
ces. The consistently high reliability values also indicate that
shear is unlikely to be the governing limit state for the girder
configurations considered in this study.
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B in Deflection Target Safety, B,
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3.3. Reliability Variation in Deflection

The reliability indices associated with deflection increased
progressively with the number of supports. The two-support
girder recorded the lowest deflection reliability index (B =
0.402), which is significantly below the target value of 4.0.

The three-support girder showed a moderate improvement
with a reliability index of 1.174. However, both configura-
tions failed to satisfy the target serviceability requirement. A
substantial increase occurred when the number of supports
was increased to four, resulting in a reliability index of 4.0412.
The five-support girder achieved the highest deflection relia-
bility index of 4.65. The improvement in deflection reliability
can be attributed to the reduction in effective span length and
the corresponding increase in structural stiffness. Furthermore,
[7, 4] emphasized that serviceability reliability often improves
significantly when structural stiffness is increased through op-
timized support arrangements.

3.4. Comparative Assessment of Reliability
Indices

A comparison of the three limit states reveals distinct pat-
terns of reliability behavior. Shear reliability remained con-
sistently high for all support configurations, while bending re-
liability exhibited significant fluctuations. Deflection reliabil-
ity demonstrated a steady increase with increasing support
number. The four-support configuration emerged as the most
balanced structural arrangement because it satisfied the target
reliability index in bending, shear, and deflection simultane-
ously. Although the five-support girder produced the highest
deflection reliability, its bending reliability fell significantly
below the target value. This observation supports the conclu-
sions of [1] who emphasized that reliability-based optimiza-
tion should consider multiple limit states simultaneously ra-
ther than focusing on a single performance criterion. The re-
sults demonstrate that increasing the number of supports does
not automatically improve overall structural reliability. In-
stead, an optimal support configuration must balance the com-
peting requirements of strength and serviceability.
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Figure 5. Variation of Safety indices with number of supports.

4. Conclusion

This study investigated the statistical variation of reliability
indices of a steel beam girder subjected to different support
configurations. Reliability performance was evaluated for
bending, shear, and deflection limit states using reliability in-
dices corresponding to girders with two, three, four, and five
supports. The obtained reliability values were compared with
a target reliability index of 4.0 to assess the adequacy of struc-
tural safety and serviceability. The results demonstrated that
the number of supports significantly influences the reliability
performance of steel girders. Bending reliability exhibited
substantial variation across the support configurations, indi-
cating a strong dependence on support arrangement. The high-
est bending reliability index (p = 6.98) was obtained for the
four-support girder, while the lowest value (B = 0.532) oc-
curred for the five-support girder. This finding suggests that
increasing the number of supports does not necessarily im-
prove flexural reliability, as continuity effects and moment re-
distribution may adversely affect bending performance. In
contrast, shear reliability remained relatively stable through-
out the analysis, with reliability indices ranging from 5.14 to
5.32. All shear reliability values exceeded the target reliability
index, indicating that the girder possessed adequate safety
margins against shear failure irrespective of support configu-
ration. This stability confirms the findings that shear reliabil-
ity is generally less sensitive to structural modifications than
flexural reliability.

The reliability indices associated with deflection increased
progressively as the number of supports increased. The two-
support and three-support girders recorded deflection reliabil-
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ity indices below the target value, indicating inadequate ser-
viceability performance. However, the four-support and five-
support girders achieved reliability indices 0f 4.0412 and 4.65,
respectively, satisfying the target reliability requirement.

This improvement can be attributed to the reduction in ef-
fective span lengths and increased structural stiffness resulting
from additional supports. A comparative assessment of the
three limit states revealed that the four-support configuration
provided the most balanced structural performance. It was the
only configuration that simultaneously satisfied the target re-
liability index for bending, shear, and deflection. Although the
five-support girder achieved the highest deflection reliability,
its bending reliability was significantly below the acceptable
threshold, making it unsuitable from an overall reliability per-
spective. Similarly, the two-support girder exhibited satisfac-
tory bending and shear reliability but failed to meet the ser-
viceability requirements for deflection. The study therefore
concludes that the four-support configuration represents the
optimum support arrangement among the cases considered,
providing the best compromise between strength and service-
ability requirements. The findings further demonstrate that re-
liability-based assessment offers a robust framework for eval-
uating structural performance and identifying optimal support
configurations under uncertainty. As emphasized in recent re-
liability studies, structural optimization should consider mul-
tiple limit states simultaneously rather than relying solely on
conventional deterministic design criteria.

Abbreviations

COV  Coefficient of Variation
RBD  Reliability-based Design
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