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Abstract. This study focuses on a low-pier continuous rigid-frame bridge and investigates the
sensitivity of construction control parameters given its pronounced low-pier characteristics. A
refined finite element model simulating the construction process was established to analyze the
effects and sensitivities of key parameters — concrete unit weight, elastic modulus, and prestress
tensioning — on girder deflection and critical section stresses during cantilever construction.
Results indicate that structural stress is most sensitive to prestress tensioning, followed by concrete
unit weight, and least sensitive to concrete elastic modulus; structural deflection is most sensitive
to concrete unit weight, followed by prestress tensioning, and least sensitive to concrete elastic
modulus. These findings reveal the parameter sensitivity characteristics of low-pier long-span
continuous rigid-frame bridges, providing a theoretical and practical basis for identifying key
parameters and formulating control strategies in construction monitoring of similar bridges.

Keywords: continuous rigid-frame bridge, low piers, long span, construction control, parameter
sensitivity.

1. Introduction

Based on the advantages of strong spanning capacity, high structural stiffness, and convenient
construction, long-span continuous rigid-frame bridges with low piers are often adopted in
complex terrains such as steep slopes and deep valleys. However, due to the relatively small
pier-height-to-span ratio of this type of bridge, the stiffness matching between the pier and the
girder differs significantly from that of conventional rigid-frame bridges. The restraining effect of
the piers on the main girder is notably enhanced, resulting in a considerable increase in negative
bending moments at the pier tops, which renders the structure more sensitive to parameters such
as construction loads, temperature effects, and concrete shrinkage and creep [1-3]. Improper
selection of construction control parameters can easily lead to the accumulation of deflection
deviations and stress exceedance, thereby adversely affecting the structural performance and
service life of the completed bridge. Therefore, conducting a sensitivity analysis of construction
control parameters is a critical step in optimizing the construction scheme and ensuring structural
safety.

In recent years, several studies have investigated construction-stage control parameters of
continuous rigid-frame bridges. Chen et al. [4] systematically evaluated the effects of longitudinal
prestress loss, environmental humidity variation, excessive deck pavement weight, and excess
bottom-slab concrete on mid-span deflection, concluding that prestress loss is the dominant factor.
Zhao [5] systematically analyzed the influence of major construction-stage parameters on the
mechanical properties and alignment sensitivity of completed continuous rigid-frame bridges. Lu
[6] showed that girder deflection is highly sensitive to concrete unit weight, prestress loss, elastic
modulus, and annual temperature difference load, whereas stress is more sensitive to unit weight,
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prestress loss, and local solar temperature difference. Li [7] selected unit weight, elastic modulus,
tensioning control stress, and form-traveler load as influencing parameters for a construction
control project of a high-pier long-span continuous rigid-frame bridge, and analyzed their effects
on mid-span deflection at the maximum cantilever and completed bridge stages. However,
existing studies mainly focus on conventional high-pier continuous rigid-frame bridges, and
parameter sensitivity analysis for low-pier long-span continuous rigid-frame bridges remains
insufficient. Therefore, this paper takes a three-span low-pier continuous rigid-frame bridge with
a main span of 195 m as a case study and systematically investigates the sensitivity of control
parameters during cantilever casting construction, providing a theoretical basis and engineering
reference for construction control of similar bridges.

2. Project overview

This study is based on a three-span prestressed concrete continuous rigid-frame bridge with a
span arrangement of (110+195+110) m. The main girder is a single-cell single-box variable-
section box girder with a top width of 16.4 m and a bottom width of 8.4 m. The main piers are
double-limb thin-walled hollow piers with a height of only 27 m, representing a typical low-pier
structure. The upper box girder is constructed using the balanced cantilever casting method with
form travelers. The maximum cantilever length is 96.5 m, and the girder is divided into 22
segments, with the heaviest segment weighing 2,748 kN. The closure sequence is side spans first
and then the center span. The construction procedure is as follows: substructure — construction
of segment 0 — maximum cantilever stage — side-span closure — center-span closure —
secondary pavement. The elevation view of the bridge and the division of the main girder segments
are shown in Fig. 1 and Fig. 2, respectively.
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Fig. 1. Bridge elevation view (unit: cm)
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Fig. 2. Main girder segment division (unit: cm)
2.1. Finite element modeling and parameter selection

A finite element model is established using Midas Civil. The entire bridge structure is
simulated using beam elements, with a total of 676 elements and 709 nodes. Rigid connections
are adopted between the main piers and the main girder, while general connections are used
between the transition piers and the main girder. In addition, to account for the flexibility effect
of the group pile foundations, a foundation model considering pile-soil interaction is established
based on the Winkler model [8]. The finite element model is shown in Fig. 3. The main girder is
made of C55 concrete with an elastic modulus of E = 3.45x10* MPa; the piers are made of C50
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concrete with E =3.55x10* MPa; and the prestressing tendons are made of @; = 15.2 steel
strands, with a tensioning control stress of .., = 1395 MPa and an elastic modulus of E =
1.95x10° MPa.

Fig. 3. Full-bridge finite element model

2.2. Parameter sensitivity analysis method

During the cantilever construction of long-span continuous rigid-frame bridges, factors such
as structural unit weight, elastic modulus, and prestressing tensioning all increase the complexity
of construction control. In the design phase, structural analyses are often performed based on
assumed parameters to predict the stress and deflection at each construction stage, thereby
ensuring that the completed bridge state satisfies the design requirements. However, the actual
parameter values often deviate from the design assumptions, causing the structural responses to
deviate from the expected values, which may lead to errors in the internal forces and deflections
at the completion stage. Therefore, the core of construction control lies in adjusting the parameters
to make the analytical model approximate the actual structural conditions. Since different
parameters exert varying degrees of influence on the structural responses, it is necessary to identify
the dominant and secondary parameters through sensitivity analysis. Among these, the dominant
parameters should be strictly controlled during construction, while the secondary parameters
should also be given due attention when higher accuracy is required.

In bridge construction monitoring, parameter sensitivity analysis aims to quantify the influence
of each parameter on the structural deflection and stress responses. The single-variable method is
adopted to calculate the variations in structural responses, and a sensitivity coefficient is
introduced for quantitative assessment. Its expression is given as follows:

_ ladf/df|

r

S (1

where df denotes the response under the design state, Adf is the variation in the response caused

by a single-parameter change, and r is the relative variation amplitude of the parameter. A larger
value of S indicates higher parameter sensitivity.

3. Parameter sensitivity analysis
3.1. Elastic modulus of concrete

The structural stiffness of long-span continuous rigid-frame bridges is primarily governed by
the elastic modulus of the material and the sectional properties. In this section, the elastic modulus
of concrete is taken as 0.9E, 1.0E, and 1.1E, respectively, to analyze the variations in the main
girder deflection and key section stresses under the maximum cantilever stage of a single T-shaped
structure. The results are shown in Fig. 4 and Table 1, and the deflection sensitivity coefficients
are presented in Fig. 5.
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Fig. 5. Deflection sensitivity coefficients at
maximum cantilever stage

Fig. 4. Main girder deflection at the maximum
cantilever stage

As shown in Fig. 4 and 5 and Table 1, when the elastic modulus varies by 10 %, the deflection
of the main girder at the cantilever stage decreases with increasing elastic modulus, with a
maximum change of 6.55 mm, accounting for 9.3 % of the deflection at that location. The
maximum stress change at the upper flange of the root section is 0.10 MPa, with a corresponding
sensitivity coefficient of 0.07, while the stress at the lower flange remains virtually unchanged.
The deflection sensitivity coefficients of each segment are more pronounced when the elastic
modulus decreases, with Segments 10-13 exhibiting the highest sensitivity. Overall, the elastic
modulus has a significant influence on the deflection of the main girder, but a relatively minor
effect on the stress, and the deflection variation tends to accumulate with increasing cantilever
length.

Table 1. Section stresses under varying elastic modulus of concrete

Elastic Section stress at gi.rfie.r root (MPa) .
Modulus Top Bottom Top-fiber sensitivity Bottom-fiber sensitivity
fiber fiber coefficient coefficient
0.9E -14.40 -10.40 0.07 0.00
1.0E —-14.50 -10.40 - -
I.1E -14.60 -10.40 0.07 0.00

3.2. Unit weight of concrete

In long-span structures, the self-weight accounts for over 70 % of the total load, so variations
in unit weight have a significant effect on the structural forces and deflections. In this section, the
unit weight is taken as 0.9y, 1.0y, and 1.1y, respectively, to calculate the main girder deflection
and key section stresses under the maximum cantilever stage of a single T-shaped structure. The
results are shown in Fig. 6 and Table 2, and the deflection sensitivity coefficients are presented in

Fig. 7.

Table 2. Section stresses under varying unit weight of concrete

Unit Section stress at girder root (MPa)
weight Top Bottom Top-fiber sensitivity Bottom-fiber sensitivity
& fiber fiber coefficient coefficient
0.9y —-16.00 —8.84 1.03 1.50
1.0y —-14.50 -10.40 - -
1.1y —-13.00 -11.90 1.03 1.44
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Fig. 6. Main girder deflection at the maximum Fig. 7. Deflection sensitivity coefficients at
cantilever stage maximum cantilever stage

As shown in Fig. 6 and 7 and Table 2, when the unit weight of concrete varies by 10 %, the
deflection of the main girder at the cantilever stage decreases with increasing unit weight, with a
maximum change of 20.27 mm, accounting for 29.38 % of the deflection at that location. The
maximum stress change at the upper flange of the root section is 1.50 MPa, with a corresponding
sensitivity coefficient of 1.03, while the stress change at the lower flange is 1.56 MPa, with a
sensitivity coefficient of 1.50. The deflection sensitivity of each segment to both increases and
decreases in unit weight is generally comparable, with the deflection at the maximum cantilever
segment being the most sensitive, considerably higher than that of the other segments. In
summary, variations in unit weight have a significant influence on both the deflection and stress
of the main girder, and thus should be strictly controlled during construction.

3.3. Prestressing tensioning

Prestressing serves as a key component of long-span continuous rigid-frame bridges, primarily
used to resist tensile stresses in the girder. However, during actual construction, issues such as
insufficient tensioning or over-tensioning of the prestressing tendons may occur, leading to
deviations between the actual in-girder prestress and the design values.

In this section, the in-girder prestress is taken as 0.90,,,, 1.00.,,, and 1.1d,,,, respectively,
to calculate the main girder deflection and key section stress variations under the maximum
cantilever stage of a single T-shaped structure. The results are shown in Fig. 8-9 and Table 3
(deflection sensitivity coefficients).
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Table 3. Section stresses under varying unit weight of concrete

Section stress at girder root (MPa)
Prestress Top Bottom Top-fiber sensitivity Bottom-fiber sensitivity
fiber fiber coefficient coefficient
0.90.0n -11.70 -10.90 1.93 0.48
1.00¢op -14.50 -10.40 - -
1.10¢op -17.20 -9.87 1.86 0.51

As shown in Fig.8 and 9 and Table 3, when the prestressing level varies by 10 %, the deflection
of the main girder at the cantilever stage decreases with increasing prestressing, with a maximum
change of 11.57 mm, accounting for 18.75 % of the deflection at that location. The maximum
stress change at the upper flange of the root section is 2.80 MPa, with a corresponding sensitivity
coefficient of 1.93, while the stress change at the lower flange is 0.53 MPa, with a sensitivity
coefficient of 0.51. The deflection sensitivity of each segment to both increases and decreases in
prestressing is generally consistent, with Segments 8~12 exhibiting the highest sensitivity,
considerably higher than that of the other segments. In summary, variations in prestressing have
a significant influence on both the deflection and stress of the main girder, and thus insufficient
tensioning or over-tensioning should be avoided during construction.

3.4. Limitations of the univariate method

This study employs a univariate sensitivity analysis, varying each parameter independently by
+10 % while keeping the others at their design values, to reveal the dominant sensitivity ranking
of elastic modulus, concrete unit weight, and prestress tensioning. However, this method cannot
capture coupling and interaction effects under simultaneous multi-parameter deviations; for
example, the deflection and stress responses induced by concurrent fluctuations in concrete unit
weight and prestress tensioning are not simply additive. Future studies should adopt a multivariate
analysis framework to quantitatively characterize parameter interactions. Nevertheless, univariate
analysis can still provide a basis for identifying controlling parameters that require priority
monitoring.

4. Conclusions

Based on a three-span low-pier long-span continuous rigid-frame bridge, this paper
systematically investigates the sensitivity of control parameters during the cast-in-place cantilever
construction process, considering the effects of structural elastic modulus, concrete unit weight,
prestressing tensioning. The following conclusions are drawn:

1) The structural stress is most sensitive to variations in prestressing tensioning (with a
maximum top-fiber stress sensitivity coefficient of 1.93), followed by concrete unit weight (top-
fiber sensitivity coefficient of 1.03), and is least sensitive to changes in concrete elastic modulus
(top-fiber sensitivity coefficient of 0.07).

2) The structural deflection is most sensitive to variations in concrete unit weight (with a
maximum variation of 20.27 mm, accounting for 29.38 % of the local deflection), followed by
prestressing tensioning (maximum variation of 11.57 mm, i.e., 18.75 %), and is least sensitive to
changes in concrete elastic modulus (maximum variation of 6.55 mm, i.e., 9.3 %).
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