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Abstract. With China's rapid infrastructure expansion, prestressed concrete
continuous girder bridges have become prevalent in modern railway and high-
way projects. The cantilever casting method for Block 0 segments creates per-
sistent interfacial constraints between concrete and the non-removable
film-covered formwork system during post-tensioning. These constraints gen-
erate frictional resistance that diminishes effective prestress transfer. Field ob-
servations indicate that partially released (but not removed) side formwork tie
bolts compound this effect by introducing additional frictional and shear re-
sistance during tensioning. This dual mechanism not only reduces available
prestress force but also causes unintended load transfer to the formwork sys-
tem.Focusing on the Mengcheng Grand Bridge case study along the Fuhuai
Railway corridor, this investigation employs experimental testing and nonlinear
finite element analysis to quantify how formwork-induced constraints compro-
mise prestress efficiency. Results demonstrate that the composite action of
film-covered formwork friction and tie bolt resistance leads to insufficient ef-
fective prestress, failing to achieve design-specified stress distributions in critical
structural elements.

Keywords: Cantilever casting construction; Prestress effect; Formwork friction
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1 Introduction

In post-tensioned cantilever casting construction of continuous girders, the
non-removable bottom formwork system results in persistent normal contact con-
straints between the concrete and the formwork interface. During prestressed tension-
ing, interfacial friction resistance caused by these constraints diminishes the effective
prestress. Engineering observations indicate that retaining loosened tie bolts of the side
formwork before tensioning introduces additional friction and shear resistance from the
bolts, which not only consumes prestress but also transfers part of the prestress to the
formwork, exacerbating losses. Although existing studies by Ye et al.['"' have ad
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dressed prestress losses, they primarily focus on common loss mechanisms and lack
experimental determination of accurate friction coefficients. Therefore, detailed ex-
periments are essential to quantify the impact of formwork friction and tie bolt shear
resistance on prestress losses, providing precise theoretical guidance for engineering
practices.

This paper investigates the influence of formwork friction resistance and tie bolt
shear resistance on prestressed tensioning effects in Block 0 cantilever segments during
construction. Combining experimental testing and finite element analysis (FEA), the
study reveals the interaction mechanisms between formwork constraints and prestress
application.

2 Friction Coefficient Test at the Interface Between
Film-covered Formwork and Concrete

Current research on the friction coefficient between film-covered formwork and con-
crete is limited, and existing data differ from practical bridge construction scenarios.
This experiment focuses on the friction coefficient after shear bond failure at the in-
terface.

2.1  Concrete Strength Validation

(a) Damaged surface of film-covered formwork (b) Concrete surface damage

Figure 1. Experimental concrete specimen failure surface
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Figure 2. Schematic diagram of concrete bond failure loading
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This study validated whether the concrete strength of the experimental specimens met
design requirements through compressive concrete test cubes. After 14 days of curing,
elastic modulus tests and compressive tests were conducted on the test cubes using a
YES-2000 digital display compression testing machine. The loading rate was set to 0.5
MPa/s, with the minimum elastic modulus measured among three test cubes being
34.73 GPa. Compressive tests showed that at 14 days of curing, the minimum concrete
strength of three test cubes was 49.11 MPa, increasing to 54.97 MPa at 28 days. Bond
failure loading tests were initiated when the experimental concrete strength exceeded
95% of the design value and the elastic modulus surpassed 100% of the design speci-
fication.For the bond failure tests, a loading rate of 0.1 MPa/s was applied. The
film-covered formwork was bonded to the side surfaces of the concrete specimens.
Experimental observations revealed sudden detachment of the plywood from the con-
crete, with smooth fracture surfaces on the concrete and residual concrete fragments
adhering to localized areas of the plywood (Figures 1, 2).

2.2 Friction coefficient measurement
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Figure 3. Schematic diagram of friction coefficient test between film-covered board and con-
crete interface

Figure 4. Test diagram of friction coefficient at the interface between film-covered board and
concrete



160 G. Zhu et al.

After obtaining the interfacial failure surfaces, the plywood’s bonded face was oriented
upward, and the concrete’s bonded face downward, ensuring direct contact between the
failure surfaces during subsequent frictional coefficient measurements (Figure 3, 4).
The test procedure is as follows: water was gradually added to a bucket until the con-
crete specimen initiated sliding. The total weight of the bucket and water (G;) and the
specimen’s weight (G,) were recorded. At the sliding threshold, the tensile force (Fy) in
the rope balanced the static frictional force (Fy), i.e.F; = Fr, yielding the frictional
coefficient as p = G / Ga.

The test results for the frictional coefficient at the interface between the film-covered
formwork and concrete are presented in Table 1, with the gravitational accelera-
tion g uniformly set to 9.8m's™2. By averaging the calculated values, the post-shear
bonding frictional coefficient at the interface between the concrete and film-covered
formwork was determined to be 0.486.

Table 1. Test results of interfacial friction coefficient between film-covered formwork and

concrete
Parameter Test Data
Gi(kg) 3.39 3.57 3.82 3.96 3.62
Gao(kg) 7.55 7.55 7.55 7.55 7.55
u 0.449 0.473 0.506 0.525 0.479

3 Finite Element Analysis of Formwork System Influence
on Prestressed Tensioning

Using ABAQUS, a finite element model of the Mengcheng Grand Bridge’s Block 0
cantilever segment was developed to analyze template system effects under six sce-
narios: S1: No formwork constraints (control group); S2: Bottom formwork friction
only; S3: Side formwork friction only; S4: Combined bottom and side formwork fric-
tion; S5: Tie bolt shear resistance only; S6: Full constraints (friction + shear re-
sistance).Frictional resistance was modeled by adjusting friction coefficients, while tie
bolt effects were simulated via bolt presence/absence.

3.1 Model Parameters

The cantilever segment of Block 0 measures 2.5 m in length, with a box girder con-
figuration featuring a 12.6 m-wide top slab, 0.7 m-thick webs, a 5.5 m-wide bottom
slab, and a structural height of 3.052 m. Longitudinal prestressing tendons utilize
high-strength, low-relaxation steel strands with a yield strength of 1,860 MPa, elastic
modulus of 195 GPa, and nominal diameter of 15.2 mm.

The web prestressing tendons (designated as F) consist of 7 strands per bundle, with
a longitudinal length of 2.4 m. Four such tendon bundles are installed in each web, each
subjected to a controlled tensioning force of 1,356.32 kN. The top slab prestressing
tendons (T;) comprise 12 strands per bundle, extending 2.5 m longitudinally. Four
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tendon bundles are arranged in the top slab, with each bundle tensioned to 2,416.96
kN.Material properties of the Block 0 cantilever segment are detailed in Table 2.

Table 2. Material properties

Material Density (kN/m?) Elastic Modulus Poisson’s Ratio
(MPa)
C50 Concrete 2600 34584.6 0.2
Steel Formwork 7850 210000 0.3
Wood Formwork 750 6000 0.3
Prestressing Tendon 7850 195000 0.3
Form Tie 7850 210000 0.3

3.2 Stress Analysis Under Gravity and Prestress

After applying the first load step of gravity load to the box girder, the longitudinal stress
contour of the box girder is shown in Figure 5 (stress unit: Pa). At this stage, the lon-
gitudinal stresses at the center points of both the top slab and the bottom slab of the box
girder are compressive stresses.

After applying the prestress to the box girder, the longitudinal stress contour is
shown in Figure 6 (stress unit: Pa). At this stage, the longitudinal compressive stress at
the center point of the top slab along the Z-axis increases, while the longitudinal stress
at the center point of the bottom slab gradually decreases from compressive stress to
tensile stress.

From the two states—under gravity load only and after prestress application—it can
be observed that, under the tensioning sequence and construction conditions of this
project, tensioning the longitudinal prestressing tendons in the top slab and web in-
creases the longitudinal compressive stress at the center point of the top slab, while
inducing longitudinal tensile stress at the center point of the bottom slab.
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Figure 5. Longitudinal stress cloud map of cantilever segment box girder of block 0 under
gravity load
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Figure 6. Longitudinal stress cloud map of the cantilever segment box girder of block 0 after
prestressing and tensioning

3.3  Finite Element Analysis of Formwork System Impact on Prestress
Tensioning

Results:

As shown in Figure 7 after tensioning the prestressed steel strands in the top slab and
webs of the box girder, the longitudinal stress variation at the central point of the
bottom slab under different formwork system forces exhibits the following character-
istics:Under the frictional resistance of the bottom formwork, the longitudinal stress
variation at the bottom slab center is negligible;Under the frictional resistance of the
side formwork, the longitudinal stress at the bottom slab center decreases significantly,
with a maximum variation of approximately 0.0164 MPa (accounting for 5.41% of the
theoretical S1 value) at the tensioning end;Under the combined frictional resistance of
both bottom and side formworks, the longitudinal stress at the bottom slab center
decreases significantly, with a maximum variation of 0.0164 MPa ( 5.41% of S1) at the
tensioning end;Under the influence of tie bolts, the longitudinal stress at the bottom
slab center decreases significantly, with a maximum variation of 0.0032 MPa ( 1.04%
of S1) at the tensioning end;Under the entire formwork system, the longitudinal stress
at the bottom slab center decreases significantly, with a maximum variation of 0.0193
MPa ( 6.35% of S1) at the tensioning end.

As shown in Figure 8, after tensioning the prestressed steel strands in the top slab
and webs of the box girder, the longitudinal stress variation at the bottom slab center
under different formwork system forces exhibits the following characteristics:Under
the frictional resistance of the bottom formwork, the longitudinal stress variation at the
bottom slab center is negligible;Under the frictional resistance of the side formwork,
the longitudinal stress at the bottom slab center decreases significantly, with a maxi-
mum variation of 0.0082 MPa ( 1.81% of S1) at the tensioning end;Under the combined
frictional resistance of both bottom and side formworks, the longitudinal stress at the
bottom slab center decreases significantly, with a maximum variation of 0.0082 MPa
( 1.81% of S1) at the tensioning end;Under the influence of tie bolts, the longitudinal
stress at the bottom slab center decreases significantly, with a maximum variation of
0.005 MPa ( 1.09% of S1) at the tensioning end;Under the entire formwork system, the
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longitudinal stress at the bottom slab center decreases significantly, with a maximum
variation of 0.0135 MPa ( 2.97% of S1) at the tensioning end.

Longitudinal stress at the bottom slab center point (MPa)
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Figure 7. Curve diagram of longitudinal stress influence on the bottom slab center point by
different formwork system forces after tensioning of both longitudinal web and top slab pre-

Longitudinal stress at the top slab center point (MPa)
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Figure 8. Curve diagram of longitudinal stress influence on the top slab center point by different
formwork system forces after tensioning of both longitudinal web and top slab prestressed

tendons
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4 Conclusions

Based on the finite element analysis data in this section and the longitudinal stress
analysis of the box girder before and after tensioning, it can be observed that the ap-
plication of prestressing increases the compressive stress in the top slab and tensile
stress in the bottom slab. However, the frictional resistance from the bottom formwork,
side formwork frictional resistance, and shear resistance of tie bolts collectively reduce
compressive stress in the top slab and tensile stress in the bottom slab. This indicates
that the formwork system counteracts the prestressing effect, thereby increasing pre-
stress losses. Therefore, during construction, measures should be implemented to
minimize the friction coefficient between the box girder and bottom formwork. Addi-
tionally, prior to prestressing tensioning, it is essential to remove the tie bolts and
demold the side formwork to optimize prestress transmission efficiency.
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