International Journal for Computational Civil and Structural Engineering, 21(3) 54-66 (2025)
DOI:10.22337/2587-9618-2025-21-3-54-66

WARPING EFFECT IN A STEEL BOX GIRDER BRIDGE
STRUCTURE

Trong Chuc Nguyen', Ba Thang Phung *

'Le Quy Don Technical University, Hanoi 100000, VIETNAM
2 University of Transport Technology, Hanoi 100000, VIETNAM

Abstract: In recent years, the construction of steel box girder bridges has become a widespread and standard
practice in many major cities across Vietnam. These types of bridges are favored due to their structural strength,
durability, and ability to accommodate modern traffic demands. Despite their increasing use, one important aspect
often overlooked in current research is the distortion that occurs in the cross-sections of steel box girders,
particularly during buckling. This distortion can significantly affect the structural performance and safety of the
bridge over time. To address this research gap, this study focuses on analyzing how three critical factors—the size
of the cross-section, the type of longitudinal link used, and the distance between longitudinal links—affect the
buckling deformation behavior of steel box beam cross-sections. The analysis is conducted using the finite element
method (FEM), a powerful simulation tool that enables detailed modeling of structural behavior under load.
Through a series of simulations and evaluations, the study reveals that these parameters have a substantial influence
on the deformation patterns and overall stability of the steel box girder. The results of this research contribute
valuable insights that can assist engineers in designing more efficient and safer steel box bridges. Furthermore, the
findings serve as a useful technical reference for current and future bridge design projects in Vietnam, helping to
enhance both design standards and construction practices across the country’s transportation infrastructure.
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YOPEKT KOPOBJEHWS B KOHCTPYKIIUN MOCTA
C KOPOBYATOM CTAJBHOU BAJIKOM

Hzyen Yonz Yoik !, Ilxynz ba Txanz 2

! BoeTHaMCKHI TOCYIapCTBEHHbIN TexHuueckuil yuusepeutet umenu Jle Kyii Jlona, Xanoit 100000, BBETHAM
2 YHUBEPCHUTET TPAHCIIOPTHBIX TeXHONOTHI, Xanoii 100000, BLETHAM

AnHoTanmsi: B mocnenHne ropl CTPOUTENHCTBO MOCTOB ¢ KOPOOYATBIMH CTAIBHBIMU OajKaMH CTajlo LIHPOKO
PacnpoCcTpaHEHHOW W CTaHAAPTHOW NPAKTHKOW BO MHOTHX KPYIHBIX ropojax BbeTHama. OTH THIIBI MOCTOB
TIOJIB3YIOTCSL  TIOMYJISIPHOCTBIO  Onarofaps CBOEH BBICOKOW TPOYHOCTH, JIONTOBEYHOCTH M CHOCOOHOCTH
YJIOBJIETBOPSTH  TPeOOBAHHMSAM  COBPEMEHHOTO TPAaHCIOPTHOTO JBIKEHWA. HecMoTps Ha  pacTymryio
PacmpoCTPaHEHHOCTh TAKMX KOHCTPYKIMH, B CYIIECTBYIOIIMX HCCIIEOBAHMSIX acTO YITyCKAeTCsl M3 BHIY OIWUH
BO)XHBI acTeKT — AehopMalliy, BOSHUKAIOIINE B TOMEPEYHOM CEYCHHH KOpPOOYATHIX OaloK, OCOOEHHO Ipu
roTepe yCTOWdMBOCTH (OypTOOOpa3oBaHMM). OTH HCKKEHHS MOTYT CYIIECTBEHHO IIOBIMATh Ha HECYIIYIO
CIIOCOOHOCTh U 0€30IIaCHOCTh MOCTOBOH KOHCTPYKIMH B Iporecce 3KCIUTyaTanuu. C Ienblo BOCHOJHEHUS
JITAHHOT'O HAay4YHOTO TIpo0elia B HACTOSIIEM HCCIISJOBAHUH IPOBONTCS aHAIIM3 BIMSHHUS TPEX KITIOYEBBIX (haKTOPOB
— pa3MepoB TIONEPEYHOr0 CEYEHHMS, THIA TPOIOIBHBIX CBS3EH M PAacCTOSHMS MEXIy HHUMH — Ha TOBEICHHE
KOpOOYaThIX CTAIBHBIX OAJIOK MPU MOTEPE YCTOMYMBOCTH. AHAIM3 OCYLIECTBISIETCS C MCHOJIb30BAaHUEM METOJa
KOHEeuHbIX 31eMenToB (MKD), KoTOpbIii pecTaBisier o060l MOIIHBIM HHCTPYMEHT YUCICHHOTO MOJICIMPOBAHUS
HarpspKEHHO-11e(pOPMUPOBAHHOTO  COCTOSIHMSL KOHCTPYKIMK I10J JEHCTBHEM Harpy3ku. B pesynbrare cepum
YHCJICHHBIX SKCIICPHMEHTOB YCTAHOBJICHO, YTO YKA3aHHBIC MapaMeTpbl OKa3bIBAIOT 3HAYMTEIBHOE BIMSHUE HA
(hopmy medopmary 1 OOLIYIO yCTOHYMBOCTD KOpoOUaThIX Oanok. ITomydeHHbIe pe3yabTaThl PEACTABISIOT COO0H
[IEHHBI BKJIQJ B TMPOCKTUPOBAaHHE Ooyiee (PPEKTUBHBIX M OE30MaCHBIX MOCTOB C KOPOOUYATHIMU CTaIEHBIMH
Gamxamu. KpoMe TOro, OHM MOTYT CITYXHTh HaJEKHON TEXHNUECKOH OCHOBOM [T TEKYIINX U OyIyIIHX MPOSKTOB
MOCTOBOT'O CTPOHTEILCTBA BO BreTHaMe, CIOCOOCTBYSI yITydIIEHHIO TIPOSKTHBIX HOPM M CTPOUTEIBHBIX MPAKTHK B
TPaHCIIOPTHOW MH(PPACTPYKTYpE CTPAHBI.

Kuarouesbie cioBa: Jledopmanus ceueHus, CTaibHble KOPOOUAThIE MOCTBI, OaJI04HbIE MOCTHI, Nedopmarius,
Kpy4eHue
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Warping Effect in a Steel Box Girder Bridge Structure

INTRODUCTION

Although Hanoi and Ho Chi Minh City in
Vietnam have many steel bridges, there have been
few domestic studies on how these structures
function, particularly their effectiveness and
response to warping in the cross-section of steel
beams. Steel bridges' primary cross-sections are
the I-section and the box-section. Intersections are
bridges with a lot of torque when used on curved
bridges, and the steel box girder bridge has the
advantage of torsion stiffness. Depending on the
width of the deck, the cross-section of a steel box
girder bridge can take the form of a single box,
several individual boxes, or a box with multiple
partitions [1-3].

Bridge decks, reinforced concrete slabs combined
with steel beams, and orthogonal slab decks are
the most common types of steel bridges. Shear
studs (Shear Stud) connect the reinforced concrete
slab deck to the steel beams. Large bridges use
steel orthogonal slab structures to reduce deck
static load and save materials. The orthogonal slab
functions as a deck slab as well as a main girder
component. Because the orthogonal plate connects
the main beam branches, the upper longitudinal
connection system can be removed [4].

Concrete Deck Shear Stud ﬂ
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Metal Deck Forms!

“Web Bottom Flangi

Figure 1. Cross section of steel box beam [4]

The bottom slab (Bottom Flange), web, top
flange, and reinforced concrete deck (concrete
deck) are the basic components of a composite
steel box girder bridge shown in the cross-
section. The bridge's box-shaped cross-section
was closed. Anchor connection (Shear Stud) to
ensure the unity of the steel beam and the
reinforced concrete slab against sliding force
and separation (Figure 1) [4-6].

The vertical and horizontal connection systems
are both components of the box girder bridge's
connection system. Figure 2.a depicts the internal
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bracing system as a K-frame. The connection
system regulates the warping deformation of the
box girder. Because of the shape of this K-frame
connection system, it is easy to travel inside the
box during construction or inspection while in use.
The upper wing of the beam should have the truss
form shown in Figure 2.b to control torsion during
construction and erection [4].

./Strut
D]agN ’
a)
+ Top Flange +

Diagonal

+ Top Flange +
b)

Figure 2. Typical connection system in steel box
girder bridges [4]

The combined steel box girder solution satisfies
the aforementioned criteria with exceptional
benefits in span, high torsional stiffness, high
aesthetics, durability, and good maintainability.
The steel box girder is better for longer spans than
the I-beam because it has higher flexural strength.
The actual span is roughly 45-100m. This
structure's span is 160 meters (Kanawha River
bridge in Virginia state - USA). Because the steel
box girder's structural form is more intricate than
the I- beam's, manufacturing and installation of
one call for highly skilled labor. Additionally, the
weight of each steel box girder unit is typically
higher than that of an I-beam, increasing the cost
of construction. However, when compared to the
I-beam span system, the steel box girder span
system uses fewer main girders, transverse beams,
and bracing systems, which lowers manufacturing
costs as well as site labor costs. The characteristic
of this type of beam is its high torsional rigidity,

55



so it is very suitable for curved bridges in
intersections and ramps. Two bridges built in the
US have a very small curvature of 45m (in the
state of Massachusetts-1960) and 55m (the airport
jetty at Dallas-1970). In contrast to other types of
bridges, however, it should be noted that
manufacturing vertical, horizontal, extremely
high, and diagonal bridges can be challenging.
Aesthetics are a notable benefit of steel box girder
bridges. The bracing system, reinforcing ribs,
utilities, and other components are "hidden" in the
box, not being exposed and causing "distractions,"
while minimizing the risk of dust and dirt. This is
in contrast to the integrated I-beam bridge. The
direct corrosive effects of the environment are
because they are "protected" inside the box, which
lowers the cost of the coating system and makes it
easy to conduct inspection and maintenance work
inside the box [7].

METHODS

Research subjects

A steel beam structure with a span length of | =
50 m, a height of H = 1 m, a bottom plate width
of beam B varying from 1.6 m to 4.6 m, and a
box beam with a spaced horizontal connection

C
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system of 10 m connecting the two beam ribs is
modeled and analyzed (Figure 3).

5620

B=2600

Figure 3. Cross-section of the steel box beam
surveyed

Steel according to ASTM standards, elastic
modulus E= 1.9995 kN/m?; Poisson's coefficient
is 0.3; thermal expansion coefficient is 1.17x10
3; specific gravity is 77.09 kN/m’.

Working characteristics of steel box girder
bridge.

Consider the cross-section of the eccentrically
loaded box-shaped steel box girder P, which is
analyzed into bending and torsion components
(Figure 4) [8, 9].
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a) Analysis of load components acting on the steel box girder cross-section
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1 + \

Bending distortion 'r'

b) Bending action
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Figure 4. Analysis of load components P in open box girders according to the co-operative
principle [10,11]

Bending loads can warp and buckle sections
(Figure 4.b). When impact loads are applied to
beams, a common phenomenon known as
longitudinal bending takes place. The cross-
section is frequently assumed to always be flat
when performing the calculation. When loads
are applied to open boxes, deformation occurs.
This distortion leads to bending in the ribs,
lower flange, and upper flange of open box
girders. The cross-sectional shape of the slabs is
altered by the out-of-plane bending of the beams
that make up the slabs. For this reason,
investigating the displacement of points on the
cross-section will produce conclusive findings
about the phenomenon [12, 13].

The torsional load was induced on the section
(Figure 4.c). Due to the curvature of the bridge,
lateral loads acting on a box girder cause torsion
with the girder's longitudinal axis. The cross-
section is frequently assumed to always be flat
when performing the calculation. Steel plates are
bent and their cross-sections are deformed by
torsion. In order to clearly see the effects of this
phenomenon, one should study the displacement
of points on the cross-section [14,15].

Numerical method for determining the stress
and strain states of steel box girders.

The finite element method is the most popular
numerical approach. With this technique, large,
complex engineering problems can be solved
quickly and accurately as needed. By using this
technique, the texture is discretized into finite
elements, linked by nodes, and supported by
boundary and continuity conditions, among
other  conditions. = Unknowns  regarding
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Deformation and displacement at the nodes are
the structural issue. Create differential equations
by using fundamental mechanical principles,
such as the energy principle, the virtual
displacement principle, etc. This method is now
available in commercial structural calculation
programs like Midas, RM, Sap, Ansys, Abaqus,
etc. that are frequently wused in bridge
construction. The elements used in the method
include single-dimensional elements such as
beams and bars as well as two-dimensional
elements such as plates, shells, and solids
(Figures 5, 6) [16-18].

Figure 5. Plate element

Figure 6. Solid element
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The finite element method is regarded as a
contemporary, all-encompassing approach that
is currently widely used. It has demonstrated its
benefits in quickly providing solutions to large-
scale, complex problems. If using bar elements
(6 degrees of freedom per node), the analysis
will not clearly demonstrate the phenomenon of
warping as well as distortion of the section
based on the operation of curved steel box
girders and the above-presented stress
calculation formula. Therefore, the topic will

o)
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analyze in detail the steel box girder structure
using the plate element by the finite element
method [19, 20].

RESULTS AND DISCUSSION

Effect of cross-sectional dimensions on

section warping. Modeling of the steel box
girder section with nodes on the cross section is
shown in Figure 7.

Figure 7. Modeling the box girder segment and the nodes on the cross-section

Surveying the width of the beam bottom plate
(B) varies from 1.6m to 4.6m, the deformation
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results of the nodes on the beam cross section
are shown in Figure 8.
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Figure 8. Deformation due to self-load: a) deformation in the y-z plane; b) deformation in the x direction
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Figure 8 shows the deformation of the steel box
girder cross-section due to the self-load. Figure
8.a shows the deformation in the y-z plane (the
view is opposite to the x-axis). Figure 8.b shows
the deformation in the x direction due to the
Obviously,

change of cross section. the

1.2

-0.4

—m— Before deformation
o After deformation with B = 2.6m

—¢—After deformation with B = 4.6m

5 500003 500003.5

deformation in the y-z plane under the effect of
self-load reaches the maximum when the width
of the beam bottom plate B = 4.6m. Besides, the
deformation in the x direction is greatest when
the width of the beam bottom plate B = 1.6m.

—a— After deformation with B = 1.6m
After deformation with B = 3.6m
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Figure 9. Cross-sectional deformation of steel box girder under symmetrical load: a) deformation
in the y-z plane; b) deformation in the x direction

Figure 9 shows the deformation of the steel box
girder cross-section under the application of
symmetrical concentrated loads. Figure 9.a
shows the deformation change in the y-z plane
(the view is opposite to the x-axis). Figure 9.b
shows the change of deformation in the x
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direction due to the change in cross section of
the steel box girder. From Figure 9, we can see
that the deformation of the cross-section in the
y-z plane and in the x direction reaches the
maximum value when the width of the beam
bottom plate B = 1.6m.
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After deformation with B =2.6m  , A fier deformation with B = 3.6m 0.4

o After deformation with B = 4.6m

Figure 10. Cross-sectional deformation of steel box girder due to eccentric load: a) deformation in
the y-z plane; b) deformation in the x direction
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Figure 10 depicts the displacement change of the
steel box girder cross-section due to eccentric load
when the width of the beam bottom plate is
changed. The results show that the displacement
of the cross sectional nodes is significantly
affected by the width of the beam bottom plate.

Effect of distance of steel box girder cross-
linking system on section warping.

Look into how the steel box girder's cross-section
warps in relation to the cross-linking system.
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Consider the case with and without cross-linking
of steel box girders. When using a cross-linking
system, the distance between them varies from
2.5mto 7.5m and as shown in Figure 11.

Figure 11. Cross-linked beam model
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Figure 12. Deformation due to self-load: a) deformation in the y-z plane; b) deformation in the x direction

Figure 12 is the deformation diagram of the
steel box girder cross-section caused by the self-
load. Figure 12.a depicts the change in
deformation in the y-z plane (opposite the x-axis
view) as the crosslink spacing varies from 2.5m
to 7.5m. Figure 12.b depicts the change in strain

12

—a— Before deformation

—a— After deformation with 1=7.5m

in the cross-section's x-direction as the distance
between the cross-links increases from 2.5m to
7.5m.

Figure 13 is the deformation diagram of the
steel box girder cross-section due to
symmetrical concentrated loads.
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Figure 13. Cross-sectional deformation of steel box girder under symmetrical load: a) deformation
in the y-z plane; b) deformation in the x direction
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Figure 13.a shows the deformation change in
the y-z plane (opposite of the x-axis view) when
the crosslink distance varies from 2.5m to 7.5m.
Figure 13.b demonstrates the change in strain in
the x-direction of the cross-section when the
cross-linking distance varies from 2.5m to 7.5m.
When changing the cross-link distance of the
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—e— Before deformation
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—o— After deformation without crosslinks

steel box girder, the cross-sectional deformation
in the y-z plane and in the x direction does not
change significantly.

The deformation diagram of the steel box girder
cross-section due to eccentric load is shown in
Figure 14.
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Figure 14. Cross-sectional deformation of steel box girder due to eccentric load: a) deformation in
the y-z plane; b) deformation in the x direction

Figure 14.a shows how the deformation in the y-
z plane (opposite the x-axis view) changes as
the crosslink spacing varies from 2.5m to 7.5m.
Figure 14.b depicts the x-direction strain change
as the distance between the cross-links increases
from 2.5m to 7.5m. The amount of deformation
along the x-axis of the steel box girder cross-
section depends greatly on the distance between
the cross-beams.

=SS

Effects of types of longitudinal connection
systems on steel box girder bridges on section
warping.

Investigate  the effect of longitudinal
connections on cross-sectional warping in steel
box girders. In this paper, we consider the cases
where there is no bridge longitudinal linkage
system, as well as type 1 (Figure 15.a) and type
2 (Figure 15.b) bridge longitudinal linkages.

7

Figure 15. Model of steel box girder with bridge longitudinal connection system
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Figure 16. Deformation due to self-load: a) deformation in the y-z plane; b) deformation in the x
direction

The self-load deformation diagram of the steel
box beam cross-section is displayed in Figure 16.
Figure 16.a illustrates how the strain has changed
in the yx plane (the view direction is
perpendicular to the x-axis), and Figure 16.b
illustrates how the cross-section has changed and
how the strain has changed in the x direction.

1.2

Figure 17 is the deformation diagram of the
steel box beam cross-section due to symmetrical
concentrated load. Figure 17.a shows the change
in strain in the yx plane (view direction is
opposite to the x axis), figure 17.b shows the
change in strain in the x direction due to
changing the cross section.
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Figure 17. Deformation due to symmetrical loading: a) deformation in the yz plane;
b) deformation in the x direction

Figure 18 shows the deformation diagram of the
cross-section of a steel box beam due to
eccentric loading causing torsion. Figure 18.a
shows the change in strain in the yx plane (view

direction is opposite to the x axis), figure 18.b
shows the change in strain in the x direction due
to changing the cross section.
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Figure 18. Deformation due to eccentric loading: a) deformation in the yz plane; b) deformation
in the x direction

The findings displayed in the tables and
graphics demonstrate how the longitudinal
connection system affects warping deformation
in steel box beams. It is evident how much more
deformation can be prevented when the
longitudinal connection system is used as
opposed to not using a vertical linkage system.

CONCLUSION

Based on the research results obtained, the
following conclusions can be drawn:

1. The internal forces and displacements in a
steel box girder bridge structure are significantly
affected by the warping effect, which arises due
to torsional deformation. This effect alters the
distribution of stresses and strains, potentially
compromising the structural integrity and
serviceability of the bridge over time.

2. To effectively reduce the warping effect in the
cross-section of a steel box beam, it is essential to
carefully select an appropriate B/H ratio,
determine the optimal number of horizontal
beams, and choose a suitable type of vertical
connection based on structural requirements.

3. The findings of this study can serve as a
valuable reference for the design and
optimization of steel box girder bridges in
Vietnam. However, to ensure structural safety
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and long-term performance, the phenomenon of
cross-sectional warping must be thoroughly
evaluated and carefully incorporated into the
design process.
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