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1. Introduction 

 
Composite girder bridge with corrugated steel webs is a 

new type of composite structure and has been widely used 
in recent years in Japan. The structure has been gradually 
used from simple-supported beam, continuous beam to 
extra-dosed cable-stayed bridge, cable-stayed bridge, etc. 
As the dead weight of composite box girder bridge with 
corrugated steel webs is about 20%~30% as much as that of 
the concrete one, it saves 20%~30% cost relative to steel 
box beam or concrete box beam with equivalent span (He et 
al. 2007). Similarly in China, more than 30 composite 
girder bridge with corrugated steel webs have been built or 
is under construction since 2005. The girder cross section of 
these bridges extends from the original single-box single-
cell to single-box multi-cell and multi-box multi-cell. The 
width-span ratio of bridges is more than 0.5 in many cases. 
Long-span and super-wide bridges have also appeared, such 
as Himiyume Ohashi extra-dosed cable-stayed bridge in 
Japan (91.75 + 180 + 91.75) m (Maeda et al. 2005), Ritto 
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Bridge (137.6 + 170 + 115 + 67.6) m (Yasukawa 2003), 
Yahagigawa cable-stayed bridge (174.7 + 2 × 235 + 174.7) 
m (Otani and Arai 2006), six-tower cable-stayed bridge of 
Chaoyang Bridge in Nanchang (79 + 5 × 150 + 79) m (Wang 
et al. 2015), three-tower cable-stayed bridge of Henan (58 + 
118 + 188 + 108) m (Liu et al. 2016). 

Similar to common concrete box girder, the pheno-
menon of uneven distribution of bending stress, which is 
called as “shear lag effect”, exist on both top and bottom 
flanges of the box girder. Existing studies of shear lag effect 
mainly focus on single-box single-cell girder with vertical 
or inclined webs that are mostly used for the simple beam 
structure; however, studies on shear lag effect of single-box 
multi-cell cable-stayed bridge with corrugated steel webs 
(in super-wide form) is very rare (Kim et al. 2011, Li and 
Wang 2013, Oh et al. 2012). Therefore, it is necessary to 
analyze the shear lag effect of multi-box multi-cell cable-
stayed bridge with corrugated steel webs. 

Under the longitudinal bending, the normal stress 
resulted in the flange slab section is uniform along the 
flange width based on Euler beam theory in modeling of 
bending (i.e., shear effect is not modelled). However, in 
most practical cases especially for box beam with wide 
flange, shear deformation in the flange slab results in 
unevenly distributed normal stress along the width of flange 
slab, which is known as “shear lag effect”. If the normal 
stress at the intersection of flange slab and webs is greater 
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Abstract.  As few multi-tower single-box multi-cell cable-stayed bridges with corrugated steel webs have been built, analysis 
is mostly achieved by combining single-girder model, beam grillage model and solid model in support of the design. However, 
such analysis methods usually suffer from major limitations in terms of the engineering applications: single-girder model fails to 
account for spatial effect such as shear lag effect of the box girder and the relevant effective girder width and eccentric load 
coefficient; owing to the approximation in the principle equivalence, the plane grillage model cannot accurately capture shear 
stress distribution and local stress state in both top and bottom flange of composite box girder; and solid model is difficult to be 
practically combined with the overall calculation. The usual effective width method fails to provide a uniform and accurate 
“effective length” (and the codes fail to provide a unified design approach at those circumstance) considering different shear lag 
effects resulting from dead load, prestress and cable tension in the construction. Therefore, a novel spatial grid model has been 
developed to account for shear lag effect. The theoretical principle of the proposed spatial grid model has been elaborated along 
with the relevant illustrations of modeling parameters of composite box girder with corrugated steel webs. Then typical 
transverse and longitudinal shear lag coefficient distribution pattern at the side-span and mid-span key cross sections have been 
analyzed and summarized to provide reference for similar bridges. The effectiveness and accuracy of spatial grid analysis 
methods has been finally validated through a practical cable-stayed bridge. 
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Fig. 1 Phenomenon of shear lag 
 
 

than the stress calculated by Euler beam theory, it is called 
as “positive shear lag”; otherwise the “negative shear lag” 
(shown in Fig. 1). Such phenomenon of uneven distribution 
of normal stress can cause stress concertation and even 
cracking at the local intersection area between flanges and 
webs (Li and Wang 2013, Ko et al. 2013). 

To account for the shear lag effect in design, the shear 
lag coefficient λ is defined as the ratio between the actual 
normal stress value and that calculated from the elementary 
beam theory. In this article, the normal stress calculated 
from the elementary beam theory is averagely calculated by 
area of normal stress of flange slab divided by width of 
flange slab. Then the shear lag coefficient at every point of 
cross sections can be obtained using its actual stress divided 
by the aforementioned average stress. Such shear lag 
coefficient is not only similar to the one by the classic 
definition but considers the features of spatial structure 
analysis, i.e., 

0
1

n

i ib b 
 

(1)

 
Shear lag coefficient is calculated by λ = σ/σ0 and the 

maximum shear lag coefficient is defined as λmax = σmax/σ0, 
where σmax is the average normal stress of three-dimensional 
solid unit node, bi denotes the transverse distance of unit 
nodes, σmax is the maximum stress of flange slab calculated 
by finite element method, σ0 denotes the average normal 
stress calculated by the elementary beam theory, and n 
represents the number of units divided on top and bottom 
slab. 

From Eq. (1) it can be seen that the effective flange 
width is determined based on the principle of equivalent 
volume of stress. The ratio of effective width to actual 
width (i.e., the effective width ratio) reflects the uneven 
distribution of normal stress across flange slab. At present 
in the bridge design, the reducing bending moment of cross 
section using the effective flange width based on which the 
bending stress and deflection of the beam are calculated 
through the elementary beam theory. 

At present, for the analysis of composite girder bridge 
with corrugated steel web, the method combining the space 
frame model, plane beam grillage model and local solid 
model analysis is generally adopted .However, the spatial 
frame model lacks of the refinement analysis technique in 
considering the space effect, such as the plane section 
assumption of wide box girder, effective flange width, 
eccentric load coefficient, internal force distribution with 

the webs, transverse vehicle distribution factor. Due to the 
approximation of equivalence principle, the plane beam 
grillage method cannot accurately reflect the shear stress 
distribution and local stress within the top and bottom plates 
of the composite box girder. The solid model is hard to be 
fully combined with the overall calculation as the resulting 
stress is not compatible with the responses required for 
design. Therefore the spatial grid model has been 
introduced to resolves these drawbacks for multi-box multi-
cell composite girder with corrugated steel webs. 

In the grid model, the composite beam section was 
separated into several plates, making the beam grillage 
division for each plate and equivalently replacing the stress 
of each plate by the divided beam grillage. Compared with 
the beam grillage method, the spatial grid division is much 
finer. Due to the denser division of the top plate, it can 
analyze the stress of the beam grillage of the top plate under 
the shear lag effect, without calculating the effective width. 
The output results of the spatial grid model are internal 
force, stress and displacement of each beam grillage. The 
torsion rigidity is reflected on the shear stress of each beam 
grillage through the mutual interaction between spatial 
grids. It can also achieve the distortion analysis of the cross 
section and the transverse flexural deformation of each 
plate, and can provide a comprehensive deformation 
analysis of the composite girder under eccentric load. The 
stress state of various structural components can be 
conveniently revealed for specific strengthening 
reinforcement, which is of prime significance in the 
practical engineering design (Shao et al. 2010). 

 
 

2. The spatial grid model 
 
In structural analysis, the complex bridge structure can 

be decomposed into several plates. Each plate element is 
composed of a crisscross orthogonal beam grillage with the 
cross beam rigidity (6 DOF beam element) equal the 
rigidity of the plate (seen in Fig. 2). The quantity of plates 
constituting a space bridge girder is equal to the number of 
crisscross beam grillage. Therefore, the spatial bridge 
structure can be modelled as a spatial grid structure. As 
shown in Fig. 2, the cross section of the single box girder 

 
 

Fig. 2 Schematic show of spatial grid model 
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Fig. 3 Structure partitioning for box girder bridge 
in spatial grid model 

 
 
can be decomposed into the top plate, bottom plate and 
webs. “Plate” of the box girder cross section can be 
modelled by the orthogonal beam grillage. The orthogonal 
beam grillages in different planes assemble the box girder 
as a spatial net structure, which is termed as “spatial grid” 
model (Liu and Xu 2010). 

 
2.1 Structure partitioning 
 
When building the spatial grid model, the longitudinal 

direction of the girder can be meshed in accordance with the 
usual meshing rules in finite element method for single-
beam model. The refinement degree for grid across the 
cross section of girder should be determined in accordance 
with the cross section type and modelling requirements to 
reflect the space effect. The top and bottom flange plates 
and webs should be partitioned, as shown in Fig. 3. 

 
2.2 Calculation of cross section characteristics 

after partitioning 
 

In the spatial grid model for the box girders with webs, 
the cross section mainly includes the following three types 
shown in Fig. 4, i.e., the integral web part, partitioned parts 
of web, and partitioned parts of top and bottom plates. The 
calculation of these cross sections and characteristics is 
consistent with the cross section characteristics of the 
traditional beam element, which is calculated by the actual 
cross sectional dimension after dispersing. 

A common rectangular partition shown in Fig. 5 is 
employed as an example to calculate the cross section 

 
 

 

(a) Integral web 
 
 

(b) Partitioned web 
 
 

(c) Partitioned parts 
of top and bottom 
plates 

Fig. 4 Typical cross section in spatial grid model 
 
 

 

Fig. 5 Calculation of common cross section characteristics 
in spatial grid model 

characteristics of typical parts in the spatial grid model. 
 

Axial area 
 

 (2)
 

Shear area 
 

 (3)
 

Bending moment of inertia 
 

    
(4)

 

Torsional moment of inertia 
 

   
(5)

 
2.3 Calculation and modelling in spatial grid model 
 
In the grid model, the composite beam section was 

separated into several plates, making the beam grillage 
division for each plate and equivalently replacing the stress 
of each plate by the divided beam grillage. Due to the 
denser division of the top plate, it can analyze the stress of 
the top plate under the shear lag effect, without calculating 
the effective width. The torsion rigidity is reflected on the 
shear stress of each beam grillage through the mutual 
interaction between spatial grids. It can also achieve the 
distortion analysis of the cross section and the transverse 
flexural deformation of each plate, and can provide a 
comprehensive deformation analysis of the composite 
girder under eccentric load. 

While using the spatial grid model, the load effect of the 
cross section can be resisted respectively as: (1) The 
longitudinal effect of the box girder cross section (such as 
the axial force and bending moment) is resisted by 
longitudinal beam grillage; (2) The transverse effect of the 
box girder cross section (such as the distortion and 
transverse effect of live load) is achieved by transverse 
beam grillage; and (3) The torsion effects of the box girder 
cross section are transformed into shear force of the web 
beam grillage. 

In the spatial grid model, the internal forces of the cross 
section are distributed to each partitioning parts in 
accordance with their rigidity. As shown in Fig. 6, the 
element is normally under axial forces Nx and Ny, in-plane 
shear forces Vxy and Vyx, and out-of-plane bending moment 
Mx and My. Under Nx and Ny, the in-plane membrane stress 
is distributed uniformly over the element thickness. The 
local load effect in top and bottom plates can be calculated 
bellows. 

The out-of-plane normal stress under Mx and My can be 
obtained as 
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Fig. 6 Calculation of internal forces of elements in spatial 
grid model 

 
 

where σx and σy are normal stress of the cross section under 
Mx and My respectively; z is the perpendicular distance to 
the neutral axis; Ix and Iy are second moment of area about 
the neutral axis x and y, respectively; and Mx and My are the 
bending moment about the neutral axis x and y, 
respectively. 

The in-plane normal stress can be calculated as 
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where σx-m and σy-m are the in-plane membrane stress in x 
and y direction, respectively; and bx and by, hx and hy are 
elemental width and height in x and y directions, 
respectively. 

The in-plane shear stress can be derived by 
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and the in-plane principal tensile stress σt and compressive 
stress σc are derived by the following equation. 
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The output results of the spatial grid model are internal 
force, stress and displacement of each beam grillage. The 
stress state of various structural components can be 
conveniently and accurately revealed for specific streng-
thening reinforcement, which is of prime significance in the 
practical engineering design. 

 
2.4 Application scope 
 
The combined “plate” elements in spatial grid model 

provides unique bending, torsion and shear resistance 
resulting from the integral box cross section girder. These 
plates can be steel, concrete, or other composite materials 
such as steel concrete composite beam. The applicability of 
spatial grid model is not limited to specific structure form 
and it can be applied to various bridges including the 
curved, wide, and composite bridges. 

2.5 Difference between the standard shear lag 
effect models and spatial grid model 

 

Many researches have been conducted for shear lag 
effect of wide flange bridge and some of those results have 
been considered into the design codes using effective flange 
width. The effective flange is achieved through reduction of 
the section flange width in considering the unevenly 
distributed normal stress. However, this method can only 
consider the shear lag effect roughly and is only applicable 
to some simple structures under specific simplified loading. 

For bridges with multi-web box beam, using of the 
effective width method fails to obtain a uniform and 
relatively accurate “effective width”. For example for cross 
section shown in Fig. 7, the shear lag effect due to dead 
load, prestress and cable tension are different in the 
construction process, and the code fails to provide a unified 
design approach at those circumstance. The shear lag effect 
due to the prestressed reinforcement and stayed cable is 
actually become the issue of how the point load transfers to 
the uniformly distributed across the section. It should be 
noted that shear lag effect is comparatively obvious for flat 
wide beam, and shear lag effect might be completely 
different even for identical cross section with different 
spans (Liu and Xu 2012). 

The shear lag coefficient (or effective flange width) is 
highly dependent on the form of structure. At present, the 
methods recommended by codes are only applicable to 
specific structure state under vertical loading (i.e., under 
bending moment and moment from the prestressing), rather 
than for structure under longitudinal axial force (such as 
prestress induced axial force). If the shear lag coefficient for 
bridge under final operating state is adopted for the 
construction state, the consideration of shear lag effect will 
not be appropriate (Nie et al. 2011, Xu and Zhao 2012). For 
the bridge with composite girder, the single beam model 
based on elementary beam theory is mostly used. Based on 
the concept of effective flange width and equivalency 
between cross sections, the composite girder section is 
usually transformed into the I-shaped for analyze and 
design, as shown in Fig. 8. However, this approach has 
significantly ignored the spatial features of the internal 
forces and stress over the cross section. It not only fails to 
obtain a relatively accurate “effective width” but fails to 
consider the transverse shear stress in the concrete bridge 
deck, which significantly influences the reinforcement 
design for the composite girder slabs (Shan and Yan 2011, 

 
 

Fig. 7 Wide box girder cross section of a cable stayed 
bridge 

 
 

Fig. 8 Equivalent I cross section of the composite box 
girder 
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Jiang et al. 2013, Xu and Zhao 2012). In addition, the 
effective width method only focus on the normal stress of 
top and bottom plates and shear stress of web, rather than 
the shear stress and shear flow of top and bottom plates. 
This means that it fails to fully model the in-plane bi-axial 
stress state for top and bottom plates in reinforcement 
design. In practices, diagonal cracks owing to the bi-axial 
stress state are usually observed at the top and bottom plates 
but they are not considered in the traditional design and 
calculation based on elementary beam theory. 

All the bridge deck structure can be divided into two 
kinds of basic stress element: In-plane stress elements of 
mid plane bear normal stress and in-plane shear stress, it is 
composed of the in-plane principal tensile stress and in-
plane principal compressive stress (Xu and Zhao 2012), The 
sketch map of in-plane stress in the middle plane is shown 
in Fig. 9; Out-of-plane stress elements of upper and lower 
edge bear normal stress and out-of-plane shear stress, but 
the out-of-plane shear stress is smaller than the in-plane, 
The sketch map of out-of-plane stress in the upper and 
lower edge is shown in Fig. 10. 

As seen in Fig. 11, in the spatial grid model a box girder 
section has been partitioned into N plate elements with 
complete in-plane and out-of-plane stress calculated. Each 
plate element comprises of three layers, the outer, middle 
and inner layers. Both of the inner and outer layers are one-
dimensional normal stress region (with longitudinal and 
transverse stress) due to flexural moments while the middle 
layer is two-dimensional plane stress region with principal 
stress. A single cell box gird contains 9 complete checking 

 
 

 
 

 
 

 

Fig. 9 The sketch map of in-plane stress in the middle plane

stress indices are shown in Table 1 along with the 
corresponding stress state, but in-plane stress of the top and 
bottom of box girder is not included in the current standard 
calculation system, also, caused lack of corresponding 
structure calculation and reinforcement method, The 
completed normal stress must be considered in the 
calculation of shear lag coefficient, which are often 
observed and common in engineering (Xu and Zhao 2012, 
Liu et al. 2015, He et al. 2012, Hassanein and Kharoob 
2012). 

The next section will use space mesh analysis method to 
make analysis of side-span and mid-span longitudinal and 
transverse distribution rules of shear lag coefficient for 
multi-box multi-cell wide box beam multi-tower cable-
stayed bridge with corrugated steel webs. 

 
 

 
 

 
 

Fig. 10 The sketch map of out-of-plane stress in the 
upper and lower edge 

 
 

Fig. 11 Outer, middle, inner layers for top and bottom 
flange and webs 
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Fig. 13 Cross section of the bridge girder (in mm) 
 
 

 

Fig. 14 Cross section of the corrugated steel webs (in mm)
 
 

 
 

 
 

lower and upper nodes of the web elements; for the single-
beam part, the bridge support is connected to the nodes of 
girder through transverse rigid arm. The lower nodes of the 
link element in simulating bridge support are connected to 
the nodes of the cantilever element on top of the pier. The 
flexural stiffness of the support element is set to be zero. 
The global coordinate system of the bridge is defined as: the 
origin is set at the midpoint of end crossbeam on one side, x 
is along the longitudinal direction of the bridge, y is along 
the vertical direction which is opposite to the gravity 
direction, and z is along the transverse direction of the 
bridge. The bridge is modelled on finite element software 
platform WISEPLUS (www.wiseplus.cn). 

Fig. 17 presents the partition and nodes of box girder 
sections in which a total of 48 sub-plate elements are 

 
 

Table 1 A box gird contains 9 complete checking stress 

Component/force direction Position Stress characteristics Contrast with traditional stress 

Out-of-plane of 
top flange 

Top layer Longitudinal normal stress Upper surface stress of whole section 

Top layer Transverse normal stress In addition, local calculation of bridge deck is needed 

Bottom layer Transverse normal stress In addition, local calculation of bridge deck is needed 

In-plane of top flange Middle layer Principal stress Not contain (as the composite beam) 

Out-of-plane of 
bottom flange 

Bottom layer Longitudinal normal stress Lower surface stress of whole section 

Top layer Transverse normal stress The major is calculate the external collapse force of bottom slab

Bottom layer Transverse normal stress Simplified calculation method is not perfect 

In-plane of bottom flange Middle layer Principal stress Not contain (as the composite beam) 

In-plane of web Middle layer Principal stress Web principal stress 
 

Fig. 12 Overall layout of the Chaoyang bridge 

(a) Overall layout 
  

(b) Corrugated web (c) Typical box girder with corrugated steel web 

Fig. 15 The physical overall layout of Chaoyang Bridge 

554



 
Space grid analysis method in modelling shear lag of cable-stayed bridge with corrugated steel webs 

 
 

Fig. 17 Partition of the box girder section (symmetric) 
 
 

 

Fig. 18 Cross section of 
sub-web element 

 

Fig. 19 Out-plane rigidity
cross section of 
vertical bar 

 
 

obtained. The corrugated webs are divided into 2 or 3 
rectangular sub-web elements. The top and bottom slab are 
divided into multiple sub-slab elements. Both the in-plane 
and out-plane normal stresses as outlined in Table 1 can be 
obtained for these sub-elements at top and bottom flanges 
and steel webs. The numbers in the circles represent the 
identification number of the sub-elements while the solid 
dots denote the centroids of these sub-elements. In the 
spatial grid model, the cross section of vertical sub-web 
elements of the corrugated webs are shown in Fig. 18. The 
cross section corresponding to the web vertical bar unit 
chosen by out-plane rigidity is shown in Fig. 19. 
 
 

 
 

The meshing scheme in the longitudinal direction (along 
the entire bridge) shown in Fig. 20 is used to model the 
transverse framing effect of the box girder at the location of 
the cross diaphragm girder. The similar meshing is used at 
the side 1st span and middle 4th span. The mesh refinement 
was conducted for the key segments 1#, 5# and 9# by 
considering the steel stiffening rib, steel cross-beam, virtual 
cross-beam, segment joint, etc. The stress and forces results 
in these key segments will be presented later in the context. 

 
3.3 Shear lag coefficient distribution rules at 

side-span and mid-span 
 
The shear lag effect of single-box multi-cell cross 

section of the cable-stayed bridge is accounted for by the 
shear lag coefficient. The loading on the bridge consider the 
self-weight, dead load and the simultaneous loading from 
longitudinal and transverse pre-stress and cable-stayed force 
on bridge deck after the entire construction support 
removal. By using the proposed theoretical spatial grid 
model in Section 2, the shear lag coefficient at key locations 
are calculated and its distribution rules are investigated for 
two operating conditions of the bridges. Table 2 presents the 
shear lag coefficient across the box-girder cross section for 
every sub-element on the flanges and webs under self-
weight, dead load, pre-stress and cable force. 

For the key segment (mesh refinement area) 1 at side-
span under self-weight effect, it is seen that sub-elements 3 
and 6 at top slab and 28 at bottom slab have positive shear 
lag, while sub-element 9 of top flange and 34 and 31of the 

 
 

(a) Model of the entire bridge 
  

(b) Side-span grid model of auxiliary pier (c) Main-span and mid-span grid model 

Fig. 16 The spatial grid model and single beam model 

(a) Mesh refinement segment at side span (1st span) (b) Mesh refinement segment at middle span (4th span) 

Fig. 20 Schematic diagram of mesh encryption area in the middle and side span 
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bottom slab have negative shear lag. In the key segment 3 
of side span under self-weight, sub-element 3 of top slab 
and 34 and 31 of bottom slab have negative shear lag, while 
sub-element 6 and 9 of top slab and 28 of bottom slab have 
positive shear lag. For the key segment (mesh refinement 
area) 1 at mid-span under self-weight, sub-element 3 in top 
slab and 34 and 31 of bottom slab have negative shear lag 
coefficient while sub-element 6 and 9 of top slab and 28 of 
bottom slab have positive shear lag coefficient. Alternation 
between positive and negative shear lag effect occurs at 
both the top and bottom slab at side-span and mid-span 
cross sections among webs. The shear lag effect rules differ 
from that of a general common box girder with positive 
shear lag at the joint between webs and top slab and 
negative shear lag at the flange areas away from the webs. 
This is because the loading effect resulting from the 
existing stayed cables. In addition, under the self-weight 
loading, the shear lag coefficient at side-span and mid-span 
cross sections of cable-stayed bridge with corrugated steel 

 
 

webs shows irregular distribution pattern. 
Under the dead-weight and pre-stress load, it is seen that 

the distribution rule of shear lag coefficient on cross 
sections of side-span and mid-span mesh refined regions is 
almost consistent with that of under the dead-weight, 
indicating that pre-stress load plays minor effect on the 
distribution rule of shear lag coefficient. Owing to the role 
of stayed cable, the shear lag coefficient of cross sections of 
composite girder bridge with corrugated steel webs shows 
irregular distribution pattern. 

For the key segment (mesh refinement area) 1 at side-
span under self-weight effect, it is seen that sub-elements 3 
and 6 at top slab and 28 at bottom slab have positive shear 
lag, while sub-element 9 of top flange and 34 and 31of the 
bottom slab have negative shear lag. In the key segment 3 
of side span under self-weight, sub-element 3 of top slab 
and 34 and 31 of bottom slab have negative shear lag, while 
sub-element 6 and 9 of top slab and 28 of bottom slab have 
positive shear lag. For the key segment (mesh refinement 

Table 2 Shear lag coefficient distribution over cross section at key longitudinal locations of bridge 

Load case and location Key segment 1 Key segment 3 

Self-weight 
Side-span 

Self-weight 
Mid-span 

Dead load + prestress 
+ cable force 

Side-span 

Dead load + prestress 
+ cable force 

Mid-span 
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area) 1 at mid-span under self-weight, sub-element 3 in top 
slab and 34 and 31 of bottom slab have negative shear lag 
coefficient while sub-element 6 and 9 of top slab and 28 of 
bottom slab have positive shear lag coefficient. Alternation 
between positive and negative shear lag effect occurs at 
both the top and bottom slab at side-span and mid-span 
cross sections among webs. The shear lag effect rules differ 
from that of a general common box girder with positive 
shear lag at the joint between webs and top slab and 
negative shear lag at the flange areas away from the webs. 
This is because the loading effect resulting from the 
existing stayed cables. In addition, under the self-weight 

 
 
loading, the shear lag coefficient at side-span and mid-span 
cross sections of cable-stayed bridge with corrugated steel 
webs shows irregular distribution pattern. 

Under the dead-weight and pre-stress load, it is seen that 
the distribution rule of shear lag coefficient on cross 
sections of side-span and mid-span mesh refined regions is 
almost consistent with that of under the dead-weight, 
indicating that pre-stress load plays minor effect on the 
distribution rule of shear lag coefficient. Owing to the role 
of stayed cable, the shear lag coefficient of cross sections of 
composite girder bridge with corrugated steel webs shows 
irregular distribution pattern. 

Table 3 Shear lag coefficient distribution in the longitudinal direction 

Load case and location 
Sub-element at joints between webs and top slab Sub-element at joints between webs and bottom slab

Sub-element 3, 6, 9 Sub-element 28, 31, 34 

Self-weight 
Side-span 

0 2 4 6 8 10 12 14 16 18 20 22 24 26
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

Sh
ea
r
 l

ag
 
co
e
ff

ic
i
en
t

Longitudinal frame number of side span

number3
number6
number9

 Euler-Bernoulli beam theroy 

0 2 4 6 8 10 12 14 16 18 20 22 24 26

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

 

Sh
ea
r 
la
g 
c
oe
ff
ic
ie
nt

Longitudinal frame number of side span

number34
number31
number28

 Euler-Bernoulli beam theroy 

Self-weight 
Mid-span 

0 2 4 6 8 10 12 14 16 18 20 22
0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

S
h

ea
r 

la
g

 c
o

ef
fi

ci
en

t

Longitudinal frame number of side span

number3
number6
number9

 Euler-Bernoulli beam theroy 

0 2 4 6 8 10 12 14 16 18 20 22

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

S
h

ea
r 

la
g

 c
o

ef
fi

c
ie

n
t

Longitudinal frame number of side span

number34
number31
number28

 Euler-Bernoulli beam theroy 

Dead load + prestress 
+ cable force 

Side-span 

0 2 4 6 8 10 12 14 16 18 20

0.7

0.8

0.9

1.0

1.1

1.2

1.3

Longitudinal frame number of side span

S
h

ea
r 

la
g

 c
o

ef
fi

ci
en

t

number3
number6
number9

 Euler-Bernoulli beam theroy 

0 2 4 6 8 10 12 14 16 18 20 22 24 26
0.7

0.8

0.9

1.0

1.1

1.2

1.3
S

h
ea

r 
la

g
 c

o
ef

fi
ci

en
t

Longitudinal frame number of side span

number34
number31
number28

 Euler-Bernoulli beam theroy 

Dead load + prestress 
+ cable force 

Mid-span 

0 2 4 6 8 10 12 14 16 18 20 22
0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1.30

S
h

e
ar

 la
g

 c
o

e
ff

ic
ie

n
t

Longitudinal frame number of side span

number3
number6
number9

 Euler-Bernoulli beam theroy 

0 2 4 6 8 10 12 14 16 18 20 22
0.75

0.80

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

S
h

e
ar

 la
g

 c
o

e
ff

ic
ie

n
t

Longitudinal frame number of side span

number34
number31
number28

 Euler-Bernoulli beam theroy 

 

557



 
Ye Ma, Ying-Sheng Ni, Dong Xu and Jin-Kai Li 

4. Conclusions 
 
To resolve the drawbacks of common bridge design 

approach including the single-girder model, plane beam 
grillage model and solid model, a novel spatial grid model 
has been developed to account for shear lag effect of the 
cable stayed bridge with box girder and corrugated steel 
webs. A practical cable-stayed bridged with six tower has 
been adopted as numerical examples to validate the 
practical application of the proposed model. Then typical 
transverse and longitudinal shear lag coefficient distribution 
pattern at the side-span and mid-span key cross sections 
have been analyzed and summarized to provide reference 
for similar bridges. The following conclusions have been 
drawn from this research: 

 

 As few cable-stayed bridges with corrugated steel 
webs have been built and multi-tower cable-stayed 
bridges are even fewer, single-girder and solid model 
are combined design calculation. It cannot achieve 
the purpose of refinement design to use shear lag 
coefficient to consider effective distribution width of 
sections by mainly imitating empirical value for 
concrete box beam, empirical value or trial value for 
similar engineering. But spatial grid analysis method 
can get the results required for every sub-element in 
top and bottom slabs to achieve refined calculation 
and design. For the shear lag coefficient analyzed for 
the single-box multi-cell girder with corrugated steel 
webs for a six-tower cable stayed bridge, we can 
take 2.37 for the maximum positive shear lag 
coefficient of side span and 0.437 for the minimum 
negative shear lag coefficient; and we can take 1.47 
for the maximum positive shear lag coefficient of 
mid span and 0.75 for the minimum negative shear 
lag coefficient. 

 In the spatial grid model, the top and bottom flanges 
and webs of the box girder have been partitioned 
into many sub-elements, thereby a complete stress 
results can be derived and these stress indices are 
consistent with practical engineering crack pattern 
and these outputs are of prime significance in 
practical bridge design. Such common methods in 
accounting for the shear lag effect, like the effective 
distribution method, cannot achieve it. 

 Through demonstration by a practical bridge 
calculation, spatial grid model can provide the 
complete stress of single-box multi-cell box girder of 
a cable stayed bridge under the dead load and pre-
stress effects. Shear lag effect of top and bottom slab 
in the side-span and mid-span key cross sections has 
been investigated. Through the analysis, it concludes 
the distribution rule of shear lag effect in key cross 
sections, the longitudinal distribution rule of shear 
lag coefficient, etc., verifies effectiveness and 
accuracy of spatial grid method and provides 
meaningful guidance for refinement design. 

 The spatial grid model can resolves the deficiencies 
of single-girder model, plane beam grillage model 
and solid model. From the point of completeness of 
analysis and stress checking, it develops new thought 

for refinement design.. 
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