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Abstract. Scissor bridges are characterized by high mobility and modular structure. A single module-span consists of two spanning parts of

the bridge; two main trucks and the support structure. Pin joints are used between modules of the single bridge span. Some aspects of the

experimental test and numerical analysis of the scissor-AVLB type bridge operation are presented in this paper. Numerical analyses, presented

here, were carried out for the scissors-type BLG bridge with treadways extended as compared to the classical bridge operated up to the

present in the Armed Forces of the Republic of Poland. A structural modification of this kind considerably affects any changes in the effort

of the force transmitting structure of the bridge. These changes may prove to be disadvantageous to the whole structure because of torsional

moments that additionally load the treadways. Giving careful consideration to such operational instances has been highly appreciated because

of the possibility of using this kind of bridges while organizing the crossing for vehicles featured with various wheel/track spaces (different

from those used previously). The BLG bridge was numerically analysed to assess displacements and distributions of stresses throughout the

bridge structure in different loading modes. Because of the complexity of the structure in question and simplifications assumed at the stage

of constructing geometric and discrete models, the deformable 3D model of the scissors-type bridge needs verification. Verification of the

reliability of models was performed by comparing deflections obtained in the different load modes that corresponded with tests performed

on the test stand. It has been shown that the examined changes in conditions of loading the treadways of the bridge are of the greatest effect

to the effort of the area of the joint which is attached to the girder bottom. Stress concentrations determined in the analysis are not hazardous

to safe operation of the structure.
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1. Introduction

The paper has been intended to present a numerical analysis

of the strength of a scissors – AVLB type bridge (Armoured

Vehicle-Launched Bridge). A single-span scissors-type BLG

(a manufacturer’s designation) bridge manufactured under li-

cense in Poland was subject to analysis. A single-span mod-

ule of such a bridge consists of two structural members (i.e.

a ready-made roadway/two treadways and a supporting struc-

ture) joined with a coupling pin [1]. The bridge span is ex-

tended automatically by means of a mechanical bridge-laying

gear carried together with bridge sections on a self-propelled

chassis (Fig. 1). The bridgelaying vehicle has been designed

to provide immediate deployable bridge capability. The bridge

length available is up to 20 m and the load bearing capacity is

of 500 kN. The bridges offer obstacle/gap-crossing capability

to tracked and wheeled vehicles.

In connection with the BLG-60 bridge modernization

(bridge deck widening), there arose the need to conduct basic

engineering analyses in order to verify the structure’s correct-

ness. Considering the fact that the structure of a BLG bridge

is a typical thin-walled one of a complex internal structure [2],

innovative engineering systems (CAD/CAE) were implement-

ed in analyses.

Fig. 1. A view of the tested BLG bridge during the deployment process, the stand intended for tests and examinations of BLG bridge that

is deployed to a crossing position
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On the basis of an electronically reproduced structural

documentation of a BLG bridge and a geometric model that

was worked out afterwards, a rigid numerical model was cre-

ated. The model was used to assess the reliability of the struc-

ture’s operation during the bridge deployment process as well

as in determining forces and reactions in the structure’s bear-

ings and joints [3].

A deformable numerical model, which is used for assess-

ing displacements and the distribution of stresses in the struc-

ture [4] was created in the next phases of the works. In order

for the numerical model to be a credible source of information,

it is necessary to test its correctness by comparing the results

obtained by means of numerical analyses with the results ob-

tained by conducting experiments on an actual object. Field

tests on an actual object were carried out and the reliability

of the numerical model was verified by means of comparing

deflections for the operating load.

2. Experimental load test of BLG bridge

Field tests on an actual structure of a BLG scissors-type bridge

were performed in Military Engineering Works. A fully effi-

cient BLG bridge that underwent a general overhaul in Mili-

tary Engineering Works was used for that purpose (see Fig. 1).

The bridge was deployed to a crossing position on a test stand

intended for tests and examinations of bridge structures that

are repaired, modernized and produced in Military Engineer-

ing Works. The test stand in the form of a dry pool with

concrete abutments located on the premises of Military Engi-

neering Works is illustrated in Fig. 1.

Prior to beginning actual load tests on a span of the BLG

bridge, a test drive of a BLG tracked carrying chassis onto

the bridge span laid on concrete pool abutments was realized

(see Fig. 2). The purpose of the operation was to initially lo-

cate metal anchorages built at the bottom of the abutments

of the bridge girders on pool edges under the influence of

an external load. Once the chassis/carrier had left the bridge

span, it was performed a calibration of the measuring appara-

tus that corresponded with the state of being loaded only by

the deadweight of the span structure. Subsequently, load tests

on the BLG span were performed. A BLG tracked carrying

chassis without the transported span constituted load in this

test. A vehicle in such a configuration, which is presented in

Fig. 2, has a mass of 33.3 tons.

After the vehicle had driven onto the bridge, it moved

to the mid-length of the bridge. The traces of the contact be-

tween caterpillar tracks and the bridge span at the point where

the vehicle had stopped are marked in Fig. 2. Measurements

that describe the locations of the edges of caterpillar tracks

in relation to the edges of the tested bridge treadway are also

provided in Fig. 2.

Fig. 2. A BLG tracked carrying chassis without the transported span during the load test and a schematic of the location of the contact

between caterpillar tracks and the bridge span at the point where the vehicle had stopped; PM 1-4 – points of measure
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For measuring the bridge deflections, two mechanical in-

dicators were used. The indicators were placed at the bridge

span’s mid-length under the lug of the main joint. A view of

such an indicator prepared for measuring dislocation in the

axis of the main joint as well as its location can be observed

in Fig. 3. The indicator has a slip-ring which, once the struc-

ture has been unloaded, is blocked in the final position that

has been reached and indicates the value of deflection directly

on a scaled sleeve.

In addition to span bending, there simultaneously occurred

girders’ torsion during both a normal operation of the scissors-

type bridge and a load test conducted on the test stand. The

presence of an additional load in the transverse plane of the

tested structure is the consequence of the eccentricity of the

external load which occurs as a result of the displacement of

the center of gravity of the vehicle that crosses the bridge

relative to the longitudinal axis of the bridge. The above-

described measurement of the deflection alone by means of

mechanical indicators makes it possible to assess the opera-

tion of the bridge in the plane of longitudinal bending but is

insufficient to estimate the torsion of the structure’s members

which results from imprecise driving of the vehicle across the

bridge and the occurrence of the eccentricity of the external

load. In order to gather sufficient data and prepare a more

complete description of the deformations, four potentiometric

indicators (two indicators per each girder/deck of the tested

bridge) were additionally used. A schematic of the location

of the potentiometric indicators on the right girder as well

as the view of them on an actual object is presented in the

schematic and the photograph shown in Fig. 3 and schematic

that interprets the location of indicators on the left and right

girders of the bridge in Fig. 10.

Fig. 3. A view of the location of potentiometric indicators used for

displacements measuring

Since indicators were placed on both sides of the girder,

the difference between vertical displacements recorded with

the use of them will make it possible to assess the torsional

deformation of the girder in the analyzed section accurately. It

will allow a more precise interpretation and assessment of the

correctness of the results of simulations obtained with the use

of the numerical model and the actual BLG bridge structure.

Displacement values measured by means of particular

potentiometric indicators (Fig. 10) were recorded while the

tracked chassis was driving across the bridge. Displacements

history in the function of the duration of load action on the

bridge is shown in diagram presented in Fig. 4.

Fig. 4. Vertical displacements vs. time recorded during load test
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The maximum deflection value was recorded for the left

span and was equal to 94 mm in the analyzed section. The

value which was taken from the scale of the mechanical in-

dicator for the left girder was 95 mm. For the right girder,

the maximum deflection value measured by means of the me-

chanical indicator was 87 mm and was equal to the value

recorded with the use of potentiometric indicators.

3. Numerical simulation with FE 3D model

of the scissors-AVLB type bridge

3.1. Methodology of numerical analysis. A very popular as

well as effective and also accurate method of studies on com-

pound constructions is the method consisted in combining

experimental and numerical studies. Design offices develop

numerical models of new constructions as well as conduct

strength analyses. Additionally, strength experimental studies

of such a construction or its subsystems are carried out. On

the basis of the results of experimental studies, it is possible to

verify both a numerical model of the developed construction

and the applied calculation method. In case of convergence

of the results of both tests, the correctness of the numerical

model and the calculation method is verified. The properly

developed discrete model can be used for more complicated

and complex strength calculations or for modification of the

already developed and verified construction. Having the con-

sistent results of numerical and experimental tests obtained for

the determined model and determined boundary conditions, it

is assumed that while changing boundary conditions or modi-

fying the construction elements, the results of the subsequent

numerical analyses will be also correct and reliable. Owing

to such an approach, the results of numerical calculations can

successfully replace the results of the expensive experimen-

tal tests. It is related to the designing process as well as to

determination of the reasons of occurrence of the emergency

conditions leading even to failure of the important elements

of the construction.

Fig. 5. Nonlinear relation Q = f(q)

In the tests on the developed numerical model with non-

linearities resulted from the clearances, the analyses were

conducted with the use of an iterative calculation algorithm.

The algorithm in question is based on the Newton-Raphson

scheme [5, 6] and allows the analysis of the systems with a

variable stiffness matrix resulting from the equilibrium state

determined by equation Q = f(q), where Q represents the

vector of external forces and q is a value of displacement

corresponding to it. The scheme in Fig. 5 presents this non-

linearity graphically.

3.2. Numerical model. A discrete model of a single bridge

girder was developed with the use of a computer-generated

surface model [3] of the BLG structure (Fig. 1). The 3D dis-

crete FE model (see Fig. 6) of a single treadway of a BLG

bridge composed of two segments of a girder with a hook-

type eye was constructed of surface, solid, and beam elements

with the use of a MSC Patran graphic preprocessor [7]. Ap-

proximately 75000 shell elements of the QUAD 4 type (4-

node element with 24 degrees of freedom) were used in or-

der to represent the structure of internal stiffening members

and the skin together with the treadway. Elastic properties of

particular elements were described by means of the Young’s

modulus (a longitudinal modulus of elasticity), E, and the

Poisson’s ratio, v. Four sets of material parameters were used,

assuming that the values of two parameters remained constant

in all four sets. The parameters were the Young’s modulus,

E = 210000 MPa, and the Poisson’s ratio, v = 0.25. Dif-

ferent values of the skin thickness, h, were defined in the FE

model as well. The thickness of shell elements depended on

which part of the structure was described by the abovemen-

tioned elements. Thickness values were in the range: since

4 mm to 11 mm. Members that were precisely represented

in the model were as follows: side and bottom skins of the

girder segments, structural load-carrying members that make

up 34 bulkheads in both segments of the girder including

lateral stiffening members (frames and ribs) and longitudinal

frame-stiffening members (see Fig. 6).

Movable pin joints between two segments of the girder

were defined. The walls of the pin joint were represented in

the model in question by means of the elements of the QUAD

4 type, whereas the pin itself was modelled with beam ele-

ments of equivalent stiffness determined with the geometric

characteristics of the real pin taken from the BLG bridge.

Elements that modelled the pin were connected with the cen-

tral nodes of the mesh of MPC-type (multipoint constraint)

elements spread over the edges of the joint’s holes. Kinemat-

ic relationships between respective nodes of elements, which

were intended to represent individual members of the joint,

were defined in a way to facilitate rotation of both segments

of the girder against each other within the treadway of the

bridge. This rotation was limited by the contact joint. The

contact area was defined in the roadway area between the

girder’s segments using GAP-type elements. Another layer

of QUAD-type elements was used for modelling the stiffen-

ing members used in the actual structure at the bottom of

the girder. They were joined with a layer of MPC elements

which were used for representing the actual external skin

of the girder (see Fig. 6). BEAM (2-node element with 12

degrees of freedom) elements of a properly selected stiffness
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Fig. 6. A 3D numerical model of a single treadway of a BLG bridge, longitudinal section of the girder segment and a complete FE model

of a one span BLG bridge

were used as a model of additional stiffening members of

the skin of the treadway’s limiting edge. The external skin of

the roadway made up of plates of the roadway pavement was

represented approximately. While modelling that part of the

treadway, stiffening mouldings of the treadway reinforcement

were ignored. A complete FE model of the one span BLG

bridge is shown in Fig. 6. The discrete model of the BLG

bridge constructed that way is comprised of 142712 nodes,

143000 QUAD4-type elements, 1312 BEAM-type elements,

MPC-type elements and 70 contact GAP-type elements.

3.3. Boundary conditions. On the basis of the analysis of

the conditions of deflection measurements, it was found that

the bridge span that is laid on concrete abutments on the test

stand rests directly on special anchor mandrels that are pre-

sented in Fig. 7. The role of the mandrels is to anchor the span

in the ground so that the structure is more stable while a tank

is driving across the bridge. During conducting the measure-

ment of deflection on the test stand, the mandrels are driven

into wooden elements that are laid on a concrete foundation.

A necessary simplification was made in analyses, namely, it

was assumed that the sections of the fixings of mandrels were

the last points of support of the structure at its both ends

respectively. In order to represent the above-described situa-

tion in a numerical model, constraints were introduced in the

rows of nodes that were at a distance of 450 mm from the

bridge span. The nodes corresponded with the locations of

the fixings of anchor mandrels.

Replacement load was defined in the model by means of

distributed load on surfaces on which the caterpillar tracks of

the tank adhered to bridge treadways.

A static schematic used in numerical analyses for eval-

uating deflection of the bridge span is shown in Fig. 7 as

well.

Fig. 7. A schematic of a BLG span treadway with an anchor mandrel and a static schematic for evaluating comparative deflection of the

bridge span
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4. Results of experimental

and numerical studies

A numerical analysis of a single bridge span was conducted

with the use of the MSC.Nastran program. The conditions that

corresponded with the variant of stand tests described above

(Fig. 7) were reproduced. Calculations were performed with-

in the scope of nonlinear statics with accounting for contact

phenomena in the mating zone of particular segments of both

bridge girders. In the presented variant of the analysis, load

that corresponded with the weight of a chassis driving across

the bridge was represented in the model. The weight was 33.3

tons. The load was applied in the form of pressure to the sur-

face of the adherence of the caterpillar track to the bridge

treadway. Once the vehicle had stopped at the mid-length of

the span, it was found that caterpillar tracks were not evenly

laid in relation to the bridge axis. Therefore, in the numerical

model, it was accounted for the asymmetry of the position of

caterpillar tracks in relation to the bridge treadways, which is

illustrated in Fig. 2, by distributed load applied to particular

elements that modelled the bridge deck.

On the basis of numerical analysis results, deflections for

the left and the right bridge treadways were determined. The

maximum deflection for the left girder was 87 mm, whereas

for the right girder, it was equal to 80 mm. Differences be-

tween the maximum displacements of both girders resulted

directly from the actual load distribution on the bridge tread-

ways. There occurred a stronger deflection and torsion of the

girder in the left treadway, since load was not distributed sym-

metrically on both bridge decks. Fringe of displacements in

both girders is illustrated in Fig. 8.

A correlation of results concerning maximum displace-

ments recorded during experimental tests by means of me-

chanical indicators as well as results obtained by means of

numerical analyses are presented in Table 1.

Maximum displacement values obtained by means of nu-

merical analyses were lower that the values of maximum dis-

placements measured with the use of mechanical indicators.

The maximum difference between dislocations was 8.4%. For

the right girder, the difference was 8% (Table 1). Deforma-

tions of the right girder resulted from simultaneous deflection

and torsion and were smaller.

Fig. 8. Fringe of resultant displacements of the bridge span obtained numerically

Table 1

Comparison of the maximum displacements recorded during experimental and numerical tests

Maximum deflections [mm]
Difference [%]

Mechanical indicator FE analysis

Left girder 95 87 8.4

Right girder 87 80 8.0
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Apart from comparing maximum deflections of girders,

a comparison of displacement values in the section located

at the distance of 560 mm from the main joint axis (Fig. 3)

was performed. A correlation of results recorded by means

of potentiometric indicators located in measurement sections

as well as displacements determined numerically in particular

span model sections are presented in Table 2.

Displacement values in tested sections obtained numer-

ically were smaller by approximately 8% than the values of

displacements recorded during stand tests. On the basis of the

comparison of displacement measurements in the sections of

particular girders, it is possible to assess their torsion. After

deformation maps obtained by numerical analyses had been

compared, it was found that torsion was stronger in the case

of the left girder (Fig. 9 and Table 4).

Results obtained by means of potentiometric indicators

suggest that the value of torsion was higher for the left girder.

However, the discrepancy was insignificant and did not ex-

ceed the value of 1 mm. Figure 9 illustrates deformations in

the analyzed section for the left girder. Location of measure-

ment indicators as well as maximum values of displacements

in the analyzed section are marked in Fig. 9 and Table 4. Nu-

merical studies presented in this part of the work are related

to a modernised BLG scissor bridge in which roadways were

extended in respect to traditional version of the bridges hith-

erto exploited in Polish Armed Forces. Such a constructional

change significantly affects the effort changes of the bridge

components and the forms of deformations of girders.

During the regular exploitation of a scissor bridge as

well as during the loading test performed on a testing stand,

apart from span bending there also occurs simultaneous gird-

ers torsion. Loading with a torsion moment in the trans-

verse plane of the bridge girders largely results from the

applied constructional solutions including extended, as a re-

sult of modernization, roadways which are significantly ex-

tended beyond the girder contour (Fig. 1, 2). It is also

caused by the eccentricity of the external load of the bridge

span. It occurs as a result of asymmetric position of cater-

pillars on the bridge roadway and, as an effect, displace-

ment of the centre of gravity of the crossing vehicle in re-

spect to the bridge longitudinal axis. Taking into considera-

tion the strength of construction, applying the loads shifted

in respect to the bridge longitudinal axis (outside the con-

tour of the girders-treadways) generates the change of both

strain and deformation of the girders of such a construc-

tion [8].

Fig. 9. Deformations in the analyzed section for the left bridge girder

Table 2

Comparison of the displacements recorded in the one section of girder during field and numerical tests

Vertical displacements [mm]
Difference [%]

Id of PM Potentiometric indicator FE analysis

Left girder
1 94 86 8.5

2 92 84 8.7

Right girder
3 84 80 4.8

4 87 80 8.0
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To evaluate the torsion value of the elements of the con-

struction resulted from inaccuracy of placing of the crossing

vehicle on the bridge and appearance of the eccentricity of

the external load, the measurements of vertical displacement

of bottom plate of the girders by means of potentiometric in-

dicators were applied. To gather the essential data and more

precise description of deformation including torsion of tread-

ways, four potentiometric indicators, two on each girder of the

tested bridge, were applied. The scheme of the potentiometric

indicators location under the bottom plates of the right and

left girders and their view on the real object are presented in

the photo in Fig. 3 and in the scheme (Fig. 10).

Figure 11 presents an isometric view of deformation of

cross-sections in the measurement plane and the fragments of

girders with maps of magnitude displacements after tenfold

calibration of the results obtained in the numerical simulation

of the loading test of the span.

Figure 12 presents deformation of both the girders in the

plane of cross-sections of the bridge girders in the measure-

ment plane along with the maps of vertical displacements

after tenfold calibration. The undeformed cross-sections with

colourful maps of vertical displacements were used to present

the deformed cross-sections of the left (marked L in Figs. 11

and 12) and the right – R girder of the span loaded in FE

model. In this figure, there are clearly visible not only verti-

cal displacements related to bending in the longitudinal plane

but also rotations related to torsion of the construction.

Fig. 10. Scheme of distribution of potentiometric indicators −1, 2, 3, 4 (displacements measurement points) on the reinforcements in the

planes of lower girders

Fig. 11. Isometric view of deformation of cross-sections in the measurement plane and the fragments of girders with maps of magnitude

displacements (tenfold calibration) −Umax = 88.6 mm
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Fig. 12. View of deformation of cross-sections of girders in the measurement plane with maps of vertical displacements (tenfold calibration)

−UZ max = −88.4 mm

Fig. 13. Scheme of deformation of cross-sections of the bridge girders in the measurement plane

The girders torsion angles of the real construction during

loading test were determined analytically based on the differ-

ence of vertical displacements of the bottom plates recorded

by means of potentiometric indicators: 1–2 for the left girder

and 3–4 for the right girder, as shown in Fig. 10. The same

methodology of determining the torsion angles αL and αR of

the girders bottom (Fig. 3 and Fig. 13) was applied to numer-

ical tests. In this case, there were used vertical displacements

determined in the numerical model of the span in appropri-

ate cross-sections corresponding to the points of experimental

measurements on the bottom plates. Torsion angles βL and βR

in the plane of roadways of both the girders (Fig. 13) were

determined based on the differences of vertical displacements

of the outer edges of roadways determined numerically. The

tests assumed that the influence of torsion of cross-sections

of ending supporting elements on deformation of the span is

insignificant due to the manner of supporting the real span on

the concrete bridgeheads during the loading test.

The values of torsion angles of girders bottom plates de-

termined based on the results of experimental measurements

and numerical tests are compared in Table 3 (values of angle

defined in minutes [’]). The maximum values of torsion angles

of the girder bottom are less than 1◦. The maximum relative

differences of torsion angles determined based on the numer-

ical results and experimental tests are approximately 12% in

the right girder and 40% in the left girder.

Table 4 compares the values of torsion angles of the gird-

ers walls determined based on the numerical results in the

plane of roadways of both the girders. A larger angle was ob-

tained in the plane of the left girder. The maximum relative

difference of torsion angles of treadways determined numeri-

cally in the plane of roadways of both the girders is approx-

imately 12%. The absolute values of torsion angles of tread-

ways determined numerically in the plane of the roadway are

slightly smaller than the values of torsional angles determined

in the girders bottom walls and are respectively: 0.9’ in the

left girder and 2.5’ in the right girder.

Table 3

Comparison of values of torsion angles of girders in the plane of bottom

plates

Torsion angle
left girder
αL [’]

Torsion angle
right girder

αR [’]

Absolute difference
of torsion angles
|αL − αR|[’]

Field tests 11.2 14.0 2.8
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Table 4

Comparison of values of torsion angles of the girders determined numerically in the plane of the roadway

Torsion angle
left girder

βL [’]

Torsion angle
right girder

βR [’]

Absolute difference
of torsion angles
|βL − βR| [’]

Maximum relative difference
of torsion angles

∆βmax = |(βmax − βmin)/βmin| [%]

Numerical analysis 14,8 13.2 1.6 12.3

The decks of bridge roadways were widened in connection

to the modernization process. The free parts, particularly the

outer edges of roadways, are deformed stronger than the rest of

the girders cross sections. Vertical displacements of the out-

er edges of roadways were determined numerically to assign

torsion angles βL and βR in the plane of roadways of both

the girders (Fig. 13). It may be a reason that the maximum

relative difference of torsion angles, determined numerically

in the plane of the roadway, is approximately 12%.

5. Conclusions

Load tests performed on a modernized BLG bridge structure

made it possible to verify the reliability of numerical mod-

els, which are used for assessing the stress distribution in

the analyzed structure as well as analyzing the bridge in dif-

ferent configurations in special uses, taking crisis situations

into particular consideration. Verification of the reliability of

models was performed by comparing deflections obtained in

a load mode that corresponded with the test performed on the

test stand. Displacements were measured by means of me-

chanical indicators located in the section that corresponded

to the half-length of the bridge, and by means of potentio-

metric indicators located in the selected section of a girder.

In the considered load case, the maximum difference between

experimental results and the results obtained numerically was

approximately 9%.

An application of the results of measurements of vertical

displacements of girders bottom plates by means of potentio-

metric indicators enabled determination of the base value of

the girder torsion deformation in the span measurement cross-

section. The comparative tests of torsion deformation defined

during the load test and determined numerically enable more

precise interpretation of the response of the span subject to

test load and estimation of the accuracy of both the numer-

ical model mapping the BLG bridge construction and FEM

simulation results.

The numerical analysis and tests presented in the paper

do not take into consideration the clearances in pivot joints of

the real construction. The clearances may vary in both of the

girders joints. They influence on bending inequality and on

torsion bridge girders as well. The elimination of the clear-

ances in the pivot joints under the influence of external loads

causes additional inelastic bending and span girders torsion.

They may influence on the differences in the results deter-

mined in numerical analyses and recorded during field tests.

It was verified that the manner of mapping the real bound-

ary conditions and internal constraints in numerical models

significantly influences the correctness of the calculation re-

sults. In the subsequent stages of works, it is planned to carry

out the comparative analysis in the particular cross-sections of

the construction and selection of an optimal manner of map-

ping the supporters including the ground susceptibility and

loads in numerical models for numerical analyses of BLG

bridge in different constructional configurations.

On the basis of the conducted tests, it was found that the

way of reproducing actual boundary conditions in numerical

models has a great effect on the reliability of computations.

In next stages of the work, it is planned to conduct a compar-

ative analysis of stresses in particular sections of the structure

as well as to select an optimal way of reproducing bearings

and loads in models used for numerical analyses of the BLG

bridge in different structural configurations.
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