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Abstracd The Armored vehicle launched bridge (AVLB) is
an assault bridge employed during battles. The existing
AVLB has capacity of 70tonnes.How ever a need was
identified to increase its Load bearing capacity above
90tonnesalong with higher factor of safety while engaged in
military operations. This report presents the improved
design of A\Bé&ctons intalled in6 design
promotes high moment of inertia and stiffness which makes
it resistant to bending moment. Theews  o-Sectidns 6
provides resistance against shear force. The 3D Model of
AVLB created in Solid works. And finite element analysis
was performed on the model of AVLB to identify the highly
stressed components of design for MLC 90 & MLC 100

static structeal loads. The Modal analysis using Finite Fig.1: A Sample of AVLB
Element Method (FEM) is used to determine mode shapes
and this has been accomplished by the commercial finite Il.  WORKING OF AVLB

elements package ANSYS. And all the efforts made torhe AVLB's job is to allow Armored or infantry units to
ameliorate the original AVLB to suit for MLC of %nhd 100  cross craters, antank ditches, blown bridges, railroad cuts,
tonnes, along with additional safety to AVLB design by canals, rivers and ravines, when a river too deep for vehicles
considering the factor of safetyalue greater than 2 and to wade through is reached, and no bridge is conveniently

above located (or sdfciently sturdy, a substantial concern when
Key words: AVLB (Armored vehicle launched bridge), moving 70ton tanks).
Assault Bridge, FEA (Finite Element Analysis), MLC The Armored Vehicle Launched Bridge was
(Military Load Classificaibn), Von Mises designed to launch and retrieve a class 70 bridge. The
AVLB vehicle carries a crew of two. The AVLB consists of
I. INTRODUCTION three major sections: the launchtire hull, and the bridge.

In response to the demanding war scenarios designers ahBie launcher is mounted as an integral part of the chassis.
manufacturers have developed many new technologies fdhe bridge, when emplaced, is capable of supporting
their vehicles. This technology has helped to improve theifracked and wheeled vehicles with a loading capacity up to
lethality and survivability, as well as increase taeel of 70 tons. _ _
protection for the soldiers. However, this new technology The bridge layer unfolds and launches its cargo,
has also resulted in an increase in weight. This increase Rfoviding a readymade bridge across the obstacle in only

weight may have an adverse effect on its ability to defeaiinutes. Once the span has been put in place, the AVLB
natural and mamade obstacles. vehicle detaches from the bridge, and moves aside to allow

Gaps are one of these obstacles. By has traffic to pass. Once all of the vehicles have crossed, it

various gap defeat equipment to defeat various missior§rosses the bridge itsedihd reattaches to the bridge on the
including assault and line of communication. One of the ga@ther side. It then retracts the span ready to move off again.
defeat equipment is the Armored Vehicle Launched Bridgé\VLBs can carry bridges of 70 feet (19 meters) or greater in
(AVLB), an assault bridge in service since the 1960s. Théength.

Armored Vehicle launched Bridge (AVLB) is a folding The dynamic loading of AVLBs is quite different
bridge carried by a tank chassis. Both the M70A1 tank anffom typical civilian bridges and is ually characterized by
M48A5 tank chassis have been used as the carrier. Upgradé®’y high stress/low cycle type of loading accompanied by
to the bridge have increased |tS Carrying Capacity from @rge deflections. Furthermore, several AVLBs have been
Military Load Class MLG60 to MLG-70. Test resits for found to fail in the field under high stress fatigue. Therefore,
the bridge have shown greater load carrying capacity that it§e dynamic behavior of these bridges is essential in
load rating. Because of this, interest has been shown inderstanding the failure mechanisms and improves their
increasing the load rating of the bridge without making anyverall design [2].This new and advanced technology is
further design changes to the bridge. While increasing thélesigned to eliminate uncontrolled variables in testing

on its durable life [1]. with changes in boundary cdtidns, environmental

conditions and battle field situations.
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C. JeongHoon Choi

[3] has publibed a paper on The Fracture Analysis and
Remaining Life Estimation of the AVLB Sub Components,
the paper reports the experimental results from both fracture
mechanic approach and AE monitoring provide essential
information to understand the fatigue craalowth in the
critical components. Linear Elastic Fracture Mechanics
(LEFM) is applied in the FEM analysis to obtain the stress
intensity factor. From the experimental and numerical
results, the critical crack length and the remaining life of the
critical AVLB components are estimated to help establish
the damage assessment for the AVLB.

D. Dnyaneshwar J. Sushir, Prashant N. Ulhe

[4] published a paper on Failure Analysis of Centre Pin Joint
Used in Heavy Assault Bridge this paper reports the failure
analysis ofthe centre pin joint used in heavy assault bridge
by modifying the design and increasing its load carrying
capacity. As previously centre pin joint is replaced by
modified pin joint, its load carrying capacity is enhanced by
using FEA.

E. Wieslaw Krason, Jely Malachowski

[5] published a paper on Experimental and Numerical
Studies of the ScissesVLB Type Bridge. Scissor bridges
are characterized by high mobility and modular structure.
Single modulespan consists of two spanning parts of the
bridge; two mairtrucks and support structure. Pin joints are
used between modules of the single bridge span. Numerical
analyses here presented were carried out for a sciypars

| BRSPS S San 0 BLG bridge with tread ways extended as compared to the
Fig. 2: Working of AVLB classical bridge operated.
The BLG Bridge was numerically analysed to
lll.  LITERATURE REVIEW assess displacements and distributions of stresses throughout

A. Bernard Sia the bridge structure in different loading modes. Verification

' _ _ ) i of the reliability of models was performed by comparing
[1] has performed analysis to predict the fatigue life of theyefiections obtained in the different thamodes that
Armored Vehicle Launched Bridge (AVLB) for Military .,rresponded with tests performed on the test stand. It has
Load Class (MLC) 70 andB0 loads. Fatigue life was poen shown that the examined changes in conditions of
estimated using stredée, strainlife, and fracture |5o4ing the tread ways of the bridge are of the greatest effect
mechanics approaches. The analysis was focused on# e effort of the area of the joint which is attached to the
different components, as these components showed thgqer pottom. Stress concentrations determined in the

highest stress magnitude during MLC 70 testing. The stress 5 ysis are not hazardous to safe operation of the structure.
life appioach provided the most conservative estimate of
fatigue life. F. Mike Laviolette

B. Samer Petro, SheBin Chen, Suhas Venkatappa, and[6] published a paper on Bridge Construction Practices
Hota Ganga Rao Using Incremental Launching. Bridge construction over

) ) . deep valleys, water crossings with steep slopes, or
[2] published a paper on The Dynamic Behavior of angnyironmentally protected regions can offer many
Armored Vehicle Launched Bridge, the abstract of the pap&thajienges. The incremental launching method (ILM) for
reports the Forcedibration tests using shaker excitation pyiqge construction may offer advantages over conventional
were used to excite the vertical bending modes of the AVLR o ngiryction, including creating minimal disturbance to
while 120 accelerometers were used to measure the bridggr,ndings, providing a more concentrated work area for
response in the vertical direction. The results indicate th8§uper structure assembly, and possibly increased worker
the bridgeso6 f oulghlygdampeeand L& el fre imploled erection environment.

coupled girders that exhibit complex vibration modes. An The ILM involves assembly of the bridge
additional modal test was also conducted to study thg,nerstructure on one side of an obstacle to beedosnd
dynamic behawor of the AVLB with one of the pins, from hen  movement (or launching) of the superstructure
one of the girders removed. The results from this test shoyqitydinally into its final position. The objective of the
significart stress redistribution and a different dynamic, ok summarized in this report was to provide bridge
behavior. This paper also reports AVLB testing under bothyyners designers, and contractors with information about

simply supported conditions and fréee conditions. The e | M, including appkations, limitations and benefits.
results were also compared to finite element testing results.
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G. Stephen J. Ressler and Celal N. Kostem necessary loading conditions, design parameters, and testing

[7] published a report that describes An Analysis of the Ugiven in this Cod. The Code lists material properties

S. Army Light Vehicle / Foot Bridge Design (LV/FB), a 'equired and also gives design data for guidance and
light weight tactical bridging system. The LV /FB are achecking, but the criteria are that the equipment pass the
modular spee frame constructed of aluminum alloy tubing. 'équisite tests, meet the user's requirement, and can be
The deck of the bridge is a flexible composite membrangnanufactured readily.

composed of Kevlar49 and Eglass fibers embedded in a 3 p.v.Srividya, B.Raju and Bondayya

neoprene matrix. The first phase is an investigation of th

behavior of the composite membraneck. Nonlinear and FlO] published a paper on Design Optimization of Armored

linear finite element analyses are used. Vehicle Laun_chgd Bndge for Struptgral Loads. The paper
conveys the initial design of the original model for 70 tons.

The principal objective is to determine how the . : e
behavior of the membrane is affected by the orientation 0}'0 accomplish the 10 ton increase of the AVLE finite

Kevlar-49 and Eglass fibers. The second phase is a element analysis vgaperformed on the original model of

investigation of the globabehavior of the entire structure "70tons AVLB to identify the highly stressed components

. ) . - .~ and the highly stresses components have redesigned and
subjected to MLC 7 design loads. Nonlinear and linear finite Sgraded to a new class 80AVLB.And also reports the

element analyses are used to determine maximum stress > amic behavior and investioates into the  vibration
and deflections in critical structural members. The intendec%anacteristics of the AVLB gincludin the natural
load capacity of the structure is Military &d Class 7 (MLC f ; d mode sh 9

7) but the actual capacity of the structure is estimated to pecduencies and mode shapes.

approximately MLC 5. IV. CAD MODELLING OF AVLB

H. J.B. Kosmatka The 3D Model of AVLB was generated by using a 2D
[8] published a paper on Dynamic Behavior of thedrawing. Initially all components of AVLB are generated in
Composite Army Bridge (CAB): The U.S. Army and a Solid works (version 2014) separately and latesfahem
DARPA have developed a shapan advanced omosite  were assembled together. To perform analysis on AVLB
14-meter bridge for crossing MLCO0 (106ton) tracked model the CAD file of Solid Works was exported in .IGS
and wheeled vehicles across-h2ter gaps. The Composite Format.

Army Bridge (CAB) is a technology demonstrator that is

primarily fabricated using carbon/epoxy along with the”: Design Specifications AVLB Bridge

90 to 100 tonnes
1x  scissordype

performed to assess the long term dynamic performance &ay Load Capacity
the bridge subjected to three different vehicle types: (a) aype of Bridge
tracked M:A1 (MLC-70) tank, (b) a wheeled 1@6n folding bridge
Heavy Equipment Transporter (HET), afml a tracked M88 |-Sectionswere installedn design of AVLB to achieve high
towing an MZ2A1l tank. Over 2000 crossings were moment of Inertia, Stiffness to overcome bending moment
performed at different speeds and bank conditions. Dynamignd resistance to Shear Force.

load factors of 1.5 were measured for many crossing speedé.
Load factors approaching 1.66 were observed during low_’ ) i _
speed panic brakg stops due to the increased loading onf'ange Dimensions ofgection

Vacuum Assisted Resin Trsier Molding (VARTM)  Weight of the Bridge =  3.56 tonnes
manufacturing method. It is observed that heavy vehicle®verall Length of the Bridge = ~30 Feet
moving quickly on these lightweight bridges can lead toHalf Length of the Bridge = ~15Feet
large dynamic responses (bouncing) and load factordVidth of the Bridge = ~8Feet
Potential damage to the carbon fibers, epoxy resin, bondadfidth of Track = ~3 Feet
joints, aml bolted joints are of concern. A field test was Height of the Bridge = ~1 Feet

Specifications of-Bection used in AVLB

the forward axles and reduced loading on the rear axle¥Vidth w = 228.600 mm
Thus, advanced composites (carbon/epoxy) have beelicknesst = 25.400 mm
proven as a higperformance alternative to conventional WWeb Dimensions of-6ection
metallic materials for mobile bridging. Height k= 304.800 mm
Thicknesgw = 38.100 mm
I. HornbeckB., Connor, R., Kluck, J The following Figures shows the CAD Model and AVLB

[9] published a paper on Trilateral Design and Test Code fohssembly generated in Solid works (version 2014).
Military Bridging and GapCrossing Equipment. The paper
conveys that Code covers loading, design, and testing
requirements to be used for the development of military
Clear-span bridges, piers, floating bridges, rafts, equipment
causeways, and erecting and launching structures that are
part of the equipment. The Code is used to confirm that
equipment will meet the performance specified by the user.
The requirements of thi€ode are to be regarded as the
minimum acceptable standards of performance.

Bridging and gap crossing equipment will be
designed to meet the user's requirement by applying the
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F|g 6: Hinge Joint orPln joint used in Assembly ofAVLB
Model.

V. FINITE ELEMENT ANALYSIS OF AVLB

In the Finite Element Modeling (FEM) and Finite Element
Analysis (FEA) there are two most popular mechanical
engheering applications offered by existing CAE systems.
This is attributed to the fact that the FEM is perhaps the
most popular numerical technique for solving engineering
problems.

The method is general enough to handle any
complex shape of geometry (prebi domain), any material
properties, any boundary conditions and any loading
conditions. The generality of the FEM fits the analysis
requirements of todaybés compl
T T —— e designs where closed form solutions are governing
' —y equilibrium equdbns are not available. In addition it is an
efficient design tool by which designers can perform
parametric design studying various cases (different shapes,
material loads etc.) analyzing them and choosing the
optimum design.

In this project the Static t&ictural analysis was
carried out to study the structural integrity of the AVLB and
identify the maximum stressed locations under various
locations on launching bridge for 90 and 100 tonnes load
conditions.

A. Static Analysis Of Avlb
The basic assumptiontinhi s anal ysi s of AV

9 () Patded> (Defauke<Defau
- §§ Mas

vehicle weights on the | aunch
i — analysis of AVLB is carried out by subjecting all
> % 0 Lol - components of the fuel tank for specified fuel load cases.

Flg 5 Assembly of AVLB in Solid works The following gss_ur:npﬂong are mgde while QOlng weial

A Centered Pioint (or) hinge joint placed - Material is |s<_:)trop|c a_nd linear elastic. .
between Modules of the Girders in a single bridge Span. The - The plate thickness is very small compared to its
maximum stress will developed at center pin joints only length and width.
And In most of cases failure of Pin joint leads to failure in Boundary Conditions & Loads: LOAD =90 T &
design of Heavy Assault Bridge. To overcome this Failurel00 ] ) ]
of Centre PirJoint. The previous Pin joint is replaced by In this static analysis for AVLB 90 & 100 tonnes

Modified Hinge joint (or) pin joint. The following figure 10ad, the load is applied in three casesd behavior of

shows the modifiedPinoint used in Upgraded design of AVLB is observed.
AVLB. - CASEl: The body is arrested in all DOF at ends on the

bottom faces and the load (90 tons & 100 tons) is
applied at the centre on the top faces.

- CASElIl: The body is arrested in all DOF at ends on the
bottom faces and théoad (90 tons & 100 tons) is
applied at the ends on the top faces.
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- CASEIll: The body is arrested in all DOF at ends on The Analysis was done for the three cases of Static
the bottom faces and the load (90 tons & 100 tons) iStructural Loading on AVLB for 90 tonnes and 100 tonnes
applied at the slope end on the top faces. to obtain the Simulation results.

The following figures show the three cases of Static

B. Material Properties Structural Load Analy5|s

All the componert of the AVLB are made using hotlled I— ;
structural steelS: 20621999, Grade-A, Fe 410WA Zwlf-}.?.‘i%‘v;d"'
Chemical Composition of Materiafin % max values) i e e
Composition Value
Carbon % 0.23
Manganese Max % 1.5
Sulphur Max % 0.045
Phosporous Max % | 0.045
Silicon Max% 0.4
Carbon Equivalent (CE| 0.42
Tablel: Chemical Composition of IS: 206899, Grade
A, Fe 410WA

C. Mechanical Properties 7 ;
All the components of the AVLB are assigned as per the _ Fig.8: CASEl Of Stat|c Structeal load ANSYS

below material properties VD -EB8 & 54 4a ABAAEASEn O
Material properties Value and units ;3‘“: T
Density 7.85e006 kg /mm 2SS
Coefficient of Thermal Expansior 1.2e005/°C : . :
Specific Heat 4.34e+005 mJ /kg’C
Thermal Conductivity 6.05e002 W/ mm °C
Resistivity 1.7e004 ohm mm
Compressive Yield Strength 250 MPa
Tensile Yield Strength 250 MPa
TensileUltimate Strength 460 MPa
Strength Coefficient 920 MPa
Strength Exponent -0.106
Ductility Coefficient 0.213
Ductility Exponent -0.47 = :
Cyclic Strength Coefficient 1000 MPa al ] :
Young's Modulus 200000 MPa LT L hj@g;‘* gidn <nieioe ME R ¢ B o |
Poisson'Ratio 0.3
Bulk Modulus 166670 MPa
Shear Modulus 76923 MPa
Table2: Mechanical Properties of IS: 208899, GradeA,
Fe 410WA

The geometry of AVLB is imported into Ansys
Workbench. The required material properties, mechanica
properties were selected. g a default mesh is generated
for processing finite element analysis method. Due to
meshing 64246 Nodes and 31829 Elements were produced.

Fle 8t View Unts Tooks Hep | @ ~f | sohe » %Showtres I W B 4 ) @+ @rWorshedt Iy
e

M Updte | @Mk » O Contel »
¥ Svotences isiame & MRandomCeloy ) hvetationreeces

Fig. 10: CASElIII ofStatlc Structural load ANSYS

VI. RESULTS AND DISCUSSI®I

A. Simulation Results of Static Structural Loaafs 90 &
100 tonnes Loads on AVLB (CASE

The AVLB is arrested in all DOF at ends on the bottom
faces and the load (90 &100 tons) is applied at the centre on
the top faces.

its results Total Deformation, Directional
‘ Grs e Deformation, Equivalent Stress, Equivalent Elastic Strain,
Fig. 7: Meshlng Produced in ANSYS Factor of Safety, Re#ion Forces ,Yield Strength is
mentioned in the below table
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2) Equivalent Stress of AVLB for 90 & 100 tonnes Loads
Casel (Casel)

90tonnes load 100tonnes load
Maxim | minimu . minimu
Maximum
um m m
Total 39271 3.1745 3.5273
Deformati .mm e006 | 4.3634 mm| e006
on mm mm
D're;i“on 4.4337 | -4.4839| , oo 0o | -4.9821
.| e002 e-002 ' e-002
Deformati mm
on mm mm mm
. 8.7355 9.7061
Equivalen| 123.4
t Stress MPa e-002 | 137.11 MPa| e-002 . 301003 () ] /I\X
MPa MPa 1.5e+003
Equivalen i . i
! 8.3272 | 4.381 4.8678 Fig. 13: Equivalent Stresef AVLB for 90 tonnes Loads
t EIa§t|c 6004 0007 9.2524e004 €007 (Casel)
Strain
Yield
Strength 250 MPa 250MPa
Factor of 2.0259 1.8233
Safety
Reaction 1.117 1.2411
Forces 1 e+006 N e+006 N
Reaction 1.1196 1.244
Forces 2 e+006 N e+006N

Table3: Simulation Results of AVLB Static Analysis for 90
& 100 tonnes Loads (Cade

1) Total DeformationOf AVLB For 90 & 100 Tonnes

Loads(Casel)

a 3e+003 (mm) )\.
1 “ X

1.5e+003

Fig. 14: Equivalent Stressf AVLB for 100 tonnes Loads

(Casel)
3) Factor of Safety of AVLB for 90 & 100 tonnes Loads
(Casel)
90tonnes load 100tonnes load
Maximu | minim . minim
Maximum
m um um
8.4207 9.3564
Total _ 0.13161 6008 0.14624 £008
Deformation mm mm mm mm
o 39*1303 (mm) z/kx _ _
o Directional | ~1311 11 1762| 1.2568¢ | 1.3068
Fig. 11: Total Deformation of AVLB for 90 tonnes Loads Deformation e-002 0002 | 002mm | e002
(Casel) mm
mm mm
Equivalent 18.19 4.1153 20.211 4.5726
Stress MPa e-004 MPa e-004
MPa MPa
Equivalent 1.072 | 4.3065| 1.1911e | 4.785
Elastic Strain e-004 e-009 004 e-009
Yield Strength 250 MPa 250MPa
Factor of Safety 13.744 12.37
Reaction Forces 9.07 1.0078
1 e+005 N e+006N
Reactu;n Forceg 89227N 99141N
3 o ) Z/L‘X Table4: Simulation Results of AVLB Static Analysis for 90
T o003 ' & 100 tonnes Loads (Cadh
Fig. 12: Total Deformation of AVLB for 100 tonnes Loads
(Casel)
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0 3e+003 (mm) Z/k % o 3e+103 (mm) Z/L‘ X
L Se— L —

1.5e+003 1.5e+003

Fig. 15: Factor of Safetpf AVLB for 90 tonnes Loads Fig. 18 Total Deformation of AVLB for 100 tonnes Loads
(Casel) (Casell)

2) Equivalent Stress of AVLB for 90 & 100 tonnes Loads

(Casell)

0 3e+003 (mm) Z/L‘x
1.5e+003
Fig. 16: Factor of Safetyf AVLB for 100 tonnes Loads . o /I\
(Casel) et S
B. Simulation Results of Static Structural Loanfs90 & Fig. 19: Equivalent Stressf AVLB for 90 tonnes Loads
100 tonnes Loads on AVLB (CASE (Casell)

The body is arrested in all DOF at ends on the bottom faces
andthe load (90 &100 tons) is applied at the ends on the top
faces.

its results Total Deformation, Directional
Deformation, Equivalent Stress, Equivalent Elastic Strain,
Factor of Safety, Reaction Forces ,Yield Strength is
mentioned in the below table.
1) Total Deformation of AVLB for 90 & 100 tonnes Loads
(Casell)

Fig. 20: Equivalent Stresef AVLB for 100 tonnes Loads
(Casell)

0 3e+003 (mm) /K
] b X

1.5e+003

Fig. 17: Total Deformation of AVLB for 90 tonnes Loads
(Casell)
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