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CHAPTER 1

INTRODUCTION

1.1.Background

Mil itary assaultsterrorist attadks and acadentl exploson may causeseriousdamageto buidings
and otherinfrastructures. Asa result of terrorist threas and attads, engineers and transporgtion office
workers are beaoming mae adive in physicdly protecting kridges from potential blastttacks. Blast
incidents can also happen under acciden@l or intentional circumdances, which are both unpredictable
since human behavior is involved. These blastevents could cause critica injuries along with heavy
casualtes in addition to the disastrous stietural failure giving rise to detrimental economic and socil
impads, both domesttdly as well as internationally. Unintentionalexplosonsare highly undesirable. In
process industries, stepsre frequently taken to minimize the causes and consejuences of acadentl
explosons. When explosion occur, attention shifts from prevention to attribution from the perspedive
of both causeand effed. Taking theseconcerns into serious consiceration structural engineers have paid

particular attention in damage effect anal yses and assessnentsof bridge uner blast loading.

Blast engineering regarding civil infrastructure has only received rapidly evolving interestin
recent years. More researches are being condwcted to advance thetheaeticd and experimental investigation
technolagy, as well as to enhance the level of understandng of the blast implicaions on multistory
buildings, bridges, industrial structures and public facilities. Blastsoluion which consists of retrofitting
options,for existing provisions,design guidelinesfor future services and preventive measures which aim to
hinder blastoccurrence and lower blast sverity, are under constantdevelopment. In recent years, many
efforts are madefor the development of reliable methodsand algorithms for a morerealistic analysis of
structures and strictural companentssubjeded toblastloading. Furthermore with the rapid development of
compuer hardware ower the last decales, it has become possble to make detailed anaysis of explosve

eventsin personal compuers. Moreover, new developmentsin integrated compuer hydro-codes compete
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the tods necessay to carry out the numericd analysis successfuly. New development in integrated

compuer hydro-codes or software makes the numerical analysis moreconvenienf21].
1.2.Purpose ad Scope

Conwentionally bridge structures were not designed for the blast loads. Since the manitudes of
potential explodve load are sgnificantly higherthan otherdesign loads,conventional structures are more
suseptible to damage fom explosons. Since the 2001 terrorist attacks, numeous reseaches and
demonstetions initiatives have been undertaken to find cost effective techniquesand efficient retrofit,
security and rapid recongruction techniques for important buildings. The bridges and highways
infrastructures face new challenges relating to the gaurity of critical structures against terrorist attads. In
resporse to these need, the AASHTO Transporttion Seaurity Task Force sponsoed the preparation of a
guide to asgst transporttion professonals in identifying critical highway structures and to take action to
reduce their blast vulneability. In order to provide guidance to bridge owners and operators, the Federal
Highway Administration (FHWA) formed the Blue Ribbon Panel (BRP) on bridge and tunnel seaurity.
AASHTO has probablity based design methodolgy for designing bridges for various dynamic loadssuch
as seismic, ship impad, vehicular collision. However it has no specific guidelines for design of bridges for
blast loading. NCHRPhas sponsoed a research project to develop design and detailing guidelinesfor blast
resistant highway bridges that can be adoptedin the AASHTO bridge design speaficaion.[1]

A Blue Ribbon Panel sponsoed jointly by the Federal Highway Administration (FHWA) and
American Assciation of State Highway and Transporgtion Officias, adknowledged that the ratio n 6 s
bridgesandtunnels are vulrerabletoterrorist attacks. Thepanel reportincludes recommendationson actions
that can be taken by bridge owner and operator by FHWA, and otherstateand federal agencies. The
American Society of Civil Engineers (ASCE) developed design guidelinesentitled fiDesign of Blast
Resistant Buildingsin Petrochemicd Fadliti e s . depoifpnovides genera guidelinesfor structura design

of blastresstant petrochemical facilities[3]

Bridges are less potected as compared to other structures suchas high rise buldings, federal and
stateoffices, and otherimportant structures. Loads imposedon the highway bridge componentgiuring a
blast loadingevent can exceal thosefor which bridge componentsre currently being designed. In some
cases, the loads can be in the opposite diredion of the conventional design loads. Conseguently,
highway bridges designed using current design codes nmay suffer severe damages even from a relatively
small sizes exploson. For example, Figure 1.1 showsa bridge in Iraq severely damaged by a relatively

smallamountof explosve placed by terrorists near prs ofthe bridge.
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Figurel.1l.Abridgein Iraq damaged by arelatlvely smallamountof explosves placel in a terorist
attadk ®

The highway department categories damages bridge structures as partially or competely out of
service based on the location, extent and intensty of damage. It was assuned that bridge might collapse
dueto theindividualfailure of oneor morestructural membesincludingdedk, beam, pier orcolumn. Bridge
columns are morevulnerable to blastattads becaiseof their easy access and more likely to be attacked
dueto their importance in structural stability. Therefore they are considered the most critica element
of a bridge structure in terms of failure and stabilty. Columns are moreaccessble and susceptible to
damage incaseof a ground-based or water-borne blastattads. The dedk slab and girder of a bridge is also
highly vulnerable to blastattadk becauseof its closeproximity to moving vehicles. The deck is suseptible
to damage in caseof an explogon originating uncer the bridge as compaed to an over the bridge exploson.
The girder plays an importantrole in securing the supestructure and substiucture by creating redundancy
against sudden collapse. Girders are typicaly designed to withstand moments and shexrs causedby
vertically downward loads. On the other hand, a vertically upward load, causedby blast load from
underneath the bridge will cause negative moments and shear. Thus, loads imposedon highway bridge
componentsduring a blastloadingevent can exceel the design capacity of thosemembers. In somecases
the loads can be in the direction oppositeto thoseof conventional design loads. Consequently, highway
bridges designed using current design codes may suffer severe damage even from a relatively small size
exploson. Although severa guidelines or the design of blag resistant buildings exist, e.g., U.S. Dept. of
Defense Amy (USDOA) (Baker et al. 1992, U.S.Dept. of Defense (JSDOD) (20, 2008, Defense Tihreat
Reduction Agency (DTRA) (1997), U.S. Genera Services Administration (GSA) (2003), Interagency
Security Committee (ISC) (2001), National Insitute of Standards and Technology (2007), and ASCE
(2010), there is very limited informationavailable on anaysis, design, and detailing of bridge components
subjected to blast lads[3].

1.3. Bast Phenomenon
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An explogonis theresult of avery rapid release of large amourts of energy within a limited spae.

Explosgonscan be caegorized onthe lasisof their nature as physicd, nuclear and chemicd events.

In physical explosion: - Energy may be released fromthecaastrophicfailure of acylinder of acompressed
gas, vokanic eruptionor even mixing of two liquid at diferent temperature.
In nuclear explosion: - Energy is released fromtheformationof different atomic nuclei by their digribution
of the protonsand reutrons withn the inrer acting nuclei.
In chemical explosion: - Therapid oxidation of the fuel elements (carbonand hydrogen atoms)
is themain souce of energy.
Thetype of burst mainy classified as,

1 Air burst

1 Highaltitudeburst

1 Under water burst

1 Undergroundburst

1 Surface burst

The destructive adion of nuclear wegpon is much more severe thanthat of a conventional wegpon
and is dueto blast or shok. The sudden release of energy initiates a pressurewave in the suroundirg
medium, knownas a shockwave as shownin Figure.1.3. When an exploson takes place, the expansion of
the hot gases produces a pressue wave in the suroundingair. As this wave movesaway from the centre
of exploson, theinnerpart movesthrough the region that was previoudy compressed andis now heaed
by theleading part of the wave. As the pressure waves moveswith the velocity of sound thetempeature
is about3000°-4000°C and the presaure isnealy 300kilo-bar of the air causing ths velocity to increase.
Theinner part of thewave stats tomovefaster and gradually overtakes the leading part of the waves.
After ashort period of time the pressurewave front becomes abrupt, thus forming a shock front
somevhat similar to
Figure.1.3.The maimum overpressure ocurs at the shockrontand is cdled the e overpresaure. Behind
the shockfront, the overpressuredrops very rapidly to about one-half the peak overpressureand remains
amostuniform inthecentral region of theexploson. An expansionproceals, the overpresaure in the shock
front deaeases steadily; the pressue behind thefront does not remain consent, but instead, fal off in a
regular manrer. After a shorttime, at acertain distance from the centre ofexploson, the pressure hind
the shock font beacomes smadr than that of the surounding atmosplere and so cdled negative-phase
or suction. The front of the blastwaves wegens as it progresses outward, and its velocity dropstowards
the \elocity of the sound in the undisturbed atmosphee. This sequence of events is shown in
Figure.1.3[10]
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Figure.1.2Variation of pressurewith distarce™®. Figure.1.3Formation ofshockfront!™®.
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Figure.1.4.Variation ofoverpresaire with distarce!™?,

1.4. Introduction to Explosive

Blastis an energy digtribution processin which a large amountof energy dispeses in a \ery, very
short time. The time duration for blast/shoclenvironments of interest are typicdly in the iange of .5t0 1.0
m-swith loadings in the range of several thousandsof poundsper squae inch.Although there are different
forms of explosve theas maor explosve threa to highway bridges may be causedby high explosve
bombs(e.g., general purpose bombswhich cause @mage by blag and fragmengtion and light casebombs
which primarily produce blastdamage), vehicle bombsand incendiary bombs(in which blast effects are
augmented by afireball from a burning @iel suchas fud). When a building is designed to resist blastloads,
lethal fragmengtion of glassor concrete is a very important fador becauseof its potentialto causeinjury
and deah to occupants. This is lessimportant for blast-resistant design of bridges. Hence assumptionsare
madethat the structure is damaged by high explosve blast wave load withoutpiercing or fragmenting

effects. When abridgeded is subgctedto explosve loadsor missile attads, it is possble thatthe explosve
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may cause local damage in the deck. Thebridge may not collapsein suchsituations and can still sugain the

traffic. Figure 1.5showsa bridge in Palestineafter a mssle attack.

Figure.1.5.Damage to aBridge in Palestineafter aMissile Attad!®.
1.4.1. Ndure of Explosion

Explosve magrials are designed to release large amounts of energy in a shorttime. The exploson
arises through the redion of sold orliquid chemicds or vapor to form more stable poducts, primarily in
the form of gases. A high explosive is onein which the speed of readion (typicaly 5,00-8,000m/s) is
fasterthanthe speed of soundin the explosve. High explosves produce a shockwave aong with gas, and
the charaderistic duration of a high-explosive cetonationis measured in microseconds(10°s). Explosives
come invarious fams,commonly cdled by names suchas TNT, PETN, RDX. The effects of explogonson
structures are diredly related to stresswave propagation as well as impad and misdle penetration. In
al close-in
explosons,where shockwaves musttravel through the surounding medum to causedamageto a
fadlity, aredistic description of thewave-propagation prenomenais nesded.

1.4.2. Efeds of explosives
If adetonating explosve isin contact with a solid material, the arrival of the detonation vave at the

surface of the explosve will generate intense stess waves in the matrial, produwcing crushing and
shatering disintegration of the matria. This hammer-blow effect is cdled
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0 fisarced The dynamic pressureat the detonaton wave-frontis the detonation pressurep; given
in kilo-bars by the empiricd equation. [3]
p1=2.5x10% B (1.1)

where,
}  olmk) is explogve density and
D (m/s) is cetonation vave sped.

Thusif D is7400m/sand j (kg/m®) = 1500kg/m’for RDX, thenthe detonation pressure
piis given by Equation 1.1 is 205.4kilo-bars, which is far in excessof the comprressve strength
of mostmagrials.

Below pictures shows the effect of blasts due various kind of events and explosve

masrials.

Figure 1.6.Alfred P. Murrah Federal Building after Exploson.
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Figure 1.7. Oil Tanker Blast atInterstat. Figure 1.8. Cdumn Damagedue

to exploson uncer bridge

1.5. Blast Vunerability Assessment

Not muchwork has been doneon the blastvulnerability of bridge structures. Naturally,
the lridgesare lessprotected as compared to other structures such as high-rise buildings, federal
and stateoffices, and otherimportant structures. The national highway system has been carefully
networked with almost 600,000 bridges around the county (NBI 2003). As traffic flow
continues over the interstate and statehighways 24 hoursa day, it is a common perception that
the bridges are protected to some extent by the moving traffic. However, there are growing
concerns evolving novadays because of the terrorist attacks a& home and abroad. The
government hasadoptedutmost seaurity measutes for protectingimportant bridges in responseo
theterrorist threats of attadking thesebridge structures. On the otherhand, regular interstate and
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highway bridges are not being paid enough attention to seaure them against terrorist attack.
Therefore, thesebridges are more vulnerable to attack, which may cause casuaty as well as
socal and economic losses, and disrupttraffic movementaffecting thetransporttion systemand

network aroundthe country.

A structureis likely to be subgpaedto varioustypes of hazards during its life time. These
hazards can be subdvided iro two general caegories: man-made (blast) and natural
(earthquakes, wind, etc). For a sucessful approach to any system design, it is essentialto
understandthe nature of thehazard. Dynamic hazardscan bedescribedby their relative amplitudes
and relative time (frequency) attributes. Figure 1.9.showsa <hematic representation of the

amplitude-frequency relationships of everal dynamic hazards.
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Figure 1.9.Qualitative amplitude-frequency distribution for different hazards™.

1.6. Cutlines of Wor k

Chapter 1: This chapter discusseghe introductory part related to the blast. Types of blastand

their effeds on the strctures ae shown.
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Chapter2: This chapter givesthe detailed literature surwey related to the blaststudes. The stae-
of-art and the stake-of-pradice on the blast analysis, design and practice in civil engineering is

reviewed.

Chapter 3:1n this chapteranalysis of bridge wren subpdedto blastloadingis given. Methodsof
the analysis and modding of the bridge using ETABS is discussd. Suitable bridge parameters
are selected to modelthe lridge and cdculationsof the loadsinduced due toblastexplosonson

bridge structure are done.

Chapter 4:In this chapter results are discussd based on different loading cases. Various

conclusionsare sorted using theseresults.

Chapter 5: In this chapter conclusion is given based on the work caried out through work.
Futurescqoe is also discussed in tts chepter.

CHAPTER 2

LITERATURE REVIEW

Blast studes broadly differ in terms of objective, problem encountered, methodolay,
expertise and technology required, as well as budgetary restriction and schedule constaints.
Conseguently, the research findings derived under the disaetion of separate investgations,
which are either valid exclusively to the specific issues under consderation or justifiable
generically to muchbroader aspects, are not necessaily subgct to dired compaison and should
always be interpreted independently and perceived as either mutually reinforcing or disagreeng
to acertain extent,while absolutegeneralization should never beenforced. The blastonse&juences
obseved on theindividual bridge elementsconsicered are described togetter with the subsegant
impad on the overal integrity of the correspondng kridge systems. The nitigation tactics
propoed are discused, with major emphasisof functions delivered as well as the inheent
effectiveness.Further, enquiresto be carried outfor thefuture cevelopment of engineeingfield is

also identified.

Explodve cevices have been usedfor hundeds of years, yet comprehensve treament of
blasteffeasandther mitigation appeared in the Westan Hemisplere only during and after World
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War Il. Following thewar, the Office of Scientific Research and Development [NDRC (194%6)]

produced theseminal, unclassfied document on vegponsand penetration capabilities.

Following are someliteratures that ae studed concerned tothefind thereseach gap.

A.K.M Anwarul Islam, NurYazdani®™ (2006), United States studied on the design
methodolgy and load factors for designing bridge piers against ship impad and vehicular
collision using AASHTO speifications. This study investigated the most common type of
corcrete kridgesontheinterstate nghways. A 2-span 2lane kridge with Typelll AASHTOgirders
was usedfor modeling usingSTAAD PRO.AASHTO Load and ResistantFador Design methods
were used br the modebridge design. The girders, pier cgos and column loadingwere anal yzed
for probable Hast loading. To obtain the modelbridge, 226.&g of TNT was conwverted into
equivalent staticloadsusingAT-Blast. It was foundfrom analyticd study thatType Il AASHTO
Girder Bridge will fail due to probable blast load generated due to 2268kg TNT. It was
determined that Type Il AASHTO girders, raditionally designed pier cap and column could not
withstandthe impad of 226.8kgTNT. In short AASHTO girder bridges with concrete columns
and pieas ae not capable of resisting specific blast load.

Andrew Sorenson, William L. McGill 1 (2012), discusss the results of a review of the
existing blastanalysis software padkages for their ability to be usedas a forensictool supporting
pog-blastinvestgations.Therecurring limitationsof the software found are discussd. Using these
software packages the blastdesign software if usedproperly, can help with badk- cdculationsof
parameters suchas charge weight and blastioad direction kased on blastlamage infamation.

Cimo™ (2007) created a two spansimply suppated bridge using ANSYS-AUTODYN.
A faster compuational speed was attained by remappingthe blast pressues obtaired from the
one dmensiordal analysis ontothe twodimensioral spa®. Unfortunatly, the numeical outpus
were only recorded up to the instant when the compuation was prematuely terminated because

of unexpeded inteface overlapping error.

David G. Winget, Kirk A. Marchand and Eric B. Williamsan!(2006), presented the
ongoing researches to develop performance based blastdesign standrds specificaly for bridges.
This paper had briefly discussedthe incorporation of physica seaurity and site layout principles
into the césign process. It also discusseshe potentialeffeds of blastloadson bridges and povides

structural design and retrofit soluions to counter these effects. Through the use of simple
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modelssimilar to thosepresentedin this paper has gained a better understanding of blasteffects

on bridge componentsand has prioritize hisefforts for experimental studes of themost promising

retrofit solutions.

Edmond K.C. Tang, Hong Hou®described the bridge under consiceration, blast load
estimation, finiteelement model, magrial model,and cetailed nunerica simulation resuts of the
bridge to blastloadsfrom a 1000kgTNT equivalent explosion at 0.5 m from the bridge tower
and pier, and 1.0 m above the dedk. Damage mechanism and severity of the bridge tower, pier
and ded are examined. The effectivenessof FRP strengthening of bridge concrete back spanfor

blast lead resistance is dso inwestigated.

Fuji kura et al. (2008) ! deviseda simplistic approach to predict the blastreadion of the
concrete-filled stesl tube columns. The kinetic energy delivered by an impulsewas assumed to
befully conwerted into internal strain energy, ignoring alling and breadhing. A reduction factor
was introduced to in-corporate close-in blastimpad, clearing effect and theinfluence of strain rate.
The blastpressues were calculated from A.T.-BLAST, while the impulsevariations aong the

columns were derived from BEL.

G.Daniel Williams, Eric B. Williamson!® (2011). The bidge components may be
exposedto large blastthreds that can be in close proximity to the potential target. To address
these guations, experimental and compuational research was carried out, through the support
from the National Coorerative Highway Research Program (NCHRP), to understand the
behavior of blad-loaded concrete bridge member. Using finite element models,this paper has
explained the crosssedional responsemechanisms that causespaling of side cover concrete in
blast loaded slender reinforced concrete memlers by numericdly reproducing the behavior
obseved during the experimental teding program. The resuls of the detailed numeica models
were usedto explain the mechanism leading to this response.With the ability to predict the
extent of spall damage that can occur for a given threa, bridge engineers can ensue thatthe
columns they design have adequate capadty to sudain gravity loadsfollowing damage from a

blastevent.

HrvojeDraganic, Vladimir Sigmund®, describes the process of determining the blast
load onstructures and provides a nmerical example ofafictive stuctureexposed tahisload. The
aim was to becomefamiliar with theissue of blastload becauseof ever growing terrorist threa
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andthe lck of guidelinesfrom national and European regulationson the \erification of structures

exposedto explosions.The blastload was analyticdly determined as a pressue-time higory and
numeical model of the structure was created in SAP2000. The results confirm the iritial
assumption thatit is possble with conventional software to simulatean exploson effedsand give

apreliminary assesgment of the strature.

Jin Son, Ho-Jung L ed*?caried out the study with an objective of the performance of
hollow stesl box and concrete-filled composte pylons of a cable-stayed bridge subgded to blast
loads.Car bomb detonaion on the deck is assuned to be the mostlikely scenario to occur. A
coupled numeca approach with comhined Lagrangian and Eulerian models was used to
consicer the interadion of the deck and pylon with the air that tranders the exploson effect to
the lridge. The na-linear explicit finite element analysisprogram, MD Nastran SOL700was used
to simulate thespatial and time \ariation of the blastload as well as blastshockwavei bridge
interaction respanse. Theblastresistarnce of two different types of pylons was investigated in a
compaative study. The study establisheddamage patterns of the pylon and showedsupeior
performance of theconcrete-filled composte pylonover the holow stesl box pylon. For the holow
steel box pylon, the Pi Oeffect on the instability of the pylon subpded to blast load was

significant.

M ahoney!*¥ (2007) applied the blast loads obtained from AT Blast-on a long span
suppored prestressedconcrete girder bridge, a three-span simply suppeted composie girder
bridge and athree spancantilever trussbridge, al simulated in SAP2000. Thearbitrary blast tups
were dedded with the aid of Monte Carlo simulation. The consejuence assessmentsvere
condwctedby referring to the structural damageindicatedby the performarce of the plastic hirges,
along with the possble amountof downtime and casudities.

M atthews*¥ (200B)built a moa of a simple-span simpy-suppored prestressedconcrete
girder bridge withABAQUS. The £gmentsnear the supportsvere assumed tobehave in an elastic
manrer. The deck was aso assgned a prestressadion, owing to the difficulty in integrating the
slab after the introduction of the prestressforces in the girders. The blastinputs were imported
from BEL.

N. Moon™ has donea work on the prediction of blast loadingand its impad on
buildings and submtted a dissertation report to the national institute of technology Rourkela.
That paper gave a comprehensive oerview of the effects of exploson on structures. The
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responseof simple RC columns subgded to constent axial loadsand lateral blast loads was

examined. The finite element padkage ANSYS was usedto model RC column with different
boundry conditions and using the mesh less method to reduce mesh distortions. For the
responsecdculations,a constnt axial force was first applied to the column and theequilibrium
state vas determired. Next, a shortduration, lateral blastloadwas applied and theresponseitne
history was calculated. Studies were conducted on the behavior of structural concrete subpded
to blast loads. These studies gradually enhanced the understanding of the role that structural
details play in affecting the behavior. The finite el ementanalysis revealed that, for axially loaded
columns, there exists a critical latera blastimpulse.Any applied blastimpulseabovethis value

will resultin thecollapsing ofthe column before theall owable beam defl edion criterion is reached.

Rong-Bing Deng, Xian-Long Jin®*®(2000),(Ching), focused on the nmerica simuation
of the stratural damage of asteel trussbridge subpded toblastloadingwith ANSYS AUTODY N.
For research purpose Minpull Bridge in Shanghai was selected. A3-D noninear finite element
model of an adual bridge has been developed. The effeds of mesh size on pessure
distribution produced by explosons are also studed. Compaison was made between the
cdculation results and the experimental values; the reliability of the calculation is validated. Peek
overpressues between empiricd relations and numeica values usng a mesh guarantees the
effediveness of blast loading and reliability of compuational results. It illustrates the
characteristics damage effect correspondng to the general law of exploson. The numeical

results give aglobal understandingof bridge under blast laading.

S. Fujikura and M. Bruneau™(2006, 2011), presented he development and
experimental validation of a multi-hazard bridge pier concept. The proposed concept was multi
column pier-bent with concrete-filled stesl tube (G-ST) columns. The regach was to examine
seismically resistant bridge piers that are designed according to current seismic knowledge and
thatare currently applied in typical highway bridge design. It was found that by current seismic
codes reinforced concrete give satisfadory seismic performance, thus shown ineffedive for the
blast loading cases. Only the compressve region of the pier was of interest, while the

contribution fom thereinforcing stesl was ignored.

SomnathK ar mar kar @ carried out study of Reinforced Corcrete Bridges & its resporse
under blast loading to determine the weight of explosve required for causing damage. For
certain timeduration of blastloading, time-histary analysisis carried out by consicering reinforced
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concrete as visco-elasto plastic tension softening maerials and using Newmarké Predictor-

Coarredor agorithm. In this investigation, an analyticd modelhas been chosenand analyzed for
the generalized blast loadigs. It was concluded that the most sensitive zone vulneable to

damage by R.D.X s located near aboutthe mid spanand thatcloseto the outergirder.

Son and Led™ (2011), which was related to an existing cable stayed bridge, involved a
concrete-filled composte pylon and a hollow steel pylon. The FSI simulations vere
implemented in MD Nastran SOL700. Only the tower and the stesl orthotropic dek were
extraded for the blast simulation, while the abserte of the cables was compensted by
introducing axial compressve forces and allowing oy horizontal translaion at the longitudinal
ends. A total of four Euler subdivisons were formedin order to gowern the flow movenent

adivated upon stretural failure.

Suthar®?(2007) carried out study on a suspensin bridge modelin SAP2000. The blast
loadstaken from AT-BLAST were treaed as equivalent static loads. The pogressve collapse
analysis was condicted by relying on the formation of plastic hinges at the top and bottom
chords ofthe russes.

T.W.Y Lua, P. Mendis®¥ caried outblasteffeds investigations fom various different
studes and literatures. He employed the simplistic and advanced theoreticd and pradicd
investgation strategies. The blast consejuences obseved on the individual bridge elements
consicered are described together with the subsequent impad on the overal integrity of the
correspondng bridge systems. The mitigation tactics proposed are discussd, with major
emphasis orthefunctions celivered as well as theinherent effectiveness.

Wel Wang, Ruichao Liu, Biao wul?3 (2013), China,analyze the stucturd failure ofa
bridge causedby an accidental fireworks exploson. The equivalent massof TNT explosve and
structural responseof the bridge dueto the dynamic load imposedby the exploson is modekd
by engineering algorithmsand numeicd simulations.The integrated computer hydrocodes such
as ANSYS AUTODYN software is usedto conduct numeica analysis suaessfuly. The
research showsthat the acadent was causedby the firework and not by a bridge design defect.

The presented damages and theirmechanism provide rew insightsinto exploson damages.

Williamson E.B. & Marchand®” focusedon the study of a moden cable stayed bridge
under blastloadings. In order to investgate the non-linea behavior of the cable styed bridge,
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three dmensiordl finite element modelshave been developed using LS-Dyna. Both strain rate

effect and the equetion of state br the concrete maeria have been incorporated into the
aforementioned numerical modelsto ensurea more reliable responseprediction under extreme
blastimpads. The analysis was condicted to examine the failure of 4 comporentsof bridge viz.,
pier, tower, concrete back span& steed composte main spanunder dynamic impaad of a 1000kg
TNT equivalent blastload, Further ame was teded under US Department of Defence guidelines
to investigate the posshility of bridge collapse after damage of thesecomporents. It was found
that faillure of vertical load bearing bridge elementswill lead to the catastrophicfailure or

collapseof the bridge.

Yuxin Pan. Ben Y.B. Chan, MoeM.S. Cheung?®?(2013), a muti-Euler domainmethod
to solvetheproblemdistedealier. Boththeverification of themethodandits applicaionfor a RC
composte dab-on-girder bridge proved its acarracy and efficiency. The blas-resistantcgpacity of
three different detonation senarios was investgated, including one above-deck detonation
and two under-deck detonations, with different trinitrotoluene ({[TNT) equivalent charge
weights. This study establishedthe dynamic performance and the damage mechanisms of the
whole bridge and identifi ed the critical blast event for this typical slab-on-girder bridge. Yuxin
has developed a multi-Euler domainand applied for blasteffeds simulation of a RC composte
slab-on-girder bridge. By using thepropo®d method thelarge and comgex structural responseof
bridges under blastloadingcan be anayzed based on a fully coupledLagrange-Euler interaction
finite-element model. This study has presenteda preliminary analysis of the performance of a RC
girder bridge uncr different proposed threa scenarios. Because the numecal simulationof blast
loadingis highly sensttive to the nature of the explosve maerial and the nonlineaity associated
with RC structures, more investigations are necessay to achieve a more systematic and

comprehensive scheme to counterthe threat to critical infrastructures in thefuture.

Z. Yi, AK. Agrawal, M.Ettouney, and S. Alampalli®®, (20®), (New York),
introduced a new approach for applicaion of blast loadson bridge components. This approah
can apply redistic loadsand can simulatebothrefl edion and diffradion of blastloads. \érification
of simulation of blastloadsin LS-DY NA has been caried out by using available testson beans.
A typicd three span reinforced concrete bridge highway bridge has been developed for
investgation of blast load effect. Simulation results shows that bridge compments suchas
elastoneric beaings are subgdive to excessvely high levels of stressesduring a high level of

blast loads.
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ZhihuaYi, Anil K. Agrawal®” (200),Inthisreport,authorhave presented a ew approech
to generate blastloadsby Con-Wep and transmit it through air mediumto structural components.
In order to investigate effeds of blast loadson bridge components, a very detailed finite element
model of the bridge with appraximately 1 million degrees of freedom has been developed. The
bridge has been subgded to three levels of blastloads,designated as Low, Medium and Large.
In order to investigate corredations between seismic detailing, concrete stength and blastload
magnitude, the bridge model has been designed for three dfferent seismic regions with concrete
compresgve strength varying from 3,000 to 10,000 ps. Based on smulation resuls, 14
damage mechanisms prominent during blastload effects on bridges have keen identified and
correlated with seismic damage mehanisms. Simulation resuts showthat seismic cgpadtiesand
blast load effects are strangly correlated. Better seismic cgpacity directly implies better blastload
resistance. However, severa damage mechanisms are not present during ssismic loadings and
proted ion of bridge compmentsfrom failure becauseof these mehanisms reedsto be consicered

by improved detailing of components and optimization for multi-hazard ssismic blast desgns.

Summary:

After reviewing all the aboveliteratures it can be notedthat blastintensity and its effea
on structures cannotbe predicted accurately as charge locaion and anountmay vary. Theeffects
and deformations due to blast are sointense that in most cases of carried researches, the
structures get fully collapsed.Design of the structures consicering high blast pressues and it
becmesmore comdex, heavy and proves to be unecmnomicd in nature. Most of the researches
have keen carried out for different structures for different cases of charge weights and stard-off
distances. By stuwlying all the above literatures we can conclude that instead of designing heavy
and ureconomical structures, seuring measures tomitigate theblast dfects may betaken.

By studying the aboveliteratures | have focusedon viewing the structural behavior of RCC
Bridge due to blast for the charge weights at different stard-off distances. All the possble
disgdacementsand bending moments of the framed structure were compued by using and finite
element package ETABS software (Extended 3D anaysisof Building Systems).
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CHAPTER 3

METHODOLOGY

3.1. bjective and Present Study:

The experimental verification usingscded modds is generally carried out in developing
design guidelinesfor structures subpd to hazards suchas eathquekes, wind, etc., this is not
practicd in caseof blastloads becaise of following three reasons.

1 It is very difficult to reproduce the same blast wave environmant, even in the same test
field and using the same amount of explosve charge because of the temperature,
humidity and dust condition of the air. Consguently, it is very difficult to cary out
systenatic experimental study of different parameers affecting behavior of structures
subjed to blast lads.

1 It is difficult to ensure reliability of the data measurements, e.g., strain gauge,
disgacement sensors, etc., during exploson tests because of large deformation and
fragmengtion ofthetest structure.

1 Experimental blast testsare also cog-prohibitive and can only be carried out at select
facilities.

Because of reasonsdescribed abowve, analytical tods suchas hydro-codes have significantly
shownmorereliability and acaracy in thesimulationof blastloadeffects on structures. Following
are someobhectives of dissetation.

1 To investgate the finite element toals for the simulation of blastload effects on various

bridge components of &ypical highway bridge.

1 To investigate the performance of different componentsduring blast events, identify
typical mechanism responsble for causing aamage orfalure of the componentsof
structure.

3.2.Scope of Study

In order to achievethe objectives given abovefollowing taskscan beadopted,

1 To usethe suitable hydro-codes (i.e., FEM modeling software like ETABS) for the

simulation of theseblast éfects on the ariouscomponents of bdge.

1 To study the dynamic responseof the structure for different cases of blast phenomenon.

Thus toinvestigate thestudy following are the cases that &e to be adopted.
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1. Vehicle Bomb Blast 1mheight abore deck.
2. Vehicle BombBlast 2mheight aboe deck.
3.3. Effeds of Blast on Structur es:

The effects of explogons onstructures are directly related to stress-wave propagation as well
as impad and misgle penetration. In al close-in explosons, where shock vaves must travel
through the surounding medum to causedamageto a facility a redistic description of the wave-
propagation phenomena is needed. The effeds of exploson are varied. For explosons close to
the targeted object the pressue-driven effects occur quicky, in the order of microsemndsto a
few milliseconds. Theair-blast leads ae commonly subdivided into

1. Loading due to the impinging shock front, is rfledions, and the gredly increased

hydrostaticpressue kehindthefront, all commonly dencted as oerpressue and

2. Thedynamic presaures due to the particle velocity, or masstransfer, of the air. It is

custanary to cheraderize the pessue loadings interms ofscaed range, given by

Z=R/W3 (3.1)
Where,
Z is thescaled range,
R istheradial distarwe between theexplogon centerand the arget and
W is the explosive weight (normally expressedas an equivalent TNT weight).
Units for chargeweight and distare should bgoundsand feet.

If an explosonis confined by a chamberor room, the gas presaure increases rapidly to a
sugainedlevel and then decays because of venting out.Under these conditions, shockrefledions
occur and the overall effed can be greder thanthatof the incident shock pressue. The effects of
internal explosonscan be devastating to buildings and their occupants. There is a consicerable
body of knowledge available concerning blag-eff eas mitigating techniques for buildings subga
to acddertal explosons,which may have applicability to the design of civilian office structures,
bridge box girders, etc.

If the exploson originates at a sufficiently great scded range (i.e., a small charge or a
large digance from a stucture), then he stricture will be loadd in a manner thatleadsto global
deformation, meaning that all the elements provide somedegree of resistance to the loading.
Dynamic analysis and design in suchcases depends on the expededloading and the provision of

resisting elementsto accommodate theloading.
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If the explogon is sufficiently closeto a pier or dedk (that is, with a small scded range

Z), there can be gross disintegration of structura componentswith either spakd fragments
coming df the front and bad sidesor wall fragmentsthemslves being propelled as missles.
These fragmentscan injure people, damage property, and cause the structure to collapse if the
structural supportis sufficiently disruptel. At intermediatescaled ranges, bothglobal and loclized
responsejncluding severe cracking, with nea-face disintegation and spalling onthe rear face,
can beexpeded. When an explosonimpinges on a strictural element,a shock vave is tansmitted
internally at high speed. For example, dilatational waves (tension or compiesson) propagate at
spedalsin the ange of 2,700-3,400m/s in typical concrete and 4,900-5,800n1s in steel. At these
speeds, reflections and refradions occur quickly within the material (within milliseconds),
and, depending onthe material properties, high-rate straining and major disntegration effeds can
occur. For example, under extremdy high shock pressues, concrete, a relatively brittle magerial,
tendsto undergo multiple fractures which can lead to fragmenrtation. In steel, under similar
conditions, depending onthe matria properties and geomety, yielding and fradure can be
expeded, espeially if fabrication flaws are present, with fragmentationoccurring in somecases.
Primary fragmentsare produced when a detonatng explosve is in contact with magrials suchas
concrete or stedl. Initial velocity of the primary fragments depends in part on thedetonation
pressue. Seoondary fragmentsare produced by the effect of the blastwave on maerials not in
contact with the explosve. Other exploson-generated effeds are also prodwced, suchas fire
(including smaldering fires), smole, pressuredamage to ears and otherorgans,and vident mation
of the stucture and its contens. Such shok-related mdion can result in persoral injury,
equipment damage and can cause the loss of lifdines such as utilities and
communications cables. Speaally, the conseuences of attack expressedas damage to bridges
andtunnels tlat are of concern areas follows:

1. Threds to the integrity of the structure (e.g., resulting in replacementof the facility or

majorrepairs).
2. Damage thatinhibits the structured gunctionality for an extended period of time, suchas
closureof thefacility for 30 days or more.

3. Contamination of aunnelresuling in extended closureor loss offunctionality.

4. Catastrophidailure resutingfrom an attack based on the theds.

3.4.Methodsfor the Analysisof Blast Effeds:

IJCRTZl)d I nt er natoiuc mdllr e atRiewse aTledhught SCRITW. | | cd b7 39


http://www.ijcrt.org/

wWww. i jrgrt. o E2021CRVYol utmpsslu@DecemlRO&R1LSSN:
23220882

Although exploson experiments are very important in the analysis of blastload effeds of

structures, compuer modelsand programs have become indispensble in charaderizing blast
loadeffeds. Thecompexity and dependability of the mod varies damatically.
3.4.1. Eyperimental Methods

Experimental data may be comhined with certain aspects of exploson theay to properly
characterize maerial behavior at high strain rates, which in turn can be used indeveloping
compuational appraaches for estimating effeds of blastloads. Nevertheless, it is important to
validate these compuational results using experiments involved scded or full models of
structures subpd to blastloads.Severa researchers have presented results based on blasttesting
of structures, e.g., blasttestson 1/4-scde concrete masomy unit (CMU) walls. Most commonly,
blasttestsare caried out on scded modelsof structures subgpded to blastloadsgenerated by
explosve charge. In fad, thesetypes of experiments have been used to develop the databasefor

Design and Aralysisof Hardened Structures toConventional Wegoons Efeds.

3.4.2. ®mputational Methods
Most of thecompuational modelsare based onfinite-element or finite-difference methods.

Finite-element methodshave the versatility to deal with comgicated geometies. In finite-
difference methods,the disaetization is accompished by superimposing a network of nodes
or grid points on the geomety. The arrangementof these grid points is usualy stuctured, which
diminishesthe versdtility in deding with compex geometies, but these methodsgenerally
offer higher compuational speed. Blastloadsimulationsare generally carried outby first-principle
and semi-empiricd methodsIn first-principle programs, matrematical equations aescribing basic
laws of physics, e.g., laws of consevation of matte, momentum,and energy, are solved.In
addition to theseequations, consttutive equationsdescribing physical behavior of matrials are
also needed. Semi-empiricd computationalmethodsare based on simplified modelof physical
phenomera, which are developedthrough analysis of testresults and applicaion of engineering
judgment. Simulation of blastload effects on structures is highly noninea becaise of bkehaviors
suchas fradure, fragmengtion, and flow due tohigh-pressue souces. Besides this, there are
many mathemnsticd and physical compicationsand phenomenavhoseunderlying physics is not

well understood,e.g., behavior of different types of joints and connedions dumng blastloads.

3.5.CodalProvisions;

3.5.1General Char acter istic of Blast
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3.5.1.1.Source

The conventional chemical charge isconsicered sphericd. The shock rfont at the ground
suiface from a contact burstis consicered almostvertical. The effective yield of the contect burst
is amost doubleof an equal exploson high in the air. This condition is assuned to give most
seriouseffed[10].

3.5.1.2.Shock Wave

As aresult of exploson, a shockwave is generated in the air which movesoutward in all
diredionsfrom the point of burstwith high spesd causing tme-dependent pressureand suction
effects a al points in its way. The shockwave consistsof an initial posttive pressurephase
followed by a negative (siction) phase at any point as shownin Figure.3.1. The shockwave is
acomparned by blast wind causing dynamic pressues due to drag effects on any obstriction
coming inits way. Due to diffraction of the wave at an obstricting suface refleded pressue is

causdinstantaneoudy which clears inatime dependingon the extent of dstructingsuface[9].

Shock Wave

)
Velocity U 1
Blast Wind | I
Exposition e l
= J Pressure
¥ = yah
_ .: Negative Phase i 1

Point Under
Consideration

Figure3.1.Shock Wave produced by Blast*?

3.5.1.3. Pesaure and Duration

At any surface encountred by the shokwave, the pressurerises almost instantareoudy
to the peak valuesof side-on overpressue and the dynamic pressureor their refleded pressue.
The pea valuesdepend uponthe size of explosion, the distance of the suface from the souce,

and otherfadors ike ambient pressureand temgraturein air.
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The incident blastwave characteristics are described by the pe& initial overpresaure ps,

the owrpressure pr versustime t curve; the maximum dynamic pressue ¢, the dynamic
pressureq verses timet curve and the diration of posiive phaset,.

The pe&k positive intensity quickly dropsdownto zero; the total duration of the positive
phase being afew milliseconds. The maximum negative overpressureis much smalkr thanthe
pesk posiive overpressure, its limiting value being one atmosphere. But the negative phase
duration is 2 to Simes as longss that of thepostive phaseg[10].

3.6. Bast Loads

When explosves are detonated, the chemicd reaction of the explosves produces a high
pressure and high temperature ges. This gas pressue, aso known as detonation pressue,
propagateslike stock and stresswave, and destroys surrounding structures. When the wave front
movesforward with a sphericd shae, it encounters discontinuiies. At this poirt, someenergy is
transferred acrossand some isrefleded back. During and after the stesswave propagation, high
pressureand high temperature gases extendthe radial cracks, any disconinuity, and fracture or
aready wedkened joints. The explogve energy always tales thepath of least resistance. Once the
blased portion of the structure is separated, no further fracturing occurs becausethe gas pressure
escgpes through the gaps. This entire process occurs within a few milliseconds(m-sec) from the
detonation of thexplogves.

The intial step in blastdesign or analysisis the determination of the blastload. Blastsare
among themost powerful extreme loads. Even small amount of explosives can inflict sizeable
amountof damage to a structureif they are set in theright location. In assessng the performarce
of bridges under explodon, issues that demand attention include energy absorption, safety
factors, limit staes, load comhbnations, resistance functions, structural performance
consicerations of critical elements, and most importantly, structural redundancy to prevent

progressve collapse of the structure.

The effed of the shock wave, which travels away from the exploson faster than the
speed of sound,posesthe hazard at close-in locations. The shockfront is similar to a moving
wall of highly compressd air, and is accompanéd by blastwinds. When it arrivesat a location,
it causesa sudlen rise in the nomal presaure. The inaeasein atmospleric pressure ver normel

valuesis referred to as overpresaure, and the simultaneous pressurecreated by the blastwindsis
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cdled dynamic pressue. Both decay rapidly with time from their pe&k values to normal pressure

and overpressue actually sinksbelow the nomal before equalizing bad to normal atmospteric

pressue. The overpresaure causeshydrostatc-type loads,and the dynamic pressue causesdrag

or wind type loads.High refleded pesaures are generated on sufaces thatthe shak front grikes

head-on or nearly head-on. At a given distance from ground zero, overpressues and dynamic

pressues decay with time but may last for several secnds.Thetimethe refleded presaure takes
to clear a point on a surface dependsmainy on the distance to the closestfree edge of the bridge

from the point of explosion, and may take as little as one millisesoond. Due to their sudcn

applicaion and relatively long duration, loadsproduced by overpressureand dynamic pressure
can be more critica than equivalent static loads, but the damaging effects of the even higher

reflected presaureis reduced by their shortlives.

Blastpressurecan create loadson structures that are many timesgreaer than normal design
loads,and blastwinds can be muchmoresevere thanhurricanes. Dynamic pressuremay continue
to causedragloadson the structural framethatis left standng. If detonationoccurs on topof the
bridge, dedk dab will experience the downward thrust of the overpressue, which will be
transmitted to the supportinggirders, pier cap and columns. Founditions will experience blast
induced vertical and overturning forces. If blastload is applied at the bottom of the bridge, pier
cap, pre-stressedgirder and dedk slabwill be subjected to vertically upward pressue for which

they are not generally designed.

3.6.1.Basic Parameters of explosion

Use of TNT (Trinitrotoluene) as reference for determining the scded distance Z, is
universal. Thefirst stepin quantifying the explosve wave from a source otherthanthe TNT, is
to conwvert the charge massinto an equivalent massof TNT. It is performedsothatthe charge mass
of explosve is multiplied by the conversion factor based on the speific energy of different

explosvestypes and ther conwversionfadors tothat of theTNT are givenin Table 3.1.

Table 3.1. Conersionfactorsfor explosves™

_ Spedfic Energy | TNT equivalent
Explosve
(Q4 kJIkg) (Qx/ Q)
Compound B60%RDX, 40%TNT) 5190 1.148
RDX (Ciklonit) 5360 1.185
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HMX 5680 1.256
Nitroglycerin (liquid) 6700 1.481
TNT 4520 1.000
Explodve gelatin (91%nitroglycerin, 7.9%

nitrpocellulc?:le, O.ngyantradd,gOy.Z% vater) 4520 1.000
60% nitroglycerin dynamite 2710 0.600
Semtex 5660 1.250
C4 6057 1.340

3.6.2Structural Responseto Blast Loading

Comgexity in analyzing the dynamic responseof blag-loaded structures involves the
effect of high strain rates, the na-linea inelastic maerial behaviour, theuncertaintiesof blast load
cdculationsand the time-dependent deformations.Therefore, to simplify the analysis, a number
of assunptionsrelated to the responseof structures and the loadshas been propcsed and widely
accepted. To establish the principlesof this analysis, the stiucture is idealized as a single degree
of freedom (SDOF) systemand the link between the posiive duraton of the blastloadand the
natural period of vibration of the structure is established.This leads to blasioad idelization

and simpifi es theclassification ofthe blast lading regimes.

3.6.3. @mparison between Blast and Seismic Loading

Similarities and differences between seismic and blastloadingare notceale. Both of these
loadsare dynamic loadsand they produce dynamic structura responge. The structural behaviour
in responsdo theseloadsis inelastic as well. Thefocus of structural design against thesdoadsis
on life safety as oppased to preventing structural damage. Therefore, the designs are normally
performance based that include life safety issues, progressve collapsemechanisms, ductility of
certain critical componentsand redundancy of thewhole structure. In certain circumgances, these
loads may notdamage structures, but can still claim humanlives and create natural hazards. Blast
loads are applied over a significantly shoter period of time (orders-of- magnitude slorter) than
seismic loads. Thus, magria strain rate effects become critical and must beacourted for in
predicting connedion performance for short duration loadings such as blast. Also,blast loads
generally will be applied to a structure non-uniformly, i.e., there will be a variation of load

amplitude acrossthe face of the building, and dramaticdly reduced blast loads onthe sidesand
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rear of the building away from the blast.Figure 3.2 showsa general compaison letween sismic
load and blast l@d.

Differences between these twotypes of loadings are presented in Figure. 3.2. and

sunmarized in Table 3.2. Blastload damages structures through propagating sgherica pressue
waves, while earthquake damages structures through lateral ground shakng. Sphericd pressue
dueto exploson diredly hits structures and causesfailure, but seismic load causeslateral load

effect on stretures thraigh groundmovement.

Blast Loading Seismic Loading

AN

milliseconds

PN -

Short duration, high amplitude above Long duration ground shaking
ground pressure pulse

Figure 3.2.Compason between Blastand Seismic adion.

Table 3.2.Diference between Blast Load and Seismic Load

Blast Load Seismic Load
Damages gructurethrough propagating Damages gructurethrough lateral ground
spheical pressurewaves. shakirg.

Higher amplitudeif exploson is tageted Not targeted onany particular structure.

on aparticular stiucture.
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Directly hit the structure. Seismic epicentredevelops few miles down

fromthe groundsurface.

Shorter duration intermsof milliseoonds. | Longer duration interms of seconds.

Highly unpredictable. Highly unpredictable, hut can bepredsdy
described in the aftermath of an earthquake.

More localized adion. More global adion.

Does not apend ongeographic location. Entirely depends ongeographic locaion.

Can becaegorized by standoff distance Can becaegorized by geographic locaions.
and charge weight.

Can be preventedby implementing Cannot be pevented.
necessary security measures.

3.7.Problem Statement

In this study a simply supporied continuousbridgeis taken having a RL of 97.165mfrom
MSL. Bridge consistsof 3 equal spanshaving alength of 24m ead. It contains2 piers and 2
abutments spaced at 24m c/c. Deck slabis suppoted by the girder with girder beams throughout
the spanwidth. IRC Class B loading is assumed on the bridge. The columns of the bridge are
suppored by footings. Elastomeic Bearings are usedbelow the girder to sugain the stiffness of
the structure. The structure is modded in the finite element modeling design software ETABS.
Different cases of the explosve magrials are tken at different distances with TNT explosves.
These charges are allowed to detonateabove thededk slabof bridge. The impad pressue acting
on the ded is thencdculated using TM 5-1300and IS: 4991:1968. The same presaures are the
applied on theaffeded areas through softvare and dispaceanentsat nodes, stiesses,bending

momentsand the @formed patternsare thencompued.
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3.8.Modeling of Bridge
3.8.1.Basic Bidge Parameters:

Theinitial step tocary out the study is to modelthe bridge. Following are theparametrs

of the modtled kridge.

1) Total Length of thebridge = 72m.

2) Tota width of bridge = 8.95mincluding 2 lanes with clear carriageway of 8m, and

side karriers of475mmon both side

bridge.

3) Clear carriageway = 8m

4) No. of piers = 2nos.

5) No. of abutments = 2hos.

6) Corcrete diaphragm or caps are usedover the piers to enhance the continuity of the

7) Elastomeic bearings are providedbelow thegirder.

8) Thickness ofdedk slab= 250mm.

9) Reduced Level of bridge= 97.165m w..t MSL.

10) Thebridge lies in Seismic Zonell and assuned for modeate exposue.

11) IRC Class A loadhg orsingle lane of IRC TR loadingwhichever produces wast
effectsis talen.

12) Ske of Girder =b X D =400 x1000m.

13) Grade of concrete used isM-40.

14) Size of Column =1.2mdianmeter having a reinforcement cover of 70mm.

15) Size of Bean = b xD =500 x1000mmbelow girder and for deck with reinforcement
cover of 30mm.

Mechanica Properties:

Table 3.3.Me&hanical Properties

M aterial Element f.(Mpa) Poissond s | W (kg/m?) | E¢(MPa)
ratio
Material 1 Girder, Dek 40 0.2 2400 31,650
slab, Coumn
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Where,
fo = 28 days compresgve strength of concrete
W= Unit weight of concrete.

E. = Modulus ofelasticity of concrete.

Using these parameters for the further analysis, the bridge is modeled using design software
ETABS (Extenced 3D analysisof structures).

4k ETABS Nonlinear 9.7 - brdge blast loading(Mid span) BE=
File Edit View Define Draw Select Assign Analyze Display Design Options Help
Dw @HY 1650 PARPA M MMk e ¢ 2B %, X 415! hiy :
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Figure3.3 Plan of Modeled bridge.
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i, ETABS Nonlinear vd.7.1 - bridge blast loading(Mid span) o |-EB '@
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Figure 3.4.3D Elevation of Modeled bridge.
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