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ABSTRACT

v
The objective of this thesgis is to csrry out snslysis
and design of an sbove ground close rectangular shelter sub—
jected to conventicnal above ground explosicn. The structure
consists of & series of steel frame supporting the outer ghell
of roof end wall slab., The varistion of the blest paremeters
have been studied and the design blast psrsmeters hsve been
found out from the dats avsilsble for 1 tonne of explosive

using scsling laws.

An aversge losding has been considered for design of
roof slab and wsll slab, The losd trensmitted by roof and well
slabs to roof girder and column has been ideslized considering
th e dynamic resction of roof and wall élab. The dynsmic
anslysis of each elemernt has been csrried out by first trsns—

forming it into an equivslent single degree of freedom system,

Te dynsmic anslysis and design have been carried out
by using the charted solution availablefor s number of standsrd
load-time functions, The numericsl integration has been found

necessary for the anslysis of the roof girder snd the frame,

Except the roof girder, coruiections snd foundstion,
each element of the structure have been gllowed to deform
in the plsstic renge considering s ductility factor of 5.
The limit state method has been used for the design of R.C.Cs
members snd the design criteris given by the 1S5:4991-19¢68,
IS1456-1978 and 15:800-1984 has heen followed in the design.
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CHAFTER — 1

INTRCDUCTION

1.1 Generxsl

An explggion is 2 phenomenon resulting from s sudden
relesse cf energy. The sources of an explosion may be of
various types, it msy come from explosive such zs gunpowder,
from pressurized stesm in a boiler, sudden relesse of gas
from s gss pipe, from sn uncontrolled'nuclear transformation,
from bursting of stomic or hydrogen bomb, or from detonstion
of conventionsl explosive device, etc. (In esch csse, as
mentioned sbove, the energy relesse mugt be sudden one snd
happends so rapidly that s locsl sccumulstion of energy
occurs surrounding the point of explosion). The detonstion of
8 conventionsl explosive device relesses 2 large smount of
enexgy within s fresction of s second. During this time the
components of the device volstilized int¢ a sphexe of hot
- compressed gss at s temperature of thousgnds of degrees and
Pressure of order of thoussnds of atmospheres. The psrent
sphere of intensely hot ges expsnde and redistes thermsl
energy in a band of short wsve lengths rsnge. Air is nesrly
Opsque in this rsnge of wave length, consequently, the shell
of sir surrounding the parent ges sphere absorbs rsdisted
eénergy until it is spproximstely ss hot ss the sphere, Then
it is turn rsdistes energy to another shell of gir =zrnd =0 on

until the tempersture is reduced to & value at which this
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process is less rspid than the trsnsmission of energy by
molecular collision. After this energy is trsnsmitted by
shock wgve or raspid pressure rise which moves rad;ally outward

from the point of detonation.

Relstive to the position of & structure, & blsst can
tske plece st differert position snd according to this, blast
can broadly be clsssified s (i) air blast (ii) st oxr nesr
ground surface blgst (iii) under ground blast snd (iv) direct

hit.

Explosive weapdns are rated in terms of their energy
yield which is expressed in terms of weight of INT (trinitro-
toluene ) that will give the same smount of total energy
yield as in the explosion to be rated. The weight of TNT
corresponding to explosive energy reiease of one million

kilo caloriegs is defined ss one ton of TKT,.

Depending upon the source snd locetion of detonstion
ss mentioned sbove, amount bf energy yield snd types of target
an explosion can cauge wide spresd demgges resulting into
major disssters. Dsmsges are csused as s result of energy
trensmission from the source of explosion to s target. The
most severe form of trsnsmission of energy to the target is
s direct mechsnicsl coupling resulting into the shsttering of
the target depending upon the shsttering power of the
explosion, The indirect transmission of energy from an

explosion to s target occurs through the action of flying

missiles, thermsl radiztion and in the form of blagt wave.



3
Here, the energy transmitted to the tsrget depends on the
nature of explosive, size of the explosion and the medium in
whica it occurs. In case of detonation of conventionsgl device,
the blast wave ceuses the violent frontel blow followed by
tremendous enveloping crushing asction while the target is
simultsneously subjected to e blast wind of super hurricsh
velocity. However, for effeptivé'blast regsistant design,
the possibility of desmsges tﬁat msy be csused by other dasmage -
mechsnism such as fire hszards resulting from thermel radistion,

impact of missiles, etc., should be taken into account.

1.1.1 Psst dsmeges to the structures csuged by the
conventional_blast:

During World War—II, meny bulletips and reports were
prepsred by different countries on the dsmsge by high explosive
bombs but serurity considerations prevented their vide circu—
lafion. However,the damages by stomic bombs have been more
widely published., Different types 0of past structursl dsmasges

can be described as follows —

(g) Collspse of R.C.C. roofi A bomb can penetraste an
R.C.C. roof and then explode inside the building. In this

case surrounding walls sway out znd the roof caves in,

(b) Scsbting of R.C.C. roof: If s bomt explodes sbove
2 R.C.C. roof, the blast strikes the roof front-on snd the
voof experience s reflected overpressure. This will generete
8 stress}wave within the roof slsb which will reflect as &

tenaion wave from free surface below. When 8 certain portion
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of cement concrete csmmot stand the tension this would get

detached which is cslled scebbing of R.C.C. roof.

(¢) Demege of wsll: Fracture msy appesr where the
wall joins the roof snd other wslls. Fissures in well are

common phenomenon of blsst demisge.

(4) Factory type building: If s shed having roof of
steel trusses with CGI sheets is subjected to blast losding,
the steel trusses at the points of junction with the wall get

lifted up., This results in crscks at the junction of steel

trusses with the vall,

1.1.2 Past dsmages to the‘structures due to etomic blast:

To describe the large scsle damage csuged by blsst,
+he two case histories on the 20 K.T. bombing incicent on
Hiroshims end Nsgasski prepsred by U.S. Strategic Bombing
Survey (1947) casn dbe considered. However, it is neccscary
to interpolate the results of this dsts to the smsller yield
based on sound theoriticsl principles. The two czce histories
sre described very briefly in the following parasgraphs.

The dsmage study due to stomic blsst in Hircshims included
slmost every R.C.C. structure, steel frame structures,
structures having load bearing brick wall snd slso wood
freme structures within the dsmsge ares. This study reveals
that blast demsge to building spread uniformiy in 211
directions resulting in sn spproximstely circulsr srea of

devaststion. ihe limiting distence to which buildings were
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damaged depenced upon their strength and type of construction.
The strong snd heavy multistory steel and concrete frame
structures dsmsged only in an sres relatively nesrer to the
point of detonstion. At grester distences, steel and brick
structures remsined undamasged, where only the weakest wood

frsme building were dsmsged.

In sddition to the extensive blast dsmsge, Hiroshima
slso suffered sn extensive fire gtorm which wes initisted by
the direct radisted heat and from secondary sources, The

fire dsmage extended over sn sres of sbout 1l.4 squsre km.

In Nagasaki, Gemage to building occurred over sn sres
of 4.66 sq.km. The blast completely demolighed dwellings
within & rsdius of 1 km of ground zero and csused verious
degrees of damége to other structures within s radius of 4 km,
The dsmage area was irregulsr in the shaspe pasrtly becsuse
of the hilly terrsin snd partly becsuse of the aress which
were built up. The degree of damage to building varied
according to their relative distsnce from ground zexo, tybe encd
design of construction, their ori¢ntstion to the direction of
blagt wave propegstion and shielding effect of hills and msn
msde siructures. The specislly deeignedvR.C.C. and steel
freme structures to withstand esrthquske forces suffered
less'damagé then the other buildings designed for normel
losding. Structures of sll kinds with their long sxes
parallel to the direction of blsst wave propsgation suffered

less dsmage than the structures with their long sxes
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Perpendiculsxy to the direction of blast wave propsg=tion,

1,1.3 Importance of blest resistent design.

From th: psst experience es mentioned gbove it is
seen that 2 large explosion csn csuse wide spread demsge 1o
the properties znd humsn lives. The msin objective of 2 blast
reaistent structure is to ssve life snd its contentes from the
destructive effect of an explosion. Though it is not possible
to protect g surface structure from s direct hit of an
explosion, there are Jlarge sress surrounding sn explosion in
which conventionsl structures would collspse or suffer severe
damage while bslst resiétant gtructure would suffer little or

no damsge snd offer protection to its content.

The importance-of the blsst resistant cspelility of
s structure depends upon the criticality of its location and

the importsnce, cost snd nature of the contents to be protected.

A nuclesxr power plant is s very importsnt structure and
its fsilure due to blsst will not only csuse dsmsge to nationsl
property but will slso cauce grest loss of lives due to

secondary effect.

The sirport hangers (both military snd ¢ivil) houses
the costly aircrsfts. Loss of sircrafts due to collaspse of

shelters under blast loading must be avoided.

Protective structures such ss smmunition magszines,
high explosive stores,etc. must be strong enough to resist any

damage due to blast in order to svoid sedondsry effect.



7

1.2 Resistant Structure and Important features in Planning & Design
1.2.1 Resistant structurel

Depending upon the function of the structure, its
locstion, importsnce, etc., the resistant structure msy take
sny one of msny forms., It may be s small boxlike personsgl
shelter buried undergoound designed for very high Pressure
levels or a boxlike sbove ground structure for s relstively
low pressure or an extensive low—rise—surfsce dome designed
for high pressﬁre levels to protect some criticsl militarxry

equipment or function.

A number of considerstions involve in the design
problem of blast resistant structure. The importsnt considers—

tions are —

(2) The magnitude of forces imposed on s structure sre
very large in compsrison with the forces for which the

structure would normslly be designed.

(b) The geometry of the structure, the amount of
openings end the type of wall covering sffect the megnitude of

blast forces imposed on the structure.

(¢) The dsnger of fire csused by thermal radiation or
by secondary effects such as the shorting of electriczl circuits
or rupture of heating units or fuel lines is so grest that specisl

fire precsution to reduce fire risk is needed,

1.2.2 TLevel of protection:
The mgin objective of a blast resistant design is thst

the structure itself, its equipment, contents and occupents
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sre 58 invulnersble to the effects of veriocus wespons as is
physicslly snd economically feagsible. The primsry decision,
ss to whether or not protective construction should be
employed in s new project and the level of protection needed,
are sn extremely complex problem. Considerstion which will

contribute to the formstion of these decisions involve:

(2) The probability of attack.

(b) Te size of wespon snd likely distence to the structure,

(¢) The vulnersbility of the instsllation o sttack.

(d) The evslustion of the relative importance of the activity
or Operation to be housed. |

(e) The fessibility and ¢ost pf various levels of protective

constructicn,

1.2.3 Selection of structursl system?

Seversl fsctors affect the selection of the structursl
function,

syatem, The selection of the struotursl system derends om its/
However, requirements necesssry for fresme, wsll, openings, '
etc., under blast losding will mske 8 bagsis for the preliminary

- Q
selection of the type of s structure.

Ancther additional consideraﬁion'affeoting the
selection of the structursl system is the asdvantage to be
gained by the use of geometric shspes of building which tend
to reduce the intensity of blsst load on the structure as
mentioned earlier. Arch snd dome constructions poscess two

advantages which csn be utilized to obtain a high level of
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blsst resistsnce. The first advanfage ig the reduction of
blagt load due to a2 curved surfsce facing the incident blast
wave. The second advantage is the high efficiency of the
structure from strength point of view. However, disadvantages
srige of this type of construction from restricted spsce

arrangement and demsnd of s higher cost of construction,

From strength point of view, though a rectangulsr
box type blast resistsnt structure is less efficient than
the dome or srch type construction, this type of stiructure

msy be desirable from the following considerstionss

(g) Due to the inherent uncertainities in the blast
loading that may be imposed on s structure, the sctusl
beheviour of the structure under consideration slso becomes
uncertsin., The expected behgviour becomes more uncertain if

the structure is more complex in its shape.

(b) The dynsmic snglysis of a simple box type
rectengulsr structure will be less complicated in compsrison
to other complex structure snd due to .simplicity it will'
demand less cost snd time of comnstruction which mske this

type of construction more desireble in an emergency.

1.2.4 Choice of underground construction :

Though the function of the structure and ground
condition msy prohibit buried construction or even semiburied
construction, sdventage should be tszken, if precticeble, of

the high blest resistasnce of ezrth—covered structure either
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[
above or below the ground since this type of construction
is extremely resistent to high blast pressure and penetrstion

of flying splinters.

1.3 Definitions
For the purpose of this study, the following definit—
ions shall spply —

1.3.,1 Blest Wind{ It is the moving air mess slong with the
overpregsures resulting from pressure difference behind

the shock wave front.

1.3.2 Clesrsnce Time: This is time in which the reflected
Pressure decays down to the sum of the sideon bver—

Pressure and the drag pressure,

1.3.3 Decay Parameter: It is the coefficient of the negstive
power of exponent e governing the fall of pressure with

time in the pressure time curve.

1.3.4 Drag Force: It is the force on s structure or structursl
element due to the blast wind. On sny structursl element,
the drsg force equsls dynsmic pressure multiplied by the

drag co—efficient of the element.

1.3.5 Dynamic Pressure: It is the pressure effect due to

blast wind.

. 1.3.6 Ground Zero: It is the point on esrth surfsce vertically

below the explosion.
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1.3.7 Mach Number: It is the ratio of the speed of the shock
'froht?propagation to the épeed of sound in stendsrd

1 atmdéphére at seas level,

1.3.8 Over-Pressure: It is the rise in pressure sbove
atmospheric pressure due to shock wave from sn sir

blgst.

1.3.9 Reflected Overpressure: It is the over pressure
resulting due to reflection of s shock waﬁe front
striking any surface. If the shock front is psrallel

to the surface, the reflection is normsl.

1.,3.10 Shock wave front: It is the discontinuity between the

blast wave snd the surround ing stmosphere,

1.,3.11 S§ide—on Overpressure’! It is the overpressure if it is

not reflected by eny surface.

1.3.,12 Transit time: It is the time required for the shock
front to travel scross the structure or its element
under congiderstion,

1.3.13 Yie1d3a~It'ié thehmeasure of the'size of the ebeOSion

expressédin equivslent weight of reference explosive.

1.4 Objective of the study

The objective of the study is to snslyse snd design
the rectsngulsr box type over ground shelter subjected to blast
loading csused due to the explosion of 0.1 tonre charge on the

ground surfsce at s distance of 20.0 m, ss per the guidelines
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given in the IS:4991-1968 (Blast Resistant Design of
Structures). The snslysis is carried out by using spproximate
method combined with equivalent single degree freedom system

approach.

1.5 Out line of thesis

an outline of the mstter presented in different

chspters sre given in the following parasgraphs.

A brief description of the blest wave phenomenon srd
its behsviour striking upon sn above-ground close rectangular
structure resulting from[conventlonal blast explogion is given
in the chapter—2. The blast considered is s surface contact
burst or sn airAburst very nesr to ground surface in a normal
homogeneous stmosphere of infinite extent. In the same
chapter, varigtion of different blast parameters et different
distances from ground zero arxre computed for different yield
of burst by interpolstion of data svsilsble for 1 tonne
explosive (2) using sceling laws znd the results sre plotted
to show the vsristions. For inteixpolstion of dsts, 8 computer
programme i developed. All the chsrts and table used for
estimation of blast psrsmeters are.included for resdy
reference., Also ideslized losding on different psrts of 8

close rectangulsr structure is studied as per 15:4991-1968 (2).

Chapter — 3 describes the losd celculations, general
sasumptions, design consideration and enalysis and detail

blast resistsnt design of an sbove ground close rectangulsr
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helter for o blest losding of 100 kg explosive st s distence
20 m from ground zero by spproximate design method. A1l the
tsble used in the design sasnd charted'solution eveilable for
gnslysis of elastic and elssto-plsstic SDOF (single degree of
freedom) system subjected to trisnguler losd time veristion
sre included for resdy reference., A computer progrsmme hss
been developed to find out displacement response’of an
undamped elasto—blastic SDOF system with bi-linear resistance
function subjected to losd time varistion (ss encountered
in the design of roof girder snd column) for which chsrted
solution is not svsilable, Numericsl integration has been
carried out by constant velocity method which tskes less time
for computation snd gives sufficiently sccureste reéults for
precticel purpose if time intervel considered is less than

1/10th of the netursl period of the system.

The conclusions based on the present study are given

in the chapter—4.

1.6 Review of litersture

- Kinney (19) hed described in deteil the origin of
blest weve, propegetion of blast Qave snd the demgge mechanism.
An epproximete design procedure for the above ground diffrzct-
lon snd drsg type structure subjected to the above ground
blsst losding snd the ideslizstion of blast losding wes
discussed by Newmsrk (24). Frency (13) developed method

Yo determine the losd—time relstionship for the blest load



14

trensmitted by wsll covering to the supporting freme. The
trisngulsr load pulse was considered for wall losding.
Heltiwsgner (16) investigated the problem of the blast loading
on drsg type and semi drsg type above ground industrisl building

.experimentslly and anglyticaelly.

Norris et sl. (23%) discussed the blsst wave phenomenon,
its nsture, two csse histories on the bombing incident on
Hiroshims snd Nagesski and general considerstions regsrding
plenning snd design of blest resistsnt structure. Biggs (8)
described the procedure of designing the structures for
ideslized blast losding by using the concept of equibaleni
SDOF. |

Using svasilsble blast dsts, Misras et el.(21) investigated
about the required impulse to demolish s 34.0 cm thick brick
wsll mede with 1:6 or 1:8 (cement ;sand) mortsr. Chsndrsseksrsn
ond Ssini (10) discussed the method of finding an equivslent
linesr system from the nonlinesr system ususlly enncountered in

the design of gbove ground structure subjected to explosive

lOad.

Longinow et sl. (20) studied thé.probgbility of survivsl
of people loczted in burried personnel shelters subjected to
blsst effects produced due to detonstion of one Megs Ton
wegpon near the ground gurfsce tresting roof slsb es the
wegkest structural link. He also considered varietions in the
geometric psrsmeters of the roof slasb, msterisl prOpeities

snd sirblast psrsmeters. Dowding et al. (11) used SDOF
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spprosch to consider simultanecus efforts of air blast and
ground motion on s structure from conventional explosion

in mining. Ginsburg et sl. (15) presented some aspects of
anslysis and design of protective structures using optimi-

zation spprosch.

Goysl(14) carried out inelsstic dynemic snelysis of
an srch shelter subjected to blast load due to conventionsl
explosion by ideslizing the structure by two dimensionsl

straight besm elements.
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CHAFTER - 2

BLAST WAVE FHENOMENON, ITS PARAMETERS AND LOADING ON
STRUCTURE FOR CONVENTEONAnggyLOSION

2.1 Blast wggé in infinite homogeneous stmosphere

To simplify the presentation, the explosion of s
nominsl size wespon in s normsl homogeneous atmosphere of

infinite extent is considered.

Immedistely sfter the detonstion occurs, the expesnsion
of the hot gases initistes s pressure wave in the surrounding
air, as shown very roughly by the curve in the fig. 2.ls.

This shows the genersl nsture of the veristion of the air
overpressure with distance from the explosion (ground zero)

at 8 given instant., As the pressure wave is propsgzated sway
from the center of the explosion, the following or inner part
moves through s region which has been previously comprescsed
and heated by the lesding or outer parts of the wsve, The
disturbences moves with the velocity of sound which incresses
with the tempersture snd pressure of the sir through which the
weve is moving, The innerpsrt of the wsve moves more repidly
and catches up with the outerpsrt ss shown in the fig. 2.1b.
The wave front thus gets steeper and Steeper ahd within s very
short period it becomes sbrupt ss shown in the fig. 2.lc. At
the asdvesncing front of the wave, cslled the shock front, there
is 8 very sudden‘increase of pressure from normsl stmospheric
{0 the pesk shock pressure. The shock front thus behzves like

4 moving wsll of highly compressed zir,
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Initislly, in the hot centrzl region of the bomb,
the pressure exceeds atmospheric pressure by many hundred
times. The pressure distribution behind the shock front is
somewhst ss shown in the fig. 2.lc (23). It shows the pesk
overpressure st the shock front usually represented sas Pgor
dropping rspidly in s relstively small distance to g value
about one-half of the shock—front over—pressure. The

msgnitude of the over—pressure is uniform in this interior

portion.

As the expansion proceeds, the pressure distribution
in the region behind the shock frant'gradually changes. The
over—pressure is no longer constant but drops of continuously
nesrer the center, csusing s drop in pressure below the
initisl atmospherid value. Thus, s suction phase develops.
The front of shock wave weskens as it progresses outward end
its velocity reduces to the velocity of sound in the initisl
cooler sir, The fig. 2.2 shows the over—pressure distribution
in the shock wave ss & function of the distance from the

explosion st different stages in the expsnsion.

The behsviour of the shock wave from this time cen be
considered in two different ways as shown in the fig. 2.3
end 2.4. The fig. 2.3 shows distancewise vsristion of over-
pressure st g particuler time snd the fig. 2.4 shows the
timewise veristion of over—pressure st psrticular distsnce

from ground zero.
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2.2 Igeslizstion of over—pressure Vs_time
and _dynasmic pressure Vs time

Any surfsce encounteied by the blast wave described
sbove will slso be subjected to 2 dynsmic pressure in addition
to the over—pressure, The incident blast wave charscteristics
gre described by the pesk initisl over—pressure or side on
over—pressure Pgos the over—preésure ps versus time
curve, the msximum dynsmic pressure g, the dynsmic pressure
q versus time 1 curve and the duration of positive phase 1t

a5 shown in the fig. 2.5.

The - Pregsure varies with time according to the

following relsticns.

t
P, = Pgo (1 - %— ) e T (2.1)
0 n '
t - i '
Q= a4 Q-3 ) e %, (2.2)
o

From the egn.(2.1) znd(2.2, it cen be'noteq that dynémic
pressure q decays much faster with time then +the side—on
over—pressure Py The pressure time relstionshlip in the
positive phase are ideslized by using s straight line (24)
sterting with the meximum pressure vslue but terminating at

a time td for over—pressure snd tq for dynamic Pressure

such that the impulse¢ vslue remsins same. The negstive phase
of the loasding is neglected becsuse the maxXimum negetive over—
pressure is much smeller thsn the peek positive over—pressure,
The negstive phese durstion is 2 to 5 times ss long 2s that

of the positive phese. The peesk negetive over—pressure is
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approximately one—eighth «of the peask positive over~prescure

for air blast of low over—-preagure.

2.3 Scaling lsws of blsst phenomenon

It has been feund thet blast psrsmeters such ss
over—pressure snd durstion sre related for differert strength
of explosion‘according to their rstio of cube root of the
equivalent weight of TNT, These relat}onships are referred
"to es scaling laws., The scsling law ststes that if » given
over—pressure is experienced st a redisl distsnce of r, for
en explosion of yield Wqy the same ovér—pressure for gnother
explosion of yield equal to w, will be exp?i%gnéed at &

radisl distance 1, from the center of explosion, where

The saue sceling lew slso ststes that if the pesk pressure
from two explcsions of different yieldé are equel at the
radisl distances ri eid r,, then the positive phese duration
a1t these two points is given by

tos = Yoy "1

Now, if the yield of reference explogive is expressed in
tonne snd magnitude of reference explosive is 1 tonne, the
above two relstionghip csil~be expressed ss?

Sceled distsnce = HAciusl distepice (2.3)
()3

end Scaled time = Aczui%/glme (2.4)
14 .




where W is the yield of explosion in tonres under

considerstiowu.

2.4 Varistion of blsst psrameters

As menticred sbove, blast psrsmeters vary with totsl
yield of explosion snd distsnce from ground zero. The blest
parsmeters st different distences from ground zero for
1 tonne explosive is given in tsble 2,1,(2), which will be
considered ss referance explosive in thig study. The

embient sir prescure is considered as 1 kg.cm2

at mean gea
level. By-inte:polation of the data presented in Teble ?.1,
blast parsmeters for‘different yield of explosicn and =t -
differert radisl distsrces from ground zerq hsve been
calculated using scsling lswa given in the egn,(2.%)snd (2.4)
The cslculstions are carried out with the help of computer
program,., The results sre plotted in the fig, 2.6_t0 2,11

t

from which p t4 end Msch No. csn be

SO’ pI’O" q_o9 o!?

calculated for three different yields of explosion (0,1%,
0.2t 2nd 0,3t) st verious distsnces renging from 20 m to 35 m

from ground zero,

To cslculate the blast loed st different points of
s structure, it is necessary to cslculste the various blest
parsmeters at that points. To illustrete this, an industrial
type structure is considered ss shown in the fig. 2.12. Two
cases can be considered,ie,, (i) direction of blast wzve

propagafion perpendiculsr to y—exis (Ref. fige 2.12a) and
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(ii) direction of blast wavé propsgstion perpendiculsr to
x—gxis. Here, only case (i) will be illustrsted. The radisl
distances from ground zero for different significsnt points
are calculsted as shown in the fig. 2.12b. The blast
bParsmeters cslculasted for different points on the structure

are given in the tsbles 2.2 through 2.4.

2.5 Blast load on the sbove ground structures

2.5.1 Genersl:

The manner in which the blasst wave loszds = structure
is 8 function of the distance of the structure from ground
zero, the height of the burst of the weapon aznd the weapon
size. The shock front from s contzct burst is almost-vértical
as shown in the fig; 2.3 and the effect of yield of s aontsct
burst is slmost the double of an equsl explosion high in the
air, |

The most severe blest loeding on sny fsce of s
structure is produced when the structure is oriented with the
face normsl to the direction of propegetion of the shock front.
However, for the lsck of known orientstion of future explosion,

every face of g structure must be considered as & front face.

The totel blest load thet mey be experienced by s
structure depends z1so on the type of structure. There sre
mginly two types of structures thet mey be considercd for
blest loading (i) diffrection type structure snd (ii) dreg

iype structure. The first one is the closed structure without
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openings, with the total ares opposing the blast. This type
of structure will be subjected to both the shock wsve
pressure p, and the dynsmic pressure q caused by the blast
wind. The structures with opening sres less then 5% of the
total well sgres cén be considered ss s closed structure (24).
The other type of structures aré composed of elements like
besms, colﬁmns, etc,, which hsgve small sres opposing the

shock wave. These are msinly subjected to dynsmic pressure q.

2.5.2 Loading on s closed rectsngulsr structure:
The procedure given below will be applied to
calculate the blsst loasding on the structure considered for

snalysis (2).

To calculste the losding on different psrte of the
structure, the same ideslization of the pressure time varistion
as shown in the fig., 2.5 is considered far the incident wave.
It is assumed thsat Pso invthe incident blast wsve does not

diminish in strength ss the wave pssses over the structure (23),

Front face: when the shock wsve strikes the verticsl fsce
of the structure, the pressure in the front fsce instsntenously

incresses to the reflected over—pressure R, which is given

by
6p :
= 4 - S0
Pro = ‘PSO (2 + 5g;~:~7~58) (2.5)

The net pressure scting on the front face st sny

time t 1is the reflected over—pressure P, or (pq + Cd q)
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whichever is grester.

The reflected over—pressure b, drops from pesk
velue p , to over-pressure (ps + C4 @) in & clearance time

t, which is given by

to = 8§ or td whichever is smsller (2.6) -

where
S = height of the building H or 1/2 the width of
front fsce perpendicular to the directidn of wave

Propsgation whichever is smsller

and U = shock front velocity
= Mc Vs " ’ (2o7)
where
V= velocity of sound in sir which mgy be tsken ss

344 m/s at mean ses level st 20°C

M,= Mach mnumber of the incident pulse given by
2N pso/ 7 P,

The over—pressure on the front face of s structure is
not uniformly distributed. The maximum vslue occurs st the
midpoint of the bsse snd the minimum vslue beccurs slong the -
edges. Those portion of the front fsce nesrest to the edges
are clesred or relieved of the reflection effects in s
shorter time thsn the remsinder of the front fsce and the
over—pressure existing st those points is lower, following the
clearing stsge., The net effect of this verticsl snd horizontsl

variation is of questionsble value (23) for design purpose.
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Hence, the front wall losding is esssumed to be distributed
uniformly over the front-wsll fsce., For the ssme resson the
rear~-wall loading discussed subsequently is sssumed to be

uniformly distributed over the surfsce.

The.nef sversge loading on the front fsce ss s
function of time is shown in the fig. 2.13. The prescures
Pro* Pgor 9o end time 1ty for sctusl explosion cen be
calculsted from the dats given for the reference explosion

using scsling laws.

Resr face! when the shock front crosses the resr edge of the
structure, the foot of the shock spills down the back wall.
 The over—pressuies on the back wall behind this differentisl
wave are considersbly less then those in the incident blest
wave becsuse of the vortex which develops st the top and
travels down the well. A period 5f time longer thsn thst
required for the passage of this diffrsegted shock to the
bottom of the well must pass before the back wall aversge
over-pressure resches its pesk velue., The time required to
build up the pressure on the back well is messured from the
instsnt the shock front recaches the basck well, This time is

called the rise time.,

The sverage pressure—time variation on beck fzce cen
be considered es shown in the fig. 2.14 where the time hss
been meezsured from the instent the shock first strikes the

front fesce, The time intervels of interest are es follows =—
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%— = travel time required for the shock fronf to trsvel
~from front to resr face, where L is the length
of the structure azlong the direction of propegation
of blgst wave = tt
o ,
and {},-S- = t = rise time | ~ (2.8)

I .
The value of Cd' ise., the drsg coefficient used to

incorporate the dynsmic pressuie on the structure sre given

in the table 2.5 for different shspe of elements,

Roof gnd side wells! During the passssge of the blsst
wave scross the structure low pressure sreas develop on the
roof and side wslls because of formation of vortex. This
czuses pressure varigtion in both the directions of the roof
and side walls. But for design purposep, an a;erage Pressure
time veristion will be considered ss shpwn in the fig, 2.15s.
The rise in pressure is considered to be initisted st s time
equsl to L/2U and from this time Pressyre rises to its pesk
value within s time equal to L/2U. When transit time ty
is greater'than the durztion td of the shock wsve, this
aversge over-—pressure on the roof csn not be considered
because some portion nesrest tc the front edgé of the roof
.or wall wi}i be free from over—pressure at the time when
peak average value is considered to be reached, i.e,, st
time L/U. In this csse the load on roo{ or side wzll msy be
considered es moving trisnguler pulse having the pezk vzlue

of over-pressure (p_. + C ) end time %, es shown in
SO a %o d
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the fig 2.15b.

Overturning of structure? under the sction of the blsst load-
ing, the structure is subjected to la?ge horizontal'force'which
tends to cause overtﬁrning and sliding of the struéture, The
net sversge -force csusing this overturning end sliding cen be
obtained ss s function of fime by substracting the sverage

loading on back wall from that on the front wsll.
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CHAPTER — 3

ANALYSIS AND DESIGN

%,1 General

The structure consiuered here for snslysis is s
single storey, sbove ground closed rectangular struciure ss
shown in the fig. 3.l which consist of a series of steel
rigid fremes supporting the outer shell of reinforced

concrete slsgbs.

It is seen from the discussions presented in the‘
previous chapters thst the structures degigned to recist
blast forces sre subjected to completely different typerf
losd then thst considered in conventional design. The blast
wave losds the exposed surface of the siructure snd then the
losd is transmitted to the other elementg. Thus, the response
of esch individusl element is importent unlike the ground
mption where the whole structurasl system is simultsneously
subjected to inertis forces. It is, thus, seen that the
structure to be anélysed igs complex ss & dynsmic system
which consists of s group of elements, esch with distributed
mass snd hence infinite degrees of freedom, sll interscting
with one another in e complicated msnner under the action
of rapidly moving shock wave. A rigorous sqlution is imprsctics
cal in this cese. ©So an spproximate method has been spplied
for snslysis and désign of the atructuré which is more
}convenient for prectical design purpose considering each

element of the totsl structure to be an independent one
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degree freedom system. Seversl assumptions and ideslizstions
have to be made to carry out the snslysis and design vslidity

of which are discussed here, ‘

3.2 Assumptions and generasl degign Gongideration

The structure is sssumed to be gitusted at g distance
‘of 20 m from ground zero snd yield of explosion is considered

as 100 kg (2)s

The blast wave is considered to be propegated per—
pendiculagrly to the long sxis of the building es this
condition will csuse severe effect for the freme, But for
design of wall slsb, sll fsces will be designed considering
it as 2 front fgsce. The structure is windowless ss its
function is to protect its contents from blsst effect. If
the structure is fitted with the doors, these doors should
be slso designed for the front face blsst losding, however,

this has not been included in this study.

Corisidering the probsbility of occurrence of blast
losding to be smell, the structursl element msy be permitted
to deform in the plastic range for economiczl design as the
plestic deformations incresses the energy absorption capscity
of the structursl elecments with s further advantage that the
effective time period of the structural element is elongeted
thereby reducing the effective losd for design. Therefore,
all elements except foundetion end roof girder heve been

permitted to undergo plestic deformetion corresponding to



a ductility rstio of 5(2).

The demping effect hss been neglected gs it will
have 1less importsnce in controlling the maximum response of

8 structure to this impulsive loeding.

The design criteris given in 15:4991-1968(2),
1814561978 (1) and I1S:800-1984 (3; are followed for designing

the structure,

3.3 Resistsnce function

Depending upon the types of msterisls used, the‘
resistence function of s structure : may hsve different
forms as shown in fhe'fig. 3.22 where the curve A represents
a structure of brittle msterisls, the curve B represents the
structure of a ductile msterisl such ss reinforced concrete
and the curve C represents the structure where resistance
decreases after a certsin deflection but before complete
failure which msy be the case in pPlain concrete.. For
epproximste design, these resistsnce functions sre ideglized

8s shown in the fig, 3,2band fig, 3.%,

For the most structure, the resistance function cen
be ideslized ss s bilinesr function ss shown in the fig.3,2b
where sres under the bilihear curve up to msximum bermissible
deflection hes been kept seme to that of sctuel curve, thus

keeping the energy ebsorption capacity sSsme

But for some other ceses as in the cese of fixed

be=m, the resistence function cen not be bilineer beczuse
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in this csse first plsstic hinges form at supports snd
further deflection ié required to form midspsn hinge and
hence sttsin msximum resistance..Therefoxe the resistance
function becomes ss shown by the solid line in the f'ig.3.3.
This resistance function csn further be ideslized by the
broken line s shown in the fig. 3.3 the slope of which

will give effective stiffness KE‘ This ideslizstion will

require thé ares OABC is equsl to the sres ODBC.

The maximum resistance Rm, for the Present purpose
is defined s the total load heving the ssme distribution
(fof which the snalysis being msde) which the element could
support ststically. The stiffness is defined ss the totsl
losd of the same distribution which csn clsuse s unit ‘
deflection at the significant point where the deflection is

equal to that of the equivelent system.
As stated sbove, KE will be caleulsted ss follows —

Ares OABC = Ares QDBC
Let (yel)2 - (yel)E =Y

-

1 ~ -
0 3 Wer1)y x Byt (1) 5(yg1 )] x By

+5 (e, - We1)y]) [Ry - B ]
y + (yel)Q

= 2 * By
o [+ (e1)p] Ry = o)y 2Ry [(rg)), ~We1 )1 ]

+ [By = Ry] [Gg1)p - Wer)y]
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or y = ']ﬁ;j [(yel)l Ry +2Ry {(yel)Z - (yel)l}

; {Rm - Rl} {(yel)Z - (ye1>1}” fﬁn(yel?g:l

s Q0 (3.1)
o.a (yel)E = (yel)2 - Y : | 0--(3A2)
:o KE = Rm/(yel)E 00.0(303)

3.4 Stress—strein condition

' The stress and strsin disgrsm shown in the fig.3%.4
will be considered to find out the ultimste bending capscity

of 2 rectangular R.C.C. section.

3.5 Losd cslculation

As per sssumptions mentioned sbave, basic lozding
data sre cslculsted using scaling lasws snd by interpolstion
of the dsta presented in the tsble 2.1 (2). The celculsted

blsst psrsmeters for the incident wasve sYye given below =

p,, = 0.72571 kg/cn®

+
]

14.058 m.sec.
9,6118 m. sec.
= 0.1700% kg/cm®

=+
]

o
o)
I
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1.8575 kg/cm®
1 kg/cm®

Shock front velocity,

pI‘O
pa

U = Me Vs
Vg = 344 m/sec.
S U = 1.2691 x 344 % 100 x &

T000
= 0,4%66 n/m.sec ’

Here

]

and

vy ol W
0
¥

i
us;
]
o>
o
(@)
B

." ) «
¢ o tc - _8.—4'3—%6' = 27049 m.sec

3.5,1 Front fzce loading '

| As tc>'td, therefore s trisngulsr pressure—~time
varistion will be considered ss shown in the fig. 3.5s which
gives the average front face loading as per ideslizetion made

in the Chapter — 2.

3.5.2 Roof loading

't.t = % = -O-B:T}—GE = 13,74 mili. sec.

> td

« o« Lozd on roof may be considered as s moving pulse ss shown

in the fig. 3%.5b.
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Peak velue of overpressure

= Pgo * Cq %
for q, = 0.17003 xg/cm®, value of
Cd = - 004 (Table - 2.5)

L

.+ Pesk value of over pressure
0.72371 — 0.4 x 0,17003
0.656 kg/cm2

3,5.3 Losding on Side Wsll
A11 the side walls have been designed ss front wall
subjected to the front face losding.

%3,5.4 Rear Fsce Losding

Rise time tr.= %ﬁ = %72—3%3— = 36.65vm‘.sec )td

Since tr is grester than td no rear fsce loasding will be

" congidered.,

3.6 Design of the roof slab

3,6.1 Loading

It is seen from the fig 2.6 thst the overpressure
decreases ss the radisl distances from the ground zero incresses.
Due to this resson, the overpressure varistion on the roof can
be represented ss shown in the fig 3.6. As per design
criteris given in the IS:4991-1968(2), the blsst loading on the

roof is to be considered ss Moving Pulse as shown in the
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figj}ﬁ(a-—c)hcwever,- the sctusl blsst loading considered for
the purpose of the snslysis is téken as aversge roof loading
ag shown in the fig 3.6d., (Detail calculstions have been shown

in the Appendix - A).

3.6.2 Désign considerations

The roof slsb has been snalysed snd designed ss g two
way slsb with e1l four edges restrained. The edges cen be
considered ss restrained becsuse the adjscent monolithic roof
psnels will be losded simulisneously snd the top edges of the
front end reesr wslls, which sre monmolithic with roéf'slab,
hsve much lerger thickness thsn the roof slsb, The dimension
of the roof slsb perpendiculsr to the direction of propagetion
of weve is 6,00 m end the dimension glong the dircction of wave

propegetion is 5,00 m (fig 3.1).

3.6.3 Anelysis end design |

The roof sleb hes been snslysed end designed following
the sfeps given in the Appendix — A. The cheracteristic
strengths of the concrete, fck and steel, fy, heve been
teken es 150 kg/cm2 and 2500 kg/cmz, respectively.

-

These velues heve been increased by 25% for tlest
loeding. The totel thickness of the sleb hes been czlculsted
gs 13 cm for the steel rstio p = 0.0016 to achieve the
ductility ratio M= 5. The roof slsb has been checked for
shesr considering the dynsmic resctions st long edge snd hsas

been found ssfe without shear reinforcement., The details of
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roof slsb has been shown in the fig 3.12,

| 3.7 Design of wsll glsb

3+7+.1 Design congiderstions

The footing of the wall is sssumed to have less
rigidity than the required rigidity to provide the rotstionsl
restraint to the wsll. Agsin the roof slsb supportiing the
top edge of the wsll slsb hss less thickness snd hence in-
sufficient strength to restrsin {he wall efficiently. There-
fore, the wasll slsb hss been snglysed and designed ss one way
slab (neglecting the supp ort provided by verticel steel
column) being simply supported st the top snd bottom edges.,

3.7.2 Design
The following msterisl properties which hgve been
incressed by 25% for the blsst losd sre considered in the

deéign.

£ = 150 kg/cm?, £, = 4150 kg/cm® for mein rein—

forcement and fy = 2500 kg/cm2 for shesr reinforcement.

The snslysis snd design of the wall slsb heve been
carried out following the steps given in the Appendix-B,
The total thickness of the wsll hss been calculsted ss
40.0 em for the steel rstio 0,0026 to schieve the ductility
ratio M= 5. The wsll slab has been checked for the shear
COnsidering dynsmic resctions at supports snd necessary shesr
reinforcement hes been provided. The detsils of well sleb

is shown in the fig %.13.
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3.8 Design of the roof girder

3.8.1 Design considerstions

The roof girder hss to perform two functions. It
has to support the slab snd st the ssme time it has to perform
its part of the frame sction in resisting the horizontsl force.
Thus, the design of the girder becomes complicsted under these
two facts. AC?nsidering its two—fold‘function, it is seen thet
if the girder is sllowed to deform in the plesstic rsnge under
the verticsl load coming from roof, its .sbility to restrsin
the column under horizontsl frsme sction msy be impsired.
Since the horizontsl response csuses the plestic hinges in the
column st the girder connection, the column msy not be gble
to provide effective moment restrsint for the girder scting
under vertical losd. Under these facts, the girder can be
designed elasticelly ss s simply suprorted beam}_ For more
accurste method of design,»one has to consider the horigzontal
end vertical responses simultaneously. But for s simplified
design procedure, the girder cesn be designed as mentioned

above without much error,

3.8.2 Loading

The verticsl losd on the girder will be the sum of
the dynemic resctions coming from the adjacent roof psnels,
Dynemic resctions will vary with time and, therefore, the
losd~time vsristion for the girder is required. The load
time vsristion for design of girder is shown in the fig 3,8a,

Celculstion of this is given in Appendix—C.
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3.,8.3 Design

The pnslysis and design of the roof girder have been
carried out following the steps given in the Appendix—C. For
the design of the roof girder, first it hss been tried to
further ideslized the losd time function into s trisngulsr
losd time function (ss shown by the dotted line in the
fig 3.8s8) to mske use of the charted solution avaeilable for
this type of -loading. As this idealizationvis found invelid,
the maximum response, of the girder has been found out by the

numericel snglysis given in the Appenxix—C.

The ISMB 300 @ 46.1 kg/m having the chsrscteristic
strength o, = 2400 kg/cm? is found ssfe for the design
losding., The cslculated meximum deflection snd the yield
deflection sre found to be 1.32 cm and 2.38 cm, respectively
which sre within the safe limits ss per the design considerat—
jons mentioned sbove. The detsils of the ISMB 300 is given

in the Appendix-C,

3.9 Design of the frame

3.,9,1 Loading

The totsl horizontsl force on the freme ig the sum
of the dynemic resction of the front wall and the rear wall,
Since in this csse, there is no resr face logding, the totsl
vhorizontal dynsmic force acting on the frsme will be given by
the dynsmic resction of the front wsll only. To czlculate the

totsl losd time varistion of the frame, the same idealizstion
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gs in the csse of the girder hss been made. The design losad
time varistion is shown in the fig 3.8b, the detsil

calculstions of this is shown in the Appendix~D.

3.9,2 Design

The detail design cslculations sre given in the
Append ix—D. The plastic hinges form only in the columns of
the frsme and the plastic bending strength of the columns
have been calculsted sccordingly. To calculate the character—
istic shepe of the freme, the deflected shape of the frame under
the horizontal loading has beeh assumed - =~ ss chown in the
fig 3.10(8).

Since the charted solution for the design losd—time
function of the frame is not availsble, the snslysis hss been
carried out by using the ssme numerical method as ih the case
of the roof girder and the column sectioh of ISWB 200 @ 20.8

kg/m, having cherscteristic strength, g, = 2200 kg/cm®, has

y
been found safe for the design loading., The yield deflection,
Y(e1) end meximum deflection, 1y, ., sre found to be 4.0 cm
and10.25 cm, respectively; The cslculsted ductility ratio,/u,
is found to be 2,56 which ig less than 5. The column section
has been checked for the shesr force st base end for the

. N\
stsbility under the sxisl loszd.

3,10 Design of beam column connection

%3.10.1 General
From the frsme design it is seen that plastic hinges

form at the both ends of the column. As the ductility of
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connection is questionable or it is difficult to design fully
“ductile connection due to the uncertainities in the ‘siress
distribution snd uncertainities in the complete control . of

the quelity of welds, the plastic hinges sre desirsble to

form in the éolumn. For this reason snd becsuse the frame
design requires conéiderable ductility, it has been recommended
thst (23) the connection be mede slightly stronger than the
member itself by which it cen be ensured that plastic hinge
will form in the member where desired ductility behzviour is

more certsin,

Referring to the frame design, the column—girder
connection snd column base detsils are both designed for the

meximum bending moment snd direct stress csrried by the column.

3.10.2 Design

| The detsil srrangement of besm—column connection is
shown in the fig 3.14%. ‘The bsem is taken strsight[%ﬁzrcolumn.
The outer flsnge of the column is connected to the besm by s
cover plete of size 46 cm x 12 cm x 12 mm having oy = 4000
kg/cmz'considering the thickness of web of besm, disgonsel
stiffener of zise 100 mm x 16 mm is found necesssry and they
sre provided on both sides of the web in the joint 28 shown in

the fig 3.14. Detsil design cslculations are shown in the
Appendix—E.

3.1l Design of base plate and connection 1o column

The bsse plate has been designed for the sxial load

and plsstic moment at“the tese of the column., The enchor
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bolis have been designed tc resist tension in the bsse plate,

The base plate has been placed on concrete foundstion having
cheracteristic strength, fck = 200 kg/cmz. The size of bsse
plste is found to be 300 x 400 x 38 mm having o, = 4200 kg/en?.
To design the base plate and the snchor bolts, the stress snd
strain disgrems shown in the fig 3.15s snd fig 3.15b, respectively,

hsve been used.

The column hss been connected to the hase plste by
four cleat asngles (oy = 4200 kg/cmz) fixed by fillet weld ss
shown in the fig 3,15, - The detsil design of base plate and

connections sre given in the Appendix—F.

3.12 Design of footing

The genersl srrsngement of common footing of the
column snd the wsll slsb is shown in the fig 3.13, ‘The immer
gside of the footing is covered by the concrete filling ss
shown in the fig 3.13 to prevent the direct contect of the
steel column with foundstion soil., The charscteristic
strength of concrete, fck and steel fy have been tzken ss
200 kg/em? end 2500 kg/cm?, Tesbectively. ‘The unit weight
and permissible ststic bearing capscity of soil hsve been
sgsumed gs 1.8 t/m2 and 10 t/mz, respectively, The dynamic
bearing cspscity of soil have been considered twice the
static bearing cepscity (2). The Pressure distributions on
the footing psrsllel to the direction of blast weve propsgstion
exre shown in the fig 3.16, The footing has been designed

cansidering the losds snd moments given in the tsble 3.3 and
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the total required depth of footing is found to be 30 cm for
steel rstio, p = 0.0016. In the design of the footing, the
blast loeding that may be transmitted to the footing through
80il have been neglected (2), The detsil design cslculations

are given in the Appendix—G.

3.13 Design of end wsll

The design and snslysis of the end wsll hsve been
carried out by cansidering it as the two way gimply supported
slab at sll the four edges, The same loszd time function
(fig 3.5a) as in the case of front wall hss been considered
for the design., The chsrscteristic sirengths of concrete,
f,xs» 8nd steel, fy have been considered as 150 kg/cm® snd
2500 kg/cmz, respectively. The totsl required thickness is
calculated ss 38 cm for steel ratio, py = 0.0016, The
enalysis snd detsil design cslculstions are given in the

Apprendix = H snd detsils of reinforcement sre shown in the

fig 3.17.
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CHAPTER - 4

CONCLUSICNS

The snalysie snd design of the shelter subjected to the
have been carried out

blast loed[by ideslizing the elements of the structure such
as the front wsll, roof slab, girder sznd frsme into sn indi-
vidusl equivslent single degree of freedom system using the
approximste method. The roof slsb snd the front wsll have
been anslysed by using the available charted solution for the
standard losd time functions. For snslyzing the girder snd the

freme, the load time veristions to which they sre subjected to

have been obtained by using numericsl snalysis.

The front wsll end the roof have been designed for the
ductility ratio A= 5. The deflection of the roof slab at
- yield snd the msximum deflection sre 0.43 cm and 2415 cm,
respectively. The meximum deflection of the roof occurs sfter
the durstion of 34,2 m—sec. The girder, which has been
enalysed on the bzsis of elastic behsviour, undergoes the
msximum deflection of 1.3 cm, * This msximum deflection occurs
efter the durstion 46;4 m-gsec. oince the meximum girder
deflection is less then the msximum roof slsb deflection, the
effect of the girder deflection on the roof slsb casn be

neglected.

The spproximste method which tsken into sccount the
dynsmic propertics of each structural element is good enough
for the anaslysis of the shelter subjected to blsst losding.,

This approsch =21so consideres the resctions (which very with
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time) transmitted from one structursl element to the snother.
This spproach is justified becsuse in reslity the distance

of the structure from the ground zero and the yield of the
explosicn which &overnsg the blsst logding on the structure,
can never be known exactly. ©Such uncertsinity of the loading
for which the structure is to be designed justifies the

uge of the anslysis snd design procedures used in thie

investigation.
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AAFPENDIX - A

DESIGN OF THE ROOF SLAB

A.l Pressure distribution on roof

At time t = O, over—pressure slong the froni edge
of the roof st point A of the fig. 3.6(as) will be equsl to
0.63%2 kg/cm2 which will vary with time snd reduce to zero

in 9.798 m. sec. The wave front velocity, U is 0.434 m/m-sec.

The leading edge of the wave front tskes 7.067 m—sec
to trevel from point A to point B as shown in the fig. 3.6(a).

4t this instsnt, the pressure st A is 0.176 kg/cm?.

When the lesding edge of the wave front travels
the distance of 4,12m messured from 4 in 9,798 m—esec, the
pressure at the leading edge becomes 0,468 kg/cm® while the

pressure becomes zero zt A ss shown in the fig. 3.6(b),

When the leading edge of the wave front resches
point C as shown in the fig. 3.6 (c) in 14.402 m—eec,

the pressure st C becomes 0.409 kg/ em?
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Average roof pressure for design

At no time the entire length of the roof in the
directien of the propsgstion of the wave front is losded by the
mov1ng';ressure pulse and, therefore, the roof slab has to be
designed for moving pressure pulse. However, to 51mp£;£y the
dnalys1s, the average pressure pulse on the roof slab is
calOUla\ed by con31der1ng the presqure pulse Poo + € o,
= 0.656 kg/cm covering the Lengtn of 4.2 m of the roéf siéb.

At t

n

9.6118, total lozd on roof

% x 0.656 x 6 x 4,2 x 100 x 100

i}

82656 kg

e Aversge losd on roof = §523§00x1oo = 0,28 kg/cm2

«+» The average pressure diagrsm considered for the design

will be gs shown in the fig 3.6d

where

ty = 9.6118 + 6%1%66 = 11.44 m.sec

A.2 Design calculstions

To find out the first trial vslue of Rys let
T 0.05 sec.

d 11. _
K T = 5.05%x1000 = 023

.
=+
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From the fig 3.7s3; for M= >

Bln .
= = 0.23
o.o 1%11 = Fl X Oo23

0.28x1.2x0.23 (Ihe loed hes been incressed
by 20% (1))

0.08 kg/cm®

.

+ » Totsl estimsted msximum resis tsnce

0,080 x 5.00 x 6.00 x 104
24000 kg

Now from the tsble 3,1, the meximum resistsnce of the slsgb

for an aspect rstio = 5.0/6 = 0.83, is given by

"
Rm T 8 [iE (Mpfa * Mpsa) + 10.3 (Mpfb +-Mp3bq
soe (3.4)
pfa? Mpsa? Mpfb end Mpsb sre equsl, i,e, bending
resistance sre equsl at sll points of the slab, equetion (3.4)

Considering M M

can be written ss

R, = 1/s | 12(2M%5.0x100)+10,3(2M x6x100]]

where g is the shorter edge of the slab snd Mp is the

ultimate bending strength per cm width of the slsb,

. _ 1 . ‘

o Ry = mgigp | 12000 M + 12360 M_]

. . 24000 _

« » Required Mp = o = 492.61 kg—~cm/cm
foage = 150 kg/ém2 x 1.25 = 187.5 kg_/cm2
f = 2500 kg/cmz x 1.25 = 3125 kg/cm2

y



Assuming py = 0,0016

From the fig 3.4
Totsl tension = Total compression

or Ast x 0.87 fy = 0.36 x fckx b x x,

or Py X bx dx 0.87 x fy = 0,36 x fck x b x N
. Xu 0087 fy ps

T TT® I | e (3.5)

Moment of resistancé in terms of tensile steel

Mp = Agyp X 0.87 x fy (d - 0,416 xu)

Substituting the velue of x_ from the equstion (3.,5) in the

.. sbove expression, we get

' f. p
_ 2 _
M, = pg ba° 0.87 f, [1 1.005 ~%ZE§ ] . (3.6)

.+ 492,61 = 0.0016 x 1 x d210.87x3125[i—1.oo5 51%2%9'0016_]

. d = 10.79 cm
Provide oversll depth of slab = 13 cm
Now, the slsb will be checked for msximum responce ss follows

From the tgble 3,1
= 0
MMRl f 2604 M

B psb

) or Rl = 26.4 Mp
705 EI

end K, = "—'ir'ﬁ

a

212 EI

K. = ——

2 2

3
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From the fig 3.3

| 2 2
R 26.4 M s M. s

- -1 p -
Wep)y = ¥, = 705 ET, 0.0374 ‘%T;‘
(yel)Q = (yel)l + T_-Q

0.0374 M_ 8 (49.75 M- 26,4 MP)'a2,
= + - -
EI, 212 ET,
M 32
= 0.1485 —

a

From the equstion (3.1)

1 [ 0.0374 M &°

0.1485 M_s°  0.0374 Mo e ”

0.1485M 82 0,0374M 5° M a2
( = Ia

o FT—E—) = 49.75xM,x0,1485 EE‘-JV
-8 8 .

2
0.0414 MP 8

EI8

. 0.1071 M 5°
r Ualp = Gedp -y = ET]

e . R, _ 464.5% Els vew (3.7)
Ye1’w 2

The moment of inertis Ia will De cslculated by tsking
the sverage of the uncracked and cracked transformed section

moment of inertiss (8), Thus,

I. + I
- G cY
Ia = "‘ZT"" 0o (3.8)
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where
X
I, = %5 b x.3+bx X, X ( EB )2+m Ag (a- xu)z .. (3.9)
Cend I, = %5 bD? «. (3.10)

From the equstion (3,5)

o]

u _ 0.87x%125,0x0.0016

T = T 0,3 x 187.5 = 0.06

v e X, = 10,79 x 0,06 = 0,65 cm

mn s %%%g = 19 where g, = 50 kg/ cm?
Now . |
Io= §5 x1x (13) = 183,08 cu¥/cm
I,y = 33482 en*/ cn

o I = 0.5 x (183,08 * 33.82) = 108.45 cu?/em

E, = 5700 /T%1,25 N/mn® = 275950,0 kg/cm?

It

From the equation (3,7)

55606 ,35 kg/cm

K - 464.525275950x108.45
B (5,0x100)%

From the tsble 3,1

K = 0469, for elastic renge
KLM =.0,54, for plastic rsnge

For = 5, the value of K;,, can be considered ss 0.57 (8)
W IM \

= (5,0%6,0xC,12%2.4x1000)/981
= 8.81 kg—sec%/cm



v e T = 0.0G_SeC

t
* d 11.4 _
S = oooEton - 019
Totsl weight of the slab

= 5.0x6.0x0.13x2.4x1060
= 9360 kg

I

24000 = 9360

« Ry 14640
¥1 7 5.0%6.0x10%x0.28

= 0.18

Q.From the fig 3.7e

Ym
= = 5.0
J(e1) /

Registsnce of slsb agsinst blast load only

Hence 0.K.

A3 Gheqk for shesrx

From the table 3,1l

Dynamic resction st skort edge
Dynemic reasction gt long edge
Now, it is seén thet Vg > VA

v 0.1 (0.28x1.2x5x6x10%) +

B

14880 kg

14880
Tc(bal) = 6X%66XI6.8

= 2.3 kg/cm2 L 3.5 kg/cm2
Hence O .K.

"
<3
1

]

<!
td

f

= OQO7F + 0013 P&n
0.1F + 0.2 Rm

0.2x24000

AT
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AFPENDIX - B

DESIGN OF THE WALL SLAB-

B¢l Design caslculstions
Assuming the footing of wsll at s depth of 45 cm below
ground level, the effective length of one way slsb is taken ss —
Lw = 439 cm

Assuming T= 0,0% sec, we get

- _9.6118 -
to/T = 5B5xT000- = 0432

From the fig, 3,7, for s ductility rario /u = 5 snd
ty/T = 0432, the value of R/F| 1is equel to 0.29 and.

F) = Dppo = 18575 kg/cm2

Using a ssfety fsctor of 1,2 (1) we get,

F, = 1,8575 x 1,2 = 2,229 kg/cm?
. R, =0,29 x F| = 0,29 x 2,229
: = 0,65 kg/cm®

Considering 1 Cm strip of the slsb,

2
LI,
M n_w

p T8
'From the equstion (3,6) -——

5187 .5%0.0026
—187.5

2 ,
0-55g(435) = 0,0026xd%%0,87x5187.5 1-1,005
where, p_. = 0,0026
£, = 5187.5 xg/ cm®
fo = 187.5 kg/cm2

]

.
o7
L]

37.50 cm
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Provide oversll depth, D = 40 cm

.« e d=380m

From equation (3,10) —

I

G %z x 1 x (40)° = 5333,33 en*/em

fl

X, = 6.61 em

From the equation (3.9)

3 . .
Loy = Tpx0x(6461)% L8L)%041940,0026x38 (386,612
= 1946.00 cm? |
I, = 0.5x(5333.33+1946.00) = 3639.67 cm®/cm

From the table 3,2
384 EI

K., = 2 = 912.00 kg/cem p er cm width
B oL 3
W
My = (0.40x0.01x4.39x2.4x1000)/981
= 0.04 kg-sec?/cm per cm width
KIJM = 0068
¢ / M 4

e o T =2:E/'—K——- = 0,03 gsec
B

which is equal to the sssumed vslue. Hence M= 5
) OaK;
From the fig 3,7(b), td/T = 0.32, we get

’

« tm = 9.6118 X 2 = 19022 m sec
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B.2 Check for shesr

Meximum shesr force = dynsmic reaction st support
From the tagble 3.2, the dynsmic reaction is given by
V = 0.38 R, +0.12 F

The msximum dynsmic reagction will occur when the slab reaches

its elastic limit

By

0.65x1x439 = 285.35 kg/cm width

_ 2,85.35
Y(el) = 5152682 = 0.3 cm
F = 2,229 % 439 x 1 = 978.53

w = 2x/T

 Elastic response of & S.D.F. system subjected to triangulsr

loading is given by

v o= | {meos i)} + {1 sin(@t)-} | ...(5.11)
E a " $td -
The response st t = td = 9.6118 m-sec. will be 0.94 cm which
is grester than y(el)‘

The time of the yield response will be cslculsted from the
eguation (3.11) by substituting
y = Y(e1) = 0.3 emd t = t(el)

¢

™ t(el) = 4 m, sec¢

« « Loading st the time of yield

= 2:229 x8 = 0.928 kg/cm2

0.928 x 400 x 1 = 371,52 Keg/cm width

=
i

<
n

0.38x285.35+0.12x371.2 = 152,98 kg/cem width
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. 152,98 _ 2 5
TC(cal) = Ixz8  ° 4.03 k%/cm > 3.5 kg/cm

hence shesr reinforcement is necesssry.

Strength of shesr reinforcement (1)

= VU.S = VU. hd -CC bd
_0.87 1, 4y, d
SV
vV, =V = 152,98 kg/en
. V,, =152.98 - 35 x 1x 38 = 19.98 kg

L] .

.. Provide 10 mn § (£, = 2500x1.25 = 3125 xg/cm®)

nomingl stirrups, with specing equsl fo the specing of

horizontsel distribution steel of the slab-wgll.
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APTENDIX-C

DESIGN CF FORCE GIRDER

C.l Load cslculstions

From the losd—time curve considered in the design of slsb,

we have
F, = (0.28x5x6.0x10%)xK;
= (84000 x KL) kg
end K, = (55606.3%35 x KL) kg/cm

The nstursl frequency of the slab is

w on/T 0.105 rad/m.sec

W
#

The deflection of the slsbt at 11.44 m.sec is given by usiné
the equation (3.11)

y(11.44) = 0-72 cm

The time =t which the slab reaches its elastic limit csn be

obtsined by using the equstion (%.11).

F

1 T 1 .
V1) TF - T« (Ameosw () 5 5 Sm(wtel)_t(el))J

B E L d
oy 101 .
orx 'F‘i' = P}"‘COS wt(el)} + Td' im s:.n(w't (e1>) -— t(el?f:,

1

LR t(el) = 6.5 mosec

— + l a3 -
e o« 0,18 =1 — cos (O.lOSX'ﬁel) TT.7% [U‘-mkm(o.lOSX‘hel) tel.‘
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From the tsble 3.1, the dynemic resction st the shorter

edge of the roof is given by

VA = 0.07F + C.13 R (plsstic)

From the abové relstion, it is seen thst meximum resction will
occur when the slgb reaches its elgstic limit, The time ot
which the roof sleb reaches its elestic limit, i.e., t(ey) is
very susll in compsrison to the expected nstursl period of

the beam, The time required to produce this resction csn be

neglected.

L]

Mgx. resction 0.07 x 84000 + 24000 x 0,13 =x 2

1]

18000 kg

With the sbove ideslizestion, the load time varistion for
girder csn be considered ss shown in the fig 3.8s. In the
losd time varistion, the dursiion of the losding is considered
as 34.32 mili-sec which is the time of msximum responce of the
roof slab. This time of msximum response is celculsted,

From the design of roof slab, we have
ty/T =0.19 end R/F) = 0.18

Using the fig 3.7b, the corresponding value of tm/td' is
obtzired and this vslue is equel to 3.

.

’ . tm = 3 x 11,44 = 34.32 m.sec

The girder losd F, at 11.44 m.sec (which is the durstion of
roof losding) will be given by the meximum resistsnce of the

two adjscent roof psnelgonly as roof losding st 11.44 m.sec
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time is zero, Then loading on girder will remainkconstant
upto the time of the masximum regponse of the roof slsb snd
the loading is sssumed to be decreésing suddenly sfter this
time, i.,e. 34.32 m. sec. The spenwice distribution of this
loading can be ggsumed ss trisngular ss shown in the fig %.9a
because this is-the type of edge resction developed slong the
short edge of s two wsy slsb in the plsstic rénge (8). The
loading from the roof slab on the girder is considered ss

shown in the fig 3,90,

C.2 Design cslculstions

Loed time veriztion of girder ss shown in the fig 3.8
cen further be ideslized ss shown by the dotted line provided
the time of moximum responss remsins within the rasnge of
11.44 m.sec. For s preliminsry design this condition is
sssumed to be true. Assuming nstursl time period of the

girder, T = 0,05 sec , we hsve

%
d _ 17.51 _
T = 0.05%1000 - 0-3°

From the fig 3,l1s, (D.L.F.)max = 0.95

Thus, estimsted required strength of girder is

Dynemic losd = 18000 x 0.95 = 17100.00
- Weight of slab = 0,13x5.2x2.6x2.4x1000 = 4218,00
Totsl = 21318,00 kg

Considering the trisngulsr live loed and desd losd ss shown

in the fig 3.9, let highest ordinste of the loading is P,
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and effective spsn of the girder is ‘Lb . The totel lozd.
(L.L. + D.L.) which will gct on the mid-spsn of the girder

will be equsl to pro/2'

¢

. « Resction st the suprort = K = Lybo/4
2
Mid spsn - Poly
moment T2
If totsl loed scting st midspsn = W,
2Wt
Then P. = e
o Lb
. . thb
o« Mid spsn moment = —p— .. (3.12)
« » Required moment = M = -

If it is sssumed thst ISWB 200 will be provided for column
then Iy cen be considered as (3)
Lb = 502 - 0020 = 5.0 it}

We hsve

ce By = NI
In this csse, the beam will be designed such thst the meximum

atress (bending) in the besm is just equel to ite permissible

yield stress or less than it.

o o fb - o'y

end M = oyxZ
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where Z is the elastic section modulus sbout the gxis of

‘msximum strength.

Provide steel grade of o, = 2400 kg/cm?

For the blsst losding, = 2400x1,25 = 3000 kg/cm®

Ty
The meximum moment developed due to dynsmic loading and losd
from slab

- 2131§XSX1OO = 1776500 kg—cm

Required 2% = l%%%%QQ- = 592,17 cm’

For s trisl solution, let the section provided is ISMB 300

@ 46.1 kg/m;sectionsl properties of which sre as follows

D=30 am
'bf = 14 em , _tf = 1.31 cm
t, = 0.77 cm
Ag = 58.7 cm®
Zyy = 599 em? -
I, =895 cnt

Self weight of the girder = 46.1 x 5 = 230.5 kg
Totel losd including self weight of girder

W 21318 +230.5 = 21548.5 kg

t

* M _ 21548.5x5.0x100 _
- o "‘__6-—_'-'—_——"

. . _ 1795708.
. . Actuel required Z,, = ——3566"2

598,56 cm® < 599.0 cm>

1795708.3% kg—cm

"
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Now, the nstural period of the beem end the meximum response
will be tezlculated to check the vslidity of the ideslizetion
msde in the losd—time vsriation diagrsm in the fig 3.8a.

Celculstion of Ky and K4 _
For s trisngulsr load distribution, the char=mcteristic

shape of the beam is given by

p(X) ) _8—:;-5_ (5L2 - 4X2)2 _ 000(3513)
(x4 1/2)
1f m6 end p, are the highest ordinste of the trisngulsr mass

and load distribution then —

m.—-:mo-%}—{_
and P = Py %%

where m snd p ere the mass snd load st any distsnce x from

the support

/2

. M= [ mp, % ax
o (x)
mxLv2154

B4

moL

(o)

=

ot

] "

ol
|...-!
b4

= 017

.
e
i
e

/2
F o= 2Jp gkx) d&
o

17 Pq L
= —r—
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-1
Fy = 2 L p,
. F
e _
.« KIJ :'Ft" - 0081
The stiffness of the girder for trisngular losding is given by
60 EIb
K = 3
Lo

For the structural steel, E = 2.1x10° kg/cm2 (7)

. 6
| _ 60x2.1x10 x898§-0 = 9056 .88 kg/cm
(5,0 x 100)

Totsl desd load, Wy

n

slab weight + self weight

]

- 4218.00 + 230.5 = 4449 kg

Kg—secQ/cm

=
=t
i
(6]

=
=+

. e T = 21‘:. I{L g = 0013 gsec
1,
g TSl
L - T -— O.lelO O - 0013

From the fig 3.11b, for t4/T = 0.13,

P tm = 0.257x0,1%x1000 = 33,4 m sec > ll.44 m,sec

Hence, the ideslization of s trisngulsr losding will not be
valid,

Therefore, numericel snslysis hes to be done to find
out the meximum response snd time of msximum response. In

order to do this, the actual girder system has been trsnsformed
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into sn equivalent S.D.F. Sysiem where,

Me

Kg = K x Kp = 7336;97 kg/cm

1

Kﬁ Mg = 3173904.2 ‘Kg—m.secz/cm

Fe(t) = F(t) x 0481 '
The equation of motion of the sysfem:iévéiven by

Mgy + Ky = F (1)
o (Neglecting dsmping)

'The numericsl ihtegration of this equetion is

:"cérried out by constsnt velocity method which is simple

end takes less time in computsiion thén other methods. By

this method displacement st sny time station (St+1) can be

cslculgted 8as . |

(84+1) (84) (84-1)  .(84)
y ¥ = 2y L y ¥ + ¥ K (at)2 eee(3.14)

Though the equation (3.14).18 spproximate, it giﬁes
pufficiently sccurste results provided the time intervsl
considered is smell in relstion to the varistion of sccele—
retion. It Ass been found (8) thst sufficiently accurste
results casn bg obtained for prscticel purpose if time
intervsl is not higher then one tenth of the netursl period
of vibretion 'T', Here, time intervsl considered is 1.144

m. sec only which is much less than T/10 of the system.

7(3¢) in the equstion (3.14) con be found out from the
equetion of motion (ss y(st), i.e., displacement st previous

time ststion will be known) which is given by
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78 = F (1) - K v x i

e

(3.15)

The displscement sfter the first time interval is calculated
considering the ascceleration tc remsin constant whithin this

“time intervsl, Thus,

L 4

ey 3‘1/23,#0) (nt)? ... (3.16)
3 (©) ¢an

The system is considered to be staried at rest but y
be obtained from "équation (3,15) g9 the force ic not zera st t=0.
After caiculating the y(l), the solution can be obtsined

step 5& étep by using the equstion (3.14).

To carry out the numerical-solution, s computer
ma ximum response for both elastic and elssto—plastic SDF
system hsving bi-linear resisiance function end system

sterting st rest.

From the results of the numericsl snslysis,we have

n

ymax 1;32 cm

by

i

46 .9 m,sec

1
C.3 Check for meximum resistsnce

Maximum moment thst csn be csrried by the beam

oy % Byy = 3000%599.0 = 1797000 ke=cm

From the equstion (3.12), the msximum resistsnece is given by

6 x 1797000 - 51564 kg



Y(e1) = Ry/X = 21564/9036.88
= 2,38 cm > Ymex
Hg'nce 0.K.
Meximum dynsmic force = y .. X K

it

Totsl losd on the girder

C.4 Check for shesx

dy

11956 + 4219 + 231.00
16406 kg < 21564 <kg
Hence 0.X, i

Since + = %%6—.;—8- = 35,56 £ 85,

W

Unstiffened web can be provided (7)

Permissible sverage shear stress for unstiffened web

=T

va

For blest losding

004 X Gy

T = 044 X Uy x 1,25

vs

0.4 % 3000 x 1.25 = 1500 ke/cm?

0=10

From the tsble (3.2), the dynsmic reaction in the elsstic

range is given by

)
R

0.39 R +

Since tm S td

Ocll,F'

11956.00 k¢

Vv = 0,39 R = 11956.00x0.39 = 4663 kg



Aversge shear stress = ¥1;§—§ = %%%;E?ﬁ
W

= 220 kg/cm2< 1500 kg/cmz

C.5 Check for deflection

3
Wy Iy
Ea
_ 4449 x (5xlOO)3

60x2,lx106x8985

o
I

g - 4448 x (500)
<t o/ Ty 60x2,1x10°x8985

1 1
1015~ <325
Hence 0.K.

c~11



AFFENDIX-D

DESIGN OF FRAME

Di1 Loasd cslculaticn

From tsble 3.2, the dynsmic resction of the simply

supported slsb is given by

V=20, R + 0,2 F
From Fhe design of wali slsb, totsl maximum resistsrnce of
wall slgdb
R, = 0465%4,45x6,00x10% = 173550 kg
F = l.8575x4:45x6.00x104 = 495952.5 kg

¢

v Vigax) = O038X17355040,12x495952,5 = 125463.30 kg
At the end of the duration of froent wsll losding, i.e, st
39,6118 m. sec,

V = 0.38x173550 = 65949.00 kg
From these dsts the ideslized losd time varisticn of the freme
has been congtructed snd shown in the fig 3.8b,
In the fig 3.8b, 19,22 mysec is the time of meximum response

of wall slsb.

D2 Anslysis snd design cslculstions

Assume Rm/Bi ss 0,05 for'thg first trisl snd tsking

Fl = Vmax
. . =

0305 X 125463?30 = 6273017 kg

A Y



D=2
To ensure the formstion of plastic hinge in the column,

M_ csh be celeodlsted ss

Y
Mp = Ry LC/4
where ,
L, = unbraced height of column x 1,2
= effective length
. .
Provide gy = = 2200 kg/cm?
For blsst loading dy = 2200 % 1,25
= 2750 kg/cm2
M
‘ , ‘
v+ Required 2z, = —E.  (If the effect of sxisl losd on
' Oy column is negligible)

26018 = 245,02 on?

For a trisl solution let the cclumn section be ISWB 200 @ 20.8

kg'm, the sectionsl properties are as follows

Weight = 21,0 kg/m
by = 36,71 cn?
D = 20,0 cm
te = 0,90 cm
d,, = (20,0 = 0.90 x 2) = 18,20 cm
t, = 0,61 cm
be = 14 cm
Ty = 2624,5 cm*
yx = 360,8 cn’

The plsstic ﬁodulus, Z?, of the\assumed section is 291.174 cm’

#



D=3

The axisl load, P,, on the column will be the dynsmic
reaction of the girder plus the desd load from the roof slab

snd girder including self weight of column.

P, = 4663+(4218/2)?(5.2x46.l/2)f4.02x21*100 = 7105.77 kg

and the axisl losd carryigg cspscity, E&, gt yield is

P =4 x oy = 36.71x2750

1

100952.5 kg

y s

. P,/B, = T105.77/100952.5 = 0.05< 0.15
Mp = Zp X Oy

", My, = 291.174 x 2750 = 800728.5 kg-cu
Lc = 3.58 X 102 = 4030 m

Using the factor of ssfety 1.3 (3), the resistsnce of the

agssumed section will be
4 x M

LR v o

- 4x800728.5 |
= %}EZW = 5729 72 kg £ 6273.17 kg‘

D. 2.1 Numericzl Anaslysis

The following dsts has been used in the enslysis

(1) Stiffness of the frsme (KE):
The stiffness of the frame-COrreSDOpding 10 a horizontsl
load at the top level of the frame will be the stiffness of
the equiValent.S.D.F. system of the frsme. Using the moment
of inertis of the girder and moment bf inertis considered in

the column, the stiffness of the frame by conventional frsme
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snslysis method is given by

20.64 x EI
Ky = >
© i g . 20.640x2,1x10%x2624,5
LI ] E"'e" 3
(430)

1430.77 kg/cm

 (2) Equivalent Mess (My)i-
From the fig 3,1, displacement st sny distsnce from

from base is

i

b = fz X

~"0 ﬂ(x) = _r)_c_

c
Let
m, = Mass per unit length 2t top of besm which includes
gelf weight of beeam and losd coming from roof slab.
m, = Ms8s per unit length of column including wsll
' messes _
L
e °(x) a
Mg = my X Ly + 2 . m, 0 (x) ax
M., =m L.+ 2 ( in 1 )
‘e T 71 Tb 2 72 Te

From the sbove relstion the equivslent messe Me'is
oslculsted as follows
Roof slsb — 0.13x6x5,2x2.4x1000 9734.40 kg

230,00 kg

1}

Rcof Girder - 46.1 x 5.0

Wall slad - 2 x %x0;40x4,45x6x2;4x1000 = 17088.00 kg
golumns - 20,8 x 3.58 x 2 X % ‘ = 49.50 kg
Totsl losd = 27101.90 kg
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Joom, = 3030

. S5l - 27 .626813 kg—sec/cm

(%) (i) Maximum Resistsnce of the section

4 7, ¢
= —— % _ 4x291.174x2750 _ o o
- ‘3x43 = 1‘3 X 43"6 - 5729-74 kg

(ii) Time intervel (TINT)

TINT 1,9224 m.sec

and KL =1
From the results of the numericsl asnslysis it is found that

Y(max) = 10‘25 cm

ct
il

324 .89 m.sec

n
= 0,325 sec
° = tn - 2729.72 ; 4,0 cm
v+ V(er) T Xy ~ I430.77 '
i.i /1 = ym = LQ-.%E = 2'56<5 Och
y(el) 40
" 27626813
T =21 € =on x_//27‘ 208 = 0.873 cec
K, 4§30, |

b.4 Check fcr shear

The meximum shesr capscity -Vy is given by

Vy = 0,55 A, = 18.2x0.61 = 16788.75 kg

The meximum dynsmic force = 5560.34 kg

' The meximum shesr force st bsse of column

- 2260:34 - 780,17 kg < 16788.75 ke
Hence 0.K.



D.5 Check for stsbility

D~6

For stsbility, the compressive force should be less

than : 5
w8 B, I,
L¢
Compressive force in esch column = P, = 7105.77 kg
0:33 n2 EI "‘2 6
i L 0,33xn°x2,.1x10 32624,5
L02 ’ (430)2

97082,.88 kg > PA

Hence 0.K.
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APPENDIX — B

DESIGN OF BEAM_COLUMN CONNECT ION

B.1 Designﬁpf coyergplgte

Plzstic moment in column

LI

Désign moment

800728.5 kg—cm
«+ The cover plste will‘be designed for s force

800728 ,5 - _
of 0-0.9) °© 40036.43 kg

Assuming 12 mm thiok plste, the approximste I/r rstio of

the plete = 220713.1x2

= 22'8

Consider o, of steel = 4000 kg/cm?

: the
By interpoletion of dets given in/tsble 5,1 of IS:800-1984 (3),

the permissible compressive stress of the plate

= i,é5x232 = 2900 kg/cm2 (25% increase due to
dynsmic losding)

Ares required = 029’5 2 - 13.8 cm?

Provide 12 cm wide and 12 mm thick plste.
The plate will be welded to the web of the beam and flange
of the column,

. Use 6 mm size fillet weld,
pexmissiﬁie éhea; stress of weld = 1250x1,25 k_g/cm2
Throst thickness = 0.6 /3 = 0.424 cm

., . . ' : - 0036 ) -
+« Length of weld required = 1. 06x1050%0.424 = 74 cm

Frovide a 46 cm long pleate.
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Effective length of weld availsble

=2 (30 =2x13=046%x 2+ 16=~046x2) =82cm

Hence 0:K.
The bottom flange of the besm is connected to the
‘flsnge of the cglumn by full penetration buttweld,

The force st the junction of bezm and column

- '800728.5

The force tsken by the weld connecting the column flsnge to

the bottom flange of besm

e 1,25 x 1025 x 2 14 x 0.9
= 32287,5 kg > 27909,7 kg. Hence O.K.

) nominsl weld size of 5 mm is provided on both
side of the web of the column to connect it with the bottom

flange of the besws

E.2 Design of disgonal atiffgner

The minimum thickness of the web in the connection
(web of besm in this case) which will be ssfe sgsinst shear
is given by (7) ==

tmin =_/3 n%xx/DQ J
yhere Zxx is the elééﬁic modulué of the column whosge plastic
moment governs the design end D is the oversll depth of
column section,

A

.o tmin?—/g X 36_0,8/(20)2 = 1,56 cm
dince the thickness of web of beam (1.31 cm)



ig less than the L celculsted sbove, diagonsl stiffener

is necesssrye

Thickness of disgonal stiffener is given by (7).

| 2 [, . "
tg = %%‘[agn—th2}

S
where b, is the width of diegonal stiffener.

4s the moment is reversible, disgonsl stiffners will be

provided on both side of the web as shown in the fig 3.15,
Take bs = 100 mm

:, Requiréd thickness of each stiffener plate

= =§§ L36048/2O - 0.77x20/2‘ = 1446 om

Provide 100 mm x 16 mm thick plste on each side,
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APFENDIX — F

DESIGN OF EASE PLATE AND CONNECTION TC CCLUMN

F.l Design of bssge plste
Total verticsl lozd = PA = 7105.77 kg

Moment at the base of column = My = 800728.5 kg~cm
Congider M 200 Grsde of concrete for the pedestzl,

Permigsible besring stress of concrete is given by —

opg = 0445 x fok * 125 = 11245 kg/cm2

of base plste = 4200 kg/cm2
£ 1425 x 4200 for blasst loading.

Iy
As the moment is large, snchor bolts will be designed to

reaist tension due to sprlied moment,

From the stiress and strain disgrem (fig. 3.15) the

iollowing relgtionship csn be established.

Teking moment sbout tension bolt

’ *

or%l\]'dxc;bfx bpx(d—-%@-) = PAxa"f Mp'

"

where bp

N

width of base plate

constant

Simplifying the sbove equation, we get

1422 g N._ 1
Equating 211 the vertical force to zero
Tt = C hand PA 00-(3.18)



-2

From the strsin disgram —

Ty d~Nd

Byy ES = §g_ * be/Ec

1N

or fs = T m obf 00.(3419)

where fs= stress (tensile) in snchor bolt

m = modulsr retio

~ Now the design of the bsse plate can be csrried out by trisl
and error bssis first sssuming the size of bsse plate snd the

pogition of enchor bolts,

Assume plste size = 30 x 40 cm
distsnce from center line of anchor holes to the nesrest

sdge of the plate = 5 cm > 3.8 cm (Refs 3, table 8,2)
Referring %o the fig 3,17

o' = 15 cm

d =35cm
From the equstion (3.17)

% x N x (35)2x112,5x30 (1- % ) = 7105.77x15 + 800728.5

24 :o Ne 00534
‘e Nd = % x 0,534 = 18,69 cn

-~ Prom the equafibn (3,18)
D, =% x 18,69x112,5%30-7105.77 = 24433.61 kg

From the equastion (3,19)

1~ 0,534
LT

1374.44 kg/cm? < 1500 kg/cn®

x 14 x 112,5

H
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Ares of steel bolt required on one side

2443,61/1374 i44 = 17,78 cm®

(permissible tensile siress gtlezooxl.25:1500kg/cm2)
in turned bolt

]

Provide 4 bolts of 25 mm dismeter on esch side,

Centre to centre distence of bolts = 29:%4252 = 7 cm

Required minimum pitch = 2,5x2,5 = 6.25 cm
Hence 0.k,
To design the thickness of plate, critical section will be

, D.- 0,95 D
congidered at a distance of 5 from the edge of the

plate

¢ 3 2 ——— » . . .
.+ distsnce of criticel section from

edge =4d, = 40 "_2‘95 220 _ 10,5 em

The compressive stress at critical section

Ub;f
m—' X (Nd - dC)

= Tg_6_gl.1%_'5 (18.69 — 10.5) = 49.30 kg/cn?

ft

Considering 1 cm width of the base plate

moment st the criticel section due to comprescsive force

. 49.30+112,5 49,30+ 2x112.5 . 10,5

= 5040.26 kg—cm/cm
mament st the oriticsl section due to tension in snchor bolt

= 24433,61 (10,5 = 5)/30
Plate will be designed for B.M. = 5040.26 kg—cm
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Permissible bonding stress of the base plate
. 1850 x 1:25 = 2312.5 ke/ca®
The thickness of the base plste is given by

:; 20—4—%3—2—6‘ = 23125
1,2/6

*

o ¢ tb = 3067 cn

Provide Dbasse plste of size 300 x 400 x %8 mm

Fo2 Check for shesr in the anchor bolt

Permissible shear siress in snchor bolt
= T g = 1000 x 1,25 = 1250 kg/ cm?

Msximum shesr force st bsse of column = 2669.84 kg

.. GChear stress in the bolt = 2669.84/( % x(2.5)2x8)

67.98 ka/cm2< 1250 kg/cm?

-~ ot

Agein
v.

= 0.97 < 1.4 Hence O.K;

F.3 Desigguofﬁgonnectigq"of bsse plste 10 column

The column will be connected to the bsse plate by four
¢lest angles,one in esch flange of column snd two in the webd
¢f column (one in each side of web) fixed by fillet weld ss

ghown in the fig 3%.15.

losd carried by esch cleat angle in flange = QQ%%2§4§=40036.43‘kg
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Permissible stress of steel in beesring

14

= 0.75 x 4200 x 1,25 = 393%7.5 kg/cm2

00736 .43 _ 2
5557 . = 10,17 cm

Thickness of cleat sngle required = =5 = .34

Bearing sres required

where length of each angle is 30 cm
Provide 200 x 100 x 10 mm clest sngle on esch flange.
Provide size of filled weld = 8 mm

Effective length of the weld

n

(14~2%0.8) + 2x(20~2x0.8) + 2x(6-2x0.8)

_ = 58,0 om
Permissible shear stress _
of weld = 1025 x 1.25
- 1281.25 kg/cm?
Strength of the weld 0.8
in ghesr =% X 58.0 x 1281,25

= 42037.5 kg > 40036.43 kg
Hence O0.K. ,
Provide 200 x 100 x lOmm clest angl¢ of length 14 cm on each

side of the web of column.,
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APPENDIX ~ G

DESIGN OF FOOTING

G.1 Celculation of bsse Pressirs

Aesume self w%. of footing = 10% of guperimposed load given

in the table 3.3

L B 4

Total losd on footing including self weight
= 90%36,00 + 041 x 20336,00 = 22370400 kg
For the reveraible nsture of moment st column basse, two cases

for design moment will hsve to be considered.

Cagse 1

S—p————
Degign verticsl load = 223%70,00 kg
Deﬂign moment = 10225 .43 kg—m

The meximum compressive stress will occur st point A

of the footing (fige 3.16)

Case I1
Design verticsl leed ls same a8 in the Ccase I,

Design moment = 5789.15 kg
The mgXimum compressive siress will occur st point B

of footing (fige 3.16),

$.1.1 Check for bssge Pressure
Qgsenl

Bage pressure

23%19 , 10225 ,43x6

32 = (2,00x(3)°
3728.33 + 3408.48

71357 ke/m? or 319.85 ke/n’
< 2%10000 kg/m°

H
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Case II
2237 5789.15
Base pressure = __2__
; 3% 2X(3)
= 4150 kg/cm2 or 3406.7 kg/m2
Hence 0.K,

G.2 Design of slsb of the footing

Concrete grade M200
Steel grade of fy = 2500 kg/cmz'
The pressure distribution along the 1ength of the footing is

shown in the fig 3.16 for both the csses.

Cagse 1 .
Congidering 1lm width of footing, moment at point C

- J137+4864.64 2xX7137+4864 .64
T2 xxlx ottt % 3

3189077 kg—m/m

Cage I1

Moment st point D

= 415g*382709 Xl.}XlX 2X415g+§827 9 _3§

3416 .00 kg-m/m

.+ The Cgse II will govern the thickness of the footing

using g load fsctor = 1.2

design moment = 3416,00 x 1,2
= 4099 kg~-m

Provide steel retio = 0.0016

From the equation (3.6)

4099 = O.OOllexd2x0.87x(2500xl.25x104)[?-1 005 %%%9%020016 }

.o d= 28,0 cm
Provide totsl depth = 30 cm
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G.% Check for shear

L]

Meximum shesr force

5185.64 kg/m-— width

5185064 - 2 . 2
TX0 3% T00xT00 =175 ke/en” <3.6 kg/cm

Hence 0.K.

Shesr stress

fl

Frovide the footing of the size 3000 x 2000 x 300 mm with steel
retio of 0,0016 in esch direction.

G.4 Footing of R.C.C. wall

The well carry only verticel losd of 4320,00 kg/m.
Considering the besring cspscity of soil, s 80 om wide
ooncrete footing of thickness 30 cm will be sufficient. The

details of reinforcement are shown in the fig. 3.13,
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APIENDIX=-H

DESIGN OF END WALL

H.l Anslysis and designMCalculetiéng

The samé losd time function ss in the csse of front

wall will be considered for the end well also.

Length of shorter edge = a8 = 439 cm

Length of long edge = b = 560 cm

:o 2 = 0,8 £f. = 3125 kg/cm2
b Ty ,
fck.§ 1875 kg/cm”,

To provide ssfety sgzinst srlinters, e minimum
thickness of %8 cm is necescary for well slab. So, first
trlal solutlon will be carrled out by considering the totsl

thlckness of wall ss 38 cm,
As mentioned sbove —

D = 58 cm

i d=38-25=73.5cn

From the equetion (3.5), (Assuming py = 0,0025)

0.87x3125x0,0025
T0.36 x 187+

x 35,5 = 3,57 cm

From the equatlon (3¢9)

1
1]

33
Loy (3.57) 4 $3:227) +19%0,0025235.5(35,5-3.57)°
cr ¥ 12 ) ,

1734,%4 cm%/om width



I, = %5 x1x (38)> = 4572.7 en*/em width
oI = (I, + Ig)/2 = 3153.52 em*/em width

From the tzble 3.4

K . 212 Els
5 1 T
", K, = 212x2759sgx§l53.52 = 103854%.7 kg/cm
(439)
KLM= 0063

My = 4€39x5.6x0.38x2.4x1000/981
= 22,85 kg—secz/cm | _

KL

en_/ ,
o E

on /046352285
'/ T0%8543.7

.
-
43

L]

= 0,02% sec

0

Ultimete moment capscity per unit Qidth, Mp of the sssumed

section is obtasined by using the equastion (3.6)

1252040025

0.0025%1x (35,5)%x0;8723125 1-1.005 3'187 5

MP

8207 kg—cm/em width

"

Prom the table 3,4 for s vslue of g/b = 0.8, we have

R, = % (12 M + 10,3 M

pfa oty )
If the resistsnce st 81l points of slsb is considered

equsl, the sbove equation cen be written as

=i
Ry, =3 (12 M, x e f.10,3 M, % b)



. .
Ry = g3y 12x8207.0x439+10.3x6207 .0x560

206315.38 kg

206315 ,38 _
T 75X 3R560xT.e - 000

9.6118/0,023 x 1000 = 0.42

il

L R /Py

£

.. From the fig %.7a we have

/1 =5

Hence 0.K.

H.2 Check for shesx

From the tsble 3.4
)= 0.07F + 0.13 R,
VB = 0,10F + 0,20 Rm

v

Neglecting decay in overpressure,

N

B .

96060,.,81 kg
_ _96060.81

Tc(cal) 560 x 355

5.0 kg/cm2:> 3,5 kg/cm2

1]

Hence the shesr reinforcement is necessary

0,10x1 8575%x43%9x560x1,2+0,20x206%15+38

H~3

., Msximum resistance of the section considered, will be



TABLE 2.1 BLAST PARAMETERS FROM GROUND BURST OF
1 TONNE EXPLOSIVE

DistaNce, Peax Sipx Maor Posimive DuramioNn oy DyNaMIo Prax Rx-

m oN Over- No. Prase  EQUIVALENT PRESSURE YLECTED
x PRESSURE M  DurarioN TRIANGULAR RaTio OVERPRES-
Rario ‘ t,, milli~ Purse g4, qolPa S8URE RaTIO
P10l Pa secs milli-seos ProlPa

(1) (2) (3) (4) (6) (6) (7)
16 8:00 2:80 9'50 5-39 10667 4160

- 18 5+00 2:80 11:00 718 6208 22°50
21 3-30 » 1-96 16-38 933 2:643 12:94

24 240 176 1865 11-22 1532 8-48
27 1-80 1:60 2092 13°30 0:920 65-81
30 . 140 148 22'93 15-30 0-588 4:20
33 120 142 2495 16-31 0:439 3-45
38 1-00 1-38 2671 17-94 0:312 218
39 ‘ 0°86 1-32 28:22 19-20 0-235 2:28
42 0-76 128 2074 20°20 0-188 1-97
45 0-66 128 31-25 21-60 0-142 1-68
48 0°59 1-23 32:268 22:70 0115 1'46
51 063 1-20 33°62 23-70 0-093 1'28
54 0°48 110 3452 2470 0077 1-14
57 0-43 117 35-58 - 2640 0:062 1-01
60 - 0°40 1'18 3629 2660 0054 0'93
63 0-37 1-18 57°30 2780 0'0486 0'85
66 034 1'14 38:05 2876 0-039 077
89 0-32 1-13 38-81 29-25 0-085 072
72 030 1°12 39-56 2987 0031 067
75 0-28 1-11 4032 30'71 0-027 0'62
78 0-26 1°104 4082 31-85 0-023 0568
81 025 1°100 41-58 31-92 0-022 058
84 0-24 1:008 42°34 32:00 0:020 . 0'53
87 023 1095 42:84 32:26 0:'018 050
80 022 1:0886 4360 83:39 0-0186 0-47
93 0-20 1:082 44°35 34:70 0014 043
96 0°19 1°077 4546 3537 0'013 041
99 018

1:072 45-61 36-22 0012 0:40

¥ Taken from 1S:4991-1968 (2)



TABLE — 2.2

BLAST FARAMETERS ALONG THE HEIGHT (FROKT WALL) OF THE
INDUSTRIAL TYPE BUILDIRG

DISTANCE P 1 t P P
ot %ggUND (kgjzmz) o (§é§§f (22%%— (kg/§m2>(kgfgm2)
20.00 0.724 1.269 14,058 9.612 '0‘170 1.858
20,40 0.695 1.261 14,260 9.799 0.157 1.729
21,54 0.627 1.241 14,725 10,265 0.129 1.566
29,12 0.37% 1.151 17.272 12,855 0.047 0,857
30 .46 0.344 1,141 17.618 1%.293 0,040 0.780
32,25 0.317 1.128 18.07 13.623 0.034 0.712

TABLE — 2.3

%g%%gHgASAgE$§RS ALCHG THE RCOF OF INDUSTRIAL TYFE BUILDIKG
ZERQO (m) (Kg/cm®) ‘ (mili-sec) (mili.sec) (Eg/cm”)
21.54 0.627 1.241 14,725 10,265  0.129
25,30 0.471 1.187 16.102 11,598 0,074
29.12 0,373 1.151 17.272 12.855 0,047
52.61 0.132 1,048 21,503 18.698 0,007
56,57 0.104 1.034 21.701 19.820 0.004
60.53 0.075 1.020 21.899 20.942 0,002

Note: Direction of Blast Wave Propsgetion Ferpendicular

tc y—y axis



BLAST PARAMETERS ALONG THE ROCF THE INDUSTRIAL
TYPE BUILDING (HEIGHT = 16 m)

DISTANCE

b

FROM GROUND 50 , MG % b, Tq o,
ZERO (m) (kg/cm”) (mili—-sec) (kg/cm®) (kg/em®)
32,25 0,317 1,128  18.070 13.623  0.034
35,78 0.266 1.106  18.876 14.622 0,024
39 440 0,237 1,097  19.721 14.889  0.019
43,08 0,201 1,082 20,564 16.068. 0.014
46 .82 0.174 1.069 21.214 17.058 6.011
50 .60 0.147 1.055  21.403  18.129  0.008
54,41 0.119 1,042  21.593 19,208 0,006

Note: Direction of Blast Wave Propsgsztion
Perpendicular to y-y axis.



TABLE 2.5 DRAG COEFFICIENT Cy4

St SHAPE Or ELEMENT . DraG CoEFFIOIENT REMARKS
No. Cq
(1) 2 (3) (4)

For Closed Rectangular Structures
i) Front vertical face

1:0
ii) Roof, rear and side faces for
go ™ 0 to 1'8 kg/om? -

For above ground
-0 4 : truct
go ™= 1'8 to 35 kg/om? —08 ¢ sbructures
7 = 36 t0 9°0 kg/cm? —02 J
iil) Front faoe sloping : ‘
4 tol Zero For  semi-buried '
1 tol 04 structures
For Open, Drag Type Structures

iv) B8phere 01 — »

v) Cylinder 12 This covors steol
tubes used ag
columns, truss
members, eto

vi) Struoctural shapes 290 This covers flats,

angles, tees, 1
seotions, eto

1-3 This oovers boam
projections below
or above slabs,
cantilever walls
standing freely

above  ground,
eto

vii) Reotangular projection

x Tsken from IS.4991-1968 (2)
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TABLE 3.3 LOADS AND MOMENTS ON CCLUMN FOCTING

VERTICAL géggA%cg MOMENT
(kg) -
ING (m)
1, Verticsl losd from
column 7105 .77 -
o, Verticel losd from
well = 4320x2.0 8640.00 (=) 0.3 (=) 2592.00
%. Losd due to concrete
filling — | o
(1) 51 ,1x0,45x2%2200 1089,00  (+) 0.77 (+) 838,53
(i) 0.5%0.45x2x2200 990,00 (+) 0,15 (+) 148,50
4., Losd due to esrth 6n-
footing — .
(i) 1.0x2x0.45x1800 1620,00 (=) 1.0 (=) 162Q.00
(id) % x1 .1%0,45%2x1800 891 .00 (+) 1.13  (+) 1006.83
5. Moment at bsse of
column - - (+) 8007.29
Total 20336 .0 - (=)10225.43

(+) 5789.15
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