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(1969, Technical Manual) qaledll sas 5 5l Al Saalinal) 320 30 Jalbas :(R-1) Jsoa

(Stresses) <ialea) bl B3G50 Jalae
Dynamic Increase Factor

ALodl) Laa
(For bending) Y, )
(For shear) _<all Y,

Al A

(For compression) htuzaisd y,Yo
(For Diag. Tension)cs_kall 24l Ve
(For Direct shear) bl (il Y0
(For Bond) L./ _all Ve

At bl 8 el g Riall Jshagll Ay ylaill g dglendl il o Le 35 5lie 1 (R-2) Jsas
(ale) Liall o 3 (J shagll dad i

(Cul) iiia Jshar oacl (85) e Joha ool
Max. Residual Deflection Max. Transient Deflection - )
Lind) yeaie
(sles ok (sles @k
Experimental | Theoretical | Experimental | Theoretical
6.18(mm) 6.40(mm) 10.60(mm) 10.86(mm) s

Laiall Caied daleal) 5 45 patl) el balay 45l :(R-3) Jsaa

() (3R Jaal ¢ Bl (§8aal has N paind)
Experimental crack pattern Theoretical crack pattern
B L=3.3/m/ L=3.3m i)
’ ﬁ 1.6m N 1.23m
N\
- _ /
H=3.3m _— A . H=3.3m \: o7
7 | A
Dand ISndys
1.65 1.65 165 1.65
Free Free
e () b ) T e o
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(araail) g Julailf) 4 a3 bl

caaS )0 = gL VLYY =W os pdal) )

c e V1= G Y (s s e (ro0f) el g e Jaes

Jaaigl Y =Tl \Gien Y =(fe) Al Al bl A gl

Sl gien 97 = Tmihai g Te e v o=(fy) g osadll naal) A glis

.(1969, Technical Manual)awesdl yas clillid il ¥, «=(Ductility ratio) dllaciodl Jalas
c o )T =(RA) i) e 5 sdiad) aey

e VY =L =H = G Jehg (ga e

o e Ve =h =l o= ils dae U e B sdall day

. cauazxll 358 ) yaiul g(Duration) el <X (blast pressure 2&00?4“"”\ Jaria alany
ZA=RA/W"? =1.6*3.28/(1.5)"" =3.52ft/Ib

I/L=165/3.3=0.5 1 vom

h/H=1.65/3.3 =05 O

L/H=3.3/3.3=1 $iem |
elevation

L/RA =3.3/1.6=2.06

el oianll Cacaall 33a 5 aa 3 (1969, Technical Manual) & ¢—0) JS& o

( scaled unit blast impulse) ib ( psi.ms/Ib*?)
L/H 0.75 1.5 3.0 6.0
Ib A Yo 'Y, VY.

(iD) il agl Comall sany i L/H=1 Ll ]
ib=92 psi. msec/ ib1/3 =92.1.49 = 145.36 psi . ms.
For z=3.32 from fig. At ref.[1] (tA) AW *=0.64
(tA)A=1.49*0.64
=1.01 m sec

(Duration of impulse ) sl a4l
) Al Caildl e Cacanll da 0 ) paind 3 54 J(Duration) ol alas Y
R=[(h)**+(RA)*+(H-h)*]"2=[(1.65)*+(1.65)*+(3.3-1.65)?]"2
R=9.25 ft =Distance to farthest point
Z=R/W"*=9.2/1.58 =5.87 from fig at (1969, Technical Manual) tA)F/W3=2
tA)F=3.16
to)F/W3=1.3
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t,)F=1.58.1.3=2.05 m sec (4t L) P,=55.64psi

t, =tA)F-tA)A+1.5 t, )F = Duration /n
t,=3.16-1.01 + 1.5 (2.05) =5.22 m sec (ut L)
Do = 2+ib/to= 2.145.36/5.22=55.64 psi ‘ ‘ |

|

Time t,=5.22

Po (psi)

(Selection of Cross-Section for Roof) il (ud 1) adalal) JLod)
Depth at positive Horizontal [dp)H]= 204 mm
Depth at negetive Horizontal [dN)H]= 224 mm
Depth at negetive vertical [dp)V]= 192 mm
Depth at positive vertical [dN)V]= 212 mm
Average = 208 mm
As =0.0025 ~1000 «228= pbd = 560 mm*= 5.6 cm®

"ans,10=dalie Biny Cam ale Yoo U8 L)Y el aaly jie e

A\.@A\)f\ 5a (Bac

a =5065*10.413.1.1/0.85.1.25.20=0.012 m

M=As.F, (d-a/2)

Moment at positive edge horizontally [MP)H]= 50822 N.m/m
Moment at Negative edge horizontally [MN)H]= 55956 N.m/m
Moment at positive edge Vertically [MP)V]= 47742 N.m/m
Moment at Negative edge Vertically [MN)V]=52876 N.m/m

(The Yield Line Location(Y))f g<add) i a8 ga
DA (a5 (1964, Biggs) b crme (0 +)ISE DA e salal Ay

L/H[(MVN+MVP)/(MHN+MHP)]"* L=3.3m
=0.97 € Y/H Ry
Y/H=0.63 N4 ﬁv
Y=0.63.3.3=2.079 m H=3.3m Yo
7
A l
RU=5(MVN+MVP)/(Y)?=5(47742+52876)/(2.073)°= 16395 N/m* 1% > 1% ¢
Or Free

Ru=4(MHN+NHP)(6H-Y)/L(8H-2Y) = 4(106778)(18.117)/6.76(6.534)
=175187 N/m’
Ec = Modulus of elasticity of concrete
=22376 Mpa
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Es= Modulus of elasticity of steel

=200 000 Mpa
n=Es/Ec=8.94 , 1g=0.0013 m*=gross moment of inertia

p=As/bd = 5.65*107%/1.0*0.208 = 0.00271
0.018= (cofficient) Fdaladd le Jasi(1969, Technical Manual) s3(c—0) Il ¢ o
lc=F.b.d®> = 0.018 « 1.0+(0.208)® = 0.000162 m*

Moment of inertia for cracked section
la=Ig+Ic/2 = 0.0013+0.000162/2 =Average moment of intertia
(0 £) AN pag I=H/L el 5 ) gl 050 Jane G Lo A8 DA (e &

&b Aaladll 5 L8l (R-X) 0w Lo ddlall 483l sl 2y ¢un(1969, Technical Manual)
Gl 45 yal ddlaiall

Determination of the actual and equivalent(R-X) function in the elasto_plastic

region .
B,=0.04 , B,=0.08 , B5=0.05 , y, =0.004 , v,=1/6 , r=M/BH?

MH* MH" MV

50822/0.045H2 55956/0.08H> | 52876/0.05 H?

1129377/H? 699450/H? 1057520/H?

/N
110 anfeA

Re=64228 N/m? the yield point (2)

At point (1) = 0.045.64228 (3.3)=31474 N.m/m
At point (3) 0.05-64228 (3.3)> = 34972 N.m/m
D=flexural Rigidity = Ec.la/b(1-v*)=16824194 N.m
Xe = x1-Re-H*/D = 0.0018 M Deflection at first yield

¢ smd Uy die Jshel

(Properties at second yield ) £ gad (AU die a) sAl)
: (1969, Technical Manual) jaaal cilidlia a5 2001 VAN (a0 j2i g ad Jl 2
simple_simple , one_edge fixed, one edge free
L._.Lu‘\_.} M‘ .o SS m %L@_“ .o n E‘P 2\:’1-@
A CDldad) 2 g HIL=1 ke (405 (1969, Technical Manual) 8 (0—YA) JS&l (e 13

$,=0.097, B3=0.125 v,=0.012, v=0.3
Am at point (1) = 50822-31474= 19348 N.m/m
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Am at point (3) = 52876-34972= 17904 N.m/m

Ar(3) =Am3/ B ;H*= 17904/0.125(3.3)*=13152 N/m?

Ar(1) =A my/ B 1.H? = 19348/0.097(3.3)°= 18316 N/m?* Second yield at point (3)
rep = re+Ar

rep = 64228+13152 = 77380 N/m?

D= 17974567 N.m

AX =0.00104 m

Xep= xe+Ax = 0.0018+0.00104 = 0.00284 m

(Final Yield ) (gl £ i)

Ru=116395 N/m* where p,=0.11, v,=0.015 , v=0.3

Ar = RU-rep= 116395-77380 = 39015 N/m?

Ax=0.00308 , D=17974567 N.m

xp=0.00592 =5.92 mm

xe =0.00445 m

so the equivalent resistance- deflection curve is shown in fig (R-2)
K=Ru/Xe = 116395/0.00445 = Equivalent stffness

K=26156180 N/m’®EFFECTIVE MASS OF ELEMENT

(1969, Technical Manual) (e (=la (1-Y)d s (1

KLM)elastic=0.65-0.16(L/2H-1)=0.73

KLM)elasto plastic=0.65-0.186 (L/2H-1)=0.743
KLM)plastic=0.555

KLM)average=0.676

Unit mass = 0.25.2400 = 600 kg/m?

Natural period = 277 (m.KLM/K)"? = 277(600%0.676/26156180)"2

Tn=0.0247 sec = 24.7 m sec 46 L

T,/Tn=5.25/24.7 = 0.212
P,/Ru= 55.93.10°%116395.145=3.31

Tm/Tn 5 Xm/Xe (1969, Technical Manual) (s P/RU sT/TN (e aad (4 &

Xm/Xe=2.4

Xm =2.4.4.45 = 10.86 mm

Tm/Tn =0.425

Tm =0.425.247 = 10.49 msec

Tm/T, = 0.425*247 = 10.49 m sec
Tm/T,=10.49/5.22 =2

Tm/T =10.49/24.7 = 0.424

3>Tm/T>0.1 correct procedure was used
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Aiy) Adali opa f Adla Jo (g phall) AL S
(checking of diagonal tension at (d) from support)

1. Ultimate shear stress for vertical direction : 2 szl olad¥ly 1l algal i)

VUH = 3Ru(1-2de/L)(2-Y/H-2de Y/LH)/2de/L(6-Y/H-8de Y/LH)
=0.577 Mpa where de = 0.212

2. Ultimate shear stress a long H _direction 8Y) olai¥l (a8 Jeal il

de/Y=10.212/2.079 =0.1

VUV = [3Ru(1-de/Y)?])/[de/Y (5-4de/Y)] = 0.614 Mpa

Vc = 0.65 Mpa

No need for lacing a long (H_direction) due to Vc>VUV use min. lacing @

10 at 200 mm.as showing in plate (R-2)

(R-2) 3 jsall 4 mnse LS (laCING ) z saie (S5 (el dpas aladiind o3 Cua

sclaliiiuy)
Aally 4l 5 dlaall il cple BidaS @llla aay (R-3), (R-2)d s 4 iia s LS
L) i Laadl g okl plad) 5 il J shagll Al Gy Jualall a0 daglal
il dlae) xie baldcly Jadll Gl s . (Vo) b Alertiod) ddladiodl 4. )
il 3o il 4y as Lel2a s« (MOderate damage) daw sie jpes DA e Ll
. (single blast wave)
e slial il dnall Salipn 1) avansaill 5 Jalail) 48yl 285 asall sl il < jelal Y
3L gl Apulu) bl alain laal avaaill iy 5 cdglalall Carnsll il gl
Ooaal e w Jls ) sas z i) bl 3Y b Jlenind o)) Aleall gl < pelil LY
- Ll alai®Y) el g5 an (Y0) (I am (00) ol Lo (g Litiall 4alall 5 dylal
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Concise Procedure for Analysis and Design of Reinforced
Concrete Roof Structure to Resist Wave Pressure

Saad F. Salih * Ghaith M. Hassan ** Hassan Kh. Salih***

College of Science- University of kirkuk * Ministry of Renovation and
housing ** Ministry of Scienceand Technology***

Abstract

This research aim to evaluate the concise rocedure for analysis and design of
Reinforced concrete structure to resist internal blast pressure. This evaluation will be
locate the required thickness of the roof structure in addition the quantity , ship and
connection mechanism of steel reinforcement. In order to verify the asuracy of the
theoretical analysis and design procedure of Reinforced concrete roof structure to resist
internal blast pressure. It was intended to carry out a field test for the structure designed
after specified the internal dimensions of the structure (3.30*3.30*2.60)m , charge
weight (1.5) kg and the ecommended degree of protection usually in terms of ductility
ratio= 2.0.The natural period and the dynamic load factor were also calculated for the
above structure .The objective of the test was justified since no scabbing from the roof
was observed this means the thickness (25) cm of roof can keep all the out side
individuals, equipment and buildings safe and away from the danger of fire and
fragmentation during the period of blast pressure . The individuals and equipment
should be kept clear away from the venting zone. A good agreement was found
between the. theoretical and experimental results.
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Idealized Function Actual function
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