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(azaail)  Juladll) 4y i bl
P ALY Jaad) -y
23S 1.5= 244 3.31 =W 553l ()35
S V.7 (a8 8.52 )= (¥ s sius oo (back wall) AlAY ol o lé ) Jaes
Ul s Yo (T Vaigl Yae ) =(fi) Bolu Al hbicail e glie
Jale\ s VY (P \aiglh Tee v v)= (fy) £ small naal) daglis
(1969, TM5-1300) asarsil jrme cilillaial isla ¥, = (Ductility ratio)iliad Jalas
- i 1,70(a8 0,8 ) = (RA) laall Ay 3 sdal) adga
e ¥ F(aE V0 AY) = (L) sl Uk
- e Y, Y(pd AOY) = (H) s sl
e ) (pEY YA )= () aae ol e b sdall gl
e )10 0,8 )= (1) il dan 8 e B glal) oy
iA Jaallo piall dlsas (sasac phias () babiie mn sy (V)82
sl B 5 i g (a3 ¢ Ciasll Jasca alayy
ZA=RA/W?=5.41/(3.31)*® = ¢ft/1b = 0.234 MIN

I/L=0.5
h/H=0.38
L/H=1.26
L/RA= 2.06

Cun (AYeteoet) JEY) Asasage (/L WHLH ) 00 85 0 SS) Adbida ol e
Jial) cillabiaall Gas Al ib e Jsanll ZA def inie Je L/R o8 Llad )
iglhal +,0 = /L Gadly ih (e dilide o 5ol Sa H (e ddlide ails o) L
dusladl YA = h/H 1Y+ = ib s oK (interpolation )z a) dless
ib =120 psi.msec./w®
e dlad AL Y,TY= Z dad (4a5 (1969, TM5-1300) (3)ad,) JSE (has
(tA)A/w'?=0.68

Jaall e das o e Blad) Jaall ) sa
(tA) A =1.49* 0.68 = 1.013 millisecond
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LAY Jaad e Jeald el
SR Jand) e At dadsle Coimall da ge ) il 358§ (Duration) el slagy
R=[(h)?+(RA)*+(H-h)?]"?=[(5.41)?+(5.41)*+(8.52-3.28)°]*?=(9.28 ft)2.82m
Jlaadl <5-°' Aoty aay L Caanll dads (e ddlidl)
Z=RIW® =0.28/1.49 =(6.22 aanll X yu e Jaall (e dkaii el el Jalre
ft/1b)0.425m/k
sy <5 (1969, TM5-1300)() JSil (a5
tA)F/W? Jaall e ki ey e Ciuan A gad Jaal) Lalid e 2
=3.16 millisecond
Jasdl e Coimall ds gal ol 2d sl Jiad JSEN (e dgle Jpaanll &5 Jalas
to/W* = 1.35
tA) F=3.16
t,) F/WY® =1.35
t,) F=1.49*1.35 = 2.01 millisecond

t,=tA)F-tA)A + 1.5 to)F=Duration el Jaall e ds gal ol add ol
t, =3.16-1.074 + 1.5 (2.13) = 5.1 millisecond
ib=i b*weight of charge
ib= 120%3.3.31=178.8 psi millisecond
Po = 2* ib/to =2* 178.8/5.1 = (70.12 psi) 0.483 Mpa
AN )y Camall Taiia (o ALY il e gy (0 +) JS

AR aall ool adaall jLgal
Y Jtine 5¢d SN ale\ igs o EAY (T2l V)Y )= Caaall b o) Ly

s YO A8Y Jaall claw o) L jp o ale\ (s ), YV (Tl [ 2l V) e B

e YO =@Lﬂ\ W A g o080 AY =

Depth at positive Horizontal [dp)H] =(0.699 ft) 212 mm
Depth at negative Horizontal [dN) H] =( 0.734 ft) 223 mm
Depth at positive vertical [dp)V] = (0.629 ft) 191 mm
Depth at negative vertical [dN)V] = (0.695 ft) 211 mm

Average = (0.682 ft) 207 mm
As = 0.0025* 12* 0.734*12 = » bd =( 0.264 inch®) 170.3 mm °
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Lo ddla pu Yo (@ V9 ) ala VY () i ) yhadl sl o Jlartind oy Al
(VY) SR B ge WSy aliall das

DY) j5aa s
a= As* fds/0.85bfdc’

a= 0.264* 60000* 1.1/0.85* 12* 1.25*3000 = (0.472 inch) 12 mm
M = As* fds(d —a/2)/b Ultimate moment capacity

e VY = Ll el aa ll jm e A b o) Lle
Moment at Positive edge horizontally[MP)H]=(11326 Ib in/in)50822N.m/m
Moment at Negative edge horizontally[MN)H]=(12459 Ib in/in)55956 N.m/m
Moment at Positive edge Vertically [MP)V]=(10629 Ib in /in)47742 N.m/m
Moment at Negative edge Vertically [MN)V]=(11779 Ib in/in)52876 N.m/m

1§ guadl) Jad é}a
DAY (4a5 (1969, TM5-1300) (12) JSi DA (e salad
L/H [MN)V+MP)V/MN)H+MP)H] % =1.23
X/L =0.45
X =0.45*10.82 =(4.9 ft)1.5m.
Olasll ((Jddl) ¢ pasl) dashad ad ge g dapla (i (VF) JSAD
el asial guen Jhiy 4 Cus RU ded dlay &3 (1969, TM5-1300)(£) Jsax (ses
Ru=5[MN)H+MP)H)]/(X)*=5(12459+11326)/(4.92)* =(v ¢, ¢ |b/ft*)237284 N/m*
Or
Ru=8[MN) V+MP)V](3X-L)/H? (3L-4X) =( 37.18 Ib/ft?)256468 N / m’
Ec= w'**33* [fc’
= (3528415 psi)22376Mpa
Es= Modulus of elasticity of steel
= (29*10° psi) 200000 Mpa
n= Es/Ec=9, 1g=(3123 inch*)0.0013 m * = gross moment of inertia
=As/bd = 0.264/12*0.682*12=0.0026 p
0.018=(coefficient) F Jalaall e Jsanll 21 (1969, TM5-1300)() £) ISl (pa o
lc= F*b*d* = 0.018 * 12*(0.0.682)® =(389 inch*)0.000162 m*
Moment of inertia for cracked section:-

la= (Ig+Ic)/2 = 389+3126/2 =( 3515 inch?)0.000731 m* Average moment
of inertia
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(Vo) IS 55 0.78=H/L J—slaal 5 ;5 o0 ana Gabe A8ad) DA (e o

ol mlue Jas paiel oy 3l 5 sl alay 23 (1969, TMs-1300)
Determination of the actual and equivalent (R-X) function in the elasto —

plastic region.

B1H = 0.0225,82= 0.056, B3= 0.068, y1 = 0.00188, B1v =0.0325, r = M/BH

MP)H MN)H MN)V MP) V
oaly! P2 S3 PV
(11326) (12459)55956/ | (11779)5287 | (10629)477
© 50822/0.0225H* | 0.056H? 6/0.068H° | 42/0.0325H?
x —~
5%
%g“g (503377)225875 | (415300)9992 | (214264)777 | (366517)14
> Z |5H 14/H? 588/H° 68984/H

Re=M/ B *H*=11779/0.68*(8.52*12)*=(16.68psi)115027 N/m? the first

yield at point (3)

MN)H atpoint (2) = 0.056*16.68(8.52)>*144 =( 9764 ib in/in) 43544

N.m/m

MP)V At point (1) = 0.0325*16.68 (8.52)% *144= (5666 ib in/in)25271

N.m/m

MPH At point (1) =0.0225*16.68 (8.52)**144 = (3923 ib in/in)17495

N.m/m

.J\..\;j\ REREN ‘:J.C- 0)334“ Q}A\Mﬂj e}ﬂ\ cﬁ\}A d.m.i (\-k) JS.JJ\}
D = flexural Rigidity = Ec.la/b(1-v? )= (13256243ib t)17974567 N.m
Xe = y-Re-H* /D = 0.0018 Deflection at first yield

= 0.0018*16.68*(8.52)"*(12)%/13256243

= (0.02 inch) 0.508 mm

Two opposite edges simple supported and two edges fixed.

P g aad AU aie ALY il el sd
1(1969,TMs-1300) aaall cilillaia Cava s 3000 cVAY (55 g gamd J5f an

Ol dad Ay H/L =0.78 48 (e (1969, TM5-1300) (1Y) J<all (5 13

B1V=0.0255, 2=0.057, B1H=0.026, y1=0.0014, v=0.3

—: 30l Al
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AM at point (2) = 12459 — 9764 =( 2695 Ib.in /in)12412 N.m/m

AM at point (1) = 10629 — 5666 =( 4963 Ib.in/in)22471 N.m/m

AM at point (1) H = 11326 — 3923 =( 7403 Ib.in/in)33327 N.m/m

AR (2) = AM2/ B2H? = 2695/0.057(10.82)**144 =(2.89 psi)19995 N/m?
AR (1) V =AM1/B1H? = 4963/0.0255*(10.82)* *144=(11.73psi)80919N /m’
AR (1) H=AM1/B1H? =7403/0.026*(10.82)* *144 =(17.06psi)117705 N/m?
So second yield at point (2)

Rep = Re+ AR

Rep = 16.68 + 2.89 =( 19.57 psi )135022 N/m?

a5 m) & sa e () A) SN Bl el Als jall b g samd 3o D (s25a) Jaal

als jall el 86 fi%all
MH at point (1) = 0.026*2.89*(10.82)* *144= (1273 Ib .in / in)5661 N.m/m
MV at point (1) = 0.0255*2.89*(10.82)° *144=(1248 Ib.in / in)5552 N.m/m
AMH (1) = 7403 — 1273 =( 6130 Ib .in / in)27666 N.m/m
AMV (1) = 4963 — 1248 = (3715 Ib .in/ in)16919 N.m/m
D = 13256243 Ib.ft
AX = y1* AR*H*/ D = 0.0014*2.89*(10.82)**(12)* /13256243 =( 0.00727
in)0.0001847 m
Xep =xe + Ax=0.02 + 0.00727 =( 0.0288 in)0.000734 m

(Y g gaddl) o) Al £ guadl)
cDlbes slad wis +,VA = HIL sdiel A (05 (1969, TM5-1300) (19) S (yed
Al 45ual
B 1V = 0.068, y1 = 0.00625, B1H =0.051
Ru = (34.4 psi) 0.237Mpa (£) dsin 3o Laslad
MH1 = 1273 + 3923 =(5196 b .in/in)23156 N.m/m
MV1 = 1248 + 5666 = (6914 Ib .in /in)30823 N.m/m
(AR)H1 = 5163/0.051 (10.82)**144 =( 6.04 psi)41693 N/m?
(AR)V1 = 3715/0.068*(10.82) *144=(3.24 psi)48799 N/m?
Re p'=Rep+AR=19.57+3.24=(22.81 psi)176715 N/m?
Boalll Al & Chmadl Jlan) daslial 3 i3e ladl Jal 5o
AX = 0.00625 * 3.24*(10.82)**(12)*/13256243=(0.036 in) 0.00171 m .
X&p = Xep + AX = 0.0288+0.036=(0.0648 in)0.00244 m .
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AR = Ru-Rep = 34.4-22.8=(11.59 psi) 60569 N/m?’.

AX=y1*AR*H* /D = 0.00625*11.59*(10.82)"**(12)*/13256243=(0.129
in)0.00249 m.

Xp = Xeép + AX=0.096+0.036 = ( 0.165 in)0.00493 m.

XE = Xe (Rep/ Ru) + Xep (1-Re/Ru) + Xp (1-Rep/Ru)

XE =0.02(19.57/34.4) = 0.0288*(1-16.68/34.4) = 0.165(1-19.57/34.4) =
(0.097 in) 0.0028159m

AT Jaall L e

KE = Ru/XE = 34.4/0.097 =(354.6 Ib / in®)84292718 N/m* Equivalent
stiffness = effective mass of element

=t Al &4 (1969, TM5-1300) (©) Jsas
Effective mass of element:-
KLM) elastic = 0.65 — 0.16(L/2H-1) = 0.653
KLM) elasto-plastic = 0.65-0.186 (L/2H-1) = 0.65
KLM) plastic = 0.6
KLM) average = 0.635
Unit mass =weight of concrete*Tc/g =150*0.82*10°/32.2*(12) °

( =2210.5 Ib.mille.second?/in.’) 600 kg/m

Natural period=Tn = 2* z [(unit mass) *KLM/K)]*2
=(2*3.14*403.3*0.635/536198.4) 12
Tn =15.67 mill second
To/Tn =5.07/15.67 = 0.336
Po /Ru =70.1/34.4= 2.08

sl 55 (1969, TM5-1300) (21)J&l ¢ Po/RU 5 T /TN G e A8l (e &
:TM/Tn 3 XM/XE

XM/XE = 2.85

XM = 2.85*0.097 =(0.276 in) 0.00699 m. (s85) e bsa i

TM/Tn =0.52

Tm = 0.52*15.67 = 8.14 mille. second

TM/T =8.14/5.28
3>Tm/T>0.1
Correct procedure was used

R
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raLa) A e (d) Adlaca o (5 shEY ALY Loy
De/x =0.734/4.92 = 0.143
A0 sl e 8 e Mg ol Sl 2y (1969, TM5-1300)(1) Jsas (e o
VUH = 3Ru(1-2de/H)(2-X/L-2de X/LH)/de/L(3-X/L-8de X/LH) = 120psi
oOle) Joanll uil ey (53 sanl) slatVL (i slga) ] Sl Sy S
De/H = 0.734/8.52 =0.086
VUV = [3Ru(0.5-de/H)(1-X/L-2DeX/HL)]/[de/H(3-X/L-8DeX/HL)] =
(17.5psi)0.12 N/mm?
Ve = ®[1.9(F.)**+2500As/bd]=(95psi)0.655 Mpa
VUH >Vc : lacing is required horizantlly
VUV<Vec lacing is not required vertically

g el el Maa araal
s 20 (55 (S)) Lmamivall el aia G 4dlaalld SV 2 il sl apena]
- YY (8.74inch) ssbd (dy) Aokl oY) das (538 je o Aélud) 5 (7.87inCh)
ola 1 +(3/8iNCh ) Lisbss ( Do) s 5 z aiall maall ) (iais

Min. Rj=3D,=3*3/8inch=(9/8inch)29 mm

S/ d=7.87/8.74=0.9
(2* R+ Do)/ d=0.3

. 52% s 5 o sl &3 (1969, TM5-1300) (YY) S (e

Av=(VUH-Vc) * d* S/®*Fs(sina+cosa)=
((120-95)*8.74*7.87)/0.85*60000(0.788 +0.615)=(0.0244in*15.7 mm ?
min.Av=0.0015*b, *SI=0.0015*7.87*7.87=(0.093 in*)60 mm?®

"ale Ve,q (0.110n°%) (5 b dalisa 3iny 53 ale Vo (13/8iN) Lk aas aladial S
s La Jayy ) (e a8 o2 5 Le IS5 el Gl suan e ale Jpeals
2 —age Jaall eay ALY naa ) AdlaYL AAY glaal) g dplad) o) jaad)
(YTcYOchcY\‘) d&.n\}“
dggiladl ¢ paad -
.Sj.maj\ C_SUAJ @Ju\ J\J;J\ @Lg.l}ac cks.nj ‘éAﬁ\ .LMAGLAJ:I (YV) dS.uJ\
coaxS),0 (b YLYY)=Wos sial s

'Y
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e V1 (a8 A0Y) = )Y (s e oo (Side Wall) ilad) jlasd) o6 ) Jans
T\ s YOV (P aigy s )= (fe) Al Al Balaaai) da sl
Jale\ s £),8 (il \aigl Ve n)= (fy) g osmall anall A glie
(1969, TM5-1300) arasill jae cilillial ik, « =(Ductility ratio) dubbhal Jalee
ce Ve (a8 0,81) = (RA) lasll Al 6 gliall a8 50
e YT (aEA0Y )= (L) sl Jsh
5 33(pd ), AY ) = (H) Jlasd plas
c e )0 (a8 0,8Y )= () das o e b pdal ol )
ce ) (pEYYA )= (1) s dae o e 8 sdal) 2y
canl) 3 58 ) i 5 e 3l ¢ Caanl) dazia Y
ZA=RA/W1/3=5.41/(3.31)"*® =(3.1¥ft/1b)0.234 m/N

I/L=0.83
h/H=0.5
L/H=0.78
L/RA=1.57

(28) s, 0S8 labad) e Ll 5 (1L, L/H ) e Jis e 5iS) 4ilida adl (pa
¥ =N 5 +,Vo= h/H dadly Mol Ll liadl cilabiadll ey 2Dl i D e Jscall
) Llany s Apslhaall YA = 1L Al i b e dilide o 36) B (Sa
0.75=h/H 190 = ib ) oS« (interpolation )

i b =90 psi.msec./w®

0.64 = tA)AIW PPies dad 25 7,¥Y= 7 4ai (50 {1969, TM5-1300)(9) b, JSi (a5
(tA) A = 1.49* 0.64
=0.95 millisecond  jlaall e ddasy o 8 e Jaluall Jasll (o) 58 g
DALY Jaad Lo Jeal)
eadl lasdl e Ak sadlsle Coasl) dase )l jaiud 3 53 o) (Duration) ge ) sy
R=[(h)*+(RA)?+(H-h)’]Y*=[(5.41)*+(5.41)°+(10.82-5.41)*]?=(9.23ft)2.82 m.
Jaad) 8 Ak ded ) Coumall ALy Ailisdl)
Caanll S je e laal) e ddati adl 2all Jalase
Z=R/W"® =9.23/1.49=(6.17 ft/Ib)0.425m/N

\v
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sy &4 (1969, TM5-1300)(9) J&l (e
Dlaall e ddas 2y Je Caianl) da gdd Jaall Ll (e ) g

tA)F/WY? =3.16 millisecond

Jaadl Lo Caanll da sal sl 20 oadl Jiad JSE0 (0 adle Jgean) &5 Jalns
to)F/W3 =13
tA)A=0.98
tA)F=3.16
to)F=1.49*1.3 = 1.93 millisecond
to = tA)F-tA)A+ 1.5t0 )F = Duration =l Jaall e s gal oldy ) ol

to = 3.16-0.98 + 1.5 (1.93)=5.07 mille. Second
Po = 2* ib/to =2* 92*1.49/5.07 =( 54.07 psi)0.3728 Mp
a8l 2l 5 Chamal) Jaia (p ADMa)) dapids iy (Y4) JSAD

el asll el il s
(T84 v ) e AN St sgh ST\ i gin YYYA( b/ gy 08,4 V)=Caad Laiia o Ly

Ve YO =il ans B g au¥ O(ad ¢ AY)=dad Jand clews o L A 87 dd\iss )YV
Depth at positive Horizontal [dp)H] =(0.699 ft)20.4 cm
Depth at negative Horizontal [dN) H] = (0.734 ft)22.4 cm
Depth at positive vertical [dp)V] =( 0.629 ft)19.2 cm
Depth at negative vertical [dN)V] =( 0.695 ft)21.2 cm
Average =( 0.682 t)20.8 cm
As = 0.0025* 12* 0.734*12 = p» bd =( 0.264 inch?)5.6cm’

A Cpw le ddlise A o () YV, ) S YY) Caal) el »lid daa Jlaeiad 2y SUA
2 O Rl e )OS s VY il ) sy -
AgaY) s (des

a= As* fds/0.85bfdc’
a= 0.264* 60000* 1.1/0.85* 12* 1.25*3000 = (0.472 inch).012m
M =As*fds(d—a/2)/b  Ultimate moment capacity

ZIY = Ll o pedl 4asll e A b o Lle
Moment at Positive edge horizontally [MP)H]=(11326 Ib in/in)50822 N.m/m
Moment at Negative edge horizontally [MN)H]=(12459 Ib in/in)55956 N.m/m
Moment at Positive edge vertically [MP)V]=(10629 Ib in /in)47742 N.m/m
Moment at Negative edge vertically [MN)V]=(11779 Ib in/in)52876 N.m/m

V¢
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1§ padl) hi cﬁy
toalagl oy Al (105 (1969, TM5-1300) (7V) & DA (1
L/H [MN)V+MP)V/MN)H+MP)H] V2=, yue
Y/H=0.63
Y =0.63*)+,AY =( 5.5 ft.)1.673m
olall (Jidl) ¢ sadd) Jaghad o ga g dapda (i (YY) JSD
RU 4ad Jlad 23 (1969, TM5-1300)(4) Jsas (s
Ru=5[MN)V+MP)V)]/(Y)?*=( 25.75 psi) 1.776Mpa dle! a2l amn Joay 4 Cas
Or
Ru=4[(MNH+MPH)*(6H-Y)/L(8H-2Y)] = (25.39 psi)175187 N/m?
Ec= w'**33* [fc’
=(3528415 psi ) 22376 Mpa
Es= Modulus of elasticity of steel
=(29*10° psi)200000 Mpa
n= Es/Ec=9, 1g=(3123 inch*) = gross moment of inertia
=As/bd = 0.264/12*0.682*12=0.0026 p
(coefficient) F= 0.018Jaleall e Jiasi (1969, TM5-1300) () £) JS& (e &
lc= F*b*d® = 0.018 * 12*(0.0682)° =( 389 inch*)0.000162m*
Moment of inertia for cracked section:-
la=(1g+1c)/2=389+3126/2=(3515inch")0.000731 m" Average moment of inertia

ase Jana o Lo AUl DA e 251969, TM5-1300) slad (YF)JSEN (ha s
el 5 2 G Lo A AL (R-X) a8 alad s H/L=1.26Jabaall 5 ) sl
sall) — ) Adlaid

Determination of the actual and equivalent (R-X) function in the elasto —
plastic region.
Bl =0.029 , P2=0.055, 3=0.03, vl =0.002, v=0.3, R = M/B(H)’

MN)H MN)V MP)V
B2 B3 BV

Value of | (12459) 55956 /0.03H* | (11779)52876/0.055H | (10629)47742/0.029H?
Re (i2b/in2) (415300)1865200/H? (214164)961381/H* | (366517)1646275/H*
N/m

\eo
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Re=M/ B *H*=11779/0.055*(10.82*12)?=(12.7 psi)88281N/m? the first
yield at point (2)
MN) V at point (3) = 0.03*12.7(10.82)**144 =( 6423 Ib in/in)28841 N/m’
MP) V At point (1)= 0.029*12.7 (10.82)* *144=( 6209 Ib in/in)27880 N/m’

cetlall Jaall sgas e o gl O llaall 5 oy jall a8l se Jiay (FE) IS
D = flexural Rigidity = Ec.la/b (1-v?) =( 12407843 Ib.ft)16824194 N. m
Xe = y-Re-H* /D = 0.0018 Deflection at first yield

= 0.0018*16.68 (8.52)" /12407843

=(0.048 inch ) 0.00124 m g s Jj) vie bsedl

P g adad AU die il aadl Gal i
(1969,TM5-1300) Laad) cililliie cavea s 3000 YA a jii g gnd J4f 2
Two opposite edges fixed, one edges free and one edge simple supported
laall D lalae Al &3y 13 H/L = 1.26 4la)) (10 (1969, TM5-1300) (o) JSal (e
—: aul)
B1=0.073, p3=0.078, y1=0.0056, v=0.3
Aaall —45 el As el b o igall ag el adge Jiey (W) SN
AM at point (3) = 12459 — 6423 =( 6033 Ib.in /in )27115 N.m/m
AM at point (1) = 10629 — 6209 =( 4420 Ib.in/in )19862 N.m/m
AR (3) = AM3/ p3H? = 6033/0.078(10.82)**144 =(4.58 psi)31874 Mpa
AR (1) = AM1 / B1H? = 4420/0.029*(10.82)* *144 =( 3.59 psi)24984Mpa
so second yield at point(1)
Rep =Re+ AR
Zalll —4 el Als el g pmd Jy) I sa5all Jeal
Rep =12.7+3.59 =(16.42psi)113265 N/m?
D = (159074718 Ib.ft) 17974567N.m
AX=y1* AR*H*/ D = 0.0056*3.59*(10.82)"*(12)*/159074718=(0.0363 in)
0.000923m
Xep =xe + Ax =0.0488 + 0.0363 = (0.0581 in) 0.002121m

H(CAEY £ guadl)) o) Al £ guadl)
O lalas Al 23 1.26 = H/L alae) PA (50 5(1969, TM5-1300) (YV) s (e

a0

1
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B1=0.078,y1 =0.01, v=0.3
Ru =( 25.39 psi) 175187N/m’ (£) do> e s &
AR= Ru-Rep=25.39-16.42=(8.97 psi) 61922 N/m?
AX =y1* AR*H*/ D = 0.01*8.97*(10.82)**(12)° /159074718 = (0.16 in)
Xp=Xep+ AX=0.16+0.058=(0.243 in.) 0.00618m
XE=Xe(Rep/Ru)+Xep (1-Re/Ru) + Xp (1-Rep/Ru) = (0.158 in)0.004027m.
(Faia e g (38) Jal 5 AR glaall misil) (8IS Lo saed) XE Jiay Sua
alal Jaall L gl — 4o slad)
KE=Ru/Xe =25.38/0.158=160.69 Ib/in*Equivalent stiffness=effective mass
of element
—:alad 2341969, TM5-1300) (°) Jsas (e
Effective mass of element:-

KLM) elastic = 0.65 — 0.16(L/2H-1) = 0.746
KLM) elasto-plastic = 0.65-0.186 (L/2H-1) = 0.762

KLM) plastic = 0.5593 (1969, TM5-1300)(F ) IS5 (30 sdlad s Cam

KLM) average = 0.689

Unit mass = weight of concrete *Tc/g = 150*0.8210° /32.2*12°
=2210.5Ib.millsecond®/in.?

Natural period=Tn = 2* 7 [(unit mass) *KLM/K)]*2

= (2*3.14*2210.3*0.689/160.69) **  =19.3 mille. Second

To/Tn =5.07/19.3 = 0.269
Po /Ru =54.07/25.39=2.12

Ao &3 (1969,TM5-1300) ( YV )<l e Po/RU 5 To /TN G e 38l (0
TM/Tn 5 XM/IXE <Dzl

XM/XE =24

XM=2.4*0.158=(0.379 in)9.6mm. (8 5) yle b B

TM/Tn=0.42

Tm =0.42*19.3 = 8.1 mille. Second

TM/T =8.1/5.07=1.59
3>Tm/T>0.1
Correct procedure was used

AR
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=t ailad) aall Sliud) Ak (e (d) dlaa o (g kD ) sl

O 881 ol aV) 4 (ol dgal il dlad) 21 (1969, TM5-1300) (1) g2 (10 &
PR PARPA|
De/L=0.695/8.52=0.08
VUH=3Ru (1-2De/Y) (2-De/Y-2YH-2DeY /LH)/2De/L (6-YH-8De Y/LH)
=(19.2 psi) 0.132Mpa
oOle) Jsanll udl ey (53 sanl) slatVL (i alga) ] Sl Sy
De/Y =0.734/5.52 = 0.1
VUV = [3Ru (1-De/Y)?]/ [DelY (5-(4De/Y)] = (131.6 psi) 0.907Mpa
Ve = @ [1.9(F,) ®*+2500As/bd] =(95psi) 0.655Mpa
VUH < Vc: lacing is not required horizontally
VUV>Vc lacing is required vertically

g odall yalll Maa avaal
5wt (S) ) Limpminsdl) £LEY) aaa (py Ailiaalld 88Y) o el ppoal) aransl
(7.87 inch) 20cm
. (7.87 inch) 20cm s sbus (di ) Aokl WY maa (6 5 e G Adlasall
(3/8 inch) 10mm Lsbus ( Do) bty sa 7 yxiall masll o) (i 4
Min. Rj=3D,=3*3/8inch=(9/8inch) 29mm
Si/d=7.87/7.87=1
(2* R+ D,)/ d=0.33
. 52% sl s o sl &5 (1969,TM5-1300) (22 ) IS (e

Av=(VUV-Vc)* d/*S/d*Fs(sina+cosa)
=((131-95)*7.87*7.87)/0.85*60000(0.788+0.615)=(0.0318 in?) 20.5mm?’
min.Av=0.0015*b, *SI =0.0015*7.87*7.87=0.093 in? > required

(0.11in%) 70.9mm? (5 sluii Aaliua (3iay 3 (3/8iN) 10MM b mas axiiiny
s RN

YA
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SlalitilN)

ilen il s e o)l @llin o aa g (R-3) ¢ (R-2) Jslan b g LS Y
oLl el Ul Lo gl dpally Gl 5 Jualad) Sai0) daglal dailly 4, kel
Liall Bl 5 Zaslal) o) jaall Leal
isaal slae) die Lalaely sl Gyl pas - (2.0) o Alexivnd) llad) A LY
aldadll A (Y ¢llyg ¢ (Moderate  damage) o sie yaexi ajh DA (e Liidll
—ass La 138 5 Lplall o paall (¥ )5 ALY Jaall( ) L (XM/Xe ) daitiudl
.(single blast wave) A Sl &l 4
i il il Spalipal apanaill 5 Jolail 48yl A8y o) Ganidll il ekl
LA i) Apl¥) cllbiall aligin Laal apenaill ey s Al Caimall il ol
- Aglenll g Ay ylail) il (o iy ABLaal)

-

~rn

O oaad) dlans Qi I o5 7 el bl 3V g Jlasind o) Alend) gilial) o ekl
sy AV o (a8, AY) ) anos (a380),78) ol Lo (e Ll 36l 5 dpalal)
Ll aliaidy) claudl

[0}

aa 0l (scabbing ) ,—i& isn s axe PIA (e dpadadind e Lils a8 Lad) o .
e Jadl Glld 3 g5 Lil ¢ Jad s jadl 4l e (spalling) acdass sl
- (1acing) Lagin z sxidl aaall Jae 5 oY) ol
b S el 3a) aeal Alle (Strength capacity) Jess daw ol 28 Lasdl ¢ 32 o)
e Jay1ia g pandll die Hlgl o Cana (o edan o) A8LENY) jualiall olal) Lla
- Ladl ¢ 3 (integrity) Jolss
inie A (e L@l oS4l Alle (ductility)adiae 4008 Lasd) ¢ ja jualic <jelil LY
DA e @lld g ddle 455l dpulall o) ol @l G bgaedl 5 dea¥) Lo 4k
-(1969,TM5-1300) jacad) 5285 Lo 138 5 dga¥l Jasd @ld pe Juals bogia sl

s

e a (Alal goaally A aal ) AALEY) jealial ALE o Ba gl A
Lossel 5 ea¥) e Lo D) ey sanaall Aalisall A (e elli g 28N by

V4
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Y dldy A laall e el Buiay S8y daga o) 38 dilall o) jaadl o) sl L4

Aat8 dga g o) el Jlasllsoasal) by ydll e calian &l jlasll sassal) oy il

Aead Slaas 8 adaas sl asll s el Aledl) o (Venting) gl 5 4y sl
s S

Al zlady dma dilee (4 7 padall Galll paa S i gt lee o) a2 1Y
) qoltll 5 5l s V) Apalin e (el aaad Sl e g sl 138 ) Y L)
el b spall daiis caal g Al il kgl daslie i ol 53 (continuity
. Caanll e gal 43llad)

small ali te Jad oy Jee o) i e LD A ol Sl 7 i) Gl aas o) L))
O i Al e Jlall dagday a5 Cuae Jleal ) Ay g0 a5 Ledie LY
B SV N [ REN P EN I CEN T ENN PIPS SO [ STORA I N

Dol g Alall o paall el baggdl Jaie o el s 550 g el (il paad o Y
0585 Came la e (e Al cliind) B Gse je 06 dpaldll sda il
canll A ) DA e A e Al bgral) ol (aliaial ) dalal)
il 138 e Jeally aabiind 23 Lo 138 5 Jlea) el el L)

(1969, TM5-1300) zealocil wyas 5 dibu ,all Saalunal) 304 30 Jalas 1 (R-1)d 52

<aleal! Sl 5aly 30 Jalae
(Stresses) Dynamic Increase Factor
(For bending) il 11 bl yaa
(For shear) il 1.10
(For compression) Lalcaid™ 1.25
(For Diag.Tension) (s_kill 1l 1.00
(For Direct shear) jiluall adll 1.10 aalu Al
(For Bond) L yll 1.00
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At ol (3 lall 5 (il Lo gl Al g Aulndl ) (o Le et (R-2) I
(@) Ll o jan 8 Lo sagll And e

(<) isie Lo s (ool (85 e Laga adl
Max. Residual Deflection Max. Transient Deflection Lol yeaic
e g e gk
Experimental Theoretical Experimental Theoretical
0.136 (inch) | 0.137 (inch) | 0.405( inch) .,¥ye(inch) NI
0.226 (inch) | 0.177 (iinch) 0.44 (iinch) 0.336 (inch) | 4.0 o yaal

Lanall Zpslad) ¢ joadl s Al Jaall Leadl 5 ookl il Llady 45 jlae :(R-3) Jsaa

PR DY g [ 2% bl Gl SLEY) yaial)
Experimental crack pattern Theoretical crack pattern
‘L:8.52f}/ L=8.52ft sl Jaal
j5.31ft f[5.31ft
H=10.82 7 H=10.82ft Y
7| 5.51ft : 4 Y=5.51ft
A A |
[« [+ [+
4.26ft 4 26 ft 426ft 4.26ft
Free Free
b A @l e oadl
(= 0.055)1.397mm
PN RPIN

L=(10.82ft) 3.3m

(z90.005)0.127mm

L=(10.82ft) 3.3

m
74
, :Iv:(4.26ft)

— ﬁ —_— N
e
(85210261 7" he@snfy > X L2om
TSNS 2.6M NI NN NJK
X X N
b A il e as-""gi X X

AR
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roratos [Zp— i e oeaion Limie Uvimate sl rtanes e
| | rEw——— [ e x
Vilom of L i Two sdiasnt sdose - . ssi | SMevtMur)  (MyutMe)@L42:)
Mg ek e b u F."" e gt 1 7 % RO
" 3
| B | B i
| ::I ,»/‘ =
o
| XYY ysh | SMvrtMur) | antMur) GH 42y)
| L v DEH-2)
U 0 0 - - ™ o
|
| |
|
X
| Three edges supported and pck | SOMmtMar) | (Mrwt M) GL+4z)
| | ) one edge free / 2 g H(@L-4z)
LS o on 0 = wm | é X
L L \ L See
| 0sgLs? .“—UJO(—-I) 0&6—0.]“(»41) (I.BS-“.IE(—‘—] - =017 !‘_ = S
: i m i 0.86-0.175 i 1 ﬂ!\m 0.66 ’:’u“:‘\ sl yen | SOt Mur) At Mar) @1 -y)
(%) L v DEH-2y)
Ui |0 [ 08 = ™ ‘ ’
| |
7—71
Lili=) 0.6 061 0.6 0.8 08 Four edgen supported agl | SMuntiur) | 8(MywtMyr)(L-1)
X 2 = H'(3L—4x)
| i |
L L L L |
1< 01408\ -1 ) | 01406( =1 (02408 LA |y (s
<LH< ! (” ) B4 (" ) 08240 l‘(;\' l) 0.8340.16! i l) (L&HO.I&(E-l) |08
b ] i
L | on own 0.7 (%) X | p<H | SMrA M) 8 (antMar) BH=Y)
| 2 v " DEH-W)

4

oA e Jon ot LS5 Jaadl Jde(B)0sn oty lan Jan eaial Jand oosl(4)Js2n

Yield location Limits Ultimate horizontal ahear stress suy Limits Ultlmate vertical shear stress sy
: 3ru(1=du/2)" 3re( —du/H) @—2/L~dez/HL)
x 0<d/z<3 LGt . O=d/H<} du/H (6—=/L—4dz/HL) ?
o ru(1—d./z) ro(1—d,/H)(2—z/L—dx/HL)
7 =d/z<1 2(d./x) y<d/HS1 S ad/H(—dz/HL)
|
3ru(1—d,/L) @ —y/H —duy/LH) 3r (1 —d/y)' 3
- S j 0<d/L<} S /L 6—y/H—4ay LH) 0<d./y<} @./yG—4d./v)
-
XXX
ru(1—dJ/L) @ —y/H —duy/LH) (1 =d./y)
L 1<d/L<1 oI 1<d/y<1 =
3ru(1—du/2)? 3ru(1—du/H) (1 —z/L—diz/HL)
0<d./z<} &/2(5—4du/7) O=tal st d./H (3—=z/L—4d=/HL)
n(—d/z) re(l—dy/H)(\ = 2/L—diz/HL)
1<d/z<1 2@ i=sd/H S 4./H (1 —2d.z/HL)
3ru(1—24,/L) @ —y/H —2dy/LH) e Ir(-d/yy
0<d/Ls} 24,/L(8—y/H—8d,y/LH) B Ly G—1dfy) 1
ro(1—2d,/L) (2—y/H ~2duy/LH) r(—d/y)
1<d/L<} ———j}————“'/w T 1<d/y<t e
f = |
3r (1 —di/2)! 3ru(3—do/H) (1 —z/L—2dz/HL) |
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Analysis and design of reinforced concrete walls under the effect
of blast loading

Saad F. Salih*  khaith M. Hassan**  Hassan k. Salih ***
*College of engineering - University of Kirkuk
**Ministry of rebuilding and housing
***Ministry of science and technology

Abstract

The aim of this study is to investigate a procedure for the analysis and design of
reinforced concrete walls (back and two sides) as part of the structure to resist internal
blast pressure. The effect of the blast pressure on the strength, serviceability, ductility,
energy absorption capacity of reinforced concrete members (back and two side walls)
and their behavior has been studied. This evaluation will specify the required thickness
of the two side walls and back walls as part of the structure in addition to the quantity,
shape and connection mechanism of steel reinforcement. To achieve the goal of this
study, all the variables can be evaluated, experimental program was set up. It was
intended to carry out a field test for the structure (box room) which is made of
reinforced concrete having the internal dimensions of 3.3m*3.3m*2.6m (10.82
*10.82*8.52) ft. with strip footing having the dimensions 0.53m (1.76 ft). width and
0.54m (1.8 ft). thickness. The structure was subjected to a blast pressure due to a charge
of weight 1.5kg (¥,¥) ib). for a recommended degree of protection in terms of ductility
ratio = 2.00 .The objective of the test was justified since no scabbing at all was
observed. It was found that the thickness 25cm (0.82 ft). for side walls and back wall
can keep all the outside individuals, equipment and buildings safe and away from the
danger of fire and fragmentation during the period of blast pressure. Good agreement
was found to exit between the theoretical and the experimental results.
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