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Abstract 

The Structural Design of Tourist hotel in dura city. 

Work Team 
Salameh abu qurandal Majde qazzaz 

Ahmed alrojob 

Palestine Polytechnic University - 2012 

Supervisor: 
Dr. Nasr Abboushi 

The purpose of this project is the structural design of tourest hotel. 

The structural design of the building will be carried out according 
to the Jordanian code and to the ACI-318-code. 

The structural design composed of analysis and design of the 

several structural members and all of the plans needed to complete the 

construction. 
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a = depth of equivalent rectangular stress block, cm . 
a, =depth of equivalent rectangular stress block at balanced condition, cm . 
amax == depth of equivalent rectangular stress block at maximum ratio of 
tension - reinforcement , cm 
A =area of concrete section resisting shear transfer . 

C 

A == Gross area of section . g 

A,= area of shear reinforcement within a distance (S). 
A,= area of one leg of a closed stirrup resisting tension within a (S). 
A, =area of tension reinforcement ,cm 
A's = area of reinforcement at compression side, cm 
b =width of beam in rectangular beam section , cm 
be = effective width of flange in T-section beam, cm . 
b,= width of web for T-section beam, cm. 
Cc = compression force in equivalent concrete block. 
Cs = compression force in compression reinforcement. 
d = distance from extreme compression fiber to centroid of tension- side 
reinforcement. 
d' = distance from extreme compression fiber to centroid of compression­ 
side reinforcement. 
E, = modulus of elasticity of reinforcement ,MPa 
f'c = specified compressive strength of concrete . 
f, = specified tensile strength of reinforcement. 
M,= nominal bending moment. 
M,= factored (ultimate) bending moment. 
R,, = coefficient of resistance. 
t = slab thickness in T-section beam, cm . 
B, = factor as defined by ACI 10.2.7.3. 
s's = strain in compression- side reinforcement. 
s Y = yield strain of reinforcement. 

p = ratio of tension reinforcement. 
Pb = ratio of tension reinforcement at balanced condition . 
, = ratio of reinforcement equivalent to compression force in slab of T­ 
section beam. 
Pmax = maximum ratio of tension reinforcement permitted by ACI 10.3.3. 



• ,,=minimum ratio of tension reinforcement pennitted by ACI 10.5.1. 
• p , =required ratio of tension reinforcement. req d 

• <p = strength reduction factor. 
• DL = dead load. 
• h =overall thickness of member. 
• I =moment of inertia of section resisting externally applied factored loads. 
a Ln=length of clear span in long direction of two- way construction, 

measured face -to - face of supports in slabs without beams and face to face 
of beam or other supports in other cases . 

• LL = Live Load. 
• Ld = development length. 
• Lw =length of wall. 
• M = bending moment. 
o Pn = nominal axial load. 
• 
9 

e 

• 
• 
• 
• 
II 

• 
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• 
• 
• 
• 

• 
• 
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• 

Pu = factored axial load . 
S = Spacing of shear or in direction parallel to longitudinal reinforcement. 
Ve = nominal shear strength provided by concrete. 
V, = nominal shear stress. 
Vs = nominal shear strength provided by shear reinforcement. 
V,= factored shear force at section . 
W= weight of concrete .(Kg/m3) 

W = width of beam of rip. 
W, = factored load per unit area. 
d = flexural depth of the beam, cm. 
L = beam clear span, from support face to other support face . 
N = number of stirrups required within a given segment of the beam . 
NI = number of legs for each stirrup . 
Vsb = nominal shear strength provided by shear reinforcement at the section 
where Vs is the max permitted by ACI 11.12.1. Locating of this section is 
needed to define which maximums provisions applies. 
Vsreq'd = required nominal shear strength provided by shear reinforcement." 

Y, = factor shear force at distance d from the face of the support . 
Vu req'd = factored shear force at the mid- span of the beam, will not be zero if 
the beam is partially loaded with superimposed loads. 
</JV,,max = reduced shear strength of the beam section located a long the beam 
span where minimum shear reinforcement is required in accordance with. 
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A = Gross area of section. g 

Av= area of shear reinforcement within a distance (S). 
Ar= area of one leg of a closed stirrup resisting tension within a (S). 
As = area of tension reinforcement ,cm 
A's = area of reinforcement at compression side, cm 
b = width of beam in rectangular beam section, cm 
be = effective width of flange in I-section beam, cm . 
b, = width of web for T-section beam, cm. 
Cc = compression force in equivalent concrete block. 
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M,= factored (ultimate) bending moment. 
R, = coefficient of resistance. 
t = slab thickness in I-section beam, cm . 
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s's = strain in compression- side reinforcement. 
s Y = yield strain of reinforcement. 

p = ratio of tension reinforcement. 
, = ratio of tension reinforcement at balanced condition. 
p 1 = ratio of reinforcement equivalent to compression force in slab of I­ 
section beam. 
Pmax = maximum ratio of tension reinforcement permitted by ACI 10.3.3. 
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Lili sly6f ls]le 5ya» 536 a &stall LU4s, ellsl, cgls.ls 4.te5sill gals&all asl le gis± y, 
~)I_, <,?.)Ll=.11 r~I ~ly, c} ~~ r°'w, h\)l y4--,,l 4.9lS ~ .}_,:i..9 c4,.cll ~ ~Y'..9 Lu... u-11 ~wl cY'-"l.J 

. h4--,JIJ~ 

w44b-YI ~ ~_, liil"w.fi~ ~I wl~)'I ~ I.J..9j ¼.1.o tJ, tr4-ui J.ili i:-Llu) t} t_,_µ1 ofa ~_, 

_)_,:i ~Lb..._, ,w'-4j.\:i.u..., L,)A ul...uYI ~~ L, JS~~ ~_)4-:i Jh.o ~ ~ .J&-9 !Ll.l.JI I~ ~I_, ~L..J..I 

tJA I.A.fa._, ;i_vljj lg..k ~ wL,l.b..J..ul'){ ½-U~_,, ;;.J~l :i_:;1b .. ,\.l\ wY.,SLll :i..slS (.)-Oy::i_, c:4d-l hi)\ ~L..,\ :Uts 

.w'-4..b..ll 

ri c}l.fa...ll c:9.,.J4 ~~ ~ i:-ly.,, ~u ~~~~I i:-Ll.iJ jl_;.JI t5_J.J1 4-.....ily ~ A...l).s t_..9~ <:?I~ 

4541 i 5151.,41 7,611l cs sill fly 

ofa i:-1.hcJ ~ ~:ili ,Ji..,\'I ~I~ &iui c} cjiiJI ~4 \+iU)lc. _, WWI ~\.WI ufo ~ 

~\+JI tW) _, ,~I wL,~I_, t).,.;J4 c5_,.JI ~)W..9 i:-1..i,Jl ~foll tfai.J)IJ c:~ji U4 ,c5_yJI ~Lie uc A.AL:. 

.cl y\ca9 ill <zg )/ sts5ls @ss A 

¼.l.c.11 J;.~ l-8 J..,al)I, l.).Jj ¼~ c} li_;.;:j\ t) .. .:. ~~,~~I .fiy c} 1.J_,j ¼.1.o c} (..9~11~ ~ 

t4i u.o) ~ ~, ~, o~ tJ, 4..1..,~ ;;_;s..,.:iA wYL..dil'I_, w~1~1 ul.s Jl:il4J, ~)\ ¼..wl .fiy:, _, J~I 
.2% 4000 ¢5L» 
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~_,JI 02;;..,-; o\.c.ly f-3 ~~.., ,(2-2) ~I J, (1-2) ~I ,o .Jtfol f-3 ':?~I c5 ..,.JI t4 t..,yt.JI W)La f-3 ~J 

.c::l:l)IJ ~I :i.S~.., ~~IJ ½,?,_;ill~ C>-4 y.u,U... u1& _..,y:;.:,.I olcl.)-4 tiJ ,J~l ..6._,~ ~J ~ 

- : c9_j-J1 ~i 4-2 

_fi.YI <)yll ~l;i)l .:il:i....;/1 c)c 4-lW,.,:; I c)J ~I..A)'½ '~ ~ ~ ~ <,r'~ c}~ ~ l_)J.:l ¼~ uJ 

. ~~~_fall ~I Y..,~ ~ <) 

s±'9I <lh4ill, 75141,0149sys Cl! @st.cay'ly ,=lull 5stall Loy @541lF sis 3Lia/ c,sty/ as! 3lS 5 

.cf3! 345¥ @2_3UI 

Stucly Area 

. c..Ai-J I ey4 ~ (l-2) JS.JJI 

8 



.:,1l 1 .4t61U l 8 6534l 0 1s 3\916 0# lg1el ,13 33#4 l Is sf3¢ jg5 ,l y349l,,sl cg» Os 

~ • . 11 • A..w:ill Ll.J 'it.,.&i....,I_,, t:Jy:;,..JI I~ Ji,. ti :i.iluJI 4-:..b (1 -~ i.,r , c:!.J IS, . 

. t_,_yWI ~ ½-1C- ji.ui:i ~~ u-o) ~ _) JJ (2 

~14.J (3 . -~ 
®l ! Us-3 3-» (4 

-~ wl~ c5_,.JI J;.t.u:.,1 (5 

- : r\.:i)I-J ~I ~-F- 5-2 

04":i ~I ~JJJ ,~ '-:-1.JC.JA 4.51..b ~~,~I~ t} ¼--JI J,.ly.ll 04 cl:)1_., ~I A.Sy.. 4..u.ly u} 

4.51.hll LJ-'I c.fi.- ~ J,61 c.sk J_y.=J I t} 4w ¼-u, J t.,11> ~_;ill 4.ihl.J I LJ-'I '½le t9l)I t_,h,.J I LJ-'I ~L=. C'° ~I 

. ~..ull -4<l4i, .• II 4.51.hll ~ LJ-'I Jfoil l_,,~_»11 l"yi ,s 3-tl 

~ .iJ c;Ll.i)'I ~1 c.sk c)tily_, ,~1 ul.J.i?- c.sk Ji.>.1 ~i J.=. ~ ~ ,c;4-J1 c.sk .J#. ..»3'1.:i c:4.)l 
.38ls 5,4yl3 54g5l\4 @El5ll,4501939 ly &dSy <a.af,,l isl le galls <l) ll yl5 5tel_y» 

4-s.Jy:;, ~ ts¥1 ~l_►..i F ~ ~ o_;A\..1;, ~I A.Sy.. J~, J,.ly.ll o~ _;Jil:i (~.J:! , (2-2) ~I.J 

-:lllf dslt a+ass 3 LS lg;55 is 

file Ar,ol!,1l, 

· . .'· ,, 

'Wind • 
(l.ul .J ~I ~.F- (2-2) Js.,;J I 



ls;) Ala\yI @,Lall z9ls, slsll <.all 54ly ¢jag slay! ,i% ¢j & &05Sys,ll 45465 s gel 
t.}.11..,bll o~ u..AJ ~ '-4J(2fl 800c)I 340) u-o whWI <} ~ ~l_,.b ~w ~ ~ jy, ( 21" 8430) <)1.? J~I 

( f' 3.5) tLl:i.J4 JJy1 ,(3-2) JLl.11, ~ c.\A u .. f•A _,oA.J ,4.u93 (2t 1700) 0-}lbll 1~ 4-:,,._jiiJI 4-:,,.L....J\ ~ 

.. ,_►..., ii~ c)l ~ i;w1 ~I.J wl).~.Jl e;:lfo JJ')I ~I J)li1...,1 ~ ~ ~l.i.i ~~~I wy}kill ~ ~ .J 

5As a Jill saalls zLal UXA ·eus, -+l3ls: 5 el4gS ±5s gjlS caas lo ssf=5 
~t.11. 1 • •• • J ·. :II ~Li · · c: ~L.....o.A <:?ll~ - I '-'I w .) -- - 11 4...li\.J · • < ~~ ~\.1,, ~ - .lilll - I - '- ~ 11 .J ~ .J.r - . .A-> .J ~ j= - . ~ - ._ft--' - ' 0 tY. y::, c.s', 

~I wl.J.J.lll Ji.., ~I .d..4.b.11 wlh.J c)I ~~j, LJ:1j.:,,.'.i.ll wlh.J 04 ~~.J ,c..,.i.u,U.. ~ ~jy, 4.,!.)l.c c:::'.J.)I 

. 0;11_,hll .-1_►..I (.)4"-} <} Jit.a:i.11 .)y,,.J c)j ~~)Ty c.S.?-'11 0;11_,bll ~ wy}kill ~ .Jfo .J, 1.A_>.:C .J 

r 

\ 
farnitarzd asmgnt floor Plan 

J.ili.l l l.":it...~.J [Ifill ~U:i (3-2) JS.J.l l 
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-: ~)11 J:ilhll 2.6.2 

w\.)w.11 ~ ~ .J (4-2) J$...;JI ,( r 3.50) till}-u , 4ifa ( 2r 1800? ~lhll I~ ~_ji.Lll ~L..w tW 
u)b....) Ji.. '½.J~ c.::.i)b.o ~ <$.ih-; ~ ~lbll I~ ~ ~)I u~I ~1 <Y'J' 1..,-4'1~ ~ ~lhll licl. i {il5% ,J 
jl.)l ~ rY:l t...... off .J ~jWI wl.Jj)IJ c.::.i)b.o.J ~~l w)G.AJ w!J_,.uiu&) w)h.. <211~.J !'WI.J J4.)l tY4)lJI 

.($ y.. I L;-1J""tS.. .J 4-;!}.:i _fo..i J I' I .J...O yi"'lSA i)c .J O ~ ~I :i.c U ~ ~I '-#~.J, ( o y...'yl 

+®yd5±»es$bay/3/94f sla» 0XS +s cits)gs RsJ <l»cs G\All fs ! dye! e 
~.J4-.'.ill Jb,JI ~) ~1.1:~.J ~4~ ~y J:h LJA ~\.:ill ~1..b.14 t.5-:\.hll I~ ~.J ~.J w; ,o._;.t4,. 4-41~1 ~ ~lhll I~ 

-~ 

+I=) EL 
~~~ . ..._~,.,c°'4' ..+ ... ,-­ ·~-_p~-~-.,.:.:;._, 

. ~}JI ~thll ~~1 ~I ( 4-2) J.LlJI 

11 



-: J.J'il J,:lbll 3.6.2 

~_, 4-Sy,JI ¼-..i wl.JAA ~ ~~cf:,.]\ ~l_j.li ~l.9 ,uyl_) ~ ~~ ~ ') t3:ilb.ll I~ J;.bll 

4:.fa:i (2<" 1800) <Y.lb.111~ .d,.:,..fo.J\ .d,.:,..WI ~, ~~I_, e::I.J.:i)'I J)G.. 04 o_)ji.4 0,Jlbli I~ JµI ~tS.c.JJ ,¼~ 
. l.;-wlWA ~ 0,llb.111~ i; ~I w~wll ~ ~J ,(5-2) ~I .):ui, Cr 3.50) tW)-u, 

5:5,54ll5&5l de lfytgicoNlhall935f,55y5 clsb» l hall a s523 :-ll (1 
.±l @636J s\a€99399 €143y5all\Sa 3@5L40cell dl Sos heUlSas ohs le Lal 

<"3 ~J Jii:i]I_, ~y,JI ~y.. (-¾U ~ ~ ~ 0,llb.11 I~ ~ ~.J~I ~I tjfa : ~.JL,,..:i w)b... (2 

. ~ .d,.:,..\)I y,5_fJ_, tY4)1 t..~ c}4~ e;:.J.:i J)l;. 04 ~lill 0,llbll <} ~.J~I Jku.ll ~_, ~ ~)I 

f un1itur~d first floor Plan 

12 



-: ~WI J:alhll 4.6.2 

I~ <.s-9 ~I w4Jw.ll ~ r3 _,, ( r 3.50) till.Ju , '-+.!fa ( 2r 1700) ~lbll I~ ~jiLll ~b F- 
i\<; 5gs ,¥yll cs5 '® ssfe± 53t16l/ Ii gs &3044J cs\llsill ,8l A3 (6-2) <.ll ,slia US.y 5l 

\ill c6, ,14605yS -s =l5le La»ls/s:s, e J<@sis ·ls 5ys» h-is @slll is colas Cy» lgell» 
-t~u...., .J wlA~ .J o4,o ul .J.J.:i u,o ~ .Y:! lA J..,~ .Jl.hs;il rh..b J_,\J:il O _»:S ~t...., ~ _, 

f urnitur12d ~12eond floor plan 

13 



-: ~l:ill ~l.b.11 5.6.2 

..bi...,.J\ c_} J.,'W (Y.Lhll 1~ c_} ~J,;J, ( r 3.50) tWJ .. u , 4:!fa ( 2r 1300 )(..}.llhll \~ ~.fo.JI ~lu,.J\ ~ 

4-->Y:l t.... ~.? JS1 y,!j°J ~ ~ ~':ij.ill up JI (Y.lb.11 \~ c_} ~\ w4lk.ill ~ J (7-2) ~1,c;l'.i.l1 (..}.ll.b.ll c)-s~I 

.8\yl c45sl s As's-Us ts sly 5339 Ce 

f urnitunzd Third floor plan 

14 



-: &1)1 <J:ilh.11 6.6.2 

&i;\:3 <y5 (21300 ) At Is4J7, 6all 7sbs zl5, «l6 call 5#hl Ci±YI .A6414 la5 a .Js.X5 
5o3°Cs4-5l) ale @l41.ta Ase JS le e9Jill es± 5t6 Is8 cs 7ilia,l al,65,53, (e 3.50 ) 

.(8-2) JS..;JI ~lfa)l} ~Y:..J o4,i 

f urnitur~d fortb floor Plan 

• &1.;ll <...i:U,.ll cfa~l .lu...,..JI (8-2) Js,.111 

15 



cJ:,Lb JS c} .u.t;._J1 wl:IWll ~ ~J, Cr 3.50) tu:i)-u, 4-l.fa (2r314) ~lb JS.I ~fa.JI ~WI~ 

.(9-2) 0<l sly39' ## JS J»ts cl ey% l 

a, 
f urnifunzd fifth&t@)ixth&@)eventh floor Plan 

16 



-: ~~1_,11 ~J 7-2 

Las sl » Ce='5 \ell @3L 5ll, 7,1 &3la5ls ,tll Alar ® \4sh654 45 Tl Raes al gel 
~ ~, J4.II ~ Y-9ji...9 '½y,JI w_,_};11 ~_,ls,4 .b_,y:;J \+i:wWA :i..b,iy:. ,(~I )~I ~.J Jcb.WI ~I 

.5SA 3 els99\3 @let±cl 5i Ahal ya>3,-4lsl + 'slll yy s,,l±st4 

-: '41WJI ~l_,.1I1-7-2 

~ ¼-?-1_,11 o1l. t} ~.J ~WI <Y.UJI ~ J=..~.J J}il 13-:UJI ~ ~.) ~ ~ ¼-?-l_,11 o1l. (5_p-J 
.(10-2) JS.SJ! ,~u,Jl l,ul-.o 'i4 w~l_jill o1l. ~ ~ ¼y,...\ I ~I~ UA w½lyll 

North el~vation 

~I ~1_,ll (10-2) ~I 

17 



-: ¼~I ~l_,JI 2-7-2 

w~l_jill ~ ~1)1 o~ ~_, ,wl.Jy....ill w..9.J-4 ~~-' J.;..i.A ~ J..,:Ll:w_,, ¼~I Ji1.i:j ~I ~1)1 ~-' 

.(l l-2)J$.,:;:11 ~ ~, ~1)1 J4 .J41>l ~ ~\..WI (.J~ ~L.. ~ ~L...t.11 ~I u-o 

south €lgvalion 

18 



- : ~y;JI ¼-:?,.l_,ll 3- 7-2 

easf e'kvation 

.(12-2) Js.±B 

5I 74+ls!l (12-2) Jst 

19 



-: 39ill 444/5l 4-7-2 

~..;i.ll ~l_,JI (13-2) Js..1JI 

20 



3 

21 



~Ll:J)'I y-:,WI ~lji=,-1 t4, ~ ($.JJ~I ~I ylj.a .:i.?.-_, 01..,w:, Y. , wWI ~ ~ u,a tfa.ftJI u) 

~Ll:J)'I ~~1 .:i,i.b-J u-a ~ '1 1~ .cJ..Q \11 y, _, ~ J..,tc » .i3 i)! 4JW> )'4 , ~.:i~':/1 ~Lili u-a w~ foi .:i~i ~ 

~ ~ y-:,WI o~ ~I t ly'il 0H wu .JtA,, ~ ~~ _, ~'ii y.al..WI .J~I ~ 'i t_..,y.t...1 1 ~ ~ ~I 

_;...olk..l.l )l.,Ll li..a _, ~ I~ uli. ~~.., ,~ ~ ..,o-o.ll ~_;'-=.JI .:.ilbb.JI t"' ½,l .)~I r.:ic. iJ! ~1.....:::,J ~\.....JI L,~WI 

~Ll:Jj ~ i)j J_y-a )I ~i 04 t_..,_µ1 I~ .:i fa. ~ lb.') 1 & oJ o o'i _J ~ J..,WJI ~ ~I t_..,y.;i.Jl 4.j fi.JI ~Ll:J)'I 

. J..,lS 

5yI54114slll s Cs+·'e ls--es8 <3·sY ,\tsyl ,a1l % 4all egll cf 
c.JLA.:.. '11 ~ly.,, '½le. Wl)I J-=.\ri ~ ~ 'ii ~y.ll .b_J,lb>_, ,(fa ,CY.J ,Jj'lj 04 ~_;\.::JI wlJi_;.JI F- r-'~-', 

.&\.,691 @4l<&ll st=ly» • 4ls l ,l55.491@6.a le .tisll ill " is,535ll1 ye sl 5 y\,l 

.:i_,sJI ~ A.lab.II y-:,l1..ll ~Llw)'I thu.JI ~ y, we _,y:;,,o ~ '½ rt.foll .:ily, tf ~I ~Llw)'I ~I uls I~_, 

~.:i_;'ll .:i_,s.11 r1~1..,, ((Building Code Requirements for Structural Concrete (ACI 318-08)) ~y,'11 

.As Olaes¥l sos fl 

r-'~ ~~~\+ill~ J_y.-=J I _,~lfa_, J..,ts:;... ~ t_..,y.t...1 1 rW)' 4,:~I e:::....olP-1 u,a .d.c~ rl..b..'..i.u.y_, 

. t_,µ 4-klS:i...o 4~\2•i'i wl..b.b..... r-1.:i:ii _, '½le Wl_,ll tS_,i.11 ~ 

22 



-: c)c ~lli ¼\...::w'11 Lh.ll ~.h.3 • 11.:ill.i . - . ~ - ~~ ·-' 
~l..::w)'I ~W t;bliA .Jt.;i.-;..1 y,c. ~~:(factor of Safety) uL..YI J.,.k. o 

.4Jc, ~-ull wb'-r.,. )'I _, <.S.,ill J=,.:i c)c ii .J..:,l.9 

u,a_;.ll 9ts _, :ws:tll ~WA c-1=t.i.,_, ~~I ..:ily L5:!Y> UC~ Ml :(Cost) ~I • 

.Alsl Cy» ,1556. sill 

~ _, (Deflection) ~lj .bfa. til ~ ~ lJA (Serviceability) ~ ~I ~~ ..:i_,.b. 

,y)b.JI ti.J~I _;WI~ 4b YY ~I (Cracks) ~,, •• •,,11 

_L;.wj ~~I ~1_,:JI _, Js,.,sJI 

• 

• 

~)G.. u,a .ui ~ ,~I_, ~I ~ /.AJ)' <½ rlfo.ll Y.;>-;! ~ _, ~ .J ~_►...~_;hill 4-u,l_yll ~ 

Wl_,11 Jl=,\11 ~.h.3_, ~ ~ ~L;,j)'I ~Lh.ll 4-u,I.)..:, Y-?-:1 ~~ ,~I w4k, lJA ufa L.. ~i u-1l J~_,11 ~ 

.~WI J.=,11 ~.Jh.J <)a'jl_, yfo.JI ~I ~l J~_,ll ~ JS. c)c 

-: ~I ~I.J\+ii.';/1 4-3 

~ ii_,s .d..9µ ~yl.l wl....o_p-9 ~I_?.,) y, ~l..;;.jJ t,JY"-4 (ji ~ rlfo.ll J,is ~j)Lll ~I wlJ+i.::..';11 r"'i u,a 

e+sf de) els ,9,, <talo)l a! 3A±,ll &,ltll @&±All 5ass @sill sl ersia Asa9, gs sis l4ti.al ;as 

. 4-::lc ~J)IJI ~_ji.11 wl....o_p-9 J.=.l c:9yJ1 ua) u-a ~~I w4JI hi3, 4..uiJ.J~ JL.c.i_, ..:il..)c~ ~_ji.11 t} ... ~~, 

-: 0las9I 5-3 

s &\ 5l cay-w Gs s! !, elsl Lilt ,65,93 iill le 555 cs Asses 4 dla 
~l..;;.j)'I ~LW.I c_;\.:;,j'!' ~1 c)c ~ u&-\! Jby1 yl....c.. ~ ~ lb:.. tii u'l ½lb ~h~ ~1....c.. ~ JL.. . .:,\11 

• "\£A J..,w.11 A2•§.., Lll..JI c)c 1>_»1'1:i ~ o.b, c)c ~~I 0~ (.JA J..=. Js u-1l c.i;.b:i..i w_.,...,. J._a.gjl ,~ t}J' ~I 

23 



: 4"14 ..9, (Main Loads) ~)I J~'lll 1-5-3 

. (Dead Loads -DL )¼,JI Jk\'1 (I 

. (Live Load -LL )~I Jk ~I (2 

.8351 AS9l3 c\Sly tglass ,ill sic! ,l±±1.91 @.ls a 7s1ill le9ls 39 
.4/,J_,II Jk ~I (3 

,•·· . ··•.·. 

WT"TNT"TTN 
. J~'lll Jt:i:i.il: (1-3) ~_; JiJJI 

24 



-: ¼,JI Jw.'.'I1 -1-5 -3 

ulJ..,\rl ~,..,....., 4-c-1~1 w.l:i:...a ~ ulj__,\rtS, (~~\.;JI uc) ~t..:;J)'I ~Lk.ll uj.., uc- Wb ~1-i.ll ~~I~ 

I.SJ! uc :i-':'-lw.11 ~4-ll c5_;ll ..,I , ~I c.s1c ~b y,:iti wl~ Jb \ti o~ .# .J , ¼J .JS ¼l:ill y...:,WI ulj) ..,i , Ll:iJl ¼ifall 
~~ 

y...:,l..k.ll ~ :i....,~1..)1_,.JI wl.9GS__, ..)~i J)l:.. tY' Jb~I 0~ ~y-,o ~.J' "-:1..)\..n...,';l\ ul.)~ ~.fall c!-..) ofo :i*.Jl;.. 

.~Ll..i)II 

le! 3, 335l ls) 3 cull ss &«1$1..ll &3 5ls L,l 6,615ll yl5991 39 .ill Is Ca ls.y3 
3 {sell3 3 g< sly±all3, 5.ails ,zy50) ell @ls1 Cs 3a15i.all 5_ls.s 5, Jl alga9, <l:co yyD 

. ~..).J\rl r.S_,ill__, Jl.=,.\rl ..)fi ~ ~~I ..)\_,.JI JSJ ~_.,jjl wUOOI ~.J:1 (1-3) ~.J J..,~1..,. :iJ~I ~y\rl 

S. Weight (KN/m3)~_,.lll '-9~1 (Material) oJWI 

22 (Mortar) ~1 ....... .'il -li_,...JI 2 

(15-18) (Hollow Block) e__;i..JI ~'ii ":1-.,.bll 4 

25 ( Reinforced Concrete) ~1-lit....y,JI 6 

±us Mg_zg.sggg@@@Egg@EE Mila steel (sell)iafiis[[[s­ 
0.10 KN/m2 (Ceiling) o_;k:i.u....J I ulu.11 10 

20 (Backfill ) ( ~I) ~_ji'il 8 

-: ~I Jw.~I 2 -1-5 -3 

ells + bay, 4ia ¢+ s!stat/ yd, @±Jl a5ytt./,Ss) csl,t±syI , A4491 tgl gay-5 ill de9I 

. ~l~I .J~I Jbi.., , o j5. _;-JI .J 4-.c j_,.JI JI-=. \rl 

. ~I~ yjj wljlfal lg...ic ~ ~I ojP.-\rl J:iA : ~~~I Jk\rl (1 
,¼,y.J&-5.ll o~~,., ,c-11_;1,.., ,w_».ill 1.'.Jli1.S, y,.i u-1) W!_J 0-4 4-:iSL,i ~ ~ ~1.., : :i..ist.....JI Jb~I (2 

. Jj_p-J\ ..)\_,.JI J, :i~:'i.11 y,t. :i..!S~J\j._.,'l\ w'l"ilJ 

25 



Xi,, 5353 ls,s,Sail la-l 5Le YlC?0+#3 2l ,ls45.0 e5Xi5by c.ilis53 39591 las (3 
Ls els till3 c99Lally e,e2al s 

.wWl)I_, ~I wl~I J:i.o Ll.WI ~ :i.b.y ~ O.:IJ-?-.J-4 ufa ~I Jk~I ~.J :~I JL=.i (4 

Live Loads (KN/m2
) (Type of Area) u~t.....wll f:_,.i 

1.50 (Roof) ((.b.uJI) ~_;.l..11 ~ U.J.J.) 2 

2.50 ( Offices ) yjl.S...ll 5 

10.00 (Elevator) .I.L.A4.ll 7 

-: 4JiJ.,ll J~'il 3 -1-5 -3 

~_jill jki_.,~)il wlj&JI jki_, c:;:):;11 Jbi ~-', :i/'J:II ~l~I LJC 4"-iwll JbYI ~-' 

O.h._J ~ ~ _, , 04,:i'il c} o _>.;i:i., ufo c4)1 JL=.i_, . c} yJI _, ).fu.11 ~Li tY' o fa.,, ~j ~ Jb YI "~ .J' 

Os}ls 30s5gel4lo 345yilyalialls ,460ls8 31sjy 9sl/stay¥ll39es5f cs), gels'gll @stall 

. tY-:::.y,14 ~)l.c 4.\ c5_;:,.i J.,,l_;c ~) ~l....::.)'4 ~I fa ~i_,, ~ tli:i.J'il_,, ~ y.JI 

26 



-: [.JL.ll J~i - 1 

) c):lL.Q ~ c:::.....;,,..,.JI (3 -3) r5.J JJ~I rl~y .J y,,,..;JI e:b LP tu:iJ':11 .Uy.-a J)G., LJA r):ill Jki yl.....i=-. ~ 

-: ( c.;.:i}JI (S_;JIJ JkYI .:i.fi ~ 

~I ~~ (KN /m2)(Snow Loads) [_jllll J~i (m) JWL;i (h) HI ~ ur:, Ll.w1 till) 

2 (h-250) /1000 500 > h > 250 

4 (h- 812.5)/ 250 2500 > h > 1500 

-:) dsl- 2 
.fo. _faj ~I l5_,..d9.!1 c:::4)1 ~ y.,, c)c. .:ila:ic. ':II r3 c:::l,i)I Jbi ~.h.'.i.lJ ,~I c)c. ~i l5fa. yJj c:::4)1 Jbl 

lggaiiia sl 5·83+± 4ii Li,l 339 9l ii» sly) 4ihAlsf es +fss3 y3) aha ye Lill zlE5 y] 
.s&YI lytill Cy 

Table (3-4) : Wind Velocity Pressure (q) According To The German Code (DIN 

1055-5). 

Height Above the surface. [m] 0 To 8 >8 To 20 >20 To 100 >100 

was&at@a\JU@[EssEss@[BJ@@sh 
Wind Velocity Pressure (q). [KN/m2J 0.50 0.80 1.1 1.30 
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-: Jj'ijll J~i - 3 

~.,y-J1 l'-'y-11 J:i.o w.w1 ~ 1'-'jc, .ll_~ .)J c;.::.:;.i.J ,Ll.WI i)c YY ~I.J ~i.J Jt.-=.i uc o)-F ~.J 

es9tsss 55.55,btial 2i 533Al aill ls) A35e' ca\sf 23 isYls alt th5 ¢le5ye3 es9Nisyl, y) 
. I .J_;::. ~ ~ .Jl.f= ;l \ ~ 

(Secondary Loads) ( 0.;J:,4-,cJI ..>#, ) 4.;!.J,ilill Jt..u.~1 2-5-3 

4-}yl .h~I .J w:..jll J <.j)yJI _»11:ill uc ~w.11 ::.~I .J ~L_y;..\l uli:,,..11 UC e::-iull t)il...S.i;/1 le litis 
LS Ay @,al5l .4s) uh gs? 2ill dsl 799ls ssll l-al# yisT DX5 Cs 3lie-Yl Cy? as!45 ±fs cl9I 

. J,..asl\ I~ J~ lb.;/ ::, -»'-" 

-: J.l.All l..9 (YILAS,j 'il Jt..u.i 1-2-5 -3 

us {±ll d;»-es 0XA $55\sll cits_9 5X55/7s41ill RL» 5 yatl ts5l5 3365 Cs Rs55 lasl,A3 

.e-\+±,-511 aSVle rs#2'ell5h 5ls as Jal# #5T ls Cs 3\e=- YI Ce llae9Is'ss 5sf 

~I .::.y;,.J .d.,!)yu.u,I ~ .l;.gk...J ~ t....ii'\S:jj ~I ~Ll',j)'I ~WI c.).a 4.c ~ (.)A o.::.b ~4,JI ~ u..,&i:i 

-:al s l +s4 $3ll ,ls55U 476.959 

. Foundation wl...LYI (1 
Columns 0.l.= YI (2 

. Beams -el (3 
. Slabs wl.fu..11 (4 

. Shear wall c=ill yl> (5 

. Stairs e:::ly)'I (6 
. Retaining Wall .d.,!.::.w:i....l ul.J~ (7 
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. Bearing Wall .U.06. ul.J.l:;>- (8 
.Joint System j.u.:iJI ~I.JS (9 

.steel beams {9-0 93-l (10 
.column steel 9.h..a o.l4c.l (11 
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-: ( ~lb~I ) ~l.lkll 1.6.3 

<±LsyI ya1ll! lye 5S31 Jal ey u±/ sill dis ls 59\till 39yI yall ye 53le coli,ll 
. o~ ~I_, ul.J~I_, .J..,....;JI Ji.a ~I c} U..\..:JI 

. Solid Slabs ~I wl..fu.11 .1 

. Ribbed Slabs~ .fa.ll wl..fu.11 .2 

wl.fu.11 CJ,o lJ:!C- _,.ill .Jy:i=,..I ~ ~.Jl.u..J I w41,b:W I tfa _, , t_,_µ1 I~ ~ wl.,µkill lY' ~.a.II .l ..r-") 1_):J _, 

, ."4.h)l.ll Jy.ai!I ~ ~Ll..i)'l ~~I~ ~Y-'"" (fill_,, i'l~')ll ~ ~)L, y, Lo~ JS 

one way sofid slab 

-:(Solid Slabs) ~I ul.lkll 1 -1-6 -3 

-:as C±f! z; ss ,5495 
One Way Solid Slabs ~1_, ol,.:il c} ~I wl..fu.11 J 

• .1:1.I.J 0~4 ~ o~ (3 -3) Js,J.ll 
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. Two Way Solid Slabs LJ¥>4-:il ~ ~I wl.fu..1 1 -½-l 

two way solid slap» 

: main reinfoi-'crtient 

-:( Ribbed Slabs) 4..cµ\ ~l.iWI 2 -1-6 -3 

-:as C±anus g! ,@6 @= all cslsi,ll Lai 

. One Way Ribbed Slab ob.I_, ot.;,.:il csS 1vac Cshis (] 

.Tow- Way Ribbed Slabs 'sci -ye= <tie (2 
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...... : ...... Ii• •, .,: ••• 

-:(One Way Rib Slabs) ~l~I c4,:i')tl u\j ~I ul.w:- i - 2 -1-6 -3 

ls 5:ls e gs clhlll sis ,lsA50 ,99, Ahl» ys J3y lslaa 1hi5 al_y La±is chi,ll ss 215"ff 
. WW ..9 4-ij..9 ~ .ll.\'.)..9, <'.::.J~I t3Lh.._, <'.::.J~I ~ wl.:iic._, t_,_y;,..JI 

.9.1l sly?y] cil: calf csl±is (5 -3) JS±lf 
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-:(Two \Vay Rib Slabs) ~~'ii ~\j ~I <.:ii~ y - 2 -1-6 -3 

.)~I wl.sl,.u,, L)..,&i L.~ ~L:.. , ~ iiy,,&11 ub.WI A.JG.~ r~ (El>l;,..3 1 ~ y...a.,J I d..fu:. .J 

. r6 ~ jiSI d..sWI ufo .J 4-,i.)WA o.llill 

-: 3-ell 2.6.3 

~I , ~~ _, ~L.. _;-;. , ,J.c .fl c.s14 _, , ~I d.fu.ll_, yL..o.c \'I L>-" Jl=., ~ I Jij ~ ~L..i ~L:;,jJ y...::,l.k. ~ _, 

-:-cs 39lo ill 

• 0.fuJI till) r.f.J~ 4-c-ill) ufa. ~ ii.fu.JI ~b ~I .J~I uc ii)~ - : ii.J_p..ui.JI .J~\ (1 

f1,l.J ii.fu.11 tLu) 04 .fi.l '-few) ufa. ~I .J~l '2lli uc ii)~ - : ( Dropped Beam) ~Ldl .J~I (2 

(Up stand Beam) r.f.,WI) (Down Stand Beam) c}idl LJ::A>l;,..3-YI x,..\ ~ ~I 04 ~ljll .. ~I jlyJ 

. L -section , T-section .J~I 0~ ~ ~ 

33-"4'55141 i#, 33-l 35sYle +sch±"cl= 55350ls ill ys 9 33110 4555 
.( .. \.h.j':/\)UJlp\ J,at.c iilclyi c4 A..bst.dl 
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Hclkn " Block 

Beilm Rang 

Mar.le: Bnr•~ -' -~rnweb 

Su;,poet ( 2 ) 

.&046019 5935-6l l 33-4l (7-= 3) JSe9 

A,llll al_y0,Lall,+ 33 ,1515 
.~I ~L..y,..l l 4.1.)l,il l ~~\+a~~~ ..h:iwl ~ ..h:il_y,JI ~ .)~\ ~ji(l 

~.., yl:ic YI y~ ~ J_,j.ill wlS ~I L}4C ufa ~b..11 0~ c,,,s.., 4-:!k ~ .h'.il_y,JI ~i L~I ~ji(2 

. .h'.ib..11 ~ (.)A pl ) ~_,L...u... ufo ui 
.53eX <6yI d3' deli5(3 

c:J .. ,1_, ~ c~ 1& ·-· ...,j ~ ~~ ~ --..►.. Js .. 1__►..i ~l ~,_,11 wk.WI w1::i ~L..y,..11 wlb)l,ill l".:"·•1(4 

.(#.:il....o:i51 

.(Frames)wl.Jlb)'I J..,=i.. ~ ~::i_, ~ t:"' o~Yl ½Ji(5 

.J~I t} .,l,hj;l\ rJj.J e;jJji ~i ~ Jy.-=..ll ii~)'!_, .J~I LJ:H(6 
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-: o..w:.~I 3.6.3 

~LluJ ~ ~ ~~.J 11.:.i1..u,1...}:11 c)J ~.J .J~I.J wl.fu.11 0-4 J~YI Jii ~ ~)I ~I ;;~y1 ~ 

. ~ w1)1 JL.,.:..y1 c:J.fJ.J Jii ~ ;;yt.s ufo ~ ~ 0,0,a:i ~ti\.\~. ~1,.::l,G..9 Jl=.YI Jii ~ c.f.J.Jfa 

sis 6ye t<.ti seYW &lials ., @l#,l &±eY3 5y.ail s%el:&es '® Ge± 5±el gll ! Reilly LI 
~Lu,_;=JI 4,W 4.-o~\ o.)W\ ~ ~ 04 ;;,w:.)ll _;=,.I~ ~u.,..J _yS._>JI J c,i.,;JI .J ~\ .J c.f_)b.11 .J ~I 

.3-5ls R6%l13 

c,)J 4.!L..o)'4, ¾_,hll ;;~y1 iS~, J..,hll ~ 04 ~fo ~ ~11~ ~ ~~I o~Y\ c)J WLJ L.i.J 

,~I ~ LS_j..i.J <$Yb y, la 4,W ~I ~ tY" .J , ~I 4..ilua_j..ll tJA ~, ~ ~ tY'.J , o ~I o~ ~I 

0~ \ti t1-u.a tY" .)JC (8 -3) JS,.;,.11 ~.J 

. . 
:, . ., , .. .-.( .. :.";'1.,:.·1: 

. ■ • . 

35 



-: (Shear Wall ) ~I c.:,I_;~ 4.6.3 

tJiA ~YI Jl.=.YI A...o..9li.J <-r"L..I sty ,5155 lg,lo Wl_,11 ~~IJ ~.)_,-JI 1.5_;11 r.Jl_gj 4.1,k_ ~Llw! y..oUc ~.J 

c.sk 4:i~US LJA ~Y ~ ~.wl LJA ~ ~ ul.J~I o~..9, (shear wall) (..)ail l ulfa. ~.., Jj:ljll_, cl,i)l 1.5_; 
4-iii''I ~11 - fu . - ;,. t.Sya 4-A_, 

,G.:i....l l 4..1 tfa>A ~I ~YI 1.5_;11 A...oJfu ~ ~ ~ 4-:ll! 4.1.fo,JI ~1)1 ulj..,')I ~ ~ ul.J~I 0~ ~J 

Jg:ill jS.yJ o~I JS<} u,ail l ul_;~ ~ c;ill A...o..9li.JI jS.y 0¾! :UWI ufo ui iilcly ~ LJ:!A~;/1 <) lAi_)ji ½-1'?-:!.J 

.&4491 cs 3U 343t5.4l iV ls le sl3 ,95l al5 t6) Ai\S lass'8 95S5ls. Se cdl g-DD 

drill igC» CSA1 ll9 l la\S# cess sty lg))fs cul' call Ole 91 4F 55 
. ~I wL..L..i L)4 i.i,u cii1l 1.5_y,.YI ul~l..9, ..lcl....::i.J I ulfa.J > 1'.::.J..lll ~ ul.J~, ul.J~I 0~ l)W:i..9, A...o..:il.ill 

(J4ill .;I~ ( 9 - 3) JiJJI 

36 



: J.w..11 J,.al_;A 5.6.3 

ch8 el# 3ls3!= 210-al @asll 2ta39\% dl\<.±yr ests 3l 5y< @is'yI st9Tcsls 3VS gs 'sir 
,~ljl )\ J...,,. \_j)~ J,.al_j)I 0~ c.?jj Jj;J )1 J.,J'l f- 3li.c.S ~l_).ll uLlWI ~ ~ J .k...a ~ _;ill J...,:. l_,ill ufo ~ J 

:J:i W tii3 ~ ~WI u~jil\3 ul..bl_ft.;, ;JI tY=-: J...,:. l_,ill o~J 

~J J.._a l_j)I o~ ~ () > ,c.fa-y,'1\ Jfill y..=. L,wI ~ ~ tj).? J.lA'.i J...::. l.;9 rl~\ ~ (1 

:,-l S gill @$ st-99 ls,ll clilcall y1615 14sl5Cs? ssll eL91As_9 
.~WI ~_,b)I ul~ ~w.JI <} (4Om)-i 

.A..,pWI ~_,b)I ul~ ~WI~ (36m)-½-l 

,A...b. jWI ~_,b)I ul~ ~WI~ (32m)-e:: 

.~WI ~w.JI ~ (28m)-J 

(3 ) 1 WI · · 1~ · " i (2 . cm UC~ ua.JC- lJ":! i! 0 ~ 

0JJ, 4-;k Wl_,ll Jb'l\3 ulj3\II :aJy..JJ; (.)-0.)'i\3 ~\ ~ A..;!-i \..;,j)'I y..,:, l.k.11 cm~}\~ uL..uL..u')I faJ 

~ uc J3_j.u:.4 lY'L .. ,\'I ufa.J ~.fall ~J uL...L..u\11 ~l IY-=>- 1..s o..w:. 'ii ~l r3 .J~I ~l Js:ui o.fu..11 ~ WI}\ JL,.:.. 'ii 
.':! d±Is &6 JeyI Ls:ls 03Yly <s'ls cl) = 65101 56±4All Jae9I Layl9 ±l as,ll le9D 

t..,c.i ~.l::...'.i M c!_,.JI ~J ~ Wl_,ll ~'11 ~ 1 .. 1.lu, uL..uL..u)U AJ•J• o'ill Jl=,'il ~ Jk,.\11 o~ ufo.J 
JS~ WI)\ Jb'll3 ~_;JI ~ ii_sil ~ ~~J ~ t1.J-ii 0.o uL...L..ui r'~' ~fall (JAJ , 4-o~\ wL..uL..,)1I 

. lY't.....,i 

~b ~ ufa. .lSJ (Shallow Foundation) ~I lY'1..,.,.)'4 ~3 t.fai_;'i\ ck LJA 4:!.ft ufi:l ~ LY'L..,'J\3 
cAaYy 2l ls +s e5 5£± <4ill le 4-)3# s ,sA9 @5±-01 @3 gl cl5s Lr,lt llasl CE @95 

.(Deep Foundation )~I 
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c~ .... c:iJ, .:i..,.-.11 <>.l~ t)C- tY'L...':/1 ~I ~I 04 Jb':/1 Jii W ~ji ~ (12 -3) 1(1 l - 3) ~It) 

. tY'L..YI ~~I~~ c}j.JoJ ~ c......:::,ji ~IJ ~I 04 ~ WIJI Jb)U ~Jill .&.A_,l:i. ~~ 

: €\ell 7.6.3 

~~~~It) uliµ:,JI LJ:H <,r"l)I Jlui':/1 t)C- JJy-i,JI c}Ll.i)'I J c,f.Jlu..JI ~I uc ii_Jl,ic cl.J.:i~I 
.:i..:,.I_, o\_,,.jl ~ ~ o.lle O.Jt.,,:ic4 ~LlJJ cP' ~ ~J. ii.:i..:,.l_,ll 4.J~I tw) J:i.a:i ii~ wk.w) ~l ~\..hi\ tw) 

,syl ,al gs ioYJ Cue as 551 @lliSs, &93-ll els_ylgle Reys8 @+'ls ls.y to96 s lg4l151l ,459, 
. ~ ¼.):, J (.J~I ~ tJ*-l (13 -3) ~I_,, ~4~1.x:.l....a.JI ujJ uc ~-u.11 Jb\ll 

· [_;.!.II c) ~_ji ~ (13 - 3) ~I 
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-: ~.il.Z....i'fl ul.J~I 8.6.3 

I~ <fil_p,:i) yJsj ,) J_,h:i.b_,i....::, <.JA yljill I~ uc ~J..i;l '-4J ~ tf~I ~WI_, yl_ji.11..uu::il .b.il_p.ll o~ ~ 

.54s' ·bl cs 8/ cs s45 @6491 @4 5101.h6 34.16 3 .03 7950) C93 a3t5 @slri.yI 3las J -+513 <3l±ell 

_,i .)~"'' 04 ~_;!1 ~ ~Jui.u,1 ,.:.,1.J~ i',~, 04 ~ 'i 01S. 't:-'~' ua) ~ ½J:!.u,U.. c; c:::.....:::.1_,11 w)u:;..'il ~ 

\4ia 7lri.yl /as/ » 2\3l 53s ±Gas. 3es Cs sl 59st-Jr 3l &,1a 613la_5h » Rori.ayl le Si l CSA)9 .5¥ 9YI 

. 4JjJ ~ .lA:ix.:i c;.i1 (gravity walls) ~WI ul.J~I 

. (cantilever walls) ~_,,il.S.ll ul.J~I 

. (braced walls)~~ ul~ 

• 
• 
• 

<:?.1~1 _;1.1::-, (14 - 3) Js.111 
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Chapter Four 

Structural Analysis and Design 

4. 1 Introduction. 

4 . 2 Factored Loads. 

4 . 3 Determination of thickness. 

4 . 4 Load Calculation. 

4. 5 Design of Topping. 

4 . 6 Design of rib (Rib 1) in the basement floor slab. 

4 . 7 Design of Beam (Bl) in the basement floor slab. 

4. 8 Design of long column(C41). 

4. 9 Design of Basement Wall. 

4.10 Design of Isolated footing. 
4.11 Design of strip footing. 
4.12Design of Stairs . 
4 .13 Design of shear wall. 

4.14 Design of Retaining wall. 
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Structural Analysis And Design 

4.1 Introduction 
Concrete is a construction material composed of cement ( commonly Portland 

cement) as well as other cementitious materials such as fly ash and slag cement, 

aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a 

fine aggregate such as sand), water, and chemical admixtures. The word concrete 

comes from the Latin word "concretus", which means "hardened" or "hard". 

Concrete solidifies and hardens after mixing with water and placement due to a 

chemical process known as hydration. The water reacts with the cement, which bonds 

the other components together, eventually creating a stone-like material. Concrete is 

used to make pavements, architectural structures, foundations, motorways/roads, 

bridges/overpasses, parking structures, brick/block walls and footings for gates. 

In This Project, there are three types of slabs: solid slabs, one-way ribbed and 
two-way ribbed slabs. They would be analyzed and designed by using finite element 

method of design, with aid of a computer Program called " A TIR- Software" to find 

the internal forces, deflections and moments for ribbed slabs, and then hand 

calculation would be made to find the required steel for some members. 

The design strength provided by a member, its connections to other members, and 

its cross-sections in terms of flexure, and load, shear, and torsion is taken as the 

nominal strength calculated in accordance with the requirements and assumptions of 

A CI-code. 
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L 5 =-=0238 m 
21 21 

(both end continuous) 

For Rib(l) in the basement floor 28 cm control (20cm block +8cm Topping). 

4.4 Load Calculation: 

~ One - way ribbed slab. 

For the one-way ribbed slabs, the total dead load to be used in the 

analysis and design is calculated as follows: 

One way rib slab 

Hollow Block (27 cm ) 

Shrinkage & Temperatuer Bar's 

Fig. (4-2) One way ribbed slab 

Effective Flange width ( b,) ACI-318-02 (8.10.2) 

b, For T- section is the smallest of the following: 

b, =L/4=5/4=1.25 m 

b, =12+16t=12+16 (8)= 140 cm 

Control 52cm 
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Calculation of the total dead load for one way rib slab is shown in the following 

table: 

Table (4-1) Calculation of the total dead load for one way rib slab. 

Rib 0.12*0.2*25 = 0.6 KN/m 

Top Slab 0.080.5225 = 1.04 KN/m 

Plaster 0.030.5222 = 0.3432 KN!m 

Block 0.20.410 = 0.8 KN/m 

s • Sand Fill 0.070. 5216 = 0.5824 KN/m 

Tile 0.030. 5224 = 0. 3744 KN/m 

Mortar 0.020.5222=0.2288 KN/m 

Partition 10.521=0.52 KN/m 

Nominal Total Dead Load: 

D.L. sat = 0.6 + 0.3432 + 0.8 +0.5824 +0.3744 +0.2288+0.52 =4.49 KN/m 
of rib 

Total dead load= 4.49/ 0.52 =8.634 KN/m 
Live load= 3.5 0.52 = 1.82 KN/mofrib 
Factored dead Load= 1.2* 4.49 =5.388 KN/m 
Factored live Load = 1.6 1.82 = 2.912 KN/m 
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4.5 Design of Topping: 
Calculation of the total dead load for topping is shown in the following table: 

Table ( 4-2) Calculation of the total dead load for topping. 

Top Slab 0.081125 = 2 KN!m 

Sand Fill 0.07*1 116 = 1.12 KN/m 

Tile 0.0311 *24 =0.72 KN/m 

Mortar 0.021122=0.44 KN/m 

Partition l*l*l=l KN/m 

Wu= (1.2 5.28) + (1.6 3.5) 
= 11.936 KN/m? Toping 

Assume slab fixed at supported points (ribs): 

Wu 
Mu=----- 

12 
* l 2 Hc!IO'l'I Block (27 cm) 

Mu 1,9360.4 i = 0.159 
12 KN.m 

f.'=24 (Mpa) 
fr =0.42% [f'(MPa) AC1-318-02 (22-5.1) 
f,- =0.42x /24(MPa) = 2.06MPa 

= 2.06x10° 10° = 2060 KN /m? 
Mn=fr s 

Rb 

Fig. (4-3) Toping of slab 
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4.6.2 Design of Negative Moment for (Rib 1): 

Mu= 14.9 kN.m 
Mn = 14.9/ 0.9 = 16.55 kN.m 

Design of T-section for negative moment as rectangular section with 

(b=b%) 

As min= ffe (bw)(d) 
4fy) 

4 
As min 

4
(
420

) (120)(245) = 85.73mm? 

A . 1.4 
s mm= (.fr) (bw)(d) 

A . 1.4 2 s mm= 
420 

(120)(245) == 98mm 

As min= 98 mm 2 > 85.73 mm 2 

As min= 98 mm 2 

ACJ-318 (10.5.J) 

m=20.58 

Rn = Mn = 16 .55 * (10 )6 _ 
bd 2 (0.120 )(0.245 )2 - 2·29 

p = _1 (1 - 1 - 2mRn J == 1 (1 - /1- 2 * 20 .58 2.29 J- 
m fy 20 .58 / 420 - 0 .00579 

As = 0.00579*(120) (245) =170.47 mm> As min =98 mm 
As r= 170.47 mm 
# of bars=A,/A,%,=170.47/113 = 1.5 Note Aaa= 113 mm 

[select bar2i Hill]I®I ] 
Total As (provide) = 226 mm 
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Check strain: 
Tension= Compression 

A,x fy =0.85x f,'xbx a 

2.26x100x 420= 0.85 x 24 x120x a 
a= 36.9mm 

a 36.9 
X=-=--=43.4mm 

0.85 0.85 

245-43.#.0.003 = 0.014 s, 
43.4 e=0ow>3 o·oo) 

Ok ....... 

4.6.3 Design of Positive Moment for (Rib 1): 
Mu max positive for span= 13.3 kN.m 

Mn required= 13.3/0.9 = 14.77 kN.m 
Design as a rectangular with b E = 52 cm 

fy 420 
=20.58 m= 

0.8.5 fc' 0.85(24) 

Rn Mn 14 .77 * (1o) = 0 .473 = = bd 2 (0.520 0.245 )? 

p = _l (l _ /1 _ 2 mRn J = 1 (i _ /1 _ 2 * 20 .58 * 0 .473 J = 0.00113 
m V f» 20 .58 V 420 

As =0.00113(520) (245) = 144.6 mm 2 > As min= 98 mm 
, 

As re4= 144.6 mm" 

# of bars= As I As bar= 1.446/0.79 = 1.83 * Note AcJ>to = 79 mm 
[[Select boitoinbas[2@i- llglggI]EE=] 
Total As (provide) =158 mm2 
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Check strain: 
Tension= Compression 

As xfy =0.85x f,'xbx a 

158x 420 = 0.85x 24 x 520x a 
a= 6.25mm 

a 6.25 
X=--=--=7.36mm 

0.85 0.85 
374-7.30,6,003 = 0.149 s, 

7.36 
c = 0.149 > 0.005 s 

Ok ....... 

4.6.4 Design of Negative Moment for (Rib 1): 
Mu= 11.7 kN.m 

Mn = 11.7/ 0.9 = 13 kN.m 

Design of T-section for negative moment as rectangular section with 
(b=b») 
m=20.58 

Rn = Mn = 13 * (10 )
6 

= 1.S 
bd 2 (0.120 )(0.245 )2 

p =-I (1_ /1_2mRn J= I (1_ /1_2*20.58*1.8J=0.0045 m V 20 .58 l -v 420 

As = 0.0045*(120) (245) =132.1 mm 2 > As min= 98 mm 
2 As re= 132.1 mm 

# of bars = As / As bar= 132.1/79= 1.67 

Total As(provide) = 158 mm 

Note Aaoo= 79 mm 
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Check strain: 
Tension = Compression 

A,x fy =0.85x f,'xbx a 

158 x 420 = 0.85x 24x 120x a 
a = 25.82mm 

a 25.82 X===30.37mm 
0.85 0.85 

% _245-30.37,0.003 = 0.021 
s 30.37 

s = 0.021 > 0.005 s 

Ok ....... 

4.6.6 Design for Shear for (Rib 1):- 

ts 
<I> V c = <I> * 6 bw * d 

44 
= (0.75 * 6 120* 245) 1000 = 18 KN 
Vu= 24.4 KN> <I> Vc=18 KN (From Shear Envelop) 

I 1 
<1>Vs . = 0.75 (-) x bw x d = 0.75 () x120 x 245 /1000 = 7.35KN mm 3 3 

I 1 
<1> Vs min = 0.75 (-) x bw x d =0.75 ()x 120 x 245/1000 = 6.75KN 

16 16 

<I> Ve+ <I> Vs min = 18 + 7.35 = 25.35 KN 
<!> V C< Vu< <I> Vc+Vs min 
18<24.4<25.35 

3> category No.3 is satisfied, minimum shear reinforcement is required. 
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D Vs=min 4 Vs=7.35 KN 
p x Av x fy x d 

p Vs 
_ 0.75 x (100) x 400 x 245 = 1000mm 
- 7.35x10° 

s 

S = d/2 = 245/2 = 122.5 mm 

S <600 mm 
Use S = 12 cm 

4.8 Design of Beam (B 1):- 

Moments: spans 1 to 6 
-126.4 -136.1 

67.8 73.6 74.8 65.8 
91.1 

104 
I 2. 3. 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 3. 2. 

I 

Fig. (4-7) Beam moment values (KN.m) 

Shear 

-143.1 
-136.9 -117.5 -130.6 -132.9 -138.7 -104.1 -109.4 -106.6 -112.5 -102.7 

-83.8 

' 

• I 51/ 
ss.7 110.1 106.9 110.3 103.3 136.1 133.1 136.9 129.6 125 

151.4 



Fig. ( 4.-8) Beam shear values (KN) 

4.8.1 Load calculation for (Bl): 
Ttal dead load =(((DL *Ln)/0.52)+self weight of beam) 

= (4.495/0.52)+(0.80.28251)=30 KN/m 
Live load=(LL *Ln)/0.52 

=(l.8*5)/0.52=21 KN/m 

4.8.2Design of Positive Moment (Bl): 
Assume: 

b =80 cm, 

h =28cm 

d = 280-40-10-(25/2) = 217.5 mm, take it 218 mm 
Mu= 104KN.m 

c= 2a= 2218=93.43mm. (€s=0.004) 
7 7 

a= B c =0.85 * 93.43 =79.41 mm. 
Mn max= 0.85* fc *a* b (d- a/2) 

= 0.85 * 24 * 0.07941 0.8 (0.218 - 0.07941/2)1000 = 231 KN.m 
=0.65+(€s-0.002(250/3) 
0=0.65+ (0.005-0.002)(250/3)=0.82 

4 Mn=0.82 231 = 184.8 KN .m 
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e As min=--(bw)(d) 
4(.JY) 

{7 .o As min --(800)(218) = 508. mm 
4(420) 

As min= 'T aw@) 
(JY) 

As min= l.4 (8009(218) = 581.33mm 
420 

As min= 581.33 mm 2 ~ 508.6 mm 2 

As min= 581.33 mm 2 

Mn (req) =104/ 0.9 = 115.5 KN.m 

m = 20.58 

Rn= Mn 
bd 

cp Mn >Mu= 104 KN.m 

The section is singly 

AC-318 (10.5.1) 

115.5 * (10)6 = 3.04 
(0.800)(0.218)2 

»-4-. ®]---'--[-,8-59s73] cno m fy 20 .58 420 
2 As (req) = 0.00787 (800) (218) = 1373.65 cm 

2 2 As (req) =1373.65mm > As min= 581.33 mm 

Use 16 with area As=201 mm 2 

1373.65/201 =6.8 
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Check strain: 
Tension= Compression 

A,x fy =0.85x f,'xbx a 

6x 201x 420 = 0.85 x 24x 800 x a 
a= 36.2mm 

a 36.2 
X==>=42,6mn 

0.85 0.85 

218--42.¢,6,003 = .0123 
42.6 

&, =0.0123 

o- o 9y 

Ok . 

4.8.3 Design of Shear for Beam (Bl): 

Vu= 216.5 KN (Max. value of Vu) 

<I> Ve = <I> * ffe * bw * d 
6 

= (0.75 * .fiA. * 800* 218)/1000 
6 

<I> Ve = 106.8 KN. 

<I> Ve+ (2/3) cl> *-ffc bw * d = 106.8 + (2/3) 0.75 /24 800 218/1000 
=534 KN. 

534 KN> vu= 216.5 KN. ➔ the dimension is big enough. 

<I> Vsmin > 0.75 ( ½) * bw * d = 0 .75*( ½ )*0.8 *0.218 *1000= 130.8 KN. 

(control) 

> 0.75 (✓'24 * bw * d = 0.75 * ✓-24 * 0.8 * 0.218 1000 = 40 KN. 16 16 
<I> Vsmin = 130.8 KN. 

cf> Ve :S Vu< 4 Ve + cl> Vsmin 

106.8 < 216.5< 237.6 
So item (3) satisfy, minimum shear reinforcement is required. 
<I> Vs= min cl> Vs= 130.8 KN 
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Take Av =4 4 8 =4 50 =200 mm? 

<PxAvxfyxd s 
<PVs 

0.75 x (200) x 400 X 218 
== 

}30.8 X 103 

S = d/2 = 218/2 = 109 mm 

S < 60 cm 

Use S = 10 cm 

1 00mm 

4.8.4 Design of Negative Moment (Bl): 
b = 80 cm 

h=28 cm 

d=218 mm 
Mu= 96.8 KN.m 

Mn (req) = 96.8 I 0.9 = 107.5 KN.m 

m= 20.58 

Rn .n 
bd? 

107.5+@0)"_2.gs 
(0.800(0.218)° 

·-4[].+ {-f-2a877]-%aw» m fy 20 .58 420 

2 As (req) == 0.0073 (800) (218) = 1270 mm 

4.8.5 Design of Positive Moment (Bl): 
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b =80 cm, 

h=28 cm 

d=218mm 

Mu= 91.4 KN.m 
Mn (req) = 91.4 / 0.9 = 101.55 KN.m 
m=20.58 

Rn= Mn 101.5540)°_9.67 
bd? (0.8009(0.218) 

f-fas). If,-{2st-78]. aw Pj,' 20.ss y' «2o 

2 
As (req)= 0.0068 (800) (218) = 1192.6 mm 

Select 64 1 • • gccl shear, 

* Check strain: 
Tension= Compression 

As x fy = 0.85 x f,'xbx» a 

1206x420 = 0.85x24x800xa 
a=3Imm 

a 31 X===36.5mm 
0.85 0.85 

218--36.2,9,903 = 0.015 
36.5 

€,= 0.015 > 0.005 

4.8.6 Design of Negative Moment (Bl): 
b = 80 cm 
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h =28 cm 
d=218mm 

Mu=77 K.N.m 

Mn (req) = 77/ 0.9 = 85.5 KN.m 
m= 20.58 

Mn 85.5@0)° .22.25 
bd (0.80090.218)° 

P = -1 (l -✓l _ 2mRn J 1 ( f 2 * 20 .58 2 .25 ) =[]- [l- 429 = 0.000569 m fy 20 .58 

2 
As (req) = 0.00569 (800) (218) = 992 mm 

4.8.7 Design of Positive Moment (Bl): 
b=80 cm, 

h =28 cm 

d=218 mm 



Mu= 74.8 KN.m 
Mn (req) = 74.8 / 0.9 = 83.11 KN.m 
m=20.58 

Rn Mn 83.1160)".2.1s 
bd2 (0.800)(0.218)2 

p = _1 (1- 
m 

,_ 2mRn 
fy J 

_ 1 ( fr- 2 20 .58 2 .18 J = - -- 1- 1 420 0.0055 20 .58 

2 
As= 0.0055 (800) (218) = 959 mm 

* Check strain: 
Tension= Compression 

A,x fy =0.85x f,'xbx a 

1005x 420 = 0.85x 24x 800x a 
a= 25.8mm 

a 25.8 X=-=--=30.4mm 
0.85 0.85 

>,_218-30.4,0,003 = 0.018 
30.4 

e, =0.018 > 0.005 

Ok ....... 

4.8.8 Design of Negative Moment (Bl): 
b = 80 cm 

h=28 cm 

d=218mm 

62 



Mu= 83.6 KN.m 
Mn (req) = 83.6 / 0.9 =92.8 KN.m 
m= 20.58 

Rn= Mn 92.8 * (10)
6 = 2.44 

bd2 (0.800)(0.218)2 

»-3f1­ m\ 1 
_ 2mRn 

fy J 
- * 20 .58 2 .44 J = -- 1- 1 - 4 = 0. 0062 

20 .58 20 

2 
As (req) = 0.0062 (800) (218) = 1082 mm 

#NaN" 

4.8 : Design of long column(C41) : 
4.8.1 Load Calculation: 
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P =3000KN II 

_3000 4615.38KN 
P rea 0.65 

Usep =pg=2% 
Pn = 0.8 * Ag{0.85 * fc'+pg(fy-0.85/c')} 
4615.38 = 0.8 Ag[0.85 24 + 0.02(420- 0.85 24)] 
Ag = 0.1974m? 
Use 0.4x 0.6 m with Ag=0.24m?> Agreq = 0.1974m2 

4.8.2 Check Slenderness Effect: 

• In 0.6 m-Dirction 

klu MI 
-<34-12- ACI-(10.12.2) r M2 

Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K = 1 for braced frame). 

R: radius of gyration =0.3 h - J-f 
Lu=3.6 m 
M1/M2 =1 
K=l, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be 
permitted to be taken as 1.0. 

klu < 34-12 MI 
r M2 

1 X 3 .6 = 20 < 22 
0.3 X 0.6 
• short Coloumn in 0.6m:dirction 

............... ACI- (10.12.2) 

o In 0.4 m-Dirction 

klu MI 
-<34-12- ACI-(10.12.2) r M2 
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Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame). 

R: radius of gyration= 0.3 h = Jf 
Lu=3.6 m 
Ml/M2 =1 
K=l, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be 
pennitted to be taken as 1.0. 

klu 23439M1 .4CI .2) ., - (10 .12. r M2 

1 X 3 . 6 =30 > 22 
0.3x0.4 
:. long Coloumn in 0.4m:dirction 

El 
El= 0.4 c g [ AC1318 - 05 (Eq. 10-15)] 

1 + /J d 
E,= 4750/% = 4750 2@ = 23270.15Mpa 
B = l.2DL = 1.2 (1400) = 0.56 

d Pu 3000 

bxh
3 

0.6x0.43 000 4 '.=,% 12 =0s2 
El= 0.4 x 23270 .15 x 0.0032 _ 2 l+0.56 -l9.0934MN.m 

rc2 EI 
"a? ""--4CI318- 05(Eq. 10-13) 

3.14° 19.0934 
P, s =14.54MN. 

(1.0 X 3.6) 

Cm = 0.6 + 0.4(:~) ACI 318 - 05(Eq.10-16) 

Cm = l ....... According to AC! 318- 05 (10 .10 .6.4) 
Cm 6,= 5, >1.0 u 1---- 
0.75 P, 

······· AC! 318 -05(Eq. 10-12) 

1 6, = ------ = l.379 > 1 
1- 3000 

0.75 X 14540 
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:\nin = 15 + 0.03 x h = 15 + 0.03 * 400 = 27mm = 0.027 m 
2=e, X6, =0.027 x 1.379 = 0.03723 
:.. = 0.03723 = 0.09308 
h 0.4 

From Interactio n Diagram 

P._ 3000. I© 1.s12 s 
Ag 0.6 * 0.4 1000 

0, =0.01 

4,=px A,=0.01x 600x 400 = 2400 mm? 
·. usel6¢14 

!.8.3 Design of Ties Reinforcement: 

S <16 db (longitudonal bar diameter) ACI - 7.10.5.2 
S <48 dt (tie bar diameter). 
S < Least dimension. 
spacing <16 x d, = 16 x 14 = 224 mm 
spacing < 48 x d, = 48 x 10 = 480 mm 
pacing s least . dim . = 400 mm 
Jsep10 @ 20 cm 

4.9 Design of Basement Wall:- 

4.9.1 Position :- 
Basement Wall (BW) . 

4.9.2 Material :- 

Concrete B300 , Fe'= 0.8*30= 24 N/mm2 =24Moa 
Reinforcement Steel, fy = 420 N/nun2 =420 Mpa 

4.9.3 Loading :- 

66 



*Load calculation 
d =30° 
K,=1-sin30 =0.5 
y= 18KN /m 

Self weight of earth [D.L] 

q,=yh K, =1840.5=36KN /m 

Load from live load [L.L=5 KN/m] 
q, =PK,=50.5 = 2.5KN /m 

4.9.4Design :- 

Assume h=30cm 
d= 300-(14/2)-20=273 mm 
Vu=60.03 l KN 

¢.Ve = tfZ.b.d = 0·75 * -✓24 * 1 * 0.273 10° = 167 .17 kN 
6 6 

0Vc>Vu 

⇒ No shear reinforcement is required. 

• Wall Design:- 

Mu=98.3 KN.m 
m = fy == 420 = 20.58 

0.85 fc' 0.85 * 24 

Rn= Mu I ifJ = 98 .3 * 10 °/ 0 .9 = 1.49 
ba? 1(0.273)° 

o=-±a- [}2mi) 
m /' f9 

p = ' (a - 1 2(20.58)(1.49) ) = 0.00368 
20.58 420 

Asreq = 0.00368 (1000) (273) = 1007 mm2• 

# of bars= As/ As bar= 1007/201 == 5 
⇒ Note Act>16 = 201 mm2 

=> 416@20 cm. 
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2 As=0.0012 1000300=360 mm 
As,, =1007mm > As» =360 mm 

............. ok 

• The horizontal reinforcement of Basement wall · 
Asreq = 0.002 (1000) (300) = 600 mm. 

> 6i2@1s cmi. ells@a,nl.awn#so a 

4.10 Design of Isolated footing:- 

Once the ultimate column or load is determined, the proper footing can be designed. 
The following subsections describe the analysis and design of footing (F0I). 

4.10.1 Load Calculation:- 

Factored load P u=] 000 KN (Load from column C55) 
Soil weight = 18 KN/m? 
Column geometry = 4020 
Allowable soil pressure= 300 KN/m? 
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4.10.2 Design of Footing Area:­ 

2 Allowable soil pressure= 300KN/m 
Area (A) = Total Weight/ Soil Pressure 

= 1000 KN / 300KN/m2 

2 =3.33m 
Try 1.91.9 Area=3.61m 
Select Foot Geometry 1.9* 1.9 

For the design of the reinforced concrete member factored load 
must be used : 

Pu= I000KN 
Pnet (factored)= Pu/ Area= 1000/3.61 =277KN/m 

4.10.3 Determine the Depth of Footing Based on Shear Strength:­ 

Assume h = 40cm 
d =400-75-20 = 305 mm 

o Check for One Way Shear Strength 

Vu = ( '-
9 ~t25 

- 0.305 )x 277 * 1.9 = 273 .68 
¢Ve= 0.75 ✓2Axl.9x0.305xl03 =354.9 

6 

hVc > Vu OK 

• Check for Two Way shear Action (Punching). 

The punching shear strength is the smallest value of the following equations: 

r.-sf-#rs» 6 /3 c 

1 ( as ) r, do.V,=p.I '+2/f,b,d 12 b,/d 
1 [.+ 9V.=9.=Nf,b,4 

Where: 
Column Length (a) 40 

f3c =------=-=l.6 
Column Width (b) 25 

b, = Perimeter of critical section taken at (d/2) from the loaded area 
= 2*(0.4+0.305) + 2*(0.25+0.305) = 2.52 m. 

as =40 for interior column 
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I I I I I I I 

-}-} JEo»-" ff£]-aves+ososo-2om» 
~.V =~-J_(-5_+2) r;,b d= 0.75*(40*0.305 +2)*✓24*2.52*0.305*103 =1610.0kN 

C 12 b / d "Uc '0 12 2.52 
0 

ov,=4.±//'a5,,457+2.52+0.30510' = 941.4RN... control • ,7%>' 5 
Vu= l(l.9* 1.9)-(0.705* 0.555) J* 277 = 891.6kN • .. ok 

4.10.4 Design for Bending Moment. 

Mu1 =(.8252/2)*1.9*277 = 179.1 KN 

m= y _ 420 20.59 
0.85 * Jc' 0.85 * 24 

R» Mu/d_ 179510°/0.9 3.13 Nhn? 
bd? 1.9 * (0.305)2 

p ~ _!_ (I _ ✓I - 2mRn ) 
m f» 

= 'a- 'I 2(20.59)(1.13) ) = O 00 
20.59 420 J 0277 

Asea 0.00277 (1900) (305) = 1605.22 mm2 

Asreq =1605 mni2 control 
Pmm =0.0018 

A, min= 0.0018 (1900) (400) = 1368mm 2 

# of bars= As/ As bar= 1605/153.94 = 10 
⇒ Note A<I>20 = 153.94 mm2 

4.10.5 Development length of main Reinforcement;­ 

9 * fy * db V Vs * '¥ [d== e 

10* Affe K1r +C6 •••••••••••••••••••••••••••·••·•••••••••••• (ACJ-3]8-]2.2.2). 
db 

9420 * I 4 I* 1 * 0 8 Id=-----==* . - 147 
10] * .fiA O + 82 - mm 

14 
Take Ld =150 mm. 
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-Available embedment = ((1900-400) / 2)- 75 =675 mm 

67.5cn1 >15cm OK. 

4.11 Design of strip footing:- 

4.11.1 Load Calculation:- 

• Weight of wall (D.L) = heightxThickness x lm wide x Ye 
=4 x0.3x25 = 30 KN/m 

• From normal concentrated load 416 KN/m 

=3D.L total= 416+ 30 = 446 KN/m 

Wu=446KN/m 
Total Wu =1.2 x446 =536 KN/m 

4.11.2.Determine the footing width:­ 

Assume soil pressure= 300 KN/m2 

Footing wid#, DL+LL) _446_1.5mp, 
Y all 300 

4.11.3. Determined of footing depth: 

Assume h footing =50 cm 
d =500-75-20 = 405 mm 
4.11.4 Design 

✓ Design of one way shear:­ 

1.2D.L+1.6L.L 536357KN/n? [/,, 7q,,= 
Area 1.5*1 

Vu= 357 (0.6-0.405)x 1 =69.615 

we-"[re»oza-"Pai-azoaos to'= ass 

</>Ve > Vu =>h=50cm 
> Select h =50cm. . . -~ -- .. -· - ... 

71 



✓ Determine of Reinforcement for Moment Strength:­ 
Mu = 357 x 0.62 = 64 .26 KN Im 

2 

m = fy = 420 20.58 o.ss • e o.8s+24 
Rn= Mu I </J _ 64.2610°/0.9 = 0.435 N/mm (Mpa) 

ba? 1 * (0.405)2 

P = __!_ (1 _ ✓l _ 2mRn ) 
112 .fy 

p = _l _ (l _ Ji 2(20.58)(0.435)) = 0.001046 
20.58 . 420 

As, = 0.001046 (1000) (405)= 424 mm? . 
Asreq =424mm2 

Asa» =0.0018 x100050 0 =900mni2 
As=900mm2 

# of bars= As/ As bar= 900/201 = 4.47 
¢ Note A1>16 =201 mm2 

s sc-a% 1c a1sci 
✓ Check of strain 

Tension =Compression 
As* .fy = 0.85 fc'b a 
900 * 420 = 0.85 24 * 1000 * a 
a= 18.53mm 

c=?_18.53 21.8mm 
/3 I 0.85 

s,_405 - 21.8% 9,003 = 0.052 
21.8 

es = 0.052 > 0.005 .......... OK 

✓ Design of Secondary Bottom Reinforcement 
Asmin for shrinkage & temperature 
Asmin =0.0018 xb xh 
ASn» =0.0018 x 1000x500=900 mm? 
As=900 mm 
Select 4 16@15cm c/e' 

.,, ~ ..,... • ~ - - • ,- -...,. . -1,J,, - 

✓ Design of dowels bars:- 
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A .=0.0012x1000x 405= 486mm s mn 

Use longitudinal shear wall bars 

Use ifJ 12@20 cm 

Ld = 0.24 x db ' o.7 = 201.64 mm ( 

Available Ld = 500-75-2x 12= 401mm > 201.64m OK 

4.11.5 Development length of main reinforcement: 

Ld = 0.24 x db x fz, x 0.7 = 201 .64mm 
/ fe' 

Available Ld = 500-75-2 *14 = 397mm > 201.64mm OK 

4.12 Design of Stairs : 
4.12.1 Determination of Slab Thickness: 

-h, =L/ 20. 
-hreq = 580 / 20 = 290 cm take h=30 cm. 
=3 ts©i= 3ocmi 
4.12.2 Load Calculations at section (A-A): 

Dead Load: 

slab = 0.3*25*1/cos30 = 8.66 KN/m2• 

plastering= 0.02*22*1/cos30 = 0.51 KN/ m? 
stair= (0.17*0.3)*25*1 = 2.125 KN/ m? 

2*0.3 

tiles = (0.33+0. l 7)*0.03*27/0.3 = 1.35 KN/ n? 
mortar= (0.17+0.3)* .02*22/0.3=0.69 KN/ m? 
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Total dead load= 8.66+0.51+2.125+1.35+0.69 

=13.3 KN/ m. 
Live load: 

Live load for stairs =5 KN/ m. 
Factored load 

qu =1.213.3+ 1.6*5 = 23.96 KN/ m. 

For one meter Strip, qu = 23.96 KN/ m. 

Load on landing :­ 

Dead Load: 
11 Tiles = 0.03*27= 0.81 KN/m2 

• Slab= 0.3*25 = 7.5 KN/m?. 
11 Plaster= 0.02*22 = 0.44 KN/m2• 

Mortar= 0.0222=0.44 KN/m?. 

Total dead load= 0.81 +7.5+0.44+0.44 

= 9.19 KN/m?. 
Live load: 

Live load for stairs =5 KN/ m. 
Factored load 

qu =1.2*9.19+ 1.6*5 = 19.03 KN/ m. 

For one meter Strip, qu= 19.03 KN/ m. 

4.12.3 Design of Shear: 

• Assume 0 18 for main reinforcement:­ 

So, d = 200-20-18 = 162 mm .. 

Take d= 162 mm 

Shear 

.46.5 19.8 

49.8 46.6 



Moments: spans 1 to 3 

7.2 

39.2 

1. 1.05 54.1 
I 1.05 1. 

• Vu=46.6 KN. 

· .ff]++a 
6 

• 6v±, 9-75/41000162_ 99.2KN 
6 

• Vu=46.6KN < 0.Vc=99.2 KN. 

>S>>>No shear Re»tors&st s rcqired. so as @epih or it¢ stair is OK. 

4.12.4 Design of Bending Moment : 

The Following figure shows the Moment Envelope acting on the stair 

Mu =54.1 KN.m. 

Mn req =Mu/0.9 = 54.l I 0.9 = 60.I I KN.m. 

d= 166mm. 
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k _ Mn 
" b.a? 

k, 60.11 * 1 o-3 = 2 .. 29MPa . 
10.162 

fy 
]]] t '- 

0.85xfc' 

420 m =20.58 
0.85x24 

p =__!__(1_ l- 2mk11 J =-1_(1_ 
m\ f, 20.58\ 

l 2 * 20.58 * 2.29 J = 0.0094. 
420 

As req = 0.0094*1000*162 = 1522.8 mm 

ffe 1.4 As min =--(bw)(d) ~ -(bw)(d) 
4(/y) fy 

As min £4 (1000)(162) ~ 1 .4 (1000)(162) 
4(420) 420 

As min= 472 < 540 

As min =540 mm 2 .......... Control. 

Check for strain: 

Tension= Compression 

4, fy =0.85 fc'b a 
1524 420 = 0.85 * 24 * 1000 * a 
a = 31.37 mm 

a 31 .37 
x = - • » 36.91mm 9, 0.85 
£ = 162-36 .91 * 0.003 
s 36.91 

s s = 0.0101 > 0.005 ~ ok 

4.12.4.1 Development length of the bars: 

Ld = ~ x ax Sxyxd, 
2 f, 
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420 L =--xlxlxlx18 = 771.58mm ' 27 

La available > La req = 77cm 

4.12.4.2 Secondary reinforcement: 

1 1 • As=--xAs,,,=-x1524 = 304.8mm 
5 5 

2 Ass,, . k = 0.0018xbxh = 0.0018xl000x300 = 540mm ,irm age 

4.12.5 Stairs at section (A-A) Details:- 
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''¼ · 

< 

91EDI5 ®. 
wt2&±5 "e 

' ~ 

91.0~~,>=..::=;· ~~•--:::!c'===:!:: :1.e=!==::~=;i! 

!~:~ 4 
#1.14 { ·, 

Seotion {A-A) 

4.14.3 Design of Shear: 

• Assume 0 14 for main reinforcement:­ 

So, d = 200-20-14 = 166 mm .. 

Take d= 166 mm 

4 .13 Design of shear wall. 
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\ 
\385.04-4 
\ \2081.63 

\aoo.7 
\ 
\5 794 
\ 
\azse 
\ 

'-----~1766 

Fig.(4.20) Shear Diagrams 
Fc=24MPa 

Fy=420MPa 

t=30 cm .shear wall thickness 

Lw = 6.6 m .shear wall width 

Hw for one wall= 3.6 m story height 

4.13.1: Design of the Horizontal reinforcement: 

Internal forces & moments: 

Y Fr =Vu= 832.73KN 

832.23 

4.13.2: Design of shear 

hw 6 .6 
3 . 3 m --::: --::: ... control 2 2 

Inv 3 . 6 k 6 
," == 10 .8 Ill 

2 2 
d = 0 . 8 x lw ::: 0 . 8 x 6 . 6 = 5. 28 m 
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V -~xbxd 
CI - 6 

a, O . 25 X 5 .28 10 
6 
/re"»»a N,» d 

V c 2 sh» L 4 4 x w 

N 11 = 0 

../24 x O. 3 x 5 .28 +10 °, 0 = 1980 KN 
4 

±r [ -'s] ..s 
5 7.}} ® 

\ V 11 2 

V cl = 

Assume 

V c3 = 

= 1320 KN 

#-S)»-· 
:.V,,= Will apply 

• 6.6(✓24 +o)]x o.3x5.28 xl03 =1090KN(control) 
Vs 3 7.53 10 

Vs = Vn - Ve 1 
:.= (832 .75 / 0.75) -1090 = 20 .303 KN 

( 
Av ) = Vs = 0 .020306 = 9 _ 157 10-6m 
S 2 Fy * d 420 5 . 28 

(€"\=o.ozs • = o.aozs +.s = .ooors 
Lw 

S 2 = -- = 6600 I 5 = 1320 mm 
5 

S 2 = 3 * h = 3 300 = 900 mm 

113 
S2 

Select > S 2 = 15 cm < Sreq = 15 .06 cm 
S 2 selected = 15 cm < 90 cm < 132 cm 

= 0.00075 > S 2= 150 . 6 nun 

use - ➔ 2 </> 12 @ 15 cm ( c I c ) in 2 layer 
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:. Use¢12@15CA1 c I c For the reinforcement in two layers (horizental) 

4.13.3: Design of the Vertical reinforcement:­ 

hw Avh 
Pmin = (0.0025 + 05(2.5--)(- -0.0025))S/11 hw Ssh 
~ _21.6 3.27 > 2.5 
L, 6.6 
An = 0.0025x S, x h, 

S, = .!. L = .!. x 6600 = 2200mm 
3 w 3 

S, =3x h=3x300 = 900mm 
Select 24612 With area As = 226mm 
113 = 0.0025 x SI x 300 
.:.S, = 150.66mm 
Select S, = 15cm < 30.1cm 
S = 15cm < 90cm < 220cm 

Select 24 12 / 15cm. In tow layer 

4.14 Design of Retaining wall:- 

4.14.1 Estimation of dimensions for Retaining wall. 

Qg + 0.17l 

h 

b=0.4h lo 0.6h 
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4.14.2 Loads calculation:•· 

------------------------ ------------·····----- ---···-- -------·--·-- 

1-, 

c 

Ps: 

0.5 0.4 1.3 

o,_1 0,1 

-y soil =18 kN/m3 (Unit weight of the soil). 

-<!>=30°. 

-fy = 420 Mpa. 

- fc '= 24 Mpa. 

-Allowable Bearing capacity= 300KN/m2. 

W • =width*length* y 

W,=0.253.525=21.875 

W, =0.50.153.525=6.563 

W, =2.20.525=27.5 

W, =0.50.153.518=4.725 

W, =1.33.518=81.9 
W, =1.455=7.25 
Ws=149.813 KN/m 
Ka= (l-sin30)/(1 +sin30)= (1/3) 

Kp= 1/Ka=3 

P a1=0.5* y*Ka *ll=0.5* l 8*(1/3)*0.42=48 

Po= K,Ph=(1/3)54=6.667 
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P,=0.5 yK,=0.5183(0.6°-0.1=9.45 
F 1 =summation of force against sliding 

Fr==summation of force with sliding 

Fr=W er +P,=0.5149.813 +9,45=84.357 
F,=P,1+Pa=48+6.667=54.667 
**Factor of safety against sliding= F1/F2 =84.357/54.667 =1.54 > 1.5 ok 

M1= summation of moment against sliding 

M2= summation of moment with sliding 

M,=21.875((.25/2)+0.5) + 6.563*((0.15/3)+0.25+0.5) + 27.5*1.I + 

4.725*(((2/3)*0.15)+0.25+0.5) + 81.9*((1.3/2)+0.4+0.5) + 

7.25*((1.45/2)+0.25+0.5) 

= 190.827 KN.m 

M2 = 48* 1.333 + 6.667*( 4/2) 

=77.334 

** Factor of safety against over-turning= 190.827177.334 =2.47 > 2 Ok 

4.14.3 Check t!te pressure at the footing base:­ 

X mu 190.827 - 77.334 
0 =- ------= .758m 

vu 1149.813 

ex= 1.1-.758 = 0.342m< = 2·2 = 0.367m ok 
6 6 

Q = Pu +(Pue(l/2))= 149.813 + (149.813*0.342*(2.2/2) _ 2 """ axl aPI2' 122 " 12.2°/12 '9=131.6.KN/m' <150........0k 

Q . = Pu -(P,,e(l/2))= 149.813 _ (149.813*0.342*(2.2/2) _ 2 """axl aP/12' 122 12.2/12 9=4.581.KN/m 
The Largest value of Q ma'< is less than the allowable Bearing capacity OK 

4.14.4 Design 

• Design of Toe:­ 
✓ S!tear design 

Slope= (131.6-4.581)/2.2 =57.736 
Qu atface=l3 l.6 - (0.5*57.736) =102.732 KN/m2 
Qu at face= 102.732kn/m2 

d=500-75-(20/2)=41 5mm 
Quatd==131.6-0.085*126.629 
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Vaaa =1.6 {(( 131.6+126.6292)12) *0.085 - (12.5*0.085)} =15.86 KN. 

vo = (0.75/6924®+# 10.41510'°=254.134 KN 
<I> Ve> Vuatd ok 

✓ flexure design 

f"/"r?snore ·saryasp + aaz.moo.sap ca.so.say 
Mu =21.895 KN.m 
h= 50, 
sod= 50-7.5-1= 41.5 cm. 

Mn _ 21.89510° _ 0.141M [(-==4 ud, 
bd? 0.91 *(0.4152) 
fy m =--- =20.59. 

0.85/c' 

1 ✓ 2*m*Rn p =-(1- 1 .fy ) req m 

1 [,, 220.59+0.141, 3.4+10+. 
Preq = m (l- 420 

As .. , =pb d =3.410 1000415 =1.41cm / m .. 

1.3 *Asreq= l.3*1.41= 1.833 cm /m 

Select l.3As req = 1.833 cm/m. 

-Chick the Value of Shrinkage & Temperature Reinforcement:­ 

As (shrinkage)= 0.0018 * b * h = 0.0018 * 100 * 50 = 9 cm /m 

As (shrinkage) = 9 cm/m> 1.3 * As req = 1.833 cm/m. 

Use As (shrinkage)= 9 cm2 Im. . <pl6@20cm. 
This reinforcement must provided for Bottom part (Bottom Reinforcement) of t/ze 
footing. 

-In the otlter Direction provide Shrinkage & Temperature Reinforcement:­ 
AS (shrinkage) 0.0018 * b * h = 0.0018 * 100 * 50 = 9 cm /m ::, 2 
Use As (shrinkage) = 9 cm Im. .. .. .. .. ¢ 16 @20cm . 

• Design of Heel:- 
✓ S/zear design 

Wu=1.2(3.518 + 0.525) + 1.65 = 98.6 
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Vuatd =98.6 *(1.3-0.415) =87.261 

ve = (0.75/6y245+1+0.41510°=254.134 KN 
<P Ve> Vuatd ok 

✓ flexure design 
3MR =0.0 75» 
M, =98.6+1.3'5 
Mu =83.317 KN.m 
h= 50, 
sod= 50-7.5-1= 41.5 cm. 

Mn 83.31710° _0.538M [(z-n,, lDd, 
bd? 0.91(0.415°) 
fy 

m = --- = 20.59. 
0.85fc' 

l 2*m*Rn 
Preq =-(l- l- fy ) 

m 

2 ). 2+20.59+0.558, 13+10+. 
Preq = m (1-. 420 

As .. ,.eq = p * b * d = 13 10 1000* 415 =5.4cm /m .. 

1.3 *As reg= 1.3*5.4= 7.02 cm/m 

-Chick the Value of Shrinkage & Temperature Reinforcement:­ 

As (shrinkage)= 0.0018 * b * h = 0.0018 100 * 50 = 9 cm /m 

As (shrinkage)= 9 cm2 /m > 1.3 * As reg= 7.02 cm/m. 

Use As= 9 cm/m. .. </Jl6@20cm. 
-This reinforcement must provided for Bottom part (Bottom Reinforcement) of the 
footing. 

-In the other Direction provide Shrinkage & Temperature Reinforcement:­ 

As (shrinkaoe) == 0.0018 * b * h = 0.0018 * 100 * 50 = 9 cm /m 
e 2 

Use As (shrinkage)= 9 cm Im. . </Jl6@20cm. 

~ Design of stem:- 
✓ Shear design 

Pal =0.5*ka * 'Y *h2==.5*(1/3)*18*3.52=36.75 
Pai =ka * b*h =(1/3)*5*3.5 =5.83 
P tot =42.58 
Vu =1.6 *42.58 =68.128 

vc = (0.75/69245+1+0.31510=192.9 KN 
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<I> Ve> Vu atd• ok 
✓ flexure design 

3MR = 0.0 
M, =1.6 {(36153.5/3)-+(5.833.5/2) } =84.924 KN.m 
sod= 40 -7.5-1 = 31.5cm. 

Rn= Mn = 84.92410° _ 0.538Mpa. 
bd2 0.9*1*(0.3152) 
fy m=''=20.59. 

0.85/c' 

1 
Pre =-(1- l 

q m 
2 * m * Rn 

fy ) 

P, ='a-./ 
m 

As = pb d =13101000315= 3.15cm /m .. "req 

220.59 0.538, _ 73+19+, 
420 

1.3 *As reg= 1.3*5.4= 7.02 cm/m 

-Chick the Value of Shrinkage & Temperature Reinforcement:­ 

As (shrinkage)= 0.0018 * b * h = 0.0018 * 100 * 40 =7.2 cm /m 

As (shrinkage)= 7.2 cm2 /m > 1.3 * As req = 7.02 cm/m. 

Use As= 7.2 cm/m. .. ...... ¢14@20cm. 

-In the other Direction provide Shrinkage & Temperature Reinforcement:­ 

As (shrinkage)= 0.0018 * b * h = 0.0018 * 100 * 40 = 7.2 cm /m 
Use As (shrinkage)= 7.2 cm2/m. .. ...... ¢14@20cm. 

-In the horizontal direction used 0.5 As in vertical direction 
Use 610@ 20cm. 
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