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Abstract 

Structural Design and Details of Architecture College 

Project Team 

Rola Ghrayed Isra' Jamil Asa'd 

Hadeel Qatuosh 

Palestine Polytechnic University-2015 

Supervisor 

Dr.Maher Amer 

The main idea of this project is to prepare all structural design and executive details for 

The applied Architecture College for Palestine polytechnic University in wadi alhrya in 

Hebron city . 

This building consists of five stories and one basement and It contains all activities 

required for any person. 

This building is a reinforced concrete structure, and it was designed according to the ACI­ 

318-08. 

The project contains the structural analysis for vertical and horizontal loads and the 

structural design and details for each member in the project. 
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List of Abbreviations 

• Ac= area of concrete section resisting shear transfer. 

• As= area of non-prestressed tension reinforcement. 

• As= area of non-prestressed compression reinforcement. 

• Ag= gross area of section. 

• Av= area of shear reinforcement within a distance (S). 

• At= area of one leg of a closed stirrup resisting tension within a (S). 

• b = width of compression face of member. 

• bw = web width, or diameter of circular section. 

a C,= compression resultant of concrete section. 

• C,=compression resultant of compression steel. 

• DL = dead loads. 

• d = distance from extreme compression fiber to centroid of tension reinforcement. 

• Ee= modulus of elasticity of concrete. 

• f,=compression strength of concrete. 

e Fy=specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 

• 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. 

• U = live loads. 

• Lw = length of wall. 

• M = bending moment. 

• Mu= factored moment at section. 

• Mn= nominal moment. 

• Pn = nominal axial load. 

• Pu= factored axial load 

• S = Spacing of shear or in direction parallel to longitudinal reinforcement. 

• Ve= nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 
• Vs= nominal shear strength provided by shear reinforcement. 
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• Vu= factored shear force at section. 

• We= weight of concrete. (Kg/m). 

• W = width of beam or rib. 

• Wu= factored load per unit area. 

• <I>= strength reduction factor. 

• E,= compression strain of concrete = 0.003mm/mm. 

• £,=strain of tension steel. 

• Es= strain of compression steel. 

• p = ratio of steel area . 
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1.j_;l..a..JI ~I ~Ua.ll 0~ ~ ~ e~ l.jl cl+i ~L...ji.. .J#~.J ~I 4-al.)I ~ ..;;!~ ~l.w'JI 

~t..~l ~ ~.;ll ~)I~ u,e ~ t..... ~ ~ oWil..11 ~~ ~JJ l.:i.:Si.Jll.J ¥~I ~1)1.J 

oU.WI 

~_, ~) ~U:i ul! .U~~ ~1-.,l:, ~ &- .ti,_,s.. ~~ CF- o.J4&- ~ e_~I I~ cfo.,JI ,U:ll .J 
3la calsts _,J] @@tally cits.is) cast@9 glisa ilsa9 4±yf] slSa Jo i#ell 1aa gs5is? ys 

:~ L.. ~~~~I ~L.a..Jt ~Ua.ll u,e ~t_, ~l..;-..9 [l.;Jl..9 ~I~ 

• • .. H:. •• 'I .. \.S..4 2 7 2 • f.J:f"-J..,-.. ~ •• 

. ~!~I c}&, ~ ~.., J,.. uii$i-.,..ll ~I.£. &,i t)t.s J~ ~ µ.1 ~~ 
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J-LJt 

~ ~J.,.a ~I ~l.,.P'JIJ ~Jl.il.t.ll ~~L...i.Jt ~tj ~l.;""11 ~~WI u-- ~ J-¥- ~ ~I I.J~ 

.B:\sl) l? -lia 

• ....t..:.1; ••~- Jsl lil.l.l.ll ~ ~ 4..s--11 ~u.i t...a ~ •• ,, -~ ~J.,.a ?!'I JI ~j!i 1~ ~ •• ,, - ~J ,- - . J 'J- . - . c,r:-- r.r I;. .J c.s- ~ ti~ 
~ 4:i:!I~ ~'JI Lal ~.;'JI ~~I u-- ~l!illJ ~.,...:ill ~U:i u-- lA~I i-\1:! ~ ~'JI ~~I ~ ~ 

• ~1_,bll U:!: ~J_,...JI 4.-S~I Jt.,..i:i ~Jill ~ ~4.Jf,S ~~ l!i'.::U ':I! '-!~':14 J.,'Jt ~ 

: 61\~I 5. 7.2 
~_,JI ~..,._.. ~1..,-.ll ~~ ..»w-J &JJ:ill 4.i.a...foJ Js,.!JI c) 1+.aw.:w.Jt ~1..,-.ll D-4 ~I ~I 1~ c) .J~ 

.4g al! Aita\yly t4ll 
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• ~L.:ia.a~\ ~.!QI oiH 6,4 uJf,1\ ~ - f 

• ~L.:ia.a~\ ~.! a I oil\ ~l..>4 ~ - r 
.d\syI <.t 

- ~ a.J_µ, 4lL.:ia.a~\ ~Ua.J\ ,_ r 
• JJ-4:ll\ ~\_J! V - ,.- 
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( Introduction) 4-....-..4oa1L4 , _ ,a' 

~,Jll -4.h.JA u.e ~~~I ~ ,tl_►..:lll ¼t.s Ji, tl...l.S.le ~ ~ ~ ($'J ~l-ii11 ~I ~ u! 
~I c) oJ.,P..,.JI ~~11 _;.w:iUa.ll ~IJJ "-b..J,4 ~l ~ ~I t.J~ t) oJ.,P._,..ll _;.w:il.iaJJ <5.;l..a.J 

• ~I ~l-ii11 _;.w:iUa.ll ~ /1'~1 u~ Ji.'JI c,.riWi.a11 /1'~1 J:J.a:i ~I u.e 

u.e lA.Ji-.J ~t...Li..il.J ~.J oJ-4':.l u.e ~I ~Wi.i)'I _;.w:il.la.l.14..i..il_;.i Ii~ ~I ol. c) 
e.~ .J _;.w:iUa.ll ol. u.e ~ JS~ ~I J~':11 ~ J:!~ W:i:!I ~ W , ¥Wi.a)'I ~I 

tis ell S .,56¥1 _yail sy sil A4y Jass} gl As dlas) sl a 'asl Ce dee9f si 
.~"J lA.;S~ ~I ~~I ~~I.JA-ll .J u-a:!:!l:WI .J ~4lbl,.ll 

( The Target of Stir\Ulctural Design ) uJl.!u~1 e,..u · 12•l1 cJA u::f:ll 1- ~ 

,~~11 '-:!,w,~I <rl.J,lll ~ u-- u]w.;~ljl. .J J..1.S:i.. l...iw oJ"J.J _,. '~l-ii11 ~' u-- ~lw.11 u~I 
I.ii~ J$ .J , ~ .J ~ .J ~ J~I &t , 4J ~A~' J..I.J&,11 .J u~I 4-4.Jll.. c) o~I.J o~.,S ~ 

-: ~t.:UI .J:!:!la....11 ~ e,rlJ:! ul ~"J , ~Wi.i)'I _;.w:iUa.ll u.e ~ 
iJs; _;JWI, ~ll.o.11 ul.S..ll c) ,~ll.o.11 ~Wi.i)'I ~' _;~I J~ u.e 4! ~..Jll AJ :(Safety) wl.o"/1 ✓

.-+ly 4) co?le ,all 2lat4e") s lasyf @%gt@» 

·.,i?i .J ( Deflection ) ~IJ .b~ <ii ·:iti ~ &t :(Serviceability) ~1~~1 09-\J.S wt......a ✓
:l:,iu.i! ~ .J ' ~L.L. ~I o~ c,,rlJI (Cracks) ~·1'i'V,il! 

.i~ ~.;'-4a..4ll r:. e I oill ~ ~\.b.ll ✓

( Stages of structural design) u-l~~, e4 ,110iH ~1J:4 "'-"' 

:uji.:,11).) c.:»ih...)A ~l ~~)'' fJO· o,ll J:i.,1...)A ~ ~ 

GAY @Isl, 1 
Ails> s» C+ slll 4i! @@tally 4as9 89x) @syl gs Cy+ &9-ll @49yf @ls0l ,9 

, ~I I~ '-:!,w,l.i..i':/1 ~Wi.i)'I ~I~ ~ 't~ lAJ~\ AJ u_,...., c;u1 ~~I JI_,.. J:!~.J , Ul:ia..ll 

J..le'-J.-:.11'-.il ~I Jw'il • ,_,_. _,_, • .J 
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o_;~I ~ '5.llt c;Wi.i)'I fU:i.Ul W.J <l!!J.J ~ ~, i.Jil..lt s:,lj~I LJ-4 s:-~ JsJ ~Wi.i)'I ~I c) ~ 
.~I ~~ ~ ~l.i:i.J ~l_;JI i:i~Uiill.J 4il'JI J:i!l.w.Jt ~_; ~ LJ-4 #J 4-4~1 ~W-i)'I ~li:llt ~ .J 

(Loads ) Jlsy] £.r 

oUWJ .;~t i!:iJ~ WJ ~ Wt-.,Jt ~'Jt ~ ,>, o_;Jll uJS:i wi 1, ·s,,a1 Ai c;u1 ~~'ii Jlo"=Ua.U ~-..i 

«ssl] 5tsl_» ± ,c,rlW-i)'I 1.:-11.i..ia.ll ~4- r) t.ll _;;JiJ:11 ~'JI.J ,~I Jw.'.il ,:;IJ •11 JL.a.'-11 :J~'.11 o~ LJ-IJ 

J,.\a.. ~ ~ ~t-..,_;UA , <3:WI, ;Ji-a:i.11 ~ ,)&, 4.:!,i~)'I _.>w:il.aJI > Jw.'.il J}·'i ~ r) ~l.i:WI 

~ o_;Ji:9 ~ wl 4 «JC al 1':i:! ~I ~W-i)'I ~Ua.ll ~'J .J' ~ w.JS:! '5.llt ~~ L..L..:i ul~ ~~I .J J~ 

: Jw.':ll o.lf-1 i~ _;~I ~.J~ D.JJ 4:!,k- Wl.jll ~':ll ~ 

( Dead Loadls) ~I J~'JI ,_t_r 
_;I.ii.all~ u-a ,'-.:4\!i.J ~IJ i~ ,WilJt 4.1.4 wA c;ut 4.;JI _.>w:iUa.lJ c,;1ll1 w.,ll ~ ~Li.II J~'JI ~ 

. ~ ~.J AJIJ ~ li.Z i:il.i~t I ~~ JL...-1 i 1 • &-.Jo::.. Li ~IJ.11 • t..1 ."ft 11 ( U1.w:11 I • 'l 4.i~'JLi , Li • • 11 ~ . ' . . . J - - - (5 .J ,-.- • - C""' ..,-- - • fl, ~ • • ~..,,_ J 

i:il.i~I c:>::: (' -V') J.J~I.J , #J ~.,s..JI Jl_,..JI i:a\Ae.s.; ,~~)'I ~I J~I ~~ ~ c.),11+:al..wia ~-.J ,~I 

. t~I <) t.~I Jl..,...U ~~ 

t.~1 'J\!lsJt e®)! 
4a±i."iaal) 5ala.ll 

(KN/m3
) deal ca 

'l'i .J9/1 1 
n 4.,j _,.JI 2 
'l'o 4.,j\....i__;:JI 3 

°' y_,lJI 4 
n o _)L..,.ill 5 

'i J,..)1 '\ 
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( Live Loads) ~I J~'il Y _t_f 

t) ~, 4J.. 9-..P.- i.:i".l~I .JI , ~14,,1-"'.l~I ~ ~19-Wi.a)'I.J ~"JI LfJ '-'4~ c;u1 JL.a.'il ~.J 

: ~ c.;A.J , o jSJ,&llJ ~ J.,..JI Jl...a,'JI ~ 

.0WiW1 \"ia glisYlgljsl , , 
• oWu.31 ,)&, ;~ i.:iljlj~I ~ 1,",i.i ._;31 oJH-'iLS '~l.i:~I JL.a.'11 • y 

Ji;- 4.1s.:1•-:...,.--i1 ~':l':11.J oJH-'il.J, i.:i~I i!i~ts ,..;a,':l d.J LJ-.4 ~i...l ~ ~ ~I.J ,~\...JI JL.a,'ll .Y' 

<>, l~I ~I J~'JI ~ u::; (Y-Y') J.J~I.J ,i.:a!Ja.All.J o~'JI.; ~~\ .J ~_µ1.1\..,._ll.J ,Ai},31 

.c,;.i}ll .i_,sll ~ ~I fl~I ~~ 

ca-=ell dell 
135.3,N1 @al 

~.;ll 

(KN/m2
) 

f' -· ch «latill 

5.0 Col ylcl Ail gs 1 

5.0 ,.:.,Jl:...JI 2 

4.0 c'el 3 

5.0 w"il..... _, rc,lb.JI 4 
2.5 tus....JI ·w.JJ 5 ~ '-:r . 

7.5 c::_y-llwt......l.. 6 

2 wl..l:it..Jl wbl:9 7 

2.5 ~"ii 1.....Ul.5.... 8 ? • • 

3.0 Cl yffs l 9 

3.0 c..>":!.J~I W.JC 10 
3.0 93\eY! ,ll 11 

4.0 corf<,JI 12 

6.5 eSl Si c i_ 13 . ~ JC 
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( Environmental Loads ) llJsyir. t .r' 

,~}JI c.::ilj,-31 JL.a.i.J cl:!.Jll.J [..,tl\.s W..WI i>, _;,e:; ~I ~I c.::al.J:ii:i,1 1 ~ F ~I J~~I ~.J 

u,a l~~ t..J~1 ~ .J ,f.$,.p.'J .3.i1:i.l.. ~J ol+,i~IJ ,Jlii...11 ~ u-t ~ c,,AJ ,~Jill~~ '-+,1.lll JL.a.'lt, 
-:c}J l..s c,,A.J ~I Jl..a,'11 

( Wind JLoads) c4.;ll J~i \_f _,_'f 
3\Yl lo z,) 4y 5 Gil) ss) ,As 3ill ,-ls) ,i toll1 4us ail) al XS5 s @ oe 5 
.Cs@ s\le 4fig ca o As7li cits fif llg hai.a Ce 7s5 cits ff @es# C1sSis s40Jel gl lct&all sl 

c.::a.ais ~,_jl,M (,,,""°4-4 c:,.. ~\a'i1 ~ c:,.. ~-.,..llJ ,(.fajJ1 ~~~I el.i:iJI ~ IJ~I cl:J.l1 ~i J~J 

.(UBC -97) .b..J,,&ll J..,.s.l1 ~ c~I ~ ~ lJ~I ~I wl.;~ ~J .4 ;;; i· JI W:iJA 

(Snow Loads ) <sill Jsj +.re.r 

(.J,l'-Wl'JI ~ IJ~I [.,tul J~I 1'.:Jii c)S.w..J '[.,tul ~IJi ~ ~14.J oaA wi wS-6:1 ~I JL.a,'JI c,,A 

:&9at 

._HI ~ ~ oUil.JI el.i:i_;I • 

.[~I l:il~ ~.)I-All ~I uJ..:..,. • 

.,--98 as$l cos l @hr ©? Ell es zsll Jtasf @ef cu ,,-8ill d3ell 3 

[_,.tll Jt.-i .HI ~ ~ l..!.l..Jt ~ 

(KN /M2) ( .;..34) H 

0 h<250 

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

(h-400) / 400 1500 > h > 500 

(h - 812.5)/ 250 2500 > h > 1500 
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479 (4920) g3bay s®) s ) @ha co ill 2lily} 4as1 y9 +#-+ell zsll) las} ds+e a-!1tEiza 
:t,r""llS [~I Ji..-1 ~~ ~ i!J.ilt ~ 

h-400 s --- 
L - 400 

932.6-400 s ----- 
L - 400 
s, =1.33(KN /m2) 

( Earthquakes Loads) JJ'Jj.JI J~i f_f _t_r 
of sf 4is &ii,i.all gayll Ai} 7ail) Rs_sf oegc Ryal;g &ill <205\st Cs d3» l aE 
J\.a. c) Jj'.ljll ~14...JI.L w~ ~j.J ~I~ .;~'JI ~ J!.-'JI 61' li._j:i wi ~...J ,Ul...11 c)., J~ 

.Jljljll i!aJ~ a t.:ii al,;, ell .;l..>W=1 'JI u,o ~I c;l:i.h..i..J ~~ 

.141 461y'f ct-tsl lo liy isl # Rs jsll gaill le eh C? &89-0l fa 4iagtia yzg 
· ~ · J "'.ljll ,•.c ~1.lll 1:i"JI ~ , 4.3.,.j • ~ jJ\ • '->""" .J ~ • .) • • • U.Ofl 1$ 

.Ulj.1:1~ C:fi ~ ~ 6-t (Serviceability)~ ~I~ .l.J~ 
• '-:-1~1 ($.Jl.d...11 )i,WI c>, 4J...., .A~ ~I (Cracks) 1"•\oViill ·~ .J (Deflection) 

• 

• 

( Practical Tests) ~t ul_;)f;;~t o_,-i 

~ 4J c;&JI ~'JI~ ~ ~...J ,~.J,4ll a;iii~I ~t...il.;.i.11 ~ , ~ 1$'1 ½~114-wl.;.i.ll ~ 

4±%ll ciiyai Ai± hs; '39ill l45a8 9 <ilashall J:ls"is • Af5el al±alls ;si«alls A25611 Add9 a@gal) cit&col; 

~Jill~ a.JS c>, ~I .JA ~~11 W"'J.i.f...3 1 ~ ~ t.. .;iSIJ ,~ ,U:iJI ~,Bearing Capacity ( 

_.JM ~ ~~ ,#t • • ($.J~ ~I ~.J.J ~.fall~ a.JS~~ ~.;fa c.,!.J .~I ~1.w,1.w,j ~ 4..e~ 

.&3 
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~ ~.,WI ~~'/I ~Ua.ll ,_,-. 

e\) le @,al ll as YI ± sli tg as; &a &-st55 @L4] yali Rs sea Cai2ls ,-ll ; ST 
&3\sf: 3.5lulayly czl9Y3 sg-ill gle3 @±as Yl3 33s-ls «lill :J.63 

: 9till ....,..-Ua.ll 

\ 
j:iis: 
s!aL 

;-column 

u 
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( Slabs ) i.::i1J.1J1 , _ "\_ r 

~Wi.a)'I ~l.ia.ll u-11 ~ o_;.).JI J~ 'JI ~ ~i.;ll '5jill Jli ~ 0.JJWI ~Wi.a)'I ~Ua.ll us:, 0.J~ c,lt 
.8a sdi ! 4-yi ggs 5±as919 +els 33-l de gel ,i @lats 

. Solid Slabs ~I i:.il.iia.JI • , 

. Ribbed Slabs ~..;,WI i:.il.lia.31 y 

cat.sill gJgil 4l±ii) 49 4.1319 A± las.al) col.yllial] 5t4A9 gigsll ,d @itiil) call\sill Cy» 49±) 3359.sl lJA5 
: &-il ,ya &Jy 

.(One way ribbed slab) Ja.l_jll ol+,a"":ll i:.ilj ~I i:.i\s . , 
(Two way ribbed slab) LJ:!Al+,a"":ll ~lj ~I ~Is . T 

.(One way solid slab ) Ja.1-.,ll ol+,a~I ~,j ~I ~\Jial\ • Y' 
.(Two way solid slab ) LJ:!ll+i~l ~,j ~l ~IJitli . t 

{One way ribbed slab) ~1-.,11 04,:i~I ~,j ~I 1.'.:.11~ ,_ ,_ '\_f 

~I ~ '-:1..,Wl D-4 ~ D-4 ~.J ~I o.l& c) ~1.-ll ~ c) A-A~I <J):JI ~I '5Ja.! 
('1"-'1") JS.&,ll c) CJ:H,A _.,. t..s Ja.lJ o½,:i~ ~I ufo...J, ~la!.J 4-iJJ ~B: jJ,iiJ 

One v,:r-1 nc: ~l:b - 
\ 

St-n.-k.-.~ &. T,ernpe,r;a~ S-e.r\. - 
I. , 

,Ja.1-.,ll 111+,i~I ~lj ~I i:.il.lk. ( Y - '1") -JSw.!JI 
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(Two way ribbed slabs) ~~~I b.'..i\j ~I ~l.w;;. y_,_,_y, 
&sea@ds) ,yy7us lay"ily @lil) gS s Ca ciilii.7 4iSO9 2is<al) es Cy+ Ailed) 4A.5 

:(f .'I") JsJi,11 <) ~ t...S ,~4-,i~I <) ~.J &Ai.Jl:i 4-iJJ ":I~~ ~l...w..J ,ul.A4-,i~I 

(One way solid slab) ~l_jll 04,:i~l bl\jl;;.,, -,ell 611.ikll r_,_'\_Y" 

( 0- 'I") JSJ:JI <) W ).p.JI Jw.~ I~ u,:=i_;a:i:i c_riJI <Jl=LWI c) f~ 

• =l3ll \±?Y) cs} Acal) ca±ia) ;(£.-t') JS«2d) 
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nhlr\ 

(Two way solid slab) ~ ~"JI wlj 4' 0 ·., all b!l.us.11 t _, _ '\ _ Y' 

Flat plate 4, b,:: ell ~IJ.h.11~-, _ "\_ r 

i}&, ly.!i4,. j.tiJi ~I.J W.JJ: .Jl .11~ L.1 til.....~I u,o ~~I ~~~I ◄, h : ell ~~~ \.e~ ~ 

.9 al Ja) yjsi ha.i el/is g t4s ha ls'iaN Aase lgylaa As ha"i sys 4-is# s) cs'g? al 53a] 

Figure I - Systems slabs without beams 

; 
edge I ;-1/ colu.'1m - 

I t -,. 

,i =-- 
- ,J--i-___, l ~ 
/ ' L Ullernal 

_ I edge ~i ..J colu:nn 
1 co1umn_ i 

• Aotslob 

edge 
column 

/ s_ aroppnel 

8#» . ..___ inlana1 
- column 

edge ..,.- 
cclurnn .... 

edge." n 
;--/ column I_ l ['l 
ti JI ,l ., .

1 
~!~.-'.~===--... L cap1<a, 

\a0%¢ , ). ] lay 
• edge ___.-:-; ....J co:un:n 

column ! 
I 

@ wnroom slob (column copttols) 

edge 

©® wroom Mob (drop panel) C:) Mushroom slab (drop panel • coprtol) 

. Flat Plate-: ( ' - 1" ) ~! 
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(Beams)..;~! y_'\_f 

3-) g 6sasyIlf 4liiy sis) @5al) cola@all_s las'9I » des8l Jfiy siti @alal A6Lt6! yas ,AS 
-: ~ ~~~~1....i~I 

• o.l.b.11 el.i:i.JI ($J~ ~l.i:i.;I 6.JS:! ~ o.l.b.11 ~IJ ~I J~I {fo- O.J~ - : o~I ~I✓

- : (Dropped Beam) ~1-..JI .;~I✓

~ ~~~, ~, ~ ~1 u,a JJljll ,.,►.JI Jl.,>.1! ~...J oJ'.wl tLi:i) u-6 j.!SI ~Li:i,JI ~ ~I ~I &i CS 5lc 
~I o~ ~ ~ --··· ( Up stand Beam ) '?_,Ja.ll JI (Down Stand Beam ) 

St0ls ceill s s@@49ti) tis"ts syl lo @@lgl) ,-al Raz gtia} 7i@y) .4±sll Cl-aiy 5ylill gsSg9 
&50 ,8 a1i"el ,i) ys-) 8\s Cue ('-r) 

Ma·ne 6-)rs _,,/ 

R,b 

T· 

,.L 
7 

L-section, T-sectioo 

/ 
Scttom Sar·s -' 
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(Columns)icy) r.'1.r 

-4± 2lg g «lulu9fl t4I6is ys-lg csfsial) y+ ls>9l ii f --uul 3@ill 5±¢9I ,a5 

~~I ~.J ~ ,>, o.;Jl! w_,s:i ~ 1 S ·.: wii ~ ~:tl • ~I i:al/JJ J~'JI Jij t} 1$.JJ~ c,rt..!i.i! ~ 
. 4#,'-ail,Jll 

.(short column) o ~I 0.1.o.c 'JI _, 
.(long column) ~_,.hll 0.1.o.c 'JI _" 
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(Shear Walls) ~I ulJ~t _ .,__,., 

'-:iil~I J~~I 4-4.J\lJ ~1-..I Js.Ji.: f~.J ~ Wl.;ll '-:ili~I.J .3.:!J-.,...JI c5,Jill ?Jll:i A.1.1.a ~~J y,.:i~ c.,A.J 
~ ~...; ~ ~.!.=JI ~ ufi:h: ~ ul.;~111:ui.J , (shear wall) c..,aiJI ulJ~ ~.J JJ"JJll.J Cl:Jll ($_j Ji,.. 

• '-:iil~I ~,.sill '-4.Jll. rJ&, ~~\.is 

\+J ~A ~I 4il~I iS.JAll 4-4.Jll. r)&, J.a,:i W ~J 4J-.,i.WI ~l..,JI wlJ.,'JI ~ r}&, ul.,;~I 11:ui J.aj,J 

Js ~ ~I ulJ~ ~ l:?lll t..Jll.JI JS->4 ~ 'Jt...-.11 ~ c:,I o\£-1->' ~ CJ:!Ai\+i"'ll c) IA,jji ~ ,~ 
-~ L. J9i ~ Jilli JS.J-1.J ~ 

($.Jill '-4.Jll.JI ~I wlJ~ c)&, IAJ~I.J f.JJa.ll Jl~ ~ .Jl ~ ~\.S C:,IJ~I 11:ui u.,S:i ul ~ 

.iiy) 

~ 1 d ·.: • ai c:,.., ~ ~j.J ~I J.,\.S c) ~JJJ.o ~ Lf.a.i_jji.J ~1 <) w,oi.ll C:,IJ~ ~~ ~ .ii_, 
o®4i'ill s8l lulls <asbaall ©ylyss<@3) <g ± <lull s.as Jafis s@€ill z39-6 

• ~I wl....li. 1 
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(Foundations) bd~L._.}..r1 c_ 'i- r 

~ D-- ~~~1 ~ ~ '• 'J. e· ul ~l , WiW1 ~~ ~ i.. ;Ji i·: i~ L. J.Ji <.;A w\.waLw'.i1 ui D-- ~ fa. 
• ~I c) ~Wi.i)'I _;..:it.l&.ll lli 

~l_.,JI ~'IIJ wlJJ'll '-i_;a...JJ ' ~jJIJ ~I c) ~W'.a)!I ~Ua.ll ~ J..:i.,.tl 4.1b, wl.w.Lw.'il ~,J 

cu+NI ysus cl g! ct.al9l ilg 5sac9h '? 3s-) l Jiii 5.fall ls @ilsl) Jes9l Ale 4l 
~'II ~IJ Jj~jllJ [.;llll.J cl:ult ~ 4,,1.lll ¼,tt.i.:!J.11 Jt..:.':11 W:a:!IJ ~1J 41J·ll J\,..a.'ll J,.:w ~ J.L,­ 

• a'vsll J6fa @es.l 

~ ~.JAll ~.J ~ ~l_.,JI J~ ':II i>, l~~.J , wl....L...~ a J 'J ··cell Ji..:. 'II ~ ~ 'II o~ <JJS:i.J 
~Ji.ll ~ ojil ~ clJjJ ~ tl.~i 6-- wt.....t.....l ~,~, ~_,:i.e.l l ~.J ' ~~, wl.w.Lw.'il t~ ~ 

• (J'l\.wal Js ,.>, Wl_,JI J~'JIJ 

(Isolated footing) ~ w\.wa\.wai - , 
(Compound footing) ~J-t>• wt..... t.....i - ,. 
(Continues footing). o_J,,M,WW wt.....1-i -Y' 

( Mat foundation ) ~~I wt.....\.wai - t 

(Shallow Foundation) ~I (Jail...';/~ ~..J c,fo}JI ~ ~ 4-i..J w.JS:! .ii (J'l\.wa'ilJ 
c4ill le 4yj5 sl ss @#y! 45l) Ry 41 cila l Lia) JLas} Ji±! 73 4F J6fa ti@as Cy3Se afg 

(Deep Foundation) ~I (J'l\.wa'i~ t-.,lll 1i. ~..J 4J?.!J~ ~..P. 

Squmu Footing · , 

'< 

_ _....,., - Colurn,, 

----­ _.., 

38 



B 

. . 

~ 

_____, rrr1rr\ 

(Stairs) ¢);sYl 1-1.r 

!3:1.bll tl.i:iJI ~~~~I c) ~~I ~ ~I.JI Jl:il.a"JI ~ J.f,-wwJI ~I ~ OJ~ [l~I 

es+ls l4"1 #A5aa 5±is sylicly Lil.ii] <al ya'i gs, 5±slsll @4_all gt@iy) Ji 5 yia cAslizyl ! 

,in¥'l yea"ill lo9I es ad 351 elfisg s236all sley) ls Rs _Jjsa @alg JSy is 5y4 ,at t4al±dial 
• t,ril.JJtS.11 $.l-A.JI uJ.J ~ 4,.i1.lll J\.a~I 

1 
5:r::i.-:.m - ' ' ,.,. - I ! 

'· ~- ..._ -:--Jj 
\ 

r-..__ ....., \ 
~ .....,___ - r .. ru~~"' 6. ~hr11Y<"9' Sarr 

.§§$ 

l 
I ~ 

> 

. [_;Jll ~ ~ji ~ ('' - r) Jsth 
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( Retaining Walls) ~.1~1161.J~I v _ ,_,-, 

.JI ~ c:il J.J~ .l:iµ U"' ":-ll_;ll I~ ~ ~ l..J ~ '-illl F-1..JIJ ":-ll_;JI J.l....:ll li.il~I oll ,.;.fA 

·lell Cy 8ll s ·fg @ii9l A2f1 Jgiuas leafy 8441 ,33 @439tiia) A2015a}'l l3as l a1g +glas) fie els 

.38 5 l 

~ 4.:!Jl.i:l.&.ul ul_;~ ~l~I U"' J:! 'J ulS 'e.J.#1 ~.) ~ ~u.. ~ ~l_,JI u~'JI ~ 

.~I U"' Ji '-:!JWI Ji ~I ~~>11 U"' 4.:!JUi.wi"/I ulJ~I ~ wi ~..J .<,j-"'lj.i""J\ Ji _;~""JI U"' ~ 

: ~ 4.:!Ju:l.wi'/I ul_;~I u-- tl..,-il o~ ~_, 

. ~JJ u-1'- J..:iiu c_rlll (gravity walls) ~j1.+,31 ul.,;~ • 

. (cantilever walls) 4.J:I.S.ll ul.,;.i+,11 • 

.(braced walls) ~.1.4 ulJ~ • 
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(Expansion Joints) JJ/411 ~I~ v_r 
sl so> 9341 Ja\sl Rats) @ta99lg J\s.2y) cf± sl 59$ A,iig] st.9l ca ,,ill Jis ,i ii 

Ill .J , _;.. ( t • - 'f o) 6-t ~I d,t:Jfo u\S lj! ~Lill ~.J A! J 'Cs.. ~_;Jl ~I.J,ill UJSj .l!.J ~.J:A J-1..,s 

d3NI Jtiy 4gtias$ 41la) cal«if cJls5 al6g , ctii gas l) ll# sa'3y ) s9 14illy gel ztaaall 
:c): W WJ ~ tw:.WI ~~.J:lll.J ~\.bl)Wi'JI ~ ~l~I o~.J ,"'=3ljljll ~1.J,il4 ~I.J,ill o~ u&-J:i 

~!_.,ill olti ~ DI i)&, ,~I J_,s.ll ~ Wil.JI 4-tS <.) i;.Ji.;a. JJ.t:j J,..:il-J! ~l~I ~ 

;~ W ~14.tS J~'J ~I ~\!l...wi.JI ~J .\+!I.fol U.JJ <5.,la.ll ~l.,.;.l.,.;.'JI ~.J ~! 

."'=31.a.ll '-:_,l:i.;ll ~lj ~Li.JI c} (40m) ❖

.'-:Jl.a.ll '-:_,1:i.;ll ~1:, ~Li.JI c} (36m) ❖

.~jl.JI '-:_,1:i.;ll ~lj ~Li.JI c} (32m) ❖

• 3-!~I ~Li.JI ~ (28m) ❖

4al±i5al 'i ill + 9wlsI &al; A.Y 

.AutoCAD (2007) for Drawings Structural and Architectural.' 
Microsoft Office (2010) For Text Edition. Y 
.Atir Software for Structural Calculations . 't' 

SAFE 2014 .t 
ETABS 2013 .0 
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Chapter 4 Structural Analysis And Design 

ZL Strue&unrall Analysis Amall lesigm 

4.1 Introduction. 

4.2 Design method and requirements. 

4.3 Determination of Slab Thickness. 

4.3.1Compare Between a Thickness of one way and Two Rib slab 

4.4 Design of topping. 

4.5 Load calculations for one way Rib slab. 

4.6 Design of one way Ribbed slab. 

4.7 Design of two way Ribbed slab. 

4.8 Design of one way Solid slab •• 

4.9 Design of Beam. 

4.10 Design of Short Column. 

4.11 Design of Shear Wall. 

4.12 Design of Stairs. 

4.13 Design of Basement Wall. 

4.14 Design of Isolated Footing. 

4.15 Design of Composite Beams. 
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Chapter 4 Structural Analysis And Design 

4.1 Introduction: 

-Many structures are built ofreinforced concrete: bridges, buildings, retaining walls, 
tunnels, and others. 

-Concrete is a construction material composed of cement ( commonly Portland cement) as 

well as other cementations 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. 

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and 
frequently admixtures. 

-Structural concrete can be classified into:- 

• Lightweight concrete with unit weight from about 1350 to 1850 kg/m. 
• Normal weight concrete with unit weight from about 1800 to 2400 kg/m3

. 

• Heavyweight concrete with unit weight from about 3200 to 5600 kg/m. 

In This Project, there are three types of slabs: solid slabs, one-way and two-way 

ribbed slabs. They would be analyzed and designed by using programs such as Beam D, 

Safe, Staad pro.to find the internal forces, deflections , and then hand calculation would 

be made to find the required steel for some members. 

In this Chapter, we will show the procedure for designing the several structural members 

of our project, so we will discuss the steps that we followed to design the Ribs, beams, 
slabs. 

So, this chapter will contain a sample calculation related to one of the preceding members 

contained in this project.All of these members will be designed according to (ACI-318­ 
code). 
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4.2 _Design method and reguirements:- 

The design strength provided by a member is calculated in accordance with the 
requirements and assumptions of ACI_code (318_11) 

4.2.1 Strength design method: 

-In Strength design method which formally called ultimate strength design method, the 
service loads are increased by factors to obtain the load at which failure is considered to 
be occurring. 
This load called factored load or factored service load. The structure or structural element 
is then proportioned such that the strength is reached when factored load is acting. The 
computation of this strength takes into account the nonlinear stress-strain behavior of 
concrete. 
-The strength design method is expressed by the following, 

Strength provided > strength required to carry factored loads. 

NOTE: 

The statically calculation and the key plans dependent on the architectural plans. 

» Code UBC: ACI 2008. 
» Material:­ 
Concrete: B300....._ fc'= 300 0.8 = 24N/mm (MPa) For rectangular 
section, 

Reinforcement steel :­ 
The specified yield strength of the reinforcement {fy = 400 N /mm? (MPa) 

» Mild steel : A-36. 

Connection Type : Weld, Bolts. 

4.2.2 Factored loads: 

The factored loads for members in our project are determined by: 
Wu = 1.2DL + 1.6 LL ACI- code-318-08(9.2.1). 
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4.3 Determination of Slab Thickness:- 

4.3.1Determination of The thickness of one way and two way ribbed slab:­ 

- One Way Ribbed Slab :R20. 

- Two Way RibbedSlab :R 31 

• Statically system for (R20) :- 

2.07 3.77 4.47 6.45 

Fig 4.2: Statically system for (R 20) 
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• Section in ribbed slab :- 

C: 
5 ~ 

ps 1/) 

<'II 
r 

Fig 4.3: Section in ribbed slab 

The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one 
way slabs unless deflections are computed. 

The minimum required thickness is:­ 

-Maximum span length for one-end continuous : L=6.45 m=596 cm. 

-han for one-end continuous= L/18.5. 

h,,,== L/18.5 = 645/18.5 = 34.8 cm ........••.• (control) 

-Maximum span length for both-end continuous : L=4.47 m =440 cm. 

-hmin for both-end continuous = L/21. 

hmm= L/21 =447/21 =21.2cm. 

- The controller slab thickness is 34.8 cm. 

But by deflection checked it was contro11ed at 35 cm thickness. 

So Select Slab thickness h= 35cm with 27 cm hollow block & 8cm Topping. 
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❖ Check Thickness of two way ribbed slab: 
► Two way ribbed slab( RlO):- 

► Statically system for (RlO) :- 

l 1 c7 r::· 

( 
r.,, r c = - = c: 
0 : r. 
rr1 c.. 
Jc2 
rp, 

l 

Discontinuous Edge 

Discontinuous Edge 

Fig 4.4:Statically system for(S16) 

► Thickness of slab :- 

Clear perimeter 
hmin=------- 

180 
3.45+4. 7+ 3. 7+4.8 = 92.5mm 

180 ► Limitation of deflection according to ACI:­ 

Ribbed slab section :- 

bf= be= 520mm. 
EA«Y 

Ye=-~- 

A .l - 
,:- I 

- 

' ' 
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{(12-2z-#)} + @-s2-31) 
Ye= 

(12 * 27) + (8 * 52) 

( 83) ( 273) 7 . Z !rib = 52 * 
12 

+ 12 * 
12 

+ (8% 52 % 7.67-) + (12 * 27 >9.74-') 

= 77111 {cm] 4 

► Statically system for beams :- 

Interior Beams (B,F,47-- B,F,45- B,F,51- 
B,F,53): 

-Interior Beam (Rectangular-Section) . 

(B,F,47 - B,F,45- B,1:,51 -B,F,53): 

► For Interior Beam (B,F,45-B,F,51 ) :- 

Ib= (80x [257\3/12)= 104167 cm 

► For Interior Beam (B,F,47) :- 

= 23.33 cm 

i:i 
Lr 
Sy 

80crn 

Fig 4.5 :Beam 45,51 

• E ~ .., 
11'1 

S t 

I ... 

I 15 50 ( --+--- -- - 
!-'----- _ 80cm 

1 

Ye ={50*20*10) + (25*80*32.5) = 25CM 
(50*20)+ (25*80) 

lb=(B0*{25"3/12}} + {50*{20"3/12}} + {80*25*7.5*7.5)+(20*50*15*15} = 
475000 cm 
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> For Interior Beam (B,F,53) :­ 
Fig 4.6:Beam47 

Ye= (50*15*7.5) + (25*80*22.5) = 18.4 cm 
(50*15}+ (25*80} 50 

80cm 

Ib=(80(25°/12)) + (50(15°/12))+ 

(80*25*4.1 *4.1)+(15*50*10.9*10.9}=240956.67cm4 

-For Interior Beam 

-In Long direction (B,G,45). . . . . . . . . L = 436 cm. 

Fig 4. 7 :Beam 53 

7(# +ao) 
ls= 

52 
441.90 » 10cm 

-In Long direction ((B,G,51) L rign::= 489 cm,L Zr1;~::= 436 cm. 

11111 (436 + ~ + 80) 
Is= 2 2 = 804.47 * 103cm4 

52 

-In Short direction (B,G,47) L 1111::= 513cm 

7u (#) 
ls = 52 - = 380.36 * 103cm4 

-In Short direction (B,F,53) k -an 411cm. 

ls 
mu(#) 

52 = 304.73 » 10°cm 
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10416 7 == 0.23 
017441.90-10° 

104167 = 0.129 
.2 'g04.47-10° 

475000 = 1.24 
03° gg0.36-10° 

2409s6.67 _ 0. 79 
0.47 304.73-10° 

Clrm 
a.1+0. 2+03+a. 4 

4 
0.59 

0.2 < a fin= 0.59 < 2 

where <2 

44s (o.8 + ) 
; 1±oo, 12 67 n :nin = 445 = . cm 

36 + 5 >!<-[0.59-0.2] 
3.31 

ha.ssumed = 25crn > hmin = 12.67 cm .... ok 

The thickness in one way rib slab is larger than in two way rib slab SO, 

Take the slab t!,ickness = 25 C!!I, 17 cmfpr concrete]Jlock, 8 cm,.fpr topp,.ing. 

4.4 Design of topping: 

Topping in One way ribbed slab can be considered as a strip of -1 meter widthand a span 
of hollow block length (b=40 cm) with both end fixed in the ribs. 
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Wu 

I i 1 

!_ I 

------- 40 cm------- 

Fig 4.8: topping load. 

4.4.1 Determination of dead load:­ 

Mortart3cm 
Coarse Sand .ill 7 c.m 
R Concrete To in 8 cm 
Concrete Block 
R Concrete Rib 
Plaster 3 cm 

Typical Section In Ribbed Slab 

Fig 4.9: Typical Section In Ribbed Slab 

Dead load calculations: 

Dead load from: 6xyx KN/m 
Tiles 

Mortar 
Sand 

Topping 
Interior partitions 

0.03x23 
0.02x22 
0.07x 16 
0.08x25 

1 
3 

0.69 
0.44 
1.12 
2 
1 

5.25 
Table (4.1)Calculation of one way dead load 
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~ ... :7T-l II 
Wu 

I [ . I '. I I 

-------- 40 cm------- 

Fig 4.8: topping load. 

4.4.1 Determination of dead load:­ 

Mortart3cm 
Coarse San 
R Concret 8 cm 
Concrete 
R Concrete Rib 
Plaster 3 cm 

Typical Section In Ribbed Slab 

Fig 4.9: Typical Section In Ribbed Slab 

Dead load calculations: 

Dead load from: 6xyx KN/m 
Tiles 

Mortar 
Sand 

Topping 
Interior partitions 

0.03x23 
0.02x22 
0.07x 16 
0.08x25 

1 
3 

0.69 
0.44 
1.12 
2 
1 

5.25 
Table (4.l)Calculation of one way dead load 
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Live load: 

L, =5 KN/m 

Factored load: 

L, =5 KN/m x 1m= 5KN/m 

Wu= 1.2 x5.25 + l.6x5 =14.3 KN/m. 

► Check the strength condition for plain concrete, oM, > Ma, 
where a =0.55. 

Mn = 0.42 4/f! Sm ~ACI 22.5.1, equation 22-2). 

:, BF 1000x8 56.667 ,3 S, (modulus of cross section of slab) = - = --- = 106666 . mm . m 6 6 

Mn = 0.55 X 1 X 0.42 X ill X 1066666.67 x 107° = 1.247KN.m 

wE us-osf [9: KN. (r 3, t) -Mu= -- = --- = 0.1 1 .m(negative momen . 
12 12 

0Mn>> Mu= 0.191KN.m 

-No reinforcement is required by analysis. According ACI 10.5.4,provide As,minfor slabs 
as shrinkage and temperature reinforcement. 

Pshrinkage = 0.0018 .. ••••••• ....ACI 7.12.2.1 

As = p X b x htopping = 0.0018 X 1000 X 80 = 144mm/m strip. 
Try bars 498with As= 50.27 mm? 

As 144 
Bar numbersn= _= 2.87 take 3 bars. 

AS(gsy 50.27 

Step (s) is the smallest of: 

1. 3h = 3 X 80 = 240 mm. . control . ACI 10.5.4 

2. 450mm, 

(280) ( 280) 3. S =380 - - 2.5C,= 380 = - 2.5 .20 == 330mm fe j+Co 
but .. : ... 

52 



Chapter 4 Structural Analysis And Design 

S< soo(P) = 300 (-zso) = 315mm ACI 10.6.4 
fs 7+00 

idcd 250 mm Im ' S 200 mm <Sax Use 48 @ 200 mm in both direction, As prov1 ;,.;;.;e;;...--- . - 
240 mm. 

4.5 Load calculations for one way Rib slab 

One Way RbSLab Shrinkage & Temperature Bars 

- ----- 
Ra, 

Hollow Bloc l 

Fig 4.10: one way Rib slab. 

-The effective flange width (be), according to ACI 8.12.2 is the smallest of: 

- be = L/4= 2.07/4 = 0.517 . 
.be ~ bw + 16hf = 120 + 16 X 80 = 1400 mm. 
be ~ center to center spacing between adjacent beams = 400 + 120 = 
520 mm 
....... Control 

Requirements For Slab Floor According to ACI- (318-08). 
• bw ~ 10cm AC/(8.13.2) 

Select bw=12cm 

• h ~ 3.5 * bw AC/(8.13.2) 
Sel«tla = 35cm <3.5 » 12 = 42 cm 
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• tf ~ Ln/12 2:: 50mm ACJ(8.13.6.i) 

• Unit width (b,)= bw ~ block~ block 
2 2 

1 1 b,= 12+ 4o+-.::. 40 =52 cm 
2 2 

Select bf= 52cm 

◄ 52cr, ►
A A 
v I A 

Ill ,..... t'1 cg 

I 
Y ' 

Typical Section In Ribbed Slab 

Fig 4.11:Section in one way Rib slab 
• Dead load calculations: 

Dead load from: 6xyx b, KN/m 
Tiles 0.03x23x 0.52 0.359 

Mortar 0.0Y x22x0.52 0.2288 
Sand 0.07x 16x0.52 0.582 

Topping 0.08x 25x 0.52 1.040 
Interior partitions 1.5x0.52 0.78 

RC rib 0.27x25x0.12 0.81 
Hollow Block 0.27x 10x0.4 1.08 

Plaster 0.03x22x0.52 0.343 
3 4.96 

• Table (4.2)Calculation of one way dead load 

• live load calculations: 

Live load /rib = 5 KN/m? x 0.52 m = 2.6 KN/m. 
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• Factored load calculations: 

Du= 1.2 X 4.96 = 5.95 KN/m 

Lu = 1.6 X 2.6 = 4.16 KN/m. 

Wu= 5.95 + 4.16 = 10 .11 KN/ m 

4.6 Design of One Way Rib slab: 

System 
One -way ribbed slab: 

1 2 3 4 
1 2 3 
A iJ = Al = C = ~ ~ ~ 

0.5 1.57 0.5 3.27 0.5 3.97 0.5 
I I I I I I I I 

2.07 3.77 4.47 
52. .7 
12. 
AA 

5 
4 

.iJ 

J ~ 
5.95 0.5 

I I 6.45 

< Loading 
By using BEAMD (ATIR) program we get the envelope moment and shear diagram as the 
following: 

Dead-load-service: 

Loading 
load group no. i 

[E4±1;15] 
Live load • service 

Load factors: 1.20,1.20/1.60,0.00 

2.60 

2.07 

2.60 2.60 
2. 0 

S.77 4.A7 6.45 
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❖ Moment/ s h e a r E n v e I o p e (Factored): 

Moment/Shear Envelope (Factored) Units:kN.meter 

omen's: spans 

3. 
.A 

10.5 7.6 

35.9 

[o.z2, a.as ] 2.07 1.7 1.79 2.63 3.87 

Shear 

-24.6 -30.2 ~21..3 -27. 
-20.2 6.4 -1+.8 -] 

~ ~ ~ Sa tr_ 
21A 19.7 ~ 

38.8 

Reactions 

Factored 

DeadR 3.12 20.73 20.15 40.18 15.58 
LiveR 4.69 17.1 19.75 28.87 11.39 
Max R 7.81 37.83 39.9 69.05 26.97 
Min R 0.6 23.12 22.69 48.74 15.08 
Service 
DeadR 2.6 17.28 16.79 33.48 12.98 
LiveR 2.93 10.69 12.34 18.05 7.12 
MaxR 5.53 27.96 29.13 51.53 20.1 
MinR 1.03 18.77 18.38 38.84 12.67 

❖ 4.6.1 Design for positive Moment for Rib (R20) 

► Mu max. Positive for span □Mu= 36.9 KN.m. 
Assume bar diameter p 12 for main positive reinforcement. 

d, 12 
d = h - cover - dstirrups -- =350-20-10-= 314 mm 

2 2 . 

-Check if a>hr to determine whether the section will act as rectangular or 
T_section, 
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M,,=0.85x 24 x 520x 8ox (314- #)x 10° = 232.53 KN.m 

Mnr >Mu= 36.9/0.9 = 41 KN.m, 
O 

-The section will be designed as rectangular section with b = 520 mm. 

As= p.bE .d 

m = y 420 _ 20.58 
0.85fc' 0.85 * 24 

Rn= Mui¢_ 36.9*10-3 /0.9 0_79 MPa 
b*d2 0.52*(0.314)2 

=_!_(l- j1_2mRnJ= 1 (l- /1_2*20.58*0.79J=O.OOI9 
p m ~ fy 20.58 y 420 

-As=.be .d=(0.0019) (520) (314)=310.2 mm? 

- Check for As,min• 

r V' c 1.4 As,min =0.25.,7b.d>, b,.d 
Jy Jy 

aa 
As,min = 0.25- 120X 314 = 109.87mm2 

420 

1.4 
As, min 45,320x 314= 125.6mm2 •••• Control. 

As,required=310.2 mm2.>As,min = 125.6mm2 

Use 24916 ,As,provided = 402mm?> As,required = 310.2 mm?..Ok 

-Check for strain: 

As * fy = 0.85 * fc * b * a 

402 * 420 = 0.85 *24 * 520* a 
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a= 15.9mm 

a 15.9 Cc=-=-==18.?mm 
B, 0.85 

314-18.7 s =(d-c)/ cx0.003==---x0.003= 0.047> 0.005 ...0k 
s 18.7 

❖ Design for Positive Moment Mu=+ 10.5 KN.m: 

-Assume bar diameter <I> 12 for main positive reinforcement 
d, 12 

d = h - cover - dstirrups-- =350--20-10--= 314 mm. 
2 2 

M,, =232.53 KN.m 

Mnr >> l•;u. 10.5/0.9 =11.66 KN.m, the section will be designed as rectangular 
section with b = 520 mm. 

As =p.bE .d 

fy 420 nz • woo, --- 20.58 0.85 fc' 0.85 * 24 
Rn= Mu/¢ 10.66*10-3 /0.9 0_23MPa 

bd? 0.52 * (0.314)2 

'f-,-@] 4-,2asavaas) p= - - - . = -- 1- 1- . = 0 00055 
m fy 20.58 420 · 

-As =p.be .d = ( 0.00055)* (520)* (314) = 89.8 mm. 

- Check for A,,­ 

A . = 025.fi'cb d > l.4 s,min b. d 
" f, 'f,' 5 

✓-24 
As, min = 0.25 

420 
120 x 314 = 109.87mm? 

1.4 
As,min = -120 X 314 = 125.6mm2 c tr l 420 ···· on o. 
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As,min = 125.6mm2.>As,required= 89.8 mm 

Use 2410 ,As,provided = 157.1mm? > As,required = 125.6mm?.. Ok 

-Check for strain:- 

As fy = 0.85 * fc * b * a 
158 420 = 0.85 *24 * 520* a 

a=6.25mm 

cc=.¢_6.25_7,35mm 
B, 0.85 

314-7.35 e = (d- c) I c x 0.003 = ---x 0.003 = 0.125 > 0.005 ... ok 
s 7.35 

*Design for positive moment Mu= 7.6 KN.m 

-Assume bar diameter <p 12 for main positive reinforcement 
·d, 12 d = h- cover- dstirrups--= 350-20 -10- - = 314mm. 

2 2 
M,, = 232.53 KN. m 

M4 · » · Mnt» 0 =7.6/0.9 =8.4 KN.m,the section will be designed as rectangular section with b=520mm 

As =p.bE .d 

fy 420 m = --- = 20.58 0.85 fc' 0.85 * 24 
Rn=Mu/¢ 8.4*10-3/0.9 0.18MPa 

bd? 0.52(0.314)° 

6-4[1-,Pi)..1 f-,Rzaossvais), o 
m v fy 20.s8 v 420 = o.ooo 

-As= p.be .d = ( 0.00043)* (520)* (314) = 70.28 mm 
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-Check for As,min• 

2 
(control) As, min = 125.6 mm2 >As, required =70.28 mm 

Use 24510 Bottom ,As.provided= 157.1mm2 _> As,reITTJ:irea 
= 125.6mm2 •• o,r 

-Check for strain :- 

As,fy _ 157 .1X420 = 6.22 a ,- .... mm 0.85b f- 0.85x520x24 

c=.S -= 7.32 mm 
'.B, 0.85 

s. = O 003 (d - C) = 0.003 (314- 7·
32
) = 0.126 > 0.005 ... ... Ok 

s • C 7.32 

Note: All spans with Positive moments less than 10.5 KN.m will be 
Reinforcedwith <}>10. 

❖ 4.6.2 Design for negative Moment for Rib (R20) : 

-Mu= 40.2 KN.m ( maximum negative moment at the face of support-A CI 8.9.3) 

-Assume bar diameter d 12 for main negative reinforcement. 

· d, 12 d = h- cover- dstirrups ---= 350- 20-10 -- = 314mm. 
2 2 

Rn= Mu/¢ 
b*d2 

40.210 /0.9 
0.87 MPa 

0.52*(0.314)2 

»-4f-.{ F]-. ',-,£57us-osi ) m fy 20.58 420 - 0.00211 

As = p.be .d = ( 0.00211 )* (520)* (314) =344.52 mm? 

-Check for As, min• 

As, required=344.52 mm2.> As, min = 125.6mm2 

Use 24916,As,provitded= 402mm > As,r &· ·d , equrer =344.52mm-. ...0k 
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-Check for strain: 

As fy = 0.85 * f~ * b * a 

402 420 = 0.85 24 520 a 

a= 15.9mm 

a 15.9 Cc=-=--=18.?mm 
B, 0.85 

314-18.7 s, =(d-c)/cx0.003=x0.003=0.047> 0.005 ...0k 
s 18.7 

Design for Mu= -12.9 KN.m 

Assume bar diameter <}>12 
d 12 

d = h- cover - dstirrttps _....!?.. = 350- 20-10 -- = 314mm. 
2 2 

Rn
-- Mu/¢ 12.9*10-3 /0.9 0.27 MPa 
bd? 0.52 * (0.314)2 

»- [-,f-@ii]-..1 ,f-,-2aosRos7] oaoocs 
m f9 20.58 420 

As = p.be .d = ( 0.00064 )* (520)* (314) = 104.49 mm? . 

-Check for As minimum:- 

As, min = 125.6mm- .> As, required=104.49 mm 

Use 24>10,As,= 157mm2 > As,required = 12S.6mm2. 

-Check for strain: 
+±±s __1szggx+go 26,95 a _ , - _ - . mm 

0.85b5 f- 0.8:,X120X24 

Oh 

a 26.55 
c=- = -= 31.71mm 3. 0.es 

- (Es) 4(e-on Es - 0.003 -- = 0.003 ---- = 0.0267 > 0 005 Ok 
C 31.71 . . ..... 
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-Check for strain: 

As fy = 0.85 * fc * b * a 

402 420 = 0.85 *24 * 520* a 

a= 15.9mm 

a 15.9 Cc=-=--=18.7mm 
B, 0.85 

314-18.7 
& = (d-c)I ex 0.003 = ---x 0.003 = 0.047 > 0.005 ...0k 
s 18.7 

Design for Mu= -12.9 KN.m 

Assume bar diameter <}>12 
d 12 

d = h- cover - dstirrups-? = 350 - 20 -10 - - = 314 mm. 
2 2 

Rn
-- Mu/¢ 12.9*10-3 /0.9 0.27 MPa 

b * d2 0.52 * (0.314)2 

»-4[-,f-ii]..1,-,-2osros7]-oaoocs 
m fy 20.58 420 

As = p.be .d = ( 0.00064 )* (520)* (314) = 104.49 mm? . 

-Check for As minimum:- 

As, min = 125.6mm2 .> As, required=104.49 mm 

,ise 24>10 ,As,= 157mm2::::, As, reguired = 125.6m.m.2. 

-Check for strain: 
de±s _ 1szggxs0 _ 35,95 a ,- - mm 

0.85b fc 0.85X120X2~ • 

Oh 

a 26.595 c=- = -= 3171mm 3. 0.es 
- sy. ,(g-sin Es - 0.003 -- = 0.003 ---- = 0.0267 > 0 005 Ok 

C 31.71 . . .. "' 
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-Check for strain: 

As * fy = 0.85 *le* b * a 
402 * 420 = 0.85 24 520 a 

a= 15.9mm 

a 15.9 Cc=-=--= 18.7mm 
B, 0.85 

314-18.7 k 
& = (d-c) I ex 0.003 = ---x 0.003 = 0.047 > 0.005 ... D 

I 1&7 

Design for Mu= -12.9 KN.m 

Assume bar diameter <I,12 
d, 12 

d = h- cover - dstirrups -- =350-20-10--= 314 mm. 
2 2 

Rn= 
Mui¢ 12.9*10-3 / 0.9 0.27 MPa 
bd? 0.52(0.314)° 

» Lf-,f-@ii]..1 ,f-,-2aosrgs7] oaoocs 
m fy 20.58 420 

As = p.be .d = ( 0.00064 )* (520)* (314) = 104.49 mn? 

-Check for As minimum:- 

As, min = 125.6mm2 .> As, required =104.49 mm 

yse 24>10,As,= 157mm2 > As,reguired = 12.S.6mm2• Ok 

-Check for strain: 
As.fv 157 ,08X420 

d ass; 3= 26.95 mm , ::b fc 0.85X120X24 

a 26.55 c=- = -= 3171mm 3. 0.es · 

- (Es) 4(e-on E5 - 0.003 -- = 0.003 ---- = 0.0267 > 0.005 C 31.71 . . . Ok 
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Note: All spans with Negative moments less than 12.9 KN.m will be 
Reinforcedwith <I> 1 O . 

·" 4.6.3 Design of Rib for shear 
Shear strength V c, provided by concrete for the joists may be taken 10% greater ~ for 
beams. This is mainly due to the interaction between the slab and closely spaced ribs. 
(ACI, 8.13.8) . 

From shear envelope diagram: Vu= 33.2 KN 

1.1 r=. 1.1 r;:;--; Vc=/f'b,d=-N24x120x314x10°= 33.84KN 
6 6 

o Vc = 0.75 X 33.84 = 25.38 KN 
1 1 

Vs.min= 
16
fl:bt .• d = 

16 
illX 120 x 314x 10°= 11.54KN 

1 1 
Vs,min = 3bwd = 3 X 120 X 314 x 10°= 12.56 KN - control 

oVc<V,<s(Vc+V, ,,) s,m1n 

0 Vc=25.38< Vu=33.2< 0( Ve+ V . )=37 94 --Case 3 s.min • 

minimum shear reinforcement is required (A . ) ~ .. ,m,n 

Use stirrups U- shape (2 leg stirrups) q>8 Av = 2 x 50.26 = 100.53mm? 

If V <V,' 

V,=V, - Ve= VJ q> - Ve= 33.2/0.75 -33.84 =10.42 KN 

Then 

d 
Sa S5 < 600 mm 

d 314 
Sa 5F=3> =157mm - control 

Check for V. .• - s.man 
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-V,,,,,, =12.56KN 

-S, 4.,,=minimum of: rqutrs 

3Avfyc = 3x100.s3 x420 = 105556 mm- control 
by 120 

16Av{yt - 16 X 100.53 X 420 = 1149.15 mm 
,/24 120xV24 
Take S=l40 mm 

Use stirrups U- shape (2 leg ~tirrups )~8/J4cm c/c 

4.7 Design of two Way Ribbed slab: 

4.7.1 Design of two way Ribbed §lab (R31):- 

4-7.L1 JLoad Calculation 

► Determination of Dead load 

Dead load from: W =yxV KN 

Tiles 
Mortar 

Coarse sand 
Topping 

Interior partitions 
RC rib 

Hollow Block 
Plaster 

0.03x23x0.52x0.52 
0.02x22x0.52x0.52 

0.07x 16x0.52° 
0.08x25x0.52x0.52 

1.5x0.52° 
0.17x25x0.12x(0.52+0.4) 

0.17x 10x0,4x 0,4 
0.03x22x0.52° 

0.186 
0.118 
0.302 
0.540 
0.405 
0.469 
0.272 
0.1573 
2.5 

Table (4.2)Calculatlon of two way dead load 
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DL • 9.24KN/m2 
0.52 X 0. 

► Determination of factored dead & live load 

Total live load = 5 KN/m2 

Factored dead load = 1.2 x Dead load = 1.2 x 9.24 = 11 KN /m?. 

Factored Live load= 1.6 X live load = 1.6 X 5 = 8 KN/m2 

Wu=11+8= 19KN/m2 

> 4.7.1.2Design for Positive and! Negative Moment:­ 

Discontinuous Edge 

Discontinuous Edge 
" 

► Moments calculations 

Ma = Cawla-bf and Mb = Cbw!lb-bf 

la 3.31 
E 4as 975 

-Negative moments: 

Ca.r.eg G: = 0.75) = 0.069 

64 



Chapter 4 Structural Analysis And Design 

M = O 069* 11 * 3.312 * 0.52 = 4. 32KN.mlrib a,neg · 

c,, .("= oas)=oo22 nsg [b 

Mb = 0.022 * 11 4.36°% 0.52 = 2. 39KN.-mlrib .neg 

-In short direction: 
d, 14 .5 

d ==h- cover - dstirrups -2 = 250 - 20 - 8 - 2 = 214. mm. 

Mu 4.32 X 106 
Rn= 0bd2 = 0.9 x 520 X 214.52 = 0.2 Mpa. 

fy 420 
m = --- ---- = 20.6 

0.85 fc' 0.85 * 24 

-±(-.-FF@)-±.(­ m 420 20.6 

* CheckforAs,min .. 

l _ 2X 20.6X0.2) = 0.00047 
420 

As = p.b. d = 0.00047 x 520 x 214.5 = 53.37mm2 

.[f'; 1.4 As,min =0.251k,-d= , ,-d 
y .}" 

-m As,min = 0.25- 120 X 214.5 = 7Smm2 
420 

1.4 
As,min = 

420 
x 120 x 214.5 = 85.8mm2 •• Control. 

As,min = 85.8mm2 > As,required = 42.6mm2 

Use cpl0 with As=78.53mm2 . 

As 85.5 • ](){ & 
n AsQ10 :-s.53 - · 8 "" 2 · 

Use 2410,Top As,= 157mm> As,required = 85.8mm. 

*Check/or strain: 
Ole 

65 

◄



Chapter 4 Structural Analysis And Design 

fy_ _ 157x+20 = 6.21 mm 
ossf' 0.8sxszoxz+ 

a 6.21 7 3 c=-=-= . mm • 0.85 ',(£<) ,(2485-73y, 6.as > a.oos .... 
Es= 0.003 ~ - 0.003 7.3 . 

Check spacing : 

S = 120-20x2-sx2-(2x10) = 44 mm > 25 OK 
1 

Ok 

-In long direction : 

_ M, _ 2.39 x 10° _ O.ll Mpa. 
Rn - 0bd2 - 0.9 X 520 x 214.5° 

- fy = 420 = 20.6 
m - 0.85 fc' 0.85 * 24 

P= .!._ (1- /1- 2.m.Rn) = _1 (1- 
m "'Ii 420 20.6 

_ 2X20.6X0.11) = 0.00026 
1 420 

As = p.b. d = 0.00026 x 520 x 214.5 = 29.55mm2 

* Check for As, min .. 

ff.. . 1.4 As,min =0.25' b,.d>, b,.d 
f, ' 

As,min = 0.25 ...fi4 120 X 214.S = 75mm2 
420 

1.4 2 
As,min = 

420 
x 120 x 214.5 = 85.8mm .. Control. 

As, min = 85.8mm2 > As, required = 29.55mm2 

Use d9 10 with As=78.53mm2• 

As _ 855 1.98 & 2 n As-¢10 - 78-53 - · ~ · 
Use 2910,Top As,= 157mm? > As,required =85.8mm?. 9 

* Check for strain: 

66 

◄



Chapter 4 structural Analysis And Design 

sfy_ _ 157x420 = 6.21 mm 
a 0.85b ,; 0.8SX520X24 

c= s9 = 7.3mm 
3~ o.ss 214 s - 7 3) 
- (d- C) = 0.003 ( .. . = 0.085 > 0.005 . 

Es - 0.003 C 7.3 

Check spacing : 

S = 120-zox2-:x2-(2x10) = 44 mm > 25 

-Positive Moments:- 

c, .("= ozs) =o.02a 
a,dl lb 

M = 0.028* 11'-' 3.312 * 0.52 = 1. 75KN.mlrib aposdl 

M = O. 045 * 8 * 3.312 * 0.52 = 2. 0SKN.m/rih a.pas,ll 

M = 1 75 +2.05 = 3.58 KN.m/rib apos · -::i 

OK 

c.('=ozs) =aso 
Mb ,dl = 0.009» 11 * 4. 362 * 0. 52 = 0. 97 KN.m/rib .pas 

c. ("=ors)=a.ow 
M,, n= 0.014* 8 * 4.362 * 0.52 = 1.11 KN.m/rib. ,pas,. 

Ok 

• M._,.,..= 1.11+0.97 = 2.08KN.m/rib 

► Negative moments at Discontinuous edge ; positive moment): 
1 

Ma-,ug..edgt = 3"' 3. 58 =1.2 KN.m/rib 

1 
M,negedge 7 5 2.05 = 0.68 KN.m/rib 
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o Short Direction: 
_ Design for positive moment (Mid Span)Mu = 3.58KN.m 

► bf== 520mm 

Asswne bar diameter <P 14 for mainpositive reinforcement. 
4 ds 14 .5 d = n - cover - dstzrrups - - = 250 - 20 - 8 - - == 214. mm. 2 2 

M.. 3.58 X 106 
R» 5, 0@ X526 x 2i435= = 9.16 Mpa. 

fy 420 
m = --- = --- = 20.6 

0.85 fc' 0.85 » 24 

+( .) +f p=- 1-✓1--- =- 1- m 420 20.6 
l _ 2X20.6X0.16) = 0.0QQ38 

42 0 

As = p. b. d = 0.00038 X 520 X 214.5 = 42.65mm? 

* Check for As, min .. 

f'. 1.4 As,min =0.25.-b..d>,- b,.d 
Jy Jy 

-,;24 
As,min = 0.25- 120 X 214.5 = 75mm2 

420 
1.4 

.4s,min = 420 x 120 x 214.5 = 85.8mm2 •• Control 

As,min = 85.8mm2 > As,required = 42.6mm2 

Use d9 10 with As=78.53mm2• 

n As = ~- ~ 
AsQ10 78.53 - I.OS IV 2 • 

Use 2410,Bottom As,= 157mm- > As . r' aaa ·%required =85.8mm-. Ok 

* Check for strain: 
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sf±_ _ 157x420 = 6.21 mm 
a 0.8Sb t: 0.8SX520XZ... 

a 6.21 7 3 c=-=-= . mm 
B. 0.85 

(
d- c) (214.5 - 7.3) 005 s,=0.003]=_I=0.003 73 =0.085>0.t -­ 

Check spacing : 

S _120-20x2-8x2-(gx10)_ 44 mm> 25 OK 
1 

Design for Discontinuous edge 

A = !A = ! * 157mm2 = 52.33mm2 <As,min= 85.8mm2 
s 3' =pos 3 

min As= 85.8 mm (control). 

As 85.8 
n = Ascp10 = - = 1.09 78.5 

Ok 

Use 2 q>10 ,withAs = 157mm2• 

Long Direction 

► (Design for positive moment (mid span )), Mu= 2. 08 KN. m. 

Asswne bar diameter ©> 14 for mainposit:ive reinforcement. 

d ' d . db 250 14 =n- cover - stirrups - 2 = - 20 - s-5 = 214.5mm. 

Mu 2.08 x 10° 
Rn = Obd2 = 0.9 x 520 x 214.52 = 0.09 Mpa. 

m = fy ~ = 20.6 
· 085fc' 0.85-24 

1 ( I 2.m.a ) 1 ( p==\1'k-" =I1­ m 420 20.6 
1- ZX20.6X0.09) _ 

s20 ==0.00042 

As = p.b. d = 0.00042 X 520 X 214.5 = 47.8mm: 
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*Check for As, min 
As,min= 85.Smmz 

? 

As,min = 85.8mm2 > As,required = 47.8mm- 

Use ©910 with As=78.53mm? 

As 85.5 _ j 08 2 n=---= --- . ~ . As©10 78.53 

· d 85. Snun-2 • Use 2910,Bottom As,= 157mm > As,require -77 

*Check for strain: 
As.f, _ 157X420 = 6.21 a=-~.....,. - ---- . .., mm 

0.85b ! 0.85x520x24 

Ok 

a 6.21 3 c=-=-=7. mm 
'.B:, 0.85 

(
d- c) (214.5 - 7.3) 5 s,= 0.003]_I=0.003 73 =0.085> 0.005 ...... 

*Check spacing : 

S = 120-2ox2-sx2-(2x10) = 44 mm > 25 OK 
1 

Ok 

4.7.1.3 Design of Two way Rib for shear: 

w.("=ozs) =ozswo("=as) =as 

• Thetotalloadonthepanelbeing(3.31X4.36X19 = 274.2 KN) 

The load per rib at face of the long beam is (0.76 x 274.2 x 0·52 = 12.42 KN) 
• 2 X 4.36 

% Vud = 12.42- 19 x 0.52 x 0.2145 = 10.30 KN 
1.1 r,;; 1.1 r,: 

_© =74¢flb,d=7 V24 x 120x 214.5 x 103= 23.11 KN 

o Vc = 0.75 X 23.11 = 17.33KN . • 

oVc> Vu -no shear teinforcement is required 
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- According ACI 10.5.4,provide As,minfor slabs as shrinkage and temperature 
reinforcement. 

Pskrinkage = 0.0018 ACI 7.12.2.1 

As = p X bx htopping = 0.0018 X 1000 X 80 = 144 mm2 
/m strip. 

Try bars ~with As= 50.27 mm? 

. As 144 
Bar numbersn = -

50 
= 2.87 take 3 bars. 

AS(gs) 1.27 

Step (s) is the smallest of: 

1. 3h = 3 X 80 = 240 mm. . control . ACI 10.5.4 

2.450mm. 

(280) (280) 3. S =380 - - 2.5cc = 380 r- - 2.5 .20 = 330mm , j7+2o 

but. . 

S< 300 () 3 oo (;:,) = 315mm .•..•...•..•••• A CI 10.6.4 

Use 498 @ 200 mm in both direction, As provided =250 mm/m , S = 200 mm <Smax = 
240 mm. 

4.8 Design of One Way Solid Slab .... Pos. (S9}:- 

Fig. (4-12): One way solid slab 

NOTE: 
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► Code UBC: ACI 2008. 
► Material:- 
Concrete: B300 ........ ft'= 300 0.8 = 24N /mm2(MPa) For rectangular 

section. 

► Reinforcement steel :­ 
The specified yield strength of the reinforcement {f y = 420N /mm

2 
(M Pa) 

Live load(KN/m2) fe fy 

LL= 5 KN/m2 fe = 24 Mpa fy = 420 Mpa 

► Factored Loads:- 

The factored loads for members in our project are determined by: 
Wu = 1.2 DL + 1.6 LL ACI- code - 318- 08(9.2.1). 

4.8.1 Determination of The thickness of two way Solid slab ­ 
The minimum required thickness according to ACI is : 

.h,,{egth 
mun 20 

5.94 3,' = 29.7 cm 

4,8.2 Determination of The loads of one way Solid slab: 

Dead load from: W=yxV KN 
Tiles 

Mortar 
Coarse sand 

slab 
Interior partitions 

Plaster 

0.03x23 
0.02x 22 
0.07x 16 
0.35x25 

1.5 
0.03x22 

2 

0.69 
0.44 
1.12 
8.75 
1.5 
0.66 
13.16 

Table (4.3)Calculatlon of one way dead load 
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Total Dead Load = 13.16KN 

Total live load = 5 KN/m? 

► Determination of factored dead & live load 

Factored dead load = 1.2 X Dead load = 1.2 x 13.16 = 15.BKN fm
2 

• 

Factored Live load= 1.6 X live load = 1.6 X 5 = 8 KN /m? 

Wu= 15.8+ 8 = 23.SKNLiftZ. 

4.8.3Design of one way Solid slab against shear : 

-one way shear in short direction : 

d ==h- cover - dstirrups = 350 - 20 - 10 = 320 mm. 

Vu= 23.8 * (5.94\2) - 23.8 * .32 = 63.18KN. 
1 1 

Ve =,»a= 6 lz4 X 1000 X 320 X 10-3 = 261.27 KN 
oVc> V, 
No shear Reinforcement is required • 

4.8.3Design of one way Solid slab against bending moment: 

► For bending moment : 

*Positive Moments:- 

Mu= 70.6 * 2.97 - 23.8 ± 2.97 * 0.5 * 2.97 = 103 KN. 

R, %_ 103x10°_ 
. 0bd2 0.9 X 1000 X 3202 - l.U Mpa. 

m= fy - ° 
. 0.85 fc' 0.85t-24 - 20.6 

-±(-[-EE)-.(-,-Fser) 
m '\i ... 20 10.6 ✓ ~:::o = 0.0027 
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As= p.b.d = 0.0027 x 100 X 32 == 8.7cm2/m 

As min = p.b.d = 0.0018 x 100 x 32 = 5.76cm2
/m 

Use @616/20cm ,Bottom As,= 10cm?/m> As,required = 8.7cm/n. 

- According ACI 10.5.4,provide As,min for slabs as shrinkage and temperature 

reinforcement. 

Ok 

As = pXbX hslab = 0.0018 X 100 X 35 = 6.3 cm? /m strip 

Use 410 @ 120 mm in both direction As provided =6.50 cm?/m ,S = 120 mm <Saax 
240 mm. 

4.9.Design of Beam (B,48,FG) 

4.9.1 Load calculations 
The dead load within the beam width = 0.35250.5=4.37 KN / m 

The live load within the beam width = 50.52 =2.6 KN /m 

The support reaction (service) from Dead loads of Rib (R34) upon beam ( B48F) is(7.89 KIN). 
The distributed Dead load from Rib (R34) on Beam ( B48F): 

7.89 
DL+,c»Rib 5.55 ° 15.17KN/m 

The support reaction (service ) from Live loads of Rib (R34) upon beam ( B48F) is (4.29 KN) . The 
distributed Live load from Rib (R34) on Beam ( B48F): 
LL ,,_4.29 
fromR1b - O. 52 - 8.25KN/m 

- The weight from Dead loads of Wall upon beam ( B48F) = 40.320= 24 KN/m 

❖ beam system 
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G e o m et ry units:meter.cff 

g 46 3 
2 

C 
iJ = iR = ~ ~ 

0.5 2.85 0.5 3.75 0.5 
I I I I I I 

3.35 4.25 
I I 

• 50. 
A-A 

•!• Loading 

4 5 6 
5 

3 
4 

~ 
iJ iJ 

~ 
A A lj 

0.5 1.83 0..48.5 
4.87 I I I I sh i 
5.37 

2.23 -4 

Loading 

load group no.1 Units:kN,meter 

;L3Fl.7 
live load - Service Load factors: 1.20, 12>11.60,0.00 

I l I ill I I I I [ie] I l I I [el r I I l g 3.35 4.25 5.37 2.23 

❖ Moment/ S h e a r E n v e I o p e (Factored}: 
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Its.«N.rate? 
1o rent/Shes Enye!sse (Factored} 

.4 .2 
g' 

59.6 2.22 [ass] 
[ ±aa 1.91 2.24 2.68 

--87.9 -81. 

s1.5 
so.1 

TOO. 

•!• Reaction: 

Reactions 

Factored 

De adR 30.09 92.26 117.45 110.95 6.35 16.65 
LiveR 21.16 60.07 70.43 68.71 32.11 17.12 
Max R 51.25 152.34 187 .88 179.66 38.47 33.78 
Min R 26.02 111.88 144.2 119.1 -16.53 8.99 
Service 
OeadR 25.08 76.89 97.88 92.45 5.29 13.88 
LiveR 13.23 37.55 44.02 42.94 20.0710.7 
Max R 38.3 114.43 141.9 135.4 25.37 24.58 Min R 22.53 89.15 114.59 97.55 9.01 9.09 

4.9.2 Design of positive and negative moments : 

» Design for maximum positive moment, Mu= 59.6 KN.m 

Assume bar diameter q,20. 
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d, 20 
d ==h- cover - dstirrups - 2 = 350 - 40 - 8-= =292mm 

Check whether the section will be act as singly or doubly reinforced section:­ 

Maximum nominal moment strength from strain condition s, = 0.004 

3 3 
Cmax = -d = - * 292 = 125.14 mm. 

7 7 

a = B,C = 0.85 * 125.14 = 106.4mm 

M r.ma.x = 0.85 » 24 106.4 500 ( 292- 10:·4) * 10-6 = 259.16 KN. m 

(/) = 0.82 <!JMnmax = 0.82 » 259.16 = 212.5 KN. m 

M.<OM, = 59.6 KN.m < 212 SKN m d · · 1 n • • •·· ... •.• ••• ••• .. • ... ••• • esgn as sz.ng ... y 

R, %_ s9.sx10_ 
0bd2 0.9 X 500 X 2922 -1.55 Mpa. 

m = f:r_ = .;io = 20 6 0.£5fc' 0.25-24 · 

-=(-.h-FF)-2.(­ m 420 20.6 l 
1- 2X20.6X1.SS)- 

420 - 0.0038 

As = p.b. d = 0.0038 x 500 X 292 = 554.8 mm­ 

*Check for As, min 

If',. 
As, min = 0.25 ~b . d > 1.4 f, <,by.d 

> Jy 

As - - ,/M • mm - 0.25 - 500 X 292 = 425 7 ., 420 - • . mm- 
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Asmin = 1·4 500 X 292 = 486.67mm2 
..... Control 

420 

As, required = 554.8 mm > As,min = 486.67mm
2 

... •·· •·· ... ••• OK 

Use $14 with As= 153.9 mm? 

n As = 554.8 = 4$14. 
Asb14 153.93 

Use 4b14 with As,= 615.75mm? > As,required = 

• Check for strain 

= As.fr = 615.75X420 = 2 . 
ossi 'j' issxsioz? 25.35mm 

a 25.35 c=- = --= 29.82mm 
2. 0o85 

(
d - c) (292 - 29.82) ss = 0.003 -- = 0.003 ---- = 0.02 > 0.005 

C 29.82 

used = 0.9 

ok 

Mn =Asf,(@-4)=615.75%420(292- F) > 107°= 71.65 KN.m 

dMn= 0.9 * 71.65 = 64.485KN.m >Mu= 59.6 KN.·m OK 

• Check for spacing: 

s = 500 - 40 * 2 - 8- 2 - 4 * 14 
3 

= 116 mm > 25 ok 

► Design for positive moment, Mu= 36 KN. m. 
Assume bar diameter q,20. 

d = h- cover - dstirrups - db= 350 -40 - 8 20 2 --= 292 2 mm 

R. A 42 
11 0bd2 

Ok 

36 x 105 
0.9 x 500 x 292 0.92Mpa. 
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( ) ( 

2X20,6X0,9Z)' = .0022 =±l--E ==a-=' 
As = p.b. d = 0.0022 x 500 x 292 = 321.2 mm 

*Check for As, min .. 

ff, 1.4 
As,min =0.25' b,.d>,-b,.d f, 

ffe As... =0.25 500 x 292 = 425.7mm2 

m,n 420 

1.4 a Ct +l As . = - 500 x 292 = 486.67mm- ... . . on ro 
• mm 420 

As, required = 321.2 mm2 < As,min = 486.67 mm- ..... ok 

Use do 14 with As= 153.93 mm2 
• 

n = _ 486.67 4314 
Asp14 153.93 'Y 

Use 4b914 with As,= 615.7 mm- > As,required = 486.67inm.2 .....0k 

• Check for strain 
a As.fy = 615.75X420 = 25 35 o.s5b r; o.s5xsoo xz4 • mm 

a 25.35 c=- = --=29.82mm 
23:, 0.85 

- (es [n-s, Es - 0.003_ = 0.003 29.82 = 0.02 > 0.005 ok 

useq, = 0.9 

Mn = Asf,. (d - ~) = 615.75 "'420 (292 - 29•82) ·- -6 2 2 ~ 10 = 71.65 KN.m 

q>Mn = 0.9,., 71.65 = 64.48SKN.m >Mu= 36 KN . • n1. 0K 

• Check for spacing: 
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500 40 * 2 8 2 - 4 * 14 5 k s = - == 116 mm > 2 ··· ··· ··· · · 
0 

3 

-Design for maximum negative moment, Mu= -82 KN.m 

Assume bar diameter 4920. 
. d» 20 

d = h - cover - dstirru.ps -2 = 350 - 40 - 8 =,=292mm 
Check whether the section will be act as singly or doubly reinforced section:- 

Maximum nominal moment strength from strain condition s, = 0.004 

3 3 
Cmax = 7d = -:;* 292 = 125.14 mm. 

a= 'B1C = 0.85 * 125.14 = 106.37-mm 

Mas = 0.85 * 24 * 106.37 * 500 ( 292- 106.37) . -6 j 10 = 259.lKN.m 

= 0.82 ..................... 0Mnmax = 0.82 * 259.1 = 212 46 · KN.m 

M,<M,=82KN.m <212.46KN.m ··· ··· · ·· ··· ··· ·· · ·· · ··· · design as singly 
R, 4 _ 82x 10° 

0bd2 - 0.9 X 500 x 2922 = 2.13 Mpa. 

m = fy - 420 
0,85fc' 0.851<24 = 20.6 

/-FF}-±f 420 n. = 20.6 1 - 1- 2 X 20.6 X 2.13) 
420 = 0.0053 

As = p b d . . = 0.0053 X 500 x 292 = 773.8 : • mm- 
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*Check for As, min .. 
2 

As,rnin = 486.67-mm 

6 67 rnmz ..... ok ,, As,rnin= 4S · · As,required 773.8 mm > 

Use p14 with As== 153.93mm2 . 

as 7T38 = 6414. 
Il Asq>H 153 .93 

Use 6414 with As,= 923.58 mm > 

• Check for strain 

hsfy _ sg3sax+20 38mm 
a MSb ,; - o.ssxsooxz4 

a 38 447 c=-=-= . mm 
3, 0.85 

ired = 773.8 mm.2 •••.•• 0k As, regt!!. - 

(
d - c) (292 - 44.7) s, =0.003!_I=0.003/ 44.7 =0.016> 0.005 

useq, = 0.9 

ok 

Mn = As[y ( a-f)= 923.58 * 420 ( 292 - 3:) * 10-6 = 105.89 KN. m 

do Mn = 0.9 :~ 105.89 = 95.3KN.m > Mu=82KN.m........... OK 

Check for spacing: 

500-40 * 2 - 8 * 2 - 6 > 14 
s = 5 = 64 mm> 25 ok 

4. 9. 3 Design Bearn( B48FG )for Shear 

Vtt.ma.x =81 KN 

d=292mm 

1 r- 1 
Ve =;yflbd =;y2ix soox 292x 1o-3 4 .... · = 19.2 KN 

o Vc = 0.75 X 119.2 == 89.4 KN. 
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structural Analysis 

> Vu= 81KN ­ 
- 75 V 119.2:::: 89.4 KN 

fj Ve - 0. " 

. farcement is required No shear re 

Use stifTUP.;.S 4_>10@lO C'f!1, 

(C45): 4.10. Design of short Column 

o0 
column 17 

Figure (4-26): Geometry Of Column ( C45) 

4.10.1 Design of Longitudinal Reinforcement : 

► Selecting column dimensions: 
Pu=4918 KN 

pg=l.57% 

As=pg *Ag= 0.0157Ag 

h Pn,max =Pu 

?Pn,max = ¢ *0.8 [ 0.85*fc'(Ag-As) + As*fy] 
¢=0.65-for tied column. 

491810° = 0.65*0.8 [ 0.85*24(Ag-0.0157Ag) + 0.0157Ag*400] 
4943 10 3 

Ag = 13.96 = 352292 .3mm 2 

Ag=a-->a=/Ag ='3522923= 
• 593.5 mm. 

Try a =600mm, Ag= a? = 600° 
- · === 360000 mm2 _ 

► Check for Slenderness : 
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b= 600 mm , h = 600 mm 

k~ <34-12 0 ACJ -(I0.12.2) 

Lu: Actual unsupported (unbraced) length. 
K: effective length factor (K= 1 for braced fra111e). 

. JI ~ For rectangular section. 
R: radius of gyration == VA ~0.3 h • • • • · · · · · · · · · · · · · · · 

r, r,=0.30.6 = 0.18 

Lu=3.4m 

Ml/M2 =l 

K=I, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be 
permitted to be taken as 1.0. 

khu 234 13M 
r M2 
lx3.4 
0.18 =18.89<22 

.............. ACJ-(10.12.2) 

So, Short Column in both direction 

► Selecting longitudinal bars: 
Pn= 0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy] 
6 Pn = 0.65*0.8 [ 0.8524(600--A ) · - S +As400 ] 
491810°= 0.650.8 [0.8524(600--As) - .S + As*400] 

[
4918"' 103 

As=---- l 1 0.65 » 0.8 - 7344000 - =5568. : 379.6 ·.2 mm 

e =._ 5568.2 
Ag 360000 0.0154 > 0.01 

So' Take PR =0.0154 
Use @ 20. ·ith ,wit As=314 mm 
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,5568.2 j7.73bars , 
314 pys% 18620 with As,= 5652 mm> As,required = 5568.2 mm. Ok 

► Design For Ties : 
Use ties© 10 With Spacing of ties shall not exceed the smallest of: 

1y 48d,= 4810 = 480 mm 
2) 16d, =1620=320 mm - Control 
3) Least Dimension of Column = 600 mm 

So, Use <I> 10 @200 mm. 
> Check For Code Requirements : 

1) Clear Spacing between longitudinal bars 
. 600-40-2-10»2-6%20 spacmg = :....::_::_.::.:.:::__ 5 ==76mm> 40mm 

> 1.5*db = 30 mm - OK 
2) Gross Reinforcement Ratio: 

0.01<pg =0.0154 <0.08 - -OK 

3) Number of bars: 18 >4­ 3) Minim for square section -- OK 
um ds : <D 10 for D 16 B 4) . ars -- OK 

Spacmg Of Ties: S=200 mm- OK 

84 



f 10 
' 

to 

©10@20 
L=228 

sz 

~10@20 
L=170 

22 

Figure (4-27) : Details Of Column ( C45} 

4.11 Design of Shear Wall ( SW ) :- 

To design shear walls we use ( CSI ET ABS) Software , and this diagram from ETABS. 

manua example of shear wan design : 
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y" 

'Ilur.f'Ffocr 

'r' 

See £ Fiasr .. 
y 

Grsunf Fer 

,17UKN 

Figure (4-28) Shear and Moment Diagrams of Shearwall 

Fe (MPa) Fy(MPa) t(cm) LW(m) HW(m) 
24 400 25 5.4 4 

4.12.1: Design of shear 

LFx= Vu= 780.4KN 

4.12.2: Design of the Horizontal reinforcement: 

The critical Section is the smaller of: 

lw 5.4 
2 = 2 = 2.7m 
hw 20 
==])j 
2 2 
storyheight == 4m 

d = 0. 8 x lw = 0. 8 x 5 .4 = 4. 3 2m 

control 

5 ov =9;Ena 
=0.75 ±0.83 » '24> 250 » 4339 _ 

- - 3293.6KN > V 
C 
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v = !.1"1u1, = !,124- • 250 • 4320 • 10~• = aa1.aK N .... cont 
C 6 'I Jc 6 

V, = 0.21-.fl:hd - o.21ffi • 250 • 4320 • 10~
3 
+ 0 = 1428.SKN 

w 

4930 - 3152 Mu - 3152 7 4l55°M,= 3729.85KN.m 
M, l, 3729.85 5.4 r'?'vooa >=298 
_ [ 

1 

lw ( 0.1-,./7": + 0.2 !!E...)] 
v= [o.0sf.+ a e:,ha -M_ be 

Va 2 

= [o.osv'M+ S.4(0.1,J24 + o)] _ 2.08 250"" 4320 » 1073= 1638.14 KN 

Vs=Vn-Vc 
Vs= (780.4/0.75)-881.8 = 158.7.KN 

4±_ _ 158.7-10° 
s - - f,d 400 * 4320 - 0.09184mm2 /mm. 

p = ~ = 0.09184 
s ii: h 250 = 0.000367 < 0.0025 

Use 4 12 As=l 13.04 mm 

p = 2 * 113.04 
5 >i:250 = 0.0025 ~ s- 3 - 61.73mm 

-Max Spaci . l....- - .5400 ng ts the least of:- 
5 -s=1080mm 

3h = 3 * 250 - -7Smm 
450mm · · · · · · · · ·······control. 

Use 9l 12@250mm . m tow layer 
4.12.3 : D • • esign for V . ertical reinf orcement :- 
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n 

hw -~ == 3.7 
7.s4 zs 

IV O 002 
( hw) (p _ 0.0025) ::> • 

::> 0.0025 + 0.5 Z.5 - -l t 
P min 

. g is the least of:­ -Max. Spacm 

l~,- - 5400 = 1800mm 
s° s 
3h = 3 * 250 = 750mm 

control. 450mm . 

Use 4» 12@250mm in tow layer 

Design of bending moment : 4.12.4: 

A = (5400) * 2 * 113.04 = 4883.3 mmz st 250 

(tst ) J;. - { - 4883.3 ) 400 = 0.0603 
w= 5/Fi \5400- 250. 24 w le 

C + a 0.0603 + 0 _ _ w . - = 0.072 
2w + 0.8SP1 2 * 0.0603 + 0.85 * 0.85 

I ~ C ] OM, =0[0.54,,5,l.1+,2)@-, ) 
8-7y w 

= 0.9[0.5 * 4883.3 * 400 * 5400(1 + 0)(1- 0.072)]..., 10-0 = 4404.SKN.171 

M, = 4404.8KN. m <Mu= 4930KN.r 

Try ¢ 14@200 mm 

(
5400) 

Ast = 250 * 2 * 153.86 = 6646.7Smm2 

Not Ok 
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At f,. ( 6646.75 )~ === 0.082 
w=(flf \soo- aso/34 

P, o a=---;= 1,,f, 
C w + a - 0.082 + 0 === 0.093 
l, 2w+ 0.8SP1 - 2 * 0.082 + 0.85 * 0.85 

[ 
Pu C )] 

ou, =\.s4,5l40- ,,7?UT, 

= 0.9[0.5 * 6646.75 * 400 * 5400(1 + 0) (1- 0.093)] * 10-6 = 6510.89KN.m 

@Mn.-- 4404.BKN.m >Mu== 4930KN.m 

use ~ l 4@200 mm for vertical reinforcement 

4.12 Po.(ST1A): Design of Stairs . ~ 

Ok 

A 

r ; I/ 
l' .\ 1.,,- ~ 

i/ 
ra i / 
QJ 
co ' - 

]­ 
- 

< LJ 
I - 

[ 

B 

A 

B 
Figure (4-29 ) : Stair (STlA) 

89 



Cha ter 4 
structural Anal sis And Desi{r! 

NOTE: (Material) ► fa'=30N I mm? (MPa) For circular section 
B300.... MP ) 

but for rectangular section ( fe = 300.8 = 24/ '® . 

Determination of Thickness: 
height= 3.4 m .... Rise= 3.4 / 20 = 18 cm 

LL fe fy 
height rise run 

18 cm 30cm 5 KN/m2 24Mpa 420Mpa 
3.4m 

. Minimum slab thickness for deflection is (for simply supported one way solid 

slab) 
h,min = L/20 

h,min =(0.8+3+0.4) /20 = 4.2 /20 =21 cm take h= 25 cm. 

⇒ Use h = 25cm. 
0=tan'(18 /30)= 30.9° 

h,min(cm) 0 
25 30.9° 

►
Dead Load calculations of Flight . 
Plaste»_9.03 x23 

cos 30.9 =0.81 KN /m 

concrete _0.25 x 25 
cos 30.9 ° 7.28 KN/m 

mortar _93 + 0.18 
0.3 0.02 X 22 =0.748 KN/m 

t . 0.3+0.18 Slair = ' '· 
0.3 X 2 25 = 2.25 KN/m 

Ta, _ 9.33 + 0.18 
0.3 0.03 X 22 - l - .122 KN/m 
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Total load (DL) = 12.21 KN/m 

Live load (LL) = 5KN/m 

Dead Load calculations of Landing 

material 
Tiles 
Mortar 
RC 

gama 
22 
22 
25 

h(m) 
0.03 
0.02 
0.25 

Plaster 22 0.03 
Total load (DL) 

Live load (LL) =5 KN/m2 

b(m) 
1 
1 
1 
1 

KN/ - --l!! 
0.66 
0.44 
6.25 
0.66 
8.03 

Total Factored load,,,, (W = 1.2DL + 1.6LL) 

For W,, , W = l.2*12.21+ 1.6*5 = 22.65 KN/m 

For w,andtng , W = l.2*8.03+ 1.6*5 = 17.63 KN/m 

W flight (KN/m) W.., (KN/m) 
22.65 17.63 

- Structural System Of Flight (FL1) : 

4.2 40 

Figure( 4-30) . . structur I a system of flight 
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gth For Flight: Check for shear stren 

0 14 for main reinforcement:· 
Assume 

db/2 = 250 - 20 - 14/2 = 223 mm d=h-20­ 
Vu =29.54KN at distance d . 

0.7s +/54 1000 223 _ 136.56KN /m 
¢Ve= · 6 

Vu= 32.1 KN <0.5 ©Vc= 68.28 KN. 

Thickness is adequate enough 

db (mm) h(mm) d(mm) Vu(KN) </JVc(KN) 

014 250 223 29.54 136.56 

» Design of Flexure By Hand Calculations: 

- Design for Flight: 

Mu= 30.375 2.1 -22.651.5.75= 41 KN.m 

Mn= Mu/ 0.9 = 41 / 0.9 = 45.6 KN.m/m 

d = h - 20- db/2 = 250- 20 - 14/2 = 223 mm 

R = !::!!2_ 
" b-d? 

R 45.610° 
1000 23? 0.92MPa 

m = ' 0.85 x fc' 
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· • And oesi n 
structural Analysis 

420 20.6 
m = 0.85x24 

g, v,3,¢ P-jg{'7, '6 
2 *20.6*0.9~) == 0.0022 

1- 420 

As 
% 0.00221 000*223 ~ 497 .1 mm2·1m > Asm• ~ 450mm' /m •••• OK 

req ' 

As,,,=0.0018b * h = 0.0018* 1000* 250 == 450mm
2 

Im 
mm 

Use <I> 14 then, 

Mu(KN.m) m Rn p ASaum ASmm( mm2) S(Illl 

39.54 20.6 0.88Mpa 0.003278 763.957 450 20 

Use <I> 14 @ 20 cm c/c , As = 769.6 mm2/m strip 

- Step ( s) is the smallest of :- 

1. 3*h = 3* 250 = 750 mm 

2. 450mm 

280 
< 380 » - 2.5 * Cc 

< 380 * ( 280 - ~f. )-2.5* 20 = 380 * (aso s> 5-s%)-2.520=330mm 

280 :s 300() = 300 * 280 is (£,)= 300+(F®9, :. ' s" .;20 ) 300 mm ... ( control) 

- Check for strain: 

Tension= Compre . ss1on 
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A. fy= 0.85 fc *b*a 
769.6420 = 0.85241000 a 
a== 15.84m 
9,15%1, 1s.mm 

B, 0.85 
223-18.64 *0.003 

€, 18.64 

6s == 0.033 > 0.005---)ok 

► Temperature & Shrinkage reinforcement: 

Ass,lrinkage = 0.0018xbx h = 0.0018x l000x 250 450mm Im 

[Use <I> 14 @ 30 cm c/c, As prov = 461.8.33 mm2/m strjQ 

- Step ( s) is the smallest of :- 

l. 5*h = 5* 250 = 1250 mm 

2. 450 mm - control 

As ( ?y Shrinkage mm S(mm) d» (mm) 

450 300 D 14 

WRA = 34.4 KN/m WRB = 34.4 KN/m Lo ®=From Hand calculations 
oad For Landing =WRA= -34.4 KN/m 

- Desion fio 1 . ~ r landing (S1): 
qu = 30.375+17.63= 48 KN/ 
vu =48 4/2- 48.223 8 m · - 5.29 KN 
- Check for shear str 

- engt1i (SI): 
Assume 0 12 £ . or main reinf n orcement:- 

d = h-20 =db/2 = 250 20 
-12/2 =223 mm 
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as +-42K 1o009.222 136.56 KN /m 
dVWc= 6 

vu= 85.29 KN Im< rf>Vc== 136.56 KN/m · 

- Thickness is adequate enough 

- Calculate the maximum bending_moment: 

Mu = 120.6 kN.m/m 

Mn =Mu/ 0.9 = 120.6 I 0.9 = 134 KN.m/m 

d=h - 20 - db/2 = 250- 20 - 14/2 = 223 mm 

R = Mn 
" b-d? 

134 10° 
~ lOOO *2232 -2.?MPa . 

0.85 X fc' 

m 420 
"oss&34°?96 

-5] P = - 1- 1- 2ml\i 1 7! 7'l#/-C28a7] y 19.6 420 = 0.007 

As,eq = 0.007*1000*223 - =1561 mm/ m>As - min = 450mm /m OK 
As -o ···· 

min - • 0018 * b * h - =0.00181000 
Use <I> 16@ 10 250=450mm?/m 

cm c/c 

Mu(KN.m) m Rn ,,_. 5 Sea( mm ) S(n As( mm) 

----------- 
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100 ----------- 450 

120.6 
2.7 Mpa 

) . the smallest of :­ - Step ( s is 

3* 250 == 750 mm I. 3*h = 

2. 450mm 

±0, 2.5C, <380 ( ­ 
fs 0 

* ~ -2.5 20 = 330mm 2S0 ) ~ 2 5* 20 = 380 (;, 420 ) < 380 * ( 2 . • 3 =fy 

s 2so - 300 mm ( control) ao, = 300 * ( ;80 ) = 300 * ( ~ 420 ) - < 300 ( fs s fy 
3 

_ Check for strain: 

Tension= Compression 

A, fy=0.85 fc' ba 
2000*420 = 0.85* 24*1000* a 
a= 41.37mm 

c =?_8lO48.6mm 
B, 0.85 

223-48.6 *0.003 
6, 48.6 
e,=0.01>0.005ok 

► Temperature & Shrinkage reinforcement: 

AsSTlrinkage = 0.0018xbxh = 0.0018x lO00x250 = 450mm2 /m 

Use tb 14 @ 30 cm c/c, As prQv = 461.8 mm2/m strip 

- Step ( s) is the smallest of :- 

1. 5*h = 5* 250 =1250 mm 

2. 450 mm - control 
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As ( 2
) Shri11kage mm 

S(1Jllll) d» (mm) 

450 300 <I> 14 

s1 410 

210 

T L=.230 
G10@15 L=330 

BL=Z60 
i!10@15 L=S60 

or TL=?oo 

B L=16 

Figure (4-31 ) :secti on of Land; mg 
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t Wall ( BW } :- 
4.13 Design of Basemen 

Wsu=2.5KN/m Ws=31.5 KN/m 

Figure (4-32) : Geometry Of Basement Wall ( BW) 

Fe'= 24 MPa Fy = 420 MPa Os= I 8KN/m3 qal 1= 400 KN/m o = 30° 
' ' ' )"f" ' 

surcharge = 5 KN/ 
Wall Thickness = 25 cm 

Consider at rest pressure 

ca = 1 - sin do = 1 - sin 30 = 0.50 
W,=C,»hy =0.50% 3.6% 18= 31.5 KN/m? 

W,=C, P =0.50% 5 = 2.50 KN /r? 

From Atir we have moment and sh ear envelop: 
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ometry Ge . 

2 
1 

' ' 0.45 

o.35 I 
3.15 
3.6 

+00. 

Loading 

load group no. 1 
Dead load - semce 

Unils::tf 

Moments· ns 1 to 1 

E n v e I o p e (Factor-ed) M O m e n t / S h e a r- :____:, _ 
--·--- ·-·-- - Units:kN,meter 

Figure (4-33) : Loading and Envelope of Basement Wall ( BWl ) 

4.13.1 : Design Of Shear 
Check for wall thickness 

d =250-50-20/2 = 190 mm 
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I Anal Structura 
~~:.=.:.--- -3 == 116.35 KN 

190 » 10 _l9,57-1000· 9 [rid 6 bV_=VJe 
wc 6 N 

ort) = 34.50 K than Vud - OK Vu (At face of supp Ve will be greater 
Vu at face of support' So ct> 

<I> Ve> 11 is Adequate Enough 
The thickness of Wa 

4.13.2 : Design for Flexure : 

Mu= 34.2KN.m 

Mn=38KN.m 

Mn R.°,.8 
38*106 =1.05.MPa. ' ooo 1903 

m fy 
0.85 x f' 

420 m ==2058 
0.85x 24 

P=_!_(l-✓l- 2mR, J =-1-(l- /1 2*20.58*1.05)=o_oo26 m Jy 20.ss '1 420 

As req = 0.0026*1000*190 = 494 mm/m ........... control 
As min ( for bars< 16 = 0.0012*1000*250 =300 mm2/m 

ffe ✓l4 2 Asmin=--(bw)(d) =--(1000)(190) = 554.mm Im 4(fy) 4( 420) 

=~(1000)(190) = 633.3mm2 / m .... (control) 420 
As =494.00 mm/m < As min =633.3 mm/m 
Use cI>l0/12 cm As,provided = 658.33 mm2/m 

For horizontal bars use the half of the min. in each side 
0.5Ash %,,=0.50.0022501000 = 250 mn?7, 
Use <I> =8 
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. And Design I Analyst5 Structura 
Chapter 4_ A-3=116.35KN 

190 :i' 10 _79,57,1000· 9 [5-d= 6 hV_==-VJe Yc 6 

ort) = 34.50 KN than Vud - OK Vu (At face of supp Ve will be greater 
V at face of support ' So cp 

cp V c > u 11 is Adequate Enough 
The thickness of Wa 

4.13.2 : Design for Flexure : 

Mu= 34.2KN.m 

Mn=38KN.m 

Mn 
R.°,%.8 

- 38*106 =1.05MPa. "coo * 190 2 
fy m 

m 

0.85 x fc' 

420 ---=20.58 
0.85x 24 

-f-(#]-f-,-% m f, 20.58/ 

As reg= 0.0026*1000*190 = 494 mm2/m control 
As min ( for bars< 16 = 0.0012*1000*250 =300 mm.2/m 

As min= ffe (bw)(d) = ,fi;, (1000)190) = 554.mm? / m 4(/y) 4( 420) 

As min=(~) (hwXd) = ~;: (1000)(190) = 633.3mm' / m .... (control) 

As= 494.00 mm2/m < As min== 633.3 nun2/m 
Use Cl>l0/12 cm As,P,rovided ·= 658.33 mm2/m 

For horizontal bars use the half of the min. in each side 
0.5* Ash min=0.5*0.002*250* 1000 =250 mm/m 
Use <I> =8 
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Use for horizontal bare t/> 8@20 C!Din each side 
Use 4 10@20 cm for vertical in outer side to bold the bm:izontal bares 

-Check for strain: 
Tension= Compression 

A, fy= 0.85 fc' b a 
658.33 420 = 0.85 241000 a 
a=13.55mm 

-£.135, , o3; \5.94mm 
E = 190-15.94 * s 15.94 0.003 = 0.0327)0.005ok. .. 
E,, = O.Ol 108.005---4>0k 

Check for step : 
Smax = 450 mm 3*h = 3*250 = 750mm 

Note : all steps are less than S . max , So its OK 

<;) 

+0.0 

"' 'V 

~ 
5 TtOC20 

I 

L=240 

' 

co "' 8le .... c:, 

<> 03 
© & 

s f 
cg ...... ;: ~ c9 

T1020 
L=220 

I 
I 
I 
I 
I 
I 
I 
I 

~ ··~=-ill~ J-•-'"- 
Figure ( ;,~ ~--~ ·. · 

4-34): R . e einforceme.5 entDetail . of Basement W , all (BW) 
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Chapter 4 
4 pd Design Structural Analysis \IT 

I d Footing (F6):­ 4.14 Design of Isolate 

4.14.1 Determination of Loads: 

Total factored load =3000KN. 
Total services load = 2608.1 KN 
Column Dimensions = 50 50 cm. 

Soil density = 18 KN/m3. 
Service surcharge= 5Kn/m2. 

Allowable soil Pressure = 400 KN/m2. 

Assume footing to be about (50 cm) thick. 
Footing weight= 25 0.5 = 12.5 KN/m2. 

Soil weight above the footing= 0.4 18 = 7.2 KN/m2. 

qallow =400 - 7.2- 12.5 = 380.3 KN/m2 

215 

13 

Fig (4-35): Isolated F6 

4.14.2 Determination of Footing Area: 

A=2608. 1/380.3=6.85 m2 

Try 2.7 2.7 m with area =7.29m2 >Areq = 6.85m2 

Determinate qu = 3000/7.29 =411.52 KN/m2 

4.14.3 Determination the depth oft ti 
ooting based on shear strength: 

Assume h = 65 cm 
d =650-75-20 =555mm 
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. And Design Structural Analysis Chapter 4 

b ar strength : k for one-way s e 4.14.4 Chee 

*(2.7 -0 50/2-0.555)*2.7 = 605.SKN 
Vu=411.52' ,' ' 

ovc=@Cy[r@-,@9 

* I *✓2A*2?00*555=917.64KN ¢.Vc=0.75 6 
¢.Vc=917.64KN > Vu= 605.5KN 
:. Safe 

4.14.5 Check for two-way shear action (punching): 

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

.-4][, o\fr, 12 b Id '1 le ' 0 
0 

Critical section 
for two-way shear 

rnclinod crack 

I 
Critical section !or-,• 
one-way shear Tr} 
roof®] 

One-way shear. 

Fig (4-36): One waye shear. 

°i 4, 
Inclined crack 

Two-wav shear. 

Where: 

= Perimeter of critical section talc 
en at (d/2) from the b, loaded area 

Tributary am !or 
twc-way shear 

Fig (4-37): Two-way shear. 
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(0,555 + 0.5) = 4.22m 
b, = 2d+ al)+2d+a2) = 2(0.555 +0.5) +2( 

a, 240 ..... for interior column 

B =500/500=1 

_ 1 ( 2-J (;'b d = 0.75 *(I+ 211)* J24 * 4.22 * 0.555 = 4302.71.Kn 
¢.Ve - rjJ. - 1 + /J VJ c o 6 

6 C 

_ _!_(a• *d zJ 1+'b d= O.?S*(40*0.55S +2)*✓'24*4.22*0.555=5206.751 
Ve=,5\ , 'V/. 12 4.22 

0 

,1, V, = ,1, .!. f7"b d = o.75 * ✓24 * 4 22 * 0.555 = 2868.4Kn 
'f'· c , VJ c o 3 . . 

¢.Ve = 2868 .47 Kn .... Control 

Vu= 411.52{(2.72.7)-(0.5 + 0.555) * (0.5 + 0.555 )} = 2543. I9kN 
¢.Ve> Vue satisfied 

4.14.6 Design of Bending Moment: 

-±-4°- "j}a4z- osw 2 2 2 2 = 672.21KN.m 

Mn= 672.21/0.9 = 746.9KN.m 

d = 650 -75-20 = 555 mm 

Kn= Mn _ 746.9xl06 

b * d2 - 2700 x 555 2 == 0.898.A$a 
m Ey 420 

0.85.fc' 0.85x24 =20.59 
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I f 2mKn p=;;(l- 1- fy ) ------ a J#_2X2059x0.898, 9,002187 
p 20.59 ( 420 

As,, = 0.0021870 2700 555 = 3277.21mm / m 

Asmin = 0.0018 * 2700 * 650 = 3159 mm /m 

As,,, = 3277.21mm /m> As,,,, =3159mm /m 

# 
. 3277.21 

of bar in on meter= -- = 12 8 254.46 . 

Use 13018with As =3308.09 mm2/m >As req =3277.21 

~ tow direction 

- Check of strain 

A, fy= 0.85 fc' b a 
3277.21 * 420- 0 85 * 24 * 2 - · 700*a 
a= 24.98mm 

c =?_19,37 
/31 - 0.85 = 29.39mm 

= 555-29.39 * 
s 29.39 0.003= 0.053 

&,= 0.053 > 0.005 -~ > ok 

4.14.7 Develop ment Length of . main Reinf o 24.fy orcement for M . 
Ld(l)req= . db- 0.24 * 420 U • 

Jfe - ✓24 *1.6: 32.92cm. 
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CraDECr= 
6 = 29.6cm xdb = 0.044 x420 x1. 

Ld -0044XfV (2)req - ' 

-29 6cm-+control = 32.92cm >Ldrea· ' Ldrea7 · 
50- 75- 218)=539mm. Available Ld = (6 

9 m >Ld ) =32.92cm ·1 bl Ld -53 c 11 req Ava, a e - · 

9 E, ..We, a5 
la. = - * rF * ktr+cb ··= 10 2,/f% 2A 

9 420 1%1%0.0,4g= 4444mm 
ldreq = iO * l * {24 * 2.5 

Ld available = 650-75= 575mm 
Ld available= 575 mm> Id_ req=444.4mm 

4.14.8 Design the column - footing joint: 

Total factored load= 3000KN. 

The allowable bearing on the base of the column is: 

¢(0.85fcAl)= 0.65* 0.85 24 500 500= 3315Kn 

The allowable bearing on the footing is: 

[ «oss,eA,7= 0.65 * 0.85 * 24 * 500 * 500 * 2 = 6630 Kn 
Total factored load = 3000<6630Kn 

Asmin = 0.005 *Ag= 0.005 * 500 * 500 = 1250 mm 2 Im 
Pu-hPnb A dowels= --....: __ > 0.005 A 
Fy ' g 

Use 8 6 14 ,or use the same reinforce . 
ment as in the column if larger. 

106 



·s And oesi n structural Anal s1 

I 

\ue 
92.5 50 92.5 10 

2ss 
ass 

L=16.5¢r 

Figure (4-38): Footing's Details. 

4.15 Design of Com posit Beams (CB):- 

Assume a= 1 in 

Assumed= 19.Gin 

4.54 
I 

i \w14x426+so , 
Figure (4-39): Composit Beam 
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., Mu _ 3844.79 • 12 = 44 ,1; : 
2 E ea 5FF 3J · <t>b, tr ;- + ts - ,-) o.9 ,. so : + 13.78 - 1/2 

§elect W _(14*500) ~147 , d=19.6in, 

4.15.1- plastic neutral axis in the slab :- 

Case 1 : Checc if a <ts 

C = .85 fc a be 

Be= bO = 450 cm= 177.1 in 

Be= L/ 4 =15.5/4 = 387.5 cm = 152.4in control 

Fe= 28 mpa = 4000 psi 

T=As*fy 

Fy =50 ksi 

0.85 4a152.4 = . -147 *SO 

a= 14.18 

a=14.18 in > ts= 13.78 

4.15.2 The com . pressive force . in the slab 
Cc= 0.85 Fe be ts :- 

=0.85 4 * 1524* - . 13.78 = 714 . 
cs -A±fr-oss;c #0.24kips 
'¥s cbet; 

2 

447-s6-= 7 140 24 
2 = 104 88 . kips 

Assum· mg only the a 

Df =±9±.ss 
50-17y 

ng of the W1.. 4 soo (bf- . -o -17in)is• 
- .12 in <( tf == . in compression 

3.5in) 
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±a7- s.-08-171€ g.,84 in 
yF 147-0.8-l 

d1 == 19. 6- 8.84 + 13, 78/2 == 17. 65 in 

d2 == 19.6-8.84-0.4 == 10.36 in 

d>Mn ==Cc* dl + Cs *d2 
= (7140.24* 17.65+ 104.88*10.36)/12 =10592.64 kips.ft > Mu ok 
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4. Building Code Requirements for Structural Concrete(ACI 318M-0A)a1 

Commentary, USA, 2002. 
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