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Abstract 

The Structural Design of a General Hospital in dura 
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Project Abstract 

The summary of the idea of this project, is to prepare a structural design of a general 
hospital, consisting of all facilities that should be available in any optimum medical 

center . 

This building is consisting of 5 floors with a nice elevation, which reflecting the medical 
face of the building, on the other hand , no doubt that the structural design at a same level 

of importance of architecture one ,by supporting the building with a structural element 
, which will be designed according to ACI-31 8M code. 

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

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

• Ac = area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• A,=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. 

• 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. 

• fc'= compression strength of concrete . 
• .fy = specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 
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• 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. 
• L= length of clear span in long direction of two- way construction, measured 

center-to-center of supports in slabs without beams and center to center of beam 

or other supports in other cases. 

• LL = live loads. 

• Lw = length of wall. 

• M = bending moment. 

• Mu = factored moment at section. 

• M,=nominal moment. 
• Pn = nominal axial load. 

• Pu = factored axial load 

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

• V c = nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 

• Vs = nominal shear strength provided by shear reinforcement. 

• V,,= factored shear force at section. 
• We= weight of concrete. (Kg/m). 

• W = width of beam or rib. 

• Wu = factored load per unit area. 

• q> = strength reduction factor. 

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

• E,=strain of tension steel. 
• &,=strain of compression steel. 
• p = ratio of steel area . 
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.1:.-:d\ JS,..!Ju 1. '-\ii 1.J - "J ll ~ - .~ -:I • L;;-; u .. - \..ik:,J ·r------' . ~ . .). ~y -~ ·- ~ e::J="'-'-' e,--J y:,,,..i - 

l.l.P '~JUI i)c. oj~J ~ ~ ~ly, o.le- ~ r!i ~ l Lia sY -aall Ale ! 
J1/J,c."JI ~ ~.)JJ Llil.JI ~ .l:!.l:,,,j ~_;.JI o~ ~ ~ ~ <j.JL-..ll ~I th~ "J.,t 

i)JI e:-J.fJ <;YH. ~,~II~ ~l..!i.iJ ~ ~I u-- i,;JI ~I u~IJ i.....i,j\..l;.,Jl l.3J'i,i 

o~ ~ r!3J '.JJb.JIJ o.l.4c."JI el_,.. ~..b.'.iJ ~_,ll:..JI .l~"JIJ ul.c.lJl'I (3J'i,i u~ ,..:iil_;.J 
.~JiJl;.,11 u~I u.o lAJ.!C-J Jil:illJ ~~IJ ll_,.,:tll ~I.J.l ~I ~I 

~I~ l.lP ~\+111 ~.J~ \+,.l.fa.J.J <j.Jl..u..JI ~I ~JA u-- ~4,li"JI ~J 

~I ~"JI~ bl.:ic.l ~t...a;.J ~Uj'jl _;.,-\.1,JI -l~I .l:!~ ~J u.lf.'.i ~I i.;Llj'i\ 
.~Jill ~l ~ u,.J ul..iL.8\ ~l y.a\.l,JI o~ Y.C- 4lli ~ i.ii11.J 4Jc, Wl)I 

7 



- 

-: tsp-JI~~ (2-2) 

~ ~6. ~ , '--'iyu\ uc ~lbi.ll ~ .J , ',;I iJk,,,\;\1 Uc. .JLli ~ Jl_p.:ill ~ <.J.o 

.:ip.Y. J:JI 0fa.J ' .:i)4\I ~ ~\:ill ~I _►..all I~ ' u:iib1.. ~ wlJi 'ii111A .lp..J c)} ~I 

. t.oWI t.o)l.J\ .J ~I ~\t ~~I u4lb:i,JI ~ly, ~~_JA,i u~ 

~ ~ I.J.J.:i ¼.:i.o ~ ~ ""i 'ii "•' ~ ~~} ~ t.JyWI 1, fa ~ ~ 
.l:.!b.;! .JI .i.lS la!ll~ c)} u.,..;,.I , I~~ '-i.Jt-_,. ~ ~ .JI w; , ~ylll rU\tl.J ~\_;.ell 

_,# ~ lAjlY.'i ~.J\.u.JI ut..-.111 u.o ~ L.. JS e::4 oljl..,Jy -.J..o op._;.oll ~iJl;..,11 ~1.:il ~ 
. ¼.:i.oll c)c. WI.J ~} ~ ,:_,\S.o ~ ~ ~l _,...J ,uLlloll u.o 

~4- ~ ~.Jt-..11.J ~.:i.oll ~~I t,_jil.:i <.J.o t.J_µ ~.JL-11 l.."'•1 kk.; .11 c)c. ~ .:ii\ 

~ A.1....:.i.o.J ~ ~1.J.:i .:i,y ~\..!;J'/I ~I JL.c,l ~ t~ ~ la!li~.J , ~ ~Y. 

u:i..:i.J (i.;.:iyjll .>4\:i.J ~ Y-l .:i..-.J L.fti_):.\tl .:i_,.-..) ~I .:il.:ic.l u.o _,.. , ~t..-...11 ~•' kk.; •'' 

u.o ~WI~ [.J.:i:i:i, ~1_,1. t..i...;. u.o t.Jy!i.JI ,:_,fi:i:l ~,~\:ill,:,,..,~ ~~I ul~I 

~ '~.J\tl ~I.kl\ ~ ~.>4 fa 4400 i)lp c)} ~1)1 ~lkll ~ ~.>4 fa 2465<)\p 
- • - . _-:11 • w.i..11 ~WI 1......1J.11U.. - 1~ .. • ~ -'I ul...l:Jl 1 • .:. y ·­ •r=i-- (.)A - • • t'4 . ~ - - y "t':!"' 1-JJ-I.I 

-:89ell &83 (3-2) 

~~uh .Jl.[Jc.YI ~ .J.J-A\tl,:,,.. ~ 1i.l ~ .JU t.J.fa '-il ~ ~¥1 ~ 

cs\<.ta sh cs ,,"le Y Lyly ghs! c» il ,l cl-stis9I cs al e &s+ ale lull 
t9..,.JI la!ll~ ~fi.JI y..:,\.WI.J t9_,.ol\ c:JiWI ~I cm ~l!i c)c. ~ ~.J , LS.fa.I 

. ~t,Ji:,JI 

~IJ.;!ll ~foll IJA.J\tl ~ ,:,,.. ~_,.JI _;.,-Uc. uc. t,* t,fa ~~) ~ ..Jl,i ~~ 

Ally gill a3 3licYI ? is9I sy «3t Lay/, ¢A5,±,J0 ell] ._ll 2 3all9 1, 4L6 l3 

~4JI ~ ~~ c)} ~l , ~~I.J c:4JI ~.J Y.J.fa.11 c)} i:hJ..!JI u.o ~I ~yJ 
.\4s\ii_y) cc3 Asai) Lt,lly 7Leal 

8 



0) J_jill ~.J dJ.J.l ¼.lA ~b cYU..J~I_, r!t-11 ~ ~ Ll c)c. t_,yt.JI I~~ 

! els el <i? a's #sl! ells ! cl-a5 cs9L.al9 e\54$3 Bk » ±65l 569l 
_y.._,b:i\l ~ 

(1-2) t.J_µ c.fo.JI e..,.JI 

9 



_ : ~_,.JI ~i( 4-2) 

4-i\! J.il:..ll ¼.lA L)A I.JJ~ ¼lA y..fi ~.J'~ (.JlA 0H ._»6A e!~ J.!1=,.l l ¼.i.o F 
U"" ~ ~ ~WA u.i\S.J , ~pt..-:ii 'JI .JI ijl..,....,JI <.S_,:L..i.J I > 1~1,.... c.::.i\.i...:. 1_,.JI ~ F 
c.::.i~I.J ti.bl.J I ~ y.i~ u-ll ~ ~l,!J'I ~I D~ .J~I u-ll c.::.i~I ~I y'+,,'JI 

~'"lc.lJA ~.J t.Jyt.JI I~ e!.>A ij c.::.i.J!l_,'.j ~I c.::.il.J:!-11.J y...alWI e..,.JI .J~'J ~j)lll ~.;:.'JI 
:,9l3ell le G 3 

.t.Jyt.JI ,~ ~ u-ll tihlJI ~b (1 

.&9ls cc56a 7slag ca_y] @alas yi5" (2 
tihlJI ~ (3 . ~ 

-e! _,.JI u-ll J,.-..,11 ti~ ( 4 
.t.Jyt.JI ~l~'J A.lay~ c.::.il~ e!_,.JI .l;\.ihl (5 

-: ~I<.) '-S~\ ~ls.( 5-2) 

i} ~ \11 U"" 4J w ~.JL..-11 ->'-""u..11 ~~ u-ll ~1 ~ ~y..11 >-Uc. ~ ul ~ 
~ u.a ~~ t.Jyt.JI I~ i.,! LI:!~ jY. .lil.J , ~ rWA'JIJ ~.,.til I~ t:i.JLWI 01\ cJi.o 

: ~ I >-\.WI 

:¢\-evl ( 

4-1- JS, r~ ~~II~~\......> tjfo e::I.J~'JI u.a ~~ ~I 11\ .l.l.JJi ~ .lil 

u-lJ ~~J ,4,.-~ ~I c.::.ib.WI (.J;H .b....iji..JI \+d~ (!I.J~'JI D~ jJeil.J , ~I U.O UiS 

u-ll i...W:. I 'rl..ii'JI i} ~yJI e::kj'I I.J.l.,.,o.e ufo 'J ~ ~I rU'JI c.::.iylY. (!.JG. ~_,i.J 

~ 4:!lc. J.ll...i:i ~ ~Lli.J'!I u-lJ e::1.:6.:i 'iJ ).Jjll.J ~yJI.J ~lyJI ~ ~.>4 ¼JI ill\~ 

.(2-2)05All + u-'» 

10 



i,;11 iS1:i "1'6.J rWI r'~ J}:11 ~ ~l ~ "1'6.J ~4~ ,le.~ t.Jµ, ~ 

~ i,;w, ~'.J , L);!il:,_,.JI.J ).Jjll.J ~1_;.JI.J ~_;.JI ~w "1'6.J ~I.J.l~I )~ ufo 
~~' W4 .iJ~ .le-t..-..ll F.J rU~I cm~,,.; 11♦!1 ~' w\lWI Jm r~ Y-.J ~G. 

lA.J:!C-.J y~I ~l_;c,~ ~, ..,,; 'ii11••'' rUI cm ~yJI c.} ~_;.Jy ~UC. L)'" .)_j'J w' 
.4\8916as s e)9l Cle gill ,ll cii55 1sf LS . @4gll al y=YI + 

, ~I u..fall.J rU~I ~ ul_;-11 ~l_;c,~ "&.l:!,?- ub.~ ..,,t 'ii,,,o)I I~ t.J~ ~ 
~' c.} ~~, ~yJI .)_j'J i,;11 ul_;-11 0~ ~ .)jil D.l:!-7- ~.) ~ ~' ~ ul LoS 

.=\.alls <}99llDY-·3 

11 



-: e,Li...) I_J ~ I ~P (6-2) 

YJCJA ~~ ~u ,~I J.!h:i i.} ~I J,al_,,JI t)A c'-:!)1.J ~I~~ ~I.J.l ul 

¼-ui.J ~ ~..,..11 ti.hi.Ji 0-- ~ e1_,11 e.µ1 L)A ~~ r::- ~1 D~ ~1 ~.fJ.J ,~ 

~'1.hll ~ t)A J.µi:ill.J,.l.Y.,11 r'-:!1 i.} ~I ~'1.hll t)A i:fi- .J-li fi.l ~ J.,..-=JI i.} ~l..i 
. ~.l'.ill ~S\4;.,,,.\1 

le ,lilly 4cg) us le isl he 3f y l le yS 3l5 <cl 
h; ,:! dsty af ! gill Cle cells <ell t8ls stely» csyi 4J ,,5ta#yl Sul 

aslll 5 ~~I ~ · .-::ll • tila:WI · · · · _-:l\ . ~ ~- ~ • .J ~'-: r=--- 

~l-►-1 F ~ ~ o~\l; ~I ~~ .J¥ , J,al_,,JI o~ _»,l°U ~.J:! , (4-2) ~I.J 

-: .J.Jt.:,-\1 JS..t'4 ~ .,-o .Y' L.S ~.J_JC, ~ .J 4-i .J~ ~ ~I 

0 

- 

Strong Wind 
Best View 
Noise 
Minn Streets 
Dirt Pntbs 

cl ye sf (4-2)l£.#J 

12 



: e,.;y!&.JI ~~ ~\_;J (7-2) 
-: yi~l.bi~l(l-7-2) 

:~YI ~J ~ JJA ~U. ~ i.j ir'"\..,l:,,. t..,ri ulJ::i , ~l_,1, ~ u1=, tJy!i.JI ~ 

-: ~~~l~ll::ill(l-1-7-2) 

:ou.ll ~I i.j ~_,.. J'i w; ~\ti ~1-►-\tl ~.J 

. ul_fo.JI ~ (1 

.,l6 --= r-5 (2 
.ll «l rs (3 

• uL.i.l:a...1 1 ~ ( 4 

.ts)..,l:JI~ (5 

. ~)I J:,..l.JI (6 

. ~WI ~lyJI (7 

u . -~ (8 

.3\s col\el ,i (9 
. ~I.J.l~IJ .lC-L-.11 (10 

. ~.J\tl ~UJI ~ (5-2)~ 

13 



-: J.,~I iy.\hll( 'I' - , _ v _'I') 

-:(i-'1') riJ~4~..,... _,,. ~ "-ji\11 ~,_►.\ti ~.J 

. 'oJl.l'il ~ (' 
~ly.JI - ('I' .. F 

~utiUallo.l.:I,. (f . . . - .J 

. ~I A..;Uall o.l.:I,. .J (f 

c»Lais Aili» (° 

.<l;'9ls as\tall (i 

H 



-: ~Ull c,y.\k\1( Y' - , _ y _ '\') 

. 11u.ll (V-'\')~I ~ ~ ~ ~--\'I "ly..':/1 LJA ~ ~U:JI \~ ~ 

~1.lll A..J\.WI - _, . - - ~ 
.~1.lll uyl-11 ~ _ '\' 

.u\..i.l:,,.~ _,.. 

.c\;»Yl3 ast.all-5 

\ o 



-: ~~\ ~\l:J I( t-'-V-'1') 

-: stsl (A-1) ls.all ,# 3,'g LS A91 205'9l cl$ 5#\A Is lg 

. II : '- \Ju ~\j,JI - (' .UUU2 • - F 
~WI · I \II J (°" • - ~.)A ,- 

~WI · I \II · 11 : 1 \II c.::.iul.oc. J (r' . - ~ .)A .J UUU2 - r-- 

.u\....l.:,,. ~ (t 

.<le93 as\.all (9 



-:~l.;11 ~\.bl\( 0 - ' - "- 'I') 

. oli.ll ('l-'\')~I ~ ~ ~ ~~1 ~1_►..":/I c.JA ~ ~\.bl\ I~~ 

.JUb":/1~ (' 
.65-\3 +Ally 53till ,s (Y 

.w\.o.li..~ (f 

. ~\.).l":/1.J ,lC.\.-.J\ (t 

.'l Cle \9ii5 (o 

w 



:i}.! ~ ~.J ~1_,lJI ~ wb.WI t?j.fJ JJ~I I~ 0:!-B ~ 

~1_,lJI > c.::.ib.WI t?j.fJ('-") J.J~ 

~,;, 6lilll GBl J}JI ,--·SY» -UJ, ~ 

'\'tiO f'\'Vo ffiV f • Vi ff •• C (') A..=.WI 

-: b!~l_,31 ~Jl (V _y_ V) 

J)l:.. 0-- A~,~, we, J}JI t~~, ~~<ii we, ~i'iJio\l wl..t-?1)1 CJ} 

J)l:.. c,.. ~.i:..11 y..,._,lfo:i'I.J ~.i:..11 jly:JI r'~' t.Jy!i.JI 11\ wl..t-?I) <.#.Jloa.JI ~' 

r~YI t).o tifi.JI ii~I ~4,..j\l ~' r'~'.J ~YIJ ~1)1 ~' ~ Jii.l~ .l_p.-.J 
.c'\e\3 

tit...i_;=JI.J , ~I tit...i_;=JI ~ ~l.l.J'I ~ ~ ~l~I r:i i;'I ~.! ·Ji)I .ll_,..JI c,I ~ 
~ Y.fa.fJ.J ~I u.J_;l:JI '---.Jti.o .b.Jyt\ ~\lo~~ ,~I c,..o t,1~\11 ~.J ~.lWI 

.0le ll 

-: ~__,..!JI ~1_,i1 (, - '1' -V - '1') 

sis ,+ uw €gs ¢ ys9l 5el-hsl gie ail 5lsh 9l-Fl -9 ell sis 
\.1\ r~I.J ~l_,ll <.i.J\-.JI J\.o;JI j_».! 11\J ~I ~y:. > 4.~I ~l~I ~1_,11 

~ ~ 4.~1.J c.::.ib.:illl Y!JJJ r:i ~ t..SftYI c.::.i~l_,11 ~ r~' ~It~~ ~I 
.i.Sft \II w~l_,11 

East Elevation 



-: ¼.;ill ~1_,ll( 'i' - 'i'-V- 'i') 

~)'I ~ 4J'l ~_,ll I~ ~ ~J tJ# ~J.,,J',)1 ~1_,ll ~1_,ll o~ fa 
4JI ~ _;l;,till tJ._µ1 ~we'* I.J~ ~1_,ll o~ ~J ,~)\ A.1;..l.AJ ~ U.\s.11 

.lls 3/ 5\3] Rsls59 4914e5!lgle lil eiy sill ,g- d=al 33 

~, ~ r:.o ti..tU:WI ~,_,111 lJA ~ ~ ~ ($_jbj ~1_,11 II~ 0~ ~m i)J ~WoJ 

r'~' t..S.J; ~1_,11 11~ .,;1:,w1J J~.) 4.Jt.-.o \i...J ~1_,11 ~ (.jl~J uJlfa .fo1o ~ 
c\els e'YI » &45£400 5 6l 5ts_ll J< ,,1355al ,,s c6ill ,Nahl ,,i asll Jlyhll 

.~l)IJ ~'JI ~I~ ~I.ill! -lp.JJ ,ii~Wo)'I .J;!_fJ ~ J#. ~ ~ l~J 

West Elevation 

~ ($:illJ ,~l)IJ ~'JI ~I ~I.ii ~ lJA ~~I ~1_,ll e:;,- ~1_,11 o~ _;l;,lw 

<.JA t~ <.JA .fol r'~' J ~~, wb:iill ~I ,l.l,W c.:,c. ~ ~1)1 ~I _);.WI ~I 

o~ w_»ii ~ t..Sftl ~ <.JA ~..>9 J4 .fo1o ~\..k.JJ ~ u.c wb:iill ~JA ~ ~I 

,(!1.J-l'll tib ~ ~~J ~l_,bll J_,b i)c. <!~jll r1.l.:l.l...t4 ~1_,11 

l.:'..ul:..l.illl ~ -lp.J r;.o ~'JI ~UJI uh ~I ~1_,b A.;!)fal ~ ~1_,ll o~ ~J 

# e51al yes &sh cis Lay) Ea ,51ls ill le ts la Ylas Cina} baa ,isl) s 
.t..Sft'll w4-;,.1_,ll ~ ~ 4.~IJ wb:iill y[Jy r:i ~ t..Sft'll w4-;,.1_,ll 

l 
North Elevation 



-: ~~I ~1.,SI (t-'f-V-'f) 

CJA t,i ~IJ ~ ~ ~ ~ ~I ~ u)l;.l.illl ~ ~ ¼-?1_,ll o~ ~ 

LS s=YW cl4els) ' ,051all es<sf gii al Ea ,5503 @4gs.ll 7±ssh9 ls) 
.WI_; ¼JL-.a ~Ji..}.!- ¼U. 4J ~J 'I.Sy.YI w~l_,ll ~ ~ 4.4,!illJ wbllil y[J_j'J r3 

South Elevation 



-: ls_p.3 1 u.w= .;( "-") 

T,1ll3 s 3S3ells 03l3 La93 71ll 5tsl» 41 Ce ¢ gil dse 35s ls.al 31 
<l» Cu 5®! @3l 93alls Ai#9155sly ulsh 3 giti.all l lJ-·s) , so5 

."-:!'} ~_,..JI Jfa'I .l.la3 .J ~I '(£.JG.. ~_;:JI 

.._ 

l 
l ilai , 

"' 



J)l:.. LJA ~ ~ ~1_,hll ~ ~ r:i3 4JU ~I ~I.)~ ~.)..,-11.J ~\II~~~~ Loi 
.z»903 as\.all 5yyh Ce 4llsss 41ls4sS) <3 <illyill Cr 3+ 

:,l lsls 9 3ell 9 Ai891 A5 -l Alai% JS.l » gs 

C Floor Surface 4 
- Vertical Circulation 

L_ Horizantal Circulation 

YY 



______ ..... .llA 1-3 

=====a»as3} S5%3 
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-: ~JLi( 1-3) 

89-l0ta1Asal9593-al95Si,is 4ldlSi» c.as el\is y5Sy l ?&s s2 
~I ~lyJI ~I U"' ~ ~Yo ~l utk.JI ~ ~ c;w1_, J}JI ~I U"' ~~YI~, o)Ll:..i) -llyJI 

.c;Ll:..i'jl ~I ~Yo -l_,...,.i.JI_, t:J~ '-:?I -,_.;; ~ y,'.i 

~ \_,hi t"' , ~ c.# .JJ~I ~I yl y .l y.. _, ulo.,.;a JA , . ~:.iLliWI ~ ~ U"' u-= ..fa.11 ul 

.uLo\71 JAJ rt-" J..,lt:. y,!j°J ~l ~~'j'y , ~-l~YI ~Ull U"' W)Lo _fol -l~I ~ ~Ll:..i'jl ~I.WI 

~ ~~., y,.....i\71 ~\.kl\ .Jy'.i:a-1 J;.,\7 t:.Jy!..Jl 4:!k J...:i4! ~I ~Ll:..i'jl JS~I ~A:i U"' ~YI~ 

t"' Y.J~I ~ ~l ~~l ~WI 0,!kWI ~ ~ y,.:i\.k.11 o~ ~I tl..,_iYI ~ ul.jJ.i.. 

~I t:Jy.Wl ~ fi.JI ~Ll:..i'jl y,.:it.Wl )LaLl, ~ _, ~ \~ uti ~~ _, ,~~_,..JI ~.Jl...a.JI d k L.:, all 

. J..,\S c;Ll:..i} ~ ~} J_,.- _,l\ J;..\ (.)"' t:Jy!..JI \~ .l ~ ~ \.h Y I 4 o; o ci J ¼-- J,o\.a:il\ ~ 

(,.r'l_,.;ll ~ (.)"' (.)Ai ~ ~ J_,..dl _,A tJfa '-:?\I c;Ll:..i'il ~I (.)"' rWI w~I ul 

~ '-:?I ~yll .b~_, '(!_,l:i 'CY.J ,JjYj U"' ~.JWI wl.)_,..JI ~ r_,fu_,, ~Ll:..i'jl_, ~I 

~ ~ .1::.1.i:JI i..:.is_,ll ~ ~.J ,oy!it+,,.\1 y,p, .,1 oy!i4,oll Jt-,\71 ~1..,..., ,yk. Wl_,ll ~\71 ~ 

.A±\ca#9I @al<ll st= l_» vs ) s_-#ll ,=ls5.90 

~I.Wl ~Ll:..i'jl t1,\:WI ~ JA Uc._,fa ~ '½ r4i\1 .ll.):! '-:?~I c;\.J,j)7\ ~I uU 1~., 

Jt-1 ~~.,, (American concrete institue)(ACI 318-0SM) ~Yo\71-l.fo'I ~U...bll 

Al UeYI s1],,i9YI 3l ,ls5143¢ (U.B.C-97) e\510 ,46 3Y ; 

~¼-l'I ~ J..,.-=JI _, ~I.fa_, J...~ ~ t.,_µ, rW'I ~I ~IY.'1 0.o ~ ~ rl~Y.J 

. t_,_µ .U..\S:i... d_-,_.;; u~ f':!.li:i .J ~ Wl_,ll <.S..,;.11 ~ ?.Jfu ~ ~ 

24 



-: Li.llii( 1-3) 

,, .,. .,_ Ai_j_~. ufo. u ( ~ t_,_y!w r.$ '1 
:r ; ,1 _; ~:J1 u,, ~~'11 .la.!!' o_,\..::.jJ .)1~1 

.,,_ /~ /;,y.a.W\3 t,_,y!°w r.$1 \:•ii J~ _)Ai 

;'' ~ /21 r~ 4w=- L>"' <>= y.11 ul 
/~_,,-:iy,✓, fol .)k:i u1c. ~\..::.j)'\ ~I.WI 

ssssic+"es->fas @4L49Yl% 4igll 

_ -- _ i ~-~ • .,1 :~ J--~\ .-.\~ ,yk. WI)\ Jl,-'11 ~ 

ss3st &all st=!» • ls -#l,$ls5,91 

..... ·'.!._: //1:'.tji-..'.f'-ti ,,;~'!-' ~1 d,j 141_, 
:~ ,.-.:,, ~ l~M) ~....JA'JI .)fa\ ~ ~\.::JI 
,· 

3'aall,@al_) Cs Re 3ss • =las fol}9 
•., -s.lii _, ~ t~lyl tS..,ill ~<'"-'\:it.~ u1c. 



~Ll..i )'I ~u..11 tbt:a... .J~I ~~~:(Factor of Safety) 0L.\II J..,\.c. (' 

.4.lc- 4"i-ull wb~)'I .J ,.;_,ill J.-.:i > oylJ 

sill a ails $ 7al6ll @Ha 6lias s\ill alga eh> = ifs1, :(Cost) <il<ill (Y 
. .u;.1 LJA ?,.;; ,; 'I 

.J (Deflection) .)j\j.l:.~ c;I ~ ~ CJ-o (Serviceability)~ ~I~~ .).J~ (i 
_y_,ll-11 c;.Jt....-11 .):.WI u1:, 41... .)y ~I (Cracks) diiii ~,ill~ 

l.;,,W)U\.....:JI I _:I\ ~\ (f • - • ~.:J-M .J 

CJ-o .i_j\ ~ ,~1.J ~1 ~ rW)' 'Y r\#1 Y-?-:! f'¼A.J ~.J ~..►.. ~_µ1 ~1.J.))1 ..»W 
* ~ ~Ll..i)'I ~I.WI ~\.J.) Y-?-:! ~~ ,~\ wyL.c. CJ-o 0fa- L. ~I ~l J.,_.-_,)I ~ ~ 

.~1.1..11 J-.\1 ¼_;b.J CJ-o'il.J y_,ll-11 ~\ ul! J.,..-_,)) y.-alc- JS u1:, Wl_,)I ~)II ~.J 

-: @lasll al3\is9I (4-3) 

~yll W~_J:.! ~lfe! .JA i,;Ll..i! t.J.fo c;I ~ r\#1 ~ ~y.11 ~I wl}~:..'11 ~I CJ-o 

~1.1..11 ~t:ill ~I ~.J ~_p..11 oy...11 y_,....1.G ~...>-.J, ~.J-i.J 4,-J~I.JA.J ~ o_,s ~_;-I 
ill s5l35 A9aa gals slssle@2ill,s el.tSi.al er6flee ells gs • <ala)l -as) 

. ~ ~y.11 ~Jill w~ .J:.! J...a.1 t9 .JA'I ua) CJA 4 ~I 

~~I CJI.J~I u1:, .)_,JI ~~I ~I ).~i.a.J ~I CJ-o 4-:!k- Wl_,)1 Jl..c)l) ~Jill~ o_,i )iiA 

ti .-:I\ t . I~ ~ :,,l\ ~Ui...,'J\ • ...>"' _,-i u- - i..j .J - ~ 
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-: ~~I( 5-3) 

ce»cs s) ! s ls±l a±all ,ca1,,199 Lill le 555,ill s 5ill @es+ 2A \e-YI 
Cle Ll Sey Jlas9l etas de ,s\has cl yN @le Riy ,ts cs» JeYl»?ls'l 5as 
~\II o~ c.,.a J=- ~ u-1! l.i~ w_,.... J.,.:.ill I~ i)J, ~I ~Ll..i)'I ~U,Jl ~Ll..i)'I ~I 

..i.- 11..u.ll ~ \..!.WI 1- o fu ·al 61s le • U"' __ _, i.,s-.J:!,l~ i.s- 

: lf.w.J, (Main Loads) ~.;ll J~~I( 1-5-3) 

. (Dead Loads DL {l de \11-1 

. (Live Load -LL ~I JI..- \11-2 

........ , .,1111111111 - -·----::--_· ... -- . 

r ' I 

' 

' 
<-~~ - - ~ M ,. __ -·-_ - • .... '... 4' - • ' • 

·•..:: - -. --~-·,.;, ·- A 

. ~\II Jw.il (1-3) e-9.J~I 
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-: (Secondary Loads) ( oy!.4,&11.;,i;,) "-i,.J,1°1!11 J~'il( 2-5-3) 

_, w.=,.jll _, <.j)yJI .J¾ltll uc ~-ull J.lA'.ill _, 4..it....fl wli;JI uc ~-ull J.~YI u1=, ~.J 

~ ~I J:.b <$ .}_;=JI J.lA'.ill J.,.:-1_,s Y-9 _iJ J~ L>A .J~ YI C±? as ,f .l9., t.>"t.... YI ~jil .b ~I 

. cJ.-all I~ ~ \h Y J ..>.!'-"~~~~I .b _,_y!.11 ~ 

-: ~I J~'JI( 1 -1-5 -3) 

~ l_,11 wl:i:,..., ~ ,:;lj}J\S. , (~~l;JI uc) ~Ll..i)II .Y-Aw.JI CJjJ uc W\J 4,i1..lll J.- YI ~ 

~I u1=, ~\J .J¾l'U wl~ J.,-";1 o~ ~.,, ~-'9 ¼\:ill .Y-Aw.JI ,:;lj_,I _,I , Ll.Wl ~1:-11 ,:;lj_,YI ~,_,.... 

o~ d.!yt-o ~.J, )\1.a 4..;Ju:i....)71 CJI.J~ ~Jill e!J ofo ~.JI..:.. i.S.J! CF- 4,i-ull ~l;JI <5_,ill _,I , 
.~Ll..i)II ~w.JI ~.a.,.:.,. ,.,, Jl_,.JI wtil:iS_, J~I ~ L>A J'--YI 

us"3 cull ys9 @,s5,l1 @5.4 5ltS La,l3450l) ylJ399l e 4y_9ill Io Ca Sys 

5Lail9 ·<5l» 2ll Rh6ii,+ 7151100 5lssl s¢ y! al3+3¢ <ala yYl le) 3 Rys \il 
S!@elf c\it< as9 (1 -3 ) f>0sells;@ls418299l336.al0334614 g5 sly«ill 3 

. ~J.) YI i.S._,ill_, J'--YI J fi. y.- .d Q ,.:., 'j •• ,, JI _,.JI 
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4-i l!iSl l S. Weight (KN/m") 
= gill oJWl(Material) sLl) 5 - 9J 

24 .1.)4ll(Tile) 1 

22 d fii Q .,~ I :i_; _,.Jl(Mortar) 2 

17 J.a )l(Sand) 3 

10 t,_ft.oll ~YI y_,bll(Hollow Block) 4 

25 4.:..1......JI :UL.. .;=JI( Reinforced Concrete) 6 

22 o.Jt..-ill ( Plaster) 7 

20 ( ~I) ~yYl(Backfill ) 8 

-: l Jal(2 -1-5 -3) 

~' 4J.o .-fi- ($1 w:/Lo.u...1 _,I, ~I 4,J':/l..u:i,...,I ~ wl.,Ll.i)'I.., ¼YI 43 u.ofi ~I Ji..-~\ c..,A 
• <iii~\ .J_,.....ill JL=,.I_, , o .ft _yJI _, 4-c. j_,.JI JI..=. ~I ~ ~ 

. Ll:.W\ 1- ~ '~ wl · I ·,-;a,. I 1 • ~- Ll..i.i ~,, o · ~\ &,. . .t&...\.l.i.ll\ · II · - I ( r.r-YY .J~ '11'"""" ~i.r ~ . ~~ ~ u~ 

554+Y\ye cs\5\3 < cssyl et8ts c 5 fs C· 4St yi5 Sr ls : @45Lall CJLayI ( 
.4Jj:,.....l l .:il_,.JI _, , ~\ y,p- ¼i"tt....:l\ w;/YI_, ,~lt.>~Sll 
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~~\ ::.fi ~ i::.Wc.l ~\~~JS~ Wl_,ll ~I~~\~ (2-3)JJ~I ~..J 

,'9SY\ s"\s 

~\J,..:J\ \::.il..., ":I\ ~ coli.iia r ~- 
(KN/m2

) 

2.0 wyk.JIJ W":ll w_JC-,wl~I wl.c.\..9 1 

r _,lll w .JC- J ~)l,J\ J:!~ w _JC-,wlo::.:JIJ 

5.0 ~ ~ ~ y,.-JI J=.,l.l.411.J wl _,_11 2 

3.0 <\ell ctlys <!oYI 3 

· lb.JI wl~I ~ J . J 

~Jill ~IJ ~.J~I wl~I ~IJ ~_,!:ill ~I ~J' dhi'' J..,1_,.,JI we ~"i.,jl\ J\,..-~1 (/'J 

, o\+i~\ ~ 0~ ufo cY)I Jl ..... :,.I.J. t9.,JI J ).full ~\.i CJ.o o_J;!il.. ~I~ ~YI O~J' 

J .c.S~1 cY)' ~->"' ~~ d..l.-.,;JI ::.LA.JYI .JilJ::. rfo ~, '-ff.;-.lji ~1 ~t......J1 o.l::..J u1c ~J 

A16U@4ally «af349 <lzlisyYlss As), las9lsis s0sf,slgule a4iy,ill _y» a\till 
. tY'""~ mtc. 4,l c.S.ft.l J...1.JC ull '-!~)'4 ~I 1~ ~IJ, ~ ~I 
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(3-3 )8503eel±silys el@has gli£yyl&is»Jls »zslll dlel els Se 
-: (g'3Ylssils le9la5 es ) 

.llJI - (KN /m2){Snow Loads) c.·!ill Jlesl (m) ji.,J4 (h) Ml~ CJ&, U&WI tli:i.;I - 9J 

1 0 250>h 

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

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

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

-: c'-:!)1 Jbl (" 

c'-:!)l ~y.,, ~ ~Wc'il ~ c'-:!)I Jbl ~..l.:,,,jj_, ,~I ~ ~I <.Sfa. Jiy c'-:!JI J\,.-1 

~ y.. J _,I ~ y ~~ "Ubb! ~ 0-- ~-"° J ~\ ~ UC Llil.JI till) .fo. fl i;ll i5.,._.,.ill 
~ u_,.... Jl..,:,.. \11 01\ ~..l.:,,,jj_, • <.SftYI wl_};!i:W I 0-- ~1., ~ .,I ~JA ~-"° ~ .i.,...ii Ll.l.JI 

:@ls\all ss8 5®s ls (U.B.C-97) e\±510 

P=Ce*Cq*qs*Iw 

Ce:combind height. 
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Cq:pressure coefficient of structure. 

Iw:importance factor. 

P:design wind pressure. 

&.5l% n 

le ill .Js4..al as l c'-:!)I ~ y,, Y.:J't (2-3) ~I 
,'th) 

------ ------------- 
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-: Jj:l)I ~I (i 

e-_,Ji.ll Jt. Ll.l.JI ~ e-JJc .llji u-1) ,py., ,Ll.l.JI ~ .)y ~I_, ~I_; ~I ()C- oJ~ ~_, 
o.:1y.,,._,.JI ~\ ()I_;~ t,1$J ~ ~\ ,s_,§ ~_, ~)11 ,s_,ill L..I_,, )}I e-Jc _, y)w:/1 f'~ 4J_,~I 

4}\) j ~ 4-il w y,:i ~I o~ 01 ..m~ , J#,.11 ~ ~ _;\.[Jr;, :II L>.l'Y ~ )11 o~ ~ y _, , Ll.WI ~ 

J:'.)l;.. o I·- I\ wb. ~ ~\ ~ : .. II ~t.... . .!c I\ l.WI ~L.S.i\ .:1.lAJ .·.c. ~'i.i ~I .-A .) ...?-' • ..r . ~ ~ ~ ...?-' y,-,:> IY' ., ~ . i.;- ., 

~I J=,.b 1.#)yJI .:1.lA'.il\ J.,...IJ! Y-9ji J:'.)l;.. LJ"' _;\.[Jr;,:/\ LJ:l'Y ~)11 o~ ~\ ~J ,WI J..,-s 
.--) ± 141l0 3S le < sa_) 

.:1 Y-"--' 4-;)~\ u1c. .Wb.:i ~ u.i'i.s:i:i ~\ ~Lli.i)II y,-,:>lWI LJ"' ~ ~ LJA 0.:11-c ~4-JI ~ 0fi:i:i 

-:y-till sis l Cy+s <s_-yll ,h550 456.a5 ,ill 

. Foundation wt....t.....)11 (' 
Columns o~ YI (" 
. Beams _;~I (i 

. Slabs wl.l°WI (f 

. Shear walls caill Cl (° 
. Stairs <!evl (i 

. Retaining Walls 4-;.:1\.!i....l 01~ (V 

. Bearing Walls U..b 01~ (" 
.Joint System .:1.:1.cull ~IJ! (® 
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-: ( u~I) ul.-ll (1-6-3) 

<>" 0,!C- _jJ .)y:i=,-1 ~ A..:!.Jl-..JI w~I tfaJ, t:Jy!...JI \~ ~ wylW}I u.a .l;~I ~»..,l lfo., 

, ~I J~I ~ ~Ll.1)'1 t-!"'t......:il l ~ ~~ (j~I.,, rl~":ll ~ ~ _y, ~~JS. wliWI 

-: &\Yh ass! er ,-!: fs 
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solid slabs ~I ul.full(l 

. Ribbed Slabs (~I)~ _;WI wl.full(2 

-: Solid Slabs~. aall ,.;:.a\.lAa.ll ( l -1-6 -3) 

. One Way Solid Slabs s!3 s\s+,475%%,JJ csl±isl! () 

ffllinrell'I04anent 
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. Tow-Way Solid Slabs LJ:!A>l;.:il ~ ~I wliWI (" 

main reintorcment 

-: Ribbed Slabs _ixl) cl&al) (2 -1-6 -3) 

. One Way Ribbed Slabs ~,.J o\+il ~ ~ _fa.11 wliWI ( 1 

. Tow Way Ribbed Slabs tJ:!Ail+il ~~_µ1 wliWI (2 

-:(One Way Ribbed Slabs) ±sl9 s\ail ,,4A6ixl) cl±ill (1- 2 -1-6 -3) 
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-: (Tow Way Ribbed Slabs) ~~I~ ~.;LJI ~1.-ll( 2 - 2 -1-6 -3) 

.)~\ util......o ufi:i l..o.ili:. ~I.:.. ~ ofi-1 ub.WI ~b. i) f'~ L):l'\~I i) ~ _;WI uliWI ul 

A:if 

• L):!'\4,:il i) ~fa wliic. ( 8- 3) Cs.al 
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-: ~I( 2-6-3) 

~L.., Y'- ' uk jJ ~ J ' ~I ul~IJ y\...-c. \II c.)o ~ \II Jii ~ ~L..,\ ~Ll.jl ~Uc ~ J 
-:~ ~t...._jJI t...l , ~J 

- : ( Dropped Beam ) U-91...JI .J~I (" 

····-11 · ~\ •.11 ~··-'I ·\ I ~ o~I ~\.i:i I · .. <\ 1.~\.i:i I · .<. -:11 · - 'I~ · o lie ~ u.o J' .ft"' .) Y.. ~...., c... .) u.o ..r.- ~ .) (.)~ '-1 .)~ (JC .) • 

0~ ~ ~ (Up stand Beam ) ':i..,WI JI (Down Stand Beam ) ~I ().!i\4-,JYI ~1 ~ 

. L -section , T-section .)~I 

33-) el±510 45 aise 93-4ll 3 53sI Cle - Cos a'l) gle 5930 s fl ysl 351l lhis 
.( Limitation of Deflection) (~\hjYl)L>"PI J,.ik okly e:4 U-91...JI 

.33+sll JS.al (9 .3 ) ls 
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A.1. )41 1 i)c. y:ay..a ~ 41;..'.i ~ _bjbJ\ ~ .bjl~I ~ .J_,.....;JI ~_jJ (' 

Ai»ll @6» 5 ID 

.o.lAC)ll ~~YI J_,b J:ili:i (i 
~ ~~ 4,l.a ~-►- ~ ~1..►-1 ull 4,.,,.,.,,l_,ll wbWI wl~ ~t....y,-11 w~I ~ (f 

-: o~~I( 3-6-3) 

i;ill~.J ,wt....t....)11 u-1! ~.J .J~I.J wl~I 04 J\-)11 Jij ~ ~)I ~I o.l.4C)'I _»i,w 

Jij i)c. O_J.)\.9 0.fo:i ~ 14 ·;· oi ~ i;ill~. ~\ wl/j.J J\-)11 Jii ~ c.j.J.Jfa ~Ll..il ~ ~ 
. 4-:!lc. Wl_,ll Jl=,.\11 ~j.fJJ 

.J ~I .J c.j.}bll .J J;bi 11oll 4,l.a ,o~ J\.S.,.tl o~ )11 t-6\:W .J . Ali...,.hll o.l.4C )11.J o ~I o~ )II 

~~\.J ~t....yJI ~ ~ .,.;,; •• \\ o.)WI ~ ~ 04 o.lAC)ll _j,.i ~ ~.J _ySyJI .J ~yJI 

A±.ta I • ~- .J 
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-: (Shear Wall) ~I ul.;~ 4-6-3) 

, Ai'y! s 3ill Ra3ti le sf S 14l] 41361401 Al_l1 3 39l chef le las V s's dis 
~ 'i~\ ~_,ti.JI jS.y. ~ ~\.......JI 0fo 01 olcly. ~ 0:!i\~'il ~ I.A..)_,:i ~.J ,W.WI 4.l (..)oO.A 

. cfo"':l L. J§I ~ Jilli jS. y..., o~I Js ~ ~I 01~ 
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LG_,m ~..,I.Ll1 ~, 0,.)~ u-1c lA.)~1.., r..,Ja11 .llji Ji1i:i ..,1 F ~ts 01~1 °~ 0fo 01.., 

l>" ~ ~m.., ~I J,..\S i) U"J.J~ ~ ~jjiJ ~Ii) ~I 01~ ~~ r:i ~..,'~\II 
le9 c as.aall lass << # le? <0ell so lEari9 c @as\ill d-ail) as uses" 

. ~I wt.....t.....l LJA I~ ~I LG.? YI 

--- 

cl\ 3ls (11 - 3) CSal 

-: J~I ~I.J! ( 5-6-3) 

i.j)..? J~ J,...,.I.J-9 ~WI tLA..,YI.., ~YI wl~ ..,I o~I ~YI J~YI wl~ ~4-,ll J:iS, ~ ~ 

JjYjll J..,j'} i"Jl.:i,S. ~Ip wLl'.WI J.:b,:i ..l.ic.., .k.o ~.fall J,...,.1_,ill 0fo ~.., ~~ J,...,.I.J-9 ..,1 

Will__,~ ~WI w~jill.., wU.IJW:,YI ~ J,...,.1_,ill o4}.., ,¼!ljljll J,...,.1_,il~ J,...,.1_,ill o~ i.r~ 

'½,.Jul! J,...,.1_,ill o~ J..o:i 01 u-1c ,~I J_fo}l y.- Llil.JI ~ ~ i.j)_;=. .).lAi J,...,.I.J-9 rl~I ~ 

:~ LoS ~I~ .)~y ~I wl!WI ..»WJ .'-6,!lfol LU.) i.j..,WI wt.....t.....YI 
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.~WI '--/_,b)I ul~ tY-1..WI ~ (40m) (' 

. .l;.:iWI ~_,b)l ul~ tY-1..WI ~ (36m) (" 

.~_;WI ~_,b)I wl~ tY-1..WI ~ (32m) (T' 

. .dJ4JI tY-1..WI ~ (28m) (t 

ulj}il .dJ_;a-J_,, ~.Jy1., ~1 ~ ~Ll..i)'I y.:,u.ll U:H ~_,11 ~ ut....t....YI faJ 
~! 1..>:!='-l., o.).ae. YI ~l ~ .J~I ~l Jmi o.fu.11 ~ Wl.,ll ~ YI .:.,µ, 4-:ik WI_,)\ ~ YI., 

~'U.11 ~\.:i,!.lll Jl....:,..YI ~l., ~ ¼,JI Jl....:,..YI ~ uc, J.,_;...... u,ot....YI .:.,fo..., ~Jill ~l wt....t....YI 

. ~I J=,.b ~I Jl....:,..YI ~l_, Jj~jll_, c:::_,tll_, cl:!)1 uc, 

~., 4-:ik WI_,)\ Jl....:,..YI ~ \y~J, wl.....t....)l.1 :iJ•J• ol)I ~YI~ Jl....:,..YI 0~ .:.,p., 
o_,i) La..µ .sl~_, ~ tl_,.il t.Y" wt....t....l rl~I t5jWI t.Y'J, ~~I wt....t....YI t_,.i ~~~~_,.JI 

. u,ot....l JS~ WI_,)\ ~YI_, ~Jill J-:i 

1~., (Shallow Foundation ) ~I u,ot....Y4 ~..J ~.JYI ~ 0-o 4:!.) .:.,fi:, ~ u,ot....YI_, 

.,1 ~ wt....t....1.,1,~ .lel_,i) wt....t....1.,l,~_.y!, .lel_,il wt....t....l .:.,fad.£ .J~ 0.1,y .:.,~ t~I 

'e \5sf s' ssAt @4±-l1 &3 g stisls l Lall sl Ji! @± gll sf tie sS: f3 
¼-:!\I y _p.-1)1 ~ ~ (Deep Foundation )~I u,ot.... Y4 t~I I~ ~_, ~~ w~ wli+bll 

<4\5\5!) s sell,y ells) ye9Yl ch- Cs+@lle cull @-la @l Cl ds--esliiy biis 

A9\a 5 st5s9la clll @al chll,ls J-es ll5 yes 5las! hN 
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_J t 
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-l_,_ll J.l_;b uc- U"t....':11 i)I ~\ L>A J\..-':11 Ji; ¼S ~ji ~ (14 -3) ,(13 - 3) ~I~ 

~~\~A ~jji ~ ~ji ~I_, ~I UA ~ Wl..,ll Jt,...:,.)\l ~_jill 4-A_,li.a ~ ~ji_,, 
. U"t....':11 

~I~ u\i.µ:JI 0:H ~1)1 J\:i:ij':11 uc- J_,_;......11 ~Lli:i'/1 _, <:?.JL...t.JI ~I CF- ".J~ ~ly)II 

it.t] z_all ya.car 29 .,511,l1 @5all gE5yl 4T6_yyi.a €3ls\i5/I 5th6 2isl 65 ,y Cy> 
<3--ls\ey) Co {jg·5-=ls Stylise ilgls'fol zfs <1sly sole5l ,i Ria.a»5i a y\fol: 

~y~I ~\ uj_, uc- 4-,i"Ull J\..-)11 ~W,:i'/1 ~I ~ .Jy:ic. 'JI 0:!C ~ ~I ~ _, , 
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yli:i 01 J.Jb:i .1.~ Ll"' y1y111~ uc, ~ 1.....J 4ili. <-R~' ~w,.J yl.Jill .ll....:il .bil_p-11 o~ ~ 

sis@iiy! @24ll .J6sias 3 334ll933 Ra 9ti,0 @9tr6.yl ylae z-a59 c_3lsl a lye' sl 
. ~ .,;JI oy.JI Ll"' ~ )1 

:\±£4 le ,l5"fl Cy» a Y Cl\S <<93-4l a yl @Ai c,gulis ,s @-olsll e5Xi59l <e,guy 

.JI ~WI .JI ~I AJL..._fa.ll Ll"' '-;!.lu:i...)11 ul~I ~ ul ~.J .JYY"il .JI .)46,.i"il Ll"' ~_}ill~ 

: ~ '-;!.lu:i...)11 ul~I Ll"' tl..,_il o.le- ~U4>.J • y.,.=JI Ll"' 

. \+ijJ~ ~~I (gravity walls) ~~I 01~ 

. (cantilever walls) '-;!l_y.l.S.ll 01.J~I 

.(braced walls) ~.l.o 01~ 

Ada,ninQ- 

<.f .lu:i...l )~ ( 16 - 3) JS.,.!.11 
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-~1...:;.j 'II .Y-"'l..la.ll ll.-WI wLo_,.....)I J-l ~~ .J :Autocad 2007 (' 
.,1YI -.a1ll ; Atir (' 

Etabs ('1" 

Safe (f 
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Chapter4 

Structural Analysis & Design 
4 

4-1 Introduction. 

4-2 factored load. 

4-3 Slabs thickness calculation 

4-4 load calculations. 

4-5 design of topping. 

4-6 design of rib (A0-Rl). 

4-7 design of beam (A0-B8). 

4-8 design of one way solid slab(SSl). 

4-9 design of tow way ribbed slab(RSl). 

4-10 design of column(B0-C13). 

4-11 design of isolated footng(F9). 

4-12 design of com bind footing(combined 9). 

4-13 design of mat footing(mat 4). 

4-14 design of stairs. 

4-15 design of shear wall(B-Sh14). 

46 



(4 .1) Introduction:- 

Concrete is the only major building material that can be delivered to the job site in a 
plastic state. This unique quality makes concrete desirable as a building material because it can be 
molded to virtually any form or shape. 

Concrete used in most construction work is reinforced with steel. When concrete 
structure members must resist extreme tensile stresses, steel supplies the necessary strength. Steel 
is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond forms 
between the steel and the concrete, and stresses can be transferred between both components. 

In this project, all of design calculation for all structural members would be made upon 
the structural system which was chosen in the previous chapter. 

So, in this project, there are Two types of slabs : One way solid slab, one way ribbed 
slab. They would be analyzed and designed by using finite element method of design, with aid of 
a computer program called "ATIR- Soft ware " to find the internal forces, deflections and 
moments for ribbed slabs and by using the previous program and Etabs,Safe, And programs to 
find the internal forces, deflections and moments for One way solid slab, and then handle 
calculation would be made to find the required steel for all 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 ACI-318-08 code. 

NOTE: 
fc' = 30N / mm (MP a) For circular section but for rectangular 
(fc'= 30.8 = 24MPa). 
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( 4 .2) Factored loads: 

The factored loads on which the structural analysis and design is based for our project 
members, is determined as follows: 

qu = l .2D.L + l .6L.L . 

(4.3) Slabs thickness calculation: 

- -l, 
I 

1 

CT 

Figure (4-1): Ground Floor Slab. 
(4.3.1) Determination of Thickness for One Way Ribbed Slab: 

According to ACI-Code-318-08, the minimum thickness of nonprestressed 
beams or one way slabs unless deflections are computed as follow: 

The maximum span length for one end continuous (for ribs): 
hmin for one-end continuous = L/18.5 

=558 /18.5 = 30.1cm 
The maximum span length for both end continuous (for ribs): 
h» for both-end continuous = L/21 

= 563/21 = 26.8cm 
Select Slab thickness h= 32cm with block 24 cm & Topping 8cm 
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(4.3.2) Determination of Thickness for Two Way Ribbed Slab: 

1s3= h?_ 6o@o) 329000 cm 
12 12 

1so= h_ 8o@so) g33333.3 cm 
12 12 

Ib5= bh
3 
= 5°C32)

3 
136533.3 cm4 

12 12 

Ib9= bh
3 
= 40(32)

3 
109226.67 cm4 

12 12 

y,, 40+8+4+32614816, 4j 
40 «8+432»14 

w 5#@D? 
3 

40(3)° 14(21)° ----'--'--+ -----'-- 
3 3 

60604.66 

~ For exterior beam: 

Short direction 

Is 60604.66(325 + 60) 432088.7 
54 

Long direction 

Is = 60604.66( 480 + 40) 583600.4 
54 

Is = 60604.66( 480 + 50) 594823.5 
54 

~ For interior beam: 

Short direction 

Is = 60604.66(325 + 325 + 80) g19285.2 
54 

a = lb = 109226.67 = 0.187 
f Is 583600.4 

a = lb = 320000 = 0.74 
2 Is 432088.7 

a = lb = 1s6533.3_, 2 
3 js 594823.5'229 

: 
f 
A I tc1oss ~:':~.,,,:J1 ~) 
~ .. _ 
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a = lb = 833333.3 = l .0l 7 14 Is 819285.2 

0.187 -+ 0.74 + 0.229 +1.017 0.543 
0,,= 4 
0.2 <a <2 ==>0.2 < 0.543 < 2 

In(0.8 + .fy I l 500) ACI-318-02 ( Eq: 9-1) 
36 + 5P(a -0.2) 

P= La= 9.6 = 1.477 
L, 6.5 

h _ 9600(0.8 + 420 /1500) = 26.9cm <32cm....... ok 
m 36 + 5 * 1.477(0.543 - 0.2) 

We select the two way ribbed slab Thickness = 32 cm 

( 4. 4) Load Calculations: 

(4.4.1) 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: 

eofaw pMcit {2cm ) 

Fig. ( 4-2) One way rib slab 
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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. 

No. Parts of Rib 

1 Rib 

2 Top Slab 

3 Plaster 

4 Block 

5 Sand Fill 

6 Tile 

7 Mortar 

8 partition 

Calculation 

0.140.2425= 0.84 KN/m 
0.08*0.54*25 = 1.08 KN/m. 

0.02*0.54*22 = 0.23 KN/m. 

0.4*0.24*10 = 0.96 KN/m 

0.070.5417= 0.64 KN/m 
0.03*0.54*24 = 0.38 KN/m 

0.02*0.54*22 = 0.23 KN/m. 

2.38*0.54 =1.28 KN/m 

Nominal Total Dead load= 5.7 KN/m of rib 
Nominal Total live load =5*0.54=2.7 KN/m of rib 

(4.4.2) Two-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: 

Fig. (4-3) Two way ribbed slab 
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Calculation of the total dead load for one way rib slab is shown in the following table: 

Table ( 4 - 2) Calculation of the total dead load for two way rib slab. 

Dead load: 

Tiles 0.03 *0.54 0.5424 0.2099 KN 

Mortar 0.020.540.5422 0.128 KN 

Coarse Sand fill 0.070.540.5417 0.347 KN 

Topping 0.080.540.54 *25 0.583 KN 

Concrete Rib 0.24*0.14*(0.54+0.4)*25 0.7896 KN 

Block 0.240.40.410 0.384 KN 

Plaster 0.020.54 *0.54 *22 0.128 KN 

partition 2.380.540.54 0.694 KN 

Nominal Total Dead Load= 3.263 KN 

DL=3.263/0.54*0.54 =11.19 kN/m 
WuD=1.2x 11.19=13.428 kN/m 
WuL =1.6 x 2 = 3.2 kN/m 
Wu=13.428+2.4=16.628 kN/m 

( 4. 5) Design of Topping: 

Dead load of topping 

Tiles 0.03 * 24=0.72 KN/m? 

Mortar 0.02 * 22=0.44 KN/m 
Sand 0.07 * 17=1.19 KN/m? 

Slab 0.08 * 25=2 KN/m 
Partitions 1.00 * 2.38= 2.38 KN/m?. 

Dead Load= 6.73 KN/m. (for Stores) 
Live Load= 5KN/m. (for Stores) 
W,=1.2 DL + 1.6 LL 
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= 1.2 * 6.73 + 1.6 * 5 = 16.l KN/m2• (Total Factored Load) 

M, = Wet_ 1o1it' = 0.2146 KN.m u 12 - 
M 

= 0.42 '[; * b h2 = 0.42 .../24 * 1*0·002 * 103 = 2.19 KN. m VJc 6 6 
p 
do 

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must 

be provided. 

For the shrinkage and temperature reinforcement:- 
p 

A 

# Of <1>8 = Asreq = 144 = 2.88 ~ Spacing(S) = -1- = 0.34 7m = 34 7 mm. 
Abar 50 2.88 

<3so (?®y-2.5 c. < 3so("y fs · c - fs 

= 380 * ( ~) - 2.5* 20::; 380 * ( ~) 
5/y 5/y 

= 380 * ( ~) - 2.5 * 20::; 380 * ( ~) 
3* 420 3* 420 

= 330 mm. <380mm. 
<3 * h = 3* 80 = 240 mm controlled. 

<450 mm. 

k-Use 4>8 @ 20 Cm C/C in both directionsJ 
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(4.6)Design of Rib (AO-Rl) 

Material:­ 
concrete B300 
Reinforcement Steel 

Section:- 
b =14 cm 
h=32cm 

u z 

Fe' = 24 N/mm 
fy = 420 N/mm 

1 

C 
Al = ~ 

0.8 2.6 0.8 

3.4 

bf=54 cm 
Tf=8 cm 

AL An 
2 3 

Al A] 

J = A, A, 
4.55 0.8 4.4 0.5 

I i 
5.35 5.05 

54. , 
32. LJ 

14. 
A-A 

Figure (4-4): Rib geometry. 
load group no. 1 
Dead load - Service 

5.70 5.7o 5.70 

,1, 11 l ~ ' !J •ij ' 
3.4 ~ 5.35 5.05 ~ 

Units:kN,meter 

Live load - Service Load factors: 1.20,1.20/1.60,0.00 

f 
I A asl I , I I ! ±hs I I I 

f 
I I I:1 oaI I I t 3.4 5.35 5.05 

Figure (4-5): loading of Rib (AO-Rl) 
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Moments: spans 1 to 3 
-25.2 

-16.8 .16. 45.2 

.A 

11.6 17.2 

I 1.19 I 2.21 2.41 2.94 3.03 2.02 

Figure (4-6) : Moment Envelop of rib (AO-Rl) 

Shear 

-24.8 
-19.5 

10.8 

21.9 
16.1 

26.6 

Figure (4-7) : Shear Envelop of rib (AO-Rl) 
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(4.6.1) Design of flexure of rib(A0-Rl):- 

(4.6.1.1) Design of Negative moment of rib (A0-Rl): 

1) Maximum negative moment Mu<·> =16 KN.m. 

Mn= Mu/d= 16/ 0.9 = 17.77 KN.m 

m='r= _=20.6 
0.85 fc 0.85•24 

K, =.M_ 17.77-10° 1.55 MPa 
n pd? 0.14% (0.286)° 

= _1_ (1 - 1 - 2•1.55•20.6 ) = 0.00384. 
20.6 420 

>As = * bw *d = 0.00384 * 140 *286 = 153.75 mm. 

- [r: 1.4 AS,n 'b, d ~ - b, d (ACI-10.5.1) 
40) fy 

= ffi * 140 * 286 > ~ * 140 * 286 4420 420 

= 116.7 mm < 133.46 mm2 ••••••••••••• Larger value is control. 

---+ASmin = 133.46 mm2 < Asreq = 153.75 mm. 
:. As= 153.75 mm. 
2 <1>10 = 157 mm2 > Ase4 153.75 mm2

• OK. 

': Use 2 @10 
> Check for strain:- (Es ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 * t: * b * a 
157 * 420 = 0.85 * 24 * 140 * a 

a=23 mm. 
a 23 c= 5,455= 27.16 mm. 
d-c €, =-0.003 

C 

286-27.16 
27.16 * 0.003 = 0.028 > 0.005 :. q> =0.9 OK 

* Note: f,' = 24 MPa< 28 MPa> ,= 0.85 
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2) Negative Moment Mu?= 9.8 KN.m. 

Mn= Mu/ cp = 9.8/ 0.9 = 10.88 KN.m 

m = -1z... = ~ = 20.6 
0.85 fc 0.85•24 

K, =.Mn_ 10.gs·io 0.95 MPa 
n b•d2 0.14• (0.286)2 

= _1_ (1 - 1 - 2•0.95•20.6 ) = 0.00231. 
20.6 420 

>A,= p b, d = 0.00231 * 140 *286 = 92.8 mm 

7 AS='=b,d >=b,d ............(A€1-10.5.1) 
4fy) fy 

= ffi * 140 * 286 > ~ * 140 * 286 4420 420 
= 116.7 mm < 133.46 mm ...........,, Larger value is control. 

-Asmin = 133.46 mm2 > Asreq = 92.8 mm2
• 

:. As= 133.46 mm2
• 

2 <1>10 = 157 mm2 > Asreq = 133.46 mm. OK. 

.:. Use 2 410 
Check for strain:- (Es ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 * t: * b * a 
157 * 420 = 0.85 * 24 * 140 * a 

a=26.94mm. 

*Note: A<t>io = 78.5 mm. 

* Note: f,' = 24 MPa< 28 MPa> B,= 0.85 

Es = d-c * 0.003 
C 

="""o.oos =0.028 > 0.005 : 4 =0.9 0. 
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(4 .. 6.1.2) Design of Positive moment of rib (A0-RD) 
d = depth -cover - diameter of stirrups - ( diameter of bar/ 2) 

= 320 - 20 - s-#- 286 mm. 

·Ma ax = 17.2 KN.m 
b; < Distance center to center between ribs= 540 mm Controlled. 

~ Span/4 = 5050/4 = 1262.5 mm. 

~ (16* tr)+ bw=(l6* 80) +140 =1420 mm. 

·b,= 540 mm. 
>M,, =0.85f'+b,+t, +(a-) 

= 0.85 * 24 * 0.54 * 0.08 * ( 0.286 - 0·i0) * 103 = 216.79 KN. m 

<l>Mnr= 0.9 * 216.79 = 195.11 KN.m 

-<l>Mnr=l95.l l KN.m > Mumax= 16.6 KN.m. 

:. Design as rectangular section. 

1) Maximum positive moment Mu<+>= 16.6 KN.m 

Mn= Mu/d = 17.2/ 0.9 = 19.l lKN.m. 

m = __fz_, = ~ = 20.6 
0.85 fc 0.85•24 

K, .M»_ 19.11-10° 9.432 
n - b•d2 - 0.54• (0.286)2 • 3 MPa 

o=-a- [Fir, 
m ✓ /y 

(-@®")-ooooo, 
>As= * bE *d = 0.001004 * 540 *286 = 155 mm2• 

[ 
A ✓Jc b d > . b d 5min = 4(/y) * w =j, 'w * •···········(ACl-10.5.1) 

../24 140 28 1.4 = -- * * 6 ~ 420 * 140 * 286 4+420 
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= 116.7 mm2 < 133.46 mm2 ••••••••••••• Larger value is control. 

>ASn 133.46mm2 <Ase4 155 mm
2
• 

:. As= 155 mm2
• 

2 <1>10 = 157 mm2 > Asreq = 155 mm2
• OK. 

'. Use 2 410 
- Check for strain:- (£5 2::: 0. 005) 

Tension= Compression 

As * fy = 0.85 * t: * b * a 
157 * 420 = 0.85 * 24 * 540 * a 

a=5.98mm. 

Note: Ap10 78.5 mm
2
• 

c={_598 7.04 mm 
Pi 0.85 

d-c 
E5 =-* 0.003 

C 

=©]"0.003 =0.118 > 0.005 : 4 =0.9 OK 

* Note: f,' = 24 MPa< 28 MPa~ P1 = 0.85 

2) Positive moment Mu(+) = 11.6 KN.m. 

Mn= Mu/ <l> = 11.2 / 0.9 = 12.44 KN.m. 

fy 420 
m ,gs7' oasza 20.6 
K = Mn = 11.6•10-3 0 262 MP 
n b•d2 0.54• (0.286)2 • a 

o=i- [H_Wm, 
m / fy 

z (- [-"g")-ooooczs 
>A,= * bE *d = 0.000629 * 540 *286 = 97.2mm2

• 

[r: 1.4 
Asmin = 4Cfy) b,, d ~ fy b, d (ACI-10.5.1) 

../24 1.4 =--* 140 * 286 >-]40 * 286 4•420 - 420 

= 116.7 mm2 < 133.46 mm2 Larger value is control. 

>ASin 7 133.46 mm2 > Asreq = 97.2 mm2
• 
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:. As= 133.46 mm2
• 

2 <1>10 = 157 mm2 >Ase4 133.46 mm. OK. 
:. Use 2 <1>10 

-► Check for strain:- (E5 ~ 0. 005) 

Tension= Compression 

As * fy = 0.85 f' * a 
157 * 420 = 0.85 * 24 * 540 * a 

a= 5.98 mm. 

2 
*Note: A<1>10 = 78.5 mm . 

c={_5.98 7.04 mm 
P1 o.85 

d-c e, =0.003 
C 

= 28~~:·04 * 0.003 = 0.118 > 0.005 : d =0.9 OK. 

k- Use 2 cI>lQ 

* Note: f,' = 24 MPa< 28 MPa> h,= 0.85 

3) Positive moment Mu<+> = 6.8 KN.m 

Mn= Mu/d = 6.8/ 0.9 = 7.55 KN.m. 

m = ~ = ~ = 20.6 0.85 f, 0.85«24 

K, = M_ 755+107° 0.171 MP 
n.a? o.s4»(o.286j° ' '@ 

p=-t- [i_Win, 
m ✓ [y 

= ,;_6 ( 1 - 1 - 
2
••·

1
:;;

2
•·• ) = 0.000408. 

-+As= p * bE *d = 0.000408 * 540 *286 = 63 mm2
• 

Jr: 1.4 As · = -- * b * d > - * b * d (ACI 1 O 5 1) mun 4(fy) 'W - [y w .. .. .. .. .. .. - • • 

-,/24 1.4 
=]40 * 286 >140 * 286 4«420 420 

= 116.7 mm < 133.46 mm2 Larger value is control. 

-+ASmin = 133.46 mm2 > As4 63 mm. 
:. As= 133.46 mm2

• 
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2 <1>10 = 157 mm2 > Ase4 133.46 mm. OK. 
k- Use2 '1>10 
Check for strain:- (es ~ 0. 005) 

Tension= Compression 

As * fy = 0.85 * /; * b * a 

157 * 420 = 0.85 * 24 * 540 * a 

a= 5.98mm. 

2 
*Note: A<1>rn = 78.5 mm . 

c=£=©= 7.04 mm /31 0.85 

d-c e,=-0.003 
C 

_286-7.04 9,903 =0.118 > 0.005 : d =0.9 OK. 
7.04 

* Note: f,' = 24 MPa< 28 MPa> B,= 0.85 

.: Use 2 @10 

(4.6.2)Design of shear of rib (A0-Rl) 

1) Vu = 20.8 KN. 

av.-3-l.%.+a 'f:' C 'f:' 6 W 

= 0.75 * ffi * 0.14 * 0.286 10° = 24.52 KN. 
6 

1.1 * q> Ve= 1.1 * 24.52 = 26.97 KN. 

---+Check for items:- 

1- item 1; V, < 2", 

20.8 ::S 2\97 - 13.485 Not satisfy 

2- Item 2: V% 2 V < A-. V 
2 U - 'f:' C 

13.485 ::S 20.8 < 26.97 satisfy 

:. Item (2) is satisfy> minimum shear reinforcement is required. 

(Av )min > .!;_ * .[t: b,= .!;_ * £!!.. *0 14= 1 04*104 s - 16 /yt 16 412 . • · 
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> .!,* bw =.!.*~= 1.l3*10"4. Control. 
- 3 fye 3 412 

Try <1>8 (2 Legs): 

2-50-107° 1.1310> S=0.884 m 
s 

S < ~ = 286 = 143 mm. 
- 2 2 

< 600 mm. 
6"· Use 41>8 @ 14 Cm C/0 

2) Vu = 19 KN. 

av.-3-3%.+a 'l'C 'l' 6 W 

= 0.75 * ffe * 0.14 * 0.286 *103 = 24.5 KN. 
6 

1.1 d V,= 1.1 * 21.02 = 26.9 KN. 

Check for items:- 

1- Item 1 : Vu :::; 4> ;c . 
19:::; 2

~·
9
- 13.45 Not satisfy 

2- Item 2: @V% 2y. < bV 2 u c 

";» 

13.45 < 19< 26.9 satisfy 

:. Item (2) is satisfy-+ minimum shear reinforcement is required. 

±,l.%,,%±.£6.1u- 1.6-10 
16 fye "W 16 412 • . • 

1 by 1 0.14 l l3*10-4 > 3 * /yt = 3 * 412 = · • • • • • • • Control. 

Try <1>8 (2 Legs): 

2-50·107 1,1310>S=1.029 m 
s 

s < ~ 286_ 143 mm. 
- 2 2 

< 600 mm. 

:. Use <1>8@ 14 Cm C/C 
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3) Vu = 13.7 KN. 

av.-3.l.%.-a ! c ! 6 'w 

= 0.75 * ../24 * 0.14 * 0.286 1O° = 24.5 KN. 
6 

1.1 * q> Ve= 1.1 21.02 = 26.9 KN. 

-►.check for items:- 
d V, 1- Item L: V, < =, 

13.2 <""= 13.45..... satisfy 

:. Item (1) is satisfy > No shear reinforcement is required 

(4.7) Design of Beam (A0-B8): 

Material:­ 

concrete B300 

Reinforcement Steel 

Section :- 

B =80 

h=50cm 

Fe' = 24 N/mm 
fy = 420 N/mm 

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way 

slabs unless deflections are computed as follow: 

h»» for one-end continuous = L/18.5 
=690/18.5 = 37.3 cm. 

hmin for both-end continuous = L/21 

= 515/21 = 24.5 cm. 

The controller beam total depth is 37.3 cm. 

Eselect Total depth of beam h= 50cm. (drop beam). 
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5 

0.3 6.6 
I I 6.9 

11 15 
8 2 

3 
A iJ = J : A, 

A 
4.7 0.6 4.5 0.3 

0.3 I I I 1 
I I 5.15 4.95 

~-□
80. 
A-A 

load group no. 1 
Dead load - Service 

Figure ( 4-8) : Beam Geometry. 
Units:kN,meter 

4. 1 4., .. 

63.2 51.0 63.0 63.0 63.2 

II/ I' I II/ 1, I ,,, l] ! 
l I 

l \'/ w w a-4# I I l g I w I 

9 9» g% o 

' 6.9 D.4 2.62 2.13 4.95 ' 
I I 
I I 

Live load - Service Load factors: 1.20, 1.20/1 .60,0.00 

4.95 

Figure (4-9): Load of Beam (AO-BS) 

64 



5 

0.3 6.6 
I I 6.9 

11 15 
8 3 

2 A A = J : A ~ 
4.7 0.6 4.5 0.3 

0.3 I I I I 
I I 5.15 4.95 

···□80. 
A-A 

load group no. 1 
Dead load - Service 

Figure ( 4-8) : Beam Geometry. 
Units:kN,meter 

... ... ... , .. 
63.2 

63.7 51.0 63.0 63.0 

u ,1, I ' 1/ " ' ' Ill l I ' ' 
' Ill om, a% a, h w l ut-Au l 11 o ,,. I 1)/ 

I 6.9 I 0.4 2.62 2.13 4.95 ) 

I I 

I I 

Live load - Service Load factors: 1.20, 1.20/1 .60,0.00 

6.9 

Figure (4-9): Load of Beam (AO-BS) 
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Moments: spans 1 to 3 
-543.7 

471.9 -484.5 
-284.3 

.202 -184.6 

4 93.3 
266.6 

482.6 
2.76 4,14 2.83 2.32 2.72 2.23 

Figure (4-10): Moment Envelop for Beam (AO-BS) 

Shear 
-487.3 

-291.9 

268.4 
338.2 

-251.3 
-181.6 

262.5 
329.9 

403.7 
349.9 

Figure (4-11): Shear Envelop for Beam. 
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4.7.1 Design of flexure:- 
4.7.1.1 Design of Positive moment:­ 

>Muna = 482.6 KN.m . 
bw = 80 Cm., h = 50 Cm. 

d = depth - cover - diameter of stirrups - ( diameter of bar/ 2) 
16 = 500-40-8--= 444 mm. 
2 

Caa = ~ * d = ~ * 444 = 190.29 mm. 
7 7 

a,ax =84 C%% =0.85 190.29 = 161.7mm. Note: f,' =24 MPa <28 MPa->B,=0.85 

Mnmax = 0.85 f' b *a* (d -f) 
= 0.85 * 24 * 0.8 * 0.1617 * ( 0.444- 

0
·
1
:
11 

) 10° 
= 958.33 KN.m . 

q>=0.65+ 250 *(0.004-0.002) = 0.816 
3 

>bMnnax = 0.82 * 958.33= 785.83 KN.m. 

-<l>Mnmax = 758.83 KN.m > Mu= 482.6 KN.m. 

:. Singly reinforced concrete section. 

* Note: €5 = 0.004 - q> = 0.82 

1) Maximum positive moment Mu<+> = 482.6 KN.m. 

q>Mnmax = 758.83 KN.m >Mu= 482.6 KN.m> Singly reinforced concrete section 
Mn= Mu /q>= 482.6/ 0.9 = 536.22 KN.m . 

m= 'PY 420 20.6 
0.85 fc 0.85•24 

K, = M,_536.22-107°_ 3. MP 
n - b•d2 - 0.8• (0.444)2 - .4 a. 

po=-(a- [Em, m y fy 

1 ( 1 - 2•3.4•20.6 )- 0 = 20.6 1 - 420 = 1.0089. 

>A, = b, d = 0.0089 * 800 *444 = 3161.28 mm, 
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As . = .jZ * b * d ~ !i b, d (ACI-10.5.1) 
mm 4(fy) w /y 

a, 800 * 444 ~ 2i.* 800 * 444 
4420 420 

2 1184 2 Larger value is control. = 1035.78 mm < mm . 

>ASin 1184 mm2 < Asreq = 3161.28 mm. 
:. As= 3161.28 mm. 
# 0f cI>l8 = Asreq _3161.28_ 12.44> # of bars= 13 bars. 

A par 254 
2 k• Use 13tlt18 - As= 13 * 254 = 3302 mm > As,4= 3161.28 mm · 

Check for strain:- (Es ~ 0. 005) 
Tension = Compression 

As * fy = 0.85 f. b * a 
3302 * 420 = 0.85 * 24 * 800 * a 
a= 84.98 mm. 

a 84.98 c =-=-=99.97mm. 
9+ 0.85 

* Note: f,' = 24 MPa< 28 MPa> B,= 0.85 

Es = d-c * 0.003 
C 

444-99.97 , 0.003 = 0.01 > 0.005 : d =0.9 OK. 
99.97 

2)Positive moment Ma) = 266.6 KN.m. 

cJ.>Mnmax = 758.83 KN.m >Mu= 266.6 KN.m> Singly reinforced concrete section. 
Mn= Mu /cp= 266.6/ 0.9 = 296.22 KN.m . 

m= 'y= 20 = 20.6 
0.85 f, 0.85+24 

M, 296.22-1073 
K, 5.a7 os-@4y F 1.878 MPa. 
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= _1_ (1 - 1 2•1.878•20.6 ) = 0.0047. 
20.6 420 

2 
-+As= p * bw *d = 0.0047 * 800 *444 = 1669.44 mm · 

As . = jZ * b * d ~ 1.4 b, d (ACI-10.5.1) 
mun 4(f,) 'W fy 

aa, 800 * 444 ~ .!.i, * 800 * 444 
4420 420 

= 1035.78 mm < 1184 mm2 Larger value is control. 

-+ASmin = 1184 mm2 <Asea 1669.44 mm 
:. As= 1669.44 mm. 
# Of <I> 18 _Asreg 1669 .44 6.57> # of bars = 7 bars. 

Aar 254 

~~ Use 74018 > As= 7 * 254 = 1778 mm> As4 = 1669.44 mm
2 

• 

-+ Check for strain:- (E5 ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 f' * a 
1669.44 * 420 = 0.85 * 24 * 800 * a 

a=42.96mm. 
a 42.96 c =-=-=50.54mm. h1 0.85 * Note: f,' = 24 MPa< 28 MPa> ,= 0.85 

Es = d-c * 0.003 
C 

Co.oos=0.0233 > 0.00s : 4 =0.9 0K. 

: Use 7o18 

3) Positive moment Mu<+) = 93.3 KN.m. 

q>Mnmax = 758.83 KN.m >Mu= 93.3 KN.m> Singly reinforced concrete section. 
Mn= Mu /do = 93.3/ 0.9 = 103.66 KN.m. 

m=",= V_= 20.6 
0.85 f, 0.85«24 

M, 103.66»1073 
K, 5.77 o.a-@.4447 0.657 MPa. 
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= _1_ (1 - 1 - 2•0.657•20.6 ) = 0.00159. 
20.6 420 

-►As= p b, d = 0.00159 * 800 * 444 = 564.77 mm. 

Asmin = _JZ * bw * d 2::: u * bw * d (ACI-10.5.1) 
4fy) fy 

= ffi * 800 * 444 > 2i_ * 800 * 444 4420 420 
= 1035.78 mm2 < 1184 mm2 ••••••••••••• Larger value is control. 

·As» = 1184 mm> As&, = 564.77 mm. 
:. As= 1184 mm 
# Of <I> 18 = Asreq = 1184 = 4.66># of bars = 5 bars. 

Ayarn 254 

.:. Use SC1>18, -► As = 5 * 254 = 1270 mm> As,4= 1184 mm. 

> Check for strain:- (e, > 0. 005) 
Tension = Compression 

As * fy = 0.85 f. b * a 
1270 * 420 = 0.85 * 24 * 800 * a 
a= 32.68 mm. 

a 32.68 c=,r, as =38.45 mm. 

Es = d-c * 0.003 
C 

_444-38.45 0 003 - 0 
7 38.45 ' - .0316 > 0.005 

{: Use 5a18 

* Note: f, = 24 MPa< 28 MPa> B,= 0.85 

:. p =0.9 OK. 
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4.7.1.2 Design of negative moment:- 

1) Maximum negative moment Mu<->= 484.5 KN.m • 
cpMnmax = 758.836 KN.m <Mu= 484.5 KN.m-> Singly reinforced concrete section. 

Mn= Mu /cp = 484.5/ 0.9 = 538.33KN.m. 

m = r,= ~ = 20.6 0.85 f, 0.85+24 

K = Mn = 538.33•10-3 3 413 MP 
n b•d2 0.8• (0.444)2 · a. 

==(t-- [_2W-my 
. m ✓ /y 

= _1_ (1 - 1 - 2•3.413 •20.6 ) = 0 00895 
20.6 420 • 

-As= p * bw *d = 0.00895* 800 * 444 = 3179 mm. 

7 As,nn = 
4 
(fy) b,, d ~ /y b, d (ACI-10.5.1) 

ffi 1.4 = -- * 800 * 444 > - * 800 * 444 4•420 - 420 

= 1035.78 mm < 1184 mm2 Larger value is control. 

-Asmin = 1184 mm2 < Asreq = 3179 mm2
• 

:. As = 3179 mm. 
# 0f <1>18 = Asreq = 3179 = 12.5- # of bars= 13 bars. 

Apar 254 

[: Use 13418 > As=13 254=3302 mm> As,, =3179 mm. 

Check for strain:- (E5 ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 f. b * a 
3179 * 420 = 0.85 * 24 * 800 * a 

a= 81.8 mm. 
a 81.8 c=,, 43 = 96.25 mm. * Note: f,' =24 MPa< 28 MPa-> ,=0.85 
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Es = d-c * 0.003 
C 

444-96·25 * 0.003 = 0.0108 > 0.005 : d =0.9 OK. 
96.25 

{ Use 13418 

2) Negative moment Mu = 202 KN.m . 
pMnnax = 758.83 KN.m >Mu= 202 KN.m > Singly reinforced concrete section. 

Mn= Mu /do= 202 / 0.9 = 224.4 KN.m. 

m=Dr,= V_= 20.6 
0.85 f, 0.85+24 

K, =.Mn_22442-10° 1.42 MPa. 
n b•d2 0.8• (0.444)2 

= _1_ (1 - 1 - 2•1.42•20.6 ) = 0 0035 
20.6 420 

-As= p * bw *d = 0.0035 * 800*444 = 1243.2 mm. 

. F 1.4 AS,nn = 4 (fy) b,, d ~ /y b,, d (ACI-10.5.1) 

ffi 1.4 = -- * 800 * 444 > - * 800 * 444 4420 420 

= 1035.78 mm < 1184 mm ............, Larger value is control. 
>ASn 7 1184 mm2 < Asreq = 1243.2 mm2

• 

:. As= 1243.2 mm. 

# Of .m. Asreq 1243 .2 
'V 18 = -- = -- = 4.89 > # of bars = 5 bars Apar 254 ' 

.: Use 54)18 ~ As = 5 * 254 = 1270 mm2 > Asreq = 1243.2 mm2 • 

- Check for strain:- (E5 ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 f' 6 * a 
1270 * 420 = 0.85 * 24 * 800 * a 
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a=32.68mm. 
a 32.68 C=-=-=38.45mm. 
h+ 0.85 

Note: f,' =24 MPa< 28 MPa-> B,=0.85 

E
5 
= d-c * 0.003 

C 

444-38·45 * 0.003 = 0.0316 > 0.005 :. cl> =0.9 OK· 
38.45 

: Use 5@18 

(4.7.2) Design of shear:- 

1) Vu= 417.4 KN. 

cpVc = cp * f * bw * d 
= 0.75 * ffi * 0.8 * 0.444 10°= 217.5 KN. 

6 

~ Check For dimensions:- 

cp V c + ( ¾ * cp * .ft: * bw * d) = 217.5 + ( ¾ * 0.75 * ffi * 0.8 * 0.444 10° ) 
= 217.5 + 870 = 1087.5 KN> Vu= 417.4 KN. 

:. Dimension is big enough. 

~ Check For items:- 

1- item 1; V, < 2"s, 

417.4 S 21;·5 = 108.75 Not satisfy. 

2- Item 2: <!>Ve < V < d V 2 U-'l' e 

108.75 < 417.4 < 217.5 Not satisfy. 

3-Item3: @ V. <V, < d9 V,+ dVs»» 
d [er 0.75 rsa 

cl> VS min > 16 vfc * bw * d==, V240.8 *0.444 * 103 = 81.57 KN. 

> #.a = 0·;
5 
* 0.8 * 0.444 10° = 88.8 KN Control. 

:. q>VSmin = 88.8 KN. 

do V,+ q>Vs min= 217.5 + 88.8 = 306.3 KN. 
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4V, <V, < pV,+4Vs» 
217.5 < 417.4 < 306.3 Not satisfy. 

4- Item 4 : q> V c + doVs min < Vu :::; q> V c + ( ~ * $ * bw * d ) 
217.5 + 88.8 < 417.4 <217.5+ (l /27 0.80.444 10°) 

306.3 <417.4< 652.53 Satisfy. 

: 1tem @9 is satsy >,"=7,,a, : 
Vu 

Vs=( ~-Ve) 

(l4_ 290)=266.53 KN. 
0.75 

Try <1>10 (4 Legs) = 4 * 79 = 316 mm. 
4794107® 266.53% 10-3 jl --- = y = 0.216 m = 216 mm ......... eontro 

S (412 +0.444 ) 

d 444 s< -=-=222mm. - 2 2 

217.5 KN *Note: Ve= o.75 = 290 . 

<600 mm. 
:. s = 216 mm< Smax = 222 mm Ok. 

k- Use fl,10 @20_Cm Cid 

2) Vu = 329.9KN . 

r 
q>Ve = cp * 7 * bw * d 

= 0.75 * ~ * 0.8 * 0.444 10° = 217.5 KN. 

- Check For dimensions:- 
2 f? 2 

q>Ve+( 3*<l>*vfc *bw*d) =217.5+( 3*0.75*\/24 0.8 0.444 10° ) 

= 217.5 + 870 = 1087.5 KN> Vu= 329.9 KN. 
:. Dimension is big enough. 
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~ Check For items:- 

1- item ; v, < ". 
329.9 < ~= 108.75 Not satisfy. 

- 2 

dV% ZN, < h V 
2 U - 'I:' C 

108.75 < 329.9 < 217.5 Not satisfy. 

3- Item 3 : cp V c < Vu :'.S cp V c + cl> VS min 

..+..v > .!. 17*b *d=~ '24*0.8*0.444* 103=81.57KN. 
'I:' Smin 16 VJc '" 16 V.t.<t 

2- Item 2: 

> .2. * hw * d = 0·75 * 0.8 * 0.444 10°= 88.8 KN Control. 
3 3 

:. c}>VSmin = 88.8 KN. 

c}>Vc + c}>VSmin = 217.5 + 88.8 = 306.3 KN. 

49V, <V, < @V,+4Vs» 
217.5 < 329.9 < 306.3 Not satisfy. 

4- Item 4 : cp V c + doVs min < Vu :'.S cp V c + ( ! * J1: b, d ) 
217.5 + 88.8 < 329.9 <217.5 + ( 0·;5 *ffi * 0.8 * 0.444 10° ) 

306.3 < 329 < 652.53 Satisfy. 

:. Item (4) is satisfy~ ( ~) = Vs • 
s (fed) 

Vu Vs=( ~-Ve) 

="] 90)=149.8 KN. 

Try<l>lO (4Legs) =4*79 =316mm2• 

4%79+19-6 149.86 » 10-3 
S (412 •0.444) ~ s =0.385 m = 385 mm control 
d 444 s< 5=,-=222mm. 

* 217.5 Note: Ve= -=290KN 0.75 . 

:'.S600mm. 

:. S = 385 mm> Smax 222 mm S=222 - •·········control 
.: Use '1>10 @ 20 Cm CIC. 
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3) Vu= 262.5 KN. 

vs=a-l<,<a 
6 

= 0.75 * ../24 * 0.8 * 0.444 10°= 217.5 KN. 
6 

---+ Check For dimensions:- 

<}> Ve+ G q> * ,Jt; * bw * d) = 217.5 + ( ¾ * 0.75 +W24 0.8 * 0.444 10° ) 
= 217.5 + 870 = 1087.5 KN> Vu=262.5 KN. 

:. Dimension is big enough. 

---+ Check For items:- 

1- Item 1 : Vu :'.S • 

262.5 < ~= 108.75 Not satisfy. 
- 2 

2- Item 2: cl>Vc < V < h V 
2 U-'f' e 

108.75 < 262.5 < 217.5 Not satisfy. 

3-Item 3: d V, <V, < dV,+dVs»mo 

d Vs min > 
1
~ ,Jt; * bw * d = o~:s -v24 * 0.8 *0.444 10°= 81.57 KN. 

> ~ b, d = o.;s * 0.8 * 0.444 10°= 88.8 KN Control. 

:. q>VSmin = 88.8 KN. 

q>Ve + q>VSmin = 217.5 + 88.8 = 306.3 KN. 

49V, <V, <4V,+pVsa» 
217.5 < 262.5 < 306.3 satisfy. 

:. Item (3) is satisfy 

Minimum shear reinforcement is required(A,) 

1 .R 1 ../24 > -'-b,=--0.38=5.9451() 16 fye "w 16 412 • - . · 

1 by 1 0.8 -4 > -"=--=6.47](9 3 fye 3 412 · • · · · · · · · ··••• ... Control. 

Try <1>8 ( 4 Legs): 

';a. 

75 



4650-107° 6.4710> S = 0.309 m 
s 

S < !!.. = ~ = 222 mm control 
- 2 2 

< 600 mm. 
{:. Use q8 @ 20 C CIC. 

(4.8) Design of One way solid slab :­ 

Material:- 
concrete B300 
Reinforcement Steel 

Fe'= 24 N/mm 
fy = 420 N/mm 

Section:- 
L/20 = 3.35/20 = 0.1675 m , for interior span 
(Control) ACI-318-02 (9.5.a) 

select =25em 

load calculations 
Live Load:- 

L.L =5 KN/m? 

Dead Load:- 
W eight Of tiles 
Weight Of morter 
Weight Of sand 
Weight Of Solid 
Partitions 

=0.03*24=0.72 KN /m? 
=0.02*22=0.44 KN /m? 
=0.07*17=1.19 KN /m? 
=0.25*25=6.25 KN /m? 
=2.38 =2.38 KN /m 

D.L=10.98 KN/m 
d= 250-20-(12/2)=224 
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0.2 

2 

1 
A' :J 
A, 0.2 

3.15 I 
3.35 

c============~'.======= 
U- l.______------,--,------ 

100. 
A-A 

load group no. 1 
Dead load - Service 

Figure (4-12): section in one way solid Units:kN,meter 

4 .6 

1.85 

Live load - Service Load factors: 1.20,1.20/1.60,0.00 

, w w w w w 9i w 9i 
5Hg 

w w w 9i w 9i w t 
Figure ( 4-13) : Load of one way solid 

Moments: spans 1 to 1 

7.=- ------- 
2.01 62.3 

I 1.34 

Figure (4-14): Moment Envelop for one way solid 
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⇒ Design of positive moment. 

Mu=62.3 KN 

m = y 
0.85 fc' 

= 420 =20.6 
0.85*24 

Rn= Mui¢= 62.3*10-3 /0.9 = l.37Mpa 
b a? 1 *(0.224)2 

o=!@-f2ii» 
m .fy 

p = _1_ (l _ 1 2(1.37)(20.6) ) = 0.0034 
20.6 420 

p=0.0034 

Asa 0.0034*(1000) *(224) = 761.6 mm/m. 
As min= 0.0018 * 1000 * 250 = 450 mm

2 

Asreq =761.6> Asmin =450 mm 

Note Aa12= 154 mm2 

# Of cI>12 = Asreq = ~ = 4.9 ~ Spacing(S) = 0.204m = 204 mm 
Aar 154 4.9 

<380 ?®®-2.5C., < 380 (®9, 
- fs • c - fs 

=3so+"")- 2.520 <300+?®?) 
5» s/y 

= 380 * c-"?)-2.s * 20 < 300 * ( ~) 
j+420 3* 420 

= 330 mm.> 300mm S=300 control 

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

<450 mm. 
S=204 mm < S max =300 mm 

k-Use 4>14 @20 Cm CIP 
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~ Check for Tension steel yielding:­ 
Tension = compression 
As * fy = 0.85 *le* b * a 
770 420 = 0.85 24 * 1000 a 
a=15.8mm 

a 15.8 c =- =- = 18.65mm 
B, 0.85 

, 224-18.62 9,003 = 0.033 
s 18.65 
e. = 0.033 > 0.005=>h= 0.9 

~ Shrinkage &temperature reinforcement(use <I> 10 ) 

As min= 0.0018 * 1000 250 = 450 mm
2 

# 0f<l>12 = Asreq = 450 = 3.98 ~ Spacing(S)=-- = 0.251 m =251 mm. 
Abar 113 3.98 

S:S 5 * h = 5* 250 = 1250 mm. 

S< 450 mm controled 

S=251 mm<S max =450 mm 

Use fll 12 @ 25 cm in other direction 

(4.9)Design of two way ribbed slab(RSl) :- 

9.60 

88 8888 88 tllflflef[ jltllitHHH'8 
EBEBEE±SEBEEB] oo□□□o□oo□□□o□□□IRIE:+IJhAT .... . oo□□r:1 □o□

B8 

Figure (4-15) : tow way ribbed slab(RS1) 
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Nominal Total Dead Load =3.263 KN 
DL=3.263/0.54*0.54 =11.19 kN/m 
WuD=1.2x11.19=13.428 kN/m 
WuL =1.6 x 2 = 3.2 kN/m 
Wu=13.428+2.4=16.628 kN/m 

(4.9.l)Design of positive moment:- 

According to ACl-code: 
Ca.LL = 0.062 
Cb.LL=0.011 

Ca.dl=0.052 
Cb.dl=0.008 

Ma positive(DL) =( 0.052*13.428*6.52 0.54= 15.93 KN. m/rib 
Ma positive(LL)= 0.0623.26.5° 0.54 = 4.52 KN. m/rib 

► Ma positive(D+L)=l5.93+4.52=20.45 KN. m/rib 

Mb positive(DL) = 0.00813.4289.6° 0.54= 5.35 KN. m/rib 
Mb positive(LL)= 0.0113.29.6° 0.54 = 1.75 KN. m/rib 

► Mb positive(D+L)=5.35+1.75=7.1 KN. m/rib 

~ short direction: 

► Mu =20.45 KN. m 

d=320- 20-8-7=285 

Mn= Mu I cp = 20.45/ 0.9 = 22.72KN.m 

fy 420 
mass7 o,as-, ° 20.6 

, M,_ 22.72-1073 
nj.a? o.s+-(6.28sy? 0.517 MPa 
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= _1_ (1 - 1 2•0.517•20.6 ) = 0.001249 
20.6 420 

• 2 
-+As= p b, d= 0.001249* 540 *285 = 192.28 mm · 

As . = _[t: * b * d > 1.4 * bw * d (ACI-10.5.1) 
mun 4(f,) 'w f,y 

hz 14 35 =-140%285 2 -»140%28 
4420 420 

= 116.35 mm < 133 mm. . . . . . . . . . . . . Larger value is control. 

-+ASmin = 133 mm2 < Asreq = 192.28 mm. 

:. As = 192.28 mm. 

2 <1>12 = 226 mm2 > Asreq = 192.28 mm. OK. 

-+ Check for strain:- (E5 2:: 0. 005) 

Tension = Compression 

As * fy = 0.85 f' 6 * a 

226 * 420 = 0.85 * 24 *540 * a 
a= 8.6 mm. 
a 8.6 j9 

c = P1 = o.85 = .1 mm. 

s, =®<+ 0.003 
C 

= 285-10.1 * 0 0 - 10.1 1.003=0.082 > 0.005 : d =0.9 OK 

2 
*Note: At>12 = 113 mm 

Note: f,' =24 MPa< 28 MPa-> B,=0.85 
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~ Long direction: 

► Mu=7.1 KN. m 

d=320-20-8-7=285 

Mn= Mu/d= 7.1/ 0.9 = 7.88 K.N.m 

fy 420 ­ m =--, = -- -20.6 0.85 f, 0.85«24 

MG_ z88+107 -0.179 MPa K, 5.77 os-@zssF ' 

=(1- /12,nm, 
m ✓ [y 

= _1_ (1 - ,....1-_-2.-0-.11-9-.2-0-.6 ) = 0.000425 
20.6 420 

• 2 
-+As= p b, d = 0.000425* 540 *285 = 65.4 mm 

As . = jZ * b * d > 1.
4 b,, d (ACI-10.5.1) mun 4(fy) w fy 

= ../'IA * 140 * 285 > ~ * 140 * 285 4420 - 420 

= 116.35 mm < 133 mm.. .. .. .. .. .. . Larger value is control. 

-+Asmin = 133 mm2 > As, = 65.4 mm. 

:. As= 133 mm. 

2 <1>10 = 157 mm2 > Asreq = 133 mm2• OK. 

: Use 2 o10 

Note: Aaro = 78.5 mm2 

-+ Check for strain:- (E, > 0. 005) 

Tension = Compression 

As * fy = 0.85 f' * a 
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157 * 420 = 0.85 * 24 *540 * a 

a= 5.98 mm. 

a 5.98 c =-=-=7.03 mm. P1 o.85 

Es = d-c * 0.003 
C 

_285-7.03 » 9,903 =0.1186 > 0.005 : d =0.9 OK 
7.03 

(4.9.2)Design of negative moment :­ 

Note: f,' =24 MPa< 28 MPa> B, =0.85 

According to A CI-code: 
Ca.neg= 0.092 

► Ma negative (D+L)=0.092*16.628* 6.52 *0.54=34.9 KN. m/rib 

Negative moment at discontinuous edges =(l/3)*positive moment\ 

Ma negative ((discontinuous)=(l/3)*20.45=6.81 KN. m/rib 

~ short direction: 

► Mu =-34.9 KN . m 

d=320-20-8-7=285 

Mn= Mu /do= 34.9/ 0.9 =38.7 KN.m 

fy 420 
m ,s7' oas.a, ° 20.6 
,= M,_ 38.7-1o° 
n - b•d2 - 0.14• (0.285)2 3.4 MPa 
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= _1_ (1 - 1 2•3.4•20.6 ) = 0.00892 
20.6 420 

• 2 
>A,=pb, d= 0.00892 140 285 = 355.9 mm. 

As . = _JZ * b * d > u * bw * d (ACI-10.5.1) 
mun 4(f,) 'w 7 fy 

= ffi * 140 * 285 > ~ * 140 + 285 
4•420 - 420 

= 116.35 mm < 133 mm2 Larger value is control. 

3As»» = 133 mm <As, = 355.9 mm. 

:. As= 355.9 mm. 

2 4016= 402 mm2 > Asreq = 355.9 mm. OK. 

Check for strain:- (Es ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 f. b * a 
402 * 420 = 0.85 * 24 *140 * a 
a= 59.11 mm. 

a 59.11 c =-=-=69 55 mm B+ 0.85 

Es = d-c * 0.003 
C 

2 Note: A16 201 mm 

Note: f,' =24 MPa< 28 MPa> B,=0.85 

285-69.55 * 0 003 = 69.55 · - 0.00929 > 0.005 :: d9 =0.9 OK 

► Mu = -6.81 KN . m 

d=320-20-8- 7=285 
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Mn= Mu / d =6.81/ 0.9 = 7.56 KN.m 

fy 420 _ .6 m=--=---2O. 0.85 f,' 0.85+24 

_ M_ 7.56·101°.=0.665 MPa 
j.a? o.14%(6.28s)? 

1 hg_2·m , P=;@­ 
=-1- (1- -1---2•-0.-66-5-•2-0-.6 ) = 0.0016 

20.6 420 

• 2 
-+As= p b,, d = 0.00016* 140 *285 = 6.384 mm 

= ../24 * 140 * 285 ~ ~* 140 * 285 4420 420 

= 116.35 mm < 133 mm.. .. .. .. .. .. . Larger value is control. 

-+ASmin = 133 mm2 > Asreq = 6.384 mm. 

:. As= 133 mm2
• 

2 <1>10 = 157 mm2 > Asreq = 133 mm2. OK. Note: Ao10 78.5 mm 

.: Use 2 a10 

-+ Check for strain:- (E5 ~ 0. 005) 

Tension = Compression 

As * fy = 0.85 f' 6 * a 

157 * 420 = 0.85 * 24 *140 * a 

a=23 mm. 

* Note: f,' = 24 MPa< 28 MPa> B,= 0.85 
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e, =!- + 0.003 
C 

285--27.1 , 0.003 = 0.0285 > 0.005 :: d =0.9 OK 
27.1 

(4 .10) Design of Column:- 

~ Design column(B0-Cl3) : 

~ Load Calculation: 

p, = 3916KN 
_3952_ 6024.6KN 

Prea 0.65 

Usep= pg =1.6% 

Pn = 0.84g{0.85 fc'+pg-0.85 f')} 
6024.6 = 0.8 * Ag[0.85 * 24 + 0.016 * (420-0.85 24] 
Ag = 0.28m 
Use 0.4x 0.7 m with Ag= 0.28m? 

~ Check Slenderness Effect: 

~ In 0.7 m-Dirction 

klu <34-12 Ml AC! -(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 = Jf- 
Lu= 3.1 m 
Ml/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. 
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klu234 19M1 .............4C1- (10.12.2) 
r M2 
lx3.l 
0.3x0.7 

14.76 <22 

:. short Coloumn in 0.7m ..dirction 

p In 0.4 m-Dirction 

klu Ml -<34-12- ACJ-(10.12.2) 
r M2 

Lu: Actual unsupported (un braced) length. 

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

R: radius of gyration = 0.3 h = J-f- 
Lu= 3.1 m 
Ml/M2 =1 

K=l, According to ACI 318-02 The effective length factor, k, shall be permitted to be taken as 
1.0. 

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

1x3.1 25.83> 22 
0.3x0.4 
..long Coloumn in 0.4m:dirction 
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E/=0.4 EJg [AC/318-05 (Eq. 10-l5)] 
1+B, 

E, = 4750,/' = 4750x ../24. = 23270.15Mpa 
B, = l.2DL = 1.2 * (2570) = 0.787 

d Pu 3916 

I =bx h3 = 0.7 x 0.43 0.003733m4 
g 12 12 
EI= 0.4 x 23270.15 x 0.003733 19.,444MN.m 

1+0.787 

_ ?EI -05(Eq 10-13) per - 
2 

AC/318 • 
(KLu) 

»23.14°-19.444 33,389MN. 
(l.0x3.l) 

Cm= 0.6+ o.4(i~) ACI318-05(.Eq.10-16) 

Cm= 1 According to ACI3 l 8- 0510.10.6.4) 
Cm 

6,,= FF 
1- u 

0.75P, 
1 6,,= sold 

1 

> 1.0 ............... ACI318-05(.Eq. 10-12) 

1.287 > 1 

0.75x23389 
emin = 15 + 0.03 x h = 15 + 0.03 x 400 = 21mm = 0.021m 
e = emin x6,= 0.027 X 1.287 = 0.0347 
e 0.0347 0.08675 
h 0.4 

From Interaction Diagram 
¢Pn 3916 145 
Ag = 0.1 * 0.4 x 1000 = 2.32 Ksi 

P,=0.018 
As = p x Ag = 0.018 x 700 x 400 = 5040 mm 
.use20618 
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~ Design of the Reinforcement: 

. d 1b: d; ·t ). .ACl-7.10.5.2 S ~ 16 db (longitudona ar liameter • • • •·· · · · ··· · 

S ~ 48dt (tie bar diameter). 
S ~ Least dimension. 
spacing <16xd, =16x1.8 = 28.8 cm 
spacing <48xd, = 48xl.0 = 48 cm 
spacing < least.dim.= 25 cm 
Use</Jl 0@25 cm 

(4.11) 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 (F9) . 

~ II 
Flans } Section» 

I 
a 

- --- 

14 

Fig. (4-16) Geometry of Footing (F9) 

(4.11.1 ) Load Calculation:- 

Factored load Pu= 3916 KN (Load from column (B0-Cl3) 
Soil weight = 18 KN/m? 
Column dimentions =40*70 cm 
Allowable soil pressure = 400 KN/m2 
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(4.11.2) Design of Footing Area:­ 

Allowable net soil pressure = 400-181-0.725=364.5 KN/m 
Area (A)= Total Weight/ Soil Pressure 

= 3090 KN I 364.5 KN/m? 
2 =8.5m 

Try 3.35 * 3.05 Area= 10.2 m 
Select Foot Geometry 3.35 * 3.05 

For the design of the reinforced concrete member factored load 
must be used: 
Pu=3916 KN 
Pnet (factored)= Pu/ Area= 3916 /10.2 = 383.9 KN/m 

(4.11.3) Determine the Depth of Footing Based on Shear Strength:­ 

Assume h = 70 cm ..... d = 700-75-20 = 605 mm 

• Check for One Way Shear Strength 

%.fw ] Vu=\,-0.35-0.605 [x 383.93.05 = 843.1KN 

Vu = 843.1KN 

¢Ve= 0-;5 ✓24 x 3.05 x 0.605 x10° = 1129.9KN 

pVc > Vu OK 
select h= 70 cm ..... d =605 mm 

• Check for Two Way shear Action (Punching). 

The punching shear strength is the smallest value of th foll · . 
1 
( 

2 
J ~ e O owmg equations: 

0,=9-z]' }, Nf, b,a 

90 



r.-«},,3E»a 12 b,/ 

w.-al Ea 
Where: 
Column Length (a)_ oT, 75 Pc-------- - · 

Column Width (b) 0.4 
b = Perimeter of critical section taken at ( d/2) from the loaded area 
0 

=2(0.4+0.605)+2(0.7+0.605)= 4.62 m. 
as = 40 for interior column 

hV, = ,I, • .!. (1 + 2) ,:,/. I b d = o. 75 * (1 + ~) * ../24- * 4.62 * 0.605 10°= 3667 .8kN 
yy: C 'f' 6 /Jc "JJc. o 6 1.75 

,p.V. = /4,_!_(~+2) r,f. 'b d = o.75 *(40*0-605 +2)*✓24 4.620.60510° = 6194.SkN 
c "i2lb,/a [NJ.P 12 4.62 

¢.Ve =</J.1-[Zb
0
d= 0·75*✓24*4.62*0.605*103 =3423.28kN .... control 

3 3 
Vu = (3.05 * 3.35)- ((0.4 + 0.605) * (0. 7 + 0.605)) * 383.9 = 34 l 9kN 
Vu=3419 < <l>Vc =3423.28 OK 

( 4.11.4) Design for Bending Moment of long direction. 

d =700-75-(20/2)=615 mm 

Mu =383.9 *3.05 *1.325*1.325/2 = 1027.8 KN 
m= fy 420 20.6 

0.85 * Jc' = 0.85 24 · 

Rn = Mu I <jJ 1027 .8 * 10-
3 
/ 0.9 0.989 N/mm 

bd? 3.05(0.615)° 

'ye p=-(l- 'I-) 
m fy 

p= _1_ (I _ l 2(20.6)(0.989) _ 
20.6 420 ) = 0.002414 

Asa 0.002414 (3050) (615) =4328 mm control 
Asreq =4328 mm2 
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Pmin = 0.0018 
2 

As min= 0.0018 (3050) (700) = 3843 mm 

# of bars= As/ As bar= 4328/201 = 21.5 
=> Note Aas = 201 mm? 
=> s<3h=3650=1950 mm 
=3 s<450 

3050-75•2-22•16 1 sg=]]],_3 contro 
21 

take S=l2cm 

Use 224 16 

(4.11.5) Design for Bending Moment of short direction. 

d =700-75-16-(20/2)=599 mm 

Mu =383.9 *3.35 *1.325*1.325/2 = 1128.9 KN 

m= y _ 420 ,=20.6 
0.85 * Jc' 0.85 * 24 

R,< u/_ 1128.910°/0.9 1.04 N/mm 
b a? 3.35 (0.599)° 

'yse p=-(l- 'l-) 
m fy 

r------ 
p= _l_ (1- 'I 2(20.6)(1.04) ) = 0.00255 

20.6 420 

Asreq = 0.00235 (3350) (599) = 4715.6mm2 control 
As, =5116.9 mm2 

9%, =0.0018 
As min= 0.0018 (3350) (700) = 4221 mm 2 

# of bars= As/ As bar= 4715.6/201 = 23.46 
⇒ Note A<1>16 = 201 mm? 
=> s<3h=3700=2100 mm 
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=> s<450 

3350-75+2-24+16 ] s.=------=122.4 contro 
23 

take S=12cm 

Use 244 16 

( 4.12)Design of combined footing ( combined 9) 

PD•1750KNl 
FPL=639 KN l PD= 1@00 KN 

FPL=765 KN 

0.40.6 
width=3.3 m 

0.40.7 

0.9m 3.1 m 1m 

Fig. (4-17) Geometry of combined Footing (9) 

~ Footing dimentions: 

Assume h=0.6 m 

la,nee =400-0.625-118=367KN /m? 
P=l 750+639+ 1900+765=5054 KN 

con M =O 

(1900+ 765)*3 .1-5054 *X =0 

X=l.63 m 

A Ph 505#, .43.77 mp? 
Qa,net 367 

► A=B*L 

93 



> Assume B =3.3 m then L=13.77/3.3=4.17m 

► Take L=5m 

► Depth of footing and shear design 

Pw=l .2*1750+ l .6*639=3122.4 KN 

Py=1.21900+ l.6*765=3504 KN 
P,,=3122.4+3504=6626.4 KN 

6626.4 401.6 KN /m° 
lu' 5-3.3 

► Determine the Depth of Footing Based on Shear Strength:- 

Assume h = 60 cm ..... d = 600-75-20 = 505 mm 

► Check for One Way Shear Strength 

For column 1: 
Vu= 3122.4-401.6 * 3.3 * (0.504 + 0.504 + 0.4) = 1256.4.KN 
Vu = 1076.34.KN 

Vc = 0.75,pp7 3.3 x 0.505x 10° = 1020.5.KN 
6 

Vc < Vu notO K 

Assume h = 80 cm ..... d =800-75-20 =705 mm 

► Check for One Way Shear Strength 
For column 1: 

Vu= 3122.4-401.6*3.3* (0.705+0.705 + 0.4) = 723.6KN 
Vu = 723.6 KN 

"' 0.75 ,-;:;-; Oc=,N24x3.3x 0.705x 10° = 1424.6KN 

pVc > Vu OK 
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For column 2: KN 
Vu= 3504-401.6* 3.3(0.705 4 0,705 + 0.4) = 1105.2 

Vu = 1105.2KN 
Vc = 0.75,57 3.3 x O. 705x 10° = 1424.6KN 

6 

</JVc>Vu OK 

► Check for Two Way shear Action (Punching). 

foII · uations· The punching shear strength is the smallest value of the o owmg eq · 

.-of3 E»a 6 Pc 

.-44,,--2\6.8» 'I' c '1'12 b /d -.JJc•o 
0 

1 [.s o¥,=h.=;yf. b,@ 

For column 1: 

Column Length (a) 600 p =-----=-=1.5 
c Column Width (b) 400 

b O = Perimeter of critical section taken at ( d/2) from the loaded area 

= (0.705+0.4)*2+(0.705+0.6)*2=4.8 m. 

as =40 for interior column 

w=«\[] Ea-P·[7)sa-sswoos·o = ass sv 

ov, 4. ( a, 2) 'J:b d 0.75 *(40*0.705 ) r;::-: 
• C = . 12 bo Id+ ,Jlc '0 =u 4.8 +2 *-v24 *4.8*0.705*103 = 8159.5kN 

1 ,7" 0.75 .,p57 
¢.Ve =</J.3vfc bod=-3-* 24*4.8*0.705*103 =4144.SkN .... control 

Vu = 3122.4-401.6 * 2(0. 705 + 0.4 + 0. 705 + 0.6) = 1 l 86.6kN 
<l>Vc>Vu ........ OK 
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For column 2: 

Column Length (a) _ 700 = 1.75 
JJc - Column Width ( b) 400 

b = Perimeter of critical section taken at ( d/2) from the loaded area 
0 

= (0.705+0.4)*2+(0.705+0.7)*2=5 m. 

a =40 s 
for interior column 

w,-@'[#\NE'oa-"P·(-],]is+oms+o" = ass.sot 

"'.V = "'·_!__(~+2) 0/., b d = 0.75 *(40*0.705 +2)*../24 *5*0.705*103 =8245.90kN 
'I' C 'I' 12 b Id 'VJ C ' 

0 12 5 
O 

1 r:,- 0.75 ra. o, =.Nf.b,d=[j/2450.70510° = 4317.2kN.... control 

Vu = 3504- 401.62(0. 705 + 0.4 + 0. 705 + 0. 7) = 1496kN 
Design the flexural reinforcement in the longitudinal direction: 

b =3.3 h=800mm d=800-75-20-(20/2)=695mm 

Mn=Mu/cp= 1017.11 /0.9= 1130.1 KN.m 
fy 420 

m ,s 7 oas.a4 20.6 
K,=M±_ 1130-10° , 
nja? 33-6.69sF 7.71 MPa 

p=(t- [i_Wm, 
m ✓ {y 

=-1- (1 - 1 2•0.71•20.6 ) 0.00172 
20.6 420 = • • 

As =0.00172*3300*695=3944.82 

As min= 0.0018 * 3300 800 =4752 mm? 
As=4752= As min 

:.Use 19<1>18 
S 3300-75•2-19•18 

18 156 

<l>Vc>Vu OK 
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s <3 * h = 3 * 800 = 2400 mm. 

<450 mm. 

S=120.2 mm< S max =450 mm 

.:. Use 418@15cm C/C 

Design the flexural reinforcement in tranverse direction: 
For column 1-??4..946.18 KN/m 

3.3 ► The maximum moment in this transverse beam at the face of column 1 

woe(sg ooy. 2 2 3 =862.2KN.m 

D=800-75-20/2=715 mm 

The band width under column 1 is ("?4 o.4 + "Py=1.1 m 

Take the band width 1.2 m 

Mn= Mu I cp = 862.2 / 0.9 = 958 KN.m 

m = --1L = ~ - o.8sf' 6.8s-zz 20.6 

K. =.M_ 958-10° _ 
n b•d2 1.2• (0.705)2 - l .6 MPa 

l (1 2•1.6•20.6 ) = 20.6 - 1 420 = 0.00397 

As =0.003971200705=3358.62 mm? 

As min= 0.0018 * 1200 * 800= 1728 mm? 

As=3358.62> As min 

:.Use 11<1>20 
S 1200-75•2-11•20 

10 83 <450mm ok 
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For column 1:3504-1061.8 KN/m 
3.3 

The maximum moment in this transverse beam at the face of column 
2 

e(° T)-s97z.2z2 N.a 

d==S00-75-20/2==715 mm 

The band width under column 1 is (V? 9.4 4 2=1.1 m 2 2 

Take the band width 1.2 m 

Mn = Mu / d= 897.22 / 0.9 = 996.9 KN.m 

m == ---1L_ == ~ - 68sf. o8s-z, 20.6 

1.67 MPa 

-±@- -"7"» 
1 (1 l _ 2•1.67•20.6 )- 20.6 - 420 - 0.00415 

As ==0.00415*1200*705==3510.9 mm2 

As am = 0.0018 * 1200 * 800== 1728 mm2 

As==3510> As min 

.:. Use 124020 
S 1200-75•2-12•20 

11 37.6 <450mm ok 
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(4.13) Design of mat footing(mat 4) 
6,15 

A 
~ 
<t pp=1498 
=m PL=534 

00 
Q pp=1498 
<" PL=534 

1.32 

MAT.4 

- 
1.1 

PD= 919 
PL+ou 1 .22 

3.20 

Fig. (4-18) Geometry of mat Footing (4) 

2032 2696 4728 
1910 2524 4434 
3942 5220 9162 

x' 5220•3.20 1.823 m 
9162 

472843.10 
y 9162 1.599 m 
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, B 
ex = X - 

2
-1 .823-(3.20/2)==0.223 m 

, L e,, = y'-j=1.599-(3.10/2)=0.049 m 

Q 
P Mx My ==-+-y+-x 
A Ix /y 

o-.9162, 9162-0223,320 9162-0.049,31 275,48 KN/m 
6.15*6.15 119.2 2 + 119.2 2 

The maximum soil pressure 275.48 KN/m2 will be at point "p" and is less the allowable soil 

pressure 400 KN/m 2• 

2652 3477.6 6129.6 

2500.4 3270.8 5771.2 

11900.8 

Qu(A)= 4900.8, 11900.8-0.049 6.15 11900.8+0.223 3.07 6is·6i5 Ti5z <+' Ts? j'=363.648 KN/m­ 
Qu(B) 11900.8 11900.0*0.049 * 6.15 11900.8*0.223 3.07 

6.15+6.15 119.2 2 + ::.:.:.. *-= 295 46 KN/mz 119.2 2 • 

Check: 

L Pu==3477.6+3270.8==6748.4 KN 
363.648+295.46 
( 2 )*3.07*6.15==6222.14 KN 

Moments: spans 1 to 3 

-1623.2 
815.7 -1275.1 -1270.3 

~~ ~ ii' a 
[5_j rps»= 

=+-. - 1.86 1.73 

Fig. (4-19) envelope moment of strip (AB) 
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Design of strip (A,B): 

d=l000-75-(20/2)=915 mm 

1) Mu = 1275.1 KN.m. 
Mn= Mu /d= 1275.1/ 0.9 = 1416.7 KN.m.. 

m = ~ 420 = 20.6 
0.85 fc 0.85•24 

· 3 K = Mn _ 1416.7+10 _ 0.551 MPa. 
n pd? 3.07% (0.915)° 

=- [i -my 
m ✓ [y 

= _1_ (1 - 1 - 2•0.551•20.6 ) = 0.00133 
20.6 420 

-+As= p * bw *d = 0.00133* 3070 * 915 = 3736 mm. 
As, F p * b * h = 0.0018 * 3070 * 1000 = 5526mm2 

As =5526 control 

# Of <1>20 = ASreq _5526 -j4,5 bars.=15 bars 
Apar 380 

s 3070-75•2-15•22 150 5 
14 · mm 

g:use fP22 @IS clri 

2) Mu = 587.3 KN.m. 

Mn= Mu /d = 587.3/ 0.9 = 652.55 KN.m .. 

m= 'y_ 420 20.6 
0.85 fc 0.85•24 = · 

K. =.Mn_ 652.55-107° _ 
" bi+a? 3.07+(o.91sy? > 0.253 MPa. 

p = 2:_ (l _ /i _ 2•Kn•m ) 
m ✓ [y 

= _1_ (1 - 1 - 2•0.253•20.6 )- 0 0006 
20.6 420 - « 06 

-+As= P * bw *d = 0.000606* 3070 * 915 = 1702_7 nun2 
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A,,,= pb»h=0.0018 » 3070 » 1000 = 5526m111 
min 

# 0f<l>22 _Asrea_ ~ = 14.5 bars.=15 bars 
Apar 380 

s 3010-75•2-15•22 123 mm 
21 

~ Use «1»22 @15 cm 

p Design of strip (C,D) 

Qu(c)= 11900.8 , 11900.8-0.049 ~ + 11900.8•0.223 * 1° 390.6 KN/m 
6.15+6.15 119.2 2 119.2 2 

Quay= A900® , 219008-0.9, 307 _ 11900.8-oz23 ,82 253.68 KN/m° 
6.15+6.15 119.2 2 119.2 2 

Moments: spans 1 to 3 
-1345. 

-1006.9 -1018.3 
-817.8 

189.1 

1.42 1.44 1.76 1.52 

Fig. (4-20) envelope moment of strip (CD) 

1) Mu = 1018.3 KN.m. 

Mn= Mu/<}>= 1018.3/ 0.9 = 1131.4 KN .m .. 
m = ~ = 420 

0.8sf, 0.8s-z4 20.6 

K = Mn _ 1131.4•10-3 
n - bd? 3.07» (0.915)° 0.44MPa. 
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_ 1 ( _ _ 2*0.44*20.6 ) == 0.001059 
-- 1 1 420 

20.6 2 

-+A = p * b *d = 0.001059 3070 915 = 2976.6 mm .2 
s w 3526mm 

A = p * b * h = 0.0018 * 3070 » 1000 = 5 
Smin 

Asreq 5526 - 14 5 bars =15 bars #0f<l>22=-=-- · · 
Abar 380 

3070--75-2-15+22.123 mm 
S 21 

~-. Use Cll22 @10 col. 

2) Mu = 600.3 KN .m . 

Mn= Mu/p= 600.3/ 0.9 = 667 KN.m.. 

m=JL.= 420 =20.6 
0.85 f, 0.85+24 

= Mn = 667*10-3 = 0.259MPa. 
K,, ja? 3.07%(o.915)? 

po=a- [i FKi-in'y 
m / fy 

= _1_ (l _ l _ 2*0.259*20.6 ) = 0.00062 
20.6 420 

-+As= p * bw *d = 0.00062* 3070 * 915 = 1743.39 mm, 
ASmtn = p * b * h = 0.0018 * 3070 * 1000 = 5526mm2 

# 0f <1>22 = Asreq _ss26_ 14.5 bars.=15 bars 
Abar 380 

,3070-75-2-1522 .793 
21 mm 

[Use Cll22 @10 cm 
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(4.14)Stair Design: 

L=l.65+3.3=4.95 m 
h,,, =4.95/20=0.247 
take h = 25cm 

(4.14.1) Load calculation:- 

❖ Flight dead load: 
• Tiles =0.0327((0.33+0.15/0.3)1 = 1.296 KN/m. 
• Mortar =22*0.02*((0.3+0.15)/0.3)* I= 0.66 KN/ m. 
• Plaster = (22*0.02*1)/ (Cos 26.57) = 0.492 KN/ m. 
• Steps = 25*((0.15*0.3)/(2*0.3))*1= 1.875 KN/ m. 
■ Slab = 250.251/ Cos 26.57=6.988 KN/ m. 
■

Total dead load(flight) =11.311 KN/ m. 

❖ landing dead load: 
• Tiles = 24*0.03*1 = 0.72 KN/m. 
• Mortar =22*0.02*1= 0.44 KN/ m. 
• sand = I 7*0.07*1 = 1.19 KN/ m. 
• Slab =25*0.25*1=6.25 KN/ m. 
" plaster =22*0.02*1=0.44KN/m. 

Total dead load(landing) =9.04KN/m. 

❖ Live load:- 
Live load for stairs =3 KN/ m2

• 

❖ Factored load 
For flight =I.2*11.311 + 1.6*3 = 18.37 KN/ 
For landing=1.29.04+1.63=15.648 KN/,, 
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( 4.14.2)Design of shear:­ 

Assume O 14 for main reinforcement 
d =250-20-(14/2)= 223 mm 

Vu= 51.15 KN. 

._To._ta 
6 

, _9.75 +/24 1+0.223 .736.56KN 
6 

Vu= 45.9 KN < 0.Vc = 136.56 KN . 
>>>No shear Reinforcement is required. So the depth of the stair is ...... OK! 

Moments: spans 1 to 1 

----~I 
2.72 59.2 

I 2.23 
Shear 

-51.1 
-45.9 

37.2 34.9 

Figure(4-21): Envelope Shear 
and moment D; 1agram of Stair 
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( 4.14.3) Design of Bending:- 

t by using the shear diagram. 
. h um momer Calculate the magmtude oft e maxim 

Mu=59.2 KN.m 
Mn= Mu/d= 59.2/ 0.9 = 65.77 KN.m 

- {y - 420 - 20 6 m----r---- . 0.85 f, 0.85+24 
M, 65.77+107° 

K, 5.a7 1- @2as) 1.322 MPa 

= _1_ (1 - 1 - 2•1.322•20.6 ) = 0.00325 
20.6 420 

>A, = b, d = 0.00325 * 1000 *223 = 724.75 mm. .........., control 

-Asmin = 0.0018*1000*250= 450 mm. 
:. As= 724.75mm2• 

# Of n..l4 Asreq 724.75 . l 7,,' jg,> =4.7> Spacing(S) =4.7 = 0.212 m =212 mm. 
280 <380 (j,)-2.5C, < 300 (2®9 

s fs 

= 380 * ( ~) - 2.5* 20 < 300 * ( 280 ) s = Z, 
3 /9 

- 380 * ( 280 - r-:-::-:- )-2.5 * 20 < 380 * ( 280 ) -•420 - -z----:-:-::- 3 5420 
=300 mm. <330m - m. · · ······· .. controlled. 
<3 * h = 3 250 = 750 mm 
<450 mm. 
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[±Use a14 @ 20 Ca. 
. •nforcement: 

Temperature and shrinkage re 

As=0.0018*b*h 
2 

=0.0018*1000*250=450 mm 

{:Use q14 @30 Cm. 

Check for step: 

<5 h = 5 250 = 1250 mm 
<450 mm. 

S=300<S max=450 mm 

# Of <1>12 = Asreq = 450 = 3.98 ~ Spacing(S) =1/3.98=0.251 m =251 mm. 
Aar 113 

.:.Use 412 @25 Cm. 

(4.15)Design of shear wall(B-Sh14): 

Shear wall 2-2 

• Material :- 
concrete B300 
Reinforcement Steel 

Fe' = 24 N/mm2 

fy = 420 N/mm2 

• Section:- 
t=25 cm .shear wall thickness 
Lw = 7.9 m .shear wall width 
hw=3.6*5=18 m.story height 
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151.24­ 

78.08 

Figure(4-22) : Load from earth of Shear wall . 

✓ Design:- 

• Design of the Horizontal reinforcement: 

Critical Section 
lw 7.9 - = - = 3.95m.. .. . . control 
2 2 

hw_. 9, 
2 2 

d = 0.8xlw = 0.8x7.9 = 6.32m 
V, = 947.86 KN 

Mu= 5000.51 + 151.24(3.6-0.35) == 5492.07 KN.m 
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4re V =--xbxd 
Cl 6 

✓'24 25 6 32 10° = 1290.06 KN V =--xO. x . 
cl 6 

[ye'<»d_N,»a 
V,= 4 4xL, 
Assume N, = 0 

424 x 0.25x 6.32 10°, 0 X 6.32 _ 1935,09 KN 
V = 4 4x7.9 c2 

( 
,-;:::; 2xN11) 

,-;:::; lw vfc' + l X h h X d 
/JG w V.=> __..::~j-;-M-., -_--:12-w )~ 10 

\ V,, 

(
5492.07,, _ 7.9) = 3.7 > 0 
947.86, 2 

. V = Will ann/y • • c3 'YY s 7.9(✓'24 +o)]x 0.2Sx6.32 xl03 =3710.34.KN 
vc3 - 2 1.84 10 

Control for V-, =1290.06 KN 
A» V, 
S F xd 2 y 

V 947.86 
V =-" -V =-- 1290.06 = -26.25 KN 
S </> C 0.75 

A_ 0.0025 X b = 0.0025 X 0.25 = 0.000625 
S; 

S < lw = 7.9 = 1.58 m 
2 - 5 5 

S2 ~ 3x h = 3x 0.25 = 0.75m control 

S, = 250mm < Smax = 750mm ok 

:. Use¢10@25cm c/c in.both.sides.of .the.wall 

109 



■ Design of Vertical reinforcement: 

a.-'sos as-{[{y, os]ls 
[ ( 

18 )( 2x 78.5 o.002s)] x S1 x h 
A»= 0.0025+0.5 2.5- 7.9 250x450 

A =0.0025xS1 xh Vn 

S, = 2 x 78.5 x 10° 0.2512 m . . . control 
0.0025 X 0.25 
l, 7900 s,< - = -- = 2633.3 .. mm 
3 3 

S,< 3xh= 3x 0.25 = 750mm 
S1 <450mm 
SI = 25cm < S max = 45cm ok 

. ·. Use¢10@25cm c I c For the reinforcement in two layers ( vertical) 

• Design of Moment: 

289.91 

574.37 

796.62 

947.86 

1025,94 
11648.54 I 

Figure(4-23): Moment and Shearn· 
lagram of shear wall 
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· quired if C:­ The boundary elemant is re 
Lw 

C ~ 600 * (8n I hw) 

assume on/ hw > 0.007 

C > 7.9 = 1.88m 
- 600*0.007 

Cw = C-0.1x Lw 
Cw >1.88-0.1x 7.9 = 1.09m 

C 1.88 Cw2=,=, =0.94 m 
Select Cw= 0. 1.15 m 

Lw Ast=-x Asv s, 
Ast= 7·9 x 2x 78.5 = 4961.2mm 

0.25 
Z 1 
Lw = 2+ 0.85x,81 xfo'xLwxh 

Asxfy 

Z I = 0.0542 
Lw = 2+ 0.85x0.85x24x7.9x0.25 

4961.2x 10° 420 
z Mu= 0.9x0.5x Asx fyx Lwx(l- Lw) 

Mu= 0.9 X 0.5 X 4961.2 x10 420 X 7.9 X (1-0.0542) 
Mu = 7006.07 KN.m 

Mu Design= l 1648.54-7006.07 = 4642.47 KN.m 

Mu/ 4642.4710°/ 
Ast=. Z /0.921g195 ,2 

- fyx(Lw-Cw) 420x(7.9-I.15) - · mm 
Ast MAX = 0.08x bx Cw 
Ast MAX= 0.08x 250x 1150 = 23000 mm > Ast=1819.5 mm? 
Ast= 1819.5 + ( 4 * 78.5) = 2133.5mm 
Select 10418 

with As = 10x 2540 = 2540 mm > Ast = 2133.5 ,? 
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5. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACJ- 

318M-02) AND COMMENTARY CODE (ACI -318-02). 

6. Uniform Building Code (UBC-97). 
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Appendix (A) 

Architectural Drawings 

This appendix is an attachment with this project 
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Appendix (B) 
Structural Drawings 

This appendix is an attachment with this project 
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Appendix ( C) 
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THICKNESS OF 
TABLE 9.S(a}-MINIMUM MS OR ONE-WAY SLABS 
oPnzsii±ssE g CALCULATED 

FLECTION UNLESS DE 
Minimum thickness, h 

d Both ends 
Simply One!], continuous Cantilever 

su ported cont1nuo .. 
P . or attached to partitions or 

iiembars not g?],',s Gamaged by large other construction II 
Member deflections. 
Solid one- 

l/20 l/24 l/28 t/10 way slabs 
Beams or 
ribbed one- 

t/18.5 er21 l/8 way slabs t./16 

Notes: . h I . ht t Values given shall be used directly for members wit normaiweig! concre e 
(density we= 2320 kgfm3) and Grade 420 reinforcement. For other condi­ 
tions, the values shall De modified as follows: 
a) For structural lightweight concrete haying unit density, w,, in the range 

1440-1920 kg/m3
, tfle values shall be multiplied by (1.65 - 0.003w,) but not less than 1.09. 

b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + fy/700} 

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR 

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED) 

119 



I 

TABLE 5{b) MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS 9. 
Deflection limitation 

Type of member Deflection to be considered 
Fial rools not supporting or attached lo non- Immediate deflection due lo live load L t/so structural elements likely to be damaged by 
large deflections 

Floors not supporting or attached to nonstruc­ Immediate deflection due to live load L 
/360 tural elements likely to be damaged by large 

deflections 
Roof or floor construction supporting or That part of the total deflection occurring after 

t480 attached to nonstructural elements likely to be attachment of nonstructural elements ( sum of 
damaged by large deflections the long-term deflection due to all sustained 

loads and the immediate deflection due to any Roof or floor construction supporting or 
t/A attached to nonstructural elements not likely to additional live load) 

be damaged by large deflections 
+ 
Limit not intended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded 

water, and considering long-ferm eflects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage. 
t Long-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach­ 

ment of nonstructural elements. This amount shall be determined on basis of accepted 81Yi!ineering data relating to time-deflection characteristics of members sim­ ilar to those being considered. 
Limit may be exceeded ff adequa te measures are taken to prevent damage to supported or attached elements. 
§ Limtt shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded ff camber is provided so that total deflection minus canter does not exceed [imif, 

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS} 
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