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Abstract 

The Structural Design of a Medicine college in Hebron City_ N emra 

WORKING TEAM: 

Abd _Elrazeq Hamed Israa Kazem Osaily 

J alaa Hamdan 

Palestine Polytechnic University 

SUPERVISOR: 

DR .MAHER AMRO 

Project Abstract 

The summary of the idea of this project, is to prepare a structural design of a Medicine 

college, 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-318M 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. 
• D L = dead loads. 
• d = distance from extreme compression fiber to centroid of tension reinforcement. 

• Ee = modulus of elasticity of concrete. 

• Jc' = compression strength of concrete . 

• 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. 

• 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. 

• M,= factored moment at section. 
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% 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. 

• V n = nominal shear stress. 

• Vs = nominal shear strength provided by shear reinforcement. 

• Vu = factored shear force at section. 
• W c = weight of concrete. (Kg/m). 

• W = width of beam or rib. 

• Wu = factored load per unit area. 
• cp = strength reduction factor. 
• Be = compression strain of concrete = 0.003mm/mm. 

• s,=strain of tension steel. 
• &,=strain of compression steel. 
• p = ratio of steel area . 
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% 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. 

• V n = nominal shear stress. 

• Vs = nominal shear strength provided by shear reinforcement. 

• Vu = factored shear force at section. 
• W c = weight of concrete. (Kg/m3

). 

• W = width of beam or rib. 

• Wu = factored load per unit area. 
• p= strength reduction factor. 
• Be = compression strain of concrete = 0.003mm/mm. 

• s,=strain of tension steel. 
• &,=strain of compression steel. 
• p = ratio of steel area . 
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y\jh\ c", 4:l9 c.j.JJ.fall J,iLl:ill ylj,o -l.Y:-.J 0L.,.:.,,. _y,, w~I ~ ~ UA ~_;i.11 0! 

.uL.'11 .Y'J ~ J..,k y.9j'J ~! AJL.;,,'!4 , ~~YI ~Lill UA W)Lo fol -l6./I ~ ¼it...t.i'!I ~\.WI 

~ ~ _, y.,.,..i'J\ ~\.WI .Jy:i:,.\ ~ '1 t_,y::..JI ~ ~ ~I ¼it...t.i'!I ~~\ ~A'.i UA ~ y \~ 

e -3Al ,sc ! @its! ystall ylatll 5sef ys? ystill sigl @4l554l 2ls+Yl Ce 'lylis 

~I\ c- · ~ _ tt 4-j -< -'I ti'.il....t.iYI W )I....Ll ~ ~ \~ · !.s ~~ ,4-c · - -11 ~ \.-.JI w\..kk..JI t...?" L-'_,.......... _,--. • • ~ J . • lJ .J ~ _r • .) 

. J..,lS i,;1....t.iJ ~ ~J Jy-::, _,JI ~I L)A t.Jy::..J\ \~ .l _,l} ~ \h Y I & •Jo, o'i .J 4,.-o J..,Wl\ ~ 

-: ,ill sail) ci8( 2-3) 

els» se • sl cs he dsr-es) 3 &s· s) gLsyl ,ail » Al-ll eiiehl ! 
~ ~ ($1 ~Jill .1.~.., ,c,l:i ,C:Y.J ,JjYj UA ~.)W\ wlji.,.JI F- (".JUAJ, ¼it...t.i'!I.J ~~\ 

f'\~Y\ ~ ~ .l:.th.11 ~_,JI~~_, ,o._>.!i4,JI yj;, _,I o_y!i4,JI JL.:..'J\ y\y,i ~ WI_,!\ JL.:..'J\ 

~\.....:.:isYI ~Ir.kl .i..l · "·11 . - JA c" ($~ 

~Wl ¼it...t.i'!I t,b\.i.JI ~ _y, we _,fa ~ 4-1 f'ljil\ -ll.J:! '-?~\ c,;l....t.i'!I ~\ 01.! \~ _, 

JL.:..I ~_,, (American concrete institute)(ACI 318-08M) ~yi'll -l_,5.11 ~ U.6..11 

.~I JL.:..'jl ~~ ~.JY\ -l_,5.11 rl~I_,, (U.B.C-97) -\51 ,us JjYjll 

s res) 3 h90fas dalSia Say 29l 4lay Rase all al_yyll Cy Assse • el15"5l;s 
. tsµ U.1.S:iA :iJ\Jiiii ,.::.i\..l:.k:...o f':l.li:i _,~WI_,!\ r.S_,ill ~ f'-'li.o ~ ~ A..:!¼Jll 
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~Ll..i )'I y.-,:, lW.I t1,fu .J~I y,c, ~ r:i:l :( Factor of Safety) ,:}..aYI J,.lt:. (1 

sill call ails , @al<l0 @ti» &sis still ls» 5h C= ifs? , :(Cost) @4l54ll (2 
. .u:,..1 u-a r~ 

.J (Deflection) .)j\j.l:.fo. <.ii~~ u-a (Serviceability) J.;Ll.:ill ~I~~ .).J.):,. (3 
.y_,lh..11 <.j.J~I _);..WI~ 41... .)Si~\ (Cracks) 1.::.il'••·~•ill ~ 

Llil...11:i...JWI 1-~11 ~I (4 . ~ . c,r.Y' .J 

u,a <Lil~ ,~1.J Jµ:...:ill ~ rW)' 4./ rl:!ill ~ f'&-".J ~.) .. ..►. ~pl ~\.).l!I _fo:i 

* ~ ~Ll..i)'I y.-,:,UJI ~\.J.) ~ i;tll~ ,Jµ:...:ill ~4L,c u,a ufi.:! L. ~Ii)! J.,,_..,._,11 ~ 4-l)G.. 
.~u....11 J,..JI ~Y".J u,a'il.J y_,lh.JI ~Ii)! J.,,_..,._,ll ~~~WI)\ JL.:..YI ~.J 

-: &±all lyil (4-3) 

"-I.fol w~_?-9 .. I✓,,..! y, ~Ll..i! t.Jfa <.ii~ rl:!ill J-:9 4...oj'.)l\1 ~I wlJ-~:i::..'j\ rAl u-a 
Al±ll @cc,lll @i±all gas @89l s\al) era Rd45, lg_is lgfli.alas glas7 5f ssh 
wl.i:¼,.\\ ~I.J , ~.J.J.l.a Jl...acl.J .)\.)C.y 4-J_jill ~ wLl&i....,I y_,i:i ~ ~~ r=uJ , wl.....L..YI ~.,l 

. ~ 4-Aj'.)l\14-J_jill w~~ J,..J e:9_,.JI u,a) u,a ~~\ 

4,i.i4',ll ul.J~I ~ .).),JI ~4-,ll ~1 ).fu.J ~\ u,a ~ WI)\ JLac)l\ 4-J_jill ~ li_,s ).fu 
. 4-J_jill t.J-i ~ ~ <.j~I .J ~.)Li:i..,)'I 
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-: ~'-JI( 5-3) 

co#cs sl g!, let) Lail ,a14y5 Lill ls 935 ,ill cssil Ress· llasYl 
Cle Ll Say dlasYl etas 7las ,s Uas el yN &le sy lg:ls y ell » 2\3l 53ah 

Jb 1..,, 0~ • . I - . k' ,, • . L~~ • I !I\ ,. ' ~ .,_ • ,, :i...uLl..i"I \.k.ll 'Ll..i"'I - ••. -~,, 
;t (.)A (..),4::>. ~ (.S", tj..)-""-'-' l_.g.,..... ~ .)A, i.rJ ' A9lill # _o ~ f r::-- ~.I~,~ LlWI ,_ 0 uJ'l..:i • ... ~, ,i"..l:,,. ,_ 

• UA •• J ~ ../, U:!-!-'-''-"' ~ 

: l+i-4J , (Main Loads ) ~)I J~ 'JI( 1-5-3) 

. (Dead Loads -DL )¼-JI Jb ~I -1 

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

Al cl\a-e 91.3 

P" 

Sp:,n ~ 

. Jb~I J\:uil (1-3) !"9.J ~I 
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-: (Secondary Loads) ( o.;J.4,JI J#.) ~~l!ill J~'-11( 2-5-3) 

.J 1..-hjll .J 'i)yJI _J¾il:i.11 uc ~"'Lill .)~I .J :i.JL,..,_j,.ll wli;,.11 uc ~"'Lill J.L..S.i 'il u1c. J..,:i.:;,:i .J 

~ ~I J=,.b 'i)yJI .)~I J,....I.J! Y-9.fJ J)l:.. u,o .Jlf.ic 'ii ~ 0'\:i:.,I ~ .l!.J lY'Lu,'-;/1 ~_jil ..b~I 

. ~I I~ J)G.. lb. 'i .).>.!-'-" L..S ,y ~WI ..b .Jy:.11 ~ 

-: ~I J~'-11( 1-1-5-3) 

gs\l eilisa Cle J39\5, (®39ilell ye) &19yl _ya\ill 33 Ce sts @-fl llsI ,gA 
, ~I u1c. ~b Y.:J'U wl~ Jb":/1 o~ fa.J, ¼-s.J! ¼\:ill ~I.WI 01j) .JI, Ll.iJ1 ~fall 0\j.J":/1 ~1_,..., 

las9Issa @iya,3, t» 7tri.yl 9las 63g3 5i5 ks\5 sf Ce 391ill @ilel cs) 3! 
:i..uLli.i'il I.WI . ...! 4..oill,..i.J I .)I - - 11 ..:.ii.!~ jk.JI J)G.. · ·- -~ ~ .r-' .J. I.Y' 

(.). l.).i:JI _.1...~11 .lJh 4..oill,..i.J I :i.,jl.u, .:.115,. L:.W1 ti:il~I ·I· 1..,1 WJ --~'I I~ · · . I, .lJ . .J ~ - .J ~ - (.) .).J :t ~ ~ ~ _.J 

o.Jl....ail l .J ,~.JWI u,o ~I~~ 4..oill,..i.J I o.J~I .J, Jy.11 .)l_,....J, u'-:,,.:o.J":/1 JL=I .J, ~.JWI 

<! A6,1lit{l cosy (1 -3) @> 0sells .l3640 @499l 39 @s.all3 34gsl cl«ill 3 
. c;:l.J~I c.S_j911.J Jb":/1.)_fi. y....o. 4..oill,..i.J I .)ly.11 
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it<!) S. Weight (KN/m") 
6 ill i.1Wl(Material) J.i.JI - - e?0 

24 .1.)411(Tile) 1 

22 Zr,9I @33(Mortar) 2 

17 J..,)l(Sand) 3 

10 tfall ~\rl y.Jhll(Hollow Block) 4 

25 ~I ~L.... _fa.II( Reinforced Concrete) 6

22 5\%ill( Plaster) 7 

20 ( ~I) ~_ji\rl(Backfill ) 8

-: ~I Jw.'lll( 2 -1-5 -3)

Ll J> 35sf3lat t,ts Lt, sis f- :(dy ·51cads) @5All ls! (1 . ~YJJ _,~ ~ -~ ~ U.J.A. ynarmc oa s _ 

,4l ells, 5I cs » 4Stal si5 SA) ls : (static loads)SL le! (2 
:\.i · . .! -11 ~, · -11 ~1 · ~"ti....YI wY':/1 tuu .. ('11 o · \II - L\ :.:11 . ~ Y"-',. y,p, -- -',--...>e->-' ~ .J,c:;--.Y'.J 
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,wWl)I_, 

Jb~I :ifi ~ i:iWcl ~\ <) ~ ~ ~ Wl_,ll ~I Jb~I ~ (2-3)J_,~I ~-' 

.,'-39ls\s 

,el J.c.ll -\5591 @sh cl6.lo 

(KN/m2) 

2.0 wy:.,w~I.., W~I wy:.,wl~I d.t:.t9 1 

_,111 w · )WI Jp . .i:i r Y.J~ -· 

5.0 ~yJ} ~~I J_;.\:i.JI_, wl~I 2 

3.0 <\»Yl eh)s <!al 3 

· 1..bJ\ wl~I ~ .J . .J 

-: 4JiJ:ll J~'il ( 3 -1-5 -3) 

~Jill Jbl_, ~_;~\ wlj&.1I JL=.I_, c.Ji11 Jbl ~..,, ~J.'J!II J,ol_,.JI uc 4-,'Ull Jb~I (/'.J 

, o~;/\ ~ o.fo ufi:i cy)I Jbl_, . t9.,.JI .J _;!:ii.JI ~l..i 0-4 o.fo ~bl fa Jb~I 01'._,, 

.J ,<5_,.....il l cli..JI ~y,i ~~ ~.,.;JI :i~_;~I j,1_,:i r.~ ~, ~lji ~I ~WI o.b..J ~ .lAiiw_, 

¼)LI~'-! 'U!y,.J , ~ tl.9:i.;~I_, , 4.t:.y,ill </' Jb~I 01'. ~.b,j ~ 4:!lc. ~ ~\ ~l.WI 

. ty-a.,...l'-! ~ 4.1 <.Sftl J,ol_,c. i)! 4-!L.a~'-! ~111,, ~I_,, A../ ~1 

28 



-: (':_,!:ill Jbl ( 1 

(3-3)830el,\5iul; 3l@he e 2\559¥l@3» 0Xs » zsll llesl e,bus &Se: 
-: (,,29YW sills las9ls5 es ) 

J.WI - (KN /m2)(Snow Loads) [_,l:ill J~I (m) _;..J~ (h) HI~~ Wu.JI e,ll:i.;1 
- 0 

1 0 250>h 

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

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

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

-: c:::4)1 Jbl (2 

c:::4JI A.c.y,, c)c. :it...:ic.'i\ ti c:::li..JI Jbl ~J ,~I c)c ¥91 (>fa. yy c:::4)1 Jk,..I 
Js. ,J ~ ·l.l.4.J .i.:il:.bl ~ · ~ -- ·'I - L - -· » La±all gtE5 y • - • -- ~I\ - _-.:11 .Jo..9 J _)A~-. • - tJA >4..9 ~ c..- (JC, .) ~ _):!-Ul ~ (>~ 

e! -is las}l ss 30sils, ssYl clyiil cs 40ls aisis sl 6ls8gs gs u6) bill 
:@ls\all s's 5#s ellss (U.B.C-97) \as 5l 

P=Ce*Cq*qs*Iw 

Ce:combind height. 

Cq:pressure coefficient of structure. 

Iw:importance factor. 

P:design wind pressure. 
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l 
ij 

'j 

V, 

V, 

V, 

\l,451, 

0 

~ 
cilycmter 

Open 
Suburban ze1 trrii 

Wind D lrtcrlon C, • 0 I --:> 

Yi"4 wlm,lly,,.....,.. o(l,N/.,,
2
) \ 

he4AAA»AA» 

i)c. t91_,11 ~I A.4 i)c. cl:!)1 A.c y.o Y-Jt (2-3) ~I 
all 

11111111111 c,. • 07 
wjp ,a al, 

. ~I i)c. t9l_,ll ~I A.4 i)c. cu..JI ol,..'.il Y-Jt (3-3) ~I 

-: Jj'Jjll Jbl (3 

f".JJJI &o I..J.WI i)c. t.JY -llji c)! r.;.::.:{J.; ,I..J.WI i)c. )y ~i.; ~I.J Jbl uc- o)~ ~.J 

53533l 3ail lase436> ceil cs# +3 isl sill ls 2l,es 4±Ni#yl ,3e 7i3» 
Llljl . ~I. :I WI - til.WI I>~ • I ~~ ~I ~ '...9 Luc YI . Jb \ti I>~ b.. - I..J.WI '...9 - .) ~ _)1-l u ' - -..r.J. ~ .}J.J, '-r 
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-; 9141919 Otta<9I Jasl( 1-2-5 -3) 

UXA $3ls ls9 c5Xi5/ Rs.41 gall La sl ya\ill al«Sil39 345 Ce &s1 le! cS 
~I J=._b c.j)yJI .l.lAill J,..:-1_,s ~jj J~ 0,a ) .. pr:.'t\ ~ Jb~I o~ b.l MU ,WI J~ 

.,--49\ ± ,5±l a9Slo sa3 

. Foundation wL...L...~I (1

• Columns 5±e YI (2 

. Beams .J_y,i:;,JI (3 

. Slabs wl.fu.11 (4 

. Shear walls ~I ,jl.J~ (5 

. Stairs <!evl (6 

. Retaining Walls 4-;!.lui,.,,I 01.J~ (7 

. Bearing Walls U..l:.. 01.J~ (8 

.Joint System ±all cl-=le (9 
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sp:iMrc! l 
ll-C,1 

i \"'" ~ §I 
\ ,1..lll 

o•vmn 

Co;umn 

-: (<0sll) ) cal±iall (1-6-3) 

0-a l):!C-.,_i .Jy:i:,-1 ~ ~.Jt.-.J\ w411,:WI tyiJ, t_,_y;..JI \j_,,, ~ wylWll 0,a ~\ ..:i..?._,l l_}.w_, 

,A56l dells39yl-6ails +'o54 salls, $l6591@la,9 s8 la c,as clS ciliall 
-: tl.,_i~\ o~ 0'-:H i)i 1...y9_, 

solid slabs ~I wl.full(l 

. Ribbed Slabs (~I)~ _;WI wl.full(2 
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-: Solid Slabs ~I ul.lll.11 ( 1-1-6-3) 

One Way Solid Slabs s\3 s\+5 ,+A±-.l/ cslill (1 

one way solid slab 

main reinforcment 

.Tow- Way Solid Slabs »'el ,± 75%.Al1 csli») (2 

two way solid slalz> 

main reinforcment 
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-: Ribbed Slabs ~_;1.J I ul..wJI ( 2 -1-6-3) 

-: w, ~ ~! ~~_).JI wl.fu.11 '-41 

. One Way Ribbed Slabs~,_, ot.:,.:il ,s ± ill esliall (1 

. Tow Way Ribbed Slabs ~L:,.:il ~ ~_).JI wl.fu.11 (2 

-:(One Way Ribbed Slabs) ~IJ o~I ~ ~_;1.JI ul..wJI ( 1- 2 -1-6-3) 

± clXll s -l15fl ,is ,Ah@l ys+> CJ5! "lsloa @hsai al_y La±is col@all sis 25iv 
Llls Li.A55Jells ,2_ tJl ts 5fL • '-6-':!' J"'tl-'.)J J, J~ ~ya~ 

. .l:..I_, ot.:,.:il ~~_).JI wl.fu.11 (7-3) Jsl 
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-: (Tow Way Ribbed Slabs) ~~I~ ~.;LJI ~I.lb.II( 2 - 2 -1-6-3) 

.J~\ wl!L....... ufi:i l...o.lle ~~ ~ o~I d..:..WI :i..16. ~ ("~ L);!'\~I ~ A.cpl wl..fu.11 t)I 
.:t.i).i:i... 

.08\e5Vs Rei» cslsis (8- 3) JS.all 

-: 35-ell(2-6-3) 

¼iL..._j,., ulc_,.i ~.J, ~I wl..fu.11.J yl..=\11 UA JL..:..\11 Jij ~ ~L...I ~Lli.il Y-""wc ~.J 

-:~ ¼iL....fa.11 Loi, ¥.l1.4.J 

• o..fu.11 till) 

- : ( Dropped Beam ) wL.JI .J~I (2 

y.u.:J I L>-" .iiljll "j.;,..11 jly,J ~_.., o.fu.ll till) UA _fi.\ l..gLill) ufi:i ~\ .)~\ ~ t)c, o)~ 
01\ ~ ~ (Up stand Beam) ($..,WI ) (Down Stand Beam) ~I L);!'\l:,u:/1 .l=..I ~ 

. L -section , T-section .J~I 
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_;.,,_..;J I rl~I ~ i9.9, _;.,,_..;JI .J o.lAC \II c)c. fi LJA .J ~I c)c. o Ji :,.JI <.> _,ill ~I c!jjill I yJ .J 
.( Limitation of Deflection) (ylh.i'jl)<YPI J...k. ok.ly t:4 WWI 

.35-9l JS.al (9 -3 ) Cs.al 

0s; etS yelge 0sS±@llsh s's As \ale ct,5ll6ls lol J3 a5F (2 

.o.lAC)IJ <'.::k,u'jl J_,b ~ (3 

~~~~ y..►.JS yl_►.I u-1)61_,ll wbWI wl~~t....,_j,JI wt.1:.)411 ~ (4 
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-: o.w:. "11( 3-6-3)

@llsss cell!Cl aliis y3ells cshill a las9l i's g-+u'l 3-%8 53a6 YI 34f5 
Jii >- o _J..)L9 ufii ~ 14 ·J • o'i l~ ill\~ . ~I uy:i _, Jb )II Jii t} r,;.JJy:o ~L.;..i! ~ ~ 

. 4:lk, Wl_,ll Jb)'I t:JJ_,:i_, 

., ~I., r,;ybll., ~I 1+i.o ,o~ ~I o.lAC)'I tl-l:Ll_,. ¼.,bll o.lAC)'I_, o~I o.lAC)'I 

~1., ~L..._;:JI ~ L,.;; •• II o..)W\ ~~Lr" o.lAC)U _fa.i ~ ~WAI., -~_;,JI_, CjyJI 
&acta ll . -- ., 

o.lAC \ti ~~ , J_,1.11 ~ Lr" ~ fo ~ ~\ \~ t} .to~\ o.lAC \ti ~! ~'-! Loi_, 
c,S_p,1., r,;yb _y, Lo ~ ~\ ~ L)AJ .~ ~ L)AJ , o~I o.lAC )'\ ~! 4-9\....:::.')l'-! , Ui__.,1.ll 

o.l.4C)'I tl-1.i.. Lr" ..)..)c ( 10 -3) ~I LJ:hl:!J ,~I ~ 

I 
, 

I 
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-: (Sbear Wall ) cal lu±( 4-6-3) 

~ \.iJ l...l . le>. ill.....:i 1 · -'- WI .I\• ... 1,.,I ~ · ·-'I :.:I\ ill Uc.I.:.. ti'.iLl.il lie. • _11, ., 'F"' ~ r ., ~ Y ~i., _.:1.,....,.... c.S.,,-. r-' - . ~ .., ., 
~ ~ 01.J~I o~., , (shear wall) ~I 01.J~ ~J Jj':/)1., e::4)1 c.S} J'.i.c. ~~\ Jb~I 

. ~~\ c.S.;11 ~_,Li.a~ ~i:.US u,o .:l:!Y ~ .:l:!~I u-o 

~\ ~~\ c.S.;11 ~_,Li.a~ J-:i w; 4-:!}J ~jil...ll ~1)1 0lj_,~I ~ ~ 01.J~I o~ J-:j_, 

~ <$~\ ~_,u.JI :fiy 0:!-! ~WI 0fo 01 oll:.ly t"' L):!k>l;-.i")'I ~ lA.)ji ~...J ,l..;.WI 4-J ~A 
. ~ L, J91 ~ Ji:i\l Y.Y'J 04,.:il ~~~I 01.J~ 

sl &43t54l ,il ls Cle sis 4553ll al Jlis sl &± 8,its las s's 35ST ls 
u,o ~ tlll~_, ~I J..,ts ~ l.YlJ.J.l.4 ~ ~jjiJ ~I~~\ 01.J~ ~ fi ~., , ~~\ 
u\+els, 3=\all ls, El <#u:, ol±ell sss a"is , @aatill ls--ail s sue" 

. ~I wl...l...l u,o I~ c;tll c.Sft ~I 

cal) 3ls (11- 3) Cs.all 
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-: .1J.All l J..=i l..,¢ ( 5-6-3) 

s3= 915 -al3! &.a\5 gas93 l\s.a9I sfs sl 5 96l @,#491 st-eY!els ,al S gs ii 
Jj'Jjl\ JW\r ?-''li,.S ~lyl wLl.WI J.ih:i ~.., .k..o ~y11 J._.,, 1_,ill ufii jg.., d,:,y,A J.,..:.I_J! ..,1 

w tis_, 4-i ~WI u4..:ojil1.., w\.blji.!.'JI ~ J.,..:. 1_,ill O~J ,~ljljll J.,..:.1_,il4 J.,..:.1_,ill 0
~ ~.ii 

: 
~.., ~! J.,..:. 1_,ill 0~ ~ ul ~ ,~\ .)fa\ ~ Ll.WI .d.1:iS <) i.;)~ j~ J.,..:.I_J! rl~I ~ 

:,-l s gill @li6 st-e') gal#ell es@tall y16.13 .46\y5! 39 s s--l c5ala YI 

.~WI A..i.,1,)1 w\j ~I.WI<) (40m) (1 

.'-·:PWI A..i.,1,)1 ulj ~I.WI <) (36m) (2 

.~.,:WI A..i.,1,)1 w\j ~I.WI<) (32m) (3 

.AJ4,.II ~I.WI t} (28m) (4 

. (3cm) c)c J.,..:.WI tfaiy:- Ji;i 'J ul Y:,>,:! ~ 

01j_,\'1 AJy.J_, , tfai.J\11.., ~1 i; ~Ll..i)'I y..,::,1.k.11 ~ J.,..:._,}1 ~ wL..L..\11 _#_, 

wL..L..\11 ~! 1_>.!=-, 1.., o.lAC \II ~! ~ .)y,i:;J I ~! Jilli o.l°WI ~ WI_,}\ Jb \II u~, 4:!lc Wl_,}I Jb \II_, 

c)c ~1.111 ~U:!.lll Jb \II t....:..:i l_, ~ ~\ Jb \II J.=,:i c)c J_,>""" L>"L..\11 ufa..J A..iJill ~! 
. ~I J;..b ~\ Jb\11 t....:..:i l_, Jj'Jjll_, e::_,llil_, c4.JI 

~_, ~ WI_,}\ Jb\11 ~ \~~_, , wL..L..~ 4J•J• oiJ\ Jb\11 ~ Jb\11 o~ ufoJ 

o_;l h+i ~m.., ~ tl~I u,o wL..L..I rl~I t9.,:WI U,OJ, "-a~\ wL..L..\11 t~ ~ ~ t9_,.o.l l 

. L>"L..I JS ~ WI_,}\ Jb \II_, ~Jill ~ 
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11i.., (Shallow Foundation) ~I <YL}Jy ~., UA}i\ e;b <JA 4:l.ft ufa. i9 <Yt....\11_, 

.,, ~ ut....61 .,1,~ ~1.;.i ut....61 .,1,~~ ~,_;1 ut....61 ufa. 0ts .J~ o~ ufa. t_,111 

~ ~.JJJ .,1 ,c.S.J!\11 ~\ 4../jill u\:4b i)! Ll.l.J I JL=.I ~ 4../jill ~\.) ~ ufa. i9_, 
all c 5slll ,y cs (Deep Foundation )! c-lYy 2gill Iia ,-gs :±" 62ls) <ilall 
4../jill JI.fol i)I .. ~I ~ ..sl~ t)A.)\11 F <)-o y.ftly lJ'l:!-U'l:ill 4..:Jl..w:. ~ ~ Jy-=11 .)~ Lo~ 
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Chapter 4 

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 (AO-Rl). 

4-7 design of beam (AO-B37). 

4-8 design of column(B0-C5). 

4-9 design of isolated footing(F4). 

4-10 design of stairs. 

4-11 design of shear wall(B-Sh26). 

4-12 design of composite beam(B38-C). 
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(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: 
fe'= 30N I mm 2 (MP a) For circular section but for rectangular 

(fc'= 30.8 = 24MPa). 

45 



(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 =1.2D.L+1.6L.L. 

(4.3) Slabs thickness calculation: 

o"" ~l!!!!!:!I'" ~ Ill '.l<, ~ t {; f:=:' slEil-'3?r'; !-Kf -2,; - e= EF +; -54 6"S' "aE ii .ssasud%.2Lg2--zpr-e 
~;, 

.( 

----------- . 

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): 
h» for one-end continuous= L/18.5 

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

=563/21= 26.8cm 
Select Slab thiclmess h= 32cm with block 24 cm & Topping 8cm 
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(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: 
Shrinkage t$ Temperatuer ars 

Hotow Block {28 cr ) 

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

1 Rib 0.140.2425= 0.84 KN/m 

2 Top Slab 0.08*0.54*25 = 1.08 KN/m. 

3 Plaster 0.02*0.54*22 = 0.23 KN/m. 

4 Block 0.4*0.24*10 = 0.96 KN/m 

5 Sand Fill 0.07*0.54*17= 0.64 KN/m 

6 Tile 0.03*0.54*24 =0.38 KN/m 

7 Mortar 0.02*0.54*22 = 0.23 KN/m. 

I 4.36 ] KN/m 

Nominal Total Dead load =4.36KN/m of rib 
Nominal Total live load =5*0.54=2. 7 KN/m of rib 
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(4. 5) Design of Topping: 
Dead load of topping 

Tiles 0.03 * 24=0. 72 KN/m? 

Mortar 

Sand 

0.02 * 22=0.44 KN/m 
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) 
Wu= 1.2 DL + 1.6 LL 

= 1.2 * 6.73 + 1.6 * 5 = 16.1 KN/m. (Total Factored Load) 

M. = ad"_ 16.16247 g,2146 KN.m 
u 12 12 

M,= f,+S 
=o.42/r]% = o.42 /2£»±0%",49° = 2.19 KN.m 'Vic 6 6

pM, = 0.55 ~ 2.19 = 1.2 KN.m 
pM, = 1.2 KN.m >M,= 0.2146 KN.m 
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must 

be provided. 

For the shrinkage and temperature reinforcement:- 

p = 0.0018 

As - p .., b .., h - 0.0016 .., 1000 .., 60 - 144 m:rn?-. 

# 0f cl>8 = As-req = ~ = 2.88 ~ Spacing(S) = 2:.... = 0.347m = 347 mm. 
Aoar SO 2.88 

<380 3092.5 C. < 380 ±®3 fs fs 

= 380 * ( !80 ) - 2.5 20 < 380 * ( !80 ) 
55 5y 

= 380 * ( =28) ) - 2.5 * 20 < 380 * ( /BO ) -e420 =e420 
s S 

= 330 mm. <380mm. 
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Moment/Shear En v e Io p e (Factored) Units:kN,meter 

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

<450 mm. 

Use 48 @ 20 Cm C/C in both directions: 

(4.6)Design of Rib (AO-RT) 

Material: 
concrete B300 
Reinforcement Steel 

Section:- 
b =14 cm 
h =32 cm 

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

bf=54 cm 
Tf=8 cm 

G e o m et r y Units:meter,cm 

1 . 2 
1 

[ == ~ 
0.7 

I 
5.8 1. 

6.65 

3 
2 

A :J 
~ 

4.65 0.7 

5.5 

54. ., 
14. 
A A 

Figure (4-3): Rib geometry. 

load group no. 1 
Dead/Live load - Service Load factors: 1.20, 1.20/1.60,0.00 

4.2/2. 4.2 /2.7 

u I, \ \ I, \ " 
6.65 5.5 

(Figure (4-4) : loading of Rib (A0-Rl 
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Moments: spans to 2 44.5 

-26.7 -28.7 

6.5 
8.4 21.5 

35. 
3.99 3.3 2.2 

2.66 

Figure (4-5) : Moment Envelop of rib (A0-RT) 

M om e n t / S h ea r E n v e I o p e (Factored) Units:kN,meter 

Shear 
-37.9 

-14.1 
-20.1 

19.6 
25.6 26.5 

33.9 

Figure (4-6) : Shear Envelop of rib (A0-RI 

(4.6.1) Design of flexure of rib(AO-Rl): 

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

1) Maximum negative moment Mu<-> =28.7 KN.m. 

Mn = Mu / cp = 28. 7 / 0.9 = 31.89 KN.m 
f, A2U = ,=--=20.6m 

0.85f> 0.85424 
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6 2Mn Si.s9«1g_ = 2,82MPaK, 
ea? 140e (284)5 

p = 2:.(1 - j1 - 2f'.Knt<m ) 
r fy 

-4.(- 1 - 2f'.2.82f'.20,6 ) = 0.00726. 
20.6 420 

2 
.-As= p b,% d = 0.00726 * 140 *284 = 288.66 mm· 

fr a ±#-,-a ..........(0A01-10.5.194s 4G5» 5y " 

_ A ,440%284 > ©%440% 284 
46420 420 

= 115.94mm2 < 132.53mm2 Larger value is control. 

>ASnn = 132.53 mm2 <As, =288.66 mm
2
• 

As= 288.66 mm.: 
2 <1>14 = 307.88 mm.2 > Asreq = 288.66 mm. OK. 
[lli.e 2 (1)14 -•~ 
.- Check for strain:- (es- ~ 0.005) 

Tension= Compression 

As * fy = 0.85 5! b * a 
307.88 * 420 = 0.85 * 24 * 140 * a 

a=45.28mm. 

4528 = 53.27mm. o.ss * Note: f,' = 24 MPa< 28 MPa.- /31 = 0.85c = ~ 
0.003s, = d-c 

C 

284-
5;.:2, * 0.003 = 0 013> 0.005 :. A-. =0.9 OK 

S3.27 . 't' 

(4 .. 6.1.2) Design of Positive moment of rib (AO-Rl) 

d = depth - cover - diameter of stirrups - ( diameter of bar/ 2) 
12 

= 320 - 20 - 10-5= 284 mm. 

-➔Mu max = 35 KN.m 
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bE ::; Distance center to center between ribs = 540 mm Controlled. 

< Span/4 = 6650/4 = 1662.5 mm. 
::; (16* tr)+ bw =(16* 80) +140 =1420 mm. 

sb,= 540 mm. 

>M, = 0as f',+, ·(a-) 
= 0.85 * 24*0.54 *0.08 * (o.284- o:s) * 103 = 215.03 KN.m 

dM,r= 0.9 *215.03 = 193.52 KN.m, 

-►cl>Mnr=l93.52 KN.m >> Mu max= 35 KN.m.-► a< hr 

Design as rectangular section.:, 

1) Maximum positive moment Mu = 35 KN.m 

Mn= Mu/ cp = 35 / 0.9 = 38.89 KN.m. 

= r,= @_=20.6m o.ss fc o.ss,24 

- M,,, 38.89to10
6
" = 0.893 MPaK 

- ~ 540 * (284)• n 

±@-,[Ff®» 
(-.J-EFF)soars 
-►As= P * bE *d = 0.002175* 540 *284 = 333.56 mm2

• 

~ ............ (ACI-10.5.l).4s : = _c_* b * d > 1A .... b * d 
n1.n 4 (f,._.) "' ~ ., - ,,,. w

_ ,,/2,4 1A 4.s, 140 ·284 z> =, 140 -284 

=115.94 mm < 132.53 mm...... · ...... Larger value is control. 
-►ASmin = 132.53 mm2 <ASea 333.56 mm2

• 

As= 333.56 mm2 
• .-. 

2 <1>16 = 402.12 mm> Asa = 333.56 mm2
. OK. 

Use 2 cf>l~ ~ 

Note: 4a±s 201.06 mm2
• 
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~ Check for strain:- (s, > 0.005) 
Tension= Compression 

As * fy = 0.85 f! * a 
402.12 * 420 = 0.85 * 24 * 540 * a 

a= 15.33 mm. 

153® = 18.04 mm 
0.05 

d=C 0.003s, = _, - 
C 

a 
Note: f,' = 24 MPa< 28 MPa->8, =0.85c 5 

= 284-18•04 * 0.003 = 0.0442 > 0.005 : d =0.9 OK 
18,04 

2) Positive moment Mu <+> = 21.5 KN.m. 

Mn= Mu I cp = 21.5/ 0.9 = 23.89 KN.m. 

= Dr,= ©_=20.6m 
0.85f> 0.85424 

_ M,_ 2s.seio 9,549 MPa, 
a" 540e (2843° 

2«,m. y po 
fy 

= ..2:.... (1 - 1- Zt<0,54%20.6 )= 0.001325. 
20,6 420

>A,= p bE *d = 0.001325 * 540 *284 = 203.2 mm2
• 

[ti 
............ (ACI-10.5.l).4smin = 4;.) * bw * d > ~ * bw * d 

= ../24 * 140 ~ 284 > ~* 140 *284 
4.-.420 - 420

= 115.9 mm2 < 132.53 mm2 
.•••......••• Larger value is control. 

~ASmin = 132.53 mm2 <As,4 =203.2 mm 
As= 203.2 mm2.-•. 

2 <I>12 = 226.19 mrn.2 > As,, = 203.2 mm. OK. 
Use 2 <1>12 :. 

~ Check for strain:- (s, O. 005) 
Tension = Compression 

*Note: Aq,12 = 113.1 mm2
. 
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- 

As * fy = 0.85 * j: * b * a 
226.l9 * 420 = 0.85 * 24 * 540 * a 

a=8.62mm. 

_96? = 10.14 mm 
0.8S 

d-c 0.003s,= 
C 

_ 284 -10.14 9.903 = 0.081 > 0.005 :. cp =0.9 OK. 
10,14 

(wse 2 4>]2 -■~ 

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

1) Vu = 26.5 KN. 
,,., 

b V, =a»1f»,, d 'f'C 'f', W :, 

= 0.75 *.Ju* 0.14 * 0.284 1° = 24.35 KN. 
6

1.1 * cp Ve= 1.1 * 24.35 = 26.79 KN. 

-check for items:- 

1- Item 1 : Vu S ~ . 

26.79 395 N . fy 26.5<, 13. .. ..... ot satis 

2- Item 2: 

(C®Os» 
s 

a 
Note: f! = 24 MPa< 28 MPa-> B, =0.85c = 5 0 e. Jc g 

4>Vc < V < ;i.. V 2 U-'f' C 

13.395 < 26.5 < 26.79 ....... satisfy 
Item (2) is satisfy > minimum shear reinforcement is required. :. • > _;_"' - *b =-=-* -124 *0 14= 1.0410 16 yr " 16 412 . . . 

> ! * b,u = 1 ~ = 1 13 * 104 C ... 1 -* · ontrol. 8 yr 3 412 

Try <1>8 (2 Legs): 

2so107 _ 1.1319>S=0.884 m 
s 
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S < !!.= ~= 142mm. 
- 2 2 

~ 600 mm. 

ffie <1>8 @ 1!4 Cm C/0 

2) Vu = 30.5 KN. 

l r.' a v,=a+±'f»,, d ? c ? 5 'w 

= 0.75 * -.ffA * 0.14 * 0.284 10° = 24.35 KN. 
G 

I.I* cp Ve= 1.1 * 24.35= 26.785 KN. 

-+Check for items:- 

v 4'Vc 1- Item 1 : u ~ 2 . 

30 5 < :tt::tlllo 13 39 N t tisfy · - 2 · .. ..... o sa 1s 

@V% 2y, < h V 2 U-'t' C 2-ltem 2: 

13.39 <30.5< 26.9 ....... Not satisfy 

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

(» > 1.. * Jti * bw = 1- * ,/24 *0.14 =1.0410. 
s 16 fyr 16 412 

> !
3 
* f.bw = ! * ~ = 1. 13*104 Control. 

yt 3 412 

Try <1>8 (2 Legs): 

26010° 7.13+10°>s=1.029 m 
d 285 S < -= -= 143 mm - 2 2 ' 

~ 600 mm. 

: Use <1>8@ 14 Cm CIC 
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(4.7) Design of Beam (A0-B037): 

Material : 
concrete B300 
Reinforcement Steel 

Section:- 
B =60 

h =52cm 

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

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

slabs unless deflections are computed as follow: 

h,,, for one-end continuous = L/18.5 
=660/18.5 = 35.68cm. 

hmin for both-end continuous = L/21 
= 660/21 = 31.43 cm. 

The controller beam total depth is 35.68cm. 

'.9Select Total depth of beam h= 52cm. (drop beam). 

Geometry Units:meter,cm 

2
1 

A 

~ = 4.8 0.7 
5.5 

3
2

1 
0.7 

============:=:=::;:] 
~ 

5.9 0.7 

6.6 
100. 

~2. 

I' 
60. 
A- A 

Figure (4-7) : Beam Geometry. 
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Loading 

load group no. . 
) • 

Dead/Live load - Service 
[59.8/3 B.2 

59 8/38. 
' ' ' bi I 

- I b I I 
I, 
I, - ~ 6.6 

E.8 
Figure (+-U) 7 Loa 0I 5€ail (AU-b) /) 

Load factors: 1.20,1.20/1.60,0.00 

M o m e n ti S h e a r E n v e I o P e (Factored) Units:kN,meter 

Moments: spans 1 to 2 682.6 
-508. -487 .2 

2.49,1.8 

328.1 
530. 

2.2 3.3 3.96 2.64 

Figure (4-9) : Moment Envelop for Beam (A0-B37) 

M o m e n t IS h ea r E n v e I o p e (Factored) Units:kN,meter 

Shear 

-524.5 

191.4 
309.3 

-393. 
-275. 
~"°--- 

466. 
583.9 

Figure (4-10) : Shear Envelop for Beam. 
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4.7.1 Design of flexure:- 
4.,7.1.1 Design of Positive moment:- 

-Mumax = 530 K.N.m • 
b» = 60 Cm. , h = 52 Cm. 
d = depth - cover - diameter of stirrups - ( diameter of bar/ 2) 

= 520- 40 - 10 - ~ = 462 mm. 

C = ! * d 2+ 462 = 198 mm. max 7 7 

a», =8, C%% =0.85 198= 168.3 mm. 
*Note: t: = 24 MPa < 28 MPa~P1 = 0.85 

Mnmax = 0.85 f! *a* (d-~) 
= 0.85 * 24 * 0.6 * 0.1683 * ( 0.462- 

0
•
1
:
83 

) * 10
3 

= 778.37 KN.m . 

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

-<l>Mnmax = 0.82 * 778.37=638.26 KN.m . 

.-cpMnmax = 638.26 KN.m > Mu= 530 KN.m. 

Singly reinforced concrete section. 

* Note: Es= 0.004 ~ cp = 0.82 

1) Maximum positive moment Mu = 530 KN.m . 

q>Mnmax = 638.26 KN.m >Mu= 530 KN.m> Singly reinforced concrete section 

Mn= Mu /cp= 530/ 0.9 = 588.89 KN.m . 

= Py,= @_=20.6m 
n.a5f, 0.85x24 ' 

_ M,, 588.se1o® 
eaF o.6%(oszy 4.6MPa.K, 

1 ('1 ✓1 ?..«K «m. ==--I - -""") m fy 

= ....!.,_ (1 - 1 2"4.6*20,6 )- 0 0 
20,6 420 - . 1258 . 

>Ag = p * bw *d = 0.01258 * 600 *462 = 3487.18 mm2• 
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_ [,i * b ~ d ~ ~ * bw * d (ACI-10.5.1) 
AS,,»7 4,) "" fy 

= 2-- * 600 * 462 ~ .=:!. * 600 * 462 
4420 420 · 

2 Larger value is control. = 808.33 mm < 924 mm . 
2 

-Asmin = 924 mm < Asreq = 3487.18 mm. 

As= 3487.18 mm2.:. 
_Asrq ~ = 11.1- # of bars = 12 bars. 

# 0f420 =, 314 16 bar • 2 f.l
92 2 > As = 3487.18 mm • t:3 n% 12a20 > As=12314.16=3769.> mm' ·rw 

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

Tension= Compression 

As * fy = 0.85 * j; * b * a 
3487.18* 420 = 0.85 * 24 * 600 * a 

a= 119.66 mm. 

= ~ = 140.78 mm. 
o.ss 

d-c 0.003s, = - 
C 

_4s2-140.78 # 9,903 = .0068 > 0.005 d =0.9 OK. 
140,78 

Es aao 

a 
* Note: f,' = 24 MPa< 28 MPa-> #,= 0.85c = 0~ 

2)Positive moment Ma ) 328.1 KN.m. 

cpMnmax = 638.26 KN.m >Mu= 328.1 KN.m> Singly reinforced concrete section. 
Mn= Mu /dy= 328.1/ 0.9 = 364.56KN.m . 
/. 420 = ~ = -- = 20.6 m 0.85f, 0.85424 

_ Mn _ 364.56+to7 
- b1<d:: - O,61< (O.462):z 2·85 MPa.Kn 

= .!.c1 - .J1 - 21<K,,_mt ) P m fy 
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1 ( _ 2 .. 2.oc; .. zo,ti ) = 0.00734. 
=- 1- l 420 

20E 2 

- * b *d = 0 00734 * 600 462 = 2034.64 mm . >As w '" 

F a>#-,-a 
5 1) :4 - --- * h. - t, ............ (ACI-10. · · Smfn - 4 Cfy) w >-" 

{E 6g0» 462> ±»600 » 462 a 420
4t420 2 .2 Larger value is control. 

= 808.33 mm < 924 mm . 
2 

-+ASmin = 924 mm < Asreq == 2034.64mm . 

As= 2034.64 mm.: 
hnq _ ~ = 6 47 .- # of bars= 7 bars. # Of <1>20 = A - 314 16 . 

3 E [Use 7<1>2Q -+As= 7 * 314.16 = 2199.12mm2 > Asrcq = 2034.64mm • . 

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

As * fy = 0.85 j! * a 
2199.12 * 420 = 0.85 * 24 * 600 * a 

a= 75.46mm. 

7546 = 88.78 mm. 
0,8S 

0.003e, = ±5 
C 

* Note: f,' = 24 MPa< 28 MPa- /31 = 0.85c = ~ 

= 4&,-l:lis.-,!! * 0.003 = 0.0126 > 0.005 : d =0.9 OK. 
88.78 

1Use 7<1>20 ~ 

4.7.1.2 Design of negative moment:- 

1) Maximum negative moment Mu <-) = 508 KN.m . 

cpMnmax = 638.26 KN.m > Mu= 508 KN.m > Singly reinforced concrete section. 
Mn= Mu/do = 508/ 0.9 = 564.44 KN.m . 

J", 420= ~ = -- = 20.6 m 0.85f> 0.85424 
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-s 

- 
1-1'ft __ s64.4-4•10 .. 4 41MPa K ~ . . n 
ueaF 0.6% (0.462)5 

= .2:.... (1 - 1- 2*4.41*20,6 ) = 0.011978 
20.6 420

2 
-+As= p * bw *d = 0.011978* 600 * 462 = 3320.3 mm · 

[ti 1A 
(ACI-10 5.1)As, . = __:..,r; b ie:: d ~ -,, ,r; bw ii: d 

····-··%·%3%1 Jsk. F ?min 4(f,,) 'W F 

_ E, 600» 462 > ±©» 6oo» 462 
4e420 420 

= 808.33 mm < 924 mm.. . .. .. .. .. .. Larger value is control. 
>As» =924 mm2 < Asreq =3320.3 mm2

. 

As= 3320.9 mm. 
# 0f<1>20 = A.i'nq = ~ =10.6> # of bars= 11 bars. 

Ar 314.16 
Use 11420 >As=11 * 314.16 = 3455.76 mm2 > Asrcq = 3320.9 mm

2
• 0 

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

As * fy = 0.85 5! * a 
3455.76 * 420 = 0.85 * 24 * 600 * a 
a= 118.58 mm. 

= 118.SB = 139 51 
0.85 .. mm. Note: f! =24 MPa<28 MPa-> B,=0.85c= 5 

0.003s,= <7e 
C 

_ 4s2-139.51 p 0 
- 139.S1 . 03 = 0.0069 > 0.005 : d =0.9 OK. 

. Use 114020 5 

(4.7.2) Design of shear:- 

1) Vu = 466 KN . 
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~ bVc = q> * 7 * bw * d 
= 0.75 * ~ * 0.8 0.462 10°= 226.33KN. 

-+ Check For dimensions:- 
2 ~ * 0 8 * 0.462 10° ) 

cpVe+( !*cp*Jf; *bw*d) =226.33+( ;*0.75*v24 . 

3 = 226.33+ 905.33 = 1131.66 KN> Vu= 466 KN. 

Dimension is big enough.:. 

-+ Check For items:- 
,t, ~ 1- Item1: V% < a· 

466 < 226.33+2 = 113.17 Not satisfy. 

2-1em2: ®' <V, < 4V% 
113.17< 466 < 226.33 Not satisfy. 

3-Item3: d V. <V, < d V,+qVso 
"'V > .!.. /7! * b * d = 0•75 . 124 * 0.8 0.462 10°= 84.87KN. 't' S min 1 Y/e w 16 V ~,_,, 

> 1 * bw * d = ~ * 0.8 * 0.462 10°= 92.4 KN Control. 
3 3 

:. q>VSmin = 92.4 KN. 

q>Ve + q>VSmin = 226.33+ 92.4= 318.73 KN. 

dV, < V, < 4V,+pVsa» 
226.33 < 417.4 < 318.73 Not satisfy. 

4- Item 4 ; 4V, + cp VS min < Vu ::; q> Ve + ( ~ * .J7!; * bw * d ) 
226.33+ 92.4 < 466 <226.33+ ( o.;s *,,flA * 0.8 * 0.462 *103) 

318. 73 < 466 < 679 Satisfy. 

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

Vs=( ~-Ve) q, 

= ( 466+0.75-301.78) = 319.55 KN. *Note: Ve= 226.33+0.75 = 301.78 KN. 
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2 
p12 (4 Legs) = 4 * 113.1 = 452.4 mm Try 412 *O 462 )) ~ s = 0.269 m = 269 mm 

(4*113.1 *[10]"(-6))/S = (319.55 *[ 10]"(-3))/(( . 

... .. . ... control 

s < ~ = 462/2 = 231 mm. 
- 2 

<600 mm. 
s = 231 mm< Smax = 269 mm Ok.. 
use a1o a 20 ca cic. 5 

2) Vu = 406.6 KN . 

~ cp V C = cp * 6 * bw * d 
= 0.75 * ../24 * 0.8 * 0.462 10° = 226.33KN. 

6

~ Check For dimensions:- 

cp V c + ( 2 * cp * ·'f:: * bw * d) = 226.33+ ( 2 * 0.75 * ,,fiA * 0.8 * 0.462 10° ) 
3 "I.Jlc 3 

= 226.33+ 905.33=1131.66 KN> Vu= 406.6KN. 

Dimension is big enough.:. 

~ Check For items:- 

1- Item 1: V, < ±V - 2 • 

406.6 <226.33/2 = 113.17 Not satisfy. 

2- Item 2 : t Ve < V th V 2 'uS Q c 

113.17 <406.6< 226.33 Not satisfy. 

3-Item3: d V, <V, < 4 V,+4Vs»,» 
th vs > .±.. m * b * do.75 =, ; 
'l:' min 16 -V le w -16 ''I 24 * 0.8 *0.462 * 103 = 84.87 KN. 

> ! * b * d 9.7s s w =j>0.80.462 10°=92.4KN..........Control. 
.: 4Vs a» = 92.4KN. 
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doV, + cpVSmin = 226.33+92.4 = 318.73K.N. 

doV, < V, < 4V,+pVsa» 
226.33< 406.6 <92.4........ Not satisfy. 

4- Item 4 : q> V c + bVs min < V, < 4V c + ( i * .J1: * bw * d ) 

226.33+ 92.4< 406.6 <226.33+ (" /zi 0.8 0.462 10°) 

318.73< 406.6 < 679 Satisfy. 

uem @9 is satsty >#=,,a 

vs =(le. ve) 
d 

= (406.6/0.75-301.78) = 240.35K.N. 

Try cI>lO (4 Legs) = 4 * 79 = 316 mm. 
(4*79*[10]1'(-6))/S = (240.35*[ 10]"(-3))/(( 412 *0.462 )) ~ s = 0.250 m = 250 mm ......... 

*Note: Ve= 226.33/0.75 =301.78 KN. 

control 
cl s :'.S 2 =462/2 = 231 mm. 

<600 mm. 
s = 250 mm> Sax 231 mm S= 231 control:. 

[IDse <1>10 @ 20 Cm C/cJ 0 

(4.8) Design of Column:- 

p Design column(BO-C5) : 
p Load Calculation: 

P,= 3325.14.KN 
3325.14 

P11req = 0.65 = 5115.6.KN

Usep = pg =l.6% 
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Pn = 0.8 Ag{0.85 f'+pg(>-0.85 fc')} 
5115.6 = 0.8 Ag[0.8524 + 0.016(420-0.8524)] 

Ag = 0.24m 
Use 0.4 x 0.7 m with Ag =0.28m° 

e> Check Slenderness Effect: 

ep> In 0.7 m-Dirction 

klu < 34-12 Ml ···············ACI -(10.12.2) 
r M2 

Lu: Actual unsupported (unbraced) length. 

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

R: radius of gyration= 0.3 h = ff
Lu=3.1 m 
Ml/M2 =l 
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. 

!du < 34-12 Ml 
r M2 

............... AC! -(10.12.2) 

1x 3 .1
0 3 0 

14 .76 < 22 
. x .7 
• short Coloumn in 0 7 .di ti . m .. zrc zon 

> In 0.4 m-Dirction 

klu < 34-12 Ml r M2 AC! -(10.12.2) 

Lu: Actual unsupported (un braced) length. 

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

R: radius of gyration== 0.3 h = ff 
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Lu=3.1 m 
Ml/M2 =1 

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

1.0. 
klu <34-12 Ml ACI - (10.12.2) 
r M2 

l X 3 . l = 25 . 83 > 22 
0.3 X 0.4 
:. long Coloumn in 0 .4m:dirction 

Er = 6.4.A, · 1+/3d [ACJ318-05 (Eq.10-15)] 

E,= 4750ffe = 4750 /24 = 23270 .15Mpa 
B,= 1.2DL = 1.2 * (1927 .77) _ 

Pu 3325 .14 - 0.
7 

bxh? 0.7x0.4° 
lg = ~ 

12 
= 0.003733 m 

EI= 0.4x 23270 .15 x 0.003733 2 
l + 0.7 = 20.44MN.m 

r? EI 
(KLu)2 AC/318-0S(Eq. 10-13) 

3.14 2 
X 20.44

(1.0x 3.1? = 20.971MN. 

Cm = 0 . 6 + O .4 ( i ~ ) 
Cm = 1 ....... According 

s Cm ,, 2 ] () l _ Pu - · 
0.75 P, 

o, =,'_ 
1 _ 3325 .14 

0. 75 x 20971 

.. · ... · ·.. .. A CI 318- 05 ( Eq . l 0-16 ) 

to AC! 318 - 05 (lO .10 .6.4) 

.......... .. ... AC! 318 - 05 (Eq . 10-12 ) 

= 1 .268 > 1 
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=15+ 0.03 x h =15 + 0.03 x 400 = 27mm = 0.027 m 
C,in 
= xO == 0.027 X 1.268 = .0342

e=Vmn ns 

e_0.0342 = 0.0855 
h 0.4 

From Jnteractio n Diagram 

¢P,, _ 3325 .14 X 145 = 1.72/(si
A 0.7 * 0.4 1000 g 

P,=0.018 
0 2, 

A,= px A, =0.018x 700x 400= 504 mm 
s g 

:. use20¢l8 

> Design of the Reinforcement: 

S <16 db (longitudonal bardiameter) ACI-7.10.5.2 
S <48dt (tie bar diameter). 
S <Least dimension. 
spacing <16xd, =16x1.8 = 28.8 cm 
spacing <48 x d 1 = 48 x 1. 0 = 48 cm 
spacing < least . dim . = 25 cm 
Use¢l0@25 cm 
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(4.9) 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 (F4) . 

[Fi]. 
II Sections Plans 

41 (n 

! 
Sl"l' A-/lo fl Ol/fAJL 

SCALE1:20 

Fig. (4-11) Geometry of Footing (F4) 

(4.9.1) Load Calculation: 

Factored load Pu = 3844 KN (Load fr 1 
Soil weight = 18 KN/m rom co umn (BO-CS) 

Column dimentions =4070 cm 
Allowable soil pressure= 350 KN/m 

(4.9.2) Design of Footing Area: 

Allowable net soil pressure = 350-181-( '  
Area (A)= Total Weight/ S 1P 0.7 25=314.5 KN/m? 

01 ressure 
= 3090 KN I 314.5 KN/m? 
=9.8 m 

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

For the design of the reinfc ·d orce concrete b must be used : mem er factored load 

Pu= 3844 KN 

68 



2 

Pnet (factored) = Pu/ Area = 3844 /10.2 = 376.9 KN/m 

. B d on Shear Strength: 
(4.9.3) Determine the Depth of Footing iase 

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

o Check for One Way Shear Strength 

Vu =(3~5 -0.35-0.605 }376.9*3.05 = 827.?KN 
Vu = 827.7KN 

¢Ve= o.75 ✓24x3.05x0.605xl03 =1129.9KN 
6 

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

o Check for Two Way shear Action (Punching). 

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

sr.-4[»E\Era 6 9, 

+r.-4,4[,.a\Ts» 12 b,/ d c 0 

+.,-4l NE's a 
Where: 

Column Length (a) B, = -----~ 
Column Width (b) 

0.7 = 1.75 
0.4 

b O = Perimeter of critical section taken at ( d/2) from the loaded area 
=20.4+0.605)+2(0.7+-0.605)= 4.62 m. 

a, = 40 for interior column 

+r.-4f-2\6,4-.98f, 2,3 6 Pc 'lffc'o --6- l+l.75 *v'24*4.62*0.605*103=3667.8kN 
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=,,1·_!_(~+
2
) 'J:b d= O.?S*(40*0,605 +2)*✓24*4.62*0.605*10

3 
=6194.5/cN 

le a\6,fa [NJ 12 4.62 

«v, =4±[;'a 2 l9 %,44+4.s2+0.60s10 = 3423.28V.... control 
3 3 

Vu= (3.05*3.35)-((0.4+0.605) *(0.7 +0.605)) *376.9 == 3356.?kN 

Vu=3356.7 < ct>Vc =3423.28 0K 

(4.9.4) Design for Bending Moment of long direction. 

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

Mu =376.9 *3.05 *l.325*1.325/2 = 1009.1 KN 

m= fy 420 .90.6 
0.85 fc' = 0.85*24 = · 

, ± Muld_ 1009.110/0.9 .6,972 N/mm 
bd? 3.05(0.615)° 

p ~ _l (I _ ✓I - 2mRn ) 
m fy 

p = _l_ (1- 'I 2(20.6)(0.972) _ 
20.6 420 ) - 0.002372 

Asreq = 0.002372 (3050) (615) = 4449.3 mm control 
Asreq =4449.3 mm2 

P%% = 0.0018 

A, min= 0.0018 (3050) (700) =3843 mm 2 

# of bars= As/ As bar= 4449.3/201 = 22.1 
⇒ Note A<1>16 =201 mm? 
=> s<3h=3650=1950 mm 
=> s<450 

_ 3050--75 «2-24-16 
2s ·109.4........... ·• .. control 

take S=lOcm 

use 24@ 16 
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(4.9.5) Design for Bending Moment of short direction. 

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

Mu =376.9 3.35 1.3251.325/2 = 1108.3 KN 
420 

m = fy 
0.85* Jc' 

=--- 
0.85*24 

20.6 

, Muld_ 1108,310/0.9 .4.92N/n 
bd? 3.35(0.599)° 

p ~ ,!:_ {I _ ✓I - 2mRn ) 
m fy 

o= -a- py..220.,611.02), 2 0.00249 
20.6 420 . 

Asea 0.00249 (3350) (599) = 4996.6 mm control 
As,,, =4996.6 mm2 

P%, =0.0018 
A, min= 0.0018 (3350) (700) = 4221 mm 2 

# of bars= As/ As bar= 4996.6/201 = 24.86 
=> Note Aas = 201 mm 
=> s<3h=3700=2100 mm 
=> s<450 

g 3350--75 «2-26% 16 
2s =ll 1.4 .. · .. • control 

take S=lOcm 

Use 26a 16 
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(4,10)Stair Design: 

L=0.8+3.9=4.7m 
h,,, =4,95/20=0.235 
take h = 25cm 

(4.10.1) Load calculation:- 

❖ Flight dead load: 
• Tiles = 0.03*27*((0.33+0.15)/0.3)*1 = 1.296 KN/m. 
• Mortar =22*0.02*((0.3+0.15)/0.3)*1= 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 = 25*0.25*1/ Cos 26.57=6.988 KN/ m. 

Total dead load(flight) 

❖ landing dead load: 
• Tiles = 24*0.03*1 = 0.72 KN/m. 
• Mortar =22*0.02*1= 0.44 KN/ m. 
• sand =17*0.07*1=1.19KN/m. 
• Slab =25*0.25*1=6.25 KN/ m. 
• plaster = 22*0.02*1= 0.44 KN/ m. 

Total dead load(landing) 

=11.311 KN/ m. 

=9.04 KN/ m. 

❖ Live load: 
Live load for stairs =3 KN/ m 

❖ Factored load 
For flight =1.211.311+ 1.63 = 18.37 KN/ m 
For landing=1.29.04+1.63=15.648 KN/ m. 
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(4,10.2)Design of shear:- 

Assume O 14 for main reinforcement 
d =250-20-(14/2)= 223 mm 

Vu=41 KN. 
%[7;+,a 

6ye 'NJc 'w 
6 

¢Ve= 0.75 * ✓'24 * 1 * 0.223 136_56KN 
6 

Vu= 41 KN < O.Vc= 136.56 KN . 
>>>>No shear Reinforcement is required. So the depth of the stair is...... OIK. 

M o m e n t / S h ea r E n v e I o p e (Factored) Units:kN,meter aac aces, 
, 

:. ~-------~I 
2.34 56.7 

I 2.34 

, Shear 
48.7 

-41. 

40. 
46.5 

Figure(4-12) : Envelope Shear and . moment Diagram of Stair 

73 



(4.10.3) Design of Bending:- 

Calculate the magnitude of the maximum moment by using the shear diagram. 

Mu=56.7 KN.m 
Mn= Mu /d= 56.7/ 0.9 = 63 K.N.m 

fy_ 420 20.6 -~--- . m 
0,8Sfc 0.8Sl<24

= "'U'.:,b (1 - · 1 2l<1.267•20,6 ) = 0 0031·2
42U " 

-.As= p * bw *d = 0.00312 * 1000 *223 = 695.76 mm2 control 

>ASnn 0.0018*1000*250= 450 mm 
As= 695.76 mm.: 
# Of <ll14 = Asnq = 695.76 _ . Abar 154 - 4.5 > Spacing(S) = 4.5 = 0.212 m = 212 mm 

<380("©)-2.s+c. < 3oo(9y 
fs 

= 380 * ( :so )-2.5* 20 < 300 * ( 2.80) y 2 ;f;,; 

=380 ( 2®2 a%?-2.5 20 <3so+(9_, 
j 420 

=300 mm. < 330 - mm controlled 
<3* . h=3250=750 mm 
<450 mm. 
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il1Jse <1>114 @20 Cm.0 
Temperature and shrinkage reinforcement: 

As=0.0018*b*h 
2 

=0.0018*1000*250=450 mm 

Use 414 @30 Cm.: 
Check for step: 

<5 h= 5 250 = 1250 mm 

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

# 0f<l>12 = Asru, = ~ = 3.98 > Spacing(S) =1/3.98=0.251 m =251 mm. 
Ar 113 

(4.ll)Design of shear wall(B-Sh26): 

Shear wall 2-2 

• Material:- 
concrete B300 
Reinforcement Steel 

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

• Section:- 
t=25 cm .shear wall thickness 
Lw = 5. l 5m .shear wall width 
hw=45=20 m.story height 
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✓ Design:- 

■ Design of the Horizontal reinforcement: 

Critical Section 

lw = S.lS = 2.58m.. .. . . control 
2 2 
hw = 20 =lOm 
2 2 

d =0.8x lw= 0.8x 5.15= 4.12m 

V, =687.7KN 
M,= 7843.2+687.7(4-2.58) = 8819.73 KN.m 

y,AF,4 
Cl 6 

57 Y,=x0.25x4.1210° =841 KN 
6 

»,{Ra,N.»a 
4 4xL w 

Assume N = O II 

V = ✓24 x 0.25 x 4.12 *103 Ox 4.12 
c2 + --- = 1261 69 KN 4 4x5.15 · 

ffe l,. ( ffe + 2 x N, ) "85/# V, 2 
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(
8819.73,, _ 5.15) = 10.25 > 0 
687.7,, 2 

: .V,= Will apply 
\✓24 5,15(✓24+o)]x 0.25x4.12x103 =505.83KN 

vc3 = L-2- + rn.2s rn 

Control for Vc3=505.83 KN 

A» Y, ---- s, F,»d 
V = V,, -V = 687·7. -505.83 = 411.1.KN 

S ¢ C 0.75 

A,_ 0.0025 x b = 0.0025 X 0.25 = 0.000625 
S» 

S lw _ 5. I 5, 03 , S= = .a ill 
5 5 

S2 5 3 x h = 3 x 0.25 = 0.75m control 
S,= 250mm < Smax = 750mm ok 

:. Use10@25cm c I c in.both.sides.of.the.wall 
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• Design of Vertical reinforcement: 

.-'s 4s-[ l° 
[ ( 

~)( 2 x 78.5 0.0025)] x S1 x h A 0.0025 + 0.5 2.5- 5.15 250x 450 

A = 0.0025 x S, x h 
Vn 

2x 78.5x10 _ 9.2512 m ... control S, 0.0025 x 0.25 
I, 5150 S < _!._ = - = 1716.7 .. mm 

I - 3 3 
S, <3xh=3x0.25= 750mm 
S1 < 450mm 
Sl = 25cm < S max = 45cm ok 

:.Use10@25cm c/ c For the reinforcement in two layers (vertical) 

• Design of Moment: 

261.6 
442.3 
585.1 
671.8 
687.7 

1046.4
2815.6

5156
7843.2

10549 

Figure(4-13) : Moment and Shear Diagr f h 11am o s earwa . 
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•t ]8 am (18138-C): (4.12)Design of compose e 
v ' "in moan 

is " l)15 . 
I 

' 

i \ 
I 

l ++.60 
7W [ 

solid slab 32 cm 

: I 
I 

I 

I 

I 

I . I 

Ii ; A 
iii 
0) 

I 

Ii I 
I I 

C31 

I 

I 
CJJ 

~ 

I 
I I• t\ 

s. 
'T'  

I tit:
Figure (4-14): Composite Geometry 

Determination width of flange( effective width): 
Be=L/4=14.5/4=3.625m 
Be=3.6m 
Determination of beam section (As): 
Take be=3.6m ts=32cm Mu=2259KN/m 
a=320mm 
d=475/2+320 = 557.5 mm 
Mn =As Fy * (d-a/2) 
2259/0.9 = As * 345 (557.5-320/2) 
Asreq =61 in2=0.0183 m2 
Select Wl8*106 (A572 Grade 50) 
A= 31.lin2 = 0.02 m2 
d = 20.7 in =475mm 
Fy = 50 Ksi = 345MPa 
T=C 
As Fy = 0.85 fc bea 
0.02*345 =0.85323.6a 
a=70.47mm 
so the neutral axis in the slab 
Cc= 0.85 fc *be*a 
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Cc = 0.85#32360070.47= 6900.4KN 
Ts =As Fy 
Ts = 0.02#345 =6900 KN 
Mn= Ts (d/2+ts-a/2) 

= 6900(557.5/2-+320-70.47/2) 
=3888.25 KN.m >Mu=2259KN.m>>> Ok 

Mn = 0.93888.25= 3499.43KN.m 

Connector design : 
Select MC821.8 
A= 6.7 in2 = 4322.6 mm2 
d = 8 in= 203.2 mm 
tw = 0.427 in= 10.85 mm 
bf= 3.5 in= 88.9 mm 
tf= 0.525 in= 13.3mm 

o» =0.3«r-+o.st.,re 7E 
Ec =47f€. 4700/3z = 26587.2MPa 
Assume Le = 300 mm 
Qn =0.3(13.3 +0.510.85)300%/32 26587.2 
Qn = 1554.45KN 
Cmax = 0.85fc*be*ts 
= 0.85322000320 
=17408KN 
Tmax=As*Fy 
= 0.02*345 
=6900KN 

N = Qn = Qn which smaller 
N= 6900/1554.45=4.4 
Use 5 channels per half span 
Qn per one channel= 1554.45/5 =310.9 KN 

Welding Calculation : 
Type of welding is fillet welding 
Select a= 10 mm 
te = 0.707a 
= 0.70710 = 7.07 mm 
Shear action : 
0Rnw = 0.75te0.6 Fuw 
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Fuw = 70Ksi = 483 MPa 
Rnw = 0.757.070.6 483 
= 1,53kN/mm 
L= On/ ORnw =310.9/ 1.53 = 203.2mm 
Perimeter of channel= 2*300 + 288.9 = 778mm 
The welding is for all the perimeter. 
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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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TABLE 9.5(a}--MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h 
Simply One end Both ends 

supported continuous continuous Cantilever 
Members· not supporting or attached to partitions or 
other construction likely to be damaged by large 

Member deflections. 
Solid one 
way slabs e/20 e/24 €/28 €I10 
Beams or 
ribbed one 
way slabs €I16 ¢/18.5 e /21 € /8 
Notes: 
Values given shall be used directly for members with normalweight concrete 

(density we = 2320 kg/m) and Grade 420 reinforcement. For other condi 
tions, the values shall be modified as follows: 
a) For structural lightweight concrete having 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, 0ther 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)
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TABLE 9.5[b) -- MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
Type of member 

Rat roofs not supporting or attached to non 
structural elements likely to be damaged by 
large deflections 

Deflection to be considered 
Immediate deflection due to live load L 

Deflection limitation 

t/1a0' 

Floors not supporting or attached to nonstruc- Immediate deflection due to live load L 
tural elements likely to be damaged by large 
deflections 

t/A60 

Roof or floor construction supporting or That part of the total deflection occurring after 
attached to nonstructural elements like~ to be attachment of nonstructural elements (sum of 
damaged by large deflections the long-term deflection due to all sustained f------------ 

. . loads and the immediate deflection due to any Roof or floor construction supporting or additional live load) f 
attached to nonstructural elements not likely to 
be damaged by large deflections 

t/A80 

t/A0 

• 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-tenn effects of all sustained loads, camber, construction tolerances, and reliability of prc,,isions for drainage, 
'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 lo occur before attach, 

ment of nonstructural elements. This amount shall be delermil!Gd on basis of accepted engineering data relating to lime-deflection characteristics of members sim ilar to those being considered. 
t Limn may be exceeded if adequate measures are taken to l)l'e1ent damage to supported or attached elements. 
§ Limit shall not be greater than tolerance provided for nonstructural elements. Limn may be exceeded ff camber is provided so that total deflection minus canter does not exceed hm1t. 

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS) 

9O0 

- 



f).t JJ-• ~~ J~~~ .;J.l . . -- ~ c.s- C,.Y 
s1.J0 j-! ',,I- • ·L,.,

·S' y 
f.(f Jw.,;,~~ - 

I ,')\:,>- ?6 .... 
Ii,,, 

' 

2.7 3.0 •• fi;!,I :. ~ s J es't5 tU- . .__,....,...,,,. » 4"Sa ..... ~~ 
'tu- 

~ 4_!; L_JIJ::11 ,j _;, % 3ll La.t '. \ I ·w, .., .,. ·,gt.I,,,. - ., ..,-. 4.5 
I 

2.5 
• ...,.,:S -~ ~~ • .,;;;,A...l<J\ I add . .._ - _,, 

I ~~~- U-l1J.1 J _ _;, .A$ala] 4.5 I 4.0 '-,. 

I .s,5 
1.8 2.0 • ..::,,•U st z' cl 

.,;A b,sh, .2SI ...j J,. 4.5 2.0 • J' ,.. 

,wl • ._ti.1 I .,. 

-yr, ' - • . .,,r--r. .... ~.'i_,,,i _. __,s.. 
.... • J 

1.8 2.0 3 • ·'•I .J S 4 - I :"' I ., 

·.t.' ~...-.. ' - !I-.~ ~ .... 1 

- ..... 4.5 • ..:,,I,.: J ~::11 , ... 
' s-7 8 ' 1 ., ., s ? 
..r-1.;. ;-'t!ki~ 

• ~ ..,JI..., ~ 

- 
91 



SJ'J+' I 

I 

+-h I 

I 

·$' I 
"-' ! 

i 

:1 

j 

7.0 

.:.,.,. ~.-:..• _L<J 4.8 

1 .:.,i ,~_ '..t ,_,.;_;jj,;. W ,( ~ ... -; '-- -, 

.(10) ..:..~ fa- ~1 

7.0 

J A.2a9 I.)"\.,:, -- ?\....&. 
2.©' _,-.<6 ..:.,Sl .. 1 ~ .,_--.JI "l; -- ..... W'gt 
~L_...;:. 1;;, < ±C ..;..,l,: ~ - 11.: -4-Jell 

.,....._ a -- 
J -- _,-_;1..UI,: ."¢ __ .....:.,. ·46tu 

,,,., s::.,; . ' .1IS, • -.:::..,,, -·..C - ~ .&- ~ - ~ .. 

9.0 

I 

I 

I 
4.5 I 

I 

9.0 I 

I 

! 

3.6 

5.0 

5.0 

5.0 

4.5 3.0 

2.7 3.0 

L.---.u..------~--------1..---...JL---- 
92 



...:.,L...5 .):-11 ..,L-..,.1)1 o,6 ,:>j..,.. I\ - ,e i\,JI 
J., ;,.. - .1_,....-l. l• ..;..,I ' :. - '. all J \,_...,, ,.., - 

.,)IJ.I .:,__,. ..::...)\..::)\ t__,.:.ll .j :}__;J L.S ...:.,v' >1, ..:.., Li 1 _...-:;J.. 1 '--1"'..:I • 1. ~\.!,l,.J 

.~<....JI ...:.,1 I 11 ..:.,ti ~11 • ..:..,l,,K.h) ., 

....:.,:~..'.)_.,:) (''--.b.11 6e 
-1~..:W'1 ~-1_,:;...., ':)'I 

zueS, L..:.l~U.I • ..:..,l_,...11 ...,; .., 

...:..,1.,......11) ,sS ..:..,l.b.....,. s ._.., 
..;W,1 ,.,. jl..::ll :. _,.:.ll ,j :J.,;J ~ -.,)WI ~"': ;;.L,,_,.l.1 ~_.I.I - - - "--- - 

.~<....JI 



..::...,~ .J=. 1. L_...,.. 1_,1 1 eo, - _ ----... ., .., ..., 

l/""'\,11 < io. • - ol,,___.t1 • <"·lztz..lt, 4-J, 
, 

J '-' .., ..)L:11 ..:_...- ..:.Jt::J1 ;. • I\ .. ~~~ w- ..::...,L,. l -I» -.:.., ~ .: .,--=l I <..7" .,:I..L__J I J e, 
"-_,.... '-:? 

-~<--i1 -.:.,I ! I J -.:.., ti .,-!-_JI J • ..:..,lJ~.ll1 
., 

~~~.)J ... L.t.bJ, J .;&- .: I 

• J~ ..:WIJ ~-I_,:...., ~•1 

-sST, i=JUI ..::..,1 .,.-t.1 ~.,,, _,; - .., 
..::..,1 ..J.1 • =,sSyi ..:..,l..h..-;J ., .., s .)WI.:_...- ..) l!!I '- __,JI -~ ~ .. w- 

-..)WI l>l &5II '- '-:? ..,.,, 
✓-'"': 

.~<....JI 

93 


