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

for Sciences and Humanities College in Dora in Hebron city . 
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person. This building is a reinforced concrete structure, and it was designed according to 

the ACI-318-08. The project contains the structural analysis for vertical and horizontal loads 

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

• Ac= area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• As= area of non-prestressed compression reinforcement. 

• Ag= gross area of section. 

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

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

• b = width of compression face of member. 

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

• Cc= compression resultant of concrete section. 

• Cs= compression resultant of compression steel. 

• DL= dead loads. 

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

• Ee= modulus of elasticity of concrete. 

• f,=compression strength of concrete. 

• 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. 

• LL= live loads. 

• Lw= length of wall. 

• IM = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 

• Pn = nominal axial load. 

• Pu = factored axial load 

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

• Ve= nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 

• Vs= nominal shear strength provided by shear reinforcement. 
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• vu = factored shear force at section. 
• We= weight of concrete. (Kg/m). 

• w = width of beam or rib. 

• Wu= factored load per unit area. 

o D=strength reduction factor. 

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

• £,=strain of tension steel. 

• Es= strain of compression steel. 

• p = ratio of steel area. 

XIV 



CHAP TEE 

ONE 



4 t.1A.All dsYl Jail 

J.ill~I 

.l.o.a.JI ' . ' 
..9.-l cilas] '. y 

.8.9%l) Also ' . ,. 
.t.;µI ~ .I.J~ '. £ 

,4ala.lasll ' . " 
.€9-) dse '.' 

.t.;µ1 ~I~ 1-F.-l '.v 

1 



¼:}I c)A .ll...);! l... .)c. ~ uli..u)'I ulS ~ ,~~I J 4,:-)L.. ULS.:i O_»,U;l J ~ 0~ r.lill <.} ul..u.i)'I 0~ d.i 
~ .J .J~":/1 JI.J._,I c)A J , t:i ~ u ~I c)A kil .t_j\ .'.lJ , o~ .)J 4..1 y,- _,J J.,.iLuj l ~,._,b uc .JI ,U~4 L..J ~ 

w\J_.,- c)A ~ L..J o~I C" ~b tly.o <) ~I uli..u)'I ulSJ r)U;JI w.a 'Y ~ ,~~ u.....tl l (JAJ, 4~ ul~ 
Cilsiua . . - 

<.} A..i....JJ~l o...i~\.jhl ~ ~.'.l.J , ~ ¥ .J_;b:ill J ~)4 o...i'\l=-, ~I ,ul..u.i)'I ~ .>4 ~I ~I o~I o~ ,A 

la lS Sf='ills s/dls us# s cl6Es tel,is YI ss le!as s @ilis» y3·\Cs as'fg a9 5ls l _stlA» 7its 

.514 5ls c)39s &s ,lilll Al) zs, 

y y.11 ~ ~u "-;Uc J ~le 4,j~ rlJI ~ .l§ J , _p. ~ ~ w.a .)_;b:ill.J ~I u-1! ~ JA J r.lill ~ uli..u)'I ul.S J 

0~ UouiUI ~.'.) ~J ,~WI i.} ~I w\ .. ,.J;,,-11 .)c. ~ rlJI ul.S ~ 'r~)'I ~ t.JY. iis Cyahaall 

r:i O~J ,.bis~ 4 • 0 o:> 1 ufi:jJ ~ ~I AJJlj,, ~ 1-.\j\.l,i f'J;! ulS <)SL.I ~J ~,.;i, ~ L, u-1! .)µ ~~' 
. yla .. llJ ~4JI wl.uilyll ~ u-¥i <.j.'.l.11 vil.ui\rl o~ 1.1.iyl i_} ~l ~I vi).i.JI ~Li, 

. ~Li'ic.l " .. .&. -~ • I J I , Lb . I , Lb . . .(-:-: ~ 'Lli.iYI ~I , " ..... I\ • • , U"1 <-i , '--J_y.u.a ..r- J c..r _µ,. J J ~ J J ~ .J ~ U"1 u..,....... ~ <-F • r ~ '--JY,,-, ~ 
(.)"' ~,~, y.olk.ll 0~ ~ r:i W"'J "-:!.Jl-.JI wl..hb=-..JI C" ~ ~ .J~IJ o..l.4C. \rts "-JiLli.i)'I y.ollxJI e:ftj.fJ ~ 
~ts:i.o '- .. ..:. 11 J;..I · ~ 4...Jiw:il l luLli.iYI wl..hb=-..J I · ' .. · wl.uil.ui\rl .lei :.:tt.i 1 .-:~1 wl~! L.J~ ~J~ . U"1 J , , , . ~ ~ (j<IJ J ya. ~~ J 

~ ·'·I! , ~ J 

2 



dsYl Jail ) 

U"' >-"'l.WI ~ i;l.t.i)'I ~I ~ ~ , 1.JJj 4-i;..l.<I c) ~ ~Llu)'I >-"'I.WI ~ J~ ~I .JJ.l 

~I tA c_>a.)W; ';/ La_, ~u.JI 04} i;l.t.i)'I cijji.11 tA ~~ ~ uluilui\11 .., ii~\11_, .)-.,=,JI .., ulb~ 

.. ($.)t-..J 

~I.J~I WI U"' ~t.'.ill.J J_,';/1 ~I J~ J-jl ~ ~ ,.bi! ~l.t.i)'I ~WI ~ t.J.;Ji.JI 14! J-jl ~ 

.~t.'.ill ~I~ ~y:,.:ill t.Jfo _, J_,';/1 ~I~ ~y:,.:ill t.Jfo ~~ J~ U"' r • , o_ r • ' £ 

Cilalaal) 1,0 

. (ACI-318-05) ~I ~Lli.i)'I ~L...:.:i.11 c) ~.;.a~I j_,s.ll jL.i::ic.l , 

(Atir, ST AAD pro. 2008) ~ i;l.t.i)'I ~I_, ~I ~IY. ~l~I r 
.Microsoft office Word & Power Point J'.i.c LG..?-1 ~IY. r 

:~ J J~ ~ _)c. tJ.;Ji.JI I~ r.jfa,...; 

...±\so\ s ell Al£ta , '@a4All@2si1 Jty; ls! daill -1 
.t.J_µ ($.Jt.-.JI u.-..,.11 ~ : ~WI ~I _ r 

~. - 11 4.JJLli.i"''I LW1 u.- . 1 .. • • .. 1w1 . 1 :11 r -~ ~ ~ >-"' .., ~. WJ ~ - 

.~Llu)'I >-"'Li.,JJ i;t.Ju)'I ~I.J ~I : ~1_;11 J...,..i.ll _ £ 
.uy....oji.11 _, ~l:illl: <.J'WWI ~I _o 

3 



dsYl Jail] 

~ I.?.-) <!:"' t.JP' ul.iA. I <!:"' ~lji .J '-:!.Jt..-.JI ..r'~' U"' ~ U"' ~l:ill ~ .J '-:ut..-.JI w~I 4...il.J..:i (, 

.±es u! s. a3l cai) dlS] s lg,le &a 30 8 3\aa all 9,5l at$ 

~ yl..-c. \II_, .J~I_, o.w:. \Its y..::.l.kll o~ ~..Jjil y,..w\11 '-:Jl\rl_, ~ J..ifi.JI ~Llu)'I ~I.WI 4...il.J-l ('\' 

.u~YI J,..~ _, '-i..:il...a:i!")II yjl;JI ~_, ty..o..,..JI ',f.Jt..-.JI ~I<!:"' i"~ "x 

~ .1.uJ\ ·~ LH J 

4 



CHAFTER 



• 1...a iiA ' - y 

.9-ell e @ale Zs.l f.¥ 

• tJ~I ~.JA r - y 

.€9-l 5els eiag £. 

• ~~l_,JI o_ Y 

• ~I.WI .J 4-S_;:JI ~.J ,_ , 

.~I.WI V-Y 

5 



5!l ,sill Lary'l,NT ll 5ls y/st» ,+ cl? £all ss 503 a! ,+3 afell es9ll el 5 3tel yia5 
Li~ ,~l!)I .J~ u,i o.J~ ~I u-!J w~I o~ 0,-i y,t,l_,.JI o~ JwU ,o_;.bl_,:,. .J ~1_,.J uWI 

_4-µl:JI ~Io~ J4 0-i .ill\ ~.J 

6 



y~, J.µ6..11 ~ y_;c y~, I.JJ-l ~.l.4 c) ti~~ c) u,c) u,a y_j:;,. _y, t_,_;Jwll cJiWI ~_,.JI 
.=) ch+= ±11 a/YI&%A5 555 Ry 5l @a,%l 

7 



: ~y.l l .J~~ 4.4b.ll 1i_;y;JI 
c,,.9 ~1....u ~t.-.J (_)IWII c.sk ~~~}·JI~ .)_;tl ~Luil ~ ~ ;1 ~ t.il!)t ~) .Jl#--1 ~ ul 
J..,\S:ill ~ "UIJ.?-1.J t_,_;Ji.JI ul..i~ ~ ~ c;:ill ~I~ u-lJ t_,yt.JI ~J:! ~ J) ~J 
:,--a5ly59 giiioal gay/ 3l4Es@le iRag» Alis5 las, e'ls sl sill • 5#l 5l3 

__»i"tiJ , rk ~ ~1~1 ~ 4uul4 ~}ii ~Yo luil.J..:i.) ~ c.;:ill '-:-1,il;JI .JA : t3_,.JI '½,SI.fa.., 
. ~}ii '-:!!I.JC~J tu.JI luil.J..:i.J, ~I ~J c.sk t9..,.JI 

-~ _,.Jl '-;!..:i)A.11 ~ _;ill_, 4yuJ',)I cj.):Jl luil.J..:i -½,9 ~ c.;:ill '-:-1,il;JI _y. : ~lyJI ~- r 
.J~I U"' i,r"\illl ~Uu.1I c.sk 4,.11_,:i:,.1 ~ U"' ~}ii ¼b uc t!i~ c.;:ill '-:-1,il;JI y, : ~"\ull .:-1..b.iJl_f 

utJL.ij . .J 
las,l @Sr c &eti.a 33ls'ic less®s cay}l&hi) &ls al ,all @sys ; @ks l all al£ 
~ll:JI -ll_yo ~~J , o_jLluJ ..llyJI ~I c.sk lA__>.µtiJ ~}ii~~ ~4.JI o~ _>.µti ~J . t:JI ... 

.'5! 4sli5 yl9 Rhys al ,l) s Ra5fall 

: CYJI .J ~I 4Sp 'i'-r'-'i' 

~ O.Jly,..11 ~Lb.ii ..l_yy ~'.J' A.!4,.J ,~ o..:i.Jt.i C½U t.,/6.J ¥_;JJI 4.;!ll.utll c'-:1)1 ~l 1.JJ..l ~ ~fi 
~_,.J T_;.l:,,h ~_,.6)1_, .Jlb...'14 ~CY.JI/'-' ¼.Ji.ll ¼~I c'-:1)1 ~J ~yui L.iS ,~yJI ~\.lJI 
U"' t.i..:ilill c'-:1)4 cjytll U"' t.i..:ilill ~ ~J, ~b ul)~~ i"~J ~~¼~I cl:l)l u~ c.}l.fa.JI 
A.Ab L ~..:i.JI 1- .. L.iSd.Ab ;/ ~ 1 · · 11 L .. ~I , l..ib..w.il -~<I 1. L-: 1.-: • • L · tt•: .. : u .!. I\ . c .. .J .. ~ YfJ . ~JI&' ~ • • J--' ~., ~..,.,,...J (.),4 ~ .'..)-W 

.c1:1)I ~ _;.:,..1_,I c.} ~WI cl:l.fi 

~JJJ ,~ Yfa..;,o 4-91..b ~I.A ,~1 J¾b.:i ~ ~1 J..,1yt,11 U"' cl:!)I., ~1 :i.S~ t...i,.J..:i ul 
.;,iSI ~ J~I ~ 4u ~J t.,/6 ¼.Jill A..iblJI U"' "--;lb t91_,l1 t_,h..ill U"' 'U:!b t-4 ~I 04,..J u-4,Jl 
~ _;#. __,Ji\:; CYJlJ ,o.illl ~I 4-9'1..b.ll ~ U"' ~IJ ,..:i_>:1}1 r'-:11 ~ ~I 4-9'1..b.ll U"' r:fi.- _J..l! 
cu)! 5 5el» c9#0,114590 USel/Cle Kill;s ·els 'ee isl e ar ye# 4,all 

4.J .. -:lw~l-••·--:1\,b > .I. le=-.~.-:.1 ~--'I 1- ... >.I\ . ~ . ~ JY-'l ~ ~ .. ("";" ~ ...,....... ~ .J 

-:~.jb)I 'r - f - 'i' 
lA_;i..,- ri-.J I.J.J..:i tliAJ ,~ti.& _;.bl.a_, J.ii-J ~ .JbJ w4,. .i\_j4 W.J1;l c.;~I ~ t~ y~ I.J.J..:i tliA 
csYs» Cl 3lsaYle Sly Lui Lal eels cal Ce ally 593ls @6ll csls sells ca±ll Ge6 Cely 
I ..l . __j \..b.., 'JI · 1 u.i.:.. · u~ 11 ~b... · ~ · .. .. -:11 A...13I .!. • 11 A..iblJI ~ tui A.::i w.a .b.91.uull .JJ ..;- .) u. .. U:-""""' (.),4 ~ ~ c.r J .. ~ (....}U;!.J . J 

-~ (rl.ci i •,_£••)~La CJl.fo 

8 



o,41 ',$.JL-.JI ciJ_,:;.ll ,liJ~ 09ly, ul~ li~ ~).a uc, li_;4c, JAJ , ~1_,b ~ 0-.a tJy.t.JI ufo 
. tJ_µ ~Lli.i)'I ~I~ ~y,.....o ~J <.SJI 11\J ~1_,hll ~ J.iWI r:,c, J ~4 ~ 09ly,ll 

-:3-93l 5All 1.¢. 
• v r 11886y _;.l£i ~~ (rOO. 00)y ~ 

yW')I 4-c.li , \:i_>.!lglS , u~~')I 4.!_p , ~l_;J u~li, c.::i4ll.hl.l J~I 4-c.li 0,.a ~};1 ~Lbll ufo 
~ u\..,.l:i., uJ~, ~4~ u_;c., ½J,l1.i...i , JJ.J~ 4.!_p , 0.uWll 4.!_p , r.J:lY4 4.!_;c. , ~4.J 

. ·la Cl9930 cacbaa <<lgl c A±la Rslu Cl5ls cli@ 

.~}ii ~lla.U ~'JI .bl.....JI :( Y -') 5yya 
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-:0980 35Al r.£. 
_r r 119511.:-1 .Jii'.i ~~ (r 5.60) 1.:-1_,...u.., 

uy_,...;-j ub.lfal, ~ ul..i~, .Jl.l:,:jjl W_JC , u\d.,,:i.;,.14.!_p , ub...,~1 ~ <JA J.J)'I l.iilhll u_A 
4-!~I '-:.lJ-1&, r'~~, o.l~ 0j~ , ~)\.;..i~\· uluil.J.l!I.J r-i...fi.11 01__,ill ~...J.l'.i J,.ik..a , ~_;.l'.ill ~ 
~~~, r..,WI ~ ~...J.l'.i J..ik..a , 1.;-WiWI rfa ~ ~.J.l'.i J,.ik..a, r'~~, o.l~ uJ~, 4f•i\l 
0~ wl_J.J.l' ylJ~I ~Li'~~~ u_p, Jt...c)tl o).ll ~ ~...J.l'.i J,.ik..a, u~y)I ~ ~_J.lJ J,.ik..a, 

. lsl@st» a6baa·<lgl c 
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-:,85l) 5y0al] r'=.¢.¥ 
.\ 11951Y _J.l!J~~ (rl0.40) Y~ 

1.:-U~ , F-~I ~ ~~ ~t- , ~I__, ~I .)_J\_,.JI ~ ~.J~ ~t- lY' ...,-i\:ill 0,1\J:JI ufo 
'-:ut:i..fi..JI , ~I ~ , ul..i~1.., o.liWI uy, F-~ YI ~ ~.J~ ~~ , F-Y..>.:9 ~ ~.J~ 

, ~1.)J , ~L-.a , ~ o.)yc., 1.:-,U~, '-:l).)'j\ ul..i_,k.JI ~ ~ ~.)~ J.a~, "-1..,1.l.4 LI.JC , J.l:.:ij'jl__, 
.c9»ill ,ail 49 f la ¢ Cols Lais! @s ye 

- -·--- - -··---- 
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-'ill Jail 

.\. 11951Y .J.l5J ~~ (rl5.20) Y~ 
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: @lyth@g4/gll 1-9.-¥ 
'-:u~I JjSJI e:;i.J.fJ ~4.J, ~ ~)I J:,,...wl ~ A .J 

El,EHT10, ( I) 

• ~~I ~l_,JI :(7- ~) ~I 
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:4.i.JJI ¼-?1-J,ll y _o_ y 
.~-,I ~ ~~I J:iS,l l ~ _, ~ <S-P-1 Jil~ ~ ~ _, 

1 ] " --=_j__ ~,.__...;--~ ~ ,----,- 

.... i 

• ~_;JII ~l_,JI: (8- Y) ~I 

ht\•1 .. 1 ,t<l'tt 

±==± « 

EUl.\1'IO' (:J) 

• ~_;JI ~l_,JI: (9- Y) ~I 
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· ¼~I 4#l.jll 'f -~- ~ 
~ <.Sftl J:,..l.1.ci ~ ~ .J 

• ~~I ~1,Jll: (10-Y) o_JJl,a 

~tu fll-m: O;._ .. u;.;u::. ~uu roL --~~ ~--, -~:~~; -,.o,.• ~~··_--,__,-.R._ 
2JL.,.-_ ,-".,- .... -., .. -..,,.- .. ,.-.,.,.-1,.r"_J"=",=,"='":::"=",,,_,.:i .. =--=J:==:_-_-_-_-:,_-;:_ _L I _ _.,. 

_n,11:1:.c11:i::1.:1-:11·n·uu1(t;fc-:,.c1:u,1"tcrr,1u,,;.te1uiu,,,cr.uu,.1L1,,.,_.u:.,ui~l•..u~,,~1,J.J.>>•••n>.1l;>1n111n1n111Hn1:11r.1.- 

~ ':::: ·- - - -- • I[ 

= DGetr.ceu11u 
r: CI: f Cl t 3 J :l :l U 

e 
' 1 1 ~ Jr : 0 C ti C C C 
11114414£ 4£ TE 

____ i 

J§[Ji Dn fi ill [ {== ltHH ftm, , . 
EI .. E\'ATl(f\ ( 2) 

.si) 34905ll; (11-Y) 5ye 
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• ~I ~1-.,ll: (12-Y) OJ_j,W:I 

ELEV ATION () 

• ~I ~1-.,ll: (13- Y) OJ~ 
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-: diJ±al] V. f 
: w1.A.b.l~I ~ ~ ~_) J:,,.1.l.ci.J ~.J J:,,..l.ci ~ t.J~I i.;fa,..; 

. wlJ,:l.ll U!_,-a '½fa. ~.J;l ~ rWI rl~:')IJ ~ ~)I J:,,..wl ~J ~~, ~_ft.II J:,,..i....11., 
. ~~ J:,,.1-l.4 ~J ¼_,.i;JIJ ~~IJ ¼..ft.llJ ~_;Jill ~l.i....11. r 
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CHAPTER 

THREE 



l!Jl!UI ~I 

f4M 

• ~Wu"il rJ o. o'ill u.o u~I ~ _ r 

• ~Wu°'il r:1 o. o'ill J=.IJ-4 r _ r 

.J\syI £.r 

• ~I ~I.J~ 'ii o _ r 

• ~ 4-J_µI ~Wu°'il _;,w:11..4ll "\ _ r 

• J.i.4:UI ~l.;i V - r 

. \ts! ,5Sil$±All ,4\lit A_t 

.y;i-,bll ~1-..H o__ r 
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l!:i.l\!U I ~I 

~L1tJI y-,,=,Lk.ll ~1.J.il ~Llu)'I ~4Jl Jli:il'il lJA ~'i 4_,t.-.JI ~Ull lJA t_,_yt..JI ~ly A: 
<3) \gs lill @is9 igall ,le @lalaall llasYI @sl» l9 ,y Ce dif ti.as lgi.ass 

. tJyt.Ji <.j.l~'il ~4JI <r'lj,!J uLa~l w4lhi,o ~ ~ ~Llul ~ 

¼U olc.ly_, o.)LluJ .llyJI tJyt.Ji 4,uiu.JI ~Llu)'I y-,,=ilk.11.J~I ~Llu)'I ~I~ L.iS 
-~:ut-..JI ~~, ~ .l:a9h.i_, ,u,ai ~I ufa ~ ~1)1 ~) ~ IA \Jgj"j 

- :~W:u~I f ~ ... -iill WA 66~1 "< - Y' 

J,al_,.JI_, ul-lAI \II u,a ~ ~ ~ ~ ~I ~ ~ ~ Uci~ ~ ~Llu)'I ~I 
-:,ill gel lo ,A cale9I sis5 cRia ssh eiell 5is; biisy <95l gl cy» cl 

-~' ~I wl..);!i:ill ('JliAJ Jl_p. ~I~ c} u,ai ~I ufa ~: (Safety)ul.a~I - ' 
.~.l~I ~ Js~ l.Ju.Jl c,La\11 u-a .J.l'i fi.l ~ ~.J :(Economical~l.....:i:i.9""'11 ~1.., - " 

~-1ii91%,Jl ~ .l~fi Llil.JI c} ~ ljl ~ :(Serviceability) rl~'il Oy~ u~ _ f 
. ~I y; o ,.; ,, ,, o '3:1~ ul ~Ll LJA ~I .b ~I t l~i ~_, 

Ll.Wl lj.Jl-..JI ~I ~ ~lb.11 - t 

-:-@ill gal Jelg» '.r 
· • ' ' • .. -:L 'I 'Llu"I -•-· _-:t\ · t. 1 ~, •.c: -· • ~..) (..);:-'-='- ..)A (.S'. ~ , ~ (...p. ..)A ~ ~ 

-: c)Jl"JI ~_yll • ' 
cos &sgil @it>yly Aas=s 23-0 @ls s Cs &3-al0 70 991 @l al ,,A s 

~l,,,i'i\ tul.Ju"I Llb:i}\. I - "'t ..... _It l.A.l~\ ' u -:11 Lul\ .l\ ~ , ~I ~I , , , ~ u-=- ~ J~ ~ ~ '-F'" y • Y' , J • ~ 

. .u..i W.foJI ~_,\ii .l~\11_,, rl.1:...i.111~ 

:~L:UI ~~I • '< 
ti c;.:ill ~L.t.i)'I rl.l;.ill m.., '-':!9.l_J ~ ~' Llil.JI ylj~i (jA y_» JS.l ~L.t.i)'I ~I c} Ji,.i:u 

· t. · li:i ~l)I wlc.~I 4..ii9)'1.YWI ~ · A..l A...e ·:)ll\ tuLlu"I · t. wll · 1 - o Li:i.:..I ~ J , J , ~.) , u.e ..) , , ~ Uo='J .), 

.c:lei) s 3yif 
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cat©i) Jail] 

-:J~~I t _f 

-:~ ~ ~.J ~ t'~' u-lJ ~I ½l cfaA c;JI Jb YI~ 

-: ~I J~'-JI ,_t_f 

04 ,¼l.:i.J t.ub O_J~ ,Llu.JI 4-1A ufo ~I ~)I y..:,1-.Wl ~l~I uj)I u=, ~U.1I Jb YI~ 
wls~j .Ji 4§Ji~ Jw:.i c;i.J ~4 ~bll c1,I_,ilts ~~j i:-1_►.Y 4.9~)'4, ~_,.JI.J )~I ~ 

Jl_,.JI wls~.J ,~Llu)'I _;.-lJ I J~l ~ J)G.. 04 ~l....i:.. ~.J ,~I ~ ~l.:i.J ~b ~ ~ 

. t.J_µ, ~ 4..a~I JlyJ} ~ ~I wl.900I ~ (, - r) J.J~I.J , .d..l 4J fi.JI 

a±iil) @it&t] 
Ax±i"3aal) 5al.al) ~_)I 

(kN/m3) J, ,,1, :;~11 

22 o _Jl.,.,::iill .J 4J _,.JI 1 
16 ~)I 2 
25 4Jl....i_fa.l l 3 
10 y_,.b.l l 4 
23 .lxl0 .5 

kN/m2 1.5 = (Partition) ~!_,ill JL..::..l 

-:~I J~~I V - t - r 
, o J6..?. 'ii ,~l.:i\1I ,~~\its o ~ o .J~ ~ _,.JI.J )~I ~ 04 .):!i:i:i c_iil l Jb YI ~ .J 

~ ~G. J.JI~ 04 IA)~ o..:lk. 1:..):! .J Llil.Jl i"l~';/1 ~ ~ Jb \11 II~ A.4 ~.J , wl.la..JI.J 

.~.JYI ..:i..,~ll u-lJ t.»)4 0~1.., t..,_µ1 ~ ~I J~ \ii~('" - f) J~I.J ,~I wbfill 

a 
I - 

! (k 
I 

\Jell ] Al±i.5'l Ash ~_)I 
N/m2) , J, .. l,ii'l!I 
5 ell<h 1 - 

(ly\1I 3 2 - 

20 



l!Jl!i.l l ~I 

wl_)6.}I Jbl.., clvl.., e::~ts Llu.JI ~ ~ ~I ~I wl~I ~ ~ ~I Jb \II tW'i:i.., 
.., ,c,;ft'i ~ LJ-GJ 11~":tl.., _;1-li..JI ~ ijA ul:i.:..:i ~.., ,~yll .hi.....c uc, 4:iull Jb'il.., '~.J'il 

-,) 6S A 3 @sJ asYl » le je \ 3lie CS,y 

:c\)ld\sf 1-r.£.r 

c,;~I cl:i)I 4.c. y.,i ~ JWc. ";II ti cl:i)I Jbl ~~..,,~1 ~ ~I c,;.fo. .)y cl:!)1 Jbl 
~ Lll.JI J 1 ~ ·UAJ ~6..1 .. · W · 'ii - t-... · Lll.JI c. ill I ·.. ·.... -:11 ..?.-J.., ..)A c.r . . ~ l,)A '.JAJ ~.) c...- UC- ~ .) ~ ..):¾'U,l <.?'"' 

.sAYlilyiial » ylls a@ii slff+8· ® 
~ ~ I~.., , ~':ti clvl '5~ ~ u1:, J~(DIN 1055-5 ) ~W\11 J..,s.11 JWc.l ~.., 

-:,l Fa=3I (-T) A3 dss! +\55al±s c All @bsta all s 

Height Above the surface( m) 0 to 8 >8 to 20 >20 to 100 >100 

Wind Speed (m/sec) 28.3 35.8 42 45.6 

Wind veBocity Pressure (KN/ 0.50 0.80 1.1 1.30 
m?) 

DIN 1055-5 ~W'il J_jSJI c>, IJ~I cl:!.JI ~.J ~_.,..., ( r - r) JJJ:J. 
y2 

q = 1600 

~ yy-ulo LJ-G JJ::....o t~) u1:- cl:!J.l ~W;!Jll ~I (wind velocity pressure) :q 
.(KN/ m?) {=-! +>YI 

. (m/sec)cl;).lAr;a e•l14.c.y.JI: V 
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c!Jl!i.1 1 ~I 

- 
q=) 3 l.·Nlnf ,- ~ 

a 

- - ,_ 

"' 
q-1.1 eN{moo - 

- - 
:..- 
'a 
g 

- 

q=0.8 kNfrti ~ 
I - 

q=0.5 kN/m' ~ ..., 

2 Wind velor-it-u 'f]'reSS'l.L-.rre q(l.:N /m·) 

v. 
v. 

Large 

city a:nter 
Open 

Suburban area terrain 

DIN l055,T4 
Wind Speed 
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eat't ) Jail ) 

:€3-!'IJa sf r.r.£.r 

r1~4 u.~.i:.,j fi:i_, , ui.JI ~ u1:- _, , .HI ~ uc. .:w..w1 t \J:i) u-1c- e::.,ru1 Jbl ~ 
LJ'll..ui~ wiwll ~ ~_,lj _,~I~ uc. Llit.JI t\J:i) ~l:i J_,I~ J~ 04, ~I ~Ll:11 Codes 

. Lll1JI ~ ~ .) _;:i ~I i.5_,ill 4 ~ 

.,'93Yl cl 35 Bsila el=ho Ce 5539l cs z9ill Jtaesl&4f Cy ,ill ae ! 3 

[_jl:i.11 ~I (JE[) HI~(.)>' Ll:iWI ~ 
(KN fM2) ( Jkl4) 
0 h<250 

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

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

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

. .HI ~ ~ t li:i.}il ~ [.Jilli Jt..-1 ( t - f ) dse 

sush) 3 sg=)ch» cl 2isy/ si +;9 59lull z 3ll as) Jse g! lot±ial 
:r..r~IS. e::.,ru1 Jbi yL.ii.:.. ~ ~L:i.ll ~ k.p_, (r920) 

h-400 s --- 
L - 400 

920-400 s ---- 
L - 400 

SL = 1.3(KN /m2
) 

:0323-ld\a sj r.r.£.r 

1 • :- ,uug , ti . .: - 11 • 'xi wlilbl ~I ~ -- 11 , .... .i.1 .. i.a L..ii .tiisi wl · 1 ,ib. I · J ·;ljll .,. . .,. ~ 1.:,.- ~ u-,::, .) • .,.. _y:,.a .. • • .,. .J-' .,. .) ~ UC- .) ~ 

~.,tio u~ ~., ~I ,lje, .)~;/I~ Jb'xl 0~ ~_;:i ui ~ ,o\.JiWI ~ .)_;:i ~ i.S.J! 
.Jljljll ~_,.A ~?fi ~I )fa'xl 04 J.ili:ill Jtil4_, d.A J6. t} Jj':ljll ~I 

lylslll ly it)as cJ3l gaill le ±h> Cs &sl ls i tgfsslia /»3 
: ~ Jj':ljll uc. 4,:iUll )~':JI ~ ,.i..4,.i 04 r~ c;:ill -~ ~\...tj)'I 

23 



l!J\i\ l ~I 

,.ljlj.b~ ':ii~~ u.a (Serviceability)~ ~I~~ jJA • 
_y.,,lhJI '-f.Jt.-.JI _µ1 ~ ~ .}.:fJ ~I (Cracks) w1· ••• ~;;J1 ~ J (Deflection) 

. Llu.Jl ~Li;JI ~1_,.lll J ~I • 

:Agle.ll al yl591 o. 

el,gill le-Yl +s res sfs!l3461344cal_all de • gs gs» &6ti6y'1 @al _all 5y 
~~ ~ ~JiJ wl....i_,1-11 <-1WJ, ~_,;JI o4-JIJ .J~IJ ~jill 4..uilyJ c9..,..JI uLliS:i...u4 ~)k. 
:l des56 Cl dyes! ,1"ylgll4),fey » ±Sls lg,le still ±is¢ @2ll es y A5 

-~' ut...it...ii ~ .t.iylll (Bearing Capacity) 

l"'l~I ~ .U!A li.Jt.-.JI u4}.b:i.Jl ok.l_yiJ ~I_} ~I uylWll u.a .l;!~I j~_,l !fa 
:tJ_yt.JI ~ ~till ul.fu.11 t 1_,.il 

.(One way ribbed slab) ..b..l_,ll 04-:i;ll ui:~ ~I ul.lSc . , 
.(Two way ribbed slab) ~4-:i:ll ul~ ~I wl.lSc . 'I' 

.( one way solid slab )..b..l_,ll 04,.:i;ll ul~ ~I ul~I . r 
( two way solid slab ) ~4,.:i;ll ul~ ~I ul~I . f 

24 



i!J\!iJ I J..,.i.11 

(One way ribbed slab) .u.l_j,11 o~'il .::i\j ~I i:.alJN-. '- '- i- 'f 

os-+es05Sis all s» i cl6all afi @«151ll 5ll 340 ss! 
(t-) lSll+ Cs 38 4S 3sly sle"ly chuil 9Sys «,val lay! erhll 

J 

) 

{p J ~ l lt .. - - --....::__-, l 
I I ------ R11:> ~- - &.. . " ----- ..... _ I --. __ 

/ 
/ 
I 
/ 

\ 

(Two way ribbed slabs) ~4,:i')!I i:.i1j ~I~,~ Y - , _ '\_ 'f 

25 



l!J\:iJ I ~I 

Cos 4 93ii 2sls sleil ,s cyhuiil 9Sy3 3el ls01ylS ga5 ,l 5labial) ,# 7155145 
-:(f-i) ~Ii_} w;, li~I wbfill ~ J.i_,b]I 04,.:i';I ~ <;_,.iWI ~I 

: (Two way soild slab) C:9\?¥) chi A3%a«l) cul±ial) £.1.1.£ 

~ ~ ~ ~4,.:i')I ~ ¼)bl Jir; ~~I ul oli- ~4,.:i')I ~ u~ <;.ill ~I _y, . 
u,-::i yJI J J_,hll 
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Sta ircase 

tJA .l.lc- ~ JI ~UJI ~ t) c).u~ ~ Jt.ui)U ~4-JI t) .l.;--.J:! c.j.Ji..-.,,, y..,,=-ic e;::ly\11 
.(-F) JSl ¢ ) 5es- 

Tempreatuer & Shrinka 

(Rectangular) .J~ - ' 
. (T-section) ..J~.J - 'I' 

.(L-section) J> - i 
cal s«3i cut<le3 cash #lll ,ll Rs 3t51 @iA91 ss Clair chill gSg3 
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eat'i) Jail] 

: ~ ~ cy.t <)a~., ( composite beam) .J~ E:J._,Ji.JI ~ f'l~I ~ 

' i jJ4,:i:i o.l.4c- ~I ~ utilw.JI w.i\S "'-ii ~ ~I ~ ~ u~I c.JA t..,_ill I~ f'l~I ~ 
. ~WI ~U:JI ii.fu:. ~ o.l.4c-~I :l.F.-J c.JA ii:iti:i...i :'.>ll u~I 0~ J-'9 o.l.<ICI t.JJ ~~'fa 

°ropS.,.n "\ 

7,<S= ,,~,.,; I 
~(!]., r ... c,/ 

28 



eItif Jail 

M."\111 SMi -·. 
' 

.J~I ~-' , .J~l ~j o.fu.ll 04 JI.A:.. \ti Ji:w ~ , Lli.Wl ~ ~.J.J ~L..ai ~ ~ 
~..?-.' 14 o;o Oi ,~ ,~1...al.., <)=.., ~ ~ iaill~ ,~1 ul...al...al ~j ~ , o..l.4c. \11 ~! I.A.)~ 
~1 ~ ¼.- Jok.:ill ~ 04 0P ~ o..l.4c. \11 J' ~ WI _,}I JI.A:.. ~I (jJ.JJ J Jij c)c. o _J,ll§ ufi:i.l 

:,1toy 

.(short column) 0~1 o.lAc )ti - ' 
.(long column) ¼_,.Lll o.lAc )ti - r 

c.,A :o..l.4c. ~1 04 t 1_,.il ~ c)c. r..j~ t_,yt.Jl.9 ~~I ~1 _,i r..j.Jt.-.JI ~I ~ 04 Loi 
.("-'")~I~ ~ ~~1.., ~yl.lll_, 4l;bl,noll 

- - Col\Hl\' 

:call l39 9.1-¥ 

la c,us ,iyohl s @lliall gas? ~ w~l_, ,~L..::...o.11 01.J~.J ,~yll ~ ~ c,;11 c,l~I ~ 
JLo.:.. '' ~ Lli.Wl 1 • 1 • ~ ~ -:11 ~''I . _-::11 -~ 4-o ~ . _-::11 · 1 -: ' i. ~ I 11 • .,.-~ " -~ ~~.YLJ:l <r ~ "~ r..S..r -' ~ Ufa.~-'-''~1.:1,..1 ~ 

u~ ~jil u-4-JI ~ 0,!.l-oW..O ~4-.:il ~ lA.)ji <.r,.J:l.., ,tj.qb 01~ ~..,s ~j tit...;.,,] cY.)1_, Jj~jll 
.('\S) ~I~ (.J-Q! )~ <.'.».Y Jl:ill ~I_,~ Jots 
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It) Jail 

.J~I ~.J, .Jy.,i;JI ~j o~I u.ci Jb\11 ~ ~, Llu.JI ~ ~.J.J ~Luai ~ ~ 
IY1...?-.' 14 a;o• a'i ,~ ,~Lual.J ~.J ~ ~ ..ill~ ,~I wl..ual..ual ~j ~ , o..).oc. \ti ~l lA.J--H 
~I~ lg.a..o J,o~I ~ 0.ci (Jp jJ o..).oc. )'IJ,~ Wl~I Jb \ti ejJ.JJJ Jii ~ o_),ll§ ufi:i.l 

: ~Lli.ijl t 

.(short column) 0~1 o.w:\'I - ' 

.(long column) ¼fall o.lAc ~\ - " 

~ :o..).oc. ~I u.ci t 1_,.il ~ ~ c.;~ t.J_;Ji..ol l.9 ~~I ~I .Ji t.;.Jt..o-ll ~I ~ u.ci Lai 
.(A-r') ~I~ LoS ~__,.oll.J~Yl.ill.J 4);b'i'JIO)I 

:c=ill l39 0.1.¥ 
lo.,us ,i±ls 53hlill gas;# ilysls as taal yls ·cl'y hsf,il le) e 
Jb l, ~ Lt.WI l.' . ~ .l9 -:It ~''I .. -::11 -~ 4-o ~ .. -::,, . , ,; ' ,. ~ I 'I . .,..~ l . ~ ~ ~ _JLl:! (,r' ~ -' t.>-='"' c.S .r .J t.>-='"' <..J fa. ~ .J.J ' ~1.:1..1 ~ 

w~ .J#ji} ~1 ~ 0.l-l-ola:i.o ~~, <.} lA_;9_,:; <.rl.J:!.J ,Uiib ulfa. ~fi ~l ~~l cY.)1.J JJ~j)I 
.('1- r') ~I~~)~ 0::1:l Jl:ill ~I.J ~ J,ots 
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l!J\!UI ~I 

Steel bars 

y--=\isl AatS a5 Cs +\giiYl say /e \as5yl Y! La,ll 2ty sis Lairy lsy ta ls!2A cotata/yf 
o_JS Js..t ~ ~_jill o-lJ :ilok.31 c.:.,l~I.J o~'il c.JA Jl.c=..'il ~ wl...ul...u')I r.fo ~,~I~ ~~)'I 

-,l aS 2\5l 5s ho ,As claica 

(Isolated footing) ~ wt...uh.:i - , 
(Compound footing) ~_s..lj.a wl..u:t...ui - r 

(Strip footing)¼~ wl..u:t...ui - i 
1 •• L Wl-'IJl.c=..''I 1.1._-:oAi '-..l .-:11t.t'1.aii~ ~ti ·i · wt...ut...ui 1,.:.-: ... , ~, ~ -~ _,. ".J ~ r.J .ya ~ . .J ~ (.)A f'........,.,, ~ -P.J 

30 



Main Bars 

Square Footing 

Column 

(Expansions Joints) ±<ll Jal i V.r' 

. ~ ~ JWI .JA LaS JJ~I ~Li.JI ~ r £ o J! £ • c.JA • 
. o .)WI ~Li.JI ~ f' f O Jl f • c.JA e 

3 0ASS9llsls= 35l5 ylie-I Ce as3Fl_yty coli#tall s'8 53\J CSA) 3 o 
. l....h jll .J ~~I 

~ ~ )y.,i~I.; ~wl.ui~I _6j\y,..ll.S ~\ 4,j\.....i__p.ll JLic.i JJb ~ .J • 
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Structural Analysis & Design 

4.1 Introduction. 

4.2 Design method and requirements. 

4.3 Comparison Between the thickness of one way Rib slab and Two Rib slab 

4.4 Design of topping. 

4.5 Pos (R 6): Design of one way Rib slab. 

4.6 Pos. (B 12): Design of Beam. 

4. 7 Pos.(R2) : Design of two way Rib slab. 

4.8 Comparison Between the thickness of one way solid slab and Two solid slab 

4.9 Pos. (S38): Design of one way solid slab. 

4.10 Pos. (S19): Design of two way solid slab. 

4.' 1 Pos. (C,S222): Design of column. 

4.12 Pos. (SW73): Design of Shear wall . 

4.13Pos. (F5): Design of foundation. 

4.14 Pos. (ST1): Design of stair. 

4.15 Pos.(Cb6) Design of Composite beam . 

4.16 Pos (10) Design of truss . 
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Chapter 4 Structural Analysis & Design 

4.1 Introduction: 
Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and 

Reinforced concrete is logical union of two materials: plain concrete, which possesses high comp 
strength but little tensile strength, and steel bars embedded in the concrete, which can provide the 
strength in tension. 

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

Understanding of reinforced concrete behavior is still far from complete, building codes and spec: 
that give design procedures are continually changing to reflect latest knowledge. 

Structural concrete can be classified into: 

• Lightweight concrete with unit weight from about 1350 to 1850 kg/m3• 

• Normal weight concrete with unit weight from about 1800 to 2400 kg/m3. 

• Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3• 

4.2 Design method and requirements: 

The design strength provided by a member is calculated in accordance with the requirements and 
assumptions of ACI_code (318_08). 

✓ Strength design method: 

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

Strength provided > strength required to carry factored loads. 
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Chapter 4 Structural Analysis & Design 

NOTE: 

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

✓ Code : ACI2008 
UBC 

✓ Material: 
Concrete: B350.._ .fc'= 35N /mm(MPa) For circular section 

but for rectangular section (Jc'= 350.8 = 28MPa). 

Reinforcement steel : The specified yield strength of the reinforcement { fy = 420 N/mm? (MI 

Mild steel: A-36 

Connection Type : Weld, Bolts 

✓ Factored loads: 
The factored loads for members in our project are determined by: 

W,=1.2D,,+1.6LL ACI-code-318-08(9.2.1). 

4.3 Comparison between the thickness of one way rib slab and two way rib : 

*Check Thickness of one way rib slab: 

Fig4.l: One Way Rib slab (R 6) 
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Chapter 4 Structural Analysis & Design 

NOTE: 

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

✓ Code : ACI2008 
UBC 

✓ Material: 
Concrete: B350 .... Jc'= 35N / mm? (MPa) For circular section 

but for rectangular section (fc'= 35 * 0.8 =28MPa). 

Reinforcement steel : The specified yield strength of the reinforcement { fy = 420 N/mm? (MP 

Mild steel : A-36 

Connection Type : Weld , Bolts 

✓ Factored loads: 
The factored loads for members in our project are determined by: 

W,=1.2D,,+1.6LL ACI-code-318-08(9.2.1). 

4.3 Comparison between the thickness of one way rib slab and two way rib s 

*Check Thickness of one way rib slab: 

Fig 4.1: One Way Rib slab (R 6) 
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iaa 

NOTE: 

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

✓ Code : ACI2008 
UBC 

✓ Material: 

Concrete: B350 fe'= 35N / mm (MPa) For circular section 
but for rectangular section (_fc'= 35 * 0.8 = 28MPa). 

Reinforcement steel : The specified yield strength of the reinforcement { fy = 420 N/mm? (MPa)} 

Mild steel : A-36 

Connection Type : Weld , Bolts 

✓ Factored loads: 
The factored loads for members in our project are determined by: 

W,=1.2D,,+1.6LL ACI-code-318-08(9.2.1). 

4.3 Comparison between the thickness of one way rib slab and two way rib slab : 

*Check Thickness of one way rib slab: 

Fig 4.1: One Way Rib slab (R 6) 
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✓ StaticalJy system for (R 6): 

1 
2 

~ 

1 
2 3 

C 
A = ~ 

< ~ 
0.5 6. 0.8 

~ 

I I 
5.91 

6.65 
I I 0.5 

I 

6.56 +'4 
I 

I 

55. 
7 -y I 

15. 
A A 

I 

- 

co 
l.f) 
co 

-150---400----- -150 ---400--- 

The minimum required thickn . c ess 1s: 

L _ 6650 
1as 1a, 359.4 mm 

Select hmin = 350mm 

for end conti n muous supported. 

I 
0 -r 
0 
[ 

, 
150 

,. 
I 
I 

I 

36 
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Chapter 4 Structural Analysis & Design 

*Check Thickness of two way rib slab: 

7 
~~<-JWU UUL/UU/ 1/ /I jl II II//~ 'U' / I 

.. COO Lr• UL LJLJLLJL/f / / 
rooor:5 ooocioo!:.010 _ ll 
DOcJcf OOL7or- uoor~0 • 'hits Ettl}REA±' '; ..J Oo '--·1 O~Jr -1 j LJQ fJ -::-1 ]goo [Igobi/FJC: :ioo8FJRE1 Bf 

1gf]f] & ot;8Cf RPr1 ~F:JBR 008 /;701 
ti FEES(Re)HE [EE 
✓on Ji 0000 C 70tr oo n Jc 
5CJC] cJOOocrJ CJ_ OQCj L-7Qo ~ ~'9C 188 988FJ0f_£j 1EJQQ888 ~ flf:1(; 
is_ [[iii'][is f]fps fig 

-J or-,- , Oo ....J Oo -..sl-.....1 CJ '-fl iii5 'A[J ------- s OcJorioooo o.Joc,c --•Q?__ '-- oo- ~ 0 (~ r- 
--- -----~--•- l....JCJ O 0 -·- ~-- 

Fig 4.2: Two way Rib slab (R 2) 

✓ Statically system r or (R 2) : 

7,6 

tn 
~ tn Lr) 

' .......... Lr) 
' "' 

7,6 
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Chapter 4 Structural Analysis & Design 

Rib slab (R 2) : 

55. 

35. 

15. 

y_ .0.55+0.08+0.04+0.15+0.27+0.215 • 12.38 cm 
0.55+0.08 + 0.15+0.27 

I% =0.55 * 0·083 +0.55 * 0.08 * 0.08382 + 0 15 * 0·273 + 0.15 * 0.27 * 0.09122 = 91534.785 cm' n 12 · 12 

T Beam (B,GS / B,G7 / B,G2 ): 

80. r L 
50. 

z 35+80+17.5+25+50%47.5 
e 80•35 + 25+50 26. 76 cm 

353 3 

lb= 80 * 12+ 80 * 35 * 9.262 + 50 ·' 50 * 25 * 20,742 = 112_871 *IO 'cm 

L Beam (B,Gl): 

50. 35S]~ 
30. 

y_ .35450+17.5+25%3047.5 
50+35+ 25+30 =26.5cm 

353 
lb= so * 12 + so * 35 * 92 + 30 * ~ 

12 +30 * 25 » 21? = 69.02 *10 4 cm4 
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Chapter 4 Structural Analysis & Design 

4 4 Is1 = 840 * 9.1534 * 104 = 139.8 * 10 cm 55 
4 4 Is2 = 840 , 9,1534 % 10 = 139.8 * 10 cm 

55 

4 4 I = 417.5 * 9.1534 * 104 = 69.6 * 10 cm S3 55 

4 4 I = 402.5 * 9.1534 * 104 = 67.02 * 10 cm S4 55 

- 112.871 •10 4 = 81 
a. I - 139.8• 104 . 

112.871•104 139.8 * 104 = .81 
0.2 139.8%10° 

112.871 «10 4_ 1.62 
69.6% 10 

69.02 «10 4 _ 1.03 
0.4 67.02% 10 

0.1 +o2+0c3-+ o4 
C.n -------= 1.07 < 2 

4 
7.6 

3===1.007 
7.55 

420 7600 (0.8+ 5,,,) 
h=--------:=-==--- 207 mm 

36+5+1.007+-(1.07-0.2) 

The thickness of two way rib slab is smaller than in one_ way rib.slab SO., 

Take the slab thickness.= 35 cm, 27_cm for concrete_block_,_8_cm.._ for topping. 

39 



Chapter 4 Structural Analysis & Design 

4.4 Design of topping: 

✓ Statically system for topping : 

Consider the topping as strip of (1 m) width, and span of mold length with both end fixed • h mt e 

Wu 
I[ 
i l J 

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

✓ Load calculations: 
Dead load calculations: 

Dead load from: 6xyx] KN/m 

Tiles 0.03x23x 1 0.69 
Mortar 0.03x22x 1 0.66 

Coarse sand 0.07x16x 1 1.12 
Topping 0.08x25x 1 2 

Interior partitions 1.5x1 1.5 
3 5.97 

Live load: 

L, =5 KN/m? 

Factored load : 
LL =5 KN/m? x 1m= 5 KN/m 

Wu= 1.2 x5.97 + l.6x5 =15.164 KN/m 
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7 

Check the strength condition for plain concrete, 0Mn2: Mu, where o = 0.55. 

M,=0.421,/f7 S, (ACI 22.5.1, equation 22-2) 

Sm= b.h2 = iooox00 = 1066666.67 mm? . 
6 6 

.0Mn =0.55xl x-v'28 x1066666.67 x10-6 =3.1 KN.m 

W, L? 
Mu= ;2 =0.202KN.m 

W,L? M,=j =0.101 KN.m 

0Mn>>Mu= 0.202KN.m 

(negative moment). 

(positive moment). 

No reinforcement is required by analysis. According ACI 10.5.4, provide As,min for slabs as shrinkage ai 
temperature reinforcement. 

Pshrinkage= 0.0018 ACI 7.12.2.1 

As= pxbxhtopping =0.0018 xl000x80 = 144 mm/m. 

Step (s) is the smallest of: 

1. 3h =3x80 =240 mm. 
2. 450mm. 

control ACI 10.5.4 

3. S ~380('1")- 2.sc, = 380 (~::)- 2.5 .20 = 330mm 

seaoo(") = soo("")= soon fs 52o ACI 10.6.4 
Take g.8.@ 200 mm in both direction. $ = 200 mm <.S,, .=.240.mm OK 

but 
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4.5 Po. (R 6): Design of one way Rib slab • 
❖ Requirements For Ribbed Slab Floor According to 

bw> 10cm............ 

.. . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . ACI(8.l 3.2) 

Select bw=l5cm 

h::;3.5*bw ACI(8.13.2) 

Select h=35cm<3.515=52.5cm 

tf2: Ln/12250mm ACI(8.13.6.l) 

Select tf=8cm 

ACI- (318-08). 

❖ The effective flange width (b,), according to ACI 8.12.2 is the smallest of: 
• be '.S; = 5:10 = 1477.5 mm L, is the clear span of the rib. 
• b, <b + 16hr =150+16x80 = 1430 mm. 
• b, < center to center spacing between adjacent beams= 550 mm. Control 

✓ Statically system and Dimensions. 

Tepng ", 

.... ---...c::---- 
:8 

-~ 

Rub> "-so,-; 

Fig 4.3: One way Rib slab (R 6). 
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Load calculations: 

Dead load calculations: 

Dead load from: 6xyXb, KN/m 

Tiles 0.03x23x0.55 0.3795 

Mortar 0.03x22x0.55 0.363 

Coarse sand 0.07x16x0.55 0.616 

Topping 0.08x25 x0.55 1.1 

Interior partitions 1.5x0.55 0.825 

RC rib 0.27x25x0.15 1.0125 

Hollow Block 0.27x 10x0.4 1.08 

Plaster 0.03x22x0.55 0.363 

3 
Table(4-1) calculation of the Dead load for(R6) 

5.739 

Live load: 

Live load /rib= 5 KN/m? » 0.55m = 2.75 KN/m. 

Factored load : 

Du= 1.2 x5.739 = 6.8868KN/m. 

Lu= 1.6 x2.75 = 4.4 KN/m. m 

Wu= I I .2868 KN/m. 
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Dead load factored 
o. po o.oo - 

I • I, 11, ' ' ( 4lr ' I, I ' I ' ' . 
O.) I o.av - - 

Live load factored 
- Op 

4. 40 4.40 

' I fy . I ' ' I I I ,, 4, 

' 
; <r, K€ ---; 

- 

✓ Flexural Design for (R 6): 

Moment for RI: 

Moments: spans 1 to 2 

-61.5 
-43.7 -43.9 

7.2 
7. 

39.9 
38.6 

2.66 3.99 3.94 2.62 
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Design of positive moment. 

Mu= 39.9 KN.m. 

Assume bar diameter 0 12 for main positive reinforcement. 

au 12 314 d =h- cover - dumups - = 350 - 20 - 10 - - = mm. 2 2 

Check if a > hr to determine whether the section will act as rectangular or T- section, 

M,,=0.85.f!.b,.h, .(a-"[) 

=0.85 x 28x 550 x 80 x (314-C") x 107°= 286.94 KN.m 

M M»,= 44.33 KN.m, the section will be designed as rectangular section with be= b = 550 mm. 

R = Mu _ 39.9X106 _ 
n 0bd2 - 0.9X550X3142 - 0,817 Mpa. 

m= 'y_ 420 _ 
- 0.85/f - 0.85X28 - 17•65 

P- 1 (1 j1 2.m.Rn ) 1 ( -- - --- =- 1- m 420 17.65 
l _ 2X17.65X0.817 )- 

420 - 0.00198 

As,req = p.b.d = 0.00198 x550314 = 341.946 mm 

*Check for As,min. 

As,min is the maximum of:- 

A, =0.as@ p, .a>±, a s,mm ,. w· - w• Jy fy 

1 A. zs · s,min =0.25 420 150 x 314 = 148.35 mm? 
2. A» =,,, 150 x 314 = 157 mm? 

As,required = 341.946 mm 
Control 

Use 20 16 A · = 40 1.92 2 .......•.. ···········$,P-I:QYJf.!.~ ..•.•.•.... ,.. mm > Asreq · ed- 341 946 2 
····················., •.. \cl.rr •.• - ••••••• • ········mm ., Ok 
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g=150-40-20-2+160 - 58 mm> d, = 16 > 25 mm 
1 

Check for strain: 

Asfy _ 401.92x420 _ 12 g a=--~- - ---- - . mm 
0.85b ff 0.85X550X28 

a 12.9 c=-=-= 15.17mm B, 0.85 

e, = 0.00a (®") =os([,j") =o.os > 0.0os 

OK 

Ok 

Design of Negtive moment. 

Mu= 43.9 KN.m. 

Assume bar diameter o 12 for main positive reinforcement. 

d h d db 12 = - COVCI- 4stirrups== 350 - 20 -10 - - = 314 mm. 
2 2 

R _ Mu _ 43.9X106 _ 
29 n- 0bd2 - 0.9X150X3142 - 3· 8 Mpa. 

fy 420 
m= ,,s7 7 ossas ° 17.65 

-±(-F-f)-3( m 420 17.65 
l _ 2X17.65X3.298 )- 

420 - 0.00849 

As,req = p.b.d = 0.00849 x150x314 = 399.88mm2 

*Check for As,min. 

As,min is the maximum of:- 

A · =0.25 ffc b d > ~ b d 
S,lllll1 [y W• - [y W• 

../28 3. As =0.25 420 150 X 314 = 148.35 mm? 
4. Asa» =,,,7 150 x 314 = 157 mm? 

Control 
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2 A -399 88 mm. 
s,required · 2 Ok 

2 -399 88 mm· . - > A uircd -:: .••..•.. · •....•......•... Use 2 0.,16.4sdea =.401.92 .mm.....4sews., 

OK S - (150-40-20-2*16) = 58mm > db = 16 >25 mm 
- 1 

Check for strain: 

As.fy _ 401.92X420 = 47.28 mm 
a o.85b tJ - 0.85x150x28 

c= ~ = ~ = 55.62mm B, 0.85 

= (<)= ooos(2\4-556%)= 0.014 > 0.005 e, =0.003, ' ss.62 

✓ Shear Design for (R 6): 

Ok 

Shear 

-46.8 
-38.7 

30. 
38.4 

46.4 

Yu ma =38.7 KN 

Shear strength Ve, provided by concrete for the joists may be taken 10% greater that for beams. This is 
mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8). 

V='2,/f? ,d = #V28 x 150x 314 x 107° = 45.69 KN 
0 Ve =0.75x45.69 =34.3 KN. 
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0.5 o V, =0.5x0.75x45.69 =17.13 KN 

V,, = 150 x 314 x 107° = 15.7 KN 
3 

V;a =/28 x 150 x 314 x 107°= 15.58 KN Control 
16 

o V c < Vu < 0 ( V c + V s,min) 

Case (3) for shear Design : Minimum shear reinforcement 

Use stirrups CT-shape (2 leg stirrups ) o 10 Av= 2 x 78.5 = 157 mm. 

d 
Sae <5 < 600 mm 

d 314 
-=-= 157mm 
2 2 Control. 

S :::: 3 Av /yt _ 157X420X3 _ _ _ 
req bw - 150 - 1318.8 mm> Smax take S= Smax = 150 mm 

S = 16Avfyt = 157 X 420 X 16 _ 
req bw.Jll 150 -fi§ - 1329.22 mm > Smax take S = Smax = 150mm 

Use 2-Leg o 10 @ 150' mm, and 2-Leg 0 10@ 200 mm in the middle space. 
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4.6 Pos. (DB 12): Design of Beam, 
✓ Dead load calculations: 

Total dead load from R 5 

Dead load from: 6xyXb, 

Tiles 0.03x23x0.55 

Mortar 0.03x22x0.55 

Coarse sand 0.07x16x0.55 

Topping 0.08x25x0.55 

Interior partitions 1.5x0.55 

RC rib 0.27x25x0.15 

Hollow Block 0.27x 10x0.4 

Plaster 0.03x22x0.55 

3 
Table(4-2) calculation of the Dead load for(R5) 

KN/m 

0.3795 

0.363 

0.616 

1.1 

0.825 

1.0125 

1.08 

0.363 

5.739 

Dead load factored= 1.2 5.739 = 6.8868 KN 

Live Load = 5 KN/m? 

Live load /rib= 5 KN/mx 0.55m = 2.75 KN/m. 

Live load factored= 1.6 2.75 = 4.4 KN/m 
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Statically system and Dimensions for RS: 

2 
. 

1 
1 

A 

J l 
~ 

0.5 2.05 
I ! 

0.8 . 
I 

I _i 

2.7 
I 

' . 

I 
l 

55. . :, 
15. 
AA 

Units:kN,meu Dead load - Factored 

6.B7 

V V y V 
' ' ~ V 

2.7 

t l Ill l I.Jal l l .l 1 l 
2.7 t 

Support reaction at beam 12 from R5 dead = 6.87*2.7 / 2 = 9.28 KN = 16.87 KN/m 

Support reaction at beam 12 from R5 live = 4.40 *2.7 / 2 = 5.94 KN= 10.88 KN/m 

so 
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Dead load • Factored 

16.8 16.8 16.8 

U nits:kt,me, 

vs.e] '>3 

16.8 16.8 16.8 

. . 'u s \ . ' \ \• \ 

\ , 6.00v \ \ lr » 6.00 I 'V \ 6.00 ' I 

4.2 I 4.2 (• 4.02 

Live load - Factored 

10.8 10.8 10.8 10.8 
4.05 4.2 4.2 4.2 

f l @] ] 
~ 

I el I 
~ 

l E l t 4.2 4.2 4.02 

✓ Flexural Design for (Bl2): 

Moments: spans 1 to 7 
Moment/Sh 

e a r E n v e I o P e (Factored) Units:kN,meter 

-62.3 
-52.5 -55.5 -55.4 -52.6 -61.7 

46.5 
1.62 2.43 2.1 2.1 

33.5 

2.1 2.1 

32.2 

2.1 2.1 

33.5 

2.1 2.1 

29.4 

2.1 2.1 2.41 
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ia 

Design of positive moment for B12 : 

Max positive moment= 46.5 KN/m 

Assume bar diameter 0 20 for main positive reinforcement. 

d=h-cover-d,8-600-40--10- S°- 540 mm. urups 2 2 

Check if a > hr to determine whether the section will act as rectangular or T- section, 

M,r =0.85.f!.b.h,.(@-"[) 

=0.85 x 28 x 500 x 350 x (540- ]") x 107°= 286.94 KN.m 

M,, 
M,r>==51.67 KN.m, the section will be designed as rectangular section 

<p 

R = M,_ 46.5x10° _ 
n 0bd2 - 0.9x500X54Q2 - o.354 Mpa. 

m= 'Y__ 420 _ 
0.85/i - 0.85X28 - 17•65 

p= 2:._ (1 - f 1 _ Z.m.Rn ) = _1_ (1 _ l _ 2Xl7.65X.354 ) _ 
m ✓ 420 17.65 420 - 0.00085 

As,req = p.b.d = 0.00085x500x540 = 229.3 mm2 

*Check for As,min. 

As na is the maximum of:- 

A, =o.2s {I@ p,.a>±, .a 
fy - /y w· 

5 As,min =0.25: 300 x 540 = 510.25 mm? 
6 A,an =,5;500 x 540 = 900 mm? 

As,required = 900 mm2. 

Control 

lJ.§l.~ .. 4.0 .rn.,.As,I}rovided =_IO I 7.36 mm2 > A 
·························$,rAA1Jired = 900 mm2 ..... , • Ok 
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S = 300-00-20-(4•18) = 42_66 mm > d, = 18 > 25 mm 
3 

Check for strain: 

As.fy _ 1017.36X420 _ 35 g a=---"- - ---- - . mm 0.85bf! 0.85x500x28 

a 35.9 c= - = - = 42.24mm B, 0.85 

Design of Negtive moment. 

Mu= 40.8 KN.m. 

Assume bar diameter o 20 for main negative reinforcement. 

d h d db 20 = - COVer- 4stirrups = 600 - 40 - 10-- = 540 mm. 
2 2 

R _ M,_ 40.8x10° _ 
"7oa? 0.9x3ooxs40? 0.518Mpa. 

y 420 
m= ,%sf] ossas = 17.65 

OK 

Ok 

-±(--")-4. m 420 17.65 
l _ 2X17.65X0.518 ) _ 

420 - 0.00124 

As,req = p.b.d = 0.00124 x300x540 = 202.02 mm2 
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=e 

*Check for As,min. 

As.min is the maximum of:- 

As,min =0.25 Jl,c bw, d ~ u bw, d 
fy f 

as 2 7 As,min =0.25 
420 

300 X 540 = 510.25mm 

8 A, =;300 x 540 = 900 mm? 

As.required = 900 mm2
. 

Control 

Use 4 0.18.. Asowaa.=.1017.36.mm2.Arana=.900.mm....Ok 

S 300-80-20-4*18 = 
3 

= 42.6mm > db = 18 > 25 mm OK 

Check for strain: 

As.f 
a ' 0.85b fc 

1017.36X420 
o.a5x5oox28 = 35·9 mm 

a 35.9 c= - = - = 42.24mm B, 0.85 

e, =ooos(<) .(±-azr s - ' , =0.003 42.24. = 0.035 > 0.005 
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✓ Shear Design for (B12): 

Shear 

-83.6 
-.71.9 -75.4 .74.6 .73.9 -76.6 

-54.6 
-43. -46.4 -45.6 -44.9 

32. 

56. 47.8 44.9 45.6 46.4 

-47.6 

43.1 

76.7 73.8 74.6 75.3 72. 

-55.5 

54.1 

83. 

Va max = 54.6 KN 

V%=;2/f7 ,d = -28 x 300 x 540 x 107° = 142.87 KN 

a V,=0.75x142.87 =107.1525 KN. 

No shear reinforcement is required 

Use (2 leg stirrups) 0 8 - 20 cm. 
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'1 

4.7 Pos. fR 2}: Design of two way Rib slab. 

]~-;'-"LJ~UL/LJ/JUUUUUUUU/ 11 #' I 1 1 1008R Oooo ~ B,c,o Uuj Ii 
,0000 Qooo urJooc10.. __ l1J - ls [ERE±iiElE' a -;Jc1on Duooo Ouoo,,ri ._}co o c 5' [itit±#Atilt! # Joor=1 wo,;0.....,ou ,__, ooo f' a ; 45=EE[Ells f 
D D Qr, [lr--,. _J 1rto c]o' '- oo Qi L,•oo · · R.~ i,._, .. Qo · £ :Joo Doon o_ , ,n 01 1o ooL 
Joo ooooF=i8ooo _JcJcfooooo ~ Qoc 
Jor--. Ooo~ 0 -..--7 Goo 0 t_JO ?913 lJQoot5fjOa/s88000 /;!!Jo ·uo 1-1000 Oooc? ooo wwG1 Fit5]i [jtii 

--- L . ..}or--..r- --. or-·o OQ ---- ·-- e !.-1 -lOno u. ["'O .__ ----·~Z_ ,__, OQ 1 Or- - 'ljrjf; 
---~•-- --.. <._, J 

Fig. (4.4): Two way ribbed slab (R 2) 

✓ Statically system and Dimensions. 

7.ss 
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✓ Load calculations: 
Dead load calculations: 

Dead load from: 

Tiles 

Mortar 

Coarse sand 

Topping 

Interior partitions 

RC rib 

Hollow Block 

Plaster 

W=yxV 

0.03 x2Jx0.552 

0.03x22x0.55° 

0.07x16x0.55° 

0.08x25x0.55° 
2 1.5x0.55 

0.27x25x0.15x(0.55+0.4) 

0.27x 10x0.4x0.4 

0.03x22x0.55° 

3 

Nominal Tote 
Table (4.3) Calculation of two way dead load (R 2) 

DL=3.4/(0.55) = 11.24 KN/m 

Nominal Total live load= 5 KN/m? 

Determination of factored dead & live load 

Factored dead load = I.2*Dead load= 1.2* 1 1.24 = 13 488 KN/m, 

Factored Live load= 1.6*live load= 1.65 = 8 KN/m? 

W = 13.488 + 8 = 21.488 KN/m? 

KN 

0.2087 

0.1997 

0.3388 

0.605 

0.454 

0.962 

0.432 

0.19965 

3.4 
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✓ Flexural Design for (R 2) : 

Moments calculations : 

M - C wl 2 b and Mb = Cb wlb2 bn·b g d ·a 'ri 

L/L, = 7.55/7.6 = 0.993= 1 Case 3 

The moment calculation will be done for the slab middle strip. 

*Negative moments : 

C,a (l/1,=1) = 0 

Short direction 

M _ =C *W*L 2*b · = 0.00 KN.m/Rib ••• Jl.Ys;. •••• p, ••••••••• :/1, •••• :Q]:>, •••••••••••••••••••••••••••• 

Long direction 

Cea (l/l=1) = 0.076 

Ms.,=C,"W L,,,=0,07621,488#7 6?9,55= 51,88 KN ,m/Rib 

*Positive moments : 

Short direction 

Ma+ve,L =Ca *W* J,-/!.9.rjp =0.027*8*7 .55 2*0.55= 6. 77 KN.m/Rib 

Me.=.Mase.± Mesa p.=.14.38 KN,r/Rib 
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long direcdon 

Ms.=CW,L,ba, =0.02713.4887.6 70.55= 11.57 KN.m/Rib 

Mo.L=CW L,b» =0.03287.6?0.55= 8.132 KN.m/Rib 

*Negative moments at Discontinuous edge (1/3 * positive moments): 

14.38 
Mc.neg =, 4. 793 KN.rn/Rib 

Select 2 o 10 /rib 

Design for Negative and Positive moment: 

* Short direction 

d= 350-20-10- ~ = 312 mm 
2 

Positive Moment: 

Midspan: (Mu= +14.38 KN.m/Rib) 

Rn= Mu = 14.38x10° _ 
0bd2 o.9x5sox3122 - 0.3 Mpa. 

m= ....fz_ = 420 _ 
0.85/1 0.85X2S - 17,65 

=(--») +({ m -420 = -1 1-1- 2X17.65X0.3) 
7.65 420 = 0.00072 

A, = p.b.d = 0.00072x550x312 = 123.55 mm? 
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Check for As,mm . 

A - JFc b d 1
·
4 b d s,min -0.25 - w· ~ - w· fy fy 

As.min =0.25 :;! 150 x 312 = 147.4 mm2 

As,min = :~: 150 x 312 = 156 mm2 Control. 

As,required = 15 6 mm. 

Use 2.0.,10.Bottom, ./Asowau.=.157.mmf2.Arna =.156.mm..Ok 

Check spacing : 

S 150-40-20-(2X10) 
= 1 =70mm>d,=10>25 OK 

Check for strain: 

a As.fy = 157X420 _ 
o.85b r: o.85x55ox20 == 5.04 mm 

a 5.04 c=-=-= 6mm B, 0.85 

=ooos(=) :(-·) €% = '75 =0.003.7° =0.153>0.005 Ok 

* Long direction 

d=350-20- 10- !9 = 312 mm 
2 

Positive Moment: 

Midspan: (Mu = + 19. 7KN.m/Rib ) 

R = M, 19.7x10 
n 0bd2 - 0.9X550x3122 = 0.4 Mpa, 

m='>y_ 420_ 
0.85/; 0.85X2B - 17,65 
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7 
- 1 ( - J - 2.mRn )- (-. - 2X17.65X0.4 ) = 0.00096 

P m 1 1 420 17.65 420 

2 As= p.b.d = 0.00096 x550x312 = 164.825 mm . 

Check for As,min . 

_ .JFc 1.4 Asman =0.25=b.d 2:: - hw, d 
{y {y 

/as .2 As,min =0.25 420 150 X 312 = 147.4 mm 

Asa» =,j; 150 x 312 = 156 mm? 

As,required = 164.825 mm2
. 

Check for strain: 

Control. 

Use. 2.0,12Bottom, .Asai=.226.08,mm2.Assa-u =.164,825 mm. _Ok 

Check spacing : 

s _ 150-40-20-(2X12) 
= 1 =66mm>d,=12>25 OK 

a As.fy = 226.08X420 _ 
0.85b r; 0.8SX550X28 - ?.25 mm 

c= .E.. _ 1.25 _ 
,oas F 8.53mm 

e, = o.003(<) = o.oos (±±@-9s:)_ 
C 8.53 - .106 > 0.005 Ok 
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Negative Moment : 

Continuous edge : (Mu = - 51. 88KN .m/Rib ) 

R = Mu = 51.88X10
6 = 3.95 M a. 

n 0bd2 0.9X150X3122 p 

m=,l,= 420 = 17.,65 
0.85f} 0.85x28 

-4(-.-e)-4.( p m 420 17.65 
l _ 2X17.65X3.95 ) = 0.01 

420 

As= p.b.d = 0.01 x150x312 = 468 mm. Control. 

Check for As,min . 

A, =0.2sf@ , a>, a 
s,mm /y w· - /y w· 

(z6 Asa» =0.2.5 
420 

150 X 312 = 147.4 mm? 

A 1.4 5 s,min = 420 1 0 X 312 = 156 mm 

As,requirecl = 468 mm2
. 

Check spacing : 

g_ 150--40--20--(2x18) 
- 1 = 54 mm > db = 18 > 25 OK 
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Check for strain: 

As.fy 508.68X420 _ 59 85 a=-~__,=----- . mm 
0.85b /J 0.85X150X28 

a 59.85 
C== - = 70.4mm B, 0.85 

e, = 0.00s () = 0.oos (±±2=704) = 0.01 > 0.005 
c 70.4 

Ok 

✓ Shear Design for (R 2): 

W,(l/1,=-0.99= 1) = 0.17 

• The total load on the panel being (7.6x7.55x21.488 = 1232.98 KN) 

• The load per rib at face of the long beam is (0.17x 1232.98x0.55/(2x7.6)=7.5844 KN) 

Va = 7.5844-21 .448x0.55x0.285 = 4.22 KN 

v.=";'A/fE ,d = } 2s x 150 x 312 x 107° = 45.4 KN 

0 Ve= o.1sX 45.4 = 34.05 KN 

Va <oV,. 

No shear reinforcement is required 
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4.8 Pos, ($38 ): Comparison Bet thickness of one way solid slab and Two solid sjgp, 

Structural Analysis & Design 

- --- 8,c249 DH 

• B,G250 
B,G113 

eJctczc 
Kr(1 11111 M 1/1/l171 1 

Figure 4.5 : One way solid slab (S38) 

*Check Thickness of one way solid slab: 

✓ Statically system for (S38) : 

2 

0.5 
5.35 

~ 
0.5 

5.85 

The minimum required thickness is: 

L 5850 
20 - w =292.5 mm 

Select hmin =350mm 
for simply supported. 
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Check Thickness of two way solid slab: 

Fig 4.6: Two way solid slab (S19) 

✓ Statically system for (S19) : 
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solid slab: 

Is =0.353 /12 = 3572.9166 cm 

T Beam (B,G196 / B,G199): 

Section of beam according to ACI : 

Beff < 8tf + bw 

< 8*35 + 50 = 330 

Beff < 2hw + bw 

<2*25 +50= 100 control 

100. r ·L f 
50. 

y_ .35+100+17.5+25+5047.5 
100*35 + 25+5o =25.4 cm 

I,= 35® 
b-1OO * 12 + 100 * 35 * 7.92 + 50 * ~ 

12 +SO* 25 * 22.12 =125.2 10 cm 
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L Beam (B,Gl97,G200) : 

hw = 25 cm< 4*hf= 4*35 = 140 cm 

Beff = bw + hw = 30 + 25 = 55 cm 

55. 

A 

' 30. y 55+35+17.5+30+25+47.5 _ 25 9 
c 55•35 + 25•30 · cm 

3s3 253 I =55#-+55+%35»%8.4°+30»= +30%25%21.6° = 72.132 10 cm 
12 12 

External: 

ls; = 410 * 3572.9166 = 146.5 * 104 cm4 

1s2 = 410 * 3572.9166 = 146.5 * 104 cm4 

Internal: 

ls3 = 860 * 3572.9166 = 307.27 » 10 cm 

!54 = 750 * 3572.9166 = 267.968 » 10 cm 
72.132 •10" 4 

CL I=--__;__:.., =0.50 
146.5• 104 

72.132 •10 4 
Cl2 146.5• 104 139.8 * 104 = 0.50 

a.3 
125.2 +10 4 

0.4 307.27» 10 

C.a 
125.2 •10 4 

0.46 267.96• 104 

oct+oc2+oc3+oc4 
Ct.gn, 4 - 0.465 

0.2 <ca, < 2 
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420 
8100 (0.8+ 1400) h==-' Q38Q9 mm 

36+5+1.05#(0.465-0.2) 

The thickness of two_way solid slab is smaller than in one way solid slab SO., 

Take the slab thickness = 35 cm 

4.9 Pos (838}: Design of one way solid slab. 
NOTE: 

Y "B35O... fc'= 28N /mm (MPa) 
✓ The specified yield strength of the reinforcement {fy = 420 N/mm2 (MPa)} 
✓ Live Load (LL) = 5 KN/m2 

✓ Load calculations: 
Dead load calculations: 

Dead load from: 6xy KN/m 

Tiles 0.03x23x 1 0.69 

Mortar 0.03x22x1 0.66 

Coarse sand 0.07x16x1 1.12 
Interior partitions 1.5x1 1.5 

Slab 0.35x25x 1 8.75 
Plaster 0.03x22x 1 0.66 

13.38 
Table(4-4) calculation of the o . ne way solid Dead load for(S38) 

Dead load: 

Dead load =13.38 KN/m 
Live load: 

Live load= 5 KN/m? 
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Factored load : 

Du= 1.2 xl3.38 = 16.056 KN/m. 

Lu= 1.6 x5= 8 KN/m. 

Wu= 24.056 KN/m. 

Dead load service 

13.4 

5.85 

Live load service 

j r l r r r r I l [oe] ,[ I 1 1 r r r r I 5.85 

✓ Flexural Design for (SJS): 

Moment for S3 8: 

«.. :. --------- == I 2.s2 --------- 
103. 

2.9 
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Shear for S38: 

-56.7 ·70.4 

56.7 
70.4 

✓ For shear: 

check whether thickness is adequate for shear; 

', =56.7 KN/ lm strip 

d h d db 12 = - cover- stirrups == 350- 20 - 10---= 314mm. 
2 2 

1 
=;0.75 /28 1000 314 = 207.7 KN/1 m strip 

1 207.6 
DVc= =103.8KN/1m strip 2 2 

V,,,rnax = 56.7 KN/ 1m strip < DVc 

The thickness of the slab is adequate enough. 
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Design of positive moment. 

Mu= I 03KN.m. 

Assume bar diameter 0 12 for main positive reinforcement. 

d=h- cover -d,».-- - 350-20- 10-= 314 mm. ps 2 2 

the section will be designed as rectangular section b = I 000 mm. 

R = Mn, 103x10° 
n 0bd2 - 0.9X1000X3142 - 1·16 Mpa. 

m= 'Y- 420 _ 
0.85/l 0.85X28 - 17·65 

-±(--e)-L.(1-.f-"gp'©)-oaozsss m / 420 17.65 

As,req = p.b.d = .002833 x1000x314 = 889.5 mm/m 

*Check for As,min . 

As,min = 0.0018 x1000x350 = 630 mm/ m 

As,required = 889 .5 mm2 Im . 

Control 

U.s.~ .. 0.J.2(.JO .. v.m .. ,.&,provided = I 130 4 mm/ m > A 889 5 2 I ······················'···························s.,required = mm m Ok 
step ( s) is the smallest of :- · 

280 <380(7,7)-2.5c, 

<sso (7°y-2.5 20 =38o»(.2@0 
3 /y ~. 420 ) - 2.5 * 20 = 330mm 

3 

< 300 ( ~ } =300 ( ~ ) _ 280 /s Z =300(,)= 5fy fazo 300 mm (control) 

<3h = 3* 350 = 1050 m 

<450 mm. 
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(Temperature and Shrinkage ) : 

➔ p = 0.0018 
As min=Pmin *b*h =0.0018*1000*350=630mm2 

(control) 

Use <1>10@ 120 mm 
step ( s} is the smallest of :- 

<5 * h = 5 300 = 1500 mm 

<450 mm. . (control) 

- Check for strain: 

Tension= Compression 

A, fy =0.85 fc' b a 
1130.4 * 420 = 0.85* 28* 1000 a 
a= 19.948m 
C =!!_ 19.948 _ /Ji 0_85 - 23.468mm 

314-- 23.468 
·, 23.46 0.003 
&, =0.037 >0.005 >ok 
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0 • rt wgv solid slab • 4.1 Q Pos. (812}:esign owo 
Dead load calculations: 
For 1m strip 

6xy KN/m 
Dead load from: 

0.03x23x 1 0.69 Tiles 

0.03x22x 1 0.66 Mortar 

Coarse sand 0.07x16x1 1.12 

Interior partitions 1.5x 1 1.5 

Slab 0.35x25x 1 8.75 

Plaster 0.03x22x 1 0.66 

3 13.38 

Table(4-4) calculation of the Dead load solid for(S19) 

Dead load: 

Dead load =13.38 KN/m? 

Live load: 

Live load = 5 KN/m? 

Determination of factored dead & Jive load 

Factored dead load= 1.2*Dead load= 1.213.38 = 16.056KN/m? 

Factored Live load= 1.6*1ive load= 1.6*5 = 8 KN/m? 

W= 16.056 + 8 = 24.056 KN/m? 
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Statically system for S19 

8,40 

✓ Flexural Design for (S19) : 

Moments calculations :- 

M,=C, wl,b and M,=C, wl,b 

L/L, = 7.7/8.1 = 0.95 Case 3 

*Negative moments : 

Short direction 

Ca,neg (laflb=0.95) = 0 

M,,=C,AW!L,= 0,00.KN.m 

Long direction 

cb,neg (lallb=0.95) = 0.072 

Mbv =C *W* L, 6 -0 .••• .- .. ;; ••••. )! •••••••••.• !] •••••. ::' ••. 072*24 08*8 I 2 ·············'········'····~J.= 113 657 kN ·········'·············ID. 
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Positive moments : 

Short direction 

Ca,0 (L/lb=0.95) = 0.021 

C,1.l/1,=0.95) = 0.031 

ML=C,W L,b =0.031 *8*7.72*1= 14.7:KN.m 

Long direction 

C, (l,/1,=0.95) = 0.025 

Mb+ve,o=Cb *W*J.~/-~J? =0.025* 16.08*8. l 2* 1 = 26.375 KN.m 

Ms.ea=CW L,"b =0.02988.1 1= 15.2215 KN.m 

*Negative moments at Discontinuous edge (1/3 * 't' positive moments): 

M _ 34.724 
c.neg - 

3 
= 11.6 KN.m 

Select .0 10/10 cm 
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Design for Negative and Positive moment: 

Short direction I= 7. 70 

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

Positive Moment: 

Midspan: (Mu= +34.724. KN.m) 

Rn= Mu = 34.724X106 _ 
0bd2 o.9x10oox3142 - 0.39 Mpa. 

m= '>y__ 420 
o.ssj] o.ss-as F 17.65 

p= 2. (1 - / 1 _ 2,mRn ) = _1_ (1 _ l 2X17.65x0.39 ) 
m y +20 17.65 7 420 0.000936 

A, = p0.b.d = 0.00093621000x314 = 293.9 mm? Im. 

Check for A,,min · 

Asma 0.0018 * 1000* 350 = 630 mm / m 

As reutrca = 630mm 

Use o 12/ 15 cm Bottom A 7 2 ·································"'····~,11rovided_= ... 54 mm / m > A "--'--+-1...4.s,1auira= .630mm/m. Ok ------------ .. ·------· 
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- Check for strain: 

Tension= Compression 

A, fy =0.85 fe' b a 
7 54 * 4 20 = 0. 85 * 28 * 1000 * a 
a= 13.3m 

c = .!!_ = 13·3 = 15.65mm 
B, 0.85 

e = 314-15.65 0.003 
s 15.65 
es = 0.057 >0.005 > ok 

long direction I = 8. 10 

d 1 d db 12 
=1- cover- stinups-- = 350- 20 - 10-- = 314mm. 

2 2 

Positive Moment: 

Midspan: (Mu= +41 .. 6. KN.m) 

R _ M, 41.6x10° _ 
"7od? 0.9x10003142 F 0.469 Mpa. 

m= '»_ 420 _ "oasj] 7 oasaa F 17.65 

p= .!. (1 - ✓1 - 2.m.Rn ) == 2- ( - 1 - 2X17.65X0.469 )- 
m 420 17.65 1 ---- 0 001127 420 - ' 

As= p.b.d = 0.001127xIOOOx3J4 = 354 mm2 I m. 
Check for As,min . 

As,min = 0.0018 * 1000* 350 =630 mm /m 
As,required = 630mm2. 

Use o,12/15 cm.Bottom, A, 754 2 ···-----------5--5--55-55311.4.2$provided.7.2.mm > A 
""------+#.19qui&g:.630_mm Ok ................................... 
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- Check for strain: 

Tension= Compression 

A, fy = 0.85 * Jc' * b * a 
s 000* 754 * 420 = 0.85 * 28 * 1 a 

a= l3.3m 

_ !!._ = 13·3 = 15.65mm , 0.8s 
_ 314-15.65 * 0.003 6

s - 15.65 

e =0.057>0.005>ok s 

Negative Moment: 

Midspan: (Mu=-113,657 KN.m) 

- Mu = 113.657x10° _ 1.28 Mpa. Kn7 aia? o.9x1oooxs14? 

_ __fx___ _ 420 _ 17.65 
'7 q,gsf] o.esxzs 

1 ( / 2.m.Rn )- _1_(l - l _ 2X17.65Xl.28 ) = 0.00314 =jl1.[{is °s' ao 

As= p.b.d = 0.00314x1000x314 = 985.96 mm2 / m. 

Check for As.min . 

As,min = 0.0018 * 1000* 350 = 630 mm2 / m 

s,required 985 .96mm2. 
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- Check for strain: 

Tension= Compression 

A * fy = 0.85 fc' b a 
1025.73 420 = 0.85 28 IO00 * a 
a= 18.1mm 

c = _!!_ _18.13 = 21.329mm 
B, 0.85 
_314 - 21.329 * 0.003 

6,° 21.329 

es= 0.041 >0.005 >ok 

✓ Shear Design for (S19): 

W,(l/1,=0.95) =0.20 

• The total load on the panel being ( 8.1 x7 .7x24.06 = 1500.622 KN) 

• The load at face of the long beam is (0.20x 1500.622x 1/(2x7.7)=19.5 KN) 

Va= 19.5 -24.060x0.285 = 12.643 KN 

V.=";'6/FZ b,a = ]2s x 1000 x 314 x 107° = 304.614 KN 

0 Ve= o.1sX 304.614 = 228.5 KN 

Va <oV, 

No shear reinforcement is required 
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- Check for strain: 

Tension= Compression 

A * fy = 0.85 fc' b * a 
1~25.73 * 420 = 0.85 * 28 1000 a 
a=18.1mm 
c =®_18.13_ 21,329mo 

B, 0.85 
_314-21.329, 0 003 

6,° 21.329 . 

es= 0.041 >0.005 >ok 

✓ Shear Design for (S19): 

W,(l,/1,=0.95) = 0.20 

• The total load on the panel being ( 8.1x7.7x 24.06 = 1500.622 KN) 

• The load at face of the long beam is (0.2Qx 1500.622x 1/(2x7.7)=19.5 KN) 

Va= 19.5 - 24.060x0.285 = 12.643 KN 

Ve -~
1 
f...ffj bwd = 1/ '128 X 1000 x 314 x 107° = 304.614 KN 

0 V%= osX 304.614 = 228.5 KN 

Va <oV, 

No shear reinforcement is required 
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4.11 Pos. (C,S222); Design of column » 

Fig (4.7) Place of column (C,S222) 

Column Column Dimensions Jc' fy 

Col. 222 90cm*30cm 28Mpa 420Mpa 

Y 

gl X 
X 

900 

y 

c,s 222: 
DL= 582 

LL== 197 

Pu = 1013.6 
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• In 0.90 m-Direction(about Y axis) 

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~ jf "'o.3 h For rectangular section 

Lu=4.8 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 
as 1.0. 

klu < 34-12 Ml 
r M2 

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

Ix 4.8 
0.3 x 0.90 = 17.78 < 22 
• short Column in 0.90m:direction 

• In 0.3 m-Direction (about X axis) 

hl234 13 .1 r M2 ·········· ..... ACI -(10.12.2) 

Lu: Actual unsupported (unbraced) length. 

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

R: radius of gyration~ If"' 0.3 h 
Lu=4.8 m 
Ml/M2 =I 
K=I, According to ACI 318-02 (10.10.6 3 . 
as 1.0. 0.3) The effective length factor, k, shall be permitted to be tall 
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klu < 34-12 Ml ·········· ...ACI - (10.12.2) 
r M2 
1x4.8 _ 53.33 > 22 
0.3 X 0.3 
:. long Coloumn in 0.3m:direction 

EI =o.4. {g ................ [ACf 318 -05 (Eq. 10 -15)] 
1+B, 

E,= 4700,/ye' = 4700 /28 = 24870 .06Mpa 
B,= 1.2DL = 1.2(582) _ 

Pu 1013.6 F-.69 <1 

I = b X h 3 - 0. 90 X O. 3 3 4 
g 12 12 = 0.002025 m 

EI= 0.4 x 24870 .06 x 0.002025 
1 + 0.69 11.92N.m 

p _ tr2EI 
er - (KLu)2 AC13I8-05(Eq. 10-13) 

P_3.14°x11.92 
c (1.0x 4.8° 5100.MN. 

coo -os+oaf l)] M2 ACI3l8-05(Eq.10-16) 

Cm = 1 ....... According to AC/318 0 C - 5(10.10.6.4) 
J - m ns" >l.0 l- Pu • ACI3l8-05(E IO 

0.75*Pc q. -12) 

8 = I 
ns 1- 1013.6 = 1.36 > 1 

0.75x5100.9 

e min = 15 + 0. 03 X h = 15 + 0 
e - . 03 X 300 = 24 
- e min x6, = 0. 024 X 1 36 - - mm = 0.024 m 

!!_ _ 0.03265 =0.03265 m 
h 0.30 =0.1 
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□/ h =300-2*40-2*10-201300=0.6 

From the interaction diagram in chart: p=0.0l 

Select the longitudinal bars: 

A, =p XA,=0.01 x900 300=2700 mm 

: use8 22 => A, = 3040 mm 
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4.12 Pos. fSW73}: Design of Shear wall 

Fig ( 4.8) Place of shear wall (73) 

595.'.:! 

.___~ 1646.4 

3040.8 

124 

r--'--- 219 

249 

I 

l» 

~ j 

i 
I 

C 
X 
·t 

~, 
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Fc=28MPa 

Fy=420MPa 
t=30cm .shear wall thickness 

Lw = 8.9 m .shear wall width 

Hw for one wall= 5.6 m story height 

Design of shear 

Err=Vu= 249KN 

-Design of the Horizontal reinforcement: 

The critical Section is the smaller of: 

I!!_= 8-9 = 4.45 m ... ... control 2 2 
hw _15 ?7.6m 
2 2 

storyheigh ( Hw )= 5 . 6 m 
d = 0. 8 x lw = 0, 8 x 8. 9 = 7 .12 m 

Vc is the smallest of : 

1 1 
1- =;/f'ha=;N28 » 300 + 7120 = 1883.8KN ..cont 

(r,, N,d .r,= 
2 - Vc = 0.25-v Jc hd + 41w = 0.25v 28 300 » 7120 + 0 = 2825.66KN ... cont 

( Zw (Ii;+ 2 A)J [ (m )] 3-- V,= o.s..n; + M l w 0.1 * hd = 0.5\128 + 8.9 28 + 0 300 * 7120' 0.1 
~- 2 3.312 

= 3602.38KN 
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3040.8 - 1646.4 _ M -1646.4 ~Mu= 193Z.75KN, m 
5.6 5.6 - 4.45 

M,, l, 1932.75 8.9 ---=----=3.312 
~ 2 249 2 

Vu= 249 KN<0.75*1883.8 = 1412.85 KN No need reinforcement 

- Minimum shear reinforcement is required: 
Take P = 0.0025 

- Maximum spacing is the least of : 

Lw 8900 4°, =1780mm 
3*h = 3*300 = 900mm 

Try 4 10 (As = 78.5 mm2) for two layers 
_ Avh 2 * 78.5 
- h * S2 = 300* S2 = 0.0025 

S2 = 209.3 mm , 410@200 mm 

>used 1 0@200 mm in tow layer 

-Design for Vertical reinforcement: 

h, 15.2 L.so7 

Pv = (0.0025 + 0.5 (z.5 _ hw) ) 
l (pt - 0.0025) * h >0.0025 

For this wall with hw =1.71>2.5 lw · , p =0.764 

Select <I> 12 @200 mm. In two layer 
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- Maximum spacing is the least of : 

Lw = 8900 = 2967mm 
3 3 

3h = 3*300 = 900mm 

Srq = 2 * 113·09 296.05mm =29.6cm. 
0.764 

Select <I> 12 @200mm In tow layer 

-Design of bending moment ( uniformly distribution flexural reinforcement) 

Mu= 1932.8KN.m 

(
8900) Ast= 200 * 2 * 113.09 = 10065 mm2 

(
Ast) /y ( 10065 ) 420 

w = Lwh fc' = 8900 * 300 28 = 0.0565 

P, 
a=--=0 l,hf,' 

w + a 0.0565 + o 
lw - 2w + 0.85{11 = z * 0.0565 + 0_85 * 0_85 = 0.0676 

ow, =okssa,pa+a-] 4efy » 
- 0.9[0.5 * 10065 * 420 * 8900(1 + 0)(1- 0. 0676)] = 15785.84 KN. m > Mu .... No need 
Boundary Steel 

C 

Select <I> 12 @200mm for vertic ] inr al reinforcement 
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• r 1 1 ted foundation ; 4.13Pos. (F5); Design ot (sota 

✓ Design of Isolated footing (Under Col. 9): 
, 
f, 

fy 

.I a9M5a 28 Mpa 
_______ -1-------------- 

✓ Load Calculation:- 

- From column (S 9): (DL &LL) 

* Service dead load ( DL) = 1852.1 KN 
* Service live load (LL)= 767.76 KN 
* Column dimensions =50 cm*50 cm 
Allowable soil pressure = 400 KN/ m? 

DL(KN) LL(KN) Column all. soil pressure 
dimensions 

1852.1 767.76 (50*50) cm 400 KN/m2 

✓ Calculating the weight off ooting: 

3450.9 

F: 
ig (4.9 Isolated footing (FS) 
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home == 80cm) - Weight of footing ( assume 

= 0.80*25 = 20 KN/m ' ,ong 

_ Required sizes of footing: 

. d _ Pn = 1852.1+767.76= 6.99 m? A,reqmre - - 400-5-(20) l 

Try 2.8 * 2.8Area = 7 .84 m2 

hoe W footing l, A,required 
80cm 20 KN/m? 375 KN/m2 6.99 m2 

✓ Depth of footing and shear design: 

Pu = l.2DL + l.6LL = 1.2*1852.1 + l.6*767.76 = 3450.912 KN 

qu = 3450.912 = 440 167 KN/ 2 
2.8*2.8 · m 

- Try area 
Pu qu - 2.8m 2.8m 3450.912 KN 440.167 KN/m 
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✓ Determine the Depth of Footing Based on Shear Strength:- 

Check for One Way Shear Strength 

Vu-(f-;-d )•qu*b-(2/- o;o -d )•440.167*2.8 
a, 0.75 ~ 
'f' C=-6--v28 *2.8*d*I03 

Let, Wc = Vu 
d = 0.4595m 
h = 459.5 + 100 + 20 = 579.5mm 

Try h =600 mm · .... d =600 -100- 20= 480 

I 

c [ 
tit+cal section tor ' 

one-way shear ] Tobutanyreu r,/©¢a0j 

Cl> d (mm) h (mm) 
One-way shear, 

0.75 
Try h(mm) Try d (mm) 

459.5 
600 480 
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bear Action (Punching)- e of the following equations: for Two Ways . the smallest va u 
h·ng shear strength is -The punc 1 

-+#[-$» 
.44f,=kMh h.=-,5 E,fa 

I ,7 #,=;Nf.b,d 

Where: 
Column Length (a)_ 50 = 

1 

c Column Width (b) - 
50 

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

= 4 * ( 0.5+0.480) = 3 .92m. 

Vu= (3450.912-((0.50 +0.480) * (0.50 + 0.480)440.167) = 3028.175kN 
a = 40 for interior column s 

-4[1.3\/7%a.94f14?]+-as +a.s ·o as +o" = 37ss.av ¢.Ve - ¢. 6 I+ Pc ,J Jc , o 6 I 

- __!_(~+2) 1/b d= 0.75*(40*0.480 +2)*✓28*3.92*0.480*103 =4292460cN ¢.Ve -¢•12 b Id Vic' 0 12 3.92 
0 

,I.. v =,I...!. r,:,-1, 'b d = .1s..!.-hs' * 3.92 * 0.480 * 1000 = 2489. l22kN >. 9,h. 3 

Vu=3028.175 KN> <l>Vc -2489.122 KN NOT OK 
Try h= 700 mm. d=700-100-20 = 580 mm 
b,= 4(0.5+0.580) = 4.32 m 
Vu= (3450.912--((0.50 + 0.580)(0.5 + 0.580) 440.167) = 2937.5N 

1 r, 0.75 
¢.Ve =¢.3-..JJ; h,d =3•✓28•4.32*0.580*!0' =33!4.597kN .... Control 
Vu=2937.5 KN< <l>Vc =3314.597 KN 
(Two Way Shear is OK) 
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h (mm) d (nun) 

700 580 

b, (m) 
4.32 

___l--- 

Vu (KN) 
2937.5 

9W. (KN] 

3314.s97 

t Of both direction. . B d'ng Momen b( ) j ✓ Design for en 1 ) m [=1]~~==+1-_!!d~(m~m~-===t===~L= ""di' ' L 700 . 

d = 700-100-20 = 580 mm 

Mu=440.167*2.8*1.15*1.15/2 = 815 KN.m 
Dy = 420 17.,65 

m - 0.85 * Jc' 0.85 * 28 

_Muth _ 81s10/0.9 9,962 Mpa 
Rn - bd? 2.8 * (0.580) 

p = _I_ (I _ Ji - 2mRn ) 
m fy 

~---- 
= _l_(l - 1 2(17.65)(0.962)) = 0.002338 

P 17.65 420 
Asreq = 0.002338 (2800) (580) = 3798.124 mm 

Asmin =0.0018*b*h == 0.0018 (2800) (700) = 3528 mm? 

control 

Take 13@ 20, As,provided = 4082 mm2 > As,required = 3798.124 mm? 
s-2800-100*2-13*20 

195
mm 

12 

- Step(S) is smallest of: 

1. 3h = 3*700== 2100 mm 
2. 450 mm - control 
S = 195 nun< S,max = 450 mm- OK 
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Mu(KN.m) m Rn p 

815 17.65 0.962 Mpa 0.002338 

As,cam )] Asps,(mm")/s,, 
my 

3798.124 3528 ',, 
-c..________j 

- Check strain 
Tension = Compression 

As x /y = 0.85 x le 'xb x a 
4082x 420 = 0.85 x 28x 2800x a 
a = 25.73mm 

25.73 
C = 0.85 = 30.3 

C = 580-30.3 
s 30.3 x 0.003 = 0.0544 > 0.005 ... ok 

As (mm?) a (mm) 

4082 

c(mm) 6, 1 

~ 
25.73 30.3 

i 

0.544 

Development length of fl 
Ld for <I> 20: exural reinforcement· 
L 9 • ",,5-'.gxBxyx2 e (ti@»249,lo» "wT 10 -- x x . x I 
Available length (( db .fig 2.5 x 20 = 458mm 
1050mm > 458 =:. 2800-500)\2) _ 1 mm ... 00===1050 

············ok 
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Load transfer at the colnmn-fonndation interface (Dowels design): 

- In footing : 

<!>Pn.b = <!>(0.85/c'A, x ~) {7 
A= 0.50 0.50= 0.25 m 
A2 = 2.8* 2.8= 7.84 m 

'E-+ 3 
<PPn.b =0.65x (0.85 x 28 x 0.25 x 2) x 1000 = 7735 KN 
<PPn =7735 > Pu = 3450 .912 k 
The Dowels are not needed for footing 

As,min = 0.005 *Ac= 0.005 * 500 * 500 = 1250 mm2 

Use 16<1> 20 A . ' s,prov1ded = 5024 mm? > A . s, reqmred = 1250 mm 
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4.14 Pos. (D; Design of Stair : 

1-Determination of Slab Thickness: 

Fig (4.10) Stair 

Section A-A 

Fi 1) Section of stair 
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L = 0,4+4.2 +.4=5 m. 

ha L/ 20 
h = 500 / 20= 25 cm • • • · · · · · .....take h= 25 cm. 
req 

=> Use h = 25cm. 

e = tan'(2.6 / 4.2) = 32.2° 
Cos 0 = 0.85 

2-Load Calculations at section (A-A): 

- Load on Flight(2): 

Dead Load: 

Tiles = 0.03*22*((0.33+0.16)/0.30) = 1.08 KN/m. 

mortar= 0.02*23 *((0.16+0.33)/0.3) = 0.75 KN/ m. 

Plaster = (0.03*23)/ (Cos 32.2) = 0.82 KN/ m. 

Steps = ((0.16*0.3)/2) * 20/0.3 = 2 KN/ m. 

Slab= 0.25 *25/ Cos 32.2 

Total dead load 

= 7.39 KN/ m. 

= 12.04 KN/ m. 

Live load: 

Live load for stairs =5 KN/ m 

Q,=1.212.04+ 1.6*5=2 IKN/m. 

Dead/Live load - Service 

12.04 15. 
V ' j 0.4 U U ' y ' 

I 
h ,1, 

L - 4.2 ii! I 

I 
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3- Design of Shear : . 
0 14 for main reinforcement' • Assume 

6 =21.6cm So, d = 250-20 -14= 21 mm 

Shear Envelope 

47. 

Vu=47 KN. 
,[ri»5 d 

6Ve = NAc ' 
6 

0.75 /28 1000216_ 342.9KN Vc= 6 - · 

Vu=47 KN< ¢Ve= 142.9 KN. 

>>>>No shear Reinforcement is required. So the depth of the stair is OK. 

4 -Design of Bending Moment: 

The Following figure shows the Moment Envelope acting on the stair 

2.6 
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Mu = 68.2 kN.m 
M IO 9=68.2/ 0.9 =75.8 KN.m. 

Mn= u · 
d=21.6 cm. 

Mn 
K,°3.a 

_ 75.8 *106 
-1.62MPa . 

» j000216° 
fy 

m 

m = 0.85xfc' 

420 17.65 
0.85x28 

3 4E .,,,j "%''i 'as 
2 *17.65*1.62 J = 4 *10-3 

l 420 

As = 419°10021.6 = 8.64cm2
· req 

As.. =0.0018bh = 0.001810025 = 4.5cm mm 

As min= 4.5 cm2 ::;Asreq = 8.64 cm 

Use <I> 14 >>> 8.64/154 = 5.61 

Use <D 14@ 17.5 cm c/c with As =(100 / 17.5)*1.54 = 8.8 cm2• 

As provided =8.8 > As req OK 
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Check for strain: 

Tension= Compression 

A, fy = 0 .85 fc' b a 
880 420 = O . 85 * 28 * 1000 * a 
a = 15.3mm 
.¢,@,1s.3mm 

9, 0.85 
= 216 - 15 .3 * 0.003 

s, 15.3 
e = o 039 > 0. 005 - ➔ ok s · 

5 - Secondary reinforcement: 

As,,,,,,,= 0.0018x bx h =0.0018x100x 25 = 4.5cm 
II II age . 

Use 410 @ 17.5 cm With As= (100 / 17.5)*0.79 = 4.51 cm2
• 

Design of landing (1): 

- Load on landing : 
Dead Load: 

Tiles = 0.03*22 = 0.66 kN/m 
Mortar =0.02*23 = 0.46 kN/m2 

Slab= 0.25#25 =6.25 KN/m? 
Plaster= 0.03*23 = 0.66 KN/m?. 

Load from flight=25.2 KN/m? 

Total dead load =33.23KN/m? 
Live load: 

Live load for stairs = 5 KN/ m? 
Load from flight =l6.8 . · 

Total live load =21.8 KN/m. 

99 



Chapter 4 
·s & Design Analyst Structural 

d service Dead/Live loac  

. n of Shear : . 
_ y Des1g . reinforcement.- 
■ Assume 0 14 for mam mm = 21.2 cm • 
So, d = 250-20 -18 = 212 

Shear 
·532 

-126.3 

r 7 126.3 
153.2 

Vu= 126.3 KN · 

+70,a hl/cs' 
6 

¢Ve= 0.75*✓28 *1000*212 = 140.22KN 
6 

Vu= 126.3 KN < 6Ve= 140.22 KN 

>>>>No shear Reinforcement is required. So the depth of the stair is OK. 
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-Y' Design of Bending Moment : 
The Following figure shows the Moment Envelope acting on the stair 

Moments 

I~ 

2.05 

Mu= 157.1 kN .m. 

= Mu IO 9 = 157 1 . · /0.9=174.56KN 
d=212 .m . . cm. 

K _ Mn g®» 
b-d2 

_174,5610 
p 1000*2122 =3.884MPa 

m = fy 
0.85xfc' 

m = 420 
0.85x2& =17.65 

·{-5] As - m - f," = 1/65(1- /1- 2*17.65*3.884] 

,= 101°» *100*21 
2 
_ 420 = I 0.010° 

As - .=21.2cm? 
=0.0018 b * h= A - 0.0018 *l 

8rrun = 4 5 2 OO* 25 - . cm <As - =4.5cm? 
= 4 21.20 en? 
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Use 4 16>>>21.2/2.01 = 10.55 
Use cfJ I 8 @ 10cm c/c For I meter from ]anding • · · · wi

th 
As =(I 00 /10)*2.0 I =25 45 % 

'If I· 

.As provided =25.45 cm > As req OK. 

1 

Use 414 @15cm c/c .............. with As =(100/15)2.01 = 13.4 cm' for Um. 

As provided ==13.4 cm2 > As req OK. 

Check for strain: 

Tension= Compression 

A, fy =0.85 fc' b a 
1340* 420 = 0.85* 28 *1000 * a 
a=23.6mm 
r 4_23.6 /Ji - 0_85 = 27.8mm 

e _212-27.8, 
s 27.8 0.003 

6,= 0.0198 >0.005 >ok 
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Design of Composite heam ~ 
4.15.Pos (6) .svv 

1- load for solid slab S41 : 
Thickness of solid slab = 35 cm 

Live load of solid slab= 5 KN/m2 

Fig 4.12_:_staticity system of solid slab S 41 

2-Compute factored load on beam CB,F6: 
Thickness of solid slab 35 cm= 1.15 ft 

Length of span 400 cm = 13.2 ft 

Density of concert= 25 KN/m3 = 0.159 KIP/ft3 

Sum of dead load from slab = 1.1513.2.159 =2.42 kip/ft 

Sum of dead load from mortar +sand+ tiles+ plaster+ partitions = 1.22 kips/ft 

Beam weight= .1 kip I ft 

Sum of total dead load= 3.74 KIPS/ft 

live load = .1 13.2 =1.32 kip/ft 

service point dead load = 72.613 kips 

service point live load = 28.1 kips 
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Service dead load ( KN/M ) 
23. 

23. 

54.5 

4.1 3.5 

Service Live load ( KN/M ) 

, I I I I ; I I 
pre t125. 

4.35 
, I } 20.01~ L J, ,1 L 

4.1 
I I ; 3.5 

J, 
I 4.55 

Moment ( KN.M) 

 8.06 J 

Moment (KN .F) = 6969.3 
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Compute moment: 
Design composite beam with max moment = 6969.3 kips-ft and length= 54.45 ft 

3-Select the section As . - . , req · 

Assume a= 1 in 

Assumed= 42.99 in 

Asreq = Mu _ 6969.3 * 12 
o6/y(£+ s-5) 69-so(" + 1a.za- ±/y ®®63° 

select/W,o»sos A; ·174 g=. ·.4 , d=42.99in 

4- plastic neutral axis in the slab :- 

CASE 1: CHECK IF a <hs 

42.99 

W40593 

of composite beam 
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c = .85 fc a be 
control 

b - 400 cm = 157.5 in Be = i0= 

5 m = 162.4 in Be= L/ 4 = 16.5/4 = 412.. c - 

Fc= 28 mpa = 4000 psi 

T=As fy 

Fy =50 ksi 

85 *4*a*157.5 = 174.4 *SO 

a= 16.284 

a=16.284 in > ts = 13.78 

The compressive force in the slab : 

Cc = 0.85 Fe bE ts 

= 0.85 4 * 157.5 13.78 = 7379.19 kips 

C As fy-o.as f c be ts s 2 

= 174.4• so-7379.19 _ 670_
405 

kips 
2 

% of the flit Assuming only the flang of the W40593 (bf =16.69 in) is in compression, the portion o 
the neutral axis is: 

=,,"]";j, =o.am<(f=a.2s) 

el Th use, the PNA is within the Jiang . the location of the centroid of the tension portion of the 5 from the bottom is 
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5 0 8*16.69*42.59 - l9 75 in 174.4* 21.49 - ' - ' 
y- 174.4-0,8*16,69 

d1 = 42.99-19.75 + 13.78/2 = 30.13 in 
dz = 42.99- 19.75 - 0.4 = 22.84 in 

o 85 fc 
.!: cc to 

t 
Ts 
C'i Cs ,.; 

}" di=30. ~ 

22.84 ~ , T 
., 

D ~ 

;" 

13 

75 

<PMn = Cc d + Cs *d2 

= (7379.19* 30.13+ 670.405*22.84)/12 = 19803.9 kips.ft > Mu ok 
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5- Design of studs : 

Ec=l 750* (.f 4J= 3500 ksi 
Use connector with 7/8 in diam 3 in headed stud 

From table AISC FORMULA 

When fc =4 ksi and diameter 7/8 in, the nominal strength Qn per connector = 35.5 

Check the value Qn from equation : 

an-o.s-as+ ([EeF jc) 

=0.5o.so1+ (/35004 )= 35.5 ok 
The# of shear connectors required for each half span (N) : 

y -AS·y _ 174.450_ 
on ass =245.63 

Say 246 

We needed 492 studs in two raw 

Spacing for studs:- 

p = L _ 54.45•12 
# IN ONE RAW 246 =2.66 in 

P max = 8 ts = 13 78 · 8 = 110.24 in 

Then p max> p 

110.24 > 2.66 in OK 
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6- Design of corbel 

Shear design of the corbel : 
Since the corbel is cast at different time with the column element then the cracks occ : . d curs in th 
of the corbel and the column. To avoid the cracks we must prov, e the shear frictio . e un.< · 9nreinf,, 

perpendicular with the cracks direction. em~ 

- _..,..___,_ - 
DIAGONAL SHEAR 

ANCHORAGE SPLIT7 SG 

• Shear friction theory 
The basic design equation for shear reinforcement design is 

Where: 

Vu·n · . iominal shear strength of the h . . s ear friction . f 
Vn : ultimate h rem orcement . 

s ear strength . 

AM fy 
\ - - po/ ® FRICTION REINFORCEMENT 

9,.., r ASSUMED CRACK 
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the ultimate shear force must follows the following condtion : 

Vu <0.85 (0.2 fc ) bw d 

Vu <0.85 (5.5 ) bw d 

Calculate the shear force: 

MATERIAL 

Concrat strength 350 mpa 

Steel grade 420 mpa 

DIMENSION 

b = 700 mm 

h = 700 mm 

concrete cover = 40 mm 

d = 700 

DESIGN FORCE 

Factored Shear load ( KN) 

.4907. 

1907, 
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Vu = 1907 KN 

LIMITATION CHECKING 

Vu < 0.85 (0.2 fc ) bw d 

<0.85 (0.2 28) 700 660= 2199.12 KN 

Vu < 0.85 (5.5 ) bw d 

< 0.85 *5.5 *700*660 = 2159.85 KN 

Vu = 1907 KN < 2159.85 OK 

SHEAR FRICTION REINFORCMENT 

µ =1.4 = 1.41 = 1.4 

Avf = vu/<p = 1907000/0.85 
fy 420+1.4 =2756.7 mm2 

flexural reinforcement 

Vu = 1907 KN Nuc -o 20 - · 1907 = =381.4 a =0.20 m 
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Mu = Vu * a + Nuc ( h-d ) 

Mu= 1907 0.20 + 381.4 * (0.70- 0.66) = 396.656 KN.M 

e. Mul _3965600/9.85 4989.54 mm2 
fy+(0.85d) 420+561 

TENSION REINFORCMENT 

An= Nuc = 381400 
.85 fy o.8s-42 =1068.35 mm2 

PRIMARY TENSION REINFORCEMENT 

As Primary Closed stirrups 
-, 

Case (mm2) Reinforcement 

(mm2) Ah Location 

- 
(mm2) 

1 

mm 

2 
As > jAvf +An 

?» ;"2756.7+1068.35 As= 2906.15 

As= 290615 
----------- 

· mm2 
------------ 

L 

2 

As ~ Af +An 

~ 1980.45 +1068.35 
As= 3048.8 As = ±; 

= 3048.8 

2 2+a 
1 =;1980.45 

3 

2 

= 990.225 mm2 
-660=440 

L. a 

3 

-- mm 
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the reinforcement of the corbel are: 

As = 3048.8 mm2 

Ah = 990.225 mm2 

Check for Asmin and Asma 

Pm = 2»g.04 = ±P »0.04 = 0.00266 
fy ' 420 

p _30488 _ 0.0066 > Pmin = 0.00266 ok 
700»660 

Ah-min= 0.5(As -An ) = 0.5(3048.8 - 1068.35) = 990.225 mm2 

Ah= Ah-min= 990.225 => Ah = 990.225 mm2 

The reinforcement of the corbel are: 

As = 3048.8 mm2 

Select 5 D20,2LEGS with As= 3140 mm2 

Ah = 990.225 mm2 

Select 2 legs (7 D10) with As = 1099 mm2 
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4.16 Truss Design Position (10): 

❖ Load calculation 

1. Dead Load:- 
- Surface two layer of glass with thickness of 8 mm 

(16 /100025KN/= 0.40 KN/m 
- D.L=0.40 KN/ 

2. Snow load 
S=h-400/400 

=920-400/400=1.30KN/m 
- L.L=l.30KN/m2 

• Purlins design 

Qu=l.00(1.2*0.4+ 1.6*1.3) =2.56KN/m . 

. 4/1 .4/1. .4/1. 

1.15 

I go 

- 

I 
0.4/1.[3 

I I 
0.4/1 .3 

I r 

0.4/1.3 

~. ' I ' 

0.4/1.[3 

' I 

0. /1.3 

- 3. 
\ 

3. 
I . 

,___ 
l l» 

3. ' 

I l 

+--- 
I h 

3. 3.5 

3. 3. 3. 3 

Fi static system fc orpurhns 
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t M Mu == 3 3 KN/m. 
■ Design of Momeni (ax. · 

0.4 

.57 1.65 1.35 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.9~
9 

1.58 

.5 

Fig (4-15 ) moment envelope for Purlins 

Mu (max) = 3.3/4.448x 1000x1/25.4 = 29.21 kip.in 

Mp > Mu 

0.936Zx=29.2 > Zx=1.109 in? 
Select W6x8.5> Zx= 1.56 in? 

b/t = 10.1, hit =29.1 

■ Check Compact Of Flange : 

Dp=0.38✓ (E/Fy) = 10.785 . 

bit < Op C so ompact Flange . 

■ Check Compact Of Web: 

Dp=3.76✓ (E/Fy) = 106.72. 

h/t <L P so Compact Web . 
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M -47KN- . f shear stress ax. - . s Design 0 

Shear 

-4.4 
3.3 

44.3 
-3.6 

44.7 

3.3 
4.1 4.3 4.3 4.5 

4.3 5.4 

Fig (4-16) shear envelop for purling 

Vu=4.7/4.448=1.05 kip 

Vp > Vu 

0.90.6Fydtw 2 1.05 

0.9*0.6*36*5.83*0.17 =19.267 Kip> 1.05 Ok 

• Truss design: 
- internal force calculation: 

LOAD =1.2* (Support from purlins+Weight purlins)+ 1.6 Support from purlins 

=10.281KN 
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3. 
3. 

3. = 3. r r 1 

> 3. > 3. r r v i" 3. 3. 3.5 

Fig (4-17 ) support reaction for purling 

.................. 
········· ····· ·········· .':· 

Fig(4-18)T russ system 
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The truss consist of for types of members : 

1-The Top members (T) :- 

r No.of member 
Value of force 

KN 
Kip - 

Tl .88.436 
.19.88 - 

T2 .168.307 -37.839 - 
T3 -241.162 -54.218 - 
T4 -306.418 -68.89 - 
T5 -364.042 -81.844 - 
T6 414.008 -93.08 

so 

T7 -456.282 -102.58 
s» 

T8 -490.830 -110.35 
so, 

T9 -517.62 -116.37 
TIO 

, 

-536.62 
Tll -547.71 

-120.64 

T12 -551.092 
-123.14 

T13 -546.729 
-123.9 

T14 -534.605 
-122.92 - 

T15 -514.707 
-120.19 - 

T16 -487.030 
-115.72 

T17 -451.575 
-109.50 

- 

T18 -408.357 
-101.52 

T19 -357.36 
-91.81 

- 

T20 -298.685 
-80.342 

~ T21 -2 32.626 
-67.15 

C T22 
L 

-1 57.896 
-52.30 

T23 -76.136 
-35.498 
-17.117 

Table (4-5) Top m ember forces 
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2- The diagonal member (D*):- 

r '©',,, [],' R] [4!! [,f, 
1 D*2 Ks [ff] [3] 
I D*3 
. -Ii5.266 -25.91 - ? [DPs [= = 5; ~ -79.113 -17.79 
D*7 DF8 [-67104 [-15.085 
D*9 -55.108 -12.389 
Di0 [43.136 [-9.698 
D*II -31.2o4 -7.015 - 

'©=-'f-;' 

Value of force 
No.of member 

D*13 -7.654 -1.72 
D*l4 4.481 16.095 1.007 

. D*l5 3 6 D*l6 27.661 · 18 
D*l7 39.168 

6
.219 

D*l8 50.606 8.806 
J:>*19 61.947 11.38 
D*20 73.231 13.93 
D*21 84.406 16.464 

'------------ 

- 

, D*22 95.387 19.974 
. D*23 106.507 21.445 
ID*24 118.111 23.945 

, 123.06 26.55 27.67 
Table (4-6 di ember forces 
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3 - The diagonal member (D):- 
1 No.of member I 

Value of force 

KN 
Kio - 

DI 121,427 
27.30 - 

D2 114.427 25.73 - 
D3 104.135 23.412 - 
D4 94.128 21.162 - 
D5 83.791 18.84 

,D6 

- 
D7 

73.230 16.46 
, 

D8 
62.448 14.04 - 

D9 
51.457 11.57 

DIO 
40.269 9.053 

D11 
28.887 6.49 

D12 
17.374 3.91 

D13 
5.809 1.305 

D14 
-6.321 1.42 
-18.091 

- 

D15 
-4.08 

-29.946 

s»»so 

D16 
-6.73 

Dl7 
-41.874 

D 18 
-53.866 

-9.414 - 

_D 19 
-65.909 

-12.11 

D 20 
-77.991 

-14.817 

[D21 
-90.121 

-17.533 

[D22 
-102.051 

-20.26 

[D23 - -1 14.807 
-22.94 

[D24 
-1 24.531 

-25.81 

,-135.388 - -2 7.997 
- -30.438 

Table(4.79a» jagonal member forces 
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4- The Bottom member (B):- 
Value of force 

KN 

QQB~l~========~=i➔lt5.~57~;=========ttK~ipb~======-- B2 3.50 

R
liB~3============±~lO ij~l~. 7~9t9 =========~~2g2i.8i7========- [ii [182496 [41.03 &[@E---33 fJJ6 319.902 71.92 
B7 376.761 84.701 

No.of member 

#=SE-lg B9 466.603 - 
BIO 499.519 104.90 - 
BIi 524.39 112.30 
Bl2 541.178 117.90 
[BI3 [549.85 [121.67 
LB14 550.381 123.62 
Bl5 542.749 123.74 
[B16 526.939 122.02 
LB17 502.94 118.47 

- 

Bl8 470.752 113.07 
[BI9 430.382 105.83 
[B20 [381,846] [96.76 
B21 325.159 85.85 
B22 -- 260.363 73.10 
~ 187.479 58.53 
-~- 42.15 "o" kikr-= -..1_~4~.~3~5t~-=--=--=-===J 

Tallie ( 4-8) B -.._ott~o:!.Lm!..!mnsemmruQI.Qe.s mber forces 
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• Design of tension member : 
. 550 381 KN = 123.74Kip 

Bottom member Max. tension = · 
- Tensile yielding :- 

P=pFyAg 
Ag=123.74 /0.9*36 = 3.819 in2 

Try HSS 6x6x.25 with Ag =5.24in 

- Tensile rupture 

<I>Pn=<I>*Fu*(U* Ag)= 0.75*58*(1 *5.24) = 227.94Kip > 123.74Kip Ok 

Use section HSS6x6x.25 

• Diagonal member Max. tension = 123.06KN = 27.67 Kip 

- Tensile yielding : 

Pu-=DFyAg 
Ag=27.67/0.9*36 = 0.854 ? 
Try HSS 3x3x.1875 with Ag= 1.89 ? 

- Tensile rupture 

<I>Pn=<I>*Fu*(U*Ag) =0.75*58*1 *l 89== 82 215K. . 
. · Ip> 27.67 Kip ...... Ok 

Use section HSS3x3x.1875 

• Design of . compression member : 

Top member M ax. compression - 55 
Assume KLr=75 '5{51.092=123.90 Kip 

4.11 v (E!Fy) = 4.71 v (29000136) 
=133.68, 
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Fe =2 E/(KL/)2 = m2 #29000/ 75\2 = 50.88. 
Fer= Fy 0.658 (Fy / Fe F 36 • 0.658"( 36 / 50 .88 y= 26.77 Kip. 

KL/r = 1 *1.00*12/r 75-3r= 0.16 

Ag=Pu/<I>* Fer= 123.9/0.9 * 26.77 = 5.143 in
2 

Use W10x19 with Ag = 5.62n 

Diagonal member Max. compression= 141.341KN= 31.78Kip. 

Take section member HSS3x3x,1875 

A,=1.89 in ,b/t=14.20 ,h/t=14.20 ,1,=1.14 

Dr=1.4\ (E/Fy) =1.4\ (29000/36) = 39.735 > 14.2 

KL/r = 1 *62.2/1.14 =54.56 

4.71 ✓ (E/Fy) = 4.71 ✓ (29000/36) = 133.68 > 54.56 

Fe = n2 E/(KL/r)2 = n2 29000/ 54.56\2 = 96.15 

Fer= Fy * 0 658 (F . y I Fe)= 36 * 0.658"( 36 I 96 15) - . 
p pP _ * · - 30.78 Kip 

n-<I> Ag* Fer= .9*1.89 * 30.78 =52.353 Kip> 31.78 

Use section HSS3x3x.1875 
OK 
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Appendix A: Architectural Drawings 6.1 

Appendix B: Structural Drawings 6.2 

~l_;.Jt_, JJ~I 6.3 
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I. American Concrete Institute (AC.I), Building code Requirement for structural 
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