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Abstract 

. fi MultiStory Residential Building Structural Design tor 

Project Team 

Munis F Amro Motaz T Doudin 

Palestine Polytechnic University 

Supervisor 
DrMaher Amro 

The main aim of this project is to prepare all of the required structural 
.design all calculation andStructural drawingF or MultiStory Building 

This building consists of 6 floors and it contains several activities 

The building is a reinforced concrete structure, and it will be designed 
.according to the ACI- 2002 code 

The project is composed of the structural analysis of member that satisfied 
to vertical and lateral loads and all of the structural drawing that required 
constructing the project and details for each member in the project 
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.YJ Jy.a_,ll :u.J6-'-'l ok.lJA_, 4:l.l_JAWI _, 4:!ii':114-Sy:JI :u_¼-IJI ok.lJA ~ ~ ~ 
uc .iJ\....:JI ~.l.a ~ ok.lJA w.a:i ~ ulal~':/1 O.l,lua 4..IUI c,,;-4~ Ja;...l.a : _;=.':II o..,l.lt • 

.9l\all d5fa 3 ,igsll g\Sa ls 3 
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e°3 0al±Yl 52%i% @still gl! yal l9 gil l \Su 3 e332cal cal y\al l e i@lg· Cy :3@-a 'Yl gll • 

dfcl !l <3'Al l\59f es60 ells es@calls gill lS » lS AS> o# +9bf Cr33s 
_u,:::i l_;c \ti o.l~ ~WI c)j ~__p..l 

4.,j_;\.kll w"JWI ~ oJr-1.....i..Jl J,.its ~~I~ ',?illJ 4-SyJI JA-0 rWI t9..,..JI ~ ~ &.l:i5;J • 

_wblJ t3-i...? ,4J~ t)A 

~ts .llJr. ~ wl J~ wil ya .ft ji'.i ~ u,:::i )1 I 4.:,.\..ui..a t)A % 3 5 jJ4-!i "i 4.:..1.....i..a ~ ~~I J • 

~ fa. ~l.l 0:!L,WI lfo..l .J ~I I~ .ll JJ y.ui\.WI _,:;JI ~~ '/ &.\j J ~ I y.a:,,. wb.L...i..a Y.fa _jJ .J 

4.J..uiill l 4.:..I -11 .. i! ."i 4-1::,.W"JI o.lu · ,_ 4.lS 1~ 1 - ., - • 1 ~ .1~1.1a . ~ y ..r.;:-..rJ ~· • ~J~ l.JA'":!-'('"C"' ~. _;- 

:5»lshl cw ,i#al Cal± sis a 2.4.2 

4-l=--.14 ~u <JA ~I UC ~WI ll~ J.,..:.s ~ .UI k)J ~I~~ rl.l.=...'.i.ui"il O.l~ ~l..i ~J ~ 

. ~l_;.l"il t3,.i.._;1. UC ~WI o~ ~I .h-u ~ .UI ~1.....::."14 ~JI 

.~WI u.l:.. .fa.11 ufi:! ~ ~I ~I 0\S...J rl:..:i..i)U ~t..., fa. ~I JJ.lll I~~ ~_,i~ 

:~ w; ~th.II I~ wb.L...i..aJ 

.(~>" fa3004.:..\...ii.JI) rl.l.=...'.i.ui"il o.l~ ~WI • 

-(~>" fal50=~l..ii.JI )~WI fa. • 
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323-415ll 5\» st.alas (2-2)USll 

,---Ul-t.11- 

well. 
hole 

~ - 
• 1kitchen. 

r! \_ + 
-- I 

I 

. s 
3 

! 

!, 

I~ YI c.)~ ~WI <ll.9 . · 1 ~ • • ~ • y I · -' 11 -f' ~ Je-"":l .LU) UY' 

.e\all y9 4.8 3¢-) sill ; 3s=YI gs" 
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:,-32l 3Ahl) ss+ 2.4.3.2 

~ .. }11 .JJ.i.11 wylW (3-2)~1 

--u..-••------ 

(&.JA fa 520) wl_;~I u'.9_,-a • 
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:dsl) 5bl) s Si +2.4.3.3 
. ~I c,,,3 .Jfii.JI .JJ.lll 1-lAlJ 0Jil.i'1.a:i.o OJ'°'t -~t.hll 1-lAl c,,,3 ~~ 

sYI 33all c\ult-s (4-2)J<.l 

'-" _ ._. ,_ .. u,1 ,. -L!II- "9 i"-IM ta --U1 

I ·•- ----------!"' --- 
-UI - U.- .... -t.a WI ~US-12 P9 =-- t-- ~ U. 

l 

B : 

I I 
! 5 

! 

I 5 I 

:· 
! 
3 

! 
I ; 

I 
' 
' l 

~-- ~-- _bed bed 
'roaM ·,, rooM l kli 

! 
! 

1,'® Gehl fa gs.s: 
.'SYI A5.2l/ ;-9I 3l 
.~t:ill :i.i.t.11 :J.JjYI 0..,lll 

:<.):! ~ w~I 04\ wb.l...i.J I w.i\S .li _, 

.(:+f» 220= %.1lf) 51%1, @5l/ Asta» • 
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:<.::.i~l_,11 2.4.4 
:<.::.i~l_,ll ~_, 1.7.2 

--4101 5 3¢-'y Cs <gill ye dSYI gels9YlghAs5 ,6.a5 sl ye A@ii,l/ ca\gels) ! 
. JiS.ll ~ J.i=w.1I J..P.-.J J:'.)l;.. u.a ~.i:JI ~-,l_~I.J ~.i:JI jl_;hll rl~I t.J_µ1 11' w~l..,l ~.)t...-11 

:~y:ill ~l_,!l t.1.7.2 

J;..i.JI ~ ~jh:j i;uI.J ~ ~)I J;..i.JI ~I_,ll 01' ~.J 4J•uf•)I ~l_,ll ~ ~1)1 01' 

4.:i_;j!J ii.i...cl J:'.)l;.. u.a J;..i.JI *l:i r-3 ~ ~I 0ts...i t];..l.oJ ~ uaWI wl_;~I U3_,.J ~)I 

L J1.:i .:i.-I.1I 01,. •I L,S :,_111--1 .1 ~ t...JU. L_-; 6.i:...J ~ .k·:, 1- 4.Jj\..ui • 4J:iS lA .L-: IS""' ·-.y l) ~ --.y ~ . . i.r--- ~ . LJ-"-'-" ~ ~ ~ .,..... 

l)A fa! rl~I .t..:..)y L,S' ~4,JI ~ ~.i:JI jl_;hll rl~I I.SJ= ~I_,ll 04! _;.l;.llllJ -~)I t.JLl..1I 

-~ u.a .l:!..>9 ~ _;l;.lo ~tk:.JJ ~ u.a w\.:,.lgll ~_;.a jJJall ~I 0-o t_;j 

iiit g 

it 
__ ">', 
- . 
; . 

I 
~_;.!JI ~\_,JI (5-2) ~I 
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:4i..fal l -¼,+ 1.,ll 2.1. 7 .2 

cst,54J Aas] ssa5 Ce Lad >la&5¥/ 53%5all AlL6ally gals ls.all lo Rgels) saa ssh? 

~ u-a -l:!J! ~ fo yl.1.c.J.; ~ u,a wb:iill ~J-G ~a"il ~I u,a t~ u-a fol rl.l::i..:i..ui l .J 4-4~1 

.<.S_;::i.l 

.s, E's 
~~ttniittt....-1 

-· ~ - ii · 111-lHl-fl-!~ 

~,Ji.1I ~I.J,11 (6-2) ~I 
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:~I ~l_,313.1.7.2 

0\S.....J c.r- JS J=..l..4 W:.;il..9 ~I ~ r~ w_,...,i ~I ~.) 'lll y~ u::)u::..I ~1_,ll c,1\ ~ ~ 

-U..w:JI t li:i JI y. _., JLIAI ~ J~ ~I y _,..,..u,JI cs9 ~ pl J=..l.A J ~ yi.11 y _,..,..u,JI ~ ~I 

. ~1_,ll 4,~I wb:i9 ~ J.i'1...a:ill ~...., 

rU I II . .., •./',J-: • ~- u ll II II u . .• 

I ah til I, I f ,, i ii flLLJbJ l II ,· r - ... , I II -,. •• :.I 

I t11 
~ 

... I ir u I 

mH I 

D II I . ' : 
I 

till l il ' ,it 11 I C I 

.L.' • I u . " i • e g 

J - i - - 111 tie: 

J tll Ii~ I II u , ··= a# •' 75 %; ¥.ii.: '•·-~=:-. 
~I ~1_,11 (7-2) Js.!J I 
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:~~I ~1-.,3 1 4.1. 7 .2 

<is+cl c?uYl c3at» c3Xi51 74ls/ sis ,s hi±3 7la.ill kgslgll \als laia 7gel9ll is 
y~I ~~pl J;..l..A.J ~.;.JI y_,.,..u..J I ~ ~I u\S..J ~ ..>9 J=,.J..A ~I.J ~I 4-:!lc. f'LI;l 

.~1_,ll 4.~I wb:is i) c]J\..:il l ~...J u....:J I twJI .JPI.J Jl:i.ol 4'.i)l.:i Jfa. ~I 

y,> I II 0 H • ·ff 
~ I I L.. -:Pr - . -. 
II -t6'" •• 11 ii - 

~- • , i I 11 I I I 
-epr 

""-• ·1· • I I ' • if".._' 

~J~~ 
~ 

. . ~,, 
I I -~~ 

in ,..,.. ii . -· 
r_ ~-rrE-afl II ;II j I •. , I 

- 

i :ll: 
~~ 

I 

I - - .. • 
I - - ¢ss I ] 4 s til 'II: HI I • .. •• l :•.• 

·3aag 

® II _...._ ., 

:ii iii .. • 
- •• ..- I .... 

~ ~1.,11 (8-2) Js.!J I 
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3 

L.llA 3.1 

,9\tr}') ,all cii8 3.2 
JAa-11 ~~.J ~:i.11.J ~I u~l.;.l.11 3.3 

~'ill 3.3.1 

~I ~'ill 3.3.2 

~I ~'ill 3.3.3 

4:u:ll ~'ill 3.3.4 

L ,; i, u ·11 ~Wu"JI _;.,..:::iUa.\l 3.4 

ul.li.JI 3.4.1 

4i ·, coll ul.1'.ia.ll 3.4.1.1 

.l:l.\_,.11 o½,:i11 ulj y..wl uls 3.4.1.2 

LJ:!Al~'/1 ulj y..wl uls 3.4.1.3 

~I 3.4.2 

5±c'YI 3.4.3 
(cull /Le) @lats) gl±el 3,4.4 

J.1.4:ill ~I-J! 3.4.5 

ul-l.,.ll'll 3.4.6 

~1..>''ill 3.4.7 

3\EiY) l±ell 3,4.8 
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:'--4 .ll.4 3 .1 

- • ·- I fu 4..iiLli.i'lll I - ~•1 · · ., · ~~ Llla WI 11 t....i! ~ . --'1Llu'lll • • • · _-:11 u , .. ~ f'J J , • i.,r Y' ~ lJA uJ-l"'J ~ ~ • IS c.,rJ • ~ • ~ .r:: 

-16ll 3sf /y Kil±s A31l 383 cs".co ,U3»J • lsYl ealisa • 73lall l 5f3al 
:2le 21y @Lisy 

~ ~ "o.J.l\3 ~Lli.i)'I y.,othll t1,fu .J~I Y.C 4•}i..,1 ~ :( Safety Factor) CJl.G';/1 J..,k. • 
1 • ~- 4.::..iu.ll wl.l1 • - YI --=11 -~ • '"Cr.". J c5_,,.. 

f'~ Li.ill <fo.fall ~ J .u\5:il l ~I.la t1,t:i..J ~~I .ll..,... «3-i....;b CJc. ~~:(Cost) ~I • 

«lel . • l}A 

~ J ( Deflection) .b~I .l;!.b.'.i ~ 0-4 (Serviceability)~ ~I ~)I...... .:iJ.i:.. • 

_y_,lh.JI L,i.Jt.-..JI _;.l:.WI ~ ~ jiy ~I (Cracks) 1.',t .. ,t1l1 

.~I 4:!.Jl....t..JI w4ll=,:i.JI • 
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:JL- 'JI 3.3.1 

_)~j O.;.l::.. LJ.J.l ~ Wl)I Jb)'I ~ ~ O_).lli ijfii ijl 14 aJo al (4! ~I ~Ll'u)'I y..=u..Jl ~'} 
: Jb YI o.'.iA u,,a .J iiLlu.a.11 

Al las I3 @sJ/ Ja9I A5all Jae '9D 

:~I Jt-.'ll 3.3.2 

~ ~ ~ ta~I +>li;ul .ll.>4 ijlj.;1 u,,a LJ~ i;lll ~I.ill ~I CJj.; CJc- ~ Jbl ~ 

116.:i'll l.li.,,\14.:i.Jti, 'l.l · tc- "· ~--11 ·)l.:j · 11 - f. _,,_i\ 4.1.itill wl ~--- -=11 4-1ll..:.u'll lk.11 . . • .J .) . ~ ~ ~ f'.) u...,_ ~ . ~ .J ~ • Y-4 

:0»eX,,D92I 33Slgle ltaie(1-3) 8> 03s 'us ce± Ra1s iaall 3l 3al Re ,lf A4ti<1ly 5by tafs 

. ~\+JI~ ~I JL...:..YI LJ¾.U O_)y..::> :(1-3)~1 
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,155,,t] @@ti<l ] r9_;11 
Aa±5ial) 5a\all 

Jada(ial) 
(KN/m3) 

22 ..6)411 J tj _,.JI 1 

25 tj\..ui_p..1I 2 

9 y_,bll 3 

22 53.A6l/ 4 

16 J,a__,1I 5 

: ~I Jt.-"JI 3.3.3 

~, ~_►.JI Jl,.c.,.:i....i'il JI, ~I ~;/l...z:i...uil ~ wlyLl.i)'IJ ¼YI 4-.l u,a_,,.:i:i i;ill J\.=..'1I ~J 

: ~ ~J ojSyJIJ 4c. j_,.JI ~ 'JI i.cl}j ~ 

LlWI '- ... -wI·I~-;6.I1.~-Lli..i.i -=1Iwu·-1I wWl·1I · ~1.111·11 'ii o· '}ts .:i..fu.alli.lllJk,..'1I cs- J-1 j-l .J ..r- ~ - I.ff" • .J"'-' J y UC • u......,,., J ~ , _ _ _ 

. Jk,.. 'ii o~ ~.i:.:i ~ ~U;-lll J,aWI 1:.. J:! ul ..6 ~ 

0 ·\....I!..!',.. I.,, w. ··116u"ls ~"I · 1 · LS . ,, w..:§ • 1 .~ct.al ·- .. (" .. -:11 -:,,.., 'I. 11 .. 1.,, ..rv-.X J, :J-:t' J, l)-0 ;. U .)J ,_;..::,,.;. J l.)-A ~ ~ ~ ~J ,~w.u LJI..A:.. )/ 

le [stAieI las9I sis @a6 l53 «l1a.al/3'55gs9Is cs\By1 A55al/ al 3all'3 Rial 36 A,Sf591 csy'YI 

.~I ~J rl.i:..:i.ui'il ~ _,-i 

le=YI(2-3) de 
cr-ll J.-11 
(KN/m2) 

1155/9'I @al r -· J, ,,J,.,;,s, 
5.0 

1 
2.5 

2 
5.0 

3 
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4..ili..J I tt • - • : _ -· u--- ~I 3.3.4 

•. I~.-:-: J' l,I · ..•. _-;11 ,~~ , -~- "I .-,,.._i l.\.hl ~ -.11 4A¼JI Jb YI UA ~ t~ ~ :i.,r ~ u,::,,.;t O.lA.J '~ .....,. .)~ :4 v;:-; • •, 'ff"' 

cs! .1 

~ 1.:it..:ic1 r:i:i c~' JL.::... 1 ~ 4-=.., ,~1 ~ ~JAC.J ~i L5.fo. YY c\vl' JLo..::..i 

~'JI b• ,all_, ~I i_} ~I J5.,.t _, ~I~ ~ ~I t U:i_;IJ L5~1 c:4)1 4.c y.,i 

: Jb'JI 01\ ¥::..:i ri-', ~YI c4)1 Jbl ~~ i.} ~.:i.JYI .:i_p.11 ~ .:it..:icl 

Q= 0.613 (Vz)2 

.(N/m2
) o.b._,ll_, ~I c.fa>.JYI ek yy,u,, UA .lh.n tU:i.JI ~ c:4.;ll ~~I ..b.i....::i.1 1: Q 

L alls 5es =-·&i53le :/ {=- cs c\! a-»all as all .V, 

Si: 1.0 

S2 :0.96 

S; : 1.0 

V: 35 (mis) .4/5/3-b 

q Vz = 35*1.0*0.96* 1.0 =33.6 (mis) 

i::::> Q= 0.613*(33.6)2 =692.05 N/m2= 0.692 KN/m2 

· t~I J.dl 4.:a.:o· oi)I lS_,ill ~ J~ 4)1 . . . _ _ 
C ~~I ~I u.a ½i\l o~ ~ .:il.uc'JI ~_, 
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-~ ir- _,111 uj)I • 

-~I F c)C Llu.Ji t lli JI • 

.<·ll Asta oyall cull yXa • 
_1=:11 .11 ·- t w ."Lil.I 11-:11 JJ.i::..11 _, .~..i}JI ..ifill l..ila:icl HI e,b LP tlliJ;/I ~ <::_,.... u~ ~ v;:-:;: '-F..... • 

(H) c.JA}ll ~ ~ Lil.JI ~ 

( .;l,J4) 

0 H<250 

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

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

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

. J ·y ~11 3 . J y . 

'4is3ia SA)3, ,#Y/ s\±799,,y 0Sty 555 3 cl Cle 5351,,5l1 Al/ Jae'91,sl 3y» 
las YI sis Jal4.ayi 1ic iall Ra» @-)®lS has s cy\Stay @as.aall gaill yl 3as =las Taly 

sUJ¥ 5ll 2t6sf 4545yJ g±al ,bl le Ails all3 59 35Jf cJlisl ,a.245l1 5lac 4 gls La Cy? gill 

.UBC - 97 ..ifill ~J le Y:-JJ bl.a:ic.i ~I <.S~J Jj'Jjll Jbl .l;l.l:i.'.i ~..J 
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:4iWu'fl ~Ua.l l 3.4 

A.:u:..~ t,.II .l 4.J I - I 1- ..l:.!b:i -:114.i'.i\ ... t,j'';/I ~\.1JI <)A A.t- ~ 0-4 o.l\c. ~"\+JI~ ufi:i:i 
- J ~ .P.-J _J _)A-1,ul t..r"" i.r - . 

18 yd 3 cLalay19 Alts l/ yl3as3 5sac- YI39 33-- ls shall c y-4Ell sis pl a9 <lill 

: <:il-lkll 3.4.1 

--el ) kyle oji.}JI Jb'II ~ ~!JI (.>_,ill Jij ~ 'o_;J\.ill ~Ll.i)'I ~\.1JI UC o_;4c, ~ 

.3ls 315 l gy5 9 6sac YI3 !3"3 3el is all gs @lats l/ Ai9y 
. 1. La 1• L , ~I :i..Jjt...i . .:. 11 i.::ilb)ull · · 11 ---= •"ii WLli o.l.l.le ~YI ·t - . ~ 'ti-""' _ ..P-' • (.)A u~ - J L Y ~y 

A5..a%l/ cl»Xll .] 

4c._;Lllwlb~I .2 
. . . 114c. .:.11 - II '''I - • ~ _JJ c.s-'. ~ WU::>....i41 ~ J 

. (One way ribbed slab) .l:>.l_,ll o\.;,..i-YI wlj ~I wl~ • 

.(Two way ribbed slab) ~1.;,..i-YI wlj ~I wl~ • 

.(Solid Slabs) 

.(Ribbed Slabs) 

: (Solid Slabs) a j O I cell <:il.1b.ll 3.4.1.1 
~ wlb)4J ,J::..IJ 04,.'.il wlj ~ wlb)4 :l4AiJ ~ c)j wlb~I 0-4 t_,.ill 1-lA ~_J 

.<" < <hie scsXlf s's » dsYl &3ill ,,l15Tl ,45 a@3 Cy8\±Tl csl 
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! -._ ____ 
,·--..--..,,)~m-- - 

r­ 
<iu ---'...=-:::c ' 

j '­ / 
/ • I 32 cm) 

"""-"""'· • ~I 
. ~I wl.19c :(2-3)~.J .l:..i_,ll c~YI wl.:i . 

• . . -- 'I ~I~ 3.4.1.3 • W'JI ~IJ ~ 
'bbed slab).:,;> • • _, t_,;11 1:,. J ·(Two way n I - . q 4..al~I r-l:! r 

• :._11i.::.i..lgc,~ ._<-: 
. :;.;i;,..i1 er:- - ·1..:.;y1 t,i,..,... • • ,,,it:;11 ~I J ' . ,,,-' 

I - 1-l wlJi.JI 0*-! .·,,ah.l""J ~ .J v::- . • 
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:3) 3,4.2 

.)~ ,LJ:!C _,.i ~ .,, o.l.4C YI i)j o.iWI J:,.IJ yl.....e.c YI U-0 Jb YI Jgj ~ ~wl ~~j ~l..ic ~., 

u-a o.li.JI uc- j~ ~I~_, "Droped Beams" 0YJA.II .J~I_, _ wl.iWI J:,.IJ ~<;I_ o.J~ 

Jb\tl uc- ~, t.,_µ1 11\ ~ ~ JlyJI ~I~ o.l.4C-'JI 0:H oJ.c\u.JI wtil.ui..Jl l_>l;.j_, ,~\ti 

.JJWI u-aJ.(Drop beams) oYJ.a .J~ 4J.a 0~ o.iWI ~ r'~ w_,....i <i111 .;~I 0~, o.»fo.ll 

. ¼-:ill o ~I yl.....e.c 'JI Jbl ~ r' .fo o Y J.a .;~ ~ 

Beam web 

5or-±! 331±al/ 33-5ll J\Sal (4-3) d<.al] 
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:0J.4S:. '11 3.4.3 

~.J ,wluilui\rl i)j ~.J .)~I_; wl.iWI lJA Jb\rl Jij i} LJ4i)I ~I o.w=.YI # 
0-=- i)c. O_J.l\.9 ofi:i ~ 1goJo ,.;; Y':";! ~:il -~' ulfj_; JbYI ~ tk.JJy.:o ~Lluj ~ ~ 

J_,1.ll ~ u,a A.cfo ~ Llu.JI 11\ i) .to~I o.l.4C-YI i)j ~ Lo!J, ~ Wl_,ll JbYI ~.J_;jJ 

~ ~ lJAJ' ii~I o.l.4C-YI i)j 4..SW.)'4, f' 5.5 ~ .b.l_,ll J_,b J...=.:! ..l9 ~I ¼.,.bll o.l.4C-YI ~¥~ 
s=\ss\ a\gis dslf cs es ,thll 3es • sSl5 @s Lall @bays @ 3 a elligse 

_o.lAC YI tblia u,a .l.lC-{4-3) JS.rJ! ~-J' JS.rJI ~ 

Maine Bars 

Column 

5±e YI J<.a/ 1-f:(5-3)-55 C<.±al 
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33 <as.aal/ las3 <<3l Cy yl9as? @la\slyly3s sis gill d·ls ,# c+s· 0Sig 
~ J,...,.:i ~ ~J .dJ~I ~l_;ll 0\j}J\ J-:i .)c J.-jJ ,~\ wluiluil 0.a I~ ~I '->.fa.YI 

0fo 01 olc.\_JA e::4 ~~YI~ \A.;9ji '--:-1-?:!J ,LllJI 4-J uaA i;ll ~YI '->_,ill f'JW uas 01_;~ 

0IJ. ~ t... Jsl ~ Jti}I JS.JAJ c~I JS~ ~I 01_;~ ~ c;.ill 4-AJt:WI fi.JA 0.H ~lui..o..11 

.5i%91 cs 3l@ 4ill ,al DJ3s le s519 ll , 9'53s al55 cJlii _sl ,±4146\S /as /' i8 Dy 9S5 

.uaill _;I~ :(6-3)1'9.J JS..:ull 
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Maine ears 

Square Foo ting 

Column 

.l.fa.JI iY't..}JI ~: ( 7-3 ) J<±al 

5±e9! 2! , J) al! Ji7 5sill le &as\lf las¥I !# <kg:ls &as]ll las9I3 \JS9I As al3 
Wl)I JbYI ~ ly~ J ,wluilui:ill 4JoJa oil! JbYI ~ Jb\tl o.lA 0.fi.:iJ, wluiluiYI ~j l»iJ 

~ tl.J-il 0.a wt...it...il rl~I ~jWI 0.aJ' 4-4~1 wluiluiYI t.J-i ~ ~ t9_,...ll ~J ~ 

· 
1
"''" • LlWI 1-lA ~ o~ W I · ,~ ~ Lui! JS 1- WI -'I Jb YI 4.J .-:II · 1 · · ~ c _-;:t L.u:i &.\j ~(.)A ~ ~ Y""-'JiY' ~ y J .j'J l.).a.::,,,.J ya . J 

.c83YI Rily5 sh9 ·Xi < 3ia 

:[I..J-l'll 3.4. 7 
~ 4-ol~I ~J ,~lla..ll ~I wy_ji.ui.cJI LJ:H ~{_)I J~ I"~ ~_;L-.a y.ouc 0c. o_;4c 
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Chapter Four 

Structural Analysis and Design 

4 

4. llntroduction 

4 .2RibSlab thickness calculation 
4.3Load calculation 

4. 4 Design of topping 

4. 5Design of rib 09 

4. 6Design of beam B2 

4.7Design of One-Way Solid Slab 

4.8Design of Stairs 

4.9Design of columns 

4.9. lDesign of short column 

4.9.2Design of long column 

4.l0Design of Basement wall 

4.1 lDesign of strip footing 

4.12Design of Isolated footing 

4.13Design of Mat Foundation 

4.14Design of Shear Wall 
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4.1 Introduction 
In this chapter, it willbe shown the procedure of design several structural members of the 

project, the steps that followed to design the Ribs, beams and other structural items · 
So, this chapter will contain a sample calculation related to items which are different contains 

in this project. 

All of these members will be designed according to (ACI-- code-2002) 

4.2 Slab Thickness Calculation 
There are two main types of loads acting on the structure-: 
The thickness of the slab will be determined according to (ACI- Code -2002), according to code, 

the minimum thickness of the slab of non -pre-stressed beams or one way slabs is calculated as follow-: 

h,, =Ln /21 =5.45/21=0.259m=25.9cm 
h, =Ln/18.5 =5.45/18.5=0.29m=29cm 
h, =Ln/16= 5.25/16=0.34m=34cm ................Control 
h for slab =35 cm 

topping=8cm 

block=27 cm 

4.3 Load Calculation : 
Calculation of the total dead load for one way ribbed slab shown in the following table: 

Table 4.1 :calculation of the total dead load for one way rib 

No Parts of Rib Calculation Result Unit 
1. Rib 0.12*0.27*25 0.81 kN/m 
2. Top Slab 0.080.5225 1.04 kN/m 
3. Plaster 0.030.5222 0.3432 kN/m 
4. Traditional Block 0.4*0.27*9 0.972 kN/m 
5. Sand Fill 0.10.5216 0.853 kN/m 
6. Tilemortar 0.030.5222 0.3432 kN/m 
7. tile 0.030.5222 0.3432 kN/m 
8. partition 1.250.52 0.65 kN/m 

5.3544 kN/m 
Total dead load =5.35/0.52 =10.29 kN/m 
L.L =2.00.52 =1.04kN/m. 
Factored D.L =1.2*5.35 =6.42kN/m. 
Factored L.L =1.61.04 = 1.66kN/m. 
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4.4 Design of Topping . . as in the following table: . 
The load calculation for the toping IS, th total dead load for toppmg 

T ble 4 2 ·calculat:Ion ° e a .. 
Result Unit 

Calculation No Parts of Rib kN/m 0.0825 2 
1. Topping 

0.44 kN/m 
2. Plaster 0.02*22 

kN/m 2.43 
3. Traditional Block 0.27*9 

kN/m 0.0322 0.66 4. Tiles 
kN/m 0.116 1.6 5. Sand Fill 

0.66 kN/m 
7. Tile mortar 0.03*22 

1.25 kN/m 
8. partition 1.25 

8.98 kN/m 

4, =1.2DL+1.6L.L 
q,=1.28.98+1.62.0= 13.98kN / m 

For lmstrip 

q =13.98xl=l3.98kN/m II 

Assume slab fixed at supported points )ribs:( 

Mu q.° 
12 

13.980.4_ 9.187KN m. 
12 

fc'= 0.830 = 24Mpa 

bh Mn =0.42ffc',, 

r,,, 1.00.08° .39KN 0.42 /24° ·. .m, 

</J* Mn= 0.55* 2.2 =1.21KN m 
</J* Mn= 1.21> Mu = 0.187 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 = 0.0018 * 100 * 8 =1.44cm /\m. 

Use 1<1>10/25 cm )4<1>10/lm(, with As = 3.14cm2/lm in both directions. 
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4.5 Design of Rib:09 . 

" II 
]ll lh {pp 1pp 
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~ 
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~ 
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rp; II ~ ~ 
ln ~ ~ 
nnnr 

C 

Fig4.lposition of rib09 

[ 
: : : J 

5.25 0.85 3.3 0.5 0.5 

Fig4.2spans length of rib 09 
Loads on the rib : 

Factored Live load =6.42 KN/m 

Factored Dead load =1.66 KN/m 

By using ATIR program we get the envelope moment diagram as shown in figure 4.2 below : 

-27.6 

-16.2 -18.7 

2.3 
6.4 

23.5 
2.37 3.56 2.78 , 1.19 

Fig .4.3 Moment and Shear diagram of rib 09 
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4-5-1 Design of Negative Moment 

Negative Mu max =18.7 KN.m 8-1 
0 
=31.6 cm=316mm. 

b ) · s=(35-2 -0. · d ) =h -Cover- )d/2 - ( d stirrup - 

18.7 78 K Mn==20. 'n.m 
0.9 

Mn 20.78x10
6 
=1.?3MPa. 

kn,» 3J° 120316 

f, 400219.61 
""o.8sf! 0.85x24 

+-] 
I [ * 19 · 61 * 1. 73 J = 0. 0045 P---1- 1 19.61 400 

2 A = pxbxd = 0.0045x120x316 = 170.64 mm s req 

Check ASa 

A = ffe * b * d = -JiA" (120 )(316) = 116. Imm 2 
smin 4 jy 4( 400) 

Not less than 

A . = I .4 * b * d = ~(120 )(316) = 132 .7mm 2 
s ms fy 400 

As min = 116 . 1 cm 2 ..•.•... controls 

A, =170.64mm > As,, =1.5cm? s req 

select As req = 170 . 64 mm 2 

select 2612,As = 226 cm 2 > As , = 170 .64 mm 2 ..... ok 
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Check strain to determine 0 : 

C = T 
T = A X I = 226 x 400 90400 KN s y 

C=0.85x f!xb, x a 
c 90400 = 36.93mm 

a= 0.85 x J; , 0.85 x 24 x 120 
Jc'= 24 < 28 .... /3 = 0.85 
x = !!_ = 36.93 = 43.45 mm 

B 0.85 
d-x .(6 +)_316-43.92 .5.003 = 0.018 s,=_ x(0.0031= 43.93 

➔ 0.018 > 0.005 o.k 

4-5-2 Design of Positive Moment: 
Positive moment of field 1 

Positive Mu max =23.5 KN.m 
Mn =23.5 / 0.9 =26.11 KN.m 

Effective Flange width ) b E ( according to ACI code 8.10 .2: 

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

b, =L /4 =5.25 / 4 =1.3 lm 

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

b, = bw +Lcl/2 +Lc2 /2 =12+20+20 =52 cm.................. ..Control 

b =52 cm. E 

Determine whether the rib will act as rectangular or T- section: 
Assume a =t =8 cm 

C = 0.85 x J; x t xb, = 0.85x24x80x520 = 848.64.KN 
Mn =Tor Cd-0.5 a= ((848.64 )0.316 -0.5 0.08 = ((210.9 KN.m 
0.9*Mn =189.81 KN.m>Mu= 23.5KN.m 
Then a<t 

. ·. Design as a rectangular with bE =52 cm 

f, 400 
m y I ----=19.61 0.85' 0.85x24 
kn= Mn 26.11x10° 

bd 52031? F9503 MPa 
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"] 1 ( __ 2_*_1_9 __ -::-:61:-:*~0 -;_ 5-;:;03;-J == 0.0013 
p==Il- [l- 4OO 

19.61 
A, =pxbxd=0.0013x520x316=213.62 mm 
s req 

- ffe * b * d = .J24' (120 )( 316 ) =116. 11 mm dss»7 4f7 4(400) 
Not less than 

A . = 1.4 * b * d = l:±._(120 )(316) == 132 .73 mm 2 

s mm jy 400 

A . =116. 11 mm 2 controls 
s min 

A =213.62mm > As, =116.11mm s req mm 

select A = 213 . 62 mm 2 
s req 

select 2 ¢12, As = 226 mm 2 > As req = 213 .62 mm 2 
.•... ok 

Check strain to determine O : 
T = A x f = 226 x 400 = 90400 KN s y 

C=0.85x f!xb, x a 

a= C = 90400 = 8.52mm 
0.85x f!'xb, 0.85x 24x 520 

Jc'= 24 < 28 .... /J = 0.85 
a 8.52 

x = - = -- = 10 .02 mm 
B 0.85 

s,2VF9(0.003) 916 -10.02,6 903 = 0.091 
x 10.02 

0.091 > 0.005 o.k 
Positive moment of field 2 

Positive Mu max 6.4 = KN.m 

Mn =6.4 I 0.9 =7.11 KN.m 

Effective Flange width )bE (according to ACI code 8.10.2: 

For T-section is the smallest of the following: 
=L /4 =3.3 / 4 =0.83m 

b, l% 4 16t =12 +16)8=(140 cm 

bE = bw +Lcl/2 +Lc2 /2 =12+20+20 =52 cm .................. 
b c =52 cm. 

.. Control 
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Determine whether the rib will act as rectangular or T - section: 

Assume a =t =8 cm 

C =0.85x f!xtxb, =0.85x24x80x520= 848.64KN 
Mn =TorC)d-0.5a= (848.64 )0.316-0.5)0.08= ((210.9KN.m 

0.9Mn =189.81 KN.m >Mu= 6.4KN.m 

Then a <t 

:.Design as a rectangular with bE = 52 cm 

f, 400 19.61 
0.85J; 0.85x24 

m 

kn Mn 7.11x 10° 
a? s2031? °914 MPa 

+-= 
p = l (l- /1_ 2*19.61 *0.14 J 19 .61 / 400 = 0.0004 

As req = pxbxd = 0.0004x 520x316 = 65.73 mm 

A smm = ffe * b * d - ✓'24 (1 4 y 4 ( 400 ) 20 )( 316 ) = 116 . 11 mm 2 

Not less than 

A . = 1.4*b*d- 1.4 
s min fy 400 (120 )(316) =132 .73 mm 2 

As min = 116 . 11 mm 2 

· ·· • • • .. controls 

A.%,=65.73mm <As, =116.11, ? mm • mm 

select As min = 116 . 11 mm 2 

select 2 612, As = 226 mm 2 > As. 
nun = 116 .11 mm 2 ••••• ok 
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Check strain to determine 0 : 

T = A x f = 226 x 400 = 90400 KN 
s y 

C=0.85x f!xb, x a 
C 90400 a=----- ------=8.52mm 

0.85x f!xb, 0.85x24x 520 
fc'= 24 <28 • B=0.85 

a 8.52 x=-=--=10.02 mm 
B 0.85 

c,28Py(o.003) 316 -10.02 6 o3 = 0.091 
X 10.02 

> 0.091 >0.005 o.k 

4-5-3 Design of shear: 
Using Atir software we found that the envelope of shear for this Rib )Rl(is as 

follows-: 

Fig 4,4Shear diagram of rib 09 

Design of shear reinforcement 
Positive moment of field 1 

Vu,= 25.2 KN 

!p.Vc =IP-✓-::'* b * d = 0.75 ../24 * 120 6 316 10 - 3 = 23 . 22 KN 
I 

min .</> Vs = 0. 7s ,8 * d = 0. 75 * ~ * 120 
3 * 316 * 1 o - 3 = 9 .48 KN 

40 



Region No .3 
</> .Ve ~ Vu <d .Vc + min • .Vs 
Vu = 25 .2 > <f>.Ve = 23 .22 KN 
and 
</> .Ve + min .Vs = 23. 22 + 9 .48 = 32 . 7 KN > Vu = 28. 6 KN 
>>> Consider the 3° region to design the shear reinforcement 
Assume 2 leg 610 stirups 
</>.Vs = Vu - .Vc = 25 .2- 23 .22 = 1.98 KN 

n 10° • Av = 2=157 mm 2 

4 

(
Av) . 1 bw 1 120 a min?-X>=-X==(0.l 
s 3 fyxt 3 400 

• > ~ X ffe X bw = ~ X '1'}A X 120 = 0 0918 
16 fyt 16 400 " 

S _Av * fy * d_0. 75 * 157 * 400 
ra. h.Vs 1.98 * 10 3 

d 316 S,,=5 3- =158 mm 
S,,,< 600 mm 

use 

S = 150 mm 
But S must be smaller than d/2 
So, Select S =15 cm =d/2=35/2 =17.5 cm Ok 
Select S =15 cm · · · ·· 

</>Vs _» Fy x Av x d 
s 

Vs = 0.15 x 400 x 100 x 316 
150 x 1000 =63.2KN 

Use stirrups 108@15 cm. 

Positive moment of field 2 

Vunx 19.6 KN 
</> .Ve ~ Vu ~ </> .Ve + min .¢6.Vs 
Vu = 19 .6 < ¢.Ve = 23 .22 KN 

</>.Ve=</> ffe * b * d 
6 
(2a 

= 0.75--*120*316*10-3 
6 

=23.22KN 

* 316 = 751 .97 mm 

% % 

" ""-"'< 
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min - 0 75 * l_ * b * d .¢Vs - . 
3 

1 * 10 -J - 0 75 120 316 - . 3 

= 9.48 KN 

4.6 Design of the Beam B2 

.. ,- 
11 

sA? 

= : = I : : 
~ ~ 

1 
~ 

3.68 ,s, 2.7 ,as, 0.7 2.62 

4.05 
I I 

3.15 3.2 

-158.3 

-103.5 -86.8 
-59.9 

42. 

96.2 

1.28 1.92 1.42 1.73 2.43 
Fig 4-5:Possition and Moment Diagram For beam B2 

151.3 1.62 ~ 
I 

42 



4.6.1 Design ofPositive moment: 
Positive moment of field 1 

b =85cm, 

h =35 cm 
d =h - cover -0stirrups- d/2 =35- 4 -1-2/2 =29 cm 

Mu =151.3 KN.m 

Mn =151.3/0.9=168.1 l 

_168.1110°_ 9.35Mpa 
Kn - 850 * (290)2 . 

fy _ 400 - 19.61 m ­ 0.85 * Jc' 0.85 * 24 

1 / 2*m*kn 1 
p = m (l - V l - fy ) = 19. 61 (1­ 

2 1961235,_ 0.0063 
l 400 

2 As, = pbd =0.0063850290 = 1553mm req 
Check As 

4e., * d = .JiA" (850 )( 290 ) = 755 mm 2 hsa» 4fy 4(400) 

Not less than 

A,__l#%p+a - (soy29o)= 863 mm ? 
s min fy 400 

As min = 755 mm 2 controls 

As req = 1553 mm 2 > As min = 155mm 2 

select As req = 1553 mm 2 

Use<I> 20 

1553 
Required number of bars = == 4 .9 

314 
Select 5620 

A,provided = 5314 = 1570mm? > As,, =1553mm ......OK 
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Check strain to determine O : 
Tension =Compression: 

A, fy = 0.85 fc' b a 
1570*400 = 0.85*24*850*a 
a = 36.2mm 

x."_36.242.6mm 
B, 0.85 

, _290--42.6.49 903 = 0.017 
s 42.6 

s,=0.017>0.005- >ok 

Positive moment of field 2 

Mu =9.BKN.m 

Mn =9.8/0.9=10.889 

Kn= 10.889 *10+6 = 0.15.Mi a 
850(290)° PP 

m = fy _ 400 19, 61 
0.85 * Jc 0.85 * 24 

o=±a [.2mki,_.q h,27196150.15, 6.0004 
m v iY 19.61 400 

As,,, =pbd = 0.0004*850*290 = 98.6mm 
Check Asa 

A,mm = ~ * bd = 4~) (850 )(290) = 755 mm 2 

Not less than 

1.4 1 4 
As min = fy * b * d ='-(8503(290)= 863 mm 2 400 

As min = 755 mm 2 
.•...... controls 

As req = 98 .6mm 2 ~ As min == 755 mm 2 

select A 755 2 s req = mm 
Use<I> 16 

Requirednumberofbars 755.5 s 
201 
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Select 4¢16 
2 As. = 755mm ......0K 

As provided = 4*201 = 804mm > 'req 

Check strain to determine O : 
Tension =Compression: 

A, fy =0.85 fc' b a 
804*400 = 0.85 *24*850*a 
a=18.55mm 
x = !!_ _1s.ss_ 21.82mm 

B, 0.85 

290- 21.82 %3 903 = 0.037 
21.82 

Positive moment of field 3 

Mu =96.2 KN.m 

Mn =96.2/0.9=106.889 KN.m 

Kn = 106.88910° 1.5.Mi a 
850 * (290)2 rp 

m = fy _ 400 _ 19.61 
0.85 * Jc' 0.85 * 24 

1 ✓ 2*m*kn 1 ~ 2*19.61*1.5 p=-(1- 1---)=-(l- ]) 0.004 
m fy 19.61 400 = · 

As,,= p * b * d = 0.004 * 850 290 = 986mm 
Check Asa 

A., _N',,-a {a 
smm - 4 y 4 400) (850 )(290) = 755 mm 2 

Not less than 

A. _85% 1.4 
s fy d = 400 (850 )(290) = 863 mm 

As min = 755 mm...... controls 
As req = 986mm i ~ As min = 755 mm? 

select A 986 s req = mm 2 
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Usecf> 20 

986 
Required number of bars == 314 = 

3 ·2 

Select 40620 

1256 >As, =986mm ...... 0K A,provided = 4314= omm req - 

Check strain to detennine 0 : 

Tension ==Compression: 

A, fy =0.85 fc' b a 
1256 *400 = 0.85 * 24*850 *a 
a=29mm 

a 29 x=-=--=34.l2mm 
B, 0.85 

, 290-34.12%9,003 = 0.023 
s 34.12 

6,= 0.023 >0.005 >ok 

4.6.3 Design of Negative moment 
negative moment of field 1 

Mu =-l2l.4KNm 

M» - @ _1214_134,889KN .m 
0.9 0.9 

134.88910'° 
kn ----=l.89M11a 850(290)° 

m=. [y 
0.85* Jc' 

400 
19.61 

0.85*24 

o-±a-h2ik },. 2F19sivi.ss 
m W' f 19.6'/' 400 ) = 0.005 

4s,, = p * b * d = 0.005 850290= 1232.5mm2 

Check Asa 

A . = ffe *b*d- ✓'24 
snun 44 400) (850 )(290) = 755 mm 2 

Not less than 

A = 1.4 * b * d - 1.4 
s min .fj; - 400 (850 )( 290 ) = 863 mm 2 

46 



A . = 755 mm 2 ......•. controls 
s min 

2 
A = 1232 .5m > As . =755 mm s req · mm 

select A =1232 .5m? 
s req 

Use<I> 20 

Required number of bars= 
1232

·
5 = 3.9 

314 

Select 4620.... A,provided = 4 * 314 = 1256 mm 2 > 1232 .5mm OK 

Check strain to determine 0 : 

Tension =Compression: 

A, fy = 0.85 fc' b a 
1256*400 = 0.85 * 24 *850*a 
a=28.94mm 

a 28.94 
x====34()5mm 

B, 0.85 
290-34.05 

e = Q.003=0.023 
s 34.05 . . 

s, =0.023>0.005 >ok 

negative moment of field 2 

Mu= -59.9KN.m 
Mu 59.9 Mn== - = 66.56KN.m 
0.9 0.9 

,, 66.5610'° 
850(29oF ° 9.93 1Mpa 

m fy 
0.85* Jc' 

400 
0.85*24 =19·61 

I ~ 2*m*kn 1 ✓p= m(l- 1 ---)=-(1- , 219.610.931 
fy 19.6 400 ) = 0.0024 

As,,= p * b * d = 0.0024 * 850 * 290 = 591.6mm 
Check Asa 

A.-NE.3,, {al 
4»4400 , (850 9(290 ) = 755 mm ? 
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Not less than 

- 1 . 4 * b * d = ~ (850 )( 290 y = 863 mm 
A, aa7 fy 400 

A . = 755 mm 2 controls 
s nun 

2 
A = 591 6m 2 < As . =755 mm s req · mm 

select A = 755 m 2 s req 

Usect> 20 

755 
Required number of bars= - = 3.8 

201 

Select 4616....A,provided = 4201 = 804mm? > 755 mm .......0K 

Check strain to determine 0 : 
Tension =Compression: 

A, fy =0.85 fc' b a 
408 *400 = 0.8524 *850*a 
a= 9.41mm 

a 9.41 
x=-=--=ll.lmm 

B, 0.85 
290-11.1 

%, 11j ·0.003= 0.075 

e,=0.075>0.005 >ok 
4.6.4 Design of shear 

The envelop shear diagram are shown in figure 4-6below : 

-179.9 
-163.9 

129.8 108.9 

Fig 4-6: Shear Diagram F b or veam B2 

48 



Shear of field 1 

VUmax= 231.3 KN 
'i' ..J24 * 850 * 290 = 151 KN 

d Vc = "' v JC - * b * d = 0 .75 r r 6 6 1000 
1 * _!_ * 850 * 290 * 10 - 3 = 61 8 

min .<p Vs = O . 75 * 3 * b * d = 0 . 75 3 · 4 KN 

Region No .3 
<p .Ve ~ Vu < pd.Vc + min .¢ .Vs 
Vu = 231 . 3 > ¢ .Ve = 151 KN 
but 

<p.Ve + min tp.Vs = 151 + 
1
~ ffex be x d = 151 + 1~ x ~x 850 x 290 

= 151 + 75 .48 = 226 .48 KN < Vu = 231 . 3 KN 

So, go to region No .4 

Region No .4 

rp.Vc + min .6Vs < Vu ~ rp.Vc + rp fJ2 x bx d 
3 

= 151 + 75.48 ~ 279.1 ~ 151 +301.9 

=266.48 <279.1< 452.9 ok 

Vu 231 .3 Vs =--Ve = - 151 
do 0.75 

Av Vs 157 .4 -~ = 
s Fyt xd 400 X 290 

= 157 .4 

= .0014 

Assume 3 leg 1 O stirups 

1C * 10 2 Av = 3 * --- = 234 mm 2 
4 

S = Av x Fyt 
req. Vs 

S,,,= 170 mm 

But S must be smaller than d/2 
And it must be smaller than 60 cm 

So, Select S = 15 cm =d/2 =29/2 = -14.5 cm Ok 
Select S =15 cm .. · .. 

x d = 234 * 400 * 290 
157 .4 

234 X 10 -6 

0.0014 

So, use stirrups of O10 with 3 1 . egs with S=15 cm 

(ybs zl&ahoy lat> 
alestine Polytecnmit UR»' Iniyersjty 

{PPU 
The Library A&.st 
s..s<..., 

,' 

= 0.17 m 



Shear of field 2 

Vun= 151 KN 
¢.Ve ~ Vu ~ ¢.Ve + min .¢.Vs 
Vu = 153 .4 > ¢ .Ve = 151 KN 
and 
¢.Ve + min h.Vs = 151 + 61 .6 = 212 .6KN > Vu = 153 .4KN 

>>> Consider the 3° region to design the shear reinforcement 

Assume 3 leg 10 stirups 

¢.Vs = Vu -h.Vc = 153 .4-151 = 2.3 KN 

• Av = 3 * re * lO 
2 
= 234 mm 2 

4 

· ("")man2!x=°1,80 0.71 
S - 3 fyxt - 3 400 - • 

• ?:. .2_ X ffe X bw = .2_ X ffi X 850 = 0 65 
16 fyt 16 400 · 

Sreq. =¢*Av* fy *d = 0.75 *212 .6*400 *290 
¢.Vs 2_3 * 10 3 = 8041 .83 mm 

S d 290 
req. = 2 =z= 145mm 

< 600 mm 
Use S = 150 mm 

Select S =15 cm 

6Vs_ </> x Fy x Av x d 
s 

6vs 0.75 400 x 212.6 'I' = · X 290 
150 x 1000 = 123.31K N 

Use stirrups 3010@15 cm. 

Shear of field 3 

Vu= 160.6 KN 
Vu,x 160.6 KN 
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,1, .,4F., * d = O 15 ,JiA * 850 * 290 = 151 KN 
oc = 5 ' 61000 
min .,PVs = 0.15 • ~ • b • d = 0.15 • ~ * 850 * 290 * 10 _, = 61 .6 KN 

Region No .3 

6 .Vc s Vu s </> .Ve + min .</> .Vs 
Vu = 160 .6 > ¢.Ve = 151 KN 
and 
¢.Ve + min h.Vs = 151 + 61 .6 = 212 .6KN > Vu = 160 .6KN 

>>> Consider the 3'° region to design the shear reinforcement 

Assume 3 leg ¢ 10 stirups 
h .Vs = Vu - <f>.Ve = 160 .6 -151 = 9.6KN 

1l * 10 2 • Av = 3 * --- = 234 mm 2 
4 

• (®")man>Ax=" =1,0 .71 
S 3 fyxt 3 400 · 

• >x ffc x bw = ± yx ../24: - 16 fyt - 16 400 X 850 = 0.65 
Sreq. = </>*Av * .fy * d = 0.75 * 212 .6 * 400 * 290 

</>.Vs 9.6 10 3 = 1926 .69 mm 

S d 290 "=,5> =145mm 

< 600 mm 
use 

S = 150 mm 
Select S =15 cm 

¢Vs = </> X Fy X Av x d 
s 

¢Vs = 0.75 X 400 X 212.6 x 290 
150 x 1000 =123.31KN 

Use stinups 3010@15 cm. 
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lid I b of stair house : 4. 7 Design of One-way so s a 

6,2 

Fig 4,7solid slab 
Check if its one way 
Ly 6.75 - = -- = 2.2 > 2.0 ... .One way 
Lx 3.1 

Determination of thickness and load calculation 
n= !_3l0_j3 

20 20 
Select h = 15cm 

Load Calculation 
DL=250.15=3.75KN / m? 
S.L=1KN/m2 

qu =1.23.75+1.61.0 = 6.1KN /m2 

qu*L2 

Mu 
8 

6.13.1° 
g =7.33KN.m 

Design for positive moment 
11 cm=l-3-15 =d 

Mu 22.72 Mn== =8.14KN.m 
0.9 0.9 

kn= Mn 8.14 
bd? ((h1oP ° 9.673Mpa 

M fy 400 
0.85 * Jc' = 0.85 * 24 =19·61 

'4r =)l- 'I-( 
m fy 

r---:::::-=------ - ' - hj. 2@9.6190.673) 
19.61 400 =(0.0017 
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b ·d -0,0017 10011- 1.9cm/m ,2 ] 
Areq -p ~. 0018*100*15 -==-2.7cm m 
A = 0.0018 x b x h -==- 0 · S Shrinkage 

1.4* b * d 1.41000 110_ 3.85cm 2 / m 
As min == Fy = 400 

Not Less than 
o.25 * ffe *b *d 0.25 *.J24 *lOOO *llO = 3.37cm2 Im 

4s, = Fy 400 

Select 1612@ 20cm => As =5.65cm /m .....0K 

Check strain to detennine 0 : 

Compression ~ Tension 

As * jy = 0.85 *Jc' * b a 
5.652 *400 = 0.8524100a 
a= 1.11cm 

a 1.11 
X===] 3cm 

B, 0.85 

%_16-1349.003 
s 1.3 
es = 0.034 > 0.005 ok 

Shrinkage & Temperature Reinforcement in top layer 
As = 0.0018 * bh 
As= 0.0018 * 100 15 = 2.7cm /m 
Select 1¢12@20cm ⇒ AsProvided = 5.65cm2 / m .OK 

Development length of the bars 

L, = p;xaxpxyxd, 
2 f C 
400 L,= 71x1xlx1.2= 48.99cm 2-v24 . . 

Use : L,=50cm. 

4.8Design of Stairs: 

4.8.1 Determination of Slab Thickness: 
-L =0.9+3.00+ 0.9=4.8 m. 
-hreq = L /20. 

-h,eq = 480 /20 =24.1 cm take h=25 cm, 
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⇒ Use h =25cm. 

57o.26 = (30 /15 )1-tan =9 
-Cos 0 =0.89 

0,90 

Fig 4,8Structural system of stairs at section A,A 

0.90 

Load Calculations at section A-A 
Dead Load steps: 

Tiles) =0.15+0.35)0.0322/0.30 =1.4 KN/m? 
Mortar= 0.03*22)*16/30=0.66 KN /m2• 

Plaster ) =0.15-t0.3*(0.02*22 /0.3 = 0.5 KN /m? 
Steps)= 0.5.*3*0.15*25/0.3=1.9 KN /m2• 
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Slab =0.25 25 /Cos 26.57 =7.0 KN/m. 2 

Total dead load =1.4 +0.66 +0.5 + 1.9 47.0 =11.4KN /m · 

Dead Load landing: 

Tiles= 0.0322 =0.66KN/m. 
Mortar= 0.03*22=0.66 KN /m

2
. 

Plaster =0.02*22 = 044KN /m. 
Sand= 0.07*16=1.l KN /m

2
. 

Slab =0.25 25=6.25 KN /m? 
Total dead load =0.66 + 0.66 +0.44 +I.I +6.25 = 9.11KN /m, 

Live load: 
Live load for stairs =5KN/m 

Factored load for steps 

qu=l.2*11.4 +1.6*5 =21.7KN/m2
• 

For one meter, qu =21.7 KN/m. 

Factored load for landing: 

qu=l.2*4.56 +1.6*2.5 = 9.47KN /m, 
For one meter, qu =9.47 KN /m. 

4.8.3 Design of Shear : 
• Assume O 12 for main reinforcement-: 

So, d =25-2 -0.6 =22.4 cm .. 

Taked=22cm 

• Vu =42.5 KN. 

Fi 4 g +9Shear diagram of stairs 

■

■

ow.I'_+a 
6 

aw, _975+/24 10oo 220 
6 =134.72KN 
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• Vu =42.5 KN< 0.Vc =134.72 KN. 
>>>>No shear Reinforcement is required .So the depth of the stair is OK . 

4.8.4 Design of Bending Moment : 
The Following figure shows the Moment Envelope acting on the stair 

63.8 
39.4 

Mu =63.8 KN.m. Fig(l5-4) Moment diagram of stairs 

Mn req =Mu /0.9 =63.8 /0.9 =70.9 KN.m. 

d=22 cm. 

R = Mn 
" b-d? 

R _ 70.910° 
n 1000*2202 =1.46MPa 

m= 0.85 X fc' 
m 4 

= 0.85x0.24 =19·61 

4- ]+ m T = 19. 6 1- 1- 2 * 19. 61 1.46 J 400 = 0.0038 
As req =0.0038*1000*220 =836mm2. . 

4s,, = 0.0018*1000* 250 = 450 
Use As =836mm. 
Use 14 16 @ 20 cm 
As provided=5201-14,' ·Pith As )=100 /5 = 20 cn? 

> As req=836...... 
···············OK 
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Check strain to determine 0 

Tension =Compression 

A, fy =0.85 fc' b a 
1005 * 400 = 0.85 24 * l000 * a 
a=19.71m 
x = !!__ = 19 · 7123.19 cm 

9, 0.85 
e = 220 -23.19 *0.003 

s 23 .19 
es = 0.025 > 0.005 ~ ok 

Development length of the bars: 

ls axxyxa,±.#00 ,11x1x1.6 = 25.51cm 
7.' / 

La available> L<1req =48.99 
Secondary reinforcement: 

As = ' As = .!:. x 10.66 = 201mm 5 req 5 

As shrinkage= 0.0018xb xh = 0.0018x l000x 250 = 450mm2 

Use <1>12 @20 cm With As) =5*113 = 565mm2• 

4.9.5 Reinforcement of Stairs at section A-A 

F. ""9t!ll,'1:x,""" 
ig4,11 stairs details 
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4 9Design of column: d Floor: 
• COl- Groun Sh t column 4.9.1 D esign of or 

..si1!!- 

r-· --,- 
n i" .,.<- 1 _J/lill II II nm ..... 

I Ei= I 
I sl E 

~ oo» » 

ltt I II YM .00~ /' 
ll2 • I 

[ ~ , 
[ Ii 

l ~ I 
~ C2 ii ~ 

[ ' 

l 

~ IJ a - Be Ka: ~ ~ IZrJ 

~ ~, 
Ii E 

l} {d t= 
saANA uillrI ~ ~ •J7 - - , - Sh2 

Fig 4,12 position of short column 

Design of Longitudinal Reinforcement: 
Select column C9in the basement floor for design. 

Pu =3.607KN 

= 3.607 = 5.55MN 
Pnreq 0.65 
Usep =pg= 0.015 

Pn=0.8* Ag*[0.85* fc'+ptg(_fy._0_85* fa')] 

5.55 = 0.8* Ag*[0.85* 24+ 0.015*(400-0.85* 24)] 
4g,%, = 0.266m2

. 

Use 50 cm x 60 cm ⇒ Ag = 0 .3 m 2 > O .266 m..ok 

To find p required for Ag =0.3 m2 

The same equation can be applied as follows: 

Pn=0.8* Ag*[0.85* fc'+ptg{_fy-0_85* Jc')] 
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0 85*24)] (400- v» 3 * [o.85 24+ p 5.55 = 0.80. . 
0.0072 <0.1 p- . 

⇒ pg=0.01 3000mm' ' k 
-o 01 *600*500 = z = 3000mm .... o As,,,7 =3140mm > 4s,%, 

Select 10620...4s,». 
is short or long 

Check if the column 12- 2 

( ) 
AC/.10- ;}-+4";)-" 

d (unbraced )length 
Lu : Actualun sup porte - ljor braced frame) 
K : effective length factor (K = 

R : radius of gyration = 5 
I:Momentofinertia 

. nal of the column A :Cross sectio area • I= ~ ... .for rectangular sectzon 
12 

A=b*h 
3 
&

2 

[T = - =0.3*h 
'/7 12uh 12 

2 r =0.30.6 = 0.18m 
k =1.0 
Lu = 3.0m 

kL, 1+3.0 16.667 < 22 
r 0.18 

:. Short Column 

Design of the Tie Reinforcement: 

Spacing <16x d, (Longitudinal.bar.diameter)= l6x20 = 320mm. 
Spacing~ 48xd,(tie.bar.diameter) = 48xl0 = 480mm. 
Spacing < Least.dimension = 500mm 
use <I>l0@300mm 

Bot the spacing between ties must be reduced by the fuctor of o .67 in above and below the slab by a 
length which must be grater than the long dimension of the column as follows: 
Long diminution for the column =500mm 
Spacing between ties =0.67 500 = 335 mm 

So, 500mm below the slab and 500mm above the slab must the ties be every 300 mm 
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1 [Il}~20 

~D ~n~ 
010050 L=208 ~10@30 L=144 

Fig.4.13 :Detail OfShort Column. 

4.9.2 Design of long columnC 15 Ground Floor : 
p. Yr 

r.:- '-="I I pl ll 
I ·~ 1111 1111Pi1 ~~ 

I= I I s t: I IUIII ·- 
2 

'II/I 1)1': W ~ 

~ 

00~ \t 

~~ 
B2 

I/ 
~ 

B 

Z ~ ~ 
0 

p 

~ ct 

Mi 
II 

\#l 

m 
~ 

3 

~ 

18 ... BC: 1~ ~ #[f] "- 
t: 

c,;,ii ~ an tI H fl 11 ~t :=._ 
I I· 
T i 

Sh2 

Fig 4, 14 po "ti 
Design Of Longitudinal R . ~ s1 on of long column 

em1orcement· 
Select column Cl5for design. . 
Pu =IOOOKN 

Pn =1000/0.7 =1428.57KN 

.05=1.5 % 
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Pn = 0.85 Ag {0.85 • Jc'+ pg(jj, - 0.85 Jc')} 
1428.57 = 0.85 * Ag[0.85 * 24 + 0.015 * ( 400 - 0.85 * 24)] 
Ag= 64.4cm2 

2 

Select D = I 0cm ⇒ Ag Provided = 78. 5cm 
Lu ==9.0m 
Ml&M2 ==l K==l, According to ACI 318-2008 )10.10.6.3(The effective length factor, k, shall be p . 
be taken as 1. 0. Permitted to 

klu Ml 7 <34-12 M
2 

ACI -(10.12.2) 

1 * 9 =90>22 
0.1 
:. long Coloumn 

Check slenderness limit: 
klu -=90 <100 
r 

Slenderness limit not exceeded. 

r =o.4.A, . I+Pd [AC/318-2008 (Eq. 10-15)] 

E,= 47s0,/f¢ = 475/24 = 2327Mpa 
pd - 1.2DL = 1.2(700) 

Pu I000 = 0.84 

1,-Fr'_34+o.s' 4 4 =4.910°m 

EI 0.4 * 2327 * 4.9 * 10-2 
1+0.84 =24.8MN.m? 

r° EI P_= 
(KLu)2 ............... AC/318-200 8(Eq. 10-13) 

p _3.14°24.8 
C (1.0*9)2 = 3.02MN. 

ow-os+o& ) M2 AC/318-2008(E 
Cm= I A q.10-16) 

.. .. .. ccording to A CJ 318-2008(10 
6 = C .10.6.4) 

ns TT _I 

1 - (Pu IO. 75 p =1 .0 
o n.r = 1--- 1 c) .. ACJ 3 

- (I .0 / o. 7
5 

18 - 2008 (Eq . JO - 12) 
* 3 .02 ) = 1 .8 > 1 
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* h = 15 + 0 .03 * 900 == 42 mm = 0.042 m 
e =15 + 0. 03 76 
min = O . 042 * 1 . 8 ::= 0 . 0 
e=e%, xo, 
e _ 0. 076 == 0. 084 
j o.9 
From Jnteractio n Diagram 

@P,_1000 , 145 o. 725 Psi 
Ag o .2 1000 

P,= 0.01 
2 

A = p * A == 0.01 * 196250 == 1962 .5 mm 
s g 

Check .,> Pu 
¢Pnmax = ¢.[0.8* ~.85 * fc'(Ag_As1)+ fyAst }] ACl2002(Eq.I0-2) 

=0.65[0.8 ~.85 24(196250-1962.5)10 °) + 400 * 4200 * 10-6 }] 

=2712.4 KN>l000 KN Ok 

:. Select 10¢16 ⇒ AsProvided = 20l0mm2 >4s,,, =1962.5mm 
Design of the Spiral Reinforcement 

Psmm = 0.45 fc' f-) f, Ac 
Ac= 500.2 * 40 = 420mm 

Psrrun = 0.45 24 (~-1) = 0011 
400 0.42 . · 

,, L4.m(De- Ds) 
T S-Dc2 
4 

0.011 _7910 3.14(0.42--0.01) 
S3.14 ,942 

S = 0.067m 
75 > 67 > 25 
=> S = 50mm 
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Spiral{f612) 

Dm.50 
I 

Fig.4.15 :Detail Of long Column. 

4.l0Design of Basement wall: 

hole ~ 

Fig 4,16 position of basement wall 

Fig.4.17·B .. asement"' all moment Di 1a9rAr­ 
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ti n· d Calcula o . 3 & I(==0.5 
Loa , == 1 sKN/m 
When p =30, y 

K,=Kr',_,s KN/h 
::: 0.5*18*5- 

=KP 2 
Kop- 5*5==2.5KN/m ::: 0. 

Calculation: Thickness KN.m 
M == 95.6 · ax== 0.01 max -0 5pm 
Assume p- . 00 61 

Fy _ 4 = 19. * 0 01) = 3.61Mpa m= 85fic' - 0.85*24 *400*(1-0.5*19.6 . 0. 5 p) == 0.01 _ * Jy(l-0. m­ 
kn-p 95.6*10' =294.2mm 
- Mn ⇒ d == 0.9*1000*3.61 k" ,,j 

l0-335mm h =295+30+ - 

select h=35cm 

Wall Design: 
moment: 
Mu =95.6 K.N.m 

0 +6 95.6*1 = 1.lMpa 
Kn - * (310 ) 

2 

,------=-:;:-~c,-;j;, 1- 1J 
-0.9*IOOO I ( ✓ i*l9.61*1,1 =0.003 

1 [ ✓ - 2 * kn * m l = ~ 1 - 1 - 400 p =- I- 1 fy 19.61 m 

930 2 /lm = 0.003 * 1000 * 310 = mm A,req 

Check for minimum As 

fr:i 14 
As,, = Y!' (pway> ] (bw(ay "" 4() f 

..fi4 (1000)(310);,, l.4 (1000)(310) 4(400) 400 
4s,,, 

As,, =950 < 1085 nun 

4s,,, =950m .......Control 
As, =930mm <As, = 950mm? req. 

Use 416@20cm > As,,,, =1005mm /m > As,, = 950mm? Im 
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For horizontal rcinforce01ent 
Use shrinkage and temperature reinforcement 
As,., . k ~ 0.0018b h _ 9,00181000350 = 630mm /m 

.,,mn age • use614@20cm=> As,,,=770mm Im> As,,=630mm /m 

Check strain to determine O : 
Tension ==Compression 

A, fy =0.85 fc' b * a 
10.05 * 400 == 0.85 * 24 *100* a 
a== 2.1cm 

X == ~ == 2-!_ - P, 0.85 -2.5cm 

31-2 5 ®. 5-0.003 

s,=0.035 > 0.005 >ok 

R 
0 

........ 
F" tg4,18 Detail of base mentwall 
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· footing: 
4.11Design of strip 

) 

~ ] 

J E 

Fig 4,19 position of strip 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 F 1: 
Load Calculation: 
From Column: 

Service dead load D.L = 165.7KN 
Service live load L=15.6KN, 

Total service load =165.7 + 15.6 =181.3 KN 
Factored load =1.2 D.L +1.6 *L.L 
= 1.2165.7 + 1.6 *15.6 
= 0.224 MN 

Soil weight =18 KN/m? 

Soil depth =1.0 m 

Column geometry 10050 cn 

Allowable soil pressure =500 KNhr? 
Pu = 0.224 MN 
Sw =18 0.5 = 9K, 
Where: 

Sw :Soil weight 

Pu :Factored load fr 
Design of Footin; Ar om the column 

g ea: 
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. • d footing area the total service load will be used 
To determine the requir 
Allowable soil pressure =500KN/m 
Area = (Total service load/ Soil Pressure 

= 181.3 /500 

= 0.363 n 
Try Im •0.9m Area =0.9m> Required Area =0.363 m 
For the design of the renfurce concrete member, factored load nrust be used : 

Pu =0.224MN 

Pu 
(Y Actual = 

Ao, ,add 

o.224 MN 2 ().363=0.62 Im OK 

Determine the depth of footing based on shear strength: 

Assume h = hnun = 30 cm ..... d =300-75-20 = 205mm 

• Check for one way shear strength 

Critical Section at s 
S = 0.9-0.3 

2 
0.205=0.095 

Vu = ox S x B Foundalion 
Vu = 0. 62 x (0 095 ) x 1 0 · = .06MN 

¢.Ve=¢.(~ x ffe x b,. x d) 
6.Vc = 0 75 X l ~ . 6X v24 X 0.9 X 0.205 - 
¢.Ve= 0.113 MN > - 0.113 MN 

- Vu = 0.06MN 

Design for Bend' mg Moment· Mu =0.62» - . x0.3xlx(0.15)- 
Using Reintor )=0.028MN 

orced Concrete, 

M»- 9028 o.9 - 0.031 JMN.m 

» Mn 0.0 --- · 311 b z - d° 1x0.2053 ° 9.74MN /? 

m- fy 
- 0.85* ' == 400 

fc 0.85* 24 == 19.61 

' 5] 
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1 
( -~x19.6lx0.74J == 0.0019 

p=- l- l 400 
19.61 2 

As = p*b*d = o.oot9*JOOO*Z05 = 389.5mm 
Req. 

Check As,,, 
As_= 0.0018x1000x h = 0.0018 x 1000x 300 = 540mm 

Not less than 
As. =2969.4 <As, =540 

re4 1uu 

As = As min = 540 
Select 5¢12 = 565mm2 > 540mm

2 
••••• ok 

Area of steel in long direction : 
As =0.0018*1000*300=450mm2 

Select 5¢12 = 565mm2 >540mm..... ok 

Check strain to determine : 
Tension =Compression 
As fy = 0.85 fc'b a 
565 * 400 = 0.85 * 24 * 900 * a 
a= 12.31mm 

X = _!!_ _ 12.31 
/JI - 0.85 = 14.5 

6 
_ 205-14.5 

s - 14.5 * 0.003 

&,=0.039> 0.005 ··········OK 

Check tr sf, an er of load at b In wall ase of column: 

</>.Pn == </>.(0.85 fc'AI) 
</>.Pn == 0 65 *[0 8 . .6524(c 
But Pu=0.224. (9.50.3)]=3.98M 

< </>.Pn == 3 98 n 
. D . 
. . owels are not req . 
But use the . . lllred for load transf1 

Ininimum rejr 1er, 
A uuorceme t 
snun == 0.005 * Ag - n of dowels: 

Select 10<1>14 - 0.005 *I* 0 3 - »=l500mn? 
As 

Pravided ::::: 1540m 2 m > 4 ",, =1500mn,? 
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In footing 

6.Pn= ,p.(0.85 jc'Al)J¼ 

Liv,, <2 
fi \Vos 
¢Pn == 0.65*[0.85*24*(0.3)]x2 = 7.96Mn 

But Pu== 0.224 <.Pn = 7.96 
:. Dowels are not required for load transfer 

:But use the minimum reinforcement of dowels 
As,, = 0.005* Ag= 0.005 *0.5* 0.6 =1500mm 
Select 10p14 

4s,,,,,, =1540mm > As,,, =1500mm 

Ld _ 0.241Fy0.7 
db - ffc = 13.7 

Ld=I64mm 
Select Ld = 170mm 
Ld, =h--75- 2db-14= LdLd,,... ok - 600- 75- 2 * 18-14 = 475 

Development Length L . 
d • 

Category )A( item 2 applies 
Ld for <I> 12: ' 

.-,{«««Br,a, 
0 ffe (ktr+cJ xdb=J_x 400 xlxlx0.8xl 

db IO JiA 2.5 xl.4=32.92cm 

Available emb h edment =90 -15 =75 cm >33.29 · cm ok. 
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011NG ) f0 
S1 R.I! . Shear I 

J• 01 • ·, I d h 
» I n(J CII ::J 

¢12@30 cm 3 
a12@30 crn 4 

L 

2 J_ 

~ 

5©12 

e] rs 8 
L=1.15m @12l'l2@20crn/ 

F. 4 20Strip footing details: 1g. 

. f Isolatedfooting: 4.12Des1gn ° 

Fig 4,21 position of isolated footing , nowiDli 

ed The to 
Once lite ultimate coJlUnn or load is detennined, the Pmper footing can be design 
subsections descn1ie the anaI)'Sis and design of footing F I: 

Load Calculation: 
From Column : 

G 
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• 1788.94KN d loadD.L- 
service de?°, _95,42KN. 
S (Vice live load L- 88 94 + 306.42 
e d =17 3. 

Total service loa 

309s.36K' ,,£, +1.6 AL.L 
d 1 ad =1.2 Factore 0 , 396.42 

== 1.2*1788.94 +1.6 

=3.5 MN 3 

Soil weight =18 KN/m 

Soil depth == 1. O m 
50*50 cm Column geometty KN/ z 

=500 m Allowable soil pressure 

Pu = 3 .500!vfN 
Sw =180.5= 9Kn 

Where: 
Sw :Soil weight 
Pu :Factored load from the column 

Design of Footing Area: . d 
To determine the required footing area, the total service load will be use 
Allowable soil pressure =500KN/m2 

Area = (Total service load/ Soil Pressure 
= 2095.36 I 500 
= 4.19 m 

Try 2.Im *2.lm Area =4.41m> Required Area =4.19 m° 

For the design of the renforce concrete member, factored load must be used: 
Pu =3.5MN 

Pu 
O ,cat 3.5 

= =0794MN/m? OK A . 4 41 . ······ a Provided · 

termine the depth of footing based on shear strenc,­ 
Assume h = h,,,=60 .d 

nun cm..... =600-75-20:::: 505mm 
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shear strength onewaY Check for 
• . n at S . I SeetlO 

Critical 495 

2.5-0.5 -0.505 == 0.4 s == 2 

- (J XS X BFoundalion - 0 49MN 
Vu' (o 295) x 2.1 - . Vu== 0.194x . 

!yfpe «,«a) 
6Nc =,' -%r 

505 = 0.65MIN I x./24x2.Ix0. - · ¢.Ve ~ 0. 75 x 6 MN 
> Vu = 0.794 ¢.Ve= o.65MN - 

r action punching . . 
• Check for two way shea alue of the following equations. 

. h strength is the smallest v The punching s ear 

I ( 2 J r;,b d w.-#7]', NW-» 

-sEf,gs\Mrs '?· c '? 12 b,/d 

'7 ,1, v = ,1,_ - + b d • "5 JC 0 

Where: 

p Column Length (a)= 0.5 == l.0 
c Column Width (b) 0.5 

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

b, = 4d + 2a+2b =4xo.sos+ 2xo.s + 2x0.5= 4.02m 
for interior column 
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,P.Ve "'z_49!,fn ..... Control 

Vg, = (f * area oif critical section 
r• c - bu Vue "'0. 794{2. l x 2.1-(0.505 + o.5)2] =' 2. 1MN 
¢.Ve"' z_gz!,!n > Vue "'2. 7Mn...... .. satisfied 

Design for Bending :Moment: 
Mu==0.794x0.8x2.l x(0.4) = 0.534MN 

Using Reinforced Concrete. 

». l. 0.s9Nm 
0

_
9 

1V.11Y. 

kn= Mn 0.59 
bdz 2.1 x 0.5052 _ J. JMN /m? 

m= fy 400 
0.85* Jc' - 0.SS*Z4 =19.61 

p = ~ ( 1- ✓!- 2 X m X Rn J r, 

·«.ad--5-ni] A 400 = 0.0028 

S%, =ph eq. - d = 0 002 * 
Check As . . 8 2100 * 505 = 296 m 69.4mm 

As· -O 00 mm - , 18x2100 
Not less th xh == 0.0018 2 an x 500x60 0 = 2268mm 

As _ 
r,q - 2969 4 . > 4 

Select 15¢16 - - s min == 2268 
- 3015 mm° >2969 .4mm ? ..... ok 

ISOLA . 
TED FOO 
d5/23S'l'ING Fl s Cm 

s! 
d 14 020 

3 

, " 
~ 

8 0 
<it tom relntcrc ment 

Fig4.22Is l o ated foo. ting detz il 
73 ru. s 

s 14520 
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-------- 
determine O : Check strain to e 

Tension =Compression 
As fy = 0.85 fe'b a 
3015 400 = 0.8524 2500 a 
a= 23.65mm 

a _ 23.65 = 27_82 oss 
505-27.82 *0.003 

€, 27.82 

s =0.051 > 0.005 s 

d t b se of column: Check transfer ofloa a a 

OK ·········· 

In column 

<f>Pn = <f>.(0.85 fc'Al) 
</>Pn = 0.65 *[0.85* 24*(0.5 *0.5)] = 3.98Mn 
But Pu= 3.634 < <f>Pn = 3-98 
•. Dowels are not required for load transfer. 
But use the minimum reinforcement of dowels: 

As min = 0.005 * Ag = 0.005 * 0.50.6 = 1500 mm 
Select 10 <lJ 14 

2 As = 1540 mm 2 > AsR = 1500 mm Provided {e q · 

In footing 

,P.Pn = ~.(0.85 fc'Al)Jf 

:., v~ 
.Pn = 0.65 * [0.85 * 24 * (0.50.5)]x 2 = 6.63Mn 
But Pu = 3.5 < rf>.Pn = 6.63 

. :. Dowels are not required for load transfer 
:But use the minimum reinforcement of dowels 
4s,, =0.005 4g = 0.0050.50.6 = 1500mn,? 
Select 10414 

S9,a =1540mm > As,,, =1500mm? q. 
Ld 0.24* Fy*0.7 
db - J& == 13.7 
Ld = 192 mm 
Select Ld = 200 mm 
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--------- 
600 75 2 * I 8 - I 4= 4 75 

Ld,,=h-75--2db-14=' '7 ' 

ok .. Ld<Ldav . 

Development Length Ld : 
Category A,item 2 applies, 

Ld for <I> 14: 
L = '}_x_jjl_x ax pxyxA xdb ='}_X 400 x Ix! x O.Sxl x 1.4 = 32.92cm 

WW,f] ® as 
Available embedment =95 -10 =85 cm >33.29 cm ok. 

4-13 Design of Mat Foundation: 

#==== me 

[a] [] a 
I 

--~ 

FE] [ 
ToP incl~- .i■lo h-1!1 en 

e .i; 
Fig 4,23 position of mat foundation 

0 5 I 0.l 
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-------- 
108.2 

24.3 

65.9 0.6 
0.6 0.95 0.95 

65.9 

I 
Fig 4-24: Moment Diagram 

Section A-A . 
Design ofPositive moment. 
b =100cm, 

h =60 cm 
1 2

12 =54 cm 
d/2 =60-4- - d =h - cover -0 strrups - 

Mu =108.2KN.m 

Mn =108.2/0.9=120.22 

1202210°_ 9.41Mpa 
Kn 1000*(540)2 

fy 400 
=-=]96] "oss'-e o.ss+24 

P = ..!_(1-✓I- 2mRn) = _1_(1- /1 m IY 19.61 v 219.610.41, o.001 
400 

As = p * b *d = 0.0011000 540 = 540mm req 

Check As» 

A,mn, = 0.0018 * b * h = 0.0018 (1000 )(600) = 1080 mm 2 
select A,,, =1080 mm 2 s nun 

Used 16 

. 1080 Reqwred number of bars = = 5 .4 
201 

Select 16@15 

A,provided=6201=1206mm> As,,=19g,,,° , 
q mm ......0K 
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-------- 
determine O : Check strain to e 

. -Compression: Tension = 

=0.85 fc'b a 
A, fy- - y1000a 1206400 = 0.85 24 
a= 23.65mm 

a _ 23.65 = 27.82mm 
', oss 

540- 27.82 * 0.003 = 0.055 
8
s = 27.82 

s. =0,055>0.005 >ok 
s 

Design ofnegative moment: 
Mu =37.1 KN.m 

Mn =1.37/9.0=22. 41 

41.2210° O.I 4Mpa 
Kn 1000*(540)2 

fy 400 ----=19.61 "oss=ye o.ss+24 
I ✓ - 2mRn =-1- 1- /1- 2*19.61 *0.14) = 0.0004 

P = m (I- 1 Jy ) 19.61 ( V 400 

2 As =p*b*d =0.0004*1000*540 =180mm req 

CheckAsmin 

Asmin = 0.0018 * b * h = 0.0018 (1000 )( 600) = 1080 mm 2 

select A • = 1080 mm 2 s nun 

Usep 16 

. 1080 Required number of bars== 54 
201 

Select 16@15 

A,provided = 6201=1206mm > As_, =108g9, ,2 
req - mm .OK 
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---------- 
Check strain to determine : 

Tension =Compression: 

A, fy = 0.85 fc' b a 
1206400 = 0.85241000a 
a= 23.65mm 
+-4_23.65_ q7,g2mm 

B, 0.85 
540- 27.82 * 0.003 = 0.055 

27.82 
s,=0.055> 0.005 >ok 

Design of shear 

The envelop shear diagram are shown in figure )4-6(below : 

219.6 

352.4 

Fig 4-25Shear Diagram : 
Shear of field 1 

Vumax = 297.5 KN 

» </ .Ve = <P 6 * b * d = 0. 75 /a 

min .6 Vs = o . 75 * I -* b * d 1 3 =0.75 
h.Vc >Vu ok 3 * 1000 * 540 * 10 -3 = 135 KN 

6 * 1000 * 1000 * 540 = 330 .7 KN 

Section B-B 
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_60.6 

+ 4 + 

12.9 

0.45 1.05 1.05 0.45 

. . Moment Diagram Fig4-26. 

ro "tive moment: pse of"""pa Positive mom 
b=IOOcm, 

h =60 cm 4--1-2/2 =54 cm -d/2 =60- d =h - cover -0 strrups 

Mu =60.6KN.m 

Mn =60.6/0.9=67.33 

67.33*10-t{j =023Mpa 
Kn 1000*(540)2 . 

fy 400 ___ . _ = 19.61 "ossFfe oss?2 
P=_l__(I-✓1- 2mRn) =_!__(!- /I 

m fy 19.61 y 219.61+0.25, 0.0005 
400 

As = p* b*d = 0.0005 *1000* 540 = 270mm2 
req 

Check.Asnnn 

A,...., = 0.0018 * b * h = 0.0018 (1000 )(600) = 1080 mm 
2 

Use<I> 16 
select A, ,,, =1080 nm ? 

. 1080 Required number of bars ===- == 5. 4 
201 

Select l 6@15 
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_1111111(11111 _ 

3 OK =1980mm .....­ 
901=1206mm > AS,, 7 

A,_provided = 6 2 . 
0 

. 
s :. determine · Check stram to 

. n -Compression: Tensio1 = 

=0.85 fc'b a 
A, fy- 11000a 1206 400 = 0.85 24 
a=23.65mm 

a _ 23.65 = 27.82mm , o.ss 
540-27.82 0.003 = 0.055 

8
s 27.82 

s.=0.055>0.005 >ok s 

Design ofnegative moment: 
Mu =12.9KN.m 

Mn =9.12/9.0=33.14 

_ 14,3310°_ 0.049Mpa 
Kn. - 1000 * (540)° 

m - fy = 400 = 19. 61 
- 0.85 * Jc' 0.85 * 24 

P = _l O _ ✓!- 2mRn) = _1 _ 0 _ /1 
m IY 19.61 y 

2 *19.61 0049, 0.00012 
400 

As = p*b*d = 0.00012*1000*540 = 64.8mm2 req 

Check Asrnm 

Asmm = 0.0018 * b * h = 0.0018 (1000 )( 600) = 1080 mm 2 
select A . = 1080 mm 2 s nun 

Use<I> 16 

. 1080 Reqwred number of bars= == 5 .4 
201 

Select 16@15 

A,provided = 6201= 1206mm? > As_, =1080, ,2 
req - mm OK 
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Check strain to determine O : 
Tension =Compression: 

A, fy =0.85 fc'b a 
1206*400 = 0.85*24*I00O*a 

a= 23.65mm 

x=®_23.65_ g7,82mm 
B, 0.85 

540-27.82 *0.003 = 0.055 
27.82 

e, =0.055> 0.005 >ok 

4.13.6 Design of shear 
The envelop shear diagram are shown in figure )4-6(below : 

-135.1 
-116. 

-57.2 
-38.1 

57.2 

135.1 
116. 

Fig 4-27: Shear Diagram 

Shear of field 1 

Vumax = 116 KN 

</J .Ve = </J ff' * b * a /oa 6 =0.75 
6 * 1000 * 1 OOO * 540 = 3 3 0 . 7 KN 

min .</J Vs = 0.75 * !_ * b * d 1 = 0.75 Vc>Vu.... ok 3 3* lOOO * 540 * 10 -3 = 135 KN 
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--------- 
1 ¢12 

3. 

11 2 
3 

. 300 

Bottom Reinforcement 

2 

@ 16020@20 
lll I 

a] 
]..,,,,20,, " <D 16¢20@20 

300 ®] 

SECTION b-b 

Fig4.28Mat footing details. 

Check transfer of load at base of column: 

In wall 

¢.Pn = ¢.(0.85 fc'Al) 
h.Pn= 0.65*[0.85 *24*(0.3 *1.0)] = 3.98Mn 
But Pu= 0.37 < ¢.Pn = 3.98 
. ·. Dowels are not required for load transfer. 

But use the minimum reinforcement of dowels: 

4s,, = 0.005* Ag= 0.005 * 0.3 *1.0 = 1500mm2 

Select 10<1>14 

AsProvided = 1540mm2 >As,, = 1500mm2 eq. 

In footing 

¢.Pn = ¢.(0.85 fc'Al) rx- f 
{!t; = ~=1.7 ~2 A Nos 
¢.Pn = 0.65*[0.85* 24*(0.3)]x 2= 7.96Mn 
But Pu= 3.634 <h.Pn = 7.96 

. :. Dowels are not required for I d 
oa transfer :But use the minimum r . f; 

enforcement of dowels 
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--------- 
2 

A = 0_005 *Ag= 0.005 * 0.3 == 1500mm 8in 
Select 1 OcI>l 4 

2 

As . = 1540mm2 >As,, =1500mm 
Provided {(eq, 

Ld = 0.24* Fy*0.7 =13.7 
a {Fe 
Ld =274mm 
Select Ld = 280mm 
Ld,,= h- 75- 2 * db-14= 600- 75- 2 * 18-14= 4 75 
ok..Ld<Ldav . 

Development Length Ld : 

item 2 applies, Category )A( 

Ld for <I> 14: 

L, = J_ x _j}!_ x ax p x rxk, db = J.._ x 400 x 1 x 1 x 0. 8 x 1 " [;©] ®i as +-292on 
Available embedment =95 -10 =85 cm >33 29 . cm ok. 

4-14 Design of Shear Wall: 

0 
J - 

,;:i I- l 
llH 

.......... I 
~- II II Ill 11 

y.I - .,__ ~ 
== gg» 

~ nf i I I- I- 

~ 

.. 4 t:: = ~ ~ 

I [!5 v· CG lie I 
I, II ~ n 

Ii 
~ 

• 
IO Jc: 

l 
le 

Wtll 
~ >l I 

I ~ 
n 

~ i&8 
~ ~ 

- 
" p& i 

7 

'ii ll2 06 l 
B I) ea 

i ¢" 7J 1111~~ ........ h 

- p 

=f% [silo ,_ ._ .. -.: _,_ - ILE 
:::;;! Fj, t=j= 

""i - 

Sh10 

51-e 

Fig4,29 . position of h s earwan 
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Calculation of Loads: A a+ DI* col+ DI stai Walls \re =Dl*Area+Dl W,,re roor 
= 9456KN 

Wforgroundjloor 

= 8044KN wfo,jirs!floor 

= 8044KN Wforsec ondjloor 

= 8044KN Wforthiedjloor 

= 8044KN Wfo,faorthjloor 

W =1000.KN forroof 

shear walls : Calculation of shear force on 
. Building Code UBC 1997 From Unifonn 

Z--0.3 zone "3 
R=S.5 

1=1 
Ca =0.24 
Cv=0.24 
hn=20m 
Ct =0.02 
Where: 
Z-Seismic zone factor as given in table 16-1. 
R =nwnerical 

coefficient representative of the inherent over strength and global ductility capacity of lateral force 
resisting systems, as set in Table 16-N or 16-P. 

I =importance factor given in table 16-K. 

Ca= seismic coefficient, as set forth in Table 16-Q. 

Ct -nwnerical coefficient given in section 1630.2.2. 

Cv = seismic coefficient, as set forth in Table 16-R. 

hi, hn, hx =height in feet m above the base to level . . 
1 
, n or x, respectively. T=C,Ah,)"" •. .30-yuc 

T = 0.0488(21) = o.4g 
v, -ly 02a1, 
' RT" 5so as' =0.09W >.Comrot 

V = 0.091W = 0.09142635_ 3879.51k, 
F, =0.07TV =0.070.43+397o% ' >Control 

" 7951=116.8ky 
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Calculation of Loads: DI* col+ DI stai 
DI* Walls* Area+ = Dl Area+ W,,re tr 

= 9456KN Wforgroundjloor 

= 8044KN W ,,rsans 
= 8044KN wforscc ondfloor 

W =8044KN forthiedfloor 

W =8044KN foljiwrthjloor 

w =1000KN forroof 

h alls· Calculation of shear force on s ear w . 
From Uniform Building Code UBC 1997 

Z=0.3 zone 3 
R =5.5 

l=l 
Ca =0.24 
Cv =0.24 
hn=20m 
Ct =0.02 
Where: 
Z-Seismic zone factor as given in table 16-1. 
R =numerical 

coefficient representative of the inherent over strength and global ductility capacity of lateral force 
resisting systems, as set in Table 16-N or 16-P. 

I =importance factor given in table 16-K. 

Ca= seismic coefficient, as set forth in Table 16-Q. 

Ct -numerical coefficient given in section 1630.2.2, 

Cv = seismic coefficient, as set forth in Table 16-R. 

hi, hn, hx =height in feet ym above the base to level . . 
1
, nor x, respectively. T=C,(h.)" a. .30-syunc 

T == 0.0488(21)314 ==0.48 

v; == CvJ W _ 0.24*1 * _ 
R.T 5 .5 * 0.48 W - O. 09IW ~ .Control 

V == 0.09I*W == 0.091*42632== 3879 51/(N 
F -o 07*T*V · >Control =v '=0.070.433879.51=116.BK, 
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■---------- 

Floor W)KN( I V)KN( HM Ft)KN( yy-Ft( yw"H Fx - 
roof 1000 3879.51 20 116.8 2762.71 20000 108.07 

fourth 8044 3879.51 18 116.8 2762.71 144792 782.37 

thircd 8044 3879.51 15 116.8 2762.71 120660 651.9g 

second 8044 3879.51 12 116.8 2762.71 96528 521.58 

first 8044 3879.51 9 116.8 2762.71 72396 391.18 

ground 9469 3879.51 6 116.8 2762.71 56814 306.99 
- 

Table4.3Calculation of the total Fx. 

Fx = ( v- Ft) * wx * hx 
L wi * hi 

Vu= Fx * 21 % 

Floor 2FX Vu Mu 
- 

Roof 108.07 22.7 45.4 

fourth 890.44 187 606.4 

thircd 1542.42 323.91 1578.13 

second 2064 

first 

433.44 2878.45 

2455.18 515.59 

ground 2762.17 
4425.22 

580.1 7905.82 

Table 4.4Moment & Sh V ear alues 

22.7 

187 

323.91 

433.,44 

5S15.59 

S80.1 
7905.82 

Fi 1g 4,30Moment & S, ear Diagram 
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I 

Design of shear wall: 

Fc -24 MPa 

Fy -400 MPa 

t-30 cm .shear wall thickness 

Lw -3.8 m .shear wall width 

hw-20m.story height 

Design of the Horizontal reinforcement: 

Internal forces & moments: 

Y rs =Vu= 2762 17KN 
Design it by using Reinforced concrete: 

Vu= 580.IKN 
Vn = Vu /0.75 = 773.47KN 
Design of shear 

d = 0.8* Lw = 0.83.8 = 3.2m 

voe=+,[ye+nwa=± 2@so+3oo= 734.85KN 
Vs=Vn-Vc 
:.= 773-734.85 = 38.15KN 

(Av) Vs 38.1510° 
S2 Fy*d 400*300 = 320mm 

( ;; ) = 0.0025 * h = 0.0025 * 0.3 = 750mm 

[")-» 
2* 113 
82 = 750 

S2= 0.31m 

control 

S Lw 
2=7_-=4000/5 = 900 mm 

S2 == 3 * h == 3300 = 900 mm 
use ..24612 @ 30cm (co / c)in 2/ayer 
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I 

ent: Design oftbe Vertical reinforcem 

hw Avh _0 002S))S1h. )( ' = (0.0025 + 052.5.7 , S,h Pmin 

h. 20 = 5 .3 > 2.5 I ss 
An = 0.0025xS, xh 

S _ _!_L =.!.x3.8=1266.66mm 
I - 3 w 3 

S = 3xh =3x300= 900mm 
I 2 

Select 2¢612With area As = 226mm 
226 = 0.0025 x S, x 300 
:.S, = 301.333mm 
Select S, = 30cm < 30.1cm 
S = 30cm < 90cm < 127cm 
-----+Select2</J12/30cmc/ c 

Select 24> 12 /30cm.ln tow layer 

4.14.3.3 Design of bendingmoment: 

Mn =7905.82 KN.m 

c-f] f cs» 4.5 4.5 

C=C-0.1xL, 
C =0.85-0.lx3.8=0.47m 

C = -52_= 0.85 = 0.43 
w 2.0 2.0 

Select The boundary element= 50cm > 0.47cm 

Lw 3 8 As-4s.=jAs, =pj226= 2862.667? 
z I 

Lw 
Lw 2+0.85* /3* Jc* Lw*h*l(As* Fy) 
Z I 

2 + 0.85 X 0.85 X 24 X 3. 8x 0.3/(2862.667 165 x 400) 0.052 
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·------- 
a-oor-as.as«awzf [?)) 

0.052 
0.9400 0.5 * 2862.667 X 10-6 X 3.8(1- Z ) =1907.16 kn.m 

Mu s.,, = 7905.82--1907.16 = 5998.66kn.m 

As± Mul _ 5998.66x10/0.9 _ 5949.38mm" 
.fyx(Lw-Cw) 400x(3.8-0.5) 

As= 5049.38+(4xl 13) = 5275.38mm
2 

:. Use¢25---+SelectI0¢25 

Shear -W-all Detail 

<t>12@30 cm 
<Z>12@30 cm 

50 

1 O<Z>25 

Fig4.31Details of sh ear wall: 
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·-------- 

:4-AJL (1-5) 

• ?:.jUj (2 • ~- -5) 

:<la5i (3-5) 
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g\ill Jail) 

~~_;Ut.; ~u.Ut 
:'-.AJA.Q (1-5) 

_ ''I . .<11 JI ~ ~Jwv c..:.,t,6.k? J>- J_ra-J-I { tJrtl1 lh cj 
~ <1...-,..,,\J~ ...l..-Jt; ,Jr J iY ft'-"'"' 

-~ u,.w..11 ~L.:..; )'I c..:., t.bJ=:,llJ ~J WI ..:.., \.kk,:..ll ~l..u;I f wl:11.:l.1 

:<ya5l s @1l(2-5) 

JL__.s.\ ~ ~b:. J ~~~\ f ~I ~I ,y- ~ (! ).1 cj 6-.!_;ll ..:..,I..,.,~ ~ 01 J~\ { \~\ .2 

-~_rU 0--1=.lJ:.I ~\ ~ ~4 ~ <..:.JL..L.. ')ti ~ o;)~I ~ ~ 01 ~ _,..J-1 
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Chapter 6 

Appendix A 
Project Drawings 
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