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Structural Design for Multistores Residential Building 

Prepared by 

Ayman Abuzahra Mohammad Alshamsti 

Abstract 

Palestinian housing sector is facing many problems and challenges as a result 
of population. growth on the one hand, and prevention measures repression 
perpetrated by the Israeli occupation on the other hand, which captured the 
attention of specialists in this field to find solutions, and that was the trend 
towards apartment buildings to achieve the desired goal to provide the necessary 
housing. 

We will in this study, shed lights upon the ideas of architecture iri his study, 
which investigated all the requirements of architectural spaces and guidance, with 
the previous similar studies of the construction projects prepared by students of 
Civil Engineering and Architecture at Palestine Polytechnic University, the work 
of the structural design of the apartment building, beginning with an examination 
of the proposed architectural plans for the project, then move to the installation 
distribution of columns and beams, and to identify structural loads and the best 
system that will be selected from what is in all structural elements, move on later 
to complete the structural design of each component of the structural elements, 
and finally finish the work of construction drawings of the Executive fully and in 
detail each of them. 

It is worth mentioning that the Jordanian Code will be used to determine the 
live loads, and use (UBC-97) to determine the seismic loads, but for analysis, 
structural design sections will be using the U.S. Code (ACI_2005), must be 
pointed out that he was relying on some programs, such as computerized 
Autocad2007, Atir, Microsoft Office, Staad-Pro2007 and others. 

After that the design of this project and making all that has been said is 
expected to conclude a number of results and forecasts is to link the information 
that has been studied in various courses, analysis and design of all structural 
elements and describe the impact of each of the elements on the other, and then 
the work of construction drawings of the Executive fully and in detail each of 
them. 
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. '-:-1.,;,o.)1 ~ ,~ ~Y. 61..;.. ~ ~.;~I 

~Y. ~4-, c_} ~4,JI 4..i..i.ilii ~ ~ c.:,.a 14 oy• ol ~ ~I_, ,~Ll.i} e:;..Jl...:u..J wl...il.J..l • 

. ..lli:i 1. Al~I ._(' - - 11 tu~';ll ~~I . •.('. - ..l9 •• c:L W)IJ ~ ' • .. L .Ii. ~ 'i .., ~ ~ - . cJA u--- .) .,)'!'- • c' • .., ~ 

.: &sf! 0Sl + ) 2tss,9I 

ul.li\l t'° lf.iil_;i_, ~~I irl~I c.:,.a ~ c.:,.a .lS\:ill &rl_, ~l-..JI ul bb; oll 4.....til.J..l .1 

. ..l:?-.J w} 4:!s ..l_,:.i._,.JI ~I ~}.J ,\+:!le, ~y\ll ~~I ~I 4-i\S ~I_»} t'° t:.J~I 

3el3 5eYS y=Lill sis 9351 c±as'yl afyls ill @39£all Rt6YI_ya\ill @al0 .2 
dls9 cl.a@Yl estsl) 5fews <ff) sl call &e @hey Y lsty las)ls 

L ] .u ~ 

'-Wt.WI , ..:i~'JI U:..ill ..l.l~ ~ • I - -'- 0 ~ ·- -11 JL- ~I ~~"I Llall ~ 3 • • 'ti' • c' - 'c.JA.J ~ ..r.YM .J - ,, Y4 - . 

I.L -:11 '\.:il ,_ ~UJ ~~'ti Llall - 4 -~ ~ is- . - , Y4 ~ . 

• A..ca y\ll ~t.-:ill J-.1 ~I ~~'ii ~1_»14 ~\.a:i...i'JI .5 

~lfl}I ~4 t..,_µ1 ~_,_;;.ll 14 oy• ai ~ ~I ~Ll.i'il Y-4t.Wl ~~iilll c.:.i\.hbi..JI j~} .6 
~ -1-\:ill J..i\S:WI . - ~ J 

.¼1.i.Jl t..,_µ, U4..)C- .7 
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:,++) dsell 1.9 

&s-¥ ,i+) dse) (1-1) dse 

J_,.-9 ~) ~ ~ ~ ,14ia aiJ ~I ul_,.b;Jl ~I J.,J...a:ill e:" ~I 11\ u~ ui...ilii 
• ~ .. ,, -=-- "'1 .,, uu.- .-:t\ 'W}\ 1-- .-:-: . ..r' ~J ~ y.,J~ ~ 

, t.J._µ1 .Jy:i=,..I ~4,..il 't.Jy!i.JI ~ ~ ~I t.J_µ1 uc- ~.fui ~ ,.5-~ :J}il ~I .1 
.tJy!i.JI J-l ~I ul._,b:..! IJ ,4'.il~i 

u~l_,ll u.-.J ,~WI ,~_,.JI ~ 0A t.Jyt.Jl <.i.JLu..oll ~_,ll ~ <i~ :i,;~I J,-ill .2 

. ~ _;.:...11 _;-Uc. J ,~I _,l:JI .J 
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l.ii.. 2.1 

t.J~ ~\.&.JI ~U&ll 2.4 

~I -'I ~~I ~ ·- 'I Llc. ~ 2 4 1 ~ YJ ~ ..J-""' _;,- J .. 

~I_,bll ~J 2.4.2 

~I ~lb 2.4.2.1 

-·SY! 5!A\ 2,4.2.2 
(.;.fi.JI) JJ~I ~\.bll 2.4.2.3 

.;.,WI 2.4.2.4 

€al4elsll cia9 2,4.3 

35 yl A» 3isl 64slsll 2,4.3.1 
~~I ~lA.:JI ~1.,112.4.3.2 

¼.fall ¼~I ~1.,11 2.4.3.3 

¼.fall ~I ~1.,11 2.4.3.4 

.a iti; e11 u~\ ~ 2.5 
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:l...1i.. 2.1 

LciS: ,~""'J.l-:i....i)' ~I~ i..,r-I.J:! ~ ~ '-i"J ~ ~ f.i.Jt-..JI ~I ~IY. ~ 

jl ceOl @3 3si + else clf Lags <9all gay) cash a dlsill s cell @sly _gh5 
-~ 

~L ~, . 1e .. .:i.l:.J ~, t-i.JI .. A. _-:,w b.u , '- 1 o.:ic. - ~ 'i . •A. _-:,, tiLi.J =.J u.....i - '-i f.i.J ~ • • u=i. .)A ~ ~ '-i ~ - 
. u.L~ u'•, <Uil · .I l \ti · --=11 W.b. ,~I ut.J.b:WI 1....L1ll:a -'I - - - \iic. )II · o..;,;:-- ""Ir.' ' ..,YM 4.F.J e::'-.J~ '-i..YH. - . ., .,. ~ .) . ~ 
J_)..ll_, O.JU)'I ~l.).:i ~l ~I 01\ i.} ~., ,o~\t,.J .)Jh.JI ~ly, ~~., ~_,lb.JI .:1~"11., uti:.I..fol 

4-.:..1)1 ,.5Ji,i _y. ~' ,~ ul~t ~, (j-4 01 ~ t~JiJ1;..,ll u~I (j-4 \..\.J:!C'J 4-SyJI., ~,., 

~_, ,~ .J:!i:-.J ul_J\~ l....iily, (j-4 ?Y:! La JS ..J:9.fJJ .:i_µI w\S.JI ~j J~_,ll ~IJ ~~I_, 

Asl±all llas {bh ,icailas 32las a C"algal9 s9 cs 

~I ~Llii)'I ~I~ l~ ~lfjll ~.J~ ~l_p.}J f.i.Jt-.JI ~I ~.JA (j-4 ~~':ii ~J 

i4! ~I_,~ Wl_,ll ~I Jl,.,..\1I ~ l.:i\...a:ic. l ~~.J ~Llii'/1 ->'-4\Jall .l~l ~ ~} ~ 

A») ! e? Coss <+at9Tl!-95 o's8 _ye tgli 
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' » isl ,tall ..ll 33h4ill9 ·Cuhel# i ts.all stseY a.all ,rll dh ! 
,~I ~jl 04 ~_, ,u~I J.le- i.} liJ\.Dll ~ ~l....:aJ ~'J ~t......a _»9ji Loljl .Jt.,._ ,J!l:JI Wb..G 

.3\611.0 Alia &a #Sis «o)3\3 ,+al 3YI eDgial9 

JW ~ ~\ ,J_p-6. ¼JA lfj\S...i J.lC i_} I~ l~lji ~ ~\ ~b.,JI ~ u~I j_Y.I 04 

:I.-: d ~ 950 ·--'\-l...u1,·=1·-\.i:i \.h...,..:i...,:I .. ,ul - _t.c::~ 11 '-~- Ja..i:i '11:Jl4..ii.l.4 ~., _)W ~ c;--v- -e- .) ~ ~J y..i~ I.F~ ~ ·-' - - 

ir'"411., ,~, 4.ib1J I) ¼.wl ~t......a .6i9 ~_,J u')i 9 4.1.i ~_,J ull 39 J_p-6. ¼.w ~4';11 ~w, 
u1t 19 J_,.l:.. i.} 0~, J.lC 0ts ~ ,~ u112s <)1..? 2006 rlc. ~~ ..}.lc, ~ ~ ,~1.Jj <fol) 

~ ~_, 'U:!.J.fo1.JI W:!-4Wl '-liiJk,u19]1 r-~ '-i~_;.JI j~I ~jS°J y=:. ~., 2000 rW ~ 

u.wl 04 ~Wl ~_, .l..:i J_p-6. 4-.y.l.4 ul ~ ,~ ~JI w.J~ ~ t..-9:i _y. ~ ~ _, ,%5 y Jli 
.6Ss LS jyas 834 ls sbily ls ass las @las Riki» l4isSl lgui Sal 3aiy cs ±YI 

liJyjll ~ u~ ,J_p-6. ~ i.} ~' ul~ _,11 J.lC liJyj ~ ~ _;ill ~ i ~l...i fa lAA ~ 
t.jJ_,_.l l r-~1 ~ .t..;.jill ~ t.j.lll u\y:i,..i'J\ 04 ~1.Jjll <fa.J~I A.;!~_, ,u~I ..}.lc, ~ li~I 

-~' ~' -»9jil Jg\ ~l......a ~'J 

~ ~_, ul.li\ ~\ Jb:i ,~ li.Jt.-l i;LluJ ~ ~ ~ t_,_µ1 ii.fa ~ ~_, 

li.Jt.-11 ~ lA..>9lji ~1_,11 ulA.liJI_, uyl\....il l_, u~\_;911 AJ\S ~ t.jjb:l ~ ,{ijl ufa ~I ul;,.y:h'JI 

rkb ~ 04 ufo- A...I~ ~lb ,~1.,k 4-1..i 04 ufo.J 2r 4900 ~' ~t......a ~ ~ ,~, 

~.)~\ ~\_,kl\ t.jjb:JJ <)j~J 4.J'-:,.:i ~ '-i~ '-i.lll ~.)~I ~U:JI_, ,o~ ..faH ulJ-:"-.Jl .....ai~_, 

( - lb ~ -- .. ~ I) ~ -- .. 1- A...1!1.JI . ~ ~ . .) - ~~ - . 



ells jli el» &isl ytiy 4le gill cbti] alyll @30 7l9 sy 4ls z9 s) ail 
~ ~~ .J Wt.ill ~u..11 ufo ~ ,ti.bl.J I ~ l,.,ij\...JI ~u.JI (,Sjill _»J~ rl ~\_fa.J I <!:9 _,.Jy 

~ji 0A ,<!:9_,.JI ~Uc. ~ 4-A~ ofo ~\.be.} ~ ~ ,~\ti ~I Jjci.,;\ J...iw:i i.} c.fo.JI 

.~I ~4,JI t_ill..;I .J ,~I u~I.J t_).,.!'J4 <!:9_,.JI ~ .J ~~ 4..:l.jiWI ~pll 

~I ~l:i ~,~~I ti.hl.JI.J ,4-l cjii.JI <!:9..,.J4 ~I ii.Jl.u.ll 'i.Jl-.JI ~1 ~J-1.J 

~I ~I ~I.>.!&!~ ,e..,.J4 ~I r4-,.uu 1 (,S..l.4 u&:!' ,4..=._jii.J\ ~.J\11 ~ ~ .Y'.J Jikieno11 

! 2esll csl,las] pl5il; <9 6all le @eslf @iyyl Lili @ls,ll @slsiall s las all 
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~Li U"' t:.J_;..t.JI ~.JA ~ ~ \+ibl..- ~ u.Jw:i '~.J ~1_,h ~) UA t:.J_;..t.JI ufo­ 
uti:.l_;ill ~ ~ c.S~.J ,ti.-..,,..u ~lb J-.l ~.J'JI y~ ~ J_;ill J)li.:i,... 1 u~ '~.J'JI <-1.a 

1.ji!I ul.c.l_;ill 01\ ~ J_ljill _;..-Uc.~ ~I <:i~.J ,~I ul.Jt-11.J ~4,JI ~ I.A~I_; y_,lh..J I 

:,till 3s le __;,-lWl ~ ifau.J ,~I.J.J 

,~I c)I.J U"' (!.J_p,llJ J_p..lll ~~ &:! O.J.J~ 11\.J Lfi~I ~ U"' ~ (!.J.ft-11 .J JµI ~ 

~ ("'-:i~.JAC) ~I.J 4-S_p,,.J ~1_,ll ~I.bl! J,:..b ~14.S~ l.4k. LJ:!C' _,.i c)J ~I J,:..b 4-SyJI ~ ~ 

uti:-1 .:11 · ~ · t..:. ~ ', _u, A.lA:li. .-9 - ~\114.S ·- 11 · I ~I · , ·1 'lb _yr,, ~->- L>4 ~ - ~~ 1..,., • ~ f"".l , .?-' (.) LJA.J ..P-.J ~ 

c!Y ~ J~ U"' ~ ~~ ~1_,bll ~ {4-:!~..,-.11) ~1)1 4-SyJI t....il.J ,\+il.J6-'-'1.J 4-SyJI C_,....;:i .J ~ 

-~ ~1)14.SyJI.J ~\_,.bll J,:..b ~\114.SyJI ~ O.J.J~ 11\.J ~I t.b..i~ ~y.J&S ~~.J 

:Gel shll cas 2,4.2 

:~I ~~ 2.4.2.1 

4islaa zl53334F 5ll de 2# <5j»3.5 cs 5ill yhll go9Yl des ±3-l 5i 0AEl 4 
:4\5! As3 gl rfus £ f% 675 

u)l.s:J1 ~.J ~.J rla.b ~ i)c. ':fy.::,..J.J (r -3.5) Y~ i)c. ~ J}-11 ~..►..l' • 
o t.-ll - ~ ~WI uu..il.WI • .J (.) • • .J 

.ul.Jl:,.Jl ui.JA i)c. <:i~.J (r-2) y~ i)c. ~ i,;~I ~_►..ll • 

• 
3r 300 <)1-.,=J ~ o.Jt-.11 u\S..J y~I o~ ~ fa. i)c. <i~ ~1 ~.►.-11 ~, • 
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:~}ii ~~, 2.4.2.2 

J=,.1.l.JI ~ Wl.l c.;~ .u.fo!J ,-yl} Jy.a_,ll ~~ ,~I.:.. ~I lAJ-l ~}JI ~\.bll ~ 

cs> 3? le cits f] La«as 32yl=ill cs\dl Ali» &gels ±fys <) ls » uf) 
c,;JL..i:JJ 'Y ~I.:.. o_;_,4,..r. ()j~ 4Y ~.J ~ -lJj.ci c,;_;4,:J ~ i)c <.f~ o_;L-11 ~}JI ~\.bl\! 

4-J- -:11 -lb~t....i..a~t....i..a -~~ 

:JJ~I ~~I 2.4.2.3 

1- ~, - - .. ,~u.o ~ ~ ~ I 1- - ,k.i I - 880 ~l....i.a ; t.-; ~ c.;_,.i.::,...i ~ . J - ~.) ~ c.;_,.i.::,...i.J . .JA _)lA C"':"' 

.JfoJ 'i!J.:JI ~ A.lb w\!_y.!i ~_, (»'lbJ ~.J ¼-.J w_,l~.J tdJ•uJ°,_; \Al.l:..} e,.J°J u.;c- ~ 

._fi~ ~ c.;I .JI w~lji c.;I 0.J-l ,~1)1.J ult:ill.J ~WI ~1_,bll _;_J,lll I~~ w\c.l_j.11.J wl:}Wll 

· ~I A..lt.ub Lu.JI ~I ~ ,.l:..I -11 - \.bll . _g ~ ... J.,.,,,A1JI ~I ~I o ~I o~ . ~ ~ ~.) -· c.f.J - _,. ~ ~ • - - .J ~ - 

• .. -:-.: .. ,, · ull:i...i - . _g ·h.i.i • . .-:.~c. · - .. JS ·I~, - _:11 ~1 ,_ J- -- n ~. k' ... 
ui- UC- -'->~~u -~~ u I..S_,.._.. i.s- ~ -· ~ 

-i!.J.l bLl 01,1_µ1 ~ ~ ~J-1.J ,01,1__;=,. ~I 

:J.Jl.ll 2.4.2.4 

s' ,® f"'l....u.J ,~1)1 ~.J J.J~I ~UJI WA .llA.IJ ~I J.2ki,no _;fa o_;t-ll .b..i_;i;i 

A±S 5E.2l1 All s-Lay! 3 @a 3Ul 

:i::i~i_,.n f.W.J 2.4.3 

~' ~ u.o ~ ~ ,~, c.:,c. JJ~I t4hl~I ~ ~ c.;I we- dfl]ioll wlf.?1_,ll ul 

~~'.J ~1)1 JiSJI ~ J=,.l.l'.i -lP..J J)G,.. u.o ,~, jl_;l:JI r'~' t.Jy!..JI ,~ w~l_,l c;_;'v.-11 

.&2es5fl9 <le3ls eilyl • &lS ,pl55al9 
±5! 3hll 535yl yis5i # 2sly as 533sa Al eY @6.al6 _ys ±9Y/ gill <3las!s3 

259Ylzly3, 2525413 5) i del ls.te gill 5S+° 35'l 95es 4S Call ,Ell 
ulc- .l:il.W\ ulj.JY. .lp..J _;4ic,~I ~ ~, ~ i)} AJ\..wa'j4 "fa 24.25 u.2ikti ~\ 0:H ~ ~' 

.c,;_;t-.JI ~I _;.,.-jc. jlY.}.J ~ ~\ ~ 
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:~.;JJI ~~I ~1-.,11 2.4.3.1 

,uh) dsl @slsl s As ,u±! & le ff Cs }ll &gels) ,a 4el9ll sis 
fol r'~' ~ ~ ,44 ~I ~4-,jll UiS.14 0~ ~ ~ ,44 (..).:J\.:JI w~IJ i;_;4-:il l ~ 

.LS'_p.l ~ 0A .l.!.._;9 ~4 ~ ~l..b.J., ~ u,o wb:iil l ~.JA _>.!:!Ail ~I u,o t~ u,o 

~~I ¼fa.JI ~1_,ll (2.2) ~I 

:~JJ.31 ~I ~l_,11 2.4.3.2 

451 LS &£55all ls?u cl Ahal ds143<al lull cif» iia 34hy 3gels) si8 ,#3 
w~ 0:lfJ ~ u,o ~ <i~I ~1_,l:JI UH y~I ~ J_;ill ~ P.J ,~\.,_ill_, c.:.il..i~I 4-=9 
u,o (..).:Jl=.. @y elyttll 5vn wl ~ d.lUS '14 ~1_,ll > ~l i;~I_, ,~1_,11 ~ c.:.ib:iil l ~ 

·JI· ~ L .... \ -'I~ o 6.:JI • ..,?- _J:AJ --~ '- .) • 

~y.tll ~\ ~1_,11 (2.3) ~I 
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:~.;iJI ~~I ~1-.,11 2.4.3.3 

.~y.tll ~~I ~1_,ll r\:i <J'I\Saj \ i.l'.J 

44] z [5E 

:~.;iJI ~I ~1-.,11 2.4.3.4 

LJ.J-l ~I tli:i.JI J,a\S ~~~I ~1_,11 (/>.J ,ij.J4ll ul..9_;J.ll_, 4.4,.tll ~1_,11 01\ ~ ~ 

-~ A 4,.;,; ... 4JI i.J~I ul ,tii.3 u)u.;.I ~ 4:i,b~ c.:..i~_, ,~\ u:a}il J.!.o .J~ 

I !s 
I I I I I I 

CD 

¼.Jill ~I ¼;,,-1.,11 (2.5) ~I 

14 



ulc- I~~ ~I o_;t-11 e!.JA wl t..,_µ rWI e:9..,.JI.J w\+?,1_,ll J)G,. c.)-4 ~1_,ll c.)-4 

wlc.l_fol ~4 Lil, 4..1~ u)l..a l_,.JI ..;i_jj ~ ~ ~ ~ ~ 4Jfo ,~) Jy-o_,ll c.)-4 ~L.., 

wlc.1_,ill ~I ~ ~ w ,AI.J 4..1~4 ~I ~ u_;ill mu:. ~ ~bl\ wl:lkill.J 

h)i s A5lelss yadyl 4Ss Ash licyl ye as} cs lull»ill elutts ec9 'g! ? 
~I ~I _,.\::JI 0.H ~.):! UiL,.,I L.S .J ,WWJI 4-:,,.WI 04 .l:i.ll wlc j_JA ~.~ll u.iii ~ o..) -'t _,.JI wlc. I _;ill 

~ ~) J..,.__,l\ ~J ~I ~1_,hll 0.H ~.l_,_l\ 4.Syi,.11 J:!_fJ > J-,:i ~I ~t...-..J I.J ~l_;.l~I 

.-l) sisal) 
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.l..fu3.l 

.\isl'l ail c» cisgll 3.2 

. Jt.-'i\ 3.3 

. ¼-JI Jb'i\ 3.3.1 

. ~\ Jb'il 3.3.2 

. ~J°,;111 J\..='il 3.3.3 

. (Y)I Jbi 3.3.3.1 

. c:..,llil Jbi 3.3.3.2 

. Jj~jll Jbi 3.3.3.3 

.0\4599\3 334ll as! 3.3.3.4 

• ~Wu)'\ ~I.All 3.4 

. (Slabs) wl.fuJI 3.4.1 

. (Beams) .J..,.....;J I 3.4.2 

. (Columns) 0.:i..= \ti 3.4.3 

. (Shear walls) udil l ul.J~ 3.4.4 

. (Stairs) <!l~\11 3.4.5 

. (Foundations) wl...il...:\11 3.4.6 

. (Retaining walls) ~.:i\.ii.,, )11 ul.J~I 3.4.7 

.4%s5call z$+ls gal? 3.5 
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cl:) Jail) 

:La.a.. 3.1 

~I 15_,.ill ~~ ~ i;~I i,;Llj'il ~I~ ~t.....l ij[JJ.#..J ~ ~Llij'il ~I r..,li 

,~~~ ~w::.j":J\ ("j.c-J ~1..b..6£.....i .J ,~ti.JI whlj).., ~~'11 wy\+il ,~I Jb'll L)A o.il_ji.JI 

ulaill 3s letiis cSs -hill ale! 20sf,i?sally ,it.ti}yl,ail) ,er tg-all go 4.alls 
.~t......ftlltbli.Jl 

Jb'll t1~4 ":JJI r',.J)'I ~I ~ ~ ,ful.J I 'F1Lli.i'i1 ~I ~ J_,.-:J I ~i L)A.J 

1)-liA ,Jb'll o~ ur:, ~ull 15_,ill y~ ~tSll .U...,-11 ~ c.:,l.J ,LliWI ~ tA..J:l'U 4J0f.J ,~I 

» <bay l4ii_ya cell Ayala}l 93a¥l Css call @las f ssl) saa &a llill 5_ylga9 tale il9 
fu ~ 1... - ~ ,1.1 A,j-< _1, li:JLli.i":JI \.WI~ . ...bl ,~ A...ul....i • o~ I - ~I .J:l "'e"" .Y-l - - .J "6-' ~ - • Y- ~- - ~ '-i ~ . 

,~I · 11 - ')I · ~ull --=11 · . ,Lt\ .h.t)I · -·- ~WI ·•-·-°''I ~ ,~I Jb'JI U'-'='- L)Co • I.Sy, ~ r::-- . L)Co ~ • r::---- - 
4-J .-:ll _-.:11 0~ Jil,i '11 4-JI • ~ , _q -- .. ,, '~ A,j -< - 11 li:JLli.i":JI \.WI • ...>"" I.Sy, . ..)A .. 'ir' ~ (" _JJJ ~ ,_,_. - • _;,- .J 

4-,i1.c:.lhs ~A:i.J ~Lli.i'il _;,-lWI ~.J J.!b;i _y. 't.Jfo i./'i i.,r1Ll:J'il ~I L)A <"WI ~I c.:,J 

,o~4..JI .Ji;, JI o~4.JI ~'JI ~1__,,...i ~ Wl_,ll Jb'JI ~ ~ LJ,Ql ~ u1c, J~t ~I L)A 

~ ~ ~.J ,~l..ca:i! ":11 ~I ol.c.lJA c4 ~ i;~I rl~'JI ~ ~ .l::stWI ~..,11 ud.i i).J 
~I I~ ~ <.S~.J ~t...ca:i! ":11 ~I ~.J c.:,'LA'JI J.,il.c. .J¾9.fl <.S~ i)c. ~~ ~Wu~\ _;,-Uall 

. ~I I~ ~.Jt.-.JI ~1.., ~I ~WI> .l:a\.W\ c4 ~ JS.J J.i;. ,'iill ~u.J 



,~ llil.l ~ , .. i, .ll · wl.t.i~, I.A ~uc. ,.:.li,w, ,_ .. • 1..o . le." . _A 1..i::. ~ ~ \11 · , ~ c.S.J! ~ ,y,:9 ~ • .J ~ .J-1~ ~ ~ r' . <.J. 

~ ~ ~'JI ul:i:,j .J ,~ 4-=..l.- .JI ~\...!ij)'I ~I .J~ ~4 4k. .h=i. ~ ~.J 

0A ~ ~ ~l Jp u_,..., J-ill ,~ ~.J ,u,,ijll ~4 ~.JA.J 1.A)fu ~..., ,.d_,c;1;1~1..., ~l:!J:ill 
~~ ~Llj)'I ~1.1JI ~ ~~ ~ ~ 4J.A J.,ila:ill AJif J ~I~ o~~ ~ o~ ~ ~':/1 o1,i 

:i,r"')'\S ~ 'JI o~ _, • \+:!le, 

All llae'9I s 
As Jlayl 
Aull de9YI 

:@al Jes8l 3.3.1 

~Llj)'I ~1.1JI ujJ u,,i F-' ,~, __y,c ~ e.,.J1..., _]I.ii.JI 4l)ei ufo ~I ~'JI~ 

y~ ~I~~ Aiyt\ ~'JI yL=. rltJ ,~l.lll tbl_,i11_, ".'Jk,'»ill ~uc._, ,~ .dJ.fo.JI 
~.do,.;; ,all .,,_,.J, ~ ~.J::! <)till J~I_, ,.u .dJ_,s..JI o.'Wl ~_Jill Aj~\ <} ~ JS' F' 

I .-:a~ uill -~ :J ~ . 

.l.i.J\ ~ - 90 

25 (Reinforced Concrete) w.......JI .dJL__,.;..11 (1 

22 (Tile) ~I ,. 
17 (Sand) J..)I 

10 ( Hollow Block) t_..,WI ~¼JI y_,b 

22 ( Plaster ) saill 

22 (Mortar) ~ )'I ~ _,.JI 
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:~I ~'ii 3.3.2 

<5Xi5l c Ali55 jll ~li \.l:a -· L \.,u 1.-'a 1.-:..-:. •.• :.-:11 • .c::. ·4.S. - ~ ~I ✓• '.J WA • • ~.J ~ ~ -"4.J ~ i..r .);:"-A u.r= . ~ - 
.4-AWI u~\:ill.J u';/t....JI.J yc)WI ~6. ~ ~~I y~I J~ ';/I ~ ~ YJ ~I r'~' 

til:i:;..JI ~4,JI ~~I JL-~I J~(3-2) J~ 

,,el des l 
,l &s' f'9J 

(KN/m2) 

2.5 ~I c.:;uill u ~I J ·).W\ 1 - .J -· .J .) 

5.0 <!us9 2 

5.0 3»le c?&l3 3\=all 3 

2.0 •~_,tll J- ~• (Roofs) ~~I 4 

5.0 ul J4,.JI u'sl _,-a 5 

5.0 cal.a6 yll 9 €ali 9SJ] 6 
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4..i..i..ul l ti -- ,. : .. ... v-'ll 3.3.3 

~ ~ ,o)y:JI.J Jj'i)I.J ~..,ru1.J c4)1 Jti ,~I wlJiy.11 uc. ~--WI J~'JI ~ ~ 

or -» fs ·cl Cle dll) @4i ,i s} ylaiall ,4 649 _yes tgiy @elf JaeYI Ce le Je 18 y\isl 
:51s Cle ls llasyl a'sel 

:cl.LJJI ~I 3.3.3.1 

.. ,o 1 ·- 'I .. , · ~ "I •- 11 .bi....;:J I . _i ... :n :. - .-:: :. •'·I . - 11 wl Lull u · 11 · .<-:-: ~ .) __;;;:,w W-;i._JJ I.F ,I .J 1.#Y-'-' ~ L!l..F' ~ "':!-' .n-' . .) .. .J C .. Y u..,-.... 
~l Ji:i.i:! 4,:is\.b L).cl ly_►. c.:,µ ,4-i:!_;b ~~ ~ cL:i..,ll r~ ul Lo.J ,~li\ ~..? ~"'lb cL:i..,l l ~ 

elhal Cy ~--WI c..s_,ill c.:,µ ,~~~I I~ c.:,IS. ..,li ,~l-►-1 Y.C- Jwi c.S.J! ~} 4-1~ ,~I ~~ 

'~.JWI ~I I~ r.J1,jj ~IJ c..sj! .l;!lfa. rfo ~I ~Llu)'I o->""2Uc. Y.C- Jwi ofa. 'Y ~ ''Y cL:i..,l l 

' · · :'i I · : · - 'I 1- .l:iib.:i l\:311.J , · - :_ 11 I~ · I ·-1 1- 'JI ~ . _i .l:iib.:il • .)":!e"' <JA~ ~ c.,r .J ~ UY ~JA 1,r 

:~ ~LJ J..il.,c, o.lc. ~ ~1 ~ oJiy.11 c4)1 oj! .lAia.:i .J 

0 _,:ill oJl;ij ~ t.- '~ ~I ~ _;=JI ~\.bll wJIJ jl c4)1 ~ Y" wJb jl WS,g :c4)1 ~ Y" • 

oi.\ ~.Jti.J ~Ll.i)'I ~I ~Uc. <J-A ~I JWI -l.J.l.J ~ i.;ill ,~~~~I 

.o_,ill 

~ 0µ t_ia}il ~ ~ tl.i:iJtl Jbjl \..JS ..UI u.J_,_111.)A :~}ii ~ UC ~I till.JI • 

~ <J:H.J ~ ~\..S:h'il ~.J ,wl~I.J wu_,-11 __»11:J u,a.il ~ iill.l.J ,Jbjj r.JA}il 

59l1-l ,al le <\y! 38ls st y ,,Lily scesYI 
'e <:) lli @ala all Lail cues),ill g' <l±// lscilisy;2 alls3 • 
~I ae. ~ • J 11 .l..L • ~ ~ ~ 'ii · ~ J · · ·11 · ~ tib.11 -:: '7\.l.JI ~ . . . ~ i.r. . (.)..4 :U .. .J UC- :U :.,e-- UC- .. .. • • ~ 

~t L,)-4 ~~Li~ 4-o Ubl.i ~ ~1 ~ c4..,ll ..>:J-u ~J ,~1 tu.Ji 

{ »osigilye 9l Cal1vaas) 95e91liy» 9l &hs all ,illl sis glEi_y) cissy cS jl 

. .)~I .JI .),Ywl J_p.._J ~ li\__»1'1:i o_,s 0.ci Jli:! Jtil4J c'-Dll 
~ O_J!.J o~4,o ~~~I ~1_,ll > ~ LJA wfi.:u ~y..)A 0~ ~I> c'-Dll Y.Y.J 
r11J '<.S.F- 'ii w~l_,ll ~ cL:i..,l l ~ Y" ~ i.;.lll ..hi.wJ I ~ J_;ill WC- ~--WI ~I ~ (.),,Qt.-1..i l .JI 

.~l...iftll ~I~ oJ»..,.JI u,ail l wlfa. ~ c..s_,ill 0~ A..ii.Jti.G 
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a.w.J\ ti - - 'i : _ -· u...-. I 3.3.3 

~ ~ ,oJ_,:JI_, Jj"ijll., (!_,ru,., c4)1 ~ ,~, wlyy.1I CF- 4-?,J-ull ~"JI ~ ~ 

or ,-» fs ·cl Cle dll) @h4is ,i 3/ ylaiall ,8 A5$ _ye lg+y @ell LasYl Ce le Je 18_yliel 
:6s Cle dS de'Ylssel 

:cl.LJll ~i 3.3.3.1 

us 6ylysl Cle9 s cXisl3 ssell Ai.all + 3ill <sty 7613gl cal\ills z<;)) g5ST 
~l Ji:i.i:i 4=iilh (J-4 ,~..►. ,:;µ ,~_;b ~.fa:!~ ry_;1I ~ ,:;J La_, ,4.ljlA ~~ A.!7.b ry;' iillw 
elh al Cy? ~-ui, <.S_,il1,:;µ ,~ ~ ~111,, ,:;ts. _,li ,.i,j\__►.I Y.C- Ji:ii:i <.S~ ~l 4.1~ ,~, ~~ 

3sill dell s ,4ti5Rlsls csss ls) es55 ill 369Yl s yali _ys cl@ii 5iy A) ff y <lyyl! 
, .. ~y, · : .. ,, '-~6.:i '1-:ltJ, --~-'111\ .,--, 1- Yl~ . ...i~\.::i..:il • .)~ L)A ~ i.s-- <,r- .J ~ u y ~ _JA ',1"" 

=~ ~L,..,l J,.il_,c, o.lc, ~~I~ oyy.ll ry_;ll 0~ ~., 

o_.,.ill ii.lyj ~ t- '~ ~I ~_;.:JI A.!1..1:JI u.lbjl c4)14-c_)J,JJ u.lbjl \...Jg :c:4)I ~_)J,JJ • 

ol.\ A...A_,li.J ~Ll,j)'I ~I >-\Jc. 0A ~I JWI .l.J.l.J ~ 'iill ,~~~~I 

.o _,ill 

~ ,:;!,.! t.>'2.)"JI ~ 0,e, tw_;"il .:1\.ljl \..JS .UI u_,_,_11 <)A :W:O}il ~ CF- ~I tw) • 

~ (J:-IJ ~~YI ~ _, ,ub .. .-.JI_, uu .,...JI __»1°U ~ ~ ~., d.lj.:i ~.JYI 

.~I <r"4.JI > cvl .J:J~ .:11.l ..>.! i)uiuJ ,~ }ii 

~ cY.)1 .J:li..:is ~◄ &);;; ell (.)'U-.J~\ ~ ~4JI ~ cu_)\ .J:J°t.:J ~ :~1 ~YI • 

J.,.al~ ~ y,-1 ~l ~ w..o ~J LcS ~.,"JI ~ u)j;.J_., J_,...JI we, ~ ~\ Jl:all.JI 
~i . ~Li~ Lo~~~ . ~- _,, 1- u .I\ fu ~ ~\ . U.J\ 
-· 1..)-Q~. • - - - - ~~~C:U' __»i =.J' C 

<--sic 9 Ch.es!-ssslra _»l &hs ll,ill)l sis giy/ easy ·c$_5I 
__,~i _,i __,__,.., .:1~.J Jto \A__»i~ o~ u,oi Jli:! ~J c4Jll 

~ -;,.5...J i~ ~ ~ :?' ~~\_,l\ ..)c ~ ijA CJfo ~yyi 0~ ~\ > c:4.JI Y:fJ.J 
F;.y, :..J_i-.- ~' ~ y ..J:.- rvl ;..:- _;-~~~I .l...::.J\ ~ d.Jill we, ~-ull ~, ~ u,al....a:i..1 .,, 

.~yi..\l ~I~ ~~_,JI w,aill ,:;lfo y,t:, <,Sjill o~ ~.J\io 



:cs Jesf 3.3.3.2 

:c)c. ~ ~\_, ,r,~I e,b,i c)c. ~ljWI ~..,tll wJ.., c:.,c, ~WI JbYI ~ 

Y ~ .J:! ~I .'.i.ihl.JI <} ~\...JI t u..J\ ~ '-5 Y. Y ~ <JA ~..,tll _;!Jb ~ :~I ~ .JA • 

-<sl 4515 sl cs=! a4t%¥ baiy c_3g. Ria zsill 45l5 419 5l6till e: -i" «+sl 

J La!-9 ,fi. ~~ WljWI ~..,tll (JA ~\ c)c. FYI ~ .le.b:! :FYI de Ae_» e 

,Illas st,ilss ate ys! As_? liyy=5 9 s/ <ks 3ls4 A4Lal gsaYT Ce <sll 5!" 

-~YI FYI c)c. .UC. 4.tWI FYI c)c. ~..,tll Jbi _;!Jb ~ 

:i):11...aS ~..JYI .lfi.ll c.} ~'i.l'o.- ~~~~_,ill\ J\,.u.t ~ ~ ~_, 

(KN /m2) [~ Jt...=.I (JLJ4) (h)~~epUl.1\_,k, 

0 250>h 

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

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

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

~\ti <JA Jil l+,i\t ~ ajsiJI 01\ JI-\~ f'.fo,.,i ~, (1.S KN /m2) ',$-'~ o~ ~.,tll ~ y~_, 

.4ia Y# a gel de Rile laiesYly @hl ca±»s 4gill ,ho 5_$gall As l 
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:JJ~jl\ ~i 3.3.3.3 

:i.S~ ..,1 ~ we, ii~ I.Al ,~.)'JI &ti....:J I ~y:.:i ~ ~ ,:i.Slli ~ iiyill:a ~ Jj'Jjll 

4-91.,b :i.SyJI 01\ u.o .J_p:iil ,ii.l:o.lJ ~_,I~~ t~ ~ .J~I ~_,~ ~ _,i ,Wk:i..i ~jlfa 

O.J¾A~ ..,I~ i;4 _J!_y.;a';I > ~l.\ ii.J.i9 4J ,~ljljll w4,.,.J4 u__,x:i w~__jA ~ i)c. .J =;;;; ~l.\ 

yy ~I ,wlil_»l:J I_, o_;=JI wy~I ~ltii..i4 ,~I ..;,-lie. 4Jts. i)c. ~l ~ l.\_»11.:i ufo.J ,J..i\5J4 

. (UBC) .)_fo ~ o.)~_J-4 ~G.. J_,1~.., w'J.)1- (.)A Jljljll J,.i:JI ~ .),l:o.j.., ''-i.).JA&- ~ ~ 

:0las399 4441ll Jae 3.3.3.4 

he Bueti.ts iva gs±» sllyl4is Xu gas) sly» 6ls €le9 # yiill yl Ai sLs Y La 
-llAil l · - 1-::-:11 4.::...w 4..uLli.i'JI iiWil.J I lic. 1- ~ .hi..a · Ut....al wl.)1. - I .)} o..1 ~~I ""'JI , : · · 11 .., ~ • , , • .;,,- 1.5"""' '-' ~ , • ''1t":"'. ..,;; , _.,- ~ 

.~ylll .).lA'.il l J.-1.J! ~ Jb'JI o~ ul_»11.:i ~_, ,4,l tifi.JI .)1_,..Jl 

:(Slabs) ~\.ii..1\ 3.4.1 

c)J 4-:!lc. ii.)_;.JI J\-.'JI ~ ◄J nJ\)1 ~_,ill ~ > iiyull ~~~I ->-\.WI ~ i.J4c ~ 

. ut.\_,.Ji:i i)J ~__,x:i c:;_,.) ,i.w:.';I_, ~I c:;l~I_, .J~I Ji.o ~Ii_} Uab.11 ~~~I .;,,-lia.ll 

:-las5yl@as cslaiell Cy &® + Ae595 

~__,x:i ~6. i.} ~ '~ ~L..i_p. ~ uc. ii.J4c- ~_, :(Solid Slabs) ~I ul.lb.11 .1 

J.fo'.il l J.;..l w-- ~.., ,~I ~t..- .JP~ _,I ,wl.J~l uil.JA ~ o~ ~ ~'J ~I 

l.f.j fil _, ,~I_, tit...., yJI ~ o.)4_j ~ ~ 4-il ii.lb.ii o~ c.:.i~ u.ci ~ ,'o.liJI wJ.J u.ci 
:~ c}I ~ l.f.a-i,jji 04-:il ~ ~_, ,ii_Jlpll _,I u_,,_11 A.ljk Y.!;, 
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.(One Way Solid Slabs)~,.., 04-:il ~ 410 0011 ul.lWI • 

one way solid slab 

.(Tow Way Solid Slabs) ~4-:il ~ 410 0011 ul.iWI • 

two way solid sla}I:, 

main reinforcment j 

± slll @ Lll Lao elii] Cg --aie C-·<illi» :(Ribbed Slabs) ct as'9I cls cl±ill .2 
1- o.lk.ll ~ . ~ ~~ "'' o.ual' J..oWI .. - ~- 11 ~ ~ "'' '-lL.ac, c.,, 11 '-!~ "lJ ~ ~.,_)~ f'_}-£J is- .J ~ ..,H.laJ ~ • :t t..r, , • 

:Cs all JleXl )J5@ slsil es Lay) ±is 9 5vs lD 



.(One Way Rib Slabs)~,_, o~l i.} ~ wl.iic. • 

St-nnkatr- &. T~ptntue- Bar'!5 

ttclkrN t.•ccl: ( 17 en) 

~,_, 04,..iy y,..a.s::. o.iic. (3-3) ~I 

.(Tow Way Rib Slabs) ~~I~ y,..a.s::. wl.iic. • 

~4,Jy ~ o.lic- (3-4) ~I 

~1 o.fu.11 <JA JL-~1 Jim~ ,~\£i.o ~.;b i)c. ojS:iyi ~,.,11 o4,.J""JI c.::.ilj ul.li..11 wfo.., 
5555+ yslsTYl csls ls,ll 95S5 Lay ·as/s slelw Sr ,-:l»/ ulill ! sl ss9re &ls.ty si,call 
~I ul c.jl 'c.j~y,t:, ~ 4-! ~I .lil.....,J I ~ ~1 o.li..11 (JA ~~, Ji:wJ ,\til_;bl ~ > 

.8\ osSu ,-u)) 



5c-YI Ce el ti <9li ill cslstaall Rh5 ,4 1sl9 slel ,i Clas'yl coli ,151as Tio 
~ r';'i111i,.,_, '~ o~I ub\-.i.JI 4-lb ~ r';'i11'i9 LJ:!Ai~I ~ ~I ul~ Loi 'r' 7 u-11 5 L)A 

-=ls dls) s lg» dll Al3g-! «asls sle5 ,i ctaeyI cslis <9 3tl fa! ,5toy'l -± a00 
o~I ~ ~I ul.fuJI ~I e-~.J '<.S~YI ul.fu..11 u.o 1.A.J:!C u.o fal ~t..-:i!I ~_,sl_, ,~Llu)'I 

.(!'.yll e;lU- ul~ ~ ~,_, 

:(Beams) --el) 3.4.2 

_,l u~I u.o ¼:ib ~l_,11 ~I ~ r'_j?J ~,_, ,o.lia.114-l..ihll ~Llu)'I ~\.kl\ 0C- O.J4c ~ 

:-la55l @s_ylall 3s) Cs es' 29 <5as YI l) -hlye 555 -l--ac YI 

dsl Le\i5y) )3Se sy 5ill ls02 @is all ye' Ce 5ls ;(&i5ll) 533all y3sell • 
• o.lWI tl.i:i) t.i.J4 _,I 

Beam 

r Top Bar's 
I 
/ 

Support (2) 

,,,,," 
,/ _,,,,,, 

Support (1) _, 

Bottom Bar's / 

.J~ ~ (3-5) ~I 
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o.lit..11 f:li:i) u..a ~' 4t,w) 0..,.S:! ~' J.,.....,J I c.ill:i uc OJl:u:- :(4-b!L..JI) o';l.i.JI J~I • 

J~I 01\ ~ ~ 'i..,WI JI ~I 0,!,\l:;...i"'\'1 .).:i.l ~ ~I u.o ,ljljll ~_►.ll jlY.J ~..J 

. L-section _,I T -section 

Rib 

Beam Rang 

Beam Web 

Maine Bar's 

·tJtill · I - ~ ·u.J1 . -· ··- 11 ~ ·= JP\- gs ?J$19) -1-!$ 

~I...., .,! ,, ~, ,_ .. UQ ~~I - ·'- ..l:a:iWI J.i,-.:il ..l:a:il -- ,, u.:i.:i - . ·- 11 •. a'.i • - J-"-' . ~ ~. - • . ~ - .,-,w .J~ e:;-.r 
@ all 

~ J_,_jill u\S ~' ~ ufe 4J\.:JI 0~ ~J lf:llc. ~ ..l:a:il_,:J\ ~I .;~I ~.fl e 

• ..l:a:iw1 &..a LJ'4 fi-' ..,1 ¼,'-'- ufo wl (fiAJ-., y\:ic. 'ii Y ~ 
.4ell C@ as-ll sseYI dsh llis o 

~ 4-lfo ~~~~..►..JS~,..►.., ~1 ~1_,ll ~6.WI wl::i ~l..ai.ft.ll w~I ~ • 

-~~, ~ .J ~ ~ 14 4J 4 Ol 

.(Frames) ~l.;l.b'jl J..,u.. J.-l ~J ~ ~ i;~ \II ~J'.i • 



:(Columns) o.w:.'ll 3.4.3 

~ ~ ~_, ,ul....\..,}JI ~} _;_,...i;J I_, ul.liall (JA Jb'JI Jij ~ ~)I ~I o.lAC-'JI .# 
r:i..J-'3.J Jil > o_;.l~ ufo ~ t+oJOt ni ~ ~ ,~I u~_, Jb'JI Jij ,.} t.j.JJ.fa i;Lli.il 
e'is {l±3A 5sc'3 5_.ail/l 5saeI :Cu+ # 5±as I glyl Cl @alle Lal tale &al ll le D 
t--'3 > t_,_µ1 t.jjl:,..JJ ,yS__,.JI .J ~__,.JI _, ~I .J t.j.)bll _, JJhl,uall \.a.1o ,o~.lc. ~I o.lAC-'JI 

All-5,cl1 5sac-,4 5s YI C» =l3 
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:(Shear walls) ~\ u\..~ 3.4.4 

A..<i_,ti.J ~\...al~ r~.., ~ Wl_,ll ~~,.., ~..,-11 c.S_,il1 r_,u3 Uob ~Llijj ~Uc.~.., 

S»! #taall cg3S5 l 5s3» &+ Cle9l i 1s #5Tes25 «d32s cl s# d»&iill de h 
~\S ul~I 01\ ufo i:;1.., -~ Li J§I ~ Jilli :f:,._y,_, 114,.:il JS~ ~I ulfa. ~ <;.lll A..<i_,ti.JI 

.~'11 c.S_,ill A..<i_,u.J1 ~1 ulfa. i)c \A_;m.., r-'~' .ll_;j J;li:i ..,t ~ 

c-ill 9ls (3-8) C£all 

~(Stairs) ~\.;J'i\ 3.4.5 

~~~~I~ u~I ~ ~\)\ J\i:u"il l)c, J~l i..j_;l-.JI _,.-.ia.11,j&, i_;'y&, ~_;.lll 

i.iac. 11_;4'.ic-4 yjl.!ijj ~_;.ill ~ r,u.J ,iAl_,ll 4_;.lll t\jj) ~ i~ u~w_;I ~! ~U:JI f:.l..i:i_;I 

.Al_, 114,.:il ~ ~ 

28 



:(Foundations) i:al-...\..1,M'll 6.4.3 

Jij ~ u\...ai\.,}JI e-.fo.J cfa.J'JI_, ~I~ ~Ll..i11 _;-\.WI~ ~__,ll tih UC- 'o.J4'=, ~-' 

JL-'-11 ~I_, ~ 4iyJ\ JL-'-11 ~ UC- 'J..,.;.,- u.iL..i'-11 ufo.J ~Jill ~J o.lAC-'-11 0-o J\.-'JI 

uL..iL..i"JI ~ ufo.J, ~' J:-_l.l ~' (.Jlj..,"JI ~I_, Jj'Jjll_, ~..,ru,.., c4)1 UC- 4,1-ull ~~' 

.\A~~ i;ll ..;-u..11 J_,I 4-,il t-4 ~1 ~ ~ o_,6,. y:,..i 

.l!.J ( Shallow Foundation) ~I L)IIL..i'-14 ~.J cfa}il ~ 0-o 4.!..;i ufi= .l! L)IIL..i';/1_, 
Rs; ylsy ctill) Cle lg;J5F 3) ,s@Yl @4al 83 ill ctila J La±all Jae.l Ji! @±gll lo ti±as gS? 

.(Deep Foundation)~' L)llt..}J4 t~' 11'. ~.J ~__y:i 

:&ll 53c lo >s 
LA 4l\.c. _, ~I_, ~L..iy:JI o.lAc.)U L)IIL..ils ~_, :(Isolated footing) 4J. oiio11 wL..iL..i';/1 • 

<a\f a»s ·..,<5 
-~ • .)A<.),-.. 

J.:iA ~ cfa_;.il ~I _,I 0:!,l..,.-.l uL...iL..il ~_,: (Combined footing) ~_ji...!i.J I wL..iL..i"JI • 

.5as 'YI ±cl sf clslsi cay baa 33l 43 55yl rs Rastia sl _SI sl Ce)36 cs yl@5 

~.J\:i:i.JI o.l,.Qc.)U_, ~1_,3i U~.,bj\_,.:Jl L)IIL...its f'~-' :(Strip footing) o_yi:i..ai.ol l wL..iL..i';/1 • 

.~3:i:i ... lf,11il....a.._, o~';/1 c.!ll:i JL-1 ui\S I~} 4.i..:i~_, .l:..I_, u...o ~ Wl__,ll 

o.l,.Qc.';/1 JL-1 "'-:!'J Jim ~"'1o ~-►-_,I~ WilJl L)IIL..il _y,_,: (Mat footing) U_;i\l wL..iL..il • 

o.l.Ac.';/1 (.J.-o 4:!JI U_,i.WI ~';/I~ 'J u.,j\S ,~, ~Jill J.-,:i o.lyj1 r',.;; ,;_, yl_;jll ~ 

.s s9\ cstt/I gll ,-la5.t9 

,,,.-- Main Bars _,,,,- _,,,,- 

__,. Column _,,,,,,,- 
----- 

.lfa.o L)IIL..il (3-10) Cs.all 
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:(Retaining walls) "-:fJ~~I ul~l 7.4.3 

.,1 yli:i ul J.,w .b~ (.JA yljill 11\ UC~ Li.,~ 'i~' r-WI_, yljill ~ .1ul_,:JI 01\ ~ 

e8" cs@s iiyl ±all J»9as ol3 741l) 5s 63lil @9tri.»yl ls) @ais _3lasll fa els5 
: ~ ~.:ilii....)'I ul_;.:i.;.11 <.JA tl~I li.:is::. &UA._, ~~I 04-JI <.JA 

. 4J J.J ~ ~ ~I (gravity walls) ¼::i4J1 ul _;.i;.. • 

(cantilever walls) ~~\Sil ul.;.:i.;JI • 

(braced walls) 4.Ac..l.4 ul fa • 

i;.:ili:i..il _;I~ (3-11) ~I 

:L ,; i • , ,SI y~I ~l.,.►.1 5.3 

-~U,i';ll ...>--lWlU.-WI uL.i_,...,)1 J.ouJ: AUTOCAD 2007 • 

.2l el5sY 1a1l3 769yI cl\sill ca? sY : STAAD PRO • 
.53c-303 52yiill csL903 csliell3 33++U ,tyY,a.aill ; ATIR • 

.t.,_µ1 ~.J ~~ :Microsoft Office 2007 • 
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Chapter Four 

Structural Analysis and Design 

4.1 Introduction: 

Concrete is the only major building material that can be delivered to the job 
site in a plastic state. This unique quality makes concrete desirable as a building 

material because it can be molded to virtually any form or shape. 
Concrete used in most construction work is reinforced with steel. When 

concrete structure members must resist extreme tensile stresses, steel supplies the 

necessary strength. Steel is embedded in the concrete in the form of a mesh, or 
roughened or twisted bars. A bond forms between the steel and the concrete, and 

stresses can be transferred between both components. 

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

So, in this project, there are two types of slabs: Two way solid slab, one way 

ribbed slab and one way solid slabs. They would be analyzed and designed by using 

finite element method of design, with aid of a computer program called "ATIR- Soft 

ware " to find the internal forces, deflections and moments for ribbed slabs and by 
using the previous program and "ST AAD PRO 2007" program to find the internal 

forces, deflections and moments for two way solid slab, and then handle calculation 
would be made to find the required steel for all members. 

The design strength provided by an Item, it is connections to other one, and 
its cross - sections in terms of flexure, and load, shear, and torsion is taken as the 

nominal strength calculated in accordance with the requirements and assumptions of 
A Cl-code. 
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4.2 Factored loads: 
Factored loads are service loads multiplied by appropriate load factors .the factored 

load can be obtained as follows: 

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

4.3 Slabs thickness calculation 

4.3.1 Determinations of one way ribbed slab thickness:- 

The structure may be exposed to different loads as dead and live loads. The 
value of the load depends on the structure type and the intended use. 

The overall depth must satisfy ACI Table (9.5.a): 

h Ln . 
min =-~(For snnply supported). 

16 
Ln h,,,,= >(For one end Continuous). 
18.5 
Ln 

h» ,, >(For two end Continuous). 

Ln . 
hp4, >(For Cantilever). 
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rB] k-Al@ oh-J ·-4f3·\-H[] 

Fig. (4-1) Spans ofRib (Rl) 

Spans from left to right for one way rib slab: 

L/18.5 = 2.80/18.5 =15cm 
L/21 = 4.83/21 = 23 cm. (Control) ACI-318-02 (9.5.a) 

Select the thickness of the slap 32 cm 

4.4 load calculation: 

4.4.1 load Calculations for one -way ribbed slab: 

Hollow Block ( 2-4cm) 

Fig. (4-2) Section in one way ribbed slab 
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iB] wf--l] ·'-3ky oh-43 ·'ZH[] 

Spans from left to right for one way rib slab: 

L/18.5 = 2.80/18.5 =15cm 
LJ21 = 4.83/21 = 23 cm. 

4.4 load calculation: 

Fig. (4-1) Spans ofRib (Rl) 

(Control) ACI-318-02 (9.5.a) 

Select the thickness of the slap 32 cm 

4.4.1 load Calculations for one -way ribbed slab: 

Hollow Block ( .2-4cm) 

Fig. (4-2) Section in one way ribbed slab 
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Table (4.1) calculations of the total dead load for one - way ribbed slab 

No Parts of Rib Calculation Result Unit 

1. Rib 0.122425 0.72 KN/m 

2. Top Slab 0.080.5225 1.04 KN/m 

3. Plaster 0.03*0.52*22 0.343 KN/m 

Hollow Block 0.4*0.24*10 0.96 KN/m 

Sand Fill 0.07*0.52* 17 0.62 KN/m 

Tile 0.03*0.52*22 0.343 KN/m 

Mortar 0.03*0.52*22 0.343 KN/m 

Partition l*0.52 0.52 KN/m 

4.889 KN/m 

Nominal Total Dead Load: 

D.L.a1 -0.8 1+1.04+0.343+1.08+0.62+0.343+0.343= 4.6 KN/m of rib. 
L.L = 5*0.52 = 2.6KN/m. 

Factored D.L = 1.2*4.6 =5.52 KN/m. 
Factored L.L = 1.6*2.6 = 4.16 KN/m. 

4.5 Design of Topping: 

Effective Flange width b E 

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

b, =L/4 =2.1/4=52.5cm 

b,=12+16t =12 +168=140 cm 

b, < center to center between rib = 52 cm 

qu =1.2DL+ 1.6 LL 
Dead load =total dead load - dead load of one rib 

(ACI-318-05) (8.10.2) 



DL ,, =..89 _ 0.72 .3.02kN/. 
0.52 0.52 

qu = (1.2x 8.02) + (1.6x 4.16)= 16.28kn/m 
16.28 ⇒ Fora one meter strip q,==16.28 kn/ m 1.0 

:. qu = 16.28kn/ m 

⇒ Assume slab fixed at supported points (ribs): 

q,x? 
12 

16.28 X (0.4)2 = 0.217/cN.m 
12 

r» bxh Mn= 0.42fc', 

= 0.42 .fi4. x 1000*802 = 2.2kN.m. 
6 

x Mn = 0.55 2.2 = 1.2 lkN.m. 
rpxMn = 1.21kN.m > Mu = 0.217kN .m. 

No structural reinforcement is required. 

Therefore, shrinkage and temperature reinforcement must be provided 

p = 0.0018 

4s,, = pxbxh = 0.0018x100x8 = l.44cm2 /lm. 

Use.\@8/25cm >WithAs = 2.01cm? 

As = 2.01cm/ m > As min =1.44cm/ m ok 

(ACI-318-05) (7.12.2) 
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4.6 Design of Rib (Rl): 

' ii 1111111111111111111~1 111111 111111 i' • • I • !~Jill ■ • I ~m~~•~~~~~• 
[ / 

!tIH'ft8l#±24 ­ I~ ~lmi:1 --~3 D:Ifr.. ~=IRHF ~~~, , • 

/ 

[ 4,,1,y¢ 1AI 
L.lLJL.li.. ....!L..JUL.l!. L..1l...JLILIWL "-il.JLIL.U.... .l1-1L.J.U lWlllW 

I - I ~ I min I n 111111111111111111111111111111111 . 1m 11 I []l[l[Il] 
II - - ■ 1111 - 

Fig. (4.3) Structural key 

2,!ll---J--4,82-...,__3.85~-4.83----ii--2.80 

Fig.(4.4) spans length of rib (Rl) 
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By using ATIR. software we get the envelope moment diagram with the Following 

values:- 

-47.7 -47.8 -17.8 -17.7 

5.3 6.5 

14.1 14.1 

I 0.98 I 1.82 2.4 2.4 1.92 1.92 2.4 2.4 1.82 , o.se] 

Fig. ( 4.5) Envelope moment diagram of rib (Rl) 

-24.7 -25. 
-20.4 -20.7 

-16.4 

10.3 

-21.2 
-17.2 

-21. 

21. 
17.2 

-10.3 
-7.3 

16.4 
20.7 20.4 

25. 
21.2 

24.7 

Fig. ( 4.6) Envelope shear diagram of rib (RI) 
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4.6.1 Design of Positive Moment for Rib (R1): 

This design for 4.82m spans, 

Effective flange width (b,) according to ACI-code 8.10.2: 

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

b,=L/4=4.82/4=120.5 cm 

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

b E = C I C spacing = 52 cm control 

Mu max. Positive for all spans= 14.1 kN.m 

Mn ± 15.67kn.m 
0.9 

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

C = 0.85 f, t * b E 

= 0.85 (24) (8) (52) = 848.64 KN 
p 

d = h-cover-<l>s-- 
2 

d =32-2-0.8 !-°2 2s.5cm 
2 

Mn= Tor C (d- 0.5a) = 848.6 (29.4- 0.5 (8))/100 = 215.54 K.N.m 

Mn available= 215.54 KN.m > Mn required = 15.67 KN.m 
Design as a rectangular with b E = 52 cm 

fy 410 m =-~-= 20.1 
0.85 x fc' 0.85 X 24 

Rn= Mn 15.67x10° 
bx d? 520x(285)° 

' {# p=-(1- I- ) 
m fy 

1.607 Mpa 
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= _1_(1 - 1 2(20.1)(1.607)) = 0.0041 
p 20.1 410 

As= 0.0041 (52) (28.5) = 1.4cm2 > Asmin = l.16cm2
• 

@.f, ow)- f ow@) 3acr-mo.s.Dy 

.-.3",,6fas.s- l,#; rays s) 
nnn 4 410 410 

4s,, = 1.02 <1.16 >The largest is control. 

Asmin = l.16cm2 

# Of bars = Asreq = I.4 = 1.23 
As,,, 2.0 

Select bottom bars 2 <I> 12 mm. 

NoteAi,12 = 1.13 cm2 

Total As= 2.26 cm? . 

Fig. (4-7) Positive reinforcement of Rib -Rl 
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• Check for yielding: 

Tension = compression 

As fy = 0.85 f. * a 
2 X 1.13x10 410 = 0.85 x 24 x 0.52x a 
a= 8.73mm 

a 8.73 x=-=-=10.27mm 
B, 0.85 

8 s = 285-8. 73 X 0.003 = 0.08 
10.27 

e, =0.08> 0.005 >Ok 

4.6.2 Design of Negative Moment for Rib (Rl): 

Maximum negative moment is Mu= 11 kn.m 

Mn= 11 / 0.9 = 12.22 kN.m 

Design of T- section for negative moment as rectangular section with (b = bw) 

m = fy = _4_1_0 _ 
0.85 x fc' 0.85 X 24 

20.1 

Rn= Mn 
bx d? 

12.2x 10° 
12 x (28.5)° 

1.254 Mpa 

p= ..!:._{l-✓l- 2mRn) 
m fy 

= _1_ (1 _ l 2(20.1)(1.254) ) = 0 0 6 ° 20.1 410 1.0031 

As,ca 0.00316 (12) (28.5) =1.08 cm? 

fr 14 i(my@)> "7 (w)Ya@) 3ucr-10.5.9 

.-,,,, 0as s)> ',, roe s) 
4 410 410 
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As min = 1. 02 < 1.17 >The l arg est is control 

4s,,, =1.7cm? 

Asreq =1.08cm<As,,,=1.17cm >Thelargest is control 

# Ofbars =As/As r =1.17/1.13 = 1.035 bars Note Aas= 1.13 cm? 

Select 2 cl> 12 mm. Total As provided= 2.26 cm2
• 

2 012 

20 

Fig. (4-8) Negative reinforcement ofRib-Rl 
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• Check for yielding 

Tension= compression 

As * fy = 0.85 f. b * a 
2.26x 10' xx 410 = 0.85x 24x 0.12x a 
a= 37.85mm 

a 37.85 
x = - = -- = 44.53mm 

B, 0.85 
, _285-44.53 yo,o03 

s 44,53 

e, =0.016>0.005 >Ok 

4.6.3 Design of Shear for Rib (Rt): 
Item 1: 

1 
Vu<-poVc 

2 

1 1 {{e -<I>Vc=-x<I>--xb xd 
2 2 6 w 

1 /24 =-X 0.75xx120x8 = 10.47 
2 6 

±poVc <©Vu >Not.ok 
2 

Item 2: 

1 -4Vc <Vu <boVc 
2 

<I> Vc=1.47 x 2= 20.94KN 
pVc<Vu >Not.ok 

Item 3: 

<I> Ve ~ Vu ~ <I> Ve + <I> Vs min 

1 
<l>Vsmin = 0.75 (-) x bw x d 

3 

43 



ds,, =0.75 !)0.12x 0.285 x 10° =8.551N 
3 

1 s =,2)- fe ,% d 
<I> Vs min = e'» ✓24 x .12 x .285 x 1000 = 10 .47 kN ~ control 

16 

<I>Vc + <l>Vsmin = 20.94 + 10.47 = 31.41kN 

20.94 ~ 21 <31.41 >OK 
Av I bw -=--~ s S 3 fy req req 

3x 2x 79 x 410 
0.12 

1.6m 

4vi{E' ,s, 16x279-410 ,,Jc» 
sreq 16 fy 0.12x✓'24 

S,, <d/2<600 >9,<285/2=142.5mm- >control 

Then select S=l2.5cm 

Then use <I> IO@ 12.5 cm. 

Fig. (4-9) Reinforcement of Rib- RI 

44 



4. 7 Design of Beam (B3) 

[ : : : : ] 
A ~ ~ ~ ~ 

4.1G sq5 5.2 op 5.75 op 4.16 g4 g4 9pg 5.75 
5.45 6. 4.49 4.49 6. 

Fig. (4.10) spans length ofBeam (B3) 

-297.9 
-263.4 -260.3 -262. 

-226.1 -234.5 

105.1 

-262. 
-234.5 -226.1 

-297.9 
-260.3 -263.4 

152.6 152.6 
208.5 208.5 

1.8 2.69 3. 3. 2.72 2.73 3. 3. 2.69 1.8 

Fig. (4.11) Envelope moment diagram of Beam (B3) 

-270.2 -282.2 -281.2 -293.2 -295. -307. 

-214.6 -223.9 

171.3 152.1 

-152.1 •171.3 

307. 295. 293.2 281.2 282.2 270.2 

Fig. (4.12) Envelope shear diagram of Beam (B3) 
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4.7.1 Design of Positive Moment: 

d = 320-40-10-10 = 260cm 

Span 1: 

Mu = 152.6 kn.m 

Mu 152.6 Mn====169.55kn.m 
<I> 0.9 

Rn= Mn 
b a? 

Rn= 169.55xl0
6 =3.l3SMpa 

800x (260)° 

m = .fy = _4_10_ 
0.85x fc' 0.85 X 24 

= I_(l _ ✓I- 2mRn) 
m .fy 

20.1 

p = _1_ (l - 1 2(20.1)(3.135) ) = 0.008346 
20.1 410 

As . rmn 

As . min 

[r .14g.a °,,yw@)<'(w@)..... .. (ACI- 10.5.19 4.y fy 

_s26 (goo2coy < !! soo ca60) 
4(410) 410 

As . = 621 .33 mm 2 ~ 710 .25 mm 2 ~ The I arg est is control min 
2 As . = 710 .25 mm rmn 

As required = 1736 .06 mm 2 > As min = 710 .25 mm 2 > ok 
As 4= p * b * d = 0.008346 * 800 260 = 1736.06 mm 

Use 4 25>> # of bar 736.06 - 5,52 
490 

Then we select (4) bar <I> 25 As provided = 4 * 490 = 1960mm 
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• Check for yielding in bottom 

Tension= Compression: 

A,x fy =0.85x fc'xbx a 
6 X 314 x 410 = 0. 85 X 24 X 600 X a 
a= 47.33mm 

a 47.33 x =-=--= 55.68mm P, o.85 

& = 260 - 61.85 X 0.003 
s 61.85 

&,=0.011>0.005 >ok 

Span 2: 

Mu = 208.5 kn.m 
Mu 208.5 Mn===231.67kn.m 

<I> 0.9 

Rn= Mn 
bx d? 

, 231.67x10° _ 4.283Ma 
800x (260)2 rp 

410 fy m =---=--- 
0.85 x fc' 0.85 X 24 20.1 

P = .!c1 -✓1- 2mRn J 
m fy 

(@ ,y, 220.14.283),= 0.01186 
p 20.l 410 

A4r4 p * b * d = 0.01186 * 800 * 260 = 2466.87 mm 
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{e 14,ya) "w i(,,y\@)<,7;{·X@) >ucr -10.5.1 

As,,, 824 (sooyaso)< (800)(260) 
4(410) 410 

As min= 621.33mm2 ~ 710.25mm2 ~Thelargestiscontrol 

As min = 710.25mm 2 
As required = 2466.87mm2 > Asmin = 710.25mm2 --ok 

Then we select (5) bar <I> 25 As provided = 5 X 491 = 2455mm 

• Check for yielding in bottom 

Tension= Compression: 

A,x fy = 0.85x fc'xbx a 
5 X 491x 410 = 0.85 X 24 X 800 x a 
a= 61.67mm 

x = !!-__ = 61.67 = 72.55mm 
9, 0.85 

E = 260 - 72.55 X 0.003 
s 72.55 

€,=0.007 > 0.005>ok 

4.7.2 Design of Negative Moment: 

Support 2: 

d =320-40-10-10 = 260mm 
Mu= 263.4/cn.m 

Mu 263.4 Mn===292.67kn.m p 0.9 
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Rn 
Mn 

bx d? 

Rn 292.67x10°_ 5.41Mpa 
800x (260)° 

fy 410 20.1 m = 
0.85x fc' 0.85x24 

p = _!_ (I _ ✓I - 2mRn ) 
m fy 

='a. py, 220.16.4,= 0.0156 " 20.1 410 

A req =b * d = 0.0156 *800*260 = 3244.8mm2 

Use @ 25>># of bar 3244.8 6.61 
491 

Then we select (7) bar <I> 25 A, provided = 7*491 = 3437cm 

• Check for yielding in topping: 

Tension= Compression 

A,x fy = 0.85x fc'xbx a 
7x 491x 410 = 0.85x24x800xa 
a =86.3mm 

a 86.3 
x = - = -- = 101.53mm 

B, 0.85 
260-101.53 0 00 E =----X. 3 

s 101.53 
e,=0.0053> 0.005 >ok 



Support 3: 

d = 320-40-10-10 = 260cm 

Mu= 234.5 KN.m 

Mn= Mu _234.5_ 260.56 K.N.m 
Cl> 0.9 

Rn= Mn 
bx d 

Rh 260.56x10° 4.82 Ma 
800x (260)° P 

m= fy __ 410 .20.1 
0.85 X fc 0.85 * 24 

P = _!_(I - ✓!- 2mRn) 
m fy 

p =± a _ l 2(20.1)( 4.82) ) = 
20.1 410 =0.0136 

A req = b * d = 0.0136 *800*260 = 2828.8mm2 

Use 4 25>># ofbar 2828.8_ 5.76 
491 

Then we select ( 6) bar Cl> 25 As provided = 6491 = 2946cm 
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• Check for yielding in topping: 

Tension = Compression 

As x fy = 0.85 x fe'xb x a 
6x 491x 410 = 0.85 x 24 x 300 x a 
a= 74mm 

a 74 x=-=--=87.lmm 
B, 0.85 

e = 260-87.1 x0.003 
s 87.1 

e,=0.006>0.005 >ok 

4.7.3 Design of Shear for Beam: 

Vu max = 295kn 
Item I: 

1 Vu ~-<l>Ve 
2 

I 1 ffe -<l>Vc=-x<l>--xb xd 
2 2 6 w 

1 /24 =--x0.75xx800x 260 = 63.7kN 
2 6 

I 
-pVc<Vu Not ok 
2 

Item 2: 

poVc <Vu <©Vc 
2 

<I> Vc= 63.7x2 = 127.4KN 

pVc<Vu >Notok 

Item 3: 

<I> Ve :S Vu :S <I> Ve + <I> Vs min 
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1 
<I> Vs min = 0. 7 5(--) x bw x d 

3 

<I> Vsmin = 0.75 ( .!. ) x 0.8 x 0.260 x 103 = 52/cN 
3 

<I> Vs min = '» ffe' bw x d 
16 

<I> Vs . = (J_) x .J24 x 0.8 x 0.260 x 1000 = 169 .8kN => controle 
mm 16 

<I>Vc + <I>Vs . = 127.37 + 169.8 = 297.171kN mm 

127.37 ~ 295 ~ 297.17 >OK 

~ _1 bw ~ Sreq = 3 x 4 x 79 x 10-6 x 410 = 0.48m 
Sreq 3 fy 0.8 

Av_1 {fe's sre4 16x4x7910°3410_ o,s3 
Sreq 16 fy 0.8 x ✓'24 

260 S,, <d/2<600>S,5 =130mm 
2 

S,, = 130mm < 600mm ~ Ok 

Then select S=l0.0cm 

Then use <I> 10 / 10.0 cm. 

7025 '----..--....-,..........-~~ 

5O25 , 

O10@10 010@10 
L=160 L=160 

10 i 10 i 
J 10 10 
(\J 

«j M TT 

I ~ 
3 rs1 

49 49 
80 

Fig.( 4-13) section in Beam (B3) 
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4.8 Design of One-way solid slab: 

Check if it is one way: 

Ly 5.2 
Lx 

= - = 2.04 > 2.0 .... One way 
2.55 

4.8.1 Determination of Thickness and Load Calculation: 

n= _255_12.75 cn 
20 20 

Select h = 15cm 
Load Calculations 

D.L= 25*0.15 = 3.75 kN / m? 

LL = 2.5 kN Im 2 
qu = 1.2 *3.75 + 1.62.5 = 8.50 kN / m 

Vu qu*L 8.5*2.8 12.25 kN 
2 2 

Mu 
quw L? 8.52.8° 8.33 kN.m 

8 8 

4.8.2 Design of Positive Moment: 

d=15-2-1=12cm. 

M» M_8.33 9,26 Rav. 
0.9 0.9 
Mn Rn 
ba 

9.26x10° • 0.643Ma 
(1000)x(120)° 

m = fy 
0.85 fc' 

410 =--- 20.1 
0.85*24 

' { = -(1- 1- ) m fy 

= _1_ (1 - ,220.10.643 0.00159 
20.1 410 

As req =p b * d = 0.00159 10012 =1.91 cm/m 
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S snrkage =0.0018xbx h = 0.001810015 = 2.7 cm /m 

1.4bd 1.41000120_4.1 cm? /m AS ,, 
Fy 410 

Not Less than 

0.25*f.fa'*b*d 0.25*✓24*1000*120 2 I As. -----==-------=3.6 cm m 
mm. Fy 410 

1.3 * As,,, =1.3 * 1.91 = 2.483 cm 2 I m ...... control 

100 52 2 I Select 1¢12@25cm ⇒ AS= X 1.13= 4. cm m ..... OK 
25 

• Check for yielding: 

Tension = Compression 

A. fy =0.85 fc' b a 
452 * 410 = 0.85 * 24 * 1000 * a 
a=9.1 mm 

2=_2l210.71 on 
B, 0.85 
16-1.071 *0.003 

1.071 
s s = 0.042 > 0.005 ok 

5.20 

012@25cm c/c T.B L=630 

012@25cm c/c B.B L=630c 

Fig. (4-14) Details of Solid Slab 

4.8.3 Shrinkage & Temperature Reinforcement in Top Layer: 
As=0.0018*b*h 

As = 0.001810015 = 2.7 cm? /m 

Select 1¢12@25cm ⇒ AsProvided = 3.93 cm2 I m--t OK 

4.8.4 Development Length of Bars: 

lf) 
lf) 

U 

J, 
2
ff xaxf]xyxdb 

410 L,= r;:;-; xlxlxlxl.2=48.99cm. 
2\/24 Use: L,=50cm. 
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As shrinkage= 0.00l8xbxh = 0.0018*100*15 = 2.7 cm2 Im 

l.4*b*d l.4*1000*120 4.1 cm / m As,,, 
Fy 410 

Not Less than 

0.25*ffe' bd 0.25/041000120 _ 3 6 2 / As . - __ ..;.....___ -=-==----=------- - . cm m 
nnn. Fy 410 

1.3 * As req = 1.3 * 1.91 = 2.483 cm 2 / m control 

100 52 2 / Select 10612@25cm=> As=-x1.13=4.. cm m ..... OK 
25 

4.8.3 Check for yielding: 

Tension= Compression 

A, fy = 0.85 fc' b * a 
452 * 410 = 0.85 * 24*1000* a 
a=9.l mm 

s=©_2l910.71 cn p1 o.85 

16-1.071 * 0.003 
1.071 

ss = 0.042 > 0.005 ok 

5.20 
y x V V VY y 

y XX,» A XX 

j l , 
X ~~ ~ ~ X, 

0 i i ~~ 
) ~~ I; ,: ~ 

~ II! ~~ 
x Ill ~ 
) 

5 
~ ~ ~ 

> I ~ 
) ~ 
x 012@25cm de T.B li=630c:m ~ 

& & ~ ~ 
912@25cm c/c B.B L=530c 

~ ~ 
V W w W w y 

lf) 
lf) 

cu 

Fig. (4-14) Details of Solid Slab 

4.8.3 Shrinkage & Temperature Reinforcement in Top Layer: 
As=0.00l8*b*h 

As= 0.0018*100*15 = 2.7 cm / m 
Select 1¢12@25cm ⇒ AsProvided = 3.93 cm2 Im OK 

4.8.5 Development Length of Bars: 

L,= P':xaxpxyxd, 
2, f', 

410 L, = r;:;-; x 1 x 1 x 1 x 1.2 = 48.99cm. 
2/24 Use: L,=50cm. 
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4.9 Design of Stairs: 

Fig.( 4-15) Plan of stair B 

The stairs is designed as one way solid slab for 1-m strip and in this project the stairs 

is simply supported. 

4.9.1 Limitation of deflection (Determination of slab thickness): 

h >-~= 0.68+2.7+0.62 0.2m 
20 20 

:. h = 20cm 

4.9.2 Loads Calculation: 
Dead Load calculation: 

D, T ,r l 0.2x 24 x1 'I 0] stap = 
cos30 

Pl 0.02x22xl 
IS[er z:> 

cos 30 

S . 0.5x0.3x0.17x24 tazr =------- 
0.3 

5.773 kn I m2 

0.508 kn I m2 

2.125 kn / m 

Mo, (0.1740.39x0.02x22 _, 
lorler==-'-==f)(69kn/ m 

0.3 
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Tiels _(0.17 + 0.35)x 0.03x 22 _ 1,144 kn / m? 
0.3 

Total Dead Loads= 10.241kN/m. 
Factored dead load= 1.2 10.24= 12.3 KN/m2 

• Live loads = 5 KN/m. 
Factored live load=1.6 5 = 8 K.N/m2

• 

• Factor Loads: 

q,= Factored dead load + Factored live load 
qu = 12.3 + 8 = 20.3 KN/m 

(For one-meter of the stair slab) 

4.9.3 Design of Shear: 
By using ateir program the maximum shear: 

.35.g 37.8 

Fig. ( 4.16) Envelope shear diagram of stair B 

Vu,,, =35.8 kn 
1 <I>Vc =0.75x-x/fexbxd 
6 

pc =0.75± /24 1x0.17x 10° = 106 k 
6 

pVc =106kn > Vu =35.8kn > Ok 

No shear reinforcement is required. 
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4.9.4 Design of Bending Moment: 

By using ateir program the maximum positive moment: 

0.68 1.35 39.6 
I 

1.35 0.62 

Fig. ( 4.17) Envelope moment diagram of stair B 

Mu,,, = 39.6 kn.m 

Mn L 39.0_ 44kn.m 
0.9 

m= y _ 410 -20.1 
0.85x fc' 0.85x24 
Mn 44x10° 

R = =]52Mpa " bxd 1000x(170)° 

p ~2.(1-✓I- ZmRn) 
m .fy 

p = _1_ (1- l 2(20.1)(1.52)) _ 0 0038 
20.1 410 - . 

As=pxbxd 

As= 0.0038x l000x 170= 655.65mm2 

>Use@l4/20cmc/c 

As . = 0.25jjZ (bw)(d) > 1.4(bw)(d) 
mm fy - .fy ····················(ACI -10.5.1) 
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As__0.25/24(1o00y170), 1.4@0009170) 3(ACT-10.5.1) 
nun 410 410 

4s,,, =507.8mm <580.5 >the larger control 

As min = 580.5mm 
As ,e,q > As min 

So select <I> 14/20 cm 

4.9.5 Design of secondary reinforcement: 

As required for shrinkage and temperature: 

As= 0.0018*100*20= 360 mm/m 
So select <I> 10/20 cm 

4.9.6 Design of Landing: 

• Loads Calculation: 

Load calculation: 

DLslab = 0.02x 24 =4.8kn/m? 
DLPlaster = 0.03 x 22 = 0.66kn /m? 
DLMorter = 0.02x 22 = 0.44 kn/m 
DLTiels = 0.03 x 22 = 0.66kn / m? 
E DL= 6.54 kn/ mn? 
LL = 5kn/m? 
Total DL(For lmstrip) = 6.54 + 18.98 = 25.54 kn /m 
Total LL(For lmstrip) = 5 +13.32 kn /m 

qu = 1.2DL + 1.6LL 
qu = 1.2x 25.54 + 1.6 x 18.32 = 56.05 kn Im 
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• Design of Shear: 

Vu= qu x L 
2 

56.05 x 2.8 
2 

78.47 kn 

Dove = o.7s ![je'xx a 
6 

pVc = 0.75 ' /24 x1000 x 170 = 104.1kn 
6 

pVc =10.1kn > Vu = 78.47kn > Ok 

No shear reinforcement is required. 

• Design of Bending Moment : 

Max I? 
8 

Mu = 56.05 x 2.82 = 54.93KN.m 
8 

Mn= Mu = 54.93 _ 61.03KN .m 
0.9 0.9 

m= fy 
0.85x fc 

400 - 20.1 
0.85x24 

R = Mn 61.03x10° 
n bxd2 1000x(l70)2 

p=_!_(l-✓I- 2mRn) 
m fy 

=.' a ). 220.12.112), 6.00545 
20.1 410 

2.112Mpa 

As=pxbxd 

As,, = 0.00545x l000x 170=926.4mm 

A 0.25ffe°(bw)(d) l.4(bw)(d) 
S%= f ' y >4CI-10.5.1) 
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As . = 0.25✓24(1000)(170) ~ 1.4(1000)(170) ~(ACI -l0.S.l) 
mm 410 410 

As,, =507.8 <580.5 >The larger control 

As min = 580.5mm 

As,,, = 926.4mm2 > As min = 580.5mm2 

As req > As min 

. ·. As,,> Control 
So dlect <I> 16/20 cm 

• Design of secondary reinforcement: 

As required for shrinkage and temperature: 

Asreq = 0.00181000170= 306mm/m 
So select <I> 10/20 cm 

.I 145 
co 

co) 

190 

170 
0 
cs) 

Fig. (4.18) Section (A-A) in Stair B 
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(4.l0)Design of column: 

4.10.1 Design of Short column (C03 - Ground Floor): 

4.10.1.1 Design of Longitudinal Reinforcement: 

Select column (C03) in the ground floor for design. 

P, = 2448KN 

= 2448 = 3766.KN 
Pnreq 0.65 
Usep = pg = 1% 

Pn = 0.8x Ag x[0.85fc'(1- pg)+gfv] 
3766 x10° = 0.8 x Ag x [0.85 x 24 + (1-0.01) + 0.01 x 410] 
4g,,, =1863cm?. 
Use35cm x 55cm => Ag = 1925cm > 1863cm >ok 
To find p required for Ag= 1925 cm 
The same equation can be applied as follows: 

Pn = 0.8x Agx [0.85/c'(l- Pg)+ Pgfy] 
3766x10° = 0.8*1925*[0.85 x 24(1- pg)+ pgx410] 
p = 0.0104 
Asreq. = 0.0104*1925 = 20.02cm 
Select 8¢18 >4s,,,, =20.32cm > As,,,=20.02cm >ok 

Check if the column is short or long 

bh 
I = - .... for rec tan gular sec tion 

12 
A= bx h 

-[. w [e V '12xbxi/s =93x 
r = 0.3 x 0.35 =0.105 m? 
k = 1.0 
Lu = 2.25 m 

k.Lu :::: 1 X 2.25 = 21.4 < 34 r 0.105 
:. Short Column 

(y\-o{"yy-«cuo--2 
Lu : Actualun sup ported(unbraced)length 
K :effective length factor(K =1for braced frame) 

R: radius of gyration == Jr 
I: Moment of inertia. 

A: Cross sectional area of the column. 
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4.10.1.2 Design of the Tie Reinforcement: 

Spacing < 16x d, (Longitudinal.bar.diameter) =16x1.8 = 28.8cm. 
Spacing <48 x d, (tiebar.diameter) = 48 x 1.0 = 48cm. 
Spacing < Least.dimension = 35cm 
use <I>l0@20cm 

But the spacing between ties must be reduced by the factor of 0.67 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 = 55 cm 

Spacing between ties= 0.67 * 20 = 13.4 cm 

So, 50 cm below the slab and 50 cm above the slab must the ties be every 10 cm 

55 • I 

8 O 18 

27 

47 
O 10/35 L=l68 

s 

' 5 O 10/35 L=37 
Fig.(4.19): Details Of short Column 

4.10.2 Design of long column(C 5): 

4.10.2.1 Design of Longitudinal Reinforcement: 

Select column (COS) for design. 

Pu= 1893.04 KN 

Pn = 1893.04/(0.65) = 2912.37 KN 

pg=1.5 % 
Pn =0.8x Ag x [0.85/c'(l- Pg)+ gfy] 
2912.37 x 10° = 0.8 X Ag X [0.85 x 24 +(1-0.012) + 0.012 x 410] 
4g,,, =1366.4cm. 
Use30cmx 55cm=> Ag =1650cm >1366.4cm >ok 
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Lu=2.75m 
Ml&M2=1 
K=l, According to ACI 318-2008 (10.10.6.3) the effective length factor, k, shall 
be permitted to be taken as 1.0. 

klu Ml - < 34 -12 4CI-(10.12.2) 
r M2 
lx 2.75 
0.3x 0.3 

30.5 > 22 

:. Long column in 35 cm direction . 

Check slenderness limit: 

klu = 35.7 < 100 
r 

Slenderness limit not exceeded. 
EI = o.4 FI, 

1+8, 
E c = 4750 /Je" = 4750 x ~ = 23270 
p, _1.2 DL = 1.2(1068 .52) = 0_677 a7 Pu 1893 .04 

bx h I=-- s 12 
0. 55 X 0. 3 3 1 23 -3 4 

12 
= . X 10 m 

EI = 0 .4 X 23270 .15 X 10 6 X 1.23 X 10 -3 

1 + 0.677 
n ?EI 

p =--­ 
" (KLu )° 

>[4CI 318 - 2005 (Eq .10 -15 )] 

.15 Mpa 

6.827 MN .m 
> 4CI 318 - 2005 (Eq .10-13) 

pP _3.14°x 6.827 
C 2 8.9MN. 

(1.0 X 2.75) 

Cm = 0.6 + 0.4c: ~ )-➔ ACI 318 - 2008 (Eq .10-16) 

Cm = 1 ....... According to ACI 318 - 2008 (10 .10 .6 .4) 
Cm 

6,=,, 21.0> 4CI 318 - 2008 (Eq .10- 12 ) 
'(%as P? 

1 
O ns = 1 - (1.893 / 0. 75 X 7 .98) =1.4 > l 
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emin = 15 + 0.03 x h = 15 + 0.03 x 300 = 24mm = 0.024 m 
e=e,,, X6, =0.024 x1.4 = 0.0336 
< 0.0336 0.112 
h 0.3 
From Interactio n Diagram 

r/JPn = 1.893 X 145 = 1.663 Psi 
Ag 0.3 x 0.55 1000 

P,= 0.015 
A,=xA,=0.015 x300 x 550 = 2475 mm 

Use 8 As rovwita 2540mm 
4.10.2.2 Design of the Tie Reinforcement: 

Spacing <16x d,(Longitudinal.bar.diameter) = 16x18 = 28.8cm. 
Spacing ~ 48x d,(tie.bar.diameter) = 48 x 1.0 = 48cm. 
Spacing < Least.dimension = 30cm 
:. Use1¢10@25cm ,~ 55 ] 10 

10 

22 

47 

22 

47 

5 

3 
22 5 

5 

10 O 18 O 1030 L=158 O 1030 L- 42 

Fig.( 4.20): Detail Of long Col um 
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4.11 Design of strip footing (Wall Footing): 

Load on strip footing: 

DL (from the Wight of the wall) =198.4kn/m 

DL (from the reaction of the ribs) =344.8kn/m 

Total dead load=l98.4+344.8=543.lkn/m 

LL (from the reaction of the ribs) =34.827kn/m 

Determination of the footing width: 

, % a, (DL+LL) 543.1+34.827 4.16 ['OOllIlg WlUl} ='== , 
Yau 500 

:. Footing width = 1.2m 
Determination of the depth of footing: 

Select h=40cm 

Pu = 1.2 x 198 .41 + 1.6 x 34.827 + 344 .8 = 638 .6kn 
qu L 638.6, 532.167 kn / m? 

1 X 1.2 

Design of one way shear: 

d = 40- 7 .5 - 2 = 30 .5em 

va =s32.167(l?929.4 0.30s) 
2 2 

Vu = 90.5kn 

<I> Ve = <I> l._ x .Jfe' x bw x d 
6 

<I> Ve = 0·;5 ✓'24 x 1 x 0.305 x10° = 186.77 kn 
<I> Ve > Vu=> Depth is ok 

No shear reinforcement is required. 
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4.11.1 Design of Bending Moment: 

0.475 
Mu =532.167 x0.475 x1x , 
Mu= 60.03kn.m 

u _ 60.035 _ 66 7K [III=-- · J,Ill 
0.9 

M x10° 
Rn== " bx a? 

Rn= 66.7x106 = 0.717M. a 
1 x 0.305° 4P 

m = .fy 
0.8.5 x fc' 

= 410 20.1 
0.85x 24 

-# p=-(1- 1---) 
m .fy 

= _1_ (1 _ l 2(20.1)(0.717)) = 0.00178 
p 20.1 410 

Areq = p * b * d = 0.00178 * 1000* 305 = 543.08 mm2 

As min= 0.0018xbxd2 

As min= 0.0018x1000x400 = 720mm2 

As min > As,, 
As min ~ control 
:. Use<D12/15cm 
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4.11.2 Development length of main reinforcement: 

Ld . = 1.25 - o.25 -0.075=0.42511 available" 2 

I4,4 =,",«Bra, 2[fe' 
For.tpl2hars 

La,= \l1ax1»1.2=so2on " 2/24 
Ld,,=50cm> Ld,,,s.,= 42.5cm 
Ld,,,=50cm control 

4.11.3 Design of dowels bars: 

Asnn 0.0015 * 100 * 40 = 600mm 

Use 12/20 cm 

8012 
012/15 

~ I 01UISL=14Scm I~ 
105 

120.0 

Fig.(4.21) Section in Strip footing 

Ld availble = 40 - 3<1> - 7 .5 
Ld availble = 40 - 3 x 1.2 - 7 .5 = 28.9cm 

Ld,, = 0.24x ~db'?:. 0.04x db x fy 
vfc' 

For<l>12bars 
410 Ld,,, = 0.24 x ~ X 12 > 0.04x 12 X 410 
/ 24 

Ld req = 241mm > 1 96.8mm 

Ld availb[e > Ld req ~ Ok 

4.11.4 Design of secondary reinforcement: 

As,,%, =0.0018 x l000x 400 = 720mm? 
:. Use<I>12/15cm 
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4.12 Design of Isolated footing: 
Once the ultimate column or load is determined, the proper footing can be designed. 

The following subsections describe the analysis and design of footing (F3) : 

4.12.1 Load Calculation: 
From Column: 
Service dead load (D.L) = 1877.4 KN 

Service live load (L.L) = 476 KN. 

Total service load= 1877.4 + 476 = 2353.4 KN 
Factored load= 1.2 D.L + 1.6 L.L 

= 1.2*1877.4 + 1.6* 476 

=3014.48 KN 

Soil weight = 18 KN/m 
Soil depth= 1.0 m 

Column geometry 40*60 cm 

Allowable soil pressure = 500 KN/m 
Pu = 2884.4Kn 
Cw= 3.75x 0.4x 0.6x 24 = 21.6Kn 
Sw = 18x 3x1= 54Kn 
Pu, = Pu+1.2x Cw+1.2x Sw 
Pu, = 3014.48 +1.2x 21.6+1.2x 54 = 3105.2Kn 

Total service load= 1877.4+ 21.6 + 54=1953 KN 
Where: 

Cw: Column weight 
Sw: Soil weight 

Pu: Factored load from the column 

Pur: Total load on foundation 

4.12.2 Design of Footing Area: 

To determine the required footing area, the total service load will be used 

Allowable soil pressure =500 KN/m? 
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Area (A) = Total service load / Soil Pressure 

= 2429 KN I 500 KN/m? 

=4.858m 
Try 2.25m * 2.25m Area = 5.06m> Required Area= 4.858 m 
For the design of the renforce concerte membre, factored load must be used: 

Pu= 3015.2 KN 
Pu 

Ca q 
Provided 

3015.2 = -- = 595.89KN /m? < 1.4 x 500 = 700KN /m > OK 
5.06 

4.12.3 Determination of Footing Depth: 

Select h = 50 cm .... d = 40.5 cm 

• Check for one way shear strength 

Critical section 

4a--40.405= 0.60sn 
2 2 

Vu=61367229_9 404059)x2.25= 718KN 
2 2 

1 e=@ex[f@«b, xa) 

hVc=0.75 ' \/24 2.25%0.405= 558Kn 
6 

Vu= 73036Kn> ¢Ve= 54562.Kn 
.:.NotSafe 

The Foundation Depth must be increased 

Select h = 65 cm .... d = 55.5 cm 
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a +d = 0.4 +0.555=0.75:m 
2 2 

Vu=613.67x(2·25 -(0.4 +.0.555))x2.25=51088KN · 
2 2 

pc= 6.x[ext,x@) 
6 

.Vc=0. 75x ~ x/24x2.25x 0.555= 7647 Kn 
6 

</JVc=7647Kn> Vuc=51Q88Kn 
:.Safe 

• Check for two way shear action (punching) 

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

r.-e4'-4\r 12 Pc 

-+l 
w,-4!{f'oa 

3 
Where: 

Column Length (a) 60 Pc=------= - = 1.5 
Column Width (b) 40 

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

b, = 4d + 2a + 2b = 4x0.555+ 2x 0.6+ 2x0.4 = 4.22m 

a, =40 for interior column 

1 ( 4 J ,--:;- 0.75 ( 4 J </J.Vc =</J.12 2+ Pc -vfc bod=ux 2+15 *✓24x4.22x0.555x1000=3346.5Kn 
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"'.V, = "'·_!_(~+2J r;'b d = o.75 x(4oxo.555)x.J24. x4.22x 0.555x1000= 3772.5Kn 
c12\b.la lNJ. 12 4.22 

0 

1[.7 0.75 ,,;-; We=9.jNf.bd=- x/24x4.22x0.555x 1000 = 2868.5Kn 

.V, = 2868.5Kn >Control 
Vu = ((2.25x 2.25)-1.l)x 613.67 = 2431.7 

¢.Ve= 2868Kn > Vu = 2431.7.1Kn >satisfied 

4.12.4 Design of Bending Moment: 

0.925 Mu= 613.67x2.25x0.925x-- = 590.7Kn.m 
2 

M»25907 656.33KNm 
0.9 

Rn= Mn _ 656.33x10°_ 9,947 Ma 
bd2 2.25x 555° {P 

m = .fy 412 20.1 
0.85 * Jc' 0.85 * 24 

:f-] 'f 2x 20.lx 0.947 J p=- - ----- =000236 20.1 410 . 

4s., = pxbxd = 0.00236x 225x 55.5 = 29.47cm 
Asmin = 0.0018xbxh = 0.0018x225x65 = 26.325cm 
Asreq > As min 
.:.Select >154016 
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c::, c::, 
..,.; ..,.; 
N N 
cs1 O 

= c::i 

15016 L=262 -~ 
- l m 

ts 210 

l ] 

4 I 6V -1 A -- c::, [ . ...... 
N - .... l . a -~ 

10 018 
J 

/ 
/ 
/ 

25 - . 

15116 L=260m 

225.0 

fr ( 225.0 10.0 

Fig.( 4.22) isolated footing details 

Fig.(4.23) Section (A-A) in isolated footing 
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4.12.5 Design of Dowels: 

6.Pn = 6.(0.85,fc'Ag) 
.Pn = 0.65 x [0.85 x 24 x (400x 600)] I 1 000= 3182.4Kn 
Pu= 1.2 x 1953 + 1.6 x 476 = 3105.2kn 
Pu =3105.2 <@Pn =3182.4 

. ·. Dowels are not required for load transfer. 

But use the minimum reinforcement of dowels: 

As min =0.005x Ag = 0.005x400x600 =1200mm 
Use@14> Select 84014 

• Check for yielding: 

Tension= Compression 
Asxfy = 0.85xfc'xbxa 
15 X 201 X 410 = 0.85 X 24 X 2250 X a 
a = 26.93mm 

a 26.93 
x =- ===3l.68mm 

B1 0.85 
555-- 31.68 s = x0.003 

s 31.68 
& s = 0.049 > 0.005 ~ OK 
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4.13 Design of the well (water tank): 

Select the thickness of the walls =30cm. 

• Design of bending moment: 

Mu,,, = 20 kn.m 
20 

Mn = - :::: 22.2 kn.m 
0.9 
fy 

m 410 
0.85/c 0.85x24 

Rn:::: Mn _22.2 10° 
bd? 1x0.213° 

20.1 

0.49Mpa 

!'-] 
=-1-(l- 1 2x20.lx0.49)=0.l2l p 20.1 410 

AsReq. = px bx d = 0.00121 x 1000 x 213 = 257.7mm2 

4s,,, (Veirtical) = 0.0012 x bxh= 0.0012 x 1000 x 300 = 360mm 
As min > As req 

As min ~ Control 
:. Usecl>12/25cm 

As min (Horizontal)= 0.002 x bx h= 0.002 x 1000 x 300 = 600mm2 

:. Usecl>l2/20cm 

k.IN r/n 
.<--15.5 
rj'3.3 
--11.1 

-a.89 
--6.68 
0 0-4.47 

-2.25 J6.o42 
0 Lj?1z 
rj+ ss 
j®5o 
rpj9.e1 

11 
LT,3.2 
0 5'5-¢ 
j'7 

>-19.S 

Fig.(4.24) Moment dig. of well 

74 



4.13 Design of the well (water tank): 

Select the thickness of the walls =30cm. 

• Design of bending moment: 

Mu max = 20 kn.m 

Mn = 20.22.2 kn.m 
0.9 

m=_fi_= 410 20.1 
0.85 fc 0.85 X 24 

Mn 22.2x10° Rn= -- ---- 0.49Mpa 
bd2 lx0.2132 

-!f-=y=] 
=-1-(l- 1 2x20.lx0.49)=0.l2l p 20.1 410 

AsRcq. = p x bx d = 0.00121 x 1000 x 213 = 257.7mm2 

As min (Veirtica/) = 0.0012 x bx h = 0.0012 x 1000 x 300 = 360mm 
As min > As req 

As min ------+ Control 
:. Use<l>l2l25cm 

As min (Horizantal) = 0.002 x bx h = 0.002 x 1000 x 300 = 600mm2 

:. Use<l>l2l20cm 

kIN r/n .<- -15.5 □-13.3 
--11.1 

-a.89 
·-6.68 
Cl □-4.47 

-2.25 □-0.042 D 02.17 
rjs as 
pj6.ss 
r9-91 

11 
L743.2 D 515-¢ 
i'3 

>-19.9 

Fig.(4.24) Moment dig. of well 
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Fig.(4.25) Details of well 
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4.14 Design of Shear Wall: 

4.14.1 Weight of the Building: 

W = DI* Area+Ll* Area *0.25 for one floor 

W = 0.35 8.843000 + (4.78.7) * 0.3252 + 131 75 = l9656.9KN forbasementfloor (-2) 

W, «s -ny =19656.9 or basemen 'oor - 

W = 0.35 * 8.84 3000 + 549.9 + 136 * 525 = 25284.9KN forgroundfloor 

Wforfirstfloor = 25284.9KN 
W,,cconancs» = 21884.9KN 
W ,narcs, = 25284.9KN 
W,,., =366.6KN 

4.14.2 Calculation of shear force on shear walls: 
From Uniform Building Code 1997 (UBC): 

Z=0.3 zone "3" 
R= 5.5 
I=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 oflateral 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 above the base to level i, n or x, respectively. 
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T=Ch,)" a... 30-8 UBC) 

T = 0.0488(20)=0.46 
yV'l,,,_ 0.241 pg =0.095W >.Control 

R.T 5.50.46 
V =0.095W = 0.095 * 55474.73 = 5270. lKN ~ Control 
F, =0.07T V =0.070.46 5270.1= 169.7KN 

Table( 4.2) Calculation of the total Fx. 

Floor W(KN) V(KN) H(M) Ft(KN) (V-Ft) (W*H) Fx 
Roof 770 5270.1 20 169.7 5100.4 15400 126.9 

fourth 11330 5270.1 17 169.7 5100.4 192610 1587.1 

thired 11330 5270.1 14 169.7 5100.4 158620 1307.03 

second 11330 5270.1 11 169.7 5100.4 124630 1026.95 

first 11215 5270.1 8 169.7 5100.4 89720 739.2 

ground 9499.23 5270.1 4 169.7 5100.4 37997 312.6 

Vu =Fx 18% 

Table ( 4.3) Moment and Shear Values 

Floor JFX Vu Mu 
Roof 296.6 53.39 160.17 
fourth 1883.7 339.06 1337.52 
thired 3190.73 574.33 4237.86 
second 4217.68 759.18 7692.75 
first 4956.88 892.2 19888.38 
ground 5269.48 948.5 34755.02 
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1883.7 
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53.39 

s70 

Shear Wall Shear Dig Moment Dig. 

Fig.( 4.26) Moment and Shear Diagrams 

4.14.3 Design of shear wall: 
Fc=24:MPa 

Fy=410:MPa 

t=25 cm .shear wall thickness 

Lw = 5. 70 m .shear wall width 

hw=20.00 m story height 

• Design of the Horizontal reinforcement: 

Internal forces & moments: 

J Fr = Vu = 5269.48KN 

Design it by using Reinforced concrete: 

Vu= 948.SKN 
Vn = Vu /0.75 = 1264 .67 KN 
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Design of shear 

d = 0.8* Lw = 0.8*5.7 = 4.56m 
ve =±,[jna =±425.5250 4560 = 930.8KN 

6 6 
Vs =Vn-Vcl 
:.= 1264 .67 -930 .8 = 333 .86KN 

(Av) Vs 333.86*10+
3 

0.178m 
S2 Fy *d 410 *4560 

( :; ) = 0.0025 * h = 0.0025 * 250 = 0.625 mm 

S2 = L_ 57001140 /5= 960 mm 
5 

S2=3*h=3*250 =750mm 
select »2¢10 >As =158cm2 
Av =0.625mm > 0.178 
S2 

158_ 9.625 > S2= 252.8mm 
S2 
Select ~ S2= 25 cm < Sreq = 25 .2cm 
S 2selected = 25cm < 75cm < 114cm 
use > 2¢10@ 25cm(c /c)in 2layer 

Select 2<1> 10 / 25cm In tow layer 

10@25 010@25,L=560 012@20,1=100 

70 430 70 

Fig.(4.27): Section in shear wall 
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. Design of the Vertical reinforcement: 

hw. Avh 
Prrun = (0.0025 + 05(2.5 - lw )( S

2
h - 0.0025))S/; 

._ 20 = 3.51 > 2.5 
L, 5.7 
An= 0.0025 x S, x h, 
1 1 S,=-L,=-x5.7=1900mm 3" 3 

S, = 3 x h = 3 x 250 = 7 50mm 
Select 2610 With area As = 158mm 
158 = 0.0025 x SI x 250 
:. S1 = 252.8mm 
Select S, = 25cm < 25.2cm 
S = 25cm < 75cm < 190cm 

~ Select 2¢61 O / 25cm c I c 

Select 24> 10 / 25cm. In tow layer 

4.14.4 Design of bending moment: 

/<o 
" 0180.4 KN.m cs[#)-.,3c» 

4.5 4.5 

C=C-0.1xL, 
C = 1.267- 0.1x 5.7 = 0.697m 

cw = ~ _1267_ 0.6335 
2.0 2.0 

Select The boundary element = 70cm > 69. 7 cm 

Lw 5.7 Asv=As,=xAs, >= x158=2251.5mm 
sl 0.4 



Z 1 -=----------- 0.06 
Lw 2+0.85*P* fc*Lw*h*(As*Fy) 
Z 1 
Lw 2+0.85x0.85x24x5.7x0.25x (2251.5x10° x 410) 

M«-o9x yo.s«as«iws-[f,ya]]­ 

0.94100.52251.5x10 x5.7+(j. -0403,_ 2320kn.m 
2 

Munes;gn = 23990.04-2320 = 21671.04kn.m 

0.0403 

Ast=. Mu/ 
fyx (Lw-Cw) 

21671.04x10° /0.9 11745.8mm 
410x (5700-700) 

As= 11745.8+(6x113) = 12423.8mm2 

.:.Use©25 >Select 25625 

# 
_._J 

\ 

, 

Fig.( 4.28): Details of shear wall 
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4.15 Design of Matt Foundation: 

4.15.1 Load calculations: 

D.Ly,r=0.2525251.0 =156.25 KN/m 
Elevator = 40 KN 
Pu=2000KN 

4.15.2 Calculation of the required area of footing ( Approximate Solution ): 

PW <1.45oo 
Areq 
2000 <l.4500> Areq 2 4 m 
Areq 

select ... Area = 2.60 *2.60 = 6.76 m2 ~ 4 m-> ok 

4.15.3 Design of shear 
d = 65- 7 .5-1 - 1 = 55 .5cm 
¢.vc = o0.7s±+[few a 

6 

6.Ve = 0.7s »±.+Jg4 +1000 555 = 340 KN 
6 

Vu max = 560 KN I m2 

.Vc = 340 KN > Vu = 310 KN ~ OK 
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4.15.4 Design of bending moment 
By using the Staad.Pro.2007 software to analyze the foundation, the moment result 

is as in the following chart: 

MX(1oca) 
kNm/m ■<••n.3 
-64 
.-56.8 
.-49.5 l,,, ■.35 ~ 

~-27.7 ~ 
-20.5 l,» 

0-5.97 
0 01.29 

8.54 ss ls, las 
0 037.6 

>•«.8 

Fig.(4.29) Moment in X-direction 

MY(local) 
kNm/m □<•-n.3 

-64 
0-56.8 !as as □-35 □□-27.7 

-20.5 □-112 
D-5.97 
D 
01.29 

8.54 J,gs 
la, as D 037.6 

>= 44.8 

Fig.( 4.30) Moment in Y-direction 
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• Design In X-directions: 
h =65 cm 
d= 65 - 7.5- 1 - 1 = 55.5cm. 

Fy=410 Mpa. 

fc' = 24 Mpa 

Design of negative moment: 

=ve Mu, = 71.3KN .m 

Mn= Mu = 71.3 = 79.2KN .m 
h 0.9 

Rn 4 Mn _ 79.210° 2 0.25Moa 
b.d2 1000 *5552 'P 

m = fy = 20.1 
0.85 fc' 

p = _!_(l- j1 _ 2.m.Rn) = _l_(l- /1 _ 2 * 20.1 * 0.25) = 0.000613 
m V' fy 20 .1 ~ 410 

As,..,, = p * b * d = 0.000613 * 1000 * 555 = 340 .5 mm° 

Asmin =0.0018 *b*h=0.0018 *1000 650 = 1170 mm? 
As min = 1170 mm 2 ~ Control 
Select 616 @ 20 cm 

• Design In Y -directions: 

Design of negative moment 

-ve Muy = 71.3KN .m 
Mn= Mu = 71.3 = 79.2KN.m 

d 0.9 
Mn 79.2 *10 6 Rn = -- = ---~ = 0.25Mpa 
b.d 2 1000 555 2 

m == fy = 20.1 
0.85 Jc' 

-\f-,@w). 4,f,$42-mwTFo]-caoes 
m 'J IY 20 .1 ' 410 

As ,, = p * b * d = 0.000613 1000 555 = 340 .5mm ? 

As%, =0.0018 bh = 0.0018 1000 650 = 1170 mm ? 
As min = 1170 mm 2 ~ Control 
Select ¢16@ 20cm 
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◄

~ Design the secondry reinforcemnt: 
As min = 0.0018 x bw x d 
As . = 0.0018 x 1000 x 555 = 1170 mm 2 mm 

:. Use ~16 I 20cm in two direction . 

2016/20 cm L=295 cm 
[s 245 i] 

25 

s 
g; 
4 tr, 

5 ~ 
co 
~ 
~ 
c--11 

25.0. 30.010.9 

10.D9 

Fig.( 4.31) Mat foundation details 

Fig.(4.32) Section in Mat foundation 
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List of Abbreviations 

• Ac = area of concrete section resisting shear transfer. 

• As =area of non-prestressed tension reinforcement. 

• A;= area of non-prestressed compression reinforcement. 
• Ag = gross area of section. 

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

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

• b = width of compression face of member. 

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

• C,= compression resultant of concrete section. 
• C,== compression resultant of compression steel. 
• DL = dead loads. 

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

• Ee = modulus of elasticity of concrete. 

• 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. 

• M = bending moment. 

• Mu = factored moment at section. 

• Mn = nominal moment. 
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• Pn = nominal axial load. 

• Pu = factored axial load 
• S = Spacing of shear in direction parallel to longitudinal reinforcement. 

•Ve= nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 

o Vs = nominal shear strength provided by shear reinforcement. 

Vu= factored shear force at section. 

• W c = weight of concrete .Kg/m3
• 

• W = width of beam or rib. 

o Wu= factored load per unit area. 
•<I>= strength reduction factor. 

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

• &,= strain of tension steel. 

• &, =strain of compression steel. 
·p= ratio of steel area. 
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