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Abstract 
The structural design for school in Hebron city 

Project team 
Ahmad Bad ran Moath Shalalf eh 

Supervisor 

Dr. Maher Amro 

The main idea of this project is analysis and design of all 
structural system of the school building, we will study and design all 
of structural element and the preparation of all drawings that needs to 
execute project. 

The project consists of three floors, and contains many services 
needed by student and people, this project designed according to 
modem architectural system. 

The project area is 3500 msq., divided as follows. 

Ground area is 1500 m sq. 

First floor is 1100 m sq. 

Second floor is 900 m sq. 

We will design according to ACI Jordanian load code, and use 
many programs for structural design. 

VII 



Cl; sis.all gs 36P 

a ii,ll 

2 : ••••••••• - :4...a.ia.o.11 1 - 

2 - :(e_~I) ~\ l<.ha 2­ 

3 - :e_...9.µ1 .)~\ 1.;-14,..ui 3- 

4 - :e_~I u\.1Ai 4- 

4 : ....•.....•......• - :u\.J...i.JI 5- 

4 - :e_~\ dsal 6­ 

4 - :e_~I J~ 7- 

5 - :e_~I 4..9~ 8- 

6 .......••••..•...•...•....•..•...••••••...•.••••••.•.....•...•....•.......••.•••.•...•...••.••..•......••....•.... - :e_~I ~J 9- 

s\ell es.ca ll 
8 - :l.a~\ 1- 

8... . . .. • .• • . .•.. .. . . . .•. • •. . ... .. .• . . •••.• •. . .. . . .. . .. •• •. . .. . ... . ..• •• . . •. . .•••... .. . .. . •.. . •. . . .. ••• . .•.. .. - : tJµ, ,:;r;, ~~ As.x! 2­ 

9 ......•.•................•................................................................................................. - :E,.Jµ, ~~ 3- 

10 -:c:9.JAll ~\ 4- 

10 - :cl:!)IJ ~I ~.,r!> 5- 

11 ....................•............................................................................................................. - :~fo)\ 6- 

11 - :E,.Jµ, <.!:'\~ ~J 7- 

11 :~.}JI ~thl\ 1- 7-2 

12 - :J.J'il ~thll 2- 7-2 

VIII 



4.1 Introduction: •········ ····· 39 
4.1.I Design method and requirements: 39 
4.1.2 Strength design method: ·· ············ 39 

4.2 Factored toads: ········· 40 
4.3 Slabs Thickness calculation:- · .40 
4.4 Load Calculation:- 42 
4.5 Design of Topping:- 42 

4.5.1 Calculation of Dead load 42 
4.S.2 Calculation of live load: 43 

4.6 Design of Rib (3):- 44 
4,6.1 Design constant:- 44 
4.6.2 Calculation of Dead load:- 44 
4,6.3 Calculation of Live toad:- 45 
4.6.4 Flexural Design: - .46 

4,6.4.1 Design for positive Moment for Rib (R3):- .46 

,,AO Design for Negative Moment for Rib FRO)--""""""v° 
4.6.4.3 Design shear for Rib (R3):- 49 

4.7 Design of Tow Way Ribbed Slab:- .49 

,7.A termination of Thickness for Two Way Rib Slab '-----vvv 
4. 7 .2 Load Calculation:- : 5 2 
4.,1.3 Determination of factored dead & live load 52 
4,7.4Flexural Design: - 52 

4,7.4.1 Design for Negative moment: 52 

4,7,4.2 Design for positive moment: 53 
4,7,4.3 Design Discontinuous edge 51 

47,A.A Design for shear-v" 4.8 Design of Beam (B08):- 5 
4.8.1 Calculation of Beam dead \oad 5 

, g3 Check what her the section will be act as singly or doubly reinforcement S" 
4,8.3 Flexure design: . 

4.8.3.1 Design for positive moment: . 

4,8.3.2 Design for negative moment: . 

TX 



4.8.3.3 Design the beam for shear: 62 
4.8.3.4 Check for section dimensions: 63 

4.8.3.5 Check for the case of shear: 63 

4.9 Design of long column (C2 ): 66 
4.9.1 Check the slenderness effect: 66 

4,9.2 Calculate emin ,Mmin: .........--------.--.--.,-,,,,,,,,,,,,,,,,,,,,ox.,o,coo,,,coo,ox,,,woo,,,,-,,,,-........,,..67 
4.9.3 Determine of Euler buckling load: 67 

4.9.4 Calculate the moment magnifier factor: 67 

4.9.5 Design the stirrups: 68 
4.9.6 Check for code requirements: 68 

4.10 Design of Isolated Footing (Fl):- 69 
4.10.1 Determination of Loads: 69 
4.10.2 Determination of Footing Area: 70 
4,10.3 Determination the depth of footing based on shear strength: 70 
4.10.4 Check for one-way shear strength : 70 
4.10.5 Check for two-way shear action (punching) 71 
4.10.6 Design of Bending Moment: 72 
4.10.7 Development Length of main Reinforcement for Mu: 73 
4.10.8 Design the column - footing joint: 73 

4.11 Design of Stairs: 78 
4.11.1 Determination of Slab Thickness: 78 
4.11.2 Load Calculations: 79 
4.11.3 Design of Shear: 80 
4.11.4 Design of Bending Moment: 81 
4.11.5 Secondary reinforcement: 82 
4.12 Design of Shear wall: 84 
4.12.1 Calculation of loads: 84 
4.12.2 Calculation of shear force on shear walls: 84 
4.12.3 Shear Wall Design Parameters: 87 
4.12.4 Design of the Horizontal reinforcement: 87 
4.12.5 Design it by using Reinforced concrete: 87 
4.12.6 Design of shear 88 
4.12.7 Design of the Vertical reinforcement: 89 

4.13 Design of composite Beam (B14-C) :- · 90 
4.13.2Determination width of tlange 92 
4.13.3 Connector design: 93 
4.13.4 Welding Calculation: 94 

X 



96 ellllll .1.1 

96 c.::.i~~\ .1.2 

XI 



s±all @Q shh ds-l @y 

5 (2014/2013) ~IJ-lll WI J)l;. f:J_;Si.Jl ~jll JJ~I 1-1 

29 4-.o~\ ~lyJ.l ~ _;:JI 4Jt:i5..II 1-3 

30 al yat de llas YD 2-3 

23 =)ce = 2\559YI cus z3lill des! Rf 3-3 

48 Calculation of the Total load for Rib (R9) 4-1 

50 Calculation of two-way daed load (1) 4-2 

59 Calculation of two-way dead load 4-3 

65 Calculation of Beam dead load 4-4 

85 .Calculation of the total Fx 4-5 

XII 



9 il ill ·5,,l1 A% Ls 1-2 c.,r . c9 .J 

12 · ~I ' \.bll ~ 2-2 ~.) ~ 

13 J_,';?I lY.\.bll ..bi...:.o 3-2 

14 _;till lY.Lb.11 .bi...... 4-2 

14 Ree!cl 5-2 

15 A,l.) gs/cll 6-2 

15 5.4-1l 4sll 7-2 

16 ~_,i.;..!1 ~1_,ll 8-2 

17 (A-A) t\..6ill 9-2 

17 (B-B) t\..6il1 10-2 

18 A'l cf 11-2 

26 ohl_,ll oLliLll J:,.I~ JL.:.. ~\ Jwj\ 1-3 

27 hl_,ll 04,.:i~I wl~ ~I wl.li.JI 2-3 

28 8'\S91 e9ls @c all cslsi, l] 3-3 

29 ~y.11 wl.li.JI 4-3 

29 hl_,ll 04,...i~I wl~ ~I wli2c. 5-3 

30 us\\Sy F sf c a«ll cslis 6-3 

31 cslalayls.h) )) y> 7-3 

31 Sy±al y3gs J\S.cal 8-3 

31 ®us= l 335ll JI\Sh 9-3 

32 5±2e yI \Si! as! 10-3 

33 c-All 5le 11-3 

34 (.)'ll..J~\ ~ c)_,b ~ 12-3 

34 I )lJ •••1.biu:... 1 ,.. "' 
(JllW ~I , 1 .)-.) 

35 c » 14-3 

36 t.S~uiuil _).l:,,. 15-3 
, . 

XIII 



Figure# Description 

1-4 R(O3) at ground floor slab 47 

2-4 Typical section Ribbed slab 48 

3-4 Typical section in topping 48 

4-4 Span length of rib(3) 51 

5-4 Rib(3) geometry 52 

6-4 Rib(3) Envelop 53 

7-4 Reinforcement of rib (3) 57 

8-4 Two way rib slab in ground floor 57 

9.4 Two way rib section 58 

10-4 Local of beam B08 64 

11-4 Beam (08) at ground floor 66 

12-4 Beam (08) geometry 67 

13-4 Beam envelop 78 

14-4 Detail of beam (08) 78 

15-4 Section in beam (08) 82 

16-4 Col (1) Detail 82 

17-4 One way shear 83 

18-4 Tow way shear 84 

19-4 Footing Detail 84 

XIV 



o Ac= area of concrete section resisting shear transfer. 

o As= area of non-prestressed tension reinforcement. 

o AO=area of non-prestressed compression reinforcement. 

• Ag= gross area of section. 

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

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

o b = width of compression face of member. 

o 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 tensionreinforcement . 

• Ee = modulus of elasticity of concrete. 

o fo=compression strength of concrete. 

• fy = specified yield strength of non-prestressed reinforcement. 

o h= overall thickness of member. 

0 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. 

o Lw= length of wall. 

• M = bending moment. 
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o Mu = factored moment at section. 

o Mn = nominal moment. 

• Pn = nominal axial load. 

o Pu = factored axial load 

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

o V c = nominal shear strength provided by concrete. 

o Vn = nominal shear stress. 

•Vs = nominal shear strength provided by shear reinforcement. 

o Vu= factored shear force at section. 

• W c = weight of concrete. 

• W = width of beam or rib. 

o Wu= factored load per unit area. 

• <I> = strength reduction factor. 

o &= compression strain of concrete = 0.003. 

• &,= strain of tension steel. 

o &,= strain of compression steel. 

e p= ratio of steel area. 
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-~ ~ _;.JI ~~4 !J.,.;,a wfo..J ~ y!JI J.=.,..l.a.11 .2 

19 



cat.if Jae 3 

20 



.4c» JLs91 2-3-3 
)-~r',ll dl~,',/1 3-3-3 

.A ±'gt 4-3-3 
.t_¼)\ 1-4=3=3i 

.e::silll 2=4=3-3 
.Jj':{jll 3~4~3-3 

.( <.,P1JI ul.J-~) ~~.JI ul.J ~\ 4-5-3 

.6'.A,.A.,.,,~1 5•-5~3 
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~l.u:i ~ <} ~l, u.,...,,_,14 wA! w~ ,~t,.;. WA W:!""'" y.il;.. u1=- ~ 'J ~.., ~ '!1 w! 
~~ uk, u_,..:l\l, ,~_;.Wl 'i.Jt.......JI y.il;JI <) j.;,,_,.JI J[,.;.:lll ~ . .u... ~ 'i !►.,_.#~I ~bll 

.0t..\t!., ~I o\c.).;.a 1::4 ~ 01&'/4 ~ ,~1..:;.j'jl ~t;.. uk, uy::ill ~!;.ill ~Ji (JA ~'i w\S ,~\...;JI 

-:II Jb\tl .UIS \i:j > ~1..:;.j"I 1:i:JI ;ij\S ~ I~ t.J 1" ~ .•. .J\.,!.:i'il ··-·..:.II ~ ~I <.r ?'-' ~ • 'I Y-"2 r- (S'-- <.r' ~ '-F'" • ~ • • 

;ijt..;..'j4 e,_µII~ ~I ~4t...:JI ~~ ~ ~.i \a.w:._, y,a\:i:JI o~ .U\S ~.., '-:-1-?>:! i)til4J ~ yy 
-~ f':i:--' '!.Jl=.o.1I ~I uk, .l:.\hll 

-~ ~WI d.i'+:;.)'l., c.,_,;ll J.-j u-k ~ij ~1..:;.j'jl y,a\i.:.ll ~\i.., .)y:i:,.I Y.=- ~~:(Safety) w\...YI 0 

.~1 WA 
1 
,;; ,; , '!~I wa.fa.ll ~\S_, ~I ~u... ~\i..._, ~~1 .il,.o ~..;b we.~~ :(Cost) ~I o 

~ ~J (Deflection) .li!) ..l::.~ '!1 ~~<>"(Serviceability) lll gal s.2 a .i_,.i.... o 

•'-:-l_,11..JI '!.J\-.JI _);.WI ~ \;.,IL, y.); ~ (Cracks) ~-'•• ',ii\ 
. Ll,l.Jl ~~I <.rL,llL, JS..;i,11 o 

~ WA .ul ~ ,~!., J!,b:JI ~ f'W'j "½ r'-:!ill ~ ~_, ~.J ~-►- ~I .a....);.ill fa 
Jb~I ~_, ~ ~ ~Ll:u'jl y,a\:uJI .a....!_,., '-:-1-?:! ~~ ,J.ib:i,ll ~~ (JA wfi: \... J,.as1 ~! J_,.-_,11 ~ 

.5\±l1 Jal 6±has Yl yl al) ! de! 3-== dS Cle @a#ll 

.JY+il c!i_,.i.... WJ-' '+.ik W\,ll JbYI ~ ~ ~.iij ~ w11a •J• -ii~ ~I ~\.J,j)II y,au.Jl ~'i 
.A441 ls Yl5 @ell Jay! @all Jae I :Ja9Isa cas st.ass 

y.a\.WI ~ ~ ~ 4 o ,; i , all ~ 'u:JI .i[,.o wtui i:,.. ~ '?~I i;I~I ~I Lili we. ~ Jbl ~ 

.s\499% 5ls£,l 554 ls Ste cl ,35 Jes! ,es 53tll cf5ye 1ll, 56y0 
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~~I 4AliSJI )» 
a±ial) 52Lal 

deleakzal (KN/m3) 

22 .k.)411 1 

23 li_,.JI 2 

25 ~1 lit-.i_;:JI 3 

9 y_,1.1 1 4 

23 oj. .•• ..:ill 5 

18 J.,)1 6 

~ ,_} ~ ,\+i.,, "fi'- w'J~I _,I ,~I ~'J~I ~ d"Lli:i)I!, ~\ti ¼-1 WAfi ~I Jb\tl i..,AJ 
:~ i..,AJ ,~yJl, ~j,JI Jb\tl 

.sLail! lesiaa cats a'YI lsl ·1 
.;,~I ~ Jiy u)j)pl ~ ~ c_;ll ~~\S ,~~I Jb\tl .2 

,~I · .to.u1:l...'JI w'J~I o· \ti ,u-•·'1 l.!J~ts, -~ uS · 1.,ct..,I ·• -.c. -.,1 ,~\...JI Jb\tl .3 • ..>:=- - - 'J ~ 'J ~ y,,. 'J u-" ....... ~ u-: i.r'-' 

rl~I ~~ ~ l.:iWc.l ¼=JI Jb~I 4 ~ (2-3) J_,.:i;,..l!, ,d~!, ~\t!, l.!J~\t!., :Uj:,,.JI .:it,.JL, 
·,,-'239l 2S cs el 
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,ell Jss) 
1a5189'1 @la 

iJ)I 

(KN/m2) 
f -· J-dial 

9.0 i:.il_}.~..JI u!I_,... 1 

5.0' c+jlaall 2 

5.0 coli,ti,call 3 

2.5 J..lllill 4 

5.0 ~lb.JI 5 

2.5 J..i.&.JI ·Li.JI 6 - ~. 
7.0 • lil5.11 ~I ·WI 7 

<-I_ .., -- ~- 

~ .J~~I W::"-} \A~u c.:,I ~ ~I Jb'JI w..o .!J~I t,lll ef'.J ~I yt..-.l l w..o 4WI Jt-,'JI ~ ~.., 
:i c&ii llasYl sis set =ill 

' z' e 5"3l cssll As 3ill ,ll # sy0ls 3c-es ' ls 3151 Ai#l sf Ce i+° 
_I.cit., \ij ,~ . Wu ui\S ljl Ut.... ~ . Wu ui\S \jl ~ ---<'.·. 'U\• I ~ i;:.iU.WI I :i..w'JI ~. U" !J WC. • • • !J WC. • • • -~ u.,--'.J ~!r." .J .., - . 

s ls scell ah» e ~, t\jj) ~ b~ (UBC) 1997 ..lfill ~ c'-vl' Jbl ..l~.., .ui_y,j 
~~ A;·;· ,-ill c\.vll ~..>'-' ~ ~I w!.>.l.:?- ~__, A ·-.;.;.·,._,I ~.Y' ui\S i:-!_,,... c.;'+" w..o A.1.6.)'I ~ 

.(UBC) 1997 ..lfill ~ c\.vll Jbl yl......:.. fi:! ~ ,~I 

.y..,JI c:::..h.... WC- r.WI tts:i) G 

-~_,l:ill .1:.sl....:il ifa~I ~I ~ o 

-~.)_;'-;I ..lfill ~ y..,ill F we- t \jj):/1 ~ ~):ill Jbl A.4 ~ t)'ull J_,~!., 
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csll Jssl (H) t.J&IJ'il ~ Cf-, ~I ~ 

(KN/M2) (el\u) 

0 H< 250 

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

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

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

:Jj'ijJ\ 3-4-3-3 

l"jc. ~ l"__,Jc. ~ .ll_A! ~L, ~1 ~~ we. ~~ r..l'J ~I ~ _;:; ~I ~I J1-'JI ~1 t>" 
gal 6 Cy lS clans \slay R«a.call casll ylae el51aly kiaslia Sys ,2l69l ±j=9 el50Yh 
~-' ... _11 ~1.:i1 1- ~\.:..JI 7, _I_.:. I\ II'::~,-··· _,11 ~ . j '-~t.:., ~. -:11J\..-.)110~ JlJ ~ - ~ - ~~ i.s--- ~~_.,-- ~~ - '.§"" '<I"' !>". ·-'4"" !J=-1 

.~I .:ifill ~l \.:.~.JJ i.:iWc.l ~I~~_, J.j'Jjll J1-1 ~ ~-" ,J.j'Jjll ~ttl 

As\4 t! ,ill llaeYl gs ! 'us sf! 3465el cabala) s <e s} &99y1 7lall e 
,~I u~ :W~ ):1ill ~YJ d ... _,l-11 J.ib.:iJ ,~~I o'-:f...11_, ~I_, ~yll A,...,!.,.:,_, ~_,.JI uU&...4 
(Bearing Capacity) ~I ~ t.~ ~ Jy,a=Jl _,,. c.,;l!.i)'I U"~I ~ ~ t.. _;sl., , ~ ~ ~I ~ 

&+ 3\=) = ~->" fa JS! t:,J.J:!,i # 400 '-i-'W ~_,.Jl ~yll J=.:j t.~ t..l., ~I l.'.:.lt...t...1 ~ ~j~I 
.~..;=,-- r..l' ~yll 

~ 'J :U..\Sl.. ii.:i:..I_, ~ ~ ,~I ~ C" ~W;j)'I y-:,t.JI ?hill ~ we. ~4C- ~ ~I 

Al4J/ ylslh5 51=YI9 334lh5 cslisll c_ya\ia sis ,sl es sb! cee al layl J car» but sl 
• 1.Ay,c,J l.'.:Jt...t...\rl_, 

ii.:,,,,c. YI ull ~ t>"-' ~I ~I :;~I ~ Jb':/1 ~ ~ ,:;~!_, o.:i:..~.S. J...,u ~Ll,j'JI y-=uJI ~ wl 

.t.Ll.l.JI ~ Jb)'l J~I ~ ~ji ~ ~ ~J ,l.'.:.lt...t...'JI u-11 !>.!,:. I yei"•i _fl :U..Wl w~I_, 

25 



LOAD 
TRANSFER 

~tl:JI ~J 1+.!lc, ~_;.JI Jl.....:..)11 ~ ~l)I (;_,ill Jii ~ ~till ~Wi:i)'I ~\lJI we. ~\+c, ~ 
.ut.,,~ ~J ~..;=:i ~ ,ii.l.ac.~1_, 0!;.l;JI_, ~I Ji.a ~I t.} Uol.:JI ~~)'I 

.5±e YI ee <al, Lcall .1 

.Wil.JI ~.J .2 
.~1.3 

-~ WLlJI ~l_,.ill ,~)1 ,.U~I .4 

~ ~till t,1_,j)'I ?l~l ~ ~~ A.:Jt-...ll u~I t,_;jj_; ,~It_} u\,;lWll IJA ~~I ..l.J-?) ~-' 

:-ls±5yl A-l) ,9la 3 
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:u-1! ~J (Solid Slabs) ~I ~~I o 

.(One way solid slab) .l=-!.,11 o\.;,:j':11 d.'.l ~I d.lWI o 

.(Two way solid slab) (J;!b>\_;.:j':11 d.'.l ~I d.fuJI o 

.(Composite slab) ~yJI d.fu.ll o 

:u-1! ~J (Ribbed Slabs) ~_;WI ~U:.~I o 

. (One way ribbed slab) .l=-l,ll o\.;,:j':/1 d.'.l ~I d~ o 

.(Two way ribbed slab) (J;!b>\_;.:j"jl d.'.l y...=,11 d~ o 

.Flat Plat o 

:(One way solid slab) ~\j,11 o~~I 61\j ;J .. 1,M.~I b!l.fuJI 1-1-5-3 

45 ®2isl/ A5ta.a 1yl) 3/5sl 3±sJ lie5 el» ell asX01S ca" l 5a5all s ,151 
:(2-3) JS,.tll <} \..s. {!yll o~ <} 1+<,1~1 

:(Two w-e.y soHdl s!aib) ~~'ii b!lj ~~\ b!l~I 2-1-5-s 

sstsll s\»s91 cf: R±a.al s.sill hi.a sill ylaill c» Sl 595l JaYI csts Jls # r5 
~ ..fi.l ~ Jt,..:..\rl ~J\i.o ~ 4:i\r ~J ,wl~I WA ~I \.'.lb.~ u-ll ~J,?,lll ~ i;tll.'.l ~_, '~J\i.o 

.(3-3) USll cs sa» #'le ks all all &9 
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l!Jlill J,..a.5.l l 

; 

• ~ • .-.••• - •--• .. , •---I•-••~• r•--••• •,•--•• •-•·•~• .. 1"".-•- ; . •'-• ( ', -', -•- .;hLo'••---• ,. •••• .._.., '-,I••'• "V .,, , ,·• I"•':• •• I I~ ,,. •• '""• ..._ •• • .. ,,: _,.-,:..,,1 

.(composite s!ab) ~.J.JI ldl~I 3-1-5-3 

kur45 =±0 ls ,is±eYl pl451/ yso $y$ cilia JI Rs\sll sis coli»ll a z;ill Io ,15"fy 
~y,11 ~~I<}~\..!#.., .o~ ~I ~l_,.JI c)i:. '-JP i,;JI ~~I \!.! >;; '-#1 ~_,l A.#,y,ll ~l.lfu..l~ 

.~I ~1..l'.i...'il_, ,Jl...;JI r,b.J ,:i~ o~\u ~~ i} ~ A.#,y,ll ~l_,.JI rl~';/ y~I o.lc. ~liA ·~~I 'J.! •;_, '"~ 

la las sl es? 5ssy t» Ailis» al· C Cl ay Y La±ic Sall 2till 25es c@\toyl Rakel ? 
~\..b.-ll WUJI ~)'I .l.:,,.I J,...tJ_, .~yo J...c. o.:,b~I Ai d1\ t.!.i~ \..~ .~ _;1;.i ~ W"' o.l.:,,. I_, o.l.:,,._,5". 

.~Ly,. ~) d;ll 4...oc.i.-ll ~~Y_,sll 
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OP ,Y '\ ., _: ..••. 

' ' g 
!Zen> p\~- -~~i .,:'.f:{t At O • , , • , ..:; • -- ._ _ £ • . 

·-,~~.1 '; .. ,, ~- ;: .: 1 ·. ,7_~-:-~1,-:- - ")]] zepasg; 
.' ·#lW"E , ·--J-1' 11/·-.,·,_· L.: ~ - ! 

~' '" ... , -- ... -=--- 
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~ w.o ~te:u'JI ~ ~ ~ ,,:.,1 'Jl ,l:.:i.JI ~u,i ~ ~-,_ • .,-,! 1.l+,! L.. J_,1 i/' ~\..,\..~I i:.,1 w.o r=,..>lt~ 
. ~I r) ~LlSjl _,.....WI Aj\S 

WL,ll Jb)'!., i:.,!1,\tl .U_,.,..J_, IJA}:i!., ~I r) ~1-.:;.j)'I ~u.,.11 ~ ~_,ll ~ ~\..\....)II ..#J 
Jb\tt o~ c.:,_,Sj_, ,~t...t...\tl ;)J ~b o~\tl i)! ~ .)~I i)! Ja:"w o.fu.ll ~ WL,ll Jt...=.\tl w~ ,1+.!k, 
_4..4,.:.j ,oll ~\..,\..)ti~~~ ~_,.JI~_, l+:!lc, WL,ll Jb\tl ~ ~Ul.J ,~\....\....,~ 4;o;o ,,;;II Jb\tl i/' 

'-"'1....1 ~ ~ WL,ll Jb\r!., ~_;:JI J=,j o_,il ~ ~:-_, ~ tt,:il w.o i.::.it...t...1 rl~I ~_;WI W.OJ 

.ca3Yl &#bsghs Xu! zyi» dS a La±all CS8 s54 a Dis 

-~------------ 1200--- --i-- 
f- 300 -t- I 

-+- 
i u .. ~-..A 
L; 

i © 
0 I - 
8 f L.ls T] 
... M qf□ ! IUJU 
:-~-- L.iLJi. 11 .11 u. 11I!l- n. IHI· , 1rr n n n u . 11- n no, 

i Er' . 11 jl· u fl II ii 11 l! I~ 
\J_:_ Y ti 1} ~· liJt ~ ~ ~- -~ ' ,' ' ' . 

S1 12~~';o"o" ~l , .. '°'""'" 
fex = e,12/100 ] oj( 
fey= 012,100 . E' __ J 

C1 300/300 . -.a, 
_r- footing -E ~ -.__,..___... 

6 
<!!=,:=:!!. 

H' = 500 

200 

A1 lg FL €ton0o J 
1rnn 

(j'lt,.6LJ ~1 .h'fu.,,,. (13-3) ~,.) Js,.;;J\ 

spacers 
for securing 
\he CO'•:er dcpl.h 

---- 1200-------- 

~ji_, ,.>_,_JI JJ.J:. i:,c. '-"'\....':ii ;)I ~1 w.o Jb':/1 Jsj ~ ~J:! (12-3) ,(13- 3) ~Ir) 

.'-"'\....'JI r) ~I,':!.):,. ~jji ~ ~ji ~!., ~I w.o ~ WL,ll ~ ~_;.114..4_,\io ~ 

~\1JI t \.ij_,1 ~ ~ ~ ~I c} i.::.i'li:1JI ~ 'F""!}I J~':/I i:,c. J_,_,.....J I ~1 i:,c. ~~ <.!!;.>\ti 
• .>:..!., 11~1 r) ~ o.>ie- ~~y ~1-.:;.jj ~I~ fu.J .o.>:..L,ll ~_;.>11 e_\.i:i) Si.o:i ~ c.::.ik\a:i) ;)j 

el +3\YI cue i ss) llisfs ggial sbey) ls Rzjs a+als lSy lisps ,4 gals"isl is 
.9\l 3s'al s C= 5-5till Ues'YI ,9tut15YI 

34 



. - 
• '" ::::::::;:?:::::.~ - <i~>·.<-:-,~ -- - 

~,,-...·,.,..--""" ·'"· . .1-9--,.,_'---------~-""-'- -~ 

fhh i I) 

·:33- 2-5-3 

.c~I t 1,s:j_;I '-!J'-d ~l,ij_;I wfo. ~ (d~I J=.,b ~) ~ ~ .1 

~I u-- ~!;ll "_»,ll j~J ~J c~I t 1,s:j_;I ()A .fi.l ~l,ij_;I wfo. ~I ~J "Dropped Beams• c'J.wll ~ .2 

L .J~I o:»i ~~(Up stand Beam) '-i_,1.JI) (Down Stand Beam) ~1 ~~'JI ~1 ~ 
T-section,-section 

uk c~!J ~ ~\...,\...,'JI .l:a~J ij'Jyl ~ ~\...,\...,'JI ~ ~ c~I ~ .1...i)I ~ I",~, ~ ~I ~ .3 .,~ 
u!# ®ailll \asYl e Xas <gp-tall Tis # 4ya 2lol eh) f 5±eYl yy A4ht Jl cylitall bhAg o 

. ~J yl..ac.\tl Jt..:..l ~ l".fo c'i.l.G <-S~~ ~ ~ ~ c.fu.ll ~ I"~ u_,... ~I .J~I 
:,060\5 las1al s 3-el @lls \Sl @a ill l\Sal » &se+@\lyl ' f9 9 
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~ I 
~ 

. ,_ 

!{fcotirg's reinforcement; 

1. connecting ooam·~ rulnforccmeni) 

<oigs eaforation]) 

.o~I _;y..,.;J\ JISJ.I (9-3) Js..;Jl 
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~\..tj) ~ ~ ~~..., ,~1....1....'JI u-lJ ~l, d.l'WI w.o JL..:..'l/1 Ji,i c.} ~)I ~I o-l-=~I __#J 

.~ W!.,,ll Jb~I ~jjj.J J=- ~~ts~~~~~~ .~I d.f:.i.J JL..:..\rl ~ '-:?~ 

~bll, J!l=:i-JI ~ ,o~.l::. J'SJ.I o.l.<>c- 'JI t1,\i.o.lJ . 4-1_,1.ll o.l.ol;. \' l, ~I o.l.ol;. \' I : ~ ~ ~ c,/h .J 

~l, ~1...._;:,.11 ~ L,.:,; ,11 o.lWI ~ ~ w.o o.l.ol;.~ _;:,.i ~ ~1.1,,_, .yS_;.Jl, ~yJl, ~l, 
.A±.Al -· !J 

·1-:--.- .. ·, ., ,, J 
: . ~-: •• 'i • .• 

'-539·1G 

[. 
t t :•; 
i : ._ _ __r 

I 
j ! 
[ 
I 

Ii- 

~ I 
[ ... - 1 -~--- 

· .. · ,l ~-I:~~-.·;{~;-~_ ..... --•·-··•~ 
',• •• , ,C .,·· 1· .... 

••• .• ,r, t~• •I! , 
--:: ...... ::.:.1•,-.,i_ rr 

-~_._: t<} 
C1 5001500 
'·23 
S--, 5-::J?.-:O..~ 
I .... , : 4 Q(?. f!'': 
:., :: ;-,:, 
S-·• :zt..e:e·-::::o 
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JeYI &»stia Lad sty ,151413 kyle z-513J Ai4'9 703all ssill -9\i1 7a» Ali! _-·i" gs 
.(shear wall) ~I w!J.l? ~_, Jj"ijll., c:'-:Jll 1.5~ ~ ~'11 

~1 .l:!~ ~ .lS_, .~\111.5_,ill t..Jts.., ~ '+ir-\aS: L.J"' .ll_jj ~ .l:!.l.::..11 L.J"' ~ ~ 0~1 11~., 

,l cs=Yl bas ls cabal lass <cl las? @las as As sel tels el s 7lats ll 
, • ... ,, ~1....,1....,l • 1.l.l'.i ~ U'". 

¼.I <faA ciil' ~'11 1.5_,ill r-'\:gj ~ w!J~ J,...,u laS. ~l dJ_,i:i.JI ~!;JI ,:;lj}Jl ~ ~ J-:j_, 

JS~ ~I w!J.l? ~ <J.ill t.._,\a.JI _fiy, LJ:H ~WI ~ 01 :;b);..o t:::"' ~'+i'JI ~ \A..)ji y.;:...iJ ,~I 

w!J.l? ~ ~\:ib ~I r_,jc, .llji ~ .,1 ~ ~IS w!J.l.:.ll 11~ ~ wl., .,:fi..o; \..o J§l ~ ~l ..?Y'J :.l+il 
.~\II 1.5_,i.ll t.. _,\:WI ~I 

~ J~ :(11-3) ~ 
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Loi 

~.... . . 
1•• ... -'-' 

:;:,. •. =-=-:,: 

. . r 

-~.l.!l:(14-3)JsJ,J\ 

» y) ass) 42liial ls las"al ye 4 » 'S ·&s@ell gay) -As clia ,i $Xia¥/ ea; 
·as) » J 9\f J z-10 Ast5l » 329\i.ayl las l 5i5 ) cS4gs .3¥9Yl 3l 3le+yl 
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Retaining wall · 

------- Steel bars • 
' 

I 

Base of wall · ·-~- ·:, ·. 
. . ,;·~- . . 

~JIZ.,,..,\ _;1..,,.. (15-3) Js.rJ\ 

- :(lExf!]a!l1sfonms joints) .1.killl J-~l.sli 8-5-3 

·5ls 3141l cl-al# la±1al 44 8.a\sl zayYl% J\<.±yt cs0a sl sgsl] A,pis'y st±YI ls clall a 

~~ <.j..l);! wl ~ ..:i..:i..u.14 l!wl c1.......ll ..ill~J ,!.,lo 40 w.o _fi-1 WI cfa,_;c. dlS lj} .:i.:i..,j] \ J..,,\s ~J fu.J 
:d.l::.~'JI ~ ~J .diii 'ii r.!J~ 

w..,..:i <.1>1=-JI ut...t...'il "'-?-J u-11 J...-=!j!ll 0~ J....,j wl u-1c, ,Wt~~ ',,V!J:JI .:i.:i..,j] I J,.... !_,9 r',~, ~,;h\! -1 
:u-l:! Ls gill A5 ..:i~t; ~I u'lsWI faJ , ~lJi=.,I 

.~WI 4-1__,b.JI d~ Jj:,t.JI cA40m) o 

.A.;!..:iWI 4-1__,b.JI d~ J1,u..ll ~36m) o 

.4.1....jWI ¥)1 d~ J1,u..ll '1{32m) o 

.4jl;J\ Jj:,t.JI ~28m) o 
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cm 3 .. we, J.....WI !fa.JC- J9:! 'xi y.;,,.; -2 
l 524l s410l lals f· @'5+= -ill lshl is ·gpyall fas # 3241 cl-ali DY5 pl15"1al 25 

. y= ~I w.,l~ ~ _,.Jl, t_,µI c} 

0-'---t===~===A. 

~4 .l~ J..=1.9 (16-3) Js.:,ll 
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_Structural .Analysis & Design 

4.1 Introduction. 

4.2 Factored Loads. 

4.3 Slabs Thickness cakulation. 

4.4 Load Calculation. 

4.5 Design of Topping. 

4.6 Design of Rib (03). 

4.7 Design of tvvo - way ribbed slab. 

4.8 Design of Beam (B08). 

4.9 Design of long column (C2)in Ground Flour. 

4. 10 Design of isolated footing. 

4.11 Design of Stairs 

4.12 Design of Shear waH 

4.13 Design of compusite slab 

38 



A = 
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4.3 Slabs Thickness cakulation. 
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4.5 Design of Topping. 

4.6 Design of Rib (03). 

4.7 Design of two -way ribbed slab. 
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4.1 Introduction: 
Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, 

and others. 

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

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

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

Structural concrete can be classified into: 

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

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

a Heavyweight concrete with unit weight from about 3200 to 5600 kg/m? 

4.1.1 Design method and requirements: 

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

4.1.2 Strength design method: 

In ultimate strength design method, the service loads are increased by factors to obtain the 
load at which failure is considered to be occurring. 

This load called factored load or factored service load. The structure or structural element is 
then proportioned such that the strength is reached when factored load is acting. The computation of 
this strength takes into account the nonlinear stress-strain behavior of concrete. 

The strength design method is expressed by the following, 

Strength provided?: strength required to carry factored loads. 
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The factored loads for members in our project are determined by: 

W%=1.2 DL + 1.6 LL 

NOTE: 

ACI-code-318-08(9.2.1). 

f! = 24 Mpa. 
f, = 420 Mpa 

/yt = 420 Mpa, will be used at design and calculations. 

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non - prestressed 
beams or one way, slabs unless deflections are computed for simply supported one-way rib given as 
follow: 

For rib (R3), as shown in fig. ( 4.1) 
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n g # g g 

Fig (4-1): R03 at the ground floor slab. 

hmm for Simply supported = L/16 

hmm= 4400/16 = 275mmSimply supported cont. is 4.4 

ha for one-end continuous= L/18.5 

ha = 5900/18.5 = 319 mm 

hmin for both-end continuous = L/21 

longest one-end cont. is 5.9m 

longest both-end cont. is 4.1 m 

hmin = 4100/21 = 195 mm 

For Rib 03, use thickness of slab 32cm. 
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4.4 Load Calculation:- • al sis.and desi is 
For the one-way ribbed slabs, the total dead load to be used in the an Y gn 

calculated as follows: 

[Rl @@b [ ares sasses,: ®%l9Sf ss 
Tile 23 3 

Mortar 22 3 

Sand 18 7 

Topping slab 25 8 

Hollow block 10 24 
Rib 25 24 

Plastering 22 3 

partition 2.39KN/m2 

calculation of the total load for (R3) 

4.5.1 Calculation of Dead load 

Tile =23*0.03* 1 =0.69KN/m 
Mortar= 22*0.03*1=0.66KN/m 
Sand =18*0.07*1=1.26 KN/m 
Topping= 25*0.08* 1=2 KN/m 
Partition= 1 *2.39=2.39 KN/m 

D.L total= 7.0 KN/m 

Dlc>s 3 '-'111 
Mortar 3 en 
\c ~,1,1r::.c:! S:·wd till - cm 
1R ClWCJ'c'lc' Tt>pp111p ,'i 
! Concrete block 
i .. --- -------- ·------ ------- 

'R Concrete rib 
Plaster 3 en 

TYPICAL SECTION IN RIBBED S. 

Table (4-1) Fig (4-2) typical section in ribbed slab) 

== l.2DL + l.6LL 

wl 
12 

40cm 

Fig (4-3) typical section in Topping. 
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4.5.2 Calculation of live load: 

L.L total = 5KN/m 

Wu= 1.2D.L + l.6L.L 
=1.27 + 1.6*5 = 16.40 KN/m 

Check <I>Mn > Mu 
Ma %? 16404_0.218kN.m 

12 12 
Mn =0.42/fes 

bh? 
S'== 

6 
bh? Mn =0.42/ye 
6 

=0.42✓25* l*O.OS
2 
*103 =2.24kN.m 

6 
0=0 .5 5 for plain concrete 
</>*Mn= 0.55* 2.24 = l.232kN.m. 
</>*Mn= l.232>Mu = 0 .218KN m. 

Shrinkage and temperature reinforcement must be provided. 
For the shrinkage and temperature reinforcement: 
p = 0.0018 ......AC1-318-08 (7.12.2) 
As = p b * h = 0.00181000 80 = 144mm2 /Im. 
As (q> 8) =50.27mm2 
So number of bars =144/50.27 = 2.86 
Spacing= 1000/ (number of bars) =1000/2.86=349 mm 
Check for max. Spacing 
S=3h=3*80=240mm ... (Control) 
S=450mm 
S=380(280/fs)-2.5Cc =380(280/.667*420)-2.5*20=330mm 
S=300(280/fs) =300(280/0.667*420) =300mm 

Then use (}) 8 @ 20cm for practical purposes in both directions. 
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Materials:- 
Concrete B300, Fe'= 0.8*30 = 24 N/mm2 =24Mpa 
Reinforcement Steel, Fy = 420 N/mm2 =420 Mpa 

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

bE =Ln/4= 4.1-0.8 / 4 =0.825 m 
b; =bw+16tf= 14+16 (8)= 1.42 m 
b, c/c spacing between beams =0. 54 m 
Control ... 54cm 

- Requirements for Slab Floor According to ACI- (318-08). 

bw > 10cm ACI(8.13.2) 
Select bw=14cm 

h ~ 3.5*bw ACI (8.13.2) 
Select h=32cm<3 .5* 12=42cm 
tf2'.: Ln/12~50mm ACI(8.13.6.1) 
Select tf=8cm 

4.6.2 Calculation of Dead load:­ 

®s@loris ©ilelpriii$ fglht'ls#" 
Tiles 230.030.54 = 0.3725 KN/m 
Mortar 220.030.54 = 0,3564 KN/m 
Sand 180,070.54 = 0.680 KN!m 
Topping 250.080.54 =1.0SKN/m 
Block 100.240.4 =0.96KN/m 
Rib 250.240.14 =0.84KN/m 
Plastering 220.030.54 =0.3564 KN/m 
Partition 2,390.54 =1.2906 KN/m 

Table (4-2) calculation of the total load for (R1). 

Total dead load= 5.936 KN/m/rib 
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_Chanter 4 

From Jordanian Live Loads, table live load for hospital and school is 5 KN/m
2 

Total live load = 50.54 = 2.7 KN/m/rib 

System:- 
One -way ribbed slab. 

Geometry \Jnits: meter.rm 

2 3 4 5 
2 3 4 

Al il Al fJ :J C = = = ~ ~ ~ A 
0.4 3.3 0.8 3.3 0.8 3.3 0.8 3.3 0.8 

I I I I I I I I 4.1 
I I 

3.9 4.1 4.1 

Fig. (4-4) Spans Length of Rib (3). 

Loading:- 
By using ATIR program, we get the envelope moment and shear diagram as the following:- 

D.Lou1= 1.25.936 =7.12KN/m/rib L.Lota1=1.62.7=4.32 KN/m/rib 

Mo men t Is h ear En ve I ope (Factoredj Units kN, meter 

Moments: spans 1 to 4 
.19.5 

-9.8 /\ -10.4 

s .sa 

-20.7 
-15.9 

-11.5 10 5 
-7.6 -7.6 - • 

I 1. 
/ 169 

10. 
14.2 15.8 

1.56 2.34 2.05 2.05 1.85 2.25 2.46 1.64 

Fig. (4-5): Rib(3) geometry. 
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Shear 

.26.5 .25.2 

17.7 
24.9 

Reactions 

Factored 
I 

I I I 
I I I 11.03 ~ 10.38 31.08 26.34 31.98 

7.61 
LiyeR. 7.3 20.3 19.47 20.81 

MaxR 17.67 51.39 45.81 52.78 18.64 
MinR 9.39 39.07 32.61 39.9 10.13 

Service 9.19 ~ 8.65 25.9 21.95 26.65 
Liu&B. 4.56 12.69 12.17 13.01 4.76 

Max R 13.21 38.59 34.12 39.65 13.95 
MinR 8.03 30.9 25.87 34.6 8.63 

4.6.4 Flexural Design: - 

4.6.4.1 Design for positive Moment for Rib (R3):­ 

Use Mu max. Positive for span Mu= 15.8 KN.m . 

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

For a=tr= 8cm 
Assume 0 
d = h - cover-<lia. of stirrups - db/2 = 320 - 20-10 - 12/2 = 284 mm. 

@.Mnf'=0.90.85 f, tr b,(d- t2) 
=0.9* 0.85 (24) (0.08) (0.54(0.284-0.08/2)10° 

,<l>.Mnf = 186.354KN.m 
<I>Mnf=186.354 KN.m > Mu =15.8 kN.m 

Rectanglular section 

Design as a rectangular with b E = 54cm 

As= p.be .d 
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m = .fy 
0.85* Jc' 

420 =--- 
0.85 24 

20.59 

Rn= Mu I</> _ 15.8 * I 0-
3 
/ 0.9 0.420 Mpa 

ba? 0.54 * (0.284)2 

p=-1 (1- f1_2mRn ]= I (1- /1_2*20.59*0.420 ]=0.001007 
m V f» 20 .59 / 420 

As = p.be .d = (0.001007)* (540)* (284) = 148.72 mm2
• 

Then use 240 10,As= 157.08 mm2 

Check Minimum Reinforcement As min ... (ACI- 318M-08-(10.5.1) ) 
(re {5l A®min= (bw)(d) · (1209(285)= 99.03mm 

4(.fy) 4(420) 

AS" min='(pw(@) =..a20(285) =113.2mm (control) 
(.fy) 420 

For 24010,As= 157.08 mm2>113.2 , o@ 

Check for Tension steel yielding:- 

Tension= compression 

As fy = 0.85 f, * b a 

307 .87 * 420 = 0.85 * 24 * 540 * a 
a = 12 .19 mm 

a 12.19 c = - = -- = 14.34mm 
9, 0.85 

P=0.85 •... f,<28MPa ACl-318M-08(10.2.7.3) 
285-14.43 s s = (d-c) I c x 0.003 = ----x 0.003 = 0 05583 14.43 . 

s s = 0.0558 > 0.005 
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4.6.4.2Design for Negative Moment for Rib (R3): 

Use Mu max. negative for support Mu=- 11.5 KN.m 
Design as a rectangular with b = 14 cm 

m = Jy 
0.85 fc' 

= 420 = 20.59 
0.85 * 24 

Rn = Mu /6_ 11.510°/0.9 2 1,3202 Mpa 
b*d2 0.14*(0.284)2 

p = _!_ (1 _ ✓l - 2mRn ) 
m fy 

p = _1 _ (1- ' _ 2(20 .59 )(1.32) ) = 0.003258. 
20.58 420 

As= 0.00795 (140) (284) = 271.0 mm? . 
Then use 2<I> 10,As=157.876 mm2 
• " · oVWoGvC» cc EE 

Check Minimum Reinforcement As min ...(ACI- 318M-08- (10.5.1) ) 

As min= ffe @way l24 oy28s) = 99.79mm 
4) 4420) 

As min= '7(bpw@) =.-.a20285) =114.2mm (control) 
() 420 

For 2410,As=157.85 mm2>114.2, OK 

Check for Tension steel yielding:­ 

Tension = compression 
As * fy = 0.85 f, * b a 
307 .87 *420 = 0.85 *24 *540 *a 
a= 12.19mm 

a 12 .19 c = - = -- = 14 .34 mm 
9, 0.85 

B=0.85..... f,<28MPa ....... AC1I-318M-08(10.2.7.3) 
283--14.43 e,=(d-c)/cx0.003= x0.003= 0.05583 14.43 . 

s s = 0.0558 > 0.005 
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4.6.4.3 Design shear for Rib (R3):­ 

Factored shear forces at d=0.285 m from support 
Vumax =20.1 KN (From Shear Envelop) 
Determine shear strength provided by concrete (cl> Ve). 

<PVc/2 <V,<DV, 

1.1 <P Ve= 1.1 *<P * ffe bw * d 
6 

=1.1•:• 0.75'~ .J24. O.If.J*0.285*103=22.875kN 
6 

0.5 D V%= 11.436 KN. 

0.5 <P Ve< Vu <<P Ve case II. 
Min shear reinforcement is required except for concrete joist construction. 
Use 2-leg d 10@i_50mm for practical use. 

\. 9AM, 840 21£3\2T10 ~ ~ r , 

T8@20 
L=lOO 

10 

Fig (4-7): Reinforcement ofllib (3). 

4.7 Design of Tow Way Ribbed Slab:­ 

4.7.1 Determination of Thickness for Two Way Rib Slab (TWT): 

C>oss ~' i'-!; 
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4.7 Design of Tow Way Ribbed Slab:- 

4.7.1 Determination of Thickness for Two Way Rib Slab (TWl): 

Fig. (4-8): Two-waye rib slab in ground floor. 

Sr 
Y Y. 
- 4084 + 321416 
Y= 40*8+32*14 =ll.OOcm 

I. 54x(11.00)3 (40)x3.003 14x(21.00)3 
~ 3 + 3 3 
I,, = 60931.33cm 

1 1 
lb =-bh3 =-*80*(54)3 =1049760cm4 

12 12 
short direction 7.5m =750 cm. 
The exterior beam 
Long direction 8.8 m =880 cm 

880 I,= (60931.33x (-, +80))/54 = 586746.14cm 

50 



Short direction 7.5 m =750 cm 

Is =(60931.33x(7~0 +40))/54=513402.8cm
4 

The interior beam 

Long direction Lteft = Lright=880cm 
880 880 I = (60931.33x ( +- + 80)) / 54 =1083223.64cm 

s 2 2 

short direction Lteft=Lright =750 cm 

I =(60931.33x(750 + 750 +40))/54=936537.12cm • 2 2 

o.=±e 1049760 = l.l2 1 Is 936537.12 

a = !Jz_ = 1049760 = 1.78 2 Is 586746.14 

a = !Jz_ = 1049760 = 0.96 
3 Is 1083223.64 

a = !Jz_ = 1049760 = 1.35 4 Is 513402.8 
t, +0, +, +, 

&,= 4 

a< 2-------1.03 < 2 
According to ACI-code: 

ln(0.8 + fr /1400) h, 
36+58(a,,-0.2) 

p- _8800 7y7 
L, 7500 

1.12 + 1.78 + 0.96 + 1.35 = 1.3 
4 

h, = 238.7mm > 125mm 

First trial thickness h=320mm>238.7mm-ok 

Take slab thickness h=320 , 80mm- topping , 240mm concrete block. 

4.7.2 Load Calculation:- 
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4.7.2 Load Calculation:- 

Det . f erma 1on 0 ea ,= 

No. Parts of slab Calculation 
1 Tiles 230.030540.54=0.201KN 
2 Mortar 0.02*0 ..,540.5422 = 0.128 KN 
3 Plaster 0.02*0.54*0.54*23 = 0.134 KN. 
4 Sand 0.070.540.5418= 0.367KN 
5 Topping 0.080.54.5425 = 0.583KN 
6 Block 0.4*0.4*0.24*9 = 0.346KN 
7 Rib (0.54+0.4)0.24250.12= 0.677KN 
8 Portion's 0.540.541 =0.292KN 

I 2.728 KN 

f D d load· 

Table (4-3) Calculation of two-way dead load. 

Total Dead Load =2.728KN 

2.728/(0.54) = 9.36 KN/m? 

Nominal Total live load= 5 KN/m 

4.7.3 Determination of factored dead & live load 

Factored dead load= 1.2*Dead load= 1.2*9.36= 11.23 KN/m. 
Factored Live load= 1.6*1ive load= 1.6*5 = 8 KN/m 

W=19.23KN/m 

4.7.4 Flexural Design: - 

4. 7.4.lDesign for Negative moment: 
d=320-20- 8 # = 285 mm 

2 
L,/L, = 7.5/8.8= 0.85...........Case 5. 

Ca neg=0.082 Cb neg=0 

Ma-ve=Ca*W*La2=0.082*19.23*7.52*0.54=47.89KN.m/Rib 

m. • @0 = 20.6 
0.85 fc' 0.85 24 
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- Mn _ (47.89/0.9)10°_ 4.75 Mpa. Rn---- 2 • bd? 0.14(0.285) 

1 
- ~ »-"@-'=i 

...------- 
p = 1 (1 - , 246.7520.60, = 0.0131 

20.6 420 

As= 0.0131 *140*285 = 522.69 mm 2 

As . = 99 . 73 > 114 mm 

As min = 114 mm2
. 

As= 522.69mm2> As min =114mm2 

setc a) s»rs a 2o As= Gass? 

4.7.4.2 Check for strain 

As+f y a=--- 0.85fc'+b 

628-420 92.35 a=---= . mm 
0.85+24+140 

C=a/B1=92.35/0.85=108.65mm 

4. 7.4.2 Design for Positive moment: 

14 d=320-20-8- - =285 mm 
2 

Ca pos/d1=0.03 l 

Ca ,s0.041 

Cb pos/d1=0.0l 1 

Cb pos/11=0.019 

Ma+ve= ( Ca a WL.a0.54) +(Ca *W 11*La2*0.54) 

= (0.031 * 11.23*7.52*0.54)+(0.04 l *8*7.52*0.54)=20.54KN.m/Rib 
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m_ fy _ 420 = 20.6 
0.85 * Jc' 0.85 24 

Rn = Mn_ (20.54/0.9910°. 9,647 Mpa 
b d 2 0.54(0.285)° 

p~ l.(1-✓l- 2mRn) 
m fy 

,------- 
= _1_ 1 - 1 2(0.647)(20.6)) = 0.001567. 

° 20.6 ( 420 

As= 0.001567*540*285 = 232.04mm 
2 

ffe 1.4 As.%='7',5(wf@)> ;'-(bw)f@) 
4 fy fy 

As min = 99.73 ~ 114 
As . = 114 mm mm 
As= 307.72mm2 > AS min =114mm2 OK 

As =307.72mm 2 

Select 2 bars <I> 14 

Check strain 

Tension= Compression 

A,x fy=0.85x f,'xbx a 

307 .72 X 420 = 0.85 X 24 X 540 X a 
a= 11.74mm 

%17% 13.s1 
0.85 

285-14.335 
€,= 14.335 x 0.003 = 0.0589 > 0.005 ... ok 
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4.7.4.3 Design Discontinuous edge 

As=± As =!«307,72=102.57mm<As,,=l14mm 
3 

s.pos 3 
Select As=ll4 mm2 

Select 2 bars <I> 10. 

Used As=157 mm? 

4.7.4.4 Design for shear: 

The shear in the slab calculated by using tributary area for shear : 
Vud = wu x bf (In/ 2-d) 
Vud = 19.23x 0.54x (8.8/2-0.285) = 42.73KN 

1.1 ,;::_ Ve = --v Jc x bwx d 
6 

Ve= !:!.✓24 x 140x 285*10"-3 = 35.84KN 
6 

¢Ve= 0.75*35.84 = 26.87KN 
Vc 2Vud 
Vs min= ±bwxa>' fFexbwxa 

3 16 

Vs min = ±140x 285x10--3 = 13.3 
3 

~ ...!..x .Ji4 x 140x 285x 10"-3 = 12.22 
16 

ease3 
Vc = 26.87 <Vu= 42.73 ~¢(Ve+ Vs min)== 36.85 

Case 4:- 

' 1 rz; 
@Vs' = - * 0.75-v f c' * bw * d 

3 
1 ovs'=5 0.75-ill * 0.14 * .285 * 1000 = 48.87KN 

cpVs'+ipVc=48.87+26.87=75.74KN 

4Ve + 4Vs,, =36.85<42.73<4 Vs'+hVc=75.74 
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. 
·•Case# 4 

Vs=(Vu/d)- Vc=(42.73/0.75)-30.7=-26.77 KN 
Use 2-leg 48 As=100.53mm 

Av fyt + d s=---- Vs 
s=(l00.53*420*285)/(28.6*[10]"3 )=420.75 mm 

Check for max. spacing 
Saa=d/2=283/2=141.5mm...... control 
Sax=600mm 
Use 2-leg 48@100mm 

Fig. (4-09): location Beam BO8. 

Material:- 
⇒ concrete B300 
⇒ Reinforcement Steel 
=> Section :­ 
⇒ Be=800mm 
⇒ Bw=800mm 
⇒ h=320mm 
=> d=320-40-10-18/2=261 mm 

Fe'= 24 N/mm2 

fy = 420 N/mm2 
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Loading:- 

Reaction from lRib(R3) , 
D.L =31.1/0.54=57.60. 
L.L =20.3/0.54=37.60. 

Reaction from Rib(R4) , 
D.L =30.30/0.54=56.12. 
L.L =19.86/0.54=36.80. 

4.8.1 Calculation of Beam dead load 

Tile 230.030.8 ' '=0.552-KN/m 
Mortar 220.030.8 =0,528 KN/m 
Sa_nd. 160.070.8 =0.896 KN/m_ 
Beam 25*0.42*0.8 =8.40KN/m 
Plasterin 220.030.8 =0.528 KN/m 
Partition 2.39*0.8 =1.912KN/m 

Table (4-4) Calculation of Beam dead load. 

D-,oad=12.82 KN/m 

DL=12.82*1.2=15.384KN/m 
LL=5*0.8* 1.6=6.40 KN/m 

2 3 

A 
2 

C 
;;J 

= T ~ ~ 
0.4 2.9 0.2 5.7 0.4 

3.2 6. 

) 
80. 
A-A 

Fig (4-10): Beam (08) at the grnund floo1· slab. 
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.342.3 
-315.6 -306,8 

/~ 
ca> 4 -0.7 __.-- '----._ Y1 

I=<=!=:: -- ti t ---- 1.42
1
1.oa I --..... ~-7 

40.7 I ~ ... '-.. __ -~----- 
2.4 

0.96 2.24 3.6 
306. 

I 

Shear 

-272.2 
-224.7 

92. 

313.6 
360. 

-192.1 
-248.7 

Reactions 
Factored 

DeadR 37.06 
LiveR 54.93 
Max R 91.99 
Min R 3.31 

401.88 
230.33 
632.21 
470.06 

156.29 
92.4 

248.69 
153.5 

Fig. (4-11) Beam Envelope. 

4.8.2 Check what her the section will be act as singly or doubly reinforcement 
section: 

d=h-cover-d,,,, £ surrup 2 
18 d= 420 - 40 - 10 - - = 361 mm. 
2 

3 3 c = -d=- x 361 = 154.71 mm. 
7 7 

a=,.e=0.85 x 154.71= 131.51 mm. 
Mn ax =0.85x fc' x a x b x (d -=) 

2 
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131.51 = 0.85 X 24 X 232.2 x800(361- , ) 
Mn,max = 111.883 KN.m . 
= 0.82, a M», max = 250.92 KN.m > Mu= 111.9 KN.m. 

Design the section as singly reinforcement section. 

4.8.3.1 Design for positive moment: 

For Mu =+306 KN.m 

R Mu 
7 god? 

306 x 10 
Rn= 0.9 x 800 x 3612 = 3·26 Mpa 

m=. '2, 
0.85/1 

420 m=-- =20.59 0.85x24 

-=(-.-==) p m 420 

1 ( -- 1 p- 20.59 - 
1 - 2x20:,•ox3.26) = 0.008681. 

As= p.b.d =0.00861 x 800 x 361 = 2486.57 mm2 Control 
A, =o.2s ±7E,.a >'b,.a 

• fy fy z As,min =0.25420 800 X 361 = 842.16mm2 

As a» = 800 X 361 = 962.67mm2 
' 420 
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Let use cl>18, with A,=2456.8 mm° 
n= 3456.80 4Q bars,with A, = 2456.8mm°. 

254.34 

Use 10cl>18, with A,=2456.8 mm 

Check for placement of bas: 

g, 800-40x2-10x2-10X18 _ S?.?Smm >25mm ok 
9 

Check for the strain: 

a As.fy I = 2456.8X420 = 63.26mm 
0.85bf! 0.85x800x24 

a 63.26 c= - = -- = 74.36mm B, 0.85 

(
d - c) (361 - 7a6 cs = 0.003 -- = 0.003 ---- = 0.01156 > 0.005 

C 74.36 
0=0.9, 
OM,-04.,, ( d -~) = 0.9 X 2456.8 X 420 ( 361- 6\26) = 305.876KN 

For Mu =+40.7KN. m 
R 40.7X106 0 434 M n= 5Joos= = e 'pa 

-4(-.-FF) p m 420 

= _1_ (1 _ 1 _ 2X20.59X0.434) =0. 1044 
p 20.59 420 .oo . 

As= p.b.d =0.001044 X 800 X 361 = 301.501 mm2 

A, =o.zs['f,.a > ',.a y fy 
../24 As,min =0.25 
420 

800 X 361 = 842.16mm2 

As,min -:;: 800 x 361 = 962.67mm2 control. 
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Chanter 4 
Structural±alysis & Desi#l....--.----------------------------" "" : 

As,uin. > ASRequired 

As, =962.67 mm2 
Let use 4>18, with A,=962.67 mm 
n _9s2.67_ 4 bars, with A, = 1017.84mm2

. 
254.46 

44>18, with A,=1017.84 mni2 

check for placement : 

S soo-4ox2-10xz-4x1s = 209.34mm > ZSmm ok 
3 

Check for strain: 

a_ As.fy = 1017.84X420 = 26,l 94 0.85bf! 0.85x800x24 

c=."_26.19 30,817mm 
B, 0.85 

(
d 9 s- 30.817) E, = 0.003 c = 0.003 30_817 = 0.0321 > 0.005 Ok 

0=0.9, 
0 Mn= 0As.fy ( d -;) = 0.9 x 1017.87 x 420 ( 361 - 30·!1') = 132.968 KN > Mu 

4.8.3.2 Design for negative moment: 

For Mu= -315.6KN. m 

Rn = 31s.6x106 = 3.36 M a 
0.9X800X3612 p 

c-4(-.-") m 420 

= _1 _ (1 _ 1 _ 2XZ0.59X3.36) _ 
p 20.59 ' 420 - 0.008796. 

As= p.b.d =0.008796 x 800 x 361 = 2540.47 mm2· 
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As,min. <As Required 

A,,=2540.47 mm2 

Let use i[>l8, with A,=2540.47 mm 

n 2540.47 10 bars,with A, = 2543.4mm. 
254.34 1 

use 10418, with As=2543.4 mm2 

Check for placement: 

S aoo-4ox2-1ox2-10xrn = 57.78mm > ZSmm ok 
6 

Check for the strain: 

As.f y 2456.8X420 a=--- - ---- = 63.26mm 
0.85b Ii 0.85X800X24 

c= .© = ~ = 74.36mm 
B, 0.85 

(
d - c) (361 - 7 4.36) 

Es= 0.003 C = 0.003 74.36 = 0.01156 > 0.005 Ok 
0=0.9, 
0 M,-04,, ( d - -~) = 0.9 X 2456.8 X 420 ( 361 - 63;26) = 305.876KN > Mu 

4.8.3.3 Design the beam for shear: 

Vu.max= 313.6 KN. 

d h - cover - d,y. - db= 420 - 40 - 10 - ~ = 361 mm s z.rrup 2 2 • 

V.=5/r7.d = -/2@x 800 x 361 x 107° = 235.8 KN 
V,-0.75235.8= 176.853 KN. 
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4.8.3.4 Check for section dimensions: 

V =Vu_ v, = ~- 235.8 = 182.33 KN s '© 0.75 
v. .=3,/7j.d =?/24x 800 x 361x 107° = 943.217 KN 

s,max 3 '\,/ Jc 3 
Vs< Vsmax so the section is large enough. 

4,8.3.5 Check for the case of shear: 

For Vu=313.6 KN 

Case I: 
Vu<<I>Vc 

2 
<t>Vc/2=176.85/2=88.425 KN , not case I. 

Case 2: 
<I>Vc -- <Vu< <I>Vc 
2 

Not item 2. 

Case 3: 
<I> Ve < Vu < <I> Ve+ <I> Vs min 

<I>Vs . ~ <I> tJ?c' *bw*d = 0·
75 .J24 *800*361= 66 32.KN " 15V 16 ' 

<I> 0.75 @Vs,,, 2 =_bwd=_361800= 72.2KN(control) 

:. <I> Ve+ <I> Vsmin = 88.24+ 72.2 =160.44KN 

not case 3 

Case4:- 

1 
</JVs' = ; * 0.75/k' * bw * d 
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r/JVs' = ~ • o.75./24 • 0.8 • 0.361 = 353.7KN 

dVs'+ Vc=353.7+ 176.85=530.SSKN 

<I> Ve+ <I> Vs min =160.44<313.6<4>Vs'+4>Vc=530.55 

:. Case# 4 

Vs=(Vu/4>)-Vc=(313.6/0.7S)-176.85=241.28 KN 
Use 4-leg 410 @125mm 
s=(Av*fyt*d)Ns 
s=(314*420*261)/(139.63 )=246.Smm 

Check for max. spacing 
Smax -d/2 361/2=180.5 mm ... control 
Saa.=-600mm 
Use 4-leg 410@125mm 

35 
<£4T1 B.B. 650 

S1Ti FE. 
BEAMS 

Fig. (4-12) Detail offi08. 
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T10@15 

3 4T12 © L=250 
N 

' < 
U 

"tj- 

sq- 
(') - 76 

5 10T18 

B-B 
1:20 

Fig. (4-13) Section in B08. 
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4.9 Design of long column (C2 ): 

For one Floor (services) 
D,=334.9 KN 
Lu= 143.95KN 
Pu col= 12 KN 

For three Floor {services) 
Du= 1040.7 KN 
Lu= 431.85 KN 
P, cs= 36 KN 

P uTotal= 1.2( 1004. 7+ 36) + 1.6( 431.85) 

PuTotal= 1939.8 KN 

4.9.1 Check the slenderness effect: 

(Non-sway system) 

% ·( <34-12 
r MS 

r $"' 0.3h = 0.3 x 0.4 =0.12. 

r $"' 0.3h = 0.3 x 0.4 = 0.12. 
Lu= 3.4- 0.64 =2.76 m. 

kL, 
r 

kL, 
r 

the column is long at x and y directions. 

AC/(10.12.2) 

1 X 2.76 
0.12 =23.0 > 34- 12 = 22 

1 X 2.76 
0.12 =23.0 > 34-12= 22 

66 



4.9.2Calculate emin ,Mmin: 

e» =15 +0.03h =15+0.03x400 =27mm. 
M= P4 e,,,=1939.8x0.027 =52.375KN.m 

Ee =4700.fl[ =4700/24 =23025.2 Mpa. 
1,- 21333 x10 mm'. 

12 

A = Du 1040.7 0.536<1. 
t-'dns Pu 1939.8 

E.I _0.4Eclg = 0.4X23025.2X2.133 = 12789.78 KN.m? 
1+f3dns 1.536 

4.9.3 Determine of Euler buckling load: 

n2EI p -=-- 
° (4? 

m?x12789.78 _ 16570.84 KN 
(2.76)2 

4.9.4 Calculate the moment magnifier factor: 

Cm =0.6 + 0.4 (::) = 1 
Cm 1 0ns 1 Pu - 1 1939.8 = 1.185 > 1 ok 
0.75Pc 0.75x16570.84 

The magnified ( e) and (M): 

e=0,cm» =1.185 x27 =32.0 mm 

M =6,M% =1.185 x52.375= 62.064KN.m. 

e/h = 32/400=0.08. 

d-d'/h=(400-80-20-20)/400=0.75. 

dPn/ Ag= 1939.8 /(40*40) 
=1.21. 
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. . . . d :. CA COLUMN program: 
From the interaction diagram constructe m - 
p=0.01. 

2 
A, =p XA,= 0.01 (400400) =1600 mm 

1600 D16== 10b914 153.94 

Use 10414 

4.9.5 Design the stirrups: 

The spacing of ties shall not exceed the smallest of: 
- 16d,=16x14=224mm control. 
- 48xd, =48 x10=480 mm 
- Least diminution of the column= 400 mm 

. - ~ . 

Use 4 10@200mm. 

4.9.6 Check for code requirements: 

. . . 400-40X2-10X2-3X16 
- clear spacmg between longitudinal bars = -------- = 

2 
126mm 

126mm>40mm 

>1.5 d,= 21mm .ok 

- Gross reinforcement ratio= 0.0308, 0.01 <0.01 <0.08 ok 
- NO of bars= 10> 4 bars for square columns. 
- Min ties diameter: ct> 10 for 4 32 longitudinal bars and smaller. 
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De1oiling Of Colum, No, (2) 

3 

¢10@25 
L=228 

32 

1 014 

2 0 / 

Fig (4-14): C (2) Detail. 

4.10 Design of Isolated Footing (Fl):- 

4.10.1 Determination of Loads: 

Total factored load= 1939.8KN. 

Total services load= 1472.55KN 

Column Dimensions= 40*40 cm. 

Soil density = 18 KN/m3. 

1 

2410a 
L= 17 
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Service surcharge= 5Kn/m2. 
Allowable soil Pressure = 400 KN/m2. 
Assume footing to be about (50 cm) thick. 

Footing weight =25x0.5 = 12.5 KN/m2. 
Soil weight above the footing =0.4 x18= 7 .2 KN/m2. 

qallow =400 - 7.2- 12.5 = 380.3 KN/m
2 

4.10.2 Determination of Footing Area: 

_ 1472.55_ .2 
A 3g03 =3.87m 

Try 2.0 * 2.0 m with area= 4.0 m2 >Areq = 3.87m2 

Determinateq, = 1472.55/4.0 = 368.14 KN/m 

4.10.3 Determination the depth of footing based on shear strength: 

Assume h = 50 cm. 

d =500-75-20 = 405 mm 

4.10.4 Check for one-way shear strength 

Va = 368.14+(" 0.4/2-0.40592.0 = 290.55KN 

1 6.e =6.-fe3,+ay 
</J.Vc = 0.75 * ~ * ✓'24 * 2000 * 405 = 496.02KN 
p.Vc = 496.02KN > Vu = 290.55KN 
:. Safe 

Inclined crack 

I 
Critical section for_] Tributa 
vs"] 4" 

Column 

One-way shear. 
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4.10.5 Check for two-way shear action (punching) 

1 fthe following equations: 
The punching shear strength is the smallest va ue 0 

Critical section 
for two-way shear 

Where: 

Column Length (a) 20 
f3c = ------ = - = 0.5 

Column Width (b) 40 

= Perimeter of critical section taken at (d/2) from ue 
loaded area Fig (4-18): Two-waye shear. 

b, = 2(d +al)+ 2(d + a2) = 2(0.405 + 0.2) + 2(0.405 + 0.4) = 2.82m 

= 40 for interior column as 

4, 
Inclined crack 

Two-wav shear. 

/3 = 400/200 = 2.0. = J 0 0.75 9,=-;], [l/.b,d=7(1+ 2/2.0) /242.82+0.405 = 1398.1n 

fee .j7. n.fros , 0,=-5] 5 ?lf.b,d=s' a5 2l/24+2.82+0.405 = 2708.28K» 
1 ~ 0.75 r. h.- =9.=Nf.b,d==, N242.820,405 = 1398.78Kn 

</>.Ve = 1398.71Kn .... Control 

Vu= 484.95 * {(2.0 * 2.0)-(0.4 + 0.405) * (0.2 + 0.405)} = 1256.02kN 
</J.Vc >Vu,-............safe 
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4.10.6 Design of Bending Moment: 

«w-[./4-5,o{±E] 
[e u-as.9 "#]\as] ")-snao 

Mn= 392.81/0.9 = 436.455KN.m 
d =500-75- 20= 405 mm 

Kn= Mn = 392.9lxl06 = l.l9S.Mi a 
b d? 2000 X 4052 'P 

m Fy 420 = 20.59 
0.85 fc' 0.85 X 24 

p = _!_(I -✓I - 2mKn ) 
m fy 

~------ 
! .a-.[_2x20.59x1.198,%2 9.002941 

p 20.59 420 

As req = 0.002941 x 2000 x 405 = 2382 mm 2 Im 

Asmin = 0.0018* 2000* 500 = 1800mm / m 

As min = l 800mm2 Im::;; Asreq = 2382.0mm2 Im 

. 2382 #of bar in on meter= -- = 15.47 
153.94 

Use 16014 with As =2463.0 mm2 >As req =2382 
In tow direction 

Check of strain 
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A, fy =0.85 fc' b a 
2463 420= 0.85 24 2000 a 
a= 25.35 

c = .!!:.... _25.3s_ 29.83mm 
B, 0.85 

E _405-29.83, 0.003 = 0.03 78 
s 29.83 

Es = 0.0378 >0.005 >ok 

4.10.7 Development Length of main Reinforcement for Mu : 

Lrt, = 0.24.fydb 0.24*420*l 6=32 92 as [e h@ " . cm. 

Ldaea = 0.044 xfy xdb = 0.044 x420 x 1.6 = 29.6cm 

Ldc1)req = 32.92cm > Ldc2)req=29.6cm~control 

AvailableLd=(S00-75-2*14)= 387 mm. 

Available Ld = 38.7cm > Ldaq=32.92cm 

td. 9 F, ,he 
req = 10 3 ktr+cb * db 

db 

ld = ~ * 420 * 1 * 1+0.8,,, = 345.8 mm 
req 10 1 * -J'f4 2.5 

Ld available= 500-75= 425mm 

Ld available= 425 mm >ldreq = 395.8mm 

Use the cohnnn bars as a dowels 

4.10.8 Design the column - footing joint: 

Total factored load= 1939.8KN. 

The allowable bearing on the base of the column is: 

¢(0.85fcA1) = 0.650.85 24 400 400 = 2120.6Kn 
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The allowable bearing on the footing is: 

¢(0.85/cAl) /A2 = 0.65*0.85*24*400*400* 2 = 4243.2/(n \a 
Total factored load= 1939.80Kn<4243Kn 

As,,,, =0.005 Ag = 0.005*400*400= 800mm
2 
Im 

A dowels= Pu-¢Pnb >0.005Ag 
¢Fy 

Use 6 14, or use the same reinforcement as in the column if larger. 

1611114 L=2.2S 

0 
"'. 
0 

1[1: 
0 

o o 

l2 
co 

0.20 

ci 

0 0 <] e Z 

0 .... 
co 

2! C.70 

2.1 

□ ., 
4 
N 

~ .!!. 
..! .. ;;: g 

? 
1.85 0 

16014 l=2.2S 1).20 

• DAO 0.70 p.1. 
1.8 .1 
2.0 

Figure (4-15): Footing's Details. 

4.11 Design of strip Footing: 
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w? 
stair 

+ 
□

I 
o 

□

Figure (4-16): location strip footing 

4.11.1 Determination of load: 

From slab and Wight wall 

Total factored load= 150 KN/m. 

Soil density = 18 Kg/cm3. 
Allowable soil Pressure= 400 KN/m2. 

Assume footing to be about (30 cm) thick. 

Live load =180 kN/m· 

qallow = 400 - 0.518- 0.325 = 378.5 kN/m2 

=> For one meter strip 

A -- 150+180 2 0.8605 m /meter length of wall. 383.5 

B = 1 m,h=30 cm 

d= 3 00- 7 5-14 = 211 mm 

qi = 468/ 1 1.0 = 468 kN/m?. 
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Vu=4681!:925 a 
2 2 

Vu=l 75.5-468d 

6Ve = 0.75 ±/o41000a = 612.4d 
6 

612.4d=l 75.5-468d ·..........d=0.18m. 
Cover=75mm 

Assume (db)=14mm 
Total thickness= 180+(14/2)+75 =262 mm. 

p Select h =300 mm. 

4.13.4 Determine Reinforcement for Moment Strength: 

Mu = (P not)* ( footing widt~ -wall width )* ( footing widt~ -wall width ) 

= 468*1 * .375 * (0.1875) 

p Mu= 32.9 KN.m 

p> Mn=36.5 

> d=300-14/2-75=218mm. 

Rn= Mn _ 32.9x10° 
<f,bd2 0.9 * 1000x 218 

m= y _ 420 20.6 
0.85 fc 0.85 24 

.769Mpa 

<.f-;=] 
p =-1-(1- 1 2x20.6xl.30J- 

20.6 420 - 0.001866 

As.,, = p * b d = 0.001866* 1000 218 = 407.24 mm? 
Check As . mm 

As min= 0.0018 * bh= 0.0018 1000 * 300 = 540mm? 
:. Asreq < As min. 

Select <I> 14 @ 15cm with A 9 sprow. 7.26 cm/m>As req=7.408 cm?/m. 
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4.13.5 Development length of main reinforcement: 

For <I>14 bars db=l.4 cm: 

fy Ld ,-;:; a.{3.y.db 
2,, .fe' 

La .20 44j+11.4 
2/55 

Ld = 60 > 40cm 
Available Ld =40-7 = 33cm ~ 60cm 

1 
0.24 fy 1.4 * 0.7 r. 19.2cm 

vfc' 

So a standard hook of (3 0 cm ) must be used to provide Ld. 

4.13.6 Design of Secondary Bottom Reinforcement 

As for shrinkage & temperature 

Asmin=0.0018 * b * h 

Asa= 0.0018 * 100*400 
As=7.20 cm 

Select D14 @ 20cm with As prov.= 7.7 cm2.>Asmin=7.20 cm2 

4.13.¥ Strip Footing Detail: 
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rt / !. ·1 L ------------4 + ---------~ ~~~~ -:-".".:- 
% l} ss}lllilil/ 
08@15 ; • • \ 08@15 

- - 
201O@2Ocm 
2010@2Ocm 

614@15 ¢14@20 

Fig.(4-17)Strip Footing Details 
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4.11 Design of Stairs: 

L = 0.2+3.3 +1 = 4.5 m. 
hea = L/ 20 
hea = 450 / 20 = 22.5 cm take h= 25 cm. 

⇒ Use h= 25cm. 

8 = tan·1(1.76 / 3.3) = 28.1 ° 
Cos 8 =0.88 

~ 
co 
cO 

, \] { [['3.B] ] ][[ 
/) <I 

00 
1--L--.1--.1--.1-- ..1..- ...1.- ...1- ..1-- ....1- ....1- ---1 M 
1-,---,--.--..--....-...-...-...---.-...-li:o. 

\ D 

Figure (4-17): Stairs plan 
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Load on Stringer: 

Dead Load: 
Tiles = 0.0322(0.33-+0.169/0.30) = 1.078 KN/m. 
Mortar = 0.0223 ((0.16+0.33)/0.3) = 0.751 KN/ m. 

Plaster= (0.03*23)/ (Cos 28.1) 
Steps= ((0.16*0.3)/2) * 25/0.3 

Slab= 0.25 25/ Cos 28.1 
Total dead load =11.7 KN/ m. 

= 0.782 KN/ m. 
=2.0 KN /m. 
= 7.085 KN/ m. 

Live load: 
Live load for stairs =5 KN/ m2

• 

Factored load 
qu=l.2*11.696 + 1.65 = 22 KN/ m. 

For one meter Strip, qu = 22 KN/ m 

Load on landing: 
Dead Load: 

Tiles= 0.03*22 = 0.66 kN/m2 

Mortar =0.02*23 = 0.46 kN/m2 

Slab= 0.25*25 = 6.25 KN/m? 
Plaster= 0.03*23 = 0.66 KN/m? 
Total dead load = 8.03 KN/m. 

Live load: 

Live load for stairs= 5 KN/ m? 
Factored load 

qu =1.2*8.03+ 1.6 5= l 7.64KN/ m? 

For one meter Strip, qu = 17 .64 KN/ m. 
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Dead load 

1 .7 
8.03 

' \' ' 
., ., 'I ., 

' 
., I 0.8 ,•, 

., ., ., . , , . 
' ., ., ' ., 3.55 

Live load 
5.00 
'/ 

5. 0 
'I 

0.8 ,\ 

3.55 

Figure (4-18): Loads on stairs. 

) 
4.11.3 Design of Shear: 
a Assume 0 12 for main reinforcement:- 

So, d = 250-20 -12 = 218 mm= 21.8 cm 

Shear 
.44,7 

47.6 

Figure (4-19): Shear Envelope 

Vu=42.9KN. 

on. 4NF]Po,a 
6 
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¢Ve= 0.75*✓24 * 1000* 218 =133.5KN 
6 

Vu= 42.9 KN<¢Vc = 133.5 KN. 
>>>>No shear Reinforcement is required. Therefore, the depth of the stair is OK. 

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

Moments 

2.17 51.4 
I 

2.18 

Figure (4-20): Moment Envelope. 

Mu=51.4k:N.m 

Mn =Mui 0.9 = 51.4 / 0.9 = 57.1 KN.m. 

d=21.8 cm. 

K = Mn 
" b-d? 

57.110 
Kn = 1000* 2182 =1.2MPa . 

m = ' 0.85x fc' 

m 420 
"o.8s» 34 7 20.588 

-f--] f 52mews) m\ f, ' 20.588 I-VI 420 = 2.94710° 

As,,= 2.94710°10021.8 =6.4 cm2. 
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2 
As,,=0.0018b h = 0.0018100 25 = 4.5cm 

As min= 4.5 cm2~ As rl!IJ = 6.4 cm2 

Use <I> 12 >>> 640/113 = 5.66 
· As = (100 /17.5)1 13 = 6.46 cm2

• Use 1@ 12 @ 17.5 cm c/c With S · · 

As provided= 6.46 > As req OK. 

Check for strain: 

Tension= Compression 

A, fy = 0.85 fe' b a 
646 420= 0.85 241000 a 
a= 13.3mm 

. . . 

a 13.3 x = - = -- = 15.6mm 
B, 0.85 

8 = 218-15.6 *0.003 
' 15.6 

&, =0.0389> 0.005 >ok 

4.11.5 Secondary reinforcement: 

As Shrinkage = 0.0018x bx h = 0.0018x 100x 25 =4.5cm? 

Use <1>10@ 15 cm With As= (100 / 15)*0.79 = 5.27 cm2 .• 
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b=lo 
L=145 

L=120 
16 

L=45 

.J12·ot l.5 L=14&/ 

L='tO 

t./;.,O 
\/., 

\ 
\d12C!ll'l.5 /,-630 

15 I 
__ o_J2f.l 7.5 L-1851 

(A-A) 

Figure (4-21): Stair Section. 
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4.12 Design of' Shear wall: 

4.12.1 Calculation of [loads: 

W Ground Floor= Weight of slab+ Weight of stairs+ 0.5* (Weight of upper columns &walls)= 

10692KN 

W First Floor= Weight of slab + Weight of stairs + 0.5 (Weight of upper columns &walls + Weight of 

lower columns &walls)= 13391KN 

W secondFloor=Weight of slab+ Weight of stairs +0.5( Weight oflower columns &walls)= 

8376KN 

Wroat = W Ground + W rsr+ W second 

Wrotal = 32459KN 

4.12.2 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 

h, =12.2 

Ct= 0.0488 
Where: - . . Figure (4-22): Shear wall Secti 
Z=Seismic zone factor as given in table 16-1. on. 

R= numerical coefficient representative of th inh e erent over strength 
lateral force resisting systems as set . T bl and global ductility capacity ol 

> 1n a e 16-N or 16-P 
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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, hc = height in feet (m) above the base to level i, n or x, respectively. 

T=CA,,)"' Ea..30-sUBC) 

T =0.048812.2)' =0.32 
V. _ Cvl,,, 0.241 4 , 

1 - RT 
5 5

* w-O.l31w 
· . 0.33 

V ~ 0.11WKN ..... control 
V 2 0.03WKN 
F, = 0.07*T*V = 0.070.323571= 82.5KN 

Table (4 -5) Calculation of the total Fx. 
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------------­ a»sf@ 

FXDiagram 

oor 12.2 1708 

s 8.35 i 3101 
I 
I 
I. 3571 

G 0.0, 

Figure (4-23): Fx-Diagram 

By using the software (ATEER.) to Analysis the shear wall, it was get result as the following: 

Mu Diagram Vu Diagram 

1----·_..,_, 238.7 KN.m 
\ 
] '\ 920.15 KN.n 

62 62KN 
.] ] .1.1.5... I>, 

1

1 77 KN 

-214_\ _j_ __ ~ , . 388 KN 
l 
i 
! 
I _____________ _: · -·~ 2666.15 KN.111 

-- ------- ·---- .. - ---- ------ - ------ -·------------ --- --- --------- ------------------------ .. ---------- : 

Figure (4-24): Moment & Shear-Diagram for Sh W ear ail. 
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4.12.3 Shear Wall Design Parameters: 

Jc' =24 MPa 

y =420 MPa. 

h=25 cm. Shear wall thickness. 

L,= 5.6m. shear wall width 

Hw=l2.2 m. Story height. 

Internalforces & moments: 

LFx=Vu=388KN 

Critical Section 

Lw = 5·6 = 2.8m(Control) 
2 2 
hw = 12.2 = 6.lm 
2 2 

Mu= 213265KN 

4.13 <De' : p ± : % .Z.5 esign it Dy using Reinforced concrete: 

Vu = 388KN 
Vn = Vu I 0. 7 5 =517 KN 
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4.12.6 Design of' shear 

d = 0.8* Lw= o_g::,5_6= 4.5m 

Ve, = .!. * ffe ,:ch,:: d = .!. J24 * 0.25 * 4.5 = 449.KN( Control) 
6 6 
[ye"a N,a 42@o2s"4.5,14.5_373.6KN 

vo, 7 if, 4 4»s.6 

[

ffe lw (ffe E * d _ [.J24 5.6( .J24 + 5.:::.25 )] * 0.25 * 4.5 =52 
Ve=--+-~----'--~~-----+ 213265 56 10 lKN 

3 2 M 1 10 2 · - -·- uw 388 2 
V, 2 

Vs =Vn- Vcl 
Vs =517- 449= 68KN 

(Avh) Vs 6810° _0.073610°m 
S2 = Fy*d 420*4.6 

( A~;;n )= 0.0025* h= 0.0025* 0.25= 0.625*10-3 m(Control) 
Lw S2=-= 5600/5=1120mm 
5 

S2 = 3 h = 3 250= 750mm 
select >2¢610 >As=1.58cm2 
Av -=0.625mm 
S2 
158 
82 

= 0.625 ~ S2 = 252.8mm( Control) 

Seleet ..... S2 = 25em < Sreq. = 25.28em 
S2seleeted= 25em < 75em < 70em 
use .... 2¢10@25em(c I c)in2layer 
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4.12.7 Design of the Vertical reinforcement: 
hw Avh 5))S h 

P • =(0.0025+05(25--)(--0.002 I I mi " lw S,h 

Avn = 0.0025x S, x f1i 

s, =±L, =±s.6=1866mm 
3" 3 

S, =3x h=3x 250= 750mm 
Select2¢10WithareaAs = 158mm2 

158= 0.0025x S, x 250 
:.S, = 252.Bmm(Contro;) 
Select S, = 25cm < 25.28cm 
S=25cm 

~Select2tf>10/25cmc/ c 
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Design of composite beams:- 

Dead load for solid slab :- 
Sum of dead load =25.25= 6.25 KN/m2 

Live load = 5 KN/m2 

I 
t i ~ 
H f "-tf•-~ T: ~ ' . -e-· 

h ' 
!1, ~ 

' 

' ' 

' 
'l':lJts:•hl ~ 

a 

' 

' ' ' 

~ 1- -~ 
}< 

' ' ' 
' 
' ' 

' 

' et 4gt 

' 

I 
I 

l : H I 'H }ti; Ff; 
: -r- ~ 

[if+ 
I 

' 

f I 

compute factored load on beam:­ 
ts=25/2.54=9 .85in 
concrete weight=.15 kip/sqft 
span =4m=l3.lft 

D.L -
9~:s * 0.15 * 13.1 = 1.62kip/ft 

8, 

··· • .,,,,JI,~' ... ·r 
: L 

: I 
I lf- ~- f ~ --r- •- 

r ! 

' 
' 

I 

n15 1 r 
I ; 

' " 2 : ~- !! 8, . "' .. ' ,, ~- 
ii ii ~ 
[5 

:1010072 ~- g g . ~ 

L 5] ;j; ? ~ if 
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Assume a= 1 in , 
Beam weight=0.15kip/ft 
L.L =0.1 * 13.1 = 1.31kip/ft 
Factored load:- 

D.L = 1.2(1.62+0.15) =-2.124kip/ft 
L.L = 1.6 * 1.31 =2.lkip/ ft 
Wu=2. l +2.124=4.224kip/ft 

Compute the moment:­ 
L=l6.7m =54.79ft 

w P 
Mu=-- 

8 

Select the section ,Asreq : - 
25 

ts ===>= 9.85 in 2. 4 

Assume a=l in ,W18*130, d=l9.3in 

As,, = 7(g @b»fy 5 + 
= 22.25in? 

Mu 

( 4.224) * (54.79)2 = 1585kip /ft 
8 

1585 * 12 
) es ) ts=5 0.9%50 , +9.85-0.5 

select,gas Ag=25.3in sq, d=18.4in 

Be=l/4*L 
Be ='» 54.79 * 12 = 164.37 in 4 

< beam spacing =13.112= 157.2 in .... controlled 

T=C 
As *fy =0.85* f c\ *be*a 
25.3*50=0.85*4* 157.2*a 
a= 2.4<ts =9.85 
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the nominal strength moment:­ 

Mn-Ag y(S + ts- 4) 

=ss.2o+so(""+ 9.s -)/12 = 1889 

<l>Mn= 0.91889=1700> Mu =1585KIP/FT 

Design of shear (studs):­ 
asum 3/4 in used 

Ec=(l .45)1-5 ([ 4 )=3492 ksi 

Qn=0.5As([EeF j) 
=0.50.4418 (/34424 )= 26. lksi 

The# of shear connectors required for each half span (N) :­ 

y As·FY _ 253+5048.47 
Qn 26.1 

Say 49 

Spacing for studs:- 

L P=----­ 
#IN ONE RAW 

54.74+12 
49 =13.5 in 

P max= 8* ts= 9.85 * 8 = 78.8 in 
P mini= 6 * diamerter = 6 * 0.75 = 4.5 in 

Then p max > p > p mini 

78.8>13.5> 4.5 , OK 

........... OK 
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Deflection of beam : 

be/n=157.2/8=19.65in 

A 
bE.ts _ 157 .29.843 _ 193 4. 3 er=-------- . m. 
n 8 

slab .... area=193.6in 3 distance from centroid=14.125in Ay=2734.6in° 
Ay? =38626.3in 1o=1564.9 in. 

WI 8*86 .... area=25.3 distance from centroid=Oin Ay=O in° Ay=O in
4 

Io=1530 in'. 

Ix =Io+Ay=3095+38626.3=4172 1.3in 
Y=2734.6 I 218.9 = 12.5 in 
I,=Ix-Ay=41721-218.912.5=-6141 in 

yt=18.4/2+9.85-12.5=6.55in to top slab. 
Yb=18.4/2+12.5=21.7in to bottom steel. 
Compute the load deflection: 
ALL < 5WL4 

384.Es.ltr 
_5 * 1.3154.79' 12° 
384 29000 6141 >1.33in. 

. . L 54.79*12 ALimit===],6437 
400 400 . · 

ML= 1.33 <Alim it = l.6437in ok 
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TABLE 9.5(a)}---MINIMUM THICKNESS OF 
NONPRESTRESSED BE.AMS OR ONE-WAY SLABS 
UNLESS DEFLECTiONS ARE CALCULATED 

Minimum thickness, h 
Simply One end Both ends,, 

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

Member deflections. 
Solid one­ 
way slabs e/20 £124 e/28 £/10 
Beams or 
ribbed one­ 
way slabs ¢/16 e 11a.s ¢421 ¢ I8 
Notes: 
Values given shall be used directly for members with normalweight concrete 

(density w, = 2320 kg.1m3) and Grade 420 reinforcement. For other condi­ 
tions. the values shall oe modified as follows= 
a) For structyral lighti.veight concrete. having unit density, w,,, in the range 

1440-1920 kg.:m3, tne values shall be multiplied by (1.65 - 0.003w,) but not 
less than 1.09. 
b) For fv other than 420 MPa, the values shall be multiplied by (0.4 + fy/700). 

Table (MINIMUM TIDCKNESS OF NONPRESTRESSED BEAMS OR 
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED 
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