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Abstract 

Structural Design of a Commercial Building 

Work Team 

Read Al-Batran Mansour Al-Butoush 

Mohammed Al-Khalailah 

Palestine Polytechnic University - 2007 

Supervisor 

Dr. Maher Amro 

The main idea for this project is to design and prepare full 
'\ 

detailed structural drawings for the multi story building in Dura city. 

This project consists of seven floors and it contains eleven 

apartments, and one water reservoir, The apartments were designed to 

accommodate the modem of life and human needs, ACI code was used 

to design, The project includes the structural analysis and design and 
the executive drawings . 
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Fig.(4-1): Geometry of rib3 • 

Fig.(4-2): Section in ceiling • 
Fig.(4-3): Envelope diagram of rib3 • 

Fig.(4-4): Details of rib3. 
Fig.(4-5): Shear diagram of rib3. 

Fig.( 4-6): Details of shear reinf. of rib3 • 

Fig.(4-7): Elastic deflection of rib 3. 
Fig.( 4-8): Long term deflections of rib 3. 
Fig.(4-9): Span length of beam 16. 
Fig.(4-10): Moment envelope of beam 16 • 

Fig.(4-11): Shear envelope of beam 16 • 
Fig.(4-12): Stair details. 
Fig.(4-13): Shear and moment diagram of beam 16 • 

Fig.(4-14): Shear and moment diagram ofCFl. 

Fig.(4-15): Shear and bending moment diagram 
Fig.(4-16): Details of CFl. 
Fig.(4-17): Geometry and loads of strip footing • 
Fig.(4-18): Details of strip footing. 

Fig.(4-19): Dimension of mat footing under stair . 
Fig.(4-20): Sections of mat footing under stair. 

Fig.(4-21):Shear diagram of mat footing under stair section A-A. 

Fig.(4-22): Moment diagram of mat footing under stair section A-A. 
Fig.(4-23): Section B-B of mat footing under stair. 
Fig.(4-24): Shear of mat footing under stair. 

Fig.(4-25): Moment diagram of mat footing under stair. 
Fig.(4-26): The basement wall. 
Fig.(4-27): Moment of basement wall. 
Fig.(4-28): The shear wall. 
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List of abbreviation 

p» Ac= area of concrete section resisting shear transfer. 

► As = area of nonprestressed tension reinforcement. 

» Ag = gross area of section. 

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

» b = width of compression face of member. 

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

» DL = dead loads. 
» d = distance from extreme compression fiber to centroid of tension 

► Ee = modulus of elasticity of concrete. 

» Fy = specified yield strength of non-prestressed reinforcement. 

» h = overall thickness of member. 

» I = moment of inertia of section resisting externally applied factored loads. 

» Ln = Length of clear span . 
► LL = live loads. 
» Ld = development length. 

» M = bending moment. 

» Mu = factored moment at section. 

» Mn = nominal moment. 

» Pn = nominal axial load. 

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

» Te = nominal tensional concrete moment strength provided by concrete. 

► Ve = nominal shear strength provided by concrete. 

» Vn = nominal shear stress. 

l» Vs = nominal shear strength provided by shear reinforcement. 

» Vu = factored shear force at section. 
► We= weight of concrete. (Kg/m3). 

» W = width of beam or rib. 

» Wu = factored load per unit area. 



» @=strength reduction factor. 

» = ratio between area of concrete to area of steel . 

» fc'= specified compressive strength of concrete, MPa 

» J cu = effective compressive strength of the concrete in a strut or 

a nodal zone, MPa 

► f r = modulus of rupture of concrete, MPa 

» S = elastic section modulus of section, mm3, 

» Pn=nominal strength of cross section subject to compression, N 
» Lu: Actual unsupported (unbraced) length. 

» MI = smaller factored end moment on a compression member 

» M2 = larger factored end moment on compression member 

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

► r: radius of gyration 

» Ig = moment of inertia of gross concrete section about centroidal axis, 

neglecting reinforcement, mm4 

» ons= moment magnification factor for frames braced against side sway, to 

reflect effects of member curvature between ends of compression member 

» Cm = a factor relating actual moment diagram to an equivalent uniform 

moment diagram 

» Pe= critical load, N. 

» Es = modulus of elasticity of reinforcement, MPa. 

» Ig : moment of inertia of gross concrete section about centroidal axis , 

neglecting reinforcement , cm. 
► Ise : moment of inertia of concrete about centroidal axis of member cross 

section, cm 
» EI= flexural stiffness of compression member. 

» db=nominal diameter of bar, wire, or prestressing 
» pb= reinforcement ratio producing balanced strain conditions. 

» h = overall thickness of member, mm 



► L= span length of beam or one-way slab, 

► II = ratio of clear spans in long to short direction of two-way slabs 

D» As = area of nonprestressed tension reinforcement, mm2 

» As,min= minimum amount of flexural reinforcement, mm2 

► Pb = nominal axial load strength at balanced strain conditions. 

» Po = nominal axial load strength at zero eccentricity, N 

» Pu= factored axial load at given eccentricity, N 
► hw = total height of wall from base to top, mm 

» lw= horizontal length of wall, mm 

» (Be = ratio of long side to short side of concentrated load or reaction area 
» T = elastic fundamental period of vibration, in seconds, 

» V = The total design lateral force or shear at the base 
► W ~ the total seismic dead load defmed 

» Z = seismic zone factor as given in Table 16-I. 
» 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. 
» I = importance factor given in Table 16-K. 

» R = numerical coefficient representative . 

► we = weight of concrete, kg/m3 
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:-" ,A3 @ls Cl ta5 5.a55 14Xy Cy» sly bas coli)ls le c 3 

Tibo.-~- .,;.,'>'l.i.Jl.r 
Uon.:sr .t.~I ~,,. 
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l.Ai _Jl.ll.o ~ Jb YI 0~ _}fa1i ~ ,~~ ~} \_.a J ~I c.S..,ill_, ~_;=.:WI w~ _;.JI_, a\:iYI_, ua~YI 
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I~ ~~.,..JI J_,1~1 u.a ~I rl~I tJ-i ~.l=u ~ JbYI o~ ).ll.o ~ J~\ <.'.JS-11 u.a_, 
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. ll:i.lts 1.:.t _-: WI JbYI U:!~ ~.J . '-ff' ~.J ~ 

. 4..l _p....11 .)\_,.JI_, w'i'il_., 6\:iYts _p-1 i)} 0ts.a u.o '-i.lii ~ ~ Jbl (' 

.0S' 0sSe ill ca\st91 Jsl (Y 
.3«151..al0 ls l03 e9ls.ll 9l3 s/ cs» 5ill Js% ztl Lal tglayy as Jlael (Y 

~\ 4.,~.11_, (4KN\m2) ~.J~I u)b.Jl t_.,y:WI 11\ ~ ~I J=jl ~ ~I r3 .li_., 11\ 

.(2KN\m2
) 

uc, ~YI 01\ ..»J:t y_i;..j ~~.),~I~ Llil.JI i)c. yy tS_; uc, o}~ Jj'ijll Jbi 

Uniform) ,S±»Y/ 35Sl le cliy (V) @<1 76991 5l sis cls /53 <gaill yl3as ,las'iol yh 
:(Building Code 1997 

al V = Cv.I W (1) UBC- (1630.2.1) Eq (30-4) 
R.T 

Where: 

► T = elastic fundamental period of vibration, in seconds, 
► V = The total design lateral force or shear at the base 
► W = the total seismic dead load defined 
► Z = seismic zone factor as given in Table 16-1. 
► 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. 
► I = importance factor given in Table 16-K. 
► R = numerical coefficient representative of the inherent 

over strength and global ductility capacity of lateral force­ 
resisting systems, as set forth in Table 16-N or 16-P. 
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l V = 2.5Ca.I W 
R 

<4,6 3tis3 1af3 A,lfll A1stall ,s (V) a# • --Al 659\..01 3,06 3l0 @stall,s (V) @as cstS 5! Lal 
.@llf 4ls.Vs (v) 

............. (2) UBC- (1630.2.1) Eq (30-5) 

.-.. V = O. l ICa.I.W .................. (3) UBC- (1630.2.1) Eq (30-6) 

-:(UBC) S: -9l 335l » c9aA ale g! 
► Z= 0.3 zone 3 given in Table 16-1 

► R= 5.5 

► I= 1 

► Ca= 0.33 from Table 16-Q. 

(Ca) #u» ·('F') Jse 

TABLE 16.Q......SEISMIC COEFFICIENT Ca 
SEISMIC ZONE FACTOR. Z 

SOIL PROFILE TYPE z:o.O75 Z=0.15 Z=0.2 z=o.1 Z-=0.4 

s.. 0.06 0.12 0.16 0.24 0.32, 
S; 0.08 0.15 020 0.30 0.40, 
Sc 0.09 0.18 024 0.'.lJ 0.40N., 
Sp 0.12 0.22 0.28 0.'.16 0.-14!(, 
Ss 0.19 0.30 0J4 0.36 0.36, 
Sr Sex Foolnolc I 

·-· .. . . . .. aA, - . - -· - 

TABLE 16-R-SBSMIC COEFFICIENT C, 

SOIL PROA LE TYPE 
SEISMIC ZONE FACTOR, Z 

Z= 0.075 Z-0.15 Z=0.2 
S, 0.06 0.11 

Z =0.1 Z =0.4 
0.16 014 0.32A, 

Sa o.os 0.15 0.20 
Sc 0.13 

OJO 0.40, 
0..25 0.32 0.45 0.56, 

Sp O.IS 0.32 0.40 054 
Si; 0.26 050 0.64 

0.64}.\. 

Sr 
0.&4 0.96A, 

Sec Foomote I 

C,= 0.45 

h,= 27.30 m 

Ct= 0.02 for all otherbuildings Section 1630.2.2. 

T =C.(h.)" UBC- (1630.2.2) Eq (30-8) 

from Table 16-R. 
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T = 0.02(27.3)314 

T = 0.239 seconds 

al V _ 045.0) , = ( 0.342). W · (1) 
5.5.(0.239) . 

~ V = 2.5(0.33).(1) W = (0.150).W (2) 
5.5 

~ V =0.11(0.33)(1).W = (0.0363).W (3) 

,s A\8l1 Alt. ls ces}stall ss le @5LF ct4sally tgyli» 5 @5stall ,,ill yl5ill sys Is} 

-63\ai (V) !# Al=3 <es.All 

~ V = 2.5(0.36).(1) W = (0.150) W 
5.5 

~ 4:1_,.it:ill Jb\rl LJA .#.J r""'WI J_,~ LJA _;/JS~ 4J•nJ'•)I JbYI LJA _»k.j ~ c\!)I Jbl Lal 

.05ll s8 s<\9l\ ha 555Cle 3aiy lls cs=l Use 

:-le is 4lssiyl @-st 7Al.all AL 5IF esXll Cy» 550c ?l55l as 55 
(Solid Slabs) {±%-s«ll cl,xll ( 

(Hollow Block Slab) 4i:. _Ji.JI wU.~I ( y 

(Flat Slabs) ~I wU.~I (~ 

(YI affle Slabs) yt...-:. YI wl~ ~I wU.~I ( t 

:~ t 1_,.iYI 01\ .J t.J~I 11\ ~ ~l~I l)S....JI LlA i;,'I wl.fu.ll 0.a c,k _,.i ~ 

1- One-Way Ribbed Slab (hollow blocks slabs). 
2- Two-Way Ribbed Slab. 



~ ~~., l)ll.ll...JI ~UJI ~ ol\:ill_, i;t:i.11 ~1_,1.11 c} J_,'JI t.J1ll rl~I ~I u.o ~ 
liss -ls5.4 Allll sis s \29ta4l gasYI » 43l es (c,aeYI dl;ll) 5as Y gy clilull y ai 

. wl.fu.1I u.o t.J111 

o.lAC- YI ~ wlJWI 01 ~ ~ YI ~UJI c} ~,~, ~I ~ wl.fu.11 u.o i;t:i.11 t.J111 Lal 

:J!J;! wl.fu.1I u.o t~I I~_, ~~Yy ~J ~ ~ J§I ~J 4~ ~ ~I o1t. c}J ~ oy,fi 
. o~I 4Sb Jli;i., o J¥11 o1t. 

~ 2 

~ 2 

(J.µJ JWJlJ,l:Jl) L 

r--t--:-+--+--+-~~-+--+-~~ -· 

I 

L....--t--+ ---+--i-~~ I -----------L- 

01 ~1_,11 ~ ,yl.-c. YI u.o JC., 4Sb .l;l.l=o..'.i r1:J r~I y _,1.11 t l~I , wl.fu.11 4Sb u.o 
5i6 ,4 A5La. l Rsts? gs' @lll, 4,<.4 5ill5 gia 399l55l Ls.l+ 35Sl 93Se 5st= Jal 

. fi.l 0~ uy..i ~I u.o.JC c)l:il4., fi.l 
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w)u;. I ~J tJ_µI1~ ~J ,ul~I 0.o ~ Wl)I JbYI ~ .J~I ~ ~ ~ 

l.lil ~ '4-A'~' ~ .)~' 0.o ~ k l~I ul! ~JYI i.::.i)(:ill (Y-1.,.hll ~ ~~, ul~I t l~I 

.c.S.;::.YI (Y.I_,1.11 ~ ~ 0.o fi.1 c1-u.o ul~ .J~ ~j 4~ <}t:illJ JJYI (Y.UJI ~ 

: ~I u,al_j-)1.l <}\+JI~ .J~I f"~J 

~Iii~\ '-1.:i\.:JI ·'· _-:1-.lhii c:1,_1 __ -: <11.:il--'lu::.:i -·•-'I · ~ (' . ~ ~ ~ .. ~~'-.?' ~ .)~ ~y 
ii~\ . 1 - .,, ~~u.11 JbYI ~ ~ (Y . <.JA ~. r 

.(To Reduce Buckling Length Of Column) ii.lAC-)1.l ~~'JI ¼s J..µg:il r~ LaS ("' 
. d ... .iL..iYIJ ii~ YIJ .)~I 0.H Jb YI w ~ ~1..S.:ill ~)WI ~ .J;l Jtill ~IJ 

:,le s)ts)' es "us cs 349lal 5 33sl ,6155 is 
.cl gay vs 53a6YI1)5,ill,3 13-6y33sl = 

-~ fiijiJ 4J·nJ'•)I .J~I 0.H uhWI ~ l'"_j°i:J ~I .J.: 4..ic. .:11 -· __ 11 
- ',?- ~ .Y'-' .)~ -~ 

· ~~I )lS 0.H ~)WI ~..'-l Jtill ~IJ 
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Chapter four 

Design and Structural Analysis For Element 

4.1 Introductions: 

The design and construction of reinforced concrete building is controlled by 

the (building code requirements for structural concrete) _ (ACI 318-2002) of the 

American concrete institute. 

Concrete consists primarily of a mixture of cement and fine and coarse 

aggregates ( sand, gravel, crushed rock, and other materials) to which water has 

been added as a necessary ingredient for the chemical reaction of curing. 

This chapter start with calculate the thickness of the floor by using table 9 .5 

from ACI code, and make cheek for the value, then calculate the dead load and 

select live load to begin analysis of the element, after doing the analysis make the 

design of each structure element in the system to select the effective section for 

element and its reinforcement of the profile . 

After make the design of section start drawing the section and show the 

reinforcement of every element will be design. 
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4.2 Design of rib: 

4.2.1 Calculate of Dead Load and Live Load : 
The overall depth must be satisfied by using table 9.5a. Spans from left to right:- 

Minh= Ln/18.5 

Min h=Ln/21 

Min h=Ln/8 

( for One end Continuous) 

( for Tow end Continuous) 

( for Cantilever) 

l h=378/18.5 =20.2 cm 
~ h = Ln/21 = 435 /21 = 20.71 cm 

~ h = Ln/8 =159/8= 20 cm 

0.4 + F,/700= 0.4 + 400/700 = 0.97 For Fy other than 420 MPa, the values shall 

be multiplied by (0.4 + Fy/700) ACI (9.5.2.1) 
l] h=0.97 20.71 =20.1 cm. (we taken h. ) 

According to above values the thickness of the slab will be assumed to be 
(25 cm) and deflection limitations must be considered 

B=25cm. 

4.2.2 load Calculations For (T-section): 

I. Tiles = (0.52) (0.03) (22) = 0.343 KN/unit 

2. Sand = (0.52) (0.07) (17) = 0.62 KN/unit 

3. Topping = (0.52) (0.08) (25) = 1.04 KN/unit 

4. Block = (0.4) (0.17) (10)= 0.68 KN/unit 
5. Rib = (0.12) (0.17) (25) =0.51 KN/unit 
6. Plaster =(0.52) (0.03) (23) =0.36 KN/unit 
7. Partition = (125) (0.52) = 0.65 KN/unit 

Nominal dead load for one way rib =0.343+0.62+1.04+0.68+0.51+0.3610.65 

= 4.20 KN/unit. 
Total dead load for one way rib = 8.10 KN/m?. 
Factor load From ACI code : 

DL =1.2 (4.20) = 5.04 KN/unit rib. 
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LL= 1.6*4*0.52 = 3.33 KN/unit rib. 

Then: 

Wu= 1.2 (4.20) + 1.6 (2.08) = 8.36 KN/unit rib. 

08 2.98 
3 78 

08 31 --------39 
os 35... 08 

- - ---f- --------:i 35 
{­ 

A == r A 
08 2 12 08 - - 
' 

2 92 

A A A == == I - 
A A, A. 

2 82 08 2 83 08 1 19 ; --- t ' - ' 3 62 3.63 1 59 
52 

Pp 
12 
AA 

Fig.(4-1) :Geometry of Rib #3 

4.2.3 Design of top slab: 

dead load of rib= b * hy 
= 0 .12 * 0. 17 * 25 =0.51 KN/m_ 

t 
8@20L=55 

Fig.( 4-2): typical section for ribbed slab 

DL = (Total dead load of rib) - ( dead load of one rib) 
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,420 _0.51,= 7.1 KN/ 
0.52 0.52 

LL=4KN/m2 

Wu = 1.2 (DL) + 1.6 (LL) 

= 1.2(7.1)+ 1.6(4) 

= 14.92 KN/m? 

4.2.4 Calculate of ultimate moment: 

q * 12 14.92 * (0.4)2 M = -'-' - = = 0.2 KN.m ACI (8.3.3) 
» 12 12 

Mn = f,s 

(I fc' = specified compressive strength of concrete, MPa 

o J cu = effective compressive strength of the concrete in a strut or 

a nodal zone, MPa 

o J r = modulus of rupture of concrete, MP a 

O S = elastic section modulus of section, mm3, 

bh? 100(8)° 
6 6 = 1066.67 cm3 

fc' = 0.85* f cu= 0.85*30 = 25.5 MPa 

f, = (5/12) /25.5 = 2. lMPa ACI-318- (22.5.1) eq (22-2) 

Mn = f, S 

= 3.53 (1066.67 10°)= 2.24 KN.m 

Mn= Mn* (Reduction factor) ACI-318 (9.3.2.2-b) 

= 2.24 (0.65) = 1.458 KN.m > 0.2 KN.m 

So the slab is plain concrete. 
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Minimum reinforcement for slap is required according to ACI- CODE: 
t> To prevent shrinkage cracks. 
> To minimize The temperature effect. 

4s,, =0.0018 bd................AC1 (7.12.2.1) 
= 0.0018 * 100 8 = 1.44 cm2 

IIiJ Select 3 <I> 8 per one meter ----- As req = 1. 51 cm 

But : Shrinkage and temperature reinforcement shall be spaced not farther apart 

than five times the slab thickness, nor farther apart than 500 mm. 

So Select 4 <I> 8 per one meter ----- As req = 2.01 cm2 
....•.... ( <1>8@ 25 cm) 

the distance between the bars is S= 33 cm which is less than (5 * 8 = 40 cm) and 

smaller than 500 mm. 

l S=33cm <5h =58=40cm........-.........AC1 (7.12.2.1) 

< 500 mm ACI (7.12.2.1) 

................................ Its OK . 
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4.2.5 Rib Design (R3) in the first ground floor: 

1.2.5.1 Design of positive moment (for rib 3 ground): 

This design for 3.77 m, 3.9 m, 4.5m, 2.72 m, 3.66 m, 3.65 m spans are 

as follows: 

1 to 

-13 14 -12.5 -12.9 

. .76 064 2.6 0.41 
5.9 _ 

105 10.5 

[1.51 226 I 1.95 1.95 I 2.25 2.25 ! 1.51 I 1.24 I 1.65 , 201 

9,3 

219, 1.46 I 

Fig.(4-3): Envelope diagram of rib3 

Effective flange width (bE) according to ACI- 8.10.2 
bE for T-section is the smallest of the following : 

- by=L/4=435/4=108.75 cm. 
al b= C I C =52 cm control 

br=b%+16t=12+ 16(8)= 140 cm. 
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1st span (L=377 m): 

Mu= 10.5 KN .m 

Mn= 10.5/0.9 = 11.7 KN .m 

sections 0.90 From ACI (9.3.2.1) 
Determine whether the rib will act as a rectangular or T- section : 

For a=t= 8 cm 

C = 0.85 fc' a b 
= 0.85 0.225 * 8 52 
= 90.17 ton. 

d =25-2-1.2/2= 22.4 cm. 

Mn= c (d- a) 
2 

=90.17 (0.224_9-080 , = 16.6 ton .m 
2 

Mn available= 16.6 ton.m > Mn required= 1.05 ton .m 

So design as a rectangular with br = 52 cm. 

4D Determine As min: 

from envelope diagram 
Strength reduction factor for Tension-controlled 

_f.ii Asn bwd > 1·4bw * d (AC 46 f» ... ... ..... 1-10.5.1) 

/2s.5 As=±02)224) > ,,,02y 22.4 4(400) . 

= 0.85 cm > 0.94 cm 
~ As min= 0.94 cm? 

fy 400 
] 'to 

0.85* Jc' 0.85 25.5 18.45 

Rn= Mn = 1.1710° 
ba? 52(224? '+.5Kg/ cm, m = 18.45 

38 &=4.% 



po='a _ ✓I - 2mRn ) 
m fy 

1 1- 2(18.45)( 4.5) ) 
P 1gas®° 4ooo 

p = 0.00113 
Asreq = p. b. d. = 0.00113 * 52* 22.4 = 1.32 cm2 

2 As4 = 1.32> Asa» =0.94 cm'. 
'Si so select 2 4 10 with As= 1.57 cm2 

2nd span (L= 3.9m): 

Mu= 5.9KN .m 

Mn= 5.9/0.9 = 6.55 KN .m = 0.655 t.m 

Mn 0.65510° 
Rn=--=---- 2.52Kg/ cm, m = 18.45 ta? 52(22.4) 

p = _!_ (I _ ✓I - 2mRn) 
m fy 

1 (I ,_218.4592.52) ) 
p = 1&45 - 4000 

p = 0.000634 
As4= p. b. d. = 0.000634* 52* 22.4 = 0.74 cm 
As%, =0.74 cm <As =0.94 cm 

«ill so select 2 t'f> 10 with As= 1.57 cm? 

3rd span (L= 4.5m): 
Mu= 10.5 KN .m 

Mn= 10.5/0.9= ll.7KN .m= I.17t.m 

Rn Mn 1.17 * 10° 2 
;+a? s2(2247 +.5Kg/cm, m =18.45 
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p ~ _I__ (I _ ✓I - 2mRn) 
m fy 

1 2(18.45)( 4.5) ) 
9gas'° 4ooo 
p = 0.00114 
Asa p. b. d. = 0.00114 52 22.4 = 1.33 cm 
ASreq = 1.3 3 cm2 > Asmin =0. 94 cm 

«ill so select 2 <I> 10 with As= 1.57 cm 

4th span (L= 2. 75 m): 
Mu=2.6 KN.m 

Mn= 2.6/0.9 = 2.9 KN .m = 0.29 t.m 

Mn 0.2910° Rn=--=---- 
ba? 52(224)° 

p = _I__ (I - ✓I - _2m_Rn._) 
m fy 

1 P isis! 

1.11 Kg/ cm , m = 18.45 

2(18.45)(1.11) ) 
4000 

p = 0.00028 

Asreq = p. b. d. = 0.00033 52 22.4 = 0.33 cm 
As,4 =0.33 cm< As» =0.94 cm, 

'ii so select 2 <I> 10 with As= 1.57 cm2 

5th span (L= 3.66_m): 

Mu=6.7KN .m 

Mn= 6.7/0.9 = 7.44 KN .m = 0.74 t.m 

Rn= Mn _ 0.7410° 
ba? 52(224y? '2.84Kg/ cm, m =18.45 
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p = .!_ (I _ ✓I_ 2mRn ) 
m fy 

1 2@8.4592.84), 
Pjgas'° I! 4ooo 
p = 0.000714 

2 
Asreq = p. b. d. = 0.000714 52 22.4 = 0.83 cm 

2 2 A o 94 2 < As max = 23. 64 cm . Asreq = 0.83 cm< .Smin . cm 

'il so select 2 <P 10 with As= 1.57 cm? 

6th span (L= 3.65 m): 
Mu=9.3 KN .m 

Mn= 9.3/0.9 = 10.33 KN .m = 1.033 t.m 

Mn 1.03310° 
Rn=--=---- 3.96 Kg/ cm 

b a? 52(224)° 

p =.!..(I-✓!- 2mRn) 
m fy 

1 l _ 2(18.45)(3. 96) ) 
Pjsas!!° 4ooo 

p = 0.001 

Asreq = p. b. d. = 0.001 52 22.4 = 1.165 cm 
As4 = 1.165cm> As;» =0.94 cm <As max=23.64 cm 
~ so select 2 <P 10 with As= 1.57 cm? 

m = 18.45 

1.2.5.2 Design for negative moment: 

By using Atir Software the following moment is appears: 
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Support B: 

Mu= 13.0KN.m 
Design of T- Section for negative moment as a rectangular section with (b=bw) 

The minimum reinforcement is determine according to ACI (10.5.2) as follows: 

±A&,-wa ='»a.l..6ciaos.Dy 
4fy 

~ 14 
Ass 47,65, ®-)'2.49= p5®?) 22.49 

= 0.85 cm > 4.07 cm2 

el As = 0.85 cm2 

Mn= 13.0/0.9 = 14.6 KN.m = 1.46 t.m 

m = 18.45 

d = h - c - <l>/2 
=25-2 - 1.2/2 
= 22.4 cm 

(assume use Cl> 12) 

1.4610 5 
Rn= Mn 

b a? 12(224) 

p ~ -1:._ (I _ ✓I - 2mRn ) 
m fy 

p = _1_(1 _ 1- 2(18.45)(24.25) _ 
18.45 4000 )= 0.00644 

Asreq = p. b. d. = 0.00644* 12* 22.4 = 1.73 cm? 
As,4 = 1.73 cm <As» =0.85 cm 
~ so select 2 <I> 12 with As =2.26 cm? 

24.25 kg/cm2. 
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Support C: 

Mn= 14/0.9 = 15.55 KN.m = 1.55 t.m 

Mi 1.55 10 2 Rn= n =25.85kg/cm . 
ba? 12 * (22.4)2 

p ~ _!_ (l _ ✓l - 2mRn ) 
m fy 

=' (- j_2@8,45925.85), = 0.0069 
p 18.45 4000 

ASreq = p. b. d. = 0.0069* 12* 22.4 = 1.85 cm 
As4 = 1.85 cm< As;» =0.85 cm 

all so select 2 <I> 12 with As = 2.26 cm 

5 

Support D: 

Mn= 12.5/0.9 =13.9 KN.m = 1.39 t.m 
5 

Mn 1.39 10 Rn===23.1kg/cm. 
a? 12(22.4)° 

p ~ _!_ (I _ ✓I - 2mRn) 
m fy 

p= 'a- hj_2@845923.1,= 0.00612 
18.45 4000 

ASreq = p. b. d. = 0.00612* 12* 22.4 = 1.65 cm 
As,4 = 1.65 cm <As» =0.85 cm, 
~ so select 2 <I> 12 with As = 2.26 cm 

Support E: 

Mn= 7.3/0.9 =8.11 KN.m = 0.811 t.m 

0 * 5 Mn .811 10 
Rn= --- ---- 13.5 kg/cm2 . 

b*d2 12*(22.4)2 
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p ~ J_(l -✓!- 2mRn) 
m fy 

= _l_(l _ 1_ 2(18.45)(13.5) )=0.0035 p 18.45 4000 

Asa p. b. d. = 0.0035* 12* 22.4 = 0.94cm2 

As4 0. 94 cm2 < Asmin = 4. 07 cm 
ell so select 2 <I> 10 with As= 1.57 cm2 

Support F: 

Mn= 12.9/0.9 =14.4 KN.m = 1.44 t.m 

1.44 * 10 
Rn= Mn ------23.92kg/cm2. 

ba? 12 (22.4)° 

p ~ J_ (I _ ✓I - 2mRn ) 
m fy 

= _l_(l _ l- 2(18.45)(23.92)) = 0.0064 
p 18.45 4000 

Asreq = p. b. d. = 0.0064* 12* 22.4 = 1.71cm2 

Asreq = 1.71 cm> As» = 0.85 cm 
ii so select 2 <I> 12 with As= 2.26 cm2 . 

- , 
A4, y - AA a I --,....,.--- -- ~ erfels g== ----r-:-r-- . pg] $ 

I 

1 
l 

1 
i 

I 

" 

I I I I : . I I I ! I 

ee,, 
:.:;w:..; ¥@,.a: _ ... - ..;:::;:..--~ 

Fig.( 4-4): Details of Rib#3 
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: (fc ·ib#3); 4.2.5.3 Design of shear for T-section ( or n · 
❖ Factored D.L = 0.504 t/m. 

❖ Factored L.L = 0.333 t/m. 

❖ Wu= 0.837 t/m. 

Shear 

19.8 

Fig.(4-5): Shear Diagram of Rib#3 

Max Vu at support (C) as shown in the figure: 

Vu= 1.64 tat distance (22.4 cm) from face of support: 

ove=a»y@' ,»a 
6 

= 0.75 * ~ 12 * 22. 4 (10/1000) = 1.69 ton 

D Vs =0.75 12 22.4 (10/1000) 
3 

= 0.672 ton. 

Vu =1.64 ton< <I> Vc=l.69 ton 

❖ Category (2) satisfy. 

❖ Minimum shear reinforcement is required . 

But according to ACI code when the beams total depth <25 cm we must apply 
(C) at (3) 
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S = 3 * Jy * Av = 3 * 400 * 0.5 * 2 = 100 cm 
bw 12 

S::; d/2 = 22.4/2 =l 1.2 cm 

S <60 cm. 
So we must use the smallest value of three limitations 

Use S = IO cm 

~ Select 1 <I> 8/10cm. 

Asv max = .670mm2/mm @ .500m 
SHEAR REINFORCEMENT 

_ _I I l -- - - I 

I I I 

I -·-·-···- - AJA\llg»AAA»A - ---,- --- - --·- ----- -- -- ---- ... ---· - -- -- - - 

I I I 

le O• 0 0 C 0 \ = 
0 0 C 0 s co co ; 0 0 0 co 9 N i o I co 

.600 

.400 

.200 

Fig.( 4-6):Details of shear reinforcement of rib# 3 

4.2.6 Deflection limitations: 

According to ACI code in table 9-5-b all this values must be more than max of 
deflection appears. 

Elastic Deflections (Alternate spans loaded) 

Fig.( 4- 7): Elastic Deflections of rib #3 
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Long-term Deflections (All spans loaded - using entered reinforcement) 
Def max = 5.29mm @ 9.92m 

1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 

Fig.(4-8): Long Term Deflections of rib #3 

The max due to sustained dead and live loads is 5.92 mm (see fig 4-8)from 

prokon programs software which is more than the maximum permissible computed 

deflection which is equal to : 

= L/480 = (4. 51000)/480 = 9.4 mm 
Which L is the long of span which is max deflection 

So 5.92 mm < 9.4 mm 

....•.• ~ ..................•...•..........• Its OK •.....•.....••...••...•••..•.••••......... 
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1.3 Design of beam (B16): 

4.3.1 Calculation of thickness: 

H ~ 3.52/21=0.168m, 

al Use H=25cm. 

The section of beam is rectangular section 

Assume that: 

al b =80 cm, d =21cm 

Factored Total Dead Load 

1 2 
1 2 

+l l 

~ ~ 
1.4 1. 2.7 
2 3.5 

5 
4 

Al 

~ • 3.5 o. 
4.0 I 

3 4 

0. 

4 

o. 
I I 

5 
A 

o. 

1 

3.1 

3.6 

3 
pJ 

~ 
3.4 
3.9 

6 
6 
A 

~ 
~ o. 1.4 

1.7 ~======~=-----t-----=----__.._---=;:_----l 
25'-----=I ~ 

80 
A-A 

Fig.(4-9): Span length of Beam 16 

DL = 40.95 KN/m 
Factored live load 

l LL = 13.95 KN/m. 
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4.3.2 Design for positive moment: 

{e 1A 
Asmin=--bw * d ~ -bw * d 

4(jy) jy 

= .fi55 80*21 ~ l.4 *80*21 
4(400) 400 

=5.30 ~ 5.88 

~ Asmin =5.88 cm2• 

161 

-87.4 
-45.2 

/ 2gs ii.a 
4AA, «M} 'ma man, 9. g,59 

55.9 

-94.8 
-64.9 -"65.2 p~4 
412 

-138.1 
-109.8 -100.5 

1.46 
53.1 

1---2 2._20_-+-, -1._23_, _1_.7_9--1-1 _2_.1_9 ~-2_.2_1 -I- 1.81 I 1.48 I 2.21 [ a.as ] 

Fig.(4-10): Moment envelope for beam 16 

Determine As : max 

Xb={0.003/(0.003+0.002)}*21=12.6 cm. 

ab=Bl *Xb=0.85*12.6=10.71 cm. 

fil Cb=0.85*0.255*80*10.71=40.97 t. 
II Tb =163.86 t 

Asb=163.86/4=40.97cm? 
Iii Asmax=0.75*40.97=30.73 cm2 

2nd span: 

at Mu»=9.9 KN.m 

Mn=Mu/0.9= 11 KN.m 

m = 18.45 
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Rn» _ Mn = 1. 1 * 10 s = 3. 12 kg I cm a 2 80 21° 

l--5­ 
As=0.00079*80*21=1.32cm2 < Asmin =5.88 cm? 

1ri1 Use 2 (I> 20 mm, with Asprov.= 6.2S cm2 

3rd span: 

At Mu =55.9 KN.m 

Mn =Mu/0.9 = 62.11 KN.m 

m = 15.7 

Mn I 2 Rn = bd 2 = 17 . 6 kg cm 

!Jae] p = m 1 - v 1- 1y n = 0.0046 

As=0.0046*80*21=7.728 cm2 > Asmin = 5.88 cm2 

'ii Use 3 (I> 20 mm, with Asprov.= 9.42 cm2 

4th span: 

At Mumax=53. l KN.m 

Mn =Mu/0.9 = 59 KN.m 

m = 18.45 

Mn 5.9 10° 
Rn = ta" 80 217 16 . 72 kg I cm 

E']-­ 
As= 0.0044*80*21 =5.98 cm? 

ll Use 2(1> 20 mm with As - 6.28 2 ' prov. - . cm 
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5th span: 

At Mu =18.5 KN.m 
Mn =Mu/0.9 =20.56 KN.m 
m = 18.45 

Mn I 2 Rn==18.45kg cm 
bd 

, +«s 
As=0.00158021=2.49 cm? 

«ll Use 2 <I> 20 mm, with Asprov. = 6.28 cm2. 

4.3.3 Design for negative moment: 

The section of beam is rectangular section. 

Assume that: 

CD b=80cm, d=21 cm. 

A · , *d > l .4 b d (AC Smm 4.fy W _ jy W . . . . . . . . . .. 1-10.5.1) 

As,, 9255,-y7 > ·sos1 
4400 400 

As min=4.292 4.76 (ACI-10.5.2) 

all] As = 4 .76 cm? 

Support A: 

AtMu=l07.1 KN.m 

Mn =Mu/0.9 =119 KN.m 

~ m= =]845 0.85/' 
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R, = 51.47kg/cm 

-].4 m f, 18.45 

= 0.0149 

As =0.0149*80*17 = 20.3 cm2 

'Ji Use 7 cf) 20 mm, with Asprov. = 21.98 cm? 

Support B: 

At Mu =29.3 KN.m 

Mn =Mu/0.9 =32.6 KN.m 

f, m=-- = 18.45 
0.85/: 

Rn = 14.1kg /cm 

2*18.45*51.47] 
l- 400 

s +] p = m , -v1-T =.0036 
As =0.0036*80*17 =4.96 cm2 

~ Use 2 cf) 20 mm, with Asprov. = 6.28 cm2 

Support C: 

At Mu =65.2 KN.m 

Mn =Mu/0.9 =72.44 KN.m 

f, 
m 0.85/: = 18.45 

R, = 31.33kg /cm 

=-1-(1 11 2*18.45*31.33] 
18.45\\/' 4000 

= 0.0085 
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As =0.0085*80*17 = 11.56 cm2 

«ill Use 4 <I> 20 mm, with Asprov. = 12·56 cm2 

Support D: 

At Mu= 34.6 KN.m 

Mn= Mu/0.9 = 38.4 KN.m 

f, 
0.85f: 

m = 18.45 

R,= 16.61kg/cm2 

st) "%'N'' -9oo 
As =0.0043*80*17 =5.88cm2 

fil Use 2 <I> 20 mm, with Asprov. = 6.28 cm2 

Support E: 

At Mu= 109.6 KN.m 

Mn =Mu/0.9 =121.78 KN.m 

f, m=-- = 18.45 
0.85f: 

R, = 52.68kg /cm 

=-1-(1- 11 2*18.45*52.68J 
18.45l /' 4000 

= 0. 0153 

As =0.0153*80*17 = 20.8 cm2 

«ill Use 7 <I> 20_mm, with Asprov. =21.98 cm? 
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4.3.4 Design of Shear: 

Fig.(4-11): Shear envelope for beam 16. 
Region (A) 

y == l O. 7 4 ton at d from face of support u max 

s,-[®®[ ®}ores,",] -coo 
C • 6 6 1000 

Category (2): 

DV,<V,<(@V, +oW,,,) 

For all flexural members -no exception- shear reinforcement must be provided 
according to ACI-11.5 .4. 1 

DW,,= (l/3)*(b*d)*0.75 

<I>Vsmin = 4.2 t 

S ~ d/2= 10.5 cm Controls 

S ~ 60 cm 

~ Use 2'1> 10 mm stirrups@ 10 cm. 

Region (B) 

v;, max =9 .3 ton. > 0. 5 <I> Ve 

Category (2): 

0.5@V,<V, <(@V,) 

=> Minimum reinforcement is required. 
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~ S <d /2= 10.5cm 

,. s s60 cm 

Controls ...................... 

0.75(0.79 x 4)(4.0)(21) -19.9 ton 
10 

V =19.9+10.6=30.5 ton>9.3 ton, that is OK 
u 

tiij Use 2 @10 mm stirrups @ 10cm. 

Region (C) 

V =10. l ton. >0.5<1>Vc u max 

Category (2): 

0.54V,<V, <(@V,) 

⇒ Minimum reinforcement is required. 

,. S <d /2= 10.5cm Controls 

..,., s s 60 cm 

0.754.f,d 0.75(0.79 x 4)(4.0)(21) 
---------19.9 ton 

S 10 

Vu =19.9+10.6=30.5 ton>IO.l ton, that is OK 

~ Use 2 <I> 10 mm stirrups @ 10cm. 

Region (D) 

'',%,=9.93 ton. >0.54V, 
Category (2): 

0.54V<V, <(DV,) 

=> Minimum reinforcement is required. 
al S ~ d/2= 10.5cm 

··· ··· ··· ··· ··· ···•···Controls 
l S<60 cm 

<l>Vs - 0.75~/Yd - 0.75(0.79 x 4)(4.0)(21) 
10 19.9ton 
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that is OK V.==19.9+10.6=30.5 ton>9.93 ton, 
u 

1ps @ 10cm. «] Use 2 @10 mm stirru 

Region (E) 

V. =10.04ton. >0.54V, u max 

Category (2): 

0.5@V,<V, <(@V,) 

=> Minimum reinforcement is required. 

,.._ S <d/2= 10.5cm 

~ S <60 cm 

Controls ...................... 

0.75(0.79 x 4)(4.0)(2l) -19.9 ton 
10 

V=19 9+ 10.6=30.5 ton> 10.04 ton, that is OK, u • 

lei Use 2 410 mm stirrups @ 10cm. 

Region (F) 

y ==j O. 7 ton at d from face of support u max 

Category (2): 

V.<V, <(DV,+do,,,) 

For all flexural members -no exception- shear reinforcement must be provided 
according to ACI-11.5.4.1 

<l>Vsmin = (l/3)*(b*d)*.75 

DV,,,=4.21 

-... S <d/2= 10.5 cm •·· •·· Controls 
-.. S <60 cm 

«ll Use 2([> 10mm stirrups @ 10 cm. 

............................................................................ THE END 
····················· . 
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4.4 Design of column (C07): 

. : 5025) cm was determine by the architectural 
The dimension of the column ( 

a ck if this dimension is sufficient and find the 
engineering ,and so we will checl 1 is 

reinforcement of this column. 

The column is an internal one. 

D.L = 585.3 KN 
# L.L = 304.3 KN 

l Pu= 1.2 D.L +1.6L.L 
= 585.3 + 304.3 = 889.6 KN ----------- ACI- (9.2.1) equation (9-2) 

► Pn = nominal strength of cross section subject to compression, N 

Pn req = 889.6 /0.65 = 1368.6 KN ACI (9.3.2.2) 

Use pg= 0.02 

4 Pn=0.8 Ag {0.85f%'+ pg(%-0.85%))} -- ACI Code (10.3.6.2) eq. (10-2) 
= 0.8 *(25*50){0.85(2.55)+ (0.02)(40 - 0.85(2.55))}= 2924.0 KN 

Ag= 1250 cm 
Pn avail. = 2924.0 KN> Pn req = 1368.6 KN 

:. The dimension of the column is sufficient for load required 

Calculation of reinforcement of the column 

As req. = pg Ag =(0.02) (1250)= 25 cm2 
'ii Use 10 <I> 16 mm 

As prov.= 25.4 cm2 

4.4.1.1 Check of slenderness effect: 

L "# 23 a(My 
r M

2 
A.C.I-(10.12.2) Eq (10-7) 

<40 
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d ( unbraced) length. ► Lu: Actual unsupported npression member 
d d moment on a com ► Ml = smaller factore en . member 

ment on compresston ► M2 = larger factored end mo 
(K= 1 for braced frame). ► K: effective length factor 

► r: radius of gyration % 
K=l.0 

Lu =2.86m 
> Ig=moment of inertia of gross concrete section 

about centroidal axis, neglectmg remforcement, 
mm4 4 ► I=bh/12= 50(25) /12= 65104.1 cm 

A= 1250 cm 

r= p95104.1722 cn? 
1250 

(KL")= (1 *2.86m) = 39.6 > 22 r 0.07226 

~ Slenderness effect must be considered. 

► ons = moment magnification factor for frames braced against side sway, to 

reflect effects of member curvature between ends of compression member 

,.,._ ms=( Cm )>l A.C.1(10.12.3) Eq(10-9) 
l-(Pu I0.75Pc) 

~ Cm =0.6 + 0.4 :~ ~ 0.4 A.C.1(10.12.3.1) Eq(10-13) 

► Cm = a factor relating actual moment diagram to an equivalent uniform 
moment diagram 

C,, = l.0(for single curvature -braced frame) 
··· ··· ·· ...A.€.110.12.3.1) 

«-, ! 3 
ns l-(889.6/0.75Pc) >l 
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~ Determination of Pc: 

t» Pc = critical load, N. 

«EI 
+ PS (jp)? 

Ee= ISOOO/i55 = 2395.3KN /cm 
100 

.. A.C.1(1 o.12.3.1) Eq(10-1 O) ........... 

Est =200000 MPa 
D> Es = modulus of elasticity of reinforcement, MP a. 
D» Ig : moment of inertia of gross concrete section about centroidal axis , 

neglecting reinforcement , cm 
4 

. 

, 25x50'_ 60416cm 
12 

► Ise: moment of inertia of concrete about centroidal axis of member cross 

section, cm" 
- Is,=2A,x) 

Is, = 2(3(2.54) (19.0)) =2752.8 cm4 

► EI = flexural stiffness of compression member. 
EI value larger of: 

EI O .2Eclg + Eslse 
1 +Bd · ··· ··· ··· ··· ··· ··· ··· ··· ··· ··· A.C.1(10.12.3) eq(I0-11) 

EI- 0.4Eclg 
1 + f3d ··· ··· ··· ··· ··· ··· ··· ··· ·· A.C.1(10.12.3) eq(l0-12) 

4 Ba @ctored _axial dead load 
factored axial total load 

/3 d= 585.3 = 0.66 
889.6 . 

EI = 0.2(2395.3)(260416) + (20000(2752.8) 
1 + 0.66 =108319812.6 kn.cm 

EI_ 0.4(2395.3)(260416) 
1+0.66 -==249509777.9KN.cm2 

· ··· ··· ···•·· .. (control) 
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Pc= ,r2 x249509777.9 ==30106.15.KN 
(1. 0 * 2. 86 * 100) 2 

!ins~ ( 1-(889.6 / o\5(30106.15) J ~ !.041" I.O (ok) 

~ e min= 15+ 0.03(h) =15 + 0.03(500) = 30 mm 

e usedforthedesign = 30(1.04) =31.2 mm= 3.12 cm 

❖ Now we find the capacity (P,) of the column: 

Cs= As (Fy- 0.85xFc) = 3x2.54(40.0- 0.85X2.55) 

· =288.3KN 

Cc =0.85xFc xb as 
= 0.85x2.55x25xab 

= 0.85x2.55x25x0.85Xb =46X, 

c-co fg"] 
rs-oo. sf""]coo 

4] 
-,I. T=As x Fs ~ 3(2.54>( 60x(:-6) J 

~( 457.2Xb;2743.2) 
The sum of moment about P. clockwi n lSe . · 

(

457 2Xb positive 
- · -2743 2 

x . J21.34+ 46X (0.85X J 
b -1 17 

Bytrial d 2 . -ZSS.3x(l9-3.12)==0.0 
an error the value of X, = 3 

Then: 36.2 cm 
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Cs = 288.3KN 
Cc = 46(36.2) = 1665.2 KN 

T = ( 457 .2 36.2 - 2743 .2) == 381 .42 KN 
36 .2 

The tension force in the opposite direction. 

P, =Cs+ Cs -T = 288.3 + 1665.2-381.42 =1572.0 KN 

Pn = 1572.0 KN> Pn =889.6 KN 

the column is sufficient for the load apply. 

4.5.3 Lateral Ties Selection: 

For <I> 10 mm ties: 

4 S<16db for longitudinal bars 

4L S<48d ties 

l S ~ Least dimension 
S <16d, = (16xl.6) = 25.3cm. 

S <48d,,= (48 1.0)= 48 cm. 

S ~ Least dimension = 25cm ( Control) 

~ Use 1@10mm ties @ 25cm 

ACI-7.10.5.2 

............................. ·················································•············•·· •···················· THE END. 
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4. 5 Design of stairs: 

4.5.1 Stair Part (A): 

. 1 b for 1-m strip and in this project . d one way solid s a fit The stairs is designe a$ 
. . ly supported . the stairs is simp 

1.2 2.8 
S.5 

1.56 

1.3 

Fig.(4-12): Stair Details 

4.5.2 Design Requirements: 

4.5.2.1 Limitation of deflection 

h ~ L/20 =(2.79+0.4+0.4) / 20 = 17.98 cm For simply supported span (ACI­ 
Table 9.5.a) 

❖ Takeh= 15 cm 

0=tan'(15.6/30)= 27.47° 

4.5.2.2 Loads : 

4.5.2.2.1 Dead Loads: 

Dead load of slab= 25 * 0.15 *(I/cos 27.47°) = 4.22kN/ m2 

Plaster= 0.03* 22 *(I/cos 27.47°) = 0.74 KN/m2 

Steps = 0.156 25 / 2 =1.95 KN/m? 
Sand =0.05 16.40 =0.82 KN/y'? 

62 {<4., 



2 
H-mortar =0.03 22 = 0.66 KN/m , 

- 0.03 22 15.6 /30= 0.34 KN/m V-mortar = . · 2 
H-Plate = 0.04 22 33/30 = 0.97 KN/m'. 
V-plate =0.03 22 15.6/30 = 0.34 KN/m2. 

Total Dead Loads= 10.04kN/m. 
Factored dead load= 1.2 10.04= 12 KN/m 

- 
(it Live loads= 5 KN/mi for commercial buildings .and 3.5 KN \m for 

residential buildings . 

Factored live load=1.6 5 = 8 KN/m 

<it Factor Loads: 
Wu= Factored dead load+ Factored live load 

Wu = 12+ 8 =20KN/m 

(For one-meter of the stair slab) 

Cl L : the length of the flight and we sum O .4 m for each side 

So L = 2.8 + 0.4 +0.4 = 3.6 m. 

4.5.3 Analysis : 

Dead lnard 

12. 

o. 
2. 

Live load 
o. 

8.0 

o. 
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a Support Reaction : 
A,=B,= W, L/2 

=20 2.8/2 = 28 KN 
a Using <1>14 bars 
d =15- 2- 0.7 =12.3 cm > select d== 12cm 

a Mmax= Vu* Area 
= (0.4*28)-(28*0.5*1.4) = 30.8 KN.m 

28 

Fig.( 4-13): Loads & Shear Diagram of Stairs 

4.5.3.1 Design of shear : 

av, =a±/r's»a = 07sx' 25.5 x 1000) x (120) = 75.7KN. 
6 6 

<l>Vc = 75.7 KN> V,=28 KN OK 

15 cm is satisfied 

.............................. No shear reinf. is required . ··································· 
4.5.3.1 Design of Positive Moment: 

Fig.(4-13)· M . 
. oment Diagram of Stairs 
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M == 30.8 /0.9 = 26.78 KN.m 
11 

Mu 
»3o-@ 

26. 78 * 10
6 

== l.86MPa. 
8, yo00120° 

fy - 400 = 18.45 
m = 0.85/c' 0.85 * 25.5 

)
!/2] 

__ 1 _[1-(1- 2 *18.45 *I.86 = 0.00487 
Preg - 18.45 400 

1ft' 1.4 
Pmm = 4/y ~ fy 
= 0.00315 ~ 0.0035 

Pmin== 0.0035 control 

0.0035 < 0.00487 OK 

As min =.0035*100*12= 4.2 cm 
. 2 

AS(shrink.age)= 0.0018*100*15=2.7cm . 

O Required As= 0.00487*100*12 = 5.84 cm 
As groviaeay= 6.16 cm 

Asaro»acay= 6.16 cm > A» =4.2 cm 
~ Select <I> 14 ..... @25cm. 

··································································································································•·" 

4.5.4 Development length of the bars: 

L,= ( 4.ff'ca x Px rxdb) (for <1'>14 bars) 
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J 
- 55 45 cm 

( 
400 1 x 1 x 1 x 1.2 Lr . 

4/as.s 

For <I>l2 bars ✓ 5 5) === 47.53 cm 1.2/ (22 . Ld===(400*l*l 1 . 

Reinforcement: . nd Temp. 4.5.6 Shrmkage a 2 

= 0.0018 100 15 = 2.7 cm As · 
2 === 3 14 cm As (provided) . 

Ma Use @10@25cm., . 
'9 'I.' ··········--········ ···································· ················•······••••·· 

4.5.5 Landing design: 

(it Dead loads 
2 (Mortar)= 0.02 * 22 = 0.44 KN/m 

Plate = 0.03 22 = 0.66 
Concrete Plate= 0.22 25 = 5·5 
Plaster= 0.02 * 22 = 0.44 

~ D.L (per meter)= 7.04 KN/m 

~ Live load= 5 KN/? 
Factored dead load= 1.2* 7.04 = 8.45 KN/m 

Factored live load= 1.6 * 5 = 8 KN/m 

~ 
. 

I 
l t l ~ 

(:l' g . 
G ® -= ' ' @ - ® 

@ a ~ 
' ~ © - 

© ® a®I 
' @ S 

G ® 
® 'J/ Gt 

~ - 
t 

tS» 
1. Reaction of the steps slab= 30.3 KN/m 

Wu= Factored dead load+ Factored live load+ Reaction of the steps slab 
= 8.45 + 8 + 30.3 = 46.75kN/m 

2. Mu== Wu L/8 = (46.75 2.6/8 = 39.5 KN, 
Mn= 39.5/0.9 == 43.89 KN.m 

Fig( 4-14): Plan Of Sf airs 
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4,3910° _ 94.8kg/cm. 
R, 013.3° 

I [ ( 2*18.45*24·
8J112J-:=0.0066 

P -- 1- 1- 
req - 18.45 4000 

p req = 0.0066> p min= 0.0035 
2 

3. A, = 0.0066 100 13.3 = 8.8 cm 

~ Use <1>16 bars@20 cm 
2 

As provided)7 IO.OS cm 

4.5.6 Shrinkage and Temp. Reinforcement: 

A, = 0.0018 100 15 = 2.7 cm2 

As (provided) = 3 .14 cm 
~ Use <I> 10@25cm . 

............................ . • THE END. 
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4.5 Design of footing : 
Design of isolated footing : 

4.5.1 Footing Area(F5): 

.1 er is 400 KN/ m2 ,and the overburden soil 
1. Estimate the allowable soi press 

is 1.50m. 

Dead load ==892.6 KN· 

Live load = 445.4 KN. 
Total load =1338 KN. 

2. Dead load factored =1.2 892.6 = 1071 KN. 
O Live load factored = 1.6 445.4 = 712.6 KN 

Total load factored =1783.6 KN. 

a 

2£ 

. Fig ( 4-15): dimension of footi 

3. Column= 55 cm x 30 cm 

Estimate footing to be about 40 cm thick, in addition to about (10 cm) of blinding 
concrete. 

4. Allowable soil pressure = 400 KN/m2 

Assume footing depth 1.50 m and footing thickness 0.50m 
0.5 25 =12.5 KN/ m2. 

1.50 1 8= 27 KN/m2. 

Net soil pressure =400 KN/m? -12.5 KN/m?-27 KN/m? =361 KN/m?. 

Area (A)= Total Weight/ Soil Pressure 

=1338 KN /361 KN/m? 
=3.7 m 2 

L=B = 1 .92 

:. Use: L = 2 m, W=2 m s A=4m 
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4.5 Design of footing : 

Design of isolated footing : 

4.5.1 Footing Area(F5): 

1 r is 400 KN/ m2 ,and the overburden soil 
1. Estimate the allowable soil presse 

is 1.50m. 

Dead load =892.6 KN. 

Live load= 445.4 KN· 

Total load =1338 KN. 

2. Dead load factored =1.2 892.6 = 1071 KN. 
(I Live load factored = 1.6 445.4 = 712.6 KN 

Total load factored =1783.6 KN. 

a a 

2£ 

. Fig (4-15): dimension of footingF7 

3. Column= 55 cm x 30 cm 

Estimate footing to be about 40 cm thick, in addition to about (10 cm) of blinding 
concrete. 

4. Allowable soil pressure = 400 KN/m2 

Assume footing depth 1.50 m and footing thickness 0.50m 

0.5 25 =12.5 KN/ m? 
1.50 1 8= 27 KN/m2. 

Net soil pressure =400 KN/m? -12.5 KN/m?-27 KN/m? =361 KN/m? 

Area (A)= Total Weight/ Soil Pressure 

=1338 KN/361 KN/m? 
=3.7 m 2 

L=B = I .92 

.:. Use: L=2 m, W == 2 m s A=4m 
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4.5 Design of footing : 

Design of isolated footing : 

4.5.1 Footing Area(F5): 

1 r is 400 KN/ m2 ,and the overburden soil 
1. Estimate the allowable soi presse 

is 1.50m. 

Dead load =892.6 KN · 
Live load = 445.4 KN. 
Total load =1338 KN. 

2. Dead load factored =1.2 892.6= 1071 KN. 
(it Live load factored = 1.6 445.4 = 712.6 KN 

Total load factored =1783.6 KN. 

a a 

2 

. Fig ( 4-15): dimension of footing F7 

3. Column= 55 cm x 30 cm 

Estimate footing to be about 40 cm thick, in addition to about (10 cm) of blinding 
concrete. 

4. Allowable soil pressure = 400 KN/m2 

Assume footing depth 1.50 m and footing thickness 0.50m 
0.5 25 =12.5 KN/ m2. 

1.50 1 8= 27 KN/m2. 

Net soil pressure =400 KN/m? -12.5 KN/m?-27 KN/m? =361 KN/m? 

Area (A)= Total Weight/ Soil Pressure 

=1338 KN/361 KN/m? 
=3.7 m? 

L=B = 1.92 
:. Use: L=2 m, W = 2 m s A=4m 
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don shear strength: 
. depth base 

4.5.2 Determine 1 jis.s x (ZOO) x ( d)x (10) =1262.4 d . 
1[,'%-a =075%3 " o W.,=®;/% 

2 < 1.4Allowable soil pressure = 569 1783.6_ 445.9KN /m P., == -- p =- 4 net Area 

KN/m? 
C;t Vu= (Pa) (one way shear area) 

= (445.9 KN/m2)(200)(72.5 - d) 

= 64655.5=891.8d. 

p,=V, 
64655.5 -891.Sd .= 1262.4d 
2154.2 d= 64655.5 ......Use 

Total depth of footing= 30+ 7+ 1 =38 cm. 
5. Select . . h= 40 cm so d = 32 cm 

4.5.3 Check this depth for two way shear action (punching): 

6. Determine Vu for punching shear: 

Vu= Pnet x (Area -(a+ d)(b + d) ) . 

= 4.459 [(200*200)-(55+32)(30+32)] *(10/1000)= 1662.3 KN 
The punching shear strength is the smallest of: 

0 
0 
ol 

Area Of TowWay She at 

Area Of Tow Way Shear 
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7. Where: 

9.= a/6=55/30=1.83_ at (d/2) from the loaded area 
~ b = Perimeter of critical section taken a 

0 

= 2{(32+55)+(32+30)} =298 cm 
~ a = 40... . . . . . . . . For interior column s 

-lf ~) 125.5 2980 320 = 1679.7 KN '. 6\ 1.8sh O9 

= _!_( 40 + 2),J25_5 * 2980 * 320 = 2526.2 KN 
Ve 12 2980/320 

V = _!_ ,7/. 'b d = 1605 .KN Control <+NJ., 
<I>Vc = 0.75*1605 = 1204 KN 
<I>Vc > Vu <I>Vc = 1204 KN < Vu 1662.3 KN not ok 

8. Determine depend on two way shear 
DoVc = Vu 

07s093/50-(@2ss+so 2/),' =4as4 (2oczo)-(ss+a(o+d) ',,) 100 

d
2 

+34.?0d-1557.35:::0.00⇒ d ==38.3 cm 
H =38.3+7 cm-+ 1 = 46.3 cm 

Use: H = so cm and So d =50-- 7 -1 =42 cm 
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C Iculations : 
Check for a d)(b + d) ) . - 2 18 KN 
P x (Area -(a+ 42)] *(10/1000)- 147 . Vu - net 5+42)(30+ 
=4 459 [(200*200)-(5 . h smallest of: 
- · gth is the 

h. g shear stren The punchun 

{fi» 
f ='» 4 .ja\,/a 

(_r .Control 1 fZ d =0.33,JJc bod··· . L y,=-.f.b, 
''"' e 3 

Where: 

=a/ b =55 /30 =I.83 
/J, - . t ( d/2) from the loaded area b = Perimeter of critical section taken a 

0 

= 2{(42+55)+(42+30)} =338 cm 

a = 40 For interior column s 

v.-±[.. [/ass+ssso+ «20 = 2500 KN 
C 6 1.83 

=_!_( 4
o +2J.J25.5*3380*420 =4164KN Ve 12 3380 / 420 

V = ~✓25.5 *3380 * 420 = 2365.6 KN Control e 3 

<I>Vc = 0.75*2365.6 = 1774 KN 

<l>Vc > Vu <l>Vc = 1774 KN > Vu =1472.18 KN ...... OK 

4.5.4 Check transfer of load at base of column: 

pPn= <t>(0.85 fe'Ag) 

<I>Pn ~ O. ?(O.S5)(ZS.5)(550x 300) ~ 2503KN .> 1783. 6 KN= Pu 
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fd 
ls is controlled by minimum reinforcement 

• <I>· on > Pu the area o owe · 
since ? 5 2 

. *A ===O oos*SS*30 === 8 cm 
min dowels = mm g · 2 

ull No ofbars <1>14 js 6 @14. A, ===9.3 cm 

But we can use the reinf Of column. 

9. Determine la 
Category A item 2 ACI (12.3.2). 

Ld === ( fy axf]xyxdb) === ( ~ xlxlxlxl.4)= 27.7 cm. 
4fre' 4 25.5 

Available La = 50-7-(1.4+1.4/2)= 40.9cm >27.7 cm OK. 

4.5.5 Design for Bending Moment: 

The critical section of moment is at the face of column 

«-'®{£ {lJf± EJ 
=(4.459x 200x (200 - 55)) x 0.5(200 - 55) x ( '. 2 2 2 2 lOOOO -234.37.KN.m 

Mn= Mu _ 234.3 
<I> - Q.9 = 260 .4KN.m 

Rn= Mn_ 260.4*10 
6 

bd? 2000 426° 0.74 MPa. 

ms 
0.85/; 

== __ 40_0~ 
0.85*25.5 = 18.45 

f,-4] j ml f-T = P= 18145 1-✓1- 2xl8.45x0.74) 

P =0.0019 400 .... 

< Pmin = 0.002 

72 %3.% 



2 

Req. A,.;, = 0.002 (200) (42) = 16.8 cm · 
2 

No ofbars <I> 12 js =16.8/1.13 = 14.8 cm. 
<,ii Use: 15 <I> 12 in each way As =16.95 cm. in each way 

The distance between bars center to center is (200-5-5)/14= 13. 6 cm 

4.5.6 Development Length (L,); 
Category A item 2 ACI (12.3.2). 

La for <I> 12: 

[Mr]-[, 3 2fr% '\5,53s5'112 [=47.52 em 

Available embedment = (200- 50 /2- 7 5 = . - 68cm > 47.52 cm 

..................................... OK:. ············································ 

..................... ; . ••••••••••••••••••••• THE END. 
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4.6 Design of combined footing (CF1) : 
4.6.1 Determine Loads & length of footing : 

Use L=3.85 m. 
Allowable soil pressure = 400 KN/m 
Assumed footing depth 1.50 m and footing thickness is 0.50 m. 

0.5 25 =12.5 KN/ m2
• 

1.50 1.8 = 27 KN/m? 
Net soil pressure = 400 KN/m? -12.5 KN/m?-27 KN/m? =360.5 KN/m? 

10. The loads which come from 

column C 19: 

D. L == 1064 KN. 

L.L == 709 KN. 

Total factored load = 1772 KN 

The loads which come from column C 20: 

DL=822KN 

L.L=548KN. 

Total factored loads = 1370 KN. 

4.6.2 Determine width of footing: 

Footing width= 3142/(1.4*400*3 85 
Use width = 1 5 · ) . m. 
Area= 1 5*3 8 05 =5.775 m? 
q = 3142/(3.851.5) = =544KN/m? 

'.· / 1 oco/ 185 :-roo-;~ ~ ' I 7 

u 
, N 

I 
I.() ' 75 
N ~ 

= 1.45 m 

Dimension of Combined footing 

< I 4*All ' · owable soil pressure== 560 KN/m· 

4.6.3 Deter · rmine depth b ased one wa y shear strength: 

Assume H= 49 cm 

d == 40-7-1 =32 cm 
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· (CFl) · 
4.6 Design of combined footing'' 
4.6.1 Determine Loads & length of footing : 

Use L =3.85 m 
Allowable soil pressure == 400 KN/m

2 

Assumed footing depth 1.50 m and footing thickness is 0.50 m. 

0.5 25 =12.5 KN/ m2
• 

1.50 1.8 = 27 KN/m?. 
Net soil pressure = 400 KN/m? -12.5 KN/m?-27 KN/m? =360.5 KN/m? 

10. The loads which come from 

column C 19: 

D. L =1064 KN. 
L.L == 709 KN. 

Total factored load = 1772 KN 
The loads which come from column C 20: 

DL=822KN 

L.L=548KN. 

Total factored loads = 1370 KN. 

4.6.2 Determine width of footing: 

Footing width= 3142/(1.4*400*3 85 
Use width = 1 5 · ) . m, 
Area= 1.53.8 .05 =5.775 m? 
q = 3142/(3.851.5) = . =544 KN/m? 

= 1.45 m 

Dimension of Combined footing 

< I 4*All ' · owable soil pressure== 560 KN/rn· 

4.6.3 Deter : rmine depth b ased one wa y shear strength: 

Assume H= 40 cn 

d = 40-7-1 = 32 cm 
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25)=== 372 I(N.m 
Mu=== 1772(0.925)-1370(0.9 I z OK 

KN/m?> 560 KN m not 
3142,,, ?·1sos =644.2 

or 5778 7.13 

use width === 2.5 m 

3142 372 *1 925 --+O+- . 
<>1- 9.625 11.88 

_3142,, 3? ss 
5 '''j 

I 

0 
tO 
N 

=386.7 KN/m? < 560 KN/m? 

= 266.14 KN/m? < 560 KN/m? 

, 100 I 185 / 100/ 
/ 

Fig.(4-14) :Geometry of combined footing 

1-i- <I>Vc = <I>]_flb * d = 0.75 x !-J25.5 x (250) x (d) x (10) = 1578 d. 
6 6 

P Pu 3142 z . • 560 KN/m2 
net = Area = 9_625 = 326.4KN Im < 1.4* Allowable soil pressure= 

11. Vu= (Pnet) (one way shear area) 

=(3.26 kg/ m 
2 )(250)(75 - d) ·= 61125 -815d. 

<l>Vc = Vu ........ 61125 -815d .. = 1578d 
d=25.5 cm 

Total depth of footing= 25.5+ 7+1 = 33.5 cm 
Select .. h= 40 cm sod== 32 cm . 

At d== 32 cm Vu= 350.5 KN 
== 505 KN > Vu= 350.5 KN 

.......... OK<I>v 
C 
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4.6.4 Check shear strength based on tow-way action (punching): 

Check punching shear under column 20 at the d/2from face of column 

Vu = 403 KN. The punching shear strength is the smallest of 

r- }'Z» c (6 Pc '\/fc'o 

' V,=--.f,b,d 
C 3 C 0 

f.Z =0.33 b 0d · · · · ········ .. Control 

Where: 

Pc= a/ b = 50 / 25 =2.o. 
b o = Perimeter of critical section taken at ( d/2 fr 

= 2{ (32+50)+(32+25)} - ) om the loaded area 
=278 cm 

u,=40 For edge column 

pVe= 0 75 x o ~ ( · .33-v25.5(278)(32) 100 J- av iooo)' 112KN. 

Ve>Vu 1112 KN > 403KN ..... OK 
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of right column tat face men in force ·tudinal re• 5 Main long! 4.6. 

t- 
84.8 

-702.5 

.. 

dshear for CFl Fig.(4-14): Moments an s 

M = 286.6 KN .m u 

fy = 400 = 18.45 
m = , 0.85 *25.5 0.85fc 

Mn 257.8xl06 =1.24Mpa "aw os» 2soo szo 

Jr E] 
=_!_(1- /1 2xl8.45xl.24J = 0.00319 iss %' «oo 

As req = 0.00319 25032 = 25.5c? 

~ Use 13 <I> 16 (bottom reinforcement) 
The distance between bars center to center = (250-15)/12 = 20 cm. 
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4.6.5 Development Length (L, ): 

Category A item 2 .. • •·· ·· · ·· · ··· · ..A01 (12.3.2) 

Ld for <I> 16: 

12.Ld = ( ~ a x p x r x db] === ( ~ x 1 x 1 x 1 x 1.6) = 
63 4 

2f'€ \2/25.5 3"um 

Available embedment == 100-25 === 75cm > 63.4 cm 
:. OK 

-151lkN 

93l,EL.l"I 

t t t r t t 
1256.7kn\r4] 

I 
'! 
Design or reinf. In the other d" . irection (Y): 

Mu =795 KN .m 

s. • = 0.8s,/ 
400 

0.85*25.5 = 18.45 

Rn == M \ == 795 X 10° 
6bd' O 9 - 3850 3F °2.24Mpa 

! T) 

Fig.(4-15):shear and bendi 
d
. ng moment 
iagram 
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1 ( 2x18.45><2-2~J==o.00592 
P ==- l- l-- 400 

18.45 
2 

As req = 0.00592 38532 = 73n­ 

No. of <1>20 bars== 23.2 bars 
ISrij Use 24 @ 20 (bottom reinforcement) 
~ The distance between bars center to center= (385-15)/23 = 16 cm. 

4,5.6 Development Length ( Ld ): 

Category A item 2 ACI (12.3.2). 

Ld for <I> 20: 

_ ( fy J ( 400 ) Ld - r-;:;: cx $xyx db = --- x 1 x 1 x 1 x 2 = 79 2 
2f'c 2/25.5 >?U" 

Available embedment = (250-25)/2-7.5 = 105cm > 79.2 cm 

0 
O 
C'\J 

[ 

' 
' 

l 

~ 
' 

' ~ \ 

' 385 
> 

Fig.(4-16) :Details for c . ombmed footing CFl 

:. OK 

····························•····················•· ··················· ········••·•·•··•··•· THE END, ························ 
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. of strip footing: 
4.7 Design ll)*(lm wide)* (ye) 

s of wa . ht) * (thicknes 
d load = (he1g 

~ Dea *l *25 
=23.,40.3 
175.5 :KN/m. - KN\m 

* 17 5 5 =210.6 ) 
d Dead load =1.2 ' run) (no. of floors Factore . d for one meter 

d= (live loa Total live load! ;KN 
== ( 4) * (7) = 28 . 

. = 1.628 = 44.8 KN\m. Factored hve load . 
«3load =204 KN IKN/ 

Total service = 44 8+ 210.6 = 255.4 m. 
~ Total load factored . 

pgNssA» 

729kn 
808kn 

255.4kn \r 

I I 
380 f I 4000 ) 330 

) ( 

3100, 

Fig.( 4-17): Geometry and loads of strip footing 

4.7.1 Determine the footing width: 

Allowable soil pressure = 400 KN/m2 

Assume footing depth is 1.50m and footing thickness is 0.25 m. 
0.25 * 25 ==6.25 KN/ m2. 

1.50 18 = 27 KN/m2. 

Net soil presser = 400 KN/m? -6.25 KN/m?-27 KN/m? =366.75 KN/m? 

Width of footing 20+ .6.55 , 
366.75 

Al m =0.55 m? 
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A= 0.55m 
Use A=== 0.6 JD=== 60 cm. . 

ined of the contact pressure. 
~ Detertnt 

255.4 6
kN I m2 < I.4*400= 560 kN / m 

P,, ===-==425. 
p -- *l net - Area o.6 10 

l r::, _ 75 x 'J._ jis.s x (100) x -(1 OOd) = 63. l2d 
ow,=4-\f.b,d = 6 1000 

w-bw ) 
Vu == (Pnet) (( 2 )-d 

== 42.56* (( 0-6; OJ)- d) ==44.38 (0.15 - d) 

Vu== <I>Vc 
44.38 (0.075 - d) == 63.12d 

d == 6.7 cm .. 
h = (6.7 +8(cover) + 0.5 +1) = 16.2 cm so select hmin = 25 cm 

d =25-8-.5-1 =15.50 cm. 

4.7.2 Determine reinforcement for moment strength: 

Mu = (Pnet) ( w - bw ) ( w - bw ) 
2 4 

= 425.6 * 0.15 * 0.075 = 4.788 KN.m\m. 

Mn= Mu,ec - 4 78 
~- • 8/ 0.9 =5.32 KN .m\m 

m= = 400 
0.85 * Jc' 0.85 2s s 18.45 

Rn= Mn 
b a? 

Rn= 5.32x 10° 
1 =0.22 000 (155y? 
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_]_(1-f¥> ~pmin=0.002. 
p - m 8 45)(0.22) y = 0.000556 2(1 · 

1 (l _ 1 - 400 
0 

m2 
-- 0-31 C P - 18.45 * JOO* 15.5 - . 

* b * d === 0.002 
Areq === P / 

3.10 === 3.92 bar m 
# of bar <I> 1 0 === 0,79 

use 4 <I> 10 -(15/2)/3 ===28.3 cm 
f bars === 100 Fi..--= Use <I> JO: 28 cm. 

@ 
i l j jj I I j j Ill 

s[ @ 

I I 

'--I I ., 
Sec A­ 

an 

Fig.( 4-18): Details of strip footing 

4. 7.3 Design of longitudinal bars: 

As=p*b*h 

= O. 002 * 60 * 25 = 3 cm2 

No of <1>10 = 3/.79 =3.79 bars. 

Spacing of bars = 60-(15/2)/3 =15 cm 

Select p10 a 15cm (2) Down and (2) up. 
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4
_
7
.4 Design of dowels bars : 

2 

As min (req) 0005 100 25 = 12.5 cm . 

# of @ 14= 12.5/1.54 =8 bar 

Ld == (· ~axpxyxdbJ == ( ~xlxlxlxl.4]=27.7.cm 4ff'6 4255 
Ld available =25 -8 -1.5 =15.50 cm <27.7 cmL. 
So we must increase the length of steel by using hock 15 cm . 

···············································••··· ·······•···•····•·•·•·····•·•·•· 
••••••••••••••••••••••••••••••• THE END. 
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:. der stair's : 

D 
·gn of Mat footmg un 4.8 es 

Load calculation : 
- *0 2*2.0*2.20 === 22 KN 

Slab Weight (D.L) =25° 7 

~lab Weight (D.L) Im on the wall = 22/ 

{(2*2.0)+(2*2.2)} = 2.61 KN Im. 

Total (D.L)of the Wall = Wall Height* (W) (yc). 
=(23.4) 0.2 25 =117KN /m. 

Stair reaction (D.L) = 42 KN/m. 
Stair reaction (L.L) = 6.5 KN/m 

Live load of the lift = 10 KN . 

Live load of the lift /m = (10 / 8.4) = 84 KN/ m. 

Live Load acting on the Slab= 2*2.0*2.2 = 8.8KN. 

Live Load acting on the Slab/ m of the wall= 8.8/ 

{(2*2.0)+(2*2.2)}= l.05KN/m 

Total Dead load= 162 KN/m. 

Total live load = 92 KN/m. 

P = 162+92 = 254 KN Im 

P = 254*8.4 = 2133.6KN. 

I 
o ol i 

220 
I 

1- 

Fig.( 4-19): Dimention of ma! 
footing under stair 

- 
2.800 o---j 
0 

1 N 

I I 

\A A 
2.600 ~ 

a 

[ l 9 9 
\ 

I =-- 

B-..:::- -- 
Required area= p 

I 
B C = Fig.(4-20) :Sections of ma! foot~ 

A . · 2133.6 I 400 =5.3m under stair 
provided= 2.6*2.8 = 7 28 2 . · m > Areareq Tot lF ······ ············ OK. _a actored load for one . =314.6KN\m.meter stnp= l.2*DL + 1.6* LL= 1.2162+ 1.692 

A- Desig · nan X- Direcf 1on, 

Check of Be . 
anng capacity for Sect· ton a-a. 
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E. 

Vu= 

Let\u 

159.66' 
So. d=0,75, 

' 
Assume 0 .... : 

h req = '.:5 -~ 
Select h= s ,' .- 



KN/ m ar== (2*314.6)/(1 *2.8) === 224.7 . 
* c= 560 KN/ m).......0K. 

(o, =224.7KN/ m) <(14 
Section A-A.4omnd that the shear 
From atir software wetO ,, re . 
Envelope is as shown tn the 1guI • 

18, 

Fig.(4-21): Shear envelope of mat footing under stair 
Section A-A 

Estimation of footing depth: 

Vu =159.6 KN. 

1 {"7" 1 dW,=4;f.bd =0.75x-/25.5 x (1000)x (@) = 63.12d 

Let Vu= <I> Ve. 

159.61° = 63.12 d 
So, d = 0.253m = 25.3cm. 

Assume D12 for main reinforcement. 

h req =25.3+1.2+ 8 + 0.6 =35.1 cm. 
Select h = 40cm. 

d req =40-8-1.2-0.6 =30.2 · · cm>25.3cm................ 0.K .................... 
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Design of reinforcement% 
. h moment envelope of this section is as th 

. re we found that t e e 
By using atir softwa 

following figure, 

WI 

18. 

Fig.( 4-22): Moment diag. of mat footing under stair 
Section A-A 

1- Design of positive moment: 

Bottom reinforcement ( in X direction). 

Mu= 18KN.m/ 1 meter strip, (At the face of support). 
Mn req =Mu/ 0.9 = 18/ 0.9 = 20 KN.m. 

R»= Mn_ 20x10° 
bd2 1000*3022 =0.22MPa 

1 _ 2 * 18 .4 s * o . 22 J = 0. 0001x 
400 

req =0.000553 

As req == 0.000553*(100)*(30.2) == 1.7 cm° 

A - ffe sa'"-bwas\.4bw a 4f < 
y Jy 

A - -!ifs " -,, "\9930.2 > 14 100+30.2 
400 =?4,,=9.53>10.6 
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select 4,,,=10.6cm 
1.3 As req ==I.3*1.7 == 2.21 ~ As min· 
As used must be > As required for shrinkage & temperature reinforcement. 

2 

As shrinkage== 0.0018*100*40 == 7.2 cm · 
2 

2.21 <7.2, So use As= 7.2 crn . 
Required # of <I> 12 bars = 7 .2/1.13 ~ 7 bars. 

,il So , use <1>12 @15 cm for bottom reinforcement in X direction. 

As provided== 7.53 > 7.2 OK. 

2-Design of negative moment :­ 
Top reinforcement ( in X direction). 

Mu = 94.4KN.m/ 1 meter strip, (At the face of support) 
Mn req =Mu/ 0.9= 94.4/ 0.9 = 105 KN.m. . 

Rn= Mn _ 105x10° 
d? 100030° l.15MPa 

fr-,# j- 4 " sas ' 1-2*18.45*1.15)- ' 400 [=0.00 

P req =0.00295, 

As , = 0,00295(100)(30. = .2) =8.94 cm 2 

A - ffe 
s min - 4 * f * bw * d z: 1.4 * bw * d 

y fy 

A_25.5 
smm- 4*400 *100*30.22: l.4*100*30.2 

Select A,=1 400 ⇒As min= 9. 5 3 ~ 1O.57 cm 
2 

s» 0.57cm 
13* As . req ===I.3*8.94 === 11 63 
So · > A , use As min= smin . === 1O.57 
As 10.57 cm? 
s Used must b e> As required for . shrinkage & temperature reinforcement. 
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2 

40 = 7.2 cm 
e::::: 0.0018*10 2 

As shrinkag - 10 57 cm . 
So use As · 1 ~ 6 bars. . 

10.57 > 
7
-
2
, _ 10 57 / 2.0 · X direction. 

. d # of <I> 16bars - . T p reinforcement 1n Requnreu ;a 15 cm for 'IO 
~ So, use <1>16 OK 

-13 4 > 10.57 . As provided7 · 

;, :%y.Direction. [@14.6 ¢ B- Design 1n 
. b . for Section ' 

k fBearing capacity Chee o 
2 b. * 60)= 242KN/ m . <>1 = (2*314.6)/(1 2. - 

(1 4*B C = 560) OK. (<>1 =242) < · · 

. ftware we found that the shear From atir so . 
Envelope is as Figure. 

1 60 
O 

L s5,7y IY 

-242. 

242. 

Fig.(4-24) :Shear envelope of mat footing under stair 
Section B-B 

Because the shear action is the same we use the depth of mat = 40 cm · 

Design of reinforcement; 

By using atir softw fi : ·tionis as the following figure, are we found that the moment envelope of this sec 1 
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49.4 

Fig.(4-25): Moment diag. of mat footing under stair 

Section B-B 

3- Design of positive moment: 

Bottom reinforcement ( in Y direction). 

Mu= 19.4KN.m/ 1 meter strip, (At the face of support). 
Mn req =Mu/ 0.9 = 29.4/ 0.9 = 21.5 KN.m. 

R» n_ 21.5x10 
bd2 100*21.42 = 0.236MPa 

P reg =0.000594. 

As req = 0.000594*(100)*()0.2) =1.8 cm 2 • 

A - ffe 1 4*b 
s min - - * bw * d > · w * d 4*f ----- 

y fy 

1 _ 2 * 1s .45 * o .236 J = o.ool 
400 

A _N25.5 
·""4+,,\9030.2 ± 1-4100 30.2 ⇒A -9 5 57 2 

400 smin- . 3 ~ 10. cm 
Select A . == 10 57 2 

s min • cm. 

1.3* As req =1.3 1 8= 
· -2.33::; A . 

s min 
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As ,.,, must be > As required for shrinkage & temperature reinforcement 
2 

As shrinkage=== 0.0018*100*40 === 7.2 crn . 
2 

72 <2.33, So use As = 7.2cm · 
Required # of <I> I 2 bars = 7 .Zf J.l 3=7 bars. 
So, use <1>12@ 15 cm for bottom reinforcement in Y direction. 

As""'"''= 7.53 > 7.2 OK. 

4-Design of negative moment :- 

Top reinforcement ( in Y direction). 
Mu =101.6KN.m/ 1 meter strip, (At the face of support). 

Mn req = Mu I 0.9 = 101.6/ 0.9 = 113:KN .m. 

Rn= Mn_ 113xl0
5 

bd2 - 1000 * 3 022 = 1.23 1\1Pa 

f-'h p req =0.0032. I 8 .4 5 - 

1 - 2 * 18 .4 5 * 1. 23 J 400 = O.OOJl. 

As req = 0.0032*(100)*(30 2) _ . =9.6cm 
A - .ffe . 
smin--4* *bw*d > 1.4*bw*d f - -· 

y fy 

A_25.5 
smm- 4*400 *100*30.2z: l.4*100*30.2 

Select A, •• = 10.51cm'. 400 4.,=9.53 > 10.57cm 

1.3* As req =12.51 . >4 So •mm= 10.57 
'use As re - . 

As q=10.57 cm? 
used must be > . Asre · 

As atnas. , I@ired for shr; 
se = 0.0018 s tnka 10 · 8 I00*4 - ge & temper . 57> 7.2 S O -7.2 cm? Tature remforcement. 

O use As Cm s=] =.0.57cm? 
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Required # of <I> 18 bars ~ IO. 5 7 I J. 54 "' 5 bars. 
So, se @18 @ 20 cm for Top reinforcement in Y direction. 

Assa&a =12.7> 10.57 .................0K 

····························•···············•······•········•·····•···•· 
·········•·······•········ ................. T'ffE E ND, 
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(4. 9) Design of Basement wall : 

4-9-1- Loads Calculation:- 

'Y .,, = I 8 KN /m". (Unit weight of soil ) 

<I>== 30° (For granulated fill) 
H== 4.85 m (Height of Basement Wall) 

Y water== 10 KN/m 

±0.00 

69.E 

Fig(4-26) :The B - - asement wall 

Ko== 0.5 (FROM TABLE -Vertis ical Earth - pressure (o,) = * 
- 87.3 KN/m2 y If= 18 *4.85 

-H . onzontal E arth 
O,=G pressure 

V Ko= 87.3 * 
== 43 65 0.5 · KN! 2 
Li» /mn 
live load = j 2.5 KN/n", 



a% to live load. 
[ earth pressure accord!lB 

-Latera 2 
5 == 6.25 KN /m'. KN I 2 0512.. _ 543.65=69.84 m. 
d rth pressure load=l. .2 

.Factorec ea d === 1.66.25 = 10 KN/ m • 
I rth pressure l0a6 ' 

.Factored lateral ea 2 p, = 10 4.16 = 41.6 KN / m. 

.Pressure of the water =/ water 

4-9-2- Determination of wall thickness' 

. . f II thickness must be done according to the most dangerous 
Determination ot wa 

state of loading . 

Case 1:­ 
At the first we will assume that the well is empty , and the earth pressure is the 

only load acting on the basement wall. 
By using atir software we found that the moment envelope, For one meter strip 

,Due to Earth pressure is as the following figure. 

See figure 

Case 2:­ 

we will assume that the well is Full , and there 

is no soil pressure ,so the only load acting on the 
basement 

wall will be water pressure . 
By using Atir s ftw o are we found that the 
envelope, moment 

for one meter strip D 
We Jue to water pressure 

e can notice that th . . e case # 1 • 
Inaximum moment gives the 

envelope s h . o, t e determinat; 
thickness, will ,, ""Jon of the Wall 

' 1 e according to case # 1. 



02 = 0.01 0.5 0. 
:::: 0.5 prnax 5 

Assume p 0.01 18.45, 
-=18.45. p * m == 0.01 * 400 * (1- 2 »0-5? Rn desired p 

=3.63 MPa. 
- =69.8 KN.m 68 KN m The moment M' 1.669.8=111. . 

d moment Mu - . 
The factore 6 - 18 5cm. 

lll.68*10 ==185mm- · 
= = 9 * 3.63 1000 d req - 0. · 

· forcement. a» 12 for main rem Assume ? 

+0 6 +3 ==22. l cm. 
h, =18.510.6 .(AC1-318-14.5.3.2). 

5 > 190mm .. select h= 2 cm · 
5 0 6 3 == 21 4 cm. Available d == 2 - · - . 

Design in plain Concrete:- . 

-Internal Forces:- 
~ Mu = 134.1 KN.m. 
~ Vu= 136 KN. 

- I 2*21 5*0 25*25 =162 KN. ~ Pu (Weight of the wall) . · · 

..M_1Bl ogre"?- 416a 
Pu 162 6 6 

~ (e > b/6)> So we must reinforcement this wall 

¢Vn'c. Vu (ACI-318-22.5.4)(Eq-22.8). 

¢,Vn = 0.55 * 'i)fif * b * h (ACI-318-22.5. 4)(Eq-22.9). 

. n of . h direcuo Where b = L W=> (Lw: - is the length of basement wall m t e 
action). 

n =0.55+'45s.s+1o00+2so = 77.2KN <(u = 136.0KN) 

- 
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A/n= o 55 • ~ 1z5.5 • I ooo • H "(Vu = 136. oKN). -+ H = 44 5 
!' '' cm> 25 

Cm 

11ii! So, the H= 25 cm is not enough & Reinforcement must b . e provided 

Desi n of reinforcement accordin to Earth ressure : 

Mu== 134 KN.m . 
Mn req == 149 KN.m 

R- • " b-a 
14910° 

Rn == 1000 * 2142 == 3.25MPa. 

±-r) 
p == _1 ~(1- 11 _---=-2-:-* 1-8-.4-5_*_3 .25 J' 

18.45 400 = 0. 00885 

As req = 0.00885* 100*21 - .4 - 18.94 cm 

As min= .JR bw I 4 . 
4(jy) ( @ "5 (bw)(d) 

As min= ✓25.5 
4(400) (I00)(28.7) > 1.4 As · - 400 (l 00)(28. 7) 

mm=906 >10 
As min== 10 cm? 

As 4> As . U nun ..... 
se As =18.94cne OK. 

As · 
used must b e> (0.0054 = =10.70m-)..........0K. 

So use A s === 18.94 cm2 

Fig.(4-27): Envelope 
for Moment 
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iii {Jse 016@10 clll• 
As c,,.'""'' ~ {I oo/10)*2. 0 I 20.1 cm.> As "" OK 

Desi n of reinforceJllent accord in to water ressure: 

Mu = 74.25kn.m. 

Mn., =88.5 KN.m 

R-We, 
" -d 

88.510° 
"1coo +a1? -93MPa. 

·A p = - _l -(1 - 1-_--::2:--:::*--:-1- 8.4_5_*_1.-93 -] 
18.45 400 = 0.00506. 

As req = 0.00506*100*21 4 - · - 10.83cm2 

As min - ffe 1 · 4(.tj,) (bw)(d) :c, ; (bw)(d) 

As min= ✓25.5 4(400) (100)(12.4) ~ 1.4 As · . 400 (l OO)(l 2.4) 

min = 3.6 - · 2 ~4.13 
As min= 413 2 · cm. 

As 4> As ~ mm . 
So use A _ ·············OK s=6.2 2 · cm l:i . 

A Use 012 
S(provided)=== (1 @IO cm 00/10)*1 . .13 === 1I 3 cm?> · As req . ····· OK . . . . . . . 



J!_esign of Sbear,J. 

O Vu ==== 136 KN. 
d == 25_3-o.6 == 21.4 cm== 214 mm. 

/4Vc = o.75* !..,!25.5 * 214 * 1000 = 135KN. 
~ 6 . 

Vsmm= !..•(Mpa)*b*d =!..•214*1000= 71.3KN 
3 3 

(¢Ve== 135 KN)< (Vu == 136 KN) < 

( ¢Vc+¢Vsmin=206KN). 
(it Complies with Category (3). 

6V,+6V, 2 V, 

135 + /s >136 

¢Vs= 1 KN 

Vs= 1.5 KN 

Av req = 1500 
S 0.75 * 400 * 214 = 0.023cm 
A,, 
-S mm=0.0025*25- -0.0625cm 

A, A -req v . s -< smm 

A. 
smm== 0.0625 · cm is controlled 

S mm== Lw _ 100 s, =20cm 
S min == 3 *h - * - 3 25 == 75 

f!ii S cm 
elect 2<1>10 /15 

Av 2*0 cm: -== .78 
S l5===0.078~ A my y · 

'min= 0.0625cm D. 0,a1U 
Fig.(4-27) :Shear 

for Basement 
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........................ (ACI-318-11. 10,9.3 ... ... /5 . -S used< LW .. . OK. 
js <10o/5 =20 cm)._............ (A€1-318-11.10.9.3) 
S d < J*h ······ ... ... ... ... ... .. 0 
-use K. 
15 < (3*20 == 75cm) · · · · · · · · · · · · · · · · · · · 

..............,,-....................... (ACI-318-11.1093, 
-Sa <50cm........... 

.......................................... 0.K. 
-15 < 50cm ··· · 

4",,s ("min =00025h) .........(AC1-318-11.8.4) 
s s 

2 * 0.78 '2:0.0025* 25⇒ 0.104cm 2::: 0.0625cm 0.K. 
15 

t;;:;J So Use Horizontal Reinforcement 2<1>10@15cm. 
' 

In the other direction (Horizontal )provide shrinkage and temperature 

reinforcement 

p = 0.0018 

As= p* b*H 

As= 0.0018*100*25= 4.5 cm /m 
~ Use 12 @20 cm> 010 @lS .c-. h . tor shear reinforcement so use 
~ Use 012 @20 

ASarona«ay = (100/20)1.13 = 5.65 ? ] · cm 'm > As 
(. b req 
m oth faces of the bas ement wall). 

···················•··· .••••...••.••••••••••••••••••••••••••• THE END, 
············································ 



(4-10) Design of shear wall : 

By analysis and calculation the magnitude of earthquake force is . d . b . greater th 
wind force , so that the design use is to e resist earthquake force . ~ 

Determination of location of shear centroid : 

o 1.2#" L1x 

(j y = LY* fy 
L1r 

r 

" X 
FRy=1KN 

=T«6 a aaa 
I I Frx=lKN 

I 
I 

For wall no 1 : 

1. Ix== (b*h3 /12 
x-LX*J 
- X 

L1x 
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X X Jy y Y 
No of wall Ix 

7.61 8.0 60.88 0 4,95 0 
1 

0 9.4 0 0.3 1.2 0.36 
2 

- 3 3.42 10.8 36.94 o.o 3.9 0 

4 0 9.3 0 0.3 6.9 2.07 

5 0.1 10 1.0 0 7.92 0 

6 0 9 0 0.1 8.7 0.87 

7 82.96 22.92 1901.4 0.0 7.92 0.0 

8 4.92 0.18 0.86 0 6.76 0 

3 99.01 2001.1 0.7 3.3 

2001.1 
X 99.01 = 20.21m 

3.3 
Y ono 4.71m 

E, =8.66 m 

E, =3.37 m 

Part of translation to FRx & Fry : 

o, &+1, 
Y 

o, "Bu, 
3» 

Part of rotation: 
duetoM -31.. . 

Xa ? q, 

l Qy= _Mr, ] » - m r Y lvJ 
'» 
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-~ 4 Q Iy 

pue to MYm 3 Jy 
My,A,' 

Q»=- I, 

My,I,Xg 
Qr= I 

W 

° 1%=El»Ya+E Mo 

X 1X® Iv Y 1Y IyY 
wall Ix X 

12.21 92.92 1134.5 0 -3.51 0 0.0 
1 7.61 

2 0 -10.81 0 0 0.3 0.24 0.72 0.017 

3 3.42 - 9.41 - 32.18 302.8 0 -0.81 0 0.0 

4 0 -10.81 0 0 0.3 2.19 0.66 1.44 

5 0.1 - 10.21 -1.03 10.42 0 3.19 0.0 0.0 

6 0 - 11.2 0 0 0.1 3.99 0.4 1.59 

7 82.96 2.71 224.82 609.3 0.0 2.0 0.0 0.0 
8 4.92 -20.04 -98.6 1975.9 0 3.21 0 0 
3 99.01 0.1 4033 0.7 1.78 3.05 

lw == 4033+ 3.05 == 4036 m6 
Torques due to q,, 
Mx,=FRx e, 

=] *-8.66 === -8.66 
MY KN.m 

»=FRy ex 
=] * -3.37 = -3.37 

KN.m 



~ part of wall of each shear wall : 

Loads in X- direction 
FRx = I KN ,Mx» -8.66 I(N.m 

FRy I 
a straws'ato 57] 

Wall Jy FR, I» (FR»I)/EI 

1 0 0 0 

2 0.3 0.3 0.429 

3 o.o 0.0 0 

4 0.3 0.3 0.429 

0 0 0 

0.1 0.1 0.149 

7 0.0 0.0 0 

0 0 

Part of rotation . d . ue to t: 

y* 

5 



2.0 

3.21 

:. due to MX: 
Part or rotation" </ii? 

X 
0.2 12.21 

1 
0 

0 -10.81 2 
0.07 3.42 -9.41 3 

-10.81 0 0 4 
0.0022 0.1 -10.21 5 

-11.21 0 6 0 

82.96 2.71 -0.482 7 

4.92 -20.04 0.211 8 

~ Part at each wall due to qx : 

Qxt = part of translation + part of rotation 
» Qxj(for wall # 1) = 0.0+ 0.0 + 0.2 

=0.2 

» Qxy(for wall # 2) = 0.429 + 0,00015 + 0.0 
=0.429 

Qxs(for wall # 3) =0.0 + 0 + 0.07 
== 0.07 

Qxa(for wall # 4) =0,429 + 0.0014 + 0.0 
== 0.43 

► Qx,(for Wall# S) ~ 0.0 +O +0.0022 
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0.0022 
11 
# 
6
) == o. l49 + o.ooos6 + o.o 

» Qxc(for wa 
=0.15 

► Qx,(for wall# 7) ~ 0.0 + 0.0 -0.482 
= .9,482 

Qxs(for wall # 8) ~ o. o +o. 0 +0.211 
=.0.211 

I, Qx == 1 KN . ··············· ..... OK 

O Part of each wall due to load in Y-direction : 

q, > FRy=1KN 

Wal 
I 

1 Ix FR, I (FR» Ix)/EI 

1 7.61 7.61 0.0775 

2 0 0 0 

3 3.42 3.42 0.035 
' 
4 0 0 0 

5 0.1 0.1 0.001 
- 

6 0 0 
~ 

0 

7 82.96 82.96 0.83 
....__ 
8 4.92 4.92 
sols»so» 

0.05 - 
-'-------- - - 

My== 3.05 KN .m 
lw= 4085.8 n' 

Wall 1, 

1 

2 

-(Mv/ lw)*I * yx -3.51o 
0.3 0.24 

104 .4, 



3 

4 

5 

6 

7 

8 

o.o -0.81 0 

0 

(it Part of rotat10 
/w)ix Xi ] on (My/ w) wall I X 

0.08 7.61 -12.21 1 
- 

0 -10.81 0 2 
- 

I 

3.42 -9.41 0.027 3 

0 -10.81 0 4 
' 0.1 -10.21 0.008 5 

6 0 -11.21 0 

7 82.96 2.71 -0.186 

8 4.92 -20.04 0.082 I 
1 

on Qy due to Mx : 

Qyt == part of translation + part of rotation 

Qy(for wall # 1 === 0.077 +0.08+ 0.0 
=0.157 

Qy(for wall # 2)=0.0+ 0.0 + oo 
=0.0 

Qya(for wall # 3) = 0.035 + 0.027 +o 
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=== o.062 +o o 
+0.0 · # 4) === o.o 

(for wall p» Qy+ 

=0.0 O 0 + 0.0 
=0.001 + · 

(for wall # 5) - . 
p» Qys( any] 

= 0.00 
- . 0 + 0.0 + 0.0 

11 # 6):::: 0. (forwa . p» Qy 
== 0.0 86 

= 83+ 0.0-0.l 
Q (for wall #7) - 0. D> 'y7 

== 0.644 
:::: 0.05 + 0.0 +0.082 » Qy(for wall #8) · 

== 0.132 

1 KN OK I Qv = . 

ITT ht:­ 4-10-4-Calculation of Floors 'eig! . 

► For the Basement Floor:- 

Total weight of the Basement Floor= 4253 KN. 

► For the Ground Floor:- 

Total weight of Ground Floor= 3000 KN. 
► For the first Floor:­ 

Total weight of first Floor =4253 KN 

► For the second Floor:­ 
Total weight of second Floor = 5266.7 KN . 

Total Weight of second & repeated Floor = 3 * 5266. 7 = 15 800 KN. 
► For the final Floor:- 

Total weight offinal Floor = 3933.3 KN 

"m«for an,,,_, .5c9a" 
U0rs =4253+ 3000 + 4253 + 15800 + 3933.3 = 
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* 1 :::: (0.15)* w. 
65+033{ .15y. =0.15316394= -,, uBsc30-1) .... ····· 4745.91 KN. · · · · ·.... . . . . . . 3h 

Fx::::{V - F)wxh/Z::=1 W; I 

~ ( U.B.C-30-14) . . ... ... ... ... ... ... . .. .. ... . F, == o.o7*T*V .. 

5.9= 79.4 KN. F, == o.01*0.239*414 . - . 

Ywh. 5) + (465310.01) + (5266.7*13.13)+ =,42534,29) + (3000 7.1 
( * + 3933 3*22.49) = 396190.4 KN.m. 

(5266.7*16.25) + (5266.7 19.4) ( . 

► Basement Floor. 

Fa= [745.91- 79.4)* 4253*4.29] / 396190.4 =214.9 KN. 

► Shear Force at Basement Floor. 

Fx2= [(4745.91-79.4)* 3000*7.15] / 396190.4 = 252.65 KN. 

► Shear Force at Ground Floor. 

F x3 = [(4745.91-79.4)* 4653*10] / 396190.4 = 548 KN. 

► Shear Force at the First Floor. 

F,=\4745.91-79.4) 5266.713.13]/ 396190.4 = 814.5 KN. 

D> Shear Force at the Second Floor. 

Fxs= [(4745.91-79.4)* 5266.7*16.25] / 396190.4 = 1008 KN. 

► Shear Force at the Third Floor. 

F,, ~ [(4745·91-79.4)* 5266.7*19.4] / 396190.4 = 1203 KN. 

► Shear Force at the Fourth Fl F oor. 
%> [(4745.91-79.4)* 3933.3*22.49] / 396190.4 = 1041.9 KN. 

a Load Calcut . 
Pa 4ationof Wall(Sw3, 
art of load for wall 'W3' : 

( ), due to(qy) = 0.157 
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Gaa or Wall (W3) 

F - 4 9 *0.157::::: 33.7 I(N. ► xi- 21 . 

Fa=2526s 0.157 =39.7 KN 
► p;_= s48o.157=86 KN 

x3 

► f === 814.5*0.157::::: 127.87 KN . 
x4 

► f ::::: 1008*0.157::::: 158.26 KN. 
x5 

► f ::::: 1203*0.157::::: 188.87 KN. 
x6 

» R.=1041.9 0.157= 163.58 KN. 
x7 

at basement Floor. 

at Ground Floor. 

at the First floor. 

at the Second Floor. 

at the Third Floor. 

at the Fourth Floor. 

at the Fifth Floor 

Note: - the Design will be for the Basement part of the Shear wall. 

4-10-5-Design of Reinforcement:- 

-Internal Forces:­ 
Mu = 12881.96 KN.m. 

Vu= 797.98 KN. 
Pu ye e1ghtoftheshearwall) = 1.2*7 7*0 2* . . 22.49*25 = 1039 KN. 

1- Design in plain C oncrete:- 
6/n> Vu ..... . ... . .. ... . 

¢ 

... . \'Vn = o 
55 

* I r;::; (ACI-3 I 8-22.5 .4)(Eq-22.8). 

" '3Vfe'bi 
Where b=Ly- .(AC1-318-22.5.49(Eq-229) 

=> (Lw:- . . ts the length f . 
/n =0.55+.} r;;:-:, 0 shear wall in the direction of act@ 

,25.5 +7700+2 00 = 470.5KN 
~ So, Reinfo · <(Vu= 797.98KN). 

T cement must be provided. 
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2~ Design of shear: 
y,= 797.98 KN -o 8*770::::: 616 cm=== 6160 mm. 
d === o.8*Lw- • 
.-as+! 4as.5 ·200 6160 = 777.7KN 

Vs : = !•(Mpa)*b*d =.1:.•200*6160= 410.7 KN. 
y. mm 3 3 
(6Vc= 777.7 Ktf)< (Vu = 797 .98 KN) < (¢Ve+ ¢Vs min= 1085. 7 KN). 

(I Complies with Category (3). 

6V,+oV,2V, 
777.7 + 6Vs2797.98 

¢Vs === 20.28 KN 

Vs=27KN 

Av req= 20.28 _ 
S 0.75*400*6160 -0.01 lcm 

A, . mm= 0.0025* 20 = 0.05cm 

A, A 
sreq-< ~min s 
4, . ,mm=0.05 · . cm is controlled 

S · = Lw 770 nun -- 5 -5==154cm 

S .=3p, nun - = 3*20 === 60 
S min= 45 cm cm 
Select 2(1> I 0 /20cm· A . 
-2::_ == 2 * 0.78 
S 2()==0.078 A Scm>- ~ . 
~ Assume <I> S mm~ 0.05cm 

12 for shear R . einfo rcement. 



400 4720 o.75 2 *113 ----=159 mm== 15.9 cm. 
_+Aw'f"es 5iio 

Saa 6Vsreq 

t g = 15 cm. 
Selec, @tScJJl. 
~ s0,use<I>12 : (ACI-318-11.10.9.3). 

S 
< Lw/5 ··· _... OK 

-» used • • • • • • • • .. • • • • • • • • • .. • • • • ·.. • 

j5 <(590/5 =118 cn) (ACI-318-11.10.9.3). 
<3*h ······························ OK 

-S ased . 
15 < (3*20 === 60cm) . 

. . . . . . . . . . (ACI-318-11.10.9 ........ ... .. . S d < 50cm ··· . 
- use . . ....•...•.••...•..•..........•........... 0.K 
-15 < 50cm ··· ··· ··· ··· ·· · · · · · ·· · 

Av reqc.(Av min=0.0025*h) (ACJ-318-11.8.4) 
s s 

2*l. l3 c. 0.0025* 20 ⇒ 0.151cm :2: 0.05cm O.K. 
15 

~ So Use Horizontal Reinforcement= <I>l2@15cm. , 

3- Design of Vertical Reinforcement. 

-Minimum Vertical Reinforcement:- 

hw P,4=00025+0525=,,0h--0.00259.................. (ACI-318- 

11.10.9.4). 

{ii= Horizontal reinforcement ratio. 

2-o.7y !9, 
ph= 20 

10029 =3.9193 

,= 0.0025 + 0.5(0.5 20 
"" ,,,3.910°-0.0025) = 0.0025 

As =0.0 
req - 902510020 = =5 cm (F ,i Use <I>l2@2 · or Both Faces). 

o ••.•••.••••• As 5 2 
provided 6 cm > As · · · · · req • • • • • 
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....... (ACJ-318-11.8.4). 
0025* h).............. · 

Av rnin::::: 0. 
~req?(-5 0.K. o oscm . s ,9.113cmz\ 
2*1.13 >0.0025*20:::::> . 
:......---- 

20 

; of Moment: 
Design 0J 4f] 

. ht loaded shear wa 
-Design as hg 616 cm 
d== 0.8*LW == 0.8 * 770 == 

M,= 12881.96 KN.m 
6 

M 12881.96*10 == l.88MPa 
Rn==-¾ == 0 9 * 200 * 61602 ¢bd · 

'ye, ·.'% 
1 218451.88, 

p = 18.45 (1 - 1 400 

= 0.0049 

As req = 0.0049*20*616 = 60.66 cm2 

-Design as heavy loaded shear wall. 

~ So, the Vertical reinforcement of (<1>12@20), will be considered. 
As(v) = 2*1.13*(770/20) = 87 cm2 =8700 mm2. 

~- 1 
Lw 2+(0.85* /3* Jc'*Lw*h . 

As* fy ) 

? 1 
Lw 2+ (~85 * 0.85 * 25.S * 7700* 200 = 0. 098 . 

8700*400 ) 
Ml:::: <I>*o S*A ( 

. s v)*fy*Lw*(l-(Z/L ) 
Ml ===o 9* * w · . 0.5 8700*400* 

7700(1-0.098) = 10876.5 KN.m. 
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1
96 /0.9::::: 14313.3 I(N.rn. 

.Mu /0.9 = 1288., Mn 3 -10876.5 === 3436.8 I(N.rn. 
,pa,= Mn-MI =1439, 

- ~ . 
As bo11nda,Y - y(w Cw) 
Let cw ::::: 40 cm. 

6 3436.810° .11.8cm. 
As boundary::: 400 * (7700 - 400) 

Use 64016 2 .2 

As 
'd d ===12 06 cm > 11.8 cm' ......0.K. 

provt e · 

Note: - This reinforcement will be applied for all Floors. 

·······························•·•·•••·····••• •.•••••••.••••••••.•.••••..•••••••.•.•••••.•..•• THE E . • ., .Ill, 
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