L oS0 5 sl A€
a.),)Lu.A.“j &uwl duaigl) o yila

&JJM‘?“‘

& Sa (g laT panal LI aranatl]

sl 33 5

Skl 33

i ghall )y guaie

®

DAl
s ke 0

=)

[ »= o~

6 ==l {PBU}
@ = Tia e 0
b T LA s 1 1NE

P

f“ H N \g Palgsiinr Proivieshnic Yniversit
1

crdmaat® LA 8 Aaals )
y

Library  deeSdf




£ AT £ g pdia puslli Salged

Oalaudd SIS gy dnals
Ll — Qs

(@S ¢ el el (ALEN) asasall)
Jandl G
AP Caw gy dasa Q‘)Lg.“am.ﬁb

Lalll plaet aaen 48 payg o 5 piall o Cipdall Y cilgan s e ol
5 A gl A0S 8 4y jlanall g Asaall durigll 8 501 g g el 138 a5 5 dindiadl
s tbal) Axin yaradl g IS A jal 5 il cldliiag old g L o) g3

G il g g5

B0 Lall) o g3

..................................................

8 dlal) sl ) &l g

......... _.,»J..’ VA “u
it

%
T




S ¢ JaS gandl ALY pranatl
Janll (398
ADNAY i gy dane O sl deaa X
Uishadl daal ) suaia
A & g e i
Lo o) i€ g Auatigh A0S 8 A jlanall 5 el uadigh 333 ) adia
Cutlanall a0y dn e

s Sl

Ol SICHN o5 dnala

Sl — cplalté

ARKA QS BTS

I




T i Rt i oidai.......... Juxs Y 18, DM o)
e e T sasll ggi....... iy ¥ el eyl o)
BB gllisaa .t usibiitiinionens Slasil) ok o.......... ey &SN o))
P P 1R o gbis Y ggadidh............ <30 JysUd o)
BSalal).....coouumensunionsanonnes Mt 3Gy ... 0 &) ol
VSR EN v v e v wisenasne bl .............. &l S o o))
e i i cimiuntonmesamins 82 \gulb gya......... &9 \913) gyo o)
2Plg! ADA 13D £19! s Iy o)

B gheibly Ugug oSLas il copd lolast By




adil) g Sl

A ¢ 3gvg 55 ) Jasth 138 5| P 0wl iyo IS ), Sl gt it
Elins cylanld AiSiylgr Exaly P Engylasbly Engiabl S sid! 8 3l

¢ plankl pRRy3alily pVglsy paibl pVWihe o Wylelog Rl geayt

S8y 939 Baultl yo SLasb th g g ekl b e g as Do 3 Sl e

o) 13D Jleb) oI5 B35l ) Sloglably gl b eyamyy Bag) gl

Sigylosth Sillahishl 230 Blblg co 3l qanidl 511 uiSe qani Vg 139

. g9l

B gty gneyg 68k Tl czypund Vglao! Jog o




£ 9 iali (adlda

R 5 S anal ALY psaal
Jasll (3 48
AN Can gy dasa Sobdl deas X

U gl daal J.ala

‘:\YO'V - Mﬂﬁﬁgﬁ:\u\.;

<l

ses pala 2

(oS qanal A S Jpuali S LAY paanall e (8 g 5l 5 50 il
155 Wigne B LAATuY) 2eta 6 Jla

oiall g S (383 yde (53a) (o g sty 5 B4l sl daaa (ge ()8 § gl 128
P Gy G Cuena By cpanal) 18 (ol jo Losdl Ay 1€ selme Cinn s
2SH (6 5 LALAY) daganal a3 (sall 1385 ¢ G}l claliialy Cunall jeaall cilalial
il pualial ALY ppaaill o ddadll o g g phdl ggiay Cun ¢ Sl
350 A 30U AG8Y) slil) y LS S e 49 gin 1) FELnY clasass,y
i)




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 modern 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 of CF1 .
Fig.(4-15): Shear and bending moment diagram
Fig.(4-16): Details of CF1 .

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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I.ist of abbreviation

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

Ec = 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.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.
We = weight of concrete. (Kg/m?).
W = width of beam or rib.

Wu = factored load per unit area.




» @ = strength reduction factor.
> P = ratio between area of concrete to area of steel .

» fc' = specified compressive strength of concrete, MPa

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

a nodal zone, MPa

7 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.

M1 = 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

¥ v W W YWY W W

> Ig=moment of inertia of gross concrete section about centroidal axis,
neglecting reinforcement, mm4

» &ns = 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

» Pc = critical load, N.

» Es =modulus of elasticity of reinforcement, MPa.

b Ig: moment of inertia of gross concrete section about centroidal axis ,
neglecting reinforcement , cm *.

» Is.. 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




¥ ¥r vy ¥ ¥ ¥ ¥'%¥Y V¥V ¥ ¥V Y YN Y YN

L= span length of beam or one-way slab,
B = ratio of clear spans in long to short direction of two-way slabs
As = area of nonprestressed tension reinforcement, mm?2
As,min = minimum amount of flexural reinforcement, mm?2
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
Iw = horizontal length of wall, mm
Bc = 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 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 .

wc = weight of concrete, kg/m3
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Where :

v

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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Coi..(3) UBC-(1630.2.1) Eq (30-6)

» C,=0.33 from Table 16-Q.

(Ca) o 02

~:(UBC) S a¥1 2581 (5o cidlalaall sl

zone 3 given in Table 16-I

:(Y) Jdo

TABLE 16-Q—SEISMIC COEFFICIENT C,,
SEISMIC ZONE FACTOR, Z
SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=02 Z=03 Z504
M 0.06 0.12 0.16 0.24 0.32N,;
Sz 0.08 0.15 020 0.30 040N,
S 0.09 0.18 024 0.33 040N,
5 0.12 022 028 036 044N,
Se 0.19 0.30 034 0.36 0.36N,
Se Sec Footnote |
(Cv) ad ciam 2 (Y) Jo
TABLE 16-R—SEISMIC COEFFICIENT C,
SEISMIC ZONE FACTOR, Z
SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=02 Z=03 Z=0.4
7 0.06 012 0.16 024 0,32,
Sz 0.08 0.15 0.20 030 040N,
55 0.3 025 032 045 036N,
% 0.18 032 040 054 06N,
Sg 0.26 0.50 0.64 084 0.96N,,
Sr See Footnote |
C,=045 from Table 16-R.
h,=27.30 m
C=0.02 for all other buildings............... Section 1630.2.2.

T =Ce(hn)**

UBC- (1630.2.2) Eq (30-8)
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Chapter four

Design and Structural analysis for elements

(4.1) Introductions .

(4.2) Design of rib .

4.2.1)
(4.2.2)
(4.2.3)
(4.2.4)
(4.2.5)
(4.2.6)
(4.3)
(4.3.1)
4.3.2)
(4.3.3)
(4.3.4)
(4.4)
(4.5)
(4.6)
(4.7)

(4.5)

Calculate of dead load and live load
Load calculations for (T-section) .
Design of top slab .

Calculate of ultimate moment .
Rib Design (R3) in the first ground floor .
Deflection limitations .

Design of beam(B16) .

Calculation of thickness .

Design for positive moment .
Design for negative moment .
Design of Shear .

Design of column .

Design of stairs .

Design of Footings .

Design of Basement wall .

Design of Shear wall .
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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:-
Min h =Ln/18.5 (for One end Continuous)
Min h=Ln/21 ( for Tow end Continuous)
Min h =Ln/8 ( for Cantilever)

< h=378/18.5=20.2 cm
% h=0Ln/21=435/21=20.71 cm
% h=Ln/8=159/8=20cm
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)
W h=0.97*20.71=20.1 cm. (we taken hp,y )
According to above values the thickness of the slab will be assumed to be

(25 cm) and deflection limitations must be considered

H=25cm.

4.2.2 load Calculations For (T-section):

1. 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+0.36+0.65
= 4.20 KN/unit.
Total dead load for one way rib = 8.10 KN/m2.
Factor load From ACI code :
DL =1.2 (4.20) = 5.04 KN/unit rib.

—-\’_—“.\—__

33 dadin




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.

A
A A N A .Aj
[— A —— A Ae—— A
08 296 08 31 08 355 08
S 378 39 : 435
A A A A
j
08 212 08 262 08 283 08 119
S 292 362 : 363 159
52
TR e
25 ] J
o
12
A A

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

4.2.3 Design of top slab:

dead load of rib=b * h * y
=0.12*¥0.17 * 25 =0.51 KN/m

2612 $8@20

o TR

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

DL = (Total dead load of rib) — (dead load of one rib)

1
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=420 031y _ g knym?
052 0.52

LL = 4 KN/m?
w, =12 (DL)+ 1.6 (LL)

=12(7.1)+ 1.6 ()
=14.92 KN/m?

4.2.4 Calculate of ultimate moment:

*J2  14.92*(0.4)>
an Sllaind; o 0.4)

=02KNm........... ACI(8.3.3)
3 12 12

Mn = ] %5
@ fc' = specified compressive strength of concrete, MPa

@ / cu= effective compressive strength of the concrete in a strut or

a nodal zone, MPa

@ /t =modulusof rupture of concrete, MPa

@ S = elastic section modulus of section, mm3,

b*h>  100*(8)*
s = 6 = 0 =106667 cn®
fc =0.85* f o, =0.85%30 = 25.5 MPa

fr =(N12) 255 =21MPa.................ACF318- (225.1) 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)
=224 * (0.65) = 1.458 KN.m > 0.2 KN.m

So the slab is plain concrete.

35 dadin




Minimum reinforcement for slap is required according to ACI — CODE:

» To prevent shrinkage cracks.
» To minimize The temperature effect .

AR (00018 * b *d ..................ACI (G12.21)

=0.0018 * 100 * 8 = 1.44 cm®
Wl Select 3 @ 8 per one meter ----- A4s,,,=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 @ 8 per one meter ----- As, =20bemes’... ... ( ®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 .
% S=33cm <5*h=5%*8=40cm..................ACI(7.12.2.1)
= 500mmes. ... BCT(7.12.2.1)




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, 272 m, 3.66 m , 3.65 m spans are

as follows:
_Moments: spans 110 6
13 L 125 129
1 ! & 7.3 &
o = F W Joes w
L1050 ,;LI);}ﬁ Bl e
k 460, S 1 | L w AR ARy AR 16
06075 4 0.66 074 0. y 067§ y
P W o7 Y 064 75 047 ' WP 073 ' % /
y N . 4
i< 59 e 67
105 105 93
| 45¢, 226 | 195 495 | 225 ., 225 | 151 124] 165 . 201 219, 146 |

198 188

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

Effective flange width (bg) according to ACI - 8.10.2

bg, for T-section is the smallest of the following :
4 bg=L/4=435/4=108.75cm .
+ b=C/C=52cm. ............ control
4+ bp=by+16t=12+16(8) = 140 cm.




1st span (L= 3.77 m):

Mu = 10.5 KN .m from envelope diagram
Mn =105/09=11.7KN .m Strength reduction factor for Tension-controlled

sections......... DO, i e A o From ACI (9.3.2.1)

Determine whether the rib will act as a rectangular or T- section :
For a=t=8cm
C=085* fc a*b
=0.85*0.225 * 8 * 52
=90.17 ton.
d =25-2-1.2/2=22.4 cm.

Mn=c(d- 2
n=c( 2)

=90.17 (0.224—0_?_0_) — 16.6 ton .m

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

So design as a rectangular with bg = 52 cm.

& Determine As min:

@ A — W R L oxy ACI-10.5.1
7 » o

T 17 el
Asia= gy (21024 2 (12 22.4)

=085cm’> 2= 0.94 cm?
% As min=0.94 cm?

- 40
= hﬁ} T Sl 18.45
0.85* fc 0385 #9555

Mn _ 117*10°

=4.5Kg/ cm’, m =18.45

b*dE 52%(22.4)°




= 1 (0 et (g

p=—( %

g 2(18.45)(4.5)
p_1&45(1'\/1_ 4000 )
p=0.00113

Ao p bid. =0.00113*52*22:4=1.32 cm?

ASreq=1.32 > Aspmin =0.94 cm’® .
Wl so select 2 @ 10 with As=1.57 cm?

2nd span (L= 3.9m):
Mu=59KN .m
Mn =5.9/0.9=6.55KN .m=0.655tm

_ Mn _ 0.655*10°
B 52 224)

Ll s _2mRn
p—;(l 1 —ﬁ/ )

1 2(18.45)(2.52
p=18_4§(1'\/1_ : 40())(0 )

p = 0.000634

ASreq=p.b. d. =0.000634* 52% 22.4=0.74 cm>

ASreq = 0.74 cm® < ASpin =0.94 cm? .

W so select 2 @ 10 with As=1.57 cm?

3rd span (L= 4.5m):
Mu=10.5 KN .m
Mn=10.5/09=11.7KN .m=1.17tm

Mn _ 117%10°

b*d’ 52%(22.4)°

=2.52Kg/ecm®* , m =1845

=45Kg/em’ , m =1845




Bl l———)

44
vl 2(18.45)(4.5)
p_1845(1-\F w000
p=0.00114

ASreq=p. b. d. =0.00114* 52% 22.4 =133 cm’
ASreq = 1.33 cm? > Asmin =0.94 cm?
Wl so select 2 ® 10 with As=1.57 cm?

4th span (L= 2.75 m):
Mu=26 KN.m
Mn=26/09=29 KN.m=029tm

0.29*10°
R =~ jiKgfon®
b*d* 52%(22.4)
1 2mRn
=R e
= % )
1 2(18.45)(1.11)
= P i
P = Tgas¢ \/ 2000 )
p =0.00028

Asreq=p. b. d. =0.00033* 52* 22.4 =033 cm>
Asreq = 0.33 cm’< Aspip =0.94 cm’,

¥ soselect 2 @ 10 with As=1.57 cm?

Sth span (L= 3.66 m):
Mu=6.7KN .m
Mn=6.7/0.9=744 KN m=074tm

Mn _ 074*10°

=2.84 Kg/ cm?

Cb*d” 52%(224)

m =18.45

m =1845




= ] i
i
Bgn | 2(18.45)(2.84)
Rhe 18.45(1'\/1_ 000
p =0.000714

ASreq=p. b. d. =0.000714* 52* 22.4 = 0.83 cm’®
ASreq = 0.83 cm’< Aspmin =0.94 cm® < As max = 23.64 cm? .

Wl so select 2 @ 10 with As=1.57 cm?

6th span (L= 3.65 m):
Mu=93KN.m
Mn=93/09=1033 KN.m=1.033tm

S | 1.033%*10°

3 2

s m = 1845

- 1845 4000
p =0.001
Asreq=p. b. d. =0.001* 52* 22.4=1.165 cm®

1
L ary \/1_ 2(18.45)(3.96))

Asreq=1.165cm™> Aspin =0.94 cm® < As max = 23.64 cm? |
® soselect 2@ 10 with As=1.57 cm?

1.2.5.2 Design for negative moment:

By using Atir Software the following moment is appears :




Support B:
Mu = 13.0 KN.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 :

o ASpin= “fc' bw*d > %bw G e (ACI-10.5.1)
\/EE 14
in = * > ——(52)* (224
Smin 4(400) (12)*(22.4) 2 (400)( )* ( )

=085cm® = 4.07cm?

W Asnin = 0.85 cm2

Mn = 13.0/0.9 =14.6 KN.m = 1.46 t. m
m =18.45

d=h-c-®/2 (assume use @ 12)
=25-2-12/2
=224 cm
Mn  1.46%103

Rn= """ = — _=92495ke/cm?
b*d? 12%(224) BoNT.

o \/1_2(18.45)(24.25)
18.45 4000

Aseq=p.b. d. =0.00644* 12% 224 =173 cm?

ASeeq=1.73 cm? < ASmin =0.85 cm?

) =0.00644

W so select 2 @ 12 with As =226 cm?




Support C:
Mn = 14/0.9 =15.55 KN.m = 1.55t.m

5
1.55*10
Mn__ =25.85 kg/em”.

Rn =
b*d? 12*(22.4)°
1 2mRn
REeslie l——-—)
N
o A \P 2(18.45)(25.85) y _ 4 0069
18.45 4000

ASreq=p. b. d. =0.0069* 12* 22.4 = 1.85 cm”
ASreq= 1.85 cm’< ASpin = 0.85 cm”
W so select 2 @ 12 with As=2.26 cm?

Support D:
Mn=125/09=139KN.m=1.39tm

Wi 1395100

= = =23.1 kg/cm?.
bRilGe " 12 Y(22.4)¢ ey
p_i(l_ 1_2_”’@)
i
] 2(18.45)(23.1)
= (il = jil= =
e 18.45( \/ 4000 ) ool

Asreq=p. b. d. =0.00612* 12* 22.4 = 1.65 cm>
ASreq=1.65 cm” < ASpin = 0.85 cm?,
W so select 2 @ 12 with As =226 cm?

Support E:
Mn=7.3/0.9=8.11 KN.m=0.811 tm

e ORI

= =13.5 kg/em? .

Rn =
BRI 12 (22, 4)7

—_— e
*

LEV N




= — (=l Ee
¢ ( ; )

e _w =0.0035
E 18.45(1 \}1 4000 s

At —pl bl d. = 0.0035* 12* 22.4 = 0.94cm’”
ASreq = 0.94 cm® < ASpin = 4.07 cm’®
W so select 2 @ 10 with As=1.57 cm?

Support F :
Mn=129/09=144KN.m=144tm

Mp  144*10

Rn = = =23.92 kg/cm® .
Bifde" 12 *(22 4)°
1 2mRn
il l~——)
m Wig
2(18. :
hie 1 (1_\/1_ (1845)(2392))20‘0064
18.45 4000

ASreq=p. b. d. =0.0064* 12* 22.4 = 1.71cm’
ASreq=1.71 cm*> ASpin = 0.85 cm?

W soselect 2 ® 12 with As=2.26 cm? .

e e P AT e R T T T T
s kmwtmmvmm

Fig.(4-4): Details of Rib#3

*




4.2.5.3 Design of shear for T-section (for rib#3):
% Factored D.L = 0.504 t/m.
% Factored L.L = 0.333 t/m.
% Wu=0.837 t/m.

Shear

i skt if' )| P i adlas) 4
139 ' (el 155

15.1 .
16.4 18.8

13.3

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

Max Vu at support (C) as shown in the figure:
Vu = 1.64 t at distance (22.4 cm) from face of support:

¢Vc=®*@ b*d

~ 075 * 25.5

12 * 22.4 *(10/1000) = 1.69 ton

@ Vsmin=0.75 % * 12 * 22.4 * (10/1000)

=0.672 ton.
Vu =1.64 ton < ® Vc=1.69 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)

e e
*
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_3*f*Av _3*400*0.5*2 _ 100 cm

2 bw 12
S<d/2=224/2=11.2cm

S <60 cm.

So we must use the smallest value of three limitations
Use S =10 cm

Wl Select 1 @ 8/10cm.

= 2
SHEAR REINFORCEMENT Asv max = .670mm¥mm @ .500m

.60

(=]

400

.200 !

10.0
120
14.0
| e
16.0
18.0
[ ——
20.0
1220 |

H s s

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

2.00
6.00

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) Def max = 1.26mm @ 9.92m
e 8 8/4\8 8 878\ 8 2 2 A\ 2 B 2 © 9
200 oN ™, < © o} [)) — = 4 ‘lf_) O 4
400
.600
.800
1.00
1.20

Fig.(4-7): Elastic Deflections of rib #3




ed reinforcement) Def max = 5.29mm @ 9.92m

Long-term Deflections (All spans loaded - using enter

T =YRE=) (: aliial @ e O N /)
—a T/ 4 o 2~/ P\N2! | o) = ] et P
5001 i diliis/ F \wiile iin/ e\ ™~ 2 N~
1.00 N NEE R/ ; 1l :
~ &) )
i |

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 :
Amax= L/480 = (4. 5¥1000)/480 = 9.4 mm
Which L is the long of span which is max deflection

S05.92 mm < 9.4 mm




1.3 Design of beam (B16):
4.3.1 Calculation of thickness:

H 23.52/21=0.168m,
< Use H=25cm.
The section of beam is rectangular section
Assume that:
4 b=80cm, d=2lcm
Factored Total Dead Load

1 2 3 4
1 2 3
A ] A ] A —
Nl 8 AR '*‘J
14 1. 2.7 0. 34 0.
f 3 f ; 35 — 39
q 5 6 i
4 6
i A , . a
L ﬁ 1 I — ﬁ
: 0. : 35 : 0. 31 0. 1.4
|
I T T T ! ] |
4.0 I 1 1
P = : 3.6 ; 1_—7 :
T } |
25
80
&R

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

4+ DL =40.95 KN/m
Factored live load

4 LL=13.95KN/m.




4.3.2 Design for positive moment:

i ¥ %bw*d

_ V255 ghep1> 14 xg0%01
4(400) 400
=5.30>5.88
Wl Asmin =5.88 cm?
161 438.7
A 1071 -94.8 1098 o 005
-s?.4/ £ \\ o, 64.9 /%.ss.z 537, // R
A G Aaaa 294 -34.6 A
/,/ \\._______‘(.x‘f?? /’1./1(2 .\\\\ n'?ﬂ ,\\' il : : i i }\5 i
[—— —— S e e
g2 9 u.ssﬁﬁ‘* el S s 185 1.8
55.9 53.1
] ! 2.21 148 , 2.1 75
| 2 | 228 23] 173 219 | _, 18 | 221 | 175 |

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

Determine Ag

Xb={0.003/(0.003+0.002)}*21=12.6 cm.
ab=B1*Xb=0.85%12.6=10.71 cm.

® Cb=0.85*0.255*80*10.71=40.97 t.
® Tb=163.861
® Asb=163.86/4=40.97cm?
®  Asmax=0.75*40.97=30.73 c¢m?

2nd span:
at Mumax=9.9 KN.m

Mn =Mu/0.9 =11 KN.m
m = 18.45

el v

- ‘y( ta SA T ey
o ' o kv-x-f‘v’f‘::_\) &!d t’

2634 .4 §
PN Poly

fBehnic dniversity
Rig- 1%
= 14

Tha 1ikes e
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o
i
1
19 &
S
— —— e,




5
Mn _1.1*10° _ 5 1940 /cm?

B2 307212

St 1= 2" |_5.00079
m f,

Y

Rn

As=0.00079%80*21=1.32cm? < Asmin = 5.88 cm?
Wl Use 2 ® 20 mm, with Asprov= 6.28 cm*

3rd span:
At Mu =55.9 KN.m

Mn =Mu/0.9 = 62.11 KN.m

i = 11517/

i = é\/[nz =17.6kg /cm?
1 2mR

p=—l1— 1-—2 [ 0.0046

As=0.0046*80%*21=7.728 cm? > Asmin = 5.88 cm?
Wl Use 3 ® 20 mm, with Asprov= 9.42 cm?

4th span:
At Mupax=53.1 KN.m

Mn =Mu/0.9 = 59 KN.m

m= 18.45
o Mn_5.9%10° .
bd?  go*a1z  [0-72kelcm

i 1 [l ’1 2mR, oo
o [l L= =0.0044
m fy

As =0.0044*80*21 = 5.98 cm2

W Use 2® 20 mm, with ASprov. = 6.28 cm2

e



Sth span:
At Mu =18.5 KN.m

Mn =Mu/0.9 = 20.56 KN.m

m=18.45

Rn = ;””2 _18.45kg / om®

Dl 2R |G o015
m 1

As=0.0015*80%21=2.49 cm?
W Use 2 ® 20 mm, with Asprov. = 6.28 cm?*.

4.3.3 Design for negative moment:
The section of beam is rectangular section.
Assume that:

@ b=80cm, d=21cm.

C
ASmin=—bw*d > _—_—bw*d.... . . . . ACI-10.5.1
v 5 ( )

= 323 gou7 > 14 aga gy
4* 400 400

ASmin—429>476... ... (ACI-10.5.2)
W Asmin =4 .76 cm?

Support A:
At Mu =107.1 KN.m

Mn =Mu/0.9 =119 KN.m

m=—2>— =184
05 Ml

v e L



R =5147kg/cm’

1 omR 1 : 2*18.45*51.47J
- / T | e L Ll
P [l 1 7 18.45 400

=0.0149
As =0.0149*80*17 = 20.3 cm?
Wl Use 7 ® 20 mm, with ASprov. = 21.98 cm*

Support B:
At Mu =29.3 KN.m

Mn =Mu/0.9 =32.6 KN.m

7,

m= = 18.45
0.85f"

R, =14.1kg/cn’

2mR, |
p=={1- [1-2%% | _ 0036
m fy

As =0.0036*80*17 =4.96 cm?
W Use 2 @ 20 mm, with Aspyey, = 6.28 cm?

Support C:
At Mu =65.2 KN.m

Mn =Mu/0.9 =72.44 KN.m

Yy

m=
0.85f

=18.45

R, =31.33kg/cm?

B 2%1845%3T 58
1845 e

= 0.0085

s



As =0.0085*80*17 = 11.56 cm?
Wi Use 4 ® 20 mm, with ASprov.

=12.56 cm?

Support D
At Mu = 34.6 KN.m

Mn = Mu/0.9 = 38.4 KN.m

73

m= = 18.45
0.85f)

R =16.61kg/cm’

2mR
pzi(l— el "J=o.oo43

m y

As =0.0043*80*17 =5.88cm?
W Use 2 @ 20 mm, with Asprey. = 6.28 cm?

Support E:
At Mu = 109.6 KN.m

Mn =Mu/0.9 =121.78 KN.m

Y.

m=
0.85f"

=18.45
R, =52.68kg/cm*

ol 1_\/1_2*18.45*52.68
18.45 4000

= 080158
As =0.0153*80*17 = 20.8 cm?

W Use 7 ® 20 mm, with ASprov. = 21.98 cm?




4.3.4 Design of Shear:

-162.7 -126.2 103.9 -100.4
07 A = 4

134
Fig.(4-11): Shear envelope for beam 16.
Region (A)
V, .. 10.74 ton at d from face of support
STk N25.5 LU
= — =0.75| —— |(80)(21)] —— | =10.6 ton
DV, 0.75[ - bd =0 - (80)(21) e
Category (2):
OV <V, <(OV, +OV__. )

For all flexural members —no exception— shear reinforcement must be provided
accordingto ACI-11.5.4.1

@V, . = (1/3)*(b*d)*0.75
oV

s min

=42t

S 0.5Tem Controls
S <60 cm

W Use2® 10 mm stirrups @ 10 c¢m.

Region (B)
Fae =03 ton, > 0.507,

Category (2):
0.5QV,<V, <(®V,)

= Minimum reinforcement is required

. L e



Controls

& S <d/2=10.5cm

0.754,/,4 QZM=19.9 ton
d)Vs:T o 10

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

Wi Use 2 ®10 mm stirrups @ 10cm.

Region (C)
V. =10.1ton. >0.50V,

Category (2):
0.50V, <V, <(®V,)

= Minimum reinforcement is required.

S G0 S S S Controls
4 § <60 ¢cm

0.754,f,d  0.75(0.79 x 4)(4.0)(21
Pl S == ( 10)( X )=19.9ton

V,=19.9+10.6=30.5 ton>10.1 ton, that is OK

" Use 2 ® 10 mm stirrups @ 10cm.

Region (D)
Jam =993 ton. >0.50V,

Category (2):
0.50V,<V, <(®V,)

= Minimum reinforcement is required
+ S <d/2=10.5cm

--++..... Controls
% S <60 :m
o O.75AV/’yd & 0.75(0.79 x 4)(4.0)(21)
/ R
\S \10 =19.9 ton



¥ =19.9+10.6=30.5 ton>9.93 ton, that is OK

Wl Use 2 ®10 mm stirrups @ 10cm.

Region (E)
V. =10.04 ton. >0.5@V,

Category (2):
0.5QV, <V, <(®V,)

— Minimum reinforcement is required.

& S<d/2=105¢m .......ccoceerenr.... Controls
% $<60cm

v _0754,f,d _0.75(0.79 >1< :)(4.0)(21) i
; 5

V,=19.9+10.6=30.5 ton>10.04 ton, that is OK.

¥ Use 2 ®10 mm stirrups @ 10cm.

Region (F)

Vume  10.7 ton at d from face of support

Category (2):
OV, <V, <(DV, +®,

)

For all flexural members —no exception—
according to ACI-11.5.4.1

@OV, in = (173)*(b*d)*.75

04

S min

shear reinforcement must be provided

=42t

+ S<d/2=105cm
+ S<60cm

“=+--o.o.... Controls
W Use 2® 10mm stirrups @ 10 ¢cm

----------------------------
---------
--------------------------
---------
---------
.........
ooooooo

THE END.

o e



4.4 Design of column (C07):

(50%25) cm was determine by the architectural

The dimension of the column .
fficient and find the

: ‘£ shis di ion is su
engineering ,and so we will check if this dimension

reinforcement of this column.

The column is an internal one.

& D.L=5853KN

@& LL=3043KN
4 Pu=12DL+16LL
— 585.3 + 304.3 = 889.6 KN —--nre--m- ACI - (9.2.1) equation (9-2)

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

Pnreq=889.6/0.65=1368.6 KN ........... ACI (9.3.2.2)

Use pg = 0.02
4 Pn=0.8 Ag {0.85f.'+ pg (fy — 0.85(f.'))} -- 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 > Pnreq = 1368.6 KN

-- The dimension of the column is sufficient for load required
Calculation of reinforcement of the column
Asreq. = pg Ag = (0.02) (1250) =25 cm2
W Use 10 ® 16 mm
As prov. =254 cm2

4.4.1.1 Check of slenderness effect:

v* i ) ............. A.C.I-(10.12.2) Eq (10' )

<40




braced) length.
oment on a compression member

Lu: Actual unsupported (un

M1 = smaller factored end m

ment on compresst
1 for braced frame).

on member

K: effective length factor (K=

>
>
» M2 = larger factored end mo
[
» r: radius of gyration = ‘g

K=10
Lu=2.86m

» Ig=moment of inertia of gross concrete section
about centroidal axis, neglecting reinforcement,
mm4

» I=Dbh%/12=50(25) /12 =65104.1 cm’
A = 1250 cm®
65104.1 5
r= =722 cm
i 1250
*
(KLu )= (1 2860 _ 2565 90
r 0.07226

— Slenderness effect must be considered.

B dns = moment magnification factor for frames braced against side sway, to

reflect effects of member curvature between ends of compression member

i S
&S_(l—(Pu/0.75Pc)]>l e ACI(10.12.3) - Eq(10-9)

& Cn=06+04ML
- Y A DBl EdiDS)

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

moment diagram

Cm = 1.0(for single curvature —b
—oraced frame)
e ACI(10.12.3.1)

Ons 2(*
1-(889.6/0.75Pc) 2>

“



@& Determination of Pc:

» Pc = critical load, N.

o xEl A cK10123.1) Eq(10-10)
(klu)* =

w Pc=

_ 150008255 _ 5395 3kN /cm’
100
Est =200000 MPa

> Es = modulus of elasticity of reinforcement, MPa.
on about centroidal axis ,

Ec

» Ig: moment of inertia of gross concrete secti

. o 4
neglecting reinforcement , cm .

05507

Ig = 260416cm*

» Is.. moment of inertia of concrete about centroidal axis of member cross
section , cm”
= Is. = 2(A ¥x°)
Is. = 2(3(2.54) (19.0)%) =2752.8 cm*

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

B = 0.2Eclg+ Eslse
1+ o evenesine ssnans e cenee e AUCI(10.12.3) eq(10-11)
EI=O.4Ech
15 ad ACI(10123) eq(10-12)

% fd- Jactored axial dead load
R
Jactored axial total Joaq

585.3
d: e —
B 889.6 008
gy - 0-2(2395.3)(260416) + (20000)(2752.8)
e =108319812.6 kn cm?
gy = 0-4(2395.3)(260416)

140,66 = 249509777.9KN.cm2. RS (control)

e



7 % 2495097779 _ 5010615KN

Pe= 10%2.86*100)°

L j=1.04121.o ................. (0k)
ER
5 =| 17(889.6/0.75(30106.15)

& €= 15+0.03() =15+ 0.03(500) = 30 mm

= =3.12 cm
€ used for the design — 30(104) =31.2mm=73 1

& Now we find the capacity (Pn) of the column:

Cs = As (Fy — 0.85xFc) = 3x2.54(40.0 - 0.85%2.55)
=288.3KN

Cc = 0.85xFc xbx ap
= 0.85%2.55x25%ap
= 0.85%2.55%25%0.85X;, = 46X

€s = (xb _6)(0.003J

X,

Fs = (Xb - 6)( 0.2(03

%)

+ T=AsxFs= 3(2.54)(Mj
X

] x 20000

_(457.2)@ ~2743.2
et = 27480
X

The sum of moment about P

457.2Xb - 2743 2
e 0.85x
( & )21'3‘” 46Xb(7—1.17

n Clockwise positive

)—288.3 x(19-3.12)=0.0
By trial and error the value of X, =
Then:

36.2 cm

e



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.

Pr—Csih Csi=li= 788.3 + 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:
ACI-7.10.5.2

For @ 10 mm ties:

& S§<16db for longitudinal bars
& S <48dties
& § < Least dim ension

S <16d, =(16x1.6)=25.3cm .

S <484, = (48 * 1.0) =48 cm.

§ < Least dim ension =25cm (Control)

W Use 1®10mm ties @ 25c¢m



4. 5 Design of stairs:

4.5.1 Stair Part (A):

y i i -n this p Oiec‘t
i i i d aS One a S

the stairs is simply supported .

‘0
Copers oo, @ 5/
e e postes 0y,
% W\: | S -
¢ e ©) X
K L&‘ Do 1.6 &
j b 1) oS
7 ,{7\' 23 @ ?10€2S | 916020 "."‘.
%) \<< = — u
¢1>\£%
214823 %%
o b— 28 —= 13 &
3

Fig.(4-12): Stair Details

4.5.2 Design Requirements:
4.5.2.1 Limitation of deflection
h 21/20 =(2.79+0.4+0.4) / 20 =17.98 cm.
Table 9.5.a)
% Takeh=15cm
6 =tan’(15.6/30) = 27.47°

...... For simply supported span (ACI-

4.5.2.2 Loads :

4.5.2.2.1 Dead Loads:
Dead load of slab = 25 * 0,15 %(1 /g, 27.47°) = 4.22kN/ m?
Plaster = 0.03* 22 *(1/cog 21.47°) =074 KN/m?

Steps =0.156 * 25/ 2 = 1.95 g2

dad o



003 * 22=10.66 KN/m® :
% 15.6/30=0.34 KN/m

H-mortar =

V-mortar = 0.03* 22

¥33/30 = 0.97 KN/m”.

H-Plate = 0.04 * 22
% 15.6 /30 = 0.34 KN/m?>.

V-plate = 0.03 * 22

Total Dead Loads= 10.04kN/m”.

Factored dead load= 1.2 * 10.04= 12 KN/m”

@ Live loads =5 KN/m* for commercial buildings .and 3.5 KN \m’ for

residential buildings .

Factored live load=1.6 * 5=38 KN/m?.

@ Factor Loads:
Wu = Factored dead load + Factored live load  (For one-meter of the stair slab)

Wu =12+ 8=20KN/m

@ L : the length of the flight and we sum 0.4 m for each side
So L=28+04+04=36m.

4.5.3 Analysis :
Nead Inad

12.

Live load




@ Support Reaction :

Ay=By = WU * L/Z
—90*28/2=28KN

@ Using @14 bars
d=15-2-07=123cm > select d=12cm

@ M .= Vu * Area
= (0.4*28)-(28*0.5*1.4) =30.8 KN.m

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

4.5.3.1 Design of shear :

l ’
d)Vc:d)g\/Zb*d = 0.75x—/25.5 x (1000) x (120) = 75.7KN.

1
6
@®V,=75.TKN>V,=28KN ... OK

15 cm is satisfied

-No shear reinf. is required

4.5.3.1 Design of Positive Moment:

Fig.(4-

13): Moment Diagram of Stairs

O



=30.8/0.9= 26.78 KN.m

M

Mu
n_¢,b.d2

6
g 287810 ) semPa
" ~1000*120

R

T s
M= 085/c 085%255
1/2

i 1 le =0.00487
Prs = 1845 400
Prmin = L ZE

e
~0.00315 > 0.0035

O —0.0085%. . 7% control

0.0035 < 0.00487 .......... OK

A min =.0035%100%12= 4.2 cm?

AS (strinkagey = 0.0018%100%15=2. 7cm®.

@ Required As=0.00487%100%12 = 5.84 cm?

As (provided) = 6.16 sz > Asmin =42 sz
W Select @ 14.....@25cm,

4.5.4 Development length of the bars:

T
L [4 f'caxﬂxyxde (for ®l4bars)

e



—io—o——lxlxlxl.2) L& 55.45 cm
4+/25.5

For @12 bars

Ly = (400¥1*1*1*1.2)/ (2#\(25.5) = 47.53 cm

4.5.6 Shrinkage and Temp- Reinforcement:

A, =0.0018 * 100* 15 = 2.7 cm’

2
AS (provided) = 3.14 cm
¥ Use @ 10@2Scm.

ooooooooooooooooooooooooooooo

4.5.5 Landing design£ @

@ Dead loads - AAM_,=,~;= S
(Mortar) = 0.02 * 22 = 0.44 KN/m | g §5
Plate = 0.03 * 22 =0.66 E  —
Concrete Plate =0.22 ¥25=5.5 2?* . L \
Plaster = 0.02 * 22 = 0.44 o
— D.L (per meter) = 7.04 KN/m g; L ’i

@ Live load = 5 KN/m? <
Factored dead load = 1.2* 7.04 = 8.45 KN/m
Factored live load=16*5=g KN/m @

: Fig(4-14): Plan Of Stairs
L. Reaction of the steps slab = 30.3 KN/m S

Wu = Facto
: red dead load + Factored live load + Reaction of the steps slab
=845+8+303= 46.75kN/m
2. Mu=Wu L8 = (46 75+

2.69/8 =

M,

S



o)
R zﬁ%zm.wg/cmz.
" 100G,

1/2
e 1__2,”1%_‘1524—@) ~ 00066
Pres = (315 4000

preq= 0.0066> P min= 0.0035
3 A,=0.0066* 100 *13.3 = 8.8 cm’

Wl Use @16 bars@ 20 cm
AS provideay = 10.05 cm’

4.5.6 Shrinkage and Temp. Reinforcement:
A, =0.0018 * 100* 15 =2.7 cm’”

As (provided) = 3.14 cm2

Wl Use @ 10@25cm.




4.5 Design of footing

Design of isolated footing :

4.5.1 Footing Area(F5):

400 KN/ m? ,and the overburden soj|

1. Estimate the allowable soil presser is

is 1.50m.

Dead load =892.6 KN.

o
Live load = 445.4 KN . —
Total load =1338 KN. |

2. Dead load factored =1.2 * 892 6= 1071 KN.

@ Live load factored = 1.6 * 445.4 = 712.6 KN
Total load factored =1783.6 KN.

2C

C /

. Fig (4-15): dimension of footi

3. Column=55cmx30cm
Estimate footing to be about 40 cm thick, in addition to about (10 cm) of blinding
concrete . |

4. Allowable soil pressure = 400 KN/m?

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

1.50 * 1 8= 27 KN/m?.

N 1 =4 / =
et soil pressure 00 KN/m2 -12.5 KN/ m?2-2 KN/m? 361 KN/m?
m-.

Area (A) = Total Weight / Soil Pressure

= 1338 KN /361 KN/m2
=3.7m?

Use:L=2m,W=2m, A=4my?

&



4.5 Design of footing
Design of isolated footing :

4.5.1 Footing Area(F5):

400 KN/ m? ,and the overburden soj|

1. Estimate the allowable soil presset is

is 1.50m.
Dead load =892.6 KN . —
Live load =445.4 KN .
Total load =1338 KN. |

% Jz}
2. Dead load factored =1.2 * 892.6= 1071 KN.
@ Live load factored = 1.6 * 445.4 = 712.6 KN

Total load factored =1783.6 KN.

p 2C

Ve =

. Fig (4-15): dimension of footing F1

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/m?

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

1.50 * 1 8= 27 KN/m.

Net soil pressure =400 KN/m?-12. 5 KN/m2-27 KN/m? =361 KN/m?
= m2.

Area (A) = Total Weight / Soil Pressyre

= 1338 KN/ 361 KN/m2
=37m~*
L=B=1.9

.-.Use:L=2m,W=2m, A=4np?

———

68 dsa,



4.5 Design of footing
Design of isolated footing :

4.5.1 Footing Area(F5):

00 KN/ m? ,and the overburden soj]

1. Estimate the allowable soil presset is4

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.
@ Live load factored = 1.6 * 445.4 = 712.6 KN
Total load factored =1783.6 KN.

£ 2C

& ﬁl

. Fig (4-15): dimension of footing F1

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/m?

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/m2-27 KN/m? =361 KN/m?
= m2.

Area (A) = Total Weight / Soil Pressure
= 1338 KN /361 KN/m?

=3.7m?

L=B=1 99

Use:L=2m,W=2m, A=4mny?

——

8 dads




d on shear strength:

4.5.2 Determine depth b :
147 = 1 /255 x(200)x(d)x (10) =1262.4 ¢
o d>Vc=<I>g\/}jb*d O.75><6

ase

< 1.4*Allowable soil pressure = sq

e 1783.6 _ 445 9KN /m’"
"~ Area 4

KN/m?
@ Vu= (Pnt) (ONE WY shear area)

_ (445.9 KN/m*)(200)(72.5 - d)
= 64655.5 -891.8d.

o7, =V,

64655.5 —891.8d.. = 1262.4d

21542 d=646555 ....... 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=P,, x(drea —(@+d)b+d) ) .

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

A

Area Of TowWay Shear




p,=a/b=55/30=183
b = Perimeter of critical section taken at (d/2) from the loaded area

a
= 2{(32+55)+(32+30)} =298 cm
W o, =40........... For interior column
1 2 i
=—|1+—— 1/ 25.5*2980%* 320 =1679.7 KN
VC 6( +1'83j 1/B30RN
1( 40 N
V, = —(— 4 2}/25.5 *2980%320 =2526.2KN 10
121 2980/320
T 5, |
1 ; 1
Ve=3Vf Bd = 1605KN ............. Control <+ __,Zj—of/
®Ve=0.75%1605 = 1204 KN g e

@Ve>Vu  ®Ve= 1204 KN <Vul16623 KN not ok

8. Détermine dépend on two way shear
®Ve=Vy

0.75*033%,30 1 1
x(d)(2)(55+30+2d)m) =4459 (200*200)—(55+ d)30+4) ]"(1700)

2
d +34.70d -155735 = 0.00= g =33 3cm
H=383+7 cmt] = .

Use: H =

46.3 cm

50cmandSod=50—7-1=420m

\/—/

70 4aig




Calculations :
_@+d)b+D) )
0+42)]

smallest of:

Check for
Vi = P, * (Area

= 4.459 [(200*200)-(55+42)(3
ching shear strength 18 the

#(10/1000)= 1472.18 KN

The pun

1 2 ‘v
- = — 1+"' fcba
ol 6( ﬂcJ

1 ! = ' Control
n =_W/ WA N AT Y R
L Vc 3 fC o

Where:
B.=alb =55/30=1.83

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

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

@ =40 For interior column

1 2
v, =—{1+— %3380% 420 =
6( 1.83}/ 25.5%3380*% 420 =2500 KN

1. 40
g BT
: 12(3380/420+2)\/25.5*3380*420 = 4164 KN

1
= EVZS.S *3380 *420 =2365.6 KN

DVe =0.75%2365.6 = 1774 KN

®Ve>Vu @Ve= 1774 KN > vy =1472.18 KN




2
- plaigs @14, A0 GN ¢

Wil No of bar

But we can use the reinf. Of column.

9. Determine La

Category Aftem2  .....ooeoeeeeese™ ACI (12.3.2).

)id axﬁx;/deJ =( qu_xlxlxlxl.4j=27.7 cm.

T [4J72 4255

Available Lq = 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

Mu = (Pm_,, xWx(£—£D ()_5(5_2]
22 D)

200
(4 459% 200x (_ . ED ¢ o.s(?@ i 5) (L _23437.KN.m
2 2 2 ) 10000

Mu 2343

M L 293,
D= o5 = 2004KNm

_ Mn_2604*10 ;
~ bd®  2000xa20¢ | 074 MPa.

m:L =X 400
085f  oRssass 1845

1

pzZ(l 1_2mR]=p 1 -

Sl P
Jy 18.45| " 1_4\00)

P =00019

S Pan= 0.002

—

72 dsig




Req. A, min = 0,002 (200) (42) = 16.8 cm’.
No of bars @ 12 is

i Use: 15@ 12 in eac
s center tO center 1S

_16.95 cm”®. in each way

The distance between Dar (200-5-5)/14=13.6 cm

4.5.6 Development Length (L)

Category Aftem2 c.ooooeeeeesrt™ ACI (12.3.2).

Lq for @ 12:

Ldz( fj’ axﬂxyxdb = 400
2\/—f_'? 2\/5_5.’5><1><1><1><1.2]=47.52cm

Available embedment = (200 — 50)/2-7.5 = 68cm > 47.52
.52 cm
OK .

73




Use L =3.85m.

Allowable soil pressuré = 400
Assumed footing depth 1.50 m an
0.5 * 25 =12.5 KN/ m?*.

1.50 * 1.8 =27 KN/m?.

KIN/m?
d footing thickness is 0.50 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: — 100, 185 iG
D.L = 1064 KN. N
| N
L1, =709 KN, % 2 75
Total factored load = 1772 KN e
The loads which come from column C 20:

385
DL= 822 KN
LL =548 KN,
Total factored loads = 1370 KN. Dimension of Combined footing

4.6.2 Determine width of footing:

Footing width = 3142/(1.4*400*3.85) =145m

Use width=15m

Area =1.5*3 85 =5.775 m2

Qu= 3142/ (3.85%] = :
S) =544 KN/m? < 1.4*Allowable soil pressure = 560 KN

g

Assume H= Aoy

d= 40-7-1 = 32 .

—— e
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ined footing (CF1):

ign of comb e
4.6 Design o o i

4.6.1 Determine Loads &

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

footing depth 1.50 m and footing thickness is 0.50 m.

Assumed
0.5 *25=12.5 KN/ m?.

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: e 1QO/ 185 2100,
D. L = 1064 KN. -
N
LL="709KN. of 75
Total factored load = 1772 KN %
The loads which come from column C 20:

385
DL~ 822 KN
LL =548 KN.
Total factored loads = 1370 KN. Dimension of Combined footing

4.6.2 Determine width of footing:

Footing width = 3142/(1.4*400*3.85) =145m

Use width=15m

Area=1.5*3 85 =5.775 m?

Q= 3142/(3.85%1 5) — :
3) =544 KN/m2 < 1.4*Allowable soil pressure = 560 o

o U, e p y

Assume H= A0om

d= 40-7-1 = 32 om

w

4 dsa




— 372 KN.m
= 1772(0.925)-1370(0.925)

Mu = 5 KN/m? > 560 KN/m? not OK

Slipt S8T20 g5 = o4
St S

O S
aeh = 2.5 m

use width = 2 e

Sossd Dasa RN, < S60KN

32 bl S w02

1= 6’655‘ 11.88 Bl

2 < 560 m

3142 o372 47 925 =266.14 KN/

9 Gers .13

100, 185 100,
0, 185 . 10-
B 7
g | = Q‘}%'
™~
%
385 K

Ames OfOrevvay Shes

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

= OV, =<I>%\/f7b*d = 0.75x%\/25.5 x (250) x (d) x (10) =1578 d.

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

= (.26 kg/ m® )(250)(75 - d) =61125 -815d.

DY = 61125 -815d.. = 1578d
d=255c¢m
Total depth of footing = 25 5+ 7+1=335¢m
Select .. h= 4 Cm sod=32¢m
Atd=32 ¢m Vu=350 5 KN
=505KN > Vu= 50 SKIE S OKoyp




S g
.

0 at the d/2from face of column
i nder column 2
Check punching shear u

’l};xl; ;fn%ilg éhear strength 18 the smallest of:

.V —1(172?} en 03337 b,d

L c:ili(f/s’d”) 1'bd =056\f. b,d

=V %\/f/ b,d OB ............ Control
Where:

B.=alb=50/25=2.0.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(32+50)+(32+25)} =278 cm

a, =40 For edge column

®Ve =0.75x 0.33\/25.5(278)(32)(&J =1112KN
1000 :

QVe>Vu 1112 KN > 403KN ..... OK

76




i olumn :
forcement at face of right ¢
al reinfor

=

gitudin

Fig.(4-14): Moments and shear for CF1

M, =286.6 KN .m

0.85f; 0:85*25.5
6
R =“‘an = AL 7 =1.24Mpa
¢bd”  0.9x2500%320

1 2mR
p:— 1— 1‘\'1
m 7
0l 2><18.45x1.24
0 m£1_ 1_4\00 =0.00319

Asrteq= 000319 “250%30 = 955022

W Use 3 16 (bottom reinforcement)

The distance between bars center to center =

(250-15)/12 = 20 cm.

w

7 dado




Lay
4.6.5 Development Length )

= /axﬂxyxde”(z
12.Ld [2 \/,
Available embedment =

3142kn

!

_1513@1 r'[ T I T T

L 1256.7kn\ri||
9aLekMn

_ 100-25 = 75¢cm > 63.4 cm

400 sl sl T I L 6] 63.4 cm.

J25.5

OK

Fig.(4-15):shear and bending momem
diagram

Design or reinf. In the other direction (Y):

M, =795 KN .m

L

m=——-__

085f  0gsepss 1845

M, 795x10°
\ —
#d* 0.9x3850x 3507 = 2-24Mpa

78
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R

1 : Wj:ooowz
P 71845 400

2
Asreq = 0.00592 ¥3g5%32 = 730 -

No . of @20 bars = 23.2 bars
m reinforcement)

il Use24 @20 (botto
all The distance betweerl bars center to center = (385-15)/23 =16 ¢

4.5.6 Development Length (L,):

Category Adtem2  .....oocoomerees ACI (12.3.2).
Ld for @ 20:
Ld:( B _gx pryxdb =( MO x1xixl
1 X2 |=
2Jfe 24255 o2
Available embedment = (250-25)/2-7.5 = 105¢m > 79.2 cm . OK

Fig.(4-16) :Detaj
(4-16) :Details for combined footing CF1
ing
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4.7 Design of strip footing:

. ide)* (10)
i kness of wall)*(1m wi
o — (height) * (thic

Dead load (

=23.4*o.3*1*25

~175.5 KN/m.
d —=1.2*175.5 =210.6 KN\m

Dead loa
Factored Dea eter run) (10. of floors)

Total live load = (live load for one m

—(4)* (=28 KN.
_1.6%28 = 44.8 KN\m.

Factored live load
Total service load = 204 KN
@ Total load factored = 44.8+ 210.6 = 255.4 KN/m.
&7 ] T
gogkn | | 729kn 936kn
‘ 255.4kn\m | |
Tl Huurlﬂee,uuuﬁ
oo B0 : R 380
¥ 1 OO:‘J,
| I

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

4.7.1 Determine the footing width:
Allowable soil pressure = 400 KN/m?
Assume footin i
g depth is 1.50m and footi i
: oting thick 1
0.25 *25 =625 KN/ m2, : =
1.50 * 18 = 27 KN/p2

Net soil pre =
presser = 400 KN/m? -6.25 K. KN/m2 =366.75 KN/m’*
Width of footing — _ 204 | |
36675 =0.55mz2

\/l
- - 80 dai




el

S -

A=0.55m
Use A=0.6Mm
Q@ Determined O
/2

2554 _ 35 6kN/

Pnel = Area. 06 *1 10

: : 00) x
el Bl =0T 255 x(100) X oo
i 6

= 60 cm. |
£ the contact pressure.

2
P < 1.4*400=560 kN/m

(100d) =63.12d

x>
Vu = (Pnet) ( lvle) —d)
_ 42.56* ((0.”‘,;93) _ d)=4438(0.15- @)

Vu=0Ve
4438 (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:

w—bw . w-—bw

Mu = (Pnet
)5 )
=425.6*0.15* 0.075 = 4.788 KN.m\m
Mn= Murec = /7]
- 7188/0.9 =532 KN .m\m
b s _ 400
0.85* f' 0.85%255 =t
Rl i
b*d?
Rn = 5.32,)(106

1000 * (1557 = 022

81 dxig,
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e

it 21849)(0.22) § = 0,000556 < pmin =0.002
2 145(1' 7= 8 bag00
18. e
«p * d=0.002 * 100* 15.50=3.10¢
Areq =P ;

g 105" /m
_2-1Y —392bar
# of bar @10 = 0.79

use 4 @ 10

Spacing of bars = 100-(15/2)/3 =28.3 cm

Use @ 10 @ 28 cm.

: ®
g T @
JRESSEE
800
Sec A—-A

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

4.7.3 Design of longitudinal bars:

As=p*p*p
=0.002 * 60 * 25
Noof ®10= 3/.79=3 79 bars

Spacing of barg = 60-(15/2)/3
Select @10 @ 15¢m

=3 cm?

=15 cm

(2) Down ang (2) up.

_————

82 daig
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4.7.4 Design of dowels pars :

2
As min (r69) = 0.005 * 100 x95=12.5¢cm -

#of @147 12.5/1.545% 8 bar

L
Ld = | ——=—=%* x y x db
[41/f'c §
e=25-8-1.5=15.50cm<2

increase the length of steel by

4+/25.5

7.7 cm.

Ld availabl
using hock 15 cm .

So we must

oooooooooooooooooooo
o000
ooooooooooooooooooooooooooooooooooooooo
oooooooooooo
--------

-

ROt

400
3 A xdixlx1A4 =27.7.cm

——
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g under stairs :

4.8 Design of Mat footin

Load calculation :

L)= 25#0,2%2.0#2.20 =22 KN

Slab Weight (D-

22/

Slab Weight (D.L)/mon the wall =

(272.00+(2*2.2)} = 2.61 KN/ m.

i
Total (DL)of the Wall = Wall Height * (W) * (¥0). |
=(23.4)* 0.2 * 25 =117KN/ m. Fig.(4-19): Dimention of py |
footing under stair |

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*2.0y+(2*2.2)}= 1.05KN/m

Total Dead load = 162 KN/m.

Total live load = 92 KN/m.

P = 162+92 = 254 KN /m.

P =254*8.4 = 2133 .6KN.

foofité

Requi = Fig.(4-20) :Sections of mat
equired area=P /B C = 2133.6 /400 = 53m?2. under stair

A provided =2 6% 8 = 7 28m” > Areq
L req

A- Design ip X- Direction,




)



01~

: = ear
Secthn‘A 1}( ware we found that thf3 sh
From atir SO o in the figure .-

Envelope is 88 § —

18.

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

Estimation of footing depth:

Vu=159.6 KN.
oV, = @% f.bd =075 x—é—\/ZS.S x (1000) x (d) = 63.12d

Let Vu=® Ve.

159.6*10° =63.12 d

So0,d=0.253m =25 3cm.

Assume ®12 for main reinforcement.

hreq=253+12+8+ 06 =351 em.
Select h = 40cm

d req = 40-

8-1.2-0.6 = 30.2em >25 3¢, 0K.

..............................
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Design of reinforcement.—

velope of this section is as th
t the moment en e
we found tha

wa E

By using atir software

following figure,

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.

Rq= M __20x10° =
bd® 10004307  >MPa

m

i 20 .59

400

P 1eq =0.000553.

A 0.000553*(100)*(30.2) =1.7 cm?

AR e NIJC
o ﬁ*bW*dzl'd'*%
V255

™ rane 100%302 > 14*100% 30, i
T smin= 9.53210.6

—

6 daig

pzl—(l_ | _ 2mRn ): 1 (1_\/_2*18.45*0.22 _ 00



r

= 10.6Cm2.

1.3*% Asreq =13*1.7= 2.21< Aj in -

Select A5 e

A st be > As required for shrinkage & temperature reinforcement.
§ used MU

As shrinkage = 0.0018*100*40 7.2 cm” .

7.2 cm”.
T3 7 bars.
for bottom reinforce

AR T CE Y. SO SR T OK.

221 <72, So use As =
Required # of @12 bars =

Wi So,use @12 @15 cm ment in X direction.

As provided =

2-Design of negative moment :-

Top reinforcement (inX direction).

Mu = 94.4KN.m/ 1 meter strip, (At the face of support).
Mnreq=Mu/09= 94.4/ 0.9 = 105 KN.m.

i 105%10°
Rty = = =1.15MPa

bd> 1000%302°

1 |
I 18 45 . T = (.00

p req =0.00295.

A =
sreg = 0.00295%(100)*(30.2) = 8.94 cm 2

4 Vfe
e 4*f *bwkd > 14*;:,*61
Ak \/ﬁ
e .
400 =4 . =953>10.57cm’

Select 4. . =1057cpp2

1.3% Ag req =].3%g g4

=11.63> 4




AS shrinkage

2, So use AS = 10.57 cm’.
0.57/2.01 ~ 6 bars.

m for Top reinforce

10.57> 7.
Required # of @16bars = 1

L So,use(l’16@15c

ment in X direction.

As provided =2 .

B- Design in Y- Direction.

t?heck of Bearing capacity for Section b- >

dl = (2#314.6)/(1¥2.60) = 242KN/ m’. :
(01 =242) < (1.4*B.C = 560)...... OK. o |

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

Figo( "2 ) S
4-24) :She \%
ar envelope of mat footin i
: g under stair

Because th
e shear action ;
101 15 the same we use the d
e depth of mat = 40
=40 cm.

Desi
gn of reinforcement

By using at;
g atir softyy
envelope of this section 18 85 the

e

88 daia
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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).
Mnreq=Mu/0.9=29.4/0.9=21.5 KN.m.

gea g 21.5x10° e
bd:  100%21.4° ' <

m

18 .45 400

P req =0.000594.

4,1 = 0.000594%(100)¥(30.2) = 1.8 o ?
Je
A"““‘zg*bw*dzm\w*d
: B
4% AP
R L00* 305 LAT100%30 )
_\
0. w958 > 10557
Sel
elect Asmin=1057cm2
13* ASre —
=13%] g
IS BN B=gam0, 3

\/ \

89 daig
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e

be > As required for shrinkag® & temperature reinforcement
must 0€

AsS used
= 0.0018*100*40 =

72cm”.

As shrinkage

So use As = 7:2 cm” .
1.13 ~ 7Dbars.

aforcement in

72<2.33,
d # of @12 bars = 7.2/

ottom rei Y direction.

Require
o @12 @15 cm for b

So, us
As provided =

4-Design of negative moment :-

direction).

Top reinforcement (inY
r strip, (At the face of support).

Mu =101.6KN.m/ 1 mete

Mnreq=Mu/0.9= 101.6/ 0.9 = 113KN.m.

Mn  113x10°
Rn= = =1.23 MPa

bd®>  1000%302°

N

1
p:z[l_ TR e O P e E
P! 18 .45 400 -

preq=0.0032.

4, ,,, =0.0032*(100)*(30.2) = 9.6cm>

VRN R L AT
Iy 7

A o355
TR 400*100*30.22 w
400 =>4 . =9.53>10.57cm’
Select 4 .. =105Tcm? ;

13>
4As  req=125] =4 =1057
smin ™ VY. 2

So, use As 189 =10.57 ¢cm?

S

90 daig
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7/1.54 % 5bars.

£ P18 bars = 10.5
n Y direction.

Required #0
S0, use @18 @ 20 cm for Top reinforcement i
OK.

As provided =127~ 1057 .......................

oooooooooooooooooooo
-------------
oooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooo

ooooooo

-----

.....

00000
.




[R—

Il :
@4.9) Design of Basement wa

4-9-1- Loads Calculation:—

. eight of soil )
Ysor= 18 KN Jm® . (Unit weight 0

@ = 30° (For granulated fill )
H=4.85m (Height of Basement Wall)

’Ywater"= 10 KN / m3

| ol ; 1
WATE/ |~ . ‘
o b ;
e l
80.£

Fig(4-26) : The Basement wall

K0= 0 5 (FROM T ABLE)

-Vertical Earth pressure (o) =y
=87.3 KN/m?
-Horizonta] Earth pressure
Oh=oy* Ky = 873 %03
=43 65 KN/m?
-Live load = 125 KN/ 2




Lateral earth P :
b r Sl - OMEN/
load = 1. !
Factored earth pressut® re load = 1.6¥6.25 = 10 KN/ m

= = = 2
Y = *4.16—-41.6KN/m_
-Pressure of the water wam*h 10

4-9-2- Determination of wall thickness:-

e done according to the most dangeroy

Determination of wall thickness must b

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 .

P !
y using Atir Software we found that the moment
envelope,

for one I
meter strip Dye to water pressure

We can notice that the case #

: 1oy
Maximum momeng gives the

9B daia
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=0.01

Assume P~ 0.5 Pmax = 0.5 * 0.02
m= 18.45. s *(l 001*1845)

2Ty 001 * 400"~ 2 it
Rndesired::p*fy*(l" 2 ) 2
=13.63 MPa.
The moment M = 69.8 KN.m
The factored moment My = 1.6 *69.8= 111.68 KN.m

6
| i 111.68*10° _ _1g5mm=18.5cm.
™ \Rn*b 0.9 %3.63%1000

Assume @ 12 for main reinforcement.
hiea 18.5+0.6 +3 =22.1 cm.
select h=25 cm > 190mm .......... (ACI-3 18-14.5.3.2).

Available d = 25-0.6-3 =21.4 cm.

Design in plain Concrete:-
-Internal Forces:-

® Mu=1341 KN.m.

® 7u= 136 KN.
® p : o
U (Weight of the wall) = 1.2*21.5*0.25*25 =162 KN.
_1\ﬂ:134.1_O b 25
POGTEy T @b Letm
L") (e>b/6
e ) So we must reinforcement this wall
..... 1 oo (ACE-318-22.5.4)(Eq-22.8)
Vn = 4
n 055*5\/—_’?*b*h‘
ey et (ACI-318-22.5.4)(Eq—22.9).
= (Lw: - is
: - is th '
action), ¢ length of basement wall in the direct®” :
Wn=055+1 p>=

5*1000%
0*250=712KN < (i = 136.0KN).

g

94 —

praaig, o




e

_136.0KN).=> H =44.5cm>25 ¢
O*H>(Vu
J2/5’*100

Wn="0. 55% — i & Reinforcement must be provideq
n

@l So, the H= 25 cm jsnot €

J//’L_ e °

Mu = 134 KN.m. =
M0 req = 149 KN.m

Mn
n—b.dZ

o JSHIO g psppa.
"~ 1000%*214°

1 1 2mR,
p—;{ fy

pz_Ll_\Fz*lsAs*&zs . raens
18.45 400

AS eq=0.00885* 100*21.4 = 18.94 cm?.

As min = r

R

92

3213

8k2

TLGE ];(bw)(d)

As min =

4(400) (100)(28.7) 200 100)(28.7)

As min=9.06 >10 T

As min = 1( cm? e 2;)1 ix:lilope »
As e OK E
Use As = 18.94¢m2 ! .

SO use As = 18.94 cmz

95 daig
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Use @16@10 €™

7 2> ASre
_ (100/10)*2:01 = 20.1 > AS =

AS (provided)

.

Mu = 74.25kn.m .
Mn req = 885 I<Nm

: Mn
Boerr

6
R zw;::lQ:;MPa-
" 1000*214

* *
p=—1—1—\F—2 1845*1.93 | _ 1 10506,
18.45 400

AS 1oq = 0.00506%100%21 .4 = 10.83cm’.

N g 14
As min Tﬁ’)(wad) = E’—(wad )
V255

14
4(400) (100)(12.4) > 200 100(12.4)

As min =

Asmin=3.62 >4.13.

As min =413 ¢m?,

W Use 012@10 cm,
As (Provided) = (100/ 10)* 1.13

=

113 cm? > As i

.........

96 dai.
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Design of Shear:

o vu=136KN.

4 cm = 214 mm-

d=25-3-06=21

1 255%21

4#1000 = 135KN.
¢VC = 075* 6

*214*1000 — 71.3KN.
VS min =

1
_ Ly upay*b*d =7
3

<
e ps KM= Om = 136 KN)

(¢Vc+¢Vsmin=206KN ).
@ Complies with Category 3)-
oV +V 2V,

135+ ¢Vs 2136
¢Vs =1 KN
Vs=15KN

1500
req =
0.75*400*214

4, = 0.023cm
3
%m:o.oozs* 25=0.0625cm

4, Ansy
%r —_—
< eq < S min

4

_—

- min= () 0625 ¢m is controlled

@~y 10y

5 —?=20cm

e o
W Select 2019 /15¢m:

4, 2%07g -
? = D 0.0785 i Diagrsul
15 b g MIN=0.0625¢m Figo(“'zg) S:,i?lrt wil

for Base¢

S

TSV

o ____/

Al




. (ACI318-111093

...................... OK.
SR GReR T b e (ACES1I LIOUES

15 < (3*20 = 75cm) (ACI-318-11.199;

................................. ;
...................... o

-15 i R

% AV, . 0 O025FR) ..vensivmenerornrs (ACI -318-11.8.4)
Y AY in=0.0025%h) .....cocon
req = ( -

N

................. OK.
2%0.78 _ 1 0025%25=>0.104cm 2 0.0625C.....cccvvc.
I
Wl So. Use Horizontal Reinforcement 2010@15cm.

In the other direction (Horizontal )provide shrinkage and temperature
reinforcement

0=0.0018

As=0.0018*100*25= 4.5 cm? /m

W Useo12 @20 cm > @10 @15 for shear reinforcement so use
W Use 012 @20

AS Grovides = (100/20)*1.13 = 5,65 o /m > As

(in both faces of the basement wall).

98 dsi
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4-10) Design of shear wall :

By analysis and calculation the magnitude of earthquake force is g
Cater th
an

the

design used is 1 be resist earthquake force

wind force , SO that

n of shear centroid :

Determination of locatio

@ X=
> Lx
-~ I—,:ZY*IY
>

-
— =

o




/ﬁf Y | Y
S [ [ e R
Noofwall [ x|~ 50 [495]0
I | B0 g
e (e8] 12 [0
2 ' el
553694 |00 39 |0

———""""’1'6_ 1.0 0 79210

e oE AR 7 10.87
__,—————6""’"6— 910 0.1]8
82,96 | 22.92 | 1901.4 | 0.0 | 7.92 1 0.0

2921018 |086 |0 |6.76|0

5 [99.01 2001.1 | 0.7 3.3

Ex=8.66 m
Ey=337m
Part of translation to FRx & Fry :
2 Rxe T

T

y

Qxi

FRy*T
Qyi= — X

I

X

Part of rotati()n:

due to MXn9 0%

-

100 4ai,




Due to MYm > Qy
Myl

)
* .
Iw=ZIY*YX2M+ZIX X M

X Ix*X*M LeEX*m | Iy Y | I YXM | Y2y
Wa.ll Ix M

761 |-12.21 |-92.92 11345 | 0 |-3.51|0 0.0
1 ' 10.81 |0 0 03024 |072 |0.017
2 0 |-10.
3 342 |-941 |-32.18 3028 _0 -0.81 |0 0.0
. 0 |-1081 |0 0 0.3]2.19 | 0.66 1.44

5 0.1 |-10.21(-1.03 |10.42 0 |3.19 |00 0.0

6 of =1z o 0 0.1/3.99 |04 1.59
7 |8296(271 [22482 (6093 [0.0[20 [0.0 0.0
8 |492]-2004|-986 [19759 | 0 |3.21 |0 0

D ool 0.1 4033 |07 1.78 | 3.05
S

Iw = 4033+3,05 = 4036 e
Torques due to g
Mxp, = FRx * &

=1*866 = 366 KN m
MYm= FRY * ex

g S
Ltesiay.

101 4say,




@ Part of wall of eac
Loads D X- direction 6 KN.m
FRX=1KN7 Mxm: _86
F Ry % I Yi

)/l |
Wall |1, | FRy*I¥ (FRy*H)/ZIY
Aascall B et e 08
| o180 S sl
1 0 0
/
5 |03] 03 0.429
/

W
(=
(—}
(=]
(—)
(e)

|
|

=
=
w
=
w
N
SN
)
N}

g0 0. {07149

7 (00| 00 |0

DT M

Part of rotation : Qx due to Mt:

Wall | I, | vy “(Mx/ Tw)*Iy* 'YXy

T
1 0 |-3.51

0

2 103|024 0.00015
L e
l‘ B \

4 03
T 0.0014

\
R e |
S 0
013001

T R ——
e

102 dxi




Part of rotation Qy

= Ty T X
T"ﬁl"’ﬁ?l' 0.2

(o G| 70: o <L0:8] B i i Yo
ey | 10781 0

5 0.1 |-1021 0.0022

6 0 [-1121 0

7 8296 271 -0.482

8§ | 492 |-20.04 0.211

@ Part at each wall due to Ox:
Qx: = part of translation + part of rotation
> Qxi(for wall # 1) = 0.0+ 0.0 + 0.2
=i0:2

>
Qxalfor wall #2) = 0,429 + 0.00015 + 0.0
=0.429

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

=010

> Qxy(f
(for wall # 4 =0.429 +0.0014 + 0.0

: =043
Qxs(for wall# 5y < g +0+0.0
: 0022

103 dxis




= 2
(for w;llO:(é))2= 0.149 + 0.00086 + 0.0

Q =0.15

Qxq(for sall f )= 0.0+0.0 -0.482
=-0.482

p Qxs(for wall #8) = 0.0+0.0+0 211
=0, 211
0K

of each wall due to load in Y-direction :

@ Part

Jy > 4 FRy = 1 KN
Wall | Ix | FRy * Ix | (FRy *T)/LIx

1 GG el | O

2 0 0 0

3 B0l s DRE L0085

5 0.1 | 01 0.001

6 0 0 0

7 |8296| 8296 [0.83

8 1492 492 {005
e

My=3.05 KN m

Iw= 40858 ¢

Wall |

Walllit Tve,

- 104 dai,




@ Part of rotation Qy due to Mx :
AL o | My )T X

T [ 761 |-1221]0.08

> 0 |-108110

S R T

4 0 [-1081]0

B Ol TG TR 00s

6 0 |-11211]0

7 |8296| 271 |-0186

—
.

8 | 4922004 (0082
L\k

— |

=R BN ]

Q

Yt = part of translation + part of rotation
® Qy1(for wal] # 1)=0.077+0.08+ 0.0
- =157
_ > Qva(for wa]] #2)=0,04 0.0+0.0
=00

>
Qys(for wall # 3) < 0.035 + 0,027 +0

\

105 dsay



~00+0.0+00
p Qys(for wall #6)=0.0

=0.0

= +0.0-0.186
» Qy(for wall #7) = 0.83

=0.644

.0 +0.082
p Qys(for wall #8)=0.05+0

=0.132

K
YO = 1 TR SR |

4-10-4-Calculation of Floors Weight:-
» 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 =453 KN .

» For the Sécond Flooy:-

Total weight of Second Floor =

5266.7 KN
Total Weight of Second & Trepea

t

> For the fing) Flooy:-

Tota] weight of final Floop — 39333 KN

W otal) fi 9.4 KN'
ta) for gJj Floors=425 ¥ 3000+4253 + 15800 + 3933 3 =3163

\
- -y

e

106 dsa



254033y =1 W ;
ie=sn | UBCAIS).Y =015*316394

474591 RO s

-k Jw. ! S wilh

covverseeenee. (UB.C-30-14)

z:l=1Wihi_—:
= (4253*4.29) +(3000%7. 15) + (465
7%16.25) + (5266.7519.4) (3933.3#22.49) =396190.4KN.m.

3#10.01) + (5266.7*13.13) +

(5266.
» Basement Floor.
F = [(474591- 79.4)* 4253+4.29] / 396190.4 <2149 KN.

» Shear Force at Basement Floor.

Fo— (4745 91 -79.4)* 3000%7.15] / 396190.4 = 252.65 KN.

» Shear Force at Ground Floor.
F .= [(4745.91-79.4)* 4653*10] / 396190.4 = 548 KN.
> Shear Force at the First Floor.,
.= [(4745.91-79 4)* 5266.7%13.13] /396190.4 = 814.5 KN.

> Shear Force at the Second Floor,

= [(4745.91-
F =1(4745.91-79 4y 3266.7%16.25] / 396190.4 = 1008 KN.

®» Shear Force at the Third Floor,

F. = [(4745.91.7
- 9.4)* 5266.7*19.4] /396190.4 = 1203 KN.

>
Shear Force at the Fourtp Floor
F= [(4745.91-79.4)* .

3933.3*22.49] /396190.4 = 1041.9 KN.

LOﬂd alc

)
Caleulati,
Part of Jogq for way ( Lof Wall (Swy3 :

W3), due to(qy) = 0.157

\
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at basement Floor.

et Growd Fhoar

, Fa=25265 s157= 39 -
= 157 =86 KN. -
ﬁ: 514.5%0.157=127:87 KN. at the Secon .
: ?: 1008%0.157 = 158 26 KN. at the Third Floor.
: Fj- 1203%0.157 = 188.87 KN. at the Ff)urth Floor.
p [ ,=10419 %0.157 = 163.58 KN. 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= 79798 KN.

Pu (Weight of the shear wall) = 1.2*7.7*0.2*22.49*25 = 1039 KN.

1- Design in Plain Concrete:-

Wn>yy
o] wweorennn. . (ACI-318-22.5.4)(Eq-22.8).

¢Vn=o.55*%\[j§*b*h

et (ACI-318-22.5 4)(Bq-225)
Where b= LW:) (LW

@V 1 S length of shear wall in the direction of act0
n=055%"
5255477004 500

9




2 Desight
: = 0 mm
oigtiw ="
g KN
1 *200*6160
e
gvc = 0.75* 6 ‘///

o = L200%6160=410.7KN.
_ Liupa)*b*d=3
3

_797.98 KN) < (Vc+¢Vsmin=10857KN).

VS min

(gVc= 777.7 KN)< Vu
@ Complies with Category 3)-

¢Vc + ¢VS z Vu
7777 + s 279798
Vs =20.28 KN

Vs=27KN

fISLreq— ———Z—Oﬁ;—— =0.011cm

0.75%400*6160
IZ—Vmin =0.0025*20=0.05cm

4 i
L req < i

4

< min= 0.05 ¢m is controlled

S

min=3*h=3%20 = 60 o
S

min = 45 Cin
Select 2010 120cm:
i g 2*%0.78




3 % 400 * 4720

5*2*11 =159mm=15_9cm'
prd- a0

Sreq” ¢Vsr€q

Select, § =12 15cm.

& So, use @12@ . (ACI318-111093)
—Sused<Lw/5 .................................. OK.

< (590/5 =118 cm)--oeo (ACI-318-11.1093),
15 <( )
_Sused<3*h.......,,..---' ................................. OK
5 A S . (ACT318-11 10

-S used<500m O'K.

ﬂreqz(ﬂminz0.00ZS*h) ..................... (ACI -318-11.34)
s 3

24113 1 0025%20 =5 0.15107 2 0.05CH L ..oocovcvvvvvivrese OK.
3

Wl So, Use Horizontal Reinforcement = ®12@15cm.

3- Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-

Puia=0.0025+0.5(2.5 —;—W)(ph ~0.0025)
w

11.10.9.4).

(ACL318-

Ph=Horizonta] reinforcement ratio
h (2*(0.78)+1%,

Ph=—2e:« 2l 205
T Tl e

Prin=0.002 2
K min 3+0.5(2.5 ~FO)(3_9*10—3 —0.0025) = 0.0025




(ACI-318-11.8.4).

e R
T ; ) 0BG - os--vissosveemrsestesgs OK
*20:>0.113€m, :
2#1.13 50,0025

20

@ Desigh of Moment:-
light loaded shear wall

_Design as
Desig %770 = 616 cm

4= 08" Lw= 0.8
M, = 12881.96 KN.mm

6
M, _ 12881.96*10 1 ggiPa
RH=W‘ 0.9%200%6160

1 2mRn

=)
P m( ¥
2%18.45%1.88
L )
18.45 400
= 0.0049

AS req = 0.0049%20%616 = 60.66 cm?

-Design as heavy loaded shear wail.

- e L
4 So, the Vertical reinforcement of (@12@20), will be considered
AS(V) = 2*1.13%(770/20) = 87 g2

. | =8700 mm? .
Lw 2 (0 85 ﬂ*fC'*LW*h

As*jj;
Z

— 1
Lw \
2+(0.85*0.85*25.5*7700*200 =0.098
870 )

i 0%400
Ml = q)*0~5*AS(V)*fy*

Lw*

\

-0.098) = 10876.5 KN.m.

111 X




As a=/'
boundary jy*(LW'CW)

Let CW= 40 cm.

o 34368*10°__ _11.8cm”
Sboundary" 400* (7700 . 400) ’ '

Use 6016

A grovided =12.06 o > 11.8 e 0K

Note: - This reinforcement will be applied for all Floors

]]2;&&%
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Architucral Plans
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Structural Plans
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