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Abstract

Structural Design and Details of a Multi story Building

Project Team
Mowafaq Adel Abu-zeineh Farhat Abd. Almune'm Osaily
Y ousef GH. Al-Haimouni

Pal estine Polytechnic University-2006

Supervisor
Dr. Maher Amro

The main idea of this project isto prepare al structural design and executive
details for amulti story building in the center of Hebron city.

This building consists of thirteen floors and it contains all activities required

for any person.

This building is areinforced concrete structure, and it was designed

according to the ACI-code-02.

The project contains the structural analysis for vertical and horizontal oads

and the structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

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

At = area of oneleg of aclosed stirrup resisting tension within a(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
reinforcement.

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 in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

L d = development length.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nomina moment.

Pn = nominal axia load.

Pu = factored axial load



S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.
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NO. material Quality density
1. Tile 2200 Kg/ m®
2. Sand 1700 Kg/ m?
3. Reinforced Concrete 2500 Kg/ m®
4, Block 1000 Kg/ m*
5. Plaster 2200 Kg/ m®
6. Partition 125 Kg/ m®
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NO. Typeof Area Live L oads(kg/m?)

1. Parking 500

2. Restaurants 500

3. Roof 150

4. Shops 400

5. Stairs 400

6. Offices 250
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By using the Jordanian Building Code for determining the forces that
caused by the Earthquake loads, we divide the whole structure into two
parts "A"&"B"-As mentioned in the plans-because of the Expansion
Joint. Then we fined the total horizontal force (V) as:

V = § Fz

1

z



Where:

Fz: Z (s suall e 3 fisedl a5 gl
n: el Gl g
FZ - G*B*yz*é*e*n*wz* Q%

Where:

O 52l Jalea dad
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Yz g LY

O: Al Jalas

0 1l Ll Jelas

N rdeall Jales

W, Akl § gl A ) Jlead!

Q%: Gk JS 3 Y Jaal) dus

30 the value of the horizontal forceis:

V=-a.bdgh.g (g,W,)

z=1

Vertical load calculation,

W =G + K.Q
LAl Al JleaYl :G



Whereas the Vertical load for the story (2) is caculated by the
following equation:

W, =G, + KQ,

The"K" factor was obtained from the Table (22) and its value for the

commercial and office structure is (K=0).

So, the total vertical load for the part "A" of the structureis:

W, s, = (2200)(0.25)(25)+(0.3)(25)(162)(3.0)+(0.6)(0.6)(25)(3.0)(60)
W, (5, = 18576.25 KN.

W, (81 = (1511)(9.43)+(0.3)(25)(162)(2.75)+(0.6)(0.6)(25)(2.75)(60)

W (g1 = 22399.8 KN.
= 26348.55 KN.W,,,
W,, = 25032.3 KN.
W,, = 20331.25 KN.
W,, = 25326.5 KN.
W, ;= 16996.13 KN.
W, = 16106.25 KN.
W,, = 16106.25 KN.
W, , = 8834.31 KN.



W, , = 8834.31 KN.
W, ,, = 7242.44 KN.

And, the total vertical load for the part "B" of the structureis:

W, = (1520)(0.25)(25)+(0.3)(25)(170)(2.75)+(0.6)(0.6)(25)( 2.75)(49)
W,,,= 14873 KN.

W, = (1511)(9.43)+(0.3)(25)(170)( 3.0)+(0.6)(0.6)(25)( 3.0)(49)
W,,, = 19396.73 KN.

= 23257.73 KN.W,,

W,, = 21970.73 KN.

W,,= 16148.75 KN.

W,, = 22877.9 KN.

W, = 23534.9 KN.

W, = 221714 KN.

W,, = 221714 KN.

W,, = 20447.9 KN.

W, ,= 20447.9 KN.

W,,, = 17714.9 KN.

((0) Badd) Jalea dad
By using the fig. (3), we can notate that our region was located in the

category (—) so that the factor (a = 0.5) from the table " 23"
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Thisfactor can be specifying by thetable "24" by the building type.
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p -0 06(45) ( =0.2127 sec ond
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=0.08232
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This factor is depending on the building height and the type of this
building, so its vaue can be specifying by the table "26".



From the table, for the multistory structures that its high doesn’t more
than (50)m, the equation is:

where :

Z: the number of the story and thisis numbered from down to top.
N: Number of the structure's story.

So the values of this factor for the part "A" of the structure are:

0o =[3 4853500 535
2(82) 151213282 .1

gZ(BZ) =0.0963

92(s1) = 0.1926
g,, = 0.3692
g,, = 0.5457
g,, = 0.6741
g,. = 0.8025
g, = 0.97905
0,, =1.1235
g,, =1.2519
0,5 =1.38



g,, =1.5087
9,,, =1.6371

And the values for the part "B" of the structure are:

- 6815304 .355
2(81) 243507761 .5

gZ(Bl) =0.084

Jz(s2) = 0.186
g,, =0.322
g,, =0.476
g,, =0.588
g,, =0.7

g, =0.85%4
g, = 0.98
g,, =1.092
0,5 =1.203
g,, =1.315

0,0 =1.427



Tag gl Jalae
This factor can be determined by the following Eq.
0.7

08£d = £1.3

Ts 3 T Ll (13) Jassh (5) 4ad 1S
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Thisfactor shows the ability of the structure to absorb the energy that
caused by the earthquake which is specified by table (28).

So (0=1.33) for the structures that is depends completely inits
resistance on the shear walls.



t (M) Awaal) Jalas

This factor depends on the importance of the structure, and its
value can be taken from the table as (n=1.2).

Then the calculations for the part "A" of the main equation became:

F, =a.b.g,dghW,

F.s» = (0.5)(0.0838)(0.0963)(L.33)(L.3)(1.2)(18576.25) * (0.13)
Fs» = 20.217 KN

F s = (0.5)(0.0838 )(0.1926 )(1.33)(1.3)(1.2)( 22399 .8)* (0.13)
Fio) = 48.76 KN

F, =118.38 KN
F, =166.25 KN
F, =166.8 KN

F, = 247.37 KN
F, = 723.29 KN
F, = 786.55 KN
F, =876.4 KN

F, = 964.46 KN

F, =1054.4 KN



F,, =937.97 KN

V, =6110.9 KN.

And the calculations for the other part "B" of the main equation became

@2 = (0.5)(0.08232)(0.084)(1.33)(1.3)(1.2)(14873) * (0.07)

2 = 7468 KN
s = (0.5)(0.8232)(0.168)(1.33)(1.3)(1.2)(19396 .73) * (0.07)

F
F
F
Foy =19.48KN
F, = 44.796 KN
F, =62.517 KN
F, =162.18 KN
F, =328.23 KN
F, = 411.939 KN
F, = 445.33 KN
F, = 496.225 KN
F, =504.17 KN
F, =551.108 KN

F,, =518.113 KN

V, = 3551.52 KN.



CASE - A

R as Fz-12 = 937.97 KN
Yo Fz-11 = 1054.4 KN
e gers Fz-10 = 964.5 KN
s Fz-9= 876.4 KN

€2 o Fz-8 = 786.55 KN

B e Fz-7=723.30 KN
o Fz-6 = 247.37 KN

YL yazs Fz-5 = 166.8 KN

o Fz-4=166.25 KN

LI os Fz-3= 118.38 KN

e Fz-2= 48.76 KN

=y Fz-1=20.22 KN

CASE -B

g Fz-12 = 518.11 KN
qatoo | Fz-11 = 551.11 KN
4az00_ Fz-10 = 504.17 KN
— Fz-9 = 496.25 KN
E s Fz-8 = 445.33 KN
Eipans Fz-7=411.9 KN

8 yars Fz-6 = 328.2 KN

L s Fz-5=162.18 KN

B o7 Fz-4=62.52 KN

= Fz-3=44.8 KN

e Fz-2 = 19.48 KN

=P Fz-1=7.47 KN
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Chapter Four

Structural Analysisand Design

(4-1) Introduction
(4-2) Design of Rib (R3+R12)
(4-3) Design of Beam (B18)
(4-4) Design of One Way Solid Slab (S12)
(4-5) Design of Column (C19)

(4-6) Design of Isolated Footing (F19)



(4-7) Design of Combined Footing (CF1)

(4-8) Design of Strip Footing

(4-9) Design of Retaining Wall

(4-10) Design of Stairs

(4-11) Design of Shear wall



Chapter Four

Structural Analysisand Design

4.1 Introduction

In This Project, al of design calculations for all structural members would be

made upon the structural system which was chosen in the previous chapter.

So, In This Project, there are two types of slabs: solid slabs and one-way ribbed
slabs . They would be analyzed and designed by using finite element method of
design, with aid of a computer Program called " ATIR- Software" to find the internd
forces, deflections and moments for ribbed slabs and by using the previous program
and "STAADPRO 2004" and "Prokon" programsto find the internal forces,
deflections and moments for one way-solid slabs, and then handle calculation would
be made to find the required steel for al members

The design procedure started from the top to the bottom of structure, so,
numbers were being given to each member to simplifying and classifying these
members. The key plans for each level which show the keys for each member can be
shown in the figuresin appendix "B", then the calculation started step by step from

the roof to the foundations.



4.2 Design of ribs (R3,R12)

4.2.1 Deter mination of thickness of ribbed slabs( T section ) :-

According to ACI-Code-318-Rm, the minimum thickness of nonprestressed
beams or one way slabs unless deflections are computed, given in table (9.5-a),
asfollows:-

For rib (R3) in the first basement floor , as shownin fig (4.1).

M =1 :280

.-"ri‘ ;i i}.. v ; ﬂl 3- L . o é!.‘ ; .-_: .- 5 £_1
— AR T AN 4 LK) 4 .40 4 135 i 4405 4
fig (4.2).
spans from left to right:-
L:£:0.36 m=36 cm
185 185
L:E:O.BS m=35 cm
21 21
L:@:0.29 m=29 cm
21 21
L:5'—80=O.28 m=28 cm
21 21
L = 7—35 =0.397 m=39.7 cm
21 185

L=4'—97:0.27 m=27 cm
185 185



According to above values, the thickness of the slab will be assumed to be (35)
cm, and deflection limitation must be considered:
h=35 cm.

4.2.2 Load Calculations ( T section) :-

Dead load: -

Coar se Sand Fill 0.07*0.52¢*1700 =61.88kg/m of rib
Tiles 0.03*0.52%2200 =34.32kg/m of rib
Concrete Rib 0.27*0.12*2500 =81 kg/m of rib
Block 0.27¥0.40*1000 =108 kg/m of rib
Topping 0.08*0.52*2500 =104 kg/m.
Plaster 0.03*0.52*2300 =35.88Kg/mof rib
Partitions (125) (0.52) =65 Kg/mof rib

Nominal Total Dead Load =
61.88+34.32+81+108+104+35.88+65 = 490.08 Kg/m of rib
Factored Total Dead Load = 1.4*490.08 = 686.112 kg/m.
= 6.86 KN/m.
for ribs ultimate dead load = 6.86 kKN/m
Factored liveload =4*1.7*0.52= 3.54 kn/m

4.2.3 Design of topping :-

79 7
Dead load of rib=b* h* D //
///////

= 012 * 027 * 25 BLDCK 27X40X20
— 081 kN/m 12.0 40.0 12.0
=81 kg/m

8.0

N\
\

N
NN




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

= (4'—90 - %) = 7.87 kN/m?
052 0.52

LL = 4 kN/m?
q, = 1.4(DL) + 1.7 (LL)

=1.4(7.87)+ 17 (4)
= 17.82 kKN/m?

Calculate of ultimate moment :

Assume dlab is fixed at support points (Ribs)
_ q, *1? _ 17.82* (0.4)°

M, =0.24 KN.m
12 12

Mn = fr*s
* L2 * 2

S = b* h = 100 (8) =1066.67 cm3

6
fc'=0.85* fcu = 0.85*30 = 25.5 MPa
f, =07 +255 =353 MPa

Mn = 35.3(1066.67) = 37.705*10° kg.cm
Mn =3.77 kN.m

f Mn = Mn* (Reduction factor)

=3.77* (0.65) = 2.451 KN.m > 0.24 kN.m
So the dab is plain concrete.

Minimum reinforced of slap is required according to ACI — COD:
- To prevent shrinkage cracks.

- To minimize temperature.



As. = 0.0018* b*d

0.0018 * 100 * 8 = 1.44 cm?

select 3 ® 8 per one meter ----- As =151cm?

prov.

4.2.4 Rib Design (R3) in thefirst basement floor :

4241 Design for Positive M oment:-

Moments: spans 1to 6

284236 AT i 1.6F -
! ! 1.75 N7 1 i |
1,261 4 . 1.0 O JNY | 11.12 . 1.18
1.2 0.78! 1220 ! {2l
268, 402 | 367 368 | 3. . 3. [261,3.19| 367 , 3.68 |2.98 1.99

fig. (4.2): Moment diagram of rib 3

Thisdesignfor6.7m& 7.35m& 6 m& 5.8m & 7.35m & 4.97 m spans are as
follows:-

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

Be for T- section isthe smallest of the followi ng:

be =L/4=735/4=183.75cm
be = b, +16t =12+ 16 (8) = 140 cm

b =C/IC=52cm......c......e..... Control



1% span (L = 6.7 m):

Mu=34.1kN.m

Mn =34.1/0.9 = 37.89 kN.m = 3.79 ton.m
Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

C=0.85 fct b, = 0.85 (0.255) (8) (52) = 90.17 ton

d= h-Ct-dy/2 = 35-2-1.2/2 = 32.4 cm

Mn=TorC(d-0.5a)=90.17 (32.4—0.5(8)) / 100 = 25.61 ton.m
Mn available = 25.61 ton.m > Mn required =3.79 ton.m

So, Design as arectangular with b, =52 cm

Determine A's max.
X b={0.003/(0.003+0.0021)} * 32.4 =19.06 cm.
ab=131* Xb=0.85*19.06=16.2 cm.
= C1b=0.85*0.3*12*16.2=49.57 ton.
= C2b=2*0.85*0.3*20*8=81.6t.
= Tbh=131.2ton
= Ash=131.2/4.2=31.24 cnv?
= ASna=0.75*31.24 =23.43 cm?

4 fc 14 )
Asmin= a(ty) (bw)(d) > W(bW)(d) ........... (ACI-105.1)
. _ 255 14
= Asmin= 2(420) (12)(32.4) > 20 (12)(32.4)

Asmin=117 > 1.30

= Asmin=130cm?
fy 420

"~ 085* fc  0.85* 255




Mu _ 3.79%10°

RN = = =6.943 Kg/ cm?
f *b*d?® 52*(32.4)° 9
1 2mRn
==(1- 1-
P m( y )
p = i(l_ \/1_%) =0.00168
19.4 4200

A'S req = 0.00168 * 52+32.4

= AS(e=2.83cm? > Asmin=130cm?
¥ Select 2 ® 14 with As= 3.08 cn?? .

2" span (L= 7.35 m):-

Mu = 26.6 kN.m

Mn = 26.6/0.9 = 29.56 kN.m = 2.956 ton.m

Rn= 5.414 Kg/ cm?

0=+ (1- \/1— 2194)(5414) y _ 00131
19.4 4200

A S reg = 0.00131 * 52+32.4

= A S(req=2.2 CV?
B Sdect 2D 12withAs=2.26cm? .

3% span (L = 6.00 m):-

Mu =19.20 kN.m

Mn =19.20/0.9 = 21.33 kN.m =2.133 ton.m

Rn= 391 Kg/ cm?



19.4 4200
A S(rery = 0.0094 * 52+32.4

# Select 2 ® 12 with Ag=2.26 cm? .

4" span (L=5.80 m):

Mu=16.0 kN.m

Mn=16.0/0.9=17.78 KN.m=1.778 ton.m

Rn= 3.26 Kg/ cm?

0=+ (1- \/1— 20194)(3.29) y _ 4 50078
19.4 4200

A S reg = 0.00078 * 52+32.4

= AS(e=1.32cm?
B Scaect2 d 12 with As=2.26 cm2 .

5" span (L=7.35 m):-

Mu=28.8 kN.m

Mn=28.8/0.9=32 KN.m=3.2 ton.m

Rn= 586 Kg/ cm?

0=+ (- \/1— 219.8(586) ) = 0.00142
19.4 4200

A S req = 0.00142 * 52+32.4

2 Sdect 2 d 14 with As=3.08cm?.



6" span (L = 4.97 m):-

Mu=16.6 kN.m

Mn = 16.6/0.9 =18.44 kKN.m = 1.844 ton.m

Rn= 3.38 Kg/ cm?

0=+ (1- \/ _2A94338) y _ ) 10081

19.4 4200
A S(req) = 0.00081 * 52*32.4
= A S(eq=1.366 cm?
¥ Sedect 2 12withAs=2.26cm?.

4.2.4.2 Design for Negative M oment:

Using ATIR-software the following moment values appears: -

Support B :-

Mu =49.6 kN.m
Design of T-section for negative moment as rectangular section with (b=bw)
The minimum reinforcement is determined according to ACI (10-5.2) as

follows:

I,
Asmin= 2(fy)(b )(d) < fy(bf)(d) ........ (ACI-10.5.2)

V255

2(420) (12)(32.4) < +/25.5(52)(32.4) /(4* 420)

Asmin=

Asmin= 2.34<5.06

Asmin=2.34cm?



ASna= Pmax* b* d

Pmax BY Interpolation from table
ASmax=0.01953* 12* 32.4
ASmax= 7.6 cm?

Mn=49.6/0.9=5511kN.m =5.511 ton.m

m=19.4
5
Rn=Mn/bw.d2= w:«%_% Kg/cm?
12x32.4
* *
C_Af o 2mRn) 1 1_\/1_ 2*19.4* 4375 | _ 0 01176
m fy ) 19.4 4200

AS(eq = 0.01176 (12) (32.4) = 457 cm?

W Use2® 18mm with As =5.09 cm?

Support C:

Mn=38.9/0.9=43.22kN.m =4.322 ton.m

m=19.4
5
Rn=Mn/bw. d= M:M.Bl Kg/cm?
12x32.4
* *
r= L 1- \/1— 271947 34.31 =0.00895
194 4200

A'S e = 0.00895 (12) (32.4) = 3.48 cm?

#W Use2d 16 mm, As =4.02cm?
Support D:

Mn=279/09=31.0kN.m =3.1 ton.m
m=19.4



3.10x10°

Rn=Mn/ (bw. d?) = =24.09 Kg/cm?

12x32.4%
* *
. _ 1 1_\/1_2 19.4* 24.69  0.00624
19.4 4200

A'S(eq = 0.00624 (12) (32.4) = 2.425cm”?

# Use2d 14 mm As =3.08cm?

Support E:

Mn=39.3/0.9=43.67 kN.m =4.37 ton.m

m=19.4
5
Rn=Mn/ (bw. d?) = i)doz::%% Kg/cm?
12x32.4
* *
L1 1_\/1_ 2%19.4*34.66 | _ 1q
19.4 4200

AS(eq = 0.009 (12) (32.4) = 3.52cm?

W Usel®d16mm + 1P 14mm As:3.55cm2

Support F:

Al [, Mn=39.3/0.9=43.67 KkN.m =4.37 ton.m
m= 194

4.37x10°

1237 = 34.66 Kg / sz
X3Z.

Rn=Mn/ (bw. d?) =

1 \/ 2*19.4* 34.66
r=——1|1- 1
19.4[ 4200

J: 0.009

ASeq = 0.009 (12) (32.4) = 3.52cm?

W Use2® 16 mm As =4.02cm?



4.2.4.3 Design of Shear:-

_shear

fig. (4.3): Shear Diagram for rib 3

Factored D.L. = (0.686) t/m
Factored L.L. = (0.354) t/m
W, =(1.04) t/m
Max V, a the support (B):
V, = 3.46 ton At distance (d=32.4 cm) from face of support :

DV, :o.ss(f )bd :O.85[—V25'5](12)(32.4)( 10 j =3.272ton

6 1000

V, =3.46ton > @V, = 3.272 ton
.. Category(3) Satisfy :
Minimum shear reinforcement required, so;

LA
b

3% 420* 2% 0.5
12

(S sﬂzﬁ:mz cm
2 2

S =105.0 cm

(S)<60cm



SO use the smallest of the three limitations
UseS=15cm.

425 Deflection limitation:-

According to ACI — code 318, the maximum allowable deflections are
determined by equationsin table [9.5 ()], and this value must be more than the

maximum value of deflection appears.

The maximum value of deflection due to sustained and live loads" long term
deflection” for rib slab (R3) is obtained by using computer program called

"ATIR" and results were as shown in fig. (4.4).

e e 1688 NN 7

1611
18 65

fig. (4.4). Deflection Diagram Before Adding Reinf. (mm)

From this fig. the maximum deflection due to sustained load is (18.66 mm)
which is more than the maximum permissible computed deflection whichis

L 6.70*1000 mMm
480 480

So, 18.66 mMm>13.96 mm ...not OK

equal to: (A = =13.96 mm)

In order to solve this problem steel reinforcement in first span and fifth span must be

increased to be as follows:-



1% span (L= 6.70 m):-

% Provide 2020 ....... With AS_ e = 6.28 cm?

5" span (L = 7.35 m):-
% Provide 216 ....... With AS_ e =4.02 cm?

Deflection diagram obtained from computer calculation using ATIR program would

be after adding this amounts of steel asfollows :-

fig. (4.5). Deflection Diagram After Adding Reinf. (mm)

From thisfig. the maximum deflection is (13.37 mm) in the first span which
isless or than the maximum permissible computed deflection which is equal:

L 67071000 mm

(A =
480 480

=13.96 mm)

&’
13.37mm< 13.96 mm ... OK

4.2.6 Determination of thickness of rib slab (| section) :-

According to ACI-Code-318-Rm, the minimum thickness of non-prestressed
beams or one way slabs unless deflections are computed, given in table (9.5-a),

as follows:-



For rib (R12) in thefirst basement floor which have the largest spans, as
shown infig (4.6).

AR TOr

M = 1 -2rn
;E. _L p-8 é_ oL A A e é_ e _I':-" o= ‘. e g i _} 0 _: - “ - é
:—5.3 i a I.: =0 I‘.'- [0 s } . 7. A0 .00 :.
fig (4.6).
spans from left to right:-
L:i:0.27 m=27 cm
185 185
L:&:0.45m:45 cm
21 21
L:7—'8=O.37 m=37 cm
21 21
L:@:O.Slmzfﬂ cm
21 21
L :Lg =0.376 m=37.6 cm
21 185
L=i=0.43m=43 cm
185 185

According to above values, the thickness of the slab will be assumed to be (35)
cm, and deflection limitation must be considered:
h=35 cm.

4.2.7 Load Calculations (| section ):-

Dead load: -
Coar se Sand Fill 0.07*0.52¢1700 =61.88 kg/m of rib
Tile 0.03*0.52%2200 =34.32kg/m of rib

Concrete Rib 0.20%0.12*2500 =60kg/m of rib



Block (polyester) 0.20*0.40*15

=1.2kg/mof rib

Upper flange 0.07*0.52*2500 =91 kg/m.

L ower flange 0.08*0.52*2500 =104 kg/m.
Plaster 0.03*0.52*2300 =35.88 Kg/m of rib
Partitions (125)*(0.52) =65 Kg/mof rib

Nomina Total Dead Load =

61.88+34.32+60+1.2+91+104+35.88+65 = 453.28 Kg/m of rib

Factored Total Dead Load = 1.4*453.28 = 634.6 kg/m.
= 6.35 KN/m.

for ribs ultimate dead load = 6.35 kKN/m

Factored liveload =4*1.7*0.52= 3.54 kN/m
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4.2.8 Design of topping :- ??////?

Dead load of rib=b* h* D
=0.12* 0.20* 25

120

= 0.60 KN/m
=60 kg/m

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

= (@ - ﬁ) =7.56 KN/m
052 052

LL = 4 kN/m?

q, = 1.4 (DL) + 1.7 (LL)
=1.4(7.56) + 1.7 (4)
= 17.384 kN/m?

RN

7.0

20.0

8.0




Calculate of ultimate moment :

Assume dlab isfixed at support points (Ribs)
_ q, *1? _ 17.384* (0.4)*

M, = 0.232kN.m
12 12

Mn = f *s
* 2 * 2

S = b* = 100* (7) =816.7 cm?

6
f =0.7+/255 =353MPa

Mn =35.3(816.7) = 2.87*10° kg.cm
Mn =0.287 kN.m

r

f Mn = Mn* (Reduction factor)

=0.287 * (0.65) = 0.444 KN.m > 0.26
So the dlab is plain concrete.
Minimum reinforced of slap is required according to ACI — COD:
- To prevent shrinkage cracks.
- To minimize temperature.
As .. = 0.0018*b*d

min

0.0018 * 100 * 7 = 1.26 cm?

select 3 @ 8 per one meter ----- As__ =151 cn?

prov.



4.2.9 Rib Design (R12) in thefirst basement floor :

4.29.1 Design for Positive M oment:-

Moments: spans 1to &

|

3/41 75

?.qa.za! 467 467 ! 429 351 ! 3.3 3.3 !3.5'5I 4.34 ! 4.75 ,r3_|?!

fig. (4.7): Moment diagram of rib 12

Thisdesignfor5m& 9.35m& 7.8 m& 6.6 m& 7.9 m& 8 m spans are as

follows:-

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

Be for T- section isthe smallest of the followi ng:

be =L/4=935/4=233.75cm
be =b, +16t=12+16(7) =124 cm
be =C/IC=52cm.................... Control

1% span (L =5 m):

Mu =140 kN.m



Mn = 14.0/0.9 = 15.56 kN.m = 1.556 ton.m
Determine whether the rib will act as rectangular or T — section:

For a=t =7cm

C=0.85 fct b, =0.85(0.255) (7) (52) = 78.9 ton

d= h-Ct-dy/2 = 35-2-12/2 = 32.4 cm

Mn=TorC(d-0.5a)=789* (324—05(7)) /100 =228ton.m
Mn available =22.8ton.m >Mnrequired =1.556 ton.m

So, Design as arectangular with b, = 52 cm, in both Negative and Positive area

Determine A’ s max.
X b={0.003/(0.003+0.0021)} * 32.4 =19.06 cm.
ab=R1* Xb=0.85*19.06=16.2 cm.
= C1b=0.85*0.255* 12* 16.2=42.14 ton.
= C2b=2*0.85*0.255*20* 7 =60.69 t.
= Tb=102.83ton
= Asb=102.83/4.2=24.48 cm?
= ASnax=0.75*24.48 =23.43 cm?

A'smin= \/_(b w)(d) < \/_(bf)(d) ........ (ACI-10.5.2)

2(fy) 4fy
ASmin= 2“(25 220 (12)(32.4) < \[25.5(52)(32.4) /(4* 420)

Asmin= 2.34<5.06

Asmin=234cm? ,inboth Negative and Positive area

fy 420
0.85* fc  0.85* 25.5

=194

* 5
e MU . 1.556 102:2.85Kg/cm2
frb*d? 52*(32.4)

2mRn
fy

p=—@- -2
m



19.4 4200
A S(rery = 0.00068 * 52+32.4

= AS(e=115cm? < Asmin=234cm?

So, use Asmin=2.34cm?
B Sdect 2 d 14 with As=3.08 cm2 .

2" span (L=9.35m):-

Mu=45.0kN.m

Mn =45.0/0.9=50.0 kN.m =5.0ton.m

Rn= 9.16 Kg/ cm?

0 =1 (1- \/1— 21940.16) y _ 4 50003
19.4 4200

A S req = 0.00223 * 52+32.4

 Select 2 d 16 with As= 4.02 cn?? .

3% span (L = 7.80 m): -

Mu =289 kN.m

Mn=28.9/0.9=32.11 kN.m=3.211 ton.m

Rn= 5.883 Kg/ cm?

-1 a- \/1— 20194)(5883) y _ 4 5149
19.4 4200

A S req = 0.00142 * 52+32.4




# Sdect 2 P 14 with As=3.08 cm? .

4" span (L= 6.60 m):

Mu=229 kN.m

Mn =22.9/0.9 = 25.44 kKN.m = 2.544 ton.m

Rn= 4.66 Kg/ cm?

p = i(l - \/LM) =0.001122
19.4 4200

A'S req = 0.001122 * 52+32.4

= AS(e=1.89cm? < Asmin=234cm?

So, use Asmin=2.34cm?
2 Sdect 2 d 14 with As=3.08 cm2 .

5" span (L=7.90 m):-

Mu=29.6 kN.m

Mn=29.6/0.9=32.9 kN.m=3.29 ton.m

Rn= 6.025 Kg/ cm?

-1 a- \/1— 2019.4)(6.029) y _  h0146
19.4 4200

A'S req = 0.00146 * 52+32.4

= AS(eg=2.45Ccm?
B Sdect2 d 14 with As=3.08 cm?.



6" span (L = 8 m):-

Mu =472 kN.m

Mn =47.2/0.9 =52.44 KN.m =5.244 ton.m

Rn= 9.61 Kg/ cm?

0=+ (1- \/1— 2194961 _ 5 55034
19.4 4200

A S req = 0.00234 * 52+32.4

= AS(ep=3.94cm?
B Sdect 2 d 16 with A= 4.02 cm?

4.2.9.2 Design for Negative M oment:

Using ATIR-software the following moment values appears: -

Support B :-

Mu =56.4 kN.m
Design of I-section for negative moment as T- section with ( b=by )
The minimum reinforcement is determined according to ACI (10-5.2) as

follows:

Mn=56.4/09=62.7kN.m =6.27 ton.m
m=19.4

6.27x10°
52x32.4°

* *
r :i(l— N 2mRn]:1S;L4[1_\/1_ 2%19.4 11.48]:0.00281

Rn=Mn/(bx.d? = =11.48 Kg/cm?

4200



AS(eq = 0.00281 (52) (32.4) = 4.73 cm?

VT AT

Asmin= 2(y) - (bw)(d) <~— 4ty (bf)(d) ........ (ACI-10.5.2)
V255
2(420)
Asmin= 234<5.06

Asmin=234cm?

ASmin=

(12)(32.4) < \/25.5(52)(32.4) /(4* 420)

ASna= Pmax* b* d

Pmax BY Interpolation from table
ASn=0.01953 * 12 * 32.4
ASmax= 7.6 cm?

A'S e = 0.00281 (52) (32.4) = 4.73 cm”?

Use2 ® 18 mm A's =5.08cm?

Support C:

Mn=64.8/0.9=720kN.m =7.20 ton.m

m=19.4
5
Rn=Mn/bw. d= L)doz =13.19Kg/cm®
52x32.4
* *
. _ 1 1_\/1_ 2%19.4*13.19  0.00324
19.4 4200

A'S e = 0.00324 (52) (32.4) = 5.46 cm”
Use2®20mm, As=628cm’



Support D:

Mn=41.8/0.9=46.44kN.m =4.644 ton.m
m=19.4

4.644x10°

Rn=Mn/ (bw. d?) = —=851Kg/cm?
52x32.4
* *
R \/1-% — 0.00207
194 4200

A S eq = 0.00207 (52) (32.4) = 3.48cm”?

Use2 ® 16 mm As:4.020m2

Support E:

Mn=426/09=47.33kN.m =4.733 ton.m
m=19.4

5
Rn=Mn/ (ow. &) = 273399 _g 67 g/ em?
52x32.4
* *
Fo_ L 1_\/1_M —0.00211
19.4 4200

AS(req = 0.00211 (52) (32.4) = 3.55cm?

Use2 ® 16 mm As:4.020m2

Support F:

Mn=62.8/0.9=69.78kN.m =6.978 ton.m
m=19.4



6.978x10°

Rn=Mn/ (bw. d? = —=12.78Kg/ cm’
52x32.4
* *
Lo 1 1_\/1_2 19.4*12.78 | _ 1 10314
194 4200

A'S(eq = 0.00314 (52) (32.4) =5.29 cm?

Use2 ® 20 mm As =6.28cm?

4.2.9.3 Design of Shear:-

_shear

fig. (4.8): Shear Diagram for rib 12

Factored D.L. = (0.635) t/m
Factored L.L. =(0.354) t/m
W, =(0.989) t/m
Max V, @ the support (C):
V, =4.00 ton At distance (d=32.4 cm) from face of support :

DV, =o.85(@jbd =o.85(—”2§3](12)(32.4)( 10 j —3.272ton

1000

V,=4.00ton>@V,.=3.272 ton



.. Category(3) Satisfy :

Minimum shear reinforcement required, so;

S:

3* f,* A,
b

* * *
3* 420* 2* 0.5 _105.0 cm

12
d 324

(S)SE:T:162 cm

(S)<60cm

SO use the smallest of the three limitations

UseS=15cm.

4.2.10 Deflection limitation:-

According to ACI — code 318, the maximum allowable deflections are
determined by equationsin table [9.5 (b)], and this value must be more than the

maximum value of deflection in the largest span.

The maximum value of deflection of rib (R12) "which has the largest span "
is obtained by using finite element method using computer program called
"ATIR-Software" as shown in fig. (4.9).

|nn] .03

10.52

fig. (4.9). Deflection Diagram Before Adding Reinf. (mm)



From this fig. the maximum deflection due to sustained and live loads "long term
deflection” is (10.52 mm) which is less than the maximum permissible computed

L 9351000 mm
480 480

So, 10.52 mm<19.48 mm ... OK

deflection which is equal to: (A = =19.48 mm)

There is no need to increase reinforcement in this case as explained depending
on the value of deflections.

4.3 Design of Beam (B18) in fifth floor:

195 120K * 11.85 + T4

-~ m

fig. (4.10)



4.3.1 Design for Positive Moment:

Moments: spans 1 to 4
'ir;rr_-li-.i':-l
_3$143.8 . 1092.3
-845.4 —B77. 831.7 . -902.8
Fa
B49.
I]%}H 3.7 I. 6.01 ,__6.01 ! 593 |, 593 ! 4.82 12.59!
fig. (4.11): Moment Diagram (KN.m)
b,=60cm,
br =130 cm

d=70-(4+1.4+1) =63.6 cm"If ® 28 areused "

Mu=874KN. m
Asmin= j(; (bw)(d) >W(bw)(d) ........... (ACI-10.5.1)
= ASmin= j(g)) (60)(63.6) > =2 (60)(63 6)

Asmin=11.47 cm? > 12.72 cm?

= Asmin=12.72cm?

Isolated T-section

1

1
1- tzih,v > 352560 = 35cm >30cm

2-be<4b,=> 130<4*60=>» 130cm < 240cm




Determine A s max.
Xb={0.003/ (0.003+0.0021)} *63.6 =37.41 cm.
ab=131* Xb=0.85*37.41=31.8 cm.
= Cb=0.85*0.255* 60* 31.8= 413.56 ton.
= Tb =(413.56) ton
— Ash==(413.56)/4.2=98.47 cn?
= ASnx=0.75*98.47 =73.85 cm?

To Determine T-section Or Rectangular

If the entire flanges be are under compression force;
% for a=t =35 cm.
C =0.85*0.255* 130* 35= 986.21 ton.

Mn=C* (d -%) — [986.21*(63.6 -3—;)/100] — 454,644 ton. m

MnN req. = % =971.11 KN.m = 97.11 ton.m

Mn = 454.644 ton.m > Mn gq. = 97.11 ton.m

% No any part of web in compression zone.
o, it is Rectangular section with b, =130cm,

m=_ - 40 _j93
0.85* fc  0.85* 255
* 5
Rn= MU 9RUMIOT g 47 kg om?
f*b*d? 130* (63.6)
1 2mRn
p=ta- b2
m fy

o = 1 1- \/1_ 2(19.38)(18.47)): 0.0046
19.38 4200



A S(rery = 0.0046 * 130*63.6 = 38.05 cm”

= AsSmin=12.72 cm*< A S(e=38.05cm? < Asmax=73.85cm?

3" span :

Mu =849 KN. m
Mnyeq. = 849/0.9 = 94.33 ton.m
Mn = 454.644 ton.m > Mn rq. = 94.33 ton.m

% No any part of web in compression zone.
o, it is Rectangular section,
m =19.38

Mu _ 94.33*10°

Rn = 2 2
f*b*d?  130* (63.6)

=17.94Kg/ cm?

1 2mRn
=—(1- 1—-——
P m( ty )
1 1- \/1_ 2(19.38)(17.94)
19.38 4200

) = 0.00446

Y

A S ey = 0.00446 * 130*63.6 = 37.21 cm”

= AsSmin=12.72 cm*< A Se = 36.88cm? < As max=73.85cm?
ﬁ %I&t 6 q) 28 Wlth AS prov. = 36.96 sz.

4" span :

Mu=292.9 KN. m

MnN req. = % = 325.44 KN.m = 32.54 ton.m

Mn =454.644 ton. m > Mn g = 32.54 ton.m



# No any part of web in compression zone.
o, it is Rectangular section,

Mu 32.54*10°

RN = = =6.19 Kg/ cm?
f *b*d® 130*(63.6)? J
1 2mRn
==(1- [1-
p m( fy )
0= L (1- Jl_W):o,oomgs
19.38 4200

A S (e = 0.001495 * 130*63.6 = 12.36 cm”

= Asmin=12.72cm* < A S(eqy= 12.36 cm? < A s max = 73.85cm?
Select 4 ®© 20 with Agyrov. = 12.56 cm?

4.3.2 Design for Negative Moment:

Design of T-section for negative moment as rectangular section with (b=bw)
The minimum reinforcement is determined according to ACI (10-5.2) asfollows:
d=70-6-1-1.4=61.6 cm "by assumingd=6cm™"

Support B:

Mu =902.8 KN.m

A'smin= \/_(b w)(d) < \/_(bf)(d) ........ (ACI-10.5.2)

2(fy) 4fy
Asmin= 2“(22 ooy 0616 < V255 > (130)(6L6)

Asmin= 22.22 cm? < 24.07 cm?

Asmin=2222cm?



ASnax= Pmax* b* d

Pmax BY Interpolation from table
ASna=0.01953 * 60 * 63.6=
ASnax= 74.53 cm?

MnN e =902.8/0.9=1003.11 KN.m =100.31 ton.m

m=19.38
* 5
Rn=Mn/ (ow. ) = 20310 _ 1106 Kg/om?
60* 61.6
* *
C_Af o 2mRn 1 1_\/1_ 2*19.38* 44.06 | 01 1ar
m fy 19.38 4200
A'S (e = 0.01185 (60) (61.6) = 43.8 cm?
Use 14 ® 20 mm A 'S prov. = 43.96 cm?
Support C:
Mu = kN.m

MnN e =1309.4/0.9=1454.89 kN.m =145.49 ton.m
m=19.38

* 5
Rn=Mn/ (ow . @) = 22249710° 436 g/ em?
60* 61.6
* *
c_Afy _2mRn)_ 1 1_\/1_2 19.38*63.9 | _ ) 11ae
m fy ) 19.38 4200

A S (e =0.0185* (60) * (61.6) = 68.56 cm’®
= ASMin=22.22 cm’< A Spe = 68.56 cm? < A's max = 74.53 cm?
Use14 ® 25mm.  ASpo. = 68.74 cm?



Support D:

Mu = 949.4 kN.m
Mn (e =949.4/0.9=1054.89kN.m =105.49 ton.m

m=19.38
* 5
Rn=Mn/ (bw . ) = 249107 _ 15 33 kg/em?
60* 61.6
* *
c_A() 2Ry 1 1_\/1_2 19.38* 46.33 | _ ) 1 1ocs
m fy ) 165 4200

A'S(eq = 0.01256 * (60) * (61.6) = 46.42 cm”
= AsSmin=22.22cm’< AS(eq=46.42cm? < Asmax = 7453 cm?
Use 15 & 20 mm. As =47.1cm?

4.3.3 Design of Shear

Shear

Fig. (4.12): Shear Diagram



Support A:

V,=13.78 ton at (d) distance from face of support.

DV, =O.85(\/f)bd =o.85(—“2:5](60)(63.6)[ 10 J — 27.3ton

1000

%CI)VC =1365ton<V, =1378ton<dV, =273 ton
.. Category(2) Satisfy :
*S 3*F,* Aymin
A\/(min):hfk = S=—" Mmin)
3*F, b,

* *
8:3 420" 4 0'79:6636 om
(S) < % = £26 =318 cm ..Control
(S) <60 cm
UseS=30cm.
f vl AVTFyrd
f Vs 4%0.79* 4.2* 63.6* 0.85 _ 23.92 ton

30
Then use 26f 10 @30cm c/c of the span.

Support B:

V, =55.32 ton at (d) distance from face of support.

f Vs, =® F Mpa* b, * d} :O.SSF Mpa* 60* 63.6} » 20 10812 ton
3 3 1000

dVe+dVsmin =38.11 ton < V,=55.32ton < 3dVc =819 ton



So ... Category(4) Satisfy :

Reqg. fVs=Vu-fVc
Reqg. fVs=55.32-27.3
Reqg. fVs = 28.02 ton

¢ Vs:f * Av* Fy*d
* * * *
28.02 — 4*0.79* 4.2* 63.6* 0.85
S
S=25.61cm ..Control
(S)SE:@:M.S cm
2 2
(S)<60 cm
UseS=25cm.
Support C:

V, =63.55ton at (d) distance from face of support.

®Vc+dVsmin =38.11 ton < V,=63.55ton < 3dVc =81.9ton

.. Category (4) Satisfy :

Req. fVs=Vu-fVc
Req. fVs = 63.55-27.3
Req. fVs = 36.25 ton

* * *
st:f Av* Fy* d

4*0.79* 4.2* 63.6* 0.85

S
S$=19.8 cm ...Control

(S gﬂ:@:?ﬂs cm
2 2

36.25=

(S) <60 cm
UseS=15cm.



Support D:

V, =56.88ton at (d) distance from face of support
®Vc+dVsmin =38.11 ton < V,=56.88ton < 3dVc =819 ton
. Category (4) Satisfy

Req. fVs=Vu-fVc
Reg. fVs=56.88—-27.3
Req. fVs= 29.58 ton

st:f Av* Fy* d

4*0.79* 4.2* 63.6* 0.85
S
S=24.23 cm ...Control

(S)SE:@:31.8 cm
2 2

29.58=

(S) <60 cm
UseS=20 cm.

Support E:

V, =10.9 ton at (d) distance from face of support.
V,=109ton< % DV, =1365ton

$0. No Shear Reinf .Re quiered

4.3.4 Deflection limitation: -

According to ACI — code 318, the maximum allowable deflections are determined
by equations in table [9.5 (b)], and this value must be more than the maximum value
of deflection in the largest beam in the slab.



The maximum value of deflection of beam no. (18) "Which has the largest
span" is obtained by using finite element method using computer program called
"ATIR-Software" as shown in fig. (4.13).

K =1 :EZ20
[l 4
o} — i = =
. \.\ _f{__,-’;. = _,x"’f — =
] .I\\\‘ - -} \‘\_ x""-\-.._\_\_\_\_\_'_ _d__.f"’ / okt
a1 / 3 4
1z k. T o o ,,/
1€ B
e £
H

fig. (4.13): Deflection Diagram Before Adding Reinf.

From this fig. the maximum deflection due to sustained and live loads" long
term deflection” is (38.96 mm) which is more than the maximum permissible
computed deflection which is equa to:

L 12.04*1000 mm
480 480

So, 38.96 mm>25.08 mm ...not OK

(AMAX =

=25.08 mm)

In order to solve this problem steel reinforcement in second, third, and fourth spans

must be increased to be as follows: -

2" span (L= 12.04 m):-

% Provide 99 28-B ....... with AS, o =51.09 cm?
% Provide 8®25-T ....... With AS, e =34.37 cm?
3" span (L=11.89 m):-

# Provide 8®28-B ....... With AS, e = 47.4 CM°
% Provide 8®25-T ....... With AS,, g =34.37 cm’
4" span (L = 7.41 m):-

% Provide 30 12-T ....... with As =3.08 cm’

provided



Deflection diagram obtained from computer calculation using ATIR program would
be after adding this amounts of steel asfollows :-

=31 220

||

fig. (4.14): Deflection Diagram After Adding Reinf.

4.4 Design of One Way Solid Sab:-

As mentioned before this project contains two types of slabs ,one way ribbed slabs
and one way solid slabs, in this section the design of one way solid slab with interior

beams will be explained .

This slab would be analyzed and designed with the aid of a computer Program
caled "ATIR" to find the internal forces, deflections and moments for one way-solid
dlabs, and then handle calculation would be made to find the required steel for all

members



4.4.1 Deter mination of thickness of oneway solid slab :-

According to ACI-Code-318, the minimum thickness of non-prestressed
beams or one way dlabs unless deflections are computed, given in table (9.5-a),
so deflection of slab must be less than provided by thistable:-

For dlab (S12) in the second basement floor which have the largest spans, as
shown infig (4.15).

HyAtem
M = L 3280

o

fig (4.15).

Minimum thickness of each spans from left to right is :-

o f, 420
Modification factor = | 0.4+ ——|xh., =|04+— [xh., =h,,
700 700

L:i:O.ZS m =25 cm
24~ 20

L _ 935 _§33m=33 cm
28 28

L _78 528m=28 em
28 28

L _680 _ 5o4m=24 cm
28 28

L _73 928m=28 cm
28~ 28

L _ 78 _032m=32 om

24 24



According to above values, the thickness of the dlab is vary from one span to
another, then thickness of slab would be assumed to be (25) cm, and deflection
limitation must be considered by calculation:
h=25 cm.

4.4.2 Load Calculations:-

As mentioned, the loads acts on the member divided into two part:-
e Dead Load (DL)
e LivelLoad (LL)

Dead load: -
By calculation the thickness of dab was determined to satisfy al design
requirement :
e Thethicknessof slab =25 cm
e Density of concrete = 25 KN/m3

Nominal Total Dead Load = 0.25*25=6.25 KN/m?
Factored Total Dead Load = 1.4*6.25 = 8.75 kN/n?.

Liveload: -
Nominal Total Live Load =5 KN/m?
Factored liveload = 1.7*5= 8.5 KN/m?



4.4.3 Design of Slab (S12) in Second basement floor :

4.4.3.1 Design Of Shear:-

Thickness of dab (h) must be chosen to satisfy shear requirements based on ®V,
working alone.

-66.5 -74. -68.3 2 _
55 -57.8 / 54.6 §8.1 / 58
. / y 5. "Li

fig. (4.16): Shear Diagram for slab 12

Max V, a the support ( C):
Vy=74KkN.m =7.4 ton.m ((At distance (d =21 cm) from face of support ))

DV, :O.SS{J?jbd :0.85(—“2?5}100)(21)( 10 j — 15.02 ton

1000

Vy=7.4ton<@V.=15.02 ton
Then thickness of slab is adequate to satisfy shear requirements.

4.4.3.2 Design for Positive M oment: -

oments: ans 1ito 6

127.1 -118.9

-110.B
; -90. ,-87.4

-85.9

-94.6 -97.4 . p—
-59, . -60.862.5 ,-61.1

0.1 E3.6

boz3.03| 468 , a8 | 429 ,351|33 ,33|395 , 305 | a5 , 3.1 |
r 1 ] E ] L] T T L L] T L] 1

fig. (4.17): Moment diagram of slab 12



Thedesignfor5m& 9.35m& 7.8m& 6.6 m& 7.9 m & 7.80 m spans are as
follows:-

1% span (L =5 m):
Mu=31.2kN.m
Mn =31.2/0.9 = 34.67 kN.m = 3.467 ton.m

Determine A s max.

= d=25-3-0.6=214cm (if bar with f =12cm will be used)
= ASmax= I, *b*d*

= ASnax=0.01953*100*21.4 = 41.79 cm?

Determine A's min :-

.4 fc 14 )
Asmin= a(ty) (bw)(d) > _fy (bow)(d)........... (ACI-105.1)
/255 14
= ASmin= 2(420) (100)(21.4) > 220 (100)(21.4)

Asmin=643 > 7.13
= Asmin=7.13 cm?

oy 420

= - = =194
0.85* fc 0.85* 25.5
* 5
n= Mu = 3.467*10 : =7.57Kg/cm2
f *b*d 100* (21.4)
_ i(l Che 2mRn)
m fy
p = i(l_ Jl_w) =0.00184
19.4 4200

A'S req = 0.00184 * 100%21.4

= AS(e=3.93cm? < Asmin=7.13cm?

So, provide 1 As,, accordingto ACI-Code
3 .



= AS(ey=1.33*3.93 cm? = 5.23 cm?

B Use ® 12 @ 20 cm with Ag=5.65cmz2 .

2" span (L= 9.35 m):-

Mu =90.1 kN.m

a Mn=90.1/0.9=100.11 kN.m =10.01 ton.m

Rn= 22.7 Kg/ cm?

= i(l - \/1_ 2(19.4)(22.7) ) = 0.00572
19.4 4200

A S e = 0.00572 * 100*21 cm”?
= AS(e=12.02cm2 > Asmin=7.13cm?
— AS(ey=12.02Cm? < A's max =41.79 cm?

™ Seect P20@25¢cm ....... with As =12.56 cm?

provided

3% span (L = 7.80 m): -

Mu =60.8 kN.m

b) Mn=60.8/0.9=67.56 KN.m=6.76 ton.m
Rn= 15.04 Kg/ cm?

\/1_ 2(19.4)(15.04)
4200

1
=— (1-
P 19.4(

) = 0.00372
A S (req = 0.00372 * 100*21.2 cm?
= AS(e=7.88Ccm? > Asmin=7.13cm?

= AS(eg=7.88Ccm? < Asmax=4179cm?

B Sdect d 16 @ 25cm with As =8.04 cm?

provided



4" span (L= 6.60 m):

Mu =494 KN.m

C) Mn=49.4/0.9=54.89 KN.m=5.49 ton.m
Rn= 12.09 Kg/ cm?

0 = 1 1- \/1_ 2(19.4)(12.09)
19.4 4200

A'S g = 0.00297 * 100 * 21.3 = 6.32 cm2

) = 0.00297

= AS(e=6.32cm? < Asmin=7.13cm? ......... Use A's min
= AS(eg=6.32cm? < Asmax=4179cm?

# Use ®14@20cmwithAs=7.7cm2 > Asmin=7.13cm?

5" span (L.=7.90 m):-

Mu =624 kN.m

d) Mn=624/0.9=69.33 kN.m=6.93 ton.m
Rn= 15.43 Kg/ cm?

_ 1 1- \/1_ 2(19.4)(15.43)
19.4 4200

A S(ey = 0.0038 * 100 * 21.2 = 8.08 cm?

) = 0.0038

= AS(e=8.08cm? > Asmin=7.13cm?
= AS(e=8.08cm? < Asmax=4179 cm?

B Sdect ® 16 @ 20 with As =10.05 cm?

provided



6" span (L = 7.80 m):-

Mu=89.6 kN.m

€) Mn=89.6/0.9=99.56 kN.m=9.96 ton.m

Rn= 226 Kg cm?

p = i(l - Jl_w) = 0.00569
19.4 4200

A'S (reqy = 0.00569 * 100 * 21 = 11.95 cm’

= AS(e=11.95cm2 > Asmin=7.13cm?

= AS(e=11.95cm? < Asmax=4179cm?’

# Select @ 20 @ 25 cm with As, 5 =12.56 cm’
4.4.3.3 Design for Negative M oment:
Support A :-
Mu = 11.8 kN.m
Mn=11.8/09=13.11kN.m =1.311 ton.m
m=19.4
* 5
Mu _ 1311*10° _, .. Kl om?

Rn = =
f *b*d? 100*(21.4)°

* *
c_A( f 2mRn_ 1 1—\/1—2 19.4* 2.86 | _ 0 10069
m fy ) 19.4 4200

A'Sreg = 0.00069 (100) (21.4) = 1.47 cm?

= AS(e=147cm? < Asmin=7.13cm?



= AS(e=147cm? < Asmax=4179 cm?

¥ Provide ®12 @ 25cm with As = 4.52 cm?

provided

Support B:

Mn=859/09=9544kN.m =954 ton.m
m=19.4

* 5
Rn= MY ~= 9.54 102:21.64Kg/cm2
f*b*d?  100*(20)

r

1 1_\/1_ 2%19.4* 21.64
19.4 4200

j =0.0054
A'Seg = 0.0054 (100) (21) = 11.42 cm”
= AS(e=11.42cm? < Asmin=7.13cm?
= AS(eg=11.42cm2 < Asmax=4179 cm?’

# Provide ®20@ 25cm with As =12.56 cm?

provided

Support C:

Mn=97.4/09=108.22kN.m =10.82 ton.m
m=19.4

Mu _ 10.82*10°

Rn= =
f *b*d?> 100* (21)°

=24.54Kg/ cm?

r

* *
1 [1_\/1_2 19.4* 24.54

=— =0.00622
194 4200 J

A'Seg = 0.00622 (100) (21) = 13.06 cm?

= AS(e=13.06cm2 > Asmin=7.13cm?



= AS(ey=13.06Cm? < A'smax=4179 cm?

# Provide ®20 @20 cm with AS, =15.7 cm’

Support D:

Mn=60.6/0.9=67.33 kKN.m =6.733 ton.m
m=19.4

* 5
MU 6733°10° ooy e

Rn=
f *b*d®> 100* (21)°

r

1 1_\/1_ 2%19.4*15.27
19.4 4200

] =0.00377

A S(eg = 0.00377 (100) (21) = 7.92 cm?
= AS(e=7.92cm? > Asmin=7.13cm?
= AS(e=7.92cm? < Asmax=4179 cm?

# Provide ®©16 @25cm with As, . =8.04 cm’

Support E:

Mn=625/09=69.44 kN.m =6.94 ton.m
m=19.4

_ Mu _ 6.94*10°
f*b*d? 100* (21.2)2

RN =15.44 Kg/ cm?

r

* *
1 {1_\/1_2 19.4*15.44

=— =0.00382
194 4200 J

A S(eg = 0.00382 (100) (21.2) = 8.09 cm?
= AS(e=8.09cm? > Asmin=7.13cm?

= AS(e=8.09cm? < Asmax=4179cm?



# Provide ®16 @25cm

Support F:

Mn=90/0.9=100 kN.m =10 ton.m
m=194

Mu _ 10*10°

- = =22.68 Kg/ cm?
f*b*d? 100*(21)> 9

Rn

1 \/ 2%19.4* 22.68
r=——|1-./1-
19.4( 4200

j =0.00572

A S(eg = 0.00572 (100) (21) = 12 cm?
= AS(e=12cm? > Asmin=7.13cm?

= AS(e=12cm? < Asmax=4179cm?
¥ Provide ®20 @25cm

4.4.3.4 Deflection control:-

According to ACI — code 318, the maximum allowable deflection is
determined using equationsin table [9.5 (b)], and this value must be more than

the maximum value of computed deflection in the largest span.

The maximum value of immediate deflection dueto live load (L) for slab
(S12) "which hasthe largest span " is obtained by using computer program
called "ATIR" and results were as shown in fig. (4.18).

P 9.4

a E= ___F._..,.‘l\ :_,4,'_:::. e e R e —a= —

3 \.\ ¥ 3.68 ; ) 3 o
: - oy 6.72 7. 46 '-.__\x\____a' f

L]

fig. (4.18). Deflection Diagram Before Adding Reinf. (mm)



From this fig. the maximum deflection dueto liveload (L) is (29.02 mm) which is
more than the maximum permissible computed deflection which is equal to:

L 9351000 mm
360 360

So, 29.02 mm> 26 mm ... OK

(AMAX =

= 26 mm)

In order to solve this problem steel reinforcement in second span and sixth span must

be increased to be as follows:-

2" span (L= 9.35 m):-

% Provide ®20@20cm........ with AS, e =15.7 cm’
6" span (L = 7.80 m):-
#® Provide ®20@25cm....... with As =12.56 cm?

provided
Deflection diagram obtained from computer calculation using ATIR program

would be after adding this amounts of steel as follows :-

lam] .4

01 i e — I~ i

oo w
A
o f
l
iy
L
i

256

fig. (4.19). Deflection Diagram After Adding Reinf. (mm)

4.4.4 Shrinkage and temperature reinforcement :-

= Accordingto A.C.l (7.12)
= T grinkage atemperare = 0-0018  for f =420 MPa

# Provide ®12 @25cm inthe opposite direction of dlab .



4.5 Design of column:

4.5.1 Design of Column (C19):
The Columnis an Internal one.
DL = 364.392 ton

LL =191.244 ton
Pu=1.4DL+1.7LL

Pu = 1.4(364.392)+1.7(191.244)
Pu = 835.26 ton

Pn req = 835.26/0.7 = 1193.23 ton (ii)
User =rg=2%
Pn=0.8Ag{0.85 fc' + I' g(fy— 0.85( fc'))}
1193.23 = 0.8 Ag { 0.85(0.255)+0.02(4.2-(0.85)(0.255)
Ag=5031.94 cm?
Use75cm x 75cm  =>  Ag = 5625cm?
1193.23 = 5625(0.8) { (0.85)(0.255) + r g (4.2-(0.85)(0.255))}
r g=0.0122>r min=0.01
<r max =0.08
Ast req = (0.0122)(5625) = 68.37 cm?
4+ Use14925 with As= 68.74 cm?

4.5.2 Check slender ness effect:
(K9)< ama M),
r

M2
<40 ACl 10-12-2
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).



R: radius of gyration = 0.3 h = \/_l_A

Klu _ 1x4.65m —20.7<22 :
r 0.3x0.75m :

<40
.. Slenderness effect must not be considered

Fig. (4-20): cross section in column.

453 Lateral Ties Selection

For ® 10 mm ties: ACI -7.10.5.2
S<16db
S<48dties
S< Leastdimension
S<16db=(16x2.5)=40cm.............. Control
S < 48dties = 48(1) = 48cm
S< Leastdimension = 75cm
S Use3 @10-mm ties @ 40 cm



4.6 Design of I solated Footing:

From Column (C 19):

Total dead load = 364.392 ton

Total liveload =191.244 ton
Factored load = 835.260 ton

Soil weighting 1.7 ton/m3
Allowable soil pressure = 5.00 kg/cm?

Column=75cmx 75cm

4.6.1 Footing Area:

Estimate footing to be about 80 cm thick, in addition to about
10 cm of blinding concrete.
Service Load = 364.392 + 191.244 = 555.64 ton.

Footing Weight = (0.9) (2.5) = 2.25 ton/m?
P net = 50— 2.25 = 47.75 ton/m?

Area(A) = Total Weight / Soil Pressure
= 555.64 ton / 47.75 ton/m?
=11.64m?
Use ...... L=35m,B=35m, A=1225m?

4.6.2 Deter mine depth based on shear strength

DV, = cp%\/ft'md - O.85><%\/25.5 « (350) x (d) x 10 = 2503.84d



P, 835.260
Pnet = =
Area 12.25

Vu = (Pnet)(one way shear area) = (6.82)(350)(137.5-d) = (327827.5 — 2384.2 d)
oV, =V, =  2503.84d=(328212.5-2387d)

=68.2 ton/ m* =6.82kg/cm?

d=67.07 cm

- Used =70cm

Total depth of footing=70+ 8+ 2
=80cm

4.6.3 Check thisdepth for two way shear action (punching):

V, =Py x(B)x (L) - (a+d)(b+d) )
= 6.82 [(350)(350) — (75+70)(75+70)]/1000 = 692.06 ton
The punching shear strength is the smallest of:

v, =%(1+ biijT'bod = 033y, b,d
v, :é(bj‘;d +2J\/ff' bd =057 b,d

v, =%\/ t 'b.d =033y f. bd .o Control

Where:

b,=al/b=75/75=1

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(75+70) + (75+70)} =580 cm

a,=40 for interior column

V, = 0.33,/25.5(5800)(700) /10000 = 676.57 ton

DV, <V, 0.85*676.57 ton < 692.06 ton ~ NOT OK

Recalculaterequired " d" to satisfy punching shear ;



(Pu XA-(a+d)b+d)) 0.850.33)/fc(d)2)a+b+2d)
1000 - 100

(6.82)(350* 350 (75+d)(75+d)) _ 0.85(0.33)W/22.5(d )(2)(75+ 75+ 2d)

1000 - 100
(0.682)(122500 (5625 + 150d + d°)) = 424.94d + 5.67d>
83545 — 3836.25—102.3d — 0.682d? = 424.94d + 5.67d
79708.75-527.24d - 6.352d* = 0.0 e
d=77.96cm LI

-
.75 TR V.

h=77.96+8+2
h=87.96 cm

Use h=90cm.
d=90-8-2=80cm.

1.45

0T

lido

v 4.5 [

V, =P, x(B)x(L)-(a+d)(b+d) ) Fig. (4-21): Isolated Footing
= 6.82 [(350)(350) — (75+80)(75+80)]/1000 = 671.6 ton
The punching shear strength is the smallest of:

v, =%(1+ biijT'bod = 033y, b,d

1( a ' ,
=% ol bd =057f, bd
Cc 12[b0 /d ] Cc (o) Cc (o)
V. = %w/ f.'b,d =0.33yf, bd ..ovreen Control
Where:

b.=a/b=75/75=1
b, = Perimeter of critical section taken at (d/2) from the |oaded area

= 2{ (75+80) + (75+80)} =620 cm

a, =40 for interior column



V, =0.33v25.5(6200)(800) / 10000 = 826.54 ton
DV, >V, 0.85%826.54 ton > 671.6 ton
702.26 ton > 671.6 ton OK

4.6.4 Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)
®Pn=0.7(0.85)(0.255)(75 % 75) = 853.45ton > 835.26 ton

.. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels;
As=0.005*(75x 75) = 28.125 cm?

Usel0® 20 dowels with A, =31.42cm?

4.6.4.1 Development Length (L, ):

Ld for @ 20:
420 420
L, =——xd, = ————x2.0 =41.59 cm>0.044 (dy) (fy) = 36.96
° 4J255 " 4255
Available embedment =80 -8 — (2*2) — 2 =66 cm > 41.59 cm
. OK.

4.6.5 Design for Bending Moment:

Mu = PnaxWx(E—E) xO.S(L—E]
2 2 2 2

2{6.82 x 350 x (3—20 — ?D x 0. 3—20 - 7—;) /100000 = 225.65 ton.m

_ Mu_ 22565
®

Mn =250.72 ton

Mn 250.72x10°
Rn= =

=—= . =11.193 Kg/cm?
bd 350x%x 80




r =0.00274> r . =0.002
Reg. A, =0.00274 (350) (80) = 76.654cm?
Use 25¢ 20 A, =785cm? (Ineachway)

4.6.5.1 Development Length (L, ):

Category (A), item 2 applies,
Ld for @ 20:

_ 420 *a*b*l*db: 420 *1*%1*1*2 =83.17¢cm

L
° 2J255 24255
Available embedment = ((350-75)/2) — 8 = 130cm > 83.17 cm
. OK.



4.7 Design of combined footing (CF1) :

Allowable soil pressure = 500 KN/m?
Column C26 (70cm™* 50cm)

D.L =1735.54 KN

L.L =526.64 KN

Total Load =2262.18 KN

Column C24(30cm* 50cm)
D.L =4081.86 KN

L.L =1072.69 KN

Total Load = 5154.55 KN

4.7.1 Determine length of footing :

2262.18* 0.35+5154.55* 3.6
2262.18+5154.55

X (from propertyline) = 2.6

Length of footing=2* 2.6=5.2 m
UselL =52 m.

4.7.2 Deter mine width of footing

Allowable soil pressure = 500 KN/m?
Assumed footing thicknessis 1.00 m.
Net soil pressure = 500 KN/m2-25* 1.00 KN/m2 = 475 KN/mz2.

7416.73

=3m
475*5.2
Usewidth=3.00m.

Footing width =

~ 1.4* (1735.54 + 4081.86) + 1.7* (526.64 + 1072.69)
3*5.2

= 696.36 KN / m?

u



Shear and Moment Diagrams :-

COL. A COL. B
COL. 24 COL. 26
r |

Fig. (4-22): Combined Footing

Moments: _spans 110 3

-26T7A.

lo.3s | 1.3 ) 1.95 1.6

-4178.2

L,;EL.E //- - . |

"R - = 4032 ' #FLHFHHH#FHE;

26114

Fig (4.23) Shear and Moment Diagram for combined footing



4.7.3 Depth Required for One-Way Shear :-

Vu at adistance (d) from interior face of right column = 1552.2 KN
Vu=1552.2 KN

DV, = CD%\/ f'b,d = O.85><%«/25.5>< (300)><10'_O —21.46*d

DV, 2V,

21.46*d >1552.2 == d=72.33cm

H =72.33+8+1.4=81.7cm<100cm

.. Thickness of footingissatisfying One—Way Shear requirements

4.7.4 Design of Main longitudinal reinforcement at middle of span ( Top
Reinforcement) :
M, =-1501.5KN.m=150.15 t.m

fy 420
m= =
0.85f, 0.85*25.5

=194

5
_ Muz _ 150.15x10 : _6.775Kg/ cm?
fbd 0.9x300x90.6

( =1(1— 1- ZmR”J
m fy

1 [1_ \/1_ 2x19.4x6.775

an

=— =0.00164
194 4200 J

Aseq =0.00164 * 300 * 90.6 = 44.55 cm”
Asnin = 0.002 * 300 * 100 = 60 cm” > Aseq = 44.55 cm’
No . of ®28 bars = 9.7 bars

= Usel0d 28 @ 30cm ( Bottom reinforcement)

4.7.5 Main longitudinal reinforcement at face of column B.

M, =-1632.1KN.m=163.21 t.m



f, 420

m= = =194
0.85f, 0.85* 25.5

M,  163.21x10°
fbd? 0.9x300x90.6

( =1{1— 1- ZmR”J
m fy

1 \/ 2x19.4x 7.36
p=—|1- 1270 0
4200

R, =7.36Kg/cm’

=0.00178
19.4

Aseq =0.00178 * 300 * 90.6 = 48.5 cm’
Asnin = 0.002 * 300 * 100 = 60 cm? > Aseq = 48.5 cm?
No . of ®28 bars= 9.7 bars

= Usel10® 28 @ 30cm ( Bottom reinforcement)

4.7.6 Design of short — Span Steel under Interior Column :-

Assuming steel spread over width = column width + 2(%)

=50+ 2(£2'6) =140.6 cm
q, = 33235'04 =1108.3KN /m?
1.25
M, =1108.3*1.25* — = 865.89KN.m=86.59 t.m
f

m= Y = 420 =194

0.85f, 0.85* 25.5

5

R M, _ 86.59x10 _8.34Kg/ o

“fbd®  0.9x140.6x90.6°

‘ =1{1— 1- ZmR”J
m f,

1 (1_ \/1_ 2x19.4x8.34

=—— =0.002025
19.4 4200



Aseq = 0.002025 * 140.6 * 90.6 = 25.79 cm’
ASnin=0.002 * 140.6 * 100 = 28.12 cm” > Agq = 25.79 cm’
No . of ®28 bars= 9.7 bars

= Use ® 28 @ 30cm ( Bottom reinforcement —in short direction)

4.7.7 Check shear strength based on two-way shear action.

column A:-

Check punching shear under column A.
Vu = 3325.044 — 696.36 (1.406* 0.953) =2391.98 KN.

The punching shear strength is the smallest of:

v, :%(m bijﬁ bd =037t bd
v, :%[boa;d . 2)\/1T b,d =123t bd

v, =%\/ t 'b.d =033y f. bd oo Control

Where:

b.=a/b=50/30=1.66.

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(50+90.6)+(0.953)} =283.cm

a, =40 For interior column

100
1000

®Ve >WVu 3631.76 KN >239.98 KN

®Ve = 0.85x 0.33V 25.5(283)(90.6)( j =3631.76 KN.



column B:-

Check punching shear under column B
. Vu =7538.18 — 696.36 ((0.7+0.906)* (0.50+0.906)) = 5965.77 KN.
The punching shear strength is the smallest of:

v, :%(m bijﬁ bd = 0405/ bd
v, = [b = erd = 066y 1, b,d

V. :%wl f.'b,d =0.33yf. bd ..coovoo Contraol

Where:
b.=a/b=70/50=14.

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(90.6+70)+(90.6+50)} =602.4 cm

a, =40 For interior column

DVC = 0.85% 0.3325.5(602.4)(90. 6)( 10000j 7730.65 KN.

®Ve >WVu 7730.65 KN > 5965.77 KN .....OK



4.8 Design of Strip Footing:

4.8.1 Strip Dead L oads
Slab weight =25*3.7*6.3*0.2=116.55 KN.

11655
Slab weight (D.L.) per one meter of the wall = =5.83KN/m

3.7*2+6.3*2
10* (6.3*3.7)
37*2+6.3*2
Weight of wall (D.L.) = (height) * (thickness of wall)* (1m wide)* (yc)
Weight of wall (D.L.) =53.5+0.2* 25=267.5 KN/m.

27.14
Stair reaction (D.L.) :m* 30=89.4KN/m

Slab weight (L.L.) per one meter of the wall=

=11655KN/m

21.9
Stair reaction (L.L.) :m* 30=59.4KN/m

Total factored dead load = 362.73 *1.4 = 507.82 KN/m.
Total factored liveload = 71.06 *1.7 = 120.8 KN/m.

4.8.2 Deter mine the footing width :
Allowable soil pressure = 500 KN/m?
Assume footing thicknessis 0.25 m.
Pressure of the footing concrete = 0.25* 25 = 6.25 KN/ m2,
Net soil presser = 500 KN/m? -6.25 KN/m?2 = 493.75 KN/mz.

Footing width = 71.06 +362.73 =0.88 m

493.75
So select 90 cm width of strip footing.

Determined of the contact pressure:

P
P, ]=—4 = 62862 _ 6985 kN /m?
Area 0.9*1



V, =V, =E13\/f7db{Nd

DV, =V,
1 10 698.5( 0.9— 0.2
0.85x =/255 x (100 100d) = d
x5 V220X (10055 00D =75 ( 2 j

1.024(d) =0.35—d

(d)=0.173 m

Total thicness=17.3+8+1.6=26.9cm

So select strip thickness as 30 cm.

So recalculate the net soil pressure

Pressure of the footing concrete = 0.30* 25 = 7.5 KN/ m2.
Net soil presser = 500 KN/m? -7.5 KN/m2 = 492.5 KN/m2.

Footing width = 71.06 + 362.73 =0.88 m
492 .5

So select 90 cm width of strip footing.

4.8.3 Deter mine reinfor cement for moment strength :

footing width —wall width ¥ ( footing width—wall width
2 4

=4925* 0.35* (0.35/2)
Mu==428tm/m.

Mu = (Pnet) ( )

M. *10°

Required R, = ———
& " ®rp* (2

. 4.28*10°
Required R, = =1038Kg/cm?
< " 0.9%100* 21.4° g
m=__1 = 40 _19gg

0.85* fc  0.85* 25.5

1 2mRn
p=—(1- [1- )

m fy



0=—1 (1- Jl—wpo.oozss > pmin = 0.002..

~ 19.38 4200
Areq=p * b* d=0.00253 * 100 21.40 = 5.42 crm?
Use ®12 at 20 cm..... Ay, = 5.65 cm?

4.8.4 Development length of main reinfor cement:

f
Ld =—~>—a.b.g.d,

2 f.
For ®12 bars;
Ld = 4—201* 1*1*1.2 >30cm
2* 4255

Ld=499cm >30cm
AvailbleLd =30cm < Requiered Ld =49.9 cm
S0, astan dardhook of (20cm)must beused to provideLd.

4.8.5 Design of longitudinal bars:

Aseq=p*b*h
=0.002* 90 * 30
=54 cm?

Use ®12 @ 20 cm..... Ay, = 5.65 cm?
4.8.6 design of dowelsbars :

As Mine = 0.0012 * 100 * 20 = 2.40 cm >
Use® 8at 20 cm......... Apov. = 2.63 cm2

4425.5

Ld available=30-8-1.2=20.8cm > 16.60cm ..... ok.

Ld= (4?’ axbxgxdbj=[ 420 ><1><1><1><0.8j=16.60.cm.
'C



4.9 Design of Retaining Wall:

4.9.1 L oads Calculation:

Ysit=1.7 ton/m3 (Unit weight of the soil)
®=30° (For granular material)

H=6m (Height of retaining wall)

Ka =0.58

4.9.1.1 (D.L. calculation)
sv=gxH =10.2 ton/m?

S, =S,*Ka*1m=592 Ton/m

05

¢'05%

4.9.1.2 (L.L. calculation)
s,=5 KN /m?

s,=05%*0.58*1m = 0.29 Ton /m

Total factored dead load =5.92* 1.7 =10.06 Ton/m
Total factored liveload = 0.29* 1.7 =0.493 Ton/m
Wu =10.56 Ton/m

(At wall base for 1m strip)

=
&y
4.9.2 Determine thickness of retaining wall: <
Try p = 0.5pmax =0.00975 fig.(4.24) retaining wall loads
Usep~ 0.01
m=19.38

Mu = 7.54 ton.m



Mn = 8.38 ton.m
Rn =rFy(1-0.5rm)=379 MPa

o [Mn _\/ 838x10° _ ..
= VRnxb  V3.79x10x100 ¢

If ®20 bars are used:
h=(14.5+2+7 cover) = 25.5cm
-.Use h=30 cm.

d=30-(2+7 cover) =21 cm

_ Mn 838*10°
b*d?*  100* 21?

: :i[l_ /1—2m—R”J:o.00474
m Fy

For the vertical reinforcement:
= ASmin=0.0012*b*h
A's min=0.0012 * 100* 30 = 3.6 cm?

Rn =19Kg/cm?

= Asmin=3.6cm?

Asmin = 3.6 cn? < Asreq =9.95 ¢’
Use ®16 @ 20 cm......... ASprov. = 10.05 cm?
This reinforcement is for the total

positive moment areain the wall.

Moments: spans 1 to 1

TR s

L1 N

L

Fig(4.25) Moment diagram (KN.m)

for the lower segment




Moments: spans 1to 2

4.9.3 Design of negative reinforcement

Mu = 4.42 ton.m
Mn =4.91 ton.m

_ Mn _ 491%10°
b*d?*  100* 21?

: =£[1_ /1_m]=o.oom
m Fy

Asreq =5.72 cn? > Asmin = 3.6 ¢

=11.14Kg/cm?

G5 L

A
150pa°]

Use®14 @ 25 cm......... ASprov. = 6.16 cm? —

This reinforcement is for the total negative moment

—50;

areainthewall.

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

For the horizontal reinforcement:

Asmin. = 0.002*100 * 30=6cn’ =
Use ®14@25cm =6.16 cm?/m (In two layers) -

= Doweéds= Asyn. For the vertical reinforcement

=Asmin=3.6cm?
Fig.( 4.26) Moment diagram (KN.m)
for the total wall




4.10 Design of Stairs:

Fig. (4.27): Stair Detail

4.10.1 Dead load:

:L:@:EE cm = Takeit as 16¢cm
20 20

16
—tan' (—)=28.8"
q (30)

— plate=0. — =0. m-.
(DL) H - plate = 0.03* 22 8'23 0.726 kN/m?

— plate=0. — =0. m-.
(DL) V —pl 003*22*8;3 0.286 kN/m?

(0.15m)(25kN / m®)
€0s28.8

(DL) Concret plat= = 4.565kN / m?




(DL) Steps= (@)* 25KN / m° = 2.0kN / m?

(DL) H — mortar = 0.02* 22 = 0.44 KN/m?
(DL) V — mortar = 0.02 * (0.13/0.3) * 22 = 0.191 KN/m?
(DL) Sand = 0.06* 16.4=0.984KN/m?

3
(DL) Plaster = (QO2ZME2KNIMT) _ 6 o 1y 1 my?

c0s28.8
Tota dead load = 9.694 KN/m?

Factored dead load = 1.4(9.694) = 13.572 KN/m?.

Liveload = 5 KN/m2.

Factored live load = 1.7(5) = 8.5 KN/m?.

Wu = Factored dead load + Factored live load.....for 1m of the stair slab
Wu=13572+85

Wu =22.072 kN/m.

4.10.2 Design for positive moment:

Calculate the magnitude of support reaction in stair:
Ay =Wu * "2—5 =22.072* 3_23 =39.73 Ton.

using ® 14 bars
d=16-2-0.6 = 13.4 cm.



_shear

04m
:dl—b =
+—>
04m
_Moments: spans 11o 1
9.4 m Q 4m
Tl

Fig. (4.28):Shear and moment of Stair

Cal culate the magnitude of the max. Moment by using the shear diagram:
Mu=Shear Area ....... KN.m

Mu =39.73* 0.4+ 0.5*1.8* 39.73=51.65 KN.m
Mn =51.65/0.9 = 57.39 kKN.m

* -5
Mn _ 5739 "10 ° _ 35 g4 kg/em 2

Rn =
bd? (100)(13.4 )?

fy 420

m=s ———= — —
0.85* f,  0.85* 255

m=19.38



‘ =1[1 h-2mR, ]
m f,

1 1_\/1_2*19.38*32.94
19.38 4200

r =0.0065
A =r bd
C’
I min= 14 = 0.003>0.0033
4(fy) fY) fy
r min = 0.0033

0.0033 < 0.0065 < 0.0309
As = 0.0065(100)(13.4) = 11.29 cm?
B Use®18...@ 20cm.  Aspovided = 12.7 cm
By provide (As min) for the negative Moment Area :"at the top of the edges"
E b.d>=— b d
4(fy) fy
= 3.97 cm® > 4.42 cm’®

ASnin =

ASyin= 4.42 cm?
B Use®12....@250m.  Asprovided = 4.52 cm?

4.10.3 Development length of the bars:
f

y
2T,

Ld =

a.b.g.d,

For ®18 bars;

Ld = ﬂl* 1*1*1.8

2* 4255

Ld =74.86 cm



For ®12 bars;

Ld = il* 1*1*1.2

2*4/25.5

Ld =499 cm

4.10.4 Landing Design:

(DL) mortar = 0.02* 22 = 0.44 KN/m?
(DL) Plate = 0.03* 22 = 0.66 kN/m?.

(DL) Concret plat=(0.22m)(25kN / m*) = 5.50kN / m?

(DL) Plaster =(0.02m)(22kN /m®) =0.44 kN / m?
Total dead load per 1 m = 7.04 KN/m

Liveload =5 KN/m.

Factored dead load = 1.4(7.04) = 9.856 KN/m
Factored live load = 1.7(5) = 8.5 KN/m?.

Reaction of the step's slab = 39.73 KN/m

Wu = Factored dead load + Factored live load+ Reaction of the step'sslab .....for 1Im
of the stair slab
Wu = 18.356 + 8.5 + 39.73

Wu =58.1 kN/m.
W, * |2
Mu= R KN.m
8
* 2
Mu= wz 69.8 ......KN.m

Mn=69.8/0.9 = 77.6 KN.m

* -5
M0 TT6 100 gy e
bdZ  (100)(19.4 )

Rn



m=19.38

1 \/ 2*19.38* 20.6
r=—— |1-.1-
19.38 4200

r =0.00516
A =r bd
f 14
Po= V1 S 14 560300033
4(fy) fy

0.0033< 0.00516< 0.0309
As=0.00516(100) (19.4) = 10.01 cm?
B Use®16.... @20cm.  Aspovided. = 10.05 cm?

4.10.5 Shrinkage & Temperatur e Reinfor cement

As = 0.002(100) (16) = 3.2 cm?
% Use®10.... @25cm.  Aspovided. = 3.2 CM°



4.11 Design of Shear wall

Using Jordanian code the horizontal forces were obtained in each part of building

"A"&"B" asdetailed in the previous chapter .

figure below shows horizontal forces on right part of building (Part B)

CASE -B

uuuuu

Fz-12 = 518.11 KN

Fz-11=551.11 KN

Fz-10 = 504.17 KN

Fz-9=496.25 KN

Fz-8 = 445.33 KN

Fz-7=411.9 KN

Fz-6 = 328.2 KN

Fz-5 =162.18 KN

Fz-4=62.52 KN

Fz-3 =448 KN

Fz-2=19.48 KN
Fz-1=7.47 KN

Fig. (4.29): earthquake load for part B

Wall that carries the largest part of these horizontal forces was determined

with the aid of a computer program called (MB-SOFTWARE) , by comparing

stiffness and moment of inertiaof all walls in each floor , then wall that had the

largest part of load and the smallest length was chosen .

Wwall (W20B) was the most dangers one, then design of thiswall would be

explained in this section as follows :-



fe =25.5 Mpa
fy =420 Mpa

Assume thickness of thewall =40 cm .
X ——=3m........ Controll

h_ 5 55m
2 2

For part "B"

V= 3551.52 KN.

V, = Y =417824 KN
0.85

d=0.8Lw = d=0.86m=4.8m

v, =(Ede - (—”25'5}(40)(480)(ﬂj - 161592 KN.
6 1000

V, £ ®Vn = V, < dVCc+DVs

f,.d.
3551.5 = 0.85*1615.92+0.85*( Y A’]
S

2177.97 _ (420* 480j* ( Aj

0.85 10 s

i =0.127 cm

S

i min=0.0025* h

min=0.0025* 40 = 0.1 cm.

m‘} n

Then,

[ij =0.127 cm > (ij min = 0.1 cm.
S S



S . :L_W:@:]_ZO cm
5 5

min

S,in =3*h=3*20=60 cm
S.in =45 cm ... control

So, try 2014@15 cm for horizontal rinf orcementin two layers

*
(ij _ (2 1'54} _ 0.2053 cm >0.1257 cm

S 15

4.11.2 Design of the vertical reinforcement:

A, =|0.0025 +10.5(2.5- Ny |+ ¢ AV'h)—o.oozs].sl* h
L S,.h

w

A, =|0.0025 +[o.5(2.5—%)}*[(0.2053)—0.0025].51*h

vn

A, = —-0.6059
S0, provide (A,,),., = —0.6059

(A,)in =0.0025 40* 45=4.5 cnt
S Use2d12 @45 cm

4.11.2 Design of moment:

A, =0 *2%113-3013.3 mm? = 0.0030133 m?
0.45
z 1
L * * * *
w o, [085%B ¥ f. L, *h
A,
yi 1

—= =0.0271
L o {0.85* 0.85* 25.5* 6* 0.4}

0.0030133* 420




M, =®|05* A, * f, * L, *(1-0027})
M, =0.9*[0.5* 0.0030133 * 420 * 6* (1— 0.0514 )]
M, =3.324 N.m
M, =(134476 .3—3324 — 25* 6* 0.4* 51) = 128092.3 KN.m
M, /@
* " f, % (L, -C,)

A - 128092/0.9 00595 117

420* (60—0.3)

A, =5945 cnt

- Try 2036 @8 cm

A, Z%* 2%1018=152700 mm? = 0.1527 m?

Z _ 1
L * R * * *
w 5, |085%B *fc, L, *h
A,
Ez ! =0.372
L. ,,[0.85*085%255%6*04
0.1527* 420

M, =®|05* A, * f,* L, *(1-0372)

M, =0.9*[0.5% 0.1527 * 420 * 6* (1- 0.372 )]

M, =108.776 MN .m

M, =(134476.3-108776 — 25* 0.4* 6* 51* 3) = 16520.3 KN.m

B Mu/(D
st T *
f,*(Ly —C.)




A - 165203/0.9 0007611

420% (5.7)*1000

A, =766 cnt
- Provide8®36 at the edges
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Appendix (C)

Structural Drawings

This appendix is an attachment with this project
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Architectural Drawings
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Yield Withowrdropamels |- Withdrop panels.
slrenuth ligterior panels | nterior |0 Bxlerior panzls |- lolerior
i s pane’s o f pamels
Ml Without With Witkour |+ With
cdge edez adire adee
becam | beam beam beam —
M Len d 33 L 36 L./36 L./36 /4] 140
400 L,/ 30 Lat33 | L/ 33 Ly/ 33 L34 L./36
Fuor values ol e forcemes r'r'i.-E.-'.,E-:.:-\Fﬂ1g1}l bestwesen tha valuss gives in the wable minimum (iickoess

arall be deterimined by linear rrerpolafion .

Table (4-1) Minimum thickness for two way slab without interior beams

Minimum thickness, h
| Simply Crne Bath Cantilever
end continuouns ends continuous
Supported [
|
Mem ber Member not supported or sitached W partitions or other construction
i likely te be damaped by large detlection
Solid One —Way
L/20 L/24 L 28 L0
slih
|
Beams or ribhed
ey =W Kl be L/16 L/1BS | Lzl L /8

Far F, other than 400 -I;'-'Epa the values shall be wwctiplied by (0.4 F, /700)

Table (4-2) Minimum thickness of one slab



Fable 3.6.1  Maximum Reirforcement [Ratio o for Singly Reinforeed Rectangular
Hearms qin_rrmjmnding e 0.7 5.

SO UG pe 7 =300 pe gt 4000 pel = SO0 psi ) EUO0 et

£ i, = RS f, = S i, = Bis Hy = TR By =075
AT e AP u.n:-:.;_‘.u 0371 L0637 004t
SO i 0,020 RS [ Mrirbd e 00304
CLLO0 e 0.0k LOLET 00354 00252 N-02H
feEBMie £ =5 Mk fo=aMr fedsklia £ = A0 M
J{i EJ = u'ﬂ:l B'I =i G'ES .H: = alas p1 Loy GFEJ -ﬁl ﬁ"}.?‘f
330 M 0.0241 oA 0,036} 4 _ 0402 00455
350 Mia 0196 Qs 0293 0.0326 00354
SO0 M foi63 o805 00244 0.0871 0.0095
it 6 = e kglon’  f o= kgl 5w S8 kg’ JF =60 kelfem®
i [, = BH3 @ = 034 f, =085 B, = {02 A =07
2800 kpliem® 00246 00319 6472 20410 0.0444
350 gl ooy Dot 00276 &,0504 0340
L30ar keplre RPN 0,078 g.onsd 40756 00230

Table (A2) maximum reinforcement ratio
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