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Ch1: Introduction

1.1 Description:

e Site Information
The structure is a residential building located Abu Alanda — Amman
It consists of five floors.

e Our project consists of the analysis and design of residential structure Project.

e The project is consisting of:

1- Ground floor area = 407m?
2- First floor area = 403m?

3- Second floor area = 403m?
4- Third floor area = 403m?

5- Basement floor = 407m?

Total area = 2023 m?

1.2 Project Objectives:

The aims are:

Redesigning this project by applying theories and studies that we have been learnt in
University “Arab international academy”.

1
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1- Achieve the acceptable probability to perform satisfactorily during their
intended life, with a high degree of safety, they should sustain all the loads
(Dead load, Live Load) and deformations of normal construction loads and
have adequate durability and stiffness.

3- Every structure is designed to serve a particular function.

4- From the structure plans that we have in hands we must insure of the
Structure safety for the users in all situations.
We need to make it serviceable, attractive and economically cost efficient.

1.3 Project Plans:

Ground Floor

T—

Figure 1.1: Ground Floor plan

2
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Repeated Floor

‘ S

Sl cmliad” N | Eleeby
- H‘j:“\_

N |
N r ‘W
Hans

Figure 1.2 : Repeated Floor plan
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Front View

11

4 1 it

H T4 T 14 ] H

B -3 — — i
—ATF H = = T TH—
E = P
il . &
E 5 == H A
@ = [ H H [ E= N

H —H = = = = .
E = = i
- = = 3
— T = B = 1
E = B ]
i = I | E R
EH = = o
E 2 E——] — 3 O B

@ : 185 g +030

— = +1L15 L Ll

Figure 1.3 : Front View plan
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Side View
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Figure 1.4 : Side View plan
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1.4 Design Criteria:

There are four general design criteria for the safety of the project that
must be satisfied:

1. Structure systems and member must be designed with sufficient
margin of safety against failure.

2. Aesthetics: include such consideration as shape, geometrical
proportions, symmetry, surface, texture, and articulation. These
are especially important for structure of high visibility such
signature building and bridges. The structure engineer must
work with planners, architects, other design professional, and
the affected community guiding them on the structure and
considerations.

3. Functional requirements. A structure must always be designed
to serve its intended function as specified by the project
requirements.

4. Economy Structure must be designed and built within the target
budget of the project.

1.5 Project details:

- Slabs:

One-way ribbed slab and one-way solid slab were used, this type was chosen
due either dead and live loads magnitudes or requirements, length of spans
and the most important factor is the cost.

- Beams:

Designed according to American Concrete Institute's Building Code (ACl), which
is based on limit state of stress.

- Columns:
rectangular short columns were used.

- Foundations:

Single footings were designed.

6
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1.6 Material:

1.6.1 Concrete:

Mixture of Sulfate resistance cement or any other hydraulic cement, fine aggregate,
coarse aggregate, and water, with or without admixtures.

*The ultimate compressive strength of concrete, which is used, is f'c = 28Mpa

Figure 1.5: Concrete material
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1.6.2 Steel Reinforcement:

- Grade 60 steel with a yield stress 420Mpa was used for reinforcing steel.

- Grade 40 steel with a yield stress of 280Mpa was used for reinforcing stirrups.

Figure 1.6: Steel material

G (ksi)
oy = 60 -\*
rupture
o, = 37 |
'[ -
€
0.0012 0.02 02 0.25
- — L L
elastic  yield  strain hardening necking

Figure 1.7: Stress strain diagram for steel

8
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According to the Jordanian buildings code for Loads and Forces (JBC), the
following densities were used:

Type Density (y)
Water 10 kN/m?3
Concrete 24 kN/m?3
Fill 18 kN/m?
Plaster 22 kN/m?3

Hollow block 0.18 kN/block

Mortar 22 kN/m?3

Tiles 22 kN/m?3

Table 1.1: Density of materials from JBC

1.6.4 Loads:
e Dead Load
Own weight for each material was used to construct this building
including tiles, filling, mortar, hollow block, concrete and plaster.
There densities were exported from JBC to the Table:

Tiles 0.025*1*1*22 = 0.55 kN/m?
Mortar 0.025*%1*1%22 = 0.55 kN/m?
Fill 0.1*1*1*18 = 1.8 kN/m?
Concrete (0.18*5)/0.52 = 1.73kN/m?
hollow block
Partitions 0.33*3*2.38 = 2.35kN/m?
Topping slab 0.07*1*1*24 = 1.68 kN/m?
R.c Rib (0.24*24%(0.12+0.16))/(2*0.52) = 1.55
kN/m?
Plaster 0.025*1*1*22 = 0.5 kN/m?
Total Dead 10.71 kN/m?
load
Dead load for 10.71 * 0.52 = 5.57 kN/m?
Rib

Table 1.2: Dead Load calculations

9
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According to the JBC the Live Load for residential buildings is 2kN/m?

Occupancy Uniformly Concentrated
classification distributed | load (kN)
load
(kN/m2)
Office buildings
Offices and staff 2.5 2.7
rooms
Class rooms 3.0 2.7
Corridors, store | 4.0 4.7
rooms and Reading
rooms
Residential 2.0 1.8
buildings:
Apartments
Public places such as | 4.0 2.7
Restaurants
Corridors 3.0 4.5

Table 1.3: Live Load from ( JBC ) Code

Live Load for Rib = 2*0.52 = 1.04 KN/m?
1.7 Codes:

- Design Standard and Codes:

e American Concrete Institute (ACI-318), For the design of structural
elements.
e The Jordanian buildings Code (JBC), For live and Dead loads.

10
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Ch2: Slabs

2.1 Introduction:

A slab is structural element whose thickness is small compared to its own
length and width.

Slabs are usually used in floor and roof construction. According to the use of
the building, slabs are classified into two types:
1-One-way

12
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Figure 2.1: One way ribbed slab

av—

- e —

2.2 Comparison between One-way
and Two-way slabs:

Figure 2.2 : Two way ribbed slab ]
Two-way slabs are surface members

acting in a both directions reverse One-way slabs that act in one direction. Two-
way slabs are supported on all four sides and one-way slabs are supported in
just two opposite directions.

The ratio of length to width of two-way slab should be less than 2
otherwise One-way action is obtained, even though supports are provided on
all sides. In many cases the slabs are of such proportions and are supported in
such way that Two-way action results. An optimal plan geometry with all same
supports is a square, based on load distribution into both directions.

13
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1-Ribbed slab :

Ribbed slabs are widely used in many countries such as Jordan. This type of
slabs or flooring system consists of series of small closed spaced reinforced
concrete T-beams. These floors are suitable for building with light live loads.
attributed to the rapid shattering, high fire resistance , ease and fast
construction, good sound and thermal insulation and it's ability to hide beams
and service pipes.

Figure 2.3 : Section of Ribbed Slab

2-Waftfle slab :

This type of slab, also called two way ribbed slab,but without hollow block. It's
supported by reinforced concrete ribs or joists . The ribs are usually tapered and
uniformly spaced and supported on girders that rest on columns.

Figure 2.4 :Waffle Slab

14
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These slabs are supported on one or two opposite sides, on one opposite side its
called one way slab and on two opposit sides ; its called Two-way slab. A slab
supported on four sides with length to width ratio greater than two, should be
designed as Two-way slab.

Figure 2.5 :Solid Slab

2.4 Design procedure for one way ribbed slab :

1. Determine the direction of ribs which was chosen.

2. The overall slab thickness h is determined based on deflection control
requirement. Also, thickness of topping slab t, rib width b, and hollow
block size, if any, are to be determined based on code requirements.

3. The factored load on each of the ribs is computed.

4. The Shear force and bending moment diagrams using the load
evaluated in step 3 (From Prokon software).

5.Check if the section behaves as T-section or rectangular section.
6. Design positive and negative moment reinforcement.
Clear distance between bars is to be checked to guarantee a free flow of

concrete.

7. The strength of web in shear is checked

15
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Figure 2.6: Layout of Slabs.
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2.5 Design of Ribbed Slab:

e Check the use one way or two-way slab:

Long direction S20r<2 =222 _146<2

Short direction 4.25

Use one way reinforcement because the maximum length
between 7 -5 m.

Use One Way Ribbed Slab

e Thickness of slab:

- Minimum thickness of slab from (ACI-318) code:
Both ends for rib = 1L/21 6.25/21 = 0.30 m

One end forrib =1/18.5 5.8/185=031m
Contilever =L/8 2.1/8 =0.26m

Slab thickness = 310 mm

17
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Minimum thickness, h

One end
Continuous

Simply
Supported

Members not supporting or attached to partitions or other
construction likely to be damaged by large deflections.

Member

Solid one-way L/20 L/24 L/28 B 7ARY)
slabs
Beams or ribbed Li16 L/18.5 L/21 L /8
one-way slabs

Both ends
Continuous

Cantilever

Table 2.1: Minimum thickness from (ACI-318) code

1) Design of section (Rib.1):

D.L=10.71kN/m?2
L.L=2 KN/m2

h=310 mm

Cover =35 mm

d = h—cover=275 mm

bf =520 mm

bw =120 mm

F'c =28 Mpa

Fy =420 Mpa
@ SPAN 1 @ SPANZ @ SPAN 2 @ SPAN 4 @
NN ENEEE RN ENEENINEENEEEENERNNRENHENENRENNNNENEEN
P S N Fs N
Figure 2.7: Load distribution for Rib (1)
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520

70

240

120
SECTION 1

Figure 2.8: Section for Rib (1)

Shear Force

SHEAR: ¥-X V max = 29.99kN @ 15.5m

Figure 2.9: Shear force diagram for Rib (1)

Bending Moment

MOMENTS: X-X M max =-33 71kNm @ 15 5m

2
E
500
1.00
150
200
250
3,00
3.50
4.00

Figure 2.10: Bending moment diagram for Rib (1)
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_085Fc’ . _ 2.354Mu e = aEhag
D (1 \/1 —0_9Fc,bd2) . As-ve = p*bw*d
.Asmin=2 ¢ 12 = 226 mm? . As+ve = p*bf*d

1) Moment for 0.25 m =-4.8 kN.m

* *4.8%100
p=0.85 28 <1 _\/1 = 2.354%4.8%x10 ) — 0.0014

420 0.9%28%120%2752

e As-ve =0.0014*%120*275 = 46.2 mm?

0.85+0.85%28 ( 0.003
420 0.003+0.004

) ~ 0.0206

® Pmax =

e use Asmin =226 mm?
2) Moment for 2.50 m = 24.56 kN.m

p =0.0016 As = 228.8 mm? use As = 228.8 mm?
3) Moment for 5.8 m =-24.75 KN.m

p = 0.0077 As = 254.1 mm? use As = 254.1 mm?
4) Moment for 9.25 m = - 18.61 KN.m

p = 0.0057 As = 188.1 mm? use Asmin = 226 mm?
5) Moment for 12 m =17.51 KN.m

p=0.0019 As=271.7 mm? use As = 271.7 mm?
6) Moment for 15.45 m =-33.71 KN.m

p=0.01 As = 330 mm? use As = 330 mm?
7) Moment for 19.1 m =21.4 KN.m

p=0.0014  As=200.2 mm? use Asmin = 226 mm?
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p=0.0008 As=26.4 mm? use Asmin = 226 mm?

2) Design of section (Rib.2):

D.L=10.71kN/m2
L.L=2kN/m?2
h=310 mm
Cover =35 mm
d = h—cover=275 mm
bf =520 mm
bw =120 mm
F'c =28 Mpa
Fy =420 Mpa

Live
102

Dead “““““““““““““““““““““““““““‘
556

A A V- N

Figure 2.11 : Load distribution for Rib (2)
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o 520
M~
o
b
N
120
SECTION 1
Figure 2.12 : section for rib (2)
Shear Force
SHEAR: X-X V max =27 19kN @ 4 25m

250
200
16.0
100
500

-5.00
-10.0
-15.0
-200

Figure 2.13 : Shear force diagram for Rib (2)

Bending Moment

MOMENTS: X-X M max = -25.29kNm @ 4.25m

-25.0
=200
-15.0
-10.0
-5.00

5.00
100
15.0
20.0

Figure 2.14 : Bending moment diagram for Rib (2)

1) Moment for 0.25 m = - 2.88 kN.m
p = 0.00084 As =27.72 mm? use Asmin= 226 mm?

2) Moment for 1.50 m = 9.46 kN.m

22
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Arab International Academy p — 0-0006 As s 85.8 mmz use ASmln = 226 mmZ

3) Moment for 4.25 m =-25.29 kN.m

p =0.0079  AS =260.7 mm? use As=260.7 mm?
4) Moment for 7.45m = 19.71 kN.m

p =0.0013  As=185.9 mm? use Asmin= 226 mm?
5) Moment for 9.65 m = - 3.46 kN.m

P =0.001 AS=33mm? use Asmin= 226 mm?

3) Design of section (Rib.3):

D.L=10.71kN/m2
L.L =2 kN/m2
h=310 mm
Cover =35 mm
d = h—cover=275 mm
bf =520 mm
bw =120 mm
F'c =28 Mpa
Fy =420 Mpa

@ o @ e @ e ®

Live | ) B B S S S S S ) B S S S S S S S S S | N S B S B S S S A S ) B S S B S S S S
1.0%

Dead ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
B.E7

. - N - N

230

Figure 2.15 : Load distribution for Rib (3)
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Shear Force

520

70

240

120
SECTION 1

Figure 2.16 : section for rib (3)

SHEAR: X-X

V max = -20 37TkN @ 4 25m

200
150
100
500

mmmmmmmmm

-5.00
-100
-150

-200

55

_______

21m Vit=-8.439kN Vb=-5.260kN

Figure 2.17 : Shear force diagram for Rib (3)

Bending Moment

MOMENTS: X-X

M max = -23.95kNm @ 6.60m

250
200

100

-5.00

4.40
4801
4.80 |-
5.00
5.20
5.40
5.60
5.80
5.00
5.20
5.40
B8.60

5.00

100

Figure 2.18 : Bending moment diagram for Rib (3)

1) Moment for 0.25 m = 4.25 kN.m
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2) Moment for 1.75 m = 19.34 kN.m

P =0.0009  AS=128.7 mm? use Asmin =226 mm?
3) Moment for 4.25 m=-11.18 kN.m

p =0.0033  AS=108.9 mm? use As =260.7 mm?
4) Moment for 6.6 m = - 23.95 kN.m

P =0.0074  AS=244.2 mm? use As = 244.2 mm?

4) Design of solid slab (S):

D.L = 6kN/m2

L.L =1kN/m2

h =200 mm

Cover =30 mm

d = h—cover=170 mm
b =1000 mm

F'c =28 Mpa

Fy =420 Mpa

& &

I e ) S S ) ) S S S ) S S )
I1'Z:ICI

Live

Dead

1 2. 700 1
! !

Figure 2.19 : Load distribution for Solid slab
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1000

200

SECTION 1

Figure 2.20 : section for solid slab

Shear Force

SHEAR: X-% V max =-11.88kN @ 2.70m

Figure 2.21 : Shear force diagram for Solid slab

Bending Moment

1.00
2.00
3.00
4.00
5.00
6.00
7.00

8.00

Figure 2.22 : Bending moment diagram for Solid slab

Moment for 1.35 m = 8.02 kN.m

26
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Use: 1$12/200mm

As 5 $12 =565.5 mm?

e Shrinkage

As = pbd
=(0.0018 * 1000 * 170 ) = 306 mm?

Use: 1$10/200 mm

81 0@200 (T)

ro@2on (T)

-
SLm Ao
LAl =B
A = =i
x
$108200 (T) -
l 2128200 (3] H

Figure 2.23 : Reinforcement detailing for solid slab
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2.6 Shear Design For Rib :

support : (1000/800/350/200)

e Wu=1.2*DL+ 1.6*LL
Wu = 1.2*5,56 + 1.6*1.04 = 8.336 kN/m

e @Vc=0.75x0.17 xVfc’ xb x d x 1073
@Vc=0.75%0.17 x V28 x 120 x 275 x 1073 = 22.26 kN
o %@Vc=11.13KkN

1) Shear Force (RiB.1)
Span AB (1)

e X=0.175+0.275=0.45m e Vus=20.26 kN

e Vud=Vus—(W*X) = 20.26-(8.336*0.45) = 16.5 kN

o Ve <Vud < @Vc 11.13 < 16.5 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5*280/0.35*120=0.67 m

S3=0.600 m
Use: 1$8/140mm

Span AB (2)
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e X=0.5+0.275=0.775m e Vus=28.43 kN

e Vud=Vus—(W*X) = 28.43-(8.336*0.775)=21.97 kN

e YipVc < Vud < @Vc 11.13 < 21.97 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5*280/0.35*120=0.67 m

$3=0.600 m
Use: 1$8/140mm
Span BC (3)
e X=0.5+0.275=0.775m e Vus=18.58 kN
e Vud=Vus—(W*X) = 18.58—(8.336* 0.775)=12.12 kN
e %pVc < Vud < Ve 11.13 < 12.12 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5*280/0.35*120=0.67 m

S$3=0.600 m

Use: 1$8/140mm
Span BC (4)

e X=0.4+0.275=0.675m e Vus=15.32 kN
e Vud=Vus—(W*X) = 15.32—(8.336 *0.675) = 9.69 kN
e Vud < %eVc < @Vc 9.69 < 11.13 < 22.26

Use the minimum reinforcement : 1$8/200mm

Span CD (5)
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e X=0.4+0.275=0.675m e Vus=24.70 kN

e Vud=Vus—(W*X) = 24.70-(8.336 * 0.675 ) = 19.07 kN

e YipVc < Vud < @Vc 11.13 < 19.07 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5*280/0.35*120=0.67 m

$3=0.600 m
Use: 168/140mm
Span CD (6)
e X=0.5+0.275=0.775m e Vus=29.01 kN
e Vud=Vus—(W*X) = 29.01-(8.336*0.775)=22.55 kN
e @Vc <Vud 22.26 < 22.55
e Vs=(Vud-@Vc)/=(22.55-22.26)/0.75=0.386 kN
e Vcl=2@Vc/@=2%22.26/0.75=59.36 KN
e Vs<Vcl 0.386< 59.36

S1 = Av*Fy*d / Vs = 100.5*280*275 / 0.386*10°= 0.2036 m
S2=d/2 =0.275/2=0.1375m
S3=Av*Fy/0.35%bw =100.5*280/0.35¥120=0.67 m
S4=0.600 m

Use: 1$8/140mm

Span DE (7)

e X=0.5+0.275=0.775m e Vus=30.03 kN

e Vud=Vus—(W*X) = 30.03-(8.336*0.775) =23.569 kN
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e @Vc <Vud 22.26 < 23.569

e Vs=(Vud-¢Vc)/¢=(23.569-22.26)/0.75=1.74 kN
e Vcl=2¢Vc/@=2%22.26/0.75=59.36 KN

o Vs<Vcl 1.74 <59.36

S1=Av*Fy*d / Vs = 100.5*280%275 / 1.74*10°= 0.44 m
S2=d/2 =0.275/2=0.1375m
S3=Av*Fy /0.35*bw =100.5*280/0.35%*120=0.67 m
S4=0.600 m

Use: 168/140mm

Span DE (8)

e X=0.175+0.275=0.45m e Vus=18.89 kN

e Vud=Vus—(W*X) = 18.89—(8.336*0.45) = 15.13 kN

e Y2pVc 11.13 <15.13 < 22.26

<Vud < @Vc

S1=d/2 =0.275/2=0.1375m
S2=Av*Fy/0.35%bw =100.5*%280/0.35%¥120=0.67 m
S$3=0.600 m

Use: 168/140mm

] || | | || ]
i DR H : B DR [] DR I]
10 (1) pi I g ) kasm NI a0 (1) 1k 10 (1)

| | . . |

, 14 (3 ) 12 i) 213 (8) ,
i

i ; ; i i

i | I [

Figure 2.24 : Reinforcement detailing for Rib (1)
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2) Shear Force (R.B.2)
Span AB (1)

e X=0.1+0.275=0.375m e Vus=11.55 kN

e Vud=Vus—(W*X) = 11.55-(8.336 * 0.375 ) = 8.42 kN

o Vud < %eVc < Ve 8.42 < 11.13 < 22.26

Use the minimum reinforcement : 1$8/200mm

Span AB (2)

e X=0.5+0.275=0.775m e Vus=22.91 kN

e Vud=Vus—(W*X) = 22.91-(8.336*0.775) = 16.44 kN

e Ve < Vud < @Vc 11.13 < 16.44 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5%280/0.35¥*120=0.67 m
S$3=0.600 m

Use: 168/140mm

32

—
AIACADEMY.INFO I
B\ 2 AlAcADEMY.UNFO



[ [
HE=-
dwgall éwjell duaialsyl

Arab Infemational Academy S p an B C ( 3 )

e X=0.5+0.275=0.775m e Vus=27.07 kN

e Vud=Vus—(W*X) = 27.07-(8.336 *0.775) = 20.61 kN

o BipVc <Vud <@Vc  11.13 < 20.61 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 = Av*Fy /0.35*bw =100.5*280/0.35*120 =0.67 m
$3=0.600 m

Use: 1$8/140mm

Span BC (4)

e X=0.175+0.275=0.45m e Vus=18.21 kN

e Vud=Vus—(W*X) = 18.21-(8.336 *0.45) =14.45 kN

e Y%Vc <Vud < @Vc 11.13 < 14.45 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 = Av*Fy /0.35%bw =100.5*280/0.35%120=0.67 m
S$3=0.600 m

Use: 168/140mm
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: 2012 (B) 2012 (B)
D, D.R
2010 (7) 2010 (T) 2010 (T)
2012 (B) 2012 (B) 2012 (8)
Ef
i l 0
i D.R.. ;S ! 5
2970 (7) g 2011 I=F 5 2970 (1)
I ] 1
. | 2012 (B) EW’(E’) [ 2012 (8) |,
1

Figure 2.25 : Reinforcement detailing for Rib (2)

3) Shear Force (R.B.3)

Span AB (1)

e X=0.1+0.275=0.375m e Vus=15.48 kN

e Vud=Vus—(W*X) = 15.48—(8.336 *0.375) = 12.35 kN

e VipVc < Vud < @Vc 11.13 < 12.35 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 = Av*Fy /0.35*bw =100.5*280/0.35%120=0.67 m
S3=0.600 m

Use: 1$8/140mm
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Span AB (2)

e X=0.5+0.275=0.775m e Vus=20.34 kN

e Vud=Vus—(W*X) = 20.34-(8.336*0.775) = 13.88 kN

o VipVec < Vud < @Vc 11.13 < 13.88 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 =Av*Fy /0.35*bw =100.5*280/0.35*120=0.67 m

S$3=0.600 m
Use: 1$8/140mm
Span BC (3)
e X=0.5+0.275=0.775m e Vus=7.36 kKN
e Vud=Vus—(W*X) = 7.36-(8.336 *0.775) = 0.89 kN
e Vud < %eVc < @Ve 0.89 < 11.13 < 22.26
Use the minimum reinforcement : 1$8/200mm
Span BC (4)
e X=0.17540.275=0.45m e Vus=17.48 kN
e Vud=Vus—(W*X) = 17.48—(8.336 * 0.45) = 13.72 kN
e Ve < Vud < @Vc 11.13 < 13.72 < 22.26

S1=d/2 =0.275/2=0.1375m
S2 = Av*Fy /0.35%bw =100.5*%280/0.35*120=0.67 m
$3=0.600 m

Use: 1$8/140mm

Span C (5)
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=0.275/2=0.1375m
S2 = Av¥Fy / 0.35*bw
$3=0.600 m

X=0.175+0.275=0.45m

e Vud=Vus—-(W*X)

e Y2pVc <Vud < Vc

= 20.15 - ( 8.336 * 0.45 ) = 16.39 kN

e Vus=20.15 kN

11.13 < 16.39< 22.26

=100.5*280/0.35*120=0.67 m

Use: 168/140mm

R DR } DR .
S / -
& ] - §
1 &
2014 (1) [1-6m | soro (1) | § 2010 (1) | 2004 (D) L6m
12 (B) w2 3) |} e | \ 2012 (8) |
i i % 14 | s
15| n i \3 | 4

Figure 2.26 : Reinforcement detailing for Rib (3)

« Shrinkage for R.B
e As=p*Ag
=(0.0018 * 70 * 1000 ) = 126 mm?
Use: 1$10/Block

Chapter (3)

Design of Beams
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Ch3 : Beams

3.1 Introduction:

* In many instances in structural and machine design, members must resist forces
applied laterally or transversely to their axes. Such members are called beams.

37
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forces in the beam.

* The transverse loading of a beam may consist of distrubution loads Wi,W>, ...
expressed in Newton’s per meter, pounds per feet, or their multiples, kilo
Newton’s per meter and kip per feet.

Types of loads in beams :

1) Concentrated loads
2) Distributed loads

r L

Figure 3.1 : Types of loads in beams lB l

3.2 Definition: —tl i)

(a) Concentrated lo

* Beam is a structural element

generally carries vertical T
gravitational forces but can also be T I 1 I 1
used to carry horizontal loads (i.e. AR ‘- ERK II$ I -

loads due to an earthquake or wind) =

(&) Distributed load

* The loads carried by a beam are
transferred to columns, walls, or girders, which then transfer the force to adjacent
structural compression members.

* In Light frame construction the joists rest on the beam.

Beams are characterized by their profile (the shape of their cross-section), their
length, and their material. In contemporary construction, beams are typically made
of steel, reinforced concrete or wood.

3.3 Type of beams :

1. Hidden beam.
2. Drop beam.
3. Inverted beam.

3.4 Design of Beams :

1) Design of section Beam (B.1):

e DL=10. 71*(ﬂ+ —) +0.31*24 = 71.90 kN
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2 2

e Wu=1.2%71.90+ 1.6%12.05=105.56 kN/m

2 i
é e Y e 105'52 46 = 279.2 KN.m

8
o sNin=crc 2(7)‘;2_310 22 kN.m

° pmin=m— w28 =0.00315 —] Take 0.00333
4Fy  4%420 L

e pmin=22=2%  -000333 —

Fy 420
0.85+0.85Fc’

b_( )(600+F) SRIPAE

420

Fy
0003+, "Z00008)),0283 = 0.018
0.008

e pmax=(——E)ph = (-2

Use:p=0.011

4.17

e R=pFy (1 ~0.59 %) - 0.011*420 (1 —0.59

Mn 310.22x10°
® b= = =1020.5 mm
Rd2  4.17%2702

0. 011*420)

Use:b=1000 mm

h=310 mm
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2) Design of section Beam (B.2):

e DL= 10.71*(3'2i5 4 6'2i5) +0.31*24 = 57.85 kN

o LL= 2*(%3'725) =9.7 kN

e Wu=1.2*¥57.85+1.6%9.7 =84.94 kN/m
_ WuL? _ 84.94%4.252

e Mu . = 5 =191.77 kN.m
e Mn= % = 22277 - 213.08 kN.m
® pmin= G = 28 =0.00315

4Fy  4x420
e pmin= ;—; = % =0.00333

0.85%0.85Fc’ 600
® bl ( Fy ) ( 600+Fy) 0283
0.003+2 0.003+——22

® pmax-= (W;S)pb = (5 200.0283 =0.018

Use:p=0.01

0.01+420
28

| o Wi * =
e R=pFy (1 0.59 FC,) = 0.01%420 (1 0.59
Mn  213.08%10°
[ ] b = —
Rd2 3.8283%2702

) - 3.8283

=763.5 mm

Use: b =800 mm

h=310 mm

40

—
AIACADEMY.INFO I
B\ 2 AlAcADEMY.UNFO



1L:

dwgall éwjell duaialsyl

Arab International Academy

1) Design of (B.1):

h =310 mm
Cover =40 mm
d = h—cover=270 mm
b =1000 mm
F'c =28 Mpa
Fy =420 Mpa

@ SRAN 1 @ SPANZ @ SFANZ @ SFAN 4 @ SFANS G\
e

fa o) [ z dr;

N
T

| —

507 2578

L 5 5 ) 0 s e e e 5
205 530
T
Deau+HHHHHHHHHHH‘HHHHH
190

|
|
-+ o v o b - r = = Yo

Figure 3.2 : Load distribution for Beam (1)

1000

310

SECTION 1

Figure 3.3 : section for Beam (1)
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Shear Force

SHEAR: ¥-X V max = -254.8kN @ 4.25m

200
150 | T
100 [
50.0

-50.0
-100
<150
-200
-250

056m Vt=94 68kN Vb=142 1kN

Figure 3.4 : Shear force diagram for Beam (1)

Bending Moment

MOMENTS: X-X M max = -164 0kNm @ 4 26m

Figure 3.5 : Bending moment diagram for Beam (1)

e Equations used for design :

0.85Fc’ 2.354Mu
\/ . As = p*b*d

1B (1 - J1 - GoFebaz )

. Asmin = 0.0033*1000*270 = 891 mm?

1) Moment for 0 m =-55.35 kN.m

o= 0.85%28 <1 o \/1 _ 2.354+55.35+106 ) A

420 0.9%28%1000%2702

e As=0.002*¥1000*270 = 540 mm?

0.85%0.85%28 0.003
® Pmax =

420 0.003+0.004
e use Asmin = 891 mm?

) = 0.0206
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Arab International Academy 2) Moment for 1_75 m = 124_55 kN,m

P =0.0047 As = 1274 mm? use As = 1274 mm?
3) Moment for 4.25 m =- 184 kN.m

p =0.007 As =1924.7 mm? use As =1924.7 mm?
4) Moment for 5.8 m = 32.05 kN.m

p =0.001 As =270 mm? use Asmin= 891 mm?
5) Moment for 7.35 m =- 154.4 kN.m

P =0.0059 AS=1596.8mm?> useAs=1596.8 mm?
6) Moment for 9.35 m = 85.43 kN.m

p =0.003 As =825 mm? use Asmin= 891 mm?
7) Moment for 11.95 m = - 137 kN.m

p =0.005 As = 1375 mm? use As = 1375 mm?
8) Moment for 13.58 m = 31.82 kN.m

p=0.001 AS=270 mm? use Asmin = 891 mm?
9) Moment for 15.2 m =-127.55 kN.m

p =0.0047 AS=1292.5 mm? use As=1292.5 mm?
10) Moment for 17.65 m = 73.86 kN.m

P =0.0026 AS =715 mm? use Asmin= 891 mm?
11) Moment for 19.6 m = - 33.14 kN.m

P =0.0012 AS =330 mm? use Asmin= 891 mm?
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Arab Intemational Academy 2 ) D e Si g n of ( B . 2 ) g

h =310 mm
Cover =40 mm
d = h—cover=270 mm
b =800 mm
F'c =28 Mpa
Fy =420 Mpa

) e C=> e D

P = e

Liwee

ceece: | (T [T T I

S W g7 .55

I
]
]
= T =

Figure 3.6 : Load distribution for Beam (2)

800

310

SECTION 1
Figure 3.7 : section for Beam (2)

Shear Force

SHEAR: X-X

V max = -203.9kN @ 4.25m

Figure 3.8 : Shear force diagram for Beam (2)

Bending Moment
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-800
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200
400
60.0
80.0

MOMENTS: X-X M max = -149 2kNm @ 4 256m

Figure 3.9 : Bending moment diagram for Beam (2)

e Equations used for design :

_ 0.85Fc’ . _ 2.354Mu AP
e (1 \/1 0.9Fc’bd2) LESFAIL

. Asmin = 0.0033*270*800 = 712.8 mm?

1) Moment for 0 m = - 50.49 kN.m

p =0.0023 As =506 mm? use Asmin = 712.8 mm?
2) Moment for 1.75 m = 95.85 kN.m

p = 0.0044 As = 968 mm? use As = 968 mm?
3) Moment for 4.25 m =-149.23 kN.m

p = 0.007 As = 1540 mm? use As = 1540 mm?
4) Moment for 5.975 m = 33.58 kN.m

p = 0.0015 As = 330 mm? use Asmin = 712.8 mm?
5) Moment for 7.2 m =- 28.41 kN.m

p=0.0013  As =286 mm? use Asmin = 712.8 mm?
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Arab Intemational Academy 3) D e Si g n of ( B . 3 ) g

h =410 mm
Cover =40 mm
d = h—cover=370 mm
bf =350 mm
bw =250 mm
F'c =28 Mpa
Fy =420 Mpa

@ SPAN 1 @ SPAN 2 @ SPAN 2 @ SPAN ¢ @
- -

Live
B30

DDDDD HHHHHHHHHHHH HHHHHHHH
Za3

Figure 3.10 : Load distribution for Beam (3)

350

310

100

250
SECTION 2

Figure 3.11 : section for Beam (3)
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SHEAR: X-X V max =-162.5kN @ 4.15m

Figure 3.12 : Shear force diagram for Beam (3)

Bending Moment

MOMENTS: X-X M max = -121.6kNm @ 4.15m

-120
-100
-80.0
-60.0
-40.0
-20.0

200
40.0
60.0

Figure 3.13 : Bending moment diagram for Beam (3)

e Equations used for design :

0.85Fc’ 2.354Mu
= 1 — = ——
P Fy ( 0.9Fc’bd? )

. Asmin-ve = 0.0033*250*370 = 305.25 mm? . As-ve = p*bw*d

. Asmin+ve = 0.0033*350*370 = 427.35 mm? . As+ve = p*bf*d

1) Moment for 0 m = - 39.68 kN.m

P =0.003  AS=281.25mm? use Asmin=305.25 mm?

2) Moment for 1.75 m = 70.59 kN.m

P =00039 AS=511.87 mm? use As = 511.87 mm?
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3) Moment for 4.15 m =-121.62 kN.m

Arab International Academy

p=0.001  AS=093.75mm? use Asmin = 305.25 mm?
4) Moment for 5.82 m = 27.67 kN.m
p=0001  AS=131.25mm? use Asmin=427.35 mm?
5) Moment for 7.48 m =-112.82 kN.m
P =0.0092 AS=2862.5mm? use As = 862.5 mm?
6) Moment for 9.73 m =61.76 kN.m
P =0.0034  AS =446.25 mm? use As = 446.25 mm?
7) Moment for 11.98 m = - 114.4 kN.m
P =0.0094 As=881.25 mm? use As=881.25 mm?
8) Moment for 13.65m = 33.27 kN.m
p =0.0018 AS=236.25 mm? use Asmin=427.35 mm?
9) Moment for 15.33 m = - 49.88 kN.m

p =0.0039 AS=365.63 mm? use As = 365.63 mm?
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resmenaenaneecem 3 5 Shear Design For Beams :

support : (600/300/200)

1) Shear Force (B.1)

e @Vc=0.75x0.17 xVfc’ xb x d x 1073
@Vc=0.75x0.17 x V28 x 1000 x 270 x 10~3 = 182.15 kN
o % @Vc=91.07KkN

Span AB (1)

e W=1.2*DL+1.6*LL
W =1.2*%71.9 + 1.6*12.05 = 105.56 kN/m

e X=0.1+0.270=0.37 m e Vus=195.17 kN

e Vud=Vus—(W*X) = 19517 —(105.56 * 0.37 ) = 156.11 kN

o VipVc < Vud < @Vc 91.07 < 156.11 < 182.15

S1=d/2 =0.270/2=0.135m
S2 =Av*Fy /0.35*bw =157.07*420/0.35*1000 = 0.1884 m
$3=0.600 m

Use: 1$10/140mm
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e W=1.2*DL+1.6*%LL
W =1.2*%71.9 + 1.6*12.05 = 105.56 kN/m

X=0.15+0.27 =0.42 m e Vus=254.8 kN

e Vud=Vus—(W*X) = 254.8 —(105.56 *0.42)=210.46 kN

o Vc< 182.15 < 210.46

Vud

Vs = (Vud - @Vc ) /o = (209.93 — 182.15) / 0.75 = 37.04 kN
Vel =2 @Ve / ¢ = 2*182.15/ 0.75 = 485.73 kN

o Vs<Vcl 37.04 < 485.73

S1 = Av*Fy*d / Vs = 157.07*420*270 / 37.04*10°= 0.48 m
S2=d/2 =0.270/2=0.135m
S3=Av*Fy /0.35*bw =157.07*%420/0.35*100 = 0.1884 m
S4=0.600 m

Use: 1$610/140mm

Span BC (3)

e W=1.2*DL+1.6*LL
W =1.2*71.9 + 1.6%12.05 = 105.56 kN/m

e X=0.1+0.270=0.37 m e Vus=183.45 kN

e Vud=Vus—(W*X) = 183.45-(105.56 *0.37 ) =144.39 kN

e Ve <Vud < @Vc 91.07 < 144.39 < 182.15

S1=d/2 =0.270/2=0.135m
S2=Av*Fy /0.35*%bw =157.07*420/0.35%1000 = 0.1884 m
S$3=0.600 m

Use: 1$10/140mm
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Span BC (4)

o W=1.2*DL+1.6*LL
W =1.2*71.9 + 1.6%12.05 = 105.56 kN/m

e X=0.3+0.270=0.57 m e Vus=158.71 kN

e Vud=Vus—(W*X) = 158.71—(105.56 * 0.57 ) = 98.5 kN

e Ve <Vud < @Vc 91.07 < 98.5 < 182.15

S1=d/2 =0.270/2=0.135m
S2 =Av*Fy /0.35*bw =157.07*420/0.35*1000 = 0.1884 m
S$3=0.600 m

Use: 1$10/140mm

Span CD (5)

e W=1.2*DL+1.6*LL
W =1.2%59.07 + 1.6%9.3 = 85.76 kN/m

e X=0.3+0.27=0.57m e Vus=202.7 kN

e Vud=Vus—(W*X) = 202.70-(85.76 * 0.570 ) = 153.8 kN

e %Vc <Vud < Ve 91.07 < 153.8 < 182.15

S1=d/2 =0.27/2=0.135m
S2 =Av*Fy /0.35%bw =157.07*420/0.35*1000 = 0.1884 m
$3=0.600 m

Use: 1$10/140mm
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Span CD (6)

e W=1.2*DL+1.6%LL
W =1.2*59.07 + 1.6*9.3 = 85.76 kN/m

e X=0.15+0.27=0.42 m e Vus=194.83 kN

e Vud=Vus—(W*X) = 194.83—(85.76 * 0.42 ) = 158.8 kN

o Ve <Vud < Ve 91.07 < 158.8 < 182.15

S1=d/2 =0.27/2=0.135m
S2=Av*Fy /0.35*bw =157.07*420/0.35*%1000 = 0.1884 m
S$3=0.600 m

Use: 1$10/140mm

Span DE (7)

o W=1.2*DL+1.6*LL
W =1.2%59.07 + 1.6%9.3 = 85.76 kN/m

e X=0.15+0.27=0.42 m e Vus=150.75 kN

e Vud=Vus—(W*X) = 150.75-(85.76 * 0.42 ) = 114.7 kN

o Ve <Vud < @Vc 91.07 < 114.7 < 182.15

S1=d/2 =0.27/2=0.135m
S2=Av*Fy /0.35¥bw =157.07*420/0.35*1000 = 0.1884 m
S$3=0.600 m

Use: 1$10/140mm
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Span DE (8)

o W=1.2*DL+1.6*%LL
W =1.2%59.07 + 1.6%9.3 = 85.76 kN/m

e X=0.3+0.27=0.57m e Vus=138.11 kN

e Vud=Vus—(W*X) = 138.11-(85.76 * 0.57 ) =89.22 kN

e Vud < %V < @Vc 89.22 < 91.07 < 182.15

Use the minimum reinforcement : 1$p10/200mm

Span EF (9)

e W=1.2*DL+1.6%LL
W =1.2%42.75 + 1.6*6.6 = 61.86 kN/m

e X=0.3+0.27=0.57 m e Vus=157.65 kN

e Vud=Vus—(W*X) = 157.65-(61.86* 0.57 )=122.38 kN

o Ve <Vud < @Vc 91.07 < 122.38 < 182.15

S1=d/2 =0.27/2=0.135m

S2=Av*Fy /0.35%bw =157.07*420/0.35*1000 = 0.1884 m
S$3=0.600 m

Use: 1$10/140mm
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e W=1.2*DL+1.6*LL
W =1.2%42.75 + 1.6%6.6 = 61.86 kN/m

e X=0.1+0.27=0.37m e Vus=115.19 kN

e Vud=Vus—(W*X) = 115.19-(61.86 * 0.37 ) =92.3 kN

e Vud < %eVc < @Vc 92.3 < 91.07 < 182.15

Use the minimum reinforcement : 1$p10/200mm

#1087 00w/
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Figure 3.14 : Reinforcement detailing for Beam (1)
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e @Vc=0.75%x0.17 x Vfc' xbxd x 1073
@Vc=0.75x0.17 x V28 x 800 x 270 x 1073 = 145.7 kN
e % @Vc=72.85KN

e W=1.2*DL+ 1.6*LL
W =1.2*57.85 + 1.6*9.7 = 84.94 kN/m

Span AB (1)

e X=0.1+0.275=0.375m e Vus=157.95 kN

e Vud=Vus—(W*X) = 157.95—(84.94 *0.375) =126.1 kN

o YipVc < Vud < @Vc 72.85 < 126.1 < 145.7

S1=d/2 =0.27/2=0.135m
S2=Av*Fy /0.35*bw =157.07*420/0.35*800 = 0.235 m
$3=0.600 m

Use: 1$10/140mm

Span AB (2)

e X=0.15+0.27=0.42m e Vus=203.88 kN

e Vud=Vus—(W*X) = 203.88-(84.94*0.42)=168 kN

e @Vc <Vud 145.7 < 168

e Vs=(Vud-@Vc)/¢=(168-145.7)/0.75 = 29.7 kN
e Vcl=2qVc/@=2%145.7/0.75 = 388.5 kN

e Vs<Vcl 29.7 < 388.5

S1 = Av*Fy*d / Vs = 157.07*420*270 / 29.7*10°= 0.6 m
S2=d/2 =0.270/2=0.135m
S3=Av*Fy /0.35*bw =157.07*420/0.35*800=10.235m
$4=0.600 m

Use: 1$10/140mm
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e X=0.15+0.27=0.42 m e Vus=152.37 kN

e Vud=Vus—(W*X) = 152.37—(84.94 *0.42)=116.7 kN

e Ve <Vud < Ve 72.85 < 116.7 < 145.7

S1=d/2 =0.27/2=0.135m
S2=Av*Fy/0.35%bw =157.07*420/0.35%*800=0.235m
$3=0.600 m

Use: 1$610/140mm

Span BC (4)

e X=0.15+0.27=0.42 m e Vus=102.64 kN

e Vud=Vus—(W*X) = 102.64—(84.94 * 0.42 ) = 66.96 kN

e Vud < %oVc < Ve 66.96 < 72.85 < 145.7

Use the minimum reinforcement : 1$p10/200mm

|II [ 3410 mm/m [ I 3010 mmsm i | &1 o

H | | 1 1 = 3¢l@e2@@mm
b ] ! 7#16mm

H B2-1 [ G BZ-2 H ! I

i o i /2 ANSECTION IN B2-

.! S#1Zmm (T) B#16mm L=3.00m (T Ge1Zmm (T3 | =) seae o

i ! - _—

! 715 mm (BOT) ! 4916 mm (BOT) I

] ] 1

2 LONG. SECTION IN BEAM B2

. — _/ SCALE HOR = 1:B@ MTS.
~— VERT = 1:280 MTS.

Figure 3.15 : Reinforcement detailing for Beam (2)
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e @Vc=0.75%x0.17 x Vfc' xbxd x 1073
@Vc=0.75%0.17 x V28 x 350 x 270 x 1073 = 63.75 kN
e % @Vc=31.87kN
e W=1.2*DL+ 1.6*LL
W =1.2*53.43 + 1.6%2.9 = 68.75 kN/m

Span AB (1)

e X=0.1+0.27=0.37m e Vus=123.09 kN

e Vud=Vus—(W*X) = 123.09-(68.75* 0.37 ) = 97.65 kN

e @Vc <Vud 63.75 < 97.65

e Vs=(Vud-@Vc)/g=(97.65—-63.75)/0.75 = 45.2 KN
e Vcl=2@Vc/@=2%63.75/0.75 = 170 kN

o Vs<Vcl 45.2 <170

S1 = Av*Fy*d / Vs = 157.07*420%270 / 45.2*10%= 0.39 m
S2=d/2 =0.27/2=0.135m
S3 = Av*Fy /0.35%bw =157.07*420/ 0.35*350 = 0.538 m
S4=0.600 m

Use: 1$610/140mm
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e X=0.3+0.27=0.57m e Vus=162.49 kN

e Vud=Vus—(W*X) = 162.49—(68.75*0.57 ) = 123.3 kN

e @Vc<Vud 63.75<123.3

e Vs=(Vud-@Vc)/¢=(123.3-63.75)/0.75 = 79.4 kN
e Vcl=2qVc/¢=2%63.75/0.75 = 170 kN

o Vs<Vcl 79.4 <170

S1=Av*Fy*d / Vs = 157.07*420*270 / 79.4*10°= 0.224 m
S2=d/2 =0.270/2=0.135m
S3 = Av*Fy/0.35*bw =157.07*420/0.35*350 =0.538 m
S4=0.600 m

Use: 1$610/140mm

Span BC (3)

e X=0.3+0.27=0.57m e Vus=117 kN

e Vud=Vus—(W*X) = 117-(68.75* 0.57)=77.8 kN

e @Vc <Vud 63.75 < 77.8

e Vs=(Vud-@Vc)/¢=(77.8-63.75)/0.75 = 18.73 kN
e Vcl=2qVc/¢=2%63.75/0.75 = 170 kN

o Vs<Vcl 18.73 <170

S1=Av*Fy*d / Vs = 157.07*420*270 / 18.73*10°=0.95m
S2=d/2 =0.270/2=0.135m

S3=Av*Fy /0.35*%bw =157.07*420/0.35*%350=0.538 m
S4=0.600 m Use: 1$10/140mm
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Arab Intemational Academy S p a n B C ( 4)

e X=0.3+0.27=0.57m e Vus=115.77 kN

e Vud=Vus—(W*X) = 115.77-(68.75* 0.57 ) = 76.58 kN

e @Vc <Vud 63.75 < 76.58

e Vs=(Vud-@Vc)/¢=(76.58-63.75)/0.75 = 17.11 kN
e Vcl=2qVc/¢@=2%63.75/0.75 = 170 kN

o Vs<Vcl 17.11 <170

S1=Av*Fy*d / Vs = 157.07*420*270 / 17.11*10°= 1.04 m
S2=d/2 =0.270/2=0.135m
S3=Av*Fy /0.35*bw =157.07*420/0.35*350 =0.538 m
S4=0.600 m

Use: 1$10/140mm

Span CD (5)

e X=0.3+0.27=0.57m e Vus=154.94 kN

e Vud=Vus—(W*X) = 154.94-(68.75*0.57)=115.75kN

@Vc <Vud 63.75 < 115.75

Vs = (Vud - @Vc ) /¢ = (115.75 — 63.75) / 0.75 =69.3 kN
Vel =2 @Ve / ¢ = 2%63.75/ 0.75 = 170 kN

Vs <Vcl 69.3 <170

S1 = Av*Fy*d / Vs = 157.07*420%270 / 69.3*10°= 0.257 m
S2=d/2 =0.27/2=0.135m
S3 = Av*Fy /0.35%bw =157.07*420/ 0.35*%350 = 0.538 m
S4=0.600 m

Use: 1$610/140mm
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Arab Infernational Academy S p a N C D ( 6 )

e X=0.3+0.27=0.57m e Vus=155.65 kN

e Vud=Vus—(W*X) = 155.65-(68.75* 0.57 ) =116.46 kN

e @Vc <Vud 63.75 < 116.46

e Vs=(Vud-@Vc)/¢=(116.46—63.75) / 0.75 = 67.28 kN
e Vcl=2qVc/¢=2%63.75/0.75 = 170 kN

o Vs<Vcl 67.28 <170

S1=Av*Fy*d / Vs = 157.07*420*270 / 67.28 *10°= 0.264 m
S2=d/2 =0.27/2=0.135m
S3=Av*Fy/0.35*bw =157.07*420/0.35*350 =0.538 m
S4=0.600 m

Use: 1$10/140mm

Span DE (7)

e X=0.3+0.27=0.57m e Vus=123.73 kN

e Vud=Vus—(W*X) = 123.73—(68.75* 0.57 ) = 84.54 kN

o pVc< 63.75 < 84.54

Vud

Vs = (Vud - V¢ ) /o = (84.54 — 63.75) / 0.75 = 27.7 kN
Vel =2 @Vc / @ = 2%63.75/ 0.75 = 170 kN

o Vs<Vcl 27.7 <170

S1=Av*Fy*d / Vs = 157.07*420%270 / 27.7 *10°= 0.64 m
S2=d/2 =0.275/2=0.1375m
S3=Av*Fy /0.35¥bw =157.07*420/0.35*350 =0.538 m
S4=0.600 m

Use: 1610/140mm
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Span DE (8)

e X=0.3+0.27=0.57m e Vus=107.23 kN

e Vud=Vus—(W*X) = 107.23—(68.75*0.57 ) = 68 kN

e @Vc <Vud 63.75 <68

e Vs=(Vud-q¢Vc)/¢e=(68-63.75)/0.75 = 4.68 kN
e Vcl=2qVc/=2%63.75/0.75 = 170 kN

e Vs<Vcl 468 <170

S1=d/2 =0.275/2=0.1375m
S2 = Av*Fy /0.35%bw = 157.07*420 / 0.35*350 = 0.538 m
$3=0.600 m

Use: 1¢10/140mm

- /_"[mm .m._a /_ZMQQM mfn_\ /_2115&2!0 mf.._\ @ ;'_mannl\.«..

T | | T |
E A | | I I
i ] ] ] i
B Bl i T = B1-3 == aa =
b H " B " 1] ' 15| Y
ddZon M Hom '-iLll'- M o ms.....! L3n M 4gonuD 5HEmn L<3om {11 Nz
> — I Mzt : Hont : Wanll L
. | WérmE) | . | S | . |
@.35
1
= 2¢1@mm/m
= . 3412 mm(Typ.)
= | 3616 mm
S 020
SCALE: 1/20

Figure 3.16 : Reinforcement detailing for Beam (3)
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Chapter (4)

Design of Columns
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Ch4 : Columns

4.1 Introduction:

* Columns are defined as vertical structural members subjected not only to
compression force but also to bending moment about one or both axes of the
section, and with a height at least three times its least lateral dimension.

* They collect loads from the different floors and then transfer it to the soil
through the foundation.

* The axial load column is subjected to compression that should achieve a
minimum eccentricity of the axial load to be designed. Columns are generally
named as to compression member, because the compression forces dominate
their behavior.

4.2 Short and slender column:

* Before say that column is short or slender you need to know if the column
braced or un-braced.

» Structural frames whose joints are restrained against lateral displacement by
attachment to rigid elements or by bracing are called braced or non sway
frame.

* The rigid elements are (shear walls, elevator shaft, or reinforced masonry
walls). If there is no any rigid elements the columns are considered un-braced.

ties spirals _— |ongitudinal
/' ( a bars

[~ e (
. / pitch
. . / i
Rectangular Column Round [?olumn R
- Tied - Spiral Sl
"‘“-—innghudlnal
bars
Figure 4.1: Rectangular Column Figure 4.2: Slender Column
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4.3 Design of Columns :

e Check if column slender or short :

K=* L
( < 40)
r
e L =3300mm
«h3 «6003
. I:b h® _ 300+600 — 5 4%10°mm®*
12 12

e A =300 *600= 180000 mm?

- r=\/z = /5'4*1"9—173.2
A 180000

e k for Fixed — partially Fixed =1

13300
173.2

=19.1 <40

The column is short.
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1) Design of section Column (C.1):

e Pu=1.2%295.95+1.6*49.68 = 438.24 kN
e Pu=438.24+(1.2(0.6*0.3*3*24)) = 453.79 kN
e Pu=453.79%5 = 2269 kN

e Pu=@Pn
Pu=0.8¢ (0.85Fc' Ac+ As Fy)
2269*1000 = 0.8*%0.65 ( 0.85*28Ac + 0.15Ac*420)

Ac =173338.72 mm?

Ac 173338.72
e h= = =577 Use: h = 600 mm

300 300
b =300 mm

e ey=0.015+0.03*0.3=0.024 m
e ex=0.015+0.03*0.6 =0.033 m

e My =Pu*ey=2269*%0.024 =55 KN.m
e Mx=Pu*ex=2269*0.033 =75KN.m

" My 55%10° =
. ] o e .
i @ Fc’bd? 0.65%28%x600%3002
. Mx 75%10° 033
° X4= = =u.
@ Fc’bd? 0.65%x28+300%6002
Pu 2269+10°
* K= Fcba ~ 065:28+300%600 %
600—120
* ¥="%p0 08
® Preq < Pmin=0.001 Use: Pmin=0.001

e As=pbh =0.001*300*600 = 1800 mm?
o Asfrom table 10 16 = 2011mm?

Use: 10 16
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Minimum clear distance between bars :
1) 1.5db =1.5%16 = 24 mm
2) 40 mm

Maximum clear distance between bars :
e 600—(2*30) - 20 —(16*4) = 456 mm
e 456/3 =152 mm
Max =150 mm < 152mm ( use douple set of ties )

e 600—(2*30) - 40 — (16*4) = 436 mm
e 463/3 =145 mm
145mm < Max=150mm (OK)

The spacing of ties :

e S=16*db=16*16 =256 mm
e S=48*dt =48*10 =480 mm
e S=width =300 mm

Use:2¢ 10 @ 200mm

SE

B 1.60 |
BARS 1@ B lomm
STIRRUPS 2 @ 10mme2Pcm
SCALE 1:20

Figure 4.3 : Reinforcement detailing for column (1)
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2) Design of section Column (C.2):

e Pu=1.2%215.75+1.6*%11.71=279.5 kN
e Pu=279.5+(1.2(0.6%0.2*3*24)) = 289.86 kN
e Pu=289.86*5= 1450 kN

e Pu=@Pn
Pu=0.8¢@ (0.85Fc' Ac+AsFy)
1450*1000 = 0.8*0.65 ( 0.85*28Ac + 0.15Ac*420)
Ac=117162.25 mm?

Ac  117162.25
200 200

= 585 mm Use:h =600 mm
b =200 mm

e h=

e ey=0.015+0.03*0.2=0.021 m
e ex=0.015+0.03*0.6=0.033m

e My = Pu*ey = 1450*0.021 = 31 KN.m
e Mx =Pu*ex =1450*%0.033 =48 KN.m
My 31%10°
"@Fc'bd? 0.65%28%600%2002
Mx 48%10°
“@Fc'bd?  0.65%28%200%6002

e Ry = 0.069

e Rx =0.036

Pu  1450%10°
“@Fc’bd  0.65%28+200%600

e Kn =0.44

600—120
* ¥=7%00
® Preq < Pmin=0.001 Use: Pmin=0.001

=0.8

e As=pbh =0.001*200*600 = 1200 mm?

o Asfrom table 8 » 14 = 1232mm?

67

—
AIACADEMY.INFO I
B\ 2 AlAcADEMY.UNFO



1L:

dwgall éwjell duaialsyl
Arab International Academy

Minimum clear distance between bars :
1) 1.5db =1.5%14=21 mm
2) 40 mm

Maximum clear distance between bars :
e 600—(2*30)—20—(14*4) = 464mm
e 464/3 =154.66 mm
Max = 150 < 154.66 ( use douple set of ties )

e 600 - (2*30) — 40 —(16*4) = 444mm
o 444/3 =148 mm 148 < Max=150 (OK)

The spacing of ties :

e S=16*db=16%14 =224 mm
o S=48*dt =48*10=480 mm
e S5S=200mm
Use:2¢ 10 @ 200mm

S
| 0.60 |

BARS 8@14mm
STIRRUPS 2 @ 10mme2@cm

SCALE 1:20

Figure 4.4 : Reinforcement detailing for column (2)
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3) Design of section Column (C.3):

Pu=1.2*242.63 + 1.6*40.68 = 356.25 kN

e Pu=356.25 +(1.2(0.6%0.3*3*24)) = 371.8 kN
e Pu=371.8*5= 1859 kN

e Pu=@Pn
Pu=0.8¢@ (0.85Fc' Ac+AsFy)
1859*1000 = 0.8*0.65 ( 0.85*28Ac + 0.15Ac*420)
Ac =41186.63 mm?

Ac  41186.63

e h= =137.3mm Use:h =600 mm
300 300
b =300mm
e ey=0.015+0.03*0.3=0.024m
e ex=0.015+0.03*%0.6 =0.033 m
e My =Pu*ey =1859*0.024 = 44.61 KN.m
e Mx=Pu*ex=1859*%0.033 =61.34 KN.m
: My 44.61%10° .
. ey el e .
y @ Fc’bd? 0.65%28x600%3002
. Mx 61.34%10° N
° = = =0.
: @ Fc'bd?2  0.65%28%300%6002
Pu 1859%10°
* K= Fcbd - 0.65+28+300+600 - 0208
600—120
Y Scoomei
® Preq < Pmin=0.001 Use: Pmin=0.001

e As=pbh =0.001*300*600 = 1800 mm?

69

—
AIACADEMY.INFO I
B\ 2 AlAcADEMY.UNFO



dulgall dupell duayalsyl

el S e Asfrom table 10 16 = 2011mm?

Use: 10 16

Minimum clear distance between bars :
1) 1.5db=1.5%14=21 mm
2) 40 mm

Maximum clear distance between bars :
e 600-(2*30)—-20—(16*4) =456
e 456/3 =152 mm
Max =150 < 152 (use douple set of ties )

e 600 - (2*30) — 40 —(16*4) = 436
e 463/3 =145 mm 145 < Max=150 (OK)

The spacing of ties :

e S=16*db=16%16 =256 mm
o S=48*dt =48*10=480 mm
e S=300mm
Use:2¢ 10 @ 200mm

B 0.60 |
BARS 17 0 1Temm
STIRRUPS 2 @ 10mme2Bcm
SCALE 1:20

Figure 4.5 : Reinforcement detailing for column (3)
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Chapter (5)

Design of Stairs
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ChS5 : Stairs

5.1 Introduction :

e Staircase is an important component of abuilding providing
access to different floors and roof of the building .

e |t consists of a flight of steps (stairs) and one or more
intermediate landing slabs between the floor levels .

e Stairs can be defined as series of steps suitably arranged for the
purpose of connecting different floors of a building .

e |t may also be defined as an arrangement of treads, stringers,
newel post, hand rails , and baluster , so designed and
constructed as to provide an easy and quick access to the different
floors .

Figure 5.1 : Stairs
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5.2 Types of stairs:

S == S [
== A = 0T

= uarter 2 Cuarter
WENecer L aurn-ddir-o

HE € e

Double Half Landing Cureed Spiral

T
i
i

Figure 5.2 : Types of stairs

(a})

Figure 5.3 : Parts of stairs

5.3 Design of stairs :

height __ 1690
number of riser 10

e Length of riser = =169 mm ~~ Take 170 mm

horizontal length of the stairs _ 2700
e Length of Run = = =300 mm
number of run 9
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e Design of stairs :

Simply Supported :Thickness of slab from American Concrete Institute (ACI-318)

1 3450
-h=—=——=172.5mm ~~ Take 200 mm
20 20
200+(200+170)
-havg= - =285 mm ~~ Take 290 mm
- Dead Load :
Type Thickness (m) | Density ( KN/m?) DL (kN/m?)
Slap 0.29 24 6.96
Tile 0.025 24 0.6
Morter 0.025 22 0.55
Sand 0.1 18 1.8
Bleaching 0.025 22 0.55

Table 5.1 : Calculation Dead Load for stairs

Total Dead Load = 10.46 kN/m?
- Live Load :

Live Load = =3.5 kN /m?

0s 30

- Design :
e b=1000 mm
. d=h—c.c-§=200mm—20mm-§=172mm

e from prokon : Vumax = 31.31 kn, Mumax =27.01 kN.m

e Mu=0 As+Fy(d - g)

27.01 * 106=0.9*As*420%(172 - 0.0176As )
As =424.6 mm?
R FyeAS _ _ 4200AS  _ o ime . a

T 0.85+bifc  0.85+1000%28
e Asmin=0.0033*1000*172 = 567.6 mm?2

e Asmax =0.0206*1000*172 = 3543.2 mm?

e Asmin > As Take As min = 567.6

e Use:10616/200 mm
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e As4016=2804.24 mm?
Check for shear :

Ve=¢*0.17*bw*d*Vf'c = 0.75x0.17x1000x172x~+/28x1073 =116.04 kN

e Vumax <%@Vc < 31.31<58.02<116.04

®Vc

5.4 Design of slab:

1
=—=2%_135mm ~~ Take 150 mm
20 20

e b=1000 mm

- Dead Load :

Type Thickness (m) | Density (kN/m?) DL ( kN/m?)
Slab 0.15 24 3.6
Tile 0.025 24 0.6
Morter 0.025 22 0.55
Sand 0.1 18 1.8
Bleaching 0.025 22 0.55

Table 5.2 : Calculation Dead Load for slab stairs

Total Dead Load = 7.1 kN/m?

- Live Load :
Live Load = 3 kN/m?
- Design :
e b=1000 mm
o d= h—c.c—gz 150 mm - 20 mm—%: 123 mm

e from prokon : Vumax = 34.93 kN, Mumax =23.58 kN.m

e Mu=0 As*Fy(d - g)
23.58 % 106=09*AS*420*(172 i 0.01'276As )

As =527.03 mm?
_ FyxAS  420#As
0.85%b*f'c  0.85%¥1000%28

= 0.0176 * As

e Asmin=0.0033*1000*123 = 405.9 mm?
e As max =0.0206*1000%123 = 2533.8 mm?
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e Asmax > As> As min Take As=527.03 mm?

e Use:1016/200 mm As 4 9 16 = 804.24 mm?
Check for shear :

dVe=¢*0.17*bw*d*VFc = 0.75%x0.17x1000x123x+/28x1073 =82.98 kN

e Vumax <%pVc < 3493 <41.49<82.98

®Vc

Lo o TAIRCASE REINFORCING

. Scale:1-100

Figure 5.4 : Reinforcement detailing for stairs and slab
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Chapter (6)
Design of Walls

77

—
AIACADEMY.INFO I
B\ 2 AlAcADEMY.UNFO



dwgall éwjell duaialsyl

Arab International Academy

Ch6 : Wall

6.1 Introduction:

A wall is a structure that defines an area. It is used for architecture or civil purposes.

There are the following types of walls:

1- Bearing walls:-walls resist compression force only.
2- Shear walls:-walls resist compression force and lateral force.
3- Retaining walls: - walls are used to hold back masses of earth or other loose material.

4- Basement walls: - walls are used to hold back masses of earth or other loose material
and compression force from the building.

6.2 Design the shear Wall :

Wall (1) :

- Find the dimension (B ) :

e Service Load Pu =225 kN/m Bearing Capacity = 280 kN

e qu = bearing capacity — weight of soil — weight of concrete
280—-0.5%18 - 0.5*24 = 259 kN

B=1100 mm

P
° qu=E 259=B*L

e d=h-dc=0.5-0.075=0.425m
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:iiﬂ::::ﬂ::;ﬂ - One way shear analysis :
o Vc=@*0.17*/fc=0.75%0.17%/28 = 674.6 kN/m?
* ] — L
e Vc*d=qu/( 3% 3 d)
674.6*d =259 (- ~—d) d=038m 0425> 038 OK
- Cheak for capacity :
e Capacity =259 + 18%0.5 + 24*0.5 = 280 kN/m? 280=280 OK

e qu=259*1.2=310.8 KN/ m?

- Check for one way shear :

e @Vc=Vu
© Vu=qu*B(;- 7-d)=3108%1(5- 7-0425)=132kN
o dreq= —8 = 1210 _q956mm 425> 195.6 OK

0.17%0.75VFcB _ 0.17+0.75v28+1000

- For main reinforcement :

1.1

M= (qu*B (5- £)%)/2=(310.8*1 (=~ 2)?)/2=24.86 KN.m
0.85Fc’ , 2.354Mu
V= Fy (1 B H 0.9Fc’bd? )

* * *106
=0.85 28 (1 —Jl . 2.354%24.86%10 ) — 0.0004

420 0.9%28+1000%4252

pmin>p 0.002 > 0.0004 use pmin =0.002

e As=pbd=0.002%1000*425 = 850 mm*
e As=850%1.1 =935 mm?
: B 1000
e Spacing (S)= = 3h<450= e 3*500 < 450
Use 5616/200 mm
As 5616 =1005 mm? > 935 OK

- For secondary reinforcement :

e use pmin =0.0012
e As=pbd=0.0012*1000*425 = 510 mm?

Use 50 14/200 mm
As 5014 =769.7 mm? > 765 OK
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Table 11.6.1—Minimum reinforcement for walls with in-plane V, < 0.5¢V,

Type of nonprestressed Bar/wire Minimunn DNIimimnunn
Wall type reinforcement size S MPa longitudinal™, p, transverse, p,
=420 0.0012 0.0020
=No. 16
Cast-1n— Deformed bars =420 0.0015 0.0025
place
= No. 16 Ay 0.0015 0.0025
Welded-wire = MW2Z00

reinforcement or MD200 Any DOCNZ ©0.0020

Deformed bars
Precast™ or welded-wire Any Any 0.0010 0.0010

reinforcement

Mprestressed walls with an average effective compressive stress of at least 1 6 MPa need not meet the reguirement for minimum
longitudinal reinforcement pg

Pln one-way precast, prestressed walls not wider than 3.7 m and not mechanically connected to cause restraint in the transverse
direction, the minimmm reinforcement requirement in the direction normal to the flexural reinforcement need not be satisfied.

Table 6.1 : Minimum reinforcement for Walls

B.3@

Pl2e2@@mm ~ “
Ae2@@mm B "
AlA4e?20@0mm m [ =
gleeZ2@@mm
Pl4e?2@@mm
@.1&1” - .1.19” - ,m_ﬁa
| 1.30 |
SECTION (1)
SCALE 1:20

Figure 6.1 : Reinforcement detailing for shear wall (1)

Wall (2) :

- Find the dimension (B ) :

e Service Load Pu =225 kN/m

e qu = bearing capacity — weight of soil — weight of concrete
280—-9—- 12 =259 kN

Pu 259 225
[ ] =S —_
e Af B*L

B=1100mm

e d=h-dc=05-0.075=0.425m
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:iiﬂ::::ﬂ::;ﬂ - One way shear analysis :
o Vc=@*0.17*/fc=0.75%0.17%/28 = 674.6 kN/m?
*d=qu(l_ C_
e Vc*d=qu/( 3% 3 d)
674.6%d=259 (- - d) d=038m 0.425> 038 OK
- Cheak for capacity :
e Capacity =259 + 18*0.5 + 24*0.5 = 280 kN/m? 280=280 OK

e qu=259*%1.2=310.8 kN/m?

- Check for one way shear :

e @Vc=Vu
o Vu=qu*B(5- 7-d)=3108%1(5- 7-0425)=132kN
o dreq= — = 1210 _g56mm 425> 195.6 OK

0.17%0.75VFc B 0.17+0.75v28%1000

- For main reinforcement :

M= (qu*B (5~ $)%)/2=(3108%1 (5~ 2)?)/2=2486 KN.m
0.85Fc’ , 2.354Mu
D Fy (1 BB 0.9Fc’bd? )

* * *106
i 0.85%28 (1 i Jl . 2.354%24.86%10 — 0.0004

420 0.9%28+1000%4252 )

pmin > p 0.002 > 0.0004 Take pmin =0.002

e As=pbd=0.002*¥1000*425 = 850 mm?
e As=850%1.1 =935 mm?
: B 1000
e Spacing (S)= = 3h<450= === 3*500 < 450
Use 16 16/200 mm As 1616 =1005mm? > 841.5 OK

- For secondary reinforcement :

e use pmin =0.0012
e As=pbd=0.0012%1000*425 = 510 mm?

Use 16 14/200 mm
As 56 14 =769.7 mm? > 765 OK
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ple2e2@@mm T

M2e2@@mm * =
dl4el2@@mm i

AN4e2@PImm

@.1@ l.am@ A.1a
| 1.20 |

SECTION (2)

SCALE 1:20

Figure 6.2 : Reinforcement detailing for shear wall (2)

£ w —t
912@200mm || | 1 #12@200mm

T~ L
6126200mm] || 6#14mm/m BOTH DIRECTIONS L1 sr26200mm

L J L J L J -w L J - L J L J L J L J L J L J L J L J -
|-|' 6614mm /m BOTH DIRECTIONS

| 2.20 |
0.10 30 0.4
SECTION (3) IN ELEVATOR FOUNDATION

SCALE 1:20

Figure 6.3 : Reinforcement detailing for Elevator Foundation
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Chapter (7)

Design of Foundation
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Ch7 : Foundation

7.1 Introduction:

» The main purpose of any structural portion is to transmit applied loads
Safely from part of the structure to another, and we know that the load from
buildings and other structures must be transmitted into the ground through
foundations, then into the underlying supporting material .

* Foundations usually support the main load-bearing members, i.e., columns and
walls , of the structure .

* Since the bearing pressures that a soil can sustain are much smaller than the
compressive stresses in columns or walls,

foundations must be used to reduce the pressures applied directly

to the soil by spreading the supported loads over an area large enough to
prevent rupture or excessive deformation of the soil .

* The foundation must be stable and safe in the first place, and its Safety is
ensured
- By keeping a factor of safety.

- By avoiding structural failure of foundation itself.
- By avoiding the excessive settlements .

-Soil pressure under footings:

* The distribution of soil under a footing is a function of the following :
- The type of the soil.
- The relative rigidity of the soil.
- The foundation pad.

-Bearing capacity of soil =280 kN
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* In general, foundation of buildings and bridges may be divided into two major

categories :
1) Shallow foundations : The types of it’s Foundation are :

* Spread footing » Wall footing
* Eccentric footing » Combined footing

* Strap footing
2) Deep foundations : The types of it’s Foundation are :

» Caissons * Basement Walls

* Piles

COLUMNS 9
\
BASE

COMBINED
FOOTING
% E7
% %
COLUMMN
(o) SINGLE (B} STEPPED {e) SLOPED
- FOOTING FOOTING

FOOTING

Figure 7.1 : Single and combined footing

» We can know if the foundation is shallow or deep foundation according to :
- If D+ < B the foundation is the classified as shallow foundations.

- If De> B the foundation is the classified as Deep foundations.

N L

NG N

Where

DF. Is the depth of footing.

D+
B. ls the least dimension of the
footing.

MN.GL: Is the Normal Ground Lewel

Figure 7.2 : Foundation
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7.3 Design the Base :

Base (1) :

- Find the dimension (B & L) :

Service Load Pu =295.95 + 49.68 = 345.63 kN

o Pu=345.63+ (0.6*0.3*3*24) = 358.59 kN
o Pu=358.59*5 = 1792.95 kN

e qu=280-9- 12 =259 kN

o qu=_2  250=2% B =2300 mm
« qu== 250 = 22 L =3000 mm

e d=h-dc=05-0.075=0.425m
- One way shear analysis :

e Ve=§*0.17%VFc = 0.75%0.17%v28 = 674.6 kN/m?
o Verd=qu(;-:-d)

674.6*d=259(%— %—d) d=033m
- Two way shear analysis :

o Ve =¢*0.17%VFc=0.75%0.33%/28 = 1309.64 kN/m?

2 _ B
e 442+ 2d(b+c) = =
2.3%3%259
4d? + 2d(0.6 + 0.3) = ——— d=0.40m
1309.64
Take d=0.40 0.425> 04 OK
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e Capacity =259 + 18*0.5 + 24*0.5 = 280 kN/m? 280=280 OK

e qu=259*%1.2=310.8 kN/m?

- Check for one way shear :
e $pVc=Vu
—a*R(L_C _ Sl el h
e Vu=qu B(E_E_d)_310‘8 1(5—7—0.425)—240.851(N

w Vu _ 240.85+10°
* dreq= 0.17#0.75VFcB  0.17%0.75y28+1000 356.9mm 425> 356.9 OK

- Check for Two way shear :

e $Vc=Vu
e Vu=qu(A)-((c+d)(c+d)))=
310.8 ((3*2.3) — (( 0.6 + 0.425)(0.3 + 0.425)))=1913.55 kN
o dreq= — = SIC _ _ 4154mm 425> 417.4 OK
0.33%0.75VfcB  0.33%0.751/28+3500

- Reinforcement for secondary direction :

o M=(qu*L(3- 7)%)/2=(310.8%1 (2~ 2)?)/2=1554 kN.m

0.85Fc’ 2.354Mu
= -y
Fy 0.9Fc’bd?

0.85%28 2.354%155.4%106
= (1 - |1- ) = 0.0023
420 0.9%28+1000%4252

pMax > p > pmin 0.021 > 0.0023 > 0.0018 OK

o As=pbd=0.0023*1000*425 = 987.7 mm®
o As=987.7*3 = 2963.1 mm?
e Spacing (S)= g <3h<450= % < 3*500 < 450

Use 1616/200 mm
As 15616 =3016 mm? > 2963.1 OK

- Reinforcement for main direction :

o M=(qu*B(5- 7)%)/2=(310.8*1 (3~ 25?)/2=22377kN.m

0.85Fc’ 2.354Mu
¢ pr—=(1- j1-=—r1)
Fy 0.9Fc’bd?

0.85%28 2.354%223.77%10°
=— (1— 1-— )=0.0033
420 0.9%28%1000%4252

pMax > p > pmin 0.021 > 0.0033>0.0018 OK
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e As=pbd=0.0033*¥1000*425 = 1436.1 mm*

e As=1436.1*2.3 =3302.97 mm?

e Spacing (S)= E < 3h<450= % < 3*500 < 450

Use 1018/160 mm
As 14 6 18 = 3303 mm? > 3302.97 OK

I =
= =
£ E
| I
T B = =| | LR A
L_. §L . = Q
Bel
M B8el50mm (T) |
|| 08a15@mm (B) |
| | 3
| a0 |
= DETAIL OF FOOTING —F1 & ¢1 ™
SCALE L:2D
see column details
g18e1h0@mm
gleelbPmm
. ® " & & 9 L] [ ] [ ] [ ] [ ] F & & ® * 2 L] " & & 22
pl8elod mm 8 o
2160200mm =
e 4 4 4V ¢ b & & PR S S W N N

| 200 |
0.1 .10

L
SECTION (A/1)

SCALE 1:20

Figure 7.3 : Reinforcement detailing for Base (1)
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- Find the dimension (B & L) :
e Service Load Pu =242.63 + 40.68 = 283.31 kN
e Pu=283.31+(0.6%0.3*3*%24) =296.27 kN

e Pu=296.27*5=1481.35kN

e qu=280-9- 12=259 kN

e qu=  259=T-2 B = 2000 mm
e qu= % 259 = 14;155 L=3000 mm

e d=h-dc=05-0.075=0.425m
- One way shear analysis :

e Vo= §*0.17%VFc = 0.75%0.17%v28 = 674.6 kN/m?
o Verd=qu(;-:-d)

674.6%d=259 (>- 22— d) d=0.33m
- Two way shear analysis :

o Ve =9*0.17%VFc=0.75%0.33%/28 = 1309.64 kN/m?

2 et
e 44?2+ 2d(b+c) = T

2x3%259
4d? + 2d(0.6 +0.3) = d=0.36m
1309.64
Take d=0.36 0.425> 036 OK
- Cheak for capacity :
e Capacity =259 + 18*0.5 + 24*0.5 = 280 kN/m? 280=280 OK
e qu=259*%1.2=310.8 kN/m?
- Check for one way shear :
e $pVc=Vu
e 3 06
e Vu=qu*B (5— E—d)= 310.8*1 (5— ?—0.425 ) =240.85 kN
o dreg= —% = __2008510° __ 3569mm 425> 3569 OK

0.17+0.75VFc B 0.17+0.75v/28+1000
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e $pVc=Vu
e Vu=qu(A)-((c+d)(c+d)))=
310.8 ((3*2) — (( 0.6 + 0.425 )(0.3 + 0.425)))=1633.8 kN

- Vu PSRRI S 0
* dreq= 0.33+0.75VFcB _ 0.33%0.75y28+3500 356.4mm 425> 356.4 OK

- reinforcement for secondary direction :

o M=(qu*L(3- $)%)/2=(310.8%1 (3~ 2)%)/2=11227KkN.m

0.85Fc’ 2.354Mu )

e Fy (1 e 0.9Fc’bd?

0 85+%28 2.354%112.27%10°
(1 = ) = 0.0016
" 0.9+28+1000%4252

pmin > p 0.0018 > 0.0016 Take pmin =0.0018

e As=pbd =0.0018*1000*425 = 765 mm’
e As=765*3= 2295 mm?
e Spacing (S)= = < 3h < 450 = ﬂ < 3*500 < 450

Use 10 16 /200 mm
As 15616 =3016 mm? > 2295 OK

- reinforcement for main direction :

M= (qu*B (3~ 2)2)/2 = (310.8*1 (3= 29?)/2=223.77 KN.m

085Fc (1 2.354Mu)
0.9Fc’bd?

0 85%28 2.354%223.77%10°
(1 — ) = 0.0033
T 0.9+28+1000%4252

pMax > p > pmin 0.021 > 0.0033 > 0.0018 OK
e As=pbd =0.0033*1000*425 = 1436.1 mm?

o As= 1436.1*2 =2872.15 mm?

e Spacing (S)= = < 3h < 450 = 1°6°° < 3*500 < 450

Use 1618/160 mm
As 12 0 18 = 3054 mm? > 2872.15 OK
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glEel5@mm (T)
glEe200mm (B)

L s I "
ENl J

[[F=)
R8e150mm (T)

|
‘ | 186150mn (B) ‘

3.

DETAIL OF FOOTING —F2 & (1

SCALE 121

)

see column details

P18@15@mm
gl6elb@mm
"%m J g e
Plee2@Pmm A S N N T T S oo e i ST M N W W S
|
| 300 |
E.IE‘ e
L
SECTION (A/1)
SCALE 1:20

Figure 7.4 : Reinforcement detailing for Base (2)
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Chapter (8)

( Reinforcement Tables )

Reinforcement detailing for Rib (1)

Sect#t Mu P As Asmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -4.8 0.014 46.2 226 2610 _ _
A
Span Al 203 148
AB 2456 | 0.0016 | 228.8 226 2614 @140mm
B| 28.4 148
@140mm
Sup -24.75 | 0.0077 | 254.1 226 2614 _ I
B
Span B| 18.6 168
BC @140mm
- " = B - C| 153 148
@200mm
Sup -18.61 | 0.0057 | 188.1 226 2012 _ _
C
Span C| 247 148
CD 17 . 5RO B i ) / TV 226 2012 @140mm
D| 29 148
@140mm
Sup -33.71 0.01 330 226 2016 . _
D
Span D| 30 168
DE 21.40 | 0.0014 | 200.2 226 2012 @140mm
E| 18.9 148
@140mm
Sup -2.74 | 0.0008 | 26.4 226 2610 . .
E

92
—

AIACADEMY.INFO I
Y



dwgall éwjell duaialsyl

Arab International Academy

Reinforcement detailing for Rib (2)

Sectt Mu P As Asmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -2.88 0.0008 | 27.72 226 2610 i _
A
Span A| 11.55 168
AB 9.46 0.0006 85.8 226 2912 @200mm
B| 22.91 168
@140mm
Sup -25.29 | 0.0079 260.7 226 2012 _ .
B
Span B| 27.07 168
BC 19. 78 0.0013 185.9 226 2912 @140mm
C| 18.21 148
@140mm
Sup -3.46 | 0.001 33 226 2010 _ _
C
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Reinforcement detailing for Rib (3)

Sect Mu p As ASmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -3.61 0.001 33 226 2610 _ _
A
Span A | 15.48 168
AB 1934 | 0.0009 | 128.7 226 2012 @200mm
B| 20.34 168
@140mm
Sup -11.18 | 0.0033 | 108.9 226 2014 _ o
B
Span B| 7.36 168
BC @200mm
= = = 1 - C| 17.48 148
@140mm
Sup -23.95 | 0.0074 | 244.2 226 2614 _ .
C
Span i i . g n 20.15 168
C @140mm
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Reinforcement detailing for Beam (1)

Sect# Mu P As Asmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -55.35 0.002 540 891 4612 A _
A
Span 195.1 1610
AB 124.55 | 0.0047 | 1274 891 8¢14 7 @140mm
254.8 1410
@140mm
Sup -184 0.007 | 1924.7 891 8¢18 _ .
B
Span 183.4 1410
BC 32.05 | 0.001 275 891 6¢12 5 @lllinin
158.7 1610
@200mm
Sup -154.4 | 0.0059 | 1596.8 891 8p16 _ -
C
Span 202.7 1610
CD 85.43 0.003 825 891 8p12 @140mm
194.8 1610
3 @140mm
Sup -137 0.005 1375 891 7616 e .
D
Span 150.7 1410
DE 31.82 | 0.001 | 275 891 6¢12 5 @140mm
138.1 1610
1 @200mm
Sup -127.55 | 0.0047 | 1292.5 891 6416 . i
E
Span 157.6 1610
EF 73.86 | 0.0026 | 715 891 8912 5 @I30mm
11551 1410
9 @200mm
Sup -33.14 | 0.0012 330 891 4612 - P
F
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Reinforcement detailing for Beam (2)

=

Sect# Mu P As Asmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -50.49 | 0.0023 506 712.8 6412 A _
A
Span 712.8 A| 157.9 1610
AB 95.85 | 0.0044 968 7616 5 @140mm
B| 203.8 1410
8 @140mm
Sup -149.23 | 0.007 1540 712.8 8p16 _ _
B
Span 712.8 B| 152.3 1610
BC 33.58 | 0.0015 | 330 4416 7 @1t
C| 102.6 1410
4 @200mm
Sup -28.41 | 0.0013 286 712.8 612 _ _
C
Reinforcement detailing for Beam (3)
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Sect# Mu P As Asmin Flexure Vu Stirrups
(kN.m) (mm?) (mm?) reinforcement (kN)
Sup -39.58 0.003 | 281.25 | 305.25 4612 B _
A
Span 123.0 1610
AB 70.59 | 0.0039 |511.87 | 427.35 814 9 @140mm
162.4 1410
9 @140mm
Sup -121.62 0.01 93.75 305.25 8p18 _ N
B
Span 117 1610
BC 27.67 0.01 131.25 | 427.35 612 @140mm
115.7 1610
7 @140mm
Sup -112.82 | 0.0092 | 862.5 305.25 8h16 _ e
C
Span 154.9 1410
CD 61.76 | 0.0034 | 446.25 | 427.35 8¢12 4 @140mm
155.6 1610
5 @140mm
Sup -77.92 | 0.0094 | 881.25 | 305.25 7616 - _
D
Span 123.7 1410
DE 33.27 | 0.0018 | 236.25 | 427.35 6¢12 3 @1¢0mm
107.2 1610
3 @140mm
Sup -49.88 | 0.0039 | 365.63 | 305.25 6416 - g
E

=

Reinforcement detailing for Columns
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Direction | Pu Mu P As Asmin _Flexure
(kN) (kN.m) (mm?) (mm?) reinforcement
Main 1792.9|| 223.7 | 0.003 | B302.9 1759 1418
2269 0.01 | | 3800 | 1800 10616 T 2610
secondary | 1792.9/| 155.4 | |0.002 | R2963.1 2295 1 ¢@&50mm
2 ©200mm
- 14501 0.01 1| 180 1800 814 2410
(2) @200mm
C 1859 0.01 1800 1800 10616 2010
(3) @250mm

Reinforcement detailing for Foundation (1)
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REFERNCES:

Reinforcement detailing for Foundation (2)

DESIGN CODE AND SPECIFICATIONS :

1. The American concrete institute (ACI) :

(Design guidelines of the ACI 318 — 11)

2. Jordanian Building Code (JBC):
Live load and Dead Load (material weights)

3. Nelson Book :

Direction Pu Mu p As AsSmin Flexure
(kN) (kN.m) (mm?) (mm?) reinforcement
Main 1481.4 | 223.7 | 0.003 | 2872.2 1530 1418
3 @160mm
secondary | 1481.4 | 112.3 | 0.001| 2295 2295 1616
8 @200mm

Design of column
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