L ol 5381 5 Anatigl) 4418
g jlanal) g Auinal) Aigl) 5 il

- Janll (358
oY AL K e sl odle

-l

e i

Cnlacatd _ 1)



L ol 5381 5 Anatigl) 4418
g jlanal) g Auinal) Aigl) 5 il

= Jendl 3y 4

B

NG| W

™

Ale i o



Ol IS 1 dnals
Lin 51 S arigll A0S
Ay jlanall 5 Aiaal dwaighl 5 il

- Al ol

g sodiall o bl o pdiall dalia g (Bl ) g L sl Sl g dnigl) K Gl e ol
A jlenall 5 Apaall dunigh 50 ) & s pdall 138 a8 o diaiaall diadll cliac 48 ga
(Shall Auxia Garads dunigl) A s IS Aa jo Gilllatiag ol gl @llh

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

B_Alall Lt ) &

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



;«\ A\ IAY\

14

e o Z Gl s g S gy L W Al )
PLRVE.A| N A aLé-L Lo O’;\ ("’ e A

. dwjj éyw) ...... L}q.\.xM CJ—A\ BV L3 m&f w&l

o] o S
.WT) (-5.\?9-9\ Oﬁ....&i
o) L P



el S
oy 5o gl ey gl el V) s Yl SCall o)
syl Sall Juss paisy 1§
- rands Sy e ol L 2 )
er Sy L) )
I\ @H@,\ﬂ\ e@las.... & lally Lol dussgl 20y )
ke g Sl Eadi i e 0 sl )
el ol s Sl G el e S Joly Sl



Jadaly MMMJ@QM&MJS}AQ,‘WY\ avanail]

sdend) (33 8
oAl SN Slidla el e

22011 -Cahaeald iCi gy daala

s i}

e alp
£ sl adla

Ge bobe g gpball | Ll Ao By b GLidl LAY asaall] A £ g pdial) b 5 S8 adlis
O, Il e s s e Jasd Gl Cllladl) g cldlaiall 288 48 8 65 Jlad) dpae Jaw g Al (308
O el o @l Jadiy O ()5l e OIS 5 ¢ Al pita g B AUl g dag je 53 dd 2 b 53 (3 5k
Ll s 88 ga g 3l I AalA aelaeS leadl)
oA A¥leain) e Jaily a3 3038 (S aame 43S L adla¥l g g pdall

cea)) S e -]

LA OOas 2

LS. -3
carke 4

ey (ACH _318) (Spe¥) Al pall 0 il o felly - ) ol ) - pranall) iy
Autocad2007, Office2007 , Atir Jie au il gzl s A5l apealll zal y Gy AilaiuY)
an Slo g LY Ky dall Jlall) sl o )Y o€ aladiul o5 43l S ppaall e s e
LY pealiall dilad 5 a8 (e dpliadi 40L5) Aul 0 @ 5 pdall G 5 ARl & Al 4 L
araaill o 2l el cllaladd) dlae) 5 jeabiall LY apeaill & (e s dad gial) dilisad) Jaall
(all ALY JSbed) 0385 Al ALY jealiall arand sl

sl g 4l g

VI



The Structural Design Of Tourist Hotel At Middle City Of Hebron

WORKING TEAM:
Alaa W lIsaeed  Safenaz Karaki Hala Drbashi

Palestine Polytechnic University -2011

SUPERVISOR:

DR .HAYTHAM AYAD.

Project Abstract

The idea of this project in the structural design of tourist hotel at middle city of
Hebron | project is a hotel specialized for visitors and it prepared to give a visitors a
rest and as possible as good side view, in addition to prepare of it as hotel, addition
uses have been taken into account such as restaurant and parking.

The project prepared for many uses as shown below: _
1 - Parking.
2 - Shops.
3 — Offices .
4 - Restaurant.

will be design - God willing - based on code requirements for the American Concrete
(ACI1 _318) and will be drawing on some programs, design and construction drawing
programs such as Autocad2007, Office2007, Atir, etc. It is worth mentioning that the
use of code Jordanian to determine the loads of live and will be available on some
graduation projects the previous , and the project will study the construction of
detailed identification and analysis of the structural elements and different loads and
then the expected structural design of the elements and the preparation of shop
drawings based on design prepared for all the structural elements that are structural
frames of the building.
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List of Abbreviations

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

At = area of one leg of a closed 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 supports in slabs without beams and face to face of
beam or other supports in other cases.

LL = live loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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.

Wu = factored load per unit area.

@ = strength reduction factor.
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Chapter Four

4 — 1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.

4 — 4 L oad Calculation.

4 — 5 Design of Topping.

4 — 6 Design of Rib

4.6.1 : Design of Positive Momentfor Rib.

4.6.2 :Design of Negative Momentfor Rib.
4.6.3 : Design of shear for Rib.

4 —7 Design of Beam
4.7.1 : Design of Positive Momentfor Beam.

4.7.2 Design of Negative Momentfor Beam.

4.7.3 : Design of shear for Beam.

4 — 8 Design of columns

4.8.1: Load Calculation.

4.8.2: Check Slenderness Effect.
4.8.3: Design of the Reinforcement.
4.8.4 :Design of short Column.
4.8.5 :Design of Col 65.

4 —9 Design of isolated footing
4.9.1 : Load Calculation.

4.9.2 : Design of Positive Momentfor B
4.9.3: Determine the depth of footing based on shear strength

4.9.4: Design for Bending Moment.
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4.9.5: Development Length of main Reinforcement for Mul.
4.9.6 :Design of dowels .

4.9.7 : Isolated Footing Detail.

4—10 Design of Basement Wall

4.10.1:Loading .
4.10.2:Design.
4.10.3 Design of the Vertical reinforcement.

4.11 Design of Stairs
4.11.1 Determination of Slab Thickness

4.11.2: Load Calculations at section (A-A)

4.11.2.1: Load on Stringer
4.11.2.2 Load on landing

4.11.3 Design of Shear

4.11.4 Design of Bending Moment

4 -12 Design of shear wall

4.12.1: Design of the Horizontal reinforcement

4.12.2: Design of shear
4.12.3: Design for Vertical reinforcement.

4 .12. 4 : Design of bending moment
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4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus”, which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-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 internal forces, deflections for ribbed slabs, and then hand calculation would be

made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.

4 .2 : Factored Loads.
The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

Qu=12DL +1.6LL ACl —-318-08 (9.2.1)

41


http://en.wikipedia.org/wiki/Cement
http://en.wikipedia.org/wiki/Portland_cement
http://en.wikipedia.org/wiki/Portland_cement
http://en.wikipedia.org/wiki/Fly_ash
http://en.wikipedia.org/wiki/Slag_cement
http://en.wikipedia.org/wiki/Construction_aggregate
http://en.wikipedia.org/wiki/Gravel
http://en.wikipedia.org/wiki/Limestone
http://en.wikipedia.org/wiki/Granite
http://en.wikipedia.org/wiki/Sand
http://en.wikipedia.org/wiki/Water_(molecule)
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Mineral_hydration
http://en.wikipedia.org/wiki/Sidewalk
http://en.wikipedia.org/wiki/Architectural_structure
http://en.wikipedia.org/wiki/Foundation_(architecture)
http://en.wikipedia.org/wiki/Motorway
http://en.wikipedia.org/wiki/Road
http://en.wikipedia.org/wiki/Bridge
http://en.wikipedia.org/wiki/Overpass
http://en.wikipedia.org/wiki/Parking
http://en.wikipedia.org/wiki/Brick
http://en.wikipedia.org/wiki/Block
http://en.wikipedia.org/wiki/Footing

Structural Design Chapter 4

4.3 : Determination of Thickness:

4.3.1Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

The minimum required thickness of the joist is:

L _598_ 0.323m For exterior span (Rib) ACI-318-08 (9.5a)
185 185
ﬁ = 58 =0.277mFor interior span (Rib)
21 21
L _618_ 0..334m For exterior span (Beam)
185 185

4.4:1oad Calculation:

One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and
design is calculated as follows:

One way rib slab —\ Shrinkage & Temperatuer Bar's \

Fig. (4-1) One way rib slab
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Effective Flange width ( bg) ACI-318-08 (8.12.2)
be For T- section is the smallest of the following:

be =(4190-800) / 4 = 847.5 mm

be =120 + 16 t = 120 + 16 (80) = 1400 mm

be =520 mm .................. control

Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. Parts of Rib Calculation
1 Rib 0.12 x 0.27 x 25 = 0.81 KN/m
2 Hollow Block 0.4 x 0.27 x 10 = 1.08 KN/m
3 Top Slab 0.08 x 0.52 x 25 = KN/m1.04
4 Plaster 0.03x0.52%x22 = 0.3432 KN/m
5 Sand Fill 0.07 x 0.52 x 16.4 =0.59696 KN/m
6 Tile 0.03x0.52x22 =0.3432 KN/m
7 Mortar 0.03x0.52x22 =0.3432 KN/m
8 partition 2%x0.52=1.04 KN/m

5.6 KN/m

Nominal Total Dead Load:

D.L. totat = 0.81+ 1.08 + 1.04 + 0.59696+ 0.3432 + .3432+ .3432 + 1.456=
5.6KN/m of rib

For library the live load is 4.5 KN/m2

Live load = 4.5x 0.52 = 2.34 KN/m of rib

43



Structural Design Chapter 4

4.5 : Design of Topping:

Design of Topping for Ribbed Slab:

Toping

Hollow Block ( 27¢cm)

Fig. (4-2)Topping

Dead load of topping =
0.03 x 22x1 (tiles)
+0.03% 22x1 (mortar)
+0.07x 16.4x1 (sand)
+0.08 x 25x1 (slab)
+2.0x1 (partitions’) =6.44 KN/m
Live Load = 4.5 x 1 = 4.5 KN/m. (for Hotels)

Wu = (1.2 x6.44) + (1.6 x4.5)
= 14.93 KN/m

—> For a one meter strip Wu 14.93 KN/m

Assume slab fixed at supported points (ribs):

2
Mu :Wu x |
12
2
Mu :%:O.ZKN.m

ACI-318-08 (22.5.1) fr=0.42x,/ fc'
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fr = 0.42x /24 = 2.0576 MPa

Mn = frxs
2 2
S= bg _ 1000x80° _ 1 166666.667mm?

Mn = 2.0576x1066666.667 x10° = 2.1947KN.m
®Mn = 0.55 x 2.1947= 1.207085KN.m

® Mn =1.207085 KN.m > Mu = 0.2KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-08 (7.12.2.1)

As = px b x h = 0.0018 x 1000x 80 = 144 mm?

Try bars & 8 with As =50.27

Bar numbers n = As__ ﬂ =2.87

Asg8 50.27
Take 3 ® 8 with As = 150.8 mm&/m strip or & 8 @ 300mm

In both direction step (S) is the smallest of :-

1) 3h=3*80=240mm............ control ACI-318-08 (10.5.4)
2) 450mm
3) S= 380{@J —2.5Cc =380 280 |_ 2.5x 20 =330mm
fs
3 x 420

BUT :

s< 300(@] =300 280 | _ 300mm
3 37420

Take ® 8 @200mm in both direction S=200mm<Smax =240mm.....ok

Use ® 8 @ 20 cm
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4.6 : Design of Rib1 :

[l
g

.

]

Ji
ATy

Fig.(4-3) Rib location .

By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3
1 2
Al Al
08 5.02 08 3.39 08
‘ ‘ 5.82 ’ ‘ 4.19 ’
1 520 1 1
80
350
120
A-A

Fig. (4-4)geometry of rib 1

load group no. 1
Dead load - Service Units:kN,meter

5.60 5.60

5.82 4.19

I
(o))




Structural Design

Fig. (4-5)Service dead load of rib 1 .

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

Chapter 4

2.34

5.82

4.19

Fig. (4-6) service live load of rib 1

Moments: spans 1to 2
-35.4
-21.6 -24.1
134 | 2.27 |
| |
i ——— |
105 112 }\a/‘
5.4
9. 11.7
29.8
2.33 3.49 2.72 1.47

Fig. (4-7)moment diagram of rib 1 .
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Shear

Structural Design

Chapter 4

-36.5
-29.

-8.1

-15.7

25.

17.4

22.8
30.4

Fig. (4-8)shear diagram of rib 1

4.6.1 : Design of Positive Momentfor Rib:
Assume bar diameter & 12 for main positive reinforcement :-

db 12

d =h-cover—-d —7=350—20—10—?=314mm

stirrups

The maximum positive moment in all spans of rib =29.8KN.m

»Use My max positive for span = 29.8kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=80 mm

12
d=350- 20—10—? =314mm

dMn =0.9x0.85x fc’xbxhf x (d —%)

AMn = 0.9x 0.85x 24 x 0.52 x 0.08 (0.314—0'—208) = 209.2743KN.m

®Mn =209.2743 KN.m> M, =29.8KN.m

Design as a rectangular with bz =52 cm

Jfe (bw)(d) ACI-318-08 (10.5.1)

AS min =X——
4(fy)
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Ner
4(420)

As min = (120)(314) =109.87mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(120)(314) =125.6mm” .....control

mo_ Y _ 420
0.85fc  0.85x 24

= 20.59

_ Mn _ (29.8/0.9) x (10)°
~ bd?  (0.52)(0.314)2

o= L1 fp_2mkn)_ 1 1_\/ ~ 2x0.65x20.59 | _ 50157
m fy 20.59 420

= 0.65MPA

kn

As =0.00157(520) (314) = 256.35 mm?>> AS min = 125.6 mm?
Use 2d14 with As=3.07cm?>2.66cm?

Select bottom bars 2®14

* Check Strain:

Tension = Compression

A x fy=0.85x f 'xbxa
307.8x420=0.85x24x520x a
a=12.18mm

-
By
12.18
C e
0.85

c

=14.329mm

_ 314-14.329

= 14329
¢, =0.0627 > 0.005

x0.003=0.018

»Use My positive = 11.7kN.m
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®Mn = 209.2743KN.m> M, = 11.7KN.m

Design as a rectangular with b =52 cm

[

S 318.
As min = (bw)(d) ACI-318-08 (10.5.1)

Ner
4(420)

As min = (120)(314) =109.87mm?

.14
=——(bw)(d
AS min (fy)( w)(d)

AS min = %(120)(314) =125.6mm? .....control

= fy 420
0.85fc  0.85x 24

= 20.59

_ Mn  (11.7/0.9) < (10)®
 bd?  (0.52)(0.314)2

kn

p:i 1 [p_2mkn)_ 1 l—\/l
m fy 20.59

= 0.0006086

As =0.000632(520) (314) = 103.2mm*< AS min = 125.6 mm?

Select bottom bars 2010

* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

157 x420=0.85x24x520x a
a==6.216mm

a

A

c= @ =7.313mm

0.85

c

49
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. 314-7.313
? 7.313
g, =0.1258 > 0.005

x0.003=0.1258

4.6.2 :Design of Negative Moment for Rib:
According to ACI 8.9.3 — for beams built integrally with supports, design on the

basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support is
Mu = -24.1kKN.m

®Mn =209.2743KN.m> M, = 24.1KN.m

Design as a rectangular with b =52 cm

[

i e’ 318.
As min = (bw)(d) ACI-318-08 (10.5.1)

J24
4(420)

As min = (120)(314) =109.87mm?

As min :ﬂ(bw)(d) = 125.6 mm?
(fy)

mo_ Y _ 420
0.85fc  0.85x 24

= 20.59

-3
_ Mr; _ (24.1/0.9)><(102) _ 2.26Mpa
bd (0.12)(0.314)

o= (1 fp_2mkn)_ 1 1_\/1_2><2.26><20.59 _ 00572
m fy 20.59 420

kn

AS =0.006(120) (314) = 215.53 mm?> As min = 125.6 mm?

Select bottom bars 2®14

Total AS (providey =307 mm?
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* Check Strain:

Tension = Compression

A x fy=0.85x f xbxa
307x420=0.85x24%x120x a
a=952.67/mm

a

A

Cc= @ =61.96mm
0.85

C

 314-61.96

s T T 61.96
¢, =0.0122 > 0.005

x0.003 =0.0122

4.6.2 :Design of shear for Rib 1:
V.= 22.8 KN

Ve =1.1%/fc'b,, d

1.1

V= ?\/24 * 120 % 314

V.= 33.84KN.
OV =0.75*33.84 = 25.38 KN
0.50v. <1, < 0(v,)

No shear reinforcement req.
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Design of Rib2 :

Chapter 4

1 2 3 4
1 2 3
Al Al Al
1 1 —
‘ 0.8 ‘ 5.18 \ 0.8 ‘ 5.02 \ 0.8 ‘ 3.39 0.8
‘ | ‘ 5.98 [ | ‘ 5.82 [ | ‘ 4.19 |
I 520 I I |
80
350
120
A—-A
Fig. (4-9)Geometry of rib 2
load group no. 1
Dead load - Service Units:kN,meter
5.60 5.60 5.60
5.98 5.82 4.19

Live load - Service

Fig. (4-10)service dead load of rib 2

Load factors: 1.20,1.20/1.60,0.00

2.34

2.34

2.34

5.98

5.82

4.19

Fig. (4-11)service live load of rib 2
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Moments: spans 1to 3

Chapter 4

-40.6
-26.2 -27.8

! [ ! \ I \
108 T 124 0.73\/'
5 0.91 6.4
' 17.2 155
31.4
| 239 3.59 \ 2.91 | 2.91 \ 2.51 . 168 |
l [ I [ I [ 1
Fig. (4-12)Moment diagram of rib 2
Shear
-38.1
-30.5 -29.8
-22.2 18,
-10.5
I I I I I
18.1 20.7
25.7 26.4 28.2
34.

Fig. (4-13)Shear diagram of rib 2

Design of Positive Momentfor Rib2:

Assume bar diameter & 12 for main positive reinforcement :-

db 12

d =h-cover—-d —7=350—20—10—?=314mm

stirrups

»Use My max positive for span = 32.9kN.m

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

For hf=0.08 m

d= 350—20—10—% =314mm

#Mn =0.9x 0.85x ¢ xbx hf x (d _%)

0.08

dMMn =0.9x0.85x 24 x0.52x 0.08 x (0.314—7) =209.2743KN.m
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®Mn =209.2743 KN.m> M, =31.4KN.m

Design as a rectangular with bz = 520mm

NS

AS min :W(bw)(d) ACI-318-08 (10.5.1)

24
4(420)

As min = (120)(314) =109.87mm?

. 14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(120)(314) =125.6mm? .....control

. fy 420
0.85fc  0.85x 24

= 20.59

_ Mn _ (31.4/0.9)x (10)®
~ bd?2  (0.52)(0.314)>

oo Jp_2mkn)_ 1 1_\/1_2><0.68><20.59 — 0.00165
m fy 20.59 420

kn = 0.68MPA

AS = 0.00165(520) (314) = 269.412 mm?> AS min = 125.6 mm>
Use 2014 with As=3.07cm?>2.69cm?

Select bottom bars 2®14

* Check Strain:

Tension = Compression
A x fy=0.85x f.xbxa

307.8x420=0.85x24x520x a
a=12.18mm

_a
B
12.18
c=—"-
0.85

c

=14.329mm

54



Structural Design Chapter 4

. _314-14329
*T 14329
£, =0.0627 >0.005

x0.003=0.0627

»Use My max positive for span = 16.9kN.m

®Mn =209.2743KN.m> M, = 17.2KN.m

Design as a rectangular with bz =52 cm

[

As min :W(bw)(d) ACI-318-08 (10.5.1)

V24
4(420)

AS min =

(120)(314) =109.87mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(120)(314) =125.6mm” .....control

fy 420

m= = "“Y  _20.59
0.85fc  0.85x24

-3
_Mn _(17.2/09)x(10)° _ [ oo

 bd? (0.52)(0.314)2

poLfq fp_2mkn)_ 1 1_\/1_2><o.37><2o.59
m fy 20.59 420

=.00088
AS =0.00088(520) (314) = 143.68mm?*> AS min = 125.6 mm?
Select bottom bars 2010

kn

* Check Strain:

Tension = Compression
A x fy=0.85x f_'xbxa
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157 x420=0.85x24x520x a

a=6.216mm
a

A

Cc= @ =7.313mm

0.85

C

. 314-7.313
? 7.313
g, =0.1258 > 0.005

x0.003=0.1258

»Use My max positive for span = 15.5kN.m

®Mn =209.2743KN.m> M, = 15.5KN.m

Design as a rectangular with bz =52 cm

[

A min :Tfy,)(bw)(d) ACI-318-08 (10.5.1)

Nen
4(420)

As min = (120)(314) =109.87mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(120)(314) =125.6mm” .....control

mo_ Y _ 420
085fc  0.85x24

= 20.59

_ Mn _ (15.5/0.9) < (10)°®
~ bd?  (0.52)(0.314)2

1 2mkn 1 2 = 0.336 % 20.59
p=—|1- [1— - 1— [1—
m fy 20.59 420

= 0.000807
As =0.000807(520) (314) = 130.62mm>> AS min = 125.6 mm’

kn = 0.336 MPA

Select bottom bars 2®10

56



Structural Design Chapter 4

* Check Strain:
Tension = Compression
A x fy=0.85x f.xbxa
157x420=0.85x24x520x a
a=6.216mm
_a

B

6.216

C=

—— =7.313mm
0.85

c

314 -7.313.
& =—————X
) 7.313
&, =0.1258 > 0.005

0.003=0.1258

Design of Negative Moment for Rib:
According to ACI 8.9.3 — for beams built integrally with supports, design on the

basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support is
Mu = -27.8kKN.m

®Mn =209.2743KN.m> M, = 27.8KN.m

Design as a rectangular with by =52 cm

[

VA 318-
As min = (bw)(d) ACI-318-08 (10.5.1)

V24

As min = (120)(314) =109.87mm?
4(420)

. 1.4
=——(bw)(d
A's min (fy)( w)(d)
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mo_ Y _ 420
0.85fc  0.85x 24

= 20.59

_ Mn _ (27.8/0.9)x(10)®
 bd?2  (0.12)(0.314)2

p=lf1 [ 2mkn)_ 1 1_\/1_2><2.61><20.59 00667
m fy 20.59 420

kn = 2.61Mpa

AS =0.00667(120) (314) = 251.43 mm®> AS min = 125.6 mm?

Select bottom bars 2014

Total AS (providey =307 mm?

* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

307x420=0.85x24x120xa
a=>52.67mm

_a
B
52.67
C=—
0.85

c

=61.96mm

. _314-6196
* T 61.96
g, =0.0122 > 0.005

x 0.003 =0.0122

Design of Negative Moment for Rib2:
According to ACI 8.9.3 — for beams built integrally with supports, design on the

basis of moments at faces of support shall be permitted.

The maximum negative moment at the face of support is
Mu = -16kN.m
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®Mn =209.2743KN.m> M, = 16KN.m

Design as a rectangular with b =52 cm

[

S 318.
As min = (bw)(d) ACI-318-08 (10.5.1)

Ner
4(420)

As min = (120)(314) =109.87mm?

As min :ﬂ(bw)(d) = 125.6 mm?
(fy)

0.85fc 0.85x24

= 20.59

_ Mn _ (16/0.9)x(10)"°
" bd?  (0.12)(0.314)2

oo L(q fp_2mkn)_ 1 1_\/1_2><1.502><2o.59 003718
m fy 20.59 420

kn

=1.502Mpa

As =0.003718(120) (314) = 140.11 mm*> As min = 125.6 mm?

Select bottom bars 2®10

Total AS (provide) =157 mm?

* Check Strain:

Tension = Compression
A x fy=0.85x f_'xbxa

157 x420=0.85x24x120x a
a=26.93mm

a

A

C= @ =31.68mm
0.85

c
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o = 314-31.68
° 31.68
&, =0.026 > 0.005

x0.003=0.026

4.2.3 : Design of shear for rib 2:

V.= 30.5 KN
Ve=11%\/fc'b, d
1.1

V. = ?\/ﬁ*120* 314

V.= 33.84KN.
® V.=0.75*33.84 = 25.38 KN

1
Usmin = E\/ fc'by, d

Vs,min = gbw d (control)

1
Vsmin = 5% 120 314

Vsmin = 12.56 KN

O(we) <v, < O(ve+ v )

0.75 % 33.84 < 30.5 < ¢(33.84 + 12.56)
25.38 < 30.5 <34.8.

Case Il minimum Shear reinforcement required .
Use @ 8,2 leg .

A, = 100.53 mm?.

Vs=2_ 3 =3%°_ 3384 = 682KN
(0] 0.75
Apfyed  100.53 x 420 x 314
S = = = 1944
v 6.82 * 1000 mm
d

Smax < > 0T Smax < 600 mm
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d 314
— = —— 157 mm (control)
2 2
Use 2 leg 8, @ 150 mm .
4.7.1 : Design for Beam .
Calculation of beam load :
1 Plaster 0.03x1x22 = 0.66 KN/m
2 Sand Fill 0.07 x 1x 16.4 =1.148 KN/m
3 Tile 0.03x1x22 =0.66 KN/m
4 Mortar 0.03x1x22 =0.66 KN/m
5 RC Beam 0.55x1x25 =13.75 KN/m
6 partition 2x1=1.04 KN/m
Sum 17.92 KN/m
Reactions
Factored
— —t—t —
DeadR 15.65 42.96 8.66
9.31 23.93 7.02
24.96 66.89 15.68
15.06 52.21 6.46
Service
DeadR 13.04 35.8 7.21
5.82 14.96 4.39
18.86 50.76 11.6
12.67 41.58 5.84
Fig. (4-14)support reaction of rib 1
Reactions
Factored
= = i —
DeadR 15.83 45.66 35.54 10.42
9.82 26.38 22.46 7.59
25.65 72.04 58. 18.02
14.83 56.35 42.4 8.64
Service
DeadR 13.19 38.05 29.62 8.69
6.14 16.49 14.04 4.75
19.33 54.54 43.65 13.43
12.57 44.73 33.9 7.57

Fig. (4-15)support reaction of rib 2
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Dead load for first span of beam = 1.2DL + w

DL=1.2%*17.92+ % = 104.12 KN/m

Dead load for second span of beam = 1.2DL + D

DL=1.2%*17.92 + % = 89.85 KN/m

Reactionof rib 1

Live load for first span of beam = 1.6LL + D

LL=16%45+=""=53.22 KN/m

Reaction of rib 2

Dead load for second span of beam = 1.6DL + T

LL=1.6*45+ % = 342 KN/m

MnMax when we design as T-section .
d =550 -40-10-10 =490 mm
a=hy =350 mm

Reaction of rib 2

Chapter 4

Mimac= 0.85 * f, * he * b *(d- h; /2) = 0.85* 24 * 350 *1000* (490-350/2) * 10 °

=2249.1 KN .m
My max = 0.9*2249.1 = 2024.19 KN.m
4.7.1 : Design of Beam

1 2 3
1 2
E . 3 . :l
LI
A A
03 4.78 03 5.88 03
“‘ 5.08 [“ 6.18 [“
[ I 1
100.
35.

55,

60.

A-A

Fig. (4-16)Geometry of beam
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load group no. 1
Dead load - Factored

Chapter 4

Units:kN,meter

89.8

104.1

5.08

6.18

Live load - Factored

Fig. (4-17)Dead load of beam

I

i

53.2

5.08

6.18

Fig. (4-18) live load of beam

Moments:

spans 1to 2

-592.
-529.459 8-507.3

2.39,1.41

T

205.5
503.9
| 178 3.3 | 371 ; 2.47 |
Fig. (4-19) Moment diagram of beam
Shear
-431.8 -398.3
-348.7 292.9
I 1
142.7
225.8
476.7
582.1

Fig. (4-20)Shear diagram of beam
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Design for positive moment :

M, =503.9KN.m<2024.19 KN.m (Design as rectangular)

~ Mn _ (503.9/0.9) x (10)°

Kn = =
bd? (1000)(490)>

= 2.33Mpa

mo_ Y _ 420
0.85fc 0.85x 24

= 20.59

polfy jp_2mKn) 1 1_\/1_2><2.33><2o.59 — 0.00591
m fy 20.59 420

As =0.00591(1000) (490) = 2895.9 mm?

y fc!

As min =—— (bw)(d) ACI-318-08 (10.5.1)
4(fy)

As min =£(600)(490) =857.32mm”*
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min =%(bw)(d) =25 600 * 490 = 980mm? (control)
y

As =0.00591(1000) (490) = 2895.9 mm?> Ag min

Select bottom bars 10020

* Check Strain

Tension = Compression
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A x fy=0.85x f xbxa

3141.6x420=0.85x24x1000x a
a=64.68mm

_a
Py
64.68
C=——
0.85

_ 490-76.094

% = 76.094
¢, =0.0163> 0.005

C

=76.09mm

x0.003=0.0163

Ok ...

Check space :
(600-40-40-10-10-10*20)/9 = 33.33 mm
33.33mm>25mm .

33.33mm>dy .0k

Design for positive moment :

M, = 205.5KN.m(rectangular)

_ Mn _ (205.5/0.9) x (10)°

Kn = > = >
bd (1000)(490)

= 0.95Mpa

fy 420

m= — 20 _ 5059
0.85fc 0.85x24

o1y 2mRn)_ 1 1_\/1_2><o.95><2o.59 — 0.00232
m fy 20.59 420

As =0.00232(1000) (490) = 1135.42 mm?> AS min

Select bottom bars 4®20
Total AS (rovide) =1256.96.63mm?

* Check Strain
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Tension = Compression

A x fy=0.85x f xbxa

1256.64 x 420 = 0.85x 24 x1000% a
a=25.87mm

_a
B
25.87
C="—""—
0.85

.- 490 —30.44
° 30.44
£, =0.045 > 0.005

C

=30.44mm

x0.003=0.045

Ok ...

Check space :
(600-40-40-10-10-4*20)/3 = 140mm
140mm>25mm .

140mm>d, .ok

Design for Negative moment :

M, =-529.4KN.m

_ Mn _ (529.4/0.9) % (10)°

Rn = 2 2
bd (600)(490)

= 4.63Mpa

0.85fc  0.85x24

= 20.59

o=t Jp_2mRn)_ 1 1_\/1_2><4.63><20.59 — 0.0126
m fy 20.59 420

AS =0.0126(600) (490) = 3730.51 mm?> AS min
Select Top bars 12020
Total AS (rovidey =3770.00mm?

* Check Strain
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Tension = Compression
A x fy=0.85x f.xbxa

3770x420=0.85x24x600x a
a=129.36mm

a

B
129.36
C —

=——=152.19mm
0.85

~ 490-152.19

%= 15019
¢, =0.00665 > 0.005

c

x0.003 = 0.00665

Ok...
Check space :

Space ok ...

Design a beam for shear :

L = 476.7KN
Ve==z\fcb, d
V= %Jﬂ* 600 * 490

V= 240.05KN.

® V.=0.75*240.05=180.037KN
1 !

Vs min = 1_6 fC b, d
1

Vs min = §bw d

1
Vsmin = 5 600 * 490

Vs‘min = 98 KN

1
Vg = 5,/fc’bw d
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vy = ~V2& * 600 490 = 480.1KN

Case 4

D(Ve + Vsmin) < vy < O(v, + vyr)
0.75(240.05+98) <476.6< 0.75(240.05+480.1)
shear reinforcement are required .

Use4dleg @ 10.

As =314.16 mm? .

_476.7
0.75

Vs=Vh -V, 240.05 = 395.55 KN

Aofyed 31416 * 420 * 490

S = = = 163.45
v, 395.55 « 1000 mm
d
Smax < > O Smax < 600 mm

d 490

5 > = 245 mm (control)

Use4leg ® 10, @ 150 mm .
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4.8 : Design of column:
4.8.1 Load Calculation:

**Eor Col C2

p, =1386.5KN

_ % —2133.1KN

nreq

Usep = pg =1.6%

Pn=0.8* Ag{0.85* fc'+pg(fy—0.85fc")}
2.1331=0.8* Ag[0.85* 24 + 0.016 * (420 — 0.85* 24)|
Ag =0.10m?

Use 0.3x0.6 cm with Ag =0.18m2 > Agreq = 0.10m?

4.8.2 Check Slenderness Effect:

e [n 0.6 m-Dirction

KU g4 ML ACI —(10.12.2)
M2

r
Lu: Actual unsupported (unbraced) length.

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

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

Lu=3.00m
M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.
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w<34—12ﬂ ............... ACI —(10.12.2)
r M2
1x3.0
0.3x0.6

.. short Coloumn in 0.6m:dirction

=16.67 < 22

e [n 0.3 m-Dirction

Ku 34—12% ............... ACI —(10.12.2)

r
Lu: Actual unsupported (un braced) length.

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

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

Lu=3.00 m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

w<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x3.00
0.3x0.3

.. long Coloumn in 0.3m:dirction

=33.3<22

E I
El=04—2% ... [ACI318-05 (Eqg. 10 -15)]
1+ B,

E, =4750,/fc’ = 4750 x +/24 = 23270.15Mpa
_1.2DL _1.2*(9015)

78
Ps Pu 1386.5
3 3
- bxh® 06x03° _ 0.00135m"
12
£y _ 0:4x23270.15%0.00135 __ \\\ o
1+0.78
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2
P = ”—E'z ................ ACI 318 — 05(Eq. 10 —13)
(KLu)
2
- 3.14 ><7.12 —
(1.0x 3.00)
M1
Cm=0.6+ OA(W] ............ AC1318 — 05(Eq.10 —16)
Cm=1...... According to ACI318—-05(10.10.6.4)
S, = C—”;u >1.0 e, AC1318 —05(Eq. 10—12)
~ 0.75P,
1
S, = 13865 ~1.314>1
0.75x 7730

e, =15+0.03x h =15+ 0.03x 300 = 24mm = 0.024m
e=e,, x5, =0.024x1.314 = 0.031536
e 0.031536

—=——-—=0.105
h 0.3

From Interaction Diagram
#P,  1899.96 3 145
A 0.6*0.3 1000

g

p, =0.01

=1.530 Ksi

A = pxA; =0.01x600x300=3600 mm?*
- usel2¢14

4.8.3 Design of the Reinforcement:

S <16 db (longitudonal bar diameter)....................... ACI-7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

spacing <16xd, =16x1.8=28.8cm
spacing <48xd, =48x1.0=48cm
spacing < least.dim.=25cm

Usegl0@ 25cm
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4.8.4 Design of short Column:-

4.8.5 Design of Col 65:

Dead load from (Beam 14)(basement Slab&2" Slab)=481.97*2=963.94 KN
Live load from (Beam 14) (basement Slab&2"™ Slab)=98.02*2=196.14 KN
Dead load from (Beam14) (ground,1%Slab)=286.82*2=573.64 KN

Live load from (Beam 14) (ground,1%Slab)=123.12*2=246.24KN

Dead load from (Beam?7) (3"Slab)=553.09KN

Live load from (Beam 7) (3"Slab)=273.23KN
Dead load from (Beam?7) (4™Slab)=454.59KN

Live load from (Beam 7) (4"Slab)=98.22KN

Self Weight of Columns=25*0.6*0.3*3 *6=81 KN

Total Dead Load=2626.26KN

Total Live Load=813.83 KN

Pu = 2626.26 + 813.83 = 3440.1KN
Lu=3.00

*** Assume pg = 0.02

*** Braced column

Pn=08Ag(085fc (1- pg) + pg * fy)

Pn= 3440.1 =5292.5KN
0.65

5.2925 = 0.8Ag(0.85* 24(L— 0.02) + 0.02* 420)
Ag = 0.233m?
Use.50*.50 = 0.25m?

Check Slenderness Effect:
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(k'lljujs (34—12(%])S40 ............... ACl.10-12-2

2
L, : Actual unsup ported(unbraced)length

K : effectivelength factor

R :radiusof gyration=0.3h = \/IA

K*Lu 1*3.00
rx 0.3*0.5

* *
K*Lu _ 1*3.00 0
ry 0.3*0.5

= Short Column in Y Direction.

= Short Column in X Direction.

Selecting Longtitudinal bars :

3440.1*10"3=.65*.8[.85* 24 * (250000 — Ast) + Ast * 420]
Ast =37.92cm”2

Use8p25 : Ast=39.270 cm”2
P=3927/250000=.0157

Design of ties:

Use ties @12 with spacing of ties shall not exceed the smallest of :

1 48 times the tie diameter,48ds=48*12=576mm.

2_16 times the longtitudinal bar diameter,16db=400mm. Control
3_the least dimension of the column=500mm

Usep12@400mm.

Check for code requirments:
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1.Clear spacing between longtitudinal bars :
Clear spacing=(500-40*2-12*2-25*3)/2=160.5mm>40mm

>1.5db=1.5*25=37.5mm
OK

2.Gross reinf ratio:

.01<pg=.0157<.08.
3.Number of bars: 8>4 for square section.
4.Min tie diameter:12 for ¢25bars
5.Spacing of ties : 400 mm

6.Arrangment of ties:100<150mm _OK

4.9 Design of Isolated Footing (F1) :
4.9.1 Load Calculation :

Total services load 3249.8KN.

Column Dimensions = 50*50 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (65 cm) thick.

live load =4.5 KN/m2.

gall =400 — 4.5 - 0.65*18 - 0.65*25 =367.5 kN/m?

4.9.2 Determination of Footing Area :

L 3298
3675 OooF™M
S L=2.97m
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Try3* 3 m with area = 9m?

Determinate g, = 3249.8/9 = 361.1 KN/m?

4.9.3 Determine the depth of footing based on shear strength:

Assume h=65cm ..... d = 650-75-20 = 555 mm

e Check for one way shear strength

Critical Section at %+d

2id= 0—é5+0-555 ~0.805m

2
Vu = 361.1*(%—0.805)*3 = 752.9KN

$NC = ¢.(%*\/ﬁ*bw *q)

PVC = 0.75*%*ﬂ *3000*0.555 =1019.6KN

¢NVCc =1019.6KN >Vu =752.9KN
Safe

e Check for two way shear action (punching)

Chapter 4

The punching shear strength is the smallest value of the following equations:

1, 2)[,"
V,=¢.5|1+— || f, bd
¢C ¢6[ ﬁc c 0

l « '
V. =¢.— S 2 f bd
¢C ¢12(b0/d+ Cc 0

oV, :¢5.%\/f7bod

Where:

Column Length (a) 50

- =2 =10
Pe Column Width (b) 50
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b

0

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

b, =4(d +a) =4(50+55.5) = 422cm

=40 for interior column ¢

PN = ¢%(1+ ﬂi}/ fc' b,d = 0'—55*(“ %)* 24 *4220*0.555 = 4303KN

PN =¢. (b g j\/ bd_075 (4042'555+2j* 24 *4220*0.555 = 5207KN

PN = ¢-%\/ fC' b,d = 0'—3?5* 24 *4220*0.555 = 2868.5KN

¢V, =2868.5KN ... Control
Vu. =Pu-FR,

FR, = o, *area of critical section
Vu, =3249.8-[361.1*(0.5+0.0.555)*(0.5+0.0.555) | = 2847.9KN

¢Vc =2868.5KN >Vu, =2847.9KN........ satisfied
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4.9.4 Design for Bending Moment:

- -
7
2 7
IR ey
w = 8 'CJ |l ll v l-?:\
o ™ o o\ | | e i
c: [
/ -+
05 5
(-2
o2
2
g 2585 E
23814 L=3.0B ’
o
A 110 0.5 1.10 1
A 270 1
2.80

Figure (4-21): Isolated Footing

1.152

Mu =361.1*3.00 * =716.33KN.m

Mu =716.33 KN.m for both side

Using Reinforced Concrete.

Mn = % =795.9KN.m

_ Mn_ 7959x10°
bd?  3.00x0.5557

=0..8613Mpa

. fy 420
0.85* fc  0.85*24

p—l[l— 1_2xmenJ
m ‘\/ fy

=20.588
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1 \/ 2 x 20.588 x 0.861
p=——I1- [1-
20.588 420

ASgeq =p*b*d = 2.1*107% *300*55.5=34.88 cm’
ASgprinvage = 0.0018*b* h = 0.0018 * 300 * 65 = 35.1cm?
ASp,, =34.88< As =35.1cm’

Select 14¢18....As,, ., = 35.56cm’ >35.1cm?.....0k

JzZ.l*lO’3

Shrinkage

Select 14¢418....As,, . ieq = 35.56m* > 35.1cm?.....0K

Check of strain:
As*fy=085*f *b*a

3556*420=0.85*24*3000* a
a=24.4mm
c= 2 24 g 7mm
B. 0.85

555 -28.7

Eg=——
28.7

g, =0.055>0.005

X0.003

= OK

4.9.5 Development Length of main Reinforcement for Mul :

9 K b
ldreq=ﬁ*l\/y—* ketr-:cbt*db
fe db

Ktr = 0 (No stripes) cb =754+18 =93cm
ktr+cb_0+93_517>25

ab =~ 18 7 '
ktr+cb_25

db

9 420 1+1%0.8

ldyey = —
rea = 70" 1 %24 *T25

* 18 = 444.4 mm

Ld available = 1015'75: 940mm

Ld avaitable= 940 mm > Id ., = 444.4mm
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e not required hook

4.9.6 Design of dowels :

Pu=3249.8KN

6.Pn = ¢.(0.85 fc'Ag)
.Pn = 0.65*[0.85 * 24 * (500 * 500)] /1000 = 3315KN
But Pu =3249.8 < $.Pn =3315KN

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As_.. =0.005* Ag =0.005*50*50 = 12.5cm?

Use the column bars as a dowels
Select 16016

ASp ey = 32.2cm° > As, . =12.5cm’

Req.

0.24fy db= 0.24*420

Jic 24

Ldyreq = 0.043 xfy xdb =0.043 x420 x1.8 =32.5cm

Ld@yreq = 32.5cm < Ld1yreq=37Cm => control

Ls =0.071xfy xdb =0.071x420 x1.6 = 47.7 cm >37cm

Ls=47.7cm

Available Ld =65-7.5-2*1.8=53.9 cm.
Available Ld =53.9 cm > Ls =47.7cm

Using hook >16*¢

Required length of hook > 16* ¢ >16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm
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4.9.7 Isolated Footing Detail:

}\
)
o
i
|
i

0.65

0
23014.1=305 K
s
23014,1=305 T S T e —

Figure (4-22): Isolated Footing Detail
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4-10 Design of Basement Wall :

Z

g
S
=
%
¥
F O

Y

Y

water o7 -
soil

3.5m [ 3.88m

yxhxkK, Px K,

Figure (4-23) : Load on Basement Wall

4.10.1:Loading

e Self weight of earth :
q, =y xhxK,

Assume that :

Yooy =18 Kn/m?
6 =30°
K=0.5
0, =18x 3.88x 0.5 =34.92 KN/m?
e Load from live load:
g, =PxK,
g, =4.5x0.5=2.25 KN/m?

e Normal Load :
Is very small , it will be neglected ( safe side ) .
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e water loud :
g, =7 x h
Assume that :

ywaterl :10 Kn/m3

gqwater =10 x 3.5 = 35 KN/m?

Win= 2.25*1= 2.25 KN/m

Winax= 2.25*%1 + 34.92*1=37.17 KN/m
Wmin(factored) =1.6*2.25= 3.6 kN/m
Wmax(factored) =1.6*37.17=59.47 KN/m

load
59.p
3.88 ‘
Moments
| 213 61.2 1.75 |

Figure (4-24) : Loads & Shear/Moment envelope for basement wall
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4.10.2Design :

Thickness Calculation

Assume p =.01

Mu =61.2KN/m

Mn =61.2/.9=68

M= Fy 420
0.85fc’ 0.85x24

K, = px fyx(1-0.5mp) =0.01x420x (1-0.5x 20.588x0.01) = 3.77Mpa

6
K, :M—r;:>d :1/—68X10 =134 mm
bd 1000x3.77

h=134+20+7=161mm

=20.588

select h=250mm

4.10.3 Design of the Vertical reinforcement:

d =250-20-14/2 =223 mm

_ Mn 68 x10°
b*d? 1000x 2232

1 2mKn
p==—(- [1- =0
m fy

1 (1_\/1_2><20.588><1.37
20.588 420

Kn

=1.37Mpa

ye, ) =3.373x107

As,., = 3.373x107° x1000x 223 = 752mm? /m

As_. =0.0012*1000* 250 = 300mm* /m
As,;, =300mm*/m < As,, =752mm*/m

#of bar in on meter = 7—52 =10

Select ®10@25m c/c
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4.10.4 Design of the Horizontal reinforcement:

: Select the greater of

AS, o = 0.002%1000% 250 = 500mm? / m

#of bar in on meter = @ =7

Select ®10@25cm c/c, In tow layer
: Check for Shear

_ g (8947 2+ 54.5)

% (0.15+ 0.223) =58.17KN.m Vu
¢xVc=>Vu

¢xVC:%\/f_C'xbxd =0T75\/ﬂ><1000x223

¢V =136.56 >>Vu =58.17kN

.. No Shear ReiforcementRe quired
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4.11 Design of Stairs :
4.11.1 Determination of Slab Thickness:

L=27+15+0.8=5m.

hreq = L/ 20

Nreg =500/20=25cm ............. take h=25 cm.
= Use h =25cm.

0 =tan(1.5/2.7) = 29°

Cos 6 =0.88

P, 7
)

Py (i
| )jie )
—
——

B L A b

Figure (4-25) : Stairs plan
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4.11.2: Load Calculations at section (A-A):

4.11.2.1: Load on Stringer:

Dead Load:

Tiles =0.03*22*((0.33+0.15)/0.30) =1.078 KN/m.
mortar = 0.02*23 *((0.15+0.33)/0.3) = 0.751 KN/ m.

Plaster = (0.03*23)/ (Cos 29) =0.782 KN/ m.
Steps = ((0.15*0.3)/2) * 25/0.3 =2KN/m.
Slab = 0.25 *25/ Cos 29 =7.085 KN/ m.

Total dead load =11.7 KN/ m.
Live load:

Live load for stairs =4.5 KN/ m?.
Factored load
=1.2*11.696 + 1.6*%4.5 = 22 KN/ m>. qu

For one meter Strip, qu =22 KN/ m.

4.11.2.2 Load on landing :

Dead Load:
Tiles = 0.03*22 =0.66 kN/m?
Mortar =0.02*23 = 0.46 kN/m?
Slab =0.25*25 =6.25 KN/m2,
Plaster = 0.03*23 = 0.66 KN/m2.
Total dead load =8.03 KN/m2,

Live load:

Live load for stairs = 4.5 KN/ m.
Factored load

=1.2*8.03+ 1.6 *4.5 = 17.64KN/ m?. qu

For one meter Strip, qu =17.64 KN/ m.
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4.11.3 Design of Shear :
= Assume @ 12 for main reinforcement:-
So, d =250-20 -12 =218 mm =21.8 cm

Shear
-27.3 -30.
17.1
19.8
23.9 23.9
Figure (4-26) : Shear Envelope
Vu=30 KN.
Jf.'*b, *d

¢\/C — ¢ C w

6

* * *

PYLL V24 61ooo 218 a0 cin

MNc=1335 KN. <Vu=30 KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.
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4.11.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Moments: spans._1to 2

-17.8

13.7
| 1.4 2.1 0.75

Figure (4-27) : Moment Envelope

Mu =31.7 KN.m
=Mu/0.9=31.7/0.9=35.2 KN.m. Mn
d=21.8cm.
K = an
b-d
* 6
K, :—35'2 10 =.75MPa
1000* 2182
_ by
~ 0.85x fc'
m = i =20.588
0.85x24

* * 2mK
:—1 1—\/1——2 20.588%.75 :1.80*10'?’p=l 1- 1- n
20.588 420 m fy

= 1.80*10°*100*21.8 = 3.91 cm* As,,,
=0.0018*b*h =0.0018*100* 25 = 4.5cm? As,_.
As,=45cm’ > As,, = 3.91cm’

Use @ 12 >>>450/113 = 3.98
Use 1® 12 @ 15cmc/c .............. with As =(100/ 15)*1.13 = 7.53 cmz.
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As provided > Asteq......ccvvvviiiiiinnnn. OK.

Check for strain:

Tension = Compression

A * fy=0.85* fc' *b*a
753*420=0.85*24*1000*a
a=15.5mm
X= 2 _ ﬁ =18.23mm
B, 0.85
o - 218-18.23
® 18.23

&, =0.032 > 0.005—— ok

*0.003

4.11.5 Secondary reinforcement:

ASgiage = 0-0018x b x h = 0.0018 100 x 25 = 4.5cm’

Use®@l12@ 15cm ......eneeneen. With As = (100 /15)*1.13 = 7.53cm>.
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SECTION (A-A)

Figure (4-28) : Stair Section
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4 -12 Design of shear wall :

29.56 KN

286.55KN

545.06 KN

631.46KN

659.81KN

88.68 KN.m

946.68 KN.m

2581.86 KN.m

4476.24 KN.m

6455 KN.m

Moment & Shear Diagram For SW01

Figure (4-29) : Moment and Shear Diagram for SW01

Fc =24 MPa
Fy =420 MPa
t=30 cm .shear wall thickness

Lw = 4.1 m .shear wall width

Hw for one wall = 3.00 m (story height)

4.12.1: Design of the Horizontal

D Fx=Vu =659.81KN

reinforcement:
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4.12.2: Design of shear

The critical Section is the smaller of :

lw — 4.1 =2.05m...... control
2 2
h;"’ _15_75m

d=08xIw=0.8x4.1=3.28m

V01: ;C xbxd

V, = —24 x0.3x3.28*10° = 803.43 KN (control)

Jfc'xbxd N, xd
V02: +
4 4xL,

Assume N, = 0KN

V24 x0.3x 3.28*10°
4

2% N )]
l,| +/ fc" + u
fc’ I, xh hxd

X

+
2 M, |, 10
vV, 2

u

+0=1205.15KN

VcZ

VC3 =

Mu @ critical —section =5103.06 KN.m

M, L =5.68>0
V, 2

u

V. =Will apply

V. {\/24 | 41(v24 +o)} L03x41 o oo

2 5.68 10
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Vs =Vn-Vcl
..=(659.81/0.75) —803.43 = 76.31KN
Avh Vs 76.31

_ _ 2
S2 f,d 420*3.28*10°° = 0.000055m"/m

_ An _ 0000055 0.000184 < pmin
hs, 0.3

use min,Trygl2

P

[AS\—VZh) = 0.0025*h = 0.0025* 300 = 0.75mm

S2< % =4100/5 = 820mm, Control

S2 <3*h =3*300 =900mm

select——>¢12in  both side—— As =226.6mm?2
2262 =0.75= S2=30cm
S2

Select———>S2 =25cm < S min =82cm
use——> @12 @ 25cm(c/c)inboth side

4 .12 .3: Design for Vertical reinforcement:-

h—WZE:3.65>2.5

L, 41

Avn =0.0025x S, x h,
1 1

S, < 3 L, = =x4100 =1366.67mm
S, £3xh =3x300=900mm
Select ¢12 With area As=226.6mm° in both side

226.6 =0.0025x% S, x 300
=5, =302.13mm
SelectS; = 25cm < 30.2cm

—> Select ¢12/25 cm c/c both side
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Select 2d 12/ 25cm. In tow layer

4 .12. 4: Design of bending moment:
C> (LJ _ 4L _o.08m
0.007*600) 4.2

length of boundary element=C-0.1xL,
length of boundary element=0.98-0.1x4.1=0.57m

c,-C 0% g
20 20

SelectThe boundary element = 0.6m

Avs=As, = M xAs, —> = ﬂ x 226.6 = 3716.24mm?
sl .25
z_ 1
Lw 2+0.85*p* fc*Lw*h/(As*Fy)
Z 1

=0.063

Lw  2+0.85x0.85x 24 x 4.1x0.3/(3716.24 x 10°° x 420)

Mu =0.9x Fyx0.5x As x LWx(l—(A/ZJJ =
Lw

Mu = 0.9*420*0.5*3716.24 x10™° x 4100 * (1 - %) = 2789 KN.m

MUpeggr = 5103.06 — 2789 = 2314 KN.m

So we need the boundary element

M,=2314.06KN.m

d=3.28m
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_ Mn _ (2314/0.9) x (10)°

Kn=—-= >—— = 0.8Mpa
bd (300)(3280)

mo_ Y _ 420
085fc  0.85x 24

= 20.59

p-l(y_ p_2mRn)_ 1 1_\/1_2><0.8><20.59 — 0.001932
m fy 20.59 420

As =0.001932*300*3280 = 1904.42 mm?

Use bars 14®14 which provided in columns
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