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Abstract

This project is located in Bethlehem city, Jerusalem Hebron Road, on land with an
area of 6000 square meters, and the hotel has 6 floors as follows:
1. Basement floor with area of 1800 meters square contains stores, parking and
boiler.
2. Ground floor with area of 2000 meters square, and has a reception hall, a
restaurant and shops and department administrative room.
3. First Floor with area of 1300 meters square contains a number of bedrooms
customers and service department on this floor.
4. Second floor with an area of 1240 meters square, contains a number of
bedrooms customers and service department on this floor.
5. A third floor with an area of 1180 meters square contains a number of
bedrooms customers and service department on this floor.
6. Fourth floor with an area of 1120 square meters contains a number of
bedrooms customers and service department on this floor.
In addition, contains a stairs number 2 and number 2 lifts, so the total area of the
hotel building 8640 square meters.
The hotel is an architectural layout so that decreases gradually each floor space to
top.
For structural design of this project, Jordanian Construction Code was used for
determining live loads, whereACI_318- 02 code is to be used for structural analysis
and design for all structural elements, and some of computer software will be used,
such as Autocad2008, Atir, and Office2007...etc.

By the end of this project, the structural design for structural elements in this
building will be done.
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
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Aq = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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.

C. = compression resultant of concrete section.

Cs= compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
Reinforcement.

Ec = modulus of elasticity of concrete.

fc = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

- Mn = nominal moment.

- Pn = nominal axial load.

- Pu = factored axial load

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

- V¢ = nominal shear strength provided by concrete.

- VVn = nominal shear stress.

Xiv



- Vs = nominal shear strength provided by shear reinforcement.
- Vu = factored shear force at section.

- Wc = weight of concrete.

- W = width of beam or rib.

- Wu = factored load per unit area.

- @ = strength reduction factor.

- € = compression strain of concrete = 0.003.
- € = strain of tension steel.

- €= strain of compression steel.

- p =ratio of steel area .
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CHA4 Structural Analysis & Design

Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Design of topping.

4.4 Design of one-way Rib slab (R9) at ground floor dab.

4.5 Design of flat plate.

4.6 Design of one-way solid slab of the stair roof.

4.7 Design of Tow way Solid dlab of the stair roof.
4.8 Design of Beam 34.

4.9 Design of Long Column (C6).

4.10 Design of Isolated Footing (F6).

4.11 Design of stair.

4.12 Design of Basement Wall.

4.13 Design of strip Footing (for Basement Wall).

4.14 Design of shear wall.
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4.1 Introduction :-

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,

tunnels, and others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses
high compressive strength but little tensile strength, and steel bars embedded in the

concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and

frequently admixtures.

The project consists of several structural elements that should be designed according
to the ACI code, using the finite element method by means of computer software
such as “ATIR”, “SAFE”, and “ETABS” for analysis and design.

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318 _08).

4.2.1 Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,

Strength provided = strength required to carry factored loads.
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4.2.2 Factored loads:
The factored loads for members in our project are determined by:

W,=12D, +16L, ACI-code-318-08(9.2.1).

NOTE:

f. =24 Mpa.
fy, = %20 Mpa
f.e =420 Mpa, will be used at design and calculations.
concrete B300

4.3 Design of Topping:

4.3.1 Dead load of topping:

Tiles 2 x0.03x1.0= 0.69 KN/m.
Mortar 2 x0.02x1.0 = 0.66 KN/m.
Coarse Sand Fill 17%0.07 x1.0= 1.19 KN/m.
Topping 25%0.08x1.0 = 2 KN/m.
Partition 23%x10= 2.3 KN/m.

Total Dead Load = 0.69 + 0.66 + 1.19+ 2 + 2.3
= 6.84 KN/m.

Live Load =5%1 =5 KN/m

Wu=12DL+16LL

=12*6.84 +1.6*5=16.2 KN/m. (Total Factored Load)

CWuxI?  16.2x(0.4)?
12 12

=0.216KN.m

Mu

2
Mn = g42+fc’ x b><6h

* 2
042 24 XM — 2.19KN.m.
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fMn=0.65x2.19 =1.427KN.m.
fMn=1.427kN.m> Mu = 0.216 KN.m.

2
.is the section modulus.

Where S, = b>xh

and @ = 0.65 for plain concrete.
No structural reinforcement is required by analysis.
Therefore, shrinkage and temperature reinforcement must be provided (ACI 10.5.4)

r =0.0018 ACI-318-08 (7.12.2.1)
As =r *b*h=0.0018*1000*80 = 144mm’ /1m

As (¢ 8) =50.27mm?
So number of bars =144/50.27 = 2.86 = 3 bars/ m strip

Spacing= 1000/ (number of bars) =1000/3=333.3 mm.
4.3.2 Check for max. Spacing between bars:

S=3h=3x80=240mm......... (Control)

S=450mm.

S=380(280/f;)-2.5C; =380(280/.667*420)-2.5*20=330mm.
S=300(280/fs) =300(280/0.667*420) =300mm.

Use 18/20 cm (5$8/1m), with As =251.3 mm?%/1m in both directions.

As =2.513cm’/m> As . =1.44cm? Ok
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4.4 Design of oneway Rib dab (R9) at ground floor slab:

4.4.1 Determination of Slab Thickness:

According to ACI-Code-318-08 table 9.5(a), the minimum thickness of non-
prestressed beams or one way slabs unless deflections are computed for simply

supported one way rib given as follow:

hmin for one-end continuous = L/18.5 longest one-end cont. is 3.95 m
Nmin = 3950/18.5 = 213.5 mm
hmin for both-end continuous = L/21 longest both-end cont. is 4.00 m
hmin = 4000/21 = 190.48 mm

Select Slab thickness h= 25 cm with 17 cm block & 8 cm Topping.

|
i |
||

3 e—_
1—-J_= t = = 0

= T
==
==_=-__
| % » : I
."I- - o —3
.‘E'='=-Fa==.'
-'.= _—
=% 8
i:-r.:EF-
T==5FT.

E

Fig (4- ): location of R9 at the ground floor slab
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4.4.2 Design Constants:

From the geometry of T-Section:

bw = 120 mm h= 250 mm t=hf =80 mm.

The effective width (be) according to ACI 8.12.2 be is the smallest of:
b, = Ln/4 = (4-0.8) /4=0.8m
b. =bw +16tf =12+ 16 (8) = 1.4 m
b, = c/c spacing between beams = 0. 52 m

Control ... 52cm

- Requirements For Slab Floor According to ACI- (318-08):

bw > 10cm ** ACI(8.13.2)
Select bw=12cm
h < 3.5%bw ** ACI(8.13.2)
Select h=25cm<3.5*12 =43cm
Tf = Ln/12 250mm ** ACI(8.13.6.1)

Select tf = 8cm.

4.4.3 Load calculations:

Fridosy F oere

{edcsaterr 2 o

Crpezrwer Nerpred JilE 7 oeren

R concrete Fopping 8 cm
Clerracrofe fafiroh

W Conorere Mb

W icrsrer 2 orrn

Fig (4- ): Typical Section at Ribbed Slab.
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Rib Load Calculations

. Gama H B(m)
material (KN/m?) (m) KN/m
tiles 22 0.03 0.52 0.3432
mortar 23 0.02 0.52 0.2392
Coarse
Sand Fill 17 007 1052 0.6188
block 9 0.17 0.4 0.612
rib 25 0.17 0.12 0.51
topping 25 0.08 0.52 1.04
plaster 23 0.02 0.52 0.2392
partition 2.3KN/m? 0.52 1.196
Total
BL 4.8
Live
L oad 5 0.52 2.6

Factored dead load = 1.2*Dead load = 1.2*4.8 = 5.76 KN/m of rib.
Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m of rib.

Total Factored Load =5.76 + 4.16 = 9.92 KN/m of rib.
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4.4.4 Design of Rib (9):-

1 2 4 5 [
1 2 3 4 5
0. 3.4 0. 3. 0, g~ o 3 0 3. 0.
b 3. I 4 4 L T34 o
- = . - = - - {
5
2 | I
1
F
Fig (4-3): Geometry of Rib.
load group no. 1
Dead load - Service nits:kH meter
440
38 4 4 18 1 395
Live load - Service Load factors: 1.20,1.2041.60,0.00
I EJBEEIREEINEE.
s [ 3 i i
! 18 4 4 18 195
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Fig (4-4): Loading of Rib.
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Momenis: spans 110 §

65 -16.6
449 38
JI.IL"-,I 46 A A .
J \-}‘ 14 J, 14 $2/ ix;” E
51. 1:@ / 4
L \ =|ﬁil i '11 \\..___,_,-" i
N hn.f E f‘ A gr h
% / _.‘ 5 \ “
\\.___r’ E.-i B.'I N
| 12 1. 2 o2 | o2 2 | 12 43 231 458 |
I I T | | 1
Shear
22 07 2 214
LS wr %5 /] 5. /] i 154
//"_' f.-""f /,-‘f /ﬂ
o /
4 1 /r"’ 1 / 1t ;rf B
/ / 7 /
1. | A /
157 7 185 7 158 125 — s
1% 25 e e

Fig (4-5): Moment & Shear diagram of Rib.

Check rectangular section or T-section:

Select diameter of bar = 14mm.

bw=12cm,h = 25¢cm
d=250-20-10-(14/2) = 213mm

Mu max = 13.5 KN.m.
Mn, = D.BEKchbetf(d —‘;‘)

n,=0.85% 24 x 0.52x 0.08x (0.213 —==)* 10°= 146.8 KN .m

® Mn, =0.9*146.8 = 132.12KN.m >> Mu,_,

The Rib will act as (Rectangular Section).
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4.4.5 Design Rib (9) For Flexure:

Design for positive moment:

Span 1.
Mu = 13.5KN .m

d = h - cover-dyimp = = 250 — 20— 8— = = Z13mm

Mu 1
——£—15KN .m

As . =7453<85.2.............the larger is control
As . =85.2mnv

_ 15*10°
0.52*(0.213)°

= 0.64 Mpa

B fy 420
0.85* fc  0.85*24

=20.59

_1 |, _2mRn
—m(1 1—fy)

p= 1 —(1- \/ W) =1.55x 10

20.59 420
Arqg=p*b x d=1.55 x 10° x520% 213 = 171.6 mm?
171.6 mm?> As,, = 85.2mnY’

Use2 ® 12 with As=226.2mm2> Asreq = 171.6 mm?2

Check for strain:

Tension = compression

As x fy=085x f.x b x a
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226.2*420 =0.85*24*520*a
a=28.96mm
c=i:@:10.5mm
b, 0.85
e = (2371090 003
10.5

e, =0.06 > 0.005 »>—»>— ok

Span 2:
Mu =12.2 KN.m.

_ Mu/f _ 12.2*10°/0.9

Rn = = > =0.57 Mpa
b*d®  0.52*(0.213)
r =i(1— [ 2mRn J
m fy
* *
_ 1 1_\/1_2 20 .59 *0.57 | _ o 191377
20 .59 420

Aveq = pXb % d =(0.001377)* (520)* (213) = 152.5mm’.

Then use 2910
As =157.1 mm2 > As req = 152.5 mm?

Check for strain:

Tension = compression

As*fy=085* fexp*a

157 .1* 420 = 0.85*24 *520 *a

a==6.22mm
Cc= a . E= 7.32mm
b, 0.8
213-7.32

e, =(d-©)/cx0.003= """ =5 0.003= 0,084
e, =0.084>0.005=f =0.9

For all spanswith +veMu <=12.2KN use2 ® 10 mm
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Design of Negative moment:
Negative moment Mu =9 KN.m.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d=250-20-10-12/2 =214 mm
Mn=Mu/¢=9/0.9=10 KN.m

Design as a rectangular with b= 12 cm

42
m=__¥ - 0 5059
0.85* fc _ 0.85*24

Rp= Mu/f _ 9*10°°/0.9

= 1.82 Mpa
b*d? 0.12*(0.214)?

p=(U/m)(L- | 2mR1)
fy

A L(l_\/1_2(20.59)(1.82))20.00455

~ 20,59 420

As = 0.00455 (120) (214) = 116.7 MM’
As = 116.7mm2 > A Smin =85.5mm?

Select Top bars 2 @ 10 mm. Total As= 157.1mm?*> As req = 116.7 mm?

Check for strain:

Tension = compression

As*fy=085* fexp*gq
157 .1*420 = 0.85*24 *120 *a

a=26.95mm
2 _2695 _ 4 21
b, 0.85

e = (d-c)/cx0.003= 214311 4 003 - 0.017
3171

e, =0.017>0.005=f =0.9

For all spanswith -ve Mu <=9KN use2 ® 10 mm
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4.4.6 Design of shear for Rib (R9):

Vuyg = 17.8 KN.
[t
LI* ¢ Ve = 11 * =% by, * d

vk
=1.1*0.75* T * (.12 * 0.214*10° = 17.3 KN.

— Check for items:-
1-Case 1: Vye 7°.
17.8<17.3\2=8.65........ Not satisfy
2-Case2: % < Vi< ¢V
8.65<17.8<17.3 ... Not satisfy
3- Case 3:
dVe <Vu < dVe + dVs
Vs, > % fc’ *bw*d = 01'—25@*0.12*0.214 =5.9KN

.DVs . > 9bW*d = O'—::5*0.12*0.214 = 6.42KN (control)

min — 3
5 DVC+DVs,  =17.3+6.42 = 23.72KN

17.3<17.8<23.72 satisfied.

Minimum shear reinforcement is provided
Use U-shape (2-leg stirrups) ¢ 8 As =50.3mm?
s= (Av*fyt*d)/Vs min

Av = 2*50.3=100.6mm’

s= (100.6*420*214)/(6.42/0.75 )=1056.3mm
S max.

The smaller of 600 mm and d/2

S max. = d/2= 214/2 =107 mm

Use U-shape 2leg 8 @10 cm c\c
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4.5 Design of Flat Plate:

Fig (4- 6): plan on AutoCAD

We use SAFE Program to design the flat plate in the project. We enter 3plans into
SAFE Program, the third plan is typical for first, second, third and fourth slabs. The
second plan was divided into 2 parts by expansion joints and entered into the SAFE
Program as parts.

4.5.1 Drawing the Plan as DXF:

We draw the plan on the AUTOCAD as DXF format. After entering the drawing
into SAFE Program, we define all materials, members and combinations, and redraw
it there.
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Fig (4- 7): plan on AutoCAD as DXF

Fig (4- 8): plan on SAFE Program
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4.5.2 Deter mination of Slab Thickness:

We can determine min. thickness of Flat plate, which is without interior beams, and
drop panel (with fy = 420 Mpa), as following:

1. for Exterior panels without edge beams:

i 1 8.8
span | L=838 h,, =—=—=0249
span length ( m) —=—— h_,_ 50" 30
2. for Interior panels
I (L =9.5m) h W39 s
— = 4, —_——— = —=—= 1L
span length m min = 55T 53
Use slab thickness = 30 cm.
4.5.3 Determination of the L oads:
Rib Load Calculations
. Gama H B(m)
material (KN/m?) (m) KN/m
tiles 22 0.03 1 0.66
mortar 23 0.02 1 0.46
Coarse
Sand Fill 17 0.07 1 1.19
plaster 23 0.02 1 0.46
partition 2.3KN/m? 1 2.3
Total
DL 5.1
Live
Load 5 1 5

Then, we enter these values into the SAFE drawing and apply the self-weight as
service loads.
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4.5.4 Check the Allowable deflection:

After finishing the whole procedure, and running the program, we should compare
the deflection with the maximum one.

£
mux. def.(A) :ﬁ

for mua.spar L =9.5m —5—— mux. A = Se0 26.4 1o

A= =136 mn < ur. A——264

0.8
2.0
436
=130

Fig (4- 9): Deflection (service)
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4.5.5 Design of Moment:

. W O : B Y S N -
' i e

120

Fig (4-11): moment in Y-direction
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Therefore, the Bottom reinfor cement is ¢ 14@15 cm c/c and the Top
reinforcement is $14@15 cm c/c as Basic M eshes with additional reinfor cement
in some ar eas.
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Fig (4-12): reinforcement of typical plan

4.6 Design of one way solid slab of the stair r oof:

4.6.1 Deter mination of loads:
Dead load = 4.2 KN/m?
Live load from tank = 10KN/m?

Qu= (1.2*4.2) + (1.6*10) = 21 KN/m?
4.6.2 Design for flexure:

The overall depth of solid slab must satisfy the limitation of deflection

required in ACI for one way solid dlab :
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Min h = (L /20) = 300 /20 = 0.15 m
Select h=15 cm.

h=15cm

d =h-2-1=15-2-1=12cm

Mu= (q.*1%)/8 = 21*3%/8 = 23.63 KN.m

oty 40 _,
0.85fc  0.85(24)

Mn  23.63*(10)°

= = =1.8Mpa
bd 2 (0.9)(1)(0.12)2 P
r:itl_ [ 2mRn j: 1 [1_\/_2*20.59*1.8]:0.0045
m fy 20 .59 420

As = 0.0045%(100)* (12) = 5.4 cm*

As min =0.0018*b*h = 0.0018*100*15 = 2.7 cm?
Select As =5.4 cm?

Use ®12 @ 20 cm c/c with As = 5.65 cm®> 5.4 cm?
For long dir. Reinforcement for one-meter strip:

As = 0.0018*100*15 = 2.7 cm?

Use ® 10@ 20 cm with As=3.93 cm® > 2.7 cm?
Top reinforcement:

According to shrinkage & temperature:

Use ® 10@ 20 cm with As =3.93 cm® >Asenrinkage= 2.7 cM°... See figure (4-13)
4.6.3 Design of shear reinforcement:

Vu max =q,*L/2 =(21*3)/2= 31.5 KN/m

® Vc = Vumax
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=73.5>31.5 KN/m

* The thickness of the slab is adequate.
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Figure (4-13): Detail of solid slab of stair

4-7 Design of Tow way Solid slab of the stair roof:

4.7.1 Deter mination of L oads:
Plaster = 0.02* 23 = 0.46 kN/m?

Slab =0.15* 25 =3.75 kN/m?

D.L =4.21KkN/m?
FromTANK L.L=10kN/m?

Ao 1 9 p.L =1.2%4.21= 5 kN/m?

ql = 1.6 L.L = 1.6%10 =16 KN/m?
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qu = 21KN / m?
For 1m Srip in X &Y direction qu=21 KN/m

Lb=3.7m
La=3.5m

Lb_37 14420
La 35

. Tow way

Select h = 150 mm

b =100cm, h =15cm
d =150-20-10=120mm

4.7.2 Designs of moments:

Design of positive moment:

La/ Lb =3.5/3.7=0.95

Case (1)

Caa 20,04

Coa 20,033

Ma|dL - Ca,dL * Qup = (La)z

Mpa — Coal x Oup * (Lb)?

Car=0.04

Cor=0.033

Ma,LL — Ca,LL * O = (La)Z
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M — CoLl » O (Lb)?

M M

a,pos:( a,dL + Ma,LL) -
{(0.04*5%(3.5)%) + (0.04*16* (3.5))} = 10.3 KN.m/m

Mb,pos: (Mb,dL + Mb,LL) —

{(0.033*5%(3.7) %) + (0.033*16* (3.7) )} =9.5 KN.m / m

Mapos - 10.3 KN .m
Mn= 203 _ 11 a4 kN m
0.9
As... =35<4............. the larger is control
As . =4cm’
* -3
n= % =0.8 Mpa
1*(0.12)

m =20.59
0= 1 Q- \/1_ 2(20.59)(0.8) )=1.9%10°

20.59 420

Asreq=p*b*d=1.9*10°*100* 12 = 2.3 cm?
As . =0.0018xbxh=0.0018x100x15 = 2.7cm’

2.3 CM < As . =2.7cm?’

Use®10 @ 25cmc/c .............. With As = 3.14 cm2,

As provided = 3.14 > As req....... OK.

Used10@25cmclc .............. In x&y direction

ASqyinkage = 0-0018xbx h =0.0018x100x15 = 2.7cm?

Usedl0@25¢cm ....c.vevveenn, With As = 3.14 cm2... See figure (4-14)

4.7.3 Design of shear:
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La/ Lb =3.5/3.7=0.95

Case (1)

W, - 055

W —0.45

Via= Ay * La *x W,

Via= 21* 3.5 %055 = 40.43 KN control

Vb= 91% 3.7 %0.45 = 35 KN
fc
Ve= 6 p*d
J24

6 *1000 *120 = 98 KN

®Vc=0.75*98 =71.25 KN

®Vc>Vu - No Shear Reiforcement Required

Tl

Sl
:

ViR B3 0SE80 L=dE arriy

e _j_—,.',b' RN R =Ry & N S f'?',L"{:-:'C-‘??b] :

y HH’{:":?‘{HHH’i:":’-t'H'HH’1:":1-6',*3-6'”\"{HHHHH?<HHHHHHKHHHh’iﬂHH’t{)(F{ =

Figure (4-14): Detail of solid slab of stair

4.8 Design of Beam 34 : -
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Figure (4-15): Position of beam

Section :-
= B =800mm
=  h=450mm
= d=450-40-10-18/2=391 mm

4.8.1 Deter mination of L oads:

=>» Reaction from Rib (R8),
D.L =21.05/0.52 = 40.5 KN/m

L.L =6.14/0.52 = 11.81 KN/m, for span 1&3

=>» Reaction from Rib (R9),
D.L =21.05/0.52 = 40.5 KN/m

L.L =12.27/0.52 = 23.6 KN/m, for span 2

=>» Total serviceload
DL=self-weight + 40.5 KN/m

DL= (0.8*0.45*25) + 40.5 =49.5 KN/m
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DL=49.5KN/m
1 2 1 4
1 2 3
A s W e ] :|
A - A A
’“ 3 . 45 0 52 o4
i 1 3.? L] I 1 ﬂ i . 1 u L] I 1
A5,
5.
A-A
Figure (4-16): Beam geometry
load group no. 1
Dead load - Service Units:kH,meter
.5 4.5 40.5
L L y r ) Y ) 3 L L A
A 1 g. y L m iy L W m i L
f a7 5.3 5.6 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
[ i (11.5 4 i
l 'LH.ﬂl' ‘1‘ { [11.81 i 'l 'i 'l“li.ﬂl I' L |
i 37 53 56 I

Figure (4-17): Lording of beam
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Momenis: spans 11o
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Figure (4-18): Moment & shear diagram of beam

4.8.2 Design of flexure:

Design of Negative moment:-

1) Mu=231.3KN.m
3

C:max = —d
7
Cox = i*391
7
c =167 .57 mm
a=Db,xc
a,, = 0.85x167 .57 =142 .43 mm

®=0.65+ 250_*(0.004-0.002) = 0.82
3
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Mnc =0.85 f, * b ™* amax *(d- (amax /2))
=0.85 (24) (0.8) (0.14243){(0.391-(0.14243/2)}*103

=743.32 KN.m
®Mnc = 0.82*743.32 = 609.52KN.m > Mu = 231.3 KN.m

The section must be designed as singly section:

m=__ Y _ 420 _ .59
0.85% fc  0.85*24

RN = Mu /f
b*d?

* -3
Rn= 2813710 /0.9 =51 nymm? (Mpa)
0.8*(0.391)°

:i(l_ 1_2m*Rn )
m \ fy

p:L(l_\/l 2(20.59(2.1) y _ 0053
20.59 420

Asreq=p * b *d =0.0053 * 800 *391= 1654 mm?

Check Minimum Reinforcement A smin...(ACI- 318M-08—(10.5.1))

NN
Asmin= 4(fy)( b)(d) —4(420) (800)(391) = 912.14mm’

As min= (1—4 (b)) = i—;:) (800)(391) =1042.67mm*  (control)

As=1654 mm2 > As min = 1042.67 mm?2

Select 7 ® 18, As =1781.3mm>.

Check for strain :

As*fy=085*f . *b*a
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1781.3*420=0.85*24*800*a

a=45.85mm
= a = @ =53.9mm
, 085
391-53.9

e, =(d~0)/0x0.008= "= 7==x0.003=0.0188
e, =0.0188 > 0.005=f =0.9
S = (800-2*40-2*10-7*18)/6 = 95.67mm > 25 mm>db
®.Mn=0.9%0.85 f_ *a* b *(d- a/2)

=0.9* 0.85 (24) (45.85) (800)(391-45.85/2)*10°

®.Mn =247.88 KN.m > Mu =231.3 KN.m

2) Mu =147.2 KN.m.

Mu /f

Rn= —__
b*d?

* -3
Rn= 147-2%10 * /0.8 _ g 33 pym? (Mpa)
0.8*(0.391)°

p:i(l_ 1_ 2m * Rn )
m \ fy

0= 1 L- \/1_ 2(20.59)(1.33) ) = 0,003
20.59 420

Asreg=p * b *d =0.0033 * 800 *391=1025.00 mm?

As=1025.00 mm2 < As min = 1042.6 mm?2

Select 5 ® 18, As = 1272.34 mm?.

Check for strain

As*fy=085*f . *b*a
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1272.34*420=0.85*24*800* a

a=32.74mm
_a _3274_ 38.52mm
b, 085
391-38.52

e, =(d-c)/cx0.003="""°°"%,0003 = 0.027
38.52

e, =0.027 > 0.005=f =0.9

S = (800-2*40-2*10-5*18)/4 = 152.5mm > 25 mm>db.

®.Mn =0.9%0.85 f_ *a* b *(d- a/2)

=0.9* 0.85 (24) (32.74) (800)(391-32.74/2)*10°®
®.Mn 180.15 KN.m > Mu =147.2 KN.m

Design of Positive moment:-
1) Mu =200.5 KN.m.

Mu /f

Rn= —/————
b*d?

* -3
Rn= 200.5%10 *10.9 _ 3 g5 nymm? (Mpa)
0.8 (0.391)°

p:i(l_ 1_ 2m * Rn )
m \ fy

0= 1 L- \/1— 2(20.59)(1.82)):000 456
20.59 420

Asreq=p * b * d =0.00455 * 800 *391= 1422 mm?

As=1422 mm2 > As min = 1042.6 mm?2
Select 6 @ 18, As = 1526.8mm?.

Check for strain
As*fy=085*f . *b*a

1526.8*420=0.85*24*800*a
a=239.3mm
a 393

C=—=——=46.22mm
b, 085
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e, =(d-c)/cx0.003= 391-46.22 1,003 =0.022
46.22

e, =0.022>0.005=f =0.9
S = (800-2*40-2*10-6*18)/5 = 118.4mm > 25 mm>db

®.Mn=0.9*0.85 f, *a*b*(d-a/2)

=0.9* 0.85 (24) (39.3) (800)(391-39.3/2)*10°
®.Mn = 214.35 KN.m > Mu =200.5 KN.m

2) Mu=133.5KN.m.

Mu /f

Rn= ——
b*d?

* -3
Rn= 138510 °10.9 _ 1 5\ (vioa)
0.8 (0.391)°

=1(1_\/1_2W)
m fy

0= 1 (- \/1——2(20'59)(1'2) ) = 0.0029
20.59 420

Asreg=p * b *d =0.0029 * 800 *391=921.67 mm?

As=921.67 mm? < As min = 1042.6 mm?
Select 5 ® 18, As = 1272.34 mm?*.
Check for strain

As*fy=085*f . *b*a

1272.34*420=0.85*24*800*a

a=232.74mm

o2 327
b, 085

=38.52mm

e, =(d-c)/cx0.003= 391-38:52 . 0.003 = 0.027
38.52

e, =0.027 >0.005=f =0.9

S = (800-2*40-2*10-5*18)/4 = 152.5mm > 25 mm>db
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®.Mn = 0.9%0.85 . *a* b *(d- a/2)

=0.9% 0.85 (24) (32.74) (800)(391-32.74/2)*10°
®.Mn 180.15 KN.m > Mu =133.5 KN.m

3) Mu =84.4 KN.m.

Mu /f

Rn= —__
b*d?

* -3
Rn= 844710 /0.9 _ 76 N/mm? (Mpa)
0.8*(0.391)%1

:i(l- 1 2m*Rn)
m oy

0= 1 L- \/1_ 2(20.59)(0.76))=O.0018

"~ 2059 420
As req=p * b * d = 0.0018 * 800 *391= 577 mm?

AsS=577 mm2 < As min = 1042.6 mm?2
Take As = As min = 1024.6 mm2

Select 5 ® 18, As=1272.34mm?.
Check for strain
As*fy=085*f *b*a

1272.34*420=0.85*24*800*a

a=32.74mm
. _32.74 —38.52mm
b, 085
391-38.52

e, =(d—c)/cx0.003 =222 0,003 = 0.027
38.52

e, =0.027 > 0.005=f =0.9

S = (800-2*40-2*10-5*18)/4 = 152.5mm > 25 mm>db

®.Mn =0.9%0.85 f_ *a* b *(d- a/2)

=0.9% 0.85 (24) (32.74) (800)(391-32.74/2)*10°
®.Mn 180.15 KN.m > Mu =84.4 KN.m
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4.8.3 Design of shear:-
(DVc:%*d)*J fc' *bw*d = %*0.75@*800*391/1000 =191.55KN

Check if the dimensions ar e big enough:

VsmaX:%CD fc' *b*d

=§*0.75*@ *800*391/1000 = 766.2KN

VUmax=191.55 +766.2 =957.75KN
=957.75KN > 222.9 (shear envelope), Dimension is big enough

1) Vu=222.9 KN
Case 1:

Vu< —(DVC
2

®Vc/2=191.55/2=95.775 KN not satisfied.

Case 2:

Ve <Vu< Ve

2

Not satisfied.
Case 3:

dVe <Vu < dVec+dVs

D ; 0.75

OVs . > E“/ fc' *bw*d = T\/ﬂ*o.s*o.391 = 71.83KN

.OVs_ . > %bw*d = 0'—::5*0.8*0.391 = 78.2KN(control )

. OV +DVs,, =191.55+78.2 = 269.75KN

Case 3issatisfy
Minimum shear reinforcement required, so;

bw

3*fy

Av
S > =0.635 control
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> fcbw =583
16* fy
Try4leg ® 8 ® 8 =50.24 mm?
& _ 4*50.24 _
S =g - 0.635
S§$=316.5mm
<600 mm

<d/2=391/2=1955mm control
Use S=20cm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 200mm c/c

2) Vu = 222.7KN

Case 3issatisfy

Minimum shear reinforcement required, so;

AV bw
S > 3*fy =0.635 control
> \/ﬁbw =0.583
16* fy
Trydleg @ 8 ® 8 =50.24 mm?2
Av _ 4*50.24 _
S =" g = 0.635
S =316.5 mm
<600 mm

<d/f2=391/2=1955mm control
UseS=20cm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 200mm c/c
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3) Vu = 147.9KN
Case 2:

(DTVC<VU <dVc

95.775<147.9 <191.55

Case 2 issatisfy
Minimum shear reinforcement is provided.

Try4leg ® 8 As =50.24mm?

AVin /'S > b/ 3 Fy > /¢ * by / 16 Fyy

S=316.5 mm
<600 mm
<d/2=391/2=195.5mm control
Use S=20cm

Use 2U-shape (4-leg stirrups) ¢ 8 @ 200mm c/c
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Figure (4-19): Detailing of beam
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4.9 Design of Long Column (C6) :

4.9.1 Deter mine the column dimension:
Pu = 3300KN

Pn = 3300/(0.65) = 5077 KN

rg=15%

Pn=0.8* Ag{0.85* fc+r g(fy—0.85fc')}
5077 *10° = 0.8* Ag[0.85* 24 + 0.015* (420 — 0.85* 24)]

Ag = 0.24m’
X=40.24=0.49m

Use 50*50cm with Ag = 2500cm? > Ag req = 2400 cm?
4.9.2 Check Slenderness Effect:

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

Lu: Actual unsupported (unbraced) length.

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

I
R: radius of gyration=0.3 h = \/;
Lu=4.55m
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.

(_K'“jg(m—lz(—'v' 1js4o .................................... ACI 10-12-2
r M 2
*
17455 3535 20
0.3*0.5

. long Coloumn

74




CHA4 Structural Analysis & Design

4.9.3 Design of Longitudinal Reinfor cement:

E.l
El =04—% s [ACI 318—2002 (Eqg. 10-15)]
1+b,

E, = 4750,/ fc' = 4750*+/24 = 23270.15Mpa
, _L12DL_ 2385

, =22 0723
Pu 3300
* 3 * 3
Iy =b h =0'5 0.5 =5.21*10"°m*
12 12
* * * -3
El - 0.4*23270.15*5.21*10 _ 28 15MN Nt
1+0.723
p°El
Y ACI 318 — 2002(Eq. 10 —13)
(KLu)
2 %
- 3.14 28.125 _13.49MN.
(1.0*4.55)
M1
CM=06+04 7o | oo ACI 318 — 2002(Eq.10 —16)

Cm=1..... According to ACI 318 -2002(10.10.6.4)
d —— M 549
1-(Pu/0.75R,)

4 - 1
™ 1-(3300/0.75*13.42*10°%)

............... ACI 318 — 2002(Eq. 10 —12)

=1.488>1

nin =15+ 0.03*h =15+ 0.03*500 = 30mm = 0.03m

e xd_=0.03%1.488 =0.045m

m

e_ 0.045 _0.09
h 0.5

From Interaction Diagram
fP _ 3300 , 145 1914 Py
A, 05*0.5 1000

r, =0.0125

As=p * Ag = 0.0125*50*50 = 31.25 cm’

Use © 16 >> #of bar = lm“"

L

=15.55

Use 16 @ 16 with As = 32.16 cm? > AS oq = 31.25 cm?
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Check for spacing between the bars:

500-2*40-2*10-2*20-4*16
4

S=74mm = 40mm

> 1.5db = 24mm

4.9.4 Design of the Tie Reinfor cement:

S <16 db (longitudonal bar diameter)....................... ACI -7.10.5.2
S <484t (tie bar diameter).
S < Least dimension.

Spacing <16 x d, (Longitudinal .bar.diameter) =16 x1.6 = 25.6cm
Spacing < 48 x d, (tiebar.diameter) = 48x1.0 = 48cm
Spacing < Least.dimension = 30cm

. Use f 10@ 25cm
Lealing J volkns koo (8}
BRI E
.
a g
" B W
2
|'-_-:|
ol IO
L— =&
107 25 4
| ‘--\-\ - . - L)
- 16315 W T g
¢ Sl
B 10 e
_.l_ﬁ 1_. /. bIL,J -
EAS 432
A
EERN
\ @105085 _
=148 +

Figure (4-20): Long Column Detail
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4.10 Design of | solated Footing (F6):

4.10.1 Load Calculation:

Total factored load = 3300 KN.

Total services load = 2550 KN.

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 =5 KN/m2.

Yatow =400 - 5 - 0.6*18 - 0.65*25 = 368 kN/m’

4.10.2 Deter mination of Footing Area:

L=2.63m
Try 2.65 * 2.65 m with area = 7m® > A oq = 6.93m*
Determinate g, = 3300/7 = 471.4 KN/m?

4.10.3 Deter mine the depth of footing based on shear strength:

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

= Check for oneway shear strength
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Critical Section at %+d

—+d—E+0555 0.805m
2 2
2.65
Vu —4714*(——0805)*265 650KN

f.\/c:f.(g* fc *b,, *d)

f Vc= o.75*%*@*2650*0.555 — 900KN

f Vc =900KN > Vu = 650KN
. Safe

=>» Check for two way shear action (punching)

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

fV, =f %(Mb%}/ftlbod
fv f—( jrbd
fV, =f —\/7bd

Where:

_ Column Length (a) 50
€ Column Width (b) 50

=1.0

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

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

as =40 for interior column

fV, =f %(u bi}/ £, b,d = %*(u%}* 24 * 4220*0.555 = 4303KN

*
fV.=f. (b 4 J\l bd—075 [4042'2555+2j* 24 *4220*0.555 = 5207KN
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fV, =f .%\l fC’ b,d = %* 24 *4220*0.555 = 2868.5KN

f V. =2868.5KN ..... Control
Vu, = Pu-FR,

FR, =s,, *area of critical section
VU, =3300-[471.4*(0.5+0.0.555) * (0.5 +0.0.555)] = 2775.3KN

f Vc=2868.5KN >Vu, =2775.3KN........ satisfied

4.10.4 Design for Bending M oment:

17

[--
)

k.
]
" .

1072

1972 . oo 2

|
n

Figure (4-21): Isolated Footing

1.075%

Mu =471.4*2.65* =721.8KN.m

Mu =721.8 KN.m for both side

Using Reinforced Concrete.
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7218

Mn=——=802KN.m
0.9
-3
Mr; _ 802x10 - 0.983Mpa
Rn = bd 2.65x0.555
fy 420 20.588

m= - = =
0.85*fc 0.85*24

. :l 1- 1_2xmen
m fy

1 [1_\/1_ 2x20.588x0.983]_2.34*103

r =

20.588 420
AS., =T *b*d = 2.34*107 *265%555 = 35.28 cm?
ASqrinee = 0.0018*b* h = 0.0018 * 265 * 65 = 31cm’

ASq.q = 35.28 > ASqyiage = 31CM?
Select 14f 18....AS,, iqq = 35.56cm* > 35.28cm’.....0k

Select 14f 18....As,, ;0 = 35.56CmM* > 35.28cm’.....0K

Check of strain:

As*fy=085* lexph*a

3556 *420 = 0.85*24 *2650 *a

a=27.63mm
x=i=@=32.5mm
b, 0.85
e, = Mxo_oog
32.5

e, = 0.0482 > 0.005

= OK
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4.10.5 Development Length of main Reinforcement for Mul:

g E,
2B e
10 3 ..'}:_ ktr + ch
b ab

Kir =0 (Nostripes) ch=75+18 =93cm
kKir+cb O+93

T = 16 =517 =25
IL'[T_-F £h _ 95

g

49 41 1=1=0.4d

id =—m — %
110 1424 25

* 180 = 4244 mmn

Ld available = 1075'75: 1000mm
Ld available— 1000 mm > Elir-‘q = 44 4mm

=>» not required hook

4.10.6 Design of dowels:
P,=3300 KN

f.Pn=f.(0.85fc'Ag)
f.Pn=0.65*[0.85*24*(500*500)]/1000 = 3315KN
But Pu=3300<f.Pn=23315KN

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

ASy, iges = 32.2cm” > As,,, =12.5cm?

0.24fy o 0.24*420
Tt db ~r L8
Ld(]_)req: = 24 = 37cm .

Ldyeq = 0.043 xfy xdb = 0.043 x420 x1.8 = 32.5¢cm
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Ld@yreq = 32.5cm < Ld(1yreq=37Cm => control

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

Available Ld =65-7.5-2*1.8=539 cm.

Available Ld =53.9 cm > Ls = 47.7cm
Using hook >16+f

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

Use Hooks= 30cm > 25.6cm

el e
&
! 4
A | o
— &
] » [ - - ] » " v " - " -
B I 1
1 1
| |
1 1
o] | |
0 | |
I I
| |
P i L .
| |
1 1
| | ; s o
! L epld L300
1 1
LI | |~
I A _
! ] R e o
: L] L] L] L] L] * " L] + L] - L] + L] 'r_
1 1
27 |-_ AT R e SR Sl bl PSR S e e s Far i R e R B R R R R
— A R T .__;,_-;:. T e I e e e T e e e B T
. R - R
R B P o] - AN AL
12 oalh L
3 - B z

Figure (4-22): Isolated Footing Detail
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4.11 Design of Stair :

4.11.1 Deter mination of Thickness:
=> For flight:

L=(1.7+3+1.3)=6 m.

hreq = L/ 20.

Nreq =6/20=0.3 m =30 cm.

In the case presented here, where the slab end is cast with the supporting beams and
additional negative reinforcement is provided, minimum thickness can be assumed to
be:

heq= L/28 = (6/28) =0.214 m. = 21.4cm
hreg Takeh =25 cm.
=>» For Landing:
L=3.6m.
hreq=1L/20 =3.05/20=15.2 cm.
Use h=25cm.
6 = tan™(0.16/ 0.3) = 28.1°

Cos 6=0.88

e L e i A S e T

oA VIR R il R T B T Rl E - et i )

B2
2

G T 4D

drm

STATR (1—4)
Figure (4-23): Stair plan
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4.11.2 L oad Calculations at section (c-c):

4.11.2.1 Load on Stringer:

Dead L oad:

Tiles = 0.03*22*((0.33+0.16)/0.30)
Mortar = 0.02*23 *((0.16+0.33)/0.3)
Plaster ~ =(0.02*23)/ (Cos 28.1)

Steps =((0.16*0.3)/2) * 25/0.3

Slab =0.25 *25/ Cos 28.1

Total dead load = 11.7 KN/ m.
Liveload:

Live load for stairs =5 KN/ m?,
Factored load

QU=1.2%11.7 + 1.6%5 = 22 KN/ m”.
For one meter Strip, 9 =22 KN/ m'

4.11.2.2 L oad on landing:

Dead L oad:

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 =0.02*23 =0.66 KN/m2,

Total dead load = 8.03 KN/m?2.
Liveload:

Live load for stairs = 5 KN/ m?.
Factored load

QU =1.2*8.03+ 1.6 *5 = 17.64KN/ m?.

For one meter Strip, 9 =17.64 KN/ m

84

=1.078 KN/m.
=0.751 KN/ m.
=0.782 KN/ m,
=2KN/m.

=7.085 KN/ m.
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By using ATIR program use b = 100 cm

Dead load Units:kH,meter

.r
B.A3 B.03

1.7 i 1.3 i

Live load

Figure (4-24): Loads on stair

4.11.3 Design of Shear:
= Assume @ 14for main reinforcement:-

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

Shear

-60.

4.3
591

Figure (4-25): Shear Envelope
Vu =60 KN.

dJVC:%*CD*q/ fc' *bw*d = %*0.75\/ﬂ*1000*223/1000 =136.55KN

Vu=60KN < fVC=13655KN.

>>No shear Reinforcement isrequired. Therefore, 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

74

Figure (4-26): Moment Envelope

Mu = 94.1 KN.m

MN = Mu/09=94.1/0.9=104.5 KN.m.
Assume bar diameter 14 for main reinforcement.

d = 250 — 20 — (14/2) = 223 mm,

R - Mn
b-d?
* 6
Rn :Lloz :1.9Mpa .
1000*(223)
m=__
0.85x fc
m =20 _ 559
0.85x 24

r _l{l /12m—R‘j
m f,

* *
_ 1 1_\/1_2 20.59*1.9 | _ 0 hoss
20.59 420

As req = 0.0046*1000*223= 1025.8 mm?...control
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Agmin = 0.0018*1000*250= 450 mm?
S$=153.9/1025.8=0.151m.

Use ®14 @ 15cm.

Check for spacing:

3h=3*250=750 mm.

S=450.

250
)—2.5*20=33l}mm

5 = 48l (*-——"
0.667 = 420.

5= 3[}”( :f'g j = 400wt Control.
0. 667« 420

= Ok

Secondary Reinfor cement:
For shrinkage & Temperature As, provide equal:
As min = 0.0018 * B * h = 0.0018*1000*250 = 450 mm?

Use® 10 @ 15 cm.

Check for strain:
Tension = Compression

A *fy=0.8*fc'*b*a
1025 .8* 420 = 0.85* 24 *1000 * a

a=21.12mm
c- & _2l12 o eem
b, 0.85
o, 22832085 0 000
24 .85

e, =0.024 > 0.005 —— ok
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4.11.5 Design of landing:

Dead load Units:kN. meter

" 305

Live load

500
E 1 i

305

Figure (4-27) Loads on Landing.

Moments:
L 4 ]
gy T
1.2 12
1.52 5 1.52
) I 1
Shear
-26.9
-Zf- _.____...-'"..'.1
I I
21!
59

Figure (4-28) Moment and Shear Diagram.
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4.11.5.1 Design of Shear for Landing:

= Vu=26.9KN.

f [ *h, *d
fve=—Y° " —

_ 0.75*4/24*1000%223*10°°
- 6

= fVeC =136.55 KN

= Vu=26.9KN< @.Vc=136.55KN.

Depth of flight is ok. Since, there is no shear Reinforcement

4.11.5.2 Design of bending moment for landing:
Mu = 20.5 KN.m.
Mnreq =20.5/0.9 =22.78 KN.m.

Assume diameter bar 14 for main reinforcement. Because the bar in the landing will
be placed on the top of the main reinforcement.

d= 250 — 20 — 14 — (12/2) = 210 mm.

R - Mn

b-d?

* 6

anw =0.52MPa .

1000* (210)
m=__

0.85x fc
m =—220 __ 559

0.85x 24

r _l{l ,12”‘_ij
m f,

* *
_ 1 1_\/1_2 20.59*0.52 | _ o 10105
20.59 420

As req = 0.00125*1000*210= 262.5 mm?*

As min = 0.0018*1000*250 =450 mm?... control
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Use® 10 @ 15 cm.

= Check for spacing:

3h=3*250=750mm S=450
280
x = 380 (————-) — 24.5% 20 = 330mm
0.667 + 420
. 280 .
5= jﬂ{}( - ]: 400mm --- Control.
0667 +420

=» Check for strain:

A *fy=085*%fc' *b*a
450 * 420 = 0.85 * 24 *1000 * a

a=9.26mm
c=i=ﬁ:10.9mm
b, 0.85
e, = 210 —10.9)*0.003
10.9

e, =0.055 > 0.005 —— ok

S

T

Soom L A0#S5) e

e
H“x. {H"' fc L=180 T
"“‘-u.‘“_ | +&
Uy . T . AidBig F—T0Fown
“'“':.._\1 K{h{,{b
T, 2 50
‘\_ﬁ&‘p S AT 270
HETE z-:vm.—-;?“'xq__\
TR
T
T H =180 115

SECTION {¢—C)

Figure (4-29): Stair Section
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4.12 Design of Basement Wall :

IR R
= & |
—t - {
!
a5 ' soll |
.am e I '
. - PO
e ) = i
- - |
rrh= K, PxK,

Figure (4-30): Load on Basement Wall

4.12.1 Deter mination of load
=> Self-weight of earth :

g, =gxhxK,

Assume that :

Jen =18 Kn/m?

q =30°

K=05

0, =18x3.5x0.5=31.5 KN/m’

=>» Load from live load:

g, =PxK,
0, =5x0.5=2.5 KN/m?

Whin= 2.5*1= 2.5 KN/m
Wiax= 2.5*1 + 31.5*%1= 34 KN/m
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Wmin(factored) :1.6*2.5: 4 KN/m

Wmax(factored) = 1.6*34= 54.4 kN/m

5.4

15

PAGITE TS

Figure (4-31): Loads & Shear/Moment envelope for basement wall

4.12.2 Deter mination of wall Thickness;

Assume p =0.01

Mn =45.5 /0.9 =50.55 KN.m

M= Fy 420
0.85fc’ 0.85x24
R,=r x fyx(1-0.5mr ) =0.01x420 x (1-0.5x 20.588 x 0.01) = 3.77 Mpa
6
R - Mr: de /50.55><10 _116.9 mm
bd 1000 x 3.77

h=116.9+75+14/2=198.9 mm

=20.588

_ select h =250 mm
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4.12.2 Design of flexure:
=>» Design of the Vertical reinforcement:

d=250-75-14/2 =168 mm

~ Mn _ 5055x10°
b*d® 1000x 223’

=—(1— /1_2mT)

(_\/ 2x20.588x1.79
420

=1.79Mpa

) =4.47x10°
~20. 588

AS,, = 4.47 107 x1000 x 168 = 751mm?*/m

As,. =0.0012*1000% 250=300mn? /m

As,;, =300mm’ /m< As,, =751Imnt /m

(flexure) = Z/f_cl (bw)d) > L4 (bw)(d).

m|n

Nen:

= 4(420)(1000)(223) 420(1000)(223)

ASy, =650.3<743 the larger is control

As,;, = 743mm’ /m< As,, = 751mn¥ /m

#of bar in on meter =£=6.6
113 .1

Use®12 @ 15cmclc

=>» Design of the Horizontal reinforcement:

AS, ooy = 0.002*1000* 250 = 500mm? /m

#of bar in on meter = @ =90.94
50.3

Use @8 @ 20 cm c/c, in two layer
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=>» Check for Shear :

Vud =557 KN
f xVec>Vu
f ><VC:E fc'xbxd :O%S\/ﬂxlOOOxlfﬁ

f Vc=102.9 >>Vu =55.7KN

. No Shear Reiforcement Re quired

4. 13 Design of strip Footing (for Basement Wall):

4.13.1 Deter mination of load:
= From slab and Wight wall

Total factored load = 130 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30 cm) thick.

Live load =5 kN/m’

Qaitow = 400 - 5- 3.5%18 — 0.3*25 = 324.5 kN/m?
=>» For one meter strip
_ 180

2
A—324.5—U.4‘m

B=0.8m,h=30cm
d=300 - 75 -20 =205 mm

Quir = 130/ 0.8 *1 = 162.5 kN/m>.
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4.13.2 Check of One-Way Shear:

Vu = 162.5(0.4-0.125-0.205) = 11.375 KN
Ve = g.\,"ﬂxd * b

0795 — )
OVe = TV 24=0205>1 =125.5 &N

BVe = Vu

4.13.3 Design of Bending M oment:
In longitudinal direction

Mu = 162.5%0.275%/2 = 6.14 kN.m

Mn= 6—194 =6.83KN.m
*1N-3
Mr21 _ 6.83 102 _0.162Mpa
Rn= bd 1*0.205
fy 420 =20.588

m= - =
0.85*fc  0.85*24

, :i 1- 1_2xmen
m fy

1 [1_\/1_2><20.588><0.162

r

~ 20588 420
AS., =T *b*d =0.000387*205*1000 = 79.330 mm’
ASqrimege = 0-0018 b * h = 0.0018* 3001000 = 540mm’
ASpeq = T79.33 < ASqyiese =540mm’

] =0.387*10°°

Req.

Use @14 @ 25cm c/c
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Check of strain:

As*fy:0.85*f°*b*a

540*420=0.85*24*1000* a

a=11.11mm
x=2 1L _1508mm
b, 085
o, - 205-1308 0 0o
1308
e. =0.044> 0,005 ok

In transversedirection:
Asmin = 00018 * B * h
Asmin = 0.0018 * 800* 300 = 432 mm?

Used d12

4.13.4 Development Length of main Reinfor cement

= E.
Idrﬂq =__— R = * ’Pﬁ‘i"fi"}: * db
1u ﬁ\ f'_d ﬂﬂ

49 420 1=1=04

id =—= — =
10 1x424 2.5

* 14 = 346 rron

Ld avaitable = 400 - (250/2) - 75=200mm
Ld available= 200 mm < Equ = J4bmm

Use Using hook > 16+ f

Required length of hook = 16*T >16%1.4=22.4cm

Use HooK sei = 25 cm > HoOK ¢q= 22.4cm
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Figure (4-32) Basement Wall with Strip Footing Detail
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4.14 Shear wall (No 9) design:

] AL "™
IJ'.'J
I:-
L£.5KN .}
IJ'.'J
I+
A5EN i |
|r_.‘
f_':
Ad ki :‘_
F._;l
16HE Y, £ |
147Ky 3
104 Itf,
A0S | o 1
Moraent digram Shrar digram |__ /-%...Eﬂmpx. ) -
(kX (KM
Figure (4-33): shear and moment for the shear wall.
Shear wall thickness, h = 25cm.
Building height, h,, =19.5m
4.14.1 Check max shear strength permitted:
@V, max =0.75 x0.83x,/f xhxd
Let that d= 0.8 L, =0.8 x3.2 = 2.56m
@VN, max =0.75 x0.83x+/24 x250x2.56 = 1951.75 KN > V, =404 KN ....OK.

4.14.2 Calculate shear strength provided by concrete:
Critical section for concrete is the smallest of:

! 3.4
- i =—=16m cont.
2 2
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o The 195 975m
2 2

V¢ is the smallest of:

- vczg.jE hd =§~,£24 X 250 % 2.56 = 52256 KN

F —(]2'?1.;’24 X 250X 256+ 0.0=8465KN

.-'{1. ¢+ :'_'H'I
= [0.054/f + ﬂ? D }hd

Vu_ 'E

M, at critical section = 2060.7 KN.m

2t _22_-35>0.0 ok
S1% 2

3. z{u 1W23+0.u)

Vc= I[}.I}Sxfﬁ+ J 250 % 256 =443 43KN ,CONt.

4.14.3 Deter minerequired horizontal reinfor cement:

V. =404 KN.
0.5V, = 0.5%0.75%x443.43 = 166.3 KN.

V, > 0.59V,. need reinforcement.

Ve = Vi Vo= & _ve = 22 443.43 = 95.24 KN.
2 U745

0 _As ,ﬁ= Vi _ gn. 2ax10d — 0.09 mm
s.h B fyd  82uxiaeu T

0= ‘:”““ — 0.00036 < 0.0025

By using ¢ 10

_ EMPE.E _ —_

P 00025 ____  s=251.2mm.

Max. Spacing is the smallest of:

> 2 I 640Mm

= 3h=750m

= 450mm cont.

For horizontal reinforcement use ¢ 10@250mm.
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4.14.4 Determinerequired vertical reinforcement:

o 15%.5
Lhy =— =b.1m.
Lo 32

v, min > 0.0025 + 0.5( 2.5 — 5;*-—] (pt— 0.0025)= 0.0025
Take p,= 0.0025.

Max spacing is the least of

e — 3% jpe6.67/mm
. | |

3h = 750mm.
450mm cont.
Use ¢ 10@250mm.

4.14.5 Design for flexure (uniformly distributed flexure reinforcement):

Check moment strength based on required vertical reinforcement for shear,
The uniformly distributed vertical reinforcement ¢ 10@250mm.

200

A=+ X 2% 78.5= 2009.6mm?*
b |
0=()2 = (22 )2 — 0,044

wh/ i \3z00x250) 22
P
a =—-=0.0
I‘“'fﬂﬁ
L Lo iLL U EE+0.U

== = =0.054

Loy Lw+U.Haby XU US4 HO XU HD

- F &
oM, = QJ[&SA,‘ L. (1 + ﬁ) 1 L“_)J

=0.9 [0.5 X 2009.6 X 420 X 3200(1 —0.054)] X 10~ =1150 KN.m

M, < M,

The uniformly distributed vertical reinforcement ¢ 10@250 is not adequate for flexure
therefore the amount of vertical reinforcement must be increased.

Try ¢ 16@200,

Ag=2 > X2 X 201.1 = 6435.2 mm’
6435.2 420
= (o) —0am

3200x250/ 24
E U.141

= — 0.141
L,  2xU0.141+0.85x0.85
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@M, =0.9 [0.5 x 6435.2 X 420 X 3200(1 — 0.141)] % 10™% =3343.2 KN.m >M,

Use ¢ 16@200 for vertical reinforcement.

=L =
L
B
= 3 gigadd
gl o — e m
55 3 LS .
\- _;_,_I_j,_l___._i ] u - d ] A
LEL] dipaiz L
La
G
* E“ o
0T 40 az0 s 8 1

o afif il

i

Figure (4-34): Detailing of shear wall
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2. Building code requirements for structural concrete (ACI-318-08), USA, 2008.

3. Uniform Building Code (UBC)

¢ Ak gl mlaill daals dlag )l Ayt 8 (ol YT Vsl wii g ot cda oo Jesa
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APPENDIX (A)

Architectural drawing

(This appendix is an attachment with this project).
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APPENDIX (S)

Structural drawing

(This appendix is an attachment with this project).
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APPENDIX (B)
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(A)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, A

Simply
supported

One end
continuous

Both ends
continuous

Canlilever

Member

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

deflections.

Solid one-
way slabs

£/20

€124

£/28

£M10

Beams or
ribbed one-
way slabs

£EN6

£/18.5

e

£/

Noles:

Values given shall be used directly for membars with normalwsight concreta
W, = 2320 kg/m~) and Grade 420 reinforcement. For other condi-

[;:tensﬂr
tions, the values shall

modified as follows:

a) For structural Iiﬁhhvaighl concrete having unit density, w_, in the range
|144-::-h1929 K the values shall be multiplied by (1.65 - G.ﬁtﬂw,‘.' but not
@ss than 1.09.

b) For £, other than 420 MPa, the values shall ba muftiplied by (0.4 + £, /700)
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