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Abstract

The Structural Design of “AL-Ansar Hotel” in Hebron Governorate

Team Work:

Bashar Ali Issa Ahmad Mahmoud Thweib

Supervisor:
DR. Maher Amro

The aim of this project is to design the structural elements of all buildings. These
buildings consist of concrete that contains slabs, beams, columns, foundations and
walls.

Initially, the project consists of seven floors and a one basement floor, where each
building contains facilities that suit the needs of the hotel according to the
appropriate modern requirements.

Moreover, the designing of the project consists of many stages, which is represented
by examining the architectural sketches, choosing different kinds of structural
elements such as columns, beams and slabs that is not in contraction with the
architectural design. After that comes the stage of designing the structural elements
by using computer programs and then displaying the results as executive sketches.

There are many codes used in this project. Jordanian Building Code is used to
determine live loads. Uniform Building Code (UBC-97) is used to determine seismic
loads. In Addition, the American Concrete Institute’s code (ACI 318-14) is used for
structural analysis and designing sections.

The computer programs that has been used in designing the project are AutoCAD
2019, Atir 18, ETABS 18, office 2010 and others.
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DETALLES CONSTRUCTIVOS.
Composicidn el oo

Mortero de agame
PUENTE TERMICO
Aislante para
en frentes de pitares y fojados
front Pavimonto

>5cm,
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Concrete Shear Wall

/_ wi Seismic Detailing

Beam
Loading
Direction

Composite
Steel
Coupling
Beam

Base Block for
Attachment to
Lab Floor

oalll Ol paa s (F-9) Jedd)
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top of wall sealed

footpath or ground to fall
away from building

surface water
channel

continuous waterproof

structural concrete or j membrane

concrete masonry wall .

(insulated to H1 in Pr ‘membrane protection
habitable spaces)

age metal backfill

25 mm rebate .
(recommended)
'

oy’
.

slotted drain between
floor and footing level
surrounded in drainage
metal to fall to two
separate drainage

points

concrete floor slab tidy slab

Asadl) () pan 1 (P2 4) JSA
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.Microsoft Office (2010) For Text Edition .Y

Excel .Y

Atir 12 .¢

Etabs,Safe .°

Google SketchUP 2015 .1

Chapter 4

Structural Analysis And Design

1. Introduction.

2. Design method and requirements.
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3. Check of Minimum Thickness of Structural Member.
4. Design of One Way-ribbed Slab (Rib2).

5. Design of Beam (B31).

6. Design of Column(C3)

7. Design of Shear Wall

8. Design of Isolated Footing

9. Design of Basement Wall

10. Design of Basement Footing

11. Design of Stairs

4-1. Introduction:

After finishing the structural planning of the building, in which the location of columns and
beams was determined. A complete design for all elements was done for flexure, shear, and
deflection.

In this chapter, the analysis and design procedure for a sample of each structural element in the
building are explained in detail.

The following General considerations are taken throughout the analysis and design processes of
this project:

All members were designed according to ACI 318-14 Building code.

Gravity loads were estimated using the Jordanian code.

(ASCET7-16) is used for the definition of lateral seismic loads.

The ultimate strength design method is used during the analysis and design of this project.
Working Stress Method is used for soil design.

The compressive strength of concrete for all elements is B300 which equals to Fc' = 24
MPa.

Yield strength of reinforcing rebars Fy = 420 MPa

oakrwdE
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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).

v' 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.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Code: ACI 2008

UBC

Material:
B300.. . Fcu =30N/mm? (MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa).

Concrete:

Reinforcement steel: The specified yield strength of the reinforcement {fy = 420 N/mm2 (MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
W,=12D_+16L, ACI-code-318-08(9.2.1).

4-3. Check of Minimum Thickness of Structural Member:
TABLE (4.1) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness (h)
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Simply One end Both end .
member . . Cantilever
supporte continuous continuous
d
solid one way
slabs L/20 L/24 L/28 L/10

Beams or ribbed

one-way slabs L/16 L/18.5 L/21 L/8
FOR RIB:
Hminfor (one end) =L/18.5=7450/18.5=40.2cm
Hminfor (both end continuous) =L/21=6960/21=33.14cm
use h=35 cm
FOR BEAM:
Hmin for (both end continuous) =L/21=5.75/21= 27.3cm
Hmin for (one end) =L/18.5=39.25/18.5=29.18cm
take h=35cm

-~ Select slab thickness = 35cm with 27cm block & 8cm topping.
4-3 Design of one-way ribbed slab:
One way ribbed slab Design procedure is explained

‘ Loads on Topping
in the following steps : | |
Fixed?y/ Fixed

4.4.1 Design of topping

\
N

Topping in One-way ribbed slab can be considered

as a strip of 1-meter width and span of hollow - e bt
block length with both ends fixed in the ribs.
Figure (4- 1) : System of topping
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4.4.1.1 Calculation of Loads on Topping

Dead loads that act on Topping can be calculated as shown in the following table:

— Dead Load For 1m strip:

Table (4- 7): Dead Load Calculation for topping

Quality Density

Material (kN/m®) Calculation Dead Load (kN/m)
Tiles 23 = 0.03x23x1 0.69
Mortar 22 =0.02x22x1 0.44
Sand 16 =0.07x17x1 1.19
Topping 25 =0.08x25x1 2
Partitions =2x1 2

-~ Dead Load for 1m strip of topping = 1.32 KN/m

- Live Load For 1m strip =5.0 x 1 = 5.0 KN/m

— Factored load (W,) =1.2 xD.L+1.6 xL.L =1.2*6.32+ 1.6 *5.0 = 15.58 KN/m

4.4.1.2 Analysis of topping

W, = 15.58kN
- Vu= WyxL _ 15.58x0.4 _ 3116 kN 5.58kN/m
W2><L2 15258><0 47 j l l ‘ l J j
- Mu=-—% =— — =0.207 KN.m
12 12 VuT 04m T\Iu

Mu R /@u

Figure (4-2): System and analysis pf
topping

4.4.1.3 Design Strength of topping

— Shear Design Strength:

For Plain concrete section one way shear is calculated using the following equation:
®.Vec= ®x0.11 x A xVFc' x bw x ht
®.Vc=0.55x0.11 x1x+v24" x 1000 x 80 = 25.87 KN > Vu — SAFE

— Moment Design Strength:
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For Plain concrete section with“b=1m & h=8cm”

® . Mn =055 x 0.42 x VFc x %
® . Mn = 0.55 x 0.42 x \24" x —1°°°6X8°2 ~132kN.m>Mu — SAFE

-~ Plain Concrete Section is SAFE .

But According to ACI , Asmin shall be provided for slabs as shrinkage and
temperature reinforcement.

P shrinkage = 0.0018 According to ACI

Minimum (AS) = p shrinkage X AQ

=0.0018 xb x h
=0.0018 x 100 * 8
=1.44 cm2/m

Step (s) is the smallest of :
1. 3h =3%80 =240 mm « controlled

2. 450 mm.
3.8 =380(%2) — 2.5Cc = 380 (zszo) —2.5%20 = 330mm
3
280 _ 280 | _
But S <300(>) =300 (2*420) = 300mm

Take S=200mm < Smax=240mm
~ Select Mesh #8/20cm in both directions.

Provided As = (mx8%/4)*(100/20) = 2.5 cm?*/m > min As = 1.44 cm*/m

4.4.2 Design of One-Way Ribbed Slab(Y) :

Rib (2) is selected to be designed , the following figure shows its location in basement floor
slab:
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|

Il

—

Figure (4-3): Rib (2) Location in Basement Slab

4.4.2.1 Rib geometry

Requirements for Ribbed Slab (T-Beam Consideration According to (ACI) are as follows :
- bw> 10cm — select bw=12 cm
-h <3.5bw=35%12=42cm — select h=35cm

- tf 21;—1212 50 mm — select tf=8cm

v' Statically system and Dimensions

4.4.2.2 Loads Calculation for Rib (2)

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

Load calculations:
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— Dead loads :

Table(4- ¥):3 Dead Load Calculation for rib (2)

Material Qua(IL% /Ian%?sny Calculation (IlD(eNa/?nI/_lg?S)
Tiles 23 = 0.03x22x0.54 0.35
Mortar 22 =0.02x22x0.54 0.23
Sand 16 =0.07%x17x0.54 0.62
Topping 25 = 0.08x25x0.54 1.040
Block VY =0.27x)0x0.44 1.08
Rib 25 =0.27 x25%0.14 0.81
Plaster 22 = 0.02x22x0.54 0.23
Partitions =2x0.54 1.04

~ Dead Load =5.6 kN/m/Rib

— load /rib = 5.4KN/m
— Live loads/rib =5.0 x 0.54 = 2.6 kN/m/rib
— Factored Load (W,) = 1.2xD.L + 1.6xL.L

WuD = 1.2x 5.4 =6.4 kKN/m/rib
WuL =1.6xY.1 =4.16 kN/m/rib

*The effective flange (be):

1) be sﬁ = @: 1200 mm

2) be< bw +16hf=120+16*80=1400mm
400 | 400

3) be< center to center spacing between adjacent beam = -t 120 = 540mm

Take be=520 mm

Geometry Units:meter,cm
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1 2
— A T A T
4 I 1 el L J_q__
A A
o1 5.83 L1 4.75 1.
] T T T
. 6.83 , 5.75 ,
] T 1
52.
35.
12
AA
L rm‘:l.l. 1
5.40 540
8.83 576
Live load - Sefvice Load factors: 1.20,1.2041.60,0.00
zéu 260
8.83 .76
Loads (kN,meter)
1 2
UniD 540 L 260 UniD 540 L 260
Moment/Shear Envelope (Factored) Units:kN,meter
—Moments: spans 1fo 2
-53.8
23 <35.1
f 134|:2.47 y
T ltﬂ[ T T
1 104
28.
12
! 273 ,I 41 | 345 , 23 !

41




Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-44.2
-35.8
-235
=14.8
t t t
2.
286 .3
309
_Reactions
Faclored
— t —

DeadR  17.33 5125 1293
LivaRt 1228 29 10.58
MaxR 2061 B84.15 23.53
MinR 16.18 65.73 10.64
Service

DeadR  14.44 4271 10.78
LivaR 787 20,56 662
MR 2212 8327 174
MinR 13.73 51.76 935

Fig 4.4: Shear & Moment Envelope Diagram (Rib 2)

*Design of positive moment:

My =41.2 KN.m

Assume bar diameter g 16 for main positive reinforcement.

d =h- cover — d gimps — 2 = 350 — 20 — 8 — * = 314 mm.

Check if a > h; to determine whether the section will act as rectangular or T- section,
— ’ hf

Mns =0.85. fc. be. hy. (d — =)

80

:0.85x24x540><80><(314 -2

) x 1076 = 232.5KN.m

M 41.2
Mt >>7u = oo = 45.7 KN.m , the section will be designed as rectangular section with b,
=520 mm.
M, _  412x10°
Rn= @bdZ ~ 0.9x540x3142 0.99 Mpa.
=L - 20 _ 306

T 085f.  085x24
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1 , 2mRy\ _ 1 ([ 2x206x099) _
p—;(l— 1- 420>_20.6<1 \/1 420 >_0'0024

Asreq = p.b.d = 0.0024x540x314= ¥'4) AYmm?

As min IS the maximum of :-

1.4
T by.d

Aslmin :0. 25 \/;chW' d 2
y

1. Agmin :o.zsg 140 x 314 = 109.87mm?

2. Asmin =—2140 x 314 = 125.6mm? Control
! 420

A =391.87mm?2> A pin= " Y°.\mm?

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

Check for strain:

Asf 402.12x420
— Yy .
a= = =15.92mm
0.85b fi.  0.85x540x24
a 15.92
c=—=——-=18.73mm
By 0.85

—0003<d_c)—0003(314_18'73)—00473>0005
& =0 c )] 18.73 - '

*Design of negative moment:

My =-35.1 KN.m.

Assume bar diameter g 16 for main positive reinforcement.

d =h- cover - dyimps — 22 = 350 — 20 — 10 — 2 = 314mm.

_ M, __ 351x10°
Rn= @bd2 ~ 0.9x140x3122 3.3Mpa.
420
m=—Jr_ — —20.6

T 085f. 0.85x24

1 2mR,\ _ 1 (. _ 2x20.6x3.3)\ _
P—;<1 —J! _W> = zo.6<1 1= > = 0.0086

Asreq= p.b.d=0.01¢ x140x314 = 324.05 mm?
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*Check for A min -

A min IS the maximum of :-

Acmin=0.25Lp d>1%p d
7 7

1. Agmin :0.25% 140 X 314 = 109.8 mm?

2. Asmin =2c 120 X 314 = 125.6 mm? Control
As required = 3V €.+ © mm?>.

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

Check for strain:

Asf 402.12x420
=—2_ = = 68.99mm
0.85b f. ~ 0.85x140x24
a 6899
c=—=——=81.16 mm
B, 085

d—c 314 - 81.16
£,=0.003 (T) =0.003 (—) =0.0086 > 0.005

81.16

v" Shear Design for (Rib2):
V, at distance d from support= 35.6 KN

0k

Shear strength V., provided by concrete for the joists may be taken 10% greater that for beams.
This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).

Vo= A\[fibyd = V24 x 120 x 314 X 107% = 33.84KN

2 V. =0.75x33.84 =25.38 KN.
0.5 9 V. =0.5%x25.38 =12.69KN
050V<Vi <oV,

44




vu __ 351

Vs = ——vc=——33.84 =12.61 KN
4] 0.75

Vsmin = o/fC'by d=-=Z4 + 120 + 314 = 11.54
Vsmin = 3bwd = 7 120 ¥ 316 = 12.65 KN ... ...control

Vsmin = 12.65 KN > v, = 12.61 KN

shear reinforcement are required.

Take vs = Vs min=12.65 kN

Use2 8.
A, =100.5 mm?

_Avxdxfy
$= vs

_ 100.5316+420 _ 1 0ep o 0

12.65%103
d 316

Smax < 7= 5 = 158 mm or Smax < 600 mm

Use2leg® 8 @ 150 mm .

- Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code = JLO. The
following Table shows values of Alimit compared with deflection calculated by Atir software .

Table(4- ¢):Deflection Check for rib (R2)

Span | Span Length Alimit ACalculated Check
No. (mm) (mm) (mm)
Span 1 Voo v;é;’?fo Ve [Yae =2 VY
Span 2 SA.. oA .}240 SA«VEYZY AN ACalculated < Alimit (OK)
=Y& N1
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£-3 all araai Design of Beam:

Design of moment for Beam (B31):

Beam: 31 Code: ACI318
Project: Page: 29
Designed by: Date: 22-08-12

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

Moment of Envelope of Beam (1-£) Js&

v’ Design of Positive Moment in span (I) Mu = 78.8 KN.m
Assume bar diameter g Y%for main positive reinforcement

= d=Yo.-40-A-V1/2= mm.

+106
Mu/@ _788:10°/09 _ ;1 o Mpa

Kn = =
bxd? 600%3102

m = Fy / (0.85* fé) = 420 * (0.85*24) = 20.6

Z*Kn*m) __1 (1 - 1= M) =0.00371
fy 20.6 420

(1— 1-

As(req)=p*b*d=+.++¥V)* T..*%7).=690.06 mm?2.
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Check pmax

24 3
Pmax = 0.85 X 220 X 0.85 x o= 0.0177

0 = 0.00371 < Prax= 0.0177

Check As(min):
As (min):% +bxd ==+ 600 * 310 = 620 mm2. « Control

Or
As(min)=0. 25 % xbsxd=0.25=* % * 600 * 310 = 542.4mm?2

So, as = 690.06 mm?2. > As (min) = 620 mmzZ.

As g V1=Y++.Y\mMmM?2

ASreq _ 690.06
AS# BARS ~ 200.1

Select 4 g Y1AS = 800.5 mm?

Nyeq = = 3.4basrs

Check Strain:

T=C

As*Fy=085*Fc’*a*b

A+ 0%420=0.85*24*a*1 « d
a=27.5 mm.

Since f¢ =24 MPa < 28 MPa — 3 =0.85

So,

X=a/B=27.5/0.85=32.31 mm

From Strain Diagram:

0.003 _ 0.003+es
3231 304

€s=+.+12Y>0.005
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So,
2 =0.9 - (OK)

Design of shear for Beam:

864

86.4

Shear Envelope of Beam (V-£) Js&

1. Regionl: -
For shear force V, = 60.8KN.

d= YV mm
@ * Ve =0.75*§ € *b*d
:0.75*§ « 24 *600*310*103=114KN > Vu =60.8 KN

So, we need minimum shear reinforcement.

select U shaped @10 @160 mm
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4-6. Design of Column

Calculation of Loads act on Column (C3)

Loads acting on columns are obtained from support reaction when analyzing
the supported beams.

Loads acting on column (C3) are as follows:

Dead Load =1000

Live Load =850 KN

Factored loads (Pu) = 1.4 DL = 1.4 x 1000 = 1400 kN.
ORPu=12DL+16LL=1.2x1000+ 1.6 x 850 = 2560 kN << Cont.

Calculation of Required Dimension of Column (C3)
We Will use Total load Pu =3600 KN

Pn =2600 / (0.65) = 4000 KN

Assume pg = 2.0 %

Pn = 0.8 « Ag{0.85 = fc' + pg(fy — 0.85fc")}
4000+ 1073 = 0.8 + Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 0.12 m?

~Select ¢ +*25cm with Ag = 1250 cm?.
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Check Slenderness Effect:

For braced system if A < 34 — 12 % < 40, then column is classified as

short column and slenderness effect shall not be considered.
Klu
1=

r
Where:

Lu: Actual unsupported (unbraced) length =3.Y¢ m

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

R: radius of gyration — for rectangular section = \/% 0.3h

System about Y

System about X 1% 3.24
> 1= ————=216
- = = .
0.3+%0.25 A< 34-12(1) =22 <40

A<34-12(1) =22 <40
A=19.63 < 22 . Shortabout X.

A =21.6 <22 - Short about

~ Column is Short, So Slenderness effect will not be considered.

Calculation of Required Reinforcement Ratio

Since Column is short and slenderness effect will not be considered, then Design

Strength of column can be calculated using the following equation:

¢Pn = 0.65 + 0.8 = Ag{0.85 = fc' + pg(fy — 0.85fc")}
Where, Pu =2560 KN

2560 * 103 = 0.65 x 0.8 * 500 * 250{0.85 * 24 + pg(420 — 0.85 * 24)}
= py=0.04 < pn=0.01 &< p,,, = 0.08

As req = 0.01 *500 *250 = 1250mm?
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Use ® 14 >> #of bar = -2 =11.5

" 31415

~Use 12 @ 14 with As = 1836 mm2 >AS req =1250 mm?

Check spacing between the bars:

_ 500-2+40-2+x10—-4x14

S 3

=114.6 mm

S=114.6 mm > glvl.A.s

>40mm

>1.5db =21 mm

Determination of Stirrups Spacing
According to ACI:

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

Spacing < 16 x d,(Longitudinal. bar. diameter) = 16 X 1.4 = 22.4cm.

Spacing < 48 X d,(tie.bar.diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 25 cm

~ Select @ 10/10cm




4-7 Design of Shear wall:

Analysis and design were done using ETABS program in which the seismic
loads were taken into account. The following is a sample calculation for one of
the walls, S.\W2.

The following data that used in design:
- Shear Wall thickness = h = 25 cm
- Shear Wall length Lw = 3.45m
- Building height Hw=22.65 m
- Critical section shear :
Lw/2=3.45/2=1.725 ..... control
hw/2=22.65/2=11.3
story height=3.95
— d =0.8*Lw =0.8%*3.45=2.75 m

4.7.1 Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :

1- Vc:%,/fc’xbxd

= 224 x 250 x 2750 = 561.34 kN < Controlled

Nuxd
4Lw

2- Vc=0.27,/fc xhxd+
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=0.27v24 x 250 x 2750 + 0 = 910 KN

w(0.1/fc’+02- M
3- Ve=0.05*./fc + W Tt )| o o x d

Vu 2

Where:
- Mul=920.5 kN.m

Mul Lw 920.5 3.45 . . . .
Yo "2 sz 2 = 0 5 < 0 — This equation is not applicable.

~Vec= 979.8KkN —» @Vc = 734.85 < Vumax! = 750.3 kN —Horizontal
Reinforcement is Required.

Vu 750.3

— Vs = ?—Vc = m—979.8 = 20.6 kN
Avh Vs 20.6+103
Ts  fysd  420%2750 0.0178

Avh
but (T) min = 0.0025 + h = 0.0025 * 250 = 0.625 « Controlled.

— Avh : For 2 layers of Horizontal Reinforcement

Select 10 :
Avh =2 *79 = 158 mm?
Avh 0.625 - S 158 252.8
—=0. - = —= .
s "€ =9 625 mm

Smax= Lw/3 = 3450/3 = 1150 mm
= 3h = 3*250 =750mm

= 45cm < Controlled.
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~Select @10 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement

— AW = [0.0025 +0.5 (2.5-) (== — 0.0025)] * h  Sver

Iw” “Shor=*

hw 28
— =—=4.667 > 2.50
lw 6

2+79
250%250

— A% _ [0.0025 +0.5 (0)(

Sver

— 0.0025)] * 250

. Avv_ 0.0

Sver

Smax= Lw/3 = 3450/3 = 1150 mm
=3h =3*250 =750mm
= 45cm « Controlled.

Select 912 :
Aw =2 *113 = 226 mm?

Avv 0.5 > S 226 452
_— . b d ==
S req 05 mm

~Select @12 @ 150 mm at each side.

So, Boundary Element is not required. #




4-8 Design of Isolated Footing(F5):

Loads that act on footing F5 are:
- PD=Y'WT1KN,PL=AY1KN — Pu=12% Y1+ 1.6%A¥1 = YV{AKN
We will use Pu=3000 KN

The following parameters are used in design:
- ¥ conorete = 25 KN/m®
- ¥ il = 18 KN/m®
- Gatow = Yo+ KN/m?

clear cover =5cm

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure.
— Assume h =1+ cm
— Op(allowpnet = ¥ ©+ — 25*0.71 = 3V° kN/m?

— O pu @llow. nety = 1.4* YAe = €13 KN/m?

— Opu-— Pu/AT'eq < Omwy (allow. net)

3000/a2 =oYi4 5 a=Y.Y"m — Select a=Y."m

3000

= (4P VARNI/mM? < §T9KN/m2 ...
2.6%2.6 -

— Bearing Pressure cbu = Pu/A:
(SAFE)

Determination of footing depth (h)
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To determine depth of footing both of one and two way
shear must be designed.

Design of one-way shear
— d=h—cover —@="1++-50—-16=°Y¢ mm
— Vu at distance d from the face of column:
Vu=FRB=0cbux0.¢9Yx p
=0.AXx0.£9) x Y A= TEA VKN

— @*Vc:o.75*%*\/Fc’*b*d

:0,75*%*\/ﬁ*vz.. * ov¢ =VA¢ AY KN >VU

~h= 7.cmiscorrect v

— 1.35 —

4 0.566 -T d-0.784 4

| - ssem
I a-3.3m l
SEARRAREARE

Figure (4- 4): Critical Section of Shear
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Design of Punching (two-way shear)

— d=°Y¢{mm
— b, =4 x 1A= YV mm
— Bc=1

— as = 40 (interior column)
VU= €77 (s *1.384%1.384) = ¥A¥ . 41 KN

@x\Vc is the smallest of:

4 el
1. VC_(2+B_C)X? X b, X d

:(2+f)x@ x 4336 X 534
1 12

= 5671.6 kN

*

+2)x% x 4336 X 534

_ (40 X 534
4336

= 6547.1 kN

3. Vc=4xg X by X d

24

=4 x % X 4336 X 534= FVA1,+ VKN . < cont.

—_— -3 M —

392 , 600 _, 392

b-3.3m

77
| | 392
1384 | | r
600
mm | | l.
1 l | 392
il N

~— 1384mm —

Pud5531.2 kN
djz - 392 l dj2 - 392

]

|
1

— 1384mm ——

© bu =508 kN/m?
Figure (4- Y +): Punching Shear Critical Section

— OXNVCc=0.75%x IVA) « V= FAre AN >Vu="1¢A0YKkN

~h="+cmis correct v

T
h - 85cm

l




58

Design of Reinforcement:

Mu =508 *1.+ Yo*Y 1*(1.+Yo/2) = 14V AYKN.m

F 420
- m=—2_= =20.6
0.85*Fc 0.85%24

— Mn =693.83/0.9= YV0. 92kN.m

Mn/@ _ 770.92 10
bx*d? 26005342

— p=2t * (1- ’ Z*RN*m
= —*(L- / 202208 ) = 0.00262
20.6

— Rn= = 1.04 MPa

— 1.35 —

~ 0.566 -T d-0.784

1
h-
l

f—"{:

33m

L1 !HTTTTTTT

A

FRB |

O bu =508 kN/m?

Figure (4- Y Y): Critical Section

— Asreq=p xb*d = 0.00262 * 2600 = 534 = 3636.32 mm?

— As (min) = 0.0018*b*h = 0.0018*2600 * 600 = 2808 mm?

— Asreg > As (min)

- Select for both directions: 24@14 with As = 3694.51 mm? > Asreq ... (0k)

85cm




4-9 Design of Basement Wall:

System and Loads

The wall spans vertically and it is considered to be pinned at both ends as shown in
figure (4-12) which also illustrate loads that act on the wall.

3.69 0.3000 3.69

\

Figure (4- \¥): Basement Wall system and loads

33.21 KN/m2

2.5 KN/m2

The different lateral pressures on a 1m length of the wall are calculated as follows:

ko=1-sin30=0.5
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1.
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Due to soil pressure at rest: qul = k,.y.h = 0.5%18*¥.14=Y¥ .Y\ kN/m?

Due to surcharge: qu2 = 5*0.5 =2.5 kN/m?

The following are shear and moment diagrams that obtained from Atir Software.

Moment/Shear Enwvelope (Factored) Units: KM, Meter

Moments: spans1tod

! ir'...'._,-“l
=2 //,/\ﬂ
_
2.0 5.8 1.56 |
t

Fhear
545
-34.5 i""f

I —

Fizura (4- 13 IMoment and Shear Emvelope of Bazement wall

Design of Shear Force
Max value shear force is obtained from figure (4-13), Vu= 34.5 kN
d=30-Y-2=2%cm

Q*Vc:0.75*%*\/ﬂ*1000*260:159kN>Vu

«~ h=30cm is correct.

Design of Wall Reinforcement

Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure (4-13) , Mu = 39.8 kN.m




S m=—2__206

T 0.85%24

— Mn =39.8 /0.9=44.22 KN.m

Mn _ 44.22%10°
b*d? 10002602

— p=——*(1- /1 — 20857208y = 0,00157
20.6 420

— Asreq = p * b *d = 0.00157* 1000 * 260 = 409 mm?/1m

— kn= = 0.65 MPa

— As (min) = 0.0012*b*h = 0.0012*1000* 300 = 360 mm?>'1m < Asreq

. Select @12/20cm with As = 565.48 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:

— As = As (min) = 360 mm?

- Select @10/Y cm with As = 392.7 mm?/m

3. Design of Horizontal Reinforcement:
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— As = As (min) = 0.001 *1000*300 = 300 mm?m for one layer

. Select @10/20cm




9-10 Design of Basement Footing

Loads that act on Wall footing is obtained from ETABS where:
- D=65.56 kN/m & qL=5.15 kN.m
- Total Service Loads: qtot =65.56+5.15 = 70. 71 kN/m
- Total Factored Loads: qu =1.4 *65.56 = 91.78 KN/m

Check if footing width is correct

tot
op=1 /Areq < O b (allow. net)

. 70. 71/10 «1.0 =70.71<o b (allow. net)=400 KN/m?2

0.30
~ a=1.0m is correct# \J\
0.35
Design of one-way shear Aot T
— Assume h =30cm hf 30cm
— d=300-50-20 = 230 mm b[— a=10m
— VU=91.78*0.12%1m = 11 Kn HEEERERERRN
1 O bu=91.78 kKN/m?
— @*Ve=075*-* V24 * 1000 * 230 =140.8
kN > Vu
FREQ
~ h =30 cm (SAFE) .
Design of Bending Moment
. Fi nnnnn (A_\ é\- Critiral Cantinn nf Chaar fArr
> Main Steel: 0.30
Mu =91.78*0.35*1*(0.35/2) = 5.62 kN.m \l\
0.35 |
— Mn =5.62 /0.9= 6.94 KN.m !
i h = 30cm
_ Mn _ 694x10% _ {
— kn= bxd2  1000%230%2 0.13 MPa —3-10m

- P= ﬁ * (- \/ 1- 2*012220.6 ) =0.000314 T T TA T T TO' lIu jolls lNJInZT
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15,
1

J.O‘v

— Asreq = 0.000314 * 1000 * 230 = 72 mm*/m

— As (min) = 0.0018*1000 * 300 = 540 mm*m

- Select @12/20cm with As = 565 mm? > Asmin

» Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018*1000 * 300 =

Figure (4- Y ®): Critical Section of Bending
Moment

540 mm?

.. Select @12/20cm 5@12/1m with As = 565 mm? > Asmin

The Following figure shows details of a section taken in a basement wall and its

footing.

_/I/ AN

012/20cm || \/2; /\\//_ %

":/ 4q ///.\ \//\/

@8/20 &MO&}/\\/\ .

cm I I
] .4\\@;\\{(\;\ Y iom

AN % s \\ %

//\\%@’7‘%\ N N
ION /\\/\ e=e o0 of 8 @X/\\/ 2.95m
NN N | 05m

120




Figure (4- Y 1): Basement wall Reinforcement Details

4-11 Design of Stairs:

The structural system of the flight is shown in figure (4-22) and the following
steps explain the design procedure of the flight:

1. Determination of flight thickness:
Limitation of deflection: h > minimum h
h (min) = L/20 = 390/20 = Y4.5cm
= Select h =Y+ cm, but shear and deflection must be checked

Angle (a): tan(a) =16/30 — a=28°

2. Loads calculation:

64




65

Figure (4-)V) shows a section in the flight in which the layers carried by the flight

appear.

Table (¢ - £): Calculation of Dead Loads that act on Flight :

fight
kn/m3 w kn/m
tiles 0.03 23 1.265
mortar 0.03 22 1.1
stair steps 0.3 25 2.5
rc soild 0.15 25| 5.662514
plaster 0.03 22| 0.747452
total dead 11.27497|
LL =5 KN/M2
=5 KN/M

DEAD LOAD FROM FLIGHT =11.27 KN/M

LANDING DEAD LOAD:




m kn/m3 w kn/m
tiles 0.03 23 0.69
mortar 0.03 22 0.66
0

rc soild 0.15 25 3.75
plaster 0.03 22 0.66
total dead 5.76

DEAD LOAD FROM LANDING =5.76

TOTAL FACTORED LOAD: W=1.2DL+1.6LL

FOR FIGHT =1.2*%9.5+1.6*5

=21.52kn /M

FOR LANDING =15 KN/M
1. Analysis: The following figures show shear and moment Diagrams resulted

from analysis of the flight
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Fig. (4-17): section in the flight

1. Design:
Assume @12
- Design of Shear Force:

d=200-20-(16/2) = 172 mm
1, =
@x\Ve=0.75*5 VEC xpy*g

=0.75* %*m *1000 * 172
=140.4 kn

Vu max at support = 31.52 kn
=75.9 kn >31.52

No shear reinforcement required




68

- Design of Bending Moment:
- Mu = 48.15 kn.m

Mu
Mn = 7
Mn=53. 5kn.m
_ My _ 535x10° ) _fy _ 420
Rn= bd2 ~ 1000x1722 1.8 MPa m= 0.85f! ~ 0.85x24
1 2.m.R,
p—;(l— 1-=% >
p =0.00449

Asreq = p * b * d = 0.00449 % 1000 172 = 772.9 mm?

— As min = 0.0018 *1000%*200= 360mm?

Asreg>Asmin

= 20.6

- Select @16/25 with As = 804.24 mm?® > As req .... For Main Reinforcement

— Check Spacing:

25¢cm> Smin=25+1.0=35cmor 2*(1.0) =2.0 cm ... ok

25cm< Smax=3*15=45cm... ok




» Check for strain:

_ Asfy _ 804.24x420
0.85b .~ 0.85x1000x24

Note: f.> =24MPa < 28 MPa, then B; = 0.85.

a 2483
C=—=——-=194mm
B, 085

d—c 172 —19.4
e = 0.003 (T) = 0.003 (—

= 16.55mm

19.4

TEMPRETURE AND SHRINKAGE:

Asmin = 360mm2
Select 5 @10/m with AS= 395mm2

Or @10 /%0
S is smallest of:
1. 5*h =750 mm

2. 450 mm
S<450 ...ok

» Design of Landing (S2):

) = 0.0235 > 0.005 = ¢ = 0.9 (0k)

Fig. (4-18): The structural system of the landing

T98cm /T

%Y A

145/B

7
oo%,/
td

3,
e,
2
B ®

The structural system of the landing is shown in figure (4-18) and the following steps

explain the design procedure of it:

. Determination of Landing thickness: Limitation of deflection:

h > minimum h

69

100cm/T

10¢:

100em./B

100cm/B
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h (min) = L/20 = 290/20 = 15.5cm  Figure (4- 20): Structural system of landing

-~ Select h = 16 cm, but shear and deflection must be checked.

. Loads calculation:

Figure (4-)V) shows a section in the landing in which the layers carried by the
landing appear.

D.I=5.6
Factored load = 15kn/m

The landing carries (dead load & live load of landing + support reaction
resulted from the flight)

gu = 10.82 + Support reaction of flight = 15 + 28 = 43 kN/m

Analysis:
— Shear Force Design:

— d=150-20-(12/2) = 124mm
— Vumax= 55.35kN

— Mu max = “3"%’: 45.2kN.m

d=124mm & Vu max=55.35 kN
@xVc = 0.75 * %*\/ﬁ * 1000 * 124=75.9kN > VVu max = 42 kN

~No Shear Reinforcement is Required#

— Bending Moment Design: (Mu max ~ 45.2 kN.m):
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- m =20.6

45.2 %10°/0.9
10001242

_ 1 ’ 2%3.26%20.6 \ _
- p_ﬁ*(l- 1—T)—0008

- Asreq = 0.008 * 1000 * 124 = 992 mm”

- Rn= =3.26 MPa

- As min = 0.0018 *1000*150 = 270 mm?

<142
- Select @14 /15cm with As = =14

Reinforcement

- Check Spacing:

15cm> Smin=25+10=35cmor 2*(1.0) = 2.0 cm ... ok

15cm< Smax=3*15=45cm... ok

- Check Strain:

C=T
0.85%fc’*a*b = As*fy

0.85*24*a*1000 = 1026 *420

* % = 1026 mm? > As req .... For Main
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a=20.11mm — X=a/p=20.11/0.85 = 23.66 mm

123-23.66
23.66

£, =0.003 (=) = 0.003 ( ) =0.0125 > 0.005 * ¢ =0.9 (0k)

~ € =0.012>0.005 .... 0 = 0.9 (OK)

2. Design: <l ¥ z 5l
Assume 014
Design of Landing (S3):

The structural system of the landing is shown in figure (4-)A) and the following steps
explain the design procedure of it:

. Determination of Landing thickness: Limitation of deflection:
h > minimum h
h (min) =L/20=£Y:/20=Y) cm

~ Select h = Y cm, but shear and deflection must be checked.
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. Loads calculation:

Figure (4-)V) shows a section in the landing in which the layers carried by the
landing appear.

D.I=5.6
Factored load = 15kn/m

The landing carries (dead load & live load of landing + support reaction
resulted from the flight)

qu = 10.82 + Support reaction of flight = 15 + 28 = 43 kN/m

Analysis:

— Shear Force Design:

— d=210-20-(14/2) = 183mm
— Vumax= 72.6KN
— Mumax=77.1 kN.m

d=183mm & Vu max=72.6 kN
@xVc=0.75* %*\/ﬂ * 1000 * 183=112kN > Vu max = 72.6 Kn

~No Shear Reinforcement is Required#
— Bending Moment Design: (Mu max ~ 77.1 kN.m)

- m =206

77.1 ¥10%/0.9
1000%1832

- Rn= =2.55 MPa
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-1 %1 ’ _ 2%2.55%20.6 | _
- p—m (1 1 220 )—00065

- Asreq= 0.0065 * 1000 * 183 = 1190.9 mm?
- Asmin = 0.0018 *1000*183 = 329.4 mm*

* 2 b
w167 . 199 = 1340 mm? > As req ... For Main

-~ Select @16 /15cm with As = 15

Reinforcement

- Check Spacing:

15cm> Smin=25+10=35cmor 2*(1.0) = 2.0 cm ... ok

15cm< Smax=3*21=63cm... ok

- Check Strain:

c=T
0.85%fc’*a*b = As*fy

0.85*24*a*1000 = 1340 *420

a=27.58 mm — X=a/f=27.58/0.85=232.45mm

183-32.45
32.45

£, =0.003 (=) = 0.003 ( ) =0.0139 > 0.005 * ¢ =0.9 (0k)

~ & =0.0139 > 0.005 .... @ = 0.9 (OK)




