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Abstract
The project aims to make a design for all the structural elements that the project contains, such as

slabs, beams, columns, foundations, walls, and other various structural elements. Structural design

for a hotel in the city of Hebron, which is a proposed hotel to be built on land in the Hebron region.

The design of this project so that it includes the design of all the details and structural elements,
and then laying the beams, determining the concrete slabs with nerves in one and two directions

and solid slabs, determining the loads on the building, and then using a number of programs

After completing the design and project analysis, the project reaches the largest possible number
of reinforced concrete walls, so that they are distributed regularly or semi-regularly throughout the

building; To be used later in resisting earthquake loads and other horizontal forces.
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List of ABBREVIATIONS:

L = live loads

DL = dead loads

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As' = area of non-prestressed compression reinforcement.

Ag = gross area of the section

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

b = width of compression face of the member.

bw = web width or diameter of circular section.

C. = compression resultant of concrete section.

Cs= compression resultant of compression steel.

At = area of one leg of a closed stirrup resisting tension within an (S).
d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

f¢' = compression strength of concrete.

fy = specifiedyield strength of non-prestressed reinforcement.

h = overall thickness of the member.

Ln = length of clear span in the long direction of two-way construction measured face-
to-face of supports in slabs without beams and face to face of a beam or other supports

in other cases.
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Lw = length of thewall.

M = bending moment.

Mu = factored moment at section.

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.

Vn = nominal shear stress.

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.

g = compression strain of concrete = 0.003.

& = strain of tension steel.

és = strain of compression steel.

p = ratio of steel area.
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Chapter Four

Structural Analysis and Design

4.1 Introduction

4.2 Design method and requirements

4.3 Slab Thickness

4.4 Design of Topping.

4.5 Load calculations for one-way Ribbed slab.

4.6 Sample Design of one-way Ribbed slab (Rib 6).

4.7 Sample Design of Beam (Beam 12).

4.8 Design of Column (C10).

4.9 Design of Shear Wall.
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4.10 Design of Basement Wall.

4.11 Design of Basement Footing.

4.12 Design of Isolated Footing (F4).

4.13 Design of Stairs.
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4.1 Introduction2.5

¢ Reinforced concrete (RC) is a composite material in which concrete's relatively low tensile
strength and ductility are counteracted by the inclusion of reinforcement having higher tensile
strength and/or ductility. There are several examples of RC structures such as bridges,

buildings, retaining walls, tunnels, and many others.

e Concrete is a construction material composed of cement (commonly Portland cement) as well
as other cementations 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.

e Plainconcrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequent

admixtures.

e Structural concrete can be classified into:

o Lightweight concrete with unit weight from about 1350 to 1850 kg/m3
o Normal weight concrete with unit weight from about 1800 to 2400 kg/ma3.
o Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3

In This Project, one type of slabs: ribbed slabs. it would be analyzed and designed using
engineering software such as atire to calculate the internal forces, deflections, and then hand
calculation would be made to find the required steel for some members.

In this chapter, we will show the design procedure for several structural members of our project,
so we will discuss the steps that we followed to design the Ribs, beams, slab.
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This chapter presents a sample calculation related to one of the preceding members contained in
this project. All structural members will be designed according to the design code (ACI- b318-19)
code.

2.64.2 Design method and
requirements:

The design strength provided by a member is calculated by the requirements and assumptions
of ACI_code (318-19).

421 Strength design method:
¢ In the Strength design method which is formally called the ultimate strength design method,

the service loads are increased by factorsto obtain the load at which failure is occurring.
This load is called factored load or factored service load. The structure or structural element
is then proportioned such that the strength is reached when the factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of

concrete.

e The strength design method is expressed by the following ,

The strength provided > strength required to carry factored loads .
e Materials: -
1. Concrete: B300 .... fc' =30 % 0.8 = 24N/mm?(Mpa)
2. Reinforcement steel: The specified yield strength of the reinforcement
fy = 420N /mm?(Mpa)

422 Factored loads:

The factored loads for membersin our project are determined by:

Wu = 1.2DL + 1.6LLACI — code — 318 — 19.
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4.3 Slab Thickness2.7
Table 1-4: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflection
calculated. (ACI 318-19).

Table (4.1): Check of Minimum Thickness of Structural Member

Minimum thickness (h)

Member Simply On? end BOt.h end Cantilever
supported Continuous continuous

solid one-way slabs L/20 L/24 L /28 L /10

Beams or ribbed L/16 L/185 L /21 L/8

one-way slabs

e For Ribs: -

h min for (one end continuous) =L/18.5=6110/18.5=330.272mm --control
h min for (Both end continuous) =L./21=6890//21=328.09mm

e For Beams:
h min for (one end continuous) =L/18.5=5850/18.5=316.2mm----- control

h min for (Both end continuous) =L/21=5950/21=283.3 mm

Take h = 32cm.

24 cm block + 8 cm topping = 32cm
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4.4 Design of Topping:2.8
Statically System for Topping: -

Consider the topping as a strip of (1m) width, and span of mold length with both ends fixed in the
ribs.

. 40 cm -

Fig 4.1: Topping Load.

Load Calculations: -

e Dead Load:
Table (4.2): Dead Load Calculation of Topping.
No. Part of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.03 *22*1 =0.66 KN/m
3 Sand 0.07 *17*1 =1.19 KN/m
4 Topping 0.08*25*1 =2 KN/m
5 Partition 2.30*%1 = 2.30 KN/m
Sum = 6.84 KN/m

46| Page



e Live Load: -
LL =4KN/m2

LL =4 KN/m2x1m=4 KN/m

e Factored Load: -

Wu=1.2x6.84 + 1.6x4=14.608KN/m

Check the strength condition for plain concrete, sMn > Mu, where @ = 0.55-for plain concrete
Mn=04 A ,fc'Sm

5 _ b _1000.80°
m=— """ %

= 1066666.67mm?3

@M, = 0.55*0.42*1*\/2 *1066666.67 * 107°=1.207 KN.

WU.LZ _ 14.608.0.042
12 12

Mu = = 0.194 KN.m

ﬂMn>> Mu OK

No reinforcement is required by analysis. According to ACI (318-19), provide Asmin for slabs as
shrinkage and temperature reinforcement

pshrinkage=0.0018 ACI (318-19)
As = pxbxhiopping =0.0018 x1000x80 = 144 mm>2/m

Try 28 with As =50.27 mm?
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Step (s) is the smallest of:

1. 3h=23%80 =240 mm control ACI (318-19) 10.5.4
2. 450mm.

280
3. s =380 (f—s) —2.5C,

= 380 <zﬂ> —25%20=2330mm  ACI (318-19) 10.6.4

—*420
3

Take g 8 @ 150 mm in both direction, S = 150 mm< Smax = 240 mm
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4.5 Design of One-Way 2.9
Rib Slab

Requirements for Ribbed Slab Floor According to ACI- (318-19):

BW > TOCIIL. ..ol ACI (318-19) (8.13.2)
Select bw=12 cm.

B < B.5DW e ACI (318-19) (8.13.2)
Select h=32cm<3.2 *12=38.4 cm.

2> L/ 12250MmM oo ACI (318-19) (8.13.6.1)

Select tf=8cm.

Material: -

e concrete B300 Fc' =24 N/mm?2
e Reinforcement Steel fy = 420 N/mm?2

Section: -

B =520 mm

Bw= 120 mm

h=320 mm

t=80 mm
d=320-20-10-12/2=284mm
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Statically system and Dimensions:-

——
________ _____________________
(==L
i
QUL T I
\
é-) % ¢ &3 ) ;
OO !

Load Calculation: -

| Jiles 3

\Aortart 3 cin

|\ Coarse Sand 611 7 cri

LR Concrete Topping 8 cm
| Canxrete Block

L& Concrete Kib

4 Plaster 2em

Typical Section In Ribbed Slab
R ——S—SS—m—mSmMMmMmMmme-n—_———ayyse

Fig 4-2: Typical Section in Ribbed slab
Dead Load:
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Table (4.3): Dead Load Calculation of (Rib 1)

No. Part of Rib Calculation
1 Tiles 0.03*23*0.52 = 0.359 KN/m
2 Mortar 0.03*%22%0.52 = 0.343 KN/m
3 Sand 0.07*%17*%0.52 = 0.619 KN/m
4 Topping 0.08%25*%0.52 = 1.04 KN/m
5 RC-Rib 0.24*25%0.12 = 0.72 KN/m
6 Block 0.24*10*%0.4 = 0.96 KN/m
7 Plaster 0.03%22%0.52 = 0.343 KN/m
8 partitons 2.3*%0.52 = 1.196 KN/m
sum 5538 KN/m

Dead Load /rib =5.580KN/m
Live Load: -

Live load = 4 KN/m?2.
Live load /rib = 4 KN/mZ2 x 0.52m = 2.08 KN/m.

Effective Flange Width (be): ACI (318-19) (8.10.2)

be for T- section is the smallest of the following: -
bg =L /4 =2600/4 = 65cm.
bg=12+16t=12 + 16 (8) = 140 cm.
bg = be < center to center spacing between adjacent beams = 52 cm. Control
be For T-section= 52cm.
By using ATIR Program we get the envelope moment and shear force diagram as the follows: -
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1 2 3 4
gL . [
A A
0.8 4.3 0.8 4.1 0.8, 6.09 0.8 4.91 0.5
I I I I I I I I I |
. 5. ) 49 ) 6.89 | 5.56 ,
I 52. I I I 1
12,
AA
load group no. 1
Dead load - Service Units:kN,meter
5.58 5.58 5.58 5.
5. 4.9 6.89 556
Live load - Service Load factors: 1.20,1.20/1.60,0.00
A1 A A Y A R T N A
5. 49 8.89 5.56
Moments: spans 1to 4
-42.9
-28.9 -20.4
1.97 1
) "?Tl I ) 1
T |1_|2 T
'W*—‘\/z/‘
26.9 239
| 226 | 275 | 248 | 3.45 I 345 | 3.33 , 222 |
_Shear
-36.9
-30.2 -27.9 -30.1
-23.4 ‘ | -21.9
-16.6
'I t t t t t t H
15.5 18.8 l
21.3 25.6 275 28.7
343 35.6
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4.5 Design of One-Way 2.10
Rib Slab

Design of Positive Moment for (Rib1): -

(Mu=26.9 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dstirrups- > =320-20-10-12/2= 284 mm.

Check if a>hf to determine whether the section will act as rectangular or T- section.

hf
Mnf = 0.85.fc’.be.hf. (d - ?>

80
= 0.85.24.520.80. (284 —7> *107% = 207.06 KN.m

Mn>> % = % = 29.88KN.m , the section will be designed as rectangular section

with be =520 mm.

o Mu 262100

"= %.b.d?_ 09520.2842 pa.

_ fy _ 420 _
M =085 fo' 08524 20°

_A(_|,_zmBn)_ 1 2206.755 _
P=m 220 |~ 208" 420
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Asyeq =p.b.d=10.00183%x520%284 =254.0096mm?

Check for As min: -

ASyin = %(bw)(d} ACI (318-19) 10.5.1.

V24
"~ 4(420)

(120)(284) = 99.37 mm?

ASpin = ——=(bw)(d)

(Fy)

14 B ,

= (420)'(120) (284) = 113.6mm .... controls
ASyeq =254.0096 mm? > Asp, =113.6mm? ... OK

Use 2 8 14 , ASprovided » = 307.72 mm? >AS equirea = 248.102mm?
s = 22 = 32mm > dy, = 16 > 25mm ... OK
Check for strain:-

__Asfy _ 30772420
47 085.b.fc ~ 08552024 ~co™m

_a _1218_
Cc = [H = m = . mm
£, =0.003(%) = 0.003(Z>=) = 0.062 > 0.005 ...OK
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Design of Negative Moment for (Rib 1):

(Mu = - 29.4 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups - =320-20-10-12/2= 284 mm.

o Mu 204106
"= 0.b.d?_ 09.120.2842 >/ MP%
_ fy _ 420 _
m =085 fc 08524 20°
1 2.m.Rn 1 2.20.6.2.29
P=r\ 1 Y= 220 |7 2060~ |1 T2z T 00088
ASyeq = p.b.d=0.0088x120x284 = 299.904 mm?
Check for As min: -
As, i = ﬂ (bw)(d) ACI (318-19) 105.1.
_ V24 _ 2
= ~o(120)(284) = 99.37 mm
1.4
ASpmin = %(bw)(d)
= %(120)(284) —113.6 mm?  ....controls

55|Page



Aseq =299.904 mm? > Asyy, =113.6 ... OK

Use 2 @ 14, ASprovided » = 307.8mm? >As e quirea =299.904mm?* ... OK

g = 120-40-20-(2:14)
- 1

=32mm .... OK

Check for strain: -

As.fy _ 307.87.420

A= 085.b.fc 08512024  >28mm
_a _52.8_6214
=81 0gs e
g, = 0.003 (?) =0.003 (%) =0.0107 >0.005 ....OK

Shear Design for (Ribl): -
Vu at distance d from support=30.1KN
Shear strength V¢, provided by concrete for the joints may be taken 10% greater than for beams.

This is mainly due to the interaction between the slab and closely spaced ribs ACI (813-19).

1.1 1.1
@vc = 0.75 *?,/fc’ bw.d = — V24.120.284 « 1073 = 22.95 KN

0.5 9 Vc =0.5x22.95 =11.47 KN
0.5 Vc< Vu< g Ve
Vu> g V¢

for shear design, shear reinforcementisrequired ( 4, ):

1 1
Vsmin = 7, fc'.bw.d =3 bw.d
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Vs min = 1—16\/24 .120.284 %+ 1073 = 10.43 KN

1
Vs min =5 120.284 x 107 = 11.36

gVc<Vu <g (Vc+Vsmin) Case Il

22.95<30.1<31.47

Take (2 leg stirrups) g 10 @ 150 mm

Av = 2*78.5
V=015

= 1047.19 mm2/m strip
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Material :

concrete B300

Reinforcement Steel

Fc' =24 N/ mm?
fy = 420 N/ mm?

B2) 60"32

B20 6032

™~
oy
>
3
o
51
/A

B1930°32

Bl3 80732

B1930°32 Bl1S 80° 52

211

4.6 Design of Beam

Bl 80" 32 m Bl880°32

RIB &

Fig (4.4): Beam 18

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

1 2 3 4
1 2 3
A i A T A j
A A A
03 415 08 275 08 465 03
. 46 L 335 B 5.1 B
I | 1 |
22|
0.
AA
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[~ R0 groap o 1
Dead load - Service

Units:kN,meter
65.0 65.0 501
i - i
Live load - Service Load factors; 1.20,1.20/1.60,0.00
79 78 %0
48 3.36 6.4
Figure(4.5): loadings of Beam 18.
- Moments: spans 110 5

o | it |
y I N . \
\/I o e 164 e |

4
256.7
! 207 : 253 ! 167, 167 | 3.06 2769 204 !
_Shear
3503
282, 2509 .258.1
-182.6 }Al
H f } t t H
204.6 163.
261.9 2403 291,
360.6
—r
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Figure (4.6): Moment & Shear Diagram for Beam 18




Load Calculations:

Dead Load Calculations for Beam (B18): - The distributed Dead and Live loads acting upon B18
can be defined from the support reactions of the Rib 6 and Rib?7.

30.78

From Rib 6 DL— —59 1KN/m

LL = 222 = 24 09KN/m
0.52

33 81

FromRib 7 DL = =65 KN/m

LL =22 =27 9KN/m
0.52

Moment Design for (B 18):

Design of Negative Moment for (B 18)

Assume bar diameter g 20 for main positive reinforcement
d =h- cover - dstirrups - ? = 320-40-10-20/2=260mm.
Mu max=-206.7

Take ¢=0.9

Assume p = 0.4 pb

Take B1=0.85

pb = 085—Bl(

9 y=0.85% 2 )*.85 =0.02428

600+fy 420 (600 +420

p=04%0.02428 = 0.00917

0 (1-0.00917 ¥20.6)

Rn=p fy (1 —%7) =0.00917 x 42

=3.48 Mpa .

b < Mu _ 206.7 x 106 _ 1 % 2602
" @ORn 0.9 x3.48
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b =976.27 mm take b =1000 mm

check wheather the section will be act as singly or doubly reinforcement section:
Maximum nominal strength from section condition £5=0.004

C="d =2 x 260 = 111.42mm

B1=0.85

a=B1XxC=0.85%x111.42 =94.71mm

Mu=0.85Fc’><aXbX(d_g)

2

94.71
= 0.85 X 24 x 94.71 x 1000 <260 — ) x 107% = 410.84 KN%.m

@ = 0.82
Mu=206.7 KN.m <pMn = 0.82 x 410.84 = 336.89KN.m

Design the section as singly reinforcement concrete section

o Mu o 2007x10°

M= b.dZ 0910002602 - P&

_if,_ |, _zmre)_ 1 | 2206339
P=m 220 |~ 206¢ 20

As,eq =p.b.d=0.088x1000x260=2288mm?

Check for As min:-

ASpin = %(bw)(d} ACI (318-19) 10.5.1.

24
T 4(420)

(1000)(260) = 758.17 mm?
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14

ASmin ) (bw)(d)

14

= (1000)(260) = 866.67 mm? .... Controls
(420)

Asyeq =2288mm? > Asp;, =866.67 .... OK

Use 9 @20, ASprovided » = 28.26cm? >AS equirea =22.88 cm? ... OK

Check for strain: -

__Asfy _ 2826 420 _
4= 085.b.fc ~ 085 100024  “oreR ™M
_a 58186 _ .
T B1T 085 _ oo
g, = 0.003 (?) =0.003 (%) =0.0085 >0.005 ...OK

58.186

a
Mu = As  fy (d—E) = 2826 * 420 (263 -

) * 1076 = 277.62KN.m
Mu = 206.7KN.m < @Mu = 0.9 = 227.62 = 249.866KN.m

Check for bar placement

_1000—40*2—10*2—9*20
B 8

=90 mm > 25mm ok

Design of Positive Moment for

Assume bar diameter g 20 for main positive reinforcement
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d =h- cover - dstirrups - ? = 320-40-10-20/2=260mm.
Mu max=+276.9

Take 9=0.9

Assume p = 0.4 pb

Take B1=0.85

600 24 600
) = 0.85% —=*(
600+fy 420 “600+420

pb = 0.851;—;’ B1( )*.85 =0.02428

p=0.4%0.02428 = 0.00917

(1-0.00917 %20.6)

Rn=p fy (1 — %) =0.00917 x 420 =3.48 Mpa .

Mu _ 206.7 x 10°

2
bd® = @®Rn 0.9 x 3.48

= b x 2602

b =976.27 mm take b =1000 mm

check wheather the section will be act as singly or doubly reinforcement section:

Maximum nominal strength from section condition £s=0.004
C="d =2 x 260 = 111.42mm
B1=0.85

a=B1x(C=0.85x%x11142=94.71mm

Mu=0.85Fc’><a><b><(d—%)

94.71
= 0.85 X 24 x 94.71 x 1000 (260 — T) x 107 = 410.84 KN?%.m

@ = 0.82
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Mu=276.9 KN.m <pMn = 0.82 x 410.84 = 336.89KN.m

Design the section as singly reinforcement concrete section

po Mo 2769x10°
M= %Db.d2 09.1000 2602 2> Mpa
1 2.m.Rn 1 2.20.6.4.55
Pl Y Va0 | T 206 T VT Tage 00124
Asreq =p.bd= 0.0124%1000%260=3224mm?
Check for As min:-
As, = Y (bw)(d) ACI (318-19) 10.5.1.
4(fy)
_ V24 _ 2
= @20 (1000)(260) = 758.17 mm
1.4
As,,.. = —— (bw)(d
min = 75y (bw)(d)
= (41'740)(1000)(260) = 866.67 mm? .... Controls

ASyeq =3224mm? > Ay, =866.67 ... OK

Usell @ 20, ASprovideadsd-54cm? >As equirea =32.24 cm? ... OK

Check for strain: -

As.fy 3454 .420

4= 085.b.fC _ 085 100024  Lilmm

64|Page



_e T
=81~ 085 _ °oXorm™m

260—83.66
83.66

g, = 0.003 (?) = 0.003( ) =0.0063 >0.005 ...OK

a 1
Mu = As « fy (d - E) = 3454 * 420 (260 - ) +1076 = 325.5KN.m
Mu = 2769 KN.m < ®Mu = 0.9 * 325.5 = 292.95KN.m

Sb for bar placement

b_1000—40*2—10*2—11*20
B 10

= 68 mm > 25mm ok

Design of beam for shear

Critical section at distance d=260 mm

The face of support Vu max =291.00 KN

Ve=1/6 Afcxbw xd = 1/6 1 V24 * 1000 * 260 * 10~(=3) = 212.289KN

Check for section dimensions:
Vs =Vu/@ —Vc=291/0.75 — 212.289 = 175.711
Vsmax = 2/3Vfc *bwd = 2/3 % V24 %+ 1000 * 260 * 10~ (—3) = 849.156 KN

Vs =175.711KN < Vsmax = 849.156KN
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Find the maximum stirrups spacing:

if Vs < V(s = 1/3Vfc* bw * d then Smax < d/2 or < 600)

Vs =1/3Vfcxbwxd =s = 1/3v24 %1000 * 260 * 10~ (—3) = 424.57KN
VS = 175.711KN < Vs = 424.57KN

Smax < 600mm ...Smax < d/2 = 263/2 = 131.5mm control

Check for vs, min:
Av,min =1/16 x Vfc xbw * s/fyt

Av,min =1/3 xbwxs/fyt ......... control

Vsmin=%* Jfcxbwxd

1
= 16 x V24 % 1000 * 260 * 1073 - Vsmin = 79.60 KN

Vs min=1/3*bw*d=1/3*1000*260*10" (-3)=86.67 KN...... control

@Ve<Vu < @ (Vc+Vs min)

0.75 % 212.289 = 159.216 KN < Vu = 291.00 < 0.75(212.289 + 86.67 ) = 298.959 KN
or Vs=175.71 KN>Vs min=86.67 KN.... case IV

use stirrups 2U-shape (4 legs stirrups) @8 with Av=4*50.27=201.1 mm

Av/s=Vs/(fy*d) —s=(Av*fyt*d)/Vs= (201.1*420%260)/ (175.70*10"3) = 124.98mm

take 2 U-shape (4 legs stirrups) @8 at 100mm<Smax=131.5mm.
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4.8 Design of Column (C10):
4.8.1Calculation of Loads act on Column (C10):

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

Loads acting on column (C10) are as follows:
Dead Load = Total Service Dead reaction from Beam+ Total Self weight of the column

=4984 + 380 = 5364 kN

Live Load = Total Service Live reaction from Beam

= 1644 kN

Factored loads (Pu) = 1.4 DL = 1.4 x 5364= 7509.6 kN.

ORPu=12DL +16LL=12x5364+1.6x 1644 =9067.2 kN. << Cont.

4.6.2 Calculation of Required Dimension of Column (C10) :
Total load Pu =9067.2 KN

Pn =9067.2 /(0.65) = 13949.5 KN

Assume pg =2.0%

Pn = 0.8 « Ag{0.85 = fc' + pg(fy — 0.85fc")}
13949.5 1073 = 0.8 x Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 0.614 m?

~Select 70*70cm with Ag = 4900cm?.
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= Check Slenderness Effect:

For braced system if 4 < 34 — 12 Z—; < 40, then column is classified as short column and

slenderness effect shall not be considered.

Klu
A= —
r

Where:
Lu: Actual unsupported (unbraced) length = 4.7 m

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

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

System about x

System about Y

1x4.7

= 03-08 19-°8

” y 147 19.58
- = = .
0.3+0.8

A<34-12(1) =22 <40

A= 19.58 < 22 - Short about X A <34-12(1) =22 <40

~ Column is Short, So Slenderness effect will not be considered.
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4.8.2 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 =9067.2 KN

9067.2 103 = 0.65 * 0.8 * 700 * 700{0.85 = 24 + pg(420 — 0.85 * 24)}
= py=0.017 > ppp =0.01 &< pq, = 0.08

As req = 0.017 *700 *700 =10880 mm?

Use ® 25 >> #of bar = 10889 _ 23
490.8

- Usel6 @25 with As = 11288.4 mm?2 >AS req= 10880 mm?

= Check spacing between the bars:

_ 800-2%40—2+10-12%25
11

S =36.36 mm

S=36.36 mm >-M.AS

W

>40mm
>1.5db=37.5mm
= 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 2.5 = 40cm.
Spacing < 48 X d,(tie.bar.diameter) = 48 X 1.0 = 48cm.

Spacing < Least.dim e nsion = 80 cm

=~ Select @ 10/20cm

Column (C10) Section is shown in figure where bars arrangement and stirrups detailing appear.
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11 62

11 16
11 11 11
62 62 62 62
0.70 62
62 11 16
676 @10/20cm @10/20cm  @10/20cm
16@25 _

L=270cm L=84cm L=178cm

Figure: C10 Reinforcement Details

4.9 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.[For detailed
information see appendix C]

The following data that used in design:
- Shear Wall thickness =h =30 cm

- Shear Wall length Lw = 4.3m
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- Building height Hw=37 m

- Critical section shear : Lw<hw — d =0.8*Lw =0.8%4.3=3.44 m

4.9.1 Design of Horizontal Reinforcement :
Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :
1- Ve=2/fc' xbxd

:%\/24 X 300 x 3440 = 818.1 kN « Controlled

2. \/c = fc'xbxd n Nuxd
4 4Lw
= VPUS00EHO | g = 1264 kN
2Nu
L fo+—
3- Ve = \/];—c’ + ngu Ll;vw'h) X %
Vu 2z
Where:

- Mul=634.3 kKN.m

Mul Lw 634.3 4.3

-—-—=—-—= —1.4 < 0 - Thisequation is not applicable.
Vu 2 847.1 2

~Vec= 818.1 kN - @Vc < Vumax! = 847.1 kN —Horizontal Reinforcement is Required.

Vu 847.1

— Vs= ——Vc= —-818.1 =311.4 kN
0] 0.75
+103
Avh _ Vs _ 3114:10 — 0.215
s fy=d 420+3440
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Avh
but (T) min = 0.0025 +«h = 0.0025 « 300 = 0. 75 < Controlled.

— Avh : For 2 layers of Horizontal Reinforcement
Select 910 :
Avh = 2 *79 = 158 mm?

=0.75 Sreq = =210.6 mm
E— - [ —
s ' 0.75 '

Smax= Lw/5 = 4300/5 = 860 mm
= 3h = 3*300 =900mm
= 45cm « Controlled.

~Select 10 @ 250 mm at each side.

4.7.2 Design of Vertical Reinforcement:

Avh
Shorxh

— Aw = [0.0025 +0.5 (2.5-1)( —0.0025)] * h * Sver

hw _ 37 =8.6>2.50
w 4.3 '
Avv _ 2x79
— = =[0.0025 +0.5 (0) (5o, — 0.0025)] * 300
. Avv_

Sver

Smax = Lw/3 =4300/3 = 1433 mm
= 3h = 3*300 =900mm
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= 450 mm « Controlled.
Select 12 :
Avv = 2 *113 = 226 mm?

Avv 0.5 S 226 452
— = U. d = =
S req 05 mm

~Select @12 @ 200 mm at each side.

4.9.2Design of Bending Moment :

— Max Mu =2323.2 kN.m

— Part of Moment that resisted through Avv :
Muv =0.9 [ 0.5*Asv*fy*Lw (1-%)]

Where:

- Asv=2*113 *% — 3239.3mm?

V4 1 1
- Lw = 0.85*ﬂ1*fCI*LW*h - ] 0.85%0.85+24+4300-300 — 0 054
24— 2+
Asvify 3239.3+420

~ Muv = 0.9 [ 0.5%3239.3*420*4300 (1- "";i)] = 2561.5 kN.m

Muv = 2561.5 KN.m > Mu =2323.2 kN.m

So, Boundary Element is not required. #
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4.10 Design of Basement
Wall:

The wall spans vertically and it is considered to be pinned at both ends as shown in figure

<

0,3

2,39

qu 1=21.51 KN/m2 qu 2=2.5 KN/m2

Figure: Basement Wall system and loads
The different lateral pressures on a 1m length of the wall are calculated as follows:
K,=1-5in30=0.5
Due to soil pressureat rest: qul = k,.y.h = 0.5*18*2.39=21.51 kN/m?

Due to surcharge: qu2 = 5*0.5 =2.5 kN/m?
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The following are shear and moment diagrams that obtained from Atir Software.

Figure : Moment and Shear Envelope of Basement wall

4.10.1 Design of Shear Force:

Max value shear force is obtained from figure (4-13), Vu= 13.7 kN
d=30-2-2 =26 cm

@ *\Vc 20.75*%*\/24* 1000 * 260 = 159kN > Vu

~ h=30cm is correct.

4.8.2 Design of Wall Reinforcement
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1. Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure (4-13) , Mu = 11.5 kN.m

420

= =20.6
0.85+24

— m

— Mn=11.5/0.9=12.78 KN.m

Mn _ 12.78 106
bxd? 1000%2602

& p=—L*(1- /1 — 2229208 ) = 0.0005
20.6 420

— Asreq=p *b *d =0.0005+« 1000 * 260 = 130mm?/1m

— Rn= =0.19 MPa

— As (min) = 0.0012*b*h = 0.0012*1000* 300= 360 mm? /1m < As req

- Select @12/20cm with As = 565.5 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:
— As = As (min) =360 mm?
» Select @10/20cm with As = 395 mm?/m

3. Design of Horizontal Reinforcement:

— As = As (min)=0.001 *1000*300= 300 mm? /m for one layer
» Select @10/20cm with As = 395mm?/m .
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4.11 Design of Basement
Footing:

= Loads that act on Wall footing is obtained from ETABS where:
- gD=106.21 KN/m & gL=19.26 kN.m
- Total Service Loads: qtot =106.21+19.26 = 125.47 KN/m
- Total Factored Loads: qu =1.4 *106.21 = 148.7 kN/m
Check if footing width is correct:

tot
0'b=q /Areq < O b (allow. net)

125.47 /10 «1.0 =12547< o b(allow . net) =400 kKN/m2

» a=1.0m is correct#

(e ln ]

- "

. DAs ‘

050

?‘Il? A ? AAA
segm bu=148.7 KN/m

Figure (Critical Section of Shear force)
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Design of one-way shear :
— Assume h =50cm
— d=500-50-20 = 430 mm

— Vu=148.7*0.02*1m = 2.9 Kn
— @*Vc=075%* % * /24 * 1000 * 430 =263.3 kN > Vu

~h=50cm (SAFE) .

4.9.3 Design of Bending Moment:
» Main Steel:

Mu =148.7*0.45*1*(0.45/2) = 15.1 KN.m

— Mn=15.1/0.9=16.78 KN.m

Mn _ 16.78 x10°
b*d? 1000 %4302

_ 1 _2*0.1*20.6 _
— p=—*(L- 11 2 ) =0.0005

— Asreq = 0.0005 =« 1000 =« 430 = 215 mm?/m

— kn= =0.1 MPa

— As (min) = 0.0018*1000 * 500 = 540 mm?/m

. Select @12/20cm 5@12/1m with As = 565.5 mm? > Asmin
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» Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018*1000 * 500 = 540 mm?

- Select @12/20cm 5@12/1m with As = 565.5 mm? > Asmin.

The Following figure shows details of a sectiontaken in a basement wall and its footing

Strip Footing SF1 D=50cm

2.3860

B

=

4WHE==
A =EI=l=l=lk

—I =] 'b}'_l—’_' | ?— \tfll " :

=

AR EER SOP N
1.00
1.20

Figure: Basement wall Reinforcement Details
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4.12 Design of Isolated
Footing (F4):
Loads that act on footing F4 are:

- PD =3706.9 kN, PL = 1228.7kN — Pu= 1.2 *3706.9 + 1.6*1228.7=6414.2 kN

The following parametersare used in design:
- ¥ concrete = 25 KN/m?®
- ¥ il =18 KN/m?
- Oallow = 400 kN/m?

clear cover =5cm

4.12.1 Determination of footing dimension (a):

Footing dimension can be determined by designing the soil against bearing pressure.
— Assume h=85cm
— O ballowypet =400 - 25*0.85 - 0.4*18 = 371.55 kN/m?

— O bu(allow . net)= 14* 37155 = 5202 kN/m2

— Obu= Pu/Areq < O bu(allow . net)

. 6414, Z/az =520.2 —» a=3.51lm — Select a=3.55m

6414.2

= 2
355:355 509 kN/m*<520.2 kN/m?2

— Bearing Pressure ebu = Pu/A=
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4.12.2 Determination of footing depth (h):

To determine depth of footing both of one- and two-way shear must be designed.

4.12.3 Design of one-way shear :
— d=h—cover — @ =850—-50—-12=788 mm
— Vu at distance d from the face of column:
VU= FRB =obux 0.541x b
=509% 0.541x 3.55 =977.6 kN

= @*Vc:o.75*§*\/Fc'*b*d

=0.75* % * /24 * 3550 * 788=1713 kN >Vu

~h=85cm iscorrectv

4.10.2.2 Design of Punching (two-way shear):

— d=788mm
— b, =2%(0.6+0.788)+2*(0.6+0.788)= 5552 mm
— Bc=1

— as = 40 (interior column)

VU =520.2%*(3.55*3.55-(0.6+.788)(0.6+0.788)) = 5551.8 kN
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@x\c is the smallest of:

4 Vi’
1. VC_(2+B_C)X? X b, xd

:(z+f) x V% . 5552 x 788
1 12

—10716. 5kN

\/f_’

C
+2)x? Xb, xd

ocg xd

2. Vc=( .

o

V24
12

_ (40 x788

s X 5552 x 788

+ 2) X
=13712.1kN

3. Vc=4x% X by, xd

V24

-7 X 5552 x 788= 7144.3 kN .. <cont.

=4 X
— @xVc =0.75 x 7144.3 =5358.2 kN > VVu =5551.8 kN

~h=85cm iscorrectv

4.12.4 Design of Reinforcement :

Mu = 509 *1.475*3.55*(1.475/2) = 1965.6kN.m

Fy 420

= = 20.6
0.85+Fc’  0.85%24

— M=

— Mn=1965.6/0.9=2184kN.m

Mn/@¢ _ 2184x10% _
b+d? ~ 3550+7882
0.99MPa

— kn=

1 2xKNx*
- p= (1 [1-=07)

= (1- \/ 1 222200 - 9,0024
20.6 420
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— Asreq=p*b+d= 0.0024 3550 « 788 = 6713.76mm?

— As (min) = 0.0018*b*h = 0.0018*3550* 850 = 5431.5 mm?

— Asreq > As (min)

- Select for both directions: 32@16 with As = 6837.4 mm? > Amin ... (ok)

4.10.4 Design the Connection between Column & Footing:
— Design of bearing pressure at section of column:
@ x Pnb=0.65x%x0.85x% fc'xAl>Pu
=0.65 x 0.85 x 24 x 600*600 = 4773.6 KN > Pu = 6414.2 KN
~ Dowels are required to transfer the load between column and footing.
— Design of Dowels:
The dowels will carry the difference between (@ x Pn) and (Pu) .
- Fy.Asreq= AP

. 420, Asreq = (6414.;;:773.6)

- Asreq=6009.5mm?
- As min for dowels = 0.005 x A1 = 0.005 x 600 x 600 = 1800 mm?2
- Asreq> As min

. Select 1625 which is just like the reinforcement of column.

— Check Compression lap splice between steel of column and dowels (Lsc):
Lsc creq=0.071 x fy x db = 0.071 x 420 x 25= 745.5 mm >300mm

~SelectLsc=78.2cm> Lscreg=74.6cm

83|Page



— Design of compression development length (Ldc):

- Ldc=0.24 X% x db=0.24 x;;_—z x 25 = 514.4 mm .. < cont.

- Ldc=0.043 x fy x db =0.043 x 420 x 25 = 451.5 mm
~ Ldcreq=514.4 mm

- Available Ldc =850 — 50 — 16 — 16 = 768mm > Ldc req = 514.4 mm .. ok

— Check tension development length using simplified method (Ldt):

Since we have a footing, it must satisfy two conditions to be considered under category A,
otherwise it will be considered as category B:
3550 —(2+50) —(27+16) _

1- Clear lateral spacing = e =116 mm > 2db = 32mm v

2- Clear cover=50mm>1db=16 mm v
= Category A

Design of tension development length (Ldt):

- Ld,req= Zx B X0 gh= 12,220, 1XT  95=262.5 mm
20 fcr A 20 24
- Ld, available= 2222=% _ 50 = 1425mm > Ldt, req .... (ok)
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The following figure shows a top view of the stairs:

‘l

Figure: Stairs Top View

86|Page



Design of flight:
The structural system of the flight is shown in figure and the following steps explain the design

procedure of the flight :

1. Determination of flight thickness:
Limitation of deflection: h > minimumh

h (min)= L/20 = 530/20 = 26.5cm
~ Select h = 25 cm, but shear and deflection must be checked

Angle (a): tan(a)=16.7/30 — a=29°

/—A

-

04 4,5 04

Figure: Structural system of flight
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2. Loads calculation :

Table Calculation of Dead Loads that act on Flight

Flight Dead Loads
Flight = (0.25 * 25* 1)/ cos(29) =7.15

kN/m

Plaster = (0.03 * 22* 1)/ cos(29) =0.75

KN/m

Hor.Mortar =0.03*22*1 =0.66 kN/m

Ver.Mortar = 0.03*22*(%") = 0.36

kKN/m

Hor Tiles = 0.04*23*(>>) = 1 kN/m
0.167

Ver.Tiles = 0.03*23*(0—) = 0.38 KN/m

3

Triangle =0.5*0.167*25 =2.08 kN/m
=Factored Loads.

qu= 12 *12 389 EI2. 38 KNG,

Au=18.1*4.5/2=40.7 kN

3.Design :

- Design of Shear Force :

d=250-20-(12/2) = 224 mm
@xVe = 0.75 * %*\/Fc' * bw * d
=0.75 * %*m * 1000 * 224

=137.2 kN > Vu max =40.7 kN
~ No Shear Reinforcementis Required#

- Design of Bending Moment :

Fy 420

= = = 20.6
0.85+Fc’ 0.85%24

Mu/@ _ 20.4+10%/0.9

— kn = —5 = — 5z - 045MPa
_1 __ 2*KNxm . _ 1 _ _ 2%0.45%20.6 -
— p=* (1 (1= ) = e r (L 1 - =) = 0.0015
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— Asreq=px*bx*d = 0.0015 * 1000 * 224 = 336 mm?

— As min=0.0018 *1000*167 = 300.6 mm?

=~ Select @12/20 with As = 565 mm? > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm? = As min

— Check Spacing :

20cm > Smin=25+1.0=3.5cmor 2*(1.0)=2.0 cm ... ok
20cm < Smax=3*15=45cm ... ok

— Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 300.6 *420

a=589mm — X=a/f=5.89/0.85=6.18 mm

0.003+d 0.003%224
= —0.003

£g =2~ 0.003 =

s~ & = 0.1>0.005 ....0=0.9 (OK)

Design of landing:
The following steps explain the design procedure:

e Determination of Landing thickness :
Limitation of deflection:

h > minimum h
h (min)=L/20 =300/20=15cm

~ Select h =15 cm , but shear and deflection
must be checked
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e Loads calculation :
Figure shows a section in the landing in which the layers carried by the landing appear.

Table Calculation of Dead Loads that act on
Land | n —— 7cm Snad —— 2cm Mortar - 4cm Tiles
’ | i

| I I B .
R A R e T T e e A N

Landing Dead Loads

Tiles =0.03*23*1=0.7 kN/m
Mortar = 0.03*22*1=0.4 kN/m

A, PR R S R

Sand = 0.07*16*1=1.1 kN/m

Slab = 015*25*1:375 kN/m — 3cm Plaster

Plaster = 0.02*22*1=0.4 kN/m Figure :Section of The Landing

Sum = 6.35 kKN/m

Factored Loads :
qu =1.2*6.35+1.6*2 =10.82 kN/m

The landing carries ( dead load & live load of landing + support reaction resulted
from the flight)
qu = 10.82 + Support reaction of flight = 10.82 + 40.7 = 51.5 kN/m

— Analysis :

d= 150-20-(12/2) = 124mm

Vumax= 77.3 — (51.5%0.124) = 70.9 kN

51.5%32

Mu max = =57.9kN.m
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— Shear Force Design :
d=124mm & Vu max=70.9 kN

@xVc =0.75* %*\/ﬁ *1000 * 124=75.9kN > Vu max = 71 kN

~No Shear Reinforcement is Required#

— Bending Moment Design : (Mu max =57.9 kN.m)

- m =206
106
- kn = 200 - 40 Mpa
1000+124

1 ’ 2+4.2%20.6 \ _
- p—m*(l- 1- 220 ) = 0.008

Asreq = 0.008 = 1000 * 124 = 992 mm?

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

m+14%2 100

=~ Select @14 /15¢cm with As = e 1026 mm? > As req .... For Main Reinforcement

- Check Spacing :
15cm > Smin=25+1.0=3.5cmor 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

a=20.11mm — X=a/p=20.11/0.85=23.66 mm
- 0.003%124 0.003

€
s 23.66

s & = 0.012>0.005 ....0=0.9 (OK)
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The following figure shows section A-A of the stairs in which reinforcement detailing appears .

®@910/20cm|
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-
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Figure Reinforcement Details of Stairs
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