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Abstract

The process of structural design of the building goes through several stages, starting from
studying and analyzing the architectural plans, then Choosing the appropriate structural
elements for parts of the building in a manner that does not contradict the architectural
design. A study follows Determine the live loads on the building according to the nature of its
use. In addition to studying earthquake loads according to The nature of the area in which the
building is located and then the appropriate structural design for all elements according to the
calculated loads In order to ensure the stability of the building, and the preparation of

executive plans.

This project aims to make the structural design of all the structural elements that make up a
commercial residential building It consists of 8 floors, with a total area of 6,834 square
meters, on a plot of land with an estimated area of 2074 square meters, containing within it
facilities that are compatible with the needs of the residential and commercial building
according to the appropriate requirements ,This building is characterized by the diversity of

its structural elements, as it contains many columns, bridges, and walls and foundations.

In order to achieve the objective of the project, the architectural plans will initially be studied
and the most appropriate distribution mechanism will be selected Structural elements that do
not conflict with the architectural design of the building, then a detailed structural study is
done It includes estimating the expected loads on all structural elements based on the
Jordanian code for estimating loads Earthquakes and the American code for the design of
structural elements. Then all these elements are analyzed and designed Depending on the
American code and using a set of engineering programs, and in the end the plans will be

prepared for all the structural elements that make up the structure of the building .
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List of abbreviations
a = depth of compressive stress.
As = area of non-prestressed tension reinforcement.
As' = area of non-prestressed compression reinforcement.
Av = area of shear reinforcement within a distance (S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
C = resultant compression force in concrete.
C = concrete cover.
Cc = compression resultant of concrete section.
DL = dead loads.
. d = distance from extreme compression fiber to centroid of tension reinforcement.
Es = modulus of elasticity of steel.
fc' = compression strength of concrete.
h = overall thickness of member.
LL = live loads.
M = bending moment.
Mu = factored moment at section.
Mn= nominal moment.
S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vs = nominal shear strength provided by shear
reinforcement
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Chapter 4

Structural Analysis and Design

4-1 Introduction.

4-2 Factored loads.

4-3 Determination of slab thickness
4-4 Design of Topping.

4-5 Determination loads of ribs.
4-6 Design of Rib (05).

4-7 Design of Beam (06).

4-8 Design of column (C14)

4-9 Design of Shear Wall.

4-10 Design of Basement Wall
4-11Design of Isolated Footing (F2).

4-12Design of Stairs.
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4.1.Introduction.

Concrete is the only major building material that can be delivered to the job site in a plastic
state. This unique quality makes concrete desirable as a building material because it can be
molded to varied shape. Concrete used in most construction work is reinforced concrete that
is a 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. Steel is embedded in the concrete in the form of a mesh or
roughened or twisted bars. So a bond forms between the steel and the concrete, and stresses
can be transferred between both components. Understanding of reinforced concrete behavior
is still far from complete, building codes and specifications that give design procedures are
continually changing to reflect the latest knowledge. In This Project, there is a one-way
ribbed slab. It would be analyzed and designed by using the finite element method of design,
with aid of a Software Program called “ATTIR” to find the internal forces, deflections, and
moments for ribbed slabs. The design strength provided by a member, its connections to other
members, and its cross-sections in terms of flexure, and load, and shear is taken as the
nominal strength calculated in accordance with the requirements and assumptions of ACI-

code.
Note:

v Concrete B300, (fc '= 24 MPa for rectangular section).
v The specified yield strength of the reinforcement, (fy = 420 MPa).
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4.2 Factored loads.

The factored loads on which the structural analysis and design is based for structural members, is
determined as follows:

Qu=1.2DL+ 1.6L - (ACI — 318 - 14(9.2.1).
DL: Dead load.

LL: Live load.

4.3.Determination of slab thickness:
» Check of Minimum Thickness of Structural Member

Table4-1 :- Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M).

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

Minimum
thickness(h)

LEDEES Simply One end Both end _
) ) Cantilever
Supported continuous | continuous
solid one-wa
Y L/20 L/24 L/28 L/10
slabs
Beams or ribbed
L/16 L/18.5 L/21 L/8
one way slabs
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For Rib :-

H min for (one end continuous) = L/18.5 =4860/18.5= 262.7mm.(control) .

H min for (both end continuous) = L/21 = 4660/21=221.9mm.

For beam:

H min for (one end continuous) = L/18.5= 4240/18.5= 229.18 mm.

H min for (both end continuous) = L/21=3710/21=176.66 mm.

Take h min = 28 cm. (20cm block+8 topping).

4.4.Design of Topping. Statically System for Topping:
» Statically System for Topping:
Consider the topping as strip of (1m) width, and span of mold length with both end

fixed in the ribs.

L[]

04m Iqu

My N A'r\Mu

figure 4.1 moment diagram for topping
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Table 4.2: Dead Load calculations for topping

Dead Load from y*¥6*1 KN/m
Tiles 0.03*23*1 0.69
Mortar 0.02*22*1 0.44
Coarse Sand 0.07*17*1 1.19
Topping 0.08*25*1 2.0
Interior Partitions 2.3*1 2.3
> =6.62
Live Load :-
LL =2.5 KN/m?

LL =25 KN/m2 x1m =25 KN/m.
Factored Load :
WU =1.2 X6.62 + 1.6x2.5 =11.944 KN/m.
» Check the strength condition for plain concrete, @ Mn > Mu, where @ = 0.55

Mn=0.42 A Vfc’ Sm (ACI 22.5.1, equation 22-2).

_b*h? 1000%802

Sm - = ” =1066666.667 mm where sm:((for rectangular section of the slab ))

gMn= .55 * .42*1 */24 * 1066666.667 *10 -6 = 1.207 KN.m.

_ WuxL? _ 11.944x0.4%

Mu= 2 I =0.15925 KN. m /m strip widt.

@Mn =1.207 KN.m. > Mu=0. 1464 KN.m..
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% No reinforcement required by analysis. According to ACI 10.5.4, provide (As, min)

for slabs as shrinkage and temperature reinforcement.

p=0.0018
Asmin=p xb*t=0.0018 * 1000 * 80 = 144 mm2 m /strip.
Try @ 8 with As=50.27 mm?

Step (s) is the smallest of:

v" 3h = 3x80 =240 mm control ACI 10.5.4

v' 450mm.

v 380(%21) ~ 2.5Cc =380 (52::0) —2.5%20 = 330mm.
3

v But S<300() =300 (522’0) = 300mm.
3

> Take S=200mm < Smax=240mm

Take ¢ 8 @ 200 mm in both direction._

1.5.Determination loads of ribs.

» The effective flange width (be) According to ACI 8.12.2:

be is the smallest of:

a. be<L/4=2100/4 =525 mm. (L= the smallest clear span)
b. be <bw +16hf=120+( 16*80) =1400mm.

c. be < Center to center spacing between adjacent beams =400+120= 520 mm...control
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» Load Calculation: -

Table 4.3: Dead Load calculations for Rib

Dead Load from y*¥6*1 KN/m
Tiles 0.03*23*.52 .358
Mortar 0.02*22*.52 .2288
Coarse Sand 0.07*17*.52 .6188
Topping 0.08*25*.52 1.04

Rc rib 25*.20*.12 .6

Hollow Block 10*.20* .4 .8
Plaster .03*22*.52 ..343
Interior Partitions 2.3*.52 1.196
> DL=5.1846

Live load= 2.5 KN/m.

LL=2.5*52=1.3 KN/m
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1.6. Design of rib (05 ):

Geometry Units:meter,cm
1 2 3
1 2
A A
1 1 |
‘ 0.8 ‘ 3.23 ‘ 0.8 ‘ 3.26 ‘ 0.8 ‘
‘ ‘ 4.03 ‘ ‘ 4.06 ‘ ‘
1 52 1 1
8.
28.
12.
A-A

Figure 4.2: Rib (05) Geometry.

Loading
Load group no. 1
Dead load - Service
5.18 5.18
4.03 4.06
Live load - Service Load factors: 1.20,1.20/1.60,0.00

bbb el 1] Vol b el )L

4.03 4.06

Figure 4.3: Loading on Rib (05).
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Moment/Shear Envelope (Factored) Units:kN,meter

Momenis: spans 1102

-17.

9.2 9.2
. 1.19,1.18 .
f I 1
—t oot ——t ——
| 0-39|0.88 |
4.6 4.6
10.2 10.5
1.61 . 2.42 2.44 , 1.62 |
I I I I |
Shear
209
A7.6
3.2
9.9
T i T T
9.7
13.
7.7

21.

Figure 4.4: Moment and Shear Envelope of Rib (05).

1. Design of rib (05) for a max positive moment. (Mu = +10.5 KN.m)

= Assume bar diameter g 12 for main positive reinforcement.

d = (h — cover —ds- dv/2) = (280 — 20 — 10 - 12/2) = 244 mm.

= Check if (a>hy) to determine whether the section will act as rectangular or T- section.
Mur =0.85. f7. be. hy. (d — L) = 0.85 + 24 520 = 80 (244 — 2) + 1076=173.12KN.m

M >>% = T2 =11.67KN.m
So (h+ > a), the section will be designed as rectangular section with be =520 mm.

M, _ 10.5x10°

= Ry= =
T Opdz T 0.9x520x2442

= 0.38Mpa
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— m=_2 120 _ 906

T 085f]  0.85x24

- p:i(1— 1_m) =L<1_\/1_M> = 0.001
m 420 20.6 420

= Agreq) = p.b.d = 0.001 x520x244 = 126.88 mm?

= Check for As,min :

!

Jic’

o _ V24 _ 2
AS,min = 4(fy) (bw)(d) =0.25 @z0) (120)(244) = 85.38 mm
_14 _14 2
AS,min =—— (bw)(d) == (120)(244) = 97.6 mm -controls
(fy) 420
A(s,req) =126.88 mm2 > As,min = 976mm2 -Ok

= Use 2@12 W|th A(sypro) = 226 mm2 > A(sﬁreq): 12688 mmz.

= Check for strain:
_ Asfy  226%x420

T085bf]  0.85x520x24 8.95 mm
c=2=%%_1053 mm
B, 085
= 0.003 (d _ C) = 0.003 (244 _ 1053) = 0.067 > 0.005 Ok
& = c ) 1053 /) = '

2. Design of rib (05) for a max negative moment at the face of support

(Mu =-9.2 KN.m)
= Assume bar diameter g 12 for main positive reinforcement.
d = (h — cover —ds- dv/2) = (280 — 20 — 10 - 12/2) = 244 mm.

My _ 9.2x10°

- R = =
" @bd2 T 0.9x520%x2442

= 0.33 Mpa

Ly 20— 206

- = ; = =
0.85f; 0.85%24
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- p:1<1_ 1_m> :;<1_\/1_M> — 0.0008
m 420 20.6 420

= Agreq = p.b.d =0.0008 x520%244 = 101.5 mm?
= Check for As,min :

AS,min = —“fc (bw)(d) =0.25 ﬁ(120)(244) = 85.38 mm?

4(1y) @20)
_14 _14 2
As,min =—— (bw)(d) =—(120)(244) = 97.6 mm -controls
(fy) 420
A(syreq) :1015 mm2 > AS,min = 976mm2 'Ok

= Use 2912 W|th A(s,pro) =226 mm2 > A(s,req): 101.5 mmz.

= Check for strain:
Asfy  226%X420

a= - = = 8.95mm
0.85b fc 0.85X520%24
c=2=%%_1053 mm
B,  0.85
= 0.003 (d _ C) = 0.003 (244 _ 10'53) = 0.067 > 0.005 ok
& = c ) 1053 /) = '

3. Design of rib (05) for shear.

The maximum shear force at the distance d from the face of support Vu=17.7 KN.

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

= Ve == A/fib,d == x 1 X V24 x 120 X 244 x 107 = 2630 KN
— @V, =0.75%26.30 = 19.72 KN
= 0.5 @V, =9.86 KN < V,=179KN -case |l

Minimum shear reinforcement is @10@10.
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1.7.Design of Beam (06):

B=90cm

H=28cm

Dead & Live Load Calculations for Beam (B06):-

Table 4.4: Load calculations for Beam

Rib(RO5)
quD(KN/m) 31.43/0.52=60.44
quL (KN/m) 10.52/0.52= 20.23

By using BEAMD program, we get the envelope moment and shear diagram as the
follows:

Geometry Units:meter,cm
1 2
1.
e A L
N | AJ I
0.25 3.78 0.2

28,

90.
A-A

Figure 4.5: Beam (06) Geometry
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Loading

Toad group no. 1
Dead load - Service

Units:kN,meter

50.0

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

| Y T R
4.

Figure 4.6: Beam (06) Load

Moments: spans 1to 1
L i ]
188 15.1
2. 155.2 2.
I } 1
Shear
14741552
L 1 1
T 1
1652 1465

Figure 4.7: Moment and Shear Envelope of Beam (06).
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4.7.1. Design of beam (B06) for Flexure
Design of beam (B06) for a maximum positive moment. (Mu = +155.2 KN.m)

= Assume bar diameter @18 for main positive reinforcement.
d = (h — cover —ds- dp/2) = (280 — 40 — 10 — 18/2) = 221 mm.

My __ 155.2x10°
@bd?  0.9X900x2212

= R, = = 3.92Mpa

f; 420
=>m=—2 - = = 20.6
0.85f/ 0.85%24

: p=1<1_ 1_M> =;<1_\/1_M> = 0.0100
m 420 20.6 420

— Agreq) = p.b.d = 0.0100 x900x221 = 1989mm?

= Check for As,min :

YA (o _ V24 _ 2
AS,min = a(ty) (bw)(d) =0.25 420) (900)(221) = 580 mm

AS,min =%(bw)(d) =2 (900)(221) = 663 mm? ~controls
y

420
A(s’req) :1989 mm2 > AS,min = 663mm2

= USE 8@18 Wlth A(Svpro) = 2036 mm2 > A(Syreq) :1989 mm2

= Check spacing :
900—40%2—20—(8+18)
S= -

= 93.7mm > d, = 18mm > 25mm OK

= Check for strain:
_ Asfy  2036x420

= - = = 46.6 mm
0.85b f/  0.85x900x24
a 46.6
Cc=—=—=548 mm
B, 0.85

d—c 221 —54.8
& = 0.003(——) =0.003{————) = 0.009 = 0.005 OK
c 54.8
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4.7.2. The maximum shear force at the distance d from the face of support for beam (06).

(Vu,max= 147.4 KN)

1 , 1 _
:>Vc=g\/fc b,d== p 24 %900 % 221 * 1073 = 162.4 KN
= & V.=0.75*162.4 = 121.8 KN
= Vu=1474KN > ® V.= 121.8 KN

147.4

= Vs= (22 162.4)= 34.13 KN
0.75

= vy = 2\[fc’by, d =2VZ& * 900 * 221 % 1073 = 324KN

vs < vy =34.14 KN < 324KN

= OV, <VU<O(Vc+ Vs) -case 3

Shear reinforcement is required.

= Use 2 leg ®10:
A, =157.07 mm?

Apfyed 15707 * 420 * 221

_ = 427
v, 34.13 * 1000 mm
d 221
Smax = 2= = 110.5 mm control

O Smax < 600 mm

Use 2 leg ®10@10 mm.
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4.8.Design of column (C14):

1. Calculation of Loads act on Column (C14):
Loads acting on column (C14) are as follows:

= Dead Load = (Service Dead reaction from B19) + (Service Dead reaction from B34 x5) +
(Service Dead reaction from B59) + (Self weight of the column x 8)
=268+ (193 x 5)+ 193 +( 0.6 x 0.35 x 3 x 25 x 8) =1552 KN
= Live Load = (Service Dead reaction from B19) + (Service Dead reaction from B34 x5) +
(Service Dead reaction from B59)
=102 +(51.5 x 5) +51.5 =411 KN

Factored loads (Pu) = 1.4 DL = 1.4 x1552 = 2172.8 kN.
OR:Pu=1.2DL+1.6 LL = (1.2 x1552) + (1.6 x411) = 2520 kN << Cont.

- Pu=2520 KN
- fc'=24 MPa

- fy =420 MPa

Assume p = 0.02

pe=Ast/ Ay T=> A«=0.02* A

@Pn = Pu = 0*0.8(.85 fc' (Ag- As) + As fy)

2520*10° = 0.65*0.8(0.85*24(A4-0.02 Ay) + 0.02 Aq *420)
2520*10°% = 0.52(20.4 Ag- 0.408 Ag+8.4 Ag)

— Ag=170687 mm?
— Select column dimension (600*350) mm, with Ag=210000 mm?

2. Check the Slenderness effect:

T2 <3412 (52) < 40 ACI - (10.12.2)
- Lu: Actual unsupported (unbraced) length.
- K: effective length factor (K= 1 for braced frame).

- r:radius of gyration=0.3 h
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For column (C14):
- Lu=3m
- K=1 for braced frame

- %:1 , for braced frame with Mmin

T <2240

KLu 1%3 . . .

— T3l 16.66 < 22 (Short column for bending about y-direction.)
KLu 1%3 . . .
—= =28.57<22 (long column for bending about x-direction.)
ry 0.3%0.35

3. Calculate the minimum eccentricity and the minimum moment
€min = 15mm + 0.03 X h = 15mm + 0.03 X 350 = 25.5mm
Pu=12XxPy+ 1.6 XP, =12x%x1552 + 1.6 X411 = 2520kN
Min = Pu X i, = 2520 X 0.0255 = 64.26 kN. m
4. Compute (EI)

At this stage, the area of reinforcement is not known. Additional calculations are needed
before it is possible to compute (EI), where:

0.4E.I,

_ (0.2E Ig + Eglge)
1+ Bdns

can be used
1+ Bdns

El

, but EI =

E. = 4750Vfc’ = 4750 x v/24 = 23270.15 MPa

bh® 600 x 3503

= 2.14 x 10° mm*
&~ 12 12 0" mm

_ 1.2 xPp (sustained) 1.2x 1552 0.73
Bans = Pu 2520

— 0.4 X EcxIg 0.4 x23270.15 X 2.14 x 10°
1+ Bans 1+0.73
= 11514 kN. m?

= 1.1514 X 103 N.mm?
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5. Determine the Euler Buckling Load (Pc)

mEl  m? x 11514

Fe= oz~ (1L0x3)?

= 12626.5 kN
6. Calculate the moment magnifier factor
Cm

1- ("o 75p)

M
Cp, = 0.6 + 0.4 (M—l) =0.6+04%x1.0=1.0
2

Moment Magnifier Factor (8,5) =

. equation (1)

From equation (1):

1.0
1-(252% 75 x 11514)

— Columns dimensions are enough

8ps =

=138 > 14

Select the column reinforcement

We will use the tied-column interaction diagrams with bars in four faces “Diagrams (A-9)”

Assume @25mm bar diameter;

_yh 350 —2x (40 + 10 + 0.5 X 25)

= 0.65 0.6 < 0.65<0.75
Yo 350 ”
C =222 0.086
h™ 350
@XxPn_ Pu_ 2520 — 12.00 MN/m?
Ag  Ag 035x060 - m
For y =0.6 using (Diagram A —9a); pg = 0.023
For y =0.75 using (Diagram A —9b); p, = 0.023

~ For y=0.65; pg=0.019 > minimum p; = 0.01

< maximum p; = 0.08
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Required Reinforcement for the column

ASpeq = pg X Ag = 0.019 X 35 X 60 = 39.9 cm?
» Select 20¢016mm with As = 40.2 cm? > As,¢q = 39.9 cm?

7. Check spacing between the bars :

350-2%40—-2x10—-4+16

S= 3 =62 mm
S — 600—2*40—72*10—8*16 — 53 14 mm
S>40mm

>1.5db =24 mm

> M.A.S

8. Determination of Stirrups Spacing

According to ACI:

Spacing < 16 x dy,(Longitudinal. bar. diameter) = 16 X 1.6 = 25.6cm.
Spacing < 48 X d.(tie.bar. diameter) = 48 X 1.0 = 48cm.

Spacing < Least. dimension = 35 cm

— Select @ 10/20cm

60

o [+] ] [a] F d [s] [+
| [
[Am

o O o O d 9 o0

c0 » 16

52
27 27 ﬁw 27
37 52

7

210/20cm, »10/20cm, @10/20cm,
L=14.8 m | =144 m L=0.41 m

Figure 4.8: column (C14)
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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, SW1.

The following data that used in the design:
- Shear Wall thickness = h = 20 cm
- Shear Wall length Lw = 3.10 m
- Building height Hw=22.02 m

- Critical section shear : Lw<hw — d =0.8*Lw =2.48 m

Figure 4.9: System with Shear & Moment diagrams of shear wall
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» Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

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

= %\/24 X 310 x 2480 = 628 KN

c/'xbxd . Nuxd
2- Ve=¥
4 4Lw

- m—“fxm" +0=9415kN

wa(0.1x\/§+0.2x£

_ [} Lw X h
3.Vc = 0.05 x Vfc' + Uym—rTy xhxd
Vu 2

Mul=2271 kN.m

Mul L 2271 3.10 . . . .
Mul w_ 2270330 _ 38 >0 — This equation is applicable.
Vu 2 426 2

702x103

3100><2°°> X 200 x 2480 = 339.9kN.....control

3.10%(0.1Xv24+0.2%
5.8

3.Vc = (0.05 X V24 +

P xVc=0.75%X339.9=2549KkN <Vu=426KkN
~ Shear Reinforcement is needed

» Determine required horizontal shear reinforcement

Vu 426
Vus@xVc+@xVs - VS=E_VC=E_339'9= 133.43 kN
Ap Vs 13343 o
S; fd 420x10°x248 e
Ay 0.00012

= 0.0006 < 0.0025

Pt=Shn™ " 02

h
but (%) min = 0.0025 * h = 0.0025 % 200 = 0.5 ... ... . Controlled.
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— Avh : For 2 layers of Horizontal Reinforcement

Select 10 :
Avh = 2 *79 = 158 mm?
Avh 0.5 g 158 316
— = (. - = —_— =
s T = s i

Smax= Lw/5 = 3100/5 = 620 mm
= 3h = 3*200 = 600mm
=450mm ................. Controlled.

-~ Select 10 @ 250 mm at each side

~ Select P10@ 250mm two layers for horizontal reinforcement

» Design of Vertical Reinforcement

hw Avh

— Avv =[0.0025 +0.5 (Z'S_E)(s,hor*h — 0.0025)] * h = S, ver
w222 ;16> 2.50
w310 -

Avv _ 2579
— £ = [0.0025 +0.5 (0) (5o oo — 0.0025)] * 200
. Avv _
o S,Ver_

Smax = Lw/3 = 3100/3 = 1033mm
= 3h = 3*200 =600mm

=450mm ................ Controlled.
Select 12 :
Avv =2 *113 =226 mm?
AW 055 226 _ 459
_— . - = —— =

S ) req 05 mm

=~ Select P12@150mm two layers for uniform vertical reinforcement
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» Design of Bending Moment

Moment diagram were obtained from ETABS
— Max Mu =2834 kN.m

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

Where:

- Asv=2*113 *% = 3503 mm? %67

zZ 1 _ 1 =0.11
Lw - 2+0.85*ﬁ1*fc’*Lw*h - 24 0.85%0.85%24+3100%200 — VY-
Asvsfy 3503%420

0.11

~ Muv = 0.9 [0.5*%3503*420*3100 (1- T)] = 7939.53 kN.m

Muv = 2558.9 kN.m > Mu =983.65 kN.m

So, Boundary Element is not required
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4.10. 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 4.9 which also illustrates loads that act on the wall.

N

0.3

2.98

qui=25.33 KN/m?

Figure 4.10: Basement Wall system and loads

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

k,=1-sin30=0.5
Due to soil pressure at rest: qul = k,.y.h = 0.5%17*2.98 = 25.33 kN/m?

Due to surcharge: qu2 = 5*0.5 =2.5 kN/m?
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The following figure (4.11) is shear and moment diagrams that were obtained from Atir

Software.

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

Moments: spans 1to 1

1.64 301 1.34

Shear

-37.8

A47.5

J2.4

Figure 4.11: Shear and moment diagram

» Design of Shear Force:
Max value shear force is obtained from figure (4.10), Vu= 37.8 kN

d=30-2-2 =26 cm
@*VCZO.?S*%* 24 * 1000 * 260 = 159 kN > Vu

~h=30 cm is correct.

» Design of Wall Reinforcement
» Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure (4.10) , Mu =30.1 KN.m

420
m= = 20.6
0.85%24
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Mn = 30.1/0.9=33.44 KN.m

Mn 33.44 *10°
Rn = b+d2 ~ 1000+2602 = 0.49 MPa

_ 1 , 2%0.49%20.6 \ _
p_ﬂ*(l- 1—T)—00012

AS,eq=p * b * d = 0.0012% 1000 * 260 = 312 mm?/1m

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

- Select @12/20cm with As = 452 mm?/m > As min

» Design of Vertical Reinforcement Compression Side:
— As = As (min) = 360 mm?
. Select @10/20cm with As = 632 mm?/m

> Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer
~_Select @10/25cm with As = 314 mm?2/m
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4.11. Design of Isolated Footing (F2):
Loads that act on footing F2 are:

— Pu=2520 kN
The following parameters are used in design:
= VY concrete = 25 kN/I’T]3
- 7 soit = 18 KN/m?®
- oallow = 400 KN/m
- clear cover =5cm
9.

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure.
Assume h = 65 cm

Ob(allowyet = 400 — 25*0.65 = 383.75 kN/m?

O bu(allow. net) = 1.4* 383.75= 537.25 KN/m?

Obu = Pu/Areq < 0 bu(allow . net)

Ll

2520/ 42 = 537.25— a=2.16m — Select 2=2.5m

2529 - 403.2 kN/m? <537.25 kN/m? .... (SAFE)

—  Bearing Pressure cbu = Pu/A: Y
e LVA

10. Determination of footing depth (h)
To determine the depth of footing both one and two-way shear must be designed.
— d=h-cover-@=650-50-14 =58 mm
— Vu at a distance d from the face

of the column : \l\

0382 d=0.568

0.6

h=65 cm

a=2.5m

A

[:I obu=403.2

Figure 4.12: Critical Section of Shear Force
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Vu=FRB=0bux0.382xb

=403.2x 0.382 x 2.5 =385.1kN

@ *Vc= 0.75* % *Fd *b*d=075* % * /24 * 2500 * 586 *1073=897.13 KN >Vu

~h=65cm s correct

» Design of Punching (two way shear)

d =586 mm

b, =2 x 1168 +2x 918 =4.17m
Bc=1

as = 40 (interior column)

Ll

Ou = PU/A = 2520/(2.5%2.5) = 403.2 KN/m?

Vu = 403.2(2.5%2.5 — (0.918+1.168))
=1679 KN

@xVc is the smallest of:

Vi

12

1. Vc=(2+BiC)x X by, X d

:(2+i)><—V24 x 4170 X 586 =
1 12
5985.6 kN

Vfc!
12

+2)x% x 4170 x 586 =

2. Ve= (“—Xd + 2) x
bo
_ (40 X 586

~\ 4170

7602.8 KN

X b, xd

3. Ve=4x" b, xd

=4 x % x 4170 x 586 =

=3990.4 KN ....cont.
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— @xVc=0.75x%3990.4 =2992.8 KN >Vu=1679 KN
~h=65cm is correct
» Design for Reinforcement:

Mu = 403.2 *0.95*%2.5*(0.95/2) = 454.86kN.m

60 cm

\

95 cm

a=250 cm

[
i’ obu=403.2

h=65 cm

Figure 4.14: Critical Section of Bending Moment

Fy 420
m = - =
0.85+Fc’  0.85+24

Mn = 454.86,/0.9= 505.4 kN.m

= 20.6

M 505.4 ¥10°
Rn= /e _ = 0.59 MPa
bxd?2 25005862

1 , 2xRnx
= Low (1 |1 - 225200 - g 9014
20.6 420

Asreq=p *b*d = 0.0014 x 2500 * 586 = 2051 mm?

As (min) = 0.0018*b*h = 0.0018*2500 * 650 = 2925 mm?

As (min) > ASreq

- Select for both directions: 25 @14 with As = 3848 mm? > Asreq ..

. (0k)

61




» Design the Connection between Column & Footing

= Design of bearing pressure at section of column:
@ x Pnb=0.65x0.85% fc’'x Al >Pu

= 0.65 x 0.85 x 24 x 350 x600 = 2784.6 KN > Pu =2520 kN
-~ Dowels are not needed, so:

The minimum area of dowels (Asmin) = 0.005Ag

= 0.005x350 x600 =1050 mm?
— Select 25@14, which is just like the reinforcement of the 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 14 = 417.48 mm >300mm
— Select Lsc =40 cm > Lsc req = 41.7cm

Design of compression development length (Ldc) :

Ldc = 0.24 x % x db = 0.24 x % x 14 = 288 mm ....cont.

Ldc =0.043 x fy x db =0.043 x 420 x 14 = 252.84mm
o LdC,req =288 mm

Available Ldc = 650 — 50 — 14 — 14 = 572 mm > LdC,req = 288 mm ... 0k

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 :

1- Clear lateral spacing =2500_(2*522)_(25*14) = 85.42mm > 2db = 28mm

2- Clear cover =50 mm > db =14 mm
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Category A:

Design of tension development length (Ldt):

12 f t X e 12 420 1X1
- Ldt, req=—x L x 2P x gh = Zx = x x14 = 147 mm
20 fcr 20 24
2500-350
- Ldt,X available = —— - 50 =1025mm > Ldt, req
2500-600
- Ldt,X available — 2— -50 =900 mm > Ldt, req
= e
=
=3 g
s
£ b | 3 A |
s M Al i Al
=
i3] 25 @14 , L=3.00m &
5] 235
= =
e 953 4+ 947 Al
SECTION A-A
0016
P
=
Mesh ©10/20cm =l
‘\I[ - - \ - - - L
: T
(N DPM
<[
[ L 4
dn' [5"] {.l: 04 . :l'}'

2]
=

Figure 4.15: F2 Reinforcement Details
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4.12. Design of Stairs:

» Design of flight

The structural system of the flight is shown in figure (4-16) 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 =3.5/20 = 17.5 cm

-~ Select h = 20 cm, but shear and
deflection must be checked

Angle (a): tan (o) = 17.5/30

— a=29°
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Figure 4.16: Structural system of flight




2. Loads calculation :

Figure (4-17) shows a section in the flight in which the layers carried by the flight appear.

1. Table(4-5): Calculation of Dead Loads that act on Flight

Flight Dead Loads
Flight =(0.20 * 25* 1)/ cos(29) =5.72 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*(*7) = 0.36 kN/m

Hor.Tiles = 0.04*23*(2) = 1 kN/m
Ver.Tiles = 0.03*23*(% ") = 0.38 kN/m

Triangle =0.5*%0.167*25 =2.08 kN/m
Sum=10.95 kN/m

Factored Loads :
qu=1.2 *10.95 + 1.6*2 = 16.34kN/m
Au=16.34 *2.7/2 = 22 kN

16.7cm
N

30cm
Figure (4-17): Section of The Flight

. Analysis : The following figures show shear and moment Diagrams resulted from

analysis of the flight :

16.32 KN/m

A A S

No Load

2.7m

22 KN/m

22

Shear Diagram

22

A
X

Figure (4-18) :Analysis of the flight
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4. Design :
- Design of Shear Force :

d=200-20-(12/2) = 174 mm
@xVc = 0.75 * %*\/Fc’ * bw * d
=0.75* %*\/ﬁ * 1000 * 174

=106.6 KN > VVu max = 22kN
~ No Shear Reinforcement is Required#

- Design of Bending Moment :

Fy 420
m = - =
0.85+Fc’  0.85%24

= 20.6

106
L kn = Mwo _ 22+10°/09 _ o4 \pa

bxd?2 10001742

_1 , 2+KN=m | _ 1 ’ 2+0.81¥20.6 \ _
= pEg A 1 Fy )= 505 " (- 1 ——55—) = 0.0013

— Asreq=p*bxd= 0.0019 * 1000 * 174 = 330.6 mm?

— As min =0.0018 *1000*17.5 = 315 mm?
=~ Select @12/20 with As = 565 mm? > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm?2 = As min

— Check Spacing :

20cm > Smin=25+1.0=3.5cmor 2*(1.0)= 2.0 cm ... ok
20cm < Smax=3*20=60cm ... ok

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

0.85*24*a*1000 = 315 *420

a=649mm — X=a/f=26.49/0.85=7.63mm

£, = 0.003+d _ y 353 = 00034174 _ (3 y5a
x 7.63

~ & = 0.065>0.005 ....0=0.9 (OK)
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Design of Landing
The structural system of the landing is shown in figure (4-19) and the following steps explain
the design procedure of it :

e Determination of Landing thickness :
Limitation of deflection:

o AN AN
h > minimum h 26 |
|
h(min) = L/20 =3.5/20 =17.5cm Figure (4-19):Structural system of landing

~ Select h = 20 cm, but shear and deflection
must be checked

e Loads calculation :
Figure (4-20) shows a section in the landing in which the layers carried by the landing
appear.

Table(4- 6):Calculation of Dead Loads that act on Landing

—— 7cm Snad —— 2cm Mortar l/ 4cm Tiles

Landing Dead Loads | 1

Tiles = 0.03°23°1=0.7 kKN/m 8 A A .1 o

Mortar = 0.03*22*1=0.4 kN/m '
Sand = 0.07*16*1=1.1 kKN/m

Slab = 0.20%25*1=5.0 kN/m LI SRR R R
Plaster = 0.02*22*1=0.4 kN/m L— 3cm Plaster
Sum = 7.6 kN/m Figure (4-20): Section of The Landing

Factored Loads :
qu =1.2*7.6+1.6*2 =12.32 kN/m

The landing carries ( dead load & live load of landing + support reaction resulted
from the flight)
qu = 12.32+ Support reaction of flight = 12.32 + 22 = 34.32 KN/m
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— Analysis :

qu =34.32 d=200-20-(12/2) = 174mm
VL L L] Vumax= 44.62 — (34.32%0.174) = 38.6 kN
T‘ e Mu max = 34'328*2'62 = 29kN.m
44.62 4.6

T .
ﬁ\ —= 0174 —-—
1

38.6

Figure (4- 21):Analysis of Landing

— Shear Force Design :
d=174mm & Vu max=38.6 kN

@x\Vc=0.75* %*\/ﬁ *1000 * 174=106.6 KN >Vu max =42 kN

~No Shear Reinforcement is Required#

— Bending Moment Design : (Mu max =29 kN.m)

- m =206
%106
- kn = 22000 - 11 MPa
1000174

1 2%1.1%20.6 | _
- pE* (- /1— —222) = 0.0027

- Asreq = 0.0027 * 1000 * 174 = 469.8 mm?

- As min = 0.0018 *1000*200 = 360 mm?

142 100

=~ Select @14 /20cm with As = el 770 mm? > As req .... For Main Reinforcement

- Check Spacing :
20cm > Smin=25+1.0=3.5cmor 2*(1.0)= 2.0 cm ... ok
20cm < Smax=3*20 =60cm... ok
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- Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 770 *420

a=1485mm — X=a/f=14.85/0.85=17.47 mm

- 0.003%174 0.003

s 17.47

« g5 =0.029 > 0.005 .... @ = 0.9 (OK)

The following figure shows section A-A of the stairs in which reinforcement detailing
appears.

©910/20cm  ©¥10/20cm
®910/20cm| \ ]

. oo L] NN
\
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Figure (4- 22): Reinforcement Details of Stairs
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