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Abstract

Structural Design for the ""Proposed Design of Medicine college
Building in Hebron City

Prepared by:
Ahmad Abu-Mogaddam Hadil Maher Mohammed
Mohammed Sweity Shahd Hammad

Palestine Polytechnic University
Supervisor

Eng. Shadi Qumseya

The idea of this project lies in the structural design of the proposed design of the
Medicine college building .

The building of the Faculty of Medicine consists of 6 floors, in addition to two basement floors.

The total area of the project is 20000 square meters

The architectural design is characterized by the inclusion of a number of fragmented blocks
distributed in a consistent manner functional and aesthetic. It was adopted in the distribution of
these blocks to provide easy and quick access to users.

We will use the Jordanian code to determine live loads, and determine the load of earthquakes.
As for structural analysis and section design, the US code (ACI_318_14) will be used and we
will rely on some computer programs such as: AutoCAD (2018), Atir , Microsoft Office.

The project will include a detailed structural study of the identification and analysis of the
structural elements and the different expected loads, and then the structural design of the
elements and the preparation of the plans according to the design of all the structural elements
that form the skeleton of the building. After the completion of the project, it is expected to be
able to provide the structural design for all structural elements with the permission of Allah.

God grants success.
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Design of basement wall :8-4

Design of shear force :1-8-4

Design of bending moment :2-8-4

Design of horizontal reinforcement:3-8-4
Design of shear wall :9-4

Design of shear (Horizontal and Vertical Reinforcement):1-9-4
Design of column :10-4

Design of stairs :11-4

Dead Load For Flight:1-11-4

Design of Shear for Flight :2-11-4

Design of Bending Moment for Flight :3-11-4
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e Ac = area of concrete section resisting shear transfer.

e As =area of non-pre-stressed tension reinforcement.

e A = area of non-pre-stressed compression reinforcement.

e Ag = gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b =width of compression face of member.

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C; =compression resultant of compression steel.

e DL =dead loads.



d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

fc: = compression strength of concrete .

fy = specified yield strength of non-pre-stressed reinforcement.
h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to

face of beam or other supports in other cases.

LL = live loads.
Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.
Pu = factored axial load
S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = 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.
€. = compression strain of concrete = 0.003.
€, = strain of tension steel.
€ = strain of compression steel.

p =ratio of steel area.
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Chapter Four

Structural Analysis and Design-4

4.1 Introduction.

4.2 Factored Load.

4.3 Slab thickness calculation.
4.4 Load calculation.

4.5 Design of Topping.

4.6 Design of Rib (15).

4.7 Design the beam (55-first).
4.8 Design of basement wall.
4.9 Design of shear wall.

4.10 Design of column.

4.11 Design of stairs.

4.12 Design flat plate.

4.13 Design mat foundation .

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 virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or
twisted bars. A bond forms between the steel and the concrete, and stresses can be
transferred between both components.
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In this project, all of design calculation for all structural members would be made
upon the structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs : One way ribbed slab and flat slab.
They would be analyzed and designed by computer program called "ATIR-
Software " to find the internal forces, , And programs to find the internal forces,
deflections and moments for both types of slabs, and then handle calculation would
be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and
its cross — sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-318-14 code.

NOTE:

WE USE B300 &
CSA.18Gr400

Concrete compressive
strength fc' =24N /
mm*(MPa)

Yield stress

fy = 420N /mm?(MPa)

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

U=1.2D.L+1.6L.L

U=0.9D + 1.0E + 1.6H Where : D- dead load / L-live load/ E-earthquake
H-load due to weight & pressure soil
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Minimum thickness , h
Simply One end Both end

Cantilever

supported continuous continuous

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

Solid one way

i L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs| L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed
beams or one way slabs unless deflections are computed as follow: For rib :

hmin=L/18.5=765/18.5=41.35 cm " One end continuous
"..control

hmin=L/21 =641/21 = 30.5 cm " Both ends continuous "

so 40 cm thickness with 30 cm block and 10 cm toping .

4.4.1 One way ribbed slab:

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

Table (4 — 2) Calculation of the total dead load for one way ribbed slab.
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Parts of Rib Calculation
Rib 25 0.2*0.3*25= 1.5KN/m
Top Slab 25 0.1*0.7*25 = 1.75 KN/m.
Plaster 22 0.03*0.7*22 = 0.462 KN/m.
Block 6.53 0.5*0.3*6.53 =0.9795 KN/m
Sand Fill 17 0.07*0.7*17=0.833 KN/m
Tiles 23 0.015*0.7*23 = 0.2415 KN/m
Mortar 22 0.03*0.7*22 = 0.462 KN/m.
partition - 2*0.7 =1.4 KN/m

Nominal Total Dead load = 7.628 KN/m of rib (service load)
Nominal Total live load =4*0.7= 2.8 KN/m of rib

Statically System For Topping:

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

Wu

50
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Fig 4.2: Topping Load.

The calculation of the total dead load for the topping is shown below:

Tiles 0.015 * 23=0.345 KN/m?
Mortar 0.03 * 22=0.66 KN/m?
Sand 0.07 * 17=1.19 KN/m?
Slab 0.1 * 25=2.5KN/m?

Partitions  2.00 * 1 = 2 KN/m?,

Dead Load = 6.695 KN/m>.
Live Load = 4 KN/m?.
W,=12DL+16LL
=1.2*6.695 + 1.6 *4 = 14.4 KN/m?. (Total Factored Load)

Wy x1?
12

M, =

=14.4*0.5 %12 = 0.3 KN.m
PMn=¢ fr+S Sm (ACI 22.5.1, equation 22-2)
=0.55 * 0.42* V24 *1000*100 /6
=18.86 KN.m> Mu=0.3 KN.m

=~ No structural reinforcement is needed
Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :- ACI 7.12.2.1
p=0.0018

As=p * b+ h=0.0018 * 100 * 10 = 1.88 cm? /m
'« Use ®8 @ 200 mm in both directions.
As = (0.8% *11 /4) *100/20 =2.5 cm?/m
25>1.88..... 0k
Requirements for Ribbed Slab Floor According to ACI- (318-08).

DW > 10CIceeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseereeeeeeens ACI (8.13.2)
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Select bw=20cm

h <3.5*bw

........................................ ACI(8.13.2)

Select h=40cm<3.5*20= 70 cm
Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

b =20 cm b; =70 cm

h =40 cm T¢=10 cm

1 z ¥ 4
1 z ¥
E:: A —T A T A j
0.7y 6.91 0.8] 5.617 (0.87 6.021 0.61
: . ! 7.651 ' . ' 6411 ' . BT ' .I
I TI]I1 I I 1
4u.l—m'|
20
AN
Figure (4-1): Geometry of rib and it’s dimension.
7.5 7.6 7.621
“ 7.65) 6417 672

Live-load---Service- |

Load-factors:-1.20,1.2001.60,0.00

g ||

L | jeon

T.65

6411

| l:gi )

Figure (4-2) : loading of rib (25)
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55,31
06 o 4591 | 3.21 , 3.211 | 4.031 . 269 |
Figure (4-3) : Moment Envelope of rib (25)
6221
-44.61 -38.9
-34.2 %
f —— =
38.77]
43, 444
o 49.11 5451 T

Figure (4-4) : Shear Envelope of rib (25)

As: cm2
Top Cover
As top =

048

As bot =
Bot Cnvel

Aslbd 0. IJI:I/

MPa Yu/bd=

0.67% 0.67%

As/bd  0.00%
017 017

Av/smm] D17
Av/ min= A
i 6 Legs=2 6 Legs=2
Gap=5.4/12.5 Gap=10.4/10.4
11@15+3@30+ 11@15+7@30+
16@15 11@15
ail =
[ai+at)t2-t1=

Stimups

Figure (4-4a) : Deflection

1 ]7‘[ ]7‘[ T

0.67% 0.67%
017 017

P6 Legs=2
Gap=12.5/7. 4
13@15+9@30+
8@i5

-L#2556
-L/2216

of rib (25)
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4.6.1.2 Design of negative moment of rib (RIB 15):
negative moment Mu © = -52.9 KN.m at support( 2 )

Assume bar diameter @ 18 for main negative
reinforcement

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d =400- 20 -18/2 = 371 mm

0.85f, 0.85+24 -
Rn= Mn /(b*d?)
=(52.9%10%/0.9)/(200 *371 *371)=2.13 MPa

p=ta- [I-Em)
=(1/20.6)*(1-V1- ((2*20.6*2.13)/240))=5.38*10"°
—As=p *bE *d
= 5.38*10 ° *200*371 = 399.36mm?>

i
fe 1.4

ASpin = ——* by, *d = —xb, xd ............ (ACI-10.5.1)
4 (fy) fy

=\24/(4*420)*400*371=432.74 mm®* < 1.4/420*400*371=494.66 mm” .
...... Larger value is control

—Aspmin 494.66 mm? >ASreq 399.35 mm2 ............. Larger value is control.
2 @ 18=508.94 mm’ > As,¢q = 399.3 mm*--- OK.
~Use2 @18

— Check for strain: - (s> 0. 005)
Tension = Compression
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As*fy=085*f*b*a

508.94 * 420 =0.85 *24* 120 * a
a=387.318mm.

R=10.85

x=alld

x=102.73

£s = =+ 0.003

=0.0094 > 0.005
A =0.90K

negative moment Mu © =-43.5 KN.m at support( 3)

Assume bar diameter @ 18 for main negative
reinforcement
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d = 400- 20 -18/2 = 371 mm

0.85f, 0.85+24
Rn= Mn /(b*d?)
=(43.5*10%/0.9)/(200 *371 *371)=1.5 MPa

p=ta- [I-Em)
=(1/20.6)*(1-V1- ((2*20.6*1.5)/240))=3.92*10"
—As=p *bE *d
=3.92 *10 ® *200*371 = 290.916mm?

!
Asmin = 7" bwrd = f*bw xd (ACI-10.5.1)

=\24/(4*420)*400*371=432.74 mm?® < 1.4/420*400*371=494.66 mm® .
e Larger value is control

—Aspmin 494.66 mm? > Asreq 290.916 mm?. ... Larger value is control.

2 @ 18=508.94 mm’ > As,¢; 290.916 mm?. --- OK
~Use2@18
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— Check for strain: - (¢s> 0. 005)
Tension = Compression
As*fy=085*f'*b*a

508.94 * 420 = 0.85 * 24* 120 * a

a=87.318mm.

R=0.85

C=all}

C=102.73

£ = %0003

=0.0094 > 0.005

~$=09 0K

4.6.1.3 Design of positive moment of rib (RIB15):
For positive moment Mu ) = 23.1KN.m at span 1

Assume bar diameter @ 18 for main negative reinforcement

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d =400- 20 -18/2 = 371 mm

— Myp = 0.85 f; x by * t; + (d — L)
dMps =0.85* 0.9*24*100*700%(371-50) = 412.54 KN.m
—dMps =412.54 KN.m >> M," = 69.7 KN.m.

- Design as rectangular section with b = bE = 700 mm

0.85f, 0.85+24

Rn= Mn /(b*d?)
=( 69.7*10%0.9)/(700 *371 *371)=0.8 MPa

1 25Ky *
p-ta- [1- )

=(1/20.6)*(1-V1- ((2*20.6*0.8)/240))=1.95 *10°3

—As=p *bE *d
=1.95 *107°*700*371 = 507.116mm?
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fe
ASpin = L sbyxd = Zxby,xd ..ooo...... (ACI-10.5.1)
4’(fy) fy

=\24/(4*420)*200*371=261.3 mm?*> 1.4/420*200*371=247.33 mm®
............. Larger value is control

—ASmin 261.3 mm? < AsSreq 507.11 mm2 ............. Larger value is control.

2 @ 18=508.68 mm’ > Asq 507.11 mm®. --- OK.
~Use2 @18

— Check for strain: - (¢s> 0. 005)
Tension = Compression
A;*fy=085*f*b*a

508.68 * 420 = 0.85 *24* 120 * a

a=14.961 mm.

R=0.85

C=all}

C=17.6

g5 = 5% 0.003

=0.06 > 0.005

~$=0.90K

For positive moment Mu )= 17.9 KN.m at span 2

Assume bar diameter @ 18 for main negative
reinforcement

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d =400- 20 -18/2 = 371 mm
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—>Mnf=0.85f;'*b5*tf*(d—%)

dMp =0.85* 0.9*24*100*700*(371-50) = 412.54 KN.m
—pMp =412.54 KN.m >> M," = 17.9 KN.m.

- Design as rectangular section with b = bE = 700 mm

Rn= Mn /(b*d?)
=(117.9*%10%/0.9)/(700 *371 *371)=0.206 MPa

1 2xKp*m
p=—(1- /1— n )

=(1/20.6)*(1-V1- ((2*20.6*0.206)/240))= 4.94 *10

=4.94 *10™* *700*371 = 128.3 mm®

_ﬁ*bw*d 1.4

ASmin = 705 > Zabyrd (ACI-10.5.1)
y y
=\24/(4*420)*200*371=261.3 mm?> 1.4/420*%200*371=247.33 mm*
............. Larger value is control
—ASmin 261.3 mm? > ASreq 128.3 mm2 ... Larger value is control.

2 @ 14= 307.72 mm’ > Asyi, 216.3 mm?. --- OK,
~Use20@ 14
— Check for strain: - (s> 0. 005)
Tension = Compression
A *fy=085*f'*b*a
307.72 * 420 =0.85 *24* 120 * a
a=52.79mm.
R=10.85
C=all
C=62.11
£s = 50003
=0.014 > 0.005
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-~ $=0.9 OK

For positive moment Mu )= 55.3 KN.m at span 3

Assume bar diameter @ 18 for main negative
reinforcement

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d =400- 20 -18/2 = 371 mm

— Myp = 0.85 f; x by * t; + (d — L)
dMps =0.85* 0.9*24*100*700%(371-50) = 412.54 KN.m
—>Mps =412.54 KN.m >> M, = 55.3 KN.m.

- Design as rectangular section with b = bE = 700 mm

Rn= Mn /(b*d?)
=(55.3*10°/0.9)/(700 *371 *371)=0.637 MPa

1 2 *
p=ta- [1- )

=(1/20.6)*(1-V1- ((2*20.6*0.637)/240))= 1.54 *107®

—As=p *bE *d
=1.54 *10°*700*371 = 400.69 mm?
ASpin = 4\5) b, *d = % xbyxd ............ (ACI-10.5.1)
=\24/(4*420)*200*371=261.3 mm?> 1.4/420*200*371=247.33 mm?

............. Larger
value is control

—Asmin 261.3 mm? < ASreq 397.03 mm2. ... Larger value is control.

2 @ 16=307.72 mm? > As, 401.92 mm?. --- OK.
~ Use2 @16
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— Check for strain: - (s> 0. 005)
Tension = Compression

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

401.92 *420=0.85 *24* 120 * a
a =68.95mm.

R=0.85

C=all

C=81.12

£ = %0003

=0.0104 > 0.005
A =09 0K

4.6.2 Design of shear of rib (RIB 25):

1) Vu =51 KN. (at distance d=371 mm from the face of support)

1.1 ¢ vc=1.1*§*bw*d *b
1.1¢ V.=1.1*0.75* (1/6)* \24*200%371=50 KN.
(1.1*¢*Vc)50 KN =*(Vu) 51

—Check for cases:-

Casel: V. L.
51<(45.45/2)
51<22.7 -------- No shear reinforecement is req
Material :-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

B=80cm, h=35cm
The load acts on the beam from two way ribbed slab as shown below:
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Figure (4-5) : hatched areas represent the load on beam from slab

The tributary load area beam from ribbed slab as shown above (shaded area). In
addition to factored load acting on the beam from the ribbed slab, the own weight of

the beam must be

added and the load of the RC wall (25 cm thick, 3 height).

Load calculation for the beam:

Service DL from the ripl =86.78KN/m
Service DL from the rip2 =87.1KN/m
Service DL from the rip3=83.5 KN/m

Table (4 — 3) Calculation of the total dead load for beam (B-1,B50).

Dead load from: KN/m
Tiles 0.015x23x0.8=0.276
Mortar 0.03 x 22 x 0.8= 0.528
Sand fill 0.0.7 x17 x 0.8=0.952
Plaster 0.03 x 22 x 0.8= 0.528

Weight of floor materials acting directly on the beam =2.284 KN/m

Service LL from the slabl = 34..56 KN/m
Service LL from the slab2 = 33.21KN/m
Service LL from the slab3 = 33.56 KN/m
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Figure (4-6) : Load of Beam (B-1,B50)
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Figure (4-7) : Moment Envelope for Beam (B-1,B50)
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Figure (4-8) : Shear Envelope for Beam (B-1,B50)

Figure (4-8a) : Deflection for Beam (B-1,B50)

4.7.1 Design of flexure:-

4.7.1.1 Design of positive moment:-

Assume bar diameter @25 for main negative reinforcement.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=550 - 40 -10 - (25/2) =487.5 mm
Cmax =3/7 *d = 208.93 mm

a max = Cmax*p1 = 208.93*0.85 = 177.6 mm.

f/= 24MPa
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Mamax = 0.85 * fr*b*a* (d-%)
= (0.85 * 24 * 800 * 177.6 (487.5 — (177.6/2))) * 10°-6 = 1155.6 KN.m.

Calculation of ¢ :-
&s = (0.003 d/c )-0.003 = (0.003*487.5 /208.93) -0.003 = 0.004 < 0.005
so¢#0.9
b =0.65 + 250/3 *( &-0.002)
= 0.65 + 250/3 *(0.004-0.002)
=0.816

—dMnNpax = 0.816 * 1155.6 = 942.97 KN.m .
Positive moment (first span ) Mu+ = 439.6 KN.m

—$pMnNmax = 942.97 KN.m > Mu =439.6 KN.m.
- Design as Singly reinforced concrete section

M, = Mu /= 439.6 / 0.9 =488.44KN.m.

m=——=——=20.6
0.85f, 0.85+26

Rn=Mn/ (b *d? = 488.44 * 10°/ (800*487.5%) = 2.56 MPa

pera- i,
y
= 1/20.6 (1- V 1- (2*2.56*20.6/420))
= 0.0065

—As=p *b,, *d = 0.0065 * 800 * 487.5 = 2535 mm>.

fe
ASpin = rfy) xby,*xd = ;—: xby, xd ..o (ACI-lOSl)
— /2 800+ 487.5 > 1% 4800 + 487.5
4%420 420
=1137.26 mm?< 1300 mm*............. Larger value is control.

- As =2535 mm?.
Select 6 @ 25 with As = 2945.25 mm?
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— Check for strain:- (es> 0. 005)
Tension = Compression
As*fy =085* f/*b*a
2945.25* 420 = 0.85 * 24* 800 * a
a=7579 mm.
C=75.79/0.85 =89.16 mm
f/= 24 MPa
£ = =% 0.003
=0.0134 > 0.005 - ¢=0.9 OK.
Sb =800 -(40*2)-(10*2)-(6*25)/5 = 110 mm > 25 mm

Positive moment (third span ) Mu+ = 552.4 KN.m
—¢pMnNmax = 942.97 KN.m > Mu =552.4 KN.m..
- Design as Singly reinforced concrete section

My, = Mu /= 439.6 /0.9 =613.8 KN.m.

0.85f, 0.85+26

Rn = Mn/ (b *d?) =613.8 * 10°/ (800*487.5%) = 3.23 MPa

pera- i,
y
= 1/20.6 (1- V 1- (2*3.23*20.6/420))
= 0.0084

—As=p *b,, *d =0.0084 * 800 * 487.5 = 3276 mm>.

e 1.4

ASpin = ~— s by *d = ==xby xd eeererennn. (ACI-10.5.1)
4 (fy) fy
— /2 800+ 487.5 > 1% 4800 + 487.5
4%420 420
=1137.26 mm?< 1300 mm*............. Larger value is control.

—>ASmin = 1300 mm® < Aseq = 3276 mm’.

- As =3276 mm?,
Select 7@ 25 with As = 3436. 12mm?

— Check for strain:- (es> 0. 005)
Tension = Compression
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As*fy =0.85* £/ *b*a
3436.12* 420 = 0.85 * 24* 800 * a
a = 88.4 mm.
C=88.4/0.85 =104 mm
f'= 24 MPa
£ = =% 0.003
=0.011 > 0.005 . ¢=0.9 OK.
Sh = 800 -(40*2)-(10*2)-(7*25)/6 = 84.16 mm > 25 mm

Positive moment (forth span ) Mu+ = 405.7 KN.m

—¢pMnNmax = 942.97 KN.m > Mu =405.7 KN.m.
- Design as Singly reinforced concrete section

M, = Mu /= 405.7 / 0.9 =450.77 KN.m.,

0.85f, 0.85+26

Rn = Mn/ (b *d?) =450.77 * 10°/ (800*487.5%) = 2.37 MPa

popa- [i-Em,
y
= 1/20.6 (1- V 1- (2*2.37*20.6/420))
= 0.006

—As=p *b,, *d = 0.006 * 800 * 487.5 = 2340 mm?.

e 1.4

ASpim = ok b, *d = 7 Dy *d eeeeenenenn (ACI-10.5.1)
V24 1

+ 800 * 487.5 > ~X 4800 * 487.5
4+420 420

=1137.26 mm?< 1300 mm*............. Larger value is control.
—>ASmin = 1300 mm® < Aseq = 2340 mn’,

-~ As =2340 mm?,
Select 5@ 25 with As = 2454.4mm?

— Check for strain:- (es> 0. 005)
Tension = Compression

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

2454.4* 420 = 0.85 * 24* 800 * a
a=63.16 mm.

54



Structural Analysis and Design 2 1) Juadl)

C=63.16/0.85=74.3 mm
f£'= 24 MPa
£s = =% 0.003
=0.0167 > 0.005 . ¢=0.9 OK.
Sh = 800 -(40*2)-(10*2)-(5*25)/4 = 143.75 mm > 25 mm

Positive moment (sixth span ) Mu+ =583.9 KN.m

— Mn max = 942.97 KN.m > Mu =583.9 KN.m .
Design as Singly reinforced concrete section

Mn = Mu/=583.9/0.9 =648.77 KN.m,
Rn = Mn/ (b *d?) =648.77 * 106 / (800*487.5%) = 3.41 MPa

1 2xKp*m
p-ta- [1- )

= 1/20.6 (1- V 1- (2*3.41*20.6/420))

=0.0089
—As= P*bw *d =0.0089 *800 *487.5=3471 mm2. ............ (ACI-10.5.1)
_ J—’F—; 1.4
ASpin = 4(fy)*bw*d = f—y*bw*d
— 2% 8004875 > 1% 4800« 487.5
4%420 420

=1137.26 mm2 < 1300 mm2 ............. Larger value is control.
—Asmin = 1300 mm2 < Asreq = 3471 mm2.

-~ AS =3471 mm2.
Select 8@ 25 with As = 3927 mm2

— Check for strain:- (€s > 0. 005)
Tension = Compression
As*fy =0.85* *b*a
3927* 420 = 0.85 * 24* 800 * a

a =101.0925 mm.
C=101.0625/0.85 =118.89 mm

£ = ‘%x *0.003

=0.0093 > 0.005 . ¢=0.9 OK.
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Sb = 800 -(40*2)-(10*2)-(8*25)/7 = 71.48 mm > 25 mm

4.7.1.2 Design of negative moment:-
Assume bar diameter @ 20 for main negative reinforcement.
1) For negative moment Mu ©) =298.3 KN.m .
—$pMnNmax = 942.97 KN.m > Mu =298.3 KN.m.
- Design as Singly reinforced concrete section

M, = Mu /= 298.3/0.9 =331.44 KN.m,

0.85f, 0.85+26

Rn = Mn/ (b *d?) =331.44 * 10°/ (800*487.5%) = 1.74 MPa

pot(- [1-Eom,
y
= 1/20.6 (1- \ 1- (2*1.74*20.6/420))
= 0.00434

—As=p *b,, *d = 0.00434 * 800 * 487.5 = 1692.5 mm>.

fe
ASmin = 305 * b, xd = ;i‘ shy *d ceeeeenennn (ACI-10.5.1)
Y y
= Lfﬂ + 800 + 487.5 > -+ 800 * 487.5
=1137.26 mm?< 1300 mm*............. Larger value is control.

— Asmin = 1300 mm® < Aseq =1692.5 mm”,

-~ As =1692.5 mm>.
Select 4@ 25 with As = 1983.2mm?

— Check for strain:- (es> 0. 005)
Tension = Compression
A *fy =085* f/*b*a
1983.2* 420 = 0.85 * 24* 800 * a
a =51.05 mm.
C=51.05/0.85 = 60.06 mm
fi= 24 MPa
£ = =% 0.003
=0.021> 0.005 . ¢=0.9 OK.
Sb =800 -(40*2)-(10*2)-(4*25)/3 = 193.33 mm > 25 mm
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2) For negative moment Mu © =505.3 KN.m .
—$pMnmax = 942.97 KN.m > Mu =505.3 KN.m.
-.Design as Singly reinforced concrete section

M, = Mu /¢=505.3 /0.9 =561.44 KN.m.,

0.85f, 0.85+26

Rn = Mn/ (b *d?) =561.44 * 10°/ (800*487.5%) = 2.97 MPa

poga- [i-
y
= 1/20.6 (1- \ 1- (2*2.97*20.6/420))
=0.00767

—As=p * by, *d =0.00767 * 800 * 487.5 = 2991.3 mn?’.

ﬂ*bw*d > ;—‘A‘*bw*d ............ (ACI-10.5.1)

ASpin =
min 4 (fy) 3

= 4:/50 + 800 + 487.5 > -+ 800 * 487.5
=1137.26 mm’< 1300 mm*............. Larger value is control.

—ASmin = 1300 mm? < AS;eq =2991.3 mm’,

- As =2991.3 mm>.
Select 7@ 25 with As = 3436.12mm?>

— Check for strain:- (s> 0. 005)
Tension = Compression
A;*fy =085*f *b*a
3436.12* 420 = 0.85 * 24* 800 *a
a = 88.43 mm.
C=88.43/0.85 =104.035 mm
fi=24 MPa
£ = =% 0.003
=0.011 > 0.005 . ¢ =0.9 OK.
Sb = 800 -(40*2)-(10*2)-(7*25)/6 = 84.16 mm > 25 mm
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3) For negative moment Mu © =677 KN.m .
—dMNmax = 942.97 KN.m > Mu = 677KN.m .
- Design as Singly reinforced concrete section

M, =Mu /=677 /0.9 =752.22 KN.m.

m=——=——=20.6
0.85f, 0.85+26

Rn = Mn/ (b *d?) =752.22 * 10°/ (800*487.5%) = 3.956 MPa

p=z- [1-2om
= 1/20.6 (1-  1- (2*3.956*20.6/420))
= 0.0106

—As=p *b,, *d = 0.0106 * 800 * 487.5 = 4134 mm>.

fe
ASpin = 0D xby,*xd = ;—4 xby,*xd .ooooo.... (ACI-lOSl)
y y
= Lfo +800 + 487.5 = — 800 x 487.5
=1137.26 mm?< 1300 mm*............. Larger value is control.

—ASmin = 1300 mm® < AS;eq =4134 mm?,

- As =4134 mm?.
Select 9 25 with As = 4417.86 mm?

— Check for strain:- (s> 0. 005)
Tension = Compression
A;*fy =085*f/ *b*a
4417.96* 420 = 0.85 * 24* 800 *a
a=113.69 mm.
C=113.69/0.85 = 133.75 mm
fi=24 MPa
£ = 2% 0.003
=0.00793 > 0.005 .. ¢ =0.9 OK.
Sb =800 -(40*2)-(10*2)-(9*25)/8= 56.875 mm > 25 mm
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4) For negative moment Mu © =3155 KN.m .
—dMnNmax = 942.97 KN.m > Mu = 315.5KN.m .
- Design as Singly reinforced concrete section

My, = Mu /= 315.5/0.9 =350.5 KN.m.

0.85f, 0.85+26

Rn = Mn/ (b *d*) =350.5 * 10°/ (800*487.5°) = 1.8435MPa

p:%(]_— ‘1_2*?;*171)
= 1/20.6 (1- V 1- (2*1.8435%20.6/420))
= 0.0046

—As=p * by, *d = 0.0046 * 800 * 487.5 = 1794 mm?.

ASpin = Yool b, xd = ;—y k by *d  eeeieenennnn (ACI-10.5.1)
— 2%, 800 %487.5 > L% 4 800 « 487.5
4420 420
=1137.26 mm’< 1300 mm*............. Larger value is control.

—ASmin = 1300 mm® < AS;eq =1794 mm?,

- As =1794 mm?,
Select 6@ 20 with As = 1884.95 mm?

— Check for strain:- (s> 0. 005)

Tension = Compression

A;*fy =085*f/ *b*a

1884.95* 420 = 0.85 * 24* 800 *a

a =48.5 mm.

C=48.5/0.85=57.06 mm

f/=24 MPa
£, = ‘ix;" *0.003

=0.0226 > 0.005 . ¢=0.9 OK.
Sb = 800 -(40*2)-(10*2)-(6*20)/5= 116 mm > 25 mm

5) For negative moment Mu ©) =479.3 KN.m .
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—¢pMnNmax = 942.97 KN.m > Mu = 479.3KN.m .
.. Design as Singly reinforced concrete section

M, = Mu /= 479.3 /0.9 =532.5 KN.m.

m=——=——-=20.6
0.85f, 0.85+26

Rn = Mn/ (b *d?) =532.5 * 10°/ (800*487.5°) = 2.8MPa

pot(- [1-Eom,
y
= 1/20.6 (1- \ 1- (2*2.8*20.6/420))
=0.0072

—As=p * by, *d =0.0072 * 800 * 487.5 = 2808 mm”.

fe
Aspin = 75+ bwrd = ;_“ kby *d aeeeeeennnn (ACI-10.5.1)
Y y
= Aji *800 % 487.5 > —=+ 800 * 487.5
=1137.26 mm’< 1300 mm*............. Larger value is control.

—ASpin = 1300 mm® < As;eq =2808 mm®,

- As =2808 mm>.
Select 6@ 25 with As = 2945.24 mm?

— Check for strain:- (s> 0. 005)

Tension = Compression

A;*fy =085*f *b*a

2945.24* 420 = 0.85 * 24* 800 *a

a =758 mm.

C=75.8/0.85=89.17 mm

fi=24 MPa
£ = =% 0.003

=0.0134 > 0.005 . ¢ =0.9 OK.
Sb =800 -(40*2)-(10*2)-(6*25)/5= 110 mm > 25 mm

4.7.2 Design of shear:-

1) Max Vu = 552.8KN .
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BVe= 9T xp, * g
= 0.75 *\24 *800*487.5/6 =238.825 KN.

— Check For Cases:-
1- Casel: V, < LA

552.8<119.4 .......Not satisfy.

2-Case 2 : % <V, < ¢>Vc
119.4 < 552.8< 238.825 ....... Not satisfy.

3-Case3: ¢V < Vy £ ¢ Vet $pVSmin
¢ Vsuin > -+ /7 * by *d =89.56 KN.....Control.

oV, + dVS min =238.825+89.56= 328.385 KN.
(ch < Vu < Cl)Vc+ cl)VS min
238.82< 552.8< 3283 .......... Not satisfy.

> %*bw*d= 0.75*0.8 *0.29 * 10° /3 = 97.5 KN

4-Case4: PV .+ PVspin < Vy < (I)Vc"‘(% *\/? *by *d)

328.385 < 552.8< 716.47.............

Try @ 10 (2 Legs)
Vs =(Vu-@Vc)l @
=(552.8-238.825) /0.75
= 418.63KN
Av= 2%11 ¥10 2 /4 = 157.08 mm?
Vs=Av *Fy*d/s

S = 157.08*420*487.5/418.63*10°
=76.83mm=7.7cm....... control

s =487.5/2 = 243.75 mm = 24.375 cm
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S <600 mm. = 60cm
« « Use @10@ 8cm 2 legs

+ Material :

— concrete B300 Fc' = 24N/mm?

= Reinforcement Steel Fy = 420 N/mm?
The wall system is (fix — pin)

¢ = 37° y = 18.00KN/m3
Ko=1-sin0®

=1-—sin37

= 0.398

v" Load on basement wall:

For 1m length of wall:

* Weight of backfill:
ql =Ko*y*h
= 0.398*18.0*8.23 =58.96 KN/m
=58.96*8.23/2=242.63 KN/m
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(1 (Factored) = 1.6 *58.96 = 94.336 KN/m

* Load from live load:
LL=5 KN/m2
g2 = Ko * LL
=0.398 *5 =1.99 KN/m
1.99*8.23=16.4KN/m
02 (Factored) = 1.6 *1.99 =3.184 KN/m

(4-8-1) Design of the shear force:

Assume h = 300 mm,
d=300—-40—18 = 242mm
Vmax =188.8 KN

* *
Ve = ¢\/ﬂ 1(?00 242 =148.194KN

Vu <g¢gVc

No shear Reinforcement is required.

(4-8-2) Design of bending moment:

Mu max =148KN.m

Mu 148
Mn = oo = o5 = 16444 KN.m
Mn * 106 164.44 « 10°
Kn =4 = T000+2422
Fy 420
m —20.6

T 085+fc 08524

= 2.81 Mpa
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1 J 2*x kn*m
p=—x|1—- |[1————

1 2*2.81%20.6
= *(1— |1—

420

= 0.00723
Asreq = p *xb*d = 0.00723 * 1000 * 242 = 17.5 cm?/m
Asmin = 0.0012 xb xh = 0.0012 * 1000 * 300 = 3.6 cm?/m
Amin < Areq
Select 7018 with As prov = 17.8 cm2(Tension side)
Vertical reinforcement at compression side:
As req =As min =0.0012*1000*300=3.6 cm?/m

select 7012

(4-8-3)Design of the horizontal reinforcement:
Asmin = 0.001 xb xh = 0.001 x 1000 * 300 = 3cm?/m (for one layer)

Select@8@15cm

Design of bending moment:

Mu max =24.5 KN.m
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M= MU _245 o ookN
=097 00 < -m

Mn* 106  27.22 % 106
Kn =@ = 1000+ 2422
Fy 420
T 085+fc  085+24

= 0.385 Mpa

m 20.6

1 2 % 0.385 * 20.6
= x| 1— [1—
420

= 0.0009255
Asreq = p *b *d = 0.0009255 * 1000 * 242 = 2.24 cm?/m
Asmin = 0.0012 xb xh = 0.0012 * 1000 * 300 = 3.6 cm?/m
Amin < Areq
Select 7012
Vertical reinforcement at compression face:
As regq =As min =0.0012*1000*300=3.6 cm?/m

Select 7012

Design of the horizontal reinforcement:

Asmin = 0.001*b*h = 0.001 % 1000 * 300 = 3cm?/m (for one layer)

Selectp8@15cm
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Design of bending moment:

Mu max =-128.8 KN.m

Mn = Ju_ 1288 o ikN
N=09 7 09 T RN

Mn 105  143.11 * 10°

Kn == "9 = 7T000+2422
Fy 420

T 0.85+fc  0.85 24

= 2.44 Mpa

= 20.6

m

1 1 1 2%2.44%20.6
= * —_ f—
420

= 0.006206

Asreq = p*b*d =0.006206 * 1000 * 242 = 15.02 cm?/m

Asmin = 0.0012 xb xh = 0.0012 * 1000 * 300 = 3.6 cm?/m

Amin < Areq

Select 7918

Vertical reinforcement at compression face:

As req =As min =0.0012*1000*300=3.6 cm?/m

Select 7012
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Design of the horizontal reinforcement:

Asmin = 0.001 xb *h = 0.001 * 1000 * 300 = 3cm?/m (for one layer )

Select@8@15cm

4.9 Design of shear Wall:

Design( Sw 19):

Fig4.9: shear wall.
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R25.79

J188.697

311145

14451.08

16609.65

Lw=6.654m
moment diagram

Fig4. 10: Shear and Moment Diagrams of Shear Wall(sw19)

Fc = 24MPa

Fy = 420 MPa

t=30 cm .shear wall thickness

Lw = 6.654 m .shear wall width
Hw for wall = 3.74 m story height

> Fx=Vu max =2017.65 KN.

Lw\2= 6.654\2 =3.327m

(16609.65-14451)\3.74 =(Mu-14451.08)\(3.74-3.327)
Mu =14689.44 Kn\m

The critical Section is the smaller of:
d=0.8*%665.4=532.32cm ........ control
or

d=0.8%29.92=2393.6 cm

Design as rectanqular section :
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Lw=6.654 m
B=300 mm

4-9-1 Design of shear (Horizontal and Vertical Reinforcement)

Vumax = 2017.655KN
V. is the smallest of :

1— V, = =/fhd = 2v24 + 300 + 5323.2 = 1303.912KN ........ Control
2— V.= (1\&)Jf.'hd + %d = (1\4)V24 = 300 * 532.32 + 0
— 1955.86KN )
3— V. =10.05/F + lw(o'lgz'zﬁ) hd = 1518.237 KN
Vu 2

Design of horizontal reinforcement:-

@Vec+ @ Vs=\Vu

Vs=(Vu\@)-Vc
Vs = (2017.655\0.75)-1303.912 = 1386.294 KN.
Avh\Sh= Vs\(fy*d)
Avh\Sh = 0.62
Min (Avh\Sh) =0.75 ......... control
Select @ 10 in each side for each story.
Avh = (2*3.14*10*10)\4 = 157 mm?2.
157\Sh=0.75
Sh =209.33mm
Select Sh=150 mm.
Sh < Smax= Lw\5=1330.8 mm.
Sh < 3h=3*300=900 mm.
Sh< 450 mm .
Use @ 10 @ 15 cm in each side for each story.
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Design of Vertical reinforcement ;-

AvW\Sv=((0.0025+0.5(2.5*(29.92\6.654)*((157\((300*200)-0.0025)))*300

AvW\Sv = 0.793.

Select @ 12 in each side for each story.

Awv= 226.08 mm?

226.08\Sv=0.793

Sv=285.094

Select Sv =150mm
Sv < Smax= Lw\3= 2218 mm.
Sv < 3h=3*300=900 mm.
Sv<450 mm .

Use @ 12 @ 15 cm in each side .
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Figure (4-11) : shear wall reinforcement
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«» Material :
— concrete B300 Fc' = 24 N/mm?
— Reinforcement Steel ~ Fy = 420 N/mm’

v" Load Calculation:
Service Load:

Dead Load =904.6 KN
Live Load = 375.6 KN

Factored Load:

Pu=1.2 x904.6+ 1.6 x 375.6= 1686.48 KN
v" Check Slenderness Parameter:

Ku _34-12M1 _ 4o
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

|
R: radius of gyration = \/; ~03h .. For rectangular section
Lu=3.35m

M1/M2 =1
K=1 for braced frame.

e about X-axis & Y-axis (b=0.45m & h=0.4m)

Ku 54 10M1 4o
r M2
1x3  _519<22
0.3x045

Column Is Short About X-axis & Y-axis
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v Dimensions of Column:

Assumepg =0.01

¢*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
1686.48*1000= 0.65x 0.8x Ag {0.85*24 (1—0.01) + 0.01* 420}
Ag=132941.0874mm?2

so: h=450mm b =450mm

With Ag =202500 mm2
1686.48*1000 = 0.65x 0.8x 202500{0.85* 24 (1— pg) + pg * 420}

sopreq=0.014
As req =0.014*202500=2835 mm?2
Select 12 @ 18 with As = 3053.6 mm2

v" Design of the Stirrups:

The spacing of ties shall not exceed the smallest of :-
spacing<16xd, =16x1.8=28.8cm
spacing<48xd, =48x1.0=48cm

spacing < leastdim = 45cm

Usegl0, L =168m

andgl0, L =126cm

12018
\ D10 10 37 10 16
010 10 10
37 37 37 37
37 16
310 L=168 310 L=126

Figure (4-12) : column section
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s Material :-
= concrete  B300 Fc' = 24 N/mm?
— Reinforcement Steel Fy = 420 N/mm?
Design of Flight :-

v" Determination of Thickness:-

hmin = L/20
hmin =4.7/20 =23.5 cm
Take h=25cm

The Stair Slope by 0 = tan™(17/ 30) = 32.78°

v" Load Calculation:-

Figure (4-13) : Stair Section.
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4-11-1:Dead Load For Flight For 1m Strip:-

Parts of

No. Flight Calculation
23*0.015*1*(0.30+0.17/0.3 ) = 0.54

1 Tiles KN/m
22*0.03*1*(0.3+0.17/0.3 ) =1.034

2 Mortar KN/m

3 Stair 25/0.3*%(0.5*0.17*0.3*1) =2.125KN/m

4 R.C 25*%0.25*1 / cos 32.78=7.184 KN/m

) Plaster 22*0.03*1 / cos 32.78 = 0.7586 KN/m
Sum 11.6416 KN/m

Table (4.4 ): Dead Load Calculation of flight .

Live Load = 4*1 =4 KN/m

v" Factored Load For Flight
Wy = 1.2 x11.6416+ 1.6x4=20.37KN/m
v’ System of Flight:-

Load the flight to the middle of the landing , then load the landing to the shear
wall
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Ferede= Llv s Leo=oed 4

Figure (4-14): Statically System and Loads Distribution of Flight.

Assume bar diameter g 14 for main reinforcement

4-11-2: Design of Shear for Flight :- (Vu=33.86 KN)
d =h- cover — % = 250 — 20 — = = 223 mm
1

Ve :% fc'by d = 224 % 1000 * 223 = 182.078KN

®V.-0.75*182.1 = 136.56 KN > Vu = 38.33KN...... Thickness Is Enough

4-11-3: Design of Bending Moment for Flight :- (Mu=51.044KN.m)

My 51.044x10°

e ®?d2 = Toxiovonzzs - 1044 Mpa
420

=2 = = 20.6

T 0.85f]  0.85%x24
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. i<1 B [1 ~ Z.m.Rn) _ 1 (1 _\/1 _w) —0.00255
m 420 20.6 420

Asreq = p.b.d = 0.00255 x1000x223= 594.15 mm?

i As,min:
No. Parts of Calculation 0.0018*1000*250

= 450mm?
ASreq >As,min
so As =594.15
2 .

mm-......... 1S
control
214 @ 250
mm As prov =
615.75 mm2
No. = 4 bars

Check for Spacing :-
S = 3h = 3*250=750 mm

S = 380* (o) — 2.5%20 = 300
5* 420

S =450 mm

S=300 mm ......... 1s control

250 <300 mm .... ok

4-11-4 : Secondary Reinforcement For Flight :-
Asreq= Asmin =0.0018*1000*250 = 450mm®

Use 214 @ 300 mm As prov =513.126 mm2
No. = 4 bars

77



Structural Analysis and Design 2 ) Juadll
Landin
g
4-11-5:
1 Tiles 23*0.015*1= 0.345 KN/m Dead Load
Calculation of
2 Mortar 22*0.03*1= 0.66 KN/m Landing.
4 R.C 25*0.25*1=6.25 KN/m
5 Plaster 22*0.03*1= 0.66KN/m
7.931
Sum KN/m

Table (4.5): Dead Load Calculation of Landing.

Wu = 1.2*7.931+1.6*4 = 15.9172 KN/m
Mu = 23.461 Kn.m
d = 250-20-14-14/2=209 mm

Rn =0.59
M = 20.6

p=1/m (1-V(1-(2.m.R_n)/420))=0.001425
As=p *b *d=297.825 mm

As min =450 mm

Use @ 14 /300 mm
No. = 4 bars
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4-12 : Design of flat plate:
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Figure(4-15):load case (dead(f11))
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Figure(4-16):load case (dead(m11))
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Figure(4-17):load case (dead longterme)
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Figure(4-18):punching shear for left side
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-

Figure(4-19):punching shear for right side
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4-13 : Design of Mat Foundation :

Activate Window:

Figure (4-): Mat foundation .

T
AT
1

-400

Figure (4-21): Soil Pressure Diagram.

The Max soil pressure 366.89 KN/m2 is less than Bearing capacity of soil = 400KN/m2
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Figure (4-22): MAT Foundation plan XY -Axcis
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Figure (4-23): Punching Shear Of MAT Foundation
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Reinforcing Direction and Location
O Direction 1 - Top Rebar

O Direction 1 - Bottom Rebar 0.00]
@ Direction 2 - Top Rebar 0.00
O Direction 2 - Bottom Rebar 0.00
Show Rebar Above Specified Value 0.00
Q None
‘ ) 0.00
@ Typical Unfom Reinforcing Specified Below
O Reinforcing Specified in Slab Rebar Objects 0.00
Typical Uriforn Reinforcing 0.00
@ Define by Bar Size and Bar Spacing 0.00
() Define by Bar Area and Bar Spacing o0
Bar Size Spacing (mm)
Top 18 v 0.00
Bon v 000
Rebar Averaging At Peaks 000
[ Average At Peaks 0.00
0.00
Close
T
stems
? X
E+3
Reinforcing Direction and Location
O Direction 1 - Top Rebar 13.0
@® Direction 1 - Bottom Rebar 120
O Diection 2 - Top Rebar dio
O Direction 2 - Bottom Rebar
10.0
Show Rebar Above Specified Value
O None 9.0
® Typical Uniform Reinforcing Specified Below 8.0
O Reinforcing Specified in Slab Rebar Objects 70
Typical Uniform Reinforcing 6.0
@ Define by Bar Size and Bar Spacing
O Define by Bar Avea and Bar Spacing P9
Bar Size Spacing (mm) L0
T [® v 30
Bottom 2 <] [100 ] -
Rebar Averaging At Peaks 10
[ Average At Peaks
0.0}

Figure (4-25): Mat footing of Bottom Reinforcement -direction 1
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O Direction 1 - Top Rebar
O Direction 1 - Bottom Rebar
O Direction 2 - Top Rebar
@ Direction 2 - Bottom Rebar
Show Rebar Above Specified Value
QO None
@ Typical Uniform Reinforcing Specfied Below
O Reinforcing Specified in Slab Rebar Objects
Typical Uniform Reinforcing
(@ Define by Bar Size and Bar Spacing
(O Define by Bar Area and Bar Spacing

Bar Size Spacing {mm)
™ [ g
fotom [z Sl —

Rebar Averaging At Peaks
[ Average At Peaks

Close

Figure (4-26): Mat footing of Bottom Reinforcement -direction 2
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Figure (4-27): Mat footing of Bottom Reinforcement -direction 2
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Figure (4-28) : Mat footing aditional reinforcement .

i

Figure (4-29): section at Mat footing .
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