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The Structural Design of

" Sama Halhoul Hospital
that proposed to be established in Halhoul City

Working team:
Tareq sultan Bilal abu munshar
Ahmad siaj
Palestine Polytechnic University
Supervisor:

Dr. Belal Almassri

Project Abstract

The idea of this project is the structural design of a new Hospital, which was selected
after a study of different architectural projects. The idea has been proposed as a result of
the urgent need for the establishment of a new hospital for the city, better for the spatial
and inclusiveness. the proposed site is in Halhoul City.

The hospital consists of four floors, in addition to basement floor. Basement floor includes
Parking, generator room and stores. The ground floor also includes reception hall, clinics,
physiotherapy rooms , prayer room and accounting office. The first floor consist of patient
rooms, emergency ,department of child care and cardiology department . The second floor
consist of operations section , obstetrics and ICU. The third floor consist of department of
Internal Medicine and patients rooms.

The structural design will be done by using several programs such as: ETABS 2016,
SAFE14, BEAMD also Structural details will be completed by using : AutoCAD 2015 and
according to the requirements of:

*ACI 318M — 14 Code for design of concrete elements.
* UBC (1997) to define the wind and earthquakes loads.

* Jordanian Code for loads, for dead and live loads calculation.
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List of abbreviation:

D : Dead load.

L : live load.

W,: factored total load.

L,: clear length of member.
d: thickness of a layer.

v: unit weight of material.
M
M,: ultimate factored bending moment strength of the section.

. hominal bending moment strength of the section.
o
I

f: compression strength of concrete.

<—h

. specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

g, strain of tension steel.

[

@: strength reduction factor.

V,: nominal shear strength.
V,: factored shear force of the section.
V.. nominal shear strength provided by concrete.
V. nominal shear strength provided by shear reinforcement.
A,. area of steel.
A, area of shear reinforcement.
b: width of compression face of member.
b,: web width.
d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.
P,: nominal axial load.
P,: factored axial load.

S: spacing between bars.
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According to ACI-Code-318M-14, the minimum thickness of non prestressed beams or one way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs): I = 5.9 m, then

L5900 _
min = Jgc = 1g5 o o

The maximum span length for both end continuous (for ribs): [ = 5.8 m, then

B _l_5800_2762
min =57 = 57 = .2mm.

The minimum ribbed slab thickness will be h,,;,, = 318.9mm.
Take slab thickness h,,;,, = 320mm > h,i, = 318.9mm.
h = 32cm (24cm Hollow Block + 8cm Topping)
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Chapter 4 - Structural Analysis & Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs Thickness Calculation.
4.4 Load Calculations.

4.5 Design of Topping.

4.6 Design of Rib (R1).

4.7 Design of Beam (B2).

4.8 Design of Solid Slab.

4.9 Design of column,

4.10 Design of Stair.

4.11 Design of Basement Wall.
4.12 Design of Shear Wall.

4.13 Design of Footing.
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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
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.

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 “two way ribbed
slab”,. The one way ribbed slab would be analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Software" to find the internal forces, deflections
and moments for it, 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-318M-14 code.

NOTE:
fc'= 24N / mm? (MPa) For concrete slab.

fc'= 24N / mm? (MPa) For beams.
fy = 420N / mm? (MPa) For flexural Reinforcement Steel.
fyt = 420N / mm2 (MPa) For shear Reinforcement Steel.
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(4 .2) Factored Loads:

The factored loads on which the structural analysis and design is based for our project members,
is determined as follows:
q, = 1.4D.L
qu = 1.2D.L + 1.6L.L (Larger value controled)

(4.3) Slabs Thickness Calculation:

Figure (4-1): Master Floor #1 Slab.

(4-3-1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318M-14, the minimum thickness of non-prestressed beams or one way
slabs unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):l = 2.95m, then

h = : = 295 = 15.94
min =185 185
The maximum span length for both end continuous (for ribs): [ = 6.1m, then
l 610

hmin = ﬁ = ﬁ = 29.048 cm.

The minimum ribbed slab thickness will be h,,,;;, = 29.048 cm.
Take slab thickness h,,;, = 320mm > h,,;;, = 29.048 cm.
h = 32cm (24cm Hollow Block + 8cm Topping)
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(4.4)Load Calculations:

(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

follows:

Hollows Block ( 28cm ) /

One way rib slab —._

Fig. (4-2) One way ribbed slab

Calculation of the total dead load for one way ribbed slab is shown in the following table:

Shrinkage & Temperatuer Bar's —\

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Dead load from Sxyxb KN/m
Tiles 0.03 * 23 * 0.54 0.373
Mortar 0.02 x 22 * 0.54 0.238
Coarse Sand 0.07 * 16 x 0.54 0.605
Topping 0.08 = 25 « 0.54 1.08
RC Rib 0.24 * 25 % 0.14 0.84
Hollow Block 0.24 x15 % 0.4 1.44
Plaster 0.02 * 22 x 0.54 0.238
Interior 1.8KN/m2 * 0.54 0.972
Partitions

z 5.785

2019/2018

Total Dead load / rib = 5.785 KN/m.
Total live load / rib = 5% 0.54 = 2.7 KN/m.
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(4.5)Design of Topping:

Dead load Calculations:
Table (4 — 2) Calculation of the total dead load for Topping.

Dead Load from: xy=1 KN/m
Tiles 0.03 = 23 0.69
Mortar 0.03 * 22 0.66
Coarse Sand 0.07 x 16 1.12
Topping 0.08 x 25 2
Interior Partitions 1.8x1 1.8
Z 6.27

Live load Calculations: 5 * 1 =5 KN/m.

Total Factored load:w,, = 1.4 * 6.27 = 8.778 KN /m

w, =12%627+1.6+5=15536KN/m,sow, = 15.536 KN/m
- W+l _ 15536+0.4

4 z 5 =3.107 KN

V. =0.75 (1> V2 £ 1000 + 80 * (— 48.99 KN
=0.75% =] * * * * = .

Ve 6 To00’

dV, = 48.99 KN >> V, = 3.107 KN
NO shear reinforcement is required.
" - W, * 12 _ 15.536 = 0.42

v 12 12
dM,, = 0.55 % 0.42 * /24 » 1000 * 80%2/6 = 1.21 KN.m
dM, = 1.21 KN.m >> M,, = 0.207 KN.m

= 0.207 KN.m

NO reinforcement is required by analysis.According to ACI 10.5, provided Ag ,,,;,, for slabs as shrinkage
and temperature reinforcement.

According to ACI 7.12.2.1, psprinkage = 0.0018.

A; = p*b*h=0.0018% 1000 * 80 = 144 mm?/ strip.

Try bars @8 with A; = 50.27mm?

L= 1 =287

Bar number n = =
Aspg  50.27
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Try308/m with A, = 150.8mm?/m strip or @8@300mm in both directions.
Step (S) is smallest of:

1. 3h =3 %80 = 240mm — control

2. 450mm

280

_ 280\ _ 280 _ _
3. s-380(f) 25Q__%m<%m> 2.5 % 20 = 330mm

N

280 280
ss3oo( )=300 . = 300mm
fs =420

Take @8@200mm in both directions. s = 200mm < s,,4, = 240mm — ok

(4.6)Design of Rib (Rib1)

Material:-
Concrete B300 f = 24 N/mm?
Reinforcement Steel f, = 420 N/mm?
Reinforcement Steel of shear f;,, = 420 N/mm?
Section:-
b =14cmbf =54cmh =32emTf =8cm
Geometry Units:meter,cm
B6 B5 B4 B3 B2 B1
1 2 3 4 5
e Al T Al T Al T Al Al
1a-L AJ 1q-L AJ 14-L AJ 1q-L AJ 1L AJ 141
}0.8% 457 @.8% 4.37 £ 8% 42 ﬁ 8% 42 Q’B% 4.2 QS{
\ 5.37 l 5.17 l 5 l 5 l 5 J
I 54 T T T T 1
32. T
14.
A-A

Figure (4-3) : Rib 1 Geometry
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Loading

foad group no. 1
Dead load - Service

Units:kN,meter

5.80 5.80 5.80 5.80 5.80
5.37 5.17 5. 5 5

Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.70 2.0 2.0 2.0 2.0
5.37 5.17 5. 5 5

Figure (4-4): loading of Rib (1)

Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 5
-35.1 . - 311
-21.2 -22.9 ' o 196 183
-15.4 -15.1 -14.6 -15.2 :
}l- 3 I 2.39 { } I 52{ } I .86 { } I 39{
92 | 1.09 v §
1 .8 U;Z 1.01 8
15. 17.4 14.3
279 24.2
215 322 | 28 | 233 | 25 | 25 | 25 | 25 | 3 | 2
[ T I T I T I T I T |
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-36.8
-29.1 -29.4 -30.2 -31.1
-21.8 -22.6 -23.5 -23.4
-15.7
L 1 1 1 1 1 1 1 1 1
T T T T T T T T T LI |
17.4
21.3
25.1 25. 226 29 26.8
32.7 47 303 ' 34.4
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Reactions
Factored
H - HH - - H

DeadR 14.82 41.89 34.08 33.84 39.39 13.74
LiveR 10.29 27.6 25.66 25.36 26.16 9.67
MaxR 25.11 69.49 59.75 59.21 65.55 23.4
MinR 13.72 52.18 41.69 41.74 49.25 12.59
Service

DeadR 12.35 34.91 28.4 28.2 32.82 11.45
LiveR 6.43 17.25 16.04 15.85 16.35 6.04
MaxR 18.78 52.16 44.44 44.05 49.18 17.49
MinR 11.66 41.34 33.16 33.14 38.99 10.73

Figure (4-5): Moment & Shear Envelope of rib (1)

(4.6.1) Design of flexure of rib (Ribl):

(4.6.1.1) Design of Positive moments of rib (Ribl).

be < Center to center spacing between adjacent beams = 540 mm ... Controled.

< Span 5370 1342
S~ T2 T mm.
< (16 tf) + bw = (16 80) 4+ 140 = 1420 mm.
be = 540 mm.

Assume bar diameter @ 14 for main positive reinforcement.

d = 320 - 20- 8-2* = 285 mm. ..My = 085 f/ + b * t; + (d — L) = 0.85 + 24 « 540 + 80 +

(285 —82—0) *107% = 215.914 KN.m ~OMnf = 09 215914 = 19432 KN.m

1) Positive moment of first span Mu ™ =27.9 KN.m

OMnf =194.32KN.m »> Mu =279 KN.m
=~ Design as rectangular section.

Mn = Mu/d =27.9/09 = 31 KN.m

d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

14
= 320- 20- 8 -— = 285mm.

2
m=-—2_=_%20 _ 506
0.85 f/  0.85%24
106
R, =2 =319 _ 1707 MPa

" bxd?2 54042852

48



Chapter Four 2019/2018

1 2%Rp*
pra(l— [1-Em

-1 (4_ _2%0.707%20.6 \ _ _ rl 3\ _
= 20_6<1 \[1 Ts ) = 00017 < pmax = 085;5f; (2) = 0.01769

* Note: f/ = 24MPa< 28 MPa— f3, = 0.85
As = p x b xd = 0.0017 * 540 * 285 = 261.63 mm?.

fc’ 1.4

Asmin = gy *bwrd 2 by xd (ACI-10.5.1)
V24 X

Asmin = 4*—420 * 140 * 285 = 116.35mm

ASpin = ﬂ>l< 140 * 285 = 133mm?
min 420

= 116.35 mm? < 133mm? ............. Larger value is control.

Asreq = 261.63 mm? > Aspy, = 133 mm2.... OK

o As = 261.63 mm?.
Use 2 @14 with As ,,, = 307.88 mm? > As ,,q = 261.63 mm?. ... OK
~ Use2 (014

Check for strain: - (¢, = 0.005)
14
d = 320 - 20- 8—7 = 285 mm.

Tension = Compression
As * fy =085 f/ * b x a
307.88x 420 = 0.85 * 24 * 540 * a

a =117 mm.

c= ﬁi == =13.76 mm. * Note: f/ = 24MPa< 28 MPa— 3, = 0.85
1 .
—c 285 — 13.76
£ = 0.003 x (——) = 0.003 » (W) =0.059 > 0.005 ¢ = 0.9 (T.C.S).... OK.

(4.6.1.2) Design of Negative moment of rib (Ribl):

1) Negative moment at support (B5) Mu©=22.9 KN.m.
Mn = Mu /b = 22.9/09 = 2544 KN.m
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d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

14
= 320 - 20- 8—7 = 285mm.

f; 420
m=—2-= = 20.6
0.85 f7  0.85+24
M. 25.44%10°
R, = o= = 2.23 MPa
bxd%?  140%2852

1 2%Rp *
p=—(1- fl—Tm)

:L<1 - |1 ——2*“3*20'6) = 0.00565 < pmax = 0.852=p, (2

7

) = 0.01769

20.6 420 fy)

As = p x bw xd = 0.00565 * 140 =285 = 225.4 mm?.

fC’ 1.4

Asmin = Fos*bwrd 2 oxbyrd (ACI-10.5.1)
V24

ASpmin * 140 = 285 = 116.35mm?

T 4420

As, . = ﬂ* 140 * 285 = 133mm?
min 420

= 116.35 mm? < 133mm? ............. Larger value is control.
Agreq = 2254 mm? > Asp, = 133 mm?. ... OK
o As = 225.4mm?2.
Use 2 14 with As ,,, = 307.88 mm? > As ., = 225.4 mm?. .. OK
~ Use2 014
Check for strain:-(g; = 0.005)

14
d = 320 - 20- 8—7= 285 mm.

Tension = Compression
As * fy = 085 * f/ = b * a
307.88 420 = 0.85 * 24 * 140 * a
a = 45.27 mm.

c= Bi =21 = 5325 mm. * Note: f/ = 24MPa< 28 MPa— S, = 0.85
1 .

£ = 0.003 * (=9

=0.003 (%) =0.013 > 0.005 ¢ = 0.9 (T.C.S).... OK.
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(4.6.2)Design of shear of rib (1):

1) Design of shear at support (B1) & (B6) :
Critical section at distance d = 285 mm from the face of support
fye =420 MPa
Vymax(between two value) = 17.4 KN .

VI

6

V. =11 X%p,d

N

= 1.1 = * 140 % 285 * 10 ~3 = 35.8 KN.

6
& * V., = 0.75 * 35.8 = 26.85 KN

N =

$*V. = 0.5%26.85 = 1343 KN

1
¢V, =2685KN >V, =174 KN > ¢ «V, = 1343 KN

NO shear reinforcement is provided at support (1)&(7).

2) Design of shear at support (B2) :
Critical section at distance d = 285 mm from the face of support
fye = 420 MPa
Vyumax(between two value) =26.8 KN .

V=11 x ‘/Zcbwd

¥

= 11 % —— » 140+ 285 + 10 > = 358 KN.
&V, = 0.75 % 35.8 = 26.85 KN

bV, =0.5 %2685 = 13.43 KN

N| =

1
V. =2685KN >V, = 174KN > ¢+ V, = 1343 KN

NO shear reinforcement is provided at support (B2)
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3) Design of shear at support (B3) :
Critical section at distance d = 285 mm from the face of support
fyr = 420 MPa

Vymax(between two value) =22.6 KN .

VC=1.1*\/E

6

b, d

= 1.1 %

* 140 % 285 * 10 ~3 = 35.8 KN.

$ * V. = 0.75 % 35.8 = 26.85 KN
1
¢+ V, = 2685 KN >V, = 22.6 KN > 5 b V. = 1343 KN

NO shear reinforcement is provided at support (B3)

4) Design of shear at support (B4) :
Critical section at distance d = 285 mm from the face of support
fye =420 MPa
Vymax(between two value) =22.6 KN .

VC=1.1*\/E

6

b, d

= 1.1 %

* 140 % 285 * 10 ~3 = 35.8 KN.

&V, = 0.75 % 35.8 = 26.85 KN
1
¢+ V. =2685KN >V, =226 KN > ¢+ V, = 1343 KN

NO shear reinforcement is provided at support (B4)

5) Design of shear at support (B5) :
Critical section at distance d = 295 mm from the face of support
fye = 420 MPa

Vimax(between two value) =29.1 KN.

VC=1.1*‘/E

6

b, d

N

= 1.1 =

* 140 %285 * 10 ~3 = 35.8 KN.

6
& *V, = 0.75 % 35.8 = 26.85 KN
Vu=129.1> ¢ *Vc = 26.85
52

..... shear reinforcement is required .



Chapter Four 2019/2018

Check for section dimensions:
Vi=Vu/d — Vc = 29.1/0.75- 35.8 =3 KN.

2
Vs,max = 3V féby d
2
= § *124.140.285.10723 = 130.31 KN

Vs = 3 KN < Vg max = 130.31 KN -the section is large enough.

Check forV jin:

1 1
Vs min = 1—6,/fc’bwd = 1—6\/24 * 140 * 285+ 1073 = 12.22 KN.

1 1
Vs min = §bwd =3* 140 % 285« 1073 = 13.3 KN - control

Vimin = 13.3 KN >V = 3KN — NOT OK
~ UseVy = 133 KN

Find the maximum stirrup spacing

& Vg < Vs min — Case 3

Smax = 600mm Smax = - = 142.5 mm — control

Use stirrups (2 legs stirrups)@8 with A, = 2 x 50.27 = 100.54 mm?

G Ay * fyr xd _ 100.54 = 420 * 285
Vs 13.3 % 103

S =904.86 mm >S4 = 147.5mm — NOT OK

Use U — shape (2 legs stirrups)®8 @ 135 mm < S, = 142.5mm

= 904.86 mm

for support (B5)
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(4.7) Design of Beam (B2):

Material:-
concrete B300 Fc¢' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section:-
B =80cm.
h =52cm.

According to ACI-Code-318-14, the minimum thickness of nonprestressed beams or one way slabs

unless deflections are computed as follow:

The maximum span length for one end continuous (for beam):l = 6.46 m, then

L _ l _6750_3735
min =185 185 /o>
The maximum span length for both end continuous (for beam):l = 3.46 m, then

b = l _3460_1648
min =57 = 57 = 8mm.
The controller beam total depth is 37.35 cm.

— Select Total depth of beam h = 52cm. (drop beam).
Loads on beam : (SERVICE)

load fromribl + self weight =
((32.8/0.54) D + (16.35/0.54) L)+ 10.4) KN/m = (60.7 D +30.2 L + 10.4) KN/m

Geometry Units:meter,cm

c2 c10 c1s c25
1 2 3
Al - Al - Al
A ' A : A
0.45 6.46 0.45 3.01 0.45 5.44 0.45
‘ | ‘ 6.91 [ | ‘ 3.46 [ | ‘ 5.89 [ | ‘
[ I I |
52.
80.
A-A

Figure (4-6): Beam Geometry.

54



Chapter Four

2019/2018

Loading
foad group no. 1
Dead load - Service Units:kN,meter

60.9 60.9 60.9
6.91 3.46 5.89

Live load - Service Load factors: 1.20,1.20/1.60,0.00
315 315 31.5
6.91 3.46 5.89

Figure (4-7): Loading of Beam .

Moment/Shear

Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3
-574.8
-453.8 -501.1
-383.
-331. -281.7
| | | 99 |
I | | 1
N H H 4
11 0.7
— =4 14
439.4
276 567 4.15 | 208 | 138 | 3.24 1 2.65
[ T I T I T |
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-552.9
-459.8
-345.9
-246.4 -252.8
-153.3
t I -t t
249.6
299.9
393.1 342.8 3723
465.4
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Reactions
Factored
H HH HH H

DeadR 245.42 531.35 399.29 215.14
LiveR 147.63 364.34 312.54 130.81
MaxR 393.05 895.69 711.83 345.95
MinR 242.36 569.45 414.04 211.07
Service

DeadR 204.52 442.79 332.74 179.28
LiveR 92.27 227.71 195.34 81.75
MaxR 296.79 670.5 528.08 261.04
MinR 202.6 466.6 341.96 176.74

Figure (4-8): Moment& Shear Envelope for Beam

(4.7.1) Design of flexure:

(4.7.1.1) Design of Positive moment:
B =80cm. ,h =52cm. 0, =10mm.
Assume bar diameter @25 for main positive reinforcement.

25
d = depth — cover - diameter of stirrups - (diameter of bar/2) = 520-40-10- >

= 457.5 mm.
Check whether the section will be act as single or doubly reinforced section:
Maximum nominal moment strength from strain condition e, = 0.004
Comax = 042 % d = 0.42%457.5= 196.1 mm.
Amax = Bl* C gy = 0.85 % 196.1 = 166.7 mm.
* Note: f = 24 MPa < 28 MPa = 1 = 0.85

a
Mn,max:0-85*fcl*b*a*(d_§)

166.7
= 0.85 * 24800 * 166.7 * (457.5— T)* 107 = 10179 KN.m
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b = 0.65 + 250 x (g, — 0.002).
3

b = 0.65 + 250 x (0.004 — 0.002) = 0.816.
3

1) Positive moment of firstspan: M, = 567 KN.m
M, =567 KN.m < ® M, =0.816 x1017.9 = 830.6 KN.m

~ Design the section as single reiforced concrete section.

Mn = Mu/$ = 567/0.9 =630 KN.m.

25
d= 520-40-10- 7=457.5mm.

f 420
m=—2-= = 20.6
0.85 f  0.85%24
M 630%10°
R,=—%5= = 3.76 MPa
bxd?  800x (457.5)2

1 2%Rp *
pen (- 120y

-1 (4 _ _ 2%3.76%20.6 | _ _ 1! B
=206 (1 - > = 0.0099 < pmax = 0.85(fy) £1(0.42) = 0.01769

Agreq = pbd = 0.0099 800 * 457.5 = 3294 mm?

J’TL{ 1.4
*bxd 2xbyxd (ACI-10.5.1)

qunnin = 4 (fy) 3

<\l

24
*
4%420

800 * 457.5 < %* 800 * 457.5

= 1067.27 mm? < 1220 mm? ... ... Larger value is control.
Agmin = 1220 mm? < Agpeq = 3294 mm? ... OK
o Ag = 3294 mm?
Take 7025 in one layer with A, = 3436.12 mm? > Ag ., = 3294 mm?....0K

Check for bar placement:

_800—40%2—-10%2—7%25

S, = G = 87.5> 25mm....ok
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Check for strain: (¢, = 0.005)

d= 520- 40-10- == 457.5mm
Tension = Compression
As * fy = 085 f/ * b x a
3436.12 * 420 = 0.85 * 24 *x800 * a
a = 88.42mm.

c= ﬁi =22 = 104.03 mm* Note: f; = 24MPa< 28 MPa— f3; = 0.85
1 .
d—c
& = 0.003 * (T)
_ 457.5-104.03 _ o
= 0.003 (W) =0.01 >0.005 ¢ =09 (T.C.S). ... OK.
2) moment of second span: M, =4 KN.m
25
d = 520- 40-10 - - = 457.5mm.
M, =2759KN.m < ®M, =0.816+1017.9 =830.6 KN.m
~ Design the section as single reiforced concrete section.
Mn = Mu/d = 2759/0.9 =306.6 KN.m.
=D -0 _ 904
0.85f¢  0.85%24
M, _ 306.6x10°

=131 MPa

R = =
n pxd?2  800% (457.5)2

1 2%Rp
p=—(1- /1—Tm)

:L<1 - 1 —M> = 0.0045 < pmax = 0.85 fC)ﬁl(0.42) =0.01769

20.6 420 (fy

Asreq = pbd = 0.0045 800 * 457.5 = 1674.5 mm?

Asmin = 7 *b*d Z by rd (ACI-10.5.1)

V24

4420

* 800 x 457.5 < % * 800 * 457.5 = 1067.3 mm? < 1220 mm? ... Larger value is control.

Agmin = 1220 mm? > Ag,eq = 1674.5 mm? ....
~ Ag = 1674.5 mm?
Take 6020 in one layer with A ., = 1884 mm? > A, = 16745 mm? ....0K
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Check for bar placement:
800 —40*2—-10%2—6%*20
b =
5
Check for strain: (g, = 0.005)

=124 > 25mm.... ok

d= 520- 40-10- 2= 460 mm
Tension = Compression
As *+ fy = 085 f/ * b x a
1884 * 420 = 0.85 * 24 x800 * a
a = 48.48 mm.

a _ 48.48

€= =es = 57.04 mm* Note: f = 24MPa< 28 MPa— f; = 0.85
1 .
d—c
& = 0.003 * (T)
_ 460-57.04) o
=0.003 * (W) =0.171 > 0.005 .. ¢p =09 (T.C.S).... OK.
3) Positive moment of third span: M, = 439.4 KN.m
25
d = 520- 40-10- - = 457.5mm.
M, =439.4KN.m <P M, =0.816*1017.9 =830 KN.m
=~ Design the section as single reiforced concrete section.
Mn = Mu /) = 439.4/09 =488.2KN.m.
m=-—2_=%2° _ 906
0.85f/  0.85%24
_ My _ 488.2x105
Ry = bxd?  800* (457.5)2 292 MPa

1 2%Rp
p=—(1- /1—Tm)

—L<1 - 1 —M> = 0.0075 < p max = 0.85-2 B,(0.42) = 0.01769

" 206 420 (fy)

Asreq = pbd = 0.0075 800 * 457.5 = 2758.75 mm?

ft

Asmin = f shxd >« b, *d ............ (ACI-10.5.1)
' 4 (fy) Y

V24

7250 ¥ 800 %4575 < % * 800 * 457.5 = 1067.3 mm? < 1220 mm? ... Larger value is control.

Agmin = 1220 mm? < Ag,eq = 2758.75 mm? ... OK
o Ag = 2758.75 mm?
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Take 6025 in one layer with Ay, = 2945.2 mm? > A, = 2758.75 mm?....0K

Check for bar placement:

_800—-40%2—-10%2—6*25

Sp = : =110 > 25mm..... ok

Check for strain: (g, = 0.005)

d= 520-40-10- = = 457.5mm
Tension = Compression
As * fy =085 f/ « b x a
2945.2 * 420 = 0.85 * 24 800 * a

a = 75.8 mm.

c= ﬁi =22 = 89.17 mm* Note: f; = 24MPa< 28 MPa— f3; = 0.85
1 .

c
& = 0.003 * ( )

_ 457.5-89.17\ _ o
=0.003 + (*Z=247) = 0.012 > 0.005 = ¢ = 0.9 (T.C.S). .. OK.

(4.7.1.2) Design of negative moment:

1) Negative momenton at support (2)M,, = —501.1 KN.m
M, =501.1 KN.m < ®M, =0.816*1017.9 =830 KN.m

~ Design the section as single reif orced concrete section.

bar
d = depth — cover - diameter of stirrups - (diameter of T)

25
d= 520-40-10 - o = 457.5mm.

Mn = Mu/$ =501/0.9 =556.7KN.m.

f 420
=—2_=—"—_=206
0.85 f/  0.85x24
M, _ 556.7%¥10°

R, =3.32 MPa

" bxd? 800+ (457.5)2

1 2%Rp*
p=—1- /1—Tm)
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—L<1 - 1 —w> — 0.0086 < pmax = 0.852,(0.42) = 0.01769

T 206 420 fy)

Asreq = pbd = 0.0086 * 800 * 457.5 = 3177.2 mm?

fC’ 1.4
Agmin = 4\{;) wbrd 2abyvdoe (ACI-10.5.1)
= 2L, 800 + 457.5 <= 4800 * 457.5
4%420 420
= 1067.3 mm? < 1220 mm? ... ... Larger value is control.

Agmin = 1220 mm? < Agpeq = 3177.2mm? ... 0K
~ Ag = 3177.2 mm?
Take 7025 in one layer with Ag r, = 3436 mm? > Ag o, = 3177.2 mm?....0K

Check for bar placement:
800—40%2—-10%2—7%25
Sb =
6
Check for strain: (¢, = 0.005)

=875 > 25mm....ok

d= 520-40-10- — = 457.5mm

E
2
Tension = Compression

As * fy =085 f/ « b x a

3436 * 420 = 0.85 * 24 x800 * a

a = 88.42mm.
a _ 88425 * Y -
€= =" 104.02 mm™> Note: f, = 24MPa< 28 MPa— f3; = 0.85
d—rc
& =0.003x(—)
c
=0.003 * (w) = 0.0109 > 0.005 - ¢ = 0.9 (T.C.S). ... OK.
104.02
2) Negative momenton at support (3)M,, = —331 KN.m
M, =331KN.m <®M, =0.816 10179 =830 KN.m
~ Design the section as single reif orced concrete section.
bar
d = depth — cover - diameter of stirrups - (diameter of T) =
25
d = 520- 40-10 - - = 457.5mm.
Mu
Mn = Y =331/09 =3678KN.m.
m=-—22_ =20 _ ¢

T 0.85f!  0.85%24
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_ My, _  331.%10°
bxd?  800% (457.5)2

1 2%Rp*
p=—(1- fl—Tm)

1

_ 1 (.  2¢1.97:206 )\ _ 3 g _
" 206 (1 1 420 ) = 0.0049 < pmax = 0-85(fy) p1(0.42) = 0.01769

Ry

= 1.97 MPa

Agreq = pbd = 0.0049 * 800 * 457.5 = 1815.4 mm?

=

¢ 1.4
As,min = 4 (fy) xbxd = E * bW wd. . (ACI'lOSl)
V24

= + 800 * 457.5 S%*800*457.5

4%420
= 1067.3 mm? < 1220 mm? ... ... Larger value is control.
Agmin = 1220 mm? < Agyeq = 18154 mm? ... OK
. Ag = 1815 mm?
Take 4925 in one layer with Ay, = 1963.5 mm? > Ag ., = 18154 mm? ....0K

Check for bar placement:

_800—40%2—-10%2—4 %25

S, = 3 =200 > 25mm .... ok

Check for strain: (¢, = 0.005)

d= 520- 40-10 - 22—5= 457.5 mm

Tension = Compression
As + fy = 085 * f/ b x a
1963.5 * 420 = 0.85 * 24 *800 * a
a = 50.53 mm.
a _ 5053

C =—

5 085 59.44 mm™> Note: f, = 24MPa< 28 MPa— f3; = 0.85
1 .

d—c
g = 0.003 = (T)

_ 457.5-59.44 o
=0.003 + (T=2%) = 0,02 > 0.005 + ¢ = 0.9 (T.C.S). ... OK.
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(4.7.2) Design of Beam (B2) for shear
1) Design of shear at support (C2)&(C25):

fyr = 420 MPa
Critical section at distance d = 457.5 mm from the face of support. V, ;4 = 299.9 KN
fl

* 800 * 457.5 *x 1073 = 298.8 KN.

V24
6
$* V. = 0.75 * 298.8 = 224.1 KN
, =2999> ¢o+V. = 2241 KN ..... shear reinforcement is required .

Check for section dimensions:

=ty 22222 9988 = 101.06 KN.
sT9 ¢ To7s

smax - \/]ch d

24 %800 % 457.5 « 1073 = 1195.3 KN

3
Ve < Vimax —the section is large enough.

Find the maximum stirrup spacing

d

/ 1
If V. <V =2 Jfc'b,d then Smax—g or Spmax = 600 mm.

1 1
==x*,/fc'b,d = 3* 24 %800 % 457.5 x 1073 = 597.67 KN.

V, =101.06 KN <V, = 597.67 KN then
457.5
Smax = 600mm Smax < — = 228.75 mm — control

Check for Vg in:

1 1
Vs min = 16 fc'by,d = E\/24 * 800 * 457.5 « 1073 = 112.06 KN.

1 1
Vs min = gbwd =3 * 800 % 457.5% 1073 = 121.99 KN - control

Vs = 101.06 < V, ppin = 121.99KN & VS < V,' = 597.67 KN

Use stirrups U — shape (4 legs stirrups)®8 with A,, = 4 x 50.24 = 200.96 mm?
Ay * fpexd  200.96 % 420 * 457.5

5= - =382
v, 101.06 * 103 mm

Take S =100mm < S0 = 382mm — OK

Use U — shape (4 legs stirrups)®8 @ 100 mm < S,,,, = 382 mm
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2) Design of shear at support (C10):

fye =420 MPa
Critical section at distance d = 467.5 mm from the face of support. V, .., = 459.8 KN

V24
2 * 800 * 457.5 *x 1073 = 298.8 KN.
d* V. =0.75  298.8 = 224.1 KN
V, =459.8> ¢ *V. = 224.1 KN
Check for section dimensions:

..... shear reinforcement is required .

Vu 459.8

V,=—— Ve =———_298.8 = 613.06 KN.
sT9 ¢ To7s

Vs,max = gx/f?bw d

2
= —%124%800%4575% 1073 = 1195.3 KN

3
Ve < Vimax —the section is large enough.

Find the maximum stirrup spacing

’ 1 7 d
If V. <V =§*,/fc b,,d then S, <5 or Smax = 600 mm.
1 1
' = §* fc'b,d = §* 24 x 800 * 457.5« 1073 = 597.67 KN.

V. = 613.06 KN >V = 597.67 KN
Vimax = 11953 KN >V, = 613.06 KN >V, = 597.67 KN

Use stirrups U — shape (4 legs stirrups)®8 with A,, = 4 x 50.24 = 200.96 mm?

_Ayrfyerd 20096 %420 * 457.5

S = % = 613.06 + 103 = 62.98 mm

Take S =50mm < S0 = 62.98mm — OK

Use U — shape (4 legs stirrups)®8 @ 50 mm < S, = 62.98 mm

3) Design of shear at support (C15):

f,e = 420 MPa

Critical section at distance d = 457.5 mm from the face of support. V, ;. = 372 KN
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24
= V24 * 800 * 457.5 * 1073 = 298.83 KN.

6

¢+ V. =0.75%305.37 = 224.13 KN
V,=372> o*V. = 2
Check for section dimensions:

2413 KN ..... shear reinforcement is required .

Vu 372
=——Vc =—=-298.83 =197.17 KN.

5=3% ~0.75

2 !
Vs‘,max = g\/fcbw d
2
= — %424 %800 % 45751073 = 1195.35 KN

"3
Vs < Vimax —the section is large enough.

Find the maximum stirrup spacing

;1 - d
If V. <V =§*,/fcbwd thenSmaxS;

or Spmax = 600 mm.

1 1
W' =% fc'byd = 3%V24 58004575 107 = 597.68 KN.

V, =197.17 KN <V = 610.74 KN then
457.5
Smax = 600mm Smax < — = 228.75 mm — control

Check for Vg in:

1 1
Vsmin = 16 fc'b,d = Em * 800 x 457.5 x 1073 = 112.06 KN.

1 1
Vsmin = §bwd =3 800 * 457.5 %1073 = 122 KN - control

Vimin = 122 KN < Vs = 197.17 < V,' = 597.68 KN — Case 4

Use stirrups U — shape (4 legs stirrups)®8 with A,, = 4 x 50.24 = 200.96 mm?

o_Avthurd 2009642044575
— Ty T 19717+108 _ oermm

Take S =100 mm < Spq = 195.84 mm — OK
Use U — shape (4 legs stirrups)®8 @ 100 mm < S, = 195.84 mm
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(4.8)Design of Solid slab:

2019/2018

Geometry

Units:meter,cm

2 3 4 5
A A A ‘ A T A ‘ -
ID.BI 6.4 P'Eu 6.05 ID.BI 5.05 ID EI 5.056 ID.BI 4.15 0.8
L 7.2 - 6.85 - 5.85 L 5.85 P 495
I T T T
6 T 8
s 14T 14T
A A A
ID.B 4.2 P EI 8.15 II).BI 6.35 P' 8|
b 5. b 8.95 P 7.15 b
I I I I
32,
100.
A-A
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
6.00 6.00 6.00 6.p00 6.00
7.68 7.68 7.68 7.p8 7.68
1.2 6.85 5.85 5.85 4.95
6.00 6.p0 6.00
7.68 7.p8 7.68
5. 8.95 715

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

L e

| spo |

| spo |

lﬁ.ﬂlﬂll

5.85

5.85

4.95
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Moment/Shear Envelope (Factored) Units:kN, meter
Moments: spans_1to 8
A72.7
136.2 -134.8
84,9 _
8. T2T 434
|2 '-" . f?mn | 11“1-71 ;1\134 . 1252
AN FZERN
[N | I 1 et
3| H—M s
? 404 03 1.6/
106.1 108.3
|2.88, 432 | 3.77 ,3.08 292 293|292 293|272, |2, | 447 | 447 | 429 2586
I 1 1 1 T 1 1 1 T 1 1 T 1 1 1
2.23 3
Shear
-106.8 A05.7 -15.5
7. 80.9 76.1 74.6 84.8
_ e -1'o. -4, 51 . 58,
71.1 66.3 L 59 5.3 081
L 1 L 1 i /j I Inni 1 1 I
T T T T V T T ‘ T T TTT T]
43.8
62.2 62.23.6
72, of, 849 T6T 669 754 96 72 o
. 108.1 . 114 101.7
[
Reactions
Factored
[ 1l 1y o 1y 1y 1l I |
IT L T T T T L T |
DeadR  46.68 133.59 98.82 96.08 93.28 63.59 124.01 151.66 42.64
LiveR 25.31 67.91 58.74 55.34 53.29 49.56 68.96 75.25 25.43
MaxR 71.98 201.49 157.57 151.42 146.57 113.15  192.97 226.91 68.07
MinR 44,12 159.85 113.56 11517 108.2 69.61 135.52 185.96 38.
Service
DeadR  38.9 111.32 82.35 80.07 7773 5299 103.34 126.38 35.54
LiveR 15.82 42.44 36.71 34.59 33.31 30.98 43.1 47.03 15.89
MaxR 54.72 153.77 119.07 114.66 111.04 83.97 146.44 173.41 51.43
MinR 373 127.73 91.56 92. 87.06 56.75 110.54 147.82 32.63

Figure (4-9): Moment & Shear Envelope of Solid Slab.

s Material:-

= concrete

B300

= Reinforcement Steel

Fc¢’ =24 Mpa

Fy =420 Mpa
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v" Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):-

-For one end continuous (one way) :-

LI 029
24 24

-For both end continuous (one way):-

L _885 43

28 28

For One way solid slab, will use thickness of slab 32 cm.

db 14
d=h—cover—7=320—25—7=288mm

v" Load Calculation:-

2019/2018

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

Table (4 — 3) Calculation of the total dead load for one way solid slab.

Dead load from d*xy KN/m
Tiles 0.03 %23 0.69
Mortar 0.02 * 22 0.44
Coarse Sand 0.1x16 1.6
RC solid 0.32 % 25 8.0
Plaster 0.02 % 22 0.44
Interior 1.8 1.8
Partitions

Z 12.97

Live load =5 KN/m
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Design of Positive Moment Mu = 108.3 KN.m)
Assume bar diameter ®16 for main reinforcement

d=320-25-8= 287

m = L = 420 = 2059
0.85* fc'  0.85*24
Rh= Mu/¢
b*>d?
n= 108.3*106/0.9 _ 1 46 (Mpa)
1000%* (287)

p = i(l_ [1_2m*Rn)
m fy

-1 (1- Jl_w) =0.00361
20.59 420

As=p *b * d =0.00361* 1000 *287= 1036.07
Check for As min:-

As min=p_ *b*h =0.0018*1000*320 = 576mm?

ASreq= 1036.07 mm® >Aspi,= 576 mm>  OK

Use g 16/15cm , A provided=13.4 CM*>A, requires= 10.36cm” ... Ok

Design of Negative Moment Mu = 172.7 KN.m)
Assume bar diameter ®20 for main reinforcement

d=320-25-10= 285

fy 420

m=——"—— = =20.59
0.85* fc 0.85*24
Rn = Mu/ ¢
b*d?®
n= 1727*10°/0.9 _5 3¢ (Mpa)
1000*(285)2

p = i(l_ [1_2m*Rn)
m fy

1 . \/1_ 2(20.59)(2.36) )
420
As=p * b * d = 0.006* 1000 *285 = 1710

= 0.006
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Check for As min:-

As min = p,. *b*h =0.0018*1000%320 = 576mm?

ASieq= 1710 mm? >Asyi,= 576 mm*  OK

Use g 20/15cm , A provided=_20.93 cM*>As requirea= 17.1 cm? .... Ok

*

*

Check Whether Thickness Is Adequate For Shear:-

V, max = 105.7 KN/ 1m strip
d=h-25-db/2=320-25-(20/2) =285 mm
OVc= %*cp*\/?*bw*d

= %*0.75*\@*1000*285 =174.52 KN/ 1 m strip

®Vc=174.52 KN >V, ... = 105.7 KN/ 1m strip
The thickness of the slab is adequate enough.
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(4.9) Design of Column (Group 4):

C84

| B69 |

[ wem

Figure (4-10): Location of Column
% Material :-

= concrete B300 Fc' =24 MPa
= Reinforcement Steel Fy = 420 MPa

(4.9.1) Load Calculation:-

Service Load:-

Dead Load = 1775 KN
Live Load =625 KN

Factored Load:-
Pu=12x 1775+ 1.6 x 625 =3130 KN

(4.9.2) Dimensions of Column:-

Assumepg = 0.01
#*Pn=0.65x 0.8x Ag {0.85 fc (1- pg) + pg * Fy}
3130*1000= 0.65x 0.8x Ag{0.85* 24 (1—0.01) +0.01* 420}

Ag= 246651 mm2
Assume Rectangular Section
Try h =600 mm

b =450 mm

Ag=270000 mm?

Selecting Longitudinal Bars:

3130*1000= 0.65x 0.8x 27000G0.85* 24 (270000~ Ast) + Ast * 420}
Ast = 4570 mm®

Use 18 g 18, Ast(prov) =4578.12mm? > Ast=4570mm?

o9 = Ast/Ag =0.016
71
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(4.9.3) Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)
S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16%1.8 =28.8cm ....
spacing <48xdt=48x1.0 =48 cm
spacing < least.dim = 45 cm control

Use g 10@20 cm

@mmu L#160
014& 10 8-HOOK L=T4 @ME 510 L=200

‘[ — Q4018 @

£0.60 v \ , o-

= 52 Q5018+

»Q5018

O Ouwos

Figure (4-11): Detailing of Column
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(4-10) Design of stair:

Figure (4-12): Stair
Assume that the hight of stair = 15cm

Thickness:
Nimin = 62?)"1 = 31.3 cm ... "as simple supported on way solid slab "
— S.2om _ 22.3cm ... "as both end continuous beam fixed "

28
=>» Take a value for h greater than the bigger of them
Take hpin=25cm
* Loads :

0 = tan~?! (%) = tan~! (;—(5)3) = 26.6

Table (4-4): Dead load of The stair :

DL from A 0 xyx1 KN/m
Tiles 23 23(0'15"'0'35) . 1.15
0.3
0.03-1
Mortar 22 22(0-15+°-3) : 0.99
0.3
0.03-1
Stair steps 25 | 25 (0.15 * 0.3) q 1.875
0.3 2
Reinforce 25 25-025-1 7.0
con. cos 26.6
plaster 22 22-0.03-1 0.74
cos 26.6
2=11.755 kN/m
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Table (4-5): Dead load of Landing:

DL from oxyx1 KN/m

Tiles 0.03x23x | 0.69
1

Mortar 0.03x22x | 0.66
1

C solid slab 0.25x25x | 6.25
1

Plaster 0.03x22x | 0.66
1
2=8.26

Live load 5kN/m?  LL=5*1=5kN/m

Total factored load W= 1.2D +1.6L

For flight (stairs) ... W= 1.2 (11.755)+1.6(5) =22.12 kN/m
For landing ... W= 1.2 (8.26)+1.6(5) =18 kN/m

22.12 KN/m

2.15 3.6 0.6

Fig.(4-13): Loading on stair
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The reaction at each end:

=»RB = 49.7 KN
RA=30.2 KN
Check for shear strength:
Assume @14 to be use for main reinforcement
d=250-20-14/2=223 mm

Take the maximum shear as the support reaction Vu=33.18 kN, Vu=30.2

@V.= 0.75 -§\/24 1000 - 0.223 = 136.56 KN

@V >V, the thickness is enough "one of exceptions™
And @V /2 = 136.56/2 =68.3>V, = ok

No shear reinforcement is required

e Determining the max bending moment and A
M, at the middle

M,=84.23 kN.m
_ M, __ 84.23x10°
Rn = dbd?  0.9x1000X2232 =1.8 Mpa
=B - %29 _5y5g
0.85f. 0.85x24
1 2Ry 2Xx1.8x20.58
p=—Q1- |1 m)_2058(1—\/ —==—=>) =0.0045

A= pbd = 0. 0045 x7000x223 =1003.5 mm?
Asmin= pbd = 0. 0018 x/000~200=360 mm?
Asnin=360 mm’<As=1003.5 mm*

Use @ 14 =»n —10035 = 6.52 mm?

AsD14
Take 7 @14

s=— =153.4mm
6.52

Take 70314 or @14 @150mm

1- 3h=3 x 250 =750mm.

2- 450mm.

250). = 380 228") 2.5 .20 =330mm but

380(228(2/ 380mm. .... Is control OK

S< 300(2;30

Temp. and shrinkage reinforcement

As min = pminbt = 0.0018 x1000 x250= 450mm?
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Try bar @14 with A;=153.94
# of bars n = —=— = 2.9 bars s=1/2.9=0.34m

s@14

Take 3@14/m with As = 461.7 mm?/m strip
Or @14 @ 300mm in both directions.

+¢+ Design of Landing:
The reaction at each end:
=RB = 87.5 KN
RA=87.5 KN
Check for shear strength:
Assume @14 to be use for main reinforcement
d=250-20-14/2=223 mm

e Determining the max bending moment and A
M, at the middle

M,;=89.39 kN.m
_ M, __ 89.39x10°
R0 = pa? ~09x1000x2232 =2 Mpa
=D = 9 __ 558
0.85f, 0.85%x24 '
_ 1. ZRnnl _ _ 2x2%20.58
p=— (1 ) = Py (1 \/ —) 0.00502

A= pbd = 0. 00502 X]000>QZ3 =1119.5 mm?
Asmin= pbd = 0. 0018 x/000x200=360 mm?
Asmin=360 mm’<As=1119.5 mm*

Use @14 In =222 =73
A D14

Take 8 914

8—7 = 137mm

Take 70314 or @14 @120mm

4- 3h=3 x 250 =750mm.

5- 450mm.

259). 380(2280)25 20 =330mm but

S <300 Jf" 380(228(;) 380mm. .... Is control OK

Temp. and shr reinforcement
As min = pminbt = 0.0018 x1000 x250= 450mm?
Try bar @14 with A;=153.94
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As

# of barsn = = 2.9 bars s=1/2.9=0.34m
s@14

Take 3@14/m with As = 461.7 mm?/m strip
Or @14 @ 300mm in both directions.

(Dg14@12

0.65 36 20

Figure (4-14): Detailing of Stair

77
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(4.11)Design of Basement wall:

L=5KN/m

S
/\ KL
@=35°

= (19.0 KN)/m"3

SV AV AN S A S

Figure (4-15): Geometry of basement.

Material:-
Concrete B300 Fc' =24 MPa
Reinforcement Steel fy = 420 MPa

P=35°  v=(19.0 KN/m"3)

*Soil at rest:
Ko =1-sin@
=1-sin35
=0.426

4.11.1) Load on basement wall:
For 1m length of wall:
Weight of backfill:
e= Ko *y*h
= 0.426%19.0x4 = 32.4 KN/m
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gl (Factored) = 1.6xe
gl (Factored) = 1.6 x32.4 =51.8 KN/m

Load from live load:
LL=5 KN/m2
2= Ko x LL
=0.426 *5=2.13 KN/m
g2 (Factored) = 1.6 *2.13 =3.408 KN/m

(4.10.2) Design of the shear force:
Assume @ 14 for main reinforcement
Assume h = 300 mm,
d=300-30-14=256 mm
By using ATIR program, we get the envelope moment and shear force diagram

Shear

-89.
-68.7

gss 45

Figure (4.16) shear of basement
Max Vu = 84.5 KN.

WC:@

_ 0.75%+/24x1000x 268
6

Vu =84.5 KN > =164.1 KN.

No shear Reinforcement is required.

gVe =164.1KN

4.10.3) Design of bending moment:

By using ATIR program, we get the envelope moment and moment force diagram
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Moment/Shear

Envelope

(Factored)

Units:kN, meter

2019/2018

Moments: spans 1fo 1

-74,

0.94

2.28

Figure (4.17) Moment of basement

Mu max =74 KN.m
Mn=Mu/0.9=74/0.9=82.23 KN.m

Rn=(Mnx[10]76)/(bxd"2 )=(82.23x [10]"6)/(1000x[256]"2 )=1.25 Mpa

m=Fy/(0.85xfc")=420/(0.85%24)=20.58
p=1/mx(1-N(1-(2xRnxm)/Fy))

=1/20.58x(1-V (1-(2x1.25x20.58)/420))

=3.07x[10]7(-3)

Asreq=pxbxd=3.07x[10]"(-3)x1000x256=7.86 cm*2/m
Asmin = 0.0012 x b x h = 0.0012 X 1000 X 300 = 3.60 cm?/m

As.,.= 3.6 cm?/m <AS,, = 7.86 cm?/m

Use ® 14@ 15 cm

As provided =10.26 cm”™2/m >As req =7.86 cm”2/m.

Step(s) is the smallest of :
3h =3*300 = 900mm .
450mm

S= 380 (280/fs) - 2.5cc = 380(280/280)- 2.5*30 = 305mm .

S= 150 mm < Smax
Select 14@15 cm/m in both direction.
With as =10.26 cm2/m
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(4.10.4) Design of the horizontal reinforcement:

As(min) =0.0012*b*h=0.002*1000*300=360cm”2/m
Select@12@20cm/m, in air side & @10@20cm/m in back fill side .

30cm
— —

1/_ Plaster layer & An Insulation layer 1 cm from Plastic material
O14(@]5¢m ] 012@15¢m
Vertical bars Air Side L. Vertical bars Earth Side
?12(@?20cm 8 010@20cm
Horizontal bars Air Side x Horizontal bars Earth Side

o

o

T.014@|5cm [ ] T.O14@15cm
B.0O16@15cm

2

-40m

140 cm
T.O14@15cm 130 cm
40 cm| |
|40 cm I )
B.O16@15¢cm
130 cm

Figure (4.18): Reinforcement for basement wall.
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(4.12) Design of a shear wall :
To design shear walls we use (ETABS) Software, and this is a manual example of

shear wall design :

651.928
651.926 -

132117

4.5

144 .80

2140.63 796.735

3.5

bending moment shear forces —_—

Fig. (4-19) Shear & Moment Diagrams of Shear wall

Fc = 24MPa

Fy = 420 MPa

t=20 cm .shear wall thickness

Lw = 5.95 m .shear wall width

Hw for One wall = 4 m story height
Hw for One wall = 4 m story height

mp Design of shear
Z Fx=Vu =651+144.809=796.735KN

= Design of the Horizontal reinforcement:

The critical Section is the smaller of:

M = 5'_95 = 2.98m....contorl
2 2
h_W = § =4m

2 2

storyheigh = 3.5m
d =0.8xlw=0.8x5950=4760mm

5
DVomax = Qg fe'hd
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= 0.75 * 0.83 * V24 * 300 * 4760 * 10"_3 = 4354.85KN > V,

1 1
v, = g\/?hal = g\/ﬁ* 300 x 4760 * 1073 = 1166 KN

N,d
4“ = 0.2724 * 300 * 4760 + 0 = 1888.9 KN

Ly

V. = 0.27/f.'hd +

_2140.63 — 1321.17

Mu = = +2140.63 = 2374.76 KN.m
My L, 237476 595 . oo
v, 2 796735 2 = (+ve value)
Ly (0.1VF + 02 5.95(0.1v2% + 0
v, = 0.05/F. + ( — ’W") hd = [0.05M+ (0 05 ) 300 * 4760
) '
= 743.65 KN Control

Vs =Vn —-Vc

= (796.735/0.75) — 743.65=318.7KN

= ="""" — =016 mm?
f,d ~ 420+ 4760 mm’/mm
A 016 0.0053 > 0.0025
P=svn =300 = '
Use ¢10 As=78.54mm?

247854
T 5%300

A, V. 3187103
S

= 0.0053 = S = 100mm

Max. Spacing
l, 5950 1190
5 = 5 = mm

3h =3 %300 =900mm
Use $10@ 200mm in two layer

Design of bending moment :

5950
Ay = ( ) * 2 x 254.5 = 10095.17mm?

300
A 10095.17 \ 420
W=( “)f—y,z( ) =0.099
L,h) £~ \5950 %300/ 24
Py
a= -=0
Lyhfe

&3
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C w+a 0.099+0

L~ 2w+ 0858  2+0099+085%085 °
oM, = 0054, f,L,(1+—y(1— <
" rstytw Astfy Ly

= 0.9[0.5 * 10095.17 x 420 * 5950(1 + 0)(1 — 0.12)] = 9990.22KN.m > Mu

— use $16@1500 mm for vertical reinforcement

4.13 Design of Footing (isolated):

7 -
A X4 -

= concrete B300 Fc' = 24 MPa

= Reinforcement Steel Fy =420 MPa

Total Factored load = 1000 KN

Column Dimensions (a*b) = 40*70 cm
Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 KN/m2

Assume h = 45cm

Oret—aliow = 400 —25*0.45 — 19*0.45 — 5 = 364.85 KN/m2

Pt 625+156.25

— 2
A= 36485 = 214m

qnet—allow

Assume the area = 1.65 * 1.35 = 2.23 m?

Qu = 1000 / 1.65*1.35 = 448.93 KN/m?

Critical Section at Distance (d )From The Face of Column
Assume h =50cm , bar diameter g 14 for main reinforcement and 7.5 cm Cover
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vu=[1_ 2 _ glrqurb=[285_070_ )x448.03%1.35
2 2 2 2

AVC = %\/24 *1.35*d *10°

Let, &Vc =Vu
d=0.2m
h=200+75+14=289mMm

Tryh=450 mm ..... d=450-75-14 =361 mm

Vu =Pu-FR,

FR, =q, *area of critical section

VU = 448.93*{(1.65*1.35) — [(0.4 + 0.361) * (0.7 + 0.36 ) [} = 637.5KN

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

V. =¢%{1+£]\/f7bod
e = {b /d J‘/»b d
V. =¢.%\/?bod

Where:-

Column Length (a
B, - ot (@) _70_, 74
ColumnWidth (b) 40

b, _ Perimeter of critical section taken at (d/2) from the loaded area
b, =2*(36.1+70) + 2*(36.1+ 40) = 364.4cm

s = 40 for interior column

AN =¢-1 1+3 \ fc'bod =%*[1+ij* 24*3644*361=1726.21KN
6 6 1.75
075 0*361
V. = 2 W1, bd - +2 |*/24*3644*361=24017KN
e = (b /d ] ( 3644 j
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AV =¢%\/ fc'bod =%* 24*3644*361=161113KN
®Vc=1611.13 KN > Vu = 637. KN

Deasign of short direction:

Mu = 448.93* 1.35*0.475*0.475/2 = 68.37 KN.m

M, _  68.37x10°

Rn= 0bd?  09x1350x3612 0.43Mpa
=D _ 420 _ 9059
0857, ~ 0.85x24
_af, _ 2mRy\ _ 1 B _ 2X20.59x0.43 | _
p= m(l 420 ) 2059 (1 \[1 420 ) = 0.00103

Asreq = p.b.d =0.00103x1350x361 = 502 mm’
As min = 0.0018%1350%450 = 1093.5 mm?

Aslreq < Aslmin = 10935 mm2 ......... iS COIltl'Ol

Check for Spacing :-
S=3h=3*45=135cm

2% ) _2.5%75=192.5cm

* 420

S = 380*(3
3

S=45¢cm ......... is control

USE 86ﬂ14, Aglprovided: 1231.5 mm2>A§’required: 1093.5 mmz... Ok
And In Another Direction Use 10 @ 14

g
1.66
A ] fA
J ﬁ -SRis@Ie
oq
10214@12

Fig. (4-20) Detailing of Footing.
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3. ACI Committee 318 (2014),ACI 318-14: Building Code Requirements for
Structural Concrete and Commentary, American Concrete Institute, ISBN 0-
87031-264-2.

4. D. Fanella, I. Alsamsam, * The Design of Concrete Floor Systems’, PCA
Professional Development Series, 2005.

5. UBC (1997).
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Attachments

Appendix (A)
Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £120 £/24 (/28 £M0

Beams or

ribbed one-
way slabs £M16 £M18.5 £/21 £/8

Motes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Ilghtwmght concrete having unit density, w,, in the range
1440 1920 kg/m?, the values shall be multiplied by (1.65 = 0.603w ) but not

less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED.

91



el Joadl)

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection imitation
Flat roofs not supporting or aftached to non- | Immediate deflection due to live load L ‘
structural elements likely to be damaged by £/180°
large deflections
Floars not supporting or attached to nonstruc- | Immediate deflection due to live load L
fural elements likely to be damaged by large /360
deflections
Roof or floor construction supporting or That part of the total deflection occrring after .
attached to nonstructural elements likely to be | attachment of nonsiructural elements (sum of £/480¢
damaged by large deflections the long-erm deflection due to all sustained
Root or floor construction supporting or fﬂﬁom mee “”.j;”d‘)*?‘ate deflecton due o any ‘
attached to nanstructural elements not likely o {/240°
be damaged by large deflections

* Limit not intended to safequard against ponding. Pondmg should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering long-lerm effects of all sustainad loas, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be defermined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur bafore attach-
ment of nonstructural elements, This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
llar o those being considered.

Fimi may be exceaded if adequate maasuras are faken to prevent damage to supported or attached elements.

S it shall ot be greater than folerance provided for nonstructural elements. Limit may be exceaded ff camber s provided so hat total deflection minus camber
loas not excesd limt.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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Seismic Coefficients :

Z — seismic zone factor, as set forth in next Table (UBC Table 16-1). Note that £ does not
directly appear in the base shear formula. It does, however, affect the seismic coefficients Cg
and €,

Fone I 24 B A 4
Z 0075 015 0.2 0.3 0.4
(Fromm Table 16-1, UBC 1997.)

Seismic Coefficiem C,

Seismic zone factor, £

Soil profile
pe Z=0073 £=10.13 £=02 Z=03 £=104
i, (.00 01z 010 0.2 (.32,
Se 0.08 0.5 .20 0.30 (40N,
Se .09 .18 .24 33 0400,
Sg N1z 022 .28 036 N.44M,
8¢ 019 0.30 .34 0.36 036N,
5 Site-specific gemtechnical investigation and dynamic site response analysis

shall be performed for soil profile Se.

(From UBC 1997, Table 16-0).)
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Cy — a numerical coefficient dependent on the soil conditions at the site and the seismicity
of the region, as set forth in next Table (UBC Table 16-R),

Seismic Coefficient C,

. i Seismic zone factor, Z
Soil profile

type Z=10.075 Z=0.15 Z=0.2 Z2=03 Z=04
Sy 0.06 0.12 0.16 0.24 0.32N,
Sz 0.08 0.15 0.20 0.30 0.40N,
Se 0.13 0.25 0.32 0.45 0.56N,
Sp 0.18 0.32 0.40 0.54 0.64N,
Sz 0.26 0.50 0.64 0.84 0.96N,
Sy Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil type 5.

(From UBC 1997, Table 16-R.)

R — a factor that accounts for the ductility and overstrength of the structural system, as set
forth in next Table (UBC Table 16-N)

Atructural Systems®

Height limit for

Basic siructural Lateral-force-resisting system SEISMIC ZONES
system” description iy LR 3and 4
I. Bearing wall 1. Shear walls
SYSlEm a. Concrete 45 28 Tt
b. Masonry 45 2.8 16l

2. Braced frames where bracing
carries gravity load
a. steel 44 2.2 Tl
b. Concrete: 28 22 M.E
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Structural Systems® (Continued)

Basic structural

Lateral-force-resisting system

Height limit for
seismic zones

system® description R Q, 3and 4
2. Building frame 1. Steel eccentrically braced 70 28 240
system frame (EBF)
2. Shear walls
a. Concrete 55 28 240
b. Masonry 55 28 160
3. Ordinary braced frames
a. Steel 56 22 160
b. Concrete 56 22 N.P.
4. Special concentrically
braced frames
a. Steel 64 22 240
3. Moment-resisting 1. Special moment-resisting
frame system frame (SMRF)
a. Steel 85 28 N.L.
b. Concrere? 85 28 N.L.
2. Masonry moment-resisting wall 65 28 160
frame (MMRWEF)
3. Concrete intermediate 55 28 N.P.
moment-resisting frame (IMRF)
4. Ordinary moment-resisting
frame (OMRF)
a. Steel' 45 28 160
b. Concrete” 35 28 N.P.
5. Special truss moment frames 65 28 240
of steel (STMF)
4. Dual systems 1. Shear walls
(frame resists at a. Concrete with SMRF 85 28 N.L.
least 25% of b. Concrete with steel OMRF 42 28 160
seismic shear) ¢. Concrete with concrete IMRF 65 28 160
d. Masonry with SMRF 55 28 160
e. Masonry with steel OMRF 42 28 160
f. Masonry with concrete IMRF* 42 28 N.P.
g. Masonry with masonry MMRWF 60 28 160
2. Steel EBF
a. With steel SMRF 85 28 N.L.
b. With steel OMRF 42 28 160
3. Ordinary braced frames
a. Steel with steel SMRF 65 28 N.L.
b. Steel with steel OMRF 42 28 160
¢. Concrete with concrete SMRF* 65 28 N.P.
d. Concrete with concrete IMRF 42 28 N.P,
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