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Palestine Polytechnic University
Supervisor:

Eng. Mohammed M ezher

Project Abstract

Theidea of this project isthe structural design of a new faculty of Palestine Polytechnic
University, 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 building for
the college, better for the spatial and inclusiveness. the proposed siteisin Hebron City.

Thefacility consists of six floors, in addition to basement and roof floors. Basement floor
includes Parking>The ground floor also includesreception hall, laboratories, drawing
rooms, classrooms, video -conference room and theater. The other fivefloorsare
functionally the same but with different architectural design. Theroof floor isa dependent
floor for library and the offices of its stuff.

The structural design will be done by using several programs such as. ETABS 2016,
SAFE |, BEAMD also Structural details will be completed by using : AutoCAD 20 and

accor ding to the requirements of:
*ACI 318M - 11 Codefor 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 : liveload.

W,: factored total load.

L, clear length of member.

d: thickness of alayer.
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y: unit weight of material.
M,: nominal bending moment strength of the section.

M,: ultimate factored bending moment strength of the section.
ﬂ: compression strength of concrete.

f,: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.
M. strain of tension stedl.

. strength reduction factor.

V.. nominal shear strength.

V.. factored shear force of the section.

V. nominal shear strength provided by concrete.

Vs nominal shear strength provided by shear reinforcement.
Ag areaof stedl.

A,. areaof 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: gpacing between bars.
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According to ACI-Code-318M-11, 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 = 6.4n1, then

L6400
185 185 o> omim

hin =
The maximum span length for both end continuous (for ribs): { = 6.9m, then

1 6900
Ruin = =g = 328.57Hir.
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The minimum ribbed slab thickness will be I,y = 345.96nm.
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Chapter Four 2017/2018

§ chapter 4- Structural Analysis & Design |
|

4-1 Introduction.

4-2 Factored load.

4-3Slabs Thickness Calculation.
4-4load Calculations.

4-5 Design of Topping.

4-6 Design of Rib (R1).

4-7 Design of Beam (B1).

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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Chapter Four 2017/2018

(4.1)Introduction:-

Concrete isthe only major building material that can be delivered to the job sitein 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
structura 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 cal culation 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-11code.

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

fc'= 24 N / mm 2 (MPa ) Forbeams.

fc'= 24 N / mm 2 (MPa ) For column and footing.

fy = 420 N / mm 2 (MPa ) For flexural Reinforcement Steel.
fyt = 420 N / mm (MPa ) For shear Reinforcement Steel.
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Chapter Four 2017/2018

(4 .2) Factored L oads:

The factored loads on which the structural analysis and design is based for our project members,
is determined as follows:
g, =14D.L
g, = 1.2D.L + 1.6L. L (Larger value controled)

(4.3) Sabs Thickness Calculation:

|| ||||||_|||||.|I:.L.{ﬂ||| |I—||! : ::

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

(4.3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318M-11, the minimum thickness of nonprestressedbeams or one way
slabs unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):l = 2.95m, then

B = =295 iegy
min = 75 = 1gg oo Cmt

The maximum span length for both end continuous (for ribs): | = 6.1m, then
l 610

h,m-ﬂ = H = ﬁ = 29.048 cm.

The minimum ribbed slab thickness will be h,,,;,, = 29.048 cm.
Take dab thickness h,,,;,, = 330mm > h,,,;,, = 29.048 cm.
h = 33cm (25cm 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:

o ey rilh ok - Zhrinkmge O Tamcerwber Our's W

HisBeay Blesk:{ 2Mery )

Fig. (4-2) One way ribbed slab

Calculation of the total dead load for one way ribbed slab is shown in the following table:
Table (4 - 1) Calculation of the total dead load for one way rib slab.

Dead load from de=y=h KN/m
Tiles 0.03 =23 =0.52 0.359
Mortar 0.03 =22 =0.52 0.343
Coarse Sand 0.07 =17 =0.52 0.619
Topping 0.08 =25 =0.52 1.04
RC Rib 0.25#25+=0.12 0.75
Hollow Block 025=10=04 1.0
Plaster 0.03 =22 =0.52 0.343
Interior 23%052 1.196
Partitions

5.65

Total Dead load / ribh = 565 KN/m .
Total live load /rib =5+052 = 2.6 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: dey=1l KN/m
Tiles 0.03 =23 0.69
Mortar 0.03 =22 0.66
Coarse Sand 0.07 =17 1.69
Topping 0.08 =25 2
Interior Partitions 23=1 2.3
7.34

Liveload Calculations: 5 = 1 =5 KN/m.

Total Factored load:w,, = 1.4 =7.34 = 10.276 KN-m
w,=122734+16+5=16.81 KN-m, sow, = 16.81 KN-m
W,=l 168104

¥, = 5 5 =3362 KN
¥ =075 1 V24 = 1000 = 80 - =4899 KN
Pl = 0. 6 ':1000:J e

V. =4899 KN ==V, = 3.362 KN
NO shear reinforcement is required.

W, =1*  16.81 =0.4%
12 12

M, =0.55=0.42 =24 = 1000 = 80%/6 = 1.21 KN.m
oM, =1.21 KN.m >> M, = 0.224 KN.m
NO reinforcement is required by analysis.According to ACI 10.5, provided 4, ,,,;,for slabs as shrinkage

M, = =0.224 KN.m

and temperature reinforcement.

Accordingto ACI 7.12.2.1, feprineage = 0.0018.

A, = p=b=h=0.0018 =1000 = 80 = 144 mm?/ strip.
Try bars @8 with A, = 50.27nmm*

2= =287

Bar number n = —
Agog 50.27

45



Chapter Four 2017/2018

Try3@8~m with A, = 150.8mms~m strip or ©8@300mm in both directions.
Step (&) issmallest of:

1. 3h =380 =240mm — control

2. 450mm
3. =380 2 —25¢ =380 +L —25=20=330mm
fs E““
280 280
s <300

£y

=300 3 5 = 300mm

Take @8@200mm in both directions. 5 = 200mm < s,,,, = 240mm — ok

(4.6)Design of Rib (Rib1)

Material:-
Concrete B300 f'=24 Nmm?
Reinforcement Steel  f, = 420 N-fam?*
Reinforcement Steel of shear f,, =420 N~fnm?
Section:-
b =12cmbf =52cmh =33cmTf =8cm
1 2 3 4 h
1 z 3 4
I'IFT. ?.5R I'f'l.ﬂl R Iﬂ.ﬂl 1R Iﬂﬂl B3 [
1) =2 0 N 6. - 5.05 5 5.1
} | | |
5 G Fi
h [+
. = —
Iﬂ.ﬁ.l L% 1 Inﬂ hh Iﬂ.ﬁ |
S 50E ' 5.05 T,
- | |
3. |
12
A-A

Figure (4-3) : Rib 1 Geometry
Loading :-
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FRezctions
Factored

ii iii ii iii iii iii ii
Loedt 583 35,26 44,42 M. 30,65 45,55 5,04
LiveR 5.59 24.19 26,22 29.24 29, 0,07 o109
Max R 12,72 59,55 69.64 T0.24 GE.64 Th.56 703
Min I 253 40,734 52,58 51.54 40,34 56.85 463
Serdice
CezdR 486 2347 .51 AT 3304 57.96 1328
LiveR 4.3 1612 17.64 18.27 1812 18.76 553
Max R 917 44,55 5215 52.41 51,15 56,72 20,21
Min R 2.8 3258 44,49 40.75 331 4502 1247

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

(4.6.1) Design of flexureof rib(Rib1):

(4.6.1.1) Design of Positive momentsof rib (Rib1).

be < Center to center spacing between adjacent beams = 520 mm ... Controled.

- Span 6100 1525
S = < mm.
< (16= tf) + bw = (16 = 80) + 120 = 1400 mm.
be = 520 mm.

Assume bar diameter @ 14 for main positive reinforcement.

d = 330-20- 8- = 295mm...M, =085 f *b, *t;* d—2L =085+24=520+80+

BQ

295 -2 107¢ = 135252 KN.m ..OMnf = 09 =135252 =121.73KN.m

1) Positive moment of first span Mu )= 33.3KN.m
Mnf =121.73 KN.m >» Mu=333 KN m
= Design as rectangular section.
Mn = Mu/p =333/09 = 37 KN.m

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

14
= 330- 20- 8—? = 295 mm.

fy _ 420 _
Tossy T oesezs 206
M. 374105
Ry = h_::z = 52002952 0.817 MPa
1 . . ZeRypem
p=—(1- 1 % )
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1 Ze0.B17+20.6
= 1- ]e=—2——"="

206 4240

=0.002 < pmax = 0.85% By - =001769

* Note: f.' = 24MPa< 28 MPa- [, =0.85
As = p = b =d = 0002 * 520 =295 = 306.8 mm-.

I 1.4
fy = ——— % ES e QR ES -
ASmin = 75 *by*d 2 Zeby+d ... (ACI-105.])
V24
ASyin = =120 =295 = 103.23mm*

4 %420

A 5 14 120 =295 = 118mm*
Sinin = 420 = mm

= 103.23 mumn* < 118mm* ............. Larger value is control.
Ay req = 306.8 mm? > As,;, = 118 mm®. ... 0K

~ As = 306.8 mm*,
Use 2 @14 with As ,,,, = 307.88 mm* > As req = 306.8 mm?®, ... OK
s~ Use 2014
Check for strain: - (g, = 0.005)

10
d = 330- 20- 8—? = 295 mm.

Tension = Compression
As = fy =085 =f'=bh=a
307.88= 420 = 0.85 = 24 = 520 = a

a = 12.2 mm.

c= E =22 =1435mm. * Note: f.! = 24MPa< 28 MPa— [, = 0.85
d—c 295 — 14.35
£, =0003 % (——) =0003* ——=— =00587 > 0005 ¢ =09 (.C.5)... OK.

(4.6.1.2) Design of Negative moment of rib (Rib1):

1) Negative moment at support (2) Mu & =29.2K N.m.
Mn = Mu/p = 29.2/09 = 3244 KN.m

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

14
= 330- 20- 8—? = 295mm.

49



Chapter Four 2017/2018

I 4210

ms=——= = 20.6
085 !~ 08524
_ Mg _ 32444109
T ped® T 12002952 3.1MFa
p=l(1* 1__2*17"1-:11]
m Iy
& g 3 ’
=L 71— 12208 _ 000804 < pmax =0852=p, 2 =001769
20.8 420 Lfyd 7

As = p = bw =d = 0.00804 = 120 =295 = 284.9 mm?*

i 14
rm*bw#d EE*EW#G.‘ (AC|-1051)
V24

Asmin = 77220

‘qsmin =

%120 =295 = 103.23mm*

A s 14 120 =295 = 118 ¢
Smin = 420 = mim

= 103.23 mun* < 118mm* ............. Larger value is control.
Agreq = 2849 mm? > As,,, = 118 mmZ. ... OK
s As = 2849 mm?,
Use 2 814 with As ,,, = 307.88 mm* > As ,,, = 2849 mm®. ... OK
s~ Use2014
Check for strain:-(g, = 0.005)

14
d = 330- 20- 8—? = 295 mm.

Tension = Compression
As = fy =085 =f'=h=aqa
307.88 = 420 = 0.85 = 24 = 120 = a

a = 52.82 mm.
€ == s = 6214mm * Note: f.! = 24MPa< 28 MPa— f3; = 0.85
1 BE
£, = 0,003 = (=
=0.003 = ((2-221%y - 0011 > 0005 = ¢ =09 (T.C.5).... OK.

G214
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(4.6.2)Design of shear of rib (1):

1) Design of shear at support (1) & (7) :
Critical section at distance d = 295 mm from the face of support

fye =420 MPa
Vima: Detweentwo value =19.5KN.
£

L":: =11 = ngwd

V24 :
=11+ * 120295 =10 ~* = 318 KN.

6
b=V =075=31.8 =2385KN

b=V =05=2385=1192 KN

N =

1
(+V. =2385KN >V, =195KN > =V, =11.92 KN

NO shear reinforcement is provided at support 1 & 7 .

2) Design of shear at support (2) :
Critical section at distance d = 295 mm from the face of support

fye =420 MPa
Vimar betweentwovalue =256 KN.
h=V =11 = %bwd
V24 )
=11 = # 120+295 =10 ° =318 KN.

b=V =075=31.8 =23.85 KN
Vu=256 > p=Vec =23.85 ..... shear reinforcement is required .

Check for section dimensions;
V.=Vu/p = Ve = 25.6/0.75-31.8 =233 KN.

V:-c,malx
A — .
= 3 *1/24.120.295.10"% = 11561 KN

Vi =233 KN <V, ;. = 115.61 KN —the section is large enough.
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Check forV ¢ smin:

1 1
o= — ! — [ = = # 3=
Vimin =1g [C'byd = 75V24+120 %295 +10°% = 108 KN.

1

1 s
§bwd =3* 120 =315 =10 % = 11.8 KN - control

I"J.rw,:lm"rz =

Vimin =118 KN =V, =233 KN
s UseV, =118 KN

Find the maximum stirrup spacing
& Vg < Vg nin — Case 3

295
Smar =600mm |, S, = - = 1475 mm — control

Use stirrups 11/ — shape 2 legs stirrups @8 with A, = 2 =#50.27 = 100.54 mum*
g_Avrfurd _10054=420%205
T Ws | 118=100 _ ooofmm

§ =1160.67 mm > S,,,, = 147.5mm —NOT OK
Use 1UJ — shape 2 legs stirrups 88 @ 135 mm < §,,,, = 147.5mm

for support 2

3) Design of shear at support (3) :
Critical section at distance d = 295 mm from the face of support
fy =420 MPa
Vimar betweentwovalue =27.6 KN.

b=V =11 = g b, d
V24 "
=11 = * 120 %295 =10 ~% =31.8 KN.

b=V =075%31.8 =23.85 KN
Vu=27.6 > p=Ve =23.85 ..... shear reinforcement is required .
Check for section dimensions:
Vo=Vu/¢p = Ve = 276/0.75- 318 =5KN.

52



Chapter Four 2017/2018

2 =
V:-i,rruur. = ; JF’c: bw d
2 '
= § /24 .120.295.10"* = 115.61 KN
Vi =5 KN < I}, = 115.61 KN —the section is large enough.
Check for ¥V smin:
[ A—_— - fc'b,d = ! V24 %120 %295 * 10" * = 10.8 KN
5rin 16 Jﬁ: kbt = 16 = : :
1 1 s
V. =—bh,d=-+120+315%=10"% =11.8 KN - control

Vimin =118 KN >V, =5KN - NOT OK
s UseV,=118KN

Find the maximum stirrup spacing
V!-i < E"J.rw,:lm'ﬂ = Case 3

295
S =600mm |, S, = - = 1475 mm — control

Use stirrups 1U — shape 2 legs stirrups @8 with A, = 2 #50.27 = 100.54 mum*

¢ _Av*ferd 10054 %420 =295
Vs 11.8 =103

§ =1160.67 mm > S,,,, = 147.5mm —NOT OK

Use 1U = shape 2 legs stirrups 88 @ 135 mm < §,,,,. = 147.5mm

=1160.67 mm

for support 3

4) Design of shear at support (4) :
Critical section at distance d = 295 mm from the face of support

fye =420 MPa
Vimar betweentwovalue =282 KN.
£

(*)*L"E: =11 = wad

V24 :
=11+ * 120%295 =10 ~? =318 KN.

b=V =075=31.8 =2385KN
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Vu=282> ¢p=Ve =23.85 ..... shear reinforcement isrequired .
Check for section dimensions:
Vo=Vu/¢p = Ve = 28.2/0.75- 31.8 =58 KN.

2 =
V:-i,rruur. = ; JF’c: bw d
2 '
= § /24 .120.295.10"* = 115.61 KN
Vi =58 KN <V, = 115.61 KN —the section is large enough.
Check for ¥V smin:
—— ! fc'b,d = ! V24 %120 %295 10" * = 10.8 KN
smiin = 16 Jﬁ: kbt = 16 = . .
1 1 s
Vimin = 3 b,d = 3* 120 #315 =10 * = 11.8 KN — control

Vimin =118 KN >V, =58 KN = NOT OK
~UseV, =118 KN

Find the maximum stirrup spacing
V!-i < E"J.rw,:lm'ﬂ = Case 3

295
Smu:r = 600 mm ) Smu:r = T = 147.5 mm — control

Use stirrups 1U — shape 2 legs stirrups 08 with A, = 2 #50.27 = 100.54 mm?

¢ = Ap* for * d = 100.54 =420 = 295
Vs 11.8 =103

§ =1160.67 mm > S,,,, = 147.5mm —NOT OK

Use 1UJ — shape 2 legs stirrups 88 @ 135 mm < §,,,,. = 147.5mm

=1160.67 mm

for support 4

5) Design of shear at support (5) :
Critical section at distance d = 295 mm from the face of support
fye =420 MPa
Vimar betweentwovalue =27.6 KN.
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bl =11 = %bwd

V24 :
=11+ * 120%295 =10 ~? =318 KN.

b=V =075%31.8 =23.85 KN
Vu=27.6 > p=Vc =23.85 ..... shear reinforcement isrequired .

Check for section dimensions;
V.=Vu/¢p = Ve = 276/0.75- 31.8 =5KN.

I ta

V:-a,rn.'lx. = 3

by d

el

A— |
= 3* V24 .120.295.10"% = 115.61 KN

Vi =5 KN < I} ,,.» = 115.61 KN —the section is large enough.

Check forV suin:

1 —— 1
by — —— ' = — E ] E £ 3:
Vmin =1g [C'hyd = 75V24+120+295+10°% = 108 KN,

1 1 ]
Vinin = 3 b,d = 3* 120 #315 =107 % = 11.8 KN — control

Vimin =118 KN >V, =5KN — NOT OK
s UseV,=118KN

Find the maximum stirrup spacing
V!-i < E"J.rw,:lm'ﬂ = Case 3

295
Smu:r = 600 mm y Smu:r = T = 147.5 mm — control

Use stirrups 1U — shape 2 legs stirrups @8 with A, = 2 #50.27 = 100.54 mum*
g Avrfurd _10054%420%295
ST Vs 11g=100 _ ooooelmm

§ =116067mm = §,,,. =1475mm —=NOT OK
Use 1U = shape 2 legs stirrups 88 @ 135 mm < §,,,,. = 147.5mm

for support 5

6) Design of shear at support (6) :
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Critical section at distance d = 295 mm from the face of support
fye =420 MPa
Vimar betweentwovalue =322 KN.

4

V. =11 = —"h,d

Yoz )
=11 = = 120=295 =10 "* =318 KN.

GV =075%31.8 =2385KN
Vu=322 > dp=Vec =23.85 ..... shear reinforcement is required .
Check for section dimensions:
V.=Vu/¢p = Ve = 322/0.75- 318 =11.13 KN.

Z ]
V:-c,malx = ; fc: bw d

A— :
=3* V24.120.295.10% = 115.61 KN

Ve = 1113 KN <V, ;0 = 115.61 KN —the section is large enough.

Check forV ¢ smin:
V. e fc'b,d = - V24 £120 295 = 10"* = 10.8 KN
ST "'16 .Irc s = 16 — . .
1 1 ]
Vinin = §bwd = SR 120 #315 =107 % = 11.8 KN — control

Vimin =118 KN <V, =1113 KN — NOT OK
~UseV, =118 KN

Find the maximum stirrup spacing
Hﬁ',:‘l‘lfﬂ < V:-; — Case 4

295
Smax =600mm |, S, < — = 147.5 mm — cantral

Use stirrups 11/ — shape 2 legs stirrups @8 with A, = 2 #50.27 = 100.54 mum*
g Av*furd _10054=420=205
Vs 11.8 =103
§ =1021.06 mm > S,,,, = 147.5mm —NOT OK
Use 1UJ — shape 2 legs stirrups 88 @ 135 mm < §,,,,. = 147.5mm
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for support 6

(4.7) Design of Beam (B1.):

Material:-
concrete BR300 Fc¢' = 24 N/mm*
Reinforcement Steel fy = 420 N/mm?*
Section:-
B =80cm.
h =53 ¢cm.

According to ACI-Code-318-08, 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 = 6.75 m, then

[ 6750
IF:t:lru'ﬂ = 185 - 1_85 = 364.86mm.
The maximum span length for both end continuous (for beam):l = 6.35 m, then
[l 6350
o — I T 302.30mm.

The controller beam total depth is 36.486 cim.
— Select Totaldepthof beam h = 53cm. ( drop beam).
Loads on beam : (SERVICE)
load from ribl + self weight =
((29.43/0.52) D + (15.08/0.52) L)+ 10.1) KN/m =(56.6 D +29 L + 10.1) KN/m

Gewvmel v Upils mela gn
1 z 3 4
1 2 _ 3
A e A - A
Il?- B35 Iﬂ.!'ni E.35 i?‘_'l. G4 ﬂi_'lz |
'I 875 i B.36 i £.65 o

&3

2.
A-A
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Figure (4-6):Beam Geometry.
Luadiry
lead group nc. 1
Nead lnad - Zervice Inifs=c N meter
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k ¥ L L' X X
! p— ] W A W \ ] Var a¥
l & ’ 4 | 655
Live load - Senice Load tactors: 1.20,7.2007.60,0.00
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Figure (4-7): Loading of Beam .
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Mrerment!Skea- Fnuelape [(Factared) | mits kM meter
Shieae
-4
441G
17338 ] a0 ; Rhd.d
s ol 2022
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,,-'/ _f,-f" f,-f
: = HH Vo H e .
o = -
.-f'f f,..-f f.-'"
5 - 7
= pE07 I -
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350 A3 8 =7 &4iB.3
E05.8
Feoocticna
Factored
H il (TN U
IT L L T T
CeadR 21099 L7075 G070 215,73
Livcit 14047 ET.07 333,504 13862
Max B 16816 L4682 B34.64 36436
Min R 2055 LTS EQD .4 20458
Semnvice
MeadR  “R240 4AR2.23 ATR.RR 179.7R
LiveH tf.b FroEF) 44 t3.54
Max R 2r T11.71 735304 206,42
Min R 17408 E@2.52 55541 17113

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 =53c¢cm.,0., =10mm.

Assume bar diameter @25 for main positive reinforcement.

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

= 467.5 mm.

Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition £, = 0.004

E T =

3
7

3
+d = 7 =467.5 = 200.36 mm.

A = Bl = €, = 085 = 200.36 = 170.306 mm .
= Note: ! = 24 MPa < 28 MPa = fil = 0.85

= 0.85 # 24 #800 = 170.306 =

a
Mrz,:lnu_r = 0.85 = _ﬂ-‘l # f} E |:d — Ej

467.5 -

59

170.306

> = 107° = 1062.7KN.m

25
= 530-40-10- —
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h =065+ 20 = g —0.002 .
3

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

1) Positive moment of first span: M, =508.2KN.m
M, =5082KNm <® M, =0.816 #1062.7 =867.16 KN.m

= Design the section as single reiforced concrete section.

Mn = Mu/p = 508.2/0.9 =564.67 KN.m.

25
m = ‘r_‘f =0 _ 906
085 5] 08524

oy il
R, = Mn _ 56467010° _ o on wrpo

T bed® T 8O0« (46751

. ZeRypem ]

=11-
p_mil 1 fy

Lo - ZERHE _g00842 < pmax=0.85%ﬁl ; =0.01769

20.6 421 { fir

Ayreq = pbd = 0.00842 = 800 * 467.5 = 3149.08 mm?

Jrn'
Agmin= ——=b=d =3«p, =d ... (ACI-105.1)
' 4ifpd fr

= Y2 800 %4675 < 11,800 +467.5

T qeazo

= 1090.61 mm* < 1246.67 mm~ ... ... Larger value is control.
Ay nin = 1246.67 mm* < A, .., =3149.08 mm* ... OK
«~ A, = 3149.08 mm?
Take 7025 in one layer with A, ,,,, = 3436.12 mm* > A, ., =3149.08 mm* ....0OK

Check for bar placement:
~800—-40%2-10%2—7%25

S 5 =875 =25mm....ok
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Check for strain: (g, = 0.005)

d= 530- 40-10— 2—; = 467.5mm

Tension = Compression

2017/2018

As = fy =085 = f' = h =g
3436.12 = 4675 = 0.85 = 24 =800 = a
a = 9843 mm.
£ = i =2 = 1158 mm* Note f; = 24MPa< 28 MPa— f3; =0.85
d—c
£, =0.003 = ( )
c
=0003+ =" =00092 >0.005 - =09 (T.C.5)... OK.
2) Positive moment of second span: M, =202 5KN.m
25
d = 530- 40-10- - = 467.5mm.
M, =2025KNm <® M, =0.816 #1062.7 =867.16 KN.m
= Design the section as single reiforced concrete section.
Mn = Mu/p = 2025/09 =225 KN.m.
= lﬁ' ; = 120 = 206
085 f} 0.85«24
R = My _ 225105 129 MPa
7T ped® T BO0s (467.5)F
p=2{1— 1 ‘_m]
m fy
- el 3 i’
=L 11— -EEEHE _000318 < pmax =085-2= 4, 2 =001769
20.6 420 (fy) ]
Aqreq = pbd = 0.00318 * 800 * 467.5 = 1189.32 mm?
I 1.4
Agmin=——2b+d =22sp, =d ... ... . (ACI-105.1)
' 4ifpd ¥
Vi 1.4 - 2
— = 8004675 =—=800+=467.5 =1090.61 mm=~ <
4+420 420
1246.67 mm* ... ... Larger value is control.

Ay nin = 124667 mm? > A, .., =1189.32 mm*....

=~ A, = 1246.67 mm*
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Take4®20 in one layer with A, ,,,, = 1256.64 mm* > A, ., = 1246.67 mm®....0OK

Check for bar placement:
800—-40%2—-10*2—-4=20
S, =
3
Check for strain: (g, = 0.005)

= 206.67 = 25mm....ok

20

d= 530-40-10- 5 = 470 mm

Tension = Compression
As = fy =085 =f' = b =a
1256.64 = 420 = 0.85 = 24 =800 = a

a = 32.34 mm.
oS .r?i - w.::: = 38.05 mm* Note: f,' = 24AMPa< 28 MPa- fi; = 0.85
1 LCh
d-=c
£y = 0.003 = I: Z :|

=0003« 1389 — 0034 >0005 ¢ =09 (T.C.5)... OK.

A8.05

3) Positive moment of thirdspan: M, =494 7 KN. m
25
d = 530- 40-10- > = 467.5mm.

M, =494.7KN.m <® M, =0.816 = 1062.7 = 867.16 KN.m
= Design the section as single reif orced concrete section.

Mn = Mu/p = 494.7/0.9 =549.67 KN.m.

= - 0 _506

m=—2—= =
085 f} DES5«24

il
R, = M _ 54067410° o 4ein

Bed® T BO0s (467.5)F
p:ll:l“' l"'z.ﬁ".m:l
m Iy
- a3 3 '
= 1- 1-Z2220 =00082 < pmax =085-=4, - =0.01769

20.6 420 ()

Aqreq = pbd = 0.0082 * 800 * 467.5 = 3066.8 mm?

4
Agmin = o= *b=d >2wh,*d ........(ACI-105.1)

V21 L 800 = 4675 < :TZ +800 =467.5 = 1090.61 mm? <

4420
1246.67 mm* ... ... Larger value is control.
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Ay min = 1246.67 mm? < A req = 3066.8 mm®.... 0K
=~ A, = 3066.8 mm*
Take 7025 in one layer with A, ,,,., = 3436.12 mm* > A, ., = 3066.8 mm*....0K

Check for bar placement:
800-40#2-=10=2=7=%25

S5 5 =875 =25mm....ok

Check for strain: (g, = 0.005)

d= 530- 40-10- = = 467.5mm
Tension = Compression
As = fy =085 =f'=b=aqa
3436.12 = 467.5 = 0.85 = 24 =800 * a

a = 9843 mm.
oS .r?i - q;: = 115.8 mm* Note: f,' = 24AMPa< 28 MPa- fi; = 0.85
1 LS
d—c
£, =0.003 * (—)

C

=0003 =« 1% — 90092 >0005 - =09(T.C.5).... OK.

1158

(4.7.1.2) Design of negative moment:

1) Negative momenton at support 2 M, = —481 KN.m
M,=481 KN.m < ® M, =0.816 *1062.7 =867.16 KN.m

= Design the section as single reif orced concrete section.

bar
d = depth — cover — diameter of stirrups— diameter GI'T =

25
d = 530- 40-10- > = 467.5mm.
Mn = Mu/p=481/09 =53444 KN.m.
G20

=ty #0556

Toes T oese2d
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4e108
R, = M _ S344010° o op wrn

Bed® T BO0s (467.5)F

. ZeRypem :l

=11 -
p_ml:l 1 fy

a. 3 = r
— 11— 1-Z2220 —00079 < pmax =0852= 4, 2 =0.01769

20.6 420 ()
A, oq = pbd =0.0079 * 800 = 467.5 = 2954.6 mm?*

4 ,
= —sxbxd =2 =bh,=d............ (ACI-10.5.1)

Asmin = 37075 )

= Y2 800 +4675 < 1%, 80044675

T 4e420

= 1090.61 mm* < 1246.67 mm* ... ... Larger value is control.
Ay nin = 1246.67 mm* < A, ., = 29546 mm*.... OK
=~ A, = 2954.6 mm*
Take 10020 in one layer with A, ,,,, = 3141.59 mm* > A, ., = 2954.6 mm*...OK

Check for bar placement:
800—-40+2—-10%2—-10=%20
S, =
9
Check for strain: (g, = 0.005)

= 5556 = 25mm....ok

20

d= 530-40-10- 5 = 470 mm

Tension = Compression
As = fy =085 =f'=b=aqa
314159 = 420 = 0.85 = 24 =800 = a

a = 80.85 mum.
ok .r?i - Fi?:: = 95.12mm* Note: f,' = 24AMPa< 28 MPa- fi; = 0.85
1 K s
d—c
£, = 0.003 = ( - :|

=0003 + = =00118 >0.005 = ¢ =09 (T.C.5).... OK.

2) Negative momenton at support 3 M, =-507.7KN.m
M, =5077KN.m <® M, =0.816+1062.7 =867.16 KN.m

= Design the section as single reif orced concrete section.

a
d = depth — cover — diameter of stirrups— diameter GI'T =

25
d = 530- 40-10- > = 467.5mm.
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Mn = Mu6 =507.7/09 =56411 KN.m .
m=—2 =% _7p
a5 f[ N.B5«24

il
R, = Mn _ 56411010° _ o op prp o

T hed® T 8O0« (467512

. ZeRypem :l

=11-
p_mil 1 fy

— 1- 1-22"200 =00084 < pmax =0852=f, 2 =001769

20.6 420 ()

Aqreq = pbd = 0.0084 =800 * 467.5 = 3141.6 mm?

¢’

2
= ——*b=d > uh, #d. (ACI-10.5.1)

Avge =
5, a(fy ¥

= Y2 .800+467.5 < <800+ 4675
= 1090.61 mm* < 1246.67 mm* ... ... Larger value is control.
Ay in = 1246.67 mm® < A, ., =3141.6 mm*.... 0K
& A, = 3141.6 mm®

Take 10020 in one layer with A, ,,,, = 3141.6 mm* = A, ., = 3033.6 mm*....0K

Check for bar placement:
800 —-40+2-10=2-=10+20
Sh - 9

Check for strain: (g, = 0.005)

= 5556 = 25mm....ok

20

d= 530- 40-10- ik 470 mm

Tension = Compression
As = fy =085 =f'=bh=a
314159 = 420 = 0.85 = 24 #800 = a

a = 80.85mm.
£ = i =222 = 95.12mm* Note: £’ = 24MPa< 28 MPa~ f3, = 0.85
d—c
£, =0.003 = ( )
i
=0003« 12— 0118 >0.005 - =0.9(T.C.5).... OK.

9512
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(4.7.2) Design of Beam(3) for shear

1) Design of shear at support (1)& (4):

fye =420 MPa
Critical section at distance d = 467.5 mm from the face of support. V,, ... = 282.2 KN
i, = 2Xb,d

V24 :
* 800 * 4675 *107* =305.37 KN.

6
= V. = 0.75 = 305.37 = 299 KN

—

1

1495 KN <2822 KN < 299 KN....minimum shear reinforcement is required ...

Case..2

Fs,min:

— 1 -
fe'h,d = 1—6\/24 +800 #4675 %10 % = 11451 KN,

1 )
Vimin = 3 b,d = 3 * 800 #467.5 # 10 % = 124.67 KN — control
Vi omin = 124.67 KN.
467.5
Smu:r = 600 mm ) Smu:r = T = 233.75 mm — control
Use stirrups I — shape 2 legs stirrups 010 with A, = 4 #7854 = 314.16 mm*

o_Avefurd _31416+42044675 _
ST W T 12467s108 _ owemm

Take § = 100mm < §,,,,,, = 4948 — 0K
Use Il =shape 4 = legs stirrups §10 @100 mm < §,,,,,. = 233.75mm

2) Design of shear at support (2):

fye =420 MPa
Critical section at distance d = 467.5 mm from the face of support. V,, ... = 422.8 KN
v, = Lb,d

Yoz ,
= = 800 = 4675 107" = 305.37 KN.

= V. = 0.75 = 305.37 = 299 KN
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V,=4228=> p=V. = 299KN ..... shear reinforcement isrequired .
Check for section dimensions:
V, = Yy Ve = 4228 305.37 = 258.36 KN
T T o075 TR TR '

A— :
=3 *V/24 %800 4675 =10 = 12215 KN

Vi < Vi max —the section is large enough.

Find the maximum stirrup spacing

If V<V =-= fc'b,d then 5,,., <> or S5,,. =600mm.

b | R

1
3

1 1 — :
V=== fe'b,d= 5*\/24#800*467.5#10 #=610.74 KN.

3
V. = 25836 KN < V! = 610.74 KN then
467.5
Smu:r = 600 mm ) Smu:r = T = 233.75 mm — control

Check for Vg min:

y 1 ,
Vimin =7g [f'hyd = 7524 %800 +467.5+107% = 11451 KN.

1 1 s
Vimin =3 byd = 5800 %4675 =10"% = 124.67 KN~ control
Vimin = 124.67 KN < Vs =25836 <V,'=610.74 KN —Case4
Use stirrups Il —shape 4 legs stirrups @10 with A, = 2 = 78,54 = 314.16 mm*
¢ Authe d 31416 =420 * 467.5
- V. ~ 258.36=107
Take § =100 mm < §,,,,,. =238.76 mm = 0K

Use Il = shape 4 legs stirrups 10 @ 100 mm < §,,,,. = 238.76 mm

= 238.76 mm

3) Design of shear at support (3):
fye =420 MPa
Critical section at distance d = 467.5 mm from the face of support. V,, ;.. = 428.3 KN

i, = 2Lb,d
V7 |
= 6 + 800 = 4675 =10°* =305.37 KN.

= V. = 0.75 = 305.37 = 299 KN
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V,=4283 > p=V. = 299KN ..... shear reinforcement isrequired .
Check for section dimensions:
¥ = Vu Ve = 428.3 305.37 =265.7 KN
T T o075 TOoT T
2 [
Li‘,:'nu.‘t’ = : )f:: bw d

A— :
=3 *V/24 %800 4675 =10"* = 12215 KN

Vi < Vi max —the section is large enough.

Find the maximum stirrup spacing

If V<V =-= fc'b,d then 5, <

b | R

g or S, =600mm.

1 1 — :
V! =g fe'b,d = 5*\/24#800-:467.5*10 #=610.74 KN.

V. = 265.7KN < V' = 610.74 KN then

467.5
Smu:r = 600 mm ) Smu:r = T = 233.75 mm — control

Check for Vg min:

y 1 ,
Vimin =7g [f'hyd = 7524 %800 +467.5+107% = 11451 KN.

1 1 "
Vsmin = 3 b,d = 3" 800 = 467.5 =10 % = 124.67 KN - control

Vimin = 124.67 KN < Vs =265.7 <V,' =610.74 KN —Case4

Use stirrups Il — shape 4 legs stirrups 910 with A, = 4 = 78,54 = 314.16 mm*

- A, *fe*d 31416 =420 =467.5
- V. N 265.7 = 10°

Take § =100 mm < §,,,,,. =232.16 mm = 0K
Use Il = shape 4 legs stirrups 10 @ 100 mm < §,,,,. = 232.16 mm

= 232.16 mm
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(4. )Design of Solid slab

Geometry Units:meter,cm
1 2 3
1 2
s a g g A e e
! 0.8 ; 5.2 | (L] ; 5.13 ; 08 ;
I T ‘E‘ T T 5&5 T 1

23

100,

Figure (4-9) :Solid Geometry

Toad group no. 1

Dead load - Service Units:kN, meter
1147 "7
. 385
Live load - Service Load factors: 1.20,1.2001.60,0.00
5.0 S0
k L ki k.
6. 3485

Figure (4-10): loading of Solid
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Moement/Shear Envelope (Factord)

Units: kM, meter

Moments:  spans Tio @
8.6
£7.3 £7.5
, 1.91,1_5\ ,
I 1 1
L i _"_._,-’-F‘ i i -‘-H-\""\_ i i
; vz e ;
19, ' ' 3.1
£3.1 §1.7
| 24 . 16 3.57 . 238 |
I T T T 1
Shear
27
52.2

///-?-E-é

; ;
/

52.8
B2.3
Reactions
Factored
— —— +—

DeadR k3 3 10534 .37
LiveR 20,99 3973 2084
Max R 2.8 165,06 S
Min R 28.87 13501 28.33
Service
DeadR 26.51 BY.76 26.14
LiveR 13.12 3.4 13.02
Max R 39.63 1231 /AT
Min R 2467 106.32 24,24

Figure (4-11): Moment & Shear Envelope of Solid

s Material:-
= concrete B300 Fc’ =24 Mpa
= Reinforcement Steel Fy =420 Mpa

v" Slab Thickness Calculation:-

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

-For simply supported :-
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For One way solid slab, will use thickness of slab 20 cm.

db 12
d =hLcover4?=2004204?=174mm

v" Load Cadlculation:-

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 Sab:- (For one Meter Strip)
Table (4 - 3) Calculation of the total dead |oad for one way solid slab.

Dead load from b=y KN/m
Tiles 0.03 #23 0.69
Mortar 0.03 22 0.66
Coarse Sand 0.07 =17 119
RC solid 0.25 %25 6.25
Plaster 0.03 22 0.66
Interior 23 2.3
Partitions
11.75

Live load =5 KN/m

v" Design of Positive Moment :

Design of Positive Moment ®Mu=63.1 KN.m)
Assume bar diameter ®12 for main reinforcement

d=250-20-6= 224

m=_Y - _40 _559
0.85* fc 0.85* 24

Rn= Mu /f
b * d?

n= 63.1*10°%/0.9 = 1.39 (Mpa)
1000 * (224)°
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p:i(l_ 1_ 2m* Rn )
m= fy
. 1 (1- \/1_ 2(20.59)(1.39) ) = 0.00344
20.59 420

As=p * b * d =0.00344* 1000 *224=770.56
Check for Asmin:-

As min=r . *b*h =0.0018*1000* 200 = 360mm?

ASe= 770.56 mm® >As;,= 360 mm>  OK

Use 212/10cm , Aqprovided=11.3 CM*>Aequired=_7.7CM°> ..... Ok

Design of Positive Moment ®Mu= 67.5 KN.m)
Assume bar diameter ®12 for main reinforcement

d=250-20-6= 224

m=_Y - _40 _5g59
0.85* fc 0.85* 24

Rn = Mu /f
b*d?

Rn= 67.5*10°/0.9 _ ¢ (Mpa)
1000 * (224)?

p =i(1_ /1_ 2m * Rn )
m fy

-1 \/1_ 22059(L5) ) _ ) 103
20.59 420
As=p *b*d=0.003 * 1000 *224=

Check for Asmin:-

As min=r . *b*h =0.0018*1000* 200 = 360mm?

Ase= . mm’ >As;=360mm*  OK

Use 2 12/10cm , Asprovided=11.3 CM*>Aq required=_. __CM-....

72
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¢ Shear Design:-

Check Whether Thickness|sAdequate For Shear:-

V, . = . KN/1m strip

d=h-20-db=2 0-20-(12/2)=  mm
®Ve= %*@*M*bw*d

- %* 0.75* @* 1000* 224 = ) KN/1m strip

OVc= . KN>v, = . KN/1m strip

u,max

The thickness of the slab is adequate enough.

(4.9) Design of Column (Group 4):

W1 D66

33Cm

Figure (4-12): Location of Column

< Material :-
= concrete B350 Fc'= 24 MPa
= Reinforcement Steel Fy =420 MPa

(49.1) Load Calculation:-

Service Load:-

Dead Load = 1630.36KN
Live Load = 359.769 KN

Factored Load:-
Py = 1.2 x 1630.36+ 1.6x359.769 =2532.1 KN
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(4.9.2) Dimensionsof Column:-

Assume rg = 0.01
f *Pn=0.65x 0.8x Ag{0.85 fc (1-rg)+rg* Fy}
2532.1* 1000 = 0.65x 0.8x Ag{ 0.85* 24 (1 0.01) + 0.01* 420}
Ag=999224.96 mm2
Assume Rectangular Section
Try h =600mm
b =300 mm

Ag=180000 mm?

Selecting Longitudinal Bars:
2532.1* 1000 = 0.65 x 0.8x180000{ 0.85* 24 (180000 — Ast) + Ast * 420}

Ast=2996.55mm’
Use10220, Ast(prov)=3141.59mm?*> Ast=2996.55mm?

rg=Ast/Ag = 0.0105

(4.9.3) Design of thetie reinforcement :

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

S< Least dimension.

spacing <16xd,=16%x2.0 =44.8cm ....
spacing <48xdt=48x1.0 =48 cm
spacing < least.dim = 30 cm control

Use @10@20 cm

AgiFia

e,

iz
E =2 J

0.60 o S
8@i22

Figure (4-13): Detailing of Column
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(4-10) Design of stair

Thickness:
h. = 6.25m
mm_EEEEJEI
_ b TTI'.=
hmin— 28

Chapter Four

oE

7€
1B

s

2.0

590

0.2

z.0

Figure (4-14): Stair
Assume that the hight of stair = 15cm

22.3cm ... "as both end continuous beam fixed "

=>» Take avalue for h greater than the bigger of them

Take hyin=25cm
* Loads :

8= tan! —
run

rise

Table(4-4): Dead load of stair

150
=tan™! — =26.6

300

Load of the stair:
DL from A Oxyx1 KN/m
Tites 23 23 0.15+0.35 . 1.15
0.3
003-1
Mortar 22 29 015403 0.99
0.3
003-1
Sair steps 25 | 25 0.15+0.3 L 1.875
03 2
Reinforce 25 25.025-1 7.0
con. c0Ss 26.6
plaster 22 22-003-1 0.74
C0S 26.6
>=11.755 kN/m

75
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Table(4-5): Dead load of Landing
Load of the landing:

DL from Oxyx1 KN/m

Tites 0.03%x23% | 0.69

Mortar ' 0.03x22x | 0.66

C solid slab : 0.25%25% | 6.25

Plaster i 0.03x22x | 0.66
1Z= 8.26

Live load 5kN/n?  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.(4-15): Loading of slab 1
Thereaction at each end:
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=>RB =497 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 - %\/ﬂ 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 isrequired

e Determining the max bending moment and Aq

M, at the middle
M_=84.23 kN.m

My _ oB423x10%
Ro = dhd? ~ 09x1000x2232 =18 Mpa

j 420
- = 20.58
0.85f, 0.85x24
1 2x1.8%20.58

-1 - _ 2Rpme . _ 2x18x2058y _
p=(1- 1= = (1- 1 ) = 0.0045

A= pbd = 0. 0045%) + + - x223 =1003.5 mn?
Agrin= pbd = 0. 0018 x) + + + x200=360 mnt’

Agrin=360 mnt<As=1003.5 mn?

Use@14 & n =222 — 650

AsB14
Take 7 @14
s=ﬁ = 153.4mm
Take 7014 or @14 @150mm

m=

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

2- 450mm.

3- S=380(2%)-2.5C, = 380(22
Iz ;4213

S< 300(2% = 380(7—~

)-2.5 - 20 =330mm but

) = 380mm. ..... Is control OK

Temp. and shr reinforcement
As rrin = Prinbt = 0.0018x1000x250= 450mn’
Try bar @14 with A=153.94
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As

#of barsn= . =29 barss=1/2.9=0.34m

Take 3@14/mwith A, = 461.7 mnf/m strip
Or @14 @ 300mmin both directions.

¢ Design of Landing:
The reaction at each end:
=>RB =875 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 As
M, at the middle

M,=89.39 kN.m
_ M, _  8939x10%
Ro= ohd? ~ 09x1000%2232 =2 Mpa
m=-2_=_*0 _ 595
0.85f, 0.85x24
1 _ 2Eym. _ 1 - _ 2X2X20.58, _
p= (1= 1-=)= (1= 1=—77=)= 000502

A= pbd = 0. 00502%) + + » x223 =1119.5 mn?
Agrin= pbd = 0. 0018 x) + + + x200=360 mnt’

Agrin=360 mn<As=1119.5 mn?

Use@14 &n =122 - 73

A4
Take 8 @14
Sz?i3 = 137mm
Take 7014 or @14 @120mm

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

5- 450mm.

6- S= 380(°%)-2.5C, = 380(22
2 2420

S< 300(2% = 380(7—~

)-2.5 - 20 =330mm but

) = 380mm. ..... Is control OK

Temp. and shr reinforcement
Asrmin = Prminbt = 0.0018x1000x250= 450mnt
Try bar @14 with Ac=153.94

#of barsn = —=_= 2.9 bars s=1/2.9=0.34m
78
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Take 3@14/mwith As= 461.7 mnf/mstrip
Or @14 @ 300mm in both directions.

ik~ & -"33'}__ (LA RT

" Tanaans
. 3 g A
fodrasn o ! Lo e ML st
es .___
uan ’F---"'-
Griswed =T s
Ahetaman S
] =11 1% a

Figure (4-16): Detailing of Stair

(4.11) Design of Basement wall:

L=5KN/m

[N, o T ]
e -[ \l e lfz P
): o A A A A N

'\._;'j.

-

", "

"
N,
.\/

A,

F1=21()
#=19 KN/m3

L

A R

L

Figure (4-17): Geometry of basement.

Material:-
Concrete B350 Fc' =24 MPa
Reinforcement Steel fy =420 MPa

=35°  y=(19.0 KNym"3

*Soil at rest:
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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
= 0.426x19.0x3.5 = 28.35KN/m

g1 (Factored) = 1.6xe
gl (Factored) = 1.6 x28.35= 45.372 KN/m

Load from live load:
LL=5 KN/m2
g2=KoxLL
=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 @ 12 for main reinforcement
Assume h = 300 mm,
d=300-20-12=268 mm

By using ATIR program, we get the envelope moment and shear force diagram

Shear
-89,
G837
e
d-r-"'f'-f
_'_.__,..-l"'-'-'-'_
—
_.-"""-Fr'-
_'_'_'_'_'_‘_'_,_—F'_'-‘-'-FF'_
—
_:—'_'_'_'_._'_'_
F——'_"_'_'_—
B3 OV

Figure (4.18) shear of basement
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Chapter Four
Max Vu = 84.5 KN.
ff. *b,*d
fve=—V ¢ w 7
fyo o 0.75% J28 ;1000>< 268 _ 1o 57

Vu=845KN > =177.27 KN.

No shear Reinforcement is required.

4.10.3) Design of bending moment:

2017/2018

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

Momert/iahear Envs ope [Factorec)

urits: <M, meter

Woamerts:

spans 1 fo 1

.

o

_
H'H-.___h
C.24 M'“““-,_ |

228 ,

137

Figure (4.11) moment of basement

Mu max =74 KN.m
Mn=Mu/0.9=74/0.9=82.23 KN.m
Rn=(Mnx 10 "6)/(bxd"2)=(82.23x 10 "6)/(1000x 268 ~2)=1.14 Mpa
m=Fy/(0.85xfc")=420/(0.85x24)=20.58
p=1/mx(1-V(1-(2xRnxm)/Fy))

=1/20.58%(1-c(1-(2x1.14x20.58)/420))

=2.79% 10 (-3)
Asreq=pxbxd=2.79x 10 ~(-3)x1000x268=7.47 cm"2/m
Asmin = 0.0012 x b % h =0.0012 x 1000 x 300 = 3.60 cm“/m
As,;, = 3.6 cm*/m < AS,= 7.47cm*/m

Use @ 14@ 15 cm

As provided =10.26 cm”™2/m >Asreq =7.47 cm™2/m.
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Chapter Four

Step(s) isthe smallest of :
3h =3*200 = 600mm .
450mm

S= 380(280/fs)- 2.5cc = 380(280/280)- 2.5*20 = 330mm .

S= 150mm < Smax
Sdect 14@150cm/m in both direction.
With as=10.26 cm2/m

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 two layer.

g’ff—} Em G
Gl =3I 3 : Sk
gl | SS¥aumals
2
e 1iling
1ECe
= E I

Figure (4.19): Reinforcement for basement wall.
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Chapter Four 2017/2018

( . ) Design of ashear wall :
To design shear walls we use ( CSI ETABS)Software , and this is a manual example of

shear wall design:

Il R REEE
| | II-IE"I-I

Fig. (4-20) Location of the Shear wall

il it
) 1 .
AT fiA 528

R o 447
—, I1LE 1SR 130

ob

Exndamazonl BT RN S85

Fig. (4-21) Shear and Moment Diagrams of Shear wall

Fc= MPa

Fy = 420 MPa

t= cm .shear wall thickness

Lw= . m.shear wall width

Hw for Onewall =3. m story height
Hw for Onewall = . m story height

mp Design of shear
Z Fx=Vu=651+144.809= 796.735KN
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Chapter Four 2017/2018

= Design of the Horizontal reinfor cement:
The critical Section isthe smaller of:

Iﬂ = 5.9 = 2.98 m.... contorl
2 2
hl: 2: 4m

2 2

storyheigh t = 3.5m
d =0.8xIw =0.8x590 = 4760 mm

5 S
El?ﬂ"',::11'r::.|;x: = Ej_ .Iﬁahd
6
= 0.75=0.83 =24 = 300 = 4760 = 10" 3 = 4354.85KN =V,

1 — 1 .
V. =6 f.'hd =6\/24 +*300 #4760 #10°* = 1166 KN
Zr Nud s
V. =027 f'hd + a0 =0.27V24 =300 * 4760 + 0 = 1888.9 KN
w

_ 2140.63 = 1321.17
- 35
M, I, 237476 595

YV, 2 79735 2

+2140.63 = 237476 KN.m

Mu

= 0.0056 = 0 (+ve value)

i M __
~ . L, 01 f+02~ i = 005y3g 4 298 0124 +0
V= 005 f + R = 0.05v24 + —— o= 300 = 4760
Wy 2
=743.65 KN Control

Vs =Vn -Vc
= (796 .735 /0.75) — 743 .65 = 318 .7KN

p= i = g = 0.0053 = 0.0025
s=h 300
Used As= mm?
o= M =0.0053 = § =100mm
5 =300
Max. Spacing
Iﬁ = @ =1190mm
5 5
3h =3 =300 = 900mm
450 mm...............cont.

Usedpl @ mm in tow layer
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= Design of bending moment :

5950 B ,
«= Zag *2+2545=10095.17mm
o Ac f_ 1000517 420
L,h £ 5950=300 24
F
o= W =0
c W+ a 0.099 + 0
I, 2w+085F, 2+0099+085-085 012
. E, €
@M, =@ 054, fl,(1 +mj (1 —-E

=0.9 0.5%10095.17 420 =5950(1 + 0)(1 —0.12) =9990.22KN.m > Mu

- use ¢ 16@1500 mm for vertical reinforcement

4.1 Design of Footing (isolated):

% Material ;-

= concrete B350 Fc'=24 MPa

= Reinforcement Steel Fy =420 MPa

v' Load Calculations :-
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
Ohecaliow = 400 — 25*0.45 — 19*0.45 - 5 = 364.85 KN/m2

v Area of Footing :-

4Pt _625+15625

= = = 214m?
Ohet-aliow 364.85

Assume thearea=1.65* 1.35=2.23 m?
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Chapter Four

Ou = 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

Vu :[l——i—d
2 2

j* . (165 0.70
qu *b =

2

fVvec = %\/24 *1.35*d*10°

Let ,fVc =Vu
d=0.2m

h=200 + 75 +14 = 289 mm

Tryh=450mm ....

Vu=Pu-FR

.d=450-75-14 =361 mm

FR, =q,*area of critical section

=2 =Dy
2

j *448.93 *1.35

Vu = 448.93*{ (1.65* 1.35) - [(0.4 + 0.361) * (0.7 + 0.361) } = 637.5KN

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

fV, =f %(M bi}/ f.'b,d

fVv, =f.

(b /d
fV, =f —\/ bd
Where:-

jrbd

Column Length (a) 70

=—=175

©~ Column Width (b) _ 40

86
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Chapter Four 2017/2018

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

as = 40 for interior column

f Ve =f %[H bi)\/ fc' b,d = %* [1+ i) 24* 3644* 361=1726.21KN

1.75
1( a . 0.75,(40*361
fVe=f. 2| = +2[yf hd="""* +2|* /24 * 3644* 361= 2401.7KN
¢ 12(b0/d J 12 ( 3644 J

fV, =f %w/ £, b,d :%* 24* 3644* 361 =1611.13KN
®Ve = 1611.13 KN > Vu = 637. KN

Deasign of short direction:

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

My _ 6R3ITH10°

Ro= phdZE T DOx1350x361F 0.43Mpa
[y 420
=t = = 20.59
085~ 085x24
1 2mR 1 2% 20.59x0.43
p=— 1— 1-=—"1=2 = 1—- 1———— =0.00103
m 420 20.59 G20

Asreq = p.b.d = 0.00103%1350%361 = 502 mm?
Asmin = 0.0018* 1350* 450 = 1093.5 mm?

Asreg< Agmin = 10935 mm? ......... is control

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

2y _25475=1925¢cm

S =380*(:
(f 420

S=45cm ......... is control

Use 86014, A provided=_1231.5 MM*>As; equires= 1093.5 mm?... Ok
And In Another Direction Use 10914

|
-
B I f A
+ 5 J IFI% f
T e
| R s CERN L
ot

ITPH 4%

Fig. (4-21) Detailing of Footing.
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3. ACI Committee 318 (2008),ACI 318-08: Building Code Requirements for
Structural Concrete and Commentary, American Concrete Institute, ISBN O-
87031-264-2.

4. D. Fanella, 1. Alsamsam, “The Design of Concrete Floor Systems”, PCA
ProfessionalDevelopment Series, 2005.

5. Nawy, Edward, Prestressed Concrete Fifth Edition Upgrade: ACI, AASHTO, IBC Codes
Version (5th Edition),2009.
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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

91



Appendix (C)

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

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or

Member

other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/20

€124

£128

£A0

Beams or

ribbed one-

way slabs

£N6

£18.5

£r2i

L8

Motes:

Values given shall be usréd directly for members with normalweight concrate
(density w, = 2320 kg/m 3} and Grade 420 reinforcement. For other condi-

tions, |

1440-1920 gg.'rl'l
less than 1

values shall

modified as follows:
a) For structural Ilgehltmght concrete having unit dansﬂy
valuas shall be multiplied by (1.65 =0

w,.. in the range
.ﬁuaw,J b

ut not

bj For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS ORONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED.
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TABLE 9.5(b) — MAXINUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflaction 1o be considarad Dieflection limitatian

Flet roots not supporing or aftached to non- | mimedinie deflection due to Iive load L
structural alemants Hkely to be damaged by iAB0

large defiections

Fioars nol supporing or attached tononshuc- | mmediate deflection dus 1o live hoad L
fural eéemnents likely 1o be damaged by largs £, 360
defiections

Rioof or floor construction smp-orﬁnF o That part of e tatal deflection occuming after

aachad i nonstructural elements sty 1o be | Sachment of nonstructural elements (sum of £ AR
tiamaged by large deflections e long-Leem diflection due o all sustained

Rioof ar floor constryction supparting or ﬁﬂ mmﬂm ueflcton duto dry

atachad to nonstructural elements ot fkely to {2000
be damaged by laroa dafletions

* Limil nol indendd 1o safequard against pandng, Ponding should b checid by suitable calculitions of defiection, including added deflachions dug o ponded
waer, and comsidering keng-em afects of 8 sustamed koads, camber, constrockon Ylerances. and raliabilty of provisians for .

Y Longtarm defiecton shall s detarmised in acoordascs wih 9.52.5 or 9543, but may be raduced by amour of dellction calouated b cocur befors thach-
ment of ronsiruchunal slaments. Thiz amoet shall be determined on basis of acoaplad engmeering data retating to lma-deflection charmcensics of members sm-
lat 1o fhose being consifered,

1Uri1wbﬁmmdadfadiqjats MiasUS 1 1 bo praven! damage b supponed or aflached elemenls.

;ﬁﬂmllmﬁ_m then dolesance prowided fornansinactussl elemants, Limit may be ateseded | camber s provided so St tote defleckan mins camber
ot Beed imil

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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Seismic Coefficients

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

Fone | 2A B 3 4
4 (L0175 015 0.2 0.3 (.4
{Froam Table 16-1, UBC 1997}

Sebsmic Cocfficiem C,

Seismic rone factor, &

Soil profile
tvpe 2 =0.073 Z=10.15 Z=10.2 £=03 £=04
¥i (1.000 0.1z .10 (.24 0.2,
Sz .08 0.15 (.20 0.30 (.40,
Sy 009 018 (.24 (L33 .40,
8y niz 022 .28 036 044N,
S o1e 0.30 .34 0.36 036N,
& Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil profile 8¢,

(From LBC 1997, Table 16-0).)
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L — a numerical cosfficient depsndant on the soil conditions at the site and the s=icmicity
of the region, as set forth in next Table (UBC Table 16-R),

Seismic Coefficient

Seismic zone factor, £

s0il profile

type Z=0075 Z2=10.15 Z=102 Z=03 Z=04
S, (.08 Q.12 016 024 032N,
8 0,08 0.15 0.20 0.30 J40N,
Se 0.13 025 0.32 0.45 (136N,
Sy .18 0.32 0.40 034 064N
M 0.26 (.50 0.64 0.54 (L.YoN,
e Site-specific gectechnical investigation and dynamic site response enalysis

shall be pefommed [or soil type S,

{(From UBC 1997, Table 16-R.)

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

Structural Systems?

Height limit for

Basic structural Lageral-force-resisting system seismic zones
system” description R 0 Jand 4
l. Bearing wall I. Shear walls
SyStem a, Concrete 45 28 16t
b, Mazonry 45 28 160
2. Braced frames where bracing
carries gravity load
. Steel 44 122 160
b Concrete® 28 22 N
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Structural Svatems' (Continoed)

Heght homat for

Busic strueturl Lateral-force-resisting system SEISMIC ZONCS
system” description R Fund 4
2. Building frame 1. Steel ecoentrically braced 0 28 240
System frame (EBF)
2, Shear walls
a. Concrete 55 28 240
b. Masonry 55 28 160
3. Ohrdinary braced frames
a, Steel 56 22 L6
I, Concrete 56 232 N.EB
4. Special concentrically
hraced {rumes
a, Steel 64 22 240
3. Momem-resisting L. Special moment-resisting
frame system frame (SMRF)
a. Sieel 85 28 NL.
T Concrewe B3 28 N,
2, Masonry moment-resisting wall 65 28 Loy
frame (MMRWF)
3. Concrete imermediate 55 28 NP

mment-resisting frome (IMRFY
4, Ordinary moment-resisting

frame (OMRF)
a. Steel 45 248 | 6l
b, Concrete® 35 28 N.P
5. Special truss moment frames 65 2.8 240
of steel (STMF)
4. Dol svstems I. Shear walls
(frame resisis at . Concrete with SMRF 85 28 ML,
least 25% of b. Concrete with seeel OMRF 42 28 | 6l
seismic shear) ¢. Concrete with concrete IMBF 65 28 [ &
d. Masonry with SMRF 55 23 L6
e, Masonry with steel OMRF 43 2B | 6
f. Musonry with concrete IMRF# 42 2.8 NP
g Masonry with masonry MMEWE 60 28 [ i3
2, Sieel EBF
a. With steel SMRF 85 28 N.L.
b. With steel OMRF 42 28 L6l
3. Ordinary braced frames
i, Steel with steel SMRF 6% 28 NL.
h. Steel with steel OMRF 42 2B 163}
¢. Concrete with concrete SMRFY 65 28 NP
d. Conecrete with concrere IMRF 42 28 N.P
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