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Project Abstract

The idea of this project is the structural design of the Renewable energy research and
development facility, which was selected after a study set of different architectural projects.

The facility consists of two floors. Ground floor includes security office , reception hall ,
seating areas decorated with green plants, teaching rooms, kitchens , cafeteria , prayer
rooms, boiler room , set of laboratories and administration Centre. The first floor also
includes laboratories for renewable energy, library, classrooms, prayer rooms and office
for archiving.

The structural design will be done by using several programs such as. Office 2007, ETABS
2013, SAFE 12, BEAMD also Structural details will be completed by using : AutoCAD
2010 and accor ding to the requirements of:

*ACI 318 - 11 Codefor design of concrete elements.
*Jordanian codeto calculate the live loads.

* UBC 97 to calculate earthquake and wind loads.
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List of abbreviation:

D, : Dead load.

L.: liveload.

W, factored total load.

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

y: unit weight of material.

M,: nominal moment.
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M,: factored moment at section.
f;: Compression strength of concrete.

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

€. strain of tension steel.

@: strength reduction factor.

V. nominal shear strength.

V. factored shear force at section.

V. nominal shear strength provided by concrete.

V¢ nominal shear strength provided by shear reinforcement.
Ag 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 al thickness of member.

P,: nominal axial load.

P,: factored axial load.

S: spacing between bars.
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Ce: Combined height.

Cq: Pressure coefficient of structure.
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P: Design wind pressure.
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Chapter 4 - Structural Analysis& Design

4-1 Introduction.

4-2 Factored load.

4-3 Slabs Thickness Calculation.
4-4 |oad Calculations.

4-5 Design of Topping.

4-6 Design of Rib (R21).

4-7 Design of Beam (B100).

4-8 Design of Column (C25 - Group 5)

4-9 Design of isolated Footing under column (25)

4-10 Design of Shear wall (CW 1)
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Chapter Four

(4.1) Introduction:-

Concrete is the 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 structural system which was chosen in the previous chapter.

So, in this project, there are one type of slab “one way ribbed slab”,. They would be
analyzed and designed by using finite element method of design, with aid of a computer program
caled "ATIR- Software" to find the internal forces, deflections and moments for ribbed slabs,
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-318-08code.

NOTE: fc'= 24 N / mm 2 (MPa ) For concrete slab.

fc'= 24 N / mm ?(MPa ) For beams.
fc'= 24 N /mm ?(MPa ) For column and footing.
fy = 420 N /mm 2(MPa ) For flexural Reinforcement Steel.
fyt = 420 N /mm 2(MPa ) For shear Reinforcement Steel.
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(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, =12D.L+16L.L

(4.3) Slabs Thickness Calculation:

-

Ly
X}

Figure (4-1): Ground Floor Slab.

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

According to ACI-Code-318-08, 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): | = 5.875m, then

[ 5875
h””-” - m = m = 317.56mmn.
The maximum span length for both end continuous (for ribs): | = 7.075m, then
[ 7075
hnu’rz - ﬁ - T = 336.9mim.

The minimum ribbed slab thickness will be h,,,;,, = 336.9mm.
Take dlab thickness h,,,;,, = 350mm = h,,,;,, = 336.9mm.
h = 35cm (27cm Hallow 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:

i iy i il Ehwiriage & Tempe stuer Sars —

iy Bt { PE oo b

Fig. (4-2) Oneway rib dlab

Calculation of thetotal dead load for one way rib slab is shown in the following table:

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

Dead load from dxyxh KN/m
Tiles 0.03 * 23 % 0.52 0.359
Mortar 0.03 *x 22 % 0.52 0.343
Coarse Sand 0.07 * 17 x 0.52 0.619
Topping 0.08 * 25 % 0.52 1.04
RC Rib 0.27 * 25 % 0.12 0.81
Hollow Block 0.27 *10 0.4 1.08
Plaster 0.03 * 22 % 0.52 0.343
Interior Partitions 1%x0.52 0.52

} 5.11
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Total Dead load /rib = 5.11 KN/m..
Total live load /ribh =5x0.52 = 2.6 KN/m.

4.5) Design of Topping:

Dead load Calculations:

Dead Load from: dxy =1 KN/m
Tiles 0.03 * 23 0.69
Mortar 0.03 * 22 0.66
Coarse Sand 0.07 * 17 1.69
Topping 0.08 x 25 2
Interior Partitions 1x1 1

6.04

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

Total Factored load: w,, = 1.2 * 6.04 + 1.6 * 5 = 15.24 KN/m

W, 1% _ 15.24  0.4%
12 12

dM,, = 0.55 * 0.42 * V24 * 1000 * 80%/6 = 1.21 KN.m

dM, =1.21 KN.m >> M, = 0.2033 KN.m

M, = =0.2033 KN.m

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

Accordingto ACI 7.12.2.1, fepriniage = 0.0018.

A, = pxbxh=0.0018 * 1000 * 80 = 144 mm?/ strip.

Try bars 8 with A, = 50.27mm*

Try 308/m with A, = 150.8mm?/m strip or @8@300mm in both directions.
Step (§) issmallest of:

1. 3h=3%80 = 240mm — control

2. 450mm

3. s=380 & —2.5C. =380 £ —2.5%20 =330mm

Is E-‘IEH
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280

2z

280
55300[T]=300[ PR | = 300mm

Ly —

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

(4.6) Design of Rib (Rib21)

Material:-
Concrete H300 f'=24 N/mm*
Reinforcement Steel  f, = 420 N/mm?*
Reinforcement Steel of shear  f,, = 240 N/mm?
Section:-
b =12cm bf =52¢cm h =35cm Tf=8cm
1 F 3
1 Fi
"i T A‘I e
06 45 06 46 06
I T 5-1 T ; T 5,2 T I 1
T 52. T 1
35,
2
A=A
Figure (4-3) : Rib Geometry
Loading :-
Loading
Toad group no. T

DeadiLive load - Service

Load factors: 1.20.1.20/1.60,0.00

5128

5.112.8

51

5.2

Figure (4-4): loading of Rib (21)
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MomentiShear Envelope (Factored) Umits: kM, meter

Moments:  spans Tio 7

3.1
M7 6

,/
L 1‘// 1'”;["'-il \ |
I_,_,..-/""JF I

204

.3

! L L ‘h‘-\-""‘-‘_ 1 ]
| 1 .-'03: 1-[“’ Ivt
I T 1 6.

224

1.06 | 342 208 |

Momeni/Shear Envaelops Faclored) Umifs: kM, mater

Shear

298 34

L/;;-g//

209
333
Heactions
Factored
DeadR ‘I"I.Iﬁﬁ I : 191\‘-3 1 I 'II.ID]
LiveR - 26.78 3.45
Max R 20.54 66.26 21.48
Min R 10.26 5269 1074
Service
DesdiR amn 329 10,03
LiveR 581 16.74 5.91
MaxR  15.52 49,64 15.93
Min R B4 41.15 9.22
Figure (4-5): Moment & Shear Envelope of rib (21)
(4.6.1) Design of flexureof rib (Rib21):
(4.6.1.1) Design of Positive moments of rib (Rib21).
be < Center to center spacing between adjacent beams = 520 mm ... Controlled.

= Span/4 =5100/4 =1275mm.

< (16 tf) + bw = (16 * 80) + 120 = 1400 mm.

be = 520 mm.
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Assume bar diameter @ 14 for main positive reinfor cement.
d = 350- 20- 8- — = 315mm.

= ¢ U

M, =0.85 f' * b, = t; * ;

BQ

=0.85 * 24 x 520 = 80 * 315*-? * 1077 = 233.37 KN.m

oMnf = 09 x 233.37 = 210.03 KN.m
oéMnf =210.03 KN.m

1) Positive moment of first span Mu =213 KN.m
oMnf =210.03 KN.m » Mu =213 KN.m
=~ Design as rectangular section.
Mn = Mu /¢ = 21.3/09 = 23.67 KN.m
d = depth = cover - diameter of stirrups - (diameter of bar/ 2)

= 350 - 20- 8- ’—;= 315 mim.

= I - *20 _ 906

m=—"—=
085 f L8524

M 23.67x100
R, = "z = — 7 = 0.459 MPa
bl 520+315

. ZxRyxm :l

p=(1- 1

.1'

— 1 1 — 1 — 20459206 = 0.001105

20.8 G210

As = p* b xd = 0.001105 * 520 * 315 = 180.95 mm®.

I 1.4
1‘1.5”.”'“ - rm * bb‘r’ xd = f_1. * bw xd (AC'-lOSl)
_ VIR 1.4
=——x120%315 = —* 120 * 315
4x420 420
= 110.22 mmn* < 126 mm* ............ Larger value is contraol.

Agreq =180.95 mm?* > As,,, = 126 mm* .. OK

.~ As =180.95 mm*
Use 2 912 with A, ,,., = 226.2 mm* > A, ., = 180.95 mm*. ... OK.
s~ Use2p12
Check for strain: - (g, = 0.005)
Tension = Compression
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As « fy =085« f' « b xa
226.2* 420 = 0.85 * 24 * 520 * a
a = 8.96 mm.

=2 =22 — 1054 mm. * Note: f! = 24MPa< 28 MPa— [, =0.85

fii  0.85
£, = 0.003 * (=)

=0.003 + 210 — 00867 > 0.005 -~ =09 (T.C.5)... OK.

10.54

2) Positive moment of second span Mu ?'=22.4 KN.m
oMnf =210.03 KN.m »> Mu=224KN.m

=~ Design as rectangular section.

Mn = Mu /¢ =22.4/09 = 24.89 KN.m

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

14

= 350- 20- 8- — = 315mm
m = 3 = 20 _ 06
065§, (8524
M 24.89x109
Rn = h*:"’ T S20e315% 0.482 MPa
p=—(1- 1-—ZFwmy
m .ﬁ,"
=5s 1= 1-"275F =0.001162
20.6 420

As = px b xd = 0001162 * 520 * 315 = 190.4 mm®,

ﬂ,. 1.4
AS?I‘IJ:TE = r{v:‘ £ bw * d E I_.I_.. * bw * d ............ (ACI'lO-S-l)
_ V33 1.4
=——x120%315 = —* 120 * 315
4x420 420
= 190.4 mm* > 126 mm* ........... Larger value is contral.

Agreq =190.4 mm? > As,, = 126 mm?
~ As =190.4 mm*
Use 2 912 with A, ,,., = 226.2 mm* > A, ., =190.4 mm*. .. OK.

o~ Use2p12
Check for strain:- (g, = 0.005)
d = 350- 20- 8- §= 316 mm.
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Tension = Compression
3) As « fy =085« f' '« b xa
4)  226.2x 420 = 0.85 * 24 * 520 * a
5) a = 8.96 mm.

6) c= ﬂi =22 = 10.54 mm. * Note: f' = 24MPa< 28 MPa— f3, = 0.85
1 L

7) £ =0.003 + (=)

8) =0.003 2™ —00867 > 0.005 ~¢ =09 (T.C.5).... OK.

10.54

(4.6.1.2) Design of Negative moment of rib (Rib21):

1) Negative moment at support (2) Mu 9 =24.7 KN.m.

Mn = Mu/d = 24.7/09 = 2744 KN.m

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

= 350-20- 8- — = 315mm.
m=-—2_ =20 _906
085 085424
_ Mp _ 24.7x10°% _
7 ped? 12043158 2.07 MPa
ﬂ:i(]."' 1__2*]'?"*:11]
m y
Sl - 2*1.2.1??*1&5 — 0.0052
20.6 420

As = p x bw xd = 0.0052 % 120 * 315 = 197.3 mm®.

I 1.4
AS?HJ:TI = r{v:‘ £ bw * d 2 I_.I_.. * bw * d ............ (ACI'lO-S-l)
_ V3 1.4
=——x120%315 = — % 120 = 315
4x420 420
= 110.22 mmn* < 126 mm* ............ Larger value is contraol.

Agrey = 197.3 mm? > Asy,, = 126 mm®. ... 0K
-~ As = 197.3 mm-~.

Use 2 912 with As
s~ Use2012

=2262mm* > As .., = 197.3mm*. ... OK

pro
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Check for strain:- (g, = 0.005)
d = 350-20- 8- = = 316mm.
Tension = Compression
As « fy =085 f' « b x a
226.2 x 420 = 0.85 x 24 x 120 * a

ad = 38.8 mm.

c= ﬁ— =22 = 45.65 mm. * Note: f! = 24MPa< 28 MPa— f3, = 0.85
1 LS
£, = 0.003 + (=)
=0.003 * ((-—")=0.0177 > 0.005 = ¢ =09 (T.C.5).... OK.

(4.6.2) Design of shear of rib (21):

1) Design of shear at support (1) & (3):
Critical section at distance d = 315 mm from the face of support
fye =420 MPa

Vima: betweentwovalue =18.4KN.

¢
&

V=11 — b,d
ViR 3
= 1.1 = = * 120 * 315 *10 7 = 33.95 K'N.
b+ V. =0.75 * 33.95 = 25.46 KN

~§xV, =05%2546 =12.73 KN
bV, =2546 KN >V, =184 KN > —¢+V, = 1273 KN

NO shear reinforcement is provided at support 1 & 3.

2) Design of shear at support (2) :
Critical section at distance d = 315 mm from the face of support
fye =420 MPa

Vimar betweentwovalue =30.2Z KN.
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E
dxl =11« — b, d
= \/i‘ 3 —
=11 % — x 120+ 315 * 10 = 33.95 K'N.
¢ * V. = 0.75 * 33.95 = 25.46 KN
Vu=30.2 > ¢p+Vec =25.46 ..... shear reinforcement isrequired .

Check for section dimensions;

V.=Vu/d — Ve = 30.2/0.75- 33.95 = 6.31 KN.
2 =

VH,rn.ax. = ; fi: bw d
= 2* V24 .120.315.107% = 123.45 KN

Vi =631 KN <V, ,,,, =123.45 KN - the section is large enough.

Check forV g jin:

Vi it = _,h:“b i = —\/_4 %120 % 315 % 1073 = 11.5 KN.

Vemin = .EJ d= —* 120 * 315 * 10™* = 12.6 KN - control

Vimin =126 KN = V, = 6.31 KN — NOT OK
~UseV, =126 KN

Find the maximum stirrup spacing
o Vg < Vmin— Case3

315

Smax =600mm Sy, = — =157.5mm — control

Use stirrups 11 — shape 2 legs stirrups 08 with A, = 2 * 50.27 = 100.54 mm*

Ay * fyexd 100.54 % 420 * 315
Vs - 12.6 % 103
§=1055.67mm >S5, =157.5mm —NOT OK

Use 1UJ —shape 2 legs stirrups ¢8 @ 150 mm < §,,,. = 157.5 mm

&= = 1055.67 mm

for support 2
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(4.7) Design of Beam (B100):

Material:-
concrete B300 Fc' = 24 N/mm*
Reinforcement Steel fy = 420 N/mm?*
Section:-
B =80c¢cm.
h =65cm.

According to ACI-Code-318-08, 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 beam): | = 8.1 m, then

B = 8100 o as
min = Jg 5 = qgg5 o0

The controller beam total depth is 43.783 cm.
— Select Total depthof beam h = 65cm. ( drop beam).

Geometry Units:meter.cm

1 2 3
1 2 :
. : - : ]
A A
Q.EF 7.68 0E . 5AT q.EE
| X ot 56 i

EG.

]
ATA

Figure (4-6): Beam Geometry.
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Loading
|oed greup no. 1
Dead/Live load - Faciored
T
TE|O51.3 TED/51.5
a n
a4 i A5
8.1 56
Figure (4-7): Loading of Beam (B100)
Mement/iShear Envelope (Factored) Units:kN,meter
b5 s 1to 2
-a03,
7058 -Tadd
//\ e
| / 1.aa=a az S |
Li ---. i | 4 = __--\-_ H
| Ly ¥ 1] — __'_'___.-f'l
BT T ’__f__,--’ | 1.4801,67 | = %3
ety - i = 70,7
729
. 324 . 485 ! 3,54 I 1.98 |
_Shear
536.4 __'f:“
- 257872753
Li ——_"_-F = i i "'-F--'-__--- i
T p—— T ¥ = —_— Tl
> -""_F--d_ e =8
s "
4858 5532 511.2
-Fsagegs
DeadR 287 67 77849 145.81
LivaR 177.75 453,12 129.48
Max R 455.62 1231.61 275.28
Min R 27788 847 61 104.22

Figure (4-8): Moment & Shear Envelope for Beam (B100)
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(4.7.1) Design of flexure:

(4.7.1.1) Design of Positive moment:
B =80cm. , h=65cm. , ¢, =10mm.
Assume bar diameter @25 for main positive reinforcement.
d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
= 650- 40-10- = = 587.5 mm.
Check whether the section will be act as single or doubly reinforced section:
Maximum nominal moment strength from strain condition £, = 0.004

Comax = 2 * d = 2 +587.5 = 251.78 mm.

O = fil* € 0 = 0.85 % 187.5 = 214.017 mm.
* Note: f! = 24 MPa < 28 MPa - fil = 0.85
M, por = 085 % f' xbxax (d— %]

214.017

= 0.85 * 24 x214.017 » 800« 587.5- * 107" =1678.24 KN.m

$ =0.65+ 250 x & —0.002 .
3

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

1) Positive moment of firstspan: M, = 773.9KN.m
M, =7749KN.m < ® M, =0.816 * 1678.24 = 1369.44 KN.m

~ Design the section as single reiforced concrete section.

Mn = Mu/$ = 773.9/0.9 =859.88 KN.m .
d= 650- 40-10 - 2—;=587.5mm.

; 420
m=—2_=_*0 _906
DES ff 0BG24
M, B5a.EAx100
R, =—t = = _=3.11 MPa
bxd®  BOOx (587.5)%
_ 1 . . ZxRyxm
a=gll= 1==2700
i 2311206
=— 1—- 1—— =0.0081
20.6 420
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Ayreq = pbd =0.014 * 800 * 587.5 = 3796 mm?

¢

I
4 Ufy)
_ VE

T asa20

meﬂn:z

xbhxd = }—“ shy*d oo, (ACI-10.5.1)

+800 * 587.5 < -—+ 800 * 587.5

= 1370.54 mm*® < 1566.67 mm* ... ... Larger value is control.
Ay min = 1566.67 mm* < A, .., =3796 mm?.... OK
~ Ay = 3796 mm*

Take 10022 in one layer with A, ., = 3801.32 mm* > A,,., =3769 mm?*....0K

Check for bar placement:
800 —=40%2—=10%2 =10 22

b= 9 =53.33 = 25mm....ok

Check for strain: (£, = 0.005)

Tension = Compression

As = fy =085 f' « b xa
3801.32 * 420 = 0.85 * 24 *800 * @
a = 97.82mm.
i :9132

ks i nas

=115.1mm * Note: f = 24MPa< 28 MPa- [, =0.85

£, = 0.003 * (=)

=0.003 » 222151 — 00123 >0.005 ~d =0.9(T.C.5)... OK.

115.1

2) Positive moment of secondspan: M, =270.7 KN.m
d = 650- 40-10- = = 587.5mm.
M,=2707KNm < oM, =0.816 167824 =1369.44 KN.m

Design the section as single reiforced concrete section.
Mn = Mu/p = 270.7/0.9 =300.77 KN.m .

fy __4z0 —206

nes 085 24

= 1.089MFa

R = My 30077 108
n - z z
b d? 800 (587.5)
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J__E Rn m:l

=t
p_m(l 1 -{1-'

_ 1 . 1 — 21.08% 20.6 = 0.0026

= 1
20.6 420

Asreq =pbd =00026 800 587.5 = 1222 mm?

I
d =222 b, d ........... (ACI-10.5.1)

‘q.'f,:lm"rz = 40 b =7

=Y 3800 5875 <X 800 5875

4 420
= 13705 mm* < 1566.67 mm?* ... ...
= 1566.67 mm* > A, ., =1222mm*... OK

—

Larger value is control.

Jq.w,:l:n in

A, = 1566.67 mm?

Take 5 22 inone layer with A, ,,,, = 1900.66 mm* > A,,., = 1566.67 mm®....0K

Check for bar placement:
800—-40 2-10 2-=5 22
S, = ) = 1475 > 25mm.... 0k

Check for strain: (£, = 0.005)

Tension = Compression
As fy =085 f' b a
1566.67 420 =085 24 800 a

i = 40.32 mm.
£= ﬂi =22 =4743mm  * Note: f! = 24MPa< 28 MPa~. 3, = 0.85
1 X s =

£ =0003 (=)

=0.003 —
47.43

(4.7.1.2) Design of negative moment:

1) Negative momenton at support 2 M, =-743. 4 KN m

M, =—7434KN.m < ® M, ... =0816 167824 =1369.44 KN.m

Design the section as single reiforced concrete section.
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d = depth — cover — diameter of stirrups - (diameter of bar/ 2)
= 650- 40-10- = =587.5mm.
Mn = Mu/p =743.4/09 = 826 KN.m.

; 4240
m=-—2_=_*0 _506
nes 085 24
M g26 109
R,="0 = =299 MPa
b d¥  go0 (587.5)°
1 Z2 Bp m
p=,01= 1==—")
2 299 20.6
=— 1- 1-22"""" —00077.
20.6 420

Asreq = pbd =0.0077 800 587.5 = 3619 mm?

¢

Je

Agmin=— b d =22 b, d ............ (ACI-10.5.1)
, 4(fy) fy
NPT 1.4
=—— 800 5875 =— 800 5875
4 420 420
= 13705 mm* < 1566.67 mm= ... ... Larger value is control.

A nin = 1566.67 mm* < A, ., =3619mm*.... 0K
A, = 3619 mm?

Take 8 25 in one layer with A, ,,,, = 3927 mm* > A,,., =3619mm?...OK

Check for bar placement:
~800—-40 2-10 2-8 25
- 7

S =71.43 = 25mm....ok

Check for strain: (£, = 0.005)

Tension = Compression

As fy =085 f' b a
3927 420 =085 24 800 a
a = 101.1 mm.
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i 101.1

c=2=1_11894mm  * Note f!=24MPa< 28 MPa- £, = 0.85

i1 085

.5". = 0.003 (dt—i:l

SR7.5=-11894

=0003 —— =0.012 = 0.005 ¢ =09(T.C.5)... OK

11894

(4.7.2) Design of Beam (100) for shear

1) Design of shear at support (1):
fye =420 MFPa

Critical section at distance d = 587.5 mm from the face of support. V, ... = 448.1 KN

=T 800 5875 10°* =383.75KN.

¢ V. =075 383.75=28781KN
V,=4481 > ¢ V. =28781LKN ..... shear reinforcement isrequired .

Check for section dimensions:
V.=Vu/¢p — Vc =448.1/0.75- 383.75 = 213.72 KN.
fi b, d

I"'.,:1',:l:|'u.|:r b=

V24 800 5875 10 % =1535KN

Wbkl W N

V. <V, e —the section is large enough.

Find the maximum stirrup spacing

It V<V =2 fc'b,d then Syu S5 0F Sy = 600mm.
/=1 fc'h,d =2 v24 800 5875 10 %=76751KN.
V. =21372 KN < V' =767.51 KN then

Smax =600mm 8§, < Eﬂ;'ﬁ = 293.75 mm — control

Check forV g jin:
Vi iita =1—1‘H }F’bwd = 1—;\/ﬂ 800 5875 10 # =143.91KN.
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Vimin = b,d = - 800 5875 1077 =156.67KN - control
Vimin = 156.67 KN < Vs = 21372 KN <V’ =767.51KN —Case 4

Use stirrups 2U — shape 4 legs stirrups 10withA, =4 7854 =314.16 mm*

A, fu d 31416 420 5875

ST 21372 108 ooeramm

Take § =250 mm < §,,,,. =293.75mm — 0K

Use Al — shape 4 legs stirrups 10 @ 250 mm < S,,,,,. = 293.75 mm

Design of shear at support (2):
fye =420 MPa

Critical section at distance d = 587.5 mm from the face of support. ¥, .. = 636.4KN

I
V. = —byd

=% 800 5875 10°% =383.75KN.

¢ V. =075 383.75=28781KN
V,=6364=> ¢ V. =28781KN ..... shear reinforcement isrequired .

Check for section dimensions:

V=" ye =55 38375 = 464.78 KN.
® 075
2
I"'.,:1',:l:|'u.|:r = ; j’t: bw d
=2 V24 800 5875 10°%=1535KN

V. <V, e —the section is large enough.

Find the maximum stirrup spacing

If V<V =§ fc'b,d then S, <

ta | R

0r S,. =600 mm.

V)= fc'b,d = V24 800 5875 107%=767.51KN.
V. = 46478 < V' =76751 KN then
Smar =600mm , 5, = 975 — 293,75 mm — control

2

Check for ¥V yin:

Vimin =7 fc'b,d = —v24 800 5875 107%=14391KN.
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Vimin = b,d = - 800 5875 1077 =156.67 KN - control
Vimin = 156.67 KN < Vs = 464.78 KN <V’ =767.51KN — Case4

Use stirrups 2U — shape 4 legs stirrups 10withA, =4 7854 =314.16 mm*

_ A, fyr d 31416 420 5875
- V. 46478 10°

Take § =150 mm < §,,,,,. =293.75mm — 0K

= 166.78 mm

S

Use 4l] — shape 4 legs stirrups 10 @ 150 mm < §,,,,. = 293.75 mm
2) Design of shear at support (3):
fye =420 MPa
Critical section at distance d = 587.5 mm from the face of support. V, .. = 257.8 KN

4

= % 800 5875 10~3 =383.75 KN.

e

® V. =075 38375 =287.81KN

W, =2578 < ¢ V. =287.81KN ....minimum shear reinforcement isrequired .

Case..2

F_-.:,min:

Vimin =7 fc'b,d = —v24 800 5875 1077 =1439KN.
Vimin =<b,d = = 800 587.5 107% =156.67 KN - control

V, min = 156.67 KN..

587.5
Soar =600mm |, 8, < — = 293.75 mm = control

Use stirrups 2l — shape 4 legs stirrups 10withA, =4 7854 = 314.16 mm*

_ A, f,e d 31416 420 5875
- V. ~ 156.67 10%

Take § = 200mm < §,,,,,, =293.75 — 0K

= 494.8 mimn

Use 2l —shape 4 — legs stirrups 10 @200 mm < §,,,, = 293.75 mm
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(4.8) Design of Column (C25 - GROUP 5):

Material:-
concrete B300 Fc' = 24 N/mm*
Reinforcement Steel [y = 420 N/mm*
Section:- Y
B =65cm.
h =65cm. I

(4.8.1) Load Calculation:

QN S L] o X

P, =2328KN and P, = 1062KN §

F,=12 P,+16 P !

P, =12 2328+16 1062 =4493KN 5 |
'y

(4.8.2) Check for Slenderness: 600

A
\ 4

u

LT 12(Mrl <40
r - sz'“

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h = \/%

M
— =1-braced frame with M,,;,,
M,

Lu = 3.95m

K=1, According to ACI 318-2002 (10.10.6.3) the effective length factor, k, shall be permitted to
be taken as 1.0.

u

Kl
z =34-12 1=22<40

Kby 10 415 _ o o N |
. 03 06 short column for bending about x — axis
Kl, 10 395 . |
= =53 06 = 21.9 < 22 — short column for bending about y — axis

55



Chapter Four 2016

(4.8.3) Design the column as concentrically loaded short column.

F:l:,:lnu.r = 08[085J€: Jq_q _"Jq.w.! +J£1.'.'.! f:v]
= 0.65 = for tied column
4493 10* =0.65 0.8[0.85 24 600 600 —A,, + A,420]

Agt req = 3244.2mm?

Use26 16 with Ay = 5227.6mm? > Ay ypq = 3244.2mm? ... ok

A 52216 _ .
Pa =4, T 360000 7

(4.8.4) Design of Ties:

Useties 10 with spacing of tie shall not exceed the smallest of:
1. 48timesthetie diameter ,48d. =48 10 = 480 mnm,
2. 16timesthe longitudinal bar diameter,16d, = 16 16 = 256 mm, —control
3. Theleast dimension of the column = 600mm.

use tie 10@200mm.
e Check for code requirements:
1. Clear spacing between longitudinal bars:

600—-40 2—-10 2-16 7
Clear space = = 64.6mm > 40mm, and

6
>15d, =15 16 =24mm — ok

2. Gross reinforcement ratio:
001 < p,; =0.0145<0.08 —ok

3. Number of bars:26 > 4 — for square section — ok
4. Minimumtie diameter: 10 for 16 bars — ok

5. Spacing of this: s = 200mm — ok

56



Chapter Four 2016

(4.9) Design of isolated Footing under column (25) (60* 60):

e Servicedead load D, = 2328 KN
e Serviceliveload L, =1062 KN
* Qanet = 350KN/m?

(4.9.1) - Required size of footing:

A P _2328+1062
"?u,nm. 400

A=12_1=vA=+9.686 =3.11m

= 9.686 m?

Takel = 3.65 m.

- Depth of footing and shear design:

F,=12 2328+1.6 1062 =4493KN

4493
- - 2

Assume the depth of footingish = 70cm
Assume cover 75 mm , and stedl barsof 16

dayg = 700 — 75 — 16 = 609mm

(4.9.2)One way shear:

V,at distanced from the face of support:

| a 365 0.6
V,=qub ——=—d =337.25 365 - ——"—-0609 =1127.56 KN
2 2 2 2
V.= L,
=% 3650 609 1077 =18149KN.
G V=075 1814.9 =13612 KN
G V, =13612KN >V, = 1127.56KN

..... The thickness of the slab is enough .
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(4.9.3)Two way shear (Punching shear):

600
= 800 — 1, b=406+0.609 =4836m , a;=40—interior colum
1, =337.25 3.65 3.65— 0.6+0.609 * = 3560KN
) = 2 R 2 £ 2 -
l"’?"ﬁ 1+ﬁ febod : WhETEEl-Fﬁ =z 1+5 =05
2 @ £ 2 d — 4 2 BB -
Ve =5 & +2 f.bpd , where 5 B +2 =5 (e T2 =0629
Vo =3 febod . where - =0.33333 — control
Take

'8 =§ fbod =V, =§vﬂ 4836 609 1072 =4809.3KN
¢ V. =075 4809.3 =3607KN

b V. =3607KN >V, =3560KN KN

..... The thickness of the slab is enough .

(4.9.4)- Design for fluxurein bothdirection

Take steel bar of 16,b =3.65m,h =700mm

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

1.525
M, =33725 365 1525 —— =14314KN.m

2
i = 00 14814 1590.4KN.m
T 0 09 S

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

= 700- 75— 1—;= 617 mm.

[ 420
m= —V,. =——= 206
08es 085 24
M 15004 109
== =1.14MPa

7 pdE T 3650 6172
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p:ll:l“' ld__Eﬁ‘"m:l
m fr
=1 - 1-2LHE _(00279

20.6 4240

As = p b d = 000279 3650 617 = 6293.88 mm-.
A¢min=p b h=0.0018 3650 700 =4599 mm?
Ay peq = 6293.88 mm* > A, i, = 4599 mm*
use 16 then

A 6293.88
Agre  201.06

take 32 16 with A, ,,, = 6433.9mm* > A, ., = 6293.88 mm*

n =

Step (§) issmallest of:
1. 3h=3 700 =2100 mm
2. 450mm — control

3650—=75 2—=32 16
T = 31 = 96.38 mm

s =95mm < 5,,,. =450 mm = 0K
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(4.10) Design of Shear wall (CW 1):

To design shear wallswe use ( CSI ETABS) Software, and thisis a manual example
of shear wall design :

Wall thickness h =20 cm

*Fc= 24MPa Fy = 420MPa

Neglect the weight of walls and columns.
Assume seismic zone 2A.

(4.10.1)Design of shear wall for shear & flexure No#3 (CW 1):

i 63
" T RN -
[\
!
\
b 4.7
\
\
\ N
‘.l.u.g T Al S B S
\
\
'-.I 4,95
"'-
I‘u
\ '
072N 7 r Iy S /.r" '
e | e Fotoe r_,-r’.-' ,/ / / ,_r"/ ,-"'/
3.4

Figure (4-11): Shear force & moment on the shear wall

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

1. Check maximum strength permitted:

A (@A f: + pof,) =075 % 770000(0.17 % 1 X V24 + 0.0025 x 420)
= 1087.33 KN

=075 d=08l,=08 3.85=3.08m=3080mm

V, =

where
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V, =1087.33 KN =V, ;ur = 48154 KN
2. Calculate shear strength provided by concrete ¥,

Critical section for shear:

rﬂ = ﬁ =1.925m — control
2 2
2 2

story height = 4.7 m
1 — 1 — s
V. =5 fohd = x V24 x 250 x 3080 X 10"* = 502.96 KN — control

— N, — ;
V. =027 f.hd +4I = 0.27 % V24 % 200 x 3080 % 10"* + 0 = 814.8 KN
w

or,

' ]
Ly 01 f;+027%

V.= 005 f + T hd
Vi 2
M, =866.79 +481.54 x 45—19525 =2106.66 KN
My _ by s, 210666385 2.45 =0 (+ve value)
¥, 2 481.54 2
¥ = 0.05v24 +3'85 0321/524 +0 200 % 3080 % 10* = 705.173 KN

3. Determine required horizontal shear reinforcement

1 1
V, =48154 KN > V. =3 x 075 502.96 = 188.61 KN

Shear reinforcement must be provided in accordance with 11.9.9.

= h= (L+K)

=—=¥= 48154 502.96 = 139.1 KN
& = ©7 075 DA
A Vo 139.1 = 00001 5%/
S, fd 420x308x108 oM
=, Sl o 00001 0.000537 < 0.0025
Pe=phs, " "02 '

Take p, = 0.0025
61



Chapter Four 2016

l 3850

Maximum spacing is the least of = — = —— =770 mm

3h =3 % 200 = 600 mm
450 mm — control

Try 10 (A, = 785 mm?) for two layers

—H"“—ZX78'5—00025 5. =314 10@250
Pt =g, T200%s, oo 2 =314mm,  10@250mm

4. Determine vertical shear reinforcement

h, 9
T =385~ 2%

8
hy,
py =00025 +05(25 — 77)(g, —0.0025) = 0.0025
A

For thiswall with=* = 2.5, p; = 0.0025.

l
Maximum spacing is the least of = — = —— = 1283.33 mm

3h =3 % 200 = 600 mm
450 mm — control
I[lse 10@225 mm.

** |ncrease the thickness of the wall to 250 mm in order to uniform the thicknesses of ala of the
walls

1
1 @10 @ 22.5cm
.3

=]

Figure (4-12): Shear Wall Reinforcement
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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 One end | 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 £/20 £/24 (/28 £A0

Beams or
ribbed one-
way slabs (A1 tNB.5 £ £/8

MNotes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 I-cggm } and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I|Ehtwa|ghT concrete having unit density, w,, in the range
;;.m 1920 k @ values shall be multiplied by (1.65 - 0 5&3w¢| but not
&5 than 1.

bj For f, 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) — MAXIMUN PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Defiactian o be conshdered Diedlaction imilation
Flef roots nol supporting or atiached tonon- | Immediats deflection due b five bad L
siructural elaments el to be damaged by LA
large deflections
Fioors nol supportsg or attached to nonstruc- | Immediate deflection due to live oad L
tural eferments likaly 1o be damaged by large £/360
defiactions
Roof ar fkoor construction suppering or That part of the fotal deflection accurring atter
altached to nonstruchural elements By to be | altachment of nonstruchural alements {sum of {480
damaged by large defiections the lorg-tem defiection due 1 all sustaned
Roat r floorconstruction suppcring o mmmﬂmm“ e 10 &y
altached 1o nensiructiral elaments mot kel to J 240
be damaged by large deflections
* Lt nod inander] 1o saleguaard agak , Pandig shoud be checied by sulable calculabons of deflaction, including added deflechons s o ponded
m.mﬂmiﬁmuhmmmmw .mmﬁwﬂﬂ?nﬁwwm.ﬁﬂﬁhﬂwm%m. "

1Ln'{|i|-h1'rrldufﬁ.‘lm shall be dipkamined in accordance with 0.5.2.5 or 9.5.4.3, tul may be reduoed by amoun. ol dedection calculated o ocour bedore aftach.
ment of ransiructural elements. This amaunl shallbe detimined on bass of acoepied engnaering dats rlntng fo bme-detection characenistics of members s
Iar 1 those beng considered
iL'r:i'lrr.agrlma ancesadad If adeciiale maasures arm taken o et camags to supportad or afched slaments.

¥ it shall ot be createx than Soeeanca peovied ke nomsructural loments. Limi may b exceadd H camber i peovaded 5o that okl deflction mius camber
dous rot psed bmi

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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Seismic Coefficients

Z - seismic 20ne factor, s set forth in next Table (UBC Table 16-1), Note that Z does not
directly appear in the base shear formula, It does, however, affect the seismic coefficients C

and (.
e | WA W ) {
2007 015 02 03 04
(From Table 16-1, UBC 1997,)
Seismic Coclficient C,
; Seismic zone factor, Z
Soil profile
type Z=0015  Z=015  Z=02  Z=03  Z=04
3y 0.06 012 0,16 0.24 0.J2N,
S 0.08 0.15 0.20 030 0.40N,
Se 0.09 0.18 0.4 0.33 0.40N,
5% N2 nn .28 036 44N,
S 0.19 0.30 0.34 0.36 0.36N

S Site-specific geotechnical investigation and dynamic sile response analysis
shall be performed for soil profile §.

(From UBC 1997, Table 16-Q.)
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C; — 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,

Seismic zone factor, Z

Soil profile
type Z=10.075 Z=0.15 Z=02 Z=03 Z=04
i 0.06 0.12 0.16 0.24 0.32N,
Sy 0.08 0.15 0.20 0.30 0.40N,
Se 0.13 0.25 0.32 045 0.56N,
Sp 0.18 0.32 0.40 (.54 (0.64N,
S 0.26 0.50 0.64 0.84 0.96N,
S Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil type §,.

(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)

Structural Systems®

Height limit for
Basic structural Lateral-force-resisting sysiem seismic 2ones
system” description R Q Jamd 4
l. Bearing wall 1. Shear walls
Lystem a. Concrete 45 218 160
b. Masonry 45 28 160
2. Braced frames whene bracing

carries gravity load

a. Steel 44 22 160

b. Concrete! 28 22 NP
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Structural Systems® (Continued)

Height fimit for
Biasie struietural Lateral-force-resisting system scismic zones
system® description R Q Iand 4
2. Building frame 1. Sieel eccentrically braced 70 28 240
Lyslem frame (EBF)
2. Shear walls
a. Concrete 55 28 240
b. Masonry 55 23 1]
3, Ordinary braced frumes
a. Steel 56 22 I6ld
b, Concrews 56 22 NP
4. Special concentrically
braced frames
a. Steel fhd4 22 240
3. Moment-resisting 1. Special moment-resisting
frame system frame (SMRF)
a. Seel 85 23 NI,
b, Concrewe? g5 23 N.L.
2. Masonry moment-resisting wall 65 28 ]
frume ( MMREWEF)
3. Concrete infermediate 55 28 NP
moment-resisting frame (IMRF®
4. Ordinary momeni-resisting
frame (OMRF)
a. Sreel! 45 218 160
b, Concrete® 35 13 NP
5. Special truss moment friaomes 65 28 240
of steel (STMF)
4. Dual sysaems I. Shear walls
{frame resists at . Concreie with SMRF 85 28 NI,
leasy 25% of b, Concrete with sieel OMRF 42 28 (4]
setsmic shwear) ¢. Concrete with concrete IMRF 68 28 1y
d. Musonry with SMRF 55 23 (]
e. Masonry with steel OMRF 42 2% L]
1. Musonry with concrete IMRF 42 28 NP
£. Mosonry with masonry MMEWEF 60 25 160
2. Stecl EBF
a. With steel SMRF 85 28 N.L.
b With steel OMRF 42 28 {1
3. Ondinary braced frames
a. Steel with steel SMRF i 28 NL.
h. Steel with steel OMRF 42 28 16}
¢, Concrete with concrete SMRF 65 24 NP
d. Concrete with concrete IMRF 42 2B NP
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