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Structural Design of proposed model school

Team:

Alaa Azzam Aobeido

AbdelHai Wael Shehadeh

Mohammed Rasim Sider

Palestine Polytechnic University - 2010
Supervised by: D. Haitham Ayad

Project Summary :

The main idea of this project are summarized in the structural design of the
proposed model schools. The design include all the content of the school structural
elements upon which any other school model (bridges, foundations, columns) and other
structural elements, note that this school consists of two floors.
the purpose of selection of this project is the essential of the Model Schools containing
all the services of student needs, scientific, recreational , sports activities, laboratories
and emergency rooms, and because of the lack of these schools which have these
activities will be encourage the students to study more and more.
with God Almighty will design the structural elements of this school, based on the
american code, (ACI) and we will use some programs, such as the: - (atir & stad pro &
SAFE12) and some other programs such as (Autocad 2007).

we expected after the completion of the project to be able to design all the structural
elements of the entire school.
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List of Abbreviations

As = area of non-prestressed tension reinforcement.

Av = area of shear reinforcement within adistance (S).

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

LL =liveloads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed rei nforcement.

h = overall thickness of member.

| = moment of inertia of section resisting externally applied factored loads.

Ln = length of clear span in long direction of two- way construction, measured face-to-
face of supportsin slabs without beams and face to face of beam or other supportsin

other cases.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.
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Vu = factored shear force at section.
W = width of beam or rib.
® = strength reduction factor.

p = ratio between area of concrete to area of sted .
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Chapter Four

Structural Analysisand Design

4.1 I ntroduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus’, which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This sample, there is two types of dabs: one-way ribbed dlab and two way
solid slab. They would be analyzed and designed by using finite element method of
design, with aid of a computer programs like " ATIR-SAFE-ETABS- Software” to
find the internal forces, deflections and moments for ribbed and solid slabs, and then

hand cal culation would be made to find the required steel for some members.



4.2 Deter mination of Thickness:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI
The project consists of two buildings, the cafeteria and the main building .
1- Thecafeteria:
Spans from |€ft to right for one way dlab:

hmin for one-end continuous L 443 =0.239 m ACI-318-02 (9.5a)
185 185
hmin for both-end continuous = L _3%_ 0.188 m
21 21

Use h=25cm

2- Themain building :
Spans from left to right for one way slab:

hmin for one-end continuous L 6.52 =035m ACI-318-02 (9.5a)

185 185

hin for both-end continuous L = 5—8 =0.276 m
21 21

Use h=35cm




4.3 Design of Rib 25 & Rib 4:

4.3.1 Design of Rib 25 (h 25 cm):

4.3.1.1 Load calculations:
For the one-way ribbed dabs, the total dead load to be used in the analysis and

design is calculated as follows:

Cine wiay b slab — Shrinkage & Tempaatusr Bars =y

\.

%, '\\

Fig. (4-1) Oneway rib slab h 25
Calculation of the total dead load for one way rib slab is shown in the following
Table (4 - 1) Calculation of the total dead load for one way rib slab (h 25cm)

No. Parts of Rib Calculation

1 Rib 0.12¥0.17*24.5 = 0.4998KN/m

2 Top Slab 0.08*0.52*24.5 = 1.0192 KN/m

3 Plaster 0.02¥0.52¥22 = 0.2288KN/m

4 Block 0.4*0.17*9= 0.612KN/m

5 Sand Fill 0.04*0.52*16=0.3328  KN/m

6 Tiles 0.03*0.52*23 =0.3588KN/m
Partition o=

Mortar 0.020.52*22 =0.2288KN/m

3.8 KN/m /rib

Liveload =3.5* 0.52=1.8 KN/m /rib
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Fig. (4-3) Shear Envelope
4.3.1.2 Design of shear:

d=250-20-8-6=216 mm

CI)VC=(I)\/é_C><bW><d

2

dVc=0.75 x0.12x0.216

=0.0159 MN =15.9 KN 15.9>14.6

11*®dVc=11*159=1749Kn Dependsto ACI 13-08 code
@ Vsmin = (0.75/3) * bw * d =0 .25¢120%216*10°
® Vsmin=6.48 KN
Vu=14.6 KN (From shear Envelope)
®dVc/l2 <Vu<lld Ve
7.95<14.6<17.49

So categories (2) satisfy.




4.3.1.3 Design of Topping:
Table (4 - 2) Calculation of the total dead load for topping

No. | Partsof Rib Calculation
1 tiles .03*23KN/m
2 mor tar 02¥22 KN/m
3 sand .07%16 KN/m
4 concrete .08%24.5 KN/m
5 partition 1*1  KN/m
521 KN/m

Liveload = 3.5 KN/m

Wu=1.2*5.21+1.6*3.5=11.852 KN.M
Assume slab fixed at supported points (ribs):

Wu * 1?2  11.852%0.4?
12 B 12

fr = 0.42x./fc'(MPa)  ACI-318-02 (22-5.1)

fr = 0.42x~/24(MPa) = 2.06MPa = 2.06x 10° = 2060 KN / m?

Mu = = 0.158 KN.M

Mn=fr*s

_bh® 1.00x(0.08?)
===

Mn=2060* 1.06x10° = 2.184 KN.m
® Mn = 0,55 * 2.184= 1.294 KN.m

S =1.06x10°m’

d Mn=1.294 KN.m > Mu =0.158 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-02 (7.12.2)
As=p*b* h=0.0018* 1000 * 80 = 144 mm?
Use 1d 8/ 25 cm in both directions



4.3.1.4 Design of Positive Moment :

»1) Use M, max positive for span 1= 10.3kN.m
Mnrequiraj: . /09: . kNm

» Determine whether the rib will act as rectangular or T — section:
For tf=8cm
Mnf= 0.85 fct b, Tf(d — 0.5Tf) = 0.85 (24) (0.080) (0.520)(0. 16-0.5*0.080)

= . KNm
d=h-cover - d/2= 50-20-8-6=216mm
M, available = . KN.m>Mprequird= . KN.m (Rectangular section)

Design as arectangular with b, =52 cm

Je

bw)(d ACI-318 (10.5.1
Ay W) (105.1)
N
4(420)

Asmin=

Asmin= (120)(216) = 75.6mm°

.14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—_2 (120)(216) = 86mm°
420

AsMmin=86mm? control

me_Y_ __ 40 56
0.85fc  0.85(24)
Mn 11.44

kn = = 0.472 MPA

" bd?  (0.520)(0.216 )




* *
c_A(y f_2man |_ 1 1_\/1_2 20.6%0.472 | _ 1 101137
m fy 20.6 420

A s = 0.001137(520) (216) =127mm? >As min

Asreq=127 mm?®
# of bars = As/ Aspar = 127/78 = 1.63 * Note A®10 = 78mm?
* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

156x420=0.85x24x520x a
a=6.18mm

a 6.18

C=——=——=7.27mm
0.85 0.85

o _216-7.27
727
e, =0.086 > 0.005

x 0.003 = 0.086



»2) Use M, max positive for span 2= 5.4kN.m

Mnrequiraj = 54/09 = 6 kNm

m= fy = 420 =206
0.85fc'’  0.85(24)
Mn 6

kn = = 0.247 MPA

" bd2?  (0.520)(0.216 )

* *
r=i[1— | 2mkn] 1 (1_\/1_2 20 .6 * 0.247 ]:0_000592

m fy | 20.6 420

A s = 0.000592(520) (216) =67mm°<As min=86 mm?®

Asreq=86mm?

#of bars=As/ Aspar =86/78 =1.1 * Note A®10 = 78mm?
Select bottom bars 2010 Total AS (provide =156mm?

* Check Strain:

Tension = Compression

A x fy=0.85x f_ 'xbxa
156x 420 =0.85x 24x520x a
a=6.18mm

a 618

C=——=——"—=7.27mm
0.85 0.85

216-7.27
g =

S

% 0.003=0.086
e, =0.086 > 0.005



»3) Use M, max positive for span 3= 8.2 KN.m
Mnrequiraj = 82/09 = 91 kNm

me_ Y _ 40 56
0.85fc  0.85(24)

_Mn 1 _0.375MPA
bd Z  (0.520)(0.216)

* *
r :i[l_ | _ 2mkn ] 1 (1_\/1_ 2%20.6*0.375 J=0.000901

kn

m fy | 20.6 420

A s = 0.000901(520) (216) =101mm?>As min=86 mm?

Asreq=101mm?

#of bars=As/ Aspy = 101/78=1.3 * Note A®10 = 78mm?

Select bottom bars 2010 Total AS (rovide =156mm”

* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

156x 420 = 0.85x 24x520x a
a=6.18mm

a _618 . o0mm

C=—=
0.85 0.85

o _216-727
727
e, =0.086 > 0.005

% 0.003=0.086



4.3.1.5 Design of negative Moment for (Rib 25) :

1»Use M, max positivefor spanl=- KkN.m

Mnrequiraj: /09: KNm

Asmin=

Jic
bw)(d ACI-318 (10.5.1
2ty (105.)

2

4(420)

Asmin= (120)(216) = 75.6mm°
. 14
A =——(bw)(d
s min ) (bw)(d)

A's min :% (120)(216) = 86mm* control

m= fy = 420 =20.6
0.85fc'  0.85(24)
Mn 10

kn = = 0.835 MPA

“bd?  (0.12)(0.316 )

* *
r:i 1l 2mkn ) 1 1_\/1_2 20 .6* .835 — 0.00203
m fy 20 .6 420

A s = 0.00203(120) (216) =52.6 mm* <Asmin=86 mm?
Asreq=86 mm?
# of bars = As/ Aspar = 86/78 = 1.1 * Note A®10 = 78mm?

Sclect top bars 2010 Total AS (provide =156mm?
* Check Strain:

Tension = Compression

A x fy=0.85x f_ 'xbxa

156x 420=0.85x 24x120x a

a=26.76mm

a _2676_4 5

C=——=
0.85 0.85

e, = 227313, 6.003-0.017
315

e, =0.017 > 0.005



2»Use M, max positive for span2=-7.2 kN.m

Mnrmuiraj =7.2/O.9 = 8KN.m

o Ty 420 _
0.85fc’  0.85(24)
Mn 8

_ _ —~ 0.668 MPA
bd2  (0.12)(0.316)2

* *
r= Lo po2me 1 1—\/1— 272067888 |_ 4 000162
m fy 20 .6 420

20.6

kn

A s = 0.000162(120) (216) =42 mm? <Asmin=86 mm?

Asreq=86 mm?

#of bars= As/ Aspy = 86/78 = 1.1 * Note A®10 = 78mm?

Select top bars 2010 Total AS (provide =156mm?

* Check Strain

Tension = Compression
A x fy=0.85x f_ 'xbxa

156x 420=0.85x24x120x a
a=26.76mm

a 2676

c=——=——=31.5mm
0.85 0.85

o 216-31.5
s 315
e, = 0.017 > 0.005

x0.003=0.017



4.3.2 Design of Rib 4 (h 35¢cm) :
4.3.2.1 Load calculations:

For the one-way ribbed dabs, the total dead load to be used in the analysis and

design is calculated as follows:

; ; i Shrinkang= & Temperabuer Bar's —,
Cne way rib slab 4 ™ P %

Fig. (4-4) Oneway rib slab h 35
Calculation of the total dead load for one way rib slab is shown in the following
Table (4 - 3) Calculation of the total dead load for one way rib slab (h 35cm)

No. | Partsof Rib Calculation

1 Rib 0.12¥0.27*24.5 = 0.7938KN/m

2 Top Slab 0.08*0.52¥24.5 = 1.0192 KN/m

3 Plaster 0.02¥0.52*22 =0.2288KN/m

4 Block 0.4*0.27*9= 0.972KN/m

5 Sand Fill 0.04*0. 52* 16= 0.3328 KN/m

6 tiles 0.03*0. 5223 = 0.3588KN/m

partition * ., =,
mortar 0.02¥0.52¥22 = 0.2288KN/m
4.5 KN/m /rib

Liveload =35* 0.52=1.8 KN/m /rib
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4.3.2.2 Design of shear:

d=350-20-8-6=316 mm

(I)VC=®\/;_C><bW><d

e

®Vc=0.75 5 x0.12x0.316 =0.02322 MN =23.22 KN

23.22>18.1

1.1*®dVc=11* 23.22=25.542Kn Dependsto ACI 13-08 code
@ Vsmin = (0.75/3) * bw * d =0 .25*120*316* 107

® Vsmin = 9.48 KN

Vu=18.1KN (From shear Envelope)

dVc/2 <Vu<sllo Ve

11.61<18.1<25.542

So categories (2) satisfy.



4.3.2.3 Design of Topping:
Table (4 - 4) Calculation of the total dead load for topping

No. | Partsof Rib Calculation
1 tiles .03*23KN/m
2 mor tar 02¥22 KN/m
3 sand .07%16 KN/m
4 concrete .08%24.5 KN/m
5 partition 1*1  KN/m
521 KN/m

Liveload = 3.5 KN/m

Wu=1.2*5.21+1.6*3.5=11.852 KN.M
Assume slab fixed at supported points (ribs):

Wu * 12 11852%0.4°

Mu =
) 12 12

= 0.158 KN.m

fr = 0.42x./fc'(MPa)  ACI-318-02 (22-5.1)

fr = 0.42 x \/24 (MPa ) = 2.06 MPa =2.06 x10° = 2060 KN /m?
Mn=fr*s

_bh? 1.00x(0.08?)
==

Mn =2060* 1.06x10°% =2.184 KN.m

® Mn=0.55* 2.184=1.294 KN.m
® Mn =1.294 KN.m > Mu =0.158 KN.m

S =1.06x10°m’

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)
As=p* b* h=0.0018* 1000 * 80 = 144 mm?
Use 1® 8/ 25 cm in both directions.



4.3.2.4 Design of Positive Moment :

»1) Use M, max positivefor span = 15.3 KN.m
Mnrequiraj = 153/09 = 17 kNm

» Determine whether the rib will act as rectangular or T — section:

For tf=8cm

Mnf= 0.85 fct b, Tf(d — 0.5Tf) = 0.85 (24) (0.080) (0.520)(0.316-0.5*0.080)
=234.22 KN.m

d = h - cover - d/2 = 350-20-8-6=316mm

M, available = 234.22 KN.M > M, required = 17 KN.m

Rectangular section

Design as arectangular with b, =52 cm

Je

bw)(d ACI-318 (10.5.1
Ay W) (105.1)
N
4(420)

Asmin=

Asmin= (120)(316) = 110.5mn??

.14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(316) = 126mm°
420

AsMin=126 mm? control

me_Y_ __ 40 56
0.85fc  0.85(24)
Mn 17

kn = = 0.327 MPA

" bd?  (0.520)(0.316 )




* *
c_A(y f_2man |_ 1 1_\/1_2 20.6*0.327 | _ 4 00785
m fy 20.6 420

A s = 0.000785(520) (316) =129mm? >As min

Asreq=129 mm?
# of bars=As/ Aspa = 129/78 = 1.65 * Note A®10 = 78mm?
* Check Strain:

Tension = Compression
A x fy=0.85x f_ 'xbxa

156x420=0.85x24x520x a
a=6.18mm

a__b618_ 7.27mm

C=——-=
0.85 0.85

o _316-7.27
727
e, =0.127 > 0.005

x0.003=0.127



»2) Use M, max positivefor span = 10.5 kN.m
Mnrequiraj = 105/09 = 1167kNm

J@
()

Asmin=

2oy W) ACI-318 (10.5.1)

N
4(420)

Asmin=

(120)(316) = 110.5mn’

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(316) = 126mm* control
420
m= fy = 420 =20.6
0.85fc  0.85(24)

n=Mn __ M67 505 wpa
bd > (0.520)(0.316)

* *
r :i[l_ | _ 2mkn ] 1 (1_\/1_ 2%20.6*0.225 J=0'0005387

m fy | 20.6 420

A s = 0.0005387(520) (316) =88.5mm? <As min

Asreq=126 mm?

#of bars=Ag/ Aspar = 126/78 = 1.62 * Note A®10 = 78mm?
Select bottom bars 2010 Total AS providey =156mm?

* Check Strain:
Tension = Compression
A x fy=0.85x f_ 'xbxa

156x420=0.85%x24x520x a
a=6.18mm

c=_a _818 o0m
085 085
L _316-727
ST 727

e, =0.127 > 0.005

x0.003=0.127



4.3.2.5 Design of negative Moment :

»Use M, max positive for span =-12.6 kN.m

Jt@
(fy)

Asmin=

2 W) ACI-318 (10.5.1)

N
4(420)

Asmin=

(120)(316) = 110.5mn?
. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(316) = 126mm° control
420
m= fy = 420 =20.6
0.85fc  0.85(24)

Mn _ 14 ~1.17 MPA

“bd2  (0.12)(0.316 )

* *
r:i[l_ 1- ka”] 1 (1—\/1—2 20.6 1'17]=0.00287

kn

m fy | 20.6 420

A s = 0.00287(120) (316) =109 mm? <Asmin Asreq=126 mm?
# of bars = A/ Aspar = 126/78 = 1.62 * Note AD10 = 78mm?

Sdlect top bars 2010 Total ASprovide =156mm?

* Check Strain:
Tension = Compression
A x fy=0.85x f 'xbxa

156x 420=0.85x24x120x a
a=26.76mm

a _2676_ 4 5

C=——=
0.85 0.85

e, = 310=315 4 003=0.027
315

e, =0.027 > 0.005



4.4 Design of Beam 50 & Beam 10 :
4.4.1 Design of Beam 50 (h 25 cm) :
4.4.1.1 Load Calculations:

WD:£* dis(C/C)+b*h*245 = 38, 3.6+0.9*0.25* 24 = 31.7 Kn/m
0.52 0.52

L.L= 3.5%*3.6 =12.6 Kn/m
b=90cm h=25cm

Geametry LUnitsimetercm

1 2 3 4 5 B
1 z 3 4 5
] I
L: Al Py A v, A s A | A :J
% Lt ry T A j - A T '.:
93 411 5 3% ps 305 s 37 35 5.26 g3
451 3.98 .55 4,26 5.88
5
Ah
Loading
ood group ne. 1
Dlemad load - Sesrvice Wit kW ielen
! Z '
20.9
: T T R
ST - s
T 5.58 1
Live load - Service Load factors: 1.2001. 264 CO.C.CO
| "'12‘.3; | 14.E | ’ri‘ﬁ | | | i'lﬂ.ﬁl | 126
1 am 1 3.98 T ass T 426 | 556 i
Moment/Shear Envelope (Factored]  Units:kN meter
5 TETE 1 TR
1824
421 4 R A 1348
-B-U-.T.__.-BE,E _"q:!?*‘ﬁ , £E \
Ik - IR e /A AAP 7 Ry
o - 128 AT - i
) ﬂ.?lgil:l.ﬂ& il I_.'iﬂ" L] .“I.E- A ] I'll. .|.|
ki prang -E s 5 RS %
s s s 1 e, 089 i 125 198
101 .
| 1887
i - i R e 3 L S 1N ;S IS 1 AU % F SSNM 1) S U V- .41 AT




Moment/Shear Envelope (Factored]) Units:kN,meler

Ehear
B8.2 1877
: -155 4
-1325 | 1125 -111.9 -2 165
-BEE -B3,3
K l 1 i L
m LI T T Ll T
.7 g1.2 B3
1365 S i0e.q 1168 1Ca.9
1718
074
Reagiions
Factored
| 1 | | ]
! It 7 I |

CeacR ER AT 185 7 135 85 126 9 2249 54 A7 34
IiveR 0 AR 104 34 A% A5 S B 135 859 49 07
Kaz R 108 dR 29741 23028 =71 AR A55 14 156 41
Min R A5 14 22443 159 Rd 138 27 MR B A4 AR
Senvice
DaadR 5119 155,73 A 105,78 18129 T
LiveR 44,51 o2 5053 .35 8.5 3067
Max K 341 22194 17158 1641 bR 34
Min = 2. T1r4.48 124 4 112486 Mo B2 Pl

Fig. (4-7) Moment & Shear Envelope

4.4.1.2 Checking Doubly section:-
M umax =159.7KN.m

d = 250-40-10-20/2=190mm
Cmax=3/7*d =3/7* 190=81.4mm
a max=0.85*81.4=69.2mm

Mn max=0.85 fc b a(d - 0.53)
Mn max= 0.85 *24 *(0.9*0.0692(0.19- 0.5*0.0692 =197.4Kn.m

® =0.65+ 2—20(0.004 —0.002) = 0.817

® Mnmax = 197.4*0.817 = 161.3>

Singly reinfor cement



4.4.1.3 Design of Positive Moment :
1 »Use M, max positive for spanl= 159.7 kN.m

Asmin=

4(fy)
2

Asmin=
4(420)

(900)(190) = 499mn’°

A =——(b)(d
smin (fy)( )(d)

Asmin=—2 (900)(190) = 570mm?
420

A's min=570 mm"° CONTROL
m = 420/(0.85* 24)=20.6
Mn=159.7/0.9=174.4

_ Mn _174.4* (10)
bd?  (0.9)(0.19)?

=5.368

Jic (b)(d) ACI-318 (10.5.1)

r:il— 1_2mkn _ 1 1_\/1_
m fy 20 .6

ASpeg = 0.01514(900) (190) = 2590 mm”

AS(eq = 2500mm°> A's min =570 mm”

Select 7 @ 22 with As prov. = 2660 mm?.
* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa

2660x 420 = 0.85x 24x900x a
a=60.8mm

_a 608_716mm

" 085 085

o _190-716
*T 716
e, = 0.0051 > 0.005

% 0.003 =.0051

Ok .........

2*20.6* 5.368

420

j = 0.01514



2»Use M, max positive for span2=42.8 kN.m

m = 420/(0.85* 24)=20.6
Mn=42.8/0.9=47.5

_Mn_475%10)°
bd?  (0.9)(0.19)>

r=i[1— 1_2mkn] 1

m fy | 20.6
ASpe = 0.00362(900) (190) = 618mm

A'S(req) = 618mm°> A s min =570 mm”

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
791x 420=0.85x24x900x a
a=18mm

a _ 18 1 omm

C=—=
0.85 0.85

o _190-212
212
e, =0.024 > 0.005

x 0.003=.024

-

2

2% 20.6*1.462

J = 0.00362



3»Use M, max positive for span 3=51.1 kN.m

m = 420/(0.85* 24)=20.6

Mn= . /0.9=
* -3
poMn_5678"(10)° ) 4
bd®*  (0.9)(0.19)
* *
c_ A, [ _2mkn | _ 1 1_\/1_2 20.6*1.748 | _ o 4356
m fy 20.6 420

2
ASgep =000  (900) (190)= mm

A S(reg) = 745mm°> A's min = 570 mm”

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
791x 420 =0.85x 24x900x a
a=18mm

a _ 1—8 =21.2mm

C=——-=
0.85 0.85

o _190-212
T 212
e, =0.024 > 0.005

x0.003=.024



4»Use M, max positive for spand=43.3 kN.m
m = 420/(0.85* 24)=20.6
Mn= . /0.9=

_ Mn_481*(10)°
Cbd® (0.9)(0.19)°

N 1_2mkn _ 1 1_\/_
m fy 20 .6
ASpg =000  (900)(190)= mm’

ASg= mm°>Asmin=570 mm®
Select 7 ® 12 with As proy. = 791 mme,

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
791x 420=0.85x24x900x a
a=18mm

a _ 1—8 =21.2mm

C=——-=
0.85 0.85

o _190-212
T 212
e, =0.024 > 0.005

x0.003=.024

2*20.6*1.48

420

J = 0.003664



5»Use M max positive for span5= 101 kN.m
m = 420/(0.85* 24)=20.6
Mn=  /0.9=112.2

S_Mn_1122+(10)° _
bd?2  (0.9)(0.19)°

1 2 mkn 1 2% 20 6*3.45
- —|1- 1- _ 1- J1-

m fy 20 .6 420
ASpg =000 (900) (190)= mm’
ASeg=  mm° >Asmin=570mm’

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
1780x 420=0.85x 24x900x a
a=40.7mm

c= _a _ ﬂ =48mm
0.85 0.85

o _190-39.9
ST 399
e, = 0.0105 > 0.005

x 0.003=.0105

J = 0.00907



4.4.1.4 Design of Negative Moment :

1»Use M, max negative for span1=-144.8 kN.m

Mn=144.8/0.9=160.9

_ Mn _ 105*(10)°
bd? (0.9)(0.19)>

* *
c_ Ay f_2mkn ) 1 1_\/1_2 20.6%4.92 | _ | 01a7m
m fy 20.6 420

ASpe = 0.01373(900) (190) = 2348mm”

952

A'S(req) = 2348mm°> A s min = 570mm”

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
2660x 420 = 0.85x 24x900x a
a = 60.85mm

a _0085_ -1 6mm

C=—=
0.85 0.85

e, =100-716 4 003-0.0051
716

e, =0.0051> 0.005



2»Use M, max negative for span2=-43.9 KN.m

Mn=43.9/0.9=48.8

_ Mn _ 488*(10)° _
bd? (0.9)(0.19)>

N 1_2mkn _ 1 1_\/_
m fy 20 .6
ASpe = 0.00372(900) (190) = 635mm”

A S(req) =635 mm’> A's min=570mm”
Select 7 ® 12with Ag prov. = 791 mm2.

* Check strain:

Tension = Compression

A x fy=0.85x f /'xbxa
791x 420 =0.85x 24x900x a

a=18mm
c:i:£:21_2mm
0.85 0.85

e, = 10=2L2 4 003- 024
212

e, =0.024 > 0.005

2*20.6*1.5

420

] = 0.00372



3»Use M max negative for span3=-48.3 KN.m

Mn=48.3/0.9=53.7

S_Mn_8537+10)° _
bd?2  (0.9)(0.19)2

r:il— 1_2mkn _ 1 1_\/1_
m fy 20 .6

ASpe = 0.00411(900) (190) = 702 mm”

A S (reg) = 702 mm’> A's min=570mm”
Select 7 ® 12with Ag prov. = 791 mm2,

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
791x 420 =0.85x 24x900x a
a=18mm

c:i:£:21_2mm
0.85 0.85

o _190-212
212
e, =0.024 > 0.005

x 0.003=.024

2*20.6*1.65

420

J = 0.00411



4»Use M, max negative for span3=-89.6 kN.m

Mn=89.6/0.9=99.6

_Mn_99.6%(10)° _
bd?  (0.9)(0.19)2

r:il— 1_2mkn _ 1 1_\/1
m fy 20 .6

ASpe = 0.007946(900) (190) =1359 mm”

A S (req) = 1359 mm’> A's min=570mm”

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
1406* 420 = 0.85x 24x900x a
a=32.18mm

a__3218_ 3786mm

C=——=
0.85 0.85
190-37.86

e
*T 3786
e, =0.012> 0.005

x0.003=0.012

2%20.6*3.06

420

] = 0.007946



4.4.1.5 Design of Shear :

1»V,=171.8 (Max. value of Vu in field 1)

!

fc

dvc+ (2/3)P bw * d

24
1

=105+ (2/3)0.75 0.9* 0.19 =523 KN >171.8 KN

The dimensions ar e big enough

f ]
Ve= = € bw* d= @ *0.970.19=140KN

fl
dVc= o* %* bw* d = (0.75 * g* 0.9 0.19) = 105KN

® Verin= @ (% * bw * d)= 0.75(%*0.9*0.19) - 42.7KN

® Vc+ ©* bw * d—“;,c =105+ 0.75* 0.9* 0.19% = 314.43

D Vet+ P Vgnin< Vi< P Ve+ ©* bw * d%

147.7<171.8<314.43
ltem4

Vs=Vy/ ® - Ve =(171.8/0.75)-140= 89 KN.

Av/s=(Vs/ fyt* d) =89/420* 0.19=1.12

2x79 _112

S=0.141m

S < 600mm
S<d/2=95mm

use 2 legsf 10 @ 10 cm C/C



2»V, =-132.1 KN (Max. valueof Vu in field 2)

f ]
Vc= \/—C* bw* d = g *0.970.19=140 KN

Nen

4/ fc'
dVc= ©* T* bw * d=(0.75* T* 0.9* 0.19) =105KN

® Verin= @ (% * bw * d )= 0.75(%*0.9*0.19) - 42.7KN

dVesVusd Ve + P Vsmin
105<132.1< 147.7

[tem 3

AV _1bw

Se 31

Av>i\/¥

Sreq_16 fy

x bw

Av  1bw 3x2x79x10°° x 420

_ ” ~0.22m
S, 31y 0.9

! —6
ﬂzi—wlfcxbW: S, = 2x79%x10° x16x 420 _ 0.24m
S, 16 fy V2409
S < 600mm
S<d/2=95mm

use 2 legsf 10 @ 10cm C/C



3»V,=91.2KN (Max. value of Vu in field 3)

f 1
Ve = TC* bw * d = g * 0.9%0.19=140 KN

2

4/ fc'
dVc= ©* T* bw* d=(0.75* ?* 0.9* 0.19) =105 KN

® Ve/2<V <D Ve
525<91.2<105

ltem?2

Av _1bw

Seq 3T

Av 1bw _3><2><79><10"6><420
0.9

=0.22m

Av 1 ,fc _ 2x79x 10° x16x 420

s -V ypw=S_ = =0.24m
S 16 fy S V24 %09

S < 600mm
S<d/2=95mm



4»V, =108.7 KN (Max. valueof Vu in field 4)

Vc=

fl
dVe= O * —VGC* bw* d= (0.75*

CDVsmin=0.75(%)* bw * d =q>(% * w * d)=o.75(%

*0.970.19=140 KN

7
6

Nen

dVecsVusd Ve + d Vsmin

105<108.7 < 147.7

[tem 3

Seq

Av

Seq

Av
S«

v 14fc
fy

16

1bw =3

T3fy @

1J_

16

S < 600mm
S<d/2=95mm

_ 3x2x 79x107° x 420

=0.22m

0.9

6
=3 :2><79><10 X16X420:O.24m

e \/ﬂ x 0.9

use 2 legsf 10 @ 10cm C/C

T* 0.9* 0.19) = 105 KN

*0.970.19) =42.7 KN



55V, =

Vc= @* bw *

fl
dVe= O * —VGC* bw * d = (0.75 *

qavSmm=o.75(%)* ow*d =® (% * bw * d)= o.75(%

-132.5 KN (Max. value of Vu in field 5)

*0.970.19=140KN

7
6

2

dVecsVusd Ve + d Vsmin

105<132.5<147.7

[tem 3

Seq

Av

Seq

Av
S«

v 14fc
fy

16

1bw =3

T3fy @

1J_

16

S < 600mm
S<d/2=95mm

_ 3x2x 79x107° x 420

=0.22m

0.9

6
=3 :2><79><10 X16X420:O.24m

e \/ﬂ x 0.9

use 2 legsf 10 @ 10cm C/C

?* 0.9* 0.19) = 105KN

*0.9¥0.19) =42.7 KN



4.4.2 Design of Beam 50 (h 25 cm) :

4.4.2.1 Load Calculations:

WD :%* disC/C+b*h*245 + D.L OF WALL

_45

WD = *2.25+0.5*0.35* 24.5+25 =494

L.L=3.5*2.25=7.87
b=50cm h=35cm



Geomefry

Unitsmeter,cm

1 2 3
1 y 3 :
A A
E 4 T £ :|
03 3.4% 04 B34 93
3.81 388 ;
J
T
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lead greup no. 1
Dread loac - Service Units:h, meter
%45.1 4= 5
| SN — e — L i x -!r
f EE A ~ i 1
Live load - Senice Lozd factors: 1,30,1,200.50,0.00
i i [ = p'.' [ L TAT i x [
T 3.01 308
Moment!Shear Envealope (Factored) Units:kNmeter
Mlonenls s 10 7
264
az.n 245
f 1.021.08 = -
b - L i i "
Ut B d.Eﬁ 5 ,--'1. |
B~ ' b’ﬁ? = e
788 .5
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Moment/Shear Envelope (Factored) Units kb meter

_Shea
=171
it 1015
-£9.9
1 l i
T T ] T 1
749
1065 RETR
1268
) Resclions
Fastorsd
et i i i
| LEENY RN ™
Nie=d R AR 56 T A At 11
| bR 20 8 55 e MAT
My B 1065 A% a7 inT 49
Biin R /2. 74 ANBTA TTAY
Sarsce
DasdR .3 31 61 B3
Lek 13.09 ) 1473
Max K H4.3d JEH.51 Bl
Fin = BH.O/f 29u 6D L R

Fig. (4-8) Moment & Shear Envelope

4.4.21.2 Checking Doubly section:-

Mumax =94.5KN.m
d = 350-40-10-20/2 =290mm

Cmax=3/7*d =3/7* 290=124.3mm
a max=0.85*124.3=106mm

Mn max= 0.85 fc b a(d - 0.53)

Mn max= 0.85 *24 *0.5*0.106(0.29- 0.5* 0.106) =256Kn.m

® =065+ 2i30(0.004 ~0.002) = 0.817

® Mnmax = 256*0.817 = 209 > 94.5

Singly reinforcement




4.4.2.3 Design of Positive Moment :
1»Mu=78.8KN.m

Asmin= */_ (b)( ) ACI-318 (10.5.1)
Asmin= *@ (500)(290) = 423mm’

4(420)

14
A =——(b)(d
smin (fy)( )(d)

Asmin=—2 (500)(290) = 483mm”
420

Asmin=483mm?® > 423mm°
Asmin=483mm° ............ control
m = 420/(0.85* 24)=20.6
Mn=78.8/0.9=87.5

_ Mn _875*(10)°
bd? ~ (0.5)(0.29)°

* *
r:i 1l 2mkn ) _ 1 1_\/ 2*20.6%2.08 — 0.005235
m fy 20 .6 420

ASpe = 0.005235(500) (290) = 759 mm” > A s min= 483mm’

Select4 ® 16 with As prov, = 800mm?2,
* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa

800x 420 = 0.85x 24x 500x a
a=33mm

_ 2 _ 38 _358mm
085 085

o _290-3838
* 388
e, =0.0194 > 0.005

x 0.003 =.0194



2»>Mu=71L5KN.m

) 4 fc'
A = b)(d
s min 4(fy)( )(d)

N
4(420)

Asmin= (500)(290) = 423mm’

14
A =——(b)(d
smin (fy)( )(d)

Asmin=—2 (500)(290) = 483mm”
420

A's min=483mm° > 423mm°
A s min =483mm 2

m = 420/(0.85* 24)=20.6
Mn=71.5/0.9=79.45

_ Mn _ 79.45*(10)° _
bd?  (0.5)(0.29)>

c_ A, _2mkn | 1 1_\/1_
m fy 20 .6

ASpeg = 0.00473(500) (290) = 685 mm”

A S(reqg) = 685mm > A s min = 483mm”

Select4 ® 16 with As prov. = 800mm2.
* Check strain:

Tension = Compression

A x fy=0.85x f /'xbxa
800x420=0.85x24x500x a
a=33mm

a _ i =38.8mm

C=——-=
0.85 0.85

o _290-388
* 388
e, = 0.0194 > 0.005

x 0.003=.0194

ACI-318 (10.5.1)

2*20.6*1.89

420

] = 0.00473



4.4.2.4 Design of Negative Moment :

I»Mu=-94.5Kn.m

Mn=94.5/0.9=105

_ Mn _ 105%(10)®
bd? ~ (0.5)(0.29)2

* *
oA, 2mkn ) 1 1_\/_2 20 .6*2.497 | _ o 00636
m fy 20 .6 420

ASpeg = 0.00636(500) (290) = 922.5mm”

497

A S(req) = 922.5mm”> A 's min = 483mm”

* Check strain:
Tension = Compression
A x fy=0.85x f 'xbxa

1017 x 420 =0.85x 24x500x a
a=41.8mm

a _48_ 49omm

C=—=
0.85 0.85
o _290-492
S 492
e, = 0.015> 0.005

x0.003=0.015



4.4.2.5 Design of Shear :

1»V, =- 134.9 (Max. valueof Vu in field 2)

!

e pwed

dve+ (2/3)d

=88.8+ (2/3)0.75 0.5* 0.29=444 KN > 1349 KN

24~
1
The dimensions ar e big enough

fc' _ V24
6

Ve= —*bw*d * 0.50.29=118KN

f 1
dPVe= O * —VGC* bw * d = (0.75 %* 0.5 0.29)

® Vc =88.8KN.

qavSmm=o.75(%)* ow * d
1 1
® Vern= ® (S * bw * d)= 0.75(_ *0.50.29) = 36.25KN.

® Vc+ ©* bw * d—“;,c =88.8+0.75* 0.5* 0.29% =266.4

® Vet @ Vgin< Vi< @ Ve+ ©* bw * d%

125.05< 134.9 < 266.4
ltem4

Vs=V,/®-Vc=(134.9/0.75)-118= 61.87KN.

Av/s=(Vs/ fyt*d) = 61.87/420* 0.29 = 0.508
2x79

=0.508

S=0.311m

S < 600mm
S<d/2=145mm

use 2 legsf 10 @ 15cm C/C



25V, = . KN (Max. valueof Vu in field 1)

f ]
Vc= %* bw* d= @ *0.570.29 = 118KN

4/ fc'
dVc= ©* T* bw* d=(0.75* %* 0.5* 0.29)
@ Vc =88.8 KN.

qavSmm=o.75(%)* ow * d

® Vsmin=® (% *bw* d)= 0.75(%*0.5*0.29) = 36.25KN.

® Vc+ ©* bw * d@ =88.8+0.75* 0.5* 0.29% =266.4

P Vet D Varin< V< @ Vet O bw * d%

125.05<131.7 < 266.4

|tem4

Vs=V,/ ® -Vc=(131.7/0.75)-118= 57.6KN.

Av/s=(Vs/ fyt* d) = 57.6/ 420* 0.29 = 0.743

2x79 _ 4743

S=0.212m

S < 600mm
S<d/2=145mm

use 2 legsf 10 @ 15cm C/C



4.5 Design of Column :

Select column (C04) for design

Dimension= 40cm * 40cm

45.1 Load Calculation:

Pu =2040 KN
Pn =2040/ (0.65) = 3138.5 KN

4.5.2 Determination of Agyeq

rg=1.6 %

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc')}
3138.5=0.8* Ag[0.85* 24+ 0.016* (420 — 0.85* 24)]
Ag =1464.2cm?



4.5.3 Check Slender ness Effect:

@ < 34—12E ............... ACl —(10.12.2)
r M?2

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

[
R: radius of gyration=0.3 h = \/A:
Lu=34m
M1/M2 =1
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

KU gy oML ACl - (10.12.2)
r M 2
1*3.4

——=28.33> 22
0.3*0.4

~.long Coloumn in Thetwodirections

E.l
El =04—9 . [ACI 318— 2002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL_(1320) . -

b,
Pu 2040
* 3 * 3
=2 _ 04044 50013 m
12
* * 106 *
El - 0.4* 23270.15*10 0'00213:12.038MN.m2
1+0.647
p *El
P, = P e ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
p _ 3147712038 560N

¢ (1.0*3.4)



Cm=0.6+ o.4(%j ............ ACI 318 — 2002 (Eq.10 — 16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
d_ = cm >1.0
1-(Pu/0.75P,

4 - 1
™ 1-(2040 /0.75*10.267 *10°)

............... ACI 318 — 2002 (Eq. 10 — 12)

=1.36>1

e, =15+0.03* h=15+0.03* 400 = 27mm = 0.027 m
e=e, xd_=0.027 *1.36 = 0.03672

e 0.03672
h

min

=————=0.0918
0.5

From Interaction Diagram
fP, 2040 145

= X =1848.8 Psi
A, 04x04 1000

My =0.01

A =1 x A, =0.01x 400x 400 = 1600 mm?
-.Usesf 16

4.5.4 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)............cceene.e ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

spacing <16 xd, =16x1.6=25.6cm
spacing <48 xd, =48x1.0=48 cm
spacing < least.dim.= 40 cm

Usef 10@20cm



4.5.5 Column Detail

G10@20 L-150

Fig. (4-9) Column Details



4.6 Design of Stairs:

= Useh =20cm.
6 = tan™(170/ 300) = 30°

X
:-

.

R

rL

Fig. (4-10) Stairs plan



L oad Calculations at section (A-A):

Dead Load

Live Load

3.46 .75

Fig. (4-11) : Loads on stairs
4.6.1 Load on Stringer:

Dead L oad:

Tiles = 0.03*27*((0.33+0.17)/0.30) = 1.35 KN/m.
mortar = ((0.17+0.33)/0.3)*0.02* 22= 0.733 KN/ m.
Plaster = (0.02*22)/ (Cos 30) = 0.51 KN/ m.
Steps = ((0.17*0.3)/2) * 25/0.3=2.125 KN/ m.
Slab = 0.20 *25/ Cos 30 =5.78 KN/ m.

Total dead load = 10.5 KN/m

Liveload:

Liveload for stairs =3.5 KN/ m?.

Factored load

0u=1.2¢10.5+ 1.6*3.5 = 18.2 KN/ m?.

For one meter Strip, q, = 18.2 KN/ m.



4.6.2 Load on landing :-

Dead L oad:

= Tiles=0.03*22 kN/m?

= Mortar =0.02*22 kN/m?

= Sab =0.2025=5KN/m2

= Plaster =0.02*22 = 0.44KN/m2,

Total dead load =0.66 + 0.44 + 5+0.44
=6.54 KN/m2,

Liveload:

Liveload for stairs =3.5 KN/ m?.
Factored load

0u =1.2*6.54+ 1.6*3.5 = 13.45 KN/ m*.
For one meter Strip, q, = 13.45 KN/ m.
4.6.3 Design of Shear :

=  Assume @ 14 for main reinforcement:-
So, d =200-20 -14 = 166 mm = 16.6 cm
Taked=16.6 cm

-33.2

324
a4

Fig. (4-12) : Shear Envelope
* Vu=354 KN.

f/f. *b,*d
= fve=-—Y© W

_ 0.75*+/24*1* 0.166
6

* Vu=354 KN < @.Vc=1016 KN .

fVc =101.6KN




4.6.4 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

39.7
211

411

Fig. (4-13) : Moment Envelope

Mn e =Mu/09=39.7/09=44.1 KN.m.

d=16.6 cm.
K = an
b-d
* 6
1000* 166

m-_ Y
0.85x fc

m = 4—20 =20.59
0.85x24

* *
Y P L B 1_\/1_M —0.0039
m f, | 2059 420

AS eq = 0.0039* 100* 16.6 = 6.47 cm”
A's min =0.0018* b* h = 0.0018* 100* 20 = 3.6¢n7’

Use ® 14 >>> 647/154 = 4.2

Asprovided =7.7 > ASTeq.....coevvvvieiiennnn,




Check for strain:
Tension = Compression
A * fy=0.85* fc' *b* a
770* 420 = 0.85* 24*1000* a
a=15.8mm=1.58cm
x=i=@=18.6mm
b, 0.85

o _ 166 -18.6

® 18.6
e, = 0.024 > 0.005—— ok

*0.003

4.6.5 Secondary reinfor cement:

ASqgyiyage = 0.0018x bx h = 0,0018x 100 20 = 3.6cm?

Use ®10>>> 3.6/0.79 = 4.56

4.6.6 Stairsat section (A-A) Details:-

Fig. (4-14): Stair Section



4.7 Design of Shear wall :

4.7.1 Factors:

Z=30
R=55
=10
Ca=0.24
Ct=0.0488
Cv=0.24

Where:

Z = seismic zone factor as givenin Table 16-1.

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor given in Table 16-K.

Ca = sasmic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto Level i, n or X, respectively.

4.7.2 Shear and Moment Diagram:

By Using Software (Etabs 9.5), We Get the shear wall Analysis Results as shown in
the following Diagram:-

Vu Diagram

Mu Diagram

B0
; .\
[ e
o G0N =

LaDkKN *-__:
= 160K 3

S30KN_ >
(&=} (=]
\'..'; (=]
= 330N =

2068KM.m
EEH

Fig. (4-15) : Shear/Moment on Shear Wall



4.7.3 Design:
Fc =24 MPa
fy =420 MPa.
h=30cm. Shear wall thickness.
w= 4.5 m. shear wall width
H»=10.8m. Building height
N,=490 kN
Lw/2=45/2=225m .............. (Control)
hw/2 =10.8/2=5.4m
d=0.8* Lw=08*45=3.6m

V=

\/2_4 x 0.3x 3.6 =881kN....Control

Vo=

_ ,...-‘T,:sbsd+r~.-'usd

e2 4 gl
.o V24=03 =46 049=36 JDN
(-~ q i 4=df — 1%
- = , a* N, !
: s L (\-’l c*qub) b=»d
— ] =
e3 3 M L 10
vV, 2

Mu at critical section = 748 + 330(4 — 2.25) = 1325.5 kN.m

=1812kN

¢ 2 ' 13255 45 10

_ = , 2% 049
v V24 4-5(*‘3“15—-?&]) 03%3.6
37 )

330 2



Vs =—— Vc
L]

Vu/@ <VC

Av.h ) } )

( - j — Q.0UZ5 * A = 0025 * 0.3 = 0.00075
z TRETL

S<(Lw/ 5) = 4500/5 = 900 mm

S,<3* b=23* 300 =300 mm

(thh

52

= 0.00075

Try 10

2+79+107%
5

) = (0.00075

S=0.2107 m

4.7.4 Design of Vertical Shear Reinforcement:-

A A,
Ay = 15-0325 + 05 (2.5 — i_“J ® (; ”‘h — u.uqu)j 5%
w 2 G

A Iﬁui}aﬁ 05 (2.5 1“'5) ( A 0.0025 ] h
= ' il — = — . W o
on T ( 25/ \200= 300 ) s

A, = 0.0UZ506=5=h
A, = 0.002506% 5=03

try @ 10

(z «79+10°°

) = 0.00075
-3

S=0.2107 m

S < L/3=4500/3 =1500mm
< 450mm
< 3* h=3*300 =900 mm



£

W

L=
~600* (Eu/h,,
£u/hw = 0.007

4.5
Cz——=1.10¢
GO0 = 0.0y

boundary element length=C-0.1* |,
=1.07-0.1* 45=0.62m
>1.07/2=052 m

The boundary element length = 65 cm

Ast = (4.5/0.2) * 2* 79 =3555 mm?

z i |
1. 0BS=f=f*l_+h
woo A4 Asrxcﬂ_ W
. i |
1. 0BS=f=f*l_*h
woo A4 Asrxcﬂ_ W
A 1 _ .
L L 085%085+24%35%03 003657

3555= 1075 =420
n=0.9*(0.5 *Ast*F*1w* (1-Z/1w))
M, = 0.9%(0.5 *3555* 10~ 5* 420* 4.5* (1-0.05657))
Mp,=2.85MN.m
The max.moment 2068 < 2850
Use the min. reinforcement
Ast = 0.01 =650+ 300 =1950mm?2



4.7.5 Details:

T i

3 [ ] 4

r | | " 4

F L ] 4

3 [ | i E |

) iﬂ_'ﬂl'@:._\

r 1reicam I

P

3 A ] 4

i3 i

3 [ | ] 4
2413820 | | 2410820

r \\1 .-/ |
nsine | | " | sstnamn
SRR | e TR

Fig. (4-16) : Shear Wall Details



4.8 Design of isolated footing (Foun 04) :

4.8.1 Design of Footing Area:

To determinetherequired footing area, thetotal serviceload will be used
Column dimension = (40x40)cm

Allowable soil pressure =  KN/m?

Area= Totd serviceload / Soil Pressure
= + KN /450 KN/m?2
= 3.44m?

L=B=+3.44

Usethe Areaof thefooting (1.9 x1.9) m?



4.8.2 Deter mine the depth of footing based on shear strength:

Assumeh = 650 mm ...
d =650-75-20 =555 mm

4.8.3 Check for one way shear strength:

Critical Section at %+d

19-4 —0.75m
L oundation a
Vu=s * (% - (E + d))* BFoundation

Vu =565x (0.75—-0.555) x1.9 = 209.33KN
f Vc=f .(%x\/f_c'xqvxd)

f Ve = 0.75x = x /24 x 1.9 0.555x 1000 = 645.75KN

4.8.4 Check for two way shear action punching:

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

1 4 !
V,=.—|1+— |/ f.bd
Cc 12(+bJ c ™o

C

Where:
_ Column Length (a) 40

¢ ColumnWidth (b) 40

b, = Perimeter of critical section taken at d/2from the loaded area
b, = 4x(0.4+ 0.555) = 3.82

a, =40 for interior column

V, =05,/ fch,d



Ve =0333yf.bd it is the control

f V = 0.75x 0.333x /24 x 3.62x 0.555x 1000 = 2596.58KN.. Control

VU = [(1.9* 19)-(0.4+ o.555>2]x 565 = 1524.355KN

4.8.5 Design of dowels:-

f.Pn=f.(0.85fc x Al)
= 0.65x 0.85x 24x 0.4x 0.4 = 2.1216MPa
But Pu=1.2x1100+1.6x 450 = 2.04MPa

o= 212165 o6,
0.65
pu _204 5. a9
0.65 0.65
As— 3.138-3.264 _ 0.0003
420

2
As =0.0003x 400x 400 = 48mm
.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As . =0.005x Ag = 0.005x 400x 400 = 800mnY



4.8.6 Design of Bending Moment:

Mu = 565x (0.75) x (0.75) x 0.5 =159KN.m

d=555mm
-3
Kn = Mr; _ 15909 > =0.3 Mpa.
bd® 1.9x0.555
fy 420  _ 20.6

m= - =
0.85x fc  0.85x24

; :i 1- 1_2xm><Kn
m fy

r= L 1—\/1—M — 0.0007196
420

T 206
ASqeq = xbxd =0.0007196x 1900 x 555 = 759 mm*
Check As,,
ASqyinkage = 0.0018 x bx h = 0.0018x1900x 650 = 2223 mn.....control
. As = 2223mn°
Select1? f 16

Check for Strain :
Tension =Compression
Asx fy=0.85x fc'xbx a
2412 x 420 = 0.85x 24x1900* a
a=26.14mm
c= 221 3575
bl 0.85
o - 555-30.75
° 30.75

e,=0.0511>0.005  ....... OK

*0.003



4.8.7 | solated Footing Detail:

mﬂ@?n i Y o Y 3 i ] F ol A

12=16 L=21d

12516 L=110 \[
|._ -:.h I_‘ T, -'\.-‘-. ST T -I - '_1-.‘.}--‘." : .-:'Jh' E I.;c'. L

.10

1.90
e

170

12818 | =210

E 17616 L=210
170

4
thId

Fig. (4-17) : Footing Details



4.9 Design of combined footing (comb 01) :
Footing for the column C1 & C2:
4.9.1 Load Calculation :

C1:40*30 ...... Pul =1100 Kn service
C2:40*30...... Pu2 =1100Kn service

4.9.2 Deter mination of the footing dimension:

Distance between the two columnsis 1.4 cm center to center
D=(1100*1.4)/ 2200=0.7 m from center of column 1

Position thecenter of pressure between the two coulumn
= D, =0.7m from COlcenter

= D, =0.7m from CO2center
[/2=0.7+0.15+0.65=1.5

| =3m

 FR 2200
A = gallownet 450
B=4.89/3=1.6m

= 4.89m’

Pul =1.2*900+1.6*200=1400 Kn factored
Pu2 =1.2*900+1.6*200=1400 Kn factored

4.9.3 Determination of the foundation depth :
Selecth =60 cm ....d =50.5cm



4.9.4 Check for oneway shear strength For Col. 1 & Col. 2:

V,1=1400-583(0.65+ 0.3+ 0.505) * 1.6
V, =42Kn

f Ve =f .(%*Jf_d*bw*d)

f Vc=0.75* %* 247*1.6* 0.505=495Kn

4.9.5 Check for two way shear action punching :

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

f.vC:f%(nb—zJ\/fT b,d
Fv, =f —(b = erd
fv, =f —\/7bd

B Column Length (a) 40
¢ Column Width (b) 30

=133

b, _ Perimeter of critical section taken at )d/2 (from the loaded area

b,exterior = 2x(0.3+ 0.65+ 0.505/ 2) + (0.4+ 0.505) = 3.31Imcontrol
b, interior = 2x(0.3+0.505) + 2* (0.4 + 0.505) = 3.42m

a,=30 ... for exterior column

\Vu=1400-((0.65+0.3+0.505/2)* (0.4+0.505))=766 KN

f V. =f. £1+—J\/7bd—075 ( 23)* 24*1.6* 0.505= 2559Kn

V=t +2 1 od =20 30 | 5|+ /24%1.6*0.505= 3366Kn
b/d 12 | (1.6/0.505)

fV=f —\/7bd—0;5* 24*1.6* 0.505=2047Kn

f V. =2047Kn ..... Control



4.9.6 Design for Bending Moment:

Bottom reinfor cement

|
0.8m

| 0.8m F 1.4m

69.4kn

299kn 299kn

Fig. (4-18) : Moment Envelop

At section A-A
Mul = 583* 0.8* (0.8/2) *1.6 = 299Kn..m

Mu2=583*0.8* (0.8/2)*1.6 =299Kn.m

Mn = 29 _ 332KN.m

0.9

_Mn__ 3% _5g14vpa
bd” ~ 1.6x(0.505)

me_ Y 420 .56
0.85* fc  0.85* 24

, —l[l— 1_2xm><KnJ
m \/ fy

1 {1_ \/1_ 2x 20.6><O.814J  0.0019784

Kn

r=——r
20.6 420

ASpe,, =1 *b* d =0.0019784* 1600* 505=1599 mm’
As,;, =0.0018* b* h = 0.0018* 1600* 600 = 1728mn’.....

control



Check for Strain :
Tension =Compression
As* fy =0.85* fc*b* a
1809* 420 = 0.85* 24* 1600* a
a=23.2mm
232

c=——=274
0.85

o _505-274
ST 214

e,=0.058>0.005 ... OK
At section B-B
As_. =0.0018* b* h=0.0018* 3000* 600 = 3240mm

Check for Strain :
Tension =Compression
As* fy=0.85* fc*b* a
3417* 420=0.85* 24* 3000* a
a=23.45mm
23.45
C=——
0.85
420-27.6
e =————
27.6

e,=0.043>0.005 ... OK

*0.003=0.058

=27.6

*0.003=0.043

4.9.7 Check transfer of load at base of column:

f.Pn=f.(0.85fC'Ag)
f .Pn=0.65*[0.85* 24* (300* 400)] /1000 = 1591KN
But Pu=1400<f .Pn=1591KN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As_ =0.005* Ag=0.005* 300* 400= 600mnT
Usethecolumnbarsasadowels

forcol.1& col.2
As=6x201=1206> As,;,

4.9.8 Combined Footing Detail :
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Fig. (4-19) Combined Footing Detaill
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4.10 Design of Strip Footing:

4.10.1 Load Calculation :
Pu=490 KN/m
Pu (service) =340 KN/m

4.10.2 Deter mine the Footing Width:

Allowable soil pressure = 450 KN/m?

W total 350
allowable soil pressure 450
so that select (B =1m)

Footing width = =0.8m

The main reinforcement needs an enough

Distance to anchorage development length due

to the following Equation:
¢ 12 LD=0.24x%(420/v24)x12=247mm
(247x2)+300+(2x75)=944mm=1000mm

4.10.3 Deter mined of footing depth :

Ou= 1.2xD+1.6xL
Ou =490 KN/m
N tooting= 30 cm = d = 30-75-20 = 205mm.



4.10.4 Bearing pressure:

_pu 490
Area 1*1

V, =V, :%ﬁmd

(1-0.3)/2=0.35m
0.35-d= 0.35-0.205=0.145m
Vu= 0.145x490=71.05 KN

= 490KN \ m?

qu

0'675 %24 x 1 0.205% 1000 = 125.54KN

fVc=0.75x%@xbxd=

¢ Vc=125.54 > Vu=71.05

4.10.5 Deter mine Reinfor cement for Moment Strength:

footing width—wall width |, , footing width—wall width
o) ( )* ( )

Mu = (P,
u= (P 5 "

= 490%(0.35)72/2
= Mu=30 KN.m

Mn = 0 =33.33KN.m
09

Mn 33.33x10°
Rn = > = 5
bd 1x 0.205

. fy 420
0.85* fc  0.85* 24

, :l 1- 1_2xmen
m fy

=0.79Mpa

20.6




Lol 1_\/1_ 2x20.6x0.79 | _ ) 15100
20.6 420

ASpe, =T *b* d =0.00192* 1000* 205 =393.6mm*/m
Check As,,

As,. = 0.0018x1000x 300 = 540mm? / m
Asreq < Asmin

usg 12

540

2478
113

i =20cm
4.78

* Check of strain:
Tension = Compression
As* fy =0.85* fc*b* a
565* 420 = 0.85* 24*1000* a
a=11.6mm
x=-2 =18 13 6gmm
bl 0.85
o _ 205-13.68
® 13.68

e, =0.042>0.005 ... OK

*0.003=0.042

4.10.6 Development length of main reinfor cement:
For ®12 bars db=12 mm

fy
Ld=—2—abgd
2,/ fc' 9%
420
Ld=——1*1*1*1.2
2\ 24

Ld =51.4>30cm
AvailableLd =300-75- 20 = 205mm < 514mm

0.24* fy* 1.2* 0.7* 1/+/24 =17.28 cm
So a standard hook of (20 cm ) must be used to provide Ld.



4.10.7 Design of Secondary Bottom Reinfor cement
Asqin for shrinkage & temperature

ASynin=0.0018* b* h

ASmin= 0.0018 * 1000* 300

As=540 mm?

4.10.8 Design of dowels bars:
As(min) for dowels of wall:-
As(min)=0.0012x1000x300=360 mm?
Use longitudinal shear wall bars

Use f 10@ 20 cm

_fy
Ld_zﬁ

For f10 bars

abgd,

Ld= ﬁl* 1*1*1.0

24/24
Ld = 42.866 > 30cm

Available Ld = 300 - 75- 20 = 205mm < 514mm
0.24* fy* 1.0* 0.7* 1/+/24 =14.4cm

So a standard hook of (20 cm ) must be used to provide Ld.



4.10.9 Strip Footing Detail:

1T Gampm w385 - -mirsy
Coup ez v Suderfu-] 3

&
BRG] 1% domn
5]
0 b L g
|

Fig. (4-21) : Strip Details



4.11 Design of Truss:

Fig. (4-22) : Truss Geometry

Space between truss and anther = 4.1 m
L =18m

B =15m

h=1m

4.11.1 Load Calculations:

e Deadload:
dead load of corrugate sheets = 0.15 KN/m2.
dead load of purlins = 0.30 KN/m2.
dead load of installation = 0.10 KN/m2.
dead load of truss = 2 KN/m.
D.L =0.55* 4.1 +2 =4.3KN/m..
D.L =4.3*0.06852 * 103 =294.6 |b/ft.

e Windload:
W.L=Ce*Cq*gs* lw
Ce=154
Cq=0.7 ........ outward
gs =20.8 Psf
lw=1
W.L =154*0.7* 20.8* 1= 22.4224 Psf
W.L = 22.4224*4.1* 3.281 = 302 |b/ft.



e Snow load :
S.L =1.75KN/m2 = 36.7 Psf.
S.L =36.7 *4.1 * 3.281=494 |b/ft.

qu =1.2D.L+1.6S.L+0.8W.L
qu =1.2* 294.6+1.6 * 494+0.8*(-302) = 902 Ib/ft = 1816 KN/

4.11.2 Analysis:
D1 =159.6 KN

V1=-98.6 KN
T5=-365.4KN
B5 =355 KN

4.11.3 Design:
The Diagonal and the vertical members have the same section.

The top and the bottom members have the same section.

4.11.3.1 Design of Diagonal member :
D1 =159.6 KN =35.88Kip

Yielding limit state :
eTn>Tu
0*Fy*Ag=Tu
0.9* 36* Ag > 35.88
Agreg=1.11in2
Stiffens limit state :
L <300
r L =1.8m =5.9ft

5.9*12
r

r >0.236in
From Agreq=1.11in2 and r =0.2336in

<300




4.11.3.2 Design of Vertical member:

V1=-98.6 KN =22.17 Kip

Effective length :

For buckling about x-x & y-y
Kx =Ky =1
Lx=Ly=1*3.281*12=39.37 in

Critical stress Fcr :
Kx * Lx
Assume amiddle value of rx

From curve of A36 steal Fcr = 22Ksi
Required Ag
oc* Pcr>Pu

= 100

oc* Fer* Ag>Pu
0.85* 22* Ag>22.17
Agreq=1.19in2

3
Select tube 3x3x16

Ag=1.27in2 r=0.726 in

Effective length ratio :

Kx*Lx Ky*Ly 39.37
rx = Iy =11

=35.8

From curve of A36 steel Fcr = 31Ksi
Design strength:

oc* Pcr > Pu

@c* Fer* Ag=Pu

0.85*31*1.27> 22.17

33.46>22.17 Ok



4.11.3.3 Design of Top member :

T5=-365.4 KN =82.15Kip
Effective length :

For buckling about x-x & y-y

Kx =Ky =1
Lx=Ly=1.5*3.281*12 =59.06 in
Critical stress Fcr
Assumeamiddlevalueof  rx
From curve of A36 steel Fcr = 22Ksi
Required Ag

oc* Pecr > Pu

=100

@c* Fer* Ag=Pu
0.85* 22* Ag>82.15
Agreq =4.4in2

3
Select tube 4x4x 8
Ag=5.081n2 r=2145in
Effective length ratio :

* Ky* L
Kx* Lx y Ly 59.06: 40.73
X = ry — 145

From curve of A36 steel Fcr = 33.5Ksi
Design strength:

@c* Pcr>Pu

oc* Fer* Ag>Pu

0.85* 33.5*5.08>82.15

144.65> 82.15

Smaller profile must be select



Effective length ratio :

* Ky* L
Kx* Lx y*LY 59.06 _39.11
X = ry - 151

From curve of A36 steel Fcr = 33.6Ksi
Design strength:

oc* Pcr>Pu

oc* Fer* Ag>Pu

0.85* 33.6* 3.59>82.15
102.53>82.15 Ok

4.11.3.4 Design of bottom member:
B5 =355 KN =79.8Kip

Yielding limit state :
@Tn>Tu
¢*Fy*Ag=Tu
0.9*36* Ag>79.8
Agreg =2.46 in2
Stiffens limit state :
L <300
r L =1.5m =4.92ft

4.92*12
r

r>0.2in
From Agreq=2.46in2 and r=0.2in

<300

NI

Select tube 4x4x
Ag=359in2 r=2151in



4.11.3.5 Design of fillet welled :

Use (SMAW) ........ Fu= 60 Ksi
Tu=159.6 KN = 35.88 Kip

v
amin=28 fromtable5.11.1

3 3
amax =16 ... select a =16
3" 3 3

a=1#6<8 s te=a=16

Shear fracture of base metd :

oR,, > Ru

nw —

0.75*t*0.6* Fu>Ru

.
0.75* 16*0.6*58 = 4.894 Kip/in .............. Control

Shear fracture of weld metal :

¢R. >Ru

0.75*t,*0.6* F,, > Ru

-
0.75* 16*0.6*60 = 5.06 Kip/in

Tu 3588
Lwreq= oR,, =4.894 =7.33in

Lw min=4*a=0.75in



4.11.3.6 Design of purlins:

13.16-1.2*2
qu = 4.1 *1.5= 3.94 KN/m.
Mumax = 10.4 KN.m = 7.67 Kip. Ft = 92 Kip. in
Vumax = 10.5 KN = 2.36 Kip
Design of bending moment :
©*Mn>Mu

0.9* Fy* Zx,., > Mu

req =
92
ZX1eq— 0.9% 36

z

=2.84in®

Zx =2.93in3 > e

Ok

Design of shear force:

0.V, >V,

0.9* Fy*t,*d*0.62>V,
0.9*36* 0.1875*3.5* 0.6 >V,
12.76 > 2.36 Ok
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1. American Concrete Institute (A.C.1.) , Building Code
Requirement for structural concrete (ACI - 318M - 02).
2. Uniform Building Code (UBC-97).
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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 £/20 £r24 £/28 £/M10

Beams or
ribbed one-
way slabs EM6 £M18.5 €721 /8
Notes:

Valuas given shall be usgci directly for members with normalweight concrete
= 2320 kg/m*) and Grade 420 reinforcement. For other condi-

Ld&nsitg W, .
tions, the values shall be modified as follows: .
in the range

a) For structural !iﬁhma'rght concrete having unit density, w,.
1440-1920 kg/m®, the values shall be multiplied by (1.65 - 0.803w,.) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

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