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Structural Design Of Residence Of College Students

Project Team

Ala’ Gneemat Muayad Shawawrah

Pal estine Polytechnic University-2010

Supervisor
Dr. Maher Amro
Abstract

The main idea of this project is to make the structural analysis and design of all

included structural members within the project of the residence of college students.

This type of project is urgent required due to the large number outer students from
villages and cities far away from Hebron. The location of building was chosen to be
close enough to the camp of Palestine polytechnic university. The building consists
of four storey's of atotal area of 3150 m2.

The Jordanian code is used to determine the loads, while the American code is used

for the structural design of reinforced concrete sections.

It’s expected after finishing the project to have the ability to make all of structural
design of severa building .
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As = area of non-prestressed tension reinforcement.

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

At = area of oneleg 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 |oads.

LL =liveloads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of easticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

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 or in direction paralel to longitudina reinforcement.

V¢ =nomina shear strength provided by concrete.

Xiv



Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

W = width of beam or rib.

® = strength reduction factor.
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Chapter Four

Structural Analysisand Design

4

4 -1 Introduction.

4 -2 Factored L oads.

4 - 3 Deter mination of thickness.

4 -4 Load Calculation.

4 -5 Design of Topping.

4 -6 Design of rib (Rib 8) in the Ground floor slab.
4 -7 Design of Beam (B16) in the Ground floor slab.

4 -8 Design of long Column(C5) in the Ground floor .

4 -9 Design of Isolated Footing(F4).

4 - 10 Design of Strip Footing.

4 - 11 Design of Mat Foundation.

4 — 12 Design of Stairs(1).

4 - 13 Design of one Way Solid dlab(S.S2).
4 — 14 Design of Shear Wall.
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Structural Analysis And Design

4.1 Introduction
In this chapter the structural analysis and design will be done for the different

structural member such as slabs, columns, footing and walls

4.2 Factored L oads:
The factored load (qu) is determined as follows:

Ou=12DL +1.6L ACI -318-02(9.2.1)

4.3 Determination of Thickness:
The structure may be subjected 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 Table (9.5.a):
For rib (2) in thethird floor, as shown in fig (4.1).

== =

5 4m

Fig. (4-1) Rib (2) inthethird floor

Spans from one-way ribbed dabs:
hnin fOr ssmply support:

Ln 540 5338 1 ACI-318-02 (9.5)

16 16

- We select The Thickness Rib Slab = 35 cm
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4.4 L oad Calculation:

Calculation of the total dead load for one way rib dlab is shown in the following
table:

No. Parts of Rib Calculation

1 Rib 0.12*0.27*25 = 0.810 KN/m

2 Top Slab 0.080.52*25 =1.040 KN/m

3 Plaster 0.03*0.52*22 =0.343 KN/m
4 Block 0.27*0.4*10 =1.08 KN/m
5 Sand Fill 0.12*0.52*16 =1.023 KN/m
6 | Tile& Mortar | 0.05*0.52*22 =0.572 KN/m
partitions 1.25*0.52 = 0.65 KN/m
5.52 KN/m

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

Nominal Total Dead L oad:

D.L. total = 0.810+ 1.040+ 0.343+ 1.08+ 1.023 + .572 +0.65 =
=5.52 kKN/m of rib

Total dead load = 5.52 / 0.52 = 10.62 kN/m?

Liveload =2* 0.52 = 1.04 KN/m of rib

Factored dead Load = 1.2* 5.52 = 6.62kN/m

Factored liveLoad =1.6* 1.04 =1.66 kN/m
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4.5 Design of Topping:
The load calculation for the toping is as in the following table:

No Parts of Rib Cadlculation
1 Top Slab 0.08*25=2 kN/m*
2. Plaster 0.02%22=0.44 kN/m*
3. Block 0.27*10=2.7 kKN/m?
4, Tiles & Mortar 0.05*22=0.66 kN/m”
5. Sand Fill 0.1*16=1.64 kN/m*
8. partition 1.25 kN/m?

9.09 kN/m2

Table (4.2):calculation of the total dead load for topping

g,=12*D.L+16*L.L
g, =12*9.09+1.6* 2.0

= 14.13KN/m?
- For aone meter strip Wu = 14.13 KN/m?

Assume slab fixed at supported points (ribs):

*|2 Frkoizd 17
MU = Wu* |
12
* 2
Mu= 43704 6 19kNm
12
f.'=0.8*30=24

fr = 0.42x ./ fc'(MPa) ACI-318-02 (22-5.1)
fr = 0.42x v/24(MPa) = 2.06 MPa
=2.06x107° x10° = 2060 KN / m?

Fig. (4-2) Toping of slab

Mn=fr*s

bh® 1.00x(0.08)
6 6

Mn = 2060* 1.06x10° =2.184 KN.m

® Mn=0.55* 2.184= 1.201 KN.m

S= =1.06x10°m°
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d Mn=1.201 KN.m> Mu=0.19 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* 100* 8=1.44 cm?/1m

\ Use 1 8/ 25 cm (48 / 1m), with ASyovided = 2.00 cm?/Im both directions.

4.6 Design of Rib (8):

Fig.(4-3) Rib location

By using ATIR program we get the envelope moment and shear diagram as the
follows:-

& 5.4m & 5.05m é

Fig. (4 - 4) Spanslength of rib (8).
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Fig. (4 - 5) Shear diagram for rib ( 8 )-(KN).

-2f.4
P
_15_5/ \_t 1R 1

b 55
AT e

)

| 2.16 ; 174 3.03 , a2

Fig. (4 - 6) Moment diagram for rib ( 8 )-(KN.m).

4.6.1 Design of Positive Moment for (Rib 8-Field 1):
Thisdesign for 5.4 m span (MF1),
Effective Flange width ( b;) ACI-318-02 (8.10.2)
bE For T- section isthe smallest of the following:

b <Lc/4=54/4=135m=135cm

b <12+16t=12+16(8) = 140 cm

b. <bw+Ln/2 =12+460/2 = 242 cm

b < center to center between Rib=52 cm

» Use M max positive for span = 18.7 kN.m
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» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm

C=0.85 fct b, =0.85 (24) (80) (520)/1000 =848.6 KN

d =h-cover - Dstrrups-d/2=35-2-1- 1.2/2=31.4cm

Mp=Tor C(d-0.5a) =848.6 (314 - 0.5 (80))/1000 =232.5KN.m
M avaitable = 232.5 KN.mM > My, required = 20.78 KN.m

Design as arectangular with b, =52 cm

A's min = \/_(b w)(d) ACI-318 (10.5.1)

A's min _%(120)(314) 1.15cn??

A's min =—— (bw)(d
s min (fy)(W)()

As min =2 (120)(314) = .32
400

Asmin=132cm? = 1.15 cm?

A's min =1.32¢cm’

__fy _ 40 _
0.85fc  0.85(24)
Mn  20.78 * (10)°

= = = 0.405
bd?  (520)(314)?

c_ A, o 2mRn | 1 1_\/_2 19.6*0.405 | _ 4 10101
m fy 19.6 400

A s =0.00101(52) (31.4) = 1.65cm?’>A's min = 1.36 cm?

Asreg= 1.65cm?

#of bars= As/ Aspy = 1.65/1.131 = 1.46 * Note Aoz = 1.131 cm?
~ Select bottom bars 2012
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* Check Strain:
Tension = Compression
A x fy=0.85x f 'xbxa

226.2* 400=0.85x 24x520x a
a=38.52mm

a 852

=——=——=10.0mm
085 0.85

314-10
e =

S

e, =0.0912> 0.005

x0.003=0.0912

4.6.2 Design of Positive Moment for (Rib 8-Field 2):

This design for 5.05 m span (MF2),
Effective Flange width ( b;) ACI-318-02 (8.10.2)
b For T- section is the smallest of the following:

b <Lc/4=505/4=1.26m=126cm

b, <12+16t=12+ 16 (8) = 140 cm

be <bw+Ln/2 =12+420/2 = 242 cm

be < center to center between Rib=52 cm

Control .......... 52cm

» Use My max positive for span = 15.3 KN.m

Mnrequiraj = 153/09 = 17 kNm

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

For a=t=8cm

C=0.85 fct b, =0.85 (24) (80) (520)/1000 =848.6 KN

d =h- cover — @strrups-d/2=35-2-1- 1.2/2=31.4 cm

M, =T or C (d- 0.5 a) = 848.6 (314 - 0.5 (80))/1000 = 232.5 KN.m
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Mnava||ab|e 232 5 KN m> Mnrmuwm 17 KN m

Design as arectangular with b, =52 cm

A's min = \/_(b w)(d) ACI-318 (10.5.1)
24 ~ )
A's min _m(lzo)(sm) =1.15cm

1.4
A's min =——(bw)(d
S min (fy)( w)(d)

As min =2 (120)(314) = .32
400

Asmin =132cm? = 1.15 cm?

A's min =1.32¢cm”’

__y 400 _
0.85fc  0.85(24)

_ Mn 17 *(10)°
bd? (520)(314)?

c_Af,  f_2mRn ) _ 1 1_\/1_2 19.6*0.34 | _ 1 10086
m fy 19.6 400

=0.34

A s =0.00086(52) (31.4) = 1.4cm* > As min = 1.36 cm?
Asreg= 1.4 cm?
#of bars=As/ Aspar = 1.4/1.131=1.24 * Note Agi = 1.131 cm?

~ Select bottom bars 2012
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* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
2.262x100x 400=0.85%x 24x520x a
a=8.52mm

_a 852 16 0mm

T 085 085
_314-10 x 0.003=0.0912

s —

e, =0.0912> 0.005

4.6.3 Design of Negative Moment for (Rib 8):

The maximum negative moment (MS ) from spans with support is
Mu=16.1 kN.m

Mn =16.1/0.9=17.89 kN.m

Design of T-section for negative moment as rectangular section with

(b=bw)

A's min = \/_ (b )(d) ACI-318 (10.5.1)

As min = 24
4(400)
A's min =%(bw)(d)

As min == (120)(314) = 1.32cn?
400

Asmin=132cm’ = 1.15cm’
A's min =1.32¢cm’

m = 19.6

_ Mn _ 17.89 * (10)°
bd > (120 )(314)2
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c_Af,  _2mRn ) _ 1 1_\/1_2 19.6*1.51 | _ 4 10303
m fy 19.6 400

As =0.00393(12) (31.4) = 1.48 cm*> A's min =1.32 cm?
Asreq= 1.48cm?
#of bars= As/ Aspr = 1.48/1.13=1.31 * Note Ap1z = 1.13 cm?

Selectbar 2 ® 12

As(provide) = 2.262 Cm2

Check strain:

Tension = Compression

A x fy=0.85x f 'xbx a
226.2x 400 = 0.85x 24x520x a
a=38.52mm

a 852

=——=——=10.0mm
085 0.85

e, = 31;1_; 10 x0.003=0.0912

e, =0.0912> 0.005

4.6.4 Design of Shear for (Rib 8):-

d Ve = CD*@ bw* d

= (0.75* g 120* 314) = 23.07 KN
Vy=235KN>® Vc (From Shear Envelop)
® Vepin =( % * bw * d) =(o.75%*120*314) = 9.42 KN.

23.07<23.5<32.49

38



Category (3)satisfy

® Vs:1—16 fc' * bw* d =1—16\/ﬂ*120* 314=11.54KN

2l* bw* d :£*120* 314=9.42KN
3 3
Av 1, bw_ 1,120
( - )min 2" —=="——==
S 3 fyt 3 400
f !
s AT = LV o0 des
16 fyt 16 400
S ®x Avx fyxd
dVs
_ 0.75% (2x50) x4?0x 314 _ 816.3mm  81.6cm
11.54x10
S=d/2=31.4/2=15.7 cm
S<60cm
UseS=15cm

Thenusef 8 @ 15cm
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4.7 Design of Beam (B 16):-

Fig. (4 - 7) Beam location (B16)

ey 27Tm % 4 9m %

Fig. (4-8) Span Length (B 16)

—T1LU.rF
-13h.4 7200
| o Z-IU.H!J Hh
filges emsiT ] e
; , 1.42,n.9 T
- 145 f T 1 L il
110.6
0.68 2.n3 | 2.94
1

Fig. (4 - 9) Moment diagram for Beam16 (KN.m)
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-140.6
0.

204.5%

Fig. (4 — 10) Beam shear values (KN)

4.7.1 Design of Positive Moment (B 16 - Field 1):
b =70cm,

h=35cm

d=h-cover - d strrups-d/2 =35-4-1- 2/2=29 cm

Mu = 14.5KN.m

A's min = \/_(b w)(d) ACI-318 (10.5.1)

_ 24
(400)

14
A's min =—— (bw)(d
s min (fy)( w)(d)

As min =2 (700)(290) = 7.11c?
400

e Asmin=711cm’ = 6.22cm’

Asmin =7.11cm’
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MN (e =14.5/0.9=16.1KN.m

M =19.6
_ Mn _ 16.1*(10)°
bd®> (700)(290)>

c_ A, 2mRn ) _ 1 1_\/1_
m fy 19 .6

ASge =0.001(110) (29) =3.19cm”

Design asA smin=7.11 cm2

2*19.6*0.27

= 0.001
400

* Note Agis = 2.01 cm?

* Check for strain:
Tension = Compression

A x fy=0.85x f 'xbxa
804x400=0.85x24x700x a
a=22.52mm

a 225

=——=———=26.5mm
0.85 0.85

 290-26.5

eS
26.5
e, =0.03> 0.005

x 0.003=0.03

4.7.2 Design of Shear for Beam (B 16 - Field 1):

V=122 KN (Max. value of Vuinfield 1)

®d Ve = CD*@* bw* d

/24

=(0.75* T* 700* 290)/1000

= 1243 KN.
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® VS min = (cb * pw * d) = (0.75%*70*290) /1000 = 50.75KN.

V, = 122KN (From Shear Envelope)
YodVec<V,<dVc

62.15<122<124.3

Category (2) satisfy

S=d/2=29/2=145cm

S<60cm

UseS=15cm

Then use 4 legsf 10 @ 15cm

4.7.3 Design of Negative Moment (B16-field 1):
b =70cm,

h=35cm

d=h-cover - J strrups-d/2 =35-4-1- 2/2=29 cm
Mu = 136.4 KN.m

A's min —£(b w)(d) ACI-318 (10.5.1)

[

4(400)

14
A's min =—— (bw)(d
s min (fy)( w)(d)

A's min =£(700)(290) = 7.11cn?
400

Asmin=7.11cm’ = 6.22cm”’

Asmin =7.11cm’
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MnN (e =136.4/0.9 = 151.6KN.m
M =19.6
_ Mn 1516*(10)°

bd?  (700)(290)°

* *
oAy fp2mR ) 1 1_\/1_2 19.6*2.57 | _ 4 4075
m fy 19.6 400

AS g =0.0075(70) (29) =15.2cm” * Note Aoy = 4.9 cm?

Select 4 ® 25 with As pov. = 19.6cm”

* Check for strain:
Tension = Compression

A x fy=0.85x f_ 'xbxa
1960x 400=0.85x 24 x 700x a
a=54.9mm

a__549 = 64.6mm

" 085 085

290645

s —

e, =0.01> 0.005

x 0.003=0.01

4.7.4 Design of Positive Moment (B 16 - Field 2):
b =70cm,

h=35cm

d=h-cover - @ strrups-d/2=35-4-1- 2/2=29 cm

Mu = 140.6 KN.m

A's min = */_(b w)(d) ACI-318 (10.5.1)

Nen
(400)
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1.4
A's min =——(bw)(d
S min (fy)( w)(d)

As min =2 (700)(290) = 7.11c?
400

Asmin=7.11cm’ = 6.22cm’

Asmin =7.11cm’

Mn (e = 140.6/0.9 = 156.2KN.m

M =19.6
~ Mn 156.2* (10)°
bd? (700)(290)2
* *
c_Afy fp_2mRn )1 (0 \/1— 2*19.6*2.57 | _ 4 409
m fy 19 .6 400
ASqe =0.008 (70) (29) =16.2cm” * Note Aags = 4.9 cm?

Select 4 ® 25 with As oy, = 19.6 cm”

* Check for strain:
Tension = Compression

A x fy=0.85x f,'xbxa
1960x 400=0.85x 24 x 700x a
a=54.9mm

a 549

=——=——=64.6mm
085 0.85

290-64.5
e.=———"77-—7

S

x 0.003=0.01
e, =0.01>0.005
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4.7.5 Design of Shear for Beam (B 16 - Field 2):

V,=172.9 KN (Max. value of Vuinfield 1)

®d Ve = CD*@* bw* d

/24

=(0.75* T* 700* 290)/1000

® Ve =124.3KN

® Vnin = (® % * bw * d) = (0.75* %*700*290) /1000 = 50.75KN.

V,=172.9 kN (From Shear Envelope)
dVc+d % *bw*d=1243+0.75* :—13*700*290 =175KN

®Vec<Vu<d Ve+mind Vs
124.3<1729< 175

Category (3) satisfy

® Vs = Vsmin=50.75 KN

_ Dx Avx fyxd
dVs
~ 0.75x(314.16) x 400x 290

50.75x 10°
S=d/2=29/2=145cm
S<60cm
UseS=15cm

S

= 538.6mm=42.55cm

Thenuse 4 legsf 10 @ 15cm
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4.8 Design of Long Column (C5in the Ground floor) :

c5

Fig. (4 - 11) column location (C5)

4.8.1 Design of Longitudinal Reinforcement :

Select column (C5) for design
Pu=1000 KN

Pn = 1000/(0.65) = 1539 KN
rg=2%
Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc")}

1539 = 0.8* Ag[0.85* 24 + 0.02* (400 0.85* 24)]
Ag = 0.07m?

Use 30*30 cmwith Ag = 0.09 m? > Agyeq = 0.06 n?

4.8.2 Check Slender ness Effect :
Ku < 34—12m ............... ACI —(10.12.2)
r M2

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
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R: radius of gnyration=0.3h = \/%

Lu=2.85m

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 pp ML ACl - (10.12.2)
r M 2

1* 2.85
0.3*0.3

. long Coloumn

=31.7> 22

E.I
El =04—% ., [ ACI 318- 2002 (Eg. 10-15)]
1+Db,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
b, = 1.2DL _ 850 _ 085

Pu 1000

* I3 * 3
| - b*h”> 03*03 _0.001 m*

g 12
£y - 04 23270.15%0.001 .\
1+0.85

p ’El
Py =g e ACI 318— 2002(Eq. 10—13)

(KLu)

2 %
, 314 52 6 1MN.
(1.0* 2.85)
M1

Cm=0.6+0.4 E ACI 318 — 2002 (Eq.10 - 16)
Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
d,= M 510 ACI 318 — 2002 (Eq. 10 —12)

1-(Pu/0.75R,

1

d,= —=13>1
1-(1000/0.75* 6.1*10%)
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e, =15+0.03* h=15+0.03* 300 = 24mm = 0.024m
e=e, xd, =0024*1.3=0.031
0.031

2 _0.103

h 0.3

From Interactio n Diagram
fP, _ 1000 , 145 _ 1611 Ps
A, 0.3*0.3 1000

r,=0.01

A;=r*A,=0.01*30*30=9 cm?

Use 8014 with As = 12.32 c2 >As;gq = 9 CNP

4.8.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)...........cccuenee. ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16 x d,, (Longitudinal .bar .diameter ) =16 x1.2=19.2cm.
Spacing < 48 x d, (tiebar .diameter) = 48 x 1.0 = 48cm.
Spacing < Least.diminsion = 30cm

. Use f10@20cm
SIOEAL) a10820
=108
¥ -t ]
pro : i
L | BN
| . - g
| o
R g5
30

Fig. (4-12). Long Column Details
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4.9 Design of I solated Footing (F4) :

Fig. (4-13). Isolated Footing location

4.9.1 Load Calculation :

(PL)servicezgo KN
Total factored load = 984 KN.

Column Dimensions = 30* 30 cm.
Soil density =18 KN/m3.
Allowable soil Pressure = 500 KN/m2.
Assume footing to be about (40 cm) thick.
Qall net = Gail - 9D
=500-18*0.5-0.4* 25=481 KN/m*
4.9.2 Deter mination of Footing Area :
A = Pu

qall net

700+ 90
A = 481

2> A,=164m?

Try 1.3* 1.3mwith area= 1.69m?2 > Ao, = 1.64 m2
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4.9.3 Deter mine the depth of footing based on shear strength:
Assumeh=40cm .....d =40-7.5-2.0=30.5cm

Pu * *
g = o 127700+16%90 _ o) o 2

Ao i 1.3*1.3

*Check for one way shear strength

Critical Section at %+d

§+d—?+0305 0.455m

L oundation a
Vu=s * ( : 2d o — (§+ d)j* BFoundation
13
Vu =582.2* (7 —0.455)*1.3=147.6KN

f Ve =f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24*1300* 305 = 242.8KN

f Vc=242.8KN >Vu =147.6KN
. Safe

*Check for two way shear action (punching)

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

FV, =f .é(n bijﬁ b,d
FV, =f. [b/d erd
fv, =f —\/7bd

Where:

_ Column Length (a) 30

c= -

ColumnWidth (b) ~ 30

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

b, = 4(d + a) = 4(30+ 40.5) = 242cm
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s =40 for interior column

fV, =f %(u bi}/ f'bd = %* [1+ %j V24* 2420* 305 = 1356KN

fV, =f L

; *
12( as 2}/ t 'od = 01-;5* (40 305)* J24* 2420* 305 = 1139KN

b, /d 2420
f\, =f .%\/ £ bd :%75* 24* 2420* 305 = 904KN

f V. =904KN ..... Control

Vu. = Pu-FR,

FR, =s,, *area of critical section

VU, =984 [582.2* (0.3+ 0.305)2 | = 771KN
f Vc=904Kn >Vu, = 771Kn........ satisfied

4.9.4 Design for Bending Moment:

P2AL {Hm

&
T

ior

Bl Py ] E3X3KM.n

1Z7

Fig.(4-14) Isolated Footing plan Fig.(4-15) Structural system of Isolated Footing
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Mu=5822*1.3* .5*.5/2=94.6KN
Mu =94.6KN.m for bothe side
Try to design it by Plain concrete

f Mn>Mu
* 2
f Mn:o.55*o.42*\/ﬂ*w

f Mn=39.2 KN.m
946>392 ... Not Satisfied

Using Reinforced Concrete.

Mn = 946 =105KN.m
09

q= Mn_ 105x10°
bd®  1300x 305°

m= fy = 400 =196
0.85* fc  0.85* 24

, :i(l_ 1_2xm><Rn]
m ‘\/ fy

r _ 1 1_\/1_M — 0.0022
19.6 400

ASpeq =T *b*d =0.0022*130* 30.5=8.72 cn’
ASgrimege = 0-0018* b* h = 0.0018* 130* 40 = 9.36cn?
AS,o, =8.72 < ASqyinage = 9-36CM°

=0.87Mpa

Select 7f 14....AS,, 40 =10.78cm? > 9.36cn7.....0K
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Check of strain:
A* fy=0.85* fc'*b* a
1078* 400 =0.85* 24*1300* a

a=16.3mm
X= a._ @ =19.1mm
b, 0.85
~305-191

*0.003=0.045

S

e, = 0.045> 0.005—— ok

4.9.5 Development Length of main Reinfor cement:
Category A ,item 2 applies,

Ld for ® 14;
L, :2x fy ><a><b><g><| y :gx 4OO><1X1XO'8X1><1.4:32.900m
10 .[fc' k, +cC 10 /24 25
db
Available Ld = 130-30 7.5=425 cm.

Available Ld = 42.5 cm > Ld=32.9cm
AvailableLd > Ldg......... ok

4.9.6 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)

f .Pn=0.65*[0.85* 24* (300* 300)] /1000 =1193.4Kn
But Pu=984 <f .Pn=1193.4Kn

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels;

As .. =0.005* Ag =0.005* 30* 30 = 4.5cm?

Use the column barsasa dowels

Select 4014

ASp e = 6.16CmM” > As, . = 4.5cm?
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4.9.7 Isolated Footing Detail:

+.2.9
| 1 T TR
BEDIE e o 2w - {
LA | T F — i
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.L{“-h B .T:j i e o
- - " —— e
T#ld L=1€5 ettt I N I _hi__u_/___|
—x\h\i\ i
T#FId L=1£5 IﬁLx |
I S * * od L] L }
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Fig. (4-16). Isolated Footing Details

4.10 Design of Strip Footing:

Fig. (4-17). Strip Footing location
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4.10.1 Load Calculation :
Weight of wall (D.L.) = (height) Thickness * 1Imwide * y.
=15% 0.3 * 25=93.7 KN/m
Fromlanding D =20*4 =380 KN/m
L =13*4 =52 KN/m
D.L (ota =93.7+80 = 173.7 KN/m
Total W= 173.7+52=225.7 KN/m

4.10.2 Deter mine the Footing Width:

Allowable soil pressure = 500 KN/m?
(Qa)ne=500-0.3* 25=492.5 KN/m?

W total 2257
allowablenet soil pressure  492.5

Footing width = =0.46cm

Select 0.9 m
The main reinforcement needs an enough
Distance to anchorage development length due
to the following Equation:

0.24fy . -5 0.24* 400

Ld eq= *1.2+7.5=31
=t N7
Ld=31cm from each side, wehaveL=30cm....... ok

So select 90 cm width of strip footing

4.10.3 Deter mined of footing depth :

A%me h footing = 30 Cm
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4.10.4 Design of shear :

_12D+16L B 1.2*173.7+1.6*52
! area 1*0.9

N footing= 30 cm =» d =30-7.5-2=20.5cm.
V, =324 *(0.3-0.205) = 30.78 KN

= 324 KN/m?

iV, =o.75€13\/ff, h,d
0.75* %@* 1* 205=125.5KN

4.10.5 Deter mine Reinfor cement for Moment Strength:

(footing width—wall width)?
2

Mu=q,
_ 304+ (029°
2

= Mu=17.11 KN.m
Mn =14.5/] =19KN.m

3

Rn= MN_ 19107 sepvipa
bd? ~ 1x0.205

fy 40 _196

m= - = =
0.85* fc  0.85* 24

, :l 1- 1_2xm><Rn
m fy

1 (1_\/1_ 2x19.6xo.45J:0_0011

r —_——

19.6 400
ASge, =T *b*d =0.00098*100* 20.5= 2.25cm?
Check As,,

ASgyinkage = 0.0018* b* h =0.0018*1000* 300 = 5.4cm*control

use ®12 @ 20 c/c
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* Check of strain:

Tension = Compression
As* fy =0.85* fc*b* a
540* 400 = 0.85* 24*1000* a

a=10.6mm
x=i:%=12.5mm
bl 0.85
e, = M* 0.003=0.046
12.5
e,=0.046>0.005 ... OK

4.10.6 Development length of main reinfor cement:
For ®12 barsdb=1.2cm :

L, = EX fy ><a xb xgxl xdb:gx 400 x1X1X0'8X1><1_2: 28.2cm
10 .[fc’ k, +C 10 /24 25
db
Ldreq =282> Ld,, ;e = 25cM
Ld =325-75=25cm

available
Using hook >16* f

Required length of hook >16*f >16*1.2 = 19.2 cm
Use Hooksel. = 20cm > Hookreq = 19.2cm

4.10.7 Design of Secondary Bottom Reinfor cement

Asqin for shrinkage & temperature
Asnin=0.0018* b* h
Asmin=0.0018 * 100* 30

As=5.4 cm?

Select 5¢12 @ 20 c/c
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4.10.8 Design of dowelsbars:

As mingeg =0.0012 * 100 * 20.5 = 2.46cm’
Use longitudinal shear wall bars

Use T 12@30cm

For compression steel

Ld>024—Y_ g,

Jfc
> 0.043 fy.d,

Ld = 0.24ﬂ*1.2: 235mm ....control

V24
AvailableLd=300-75-2*12 = 20Imm

Ld,, <Ld

available

Using hook >16* f

Required length of hook >16*1.2 = 19.2 cm
Use Hook. = 20cm

4.10.9 Strip Footing Detail:

R L
b Ta|
R |
.o +7.4
=
[ ] B k| h ] | | h | * | ] h | | ] 4 k| | ] h | k] B
S e
@s;ﬁ: o L
o B
Ef i

Fig.(4-18) Strip Footing Details
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4.11 Design of Mat Foundation:

Fig. (4-19). Mat Foundation location.
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T e TR e 2
.
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Fig.(4-20) Mat Foundation plan

4.11.1 Load calculations:
Vu=240 kN

Assume area=(2.9*2.8) m
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4.11.2 Design of shear :

d=50-7.5-2=40.5cm
f Ve =0.75*%* fo'* bw * d

f Ve = 0.75*%* /24 *1000 * 405 = 248 KN

f Vc =248 KN > Pu = 240 KN .......... .OK

4.11.3 Design of bending moment
By using the StaadPro.2007 software to analyze the foundation, the moment result is

asin the following chart:

-

L

Hmdm
<= -41.9

L
]

221

<72
223
7Aa
125

)

276
213

R

119
168

- -
oo, o~

N L) L I O .

= 36 4

ba

Fig.(4-22) Moment in Y -direction
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4.11.4 Design In X-directions:
h =50cm
d=50-7.5-2=40.5cm.
Fy =400 Mpa.
fc' =24 Mpa
Design of positive moment
+ve Mu, =27.5KN.m

Mn=&=—27'5=30.55KN.m
f 09
* 6
_ an _ 30.55 102 _ 0.186Mpa
b.d? 1000 * 405
m= fy =1
0.85 fc'
* *
c oLy jp_2mRn)_ 1 1_\/1_2 19.6* 0.186 | _ ) noos
m fy 19.6 400

As., =T *b*d =0.0005*100 * 40.5 = 2.03 cm?
Svrinkage & temperatur e = 0.0018 *b* h =0.0018 *100 * 50 = 9 cm?
As =9cm?......... Control

100 ,

* 2
Select f 16 @ 20cm = As = — (p 2.0

=10.05cm? > As,, = 9cm?
20

Design of negative moment

—ve Mu =-36.3KN.m

Mn _Mu_36.3_ 40.33KN.m
f 09
* 6
_ an _ 40.33 102 _ 0.25Mpa
b.d? 1000 * 405
m= fy =1
0.85 fc'
* *
c o1 f_2mRn)_ 1 1_\/1_2 19.6*0.25 | _ 1 1006
m fy 19.6 400

As,, =T *b*d =0.0006 *100 * 40.5 = 2.43 cm?
Svrinkage & temperatur e =0.0018 * b* h = 0.0018 *100 * 50 = 9 cm?
As =9cm?......... Control

Slect f 16 @ 20cm = As:%*(

p *1.62
4

J =10.05cm? > As,, = 9cm?
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4.11.5 Design In Y-directions:

Design of positive moment

+ve Mu =36.4KN.m

—ve Mu = -41.9KN.m
Mu 364

Mn = = 40.44KN .m
f 09
* 6
_ Mn_ _ 40.44*10° 4 oc o
b.d? 1000 * 405
m= fy =196
0.85
* *
R n 1 1_\/1_ 2%19.6*0.25 | _ | yo06
m T 196 400

As,, =r *b*d =0.0006 *100 * 40.5 = 2.43 cm?
Svrinkage & temperatur e = 0.0018 *b* h = 0.0018 *100 * 40.5=9 cm?

* 2
Select f 16 @ 20cm = As = 20 « [&

=10.05cm? > As,,, = 9cm?
20 4

Design of negative moment

—-ve Mu = -41.9KN.m
Mn = MU _ 419 s s6KkN.m
f 0.9

Mn  46.55*10°

= = = 0.28Mpa
b.d? 1000 * 405° P
T
0.85 fc'
* *
c_Af j_2mRn) 1 1_\/1_2 19.6*0.28 | _ ;1007
m fy 19.6 400

As. =r *b*d =0.0007 *100 * 40.5 = 2.84 cm?
Shrinkage & temperatur e = 0.0018 *b* h=0.0018 *100 *50 =9 cm?

* 2
Slect f 16 @ 20cm = As = 00 « (&

=10.05cm? > As,, = 9cm?
20 4
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Fig.(4-23)Mat foundation Details

4.12 Design of Stairs:

stairs 1

Fig. (4-24). Stairs 1 location.

4.12.1 Deter mination of Slab Thickness:

-L =3.35+.68=4.03 m.

- hyeq = L/ 20.

-Neg=4.03/20=0.20Ccm ............. take h= 20 cm.
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= Use h = 20cm.
-9 = tan™(16 / 30) = 28.07°

N B = SRR Gt e
1<) ‘ . -~ @3
= " )

b W “'h..,~ i

& AN I B

| : ! 1#:- [ —

‘:- l:- ] I | L] I I | II

: ERRRRRR R AR

= S R Y R S T I

8 H+—+HH

: ERRRRREREIR-
et o : b
e - a5 S et

Fig.(4-25) Stairs Plan.

4.12.2 Load Calculations at section (A-A):

G|

5 § T

Fig.(4-26) Structural system of stairs at section (A-A)

Dead L oad:
Tiles = ((0.16+0.35)* 0.03* 27)/0.3=1.377 KN/ m®.
mortar =( (0.16+0.3)*.02* 22)/0.3=0.675 KN/ m?.
Plaster = (0.02*22)/ (Cos 28.07) =0.45 KN/ m.
stair =( 0.5*0.16*0.3* 25)/0.3=2 KN/ m?.
concrete = 0.20 * 25/ Cos 28.07 =5.10 KN/ m?
Total dead load = 9.6 KN/ m%.
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Liveload:
Live load for stairs =5 KN/ m?.

Factored load
Qu=1.2*9.6+ 1.6*5=19.5 KN/ m°,
For one meter Strip, qu = 19.5 KN/ m.

Load on landing :-
Dead L oad:
» Tiles=0.03*22=0.66 KN/m2
= Mortar=0.02*22=0.44 KN/m2
= concrete =0.20*25=5KN/m2
» Plaster =0.02*22 = 0.44 KN/m2.
Total dead load = 6.54 KN/m2.
Liveload:

Liveload for stairs =2.5 KN/ m?.
Factored load

Qu=1.2*6.54+ 1.6*2.5 = 11.8 KN/ m?.
For one meter Strip, qu = 11. KN/ m.
4.12.3 Design of Shear :

= Assume @ 14 for main reinforcement:-
So, d = 200-20-7=173mm..
2'3._ 27 4

e

e

L

AT

z+i4 L -

Fig.(4-27) Shear diagram of stairs at section (A-A)
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Vu=29.1 KN .
fJf.*b,*d

fVc=

_ 0.75*+/24*1*0.173
6

Vu=29.1 KN < @.Vc=106 KN .
>>>>No shear Reinforcement isrequired. So the depth of the stair is OK.

fVc =106KN

4.12.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

S11.3
38,3 . ;
11.3
Fig.(4-28) Moment diagram of stairs at section A-A
Mu = 38.3 KN.m.
Mnreq=Mu/0.9=38.3/0.9=4255KN.m.
d=17.3cm.
Mn
* bl
* 6
R = AZLlOZ =1.42MPa .
1000*173
S
0.85x fc'
m-—2% ___196
0.85x0.24
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* *
potlgs po2R Ly Jl_w _ 0.0037.
m f 19.6 400

y

Asreq = 0.0037*100*17.3 = 6.4 cm*

fc' 14
bw)(d) > =— (bw)(d
4(fy)(W)( )= fy( w)(d)

24

4(400)

Asmin =

- 14
Asmin = (100)(17.3) > -, (100)(17.3

Asmin =6.05 < 6.4cm’
Use As= 6.4 cm’.
Useld 12 @ 15cm. .............. with As=(100/ 15)*1.13 = 7.33 cm?.
Asprovided=7.33 > Asreg........................OK.
Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
7.33* 400 = 0.85* 24*100* a
a=1.43cm

o _17.3-143
143
e, = 0.033 > 0.005— ok

*0.003

4.12.4.1 Development length of the bars:

fy
Ly = —xa xbxgxd,
2y f

L, = x1x1x1x1.2 = 48.99cm

400
2424
Lg available > Lg eq=48.99
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4.12.4.2 Secondary reinforcement:
As=1x AS,, L 64=1.280m
5 5
ASginage = 0-0018x bx h =0.0018x100x 20 = 3.6cm’

Use®10@20CmM .......vene.....

4.12.5 Stairsat section (A-A) Detalils:-

- 1y

Fig.(4-29) Stairs at section (A-A) details
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4.13 Design of one Way Solid Slab:

Check if its one way 7

Ly :@ =14 ...0ne way

Lx 355

4.13.1 Determination of thickness and
load calculation:

.52
L _3%_178m =2() 2.l
20 20 ik

Sdect h=20cm

Load Calculation
D.L = 25*0.20+ 0.02* 22 = 5.44KN / m?

SL=1KN/m?

qu=1.2*544+1.6*1.0=8.128KN/m?
* ]2 * 2

My~ Ut L _8128+355
8 8

[e———— 380 ——
=12.8KN.m

Fig.(4-30)one way solid slab.
4.13.2 Design of shear reinforcement :

VU max =g *L/2 =(8.128* 3.55)/2= 14.43 KN

d®Vc= Vumax

dVc= 0.5 (b )(d)

075\/_

(1000)(170)

=104 > 14.43KN
No Shear reinforcement isrequired .

4.13.3 Design for positive moment:
d=20-2-1 =17 cm

Mn=MU_128 _ /ookNm

09 09
Mn  8.14*10

“bd?  (2)(0.17)2
_fy _ 400
0.85* fc  0.85* 24

=0.28Mpa

=19.61
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1 2mkn
=—(1 - 1——
p [m( v )l
1 2*19.61* 0.28
—@1 -./1-——————— )]=0.001
P [19.61( \/ 400 )

Areq =p *b *d =0.001* 100*17= 1.7cm?/m

ASerinege = 0.0018x bx h = 0,0018* 100* 20=3.60m7 ....OK
Select As=3.6 cm?

Use @ 12@ 25 cm with As=4.52¢cm? ..........

And Use ®d 12@ 25 cm in other direction

4.13.4 Shrinkage & Temperature Reinforcement in top layer:
As=0.0018* b* h

As=0.0018*100* 20 = 3.6cm?/m
Use @ 12@ 25 cm in both direction with As=4.52cm? ..........

4.13.5 Check for Strain :
4.13.6 Tension =Compression

A* fy=0.85* fc'*b*a HBOSBOBSOOMIOGICISAOEAEN0N
4.52* 400 = 0.85* 24*100* a ) T8
a=0.89cm ot Sie el t:t =) 2‘%
a 0.89 s BI85 ofe BB 2]‘:
== =—""=1.05cm B )
b, 085 A b
_ 5 : o
e = 17-105, 0.003 R ? § . |
. R 1 |
e, =0.37>0.005 ... ok B s gﬁ 9.
5 3l 3 |
] Bl 8 |
ﬁ a] % o
4.13.5Development length of thebars: con 3 8 K
e 8853 gl B b
o \g-29) ;
: . 3 i
L, =—2—=xaxbxgxd, e )
s : @
400 ':"'1, 7 AT T “\“
Ly = x1x1x1x1.2 =48.99cm s Ft st I |
2\/24
Use:L,=50cm. Fig.(4-31)one way solid slab reinforcement
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4.14 Design of Shear wall:

5

4.14.1 Calculation of loads:

W pgioor = Total dead loads of the floor .
W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 10150 KN

W Eirs Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 11870 KN

W second Floor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns
&walls + Weight of lower columns & walls) = 11870 KN

W Third Flcor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &
walls + Weight of lower columns & walls) = 11870KN

W, o0t = Weight of slab + walls=660 KN

Wrota =W Ground + W Eirst + W second + W thirg + Wroof
Wota = 46420KN

4.14.2 Calculation of shear forceon " shear walls”:

From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55

=1

Ca=024

hn=15m

Ct=0.02

Where:

Fig.(4-32) shear wall
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Z=Seismic zone factor as given in table 16-1.

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

| = importance factor given in table 16-K.

Ca = seismic 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 , nor x, respectively.

T-C.(h)¢ Ea...308(UBC)

T =0.0488(15)** =0.37

*
V, = cvl W= 0241 , w=0.118w
RT 5.5*0.37

V <0.11*W.....control
V >0.03*W
SV =.11* 46420=5106.2

F,=0.07*T*V =0.07*0.37* 5106.2=132.25 KN

I~ W v H Ft (V-Ft) | (W*h) Fx FX
(KN) | (KN) (m) | (KN)
Roof 660 5106.2 | 15 132.25 | 4974 | 9900 136.466 136.47
Third 11870 | 5106.2 |12 132.25 | 4974 | 142440 1963.46 2099.93
Second 11870 | 5106.2 |9 132.25 | 4974 | 106830 1472.6 3572.53
First 11870 | 5106.2 |6 132.25 | 4974 | 71220 981.73 4554.26
Ground | 10150 |5106.2 |3 132.25 | 4974 | 30450 419.74 4974
> 46420 360840
Table (4 — 3) Calculation of thetotal Fx.
* *
Fy — (v— Ft)* wx * hx

> wi * hi

Vu = Fx*11%
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45

1336

Floor Vu Mu
Roof 15 45
Third 231 1386
Second 393 3537
First 500.969 6011.52
Ground 547.14 8207.1
Table (4.4) Moment & Shear Vaues
136.47
209993
3571.53
3537 393 4554.26 |
6011.52 oS 9 ]
\ 547.14
§207.1

Fig (4-33) Moment & Shear Diagram
4.14.3 Shear Wall Design Parameters.

Fc =24 MPa

Fy =400 MPa.

h=25 cm. Shear wall thickness.
L= 8.55 m. shear wall width
Hw=12 m..
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Shear &

Fig.(4-34) shear location

4.14.4 Design of the Horizontal Reinfor cement:
Vu=547.14 KN
Vn=547.14/0.75= 729.52 KN

d=0.8*Lw =0.8*8.55=6.84 m.

\/thxd

V(:1:

Ve = %* \24* 250* 6840 =1396.2KN

Vs=Vh-Vau
=729.52 — 1396.2= -666.68 KN.

An_ Vs _-666.68 *1000 _ 50y

s, fy*d 400 * 6840

& = 0.0025* h=0.0025* 250mm = 0.625mm.
S

S, =Lw/5=8550/5=1710 mm.
S, =3*h=3*250cm=750 mm.
Use 2 ®12 with As = 2.26 cm?.
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A _ go5mm > -0.1885 mm

S

@ =.625 mm
S

-> S,= 361.6mm

Sdect S, =30cm< S, =36.16cm< S =75cm

Use 2012 @ 30 cm C/C for the reinforcement in two layers.

4.14.5 Design of the Vertical reinforcement:

B hw Avh _ *
A/n_[0'0025+0'5(2'5_m)(§ 0.0029)]S,*h

hw_ 12 _14.25

Lw 855
S= Lw /3 =8550/3=2850 mm,

323 * h = 3*250 =750 mm.
Use 2 ®12 with As= 2.26 cm?>.

226=[0.0025+0.5(2.5— hﬂ)(& —0.0025)]S,*h
Lw ™S 2* h

S=361.6mm
Select §=30cm< S _ =60cm

Select S=30 cm < S =60cm< S= 166.7 cm

Use 2012 @ 30cm C/C for the reinforcement in two layers.
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4.14.6 Design of bending moment:
Mn = 8207.1 KN.m

S W) _855 19y
45) 45

C=C-0.1xL,
C=1.9-0.1x855=1.045m

2L 19 4
20 20

Select Theboundaryelement =100cm > 95cm

Asv = L—W* Avn

S
Asv = %* 2.261 = 64.44cm?
Z Asv * Fy
Lw 2+0.85*B1* fc*Lw* h
Z 2713 .2* 400

= - = 0.0293
Lw 2+0.85*0.85* 24 * 8550 * 250

Lw
Mu = 0.9* 0.5* 2713 .2* 400 * 8550 * (1— 0.0293) = 4053 .27 KN .m

MU pgqr = 8207.1 — 4053 .27 = 4153.83 KN.m

Mu = 0.9*0.5* Asv * Fy * LW*(l—i)

Mn = MU _ 82071 _ s15 367 KN.m
f 0.9
Mn 4615 .367 * 10°

As, = = = 1528 .3mm?
Fy * (Lw — Cw) 400 * (8550 — 1000 )

AS,, =0.08*b*Cw = 0.08* 250 1000 = 20000 mm? > As = 1528 .3mm?

* 2
Select 14 > As =P i“" — 1.5386 cm?
No. Of bzrs = 14.2378 =10.04 bar
1.5386

Select 12f 14..... AS,, g = 12%1.538 = 18.36cm? > As,,, =14.23cm’

2F128732 o,

BREYEE & 2 5 Wb PRl Pt X S ST 5 0 S 5 G
i’ =

L e 20

Fig.(4-35)shear wall details
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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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