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Structural Design of Idna school Building

Prepared by
Shadi Etmazy
Palestine Polytechnic University -2016
Supervisor

Eng. Fahed salahat

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and foundations,
walls and other structural elements.

It is worth mentioning that we have used the Jordanian code to determine the
live loads, seismic loads and to determine the use of (UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
(ACI1_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2012, Office2013, Atir v.11.5.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project it's expected to gain a various results and to link
the information that have been studied in the different courses , and the analysis and
design of all structural elements and the statement of the impact of each of the
elements on the other, and then the work of structural plans of the Executive are Full
and detailed for each.

God grants success.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

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

f. = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

Measured face-to-face of supports in slabs without beams and face to
Face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.

XV



V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Woc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€: = compression strain of concrete = 0.003.

& = strain of tension steel.

€ = strain of compression steel.

p = ratio of steel area.
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Slab Thickness.
4.3 Determination of Factored Load.
4.4 Design of Topping.

4.5Design of one way Ribbed slab.
4.6 Design of Beam(GF-05).

4.7 Design of Short Column.

4.8 Design of Isolated Footing.
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4.1 Introduction

Concrete is the only major building material that can be delivered to the job site
in a plastic state. This unique quality makes concrete desirable as a building material
because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or twisted
bars. A bond forms between the steel and the concrete, and stresses can be transferred
between both components.

In this project, all of design calculation for all structural members would be
made upon the structural system which was chosen in the previous chapter.

So, in this project, there are Two types of slabs: One way solid slab, one way
ribbed slab. They would be analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Soft ware " to find the internal
forces, deflections and moments for ribbed slabs and by using the previous program and
Etabs, Safe, and “STAAD pro” to find the internal forces, deflections and moments for
the all structural element in order to design it. And programs to find the internal forces,
deflections and moments for One way solid slab, and then handle calculation would be
made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-318-
08code.
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4.2 Determination of Slab Thickness
Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are computed, given in table (9.5-a), as follows:
hmin for one-end continuous = L1/18.5 (eq. 4.1)
=585/18.5 = 31.6 cm.
hmin for both-end continuous = L2/21 (eq. 4.2)
=570/21=27.1cm
select h = 32cm with 24 cm block and 8cm topping For all one way ribbed slabs.

4.3 Determination of factored Load

The factored loads on which the structural analysis and design is based for our
project members, is determined as follows:

qu=1.2D.L+1.6LL. (eq. 4.8)

4.3.1 Determination of Dead load

¢ 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:
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One way rib slab Shrinkage & Temperatuer Bar's

Fig. (4-1) One way ribbed slab

Effective Flange width ( b.) ACI-318-11 (8.10.2)

b. For T- section is the smallest of the following:

be =L/4=250/4=625cm
be =12+ 16t =12 + 16 (8) = 140 cm

b =52cm  Control

b For T-section =52 cm .

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

No. Parts of Rib Calculation

1 Tiles 0.03*23*0.52 = 0.3588 KN/m
2 Morter 0.03*22*0.52 = 0.343 KN/m
3 Coarse Sand 0.07*17**0.52 = 0.619 KN/m
4 Topping 0.08*25*0.52 = 1.04 KN/m

5 RC. Rib 0.24*25%0.12 = 0.72 KN/m

6 Hollow Block 0.24*10*0.4 = 0.96 KN/m

7 Partitions 2.3*0.52 = 1.196 KN/m

5.24 KN/m/rib

*R1, Gis aroof slab rib i.e. there is no tiles and mortar.
Nominal Total Dead Load:
D.L. totat = 0.3588 + 0.343 + 0.619 + 1.04 + 0.72 + 0.96 + 1.196 =5.24 KN/m of rib

Live load =5 * 0.52 = 2.6 KN/m of rib
4.3.2 Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*5.383 = 6.46 KN/m of rib.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m of rib.
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4.4Design of Topping:

Used fy =420 MPa & fc'=24 MPa

Calculation of the total dead load for topping is shown in the following table:

Table (4 — 2) Calculation of the total dead load for topping.

No. | Parts of Rib Calculation

1 Tiles 0.03*23*1 = 0.69 KN/m
2 Morter 0.03*22*1 = 0.66 KN/m
3 Coarse Sand 0.07*17*1 = 1.19 KN/m
4 Topping 0.08*25*1 = 2.0 KN/m
5 Partitions 2.5*1=2.5 KN/m

6.84

KN/ m

ive Load Calculation 51 =5 KN/m

Total Factored Loads:

W,y = (1.2 * 6.84) + (1.6 * 5) = 16.21 KN/m?

Assume slab fixed at supported points (ribs):

u

My

*12
W, I

=16.21*0.42

(eq. 4.9)

f.'=24(Mpa)

Hollow Block ( 27em) —

=0.216 KN.m/m of strip width

fr=0.42x./fc'(MPa) ACI-318-02 (eq. 4.10)
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fr = 0.42 x /24(MPa) = 2.06 MPa
=2.06x107 x10° = 2060 KN / m?

bh? _1.00x (0.08?)

Sm: 5

=1.06x10°m?® eq. 4.11
(eq )

Mn = fr * Sm (eq 412)
M, = 2060* 1.06x107° =2.184 KN.m

®M; =0.55 * 2.184=1.201 KN.m
Where ® =0.55 ...... for plain concret .
® Mn =1.201 KN.m >> Mu =0.216 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?/1m (eq. 4.13)
Try bars @ 8 with As =50.27

Bar numbers n = As _ ﬂ =287

Asg8 50.27

Take 3 @ 8 with As = 150.8 mm2/m strip or ® 8 @ 300mm
In both direction step (S) is the smallest of :-
1) 3h=3*80=240mm............ controls (eq. 4.14)

2) 450mm

35



280

280

3) s= 380[—] —2.5Cc =380 —2.5%x20=330mm but  (eq. 4.15)
fs 2
£ %420
3
s< 300(@J =300 5 280 =300mm 416
fs %420 (eq. 4.16)

4) [Take ® 8 @200mm in both direction S= 200mm<Smax =240mm|

Design of one way Rib ((R1-G) at ground slab):

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

1 2 3 4
1 2 3
: A A Al
A A Ay

. 0.5 ) 3.8 ID.& ) 3.5 ID.S ) 1.8 0.5 |
r I T "3 T I T " T I T 23 T I 1

r 52 T T 1

32.
12.
A-A
Fig. (4 - 3) spans diagram for rib (1, G)-(KN.m).
Moments: spapns.. ifo 3
206
A4.1 -14.9
1.
5.4 1.3
. 1.12,1.67 . e .
[ I/ ! ! é \H\""‘-\-._I I_,/ﬁi?zl _i \-"""—u-.._l ! i
. 0.78l0.86 " olody, T
) |—4|v/|_0.55_| 4 21
' B4 '
16.2

| 1.72 | 2.58 | 2.2 , 1.8 | 138 | o0s2
I T T T T T 1
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Fig. (4 - 4) Moment diagram for rib (1,G)-(KN.m).

Shear
-27.3
-21.7 499
-14.4
h.e
4.3
I I I I I I
T T T T T T
12.9 11.2
18.4 18.4 16.8
24.
Fig. (4 - 5) Shear diagram for rib (1,G )-(KN)
lgad group no. 1
Deadload - Service Lnits:kN.mefer,
5.p4 5.24 5.24
L 3 3 s K
4.3 4 23
Live load - Service Load factors: 1.20,1.20/1. 60,000
2.50 2.60 2.60
y
a3 4. 23 A

Fig. (4 - 6) Dead and Live loads diagram for rib (1,G )-(KN)

4.5.1 Design of Positive Moment for (Rib 1, G): (Mu=16.2 KN.m)

» Use My max positive for span =16.2 kN.m

Use @ 10:

d=h-cover-d/2=320-20-8-(10/2) =287 mm

Check if a > ht

Mot = 0.85 fcb hr (d — hif2) = 0.85*24*520*80(287 - 80/2)* 10° (eq. 4.17)

Mns = 209.61 KN.m > My/ @ = 16.2/0.9=18.0 KN.m =>» a<hs
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» This section will be designed as rectangular section with b =520 mm

fy 400
m= = =17.43 .4.18
0.85fc _ 0.85(27) (eq. 4.18)
* 6
Rn— MY __ 162710, oompa (eq. 4.19)

T #d?  0.9*520*2872

* *
polfy jp_2mRn)_ 1 1_\/1_2 17.43%0.420 ) _ , 5011
m fy 17.43 400

As =0.0011*520*287 = 158.5 mm2 (eq. 4.20)

Check for As min

As min :E(bw)(d) ACI-318 (10.5.1) (eq. 4.21)
4(fy)

J21
4(400)

As min = (120)(287) =111.90mm?

As min =22 b)) (eq. 4.22)
(fy)

A's min :%(120)(287) =120.54mm? controls

ASreq = 158.5 mm? > Asmin=120.54 mm?>  O.K

# of bars = As / Asvar = 158.5/78.5=2.0

Select bottom bars 2010

* Check Strain:

Tension = Compression
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A x fy=0.85x f.'xbxa (eq. 4.23)

157 x400 =0.85x 27 x520x a
a=>5.26mm

X= _a =6.2mm
0.85

 287-6.2

S

g, =0.136 > 0.005

%x0.003=10.136

For any moment less than (16.2 KN.m) Use bars 2010

4.5.2 Design of Negative Moment for (Rib 1,G): (Mu="14.9 KN.m)
Mu =-14.9.m

Mn =14.9/0.9 = 16.56 kN.m

Use @ 10and d =287 mm

Design of T-section for negative moment as rectangular section with
(b=bw=120mm).

m=17.43

_ Mn _16.56* (10)°
bd?  (120)(287)*

* kS
oo Lfq  [p_2mRn)_ 1 1_\/1_2 17.43*1.67 | _ 4 5043
m fy 17.43 400

RN =1.67MPa (eq. 4.19)

As =0.0043*(120) (287) = 148.1 mm* > As min =120.54 mm°
Use @ 12 with As= 113 mm?

# Of bars = As/ Aspar = 148.1/113=1.35 * Note Aoz = 113 mm?
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Select bar 2 @ 12

* Check strain:
Tension = Compression

A x fy=0.85x f.'xbxa (eq. 4.23)

226x400=0.85x27x120x a
a=32.83mm

x:i:%:38,6mm

085 0.85

_ 286-38.6

85
38.6
g, =0.0193 > 0.005

x0.003 =0.0193

Ok...

For any moment less than -14.9 Kn.m Use bars 2012

4.5.3 Design of Shear for (Rib 1,G) :
The maximum shear force at distance (d) from the face of support

Vu=217KN ............ from Shear diagram for rib (1,G)

dVec= ©* 6 *pw*d (eq. 4.24)
=(0.75* g* 120*287)*1.1*10° = 24.60 KN

Vu =21.7 KN< @ Vc=23.199 KN

® Vsmin > 0.75 (%) “pw*d =0 .75*(%)*120 *287 *103=8.61 KN. (eq. 4.25)
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J2r J2r

® Vsmin > 0.75 (%67) *pbw*d=0.75* TS * 120 * 287 *10°= 8.39 KN.

dVsmin = 8.61 KN.

(® Ve +® Vsmin) =24.6 + 8.61 = 33.21KN >Vu =21.7 KN
Minimum shear reinforcement is provided ( Av , min)
Use 2 leg ® 8 with A, = 50*2 = 100 mm?
Av _ 1bw
Sieq 3 fy
Av 1 fc’
- >
Sreq 16 fy

=< bw

s <9 <600

2

-6
ﬂ_lb_W::> S\, = 3x2x50%x107° x420 _1.05m
S., 31y 0.12
fc’ -6

ﬂzi (o ><bW:>Sreq:2><50><1O X16X420:1.14m
Swq 16 fy V24 x.12
s <9<s00=s. =28 _1435mm

2 2

Then Select S=14cm<—==14.35.............. ok

(eq. 4.26)

(eq. 4.27)
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Design of Beam (GF-05):

Material :-
concrete  B300 Fc'=27 MPa
Reinforcement Steel fy = 400 MPa
Section :-
B =40
h =72cm
Geometry Units:meter,.cm
1 2 3 4
1 2 3
IEHI 3.9 Iﬂ.tll 3.6 |0.4| 3.8 IIZHI
I T T T T T T 1
| 4.3 | 4. I 4.2 |
72,
440,
A-A
Loading
load group no. 1
Dead load - Factored Units:kN,meter
30.0 30.0 30.0
) (4 ¥
Live load - Factored
15.0 15.0 15.0
43 4 4.2
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MomentiShear Envelope (Factored)

Units:kM, meter

Moments: spans Tfo 3

83.3 79.8
| 172 2.58 | 2 | 2 | 252 . 188 |
I T T T T T 1
Moment/Shear Envelope (Factored) Units: kM, meter
shear
-133.8
-108.7
-88.2 -91.1
-63.
/ 454
I 1 1 I
T T T T T T
474
64.8
93.1 85.2
110.5

130.8

Figure (4-7) : Moment and shear Envelop for Beam (GF-05)

Design of flexure:-

Design of Positive moment:-
—Mumax = 83.3KN.m .
bw=40Cm. , h=72 Cm.

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

=400 -40-10 == 340 mm.
Crnax =2 * d =2 % 340 = 145.72mm.
amax = B1* Cmax = 0.85 * 145.72= 123.86 mm.
Mnmax = 0.85* f/ *b*a*(d->)

123.86

= 0.85 * 27* 123.86* 400* (340~ 222 ) * 10°®

—OMnmax = 0.82 * 316.2=259.27 KN.m .
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=316.17KN.m .

* Note: €s=0.004 — ¢ = 0.82




—OMnmax = 259.27KN.m > Mu = 83.3KN.m .

Singly reinforced concrete section. ..

1. Maximum positive moment Mu ) = 83.3KN.m

ool Mo __ 833x10°
" 0bdZ T 0.9 x 400 x 3402 < P4
= Ty __ 200 _ 4743

T 0.85f]  0.85%x27

p= i(l -1 _M> = L(l _\/1 —M> = 0.00524
m 420 17.43 400

As=p.b.d = 0.00524 x400x340 = 712.54mm?,

Check for As min.
Asmin =025 d =1 g
fy Ty

As min :0.25% 400 x 340 = 416.42 mm?

As min :% 400 x 340 = 476.0 mm? Control.
As,min: 476 mm2< As =712.54 mm2

Use 4 18 Bottom, As.provided= 1017.87mm2 > As.required= 712.54 mm?2.

Ok

Check spacing :
400—40%2—20—(4%x18)

S= - =228mm>d,=18>25........cc. ... OK
Check for strain:

AS.

_ Asfy = 1017.87 X400 _ 44.35 mm

0.85b f, 0.85x400%x27
=== 4435 _ 52.2 mm

B, 085

d—c 340 — 52.2
& = 0.003 (—) = 0.003 (—) = 0.0165 > 0.005
c 52.2

2. Positive moment Mu ™ =79.8 KN.m

R — M, 79.8 x 10° 192 M
= 0bdz T 0.9 x 400 x 3402 < MPa
_fy 400

=17.43

T 0.85f)  0.85%27

p=l<1_ 1_m> =;<1_\/1—M> = 0.0051
m 420 17.43 400

As=p.b.d = 0.0051x400%x340 =682.7mm?.
Check for As min.

Asmin=025Lp d>1p g
Iy Iy
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As i :0.25% 400 x 340 = 441.67 mm?

As.min :% 400 x 340 = 476 mm? Control.
As,min: 476 mm2< As = 682.7 mm2

Use 4 18 Bottom, As,provided= 1017.87 mm2 > As,required= 682.7 mm?2.

Ok

Check spacing :
800—40+2—20—(11x20)

S= n =48mm >d, =20>25........c..... OK
Check for strain:
- As_fy = 1017.87 X400 — 4435 mm
0.85b fC 0.85%x400%x27
=@ _ 235 52.2mm
B, 0.85
d—c 340 — 52.2
g = 0.003 (—) = 0.003 (—) = 0.0165 > 0.005
c 52.2

Design of negative moment:-

1. Negative moment Mu ©) =74.5 KN.m.

= M,  745x10° 180 M
m = BbdZ 00 x 400 x 3402 _ o0 MPa
=y 200 _ y743

T 0.85f)  0.85x27

o= 1(1 R _m> _ ;<1 ‘\/1 _M> — 0.0047
m 420 17.43 400

As=p.b.d = 0.0047x400x340 =639.2 mm?,

Check for Asmin.
Aemin=025Lp 4 >1p 4
fy fy

As i :0.25% 400 X 340 = 441.67 mm?

Asmin :% 400 x 340 = 476.0 mm? Control.
As,min: 476 mm2< As = 6392 mm2

Use 4 318 Top, Asprovided= 1017.87 mmM?2 > As.required= 639.2 mm?. Ok

Check spacing :

800—40%2—20—(11Xx20)

S = n =48mm>d, =20>25.......cc.c..... OK
Check for strain:
_ Asfy  1017.87 X400 — 44.35 mm

T0.85b f! T 0.85x400x27
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d—c 340 — 52.2
& = 0.003(——) = 0.003{———=———) = 0.0165 > 0.005 0k
c 52.2

1. Negative moment Mu ©) =66.5 KN.m.

ool Mo 665x10°
" 0bd? T 0.9 x 400 x 3402 O- P4
m= 2 = 40 _ 1743

T 0.85f! ~ 0.85x27

o= 1(1 _ |1 _M> = ;<1 _\/1 _M) = 0.0042
m 420 17.43 400

As=p.b.d = 0.0042x400x340 =571.2 mm?,

Check for As min.

Aemin=025Lp 4 >1p 4
Iy Iy

As i :0.25% 400 X 340 = 441.67 mm?
Asmin :% 400 x 340 = 476.0 mm? Control.
As,min: 476 mm2< As = 5712mm2

Use 4 918 Top, Asprovided= 1017.87 mm? > As required= 571.2 mm?. Ok

Check spacing :
§ =M 200D — 48 mm > djy = 20 > 25 o OK

Check for strain:
_ Asfy  1017.87 X400

T0.85b f! T 0.85x400x27
a _ 4435

~ B, 085

d—c 340 — 52.2
& = 0.003( p ) = 0.003 (52—2> = 0.0165 > 0.005 0k

= 44.35 mm

=52.2mm

Design of shear:-
1) Vu=88.2 KN.

e

¢VC:¢*£*bW*d

V27
6

— Check For Cases:-

=0.75* 0.4 * 0.340 * 10° = 88.33 KN.

1- Casel: V, < %.
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88.2< 2= 44.17...... Not satisfy.

2- Case2 < Vu £ dVe
44.17 < 88.2< 88.33....... satisfy.

Minimum shear reinforcement is required .
Use 2 leg @ 12.

As =226.2 mm?.

-1 bws bw*s 1 bwxs
Avmin =7 Y =0.062.f fyt = =3 fyt

Smax= % = 3:—0 =170mm or Spu < 600mm

Auin = = VA00 2272 = 0,062 V400 1o > 22070

400

=212.5 mm? > 56.7 mm?

Use 2 leg @ 10 (with As=157) @ 25 mm c/c.
2) Vu=64.8 KN . Use 2 leg ® 10 (with As=157) @ 25 mm c/c.
3) Vu=63.0 KN.Use2leg® 10 (with As=157) @ 25 mm c/c.

4) Vu=85.2 KN . Use 2 leg ® 10 (with As=157) @ 25 mm c/c.
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Design of Column (C2):

Load Calculation for Column

Col. C197 50cm™* 25¢cm 27 Mpa 400Mpa

e Load Calculation:

Pu =1700KN
Usep = pg =2%

Pu=0.65*0.8*{0.85> fc'(Ag — Ast) + Ast( fy)}

1700*10° = 0.65*0.8*[0.85* 27 * (Ag — 0.02Ag) +0.02Ag * 400
Ag =107187.9mm?

Ag =500*a

107187.95700=a

a=214.5mm

Use 500 x 250mm with Ag =125000mm?

1700 0.02 125000 mm? 214.5 107187.9 mm?

e Selecting longitudinal bars:
Pu =0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}
1700*10°% = 0.65*0.8*[0.85* 27 * (125000 — Ast) + Ast *400]
Ast =1062.2mm?

Ast
pg _Ast 10622 _ ..o
Ag 125000

Take A9 2%
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Ast = 0.02*125000 = 2500 mm?

Use 14 @ 16 with As provided = 2813.4 mm? > 2500 mm?

Design of Ties:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm
2.16 *db =16 * 16 = 256 mm
3. the least dimension of the column = 250 mm - control

Use ties 10 @ 200mm

Check for code requirements:

_500-40*2-10*2-6*16
5

1. Clear Spacing =100

40mm>1.5db=1.5*25=37.5mm - OK

2.0.01<pg =0.017 <0.08 - OK

3. Number of bars 14>4 for rectangular section — OK

4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 100 mm<150mm — OK
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Design of isolated footing (F 2):

fy

27 Mpa 400Mpa

e Load Calculation:-

- From column (C202): (DL &LL)

* Service dead load ( DL) = 850 KN

* Service live load (LL) = 400 KN

* Service Surcharge = 5 KN/m?

* Column dimensions =25 cm*50 cm

* Allowable soil pressure =450 KN/ m?
* Soil density = 18 KN/m3

* Soil weight = 0.6*¥18=10.8 KN/ m?

DL(KN) LL(KN) Service Column all. soil Soil density | Soil weight
dimensions
Surcharge pressure
850 500 5 KN/m? (25*50) cm| 450 KN/ m? 18 KN/m3 | 10.8 KN/ m

e Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume Niooiing = 400 cm)

Wiooung = 0.40%25 = 10 KN/m?
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- Total Surcharge load foundation:

WT = Soil weight +w,,,,+Surcharge load =10.8+10 + 5 = 25.8 KN/m?

- Net soil pressure Gnet ;

O, =450 — 25.8 = 424.2 KN/m?

- Required sizes of footing:

p, _ 850+ 400

A,required = =2.95m?
net 424.2
Try 2.0%2.0 Area=4.0 m2
hfooting Wfooting WsoiI WT qnet A;reCIUirEd
40cm 10 KN/m? | 10.8 KN/m?| 24.55 KN/m? 424.2KN/m? | 4.0m?
e Depth of footing and shear design:
Pu =1.2DL+ 1.6LL=1.2*850 + 1.6*400 = 1660 KN
qu = 1660 =415 KN/m?
Try area Pu qu
2.0*2.0m 1660 KN 415KN/m?
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Tributary area for
two-way shear

7

o
+ ./
o
(%)

/

Critical section
for two-way shear ~

Two-wav shear.

Fig. (4-8) : Isolated Footing

e Determine the Depth of Footing Based on Shear Strength:-
e Check for One Way Shear Strength

]
—

pad
Inclined crack

Critical section for

one-way shear Tributary area for

one-way shear

One-way shear.

Fig. (4-9) : One way shear strength

52



VU :(l_é_dj*qu*b:(Q_%_d)*ms*z.o
2 2 2 2

wc=%ﬁ*2.o*d *10°

Let,gdVc =Vu
d =0.29m
h =290+ 75+ 20 = 385mm

Take h =400 mm .....
d =450 - 75 - 20= 305 mm

e Check for Two Way shear Action (Punching).

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

equations:

1 2 !
¢'\/C = ¢g(l+ Zj\/fbod

1 lo4 '
V, =g % _ 2]/t b,d
¢ c ¢12(bo/d+ J Cc (o]
SV, :¢.%w/ f'b,d

Where:

Column Length (a) 500

Be = : = =2.00
Column Width (b) 250

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.5+0.305)+2(0.25+0.305)= 2.72 m.

a, =40......for interior column
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AV :¢%(1+ ﬂij\/ fclbod =%*(1+ 2_3')0)* 27 *2.72*0.305*10° =1077.68kN

12 2.72

0

! *
AV ¢.112[ab5d + ZJ\/{bod = 0'75*(40 0-305 + 2}* 27 *2.72*0.305*10° =1747.27kN

oV, = ¢é\/ f,b,d = O'—;F’* 27 *2.72*0.305*10° =1077.68kN

Be b, (M) CE Ve (KN)

2.00 2.72 40 1077.68

Vu = ((2.0*2.0) — ((0.5+0.305) * (0.25 + 0.305)) * 415 = 1634.52kN

Vu=1634.5KN < ®Vc =1077.68......NOT OK
Try h=550 mm .....

d =550 - 75 — 20= 455 mm

e Check for Two Way shear Action (Punching).

B Column Length (a) 500

= _ = =2.00
Column Width (b) 250

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

=2(0.5+0.455)+2(0.25+0.455)= 3.32 m.

a. =40....... for interior column

AV =¢%(1+ ﬂi}l fclbod =%*(1+ 2_20j* 27 *3.32*0.455*10° =1962.4kN

d / *
#Vc :¢.112(0;S +2}/ f. byd 201'25*(40303';55+2J* 27*3.32%0.455*10° = 3552.3kN

[o]
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PN = ¢-%\/ fc'bod :o._gs* 27 *3.32*0.505*10° =1962.4kN

Be b, (M) 2 #V. (KN)

2.00 3.32 40 1962.4

Vu = ((2*2) — ((0.5+0.455) * (0.25 + 0.455)) * 415 = 1614.9kN < gV ..... OK

Design for Bending Moment of long & short directions.

h (mm) d (mm) b(m)

550 455 2.0

d =550-75-20/2 = 465 mm

Mu =415%2*0.55*0.55/2 = 125.54 KN.m

m=_1 = 400 4543
0.85%fc _ 0.85*27
* 6
R < MU/g_ 12554%10°109 (oo

"~ b*d?  2000*(465)>

1 2mRn
= — 1_ 1_
P m( | Y )

. 1 (1- \/1_2(17.43)(0.035))=0_000088
17.43 400

As;eq= 0.000088 (2000) (465) = 81.85mm?
Asmin =0.0018*b*h == 0.0018 (2000) (465) = 1675 mm?

ASreq= 81.85 mm2< ASmin = 1675 mm2 ..... NOT OK
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As= ASmin = 1675mm?®
Take 12 ® 14 , As,provided = 1848 mm? > As,required = 1675 mm?

_2000-75*2-12*14
11

S =153 mm< Smax=450mm

- Step(S) is smallest of:

1.3h =3*550=1650 mm
2. 450 mm - control

S$=153 mm < §,max =450 mm — OK

125.54 17.43| 0.035Mpa | 0.000088 | 81.85 1675 1848 | 153

- Check strain
Tension = Compression
A x fy=0.85x f .'xbxa

1848 x 400 = 0.85x 27 x 2000 x a
a=16.10mm

C= @ =18.95mm
0.85

_ 465-18.95

& % 0.003 = 00.070 > 0.005...0k
18.95
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As(mm?) a (mm) ¢ (mm) &,

1848 16.10 18.95 0.070

e Development length of flexural reinforcement:

Ld for @ 25:
L= 2 Y  AweTys gy 9, 400 1L o5 692.82mm
10 /C' (k +cj 10 J_
db

Available length = ((2000-550)\2)-75=650mm

692.82mm> 650mm ............... ok

e Load transfer at the column-foundation interface (Dowels design ):

- In footing :

dPnb = ©(0.85fc'A, x \/%)

A;=0.55 *0.2= 0.11m?

A;=2.0%*2.0=4.0m?’

A _ |40 —6.03>2 oo, i:2

A Vo11 A
®Pnb = 0.65x (0.85x 27 x 0.11x 2) x 1000 = 3281.85KN
®Pn =3281.85 > Pu =1660 KN........... ok

The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 500 * 250 = 625 mm?2

Use 2® 25 , As,provided = 981.75 mm? > As, required = 625 mm?

57




- In column:

®Pn,b = ®(0.85 fc'Al)

®Pn,b = 0.65(0.85x 27 x 0.50 x 0.25x1000) =1864.1KN
®Pnb =1864KN > P, =1660KN

The Dowels are not needed for column

- Development of dowels in footing:

025y, , _0.25*400

A fe 1*27

*25=481.13 mm

Ld(l)req =

Ld(2)req = 0.043 xfy xdb = 0.043 x420 %25 =430 mm
Ld(2)req =200 mm

=>Ld(1)reg=481.13 mm ............. Control

Available Ld =550—-75—-2*14=447mm .

AvailableLd =447 mm > Ld required=481.13 mm................. OK.

- Lap splice of dowels in column :

Ls =0.071 fy.db

=0.071 * 400 * 25 =710 mm
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3. Building Code Requirements for Structural Concrete )ACI 318M-08 (and

Commentary, USA, 2008.

4. Uniform Building Code (UBC).
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project




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 £r24 £/28 £Mo

Beams or

ribbed one-
way slabs £M16 £18.5 £/21 £/8

MNotes:

Values given shall be us%d diractly for members with normalweight concrete
(density w, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions. the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w,_, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603w,,) but not
less than 1.09. o

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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