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Project abstract

The idea of the praoject is the structural design of the Faculty of “The College
of Architecture and Applied Arts” in a university city supposed to be built in
the city of Hebron.

This project is the structural design of the Faculty of Architecture and Arts
within a large university city due to the small number of faculties of
architecture in the Hebron gavernorate and the establishment of such a
college in Palestine will be of great benefit to the citizens living near the
university area and others and therefore did not hesitate engineers who are
part of this The community is committed to providing the educational
centers that are important to its children. This project is unique because
there is nat much in the city of Hebron.

The project is located in the city of Hebron and consists of three floors in
addition to the ground floor and the level of the level of any five floors with
a total area of (15000 square meters) is based on the design of the project in
terms of architectural style has been in a manner based on the multiplicity
of blocks and spatial distribution symmetrically aesthetic and functional.

The design was done according to the requirements of the American code
ACI-318 and some design programs and drawing programs were used at
ATIR, AUTOCAD, SAFE and ETABS. It is alsc worth mentioning that the
Jordanian Code was used to determine the living and dead loads. The
project included a detailed construction study, And then the structural

design of these elements and the preparation of the implementation plans
based on the design prepared for these elements of construction.
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List of Abbreviations

* Ac=area of concrete section resisting shear transfar.

® As=area of non-prestressed tension reinforcement.

* Asg =garea of non-prestressed compression reinforcement.

® Ag=gross area of section

* Av=area of shear reinforcerment within a distance (5).

* At=areaof one leg of 3 closed stirrup resisting tension within a |5}

* b= width of compression face of member

* by =web width, ar diamster of circular section.

s C.=compression resultant of concrate section,

*  LC=compression resultant of co mpression steel.

¢ DL =dead lgads,

* d=distance from extreme compression fiber to centroid of tension

reinforcement,

*  Ec=modulus of elasticty of cancrete.

* Fc =comprassion strength of concrete 5

* fy=specified yield strength of non-prestressed reinfercement,

* h=overall thickness of member.

* Ln= length of clear span in leng direction of twe- way construction,
measured face-to-face of supports in slabs without beams and tace to
face of beam or ather supports in ather cases,

e LL = |ive laads,

* Lw = lengtn of wail.

* M = bending moment

* Mu = factored mement at section.

¢ Mn = nominal moment,

s Pn = nominal axial laad,




& Pu = factored axial load.

® 5 = Spacing af shear in direction parallel to longitudingl reinforcement
= V¢ = nominal shear strength provided by concrete.

= \Vn = nominal shear stress.

o5

naminal shear strength provided by shear reinforcement.
# Vi = factored shear force ot section

s W= weight of cancrete

o W = width of beam or rib.

= Wu = factored load per unit area;

= D = strength reduction factor.

* g = compression strainof econcrete = U003

s g =straln of tension steel,

= &= strain of compression steel

* p =ratioof steel area
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Chapter 4. Structural Analysis and Design

Chapter 4

Structural Analysisand Design

Concrete is the only mgor building material that can be delivered to the job sitein a plastic
state. This unique quality makes concrete desirable as a building material because it can be

molded to virtually any form or shape.

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

between the steel and the concrete, and stresses can be transferred between both components.

In This Project, there are two types of slabs: solid slabs and one-way ribbed. They would be
analyzed and designed by using finite element method of design, with aid of a computer Program
caled" ATTIR- Software" to find the internal forces, deflections and moments for ribbed slabs.

The design strength provided by a member, its connections to other members, and its cross-
sections in terms of flexure, and load, and shear is taken as the nomina strength calculated in
accordance with the requirements and assumptions of ACI-code.

NOTE:
*Concrete B300........... { fc= 24 MPafor rectangular section}.
*The specified yield strength of the reinforcement {fy = 420 MPa} .

YV



Chapter 4. Structural Analysis and Design

4.1 Factored Loads:

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 factored loads on which the

structural analysis and design is based for our project members, is determined as follows:

Q. =1.2DL + 1.6L ACI - 318 - 14 (9.2.1)

4.2 Deter mination of Slabs T hickness.

According to ACI Code 318-14, the minimum thickness of non-prestressed beams or one way
slabs unless deflections are computed as follow:

-The maximum span length for one- end continuous (for ribs):

L 630
hmin= = = 34.05cm
18.5 18.5

-The maximum span length for both -end continuous (for ribs):
L 700

hmin=—" =— — = 33.3¢cm
™21 21

YA,



Chapter 4. Structural Analysis and Design

-The maximum span length for cantilever (for ribs):
L 160
hmin? — ? = 20cm
Take slab thickness  h= 35 cm. ( deflection will be checked )

h = 35cm (27cm Hollow block + 8cm Topping).

4.3 Design of Topping:
Table (4 — 1) Calculation of the total dead load on topping

No. | Material Calculation
1 |Tile 0.03*23*1=0.69K N/m
2 | Mortar 0.03*22*1= 0.66KN/m
3 | Coarsesand 0.07*17*1= 1.19 KN/m
4 | Topping 0.08*25*1 =2 .0KN/m
5 | Interior partitions 1*1=1KN/m
Sum 5.54 KN/m

Liveload=4*1 KN/m
Wy =1.2DL + 1.6L =(1.2* 5.54) + (1.6 * 4) = 13.048 KN/m. (Total Factored |oad)

Assume slab fixed at supported points (ribs):

Wu * 1?2
M U= T I Wy m 1| l.lﬁzl
13048 04° 7 e

12 = 0.174KN.m/m of strip width .

(®M)n> Mu[Strength Condition, where ®= 0.55] for plane P s
concrete

Figure 4.2 Topping System 5
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Chapter 4. Structural Analysis and Design

Mn = 0.42x [ fc’'SMACI-318-14 (22-5.1)

_b* h? _1000* 80°
6

= 1066666.67 mm->

Sm

Mn = 0.42 x /24 * 1066666.67 = 2.194 KN.m
O Mn=055* 2194=1.2 KN.m

® Mn=12KN.m>Mu=0.174 KN.m

No reinforcement reguired by analysis. According to ACI 10.5.4, provide A s min)for slabsas

shrinkage and temperature reinforcement.

According to ACI 7.12.2.1,r shrinkage = 0.0018

ASmin = p* b* h=0.0018* 1000 * 80 = 144mm?/1m

Try barsd 8 with As = 50.27mm?

No. of ®8 = % = = = 2,86 —Spacing(S) = —— = 0.348m = 343 mm

280 280

<380 (%) -25* Cc <300 ()

280

S =380 ( )— 2.5* 20 = 330mm

£% 420
3

280

S =300 ( )=300mm

—* 420
3
Not more than: Sygx = 450 mm

UseF 8/20 cm, with AS provigeds= 251mm?/1mboth directions.

4.4Deter mination of L oads of Ribs:
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e 3 o

Viortar 3 et

Conrse Sand Ul 7 cm

R concrefe Toppu § cm

N Codicrete b

Flaster 3 cm

Figure 4.3: Typical Section in Ribbed slab.

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

caculated asfollows:

Table (4 — 2) Calculation of the total dead |oad for one way rib slab.

No. Parts of Rib Calculation
1 Tile 0.03*23*0.52 = 0.359 KN/m
2 mor tar 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 RCrib 0.27%25%0.12 = 0.81 KN/m
6 Hollow block 0.27%10*0.4= 1.08KN/m
7 plaster 0.03*22*0.52= 0.343 KN/m
8 Interior partitions 1*0.52= 0.52 KN/m

Sum 5.114KN/m

£y,



Chapter 4. Structural Analysis and Design

Nominal Total Live Load:

Liveload =4 * 0.52 = 2.08 KN/m of rib
Factored dead Load = 1.2* 5.114 = 6.14 KN/m
Factored liveLoad =1.6* 2.08 = 3.33KN/m

4.5 Design of Rib R29:

By using ATTIR program we get the envelope moment and shear diagram as

follows: -
Geoametry Units:meter,cm
1 2 3
i A : A - A i
I 'ﬁ 1 4 T 'ﬁ p I ﬁ p
, 0.2 | 3.07 | 0.2 | 3.5 | 0.8 | 3.6 I{I.E |
' ' 387 ' ; 43 ' ' 43 S

Figure 4.4: Rib (29) Geometry.
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Chapter 4. Structural Analysis and Design

Loading
load group no. 1
Dead load - Service Units: kN meter
51 541 511
¥ A 3 i ) L
i 3.87 43 43
Live load - Service Load factors: 1.20,1.20/1.60,0.00
208 2.08 2.08
¥ 3 | i y 3
3.87 I 43 1 43
Figure 4.5: Loading of Rib (29)
Moment/Shear Enveliope ([Factord) Units; &M, matar

Moments: spans 1ito 3

-18.9

15.
| 155 232 | 2.15 2.15 | 2.58 .

225 -22.
-16.8

114

8.5
14.2
15.2 18,

209

24. 7

Figure 4.6: Moment and Shear Envelope of Rib (29)
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Reactions
Factored
— —— —— ]

DeadR 9.34 27.18 29.56 10.47
LiveR 5.9 16.22 17.12 6.28
MazxR 1524 43 38 46.69 16.85
MinR 8.5 33.72 36.27 9.76
Service

DeadR 7.78 22 84 24 63 8.72
LiveR 369 10.14 10.71 3.59
MazR  11.47 3217 35.24 12.11
MinR 7.26 26.732 28.83 .28

4.5.1 Design of rib" R (29)" for max positive moment: Mu = 15KN.m

Effective Flange width ( Pe) : ACI-318-14 (8.12.2)

be For T- section isthe smallest of the following:
be < % = clearspase + b,,= 400 +120 = 520 mm.

Span/4 = 4300/4 = 1075 mm,
(16 t;) + b, =(16x 80) +120 =1400 mm.

INIA

bg= 520 mm. controlled.

»Determine whether therib will act asrectangular or T — section:
For a=h;=8cm assume bar diameter 14 mm

d = h— cover —ds-db/2 = 350 — 20 — 10-14/2 = 313 mm

My =0.85 * 24* 80* 520(313-80/2) 10°° = 231.68 KN.m

M available = 231.68 KN.m >> My, required = 15/0.9 = 16.67KN.m

§¢.




Chapter 4. Structural Analysis and Design

a<hs

Design as arectangular withb. =52 cm

This design for4.3 m span.

Mn  15%(10)°

Rn = > = 5
bd 0.9*520 (313 )

= 0.327 Mpa

o fy 4
0.85fc’  0.85(24)

* *
Ay f_zmR )1 1_\/1_ 2*20.58*0.327_ | _ 1 q0078s
m fy 20 .58 420

A s = 0.000785 *(520) (313) = 127.77mm’

=20.58

A's min =%(bw)(d)ACl-318 (10.5.1)

24

4(420)

A's min = (120)(313) =109.53 mm?

Not less than

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

Asmin = % (120)(313) =125.2 mm?>_ control

As=127.77mm?= Asmin = 125.2 mm?. OK
Use 2d12with As=226.2 mm? for span 1
Check for strain:

a As* fy
0.85fcb

*
Q- 226.2* 420 _ 8.96mm
0.85* 24* 520

C=8.96/0.85 =10.54 mm.

to,
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* Note: f! = 24 MPa< 28 MPa— B, = 0.85
d =350 - 20 - 10-12/2 = 314 mm.

e. =00038=%
C

e, —0003 21054 _ 086350005 0K
10.54

4.5.2 Design of rib for positive moment: Mu =8 KN.m

Assume bar diameter12 mm. d= 350-20- 10-12/2 = 314 mm.

Mn 8+ (10)°

Rn = = =0.173 MP
bd 2 0.9% 520 (314)2 a
Y __ 40 _5g

T 0.85fc  0.85(24)

* *
c_A(; [ 2mRn ) _ 1 1_\/ _2*20.58*0.173 | _ ) 190414
m fy 20 .58 420

A s =0.000414* (520) (314) = 67.6 mm?

Asmin = \/_ (bW)(d) ACI-318 (10.5.1)

_J_

4(420)

(120)(314) = 109.88 mm?’

Not less than

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

A's min ——(120)(314) 125.6mm? _ control

As . =1256mm’= As=67.6 mm’. OK
Use 2d12with As=226.19mm?*for span 2

e,
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Check for strain:

a As* fy
0.85fch

| 226.19%420

a=————=8.955mm
0.85* 24* 520

C=8.955/0.85 =10.53 mm .

* Note: f! = 24 MPa< 28 MPa— B, = 0.85
e. =00038=%
C

e, = o.oos(w) =0.086>0.005__ OK

10.53

4.5.3 Design of rib for positive moment: Mu = 12.3KN.m

Assume bar diameter12 mm. d= 350-20- 10-12/2 = 314 mm.

* 6
Mn _12.3"(0)" _ 4 267 mpa

Rn = 5 5
bd 0.9* 520 (314)

me_ Y __ 40 45
0.85fc’  0.85(24)

* *
C_Af(y f_2mR)_ 1 1_\/1_ 2*20.58*0.267 | _ 1 50064
m fy 20 .58 420

A s =0.00064* (520) (314) = 104.5 mm?

12
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Asmin =——

4(fy)
24

4(420)

V1 (bw)(d)

(120)(314) =109.88 mm?*

Not less than

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

A's min :% (120)(314) =125.6mm?>_ control

A smin=125.6mm?> As=104.5 mm?. OK
Use 2d12with As=226.19mm? for span 3
Check for strain:

a= As fy
0.85fch

*
a= 220197420 _ g oeem

 0.85* 24* 520

C=8.955/0.85 =10.53 mm .

* Note: f! = 24 MPa< 28 MPa— B, = 0.85

e.= o.oos(%)

e —0003 2 =1053) 40860005 OK

10.53

§A,

ACI-318 (10.5.1)
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4.5.7 Design of rib for negative moment: Mu =-8.6KN.m

Assume bar diameter 12 mm . d= 350-20- 10-12/2 = 314 mm .

* 6
Mn __86"(0)" _ 808 mpa

Rn = 2 2
bd 0.9*120 (314)

oy a0
0.85fc’  0.85(24)

c_A(y jj_2mRn | _ 1 1_\/1_2 20 .58 * 0.808 | _ o 19106
m fy 20.58 420

A s = 0.00196* (120)* (314) = 73.85 mm?

V1 (bw)(d)

A's min =2 ACI-318 (10.5.1)

J2a

Asmin =24 (120)(314) =109.88 mm?
4(420)

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

Asmin = % (120)(314) =125.6mm? _ control

As min =125.6 mm?> As=73.85mm?. OK
Use 2d12 with As=226.2 mm?At support 2
Check for strain:

a= AS* Ty
0.85fcb

226.2* 420

a=——————=238.81Imm
0.85* 24*120

C=38.81/0.85 =45.7mm

d-c

e, = 0.003(
C

)

£q.
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=0. 003(%) 0.0176>0.005__ OK

~@=09... OK.
Mu = 0.9%226.2%420*( 314 - 38.81/2) * 10~ % = 25.19KN.m> M max = -8.6KN.m.,

4.5.8 Design of rib for negative moment: Mu =-10.9KN.m

Assume bar diameter 12 mm. d= 350-20- 10-12/2 = 314 mm .

Mn  10.9* (10)°

Rn = > = 5
bd 0.9*120 (314)

=1.024 MPa

_fy a0
0.85fc’  0.85(24)

r=i(l— [ _ 2mRn Jz 1 [1_\/1_2 20 .58 * 1.024 J:0.00ZS

m fy 20 .58 420

A s = 0.0025%(120)* (314) = 94.2 mm?

A s min = \/(;) (bw)(d) ACI-318 (10.5.1)

22

ASmin =
4(420)

(120)(314) =109.88 mm?
1.4
A's min == (bw)(d
S min (fy)( w)(d)

A's min =% (120)(314) =125.6mm>_ control

A's min = 125.6 mm?2 ASyin = 94.2 mm? . OK

Use 2d12 with As=226.2 mm?At support 3
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Check for strain:

a= AS* Ty
0.85fcb

226.2* 420

a=———————=238.81Imm
0.85* 24*120

C=38.81/0.85 =45.7mm

d-c
C

e, =0.003(—)

e, = 0.003(%) =0.0176>0.005__ OK

~@=09.. OK.
Mu = 0.9%226.2%420*( 314 - 38.81/2) *10™° = 25.19 KN.m> My max = -10.9KN.m.

4.5.9Check for shear :
V¢ : provided by concrete for the ribs shall be permitted to be taken as 1.1 times than that for
beams . ACI-318-14 (11.2.1)

Vu at distance d from the face of the support:
d= 314mm
VUmax= 18KN

Ve = 1.1¢§\/Ebwd
Ve=11 ﬁ\/ﬂx 120 = 314 *10° = 33.8 KN

®Vec=0.75+1.1 #ﬁ\/ﬂ =120 = 314 * 10°=25.35KN

oy,
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Check for Cases:

1.:'
Ve -y,
2

25.35
2

=12.7< 18KN

Minimum shear reinforcement is required except for concrete joist construction. So, Noshear

reinforcement is provided.

4.6 Design of Beam " B(83)":

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

By using BEM ED program we get the envelope moment and shear force diagram as

the follows: -
Geometry Units:meter,cm
q 2 3
Al A d A
A A
025 2 55 05 3.85 05 793 0.25
b, 292 b 435 B B 3.34 o
| | | I
35,
BD.
A-A

Figure 4.7: Beam(83) Geometry.

o\‘_
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Losding
load group no. 1
Dead load - Service Units kN, meter
28.8 258 258
¥ b q h q
k 16.7 18.7 1.7
¥ i 3 K i i
353 1435 EEL]
Live load - Service Load factors: 1.20,1.20/1.60,0.00
k ¥ Do ool ¥ [ 1 boohs ¥ ¥ ¥ 2hy ) 1 [
232 435 | 331
Figure 4.8: Loading of Beam(83)
Moment/Shesr Enwelope [Factored) Uinits:kM, meter
Moments: spans 1fo 3
4036 114.8
70.3 £E.1
| 1.1)0.8 |
T I 1
0.B2/0.7T5
‘l;..\\__//
40.4
T1.
| 102 | 1.9 | 217 , 2.18 | 2.15 116 |
f T T T I 1
Shear
142 .4 s okl
-102.5 ey 90.9
605
f t f t f |
46.5
TE.S
118.4 116.2
154, 166.9

Figure 4.9: Moment and Shear Envelope of Beam(83)

oy,
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4.6.1 Design of positive moment:- ( M, max =71KN.m)
b =60cm. , h=35cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 40— 8- —= 295 mm.
Mu = 71KN.m
Crnax =2 * d'= = *295 = 126.43 mm.
amax = [1* Chax = 0.85* 126.43 = 107.46 mm . *Note: f.' = 24 MPa< 28 MPa—fi; = 0.85
Mninac=0.85* f'*b*a* (d-7)
L¥7. 46

=0.85* 24* 600* 107.46* (295——— ) * 10°
= 317.34KN.m.

Check for strain:

e, —0.0039 =5
C

e, —0003(22 =14 00450005 NOT  OK
126.43

* Note: £s=0.004 — ¢ =0.82
—GMnma = 0.82*317.34 = 260.22 KN.m .
—Mu = 71<pMnma = 260.22KN.m .

~ Design section as singly reinforced concrete section.

M aximum positive moment Mu ) = 71KN.m .
Mn = Mu /b= 71/ 0.9 = 78.89KN.m .

T — 420 - 20.6

T oss T 085424

of.
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My _ 78.89:109

R,=—>= - =1.51MPa.
Bed T GO0 (295)
p:ll,fl* l___ZaI'i';.rmj
m fy
_ 1 . Ze151420.6
T os 1 1- 420 =0.00374

—As,., =p* b*d=0.00374* 600 *295 = 661.98 mmn>.

j} 14
‘qs:lru"rz = *bh=d =—* bw =
4(f) fy
= * 600 =295 % s 600 = 295
T 4420
=516.14 mm*<590 mm?............. Larger value is control.

—ASe= 661.98 mMM*>As;in= 590 mn.
“ As provided = As= 661.98 mm”.
As ©14 =153.94 mm?

f"--‘\r'['q _ GRl19d
Ahar 153.94

~Use5® 14 - As=5+153.94=769.7 mm*>As.¢ = 661.98 mm®.

# ©14 = = 4.3 — # of bars = 5bars.

— Check for strain:-(g, = 0. 005)
Tension = Compression
As*fy =0.85* f'*b* a

769.7* 420=0.85* 24 * 600 * a

a=26.41 mm
€ == as = 3L07mm, * Note: £ = 24MPa< 28 MPa— f, = 0.85
1 K s
£. = 0.003 =
_O 003* (Eﬂ':. 31.07 .-} 0025> 0005 (b 209 OK

31.07
Check for bar placement
600 — 40+2 — 8=2 —(5=14)
Il'.| —
3
= Use 514

00

= 144.67 mm > 25mm ok
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(4.6.2) Design of negative moment:

*Max. Negative moment Mu© =78 KN.m
bMnpma = 260.22 KN.m> Mu = 78KN.m — Singly reinforced concrete section.
Mn=Mu/p=78/0.9=86.67TKN.m.

v _  #Z0

= Des i} nmesez4 =206 .
_ My _ BEGTH109
Ry = hedd? T GO0 (2053 1.66 MPa.
p=l[l—~ 1___24?,!‘:11:]
m Fr
= 1- 12220 -000413
20,6 420

As=p* b*d=0.00413* 600 * 295 = 731.01 mm®,

£ 1.4
‘qsmm = —"’!b":d = _$va$d
4 (f,) Iy
= Y2 6002295 = +% 2600 =295
4eq 20 G20
=516.14 mm?< 590 mm?............. Larger value is control.

Aspin= 590 MM <Ase= 731.01 mm?.
= As provided = Ase= 731.01 mm?,

Asppg _ 73101
Ahar 153.94

#0Of ®14 = =4.7 — #of bars=5 bars.

4 Useb5®P14 - As=5%* 153.94 =769.7 mm2>AS(eq = 73101 mm?.

— Check for strain:-(g, = 0. 005)
Tension = Compression
As*fy =085* f'*b* a
769.7* 420=0.85* 24 * 600 * a
a=26.41 mm.
i 26.41

C=—= = 31.07 mm. * Note: f,' = 24MPa< 28 MPa— i, = 0.85

iy 085

£, = 0.003 =

d—=C
(——)

c

D"L'
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295=31.07
31.07

=0.003*( ) =0.025> 0.005 ¢ =0.9 OK

4.6.3 Design of shear:-

I
(ch:q)xTxbde

=0.75x % x 600x295 = 108.39 KN.

» Check For dimensions :-

GVe+( =xdx  fI xbyxd)=108.39 + (= x 0.75xv24 x 600x295)
= 108.39 + 433.56 =541.95 KN> Vumax =63.1KN.

~ Dimension is adequate enough.

075 —
@ =Vsym = BT V24 =600 =295 = 40.65 KN

ar

5
B=Vs,m = =600 =295 = 44.25 KN ... control .

0.75

OV's= %~/24 * 600 =295 = 10~* = 216.78 K'N.

2 _
@ Vsmax =0.75 *5 /24 = 600 = 295 = 433.56 KN

@ Vc+Vsmin =14904KN. .....1
@ Vc+ Vs =32517KN. ......2

@ Vc+Vsmax =541.95KN. ..... 3

D\/'
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Casel

Vu Sl Vc
2

1242<05+108.39 =542 ............. Case 1 failed

Case?
% Ve<Vu< Ve

542 <1242 10839 ............ Case 2 failed

C

w

Ve<Vu<@ Ve + Vs min

108.39 <1242 =149.04 ............ Case 3 OK.

Minimum shear Reinforcement is required.

Av B Vs
Sreq fy *d

select 2leg . @8 ,,,, Av =2 #50.27 = 100.54 mimn*

. 4425 _
Fsmin =075 - 59 KN

100.54=420=295

R =211.13mm

l.greq =

Smax < 5 = 2 =1475< 600mm  .......... Select § =125 mm

oA,
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Select 8 — 12.5 cm (2 — legs). Forim from face of support.

4.7 Design of Two Way Ribbed Slab:

EBE c176 BE Eomeinam 177 |
0O00000a04a000000000C
OO00000000000000000C
0O00000a04a000000000LC
O
D000 0 0000000000000
DO0000000d000000000C

~ DO OO0 00000000000
=0000000000000000000¢C 5
OO00000000000000000C0 &

d DO00000d00000000000C i

& JOO0000000000000000C E

¥ JO0000000000D000000L

E DOOO00 0000000000000 &
O000000000000000000C
000000004000 0000004C
| O
OOO0000O0000000000000C
LO000000040000000000cC

Scaz ¢35 ERl  BYSRUIGD 405

Assume H =35cm

60-35
| poo= = =214375 cm*

60+35%
| hoz= = =214375 cm*

60+35°
| hoa= T =214375 cm*

80+35%
| pos= T3 =285833 cm?

Y _ 40:8-4+35-12+175
T 40-8435+12

=11.66cm

o9,
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52:11.66° 40:366° | 12:2334° .
|, = 3 3~ T3 —=77682cm
77682122 +60) ,
4= =861224cm
52
77682+(\%2+80) .
| o= =891102 cm
52
77682+(1L2+60) .
| o= =935172 cm
52
77682+(*52+60) y
| y= =935172 cm
52
o _ 214375
935172
a_ 2143?5_025
> 861224
o _ 214375_
¥ 935172
o _ 285833
891102
o  023+0.25+023+032
fm= = 0.26<2.0
4
103304(0.8+ 1ot )
Nmin= =313mm>125mm ... OK

36+1.1+5+(0.26-0.2)
h=35cm >hpy,= 31.3cm
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THes 3o

Martar 3 cn

Cenrrae Sand Sl T e

R eoncrefe Topgune 8§ o
Cenerefe ook

N Concrete nh

Plaster 3 cm

S
‘ L ""'.u‘_.'f\__..'\-'.h =) )

- 5 r.
e '\-".g I_A_'\u.- i J-F-'.l_'\-"' _n.l.q "'r;""_:

E"i'i'l"iﬂJ'ITl'lJ mi

e e ¢ e | o e e . e e e e

Figure 4.3: Typical Section in Ribbed dlab.

L oad Calculation:

22%0.03*0.52*0.52 = 0.178KN

22*0.02*0.52*0.52 = 0.119 KN

16*0.07%0.52*0.52 = 0.303 KN

25*0.08*0.52*0.52 = 0.541KN

25%0.27%0.12* (0.52+0.4) = 0.745K N

10*0.27¥0.4*0.4 = 0.432 KN

22*0.02*0.52*0.52 = 0.119 KN

1*0.520.52 = 0.270 KN

1y
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Sum 2.707 KN

Table (4 — 4) Calculation of thetotal dead load for tow way ribbed slab.

Dead Load of dab:

- 2.707
" 052+052

Wq =1.2¥10.01 =12.01 K N/m?
LL=4 KN/m?

W, =1.6*4=6.4 KN/m?

W = 12.01+6.4 =18.41 K N/m?
Moments Calculations:

m :H =0.9

11.32
From tablesuse Case (1): Cneg=0.0
Ca,dL =0.045 , ,Cb,dL =0.029

Ca,LL =0.045, ,Cb,LL =0.029

=10.01 KN/m?

M*ae= Caa” Wug (La)’=0.045 12.01" (10.33)* 0.52= 30 KN .m / rib.

M*a = Can’ Wu' (La)*=0.045 6.4 (10.33)” 0.52= 15.98 KN .m / rib.
M a positive = 30 + 15.98 = 45.98 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive

Maneg=( 1/3) “45.98 = 15.33 KN .m/ rib.

M*4= Coal” Wud (Lp)=0.029 12.01" (11.32)* 0.52= 23.21 KN .m / rib.

M* oL = Con’ Wu' (Lp)=0.029 6.4 (11.32)” 0.52= 12.37 KN .m / rib.
Mb posiive= 23.21+ 12.37 = 35.58 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive.

Mbp neg= (1/3)  23.21 = 7.74 KN.m /rib.

Ty,
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4.7.1 Design of Flexurefor the Two Way Ribbed Slab:

Design of Positive Moment :- (M a=45.98KN.m)

Assume bar diameter g 14 for main positive rei nforcement

iy

d =h- cover - dsnrrupc"'—z“ =350—-20—=8 —— =315mm
_ My __ 45 o8x10°8 N
ha ':”Jdd - DoOx520x315< . OgBMPﬂ
d 420

m= Jr_'. — = =206

085f;  085x24

2' et i 1 2 2 . '

p=— 1— 1200 1 4 9 ZXHOOR _ 400239

" 420 206 —

As req = p.b.d = 0.00239 x520%315 = 391.48 mm’

Check for Asmin:-

A'S min = \/_ (bw)(d)ACI -318 (10.5.1)

r

AS =——(120)(31 110.23mm?
min 24 20)( )(315) =

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

A'S min =%(120)(315) =126mm?controls

ASeq = 391.48mm’ >Asyin= 126 mm? OK
Use 2 g16, As, provided= 402 mm*>As required= 391.48mm?>... Ok

Check for strain:-
_ Aspy 0 402x420

= — = 15.92mm
0.85h [ 0.85x520x24

LI, > 18.73mm
1 0.85

Design of Positive Moment:- (Mb=35.58 KN.m)

d =h- cover - dsimps— = = 350 — 20 — 8 — = = 315mm

M 35.58x%10°

1y,
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_ Iy _ 420 _
dlos 085/~ 085x24 20.6

2mK 1 220 6xX0T766
p=— 1— 1-200 = L g - ZE0
m 420 206 420

As reg = p-b.d = 0.00186 x520x315= 304.67 mn’

= 0.00186

Check for Asmin:-

A'S min = \/— (bW)(d)ACI -318 (10.5.1)

r

AS =——(120)(31 110.23mm?
min 24 20)( )(315) =

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

A'S min =%(120)(315) =126mm?controls

ASeq = 304.67mm’ >Asyin= 126 mm? OK
Use 2 g14, As, provided= 308 mm*>As required= 304.67mm?>... Ok

Check for strain:-

Asfy 308x420
— = =1219mm
a 0.8sh ! D.85x520x24 1219

a 1219
=4 = S = 14.34mm

Design of Negative Moment :- (Ma=-15.33 KN.m)

Assume bar diameter QJ 12 for negativerel nforcement
d h cover - dsnrrups _2_ - 350 20 8 el 316 mm
My, 15.33x10°

Ro= Pbd* . 0.9%120x3162 =142 Mpa

_fy a0 _
T 085/, 085x24 206

2mK 1 2x20.6x1.42
=— 1— 1-20% = 1 g N
P ! 420 206 420

Aq req = p.b.d = 0.00351 x120%316 = 133.1 mn’

= 0.00351

Check for Asmin:-

¢,
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A'S min = \/_ (bw)(d)ACI -318 (10.5.1)

A'S min —£(120)(316) 110.58mm?
4(420)

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

A'S min =%(120)(316) =126.4mm? controls

ASieq = 133.1 >Asyn= 126.4mm? ...OK
Use 2 710, AS provided=157.08 MM*>Ag requires= 133.1mm?... Ok

Check for strain:-

As [y 157.08x420
-— = = 26.95 min
0.85bf; D.85x120x24

_ @ _ 26895
=5 =085 =31.7mm

Design of Negative Moment :- (Mb=-7.74 KN.m)

Assume bar diameter @ 12 for negative rei nforcement

iy

d :h' cover - dstirrups _2" - 350 20 8 el 316 mm
My, 7.74x108
Ri= l:ﬂer:n‘-f = oaxtzoxarer - O-718 Mpr::
vy _ a0 _
Al 085f, 085x24 206
1. _2mRy _ 1 .  2x206X0718  _
p= - 1 1 20 e 1 1 - 0.00174

As reg = p-b.d = 0.00174 x120%316 = 65.98 mm’
Check for Asmin:-

A'S min = \/— (bW)(d)ACI -318 (10.5.1)

A'S min —£(120)(316) 110.58mm?
4(420)

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

o,
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A'S min =%(120)(316) =126.4mm? controls

ASeq = 65.98<ASnin= 126.4mm°

Use 2 710, AS provided=157.08 MM*>Ag requires= 126.4mm?... Ok
Check for strain:-

As fyy 157.08x%420
= ;= . = 26.95 mm
0es5hy; DB5=120=24

il 2695
=—= =31.7mm
1 0.85

Design of shear for rib:

Maximum shear coefficient in short direction asin case (1) W,@ m=0.9
W,=0.6

Thetotal load on the panel =11.32*10.33*18.41= 2153 KN

Theload per rib at the face of long beam =0.6*2153*0.52/(2* 11.32)= 29.67 KN
Vud = Viutace - WU*bi*d = 29.67 — 18.41*0.52* 0.316= 26.64 KN

The shear strength of onerib:

Ve :% fb,d =%\/ﬂ % 120 % 316 X 107% = 34.1 KN
@V =0.75x34.1 =25.55K N

0.59V,.=0.5x20.37=10.19KN

Vud< (7] Vc

Minimum shear reinforcement is required except for joist construct

4.8 Design of Stair:

1,
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B s o S R e
33 g 13
I ;{ T
AR §| N
I T [ | ]\| Ll |||\ UJ
|||| T L W
ol
RN
T T 1 |
[ {1
< Material :-
— concrete B300 Fc' = 24 N/mm?

=  Reinforcement Steel Fy = 420 N/mm?

4.8.1 Design of Flight:

Deter mination of Thickness:-

hmin = L/20

hmin = 3.30/20 = 16.5 cm

Takeh=25cm

The Stair Slope by 0 = tan™(16.3/ 30) = 28.6°
v Load Calculation:

Dead Load for Flight for 1m Strip:-

1y,
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23+0.03* 1*((0.35+0.163)/0.3 ) = 1.18Kn/m

22%0.03* 1% ((0.3+0.163)/0.3 ) = 1.02K n/m

25*0.5%0.163*1 = 2.04Kn/m

25%0.25*1/ c0s28.6 ° = 7.11Kn/m

22*0.02*1 / c0s28.6° = 0.51K n/m

LiveLoad For Landing For 1m Strip =5*1=5Kn/m

Factored Load For Flight :-

Wy = 1.2 x11.90 + 1.6x5 =19.9Kn/m

v' System of Flight:-

Eorvice Live |l ond =T, Kn/m

Serwine Merad Lowsd =110 KN/M

_'__._d_..-" L.L=§8.25 KN
.l-"--'r-
r'-ff’
-_._,.r‘i--
a—"'F.--r
o
E.I— —é 19.5 KM
Lo = B 20 KM
" 3.apA .5 M
R .

(Fig 4.22): Statically System and Loads Distribution of Flight.

Moments: spanltol

TA,

37
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Fig (4-23): Shear and Moment Envelope Diagram of Flight.

4-8-1-1Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement
d =h- cover — ! =250 — 20 — = = 223 mm
Ve :r—: Fbw d== T:‘/ﬂ 1000 =223 =182.1Kn
® V.=0.75* 182.1 =136.6 KN>Vu=37Kn...... No shear reinforcement are required

4-8-1-2 Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

My _ 515x10°

Rn= Dbd?  09x1000x223% 1.15 Mpa
; 420
m= -2 = =206
085 085%24
1 2m.K 1 2x20.6%1.15
p=— 1— 1-200 = 1- 1-=2002 =0.00282

Asreq = p.b.d = 0.00282 x1000x223 = 630 mm?/m
Asmin= 0.0018* 1000* 250 = 450mm?/m

ASeq = 630 MM*>Ag in=450mm*/m

Check for Spacing :-

S =3h=3*300 =900 mm

S=380*(-21) — 2.5¥20 = 330
3" 4200

S=450 mm

19,
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S=330mm ......... is control

Use 12 @ 150 MM _Asprovided=770 MM>>A equired= 630mm?>... Ok

Check for strain:-

_ AS._F_I,I . TI0x420

0.85h [ 0.85x1000x24
a _ 1585 _

By 0.85

1- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018* 1000* 250 = 450mm?

Use g10@ 150mm Asprovided= 523 MM>>Asrequired= 360mm>... Ok

4-8-2 Design of Middle Landing :-

v' Determination of Thickness:-

hmin = L/20
hmin=3.30/20=16.5cm
Takeh=25cm

v" Load Calculation:-

Dead L oad For Solid 7 Landing For 1m Strip:-

No. Partsof Landing

Calculation
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23*0.03* 1= 0.69K n/m

22*0.03* 1= 0.66K n/m

25*0.25* 1= 6.25Kn/m

22*0.02* 1= 0.44Kn/m

Table (4-6): Dead Load Calculation of Middle Landing.

LiveLoad For Landing=5*1=5Kn/m

Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m
Total LiveLoad =5+ 8.25=13.25Kn/m
Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m

VY.
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v' System of L anding:-

Senrlce Live Load = §.25 KN/M

LLLLLLLLLLLLILLLLLL ) LLLIILLILLL]
Service Dead Load = 19.7 KN/M L

HHL_JH J

Ll

il

I

(T RN

0 O l['“' LLLLI

;;;;;

5M 0.1M 15 M

Fig (4-24): Statically System and Loads Distribution of Middle Landing.

Moment/Shear Envelope (Factored) UnitskN,meter

Maments: snan1tn1

*\’/w

1 15 65.5 1R

Shear

-64.884.5

84.5 64.8

Fig (4-25): Shear and Moment Envelope Diagram of Middle Landing.

4-8-2-1Design of Shear:- (Vu=64.8Kn)

VY,
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Assume bar diameter g 14 for main reinforcement
d =h- cover *52‘—' =250 — 20 *‘—2“ =223 mm
Ve== fc'b, d == -v24+1000 =223 = 182.1Kn

®* V.=0.75* 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required

4-8-2-2Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover J;—' =250 — 20 +‘—2“ =223 mm

M 65.5x10%
Ri=— = - =146 Mpa
"™ ped?  powiop0x223E p
T 420
=Y - =206
0857 0B5x24
1 ZmR 1 Z2x20.6x1.46
p==— 1= 1= =— 1= 1=""——"+— =0.0036
m 420 20.6 420

Asreq = p.b.d = 0.0036x1000x223 = 807.12 mm?
Asmin =0.0018* 1000* 250 = 450mm?

Asreg = 807.12 mm°........... is control

Check for Spacing :-
S=3h=3*300 =900 mm

280

S=380*(——) — 2.5*20 =330
E'- 4200

S=450 mm

S=330mm ......... is control

Use g14@ 15mm A provided= 1026 MM>>Asg; equired= 807.12 mm?... Ok
Check for strain:-

Ast 1026=420
=—2I. = =21.14mm
[.858 fl_ OG5 1000 =24
il 21.14
C=—=——=2487mm
‘Hy .85

lateral or Secondary Reinforcement For Landing :-
Asre= Asmin =0.0018* 1000* 250 = 450 mm?

Use 210 @ 150 MM Asprovided= 523 MM>>As; cquired=.450 mm>... Ok

4-8-3 Design of Main Landing :-

VY
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v' Determination of Thickness:-

hmin = L/20
hmin=3.20/20 =16 cm
Takeh=25cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

23*0.03* 1= 0.69K n/m

22*0.03* 1= 0.66K n/m

25*0.25*1= 8.75 Kn/m

22*0.02* 1= 0.44Kn/m

Table (4-7): Dead Load Calculation of Main Landing.

LiveLoadFor Landing For 1m Strip =5*1=5Kn/m

Reaction From Flight:-

DL =19.7 Kn/m
LL =8.25Kn/m

%3
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Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m
Total LiveLoad =5+ 8.25=13.25Kn/m

FactoredL oad For Landing :-

Wy =1.2x30.24 + 1.6x13.25 = 57.48 Kn/m

v' System of L anding:-

Service Live Loac = 025 KN/

TR
REARERRAAN SR AR AR AR AR A R AR AR AN

Serrvices Lives Loscd —"' KSR
BREARETERERRRRARERDRDE

Ecnlcl: D‘EEID'LD “U.b4 \l.-'l'u"l

1
|
[T L1 I
LTI T LTI T

L1
L
8 R
LILLLITTLTT]

M DM 16 1

Fig (4-26): Statically System and Loads Distribution of Main Landing.

Moment/Shear Envelope (Factored) UnitskN, meter

Maoments: spanltol

='\//a

} 15 69.1 15 |

Shear

-62.789'1

89.1 62.7 Vo,
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Fig (4-27): Shear and Moment Envelope Diagram of Main Landing.

4-8-3-1 Design of Shear:- (Vu=62.7 Kn)

Assume bar diameter g 14 for main reinforcement
d =h- cover *52*-' =350 — 20 *‘—2“ =323 mm
1 1

Ve=- fc'b,d == =24 %1000 =323 = 263.7 Kn
6 o 6

®* V-0.75* 263.7 = 19.8Kn>Vu = 62.7Kn...... No shear reinforcement isrequired
4-8-3-2 Design of Bending Moment :- (Mu=69.1K n.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover *52*-' =350 — 20 *‘—2“ =323 mm

M 691109
Rn= “2 = 7 = 0.74 Mpa
péd 09x1000%323
fr 420

0857 nESx24

1 2m.R 1 2w 20.6%0.74
p=— 1-— 1-— =— 1- 1—-———— =0.0018

m 420 20.6 420

Asreq = p.b.d = 0.0018x1000x323 = 576.6 mm?
Asmin =0.0018* 1000* 350 = 630mm?

Asreg=576.6MmM*<Agin630.0 mm°........... is control
Asmin630.0 mm?......... is control
Check for Spacing :-

S=3h=3*300 =900 mm

280

S=380*(z——) - 25*20=330
3 & 4200

S =450 mm

S=330mm ......... is control

Use g16@ 10 mm A provided=2010 MM>*>As . equired= 630mm?>... Ok
Check for strain:-

As £y 2010X420
a=—2) = = 41.4 mm
0.85h [ 085x1000x24
a 414
=—=—=487mm
C B, 08s 48.7

%8
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lateral or Secondary Reinforcement For Landing :-
Asre= Asmin =0.0018* 1000* 350 = 630 mm®

Use 212 @ 150 MM ,Asprovided=_785 MM>>Asequires= 630 mm?... Ok

4-9 Design of Column
< Material :-
= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel  Fy = 420 N/mm?

4-9-1 Load Calculation:-
Service Load:-

Dead Load =2500KN
Live Load =500 KN

Factored Load:-

Py = 1.2 x2500+ 1.6x500 =3800 KN
4-9-2 Dimensions of Column:-

Assume rg = 0.01
f *Pn=0.65x0.8x Ag{0.85fc (1-rg) +rg* Fy}
3800*10"3 = 0.65 x 0.8x Ag{0.85* 24 (1— 0.01) + 0.01* 420}

Ag= 299545 mm2

Assume Rectangular Section
b= 650mm

650 = 460 mm /h = 299545
select b =500 mm

o

i CS

Fig (4-39): Column section

VY.
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v Check Slenderness Parameter : -

Ku 5 pMI_
r M2

Lu: Actua unsupported (Unbraced) length.

K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,

shall be permitted to be taken as 1.0.

R: radius of gyration = \/; ~03h ..o For rectangular section

Lu=4.45-0.35=4.10m
M1/M2 =1
K=1 for braced frame.

e about y-axis (b= 0.50 m)

Ku o4 oML _ 4o

r M2
1x410 _ 27.3> 22
0.3x0.50

Column Is long About Y-axis

e about X-axis (h= 0.650m)

KU _3q-1p M1
r M2

............... ACI —(10.12.2)

1x4.10 21< 22

T Then
0.3x0.650

YA,

Column Is Short About X-axis
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v" Minimum Eccentricity:-

Mux
= :0
¥ Pu
min ey =15+ 0.03 x h =15 + 0.03 x 500 = 300 mm

ey =0.030m

v" Magnification Factor:-

d_=—SM  >10ad <1.4
Pu

1-
0.75 P,

Cm =O.6+0.4(M1j20.4
M 2

Cm =06+04*1=1>0.4

2
p, =P EL
(KLu)
E.l
El =0.4 g
1+ Db,

E, = 4700/ fc' = 4700 x /28 = 24870 .6Mpa
_12DL _ 1.2*(2500)

b, ~0.940 <1
Pu 3800
3 3
I, = bxh _ 0.65x 0.50 _ 0.00677 m*
12 12
£l - 0.4x 24870 x 0.00677 _ 34 715MN .m?
1+ 0.940
2% 34715
=P =20 o038MN
(1* 4.2)
d._ = L =1.31>1.0and <1.4
ns 3 3800 - -
0.75 * 20380

v" Interaction Diagram:-

v,
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fromchart A9- b for% ~0.75->rg=001

Select reinforcement
Ast =r gx Ag = 0.01x 650* 500 = 3250mnY’
Select14f 18 with As = 3563mm? > Ast = 3250mn?° .

4-9-3 Design of the Stirrups:-
The spacing of ties shall not exceed the smallest of :-

spacing <16xd, =16x1.80 = 28.8cm
spacing < 48xd, =48x1.0=48cm
spacing < least dim =50 cm

Use f 10 @ 20 cm

L RS

110

N

&Y = €p X g
ey 0.0395
h 065
g _ 500-2*

h
From theinter

fromchart A9
Select reinforc
Ast=rgx Ag
Select 14f 18\

Figure (4-30): Column Reinforcement Details.
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4-10 Design of Shear Wall :-

v" Material and Sections:- (From Shear Wall 2)

= concrete B350 Fc' = 28 N/mm?
=  Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=30cm

=  Shear Wall Width Lw =1.5m

=  Shear Wall Height Hw =7.97m

4-10-1 Design of Horizontal Reinfor cement:-
D Fx=Vu=690.5KN

The critical Section isthe smaller of:

M = 1—;15 =0.725m.....Control

2
hw = 7955 =3.775m
2 2

storyheigh(HwW) = 4.1m

d =0.8xLw=0.8x1.45=1.16m

5
Vimax = 0=
5 mix a6

=0.7!

F.isthe smallest of :

AY
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Vc =148.64KN

@ = vs=vu-0 = vc
Vs=vu/@ — ve
Vs=117.5/0.75-148.64= 8kn need reinfor cement

- Maximum spacing istheleast of :

5 5
3*h = 3*300 = 900mm
450 mm

Select @10 ,tow layers

Sh=157/0.75=209.33

Sh=209.33

AY.

2 — V. =02
3—¥. =00
3— ¥ = 00
M, = 243.25
M, I, 6
v, 2 11
@ =vc + Ovs
Aphy — v =
2 d £
0.
Pe = _:lljji -
2
] At —_—
Pe = 50k S
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Sdlect Sh=200mm=Smax= 290 mm.

4-10-2 Design of Vertical Reinfor cement:-

2 =0,0025+05 25-=" p,—00025 =0.0025

for this wall with 2 =25, = 0.0025

- Maximum spacing istheleast of :

Lw 1450
—= —— =483.3mm
3 3

3*h = 3*300 = 900mm
450 mm ....... Control

Use ¢ 10/200 mm for two layers

4-10-3 Design of Bending M oment:-

AY.

h, 755
Lw 145
1450

5200
o = A ]
L,h f,
__& _
TR
[ = w1
l, 2w+0.
@M, =@ 05
=0905

Not OK
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Try ¢ 14/150 mm for two layers

4. = 1450
st 150
o = A ]

Lyh f
K

CTLAE
[ < w
l, 2w+0.¢
OM, =0 05

4-11Design of Footing

v' Material :-

= concrete B350 Fc' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v' Load Calculations:- (From Column Group C)

Dead Load = 1500 Kn , Live Load = 500Kn

Total servicesload = 1500 + 500 = 2000 Kn

Total Factored load = 1.2* 1500 + 1.6*500 = 2600 Kn
Column Dimensions (a* b) = 50*50 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

Assume h =50cm

Ohealiow = 400 — 25%0.5 — 18* 1.0 = 369.5kn/m2

Af
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v' Areaof Footing :-

Pt
A=

Ohet-altow
Assume Square Footing
B required=2m
SelectB=2m

v' Bearing Pressure:-

0u = 2600/2* 2 = 650K n/m?

4-11-1 Design of One Way Shear Strength :-

Ao,
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Inclined crack

|

Critical ssction far ¢
ong-way shear “--l Trébutary asea fos

V7
¥
_ﬂg

Cne-way shear

From The Face of Column)d(Figure (4-35) :Critical Section at Distance

Assume h = 50cm , bar diameter @ 16 for main reinforcement  and 7.5 cm Cover
d=500- 75— 16 =409 mm
H=q1 . d = .IL

2
2.0-050

VU: qu*

Vu = 650- —0.409 * 2 =443.3Kn

@ Ve = 0.75*;:\/% =2000 = 409* 10°=541.1 KN

® Ve =541.1 KN >Vu=443.3KN ..... OK safe.

4-11-2 Design of Two Way Shear Strength :-
Vu=Pu-FRo

FRo = qu * areaof critical section

Vu = 2600-650* [(0.5+0.611)* (0.5+0.611)] = 2539 KN

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

v =f 2142 |/t bd
6 b,
1( a ,
fV, =f. = -2 42|/t bd
g 12(bo/d J @ o
F v =f %w/ t'b,d

AT
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Where:-
__ columnlength (a)
pe = column length (b)
bo= Perimeter of critical section taken at (d/2) from the loaded area

bo = 2*(61.1+0.5)+2*(61.1+0.5) = 246.4 cm
o= 40 for interior column

075 2. —
® Ve = T(l-'?)*\/ 28*2464* 409 = 2850 KN

075 40=611
® Vo = —(2+
12 2464

)*V28* 2464* 409 = 3972 KN

0.

® Ve = ;5*\/%* 2464*409 = 2611.3 KN

OVce = 2611.3Kn>Vu=2539Kn

4-11-3 Design of Bending Moment :-

Critical Section at the Face of Column
2.0-0.50

B-a
FR=Qu- — * L =650* *2=975Kn
Mu = 975*0.75*0.5 = 365.6 KN.m
_ My _ 3656x10°

Ri= Bbhd? ~ 09x2000x4097 1.21 Mpa
- Iy - 420 _ 1765

085/,  0.85x28

1 2mEBy, _ 1 2x17.65%1.21
=1 1= 1= o T0F 1= 1_T = 0.00297

Asreq = p.b.d = 0.00297%x2000x409 = 2429.6 mm?
Asmin = 0.0018* 2000* 500 = 1800 mm?

Asreq = 2429.6mm?* ......... is control

Check for Spacing :-

S=3h=3*50=150cm
S = 380% (s

0 ) 25+75=1925cm
420

S=45¢cm ......... is control

Use 1916 in Both Direction, Asprovided=_3820Mm*>As; equired= 2429.6 mm?... Ok

Check for strain:-

AV,
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Asfy _ 3820x420

a= 5 = =33.71mm
085b f!  085x2000x28
7
c=2 =271 _3966mm
By 0.85
Eg
4-11-4 Design of Dowels :-
Load Transfer In Footing :-
®Pnb = O(0.85fc'A, x /%)
A;=50* 50 =0.25 m?
A, =200* 200 = 8.0 m?
VA2 oo
— = =0 =
VA1 V025 622
®P,=0.65* (0.85* 28* 250* 2) =7735 KN > P, =2600KN ...... OK
No Need For Dowels
Load Transfer In Column :-
®P,=0.65* (0.85* 28* 250 ) =3867.5KN > P, =2600KN ...... OK
No Need For Dowels
Asmin=0.005* Ac= 0.005* 500 * 500 = 1250 mm2
Use 19912, A provided= 2148 mm?... Ok
4-11-5 Development Length In Footing :-
Tension Development Length In Footing :-
9 Fy Wathigh
300mm>LdT" regq T ﬁ * F] ]rr: * ki:;fr:ht * db
Ktr =0 My
16
bh=75+—
C 75 >
ktr+cb 0
db
ktr + ch
— =2
dh

AA.
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q 420 1=1=0.8
300mm>Ldy oq = oo % Tz % 20 + 16 = 365.75 mm

190=5100
2

LdT available = -75= 625 mm

Ldt available = 625 mm >i|‘.".f;.-r_,;.l = 395.054 mm........ OK

Compression Development Length In Footing :-

0.24:Fy=dR
200mm> 0.043*Fy* 0B >Ldores™ —— =
200mm> 0.043+420* 16 = 288.96>L doreq= - = 304.8
LdCrajl: 3048 mm
Ldcre=304.8mm ..., Ok>L dCavaiapie= 600 — 75 — 16 — 16 = 493mm

Lap Splice of DowelsIn Column :-

Lsc = 0.071xfyxdb = 0.071x420 x16 = 477.12 mm > 300 mm
Sdlect Lsc =500 mm

A4,
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF

NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Oneend | Bothends

Simply : ]
continuous | continuous

supported

Cantilever

other construction likely to be damaged by large

Member | deflections.

Members not supporting or attached to partitions or

Solid one-
way slabs €120 €124 €128 £Nno

Beams or
ribbed one-

way slabs L8

tN6 tN18.5 er21

Notes:

Values given shall be used directly for members with normalweight concrete
densnz W, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
-

modified as follows:

tions, the values shall
a) For structural Ilghtwelght concrete having unit density, w,, in the range
1440 1920 kg/m?, the values shall be multiplied by (1.65 - 06 =) but not

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

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE WAY

SLABS UNLESS DEFLECTIONS ARE CALCULATED)

62



TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Defilection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L
structural elements likely to be damaged by £/180°
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large £/360
deflections
Roof or fioor construction supporting or That part of the total deflection occurring after
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of 1 /480°
damaged by large deflections the long-term deflection due to all sustained
Roof or floor construction supporting or loadsandt_f":l‘;na;)egmedeﬁecumduetoany
attached to nonstructural elements not ikely to addtional L/240°
be damaged by large deflections

* Limit not intended to safeguard against ponding. should be checked by suitable calculations of deflection, including added deflecions due fo ponded
uam.andmsﬂeringadea!mm.mmbenwsumﬁonldaames.andreiabitydprwmmmge.

fLot(;?-ieundeﬁeaionshalbt-ac‘leterm’ned'nact:orclancewilh9.5250«9.5.4.3.butmaybere(iwedb;armumofdeﬁetxioncaialaledtooculbefmealladx-

ment of nonstructural elements. This amount shall be determined on basis of accepted engineering data refating to time-deflection characterisfics of members sim-

ilar to those being considered.

tLin'lmaybeexoeededHadeqxaiemeasuesarelakenIopfeventdamagetoappatedo:amdtedelenm&

;ﬁmw&%w«mmpwwhmmmmLinlmybeexwededimberisprwidedsommldetbcﬁonmm
not e

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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