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The Structural Design of Red Crescent Specialist Hospital in Hebron City

working team:

"Mohmmad Ali" Dweik Hareth Dabbas Rami Al-Rajabi

Palestine Polytechnic University - 2013
Supervisor:

Eng. Sufian Turk.

Project 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.

The idea of this project is in the structural design of a general Hospital in the city of
Bethlehem, The project includes the design of all the details and the necessary structural
elements used in this building and consisting of all facilities that should be available in any

optimum medical center .

This building consists of 4 floors its serves and contains unlimited activities. This building is
reinforced concrete structure, and it will be designed according to ACI code.
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It is worth mentioning the code has been used to determine the Jordanian 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:
Autocad2010, Office2010, Atirl2, Safe , Etabs , Staad Pro.

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 and the work of what has been said is expected to conclude a
number of results and projections is to link the information that has been studied in the courses
different, 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.
Ag = 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.

Cs = 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.

fc' = 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.

L= length of clear span in long direction of two- way construction, measured cen-
ter-to-center of supports in slabs without beams and center to center of beam or
other supports in other cases.

LL = live loads.

Xiv




Lw = length of wall.

M = bending moment.

e M, = factored moment at section.

e M,, = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

oV

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wec = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

e ¢ = strength reduction factor.

e & = compression strain of concrete = 0.003mm/mm.

L XS

s = strain of tension steel.

e ¢, = strain of compression steel.

p = ratio of steel area

XV
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Cq:pressure coefficient of structure.
Iw:importance factor.
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 factored load.

4-3 Slabs thickness calculation
4-4load calculations.

4-5 design of topping.

4-6 design of rib (GF-R12).

4-7 design of beam (GF-B3)

4-8 design of two way ribbed slab(2F-R39)
4-9 Design of Column (C18A)

4-10 Design of Stairs ( ST1A)

4-11 Design of footing (F 14)

4-12 Design of shear wall (SWC51)
4-13 Design of strip (SWC4)

4-14 Design of Basement wall

4-15Truss design
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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 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.

NOTE:
fe'=30N /mm*(MPa ) For circular section but for rectangular

( fe'=30%*.8 = 24MPa).
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(4 .2) Factored loads:

The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:
qu=12D.L+1.6L.L.

(4.3) Slabs thickness calculation:
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Figure (4-1): Ground Floor Slab.
(4.3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressedbeams or
one way slabs unless deflections are computed as follow:

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

hmin for one-end continuous = L/18.5=8 /18.5 =0.433m =43.3cm
Note: We solved this deflection by reinforecement.

The maximum span length for both end continuous (for ribs):
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hmin for both-end continuous = L/21
=8/21 =0.381m =38.1cm
Select Slab thickness h=40cm with block 32 cm & Topping 8cm

(4.3.2) Determination of Thickness for Two Way Ribbed Slab:

3 65(40)°3

IB59=2" = 346667cm*
12 12

3 55(40)°3

Ib90=% =293333cm*

_ 80(40)°

_bn3 _ 4
Ibl 16_? =426667cm

_ 54%8%4+32+14%24
54x8+32x14

_ 54(14.18)°  40(6.18)° N 14(25.82)°
3 3

Yc 14.18cm

Irib =128504.2cm

= For exterior beam:
Long direction

_ 128504.2%(720/2 +55)
54

Is =987578.6cm

Short direction

Is— 128504.2*(700/2 + 65)
54

=987578.6cm

= For interior beam:

Short direction
_ 128504.2*(720/2+720/2 +80)
54

Is  987578.6

Is =1903765.9cm

_Ib 346667

A, = = =0.
2 Is 9875786
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_Ib 293333 _

Uy = =22 20297
Is  987578.6
o, o to 426667 o,
Is 19037659
o= 0.351+0.351 20.297 +0.224 0306

02<a<2=0.2<0306<2

. In(0.8+ f/1400)
" 36+5B8(c —0.2)

L
p=T 12103

short

ACI-318-02 (Eq: 9-1)

_ 7200 * (0.8 +420/1400)
" 36+5*1.03(0.306 — 0.2)

=21.7c¢cm < 40cm....... ok

We select the two way ribbed slab Thickness =40 cm
(4.4)Load Calculations:

(4.4.1) One way ribbed slab:

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

calculated as follows:

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block (28cm )

Fig. (4-2) One way rib slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

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

No. | Parts of Rib Calculation

1 Rib 0.14%0.32%25=1.12KN/m

2 Top Slab 0.08%0.54%25 =1.08 KN/m.
3 Plaster 0.02%0.54%22 = 0.23 KN/m.
4 Block 0.4%0.32%¥12.5 = 1.28 KN/m
5 Sand Fill 0.07%0.54*%17= 0.64 KN/m

6 Tile 0.03%0.54*%24 = 0.38 KN/m
7 Mortar 0.02%0.54%22 = 0.23 KN/m.
8 partition 2.30%0.54 =1.28 KN/m

6.22 KN/m

Table(4-1)

Nominal Total Dead load = 6.22 KN/m of rib
Nominal Total live load =5*0.54=2.7KN/m of rib

(4.4.2) Two-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:

Rib (2)
Rib (1)

Steel Bar's

" Steei Bar's
Hollow Block ( 27cm ) /

Fig. (4-3)Two way ribbed slab
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Calculation of the total dead load for one way rib slab is shown in the following table:

Dead load:

Tiles 0.03%0.54%0.54*24 0.21 KN
Mortar 0.02%0.54*%0.54*22 0.128 KN
Coarse Sand fill 0.07%0.54%0.54*17 0.347 KN
Topping 0.08%0.54%0.54*25 0.583 KN
Concrete Rib 0.32%0.14*(0.54+0.4)*25 1.053KN
Block 0.32%0.4%0.4%12.5 0.512KN
Plaster 0.02%0.54*%0.54*22 0.128 KN
partition 2.30%0.54*%0.54 0.671 KN

Table (4-2) Calculation of the total dead load for two way rib slab.

Nominal Total Dead Load = 3.632KN
DL=3.632/0.54*0.54 =12.46 kN/m”
WuD=1.2x12.46=14.95 kN/m*
WuL=1.6x5=8.00 kN/m’
Wu=14.95+8.00=22.95 kN/m’

(4.5)Design of Topping:

Dead load of topping

Tiles 0.03 * 24=0.72 KN/m*

Mortar 0.02 * 22=0.44 KN/m’
Sand0.07 * 17=1.19KN/m’

Slab 0.08 *25=2  KN/m’
Partitions 1.00 * 2.30= 2.30 KN/m".
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Dead Load = 6.65 KN/m”. (for Stores)
Live Load = 5 KN/m”. (for Stores)
W,=12DL+1.6LL
=1.2%6.65+ 1.6 * 5=15.98 KN/m®. (Total Factored Load)

Y = W, *1? 1598 % 0.4
vo12 12

=0.213KN.m

M, = f+$

= 042 Jf « 22 = 0.42VZE« 2 4 107 = 2195 KN.m

@dM,, = 0.55%2.19 = 1.207 KN.m

dM,, = 1.2 KN.m > M, = 0.2146 KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-

p =0.0018

A; = pxbxh=0.0018 « 1000 = 80 = 144 mm?.

_ ASreq _ 144 _

# 0f g = —ree = 124 _ 5 88 — Spacing(S) = — = 0.347m = 347 mm.
A 50 2.88

<380 (Zfis")—z.s *C. < 380 (Zfis")

=380 * (222) - 2.5% 20 <380 * (22)
3y 3y

280 _ % " 280
g*m) 2.5 %20 < 380 (g*420

=380 *(

)

=330 mm. <380mm.
<3*h=3*80=240mm........... controlled.
<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.
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(4.6)Design of Rib (GF-R1)

Material :-
concrete B300
Reinforcement Steel

Section :-

Fc¢'= 24 N/mm?
fy = 420 N/mm’

b=14cm bf=54 cm
h =40cm Tf=8 cm
text 2 3 4
1 2 3
E Al Al Al
A A A
0.4 7.18 0.8 7.2 0.8 7.2 0.5
1 | | | | |
o 7.78 8. 7.85 ‘
| | |
I I 1
54.
8.
14.
A-A
Figure (4-4): Rib geometry.
load group no. 1
Dead load - Service Units:kN,meter
6.24 6.24 6.24
7.78 8. 7.85
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.70 2.70 2.70
7.78 8. 7.85

Figure (4-5) : loading of Rib (GF-R
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Moments: spans 1to 3

775 .78.6
-56.1 -58.5 -59.5 -57.
‘ 08 | 3.8 . A |
I ‘ 1T 3.88 ‘ 1
Lt 1 1 |
129 T 16 " T 131 '
> 1.61 3
33.8
62 63.2
| 3.11 4.66 | 4. 4. | 4.7 3.14 |

Figure (4-6) : Moment Envelop of rib (GF-R1)

Shear

-55.9 50.1

-41. -38.7
-31.3

-46.8

31.6
38.3 40.7

49.8

47.3
56.4

Figure (4-7) : Shear Envelop of rib (GF-R1)
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(4.6.1) Design of flexure of rib(GF-R1):-
(4.6.1.1) Design of Negative moment of rib (GF-R1):
1) Maximum negative moment Mu ©) =59 5KN.m.

Mn=Mu /$ =59.5/0.9 =66.11 KN.m

0.85 f, 0.85+24

M 66.11x1073
= nz = > = 3.53 MPa
bxd 0.14+ (0.366)

1 2xKp*
p=—(1- /1—Tm)

=— <1 - J1- —2*3'53*20'6>: 0.0092945.

Ky

20.6 420

—As=p * by, *d = 0.00929* 140 *366 = 476.250mm".

fé
ASpmin = 4J(f:) b, xd = % xb,xd ... (ACI-10.5.1)
V2%

x 140 %366 > —= %140 = 366
420

T 4x420

=149.4 mm°<170.8mm’ ............. Larger value is control.

—ASmin = 170.8 mm’< As,eq = 476.250mm”.
« As =476.250mm’,
2 ®©18=508.9 mm™> Aseq = 476.25mm*. OK.
~ Use 2 ®18
— Check for strain:- (¢, = 0.005)

Tension = Compression

As*tfy =085 *f/ *b*a
508.9% 420 =0.85*24 * 140 * a

a=74.84 mm.
c=4= 72280.05 mm. * Note: f =24 MPa< 28 MPa— f3; = 0.85
-

g, = £5%0.003
c

_ 366-80.05

05 *0.003=0.0106> 0.005 -~ =0.9 OK
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2) Negative Moment My ©=58.5KN.m.
Mn = Mu /$58.5/0.9 = 65 KN.m

0.85f, 0.85%24

«10~3
=M 0510 _3 466 MPa
b*d?  0.14* (0.366)2

1 2xKp*
p=—(1- /1—Tm)

L<1 -1 —M>: 0.0091065.

" 206 420

Ky

—A=p * b, *d =0.009106 * 140 *366 = 466.61 7mm’.

fé 1.4
ASpin = 4\/(;) * by, xd = s *byxd ... (ACI-10.5.1)
V24

%140 366 > ~= %140+ 366
420

4%420
=149.4 mm’<170.8 mm” ............. Larger value is control.

— ASpin#66.6mm’< Asyeq = 466.617mm’.
« As =466.617 mm’.
2 @18 = 508.9 mm™> As#66.617 mm”. OK. *Note: Agp1o = 78.5 mm™.
~ Use 2 @18
— Check for strain:- (¢, = 0.005)

Tension = Compression

As*ty =085 *f/ *b*a

508.9* 420 =0.85 *24 * 140 * a

a=74.84 mm.
= ﬁi =22280.05 mm. * Note: f = 24 MPa< 28 MPa— f; = 0.85
o

g, = £5%0.003
c

_ 366—80.05

505 *0.003=0.0106 > 0.005 ¢ =0.9OK
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(4..6.1.2) Design of Positive moment of rib (GF-R1)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=400 —20 - 8 —= 363 mm.

— My max = 63.2KN.m

bg < Distance center to center between ribs = 540 mm............ Controlled.
< Span/4 = 5050/4 = 1262.5 mm.

(16* t) + by, =(16* 80) +140 =1420 mm.

IA

—bg =540 mm.
— My = 085 f, b+ ty « (d — L)

0.08

— 0.85 % 24 * 0.54 * 0.08 * (0.363 - T) «10% = 284.65 KN.m
M= 0.9 * 284.65 = 256.18 KN.m
My =256.18 KN.m > My = 63.2 KN.m.

=~ Design as rectangular section.

1) Maximum positive moment My ¢ =63.2KN.m

Mn=Mu/$ =63.2/0.9="70.22KN.m.

0.85f, 0.85%24

+10-3
=M _ 702270 _ ).9868 MPa
b*d 0.54* (0.363)

1 2xKp*
p=—(1- /1—Tm)

=— <1 - J 1- —2*0'98685*20'6>: 0.00240944.

Ky

20.6 420

—As=p *bg *d = 0.002409 * 540 *363 = 472.298 mm”.

............ (ACI-10.5.1)

V2% 140+363 > 1% «140 « 363
4%x420 420
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=148.19 mm’<169.4mm” ............. Larger value is control.

—>ASmin = 169.4mm’< As;eq = 472.298 mm”.
~ As=472.298 mm’,
2 ®18 = 508.94 mm*> As,e = 472.298 mm’. OK. *Note: Agprg = 254.5 mm”,
~ Use 2 ®18
— Check for strain:- (¢, = 0.005)

Tension = Compression

As*ty =085 *f/ *b*a
508.94 * 420 =0.85 * 24 * 540 * a

a=19.4 mm.

¢=g= E =22.82 mm * Note: f; =24 MPa< 28 MPa— f; =0.85
7o
£ = 5% 0.003
:% *0.003 = 0.0447> 0.005 - =0.9 OK

2) Positive moment Mu @ 62KN.m.
Mn=Mu/$=622/09=69.11 KN.m.

m=——=——-=20.6
0.85f, 0.85%24

103
=M _ O _ ).9766 MPa
b*d 0.54* (0.363)

1 2xKp*
p=—(1- /1—Tm)

:L<1 _ \/1 _ 2*0.9766*20.6)2 0.00238.

Ky

20.6 420

—As=p *bg *d 0.00238 * 540 *363 =467.266 mm’.

fe 14
ASpin = 20y xb, xd = % *b,*xd ............ (ACI-10.5.1)
— V2% 1404363 > %4140+ 363
4%420 420
=148.19 mm’< 169.4mm” ............. Larger value is control.

—>ASmin = 169.4mm’< As,eq =467.266mm”.
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- As =467.266 mm”.
2 @18 =508.9 mm™> As;467.266 mm”. OK. *Note: Agpig = 254.5 mm”.
~ Use 2 @18
— Check for strain:- (¢, = 0.005)
Tension = Compression
A*fy =085 *f/ *b*a
508.9 * 420 = 0.85 * 24 * 540 * a

a=19.4mm.

c=—=—"=2283mm * Note: f; =24 MPa< 28 MPa— 3, = 0.85

_363-22.83
22.83

~ Use 2 @18
3) Positive moment Mu ® =33.8KN.m
Mn=Mu/¢=33.8/0.9=37.556 KN.m.

*0.003 =0.045> 0.005 - =0.9 OK.

0.85 f, 0.85%24

_ My _ 37.556%1073 _
" b+d?  0.54% ((0.363)2 0.53072 MPa

1 2xKp*
p=—(1- /1—Tm)

:L<1 _ \/1 _ 2*0.53072*20.6)2 0.00128.

Ky

20.6 420

—As=p *bg *d 0.00128 * 540 *363 = 251mm’.

ASyim = 4(;:') xby, xd > %* by *d oo, (ACI-10.5.1)

= 2% 11404363 > 24140 + 363

=148.19 mm’< 169.4mm”* ............. Larger value is control.
—ASmin = 169.4 mm’< Aseq = 251mm’.
o~ As =251 mm°.
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2 @14 =307.88 mm*> Asyeq =251 mm’. OK. *Note: Aprq = 153.94 mm”.
~ Use2 @14
— Check for strain:- (¢, = 0.005)
Tension = Compression
As*¥tfy =085 *f/ *b*a
307.88 *¥420 =0.85 * 24 * 540 * a

a=11.74 mm.

~ 174 1381 mm * Note: f = 24 MPa< 28 MPa— f; = 0.85

c= a
" B1 085

g, = 225%0.003
C

_363-13.81
13.81

= Use 2 14

*0.003 =0.0758> 0.005 ¢ =0.9 OK.

(4.6.2)Design of shear of rib (GF-R1)
1) Vu =47.3 KN.
ft
Cl)Vc:Cl)*g*bw*d
= 0.75 * X224 0.14 * 0,363 *10° = 31.121KN.
1.1*d V. =1.1 *31.121=34.233KN.

—Check for Cases:-
1- Casel: V, < %
34.121

473 <

=17.116.......Not satisfy

2- Case 2 :Pe< Vi< oV,

2

17.116 < 47.3< 34.233...... Not satisty
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3- Caselll :dpV <V, <&(VetVimin)

Provide minimum shear reinforcement

Vimin > =% |[fZ *by*d == x V24 *0.14%*0.363*10°= 15.56 KN.

> Taby, xd=;+0.14%0.363%¥10°=16.94 KN.............. Control.

Ve =34.233 KN <V, =47.3 KN < (Ve Vamin ) =46.94 KN..... Not satisfy

4- CaselV :p(VetVmin) <V <O(VAVy)
Vo'=zx[ff ¥ by * d = <% V24 x 0.140 % 0.363 » 10° = 41.49KN

d(VetVs,min)=46.94KN <Vu =47.3 KN <¢p(Vc+Vs')=65.35KN......... satisfy
~Case (IV) is satisfy — shear reinforcement is required.
Use 2 Legd 10 for stirrups Avz¢10=2*50.26=100.52.1mm*

Av xfyt+d 100 * 420 = 363

s = = 1073 = 1050.1 mm
Ve = ¥ v 473 34.233
b 0.9 0.9

S <%= 3% _181.5mm.
2 2

< 600 mm.

~ Use 2 Leg ®8 @ 15 Cm C/C

2) Vu =46.8 KN.

Jf:,*bw*d

dVe-pr i
- 0.75 *%* 0.14 * 0363 *10° =31.121 KN,

1.1* ¢ V. =31.121 * 21.02 =34.233 KN.

—Check for Cases:-

1- Casel: V, < %

34.233

46.8< =17.12.......Not satisfy
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2- Case 2 :%< Vi< 0V,
17.12 < 46.8< 34.233 ....... Not satisfy
3- Caselll :dV<Vy <d(Vet+Vsmin)

~ Use 2 Leg ®8 @ 15¢cm C/C

(4.7) Design of Beam (GF-B3):

Material :-
concrete B300 F¢'= 24 N/mm*
Reinforcement Steel fy = 420 N/mm’
Section :-

B =80

h=70cm

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way
slabs unless deflections are computed as follow:

hmin for one-end continuous = L/18.5

=1010/18.5 = 54.59cm.

hmin for both-end continuous = L/21

=600/21 = 28.57cm.

The controller beam total depth is 37.3 cm.

—Select Total depth of beam h= 70cm. ( drop beam).
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BEAMS5 2 3 4
1 2 3
\ \| \|
E A T A ™1 A :|
LI LI
A A A
0.3 9.7 0.5 5.5 0.5 7.38 0.4
H 10.1 — 6. = 7.83 —
| | | |
I I I 1
70.
80.
A-A
Figure (4-8) : Beam Geometry.
load group no. 1
Dead load - Factored Units:kN,meter
130.7 118.1 1181 133.1 133.1
4.05 ‘ 6.05 .4§ 5.55 7.83
1 1
Live load - Factored
72.2 63.3 63.8 80.8 80.8
4.05 | 6.05 .4§ 5.55 7.83

Figure (4-9) : Load of Beam (GF-B3)
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Moments: spans 1to 3

-1745.7
-1474.7 -1547.3

2.3 \ 144
1240.7
a04 17003 6.06 3.3 a7 4.3 ‘ 3.52
I I I I I I 1
Figure (4-10) : Moment Envelop for Beam (GF-B3)
Shear
-1106.8
-958.
636.9 _ -729.2
-461.3 . J
H Pl [ !
‘I LI LI T
684.7 655.5
830.8 816.4 802.4
977.9

Figure (4-11) : Shear Envelop for Beam.
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4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-
—Mupmax = 1700.3 KN.m .
by=80Cm. , h=75Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=700 - 40 10 -25-=>= 612.5 mm,
Crax =2 *d =2 %612.5 = 262.5 mm.
Amax = 1% Conax = 0.85 ¥262.5=223.125mm.  *Note: f, = 24 MPa < 28 MPa—f, = 0.85
My =0.85* f/ *b*a*(d-7)

= 0.85 * 24 * 223.125% 800* (612.5- == ) * 10

— 1824.114 KN.m .
$=0.65+250_*(0.004-0.002) = 0.816
3

—PMnpax = 0.82 * 1824.114= 1495.773 KN.m . * Note: €,=0.004 — ¢ =0.82
—PMnpax = 1495.773KN.m < Mu =1700.3 KN.m .

~Doubly reinforced concrete section.

1) Maximum positive moment Ay ) =1700.3KN.m .

GMnyax = 1495.773 KN.m < Mu = 1700.3 KN.m — Doubly reinforced concrete section
Mns = Mu /¢-Mnc= (1700.3/ 0.82)-1824.114 =249.423 KN.m .

Mns=Cs (d-d") = As'(fs'-0.85fc")(d-d")

d' = cover + diameter of stirrups + (diameter of bar/ 2)

=40 +10+ 22—0: 60 mm.

=4y —600(223=%%) — 462 857> fy=420 Mpa

fS :600( c 262.5

Compression steel is yielded. Take fs’ = fy= 420 Mpa

_ Mns
(fy—-0.85fc’)(a-d")

As'
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249.423 *10°

= = 2

As = (420-0.85.24) (612.5 —60) 1129.74 mm
A T
S =—
fy

T=Cs+ Cs=0.85 fc'ab + As'(fy — 0.85fc")
=[0. 85 * 24 *223.125* 800 +1129.74*(420-0.85*24)]*1073 =4092.844 KN

oo T _4092844510°
S _fy_ 420 = . mm

Use 2125 in two layers As =10308.35 mm2 > As,req = 9744.86 mm2ok
Use 8@14in one layer As’ =1231.5 mm2 > As,req = 1129.74 mm2ok

__ As _ 1030835

T bd  800v6125 0.02.
,  Asr 12315
p' == =0.0025133,

_0.85+fc’+d’ (600 ) '
1

pcy = dxfy 600—fy
0.85+%24+60 600
pey = 2224 g5 (S ) + 0.0025133= 0.0159943

p =0.020>pcy = 0.0159943
Compression steel is yielded (¢'s > ¢,
— Check for strain:- (¢, = 0.005)
Tension = Compression
Ag*fy =0.85* f/ *b *a+As’ (fy-0.85f.)
10308.35 * 420 =0.85 * 24 * 800 * a + 1231.5 (420-0.85*24)

a=235.135 mm.
a 235135 ,
€= = e 276.629mm.. * Note: f, =24 MPa< 28 MPa— ; =0.85
1 .
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d,=d+i+%
2 2
=612.5+ % + 22—5 =637.5mm

g, =254 0.003
c

_637.5-276.62
276.62

*0.003 =0.003914< 0.005 -$<0.9.

®=0.65+(0.003914-0.002)* %= 0.8095

Mn= 0.85*fc"*a*b*(d-2) + As'(fs'-0.85*fc'(d-d")

235.135

=[0.85*24*235.135*800*( 612.5- .

) +1231.5(420-0.85%24(612.5-60) ]*1076=2148.678

@ Mn= 0.8095*2148.678 KN.M = 1739.17 >Mu=1700.3 KN.M . OK

2)Positive moment Mu @ =1240.7KN.m.
dMnp,, = 1495, KN.m > Mu = 1240.7 KN.m — Singly reinforced concrete section.
Mn = Mu /d=1240.7/ 0.9 = 1378.5556 KN.m .

f 420
m=—2-= =20.6
0.85f, 0.85%24

M, _ 1378.5556%107 3

T bed?  08+(06125)% 4.5933 MPa.

_l _ _Z*Kn*m
p=—(1 /1 —, )

:L<1 - \/1 —M>: 0.0125617.

Ky

20.6 420

—A,=p *b, *d =0.0125617 * 800 *612.5 = 6155.2532 mm’.

ft
ASmin = 757 bwrd 2 %* by *d o, (ACI-10.5.1)
— 2% L 800+612.5 > 14800« 612.5
4%x420 420
= 1428.869 mm’<1633.333 mm” ............. Larger value is control.

—ASmin = 1633.333 mm’< As,eq = 6155.2532 mm’.
- As=6155.2532 mm’.

ASreq _ 6155.2532
Apar 314.16

#0f ©20 = =19.59 — # of bars = 20 bars.
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~Use20 ®20 — As=20*314.16 = 6283.185 mm’> ASreq = 6155.25 mm’ .

— Check for strain:- (¢, = 0.005)
Tension = Compression
As*ty =085 *f/ *b*a
6283.185 *420=0.85 *24 * 800 * a
a=161.6996 mm.

_a 161699
T B 0.85

c =190.235mm. * Note: f; =24 MPa< 28 MPa— 8, =0.85

d,=d+i+%
2 2
= 617.5+§ + %640 mm

g, = 5% 0.003
Cc

_640-190.235

50235 0.003=0.0071> 0.005 ¢ =0.9 OK.

~ Use 2020

3) Positive moment Mu )

ASpin = 4{;5) xby, xd = %* by *d e, (ACI-10.5.1)

= 2% 800+ 6125 > == +800 * 612.5

= 1428.869 mm’< 1633.333 mm” ............. Larger value is control.
—>ASpin = 1633.333 mm*> As, = 1428.869 mm?
—A=1633333mm"............. control
—>ASmin = 1184 mm™ As,eq = 564.77 mm”.
~ As=1184 mm’.
#0f @14 =2min — 1039353 _ 14 61 _, 4 ofbars = 11 bars.

« Use 11®14 — As=11* 153.9 = 1693.32 mm*> Aseq = 1633.33 mm’ .
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— Check for strain:- (¢, = 0.005)
Tension = Compression
As*ty =085 *f/ *b*a
1693.32 * 420 = 0.85 *24 * 800 * a

=——=51.27 mm. * Note: f; =24 MPa< 28 MPa— f; = 0.85

_ 637.5-51.27
51.27

~ Use 11914

*0.003=0.034> 0.005 ¢ =0.9 OK.

4.7.1.2 Design of negative moment:-

*Max. Negative moment Mu © =1547.3KN.m .

GMnyax = 1495.773 KN.m< Mu = 1547 .3KN.m — Doubly reinforced concrete section
Mns = Mu /¢-Mnc= (1547.3 / 0.82)-1824.114 =62.84 KN.m .

Mns=Cs (d-d") = As'(fs'-0.85fc")(d-d")

d' = cover + diameter of stirrups + (diameter of bar/ 2)

=40 +10+ 2= 60 mm.

c—d’ 262.5-60
c 262.5

Fs' =600(=L) =600( ) = 462.857 >fy=420 Mpa

Compression steel is yielded. Take fs’ = fy= 420 Mpa

AS’ — Mns
(fy—0.85fc’)(d_d/)
r_ 62.84 *10° _ X
As' = (420-0.85.24)(612.5 —60) 284.63 mm
A T
S =—
fy
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T=Cc+ Cs=0.85 fc'ab + As'(fy — 0.85fc")
=[0. 85 * 24 *223.125* 800 +284.63 *(420-0.85%24)]*1073 =3755.138KN

T _ 3755.138 10

As = — = 8940.81
S Fy 220 mm?2

Use 1925 in two layers As =9326.6mm2 > As,req = 8940.81 mm2 ok
Use 4@12 in one layer As’ =452.38 mm2 >As,req 284.63 mm2ok

__As _ 93266

P = %4 ™ 8006125

=0.019.

, _ Asi 45238

P =4 " sooreizs 0.000923.

_0.85+fc’+d’ 600 '
pcy = dxfy P (600—fy) TP
pey = 2222080 g5 (2% ) + 0.000923 0.01348.

p =0.019>pcy = 0.01348
Compression steel is yielded (¢'s > ¢,
— Check for strain:- (¢, = 0.005)
Tension = Compression
Ag*fy =085 * f/ *b *a+As" (fy-0.85f,)
9326.6 * 420 = 0.85 * 24 * 800 * a+452.38 (420-0.85%24)

a=288.946 mm.
c== 22020 = 339.936mm.. * Note: f/ = 24 MPa< 28 MPa— 8, = 0.85
o

d,=d+i+%
2 2
—612.5+ % + 22—5 =637.5mm

g, =45+ 0.003
C
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_637.5-339.936
339.936

$=0.65+(0.00262-0.002)* == = 0.70166

*0.003 =0.00262 < 0.005 .$<0.9.

Mn= 0.85%fc"*a*b*(d-7) + As'(fs'-0.85*fc"(d-d")

288.946

= [0.85*24*288.946*800*( 612.5- 5

)+ 452.38 (420-0.85%24(612.5-60) ]*10~6 =2209.478

®Mn = 0.7016*2209.478KN.M = 1550.7 >Mu=1547.3 KN.M . OK

negative moment My © =947 2KN.m .
OMny,x = 758.836 KN.m< Mu = 484.5 KN.m — Singly reinforced concrete section.
Mn=Mu /d =947.2/0.9 =1052.44KN.m .

0.85f, 0.85%24

M 1052.44%1073
= nz = 5= 3.507 MPa.
b*d 0.8+ (0.6125)

-1n1- _ ZxKprm
~L(1- 1o,

- <1 - J1- 72*3'507*20'6>: 0.009227

Ky

20.6 420

—A,=p * b, *d = 0.009227* 800 * 612.5 = 4521.23 mm’.

fé
Asmin = Jgy*bwrd 2 %* by *d ..oon...... (ACI-10.5.1)
=% 800+ 6125 > 2% 4800« 6125
=1428.86 mm’< 1633.1 mm” ............. Larger value is control.

—>ASmin = 1633.1 mm’<As,eq =4521.23 mm”.
o As =4521.23 mm®.

_ ASpeq 452123

#0f P20 =—=—""-=14.39— # of bars = 15 bars.

~ Use 15020 — As =15 * 314.6 = 4712.4 mm’>Aseq = 4521.3 mm’ .
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— Check for strain:- (¢, = 0.005)
Tension = Compression
As*ty =085 *f/ *b*a
4712.4 * 420 =0.85 *24 * 800 * a

a=121.2 mm.

121.2

ﬂi =—==142.59 mm. * Note: f = 24 MPa< 28 MPa— B, =0.85
.o

c =
g, = £5%0.003
c

_ 640—-142.59
142.59

~ Use 15®20

*0.003=0.0105 > 0.005 ¢ =0.9 OK.

(4.7.2) Design of shear:-
1) Vu=958 KN.

fé
d)Vc:d)*g*bw*d

=0.75 * % *0.8 * 0.6125 * 10° = 300.062 KN.

— Check For dimensions:-
GVe+ (2% * [fI *by*d) =300.062+( =*0.75 *VZ& *0.8 *0.6125*10°)
= 300.062 +1200.25 = 1500.87 KN > Vu = 958 KN.

=~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < %

300.062

958 < — —=150.01......Not satisfy.

2- Case 2 :%< Vi< Ve

150.01 < 958 < 300.06 ....... Not satisfy.
3-Case3:p V< Vy < & Ve + PVS min

0.75
16

O Vsmin > L /f7*by*d =224 * 0.8 %0.6125 * 10° = 11252 KN.
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> Lup,*d=2%08%0.6125%10°=122.5KN......... Control.
VS in = 122.5KN.

Ve + GVS min = 300.06 + 122.5 = 422.56 KN.

dVe< Vi < dVe+ VS min

300.06< 958 < 422.56 .......... Not satisfy.

4-Case 4 .GV + HVS min< Vi < GVt (2 *JF7 * by *d)

=300.06 +122.5 < 958 <300.06 + (“= *V24 *0.8 * 06125 *10°)

42226 < 958 <900.185............ NOT. Satisfy.
5-Case5
. . Av | Vs
~Case (5) is satisfy — ( S )= Ty d) "
Vs =( %u -Vc)
= (222 400.08 ) = 877.25 KN. *Note: Ve = 2222 = 400.08 KN.
Try ®12(4 Legs) =4 *113.1 =316 mm”.
* *10~6 * -3
P10 8772519 © o —0.13 m=130mm........ control
S (412 %0.6125)
s< 2=125_306.25mm.
2 2
<300 mm.

£ §=216 mm < Spa = 222 mm Ok.
~ Use @12 @ 10 Cm C/C.

1) Vu=802.4KN.

7t
¢Vc=¢*£*bw*d

=0.75 * % *0.8 * 0.6125 * 10° = 300.062KN.

— Check For dimensions:-
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GVe+ (% d* [ *by*d)=300.062 +( =*0.75 */Z4 *0.8 *0.6125% 10°)
=300.062 +1200.25 = 1500.87 KN > Vu = 802.4 KN

~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < %

300.062

958 < = 150.01.......Not satisfy.

2- Case 2 :%< Vi< Ve

150.05 < 802.4 < 300.06 ....... Not satisfy.
3-Case3:p V< Vy < & Ve + PVS min

O Vsmin > —=[f7 *by* d=222y24 * 0.8 *0.6125 * 10’ = 112.52 KN.

> cl’*b #d=275%08%0.6125%10°=122.5KN.......... Control.

VS min = 122.5KN.
PVe + OVS min = 300.06 + 122.5 = 422.56 KN.
PVes Vi = Vet PVs i
300.06 < 802.4 < 306.3 .......... Not satisfy.
4-Case 4 Ve + Vs i< Vy < Vet (2 * Jf7 *by*d)

=300.06 +122.5 < 8024 <300.06 + (*> *V24 *0.8 * 0.6125 *10°)

422.26 < 802.4<900.185...... satisfy.

~Case (4) is satisfy — (— )=

(fyt*d)
Vs=(—u—Vc)
= (225 -400.08 ) = 669.786 KN. *Note: Ve = 2222 = 400.08 KN..

Try ®12(4 Legs) =4 * 113.1=316 mm” .
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4%113.1%107% _ 669.78+ 1073

S = (412+08125 )—> $s=0.1704d m=170 mm ......... control
s< £=822_ 3062 mm.
2 2
< 600 mm.
A 8=3062mm>S,=170mm S=170.......... control

= Use @12 4legs @ 15 Cm C/C.
3) Vu=2816.4 KN.
fe
¢Vc=¢*£*bw*d
=0.75 * % *0.8 *0.6125 * 10° = 300.062KN.

— Check For dimensions:-

GVe+(*d* |7 *by*d) ==300.062+( Z*0.75 *V2& *0.8 *0.6125% 10°)
=300.062 +1200.25 = 1500.87 KN > Vu =816.4 KN

~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < %

300.06_

= 150.03.......Not satisty.

816.4 <

2- Case 2 :%< Vi< ¢V,
150.03 < 816.4 < 300.06 ....... Not satisfy.
3-Case3 :p V< Vy < & Ve + VS min

0.75
16

O Vsmin > L /f7*by*d =224 * 0.8 %0.6125 * 10° = 112.52 KN.

> %* by *d = °3£ *0.8*0.6125%10°=122.5KN.......... Control.

VS min = 122.5KN.
Ve + VS min = 300.06 + 122.5=422.56 KN. KN,
dVe< Vi < Ve + VS min

300.06 < 816.4 < 422.56......... NOT. satisfy.
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4-Case 4 :pV, + OVS i< Vy < ¢VC+(§ *JfE *by*d)
~300.06+122.5 < 816.4 <300.06 + (%2> */Z4 *0.8 *0.6125 *10°)

42226 < 816.4<900.185...... satisty.

. . . A_v _ Vs
~Case (4) is satisfy — ( 5 ) Ty d) "
Vs =( %u -Vc)
= (5240008 ) = 688.45 KN. *Note: Ve = 2222 = 400.08 KN..
Try ®12(4 Legs) =4 * 113.1=316 mm” .
* *10~© * -3
41131+10 ° _ 68845~ 10 $s=0.1658 m=166mm ......... control
S (412 %0.6125)
s< =25 _ 3062 mm.
2 2
< 600 mm.
£ $=3062mm > s, =166 mm S=166.......... control

~ Use @12 4legs @ 15 Cm C/C.
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(4.8)Design of two way ribbed slab(2F-R39) :-

2F-c108[] 2F-Bl16 eF-c109[]

aF-cle2[M] 2F-B90 2F-c123]

Figure (4-12) :Two way ribbed slab(2F-R39)

Nominal Total Dead Load = 3.632KN
DL=3.632/0.54*0.54 =12.46 kN/m’
WuD=1.2x12.46=14.95 kN/m*
WuL=1.6x5=8.00 kN/m’
Wu=14.95+8.00=22.95 kN/m’

(4.9.1)Design of positivemoment:-

According to ACI-code:Case 7, m=§—: = % =0.97

Ca.LL =0.0342 Ca.d1=0.0292
Cb.LL=0.0333 Cb.dI=0.0319

Ma positive(DL) = 0.0292*14.95%72 *0.54= 11.55 KN. m/rib
Ma positive(LL)= 0.0342* 8.00 *72 *0.54 = 7.239 KN. m/rib
» Ma positive(D+L)=11.55+7.239=18.79 KN. m/rib

Mb positive(DL) = 0.0319*14.95%7.22 *0.54= 13.35 KN. m/rib
Mb positive(LL)= 0.0333*8.00 *7.22 *0.54 = 7.46 KN. m/rib
» Mb positive(D+L)=13.35+7.46=20.81 KN. m/rib
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= short direction:
> Mu=18.79 KN.m
d=400-20-8-20/2=362mm

Mn = Mu /d = 18.79/ 0.9 = 20.88 KN.m

M, _ 20.88+1073
bxd?  0.54% (0.362)2

=0.295 MPa

p=—(1- [1-2)
m fy

=L <1 - J1- —2*0'295*20'6>: 0.0007075
420

—As=p * b, *d = 0.007075* 540 *362 = 138.31 mm”.

fC’ 1.4
Asmin = s *burd 2 by vd (ACI-10.5.1)
V24

%140 %362 > ~2 %140 + 362
420

4%420

=147.79 mm’< 168.93 mm* ............. Larger value is control.
—>ASmin = 168.93 mm”™>As,eq = 138.31mm’.
. As=168.93 mm’.
2 @12 =226.195 mm*>As,q = 168.93 mm’. OK. *Note: Ap1p = 113.1 mm®

= Use 2 12

— Check for strain:-(¢; = 0.005)
Tension = Compression

A*fy =0.85*f/ *b*a
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226.195*% 420 = 0.85 * 24 *540 * a
a= 8.624m<80mm

a _ 8624 _
c= B 085 10.14 mm.

g, = 50,003
c

= 2022022 % 0,003 = 0.104 > 0.005 ~d=0.9 OK

10.14

= Long direction:
»> Mu=20.81KN.m
d=400-20-8-20/2=362

Mn = Mu /$ =20.81/0.9 =23.12 KN.m

M 23.12%1073
= nz = 3 =0.327 MPa
b*d 0.54* (0.362)

1 2*%Rp*
p=—(1- /1—Tm)

1 <1 _ 1— 2*0.327*20.6)2 0000785

Ry,

420

—A,=p *b,, *d = 0.000785* 540 *362 = 153.45mm*

fé 14
xd > =—xby,*d ............ (ACI-10.5.1)

= V2% 140%362 > 24140+ 362
4%x420 420

=147.79 mm’< 168.93 mm” ............. Larger value is control.

* Note: f, =24 MPa< 28 MPa— f; = 0.85
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—ASmin = 168.93 mm>>As,e = 153.45 mm”.
. As=168.93 mm’.
2 @12 =226.195 mm>>Asq = 168.93 mm*. OK. *Note: A1, = 113.1 mm?
Use 2 ®12
— Check for strain:-(¢; = 0.005)
Tension = Compression
A*fy =085 *f/ *b*a

226.195 * 420 =0.85 * 24 *540 * a

a=8.624 mm.
a 8624 ,
€= = 10.145 mm. * Note: f, =24 MPa< 28 MPa— 8, =0.85
1o

g, =254 0.003
c

_362-10.145

*0.003=0.104 > 0.005 -~ =0.9 OK
10.145

(4.8.2)Design of negative moment :-

According to ACI-code:
Cyp.neg = 0.0688

> My negative (D+L)=0.0688%*22.95%7.22 *0.54=-44.2 KN. m/rib

Negative moment at discontinuous edges =(1/3)*positive moment\

M, negative ((discontinuous)=(1/3)*18.79=-6.263 KN. m/rib
My, negative ((discontinuous)=(1/3)*20.81=-6.94 KN. m/rib
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= short direction:
> Mu=-442KN.m
d=400-20-8-20/2=362

Mn=Mu /d =44.2/0.9 =49.11 KN.m

0.85 f, 0.85%24

M, 49111073
R,=—%= =2.68 MPa
M pxd?2  0.14+ (0.362)2

_i _ _Z*Rn*m
p=—1 /1 —fy )

1 <1 _ 1— 2*2.68*20.6)2 000687

420

—A,=p *b,, *d = 0.00687* 140 *362 = 348 mm’.

fe
Asmin = 7y *bwrd 2 %* by *d oo (ACI-10.5.1)

Vi 1405362 > 2% 4140 « 362
4%x420 420

=147.79 mm’< 168.93 mm* ............. Larger value is control.

—>ASmin = 168.93 mm’<As,e, = 348 mm’.

. As =348 mm>.

2 @16 = 402 mm*>As,, = 348 mm”. OK. *Note: Agp1e =201 mm?

= Use 2 @16
— Check for strain:-(¢; = 0.005)
Tension = Compression

A*fy =0.85*f/ *b*a
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402 *420=0.85 * 24 *140 * a
a=159.11 mm<80mm

o=@ 5o
T B, 085

g, = 50,003
c

_ 362—69.55
69.55
~ =0.9 OK

*0.003=10.0126 > 0.005

» Mu,=-6.263 KN.m
d=400-20-8-20/2=362
Mn = Mu /$ =6.263 /0.9 = 6.959 KN.m

m=——=——-=20.6
0.85f, 0.85%24

My, 6.959%1073

- b*d? - 0.14+ (0.362)2 =0.379 MPa

_l _ _Z*Rn*m
p=—(1 /1 — )

L(l _ 1— 2*0.379*20.6)2 0.00091

Ry

" 206 420
—A,=p *b,, *d = 0.00091* 140 *362 = 46.166 mm”

fé

1.4
ASpin = 2y *by xd = E *by,*xd ... (ACI-10.5.1)
V24

%140 %362 > ~2 4140 + 362
420

4%420
=147.79 mm’< 168.93 mm” ............. Larger value is control.

—>ASmin = 168.93 mm*>As,eq = 46.165 mm’.

=——=09.55 mm. * Note: f, =24 MPa< 28 MPa— f; = 0.85

83



~ As=168.93 mm’.
2 @12 =226.195 mm>>As,q = 168.93 mm’. OK.
Use 2 @12
— Check for strain:-(¢; = 0.005)
Tension = Compression
As*¥ty =085 *f/ *b*a
226.2 ¥420=0.85 *24 *140 * a

a=33.26 mm<80mm

a 3326

*Note: Apqp = 113.1 mm?

c=—="2=139.13 mm. * Note: f; =24 MPa< 28 MPa— f; = 0.85

B1 085
g, = 5%0.003
(5

362-39.13
T 3913

> Mup=-6.94KN . m
d=400-20-8-20/2=362

Mn =Mu /$ =6.94/ 0.9 = 7.71 KN.m

__fy 420 _
085/, 085%24 20.6
* -3
R,=2n = 77110 _( 42 MPa

" b*d?  0.14% (0.362)2

-1n1- _ Z*Rprm
-1(- 1o,

L<1 - J1- —2*0'42*20'6>: 0.00101

" 206 420

—As=p * by *d =0.00101* 140 *362 = 51.21mm*
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ax
.
S

xb,*d > 2xb, xd ... (ACI-10.5.1)

A L = =
Smin = Ty %

V24
4%420

%140 %362 > ~% 4140 + 362
420

=147.79 mm’< 168.93 mm” ............. Larger value is control.

—>ASmin = 168.93 mm”*>As,eq = 51.21 mm”.
« As=168.93 mm’.
2 @12 =226.2 mm>>Asq = 168.93 mm*. OK. *Note: Apqp = 113.1 mm?
Use 2 @12
— Check for strain:-(¢; = 0.005)

Tension = Compression

As*ty =085 *f/ *b*a

226.2 ¥420=10.85 * 24 *140 * a

a=33.26 mm<80mm

c= ﬁi =222 -39.13 mm. * Note: f =24 MPa< 28 MPa— f; = 0.85
T

g, =5+ 0.003
(5

=22222240.003 =0.0248 > 0.005 = =0.9 OK
Design For shear on max shear Value from both direction
=2>Ca=0.312
= Cb=0.688

PTotal=la*Ib*Wu=7%7.2%22.95=1156.68 KN
Vu,face=Ca* PTotal*0.54/(2*Ib)
=0.688*1156.68*0.54/(2*7)=30.69 KN

Vud= Vu,face-Wu*bf*d=30.69-22.95%0.54%0.362=26.39 KN
(b Ve=0.75%11%* [F¥bw*d=0.75%1.1*-*V/24*140*362*10-3
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=34.14 KN
= ¢ Vc> Vud=>No need for shear reinforcement

Vud=Wu*bP"(% — d)=22.95*0.54*(% —0.362) = 40.129KN > ¢ V¢
-)Vs,minzi*\/f_c’*bw*d Zg*bw*d

1 1
=" 24*140*362*10'32§>|<140>|<362>|<10'3

=15.52KN<16.89KN
= Vs,min=16.89KN

= ¢ Vc=34.14KN<Vud=40.129KN< ¢ (Vc+ Vs,min)=46.81 KN
=~ Case (II) is satisfy — minimum shear reinforcement is required =

Ay

_1 V24 _
Dmin = T » —% - *140=0.102. =
> Lybw 1 MO Gyt Control. =
3 fyr 3 420

= Use 2 Leg ¢8 for stirrups

2 Ay295=2%50=100mm’
%0=0.11111
= S=900mm

S < §= 3:;3= 181.5mm................ Control.

< 600 mm.

~ Use 2 Leg @8 @ 12.5cm C/C for the distance of 1m from the face of support of both
direction.
V=W, ¥be (2 — 1)=22.95%0.54%(22 — 1) = 32.2218KN < ¢ Vo

= S0 no shear reinforcement is required after 1m from the face of support of both
direction.
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4-9: Design of Column (C23):

Q
X
v
-a .o - Ld Ll
p—— 2 2
—
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e won 2 mamore. | =] =]
™~/
i T

Fig.(4-13) :Place Of Column (C23)

e Design of Column(C23):

/95

Fis
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Load Calculation for Column

Column

Column Dimensions

fe'

Col. C23

70cm* 75cm

24 Mpa

420Mpa

e Load Calculation:

Pu =7185.9KN
Usep = pg =2%

Pu=0.65%0.8%{0.85% fc'(Ag — Ast) + Ast(f)}

7185.9%10° = 0.65*0.8*[0.85% 24 * (4g — 0.024g) + 0.02Ag * 420]

Ag = 486722.97mm*
Ag =750%a
486722.97/750=750*a
a = 648.964mm

Use 750 x 750mm with Ag =562500mm?

Pu(KN)

Ag, provided

a( mm)

Ag ,required

7185.9

0.02

486722.97 mm*

648.964

562500 mm?*

e Selecting longitudinal bars:

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

7185.9*10° = 0.65 * 0.8 * [0.85 *24 * (562500 — Ast)+ Ast * 420]

Ast = 5865 .97 mm *

Take 20® 20, As,provided = 6280 mm* > As,req = 5865.97 mm”*
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st
pg - Ag _ 6280 _ 0110

562500
() Ast,required pg
0.65 5865.97 mm* | 0.0112

e 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 * 20 =320 mm - control
3. the least dimension of the column = 750 mm

Use ties @10 @ 300mm

ds(mm) db(mm) S(mm)
@10 D28 300

e Check for code requirements:

—40*2-10%2-7%*2
1. Clear Spacing = 75040 p 0 7720 85 mm > 40mm>1.5db=1.5*20=30mm -

OK

2.0.01<pg =0.0112 <0.08 - OK

3. Number of bars 20>4 for rectangular section — OK

4. Minimum tie diameter ds =®10 for db = ®20 bars — OK

5. Arrangement of ties 85 mm<150mm — OK
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85 mm 20 0.0112 D10 ®20

Check Slenderness Effect:

@<34—12M—1 ............... ACI —(10.12.2)
M2

r

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

1
R: radius of gyration=0.3 h= \/A:
Lu=4.00-0.40 -0.40 =3.2m
M1/M2 =1 (Braced frame with M,min)
K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to be
taken as 1.0.

Mu sy oMYy g0 ACI —(10.12.2)
r M?2
%
Mu _ 1%32 40 220 < 40..... 0k
r 0.3%0.750

Short column in both direction

3.2 1.0 1.0 14.22
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75

Col(23)

(4-14):Section of Column (C18A)

4-10: Design of Stairs( ST1A )

?10@30
10 L=288
7
S /1,_0\\¢10@3o
L=204
\ 190 5 A
10
® I —71 9 67 67
67| 25 67
67
(. 67 >
75 —
=
209020 ?210@30
L=87

@& STAIR(1A)

(4-15):Stair (ST1A)
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e Determination of Thickness:

height =4 m

Rise =4/22 =18 cm

height rise run LL fe' fy
4m 18 cm 30 cm 3KN/m2 |24 Mpa 420 Mpa

- Minimum slab thickness for deflection is (for simply supported one way solid

slab)

h,min =1/ 20

h,min =4.73 /20 =23.6 cm

= Use h=25cm.
0 =tan"'(18 / 30) = 30.96°

take h= 25 cm.

h,min (cm)

25

30.96°

e Load Calculations

Table (4-3) Dead Load calculations of Flight

material gama run rise t(m) KN/m
tiles 27 0.18 0.35 0.03 1.431
mortar 22 0.18 0.3 0.03 1.056
str.stp 25 0.18 0.3 0.3 2.25
RC 25 0.25 ©=30.96 7.2884
Plaster 22 0.03 ©=30.96 0.03 0.76965
Total load(DL) KN/m 12795 |
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Live load (LL) =3 KN/m2

Table (4—4)Dead Load calculations of Landing

material gama h(m) b(m) KN/m
tiles 23 0.03 1 0.69
mortar 22 0.03 1 0.66
RC 25 0.25 1 6.25
plaster 22 0.03 | 0.66

Total load(DL)
Live load (LL) =3 KN/m2

Total Factored load,,,, (W =1.2DL + 1.6LL)

For w,,, , W=12%12.795+ 1.6*3 = 20.154 KN/m
For w,,,, , W=12%826+1.6*3 = 14.71 KN/m

Wﬂight (KN/m) I/Vlalnding (KN/m)
20.154 14.71
- Structural System Of Flight :
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20.154 kim

27 0.90 3.00

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm
Vu =30.8KN

~0.75*/24 1000 * 223
6

u=30.68 KN <0.5*%¢Vc=68.28 KN .

Ve =136.56KN /m

Thickness is adequate enough

w
o
3

0.83

db (mm) h(mm) d (mm) Vu (KN)

¢Vc (KN)

0 14 250 223 30.68

136.56

e Design of Flexure:
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Moments: spans 1to 1

2.37 48.8 2.37

Shear

-30.7

29.8

(4-16): Envelope diagram Flight (ST1A)

Design for Flight:

Mu = 48.8 KN.m
Mn =Mu /0.9 =48.8/0.9 =54.22 KN.m/m
d=h-20-db/2=250-20—-14/2 =223 mm
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48.8*10°

m = fy
0.85x fc'

" 1000 % 223>

=0.98132MPa .

98132

\/1_2*20.6*0
420

J =0.00239558

4s,,,=0.0023955%1000%223 = 534.216 mm”/m> 4s,,, = 450mm>/m.... OK

As . =0.0018*b* 1 =0.0018*1000 * 250 = 450mm* /m

Use @ 14 then,

n=534.216/154=3468 , S=—=——=0(.2883
n  3.468
Mu(KN.m) | m Rn p ASpeqmm® | ASpin(mm*) | S(mm)
)
48.8 20.6 0.98Mpa | 0.002395 534.216 450 250

Take 4 ®14/m with As = 615.752mm2/m strip

Use 1® 14 @ 25 cm c¢/c

- Step ( s) is the smallest of :-

1. 3*h =3*250 =750 mm

2.450 mm

<380 (Zfis") —25%C,

5380*(%)—2.5*20 =380 * (
37y

2
=
3
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2%0_y_2.5 %20 =330mm
420




< 300 (Zfis") =300 * (% )= 300 * ( Zj‘z’o ) =300 mm ... (control)

2
=
3

- Check for strain:

Tension = Compression

A *fp=085%fc' *b*q
615.75%420 = 0.85*24*1000 * a

a=12.67Tmm
c= @ 12877 91 44mm
B 0.85
. _223-149144 ) 55
: 14.9144

g, =0.0418 > 0.005—> ok

As,prvided a (mm) ¢ (mm) g,
(mm?)
615.75 12.677 14.9144 0.0418

e Temperature & Shrinkage reinforcement:

AS giage = 0:0018x bx i = 0.0018x1000x 250 = 450mm*/m

n=450/154=2.92 . §=1=_1

b

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c¢/c
- Step ( s) is the smallest of :-

1.5*h=5*250 = 1250 mm
2. 450 mm — control
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g

- Design for landing (L2A):tope
WRA =30.68\1.65=18.6 KN/m

18.6 KN/m 18.6 KN/m
14.71 KN/m
1.78 0.20 1.79
3.78

Structural System Of Landing (L2A)
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Moments: spans 1to 1

1.89 56.1 1.89

Shear

-54.8

-61.1

54.8
61.1

(4-17):Envelope diagram OfLanding (L2A)

Vu=54.8 KN/m

- Check for shear strength(L.2A):

Assume @ 14 for main reinforcement:-

d=h-20-db/2=250-20-14/2 =223 mm
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Ve

0.75%424 %1000 % 223
6

=136.56KN /m

Vu=54.8 KN /m<0.5*¢Vc=68.28 KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 56.1 kKN.m/m

Mn =Mu/0.9=56.1/0.9=62.33 KN.m/m

d=h-20-db/2=250-20-14/2 =223 mm

_ Mn
" b-d?

R

62.33*10°
R =—222 =
1000 * 2232

B
0.85x fc'

1 2mR 1 2%20.6%1,
p=—l1- -5 L 1_\/1_M ~ 0.003082
m f, ] 206 420

=1.2534MPa .

4s,,,=0.003082*1000%223 = 687.311 mm>/m> 4s,,, = 450mm?/m..

As . =0.0018*b* h =0.0018*1000* 250 = 450mm* /m
Use @ 14 then,

n=687311/154=4463 , S=+=_1 =0224m
n 4.463

.. OK




Take S ®14/m with As,provided =769.69 mm2/m strip OR

Use 1® 14@ 20 cm c/c

Mu(KN.m) | m Rn p ASpeqmm’)

ASpin(mm?*) ‘ S(mm)

56.1 20.6 1.25 Mpa | 0.003082 687.311 450

200

- Step ( s) is the smallest of :-

1. 3%h = 3% 250 = 750 mm
2. 450 mm
<380 (Zfis") —25%C,

<380 *(%)—2.5*20 =380 * (zzj‘z’o)—z.s *20 =330mm
3y 3"
< 300 (2 =300 * (22)= 300 * (£2)=300 mm (control)
fs 3y 3+ 420

- Check for strain:
Tension = Compression

A *fp=085%fc' *b*q
769.69 * 420 = 0.85*24 *1000 * a

a =15.85mm
c= 91385 yg a7 imm
B, 0.85

g, = M*O.O(B

‘ 18.647
e, =0.03287 > 0.005—> ok

As (mm®) a (mm) ¢ (mm) g,
769.69 15.85 18.647 |0.03287
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Temperature & Shrinkage reinforcement:

ASgyintage = 0.00185bx b = 0.0018 x 1000 % 250 = 450mm’

n=450/154=292 , S=—-=—=0.34m

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c/c

Step ( s) is the smallest of :-

1.5%h=5*250=1250 mm
2. 450 mm — control

ASShrinkage ( mm2 S(m m) n db (mm)

)

450 300 |3 D 14

Design for landing(L1A):
W=29.78/1.8=16.54

16.54KN/m 16.54 KN/m
14.71 KN/m
1.79 0.20 1.79
3.78

Structural System Of Landing (L1A)
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Moments: spans 1to 1

1.89 5""-7 1.89
I

Shear

-57.4

-51.5

57.4

(4-18):Envelope diagram Ofl.anding (I.1A)

Vu =51.5 KN/m
- Check for shear strength(L1A):

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm

_0.75%+/24*1000* 223
6

Ve =136.56KN /m

ru=51.5 KN/m<¢Ve=68.28 KN/m .

- Thickness is adequate enough
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- Calculate the maximum bending moment:

Mu = 52.5 KN.m/m

Mn =Mu/0.9=525/0.9 =58.33 KN.m/m

d=h-20-db/2=250-20—-14/2 =223 mm
_ Mn
" bed?

58.33*10°
R ="
1000* 2237

b
0.85x fc'

=1.172957MPa .

420
m = =
0.85x24

1 2mR *20.6*
ooty i 2mR, _ 1 1_\/1_2 20.6*1.1729574 | _ 567807
m f, 20.6 420

4s,,,=0.00287807*1000%223 = 641.81 mm® /m> 4s,,, = 450mm” /... OK

20.6

Asmm=0.0018*b*h=0.0018*1000*250=450mm2/m
Use @ 14 then,

n=64181/154=4.167597 , S=1 = % ~0.2399

Take S ®14/m with As,provided =769.69 mm2/m strip OR
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Use 1® 14@ 20 cm c/c

Mu(KN.m)| m |Rn

p

ASreq( ”n"n2 )

ASpin( mm?*)

S(mm)

52.5 20.6 | 1.723Mpa | 0.002878
- Step ( s) is the smallest of :-

1. 3*%h =3%* 250 = 750 mm
2. 450 mm
<380 (Zfis") ~25%C,

5380*(%)—2.5*20 =380 * (

3/y

< 300 (2 =300 * (22)= 300 *(
fS gfy

-  Check for strain:

Tension = Compression

A *fp=085%fc' *b*q
769.69 * 420 = 0.85*24 *1000 * a

a=15.85mm
e @18 e carmm
B, 0.85
g = 223 -18.647 .. ) 03
: 18.647

e, =0.03287 > 0.005—> ok

641.81

450

200

280
2, 420
3

2
Zx4
3

)—2.5 *20 =330mm

280

o ) =300 mm (control)

As,provided a (mm) ¢ (mm) g,
(mm?)
769.69 15.85 18.647 0.03287
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e Temperature & Shrinkage reinforcement:

ASgyintage = 0-0018x b x h = 0.0018x1000x 250 = 450mm’

n=450/154=292 , S=—-=—=0.34m

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c/c

- Step ( s) is the smallest of :-

1.5*h=5*250 = 1250 mm
2.450 mm — control

AS it (mm®) | S(mMmM) n db (mm)

450 300 3 D14
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914030 L=330

(o)
&
Q 4 L=160 ©
014930 L=275
D 45 L=190 ®

[} L=215 ©

L=160 ® 1 (€]

SECTION (A-A)

Fig.(4-19):Section Of Flight

kK]
QD L=395
15[ 5
KM
15 D L=395 s

SECTION (B-B)
LIA
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N
Ll
348 o,
O L=388
,51 \5 Cllm ‘:413
15| @ L=388 J15

914025 Lad18

SECTION (C-C)
12A

(4-20):Detail Of Landing (L1A)& (L.2A)

Design of footing (F 4):

e Design of Isolated footing (Under ColumnC116):

Once the ultimate column or load is determined, the proper footing can be
designed. The following subsections describe the analysis and design of
footing.
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Surcharge SKN/m2

=3
©

A 22925
i | Section A-A
i t
g

‘ e

: : oy

10 150 60 150 10

10 360 10

380

A »
24 Mpa 420 Mpa

Load Calculation:-

- From column (C116): (DL &LL)

* Service dead load ( DL) =2626.6 KN

* Service live load (LL) = 1202.6 KN

* Service Surcharge = 5 KN/m?
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* Column dimensions =60 cm*60 cm
* Allowable soil pressure = 400 KN/ m?
* Soil density = 18 KN/m3

* Soil weight = 0.6*18= 10.8 KN/ m?

DL(KN) | LL(KN) Service Column all. soil pressure Soil density | Soil weight
Surcharge | dimensions

2626.6 1202.6 | 5 KN/m? (60*60) cm | 400 KN/ m? 18 KN/m3 | 10.8 KN/

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

- Weight of footing ( assume Pooine = 9 cm)

w =0.9%25 =22.5 KN/m?

footing

- Total Surcharge load foundation:

WT = Soil weight +w,,, +Surcharge load =10.8+ 22.5 + 5 = 38.3 KN/m?

ooting

- Net soil pressure 7w :

¢, =400—-38.3=361.7 KN/m?

- Required sizes of footing:

A,required = Py o 26266412026 _ 10.59m?
q. 361.7

Try 3.6%3.6 Area=12.96 m2
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h footing

wfooting

w,

soil

WT

qnet

A,required

90 cm

25 KN/m?

10.8 KN/m?

38.3 KN/m

361.7KN/m?

10.59m?

e Depth of footing and shear design:

Pu =12DL+ 1.6LL = 1.2%2626.6 + 1.6%1202.6 = 5076.08 KN

g = 27008 391 673 KN/m?
12.96
Try area Pu qu
36m*3.6m| 69842 KN 391.67 KN/m|

e Determine the Depth of Footing Based on Shear

Strength:-

e Check for One Way Shear Strength

Vu =(£—£—dj*
2 2

qu*b= ﬁ—%—af
2 2

¢Vc=0'—675\/ﬁ*3.6*d*103

Let,¢Ve =Vu
d =0.59m

h=590+75+20=

685mm

j*391.67*3.6

]

—

e

Inclined crack

Critical section for
one-way shear

—~—

&

Column

—»’d

NN

One-way shear.

Try h=700 mm .....d =700 — 75 — 20= 605 mm

d (mm)

h (mm)

Try h(mm)

Try d (mm)

0.75 590

685

700

605

111
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Check for Two Way shear Action H

. N
N

Inclined crack

(Punching).

- The punching shear strength is the

Tributary area for
two-way shear

/

‘_dlZ

smallest value of the following

equations:

Critical section

¢V :¢l[1+ 2 f'bd for two-way shear ~~
e : ﬂ c o

c

oY, —¢(b /d+2]\/>bd
PV, =¢.§\/and

Where:

Two-wav shear.

Column Length (a) 600

Column Width (b) _ 600

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(0.6+0.605)+2(0.6+0.605)= 4.82 m.

=1.00

C:

a,=40....... for interior column
PV =¢-l 142 f. b d_075 142 ) 24 *4.82%0.605*10° = 5357.22kN
6 B. 6 1.00
*
V. =¢.— (bd ]\/ bd—% (404(;2605 2)* 24%4.82%0.755%10° =7822.81kN

Ve =¢%\/ f.bd= 0375 24%4.82%0.755%10° = 4456.97kN
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ﬂC bo (m) as ¢VC (KN)

1.167 5.62 40 4456.97

Try h=700 mm. d=700-75-20=605mm

b, = 2(0.6+0.605) + 2(0.6+0.605) = 4.82 m
Vu=((3.6*3.6)—((0.6+0.605)*(0.6+0.605)) *391.67=4132115&N

Vu=4132.1158KN < ®Vc =4456.97KN.....ccccctvurnnn. OK
h (mm) d (mm) b, (m) Vu (KN) ¢.V. (KN)
700 605 4.82 4132.1158 | 4456.97

Take h=900 mmd = 900-75-20 = 805mm

Design for Bending Moment of long direction.

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

900 805 3.6

d =900-75-20/2 =915 mm

Mu =391.67%3.6*1. 5*1. 5/2 = 1586.3 KN.m
L X
0.85%fc  0.85%24

_ Mul¢ _ 1586.3*10°/0.9

Rn : —=0.756 Mpa
b*d 3600*(805)
1 2mRn
=—(-_J1-
p=—( 5 )
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p=—L(1- \/1_w )= 0.00183467
20.6 420

Asreq =0.00183467 (3600) (805) = 5316.88 mm*

ASpin =0.0018*b*h == 0.0018 (3600) (900) = 5832 mm*
ASreq= 5316.88 mm* < Asmin = 5832mm’..... OK
ASeq= 5832 mm?

Take 43 ® 14 , As,provided =66.16 cm*> > As,required = 58.32cm?

_3600-75%2-43*14
42

S = 67.81 mm< Smax=450mm

- Step(S) is smallest of:

1.3h =3*900 = 2700 mm
2.450 mm - control
S =67.81 mm < S,max =450 mm — OK

Mu(KN.m) | m Rn p ASyeq(mm® )| ASmin(mm®)| ASyeq(mm* ] S(mm)
1586.3 20.6 | 0.756Mpa | 0.00183467| 5316.88 5832 5832 |67.81
- Check strain

Tension = Compression

A x fy=0.85xf 'xbxa
5832x420=0.85x24x3600xa
a=33.353mm

c= 33353 _ 39.239
0.85
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_ 805-39.239

g, x0.003=0.05855>0.005...0k
‘ 39.239
As(mm®) a (mm) ¢ (mm) g,
5832 33.353 39.239 0.05855
e Design for Bending Moment of short direction:
h (mm) d (mm) b(m)
900 805 3.6

d =900-75-20/2 =915 mm

Mu =391.67*3.6*1. 5*1. 5/2=1586.3 KN.m

m = fy =

20 _
0.85% fc  0.85%24
_ Mu/¢ _ 15863%10°/0.9

=20.6

Rn > >
b*d 3600%*(805)
_ i a- h- 2mRn
p m %

=0.756 Mpa

p=—(1- \/1_w ) =0.00183467

20.6

420

Asreq =0.00183467 (3600) (805) = 5316.88 mm*

Asmin =0.0018*b*h == 0.0018 (3600) (900) = 5832 mm*

ASreq= 5316.88 mm* < ASpmin = 5832mm*..... OK

ASeq= 5832 mm?

Take 43 ® 14 , As,provided =66.16 cm*> > As,required = 58.32cm?

S

_3600-75%2-43*14

42

- Step(S) is smallest of:
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1.3h =3*900 = 2700 mm
2.450 mm - control

S =67.81 mm < S,max =450 mm — OK

1586.3 20.6 | 0.756Mpa | 0.00183467| 5316.88 5832 5832

67.81

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

5832x420=0.85%x24x3600xa
a=33.353mm

33.353
c=
0.85

_ 805-39.239
39.239

=39.239

x0.003=0.05855>0.005...0k

N

5832 33.353 39.239 0.05855
e Development length of flexural reinforcement:

Ld for @ 25:

9 f Xl//t*l//e*l/ls d 9 420 1*1*1

=7 x Xdb=—x—x—--x25=771.59mm
ST [k,,+cj 10 24 25

db

Available length = = ((3600-600)\2)-75=1425mm
1425mm> 771mm ok
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e Load transfer at the column-foundation interface (Dowels design ):

- In footing :

A
®Pn.b = ®(0.85 fc'4, x /A—z)
1

A;=0.6 *0.6=0.36 m’
Az— 3.6*3.6=12.96m

1[129 =6>2 i ﬁzz
0.36 4,

d)Pn b =0.65%x(0.85%x24x%x0.36x2)x1000 = 9547 .2KN
OPn =9547.2 > Pu =5076 .08.......... .ok

The Dowels are not needed for footing

As,min = 0.005 * Ac= 0.005 * 600 * 600 = 1800 mm?2

Use 22® 25 , As,provided =10799.2 mm? > As, required = 1800 mm?

- In column:

®Pn,b=d(0.85 fc'Al)
®Pn,b=0.65(0.85 x 24 x 0.6 x 0.6 x 1000 ) = 4773 .6 KN

®Pnb=4773.6KN < P, =5076.08KN

The Dowels are needed for column

P, ®Pn  5076.08 4773.6
Agg= 20— _065 065 +1000-1108mm’
fy 420

Anin = 0.005*A. =0. 005*600*600 = 1800mm®
Areq =1 108mm? <Arnlrl _ 1800mm?
Apeq = =1800mm’

Use 22® 25 , As,provided =10799.2 mm? > As, required = 1800 mm?

e Development length for compression reinforcement
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- Development of dowels in footing:

k
Ld(l)req = w*dbzw*25: 536 mm
A4 fe 1*+/24

Ld(2)req =0.043 xfy xdb =0.043 x420 x25=451.5 mm
Ld(2)req =200 mm
= Ld(1)reqg=536 mm ............. Control

Available Ld =900 - 75 -2*25=775mm.

AvailableLd =775 mm > Ld required= 536 mm.................

- Lap splice of dowels in column :

Ls=0.071 fy . db
=0.071 * 420 * 25 =745.5 mm.
Use 1000 mm
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Foundation - F 4

150

380

3601
S— N
|

-.150

]

3 D
T
10 150 60 . 150 10
10 360 —_— 10
380

sectionA—A

‘ =
o
—————— =
60 . 150 10
360 10
380

(4-21): Detailsof footing (F 14)
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4-12: Design of Strip Footing Under Shear Wall (SHS51):

Footing
wall \ fé_/
Critical
section
&or shear
B
Sled35
>

\

d =p.36p
—

Im

strip

Tributary area
for shear

1.8M

(a) Plan view of footing showing
tributary area for shear.

Loads of Shear Wall (SH51):
- DL =3283.3 Service Dead Load.
- LL =510 Service Live Load.
- DL (Factored/m) = DL/Lw = 3940/5.3 = 743.4 KN/m
- LL (Factored/m) = LL/Lw = 816/5.3 = 154KN/m
- DL (Service/m) = DL/Lw = 3283.3/5.3 = 619.5 KN/m

- LL (Service/m) = LL/Lw = 510/5.3 = 96.2 KN/m

Total Factored / m = 743.4 KN/m + 154KN/m = 897.4 KN/m
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- Service Surcharge = 5 KN/m?

- Allowable soil pressure = 400 KN/ m?
- Soil density =20 KN/m3 , and Hl =1.5

Try 70cm thickness:
ga,net=400 — 0.7*%25 — (1.5-0.7)*20 -5 =361.5KN/m2 ,

and:

Pu  _ 619.5+96.2

=1.98 m2/m ,,,, length of the wall
qa,net 361.5

A=b*Im....... b=1.98m takeb=2.00 m
Take it (2 m x 1 m)

e Design of footing and shear design (SH51):

Pu=1.2*619.5 +1.6%96.2=_897.32 KN/m
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e Check for One Way Shear Strength:

Vi =(£—ﬁ—dj*qu*lm=(&—%—dj*448.7*1
2 2 2 2

¢Vc=¥\/ﬂ*1ooo*d

Let,dVec =Vu

d=037m

assume
h=370+75+20/2=455mm

h =480 mm, d =480 — 75 —20/2 =395 mm

e Design for Bending Moment of long direction:

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

480 395 1000

Mu =448.7*1%0.875%0.875/2 = 171.77 KN.m/m

m=_ S =0 5
085* fc 0.85%24

_ Mu/¢ _ 171.77%10° /0.9 _

Rn > —=2.2 Mpa
b*d 1000 * (395)
1 2mRn
=—(-_1-
p=—( I )

p=—(1- 1-220922D 956
20.6 420
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ASreq = 0.0056 (1000) (395) = 2212 mm*/m >ASpin = 864 mm*/m..... OK

ASmin =0.0018*b*h == 0.0018 (1000) (480) = 864 mm*/m

Try @ 18:
n=2212/314=7 , S=1-= % ~0.1419 m

Take 7® 20 @ As=2198 cm*> > Asreq = 2122 cm?

Use ® 20 @ 14 cm

Mu(KN.m) m | Rn P ASreq( ASmin( S(mm)
mm?) mm?)
171.77 20.6 | 2.2Mpa | 0.0056 2122 864 140

- Step ( s) is the smallest of :-

1) 3*h = 3* 480 = 1440 mm
2) 450 mm .... control
S =140 mm < S,max =450 mm .... OK

- Select the minimum temperature reinforcement.

ASmin =0.0018*b*h == 0.0018 (1000) (480) = 864 mm*/m

- The maximum spacing (s) is :-

1. 5*h = 5* 480 = 2400 mm
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2.450 mm.... control
n=864/201=43 , S= 4L3 =0.233m
Use ® 16 @ 20 cm

Foundation - SH51

A
ek s
i
(et e e e e e = &|(q 4 5
q o
=
1040 530 A~ 40 10
o £10 0
£30

sectionA-A

Details Of Strip F.(SH51)

124



4-17: Design of Basement wall:

e load calculation:

fc =24 MPa, fy=420 Mpa, Y's=20KN/m’, qall=250KN/m?*, ¢=30, surcharge =5KN/m’

fe fy Ys qall ¢ surcharge

24 Mpa | 420 Mpa | 20 KN/m’ 250 KN/m? 30 |S5KN/m’

SKN/m2

40

415
375

e,

(4-22):Section Of basement wall

Ca =1-sin0 =1-sin 30 = 0.5 ( Static Earth Pressure)
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Pa=Ca*h* y =0.5*3.95*20=39.5 KN/m2

Ps=Ca*hs* y =0.5*0.25*20=2.5 KN/m2

Ca Pa hs Ps
0.5 39.5 KN/m2 0.25m 2.5 KN/m’
A% N
e 3.9500
ps=2.5 kn\m pa=39.5 kn\im

(4-23):Static System

From Atir we have moment and shear envelop
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Shear

-75.6

495 48

Moments: spans 1to 1

217

1.78

(4-24):Envelope diagram OfBasement Wall

e Design of Bending Moment
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Mu = +70.8 KN.m/m
d =300-40 -20/2 =250 mm

Mn

R =
"ob-d?

_708%10°
0.9%1000%25(°

m = fy
0.85x fc'

R,

Use @ 16@ 25 cm,

=1.25866'MPa .

\/1_ 2%20.6*1.258667
420

J = 0.0030955

with As,provided = 804 mm2/m > As,req =773.875 mm2/m

Mu(KN.m)

Rn

p

ASreq( "n"n2

)

70.8

20.6

1.258Mpa

0.0030955

773.87

128




- As.min for vertical bars:

- 0.0015%b*h = 0.0015 *1000*300 = 450 mmZ/m
. 025 g *1000%250=729.01 mm>/m.

_ % *1000 *250 = 833.333 mm*/m. . ... ... CONTROL

Use ® 16@ 20 cm, with As,provided = 1005 mm2/m > As, req = 8§33.33 mm2/m

- For horizontal bars :

0.002*b*h =0.002*300*1000= 600 mm*/m.

Use ® 14@25cm, with As,provided =616 mm2/m > As,req = 600 mm2/m

- Check for shear
d =300 —75—10 = 215 cm

$Ve =0.75 *%*J.fc' *bw *d

Ve =0.75 *%*x/24 *1000 *215 =131 .66.1KN

0.5¢V=0.5*%131.3=65.65
=65.65KN<Vu=75.6 KN <¢V=131.66.......0K

The thickness is enough
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7 —— V
= a
g g =
=
SHOOK
940622
g 8 2162200 0162200
N (F\i—
) ol | ]
.
S 9 = s x 0122150

Basement Wall
Scale 1:20

(4-25):Details Of Basement Wall
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4-13 : Truss Design:-

Analysis and design of purlins

v" Load calculation
A. Dead Load:-

-Surface layer of sandwich sheet with thickness of 6 mm=0.2 KN/m*1.5 =0.3 KN/m
-Dead load of purlins =0. 5 KN/m
-D.L=0.3+0. 5=0.8KN/m

B. Snow load
1KN/m2 *1.5=1.5 KN/m

C. Wind load
0.8*-0.5*1.5=-0.6KN/m

Combinations:

v" Combination 1: q,=1.2*DL+1.6*S=+ 3.4 KN/m
v" Combination 2: q,=0.9*DL-1.6*W= - 0.3 KN/m

Combination 2: q,=-0.3 KN/m

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1
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Shear

-13.6
]
Combination 2: q,=-0.3
13.6 Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 1 s
I I
Shear
-1.2
|
I
1.2

Fig.(4-26)Shear envelop for purlins
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v' Purlins design

=  Design of Moment Max. Mu =27.2 KN/m. from combination 1 & 2.

Mu (max) = (27.2/4.448)x(1000/25.4) = 240.75 kip.in
Note: the members are A36 (Fy=36ksi and F,=58ksi)
Mp=> Mu
0.9%36*Zx=240.75 — Zx=7.43 in’
Select HSS 5*5 *1/4 — Zx=7.61 in’
b/t=18.5, h/t=18.5
=  Check Compact :
Ap=1.12V (E/Fy) =1.12V (28000/36) = 31.8
Ar=1.4 (E/Fy) =1.4V (28000/36) = 39.73
b/tand b/t < Ap so Compact section

= Design of shear stress Max.=13.6 KN

13.6

Vu=-—-=3.06 kip

4.448
Vp= Vu
0.9*%0.6*¥Fy*d*t.> 3.06 kip

0.9%0.6*36*5*~ =243 kip >4.698 kip .......... Ok




¢ Truss design
+¢» Internals forces calculation :
+» Combination 1:

Max support from purlins =13.6 KN *2 = 27.2 for between support
Max support from purlins =13.6 KN for edge support
Dead load of truss at joints=1.2*1*1.5=1.8 KN

% S0 Pupetween=27.2+1.8=29 KN
% SoPucge =13.6+1.8=15.4 KN
+» Combination 2:

Max support from purlins = -1.2 KN *2 = -2.4 for between support
Max support from purlins = -1.2 KN for edge support
Dead load of truss at joints=1.2*1*1.5=1.8 KN

% S0 Pupetween= -2.4+1.8=-0.6 KN
% SoPucgee =-1.2+1.8=+0.6 KN

TL T2 T3 T4 TS5 T6. Tqﬁ \9 ,T“’ T TI2 Tl\ TI6
Vi \lzoeFO \Pj’:ﬁr\ Oc v O) vide | & \‘Q\’Q\ o ];\ Q 4 \ o‘ ' PN
fBT B2 B3 B4 BS5 B6 BT BS 53 ET0 BTl H
—|.50—l.5(]—l.50—l.5(]-—|450—1.5(]—1.50—l.fq’m[}f(l—145(]—1.5(]-—l.50—l45(l——145(]—1.5[]-—l.f()—
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¢+ The truss consists of four types of member
Compression members(-)
Tension members(+)
+ Combination 1:

1- The TOP member(T):

Value of compression force
NO. of member P

KN Kip
T1 -212.3 -47.7
T2 -386.9 -87.0
T3 -526.4 -118.3
T4 -633.1 -142.3
5 -709.3 -159.5
T6 -756.9 -170.2
17 -777.8 -174.9
T8 -773.7 -173.9
T9 -773.7 -173.9
T10 -777.8 -174.9
T11 -756.9 -170.2
T12 -709.3 -159.5
T13 -633.1 -142.3
T14 -526.4 -118.3
T15 -386.9 -87.0
T16 -212.3 -47.7

Table (4-5) -Top member forces
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2- The vertical member (V)

NO. of member

Value of compression force

KN Kip
Vi -233.0 -52.4
V2 -212.3 -47.7
V3 -178.9 -40.2
va -146.4 -32.9
V5 -114.8 -25.8
V6 -83.9 -18.9
V7 -53.6 -12.1
V8 -24.1 -5.4
V9 9.7 2.2
V10 -24.1 -5.4
V11 -53.6 -12.1
V12 -83.9 -18.9
V13 -114.8 -25.8
Vi4 -146.4 -32.9
V15 -178.9 -40.2
V16 -212.3 -47.7
V17 -233.0 -52.4

Table (4—6)- Vertical member forces

3- The diagonal member(D)

NO. of member

Value of tension force

KN Kip
D1 300.2 67.5
D2 249.9 56.2
D3 202.2 45.5
D4 156.7 35.2
D5 113.3 25.5
D6 71.7 16.1
D7 31.9 7.2
D8 -6.4 -1.4
D9 -6.4 -1.4
D10 31.9 7.2
D11 71.7 16.1
D12 113.3 25,5
D13 156.7 35.2
D14 202.2 45.5
D15 249.9 56.2
D16 300.2 67.5

Table (4-7).-_diagonal member forces
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4- The bottom member(B)

NO. of member Value of tension force
KN Kip
Bl 0.0 0.0
B2 212.3 47.7
B3 386.8 87.0
B4 526.2 118.3
B5 632.9 142.3
B6 709.1 159.4
B7 756.7 170.1
B8 777.6 174.8
B9 777.6 174.8
B10 756.7 170.1
B11 709.1 159.4
B12 632.9 142.3
B13 526.2 118.3
B14 386.8 87.0
B15 212.3 47.7
B16 0.0 0.0

Table (4-8)Table bottom member forces

K2

< Combination 2:
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5- The TOP member(T)

NO. of member

Value of compression force

KN Kip
T1 4.4 1.0
T2 8.0 1.8
T3 10.9 2.5
T4 13.1 2.9
T5 14.7 3.3
T6 15.7 3.5
T7 16.1 3.6
T8 16 3.6
T9 16 3.6
T10 16.1 3.6
T11 15.7 3lc
T12 14.7 3.3
T13 13.1 2.9
T14 10.9 2.5
T15 8.0 1.8
T16 4.4 1.0

Table (4-9)Table -Top member forces
6- The vertical member (V)

NO. of member Value of compression force

KN Kip
Vi 3.9 0.9
V2 4.4 1.0
V3 3.7 0.8
V4 3.1 0.7
V5 2.4 0.5
V6 1.8 0.4
V7 1.1 0.2
V8 0.5 0.1
V9 -0.2 -0.05
V10 0.5 0.1
Vil 1.1 0.2
V12 1.8 0.4
V13 2.4 0.5
Vi4 3.1 0.7
V15 3.7 0.8
V16 4.4 1.0
V17 3.9 0.9

Table (4-10)-_Vertical member forces
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7- The diagonal member(D)

NO. of member Value of tension force
KN Kip
D1 -6.2 -1.4
D2 -5.2 -1.2
D3 -4.2 -0.9
D4 -3.3 -0.7
D5 -2.4 -0.5
D6 -1.5 -0.3
D7 -0.7 -0.2
D8 0.2 0.05
D9 0.2 0.05
D10 -0.7 -0.2
D11 -1.5 -0.3
D12 -2.4 -0.5
D13 -3.3 -0.7
D14 -4.2 -0.9
D15 -5.2 -1.2
D16 -6.2 -1.4

Table (4-11)-_diagonal member forces

8- The bottom member(B)

NO. of member Value of tension force
KN Kip
B1 0.0 0.0
B2 -4.4 -1.0
B3 -8.0 -1.8
B4 -10.9 -2.5
B5 -13.1 -2.9
B6 -14.7 -3.3
B7 -15.7 -3.5
B8 -16.1 -3.6
B9 -16.1 -3.6
B10 -15.7 -3.5
B11 -14.7 -3.3
B12 -13.1 -2.9
B13 -10.9 -2.5
B14 -8.0 -1.8
B15 -4.4 -1.0
B16 0.0 0.0

Table (4—12)bottom member forces
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= Design of tension member :

v" Bottom member Max. tension = 777.6= 174.8 Kips
- Tensile yielding

Pu=0*Fy*Ag
Ag=174.8 /0.9*36=5.40 in*
Try HSS*5%5%3/8 =6.18 in’
- Tensile rupture
OPn=0*F,*(U*Ag) =0.75*58*(1*6.18)= 268.83 Kip > 174.8 Kip......Ok

v Diagonal member Max. tension = 300.2 KN= 67.5 Kips
- Tensile yielding

Pu=0*Fy*Ag
Ag=67.5/0.9%36=12.1 in’
Try HSS 5%5%1/8 with Ag=2.23 in®
- Tensile rupture
Two side gusset plate .

OPn=0*Fu*(U*Ag) =0.75*58*0.993*2.23 = 96.33 Kip> 67.5 Kip......Ok

= Design of compression member

v Vertical member Max. compression = 233 KN= 52.4 Kips
- Take section member HSS 5*5*1/8

Section property: A=2.23 in?, r, =1.99 in, 1, =1.99 in
L=1.5m= 4.92 ft

- Determine of the reduction factor for slender "stiffened element' :

A=—==140
t
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KL _ 1+4.92+12
> —=——=29.67<200
1.99

4. 71\/7 471 ’29000 = 133.7>29.67 inelastic buckling

. mE  m?29000 325 13 ks
e TKI\DZ _ (29.67)2 4

F
= Fer = [0.658 /re|  Fy = [0.658°%525.13] « 36 = 34.37 ksi

Nominal Strength

S Pn= F,*Ag=34.37%2.23= 76.65 Kips

E 29000 b
14 |— =14 |—— = 39.74 < — = 40 - slender element
Fy 36 t

Local Buckling

Stiffened Cross-Section — Rectangular

AISCE7.2

A
Q=1.0 Q, = fo

Case (b) applies provided that

E P
> 1. —f=-=2
=1 4\[; / Aeff

A Summation of Effective Areas of Cross section based on reduced effective width b,

)~

~+ | o
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b, = 1.92t\/§<1—$\/§> <b
f 7 f
b 192 %1/8 29000 1 0.38 (29000
= 1. * - —
€ / 36 40 36

=4.975<5..0K

Loss of Area
2(b — b,)t = 2(5 —4.975) * 0.125 = 0.05 in?

Aesr = Ag — Ajpst = 2.23 — 0.05-= 2.18 in?

A 2.18
Reduction FactorQ, = % = 5= 776 CONTROLS

Q = Q;Q, = 1(0.9776) = 09776

Local Buckling Strength

4.71 E_ 4.71 29000 _ 135.2
T JQFy U7 [(09776)36 0 T
KL

> 29.67 = Tinelastic buckling

_ mE  m?29000 325 13 ksi
T (KI\N? _ (29.67)z 4

Fe

QxF
— Fer = Q [0.658( y/Fe)] « Fy = 0.9776]0.658(°77"5255)] « 36 = 33.63 ksi

Nominal Strength

> Pn= Fo,*Ag=33.63*2.23= 75 Kips
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Local Buckling Strength

Nominal Strength

= Pn= F,*Ag=33.63*2.23=75 Kips
Lateral Flexural Buckling Strength

> Pn=F,*Ag=34.37*2.23=76.65 Kips

LRFD @.P, = 0.90(75) = 67.5ksi > P, = 52.4 Kips ... OK
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v" TOP member Max. compression = 777.8 KN= 174.9 Kips
- Take section member HSS 5%5%3/8

Section property: A= 6.18 in’, ry =1.87 in, ry,=1.87 in
L=1.5m= 4.92 ft

-  Determine of the reduction factor for slender "stiffened element' :

b
A=-=113
t

KL 1%4.92%12
= — =———=31.57<200
1.87

r
4.71 \/FEY =471 /2"3"6"0 = 133.7>31.57 inelastic buckling

3 m%E _1T229000
T (KL\n?  (31.57)2

F, = 287.18 ksi

F
= For = [0.658 /re|  Fy = [0.658"%/20715 « 36 = 34.16 ksi

Nominal Strength

=>Pn= F.*Ag=34.16%6.18=211.11 Kips
Check Compact :
Ap=1.12 (E/Fy) =1.12V (28000/36) = 31.8
Ar=1.4\ (E/Fy) =1.4V (28000/36) = 39.73

b/tand b/t < Ap so Compact section
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Lateral Flexural Buckling Strength
Nominal Strength
=2>Pn=F,*Ag=34.16%6.18=211.11 Kips

LRFD @.P, = 0.90(211.11) = 67.5 ksi > P, = 174.9 Kips ...

Design of weld:-

The calculations of weld based on the following:

1). Fillet Weld is used.

2). The plates are A36 (Fy = 36 ksi, Fu = 58 ksi).

3). The plate thickness is (t = 5/16 in).

4). The electrodes having FExx = 70 ksi.

5). The shielded metal arc welding (SMAW) is used.

= Design of fillet weld between purlins and Trusses:

. 11 1 3,
Max. weld size (amax) =t — —=-— — = —in.
16 4 16 16

Min. weld size (amin) = % in= 12—6in

=~ Use weld size (a) = éin.

= Design strength of weld:-

PRnw = @ X te X 0.6 X FExx

@Rnw = 0.75 % (0.707 x 1/g) x 0.6 x 70 = 2.78 kips/in

= Design strength of Truss:-

PRn =0 x (0.6 X Fy) xt=1.0 X 0.6 Xx36X5/16
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= 6.75 kips/in > 2.78 kips/in - ok

Or
@Rn =@ x (0.6 Xx Fu) Xt =0.75 X 0.6 Xx 58 X 5/16

= 8.156 kips/in > 2.78 kips/in - ok
Vucomb2= —2- = 0.27 kips
4.448

0.27/2

Lw,_ 578 = 0.05in... ......... ... take 2in

» Design of weld between the vertical member and the Gusset plate in the corners of the
truss:-

The section of the vertical member is HSS 5*5%1/8
Member property......... Ag=223in2
The value of Max. compression in the vertical member is Vu= 52.4 kips.

=>» Because we have two side gusset plateVu= 26.2 kips

26.2 kips

F1

Fig.() weld forces vertical member

Max. weld size (amax) =t = % in.
Min. weld size (amin) = % in.

=~ Use weld size (a) = % in.
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= Design strength of weld:-

PRnw = @ X te X 0.6 X FExx
@Rnw = 0.75 % (0.707 x 1/g) x 0.6 x 70 = 2.78 kips/in

= Design strength of base material:-
PRn =0 x (0.6 Xx Fy) xt=1.0 X 0.6 Xx36X5/16
= 6.75 kips/in > 2.78 kips/in - ok

Or
ORn =@ x (0.6 Xx Fu) x t =0.75 X 0.6 Xx 58 X 5/16

= 8.15 kips/in > 2.78 kips/in - ok
F, =278x5=13.9Kips
F, =26.2—139 = 12.3Kips

12.3

Lw,_ 578 = 443in..........take5in

= Design of weld between the diagonal member and the gusset plate:-
The section of the diagonal member is (HSS 5%5% %)

Member property......... Ag=223in2
The value if Max.Tension in the diagonal member is Tu = 67.5 kips.

=>» Because we have two side gusset plateVu= 33.75 kips
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(4-27) weld force on diagonal member

Max. weld size (amayx) = t= % in.
Min. weld size (amyin) = % in.
=~ Use weld size (a) = % in.
= Design strength of weld:-
@Rnw = 0.75  t, * 0.6 * Fgyy = 0.75 x (0.707 x 1/g) x 0.6 x 70 = 2.78 kips./in
= Design strength of base material:-
PRn =0 x (0.6 x Fy) xt=1.0 X 0.6 X36Xx5/16

= 6.75 kips/in > 2.78kips/in .. ok

Or
ORn =@ x (0.6 Xx Fu) Xt =0.75 X 0.6 Xx 58 X 5/16

= 8.15 kips/in > 2.78 kips/in - ok
F; =5%2.78 =13.9 Kips
IMatF, =0
= F3%x25+F,%*5—3375%25=139% 25+ F,*5—-33.75%x25=0

= F, = 9.925 kips
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F; = 33.05—13.9 —9.925 = 9.925 kips

Ll = F1 _9.925_357_ . 4

wl = GRmw — 278 = > in .~ use4in.
L2 = F2 _9.925_357, . A

w2 = GRmw =~ 278 = > in -~ use4in.
Check for rupture

U=1

@tPn = 0.75 X Fu X Ade

@tPn = 0.75 x 58 x (1 x 2.23) = 97 kips > 33.75 kips -

= Design of weld between the bottom member and the gusset plate:-
The section of the bottom member is

2,

280

P

\/\

N

(4-28) weld between gusset plate and bottom member

ok
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28 cm/2.54=11 in

45¢m/2.54=17.72 in

R, =+/[Rv + Ry]? * [Rh+ Rx]?

Py
Rv=-—==0
Ve
_Px _477/2 _ ..
Rh = == 1.35 kip/in
I 2 17.72° 927.34 in3
= * =
p 12 . mn
M x
Rx = Y =
Ip
11
M x x (47.7/2 * 11) * (—)
Ry = = 2~ = 1.556

Ip 927.34

R, =+/[0+ 1.556]2 * [1.35+ 0]2 = 2.06 kips/in
@R, = R,
0.75(0.707a) * 0.6 * 70 = 2.06 > a = 0.092 in

= take a=1/8 in
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4. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-
318M-02) AND COMMENTARY CODE (ACI -318-02).

5. Uniform Building Code (UBC-97)..
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Appendix (A)

Architectural Drawings

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

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

Onge end
continuous

Both ends
continuous

Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large

Member deflections.
Solid one-
way slabs £/20 £/24 £/28 £Nno
Beams or
ribbed one-
way slabs £M16 £/18.5 ¢/21 £/8

Notes:

Values given shall be used directly for members with normalweight concrete

(densi

tions, the values shall

1440-1920 kg/m?,
less than 1.09.

0.603

w, = 2320 k /m3) and Grade 420 reinforcement. For other condi-
e modified as follows:

a) For structural Ilﬁhtwelght concrete having unit density, w,
e values shall be multiplied by (1.65 -

|n the range
) but not

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

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member

Deflection to be considered

Deflection 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 floor construction supporting or That part of the total deflection occurring after ‘
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of {/480¢
damaged by large deflections the long-term deflection due to all sustained

Roof or floor construction supporting or E;g:g::l }Rg 'lrg;‘gg ate deflection due to any ,
attached to nonstructural elements not likely to (2408

be damaged by large deflections

* Limit not intended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded

water, and considering long-term effects of all sustained loa

s, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considered.
t Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.
§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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