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Project Abstract

The summary of the idea of this project , is to prepare a structural design of a hotel, consisting

of all facilities that should be available in any hotel.

This building is consisting of 6 floors and basement and ground floor with a nice elevation, which
reflecting the

hotel face of the building, on the other hand , no doubt that the structural design at a same
level of importance of architecture one ,by supporting the building with a structural element ,
which will be designed according to ACI code .

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the building .

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 .

= area of non-prestressed compression reinforcement .Ag

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 .

Cc = 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 .

= compression strength of concrete .Fc
fy = specified yield strength of non-prestressed reinforcement .

h = overall thickness of member .

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

LL = live loads .

Lw= length of wall .

M = bending moment .

Mu = factored moment at section .

Mn = nominal moment .

Pn = nominal axial load .

XIvV



Pu = factored axial load .

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

Vn = nominal shear stress .

Vs = nominal shear strength provided by shear reinforcement .

Vu = factored shear force at section

Wec = weight of concrete(Kg/ m3).

W = width of beam or rib .

Wu = factored load per unit area .

® = strength reduction factor .

= compression strain of concrete = 0.003g, mm/mm.

€g = strain of tension steel .

= strain of compression steel.€g

p = ratio of steel area .
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Chapter Four

Structural Analysis and 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, 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 called "ATIR- 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 nominal strength calculated in accordance with

the requirements and assumptions of ACI-code.

4.2 Materials Properties were used:-

For concrete, it was used a B300 (fc’ = 30*0.8 = 24MPa) concrete
compressive strength.

For reinforcement steel, it is used a 420Mpa steel yielding strength.



4.3 Factored Load:-

The factored loads on which the structural analysis and design is based
for our project members, is determined as follows:
Qu=12DL+16LL
Service Wind LC: D + 0.6W
Service Wind LC: D + 0.75L + 0.75Lr + 0.45W
Qw=1.4DL
Factored Seismic LC: 0.9D + E

Service Seismic LC: 0.6D + 0.7E

4.4 Slab thickness calculation:-

Determination of Thickness for One Way Ribbed Slab:

Table (4-1): Minimum thickness h

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

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

Solid one-

way slabs /20 (24 (/28 10
Beams or

ribbed one- ¢16 t18.5 21 /8
way slabs

According to ACI-Code-318-19, the minimum thickness of no
prestressed beams or one-way slabs (unless deflections are computed)

as follow:

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

h min for one-end continuous = L/18.5



=721/18.5=39cm
Select Slab thickness h=32cm with block 24 cm & Topping 8 cm.

4.5 Load calculation:-

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 in the following

table:
Table (4-2): Calculation of the total dead load for one-way rib slab

D.L from KN/m?® 5x¥xb KN/m
Tiles 23 0.03*23*0.52 0.359
Mortar 22 0.03*22*0.52 0.343
Sand 17 0.07*17*0.52 0.62
Rc.Rib 25 0.24*25*0.12 0.72
Hollow block 9 0.24*9*0.4 0.864
Plaster 22 0.03*22*.52 0.343
Topping 25 0.08*25*0.52 1.04
Partitions 1.5*0.52 0.78

Nominal Total Dead load = 5.069 KN/m of rib
Nominal Total live load =2.5*0.52=1.3 KN/m of rib

4.6 Design of Topping:-

Topping in One way ribbed slab can be considered as a strip of 1
meter width and span of hollow block length with both end fixed in
the ribs as the graph:

wy = 1.2D + 1.6L

jlllllllllllllllllE
|

40 cm

wi? wi?

12 a1z

wi?
24

Figure (4-1): Topping Design




D.L from KN/m?3 dx[xb KN/m
Tiles 23 0.03*23*1 0.69
Mortar 22 0.03*22*1 0.66
Sand 17 0.07*17*1 1.19
Topping 25 0.08*25*1 2.0
Partitions 1.5*1 1.5

Sum =6.04 KN/m
W,=12DL+16LL
=12 *6.04 + 16 * 25= 11.248 KN/m  (Total Factored
Load)

= Warl?_ 11.248 + 0.40°
Y12 12
M, = f,*Sm  (ACI 22.5.1, Equation 22-2)

= 0.1499 KN.m

1000%802
6

* 107 = 2.194 KN.m

2
= 042 f + == 04224 +

@M, = 0.6 *3.43 = 1.32 KN.m
dM,, = 1.32 KN.m > M,, = 0.1499 KN.m
No structural reinforcement is needed, Shrinkage and

temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement ACI 7.12.2.1:
p =0.0018

As= p*b*h=0.0018 * 1000 * 80 = 144 mm?

Try bars ®8 = 50.3 mm?

n= 2rea = 1% ) 863 — n=3D8 —> Asprovide = 150.9 mm?
Apar 50.3

The smallest of (S):

280 280

<380 () - 25* Ce <380 ()



280 280

=380 * (5=—)—2.5%20<380 * ()

3y 3y
— % ( 280 " % 280
380 * ( % 120 )—2.5*%20<380 (§* 20 )
=330 mm < 380 mm
<3*h=3*100=300mm ........ CONTROL

<450 mm

~Use @8 @ 20cm in both directions. S=200 mm < Smax = 300 mm

4.7 Design of Rib (19):-
Section:

b =12cm bf =40 cm

h =32cm Tf=8cm

1 2 3
al . A A
t & A l A i
8 47 08 49 =y 255 08
'I' 557 'I' 51 'I' 3.35 'I'
[ T 1 1

Figure (4-2): Rib 19 Geometry

load group no.

Dead load - Service Units:kN,meter
5.06 5.06 5.06
5.57 57 3.35

Live load - Service Load factors: 1.20,1.20/1.60,0.00

L 1 had | Ll el | 1bo |

5.57 3.35

Figure (4-3): Loading Rib 19




Shear

Moments: spans 1to 3

-28.6

/\ A5
AL — 4 ﬁig

\_/ 11112‘4 \/ iﬁl? U
20.3

| 2z 3.34 | 343 256 | 218 147

|
I T T T I 1 1

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

-27.8
-24.6 221

-18.8

-10.1
-6.9

18.2

14.9 15.6
22.4 18.9

25.6

Figure (4-4): Moment & Shear Envelope for Rib 19

Effective Flange width (be):

be For T- section is the smallest of the following:

be < 400 + b,,=400+120=520 mm ........... Controlled
< L Span/4 =7210/4 = 1802.5 mm.

< (16x Tf) + bw = (16x 80) +120 =1400 mm.

Design of flexure:-

Design of positive moment of rib (Rib 19):

d = depth - cover — diameter of stirrups — (diameter of bar / 2)
=320-20-10-—=284 mm

— Mumax =+ 20.3 KN. m

— Muy = 0.85 f x by + ty + (d — Z)




= 0.85 * 24 * 520 * 80 (284 — 82—0) «107¢ = 207.06 KN.m

$dMns = 0.9 *207.06 = 186.36KN.m
—>(1)Mnf = 1863KNm > Mu max— 203KNm

~ DESIGN AS RECTANGULAR SECTION WITH b=550 mm
Mu =+ 20.3KN.m
M, =Mu /p =20.3/0.9 =22.55KN.m

fy __%20 _956

T 085f  085%24

= 0.537MPa

k. = Mn_ _ 22.55%10°
N pxd2 520+ (284)2

_1 _ _Z*Rn*m — 1 _ _2*0.537*20.6 —
'D_m(1 wfl fy ) 20.588 (1 \/1 420 )

0.00129
—As reg = p * b *d = 0.00129* 520 * 284 = 190.5 mm?

fe 1.4
ASpin = 0.25*(f£y)*bw*d > E*bw*d

= 025+Y2% 41204284 > 1% 4120« 284
420 420

=113.9 mm?>99.4 mm? .... Larger value is control.
— As min = 113.9 mm?2 < As r¢q = 190.5 mm?
-~ As = 190.5 mm?-control
2 ®14 =307.8 mm?> Asreq = 190.5 mm? OK,
= Use 2 ®14

— Check for strain: (g = 0.005)
Tension = Compression
As*fy=085*f'*b*a
307.8*420=0.85*24*520 * a
a=12.18 mm.

fi =24 MPa< 28 MPa— f3; =0.85

c=2=1218_1433mm
B, 0.85



e, = €% 0.003
C

_284-14.33
14.33

*0.003=0.0565>0.005 - =0.9...0K

Design of negative moment of rib (Rib 19):

d = depth - cover — diameter of stirrups — (diameter of bar / 2)
=320-20-10-="= 284 mm

— Mumax = - 28.6 KN. m

M,, =Mu /¢ = 28.6/ 0.9 = 31.77KN.m

fy __%20 _956

0.85f/ 08524

m =

_ M, _ 3177x10°
bxd2  120x (284)2

_1 _ _ 2xkpxm — 1 _ _ 2%3.28%20.6 —
p=—(1 /1 - ) 20.60(1 1— == ) 0.0085

—As req = p * b *d = 0.0085* 120 * 284= 289.68 mm?

= 3.28MPa

Kn

fC’ 1.4
ASipin = 0-25*2/];*bw*d = E*bw*d

= 025+Y2% 41204284 > 1% 4120« 284
420 420

=113.9 mm?>99.4 mm? .... Larger value is control.
— As min = 113.9 mm? < As r¢q = 289.68mm?
=~ As = 289.68 mm?- control
2 ®18 = 508.7 mm? > Asreq = 289.68 mm? OK
~ Use 2 @18

— Check for strain: (g, = 0.005)
Tension = Compression
As*fy=085*f/ *bw*a
508.7*420=0.85*24* 120 * a
a=20.14 mm.

fi =24 MPa< 28 MPa— f3; =0.85



a _ 2014 _

c=—=——=23.7mm
B1 085
d—c .
& = —~ 0.003
_ 284-23.7

= *0.003=0.083>0.005 -~ ¢d=0.9...0K

23.7

Design of (Rib 19) for shear:
The maximum shear force at the distance d from the face of support,
Vu =32.4 KN

e
VC:1.1*£*bW*d

=11 % * 120 * 284*10° = 30.6 KN

¢Vc=0.75*30.6 =22.95 KN

Casel: Vyu< %

246> 22=1147 - Case (1) is NOT satisfied

Case2: % <Vu<oVe

11.47<24.6<22.95 .~ Case (2) is NOT satisfied

Cases:
Check for section dimensions:

Vy 24.6 _
VS:?—VC — m— 306—22 KN

Vsmac= 2% 0 * Jf7 *bu*d  — 2+0.75*24 *120 * 284 *
10 = 83.47 KN

_ VSmax

Vs' = . — 83.47/2 = 41.74 KN

Vs < Vs max — the section is large enough
If Vs<Vs' —  Spax <d/2 = 284/2= 142mm - control or

Smax < 600mm



Check for Vs min:

1
VSmin = E

or

1
VSmin = =* 120 * 284 x 1073 = 11.36 KN ... control .

3

*

24 %120 x 284 * 1073 = 51.12 KN

dVe < Vu<@Vcec + Vspin)

22.95 KN < 24.6 KN < 0.75*%(30.6+11.36) = 31.47 KN

ﬁ

Try 2 legs ©8

Av, _ Vs _ 100.6%420+284 _ 5454349 mm

S fytxd 2.2¥1000

Smax <d/2=284/2=142mm - control ~ or S;,4, <600m

2 legs @8 @ 150 mm

4.8 Design of beam (B 11):-

B =80cm

1 2 3
[: A e A e A :]
A — A A

‘0.7‘ 6.6 \0.7‘ 6.7 \0.7‘ 6.5 0.7‘
\‘\ 73 I‘\ 74 I‘\ 72 ‘\
55,

80.
A-A

Figure (4-5): Beam (11) Geometry




load group no. 1
Dead load - Service

Units:kN,meter

52.3 441 52.3
15 165 ¥ 5
3 7.4 7.2
Live load - Service Load factors: 1.20,1.20/1.60,0.00
¢ \b 14«6 \L \b $ $ $16.6\L \L \L \b \L 1%5 \L ¢
7.3 7.4 7.2

Figure (4-6): Load of Beam (11)

Moments: spans 1to 3

-532.1 -520.1
‘ 66,3.06 165
! W 2.99! !
N = H H
1.25/174 1.22
1.71
181.
4455 434.
| 292 4.38 \ 3.7 | 3.7 \ 4.32 . 288
Sheér I T I T I 1
-427.6
-346. -352.7
-275.2 -290.6
-209.
| 1 1 1 1 1
| | | | | |
212.8
2045 278.2 .
355.7 :
422.1




Design of flexure:

Design of maximum negative moment:
MuUmax= 532.1KN.m
Check whether the section will be act as singly or doubly reinforced

section: Maximum nominal moment strength from strain condition,
g, = 0.004
Assume bar diameter @25
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=550 — 40 — 10 —25/2= 487.5 mm.

c =%d = 3* 487.5 = 208.92 mm
a=p,c =0.85 * 208.92 = 177.58 mm

M max = 085 fc'ab (d - g)

177.58
= 0.85 %24 % 177.58 * 800 * (487.5 - )

*107°
= 1155.5KN.m
€s=0.004
(=0.65+250 *(0.004-0.002) = 0.82 —@ = 0.82

@PMn = 0.82 * 1155.5 =947.51 KN.m — Mu = 532.1KN.M <
@Mn = 947.51KN.m

=~ Design the section as singly reinforced concrete section.

— Mumax = - 532.1KN.m

M, =Mu /¢ =532.1/0.9 = 591.22KN.m

_ fy _ 420
0.85f  0.85%24

=20.588

R = M, _ 591.22%10°
n - 2 = 2
bxd2  800* (487.5)

_1 _ __ 2*Rpxm — 1 _ _2%3.11%20.588 -
p=na ‘/1 fy ) 20.588<1 \/1 420 )

0.008
—Asreq = p * b *d = 0.008* 800 * 487.5 = 3120 mm?

=3.11MPa




fe 1.4
ASpin = 0.25*2/;)*bw*d > E*bw*d

= 0.25%Y2% 48004875 > 1% 4800  487.5
420 420

=1137.3mm? <1300 mm? .... Larger value is control.

— AS min = 1300 mm? < AS req = 3120 mm?,
= As = 3120 mm?- control

7 ®25 =3436.12 mm? > ASreq = 3120 mm? OK
~ Use 7 @25

— Check for strain: (g, = 0.005)
Tension = Compression
As*fy=085*f/ *bw*a
3436.12 * 420=0.85*24* 800 * a

a=388.43 mm.
£/ =24 MPa< 28 MPa— f3, = 0.85
c=2=8%_104.04 mm

B1 085

e, = €% 0.003
c

_ 487.5-104.04
104.04

*0.003=0.01>0.005 - =09...0K

Check for bar placement:

Sb= 800_40*2_20*2_(7*25) = 87.5mm > 25mm ... OK

Design of maximum positive moment:-
— Mumax = + 4455 KN. m
M,, =Mu /p =445.5/ 0.9 = 495KN.m

= 2930588

T 085f/  0.85+24

My, _  495%10°

= bd2 800+ (487.5)2 =2.6MPa

Ry



_ 1, _ 2 Rprmy _ 1 _ _2+26+20.588 | _
p=n0 1/1 fy ) 20.588<1 \/1 420 >

0.0066
—As req = P * b *d = 0.0066* 800 * 487.5= 2574 mrn2

fC’ 1.4
ASpin = 0.25*%*bw*d > E*bw*d

= 0.25 % Vi 800 * 487.5 > —— 800 * 487.5
420 420

=1137.3 mm?< 1300 mm? .... Larger value is control.
— AS min = 1300 mmM? < AS req = 2574mm?,
~ As = 2574 mm?- control
6 D25 =2945.2 mm?> Asreq = 2574 mm? OK
=~ Use 6 @25

— Check for strain: (g, = 0.005)
Tension = Compression
As*fy=085*f/ *bw*a
2945.2 *420=0.85*24*800 * a
a=758 mm.

f. =24 MPa< 28 MPa— 3, = 0.85

a _ 758

c=—=—-=389.18 mm
B1 0.85
g = ==*0.003

_ 487.5-89.18
89.18

*0.003=0.0134>0.005 - =0.9...0K

Check for bar placement:

§p = 22 022D = 110 mm > 25mm ... OK




Design of (B 11) for shear:-
The maximum shear force at the distance d from the face of support,
Vu =346 KN

Vc:\/f:,*bw*d

|

&l

24 * 800 * 487.5 *10°3 = 318.43 KN
®Ve = 0.75 * 318.43= 238.82 KN
Casel: Vi< %

238.82

346 > —— =119.4 ~ Case (1) is NOT satisfied

Case2: % <Vu< Ve

119.4 <346 <238.82 =~ Case (2) is NOT satisfied

Case3:

Check for section dimensions:

Vse Z—y, — % — 318.43= 142.9KN

Vsmx==* ¢ *\[ff *bu*d — Z%075%+24 *800 *487.5*
10*=955.3 KN

_ VSmax

Vs' = > — 955.3 /2 = 477.65KN

Vs < Vs max — the section is large enough
IfVs<Vs' —  Spax <d/2=487.5/2=243.75 mm - control or

Smax < 600mm

Check for Vs min:
1
VSmin = T¢ * 24 x 800 * 487.5 x 1073 = 119.4 KN
or

1
VSmin = 3* 800 x 487.5 1073 = 130 KN ...control .

dVe < Vu<@Vc + Vspin)



238.82 KN < 346 KN < 0.75*(318.43 +130) = 336.32KN ...Not OK

Case4:
OWVec+Vspmin) <Vy < 0(Vc+Vs)

0.75(318.43 + 130) < 346 < 0.75(318.43 + 477.65)

336.32 < 346 < 597.06 ... OK — Try 4 legs ®10

Ay, Vs _ 314%420%487.5

= — =449.9mm
S fytxd 142.9¥1000

Smax <d/2=4875/2=243.75 mm - control  or S5 < 600mm
4 legs @10 @ 150 mm

4.9 Design of two way ribbed slab:-

1. Approximate method:
Approximate value of minimum(h) according to ACI

Minimum (h) > (Maximum clear perimeter/180)
Minimum (h) > (2%6.25+2%6.33)/180=13.97 cm
Select (h=32 cm) > minimum (h); 8cm Topping+24cm Block

2-accurate method:
All exterior and interior beams have a rectangular section of 80 width
and 55 cm depth:

b * h3
[ for beam = 1
[ for beam = 80*—553
12
=1109167 cm*

The moment of inertia for the ribbed slab:

Be =52cm was defined in one way ribbed slab



_40*8*4+32*12*16

YOS T 40+8+32+12
=10.55cm
] 52 % 10.55% 40 % 2.553 12 % 21.453
[ for rib = +
3 3 3
=59609cm*

Short direction: L=6.25m =600cm

Irib * (l + bw)
Is = 2
bf

59609 « (222 + 80)

Is =
> 52

=449933cm*

Long direction L=6.33m=633cm

59609 « (552 + 80)

Is =
> 52
454518.6 cm*=

Short direction lright=liert =6.25 m=625 cm

Iright = Ileft
§ + 5 + bW)

bf

Irib * (
Is =

59609 « (222 + 822 1 g0)

7
Is =
S 52

=808160.5 cm*

Long direction lief=lright =6.33m=633cm

59609 + (252 + 22 1 80)

2
Is =
> 52

=817331cm*
b
“= Is

al=1109167/449933=2.4



a2=1109167/454518.6=2.4
a3=1109167/808160.5=1.37
a4=1109167/817331=1.35

afm=(2.4+2.4+1.37+1.35)/4

=1.88 <2.0 the minimum slab thickness will be :

fy
In (08 + m)

b = 2 T 5p(afm — 0.2)

420
6330 (0.8 + T755)

h =

36 +5*1.01(1.88 — 0.2)
=149.7mm>125mm
=6.33/6.25=1.01

First trial thickness h=320mm >149.7mm_ok
Take slab thickness hsiay 320mm ,80mm topping ,240mm concrete
block

2. Load calculation:

From one way ribbed slab dead load:
DL=9.656KN/m?

Live load of slab:

LL=2.5KN/m?
W=1.2*9.656+1.6*2.5=15.587TKN/m?



3. Design of bending moment:

Y47 B3(8032) % ca8
¥cs0 B4 (80/32) % Cs1

Ma,pos ,d1=0.027*15.587*6.25?
= 16.44KN.m/m

Mb,pos ,d1=0.027*15.587*6.332
KN.m/m 16.86=

Ma,pos,[1=0.032*15.587*6.25°
=19.48KN.m/m

Mb,pos,1=0.032*15.587*6.332
=19.98KN.m/m



Ma,pos =16.44+19.48=35.92KN.m/m
Mb,pos =19.98+16.86=36.84KN.m/m
Ma,neg =0.05*15.587*6.252=30.44KN.m/m
Mb,neg =0.05*15.587*6.332=31.22KN.m/m

Design of negative moments:-

Mu=31.22KN.m

Mu
Mn=—
)

=31.22/09=34.68KN.m

Assume bar diameter @14 for main reinforcement
d=320-20-8-14/2=285mm.

Kn= s
=36.86*10°/(120*2852
=3.78Mpa

= fy
0.85 f!

=420/(0.85*24)

=20.58
1 2*xk, *m

p=—(1- j 1-—F)

:ﬁ (1 _ 1— 2*3.12;20.6)

=0.01

As=0.01*120*285=342mm?

Check of As min:

As,min= 0.25*(Vfc'/ fy)*bw*d > 1.4/fy *bw*d
<114mm? =99.7

—As min =114 mm2 < As req = 342mm2 .. As = 342 mm2 control



2016 =402mm2 > Asreq = 342 mm2 OK
~ Use 2 @16

Check for strain: (€s>0.005)

Tension = Compression

As * fy =0.85 * fc™ * bw * a

402 * 420=0.85*24 * 120 * a
a=689m

fc'= 24 MPa< 28 MPa— 3 =0.85

c=a/f3 = 68.9/0.85=81.1mm

€s =(d-c)/c * 0.003

Ok 0.0075 <0.005.- ¢ =0.9

Design of positive moments:-

Mu=36.68KN.m
@Mn =Mu/
=36.68/0.9=40.75KN.m

Assume bar diameter @16 for main reinforcement
d=320-20-8-16/2=284mm
Kn=Mn/(b*d?)
=40.75/(120*284?)
=4.18Mpa
m=fy/(0.85 fc)
=(420/.85*24)
=20.6

1 1 1 2*xk, *m
p_m( fy )




1 2 %418 *20.6

=—(1-
20.6( 420

=0.011
As=0.011*120*284=374.88mm?2

Check of As min:
As,min= 0.25*(Vfc'/ fy)*bw*d > 1.4/fy *bw*d
99.4<114mm?=
As min =114 mm2 < As req = 375mm?2 ~As =375mm2 _
control
2016 =402mm?2 > Asreq =375 mm2 OK

= Use 2 @16

Check for strain: (£s>0.005)

Tension = Compression

As * fy =0.85* fc™ * bw * a

402 * 420 =0.85*24 * 120 * a

a=68. 9mm

fc' =24 MPa< 28 MPa— B =0.85

c=a/p = 68.9/0.85=81.1mm

es=(d-c)/c * 0.003

~ =09 0.0075 >0.005 Ok

Design of shear:

Wa= 0.5

The total load on the panel being =(6.25*6.33*15.587=616.66 KN
The load per rib at the face of long beam is
(0.5*%616.66*.52/2*6.33)=12.66KN

Vud =Vu,face-Wu*bf*d=12.66-15.587*0.52*0.285=10.35KN



The maximum shear force at the distance d from the face of support,
Vu =346 KN
Ve =fc' /6 * bw * d
=\24/6 * 120 * 285 =27.92 KN
¢dVe=0.75 *27.92=20.94 KN

Casel: Vu< (¢Ve)2
10.35 < 20.94/2 =10.45 ~ Case (1) is satisfied
~no shear reinforcement is required

Use ¢8/50cm for montage.

411 Design of Column(C 3):

Material:

Concrete B300 Fc' = 24Mpa
Reinforcement Steel Fy = 420Mpa

@ steel = 14 mm @ stirrup = 10 mm

Cover = 40 mm
Load Calculation (From Column Group C 3):
Service Load:
Dead Load =497.5 KN
Live Load = 132.3 KN
Factored Load:
Pu=1.2 x497.5 +1.6x132.3 = 808.68KN

Dimensions of Column:
Assume concentrically loaded short column
Assume pg =0.01
¢ * Pn = 0.65x0.8xAg {0.85 fc'(1- pg) + pg * Fy}
808.68 x10°= 0.65x0.8xAg {0.85*24 (1-0.01)+0.01*420}
Ag= 637546.26mm?



Assume Rectangular Section
h =250 mm
Select b =400 mm

Classification of column section:
Check Slenderness Parameter:

K Lu

M1
—<34-12—<40 ...... - A2.
RS 34 —12 M2 S 40 ACI - (10.12.2)

Lu: Actual unsupported (Un-braced) 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 ...l For Rectangular

Section

Lu=3.56 m

M1/M2 =1

K=1 for columns in braced frame

System about X-Axis

KLu 1.0x3.56 4+
Rx 0.3x0.25

System is braced,
475<34—-12(1)<40.........47.5> 22
-~ System is long about X

System about Y-Axis

KL 1.0x356 ’
Ry 0.3 x0.40

System is braced,
29.7<34-12(1) <40 ............29.7 > 22
~ System is long about' Y

Bresler equation:

1 1 1 1

= + +
Pn  Pny Pny, Po



Pny = Pn For short column without any eccentricity = Po
1 1 1 1 1

Pn_ Po Pn, Po_Pny
Nominal axial strength column Pn = Pny in e, direction (long)

Minimum Eccentricity (min e):

min e = 15+ 0.03 h
h in the direction of ey = 250 mm
mine = 15 + 0.03 X 250 = 22.5 mm

Magnification Factor (8,):

s = mpu > 1.0 and < 1.4

1-G7x Pcr)

j— . I .4 * _4,

cm=0.6+04+(1)=1.0

m? X (Ex])
Pcr= ———
(k x Lu)?
Ex]= 0.4+Ec+lg | By = 1.2XPp = bh?® ’
1+Bg 1.2XPp+1.6XPy, 12
E. = 4750 x Vfc'
g 12X 4975 074
4780868
0.253
0.4 X 4750 X /24 X 0.40 X >~ ,
Exl= = 2.79MN
i 1+0.74 /m
ber 2 X 2.79 * 1000 _ 21727 KN
T T x3s562 o~
1.0
Ops = =135>10and <14

1 808.68
0.75 X 2172.7



ey = 8ps X mine = 1.35 X 22.5 = 30.37 mm

Interaction Diagram:

ey = 30.37mm h = 250 mm

h 250
d-—d 250—2x(40+10+%)
Y= n 250 = 0.544
From Charts:
Form Diagram A-9b (y = 0.60)
®XPn Pu 0.80868 145 ,
= = 1.17 Ksi

=— X
Ag  Ag ' 0.25x0.40 1000

pg = minp, = 0.01
Form Diagram A-9c (y = 75)

pg = minpg = 0.01
Select the reinforcement

Select, pg = 0.02

ASpeq = p X Ag = 0.02 X 40 X 25 = 20 cm?  — select 140 14

With Asyoy = 21.55 cm?

Design of the Stirrups:
b=40cm, h=25cm
a) Lap splice at the foot of column:
Try 100% - lap splice (14 @ 14 with 14 @ 14 )
p =AS (28 %1.54)/(25 * 40) = 4.3 <8% ... OK

Closely spaced stirrups: S smallest of



1- 48*dbs = 48*10 =480 mm
2- 16*db =16*14 =224 mm ...control — Selected S=20cm
3- The least dimention of the column = 250 mm
b) At end support and below:
X=max (Ldc OR b) + cover — (h slab or beam)
Ldc = (0.24*420*14)/ (1*/24) = 288.1mm > 200 mm ... OK
— b>Ldc —40cm>28.81 cm
X=(40)+2-(32)=10cm
X>0.5h— 10 cm>(0.5*25)=12.5 ¢cm ... not OK
X<2hcolumn —10 cm <50 cm ... OK — Selected X =40 cm
e=8cm — control, #NO of Stirrups = 40/8+1=6 —
Selected 6 $10/8 cm
c) along lap splice or above:
Fy = 420Mpa, Fc = 24Mpa.
Lsc = 0.071 *420*14 = 417.48mm > 300 mm
Selected Lsc = 100 cm withe =10 cm — Selected 10 10/10 cm

4.12 Design of Foundation (F 20):-

Material:
Concrete B300 Fc' =24 Mpa
Reinforcement Steel Fy =420 Mpa

Cover = 75 mm

Load Calculations:

Dead Load =497.5 KN “included own weight”

Live Load = 132.5 KN

Total services load = 497.5 + 132.5 = 630 KN

Total Factored load = 1.2*497.5 + 1.6*132.5 = 809 KN
Column Dimensions (a * b) =25 * 40 cm

Soil density = 18 KN/m?®

Allowable Bearing Capacity q,; = 350 KN/m?



Assume h =40 cm

Q allnet = 350 — (25 X 0.4) — (18 X 0.5) = 349 KN/m?

Area of Footing:

= 8% _181m?

A= P total service —
349

q all-net

Assume Square Footing
B required =1.35m
— Selectb=1.35m
— Bearing Pressure:

B 809
"~ 1.35%1.35
= 443.896 KN /m?

P total factored
qu = A

Design of Footing:
— Design footing for one way shear

Critical Section at distance (d) from face of column

one-way shoar

One-way shoar

Assume h =40 cm, bar diameter @ 14 for main reinforcement and 7.5

cm Cover.
d=400-75-14 =311 mm

B—a

Vu=qu><< —d)xL

1.35-0.25
= 443.896 x (—

= 143.22 kN

- 0.311) X 1.35

1 1
(DVC:@xgx\/f_crxbxdzO.75><g><\/24><1350><311

= 257.1kN
- @V = 257.1KN >V, = 143.22KN - Safe

— Design Footing for two way shear:

V, = py total factored — FRy,

Tridutary area for
one-way sheoar



FR},, = q, X area of critical section
V, = 809 — 443.896 x [(0.25 + 0.311)(0.4 + 0.311)]
= 631.9kN

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

_ column Length (a) 40
Be = column width (b) ~ 25

-

=1.6

— b. = Perimeter of critical section taken at (d/
2) from the loaded area.
=2x(0.25+0.311) +2 x (0.4 + 0.311) = 2.5m

- ag = 40 for interior column

Substituting values in equations:

OVe = 0% £ (1 + =) X/l x b x d = 1071.3KN

@V—(Dxl O
¢~ 12\ be

d
OV = 0 xgx\/ﬂxbo x d=952.2KN ..... Control

+2 | xy/fo xbe x d = 1185.1 KN

- @Vc=9522> =6319 KN ...... OK

Design of Bending Moment LONG DIR:
select @14
d=400-75-14/2=318 mm

135\ (1.35-0.25
)x(

2
M, = 443.896 X ( ) = 90.64 kN.m

2 2
n My, _ 90.64x 10° — 074 MPa
" @bdz 09x1350x3182
420

m =085 x2a - 208



= 0.0018

1 ) 2 % 20.58 X 0.74
"~ 20.58 420

Agreq = p X bxd=0.0018 x 1350 x 318 = 772.7 mm?
Agmin = 0.0018 x 1350 X 400 = 972 mm?

Asreq = 772.7 mm? < Agmin = 972 mm?® - OK

— Take 7 ¢ 14 with A4y = 1077.6 mm? > Ag eq

=972 mm?
Check maximum step (S) is the smallest of:
3h =3 x 400 = 1200 mm
450 mm — control

S=1350-75*2—-7*14 /6 =1183.7 mm > 450 mm - OK

Design of Bending Moment SHORT DIR:

select P14
d =400 - 75— 14 - 14/2 = 304 mm
1.35 1.35 — 0.40\2
M, = 443.896 X ( z >>< ( > ) = 67.6 kN.m
. M,  67.6x10° — 0.602 MP
"= GbdZ 0.9 x 1350 x 3042 _ a
__ 420 _ 20.58
M=085x24 “
1 1 1 2.m.R,
P = 420
1 2% 20.58 X 0.602 | 0.0015
©20.58 420 o

Agreq = p X bx d = 0.0015 x 1350 x 304 = 615.6 mm?
Agmin = 0.0018 X 1350 X 400 = 972 mm?



Agreq = 615.6 mm? < Agpin = 972 mm?® - OK
— Take 7 ¢ 14 with Aoy = 1077.6 mm? > Ageq

=972 mm?
Check maximum step (S) is the smallest of:
3h =3 x400 = 1200 mm
450 mm — control

S=2150-75*2-7*14/6 =1183.7 mm >450 mm - OK

Development length of steel reinforcement in footing:
Tension development length in footing:

LdT req = (9/10) * (Fy IANfc) * (1 / (( ktr+cb)/ db))) * db >
300mm

Ktr=0,ye =1,9¥s =0.8, Yt =1, fc = 24 Mpa, fy = 420 Mpa, db =
14 mm

cb Smallest of:

Cover + D bar /2 =75+ 14/ 2 =82 mm

ai/2

a1 =(S+ D bar) =(1183.7 + 14) = 1197.7 mm

1197.7/12 = 598.85 mm.... is control

(( ktr+cb)/ db)) = (82+0)/14 =5.86 > 2.5 .....Selected 2.5

LdT x&y req =432.1 mm > 300 mm .......0K

LdT ava.x = ((135-25) /2)-7.5=475cm >43.21cm ...... OK
LdT ava.y = ((135-40) /2)-7.5=40cm >43.21cm ...... not OK
select LdT ava. Y=43.21cm.

Minimum bend diameter for @14

— D=6db = 6*14=84 mm

a = 12*db+0.5D+db= 12*14+0.5*84+14

=224cm ... Take a=35cm

Compression development length in footing :( For Dowels 14 @14)



Ldc req= 0.24 *fy *db / 1*4.9 = 288 mm > 0.043*fy*db = 252.8 mm
> 200 mm..OK

Ldc ava.= h-cover — db footing = 400-75-2*14= 297mm > 288 mm =
Ldc req...OK

lap splice of dowels in column in compression:

Lsc =0.071 *420*14 = 417.5 mm > 300 mm
Selected Lsc=60cm , Ldc=30cm , a >= column size =40 cm=a

4.13 Design of Shear wall (SH.W 2):-

311145

14451.08

16609.65

Lw=6.654m
moment diagram

Fig4. 10: Shear and Moment Diagrams of Shear Wall (SH.W 2)

Fc = 24MPa

Fy = 420MPa

t=30 cm shear wall thickness

Lw = 6.654 m shear wall width
Hw for wall = 3.32 m story height

> Fx =VVu max = 2017.65 KN.



Lw\2= 6.654\2 =3.327m
(16609.65-14451)\3.32 = (Mu-14451.08)\(3.74-3.327)
Mu =14689.44 Kn\m

The critical Section is the smaller of:
d=0.8%665.4=532.32cm ........ control
or

d=0.8*29.92=2393.6 cm

Design as rectangular section:

Lw =6.654 m

B=300 mm

4-13-1 Design of shear (Horizontal and Vertical Reinforcement)
Vumax = 2017.655KN

V. is the smallest of :

1— Vo ==/f/hd = =V24 * 300  5323.2 = 1303.912KN ........

Control
- Nud

2= Ve = (\DVf'hd + 7= = (1\4)v24 * 300 * 532.32 + 0

w

= 1955.86KN
Ly (0.1/For+0.2-3u

3— V. ={0.05/f + ( T ) hd = 1518.237 KN

Vu 2

Design of horizontal reinforcement:

@Vc+ @ Vs=Vu

Vs=(Vu\@)-Vc

Vs = (2017.655\0.75)-1303.912 = 1386.294 KN.
Avh\Sh= Vs\(fy*d)

Avh\Sh = 0.62

Min (Avh\Sh) =0.75 ......... control

Select @ 10 in each side for each story



Avh = (2*3.14*10*10)\4 = 157 mm?
157\Sh=0.75
Sh =209.33mm
Select Sh=150 mm.
Sh < Smax= Lw\5= 1330.8 mm
Sh < 3h=3*300=900 mm
Sh< 450mm
Use @ 10 @ 15 cm in each side for each story

Design of Vertical reinforcement:
AvW\Sv=((0.0025+0.5(2.5*(29.92\6.654)*((157\((300*200)-
0.0025)))*300
AwW\Sv = 0.793
Select @ 12 in each side for each story
Avv= 226.08 mm?
226.08\Sv=0.793
Sv=285.094
Select Sv =150mm
Sv < Smax= Lw\3=2218 mm
Sv < 3h=3*300=900mm
Sv<450mm

Use @ 12 @ 15 cm in each side

4.14 Design of Basement Wall:-
Material:
concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?
Ysoil = 25 KN/m3 , Dsoi = 35.0°

Cover = 3cm , Wall Hight = 4.10 m



4.14.1. System and loads:
ko =1—sin@® =1 —sin35 = 0.426

e, = ko Xy X h =0.426 X 25 X 4.25 = 45.3 KN/m?

30em| ———m————————————— q

L=425m

f\ 96.3 KN/m

I
I
I
I
I
I
I
}
30 cm }
[
I
I
I
I
I
I
I
I
I
I

eo= 45.3 KN/m?

h 4.25

E, =€y X

For (1m) strip
Factored loads (qu) = 1.6 X E = 1.6 X (45.3) = 72.48 KN/m



1 72.5 KN/m

\l/FR=1 54 KN
51.34 KN 102.66 KN
4.25 m ,Li
%/////r////////ﬂmf/m%k* | Vu
i X=2.45m WW///%
=T - Vu (max) 102.66 KN

I

i I Mu (max)
! .

I

1

e RN

ZMRA=O

0

quxL 2 ) By
X — —_—_—=
(ray)-1
725%x4.25 2
_>+(—

> X 3 X 4.25) —By/4.25=0

By = 102.66.25KN — Ay = 51.34KN

4.14.2. Design of Shear Force:

Assume (h) of the wall = 30 cm — assume @20 Steel

Effective d:

d =300 — 30— 20 = 250 mm

Maximum shear value (Vu) at distance d from the face of support

Vi = By — (d X qu) = 102.66 — (0.25 X 72.5) = 84.53 kN

1
@ xVc=0.75 X 3 X V24 x 1000 x 250 = 153.09 kN > Vu

= 84.53 kN
~h=30cm; is Ok



4.14.3. Design of Bending Moment:

Mup,.x at Vu=0

X
Vu=20 —>Ay—qu(1)><§=0
72.5
qu(1)=m><x
51.34 25 Xx2=0
Pt T oxa25 00 T

8.53x*—-5134=0
- x=2.45m

72.5
Qu(1) = 425 X 2.45 = 41.8KN/m

— Section at (x) = 2.45m

— 72.5 KN/m

i

102.66 KN

[ 4?//7//%4 Mu
|
|

1
Muy.x = 51.34 X 2.45 —41.8 X 2.45 x 0.5 X 3 X 2.45

= 83.97 KN.m

4.14.4. Design of Flexure:

Sy 40 s
M= 085xFa 085%x24 “
o Mu_8397
Mn  93.3 x 10
Kn = = 1.49 MPa

“bxd? 1000 x 2502

1 2xK
preq=;><<1—( 1-— XFI;XIH>>_

(\/1 B 2><1.49><20.58)> — 37 % 10-3
420

«(1-



ASreq = Preq X b x d = 0.0037 X 100 x 25 = 9.23 cm®

—Check for As min:

Aspin = 0.0012 X b x h = 0.0012 x 100 X 30 = 3.6 cm?
ASreq = 9.23 cm? > Asyy = 3.6 cm?

- Select 5¢016/m ,with As = 10.05 cm? - (tension face)

- 016/20cm

— Desgin of compression face :
As = Aspip, = 0.0012 x b X h = 0.0012 X 100 x 30 = 3.6 cm?

=~ Select 5¢010/m ,with As = 3.95 cm?
— (Compression face)

- 010/20 cm

— Desgin of Horizontal Reinforcement :

As = ASpin

According to ACI:  Aspyi, for two layers = 0.002 X b x h
For one layer; Asg;, = 0.001 x 100 X 30 = 3 cm?/m

~ Select »10/25 cm



S10/25 cm

o) @7 %
— a/e‘/
o g
@&16/20cm| 9
Tension Face
> 9 210/20cm
Compression Face
- d
-l qQ

4.15 Design of Stairs:-

Determination of Slab thickness:

L=7.47 h= (7.47/20) =37.4cm
h= (7.37/28) =26.6 cm
Take h = (37.4+26.6)/2= 32 cm

Use h= 32 cm and limitation of deflection will considered.

Load calculation:

Dead load (Total for flight ) =14.015 KN/m Dead load (Total for
landing) =9.76 KN/m

Live load for stairs =5 KN/ m2

Total factored Load: Wu =1.2*DL + 1.6*LL for flight W=1.2*14.015
+1.6*%5 =24.82 KN/m

For landing 1 W=1.2*9.76+1.6*5=19.712 KN/m



Design of flight:
Mu =123 KN .m (from hand solution)

Mnreqg=Mu/0.9=123/0.9 136.6KN.m
Assume @ 14 for main Reinforcement:- d=320-20-14/2=293 mm

R D~ 136.6 10° 1.59M
= —_— = b6bx —m8 =1,
" paz 1000 * 2932 pa
Fy 420
m = 19.76

T 0.85x Fe  0.85x 25
1 2XKnxm 1
preq_;x<1—( 1- Fy )>_19.76X<1_
<\/1 B 2><1.59><19.76>> — 000393
420

—As = p * by *d = 0.00393*1000*293 = 1151.5 mm?.
AS,in=0.0018* by *d = 0.0018*1000*293 = 576 mm?.
—>ASmin = 576mm2<AS req — 1151.1 mmz.

&~ As =1151.1 mm&m

ASreq _ 1151.1
Apar 154

#0f d14= =7.47 — # of bars = § bars /m

~ Use 8®@14@125 mm
S is small of
3h=3*320=460mm
450mm

<380 (Zfis") —25*Ce< 380 (Zfis")

:380*(%)—2.5*205380*(%)
3/y 37y
=380 * ( 280 280 )

) ~2.5%20 <380 * (
3

g* 420
300 —control 25 <300 ok
Use @ 14 @ 25 cm

420

As (For Shrinkage & Temperature Reinforcement) =



.0018*1000%293=576 mm? take 4 ®14/m or ® 14 @ 25 cm
S =5h=5*320=1600mm

=450mm -control 250< 450 ok

Design of landing:

Mu =40Kn.m

Mn=40/0.9=44Kn.m

Assume @ 14 for main Reinforcement
d=320-20-14-14/2=286 mm

Ro= 1 _ 4y 10° 0.53M
= —= ) — = ().
N paz 1000 = 2862 pa
F 420
y = 19.76

M= 0.85xFo  0.85x 25
1 2XKnx 1
preq=;X(1—( 1-— Fr; m)>=19.76x<1—
<\/1 B 2><0.53><19.76>> — 0.0013
420

—As = p * by *d = 0.0013*1000*286 = 371.8 mm>.
As,im=0.0018* by, *d = 0.0018*1000*293 = 576 mm?.
—ASmin = 576MmM?>AS req = 371.8 mm>.

& As =576 mm?/ m

# 0f D14=2rea = 57 _3 74 _, # of bars =4 bars/m.
Apar 154

- Use 4014@250 mm

Design of shear:

Assume bar ®14 for main reinf



d=320-20-14/2=293mm
beam width=30cm
Vu=61-(9.856*(0.15+0.293)) =56.6 Kn

e
(ch=q)*£*bW*d
= 0.75 * @ * 1000* 0.293 * 10° = 183

VuS % ok
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Appendix A:

Architectural Drawings

Appendix B:

Structural Drawings

Appendix C :

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

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

Cantilever

way slabs

Member
Solid one- £/20 er24 28 10
way slabs
Beams or
ribbed one- £M16 éf18.5 21 8

MNotes:

as follows:

not less than

a) For lightweight
1440 to 1840 kg/m~, the values shall

1.09.

oncrate having e

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified

-:E)uilibrjum density, we, in the range of
e multiplied by {(1.65 — 0.0003w

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

but

Minimum Thickness of

Nonprestressed Beams or One-Way Slabs



TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to nonstructural elements . . . .
likely to be damaged by large deflections Immediate deflection due to live load L ¢1180
Floors not supporting or attached to nonstructural elements . . :
likely to be damaged by large deflections Immediate deflection due to live load L £/360
Roof or floor construction supporting or attached to nonstructural | That part of the total deflection occurring after attachment /a80%
elements likely to be damaged by large deflections of nonstructural elements (sum of the long-term
Roof or floor construction supporting or attached to nonstructural | deflection due to all sustained loads and the immediate ¢12408
elements not likely to be damaged by large deflections deflection due to any additional live load)

“Limit not intended to safeguard af?ainst 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 loads, camber, construction tolerances, and reliability of provisions for drainage.

tLong-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 attachment
of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members similar to|
those being considered.

$Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.

SLimit 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

&‘Meﬁ
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