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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non—prestressed tension reinforcement.

e A, = area of non—prestressed compression reinforcement.

e Ag = gross area of section.

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

e At = area of one leg of a closed stirrup resisting tension within a (S).

e b = width of compression face of member.

e bw = web width, or diameter of circular section.

e C.= compression resultant of concrete section.

e (g = compression resultant of compression steel.

e DL = dead loads.

e d = distance from extreme compression fiber to centroid of tension reinforcement.

e Ec = modulus of elasticity of concrete.

e fc'= compression strength of concrete .

e fy = specified yield strength of non—prestressed reinforcement.

e h = overall thickness of member.

e 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.

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

e LL = live loads.

e Lw = length of wall.

e M = bending moment.

° M, = factored moment at section.



M,, = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

Wec = weight of concrete. (Kg/m®).

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.
gc = compression strain of concrete
g5 = strain of tension steel.
¢s = strain of compression steel.

p = ratio of steel area .



Abstract

This project provides a complete structural design for a hotel located in Beit Sahour area - the
PEARLS HOTEL. It consists of seven floors in addition to a parking floor underground, with a
total area of 8695 M2. This design is based on the Jordanian Code for determining live loads and
for determining earthquake loads, yet the American Code is used for the structural analysis and
the design of sections. Moreover, it must be noted that the design was done depending on some
computer programs such as: (Etabs, Safe, Atir, Autocad). The project includes studying and
understanding architectural plans, distributing columns and bridges, and studying the building
sructurally, so that the structural elements, the loads were determined and the structural systems
approved for structural regulations. The appropriate design of the building and the complete
design of these structural elements and the preparation of operational plans for the project,
including sections for all the structural elements in the building and taking them out with high
accuracy and in a way that can be implemented on the ground.
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Design of one way ribbed slab (GF.RS).

4.3 Design of a beam (GF.B35) .
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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 : One and two way ribbed slab. 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 and then hand calculation would be

made to find the required reinforcement for some 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-318-16 code.

Material:
Concrete:  B300 fc'=30N/mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa ).
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Reinforcement steel: The specified yield strength of the reinforcement

{Fy = 420 N/mm? (MPa)}.
v’ Factored loads:

The factored loads for members in our project are determined by:

Pu=1.2DL+ 1.6 LL ACI-318-16(5.3.1)

4- 3 Determination of Thickness of slab:

The maximum span for one-end continuous is L= 4.71m.(Rib)

L 471
185 185

ACI-318-16(9.3.1.1)

=0.254m

The maximum span for one-end continuous is L= 6.38m.(Beam)

L 6.38

ACI-318-16(9.3.1.2)

The maximum span for two—-end continuous is L= 6.85m. (Rib)
L =% _0327m.

21 21

The maximum span for two-end continuous is L= 7.3m. (Beam)
L =2-0.347m.

21 21
Take h = 35 cm.

Select 27 cm block + 8 cm topping = 35cm.

4-4 Load combinations:

qu=1.2DL + 1.6L.L ACI—318—16(5.3.1)
Where:

DL: Dead Load.

LL: Live Load.
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Calculation of the total dead load for one way ribbed slab is shown in the following

table:

' YiI?iCAal

Calculation of the total dead load for one way rib slab.

SECTLTON IN

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm

Concrete block
R Concrete rib

Plaster 2 cm

F

Fig (4-1):

RIBBED SLAB

No Parts of Calculation Load

1 Rib =0.12*0.27*2 0.81KN/m

2 Topping =0.08*0.52*2 1.04KN/m

3 Plaster =0.03*0.52*2 0.343 KN/m
4 Block =0.27*0.4*10 1.08KN/m

5 Sand Fill =0.07*0. 0.619 KN/m
6 Tile =0.03*0. 0.359KN/m
7 Partition =1*0.52 0.52 KN/m
8 Mortar =0.03*0. 0.343KN/m

45

Sum=5.114KN/

m




Design of Topping:

Parts of
No. Topping Calculation
1 Topping =0.08*1*25 2KN/m
3 Tile =0.03*1*23 0.69KN/m
4 Mortar =0.02*%1*22 0.44KN/m
2 Sand Fill =0.07*1*16 1.12 KN/m
5 Partitions =1*1 1 KN/m

Calculation of the total dead load for Topping:

Nominal Total Dead Load:

D.L. tota =5.114KN/m of rib.

L.L. total™ 5* 0-52= 2.6KN/m of rib.

wy=(1.2 * 5.114)+(1.6 * 2.6*1)

~10.29 KN/m

Sum =5.25KN/m

- 40 cm

Fig (4-2): Topping load.

For a one meter strip.

qu = 10.29 KN/m.
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Assume slab fixed at supported points (ribs):

e Chel ACI-318-16(6.5.2
u=s——"— -, - o Je
1 (6-5-2)
10.29*0.42
My =————
12
= 0.137KN.m /m
VU = QuZXI _10.29x04 _ 2. 058KN ACI-318-14(6.5.4)

Design for shear:

Used fy =420 MPa& fc’ = 24MPa.
D* Vo= dx [T x%xbx d ACI-318-14(22.5.1.2)

®* Vo = 0.75x~/24 x%xlOOOxBO =49KN >>2.372*0.75KN

=1.779KN.

No shear reinforcement is required.

Design for Moment:

* 2
Mn =042 +/24 x M x10° =219KN.M |, ACI-318-14(14.5.2.13)

¢xMn=0.55*2.19 =1.207KN.m.
¢x Mn =1.207kKN.m > Mu = 0.158KN.m.
No structural reinforcement is required.

The strength of plain concrete section > loaded section.

The plain concrete section is safe; however. minimum reinforcement for
shrinkage and temperature to control the cracks should be used.

p =0.0018 ACI-318-14(9.6.1.2)
As=p*b*h=0.0018 * 1000 * 80 = 144 mmz/ m.

Use @ 8/15 cm
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As =335.1mm*/m> As ;. =144mm*/m..Ok  ,ACI-318-14(9.6.1.2)

RIB # 16
Effective Flange width (bg):

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

be < % * clearspase + b,,= 400 +120 = 520 mm...control ,AC/-318-14(9.2.2.4)
be < Span/4 =2850/4 = 712.5 mm.

be < (16xt) + by =(16x 80) +120 =1400 mm.
be= 520 mm.

Figure(4-3):

FROM COMPUTER:
By using ATIR program we get the envelope moment and shear force diagram as

the follows:
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Figure(4-4): Geometry of rib RB -1

loads - Service Load factors: 1.20.1.20/1.60.0

Figure(4-5): Loading of rib RB —1(KN/m).
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Moments: spans 1o 3

-21.8
-16.9
1.7 -12.2 82 94
} 1-31{13 ) I 111{! |
¥ | — —t—t +
\_/ 6'774—0'85 7 \_%I
15 84
15.1
| 168 251 | 23 : 23 | 197 f 3|
_Shear
-28.7 238
19.4 185 437
%
L n 1
T T T T T T 1
11.3
176 18.2 “r
255 22
Factored
—t +—t+—+ +—t—+ +—
DeadR 9.88 30.62 26.26 725
LiveR 7.75 2181 19.55 6.47
MaxR 17.63 5223 458 13.72
MinR 8.83 40.21 328 5.69
Service
DeadR 8.24 25.52 21.88 6.04
LiveR 484 135 12.22 4.05
MaxR 13.08 39.02 34.1 10.09
MinR 758 31.51 25.97 5.07
Figure(4-6): Moment and Shear Envelope for rib(RB -1).
Calculations:

Design for Positive bending moment:
Mu max positive for span 1 = +15.1KN.m

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

For hf = (0.08 m.

Assume bar diameter @12 for main positive reinforcement.

d =350 - 20 - 10-12/2= 314mm

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)
=0.9%0.85%24%0.52*0.08%(0.314-0.08/2)=209.270KN.m

d*Mn= 209.27KN.m>> M, = 15.10KN.m

The section will be designed as a rectangular section with p_= 520mm
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14
(fy)

(120)(314) =109.87mm’

(bw)(d) ACI-318-14(9.6.1.2)

i .
Asthin = C_ (bw)(d)>=AS min =

J24
4(420)

Asmin =

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

oy 40
0.85fc'  0.85(24)

* 6
Mn _ 151710 — 0.296MPa

"= ®bd? ~ (0.9)(520)(314)?

pzi 1 [p_2*m*kn)|_ 1 1_\/1_2 20.6*0.296 | _ 4y 50070995
m fy 20.6 420

As = 0.00070995(520) (314) = 115.92 mm’<AS min = 125.6mm’

Select bottom bars 2d10 As=157.08
Check for strain: (g5 > 0.005)

ACI-318-14 (10.3.5)

Tension = Compression

A x fy=0.85x f.xbxa

157.08x 420 =0.85x24x520% a
a=6.219mm

a 6.219

=085 o085 /28mm

X

*
_ 3147003 _ 0.003=0.126

s 7.28
6, =025 >05885 ok

max Mu positive for span 2 = +11.5 KN.m

Determine whether the rib will act as rectangular or T — section:
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For hf = 0.08 m.

Assume bar diameter @12 for main positive reinforcement.

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

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)
=0.9%0.85%24*0.52*0.08*%(0.314-0.08/2)
=209.27KN.m

d*Mn= 209.27KN.m>> M, = 11.5KN.m

The section will be designed as a rectangular section with p_= 520mm

As min =T‘/§(bw)(d) >=AS min =£(bW)(d)

(fy)
Asmin = V24 (120)(314) =109.87mm’
4(420)

AS min =%(120)(314) =125.6mm? ...control

me_ ¥ __ 40 56
0.85fc'  0.85(24)

* 6
Mn _  11.5710 — 0.249MPa

N~ Dbd? ~ (0.9)(520)(314)2

* * * *
poLfy [ 2*m*kn)_ 1 1_\/1_2 20.6*0.249 ) _ 0 1005065
m fy 20.6 420

As = 0.0005965 (520) (314) =97.3998mm? <AS min = 125.6mm>

then Select 2010.
Total As (provide) =157.08 mm?.
Check Strain for the magnitude of under strength factor ®:

Tension = Compression
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A x fy=0.85x f.xbxa

157.08x 420 =0.85x24x520x a

a=6.219mm
__a _6219__
X=0.85 o085 /°oromm
*
g, = 3187008 4 503 - 0.1257
7.316
¢, =0.1257 > 0.005

&, =0.1257>0.005....0K
Max Mu positive for span 4 = +9.1 KN.m

Determine whether the rib will act as rectangular or T — section:
For hf = 0.08 m

Assume bar diameter @12 for main positive reinforcement.

d =350 - 20 - 10-12/2= 314mm

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*%0.85%24%0.52*0.08*(0.314-0.08/2) = 209.27KN.m
®*Mn= 209.27KN.m >> M, =9.1KN.m

The section will be designed as a rectangular section with p_= 520mm

A Min = ;/(f') (bw)(d)>=AS min =£(bW)(d)

(fy)
Asmin = V24 (120)(314) =109..87mm?
4(420)

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

me_ ¥ __ 40 o6
0.85fc'  0.85(24)
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-* 6
Mn _  9.1*10 —0..1972MPa

N~ Dbd? ~ (0.9)(520)(314)?

* * * *
p:i(l_\/l_z m knj 1 (1_\/1_2 20.6 .1972}20_0004718

m fy T 206 420

A req = 0.0004718(520) (314) = 77.04mm><AS min = 125.6 mm’

Select bottom bars 2010
Total As (provide) =157.08 mm?
Check Strain for the magnitude of under strength factor @:

Tension = Compression

A x fy=0.85x f,xbxa

157.08x420 =0.85x24x520x a

a=6.219mm
__a _6219__
X=085 085 /°r/mm
*
g, = 3147003 h03— 0.0097
7316

&, =0ANP 00605 ..ok

Design of Max Negative Moment for (Rib):
Mu = - 12.2KN.m At support(2)

The maximum negative moment from spans with support (2) is
Assume bar diameter @12 for main positive reinforcement.
d=350-20-10-6 =314 mm.

V24

(120)(314) =109..87mm”...control
4(420)

Asmin =

Acmin = 24 (120)(314) =125.6mm?
420
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fy 420

M~ 085%fc  085%24
* 6
Kn = M”Z ___12.2*10 _ =1.1457MPa
®bd? ~ (0.9)(120)(314)

*x *x
1(1_ 1_2mknj 1 (1_\/1_2 20.6 1.1457j=0_002809

= m fy | 206 420

As = 0.002809 (120) (314) =105.8mm*< AS min = 125.6mm*

Select bar 2 @ 10

Total AS (provide) = 157.08mm?
Mu = -9.1KN.m At support (3)

The maximum negative moment from spans with support (2) is
Assume bar diameter @12 for main positive reinforcement.
d=350-20-10-6 =314 mm.

V24

(120)(314) =109.87mm’
4(420)

Asmin =

Acmin = 24 (120)(314) =125.6mm?
420

oy 4o _
085*fc  0.85*24
Mn 9.1*10°

= 0.855MPa

N~ Dbd? (0.9)(120)(314)?

e ks
sy J_2mkn)_ 1 1_\/1_2 20.6*.0855 )\ _ 4 502079
m fy 20.6 420

AS = 0.002079 (120) (314) = 78.3mm><AS min = 125.6 mm’

Select bar 2 ® 10
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Design of shear For rib(RB-16):

d=314 mm.

VUpaxy = 19.4 KN. m

fe
VC=1.1><£><b><d

Z 11 % ? x120% 314x107 = 33.82 KN.m

@V. = 0.75 x 33.82=25.36KN.m
19.4

Vs = i Ve = 0._ﬁ - 25.36 = 0.5066KN

1
Vsmin = 1—6V24 *120 * 314 = 11.54 kN

@Vc < Vu < ¢(Vc + vsmin)

11.54 < 19.4
< 33.82

Case lll Minimum shear reinforcement is provided (Av.min) with:

314
Smax < 600 mm: Smax < N =157 mm....control

Use legs stirrups @8 with Av = 100.53 mm?

Av Vs Avfytd
— =5 S =
s fytd Vs
100.53 * 420 314
= . * % —
0.5066

S

Select®8 —14cm with 2 —legs
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Figure(4-7): Rib reinforcement.

Analysis and Design Beam(B2):

Factored

]

DeadR 9.88
LiveR 7.75

MaxR 17.63
MinR 8.83
Service

DeadR 8.24
LiveR 4.84
MaxR 13.08
MinR 7.58

Figure(4-8): Reactions from (RB-16)
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Loads:

The distributed Dead load from Rib ( RB-16 ) on BEAM ( BZ):

6.04
DL from RibB—16"— 052

11.62 KN/m
The distributed Live load from Rib ( RB-16 ) on BEAM ( B2):

LLfrolebB 16
- 22 =7.8KN/m
Weight of external wall =21.5KN/m

The distributed Dead load from Rib ( RB-2 ) on BEAM ( 82):

15.38
DL fromribB-2= 4o, =

29.57 KN/m
The distributed Live load from Rib ( RB-2 ) on BEAM ( BZ):

LLfrolebB 2
-2 = 18.94KN/m

The distributed Dead load from Rib ( RB-15 ) on BEAM ( B2):

10.05
DL bB-15= —— =
fromRibB-15" " =5

19.32 KN/m
The distributed Live load from Rib ( RB-15 ) on BEAM ( 82):

LLfrolebB 15
=19.09 KN/m

| N

0.52

wu

The distributed Dead load from Rib ( RB-3 ) on BEAM ( BZ):

2042
DL from ribB-3= 4o, =

39.27 KN/m
The distributed Live load from Rib ( RB-3 ) on BEAM ( 82):

LLfrom RibB-3

10 38
——=19.96 KN/m
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The distributed Dead load from Rib ( RB-26 ) on BEAM ( B2):

16.54
DL fromrib-26= 5o, =
31.8 KN/m

The distributed Live load from Rib ( RB-26 ) on BEAM ( B2):
LLfromRibB—26
99

_999 _
- = =19.21KN/m

Load factors: 1.20.1.20/

Load factors: 1.20,1.

Figure(4-10): Loads of beam(B2)
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_Moments: spans 1to0 8

.203.9
-167.9 -164. -149.7
-113.3 -119.4 -111.1
938 923 987
S bee 711765749 727 7o 91.6,89.4
1. 14 . 1
i 1l [N I fin fin i
. Hgk/%g@p/ 0. 0, 0,
oFa 34 051 0651}, 4 088 T 1. oo 07
695 . 9.5 - 7.4
155.1
173, 32 | 349 | 288 | 212 141|212 212 [163, [181 181175, 175 206 1.38]
I 1 1 1 1 1 1 1 T I1-53I 1 1 1 1 T
_Shear
-185.6 -187.7
- . -164.9 1615
1869 -1521 108 4 1L 8005 126, 22,
m/él /T /1 /ﬂ m/ﬂ
f i Hh it i i f f {
. 7
107.8 ’ 120450, 1094 ‘“ﬁ-“ 126.3 118.3 1437
1701 158.5 1438 4417 1547 1704 .
2056 -
_Reactions
Factored
H H H i Hi i i i i
DeadR 81.24 308.77 236.64 112.57 145.77 179.03 188.03 207.52 72.63
LiveR 26.58 84.45 109.53 137.49 135.05 127.26 131.62 133.07 49.4
MaxR  107.83 39122 34617 25006 28082 3063 31985 34058  122.03
MnR  77.08 34221 26882 15612 18129 21024 23463 26821  66.89
Service
DeadR B67.7 255.64 197.2 93.81 121.48 149.2 156.69 172.93 60.52
LveR  16.61 52.78 68.45  85.03 8441 7954 8228 8317 3088
MaxR 84.32 308.42 265.66 179.74 20588 228.73 23895 256.1 914
MinR 65.11 277.79 217.31 121.03 143.68 168.7 185.82 204.62 56.81
Figure(4-11): Moment & shear envelope
Design of positive moment:
My(+) = 155.1 KN.m - At span(1)

Assume h=35cm and b =45cm

for main positive reinforcement Assume bar diameter @ 16 «stirrups @ 10
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)

=350 — 40— 10 -16/2= 292mm.
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Check section singly or doubly

£, = 0.004
C =

N|w

d- g* 292 =125.14mm

a=cx*B=0.85+%125.14 = 106.37 mm
PMnmax = @ 0.85 x £ x b x ax (d -2 ) =233.197 > Mu = 167.9KN.m ..ok

Assume rectangular & tension control section.

fy 420
m = = =20.
0.85f. 0.85+24 0.6
M 155.1%10°
R, =—0L = = 4.49MPa
N pxd?2  0.9%450%2922 9

1 2%Ry*m
p_;(l_ ’1_T)

_1 (s  2+20.6+4.49 | _
—20_6(1 1 a0 ) 0.0122

ASeq = p x b xd = 1607.8mm?>.

(ke 14
Asmin_ rfy)*bw*d = g*bw*d

= 383mm* < 1607.8 mm?
Asmin =438 mm2 < Asreq = 1607.8mm?2...0k
Take 8¢16 with area = 1608.5mm? > As,eq = 1607.8mm? ...OK.
Select 8916 in one layer.
_600—40*2—10*2—8*16

Smax = 5 = 53.14mm > 25 mm

> 16mm ...ok

Check for strain(e; > 0.005)

As xfy =0.85xf.xbxa

a=82.79mm

a 8279
—=——=97.4 mm
B1 085

Cc =
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 292-97.4

e, x0.003 = 0.00599
97.4

gs = 0.00599 > 0.005 ( tension control section ).
®=0.9..0K

Design of negative moment:

h=35cm and b=45cm

for main positive reinforcement @16 Assume bar diameter cstirrups @ 10
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)

=350 — 40- 10 -16/2= 292 mm.

Mu(-) = -167.9 KN.m At support (1)
__fy _ 40 _

m=Gss fl 0.85+24 20.6
_ M, _ 167.9+105 _ MPa

R = 5o ~ 39ve00mzoz ~ 4862

_l _ _Z*Rn*m
p=-—(1 /1 fy)

=L<1_\/1_2*20.6*4.862>=O.0134.

20.6 420

ASieq = p x b xd = 1767.2mm?.

14
= rfy)*bw*d > ?*bw*d
Asmin = 438 mm2 < Asreq = 1767.2mm?...ok

Take 9¢ 16 with area 1809.56 mm?> As,q = 1767.2mm? ...OK.

Select 9916 in one layer

_600-40+2—-10%2-9+16

max — 8

Check for strain(e; > 0.005)

=44.5mm > 25 mm ...ok

d =292 mm.
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Asxfy =0-85><f2.><b><a
a=82.79mm

&, =———x0.003 =0.00599
79.4

g5 = 0.00599> 0.005 ( tension control section ).
®=0.9...0K

Design of shear for Beam:

Assume bar diameter ®22 for main reinforcement.

Selected hidden beam

b, =45cm, h = 35cm
d =350-40-10-8=292mm

ACI — 318 — Categories for shear design:
VU giitical = 158.6 KN

Ve = zVich, d

Vo= £V24 450 + 292

Ve=107.287 KN.

® Ve= 0.75%107.287 = 80.46 KN

1
s‘min: 1_6 bewd
1
= —+V24 %450 %292
siamin 16
. =40.23
sanin
_ 1
samin §bw d
1
. = —x450 %292
samin 3
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= 43.8 KN

simin

1
vy = 3Vich, d

1
Vg = §V2 * 450 x 292
Vs’ =214.575 KN =3 ® Vc
Case Il minimum Shear reinforcement required. So.

®(VC+ v <V = (Z)(Vc-l_ Vg! )

scmin)
0.75(107.287 +43.8) < 158.6 <0.75 (107.287+214.575)
113.31 < 158.6 < 241.39...0k

So «shear reinforcement are required.

Use 2 leg @ 10.

Av =157.1 mm>2.

V=V, - Ve = % —107.287 = 104.179 KN

g_ Avfyd _157.1+420+ 292

= = 152.69
Ve 126.18 = 1000 mm
d
Smax < ) Or Sjax < 600 mm
d 292
S max = 2= = 146 mm ... (control)

Select 2 leg ®10 «@ 130 mm(2 Legs).

4.2 Design of Column

Material:

e concrete B300, Fc' = 28 N/mm?

e Reinforcement Steel, Fy = 420 N/mm?

64



Load Calculation:

Service Load:B2
Dead Load =67KN
Live Load =16.61 KN

Service Load:B3

Dead Load =29.5KN
Live Load =0 KN

PD=(67+29.5+0.25*0.4%4.5%25)*7=754.25KN
PL=16.61*7=116.27KN

Factored Load:

PU=1.2%*850.5+1.6*116.27
=1091.13
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Dimensions of Column:

Fig(4-12):

Design of C 10
Asume g=0.002

1091.13=0.65(0-85*24(Ag-0.02Ag)+0.02Ag*350)
=0.52((20.4Ag-0.4Ag)+ 0.84Ag
Ag=1000687.4 mm2

a=317.3 mm2

take a =400

Ag=160000

Ast=2917.7

Take 25 ®6

p = 2945.2/160000=0.0820.01

clear space = 400_80_220_25*3 =112.4 > 40
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112.4 > 32.5
S =400

Check Slenderness Parameter:

m < 34—12ﬂ <40
r M2
Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The

effective length factor k, shall be permitted to be taken as 1.0.

|
R: radius of gyration = A ~(0.3 h ...For rectangular section
Lu=3.60 - 0.32= 3.28 m
M1/M2 =1
K=1 for braced frame.

o about Y-axis (b= 0.40 m)

Ku _5p 9o ML 4o

r M2
1x3.28 _ 205 < 22
0.4x0.40

Column Is short About Y—axis

e about X-axis (h= O.4m)

kI—u<34—12$ ............... ACI —(10.12.2)

r

1x3.28

———=205<22
0.4*0.4
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Column Is short About X—axis

4.3. Design of the Stirrups

The spacing of ties shall not exceed the smallest of:

spacing <16xd, =16x1.8 =28.8 cm
spacing < 48xd, =48x1.0=48cm
spacing < leastdim =40 cm

UseglO@ 20 cm

f rom

Fig(4-13):Column10 Reinforcement Details.
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4.4 Design of Two way ribbed slab:

4.4.1 Determination of thickness:—

e l.beam = b.h*/12 =60*(35)*/12 = 214375cm*

_ ﬂ _ (40%8+4)+(35%12%17.5)
* Ye="a (40%8)+(35%12) 11.66cm

o IRib = (52.(11.66)/3) — (40.(3.66)°/3) + (12.(23.34)*/3)

- 77682 cm*

* Short direction — L=6.6m = 660cm (face to face)

-
Is = w - (77682*(660/2+60))/52 = 852615 cm*
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* Long direction — L=670 cm

Is = (77682*(670/2+60))/52 = 590084 cm*

e For interior beam:

Irib(5-+5+bw)

s+ Short direction— Is = bf

= (77682*705)/52 = 1053188 cm?

# Long direction — Is = (77682+%720)/52 = 1075596 cm*

- afl = Ib/ls = 214375/1075596 = 0.199
- of2 = Ib/ls = 214375/582615 = 0.367
- of3 = Ib/ls = 214375/590084 = 0.363
- of4 = Ib/ls =214375/1053188= 0.203

~ am = Y(Ib/Is)/n = (0.199+0.367+0.363+0.203)/4 = 0.283 < 2

B = Ln,long/L,,short =670/660 = 1.01

In(0.8+-2%) 6700(0.8+-22)

— 1400 1400 —
36+5B(afm—0.2)  36+(5+1.01)(0.283-0.2) 191.9mm> 125mm ... ok

h=350mm>191.9  ............. ok

Take h = 350 mm — 80 mm topping &270mm block
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4.4.2 Design for flexure:—

Table : Calculation of the total dead load for Two way rib slab.

Parts of Rib Density Calculation

RC Rib 25 25*0.27*0.12(0.52+0.4)= 0.7452KN

Topping 25 25*0.08*0.52*0.52=0.541KN

Plaster 22 22%0.02*0.52*0.52=0.119 KN
Block 9 9*0.27*0.4*0.4=0.388KN
Sand 16 0.07*0.52*0.52*16= 0.303KN
Tile 22 0.03#*0.52*0.52*22 = 0.178KN
Mortar 22 0.02*0.52*0.52*22 =0.119 KN

partition - 1*0.52*0.52 =0.406 KN

>=2.799 KN
- DL= = 10.35 KN/m?

0.52%0.52

- WD =1.2%10.35 = 12.42 KN/m’

- Live load =5 KN/m?

- WL =1.6*5 = 8 KN/m’?

Ma = Ca*W+*La®> &

Bl = 6.3/6.6 = 0.95

W= 12.42+8 = 20.42 KN/m?

Mb = Cb*W*Lb?
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B2 = 6.6/6.7 = 0.98
B3 = 0.96

B4 = 0.97

Ca,negative = 0.065

Cb,negative = 0.029

CaD=0.022 ............. CalL=0.032

Cb D =0.021 ............. CbL=0.025

Ma ,neg = 0.029%20.42*6.6> *0.52= 27.81 KN.m/m

Mb ,neg = 0.029%*20.42*6.6> *0.52= 13.41 KN.m/m

Ma(+)D = 0.022*12.42%6.3% *0.52 = 5.63 KN.m/m
Mb(+)D = 0.021*12.42*6.6> *0.52= 5.90 KN.m/m
Ma(+)L = 5.28KN.m/m

Mb(+)L = 5.7KN.m/m

72



% Ma(+) = 5.63+5.28 = 10.91 KN.m/m

% Mb(+) = 11.6KN.m/m

< M(-) @ Discontinous edges = 0.33*M(+)
- Ma(-) = 0.33*10.91 = 3.6 KN.m/m

- Mb(-) = 0.33*11.6 - 3.82 KN.m/m

Ma ,neg = 0.029%20.42%6.6 *0.52= 24 KN.m/m

Mb ,neg = 0.029%20.42%6.6" *0.52= 22.8 KN.m/m

° Ma(+)D = 7.97KN.m/m
° Mb(+)D =7.4 KN.m/m
° Ma(+)L = 6.016KN.m/m

° Mb(+)L = 5.75KN.m/m

% Ma(+) = 13.946 KN.m/m
< Mb(+) = 13.15KN.m/m
< M(-) @ Discontinous edges = 0.33*M(+)

~ Ma(-) = 0.33*13.946 = 4.3 KN.m/m
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= Mb(-) = 0.33*13.15 = 4.6KN.m/m

e Ma ,neg = 19.17 KN.m/m

e Mb ,neg = 19.7 KN.m/m

e Ma(+)D = 4.708KN.m/m
° Mb(+)D = 4.8 KN.m/m
° Ma(+)L = 4.55KN.m/m

° Mb(+)L = 4.67KN.m/m

< Ma(+) = 9.258 KN.m/m
% Mb(+) = 9.47KN.m/m
< M(-) @ Discontinous edges = 0.33*M(+)
- Ma(-) = 0.33*9.258= 3.055 KN.m/m

~ Mb(-) = 0.33*9.47 = 3.125KN.m/m
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e Ma ,neg =23.7 KN.m/m

e Mb ,neg =22.38 KN.m/m

° Ma(+)D = 7.8KN.m/m
° Mb(+)D =7.3 KN.m/m
° Ma(+)L = 5.9KN.m/m

° Mb(+)L = 5.6KN.m/m

% Ma(+) = 13.7 KN.m/m

% Mb(+) = 12.9KN.m/m

%+ M(-) @ Discontinous edges = (0.33*M(+)
- Ma(-) = 0.33*13.7= 4.521 KN.m/m

~ Mb(-) = 0.33*12.9 = 4.257KN.m/m
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Analysis the T-SECTION rib for different two bars (2 ¢)

Assume 2¢12 —(-vmomant)

d=350-20-8-12/2=316 mm

As 2 ¢ 12=226.2 mm* >A S,;,=126.4

_ Asxfy  226.2%420
0.85%fcxb  0.85%24x120

= 38.8 mm
C = 38.8/0.85 = 45.6 mm
Mn = As * fy (d = 2) *10° — 226.2*420*(316-38.8/2)* 10° =28.17

KN.m/m

e Check for strain : —

g, = €% 0.003 = 2225€ + 0,003 = 0.017 > 0.005.......0k

c 45.6

Mu=25.35

Assume 2¢14 —(-vmomant)

d=350-20-8-14/2=315 mm
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As 2 ¢ 14=307.8 mm*>As =126 mm?

As*fy _ 307.8+420

= =52.8 mm
0.85%fcx*b  0.85%24x120

C = 52.8/0.85 = 62.12 mm
Mn = As * fy (d = %) *10™° — 307.8*420*(315-52.8 /2)* 10°°

=37.3KN.m/m

e Check for strain : —

315-62.12
62.12

g === * 0.003 = * 0.003 = 0.012 > 0.005.......0k

Mu=33.52

Assume 2¢12 —(+vmomant)

d=350-20-8-12/2=316 mm

As 2 ¢ 12=226.2 mm*>As,=126 mm?

Assfy _ 226.2%420

= =4.99 mm
0.85*fc*b 0.85%24%520

C =4.99/0.85=5.8 mm
Mn = As * fy (d - 2) *10™° — 226.2°420*(316-4.99 /2)* 10°°

=29.78KN.m/m
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e Check for strain : —

g, =L 0.003 - %‘858 * 0.003 = 0.16 > 0.005.......0k

C

Mu=26.8

4.4.3 Design of shear:-

V24

fe
Ve=1.1* £ * b, * d*107° — 1.1* L 120 * 315*%107° = 33.94

2
6 6
KN

¢Ve = 0.75%33.94 = 25.46 KN

e In long direction (Wb20.)cas(2) = 0.49 — total load on panel =
6.6%6.7*20.42 =902.97KN
e —load/rib = (0.49%*902.97*0.52)/(2*6.6) = 17.4 KN
e Vud=17.4-(20.42%0.52*0.315) = 14.055 KN

e 0.5 ¢Vc=12.73 <Vud = 14.055 < ¢pVc = 25.46 KN

<+ No need for shear reinforcement (exception for joist construction)
= Vud = Wubf (=% — d) = 20.42*0.52* (% — 0.315) = 32.22 KN
» Ve =25.46 KN < Vud = 32.22 KN
= Vs,min = a) —v24 120 %315 *107 = 11.57 KN

= b) *120 *315 * 10° = 12.6 KN ........ control

W=
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= Ve =25.46 KN < Vud = 32.22 < pVc+ pVs,min = 34.13 KN
Provide minimum shear reinforcement
Use 2 ¢ 8 with As = 100 mn7’

S,max <

N &

=157.5mm & < 600 mm
% Use2¢p8 @12.5 cm c/c for Im from the face & 2 p8 @30 cm c/c

in the middle.

4.5Design of Stair:

"Fig(4-14): Stair Plan.

ACI—318—14(9.3.1.1)
Material:

e concrete B300, Fc'=24 N/mm2

e Reinforcement Steel, Fy = 420 N/mm?
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1-Design of Flight
Determination of Thickness:

hmin = L/20
hmin = 440/20 = 22 cm

Take h = 22 cm

The Stair Slope by § = tan-1(17.5 / 30) 30.30

Load Calculation:

Fig (4-15): Stair Section.

Dead Load For Flight For 1m Strip:

Dead loads KN/M
Flight | 0.2*25*1*1/(cos(30.3)) 6.37

Plaster | 0.03*22*1*1/(cos(30.3)) 0.8
Horizantal Mortar 0.03*22*1 0.7
Vertical Mortar 0.03*22*0.175/0.03 0.4
Horizontal Tiles 0.04*23*1*33/30 1
Vertical Tiles 0.03*23*0.175/0.3 0.4
Traingle 0.5%0.175*25 22

Sum 11.87

Table(4-3): Dead Load Calculation of Flight.

Live Load For Landing For Im Strip = 5*1 = 5 KN/m

Factored Load For Flight:

WU = 1.2 x11.87 + 1.6x5 =22.244KN/m
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Design of Shear for Flight: (Vu=37.0 KN)

d =h- cover —% =220 — 20 —% — 194 mm
Ve = % fc'b,d== %\/24 +1000 * 194 = 118. 8 KN

® Vc=0.75* 118.8 = 89.1 KN > Vu = 38.373KN...No shear reinforcement are

required

Design of Bending Moment for Flight: (Mu=38.38 KN.m)

M 38.38x10°
Rn: u = = .
Obd?2  0.9x1000x1942 1.13 Mpa
420
- L = 20.6

~ 085f.  0.85x24

1 2mR,\ _ 1 (. [ 2x206x113) _
p—;(l— 1- 420>_20.6<1 \/1 420 >_0'003

As,req = p.b.d = 0.003 x1000x194 = 537.2 mm*/m

As,min=0.0018*1000*220 = 396mm2/m
As.req =537.2mm*>As,min=396mm?*/m
Use 212 @ 200 mm ,As,provided= 565 mm2>As,required= 537.2mm?2...0k

Check for strain:

Asfy _ 565x420
0.85b f. ~ 0.85x1000x24

=11.63 mm

a 11.63
c=—=—"-+-=13.68mm
B, 0.85

d—C)_O (194—13.68

£s=0.003(T 13.68 >=0.0395>0.005...0k
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Lateral or Secondary Reinforcement For Flight:

As,req= As,min =0.0018*1000*194 = 349.2mm?

Use 210@ 150mm, As.provided= 523 mm?>As,required= 349.2mm?...0k

Design of Stairs:

Load Calculation:

Dead Load For Solid Landing For 1m Strip:-

23+0.03*1= 0.69KN/m

22*0.02*1= 0.44KN/m

25%0.22*1= 5.5KN/m

22+0.02*1- 0.44KN/m

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

Factored Load For Landing:

WU = 1.2 x8.2 + 1.6x5 =17.81KN/m
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Design of Shear: (Vu=30.26KN)
_1 7 __ 1 —
Ve = 6,/fc b,d== 6V24 * 1000 * 194 = 118.8 Kn

®* Vc = (0.75* 118.8 = 89.1KN> Vu = 30.26KN...... No shear
reinforcement are required

Design of Bending Moment: (Mu=33.9KN.m)

M 33.9x10°
Rn= —"2 = =1M
obd?2  0.9x1000x1942 pa
f 420
=—2_= = 20.6

" 085f. 0.85x24

1 2mR,\ _ 1 (. _ 2x20.6x1\ _
p= ;(1 -1 0 > = 5oe (1 1 220 ) = 0.0024

As,req = p.b.d = 0.0024x1000x194 = 465.6 mm2
As,min =0.0018*1000*194 = 349.2mm?2

Use 212@ 20mm ,As,provided= 565.4 mm2>As,required465.6 mm?2...
Ok

Check for strain:

_ Asfy,  465.6x420
0.85b f. ~ 0.85x1000x24 11.6 mm
a 116
= B_l = m =13.6 mm
—0003<d_c)—0 (194_13'6)—0039>0005 ok
g, =0. p =0. 136 =0. )

lateral or Secondary Reinforcement For Landing:
As,req= As,min =0.0018*1000%194 = 394.2 mm*
Use 210 @ 150 mm ,As,provided= 523 mm?>As,required= 394.2 mm>...Ok

Design of slab 2:

Design of Shear: (Vu=85.97KN)

Ve =2 /fc'b, d == V24+1000+194 = 118.8Kn
®* Ve =0.75* 118.8 = 89.1KN> Vu= 85.97KN...... No shear

reinforcement are required
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Design of Bending Moment: (Mu=97.36KN.m)

M 97.36x10%
Rn: U — = .
®bd?2  0.9x1000x1942 2.8 Mpa
f 420
=—2_= = 20.6

" 085f. 0.85x24

1 2mRy\ _ 1 (. [ 2x206x28) _
p—;(l— 1_W>_20.6<1 1 420 >_0'007

As,req = p.b.d = 0.007x1000x194 = 1358 mm*
Use 216@ 125 mm ,As,provided= 1608 mm?>>As,required=1358mm>...
Ok

Check for strain:

Ay 1358x420
-—Y = =33 mm
0.85bf.  0.85x1000x24
a 33
cC=—=—=39mm
B, 085

d—c 194 - 39
& =0.003 (T) =0.003 (T) =0.0112 > 0.005 ...0k
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