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Abstract

Structural design is the most important designs required for building architectural
design «distribution columns and loads and maintaining durability and best price and
highest security rests with the structural Designer.

In this project we was worked a construction design for "The Garden Hotel"consisting of
seven floors and facilities (Stadium and arena parking «guarded room).

The project is designed in a modern style and contemporary« order to to meet all human and
recreational requirements in this hotel taking into account and respecting the nature of the
Earth's topographic in design« this project was selected for the scarcity of such hotel’s and
the good in our communities.

It is worth mentioning that the Jordanian code was used to determine the live loads« and we
used IBC2012 code to determine seismic loads for structural analysis and design sections
of the us code is used (ACI_318 14): the following softweres were used:

(Autocad2017¢ Atirll. Safe« Etabs¢ Staadpro« Sab2000)

The project was include the construction of detailed study for the identification and analysis
of structural elements and different loads expected and then design elements and prepare
drawings based design intended for all structural elements that are building structures« after
complete of the project< now we able to provide structural design of all structural elements
by God's grace.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer

As = area of non-prestressed tension reinforcement

A = area of non-prestressed compression reinforcement

Ag = gross area of section

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

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

b = width of compression face of member

bw = web width <or diameter of circular section

C.= compression resultant of concrete section

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

e = compression strength of concrete

fy = specified yield strength of non-prestressed reinforcement

h = overall thickness of member

Ln = length of clear span in long direction of two- way construction «<measured face-to-face

of supports in slabs without beams and face to face of beam or other supports in other cases

LL = live loads



Lw = length of wall

M = bending moment

Mu = factored moment at section

Mn = nominal moment

Pn = nominal axial load

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement

Vc = nominal shear strength provided by concrete

Vn = nominal shear stress

Vs = nominal shear strength provided by shear reinforcement

Vu = factored shear force at section

Wc = weight of concrete

W = width of beam or rib

Wu = factored load per unit area

® = strength reduction factor

€. = compression strain of concrete = 0.003

€ = strain of tension steel

€= strain of compression steel

p =ratio of steel area
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4 Chapter Four

Structural Analysis and Design

4 - 1 Introduction

4 - 2 Design method and requirement
4 - 3 Determination of thickness

4 - 4 Load combinations

4 - 5 Design of rib(B-1)

4 - 5 Design of Beam(B27)

4 - 7 Design of column

4 - 8 Design of stairs

4 - 9 Design of shear wall

4 - 10 Design of footing
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4-1 Introduction:
Many structures are built of reinforced concrete: bridges« buildings« retaining walls
«tunnels« and others.

Reinforced concrete is logical union of two materials: plain concrete <which
possesses high compressive strength but little tensile strength« and steel bars
embedded in the concrete« which can provide the needed strength in tension.

Plain concrete is made by mixing cement« fine aggregate« coarse aggregate« water
«and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete« building
codes and specifications that give design procedures are continually changing to
reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4-2 Design method and requirements:
The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_14).

Strength design method:

In ultimate strength design method:« the service loads are increased by factors to
obtain the load at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-
strain behavior of concrete.

The strength design method is expressed by the following« Strength provided >

strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.
v' Code: ACI 2014

v' Code: 1BC2012
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Chapter Four Structural Analysis and Design
Material:

Concrete: B300 fc'=30N/mm?2(MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa).

Reinforcement steel: The specified yield strength of the reinforcement
{Fy =420 N/mm2 (MPa)}.

v" Factored loads:

The factored loads for members in our project are determined by:
Pu=12DL+16LL ACI-318-14(5.3.1)

4- 3 Determination of Thickness of slab:

The maximum span for one-end continuous is L= 5.5m.

L 5.50
E = E =0.297m

ACI-318-14(9.3.1.1)
The maximum span for two-end continuous is L= 6.65 m.

L _ 565
1= 2 0.269 m.
Take h =32 cm.

Select 24 cm block + 8 cm topping = 32cm.

4-4 LLoad combinations:

qu=1.2DL+1.6L.L ACI-318-14(5.3.1)
Where:

DL: Dead Load.

LL: Live Load.

Calculation of the total dead load for one way ribbed slab is shown in the following

table:
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Chapter Four Structural Analysis and Design

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

Plaster 2 cm

| |-
I\
it

s - .
B
L
°

T'YPICAL SECTION IN RIBBED SLAB

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

No. Parts of Calculation Load

1 Rib =0.12*0.24*25 0.72KN/m

2 Topping =0.08*0.52*25 1.04KN/m

3 Plaster =0.03*0.52*22 0.343 KN/m

4 Block =0.24*0.4*105 0.96KN/m

5 Sand Fill =0.07*0. 52*16 0.582 KN/m

6 Tile =0.03*0. 52*23 0.359KN/m

7 Partitions =2.3*0.52 1.196 KN/m

8 Mortar =0.02*0. 52*22 0.229KN/m
Sum=5.43
KN/m
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Chapter Four Structural Analysis and Design

Design of Topping:
Calculation of the total dead load for 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*2.3 2.3KN/m
Sum
=6.55KN/m

Nominal Total Dead Load:
D.L. total =5.43KN/m of rib.

L.L. tota= 2.5 * 0.52= 1.3KN/m of rib.

Wu=(1.2 * 6.55)+(1.6 * 2.5%1)
=7.86 + 4.
=11.86 KN/m.

Wu

40 cm
Fig (4-2): Topping load.

For a one meter strip.
qu =11.86 KN/m.
Assume slab fixed at supported points (ribs):

_qu*l?
- 12
11.86*0.4°
12

Mu ACI-318-14(6.5.2)

Mu =0.158KN.m /m

34



Chapter Four Structural Analysis and Design

qu2><l _ 11.862 x0.4 _ 2 37KN ACI-318-14(6.5.4)

Design for shear:
Used fy =420 MPa& fc’ = 24MPa.

P* Vo= dx.ffc x%x bxd ACI-318-14(22.5.1.2)

Vu =

P* Ve = 0.75x+/24 x % x1000x80 = 49KN >> 2.372*0.75KN

=1.779KN.

No shear reinforcement is required.

Design for Moment:

* 2
Mn:0.42x@xMx

¢xMn =0.55*2.19=1.207KN.m.

¢xMn =1.207kN.m > Mu = 0.158KN.m.

No structural reinforcement is required.
The strength of plain concrete section > loaded section.

10°=219KN.m  ACI-318-14(14.5.2.1a)

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 mm?/ m.

Use @ 8/15 cm
As =3351mm°/m> As_. =144mm?/m..Ok ACI-318-14(9.6.1.2)
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Chapter Four

Structural Analysis and Design

4-5 Design of rib(RB-1):

Figure(4-3): Rib location in asement floor slab.
Effective Flange width (bg):
bE For T- section is the smallest of the following:

be < % * clearspase + b,,= 400 +120 = 520 mm...control

ACI-318-14(9.2.2.4)
be < Span/4 =2850/4 = 712.5 mm.

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

36

1 By w2l Bo7 /Qm/cas ;7/ zgcmul B29 cesl | B29cssl | B30 cBo B
VS =="

I Z2-==¢

e\ Nk

Wl =

i3 NG =

7,5, /// 0 leseeiititieaces

o M=~ B3_ 7 Xy / N @W Y HHH__ o %U =

° §4LVZO %/ S %Q?’(b ) ﬁ Bll CWDQL'I :HHQED%&_TH[-
&R g : e e N Nusuninnn e,

z / AU 5% Ngiounee:s

9::::32:::h® 7 2 X

7% 2675

E a Bk

3 Q

T g



Chapter Four

Structural Analysis and Design

FROM COMPUTER:

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

the follows:

Designed by:

Geometry Units.meler.cm

i 2 3 4 5
1 2 3 4
08 5.21 08 256 0.8 4.1 0.6 5.04 06
b 5.91 T ' 541 b 5.64 '
I o2 f f I
iz,
12.
AA
Figure(4-4): Geometry of rib RB -1
Loading
load group no. 1
Dead load - Service Units:kN,meter
5,01 591 5M 591
5 3.35 541 5.64

Live load - Service

Load factors: 1.20,1.201.60,0.00

Y N T ™ T ™ Y M
M 135

54 564

Figure(4-5): Loading of rib RB -1(KN/m).
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Chapter Four Structural Analysis and Design

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

Moments: spans 1to 4

-32.8

245 4 237
| A |

! 172 !

! T i I.' it !
\ I‘E\\J/'—WHU
147

| 236 358 | 248 17| 243 | 208 | 3.38 . 22 |
I I 1 1 1 I 1
Shear
- -2 29.2
-25. 23.9 206
2.6 15.3
“ s
I I | |
T T T T T T T T
17.2 16. 15.8
225 22.2 221 26.4

n7

Figure(4-6): Moment and Shear Envelope for rib(RB -1).
Calculations:

Design for Positive bending moment:

Mu max positive for span 1 = +27.50 KN.m
Determine whether the rib will act as rectangular or T — section:

For hf =0.08 m.
Assume bar diameter @14 for main positive reinforcement.
d =320 — 20 — 8-14/2= 285mm
®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)
= 0.9*0.85*24*0.52*0.08*(0.285-0.08/2)=186.60KN.m
d*Mn= 186.6KN.m>> My = 27.50KN.m

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

Asmin = \/_(bw)(d)> =AS min= (1f)(bw)() ACI-318-14(9.6.1.2)
Asmin= ‘/_ (120)(285) = 99.72mm?

4(420)
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Chapter Four Structural Analysis and Design

Asmin= i'—;;) (120)(285) =114mm?...control

m fy _ 420 206
0.85fc' 0.85(24)

Mn 27.5*10°

= =0.72MPa

"= obd? ~ (0.9)(520)(285)°

pzil— 1 2*m*kn|_ 1 1_\/1_
m fy 20.6

2*20.6*0.72

=0.00175
420

As = 0.00175(520) (285) = 260 mm?> AS min = 114 mm?

# of bars = As / Aspar = 260.26/153.9 = 1.70

Select bottom bars 2914
Check for strain: (g = 0.005)

Tension = Compression

A x fy=0.85x f xbxa
307.8x420=0.85x24x520x a

a=12.19mm
_a _1219_ .,
X=085 o085 - oormm
g, = 285-14.34 1 003=0.06
1434
&, =Qd>0005 .. .ok

max Mu positive for span 3 = +14.70 KN.m

* Note Aopis = 153.9mm?

ACI-318-14 (10.3.5)

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 =320 - 20 — 8-12/2= 286mm.

®*Mn =0.9*%0.85* fc"*b*hf* (d- hf/2)
=0.9*0.85*24*0.52*0.08*(0.286-0.08/2)
=187.89KN.m

d*Mn= 187.89KN.m>> M, = 14.70KN.m
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Chapter Four Structural Analysis and Design

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

\/_ (bw)(d)> AS mln:—(bw)(d)

(fy)
‘/2_ (120)(286) =100.06mm?
4(420)

Asmin=

AS min=14 (120)(286) =114.4mm?.....control
420
_fy 420
0.85fc  0.85(24)

* 6
Mn _ 14.70*10 _ 0.04MPa

" ®bd?  (0.9)(520)(286)°

* * * *
p:i 1. [p_2*m*kn|_ 1 1_\/ 2*20.6%0.40 | _ 55096
m fy 20.6 420

As = 0.00096 (520) (286) =142.77mm?> AS min = 114.4mm?

# of bars = As / Aspar = 142.77/113.09 = 1.26 * Note A1z = 113.09mm?
Min steel= @ 12« then Select 2d12.

Total AS (provide) =226 mmz.
Check Strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85xf xbxa

226x420=0.85x24x520x a
a=38.95mm

. _286-1053
: 10.53

&, =0.078>0.005
& °=0.078>0.005...0K

Max Mu positive for span 4 = +23.20 KN.m
Determine whether the rib will act as rectangular or T — section:

For hf =0.08 m
Assume bar diameter @14 for main positive reinforcement.

=x0.003=0.078
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Chapter Four Structural Analysis and Design
d =320 — 20 — 8-14/2= 285mm

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.285-0.08/2) =217.64KN.m

®*Mn= 217.64KN.m >> M, =23.20KN.m

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

Asmin= Jie! (bw)(d)>=AS min =£(bW)(d)

4(fy) (fy)

24 ~ ,

Asmin=2 (120)(286) =100.06mm
1.4

Asmin= 220 (120)(286) =114.4mm”...control

m fy _ 420 206
0.85fc' 0.85(24)

> 6
Mn _ 23.20*10 _ 0.61MPa

"= ®bd? ~ (0.9)(520)(285)2

kS * * *
sy [p_2Fm*kn) 1 1_\/1_2 23.20%0.61 ) _ 4 50167
m fy 20.6 420

As req = 0.00167(520) (285) = 247.5mm2>AS min = 114.4 mm?
# of bars = As / As bar = 247.5 /153.86= 1.61 * Note Ag14 = 153.86mm?

Select bottom bars 2014

TOta| As (provide) =307.7 mm2

Check Strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85x f 'xbxa
307.7x420=0.85x 24x520xa

a=12.18mm
_a 12.18 — 1433
X=085 o085 oomm
&, :MXO.OOB: 0.057
14.33

¢, =QBTB00085 0K
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Chapter Four Structural Analysis and Design

Design of Max Negative Moment for (Rib):
Mu = - 21.10KN.m At support(2)
The maximum negative moment from spans with support (2) is

Assume bar diameter @12 for main positive reinforcement.

d=320-20-8-6=286 mm.

24

120)(286) =100.07mm? ...control
4(420)( )(286) contro

Asmin=

AsMin= %(120)(286) _114.4mm?

fy 420
= —=__"=" =2
M= 085 fc ~ ossraa 200
Mn 21.10*10°

n— _ = _ =2.38MPa
®dbd? ~ (0.9)(120)(286)

* *
o Lfq Jp_2mkn)_ 1 1_\/1_2 20.6*2.38 ) _ 1 141
m fy 20.6 420

As = 0.0061 (120) (286) =209.4mm?< AS min = 100.07mm?

# of bars = Ag / Aspar = 209.4/113.09 = 1.85 * Note A1z =113.09
mm?
Select bar2 @ 12

Total AS (provide) = 226.2mm?>209.4mm?
Mu = -8.6KN.m At support (3)

The maximum negative moment from spans with support (2) is
Mn = 8.6/ 0.9 = 9.56 KN.m
Assume bar diameter @12 for main positive reinforcement.

d=320-20-8-6 =286 mm.

Asmin= ﬂ(120)(286) =100.07mm” .. control

4(420)

Asmin 2%(120)(286) =114.4mm?
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Chapter Four Structural Analysis and Design

fy 420
=——=_"Y -9
M= 085%fc  0.85*24
_ Mn 9.56*10°
®bd? (0.9)(120)(286)2

ks e
sy Jp 2mkn)_ 1 1_\/1_2 20.6*1.10 ) _ ; 5027
m fy 20.6 420

Kn =1.10MPa

AS =0.0027 (120) (286) = 92.66mm2<AS min = 100.07mm?

# of bars = As / Aspvar = 100.07/113.09 = 0.88 * Note Asp12 =113.09
mm?

Selectbar2 @ 12

Mu = - 23.7KN.m At support(4)

The maximum negative moment from spans with support (2) is
Mn = 23.7/0.9 = 35.89KN.m

Assume bar diameter @14 for main positive reinforcement.
d=320-20-8-7=285mm

fy 420
=——=_""" =206
M= 085%fc  085%24
o 6
n— I\/Irl2 _ 26.33*10 _—3MPa
dbd (0.9)(120)(285)
) 24
Asmin= 422;0) (120)(285) = 99.7mm? .. .control
1.4

Asmin =-""(120)(285) =114mm*
s 120 120)(289)

ks e
sty 2mkn)_ 1 1_\/1_2 20.6*3 ) _ 5 0076
m fy 20.6 420

As = 0.0076(120) (285) = 260mm>2>As min = 100.07mm?
# of bars = Ag / As par = 260/153.86 = 1.68 * Note Ao14= 153.86 mm?

Select bar 2 @ 14
Design of shear For rib(RB-1):
d =286 mm.

VUmax = 26.4 KN.
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fe
Vc=1.1><£><b><d

V24

=11x e x120x 286x10° =30.82 KN.

@V =0.75 x 30.82= 23.12KN.

26.4 _
oo - 30.82 =4.83KN

VS=V—u -Vc=
)
1
Vsmin = Ev24 * 120 * 286 = 10.51 kN

@Vec < Vu < @(Vc + vsmin)
23.12 < 26.4 < 30.82

Case 1l Minimum shear reinforcement is provided (Av<min) with:
286
Smax < 600 mm:« Smax < - = 143 mm ... control

Use legs stirrups @8 with Av = 100.53 mm?

Structural Analysis and Design

Av Vs s Avfytd 100.53 * 420 286
—_—— = = . * *
s  fytd Vs 10.65
S =1148.9 mm
Select®8 -14cm with 2 —legs
- L 15 5 -II'L 203 3 -IL
4 3 C [ I
[ﬂ”“”' '@QWWWMQZM_JL@MIH HJ‘L ] [ y. ElAl |i|m|-|v:‘ A uﬁ
T4 I
T4
517‘ 61‘
section A-A TEE10 section C-C
@112 ©_L=80 @) 2114
T \‘|' S
w© N W
v 0 | 0
) E nJ m a ol
D 2re_—720 12, 20 : 5 _—55 d
[t a2) cTl2 c0 e, 20

o2
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Chapter Four Structural Analysis and Design

Figure(4-7): Rib reinforcement.
4-6 Analysis and Design Beam(B27):

|||||||||||

Factored
H 1 — t H

DeadR 17.24 40.75 23.66 46.85 15.54

LiveR 5.25 13.48 11.03 14.02 5.1

Max R 22.49 54.23 34.69 60.87 20.63

il =] L il 42.81 23.34 52.45 14.99

Service

DeadR 14.37 33.96 19.72 39.04 12.95
8.42 6.89 8.76 3.19
42.38 26.61 47.8 16.13
35.24 19.52 42.54 12.61

N Reactions from rib(B-1)

Figure(4-8): Reactions from (RB-1)
L oads:

The distributed Dead load from Rib ( RB-1) on BEAM ( B27):
- 1435 _

0.52 =DL fromRibB—1

27.6 KN/m
The distributed Live load from Rib ( RB-1) on BEAM ( B27):

= LLfrom RibB—-1

21— 6KN/m
0.52

Weight of external wall =18KN/m

Geometry Unifs:meter.cm

1 2 3
1 2
A A
1L 1 i —
| 0.6 | 5.01 | 0.7 | 5.63 | 0.7 |
| I 5.65 I I 5.33 I 1
I I I
32
60
A-A

Figure(4-9): Geometry beam(B27)
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Chapter Four Structural Analysis and Design

Loading
load group no. 1
Dead load - Service Units:kN,meter
21.6 216
56 6
Live load - Service Load factors: 1.20,1.20/1.60,0.00

bob oy

b v ¥ b N N P R
6.33

Figure(4-10): Loads of beam(B27)

Moment/Shear Envelepe (Factored)  Units:kM meter

Moments: spans to 2

-222.2

1629 1587

1.85,1.59
| 1
L4 Il | Il Il |

{a}1.34
29, ! ! ' 0.4

110.2
154.4

| 2.26 34 18 153

Shear

78,
123

/-92.14

159.3
190.2

Figure(4-11): Moment & shear envelope
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Chapter Four Structural Analysis and Design

Design of positive moment:

Mu(+) =110.2 KN.m - At span(1)
Assume h=32cm and b=60cm

for main positive reinforcement Assume bar diameter @ 18 <stirrups @ 10

d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
= 320 — 40— 10 -18/2= 261mm.

Check section singly or doubly

g5 = 0.004

C=2d= 2%261=111.85mm

a=c*B=0.85%111.85 = 95.07 mm

®Mnmax = @ 0.85 x f. x b x a x (d -%) = 247.75> Mu = 110.2 KN.m ..ok

Assume rectangular & tension control section.

f; 420
= ;= =20.6
0.85f]  0.85+24
M 110.2%10°
R, =—2= = 3MPa
n pxd?2  0.9%¥600%2612

1 2%Rp*
p=—(01- /1—Tm)

=— (1 — 1228 ) =0.0077

" 206 420

Asreq = p x b xd = 1205.82mm?,

Aspi, = £*bw*d > 22y, +d
4 (fy) fy
=461.9 mm? < 528 mm?
Asmin = 461.9 mm2 < Asreq = 1205.82mmz2...0k
Take 5@18 with area = 1271.7mm?> Asreq = 1205.82mm?...OK.

Select 5018 in one layer.

600 —40%2—-10%2—-5%18
Smax = z = 84.6 mm > 18 mm ... ok

Check for strain(e; = 0.005)
d=320-40-10-(20/2) = 260 mm.

As xfy =0.85 xf/xbxa

a=43.6 mm
a _ 43.6

—=51.31 mm

c=—=
B1 085
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Chapter Four Structural Analysis and Design

_ 261-51.31

e, x0.003=0.0122
51.31

g, =0.012 > 0.005 ( tension control section ).

®=0.9...0K

Mu(+) = 154.4 KN.m At span(2)
Assume h=32cm and b =60cm

for main positive reinforcement Assume bar diameter ®25 «stirrups ®@ 10

d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=320 — 40— 10 -25/2= 257.5mm.

Check section singly or doubly

£ = 0.004

C=2d= 2+2575=110.35mm

a=c*p=0.85%110.35 = 93.80 mm

OMnmax = 0 0.85 % f.xbxax(d -g) =241.80 > Mu = 154.4 KN.m ...ok
Assume rectangular & tension control section.

f 420
= - = =20.6
0.85f! 0.85+24
My, 154.4%10°

R, = —% = - = 4.3MPa
bxd 0.9x600%257.5

1 2%Rp*
p=—(1- /1—Tm)

_ L(l - |1= 2*20.6*4.3) - 0.016

" 206 420

ASreq =p X b ><d = 2472 mmz.

\/f_é 1.4
Aspin = by *d = —*b, *d

el Z 5
=450.5 mm? < 515 mm?
Asmin = 515 mm? < Asreq 2472mm?...ok
Take 6025 with area = 2943.7mm?> Asreq = 2472mm? .. .OK.
Select 6025 in one layer.

600 —-40%2—-10%x2—6*25
Smax = 7 =50 mm > 25 mm ...ok

Check for strain(eg = 0.005)
d=320-40-10-(25/2) = 257.5 mm.

Asxfy =0.85xf. xbxa
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a=101 mm
a _ 101

=—=——=118.8 mm
B, 0.85

o = 261-118.8
° 1188

C

x0.003=0.0122

gs = 0.0122 < 0.005 (tension control section ).

Design of negative moment:

h=32cm and b=60cm

for main positive reinforcement ®22 Assume bar diameter <stirrups @ 10

d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
= 320 — 40— 10 -25/2= 257.5 mm.

Mu(-) =-162.9 KN.m At support (1)
__I = 420 - 206
0.85f]  0.85%24
_ My _  162.9%10° _ MPa
Rp = b*d2  0.9¥600%257.5% S

1 2%Rp*
p=—(1- /1—Tm)

—L<1_ 1_M):0.012.

" 206 420
ASreq =p x b xd= 191934mm2

fe 1

4
rfy)*bw*d > fy*bW*d

=450.5mm? < 515 mm?
Asmin = 5115 mm2 < Asreq = 1919.34mm?...ok
Take 4@ 25 with area 1962.5 mm?> Asreq = 1919.34mm? ...OK.
Select 4925 in one layer

ASpmin =

600 —40%2—-10%2—4 %25
max — 6
Check for strain(eg = 0.005)
d =257.5 mm.

Asxfy =085x% f/ xbxa

a=67.3mm

=2 -573_614 mm
B1 0.85

o = 257.5-79.2
° 79.2

= 66.66 mm > 25 mm ...ok

c

x0.003=0.0067

& =0.0067 > 0.005 ( tension control section ).
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$=09...0K

Design of shear for Beam:
Assume bar diameter @22 for main reinforcement.

Selected hidden beam

b, = 60cm,h =32cm
d =320-40-10-11=259mm

ACI — 318 — Categories for shear design:
VU critical = 159.3 KN

Ve==Vich, d

Vo= 2924+ 600 259

Vc=126.9 KN.

@ Vc=0.75%126.9 = 95.2 KN

1
Veumin = 1—6\/Ebw d

1
Veumin = E\/ﬁ * 600 * 259
Vsimin = 47.6

1
Vsimin = §bw d

1
Vsomin = 3 * 600 * 259
Vsimin — 51.8 KN

1
vy = §x/@bwd

vy = %x/ﬁ* 600 * 259

Vs’ =253.8 KN =3 & Vc

Case Il minimum Shear reinforcement required. So«
B(Ve + Veminy < Vy < O(Ve+ vy )
0.75(126.9 +51.8) < 159.3 < 0.75 (126.9+253.8)
134.025 < 159.3 <285.53...0k

So «shear reinforcement are required.
Use 2 leg @ 10.
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Structural Analysis and Design

Av =157.1 mm?.

159.3

Vs=Vh—-Vc= o5 126.9 = 85.5 KN

o _ Avfyd _157.1x420 42575

= 198.7 =~ 200
Ve 85.5 + 1000 mm mm
d
Smax < > Or Spax < 600 mm
d 2575
S max = S="5 = 128.75 mm ... (control)

Select 2 leg @10 «@ 130 mm(2 Legs).

O

5714 5725
7] ]
R MO G S MMMN VAN MARRANE 32 SR RNRN RN RO EEETAN
A B
118 nl2a
78810 o 1
0 6 L=17 6) : =17
%;H \ - NS |
@) aris — E,foj 20 @ 5125 W//’;’/;;’;fof %
Section (A-A) Section(B-B)

Figure(4-12): Beam 27 reinforcement.

4.7 Design of Column

Material:

e concrete B350, Fc' = 28 N/mm?2
e Reinforcement Steel, Fy = 420 N/mm?
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Load Calculation:
Service Load:

Dead Load =880KN
Live Load =418 KN

Factored Load:

PU = 1.2 X880+ 1.6x418 =1724.8 KN

Dimensions of Column:

Assumepg = 0.01
#*Pn=0.65x 0.8xAg{0.85 fc (1- pg) + pg * Fy}
1725=0.65x 0.8x Ag {0.85*24 (1-0.01) +0.01* 420}
Ag= 135978 mm?2
Assume Rectangular Section
h =350mm

b =135978 / 350 = 388.5 mm
selectb = 400 mm

40 P

G¢

Fig(4-13):Column section

Check Slenderness Parameter:

m < 34—12& <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 ~03h ..For rectangular section
Lu=3.60-0.32=3.28m

52



Chapter Four Structural Analysis and Design

M1/M2 =1
K=1 for braced frame.
e about Y-axis (b= 0.40 m)

m<34—12m <40
r M2

13328 _ 5733522

0.3x0.40
Column Is long About Y-axis
e about X-axis (h=0.35m)

Ku _gq gp ML ACI —(10.12.2)
r M2

_1x3.28 4154500
0.3x0.350

Column Is Long About X-axis

Minimum Eccentricity:
Mux

ey=——=0

y Pu

miney =15+ 0.03xh =15+ 0.03x 320 = 24.60mm = 0.0246m
ey =0.0246m

Magnification Factor:

S5.=—CM __ >10and<1.4
Pu

~ 0.75P,

Cm=0.6+ 0.4[ﬂ =04
M 2

Cm=06+04*1=1>0.4

_ 7’El
“ (KLu)?
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E.l,
El =04
1+ 5,

E, = 4750,/ fc' = 4750x /28 = 25134.64Mpa
_1.2DL _ 1.2*(880)

~0.6121<1
Py Pu 1725
3 3
- bxh® _050x035° _ 0 oo s
12 12
£) _ 0:4x25135x0.001786 1 p 1 oo
1+0.6121
2 %
R TP 7 IV
(1*3.28)
o, = 1 =1.29>10and <14
©o 1725
0.75*10220

Interaction Diagram:

ey =e,, X0, =0.0246x1.29=0.0317m

ey _ 0.0317 _ 0.079

= =0.643
350

From the interaction diagram chart

h .
7 _350-2*40-2*10-25
h

fromchart A9 -a for% =0.6 > pg =0.01
fromchart A9 -b for% =0.75— pg =0.01

then for % =0.643— pg =0.01

Selectreinforcement
Ast = pg x Ag = 0.01x350* 400 =1400mm?
Select8 ¢16 with As =1607.7mm? > Ast =1400mm? .
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Chapter Four Structural Analysis and Design

Design of the Stirrups:

The spacing of ties shall not exceed the smallest of:
spacing <16xd, =16x1.6 =25.6 cm

spacing < 48xd, =48x1.0=48cm
spacing < leastdim =35cm

Usegl0@20cm

10@20
40 ﬂ

\ ;

Fig(4-14):Column12 Reinforcement Details.

G¢

4-8 Design of Stair:

-

25cm concrete E

2cm Plaster

"Fig(4-15): Stair Plan.
The maximum span for two-end continuous is L= 6.65 m. ACI-318-14(9.3.1.1)
Material:
e concrete B300, Fc' = 24 N/mm?
e Reinforcement Steel, Fy = 420 N/mm?
1-Design of Flight
Determination of Thickness:
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Chapter Four Structural Analysis and Design
hmin = L/20

hmin = 3.60/20 = 18 cm

Take h=25cm

The Stair Slope by 6 = tan-1(17 / 30) = 29.500

Load Calculation:

1.60

29cm Concrale

Scem Tiles

2em Plaster

1.50

1.30m 3.60m 1.00m

Fig (4-16): Stair Section.
Dead Load For Flight For 1m Strip:

23*0.03*1*((0.35+0.163)/0.3 ) =
1.18KN/m

22*0.03*1*((0.3+0.163)/0.3 ) =
1.02KN/m

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

25*0.25*1 / c0s29.50° = 7.11KN/m

22*0.02*1 / c0s29.50° = 0.51KN/m

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

56



Chapter Four Structural Analysis and Design
Live Load For Landing For 1m Strip = 5*1 = 5 KN/m
Factored Load For Flight:

WU =1.2 x11.90 + 1.6%5 =19.9KN/m

System of Flight:
Service Live Load =5 Kn/m

O.L =19.7 KN
L.L=g25KN

Bl 3.6m 0.5M

Fig(4-17): Statically System and Loads Distribution of Flight.

Moment/Shear Envelope (Factored) Units:ki.mefer

Moments: span 1 fo 1

! 13 62?.1 1.3 |

Shear

627 891

——

gg.1 827

Fig(4-18): Shear and Moment Envelope Diagram of Flight.
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Design of Shear for Flight: (Vu=37.0 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 —% = 223 mm

Ve==\/fc'b, d == =v24 %1000 * 223 = 182.1 KN

dVc=0.75%182.1 =136.6 KN > Vu = 37KN...No shear reinforcement are
required

Design of Bending Moment for Flight: (Mu=51.5 KN.m)

M, __ 515x10%
Rn= Pbd? ~ 0.9x1000x223% 1.15 Mpa
m=—1 - _*20__
0.85f]  0.85x24
1 2.m.R, 1 2%20.6X1.15
p=;<1— e >=ﬁ<1—\/1——420 >=0.00282

As,req = p.b.d = 0.00282 x1000x223 = 630 mm?/m
As,min= 0.0018*1000*250 = 450mm?/m

As.req = 630 mm?>As,min=450mm?2/m

Check for Spacing:

S =3h =3*300 =900 mm

280
%*420

S = 380*(22-) — 2.5%20 = 330

S =450 mm
S =330mm... is control
Use 912 @ 150 mm ,As,provided= 770 mm2>As,required= 630mm?2...0k

Check for strain:

a= Asfy  770%x420

= - = = 15.85 mm
0.85b f/ ~ 0.85x1000x24
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15.85
c=— =22=18.65mm
v 0.85

d—c 173 — 18.65
& = 0.003 (T) = 0.003 (W) = 0.025 > 0.005 ...0k

Lateral or Secondary Reinforcement For Flight:

As,req= As,min =0.0018*1000*250 = 450mm?
Use g10@ 150mm, As.provided= 523 mm?2>As,required= 360mm?2...0k

Design of Middle Landing:
Determination of Thickness:

hmin =L/20
hmin = 3.60 /20 = 18 cm
Take h = 25 cm

Load Calculation:
Dead Load For Solid Landing For 1m Strip:-

Parts of
No. Landing Calculation
1 Tiles 23*0.03*1=0.69KN/m
2 Mortar 22*0.03*1= 0.66KN/m
4 R.C 25*0.25*%1=6.25KN/m
5 Plaster 22*0.02*1= 0.44KN/m
Sum 8.04KN/m

Table(4-4): Dead Load Calculation of Middle Landing.
Live Load For Landing = 5*1 = 5 KN/m
Reaction From Flight:-
DL =19.7KN/m
LL =8.25KN/m
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Total Dead Load = 8.04 + 19.7 = 27.74KN/m

Total Live Load =5 + 8.25 = 13.25 KN/m

Factored Load For Landing:

WU =1.2 x27.74 + 1.6x13.25 =54.50KN/m
System of Landing:

CLLLELELCCU T OO
LLLLLLELEELLLLLEL) CLLLT T
O L AL L T L L L T LT LTI
IR AR AARARNARANARARAAN

01 M 1.30m

Fig 4.13: Statically System and Loads Distribution 0Of Middle Landing.

60



Chapter Four Structural Analysis and Design

Moment/Shear Envelope (Factored) Linids:kM.meter

Moments: span 1to 1

| 13 65,5 13 |
T T

fap o4
,--—'-"""'_Frﬂ_—
—

Fig 4.14: Shear and Moment Envelope Diagram of Middle Landing.

Design of Shear: (Vu=64.8KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover—%= 250—20—%= 223 mm

Ve==y/fc'b, d == =v24 %1000 * 223 = 182.1Kn

d*Ve=0.75*182.1 = 136.6KN> Vu = 64.8KN...... No shear

reinforcement are required

Design of Bending Moment: (Mu=65.5KN.m)
Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% = 250 — 20 —% = 223 mm

M, __ 655x10°
@bd? 0.9x1000x2232

f; 420
=2 ;= = 20.6
0.85f!  0.85x24

p= l(l - 1= z'm'Rn> — L(l _\/1 _M) = 0.0036
m 420 20.6 420

As,req = p.b.d = 0.0036x1000%x223 = 807.12 mm?2
As,min =0.0018*1000*250 = 450mm?2

Rn

= 1.46 Mpa

m

As,req = 807.12 mm?2... is control
Check for Spacing:
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S=3h=3*300 =900 mm
280
%*420

S = 380*(;——) - 2.5*20 = 330

S =450 mm
S = 330mm... is control

Use g14@ 15mm ,As,provided= 1026 mm2>As,required= 807.12
mm?2... Ok

Check for strain:
_ Asfy _ 1026x420

T 0.85bf!  0.85Xx1000%24
a 2114

=—=——=2487mm
B, 0.85

=21.14 mm

C

c 223 —24.87
& = 0.003 (T) = 0.003 (W) = 0.024 > 0.005 ...0k

lateral or Secondary Reinforcement For Landing:

As,req= As,min =0.0018*1000*250 = 450 mm?2

Use 10 @ 150 mm ,As,provided= 523 mm?2>As,required= 450 mm?Z...0k
Design of Main Landing

Determination of Thickness

hmin =1L/20

hmin = 3.60 /20 = 18 cm

Take h =35 cm

Load Calculation:
Dead Load For middle Landing For 1m Strip:

Parts of
No. Landing Calculation
1 Tiles 23*0.03*1= 0.69KN/m
2 Mortar 22*0.03*1= 0.66KN/m
4 R.C 25*0.35*1=8.75 KN/m
5 Plaster 22*0.02*1= 0.44KN/m
Sum 10.54 KN/m

Table (4-5): Dead Load Calculation of Main Landing.
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LiveLoadFor Landing For 1m Strip = 5*1 =5 KN/m
Reaction From Flight:

DL =19.7 KN/m

LL =8.25KN/m

Total Dead Load = 10.54 + 19.7 = 30.24 KN/m
Total Live Load =5 + 8.25 = 13.25 KN/m
FactoredLoad For Landing:

WU = 1.2 x30.24 + 1.6x13.25 = 57.48 KN/m

System of Landing:
Service Live Load = 8325 KN/M

LLLLLIILLILILI LI ] LILLII LTI TITLLLT)

---------------------------------------

Service Live Load =5 KN/

Senﬂca Dead Load = 1054 KN/M

IRRAARARARRRAARRRARR AR NARARARARRNANA

15M 0.1M 15M

B

Fig(4-19): Statically System and Loads Distribution of Main Landing.
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Momeni/Shear Envelope (Faclored) Units ki maisr

Moments: soan 1101

L S /
| 1.3 £3.1 1.3 |
_Shea
527 B34
———— —
L -_'_.__'_._'_'_'_'_'_F._'_F
8o.4 627

Fig(4-20): Shear & moment envelope diagram of Main Landing.
Design of Shear: (Vu=62.7 KN)

Assume bar diameter ¢ 14 for main reinforcement

d =h- cover—dz—"= 350—20—%= 323 mm

Ve==y/fc'b, d = +v24 %1000 * 323 = 263.7 Kn

®* Ve =0.75*263.7 = 19.8KN> Vu = 62.7KN...... No shear

reinforcement are required

Design of Bending Moment: (Mu=69.1KN.m)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% = 350 — 20 —% =323 mm

_ My _ 69.1x10°
T @bd2 T 0.9x1000x3232

f; 420
m= —= - = = 20.6
0.85f!  0.85x24

o= i<1 _ - 2.m.Rn> _ L<1 _ \/1 _ 2><20.6><0.74-> — 00018
m 420 20.6 420

As,req = p.b.d = 0.0018%x1000%323 = 576.6 mm?
As,min =0.0018*1000*350 = 630mm?

Rn = 0.74 Mpa

As,req=576.6mm2<As,min630.0 mm? ...is control

As,min630.0 mmZ2... is control
Check for Spacing:
S =3h=3*300 =900 mm
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S = 380* (22 - 2.5%20 = 330
5*420

S =450 mm

S = 330mm... is control

Use g12@ 15 mm ,As,provided= 753 mm?2>As,required=630mm?... Ok

Check for strain:

AS.
a=—2y = 33420 _ q55m
0.85b fc 0.85X1000%24
=2 =21 1823 mm
B, 085
= 0.003 (d — C) —0.003 (323 _ 18'23) = 0.05 > 0.005 ... 0k
& =0. —)=0. 1823 = 0. :

lateral or Secondary Reinforcement For Landing:

As,req= As,min =0.0018*1000*350 = 630 mm?
Use g12@150 mm ,As,provided=785 mm2>As,required=630 mm?...0k

+0.40
i |
I
(w10e15,L=200 10005
+4.80 '
Farte E— -
Sl TN D] S [ 11 LE]
i e 4o s -ﬂh u
o1 00 18,L= 1 21{U=hask) De1z18.1=140

Ewr1701 50 m580

Fe12015 +3.20

- .. ; [Aw1 2015 L1588
Te12015 o, "~ @urzeisi=208
1.30m 3.680m 1.00m

- F s

1.60

1.60
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12815

120 T.B

50
e;l s 41910815.L=121{U-hook) ! 12@15,L=140
\ 60 B.B
o"g Em12815

& 105 B.B

Fig(4-21): Stair Reinforcement Details.
4.9 Design of Shear Wall

Fa 3lwm Fd

5.50m ~

uy
H

Fig(4-22): Shear Wall.
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Fig(4-23): Moment & shear diagram of shear wall.
Material and Sections: (From Shear Wall 2)
concrete B350 Fc' =28 N/mm2
Reinforcement Steel Fy =420 N/mm?2
Shear Wall ThicKNess h =30 cm
Shear Wall Width Lw=550m
Shear Wall Height Hw =3.20 m
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Design of Horizontal Reinforcement:
> Fx=Vu =1045KN

The critical Section is the smaller of:

Iw = 550 =2.75m

2 2
hw = 28.20 =14.10m

2 2
storyheightHw) = 3.20m........ Control
Lw < Hw

d =0.8xLw=0.8x55=4.40m

5 !
¢Vnmax = @g ]CC hd
= 0.75 * 0.83 * V28 * 300 * 4400 = 4365.5 KN >V, = 1045KN

V.is the smallest of:

1

1-V. = % f.'hd = g\/28 * 300 x 4400 = 1164.13KN ........ Control

N,d
2— V. =027/f'hd + —— = 0.27V/28 % 300 * 4400 + 0 = 1885.9KN

4l,
4 Nu
Ly (0147 +0.27%)
3— vV, =0.05/F + | hd = 1490.2KN
v, 2

6123.1 —3637.3 M, —3637.3

3.6 —2.75

M 13'6 422422 55
- =129
v, 2 1045 2

Vc=1164.13KN
@ *vc + Qvs = vu
@ * vs=vu-0 * vc
Vs=vu/0@ — vc
Vs=1045/0.75-1164.2= 229.13 KN No need reinforcement
Minimum shear reinforcementis required:
Min(Avh/Sh)=0.0025*h
=0.0025*300=0.75
Select 10 ,tow layers
Avh=2*7*102 /4=157 mm?
157/Sh=0.75
Sh=157/0.75=209.33
Select Sh=200mm<Smax=Lw/5=550/5=110 cm.

= M, = 4224.22KN.m
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=3*h =3*30=90 cm.
Design of Vertical Reinforcement:

2 _[0,0025 +0.5 (25-72) (5=~ 0.0025)] *200
o = [0.0025 + 0.5 (25- %) (oo - 0.0025)]*200

\%

@=060
.

v

Select @14 in Two Layer

*TT* 2
Ay =25 = 307.7mm?2
307.7 0.49
S,
Sy=512mm
Maximum spacing is the least of:

LW 5500
3 3
3*h = 3*300 = 900mm
450 mm ...Control
Use $14/300 mm for two layers

=1833.34 mm

Design of Bending Moment:

5500
Ast=< )>x<2>i<79=4345mm2

200
B (Ast)fy B ( 4345 )420 — 0.0395
WAL/ E T \5500 300/ 28~
P,
a= -=0
lwhfe
C_ wt+a 0.0395 + 0 — 0.04928
l, 2w+0.858, 2%0.0395+0.85%0.85
oM, = @ [O.SAst flw(l+—)(1— —)l
stfy

= 0.9[0.5 * 4345 * 420 * 5500(1 + 0)(1 — 0.04928)] = 4294.05 KN
= 4224.22KN.m

Mub=Mu-®Mn=4224.22-4294.05=-69.83 KN.m

w 5500

=91.67 mm
600*% 600%.1

LbZ 5= 45.83 mm

Since Smallest value of Lb & Mub not require Boundary .
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4.10 Design of Footing
Material:
e Concrete B350, Fc' =28 N/mm?
e Reinforcement Steel, Fy = 420 N/mm?
Load Calculations:
Dead Load =1543 KN, Live Load = 433 KN
Total services load = 1543 + 433 =1976 KN
Total Factored load = 1.2*1543 + 1.6*433 = 2545 KN
Column Dimensions (a*b) = 55*70 cm
Soil density = 18 Kg/cm?3
Allowable Bearing Capacity = 400 KN/m?

50 20

60

Fig(4.24):Foot Section
Assume h = 60cm

Clnet—atiow =400 - 25*%0.6 -25*0.7 = 367.5KN/m?
Area of Footing:

Pt 2545
A= = = 6.92 m?

qnet—al low

Assume Square Footing
B required = 2.8 m
Select B =2.8m

Bearing Pressure:
qu = 2545/2.8*2.8 = 324.60 KN/m?
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Design of Footing:
1-Design of One Way Shear Strength:

Critical Section at Distance (d)From The Face of Column

Assume h = 60cm , bar diameter g 14 for main B 5 KNim°
reinforcement and 7.5 cm Cover
d=600-75-14=511 mm s PN
_ ﬂ _ Inclined crack
Vu=qu* ( 5 d) * L |
2.8—-.55 , !
Vu=324.6* (222 - 0.511) 2.8 = 558KN e eyt

%

— 1* 'k * d
#Ve =g Jfc *b, *d wm - /
$NVC :0.75*%*\/2_8*2800*511=946.4KN \D /
¢V = 946.4KN >Vu = 558KN
. Safe /

One-way shear,

2-Design of Two Way Shear Strength:

Vu=Pu-FR,

FR, =q, *area of critical section

VU = 2545—324.6[(0.55+ 0.511) * (0.70 + 0.511) | = 2128KN

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

1 2\ [,
1 a '
oV, =¢.1—( T +2]w/ f. b,d

2\ b,
oV, = ¢.%\/ f.'b,d
Where:

Column Length (a) 70 197
© " ColumnWidth () 55

° = Perimeter of critical section taken at (d/2) from the loaded area
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b, = 2*(51.1+55) + 2*(51.1+ 70) = 454.4cm

o ) )
$ =40 for interior column

AV =¢%(1+ ﬂijﬂ fc,bod = 0'675*(1+ 2 j* 28*4544*511=3654.51KN

1.27

*
2 |y f. b d= O 75 40 511+2 *28*4544*511=4990KN
4544

¢-Vc:¢ [b /d

PN = ¢-%\/ fc'bod = %* 28 *4544*511=3072Kn

®Vc =3072 KN > Vu=2128KN
3-Design of Bending Moment:

Critical Section at the Face of Column

B-a 2.8-0.55
FR=qu* (57) « L = 324.6* (22222) *2.8 =1022.5KN.
Mu = 1022.5*%1.125,2 = 575.2KN.m

M, __  5752x10°
Rn= @bd2 ~ 0.9x2800x5112 0.87Mpa
=B _ 40 _ 4765

0.85f! ~ 0.85x28

p:1<1 _ 11 _M> :L<1 ‘\/1 _M> =0.00211
m 420 17.6 420

As,req = p.b.d = 0.00211%x2800%x511 = 3020.1 mm?
As,min = 0.0018*2800*600 = 3024 mm?

As,req = As,min = 3024 mma?... is control

Check for Spacing :
S =3h =3*60 = 180cm

S = 380*(2 259 ) - 2.5*75 = 1925 cm

S =45 cm... is control

Use 16616 in Both Direction,
As,provided= 3215mm2>As,required= 3024 mm?2...0k

Check for strain:
Asfy _ 3215%x420

= = = 20.26mm
0.85b fc 0.85%x2800%28
c=2 =22 _ 23 84mm
B, 085
= 0.003 (d_c) = 0.003 (511 _23'84) = 0.06 > 0.005 ... 0k
85 = V. c = V. 2384 = U. .

4-Design of Dowels:
Load Transfer In Footing:
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®Pnb = ®(0.85fc'A, x \/%)

A1=55%*70=0.385m2
A2 =280*280 = 5.6 m2

\/E: ’£:4.54>2 i=2
A 0.175 A

®Pn.b =0.65x(0.85x 28x175x 2) =5414.5Kn
®dPn =54145 > Pu = 2545.......... .0k
No Need For Dowels

Load Transfer In Column :-
®Pnb = 0.65x (0.85x 28x175) = 2707.25KN

®Pn =2707.25 > Pu = 2545KN....ok

No Need For Dowels

As,min = 0.005 * Ac= 0.005* 550 * 700 = 1925 mm?

Use 10416, As,provided= 2009.6 mm2>As,required= 1925mm?2... Ok

5-Development Length In Footing :

Tension Development Length In Footing :-

9 F er's
Ldr req — 10 }\\/y— qf(t;'icft * db> 300mm

Ktr = 0 (Nostripes)
16 150
ch = 75+7= 83mm Or cb ZTZ 75 mm

ktr+cb_0+75

- = 468> 2.5
db 16
ktr+cb 25
b 7
Ldp yeq = =+ 220 « 2208 16 = 365.75 mm>300mm

2800-550

LdT available = -75=1050mm

LdT available =1050 mm >ld,., = 395.054 mm... OK

Compression Development Length In Footing :-

LdCreq= %w 043*Fy*dB >200mm
LdCreq % 304.8>0.043*420%16 = 288.96>200mm

LdCreq= 304.8 mm
Ldcavailable = 600 - 75 - 16 - 16 = 493mm >LdCreq= 304.8 mm...Ok

Lap Splice of Dowels In Column:
Lsc =0.071*fy*xdb = 0.071*420 * 16 = 477.12 mm > 300 mm

Select Lsc =500
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Fig (4-25) :Foot Reinforcement Details.
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