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Abstract

The idea of this project can be summarized by preparing building In Dura.
Which consists of all facilities that should be available in any building.

The project is residential building Consists of eight floors, and the total area of
the building is 331.1 meter square.

we studied some old graduation projects, and the project will include detailed
structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements and the
preparation of shop drawings based on the prepared design .

God grants success
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Chapter 4 : Structural Analysis and Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member.
4.4 Design of One Way-ribbed Slab (R1).

4.5 Design of Beam (B,P 5).

4.6 Design of Stair (Stair#4).

4.7 Design of Column (CG,12).

4.8Design of Shear Wall (SW,S2).

4.9 Design of Footing (F1).



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.

fc: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

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

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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Chapter 4

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member.
4.4 Design of One Way-ribbed Slab (R1).

4.5 Design of Beam (B,P 5).

4.6 Design of Stair (Stair#4).

4.7 Design of Column (CG,12).

4.8Design of Shear Wall (SW,S2).

4.9 Design of Footing (F1).




4.1 Introduction:

After finishing the structural planning of the building, in which the location
of columns and beams was determined. A complete design for all
elements was done for flexure, shear, and deflection. In this chapter, the
analysis and design procedure for a sample of each structural element in
the building are explained in detail. The following General considerations
are taken throughout the analysis and design processes of this project:
1. All members were designed according to ACI 318-14 Building code.

2. Gravity loads were estimated using the Jordanian code.

3. (ASCE7-16) is used for the definition of lateral seismic loads.

4. The ultimate strength design method is used during the analysis and
design of this project.

5. Working Stress Method is used for soil design.

6. The compressive strength of concrete for all elements is B300 which
equals to F¢’ =24 MPa.

Yield strength of reinforcing rebars Fy = 420 MPa .

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance

with the requirements and assumptions of ACl _ code (318_08).

v 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 2008
UBC

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

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:
Wu=12DL+16LL ACl-code-318-08(9.2.1).

4.3 Check of Minimum Thickness of Structural Member:

TABLE (4.1) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED. (ACI
318M-11).

Minimum thickness (h)

member Simply One end Both end Cantilever
supported continuous continuous
solid one way L/20 L/24 L/28 L/10
slabs
Beams or L/16 L/18.5 L/21 L/8
ribbed
one-way

slabs
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FOR RIB:

h mi ( d) = _4770 25.784
min for (one end) = 185 - 185 — 2> cm.
L 5500
hmin for (both end continuous) = 1= 31 - 26.19 cm.
FOR BEAM:
h mi ( d) = _5290 _ g6
min for (one end) = 185 — 185 — %8 cm.
L 6150
hmin for (both end continuous) = 1= 91 = 29.3 cm.

The min ribbed slab thickness will be h min = 29.3 ( take slab thickness h =
30cm > hmin = 29.3c¢m) .- Select slab thickness = 30cm with 22 cm

block & 8cm topping.

4.4 Design of one -way ribbed slab :

One way ribbed slab Design procedure is explained in the following steps :

[~ Loads on Topping l
| 1 | l
; Fixed W /A Fixed ; _I? m
| ‘ :
| |
| |
|
2om J' 40 om 2em |

47



4.4.1 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 ends fixed in the ribs.

4.4.1.1 Calculation of Loads on Topping

Dead loads that act on Topping can be calculated as shown in the

following table:

— Dead Load For 1m strip:

Table(4- 1): Dead Load Calculation for topping

Material Quality Density Calculation Dead Load
(kN/m3) (kN/m)
Tiles 23 =0.03x23x1 0.69
Mortar 22 =0.03x22x1 0.66
Sand 16 =0.07x16x1 1.12
Topping 25 =0.08x25x1 2
Partitions =15x1 1.5

.. Dead Load for 1m strip of topping = 5.97 kN/m

— Live Load For Im strip =2.0 x 1 = 2.0kN/m

— Factored load (W,) = 1.2 xD.L + 1.6 XL.L = 1.2 x 597 +
1.6 x 2.0 = 10.364 kN/m



4.4.1.2 Analysis of topping

VuTi 0.4m I\QTVu
Y TN

Figure (4-2):System and analysis of topping

- Vu = Wu x% = 10.364><% — 2.073KN

Mu = W xL2 —10364><(0'4)2
w=ruxn = 12

= 0.14 KN.m

4.4.1.3 Design Strength of topping

— Shear Design Strength:
For Plain concrete section one way shear is calculated using the following

equation:

®.Vc =@ x 011 X 1 xVFc” X bw X ht

@.Ve =06 x 011 x 1 x V24’ x 1000 x 80 = 25.87kN>> Vu —
SAFE
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— Moment Design Strength:
For Plain concrete section with “b=1m & h =8 cm”

®.Mn = 055 x 042 x VF&' x (b x%z)

2
@.Mn = 0.55 X 0.42 X /24 x (1000 X%) =1.207KN.m >> Mu =

0.14 KN .m (.. no reinforcement is required by analysis ) .

But According to ACI, Asmin shall be provided for slabs as shrinkage and
temperature reinforcement, p shrinkage = 0.0018 According to ACI .

Minimum (As) = p shrinkage X Ag
= 0.0018 X b X h
= 0.0018 x 1000 x 80
= 144 mm?/m strip
Try bars @ 8 with As = 150.8 mm?2/m strip

Step (s) is the smallest of :

1. 3h = 3x80 =240 mm _controlled

2. 450 mm.

3. 5 =380 (2,%0)‘ 2.5Cc = 300 mm.

. Select Mesh @8/20cm in both directions.

2
Provided 4s = (w XST) * (12100) = 25cm%Ym>minAs = 1.44cm?“/m

4.4.2 Design of One-Way Ribbed Slab(R 1) :

4.4.2.1 Rib geometry
Requirements for Ribbed Slab (T-Beam Consideration According to (ACI)

are as follows :

—bw = 10cm — select bw = 12cm

—h < 35bw = 3.5 X 12 = 42cm — selecth = 30cm

Ln
—tf = (E)Z 50 mm — select tf = 8cm



4.4.2.2 Loads Calculation for Rib (R1)

For the one-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as sown in the following table :

Load calculations:

— Dead loads :

Table(4- 2):3 Dead Load Calculation for rib (R1)

Material Quality Density Calculation
(kN/m3)

Tiles 23 = 0.03x23x0.52
Mortar 22 =0.03x22x0.52
Sand 16 = 0.07x16x0.52
Topping 25 = 0.08 x25x0.52
Block 14 =0.22%x14x0.40
Rib 25 =0.22 xX25x%0.12
Plaster 22 = 0.03x22x%x0.52

Partitions =1.5%x0.52

.. Dead Load =5.34 kN/m/Rib

— load /rib = 5.34KN/m
— Live loads/rib = 2.0 x 0.52 = 1.04 kN/m/rib
— Factored Load (W,) = 1.2xD.L + 1.6 X L.L

WuD

1.2 x 5.36 = 6.4kN/m/rib
WulL 1.

6% 2.6 = 4.16 kN/m/rib

The effective flange (be):

1) be S§=364ﬁ= 745 mm

2)be < bw + 16 X hf =120+ 16 x 80 = 1400mm

Dead Load
(kN/m/Rib)
0.359
0.343
0.582
1.04
1.232
0.66
0.343
0.78

3) be < center to center spacing between adjacent beam = (L}Zﬂ) + (%) +

120 = 520 mm _controlled



Geometry

1 2 3 4
Al Al Al Al
TV TV TV
A — A — AT A
0.4 417 0.7 4.8 0.7 35 0.7 35 0.4
| | | |
| 4.72 C 55 | 42 C 4.05 -
\ \ \ \ \
52.
30.
12.
-A
Loading
load group no. 1
Dead load - Service Units:kN,meter

5.84 5.34 5.34 5.34

472 55 4.2 4.05
Live load - Service Load factors: 1.20,1.20/1.60,0.00

T Y T Y U lggal | U lygal
472 55 4.2 4.05

Fig 4.3: Statically System and Loads Distribution of Rib(R1).




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 4
-23.
-15.1 -15.1 -16.9 13.9
-9.8/\':1' -8.4 75
1 | | e |04
[ 1 1 |:LI I /4? 1 |
' 05111 Y Lo '
2 6.83 51 0.94 6
| 189 2.83 \ 2.75 | 2.75 | 22 21 | 243 162 |
I I I I I I I 1
Shear
-23.9 216
-19. 16.7 -17.2
-12.3 -13.5
-9.8
[ I I I I I I I
I I I I I I I T
11.1
14.9 13.4 14.9
18.8 18.3 19.8
23.8
Reactions
Factored
[ T T T |
[T LI L LI L LI L Il
DeadR 11.34 37.54 30.58 28.53 10.39
LiveR 3.51 10.14 9.32 8.49 3.12
MaxR 14.85 47.68 39.9 37.02 13.51
MinR 10.77 42.12 32.97 31.35 9.97
Service
DeadR 9.45 31.28 25.48 23.77 8.66
LiveR 2.2 6.34 5.83 531 1.95
MaxR 11.65 37.62 31.31 29.08 10.61
MinR 9.09 34.15 26.98 25.54 8.4

Fig 4.4: Shear & Moment Envelope Diagram (R1)




Design of positive moment:

Mu = 13.7 KN.m.
Assume bar diameter g 12 for main positive reinforcement.

d = h— cover - d stirrups —db/2 = 300 —20 —10- 12/2 = 264 mm

Check if a > hf to determine whether the section will act as rectangular or T-
section.

—Mnf =0.85 x Fc' X b x hf (d - ("z—f)) = 0.85 x 24 X 520 X 80 X (264 —
(3)) = 190.1KN.m

Mu
Mnf = 190.1 KN.m >>7 = 13.7/0.9 = 15.22 KN .m (a < hf)

section will be designed as rectangular section with be = 520 mm.

R — Mu 13.7 x 10° 042 M
N obd? T 09 x520 x 2642 o MP%
420
= = 206

T 0.85Fc’ .85 x 24

= ) (1- i)

1 2 X 42 % 20.6
=— x (1- |1- = 0.001

20.6 420
—As,req = pX bx d = 0.001 X520 x 264 = 137.3 mm2

Check for As, min .

As,min is the maximum of :-
VvFc' 1.4
As,min = 0.25 X (F—y) Xbw xXd = (E) X bw x d

- Asmin = 025 x () x 120 x 264 = 92.4 mm2

- As,min = (22) X120 X 264 = 105.6 mm2 _Control

As,req = 137.3mm? > As,min = 105.6 mm?

Use 26 10 , As,provided = 157.1 mm? > As,required = 137.3 mm? _0k



Check for strain:

ASXFy 157.1x420
= — = =6.22mm
.85 XFc'xXb 0.85%X24X520
a 622
c=—=— =7.32mm
Bl  0.85

d—rc
es = 0.003 x (T) = 0.105 > 0.005 — OK

Design of negative moment:

Mu = —15.1KN.m

Assume bar diameter g 12 for main positive reinforcement.

—d = h — cover - d stirrups —db/2 = 300 —20 —10- 12/2 = 264 mm

Mu 15.1x10°
—Rn = = = 2 Mpa.
Obd? 0.9%x120x2642 p

420
=L _ = 20.6
0.85Fc 0.85X24

p=(2)x (1— 1—2R:yxm)=%6x <1— \/1—(2xj:j°'6)) = 0.005

—As,req = pX bx d = 0.005 x 120 X 264 = 158.4 mm?2

Check for As, min .

As, min is the maximum of :-

!

¢ Xbw xXd > 14 X bw X d
) w —(Fy) w

As,min = 0.25 X
s, min (Fy

- As,min = 0.25 X (%) X 120 X 264 = 92.4 mm?2

- As,min = () x 120 X 264 = 105.6 mm2_Control

As,req = 158.4mm? > As,min = 105.4 mm?

Use 2¢ 12 ,As,provided = 226.2 mm? > As,required = 159.6 mm? _0Ok
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Check for strain:

AsXFy —  226.2X420

T 85 xFc'xb  0.85x24x120 38.8mm
c=i =@ = 45.65mm
B1 0.85
d—c

es = 0.003 x (

p ) = 0.0145 > 0.005 — OK

Shear Design for (R1):
Vu at distance d from support = 19 KN

Shear strength Vc, provided by concrete for the joists may be taken 10%
greater that for beams. This is mainly due to the interaction between the
slab and closely spaced ribs. (ACI, 8.13.8).

1.1
Ve = (?) XA X+ Fc” Xbw xd = 28453 KN

gVc = 0.75 x 28.453 = 21.34 KN.

1
> gVc =0.5x%x21.34 = 10.67 KN

%¢V0< Vu< gVc

Case (2) for shear design, minimum shear reinforcement is required (A min),
exception for Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups ) 8 @ 250 mm , A,= 2 x 50.24 =
100.48 mm?.

_ 2%503
V" 025

= 401.92 mm?/ m strip



4.5 Design of Beam(B.P-5) :

v Load calculations:

28.53
WDL fromrib1 = ———

oty = 54856 KN/m

8.49
WLL fromrib1 = 052 = 16.33 KN/m

Geometry Units:meter,cm

2 3
A ™ A e Al
1L 1L 1,1
] A A
0.2 37 0.2 4.05 02 051 0.3
] - F1 R
3.9 4.25 0.76
} f f {
30.
70.
A-A

** The following spans are ‘deep beams™: 3

Loading
load group no 1

Dead load - Service

Units:kN,meter

28.5 28.5 28.5
5.04 504 504
3.9 4.25 0.76
Live load - Service Load factors: 1.20,1.20/1.60,0.00
8.49 8.49 849
3.9 4.25 0.76




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3

-96.1
-83.4 -84.1
| 1.05 | 119 | |
I [ 1 I
[ I ] I
082087
8. I |
46.2
64.1
1.56 | 2.34 213 | 2.13 | 076
I I I I I 1
Shear
-129.7
-111.4 -111.4
-93.1
1 1 1 1 1 "I |
I I I I I I
64.8
83.1 96 5
104. 110.9 '
122.3 '
Reactions
Factored
[ Pl Pl [ |
T T TTT 1
DeadR 60.14 188.41 156.99 -46.36
LiveR 22.94 63.59 65.3 -28.31
MaxR 83.08 252. 222.28 -33.69
MinR 57.48 217.24 150.09 -74.67
Service
DeadR 50.11 157.01 130.82 -38.64
LiveR 14.34 39.75 40.81 -17.69
MaxR 64.45 196.75 171.63 -30.72
MinR 48.45 175.03 126.51 -56.33

Fig 4.5: Shear & Moment Envelope Diagram (B-P5)




Flexural Design for (B-P5):

Determine of Mn ,max :

Assume bar diameter g 18 for main positive reinforcement .

-d = h — cover — d stirrups — (%) = 300 — 40 — 8 — (?) = 243mm
-Mu = —84.1KN.m
-xd = 104.143 mm
-a= ¢ XB1 = 104.143 x 0.85 = 88.52mm
-Mn,max = 0.85x Fc¢’ xaxb(d—3) = 251.22KN.m
-@ = 0.82
-Mu = 841KN.m < @Mn,max = 0.82 x 251.22 = 206 KN.m

| w

_C:

Design as singly reinforcement

Design for positive moment:
@ = 0.9 for flexural

1) Mu = 64.1 KN/m
Assume bar diameter ¢ 16
-d = h — cover — d stirrups — (dz—b) = 300 — 40 — 8 — (?) = 244mm

Mu 64.1x10°
-Rn = = = 1.71Mpa
2 bd? 0.9 X700 X2442 p

2Rnxm

—p=%x(1— 1- )=0.0043
-As = pxbxd = 0.0043 x 700 X 244 = 733.44 mm?.

Check for 4s, min .

VFc' 1.4
As,min = 0.25 x (F—;) Xbw xd = (E) X bw x d

- Asmin = 025 x () x 700 x 244 = 498.06 mm?

- As,min = () X 700 X 244 = 569.33 mm? _Control

As,req = 733.44mm? > As,min = 569.33 mm?
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Use 4¢ 16 Bottom, As,provided = 804.25 mm?> As,required = 731.43 mm?
.0k

Check spacing :

= 700—(40><2)—:§8><2)—(4X16) — 180 > 25mm _ok

Check for strain:

AsX
-a = —fj,l = 23.65mm
0.85xFc/xb
a 23.65
- = — =— = 27.82mm
B1 0.85

-es = 0.003 x (%) = 0.023 > 0.005 _ok

2)Mu = 46.2KN/m
Assume bar diameter g 14
. db 14
-d = h — cover — d stirrups — (7) = 300 — 40 — 8 — (7) = 245mm

Mu 46.2x10°
-Rn = = = 122M
n & bd? 0.9 X700 X2452 pa

p=—x (1 - /1 —ZR:;"‘) = 0.003

-As = pXxbxd = 0.003 x 700 X 245 = 514.5 mm?.

Check for As, min .
VFc' 1.4
As,min = 0.25 X (F—;) Xbw Xd = (E) X bw X d

- Asmin = 025 x () x 700 x 245 = 500.1 mm?2

- As,min = (=) X 700 X 245 = 571.66 mm2 _Control

As,req = 514.5mm? < As,min = 571.66 mm?

Use 4¢ 14 Bottom, As,provided = 615.752 mm?> As,min = 571.66 mm? .
...0k
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Check spacing :

S = 700‘(40“)‘;8“)‘(4“4) — 182.667 > 25mm _ok

Check for strain:

AsX
-a = —fj,l = 18.11mm
0.85xFc/xb
a 18.11
- = — =— = 213mm
B1 0.85

d—rc
es = 0.003 x (T) = 0.0312 > 0.005 _ok

Design for Negative moment:

1) Mu = 84.1KN/m

Assume bar diameter g 18

-d = h — cover — d stirrups — (%) = 300 — 40 — 8 — (?) = 243mm
Mu 84.1x10°

Rn = Zbd?  09x700x2432 2.26 Mpa

2Rnxm

-p=$><<1— 1- )=0.00572
As = pxbxd = 0.00572 X 700 x 243 = 972.972 mm?.

Check for 4s, min .

!

Fy

1.4
As,min = 0.25 X ( )xbWXdZ(F—y)xwad

- As,min = 0.25 x (%) X 700 X 243 = 496.022 mm?

- As,min = () X 700 X 243 = 567 mm? _Control
As,req = 972972 mm? > As,min = 567 mm?

Use 4@ 18 Bottom, As, provided = 1017.876 mm?> As,req = 972.972 mm?.
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Check spacing :

S = 700‘(“0“)‘;8“)‘(4“8) — 177334 > 25mm _ok

Check for strain:

AsX
-a = —ﬂ,’ = 29.94mm
0.85xFc/xb
a 29.94
-c = — =—— = 35.22mm
B1 0.85

d—rc
es = 0.003 x (T) = 0.0177 > 0.005 _ok

2) Mu = 585 KN/m
Assume bar diameter ¢ 16

-d = h — cover — d stirrups — (dz—b) = 300 — 40 — 8 — (%) = 244mm

Mu 58.5x10°
“Rn = 2bd? 0.9 x700 x2442 1.56 Mpa
p = i X (1 - 1- ZR”X’”) = 0.00387

-As = pXxbxd = 0.00387 x 700 X 244 = 661 mm?2.

Check for 4s, min .

As,min = 0.25 X (

Fe Xbw xXd > 14 X bw X d
Fy) w —(Fy) w

- As,min = 0.25 X (%) x 700 X 244 = 489.06 mm?
- As,min = () X 700 X 244 = 569.33 mm? _Control

As,req = 661 mm? > As,min = 569.33 mm?

Use 4¢ 16 Bottom, As,provided = 804.25 mm?> As,req = 661 mm?2. ....... Ok
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Check spacing :

700—(40%2)—(8%2)—(4x16)
3

-S = = 180 > 25 mm ok

Check for strain:

AsX
-a = —fj,l = 23.65mm
0.85xFc/xb
a 23.65
- = — =—— = 27.82mm
B1 0.85

-es = 0.003 x (?) = 0.023 > 0.005 _ok

Shear Design for (BP5):

Case 3 :

for shear design, minimum shear reinforcement is required (4, .:), Reinforcement.

Use stirrups (2 leg stirrups ) 810/ 250 mm ,Av = 2 X 79 = 157 mm2

Vu = 111.4 KN
1
Ve = EAVFC’ bwd = 138.886 KN

®Vc= 0.75x138.886 = 104.165 KN

1 1
® Vsmin=> 0.75 (§>X bw x d=0.75 % <§>><700 X 243 x 1073

= 42525 KN ----- Controls

fl
® Vsmin = 0.75 (%)X bw X d = 0.75><<1£64>X 700 x 243 x 1073

= 39.06 KN
OVe<Vu < ®Vec + ®Vsmin

104.165 < 111.4 < 146.69 _ok



4-6 Design of Stair(Stair#4).

Fig 4.8: Stair Plan.

v Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?



1- Design of Flight(S1)) :-
v’ Determination of Thickness:-

hmin = L/20
hmin = 210/20 = 10.5 cm
Take h=20cm

The Stair Slope by 6 = tan}(200 / 300) = 33.69°

Fig 4.9 : Stair Section.



Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

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

v System of Flight:-

Fig 4.10: Statically System and Loads Distribution of Flight.

Factored Load For Flight :-

Wy =1.2 x11.27 + 1.6x5 =21.53KN/m
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21.53 KN

ra Sl
':':':é::\é:w\
22.61 KN
N,
22.61KN
Ny Ny -
N 14 N 2.1 < 1.4 N

Fig 4.11: Statically System and Loads Distribution of Flight.

R=(WL\2)=(21.53*2.1\2)=22.61 KN

v" Design of Shear for Flight :- (Vu=22.61 KN)
Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 200 — 20 — = = 173 mm

Ve=- \/Fb d = =24 %1000 * 173 = 141.25 Kn

O V:=0.75* 141.25 =105.94 KN >Vu =22.61 KN...... No shear reinforcement
are required

1.05
MU = 22.61 * (0.7 + 1.05) — (21.53 *— ) = 28.26KN.m




v" Design of Bending Moment for Flight :- (Mu=61.3 KN.m)

My 2826x10%
Rn= @bd? — 0.9x1000x1732 1.04 Mpa
420
Jy = 20.6

m= ; = =
0.85f¢ 0.85x24

o= 1(1 _ 11 _m) = L<1 _\/1 _w> = 0.0025639
m 420 20.6 420

Asreq = p.b.d =0.0025639 x1000x173 = 443.55 mm?/m

Asmin= 0.0018*1000*200 = 360 mm?/m
ASreq = 443.55 mm2>As,min:360 mmZ/m

Check for Spacing :-

S =3h =3*200 = 600 mm

S = 380* () — 2.5%20 = 330
5* 420

S =450 mm

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

Use g14 @ 200 mm , Asprovided= 461.7 mm2>As,required = 443.33 mm?... Ok

Check for strain:-

_ Asfy  461.7 X420

= - = = 9.50 mm
0.85b !~ 0.85x1000x24

== = 23 _ 11.18 mm
B, 0.85

d— C) —0 (173 —11.18

& = 0.003 (T 1118 > = 0.043 > 0.005 ..... Ok



v' Lateral or Secondary Reinforcement For Flight :-

As,req: As,min =0.0018*1000*220 = 360 mm2

Use g12@ 200 mm ,Asprovided= 452 MM?>As required= 360mm?Z... Ok

2- Design of Middle Landing(S2) :-

v’ Determination of Thickness:-

Take h =200 cm

v' Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7): Dead Load Calculation of Middle Landing.

Live Load For Landing =5*1 =5 KN/m
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Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6x5 = 17.65KN/m

Factored Load From Flight :-

WFL1 _ 22.61

W = 2 —16.15KN/m
L 1.4

v System of Landing (2) :-

16.15 KNHIH 16.15 KN‘;’m

17.65KIN/m

PP PR ARre

A -
L 1.4 A 09 S 14 J/\

53.20KN 55.26KMN
- 3.7 o
r .

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.
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R=(WL\2)=(17.65*3.7\2) + (16.15*1.4)=55.26KN

v" Design of Shear:- (Vu=55KN)
Assume bar diameter g 14 for main reinforcement
d =h- cover — 2 = 200 — 20 — = = 173 mm
Ve==\fc'b, d == 24 %1000 * 173 = 141.23 KN

O* Ve=0.75* 141.23=105.94 Kn> Vu = 55.26 KN...... No shear reinforcement are
required

1.4
MU = 55.26 — 17.65 (1.85%\?) — 16.15 * 1.4 (0.3 + 7) = 57.71KN.m

v" Design of Bending Moment :- (Mu=57.7KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover—dz—b= 200—20—12—4= 173 mm

_ My __ 57.7x10°
Rn= Obd? _ 0.9x1000x1732 2.14 Mpa
420
m= 2 = 20.6

T 0.85f/  0.85x24

p:l<1 -1 _M) :L(l _\/1 _w> = 0.0054
m 420 20.6 420

Asreq = p.b.d = 0.0054x1000%x173 = 934.26 mm?

Asmin =0.0018*1000*200 = 360mm?
Asreq = 934.26 mm?2......... is control



Check for Spacing:-

S =3h =3*200 =600 mm

S = 380 () — 2.5%20 = 330
5* 420

S =450 mm

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

Use g14@200 mm ,Asprovided= 1077.3 mm2>As,required: 934.26 mmZ3... Ok

Check for strain:-

a= Asfy  1077.3X420

= - = = 22.17 mm
0.85b f!  0.85x1000x24

a 22.17
c=—=——=26.0mm
By 0.85

d—c 173 - 26.0
& = 0.003 (T) = 0.003 (W) = 0.016 > 0.005 ...... Ok

Lateral or Secondary Reinforcement For Landing:-

As,req: As,min =0.0018*1000*220 = 360 mm2

Use ﬂlZ@ 200 mm ,Asprovided= 452 mm2>As,required= 360mm?... Ok

3- Design of Main Landing (S3) :-

v’ Determination of Thickness:-

Take h =20 cm



v' Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

Table (4.8): Dead Load Calculation of Main Landing.

Live Load For Landing =5*1 =5 KN/m
Factored Load For Landing :-

Wy = 1.2 x8.04 + 1.6x5 = 17.65KN/m
Factored Load From Flight :-

w 32.67
W= —= =22°7 — 51 78 KN/m
L 1.5
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v System of Landing:-

16.15KNYm 16.15KM,/m
] 16.15KMYm
Ly Ear
% 1.4 # D.B F 1.4 Q
44, 54KN 44 54KN

/ /

Fig 4.15 : Statically System and Loads Distribution of Main Landing.




R= (17.65*1.4\2) + (21.3%0.9\2) + (16.15*1.4)= 44.54KN

v" Design of Shear:- (Vu= 44.54 KN)
Assume bar diameter g 14 for main reinforcement
d =h- cover — 2 = 200 — 20 — = = 173 mm
Ve==\fc'b, d == 24 %1000 * 173 = 141.25 KN

O* V.=0.75* 141.25 = 105.94Kn> VVu = 44.54 KN...... No shear reinforcement are
required

MU = 44.54  3.7\2 — 17.65 (1.4%)\2 — 21.3 % 0.92\2 — 16.15
1.4
x 1.4 (7 + 0.45) = 56.53KN.m

v" Design of Bending Moment :- (Mu=56.53KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover—dz—b= 200—20—12—4= 173 mm

My 56x10° _
Rn= Obd?  0.9x1000x1732 2.0 Mpa
420
m= 2 = 20.6

T 0.85f/  0.85x24

p:i 1 — 1_2.m.Rn _L 1 — 1_2><20.6><2 — 0.00528
m

420 | 206 420

Asreq = p.b.d = 0.00528x1000x293 = 914.22 mm?

Asmin =0.0018*1000*200 = 360 mm?

Asreq=914.22mm? <Asmin=360 mma......... is control



Check for Spacing:-

S =3h =3*200 =600mm

280
S = 380*(——) — 2.5*20 = 330
5* 420
S =450 mm
S =330mm ......... is control
Use g12@ 15 mm ,Asprovided= 923.4 mm2>As,required: 914.2mm?4... Ok
Check for strain:-
_ Asfy 923.4X420
= ;= = 19.0 mm
0.85b fc 0.85X1000%24
c=2 =2 =2236mm
B, 085
—cC 173 — 22.36
& =0.003 (T) = 0.003 (—) = 0.020 > 0.005 ......0k

22.36

v' Lateral or Secondary Reinforcement For Landing:-

As req= Asmin =0.0018*1000*200 = 360mm?

Use g12 @ 290 mm ,Asprovided= 452.3 mm2>As,required= 360 mmZ2... Ok
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1300cm/ R

Fig 4.17: Stair Reinforcement Details.




Fig 4.18:Stair Reinforcement Details.



4.7 Design of Column (CG,12)

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

v Load Calculation:-
Service Load:-

Dead Load =2000KN
Live Load =460 KN

Factored Load:-
Pu=1.2 x2000+ 1.6x460 =3136 KN

v Dimensions of Column:-

Assumepg = 0.01

$#*Pn=0.65x0.8x Ag{0.85 fc (1— pg) + pg * Fy}
2038.4=0.65x 0.8 x Ag {0.85 *24 (1 —0.01) + 0.01 = 420}
Ag=160682.07 mm2
Assume Square Section
h =600 mm
b =160682.07/600 = 415.6 mm
Select b =600 mm

Fig 4.19 : Column section



v" Check Slenderness Parameter:-

ﬁ<34—12&s40
r M 2

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 = \/'IA\: ~03h . For rectangular section

Lu=355-0.7=2.85m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.60 m)

w <34—12ﬂ <40

r M2
_1x2.85 —15.83< 22
0.3x0.60

Column Is Short About Y-axis

e about X-axis (h=0.60m)

kI—”<34—12% ............... ACI —(10.12.2)

r

@<34_12ﬂ <40
r M 2

1x2.85

— =15.83< 22
0.3x0.60



Column Is short About X-axis

v" Square Colom:-

Select reinforcement

Assumepg = 0.01

Ast = pg X Ag = 0.01 X 600 * 600 = 3600mm?
Select 18 920 with As = 5654mm? > Ast = 3600mm? .

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x2.0=25.6 cm
spacing <48xd, =48x1.0=48cm
spacing<40cm

Usegl0@ 20 cm



310@20
10020
L=228 =168

Fig 4.20: Column Reinforcement Details.



4.8 Design of Shear Wall (SW,S2)

Fig 4.21:Shear Wall.

Fig 4.22: Shear Diagram of Shear Wall.
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\

A A A A A A A A

424 .42

Fig 4.23: Moment Diagram of Shear Wall.

v' Material and Sections:- (From Shear Wall 16)

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

= Shear Wall Thickness h =35cm

= Shear Wall Width Lw=6.7m

=  Shear Wall Height Hw=3.12m



v" Design of Horizontal Reinforcement:-

ZFX = Vu =55.16 KN

The critical Section is the smaller of:

lw 6.7
- = - = 3.35m....Control
hw  3.12

storyheigh(Hw) = 3.12m.

d=08xLw=0.8x6.7=>5.36m

5 !
@Vnmax = QE f;. hd
= 0.75 * 0.833 * V24 * 350 * 5360 = 5741.75 KN > V,, = 55.16KN

is the smallest of : V.

1— V, = <y/f'hd = <V2& 350 » 5360 = 1531.74KN ....... Control

6
N,d
2— V. =0.27/f hd + —=
41,

Ly (0.1 +0.2 ZI‘X—I;I)

= 0.27v/24 * 350 * 5360 + 0 = 2481.4KN

3— V, =[0.05/f + W L hd
v, 2
6.7(0.1V24 + 0
= lo.osx/24 + ( o1 )l 350 * 5360 = 63689.1 KN

42442 -373.7 M, —373.7

312 =312 -33¢ = M, = 36996 KN.m

M, 1, 36996 6.7
e ——~ =335
V, 2 5516 2

Vc =1531.74KN



Vu =55.16 KN < %* 0.75*1531.7 = 574.4 KN

- Maximum spacing is the least of:
LW _ 6700 - 1340 mm

5 5
3*h = 3*350 = 1050 mm

450 mm ....... Control

Take 10@250 mm

v" Design of Vertical Reinforcement:-

Apy _ _ h_w Aph _ ]

L ~[0.0025 + 05 (25 -14) (52 - 0.0025) | *300

Ay 312 785

T = l0.0025+ 0.5 (25-22) (2= 0.0025)]*300
A‘UU

2 = 0.182

5o =018

Try 914 (A4g = 153.93 mm?)

153.93

Sy
S,=845.81 mm

= 0.182

- Maximum spacing is the least of :

LW _ 6700 _ 5933 mm
3 3

3*h = 3*350= 1050mm

450 mm ....... Control

— use P14@200 mm



v" Design of Bending Moment:-

e = (35

) * 153.93 = 2946.66 mm?

350
( )f _( 2946.66 )420 002199
h) f.' ~ \6700 350/ 24 ~
a= =0
lwhfc

C w+a 0..02199 + 0
= = = 0.0898
l, 2w+0.858, 2%0.02199 + 0.85 * 0.85

OM,, = @0.545f, 1, (1 + )1 - —)

stfy

= 0.9[0.5 * 2946.66 * 420 * 6700(1 + 0)(1 — 0.0286)] = 3624.3 KN
>369.96 KN.m

Mub = Mu-@Mn = 369.96 - 3624.3= —3254.34 KN.m

w 6700
X>

2~ an— =11.16 mm
600%— 600*< 1
hw

Lb>==5.58 mm

N | 3



4.9 Design of Footing (F1)

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

v’ Load Calculations :- (From Column Cp18)

Dead Load = 1000Kn , Live Load = 170 Kn

Total services load = 1000 +170 = 1170 Kn

Total Factored load = 1.2*1000 + 1.6*170 = 1472 Kn
Column Dimensions (a*b) =50*40 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2



17812 L=2.35

15¢12 L=2.35

T @ 8 @B 8 8 @ @ @ @ @ 9 9 @ @ a ﬂ|

R N

d.o s T e

Fig 4.24 :Foot Section.

Assume h = 65cm

Onet_atiow = 400 —18*1 — 25*0.65= 365.75 kn/m2

v Area of Footing :-

Pt 1170

— — 2
= 3575 >9m

A=

qnet—allow
Assume Square Footing
B required =1.78 m
SelectB=2.15m




v' Bearing Pressure :-

Qu = 1472/2.15*2.15 = 253.1 Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h = 65cm , bar diameter g 12 for main reinforcement

d=650—-75-12=563 mm

B—
2

Vu:qu*( a—d)*L

2.15-0.5

Vu = 253.1 ( - 0.563) «2.15 =142.57 Kn

1
chw.g*\/fc’*bw*d

1
Ve = 3 * V24 x 2150 * 563 = 988.3Kn

@.Vc =741.24 KN > Vu
Safe
2- Design of Two Way Shear Strength :-

Vu = Pu—FR,

FRy = q, xarea of critical section

Vu = 1472 — 253.1 [(0.5 + 0.563) * (0.4 + 0.563)] = 1212.9 Kn

and 7.5 cm Cover

90



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

1(, 2\ [
¢'Vc =¢€(1+FCJ\/?bod
AV =¢.é( % +2J\/f7b0d

b, /d

V. =¢.%\/f7b0d

Where:-

__ Colum Length (a) _ 50

Pec = Columwidth (b) _ 40 1.25

b, Perimeter of critical section taken at (d/2) from the loaded area

b, =2 % (56.3+50) + 2 *(56.3 +40) = 405.2cm

%s =40 for interior column
1 2 , 0.75 2
Q.Ve™ = <p.€(1 +,8_) fe bod = 6 * (1 +I) * V24 % 4052 * 563 = 3632.1Kn
(o]

14 ! ( % +2) / b,d 075 (40*563+2> V24 * 4052 * 563
. = My = * E 3 * *
¢-Ve=¢12\b,/d febod = =77+ ~4082

= 5279Kn

1 0.75
@V, = ¢.§\Ebod = —5—* V24 % 4052 * 563 = 2793.9Kn

dVc =2793.9 Kn>Vu=1212.9 Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

B—-a
2

FR = qu- (22) « L = 253.1 % (222250) %2.15=448. 9 Kn

Mu = 448.9*2.15*%0.825*0.825 /2 = 328.44 Kn.m



_ My __ 328.44x10°
T @bd? ~ 0.9%x2150x5632

= 0.53 Mpa

Rn

1 420
m= Y ; =
0.85f¢ 0.85%x24

p:i<1 _ |4 _2.m.Rn> __1 <1 _\/1 _M) = 0.00129
m 420 20.858 420

Asreq = p.b.d = 0.00129x2150%x563 = 1564.15 mm?

= 20.58

Asmin = 0.0018*2150*650= 2515.5 mm?

Check for Spacing :-

S =3h = 3*650 = 195cm
280

S = 380*( —-)—2.5*75=192.5cm

2
= x
3
S=45¢cm ......... is control

Use 17@12 in Both Direction, As provided= 2814.8 mm?2>As min= 2515.5mm?Z... Ok

Check for strain:-

_ Asfy  1922.6x420

= ; = = 18.41 mm
0.85b f, 0.85%2150%x24

18.4
c=2="2=21.66mm
B, 085

d— c> . (563 —21.66

& = 0.003 (T 2166 ) = 0.074 > 0.005 ...... Ok

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = d(0.85fc'A, x \/%)

A1=50*40=0.2m?



A; = 2.15% 2.15 = 4.622 m?
%: %:4.8>2 ................ %:2
) \/ .

®Pn.b = 0.65 X (0.85 x 24 x 200 X 2) = 5304Kn
®Pn = 5304 > Pu=1472........... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65 x (0.85 x 24 x 200) = 2652Kn
@Pn = 2652 > Pu = 1472kn........... ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 *500 *400 = 1000 mm2

Use 12820, Asprovided= 3769.9 mm2>As,required: 1000mm?... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

9 F

Yethsp
LdTreq ~ 1o * A_\/E * cht * db> 300mm

db
Ktr = 0 (Nostripes)
20 125
ch = 50+7= 60mm Or cb :T: 62.5mm

ktr+cb4_0+60_3>25
db 20 '

ktr+cb_3
db

Ld _ 9 " 420 " 1x1+0.8
Treqa = 10" 1x/24

* 20 = 411.5 mm> 300mm

2150-500

-75= 750 mm

LdT available =

LdT available = 750 mm >ldreq =411.5mm........ OK



Compression Development Length In Footing :-

Ldcreq= %> 0.043*Fy*dB >200mm

0.24%420%20

=411.51> 0.043*420*20 = 361.2>200mm
V24

LdCreq:

LdCreq: 411.51 mm

LdCavaitable =500 — 75 —20 —20 = 385mm >LdCreq: 411.51 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x420 x20 =596.4 mm > 300 mm

elect Lsc =600 mm

L=2.53m

17612

19912 L=2.32m

Fig 4.25 :Foot Reinforcement Details.
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