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Project Abstract:

The structural design is very important in any construction project. We, as
structural engineers to be, we working on the design of the structural elements
of our project, which is “Dweik Shopping Mall”, located in Assalam Street in

Hebron city.

The project is composed of parking, 4 floors and two roofs with a total area of
about 8800 m?

The Jordanian Code of Loads was used in calculating the loads. ACI 318-14
was used in the design while IBC 2012 will be used for the seismic design.
Computer software packages such as AutoCAD 2015, Atir, Safe, Etabs, Staad

Pro and SAP was used in the design.

The project is include detailed design of the structural elements. Structural
elements include slabs, beams, columns, walls and foundations. Selected
elements was designed manually and verified using the computer. Detailed

drawings was made available by the end of the project work.

May Allah help us and guide us to the right path.
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List of abbreviation:

DL: Dead load.

LL: live load.

Wou: factored total load.

Ln: clear length of member.

6: thickness of a layer.

y: unit weight of material.

Mn: nominal moment.

Mu: factored moment at section.

f.: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

gs: strain of tension steel.

@: strength reduction factor.

Vn: nominal shear strength.

Vu: factored shear force at section.

Vc: nominal shear strength provided by concrete.

Vs: nominal shear strength provided by shear reinforcement.
As: area of steel.

Av: area of shear reinforcement.

b: width of compression face of member.

bw: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.

Pn: nominal axial load.

Pu: factored axial load.

S: spacing between bars.
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STRUCTURAL ANALYSIS & DESIGN CHAPTER 4 2017

4-1 INTRODUCTION
4-1-1 DESIGN METHOD AND REQUIREMENTS
4-1-2 STRENGTH DESIGN METHOD
4-2 FACTORED LOADS
4-3 SLABS THICKNESS CALCULATION
4-4 LOAD CALCULATION
4-5 DESIGN OF TOPPING
4-6 DESIGN OF RIB
4-7 DESIGN OF BEAM
4-8 DESIGN OF POST TENSION SLAB
4-9 DESIGN OF TWO WAY RIBBED SLAB
4-10 DESIGN OF COLUMN
4-11 DESIGN OF STAIRS
4-11-1 DESIGN OF STAIR #1
4-11-2 DESIGN OF STAIR #2
4-12 DESIGN OF BASMENT WALL

4-13 DESIGN OF SHEAR WALL
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STRUCTURAL ANALYSIS & DESIGN CHAPTER 4 2017

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.

Reinforced concrete behavior is still under studying, building codes and specifications that give design

procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

* Lightweight concrete with unit weight about 1350 to 1850 kg/m?3.
* Normal weight concrete with unit weight about 1800 to 2400 kg/m3.
* Heavyweight concrete with unit weight about 3200 to 5600 kg/m3.

4-1-1 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).

4-1-2 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.
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The strength design method is expressed by the following, Strength provided = strength required to

carry factored loads.

NOTE:

fc'=35N /mm?*(MPa) For cylinder section but for cubes ( fc'= 35*.8 = 28MPa)

4-2 FACTORED LOADS:

Factored loads are the loads specified in the general building code multiplied by appropriate load
factors. Load factors also account for variability in the structural analysis used to calculate moments

and shear.

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

W.=12Dy+1.6 Ly, (ACI-code-318-14(Table 5.3.1Eq (5.3.1b))

NOTE:

Use concrete B350

f; =28 Mpa.

fy = 420 Mpa

fyt = 420 Mpa , will be used at design and calculations.
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4-3 SLABS THICKNESS CALCULATION:

The minimum thickness of nonprestressed beams or one way slabs unless deflections are computed as
follow: (ACI-Code-318-14(Table 9.3.1.1))

hmin for one-end continuous = L/18.5 longest one-end cont. is 5.47m.
humin =547/18.5 = 29.56 cm

hmin two-end continuous = L/21 longest two-end cont. is 5.80m.

hmin =580 /21 = 27.6 mm

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.
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4-4 LOAD CALCULATION:

Dead Load for one-way rib:

Topping: 0.08*25*0.52 = 1.04 KN/m
Rib: 25*0.12*0.24 = 0.72 KN/m
Block: 15*0.4*0.24 = 1.44 KN/ m
Sand: 16*0.07%0.52 = 0.5824 KN/m
Mortar: 22*0.02*0.52 = 0.229 KN/m
Tiles: 23*0.03*0.52 = 0.359 KN/m
Plaster: 22*0.02*0.52 = 0.229 KN/ m
Partitions: 1*0.52 = 0.52 KN/ m
Dead Load =5.12 KN/m
Dead Load = 9.85 KN/ m?
Live Load =4*0.52 =2.08 KN/m

Factored Load (qu) =1.2¥5.12 + 1.6%2.08 = 9.472 KN/m

Dead Load for Two-way rib:

Topping: 0.08*25*0.52+0.52 = 0.5408 KN
Rib: 25¢0.12%0.24%(0.4+0.52) = 0.6624 KN
Block: 15*0.4%0.4%0.24 = 0.576 KN

Sand: 16%0.07%0.52*0.52 = 0.303 KN
Mortar: 22%0.02¢0.52%0.52 = 0.12 KN
Tiles: 23*0.03*0.52 0.52 = 0.187 KN
Plaster: 22%0.02%0.52¢0.52 = 0.12 KN

Partitions: 1*0.52*0.52 = 0.2704 KN

46
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Dead Load for one unit = 2.77KN

Dead Load for 1 m?=—=2— =103 KN/m?2

0.52+0.52
Live Load = 4 KN/m?2 (Jordanian Code Table 3.1.b page 27)
Factored Load =1.2¥10.3 +1.6*4 = 18.76 KN /m? (ACI-code-318-14(Table5.3.1Eq (5.3.1b))

Factored load=18.76 KN/m?2* 0.52 = 9.755KN/m

4.5 DESIGN OF TOPPING:

4.5.1 Dead load Calculations:
Table (4-1) Calculation of the Dead load for Topping

Tiles 0.03 * 23 0.69
Mortar 0.02 = 22 0.44
Sand 0.07 = 16 1.12
Topping 0.08 * 25 2
Partitions 11 1
X 5.25

Live load Calculations: 4 * 1 = 4 KN/m.

Total Factored load: w,, = 1.2+ 5.25+ 1.6 x4 = 12.7KN/m w=1.2DL +1.6LL

piiddytie il

W, 12 12.7 % 0.42
My max = 12 = 12 =0.17 KN.m

40 cm

W, *1 12.7 * 0.4
Viumax = 2 = 5 =254KN.m

ﬂ vi®
12 12
M, = 0.55%0.42 /28 * 1000 = 8o* = 1.303KN.m
n 6
®M,, = 1.303 KN.m >> M,, = 0.17 KN.m i

Fig (4-1) typical section for moment's.

NO reinforcement is required by analysis, provided A ,,;,for slabs as shrinkage and temperature
reinforcement. (ACI-1424.4 page405)
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Pshrinkage = 0.0018 ACI-318-14 Table 24.4.3.2
A= p*bxh=0.0018*100*8 = 1.44 cm?/ m
Select #8/20cm in both direction with A, = 2.5cm?/m > Asmin = 1.44cm? /m

Spacing(S) is smallest o f:

1. 3h =380 = 240mm — control ACI-318-14 7.7.2.3

2. 450mm ACI-318-14 7.7.2.3

3. s =380 (%) —2.5C, = 380 <2182‘;> —2.5%20 = 330mm ACI-318-14 24.3.2
s 3

280 280
s < 300( ) = 300 = 300mm

fs §420

Take @8@20cm in both directions. s = 200mm < s;,4, = 240mm — ok

4-6 DESIGN OF RIB (04):

liow Block (17 cm )

Steel Bar's

Fig (4-2) typical section in one way ribbed slab.
Fig (4-3) typical section in two way ribbed slab.
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4-6-1 Material:

Concrete B350 f! = 28 N/mm?(MPa)
Reinforcement Steel f, = 420 N/mm?(MPa)
Reinforcement Steel of shear f,,, = 420 N/mm?(MPa)
4-6-2 Section:

b =12cm, bf =52 cm, h = 35cm, Tf =8cm

Geometry Units:meter,cm

1 2 3 4
1 2 3
E A A — Al ——
A ' A — A L
04 2.48 08 5.07 08 4.77 06
‘ | ‘ 3.08 ‘ | ‘ 5.87 ‘ | ‘ 5.47 ‘ | ‘
I I I |
52.
32.
12,
A-A

Fig (4-4) Geometry of Rib (04).
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4-6-3 Loading

CHAPTER 4 2017

Loading

load group no. 1
Dead load - Service

Units:kN,meter

5.12 5.12 5.12
3.08 5.87 5.47
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.08 2.08 2.08
3.08 5.87 5.47

Fig (4-5) loading of Rib (04).

Moments: spans 1to 3
-33.5
-21.9
| '16\1 | | \1'6 |
1.85
— 1 1 i i i 1 i 1
e — 084086 | .07
6. ‘ 1.15/ ‘
17.1
23.
108 2. | 2.93 | 2.94 | 3.28 | 2.19 |

Fig (4-6) Moment Envelope of Rib (04).
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4-6-4 Design for flexure for rib:
4.6.4.1Design for Positive moments:

be < Center to center spacing between adjacent beams( 400 + 120) = 520 mm ... Controlled.

< Span 5070 1267
S = < mm.

< (16 tf) + bw = (16 80) + 120 = 1400 mm.
be = 520 mm.

Assume bar diameter @ 12 for main positive reinforcement.

12

d = 320-2:- 8-— = 286 mm.
by

My = 085 f! » by * t; *(d—i)

= 0.85 * 28 * 520 * 80 * (286 — %) £1076 = 243.56 KN.m

oMnf = 09 *243.56 =219.2 KN.m
oMnf =2192KN.m
1) Positive moment, max Mu =23 KN.m
OMnf =2192KN.m >»> Mu=23KN.m
-~ Design as rectangular section.
Mn = Mu /b = 23/09 =255KN.m

d = depth — cover - diameter of stirrups - (diameter of bar/ 2)

12
= 320- 2+-8 —7=286mm.

__ NS 420

= - = = 17.65
0.85 !~ 0.85+28
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M (25.5)%10"6
K,=—2= = 0.6 MPa
M pxd?  520%2862

1 2xKp*
prm(l— 1T

— (1 - |J1- —2*0'6*”'65) =0.00145

T 17.65 420

Asteq = p * b xd = 0.00145 * 52 *28.6 = 2.156 cm?.

fe
As,p, = Ji eb,vd = b xd. ACI-318-14-9.6.1.2(a) and (b)
4 (y) fy
=8 L 1204286 > 24120 « 286
4+420 420
= 1.08cm? < 1.14 cm? ............. Larger value is control.

Agreq = 2.156 cm?® > Aspy = 1.14 cm? .. OK

~ As = 2.156cm?

Use 2 12 with Ag pro = 2.26 cm? > Agreq = 2.156 cm?.... OK.

~ Use2 912
Check for strain: (e, = 0.005)
Tension = Compression
As * fy = 085« f) x b *x a
226 * 420 = 0.85 * 28 * 520 * a

a = 7.67 mm.

x=2=25_ 902 mm.

B1  0.85

* Note: f' = 28MPa -> 3; =0.85 (ACI-318-14- table 22.2.2.4.3)

X
& =0.003  ( )
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286-9.02

=0.003 *( ) =0.092 > 0.005

“b =09 .. OK.
4-6-4-2 Design for negative moment, Mu "' = 33.5 KN.m

dMnf =2192KN.m » Mu =33.5KN.m

-~ Design as rectangular section.
Mn = Mu /d =33.5/0.9 = 37.2KN.m

d = depth — cover - diameter of stirrups — (diameter of bar/ 2)

12
= 320- 2--8 = 286 mm.

- Jy __ 420 _ 4765
0.85 f; 0.85%28

M, _ (37.2)x10%6 _
= " mrooseE = 0.874 MPa

1 2Ky *
p=ta- [1- )

- 1 (1 _ 1— 2*0.874*17.65) = 0.00212
17.65 420

Ky

Asteq = p * b xd =0.00212 * 52 *28.6 = 3.15 cm?.

!
fC 1.4

ASpin = Tfy) *b,*xd = —=xb, *xd (ACI-318-14-9.6.1.2 (a) and (b))

= V2 1204286 > L%« 120 « 286
4%420 420

= 1.08 cm? < 1.14 cm? ............. Larger value is control.
Asreq = 3.15cm? > Aspiy = 1.14 cm? ...
~ As = 3.15cm?

Use 2016 with Ag pyo = 4.02 cm? > Ag,eq = 3.15 cm?.... OK.
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~ Use2 016

Check for strain:- (e, = 0.005)
Tension = Compression

As x fy =085 f/ x b xa
315 420 = 0.85 * 28 * 520 * a

a = 10.7 mm.

* Note: f, = 28MPa > f3; = 0.85 (ACI-318-14- table 22.2.2.4.3)

X
& =0.003 * ( )

x=a/B1 =10.7/0.85=12.6 mm

316—-12.6

=0.003 * ( ) =0.0722 > 0.005
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CHAPTER 4 2017

4-6-4-3
Shear
-30.4
21.7 -24. -20.9
-15.3 -15.4
— 1 1 1 1 1
T T T T T T
6.1
10.6
20.6
27. 256
32.

Fig. (4-7): Shear Envelope for Rib (04) using Atir software.

Design for shear of rib:
Region limits:
¢*I/C=¢*%*\/E*bw*d=0.75*30.26=22.7 KN

05+xdp*xV.=05*dp=*b, *d=1287 KN

1
mind * Vy= 0.75*5*120*286 =8.58 KN

V28

fe
b *1x gbwd =0.75 = = * 120 * 286 = 45.4KN

V28
3

fe
b * 2% gbwd =0.75 * 2 * * 120 * 286 =90.8 KN

Region (I)
1 1 ,
Vu <0.50Vc = 5(075)(6) fc'.bw.d

Vu <11.35 KN

No shear reinforcement is required
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Region (II)
VU <@Ve = (0.75)(%) o' bw.d

Vu <22.7 KN

Minimum shear reinforcement is required (min & (Vs))

Av > min Av
. bw.S
min Av = —— (ACI-318-14-16.4.6.1)
3fy
d
S< E (ACI-318-14-table 9.7.6.2.2)

Region (I1I)
@(Vc) <Vu <g(Vc) + min G(Vs)

Minimum shear reinforcement is required at the value > min Vs

. bw.S
min AV =—— (ACI-318-14-16.4.6.1)
3fy
d
S< 2 (ACI-318-14-table 9.7.6.2.2)
S <60 cm

22.7< Vu <[22.7+8.58 = 31.28KN]
Max Vu of rib =30.4 KN <31.28 KN
Therefore, region (IV) and (V) is not required.

S<d/2 =286/2 =143 mm (ACI-318-14-table 9.7.6.2.2)
Select S=15¢cm <=60cm

bwxs _120%150
3fy 3%420

Min Av=

=14.29 mm? (ACI-318-14-16.4.6.1)

Select stirrups 2 legs €10 with Av= 2*78.54=157.08mm?>Min Av=14.29mm?
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4-7 DESIGN OF BEAM (B0-03):

Material:-

concrete B350 Fc' =28 N/mm?
Reinforcement Steel fy = 420 N/mm?
Two sections:-

B =80cm, B=60cm, h =52cm.

CHAPTER 4 2017

The minimum thickness of nonprestressed beams or one way slabs unless deflections are computed as

follow:

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

[ =8.53m,then
hmin = 2o = 461.1mm

l =8.17 m,then

hpin = % = 441.6mm

— Select Total depth of beam h = 52cm. ( drop beam).

The total load for the beam from load calculation as follows:

For one way Rib:
Dead Load =5.12 KN/m

Live Load =4*0.52 = 2.08 KN/m

57
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For two way Rib:

Dead Load=10.3KN/m?2

Live Load = 4 KN /m?2



STRUCTURAL ANALYSIS & DESIGN CHAPTER 4 2017

Geometry Units:meter,cm

1 2 3
1 2
—1 A — B —
07, 7.83 07, 7.47 07,
“‘ 8.53 “‘ 8.17 “‘
I I |

Fig. (4-8): Geometry of Beam (B0-03).

Loading
load group no. I
Dead load - Service Units:kN,meter
T T T T ] 22.6 22.6
351 43.3 337
104 7
8.53 3.18 ‘ 1. ‘ 3.19
I I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
142\L \\/ \\/ \‘/ \\/ \L \‘/ \\/ J/ J/17-6 117 11.7
8.53 3.18 a4 3.19
[ [

Fig. (4-9): Loading of Beam (B0-03.)
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Moment Envelope (Factored)

Units:kN,meter

CHAPTER 4 2017

Moments: spans 1to 2
-740.
-584.6 -599.2
| 249234 |
I I 1
L i 1 1 i ]
| 1.82/1.86 |
90. ‘ \ ! 81.7
469.4 4394
| 3.41 5.12 | 4.9 3.27 |

Fig. (4-10): Moment Envelope for Beam (B0-03)using Atir software.

4-7-1 Design of flexure:

4-7-1-1 Design of Positive moment:
For span (#1):
B =60cm.

,h =50cm. 0, =10mm.

Assume bar diameter @25 for main positive reinforcement.

d = depth — cover - diameter of stirrups - (diameter of bar/2 = 520 - 40-10 - - = 457.5 mm.

Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition &, = 0.004

3 3
Cmax = 7* d = 7*457.5=196mm.

Amax = P1* C paxr = 0.85 *196 = 166.6 mm

x Note: f; = 28 MPa — B1 = 0.85
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a
Mymax = 085 % f/ * b x a * (d _E)

166.6

= 0.85 * 28 166.6 * 600 * (457.5 - ) * 107% = 890.24KN.m

$ = 0.65 + 250 x (g5 — 0.002).
3

¢ = 0.65 + 250 % (0.004 — 0.002) = 0.816.
3

For span (#2):

B =80cm. ,h =50cm. 0, =10mm.

Assume bar diameter @25 for main positive reinforcement.

d = depth — cover - diameter of stirrups - (diameter of bar/2 = 520 - 40-10 - - = 457.5 mm.
Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition &5 = 0.004

C max = ; * d = ; *457.5 = 196 mm.

Amax = P1* C pax = 0.85 x196 = 166.6 mm.

x Note: f, = 28 MPa — B1 = 0.85

a
Mn,max = 0.85 * fC’ * b x q * (d — E)
166.6

— 0.85 * 28 % 166.6 * 800 * (457.5- T) « 1076 = 1186.9KN.m

$ = 0.65 + 250 x (g, — 0.002).
3

b = 0.65 + 250 % (0.004 — 0.002) = 0.816.
3
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1) Positive moment of firstspan: M,, = 439.4 KN.m
M, = 4394 KN.m < ® M, = 0.816 * 890.24 = 726.43 KN.m
~ Design the section as single reiforced concrete section.

Mn = Mu /¢ = 439.4/0.9 = 4882 KN.m.

25
d= 520-40-10- - = 457.5 mm.

_fy _ 420
m=iss f! 085+28 17.65
+106
k,=—n = 288210° _ 388 Mpg

" bxd? 600 (457.5)2

1 2k *
p=(1- /1—Tm)

- 1 (1 _ 1— 2*3.88*17.65> = 0.01
17.65 420

Asreq = pbd = 0.01 % 488.2 * 600 = 2929.2mm? = 29.29cm?

I sbxd >="xb,+d
fy

S,min = 4(fy)

= /2 L 6004575 < <% 4 600+ 457.5
4%420 420
= 8.646 cm? < 9.15cm? ... ... Larger value is control.

Asmin = 915 cm? < Agpeq =29.29cm? ... OK

o Ag = 29.29 cm?

CHAPTER 4 2017

(ACI-318-14-9.5.1.1)

(ACI-318-14.9.5.1.1)

(ACI-318-14-9.6.1.2 (a) and (b))

Take 6025 at one layer with Ay, = 29.4 cm® > Agpin = 29.29 cm? ....OK
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Check for bar spacing:

600 —40+x2—-10%2—6x*25
Sb= 5

Check for strain: (g, = 0.005)
Tension = Compression
As * fy =085 f) x b xa

2940 * 420 = 0.85 * 28 *600+* a

a = 86.47 mm.
a _ 8647 _
X = Y 101.73 mm

Note: f. = 28 MPa— B, = 0.85
£ = 0.003  (£5)

457.5—-101.73
101.73

=0.003 * (

2) Positive reinforcement of third span : M,, = 496.4 KN.m

M, =4964KN.m < ® M, =0.816*1186.9 = 968.51 KN.m

=70mm > 25mm....

ok

) =0.0105 > 0.005 - ¢ = 0.9 (T.C.5). .. OK.

~ Design the section as single reif orced concrete section.

Mn = Mu /b = 496.4/ 0.9 = 551.55KN.m.
d= 520-40-10 - 22—5= 457.5 mm.

fy 420

- 0.85f! - 0.85:28 17.65

m

k. = My _ 551.55%10°
m pxd?2  800% (457.5)2

1 2xkp*
p=—(1- /1—Tm)

= 3.29 MPa
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- 1 <1 _ 1— 2*3.29*17.65> = 0.008
17.65 420

Agreq = pbd = 0.008 * 457.5 800 = 29.28 cm?

fe

Agmin = f sbxd >=xb,*d (ACI-318-14-9.6.1.2 (a) and (b))
! 4 (fy) fy
V28

+800 * 457.5 < =2 % 800 * 457.5
4%x420 420

= 11.52cm? < 12.20 cm? ... Larger value is control.

Agmin = 12.20 cm? < Agreq = 29.28cm? ... OK

= Ag = 30.96 cm?

Take 6025 in one layer with Ag o = 29.45 cm? > Agreq = 29.28cm? ....0OK

Check for bar spacing:

800—40%2—10+2—7+25
Sy = . = 87.5mm > 25mm ....ok

Check for strain: (g, = 0.005)
Tension = Compression
As * fy =085 f) x b xa

2945 % 420 = 0.85 * 28 x800 * a

a = 64.96 mm.
x = ﬁi =22 = 76.42 mm Note: f/= 28 MPa— , = 0.85 (ACI-318-14- table 22.2.2.4.3)
A

£ = 0.003 (=)

457.5—-76.42
76.42

= 0.003 + ( ) =.0149 >0.005 = ¢ = 0.9 (T.C.5). .. OK.
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4-7-1-2 Design of negative moment:
1) Negative momenton at support (2)M,, = —599.2KN.m
M, = —-599.2KN.m < ® M, = 0.816 * 814.44 = 664.58 KN.m

~ Design the section as single reiforced concrete section.
d = depth — cover - diameter of stirrups - (diameter of bar/2) =520 - 40-10 - - = 457.5 mm.

Mn = Mu/d = 599.2/0.9 = 665.78 KN.m.

fy 420

m=—2_= =17.65
0.85 f, 0.85%28

M 665.78%10°
R, =—L = = 5.30 MPa
m pxd?  600% (457.5)2

=11 _ [1_ZBum,_ 1 _ |4 _27530+1765) _
e N )17.65(1 e ) 0.0144

Asroq = pbd = 0.0144 * 80 * 457.5 = 39.53 cm?

fe
Asmin = f sbxd >"xb,*d (ACI-318-14-9.6.1.2 (a) and (b))
' 4(fy) fy

=28 L 600 %4575 < 1%, 600 +457.5

T 4+420

= 8.64cm? < 9.15cm? ... Larger value is control.

Asmin = 915 cm? < Agreq = 39.53cm? ... OK

~ Ag = 39.53cm?

Take 9925 in one layer with Ag o = 44.1cm? > Agyeq = 39.53cm? ... OK

Check for bar spacing:

_600—-40%2—-10%2—-8%25

Sy 7 = 42.86mm > 25mm ....o0k
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Check for strain: (g, = 0.005)
Tension = Compression
As x fy =085 f/ x b xa

4410 * 420 = 0.85 * 28 x 600 * a

a=129.71 mm.
x = Bi = 2270 = 150.25mm* Note: f; =28 MPa— ; = 0.85 (ACI-318-14- table 22.2.2.4.3)
1 .

£ = 0.003 * (=5)

437.5—-150.25

= 0.003 » ( 150.25

) =0.0061 > 0.005 = ¢ = 0.9 (T.C.S5). ... OK.

Design shear categories

Shear

-460.1
-385.7

-242.7
-197.

209.8
273.

365.6
411.3

Fig. (4-11): Shear Envelope for Beam (B0-03) using Atir software.
1. Region (I)
0.58(Vc) >Vu

No shear reinforcement is required (beams)
No minimum shear reinforcement is required
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2. Region (II)

0.5(Ve) <Vu < J(Vc)
Minimum shear reinforcement is required for beams (min J(Vs))
For slabs and footings, no shear reinforcement is required

3. Region (I1I)

(Vc) <Vu <gVe) + min G(Vs)
Minimum shear reinforcement is required for beams and slabs

4. Region (IV)

BGVC) +min B(Vs) <Vu < BVc) + @% fo" bw.d

d
Smax < E (ACI1-318-14-table 9.7.6.2.2)

Smax <60 cm
Required shear reinforcement (Vs)

5. Region (V)

@(\/c)+®%«/fc'.bw.d <Vu S@(\/c)+@§ o bw.d

d
S max < " (ACI-318-14-table 9.7.6.2.2)

Required shear reinforcement (Vs)
6. Region (VI)
2 ]
Vu > J(Ve) + @5 fc".bw.d

The section must be changed for a greater select
For span (1), b=60cm

Critical section at distance d = 437.5 mm from the face of support. Vo may = 245.2 KN

Design shear parameters
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¢+ V=075 (3)* I xdxb, = 075+ (3) V28 + 457.5 + 600 = 1815 KN

1

(G)o*Ve=(5)*0.75%(3) «y/f * d by = (3) * 075+ (3) V28 + 457.5 + 600 = 90.78 KN
ming +V; = 0.75 + (3) ¥ d by, = 0.75 + (3) x 457.5 + 600 = 68.625 KN
¢+ (5)*V2Bxdxb, = 075+ (5) * V28 457.5 + 600 = 363.13 KN

¢+ (%) +V2Bxdxb, = 075+ (2) + V28 + 457.5 x 600 = 726,258 KN

Region (I)
1 1 ,
Vu <0.50Vc = 2 (0'75)(6) fc".bw.d

Vu <90.78 KN
No shear reinforcement is required

Region (II)
1 ]
Vu<dVc = (0'75)(5) fc'.bw.d

Vu <181.5 KN

Minimum shear reinforcement is required (min(Vs))

Av >min Av
. bw.S
min Av =—— (ACI-318-14-16.4.6.1)
3fy
d
Smax = (E) =228cm (ACI-318-14-table 9.7.6.2.2)

Select S =20 cm

600%200

min 4, = ( 3%420

) = 95.23 mm?

Use stirrups 2 legs $10 with A, = 158 mm? > 95.23mm?
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Region (I1I)

(Vc) <Vu < d(Ve) + min G(Vs)

Minimum shear reinforcement is required at the value > min Vs
181.5 < Vu < [181.5+68.625= 250.125KN]

reqdxV; =V, —d =1, (ACI-318-14-22.5.10.1)
reqd * V, = 250.125 — 181.5 = 68.625 KN

_ (D Avfy=d
Sreq = (q)—v) (ACI-318-14-22.5.10.5.3)

Select stirrups 2 legs $10 with A, = 158 mm?

S (0.75*158*420*457.5
req — 68.625%103

) =331.8mm = 33.18 cm

Select S =20 cm

Smax < (5) = 228 em (ACI-318-14-table 9.7.6.2.2)

Select S = 20cm < 22.8cm

Region (IV)
BG(VC) + min B(Vs) <Vu < BVc) + @% fo" bw.d

Required shear reinforcement (Vs) (ACI-318-14-22.5.10.1)
250.125KN< Vu <[181.5+363.13 = 544.63KN]
reqd*Vo =V, — =1

reqd * V; = 385.7 — 181.5 = 204.2 KN

_ (D Apxfyxd
Sreq = (q)—v) (ACI-318-14-22.5.10.5.3)

Select stirrups 2 legs $10 with A, = 158 mm?
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— (0.75*158*420*457.5
req — 204.2%103

) = 111.5mm = 11.15¢m

Select S=10cm < Spqx < (5) = 228¢m (ACI-318-14-table 9.7.6.2.2)

Vimax = 385.7 KN < 520.881KN so region (V) is not required

For span (2&3), b=80cm

Critical section at distance d = 437.5 mm from the face of support. Vy, q, = 475KN

Design shear parameters

1 1
¢*1/C=0.75*<g)*\/ﬁ*d*bwz 0.75*(6)*\/2_8*457.5*800=242.08KN

(G) o Ve=(5) 075 (3) «y/f x d by, = (3) * 075« (3) » V28 + 457.5 + 800 = 121.04 KN

. 1 1
ming +V; = 0.75 (3) xd b, = 0.75 (3) «457.5 + 800 = 91.5 KN
1 1
b * (5) *\/28 xd * b, = 0.75 * (5) * /28 * 457.5 800 = 484.17 KN
2 2
o+ (2)+ V2B xdxb, = 075+ (2) + V28 + 437.5 « 800 = 968.345 KN
Region (I)
1 1, —
VU <05@Ve == (0.75)( )/ fo" bwd

Vu <121.04 KN

No shear reinforcement is required

Region (II)
l ]
Vu<gNVe = (0.75)(8) fc".bw.d

Vu <242.08 KN

Minimum shear reinforcement is required (minJ(Vs))
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Av > min Av

min Av:bW—'S
3

Smax < (5) = 22.8 cm

Select S =20 cm

800%200
3%420

min 4, = ( ) = 129.98 mm?

Use stirrups 2 legs $10 with 4, = 158 mm? > 129.98mm?

Region (I1I)

JVe) <Vu < g(Ve) + min G(Vs)

Minimum shear reinforcement is required at the value > min Vs

242.08< Vu < [242.08+91.5 = 333.58KN]

reqp Vs =V, — b1,
reqd  V, = 333.58 — 242.08 = 91.5 KN

g = (222)

Select stirrups 2 legs $10 with A4, = 158 mm?

s = (0.75*158*420*457.5
req — 91.5%103

) = 248.85 mm = 24.85cm

SelectS=20cm < Spax < (g) =22.8cm

Region (IV)

B(VE) + min B(Vs) <Vu < BVc) + @% o' bw.d
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Required shear reinforcement (Vs)
333.58KN< Vu <[242.08+484.17 = 743.02KN]
reqbxV, =V, — d * V. (ACI-318-14-22.5.10.1)

reqd =V, = 385.7 — 242.08 = 143.62 KN

_ (bAvfy+a
Sreq = (q)—v) (ACI-318-14-22.5.10.5.3)

Select stirrups 2 legs $10 with A, = 158 mm?

S (0.75*158*420*457.5
req — 143.62%103

) = 158.54 mm = 15.85¢m

Select S =15cm < Spay < (5) = 22.8 cm (ACI-318-14-table 9.7.6.2.2)

Viimax = 385.7 KN < 743.02 KN so region (V) is not required

4-8 POST TENSION SLAB DESIGN:

Material:

Weight of concrete = 25 KN/m”3

Fc'=28Mpa Fci'=21Mpa FY=420Mpa
Post tension diameter =15,7mm =0.6in

Wire strand area=0.153in"2=1cm"2

Fpu=1860Mpa

Fpy=1580

F prestressed =0.8*F

=1488Mpa

Assume losses=15 Ksi*6.895=103N/strand
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4-8-1 Dead loads:
Concrete=25*0.26*1*1=6.5KN
Plaster=22*0.02*1*1=0.44KN
Tiles=23*0.03*1*1=0.7KN
Mortar=22*0.02*1*1=0.44KN

Sand=16*0.07*1*1=1.12KN
Partitions=1*1*1=1KN
Y dead loads=10KN/m"2
4-8-2 by ultimate design method
Qu=1.2D+1.6L=1.2*10+1.6*4=18.4KN/m"2 (ACI-318-14 table 5.3.1)
Tension force:
Fse=0.8*Fpu-losses=0.8*1860-103=1385N/mm”"2=1385KN/cm"2
Fse=120KN/strand=120 ton/strand
Slab thickness:
H=long span/40
16.8/40=42cm
Select h=45 cm
4-8-3Get allowable stress:
Compression allowable at initial state:

=0.6*fci'=0.6*21 (ACI-318-14 table 24.5.4.1)

=12.6Mpa
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Tension allowable at initial state:
=0.25(fci") %0.5
=0.25*(21) #0.5=1.146Mpa
Tension allowable at service state:
=0.5*%(28) 0.5
=2.65Mpa
P allowable at service state:
=0.45*fc’
=0.45*28=12.6Mpa
Now we need to get W balance:
W balance=0.75*WD*width
=0.75*(0.45*25)*width
=0.75*0.45*25*1=8.43KN/m"2
4-8-4 Post tension force:
P=Wq*1"2/8
E max. = 225-2=20.5 cm
P =8.43*10.3"2/8=546KN
No. of strands=546/218=2.5 strands

Take 3 trends
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Fig. (4-13) Top Reinforced for post tension.
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Fig. (4-15) Moment diagram in one of

tendon.
Fig. (4-14) Post tension details.
4-9 DESIGN OF TWO WAY RIBBED SLAB (R0-01)
4-9-1 Minimum thickness for ribbed slab h= 35 cm
Check for the minimum thickness of the slab:
For beams that have a rectangular section of 80 cm width and 32 cm depth:
; bxh® 0.80%0.323 218 % 10-3
= = = 4. *
T 12 m
For beams that have a rectangular section of 60 cm width and 32 cm depth:
b*h® 0.60%*0.323
= =1.64%103m*

L., =
b2 12 12
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-The moment of inertia for the ribbed slab:

40%8%4+32%12%16
= — 222 = 10.54 cm
40%8+32%12

3 3 3
Lip = 052+ 257 — 04+ 227 4012 222 = 5,96 10~ *m*

.

BEO—0&

Fig. (4-16): Two way ribbed slab.

Short directionl = 6.21m = 621 cm

Lip* G +by)  596%107« (22 +0.6)
s1= ——— =

= 4.24+107°
by 0.52 *

_lp_ 1642103
1T T 424%103
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Long directionl = 7.6 m = 760cm

Lip * (é +by,) B 5.96 x 10™% x (% + 0.6)

I, = =5.04%1073
2 by 0.52 "
I, 146 027
Y2= 1 T504
l
Leip * G +byw) 596107« (3.8 + 0.8) s
I3 = = =527%10
by 0.52
I, 218 _ 041
T T527
Uy, = 0.386+0.386+0.27+0.41 = 0.363 < 2.0
4
The minimum slab thickness will be:
fy 420
L,(0.84+—— 7.6%(0.84+——
0850 _ O3 1400 — 0.226m (ACI-318-14-table8.3.1.2)

© 36+58(am=02)  36+5++(0.363-0.2)

h=32cm> 22.6cm — OK
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Take slab thickness

hgap = 32cm, 8 cm Topping , 24cm Concrete Block

Fig. (4-17): Typical section in ribbed slab.

4-9-2 LLoad calculation:

For the two-way ribbed slabs, the total dead load was used in the analysis and design was calculated as

follows:

toel Bar's —

Mollow Block { 27em )

Fig. (4-18): Two way ribbed slab

78



STRUCTURAL ANALYSIS & DESIGN

CHAPTER 4 2017

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

Material

Quiality Density

(KN/m?)

W = y * V(KN)

Tiles 23 23 % 0.03 x0.52x0.52=0.186
Mortar 22 22 x 0.02 x0.52x0.52 =0.119
Sand 16 16 x 0.07 x0.52 x0.52 = 0.303
Topping 25 25% 0.08 x0.52 x0.52 =0.541
Concrete Rib 25 25> 0.24 X0.12 x(0.52+0.4) = 0.662
Concrete Block 15 15% 0.24 *X0.4x0.4=0.576
Plaster 22 22 % 0.02 x0.52x0.52=0.119
Partition = 1 1%0.52%0.52 =0.27
KN/m?

Dead Load of slab:

pL=—277° __ 103 KN/m®

0.52 * 0.52

wp = 1.2%10.3 = 12.36 KN/m?>

LL =4 KN/m?

w, = 1.6 x5 = 6.4 KN/m*

w = 1236 + 6.4 = 18.76 KN /m?

(ACI-318-14-table8.3.1.2)

(ACI-318-14-table5.3.1)
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4-9-3 Moments calculations:

Ma = Cawla’bf and Mb = Chwlb?bf

M
—
40cm

2
12cm

40cm

40cm 40cm
12cm

Fig. (4-19): Two way ribbed slab

-Negative moment
Caneg = 0.071

Chmeg = 0.029

Mgpneg = (0.071+18.76 + 6.21%) x 0.52 = 51.36 KN.m
Mppneg = (0.029 + 18.76 « 7.6%) « 0.52 = 31.42 KN.m

-Positive moment
Cappos = 0.039

Coppos = 0.016

Caspos = 0.048
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CpLpos = 0.02
Mg posar+iy = (0.039 % 12.36 * 6.21° + 0.048 6.4 * 6.21%) x 0.52 = 15.83 KN.m

My pos,ar+iry = (0.016 x 12.36 x 7.6 + 0.02 x 6.4  7.6%) x 0.52 = 9. 78 KN.m

Design of positive moment
Short direction (Mu = 15.83 KN.m)
bf =520 mm

Assume bar diameter ¢ 14 for main positive reinforcement.

. d, 14
d = h— cover — dstirrups — 5 = 320-20—-10— 5 = 283 mm.

R — M,  15.83x10° _ 183 MP

"= Obd?  0.9x120 x 2832 a
420

m 1y =17.65

T 0.85fc 0.85+28

1 2mR,\_ 1 _ _ 2x17.65x1.83 )
p= ;(1 - 11— W) = 1768 (1 \/1 —420 ) = 0.00454

As = p.b.d = 0.00454 x 120 x 283 = 154.14 mm?
Check for As, min..

As,min = 0. ZS‘CFEbW xd > %bw *d (ACI-318-14-9.6.1.2(a)
y y

and (b))

As,min = 0.25 *g‘: 120 x 283 = 107 mm?

As, min = % ¥ 120 x 283 = 113.2 mm? ..... Control.

As,required = 154.14 mm? > As,min = 113.2 mm? (0K)
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Use 20812 with As = 226 mm? > As,required = 154.14 mm?
Check for strain:
(g5 = 0.005) (AC1-318-14-21.2.2)
Tension = Compression

As x fy = 0.85 * fL. + b * a (ACI-318-14-22.8.3.2)
226 * 420 = 0.85 * 28 = 120+ a

a =33.23mm

a _3323 P
X = E =085 — 39.1mm (ACI 318-14 22.2.2.4.1)
d—x
£,=0.003 * ( )
283-39.1

=0.003 x )=0.019 >0.005 = ¢ =0.9 .. OK.

39.1
Design for Discontinuous edge

1 1
As = 3 Agpos = 3 * 226 mm? = 75.33 mm? < As,min = 113.2 mm?

Provide As, min = 113.2 mm?

__As 132
"= Asep12 T 1131

Use 20 12, Top .. with As = 226.2 mm?
Long direction (Mu =9.78 KN.m)
bf =520 mm
Assume bar diameter ¢ 14 for main positive reinforcement.
d = h— cover — dstirrups — % =320—-20-10 - % = 283 mm.
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M, 9.78 x 10°

R — - = 1.13 MP
"= BbdZ T 0.9 x 120 x 2832 @
fy 420
Mm=085fc 085+28
1 2mR,\ _ 1 [ 2x17.65x113) _
p= Z(l AT 420 ) ~ 1765 (1 \/1 420 ) = 0.00276

As = p.b.d =0.00276 x 120 x 283 = 93.65 mm?

Check for As, min..

As,min = 0. szfﬁbw sd > %bw «d (ACI 318-14-9.6.1.2(a) and
y y
(b))

As,min = 0.25 *g 120 x 283 = 107 mm?

As, min = % %120 x 283 = 113.2 mm? ..... Control.

2 2

As, required =93.65 mm*~ < As,min=113.2 mm

As,required = As,min = 113.2 mm?

Use 20012, with As = 226.2 mm? > As,required = 113.2 mm?

Check for strain:
(85 = 0.005) (ACI-318-14-table21.2.2)
Tension = Compression

As = fy = 0.85 x f. x b x a (ACI-318-13-
22.8.3.2)

226.2 % 420 = 0.85 * 28 * 120* a
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a =33.26 mm

a _3323 _
X = E = o8 = 39.1mm (ACI-318-14-22.2.2.4.1)

d
£ = 0.003 * (

283-39.1
39.1

=0.003 x )=0.019 >0.005 = ¢ =0.9 ... OK.

Design for Discontinuous edge

1 1
A =3 Agpos = 3 * 226.2 mm? = 75.4 mm? < As, min = 113.2 mm?

Provide 4s, min = 113.2 mm?

__As 132
" Asp12 T 113

Use 20 12, Top .. with As = 226 mm?
Design of negative moment

Short direction (Mu = 51.36 KN.m)

bf =520 mm

Assume bar diameter ¢ 14 for main positive reinforcement.

. d, 14
d = h— cover — dstirrups — - = 320-20—-10 —— = 283 mm.

2
R = M,  51.36x10° 5 94 MP
"= Obd?  0.9x120 x 2832 > a
420
m 1y =17.65

~0.85fc  0.85+28
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1 2.mR 1 2x17.65x5.94
p m<1 1 420 ) 17.65 (1 \/1 420 ) 0.01:°

As = p.b.d =0.016 x 120 X 283 = 492.42 mm?

Check for As, min..

As;min = 0.25%%p vd> b, «d
fy fy

(b))

As,min = 0.25 *g 120 x 283 = 107 mm?

As,min = % %120 X 283 = 113.2 mm? ..... Control.

As, required = 492.42 mm? > As,min = 113.2mm? (0K)
Use 2018, with As = ¢ +A mm? > As,required = 492.42 mm?
Check for strain:
(g5 > 0.005)
Tension = Compression

As « fy = 0.85 * f. * b x a
508 x 420 = 0.85 * 28+ 120 * a

a=74.7mm

a _ 747

x=E—E=87.9mm
d—x
£ = 0.003 x (—)
_ 283-87.9\ _ L
=0.003 + (-272) = 0.006 >0.005 = ¢ =0.9 .. OK.

Design of negative moment
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Short direction (Mu = 31.42 KN.m)
bf =520 mm

Assume bar diameter ¢ 14 for main positive reinforcement.

d = h— cover — dstirrups — % =320—-20—-10 - % = 283 mm.

R = M,  31.42x10° 363 MP
"= ObdZ 0.9 x120x 2832 ° a
420

m=_JY —17.65

T0.85fc 0.85+28

1 2mR,\ _ 1 [y 2x17.65x3.63\ _
p= Z(l ~J1" a0 > ~ 1765 (1 \/1 420 ) = 0.0094

As = p.b.d =0.0094 x 120 x 283 = 320.146 mm?

Check for As, min..

As,min = O.ZSwa*d >12p,+d
y

y

As,min = 0.25 *g 120 x 283 = 107 mm?

As, min = % %120 x 283 = 113.2 mm? ..... Control.

As,required = 320.146 mm? > As,min = 113.2mm? (0K)

Use 20016, with As=YY+,V¢1 mm? > As,required = 402 mm?

Check for strain:

(g5 = 0.005)

86
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Tension = Compression
As « fy = 0.85 « f. « b x a
402+« 420 = 0.85 * 28+ 120+ a

a =59.12mm

a _5912 _ 21214
X = ek T 69.55 mm (ACI-318-14-22.2.2.4.1)

d
g5 = 0.003 * (

283-69.55

=0.003*( >

)=0.009 >0.005 ¢ =0.9 .. OK.

4-9-4 Check shear strength:
w,=0.71
Short direction

0.52
Au, = 18.76 ¥6.21 7.6 x 0.71 x 0.5 * 76 21.50 KN

Vu= Au, —Wx*0.52xd = 21.50 —18.76 x0.52 « 0.283 = 18.74 KN

0.75 0.75
*Jfc«sbwxd=1.1+%

PxVe= 1.1+ * V28 %120 * 283 = 24.7 KN

Case 1l
1
Vu< * dxV,
V,=18.74 KN > %* ¢*V,=12.35KN ... Not OK

Case 2

1
E*cl)*vc < Vu< Cl)*Vc
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1
5*0*Ve=1235KN <V, =18.74KN < $ »V, = 24.7KN - OK

No shear reinforcement is required

4-10 DESIGN OF COLUMN (5):

Material:
f) = 28 MPa
F, = 420 MPa

The Column is an interior one.
DL = 3200KN

LL = 725KN
Pu=12DL+1.6LL

Pu = 1.2(3200) +1.6(725)

Pu = 5000KN4-10-1 Check for slenderness:-

<34 — 123y <40

M
r M2

*M1 — 1braced frame with M,;,,

K=1 for column (pin-pin)

Ll <34-12=22<40

kl x4, . .
kKin— 5 _ 35,55 > 22 Column is long about x-axis
Tx 0.3%¥0.45

kin _ 1x4.5
ry  03%0.8

=18.75 < 22 Column is short about y-axis

Nominal axial strenght of column Pn = Pny

38
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4-10-2 Calculate the minimum eccentricity e;,;zand the minimum moment M,,;,
eYmin= (15+0.03h) = 15+0.03*450 = 28.5 mm

Pu]cactored = 5000KN.

M= Pu*ey,;,= 5000% 22> =142 5KN.

1000

4-10-3 Compute EI

bh® _ 800 * 4503

I, = =6.1*10°mm*

g 12 12
_ 12D (sustaind) 1.2+3200 0.768
Pas =—Top+16L ~ 5000

1+Bans 1+0.768

4-10-4 Determine the Euler buckling load, P_:

mw2El _ m%x34.5

Fe = (k)2 ~ (1%4.5)2

= 16.815MN (ACI-318-14-6.6.4.4.2)

4-10-5 Calculate the moment magnifier factor 6, :

C, =06+ 0.4% =06+04x1=1>04 (ACI-318-14 6.6453(a))
2
Cm 1
Ons=—F— = so50— = 1.65 (ACI-318-14-6.6.4.5.2)
0.75P¢ 0.75%16.815

1.4< 1.651....NOT OK
S, = 1.4
The magnified eccentricity and moment:

€ =emin * Ons = 28.5x1.4 =399 mm

My = 8ps * My, = 1.4 % 142.5 = 199.5 KN.m (ACI-318-14-6.6.4.5.1)

4-10-6 Select column reinforcement
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We will use the tide column interaction diagrams

ey_39.9_0088
h 450

Compute ratio y

_d—d 450 —2%40—2+10— 20

A 250 = 0.733

14

OR, _ P _5000+102
4, A, 045.08 _ >8Mn/m

py = 0.0135

~Select reinforcement

0As: = pgAg = 0.0135 = 450 = 800 = 4860mm?
A;020 = 314.16 mm?

As

= 15.47
A;820

Use 16020withA; = 5026.56mm? > 3600mm? ok

Select 16020

Detafling Of Colums HNo.

()

c0l(2,21,31,32)

45

CHAPTER 4 2017

Fig. (4-20) Detailing of Column no. (5).
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4-11 DESIGN OF STAIRS:

4-11-1 Design of Stairs#1

Fy=420 Mpa
Fc=28MPa

4-11-1-1 Determination of Slab Thickness:
hmin= L/20 (ACI1-318-14-table7.3.1.1)
L=3.8m.
hreq = 3.8/ 20 = 19
Take h=20 cm.

= Useh=20cm.

0 = tan"}(15/ 30) = 26.56

Cos 6=0.894

4-11-1-2 Load Calculations at section :

Load on Flight:

Dead Load:
For 1m strip:

Flight = (25*0.2)/ (C0s26.56) = 5.59 KN/m.

Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.

Vertical Mortar = 0.03*22*0.15/0.3 = 0.33 KN/ m.

91
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Plaster = (0.02*22)/ (Cos 26.56) = 0.492 KN/ m.
Horizontal tiles =23*0.04*(0.33/0.3) = 1.012 KN / m.
Vertical tiles =22*0.03*(0.15/0.3) =0.33 KN/m
Triangle = 25*%0.15*1*0.5 = 1.875 KN/m
Total dead load =10.289 KN/ m.

Live load:
Live load for stairs =4 KN/ m?,
Factor Loads:
Qu=1.2*10.289+1.6*4 = 18.75 KN/m. (ACI-318-14-table5.3.1)
Au =18.75*3*0.5 = 28.12 KN
Max Vu =28.12*c0s26.56 = 25.16 KN

Max Mu =28.12*(0.4+1.5)-18.75*1.5*0.75=32.33 KN.m

4-11-1-3 Design of Shear:
Assume @ 12 for main reinforcement:-
So, d =200-20 -12\2 = 174 mm

Vu =25.16 KN.
f.'*b, *d
WC:NTG ’

~ 0.75*/28*1000*174
6

gvc =115.1KN

Vu = 25.16 KN<gvc = 115.1 KN.

No shear Reinforcement is required. Therefore, the depth of the stair is OK.
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4-11-1-4 Design of Bending Moment:
Max Mu = 32kN.m
Mn =Mu /0.9 =32.33/0.9 = 35.92KN.m.

K, = an
b-d

_35.92*10°
" 1000*174%

__
0.85x fc

=1.186MPa .

420
m =——— =
0.85%x 28

2mk * *
/O=1 1- [1- nl = 1 1—\/1—2 17.651.186 =0.0029
m f 17.65 420

y

17.65

As,., = 0.0029*1000*174 = 504.6 mm?

As,. =0.0018*b*h =0.0018*1000* 20 = 360mm
As, .= 360mm< As,.. = 504.6 mm?

Use ® 12@ 20 cm

As provided =565.7 mm?>As req.

Check Strain:

T=C

As*fy = 0.85* f_'*b*a

420*565.7 = 0.85*28*1000*a

a=9.98 mm
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x=11.75 mm
€s=0.0414 >0.005

So ¢=0.9

5 -Lateral reinforcement:
As min = 3.6 cm?

Use ®10 @ 10 cm

As =3.9cm?m

4-11-1-5 Design of landing:

- Load on landing:

Dead Load:
Tiles = 0.03*23*1 = 0.69 KN/m.
Mortar = 0.02*22*1= 0.44 KN/ m.
Plaster = 0.02*22*1 = 0.44 KN/ m.
Slab = 0.2 *25*1 =5 KN/ m.

Sand = 16*0.07*1=1.12 KN/m

Total dead load =7.6 KN/ m.
Live load:
Live load for stairs = 4 KN/ m.

Qu=1.2*7.6+1.6*4=15.52 KN/m.
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4-11-1-6 Design of Shear:

Vu = 21.73-15.52*0.274=17.5KN.

Wczqéﬁgbw*d

_0.75*/28*1000*174
6

AVC =115.1KN

Vu =17.5 KN<<gVvc = 115.1 KN.

No shear Reinforcement is required. Therefore, the depth of the stair is OK.

4-11-1-7 Design of Bending Moment:
Qu =15.52+28.12=43.64KN

Vu max =61.1-43.64*0.274=49.14KN
Mu=42.77KN.m

d=174mm.

M = Mn
b-d?

 42.77*10°/0.9

. —~ —157MPa .
1000*174

m=fy/0.28*fc|

420

=———=17.65
0.85x 28
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P Py L P 1_\/1_ 2*17.65*1.57 | _ 1 o4
m f, 17.65 420

AS,, = 0.004*1000*174 = 6.96 cm?

As,..=0.0018*b*h =0.0018*100*20 = 3.65cm2
As,;, = 3.6cm? < As . = 6.96 cm?
Use @ 12\15cm
As =7.53 cm? /m
Check Strain:
T=C
As*fy = 0.85* f."*b*a
753*420 = 0.85*28*1000*a
a=13.29 mm
x=15.63 mm
€s=0.0304 > 0.005

So $=0.9
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4-11-2 Design of Stair#2

Fy=420 Mpa
Fc=28MPa

4-11-2-1 Determination of Slab Thickness:
hmin= L/20
L=7.5m.

Take h=38 cm.

Fig. (4-22)Stairs#2.
0 = tan’}(18.7/ 30) = 32

Cos 6 =10.848

= 4-11-2-2 Load Calculations at section :

Load on Flight:

Dead Load:

For 1m strip:
Flight = (25*0.38)/ (C0s32) = 11.2 KN/m.
Horizontal Mortar = 0.03*22= 0.7 KN/ m.

Vertical Mortar = 0.03*22*0.1875/0.3

=0.413 KN/ m.

4008 33000 0.3000 3.3000 4008

Fig. (4-23) loading of Stairs#2.

Plaster = (0.02*22)/ (Cos 32) =0.519KN/m
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Horizontal tiles =23*0.04*(0.33/0.3) = 1.012 KN / m.
Vertical tiles =23*0.03*(0.1875/0.3) =0.413 KN/m

Triangle = 25*%0.1875*1*0.5 = 2.34 KN/m

Total dead load =16.9 KN/ m.
Live load:

Live load for stairs =4 KN/ m?,

Qu=1.2*116.9+1.6*4 = 26.63 KN/m.

Au = 26.63*7.50*0.5 = 100 KN

Max Vu =100 KN

Max Mu =100*4.15-26.63*7.50/2* (7.5/4+0.4)=187.8 KN.m

4-11-2-3 Design of Shear:
Assume @ 20 for main reinforcement:-
So, d = 380-20 -20 = 340 mm

Vu =100 KN.

WC:@

~ 0.75*+/28*1000* 340
6

gvc = 2249KN

Vu =100 KN<g¢Vc = 224 9KN.

CHAPTER 4 2017

No shear Reinforcement is required. Therefore, the depth of the stair is OK.
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4-11-2-4 Design of Bending Moment:

Max Mu = 187.8kN.m

K, = an
b-d

* 6
K :187.7 10 /0'9:1.8MPa .

" 1000* 3402

__
0.85x fc'

420
0.85x 28

* *
p=%(1— B 2mknj 1 (1_\/1_Mj=o,oo446

=17.65

f | 1765 420

y

AS,., = 0.00446*1000*34 = 15.2 cm?

As,. =0.0018*b*h =0.0018*1000*38=6.84 cm?
As,; = 6.84 cm’<As = 15.2 cm?

Use ® 16@ 15cm

As provided =16.08 cm?>As req=15.2.
Check Strain:

T=C

As*fy = 0.85* f '*b*a

420*1608 = 0.85*28*1000*a

a=28.3 mm
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Xx=33 mm

€s=10.0279 >0.005

So 4=0.9

5 -Lateral reinforcement:
As min = 6.84cm?

Use ®12 @ 15¢cm

As = 7.54 cm?m

4-12 DESIGN OF BASEMENT WALL (BW1)

4-12-1 Load calculation:

28 MPa 420 MPa 18 KN/m?® 260 KN/m? 20

Ko =1 —sing = 1 —sin20 = 0.658

eo = Ko *h*y=0.658+4.5+18 = 53.3 KN/m s

Eg=0.5*53.3*4.5=78.75 KN

4,50
410

Z Z Pa= 532.3KN/m

Fig. (4-24): Loads on Basement wall (BW1).
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4-12-2 Support reaction:

2625 KN —» = B

525KN —p

A

4.50

52.5KN

26.25 KN

2.50

CHAPTER 4 2017

26.25KN

Fig. (4-25): Envelope diagram of Basement Wall.

MRA =0
78.75*45/3-B*4.5=0
B=26.25KN

MRB=0

78.715*45*2 [3 - A*45=0
A=525KN

Max V =52.5 KN

Max M at V=0

V=zero at Y=?
53.3/45=P(Y) Y

P(Y) = 11.84Y
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26.26 -11.84*Y*(Y/2) =0

V=0

Y=2.00 m

Max M = 26.25* 2.00 — 0.5 * 11.84*2.00 * 2.00/3 = 44.6 KN.m
Pu=is relative low

Design as a slab with b=1m

Vu =1.6*52.5=84 KN

Mu=1.6*44.6=71.36 KN.m

4-12-3 Design of Shear:
h=30cm
d= 300-20-14 =266mm

Vu max =84 KN

28
6

® Ve =0.75x% x1000x266=175.94KN >> Vu max = 84KN

NOTE: Vu is not measured at the critical section.

4-12-4 Design of Bending Moment:
*Tension face:

M, = 71.36 KN.m/m

k = Mn
b-d?
*1 N6
k = 71.36*10 =1.12MPa .

" 0.9*%1000*266°

o fy 420 176
T 0.85%f,  0.85%28

m
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1 ka * *
p=_£1 a nJ_i(l Jl_wjzo,oom
m fy 17.6 420

As req = 0.002734*100*26.6= 727cm2/m

As min =0.0012 *100*30=3.6 cm?/m
Use ®14 @20cm, with A provigea =77 CM?/M

*Vertical reinforcement of compression face:
As min = ASreq/3 =7.27/3= 2.423 cm?/m

Use ®10 @20cm, with A proviged = 5. 2CM4/m

*x horizontal reinforcement:
for two layers ...As min — 0.002bh = 0.002 * 300 * 1000 = 600 mm?/m.

for one layer ...As req — 600/2 = 300 mm?/m.

Use 10 @20cm, with A 4vigea = 251mm?/m ... In both sides.

NOTE: the structural system for this basement wall assumes as pin and roller supports, so must be
connected with slab before put a backfill.
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4-13 DESIGN OF SHEAR WALL (W1)

197.528 T
4500

29046 2373

4.50m|

1933.24 27254

FELAT 30.31

452007 Hags

ISET 4 FaE3E

430

TITTEE 44351

AITIAE
morent Shear

Dlagram Dlagram —43ln
Fig. (4-26): Shear &@ Moment Diagram for Shear Wall.

Material and Sections (From Shear Wall 2)
Concrete B350 Fc' =28 N/Mm?
Reinforcement Steel Fy = 420 N/Mm?
Shear Wall Thickness ~ H=30Cm
Shear Wall Width Lw=45M

Shear Wall Height Hw = 4.5m
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4-13-1 Design of Horizontal Reinforcement
D Fx=Vu=44351KN

The Critical Section Is The Smaller of:

2 2
hw_ 315 _1575m
2 2

storyheigh(Hw) = 4.5m........ Control

d =0.8xLw=0.8x4.5=3.60m

5
(Z)Vnmax = Qg\/th

=0.75% 0.83 * V28 * 300 * 3600 = 3557.48 KN >, = 443.51 KN .....

V. Is The Smallest of:

1-V, = % f.'hd = gm * 300 * 3600 = 952.47 KN ........ Control

2— V. =027/f'hd + ’Z%d = 0.27v/28 * 300 * 3600 + 0 = 1543.00 KN

N
Ly(0.1/for+0.2—%
3— V., =[0.05/f. + ( T ) hd

Vu 2

21099.6 — 16339.4 My — 16339.4
3.95 ~ 3.95-—134

= My = 16.881 Kn.M

My v 1688 25 _ _523<0.00 ... Neglected
Vu 2 1205.1 2

Vu =443.51 KN
105

(ACI1.318.14.11.5.4.3)

(AC1.318.14.22.5.5.1)

(AC1.318.14 table11.5.4.6 (D))

(Aci.318.14.table 11.5.4.6(E))

(Aci.318.14.table14.5.4.1 (A))
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@*Vc =0.75*952.47 = 714.35 KN

J fc' \28
Vs, Min= 16 *Bw*p= 16 *300*3600=357.17 KN ... Control (Aci.318.14.9.6.3.3)
1 1

Vs, Min= 3*Bw*D = 3 *300* 3600 =360 Kn Aci.318.14.9.6.3.3
@ *(Vc + Vs, Min) = 0.75%(952.47 + 357.17) = 982.23 KN

Case 3:-

@*Vc =714.35 Kn >Vu =443.51 Kn < @ *(Vc + Vs,Min) = 982.23

Aon _ Vsmin _ 357174107 _ ) 5300 AGi 31814.11.5.4.8
Sh Fyx*d 420%3600

Min (AS—':‘) =0.0025*H = 0.0025*300 = 0.75 ... Control Aci.318.14.Table.11.6.1

Select @ 10 In Two Layer

_ 2#m#10?

Ayp =157.1 Mm?2
157.1 07c

S,
S,= 200 Mm
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- Maximum Spacing is The Least of:

LW/5=4500/5 = 900 Mm (Aci.318.14.11.7.3.1)
3*H = 3*300 = 900mm (Aci.318.14.11.7.3.1)
450 Mm ... Control (Aci.318.14.11.7.3.1)

Use ®10/150 Mm for Two Layers

4-13-2Design of Vertical Reinforcement

AS— =[0.0025 + 0.5 (2.5 — 7*) (S“:l—’;l — 0.0025)]*150

Ay 315\ ( 1571
2 = [0.0025+05 (25 - 22) (5=~ 0.0025)]*300

AVV
— =0.350
S

v
Select @ 12 In Two Layer

_ 2+m#162

A = = 402 Mm2

2
= 0.350

S,= 401 Mm
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- Maximum Spacing is The Least of:

Lw 4500
3 = 3 =1500Mm

3*H =3*300 = 900 Mm
450 Mm ... Control

Use ®16/150 Mm for Two Layers

4-13-3Design Of Bending Moment

(4500) 2%201.1 = 18099 2
= * * A=
st =\ 150 mm
A 12066 \ 420
w=( “)f—y,=( ) =0.134
L, h/ f. 4500 * 300/ 28
b,
a= -=10
Lyhfe
C w+a 0.134+0
— = 0.135

I, 2w+ 0858 2+0.134+0.85 0.85

Py

POM,, = @ |0.544f, L, (1 +
n stfy w( Astfy

c
)(1 - l_)
w
= 0.9[0.5 * 18099 * 420 = 4500(1+0)(1 — 0.135)] = 13315.12KN.m > 9373.46KN.

Use ®16/100 Mm for Two Layers
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Appendix (A)
Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

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

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

Minimum thickness, h

Simply One end | Bothends
supported | continuous | continuous | Cantilever

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

Solid one-

way slabs £120 £124 £128 £M10
Beams or

ribbed one-

way slabs £Ne £/18.5 (ArA £/8
Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-

tions, the values shall be modmed as follows:
a) For structural I%hmmght concrete having unit density, w,., in the range
144{:' 1920 kg/m?, the values shall be multiplied by (1.65 = 0.603w ) but not

less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?lxle

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

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

Type of member Deflection o be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L ‘
siructural elements likely to be damaged by £/180'
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
fural elements likely to be damaged by large £/360
deflections
Roof or floor construction stpparting or That part of the total deflection occurring after .
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of {,/480¢
damaged by large deflections the long-term deflection due to all sustained
Reof o floor construction supporting or fj&%;g‘j }R{i '@;”d‘fg'ate deflecton due toany ‘
attached o nonstructural elements not likely to £/240°
be damaged by large deflections

* Limit not intenddt o safaquard against ponding. Pondmg should be checked by suitable calculations of deflection, including addsd deflections due to ponded
waler, and considering long-lerm effects of all sustained loads, camber, construclion olerancas, and reliabilty of provisions for drainage.

t Lon?-term deflection shall ba determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur befor aftach-
ment of nonstructural elements, This amount shall be determined on basis of aceeptad engineering data relating to time-deflection characteristics of members sim-
llar to those being considered.

Fimi may be exceaded if adequate measuras are faken to prevent damage fo supported or atiached elsments,

S it shall ot be greater than tolerance provided for nonstructural elements, Limit may be exceeded if camber is provided so that tolal daflection minus camber
loas not exceed limi.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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