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Abstract

Structural Design for Hebron Social and Sports Building
Prepared by
Ashraf Majdi Abu-Sharkh Waseem Monther Abu Al-Filat
Supervisor
Eng .Sufian Al-Turk

Project objectives can be summarized in the structural design of all structural
elements contained in the project work, the slabs, bridges, columns, foundations,
walls and other structural elements.

The project of a mixed-use building consists of four different floors in architectural
distribution, use of spaces and overlaps mass of parts of this building, which has
earned us a huge knowledge in the structural design of concrete buildings.

The idea of this project are summarized in the structural design of the social-
Athletic building contain all the necessary services to all individuals and
community groups, young and old, male and female, and therefore it includes all
activities for them.

The project consists of several stages are beginning to scrutinize architectural
schemes, has been selected the various structural elements of the columns and
bridges and details are not incompatible with the architectural requirements of the
project. We then phase structural design of some structural elements with the help
from some software design construction and display the results on the data on the
form of data and numbers.

It is worth mentioning that we were using the Jordanian code to determine the live
loads, and to determine the loads of earthquakes we used UBC- 97)), As for the
analysis of the structural and design sections have been using the American code
(ACI_318- 08), It must be pointed out that we were relying on some computer
programs such as: Autocad2007, Office2010, Atirl2, and others.
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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.

C, = 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.

f.: = 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.

X



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

Chapter 4
Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of minimum thicknesses of structural members
4.4 Design of topping.

4.5 (Rib 5,F+1) Calculation and design.
4.6 (Beam 38,F+1) Calculation and design.

4.7 (Solid 2, b-1) Calculation and design.

4.8 (Column 14) Calculation and design.

4.9 (Wall 22) Calculation and design. ”Shear Wall”
4.10 (Wall 8) Calculation and design. “Basement Wall”
4.11 Stair Calculation and design.

4.12 (Foundation 3) Calculation and design.

4.13 (Strip Foundation) Calculation and design.
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Chapter 4 Structural Analysis And Design

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/m?®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

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_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.

Y Code: ACI 2008
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Chapter 4 Structural Analysis And Design

UBC

Material :

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

Concrete:

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420
N/mmz2 (MPa)}

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

W,=12D +16L, ACI-code-318-08(9.2.1).
W,=1.2D +16S,
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Structural Analysis And Design

4.3 CHECK OF MINIMUM THICKNESS OF STRUCTURAL

MEMBER :

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness, h

Simply

supported

One end

continuous

Both end

continuous

Cantilever

Member

Members not supporting or attached to partitions or other construction

likely to be damaged by large deflection

Solid one way

Slabs L/20 /24 /28 10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural

For rib :

members

hminfor(one end continuous )=L/18.5=4.25/18.5=22.97 cm

hminfor(both end continuous)=L/21=3.5/21=16.67 cm .

For beam :

hminfor(simple supported )=L/16=12.33/16=77.06cm.

For solid slab:

hmin for(One end continuous )= 3.4/24 = 14.167 cm.

select h=(17+8)=25cm for rib slab with drop beam h=80cm.

select h= 20 cm for solid slab.
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Chapter 4 Structural Analysis And Design

4.4 Design of topping:

v’ Statically system for topping :
C Consider the topping as strip of (1m) width, and span of mold length with both end fixed in

the ribs.
\n"VU
- 40 cm -
wi? ‘ ‘ wi?
12 T 12
wL?
24

Fig 4.1: topping load and moment diagram.

v" Dead load calculations:

Dead load from: oxyx1 KN/m
Topping 0.08x25x1 2
Y 2

Table (4.2) : Dead load calculation Topping

D, (factored) = 1.2 x 2 = 2.4 KN/m

Snow load calculation :

So = (h-400)/400

So = (925-400)/400

So=1.3125

S¢=1.3125 x 1 =1.3125 KN/m

Sq (factored) =1.3125 x 1.6 = 2.1 KN/m
Total factored load : W =2.4+2.1= 4.5 KN/m

M, :WrZLZ _ 4.5><(i.:><o.4: 0.06 KM.m
g M, = M, - Strength condition, where g = 0.55 - for plain concrete.
M, =0.42 A Vfc' S, (ACI 22.5.1,Equation 22-2)

Where S, for rectangular section of the slab
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2 2
Sy = % - w = 1066666.67 mm®

M, = 0.42AVFc'S,, =0.42 x 1124 x1066666.67 x 10° =2.19 KN.m
gM, =0.55x 2.19 = 1.21 KN.m >> M, = 0.06 KN.m

No Reinforcement is required by analysis. According to ACI 10.5.4., provide
Asmin Tor slabs as shrinkage and temperature reinforcement.

According to ACI 7.12.2.1,

As = p.b.t = 0.0018x1000x80=144 mm?*/m strip

Try bars 88 with As = 50.27 mm?

As _ 144

Number of bars n = nso8 " 3027 - 2.87

Take 3 8 with As = 150.8 mm?%m strip or g8 @ 300 mm in both directions.
Step (s) is smallest of:
1. 3h = 3x 80= 240 mm - control

2.450 mm

3.8=380(2) — 2.5C; = 380(;82‘:)) ~2.5%20= 330 mm
3

280, _
§420) = 300mm

Take 28 @ 200 mm in both direction . S = 200mm < Smax = 240 mm — ok

But S< 300 (

4.5 (Rib 5,F+1) Calculation and design :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
Pw>10CM oo ACI(8.13.2)

| T I o) AR ACI(8.13.2)
Select h=25cm < 3.5 x 12 =42 cm
> Lofl2>50mm .o, ACI(8.13.6.1)

Select tr=8 cm

35
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v’ Statically system and Dimensions.

Fig 4.2: One Way Rib slab (R 5,F+1)

Fig 4.3: loads of rib and its statically system (R 5,F+1)

17

Fig 4.4: Geometry of rib and it’s dimension.
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Load calculations :

Dead load calculation :

Material

W= 8xyxb (KN/m)
Topping 0.08 x 25 x0.52 = 1.04
RC Rib 0.17 x 25 x0.12 =0.51

Hollow Block 0.17x 10 x 0.4 =0.68

Plaster 0.03 x 22 x0.52 = 0.343

Total dead load | 2.573 KN/m

Table (4.3): Dead load calculation Rib.

D, (factored) =1.2 x 2573 =3.0876 KN/m

Snow load calculation:
So = (h-400)/400

So = (925-400/400
So=1.3125

Sg=1.3125 x 0.52 = 0.6825 KN/m
Sq (factored) = 0.6825 x 1.6 = 1.092 KN/m

The effective flange width (be) :
be is the smallest of :

1)b, < =22 = 422.5mm

2) be < by +16hs=120 + 16 x 80= 1400 mm

3) be< center to center spacing between adjacent beam = % + % + 120 = 520mm

Take be=422.5 mm
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Moment/Shear Envelope (Factored) Units:kM.meter

Moments: spans _1fo 7

-7.5

-3.7 -4.1 -3.7 3
14 arys 15/\«&5 ”’/ka‘f AN 1 pes7
Iu 3| \I

2.6

158 | 162 162 | 182 162 | 175 | 175 |1.32 132 | 158 1.06]
T T T T T T T 1

Fig 4.5: Shear & Moment Envelope Diagram (R 5,F+1)
Design of positive moment.

=6.4 KN.m .

Assume bar diameter g10 for main positive reinforcement.

d =h- cover—d stirrups—% =250—-20-10— % = 215 mm.

My 6.4x10° _
Rn= @bdZ ~ 0.9%x422.5%2152 0.364 Mpa.
m=—Y_—_*20 _ 5588

0.85f,  0.85x24

p=i<1 _ 11 _ﬂ> _ <1 _\/1 _W> = 0.000875
m 420 20.6 420

ASeq= p.b.d =0.000875 x422.5x215 = 79.483mm?2

Check for Aspin.

ASpmin 1S the maximum of :-

ASpin =0. 25‘/_b .d = —b .d

Asri :0.25% 120 x 215 = 75.234mm?
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ASmin === 120 x 215 = 86 mm? Control
420

ASreq= 79.483 mm? < 86 mm?, S0 As;eq= 86 mm-.

Use 2610 with Asp, =157.08 mm2>As,,= 86 mm*. Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dp = 10 > 25 mm OK

Check for strain:

Asfy _ 157x420

a= - = = 7.651 mm
0.85bf. ~ 0.85x422.5x24
c= == LE 9.0mm
B,  0.85
d—c 215-9
e = 0.003 (T) = 0.003 (T) = 0.0687 > 0.005 0Ok

Design of negative moment.

M, = 4.4KN.m.

Assume bar diameter g12 for main positive reinforcement.

d =h- cover —d stirrups—% =250—-20—-10— % = 215 mm.

M 4.4x10°
R=—72= = 0.88Mpa.
"™ gbd2 ~ 0.9x120x2152 p

f 420
m=—— = ——— =20.588
0.85f,  0.85x24

o= i<1 _ 1o 2.m.Rn> _ L<1 _ Jl _ 2><20.588X0.88> — 000214
m 420 20.6 420

ASreq = p.b.d = 0.00214 x120%215 =55.27 mm?2

ASpin 1S the maximum of :-

by d

fy

ASmin :O.ZS

ey d>
fy

ASin :o.zsg 120 x 215 = 75.23mm?
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ASmin === 120 x 215 = 86mm? Control
420

ASreq= 86 mm?2.

Use 2 810, Aspro= 157.08 mm2>As,=86 mm?2. Ok

_120-40-20—(2x10) _
= - =

S

40 mm > dp = 10 > 25 mm OK

Check for strain:

_ Asfy  157x420

a= - = = 26.94 mm
0.85b fl  0.85x120x24

a 2694
c=—=——=31.7mm
B,  0.85

d—c 215 —-31.7
€ = 0.003(—— | = 0.003{———=—=——) = 0.01735 > 0.005 0k
C 31.7

Shear Design for (R5,F+1):
Vu at distance from face of support=8 KN

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

Ve == 4/Rib,d = Zv24 X 120 x 215 x 1073 = 23.17 KN
9 V. =0.75%23.17 =17.38 KN.

0.59 V. =0.5%17.38 =8.69 KN

V<050V,

No shear Reinforcement is required.

Use stirrups U-shape as montage (2 leg stirrups )@8 @ 150 mm , A, = 2 x 50.24 = 100.5 mm2.

1 bws 1bys
AV, =~ [frRwS - 1Dbws
MmN 716V C fyt = 3 fyt

120s

AV;1in=100.5 =1iG\/ﬂ —2 > 5=115m
100.5 == 2% _, 5 = 1055.25mm
3 420
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S max—>22£ = 107.5mm

S max —<600mm

Take (2 leg stirrups )8 @ 100 mm

2%50.3
A, =
0.10

= 1006 mm2/m strip

4.6 (Beam 38.F+1): Calculation and design.

1 2
1
LT : ::|
A
IIZI.EI 11.83 IIZI.EI
o 12.33 b
1 |
r 1
B0.
5.
B0.
50.
A A
Loading
load group no. 1
Dead load - Factored Units: kN, meter
2.6
¥ k
12.33

Snow load - Factored

Y A T T A Y ™ A O Y A

12.33

Fig 4.6: Statically System and Loads Distribution of (B 38,F+1)
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Fig 4.7: Simply supported beam (B 38, F+1)

Load calculations:

Load calculations for B38,F+1 :

The distributed Dead and Snow loads acting upon B38,F+1 can be defined from the support reaction
of the R5,F+1 .

From Rib5, F+1 :

The maximum support reaction (factored) from Dead Loads for R5,F+1 upon B38,F+1is 9.43 KN .
The distributed Dead Load from the R5,F+1 on B38,F+1 :

D_ =9.43/0.52= 18.135 KN/m

The weight of the plaster is equal (0.55+0.5+0.55) x 0.03 x 22 x 1=1.056
The own weight of the beam is equal 0.5x25%0.55 = 6.875 KN/m

The total service dead load = 1.056 + 6.875 = 7.931 KN/m

The total factored dead load = (1.2 x 7.931)+ 18.135 = 27.652 KN/m

Snow Load calculations:

The maximum support reaction (factored) from Snow Loads for R5,F+1 upon B38,F+1 is 4.31 KN .
The distributed Snow Load from the Rib5,F+1 on B38,F+1 :
S. =4.31/0.52= 8.288 KN/m

Design for positive moment :
Mu = 683KN.m

From the Geometry of T-section :
bw =500 mm
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d:800—40—10-12—8:741mm
t = hf = 250 mm
b = 800 mm

My = 0.85€ b hy (d - )

:0.85x24x800x250(741-?)x1o-6
= 2513.28 KN.m

but M2 = 883 — 758 882 KN.m M > M
1) 0.9 [0]

The section will design as rectangular section with b =800 mm

M, 683 x 10°

Rn = =
M= 0bdZ ~ 0.9 x 800 x 7412

= 1.728 Mpa.

Moments: spans 1to 1

6.16 m 6.16 |

Shear
-221.6
1 1
T T
184.9
221.6
Reactions
Factored
DeadR  170.47 170.47
SnowR 1.1 1.1
Max R  221.57 221.57
Min R 221.57 221.57

Fig 4.8: Shear & Moment Envelope Diagrams of (B 38,F+1)
43




Chapter 4 Structural Analysis And Design

fy __420 _ 55588

m= 7
0.85f.  0.85x24

p:1<1_ 1_ﬁ>:L<1_J1_M>=0.00431
m 420 20.6 420

As = p.b.d =0.00431x800%x741=2554.968 mm?2.

Check for ASmin .

Asmin =0.25Y¢h d > X4 d
fy fy

ASin :o.zsgsoo x 741 = 1080.4 mm?

ASmin === 500 x 741 = 1235 mm?2 Control.
420

ASmin = 1235 mm2< As =2554.968 mm?2

Use 9 g 20 Bottom, Aspr, 2827.433 mm2> Asreq= 2554.968 mm®,

Check spacing :

_ 500—40%2—20—(9x20)
- 8

S =275mm>dy, =20 >25 OK

Check for strain:

Agt 2827.433 X420
=—Y_ = = 72.765 mm
0.85b f, 0.85X800x24
a 72.765
c=—= = 85.606 mm
B, 0.85

d—c 741 — 76.09
gs = 0.003 (T) = 0.003 (W) = 0.0230 > 0.005

Shear Design for (B38,F+1):

V, = 184.9 KN
Ve==Vc'h, d == =v24 x 500 x 740 = 302.1KN

® V= 0.75*302.1 =226.57 KN
0.5® V,=113.285 KN

OSQDVC S VuS d)\/C
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Minimum shear reinforcement should be provided

Avmm 1bW
> > —
=) 3fyr fyt

==033> (-V24)=0306

Alen 1bW
s )_3fyt

Use 2 leg @ 10.

As =157.079 mm?.

Ay .3fyt 157.079. 3. 420
§=2v= o =395.841 mm
bw 500

d 741
5= = 370.5 mm Or Spax < 600 mm

Smax -

Use2leg® 10 @ 250 mm .
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4.7 (Solid 2, B-1) Calculation and design.

Geometry Units:meter,cm

1 2
[ : L —]
A A
03 3. 05 2.05 0.2
b 34 ' ' 24

20

100.
A A

Fig 4.9: Statically System of (S2, B-1)

1. Minimum thickness (deflection requirements )
One end continues , h = :;;4 =14.167 cm

4
Take h =20 cm
Assume bar diameter ®12 for main reinforcement

db 12
d=h—20—7=200—20—7=174mm

2.Load calculation :-

Material Quiality W = yh KN/m?
Density
KN/m®
Tiles 22 22 x 0.03 =0.66
mortar 22 22x0.02 =0.44
Sand 16 16 x0.07 =1.12
Reinforced concrete 25 25x0.2=5
solid slab
Plaster 22 22 x0.02=0.44
Partitions 2KN/m 2
Total Dead load 9.66

Table (4.4): Dead load calculation for Solid Slab.
Dead load for 1 m strip of slab =9.66 x 1 =9.66 KN/m
Live load for 1 mstrip of slab=5* 1 =5 KN/m
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load groupno.1

Dead load - Service Units:kN.meter
9.66 9.66
3.4 2.4

Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.p0
3.4 24

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

.
Moments—spams o2

224
134 14.8
I 0.81.44 :
N Toqoer U
I . - |
3. ' | I 1.6
7.4
19.2
| 1.36 , 2.04 1.56 . 0.84
I T 1 T 1
Shear
39.9
T
AT.
1.7
T I T T
74 26
329

Fig 4.10: Loads Distribution and Shear Moments Diagrams of (S2, B-1).

3. Check whether thickness is adequate of shear :
Vu max = 31.7 KN/ 1m strip

_1 . _1 -3 _ ;
Ve = Jfe bwd = = V241000 174 107% = 142.1KN /1 m strip
® = 0.75 for shear

®Vce =0.75 142.1 = 106.55 KN/ 1 m strip
Vu <%<Dvc

The thickness is adequate enough.
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4. Design of negative moments:-

Mu = -14.80 KN.m

m=__ ¥ - 420 _,)5eg

© 085*fc  0.85%24

RN = Mn/ @
b*d?
Rn = 14.80*1076/0.9 _ 0.543 Mpa
1000*(174)°

p :i(l_ [1_2m*Rn)
m fy

1 L- \/1_ 2(20.588)(0.543) ) = 0,00131
20.588 420
As=p*b*d=0.00131* 1000 * 174 = 228.097 mm?
As min = 0.0018x1000x200 = 360 mm? .. control

As_ _ 360 _ 34g

T As@12 | 1131

Take 4¢12/m , with As = 452.389 mm?/m
Step (s) is the smallest of :
1.3h = 3200 = 600 mm

p:

2. 450 mm
3.
$<380 * (22) - 2.5%20 =380 * () — 2.5 * 20 = 330mm
Efy 5*420
s < 300(%") :300*(%)=300mm >> control
3

- Check for strain:
Tension = Compression
A *fy=085*fc' *b*a
452.389* 420 = 0.85*24*1000* a
a=9.314m
c=2 231 _10958mm
S, 085
o = 174 -10.958
° 10.958
&, =0.0446 > 0.005—> ok

*0.003
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4. Design of Positive moments:-
Mu =19.2 KN.m

fy - 420 _,55g8

" 085*fc  0.85%24
Mn/g _ 19.20%1076/0.9

Rn = = =0.705 Mpa
b*d 1000* (174)>

Rnp =£(1_ [1_ 2m*Rn)
m fy

_ 1 L- \/1_ 2(20.588)(0.705) ) = 0.00171
20.588 420
As=p*b*d=0.00171* 1000 * 174 =297.141 mm?2
As min = 0.0018x1000x200 = 360 mm? .. control

n=—— =" =318

As 912 113.1
Take 4¢12/m , with As = 452.389 mm?/m
Step (s) is the smallest of :

1.3h = 3200 = 600 mm

p

2. 450 mm

3.

s <380 * (22) - 2.5%20 =380 * (=) — 2.5 * 20 = 330mm
Efy 5*420
280 280

s < 300(;) :300*(2):300mm >> control
3

- Check for strain:
Tension = Compression
A *fy=085*fc' *b*a
452.389*420 = 0.85*24*1000* a
a=29.314m
c=2 =231 _10.958mm
S, 085
. = 174 -10.958
) 10.958
&, =0.0446 > 0.005—> ok
(Temperature and Shrinkage ) :
— p =0.0018
As min=p,,, *b*h =0.0018*1000*200 = 360mm*  (control)
Use 10 @ 200 mm

*0.003
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step ('s) is the smallest of :-
<5*h=5%*300= 1500 mm
<450 mm. . (control)
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4.9 (Wall 22) Calculation and design. ”Shear Wall”

-27.416 KN.m 1839330 KN j/

Critical Section 415

Bending Moment Shear Forces

Fig 4.14: Geometry, Loads, Shear and Moment of (W22).

1. Check maximum shear strength permitted.
®Vn=¢0.83Vfc hd=0.75. 0.83v24 . 200 . 4240 = 2586 KN
where ¢=0.75,d=0.8.5300 = 4240 mm

¢ Vn=2586 KN >V max=1839.33 KN ...... OK

2.Calculate shear strength provided by concrete V.

critical section for shear :
Ly _ 53

= — =265m
2 2

hz—‘” = 4'2#5 =2.075m - control

story height =4.15 m

Ve = %\/fc‘ hd = % V24 .200. 4240 .10°
vCc =692.389 KN - control .

V. = 0.27Vfc hd +32

92.25 * 4240

- -3
V. =0.24* V24 *200* 4240* 10~ + + 5300

Ve =1015.49 KN
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Lw (0.1Vfc +0.2-Y%
Ve=[ 0.05VFC + 2 22w | g

Vu 2
53 (0.1v2F+02, 2210°
V.= (0.05 v24 + 22120102 Gozmn y 00 . 4240 .10

664 2

V. =2239 KN

3.Detrmine required horizontal shear reinforcement

VusoVn = ¢ (Vc+Vs)
Vs = VT“— Ve = 1829;30 — 692.389 = 1760.051 KN

Avh Vs 1760.051

S2  fyd 4204240103
. _ Avh _ 0.000978
P =2 T 02
Take pt = 0.00489

max spacing is the least of
Ly _ 5300

——=1060mm
5 5

3h =3 200 =600 mm
450 mm - control

m2
= 0.000978 —
m

= 0.00489 = 0.0025

try ¢ 12 (AS =113.097mm?2 ) for two layers
Avh _,113.097

Pt=952 = 220052
So=231.282 mm

take ¢ 12 @200 mm

= 0.00489

4.detrmine vertical shear reinforcement
hw _ 415 _

m=20= 0783

ol = 0.0025 + 0.5 (’;—:JV) (pt — 0.0025) = 0.0025
Avh 113.097

pt=7—= 25— = 0.00565

= 0.0025 + 0.5 * 0.783 ( 0.00565 — 0.0025) > 0.0025
=0.003735 = 0.0025

try ¢ 12 (AS 113.09mmz2 ) for two layers

Avl _,113.097

=77 = 2 20052 0.003446

pl

s2 =328 mm
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take ¢ 12 @200 mm

maximum spacing is the least of
Iw/3 =5.3/3 =1766.667 mm

3h =3 *200 =600 mm

450 mm - control

5.design of flexural

5300
Ast = 200 2.113.097 = 5994.141 mm?2

ast 5994.141
o (wr) _ (3300.200) 420  0.0989
fc 24 '
_ Pu
T whfc
925107 00036

“T 5300+ 200+ 24
¢ (+a) _ (0.0989 +0.0036)

=0.1114

w20+ 0858  (20.0989 + 0.85 0.85)

OMn = © (0.5 Ast fy lw (1+Asf1;y )(1_%):

92.5 % 103
5994.141 * 420

=0.9 (0.5 * 5994.141 * 420 = 5300 <1 + ) (1-10.1114) =107

= 5531484 KN.m
5531.484 = 1839.33
@Mn > Mu okay.
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4.10 (Wall 8) Calculation and design. “Basement Wall”

load calculation

Fc’=24 MPa, Fy=420 Mpa, ’YS=18KN/m3, qall=400KN/m?, ¢=30, surcharge =5KN/m?
wall thickness =20 cm

2KN/m2

4.0

2.5 KN/mZ2

—

’ .
36 KN/mZ2 W

Fig 4.15: Geometry andLoads of (WS8).
K=1-sin¢g =1-sin30=0.5

W,=K+h+y=05%4x18 = 36 KN /m?
Woy, =K*P=05%5=25KN/m?
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From Atir we have moment and shear envelop :

Moment/iShear Envelope (Factored) Units:kM meter

Moments: spans_1to 1

Shéﬁr 18 E.I:I'Il1 2.2 |

337 -8

52.9
63.6

Fig 4.16: Shear and Moment Diagram of (\W8)

Design of Bending Moment :
Assume ®20 for bar diameter
D=200 - 40 — 20/2 =150 mm

_ _Mn
" b-d?

_ 50.1*10°
" 0.9*1000*150°

__ b
0.85x fc'

420
m=————
0.85x24

1 ZmRn * *
p=2|1- f1i- _ 1 1_\/1_2 20.588*2.474 ) _ | 1oso
m f, 20.588 420

As req = 0.0063*1000*1500 = 944.835 mm?/m........... control
60
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AS min = 0.0015 * 1000 * 200 = 300 mm?

944.835>300 ....0K

Check for spacing

3h=3*300=900mm

S=450

Use @ 14@ 15 cm, As prov = 1026.2536 mm?/m

For horizontal bars use the half of the min. in each side
0.5*Ashiin=0.5*0.0025*200*1000=250 mm?/m

Use ¢ =10

Use for horizontal bare ¢ 10@300 cm in each side

For outside , we put the minimum

As min = 0.0012 *1000* 200 = 240 mm?/m

Use ¢12@25 , As pro =452.389 mm2/m

Use ¢12@25 cm for vertical in outer side to hold the horizontal bares
Check for strain:

Tension = Compression

A *fy =0.85* fc' *b*a

1026.2536*420 = 0.85*24*1000*a

a=21.129mm
a _ 21129
£, 0.85
_ 150—24.857

&s 24.857
&, = 0.01108 > 0.005— >0k

4-15.3:-Check for shear

=24.857mm

*0.003=0.0151

0.75
PV = % f'*bxd= T‘/Z * 1000 * 150 * 1073 = 91.856KN

0.5 ¢ V=0.5*91.856 = 45.928KN
¢V, > Vu > 0.5¢Vc
99.2>52.9>49.6

The thickness is enough
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4.11 Stair Calculation and design.

- 04 39 1.7

Fig 4.17: Geometry of Stair
fy=420 Mpa
fc'=24 Mpa
Live load =5 KN/m®

1. Minimum slab thickness for deflection is ( for a simply supported one

way solid slab)
- L _58_

In the case presented here , where the slab ends are cast with the supporting
slab and additional negative reinforcement is provided , minimum thickness

can be assumed to be
l 5.8

hminzg—EZZOCTn

Take h pmin=20 cm

2. Loads : The applied live loads are based on the plan area (horizontal
projection ) , while the dead load is based on the sloped length . To
transform dead load into horizontal projection the figure below explains
how.

tan 8 = tan™( 1067

— tan-1¢166.7\ _
) = tan (300)—29.06

rise

run
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Flight Dead load computation

Material Quiality Density W KN/ m
KN/ m®
Tiles 22 22 » (L18674039) , 03 1 = 1.137
0.3
Mortar 22 99 x (01667+030) ) 49 4 1 = 0.684
0.3
Stair steps 25 25, (0.1667+030) 1 =2084
0.3 2
RC slab 25 25:02+1 _ 572
5250031
Plaster 22 .
c0s29.06 0.755
Total Dead load KN/ m 10.380

Table (4.5): Dead load calculation for flight.
Landing Dead load computation:

Material Quality Density W KN/ m

KN/ m?
Tiles 22 22*0.03*1=0.66
Mortar 22 22*0.02*1=0.44
RC solid slab 25 25%0.2x1=5
Plaster 22 22x0.03*%1 = 0.66
Total Dead load KN/ m 6.760

Table (4.6): Dead load calculation for landing.
Beam Dead load computation :

Material Quality Density W KN/ m

KN/ m?
Tiles 22 22*0.03*1 =0.66
Mortar 22 22*0.02*1 =0.44
RC beam 25 25%02x1 =5
Plaster 22 22x0.02*1 = 0.44
Total Dead load KN/ m 6.54

Table (4.7): Dead load calculation for solid slab.
Live load =5 KN/ m
Total factored Load : w=1.2D + 1.6L
for flight w=1.210.38+ 1.6 5 =20.456 KN/m
for landing w=1.26.760 + 1.6 5=16.112 KN/ m
forslab w=1.26.54+1.65=15.848 KN/ m
Because the load on the landing carried into two direction , only half the load
will be considered in each direction 16.112/2 = 8.056 KN/ m
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20456

19848

2056

41.316

25387

Fig 4.18: Statically System and Load Distribution for Flight
Assume bad diameter ¢14 for main reinforcement

d:h-zo-%z 200—20—§= 173 mm
Vu = 55.327 — ( 15.848 * 0.173) = 52.583 KN

1 1
oVc = 0.75 E,/fc‘ bwd = 0'758\/241000 1731073 = 105.940 KN
1
Vumax = 52.583 < Ed) Ve =52.97

The thickness of the slab is adequate enough .
5. Calculate the steel reinforcement :

0458
15 sl
205
55.327 41296
Ss-sevw
].3:0—“
~.F.D |
27 &
N e
Tr. 249

Fig 4.19: Load Distribution . Shear, Moment Diagrams for Flight
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Rn = Mn _ 77.249 10° = 2.868 MP
"= 4z~ 091000173 173 -~ a
fy 420
m= = = 20.588

~ 0.85fc’ 0.8524
92%(1_ ¢1_2an)_ L (1-— v1— 2205882868 _ 00712

fy /] 20588 420
As = pbd =0.00712 1000 173 = 1231.70 mm2
~ =0.0018bd = 0.0018 * 1000 * 20 = 360 mm?2

AS min
1231.70
B 21414 -
1
s =-
n
= - =0.125
=5 =0

use8dla/mor ¢14 @12.5cm

Step (s) is smallest of :
1.3h =3 200 = 600 mm
2. 450 mm

3.5 =380 (@) — 25Cc =380 (222)— 2.520 =330 mm
fs 3420

4.5 < 300 (@) =300 (22 ) =300 mm control
fs 3420

140 mm < 300 mm okay .
5. Temperature and shrinkage reinforcement :

As=0.0018 b h
As =0.0018 1000 200 = 360 mm2
n 360 4.5
T .
Z 1010
1 1
= E = 4—5 =0.22m

use 5¢10/mor $10 @20cm
step s is smallest of :

1.5h =5 200 = 1000 mm

2. 450 mm control
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6. Design of landing :

112
8026 =026

14.5 14,9
16 NS = 1.6

Fig 4.20:Statically System and Load Distribution for Landing

1.6;—0.2 - 16.112 %04_2 = 12.967 KNm

Mu = 14.5“”2;4 — 8.056 1.6

14
d=200—20—14—7=159mm

12.967
R = M0 _ 0.9 106 = 0.481 MPa
bdZ _ 1000173 173 '
420
m=_JY __ = 20.588

~ 0.85fc’ 0.8524

1 2Rnm 1 220.588 0.481
p=—(1-v1- - )= (1 V1 - 2R = 000115

As = pbd = 0.00115 1000 159 = 182.850 mm?2

= 0.0018 bd = 0.0018 1000 20 = 360 mm2 control

As min
n=,r360 =45
71010
—1— 1 =0.22
S_n_4.5_ e m

use5¢10/mor $10 @20 cm
Step (s) is smallest of :

1.3h =3 200 = 600 mm
2.450 mm

280

0)— 2.520 = 330 mm

280

3.5=380 (—)— 2.5 Cc = 380 (

fs

2
54-
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@
fs
200 mm < 300 mm okay .

) = 300300 (_182((’)) = 300 mm control
3

4.5 < 300 (
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4.12 (Foundation 3) Calculation and design.

Fy= 420 MPa , fc’ =24 MPa , Qy = 400 KN/m? , Ds = 40 cm, Surcharge = 5SKN/m?

42
44

A< 0—-+20 ~

10— 60 —F— 40 —— 60 —F10~

10 160 Al

e

Fig 4.21:Geometry of ( F3)

v" Design of Isolated footing (Under Col. 21):

£/ fy

c

24 Mpa 420 Mpa

v Load Calculation:-

- From column (21): (DL &LL)

* Service dead load ( DL) = 600 KN

* Service live load (LL) = 340 KN

* Column dimensions =50 cm*40 cm

* Allowable soil pressure = 400 KN/ m?
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DL(KN) | LL(KN) [ Column all. soil pressure
nsions
600 340 (40*50) cm | 400 KN/ m?

v' Calculating the weight of footing:

- Weight of footing ( assume Niooting = 40cm)

Wigoting = 0-4*25 = 10 KN/m?
- Required sizes of footing:

P, _  600+340

= =2.441 m?
O 400-5-(0.4*25)

A required =

Try1.6*1.6 Area=2.56 m2

Iﬂlfooting Wfooting qnet A, l’equ | red

40 cm 10 KN/m? | 400 KN/m? | 2.441m?

v" Depth of footing and shear design:
Pu =1.2DL +1.6LL =1.2*600 + 1.6*340 = 1264 KN

= 1284 - 49375 KN/m?
1.6*1.6
Try area Pu qu
' 1.6m* 1.6m 1264 KN 493.75 KN/m?
v Determine the Depth of Footing Based on Shear Strength:-
Check for One Way Shear Strength plddddd 14 ;l L
- b a Inclined crack
Vu‘Qu-L(E';'d) I'
=493.75.1.6 (=2- 22 . d) it el
2 2 V v
Let @ V.=V, 4 V?//
Ve = @W bd Cm""’"\D i//
=0 1v24 1600 . d I
493.75x1.6 ,1.6 0.4 _1 /
7510 (L6 0% 4)=1241600. d lﬂ///
d = 0267 m req One-way shear.
h=d + cover + db = 267+75+12=354 mm
Try h=400 mm ..... d 44g=400 — 75 —12= 313 mm Fig 4.22:0One Way Shear
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()

d (mm)

h (mm)

Try h(mm)

Try d (mm)

0.75

v' for Two Way shear Action (Punching).

267

354

400

313

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

1 2 '
¢'Vc = ¢g(1+ EJ\/Ebod

1

a ’
s 2|/t 'b,d
(bold+J ¢ Do

oV, =921 b,d

Where:

Column Length (a) 500

© " Column Width (b) 400

=1.25

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

=2 * (0.5+0.313) + 2%(0.4 +0.313) = 3.052 m.

Vu = ((1.6*1.6) — ((0.50 +0.313)* (0.40 +0.313)) * 493.75 = 977.788kN

a, =40....... for interior column

PV =¢%(1+ ﬁi}/ f.'b,d =%*{1+éj* 24*3.052*0.313*10° =1520.96kN

- Control

1 a T 075,(40%0.313 ), s omoun aqasdnd
AV _¢'12(b0 T +2j\/fbod B ( 3052 +2) 24 *3.052*0.313*10° =1784.85kN
PV, = ¢%JT b,d = 0'—;5* 24*3.052*0.313*10° =1169.96kN
VUu=997.788 KN < ®Vc =1169.96 KN............ OK
e b, (M) a, #Ve (KN)
1.25 3.052 40 1169.96

v" Design for Bending Moment of in X direction.

h (mm)

d (mm)

b(m)

900

319

1.6

70




Chapter 4 Structural Analysis And Design

d=400 - 75 -12/2 = 319 mm
Mu =493.75*1.6*0. 6*0.6/2 = 142.2 KN.m

m = iy - = 420 =20.588
0.85*fc  0.85*24

_ Mu/¢ _ 142.2*107°/0.9

Rn = 2 >—=0.97 Mpa
b*d 1.6*(0.319)
1 2mRn
p=—(@1- 1- )
m fy

1 - \/1_2(20.588)(0.97)): 0.00237

P 20588 420

Asreq = 0.00237 (1600) (319) = 1209 mm* > Aspin = 1152 mm?
Asmin =0.0018*b*h == 0.0018 (1600) (400) = 1152 mm®

Take 11® 12 , As,provided = 1244 mm? > As,required = 1209 mm?

~1600-75*2-11*12
10
- Step(S) is smallest of:

1.3h =3*400 = 1200 mm
2. 450 mm - control
S§$=131.8 mm < S,max =450 mm — OK

S =131.8 mm

Mu(KN.m)| m Rn p

ASreq( mm2 )

ASpin(mm?)

S(mm)

142.2 20588 0.97 Mpa | 0.00237

1209

1244

131.8

- Check strain

Tension = Compression
A x fy=0.85xf 'xbxa

1244 x420=0.85x24x1600x a
a=16mm

Cc= ﬁ =18.83mm

085

~319-18.83

& x0.003 = 0.0478 > 0.005...0k
18.83
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As mm?) a (mm) ¢ (mm) &,
1244 16 18.83 0.0478

v Design for Bending Moment of in Y direction.
d=400-75-12-12/2 =307 mm

Mu =493.75*1.6*0. 55*%0.55/2 = 119.487 KN.m

-V 420 _ 50588
0.85* fc'  0.85*24

d= 400 — 75- 12 -12/2 =307 mm
Mu/¢ 119.487*107°/0.9

Rn = > = >—=0.88 Mpa
b*d 1.6*(0.307)
1 2mRn
p=—(@1- 1- )
m fy
oo 1 L- \/1_ 2(20.588)(0.88) ) = 0.00214
20.588 420

Asreq = 0.00214 (1600) (307) = 1052 mm* < Aspin = 1152 mm?

Asmin =0.0018*b*h == 0.0018 (1600) (400) = 1152 mm’... control

Take 11® 12 , As,provided = 1244 mm? > As,required = 1152 mm?
_1600-75*2-11*12 _

S =131.8 mm
10

- Step(S) is smallest of:

1. 3h =3*400 = 1200 mm

2. 450 mm - control

S =131.8 mm < S;max =450 mm — OK

Mu(KN.m)| m Rn p ASreq(mm?)| ASmin(mm?*)| S(mm)

142.2 20588 0.88 Mpa | 0.00214 1052 1152 131.8

- Check strain
Tension = Compression
A x fy=0.85xf 'xbxa
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1244x420=0.85x24x1600x a

a=16mm
c=2 _1gg3
0.85
g = 319-1883 003 = 0.0478 > 0.005...0k
18.83
As (mm?) a (mm) ¢ (mm) &,
1244 16 18.83 0.0478

v Development length of flexural reinforcement:

Ld for @ 20:
L= 2, N  AFverysxA 9 420 1xIx08x1 1) s96mm
10 Jfc' (kt, +c) 10 24 2.5
db
Available length = ((1600-500)\2) - 75=475
475mm > 296mm ............... ok
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4.13 (Strip Foundation) Calculation and design.

}

e 1] 00 n—

Fig 4.23:Geometry of Strip Footing

Design of strip or wall footing :
Fc’=24 MPa, Fy=420 Mpa, ys=18KN/m3, qall=400KN/m2 , wall thickness =20 cm
Pd,service = 238.351 KN/m , Plservive = 81.976 , df = 30cm , Surcharge = 5 KN/m?

g a,net =400 — 0.3 * 25 - 5= 384.5 KN/m2

and we have :
=0 _ 238351481970 _ (.82665m2 per meter length of wall
q anet 387.5
A=b.1
Take b=1

Depth of footing and shear deign :

KN
Pu=12d+1.61=1.2238.51+ 1681976 = 417'3736E

417.3736 KN
u=—-7—= 417.3736E
one way shear
b a 1 0.2
Vu=qu. 1 (E_E_d) = 417.3736 . 1 (E_T_ d)
let Vu = ®Vc

1, , 1
®dVc = ‘Dg Vfcbd = 0.75g V24 1000d
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1 02 1
417.3736 1 (5—7— d) = 0752 \241000d

d=0.1621m

Assume cover 75 mm , and steel bar ®20
h=162.1+75+ 20 = 257.1 mm

Take h = 300 mm

Designe for flexure

Take steel bar ®20

20
d=300—75—7=215mm

0.4
Mu = 417.3736 . 1 0.4 - = 33.390 KN/m

Mn
" p-d?

*1N6
R, = 3339710 =(0.803MPa .

" 0.9*%1000*215°

__ W
0.85x fc'

420
© 0.85x 24

1 2mR, * *
pot1o ho _ 1 1_\/1_2 20.588*0.803 | _ 10195
m f, 20.588 420

As req = 0.00195*1000*215= 419.268 mm2/m
As min =0.0018 b h =0.0018 1000 300 = 540mm2/m

=20.588

Try & 12

® 12 = 7/4 12* 12 = 113.097 mm2
As 540

= s T 113097 H7°

use 5®12 -mor ®P12@ 200 mm

Select the minimum tesmperature reinforcement
As min =0.0018bh = 0.0018 1000 300 = 540 mm2
use 512 - mor ®12@ 200 mm
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