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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: ACI2008

UBC
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Material :

Concrete:

Structural Analysis And Design

B30 Fcu=30N /mm?(MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa) .

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm?2 (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).

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)

Simply One end Both end
Member . . Cantilevern
supported continuous continuous
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

FORRIB:

hminfor(one end)=L/18.5=6.4/18.5=35cm

hminfor(both end continuous)=L/21=5.6/21=27cm

FOR BEAM :

hminfor(both end continuous)=L/21=6.5/21=31cm

hminfor(Cantilever)=L/8=1.5/8=27cm

hminfor(one end)=L/18.5=5.8/18.5=32cm
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FOR SOLID SLABS :

hminfor(one end continuous)=L/24=8/24=34cm
hminfor(both end continuous)=L/28=7.2/28=26cm
The minimum thickness will be hmin=35cm
select 35cm for rib slab with hidden beam
h=35cm(27 cm Hollow Block+8 cm Topping)

select (35cm) for solid slab.

4.4 Design of topping:

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

Wu

nRnnnmm

AL L L LdJLdd

40 cm

Fig 4.1: topping load.

v" Load calculations:

Dead load calculations:

Dead load from: dxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03*22 0.66
Coarse sand 0.07x17x1 1.19
Topping 0.08x25x1 2
Interior partitions 2.3 2.3
> 6.84

Table (4.2) : Dead load calculation Topping
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Live load :
L, =4 KN/m?

L, =4 KN/m?x1m= 4 KN/m

Factored load :
Wy = 1.2 x6.84+ 1.6x4 =14.61 KN/m.

W, L>
M,=——
12

14.61 * 0.4> m o
Mu = — 1z - 0.195 KN.Eof strip width

Check the strength condition for plain concrete, @ M, >~ M,, where g = 0.55.
Mn=0.42 A \/f% Sm (ACI 22.5.1, equation 22-2)

2 2
Sm = ¢ = " = 1066666. 67 mm?>.

@M, =0.55x1x/24 x1066666.67 x10~% =1.21 KN.m
oM>> M= 0.195 KN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Agmin for slabs as
shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACI7.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m.
Step (s) is the smallest of:

1. 3h=3x80 =240 mm. control ACI1 10.5.4

2. 450mm.
3. S :380(2;"’) —2.5C, = 380 <228‘;> —2.5.20 = 330mm
s 3
but

S< 300 (28") =300 <%) — 300mmACI 10.6.4

fs z
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4.5 Design of One-Way Ribbed Slab(RG14) :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
DW= TOCIL ..o ACI(8.13.2)

Select bw=12cm

N <355 DW oo ACI(8.13.2)
Select h=32cm<3.5*12=42 cm
> Ln/12>50MM oo, ACI(8.13.6.1)

Select tf=8cm

v’ Statically system and Dimensions

, 'RG74 |

/

Fig 4.2: One Way Rib slab (RG14)
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Load calculations :

*Dead load:

Material W= hxyxb(KN/M)
Tiles 0.03*23*0.52=0.359
Mortar 0.03*22*%0.52=0.343
Course sand 0.07*17*0.52=0.619
Topping 0.08*25%0.52=1.04
R.crib 0.27*25*%0.12=0.81
Hollow block 0.27*%10*%0.4= 1.08
Plaster 0.03*22*0.52=0.343
Interior partition | 2.3*¥0.52=1.196
Total dead load 5.79 KN/m

Table (4.3): Dead load calculation Topping of rib 14
Dead load /rib = 5.80KN/m

Live load =4KN/Mm?

Live load /rib = 4KN/m? x 0.52m = 2.08 KN/m.

*The effective flange (be) :

1) be S% = ?iﬁ = 875mm

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

3) be< center to center spacing between adjacent beam = -

Take be=520 mm

39
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Geometry Units:meter,cm
BG30 BG28 BG23
1 2 3
. A A . A .
! r R |
A A A
. 17 1 | 2.23 L1 ‘ 5.15 L
I I I T I I 1
. 22 ‘ 3.23 ‘ 6.15 ‘
I 52 I T 1
35.
12.
A A
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.80 5.80 5.80
i 22 3.23 6.15

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

L

HE NN

pol | 4 |

& |

3.23

6.15

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3

336
24,9 251
14.9 -21. -16.3

11.11 |
‘ 1

I f i } f f t } |
0.97

12.
22 145 178 | 3.69 344 246
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-22.6 218 215 -26.6
-17.5 -16.7 .
L I
I T T T T T
12.4
17.5
32.
371
Reactions
Factored
L L 1 1 |
| T 1 T T | T T 1

DeadR 25.02 37.72 17.86
LiveR 15.16 21.19 8.78
Max R 40.17 58.91 26.64
Min R 26.74 40.65 17.61
Service
DeadR 20.85 31.43 14.88
LiveR 9.47 13.24 5.49
Max R 30.32 44.68 20.37
Min R 21.92 33.27 14.73

Fig 4.3: Shear & Moment Envelope Diagram (RG14)

*Design of positive moment:
M, = 34.4KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dyimps — 3 = 350 — 20 — 8 — = = 316 mm.

Check if a > hs to determine whether the section will act as rectangular or T- section,
— ' hf

Mut =0.85. f¢. be. hy. (d — =)

=0.85 X 24 x 520 x 80 X (316 - 82—") x 1076 = 234.22KN.m

M 34.4
Mps > 7" = oo 38.22 KN.m , the section will be designed as rectangular section with
be =520 mm.
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M, _  344x10%
Ri= Zha = vaxszoxaiez ~ 0 736Mpa.
_ fy _ 420 20.6

"~ 085f.  0.85x24

1 2mRBR,\ _ 1 (. [ 2x206x0736\ _
p= ;(1 - 1= =7 > = 0% (1 \/1 0 ) =0.00178

Asreq = p.b.d = 0.00178x520x316= 293.3mm?

*Check for A min -

As min IS the maximum of :-

Acmin=0.25p d>1%p d
' 5 7
L Asmin =0.25 12+ 120 x 316 = 110. 6mm?

2. Asmin =120 x 316 = 126.4mm? Control
! 420

As= 293.3mm?> A min = 126.4mm?

___________________________________________________________________________________________________________

Check for strain:

Asfy _ 307.9x420

4 =58s5b 1 T 085x520x24 12.19mm
a 966
C_B_l_E_ 14.34 mm

d—c 316 — 14.34
£,=0.003 (T) =0.003 (T?A-) =0.063 > 0.005

*Design of negative moment:
M, =-25.1KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dimps — 2 = 350 — 20 — 8 — = = 316mm.

_ M, _ 251x10°
Rn= @bd2 ~ 0.9x120x3162 2.32Mpa.
420
m=—J¥_— ~20.6

T 085f. 0.85x24

42
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o= 1(1 _ 1o Z-T"-Rn> - L(l — J1 - M) =0.00588
m 420 20.6 420

Asreq = p.b.d = 0.00588 x120x316 = 223 mm®

*Check for A min -

As min IS the maximum of :-

Acmin=0.25p d>1%p d
' 5 7
L Asmin =0.25 2+ 120 x 316 = 110.6 mm?

2. Asmin :% 120 x 316 = 126.4 mm? Control
As required = 223 mm?.

_______________________________________________________________________________________________________

Check for strain:

_ Asyy 307.9%x420
4 =58s5b fl T 0.85x120x24 52.8 mm
= — = 3238 _ 66 mm
B; 085
d—c 316 — 66
&,=10.003 (T) =0.003 (T) =0.011 > 0.005 0k

v" Shear Design for (RG14):

V, at distance d from support= 32 KN

Shear strength V., 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).

Ve =2 44/fiby,d = ZV24 x 120 X 316 X 10~3 = 34.05KN

2V =0.75%34.05 =25.55 KN.

0.5 08V =0.5x25.55=12.78 KN
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050V<Vi <oV,
So

32
Vg = E—vC—m—34.05—8.61KN

Vsmin = %\/ fclbw d:% V24 x 120« 316 = 11.65

W=

b, d== 3 120+316 = 12.64 KN ......control

Vgmin = 12.64 KN > v, = 8.61 KN

shear reinforcement are required.

Take vs = Vg min-12.64 KN

Use2leg @ 8.
A, =100.5 mm?

_Avxd=xfy
5= vs

_ 100.5*316*:20 —1055.25 mm

12.64+10
d 316

Smax < 7= = 158 mm or Smax < 600 mm

Use2leg @ 8 @ 150 mm .
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4.6 Design of Beam(BG28) :

v Load calculations:

Load calculations for BG28:
Table Dead Load Calculations for Beam(BG28)(4.4):-

Type by h KN/m
Tiles 0.03*1*23 0.69
Mortar 0.03*1*22 0.66
Sand 0.07*1*17 1.19
Reinforced concrete 0.35*%1*25 8.75
Plaster 0.02*1*22 0.44
Sum 11.7

The distributed Dead and Live loads acting upon BG28 can be defined from the support reactions of
the RG14.
1. From RG14
The maximum support reaction (factored) from Dead Loads for RG14 upon BG28 is
30.43 KN . The distributed Dead Load from the RG14 on BG28:
DL =31.43/0.52= 60.45 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads for

RG14upon BG28 is 19.2 KN .
The distributed Live Load from the RG14 on BG28:

LL =13.26/ 0.52= 25.5 KN/m
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Fig 4.4: BG28
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Geometry Units:meter,cm
CG57 CG58 CG59 CG60
1 2 3 4 5
| A A — A ot A o A |
A A - A - A A
| 2.01 0}2‘[5 5.99 Ipql 7.5 gﬁl 5.88 DﬁS 1.97 I
o214 6.36 | 8. ‘ 6.25 L2
r T T T T 1
35/
100.
AA
Loading
load group no. 1
Dead load - Factored Units:kN,meter
604 60.4 60.4 60.4 60.4
L 214 6.36 8. 6.25 2.1 |

Live load - Factored

L

L

4

Pl

Ll

24 |

L 244 6.36 8. 6.25 21 i
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 5
-504.4 -497.8
-416.5  -406.7 -400.5 , -411.1
2235 -215.2
-198.1 -199.4 -191.8 -190.3
I 1 | | > 5\[1.? } ' ¢ ?2I2.55 } } 621‘
I H.IU 6! i I1=3, 5 I1:43 / H :
6P 144 120 des
219.6 210.1
353.8

214 | 286 | 35 | 4 I 4 | a4 2m1 | 21 |

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

hear
3637 arrq 018
-339.3
266.8 -279.
-208.8 -
-196.6
1y I nn ]
[ T T T 1
2049 1927
2727
284.9 334.8
s02g 785 359.2

Fig 4.5 Loading and Moment /Shear Envelope.
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v" Flexural Design for (BG28) :

Determine of Mpmax :

18
d=350—40—8—7=293mm

3 3
C—7d—7*293 =125.57 mm
a=B.c=125.57*0.85 =106.73mm
Mnmax = 0.85f/ab(d - % ) = 0.85*24*106.73*1000%(293-106.73/2 ) *10°= 521.75 KN.m

@ Mnpax = 0.82* 521.75 = 427.84 KN.m< -416.5

Design as singly reinforcement

Design for positive moment :

1) Mu = 353.5KN

R = Mu _ 353.8 x 10° _ 4 58M
"= 0bdZ 0.9 x1000 x 2932 oM P%
m=_1_=_40 _ 5458

T 085f. 0.85x24

- l<1 _ - Z.m.Rn> _ 1 <1 B Jl B 2x20.58><4.58) — 0.01251
m 420 20.58 420

As = p.b.d =0.01251x1000x293 = 3667.46mm?.

Check for Asmin -
Asmin=0.25p d>1p d
7 7

Asmin =O. 25% 1000 X 293 = 854. 4 mm?

Asmin === 1000 x 293 = 976.6 mm? Control.
420

2 2
As min=976.6 MM"< As =3667.46 MM

-----------------------------------------------------------------------------------------------------------------------------
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Check spacing :

_ 1000-40+2—-10%2—(15x18)
- 14

S =45mm > 25 .. OK

Check for strain:

a= Asfy  3817.5x420

= = =78.6 mm
0.85b f.  0.85x1000x24

78.6
c=—=22=-92.51mm
B, 085

293 -92.5

—ooos(d_c)—ooos(
& =0 c )77 92.5

) = 0.0065 > 0.005

2) My = 210.1KN.m

M, _  210.1x10°

R.— =
"™ 9bd2 ~ 0.9x1000x2932

= 2.72Mpa.

f 420
m= Y T =
0.85f. ~ 0.85x24

p:1<1_ 1_m> :;<1_\/1_m) — 0.00697
m 420 20.58 420

As = p.b.d =0.00697 x1000x293= 2044.3 mm?.

= 20.58

Acrin=0.25cp d>1p g
7 7

Asmin =O. 25% 1000 X 293 = 854. 4 mm?

Asmin === 1000 x 293 = 976.6 mm? Control.
420

As min =2044.3mm?*>A; = 976.6 mm?

....................................................

Check spacing :

_1000-40+2-2+10—(9x18) _

S 8

92.25mm > 25 ..... OK

49
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Check for strain:

_ Asfy  22905x420
% o8 fl 7 0.85x1000x24 47.15 mm

_a _ 4715 _
= B, 085 55.48 mm

=0.003 (d — C) =0.003 (293 — 55'48) = 0.0128 > 0.005 Ok
e c ) 55.48 ) -
3) My=219.6KN.m
_ My 219.6x10° _

Ro= @bdZ ~ 0.9x1000x2932 2.84Mpa.
m= L = 2% _ 20,58

T 085f. 0.85x24

. 1<1 [ z.m.Rn> _ ;(1 _ Jl _ M) _ 0.00731
m 420 20.58 420

As = p.b.d =0.00731 x1000x293= 2142.44 mm”,

Aumin=0.25<p d>1%p g
7 7

Asmin =0. 25%_: 1000 x 293 = 854.4

Asmin =% 1000 x 293 = 976.6 mm? Control.

2 2
Asmin=976.6 MM*“< As=2142.44 MM

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

Check spacing :

_ 1000-40%2—2+10—(9x18)

S 8

=92.25mm > 25 .... OK
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Check for strain:

Ay 2290.5 x420
=—2_ = =47.15mm
0.85b f.  0.85x1000x24
a 4715
c=—=——=55.48mm
B, 085

d—c 293 —55.48
£,=0.003 (T) =0.003 (W) =0.0128 > 0.005

Design for Negative moment :

1) My=-416.5 KN.m

M, _  4165x10°
Rn= @bd2 ~ 0.9x1000x2932 5.39Mpa.
= Jy _ 420 _ 50558

T 085f. 085x24

1 2mR,\ _ 1 _ _ 2x20.58x539\ _
p= ;<1 —J! ‘W) = 2058 <1 Jl a0 ) = 0.0152

As = p.b.d = 0.0152x1000x293= 4458.2 mm>.

Acmin=0.25p d>1%p d
7 7

As min =0. 25%—: 1000 x 293 = 854.4

Asmin :% 1000 x 293 = 976.6 mm? Control.

Asmin= 976.6 mm?< Ag = 4458.2 mm?

,,,,,,,,,,,

Check spacing :

S— 1000—40*2—12;10-(13“8) =33.9mm>25 ... OK

Check for strain:

a= Asfy 4581 x420

= = =94.31mm
0.85b f.  0.85x1000x24

51
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4575
c=—=222-53.83mm
B, 085

293 —94.31

94.31 ) = 0.0063 > 0.005

d—c
g, =0.003 (T) = 0.003(

Design for negative moment in cantilever:

2) My =-199.4KN.m

Rn = Mu _ 199.4 x 10° e M
"= obd?z T 0.9 x1000 x 2932~ >° NP
m=—1_=_40 _ 5458

"~ 0.85f. 0.85x24

1 2mR,\ _ 1 _ _ 2x20.58x2.58 )\ _
p= ;<1 —J1- W) = 2058 <1 \/ 1= ) = 0.00659

As = p.b.d = 0.00659x1000%293= 1930.78 mm?.

Check for As min -
Aumin=0.25<p d>1%p g
i 7

Asmin =0. 25% 1000 x 293 = 854.4

As,min =14 1000 x 293 = 976.6 mm? Control.
420

As min= 976.6 mm?3< As = 1930.78 mm?

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

Check spacing :

__1000-40%2-2+10—(8x18)
= - =

S 108 mm > 25 ... OK

Check for strain:

Asfy 2036 x420

a=385h fl T 0.85x1000x24 = 41.91mm
419
= — === =49.31 mm
B, 0.85

52

Ok



Chapter 4

Structural Analysis And Design

—ooos(d_c)—o003(293_49'31)—00148>0005
& =0 c )Y 2931 ) '

Design positive moment in cantilever:

In this area we will put minimum steel in order to catch concrete.

Use2 @ 18.

v" Shear Design for (BG28):

1. V,=3785KN

Ve=<yfc'b, d == 24 +1000 + 293 » 10~ = 239. 22KN

® V= 0.75*239.22 =179.42 KN

Vsmin = 3byd == % 1000 + 293 « 1073 = 97.66 KNcontrol
Vsmin = 2= FC'by d =+ V2% + 1000 + 293 + 1073 = 89.7KN

= Jfc'b, d= §\/24 «1000 * 293 » 1073 = 478.46

P(ve + Vsmin) < Vu < f(v. + vs’)
0.75(239.22+97.66) < 378.5 < 0.75(239.22+478.46)
252.66 < 3785 < 538.26 ...0k

shear reinforcement are required .

Use 2 leg @ 10.

Av =157.1 mm?.

Vo= Vy— Ve =322 239.22 = 265.45 KN

S = Aofye d _157.1+420+293 72.8 mm (control)
Vs 265.45 « 1000

53
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d 293
Smax < 2= 3 = 146.5 mm OT Spax < 600 mm

Use2leg® 10 @75 mm.

2. Vy=339.3KN

Ve=<fc'b, d == 24 +1000 + 293 » 10~ = 239. 22KN

® V= 0.75*239.22 =179.42 KN

W=

b, d == 31000 293 + 10 = 97.66 KNcontrol

Vsmin =
Vsmin = 1c\/fC by d =22+ V24 + 1000 + 293 1073 = 89.7KN
vy = fc'b, d =324+ 1000 + 293 + 10~ = 478.46

Q)(vc + Vs min) <V, < Q)(vc + vs’)
0.75(239.22+97.66) < 339.3 < 0.75(239.22+478.46)
25266 < 339.3< 538.26 ...0k

shear reinforcement are required .

Use 2 leg @ 10.
Av =157.1 mm?.
Ve =Vo-Vo=222239.22 = 21318 KN
S_A,,fytd_157.1*420*293_907 ol
-~ T w,  213.18«1000 ' ™mm (control)
d
Smax < 7= = 146.5 mm OT Spax < 600 mm

Use2leg ® 10 @100 mm .

3. Vy=272.7KN
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Ve=<\fc'b, d == V24 +1000 + 293 + 10~ = 239. 22KN

® V=0.75*239.22 =179.42 KN

W

b, d== % 1000 * 293 = 10~3 = 97.66 KNcontrol

vs,min

Vsmin = =fC'by d = — V2% + 1000 * 293 + 1073 = 89.7KN

vy = /fc'b, d =324+ 1000 + 293 + 10~ = 478.46
@(vc + Vs, min) <V, = Q(vc + vs’)
0.75(239.22+97.66) < 272.7 < 0.75(239.22+478.46)

252.66 < 272.7< 538.26 ...0k

shear reinforcement are required .

Use 2 leg @ 10 .
Av =157.1 mm?.
Ve=Vy-Vo=222-239.22= 1244 KN
Aofyed _157.1+420:293 ol
=~ T w,  124.4+1000 _ O>rmm (control)
d 293
Smax < 2= 3 = 146.5 mm (control)

Use 2 leg ® 10 @150 mm .

55
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4.7Design Two Way Ribbed Slab

v' Determination of Thickness for Two Way Ribbed Slab:

Assume H =35cm

«353
Iy = 1001235 =357291.66 cm*
#2353
lp,= 80125 -285833.3 cm*
% 3
lp3= 1001235 =357291.66 cm*
«353
lpg= 80125 =285833.3 cm*
= 40%8+%4+35%12%16 -10.81 cm
40%x8+35%12
52%10.813  40%2.81% = 21%24.193 4
= — + =78219.6 cm
3 3 3
78219.6+(222+80)
lg= - 2 =722027.07 cm*

78219.6+(7o>+80)

|, = - = 691942.6 cm*

78219.6+(-+100)
52

= 812280.4615 cm*

s3—

78219.6+(*>>+100)

lgg= - = 782196 cm”

« _ 285833.3 _

1= 0.41
691942.6

o _ 357291.66 _

= =0.43
812280.46
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a __ 337291.66

3= =0.46
722027.07

o _ 285833.3

7= —————=0.36
812280.46

0.41+0.46+0.434+0.36
@ = ; =0.415 >0.2

8.8
B=—=1.12

8800+(0.8+(1o

= 1‘“’0)) =26.06 cm
36+1.15%5%(0.415—0.2)

min

h=35cm > h,,,= 26.06cm

v" Load Calculation:

Table 4.5: table of two way rib calculation.

22*0.03*0.52*0.52 = 0.178 KN

22*0.02*0.52*0.52 = 0.119KN

16*0.07*0.52*0.52 = 0.303 KN

25*0.08*0.52*0.52 = 0.541 KN

25%0.27*0.12%(0.52+0.4) = 0.745 KN

9*0.27*%0.4*0.4 = 0.389 KN

22*0.02*0.52*0.52 = 0.119 KN
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Dead Load of slab:

DL=—222 _-10.36 KN/m?

"~ 0.52%0.52

Wp =1.2*10.36 =12.432 KN/m?
LL=3 KN/m’

W, =1.6*3=4.8 KN/m*

W = 12.432+4.8 =17.232 KN/ m*

v Moments Calculations:

From tables use Case (1 ): Cneg=0.0
Ca,dL=0.049 ,, Cb,dL=0.032

Ca ,LL=0.049 ,, Cb,LL=0.032

M¥a.d=Cadl X Wud * (La)’=0.049% 12.432 x (7.6)° x 0.52= 18.3 KN .m /
rib.
M¥taL=Call xWul x(La)® =0.049 x 4.8 x (7.6)> x 0.52= 7.06 KN

.m/ rib.
Ma positive = 18.3 + 7.06 = 25.36 KN .m / rib.

Negative moment at discontinuous edges = 1/3
positive

Maneg =(1/3) *x25.36 =8.45 KN.m/rib.

M¥b.d = Cbdl X Wud % ( Lb)” = 0.032 x 12.432 x (8.8)* x 0.52= 16.01
KN .m/ rib.

MtbL=Cbll xWul x(Lb)* =0.032 x 4.8 x (8.8)*x 0.52= 6.18 KN
.m/ rib.
Mb positive = 16.01+6.18 = 22.19 KN .m / rib.
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Negative moment at discontinuous edges = 1/3

positive.

Mb neg = (1/3) X 22.19 =5.96 KN.m/ rib.

v
Design of Positive Moment :- (Ma=25.36KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement

d =h- cover - dumps— -2 = 350 — 20 — 8 — = = 315 mm

R—= M _ 25.36x10°
" @bdZ  0.9x520%x3152

= 0.54Mpa

f 420
m= —2— = = 20.6
0.85f/  0.85x24

o= l<1 _ _Z.m.Rn> _ 1 <1 _\/1 _M> = 0.00130
m 420 20.6 420

A, req = p.b.d = 0.00130 x520%315 = 212.94 mm®

Check for As min:-

As min =E(bw)(d)ACI-318 (10.5.1)
A(ty)

As min= V24 (120)(315) =110.22mm”?
4(420)

.14
A =" (bw)(d
s min (fy)( w)(d)

As min= % (120)(315) =126mm?controls
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ASreq = 212.94mm” >As ;= 126 mm’ OK

Use 2 12, As, provided= 226.2 mm>>A, required= 212.94mm’...

Ok

Check for strain:-

Asfy  226.2x420

= - = = 8.96 mm
0.85b f, 0.85x520%24

x= 2% = 896 _ 10.54mm

B, 085

= 0.003 (d _x> =0 (315 _ 10'54) = 0.086 > 0.005
& =0 x ) 1054 ) '

Design of Positive Moment:- (Mb=22.19KN.m)

d =h- cover - dumps— 2 = 350 — 20 — 8 — = = 315 mm

My, 22.19%x10°
= = = 0.47Mpa
" @bd?  0.9x520x3152 p
fi 420
=2 = 20.6

m= =
0.85f,  0.85x24

o= l<1 _ |1 _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.001132
m 420 20.6 420

A, req = p.-b.d = 0.001132 x520x315 = 185.46 mm?
Check for As min:-

As min =E(bw)(d)ACI-318 (10.5.1)
4(ty)
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2z
4(420)

S min=

(120)(315) =110.22mm?
.14
A =" (bw)(d
s min (fy)( w)(d)

As min= % (120)(315) =126mm” controls

ASreq = 185.46mm?’ >As ;.= 126 mm* OK

Use 2 812, As, provided= 226.2 mm>>A; equireq= 185.46mm"... Ok

Check for strain:-

_ Asfy  _ 226.2x420

= - = = 8.96 mm
0.85b f; 0.85%x520%x24

x=2 =82 _ 10.54mm
B1 085

d—x> _ 0 (315—10.54

& = 0.003 (T 1054 ) = 0.086 > 0.005

v

Design of Negative Moment :- (Ma=-8.43KN.m)

Assume bar diameter ¢ 12 for negative reinforcement

d =h- cover - duups— 2 = 350 — 20 — 8 — — = 316 mm

M, __ 843x10°
Rn= @bd2  0.9x120x3162 0.78 Mpa
_fy 420 20.6

m= = =
0.85f,  0.85x24
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o= l<1 _ - Z.m.Rn> _ 1 <1 _ \/1 B 2><20.6><0.78> — 0.002
m 420 20.6 420

A req = p.b.d = 0.002 x120x316 = 75.84 mm?

Check for As min:-

As min =£(bw)(d)ACl-318 (10.5.1)
4(fy)

V24

120 (120)(316) =110.5mm

S min=

.14
A == (bw)(d
s min (fy)( w)(d)

As min= % (120)(316) =126.4mm* controls

ASreq = 75.84 < Asyin= 126.4mm’ OK

Use 2 810, AS ,rovided= 157.08 MM*>A, ;equired=.126.4mm°>... Ok

Check for strain:-

_ Asfy  157.08x420

= . = = 26.95 mm
0.85b f,  0.85x120x24

a 2695
Xx=—=——=31.7mm
B1 0.85

d—x 316 — 31.7
& = 0.003< . ) = 0.003 (T) = 0.026 > 0.005
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Design of Negative Moment :- (Mb=-7.4KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstim,ps—7 =350—-20—-8 — 5 = 316 mm

My 7.4x10°
" @bd2  0.9%x120x3162

= 0.68 Mpa

f 420
m= —X— = = 20.6
0.85f,  0.85x24

o= i<1 _ _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.00164
m 420 20.6 420

A, req = p-b.d = 0.00164 x120x316 = 62.18 mm*

Check for As min:-

As min =E(bw)(d)ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(316) =110.57mm’

4(420)

.14
A =" (bw)(d
s min (fy)( w)(d)

As min= % (120)(316) =126.4mm” controls

ASreq = 62.18 < Asin= 126.4mm” OK

Use 2 810, AS ,rovided= 157.08 MM*>A, ;equired=.126.4mm>... Ok
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Check for strain:-

4= Asfy _ 157.08x420

= . = = 26.95 mm
0.85b f,  0.85x120x24

a 2695
Xx=—=——=31.7mm
B1 0.85

d—x 316 —31.7
& = 0.003 (T) = 0.003 (T) = 0.026 > 0.005 Ok

v

Maximum shear coefficient in short direction as in case (1) W, @ m = 0.863
W, =0.64
The total load on the panel =7.6*8.8%17.232=1152.4 KN

The load per rib at the face of long beam =0.64*1152.4*%0.52/(2*8.8)= 21.79
KN

Vud = Viutace - WUu*be*d = 21.79 - 17.232*0.52*0.316= 18.95 KN

The shear strength of one rib:
Ve==\febyd = =24 x 120 x 316 X 1073 = 34.05 KN

@V, =0.75%34.05 =25.54KN

0.5 9 V. =0.5x25.54=12.77KN

058 V< V<oV,

12.77<18.95<25.54

Minimum shear reinforcement is required except for joist construction.
Ve =17.232*0.52*%(3.8 - 0.316) = 31.3 KN

@V, =25.54 < Vud =31.3KN
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® Vsminz 0.75 (%) * bw * d =0 .75* (% }¥120*316*10° = 9.48 KN Controls

® Vsmin 20.75 (%) *bw *d= 0.75*(1£64) * 120* 316*10~ = 8.7KN

® (Vc+ Vsmin)=35.021>Vu= 31.3 > ®Vc = 25.54

Vs’ = g\/f—c * bw * d =61.9 KN

Vs = %—Vc= 12.92 KN

Vsmin =11.4 <Vs =12.92 < Vs’ =55.85 ......... Case IV

Use2leg ® 8

Ay min =100 mm?

Av min __ Us

s dfye

Av min
s = d
o dfye

$=926.5mm

d
Smax = 5= = 142.5 mm OT Smax < 600 mm

Usedleg ® 8 @125 mm
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4.8 Design of One Way Solid Slab

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

v Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):-

-For one end continuous:-

L_4x_ 0.17
24 24

For One way solid slab, will use thickness of slab 20 cm.

v" Load Calculation:-

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

and design is calculated as follows:-
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-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

Table 4.6; Dead Load Calculation of Solid Slab.

Tiles 0.03*22=0.66

mortar 0.03*22=0.66
Coarse sand 0.07*16=1.12
RC concrete 0.30*%25=7.5

plaster 0.02*%22=0.44

Live load =5 KN/m

v Design of Positive Moment :

Design of Positive Moment :-(Mu=25.3 KN.m)

Assume bar diameter ®14 for main reinforcement

- _ 420 _5959

m=———-:
0.85* fc 0.85*24

Rn= Mu/¢
b*d?

Rn = 25.3*10°/0.9 - 0939(Mpa)
1000*(173)?

p = 1(1_ [[_2m*Rn)
m fy

0= 1 (1- \/1_ 2(20.59)(0.939))=0_00228
20.59 420

As=p * b * d =0.00228* 100 *143=3.3cm?
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Check for As min:-

As min = p,, *b*h =0.0018*100* 20 = 3.6cm>

Use ﬂ 12/200m , Aq‘provided: 4.520m2>Aq‘required: 3.60m2 XX Ok

Design of Positive Moment :-( Mu=27.6KN.m)

m=_Y - _ 420 _5459
0.85* fc 0.85*24

Rn = Mu/ ¢
b*d?

Rn = 27.6*10°/0.9 _ 1 g5 (\pa)
1000*(173)2

p = i(l_ [1_ 2m*Rn)
m fy

o= 1 (1- \/1_ 2(20.59)(1.02))=0_00245
20.59 420

As=p * b * d =0.00245* 100 *143= 3.56cm?

Check for As min:-

As min = p,, *b*h =0.0018*100* 20 = 3.6cm>

AS;eq= 3.56cm° >Asp= 3.6cm’  Not OK

Use ﬂ 12/zocm 1 AQ,DI’OVided: 5-650m22A§,required= 36Cm2 cooe Ok
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v Design of Negative Moment:

Design of Negative Moment:- (Mu=23.4 KN.m)

m=_Y - 420 _5459
0.85* fc 0.85*24
Rn = MU—/¢
b*d?

1000* (173)2

p:l(l_ 1_2m*Rn)
m \/ fy

_ 1 (1- \/1_2(20.59)(0.868))=
20.59 420

0.0021

p

As=p * b * d =0.0021* 100 *173=3.65 cm?

Check for As min:-

As min = p,, *b*h =0.0018*100* 20 = 3.6cm>

Aseq= 3.65cm’ > Asyin= 3.6cm”®  OK

Use g 12/20cm , A provided=_5.65CM*>A required=_3.6cm” .... Ok

Shrinkage and Temperature:-
->p =0.0018

As min=p_.*b*h =0.0018*100*20=3.6cm*>  (control)

Use @10 @ 200 mm
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v" Shear Design:-

Check Whether Thickness Is Adequate For Shear:-

V, max = 47.4 KN/ 1m strip

d=h-20-db=200-20-(14/2) =173 mm

OVe= %*(D*,/fc’*bw*d

- %*0,75*\@*1000*173 =105.9 KN/ 1 m strip

®Vc=79.42 KN >V, . =47.4 KN/ 1m strip

u,max

The thickness of the slab is adequate enough.
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4.9 Design of Two Way Solid Slab:

v" Calculate the minimum thickness slab :
hmin =22 cm
20120 +30 + 80 « 200

CB6) = —21.1
Y(CB6) = 50+ 80 + 20) 1 80 20 cm

120 +« 18.93 80 « 203
Ib(CB6) = 3 + 3 = 225575.6cm

cps) _ 20(80+40)+30+80+30
Y(CBS) = =50 80+ 40) +20-80 _ 22m

120 « 183 80 * 203
Ib(CB5) = 3 + 3 = 225575.6cm

(380 + 35) * 20"3

— — — 4
Is1 = Is2 12 275000cm
(325 + 35) * 20”3 .

3= = 240000cm
12
(655 + 35) * 20”3 .
Is4 = =460000cm
12
1 9 Ib66 Ib56 1160412.5 4.264
X = = = = = 4,
f ! Is2 Is1 275000
3 Ib55 1172751 4.264
o< = = =
f Is3 240000
4 Ib53 1160412.5 2 522
X = = = 2.
f Is4 460000
Ex 2x2.522+2+4.264 3.393
X = —= = 3.
fm = 4
Inlong

for < fm< 0.2 = = 6.8/6.3=1.07

Inshort
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In * (0.8 + Fy/1400) _ 780 * (0.8 + 420/1400)

hmin = 36 + 9B 36+9-1.07 o3
but we will select 20cm slab thickness.
v" Dead load calculations:

Table(4.7) calculation of the two way solid Dead load
Dead load from: oxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x16x1 1.12
Slab 0.20x25x1 5
Plaster 0.02x22x1 0.44
Partitions 2*1 2

8.75

Dead load =8.75 KN/m?,

Live load =5 KN/m?.

WuD = 1.2*Dead load = 1.2*8.75= 10.5 KN/mZ.
WuL = 1.6*live load = 1.6*5 = 8 KN/m?,

Wu = 10.5+8 = 18.5 KN/m?

v" Shear Design :
1./1,=0.85

Wb=0.79
Wa=0.21
e The total load on the panel being ( 7.6*6.5*19.604) = 968.487 KN

e The load at face of the long beam is (0.79x1614/(2*6.5))=58.86 KN
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Assume the ® 16
d=200-20-12\2=174mm

o V.=(V28 *1000%174*107-3)\6 =153.45KN

oV, ~ 181.26= 115.1 KN
V< o Ve

The thickness of the slab is adequate enough

v Flexural Design:
(1/1,=0.92)

Positive moments :
CaD=0.0318
Cla=.037
CbD=.0228

Clb=.0272

Masve pi=Ca*W* L% =0.0318%10.5%6.3 %= 13.25 KN.m\m
Masve LI=Ca*W* L, =.0374*8*6.3 *= 11.806KN.m\m

Masve = Ma+ve,|_ + Ma+ve,D = 25.05KN.m\m

Mpve 5=Co*W* L% =0.0228*10.5%6.8%= 11.06 KN.m\m

I\/|b+ve = Mb+ve,L + Mb+ve,D = 16.83KN.m/m
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v" Positive Moment:
*Mub = 16.83KN.m/m

Assume the dgzr =12 mm

d =h- cover - (dgar\2) =200-20-6=174mm

Rn = Mu/ ¢
b*d?
* 6
=16.83 10 /?'Q:O.GOMPa.
1000 *176
y 420 =20.59

T 085xfc' T 0.85x24

1 2mK * *
p=—|1- [1- n |1 1_\/1_M —0.003
m f, | 2050 420

As

re¢ = 0.003%1000*176 =534mm2/m

As,in=0.0018*b*h =0.0018*1000* 200 =360mm2/ m

As= 534mm2>"Snn= 360mm2/m

Use @ 14\ 20cm with As=770mm?/m

*Mua = 25.05KN.m/m

Assume the dgar =12 mm
d =h- cover - (dgar\2) =200-20-6=174mm

Mu  24.28*10°/0.9

L= ;= ,—=0.85MPa .
b-d 1000 *176

_ 420
0.85x fc' = 0.85x 24

1 2mK * *
p=—|1- [1- n :—1 1—\/1— 2720.5970.85 =0.002
m fy 20.59 420

ASreq = 0.002%1000*174 =385mm2/m

=20.59
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As,in=0.0018*b*h =0.0018*1000* 200 =360mm2/ m

As= 385mm2>"Sni= 360mm2/m

Use @ 14\ 20cm with As=770 mm?/m

v Negative Moment:
Mua = 42.5N.m/m

Assume the dgzr =12 mm
d =h- cover - (dgar\2) =200-20-6=174mm

Mu  49.7*10°/0.9

L .~ =1.768MPa .
b-d? 1000 *176

__fy 42
0.85x fc'  0.85x 28

1 2mK * *
P Py | 1 1_\/1_2 17.64*1.768 | _ 1 1043g
m f, 17.64 420

A

=17.64

Sreq = 0.00438%1000%174 =770mm%m

ASin=0.0018*b*h =0.0018*1000* 200 = 360mm2/m

As= 770mm2/> ASmm: 360mm2/m

Use ® 16 \ 20cm with As=1004.8mm?/m

Note: other moments requires areinforcement less than minimum, Use ® 12 \ 15cm with
As=678 mm?/m
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4.10 Design of Stair:

O

Figure4.6: Stair Plan.

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

v" Design of Flight :-

v" Determination of Thickness:-
hmin = L/20
hmin = 5.8/20 =29 cm

Take h =30cm
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The Stair Slope by 0 = tan™(15/ 30) = 26.56°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-
Table 1-8: Dead Load Calculation of Flight.

27*%0.03*1*(0.35+0.15/0.3 ) = 1.35 KN/m

22*0.02*1*(0.3+0.15/0.3 ) = 0.66 KN/m

25*1*(0.3+0.15/2)/0.3 =1.875 KN/m

25*0.25*1/ COS 26.56 = 6.99 KN/m

22*0.03*1 / COS 26.56° = 0.738 KN/m

Live Load For Landing For 1m Strip =4*1 =4 KN/m
Factored Load For Flight :-

Wy = 1.2 x13+ 1.6x4 =23.6KN/m
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+0.00

Fig 4.7: Stair Section.

R = (W*L)/2=23.6*3.31/2=42.3 KN

1- Design of Shear for Flight :- (Vu=27.45 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 300 — 20 — 12—4 = 273mm

Vu =42.3KN

Ve==2\/fc'b, d = V2% x 1000 * 273 = 222.9KN/m

® V.-0.75* 222.9 = 167.2KN /m
VUu=423<® V-0167.2KN /m

The thickness is enough .

2- Design of Bending Moment for Flight :- (Mu=80.25KN.m)

+1 352
Mu= 80.25 (1.5 + 1.6) - 222" = 89. 1.m KN

_ M, _ 89.1x10°
"™ @bd2 = 0.9x1000x2732

= 1.2 Mpa

fy 420

0.85f; 0.85%24
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p=i<1— ,1 _Z.m.Rn) _ 1 (1_\/1 _M) = 0.00294
m 420 20.59 420

Asreq = p.b.d = 0.00294 x1000%273 = 804.2mm?

A min= 0.0018*1000*300 = 540 mm?®

ASreq >Asmin=540 mm?

AS;eq=804.2 mm’

Check for Spacing :-

1) S =3h=3*300 =900 mm

2) S =380%(280/(2/3 * 420)) — 2.5%20 =330 < S = 300%(280/(2/3 * 420)) =
250mm

3) S=450 mm

S=250 mm ......... is control
Use g14 @ 250 mm

3- Lateral or Secondary Reinforcement For Flight :-

A req= Asmin =0.0018*1000*300= 540mm’

Use 914@ 300 mm , A, provided= 461.7 MM*>A required= 450mm°... Ok

v" Design of Landing :

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 4*1 = 4KN/m

Factored Load For Landing :-

W,y = 1.2 x9.26+ 1.6x4=19.3KN/m
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v" System of Landing :-

_19.3+17
2

R +21.15%1.9 =75.45 KN

1- Design of Shear:- (Vu=75.45 KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% =300 — 20 — 12—4 = 273mm

1

Ve==y/fc'b, d == Zv24 %1000 * 273 = 222.9KN

®* V.-0.75* 222.9=1167.2 KN> Vu =75.45 KN...... Thickness of slab is
enough

2- Design of Bending Moment :- (Mu=70.6KN.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 = 273mm

6
My _ _ 70.6x10 — 1.052 Mpa

R.=
"™ @bd2 ~ 0.9x1000x2732

f 420
m= 4 ;=
0.85fc 0.85%24

o= 1(1 . Z-m-Rn> =1 (1 _ \/1 _M> = 0.002575
m 420 20.59 420

Aqreq = p-b.d = 0.002575x1000x273 = 703 mm”

= 20.59

A min =0.0018*1000*273 = 540mm*

Agreq =703 mme......... is control

Check for Spacing:-
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4) S =3h =3*300 =900mm

5) S =380%(280/(2/3 * 420)) —2.5%20 =330 < S = 300%(280/(2/3 * 420)) =
200mm

6) S =450 mm

S=200 mm ......... is control

Use g14 @ 200 mm

0.70 T
0.20
¢® | 1458 |0.20
AN R '%01
) 0.65T
1.40 B BW
5 ©
1.76T 0° <
30

1.208

Fig 4.7: Stair Reinforcement.
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4.11 Design of Column

v Material :-
= concrete B350 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:-

Service Load:-

Dead Load =2400KN
Live Load =700 KN

Factored Load:-
Py = 1.2 x2400+ 1.6x700 =4000 KN

v" Dimensions of Column:-

Assumepg = 0.01

#*Pn =0.65x 0.8 xAg{0.85 fc (1- pg)+ pg* Fy}
4000*1000=0.65x0.8x Ag{0.85*24 (1-0.01) + 0.01*420}
Ag=315457.4 mm2

Assume Rectangular Section

Try h =600mm

b =400

Selecting Longitudinal Bars:
4000*1000=0.65x0.8x Ag {0.85*24 (240000— Ast) + Ast*420}

Ast=6980mm?2
Use12¢28 ,Ast,prov=7308mm2>Ast=6980mm?2
9 =Ast/Ag=0.0125
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12628 PLORES L=15S
7
?10@25cm
11N %
(1
- / a2
‘ i

0.e0

Fig 4.9:Column section and reinforcement.

v' Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)
S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16x2.8 =44.8cm ....
spacing <48xdt=48x1.0 =48 cm
spacing < least.dim =40 cm control

Use¢p10@25 cm

4.12 Design of shear wall:
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h,=10.5m,Ly=6.5m
d<0.8*L, =0.8 *6.9=5.2 m ... control
d <0.8*h, =0.8*10.5=8.4m

A /
3.5m I,.f
177 /
/
X 620 ,ff—
/
3.5m 296 J."
¥ 1656 f"r_
/
3.5m .*'r
358 /
v 2909 /

4,10 Shear force and moment on the wall from ETABS

lw /2 =3.25m..... control
h,/2 =5.25m

v’ Design horizontal reinforcement :
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fc'

V=Yg xbxd

V, = \/625_4 x 200x5200 = 901.4KN (control)

V., :,/fc’xbxd N N, xd

4 4xL,
N, = 0.0KN
V,, = V24 ZZOX 5200 . 0.0 -1273.72KN

Mu(l) = 1656 + 358* (3.5 — 3.25) = 1745.5kN.m

2x N
I ! u
Jie | W[*/_H |th} hxd
2

V., = X
: M, @) L 10
i v, 2
v |2, 3.25(/24 +00) | 200x5200 ., .

P ) [

So thickness of wall is safe.

v’ Design for horizontal reinforcement :
A, min . =0.0025 *s*h

A, =2d10 = 158 mm?

(2 79)20.5
S

S$=316 mm
Smax < L,/5=6500 /5 =1300mm

<450 mm

< 3* h=3*200= 600 mm Take s =300 mm < s max

Select ®10@20 cm
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v’ Design for Vertical reinforcement:-

Avv=100025+0.5 2.5 M <[ _Ar__ 00025 |l*s*h
| S, *h

w

Avh=2 ® 10 = 158 mm?

*
Avv =:0.0025+0.5 2.5—10'5 X 2719 —0.0025 | *s*200
6.5 300*200

Avv=0.0025*s*h

(A—Wj ~0.53
S

Aw=2® 10 = 158 mm?

$=298mm

Smax < L,/3=6500/3 =2166 mm
<450mm
< 3 * h=3%200= 600 mm

Take s =250 mm < s max

Select ®12 -20 cm
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v Design of bending moment:

C> w1} _800 _1orr 6mm
0.007 *600 ) 4.2

length of boundary element=C-0.1xL,
length of boundary element=1547.6-0.1x6500=897.6mm

Y20 20

Select the boundary element = 960mm

*
_2 :)9 « 6500 = 4108mm?

Lw
Avs=—x A, ——>
sl

y 1
Lw 2+0.85* B* fc* Lw*h/(As* Fy)

2z 1 =0.076
Lw 2 +0.85x0.85x 24 x 6500x 200/(4108x 420)

Muv =0.9x Fyx0.5x Asx LWx(l—(ij)
Lw

Muv = 0.9*420 *0.5* 4108 x 6500 * (1— (0.076 / 2)) = 4854 .9KN.m
Muv > Mu

So, Boundary is not required.
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4.13 Design of Footing:

v Material :-
— concrete B350 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Dead Load = 800 Kn, Live Load = 160 Kn

Total services load = 800 + 160 = 960 Kn

Total Factored load = 1.2*800 + 1.6*160 = 1216 Kn
Column Dimensions (a*b) = 25*50 cm

Soil density = 20 Kg/cm3

Allowable Bearing Capacity = 350 Kn/m2

] 22

N

N
140

r>>

Aﬂk&
[/ ¥
7 RN

L >3

14914 L

et i V]

22
22

17914 L=170

22

Fig 4.11 : Footing plan.
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Assume h = 60cm

Oret-atiow = 350 — 25*0.6 — 20*0.4 — 25*0.7 = 309.5kn/m2

v’ Area of Footing :-

Pt 960

— _ 2
=3093° oM

A=

Oret-atiow
Assume Square Footing
B required = 1.79 m
SelectB=19m

v’ Bearing Pressure :-

qu = 1216/1.9*1.9 = 336.8 Kn/m?

v" Design of Footing :-

v Design of One Way Shear Strength :-

Critical Section at Distance (d )From The Face of Column
Assume h = 60cm , bar diameter g 14 for main reinforcement
d=600-75-14=511 mm

B—
2

Vu=gue (52— d)+ L

1.9-0.35

Vu = 336.8*(

— 0.511) +1.9 = 168.93Kn

89

and 7.5 cm Cover



Chapter 4

Structural Analysis And Design

¢.\/c=¢%*,/fc’*bw*d

pNVCc= 0.75*%*\/ 24*1900*511=581.64Kn

¢NVc=581.64KN >Vu=168.93Kn
. Safe

v Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu=1216-336.8[(0.5+0.511)*(0.25+0.511)|=1172.5Kn

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

1, 2\ [
¢.\/C :¢g(l+ﬂ—(:}\/?bod
AV, =¢.$( % +2j\/f7bod

b, /d
N, = ¢.%w/ f'b.d
Where:-

_ Column Length (a) 50
¢ ColumnWidth (b) 25

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

b, =2*(51.1+50) +2*(51.1+ 25) = 354.0cm
s =40 for interior column

AR =¢%[1+ﬁ£j’/ £, b,d =%*(1+§j* 24*3540*511=2215.4Kn

c
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1( « ' 0.75,( 40*511
Ve=¢—| ——+2 || f bd="""%* +2 |*+/24*3540*511=1107Kn
Pe ¢12(b0/d j 12 (3540 )

oV, = ¢_%,/ f.b,d :%* 24*3540%511= 2215Kn

®Ve =2215 Kn>Vu=1170Kn

v" Design of Bending Moment :-

Critical Section at the Face of Column

FR = gy« (B;“) +L=3368% (”‘T"ZS) *1.9 =527.9Kn

Mu = 527.9* 0.465= 245.7Kn.m

_ My __ 2457x10°
Rn= @bd? ~ 0.9x1900x5112 0.54Mpa
fy 20 _ 20.59

m= ; =
0.85f  0.85x24

p:l<1 -1 _M> :L(l _Jl_m> = 0.00152
m 420 17.6 420

Asreq = p.b.d =0.00152x1900x511 = 1480mm®

As.min = 0.0018*1900*600 = 2052 mm?

Asyreq < Asymin = 2052 mm2 ......... iS COlltl‘Ol

Check for Spacing :-

S =3h =3*60 = 180cm

280

S =380*(——) — 2.5*75=192.5 cm
5*420

S=45¢cm ......... is control

USG 17ﬂ14, Ag’provided: 2618 mm2>Ag'required: 2052 mmz... Ok

And In Another Direction Use 14 g14 As,prov=2156mm?
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v" Development Length In Footing :-
Tension Development Length In Footing :-

L req = 5% 7 * w,;f’jgf,‘ « db> 300mm

Ktr = 0 (Nostripes)

14 150
ch =75+ —=82mm Orcb=T=75mm

2

ktr+cb_0+75_53>25

d =~ 14 7 '
ktr + cb — o

db 7
Ly yeq = o 2o 2198 4 16 = 395.75 mm >300mm
Ldr avaitable = %2 _75= 625 mm
LdT available — 625 mm >ld7"€q = 395.054 mm........ OK

Compression Development Length In Footing :-

Ldcreq= % >0.043*Fy*dB >200mm
Ldcreq= % = 288.05 >0.043*420*14 = 252.84>200mm

Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x420 x 14 = 477.48 mm > 300 mm
Select Lsc =500 mm
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@8/20cm +0.00 m

: L S—
-1.05 m
v
8 3

/‘ SEsEsk i axx T A
S \ 2

10 - . 4 10

0 10

Fig 4.12 :Footing Reinforcement Details.
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4.14 Design Of Steel Truss

v' Pos./TS/: Design Steel Truss.

]

o 1ea4q8 Ivenized siesl
7= HEE 343438 et Inspbtion (1 00mst) o
i3 Cormigaled siee! {Hossth HP 41 160)(10.T5aa)

Figure 4-13 shows a gross section of the components that is located over the purlin, and it is as the

following :
1. Surface layer of galvanized steel sheet with thickness of 0.6 mm.
2. Specific kind of duct, its dimension taken from some tables depending on number of
spans and the dead and live loads that can it supports.
0.6mm Steel Sheet
100mm Heat Insulation
A AN
4&/—L/_L/_L/_\_/_L/_L/_\_/_L/_\_/—\./ﬂlimmﬁhﬁm'mEIaL
— G — ~—4 05— ~51

(Figure 4- 14:Cross section of sheet metal)
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Table4-9:sheet metal for 2&3spanes

Zwischenauflagerbreite = 60 mm A | A | 4

Dicke Gewicht I, Zulassige, gleichmaRig verteilte Belastung in kN/m? bei einer Stiitzweite | in m (inkl. Eigengewicht)

mm__ kN/m? em’/m 1,00 126 150 1,75 200 225 250 275 3,00 325 350 375 4,00 425 4,50 4,75

798 564 398 292 224 177 143 1,18 099 085 0,73 064 056 050 044 0,40
798 564 398 292 224 177 143 1,18 099 085 0,73 061 050 042 035 0,30

r Ao Y= S -0 =, M W oY S o Vo S 10 ¥ R W b M. B 1.0 Pat 7o WA =L Mo W = o Mo U L M Y o2 o YN

0,63 0,066 16,5

10,70 7,44 516 379 29 230 18 154 129 1,10 095 083 0,73 064 0,57 051
10,70 7,44 5,96 379 290 230 186 154 129 1,10 094 077 063 053 044 038
10,70 7,44 516 3,79 290 230 1,73 130 1,00 079 063 051 042 035 0,30 025

1394 9,44 656 482 369 291 236 19 164 140 120 105 092 082 0,73 0,65

1
2
o
1
0,75 0,078 208 2
3
1

0,88 0,092 258 21394 944 656 482 369 291 236 195 164 140 1,17 095 078 065 0,55 047
3
1
2
3
1
2!

13,94 944 656 482 369 291 213 160 1,23 097 078 063 052 043 037 031
1717 11,41 792 582 446 352 285 236 198 169 146 127 1,11 099 088 0,79
1717 11,41 792 6582 446 352 28 236 198 169 138 1,12 092 077 0,65 0,55
1717 11,41 792 582 446 346 252 189 146 1,15 092 075 062 051 043 0,37

24,56 15,78 10,96 8,05 6,16 487 394 326 2,74 233 201 175 154 136 1,22 1,09
24,56 15,78 10,96 8,05 6,16 487 394 326 274 223 1,78 145 1,99 1,00 084 0,71
32456 15,78 1096 8,05 6,16 4,48 326 245 189 148 1,19 097 080 066 056 048

131,80 20,35 14,13 10,38 7,95 6,28 509 4,20 353 301 260 226 199 1,76 157 141
231,80 20,35 14,13 10,38 7,95 6,28 509 4,20 342 269 215 1,75 144 1,20 1,01 086
331,80 20,35 14,13 10,38 769 540 394 29 228 179 143 1,17 096 080 067 0,57
<
3

S1L.BU 4UBU 1D.1Y 11.DD YU4 bSO 4b3 348 2Zbs 211 LeY 1,37 1,18 084 0/9 O/

31,80 20,80 14,28 9,00 6,03 423 309 232 179 140 1,12 091 075 063 053 045

1,00 0,104 304

1,25 0,130 394

1,50 0,156 47,5

1.0V U.100 4/,

Table 4-10 shows the values (type, weight ,support load) for duct that will be used to carry the live and
the dead loads , consult the number and the length of spans.

Zwischenauflagerbreite 2 60 mm A | A | A | 4

Dicke Gewicht |, Zulassige, gleichmalig vertellte Belastung in kN/m bei einer Stiitzweite | in m (inkl. Eigengewicht)

mm_ kN/m? em‘/m 100 125 150 1,75 200 225 250 275 300 326 350 375 400 425 450 475

189 573 398 299 238 193 160 135 1,15 099 086 075 067 059 05 048
063 0066 165 2 895 6573 398 299 238 193 160 121 093 073 059 048 039 033 028 023
3 8% 573 398 299 209 147 107 081 062 049 039 032 026 022 0,18 0,16
11162 744 516 396 314 255 210 177 150 129 112 098 087 077 069 062
075 0078 208 21162 744 516 396 314 255 203 153 118 092 074 060 050 041 035 030
311,62 744 516 39 264 18 135 102 078 062 049 040 033 028 023 020

11475 944 665 511 404 327 270 226 192 165 143 126 1,11 099 088 080
088 0092 2658 21475 944 665 511 404 327 251 18 145 1,14 091 074 061 051 043 037
31475 944 665 488 327 229 167 126 097 076 061 050 041 034 0289 024
11782 1141 815 626 493 398 328 276 233 200 174 152 134 120 1,07 096
100 0104 304 21782 1141 815 625 493 398 29 223 172 135 108 08 072 060 051 043
31782 1N41 815 576 38 271 198 148 1,14 090 072 059 048 040 034 029
12465 1578 11,56 881 693 558 469 384 326 279 242 212 187 166 149 134
1256 0130 394 224651578 1155 881 693 526 384 288 222 175 140 1,14 094 078 066 056
32465 1578 11,55 745 499 351 256 192 148 1,96 093 076 062 052 044 037

1
1
1
131,80 20,80 1519 11,65 906 728 59 499 423 362 314 275 242 215 192 173
1
1

150 0156 475 231.80 2080 1519 11.55 9,04 635 463 348 268 211 169 137 113 094 079 067
331,80 20,80 1428 9,00 603 423 309 232 179 140 112 091 075 063 053 045

v" Load calculation :

1-Dead load :

0.6
1000

1-load of galvanized steel sheet= * 75 = 0.05kKN/m’

2-Dead load of heat insulation =0.1m*1kn/m>3=0.1KN/m?
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3-Sheet metal with thickness of 0.75mm =0.078KN/m?
—> Total dead load=0.228KN/m?

2-Snow load :

Depending on the table of the snow load which it depends on the height of the building over the sea
level which is 1005m, the snow load is :

h—400
S=— =
400

_1005-400

= 1.5KN/m?
400

S
—> Total snow load=1.5KN/m?

—> Total load (g=dead load +snow load =0.228+1.5=1.728KN/m?)
From the table (4-8) the bearing load of sheet metal is 5.16 KN/m2

Q,=5.16 KN/m?>> ,=1.728 KN/m” ....ok

Note: the members are A36 (Fy=36 ksi and Fu=58 ksi)

By using the previous dead and snow loads determine the max reaction on the purlins , and then
apply these values as a linear on the length of the purlin.

v" Design of purlins:
Qu=1.5(1.2D.L+1.65)=1.5(1.2*0.228+1.6*1.5)=

-Design of moment

-12.8 -12.8

-11.1 -11.4 94 -10.2 -10.2 94 -11.4 -11.1
8.1 -8. 8.9 -8.9 -8.9 -8.9 8 -8.1
1‘.- 6}1. 8} 1‘/1 }1 OF ;‘t// }1.1? i/ }1 1? }/0 }1 1‘7 }/f }1. ?
7 16 19 1,08 .48
i i i i i i i 1
N1 1
41 5.3 4.9 5.3 41
9.4 9.4

‘ 2.2 , 33 ‘ 3.03 | 2.47 2.75 | 275 2.75 2.75 2.75 2.75 2.47 , 3.03 ‘ 3.3 | 2.2 ‘

(Figure 4-15:Moment envelope for purlins)
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11.4

My=11.4 kn.m =
4.448

#1000 * = = 101kip. in
@, Mp > M,

0.9%36*Z,=101kip.in Zy=3.1in?

Select HSS 3x3x2Z,-3.25in’

b h
—=56,—=56
t t

Check compact:

hp=1.12 /i =112 B2 =313
Fy 36

M=1.40 /i =140 |22 =391
Fy 36

b
= 5.6 < Ap =313 ,....compact section

v -Design of shear:

99 -104 107 112 495 11 493 -108 111 T
) i 8.7
8.2
I i U U U # i f
e 111 108 103 11, 105 112 107 104
12.8
13.3
(Figure 4-16:Shear envelop for purlins)
12.8 ,
vy=12.8 kn = * 1000 = 2.87kip
4.448
QV Vb Z Vu

0.9%0.6*fy*d*tw > 2.87kip

0.9*0.6*36*3*> = 21.87kip > 2.87 kip ..... OK
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v Design the member of the truss :

1L.3KN

T1

22.45KN
T2

22.45KN 22.45KN

T3 T4

V3 V4

£

22.45KN 22.45KN

© Ve

V5

QVS

22.45KN
2245kN 22.45KN

2,

V4 v3

22.45KN

T1

11

Bl

B2

B3 B4

BS BS

B4 B3 B2

(Figure 4- 17:Truss system)
v" The truss consist of four types of members :

1) The vertical member (v)
These member are under compression Force :

NO .of member

V1
V2(max)
V3
V4
V5
V6

Value of compression force

Kn
19.37
91.90
55.44
20.90
10.46
0.91

Kips
4.355
20.662
12.46
4.699
2.352
0.20

Table4-11:Vertical member forces
2) The Diagonal member (D)
These member are under tension force :

NO .of member

D1(max)
D2
D3
D4
D5

Value of tension force

Kn
227.14
150.37
85.77
31.64
14.0

Kips
51.067
33.807
19.284
7.114
3.148

Table4-12:diagonal member forces
3) The top member (T)

These member are under compression Force :

NO .of member

Value of compression force

Kn Kips
T1 4.90 1.102
T2 193.68 43.545
T3 313.88 70.569
T4 379.76 85.382
T5(max) 402.69 90.537

Table4-13:Top member forces
4) The bottom member (B)

These member are under Tension Force :

98

B1

3KN



Chapter 4

Structural Analysis And Design

NO .of member Value of tension force

Kn
Bl 187.85
B2 310.55
B3 377.95
B4(max) 402.02
B5 391.94

Kips

42.235
69.821
84.974
90.386
88.119

Table4-13:bottom member forces

Design of tension member:
1*) Diagonal members :

Max. value of tension =227.14 Kn (51.067 Kips)

Check :
e Tensile yielding:
Pu=0*Fy*Ag
Ag=51.067 /0.9*36 = 1.58 in’
Try L3*2*3/8 with Ag=1.73 in?

e Tensile rupture strength :

@txPn=0.75xfuxAe

@txPn=0.75x58x(0.85x1.73)=63.97 Kips > 51.067 Kips..

2" Bottom members :

Max. value of tension =402.02 Kn (90.386 Kips)

e Tensile yielding:
Pu=0*Fy*Ag
Ag=90.386 /0.9*36 = 2.79 in’
Try W6*12 with Ag = 3.55 in?

e Tensile rupture strength :

929
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@txPn=0.75xfuxAe

@txPn=0.75x58x(0.85x3.55)=131.3 Kips > 90.386 Kips. ..ok

v Design of compression member:
1*") vertical members :

Max. value of compression =91.90 Kn (20.662Kips)
Take section member
(Try L3*3*3/8 with Ag=2.11in?)
Ag=2.11in’r,=0.91in,r,=0.91in.
Length of the member =1.5m(4.92 ft)
-Determine of the reduction factor for slender "'Unstiffened element **

b 3
A=-=2-=8

t_%

0.45 E_075 29000
U Fy 36

% =2 =8<1277....Qs=1.0

3/8
Q=QaxQs=1.0
L 49212 64.88
rx 091
L
0<—<80
rx

k %1 L 12 % 4.92
(—)—72+075*——72+075*(W)—120.66

29000
4.71 -13368:>12066
Qs*fy

B T X E _n2X29000
B 27 (120.66)2
(kl/r) ( )

= 19.66ksi

Fer=Q x 0.658@/Y/fe) x fy
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Fcr=1.0 x 0.658(36/19:66) % 36 = 16.73 kips

@Pn=@ X fcr X Ag

@Pn=0.9 x 16.73 x 2.11 = 31.8kips > 20.662kips .....0k
Note : use L3*3*3/8 for both of diagonal and vertical members .
2" top members :

Max. value of compression =402.69 kn (90.537 kips)

4,71 29000 _ 133.68
. 36 - .

w2 X E  m? x 29000 ,
e = = = 50.88ksi

(kl /r)z (75)2

Assume KTI =175

Fcr=Q x 0.658@/Y/fe) x fy

Fcr=1 x 0.658(1*36/50.88) » 36 = 26.77kips
Kl_ 1x12 %492
T N T

Ag = pu  90.537
9= OFcr 09+26.77

=75 ->1r=0.787

= 3.76in2

Use W8*15 with Ag=4.44 in®

v Design of weld:
The calculation of weld based on the following :

1) Fillet weld is used.

2) The plates are A36(fy=36 ksi,Fu=58 ksi)

3) The plat thickness is (t=0.5 in)

4) The electrodes having Fex=70 ksi

5) The shielded metal arc welding (SMAW) is used.

1*) Design of weld between the vertical member and the Gusset plate in the corners of the
truss:
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The section of the vertical member is angle (L3*3*3/8 ), Ag=2.11 in* y=0.884.

The value of Max. compression in the vertical member is Vu=20.662Kips.

. 1 3 1 5 .
Max. weld size (amax)=t — = —— = in

. . 3 . L
Min . Weld 5|ze(amin):E in W,

Use weld size (a):i in

e Design strength of weld :
@xRnw= @x tex0.6xFEXX (Figure 4-18:)
weld between
@xRnw=0.75 x (0.707 x 1/,) x 0.6 x 70 = 5.57 kips vertical member
and gusset

e Design strength of base material : plate)

@xRn= @x (O.6xfy)xt:1.0><0.6><36><§= 8.1 kips >5.57 kips....ok
Or

@xRn= @x (O.6><fu)><t:0.75><0.6><58><§: 9.79Kips >5.57 kips....ok
f1=5.57*3=16.71 kips

f2=20.662-16.71=3.952 Kips

£2 3.952

w2 = @ X Rnw - 5.57

=0.71lin ...... use 1.0 in

2"% Design of weld between the diagonal member and the gusset plate:
- The section of the diagonal member is angel ( L3*3*3/8)

- For the vertical member use the same size and dimension of weld for the previous
vertical member. X

&
The value if Max. Tension in the diagonal member is Tu = 51.1 kip. N ‘
Max. weld size (ama)=t — — = > — — = = NN\
' max)=t T T s T e 16 ,f’ \

Min = Weld size(amin)=% in

(Figure 4- 1:weld AR “\
between diagonal :
member and gusset
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- 1.
Use weld size (a):z in

v Design strength of weld :
@xRnw= @x tex0.6xFEXx
@xRnw=0.75 x (0.707 x 1/,) x 0.6 x 70 = 5.57 kips

e Design strength of base material :
@xRn= @x (O.6><fy)xt:1.0x0.6><36><§=8.lkip >5.57 kip....ok

Or

@xRn= @x (O.6xfu)><t:0.75><0.6><58><§=9.79kip >5.57 kip....ok

F3 =3 %557 = 16.71 kips
YMat F1 =0
=16.71% 1.5+ F2%3 —51.1% (3 —0.884) = 0
F2=27.69 kips

F1=51.1-16.71-27.69=6.7 kips

Iwl = /1 —6'7—121 1.5i
w _QXRnw_5.57_ . m ...... use 1.oin
Lo f2 _27.69_497, oy
w _ﬂXRnw_ 5.57 = 4, m ...... use mn
Check for rupture
(5 + 1.5)
L=—2=3.25
2
U=1-%=1_ 088 08
B l 3.25

@tPn = 0.75 * fu * Ae

@tPn = 0.75 * 58 * (0.728 * 2.11) = 66.82 kips > 51.1 kips .....
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3") Design of weld between the bottom member and the gusset plate:

The section of the bottom member is angel (W6*12)

11 /2.54=4.33in

Ru = /(Rv + Ry)? * (Rh + RX)?

R
VT

20.662
Rh = —

14.76%
12

535.93 in°

_Py_

L 1476+ 2

0

= 0.7 kip/in

Mxx (20.662) ((

4.33
2

)

Ry =
y Ip

535.93

Ru = /(0 +0.1)2 + (0.7 + 0)2 = 0.71 kip/in

0.75*(0.707a)*0.6*70=0.71...... a=0.032 in

104

@« Rnw = Ru

Take a = 1—6m

=0.1

(Figure 4- 20:weld between
gust plate and bottom
member)
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v' Po0s./CS/: Design of Steel Truss
Column.

(4-21)System and Loading:
—-l-—llh—l_r
Section:

we choose square section for this column and its dimension is 40*40 cm

(Figure 4- 2: Steel truss Column System)
v Design:

By using ETABS program design we define the section and enter the load and get the
design.
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We use 12 @16 . - 20

(Figure 4- 23:Steel Truss Column Design)

v' Pos./F/: Design of Foundation.
v" materials:

f. =24MPa
fy=420MPa

v loading:
-vertical load from truss:
Pu=150KN
-Lateral load (wind load):
Wind load=2.04kn/m
The value of moment from wind load :
Pw. =5.1*0.8*%0.5=2.04KN/m at the column

M=2.04*8*4=65.3 kN.m
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v Design:
By using Atir program design we define the section and enter the load and get the
design.
8
40
q 8 S 9k |
1 " o ’\
Al Al
8
10, 80 F 40 ¥ 80 A0
10, 200 A0
220
(Figure 4-24 :Steel foundation plan)
10, 80 S 4D 4 80 10,
10, 200 10
220
Section A1-A1

(Figure 4-25:Steel foundation reinforcment )
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