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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e A, = area of non-prestressed compression reinforcement.
e Ag=gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).
e b = width of compression face of member.

e bw = web width, or diameter of circular section.

e C.= compression resultant of concrete section.

e C,= compression resultant of compression steel.

e DL =dead loads.

e d=distance from extreme compression fiber to centroid of tensionreinforcement.

e Ec=modulus of elasticity of concrete.

o f.: = compression strength of concrete .

o fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e 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

Xl



face of beam or other supports in other cases.

e LL = live loads.

o Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu=factored axial load.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.

e \/c = nominal shear strength provided by concrete.

e \VVn = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

® g. = compression strain of concrete = 0.003.

e g = strain of tension steel.

e .= strain of compression steel.

® p =ratio of steel area

Xl
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*** For demonstration purposes only ***

Rib: 3
Project:

Designed by:

Code: ACI318

Pane- 1

Date: 11/15/18

Chapter 4

Structural Analysis And Design

A

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member,
4.4 Design of topping.

4.5 Design of One Way-ribbed Slab (R1,1BF).

4.6 Design of Beam(B1,1BF).
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Rib: 3 Code: ACI318

Project: Pana: 2
Designed by: Date: 11/15/18

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

uUBC
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Rib: 3 Code: ACI318
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Designed by: Date: 11/15/18
Material :
B ) . .
Concrete:  B300. .. 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:
Wu=12DL+16LL 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 Supported continuous | continuous | Cantilever
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

e ForRib:
hminfor (one end continuous)=L/18.5=418/18.5=22.5cm

hminfor (both end continuous)=L/18.5=428/18.5=20.4cm

e ForBeam:
hmin for(one end continuous)=L/18.5=505/18.5= 27.3cm

hminfor(both end continuous)=L/21=441/21=33.9cm
The minimum thickness will be hmin=35cm
select 35cm for rib slab with hidden beam

h=35cm (27 cm Hollow Block+8 cm Topping)
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Rib: 3 Code: ACI318

Project: Pana: 4
Designed by: Date: 11/15/18

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.

1l

3 o U ;-

il

40 cm -

Figure 4. 1 topping load.
v Load calculations:

Dead load calculations:

Table (4. 2) Dead load calculation Topping

Dead load from: dxyx1 KN/m

Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x17x1 1.19

Topping 0.08x25x1 2
Interior partitions 2.3x1 2.3

5 6.62KN/m
e Liveload:
L. =4 KN/m?

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

e Factored Load :
Wy =1.2 x6.62 + 1.6x4 =14.344 KN/m
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Rib: 3 Code: ACI318

Project: Pana: B
Designed by: Date: 11/15/18

Check the strength condition for plain concrete, @M, > My, where g = 0.55
Mn=0.42 /! Sm (ACI 22.5.1, equation 22-2)

_ b.h? _1000.80?

Sm G 6 = 1066666.67 mm?*

@M, =0.55%0.42x1xv/24 x1066666.67 x10~6 =1.21KN.m

Wy, L2

My = o 0.191 KN.m (negative moment)

Wy L?

M, =
U™ s

= 0.0956KN. m (positive moment)

#Mn>> My = 0.191 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asminfor slabs as shrinkage

and temperature reinforcement.

Pshrinkage= 0.0018 ACI 7.12.2.1
As=p % b X hiopping =0.0018 x1000x80 = 144 mm?/m

Step (s) is the smallest of:

1. 3h=3x80 =240 mm control by ACI 10.5.4

2. 450mm.
3. S :380(2:“’) —2.5C, = 380 <%> —2.5.20 = 330mm ACI 10.6.4 OR
s 3
s <300(%2)=300 mm

Take g 8 @ 200 mm in both direction , S = 200 MM <Smax =240 mm ... OK
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Rib: 3 Code: ACI318
Project: Pana: A
Designed by: Date: 11/15/18

4.5 Design of One-Way Ribbed Slab(R1,1BF) :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
BW > T0CM. et ACI(8.13.2)

< 3 3 W oo ACI(8.13.2)
Select h=35cm<3.5*%12=42 cm
t£> Ln/12>50Mm ooeeniee e ACI(8.13.6.1)

Select tf=8cm

v’ Statically system and Dimensions

Figure 4. 2 One Way Rib slab (R3,1BF)
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Rib: 3 Code: ACI318

Project: Pana: 7
Designed by: Date: 11/15/18

Load calculations :

e Dead load:
Table (4. 3) Dead load calculation Topping of ribS
Dead load from: hxyxb KN/m
Tiles 0.03x23x0.52 0.359
Mortar 0.03x22x0.52 0.343
Coarse sand 0.07x17x0.52 0.619
Topping 0.08x25%0.52 1.04
R.crib 0.27x25%0.12 0.81
Hollow block 0.27x10x0.4 1.08
Plaster 0.03x22x0.52 0.343
Interior partitions 2.3%0.52 1.196
> 5.97 KN/m

Dead load /rib =5.97KN/m

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

e The effective flange (be) :

1) be S% = @ = 1550 mm

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

3) be< center to center spacing between adjacent beam = ‘lzﬁ + ‘}zﬁ + 120 = 520mm

Take be=520 mm

Loading
66p no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.6/1.6 5.6/1.6 5.6/1.6
5.1 2.53 4.57

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




*** For demonstration purposes only ***

Rib: 3 Code: ACI318
Project: Pana: &
Designed by: Date: 11/15/18
Moments: spans 1to 3
-20.8
-16.2 -15.5
-11.7 -11.9
-6.5
| .91} }0. }
! I I ] I I ] I
f 83r ! " 10.65
R I
7.1 6.5
| 204 21, 3.06 | 139 114 | 251 176 206
I I T I T I
Reactions
Factored —t—t —t—t —
MaxR 19.68 43.41 36.54 18.01
MinR 14.16 31.21 25.07 12.9
Service
MaxR 15.27 334 27.96 13.97
MinR 11.82 25.78 20.79 10.78




v" Design of positive moment:
1) Mu=+17.6KN.m.
Assume bar diameter g 14 for main positive reinforcement.
dp 14
d :h' cover - dstirrups—7 =350—-20—-8— ? = 315mm
Check if a>hs to determine whether the section will act as rectangular or T- section,
— I hy
Mnt =0.85. f¢'. be. hy. (d — —-

80
2

= 0.85 X 24 X 520 X 80 X (315 — ) x 1076 = 233.37 KN.m
Mo M — 176~ 195 KN.m
® 0.9

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

My, _ 17.6x10%
Rn= Obd? _ 0.9x520x3152 0.379Mpa.
__ b 20 _ 00

T 0.85f!  0.85x24

p=l<1_ 1_%> =L<1_\/1—M> =9.1x10"*
m 420 20.6 420

Asreqg = p.b.d =9.1 X 10~*x520x315 = 149.2mm

e Check for Asmin.

As minis the maximum of :-

1.4 b,,.d

Asymin :025 Ebw d = —
fy fy

1. Asmin :0.25%* 120 x 315 = 110.23 mm?

2. Asmin =—=120 % 315 = 126 mm? Control
420

As =149.2 mm2_>__As,min =126 mmz



Check for strain:

_ Asfy _ 157.1x420

= - = = 6.22mm
0.85b f; 0.85X520%x24

a 6.22
c=—=—=73mm
B, 085

315-7.3

—0003(d_c)—0003(
&= c )" 73

) = 0.126 > 0.005

2) Mu=+21 KN.m.

Assume bar diameter g 14 for main positive reinforcement.
dp 14
d =h- cover - dstirrups—7 =350—-20—-8— ? = 315 mm.
Check if a>hs to determine whether the section will act as rectangular or T- section,.
— I hf
Mnt =0.85. fc'. be. hy. (d — =)

80

:0.85><24><520><80><(315 -2

) x 1076 = 233.376 KN.m
Moo M — 21 93 3 KN.m
@ 09

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

My _ 21x10°

R.— _
" 9bd2 T 0.9x520x3152

= 0.452 Mpa.

_ fy 420
0.85f!  0.85x24

p:l<1 -1 _M> :L(l _Jl_w> = 0.00108
m 420 20.6 420

Asreq = p.b.d = 0.00108x520x315 = 178.27mm?

= 20.6

Ok



e Check for Asmin.

As minis the maximum of :-

Aemin=025Lp 4 >1p 4
Iy Iy

1. Asmin :0.25% 120 x 315 = 110. 227 mm?

2. Asmin :% 120 x 315 = 126mm? Control

As = 178..27 mm?>As min = 126.4mm?

e Check for strain:

_ Asfy _ 226.2x420

= - = = 8.9 mm
0.85b f/  0.85x520x24

8.9
== =—=105mm
B,  0.85

d—c 315 -10.5
& = 0.003 (T) = 0.003 (T) = 0.087 > 0.005

v" Design of negative moment for face of support :

1. Mu=-16.2KN.m.

Assume bar diameter g 16 for main positive reinforcement.
— dp 16
d =h- cover - dstirrups—7 =350—-20—-8— 7 = 314 mm.

_ My, _ 16.2x10°
T @bd? ~ 0.9x120x3142

Rn

= 1.52 Mpa.

15 420
m= Y ;=
0.85f; 0.85%24

p:i<1 _ 11 _m> :;<1 _\/1 _M) = 0.00376
m 420 20.6 420

Asreq = p.b.d = 0.00376 x120x314 = 141.86mm?

= 20.6




e Check for Asmin.

As minis the maximum of :-
Aemin=0.25Ycp 4> g
Ty Ty

1. Asmin :0.25% 120 x 314 = 109.8 mm?

2. Asmin === 120 X 314 = 125.6 mm? Control
420

s — 141.86 mm2_>__As,min =125. 6mm2

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

e Check for strain:

_ Asfy _ 307.8x420
T0.85b £/~ 0.85x120x24 52.8mm
c=2=2%_621mm
B,  0.85
d—c 314 — 62.1
& = 0.003 (—) = 0.003 (—) = 0.012 > 0.005 0k
c 62.1
v" Shear Design for (R1,1BF):
Shear
-21.5 20 -18.
-12.1 -11.5
55
13.1 9.8
19.7 15.8 i 17.9

Vy at distance d from support=21.5 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).
1.1 1.1 _

Ve == 2\/f!byd = =24 x 120 x 316 X 1073 = 34.05KN

oV =0.75x37.3 =27.9 KN.

0.5 0V =0.5x27.9 =13.98 KN

058V<Vi<gVe ... NOT OK



v" Shear Design for (R1,1BF):

Vu,max = 21.5KN.
_ dp _ 14
d=h — cover — dgtirrup — - = 350 —40 — 10 — 5= 286 mm.

Ve==\/flb.d = 2V24 x 120 x 286 x 1073 = 28.022 KN

Check for section dimensions:

Vo= —y =322 _ 28022 = 149 KN
0] 0.75

Vs max = g\/ﬁb. d = E\/ﬁ x 120 X 286 x 1073 = 112.08 KN

Vs<Vsmax SO the section is large enough.

Check for the case of shear:

Vs,min:%é\/ﬁb.d OR = % b.d which is larger.

Vs min = 116\/24 X 120 x 286 X 103 = 10.5 KN

Vemin== X 120 X 286 X 1073 = 11.44  cont.
3

D(Vsmin +Ve ) = 0.75(11.44 +28.022) =29.6 KN.

Vi>B(Vsmin +Ve ) case( I11) for shear design.

d 286
Smax< Py

= T =143 mm OR Smax< 600mm

Smax =143 mm  cont.

By using ¢ 10 double legs stirrups, Ay = 157.1 mm?

Avfye  _ 1571 X 420 x 286
s = =

= = 168.4
v, 112.08 x 1000 mm

Use 2 leg $10 @150mm

For all spans 2 leg $10 @150mm will be used for stirrups.
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4.6 Design of Beam(B20,1BF) :

Load calculations:

Load calculations for B1,1BF:

Dead Load Calculations for Beam(B20,1BF):-
Table (4. 4)Dead Load Calculations for Beam(B1,1BF)

Dead load from: hxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Reinforced concrete 0.35x25x%1 8.75
Plaster 00.2x22x1 0.44

y 11.7 KN/m

The distributed Dead and Live loads acting upon B1,1BF can be defined from the support reactions of the R1,1BF



From R1,1BF

The maximum support reaction (Service) from Dead Loads for R1,1BF upon B1,1BFis 30.1 KN . The
distributed Dead Load from the R1,1BF on B1,1BF:

DL =20.43/ 0.52= 39.3KN/m

Live Load calculations: The maximum support reaction (Service) from Live Loads for R1,1BF upon
B1,1BF is 13.3 KN .

The distributed Live Load from the R1,1BF on B1,1BF :

LL =7.48/ 0.52= 14.4 KN/m

1 2 3
TVt TVt
80/35 80/35 80/35
‘0.5‘ 5.36 \0'5\ 6.2 \0'5\ 3.92 \0'5\
“‘ 5.86 "‘ 6.7 "‘ 4.42 "‘
[ I I 1
Loading
load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
39,3/14.4 39.3/14.4 39.8/14.4

o-,C‘)
2

A
Rl
NN

o
oo
onp




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 3
-332.6
-263.6  -265.3 -
-194.8 -201.8
‘ 1.751.86 ‘ | /51\
. ‘ s ‘ _ 135 .
. T2IT29 o4 S~
—— F——f——
43. 1.08 30.6
111.3
212.7 181.1
\ 2.34 ‘ 3.52 | 3.35 ‘ 3.35 | 2.65 ‘ 177 |
I T T T T T 1
Shear
2437 4829 o169 2991
-132.1
[ —— —— +—
140.2 ‘
182.4 188.8
2791 236.9 231.
Moment/Shear Envelope (Factored) Units:kN,meter
Reactions
Factored — —t —
MaxR 182.39 564.99 490.13 132.07
MinR 113.59 473.72 384.58 69.36
Service
MaxR 139.52 435.4 376.51 99.92
MinR 96.51 378.36 310.54 60.72

Figure 4.

3Loading and Moment /Shear Envelope.




v" Flexural Design for (B20,1BF) :

Determine of Mnmax :
22
d= 350—40—8—7=291mm
—3d—3><291—1247
c= Zd =7 = 7 mm
a=B.c=124.7 x 0.85 = 105.9mm
Mnmax = 0.85fab( d - % ) = 0.85x24x105.4x1000%(289.5-105.9/2 ) x10°= 509.15 KN.m

@Mnmax = 0.82x 509.15 = 417.5 KN.m

Design as singly reinforcement

Design for positive moment :

1) Mu = 212.7KN.m

M, 212.7 x 10°

Rn = =
"= BbdZ ~ 0.9 x 800 x 2912

= 3.48Mpa.

420
m= 2 — = 20.6
0.85f ~ 0.85x24

p=i<1 - 1 _%> =L<1 _Jl—w> = 0.00914
m 420 20.6 420

As = p.b.d = 0.00914x800%289.5 =2149.09mm?

e Check for Asmin.

1.4

As,min =025 Ebw d > —
fy fy

b,.d

Asmin :o.zsg 800 x 291 = 678.85 mm?

Asmin =—= 800 x 291 = 772 mm? Control.
420



As= 2149.09 > A min=772mm?

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

e Check spacing :

__ 800-40x2-10x2—(9x18)
- 8

S = 67.25mm > 25 ... OK

e Check for strain:

Asfy _ 2290x420

~0.850 71 = 0.85x800x24 58.93mm
=2 =338 _6933mm
B,  0.85
= 0.003 (d _ C) =0 (291 _ 69'33) = 0.00952 > 0.005
& = c )~ 6933 ) = '

2) Mu = 181.1KN.m

M, 181.1 x 10°
= = 3Mpa.

Rn =
"= Bbd2 ~ 0.9 x 1000 x 2912

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p= i 1— [1— 2m.Rn \ _ L 1— [1- 2X20.6X3 — 0.00776
m

420 |~ 206 420

s=p.b.d =0.00776x800x291 =1797.216mm?

e Check for Asmin.

Aemin=0.25L<p 4 >1p 4
fy fy

Asmin :0.25%* 800 x 291 = 675.35 mm?
As min =% 800 x 291 = 772 mm? Control.

A5= 224652 > As,min=772mm2

Ok



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

e Check spacing :

__ 800—40x2—-8x2-(7x18)
- 6

S =96.33mm > 25 ... OK

e Check for strain:

_ Asfy _ 1781.8x420

= - = = 45.85mm
0.85b f! ~ 0.85x800x24
a 45.85
c=—=——=>53.94mm
B, 085

289.5 — 53.94
0.003 (

d—c
£s=0.003( c )= 53.94

) = 0.0131 > 0.005

3) Mu =111.3KN.m

M, 1113 x10°
T @bd? ~ 0.9 x 800 X 2912

Rn = 1.84Mpa.

420
m= 2 = = 20.6
0.85f ~ 0.85x24

p=i<1 -1 _%> =L<1 _\/1 —w> = 0.00459
m 420 20.6 420

s = p.b.d = 0.00459x800x291 =1065.07mm?

e Check for Asmin.

Asmin =0.25¥cp 4>y 4
fy fy

Asmin :o.zsg 800 x 291 = 675.35 mm?

Asmin =—= 800 x 291 = 772 mm? Control.
420



As= 1065.07 > Asmin=772mm?

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

e Check spacing :

S— 800—40x2—20x2—(5><18) =152.5mm > 25 ... OK

e Check for strain:

Asfy  1272.34X420

a= - = = 32.744mm
0.85b f! = 0.85x800x24
a 32.744
c=—= = 38.52mm
B, 0.85

~0.003 (d _ C) = 0.003 (291 _ 38'522) = 0.0195 > 0.005
& =5 c )T 38522 ) '

Design for Negative moment :

1) Mu=-265.3 KN.m

M,  2653x10°
T @bd? ~ 0.9 x 800 X 2912

Rn = 4.39Mpa.

_fy 420
0.85f,  0.85x24

p=1<1_ 1_m> =L<1_\/1_M> — 0.0119
m 420 20.6 420

As=p.b.d =0.0119x1000x291 =2759.4mm?

m = 20.6

e Check for Asmin.

1.4

Aemin=0.25L<p 4 =1p 4
fy fy

As i :0.25%‘ 800 x 291 = 675.35 mm?

Asmin === 800 X 291 = 772 mm? Control.
420

Ok



As= 2759.4 > As,min=772mm2

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

e Check spacing :

S— 800—40><2—170><2—(8><22) = 74.8mm > 25 ... OK

e Check for strain:

_ Asfy  3041x420

= - = = 28.26mm
0.85b f, 0.85x800x24

a 28.26
c=—=——=92.1mm
By 0.85

d—c 291 -921
& = 0.003{——) =0.003(———=———) = 0.00724 > 0.005
c 92.1

2) Mu=-201.8KN.m

_ My __2018x10°
T ObdZ 09 x800x2912 pa.

Rn

f 420
=2 = = 20.6
0.85f/  0.85x24

p=1<1_ 1_%>=L<1_\/1_w>=0.00875
m 420 20.6 420

As = p.b.d = 0.00875x800x291 =2026.77mm?

e Check for Asmin.

1.4
S hu-d

As,min =025 \/Fbw d >
y

As i :0.25%‘ 800 x 291 = 675.35 mm?

Asmin === 800 X 291 = 772 mm? Control.
420

A= 2026.77 > Asmin=772mm?

Ok



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

S— 800—40x2—150x2—(6><22) =113.6mm > 25 ... OK

e Check for strain:

Asfy  2035.75X420

= - = = 52.39mm
0.85b !~ 0.85x800x24
a 5239
C=—=——=061.63mm
B, 0.85

d—c 291 — 61.63
SSZO'OO3< c ):0 ( 61.63

> = 0.011 > 0.005

Ok



v" Shear Design for (B20,1BF):

Shear
2437 289 o169 2591
-132.1
-89.8
140.2 ‘
182.4 188.8
b7gq 2369 231.
1. Vu=243.7KN
Ve :% fc'bd == %\/24 * 800 * 289.5 * 1073 = 189.1KN

® V= 0.75*189.1=141.82 KN

Vomin = sbd == ; 800+ 289.5107% = 77.2 KNcontrol
V gmin = ~o/fCby d == V24 + 800 * 289.5 + 1073 = 70.91KN
Ve = 2 JFcb, d = 2\Z8 +800 « 289.5 x 10~ = 3782 KN

(Z)Vc < V;L < Q)(I/C + Vs,min)
141.82< 243.7 < 0.75(189.1 + 77.2)
141.82. < 243.7 < 199.725 ... Not ok
Vu'max :2437KN
dp 18
d=h — cover — dgtiprup — - = 350 —40 — 8 — 5= 293 mm.

1

_l ’ — = -3 _—
Ve ==/f/b.d = =24 x 800 x 293 x 10~* = 191.38KN



Check for section dimensions:

Vo= —y =237 _ 3184 = 133.55 KN
(0] 0.75

Vsmax = 2/fZb.d = 2V/24 x 800 x 293 x 107% = 765.54 KN

Vs<Vsmax SO the section is not large enough.

Check for the case of shear:

Vs min = %Gﬁb. d OR = § b.d which is larger.
Vs min = 1—16\/ﬁ X 800 X 293 x 1073 =71.77 KN

Vs,min = 2 x 800 x 293 x 1073 = 78.133 cont.
3

D(Vsmin +Vc ) =0.75(78.133+191.38) =202.134 KN.
Vu>g(Vsmin +Vc) ok
case( 111) for shear design.
293

Smax< % =22 =1465mm OR Spa< 600mm

Smax =146.5mm  cont.

By using ¢ 10 double legs stirrups, Ay = 157.1 mm?

Aofye . 157.1x 420 x 293
S = =

— 180.95
v, 133.55 x 800 mn

Use 2 leg $10 @200mm

For all spans 2 leg $10 @200mm will be used for stirrups.
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Chapter 4

Structural Analysis And Design

4.9 Design of Column.

Design of groub 2 column, dimention 55*50 cm.
Material :-

concrete B300 Fc' = 24 N/mm?

Servicel oad:-

Dead Load = 322.8KN
Live Load = 201.2 KN

FactoredlL oad:-

Pu=1.2 x322.8+ 1.6x201.2 = 709.28 KN

e In 0.6m-Direction(about x axis)

Ku _gp oML ACI —(10.12.2)

r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

. . |
R: radius of gyration = \/; RO3h.eviiniininnnnnn. For rectangular section

Lu=3m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

klu M1

AU czq-12 M ACI —(10.12.2)
r M 2

13 _1g18<22

0.3x0.55

. short Column in  0.55m:direction

ro
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Structural Analysis And Design

e In 0.35 m-Direction (about y axis)

kI—u<34—12ﬂ ............... ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/L: ~03h

Lu=3m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU 34 1ML ACI —(10.12.2)
r M2

_Ix3 20 > 22

0.3x0.50

.. Short Coloumn in 0.5m:direction

E Il
El =04 S [ACI318-05 (Eg. 10-15)]
1+ B,

E, = 4700,/ fc' = 4700x /24 = 23025Mpa
_12DL  1.2*(322.8)

=054<1
Pa="p, 709.28
3 3
| _bxh® 055x05° _ oo .
9T 12 12
£y _ 0:4x23025x0.00572 _,, o0 o
1+0.54
2
El
Py == ACI318 - 05(Eq. 10 —13)
(KLu)
3.14% x 34.208
=2 T 37.475MN.
(1.0x3)
M1
Cm :o.6+o.4[mj ............ AC1318—05(Eq.10 —16)
Cm=1....... According to ACI1318—-05(10.10.6.4)
S — M 210 ] ACI318—05(Eq. 10—-12)
1_ Pu
0.75P,
1
1<6, = soo g — —1-108<1.4

T 0.75x13674

1



Chapter 4

Structural Analysis And Design

e =15+0.03xh =15+0.03x550 = 31.5mm = 0.0315m

e = e, x5, = 0.0315x1.108 = 0.0349m
€ _0039 _ 0634
h~ 055

Y /h=(550-2*40-20-20)/550=0.927

From the interaction diagram in chart: p=0.011
Select the longitudinal bars:

As =p xAg = 0.011x550* 500=3025 mm?

~use 120 18 = A, = 3054 mm?

v" Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-

spacing <16xd, =16x1.8=28.8cm
spacing <48xd, =48x1.0=48cm
spacing <least.dim.=40cm

Usegl0 @ 20 cm

rv



Chapter 4

Structural Analysis And Design

4.10 Design of stair.

v}
T ¥
& | p—
o —
E -
w

Figure (4-11): Top view of stair(1)

Determination of Slab Thickness:
L =450 m.
hreq = 450/ 20 = 22.5
Take h=25 cm.
= Useh=25cm.
0 = tan'}(17.5/ 30) = 30.25
Cos 6 =0.889

* |_oad Calculations at section :

Load on Flight:-

Dead Load:

For 1m strip:
Flight = (25*0.25)/(C0s30.25) = 5.39 KN/m.
Horizontal Mortar = 0.03*25*1 = 0.66 KN/ m.
Plaster =(0.02*25)/ (Cos 30.25) = 0.4 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.01 KN / m.
Vertical tiles =25*0.03*(17.5/30) =0.385 KN/m
Triangle = 25*%0.155*1*0.5 = 1.94 KN/m

I
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Structural Analysis And Design

Total dead load =9.785 KN/ m.

Live load:
Live load for stairs =4 KN/ m2,
Factor Loads:
Qu=1.2*9.785+1.6*4 = 18.142 KN/m.
Au = 18.142*3.3*0.5 = 29.93 KN
Max Vu =29.93*c0s30.25= 25.85 KN
Max Mu =25.85*(0.4+1.65)-16.9*1.65*(0.4+0.825)=25 KN.m

Design of Shear:
Assume @ 12 for main reinforcement:-

So, d =250-20 -12\2 = 224 mm
Vu = 25.85 KN.

0.75* /24 *1000* 224
pe= -

Vu =25.85 KN=106.5 KN. ¢Vc <

=137.17KN

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:

Max Mu = 25kN.m
Mn =Mu/0.9=25/0.9=27.7KN.m.
_ Mn

n bd2
_27.77*10°

" 1000*224°

by
0.85x fc

m =4—20=206
0.85x24

1 2mk *20.6*0.
p==|1- 1-M _1 1_\/1_M —0.00133
m i, ) 206 420

rq

K

=0.55MPa
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Structural Analysis And Design

As ., = 0.00133*1000*224 = 300 mm?

As_=0.0018 *b*h = 0.0018 *1000 * 25 = 295mm
AS i, = 290mm< As . = 360 mm?

Use ® 12@ 20 cm

As provided =392.5 mm?>As req.
Check Strain:

T=C

As*fy = 0.85* f_'*b*a
420%392.5 = 0.85*24*1000*a
a=8.08. mm

x=9.51 mm

€s=0.05188 >0.005

S0 ¢=0.9

5 -Lateral reinforcement:

As min = 2.9 cm?

Use @10 @ 20 cm

As = 3.925 cm?/m

Design of landing:

Load on landing:

Dead Load:
Tiles =0.03*23*1 = 0.7 KN/m.
Mortar = 0.02*22*1= 0.4 KN/ m.
Plaster = 0.02*22*1 = 0.4 KN/ m.
Slab = 0.2 *25*1 = 5.25 KN/ m.
Sand = 16*0.07*1=1.1 KN/m
Total dead load =7.85 KN/ m.

Live load:

Live load for stairs = 4 KN/ m.
Qu=1.2*7.85+1.6*4=15 KN/m.
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Au or Bu from Analysis=27.9KN
Vu= 27.9-15*0.274 = 16.54 KN
Mu max =15*3.3*3.3/8 = 20.4 KN.m

Design of Shear:
Vu = 16.54 KN.

Wczwfgbw*d

_ 0.75*4/24*1000* 224
6

=137.42KN

gVe

Vu =16.54 KN=106.5 KN. ¢Vc <

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:
Mu = 20.4 KN.m
Mn=Mu/0.9=20.4/0.9=22.67KN.m.
d =224mm.
_ Mn
" b.d?
22.67*10°
" 1000%*2242

_ fy
0.85x fc'

420
m =———
0.85x24

1 2mM *20.6*0.
p=—|1- 1- n |1 1_\/1_M —0.00182
m f, | 206 420

As ., = 0.00182*1000*174 = 316.6 mm?

K

=.0.45MPa .

=20.6

As . =0.0018 *b*h = 0.0018 *100 * 20 = 3.6cm2

min

As = 3.6cm? < As, . = 3.16 cm?

&)
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Use @ 10 \20cm

As =3.925 cm? /m

Check Strain:

T=C

As*fy = 0.85* f_'*b*a
420*3.925 = 0.85*24*1000*a
a=8.08 mm

x=9.51 mm

€s=0.05188 > 0.005

So ¢=0.9

Design Region Il (Landing):
Au = 27.9KN
Vu = 15+27.9=42.9KN
Mu = 42.9*3.3*3.3/8=58.4KN.m

Design shear:
Vu =429 KN.

¢t *b, *d
A 2l

Nc

_ 0.75*/24*1000* 224
6

=137.15KN

@Vc

Vu =429 Kn=137.15¢Vc <

Design bending moment:
Mu =58.4 KN.m
Mn =Mu/0.9=58.4/0.9 = 65KN.m.
d =224mm.
_ Mn
" p.d?
_ 65*10°
" 1000*224°

M

=1.29MPa .

&r
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__ By
0.85x fc'

420
m =———
0.85x 24

2mM * *
p=tlio po2MM. ) 1 1_\/1_M — 0.00543
m f, 20.6 420

As ., = 0.00543*1000*174 = 929.5 mm?

=20.6

As_ =0.0018 *b*h = 0.0018 *100 * 20 = 3.6cm2
As,.i, = 3.6cm?* < As, . = 929.5mm?

Use @ 12 \10cm
As=11.3cm?/m

Check Strain:

T=C

As*fy = 0.85* f_'*b*a
420*1130 = 0.85*24*1000*a
a=23.26 mm

X=27.4 mm
€s=0.016>0.005

So ¢=0.9 OK

&r
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fﬂg 200 Koy / (@e10g200

/S
@o1z@ 10

Figure (4-12): Reinforcement for stairs(1).
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4.11: Design of shear wall.

e Material and Sections:- (From Shear SW 7)

e concrete B300

e  Reinforcement Steel
e  Shear Wall Thickness
e  Shear Wall Width

e  Shear Wall Height

Design of shear:

> Fx=Vu=1020KN

Fc' = 24 N/mm?

Fy = 420 N/mm?
h=30cm
Lw=5.53m

hw=7.5

Design of the Horizontal reinforcement:

The critical Section is the smaller of:

Iw _5.53

= 2.765m
2
hw_ 75 _ 3 75m
2 2

d =0.8xlw=0.8x5.53=4.424m
Mu critical= 3586.4KN

is the smallest of : V.

1- V. =:/f/hd =

N,d
2-V,=0.27/f./hd + 4“ = 0.27v24 * 300 * 4424 + 0 = 1755.51KN

1

6

5 1A
®Vnmax = Q)g fc hd
=0.75%0.83 *v24 x300 * 4424 = 4047.448 KN >V, = 1020KN

v24 300 * 4424 = 1083KN ........ Control

Ly

o
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L, (0. 1/f. + o.le—t;l)

J— — w
3—V.=[0.05/f + M, L hd
vV, 2
5.53(0.1vV24 + 0
=(0.05v24 + ( ) 300 * 4424 = 3988.7KN

1.98

M, 1, 3586.4 5.35

— = 751
Vy

Y _

2 1020 2
Vu = 1020KN>0.75*1083 = 812.25KN need reinforcement
oVec+ QdVs =Vu

oVs =Vu—oVce

Vu _ 1020 _
Vs = —Ve= ——= 1083 =277

Ah_ Vs 2170 o,
Sh ~Fy*d ~ 420%4.42

Minimum shear reinforcementis required:
Take # =0.0025

A _ 0025+300= .75
Shmin

Avh >21
Shmin

Try ¢10 (As = 78.5 mm?2) for two layers

*
P Avh _2%785 ~0.75
Sh Sh

Sh=209mm , ¢10@200 mm

- Maximum spacing is the least of :

M: @ =1106 mm
5 5

3*h = 3*300 = 900 mm
450 mm ....... Control
—use$p10@200 mm in tow layer

&7
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Design for Vertical reinforcement:-

[0. 0025 +0.5(2.5 — ) (32 — 0. 0025)] *300%2 =

Lw Sh *h

Ay _ 75 157
*300 42 = [0.0025+0.5 (2.5-22) (o2 — 0. 0025)]
AV'U

=0.75

v

Select 10 in Two Layer

_ 2xmx102

=157mm24,,

157_075
S,

S, = 209mm

Maximum spacing is the least of :

Lw_ 5530 _ 1 843.33mm
3 3

3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢10/200 mm for two layers

Design of bending moment ( uniformly distribution flexural

reinforcement)

5530
( ) + 2 * 154 = 5677mm?
_( )f _( 5677 )420—006
W=\t n/f. " \5530+300/ 24 ~
P,
a:—,:
Lyhf.
C w+a _ 0.06+0

=0.0712

I, 2w+0.858, 2+0. 06+0 85 « 0.85
oM, = (2)[0. 5Agef Ly (1 + % (1——]

&y

stf y
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=0.9[0.5 * 5677 420 * 5530 * (1 + 0)(1 — 0.0712)] = 5158.7KN.m
> Mu
not require Boundary

Select ® 10 @200mm for vertical reinforcement .

L Hogk BL010an
: Ui G1DAISem
T 216108150m
-L-.Slm . .
L=35m
Vartical bars in bath tids
1 2510I50m
La5 470
23¢10820cm Hoctzoat] tocs in both sk
L=35m
Vertical bart in both side

553

N
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4.12 Design of Basment Wall.

Fc¢’ =24 Mpa Fy =420 Mpa
@ = 30°y = 18.00KN/m?
Ko=1-sin®

=1-sin30

= 0.50

* |_oad on basementwall:

For 1m length of wall:
* Weight of backfill:

e0 =Kox*xy=xh
=0.50*18.0*3.60 =32.4KN/m

E0=0.5*32.4*3.60=58.482KN

* Load from live load:

LL=5 KN/m2

el = Ko * LL
=0.50 * 5=2.50 KN/m

EL=2.50*3.60=9KN

Vu(max)=1.6*27=43.2KN

M (max)=15*1.57-18*1.57/2*2/3-2.52*1.57*1.57/2=11.02KN.m
Mu(max)=1.6*11.02=17.7KN.m

*Design of the shear force:

Assume h =250 mm,
d=250—-20—-14 =216 mm
Vmax =56.86 KN

_ ¢/24*1000*216

Ve =132.3 KN>>Vu=43.2KN

No shear Reinforcement is required

* Design of bending moment:

Mu max =17.7 KN.m

£9
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M —Mu—17'7—1967KN
"T09 090 7 -m
. _ Mnx10°  19.67 » 10° —ouam
Mo 10002162 o Pd
N A =206
M =085+fc 08524
1 i 1 2*Kn*m
= — x — _—_—
P m Fy
1 2%0.42%20.6
= «|1- |1-
20.6 420
= 0.001014

Asreq =p *b*d = 0.001014 = 1000 * 216 = 2.19 cm?/m
Asmin = 0.0012 xb xh = 0.0012 * 1000 * 300 = 3.60 cm?/m
Areq < Amin

Areg=Amin=3.6 cm?/m

Select 10@25cm/m in both direction.

*Design of the horizontal reinforcement:

Asmin = 0.0012 *b xh = 0.002 = 1000 = 300 = 360cm?/m

Selectp10@20cm/m, in two layer.
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4.13 Design of Footing.

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

Load Calculations :-
Dead Load = 656.64 Kn, Live Load = 189 Kn

Total services load = 950+ 189 =845.64 Kn

Total Factored load = 1.2*656.64 + 1.6*189 = 1090.36 Kn
Column Dimensions (a*b) =2°*60 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

Assume h = 40cm
Onet-ation = 300 — 25*0.40 — 18*0.40 — 25*0.40 — 5= 267.8kn/m2

Area of Footing :-

Pt 845.64

qnet—allow
Assume Square Footing
Select B =1.80m

Bearing Pressure :-

Qu = 1312/1.80*1.80 = 404.93Kn/m?

Design of Footing :-

o)
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1- Design of One Way Shear Strength :-
Critical Section at Distance (d) From The Face of Column

Assume h =50cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=400-75-14 =311 mm

2-0.35

VU:qu*( —d)*L

2-0.35

Vu = 209.29*( —o. 311) «1.8 = 193.63Kn

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 404.93 — (209* (0.939* 0.889)) = 230.462Kn

— v

F

Inclined crack

Critical section for
one-way shear

I

d

1

N

NN

One-way shear,

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

1(, 2\ [.7
¢'\/C :¢€(1+ﬁ_0]\/?bod
AV, =¢.$( % +2)\/f»c'b0d

b, /d

V. :¢.%\/f7bod

Where:-

or

2

5 KN/m

Tributary area for

/ one-way shear
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_ Column Length (a) 60 _1.09
© " ColumnWidth (b) 55

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

b, = 2*(0.355 + 0.371) = 145.2cm

@s = 40 for interior column

YA :¢%[1+ ﬂi}/ £, b,d =%* 14+ -2 |*/24*1452%311 = 783.925Kn

C

1.09

1( « , 0.75,(40*311
Ve=¢—| ——+2yf bd=="""=* +2 |*+/24*1452* 311 = 922.063Kn
#e ¢12(b0/d J 12 ( 4.66 j

YA =¢é\/fT b,d =%* 24*1452*311 = 553Kn

®dVc =553 Kn>Vu=230.462Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

B-a
2

FR = qu*( )+ L=404.93 * (X222 *1.8 =456Kn

Mu = 456* 0.5 = 227Kn.m

M, _  227x10°

R.— -
"~ BbdZ T 0.9x1800x3112

= 1.45 Mpa

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

= 1(1 _ - m) _ ;<1 - #) - 0.00159
m 420 20.6 420

or

=20.6
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Asreq = p.b.d = 0.00159x1800x311 = 1300 mm?>

Asmin = 0.0018*1800*400 = 1596 mm?

Asreq = Asmin = 1596 mm? ......... is control

Check for Spacing :-

S =3h=3*400 = 1200 mm

S= 380*(2280) 1.8*75 = 650 mm

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

Use 9¢14 in Both Direction, Asprovided= 1846.3 mm?

Check for strain:-

Asf 1846.3x420
a=—>=2=~L = =21.0mm
0.85b f. ~ 0.85x1800x24
a
C=—=—=24.8mm

B, 085

d—c 311 - 24.8
£,=0.003 (T) =0.003 (—) = 0.0346 > 0.005

24.8

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = CD(085ch1><\/7)

A1 =60*55= 02275m
A, = 200* 200 = 4.0 m?

/% —J4102275 =422 ccccurnnn... A s

®Pnb =0.60x (0.85x 24 x 227.5x 2) = 6033.3Kn
®Pn =6033.3> Pu=1312Kn........... ok

No Need For Dowels

o0&
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Load Transfer In Column :-

®Pnb = 0.60x (0.85x 24 x 227.5) = 3016.65Kn
®Pn =3016.65> Pu =1312kN.......... ok

No Need For Dowels
As,min =0.005* Ac = 0.005 * 650 * 350 = 1137.5 mm2

Use 10918, Asprovided= 2543.4 mm2>As,required= 600 mm?... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

F YePsy
LdTreq 10 A\/y_ ktr+cbt * db> 300mm

Ktr = 0 (Nostripes)

16
cb = 75+7= 83mm

200
Orch =T= 100 mm

ktr+cb_0+83

b =16 =5.19 > 25
ktr+cb_Z .
db o

9 420 1x1+0.8

Ldrreq = 15* 1oz ¥~ 25 * 16 = 395.054 mm> 300mm
Ld available = 2000-350 -75=1575 mm

LdT available = 1575 mm >ldreq = 395.054 mm........ OK

Compression Development Length In Footing :-

0.24+Fy*dB

LdCreq V24

> 0.043*Fy*dB >200mm

00
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0.24+420+18

LdCreq: N7

=370.4 > 0.043*420*18 = 325.1 >200mm

LdCreq: 325.1 mm

LdCavaiIabIe: 500-75-16-16 =393 mm >LdCreq: 325.1 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x420 x 18 =536.76 mm > 300 mm Select Lsc =550 mm.

10

10 80
N, N
160
180

p:

12018

10
7/

Jo 63 _ 35, 63 10

10 10
Dy 160 S

Fig 4.16 :Foundation Plan.
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| |
| | |

' L_|HH4L=1?5
gLiiilllllll Q@14 =175

O BEM A R e T

10

10 10
M0 e 3%, 63 )
10 10
/ 160 Y.
P 180 P

Fig 4.17 :Foundation Detail Section.
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