Chapter 5 5
Structural Analysis And Design

5.1 Introduction.

5.2 Design method and requirements.

5.3 Check of Minimum Thickness of Structural
Member.

5.4 Design of topping.

5.5 Design of One Way-ribbed Slab (RS1,RS2,RS3).

5.6 Design of Beam(BS10).

5.7 Basement wall

5.8 Design stair

5.9 Design column

5.10 Design footing
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5.1 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?®.

5.2 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
v Material :

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

Reinforcement steel: The specified yield strength of the reinforcement{fy =420

N/mm? (MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
ACI-code-318-08(9.2.1).

Wy=12D_+16 L,

5.3 Check of Minimum Thickness of Structural Member:

Table (5. 1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS

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

Minimum thickness ( h)

Member Simply One end Both end

supported | continuous | continuous | Cantileve
solid one way slabs L/20 L/24 L/28 L/10
Beams or ribbed one way | L/16 L/18.5 L/21 L/8

e ForRIib:

hminfor (one end continuous)=L/18.5=512/18.5=27.86¢cm
hminfor (both end continuous)=L/21=519/21=24.71m

e ForBeam:

hmin for(one end continuous)=L/18.5=625/18.5=33.78cm
hminfor(both end continuous)=L/21=699/21=33.28cm

The minimum thickness will be hyi,=35¢cm

select 35cm for rib slab with hidden beam

h=35cm (27 cm Hollow Block+8 cm Topping)

5.4 Design of topping:

Statically system for topping :

Consider the topping as strip of (1m) width, and span of mold length with both end fixed

in the ribs.
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3 40 cm

Figure 5. 1 topping load.
v" Load calculations:

Dead load calculations:
Table (5. 2) Dead load calculation Topping

Dead load from: oxyx1 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 LivelLoad:
L =2 KN/m?

L, =2 KN/m?x1m=2KN/m
e Factored Load :
Wy =1.2 x6.62 + 1.6x2 =11.144 KN/m

Check the strength condition for plain concrete, 8M,, > My, where g = 0.55

Mn=0.42 1 \/f] Sm (ACI 22.5.1, equation 22-2)

_ b.h* 1000.80?
6 6

Sm

= 1066666.67 mm?

@M, =0.55%0.42x1x+/24 x1066666.67 x107° =1.21KN.m

_ Wyul?
12

M, = 0.1358 KN.m

2
M, = % = 0.0679 KN.m

gM>> M, = 0.1358 KN.m
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No reinforcement is required by analysis. According to ACI 10.5.4, provide
A minfor slabs as shrinkage and temperature reinforcement.
Pshrinkage= 0.0018 ACI7.122.1
As=p x b x hygpping =0.0018 x1000%80 = 144 mm?/m
Step (s) is the smallest of:
1. 3h=3x80 =240 mm control by AC1 10.5.4

2. 450mm.
3. S :380(2f°) —2.5C, = 380 (%) —2.5.20 = 330mm ACI 10.6.4 OR
s 3
S 3300(2;“’):300 mm

Take g 8 @ 200 mm in both direction , S = 200 MM <Spa =240 mm ... OK

5.5 Design of One-Way Ribbed Slab(RS01, RS02, RS03, RS04) :
Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .

BW > 10 et ACI(8.13.2)
Select bw=12cm

h<3.5%DW o ACI(8.13.2)
Select h=35cm<3.5*%12=42 cm
tf>Ln/12>50mm ... ACI(8.13.6.1)

Select tf=8cm
v’ Statically system and Dimensions

- | | == | o | | e | e | = | —
g 0 0 0 0
]
l
1 | 0 8 .
| g |
o W
8
c =1 ]
1 = — f_l_J I [
! r |’—
| | l_:

Figure 5. 2 One Way Rib slab (RS01, RS03, RS03)
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Load calculations :

e Dead load:

Table (5. 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 0.08%x25%0.52 1.04
R.crib 0.27x25x0.12 0.81
Hollow block 0.27x10x0.4 1.08
Plaster 0.03x22x0.52 0.343
Interior partitions 2.3%0.52 1.196

> 5.79 KN/m

Dead load /rib = 5.79KN/m
*  Live load =2KN/M?

Live load /rib = 2KN/m? x 0.52m = 1.04 KN/m.

e The effective flange (be) :

1) be <t = 3% _ 750mm
4 4

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

3) be< center to center spacing between adjacent beam = -t 120 = 520mm

Take be=520 mm
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1- Rib (RS01)
Geometry Units:meter,cm
BO1 BO2 B03 BO4 BO8
1 2 3 4
08, 3.12 0.6, 4.38 0.6, 3.72 0.6, 3.44 0.6
S 3.72 L 4.98 o 432 L 4.04
B0G B09 B10 B11
5 6 7
—— A 1 A — A ::|
0.8, 3.25 ,0.8, 3.46 0.8, 24 0.8,
, 3,66 s 4.08 - 3. L
I - T T 1
35,
AA
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.79 5.79 579 5.79
[ 872 ‘ 4.90 422 4.04
5.79 5.79 579
W\ L 3 'y r
" 3.86 1 4.08 3. ‘
Live load - Service Load factors: 1.20,1.20/1.60,0.00
Y PR bl qha v lapak 1
[ aT2 i 4.98 430 404
: b g pql ¥ dqpqt A b qpe t [
288 4.08 3
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 7

-17.3 -16.9
10.8/\-11.3 8. 1.8 -12. 1.4
-7-9/\“-'-:? -a.a/\; T2/ -T. 6.5/ -6.8
| i |1. i } |1. | 1 I1 1| I I 021
;/'Oisi: w?: tl/eiai HH q'ﬂ:?: H
. 0. 0.7 0.7 0. 7,
v&.se 4.7 O'ﬁMﬁMﬁ 6
7.3 7.2 73 5.6
248 | 216 | 216 | 202 202 | 102 192 | 203 | 203 | 18 12|
. 21.7
154 207 164 -18.4 -17.8 173 -17.8
e ' -13.2 -125 -12. -125 9.8
45 \
g HH HH HH H HH H H
17/6.9
12.1 166 148 13. 11.8 12.7 11.5
. 18.3 17.1 18. 16.7
219 201
_Reactions
Factored
[ [ 1 1 'l o1 1 [ |
I T T T L B L L T ™
DeadR  9.26 33.93 329 28.5 27.09 27.64 27.43 7.45
LiveR 2.86 8.63 8.82 8.19 7.78 7.57 7.08 2.34
MaxR  12.12 42.56 41.72 36.68 34.87 35.21 34.51 9.79
Min R 8.62 37.2 35.86 30.99 29.65 30.24 29.9 6.89
Service
DeadR  7.72 28.28 27.41 23.75 22,57 23.03 22.86 8.21
LiveR 1.79 5.39 5.51 5.12 4.86 473 4.43 1.48
Max R 9.5 33.67 32.93 28.86 27.44 27.76 27.29 7.67
Min R 7.32 30.32 29.27 25.3 24.17 24.66 24.4 5.86

Figure 5. 3 Shear & Moment Envelope Diagram (RS01)

e Design of positive moment:

M, =11 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

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

Check if a >h; to determine whether the section will act as rectangular or T- section,

h
Mt =0.85. f. be. hy. (d — )

:0.85><24><520><80><(316 _

M. 11
My >—= = —=
(0] 0.9

12.22 KN.m

80
2

) x 1076 = 234.22KN.m

the section will be designed as rectangular section with be =520 mm.
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My _ 11x10°
T @bd2 ~ 0.9x520x3162

= 0.235Mpa.

R

420
m= 2 = =206
0857  0.85x24

o= 1(1 _ 1 _m> - L(l _J1 _M> = 0.000563
m 420 20.6 420

Asreq = p.b.d = 0.000563x520x316= 92.512mm?
° Check for As’min.

As miniS the maximum of :-

1.4 b,.d

Asymin :0'25@bW' d 2 -
fy fy

L Asmin=0.25"22 120 x 316 = 110.6mm?

2. Aqmin =——120 X 316 = 126.4mm? Control
! 420

As = 92.512 mm? <Ag min = 126.4mm?

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

Check for strain:

_ Asfy _ 157x420
0.85b f! ~ 0.85x520%24

= 6.22mm

6.22
== =222=-732mm
B, 0.85

d—c 316 — 7.32
& = 0.003 (T) = 0.003 (T) =0.127 > 0.005

e Design of negative moment:
M, =-11.5 KN.m,

Assume bar diameter g 12 for main positive reinforcement.

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

_ My __ 115x10®
Ri= Ghaz = Goxizoxarer — 1:006 Mpa.
=D 20— 206

m= ;= =
0.85f; 0.85%x24

p= i(l -1 _M) = L(l _\/1 _m> = 0.00261
m 420 20.6 420

Asreq = p.b.d = 0.00261 x120x316 = 98.971 mm?
L ChECk fOf Asymin.

A miniS the maximum of :-
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Acmin=025Lp d>1p 4
Ty 7y

L Asmin=0.252 120 x 316 = 110.6 mm?

2. Asmin =120 X 316 = 126.4 mm? Control
As= 98.971 mm? <Ag min = 126. 4mm?

_______________________________________________________________________________________________________

Check for strain:

Asfy _ 157x420

= - = = 2694 mm
0.85b f; 0.85X120%x24
=2 =2 _ 3169mm
By 0.85
= 0.003 (d_c) = 0.003 (316_31'69) = 0.0269 > 0.005 0k
&= 0 c )=V 3169 /) '

v" Shear Design for (RS01):
V, at distance d from support= 16.6 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.
(AClI, 8.13.8).

Vo= A[fibyd = V2% x 120 X 316 x 1073 = 34.05KN
8V =0.75x34.05 =25.55 KN.

0.5 g V =0.5x25.55 =12.78 KN

058 V< Vi< BVe  woveeenenn.. NO

Minimum shear reinforcement is required except for concrete joist construction. So, No

shear reinforcement is provided
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2- Rib (RS02)

Geometry Units:meter,cm

BS06 BS08 BS09 BS10 BS11
1 2 3 4 .
A A A A
04 3.08 0.6 3.25 0.6 3.46 0.6, 24 , 06
I I 1 3.58 I I I 3.85 I I 1 4.m I I 1 3- I I 1
| 52- L ! ! |
35.
12.
ATA
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.79 579 5.79 5.79
3.58 3.85 4.08 3.
Live load - Service Load factors: 1.20,1.20/1.60,0.00
v dqpqd | T YO T Y R b begal b
3.58 3.85 4.06 3

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

_Moments: spans 1to 4

-124 -11.5

L -ml"'l | L A 1 1. |

I i 1 F X 7087 |
ot T
M ' " \—/{

5.4 T 55
9,

! 143 2.15 ! 192 19 ! 2 20 ! 18 12 !
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-18.9 6.9 -17.9
-13.6 -11.6 -12.6 98
-4.5
[ 1 1 1 1 1 1 |
1 I 1 1 I T 1 I
8.
12.4 12. 12.6 "5
17.3 17.9 16.8
R ion
Factored
| ! | 1 1 1 T 1 |
T L L LI L LI L |

DeadR 9.72 28.73 27.27 27.53 7.43

LiveR 27 7.46 7.45 7.13 2.33

Max R 12.42 36.19 34.72 34.66 9.76

Min R 9.35 31.7 29.97 30.05 6.88

Service

DeadR 8.1 23.94 22,72 22.94 6.19

LiveR 1.69 4.66 4.65 4.45 1.46

Max R 9.79 28.6 27.38 274 7.65

Min R 7.87 25.79 24.41 24.52 5.84

Figure 5. 4 Shear & Moment Envelope Diagram (RS02)
e Design of positive moment:
My =9 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

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

Check if a >h; to determine whether the section will act as rectangular or T- section,

Mar =0.85. 7. b hy. (d — L)

80

:0.85><24><520><80><(316 -2

) x 10~6 = 234.22KN.m

Moo>2e — 2= 10 KN.m
(0] 0.9

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

_ My 9x10° _
Ro= @bd? ~ 0.9x520x3162 0.193Mpa.
fy 20 _ 06

m= ;= =
0.85f; 0.85X24

- 1(1 _ 1 _m> = ;<1 _Jl _M) = 0.000462
m 420 20.6 420

Asreq = p.b.d = 0.000462x520x316= 75.92mm?
L Check fOf As’min.

A miniS the maximum of :-
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Asimin :0.25

e 4>y 4
Ty 7y

3. Aumin=0.25Y2 120 x 316 = 110.6mm?

4. Asmin =—=120 X 316 = 126.4mm? Control
420

As= 75.92 mm? <Aqmin = 126.4mm?

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

Check for strain:

_ Asfy _ 157x420
0.85b f! ~ 0.85x520%24

= 6.22mm

6.22
c=—==222=732mm
B, 085

d—c 316 — 7.32
& = 0.003 (T) = 0.003 (T) = 0.127 > 0.005

¢ Design of negative moment:
M, =-7.6 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

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

My, _ 7.6x10®
Rn= Gba? = soxtzoxarer — 0-/0° Mpa.
b= =206

m= 7 = =
0.85f  0.85x24

p:l<1 -1 _M> :L(l_\/l _M> = 0.00171
m 420 20.6 420

Asreq=p.b.d=0.00171 x120x316 = 64.84 mm®
L ChECk for Asymin.

As miniS the maximum of :-

1.4

Acmin=025Lp d>1p g
Iy Iy

3. Aumin=0.25Y22 120 x 316 = 110.6 mm?

4. Agmin =—=120 x 316 = 126.4 mm? Control
’ 420

As = 64.84 mm? <A min = 126. 4mm?

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

Check for strain:
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Asfy _ 157x420

- = = 26.94 mm
0.85b fC 0.85X120%x24
=2 =2 _ 3169mm
B,  0.85
~0.003 (d_c> = 0.003 (316_31'69) = 0.0269 > 0.005 0k
&= c )" 31.60 /) '

v" Shear Design for (RS02):
V, at distance d from support= 13.6 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).
Vo= A/fibyd = V2% x 120 x 316 x 1073 = 34.05KN
@ V. =0.75%34.05 =25.55 KN.
0.5 9 V;=0.5%x25.55=12.78 KN
050V <Vi<gVe oiiiiiiiin. NO
Minimum shear reinforcement is required except for concrete joist construction. So, No

shear reinforcement is provided

Rib (RS03)
Geometry Units:meter,cm
BSO01 BS02 BSO03 BS05
1 N 2 3 .
_ N A ——]
A A A
0.6 3.12 , 0.6 4.36 06 33 0.4
T T T T T 1
3.72 ‘ 4.96 , 3.8 ‘
52 T i 1
8.
35.
12.
AA
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Loading

no. 1

Doad load - Senvce

- Units:kN,metar
519 5.18 &.y9
an 4.98 ) 38 ]
Live load - Service Load factors: 1.20,1.20/1.80,0.00
I ' YEE ! 3 ¥ 1 1 qBs ¥ ¥ ¥ 3 v T 14 I [
ar2 4,06 38

Moment/Shear Envelope (Factored)

Units:kN,meter

_Moments: spans 110 3

171 -AT.4
w -W
| 1.22{1.07 | [ =1.21 I
. / ‘\\ / 1-1i \\ ,

33
8.6 10,6
| 140 . 228 | 2.48 , 248 | 228 152 |
_Shear
208 -21.8
-154 182 425
8.1
i | t 1 f }
7@/
122 6.4 16.7
1.7 209
“Reactions
Factored
I —+— —+— H
DeadR  9.31 33.71 34.11 9.59
LiveR 284 8.55 8.62 2.89
MaxR 1215 4225 272 12.48
MnR 87 37.08 37.58 8.99
Service
DeadR  7.76 28.00 28.42 7.99
LiveR 178 5.34 5.38 1.81
Max R 8.54 33.43 33.81 8.78
MnR  7.38 30.17 30.58 7.62

Figure 5. 5 Shear & Moment Envelope Diagram (RS03)

Design of positive moment:
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M, =10.6 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

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

Check if a>h; to determine whether the section will act as rectangular or T- section,
Mur =0.85. . by hy. (d — L)

80

:0.85x24><520><80><(316 -2

) x 1076 = 234.22KN.m

10.6_

Moo — 220 11 78 KN.m
()] 0.9

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

_ My 10.6x10° _
Re= Pbd2 ~ 0.9x520x316% 0.227Mpa.
m= 2 = 22— 206

T 0.85f/  0.85x24

o= i<1 _ 11 _m> = ;<1 _\/1 _w> = 0.000544
m 420 20.6 420

Asreq = p.b.d = 0.000544x520x316= 89.39mm*
e Check for Asmin.

As miniS the maximum of :-

Asmin=025Lp d>1p g
Iy fy

5. Acmin =0.25 2 120 x 316 = 110.6mm?

6. Aqmin =——120 X 316 = 126.4mm? Control
! 420

As = 89.39 mm? <A min = 126.4mm?

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

Check for strain:

a= Asfy _ 157X420

= - = = 6.22mm
0.85b f; 0.85x520%x24

6.22
== =222=732mm
B, 0.85

c
& = 0.003 (T) = 0.003<

e Design of negative moment:
My=-11.5 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

316 — 7.32

=0.127 > 0.005 Ok
7.32 > ~
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d =h- cover - dgimps— -2 = 350 — 20 — 8 — = = 316mm.

M, __ 11.5x10%
Rn= @bd? ~ 0.9x120x3162 1.066 Mpa.
= b 20 _ 206

m= = =
0.85f,  0.85x24

o= 1(1 [ _ﬂ> _ L(l ‘Jl _M) — 0.00261
m 420 20.6 420

Asreq = p.b.d =0.00261 x120x316 = 98.97 mm?
e Check for Asmin.

As miniS the maximum of :-

1.4 b,.d

Asmin :O.ZSEbW.d 2 -
' fy fy

5. Asmin=0.25 22 120 x 316 = 110.6 mm?

6. Asmin =--120 X 316 = 126.4 mm? Control
As = 98.97 mm? <A min = 126. 4mm?

_______________________________________________________________________________________________________

Check for strain:

_ Asfy _ 157x420

= - = = 26.94 mm
0.85b f; 0.85X120%x24
=2 =22 _ 3169mm
By 0.85
= 0.003 (d_c> = 0.003 (316_31'69) = 0.0269 > 0.005 0k
&= T c )=V 3169 ) '

v" Shear Design for (RS03):
V, at distance d from support= 16.5 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).

Ve == A\[fibyd = =V2& x 120 x 316 x 1073 = 34.05KN

g V. =0.75%34.05 =25.55 KN.

0.5 V. =0.5x25.55 =12.78 KN

050V <Vi<oVe ovviiinnnl. NO

Minimum shear reinforcement is required except for concrete joist construction. So, No
shear reinforcement is provided
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5.6 Design of Beam(BS10) :

v" Load calculations:

Load calculations for BS10:

Dead Load Calculations for Beam(BS10):-
Table (5. 4)Dead Load Calculations for Beam(BS10)

Dead load from: hxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Reinforced concrete 0.35x25%1 8.75
Plaster 00.2x22x1 0.44

Y 11.7 KN/m

The distributed Dead and Live loads acting upon BS10 can be defined from the support
reactions of the RS01, RS02

From RS01 & RS02

The maximum support reaction (Service) from Dead Loads for RSO1 upon
BS10is 22.86 KN . The distributed Dead Load from the RS01 on BS10:

DL =22.86/ 0.52= 43.96 KN/m

The maximum support reaction (Service) from Dead Loads for RS02 upon
BS10 is 22.94 KN . The distributed Dead Load from the RS02 on BS10:

DL =22.94/ 0.52= 44.12 KN/m

Live Load calculations: The maximum support reaction (Service) from Live
Loads for RS01 upon BS10 is 4.43 KN .

The distributed Live Load from the RS01 on BS10:

LL =4.43/0.52= 8.52 KN/m

Live Load calculations: The maximum support reaction (Service) from Live
Loads for RS02 upon BS10 is 4.45 KN .

The distributed Live Load from the RS02 on BS10:

LL =4.45/0.52= 8.56 KN/m
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= ) | 2 e |5 | | 52 &= =]
S
\\\
3 a N | | 0
= : Ed /%ﬂv\ O i
% : % \\ &
0l M 0 : i 1]
— I — i i
| E3 |2 = ——
i 8 8
T %—R
e/ | |
= =4 BS13 =4 s M g El ] oot | i
s
B II T | |_|—| =T BSIS ’—il_{:
Figure 5. 6 BS10
Geometry Units:meter,cm
Ccs83 ] cs84 » csas
C : . : il
A - A
0.3, 5.85 03 4.69 0.3,
I T T
‘ 6.15 | , 4.99 | | I
I T 1
35,
80.
AA
Loading
load group no. 1
Dead load - Service Units:kN,meter
43.9 43.9 441 43.9
17 v b gz b b
6.15 1104 1.84 , 1.9 o.ﬁs
Live load - Service Load factors: 1.20,1.20/1.60,0.00
I ¥ U yggal § Yy Beal U | gkg | v | gga U |
6.15 1.1 C!I‘I 1.84 I 1.9 D.I‘

65




Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2

-324.5
-280.4 _-284.8
I 1'4151 79 |
I 1 zia 1i4 i
28, 1 = / 20.7
129.6
243,
l 246 , 3.69 . 3.24 L s |
_Shear
-300.1
-264.7
-141.2
-109.1
1 I 1 1
Ll 1 I T
1
197.7 235.7
271.1
_Reactions
Factored
- 1 |
I LI L 1
DeadR  161.57 474.1 111.4
LiveR 36.13 97.05 29.79
MaxR  197.71 571.16 141.18
Min R 158.4 516.32 104.27
Service
DeadR  134.65 395.09 92.83
LiveR 22.58 60.66 18.62
MaxR  157.23 45574 111.45
MihnR  132.66 421.47 88.37

Figure 5. 7Loading and Moment /Shear Envelope.
v" Flexural Design for (BS10) :

Determine of Mp max :

18
d=350—40—8—7=293mm

3 3
c=§d =§><293 = 125.75 mm

a=B.c=12575 x 0.85 = 106.736mm
Mnne = 0.85fab(d - 2 ) = 0.85x24x106.736x1000x(293-106.736/2 ) x10°= 521.778

KN.m

® Mnmax = 0.82% 313.07 = 427.858 KN.m> -284.8

Design as singly reinforcement
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Design for positive moment :

1) Mu = 243
ol Mu __243x10°
"= Bbd2 09 x 1200 x 2932 _ e P
fy 420

= 20.6

m= 7 =
0.85f; 0.85X24

o= 1(1 _ |1 _M> = L(l _Jl _M> = 0.00670
m 420 20.6 420

As;=p.b.d =0.00670x1200%293 =2355.72mm?
Check for A min.

Acmin=025p d>p g
* A 7
Asmin =0.25 Y22 1200 x 293 = 1025.28 mm?

Asmin =22 1200 X 293 = 1172 mm? Control.
Asmin=1172mm?< As=2355.72 mm?

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

,,,,,,,,,,

Check spacing :

Smax= 380 (@) —2.5C, = 203.33 control  OR S = 300 (@) = 200
% 2
S = 1200'40“'2"*2‘“8“0) =102.22mm > 25 .. OK
< 203.33.. 0K

Check for strain:

AS.

_ fy,= 2545%420  _ popc

0.85b f! ~ 0.85x1200x24
=2 =28 _ 5136 mm

B, 085

= 0.003 (d _ C) = 0.003 (293 _ 51'36) = 0.0141 > 0.005 0k
& =Y c ) 5136 /) '

2) M;=129.6KN.m

_ My __ 129.6x10°
T @bd?2 ~ 0.9x1200%x2932

Ry

= 1.398Mpa.

420
m=—2_ — = 20.6
0.85f, 0.85%x24

p=1<1_ 1_%>=L<1_\/1_w>=0.0034s
m 420 20.6 420

As = p.b.d =0.00345 x1200x293= 1212.02 mm>.
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Acmin=025p d>1p 4
h 7

Asmin =0.25 Y22 1200 x 293 = 1025.28 mm?

Asmin =—=1200 X 293 = 1172 mm? Control.
420

Asmin=1212.02 mm*>A; = 1172 mm?
USE 5@ 18 BOttom, Asyprovided: 12725 mm2>As’requ|red: 121202 mm2
Check spacing :

1200-40x2—-2%x10—(5%18)
4

S = = 252.5mm > 25

> Smax
Use 5g 18 Bottom, As provided= 1781.5 MM*>A required= 1212.02 mm?,

1200—40x2—-2X10—(7x18)
6

S= = 162.3mm > 25 ...0k

Check for strain:

_ Asfy  1272.5%420

= - = = 26.2mm
0.85b f/ ~ 0.85x1000x24

26.2
c=2 =22 -30.82mm
B, 0.85

d—c 293 —30.82
& = 0.003 (T) = 0.003 (W) = 0.0255 > 0.005

Design for Negative moment :
M, = -284.8KN.m

_ My __ 284.8x10°
@bd?  0.9x1200x2932

Rn = 3.083Mpa.

420
m= 2 = =206
0857, 0.85x24

p:l<1_ 1_M):L<1_\/1_M>=0.008
m 420 20.6 420

As = p.b.d = 0.008x1200x293= 2812. 8 mm?®.
Check for A min.

Acmin=025Lp d>1p g
fy fy

As min :0.25% 1200 x 293 = 1025.28 mm?

Asmin =—=1200 X 293 = 1172 mm? Control.
420

Asmin= 1172 mm’< A, = 2812.8 mm?
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---------------------------------------------------------------------------------------------------

Check spacing :

1000—40%2—-2%10—(18%x12)
11

Check for strain:

S= =62.18mm > 25 ... OK

_ Asfy _ 2859.68 X420

= - = = 49.06mm
0.85b f; 0.85X1200%x24

a _ 49.06

B, 0.85
= 0.003 (d — C) = 0.003 (293 _ 57'72) =0.0122 > 0.005 Ok
s c /)7 5772 ) '
v" Shear Design for (BS10):
1. Vu=2647,2357 KN
Ve==2\fc'b, d == V24 x 1200 * 293 x 10~* = 257.08KN
® V= 0.75%257.08 =215.31 KN
Vomin = 3hy d == 1200+ 293+ 1073 = 117.19 KNcontrol
V smin = —oN/f€'by d =% V2% 1200 * 293 » 1073 = 74.75KN
Voo = 3JFc'by, d = 5V28 % 1200 293 % 1073 = 574.15
(DVC < Vu = Q)(Vc + Vs,min)
21531 < 264.7,235.7 < 0.75(257.08+117.19)
252.66 < 264.7 <280.7 ...ok
shear reinforcement are required .
Usedleg® 8.
Av =201.2 mm?.
V5= V- V=222~ 257.08 = 95.85 KN
Apfyed 2012 % 420 * 293
S = - =210.71
Ve 75.05 * 1000 mm
d 293

Smax = 5= = 146.5 mm (control) O Spax < 600 mm

Use4dleg® 8 @150 mm .
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2. Vy,=162.3KN, 109.1
Ve=<y/fcb, d == 224 %1200 + 293 x 103 = 257.08KN
® V= 0.75%257.08 =215.31 KN
%(D V=0.5%x179.42 =107.655 KN

Vomin = $byd == 1200+ 293+ 1073 = 117.19 KNcontrol
V smin = 1o/ C'by d = % V24 + 1200 * 293 + 1073 = 74.75KN

Vo = 2/fc'b, d = 2V2% x 1200 * 293 + 1072 = 574.15

1
SOV <V =0k

107.655< 162.3,109.1 < 215.31

Minimum shear reinforcement is required .
As 1 b 2012 1 1200

== == = 21126
s 3 f s 3 40 ° i

A 1 \/7 b 1006 1 . 1200 12699
4 _ 1 ;b (1006 1 57 1200 o o0
s 16 VE T TS T e 420 ° i
d 293
Smax =5 = —- = 1465mm CONTROL ~ or 600

Use4dleg®8 @150 mm .
5.7 Design of Basement wall

4.6.1 Load Calculation:-
y = soildensity = 18KN/m3.

@ = angleofinternalfriction = 30°.

LL=5 KN/m® .

Thickness = 30cm, cover = 4cm .

The design will be for 1m width .

Neglect the axial load, since its low value

ql = soilpressure = Ko * y * h.

q2 = surchargepressure = Ko * LL.

Ko = soilpressurecoef ficientatrest = 1 — sin@.
So,

Ko=1-sin® = 0.5.

KN
ql =0.5%19%2.70 = 25.65—.
m
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Factored Load :-
qlu = 25.65 * 1.6 = 41.04 KN /m?
q2u = 2.5%1.6 = 4 KN/m?

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

Moments: spans 1to 1

1.35 41. 1.35

Shear

-60.8

60.8

Figure 5. 8 Loading and Moment /Shear Envelope
Design of bending moment of wall :-

Design for positive moment Mu =41 KN.m .

16
d=300—40—7=252mm.

mn="4_ 1 ssekn
"T09 090 S
Mn*10° 45.56 % 10°
Rn = = = 0.717 Mpa.

bxd2 1000 x 2522
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Fy 420

M =085+ fc’  0.85%25
1 i 1 2*Rnx*m 1 L 1 2% 1.25%19.76
= — % —_— —_— o * — —_
P=m Fy 19.76 420

=174%1073
Asreq = p*bxd =1.74 x1073 % 1000 * 252 = 437.71 mm? /m. .... control.
Asminv = 0.0012 * b = h = 0.0012 = 1000 * 300 = 360 mm?/m.

JFe 5
* 1000 * 252

*bw*d=0.25*420

Asminforflexture = 0.25 *

= 750 mm?/m.

420
For inside wall Select 12@25cm = 452.4 mm? > 437.71mm?.
For outside wall Select 12@12.5¢cm = 904mm? > 840mm?.

1.4
Asminforflexture = E *bw*xd = * 1000 * 252 = 840mm?/m ....control.

4.12.3 Design of shear force :-
d =300—-40—-8=252mm

1 , 1
Q)Vc=0.75*g*\/fc *bx*d=0.75 o 25 %1000 * 252 * 1073 = 157.5 KN.

(Ve = 157.5) > (Vu = 60.8).

No shear Reinforcement is required and thickness of wall is adequate enough.
But horizontal Reinforcement due to Cracking:

Asreqh = 0.002 * b x h = 0.002 x 1000 * 300 = 600mm? /m.

For one side As = 300 mm?/m.

Select for one side horizontal reinforcement 10@25cm = 314.16 mm? > 300 mm?
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5.8 Design of Stair:

=

[

Figure 5.9: Stair Plan.
v" Material :-

= concrete B300

= Reinforcement Steel
v" Design of Flight :-

Fc' = 24 N/mm?
Fy = 420 N/mm?

v" Determination of Thickness:-
hmin = L/20
hmin = 5.8/20 =29 cm
Take h =30cm
The Stair Slope by 0 = tan™(15/ 30) = 26.56°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-
Table5-5:Dead Load Calculation of Flight.

No. | Parts of Flight Calculation

1 Tiles 27*0.03*1*(0.35+0.15/0.3 ) = 1.35 KN/m
2 Mortar 22*0.02*1*(0.3+0.15/0.3 ) = 0.66 KN/m
3 Stair 25*1*(0.3+0.15/2 )/0.3 = 1.875 KN/m

4 | Slab 25*0.25*1/ COS 26.56 = 6.99 KN/m

5 Plaster 22*0.03*1/ COS 26.56° = 0.738 KN/m

Sum 13 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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1.2m 3.3m 1.2m

Fig 5.10: 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 —dz—b =300 — 20 — % = 273mm

Vu =42.3KN

Ve==/fc'by d = <V2& x 1000 * 273 = 222.9KN/m

O V.-0.75*222.9=167.2KN /m
Vu=42.3<® V:-0167.2KN /m
The thickness is enough .

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

* 2
Mu= 80.25*(1.5+1.6)—%=89.1.mKN

_ My __ 89.1x10°
T @bd2 T 0.9x1000x2732

Rn

= 1.2 Mpa

1 420
m= 4 ;=
0.85f; 0.85%x24

- 1(1 _ 1 _m> = ;<1 _\/1 _w) = 0.00294
m 420 20.59 420

Asreq = p.b.d = 0.00294 x1000x273 = 804.2mm?

= 20.59
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As min= 0.0018*1000*300 = 540 mm?

ASreq>As min=540 mm?

AS1eq=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 :-
Asreq= As min =0.0018*1000*300= 540mm?
Use 214@ 300 mm As provided= 461.7 MM*>As requires= 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 :-

Wy = 1.2 x9.26+ 1.6x4=19.3KN/m

v" System of Landing :-

_19.3%17
2

R +21.15%1.9 =75.45KN

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

Assume bar diameter g 14 for main reinforcement

d =h- cover - = 300 — 20 — = = 273mm

Ve==y/fc'by d == <V2& 1000 * 273 = 222.9KN

O* 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 —dz—” =250 — 20 — % = 273mm

My, __ 706x10°
Rn= @bd? ~ 0.9x1000x2732 1.052 Mpa
m= —2 120 _ 20.59

T 0.85f!]  0.85%x24
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p:1<1_ 1_M>:;<1_\/1_M>=0.002575
m 420 20.59 420

Asreq = p.b.d = 0.002575x1000x273 = 703 mm?

As min =0.0018*1000*273 = 540mm?
Asreq = 703 mm?......... is control
Check for Spacing:-

4) S =3h=23*300=900mm

5) S =2380%(280/(2/3 * 420)) — 2.5%*20 =330 < S = 300%(280/(2/3 * 420)) = 200mm

6) S=450mm
S=200mm ......... is control

Use g14 @ 200 mm

070 T
0.20
® 1458  0.20
A8 1
A& 0 80
b 0657
1.408B GW
5P
1.76T 02 <
23
1.208
Fig 5.11: Stair Reinforcement.
5.9 Design of Column:
Column: C-9....... (within basement floor)
PD=537.18KN
PL = 78.28KN

Use Fc’ = 24 Mpa

Fig 5.12:section of column -19

P, =1.2DL+ 1.6LL =1.2x537.18 4+ 1.6 X 78.28 = 769.864KN

P, 769.864
P, ==
¢  0.65

Assume rectangular section with:
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- Usep = 25%

P, =0.8xA4,(0.85 X f. + py[f, — 0.85 % f.])

- Use 0.8 for tied column

1184.4 « 1073 = 0.8 X A,4(0.85 X 24 + 0.025[420 — 0.85 * 24])

A, = 48716.68mm?*

— Use0.6 x 0.4m*withA, = 240000mm? > Ay requirea = 48716.68mm?
1) Check for Slenderness :

K X1, M,
< 34—12(—) <40
M,
M, .
(ﬁ) =1~ for braced frame with My;,,.
2

l,,: Actual unsupported (unbraced) length.
r:radius of gyration of its crosssection = 0.3h
l, =2.6m

K = 1.0 — for columns in nonsway frame.

a) In 40cm- Dirction:
K xl,

<34-12x1.0=22<40

Kxl, 1x26
r, 03x04

=21.6<22

=~ short Column for bending about X — axis.
b) In 600cm- Dirction:
K x 1,

<34-12x1.0=22<40

Kxl, 1x26
y  03x0.6

=144 <22
7

~ short Column for bending about Y — axis.
Selecting Longitudinal Bars:
4000*1000= 0.65x 0.8x Ag{0.85*24(537.18 — Ast) + Ast * 420}
Ast=2735mm?2
Use12¢25 ,Ast,prov=5890.4mm’>Ast=2735mm’
g =Ast/Ag=0.00114
v Design of the tie reinforcement :
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S <16 db (longitudinal bar diameter)
S<48dt (tie bar diameter).

S < Least dimension.

spacing <16xd,=16%x2.5=40cm ....
spacing <48xdt=48x1.0 =48 cm
spacing <least.dim=40 cm control
Use$¢10@25 cm

5.10 Design of Isolated Footing (F11):
Pp = 690KN (service).

PL=220KN (service).

Py =1180 KN ( factored).

Column Dimensions = a*b=35*35 cm

Allowable bearing capacity gai= 350 KN/m?.

Area of Footing:

Soil Density = 18 KN/ m ®

assume h= 40 cm.

q atnet = 350 - 5 - 0.4%25-0.11x18 = 315.2 KN/m 2

_PD+PL _ 83296+55.73
gallnet 379.9

Area A =2.88

Use B,L(min) =1.7m,take B=L=1.8m, A =23.24m? for foundation.
Depth of footing:
Assume h =40 cm.

Check one way shear:

= 11803642 KN/ m'. g, = "0
3.24 "t Area

d =400 — 75— 20 =305 mm

_ 0.75, 24*2.4*0.305*1000=2336.19KN @V, = CD%WI fc'bwd

Vu =qy, X(%_dJXL

(1.8—0.35

Vud =364.2 x - 0.305j x1.8=27534KN

oV =336.19 KN >V 4 = 275.34KN ——--- ok
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e Check two-way shear:

d_505_2525
> =5 = Smm.

To calculate V, at the critical section which take rectangular shape with dimension equal
(0.35 +0.305 ) equals (0.655)

Inner area =0.655* 0.655=0.429m *

Outer area = area of the footing = 3.24 m?

Vu = Qqq (outer area — inner area) = 364.2 x(5.76-0.8090) =1023.77 KN

According to ACI, V¢ shall be the smallest of :

_ 05/t bdv, :%[uﬂi}/f' b,d
_ 04471, bd v, :%(bo“;d +2J\/fT’ b,d

.....ControlV,_ :%\/ fcl b,d

Where:

=a/b=35/35=1f,

= Perimeter of critical section taken at (d/2) from the loaded area b,
=2%(0.655+0.655)= 3. 62 m

=40 for interior column. &

N =0.75x 0.33v/24 x 3.62x 0.305x1000=1338.7KN

@Vc =1338.7KN > Vu =1023.77 KN
SOh=40cm Is OK.

Design of flexural reinforcement both directions :

AN
Mu = [qun X Lx(czzn

=(364.2x1.8x1x1)+2 = 163.89KN.m

Mn = 163.89/0.9 = 182.1KN.m.
_ Mn
" p*d?

252%10°

Rn= ——< —__ =1.088Mpa
2400* (505)

Rn
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fy 420

= — = =20.6m
0.85* fc  0.85*24
1 2mRn
p=—(1- 1- )
m fy
o= 1 - \/1_ 2(20.6)(1.088) ) =.00266
20.59 420

Areq=p>* b x d=.00266*1800%305=1462.29mm?..... control
A min = 0.0018 % 1800 % 400 = 1296 mm?
So, Use8® 16 with As =1608.5 mm?> As req = 1462.29mm?...for each direction x and

Y.
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