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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.
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Chapter 4 structural analysis and design

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.
v' Code:-

ACIl 2008
UBC
v Material:-

Concrete:-B300
1 2
fc'=30N/mm*(MPa) o circular section

but for rectangular section ( f¢'=307%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:-
W,=12D_+16L, ACl-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are Calculated.
(ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)
Simply One end Both end
ST supported Continuous continuous SIS
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
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For Rib :-

hminfor(one end continuous)=L/18.5=5.3/18.5=28.6cm
hminfor(both end continuous)=L/21=5.3/21=25.2cm
hminfor(cantilever)=L/8=1.26/8=15.8cm

Take h=32cm

24 cm block + 8 cm topping = 32cm

ForBeam :-

hminfor(one end continuous)=L/18.5=10.8/18.5=58.4cm
hminfor(both end continuous)=L/21=8.15/21=38.8cm
hminfor(Simply supported)=L/16=10.7/16=66.9cm

Take h =70cm

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

- - 40 cm - -

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.

Live Load :-

L. =5 KN/m?

L. =5 KN/m?x1m=5KN/m

Factored Load :-

Wy = 1.2 x5.47 + 1.6x5 =14.56KN/m

Check the strength condition for plain concrete, gM,, > M, where g = 0.55
M = 0.42 L \/f/ Sm(ACI 22.5.1, equation 22-2)

_ b.h? 1000.802

— 2
3 3 1066666.67 mm

Sm

@M, =0.55%0.42x1xy/24 x1066666.67 x1076 =1.21KN.m
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_ Wy L?

M, = = 0.194KN.m (negative moment)
12

_ Wy l?

M, = el 0.097 KN.m (positive moment)
oM>> M= 0.194 KN. m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACI17.12.2.1
As = pxbxhigpping =0.0018 x1000x80 = 144 mm?*/m
Step (s) is the smallest of:

1. 3h =3x80 =240 mm control ACI1 10.5.4
2. 450mm.

280

g

280

) — 2.5C = 380 (zm) ~2.5.20 = 330mm ACI 10.6.4
3

3. S :380(

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

4.5 Design of One Way Rib Slab (R1)

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCIIL. + oo ACI(8.13.2)

h < 3. 5 W o ACI(8.13.2)
Select h=32cm<3.5*15=52.5 cm
tf>Ln/12350Mm oo ACI(8.13.6.1)

Select tf=8cm
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v Material :-

=

concrete B300

= Reinforcement Steel

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

structural analysis and design

v" Section :-
= B =550mm
= Bw=150 mm
= h=320 mm
= t=80mm
= d=320-20-10-12/2= 284 mm
v" Statically System and Dimensions:-
E: 4 A J_CI.S_A E"BdﬁﬁI T: 39,a JT]: 39‘%l ?:
_0:L 39AJ ‘_IJ'B_‘ 391& :Oﬁj
D N I A A 2 3 20 O S 2
| [ =1 ] | [=k] |

Fig 4.2: Statically System and Loads Distribution of Rib(R1).
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v" Load Calculation:-

Dead Load:-

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib =5.15 KN/m
Live Load:-
Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.55m = 2.75 KN/m.
% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)

b For T- section is the smallest of the following:-
b =L /4 =2384/4=96cm
b, =15+16t=15+16 (8) = 143 cm

b. = be < center to center spacing between adjacent beams = 55 cm. Control

be For T-section = 55cm .
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 6

-25.7 -26.
; 208 -23.1 21.1 )
144 /\-15.6 15.8 /\ _
144, \\ 1.5 /\ -11.2 -13.1/\-13.1 -11.4 A\ -11.7 /’ \ 4.7
/ \ /o JAEAY foN \
[ 163} \ /j P-\Qe | | T 1.62 | | I1¥33 | }135 |
[ M S o /“:‘.'1 ! 1.'5| ! ~ — 2'2.?| ! '}
N q 7}9'0'9% "o, 0.7 "o \ ' lo7g o
\5\ / b7 75 0'65 683 \ %
— 1.8 14.1 14.1 123 —
20.3 20.3
| 1.88 . 282 ! 232 | 23 ! 235, 235 1 235, 235 ! 235, 235 283, 188 !
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
=03 -25.2 -27.2 26.2 -27.6
2 -18. -20. -19. 205 207
13.5 l
[ 1 1 1
T T T T T T T T T T T L
14.6
207 20.2 19. 20. 18.3 033
26.2 25.5 :
27.4 271 304

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R1).

v Moment Design for (R 1):-

Design of Positive Moment for (Rib1 ):-(Mu=20.3KN.m)
Assume bar diameter g 12 for main positive reinforcement
dp 12
d =h' cover - dstirrups_7 = 320 - 20 - 10 - 7 = 284‘ mm
Check if a>h¢ to determine whether the section will act as rectangular or T- section.
— 1 hf
Mut =0.85. f¢'. be. hy. (d — =)

80

=0.85><24><550><80><(284— :

) %1076 = 219 KN.m
20.3_

Mn>>% ==5" 22.55KN.m, the section will be designed as rectangular section

withbe =550 mm.
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_ My __ 203x10%
Rn= @bd? ~ 0.9x550x2842 0.508 Mpa
m=-—2_=_%° _ 06

0.85f  0.85x24

p= 1(1 _ 11 _m> _ <1 _\/1 _M> =0.001225
m 420 20.6 420

Asreq = p.b.d =0.001225 x550%284 = 191.35 mm?

Check for As min:-

As min = ‘/(; (bw)(d) ACI-318 (10.5.1)

As min :£(150)(284) =124.2mm’
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min :%(150)(284) =142mm? controls

ASreq= 191.35mm?* >Aspip= 142 mm?  OK

Use 2 8 12 A provided=.226 MM*>As requires= 191.35 mm?.... Ok

150-40—20—(2x12)
1

S =

=66mm>d, =12 > 25 mm OK
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Check for strain:-

AS.
_ fy = 226X%X420 — 846 mm
0.85b f! ~ 0.85x550x24
X:i:%: 9.95 mm
B,  0.85
d—x 284 —9.95
& = 0.003 (—) = 0.003 (—) = 0..0826 > 0.005 0k
X 9.95

Design of Negative Moment for(Ribl ):- (Mu=-15.8KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dyimps— 2 = 320 — 20 — 10 — - = 284 mm

_ M, __ 158x10°
Rn= @bd? ~ 0.9x150x2842 1.45 Mpa
420
y_ _ = 20.6

T 0.85f!  0.85x24

p=1<1_ 1_m>_ <1_\/1_M)=0.00358
m 420 20.6 420

Asreq = p.b.d = 0.00358x150x284 = 152.5 mm?

Check for As min:-

As min = ‘/(; (bw)(d) ACI-318 (10.5.1)

As min :£(150)(284) =124.22mm?

4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = % (150)(284) =142mm? controls

ASreq = 152.5mm* >Asin= 142 mm*OK

USG 2 4] 10 ,Ag’provided: 157 mm2>Ag'required: 1525 mmz... Ok
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S— 150—40—210—(2><10) =70mm >d, =10 >25 mm OK

Check for strain:-

Asfy _ 157x420

= - = = 21.55mm
0.85b fc 0.85X150%24
X= — = 255 _ 25.35mm
B,  0.85
= 0.003 (d _ x) =0 (284 _ 25'35) = 0.030 > 0.005
&= x ) 2535 ) '

v" Shear Design for (R 1):-

V, at distance d from support=23.3 KN

0k

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

1.1 1.1 -
Ve ="=\/fibyd = V24 x 150 x 284 x 107% = 38.26 KN
gV, =0.75x38.26 =28.70 KN

0.5 9 V. =0.5x28.70 =14.35 KN

Case (2) for shear design, minimum shear reinforcement is required (A4, i), €xception for

Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups )28 @ 250 mm , A, = 2 x 50.24 = 100.48 mm>.

_ 2%50.3
V" 025

= 401.92 mm?/mgyip
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4.6 Design of One Way Solid Slab (S1).

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

v" Slabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):
= from  ACI-318-08 table (9.5a)

Min h ( deflection requirement ) > :

- For simply supported one-way solid:

L 545 0.2725m
20 20

For One way solid slab ,will use thickness of slab 25 cm .
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v" Statically System and Dimensions:-

Geometry Units:zmeter,cm
1 2
1
E °
| S
A
0.2, 5.2 , 03
r T L 1
) 5.45 |
1) 1
25
100.
AA
Loading
load group no. 1
Dead load - Semvice Units:kMN meter
103
545
Live load - Service Load factors: 1.20 1.20/1_60,0.00
5.00
5.45

Fig 4.4: Statically System and Loads Distribution of Solid Slab(S1).
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v" Load Calculations:-

Dead Load:-

Table (4.4): Dead Load Calculation of Solid slab (S1) .

Live Load:-

LL=5KN/m .
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Moments: spans 1io 1
= =
\\ 81
| 272 =9 273
I T I
_Shear
557
-48.4
49 4
55.7
_Reactions
Factored
I 1
(L LI
DeadR  33.94 33.94
LiveR 218 218
Max R 55.74 5574
Min R 55.74 5574
Service
DeadR 2829 2829
LiveR 13.63 1362
Max R 41.91 4191
Min R 41.91 41.91

Fig 4.5: Shear and Moment Envelope Diagram of Solid Slab(S1).

v" Design of slab:-

Assume bar diameter @10 for main reinforcement.

10
d=250—20—?=225mm

e For shear:

check whether thickness is adequate for shear:
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Vure = 49.4 KN/Im strip

1
Ve = 5*0'75* /fC'*bW*d

= %* 0.75 * / 24 %1000 * 225 = 137.78 KN \ 1m strip

~@Vc = -+ 137.78 = 68.89 KN / 1m strip

Vimax < > @Vc — No shear reinforcment is required

For positive Moment:

Mu = 75.9 KN.m /m

m = fy - = 420 = 2059
0.85* fc 0.85*24
R = Mu / ¢
b*>d?

R 75.9%10°/0.9
1*(0.225)2

p=(1- h2m~Rn,
m fy

e L. b 20059080,
420

=1.67 N/mm? (Mpa)

= =0.00415 > p_. =0.0018 ok
20.59 P

As=p * b *d=0.00415* 1000 * 225=933.75 mm?

Check Minimum Reinforcement AS min...(ACI- 318M-08 — (10.5.1) )

H _p : *b*h —_ * * _ 2
As min =/Fmin =0.0018*1000* 250 = 450mm (control)
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As > As min
Asmin =450 mm?2 < As req =933.75 mm2 .OK .
= Use ®12/10cm , As prov = 1130.4 mm2/m

step ( s) is the smallest of :-

3380(%0)—2.5*cc

<380 * (22%)_2.5% 20 =380 * (222 ) - 2.5 * 20 = 330mm
gfy 5* 420
280 280 280
< —) = ¥ (—)= * =
< 300 ( 75 ) =300 (éfy) 300 (3*420) 300 mm (control)

<3*h=3*250=750m
<450 mm.
S=100mm < Smax = 300 mm

~Use ®12 @ 10 cm in main directions.

Temperature and Shrinkage :

> p=0.0018

AS min=p,, *b*h  =0.0018*1000* 250 = 450mm?  (control)

Use @12 @ 250 mm
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4.7 Design of Beam (B.G59)

v' Material :-
= concrete B300 Fc' = 24 N/mm?
':> Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =80cm
= h=70cm
= d=700-40-10-20/2= 640 mm

v' Statically System and Dimensions:-

Geometry Units:meter.cm
C.Ga5 C.659% C.Ga7
1 2
& Al
[: R —— ]
A A
03, 4.86 06, 4.94 03,
r T T L 1
) 531 | 5.39 )
" o ' '
FE.
TO.
50.
Ah
Loading
load group ne. 1
Dread load - Service Units:kM, meater
599 ‘ 588 ‘ 53.9
5 i X A ] ¥ i ¥ ¥ | ¥

T 531 3.45 . 134 T

Live load - Sarvice Load factars: 1.20.1 2001 60,0 00

Fig 4.6: Statically System and Loads Distribution of Beam (B,G59).
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v" Load Calculations:-

Dead Load Calculations for Beam(B,G59):-

The distributed Dead and Live loads acting upon (B,G59) can be defined from the support
reactions of the R1 and R2.

Dead Load:-

Table (4.5): Dead Load Calculation of Beam(B,G59).

From Rib1

The maximum support reaction from Dead Loads for R1 upon B,G59 is24.73 KN,
The distributed Dead Load from the R1 on B,G59.
DL =(24.73/0.55) = 44.96 KN/ m

Self weight of beam = 14.95 KN/ m
DL =44.96+14.95 =59.91KN / m

From Rib2

The maximum support reaction from Dead Loads for R2 upon B,G59 is23.65KN,
The distributed Dead Load from the R2 on B,G59
DL =(23.65/ 0.55) = 43 KN / m

Self weight of beam = 14.95 KN/ m
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DL =43+14.95=57.95 KN /m

Live Load calculations for Beam (B.G59):-

From Rib1

The maximum support reaction from Live Loads for R1 upon B,G59 is 15.41KN The distributed

Live Load from the Rib 1 on B,G59.

LL =15.4/0.55= 28.01 KN/m.
Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =28.01+4=32.01KN/m
from Rib2

The maximum support reaction from Live Loads for R2 upon B,G59 is 15.12Kn

Live Load from the Rib2 on B,G59.
LL =15.12/ 0.55= 27.5 KN/m.

Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =27.5+4=31.5KN/m

The distributed

Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 2
-4391
-321.8 -321.
| - 1.83}1_3 - |
K — —— — -
1.06;1.06
i T | | e
_— — o
2782 285.8
! 2.12 | 3.19 | I 2.16 !
Shear
-409.5
2938__— 2619
— 167.0_—|
T — T } — — }
[ 1645 -
261.7 9964
412.1

Fig 4.7: Shear and Moment Envelope Diagram of Beam (B,G59).
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v Moment Design for (B,G59):-

Flexural Design of Positive Moment for(B,G59):-(Mu=285.8KN.m)

Determine of My max
d =700 — 40 -10 — 20\2 = 640 mm

3 3
X =7d =7*64O = 274.28 mm

a=B.x =124.7 = 0.85 = 233.14 mm
Mnine,= 0.85+ f{ xa*b(d - 2 ) = 0.85*24*233.14*800%(640-233.14/2 ) *10°= 1991.57KN.m

@ Mnmax = 0.82* 1991.57 = 1633.08KN.m >285.8KN.m .

Design as singly reinforcement

M, 285.8 x 10°

Rn = =
"= 3bdZ 0.9 x 800 x 6402

= 0.969Mpa

420
m= 22 = = 20.6
0.85f,  0.85x24

p=1<1 _ 11 _%> =L<1 _\/1 _M> = 0.00236
m 420 20.6 420

A;s = p.b.d = 0.00236x800x640 = 1208.32 mm?

Check for Ag min:-
’f [ }
ASpin = —C(bw)(d) = i*500*640 =933.14 mm?
4(fy) 4*420
ASmin = ﬂ(bw)(d) = £*500*640: 1066.67 mm>Controls
(fy) 420

A= 1208.32 mm?

USG 4ﬂ 20 Bottom, Aq’provided: 1256 mm2>Aq‘required: 120832mm2... Ok
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Check spacing :-

_ 800—40%2—20—(4x20)
- 4

S =155mm >d, =20 >25mm OK

Check for strain:-

_ Asfy = 1256x420 — 32.32 mm
0.85b fc 0.85X800x%x24
x=2 =323 _ 3802 mm
By 0.85
= 0.003 ( _ x) = 0.003 (640 _ 38'02) = 0.0475 > 0.005 0k
& = x ) 38.02 /) '

Flexural Design of Positive Moment for(B,G59):-(Mu=278.2KN.m)

_ My __ 278.2x10°
T @bd2 ~ 0.9x800x6402

Rn

= 0.943Mpa.

420
m= 2 — = 20.6
0.85f ~ 0.85x24

p:l<1 -1 _M> :L(l _\/1 _M> = 0.00229
m 420 20.6 420

As = p.b.d = 0.00229x800x640 = 1172.48 mm>.

Check for Ag min:-
_Jfc _ £*500*640 _ 2
ASpin = m(bw)(d) = 4*420 =933.14 mm

ASmin = ﬂ(bw)(d) = £*500*640: 1066.7 mmZControls
(fy) 420

A= 1172.48 mm?
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Use 4820Bottom, As provided= 1256 MM*>As requires= 1172.48 mm?... Ok

Check spacing :-

_ 700-40%2-20—(4%20) _
= " =

S 155mm >d, =20>25 OK

Check for strain:-

Asfy  1256x420

a= - = = 32.32mm
0.85b f/ = 0.85x800x24
x= 2 = 3232 38 mm
B,  0.85
d—x 640 — 38
& = 0.003 (T) = 0.003 (T) = 0.0475 > 0.005 0k

Flexural Design of Negative Moment for(B,G59 ):-(Mu=321.8KN.m)

M,  321.8x10°
T @bd? ~ 0.9 x 800 X 6402

Rn = 1.09 Mpa

420
m= 2 = =206
0.85f,  0.85x24

p=1<1 _ 11 _%> =L<1 _\/1 _w> = 0.00266
m 420 20.6 420

As = p.b.d = 0.00266 x800x640 = 1361.92mm?

Check for Agmin:-

'f !
ASmin = —C(bW)(d) = £*500*640 = 933.14 mm?

4(fy) 4*420
ASmin = ﬂ(bw)(d) = £*500*640: 1066.7 mmZControls
(fy) 420

A, =1361.92mm?Controls
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UseSﬂ 20 ,Agyprovided: 1570 mm2>AS‘required: 1361.92... Ok

Check spacing :-

_ 800-40%2-20—(5%20) _
= " =

S

150 mm >d, =20 >25 OK

Check for strain:-

AS.
q =5ty = 1570x420  _ 40 4 000
0.85b fc 0.85X800%x24
x=2 =224 _ 4753mm
B,  0.85
= 0.003 (d _ x) =0 (640 _ 47'53) = 0.0374 > 0.005 0k
&= x ) 4753 ) '

v" Shear Design for (B ,G59):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (4, ), Reinforcement.

Use stirrups (2 leg stirrups ) 210/ 250 mm , A, = 2 x79 = 157 mm?
V,=296.4 KN

Ve=2y/fc'b, d == =V24 %500 * 640 = 261.28 KN

® V=0.75*261.28 =195.96 KN

1 1
® Vsminz 0.75 () * bw * d =0.75% (5)*500*640*10'3 = 80 KN Controls
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® Vsmin >075(‘/_) *pw*d = 075*(£)*500 * 640*10° = 73.48 KN

D Ve<Vu<d Ve + & Vsmin
195.96<296.4 < 275.96...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-
vy = 2y/fc'b, d=V24 + 500 + 640 =52255KN

Q)(vc + Us,min) <y = Q)(vc + vs’)
0.75(261.28+ 106.67)<296.4< 0.75(261.28 + 522.55)
275.9<296.4<587.87

shear reinforcement are required

Use 2 leg @ 10
As =157 mm?
Vi = Vo= Ve =222~ 261.28 = 133.92KN
Apfyrd 157 % 420 * 640
S = = = 315.13
vy 133.92 » 1000 mm
d 640
Smax = 5T 5 = 320 mm control
or Smax < 600 mm

Use 2 leg ® 10 @250mm

54



Chapter 4 structural analysis and design

4-8 Design of Stair (Stair#4)

1.5m

0.7 m

1.5m

2.6m 3.0m 2.2m

Fig 4.8: Stair Plan.

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

1- Design of Flight :-
v' Determination of Thickness:-

hmin = L/20
hmin = 3.0/20 = 15 cm
Take h=20cm

The Stair Slope by 6 = tan™(15 / 30) = 26.5°
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FIRST FLOOR FLAN

3.54

GROUND FLOOR PLAN
FEL #1145

FIL1 +0.15

0,30

Fig 4.9 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 KN/m
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v" System of Flight:-

Service f)ead LoadZS,DK-N m

CILLIlIlITId

Service Dead Load=10.83KN/m

D.L=16.85KN
D.L=7.8KN

D.L=15.64KN
D.L=7.2KN

Fig 4.10: Statically System and Loads Distribution of Flight.

Factored Load For Flight :-

Wy = 1.2 x10.83 + 1.6x5 =21KN/m

21KN/m
3267KN
30.33KN
pa . 7 7
/ 13— 3.0 7 L1 —

Fig 4.11: Statically System and Loads Distribution of Flight.
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Moments: span 1to1

l /
20 613 20 |

Shear

-32.67

Fig 4.12: Shear and Moment Envelope Diagram of Flight.

v" Design of Shear for Flight :- (Vu=32.67 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—b =200 — 20 —12—4 = 173 mm
1 7 1
Ve = g,/fc by d == -v24%1000 173 = 141.25Kn

® V.-0.75* 141.25 = 105.94 KN >Vu = 32.67KN...... No shear reinforcement are required

v" Design of Bending Moment for Flight :- (Mu=61.3 KN.m)

My __ 613x10°
Pbd? 0.9x1000x1732

= 2.27 Mpa

Rn
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420
m= 2 = =206
0.85f,  0.85x24

p:i<1 _ 1 _M> :L<1 _\/1 _M> = 0.00574
m 420 20.6 420

Asreq = p.b.d = 0.00574 x1000x173 = 993.02 mm?*/m

A min= 0.0018*1000*200 = 360 mm?/m
ASreq = 993.02 MM*>Aq in=360 mm?/m

Check for Spacing :-

S =3h =3*200 = 600 mm

S = 380 () — 2.5%20 = 330
5* 420

S =450 mm

S=330 mm ......... is control

Use 812 @ 100 mm _, As provided=_1130 MM*>As required = 993.02 mmZ... Ok

Check for strain:-

AS.
_ Asry _ 1130x420  _ oone o
0.85b f! ~ 0.85x1000x24
=2 =22 _ 9736 mm
B1 0.85
= 0.003 (d _ C) =0 (173 _ 2736) = 0.016 > 0.005 0k
& =0. —)=0 5736 = 0. .005 ...

v Lateral or Secondary Reinforcement For Flight :-

As req= Asmin =0.0018*1000*220 = 360 mm?
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USG ﬂlO@ 200 mm ,AS Drovided: 395 mm2>AS requiredz 360mm2... Ok

2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20
hmin =3.70 /20 = 18.5 cm
Take h=25cm

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7): Dead Load Calculation of Middle Landing.

Live Load For Landing =5*1 =5 KN/m
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Factored Load For Landing :-
Wy = 1.2 x8.04 + 1.6x5 = 17.65KN/m

Factored Load From Flight :-

WFL1 _ 30.33

293 = 20.22 KN/m

15

Wia1 =

v" System of Landing:-

20.22KN/m 20.22KN/m
17.65KN/m
LT LSRR
L 1.5 /07 Sf—— 15 J/\
62.96KN 62.96KN
/
/ 3.7 7

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.

61



Chapter 4 structural analysis and design

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

Moments: spanltol

62.9 2

Fig 4.14: Shear and Moment Envelope Diagram of Middle Landing.

v" Design of Shear:- (Vu=52KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—b — 250 — 20 —12—4 = 223 mm
Ve=2y/fc'b, d == =v24 %1000 * 223 = 182.1 KN

®* V,-0.75* 182.1 = 136.6Kn> Vu = 52KN...... No shear reinforcement are required
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v" Design of Bending Moment :- (Mu=52.9KN.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —"2—” =250 — 20 —12—“ = 223 mm

My _ 529x10°
T @bd2 ~ 0.9x1000%2232

Ry = 1.18 Mpa

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

p=1<1 _ 11 _m> =L<1 _\/1 _M> = 0.00289
m 420 20.6 420

A reqg = p.b.d = 0.00289x1000%223 = 644.47 mm?

As min =0.0018*1000*250 = 450mm?

Asreq = 644.47 mmP......... is control

Check for Spacing:-

S =3h =3*250 =750 mm

S = 380* () — 2.5%20 = 330
5* 420

S =450 mm

S =330mm ......... is control

Use 812@150 mm A provided=_ 753 MM*>As required= 644.47 mm>... Ok

Check for strain:-

Asfy _ 770%x420

= - = = 15.85 mm
0.85b f! ~ 0.85x1000x24
c= & _ 1385 _ 18.64 mm
B1 0.85
= 0.003 (d _ C) =0 (223 _ 1864) = 0.033 > 0.005 .....0k
& =0. )= T8ea = 0. .005 ......
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Lateral or Secondary Reinforcement For Landing:-

Asreq= Asmin =0.0018*1000*250 = 450 mm?

Use 28 @ 100 mm A provided=.502.4 MM*>As required= 450 mm®... Ok

3- Design of Main Landing:-

v' Determination of Thickness:-

hmin = L/20
hmin =3.20 /20 = 16 cm

Take h=32cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

Table (4.8): Dead Load Calculation of Main Landing.
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Live Load For Landing =5*1 =5 KN/m
Factored Load For Landing :-

Wy =1.2x%x9.79 +1.6%5 =19.75 KN/m

Factored Load From Flight :-

A"\ 32.67
22— 2178 KN/m
L 1.5

Wia2 =

v" System of Landing:-

21.78KN/m 21.78KN/m
19.75KN/m
%1.5 A 07 - 1.5 JA/
69.21KN 69.21KN

Fig 4.15 : Statically System and Loads Distribution of Main Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanltol

54.7-66.1

Fig 4.16 : Shear and Moment Envelope Diagram of Main Landing.

v" Design of Shear:- (Vu=54.7 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—b =320 — 20 —12—4 = 293 mm
Ve=2y/fc'b, d == =v24 %1000 * 293 = 293.2 KN

®* V,-0.75* 293.2 = 219.9Kn> Vu = 54.7KN...... No shear reinforcement are required
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v" Design of Bending Moment :- (Mu=56KN.m)

Assume bar diameter g 14 for main reinforcement
d =h- cover —dz—” =320 —20 —12—“ = 293 mm

My 56x10°
T @bd2 ~ 0.9%x1000x2932

Rn

= 0.72 Mpa

_fy 420
0.85f,  0.85x24

p:l<1 -1 _M> :L(l _\/1 _M> = 0.00174
m 420 20.6 420

Asreq = p.b.d = 0.00174x1000%293 = 509.82 mm?

m = 20.6

As min =0.0018*1000*320 = 576 mm?
As req=509.82MmmM?<Aq in=576 mm-.......... is control

Asmin-576 mm-......... is control

Check for Spacing:-

S =3h =3*320 =960 mm

S = 380% () — 2.5%20 = 330
§* 420

S =450 mm

S =330mm ......... is control

Use ﬂlz@ 15 mm ,Asvprovidedz 753 mm2>Ag‘required= 576mm2... Ok

Check for strain:-

_ Asfy  753x420

= - = = 15.5mm
0.85b !~ 0.85x1000x24

21.14
c=—="""=1823mm
B, 0.85

d—c 293 —18.23
& = 0.003 (T) = 0.003 (W) = 0.045 > 0.005 ...... 0k
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v' Lateral or Secondary Reinforcement For Landing:-

Asreq= Asmin =0.0018*1000*320 = 576 mm?

Use 812 @ 150 mm A provided=_753 MM*>As required=.576 mm-... Ok

h=32em
FIRST FLOOR PLAN ‘
F.F.L +4.00 5
e h

!

Iy}

1

M

h=25em R
GROUND FLOGR PLAN Q T
EEL 10.45 17 . -
FFL #0115 o M
oS b
|

| i

Fig 4.17: Stair Reinforcement Details.
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(%1 0®15,L=2.00 @g12010.L=6.3

5675 180 T.B
0

A
o
(Zws@10,L=2.9 (@g12915,L=3.3 we
A 250 B.B 290 TB W
N
/‘(g Q.‘.%
51#12015,L=3.2 ®)912015=3.6 5
240 B.B 260 B.B "~
Twi12915,L=3.868 B 0920,L=1.58
386 158

2 Gr108215,L=0.96{U—hoolk)
0

Fig 4.18:Stair Reinforcement Details.
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4-9 Design of Column (C,151)

v" Material :-

= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel  Fy = 420 N/mm?

v Load Calculation:-
Service Load:-

Dead Load =900KN
Live Load =450 KN

Factored Load:-
Py =1.2 x900+ 1.6x450 =1800 KN

v" Dimensions of Column:-

Assumepg = 0.01

#*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
2080 = 0.65x 0.8 x Ag{0.85*28 (1-0.01) + 0.01* 420}
Ag=124686.2 mm?2

Assume Rectangular Section

h =300 mm

b =124686.2/300 = 415.6 mm

Select b = 600 mm

30
-/

60

Fig 4.19 : Column section
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v" Check Slenderness Parameter:-

w<34—12£s40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length factor k,
shall be permitted to be taken as 1.0.

R: radius of gyration = \/'IA\: RO03h .o For rectangular section

Lu=355-0.7=2.85m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.60 m)

Klu _54-12ML 4o

r M 2
1x2.85 —15.83 < 22
0.3x0.60

Column Is Short About Y-axis

e about X-axis (h=0.30m)

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

1x285 _ 31.67 > 22

0.3x0.30

Column Is Long About X-axis
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v Minimum Eccentricity:-

Mux
Pu

ey = 0

structural analysis and design

miney =15+ 0.03xh =15+ 0.03x300 = 24mm = 0.024m

ey =0.024m

v' Magnification Factor:-

5.=—CM __ ~10and<1.4
1 Pu

~ 0.75P,

Cm=0.6+0.4 M1 =>0.4
M 2

Cm=06+04*1=1=04

B 7El
“ (KLu)?
E.I
El =04——°%
1+ B,

E, = 4700,/ fc' = 4700 x /28 = 24870.6Mpa
_1.2DL _ 1.2*(900)

=06<1
Ps Pu 1800
3 3
| _bxh® _060x0.30° o o o
¢ 12 12
£y _ 04x24870x0.00135 _ o oo o
1+0.6
2*8 39
=2 =22 _10.19MN
(1*2.85)
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O = 1 =1.308>1.0and <1.4
=, 1800 T o
0.75*10190

v" Interaction Diagram:-

ey =e, x5 =0.024x1.308=0.0314m

ey _ 0.0314 0052

h .
—2%40—-2%*10—
12300 2*40-2*10 16:0.613
350

h
From theinteraction diagram chart

from chart A9-a for% =0.6 > pg =0.01
from chart A9-b for% =0.75 - pg =0.01

then for % =0.613 > pg = 0.01

Select reinforcement
Ast= pg x Ag = 0.01x300*600 = 1800mm*

Select 10 ¢16 with As = 2010mm? > Ast =1800mm? .
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v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing <16xd, =16x2.0=25.6cm
spacing <48xd, =48x1.0=48cm
spacing <40cm

Usegl0@ 20 cm

©10@20
L=168
el
10916 @10@20
50 L=42

Fig 4.20: Column Reinforcement Details.
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4.10 Design of Shear Wall (SW,16)

Fig 4.21:Shear Wall.

396.85

B878.70

1154.09
M F N AR N N N N

Fig 4.22: Shear Diagram of Shear Wall.
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1057.04

\

3981.15

7825.87
Y N N N N N N S N

Fig 4.23: Moment Diagram of Shear Wall.

v' Material and Sections:- (From Shear Wall 16)

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

=  Shear Wall Thickness h=20cm

=  Shear Wall Width Lw=69m

=  Shear Wall Height Hw =3.55m
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v" Design of Horizontal Reinforcement:-

D Fx=Vu=1154.09 KN

The critical Section is the smaller of:

M = @ = 3.45m....Control
2 2

h_W — % =5.58m
2 2

storyheigh(Hw) = 3.55m.

d=0.8xLw=0.8x6.9=5.52m

5 !
OVmax = Q)g\lfc hd
= 0.75 * 0.833 * V24 = 200 * 5520 = 3378.9 KN > V, = 1154.094KN

V. is the smallest of :

1— V, = <y/f'hd = -2 * 200 » 5520 = 901.4KN ........ Control

6
N,d
2— V. =027/f. hd + 411‘ = 0.27V24 * 200 * 5520 + 0 = 1460.3KN
w

Ly (0147 +0.2 l’vvv—jl)

3- V. =|0.05/f + T hd
v 2
6.9(0.1v24 + 0
= lo.osx/24 - ( 1 )| 200 + 5520 = 37585 KN

7825.87 —3981.15 M, —3981.15

3EE =355 348 = M, = 4089.45 KN.m

M, I, 408945 69 01
vV, 2 115409 2
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Vc=901.4KN
Vu="YYe¢ «4 KN >%* 0.75*901.4 = 380 KN Needs reinforcement

@ *vc+ Qvs = vu

@ * vs=VU-Q * vc

Vs=vu/@ — vc
Vs=1154.09/0.75-901.4= 637.4 KN

App _ Vs __ 6374
Sh fyd 420%5520

= 0.000275 mm?/ m

- Maximum spacing is the least of:

%: @ =1380 mm
5 5

3*h = 3*200 = 600 mm
450 mm ....... Control
Take p =0.0025

Try 10 (Ag = 78.5 mm?) two layers

__ App _ 2+785

= =0.0025
hSp 2008y

Sp==314mm

— use P10@250 mm in tow layer

v" Design of Vertical Reinforcement:-

f‘g— = [0.0025 +0.5 (2.5 - ”—W) (A—h - 0.0025)]*300

Lw/ \Sp*h
Aoy _ [0.0025 +05 (2.5 _ Ll5) ( 157 _ 0.0025)] *300
Sy 6.9 200%200
A'V'V
2w _ 0.938
Sy

Try 12 (Ag = 113.1 mm?) two layers
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2+113.1

—=10.938
Sy

S,=241.2 mm

- Maximum spacing is the least of :

Lw_ 6990 _ 5300 mm
3 3

3*h = 3*200 = 600mm

450 mm ....... Control

— use P12@250 mm in tow layer

v" Design of Bending Moment:-

6900
Ay = ( ) %2 % 113.1 = 6243.12 mm?

250

A 6243.12 \ 420
wz(—“)f—y,z( ) = 0.0791

L,h) £ \6900 * 200/ 24

P,
a=——=0

lwhfc
c_ wt+a 0.0791 + 0 _ 0.0898
l, 2w+0.858, 2%0.0791+0.85%0.85
B, c
OM, = 0|0.545f, L, (1 + —)(1 — )
Astfy lw

= 0.9[0.5 * 6243.12 * 420 * 6900(1 + 0)(1 — 0.0898)] = 7410.5 KN = 4089.45 KN.m

Mub = Mu-@Mn = 4089.45 - 7410.5 = —3321.05 KN.m

l 6900
X> — =

= R =11.5mm
600%— 600%.1
hw

Lb>

N | >

=5.75mm

Since Smallest value of Lb & Mub not requires Boundary.
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4.11 Design of Footing (F11)

v Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculations :- (From Column C125)

Dead Load = 987Kn , Live Load = 557 Kn

Total services load = 987 + 557 = 1544 Kn

Total Factored load = 1.2*987 + 1.6*557 = 2075.6 Kn
Column Dimensions (a*b) =50*50 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 Kn/m2

Mesh #10@20cm
+0.45m
e
fogi2 L=2.35 = - 1T 1T — — " = 5525
| — 1] |
= IS RIS ﬁ'@‘m
10 a0 o0 80 0
10 210 1H
=30

Fig 4.24 :Foot Section.

80



Chapter 4

Assume h =50cm

Onet-aliow = 400 —18*0.25 — 25*0.60 = 384.9kn/m2

v’ Area of Footing :-

qnet—allow

Assume Square Footing
B required =2.01 m
SelectB=2.1m

v’ Bearing Pressure :-

qu = 2075.6/2.1*2.1 = 470.6 Kn/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h =50cm , bar diameter g 12 for main reinforcement
d=500-75-12=413 mm

B

Vu:qu*( ;a—d)*L

2.1-0.50

Vu = 470.6*( — 0.413) + 2.1=382.5Kn

81
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ANC = ¢%*./fc'*bw xd

pNC = 0.75*%* 28*2100*413 =573.6Kn

¢NVc =573.6KN >Vu = 382.5Kn
. Safe

2- Design of Two Way Shear Strength :-

Vu =Pu-FR,

FR, =q, *area of critical section

Vu = 2075.6 — 470.6[(0.5 + 0.413) * (0.5 + 0.413)] = 1216.3Kn

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

1(, 2\ [.7
¢'Vc =¢g(l+ﬂ_cJ\/?bod
AV =¢.$( % +2J\/f7bod

b, /d
N, = ¢.%\/ f.'b,d
Where:-

_ Column Length (a) 50 1
¢ Column Width () 50

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

b, =2*(41.3+50) +2*(41.3+50) = 365.2cm

%s =40 for interior column
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PN = —( }/ bd—E( j 28 *3652* 413 = 2992.8Kn

0.75, (40*413
V. = 12 . bd = +2|*/28*3652* 413 = 3254Kn
e (b /d J 12 [ 3652 J

¢\ = ¢-%\/ fc' b,d = %*\@ *3652*413 = 1995.3Kn

®Ve =1995.3 Kn>Vu=1216.3Kn

3- Design of Bending Moment :-

Critical Section at the Face of Column

FR = qu» (52) + L = 4706 * (2" *2.1=790.6Kn

Mu = 470.6*2.1*0.8*0.8/2 = 316.3Kn.m

M, __  316.3x10°
Pbd? ~ 0.9x2100x4132

= .98Mpa

r1=

fy 420
0.85f]  0.85x28

p=1<1 i _m> =L<1 —Jl _M> — 0.0024
m 420 17.6 420

Asreqg = p.-b.d = 0.0024x2100x413 = 2080.5 mm?

= 17.65

Asmin = 0.0018*2100*500= 1890 mm?
As,req > As,min 1890 mm2
As,req =2080.5......... is control

Check for Spacing :-

S =3h =3*50 = 150cm

S= 380*(2280 -) - 2.5%75 = 192.5 cm

S=45¢cm ......... is control
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Use 19912in Both Direction, Asprovided=_2147.8mm*>As required= 2080.5 mmZ... Ok

Check for strain:-

_ Asfy _ 2147.8x420

= - = =18 mm
0.85b f/  0.85x2100x28

a 18
cC=—=—=21.1mm
B, 0.85

—0003(d_c)—0003(413_21'1)—0055>0005 0k
& = 0. —)=0 ezl ) = o .005 ...

4- Design of Dowels :-

Load Transfer In Footing :-

dPnb = d(0.85 fc'A, x \/%)

A; =50 *50=0.25m?
A, = 210* 210 = 4.41 m?

\/Ez/ﬂ=4.2>2 ................ Ay
A Vo0.25 A

®Pn.b =0.65x (0.85x 28 x 250 x 2) = 7735Kn
®dPn =7735 > Pu = 2075.6........... ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65x (0.85x 28 x 250) = 3867.5Kn
®Pn = 3867.5 > Pu = 2075.6kn........... ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 500 *500 = 1250 mm2

Use 14@16, Asvprovidedz 28135 mm2>AS requiredz 1250mm2... Ok
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5- Development Length In Footing :-

Tension Development Length In Footing :-

_9 B, Yy
Ldrreq = 35 * 777 * tz;df * db> 300mm

Ktr = 0 (Nostripes)

16 110
cb=50+7=58mm 0rcb=T=55mm

ktr + cb4 0+ 55
db 16

ktr + cb
db

=34>25

2.5

Ld _ 9, 420 14108
Treq = 19" 1428 2.5
_ 2100-500

LdT available = S -/5=725mm

* 16 = 365.75 mm> 300mm

LdT ava“ab]e: 725 mm >ldreq = 36575 MMaeeeeosen OK

Compression Development Length In Footing :-

_ 0.24xFy*dB

Ldereq= 22222> 0.043*Fy*dB >200mm
Ldgreq= 2222728 = 304.8> 0.043*420*16 = 288.96>200mm

V28

LdCavailanle = 500 — 75 — 16 — 16 = 393mm >Ldcreq= 304.8 mm .....

Lap Splice of Dowels In Column :-
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Lsc = 0.071xfyxdb =0.071x420 x16 = 477.12 mm > 300 mm

elect Lsc =500 mm

SIg=
20 |
[ — e
0
£
[Ty]
— - il
2o L) 1 i ] “lE }
) —
YRR Al : . Al
o ‘8 19812 L=2.35m g‘
oo 185
20 |
10 80 o0 80 o
10 210 0
230

Fig 4.25 :Foot Reinforcement Details.
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