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Project Abstract

The idea of this project revolves around the architectural and Structural design of four
units, which was selected after a study of many units of training center units.

These units are firstly, a main gate which consists of separated passageways and two
control rooms on the sides. Secondly, a training hall with some rooms to serve this
purpose. Thirdly, a multi-functional building which includes four floors, one is used as
administrative functions and the others used as accommodations. Fourthly, two large
groundwater water tanks.

The project will provide an acceptable solution for both sides architectural and structural ,
so that it is taking into account the functional and aesthetic purposes, provide comfort,
ease and speed of use, the project will include the well-known structural elements as slabs,
beams, columns, foundations ... etc.

The project will be designed based on the Code ACI 381 - 11, several programs will be used

for, such as: AutoCAD 2010, Office 2007, ETABS 2013, SAFE 12, BEAMD, references and

several projects will be referred, eventually a structural details, load analysis and elements
design will be offered for these units, added to the architect design.

God grants success.
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List of abbreviation:

Dy : Dead load.

Li: live load.

W.: factored total load.

Ly: clear length of member.

d: thickness of a layer.

v: unit weight of material.

M,;: nominal moment.

M,: factored moment at section.

f.: Compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area.

g: strain of tension steel.

O: strength reduction factor.

Vy: nominal shear strength.

V.: factored shear force at section.
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. nominal shear strength provided by concrete.
s: nominal shear strength provided by shear reinforcement.

.. area of steel.

> P> < <

. area of shear reinforcement.

b: width of compression face of member.

by: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.
h: over all thickness of member.

P,: nominal axial load.

P,: factored axial load.

S: spacing between bars.
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Chapter Four

Structural Analysis and Design

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 Rib Slab (R26).
4-6 Design of Two Way Rib Slab.

4-7 Design of Beam (B13).

4-8 Design of Stair.

4-9 Design of Column (Group 2) .
4-10 Design of Shear Wall.

4-11 Design of Footing (Group 2 ).
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Chapter Four 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:-

0 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.

0 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.

O Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.
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Chapter Four Structural Analysis and Design

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.

e (Code:-
ACI 2008
UBC

e Material:-
Concrete:-B300
fe'=30N / mm*(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24 MPa ).

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,+1.6 L, ACI-code-318-08(9.2.1)
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Chapter Four Structural Analysis and Design

4.3 Check of Minimum Thickness of Structural Member

Table4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-11).

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

For Rib :-
hminfor(one end continuous)=L/18.5=6.45/18.5=34.86cm
hminfor(one end continuous)=L/18.5=4.65/18=29.25cm

hminfor(Both end continuous)=L/21=6.77/21=32.2cm

Take h =35 cm

27 cm block + 8 cm topping = 35cm

For Beam :-

hminfor(one end continuous)=L/18.5=5.27/18.5=28.4cm
hminfor(both end continuous)=L/21=6.88/21=32.7cm

hminfor(both end continuous)=L/21=6.5/21=30.9cm

Take h=35cm
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Chapter Four Structural Analysis and Design

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.

v" Load Calculations:-

Dead Load:-

0.03%*23*1 = 0.69 KN/m

0.02%22*1 = 0.44 KN/m

0.07*17*1 =1.19 KN/m

0.08%25*1 = 2.0 KN/m

Table (4.2 ): Dead Load Calculation of Topping.
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Chapter Four Structural Analysis and Design

Live Load :-
L; =5 KN/m?

L; =5 KN/m*x1m=5KN/m
Factored Load :-
Wy = 1.2 x4.32 + 1.6x5 =13.2 KN/m

Check the strength condition for plain concrete, oM, > M,, where o = 0.55
M, =0.42 1 /f/ Sm(ACI 22.5.1, equation 22-2)

_ b.h?* _1000.80?
6 6

= 1066666.67 mm?

Sm

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

2
M, = Wi‘ZL = 0.176 KN.m (negative moment)

Wy, L?

M:
U2

= 0.088 KN.m (positive moment)

oM, >> M,= 0.18 KN.m

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

Pshrinkage= 0.0018 ACI7.12.2.1
A= pxbxhiopping =0.0018 x1000%80 = 144 mm?/
Step (s) is the smallest of:

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

280

s

) — 2.5C. = 380 (;48200> —2.5.20 = 330mmACI 10.6.4
3

3. s=380(

Take 0 8 @ 200 mm in both direction , S =200 mm < S;,ax =240 mm ... OK
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Chapter Four Structural Analysis and Design

4.5 Design of One Way Rib Slab

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

bW > 10CM. ..t ACI(8.13.2)
Select bw=12 cm

h<3.5%bw ..o ACI(8.13.2)

Select h=35cm<3.5*%12=49 cm

tf>Ln/12>50mm ..o ACI(8.13.6.1)
Select tf=8cm

L)

» Material :-

= concrete B300 Fc'=24 N/mm®
= Reinforcement Steel fy = 420 N/mm?*

«» Section :-

B =520 mm

Bw= 120 mm

h=350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

R
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Chapter Four Structural Analysis and Design

v' Statically System and Dimensions:-

B BY3 (60,50) o B93 (60,50) @Hcs B93 (60.50) B
] I
= i i
= i i
-~ = — I - I
=1 | B |
=] I = 1
= \%‘;\ i 2 I
= i I
@ 2] 0 i
» ~IC i
4] Hem | G I
= I Re26 I
i 1 | — g i
—13ls I = I
I e, ¥ |
=8| d % I °'D° ;?l,\ §
S 3 I ~ |
s b S " g S
—m D i 0 C—
g 00 I o I e
N & i & | ~
EelmB7 (A0.50) __ emddl7 (RO.H0) bdR17_(R0.50 5
Fig 4.2: One Way Rib Slab (R26).
1 2 3 4
1 2 3
0.6, 4.8 08, 5.7 08, 6.1 08

: 55 { 6.5 6.9

ATA
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load group no. 1
Dead load - Service

Structural Analysis and Design

Units:kN,meter

Ik

" ke

5.5

65 69

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

T

2.60 2.}0

Fig 4.3: Statically System and Loads Distribution of Rib(R26).

v" Load Calculation:-

Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.342 KN/m/rib

0.07*17*0.52 = 0.620 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*0.12 = 0.81 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*.52= 0.229 KN/m/rib

2.3 *#0.52=1.04 KN/m/rib

Table (4.3 ): Dead Load Calculation of Rib(R26).
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Dead Load /rib = 5.66 KN/m
Live Load:-

Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.

% Effective Flange Width ( 5,).-ACI-318-11 (8.10.2)

b, For T- section is the smallest of the following:-

b, =L/4=550/4=137.5cm
b, =12+16t=12+16 (8) = 140 cm

b, = Db, < center to center spacing between adjacent beams = 52 cm.

b, For T-section = 52cm .

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

Control

Structural Analysis and Design

_Moments: spans 1to 3

-54.8
-39.7 39.8 37.4
-25.6 -26.3
! -71?.3 i ! }1.16 {
Kt /:i:\ S L 4
osgrie SN 7 198
\/’—l | 4 7
213
29.2
448
| 22 3.3 | 3.25 ’ 3.25 | 4.14 276 |
) T L] L T L] 1
Moment/Shear Envelope (Factored) Units:kN,meter
_Shear
-37.4 -39.7
-29.6 -31.9 -31.4
/ s
| - 4 i 4 i
T T T T T L |
253 P 14
35.7 38.
458

Fig 4.4: Shear and Moment Envelope Diagram of Rib (R26 ).
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v Moment Design for (R 26):-

Design of Positive Moment for (Rib26 ):- span 1(Mu=29.2 KN.m)
Assume bar diameter ¢ 12 for main positive reinforcement
dp 12
d =h- cover - dstimmr? =350—-20-10 - 5 = 314 mm
Check if a>h¢ to determine whether the section will act as rectangular or T- section.
’ hg
My¢ =0.85. fc . be- hf. (d - 7)

80

=0.85><24><520><80><(314— .

) x 1076 = 232.5 KN.m
M, >2 = 222_ 35 44KN.m ,
P 0.9

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

My 29.2x10°
" 9bd2 T 0.9%520%x3142

= 0.632 Mpa

f 420
m=—2- = = 20.6
0.85f]  0.85x24

p:l<1 -1 _%> :L(l_\/l _w> = 0.00153
m 420 20.6 420

Agreq=p.-b.d=0.00153 x520%314 = 249 .8mm®

Check for As min:-

.S
A = bw)(d) ACI-318 (10.5.1
s min 4(}3})( w)(d) ( )
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NeT:

W0 (120)(314) = 110mm

As min=

.14
A =——(bw)(d
s min (ﬁ/)( w)(d)

As min=%(120)(314) =125.6mm’ ........ controls

ASpeq=203.12mm* > Aspip= 125.6 mm>  OK

Use 2 6 12 A, provided= 226 Mm*>Ag required=203.16 mm” .... Ok

g = 1201020 @22 — 36 mm >d, =12 >25 mm  OK

ChecKk for strain:-

AS.
_ fy = 226X%X420 — 894 mm
0.85b fc 0.85%X520%24
x=2 =22 _1053mm
B, 0.5
—0.003 (d _ x) = 0.003 (314 _ 10'53) — 0.0864 > 0.005 0k
&= x ) 1053 /) '

Design of Positive Moment for(Rib26 ):- span 2 (Mu=21.3KN.m)
d =h- cover - dymps— -2 = 350 — 20 — 10 = = 314 mm

M, __ 21.3x10°

R.= —
™ @bd2  0.9x520%x3142

= 0.46 Mpa

f; 420
m= —2- = = 20.6
0.85 /  0.85x24
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p:1<1_ 1_%> :L<1_\/1_w> = 0.0011
m 420 20.6 420

Agreq = p.b.d=0.00110x520%314 = 180.85 mm®

Check for As min:-

. A fe
A = bw)(d)ACI-318 (10.5.1
s min 4(ﬂ)( w)(d) ( )

NeT:

W20 (120)(314) = 110mm

As min=

. 1.4
A =——(bw)(d
S min (ﬁ/)( w)(d)

As min=%(120)(314) =125.6mm’ .......... controls

ASreq= 180.85 mm* > As = 125.6 mm®>  OK
Use 2 6 12 ,A;. provided=226.08 mm” >A equirea= 180.85 mm’ ... Ok

_120-40-20 (2x10) _
1

S

40 mm > d;, = 10 > 25 mm OK

ChecKk for strain:-

AS.
_ fy = 180.85%420 — 716 mm

0.85b !~ 0.85x520x24
X= — = o2z _ 8.41mm

B; 085

d—x 314 — 8.41
& =0.003 (—) = 0.003 (—) = 0.1095 > 0.005 0k
X 8.41

Design of Positive Moment for(Rib26 ):- span3 (Mu=44.8KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement
dp 12
d =h- cover - dstimmr? =350—-20—-10-— 5 = 314 mm

_ My 44.8x10°
T @bd2  0.9x520x3142

R, = 0.978 Mpa
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f 420
m=—2- = = 20.6
0.85f]  0.85x24

pzl(l -1 _M> :L(l _\/1 _w> = 0.00236
m 420 20.6 420

Agreq = p.b.d =0.00236x520%314 = 385.34 mm®

Check for As min:-

As min=£(bw)(d)ACI-318 (10.5.1)
4(f)

N

a20) (120)(314) = 1 10mm

As min=

. 1.4
A =——(bw)(d
S min (ﬁ/)( w)(d)

As min=%(l20)(3 14) =125.6mm’ controls

ASpeq = 385.34mm” >Asy,= 125.6 mm’OK
Use 2 616 A provided=401.92mm’>A ;cquired=385.34 mm’... Ok

S = 120—40—210-<2Xl4> =32mm>d,=14>25mm OK

ChecKk for strain:-

AS.
_ fy = 308%x420 — 1525 mm
0.85b fc 0.85%X520%24
X= — = 1525 _ 17.94 mm
B,  0.85
= 0.003 (d _ x) = 0.0 (314 _ 1794) = 0.0496 > 0.005 0k
& =Y x ) 1792 ) '
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Design of Negative Moment for(Rib26):- support 2 (Mu=-26.3KN.m)
Assume bar diameter ¢ 12 for main positive reinforcement

dp 12
d =h- cover - dsﬁrmps—7 =350—-20—-10— 5= 314 mm

M, _ 263x10°

R.= =
™ ¢bd2  0.9x120%x3142

= 2.46 Mpa

f; 420
m= —2- = = 20.6
0.85 /  0.85x24

pzl(l -1 _M> :L(l _\/1 _M> = 0.00626
m 420 20.6 420

Agreq=p.b.d=0.00117x120x314 = 235.91 mm”

Check for As min:-

7
()

As min= (bw)(d) ACI-318 (10.5.1)

4

N
4(420)

As min= (120)(314) = 110mm’

.14
A =——(bw)(d
s min (ﬁ/)( w)(d)

As min=%(120)(314) =125.6mm’ ....... controls

ASpeq =235.91mm’* >Asyi= 125.6 mm’OK

Use 2 6 14 .A ¢ providea=307.72 mm*>A equired= 235.91 mm’... Ok
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_ 140-40-20-(2x12) _
1

S

56 mm>d, =12 > 25 mm OK

Check for strain:-

Asfy _ 235.91x420

= - = = 40.47 mm
0.85b fc 0.85%x120%24
x= 2 =22477 _ 4761 mm
By 0.85
= 0.003 (d_x> = 0.0 (314_47'61> = 0.0166 > 0.005 0k
& =Y x ) 4761 ) '

Design of Negative Moment for (Rib26 ):- support 3 (Mu=-39.8KN.m)
Assume bar diameter ¢ 12 for main positive reinforcement

dp 12
d =h- cover - dsmmps—7 =350—-20—-10-— 5 = 314 mm

M, _ 39.8x10°

R.= =
" 9bd2 T 0.9%120%x3142

= 3.7Mpa

fy 420
m: 7 =
0.85f,  0.85%X24

p= i 1— [1— 2mRn | _ L 1— [1— 2X20.6X2 — 0.00979
m

= 20.6

420 |~ 206 420

Agreq = p.b.d=0.00979 x120x314 = 369.2 mm®

Check for As min:-

As min=£(bw)(d)ACI-318 (10.5.1)
4(f)

Nen

4(420)

As min= (120)(314) =110m*

. 1.4
A =——(bw)(d
S min (ﬁ/)( w)(d)

As minzi%(lzo)(s 14) =125.6mm’ controls
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ASreq = 369.2mm’ >As = 125.6 mm’OK

Use 2 616 A provided=401.92 mm*>A equired= 369.2mm’... Ok

_ 120-40-20—(2x12)
- 1

S =36mm>d, =12 > 25 mm OK

ChecKk for strain:-

Ag,
_ Asyy = 3692x420 _ caoy
0.85b fc 0.85%x120%x24
X= — = 8334 _ 74.51mm
B,  0.85
= 0.003 (d_x) = 0.0 (314_74'51) = 0.0096 > 0.005 0k
& = x ) 7451 ) '

v" Shear Design for (R 26):-

V, at distance d from support=29.6 KN

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

Ve==[flbyd = V2% x 120 X 314 X 107° = 33.84 KN
oV, =0.75%33.84 =25.38 KN

0.5 0 V,=0.5%25.38 =12.69 KN

050V <Vi<gV,

Voo Ve

for shear design, shear reinforcement is required (4,,),

VSmin :i fdbwd = § bw d

Vs min=—+/24 120 * 314 = 11.54kn

Vi L; bw d=;1 %120 * 314 = 12.56kn
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O(Vt+Vsmin)= 0.75(33.84+12.56)=34.8kn

oV <Vu <6 (Vc+Vsmin)

25.38 <27 <34.8

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

Use stirrups (2 leg stirrups ) ¢ 8@150 mm , A, =2 x 50.24 = 100.5 mm’

1 bwSs 1bys
AV = [f12wS > Z2wS
mmn- e fé fyt = 3 fyt

120s
420

- s =1.145m

AViin=100.5 =%m

100.5 == 2%
3 420

- s =1.055m

S max—% = 157mm

S max —»<600mm

Take (2 leg stirrups ) 6 8 @ 150 mm

_2%503
V" 015

= 670.67 mmz/mstrip

4.9 Design of two way ribbed slab :-

4.9.1 Minimum thickness for ribbed slab h= 35 cm

The moment of inertia for the ribbed slab is the sum of moment of inertia of T-section ribs within a
distance (1/2 + bw ) was defined as in one-way ribbed slab design ( bf =bw )

All Exterior and Interior beams have rectangular section of 60 cm width and 35 cm depth:

*h® %353
I = == = 2% = 214375 cm?
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_ TP e PR

ssom

e 2|

N9 11117

291950 - 1838

111

Fig. (4-5) : Two Way Rib slab

40%8%4+35%12%17.5
Y.= = 11.66cm. =
40%8+35%12 ’
52%11.663  40%3.663 = 12%23.343 1
b= —— I + 2 = 77682 cm*.

12
S

Fig. (4-6) : Rib section in both direction
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»(Exterior beams):
Short direction

»L=10.88 m

b 77682+(2228 60
- Irib (Lb/“bw): ;22 ) -887367.46 cm®.
f

Is

Long direction

L=12.6m
1260
. 77682+(222460)
| = ribe(L/2+bw) _ 2 = 1015841.5 cm®.
b 52
f=i
Is
ofl= 2o 2375 _ 5599
I, 10158415
of2 = A5 _ 554
Is 887367.46
of3 = 2375 4519
I, 10158415
afs =2 = 2878 — 049

Iy 887367.46

I 0.211 + 0.241 + 0.211 + 0.241
SO = 2= =0.226
Ig 4

2> afm > 0.2

LLong 12.6
=——==——=1.151
L,short 10.88

f: 420
1 #(0.84—% 1260%(0.8+——
Amin = 08 500) - O8%3400) 36.004mm > h = 35mm ... Ok

M T 36+5Bx(afm_0z) 36+5%1.116%(0.226—0.2)
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4.9.2 Load calculation:

For the two-way ribbed slabs, the total dead load to be used in the analysis and design is calculated as

follows:

Fig.(4.7): Two way ribbed slab

0.03*23*0.52 *0.52 = 0.1867 KN/m/rib

0.03*22%*0.52 * 0.52 = 0.1784 KN/m/rib

0.07*17*0.52 *0.52 = 0.3217KN/m/rib

0.08*25*0.52 *0.52=0.5408 KN/m/rib

0.27%25*%0.12* (0.52+0.4) = 0.741 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*0.52*0.52= 0.119 KN/m/rib

1.5 *0.52* 0.52= 0.4056 KN/m/rib

Table (4-4) Calculation of the total dead load for two way rib slab (1).
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Dead Load of slab:

3.569

= 227 _ 1318KN/m?
052 052 /m

DL
wp = 1.2 % 13.18 = 15.8KN /m?
LL = 5 KN /m?

w, =1.6*5 =8 KN/m?

w = 13.18 4+ 8 = 23.82 KN/m?

4.9.3 Moments calculations:

Ratio=10.88/12.6=0.85

Ma = Cawla?bf and Mb = Ch wlb?bf

S2cm
I
=
—— o
) T
-
E 5;
o o
o~ ~—
T ﬁ
1 3
o
-
|
L
12 cm
e—o- 40 cm 40 cm

Fig.(4.8): Two way ribbed slab
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-Negative moment
Caneg = 0.060
Chneg = 0.031
Mg peg = (0.06 * 23.82 * 10.882) x 0.52 = 87.97 KN.m

Mp peg = (0.031 * 23.82 * 12.6%) x 0.52 = 60.9KN.m

-Positive moment

Cappos = 0.050
CaL,pos = 0.50

Mg pos,ai+iry = (0.050 * 15.8 * 10.662 + 0.050 * 8 * 10.662)  0.52 = 70.31KN.m

My pos,(arswy = (0.026 * 15.8 % 12.6 + 0.026 * 8 * 12.6%) * 0.52 = 51.08KN.m

Design of positive moment :-

- Short direction (Mu = 70.31KN.m)
bf =520mm

Assume bar diameter ¢p12 for main positive reinforcement.

d 12
d = h— cover — dstirrups —7b =350-20-10 -5 = 314 mm.

M, 70.31 x 10

- - = 1.52MP
ObdZ 0.9 x 520 x 3142 @

Ry
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_fy 420
T 0.85fc 0.85%24

p=i<1 B ,1 ~ Z.m-Rn> _ ;(1 11 _M> = 0.00377
m 420 20.58 420

As = p.b.d =0.00377 x 520 x 314 = 616.40mm?

m 20.6

Check for As, min..

§ 1.4
fcbw*dz —b,, *d

As,min = 0.25
fy fy

As,min = 0.25 * 120 x 313 = 109.5 mm?

420

1.4
As,min = 220" 120 X 313 = 125.2 mm? .....Control.

e As,required = 616.40mm? > As,min = 125.2mm? (0K)
Use 20 20, with As = 628 mm? > As, required = 616.4 mm?

Check for strain: (g = 0.005)

AS.
_ fy = 616.4%420 — 2440mm

0.85b fc 0.85%X520%24
x= 2 =22 _ 287mm

B,  0.85

d—x 314 — 28.7
g, = 0.003 (—) = 0.003 (—) = 0.029 > 0.005 0k
X 28.7

- Longdirection (Mu = 51.08KN.m)
bf =520mm

Assume bar diameter ¢p12 for main positive reinforcement.

d 12
d = h— cover — dstirrups —7b =350-20-10 -5 = 314 mm.
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o Mi __5L08x10°
"= 0bd? 09 x520x3142 ¢
420
m=_17 206

T 085fc  085+%24

. i<1 T z.m.Rn> _ ;(1 _ _w> — 000271
m 420 20.58 420

As = p.b.d =0.00271 x 520 x 314 = 442.76mm?

Check for As, min..

! 1.4
fcbw*dz —b, *d
y fy

As,min = 0.25

V24
120 x 313 = 109.5 mm?

As,min = 0.25*420

1.4
As,min = 220" 120 X 313 = 125.2 mm? .....Control.

e As,required = 442.76 mm? > As,min = 1252 mm? (0K)
Use 2@318, with As =508.68 mm? > As, required = 442.76 mm?

Check for strain: (e, = 0.005)

As,
_ Asyy = 44276420 _ 1005
0.85b fc 0.85%x520%x24
x=2 =292 _ 50.03mm
B,  0.85
= 0.003 (d _ x) = 0.003 (314 _ 20'03) = 0.044 > 0.005 0k
& = x ) 2003 ) '

Negative Design :-
long Direction :-

As,—ve = As,+ve /3 =442.76/3=147.5 mm? > As, min = 125.2 mm?

64



Chapter Four Structural Analysis and Design

Use 20010, with As =157 mm? > As,required = 147.5 mm?

Short Direction:-

As,—ve = As,+ve /3=616.40 /3=205.4 mm? > As, min = 125.2 mm?

Use 20012, with As =226.08 mm? > As, required = 205.4 mm?

4.9.4Check shear strength:

W, = 0.66
W, = 0.34

Short direction

0.52
Au, = 23.82 x10.66 x 12.6 * 0.34 x 0.5 * 176

= 43.57 KN

Vu= Au, — W x0.52 « Wa = 43.57 — 23.82 % 0.52 * 0.314 = 20.68KN

1.1 , 1.1
PV, = .75*?* fc xbwxd=.75+* ?*\/24*120*313=25.3KN

Case 1
1
Vu< E* q)*VC
V, =20.73KN > ~x & *V, = 12.65 ... Not OK
2

Case 2

1
5% & * V. =1265KN <V, =2073 KN < § «V. = 253 KN - OK
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Provide minimum shear reinforcement

VS mn 2 —#/T* bw*d = — /24 *120*314*10° = 11.5 KN.
16 16

¢Vs min = 8.63
< wby +d=7+012+0.313%10°=12.52 kN

¢Vs,min =8.63 .............. control

$Ve =253 KN < Vu=12.65 KN < ¢(Vc+Vsmin) =33.93KN ...... satisfy

~Case (3) is satisfy shear reinforcement is required.

Use 2 Legd8 for stirrups with Av = 100.53mm?2

¢Vsmin _ 8.63

5 ~o75 = 115

Vsmin =

_Avsxfyxd 100.53 * 420 313

= = 1073 = 1149
S Vsmin 11.5 * mm
Spo <2 = 22 - 157 mm.
2 2

< 600 mm.

Select 2 leg $8 @ 15cm

66



Chapter Four Structural Analysis and Design

4-7 Design of Beam(B13)

+* Material :-

= concrete B300 Fc'=24 N/mm’
= Reinforcement Steel fy = 420 N/mm?*

+* Section :-

= B=80cm
= h=35cm
= d=350-40-10-18/2=291 mm

v' Statically System and Dimensions:-

Geometry Units:meter,cm

1 2 3 4
1 2 3
A A A :|
A A A
0.25 4.93 05, 5.8 05, 4.32 0,25
LI T ] T L] LI
j 53 , 6.3 . 47 ,
) L} T 1
35
80.
A-A
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Loading
load group no. 1
Dead load - Service Units:kN,meter
48.0 45.0
l 26.5 26.5
_J{T_he‘d Y2 0oL 07 ¥ ¥ ¥ ¥z 0ot ¥ 07 ¥ ¥
3.2 N 21 3.2 L 3.1 4.7
1] 1
Live load - Service Load factors: 1.20,1.20/1.60,0.00
237 3.7 3@ %8
B 23.
v logob ¥
3.2 1 21 3.2 1 3.1 4.7
T Ll

Fig 4.8: Statically System and Loads Distribution of Beam (B 11).

v" Load Calculations:-

Dead Load Calculations for Beam(B 11):-
The distributed Dead and Live loads acting upon B11 can be defined from the support reactions of the
R2¢R3 and R5.
From Rib4
The maximum support reaction from Dead Loads for R4 upon B13 is6.91KN, The
distributed Dead Load from the R4 on B13.
DL =(6.91/0.52) = 13.3 KN/ m

Self weight of beam =7 KN / m
DL =13.3+7=20.3 KN /m

From Rib5

The maximum support reaction from Dead Loads for R5 upon B13 is13.78KN, The
distributed Dead Load from the R5 on B13.
DL =(13.78/ 0.52) =26.5 KN/ m
Self weight of beam =7 KN / m
DL =26.5+7=33.5 KN /m
From Rib6
The maximum support reaction from Dead Loads for R6 upon B13 is 23.4 KN, The

distributed Dead Load from the R6 on B13.
DL =(23.4/ 0.52) =45KN/m
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Self weight of beam =7 KN /m
DL =45+7=52 KN /m

Live Load calculations for Beam (B11):-

From Rib4

Structural Analysis and Design

The maximum support reaction from Live Loads for R4 upon B 13 is 2.54 KN The distributed

Live Load from the Rib 4 on B13.

LL =2.54/0.52= 4.9 KN/m.

from Rib5

The maximum support reaction from Live Loads for RS upon B 13 is 12.32 Kn The distributed

Live Load from the Rib 3 on B13.
LL =12.32/0.52= 23.7 KN/m.

From Rib6

The maximum support reaction from Live Loads for R6 upon B 13 is 19.03KN The distributed

Live Load from the Rib 6 on B13.

LL =19.03/0.52= 36.6KN/m.
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Moment/Shear Envelope (Factored) Units:kN,meter

_Moments: spans 1to 3

3722
271, -282.9 A -285.2
2181, -204.2 /\
} /}1\6\ l } _{203 4
& / ; : ; 1.8=Zi ; \ o
Uil 0.96/0.97 0.87
1.2 =] T '\_/
106.4
2293 221.8
| 238 . 292 | 3.46 . 284 | 282 . 188 |
I L] T 1 T Ll
_Shear
3723

-307.
-221.2 -231.7
[ : : 3 . 4
L/' T T T T T
92. 755 L/
2345
298.1

276.7

363.5

Fig 4.9: Shear and Moment Envelope Diagram of Beam (B13)

v" Moment Design for (B13):-

Flexural Design of Positive Moment for (B13):- span 1 (Mu=106.4KN.m)

Determine of My max

d=350-40-10-18\2=291 mm
—3d—3 291 = 124.7
X = d == = .7 mm
a=B.x =124.7 «0.85 = 106 mm
Mn o= 0.85% f/ *a *b(d - % ) =0.85*24*106*800%(291-106/2 ) #10°= 411.72KN.m

@ Mnpax = 0.82% 411.72 = 337.61KN.m > 106.4KN.m .
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Design as singly reinforcement

o My __1064x10°
"= 0bdZ T 09 x800x 2912 MPe

_fy 420
T 0.85f]  0.85x24

p= i(l - |1 = Z.m.Rn> — L(l — 1= 2><20.6><1.7> = 0.00434
m 420 20.6 420

= p.b.d = 0.00622x800x291 = 1012.66 mm*

= 20.6

Check for A min:-
ASmin = Nfe (b )d) = V24 =7 %800*291 = 678.8 mm’
4*420
1.4
ASmin = —( w)(d) = —*800*291=776 mm” ....... Controls
() 420

A= 1012.66 mm? > As,,;; =776 mm> .......ok

Use 40 18 Bottom, A providea=1017.36 mm*>A requirea= 1012.66 mm>... Ok

Check spacing :-

800—40%2—20—(4x18)
3

S=

=2093mm>d, =18mm > 25mm OK

ChecKk for strain:-

Asfy  1012.66 X420

= - = = 26.06 mm
0.85b fc 0.85x800%x24
x= 2 =259 _ 30,66 mm
B,  0.85
= 0.003 (d_x) = 0.003 (291_30'06> = 0.025 > 0.005 0k
& =Y x ) 3006 /) '
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Flexural Design of Positive Moment for(B11):- span 2(Mu=229.3KN.m)

M. 229.3x10°
R,=—"%L= = 3.7Mpa.
™ @bd2  0.9x800%2912 p
)i 420
m L4 = 20.6

T 0.85f]  0.85x24

pzi(l_ 1_M> :L<1_ 1_M> = 0.0097
m 420 20.6 420

A, = p.b.d =0.0097x800x291 = 2281.07 mm®.

Check for A min:-
Smin = — Je (bw)(d) = V2% 4800+291 = 678.8 mm?
4(f) 4420
1.4 1.4 )
Aspin = —— (bw)(d) = —*800*291= 776 mm~ ....... Controls
() 420

A= 2281.07 mm? > Asy,i; =776 mm” .......ok

Use 5625 Bottom, A, provided= 2453.12 mm*>A requirea= 2281.07mm’ ... Ok

Check spacing :-

_ 800—40+2-20—(5%25)
4

S

= 143.7mm > d, = 25mm > 25mm  OK

ChecKk for strain:-

_ Asfy  2281.07 x420

a - = = 58.7mm
0.85b fc 0.85x800%x24
x=2 =227 _ 69.06 mm
B, 085
= 0.003 (d _ x) =0 (291 _ 69'06) = 0.0096 > 0.005 0k
&= x ) 69.06 /) '
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Flexural Design of Positive Moment for(B13 ):- span 3 (Mu=221.8KN.m)

o My 218x10°
"= ObdZ T 09 x 800 x 2912 o0 MPa
__Jy 420

m= - = = 20.6
0.85f,  0.85x24

pzl(l -1 _M> :L(l _\/1 _M> = 0.00961
m 420 20.6 420

A, =p.b.d =0.00961 x800x291 = 2238 mm”

Check for A min:-
Smin = fc (bW)(d) = i *800*291 =678.8 I’Ill’l’l2
4( 1) 4*420
1.4 1.4 )
ASpin = —— (bw)(d) = —*800*291=776 mm~ ....... Controls
(H) 420

A= 2238 mm?®> As,;; =776 mm?> ......ok

Use 56 25, A providea= 2453.12 mm*>A yequirea= 2238mm’... Ok

Check spacing :-

_800— %2-20—(5%25) _

S " = 143.7mm > d, = 25mm > 25mm  OK

ChecKk for strain:-

Asfy 2238 X420
0.85b f/  0.85x800x24

=57.59mm

a 57.59
X=—=——=67.75mm
B, 0.85

d—x 291 — 48.7
& =0.003 (T) = 0.003 (T) = 0.0098 > 0.005
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Flexural Design of Negative Moment for (B13):- support 2 (Mu=-218.1KN.m)

o M 2181x10°
"= obdZ 09 x800x2912 NP4
__Jy 420

= 20.6

m= - =
0.85f;  0.85x24

p= i 1— [1— 2m.Ry |\ _ L 1- [1= 2X20.6X3.5] — 0.00943
m

420 | 206 420

A, = p.b.d =0.00943 x800x291 = 2196.15 mm*

Check for A min:-
Asmin = fc (bW)(d) = i *800*291 =678.8 I’Ill’l’l2
4(f) 4*420
1.4 1.4 )
Aspin = —— (bw)(d) = —*800*291= 776 mm~ ....... Controls
(H) 420

A&=2196.15 mm?> ASmin=776 mm? ......ok

Use56 25 .As provided = 2453.12 mm> >A required=2196.15mm>... Ok

Check spacing :-

§ = 22O — 143.7mm > dj, = 25mm > 25mm 0K

Check for strain:-

Asfy  2196.15%x420

= - = = 56.51 mm
0.85 f!  0.85x800x24
a 56.51
X=—=——=6649mm
B, 0.85
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d— x) —0 (291 — 66.49

& = 0.003 (T 56.49 ) = 0.0101 > 0.005 Ok

Flexural Design of Negative Moment for(B11 ):- support 3 (Mu=-285.2 Kn.m)

M, 285.2 x 10°

R = =
"= %bdZ 0.0 x 800 x 2912

= 4.677 Mpa

fy _ 420 _ 906

m= [
0.85 . 0.85%24

p= i(l — 1= 2.m.Rn> — L(l I \/1 _ 2><20.6><406773> =0.012
m 420 20.6 420

A, =p.b.d =0.012x800%291 = 2987.7 mm*

Check for A min:-
suin = Y pwydy = Y24 %800%291 = 678.8 mm?
A5 4% 420
1.4 1.4 )
Aspin = —— (bw)(d) = —*800*291= 776 mm~ ....... Controls
) 420

A=2987.7 mm>> As,;;=776 mm?> ......ok

Use70 25 A provided= 3434.37 mm*>A required= 2987.7mm>... Ok

Check spacing :-

_ 800—40+2-20—(7*25)
6

S

=87.5mm >d, =25mm >25mm OK

ChecKk for strain:-

Asfy _ 2987.7x420
0.85b f  0.85X800x24

= 76.88mm

a 7688
Xx=—=——=90.45mm
B, 085
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d— x) 0 (291 — 90.45

& = 0.003 (T 9045 ) = 0.0066 > 0.005 Ok

v" Shear Design for (B 13) :-

1. Case 3:-

for shear design, minimum shear reinforcement is required (4, 1), Reinforcement.

Use stirrups (2 leg stirrups ) ¢ 8/ 150 mm , A, =2 x 50.24 = 100.5 mm”
1. V,=307 KN

Ve=2y/fc'b, d == =V24 %800 * 291 = 190.08 KN

® V=0.75%190.08 =142.56 KN

1 1
® Vsminz 0.75 () * bw * d=0.75* (5)*800*291*10'3 = 58.2 KN Controls

® Vsmin >0.75 (—“lj;c) *bw *d= 0.75*(—‘1264) * 800 * 291*10° = 53.4 KN
D Ve<Vu<d Ve + @ Vsmin

142.56 <307 <200...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-
vy = 2\/fc'b, d=2v2% + 800 + 291 =380.16 KN

D(ve + Us,min) <v, < (v + vs’)
0.75(190.8+ 58.2)< 307 < 0.75(190.8 + 380.16)

186.75 <139.7 <428.2 ... ok

76



Chapter Four Structural Analysis and Design

shear reinforcement are required
Use2leg® 10

As =158 mm’
V,=V,— V. =22 _190.8=218.5Kn
0.75

Apfyed 158420 * 291

S = = = 88.37
v 218.5 * 1000 mm
d 291
Smax = 5= 5 = 145.5 mm control
or Smax < 600 mm

Use2leg ® 10 @120
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4-8 Design of Stair

N
g SN
L. =N
[ c————————— QS
o
N
4 @
o
w N
o w o
—.-1 g —— o o
Fig 4.10: Stair Plan.
+* 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 =3.30/20 = 16.5 cm

Take h = 25 cmThe Stair Slope by 0 = tan'(16.3 / 30) = 28.6°

78



Chapter Four Structural Analysis and Design

v" Load Calculation:-

+7.2
|
y
£
- ©
25cm_ Concrete — .
ooooooooooooo 3cm Tiles
< : 3cm Morter £
2cm Plaster Tiee f
- $18%n

1.7m 3.3m 2.75m

Fig 4.11:Stair Section.

Dead Load For Flight For 1m Strip:-

23%0.03*1%((0.35+0.163)/0.3 ) = 1.18Kn/m

22*%0.03*1%((0.3+0.163)/0.3 ) = 1.02Kn/m

25%0.5%0.163*1 = 2.04Kn/m

25%0.25*1 / c0s28.6 ° = 7.11Kn/m

22%0.02*%1 / c0s28.6° = 0.51Kn/m

Table (4.5 ): Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 Kn/m
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Factored Load For Flight :-

Wy =1.2x11.90 + 1.6x5 =19.9Kn/m

System of Flight:-

Service Live Load = Kn/m

LLLLI,LLLLLLLI,LLLLLLLL

Service Dead Load =11.9 KN/M

[T

=
ok
N ©

VI N
=2

AR
22

3.3M 0.5 ™M

Fig 4.12: Statically System and Loads Distribution of Flight

_Moments: span 1to1

-37

37

Fig 4.13: Shear and Moment Envelope Diagram of Flight
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1- Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —dz—b — 250 — 20 —12—4 = 223 mm
Ve =% fc'b, d == %\/24 « 1000 * 223 = 182.1 Kn

®V.-0.75*182.1 =136.6 KN > Vu=37Kn...... No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

_ M, __ 51.5x10°
" @bd2 T 0.9x1000%2232

= 1.15 Mpa

f; 420
m= —2- = = 20.6
0.85 /  0.85x24

p:l<1 -1 _%> :L(l _\/1 _M> = 0.00282
m 420 20.6 420

Agreq = p.b.d =0.00282 x1000%223 = 630 mm?*/m

A min= 0.0018*1000%250 = 450mm*/m

ASreq = 630 mm*>A, i=450mm?*/m

Check for Spacing :-

S =3h=3*300 =900 mm
280

S = 380*(3 ) —2.5%20 =330
3 * 420

S =450 mm

S=330mm ......... is control
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Use 612 @ 150 mm A, providea= 770 MmM*>A required=630mm>... Ok

ChecKk for strain:-

_ Asfy - 770420 15.85 mm
0.85b fc 0.85%x1000%24
c=i=%= 18.65 mm
B,  0.85
= 0.003 (d _ C) =0 (173 _ 18'65) = 0.025 > 0.005 0k
g = 0. )= T8EC = 0. 005 ...

3- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018%1000*250 = 45 Omm®

Use 610@ 150mm A provided= 523 MM*>A requirea=360mm’... Ok

2- Design of Middle Landing :-

v Determination of Thickness:-

hmin = L/20

hmin = 3.30 /20 = 16.5 cm

Take h=25 cm
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v Load Calculation:-
Dead Load For Solid 7 Landing For 1m Strip:-

23*%0.03*1= 0.69Kn/m

22*%0.03*1=0.66Kn/m

25%0.25*%1= 6.25Kn/m

22%0.02*%1= 0.44Kn/m

Table (4.6 ): Dead Load Calculation of Middle Landing.
Live Load For Landing =5*1 =5 Kn/m

Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m
Total Live Load =5 + 8.25 = 13.25 Kn/m
Factored Load For Landing :-

Wy =1.2 x27.74 + 1.6x13.25 =54.50Kn/m

System of Landing:-

Service Live Load = 825 KN/M

CITTTTITITTITTITITTITTIT]

HANARRNRRARARAARRAR

LLLLLLLLLVILLLLYLLLLVLLLLLLLLLLLLLILLLLLLLLL]

Service Dead Load = 38.04 KN/M

2.00m o2 m 2.00m

Fig 4.14: Statically System and Loads Distribution 0f Middle Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: span 1to 1

| 2.10 65.5 2.10

89.18452.764.

Fig 4.15: Shear and Moment Envelope Diagram of Middle Landing.

1- Design of Shear:- (Vu=64.8Kn)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —dz—b = 250 — 20 — = = 223 mm
Ve==2\/fc'by d == =V24 %1000 * 223 = 182.1 Kn

®* V,-0.75% 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required

2- Design of Bending Moment :- (Mu=65.5Kn.m)
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Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —dz—b = 250 — 20 —12—4 = 223 mm

My __ 65.5x10°
Pbd? 0.9x1000x2232

R, = 1.46 Mpa

fy 420
m: 7 =
0.85f,  0.85%X24

pzl(l -1 _M> :L(l _\/1 _M) = 0.0036
m 420 20.6 420

Agreq = p.b.d=0.0036x1000%223 = 807.12 mm?

= 20.6

Agmin =0.0018%1000%250 = 450mm”

Agreq = 807.12 mm-......... is control

Check for Spacing :-

S =3h=3*300 =900 mm

S = 380%(32——) — 2.5%20 = 330
5* 420

S =450 mm

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

Use 614@ 15mm LA provided= 1026 mm*>A required= 807.12 mm>... Ok

ChecKk for strain:-

Asfy _ 1026x420

= - = = 21.14 mm
0.85b fc 0.85%1000x%24
a 2114
c=—=——=24.87mm
B 0.85

d—c 223 —24.87
& = 0.003( p ) = 0.003 (W) = 0.024 > 0.005 ...... Ok

lateral or Secondary Reinforcement For Landing :-
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A req= Asmin =0.0018%1000*250 = 450 mm®

Use 010 @ 150 mm gAq nrovided= 523 mm2>Aq required= 450 mmz... Ok

3 - Design of Main Landing :-

v" Determination of Thickness:-

hmin =1/20
hmin=3.20/20=16 cm
Take h=35 cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

23%0.03*1= 0.69Kn/m

22%0.03*1= 0.66Kn/m

25%0.35*1=8.75 Kn/m

22%0.02*1= 0.44Kn/m

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

LiveLoadFor Landing For 1m Strip =5%1 =5 Kn/m

Reaction From Flight:-

DL =19.7 Kn/m
LL =8.25Kn
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Total Dead Load = 10.54 + 19.7 = 30.24 Kn/m
Total Live Load =5 + 8.25 = 13.25 Kn/m

FactoredLoad For Landing :-
Wy =1.2x%30.24 + 1.6x13.25 = 57.48 Kn/m

v’ System of Landing:-

LTI
i T
ARARARARARAARARARARARA

R

200 m

1;0.54 KN/M

Structural Analysis and Design

LLLLLLLLLLLLLLELL)

et
A

K

N/M
LILLLILLLILIILILILL]

RRARARARRARARRARN

ey

. Fig 4.16 : Statically System and Loads Distribution of Main Landing
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: span 1to 1

1.5 69.1 1.5

Shear

-64.8 845

g45 648

Fig 4.17 : Shear and Moment Envelope Diagram of Main Landing

3- Design of Shear:- (Vu=62.7 Kn)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —dz—b =350 — 20 —12—4 =323 mm
Ve==\/fc'b, d == =V24 %1000 * 323 = 263.7 Kn

®* V,-0.75% 263.7 = 19.8Kn> Vu = 62.7Kn...... No shear reinforcement are required
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4- Design of Bending Moment :- (Mu=69.1Kn.m)

Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —‘12—1’ =350 — 20 — = = 323 mm

My _ 69.1x10°
" 9bd2 T 0.9%1000%3232

= 0.74 Mpa

fy 420
m: 7 =
0.85f,  0.85%X24

p:1<1_ 1_M> :L<1_\/1_w> = 0.0018
m 420 20.6 420

= 20.6

Agreq = p.b.d =0.0018x1000x323 = 576.6 mm”
Agmin =0.0018*1000*350 = 630mm”
As1eq=576.6mm’<A¢ 1in630.0 mm’.......... is control
Asmin630.0 mm>......... is control

Check for Spacing :-

S =3h=3*300 =900 mm

280
S = 380*(3 ) —2.5%20 =330
3 * 420
S =450 mm
S =330mm ......... is control

Use 612@ 15 mm LA provided=753 Mm*>Ag required= 630mm>... Ok

ChecKk for strain:-

Asfy _ 753x420

= - = = 15.5mm
0.85b fc 0.85%X1000%24
c= a 21 18.23 mm
B, 0.85
- 0003<d_c) =0 (323_18'23) = 0.05 > 0.005 ......0k
g = 0. )= 1823 = 0. .005 ...
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lateral or Secondary Reinforcement For Landing :-

Asreq= Asmin =0.0018%1000*350 = 630 mm>

Use 612 @ 150 mm A provided= 785 Mm*>Ag required=630 mm’... Ok

3
=]
=
=" ) =
A w10015,L=200 Re10013 -
$910015,Lu2350 g
. 10015
Tw14015 .& ) o.
EP010015.L=121(U=hook) Q212015 =140 ol
E»12015 L=580 Perze1s
.
& <>~ @v12015 Lm188
Zreszens ®v12018.L=208
2.00m _ 33m e SECHD N

Fig 4.18:Stair Reinforcement Details.

(DB 108©15,L=200

100 T.B
2)e12@15,L=560 705
155 T.B 7z

&

0% @912@15,L=185
3%10@15,L=230 <O ‘& 145 T.B
190 B.B 2% 85
7
&
50 79} >
| s0  @i810@15,L=121(U-hook) & 12@15,L=140
60 B.B
/00
S ®&212015,L=205
3
105 B.B

Fig 4.18:Stair Reinforcement Details.
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4.9 Design of Column
+* Material :-
= concrete B300 Fc¢' = 24 N/mm®

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:- (From Column Group B)

Service Load:-

Dead Load =1000KN
Live Load =800 KN

Factored Load:-
Py=1.2 x1000+ 1.6x800 =2480 KN

v" Dimensions of Column:-

Assume pg = 0.01
#*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
2480 = 0.65x 0.8 x Ag {0.85%24 (1-0.01) + 0.01 * 420}
Ag= 163961 mm2

Assume Rectangular Section
h =400mm..... b = 195490 /400 = 488.7mm ..... select b = 550 mm

14 916

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

@< 34—12£S40
r M?2

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 = \/i: ~03h ... For rectangular section

Lu=3.60-04=32m
MI/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.550 m)

kl_u< 34—12M <40
7 M?2
M:w,” <22
0.3x0.550

Column Is Short About Y-axis

e about X-axis (h=0.40m)

@<34—12M ............... ACI —(10.12.2)
r M?2

_1x3.20 26.67 > 22

0.3%x0.40

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

_ Mux

~ Pu
min ey =15 +0.03 x4 =15+0.03x400 =27mm = 0.027 m
ey =0.027 m

=0

v Magnification Factor:-

5 = — M 1 0amd <1.4
Pu

1 -
0.75 P,

Cm =0.6+0.4(M1j20.4
M2

0.6+04*1=120.4

Cm

_ 7’El
“ (KLu)*
E.1
El =04 £
1+ 4,
E, =4700/ fc' = 4700 x /24 = 23025 .2Mpa
*
5, 12DL _1.2*(1000) _ o 0
Pu 2480
3 3
_ bxh _ 0.55x0.4 — 0.00293 m*
& 12 12
£l - 0.4 x 23025 x 0.00293 1823 MN >
1+0.48
2 %
- *18.23
=17.55MN

7 7 (1%3.20)
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1
= = > <
5, 1 S350 1.3>1.0and <1.4

©0.75 *1755

v" Interaction Diagram:-

ey=e x5, =0027x1.31=0.035m
ey 0.0353

=0.064

=0.683

h .
7 _400-2%40-2*10-25
h 400
From the interaction diagram chart

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

then for % = 0.643 = pg = 0.01

Select reinforcement
Ast = pg x Ag = 0.01x400 * 550 = 2200mm”
Select 14¢16with As = 2813.4mm> > Ast = 2200mm” .
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v" Design of the Stirrups:-

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

spacing <16xd, =16x1.6 =25.6cm
spacing <48xd_ =48x1.0=48 cm

spacing < least dim =40 cm

Use 910 @ 20 cm

4.10 Design of Shear Wall

§'3.6=18m

N

5.5m

Fig 4.20:Shear Wall.
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107.5

Fig 4.21:Shear Diagram of Shear Wall.

387

1186.56

2266.92

6123.1

Fig 4.22:Moment Diagram of Shear Wall.
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% Material and Sections:- (From Shear Wall 2)

= concrete B350 Fc' = 28 N/mm”

= Reinforcement Steel Fy = 420 N/mm*

=  Shear Wall Thickness  h=30cm

=  Shear Wall Width Lw=55m

=  Shear Wall Height Hw=3.6m

v" Design of Horizontal Reinforcement:-

D Fx=Vu=690.5 KN

The critical Section is the smaller of:

W _33 55
2 2
hw_18 o

2 2

storyheigh(Hw) = 3.6m........ Control

d=08xLw=0.8x55=44m

5
OVmax = Q)g fc hd
= 0.75%0.83 V28 * 300 * 4400 =4365.5 KN > V,, = 895.9954KN

V.is the smallest of :

1 -V, =</f'hd = =VZ8 300 4400 = 1164.13KN ........ Control
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ud

N
2— V. =027/ hd +
41,

Ly (014 +0.2 l’vvv—jl)

= 0.27v28 x 300 * 4400 + 0 = 1885.9KN

hd = 1490.2KN

3V, =005/ + —

Vy 2

6123.1 —3637.3 M, —3637.3
3.6 ~ 3.6—2.75

= M, = 4224.22KN.m

M, I, 422422 55 3367
V, 2 6905 2

Ve=1164.13KN
@ *vc + Qvs = vu
@ * vs=vu-@ * vc
Vs=vu/@ — vc
Vs=690.5/0.75-1164.2= -243.533kn No need reinforcement
Minimum shear reinforcementis required:

Min(Avh/Sh)=0.0025%*h
=0.0025*300=0.75

Select 10 ,tow layers

AvVh=2% 7 *102/4=157 mm?

157/Sh=0.75

Sh=157/0.75=209.33

Select Sh=200mm<Smax=Lw/5=550/5=110 cm.

=3*h =3*30=90 cm.

v" Design of Vertical Reinforcement:-

T [0.0025 + 05 (25-2) (22 - 0.0025)]*300

w/ \Sp*h

AS— = [0.0025 +05 (2.5 - g) (zozi:,oo - 0.0025)] %300
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AV‘U
— =0.736
S

v

Select 10 in Two Layer

_ 2%1T%102

App = P 157 mm2
157
= 0.736
v
S,=213.2 mm

- Maximum spacing is the least of :

—=——=1833.34 mm
3 3

3*h =3*300 = 900mm
450 mm ....... Control

Use ¢$10/200 mm for two layers

v" Design of Bending Moment:-

5500
Astz( )>l<2>i<79=4345mm2

200
A 4345\ 420
W=( “)f—y,z( ) = 0.0395
L, k) £’ ~ \5500 % 300/ 28
I
a=—2_=0
lwhfc
0.0395 + 0

C w+a

I, 2w+0858, 2+0.0395+ 0.85 * 0.85

Py

OM,, = @ |0.5A4,f, 1, (1 +
n stfy w( Astfy

)1 - )

Structural Analysis and Design

= 0.04928

= 0.9[0.5 * 4345 * 420 * 5500(1 + 0)(1 — 0.04928)] = 4294.05 KN = 4224.22KN.m
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Mub=Mu-@Mn=4224.22-4294.05= -69.83 KN.m

lw 5500
X=> i =91.67 mm
GOO*W 600+*.1

g = 45.83 mm

Lb>

Since Smallest value of Lb & Mub not require Boundary .

4.11 Design of Footing

«* Material :-

= concrete B350 Fc¢' = 28 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v Load Calculations :- (From Column Group B)

Dead Load = 1000 Kn , Live Load = 800 Kn

Total services load = 1000 + 800 = 1800 Kn

Total Factored load = 1.2*1000 + 1.6*800 = 2480 Kn
Column Dimensions (a*b) = 55*40 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 500 Kn/m2
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o 073 ———055———073 —i0

010 10

it 2,00 Fr

# 220 ,
Fig 4.23:Foot Section.

Assume h = 60cm
G er-aiiow = 500 — 25%0.6 — 18%0.4 — 25%0.7 = 460.3kn/m2

v' Area of Footing :-

Pt 1800

Dnet-allow
Assume Square Footing
B required =1.97 m
Select B=2m
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v" Bearing Pressure :-

qu = 2480/2*2 = 620 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 = 60cm , bar diameter ¢ 14 for main reinforcement
and 7.5 cm Cover

d=600-75-14=511 mm

B—-a

Vuzqu*( > —d)*L

2-0.4

Vu = 620*( .

_ 0.511) * 2 =358.36Kn

pVe = ¢%*,/fc' xp *

¢Ve =0.75 x L 28 *2000 *511 = 675.94Kn
6

¢JVe =675.94KN > Vu =358.36Kn
Safe

102
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N

Inclined crack

Critical section for
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one-way shear

]
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-
)i
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Chapter Four Structural Analysis and Design
2- Design of Two Way Shear Strength :-

Vu=Pu—FR,

FR, =q, *area of critical section

Vi = 2480 — 620[(0.55+0.511)* (0.4 +0.511)] = 1880.72Kn

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

st 2N/
¢.VL,—¢.6(1+ﬂC }/7 b,d
SOATY (b /d erd
47, =451 b,d

Where:-

Column Length (a
Be = gth (@) = 2 =1.37
Column Width (b) 40

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

b, =2*(51.1+55)+2*(51.1+40) = 394.4cm

a ) )
s =40 for interior column

pV = ¢%[l+ﬂi}/ﬁ’bad - 0‘675 *(1+ 1 ;j* 28 %3944 %511 =3279.11Kn

% ’ *
T oW b a =073« 30551 ) e 583044 %511 = 4787 3Kn
b 12 3744

1
¢-VC = ¢E(

o

o = ¢%w/ £, b,d = 0'375 */28 ¥3944*511=2666.1Kn ......control

®Ve =2666.1 Kn>Vu=1880.72Kn
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3- Design of Bending Moment :-

Critical Section at the Face of Column

B—-a
2

2-0.4

) + L =620 * (T) *2 =992Kn

Fquu*(

Mu = 992%* 2 * 0.8*0.8/2 = 634.8Kn.m

_ My _ 6348x10°

" @bd2 T 0.9x2000x5112 1.35 Mpa
420

= b ~ 17.65

m= - =
0.85 /  0.85x28

pzl(l -1 _M> :L(l _\/1 _M> = 0.00331
m 420 17.6 420

Agreq = p.b.d =0.00331x1900x511 = 3385.21 mm®

Agmin = 0.0018*2000*600 = 2160 mm>
As,req = As,min =2052 mm2 ------- Ok

Check for Spacing :-

S =3h=3%60 = 180cm
2% ) 2.5%75=192.5cm

24420
3

S = 380%(

S=45cm ......... is control

Use 17616 in Both Direction, A provided= 3415.3mm2>Aq required— 3384.21 mm>... Ok

ChecKk for strain:-

AS.
_ fy = 3384.21X%X420 — 2956 mm
0.85b fc 0.85%2000%28
c=i=%=35.13mm
B, 085
- ooos(d_c) =0 (511_35'12) = 0.04 > 0.005 ......0k
g = 0. )= 3512 = 0. .005 ...
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Chapter Four Structural Analysis and Design

4- Design of Dowels :-

Load Transfer In Footing :-

DPnb = D(0.85 fc'4, x/ )

=550 * 400 = O22m
A2—2*2 4 m?

L N S P S A,
4, Vo22 A,

®Pn.b=0.65x(0.85x28x550*400 x 2) = 6606 .8Kn
@®Pn =6606.8 > Pu =2480......... ok

No Need For Dowels

As,min = 0.005 * Ac= 0.005 * 550 * 400 = 1100 mm?2

Use 14616, A, providea= 2813.4 mm*>Ag requirea= 1100 mm>... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

9 Fy welpslpt

Ldr req — E A\/_ ktr+cb

* db> 300mm
Ktr = 0 (Nostripes)

16 150
cb=75+7=83mm 0rcb=T=75mm

ktr+cb_0+75

= =468 > 2.5
db 16

ktr + cb _
db

Ldy roq = 1o * 1om= * == * 16 = 365.75 mm> 300mm
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2000-550
LdT available =

-75= 650mm

Ldr avaitable = 650mm >ldreq = 365.75 mm........ OK

Compression Development Length In Footing :-

Ldcreg= “22> 0.043*Fy*dB >200mm

0.24%420%16

Ldcreq= 7 329.2>0.043*%420*16 =288.96 >200mm
Ldcreq= 329.2 mm

Ldcavaitable = 600 — 75 — 16 — 16 = 493mm >Ldcreq= 329.2 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x420 x 16=477.48mm > 300 mm

Select Lsc =500 mm

02¢

N\
002

8=
S=J
o
w
~
S
—
>
— = [
o -
N " o
n o ‘.‘OU‘ -
o o S wn
w -1 l
= -
11
0.3 0.3
e 185
L=2.45 m
e
\\5

Fig 4.24 :Foot Reinforcement Details.
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4.12 Design of basement wall:

Fc’ =24 Mpa Fy =420 Mpa
¢ =27° y = 18.42KN/m3
Ko=1-sin®

=1-—sin27

= 0.55

4.12.1 Load on basement wall:

For 1m length of wall:

* Weight of backfill:
ql =Koxyxh
=0.55%18.42%4.43
=44.88 KN/m
J1(Factored) = 1.6 *44.88
=71.81 KN/m
* Load from live load:
LL=5 KN/m2
g2 = Ko * LL
=0.55*5
=2.75 KN/m
O2(Factored) = 1.6 ¥2.75

=4.4 KN/m
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OV VN DN »

0.35 J{

“ ™
030 [ [[F

N

q1=Ko *h*y 92=Ko * LL

Fig. (4-25) : Load on basement wal
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47.6

2.75

443

Fig. (4-26) : Load diagram for basement wall

2.44 100.8 1.99
T

-115.8
-98.

62.8 61.2

Fig. (4-27) : Shear & moment envelope diagrams

4.12.2 Design of the vertical reinforcement:

Assume h =300 mm , cover =40 mm, bar diameter ¢216

16
d=300—40—7=252mm

o Mu_1008
"=097 09 ~ -
Mn * 10° 122 % 10°
Kn = = 1.76 Mpa

b*d2 _ 1000 = 2522
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Chapter Four Structural Analysis and Design

Fy 420

= = = 20.58
0.85xfc’ 0.85%*24

m

1 1 1 2*Kn+*m
= — % - -
P m Fy

1 1 2%1.76 x 20.58
= * — —
20.58 420

=439%1073
Asreq=p*b*d= 4391073 %1000 * 252 = 1106 mm?/m
Asmin = 0.0012 *b *h = 0.0012 * 1000 * 300 = 360 mm?/m

Asreq > Asmin

Vic’ 4
5 *bw *d = 0.25 * * 1000 * 252 = 734.8 mm?/m

420

Asmin for flexture = 0.25 *

. 1
Asmin for flext =—sxbwx*xd=
smin for flexture fy * bw * 220

* 1000 * 252 = 840 mm?/m

For inside wall select 16@15cm = 1341 mm? > 1106 cm?

For outside wall selectd12@12.5cm = 904 mm? > 840 cm?

4.12.3 Design of the horizontal reinforcement:

Asmin = 0.002 *b*h = 0.002 * 1000 * 300 = 600 mm?/m

Select P10@15cm, in two layer

Check for shear :

d=300—-—40—-8 = 252mm

1
@Vc=0.75*g* fc’ *xb=d
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Chapter Four Structural Analysis and Design

1
=0.75 *g*\/ﬁ* 1000 % 252 % 1073

= 154.3 KN
(@Vc = 154.3 KN) > (Vu = 104.1 KN)

No shear reinforcement is required

4.12.4 Design of basement footing:

Soil density = 18.42 KN/m

Allowable soil pressure = 500 KN/m?

Live load =5 KN/m?

Assume footing to be about (30 cm) thick.

For 1m length of wall:

Total service load in basement = 25x4.43x0.3= 33.22 KN/m

Total factored load in basement = 1.2x (25x4.43x0.3) = 39.87 KN/m

Footing weigh = 25 * 0.3 = 7.5 KN/m”

Weight of backfill = 18.42 * 4.43 = 81.6 KN/m”?

Jallow,net = 500-81.6 -7.5-5
0.25 0.30 | 0.25

=405.9 KN/m*
S
S
33.22 0.08 A A A A A A
“1x4059 oM
Take b=80cm,h=30cm qU

Fig. (4-28) : Footing geometry
d =300-75-0.5*14 =218 mm

0u=39.87 /1* 0.8 = 49.84 KN/ m’
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4.12.4.1 Check of one way shear:

V, = 49.84 *(0.25 - 0.218)

=1.6 KN

1
@Vc=0.75*€*\/§*b*d

1
=0.75 * g V24 % 1000 * 218 * 1073
= 133.5KN
@Vc >>>>V, ...No Shear Reinforcement is Required.

4.12.4.2 Design of bending moment:

Mu = 49.84 x 0.25°/2 = 1.56 KN.m

_Mu_156 o
=09 09 T T -m
K _ Mnx10°  1.73%10° — 0.04M
M= Tpedz T 10002182 P
Fy 420
m = 20.58

T 085+fc  0.85+24

1 1 1 2*xKn*m
= — % — _
P m Fy

1 1 2% 0.04 * 20.58
* — —
20.58 420

= 0.095* 1073
Asreq = p*b*d=0.095% 1073 % 1000 * 218 = 20.8 mm?
Asmin = 0.0018 xb * h = 0.0018 * 1000 * 300 = 540 mm?
Asreq < Asmin
Use A min

Select 14@25cm = 615.6 mm? > 540 cm?
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Attachments

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

Onc_e end
continuous

continuous

Both ends

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

/120

€124

/28

£no

Beams or

ribbed one-

way slabs

N6

£18.5

er21

L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k /m3) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural Ilghtwelght concrete having unit density, w,, in the range
1440 1920 kg/m?, the values shall be multiplied by (1.65 - 0.603w ) but not

less than 1.09.
b) For , other than 420 MPa, the values shall be multiplied by (0.4 + fyl700)

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L
structural elements likely to be damaged by (/180°
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L
tural elements likely to be damaged by large (/360
deflections
Roof or floor construction supporting or That part of the total deflection occurring after .
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of (/480¢
damaged by large deflections the long-term deflection due to all sustained
Roof or floor construction supporting or m;;?j H\',i 'mﬁ?'ate deflcton due o any ‘
attached to nonstructural elements not likely to (240}
be damaged by large deflections

* Limit not intended to safeguard against ponding. Ponding should be checked by suftable calculations of deflection, including added deflections due to ponded
water, and considering long-term effects of all sustained loads, camber, construction tolerances, and reliabilty of provisions for drainage.

f Lon?-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements. This amount shall be determined on basis of accapted engineering data relating to time-deflection characteristics of members sim-
llar to those being considered.

Fimit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.

$ Limit shall ot be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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