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Abstract
Structural Design and Details of the Residential Building
Project Team
LamiaN. Al_Qadi Mohammad A. Sawaifeh
Pal estine Polytechnic University-2005
Supervisor

Dr. Hitham Ayad

The main ideafor this project isto prepare al structural designs and details for the
Residential Building.

This building consists of five floors and it contains all activities required for people and,
and contains elevators, emergency stair, services elevator.

This building is areinforced concrete structure, and it was designed according to the
ACI-code.

The project contains the structural analysis for vertical and horizontal loads and the
structural design and details for each member in the project.
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4.2 Beams Design:

In this section we will design beam # B3.

B H 0
38 Lk 31 2.85 34
O — 1 (— | Y
Fig (4.4) Beam B3 dimension.
2 B B =] &

Fig (4.5) Beam B3 load.
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~J41tm -6.32L.m -6.29t.m -4.96t.m

-0.d7tm

~319tm

W 2% || S4nm | B0t || H5tm| | 129%m f

Fig (4.6) Beam B3 moment value.
Assume that:

The beam is amiddle beam

L, istherib length from one side

L, istherib length from the other side
4.2.1 Load calculation:
Dead Load = ?LL@ DL

e 2 g

Dead Load = 2.453 0.782=1.91 t/m.
liveload = 2.453 0.2 = 0.49 t/m.

liveload =

Assume that:

B =50 cm H=25cm
Self weight of beam =B 3H 325

Sef weight of beam =0.530.2532.5=0.3125t/m.

d=21cm

Factored Total Load = 1.4 3 (1.91 + 0.3125) + 1.7 3 (0.49) = 3.95 t/m.
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4.2.2 Design of span B-H :

| JL +3.47tm

L =42 m

Fig. (4.7): span B-H.

1- Design for positive moment:

Mu = 3.47 ton.m
Mn =3.47/ 0.9 = 3.85 ton.m
f
m=——_ =400 =15.7
0.85f¢  0.85*30
2
Rn=Mn/bd
5
8885—1(2)_ 17.48Kg/cm?
50" 212
Rn = 1.748 MPa.
0
& \/1_ 2" 157" 1. 748: = 0.00453
15 7§ 400 p

A sreg. =0.00453 350 321 = 4.75cm?

Use® 12 mm .

Areaof bar ® 12 mm =1.13 cm?.
32



Number of bar =@ =4..2 bar.

Use5® 12 mm.
A sprovided = 5.65 cm?.

Check maximum and minimum stee!:

From table—for f, =400 Mpa, & f. =30 Mpa.

P rax = 0.0244
4/ fc¢
P in ISthelarger of fe ) 3 1'4.
4(fy) fy
V30, 1.4

P min ISthelarger of

|
4(400 ) 400

p ... =0.0035
p — A§ provided
provided b, d
5.65
I =0.0053
p provided 50, 21

P min = 0.0035¢p |, iqes = 0.0053% p . = 0.0244

\ DesignisOK

2- Design for negative moment:

Mu = 6.32 ton.m
Mn=6.32/0.9=7.02 ton.m
f, 400
m= =
0.85f ¢ 0.85* 30

=15.7

Rn=Mn/bd?

02" 10°%
o E.0210°6

. +=38.84 Kg/cm? .
50" 21% 5

Rn = 3.184 Mpa.

33



P2 &) o}
=Lg. g AR
mg fy B
& “15.7° o
r :i 1- \/1- 2 157 3'184j=0.00853
15.7 400 p

A sreg. =0.00853 350 3 21 = 8.96 cm 2
Use® 12 mm .

Areaof bar ® 12 mm =1.13cm?.
Number of bar =8.96/1.13 = 7.9 bar.
Use8 d 12 mm.

A poigea = 9.04 cm?.

Check maximum and minimum stee!:

P e = 0.0244
4/ fc¢
P in ISthelarger of fe ) 3 1'4.
4(fy) fy
V30, 1.4

P min 1Sthelarger of l
4(400 ) 400

P ., =0.0035
p — A§ provided
provided b, d
9.04
ided = = 0.0086
p provided 50, 21

P min = 0.0035¢p |, iqes = 0.0086% p ., = 0.0244

\ DesignisOK
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3- Design for shear:

7 ton : ‘ : ‘ 6.79ton 7.67 ton

‘ \\Agmon ‘ ‘ \1

8,07 ton 7.02 ton 8.9 ton 7.1 ton

Fig (4.8) Shear value.

V, =9.17 ton.

FV, =

&,/ fc¢o «/
“od  =0.85¢ Y0 350321 210 0-3514t0n
§1000 g

o
FV,=814ton <V, =9.17ton.
Category (3):
(Shear reinforcement is required).
FV.<V, £(FV,+minFVs)
Assumewe use F 8 mm stirrups, areaof F 8 mm bar =3.14(0.8)244 = 0.5024 cm?.
Av = 230.5024 = 1.01 cm?.

3A T,
S= =(3340031.01) / 50 =24.24 cm.
bw
S£d/2=105cm ...................... Control
S £60 cm.

assume S=10cm.
B 0.85A, fyd

s—

=0.85(1.0134321) / 10 = 7.21 ton.

0.85(1.57" 2stirrups)(4.2)(24)
12

8.14ton <9.17ton.<(8.14 + 7.21) ton.
Complies with category (3)
Use ® 8 mm stirrups @ 10 cm.

35



\ DesignisOK
4 - Development length (L) :

1 —_

Fig. (4.9): Typical section in beam.
At point (1)
L, for bottom bars (¥ 12):

L, = Zf—\/;_wasy d, :24—\/'% (1)(1)(1) (1.2) = 43.8 cm.

L, =0 (Thedistance that the bars extend beyond the center of the support)

1.33% +L,3 L,

u

Mn=2.79 Ton.m

Vu=4.6Ton (Atinflection point)

279 (100 \
46

78.85 cm 3 43.8cm. \ available embedment > Req.

1.33 43.8
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4.2 Beams Design:

In this section we will design beam # B3.

; I I n I} bl
Fig (4.4) Beam B3 dimension.
K? H i i =

1.9 105

Fig (4.5) Beam B3 load.




-JAltm -6.32Lm -6.29L.m ~4.96t.m

-0.37tm

-3.19tm

W RM9m || 434w || #304m || +155tm| | +292Lm f

Fig (4.6) Beam B3 moment value.

Assume that:

The beam is amiddle beam

L, istherib length from one side

L, istherib length from the other side
4.2.1 L oad calculation:
Dead Load = 22720 p.

e 2 g

Dead Load = 2.453 0.782= 1.91 t/m.

ol s
liveload= &2tk ® |
e 2 g

liveload = 2.453 0.2 = 0.49 t/m.
Assume that:

B =50cm H=25cm
Self weight of beam =B 3H 325

Self weight of beam = 0.530.253 2.5=0.3125 t/m.

Factored Total Load = 1.4 3 (1.91 + 0.3125) + 1.7 3 (0.49) = 3.95 t/m.

d=21cm



4.2.2 Design of span B-H :

L =42 m

Fig. (4.7): span B-H.

1- Design for positive moment:
Mu = 3.47 ton.m
Mn =3.47 /0.9 = 3.85 ton.m

f
= _ 400 =157
0.85f¢  0.85*30
2
Rh=Mn/bd
5
- P AT rraacgon”
50" 21
Rn = 1.748 MPa.
1 \/1- 2 157" 17489 = 0.00453
157 400 p

A sreq. =0.00453 350 321 = 4.75cm?

Used 12 mm .



Areaof bar ® 12 mm =1.13 cm?.

Number of bar :ﬂ =4..2 bar.
1.13

Use5d 12 mm.
A sprovided = 5.65 cm?,
Check maximum and minimum stee!:

From table—for f, =400 Mpa, & f. =30 Mpa.

P, = 0.0244
4/ fct
P ., iSthelarger of fe ) 3 1'4.
4(fy) fy
/300 ., 1.4

P ., ISthelarger of

4(400 ) 400

p ... =0.0035
p — A% provided
provided b, d

5.65
ded = =0.0053
p provided 50, 21

P min = 0.0035¢p |, iges = 0.0053% p ., = 0.0244

\ DesignisOK

2- Design for negative moment:

Mu = 6.32 ton.m
Mn =6.32/ 0.9 = 7.02 ton.m

f
m=—2Y— = 400 =157
0.85f ¢ 0.85* 30
2
Rh=Mn/bd
02°10°0
- &.02 1070, 38.84 Kg/lcm? .

50" 212 5



Rn = 3.184 Mpa.

FS) 0
r=—61- |1- ZmR“j
mg fy 2
Fs) g g 0
r=—_¢- \/1- 2 157 31849 _ 600853
15.7 400

A sreq. =0.00853 350 3 21 = 8.96 cm 2
Use® 12 mm .

Areaof bar ® 12 mm =1.13 cm?.
Number of bar =8.96/1.13 = 7.9 bar.
Use8 d 12 mm.

— 2
A& provided 9.04cm”.

Check maximum and minimum steel:

P rax = 0.0244
4/ fct
P i 1Sthelarger of fe ) 3 1'4.
4(fy) fy
/30, 1.4

P ., isthelarger of

[
4(400 ) 400

p,.. =0.0035
_ A% provided
pprovided - b’ d
9.04
wed = —— = 0.0086
p provided 50' 271

P n = 0.0035¢p 00 = 0.0086$ p ., = 0.0244

\ DesignisOK



3- Design for shear:

8.72 ton 8.7 ton 6.79ton 7.67 ton

8.07 ton 7.02 ton 8.9 ton

7 ton

T

7.1 ton

Fig (4.8) Shear value.

V, =9.17 ton.

V30 350321 219 0_g14t0n
&1000 g

FV, = O.SS?FEM =0. 85§
@

FV,=814ton <V, =9.17ton.
Category (3):

(Shear reinforcement is required).
FV_<V, £(FV,+minFVs)
Assumewe use F 8 mm stirrups, areaof F 8 mm bar =3.14(0.8)244 = 0.5024 cm?®.
Av = 2305024 = 1.01 cm?.

3Af,
S= = (3340031.01) / 50 = 24.24 cm.

bw
S£d/2=105cm ..., Control
S £60 cm.
assume S=10cm.
_08ATd 0.85(1.0134321) / 10 = 7.21 ton.

0.85(1.57" 2stirrups)(4.2)(24)

12
8.14ton <9.17ton.<(8.14 + 7.21) ton.




Complies with category (3)
Use ® 8 mm stirrups @ 10 cm.
\ DesignisOK

4 - Development length (L) :

(wg —

Fig. (4.9): Typical section in beam.
At point (1)
L, for bottom bars (® 12 ):

f 400
L=—Y qaBfyd =——
d 5 fc¢ By d, 2@

L, =0 (Thedistance that the bars extend beyond the center of the support)

(1)(1)(1) (1.2) = 43.8 cm.

m+La3 Ld

u

Mn=2.79 Ton.m

Vu=4.6Ton (Atinflection point)

279 (100 ,
4.6

60.65 cm 3 43.8cm. \ available embedment > Req.

43.8
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4.3 Column Design:
L oad Calculation:

How loads are transferred to the columns?
Assume that:
The column is a middle column.

L, istherib length from one side.
L, istherib length from the other side.

L3 isthe beam length from one side.

L4 isthe beam length from the other side.

Assume braced frame (nonsway).

aeLl +L,6 ad3+L4¢
e 2 g é& 2 g

I_aeL1+Lo aEL3+L4o
e 2 gé& 2 g

Factored Total Dead Load = DL~

Factored liveload =L

Factored Beam weight = ?3;“0 B" Hx25x14
e 1]

Design of Column C9: this Column isan Internal Column.
L oads from Ground floor:

Factored Total Dead Load DL =1.1° gég 1+180. o8.8+4.4¢

& 2 gé& 2 g
=11.05 ton.

Factored Total Live Load LL = 0.34° 88'“1'89’ aé3.8+4.49

eZQgZéJ

= 3.42 ton.

Factored Beam weight = 1.4 x géi 8+440, 0.25x%0.50 x 2.5 ton/m3

e 2 g

=1.8ton.
Factored Column weight =1.4 x 2.75x 0.25x 0.4 x 25=1ton.

40



L oadsfrom all floors:

DL =5 x 11.05 ton = 55.25 ton.

LL =5x%x3.42ton=17.1ton.

Beam weight =5 x 1.8 ton = 9 ton.

Column weight =4 x 1 ton = 4 ton.

Tota load Pu=55.25+17.1 + 9 + 4 = 85.35ton.

Pn req = 85.35/0.7 = 122 ton.
Use r =rg=1%
Pn=0.8Ag{0.85 fct+ ' g (fy - 0.85( fcl))}
122 =0.8 Ag{0.85(0.3) + 0.01(4 -(0.85)(0.3))
122 =0.8Ag{ (0.255) + (0.03745))
122 = 0.234Ag
Ag=521.36 cm?.
Use25cmx 30cm=750cm? & User g=r min =0.01
Ast req = (.01)(750) = 7.5cm?
Use 6014 = 9.24 cm? r g=9.54/750=0.01232

30 cm

Fig(4.10)Cross section in column.

41
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Check denderness effect:

(85@% (34- 12 adl\\//ll__) short column.

aXlu 8 a1l

(g——/ (34-12 g——) long column & Slenderness effect must be considered.
(34 - 12 %9) £ 40 ACI 10-12-2

L, : Actual unsupported (unbraced) length.
R: radius of gyration =0.3h = \/_l_A

K : Effective length factor.

, - the smaller of end moment on the member.
M, : thelarger of end moment on the member .
&M, 0 e .
g—lj Positive for single curvature.

M, g
&M, 0

= : Negative for double curvature.

M, ¢ 2
M, =0.37 ton.m.
M, =-0.66 ton.m.

o
aEM E = 0.56 Positive for single curvature.
M, ) z 0.66

Caculation of the Effective length factor K .

“ 6

o]
a e Q:
A 5 olumn

o]

Lfabeam

e
| coumD 0.7 1

Column
, 3(-:-)
|g5aEb e
§12 5

42



3 ¢
230" 25°9 —5 39062.5cm?*.
2

.5

g

I 50.7339062.5 5 27343.75cm" .

Column

E. =15000/ fc¢ Where fcdin (kg/cm?)

E. = 15000+/300 = 259807.62 (kg/cm?) 5 259.8 ton/cn?.

g 1o :gEl' 110,85, 1,0
e L Zeolumn Li ﬂ L2 ﬂ
g @ |0 _gho8 27343750, 2598 27343758
g L Q&olumn g 345 ﬂ g 275 ﬂ
2 10 - e40386 toniem.
e L Zeolumn
| g5 035 1
, 3(-:-)
1,502 0
12 5
3 ¢
I,5 Z0° 250 —565104 16 cm’

| g 50.35365104.16 5 22786.45 cm’.

85549 _aE 1,0 &, 1,0
e'-ﬂaeamgl-ié L, &

3 af |0 _aP59.8" 22786450, aP59.8" 22786450
SL au, & 380 g & 40 g
2& 10 29033 t0n/em.
e L @
o aE’
y 5 e Qlolumn
A
o aE |0
ac -
e L @
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Y n 5 4643238
29033

y 5 50.00 (Assume footing as fixed support).

16

For member in braced frames, the 1972 British Code of standard practice[ 15.54 ]
suggests that an upper bound for K is obtained by using the smaller of the following
two equations :

K =0.7+0.05f , +y z) £1.0

Or.

K =0.85+0.05/ , £10

Where:

y , :thevalueof y at thetop end of the member .

y 5 :thevalueof y at the bottom end of the member .

Y min- the smaller of thetwo valuey , &y 5.
K50.7+0.05(1.6+0.00)50.78

FIug_a9.78 3450 35085 (34 - 1219 = 2708
er ge03 025g¢g eM2g

\ Slenderness effect must be considered

o 6
dns = cm =/ 1.0
€1 (Pu/0.75P0) &
5
Cm=06+0.4 g2
29

Cm=0.6+ (04" 0.56)=0.824

&P?” El 0
P=C—73
“TEK LY
El = larger of:

_ a.2Eclg + Eslse0
(1+Bd) g




aEE)4Echo
§(1+ Bd)g

Where:
Ig: Gross moment of inertiaignoring steel.
Ise: Moment of inertia of reinforcement.

Bd: (Factored axial dead load)/(Factored axial total load).
E. = 15000+/300 = 259.8 ton/cm?

Ise = 2(3x1.54)(7) 2 = 452.76cm’

ab” h’o

g 12 5

3
|g 230" 25°0 —5 39062.5cm*.
g 12 4

1,5

& 14D, Q
g 14D, +1.7L, 4

268.25 0 _
" e
_&( 2" 259.8" 39062.5) + (2000" 452.76)¢
== 1+0.8 '
85{202968 75)+(905520)8 _ <2060 8 tomome.
& 1+0.8 2
or
El = 8@ 47 259.8" 39062 59— 2255208.3 ton.cm?.
& 1+0.8 2
El =2255208.3ton.cm?  .............. Control.
®&P* El 0

e (éK |_2‘
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_&3.14)" 225520830
§ (0.78" 345

=307 ton.

_® Cm 9
%1- (Pu/0.75Pc) g

0.824 0
gl (85.35/0.75" 307) &

a9.824¢_

dns =¢ =13
e 063 g
e.,=15+0.03h

Cequired — 1.3(15 + 0.03 (250)) = 29.25 mm.
€ equired = 2.925 cm.

Pn =122 ton

required
Mn,,, =122 x 2.925 = 356.85 ton.cm.
Mn,, = 3.56 ton.m.
Let B =P, =122 ton.
€ ,=400/200000 = 0.002
= (0.003/0.005) d
=0.6d
R=C+C.-T
Assume compression sted yield, and symmetrical column, As=As’
R =085 f. b (b, X,)
R =013 b  d
R=R=C,
122=0.13"b" d
Assumed=09Db

\ Ag=1042.73 cm?
46



Try Ag=25x 30 =750 cm?
Withr =r =0.01232

provided

89 fc¢

R =Ag
§(3/X (e/h) +1.18

I I 1-O:

e/h=2925/25=0.117

d-d =19-6=13cm
y=(d-d)/h=13/25=0.52
(=d/h=19/25=0.76
(¢=(0.76) 2=0.577

122 =

Ag g(S/O 577)(0.117) +1. 18g

203 0 a®.0499
122=Ag c———=+A 9
J (} 1.788 ¢ J 81.45 17}

122=Ag X 0.2
Ag =610 cm?
\ Use25cm X 30 cm = 750 cm?.
Ast=AgXrg

Use 6014 = 924 cm?

-

Check design:
e/h=2.925/25=0.117

d-d =19-6 =13 cm
y=(d-d)/h=13/25=0.52
{=dh=19/25=0.76
(¢=(0.76) 2=0.577

0.3 f)
I:)nprovided -
5(3/0 577)(0.117) +1.185 -

47

rg” fy
g(Zlg)(e/ h)+1,

0
g

0.3 0 & 0012324 ©
+A b

J §(2/0.52)(o.117) +15

provided = 0.01232

o & 001232 4
5(2/0 52)(0.117) +1;

0
2



203 0o a8.049¢

Frooues =190 G 2o0= * 0 € s

Porovices = 720 X 0.2 =150 ton.

P ooiged =150ton> B, .oy =122 ton.

M pprovided = Prprovidea X (€)

M pronaes = (150) X (0.02925) = 4.38 ton.m > Mn,, = 356 ton.m.

\ DesignisOK

Po= 0.85fc§Ag- Ast) +(fy  Ast)
Po=0.85X0.3X(750-9.24) + (4 X 9.24)
P o =225.85ton.
Pnmax=0.8 Po
= 0.8(225.85) = 180.68 ton.
180.68 ton > 122 ton

\ DesignisOK
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Pb

.60 1 3cm
L e b

J 1

Fig. (4.11): Longitudinal section in column.
X, = (0.003/0.005) d
X, =(0.003/0.005)x 19 = 11.4 cm.
a,= 0.85(11.4) = 9.69 cm.
C,=085 f. a b
C.=0.85" 0.3 9.69" 30

C. =74.12ton
As=Pu0-B240 _ 465

e2ge2 g
T = As(fy) = 4.62x4 = 18.48 ton.

eso- BL

e 11.
€ s¢= 0.0014 < 0.002

64
. g(o.oos)

\' Compression steel does not yield
C, = As'(fs-0.85fc")

49



c. = 8@.249><% 3@00149, 4- (085 03)
e 2 g 1€0.002 g %

C, =1175ton.

Pb = Cc + CS -T

R =7412+11.75- 18.48

=67.4ton.
M @ centroid=0
67.4%xg-11.75%x6.5-1848x6.5-74.12%x7.655=0
67.4 xg—76.375-120.12-576.388=0
67.4 xg = 763.88

:8563'889: 11.33 cm.

674 5

§,=11.33cm > €, = 2.925cm.

\ It isnow determined that the column is compression — controlled.
M, = R xg

= 67.4 x (11.33/100)

=7.63 ton.m.

8% - E9+Cs(d - d')
e 29

T=C, +C,

M, =C

C

18.48 = ((0.85)(0.3)(30)(0.85x)) +€e"76' (0003 2000 - (0.85 0.3(4.62)
e (%]

X=4.5cm.

X=45cm.<d =6cm,

This mean that compression steel iswork intension & inthiscase T = C,.
T =C,

18.48 = ((0.85)(0.3)(30)(0.85x))

50



X=2.84cm.
a=0.85(2.84) = 2.41cm.

C, = 0.85(0.3)(2.41)(30) = 18.43 ton.

M, =C. & - 22
e 2¢
M, = 184389 2410
e (%]

Mo =3.27 ton.m

\ Cadculationis OK

Lateral Ties Selection
For @ 8 mmties:
S £16db
S £ 48dties

S£ Leastdimension
S£16db = (16" 1.4) = 22.4cm
S£48 08=384
S £ Leastdimension = 25cm
\ Usel ® 8-mmties @ 22 cm.

51
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A

Pn (t)

250—
200—
Pnmax=180ton
150——
100——

50 —

ou

=225.85ton

Mn Yyeg= 3.56ton.m
Pn reg=122ton

<

O
Mb= 7.63ton.m

&
O Pb= 67.4ton
7 <

%C
” /xx-?’

o~

M, % 3.27ton

10

Fig.(4.12): Interaction Diagram.

52
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Table (4.5.1): Columns Tables

Column Vertical Ties
Column Floor Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

o Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

Cc2 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C3 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C4 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22
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Table (4.5.2): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C5 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

Cc6 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C7 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

c8 Second | 25* 40 8 14 2 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22
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Table (4.5.3): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C9 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25 * 40 8 14 2 8 22

C10 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

Cll Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C12 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19
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Table (4.5.4): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

C13 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

Cl4 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C15 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C1l6 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19
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Table (4.5.5): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

Cc1l/ Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

Cc1is Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C19 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C20 Second | 25* 40 8 14 2 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22
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Table (4.5.6): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C21 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C22 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

Cc23 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25 * 50 10 14 2 8 22

C24 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22
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Table (4.5.7): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C25 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C26 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

C27 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25 * 40 8 14 2 8 22

C28 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22
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Table (4.5.8): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

C29 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25 * 40 8 14 2 8 22

C30 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C3l Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25 * 50 10 14 2 8 22

C32 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22
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Table (4.5.9): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

C33 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C34 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C35 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C36 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19
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Table (4.5.10): Columns Tables.

Vertical Ties
Column
Column Floor : : Reinfor cement
Dimensio
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)
Ground 20* 40 8 12 2 8 19
First 20* 40 8 12 2 8 19
c37 Second | 20* 40 8 12 2 8 19
Third 20* 40 8 12 2 8 19
Forth 20* 40 8 12 2 8 19
Ground 25* 30 6 14 1 8 22
First 25* 30 6 14 1 8 22
C38 Second | 25* 30 6 14 1 8 22
Third 25* 30 6 14 1 8 22
Forth 25* 30 6 14 1 8 22
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4.3 Column Design:

Load Calculation:

How loads are transferred to the columns?
Assume that:

The column is a middle column.

L, istherib length from one side.
L, istherib length from the other side.

L3 is the beam length from one side.
L4 isthe beam length from the other side.
Assume braced frame (nonsway).
L aeL1+L 0. aeL3+L4o
e 2 g é& 2 g
L aeL1+L 0 aeL3+L4o
e 2 g é& 2 g

Factored Beam weight = 86'3 L4g.

e2ﬂ

Factored Total Dead Load = D

Factored liveload = L

B” Hx25x 14

Design of Column C9: this Column is an Internal Column.

L oads from Ground floor:

Factored Total Dead Load DL =1.1° gég 1+180. o8.8+4.4¢

e 2 zg 2 g
=11.05 ton.

Factored Total Live Load LL = 0.34" &1+ 180 g8.8+440

& 2 gé& 2 g
= 3.42 ton.

Factored Beam weight = 1.4 x géi 8+440, x 0.25x0.50 x 2.5 ton/m?

e 2 g
=1.8ton.




Factored Column weight =1.4 x 2.75% 0.25x 0.4 x 2.5=1ton.

L oadsfrom all floors:
DL =5 x 11.05 ton = 55.25 ton.
LL =5x3.42ton=17.1ton.
Beam weight =5 x 1.8 ton = 9 ton.
Column weight =4 x 1 ton = 4 ton.
Total load Pu=55.25+17.1 + 9 + 4 = 85.35ton.
Pn req = 85.35/0.7 = 122 ton.
Use r =rg=1%
Pn=0.8Ag{0.85 fct+ I g (fy — 0.85( fcd))}
122 =0.8 Ag{0.85(0.3) + 0.01(4 -(0.85)(0.3))
122 =0.8 Ag{ (0.255) + (0.03745))
122 = 0.234Ag
Ag=521.36 cm?.
Use25cm x 30cm=750cm? & User g=r min =0.01
Ast req = (.01)(750) = 7.5cm?
Use 6014 = 9.24 cm? r g=9.54/750=0.01232

30 cm

Fig(4.10)Cross section in column.

2hem




Check denderness effect:

(?ﬂ?g (34-12 gdﬂg) short column.
er g eM2g
(EEKI—UQI (34-12 éadﬂ'_c:')) long column & Slenderness effect must be considered.
er g eM2g
(34 - 12 ?EQ) £ 40 ACl 10-12-2
eM2g

L, - Actua unsupported (unbraced) length.
R radius of gyration = 0.3 h = \/_IZ

K : Effective length factor.

M, : the smaller of end moment on the member.

M, : thelarger of end moment on the member .

&M, O e .
—= : Positive for single curvature.
M 20

&M, 0 :
g—li . Negative for double curvature.
M 20

M, =0.37 ton.m.
M, =-0.66 ton.m.

0 _O. . .
%: _037 0.56 Positive for single curvature.
M,y 0.66
Cadculation of the Effective length factor K .
aE" 10
é’lg L a
y A 5 ~ nolumn
oakE |06
ac -
e L e

507 1,

I Column



3
1,582
12 4

3 -
1,9 80" 25°0 —5 30062.5cm” .

o

50.7339062.5 5 27343.75cm*

CoI umn

E. =15000/ fc¢ Where fcdin (kg/cm?)

E.. = 15000+/300 = 259807.62 (kg/cm?) D 259.8 ton/cm.

o aE 10 aE 1,0
a9—+ —g g 223
e olumn Ll I‘2 4]
2 oE 10 —a259.8 27343756, a259.8” 27343.7580
g L Zeolumn g 345 a g 275 1]
3 10 =4e386tonem.
e L Q&olumn
| geam D 0.35" I
3,
| S&b L z
12 5
860 253

—565104 16 cm*

F

| oo D0.35365104.16 D 22786.45 cm’.

& 16 16 &k, 1,0

é = gEi 11+§ 2 12 +
e L Pheam L1 4] L2 4]

g & 19 9508 22786450, o598 22786456
€L m.. & 380 5 & 440 p




ac
y . g 46432.38 _

29033
y 5 50.00 (Assume footing as fixed support).
For member in braced frames, the 1972 British Code of standard practice] 15.54 ]
suggests that an upper bound for K is obtained by using the smaller of the following
two equations :
K =0.7+0.05f ,+y 5)£1.0
Or.
K =0.85+0.05/

Where:
y , :thevalueof y atthetop end of the member .

min

y 5 :thevalueof y at the bottom end of the member .

Y min- the smaller of thetwo valuey , &y 5.

K507+005(1.6+000) 5078

FIuo_g8.78 3450_ 55 655 (34 - 12%9) 27.28

T 5 03 0254

\ Slenderness effect must be considered

Cm

91
gl (Pu/0.75Pc)

dns =

5
Cm=06+04 g2

2@



Cm=0.6+ (04" 0.56)=0.824

&ep?’ 0

p = P Elz_
K L
= larger of:

_ a.2Eclg + Eslse0
(1+Bd) g

_ a.4Eclg0
(1+Bd)

Where:
Ig: Gross moment of inertiaignoring steel.
Ise: Moment of inertia of reinforcement.

Bd: (Factored axial dead load)/(Factored axial total load).
E. =15000+/300 = 259.8 ton/cm?
Ise = 2(3x1.54)(7) 2 = 452.76 cm”*

3
|5&bh.
12 4

— &80’ 25° 0

—5 39062.5cm?*.
@

G_
m

& 14D, 9
% 14D, +1.7L, 5

s

QIIO

_ad0.2" 259.8” 39062.5)+(2000" 452.76)¢
1+0.8 '

G
e

_a4202968.75) +(905520) &
g 1+0.8 o

=1630670.8 ton.cm?2.




a®.4” 259.8" 39062.5¢_

El =¢ == 2255208.3 ton.cm2.
e 1+0.8 a
El = 2255208.3ton.cm?2 ~ ......o...... Control.
®eP2 El 0
P = —2_
(K L)

_ 43.14)° " 2255208.30

P =307 ton
é (0.78" 345 5

& Cm 0
dns = =
%1- (Pu/0.75Pc) g

0.824 9
gl (85.35/0.75" 307) B
dns = 8@ 8240_ 135
e 063 g
e. =15+ 0.03h

€ eqired = 1-3(15 + 0.03 (250)) = 29.25 mm.
€ equires = 2925 CM.

Pn =122 ton

hequired =
Mn,,, =122 x 2.925 = 356.85 ton.cm.
Mn,,, = 3.56 ton.m.

Let B, =P, =122 ton.

&, = 400/200000 = 0.002

= (0.003/0.005) d

=0.6d
I:)b:Cc_i_Cs_T



Assume compression sted yield, and symmetrical column, As=As’
R =085 f. b (b, X,)

R =013"b" d

R=R=C

122=0.13"b" d

Assumed=0.9b

\ Ag=1042.73 cm?

Try Ag = 25x 30 =750 cm?

Withr =r =0.01232

provided

ae fct

§(3/x )elh) +118%

rg” fy
g(Zlg)(e/ h)+1,

I I 1-O:

R, =Ag

0
g

elh=2.925/ 25=0.117
d-d" =19-6 =13 cm
y=(d-d’)/h=13/25=0.52
{=d/h=1925=0.76
¢ =(0.76) 2= 0.577
0.3 0 e 001232"4 0
Ag +Ag T
§(3/ 0.577)(0.117) +1.18 5 (2/0.52)(0.117) +15

203 6, , 29.0490

122=A9 G 788, "9 1a5
122=Ag X 0.2
Ag =610 cm?
\ Use25cm X 30 cm = 750 cm?.
Ast=AgXrg

Use 6014 = 924 cm? r provided =0.01232



Check design:

e/h=2.925/25=0.117

d-d =19-6 =13 cm
=(d-d")/h=13/25=0.52

{=d/h=19/25=0.76

2=(0.76) 2= 0.577

& 0.3 0 & 001232°4 0
Porovides = 790 =+7 =

5(3/ 0.577)(0.117) +1.18 4 g(Zl 0.52)(0.117) +14
Poroces = 750 Ef;eo 3 9, 750 8@'0499

88@ elds g

Pooiged = 790X 0.2 =150 ton.
Proroviced =190tON> B, oy =122 tON.
M nprovided Ianrowded X (e)
M roides = (150) X (0.02925) = 4.38 ton.m > Mn,, = 3.56 ton.m.

\ DesignisOK

Po= 0.85fc§Ag- Ast) +(fy  Ast)
Po=0.85X0.3X(750-9.24) + (4 X 9.24)
P o =225.85ton.
Pnmax =0.8 Po
= 0.8(225.85) = 180.68 ton.
180.68 ton > 122 ton

\ DesignisOK



Pb

.60 1 3cm
L e b

J 1

Fig. (4.11): Longitudinal section in column.
X, = (0.003/0.005) d
X, =(0.003/0.005)x 19 = 11.4 cm.
a,= 0.85(11.4) = 9.69 cm.
C,=085 f. a b
C.=0.85" 0.3 9.69" 30

C. =74.12ton
As=Pu0-B240 _ 465

e2ge2 g
T = As(fy) = 4.62x4 = 18.48 ton.

a1.4
gstC= ¢
e 11.

€s¢= 0.0014<0.002

64
. 2(0.003)

\' Compression steel does not yield



C, = As'(fs—0.85fc")

C. = 8@.249)(%8@.00149, 4. (0.85' O.B)U
& 2 g 760.002 g %

C, =1175ton.

P=C.+C,-T

R =7412+11.75- 18.48

=67.4ton.
XM @ centroid=0
67.4xe—-11.75%x6.5- 1848 x6.5—-74.12x 7.655=0

67.4 xe,— 76.375— 120.12 - 576.388 = 0
67.4 xe,= 763.88

:8563'889: 11.33 cm.

e 674 g

§,=11.33cm > €, = 2.925cm.

\ Itisnow determined that the column is compression — controlled.
M, = R xg

= 67.4 x (11.33/100)

=7.63 ton.m.

- 2%c(d-a)
e 2¢

T=C,+C,

M, = C, &

18.48 = ((0.85)(0.3)(30)(0.85x)) +89‘;X6' (0003 2000 - (0.85 0.3(4.62)
e (%]

X=45cm.
X=45cm.<d =6cm.

This mean that compression steel iswork intension & inthiscase T = C,.



T=C,

18.48 = ((0.85)(0.3)(30)(0.85x))
X=2.84cm.

a=0.85(2.84) = 2.41cm.

C. =0.85(0.3)(2.41)(30) = 18.43 ton.

M, =C.&- 22
e 2¢
M, = 184389 2410
e (%]

Mo =3.27 ton.m

\ Cadculationis OK

Lateral Ties Selection
For ® 8 mm ties:
S £16db
S £ 48dties
S £ Leastdimension

S£16db = (16" 1.4) = 22.4cm....

S£48 0.8=384
S £ Leastdimension = 25cm

\ Usel ® 8-mmties @ 22 cm.

ACI -7.10.5.2

.......... Control



A

Pn (t)

250—
200—
Pnmax=180ton
150——
100——

50 —

ou

=225.85ton

Mn Yyeg= 3.56ton.m
Pn reg=122ton

<

O
C%“f Mb—= 7.63ton.m
o Pb— 67.4ton
7% (3)(56{0

AN
o0

M, % 3.27ton

10

Fig.(4.12): Interaction Diagram.

— Mn (t.m)



Table (4.5.1): Columns Tables

Column Vertical Ties
Column Floor | Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

Cl Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C2 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C3 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

c4 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22




Table (4.5.2): Columns Tables.

Column Vertical Ties
Column Floor | Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C5 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C6 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C7 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

Cs8 Second | 25* 40 8 14 2 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22




Table (4.5.3): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C9 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

C10 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

c1 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

Clz2 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19




Table (4.5.4): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

C13 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

cl4 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C15 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C1le Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19




Table (4.5.5): Columns Tables.

Column Vertical Ties
Column Floor | Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

c1/ Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22

Ground 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

c1s Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground | 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

C19 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C20 Second | 25* 40 8 14 2 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22




Table (4.5.6): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

c21 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C22 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

c23 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

c24 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22




Table (4.5.7): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C25 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C26 Second | 25* 30 6 14 1 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

c2r Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

c2s Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22




Table (4.5.8): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

Cc29 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 40 8 14 2 8 22

First 25* 40 8 14 2 8 22

C30 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C31 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C32 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22




Table (4.5.9): Columns Tables.

Column Vertical Ties
Column Floor Dimensio Reinfor cement

No. No. n No. Of Size No. Of Size Spacing

(cm) Bars (mm) Bars (mm) (cm)

Ground | 25* 50 10 18 2 8 25

First 25* 50 10 14 2 8 22

C33 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

c34 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 25* 50 10 14 2 8 22

First 25* 50 10 14 2 8 22

C35 Second | 25* 40 8 14 2 8 22

Third | 25* 30 6 14 1 8 22

Forth | 25* 30 6 14 1 8 22

Ground | 20* 40 8 12 2 8 19

First 20 * 40 8 12 2 8 19

C36 Second | 20* 40 8 12 2 8 19

Third | 20* 40 8 12 2 8 19

Forth | 20* 40 8 12 2 8 19




Table (4.5.10): Columns Tables.

Column Vertical Ties
Column Floor | Dimensio Reinfor cement
No. No. n No. Of Size No. Of Size Spacing
(cm) Bars (mm) Bars (mm) (cm)

Ground | 20* 40 8 12 2 8 19

First 20* 40 8 12 2 8 19

c3r7 Second | 20* 40 8 12 2 8 19

Third 20* 40 8 12 2 8 19

Forth 20* 40 8 12 2 8 19

Ground 25* 30 6 14 1 8 22

First 25* 30 6 14 1 8 22

C38 Second | 25* 30 6 14 1 8 22

Third 25* 30 6 14 1 8 22

Forth 25* 30 6 14 1 8 22




4.4 Footing Design :

4.4.1 | solated Footing
Design of footing F23 ,From Column (C23):

Total dead load = 114 ton

Total liveload =28.43ton
Factored load = 142.43 ton

Use about 1m overburden soil.

Soil weighting 1.7 ton/ms,
Allowable soil pressure = 3.5 kg/cm?

Column= 25 cm x 50 cm

Footing Area:
Estimate footing to be about 50 cm thick, in addition to about
10 cm of blinding concrete.

Service Load = ﬁ+% =098.14 ton.
14 17

Footing Weight = 0.6 x 2.5 = 1.5 ton/m?.
g, xd=17x1=17ton/m?.

Pnet=35-15-1.7=31.8ton/m2.
Area(A) = Total Weight / Soil Pressure

A_[8L42+1672) .
31.8

Use
L=175m,W=175m,
A=175%x175=3m?
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Fig. (4.13):

Footing shape



Deter mine depth based on shear strength

DV, = @%\/ft'md = 0.85x%\/%x (175) x (d) x10 = 1357.9d

P .
P,=—' = 14283 _ 4654 ton/ m?.
Area 3

Vu = (Pnet)(one way shear area)

175-25

Vu= (4.654)(175)( - d) = 814.45x (75— d)

Vu=61083.75-814.45d
DV, =V,
1357.9d =61083.75-814.45d
d=2811cm.
. Used=35cm
Total depth of footing=35+ 8+ 2
=45 cm.

Check thisdepth for two way shear action (punching):

V, =P x( W) x(L)-(a+d)(b+d) )
= 4.654 [(175)(175) — (25+35)(50+35)]/1000 = 118.79 ton.
The punching shear strength is the smallest of:

v, =%(1+ bij\/T bd  =033/f bd
v, = (ba/sd +2]\/fT' b,d = 0569 1. b,d

“ 12

v, :%w/ t.'b,d =033 £, bd 1rvorve Control
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Where:

b,=a/b=50/25=2

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(35+25)+(35+50)} =290 cm.

a,=40 For interior column

10
V, = 0.33Y30(290)(35)| —— | =183.46ton.
c (290)( )[1oooj

oV, >V, 0.85%x183.46 ton > 118.79 ton

155.94 ton > 118.79 ton
OK

o

L
-

|
o5

[ ]

L

Fig. (4.14): Two way shear area.
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Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.7(0.85)(0.3)(25x 50) = 223.125ton > 142.43 ton.

.. Dowels are not required for load transfer.

Design for Bending Moment: parallel to long side of the column.

Mu = PnaxWx(E—EJ xO.S(L—E]
2 2 2 2

=| 46.54x1.75x% E—E x 0. E—E =15.9 ton.m
2 2 2 2
M= MU_159 1067 ton
® 09
5
_Mn_1767x10° oo e o,

n= =
bd®> 175x35°
Rn = 0.824 MPa.

1 \/ 2x15.7x0.824
r=——|1-.1-
15.7 400

r =0.00209> r . =0.002

Reg. A, =0.00209 (175) (35) = 12.828 cm?
Use12 ® 12 pardle to long side of the column (parallel to 50 cm side).
A, =1356cm?.
Development_Length_ (L, ):
Ldfor ®12: Category A —item 2
a Clear lateral spacing=12cm>2x1.2=24cm.

b- Clear cover =8cm> d,=1.2cm.
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400

2./30

Available embedment :(

Ly = xd, =43.81cm

175-50

)— 8=54.5cm. > 43.81cm.

. OK.
Design for Bending Moment: parallel to short side of the column.

Mu = Pnethx(V—v—E) x 0. V—V—Ej
2 2 2 2

=| 46.54x1.75x E—% x 0. @_% =229 ton.m
2 2 2 2

Mn = m:&:25.45 ton
)] 0.9

q= Mn_ 25.45x10°
bd®>  175x35°

Rn = 1.187 MPa.

=11.87 Kg/cm?.

1 \/ 2x15.7x1.187
r=—|1-.]1-
15.7 400

r =0.00304> r . =0.002

Reg. A, = 0.00204 (175) (35) = 18.62 cm?

Use13® 14 pardle to long side of the column (parallel to 50 cm side).
A =20cm?®.
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Development Length (L, ):

Ldfor ®14:
Ly = ﬂ>< d, =51.12cm
2./30

175-25

Available embedment :( j— 8=67cm.>51.12cm.

. OK.

Development L ength Lq for member in compression :

Instead of dowels, extend the longitudinal bars of the column within the footing.
longitudinal bars of the column 1018

Inside diameter of bent =6 d,= 6x1.8 =10.8 cm.

Straight extension = 12 d, = 12x1.8=21.6 cm.

d, x f
Lm:[bxy}zawm%xg

i,

1.8x400
db =

RNED

L, =32.8>2838

j >0.044x1.8x 400

Ly =32.8cm...... control

L = L, x modification factor / 20 cm.

dcompression

L =32.8x1=328

dcompression

Available=45-8-2x14=342cm>32.8cm.

. OK

68



Table (4.6): Footingstable.

Total Dimensions Reinfor cement
Footing load (cm)
No. (Ton) | Length(L) | Width(B) | Height(H) L B
(cm) (cm) (cm) Direction | Direction
F1 68 135 135 35 10d12 9012
F2 93 145 145 40 8d12 11912
F3 89 145 145 40 8012 11912
F4 77 135 135 35 1012 9012
F5 66 135 135 35 10012 9012
F6 115 165 165 45 11d12 119014
F7 78 135 135 35 10d12 9012
F8 87 150 150 40 1112 9012
F9 85 135 135 35 10d12 9012
F10 94 150 150 40 1112 9012
F11 87 150 150 40 11d12 9012
F12 83 145 145 40 8d12 11912
F13 100 150 150 40 11d12 9012
F14 118 165 165 45 1112 11914
F15 119 165 165 45 1112 11914
F16 89 145 145 40 8d12 11912
F17 172 135 135 35 10d12 9012
F18 99 165 165 45 11d12 119014
F19 123 165 165 45 11d12 119014
F20 111 165 165 45 14912 11912
F21 76 135 135 35 1012 9012
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F22 108 165 165 45 11012 11914
F23 142 175 175 45 13014 12912
F24 118 165 165 45 14912 11912
F25 84 135 135 35 10012 912
F26 46 135 135 35 10012 912
F27 135 175 175 45 13014 12912
F28 90 150 150 40 11012 912
F29 96 150 150 40 11012 912
F30 98 150 150 40 11912 912
F31 102 165 165 45 14912 11912
F32 114 165 165 45 14912 11912
F33 138 175 175 45 13014 12912
F34 125 165 165 45 14012 11912
F35 111 165 165 45 14012 11912
F36 94 145 145 40 8012 11912
F37 88 145 145 40 8012 11912
F38 69 135 135 35 10012 912
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4.4.2 Design of combined footing (F1-7):
1- Load on column C1:
Factored Dead Load = 54.4 ton.
Factored Live Load = 13.6 ton.
=68 ton.

Service Load = % @ =46.9 ton.
14 1.7

2- Load on column C1:

Factored Dead Load = 62.4 ton.

Factored Live Load = 15.6 ton.
=78 ton.

Service Load = % @ =53.8 ton.
14 17

3- Determine footing area:

Column A 30x25
46.9ton R
115cm

Column B 30x25
53.8ton

Fig (4.15): Footing Load

> M =538X —46.9(115- X)
X =53.6cm.
P, =318 tom/ m?.

Areaof footing = 46.9+538 _ 3.16 m?.

31.8
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Assume Length of footing=2.5m.

.. Width of footing = %z 1.26 m.

Use2531.3=3.25m?>.

4- Determine depth based one way shear strength:

P, 68+78
Area 3.25

Presser per unite length = 44.923 1.3 =58.4 ton/m.

P =

net

= 44.92 ton/ m?.
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68ton 78ton
116cm

63.8 61.2cm | 53.6

58.4ton/m

37‘9[“)11 %‘011

—30.74ton
—41,58ton

Shear Value

T
—3.8ton.m
—11.89ton.m

—14.8ton.m

Moment Value

Fig(4.16) Load Analysis

DV, = cp%\/ft' bd = O.SSX%@X (1.3)x (d) = 1.008d

u

0.4158 0.712

(0.712—-(d +15))
0.712

V,  (0.712-(d +15))

V,= 0.4158x

oV, =V,

Cc u

(0.712-(d +15))
0.712

1.008 d = 0.4158x

d =0.206 m.
~.Used=25cm.
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Over all depth=25+2+8=35cm.
5- Check shear strength based on tow-way action.

Check punching shear under column B

Vu=78-44.92 ((0.3+0.3) 3 (0.25+0.3)) =63.176 ton.
Vu=619.12 KN = 0.619 MN.
The punching shear strength is the smallest of:

v;%(ué)ﬁ bd =044yt b
v, = [b/d erd = 053y 1. b,d

v, :%wl t'b,d =033 £, bd 1rvorve . Control

Where:

b,=a/b=30/25=1.2

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2{(30+30)+(25+30)} =230cm.

a, =40 For interior column.

®Ve = 0.85x 0.33,/30(2.3)(0.25) = 1.05MegaN.

®Ve >Vu 1052 > 0.619.... 0K

6- Determine the depth of footing based on moment strength:
I max = 0.0244

Use r :%rmax =0.122

fy _ 400

= - = =15.7
0.85* fc  0.85*30

Rn=r x fyx(l—%r xmj
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R, = 0.0122x 400 x (1— % % 0.0122 x 15.7) =4.413 Mpa.

=44.13 kg/cm?.
14.8x10°
M 0.9 12649.57 5
= n_|= . = kag/cm~.
R - (s )= | 0% |- (25
44.13 = (12649.57)
d2

d= ‘/% =16.9cm. .. depthis OK.
44.13

4-7 Main longitudinal reinforcement :

f
m=—2>_ = 400 =15.7
0.85f, 0.85* 30
14.8x10°
Rn=( Mg]: 0.9 __ 1=20.23kg/cm?.
bxd 130 252
=2.023 MPa.

‘ =1{1— 1- ZmR”J
m f,

1 [1_\/1_ 2x15.7x 2,023

0= = 0.00527
400

Asreq = 0.00527130325= 17.15 cm”.
No . of ®12 = 15.17 bars

= Usel6® 12

7- Shear reinforcement:
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The usual approach is to consider the footing as abeam and to provide shear
reinforcement on the assumption that the shear (including cracking) effect is uniform
across the width .This approach seems appropriate in this case with the large distance
between columns and the relatively narrow footing width.

The maximum shear to be provided for is at critical section a distance d from the face

of column.

Design of shear reinforcement at left of column B .

Vu =18.22 at critical section (at distance d from face of column B).

OV, =11 b*d = 0.85x 1430 (130)x (25) x (-2 ) =25.2 ton.
6 6 1000
%GJVC <Vu<oVce category 2.

Minimum shear reinforcement is required.

S < % :§ =125cm ... Control

S <60 cm.

bxs
3f

y

130x12
A min = 3x 400

Use2d8@12
Apro=4305=2cm?.

V5=(AIX fyxd)
S

A/min:

=13 cm?.

2x 4x 25)

Vs= ( 1 =16.67 ton.
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10

Vs, . = =10.83 ton.

MPaxbxd =:—]3'><130>< 25x

Wl

Vs Vs,
. OK.
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4.5 Shear wall design:
45.1 General definitions:

The horizontal force on shear wall is given by:

V :£XW

W

Where:
V=The design base shear.
W= Total dead load of the building, including partitions, and portions of other loads.
Accordingto ACI 11.10.9.3
R, =Numerical coefficient depends on the structural system. Vauesof R for
concrete structure range from 4 to12 .Take R =12.
Z=Seismic zone factor=0.2for zone 2B.
I=Importance fact=1.0 depending upon occupancy category.
C=Caoefficient based on site coefficient (S), and period of structure (T).
1.25S

T2/3
Where S depends on the soil profile type and equals 1.0 for rock-like or stiff soil.

C <275

The period T calculated according to:

T=C.(h.J"

Where: [ =Height of the structure above the base level.

C,=0.02 for dl reinforced concrete buildings.

Thetotal design base shear V is distributed over the height of the structure according
to equation:

V=F .+ 2 F,

Where: |, =The concentrated force applied at the tope of the structure.
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F,=0.07TV.

The remaining portion of the base shear is distributed over the height of the structure

including the top level, n, according to the expression:

F.=V-Fowh/Z.wh
Where \\/, \\, =Portion of W at x , i level.
h.h =Heighttox , i level.
The design shear at any story, \/ , equalsthe sum of theforces, |, and

above that story.

Horizontal shear reinforcement spacing shall not exceed:

_ AvxFyxd
Vs

Where Vs =Vn-Vc

S< (L—W]
5
S<3h
S<18" =500mm

Note: S minimum value controls
r h(min) = 0.0025 ACI 11.10.9.2

S

Vertical shear reinforcement spacing shall not exceed:

S<(LWJ
3
S<3h

S<18" =500mm

Note: S minimum value controls
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r nof vertical shear reinforcement shall not be less than:

r n(min) = 0.0025 + o.{z.s-?-""j(r h—0.0025)
w

rh(min) = 0.0025 ACI 11.10.9.4

Center of rigidity for wall is given by:
4P(h/1)* 3P(h/I
A= (Et : " (Et :
E=Modulus of elasticity
T=Wall thickness.
P=1 KN.

Therelative wall rigidity is given by:
1

A
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4.5.2 Calculation of dead loadsfor each story

1. Ground floor dead load=yy/ ,

-Slab dead load:

Dead load of 1m? of dlab=780.8 Kg/ m2.

Slab area=409.25 m?2.

Slab dead |oad =780.8K g/ m? *409.25 m2=320 ton.
-Columns dead load:

Columns number=38.

Column area=0.4m*0.25m=0.1 m2.

Dead |oad of one column=2500K g/ m*0.1 m?*(3.5/2+2.75/2) m=0.8 ton.
Columns dead |0ad=38* 0.8 ton=30 ton.

-External walls dead load:

Dead load of 1m2 of wall=2500K g/ m** 0.3m=0.75 ton/ m2.
Externa wall area=114.14 m2.

External walls dead load =0.75 ton/ m?* 114.14 m?=86 ton.

W, =320+30+86=436 ton.

2. First floor dead load=\p/,,

Slab dead |oad =780.8K g/ m? *409.25 m2=320 ton.
Columns dead 10ad=38(2500K g/ m** 0.1 m2* 2* 1.375m) =26 ton.
Externa walls dead load =0.75 ton/ m?* 2* 114.14 m?=171 ton.

le:320+26+171:517 ton.

3. Second floor dead load=yy/,

W,, = Wx1=517 ton.

4. Third floor dead Ioad=WX3

W= W., = le=517 ton.
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5. Fourth floor dead load=yp; ,

Slab dead load ==780.8K g/ m? *409.25 m?=320 ton.
Columns dead 10ad=38 (2500K g/ m**0.1 m?* 1.375m) =13 ton.
External walls dead load =0.75 ton/ m?*114.14 m?=86 ton.

W, =320+13+86=419 ton.

So:

W=W,o* W™ Wi ¥ Wi ¥ Wi
W=436+517+517+517+419=2406 ton.

4.5.3 Calculation of shear forceson shear walls

V :£XW

W

W= 2406 ton.
1258

C_ 2/3

T

T=C.h"

T =0.02(15.75* 3.23ft)* *=0.381.
C=(1.25*1)/0.381=3.21

Select C=2.75.

V= (0.2* 1*2.75* 2406)/12=110.3 ton.

F.=V-FJw.h/> . wh
F,=0.07TV.

F, =0.07+0.381*313=3 ton.
> W h =436*3.5+3+3(517) +419*3=7436 ton.

F .= [(110.3-3)*436* 3]/7436=19ton. Shear force at ground floor
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F .= [(110.3-3)*517* 3]/7436=22ton. Shear force at first floor

F o= F e F 4 =22 ton. Shear force at first, second and third floor

F .= [(110.3-3)*419* 3]/7436=18ton.

Total force at the top of fifth story= |, =18 ton+3 ton=21 ton.

90 tonm

273 tonm

549 tonm

918

tonm

1443 tonm

Mo

yment Diagram

Fig. (4.15): Vertical detail for shear wall

Center of rigidity calculations:

1-wadl A

Shear Diagram

Lw=4.8m ,t=20cm ,h=3m(wall height).

E=470,/ fc' =2574.3 MPa.

* 3 *
_4*1(3/48)° 3*13/48)

A, 2574.3* 20

2-Wall B

1

2574.3* 20

=~ =1818182m™
R. 5.5%10°

5410°%m.

A,=17.2¢10°m, R, =58139.5m™.

76

77777
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Shear

Forces

Distribution



3-wal C
Ac=739410°m, R, =13531.8 m"®.
4-wall D
A, =739%10°m, R,=13531.8m™.

5-Wall E
A=31¥10°m, R, =322580.6 m™.

6-Wall F

A, =31*10°m, R_=322580.6 m™.

7-Wal G

As=45.7%10°m, R, =21881.8 m™.

Ratio calculation for each wall:

W, R/AR* Rt Rt Ryt R4 )7041
W. R/ (R+R.+*R.*R,+R,) =0.13.
W.=R AR+ Re*Re+*Ro* R, )= 008,
W.= R/R+R.*R.+*R,*R,) =0.03
W.=R./(R.+R.+R.)=048.

W= Re (R * R+ R:)=048.
W.=R./(R.+R.*+R.)=003.

W, R/AR*R.+R.*R,* R, )=041
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4.5.4 Main Stairs Shear Wall Design:

Ge'LT

A 1104

R BB
X ¢
k9

k9
k9
b9

1<

VAVAN

R ASEERERES

<>

all B
all D

Wall C

waott A

J 1P

6.75

0076 ¢

AN

X

A 11040

Wall

Fig. (4.16): Main stair shear wall
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615 KN.
3.84 m.

615/0.85=723.5 KN
d=0.8*Lw=0.8*4.8

400 Mpa
0.41* 150 ton

20 cm. Shear wall thickness.

Lw=4.8 m.shear wall width
hw=3 m. Story height.

fy

Horizontal reinforcement:

Shear wall (A) design:

1. First Floor
fc/ =30 MPa.

h
Vu
Vn



fc'

Vc1 = xhxd

VC1 = \/2_0 x 200mmx 3840mm

\/ ,=70L1KN

V s Vn_V c1

V . =723.5-701.1=22.4 KN.

An_ Vs _ 22.4KN =0.0000146 m.
S, fy*d 400N / mm?® * 3840mm

A

=0.0025* h=0.0025* 20cm=0.0005 m >0.000913 m.

S
S, =Lw/5=4.8m/5=960 mm.
S, =3*h=3*20cm=600 mm.
SZ =500 mm controls.

Use 2 ®10=1.58 cnv’.
S,=1.58 cm? /0.0005 m=316 mm<500 mm. OK

Use ®10 @30cm C/C.

Vertical reinforcement:

A, =[0.0025+0.5(2. 5——)( An —0.0025)] S* h
S2 h

S: 4.8 m /3=1600 mm.

31:3* 0.2 m=600 mm.

S:SOO mm. controls

2
A, =[0.0025+0.5(2.5- -y 2984 5505)130cm* 200m
" 4.8m" 30cm* 20cm

A, =1575 cm?’.
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Use 2 #10=1.58 cm*
S,=1.58 cm?/0.0005 m =316mm<500 mm.

Use ®10 @30cm C/C.

Design of moment:
As=4.8m/0.3m* 2* 0.79cm?=0.00253m?.

z 1 1
—= = =0.044.
Lw 0.85 bl* f JrLwrhoo 0.85* 0.85* 30N / mm? * 4.8m* 0.2m

2+ As™ fy 0.00253m? * 400N / mm?

Mu= ®(0.5* As*fy* Lw(1- i )
Lw

Mu=0.9*0.5* 0.00253 m*400N/mm? 4.8m(1-0.044)=2089.7 KN.m.
Mu (at wall A)=0.41* 1443 ton.m=5916.3 KN.m.
Mu=5916.3-2089.7=3826.6 KN.m.

Mu/® _ 3826.6KN.m/0.9

= = =23.1 cm?.
fy(Lw—Cw) 400N / mm?(4.8m—0.2m)

Ast=23.1+1.58=24.68cm?’.
Use 10918 within the first 30 cm of the wall.

Shear wall (B) design:

Horizontal reinforcement:
Lw=2.7 m.Shear wall width
Vu=0.13*150 ton=195 KN.
VNn=195/0.85=229.4 KN

d=0.8*Lw=0.8*2.7=2.16 m.

vn<\/ o

.. No shear reinforcement required

.. Provide minimum shear reinforcement
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pmin = 0.0025 ACI-11.10.9.2

& =0.0025* h=0.0025* 20cm=0.0005 m
S

S2 =L w/5=2.7m/5=540 mm.
S2 =3*h=3*20cm=600 mm.
S2 =500 mm controls.

Use 2010=1.58 cm®.

S, =158 cm” /0.0005 m=316 mm<500 mm. OK
Use @10 @30cm C/C.

Vertical reinforcement:

S: 2.7 m /3=900mm.

S:B* 0.2 m=600 mm.
Sl =500 mm. controls

2
A, =[0.0025+ 0525 My %M 4 5005)130cm* 200m
" 2.7m" "30cm* 20cm

A, =156 cn?’.

Use 2010=1.58 cm?.
81:1-58 cm?/0.0005 m =316mm<500 mm..

Use ®10 @30cm C/C.
Design of moment:
As=2.7m/0.3m* 2* 0.79cm?=0.00142m?.

Z =0.044.

Lw
Mu=0.9* 0.5* 0.00142 m* 400N/mm? 2.7m(1-0.044)=659.8 KN.m.

Mu (at wall B)=0.13*1443 ton.m=1875.9 KN.m.
Mu=1875.9-659.8=1216.1 KN.m.

_ 1216.1KN.m/ 0.9
400N / mm?(2.7m—0.2m)

=13.5 cn?.
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Ast=13.5+1.58=15.08 cm®.
Use 618 within the first 30 cm of the wall.

Shear wall (C) design:

Horizontal reinforcement:
Lw=1.5 m.Shear wall width
Vu=0.03* 150ton=45KN.
Vn=45/0.85=53 KN
d=0.8*Lw=0.8*1.5=1.2 m.

Vn<\/ o

.. No shear reinforcement required

.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2

& =0.0025* h=0.0025* 20cm=0.0005 m
S

82 =Lw/5=1.5m/5=300 mm.Controls
82 =3*h=3*20cm=600 mm.
82 =500 mm controls.

Use 2010=1.58 cn’.

S, =1.58 cm?’/0.0005m=316 mm >300 mm.
Use ®10 @30cm C/C.

Vertical reinforcement:

S: 1.5 m /3=500 mm.

323* 0.2 m=600 mm.
Sl =500 mm. controls

2
A, =[0.0025+ 0525 -y 3%M 4 5005)130cm* 200m

1.5m" 30cm* 20cm
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A, =152 cn?.

Use 2010=1.58 cnr’.
S, =158 cm?/0.0005 m = 316mm<500 mm.

Use @10 @30cm C/C.
Design of moment:
As=1.5m/0.3m* 2*0.79cm?=0.00079m?.

Z - 0.044.

Lw

Mu=0.9* 0.5* 0.00079m?* 400N/mm®* 1.5m(1-0.044)=204K N.m.
Mu (at wall C)=0.03*1443 ton.m=432.9KN.m.
Mu=432.9-204=228.9 KN.m.

_ 2289KNm/09 . _
= =4.9cm”.
400N / mm? (1.5m-0.2m)

Ast=4.9+1.58=6.48 cm®.
Use 4918 within the first 30 cm of the wall.

Shear wall (D) design:

Thesameaswal C

Shear wall (E) design:

Horizontal reinforcement:
Lw=6.9 m.shear wall width
Vu=0.48* 150ton=720 KN.
Vn=720/0.85=847.1 KN
d=0.8*Lw=0.8*6.9=5.52 m.
\/,=847.1-701.1=146 KN.

An_ Vs _ 146
s, fy*d 400*5520

=0.0000661 m.
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An =0.0025* h=0.0025* 20cm=0.0005 m >0.0000661 m.
S

S, =Lw/5=6.9m/5=1380 mm.
S2 =3*h=3*20cm=600 mm.
S2 =500 mm controls.

Use 2 $10=1.58 cm’.

S,=158 cm? /0.0005m=316 mm<500 mm. OK
Use ®10 @30cm C/C.

Vertical reinforcement:

Sl: 6.9 m /3=2300 mm.

81:3* 0.2 m=600 mm.
Sl =500 mm. controls

2
=|0. + 0. O— -V cm Cm
[0.0025+ 0.5(2.5— My 128M" () 5025)j30cm* 20
" 6.9m" 30cm* 20cm

A, =1.58cm?’.

Use 2010=1.58 cm?.
S,=1.58 cm?/0.0005 m =316 mm<500 mm.

Use @10 @30cm C/C.
Design of moment:
As=6.9m/0.3m* 2* 0.79cm?=0.00363m".

Z - 0.044.

Lw
Mu=0.9* 0.5* 0.00363m?* 400N/mm?* 6.9m(1-0.044)=4310.1 KN.m.
Mu (at wall E)=0.48* 1443 ton.m=6926.4KN.m.
Mu=6926.4-4310.1=2616.3 KN.m.

2616.3KN.m/ 0.9

= , - =10.8 cm?.
400N / mm~(6.9m—0.2m)

Ast=10.8+1.58=12.38 cm?>.
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Use 6418 within the first 30 cm of the wall.

Shear wall (F) design:

The sasme aswall E

Shear wall (G) design:

Horizontal reinforcement:
Lw=1.8 m.shear wall width
VVu=0.03*150ton=45 KN.
Vn=45/0.85=53 KN
d=0.8*Lw=0.8*1.8=1.44 m.

vn<\/ o

.. No shear reinforcement required

.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2

An =0.0025* h=0.0025* 20cm=0.0005 m
S

SZ =Lw/5=1.8m/5=360 mm.Controls
SZ =3*h=3*20cm=600 mm.
SZ =500 mm.

Use 2 $10=1.58 cm’.

S,=1.58 cm?/0.0005m=316 mm<360 mm.
Use ®10 @30cm C/C.

Vertical reinforcement:

Sf 1.8 m /3=600 mm.

S:B* 0.2 m=600 mm.

S =500 mm. controls
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2
A, =[0.0025+ 0525y 138M 4 5505)130cm* 200m
" 1.8m" 30cm* 20cm

A, =153 cn?.

Use 2 ®10=1.58 cm®.
81:1-58 cm?/0.0005 m =316 mm<500 mm.

Use 10 @30cm C/C.
Design of moment:
As=1.8m/0.3m* 2* 0.79cm?=0.00095m".

Z - 0.044.

Lw
Mu=0.9* 0.5* 0.00095m** 400N/mm?>* 1.8m(1-0.044)=294.3 KN.m.
Mu (at wall G)=0.03*1443 ton.m=433KN.m.
Mu=433-294.3=138.7KN.m.

138.7KN.m/0.9

= =2.4 cm?.
400N / mm? (1.8m—0.2m)

Ast=2.4+1.58=4 cm®.
Use 2d18within the first 30 cm of the wall.

Shear wall (H) design:

Thesameaswal A

Note: shear wall design for the remaining floors are the same .
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4.5.5 Shear wall Base Design

Main Stairs Shear Wall Base Design:

Service loads on the base:
DL =397 ton
LL =83 ton

Areq :[DL+ LL]
gall

(397t0n +83ton
Areq =
35ton/ m?

j =13.7m?

By adding 30 cm around wall sides:
Use:

A= 5.4mx 7.5m = 40.5m”
Wu=14DL+1.7LL
Wu=14x397+1.7x83

Wu = 697ton

o)
Apro

anet :( 697ton

m2

j =17.2ton/ m?

For 1 m wide strip:

gnet =17.2ton/ m* xIm=17.2ton/ m
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Wall F
Wall C
=
1Y S
I AR =
3 = b
= = 2
Q T
= S )
< Wall E
17.2 ton/m

04 a7 04

Section A—A

Fig. (4.17): Section in shear wall base.

Depth calculation to satisfy shear strength:

From shear envelop Vu = 57.62ton

oV, =Vu

Vu = 47.8ton

DV, = @%\/ft' hd = (0.85)%\/ 30 (100cm)(d) =0.0778ton/mm* d

77.59ton/mm* d= 57.62ton
d=74cm
H=80cm
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Design for bending moment:
Mu = 96.5 ton.m
Mn =96.5/0.9 = 107.2 ton.m

Mn _ 107.2ton.m — 195.8 torym?

Rn =
bd® 100cmx (74cm)?

r =0.0051> r__ =0.0033
A, =0.0051 (100) (74) = 37.74 cm?
Use® 28 @ 15cm A, =427 cmf/m

(Use similar stedl for the other face)
In the other direction provide shrinkage and temperature reinforcement.
r =0.0018
As=p (b) (H)
As=0.0018 (100)(80)
As =14.4 cm?/m
Use ® 18@ 20cm =15 cm?/m (In two layers)

2910@30cny/ 2910@30cny/
2010@30c 2010@30c¢ 2010@30c

0.8

Section A—A

Fig. (4.18): Detailed section for shear wall base.
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4.6 Stairs Roof Design

4.6.1 People stairs

Ly/Lx =6.9/4.8 =14<2

So use two way solid slab

Min h = perimeter / 180

Ln=6.9-0.2-02=65m

Ln=48-02-02=44m

Minh=2(6.5+4.4) / 180
=1211cm

Use over al depth =15 cm

1-Load Calculation:

Dead load:
DL=0.15(2500)(1)=375 Kg/m2 =0.375ton/m?

Factored dead |oad=1.4(0.375) = 0.525 ton/m?
Liveload:

Liveload = 150K g/m?

Factored load = 1.7(0.15) = 0.255 Kg/m?

Total load = 0.78ton/n??

Using tables for two way slab at ratio of Ly/ Lx =1.4
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Positive M oment:
Short Direction

K . =3L9.
K o =13.7.

K ,, =192

L ong Direction
KFY =83.4.

K, =175.

K ,,=2.09.

_Wu* (Lx)* _ 0.78ton/ " * (4.6)°

MXx =0.52 ton.m.
K ex 319
* 2 %
vy M (Lx) _ 0.78ton/m? * 4.6m 187 ton.
K 1.92
* 2 * 2
My _Wu* (Ly)® _0.78ton/n"* (6.7) —0.42 tonm.
Ke 834
* 2 %
Vy=W“ (Ly):0.78t0n/m 67 5 & ton.
K 2.09
2-Slab design
Short direction
Select P12.
d=h-C- ®/2=15-2-0.6=12.4 cm.
m= fy = 400 =15.7
0.85fc’  0.85(30)
RN Mn _ 0.52ton.m _ 37 6ton / m?2

" bd 2 (100 cm)(0.9)(12.4cm)2
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r :1[1_ /1_2m_RnJ:o.ooogs
m fy

As = (0.00095) (100) (12.4) = 1.2 cm?.

V30

As min=———*100cm* 9.4cm > ﬂ *100cm* 9.4cm
4* 400 400

Asmin=3.22cn? > 3.29cn? .

As min=3.29cm?>1.34cm?.

Select ® 10 @ 20 cm As provided=3.95cm?.
L ong Direction:
Mu = 0.42 ton.m
Mn _ 0.42ton.m = 30.4ton / m?

" bd 2 (100 cm)(0.9)(12.4cm)?

. 1[1— . 2mRn J — 000076
m fy

As = (0.00076) (100) (12.4) = 0.94 cr’.

V30

As min=———*100cm* 9.4cm > ﬂ *100cm* 9.4cm
4* 400 400

As min=3.22cn¥ > 3.29cnT .

As min=3.29cm?>1.35cm?,

Select ® 10 @ 20 cm As provided=3.95cm?.
3-Design For Shear

Short Direction:
V,=1.87ton
f U
DV, =O.85( V 6C )bd :0.85{@J(1000mm)(94mm) =7.3ton

®V, =93 >V, =187ton

According to category (1)
No shear reinforcement is required.
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L ong Direction:
V,=25ton

DV, =O.85(\/:;_C]bd :O.SS[@J(lOOOmm)(%mm) =7.3ton

DV, =73>V, =25ton

According to category (1)

No shear reinforcement is required.
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4.7 Stairsdesign

Fig (4.19): Typical sectionin stair.

4.7.1 Loads Calculation:

Dead load:

3
Plaster — (0.03m)(2.2ton/ m*)(1m) _ 0.075ton/m

cos28.1

3

Concrete= (0.2m)(2.5ton /) (Im) = 0.57ton/m
cos28.1
Mortar = (0'33220'16mj(0.02mx 2.2ton/ m’ x]m) = 0.072ton/m
.3m
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. (0.33m+ 0.16m
Tile =

j(0.03m>< 3ton/m® xm) = 0.15ton/m
0.3m

Step =0.5 (0.16m)(2.5ton/ms)(1m) = 0.2 ton/m
Sand = (0.08m)(1.8 ton/m3)(1m) = 0.144 ton/m

Total dead load = 1.2 ton/m
Factored dead load = 1.4(1.2) = 1.68 ton/m

Liveload = 0.5 ton/m2
Factored live load = 1.7(0.5) =0 .85 ton/m
Wu = 2.53ton/m

Flight (a) design:

1. Mu=3.61ton.m
Mn = 3.61/0.9 = 4 ton.m
Select 12
d=20-2-12/2=17.4 cm.
Used=17 cm.
m=15.7.

Mn _ 4ton.m =138 .41ton / m?

T bdZ T @Am)(0.17m)?

1 2mRn 1 2*15.7* 138 .41ton / m?
o, =—@- - ) = <1—\/1— )
g m fy 15.7 400 N / mm
I oq=0.00356
[ o =0.0244

r . =1.4/400=0.0035
r >r >r

max req min

As = 0.00356(100cm)(17cm) =6.1cm?m
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Use 6 12=6.78 cm?/m.

As=6.78 cm®>6.1 cm®.

Spacing of ®12 bars=100cm* 1.13cm?/6.78 cm’= 16.7cm.
Use 12 @20cm C/C.

Transfer sted:

Ast=0.2 As=0.2*6.1 cm?/m=1.22 cm?.

Use 3d8=1.51 cm?/m.

As=1.51 cm*>1.22 cm?.

Spacing of ®8 bars=100cm* 0.5cm?/1.51 cm?= 33cm.
Use ®8 @30cm C/C.

Flight (b) design:

1. Mu = 4.21ton.m
Mn =4.21/0.9 = 4.68 ton.m

Select P12
d=20-2-12/2=17.4 cm.
Used=17 cm.
m=15.7.
N - an _ 4.68ton.m _ — 162 ton I'm?
bd (Im)(0.17 m)
1 2mRn 1 2*15.7* 162 ton / m?
r =—(1-_1- ) = (1—\/1— 5
g m fy 15.7 400 N / mm
I oq=0.00419
rmax>rreq>rmin

As =0.00419(100cm)(17cm) =7.123cm?m
Use7 ®12=7.91 cm?m.
As=7.91 cm>>7.123 cm?.

Spacing of ®12 bars=100cm* 1.13cm?%7.91 cm?= 14.3cm.
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Use ®12 @20cm C/C.

Transfer sted:

Ast=0.2 As=0.2*7.123 cm?/m=1.425 cm?.

Use 3d8=1.51 cm?/m.

As=1.51 cm*>1.425cm?.

Spacing of ®8 bars=100cm* 0.5cm?/1.51 cm?= 33cm.
Use ®8 @30cm C/C.

Flight (c) design:

The same as flight(a).

As = 0.00356(100cm)(17cm) =6.1cm?m

Use 6 ®12=6.78 cm?/m.

As=6.78 cm>>6.1 cm?.

Spacing of ®12 bars=100cm* 1.13cm?6.78 cm?= 16.7cm.
Use ®12 @20cm C/C.

Transfer sted:

Ast=0.2 As=0.2*6.1 cm?/m=1.22 cm”.

Use 3¢8=1.51 cm’/m.

As=1.51 cm?®>1.22 o,

Spacing of ®8 bars=100cm* 0.5cm?/1.51 cm?= 33cm.
Use ®8 @30cm C/C.

Development length

For ® 12 mm (bottom bars):
Ld=40 ®=40* 12mm=48 cm.

For ® 8 mm (top bars):
Ld=40 ®=40* 8mm=32cm

97



98



4.4 Footing Design :

Design of footing F23

From Column (C23):

Total dead load = 114 ton

Total liveload =28.43ton
Factored load = 142.43 ton

Use about 1m overburden soil.

Soil weighting 1.7 ton/ms,
Allowable soil pressure = 3.5 kg/cm?

Column= 25 cm x 50 cm

Footing Area:
Estimate footing to be about 50 cm thick, in addition to about
10 cm of blinding concrete.

Service Load = ﬁ+% =098.14 ton.
14 17

Footing Weight = 0.6 x 2.5 = 1.5 ton/m?.
g, xd=17x1=17ton/m?.

Pnet=35-15-1.7=31.8ton/m2.
Area(A) = Total Weight / Soil Pressure

A_[8L42+1672) .
31.8

Use
L=175m,W=175m,
A=175%x175=3m?
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Fig. (4.13):
Footing shape



Deter mine depth based on shear strength

DV, = @%\/ft'md = 0.85x%\/%x (175) x (d) x10 = 1357.9d

P .
P,=—' = 14283 _ 4654 ton/ m?.
Area 3

Vu = (Pnet)(one way shear area)

175-25

Vu= (4.654)(175)( - d) = 814.45x (75— d)

Vu=61083.75-814.45d
DV, =V,
1357.9d =61083.75-814.45d
d=2811cm.
. Used=35cm
Total depth of footing=35+ 8+ 2
=45 cm.

Check thisdepth for two way shear action (punching):

V, =P x( W) x(L)-(a+d)(b+d) )
= 4.654 [(175)(175) — (25+35)(50+35)]/1000 = 118.79 ton.
The punching shear strength is the smallest of:

v, =%(1+ bij\/T bd  =033/f bd
v, = (ba/sd +2]\/fT' b,d = 0569 1. b,d

“ 12

v, :%w/ t.'b,d =033 £, bd 1rvorve Control
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Where:

b,=a/b=50/25=2

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(35+25)+(35+50)} =290 cm.

a,=40 For interior column

10
V, = 0.33Y30(290)(35)| —— | =183.46ton.
c (290)( )[1oooj

oV, >V, 0.85%x183.46 ton > 118.79 ton

155.94 ton > 118.79 ton
OK

o

L
-

|
o5

[ ]

L

Fig. (4.14): Two way shear area.
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Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.7(0.85)(0.3)(25x 50) = 223.125ton > 142.43 ton.

.. Dowels are not required for load transfer.

Design for Bending Moment: parallel to long side of the column.

Mu = PnaxWx(E—EJ xO.S(L—E]
2 2 2 2

=| 46.54x1.75x% E—E x 0. E—E =15.9 ton.m
2 2 2 2
M= MU_159 1067 ton
® 09
5
_Mn_1767x10° oo e o,

n= =
bd®> 175x35°
Rn = 0.824 MPa.

1 \/ 2x15.7x0.824
r=——|1-.1-
15.7 400

r =0.00209> r . =0.002

Reg. A, =0.00209 (175) (35) = 12.828 cm?
Use12 ® 12 pardle to long side of the column (parallel to 50 cm side).
A, =1356cm?.
Development_Length_ (L, ):
Ldfor ®12: Category A —item 2
a Clear latera spacing=12cm>2x1.2=24cm.

b- Clear cover =8cm> d,=1.2cm.
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400

2./30

Available embedment :(

Ly = xd, =43.81cm

175-50

)— 8=54.5cm. > 43.81cm.

. OK.
Design for Bending Moment: parallel to short side of the column.

Mu = Pnethx(V—v—E) x 0. V—V—Ej
2 2 2 2

=| 46.54x1.75x E—% x 0. @_% =229 ton.m
2 2 2 2

Mn = m:&:25.45 ton
)] 0.9

q= Mn_ 25.45x10°
bd®>  175x35°

Rn = 1.187 MPa.

=11.87 Kg/cm?.

1 \/ 2x15.7x1.187
r=—|1-.]1-
15.7 400

r =0.00304> r . =0.002

Reg. A, =0.00204 (175) (35) = 18.62 cm?

Use13® 14 pardle to long side of the column (parallel to 50 cm side).
A =20cm?®.
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Development Length (L, ):

Ldfor ®14:
Ly = ﬂ>< d, =51.12cm
2./30

175-25

Available embedment :( j— 8=67cm.>51.12cm.

. OK.

Development L ength Lq for member in compression :

Instead of dowels, extend the longitudinal bars of the column within the footing.
longitudinal bars of the column 1018

Inside diameter of bent =6 d,= 6x1.8 =10.8 cm.

Straight extension = 12 d, = 12x1.8=21.6 cm.

d, x f
Lm:[bxy}zawm%xg

i,

1.8x400
db =

RNED

L, =32.8>2838

j >0.044x1.8x 400

Ly =32.8cm...... control

L = L, x modification factor / 20 cm.

dcompression

L =32.8x1=328

dcompression

Available=45-8-2x14=342cm>32.8cm.

. OK
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Table (4.6): Footingstable.

Total Dimensions Reinfor cement
Footing load (cm)
No. (Ton) | Length(L) | Width(B) | Height(H) L B
(cm) (cm) (cm) Direction | Direction
F1 68 135 135 35 10d12 9012
F2 93 145 145 40 8d12 11912
F3 89 145 145 40 8012 11912
F4 77 135 135 35 1012 9012
F5 66 135 135 35 10012 9012
F6 115 165 165 45 11d12 119014
F7 78 135 135 35 10d12 9012
F8 87 150 150 40 1112 9012
F9 85 135 135 35 10d12 9012
F10 94 150 150 40 1112 9012
F11 87 150 150 40 11d12 9012
F12 83 145 145 40 8d12 11912
F13 100 150 150 40 11d12 9012
F14 118 165 165 45 1112 11914
F15 119 165 165 45 1112 11914
F16 89 145 145 40 8d12 11912
F17 172 135 135 35 10d12 9012
F18 99 165 165 45 11d12 119014
F19 123 165 165 45 11d12 119014
F20 111 165 165 45 14912 11912
F21 76 135 135 35 1012 9012
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F22 108 165 165 45 11012 11914
F23 142 175 175 45 13014 12912
F24 118 165 165 45 14912 11912
F25 84 135 135 35 10012 912
F26 46 135 135 35 10012 912
F27 135 175 175 45 13014 12912
F28 90 150 150 40 11012 912
F29 96 150 150 40 11012 912
F30 98 150 150 40 11912 912
F31 102 165 165 45 14912 11912
F32 114 165 165 45 14912 11912
F33 138 175 175 45 13014 12912
F34 125 165 165 45 14012 11912
F35 111 165 165 45 14012 11912
F36 94 145 145 40 8012 11912
F37 88 145 145 40 8012 11912
F38 69 135 135 35 10012 912
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Footing Design :

Design of footing F23

From Column (C23):

Total dead load = 114 ton

Total liveload = 28.43ton
Factored load = 142.43ton

Use about 1m overburden soil.

Soil weighting 1.7 ton/ms,
Allowable soil pressure = 3.5 kg/cm?

Column= 25 cm x 50 cm

Footing Area:
Estimate footing to be about 50 cm thick, in addition to about
10 cm of blinding concrete.

Service Load = ﬁ+% =908.14 ton.
14 1.7

Footing Weight = 0.6 x 2.5 = 1.5 ton/m?.
g,xd=17x1=17ton/m?.
Pnet=35-15-1.7=31.8ton/m2.
Area (A) = Total Weight / Soil Pressure

(81.42+16.72j )
=|——|=3m".
31.8

Use
L=175m,W=175m,
A=175%x175=3m?

o w
Fig. (4-11):
Footing shape



Deter mine depth based on shear strength

DV, = cp%\/ft'md = 0.85x%\/%x (175) x (d) x10 = 1357.9d

P .
P,=—' = 14283 _ 4654 ton/ m?.
Area 3

Vu = (Pnet)(one way shear area)

175-25

Vu= (4.654)(175)( - d) = 814.45%(0.75-d)

Vu=61083.75-814.45d
DV, =V,
1357.9d =61083.75-814.45d
d=2811cm.
. Used=35cm
Total depth of footing=35+ 8+ 2
=45 cm.

Check thisdepth for two way shear action (punching):

V, =P x( W) x(L)-(a+d)(b+d) )
= 4.654 [(175)(175) — (25+35)(50+35)]/1000 = 118.79 ton.
The punching shear strength is the smallest of:

v, =%(1+ bij\/T bd  =033/f bd
v, = (ba/sd +2]\/fT' b,d = 0569 1. b,d

“ 12

v, :%wl t.'b,d =033 £, bd 1rvorve Control

Where;
b.=a/b=50/25=2



b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2{(35+25)+(35+50)} =290 cm.

a,=40 For interior column
V, = 0.33\/%(290)(35)[£j =183.46ton.
1000
oV, >V, 0.85x183.46 ton > 118.79 ton
155.94 ton > 118.79 ton
OK
b
] H s
Wl d/24) |Ala
i
|

L ]
L

L

Fig. (4-12): Two way shear area.

Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.7(0.85)(0.3)(25x 50) = 223.125ton> 142.43 ton.

.. Dowels are not required for load transfer.



Design for Bending Moment:
parallel to long side of the column.

Mu=| P, xwx|L-2]|xo5 L_2
2 2 2 2

= 46.54x1.75><(@_%j %0, @—%}15.9 ton.m
2 2 2 2
M= MU_159 1267 ton
® 09
5
_Mn 1767107 o0t

n= =
bd? 175x 35
Rn =0.824 MPa.

1 \/ 2x15.7x0.824
r=—|1-.]1-
15.7 400

r =0.00209> r . =0.002
Reg. A, =0.00209 (175) (35) = 12.828 cm?

Use12 ® 12 pardlel to long side of the column (parallel to 50 cm side).
A, =1356.cm?.

Development_Length_ (L, ):

Ld for ®12: Category A —item 2
a Clear lateral spacing=12cm>2x 1.2=2.4cm.

b- Clear cover =8cm> d,=1.2cm.

400

L, = —
¢ 2430

Available embedment :(

xd, =43.81cm

175-50

j— 8=54.5cm. > 43.81cm.

. OK.



Design for Bending Moment:
parallel to short side of the column.

Mu = Pnethx(V—v—E) x 0. V—V—Ej
2 2 2 2

=| 46.54x1.75x E—% x 0. @_% =229 ton.m
2 2 2 2

Mn = m:&:25.45 ton
)] 0.9

q= Mn_ 25.45x10°
bd®>  175x35°

Rn = 1.187 MPa.

=11.87 Kg/cm?.

1 \/ 2x15.7x1.187
r=—|1-.]1-
15.7 400

r =0.00304> r ., =0.002
Reg. A, =0.00204 (175) (35) = 18.62 cm?
Use13® 14 pardlel to long side of the column (parallel to 50 cm side).

A, =20cm?.
Development Length (L, ):

Ld for ¢14:
Ly = 400 xd, =51.12cm
2./30

175-25

Available embedment :( j— 8=67cm.>51.12cm.

. OK.



Development Length Ly for member in compression :

Instead of dowels, extend the longitudinal bars of the column within the footing.
longitudinal bars of the column 10018

Inside diameter of bent =6 d,= 6x1.8 =10.8 cm.

Straight extension = 12 d, = 12x1.8=21.6 cm.

L A x 1, >0.044d. x f

= —— |2 . X

db 4 (fc b y
1.8x 400

L, =|———
db(4@

L, =32.8>288

] > 0.044x1.8x400

Ly, = 32.8cm......control

L = L, x modification factor / 20 cm.

dcompression

L =32.8x1=328

dcompression

Avalable=45-8-2x14=342cm>32.8cm.

. OK



(cm)Table (4 =7): Footings table

Total Dimensions Reinfor cement
Footing load (cm)
No. (Ton) | Length(L) | Width(B) | Height(H) L B
(cm) (cm) (cm) Direction | Direction
F1 68 135 135 35 10d12 9012
F2 93 145 145 40 8d12 11912
F3 89 145 145 40 8112 11912
F4 77 135 135 35 10d12 9012
F5 66 135 135 35 10d12 9012
F6 115 165 165 45 1112 11914
F7 78 135 135 35 1012 9012
F8 87 150 150 40 11d12 9012
F9 85 135 135 35 10012 9012
F10 94 150 150 40 11d12 9012
F11 87 150 150 40 1112 9012
F12 83 145 145 40 8d12 11912
F13 100 150 150 40 1112 9012
F14 118 165 165 45 1112 11914
F15 119 165 165 45 11d12 119014
F16 89 145 145 40 8d12 11912
F17 72 135 135 35 1012 9012
F18 99 165 165 45 11d12 119014
F19 123 165 165 45 1112 11914
F20 111 165 165 45 14912 11912
F21 76 135 135 35 10d12 9012




F22 108 165 165 45 11012 11914
F23 142 175 175 45 13014 12912
F24 118 165 165 45 14912 11912
F25 84 135 135 35 10012 912
F26 46 135 135 35 10012 912
F27 135 175 175 45 13014 12912
F28 90 150 150 40 11012 912
F29 96 150 150 40 11012 912
F30 98 150 150 40 11912 912
F31 102 165 165 45 14912 11912
F32 114 165 165 45 14912 11912
F33 138 175 175 45 13014 12912
F34 125 165 165 45 14012 11912
F35 111 165 165 45 14012 11912
F36 94 145 145 40 8012 11912
F37 88 145 145 40 8012 11912
F38 69 135 135 35 10012 912
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Chapter Four

Structural Analysisand Design

4 1 Introduction :

In this chapter design calculation will be made for ribbed slab construction and
beam , The plans showing beams arrangement & ribs distribution & the direction of
loading accomplished.

4.1.1 Factored loads;

The factored loads on which the structural analysis and design is based for all
building members, is determined as follows:

q, =1.4D, +1.7L,

4.1.2 Calculation of loads:

The main loads acting on the structure are dead & live loads. Dead Load is
calculated based on the density for each material used in the slab:

The overall depth must satisfy ACI Table 9.5.a

hmin .

= for one end continuous span.
18.5

20



340

Ny = 185 =18.38 cm.

N = L For interior span.
21
440

=——=21cm.
N =1

Use an overdl depthof 25cm (17 cm blocks).
Dead load : -

Coarse Sand Fill and Tile 0.1030.5232000 =104 kg/m of rib.

Concrete Rib 0.173 0.1232500 =51 kg/m of rib.
Block 0.173 0.403900 =61.2 kg/m of rib.
Topping 0.083 0.5232500 = 104 kg/m of rib.
Plaster 0.033 0.5232200 = 34.3 Kg/m of rib.
Partitions 1003 0.52 =52 Kg/mof rib.

Nominal Total Dead Load

DL Total =104 + 51 + 61.2 + 34.32 + 104 + 52 = 406.5 Kg/m of rib.
Factored Total Dead Load = 1.43 406.5=569.1 Kg/m of rib.
Factored Total Dead Load =569.14 0.52 =1094.42 Kg/m?

Nomina Total live load
LL Total =20030.52 =104 Kg/m of rib.

Factored Total LiveLoad = 1.73 104 =176.8 Kg/m of rib.
Factored Total Live Load = 176.8 4 0.52 = 340 Kg/m?.

21



4.1.3 Topping Design :

Liveload = 200 Kg/m? = 0.2 ton/m?.
Dead load = (406.5/0.52) — (51/0.52) = 683.65 Kg/ m?.

W, =1.43 (683.65) + 1.73 (200) = 1297.11 K¢/ m?.
=1.29 ton/ m2.

Assume slab isfixed at support point (ribs).

2
MU = Wux L
12

2
MU - (1.296><o.4

B ) =0.017 ton.m, for 1 m wide strip.

According to ACI (9.5.2.3).

f, =0.7,/f, (MPa) = 0.7/30 = 3.83(MPa) = 38.3(Kg / cm?)
Mn=(f, Xs)

bh? _ 100 x 82
6

® =0.65 for plain concrete.

®Mn = 0.65 3 (38.3) 3 (1066.7) = 26555.5 Kg.cm .

= 0.266 ton.m
®Mn = 0.266 ton.m > Mu = 0.017 ton.m

=1066.7cm® ... For a rectangular X-section.

Reinforcement is not required for structural reasons.
.. Provide Shrinkage & Temperature Reinforcement:
For fy = 400 Mpa, p = (0.0018) from table.

p =0.0018

A, =0.0018(100)(8) = 1.44 cm?/1m.

Use @ 8 @ 20 cm on center both ways.

22



Provided A.= 2.5 cm?/1m.
4.1.4 Rib Design (RY):

Using staad_pro program we get the envel ope following moment values.

12 235 3.6 kb 282 291 321 183

‘H gt gt \H\ | \”\5\ \H\s\ I ple ! I Il
AR . A ./ 39 A, My g s
B B3 Bl B Bl B B3

Fig. (4.1): Spans Length.

The maximum positive moment from exterior span with exterior support built

integrally with spandrel beam or girder is

N6 KNM

-13.9KNM

5 KK KM
% /y\ S STRN /‘\
‘ \

RET AN N 7 W T RN g ey
[ 8 B g6 B

B3 5K BL Bl 38KNM I SBKNM R

Fig. (4.2): Rib (R1) Moment Values
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1- Design for Positive M oment:

This design for maximum positive moment.= + 6.9 KN.M. for 3.9 mspan M, ..,

Effective Flange width ( b ) according to ACI code 8.10.2:
b for T- section is the smallest of the following:
be = L/4 =390/4=975cm.

be = b, +16t =12 + 16 (8) = 140 cm.

b =C/IC =52cm.................... Control.
Use maximum positive moment for all spans M., = + 6.9knm.

M —% =7.66 kN.m=0.78 ton.m

n

Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

C=0.85 fct b, =0.853 (0.3) 3 (8) 3 (52) =106.8 ton
d=h-Ct-(db/2)=25-2-(1.2/2)=22.4cm
M,=TorC(d-05a) =106.83(22.4-0.5(8))/ 100 =19.5ton.m

M =195tonm > M =0.78 ton.m

navailable nrequired
Design as arectangular with b =52 cm
Asmax.=r bd

A 's max.=0.02443 (52) 3 (22.4) = 28.42 cm?.

A'smin= \/_(b )(d)>E(bw)(d) ........... (ACI-10.5.1)
430
A'smin= 2a00) (12)(22.4) > —~ (12)(22 4)

Asmin=0.92 > 0.94

24



As min:O.94cm2

me_ Y __ 40 50
0.85fc  0.85(30)

Rn=Mn/bd”
5
Rn=27810" _ 5 99 kg m?2.
52x 224
= 0.299 MPa.
1 2 mRn
. _[1_ | j
m fy

1 \/1_ 2x15.7%0.299 | _ 1 500750
15.7 400

A's =0.000752 3 (52) 3 (22.4) = 0.876 cm? < A's min= 0.94 cm?.
s UseAsmin=0.94cm?.

Use 2® 10 mm , A sprovided = 1.57 cm?.

2- Design for Negative Moment:

This design for maximum negative moment M, .., =-21.6 kn.m

Design of T-section for negative moment as rectangular section with (b = bw).

The minimum reinforcement is determined according to ACI (10-5.2) asfollows

M, -26 24knm =244 ton.m.
0.9
M =157
Mﬂ
R = (bxdzl
2.44%10°
=| ———|=405Kg/ m? .
R (12>< 22.42j v
=4.05 Mpa.
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m fy
_ 1 1_\/1_2><15.7><4.05 _ 0011
15.7 400

A's =0.011(12) (22.4) = 2.95 cm?

Jic Jic
A bw)(d bf )(d) = —(bf )(d) ........ ACI-10.5.2
s min= 2(fy)( w)(d) < fy( )()>W( () o )

J30

2(400)

Asmin= (12)(22.4) < +/30(52)(22.4) /(4* 400) > % (52)(22.4)

Asmin=184<4.00>4.08
Asmin=1.84cm?

Asreq=2.95cm? >Asmin = 1.84 cm?

Use2 ® 14 mm A's provided = 3.08 cm?

3-Design for shear:

V,

This design for maximum shear " max = 3.15 ton.

167 fon

) 118 ton
125 ton ‘ 11 fon 113 fon

-0.36 ton
-Iton -115 fon

-1.66 ton

26



Fig (4.3) shear value

V, =3.15ton. At d/2 from the face of support.

DV, =O.85[\/?)bd :0.85(@J(12)3 (21)( 10 j = 1.95 ton,

6 1000

®V, =1.95 <V, =3.15ton.
According to category (3).

DV, <V, <(DV, + min dvs)
(Shear reinforcement is required)

Assume we use ® 8 mm stirrups, areaof ® 8 mm bar =3.14(0.8)244 = 0.5024 cm?.

Av =230.5024 = 1.01 cm?.

The space between stirrups (S) is the smallest of:

d/2 =21/2=10.5cm.

Or 60 cm.

Or S=3(Av) (fy)/bw ...................... Fy in MPa.
S=3(1.01) (4)/12=101cm

- dl2=105cmiscontrol , assume S=10cm.

Av x Fyxd}

®dVsmin = CD[
S

®Vsmin = (0.8531.0134321)!10 = 7.21 ton.

1.95 < 3.15< (1.95+ 7.21)
Use ® 8mm stirrups @ 10

4- Development Length :

L4 For bottom bars (¢ 10):

fy aByd :ﬂ
2/f. " 2J30

L, = (1)(1)(D) (1) = 36.5 cm.

27



L, = Distance that the bar extend beyond center of support

47 + 0 > 36.5cm
47 cm > 36.5cm .. available embedment > Req.

28
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Chapter Four

Structural Analysisand Design



Chapter Four

Structural Analysisand Design

4 .1 Introduction :

In this chapter we will make calculation design of ribbed slab construction and
beam , The plans showing beams arrangement & ribs distribution & the direction of

loading accomplished.
4.1.1 Factored loads:

The factored loads on which the structural analysis and design is based for all

building members, is determined as follows:

q, =1.4D, +1.7L,

4.1.2 Calculation of loads;

The main loads acting on the structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab:

The overall depth must satisfy ACI Table 9.5.a

IFlmin .

= for one end continuous span.
18.5



340
- =—— =18.38cm.
hmn 18.5

L o
h., =— For interior span.

21

440
. =—— =21cm.
P o1

Use an overall depth of 25cm (17 cm blocks).
Dead load : -

Coarse Sand Fill and Tile 0.1030.5232000 =104 kg/m of rib.

Concrete Rib 0.173 0.1232500 =51 kg/m of rib.
Block 0.173 0.403900 =61.2 kg/m of rib.
Topping 0.083 0.5232500 = 104 kg/m of rib.
Plaster 0.033 0.5232200 = 34.3 Kg/m of rib.
Partitions 100 3 0.52 =52 Kg/m of rib.

Nominal Total Dead Load
DL Total =104 + 51 + 61.2 + 34.32 + 104 + 52 = 406.5 Kg/m of rib.

Factored Total Dead Load = 1.43 406.5=569.1 Kg/m of rib.
Factored Total Dead Load =569.14 0.52 =1094.42 Kg/mz2.

Nominal Total live load
LL Total = 20030.52 =104 Kg/m of rib.

Factored Total Live Load =  1.73 104 =176.8 Kg/m of rib.
Factored Total Live Load = 176.8 4 0.52 = 340 Kg/m>.



4.1.3 Topping Design :

Live load = 200 Kg/m? = 0.2 ton/m?2.
Dead load = (406.5/0.52) — (51/0.52) = 683.65 Kg/ m2.

W, = 1.43 (683.65) + 1.73 (200) = 1297.11 Kg/ m2.

=1.29 ton/ m2.
Assume slab is fixed at support point (ribs).

2
MU — Wu x L
12

2
MU= (1.296><0.4

T } =0.017 ton.m, for 1 m wide strip.

According to ACI (9.5.2.3).

f, =0.7,/f/(MPa) = 0.7/30 = 3.83(MPa) = 38.3(Kg / cm?)
Mn=(f, Js)

bh? 100 x 82
6

® =0.65 for plain concrete.

®Mn = 0.65 3 (38.3) 3 (1066.7) = 26555.5 Kg.cm .

=0.266 ton.m
®Mn =0.266 ton.m > Mu = 0.017 ton.m

Reinforcement is not required for structural reasons.

=1066.7cm* ... For a rectangular X-section.

..Provide Shrinkage & Temperature Reinforcement:
For fy = 400 Mpa, p = (0.0018) from table.
p =0.0018

A, =0.0018(100)(8) = 1.44 cm?/1m.
Use ® 8 @ 20 cm on center both ways.
Provided A,= 2.5 cm?/1m.



4.1.4 Rib Design (R1):

Using staad_pro program we get the envelope following moment values.

12 235 36 Lh 182 291 321 083

‘H HS\ Il t \H\S\ \HH \H\é\ I plg ! [
s g A 31 iy 39 Y . VR
B B3 B B7 B1l BTl BB

Fig. (4.1): Spans Length.

The maximum positive moment from exterior span with exterior support built

integrally with spandrel beam or girder is

N6 KNM

-13.9KNM
NS KNM IIKNM

SIENM STENN

o] I T~ \ I
s NS e LSRN

I
B 3 W i BT 38NN SBINM g
B2 B3 LSKNM B ST B Bl B3

Fig. (4.2): Rib (R1) Moment Values



1- Design for Positive Moment:

This design for maximum positive moment.= + 6.9 KN.M. for 3.9 m span M

Effective Flange width ( bE) according to ACI code 8.10.2:

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

be = L/4 =390/4=975cm.
b =b,+16t =12 +16 (8) = 140 cm.
b =C/C =52cm........cceeennnen Control.

Use maximum positive moment for all spans M, .., = +6.9kn.m.

M :% =7.66 kN.m =0.78 ton.m

n

Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

C=0.85 fct b.=0.853 (0.3) 3 (8) 3 (52) =106.8 ton
d=h-Ct-(db/2)=25-2-(1.2/2)=22.4cm

M. =TorC(d-0.5a)=106.83 (22.4—0.5(8)) /100 =19.5 ton.m

M =195tonm > M =0.78 ton.m

navailable nrequired

Design as a rectangular with b. =52 cm

Asmax.=r bd

A's max.=0.02443 (52) 3 (22.4) = 28.42 cm? .

.4 fc 14 )
Asmin -W(bw)(d) > W(bw)(d) ........... (ACI-10.5.1)
30

Asmin= (12)(22.4) > i'—o‘; (12)(22.4)

4(400)
Asmin=0.92 > 0.94

umax



Asmin=0.94 cm 2

~fy 400
0.85fc  0.85(30)

Rn=Mn/bd?

~ 0.78x10°
52x 22.4?

=0.299 MPa.

; :i[l— 1_2mRnJ
m fy

:i(l_\/ _2x15.7xo.299]:0_000752

=2.99 Kg/ m?.

400

As =0.000752 3 (52) 3 (22.4) = 0.876 cm? < Asmin=0.94 cm®.
. Use As min=0.94 cm?.
Use 2® 10 mm , Asprovided = 1.57 cm?.

2- Design for Negative M oment:

This design for maximum negative moment M =-21.6 kn.m

u max

Design of T-section for negative moment as rectangular section with (b = bw).
The minimum reinforcement is determined according to ACI (10-5.2) as follows

M —ﬁ =24 kn.m =2.44ton.m.

" 09

M =
5
R = (244)(10} 40.5 Kg/ m?

(i
12x22.4

= 4.05 Mpa.



1 2mRn

r=—|1- [1-——
m fy
_ 1 1_\/ _2x157x405|_ 000
15.7 400

As =0.011(12) (22.4) = 2.95 cm>

Asmin= 1€ (bw)(d) < ¥~ Jic (bf)(d)>W(bf)(d) ........ (ACI-10.5.2)

2(fy) 4fy
As min = 2;2_) (12)(22.4) < /30(52)(22.4) /(4 * 400) > fuind (52)(22 4)

Asmin=184<4.00>4.08
Asmin=1.84cm?

Asreq =2.95cm? > Asmin = 1.84 cm?

Use 2 ® 14 mm A's provided = 3.08 cm?®

3-Design for shear:

This design for maximum shear Vy max = 3.15 ton.

167 tan

118 ton
125 ton n 1fon 113 fon

-1.36 fon
-Tton -115 ton

-15 fon -1.66 ton

Fig (4.3) shear value



V, =3.15 ton. At d/2 from the face of support.
Jf
oV, :0.85[ 6° de _0.85[*/_](12)3 (21)[ 1ooj = 1.95 ton.

oV, =195 <V, =3.15ton.
According to category (3).

DV, <V, < (DV,.+ min Dvs)
(Shear reinforcement is required)

Assume we use ® 8 mm stirrups, area of ® 8 mm bar =3.14(0.8)244 = 0.5024 cm?.

Av =230.5024 = 1.01 cm?.
The space between stirrups (S) is the smallest of:
d/2=21/2 =10.5cm.
Or 60 cm.
OrS=3(Av) (fy)lbw ...................... Fy in MPa.
S =3(1.01) (4)/12 =101 cm
. d/2=10.5cm s control, assume S =10cm.

Avx Fyx dj

dVsmin = q)(
S

®Vsmin =(0.8531.0134321)!10 = 7.21 ton.

1.95 < 3.15< (1.95+ 7.21)
Use @ 8mm stirrups @ 10

4- Development Length :

L For bottom bars (P 10):

1y 400

L,.=——=—aoapfyd
d 2\/f_c' By d, 2\/—

L, = Distance that the bar extend beyond center of support

(1)(1)(L) (L) = 36.5 cm.

L,=0



—— +0 > L, =36.5cm

47 +0 > 36.5cm
47 cm > 36.5¢cm

.. available embedment > Req.
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4.5 Shear wall design:
45.1 General definitions:

The horizontal force on shear wall is given by:

V :£XW

W

Where:
V=The design base shear.
W= Total dead load of the building, including partitions, and portions of other loads.
Accordingto ACI 11.10.9.3
R, =Numerical coefficient depends on the structural system. Vauesof R for
concrete structure range from 4 to12 .Take R =12.
Z=Seismic zone factor=0.2for zone 2B.
I=Importance fact=1.0 depending upon occupancy category.
C=Caoefficient based on site coefficient (S), and period of structure (T).
1.25S

T2/3
Where S depends on the soil profile type and equals 1.0 for rock-like or stiff soil.

C <275

The period T calculated according to:

T=C.(h.J"

Where: [ =Height of the structure above the base level.

C,=0.02 for dl reinforced concrete buildings.

Thetotal design base shear V is distributed over the height of the structure according
to equation:

V=F .+ 2 F,

Where: |, =The concentrated force applied at the tope of the structure.

71



F,=0.07TV.

The remaining portion of the base shear is distributed over the height of the structure
including the top level, n, according to the expression:

F.=V-Fowh/Z.wh
Where \\/, \\, =Portion of W at x , i level.
h.h =Heighttox , i level.
The design shear at any story, \/ , equalsthe sum of theforces, |, and

above that story.

Horizontal shear reinforcement spacing shall not exceed:

_ AvxFyxd
Vs

Where Vs =Vn-Vc

(2]

S<3h

S

S<18" =500mm
Note: S minimum value controls
r h(min) = 0.0025 ACI 11.10.9.2

Vertical shear reinforcement spacing shall not exceed:
S< (L_Wj
3
S<3h
S<18" =500mm

Note: S minimum value controls

r nof vertical shear reinforcement shall not be less than:
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r n(min) = 0.0025 + o.s(z.s-T—V"j(r h—0.0025)
W

rh(min) = 0.0025 ACI 11.10.9.4

Center of rigidity for wall is given by:
3
Ao 4P(2tll) N 3P(Eht/I)
E=Modulus of elasticity
T=Wall thickness.
P=1 KN.

Therelative wall rigidity is given by:
1

A

4.5.2 Calculation of dead loadsfor each

1. Ground floor dead load=yp/ ,

-Slab dead load:

Dead load of 1m? of slab=780.8 Kg/ m2.

Slab area=409.25 m2.

Slab dead |oad =780.8K g/ m? *409.25 m2=320 ton.
-Columns dead load:

Columns number=38.

Column area=0.4m*0.25m=0.1 m2.

Dead load of one column=2500K g/ m*0.1 m2*(3.5/2+2.75/2) m=0.8 ton.
Columns dead l0ad=38* 0.8 ton=30 ton.

-External walls dead load:

Dead load of 1m? of wall=2500K g/ m*0.3m=0.75 ton/ m2.
External wall area=114.14 m2.

External walls dead load =0.75 ton/ m?* 114.14 m?=86 ton.
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W, =320+30+86=436 ton.

2. First floor dead load=yy/,,

Slab dead load =780.8K g/ m? *409.25 m?2=320 ton.
Columns dead 10ad=38(2500K g/ m** 0.1 m2* 2* 1.375m) =26 ton.
Externa walls dead load =0.75 ton/ m#*2* 114.14 m?=171 ton.

le:320+26+171:517 ton.

3. Second floor dead load=yy/ ,

W,, = W, =217 ton.

4. Third floor dead load=\y/,

W.:=W,, =W, =217 ton.
5. Fourth floor dead load=\y; ,

Slab dead |oad ==780.8K g/ m? *409.25 m2=320 ton.
Columns dead 10ad=38 (2500K g/ m**0.1 m?* 1.375m) =13 ton.
External walls dead load =0.75 ton/ m?* 114.14 m?=86 ton.

W, , =320+13+86=419 ton.
So:

W: WxO + Wx1+ Wx2 + Wx3 + Wx4
W=436+517+517+517+419=2406 ton.
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4.5.3 Calculation of shear forceson shear walls

VZExW

R.
2406 ton.
1.25S

2/3
T

\W

9L

Wall A

A

6.75

QL

(X4
N
[

2K
o
3

oY%
%%

11I°M

Wall H

Fig(4.15) main stairs shear wall.

T=C.(h)J"

T = 0.02(15.75* 3.23t)*'* =0.381.

C=(1.25*1)/0.381=3.21

Select C

=2.75.

V= (0.2 1* 2.75* 2406)/12=110.3 ton.

w h

n
i=

Fx:(\/_Ft)thx/Z'

F,=0.07TV.
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F . =0.07%0.381*313=3 ton.

> W, =436*3.5+3+3(517) +419* 3=7436 ton.

F ., = [(110.3-3)*436* 3]/7436=19ton. Shear force at ground floor
F .= [(110.3-3)*517*3]/7436=22ton. Shear force at first floor

F .=F .= F =22 ton. Shear force at first, second and third floor
F .= [(110.3-3)*419* 3]/7436=18ton.

Total force at the top of fifth story= |, =18 ton+3 ton=21 ton

Center of rigidity calculations:
1-wadl A
Lw=4.8m ,t=20cm ,h=3m(wall height).

E=470,/ fc' =2574.3 MPa.

_4*U3148°  3*U3/48) _

Ax 5.5%10° m.
2574.3*20  2574.3* 20
1 1
= —— =181818.2m™.
R. 5.5%10°
2-Wall B

A.=17.2°10°m, R, =58139.5m™.
3-wall C
Ac=73.9710°m, R, =13531.8 m®.
4-Wall D
A, =73.9510°m, R, =13531.8 m™.
5-Wall E
A.=31¥10°m, R, =322580.6 m™.
6-Wall F
A, =3.1¥10°m, R_=322580.6 m™.
7-Wall G
As=45.7710°m, R,=21881.8 m™.
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Ratio calculation for each wall:
W.rR/(R R "R+ Ro Ry )=041
W:-R/(R.+*R:*R.*R,* R, ) =0.13.
W=R/NR. R * R+ Ry Ry )= 003
W, R(IR.* R TR+ R, * R,,) =0.03.
W:R/(R.+R-+R.)=048

W:= R (R + R+ R:)=048.

W R/(R+* R+ R, )=0.03.

W, R/(R+*R.*R.* R, * R, )=041

4.5.4 Main Stairs Shear Wall Design:

1. First Floor
Shear wall (A) design:

Horizontal reinfor cement:

fc/ =30 M Pa.

fy =400 MPa.

h=20 cm. Shear wall thickness.
Lw=4.8 m.shear wall width
hw=3 m. Story height.
Vu=0.41* 150 ton=615 KN.
Vn=615/0.85=723.5 KN
d=0.8*Lw=0.8*4.8=3.84 m.

!’

fc
xhxd

VCl:
V30

5 x 200mmx 3840mm

Vc1:
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\/ ,=7T0L1KN

V s Vn_V c1
V . =723.5-701.1=22.4 KN.

An_ Vs 22'42KN =0.0000146 m.
s, fy*d 400N /mm**3840mm
An

=0.0025* h=0.0025* 20cm=0.0005 m >0.000913 m.
S

SZ =Lw/5=4.8m/5=960 mm.
SZ =3*h=3*20cm=600 mm.
SZ =500 mm controls.

Use 2 ®10=1.58 cm®.
S2 =1.58 cm? /0.0005 m=316 mm<500 mm. OK

Use ®10 @30cm C/C.

Vertical reinforcement:

A, =[0.0025+0.5(2. 5——)(S'?V“h -0.0025)] S * h

Sl: 4.8 m /3=1600 mm.
81:3* 0.2 m=600 mm.
Sl =500 mm. controls

2
A, =[0.0025+0.5(2.5- 1y 2984 5505)130cm* 200m
" 4.8m" 30cm* 20cm

A, =1575 cn?’.

Use 2 $10=1.58 cm?

S, =158 cm?/0.0005 m =316mm<500 mm.
Use ®10 @30cm C/C.
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Design of moment:
As=4.8m/0.3m* 2* 0.79cm?=0.00253m?.
Z 1 1

Lw 085 * f _*Lw*h - ,, 0.85* 0.85* 30N / mm’ * 4.8m* 0.2m
2+ As™ fy 0.00253m? * 400N / mm?

Mu= ®(0.5* As*fy* Lw(1- i )
Lw

Mu=0.9%0.5* 0.00253 m** 400N/mm2*4.8m(1—0.044)=2089.7 KN.m.
Mu (at wall A)=0.41*1443 ton.m=5916.3 KN.m.
Mu=5916.3-2089.7=3826.6 KN.m.
_ Mu/® _ 3826.6KN.m/0.9
fy(Lw—Cw) 400N / mm?(4.8m—0.2m)
Ast=23.1+1.58=24.68cn’.
Use 10918 within the first 30 cm of the wall.

=23.1 cn?.

Shear wall (B) design:

Horizontal reinforcement:
Lw=2.7 m.Shear wall width
Vu=0.13*150 ton=195 KN.
VNn=195/0.85=229.4 KN

d=0.8*Lw=0.8*2.7=2.16 m.

vn<\/ o

.. No shear reinforcement required

.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2

& =0.0025* h=0.0025* 20cm=0.0005 m
S

S2 =Lw/5=2.7m/5=540 mm.
S2 =3*h=3*20cm=600 mm.
SZ =500 mm controls.
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Use 2010=1.58 cm”.

S, =158 cm” /0.0005 m=316 mm<500 mm. OK
Use ®10 @30cm C/C.

Vertical reinforcement:

Sf 2.7 m /3=900mm.

323* 0.2 m=600 mm.
Sl =500 mm. controls

2
A, =[0.0025+ 0.5(25- 1y 125" 4 5055)1300m* 200m
: 2.7m" "30cm* 20cm

A, =156 cm?.

Use 2010=1.58 cm?.
81:1-58 cm?/0.0005 m =316mm<500 mm..

Use @10 @30cm C/C.
Design of moment:
As=2.7m/0.3m* 2*0.79cm?=0.00142m?.

£ =0.084,

Lw

Mu=0.9*0.5*0.00142 m2*4OON/mm2*2.7m(1-0.044):659.8 KN.m.
Mu (at wall B)=0.13* 1443 ton.m=1875.9 KN.m.
Mu=1875.9-659.8=1216.1 KN.m.

1216.1KN.m/0.9

= - - =135 cm?,
400N / mm*(2.7m—-0.2m)

Ast=13.5+1.58=15.08 cm>.
Use 6418 within the first 30 cm of the wall.
Shear wall (C) design:

Horizontal reinforcement:
Lw=1.5 m.Shear wall width
Vu=0.03* 150ton=45K N.
Vn=45/0.85=53 KN
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d=0.8*Lw=0.8*1.5=1.2 m.

vn<\/ o

.. No shear reinforcement required
.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2

& =0.0025* h=0.0025* 20cm=0.0005 m

S
82 =Lw/5=1.5m/5=300 mm.Controls

S2 =3*h=3*20cm=600 mm.
S2 =500 mm controls.

Use 2010=1.58 cm®.
S, =1.58 cm?’/0.0005m=316 mm >300 mm.
Use @10 @30cm C/C.

Vertical reinforcement:

S: 1.5 m /3=500 mm.

323* 0.2 m=600 mm.
Sl =500 mm. controls

2
A, =[0.0025+ 0525 oy %M 4 5505)130cm* 200m
" 1.5m" 30cm* 20cm

A, =152 cn?.

Use 2010=1.58 cm®.

S,=158 cm?/0.0005 m = 316mm<500 mm.
Use 10 @30cm C/C.
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Design of moment:
As=1.5m/0.3m* 2* 0.79cm?=0.00079m",

Z —0044,
Lw

Mu=0.9* 0.5* 0.00079m?* 400N/mm?>* 1.5m(1-0.044)=204K N.m.
Mu (at wall C)=0.03* 1443 ton.m=432.9KN.m.
Mu=432.9-204=228.9 KN.m.
_ 228.9KN.m/ 0.9
400N / mm? (1.5m-0.2m)
Ast=4.9+1.58=6.48 cn’.
Use 4918 within the first 30 cm of the wall.

=4.9cm?.

Shear wall (D) design:

The sameaswall C

Shear wall (E) design:

Horizontal reinforcement:
Lw=6.9 m.shear wall width
Vu=0.48* 150ton=720 KN.
Vn=720/0.85=847.1 KN
d=0.8* Lw=0.8*6.9=5.52 m.
\/,=847.1-701.1=146 KN.

A““= Vs __ 146 =0.0000661 m.
s, fy*d 400*5520
A

=0.0025* h=0.0025* 20cm=0.0005 m >0.0000661 m.

S
SZ =Lw/5=6.9m/5=1380 mm.

SZ =3*h=3*20cm=600 mm.
SZ =500 mm controls.

Use 2 ©®10=1.58 cm?.
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S, =1.58 cm” /0.0005m=316 mm<500 mm. OK
Use ®10 @30cm C/C.

Vertical reinforcement:

S: 6.9 m /3=2300 mm.

3123* 0.2 m=600 mm.
S =500 mm. controls

2
A, =[0.0025+05(25- 1y 1384 5o6)1300m* 20em
" 6.9m" 30cm* 20cm

A =1.58cm?>.

Use 2010=1.58 cm?.
81:1-58 cm?/0.0005 m =316 mm<500 mm.

Use ®10 @30cm C/C.
Design of moment:
As=6.9m/0.3m* 2* 0.79cm?>=0.00363m>.

£ =00m.

Lw
Mu=0.9* 0.5* 0.00363m>* 400N/mm?* 6.9m(1-0.044)=4310.1 KN.m.
Mu (at wall E)=0.48* 1443 ton.m=6926.4KN.m.
Mu=6926.4-4310.1=2616.3 KN.m.

2616.3KN.m/0.9

= ! - =10.8 cn’.
400N / mm* (6.9m—-0.2m)

Ast=10.8+1.58=12.38 cm?.
Use 6018 within the first 30 cm of the wall.

Shear wall (F) design:

The sasme aswall E
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Shear wall (G) design:

Horizontal reinforcement:
Lw=1.8 m.shear wall width
Vu=0.03* 150ton=45 KN.
Vn=45/0.85=53 KN
d=0.8*Lw=0.8*1.8=1.44 m.

vn<\/ o

.. No shear reinforcement required

.. Provide minimum shear reinforcement
pmin = 0.0025 ACI-11.10.9.2

& =0.0025* h=0.0025* 20cm=0.0005 m
S

82 =Lw/5=1.8m/5=360 mm.Controls
82 =3*h=3*20cm=600 mm.
SZ =500 mm.

Use 2 $10=1.58 cm?.

S,=1.58 cm?/0.0005m=316 mm<360 mm.
Use ®10 @30cm C/C.

Vertical reinforcement:

Sf 1.8 m /3=600 mm.

323* 0.2 m=600 mm.
S =500 mm. controls

2
A, =[0.0025+ 0,525y 125" 5 5025)1300m* 20em
: 1.8m" 30cm* 20cm

A, =153 cm?.

Use 2 $10=1.58 cn?.
S, =158 cm?/0.0005 m =316 mm<500 mm.
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Use @10 @30cm C/C.
Design of moment:
As=1.8m/0.3m* 2* 0.79cm?=0.00095m?.

Z —0044,
Lw

Mu=0.9* 0.5* 0.00095m?* 400N/mm?* 1.8m(1-0.044)=294.3 KN.m.
Mu (at wall G)=0.03*1443 ton.m=433KN.m.
Mu=433-294.3=138.7KN.m.

138.7KN.m/ 0.9

= _ = =2.4 cm?.
400N / mm~(1.8m—-0.2m)

Ast=2.4+1.58=4 cm®.
Use 2d18within the first 30 cm of the wall.

Shear wall (H) design:

Thesameaswall A
Note: shear wall design for the remaining floors are the same .
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4.5.5 Shear wall base design:

Main Stairs Shear Wall Base Design:

Service loads on the base;

DL =397 ton

LL =83ton

Areg [ DL + LL]
gall

Areq = (397t0n+83tonj _13.7m?
35ton/ m?

By adding 30 cm around wall sides:
Use:

A= 5.4mx7.5m = 40.5m”
Wu=14DL+1.7LL
Wu=14x397+1.7x83

Wu = 697ton

Apro]

697ton
gnet = ( 2

qnet=[Wu

j =17.2ton/ m?

For 1 m wide strip:

gnet =17.2ton/ m* xIm=17.2ton/ m

Depth calculation to satisfy shear strength:

From shear envelop Vu = 57.62ton
oV, =Vu
Vu = 47.8ton
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DV, = CD%\/TC’ b,d = (0.85)%\/% (200cm)(d) =0.0778ton/mm* d

77.5%ton/mm* d=57.62ton
d=74cm

H=80cm
Design for bending moment:
Mu = 96.5 ton.m
Mn =96.5/0.9 = 107.2 ton.m

Mn _ 107.2ton.m — 195.8 torym?

Rn =
bd® 100cmx (74cm)?

r =0.0051> r__=0.0033
A, =0.0051 (100) (74) = 37.74 cm?
Use® 28 @ 15cm A, =427 cmf/m

(Use similar steel for the other face)
In the other direction provide shrinkage and temperature reinforcement.
r =0.0018
As=p (b) (H)
As=0.0018 (100)(80)
As =144 cm?m
Use @ 18@ 20cm =15 cm?/m (In two layers)
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Wall A

Wall E

Wall F

Fig. (4.16): Section in shear wall base.
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e

Section A—A

Fig. (4.17): Detailed section for shear wall base.
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Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

At = areaof oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.

Ln = length of clear span in long direction of two- way construction, measured
face-to-face of supportsin slabs without beams and face to face of beam or other
supportsin other cases.

LL =liveloads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nomina moment.



Pn = nominal axia load.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Tc=nomina tensional concrete moment strength provided by concrete.
Tn = nominal torsional moment strength.

Ts=nominal torsional moment strength provided by torsion reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.



Fram of beam B4 dimension
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38 m 44 m 3.7 m 285 m  345m
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