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Abstract

The Structural Design of Multi Story Building.

Work Team
Sami al saada Taysser iwedate

Palestine Polytechnic University — 2006

Supervisor:
Dr. Maher Amro

The purpose of this project is the structural design of commercial

and residentia building.

The structural design of the building will be carried out according
to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the structural

members and all of the plans needed to complete the construction.
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Abstract

The Structural Design of Commercial and Residential
Building.

Work Team
Tayseer Al-iwidat Sami Al-saada

Palestine Polytechnic University — 2006

Supervisor:
Dr. Maher Amro

The purpose of this project is the structural design of commercial
and residentia building.

The structural design of the building will be carried out according
to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the

structural members and all of the plans needed to complete the
construction.
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Chapter Four

Structural Analysisand Design

(4-1) Structural Key Plans:

The plans showing beams arrangement & ribs distribution & the direction of
loading accomplished.

(4-2) Design of slab
(4-2-1) limitation of deflection:

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

Minh=L/21 for interior span

Minh=655/21  =31.2cm

Use an overal depthof 32cm (24 cm block)

(4-2-2) Design Rib (R2):

Using (m-b) software provided the envelope following moment val ues.



BT e
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Fig. (4-1): Spans Lengths of (R2)
[EFm=T
-26_19

Fig (4-2) envelope of (R2)

Dead load of ribbed slab: -
Coarse Sand Fill and Tileand mortar =2.0*0.52=1.04 KN/m of rib

Concrete Rib 0.24* 0.12* 25 = 0.72KN/m of rib
Block 0.24*0.40 * 10 =0.96KN/m of rib
Topping 0.08*0.52* 25 = 1.04KN/m of rib
Plaster 0.03*0.52*22 = 0.34KN/m of rib
Partitions (100)(0.52) =0.52KN/m of rib

Nominal Total Dead Load =
1.04+0.72+0.96+1.04+0.34+0.52 = 4.62 KN/m
Factored Total Dead Load = 1.4*4.62 = 6.50KN/m .



Live Load:

¢ For residential =2.0KN/ m *
Factored liveload =2*1.7*0.52=3.4*0.52= 1.82KN/m.

(4-2-3) Design of Topping:

Live load = 200 Kg/m? = 0.2 ton/m? (For residential)
Dead load = 5.58/0.52 — (0.72/0.52) =9.35 Kn/ m*?

W, =1.4(935.0) + 1.7 (200) =1649.0Kg/ m?

=1.649 ton/ m?
Assume slab is fixed at support point (ribs)
2
MU = Wu x L
12
2
Mu = (MJ =0.022 ton.m, for 1 m wide strip

Accordingto ACI (9.5.2.3)
f. = 0.7,/f.(MPa) = 0.74/30 = 3.83(MPa) = 38.3(Kg/cn?)
Mn = (f, Xs)

2 2
= bg = 100x8 =1066.7cm® ... for a rectangular X-section
®Mn = 0.65 (38.3)(1066.7) = 26555.5 Kg.cm , ® = 0.65 for plain concrete
= 0.266 ton.m

®Mn = 0.266 ton.m > Mu = 0.022ton.m
Reinforcement is not required for structural reasons.

.. Provide Shrinkage & Temperature Reinforcement:



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

(4-2-4) Design of Positive Moment:

Design for 426 m 6.10m 4.35m & 1.65 m spans,

Effective Flange width (b ) according to ACI code 8.10.2:
b for T- section isthe smallest of the following:
be
b. = b, +16t =12 + 16 (8) = 140 cm

L/4 =735/4=183.75¢cm

b, =C/Cspacing =52CM........c.ccvvvenen Control
= b, =52cm.

Use Mu max for all spans =13.53 kn/m
Mn = Mu/ 0.9 =15.03kn/m=21.5t/m.
Determine whether the rib will act as rectangular or T — section:
For a=t =8cm
C=0.85 fct b.=0.85(0.3) (8) (52) =106.8 ton
d=h- Cover - d/2 = 32-2-12/2 = 29.4 cm
Mn=TorC(d-0.5a) =106.8(29.0-0.5(8)) /100 =26.7 ton.m
Mn available = 26.7 ton.m > Mn required =1.5 ton.m

Design as arectangular with b, =52 cm



Determine A s max.
X b={ 0.003/(0.003+0.002)} * 29=17.4 cm.
ab=31* Xb=0.85*17.4=14.8 cm.
= C1b=0.85*.3=*12*14.8=45.31.
= C2b=2*0.85*.3*20*8=40.8t.
= Tbh=86.1t
= Asb=86.1/4=21.53cm?
= Asmax=0.75*21.53=16.14 cm?

.4 fc 14 )
Asmin= a(y) (bw)(d) > W(bw)(d) ........... (ACI-10.5.1)
. 430 14
= Asmin= 2(400) (12)(29.0) > E(lZ)(ZQ.O)

Asmin=12> 122
= Asmin=122cm?

me_ Y _ 40 450
0.85fc  0.85(30)

Mn 1.5*10°

RN = = = 3.44kg / cm?
bd 2 52 * 29?2 g
, :L[l— 1 2mRn J
m fy
= L[1—\/1— 2715.770.344 J: 0.00087
15.7 400

A's =0.00087 (52) (29.0) = 1.31cm? > Asmin =1.22cm?
Use2 $10.

At Mu=24.72kn.m
Mn=27.5 kn.m =2.75 t.m



me_ Y _ 40 455
0.85fc  0.85(30)

Mn 275*1C
Rn= = = 6.3k /CrT'F
bl 52r2g O
ro= i(l— 1 2R ]
m fy

* *
= . 1- \/1— 2715.770.63 = 0.001595
15.7 400

A's = .001595 *(52) (29.0) = 2.24cnm?

Use2d12
(4-2-5) Design of Negative Moment:

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:

b= bw =12 cm.
Asmin= 2%) (bw)(d) < 4ty (bf)(d) ........ (ACI-10.5.2)
Asmin= 2(400) (12)(29.0) < @(52)(29.0) /(4* 400)

Asmin= 242<5.23
= Asmin=242cm?

At Mu=21.7kn.m & Mu=31.8kn.



Mn=Mu/ 0.9 =31.8/.9 =35.33kn .m.

m=15.7
Rn=Mn/bw . d?= 35 kg/cn?.

r N 1—\/1— 2715.773.5 = 0.0095
15.7 400

As=0.0095* 12* 29=3.3 cm?
Use2d14

At Mu=36.151kn.m .

Mn = Mu/ 0.9 =36.15/.9 =40.2kn .m.

m=15.7
Rn=Mn/bw . d?=39.834 kg/cm?2.

r :1(1_ [ 2mRn)
m fy

* *
1 (1-\%1— 2*15.7* 3.98 J _ 0.0109

T 15 .7 400

As=0.0109* 12* 29=3.8 cm?
Use2 d16.

At Mu=6.2kn.m.
Mn = Mu/ 0.9 =6.90 kn.m

m=15.7
Rn=Mn/bw . d?=6.84 kg/cm?.



* *
- 1—\/1—2 .77 068 | _ 4 001734
400

As=0.001734*12*29=0.6033 cm? <Asmin=2.4cm?
= Use Asmin =2.4 cm?
= Use2 ®14

(4-3-4) Shear Design of for rib2(R2):

Fig. (4-3): Shear envelope for rib2 (R2).

Region ( a)

V, . = 1.067ton .
’f !

dV, =0.85 NI bd =0.85 @ (12)(229)(£J =2.7ton
6 6 1000

Category (1):

V, <(0.50V,)



1.067 < (0.5*2.7)

= No shear reinforced is required.

Region (b).
V, max =247 ton. >0.50V,
Category (2):
0.50V. <V, <(DV,)
= Mimum reinforcement is required.

5= 3A T, _ 3x400x 0.502 % ((1stirrups))

=100 cm
bw 12
S<d/2=150Ccm ..o, Controls
S <60 cm
0.85A f.d
V.- gv ya _ 0.85(.50215)(4.0)(29) ~6.60 ton

v,=6.6+2.7=9.30ton>2.47ton  OK

Use ® 8 mm stirrups @ 15 cm.

Region (c).
Vim = 3.16ton  V, . ad from face of support=2.5 ton.
Category (2):
0.50V. <V, <(DV,)
= Mimum reinforcement is required.

_3Af,  3x400x0.502x ((1stirrups))
bw 12
S<d/2=150cm ..o, Controls

S <60 cm

S =100cm



v JOB5A A _ 0.85(0.502x 2)(4.0)(29)
s S 15

v,=11.12+2.7=13.82ton>2.5ton  OK

=6.60ton

Use @ 8 mm stirrups @ 15 cm.

Region (d)
V, max =2.8 ton at d from face of support= 2.2 ton.
Category (2):
0.50V. <V, <(DV,)
= Mimum reinforcement is required.

5= 3A T, _ 3x400x 0.502 % ((1stirrups))

=100 cm
bw 12
S<d/2=15cm ...................... Controls
S <60 cm
0.85A,f . d
V.= Af, _ 0.85(0.502x 2)(4.0)(29) ~6.6 ton
S 15
v,=6.6+2.7=9.3ton>2.2ton  OK
Use ® 8 mm stirrups @ 15 cm.
Region (e).
V, max =2.28 ton at d from face of support.
Category (2):
0.50V. <V, <(DV,)
= Mimum reinforcement is required.
3A f i
S= Af, _ 3x400x0.502x ((stirrups)) _ 100 em
bw 12
S<d/2=150cm ... Controls

S <60 cm



v JOB5A A _ 0.85(0.502x 2)(4.0)(29)
s S 15

v,=6.6+2.7=9.30ton>2.2ton  OK

=6.6 ton

Use ® 8 mm stirrups @ 15 cm.

= Notefor al length of rib use minimum reinforcement.

= Use® 8 mm stirrups @ 15 cm.

(4-3) Design of beam:

(4-3-1) limitation of deflection:

H >10.10/21=0.48m use H=50cm

The section of beam is T section

BE =80 cm bw=40 cm d =46cm
Assume that:

The beam is amiddle beam

¢ L, istheriblength from oneside

¢ L, istherib length from the other side
Factored Total Dead Load = (%)x DL

= DI of B2 =40kn/m

Factored liveload = (%)x LL

= LL of B2=8.9kn/m
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Fig(4-5)moment envelope for beam 2

(4-3-2) Design of positive moment

Asmin= ﬁ bw*d > Ebw* d
4(fy) fy
V30

% 46> 124« 40+ 46
4(400) 400

6.3>6.44

= Asmin =6.44 cm?

Determine A s max.:

Xb={ 0.003/(0.003+0.002)} * 46=27.6 cm.
ab=R1* Xb=0.85* 27.6=23.5 cm.




= Cb=0.85*0.3*80*235=479.4 .

= Cb2=0.85*{(80-40)/2} * 2=326.4t
= Th=805.8t

= Asb=805.8/4=201.45cm?

= Asmax=0.75*201.45=151.08 cm?
at Mumax=11 .7 kn.m

Mn =Mu/0.9 = 125.23kn.m
m =15.7

_ Mn  12.523*10°
bd 2 80 * 46

r =3[1— - 2mR, ]=0.00187
m fy

As=0.00187*80* 46=6.9cm?
Use2 ® 25

Rn = 7.4kg / cm?

At Mu =231.6kn.m
Mn =Mu/0.9 = 259.0 kn.m

m =15.7
Rn = an =15.3kg / cm?
bd

r :i(l— - 2mR, J:o.oo395
m fy

As=0.00395* 80*46=14.53 cm?
Use3 P 28

At Mumax=451.0 kn.m
Mn =Mu/0.9 =501.1 kn.m
m =157



~ Mn _ 50.11*10°
bd?  80* 462

r :i(l— - 2mR, J:0.007885
m fy

As=0.007885* 80* 46=29.03 cm?
Use 5® 28

Rn

= 29.6kg /cm?

At Mu =215.8 kn.m
Mn =Mu/0.9 = 239.8 kn.m

m =15.7
Rn = N _14.2kg /em?
bd

r =3[1— - 2mR, ]=0.003655
m fy

As=0.003655*80* 46=13.45 cm?
Use3®d 25

At Mu =147.4 kn.m
Mn =Mu/0.9 = 143.8 kn.m

m =15.7
Rn = tl)\/lnz =9.7kg /cm?

r 21[1— - 2mR, ]=0.002473
m fy

As=0.002473*80*46=9.1 cm?
Use2 ® 25



(4-3-3) Design of Negative moment:

b=bw=40cm. d=46cm .
Jfe (bw)(d) < m(bf)(d)

Asmin=Y"—"_(bw)(d) < X (bf )(d) ........ (ACI-10.5.2)
2(fy) 4fy
430 V30
Asmin= 2400 (40)(46) < 2a00) (80)(46) ........ (ACI-10.5.2)
Asmin=12.6<1259........ (ACI-10.5.2)

= Asmin=12.59cm?

At Mu =317.2kn.m

Mn =Mu/0.9 =352.47kn.m

fy
m= =157
0.85f/

R, = 41.64kg/cm?

c_Afy foamR |1 1_\/1_2 15.7*3.216
m f, ] 157 400

=0.01143
As=0.01143*40*46 = 21.0cm?
Use4 & 28.

At Mu =654.5kn.m

Mn =Mu/0.9 =727.22kn.m




R, = 85.92kg/cny

r :1(1— - ZmR“J -0.0273
m fy

As=0.027*40* 46 =50.03 cm?
Use8 & 28.

At Mu =642.2kn.m

Mn =Mu/0.9 =713.55kn.m

fy
m= =157
0.85f/

R, = 84.3kg/cn’

1 1_\/1_2*15.7*84.3
157 4000

= 0.0266
As=0.0266*40*46 = 44.12 cm?
Use 8 @ 28.

At Mu =317.2 kn.m

Mn =Mu/0.9 =352.44kn.m

R, = 41.64kg/cm?

r :1(1— - ZmR“J -0.0114
m fy

As=0.0114*40* 46 =20.9cnm?
Use4 & 28.




(4-3-4) Shear Design of beam2(B2)
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Region (a)

Fig. (4-6): Shear envelope for beam 2.

V,ma = 21.01ton at d from face of support

Jio
6

DV, = 0.85[

Category (4):

e

V30

6

DV, <V, <(DV,+2DV.)
14.3<21.01< (42.9)
@V, = 21.01-14.3=6.71ton.

o PAfd _ 085x2x0.79x46x4

10

j(40) (46)(m

=36.80cm

dVs
S<d/2=23cm
S <60 cm
Usel ® 10 mm stirrups @ 20 cm

6.71

... Controls

j =14.3ton



v 2 OB5Af,d _ 0.85x0.79x 2x(4.0)(46)

s =12.35ton .
S 20
V, =0V +DV,
V,=12.35+14.3= 26.6 ton
Region (b)
V, o =31.33 ton. at d face of support.
Category (4):
DV, <V, <(DV, +2DV,)
14.3<3133<(42.9)
®V,=31.33-14.3 =17.03 ton.
DA f d
S= A a4 _ 0.85x2x0.79%x 46x 4 — 1450 em
dVs 17.03
=1450Cm ..o Controls
S<d/2=23cm
S <60 cm
Usel ® 10 mm stirrups @ 10 cm
0.85A f.d
V.= Af, _ 0.85x 0.79x 2 x (4.0)(46) —o47 ton.
S 10
V, =0V +DV,

=24.7+14.3=39 ton
Region ()

V, e =36.73 ton. at d face of support
Category (4):

DV, <V, <(DV,+2DV,)
14.3<3673<(42.9)



dV,=36.73 -14.3 =22.43 ton.

S:d)A/fyd _ 0.85x2x0.79x46x4

dVs 22.43 - 1Loem
=11.0CM oo Controls
S<d/2=23cm
S <60

cm Usel @ 10 mm stirrups @ 10 cm
V= 0.85A,f.d _ 0.85x0.79x 2x (4.0)(46)

s =24.7ton .
S 15
V, =0V, +DV,
=24.7+14.3=39.0 ton
Region (d)
V, o =31.98ton. at d face of support
Category (4):
DV, <V, <(DV, +2DV,)
14.3<3198<(42.9)
®V,=31.98-14.3 =17.68 ton.
DA f d
S= A a4 _ 0.85x2x0.79%x 46x 4 ~13.97 em
dVs 17.68
=1397CM i, Controls
S<d/2=23cm
S <60 cm
Usel ® 10 mm stirrups @ 10 cm
0.85A,f.d
V= Af, _ 0.85x 0.79x 2 x (4.0)(46) —16.47 ton .

° S 15
V, =DV, + DV,



=16.47+14.3=30.77 ton

Region (e)

V, e = 19.93 ton at d from face of support.
Category (4):

DV, <V, <(DV,+2DV,)

14.3<19.93 < (42.9)

dV,=19.93-14.3=5.63 ton.

S_CDA,fyd _ 0.85x2x0.79x46x 4
dVs 5.63

S<d/2=23cm  ...................... CoOntrols
S <60 cm
Usel ® 10 mm stirrups @ 20 cm
V= 0.85A,f.d _ 0.85x0.79x 2x (4.0)(46)
° S 20
V, =DV +DV,

=43.89cm

=12.35ton.

V,=12.35+14.3= 26.6 ton

(4-4) Design of columns:

Column (C1) :

¢ Total load on column = 62.196 ton

(4-4-1) Design of thelongitudinal reinfor cement:

Pu =62.196 ton.



Type of column: "tied column”.

Assumerg =0.02.

pu
n [

P o
n= 62.1%6 = 88.85ton

PN, = 0.80Ag[0.85* fc'+ rg(Fy -0.85* fc)]
88.85 = 0.80Ag[0.85* 0.3+ 0.02(4 - 0.85* 0.3)]
Ag = 336.65cm’

Use30cm* 20cm.
Ag= 600 cm’
Determination of requiredr g :
Pn...= 0.8OAg[0_85* fc' + rg(Fy_ 0.85* fCr)]

88.85 = 0.80* 600[0.85* 0.3+ r g(4 - 0.85* 0.3)]
rg=-0.01866

Required As= py* Ag= 0.01* 600 = 6.0 c’.
Use "4 Q14" - Ast = 4*1.54= 6.16 cm”.

(4-4-2) Design of thetiereinforcement:

Use @ 10 ties.

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 1.6= 25.6cm
48* d; (ties bar diameter) = 48* 1.0 = 38.4 cm.

Least dimension = 20 cm

Use" @ 10" ties @ 20 cm spacing.

Use 20cm*30cm with 4 @ 16 bars. with @ 8 ties @ 20cm spacing.



(4-5) Design of stairs:

(4-5-1)Slab thickness:

h > L/20 =300/ 20 = 15cm.

= useh=15.0cm

6 = tan™(15.0/ 30) = 26.56°
Cos 6 =0.89

Mortar

\ Concrete 15cm

Figure (4- ) Stair

Dead L oads:
¢ Tilesand mortar =0.1*2.2=0.22t/m?
¢ Steps=(100/30)* (0.5* b* h)* 2.5=(100/30)* 0.5* 0.3* 0.15* 2.5=0.188t/n?
¢ Slab=0.17*2.5=0.43t/m?
Total Dead L oads= 0.838* 1.5=1.26 t/m.
¢ Ultimate dead load=1.26*1.4=1.76 t/m.



Liveload:

¢ Ultimateliveload=1.7* 0.5*1.5= .28t/m.

¢ Wu=1l +1.76=3.04t/m

(4-5-2)Design of Bending:

¢ Mu=Wul4/8 (simple supported beam).
¢ Mu=3.04*3%8
* =3.42t.m

~ Mu
f-b-d?
3.8+10°

=~ =16.5kg/cn.
R 150* 12.4° J

r zi[l_ /1_2m_Rn]
m fy

1 \/ 2%15.7*16.5
r=—|1- -2~ —~
15.7 4000

Rn

] =0.0043

Pmin. =0.0035 < Preq= 0.0043 < Pmax=0.0244

Required As= 0.0043* 150* 12.4= 8 cm?

= Use1d 12@20cm
(150/20)* 1.14=8.55cm2>8 cn?

In the other direction provide shrinkage and temperature reinforcement:



As=p (b) (H)
=0.0018 (150)(15)
= 3.85 cm?

Use®10 @ 30cm .

(4-4-3)Design of shear:

Vu =4.73 ton at face of support..

ff.*b,*d
fVc:—\/_C(abW

f\Vc

* * * 1
_ 085 J30*150*12.4( 10 — 144%0n
6 1000

Vu=473t < @Vc=14.43t

According to category (1)
V, <(0.50V,)

= No shear Reinforcement is Required.
(4-6) Design of footing:

Footing (#3) carrying column (#3) (50* 30).

(4-6-1) Footing Area:



Total Factored load = 276.98t
Total service load =216.0t
Column = 50x30 cm?.
Estimate footing to be about 60 cm thick, in addition to about (10cm) of
blinding concrete .
P
Asrequired = SE;NICE
216
4 =—— =6.20m2
Asreqwred 35

— Try 2525

(4-6-2) Determination of Depth :

P, 276.98
=—1 = 2099 _ 45 05t/ m?
" Area 5
OV, =V,

4.504* 250* (110 —d) = 0.85 x %«/30 x (10) x (d) * 250

= (4.504)(250)(110- d) = 7.76 d
d=40.5cm
Used =50cm
Total depth of footing=50 + 8 + 2
So select h=60cm

Check thisdepth for two way shear action (punching):
Check the depth for two way shear action, using critical section B-B-B-B with
d =50cm.



V, =P, x(Aeff(a+d)(b+d) )
Vu= Pnet * Agr. = 45.04* (2.5*2.5— (1.0*0.8) = 2455t

P
Ve = V' s poxg
3

The punching shear strength is the smallest of:

v, =é(1+ sz\/T bd = 05/f bd
V, = 1[ at +2J\/f>c/bod = 055 1, b,d

12\ b, /d

V, =§\/? b,d =0.3 fcr bd ..o Control

Where:

b.=a/b=50 /30=1.67.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2(80+100) =3600 mm

a,=40 For interior column

V, =0.33/30(360 (50) = 27934

DV, >V, 279.34t >2455t OK

= No punching shear failure.

250

da/B

250
a
~

d/




Fig. (4-8): Two way shear area

Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)
®Pn = 0.7(0.85)(0.3)(50x 30) = 267.75ton
Pu=281.5t
®Pn = 267.75ton < 276.98ton

= Dowelsare required for load transfer.
excess pu=276.98-267.75 = 9.25ton.

9.25
0.7*[4-.85* 3]
mindewels = 0.005* 50* 30 = 7.5cm?
used d 16.

Id = |db*factor.

_ 400* db
4400
not less than:

0.044* 400* db =17.6db
ldb =18.26*1.6 = 29.3cm

— available length = 60-8-2*1.6=45.6 > 29.3.... ok

requiredAs = = 8.0cm?

Id =18.26db

(4-6-3) Design Of Bending M oment:

Area = 25*1.1=2.75cm?2
Mu =45.04* 2.75*1.1* .5=68.13 ton.m

_ Mn _ 6813x10°

n=—_-= ~  =12.12 Kg/cm’
bd 0.9* 250* 50




1, f_2mRn | _ 1 1_\/1_2 15.7*12.12 | _ | 153
fy 15.7 4000

r =0.003> r . =0.002
Reg. A, =0.003 (250) (50) = 37.5 cm?

Usel5 & 18.
For other direction:
Area = 2.5*0.5=1.25m?
Mu =45.04*1.25 = 56.3 ton.m
q= Mn_ 56.30x10°
bd®>  0.9* 250* 50°

* *
1(1_ [ 2mRn J_ 1 {1_\/1_2 15 .7 10.01]20.00255

= 10.01 Kg/cm?

r = — =
fy 15 .7 4000

m
r =0.00255> r . =0.002
Reg. A, =0.00255 (250) (50) = 31.92 cm?

Use 16 & 16.
Ld :category aitem 2 applies:
Fy
Ild=———=a*b*| *db
2,/ fc
Id = ﬂ1* 1*1*1.6 =58.3cm
24/30

available length =1.25-8-25=92 cm > 58.43 cm (for both side)

(4-7) Design of strip footing :

Dead load = (no. of floors) (Hf) (W) (yc)



=1*3.25* 0.3* 25=21.75 kN/m.
=1*50*03* 25 =37.5kN/m.
=1* 25* 3.25* 0.3 =24.4 KN/m.
Total dead load = 53.74 + 83.62 = 137.36 KN/m.
Total liveload =23.5kN/m.
qu=14(137.36) + 1.7 (23.5)
=23.23t/m.

(4-7-1) Deter mination of thickness:

minimum width = DL+LL
S net
&.1 = 0.46m/1Im
35
try b=50cm.
P .
Py=—"" = 2323 _ p6.45t/n?
Area 05*1.0

Determined of thickness of footing :
DV, = CD%\/fThNd = 0.85x%@x (500) x (d) = 387.96d

Vu = (Pnet) (%")

05-0.3

=4645* ( ) = 46.45 kN.

DV, =V,

387.96d = 46.45
d=12cm .... Then h=(12+8+ 0.6 +1.2) = 21.8cm, soselecth=30cm.

(4-7-2) Design of bending moment:



Mu = (Pnet) (area) (arm)
=46.45* 0.1* 1.0* 0.05=0.233t.m.
Mu 0.233

Mn= —=_""=0.26t.m
)] 0.9
pmax = 0.0244
_ fy _ 400
0.85* fc' 0.85* 30
Rn = M_n2
b*d
= LESZ =0.6 kg/cm2
100* (21.8)
1 2mRn
p=—(1- 1-=)
m fy
( \/ M) 0.00015 < pmin=0.0018
15 7 4000
Areq=p* b*h=0.0018*100 * 30 =5.4 cm?

#Ofbar—% — 4.8 ---select (5) bar ® 12

Useld 12@20cm.

Other direction

=0.0018*50* 30=2.7cm?

Usel ® 12 @ 20 cm.

Dowels = 0.0015* 100* 30 = 4.5 cm?

Used @ 12.

(4-8) Design of Mat foundation:



¢ Intheshort direction:

2.2* 2.8* 25* 0.20]
2.8%2+22*%2

_ [2.2x2.8*10]
©28%2+22%2

DL|wall ] = 25* 0.2*17.9 = 89.5kn/m

Fry = [ =3.08kn/m

= 6.16kn/m

DL|base] = 25* 2.2* 0.50 = 27.5kn/m
FReactorep =178.6kn

o _1786*2
2.2%1

=162.4kn/ m?

(4-8-1) Design of positive moment :

Rn = ﬂ

f *b*d?
* 5

Rn= — DOBLZT0T o5y kgrome
0.9*100* (40.8)
1 2mRn

p=—(1- 1m0
m fy

p = i (a- \/l— w ) =0.0000135 < pmin=0.0018
15.7 4000

Areq=p* b*h=0.0018*100 * 50=7.2 cm?
7.12

#Of bar = —=% = 4.62 ----select (5) bar ® 14
1.54

useld 14 @20cm.

80.4




Fig(4-9): M Env

(4-8-2) Design of negative moment:

Rn = ﬂz
f *b*d
* 5
= 8.04710 5> = 5.36kg/cm?
0.9*100* (40.8)
1 2mRn
p=—(- 1-=50)
m fy

p = 1 (1- Jl—m ) =0.00135 < pmin=0.0018

15.7 4000

Areg=p* b* d*1.33=0.00135*100 * 40.8*1.33=7.33 cm?

#0Of b _E’_476 s 5) bar ® 14
ATV Et ect (5) bar

Useld 14 @20cm .

¢ Inthelongdirection:
(4-8-3) Design of positive moment :

Mn

Ri= —
f *b*d?

* 5
Rn= 1131710 5 = 7.55kg/cm?
0.9*100* (40.8)

I W
m

fy

shear envelope  1/5.036

moment envelope

Fig (4-10): M Env



15.7 4000
Areg=p* b* d=0.0019*100 * 40.8=7.75 crm?

o= (1- Jl—w) = 000192 > pmin= 00018

#of b -L75-503 sel 6) bar d 14
0 ar—1.54— .03----- ect (6) bar

Useld 14 @ 15cm.
Dowels=0.0015100*20=3.0cm? use4 & 12.

(4-9) Design of Retaining wall:

¢ Theaxial compression forces are small and cab be neglected.

Mu = 36.6kn.m
Rn = ﬂ
f *b*d?
* 5
Rn= 3.636710 > = 7.0 kg/cm?
0.9*100* (24)
_ L 2w
m fy

-1 - Jl—w ) = 0.001774 < pmin = 0.002
15.7 4000

Areq=p* b*d=0.002* 100 * 24 = 4.8cm?
4.80
#Ofbar=H3:5.O ----- select (5) bar ¢ 12
useld 12@20cm.
In the other direction :
Asreg=0.002* 100* 30=6.0cm?



6.0
#0f bar = - 0 =5.30 —sdlect (6) bar 12

usel d 12 @15 cm.
(4-10) Design of shear wall :

Depending on the stiffnesses and eccentricitiesthe part of lood acts on ends of

thewall are deter mined by using (m-b) soft ware

Vu=1704.1 KN
Mu=44369.9 KN.m
For wall 33.93m* 3.50 m.

Ve~ (/30 ha
d=0.8 Lw=0.8*3.5=2.8m

Ve = %(\@)* 40* 0.8* 350 =102.24ton

Vn= V—US = 200.4ton

Vs=200.49 -102.24 = 98.25ton

(Av*h) =( VS J — 0.088cm
S, Fy*d

+«» Comparewith minimum reinforcement.

(AV* h) =0.0025* 0.40=0.001

2
S, =3*h=3*0.4= 1200 mm
S, =Lw/5=3.5/5= 700 mm

S,- mm....... control



Try ®12

* D% —6 * —6
82=1'1304 2*10 _ 226*10 _ 0.256m
0.00088 0.00088

v Use ®12 @ 200 mm cl/c

(4-10-1) Design of vertical Shear:

$,=3*h=3*0.4 = 1200 mm
S, =Lw/3=3.5/3= 1166.67 mm
=18 =mm....... control
Avn=[ 0.0025+0.5(2.5- hw/Lw){ (Av*h/S;h) — 0.0025)]S2*h
Avn= 0.0025*h*S,
Avn= 0.0025* 0.40* 45 =0.045 >0.0025
v Use® 12 @300 mm c/c

(4-10-2) Design of moment :

¢ For basement floor :

40

350

Figure (4-11): Detailing of shear wall




Use ® 32
* *
2 As:3.52 804
S 0.06
Z 1

w ,, 0.85*B,* Fc* Lw* h
Ast* Fy

Ast = Lw = 93800mm’ = 0.0938n"’

Z 1

w , 0.85*0.85* 30* 35* 0.40 -
0.0938* 400

0.36

Mu =0.9{0.5* Ast* fy* Lw* (1—£)}
Lw

Mu = 0.9[0.5* 0.0938* 400* 3.50* (1- 0.36) | = 37.820MN.m
Mu = 44.3699 —37.820- 2.10 =4.45MN.m
,_ Mu/0.9
Fy(Lw— X)
o 4.45/0.9
400(3.5—-0.3)
Ast=3862.62 +1608 =5740.62 mm?
v Use 6936 @ 60mm c/c

= 0.00386262n’
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRETE (ACl 318M-99) AND COMMENTARY CODE
(ACI 318M-99).
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