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The purpose of this project is the structural design of a residential
building, With Different Design for Selling and that designed as one way
ribbed slab and solid slab and also designed the structural member.

This building locate in Dahria south of Hebroun .

This project is consists of residential building contains aground floor and

have all main activity for houses and aroof floor.

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 anaysis and design of the

structural members and all of the plans.
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List of Abbreviations

Ac = area of concrecte section resisting shear transfer.

As = area of non__ prestressed tension reinforcement.

Av = area of shear reinforcement within adistance (s).

Ag = gross area of section.

At =area of oneleg of aclosed stirrup resisting tension within a(s).

b =width of compression face of member.

bw =web width , or diameter of circular section.

DI = dead |oad

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

Ec = modulus of easticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.



h = overall thickness of member.

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.

M = bending moment.

Mu = factored moment at section.

Mn = nominal axial load.

Pn = nominal axial load.

Pu = factored axial load

S= gpacing of shear or in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by shear reinforcement.

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.

W, = factored load per unit area

® = strength reduction factor.

k = effective length factor for compression members.



r = radius of gyration of cross section of a compression member, mm.
dns = moment magnification factor for frames braced against sidesway, to
reflect effects of member curvature between ends of compression

member.

P c = critical load.

P n=nominal axial load strength at given eccentricity.

P u = factored axial load at given eccentricity.

I g = moment of inertia of gross concrete section about centroidal axis

, neglecting reinforcement, mm* .

Lu= unsupported length of compression member,mm.
bd = (a) for nonsway frames, bd isthe ratio of the Maximum factored axial

sustained load to the maximum factored axial |oad associated with the

same |load combination.

M c = factored moment to be used for design of compression member, mm-N.
M 1 = smaller factored end moment on a compression member, positive if
member is bent in single curvature, negative if bent in double curvature, mm-

N.

M 2 = larger factored end moment on compression member, always positive,
mm.N.



M 2, min = minimum value of M 2, mm-N.

Id = development length of deformed bars and deformed wire in tension, mm.

C m = afactor relating actual moment diagram to an equivalent uniform

moment diagram.

a s = constant used to compute V ¢ in slabs and Footings.

b, = ratio of long side to short side of concentrated load or reaction area.

r = ratio of nonprestressed tension reinforcement= A s /bd.

R : Numerical coefficient depends on the structural System values of

R for concrete structure rangefrom4to 12.

Z: Seismic Zone factor.

I Important coefficient depending upon occupancy category.
Cv : Selsmic response coefficient.
C a . Selsmic response coefficient.

T= fundamental period.

Ct =0.02 for al reinforced concrete buildings.



hn : Height of the structure above the base level.
Sl = gpacing of vertical reinforcement in wall, mm.

Sz = gpacing of shear or torsion reinforcement measured in adirection

perpendicular to longitudinal reinforcement or spacing of horizontal

reinforcement in wall, mm.
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Chapter Four:

4. Structural Analysis and Design:-

4.1 Introduction:

In this chapter, the structural analysis and design for slab ,ribs, beams will be
considered, where in this chapter we will start analysis and design , one way ribbed
slab using a computer program called " Atir soft ware " to find the internal forces
deflection and moment for the ribbed slabs, beams, column and footing .

And by use anther program the shear wall will be designed .

also in the end of this chapter the solid slab will designed .

this calculation started step by step from the roof to the foundation .



4.2 Design of ribs
4.2.1 Determination of slab thickness:

Design of rib will be asit isalbeam with T-section

S A0 0 J0m

Fig (4.2.1) ribs

4.2.1 Determination of thickness of slab:-
Spans from left to right:
L/21 =3.9/21=0.186 m =18.6 cm

L/18.5=3.9/185=0.211m=21.1cm

Select Block thickness 17 cm & topping 8 cm so h=25cm



The design for 2m, 3.9m ,3m ,3.9m spans are as fallows:

Effective flange width (b ) according to ACI code 8.10.2:
b For T- section is the smallest of the followings:
be =L/4 =390/4=975cm
b, =b, +16t=12 +16(8) = 140cm
b =C/C spacing = 52 cm

use bE =52 cm.

Fig (4.2.2) T-section Typical




Load calculations:-

Dead load:
Tile ]
Coarse sand and fill -
Morter S — - . B T, T A
Toppingle [ ol el tocite st 0 DT s e B L5 W Sy
Block e E : R N
Plaster - — =
0,4 0,12 0,4 0,12 0,4 0,12
™

Fig (4.2.3) section in Slab

Tiles = (0.03)( 0.52) 2200=34.32 Kg/ m

Mortar = (0.03)( 0.52)2300 = 35.88 Kg/ m

Coarse sand fill = (0.07)(0.52) 1700=61.88 Kg/ m

Topping =( 0.08)( 0.52) 2500 =104 Kg/ m

Concrete Rib =( 0.17)(0.12) 2500 =51 Kg/ m

Block =( 0.17)(0.40) 1000 =68K g/ m

Plaster = (0.03)( 0.52)2300 =35.88 Kg/ m

Partitions (6=0.10m)=1 Kg/m?(0.52) =65 Kg/ m

Total Dead Load = 61.88+34.32+104+51+68+35.88+65 + 35.88 = 455.84 Kg/ m
=456 KN/ m




Factored total dead load = 1.2 * 4.56 KN/ m

For residential = LL=200 Kg/m?
LL =200* 0.52 =104 Kg/m

=1.04 KN/m
Factored liveload = 1.6 * 1.04 =1.66 KN/ m

4.2.2 Design of Topping:-

Dead load of rib =b*h*D
=0.12* 0.17*25
= 0.51 KN/m

DL= (4.56 /0.52) — (0.51/0.52) = 7.79 KN/m?
Wu =1.2(DL) + 1.6 (LL)
= 1.2(7.79) + 1.6 (2) = 12.55 KN/m?

Calculations of ultimate moments:
Assuming that the slab has 1m width and fixed at support points (ribs)

Wu =1255*1= 1255 KN/ m

And fc =24 MPa

My = W L? 0
§ 12,

_&255" 04°90

Mu =0.167 KN.m

12 5

Mn = (f, Js)

_bh? 100" 8

= s =1066.67cm’®




f = %\/f_cd(MPa) = %@ = 2.041(MPa) = 2.041x103 K N/m?

1066.67
1000000

Note ® =0.55 for plain concrete
®Mn=0.55x . = . KN.m
®Mn=1.197 KN.m>Mu =0.167 KN.m

Reinforcement is not required for structural reasons.

Mn = (2.041x108%)( )= . KN.m,

\ Provide Shrinkage & Temperature Reinforcement:
According to (ACI Code 7.12.2.1.b).

Slabs where Grade 60 deformed bars or welded wire reinforcement are used
p = 0.0018

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

Select @ 8 @ 30cm
Provided A.=2.01 cm?/1m



4.2.3 Rib Design R1 in the first basement floor:

4.2.3.1 Design of positive moment:

Fig (4.2.4) Moment Diagram

First span (L=2.0m) :
Mu =1.6 KN.m

Mn=Mu/09=16/09=178 KN.m=0.178 t.m
Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

C=0.85 fc't b, =0.85(0.24) (8) (52) =84.86 t

d=h - Cover - db/2 = 25-2-0.8/2 = 22.6 cm.

Mn=T (d- 0.5 a) = 84.86 (22.6- 0.5(8) / 100) =15.78t.m
Where T=C



Mn available=15.78t.m >Mnrequired = 0.178t.m
Design as arectangular section with bE =52 cm

Determine r max:

0.003 _ 0.004 +0.003
C 22.6

Xmax = 9.68 cm

amax.= 3 Xmax = 0.85 (9.68) = 8.23cm.
C=0.85xfc'xaxb =0.85x0.24 x 8.23x 52=87.33t
Mn=T or C*((d- 0.5 a)/100).

Mn max.=87.33* (22.6 — 0.5(8.23)) /100 = 16.14 t.m.

Rnmax = Mn/ (b* d?)
=16.14*10° / 52 * (22.6)* = 60.77 Kg/ cm?

‘e 0
. _ossfe@ | 2R,
fy é O85fc'a
& /
rmax—085 24 2 60.77 O _00177
420 g © 0.85" 240 240g

Asmax = r max bd = 0.0177*52* 22.6= 20.8cm?

Determine r min:

Jfc 14
Asmin= bw)(d) 3 == (bw)(d) ........... ACI-10.5.1
smin= (fy)( w)(d) fy(W)() ( )
24 , 14
Asmin=_or 12(226)° 25512)(226)

Asmin=0.791£ 0.904
A smin=0.904 cm? Control.

0.85fc’  0.85(24)

* 5
Rn = an - 0.178 102 = 0.670 kg /cm ?
bd 52 * 22 .6




Ql-I-O:

T = 0.00016
4200 gﬂ

188 2R

_Hé / mRn
e 2*20.6*0.670 0
BEE b

A s(req) = 0.00016 (52) (20.6) = 0.188 cm? < Asmin =0.904 cn? .

Use As min =0.904 cm?

Number of bars = As (req) / Areaof bar (¢ 10) = 0.904/ 0.7854
=1.15bars.

Select 2 ®10

As provided for 2 ®10=1.57cmz.

Asmin <Asprovided < As max

Second span (L=3.85m ) :

Mu=6.2 KN.m.

Mn=Mu/ 09=6.2/ 0.9=6.89 KN.m =0.689 t.m
Mn=0.689t.m

fy 420

m= -=——=206
0.85fc’ 0.85(24)
* 5
Rno= M _ 0689 710" _ 5 sokg /em?
bd 52 * 22.6
i 2mRn 9
mg ;
_ ael_\/l_ 2*20. 6*2592:000062
20.6§ 4200 P



A s(req) = 0.00062* (52)* (22.6) = 0.73 cm2 < Asmin =0.904 cn? .

Use As=0.904 cm?

Number of bars = As (req) / Areaof bar (® 10) = 0.904/ 0.7854
=1.15 bars.

Select 2 ®10

As provided for 2 ®10= 1.57cmz.

As min <Asprovided < As max

Third span (L=3m):

Mu = 0.5 KN.m.

Mn =Mu/0.9=0.5/0.9=0.56 KN.m = 0.056 t.m

Mn = 0.056 t.m
m=—__=_420 _p4
0.85fc’ 0.85(24)
* 5
Rn = an = 0.056 102 = 0.21kg / cm?
bd 52*22.6
. :iael_ 1. 2mRn g
m fy 5
_ 1 a@i_\/l_ 2720.6%0.21 9_ 4 5505
20.6% 4200 p

A s(req) = 0.00005%(52) x (22.6) = 0.059 cm2 < Asmin =0.904 cm?.

Use As min =0.904 cm?

Number of bars= As (req) / Areaof bar (¢ 10) = 0.904 / 0.7854
=1.15bars.



Select 2 ®10
As provided for 2 ®10=1.57cmz.

As min <Asprovided < As max

Fourth span (L=3.9m):

Mu = 9.3 KN.m.

Mn =Mu/0.9=9.3/0.9= 10.33 KN.m = 1.033t.m
Mn=1.033t.m

fy 420

m= -_—=— =
0.85fc ~  0.85(24)

* 5
Rn = an - 1.033 102 =3.89kg /cm?
bd 92 * 22.6

_iae 2mRn
m

\/ 2*20.6*3.89 0
4200

Q-I-I-O:

- = 0.00094
ﬂ

mogd mno

A s(req) = 0.00094* (52)* (22.6) = 1.1 cm? > Asmin =0.904cm? .
Number of bars=1.1/ Areaof bar (¢ 10) =1.1/0.7854=1.4 .

Select 2 $10.
As provided for 2 ®10=1.57cmz.

Asmin <Asprovided < As max



4.2.3.2 Design of Negative Moment:

Using Atir software the following moment values appears

1 - reinforcement of support (B):-

Mu = 7.8 KN.m =0.78 t.m

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

The minimum reinforcement is determined according to ACI (10-5.1) asfollows:
B =bw =12 cm.
Asmin=—"—— (b )(d) 3 W(b )[(c) I (ACI-10.5.1)

@

Asmin=
4(420)

Asmin=0.79< 0.904
P Asmin=0.904cm?.

(12)(22.6) 2 %(12)(22.6)

Mn=Mu/0.9=0.78/0.9=0.867 t.m.
420

=" _-206
M~ 0.85(24)

_ Mn _ 0.867 *10°
bwd ? 52 * 22 .67

r 1 1 9
§\/ y 5
* *
& \/-2 20.6%3.26 O_ 4 yyy7g
206§ 4200 :

As=0.00078*12*22.6 = 0.21 cm2.
0.21cm? < As min =0.904 cm?

=3.26kg /cm?




use As min = 0.904 cm?

Number of required(® 10) bars = As(req) / Areaof bar (¢ 10)
=0.904/ 0.785= 1.15bars.

select 2010.
As provided for 2 ®10 = 1.57cm?.

As min <Asprovided < As max

2- reinforcement of support (C):-
Mu=6.9 KN.m =0.69 t.m

Mn=Mu/0.9=0.69/0.9=0.77 t.m

420
™™ 0.85(24)

* 5
= Mn_077+10

= = 2.89kg / cm?
bwd 2 52* 22.62 J !

r 1 1 9
§\/ y 5
* *
& \/-2 20.6 289.—000069.
206§ 4200 :

As=0.00069*12*22.6 = 0.19 cm?2.
0.19 cm? < As min =0.904cm?

use As min = 0.904 cm?

Number of required(® 10) bars = As(req) / Areaof bar (¢ 10)

=0.904/ 0.785=1.13 bars .
select 2d10.

As provided for 2010 = 1.57 cm?.

Asmin <Asprovided < As max



3- reinforcement of support (D):-

Mu =9.8 KN.m =0.98 t.m

Mn=Mu/0.9=0.98/09=11tm

420
™™ 0.85(24)
* 5
Rn = _Mn__ 11710 =4.14kg /cm?

bwd > 52 *22.6°

= 0.00099 .

\/ 2*20.6*4.149
=1 &H. h- T
" 20 6§ 4200 5

As=0.00099* 12* 22.6 = 0.268 cm?.

0.268cm? < As min =0.904cnv?

use As min = 0.904cm?

Number of required(® 10) bars= As(req) / Areaof bar (¢ 10)
=0.904/ 0.785= 1.13 bars.

select 2d10.
As provided for 2010 = 1.57 cm?.



4.2.4 Design of shear :

Fig (4.2.5) Shear diagram

Span [1] :

Max Vu = 0.77t At the face of support at distance (d =22.6 cm) from the face of the
support

ae\/_¢
FV, =075
&6 5
FV.=0.75 E—5'“112)(22 6)3839 = 1.66t
1000 g
VU=0.77t,
Vu <050 Vc.
0.77<0.83

No need for Minimum shear reinforcement.



Span [2] :

Max Vu = 1.08t At the face of support at distance (d =22.6 cm) from the face of the
support

&/ fcto
FV, = “hd
§ 6 5
FV.=0.75 E—5‘”112)(22 6)%39 = 1.66t
1000 g
VU=1.08t.
®Vc >Vu >050 Vc.
1.66> 1.08 > 0.83

Minimum reinforcement is required Except for .

Slabs & footings.
floor joist Construction .

Beams With total depth max of 25cmor 2.5*tf or 0.5bw .

Since we have a rib joist construction in this case, so
shear reinforcement.

e No need for

Span [3] :

Max Vu = 0.86t At the face of support at distance (d =22.6 cm) from the face of the
support

¢Oo
FV, = 07500 5
&6 5

FV.=0. 75§E —5“—(12)(22 6)861—009 = 1.66t
a



Vu=0.86t.
®Vc >Vu >05d Vc.
1.66> 0.86> 0.83

Minimum reinforcement is required Except for .
Slabs & footings.
floor joist Construction .

Beams With total depth max of 25cmor 2.5*tf or 0.5bw .

Since we have a rib joist construction in this case, so,
shear reinforcement.

......... No need for

Span [4] :

Max Vu = 1.31t At the face of support at distance (d =22.6 cm) from the face of the
support

&/ fcto
FV, =0.75¢Y " g
g 6 5
6 .
FV.= o.75§E —5“241(12)(22.6)51—09 = 1.66t
6 ; &1000 g

Vu=1.31t.
®d® Ve >Vu >05+0d Vc.
1.66> 1.31>0.83

Minimum reinforcement is required Except for .
Slabs & footings.

floor joist Construction .

Beams With total depth max of 25cmor 2.5*tf or 0.5bw .

Since we have a rib joist construction in this case, so,......... No need for

shear reinforcement.



4.2 .5 Deflection Limitation

as ACl — 318 — Code-2002

the value of Deflection should not exceed L/480

o E & & i

Fig (4.2.6) Deflection diagram

For span 1:

By Atir software. We find tow value of Deflection
L=2m = 2000 mm

The Vaueis L/40604= 2000/40604 = 0.0493 mm
This value should not exceed

2000/480 = 4.167 mm

0.0384 mm < 4.167 mm .....ok

For span 2:

By Atir software. We find tow value of Deflection
L=3.85 m = 3850 mm

The Valueis L/6755= 3850/6755 = 0.569 mm
This vaue should not exceed

3850/480 = 8.02 mm

0.569 Mm<8.02mm ..... ok



For span 3:

By Atir software. We find tow value of Deflection
L=3m=3000 mm

The Vaueis L/20403= 3000/20403 = 0.147 mm
This vaue should not exceed

3000/480 = 6.25 mm

0.147mm<6.25mm ..... ok

For span 4:

By Atir software. We find tow value of Deflection
L=3.9m=3900 mm

The Vaueis L/3973= 3900/3973 = 0.982 mm
This value should not exceed

3900/480 = 8.125 mm

0.982mMm<8.125mm ..... ok



Table (4.1) Ribs:

positive steel

negative steel

Number Diameter Number Diameter
of Bars of Bar- of Bars of Bar-
mm mm
R1 2 12 2 10 2 10
3.85 12 2 10 2 10
3 12 2 10 2 10
3.9 12 2 10 2 10
2 10
R2 2 12 2 10 2 10
3.85 12 2 10 2 10
2 10
R3 3.9 12 2 10 2 10
2 10
R4 2 12 2 10 2 10
3.85 12 2 10 2 10
3 12 2 10 2 10
2.98 12 2 10 2 10
2 10
R5 3.85 12 2 10 2 10
2 10
R6 3.9 12 2 10 2 10
2.3 12 2 10 2 10
2 10
R7 4 12 2 10 2 10
2.4 12 2 10 2 10




4.3 Design of Beams:
4.3.1 load calculations:-
B7:

411m 400n

33

Fig (4.3.1) Beam (B7)

Assuming ®14 in main reinforcement.

d = H- cover — db (stirrups) - (Db /2) =25-4-1- 0.7 =19.3cm.

Let B =60 cm.
H=25cm.

Load of the beam (B ):

From rib analysis we found the reaction of beam = 21.7KN/m
Self weight = 25*0.25%0.6 = 3.75KN /m.

Dead load =21.7+3.75 =25.45KN /m

Liveload =2 KN/m

Determine r max;:

0.003 _ 0.004 +0.003
C 19.3

Xmax = 8.27 cm

amax.= 3 Xmax = 0.85 (8.27) = 7.03cm.

C=0.85xfc' xaxd =0.85x 0.24 x 7.03x 60= 86.056 t
Mn=T or C*((d- 0.5 a)/100).

Mn max .= 86.056* (19.3 - 0.5(7.03)) /100 = 13.58 t.m.
Rnmax = Mn/ (b* d?)

=13.58*10° /60 * (19.3)° = 60.78 Kg/ cm?




‘e 0
[ = 0.85fc S - 2R, Q
fy é 0.85fc 7
Ve ’ O
r max :—0'85 24 1- ,/1- —2 6,0'78 T=0.0177
420 é 0.85 2402',

r =05 r max =0.5* 0.0177 = 0.00885
Asmax = r max bd = 0.0177*60*19.3= 20.49cm?
T=Asmax *Fy = 20.49*4.2 = 86.0581

r min=% =0.00333 control

./ fc'
or= X—=0.002916
4fy

r =0.00885 >r min =0.00333
From moment Diagram for B7 we find Mu max = 60.9 KN.m
Mn =60.9/0.9 = 67.67 KN.m = 6.767 t.m
13.58>6.767 \ Singly reinforcement.

Rnreg=r *FY*(1-0.5r *m) =0.0885*420 * (1 — (0.5*0.0885* 20.6).

Rnreq = 3.3Mpa =33.0Kg/cm?.

Rn=Mn/ (b* d?

33.0=6.767*10°/ b *19.3°

b =55.05 cm.

Let b =60 cm.



4.3.2 Positive Moment:

1-Design of spans [1]:

By using atir software, we found that the envelop for bending moment for this beam

according to its spans, supports & loads acting on it islike so.

1.6 2.4 | 2 2% o185 | 1m0 e
] ] |

Fig (4.3.2) Moment diagram

Mu =415 KN/m
Mn =41.5/.9 =46.11 KN/m

M 11" 10*
=M, 4807 _ 56 63(kg/cm?)
bd> ~ 60" 19.3

‘e 0
" :0.85fc S 2R, 2
fy é 0.85fc'
c 243 g 0
085 248 | 2720630 450
420 § 0.85" 240 4

r mn<r reg<r max

Rn




0.00333<0.00519<0.0177
As=r xbxd

A's =0.00519x (60) x (19.3) = 6.01cm?.

Select 4® 14 mm
As provided = 6.16cm2,

Check: yielding of tension steel.
a=Asfy /0.85*fc* b =6.16* 420/0.85* 24* 60

a=2.11lcm
Actual x=a/pf=211/0.85=2.48cm.
0.003 _ €s+0.003 0.003 _ €s+0.003
C 191 2.48 19.1
€s=0.020>¢Y= % = 2;02(?00 =0.0021

\' Tension steel is yielding\ OK.

ActMn=T or C*((d - 0.5*a)/100)

Act Mn=As* Fy *((d- 0.5*a)/100)= 6.16*4.2((19.1 — 0.5*2.48)/100)
Actual Mn = 4.62 Ton.m.

Actua Mn > Mnreq

4.62> 4.15 OK.

Check Minimum Distance Between bars :

Minimum Distance = the larger of

db=14mm

or 25mm

Distance = b -2*cover - #bars *db -2* @ stirrup/#of spaces

Distance= 600 -2*40 - 4 *14-2*  [3= 148mm
25mm<Distance=148mm its ok



2-Design of spans [2]:
Mu = 25.5KN/m
Mn = 25.5/.9 =28.33 KN/m

M_ 28.33" 10*
=0 = =12.67|Kg/cm?
R bd? 60" 19.3? ( g )

& / 0
0 85fc' él' i :
Cg
“oqe |
_ 0.85" 24 & 1. 271267 0 _000312
420 é 0.85" 240

r reqg<r min
0.00312<0.00333
As =r xbxd

As =0.00333% (60) x (19.3) = 3.85 cm?.

Select 3d14 mm
As provided = 4.62 cm?2.

Check: yielding of tension steel.
a=Asfy /0.85*fc* b =4.62* 420/0.85* 24* 50

a=19cm
Actual x=a/pf=19/0.85=224cm.
0.003 _ €s+0.003 0.003 _ €s+0.003

c 191 224 191

£s=0.0226 > ¢ Y= 0.0021
\' Tension steel is yielding\ OK.
Act Mn=T or C *((d - 0.5*a)/100)



Act Mn=As* Fy *((d- 0.5*a)/100)= 4.62*4.2((19.1 - 0.5*1.9)/100)
Actual Mn = 3.52 Ton.m.

Actua Mn > Mnreq

3.52>3.311 OK.

Check Minimum Distance Between bars :

Minimum Distance = the larger of

db=14mm

or 25mm

Distance = b -2*cover - #bars*db -2* ® stirrup/#of spaces

Distance = 600 -2*40 - 3 *14-2* 8/2=231mm
25mm<Distance=231mm its ok

3-Design of spans [3]:
Mu =10
Mn=10/.9=11.11 KN/m

M_ 11.11° 10*
=—L= = 4.97\Kg/cm?
R, bd? 60" 19.3? ( g )

O 85fc' B:BL i
é \/ 0. 85 fc' 5
‘o4 |
= M 1_ 1 ﬂ 0_0012
420 é 0.85" 240 ; o

r reqg<r min
0.0012<0.00333
As =r xbxd

A's =0.00333x (60) x (19.3) = 3.85cm?.



Select 3d14 mm
As provided = 4.62 cm?2.

Check: yielding of tension steel.
a=Asfy /0.85*fc* b =4.62* 420/0.85* 24* 50

a=19cm
Actual x=a/pf=19/0.85=224cm.
0.003 _ Es+0.003 0.003 _ 6&s+0.003
C 191 7 2.24 19.1

£s=0.0226 > £ Y= 0.0021

\' Tension steel is yielding\ OK.

Act Mn=T or C *((d - 0.5*a)/100)

Act Mn=As* Fy *((d- 0.5*8)/100)= 4.62*4.2((19.1 - 0.5*1.9)/100)
Actual Mn = 3.52 Ton.m.

Actua Mn>Mnreq

3.52>3.311 OK.

Check Minimum Distance Between bars :

Minimum Distance = the larger of

db=14mm

or 25mm

Distance = b -2* cover - #bars*db -2* ® stirrup/#of spaces

Distance = 600 -2*40 - 3 *14-2* 10/2= 229 mm
25mm<Distance=229 mm its ok



4.3.3 Negative Moment:

1-Design of Support [b]:
Mu =60.9 KN/m
Mn = 60.9/.9 =67.67KN/m

M, 6767 10°
bd?> 60" 19.3?

R, = =3027(Kg/ cn?)

i 5] 0
0.85fc - 2R, g
fy é 0.85fc' P

x
_085" 24 [ 2730270 0
420 é 0.85" 2405

r mn<r reg<r max

0.00333<0.00784<0.0177
As=r xbxd

r =

A's = 0.00784x (60) x (19.3) = 9.08 cm?.

Select 6 14 mm
As provided = 9.236cm2,

Check: yielding of tension steel.
a=Asfy /0.85*fc™* b =9.236* 420/0.85* 24* 60

a=3.169cm
Actual x=a/p=3.169/0.85=3.728cm .
0.003 _ €s+0.003 0.003 _ €s+0.003

c 191 3728 191

£s=0.0123> £¥=0.0021
\' Tension steel is yielding\ OK.



Act Mn=T or C *((d - 0.5*a)/100)

Act Mn=As* Fy *((d- 0.5*a)/100)= 9.236*4.2((19.1 - 0.5*3.169)/100)
Actual Mn =6.79 Ton.m.

Actua Mn > Mnreq

6.79> 6.767 OK.

Check Minimum Distance Between bars :

Minimum Distance = the larger of

db=14mm

or 25mm

Distance = b -2* cover - #bars*db -2* ® stirrup/#of spaces

Distance = 600 -2*40 - 6 *14-2* 8/5= 84mm
25mm<Distance=84mm its ok

2-Design of Support [c]:
Mu =35.5KN/m
Mn = 35.5/.9 =39.44 KN/m

M 39.11° 10*
=—"n = =17.5(Kg/cm?
R, bd? 60" 19.3 ( Y )

" O85fcae /
O85ch
b5 ) f
085 24 2’ 175 —000436
420 é 085 240,2,

r mn<r reg<r max

0.00333<0.00436<0.0177
As=r xbxd




A's =0.00436x (60) x (19.3) = 5.05cm?.

Select 4014 mm
As provided = 6.157 cm2,

Check: yielding of tension steel.
a=Asfy /0.85*fc* b =4.62* 420/0.85* 24* 50

a=1.9cm
Actual x=a/[B=1.9/0.85=2.24cm.
0.003 _ Es+0.003 0.003 _ €s+0.003
C 191 7 2.24 19.1

£s=0.0226 > £¢Y=0.0021

\' Tension steel is yielding\ OK.

Act Mn=T or C *((d - 0.5*a)/100)

Act Mn=As* Fy *((d- 0.5*a)/100)= 4.62*4.2((19.1 - 0.5*1.9)/100)
Actual Mn = 3.52 Ton.m.

Actua Mn > Mnreq

3.52> 2.967 OK.

Check Minimum Distance Between bars :

Minimum Distance = the larger of

db=14mm

or 25mm

Distance = b -2* cover - #bars*db -2* ® stirrup/#of spaces

Distance = 600 -2*40 - 4 *14-2* 10/3= 148 mm
25mm<Distance=148 mm <500 its ok



4.3.4 Design for shear:

The following figure shows the envelop of shear stress, of the beam (B7), in thefirst
floor.

-82.7

region (A) region (B) region (C)

Fig (4.3.3) Shear diagram

For region (A):-
V, =82.7KN =8.72 ton asshown
V, @ Critical point = 65.2KN.= 6.52 ton

Note: - critical point occurs at distance ( d =19.3 cm ) from the face of support ,

2/ fceto &/240 5
FV, =0.756% bd =075 2% 160)(19.9E 2 2 = 9.455 ton.
p 6 2 21000 g
1

SFVe =4.7270n.

FV,=7.01>Vu=6.52> %FVC =4.727

Ash=25cm according to (ACI-11.5.5.1). Section (c) No shear reinforcement
required
We must put stirrup to tape the longitudinal reinforcement
Use @ 10 mm @ 20cm.
NO of stirrup =17 stirrup



For region (B):-
V, =76 KN =7.6 ton asshown

V, @ Critical point = 58.4KN=5.84 ton
V, =82.7 KN =8.72 ton asshown
V, @ Critical point = 65.2KN.= 6.52 ton

Note: - critical point occurs at distance ( d =19.3 cm ) from the face of support ,

2/ fcto &/240 5
FV. =075 *hd :0.75§ﬁ160)(19.3)89£9 = 9.455 ton.
6 p 6 2 21000 g

%F V, = 4.727ton.

FV,=7.01>Vu=5.84> %FVC =4.727

Ash=25cm according to (ACI-11.5.5.1). Section (c) No shear reinforcement
required
We must put stirrup to tape the longitudinal reinforcement
Use @ 10 mm @ 20cm.
NO of stirrup =18stirrup

For region (C):-
V, =54.5KN =545 ton asshown

V, @ Critical point = 37TKN= 3.7 ton
V, =82.7 KN =8.72 ton asshown
V, @ Critical point = 65.2KN.= 6.52 ton

Note: - critical point occurs at distance (d =19.3 cm) from the face of support , FV,

210 o

&8/ fco &/24
= 0.756 " *hd =o.75éﬁ160)(19.3)9—+ = 9.455 ton.
: 6 &1000 g

2



%F V, =4.727on.

Vu=37 <%FVC =4.727

Ash=25cm according to (ACI-11.5.5.1). Section (c) No shear reinforcement
required
We must put stirrup to tape the longitudinal reinforcement
Use ® 10 mm @ 20cm.
NO of stirrup =8 stirrup



4.3.5Deflection Limitation:
as ACI — 318 — Code-2002
the value of Deflection should not exceed L/480

Fig (4.3.4) Deflection diagram

For span 1:

By Atir software. We find two value of Deflection
L=4.00m = 4000 mm

The ValueisL/799= 4000/799= 5.0 mm

This value should not exceed

4000/480 = 8.33 mm

5.0mMm<833mm ..... OK

For span 2:

By Atir software. We find two value of Deflection
L=4.11m =4110 mm

TheVaueis L/1683=4110/1683= 2.44 mm

This value should not exceed

4110/480 = 8.56 mm

2.44 mm < 8.56 mm

For span 3:

By Atir software. We find two value of Deflection
L=2.33m =2330 mm

The Vaueis L/10244= 2330/10244= 0.227mm
This value should not exceed



2330/480 = 4.85 mm

0.227 mm < 4.85 mm
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Fig (4.3.5)Detailing of beam B7




Table (4.2) Beams:

positive steel negative steel stirrups
Span peam Diameter Diameter | Number | Diameter
Length Width Number of Bar- Number of Bar- of of stirrup spacing
of Bars of Bars ] (cm)
mm mm stirrup mm

Bl 411 50 3 14 2 14 1 8 20
B2 411 70 8 14 3 14 1 8 20
B3 4.0 50 3 14 2 14 1 8 20
- - - 4 14 1 8 20
411 50 3 14 2 14 1 8 20
B4 2.33 50 3 14 2 14 1 8 20
BS 4 40 2 14 2 14 1 8 20
B6 4 40 2 14 2 14 1 8 20
25 50 3 14 2 14 1 8 20
B7 4 60 4 14 2 14 1 8 20
- - - 6 14 1 8 20
411 60 3 14 14 1 8 20
- - - 1 8 20
2.33 60 3 14 2 14 1 8 20
B8 2.85 40 2 14 2 2 1 8 20
B9 3.9 50 3 14 14 1 8 20
- 50 - - 5 14 1 8 20
3.6 50 3 14 2 14 1 8 20
B10 3.95 40 2 14 2 14 1 8 20
Bll 3.95 40 2 14 2 14 1 8 20
B12 3.9 80 5 14 2 14 1 8 20
80 - - 3 14 1 8 20
2.6 - - 8 1 8 20
5.2 80 7 14 1 8 20
B13 3.85 50 3 14 14 1 8 20
- - - 1 8 20




20
20
20
20
20

14
14
14
14
14

50
40

40

50
40

3.6

2.00
4.00
5.11
4.00

B14
B15
B16
B17




4.4 Design of Columns:
4.4.1 Column (C-6) Interior column to ground floor:

Fig(4.4.1): Cross section of column

Structural design of column will be for fourth floors.

Total load on column = load from beam + weight of column

Load from beam = 15.14 ton

fce= "1 p 240= 1214
A A

A=0.063 n?

Let d=2bP A=2b* =0.063
Assume b=20cm, d=40cm
Let A= 20*40=800 cm?

Total load on column=[15.14 + (1.2¥0.2*0.4*3*2.5)]*4

Total load on column=63.44 ton

1. Design of the longitudinal reinforcement:

In nonsway frames or braced frames it shall be permitted to ignore slenderness
effects for compression members that satisfy:

K™ £ [34- 12(M1M2)=22]........... (ACI-10.12.2)

Where MI/M2=+1



Where M1 isthe smaller and M2 the larger of end moments on the member,
And[34-12(M1/M 2)] <40

Type of column: "tied column”.

Pu =63.44ton.

Assume pg=0.02.

Required Pn = Pu/@ = 63.44/0.65 =97.6ton.

Pn (max) =0.8* Ag[ 0.85(fc’) +pq (fy-0.85*fc’)]

97.6ton =0.8* Ag [0.85(0.24) +0.02 (4.2-0.85*0.24)]

Required Ag = 429.7cm?.

Use 40cm* 20cm.

Ag= 800 cm?

1 xhh3
r:\/I = |27 _4288h»0.3h
A\ bh

r=0.3*0.2=0.06
L=3m, K=1

k* tu :i =50>22
r 0.06
Thus slenderness effects must be considered.

Mc=dns* M2, min........ (ACI-10.12.3)

Cm
= — 3
dns =) 10

" 0.75Pc

PRl
(K * u)
_0.4Ec* Ig
1+bd

Pc=

El

Cm:O.6+O.4ms 04, m=1I2> cm=1.0
M2 M2

For members with transverse loads between supports.......... (ACI-10.12.3.1)



m—1I:> cn=1.0
M2

The factored moment M 2shall not be taken less than:
M 2, min=Pu (15 + 0.03h) ..... (ACI-10.12.3.2)

Not e,min=(15+0.03h)

e used for design= dns* e, min

For normal weight concrete, Ec shall be permitted to be taken as :
_ 4700\ fct_ 4700424

= 230.3ton/ cm?
100 100
3 * 3
|g = ﬁ:M = 26666. 7cm
12 12
61.7

bd =——=0.973
63.44

_ 0.4Ec* g _ 0.4* 230.3* 26666.7

- =1245076.7ton.cm?
1+ bd 1+0.973

El=1245076.7ton.cm?

2 %
_Pp 1245036.7 — 136.6t0n
(1* 300)
_ 1 _
dns = - B 2.6
0.75*136.6

M 2, min = 63.44(15 + 0.03* 200) =1332.2ton.mm
Mc = 2.6*1332.2 = 3463.7ton.mm

e—%—@—MGmm 5.5cm

u
fc¢ rg*Fy 3

+
309559+118 G :Q——+1u
&gx ehg gegehe g

é
¢
Pn= AgA



Assume ®20 in main reinforcement:

04

é u
é * a
a 0.24 N 0.02* 4.2 i
ée 3 @5.5(_)_'_ &2 @®.506, .U
a
u

e S @0, 22 @00, 4L
€20.70° £ 20 g 045820

Ag=820.2 cm?

Select 20* 45=900 cm?

Ag=900 cm?

Pu=[15.14 + (1.2*0.20*0.45 *3*2.5)]*4
Pu= 63.8ton

bd = 621_ 0.973
63.8

£l = 0.4Ec* Ig _ 0.4* 230.3* 26666.7
1+ bd 1+0.973

El=1245076.7ton.cm?

o= P *1245076.7

,— =136.6ton
(1* 300)
_ 1 _
dns = _ 638 =27
0.75*136.6

M 2, min = 63.8(15 + 0.03* 200) =1339.8 ton.mm
Mc = 2.7*1339.8 = 3617.5ton.mm

(Approximate formula)

=1245076.7ton.cm?



(f: u
é * a
98.2 = AgA 0.24 . 00242 o
3 &®.70 1118 aeiiieél9+lu
er 10 R0y T 04820y U
Ag= 839.3cm?
So Ag= 900 cm?

Determination of required py:

é u
"-‘90 702 2?920 s e gﬁézioylﬂ
rg =0.016
Required As = py* Ag= 0.016* 900= 14.4cn’.
Use “8@ 16"
As = 16.08c’.

2. Design of the tie reinforcement:
Use @ 10 ties.
Spacing < 16*d, (Longitudinal bar diameter) = 16 * 1.6= 25.6cm
48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.
Least dimension of the column =20 cm
Use"2 @ 10" ties @ 20 cm spacing.
Use 20cm* 45cm with 8 @16 bars With @10 ties @ 20cm spacing.



Table (4.3) Columns:

total load Minimum vertical
floor column .
(ton) column | reinforcement

dimension _ ) ) _
for fourth onlEpEbpE  no. of | size | size | spacing
No. no. (cm)
floor (cm) bar (mm) | (mm) | (cm)

Cl1l | ground 8 5*15 20*40 8 14 10 20
C2 | ground 18.32 10*20 20*40 8 14 10 20
C3 | ground 7.56 5*15 20*40 8 14 10 20
C4 | ground 23.7 10*20 20*40 8 14 10 20
C5 | ground 41 20*30 20*40 8 14 10 20
C6 | ground 63.8 20*45 20*45 8 16 10 20
C7 | ground 29.24 20*20 20*40 8 14 10 20
C8 | ground 19.44 10*20 20*100 10 16 10 20
C9 | ground 54 20*25 20*40 8 14 10 20
C10 | ground 24 15*15 20*40 8 14 10 20
C11 | ground 66.48 25*40 25*40 8 16 10 25
C12 | ground 50.48 20*30 20*40 8 14 10 20
C13 | ground 13.12 10*15 20*40 8 14 10 20
C14 | ground 36.68 20*20 20*40 8 14 10 20
C15 | ground 13.56 10*15 20*40 8 14 10 20
C16 | ground 32 15*25 20*40 8 14 10 20
C17 | ground 9.28 10*10 20*40 8 14 10 20
C18 | ground 9.28 10*10 20*40 8 14 10 20
C19 | ground 32 15*25 20*40 8 14 10 20
C20 roof 20.1 10*20 20*40 8 14 10 20
Cc21 roof 20.1 10*20 20*40 8 14 10 20




4.5 Design of footing :

Fig (4.5.1)Footing

Fl
Footing (#1) carrying column (#5) (40* 20).
serviceload =D + L =119.28

O =17KN/m3

Allowable soil pressure = 4.0 kg/cm?
Column = 40x20 cm?.
Estimate footing(1.5* 1.5) to be about 50 cm thick, in addition to about (10cm)

of plane concrete .



Back fill =H*ys*(W*L—(bc*wc))
=1*16*(1.5*1.5-0.4*0.2) =34.72 KN .

Weight of concrete footing = (weight of base footing ) + (weight of neck column)
=(0.6*25*1.5* 1.5+ (1* 25* 0.4* 0.2)
= 35.75kN

Weight of column = 0.2*0.4*25*3*4 = 24KN

Total weight = 81.91+ 34.72 + 35.75 +24 = 176.38 KN

Pu=12*DL +1.6*LL=1.2*176.38+1.6*13.37= 233.05 KN

4.5.1- Footing Area:

Area(A) = Total Weight / Soil Pressure

=11.928 t/ 40* 1.4 KN/m?
=0.213m°,
Use L=1.4mW=1.0m, A=14n?.

4.5.2- Depth based on shear strength:

Using section (A — A ) and letting FV, =V,
Pu =233.05KN A=14m?

__R _ 2305
" Area 14
Vu= (Pnet)(oneway shear areq) = 1.6646* (50 - d )*140 =(11652.2-233.04d)KN

FV,3V,

=166.46 KN/m?=16.646 t/m?= 1.6646 Kg/cm?

fVe = V Cuprg = 075 —"24*140*10*dreq = (11652.2-233.04d)

(857.32+233.04)d = 11652.2
dreq = 10.7cm



h= 10.7+8+2=20.71cm
sdect h=40cm
d=40-8-2=30

Critical section for

one way shear action% 140 ﬁ*

| 40 LB
20+d S

100 ——

R

40+d

' Critical section for
ne way shear action

Fig (4.5.2) Critical section for one way shear

4.5.3 Design footing against punching :
Using critical section (B-B-B-B) with d =30cm .
V, =P (W) (L)- (a+d)(b+d) )
= 2.3304 [(100)(140) — (40+30)(20+30)]/1000 = 24.47 ton
The punching shear strength is the smallest of:

1%? O\/> Gd =055

:%\/: %od =0.33y fﬁ)od .............. Control
b.=a/b=40/20 =2

a s =40 for interior column

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




= 2{ (40+30)+(20+30)} =240cm
V. = 0.331/24(2400)(300) = 1164KN =116.4 t
FV, =0.75*116.4 = 87.3t
FV, >V, = 87.3>24.47

No punching shear failure.

Check transfer of load at base of column:

FPn=F (0.85fctAg)

F Pn =0.7(0.85)(0.24)(20 * 40) = 114 .24 ton >23.305ton
\ Dowelsare not required for load transfer .

But use minimum reinforcement of dowels:

As=0.005* (40*20) = 4 cn?

Use4 @ 14 dowelswith As=6.16 cm?

Development Length (L, ):

Ld for @ 14:
L, = 4—20 d, :4—20' 1.4=30.0cm
424 424

But not less than :

Ld = (0.044)(420)(db) = 22.2cm .

Available embedment = 50 — 8(cover) — 2(1.6 footing bar) — (1.4) =37.4
37.4>30cm.......... OK



4.5.4Design for Bending Moment:

ao
Mu—g% W’ QE'EBﬂ 059_-55

=§i.3304' 100" B0 0% os@éio- 499100000 = 2.93 tonm

&2 2g5 2 g

_ Mn _ 3241 10°
bd?> 140" 302

O%mw 2R,
V O%ma
&
rma)(_085 24 [ 2725730 0o
20 § ' 085 240 2405,

r =0.000616< r , =0.002

= 2573 Kg/cm?

Reg. A, =0.002 (140) (30) = 8.4 cm”

Use 6 ® 14 A, =9.23cm? (In one way)
For the other way Mu = a% W’ ad__ E@ 5Q_- —x
g 2 Zgg e2 2@

=§i.3304' 140" L D% 580 200561 1onm

e 2 2 gg e 2 2@

Mn—w:@:zg ton
F 09
N
= Mn_29 10" _ 355 Kkg/em?
bd® 100" 30

085fca:9L_ 1- 2R, 9
é 085fc"
2 |
r max:—o'85 24 1- ./1- —2 3.22 =0.000773
420 g 0.85° 240g

r =0.00773< r, =0.002



Reg. A, =0.002(100) (30) =6.cm?

Use4 ® 14 A, =6.16 cm? (In one way)

Development Length (L, ):

Ld for & 14:
L= 2 b1 7d =2 17171 1.4=60.0cm
2424 2J24

Available embedment = (140 — 40)/2) - 8 = 112 cm
112 > 60.0cm.......... OK

F1
1:20

4414

[ ewe B4L2
#1020
e i 7414 l
1.4

4414

#10@20

0.4

< \

Section A-A Section B-B

I I =7 I
1 1

Bottom Reinforcement

Fig (4.5.3) Detailing of Footing




Table (4.4)Footing:

Footing Dimension

reinforcement

Footing _ _ No. of Bars | __
Type Length | Width | Height First | The Diameter
(cm) (cm) (cm) (cm)
way | other
F1 C4 17.81 140 100 40 6 4 14
F1 C5 23.305 | 140 100 40 6 4 14
F1 Cc7 19.522 | 140 100 40 6 4 14
F1 C10 17.914 | 140 100 40 6 4 14
F1 C12 26.073 | 140 100 40 6 4 14
F1 Ci13 14.635| 140 100 40 6 4 14
F1 Ci14 21.56 140 100 40 6 4 14
F1 Ci15 14.767 | 140 100 40 6 4 14
F1 Cil6 20.21 140 100 40 6 4 14
F1 C19 20.21 140 100 40 6 4 14
F2 C1 13.1 140 100 50 8 6 14
F2 Cc2 16.56 140 100 50 8 6 14
F2 C3 12.947 | 140 100 50 8 6 14
F2 C9 27.274 | 140 100 50 8 6 14
F2 C17 13.551 | 140 100 50 8 6 14
F2 C18 13.551 | 140 100 50 8 6 14
F3 C6 32.23 150 150 50 8 8 14
F4 C11 31.73 150 150 50 8 8 14
F5 C8 24.91 200 100 50 11 6 18




4.6 Design of Stairs:

Fig (4.6.1) stairs case plane

—h— —
e
S ayad
[ 'onerete
Plaster
T — Tile
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T, N ' ot
/ ALET
R o T o4 128 4

Fig (4.6.2) Cross section of stair.




tan a 2220.567 P a =295
30

h 3 L:ﬁ: 26 .8cm
20 20
Use h=25 cm
Dead load:
Tile
Mortar
(loncrete
/ Plaster

Fig (4.6.3) Cross section of stair

Tile=0.03 * 22 * 0.17 +0.04 * 22 * 03 1.4kN / m?
0.30 0.30

Mortar=0.03 * 23 + 0.03 * 23 * 8% =1.08kN /m?

Stair =25 * O'%: 2.13kN /m?
1

Concrete=0.25*25* — — =7 2kN / m?
cos 29.5



Plaster= 0.03 * 23 * # = 0.79kN / m?
cos 29.5

Total dead load = 12.6kn / m? = 1.26ton / m?
Liveload = 3.5 KN/m2............... (Table3.2)

Factored load = 1.2 *12.6+1.6*3.5= 20.7 kN /m?
qul=20.7 kN/m2

For ImstripP qul=20.7kN /m

qu 2:
IE'J.-‘ :
Morior
Sarof
{.onerete
Ploster
TRRIIKARKIE
vl ol ol s

Fig (4.6.4) Cross section

Tile=0.03*22=0.66 kN/m?
Mortar=0.03* 23=0.69 kN/m?
Sand=0.05*17=0.85 kN/m?



Concrete=0.25 * 25=6.25kN/nv?

Plaster= 0.03 * 23 = 0.69kN / m?

Total dead l0ad=9.14 kN/m?

Liveload=3.5 kKN/nm?

Factored load =1.2*9.14+1.6* 3.5=16.6 kN/m?
For Imstripbp qu2 =16.6kN /m

qu 3:

Tile
Mortar
(‘oncrete
R Plaster
.:":; N
&:,_%H:/) f>=, - I . I
SRAHAAK XA K

Fig (4.6.5) Cross section

Tile=0.03*22=0.66 kN/m?2

Mortar=0.03* 23=0.69 kN/m?

Concrete=0.25 *25=6.25 kN/m?

Plaster= 0.03 * 23 = 0.69kN / m?

Total dead |0ad=8.29 kN/m?

Liveload=3.5 kKN/nm?

Factored load =1.2*8.29+1.6* 3.5=15.5 kN/m?



For ImstripP qu3 =15.5kN /m
Internal forces:

2 166 Jina AT B

=upr
[
i
)

=
ed
=

b
s
=

Ay-45.2 KN
) q1=20.7 kNim
§2=16.6 kiNim l l l 1 J 1 l g3-15.5 Idim
grae ANy (T
By 462 kN Ay-45.1 kN
. _— ' 24 : 128

I 1 Ll 1

Fig (4.6.6): The loads and reactions of the stair

452 KN

. 128
254 KN =l
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Fig (4.6.7): The envelope of shear and moment




Design of positive moment:

Mu = 60.7 KN.m
Mn =60.7/0.9 =67.4 KN.m
m fy 420 =20.6

~0.85fct 0.85*24
Assume F12 b d=h- 2- 0.6 = 25- 2.6 = 22.4cm

Select d=22 cm

6
N an _ 67 .4(10 ) _1.4mpa
bd (1000 )( 220 )

2 * * 0
_ 1 él' \/ 2*20.6*1.4 2 0.0035
420 p

r =0.0035
As-req = 0.0035 (100) (22) =7.7 cm?/m

bw * d o1 4% bw * d
fy

. 100 * 22 100 * 22
Asmin =0.25~+/24 * ——————— >1 4* —
420 420

Asmin=0.25 ./ fc¢*

=6.4 cm?/m< 7.3 cm?/m
Asmin=7.3 cm?m
Asreg>Asmin>pb 7.7 > 7.3 cm#m
Asreq =7.7 cm?m

Sdect 8F12/mb As = 9.05cm ?/m



Shear Design:
Vu=452KN

f *Vc :O.75*%* 4/ fc¢* bw * d

f *Vc =0.75* %* v24 *1000 * 220 =134 .7kN

f *Vc =134 .7kn >Vu = 45 .2kn

1347

%f*VC— = 67.4 >Vu = 45.2kn

No shear reinforcement is required

Shrinkage and Temperature reinforcement:

FY=420pb r =0.0018 ......... (ACI-7.12.2.1).
As =1 *b*h

As= 0.0018* 100* 25= 4.5 cm?m

Select IF12 @ 20cm P As = 5.7cm ?/m

Development length (Ld):

Ld= fy a*b~* *db=&*1*1*1*1.2=51.4cm
24/ fct¢ g 2 x /24
Ld =51.4cm b UselLd = 70cm

min



Deflection Limitation:

AsACI - 318 — Code-2002:

The value of Deflection should not exceed L/480

By Atir software. We find value of Deflection P L /565

L=5.36m = 5360 mm

L/565= 5360/565 = 9.5 mm

This value should not exceed

5360/480 = 11.2mm

95mm<112mm..... Ok



4.7 Shear wall design:
4.7.1 General definitions:

The horizontal force on shear wall according to UBC is given by:
_1.Cv

v=—"W
BT W (1)
2.5Ca .l
VvV = W
R W 2)
v=0.1C .IW ............3)

The value of V that taken is the smaller value of values from equation (1) & (2)
then the bigger value from equation (2) & ( 3) .

Where:
V: The design base shear
W: Total dead load of the building

R : Numerical coefficient depends on the structural System valuesof R for
concrete structure range from 4 to 12 .take R=5.5

Z: Seismic Zone factor, in Palestine =0.30

I Important coefficient = 1.0 depending upon occupancy category.

C , : Seismic response coefficient=0.45
C , : Seismic response coefficient=0.33

T =C,.(h,)%"



Where:  T=fundamental period.

C , =0.02 for all reinforced concrete buildings.

h , : Height of the structure above the base level

Thetotal design base shear V is distributed over the height of the

structure according to equation :

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

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

Where: w, = Portion of W at x.

h = Heighttox.

X

The design shear at any story V , , equalsthe sum of theforces, F, andF , above
that story.

Horizontal shear reinforcement spacing shall not exceed:




S, £ 3h
S, £ 500 mm

Note: S minimum value controls

rh(min )= 0.0025 ACI11.10.9.2

Vertical shear reinforcement spacing shall not exceed:

el
€3

I-O:

S, £

Q

S, £ 3h
S, £ 500 mm

Note: S minimum value controls

r n of vertical shear reinforcement shall not be less than :

rn(min )= 0.0025 +o.5§ez.5- TW %(rh- 0.0025 )

w g

Nor r n(min )= 0.0025 ....... ACI 11.10.9.4



4.7.2 Caculation of dead loads of the building:

1. Ground floor dead load :

-Slab dead load =92.2 ton

-Columns dead load:
18*(0.2*0.4* 3*2.5)+(0.25* 0.4* 3* 2.5)+(0.45* 0.2* 3* 2.5)+(0.2* 1* 3* 2.5)

Columns dead load =13.7 ton

-External walls dead load:

External walls dead 10ad=188.97*0.3*2.5=141.7 ton

Ground floor dead |0ad=92.2+13.7+141.7= 247.6 ton

Because Structural design will be for 4 floorsP  Total dead load of building =
4*247.6 =990 ton

4.7.3 Calculation of shear forces on shear wall

T =C,.(h,)**
T =0.02 (12 )%* = 0.129 Seconds
V = 0.4 "1 * 990 = 627 .9ton
5.5* 0.129
VvV = 2.5"0.3 *1*990 = 148 .5ton
5.5
V = 0.11 * 0.33 *1* 990 = 36 ton



V=148.5 ton..

F, =0.07 *0.129*148.5 =1.34 ton

control

Force acts on every floor are determined by:

Fp- (148 5-13)M8 _ ., L. -

7425
E 2 (148 .5 - 1.34 )1485 _ o ..

7425
Fg- (148 5-1.3)28 _ , , -

7425
Fg4 - (148 5-1.3)2070 _ o o,

7425
FLOOR height story wx.hx lateral force story shear
Level hx (m) weight (ton.m) fx (ton) a fx (ton )

wx (ton)
4 12 247.5 2970 58.9+1.34=60.2 | 60.2
3 9 247.5 2228 44.2 104.4
2 6 247.5 1485 29.4 133.8
3 247.5 743 14.7 148.5

Total 990 7425
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Fig.(4.7.3) : vertical detail for shear wall

Wall B

Fig.(4.7.4) : Main stair shear wall




4.7.4 Main stairs shear wall design

Shear wall (B) design:

Horizonta reinforcement:

fct= 24 MPa

Fy=420 MPa

Assume h=20 cm. shear wall thickness

Lw=2.9 m. shear wall width

hw=3.0 m. story height

Vu=148.5ton

VNn=148.5/0.85=174.7 ton

d=0.8*Lw=0.8*2.9=2.32 m

ve = N1C% g

6
Ve = —”24* 200 * 2320 = 378 .9KN
Vs =Vn - Vc

Vs =1747 - 378 .9 =1368 KN



Avh Vs 1368
req . = =

.= = =0.0014 m=0.14 cm
S, fy *d 420 * 2320
AN in = 0.0025 *h=0.005 *20 = 0.05cm
Avh Avh
>

mn b 0.14 > 0.05.
S,

Maximum horizontal spacing (S2):

—— =580 mm
5

s, = lw _ 2.9
5
S, =3*h=3*20cm = 600 mm

S, =500 mm ... control

use 2F 12 = 2.26 cm ?

AV _ 2.26

= =0.15cm > 0.14 cm .
S, 15

\ use 2F 12 @ 15 cm

Vertical reinforcement:

r . =[0.0025 + 0.5(2.5- :jL)(rh - 0.0025 )]
W




ro.=-———=17.5"1 3

15 * 20
lmn = [0.0025 + 0.5(2.5 - 20

' 290
I mn = 0.0086
Sl = LL_ ﬂ: 967 mMm

3
S, =3*h=3*20cm =600 mm
S, =500 mm ... control

use F12 @ 10 cm b As =11 .3cm

As,, =T .., h*Db

&

As = %= 8.6cm ? At each side

As =11 .3cm ? > As

Av

Av 2*1.13

mn .= 0.0025 * 20 = 0.05 cm

)7

.57

/ m

0.0086 * 20 *100 =17 .2cm?

= =0.226 cm > 0.05cm 2

S, 10

10

-3

- 0.0025

)]



Design of moment:

AS vertical

F12 @ 10 cm

AS i =2%1.13* 20 _ 65 540m?
10

z 1
Lw 2_'_0.85b*fC¢*LW*h
As * fy
Z 1
= = 0.177
Lw 54 0.85 *0.85 * 24 * 2000 * 200
6554 * 420
Mu = F (0.5* AS * fy * Lw * (1- —2—))
Lw
Mu = 0.9* 0.5 * 6554 * 420 * 2900 * (1 - 0.177 ) = 2956 KN .m
(Muatwal B) Mu = 13407 KN .m
Mu = 13407 - 2956 = 10451 KN .m
Ag = Mu /F
fy (Lw - Cw )
* 6
_ (10451 /0.9)*10° _ .

420 (2900 - 600 )

Ast=120+2.26=122.2 cm?

12F 36 b As =122 .2cm ? Seect



4.8 Designs the Base of Shear Wall:-

R B e W A R e e e

.
e R e e |

Fig (4.8.1): Base of shear wall.

Determination of loads:-

Loads from stairs:-

- Total dead load of stairs =3 t/m?

- Total areaof stairs =12.5m.

- Total dead load =3*125=37.5t.

- dividing by shear wall length = 37. 5t/ 5> 7.5 t/m

- Total live load of stairs =0.35t/m?
- Totd liveload =0.35* 12.5=4.375t.
- dividing by shear wall length = 4.375t/ 5 > 0.875t/m

Ribs reaction on the shear wall and beam weight:-

- Total dead load = 4.33 t.

- Totd liveload = 0.35t.



Loads from shear wall:-

- Total dead load of shear wall = b* h*2.4
=13.7*0.2*25=6.85t/m

self weight :-
Assume base depth to be 30 cm & width = 60 cm.

-Weight of concrete base = 0.6* 0.3* 2.5 =0 .45 ton/m

- Total Service dead load = 7.5+ 4.33+ 6.85 + 0.45=19.13 t/m
- Total Service live load =1.23

- (D+L) service = 20.36 t/m.

- Pu (factored) = 24.9 t/m.

Footing width = Service Load / (B/C)

_ 20.36ton/ m —051m

40ton/ m?
Select 60 cm width of strip footing.
g net factored = Pu/Area
= (24.9 ton/m)/ (0.6m) (1m) = 41.5 ton/m for | m wide strip

Depth calculation to satisfy shear strength:

Vu = dVce
(qnet)gemdth- Wa;IIthlckness_ dgzé' 0.85\/E¢“ bw’ d
e 7]



(415)8@62029_1 0.85/24" 600 d
e a

d=0.20m=20cm

\ Takeh =30 cm as assumed
dact=30-8-1.2-0.6 =20.2cm

Reinforcement for flexure:

_ asvidth - Wallthlckneﬁso &, width- Wallthlckn%so
Mu = (anet) ¢,
2 g &2 2 2

Mu= (4158200 020 &, 060- 020 _ g3 490 m,

e2ﬂ822@

_ Mn _ 927 10°
bd®> 600" 202

=0.38 mpa

§1 \/1- M - 0,0009<0.0018
206 5
As req = (0.0018)(100)(20.20) = 3.64cm? /m.

Usedd 12/m, As= 4.52 cm3m

In the other direction provide shrinkage and temperature reinforcement
As=p (b) (H)

=0.0018 (60) (30)

=3.24 cn?
Use4 ®12 = 4.52 cm?



Check Development length:

Ld for ®12:

Ld=—"Y_ abl db? 30cm

2,/ fct

420 _
L= Vo D)@ @)(L.2) = 51.4cm >30cm.

60- 20

Available embedment = - 8cover =12 <51.4cm

Standard 90° hook should be used.
Inside diameter of bent =6 db = (6) (1.2) =7.2cm
Straight extension = 12 db = (12) (1.2) = 14.4cm



4.9 Solid slab:

Concrete slab may in some cases directly by columns , without the use of beams or
girders . such slab are describe as flat plates and are commonly used where spans are
not large and loads not particularly heavy .flat slab construction is also beamless.

Dead load :

Let h=20cm
Tiles=(0.03) 2200=66 Kg/ m?

Coarse sand fill = (0.07) 1700=119 Kg/ n?

Mortar = (0.03) 2300 =69 Kg/ m?

Concrete =(0.2) 2500 =500 Kg/ m?

Plaster = (0.03) 2300 =69 Kg/ n?

Partitions (6= 0.10m)=1 Kg/m?

Total dead load = 66 + 119 + 69 + 500 + 69 + 125 = 948 Kg/ m? = 9.48 KN/m?
Live dead load = 200 Kg/m? =2 KN/m?

The design of solid slab well done by Atir soft wire
Minh=1/28=336/28=12cm

Select h =15 cm

4.5.3 Check against punching :
Using critical section (B-B-B-B) with d =30cm .
V, =P (W) (L)- (@+d)(b+d) )
= 1.54[(100)(100) - (40+12)(20+12)]/1000 = 12.84 ton
The punching shear strength is the smallest of:



V, = % \/Zcbod =0.33 fﬁ)od .............. Control

b.=a/b=40/20 =2

a ¢ =40 for interior column

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(40+12)+(20+12)} =168cm

V. = 0.33./24(1680)(120) = 1075.53KN =107.52 t

FV, =0.75*107.52= 80.64t

FV,>V, = 80.64>1284

No punching shear failure.



Atir program give us those result
Moment in X direction for Ground floor :

Moment in Y direction for Ground floor :




Ground floor:

Reinforcement (-2Z) :

Maximum reinforcement by Atir program(as shown below ) is 19.1cm2in X
direction and 9.55cm?in y direction so we used #10 per 8cm for X direction and
9.55cmzfor y direction so we used #10 per 5cm

Reinforcement X direction ( -Z)




Reinforcement Y Direction (-Z)

Reinforcement X direction ( +2)




Reinforcement Y Direction (+2)

For roof floor:
Moment X direction




Moment in y direction :




Reinforcement X direction ( -Z)

Reinforcement Y direction ( -Z)




Reinforcement X direction (+Z)

e cef

Reinforcement Y direction (+2):
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
(ACI 318M-02) AND COMMENTARY CODE (ACI 318M-02).

2. Design of Concrete Structures, Arthur H.Nilson , Twelfth Edition.

3. Uniform-Building-code-volume-2-1997.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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