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Abstract

Structural Design and Details of a municipality

This project idea is the work of structural design and construction all the
details necessary for the Municipality of multi-storey consists of 4 floors,
including the ground floor.

This project consists of three blocks architectural multi-use It has a lot of
events and services that people need and the citizens of the municipality,
and has designed this building with the latest architectural styles, in
addition to containing the comforts and safety also designed the vicinity
of the building so that it contains the ratio required of green space and
parking, it is also these blocks contain a number of inclusions to move
from one level to another comfortably and facilitates the movement and
put elevators to serve all users of the municipality.

This building is a concrete gunman was designed in accordance with the
Code American Concrete, in addition to the presence of structural metal
"trusses" The project includes full details of the analysis weights vertical
and horizontal, and then distributed to the structural elements of
horizontal and vertical, and then analyzes construction of each item, and
then complete design by code of practice.
Project Team:
Atef Milhem Adli Fatafta

Khalid Qabaja Nader jafreh

Supervisor: Dr. maher amro
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As' = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = compression resultant of concrete section.

Cs= compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc = compression strength 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,

Xi



measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

eLL =live loads.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

¢ S = Spacing of shear in direction parallel to longitudinal reinforcement.

e VVc =nominal shear strength provided by concrete.

¢ V/n = nominal shear stress.

¢ \/s = nominal shear strength provided by shear reinforcement.

¢ \/u = factored shear force at section.

e Woc = weight of concrete.

o W = width of beam or rib.

¢ \Wu = factored load per unit area.

e ® = strength reduction factor.

e & = compression strain of concrete = 0.003.
e & = strain of tension steel.

e &5 = strain of compression steel.

e p =ratio of steel area .
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Chapter Four (4)

Structural Analysis and Design
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Design Two way rib slab (R26)
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Design of Shear wall
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4.1: Introduction:

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of

ACI-code.

NOTE:
* Concrete B300  ................ {f: =24 N/mm? (MPa) }.

* The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}.

4 .2 : Factored Loads.

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

members, is determined as follows:

Qu=12DL+16LL ACI - 318 - 05
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4.3 Determination of Thickness of Slabs:

4.3.1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):
-The maximum span length for one- end continuous (for ribs) :
L 5790

Amin = —— = —— = 312.97mm
18.5 18.5

-The maximum span length for both -end continuous (for ribs ):
L 6050

hmin = Z = ? = 288.095mm

Take slab thickness h=320 mm > 312.97mm.
h =32 cm (24cm Hollow block + 8cm Topping).
4.4 Topping Design:

4.4.1 Design of Topping for Ribbed Slab:
Topping in one way ribbed slab can be considered as a strip of 1 meter width and
span of hollow block length with both end fixed in the ribs.

Table 4.1 ( Dead load calculation for topping)

Dead load from: O*y*1 KN/m
Tiles 0.03*23*1 0.69
mortar 0.03*22*1 0.66
Coarse sand 0.07*17*1 1.19
topping 0.08*25*1 2
partitions 2.38*1 2.38
> | 6.92

Live load calculation=5*1=5 KN/m

Total factor load:
Wu =(1.2*6.92) + (1.6 *5) =16.304 KN/m

—> For a one meter strip Wu = 16.304 KN/m

Assume slab fixed at supported points (ribs):

x12 16.304x0.42 .
Mu = sz = = 0.217 KN.m/m of strip widith.

®dMn > Mu-strength condition ,

where ®=0.55-for plain concrete.
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Mn - =0.42% [f! « S ACI-318-05

Where S for rectangular section of the slab:
2 %802
m = 2o = T = 1066666.67mm”.

Mn = 0.42* /24 *1066666.67*10° = 2.195 KN.m
® Mn = 0.55 * 2.195= 1.207 KN.m

Fig. (4-1) Toping of slab
® Mn =1.207 KN.m > > Mu = 0.2174 KN.m

* No reinforcement is required by analysis. Provide As, min for slabs as shrinkage and

temperature reinforcement.
Pshrinkage =0.0018 b.h ACI-318-05
As=p*Db*t=0.0018 * 1000 * 80 = 144 mm?/m strip

Try ®8 with As =50.27mm?,
As _ 144

=———=2.87

As(I)B 50.27
Use 3®8/m with As=150.8mm?m strip or ®8@300mm in both direction .

Bar numbers n=

Step(s) is the smallest of :
1. 3h =3*80=240mm — control.
2. 450mm.

280 280

3. S=380 (? )-2.5Cc:380(§420

) — 2.5 % 20 = 330 mm.

280 280

S <380 (:2)=300(z
3

Take ®8@200mm in both directions. S = 200mm.

)=300mm.
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4.4:Load Calculation for Rib (3):
4.4.1: One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

One way rib slab Shrinkage & Temperatuer Bar's

Fig. (4-2) One way rib slab
The effective Flange width(be) is the smallest of :

In_ 4161-800)

(@) be< " "

=840.25mm.

where I, is taken here as the smallest clear span of the rib.

(b) be < bw +16*hs=120+16*80=1400mm .

(c) be <center to center spacing between adjacent beams
=400+120= 520 — control .

Take be =520mm.

Tiles 3 ¢cm

Mortar 3 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

R Concrete rib

Plaster 3 em

Fig. 4-3 (Typical section in rib slab)
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Table 4.2 :Dead load calculation for Rib (3)

No. material
Tile
Mortar
Sand
Topping
Rib
Block

Plaster

0 N o o B~ WO DN

partition

Live load calculations:
LL=5*0.52 =2.6 KN/m .

Dead load / rib: DL5.621 KN/m.
Live Load /rib: LL = 2.6 KN/m.

4.6 Design of Rib (3):

H*o
0.03*23*0.52
0.03*22*0.52
0.07*17*0.52
0.08*25*0.52
0.12*0.24*25

0.24*0.4*10
0.03*22*0.52
2.38*0.52

Y=

Kn/m
0.359
0.343
0.619

1.04

0.72

0.96
0.3432
1.2376

5.621 KN/m

Fig.(4-4) Rib location in part D .

36




By using ATIR program we get the envelope moment and shear diagram as the

follows:-
1 2 3 4 5
1 2 3 4
A A A ) A
04 454 08, 3.17 08, 5.25 08, 3.62 04
‘ 5.14 ‘ 3.97 ‘ 6.05 ‘ 4.22 ‘
I T T T 1
52.
8.
32.
12.
A-A

Fig. (4 - 5) Spans length and section of rib (3).

-33.1

6 116 b 08
14.
6.1 24.2
231 2.83 ‘ 1.99 1.99 \ 3.03 3.03 ‘ 253 1.69 \

Fig. (4 - 6) Moment diagram for rib (3)-(KN.m).




-33.2

-26. -24.4
-17.3

-27.8

-35.

-17.5
-12.5

18.9 174
23.9 24.6 25.7

32.9

23.7

30.9

Fig. (4 - 7) Shear diagram for rib (3 )-(KN).

4.6.1 Design of Rib(3) Positive Moment :

Assume bar diameter ®12 for main positive moment reinforcement .

d=h- cover—-d stirrups- dz—bz 320-20-10-6=384mm.

» Mu max positive for span = +26.1 kN.m

6
R.. M4 _ _ 261+107 - go1mpa
"= ®pd2 =~ 0.9+520+2842
_ fy _ 420

T 0.85%f]  0.85%24 = 20.588

1 [ _2Rem 1 L
p =50 wfl fy ) = 20588 1 \]1

=0.00168
As = p*b*d = 0.00168*(520) *(284) = 247.4mm?
*Check for As, min :

As min = 0.25 * Y « (b)) * (d)
(fy)

Asmin= 0252 « (120) * (284)=09.38 mm?.

1.4
As min = E (bw) (d)
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=2 (120) (284) =114 mm2 - control
420

A, =247.4mm?> A . =114 mm?

Sy min

Use 214 with As =308 mm? > Ag req = 247 mm?. -OK

* Check for Strain:

T 0.85%f!xb  0.85%24+520

a 12.2

085 O85—1435mm

= 0.003* (=5) = 0.003*

= 12.2mm

284-14.57
Oy

)= 0.0564 > 0.005
14.57

Ok...

4.6.2 Design of Negative Moment for (Rib 3):
The maximum negative moment at the face of support Mu =-21.7 KN.m

Assume bar diameter ®©12 for main negative moment reinforcement .
d: h- cover — dstirrups- %: 320-20-10-6=284mm.

m = 20 588

R _ _217+10° _ 249 MPa
”‘cpbd2 0.9%120%2842

b = ; (1— 1=y o 1 _(q_ \/1 _ 20249420588

fy 20.588 ( 420

=0.006343
As = p*b*d = 0.006343*(120) *(284) = 216.17mm?
*Check for As, min :

As min = 0.25 % 325 (bu) * () ACI-318 -05
Asmin = 0.25% « (120) * (284)=99.38 mm>

1.4
As min = E (bw) (d)

== (120) (284) =113.6 mm?” - control

A, =216.17mm? >A_ . =113.6 mm?

Sy min

Use 2012 with As =226.2 mm? > A req = 216.17mm? . -OK
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* Check for Strain:

- As*fjl, — 226.2x420 — 3881mm
0.85%f/*b  0.85%24%120
_a _3881
=085 085 mms ]
g5 = 0.003* (=) = 0.008* (*-——=)=0.0176 > 0.005 Ok...

4.6.3 Design of shear for rib (3):

ACI — 318 — Categories for shear design:
The maximum shear force at the distance d from the face of support
Vu max — -27.6 kN
Use ®8 with two legs
DV, = 0.75*(1.1)*%*\/7 *h,,*d = (1.1) *%*\/ﬂ *120*284*1073=22.96 KN.
Vs min 2116* fd *b,,*d = 1—16* 24 *120*284*10° = 10.435 KN

Vs min :g *p,,*d = § *120*284*103 = 11.36 KN ..... ... control .

@V =22.96 KN < Viymax = 27.6 KN < ®(V¢ + Vs min ) =0.75(30.61+11.36)=31.48

...control ....

Minimum shear reinforcement is required.
Assume ®8 @ 250 mm

1 \/Z*bw*s _1 V24 #120%250 2
A\ min —E* fyt —E* 220 =21.87mm?-.

Ay provided = 2*50= 100 mm? .
d _ 284
S < il =142mm ... control .. d<600 mm.

Select ®8 @ 140mm . < Smax =142mm
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4.7 : Design Of beam (16-B) :-

s

Beam (16)

Fig(4 -8 ) location of beam (B16 )
4.7.1 Load calculation of beam (16-B) :

The distribution Dead load and live loads acting upon the Beam2 can be difined

from the support reactions of the rib1 and rib 2 and rib 3

Dead load calculation :
From R1:

44.42

WL fromrib1 = E = 85.42 KN/m.

From R2:
WohL fromrib2 = 309—5125 =75.3 KN/m.
From R3:

40.

WL fromrib2 = 202 =77.31 KN/m.

0.52
RC beam = 0.55*25*0.8=7 KN/

on span 3

on span 2

onspan 1

Factor dead load = (7)*1.2 =8.4KN/m  onall span .

Live looad calculation :

From R1:
WLL fromrib 1B = % =52.7 KN/m.
From R2:
WL fromrib2 = % = 48.6 KN/m.

on span 3

on span 2
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From R3:

25.63

WoL fromrib3 = —— = 49.3 KN/m.  on span 1

From use atir program we find the envolop moment and shear diagram .

1 2 3 4
1 2 3
A - A - A
0,25 6.01 0.4 6.37 0.4 5.43 0.6
- 6.33 L 6.77 L 5.93 L
T T T 1
52.
80.
A-A

Fig.(4 —9) spans and section of beam (B16)

-641.9
i b -575.4
535.1 | -545.1 -482.9  -477.2
| 76 | 249 | | | 1. |
L | 1 l 1 | | 226|l 1 | [ |
11217 34 "T1.04 '
4rl 1.25 6
298.4
296 421.9
| 253 3.8 | 3.38 3.38 | 3.56 237 |

Fig. (4 - 10) Moment diagram for Beam (B16 )-(KN.m).

-548.1
_456.6 '476.2

-386.5 -355.5
-241.4

208.1
386. 406.6 415.
498.1 504.7

Fig. (4 - 11) Shear digram for Beam (B 16)-(KN.m).
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4.7.2: Design of positive moment for beam(B16) : Mu=496 KN.m for span 1

d=h- cover — dstimups- 2= 520 - 40 — 10 - 2 =460mm.

C=2d=2+460 =197.14

a= B * c = 0.85 * 197.14 = 167.6mm

Mnmax= 0.85* £ * a*b * (d - £) = 0.85 * 24*167.6 *B00*(460-
D =0.82

Mu=496 < ®Mn,__ = 0.82 *1029.03=843.78 KN.m

=7%)107¢ =1029.03

** Design all the section as singly reinforced concrete section .

R Mu _ 496.6+10° =326 MPa.
"Z®bd2  0.9¥800%4602

—lqo 1 2Remy 2+3.26%20.6
p =50 1 fy 206(1 \/ 20 )

=0.0085
As = p*b*d = 0.0085*(800) *(460) = 3126mm?
*Check for As, min :

As min = 0.25 % 25 x (bw) * (d) ACI-318 -05

Asmin= 0.25 % « (800) * (460)=1073.10 mm?.

_ 14
Asmin =7 (bw) (0

= (800) (460) =1226.66 mm’. - control

A, =3126mm?>A_ . =1226.66 mm’ OK..

Sy min

Asreq 3126

No. of bar = =
Apar P25~ 491

=6.37

Use 7425 in one layer with As =3437mm? > As eq = 3126 mm?. -OK

* Check for Strain:

Agx 3437%420
=— fJ,’ = = 88.45mm
0.85xf-*b 0.85%24x800
_a_8845
c —-ﬁ-— ()85 = . mm

460—104.06

£ = 0.003* (=) = 0.003* ( *2%)=0.01026 > 0.005 Ok..
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Positive moment  Mu= 298.4 KN.m for span 2
Mu 298.4x10°

Rn= DbdZ . 09+80074602 1.96 MPa.

S 11— 1o 2Remy B 251.96%20.6
p=nd 1 fy 206(1 \/ 20 )

=0.0049
As = p*b*d = 0.00491*(800) *(460) = 1807.6 mm?
*Check for As, min :

As min = 0.25 % 25 x (bw) * (d) ACI-318 -05

Asmin= 0.25 EZ;L « (800) * (460)=1073.10 mm?.
14
Asmin = (bw) (@)

:% (800) (460) =1226.66 mm?, - control

A, =1807.6 mm2>A_ . =1226.66 mm? OK..

Sy min

AS req 1807.6

Apgr @22 ~380.13 - 4.795

No. of bar =

\ Use 522 in one layer with A =1900.65mm? > Aseq = 1807.6 mm?. -OK

* Check for Strain:

As*fy  _1900.65%420

= > = = 46.20mm
0.85*f;*b  0.85%24%800
_a_4620__ .
Cc = ,3 = 0. 85 = . mm
460—54.35

£ = 0.003* (=5) = 0.003* (*=225)=0,0224> 0.005  Ok..

Posmve moment Mu=421.9 KN.m for span 3

421.9%10°
R, - = =2.77 MPa
n= cI>bd2 0.9%800%4602

_ 1. _ 2Rprm . _ 1 _ _ 2+2.77%20.6
p _m(1 1 fy ) 20.588 (1 \/1 420 )

=0.00711
As = p*b*d = 0.00711*(800) *(460) = 2618.26 mm?
*Check for As, min :

As min = 0.25 % 25+ (bw) * (d) ACI-318 -05
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Asmin= 0.25 2 + (800) * (460)=1073.10 mm.
_ 14
As min = 7>, (bw) (d)

:41'7[; (800) (460) =1226.66 mm?, - control

A, =2618.26 mm*>A_ . =1226.66 mm’ OK..

Sy min

Agreq 261826
Apar @25~ 491

No. of bar = =5.33

Use 6025 in one layer with A =2946 mm? > Ag req 2618.26 mm?. -OK

* Check for Strain:

As*fy _ 2946%420

= -— = = 75.82mm
0.85*f;*b 0.85%24%800
_a_7582_ ..
C—’B— 085 — 8% mm
460—89.2

£5 = 0.003* (=5) = 0.003* (*-""2)= 0.01247 > 0.005  Ok..

4.7.3 : Design of negative moments for beam (B16) Mu= (-545.1) KN.m
for support 2

Mu 545.1%10® _
R, - = = 3.6 MPa
"= ®bd2  0.9+800+4602

=l [ —Zwmy [y 2+3.6%206
p =5 1 fy 206(1 \/1 20 )

=0.0095
As = p*b*d 0.0095*(800) *(460) = 3496.5 mm?
*Check for As, min :

As min = 0.25 21 *(bw) (d) ACI-318 -05

Asmin= 025 Ezj « (800) * (460)=1073.10 mm?.
1.4
As min = F (bw) (d)

As E (800) (460) =1226.66 mm?. - control

A, =3496.5mm?>A_ . =1226.66 mm? OK..

Sy min
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Asreq  3496.5

No. of bar = =
Apar @25~ 491

=7.12

Use 8®25 in one layer with As =3928mm? > A req = 3496.5 mm?. -OK

* Check for Strain:

Ag*fy  _ 3928420

T 0.85%f!xb  0.85%24+800

_a_1o11_ oo
C_ﬁ_085_ . mm

= 0.003* (=5) = 0.003*

=101.93

460—118.93
(—

)=0.0086 > 0.005 Ok..

Negative Moment Mu =-4829 kNm  for support 3

Mu 482.9%10°
R, - = =3.17 MPa
"= ®bd2  0.9+800+4602

—lqo 1 2Remy 2+3.17%20.6
p =50 1 fy 206(1 \/ 20 )

=0.00825
As = p*b*d = 0.00825*(800) *(460) = 3035.41mm?
*Check for As, min :

Asin = 0.25 » 25 J_ < (b)* @) ACI-318 -05

Asmin= 0.25 Ezj + (800) * (460)=1073.10 mm2.
1.4
As min = E (bw) (d)

== (800) (460) =1226.66 mm’. - control

A, =3035.41 mm2>A_ _1226.66 mm? OK..

Sy min

Asreq 3035.41

No. of bar = =
Apar @25~ 491

=6.2

Use 7®25 in one layer with As =3436.12mm? > A req = 3035.41 mm?. -OK

* Check for Strain:
As*fy  _3436.12%420

= — = = 88.43mm
0.85xf-.*b  0.85%24%800
_a 8843 104.03
c= 5085 .03 mm

460—104.03

£ = 0.003* (=) = 0.003* ( %)= 0.0103>0.005 Ok..
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4.7.4 Design of shear for Beam (B16) :

ACI — 318 — Categories for shear design: critical section of distance d= 460mm
from the face of support .
VU critical = 456.6 KN at MAX .
Use @10 with 4 Iegs
Ve :% * Jf! *bw*d = = * /24 *800*%460*103= 300.5 KN
Check for section dimension :

456.6

VS— VC— — -300 5=308.3 KN

Vsmax= > Sx [ *by*d = > 3 %24 *800*460*107 = 1201.9 KN

Find the maximum stirrups spacing :

V/=1% [77 *bu*d =2 *V22 *800%460*10° =600.94 KN

Vs <V then
Smax < 600mm or  Smac< 5= 222230 mm
Check for Vsmin :
Vsmin =—*/f *bw*d = *\/_ 4 *800*460*107° =115 KN

Vsmin = = *bw*d == *800*460*10- =122.67 KN ... control ...
3 3

B(VC + Vemin )= 0.75(300.5+122.67)=317.38 KN
® Ve = 0.75*300.5 =225.375KN

Or  Vsmin=122.67 <V, =456.6 < V; =600.94
Thenit caseVI or Items4

Use stirrups 2U — shape (4 legs stirrups) 10
With Av =4*78.5=314.16 mm?.

Avfyerd _314.6+420+460+10~ 3
Vs 308.3

S$=196.87 < Spax=230mm

Sreq =196.87 mm

Take 2U shape (4 legs stirrups ) 10 @150mm.
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4.8 Determination of Thickness for Two Way Rib Slab:

*Minimum thickness (deflection requirements): Assume the thickness for the shown

ribbed slab (R26) . h=32

*All Exterior and Interior beam have
rectangular section of 40,80cm
respectively and 25cm depth for both.

bxh3_ 40%323

I b, exterior= ——
b, exterior 12 12

=109226.67 cm*.

bxh3_80%323
I b interior = = =218453.34 cm*.
b, interior 12 12

**Slab section for Exterior beam: =

The moment of ribbed slab is the sum of

'R26

Moment of inertia of T-section ribs

Within distance (L/2+bw) , bf =54cm, Fig (4.12) Two way rib slab location .

was defined as one-way ribbed slab design (br = b

_ 40%8x4+32+14x16

Y= = 11.0cm.
40%8+32+14
54x113  40%33 = 12x213
lrib= ;T 3 + b 66816 cm*.

**(Exterior beams):

Short direction L=6.92 = 692cm.

692
_ Iribx(L/2+bw) _ 66816*(74.40)
by 54

Is

Long direction L=9.12m =921cm.

912
_ Iribx(L/2+bw) _ 66816*(74.40)

bg 54

Is
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=613717.33 cm*.




*** Slab section for (Interior beam) :
Short direction L right =6.92 m=692cm , L jer= 3.03m = 303cm.

Ly L 692 303
right left+b +

+ W —+—-+80
Is= | 1ip * —2 2 = 66816* 2—2—— =714560 cm"*.
bf 54
1
Osz—b
IS
1 109226.67
Q= 2 —=220 =().229
Is 477610.67
1 109226.67
Qg 2 ———22 =().178
I 613717.33
I, 218453
Q3= =2 = =0.306
I 714560
1 109226.67
Q= Olpp= 2 ——22 =().178
I 613717.33
I, 0.3064+0.178%2+4+0.229
Z(Xfm :_b: =0 .22275> 0.2
I 4
fy 420
1, *(0.8+—) 9120*(0.84+——)
h= 100" — 1400 = 277.51mm > 125mm Ok

 36+5f*(afm—02)  36+5+1.32%(0.22275-0.2)

_iong N2 _ 4 39
L,short 692 '

Take slab thickness N siab = 320 mm.

80mme- topping , 240mm concrete block.
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4.8.1 Load calculation:

Material Quiality Density
KN/m?
Tiles 23
Mortar 22
Sand 17
Reinforced 25

Concrete Topping

RC. Rib 25
Block 10
Plaster 22
Partions 2.38
Total Sum

Calculation

23*0.03*0.54*0.54
22*0.03*0.54*0.54
17*0.07*0.54*0.54

25*0.08*0.54*0.54

25%0.24*0.14(0.54+0.4)
10%0.24*0.4%0.4
22*0.03%0.54*0.54

2.38*%0.54*0.54

Z:

Table 4.3 :Dead load calculation for two way Rib

3383
"~ 0.54%0.54

= 11.60KN /m?.

Wp= 1.2*%11.60 =13.92 KN/m?,
Live Load of Slab :

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

W t0tai=13.92+8 =21.92 KN/m?.

4.8.2 Moments calculations:

Ma= Ca*W*La**by and Mb= Cp*W*Ly?*bs

*** Positive moments: (Table2+ Table 3): case (6)

Mea, pos,0= 0.0488%*13.92*6.922*0.54 = 17.28 KN.m/rib

Mea, pos,.= 0.055*8*6.922*0.54= 11.38 KN.m/rib

Ma, pos =Ma pos .0 +Ma pos L= 17.28+11.38=28.66KN.m/rib

Mb, pos,p=0.012%13.92*9.122 *0.54 = 7.5 KN.m/rib

M, pos,.=0.016*8*9.122*0.54 = 5.75 KN.m/rib
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Wight
(KN)
0.201
0.192
0.347

0.583

0.79

0.384
0.192
0.694

3.383 KN



M, pos =My ,pos ,D +M p ,pos L= 7.5+5.75=13.25kN.m/rib
*** Negative moments at continuous edges (Tablel) case (6)

Ma, neg = 0.088*21.92*6.922 *0.54 = 49.88 KN.m/rib

*** Negative moment at Discontinuous edges = (&*positive moment )
Ma, neg = 5*27.41 =9.14 KN.m/rib

Mb, neg = *12.68=4.23 KN.m
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4.9 Design two way rib slab (R4B)

4.9.1 for negative moment -edge
Mu= - 49.88 KN.m

Assume bar diameter @14 for main Reinforced concrete section.

d = h-20- ds dz—” =320-20-8-7 =285mm

Mu _  79.88+x10° _
Ro=Goa = voraomzssz 07 MPa.
m=20.6
1 2Rprm . _ 1 2%4.87%20.6
p_ﬁ(l_wll_ fy )_20.6(1_\/1_ 420 )
=0.01347

As = p*b*d = 0.01347*(140) *(285) = 537.63 mm?
Check for As, min..

NI 1.4
by.d = —b,,.d
fy " iy "

V24
As, min = O.ZSH 140 x 285 = 116.35 mm?

As,min = 0.25

1.4
As, min = mléLO X 285 = 133 mm?..Control.

Take 2920 with A'S provicea=628.32mm?>As 1q=537.63 mm? Ok

Check for strain:

_ Asfy _ 628.32x420
0.85b f/  0.85x140x24

=2 _ 2% _108.7mm
B, 085

&, = 0.003 (=5) = 0.003 (

= 92.4mm

285-108.7
108.7

) = 0.0051 > 0.005 not oky
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> 4.9.2 Design for positive moment (Mid Span)Mu =

28.66 KN.m
M, 28.66 x 106

T 0bd? 0.9 X 540 x 2852

pzi(l _ 11 _%> =L<1 _\/1 _w> = 0.001810
m 420 20.6 420

As = p.b.d =0.001810 x 540 x 285 = 270.95 mm?

R, = 0.726 Mpa.

Check for As,min..

1.4
As,min = mléLO x 285 = 133 mm?..Control.

As,required = 270.95 mm? > As,min

Take 2@14 Wlth A S ,provided:308mm2>AS req:207-95 mm2 Ok

Check for strain:

__Assy = 308x420  _ 44 o0
0.85b f!  0.85x540x24
= _17_1382mm
B,  0.85
— 0.003 (d — C) — 0 (285 — 13.82) — 0.0589
&= U c )TV 1382 )
> 0.005 0k

e Long Direction
(Design for positive moment (mid span)), Mu = 13.25 KN.m

Mu _  13.25x10°
"= ®bd2  0.94540+2852

1 [ 2Rem 1 [ 2+0336+20.6
p =50 wfl fy ) =206 (1 \/1 20 )

=0.00081
As = p*b*d = 0.00081*(540) *(285) = 124.1 mm?
Check for As,min..

R ~0.336 MPa.

Jf 1.4
]{wa.dz—bw.d
y y

V24
As, min = O.ZSH 140 x 285 = 116.35 mm?

As, min = 0.25

1.4
As, min = mléLO X 285 = 133 mm?..Control.
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Take 2®10 with A 'S providea=158Mm?>As min=133 mm? Ok

Check for strain:

_ Asfy  158x420

= - = = 6.02mm
Q85bfb 0.85%X540%24
a 6.02
c=—= = 7.08 mm
B, 085

285-7.08
7.08

g, = 0.003 (%) = 0.003(

4.9.3 Design shear for two way rib slab :
Case (6)
Wa=0.88 Wb=0.49
**total load on the panel being = 6.92*9.12*21.92=1383.38KN
*Load per rib at face of long beam is
VU, dface=36.04-21.92*.54*0.285=32.67

The shear strength of one rib in slab is

) = 0.117 > 0.005 ...

ok

Vo= (L% *b,,*d = (L1) *2*V24 *140*285*10° =35.84 KN.

®V. =0.75*35.84=26.88 KN .
Vs min =11—6* f¢ *b,,*d = 1—16* 24 *140%285*10° = 12.22 KN

Vsmin == *b,,*d = = *140%285*10° = 13.30 KN ... control ...
3 3

@Vc :2688 KN < Vu max — 3123kN < q)(Vc + Vs min ) :075(3584+1222):36855

control .... Case3
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Minimum shear reinforcement is required.
Assume 2 ®8 @ 250 mm

1 \/E*bw*s _ 1 V24+140%250 _ 2
A\ min —E* fyt —E* 220 =25.51mm-.

Ay provided = 2*50= 100 mm? .

S < %:%=142 ... control .. d <600 mm.

Take 2leg stirrup , U-shape $8@125mm < Smax =142mm
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4.10 Design of Short Column(C50) in ground floor:
4.10.1 Design of longitudinal Reinforcement :

The Column is an internal one.
Ag=50*60=3000 cm?
Pu=4156.56 KN

p, 415656

P mag = = 6394.7kN.
0.65 0.65

4.10.2 Check Slenderness Effect :

(ﬁj < (34_12(Ej T
; M 2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration =0.3 h = \/;

K=1
Lu=3.3m
lMong=0.3h=0.3x0.6=0.18

Fshot = 0.3h = 0.3 x 0.5=0.15

ﬂ:lo
M2

with long direction:

1’(3'; <34-12X1< 40 ... ACI —(10.12.2)

18.33<22<40
.. ShortColumm

with short direction

1X3'§’ <34-12x1<40.............. ACI —(10.12.2)

22<22<40
.. ShortColumm
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P, sy = 0-8xAg {0.85 fc' + p, (f, —0.85f)}

n (max)

6394.7x1000= 0.8x 300x1000{0.85x 24 + p, (420—0.85x 24)}

=0.0148 p,

As=0.0148x50x 60
As=44.2 cm?

Check As min :

=pmin=1%p

As min= pmin x Ag

As min=0.01x (60x 50)

As min = 30 cm?

> As min= 30 CM?< As req = 44.2 cm?

Use 22016 with As = 44.21 cm? > ASyeq = 44.20 cm?

4.10.3 Design of the Tie Reinforcement

For ® 10 mm ties :

S <16 db (longitudonal bar diameter).............c........ ACI-7.10
S <48dt (tie bar diameter).
S < Least dimension.

S<16x2.5=40cm
S<48x1.0=48cm
S <50

5.2

Use ®10@ 25cm ties

4.10.4 Short Column Detail:

e10®25
ZZ2a7 5
&1
L
@1oB25
L=130 #2958

Fig. (4-13). Short Column Details
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4.11 Design of Long Column (C40 in the Ground floor) :

4.11.1 Design of Longitudinal Reinforcement :

Select column (C40) for design:
Ag=50*35=1750 cm?2
Pu =2499.24 KN

Pn = 2499.24/(0.65) = 3844.98 KN
4.11.2 Check Slenderness Effect :

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

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/L\:

Lu=3.3m

M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

Klu g4 qpML ACI — (10.12.2)
r M2
*
1733 3140522
0.3%0.35

..long Coloumn

E_I
El =04—2% ... [ACI318—2002 (Eq. 10-15)]
1+,

E, = 4700,/ fc' = 4700* /24 = 230252Mpa
_1.2DL  1.2*1620

Ps="pu = 229024 "
* 3 * 3
|g _ b*h _ 0.50*0.35 _0.178 m*
12 12
* *106 *
El :0.4 230252*10 0'178=92621l43KN.m2
1+0.77
7%El
P, S ACI1318-2002(Eq. 10-13)
(KLu)
2 %
P _ 3.14°*92621143 _ 83857431KN.

‘ (1.0*3.2)*
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cm =O.6+O.4(%j ............ ACI318-2002(Eq.10—16)

Cm=1.... According to ACI318-2002(10.10.6.4)
5. = cm >1.0
1-(Pu/0.75R,

1
5 =
" 1-(2499.24/0.75*83857431)

e . =15+0.03*h=15+0.03*350=157.5mm =0.1575m
e=e_ . x5, =0.1575%1.01=0.159

e 0.159
h

............... ACI318-2002(Eq. 10—12)

=1.01>1

min
~ ¥min

=—=0.45
0.35
From Interaction Diagram

gP, 249926 ,0.145
A 0.35*0.5 1000

9

p, =0.017
A = p*A, =0.0180*35*50=29.75 cm?

=2.07 Ksi

Use 12d18 with As = 30.50 cm? >Asyeq = 29.75 cm?

4.11.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter).........c............. ACI-7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

Spacing <16xd, (Longitudiral.bar.diameter) =16x1.8 = 28.8cm.
Spacing < 48xd, (tiebar.diameter) = 48x1.0 = 48cm.
Spacing < Least.dimension= 25cm

Use ®10@ 25cm ties
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4.12 Design of Isolated Footing (F4) :
4.12.1 Load Calculation :

Pn =2107.28 KN.

Column Dimensions = 50*45 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (50 cm) thick.
Footing weight = (25%0.5) = 12.5 KN/m2.
Soil weight above the footing = (0.5) *18 = 9 KN/m2.
Base Slab weight =0.10%x25 = 2.5 KN/m2.
W net = (5+2.5+9+12.5) =29 KN.

g net =400- (29) = 371 KN /m2.

Pu =2808 KN .

4.11.2 Determination of Footing Area

Ao Pn
q net

2107.23/371=5.68m2
> A,=568m?2

Try 2.4 * 2.4 m with area =576m2 > A = 5.68 m2
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4.12.3 Determine the depth of footing based on shear strength:
o =(Ju=2808/(2.4*2.4)=487.5 KN/m2

*Check for one way shear strength

L oundation a
Vu = G*(% - (E + d)]* BFoundation
Vu=4875*2.4*(24/2-0.45/2—-d)=1140.75-1170d
oNC = ¢.(%* fc'*b, *d)

pVe = 0.75*%* 24*2400*d =1469.69d

oNc=Vu

1140.75-1170d =1469.69d

d =.43m

assumecover = 75mm & ¢20
h=430+75+20=525

take.....h =550mm

d =550-75-20=455mm

*Check for two way shear action (punching):
We are chick (h=550mm) the result not oky.
And assume (h=600mm):

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

1(, 2\ [.7
¢.\/C —¢E[1+ﬂ—C]\/fbod
AV, =¢.é( % +2]\/f7bod

b, /d
V. = ¢.%w/ f.'b,d
Where:

Column Length (a) 500
¢ ColumnWidth (b) 450

=111

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

b, =2(d +a)+2(d +b) =2(0.45+0.505) + 2(0.50+ 0.505) = 3.92m

S=40....ccceiiiinnn. for interior column
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oV, = ¢%(1+ ﬁi}/ £, byd = %*(ﬂ 1111)* 24*3920*505 = 3396.73KN

1( « , 0.75 . ( 40*0.505
Ve =g | ——+2f bd="""% +2 |*/24*3920%505 = 4335KN
Pe ¢12(bo/d J 12 ( 3.92 ]

oV, = ¢%J £,'b,d = %* 24%3920%505 = 24245KN

¢V, =24245Kn ... Control
Vu. =Pu-FR,
pVC =24245KN >Vu, = 23401KN........ oky

4.12.4 Design for Bending Moment:

For long directiom:
At section A-A and B-B

o
|

L N

g a7.5

t .o ' JA
3-8 97.5

[N ]
O
30-

97.5 .45.00 | 97.5

bt

Q)

N
ﬁ ‘

!

(o ot

QQ

Fig.(4-14) Isolating Footing
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pP=2107.23kN

97.5 | a5 I 97.5
29kN/m 29kN/m

60‘

—

T T T T T T T T T T T TITIT T ITITTIITTITTY
487 .5KN/m

240

Fig.(4-15) Structural system of Isolating Footing (Section A-A)

Mu =4875*2.4*0.975*0.975/ 2 =556.12KN.m
Mu =556.12 KN.m for long side .

6
= |v|u2= 556.12x 10 __0.971Mpa
dod?  0.9*2400x515

— fy 3 420 B
0.85* fc  0.85*24

pzl{l— 1_2xmen}
m \/ fy

O (1_\/1_2><20.6><O.971]:0.00237

20.6

" 206 420
As,.. = p*b*d =0.00237%2400%515= 29.29 cm2

Req. —
Asmin =0.0018bh = 0.0018 x 2400 x 600 = 2592 mm?2=25.92cm2

Asreq> Asmin......

Select 20p14....ASp, s = 30.77cm? > 29.29cm”.....0k
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For short directiom:
Mu=487.5*2.4*0.95/2=527.96
Mu =528 KN.m for short side .

6
Rn= U 528x10° 4 g95ompa
god® ~ 0.9%2400x515

— fy 3 420 B
0.85* fc  0.85*24

pzl[l— 1_2xmen}
m ‘\/ fy

oL [1_\/1_2x20.6x0.922]20.002246

20.6

T 206 420
ASe., = p*b*d =0.002246* 2400%502 = 27.05 cm’

Asmin =0.0018bh = 0.0018 x 2400 x 600 = 2592 mm?2=25.92cm2
Asreq> Asmin......

Select 18414....ASp, s = 27-69cm? > 27.05cm”.....0k

4.12.5 Check transfer of load at base of column:

¢.Pn = ¢.(0.85fc'Ag)

¢.Pn =0.65*[0.85*24* (450*500)]/1000= 2983 5KN
But Pu =2808< ¢.Pn =29835Kn

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As,... =0.005* Ag = 0.005*450*500 = 11.25cm?
Use the column bars as a dowels
Select 8016

ASprovices =16.08cm? > As . =11.25cm?
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4.12.6 Isolated Footing Detail:

= = |
~
L
T
21025
-
sl s
s I @
161G
Py |
Gj 1
|
L L] —
12 27.5 4> 27.> 10
10 240 18
250
vm
L G
| T r
3 @
]
-080m LO
T 0
o e
E—— @
s L e BT T T T %40_!‘”
-1.50m
T TR AR B V_Q —40
10 97.5 45 97.5 10
10 240 10

260

Fig.(4-16) Isolating Footing details
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4.13 Design of Strip Footing:
4.13.1 Load Calculation :
D.L =396KN/m.
L.L=175KN/m.
Total W=396+175=571 KN/m.
Total W Factor= 1.2*396+1.6*175= 755.2 KN/m.
Assume (tf)=30cm.
Foting width=25.03=7.5KN/m2.
Fail above footing=1*18=18KN/m2.
q net=400-7.5-18=374.5 KN.

4.13.2 Determine the Footing Dimension:

Allowable soil pressure = 400 KN/m?

Footing Area = _pn _ 571 _ 1.525m2
gnet 3745

A=b*1............... b=1.53m

Select.............. 1.6m

qu= 875.2/1.6=547 Kn/m2.

4.13.3 Design of shear :

Vu=547*1(%—%—d)

VU=355.55-547d
AVC = 0.75*%\@ *1000*d = 612.4d

Ve =Vu
612.4d=355.55-547d........... d=0.31m.
Cover=75mm
Assume (db)=20mm
= Total thickness = 310+(20/2)+75 =395 mm .
= Select h =400 mm.
= d=400-75-(20/2)=315mm.
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4.13.4 Determine Reinforcement for Moment Strength:

footingwidth—wall width footingwidth—wall width
MU = (Prer)* (= e (T )

= 547*1* 0.65 * (0.325)
= Mu =115.6 KN.m
= d=315mm.

6
RN = an _ 115.6x10 _—1.3Mpa
gd”  0.9*1000x 315

e fy 420
0.85* fc  0.85*24

P=%06 420

ASgeq = p*b*d =0.0032*1000*315=1008.24 mm*
Check As,;,

1 (1_ \/LMJ:O_OOQ,Z

As min=0.0018*b*h =0.0018*1000* 450 = 810mm°
. Asreq> Asmin.

Select @14 @ 15cm with As prov. = 10.26 cm?/m>As req=10.08 cm?/m.

4.13.5 Development length of main reinforcement:

For ®14 bars db=1.4cm :

fy
Ld = a.frd
2,/ fc' Py

420
Ld = —1*1*1*1.4
2424
Ld =60>40cm
AvailableLd =40-7 =33cm<60cm

0.24* fy*1.4*0.7*\/1_ =19.2cm
Cl

So a standard hook of (30 cm ) must be used to provide Ld.
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4.13.6 Design of Secondary Bottom Reinforcement
Asmin for shrinkage & temperature

Asmin=0.0018 * b * h

Asmin=0.0018 * 100*400

As=7.20 cm?

Select @14 @ 20cm with As prov. = 7.7 cm2.>Asmin=7.20 cm?

4.13.7 Strip Footing Detail:

] SN
O8@15

° D8@15
2010@20cm ble
2010@20cm .

Fig.(4-17)Strip Footing Details
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4.14 Design of Stairs :

Determination of Slab Thickness:

Begm B

Fig (4-18):Stair (ST.4)

Determination of Thickness:
height = 3.50 m

Rise = 3.50/22 = 16 cm
- Minimum slab thickness for deflection is (for simply supported one
way solid slab)
h,min =L/ 20
h,min =5.50 /20 = 27.50 cm .
OR
h,min =L/ 28
h,min =5.50 /28 =19.60 cm .

= Use h=25cm.
0 = tan’}(16 / 30) = 28.07°
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e Load Calculations

Table (4-4) Dead Load calculations of Flight

material gama run rise t(m) KN/m
tiles 27 0.16 0.35 0.03 1.377
mortar 22 0.16 0.3 0.03 1.012
str.stp 25 0.16 0.3 0.3 2.00
RC 25 0.25 0=30.96 7.083
Plaster 22 0.03 0=30.96 0.03 0.75

Total load(DL) KN/m
Live load (LL) =5 KN/m2

Table (5-4)Dead Load calculations of Landing

material gama h(m) b(m) KN/m
tiles 23 0.03 1 0.69
mortar 22 0.03 1 0.66
RC 25 0.25 1 6.25
plaster 22 0.03 1 0.66
Total load(DL)
Live load (LL) =5 KN/m2
Total Factored load........ (W=12DL +1.6LL)

For Wy, , W =1.2%12.222+ 1.6*5 = 22.67 KN/m

For w W =1.2*8.26+ 1.6*5 = 17.921 KN/m

landing ?

- Structural System Of Flight :

2267TF wrem

LLlL Ll

3aT

2. 00
= 0.80 180

Fig (4-19): Structural System Of Flight
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Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm

Vu =34.00KN
¢V0=075 ﬂ61ooo 223 _ oo esiN /mm

0.5*¢Vc =68.28 KN . <=34.00 KN Vu
Thickness is adequate enoUghN ...cceveieeiineennnnnnns

db (mm) h(mm) d (mm) Vu (KN) gVe (KN)

@ 14 250 223 34.00 |136.56

Design of Flexure:
Design for Flight:
Mu = 34*(0.8+1.50)-22.67*1.5%/2=52.7 KN.m

Mu =52.7 KN.m
d=h-20-db/2=250-20-14/2 =223 mm
R = M0

b-d?

* 6

R, = >2/"10 ~=1.18MPa .

0.9*1000*223
m = fy

0.85x fc'
m = 420 =20.6

0.85x 24

1 2mR * *
p=—|1- [1- fn :i 1—\/1—M =0.00289
m f, 20.6 420

As,,= 0.00289*1000*223 = 644.32 mm?/m > As_,, = 450mm*/m....
OK

As_. =0.0018*b*h = 0.0018*1000* 250 = 450mm? /m
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Used® 14 then.................
N=644.32/154 =420, S = % - 4i = 0.24
Take 5 ®14/m with As = 770mm2/m strip
OR
Use 1® 14 @ 20cm c/c

- Step ('s) is the smallest of :-

1. 3*h =3* 250 = 750 mm
2.450 mm

<380 () -2.5*Co

<380 * (%)—2.5* 20 =380 * (r—-)—2.5* 20 = 330mm
= ¥ 53 &

< 300 (%) =300 * ( j ) = 300 * (z—-) =300 mm ... (control)
k-3 ;}- ;i—e &

- Check for strain:

Tension = Compression

A * fy = 0.85% fc' *b*a
770%420= 0.85* 24*1000* a
a =15.90mm
c=2 159915 65mm
B, 085
. _223-1865
T 1865

g, =0.0329> 0.005—— o0k

*0.003

Temperature & Shrinkage reinforcement:
ASgriniage = 0.0018x b x h =0.0018x1000x 250 = 450mm*/m

N=450/154=292 . S=1=_1 =034m
n 2.92
Take 3 ®14/m with As =416.7 mm2/m strip
OR

Use 1® 14 @ 30 cm c/c
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- Step ( s) is the smallest of :-
1. 5*h =5* 250 = 1250 mm
2. 450 mm — control
- Design for landing:

WRA =34\1.60=21.25 KN/m
Structural System Of Landing .

2125 21 25
17.81 KN/m
e 1.50 0.77 150
3.77

Fig (4-20): Structural System Of Landing

R=Vu =17.91*3.77/2+21.25*1.5=65.64 KN/m.
- Check for shear strength:

Assume @ 14 for main reinforcement:-

d=h-20-db/2=250-20-14/2 =223 mm

_0.75*/24*1000* 223
6

Vu=65.64 KN /m<0.5*gvc =68.28 KN/m .

=136.56KN /m

Yo

- Thickness is adequate enough
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- Calculate the maximum bending moment:
Mu = 65.64*1.885 — (17.91*1.885%/2)-
(21.25*1.5(1.5/2+.385))=55.74Kn.m

_ Mn
" b-d®
_ 5575*10°
" 0.9*1000*223

m = fy
0.85x fc'

=1.25MPa .

420
m =
0.85x 24

1 2mR * *
p=—|1- [1- n :L 1_\/1_M =0.0031
m f, 20.6 420

=20.6

As,.,= 0.003082*1000%223 = 685 mm2/m>As,, = 450mm2/m....

OK
As,, =0.0018*b*h = 0.0018*1000* 250 = 450mm?/m

Use @ 14 then.........

N=685/154=445 L S=1= 1 =0225m
n 4.45

Take S ®14/m with As,provided = 769.69 mm?2/m strip
OR
Use 1® 14@ 20 cm

- Step ('s) is the smallest of :-

1. 3*h = 3* 250 = 750 mm
2.450 mm
<380 (2;”) -25*C,

5380*(§)—2.5*20 =380 * (=) — 2.5 * 20 = 330mm
¥

—x 220
B

< 300 (22) =300 * (=) = 300 * (=== ) =300 mm (control)
F F: 420
- =¥ 2

Z
—&
B
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- Check for strain:
Tension = Compression

A * fy = 0.85* fc' *b*a
769.69* 420 = 0.85* 24*1000* a
a =15.85mm
o= 1585 18 647mm
B, 0.85
. 223-18647
* T 18647

g, =0.03287>0.005—— 0k

*0.003

e Temperature & Shrinkage reinforcement:

ASqirimage = 0.0018x b x h = 0.0018x1000x 250 = 450mm?
11
n=450/154=292 , S=>-=—"-=0.34m
no 292

Take 3 ®14/m with As = 416.7 mm2/m strip
OR
Use 1® 14 @ 30 cm c/c

Step ('s) is the smallest of :-

1. 5%h =5* 250 = 1250 mm
2. 450 MM ..o control.
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Stairs Detail:
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Fig (4-21):stairs detail
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4.15 Design of Shear wall:

By using the software (Etabs.) to Analysis the shear wall it was get result as the
following:

SEINS . _S3KH

|
3.9m

206, 7K .m 131KN -

|
3.9m

ceokM

717 .6KM.m —951@4—[}

3.9m
346KMN

1299KMN.m —laﬂmp

altlcal eection 3, 9 "
2942 4KMN.m e

Bending moment Shear forces helght storles

Fig. (4-22): Moment & Shear-Diagram for Shear Wall.

Shear wall thickness, h = 30 cm.
Story height, Ly = 5.00m

4.15.1 Check max shear strength permitted:

BV max =0.75 x0.83%,/f; xhxd

let that d= 0.8 L,, =0.8 x5.00 =4.00 m

2Vhmax =0.75 x0.83%x+/24 x300x4.00 =3659.54 KN > V, =346 KN .
0] G

4.15.2 Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:
Lw/2=5/2=25m.

Hw /2 =15.6/2 =7.8m.

Story height =3.9 m.
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V. is the smallest of :

* * *
* Ve=f hd= L MGBOO 4 _9798KN ......... control.

% V=027 hd + %% =0.27* /24 *300%4= 1587.3KN.
— Lu.(u.j_.{ﬂ'z+ D.E;Eu_:l
¢ Ve=| 0054/ + ———1 hd

Vu

M, at critical section = 2083.4 KN .m
( Mu/Vu)-( Lw/2)=(2083/346)-2.5=3.52 > 0.0
% V={0.05+/24 +5(0.1 /24 +0)/3.52}*300*4=1128.66 KN.

4.15.3 Determine required horizontal reinforcement:

0.56V. = 0.5x0.75%x979.8 = 367.43 KN.
V. < 0.50V,

Need minimum shear reinforcement.
p=0.0025

used ¢ 10 with As=78.5mmz2.

p=2*78.5/300*s | $=209.33mm.
max. spacing is the smallest of:

e Lw/5=5/5=1000mm

e 3h=900mm.

e 450mm......... . control.
S < Smax

For horizontal reinforcement use ¢70@200 mm.

4.15.4 Determine required vertical reinforcement:
hw/Lw=15.6/5=3.12>2.5

pt>0.0025 + 0.5(2.5 — 2%} (p,— 0.0025)= 0.0025.
take pi= 0.0025
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max spacing is the least of
= Lw/3=5/3=1.67m
= 3h =0.9m.

= 450mm ........ control.

Select @ 10 @200mm.

4,155 Design for flexure (uniformly distributed
reinforcement):

As=500/200*2*78.5=3925mm2
= (£=)% =3925/500*300*(400/24)=0.04579

ur ¢
=)
a=—22-=0.0
'L'|.1.'fl:i'i

£ =_ 272 =0.04579/(2*0.04579+.85*0.85)=0.05625

L, 2w+0.858

faMn:z[n.5A3tfyL“_(1+ Py )(1_i}]

s fy Ly
=0.9 {0.5*2925*420*500(1-0.05625)}=3500.5 KN.m
oMy > M,
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4.15.6 Shear Wall Detail:

@ Lr-Ssinope 10 I00m

T F By 551 i _
o s NPt
L=d03 H4= ertical ban in both xids
Heorimomta] o & oy sidls .
20 " L__ﬂ f
L—%f 03 Ha= arsizal bam in tooh sids

Heerinoerta] o 2 faoih sddls

et e i T Tomitemits ol e SamaE ?__.‘:
Second (3] 020

20 g * =497
L—%f 03 = Cartizel bas in hoth side

Heerinoerta] o 2 faoih sddls

i,.l:::.
Firsgt i

e d £ .=
L=403 + fertical ban in both sids

Heorimomta] o & oy sidls
ﬂ-'ﬂ

100

Ground

(3] 0@ 20

210820 4 =490
]-_._" [33 1 el b in bodh sdde

Heorimomta] o & oy sidls
} b =

Fig. (4-23): Shear wall detail.
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4.16 Design of composite beams:-

Dead load for solid slab :-
Sum of dead load = 6.25 KN/m2
Live load =5 KN/m2

compute factored load on beam :-

D.L:i—E: «0.15 = 19.85 = 2.444 kip/ft

Beam weight=0.15 kip/ft
L.L=0.1+%19.85= 1985 kip/ft

Factored load :-
D.L =625 KN/m2 ,L.L

I
I 1 1 1 1 I 1 1 I 1 1 1]

K
| [
6.05 - 6.05 #

D.L = 1.2%(2.44+0.15) =3.113 kip/ft
L.L=1.6*1.985=3.176 kip/ft
Wu=3.176+3.113=6.289

6.05 -

Compute the moment :-

wxl?  (6.289)x(54.79)%
8

Mu =

= 2360 kip/ft

Select the section , As,.,, : —
2 _985in

ts =

2.54

Assume a=1in,
2360x12

Mu
ASpeq = 15.30 )

ebrfy(S+ts-2)  09:50(+9.85-0.5

select ng*lgg Ag=382 ) d=19.30

81

= 33.12in?




Be =i * 5479+ 12 = 16437 in... controlled

< beam spacing =19.85%12 238.2 in

T=C
As *fy =0.85*f .\*be*a
38.2*50=0.85*4*164.37*a

a=342<ts=9.85 |
w18%130

BREAN CONMPOSITE

the nominal strength moment:-
—AQ * ol _z
Mn=Ag fy(2 + ts 2)

13.30 3.412

= 38.20%50( 22 + 9.85 — **) /12 = 2831.575

®dMn= 0.9*%2831.575 =2548.42 =2 Mu=2360 ........... OK

Design of shear (studs) :-

Ec=(1.45)%5({ 4)= 3492 ksi

Qn = 0.5*As*(/Ec* fc)

=0.5*0.4418* (\/3442%4)= 26.1

The # of shear connectors required for each half span (N) :-

N = As=Fy _ 38.2=30 — 73.20

on 26.1

Spacing for studs :-
_ L _ 54.74%12

T #IN ONE RAW 74

= 8.881in

Pmax=8*ts=9.85*8=78.81In
P mini =6 * diamerter=6*0.75=4.51n

Then p max >p>p mini
78.8>8.88>45......... OK .

82



Deflection of beam :

Acr= bE.ts _ 164.378 9.843 _ 202.23in3.
n

Be =§ * 5479+ 12=164.37 in... controlled
< beam spacing =19.85%12 238.2 in

The width of equivalent steel:
bE /n=164.37/8=20.55In.

slab....area=202.23 distance from centroid=4.6in  Ay=2952.6in?
Ay? =43107.3in* 10=1633 in*.

W18*130.... area=38.2 distance from centroid=4.6in  Ay=0 in3
Ay? =0 in* 10=2460 in®.

Ix =l0+Ay?=4093+43107.3=47200.3in3
Y=2952.6 / 240.43 =12.28 in.

164.37" |
[ _ | ts=9.84"
_______________________________ j{; T
i | ] |
| © :'3
3 |~
¥ 2
aF [ A

1051ay=20.55*9.8433%/12=1633.
ly=1x-Ay=47200-240.43*12.28°=10943.84in*
yt=19.3/2+9.834-12.28=7.213in...... to top slab.
Yb=19.3/2+12.28=21.93in...... to bottom steel.
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Compute the load deflection:
_ 5wWL4
~ 384.Es.ltr
 5*1.985%54.79% *12°
384*29000%1094384
ALimit = L _5479*12
400 400
ALL =1.27 < Alimit =1.6437in............ ok

ALL

27in.

=1.6437.
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or

other construction likely to be damaged by large
Member deflections.

Solid one-
way slabs £/20 124 £/28 £M0

Beams or

ribbed one-
way slabs £Me £M18.5 erz21 £/

Motes:

Values gwen shall be used directly for members with normalweight concrete

(densi 2320 k%
tions, the 1ufalues shall be modified as follows:

a) For structural I| htweight concrete having unit density. w, |n the range
1440-1920 ka/m?, the values shall be multiplied by (1.65 = 05
less than 1.09.

b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + f]_,f?m}

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- Immediate deflection due to live load L
structural elements likely to be damaged by £/180°

large deflections
Floars not supporting or attached to nonstruc- | Immediate deflection due to live load L

tural elements likely to be damaged by large £/360
deflections

Roof or floor construction supporting or That part of the total deflection cccurring after )
attached to nonsiructural elements likely to be | attachment of nenstructural elements (sum of £,/480°
damaged by large deflections the long-term deflection due 1o all sustained

Roof of floor construction supporting or loads and the |mme?|ate deflection due te any

attached 1o nonstructural elements not likely to | 2dditional live load) /2408

be damaged by large deflections

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

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

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

§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.
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TABLE 1

Coefficients for negative moments in slabs?
Ma,neg = Ca,nengg

—_ 2
Mb,neg = Cb,nthIb

where w = total uniform dead plus live load

Ratio Casel | Case?2 | Case3 | Case4 | CaseS5 | Case 6 | Case7 | Case 8 | Case9
— C I e e
Iy
1.00 Conég 0.045 0.050 | 0.075 | 0.071 0.033 | 0.061
™ Choug 0.045 | 0.076 | 0.050 0.071 0.061 0.033
0.95 Caneg 0.050 0.055 | 0.079 | 0.075 0.038 | 0.065
" Chneg 0.041 0.072 | 0.045 0.067 | 0.056 | 0.029
0.90 Cenes 0.055 0.060 | 0.080 | 0.079 0.043 | 0.068
' b,neg 0.037 | 0.070 | 0.040 0.062 | 0.052 | 0.025
0.85 Cones 0.060 0.066 | 0.082 | 0.083 0.049 | 0.072
' Binag 0.031 0.065 | 0.034 0.057 | 0.046 | 0.021
0.80 Caney 0.065 0.071 0.083 | 0.086 0.055 | 0.075
" Chiieg 0.027 | 0.061 O.’02_9 0.051 | 0.041 0.017
075 Ciums 0.069 0.076 | 0.085 | 0.088 0.061 0.078
7 Chineg 0.022 | 0.056 | 0.024 0.044 | 0.036 | 0.014
0.70 Caneg 0.074 0.081 | 0.086 | 0.091 0.068 | 0.081
= g 0.017 | 0.050 | 0.019 0.038 | 0.029 | 0.011
0.65 Canez 0.077 0.085 | 0.087 | 0.093 0.074 | 0.083
1o Chineg 0.014 | 0.043 | 0.015 0.031 0.024 | 0.008
0.60 Cunds 0.081 0.089 | 0.088 | 0.095 0.080 | 0.085
' - 0.010 | 0.035 | 0.011 0.024 | 0.018 | 0.006
055 Canag 0.084 0.092 | 0.089 | 0.096 0.085 | 0.086
== Chieg 0.007 | 0.028 | 0.008 0.019 | 0.014 | 0.005
0.50 Cineg 0.086 0.094 | 0.090 | 0.097 0.089 | 0.088
" Chieg 0.006 | 0.022 | 0.006 0.014 | 0.010 | 0.003

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 2
Coefficients for dead load positive moments in slabs®
Ma.pas,d! = a,lelZ'

) where w = total uniform dead load
Mb,pas,d! = Cb.d!wlb

Ratio Case 1 | Case2 | Case3 | Case4 | CaseS5 | Case6 | Case7 | Case 8 | Case9
la
RS < s
1.00 Coar | 0036 | 0.018 | 0.018 | 0.027 | 0.027 | 0.033 | 0.027 | 0.020 | 0.023
T Cpar | 0036 | 0.018 | 0.027 | 0.027 | 0018 | 0.027 | 0.033 | 0.023 | 0.020
0.95 C,ar | 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
T Cpar | 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
0.90 Coar | 0045 | 0.022 | 0.025 | 0.033 | 0.029 | 0.039 | 0.035 | 0.025 | 0.026
7 Crar | 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015
0.85 Coar | 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
T Cpar | 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
0.80 Coar | 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029
T Cpar | 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010
0.75 Coar | 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031
T Cpar | 0019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007
0.70 Coar | 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033
7 Gy | 0016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006
0.65 Coar | 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034
7 Char | 0013 | 0.006 | 0.014 | 0.009 | 0.004 | 0.007 | 0.014 | 0.009 [ 0.005
0.60 Coar | 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036
= Cpar | 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004
0.55 Coa | 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037
7 Cpar | 0.008 | 0.003 | 0.009 | 0.005 | 0.002 | 0.004 [ 0.009 | 0.005 | 0.003
0.50 Coar | 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
7 Cpar | 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002
@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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