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Project Abstract

The summary of the idea of this project, is to prepare a structural design of a generd
hospital , consisting of all facilities that should be available in any optimum medical
center .

This building is consisting of ¢ floors with a nice elevation, which reflecting the medical
face of the building, on the other hand , no doubt that the structural design at a same level
of importance of architecture one ,by supporting the building with a structural element

,which will be designed according to ACI code.

The project will contain the structural analysis for vertical and horizontal loads and the
structural design and details for each member in the building.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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.
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C. = 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, measured
face-to-face of supportsin slabs without beams and face to face of beam or other
supportsin other cases.
LL =liveloads.
- Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
- Mn = nominal moment.
- Pn=nominal axial load.
- Pu = factored axial load
- S= Spacing of shear or in direction parallel to longitudinal reinforcement.
- V¢ =nominal shear strength provided by concrete.
- Vn = nominal shear stress.
Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.
- Wc = weight of concrete. (Kg/m3).
W = width of beam or rib.
Wu = factored load per unit area.
® = strength reduction factor.

- € = compression strain of concrete = 0.003mm/mm.

- €= strain of tension steql.
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- €= strain of compression steel.

- p =ratio of steel area.
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4.7 Design of Twoway ribbed slab :-

4.7.1 Check Thicknessof the dlab:-

@gx % E12{50x60) cz@
DDDDDDDDDDDD

10 Er

Figure (4-10): Two way ribbed dab

** Check the thickness for 72-60-61-79-74-73 Slab :-

_ I beam
| slab4

041

|b:$¢50¢ 60 * = 900000 cm4

lgy = ”;“2 * % +25 =500451cm4
0, =18

{ heam
O =

T @ slab3

lp=—=50= 35 % = 178646
12

lg=="""« 20440 =522859
52 2
0= 0.34
I heam
O3 =

T i slabt

|b:$¢40¢ 35 3 = 142917 cmé
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TTaR2 770
|31 == = — 450
52 2
oz= 0.22
! heam
O4 ==

= 649840 cm4

|b:§*5o=a 254 3 +§*25* 9.6 3+§*25* 34.6 3 = 379671

|32 :Isl

ol+o2+o3+ocd | 1.8+0.22+.342+0585

04 =0.585
Ofm = 4
7700 (0.8+ 422

1400

124

h=
36+5 =6 +*(0.72-0.2)

35cm > 21.6 cm

So select h=35¢cm

=0.72<
1 0.72<2

=216 >125 0k

4.7.2 Load Calculation :-

4.7.2.1 Deter mination of Dead load: -

No. Partsof lab  Calculation

1 Tiles 0.03*0.52%*22 = 0.178 KN/Rib .
2 Mortar 0.02*0.52*22 = 0.119 KN/Rib
3 Plaster 0.02¥0.52**22 = 0.119 KN/Rib .
4 Sand 0.07*0.52*¢ 16= 0.303 KN/Rib
5 Topping 0.08*0.52%* 25 = 0.541 KN/Rib
6 Block 0.4%*0.27+9 = 0.389 KN/Rib.
7 Rib (0.52+0.4)*0.27* 25*0.12= 0.745 KN/Rib
8 Partition 1.5¥0.52% = 0.406 K N/Rib

2.8 KN/Rib



Nomina Total Dead Load = 2.8 KN/Rib
2.8/(0.52%) = 10.355 KN/m?
Nominal Total live load = 5 KN/m?
4.7.2.2 Determination of factored dead & liveload
Factored dead load = 1.2* Dead load = 1.2%10.355 = 12.43KN/m?,
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m®.
Factored Total load =12.43+8=20.43
4.7.3: Design of two way ribbed slaly:*******x*x%x*
4.7.3.1: Design for shear : -

Maximum shear coefficient will bein the short direction for the slab which equals in this
condition Wa=0.71

The total load on the pandl = 6.2*7.7*20.43=975.33 KN
The load per rib at face of the long beamis: 0.71*975.33*0.52/(2*7.7) =23.38 KN

Vud = 23.38 - 20.43* 0.52* 0.316 = 20.023KN

ok
fVc=1.1* O'—gSJﬂx 12* 316 = 25.54KN > Vud

4.7.3.2: Design for positive moment :
Lo/Lp,=6.2/7.7=0.8
Mat+ve=[Cadl.W.La® by] +[Call.W.La® b]
Matve=[0.056x12.43x6.22*0.52] +[ 0.056x8x6.2%* 52]= 22.865 KN.m
Mb+ve=[0.023%12.43%x7.7 2+0.023* x8* 7.72] x0.52=14.49 KN.m
**design for Mat+ve= 22.865 :

Assume ®14 d=350-20-8-7=315mm
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Mn =Mu/® =22.865/.9= 25.4 KN.m

Rn = Mn/(bd?) =25.4* 10° /520* 315° =0.4623 M Pa

, :i(l— 1_2xm><Rn]
m ‘\/ fy

L1 1_\/1_2><20.6x0.4623
20.6 420

ASe., = *b*d =0.001186* 520* 315 = 194mm’

J = 0.001186

Use2 ®12

A x fy=0.85x f /'xbx a

225.2x420=0.85x24x520x a
a=8.96mm

896

c=——=105

*

085
*design for Matve= 14.49 :

Assume ®14 d=350-20-8-12-6 =304 mm

Mn =Mu/® =14.49/.9= 16.1 KN.m

Rn = Mn/(bd?) =16.1* 10° /520* 304% =0.335M Pa

r

r

:i(l— 1- 2x mx Rn]
m ‘\/ fy

_ 1 1_\/1_2><2o.6><o.335 _ 0.000804
20.6

420

ASy., =T *b*d =0.000804* 520* 315 = 127.2mm’
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Use2 ®10
A x fy=0.85x f./'xbx a

157x420=0.85x 24x520x a
a=6.2mm

c= 2 =7.3
0.85

e, = 3057—_373 x0.003=0.12 > 0.005...0k

4.7.3.3 : Design for negative moment :
By using the table in ACI .... The value of negative moment at case 1 =0
S0 use 2910 at supports .

_ = &
]
=
£
Lid
. -
I i
Al =i
NG
E |
e k=g T
| 1
=R
oo I (el
i — oot e %

Figure (4-11): Two way ribbed dab reinforcement
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4.8 Design of solid dlab:-

As shown in the figure below, which show the location of the solid slab on the plan

Wnﬁd LT

ﬂl- ‘EE[

P e — e —— g ma—

I_—i{—H'_ =

Figure (4-12): Plan of solid slab
4.8.1 Load calculation:-

D.L. g = 12.6 KN/m?
Live load = 5 KN/m?.

4.8.2 Design Results:-

By using Safe Program for design , we get the Results as follow:-

Figure (4-13): (Bottom)Moment in x-direction

Using ®16@20cm bottom bars.
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Figure (4-14): (Bottom)Moment in y-direction

Using ©16@20cm bottom bars .

Figure (4-15): (Top)Moment in x-direction

Using ®12@25cm Top bars.
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Figure (4-16): (Top)Moment in y-direction

Using ®12@25cm Top bars .

R 4.9 Design of Stair:-

Figure (4-17): Stair Diagram

4.9.1 Load Calculations:-
Determination of slab thickness

H=L/20 =4.1/20 =20.5
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H=L/28=4.1/28 = 14.7
Take h=20cm .

Slope of the stair = tan™ 17/30 = 29.54°

No. Partsof slab ~ Calculation
1 Tiles (0.35+0.17)* 0.03*27/(0.3) = 1.404
2 Mortar (0.30+0.17)* 0.02*22/(0.3) =0.689
3 Stair step (0.300.17*05)* 0.02*25/(0.3)=2.125
4 RCsolid slab (0.2 25%1)/(cos 29.54)= 5.747
5 Plaster (0.02*22* 1)/(cos 29.54)= 0.506
10.471 KN /m
LL=5KN/m

By using atir program :-

Dead load - Service Units:kN,meter

10.4

iisl.&zfii

2.7

Live load - Service

50 J l 2kg J

2.7 1 1.4

Figure (4-18): Load diagram

**Shear & Moment Envelone :-




Shear

-259-27.6

317

39.2

Figure (4-19): Shear & Moment envelope diagrams

Thevalueof V, at the center of support = 39.16KN .

Assume ®14  d=200-20-7 = 173mm .

dVe = (0.75/6) *v24 * 1*0.173*10° = 106 KN > 39.16KN ...... ok .

4.9.1.1 Design for flexure:-
M, =37.3KN.m , R,=(37.3/0.9)*10° / (1000*193%) = 1.385 MPa

m= 420/(0.85 * 24) = 20.58 .

2=1.385=20.5
(1— 1 —% ) =0.00342

1
p= 20.58

As=0.00342 * 1000* 173 = 591.3 mm?

Asmin = 0.0018* 1000* 200 = 360 mm® /m < As ok
n=591/154=3.8

Use® 14 @ 25cmc/c

Check the step : Sisthe smallest of the following :

S= 3h=3*200=600 mm

S=450 mm

S= 380* 280/fs-2.5Cc =380* 280* 3/(2* 420)-2.5* 20=330 mm

S=380* 280/fs=380* 280* 3/(2* 420)= 300 mm control

S=250 mm<300 mm ok

Temperature and shrinkage reinforcement :

ASmin = 0.0018* 1000* 200 = 360 mm? /m

Use @ 14@ 30 cm c/c

Sisthe smallest of :
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S=5h =5*200=1000 mm

S=450 mm control

S=300 mm<450 mm ok
4.9.2 Design of landing:-

4.9.2.1Calculation of dead load :-

No. Partsof slab  Calculation

1 Tiles 22*0.03*1= 0.66
2 Mortar 22*.02*1 =0.44
3 RC 25*0.2*1=5

4 Plaster 22*.03*1 =0.66

6.76 KN /m

Liveload=5 KN/m

** By using atir program :-

1 2
1
A
—— ——
L, T A p I |
N
0.2 3. 0.2
} % —
3.2
20 % {
100.
A—A
Figure (4-20): Geometry diagrams
5.00
5
15 0.2, 15
1 1
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3.38 3.38

15 0.2 15
I I

fiaure (4-21): Load diagram

-13.7
-12.

13.7 12.

Figure (4-22): Shear & Moment envelope diagrams

Vu=13.67<Vc= 106 ok

4.9.2.2Design for flexure:

M, =11.56 KN.m ,

R.= (11.56 /0.9)*10° / (1000* 159° ) = 0.508 M Pa

m= 420/(0.85 * 24) = 20.58 .

=1, = .5
(1— 1 —w ) =0.0012252

1
p= 20.58

As=0.0012252 * 1000* 159 = 195 mm?

Asnin = 0.0018* 1000* 200 = 360 mm? /m control
n=5360/154=2.339

Use ® 14 @30 cm c/c

Check the step Sisthe smallest of the following :

S=3h= 3*200=600 mm

S=450 mm
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S= 380* 280/fs-2.5Cc =380* 280* 3/(2* 420)-2.5* 20=330 mm
S=380* 280/fs=380* 280* 3/(2* 420)= 300 mm control

S=300 mm=300 mm ok

Temperature and shrinkage reinforcement :

ASmin = 0.0018* 1000* 200 = 360 mm? /m

Use ®d 14@ 30 cm c/c

Sisthe smallest of :

S=5h =5*200=1000 mm

S=450 mm control

S=300 mm<450 mm ok until hereisfor our project

50114 per 1m for bottom bars & 4110 per 1m for top bars .

4.10 Design of Columns:-

I;iﬁ"_—l i I
.=:‘:£.; i wmﬂ!”W‘”‘wmm!,

@g}

Figure (4-23): Location of columns18
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4.10.1 Load Calculation :-
**For (C18):
*Check Slenderness Effect:-

**|n 0.5m-Direction

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

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

Lu=3.75m
M1/M2=1

K=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

MU gy oML ACI - (10.12.2)
r M2

1x3.75
0.3x0.5

~.long Coloumn in 0.5direction

=25>22

KU gy oML ACI - (10.12.2)
r M 2

1x3.75
03x03

~.long Coloumn in 0.3.Direction

=41.7> 22
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(=
El =04—-% . [ACI 3182002 (Eq. 10-15)]
1+b,

E, = 4700,/ fc' = 4700* +/24 = 23025.2Mpa
_12DL _12(710)

b,
Pu 1419
* |3 * 3
Iy = blzh 203795 _ 3125+ 1079mm
El - 0.4* 23025.2* 3.125 _ 17988KN. 1T
1+ 0.6
p *El
Py =—— s ACI 318—- 2002(Eq. 10—13)
(KLu)
2 %
, (SAATTIIO88 o610k,
(L.0* 3.75)>
M1
Cm=0.6+0 M2 ACI 318—2002(EQq.10-16)
Cm=1.... According to ACI 318—2002(10.10.6.4)
Cm
d.= >1.0 e ACI 318—2002(Eg. 10-12)
1-(Pu/0.75R,

1

d_= =1.2>1 ok.
1-(1419/0.75* 12612)

€min =15+.03*500 = 30mm
e=30*1.2=36 mm ¢e/h=36/500=0.072

M1=M2 =Min =Pu*e =1419*.036 = 51 KNM

From Interaction Diagram for fc=3.4
fP, 1419 , 145

= * =1372 Ps
A, 03*0.5 1000

ry=r min = 0.01

As=p * Ag = 0.01¥500*300 = 15 cm?

1500

Use ® 14 == #of bar =— =10

154

85



Use 10 ® 14 with As = 1540mm? >Asygg = 1500mm?

4.10.2 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)..........ccccueneee ACI -7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

Spacing <16x d, (Longitudinal bar .diameter) = 16x 14 = 224mm.
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm

. Use If 10@20cm

4.11 Design of Basement Wall:-
4.11.1 Load Calculation:-

f =30

Soil density = 18 Kg/cm3
K.=1-sinf /1+sinf

Ks=0.333

1= 5*4*0.33=6.67 KN

0= 18*4*0.333 = 23.8 KN/m

QU ractored) =1.6%6.67= 11.34 KN/m
QU2 (factored) = 1.6*23.8= 38.1kN/m
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Figure (4-24) : Geometry of Basement Wall

I Y
4

0.1
T
-65.7
0.08 |
+ i
52
31.3
| 251 % 167
L
89.8 81.9

Fiaure (4-25) : Load on Basement Wall
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4.11.2 Design of Wall:-

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

Vug= 81.9KN
oVe = g fcsdsb

075 —
@Ve = T\/24 *0.223 =1 = 136.56 kN

@Ve = Vu ... No Shear Reinforcement is Required.
**For Horizontal Reinforcement, Use ASmin
ASyin=0.002* b* h

Asmin=0.002 * 1000 * 250 = 500mm?*m = 50 cm?/m
Usef 10

Use two layers

250/79=3.18 ..... use 4 bars/m in each layer
Use f 10 at 250 cm c/c for each layer

4.11.2.1 Design for Negative Bending Moment:-
MUmax = 65.7 KN/m

Mn = E =73KN.m
0.9

__Mn_ 7310%
bd?  1000* 2237

=1.468Mpa

m= fy - = 420 __ 20.6
0.85* fc  0.85* 24

, :l 1- 1_2xm><Rn
m fy
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L1 1_\/1_2><20.6x1.468 _ 0.0036
20.6 420

ASgeq =T *b*d = 0.0036* 2231000 = 810 mm’
ASrinsage = 0.0012% b* h = 0.0012* 250* 1000 = 300mm?
ASpeq =810> ASginage = 300mm’

Req.

Usef 14
No. = 810/154 = 5.26 , Use 6 bars

Use f 14a 20cm

4.11.2.2 Design for Positive Bending M oment: -

MUmax = 31.3 KN/m

Mn = E’ =34.8KN.m
0.9
*
= Mr21 _ 34.8 10’\63 _ 0.7Mpa
bd 1000* 223
fy 420 20.6

m= - = =
0.85* fc  0.85* 24

, :l 1- 1_2><m><Rn
m fy

1 (1— Jl—mj — 0.00169

f = —
20.6 420

ASgeq =T *b*d =0.00169* 223* 1000 = 378 mm?
ASqrinege = 0.0012% b* h = 0.0012* 250* 1000 = 300mm’
ASpeq = 370> ASgyinage = 300mm?

Usef 14

No.=378/78.5=4.26 , Use5 bars
Use f 10 at 20 cm
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4.12 Design of shear wall :-
4.12.1 Design of shear wall by ETABS program:-

Design philosophy in ETABS based mainly on transform loads from slabsto walls
directly .

shear wall has been loaded by two kinds of forces:
1) Axial loads (Dead + Live)

2) Lateral "seismic loads, wind pressure’

Shear wall

Sample
Design

Figure (4-26): Shear wall plan from ETABS
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**By using Etab program for analysis we get:-

Figure (4-27): Design of shear wall from ETABS

4.12.2 Design of shear wall by manual method:-

86

708
| 344

2084

Figure (4-28): Shear force & moment on the wall from ETABS
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Z=30
R=55

| =1.0
Ca=0.24
Ct =0.0488
Cv=0.24

Where:

Z = seismic zone factor asgiven in Table 16-I.

R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or

16-p.

| = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto Level i, n or x, respectively.

4.12.2.1 Design of Wall:
By Using Software (ETABS 9.5), We Get the shear wall Analysis Results as shown in the
following Diagram:-
Fc =24 MPa
fy =420 MPa.

h=25 cm. Shear wall thickness.

Lw= 4.1 m. shear wall width

Hw=12m. Building height
Lw/2=4.21/2=205m.............. (control)
hw/2=12/2=6m

d=08* Lw=0.8* 4.1=3.28m

fc'
Ve, = xbxd
= \/2_4 x 0.25x 3.28* 10”3 = 669.5kN.....Control
L,r - }E_ ES b £ d i, Nu = d
L2 = 4 4 = !W
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_ V24+0.25+328 =1000

. " +0.0 = 1004kN
o - . 2=N
v = f’[ 4 Iw .If't + -E:_::g z b=
7. 72

Mu = 708 + 344(4 — 2.05) = 1379 kN.m

v = V24 LAl V2440  025%3.28+1000 _ 1041l
T T 771379 _41 10 -
344 2
For horizontal reinforcement
Vs = 344 669.5 =210.8 kN
T 0.75 e
Auv. h Vs 02108 0.00015
s, Fyd 420+328
Av. h
= 0.0025 = b = 0.0025 = 0.25 = 0.00063
1 min
Try 12
2%113+10°°
= 0.00063
5
S1=.36 m
S1<(ly/5) =4100/5=820mm ......... Control
S, <3*b=3*250=750 mm
Try 10
2+79=10"
——— =0.00063
5
S1=0.25m
Use 10 @ 25cm c/c For Horizontal R.F.
**For Vertical Shear Reinforcement :-
hw ‘qrh
Ay, = 00025405 25——2 = —00025 =s,=h
b s, *=h
12 2=79
Ay, = 00025405 25—— = —00025 =s,=h

41 250 =250
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A, =0.0025 5, = h

ZeT0e1070

=0.0025#.25 ......... s=025m

Sz .
S < Lu/3=4100/3 = 1367 mm
< 450mm
< 3* h=3*250= 750 mm
Use® 10 @ 25 cmc/c

Iw
=
¢ ~ 600 = I:Siz/hw]

Assume Sn/hw = 0.007
107

= so0s0.007

boundary element length=C-0.1* |,
=1.07-0.1* 41=0.66 m
>1.07/2=0.53m

The boundary element length = 70 cm

Ast = 4.1/0.25* 2* 79 = 2591 mm?

z 1
l, ., 085+f=f =l *h
4 2 + i L4
Age * Jy
z 1
l, ., 085+f=f =l *h
4 2 + i L4
Age * Jy
2 = ! = 0.066
L. "~ 5, 085+085+24+41+025" "

2591 = 10-© = 420

Mp = 0.9%(0.5 *Ast* Fy* L, * (1-Z/l,,))

My, = 0.9%(0.5 *2591* 10°% 420* 4.1* (1-0.054))
Mp = 1.89 MN.m

My = 2084 — 1890= 194 KN.m

M,
U]

Ast = =151 mm?
SU= 120+ (245 —035) ot mm

As= 151 +8*79 =790 mm?
Use ® 12
Use10D 12 .oooviveneeeannnnnn.. A= 1113 mm?
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2810825

L1091

Figure (4-29) : Shear Wall Reinforcement

4.13 Design of | solated Footing:

4.13.1 Deter mination of Loads:
Total factored load = 1419 KN.
Total servicesload = 1064 KN
Column Dimensions = 50* 25 cm.
Soil density = 18 Kg/cms3.
Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (40 cm) thick.
Footing weight = (25%0.4) = 10 KN/m2.
Soil weight above the footing = (0.6) * 18 = 10.8KN/m2.
liveload =5 KN/m?
Clatlow net =400-5-10.10.8=347.2 KN/m?

4.13.2 Deter mination of Footing Area :

PO
T3742 M

**L=18m

Try 1.8 1.6 mwith area= 2.88 m2 > Argq = 2.85 m2
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determine q, = 1419/2.88 = 492.71 KN/m?
4.13.3 Deter mination the depth of footing based on shear strength:
Assumeh=50cm ..... d = 500-75-20 = 405 mm

** Check for one way shear strength

Vu =492.71*1.8* (LZO'25 —0.405) = 239.5KN

fve=f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24 *1800* 0.405 = 446.4KN

f Vc =446.4KN > Vu = 239.5KN
. Safe

4.13.4 Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

v, =f 112 |/ 0d
6" b,
1( a ’
fv, =f.=| 2 42/t bd
¢ 12(bo/d ] ©
fv, =f %w/ t'b.d

Where:-

_ Column Length (a) 50
© " Column Width (b) 25

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

b, = 2(d + al) + 2(d + a2) = 2(500+ 405) + 2(250+ 405) = 3120mm

s =40 for interior column

i 1+£ =1/3
6 b.
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* *
i a, d+2: 40 405+2 _ 06
12\ b 2920

(o]

1
.—controls
3

fV, =f é‘/ £, b,d = (0.75/ 324 * 3120* 0.305 = 1165KN

VU = 492.71*{ (L.6* 1.8) — (0.5+ 0.405) * (0.25 + 0.405)} = 1127KN
f Ve =1165KN >Vu, =1127KN....... satisfied

4.13.5 Design of Bending M oment:

Mu =492.17*1.8* 0.675° / 2= 202.1kN.m
Mu =202.1 KN.m

Mn 202.1*10"6/0.9
Rn= > = >
bd 1800x 405

. fy 420
0.85* fc  0.85*24

; :i 1- l_2><m><Kn
m fy

r __1 1_\/1_M —0.0018
20.6 420

ASgeq =T ¥ b* d = 0.0018* 1800* 405 = 1345 mm?
ASgyiniage = 0.0018* b* h = 0.0018* 1800* 500 = 1620mm?
useAs = 1620mm?

Select 12

1620
113
o ASy iges = 1695mMm? >1620mm?.....ok

=0.76Mpa

20.6

=14.4 — usel15bars.
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**Check for strain :-
A * fy=0.85* fc'*b* a
1695* 420 = 0.85* 24*1800* a

a=19.4mm
c:izlg—'4:22.8mm
b, 0.85
e, = M* 0.003=0.05
22.8

e, = 0.05> 0.005—— ok

Mu = 492.17*1.6* 0.65% /2 = 166.54kN.m
Mu =166.54 KN.m
D=500-75-12-6=407
Mn 166.54*1076/0.9
Rn= > = 5
bd 1600x 407

. fy 420
0.85* fc  0.85*24

, :1 1- 1_2><m><Rn
m fy

L1 1_\/1_ 2x20.6x07 | _ o 1917
20.6 420

ASpe, =T *b*d =0.0017*1600* 407 =1102 mm’
ASgyinage = 0.0018% b* h = 0.0018* 1600* 500 = 1440mm’
useAs = 1440mm?

Sect f 12

1440 _ 15 75 uset3bars

113
o ASy iges = 1469Mm? > 1440mm?.....ok

=0.7Mpa

20.6
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**Check for strain :-
A * fy=0.85* fc'*b* a
1469* 420 = 0.85* 24*1600* a

a=18.9mm
c:£=@:22.2mm
b, 0.85
e, = M* 0.003=0.052
22.2

e, = 0.052 > 0.005—> ok

4.13.6 Development Length of main Reinforcement for My, :
0.24fy 0.24* 420
db=
Jtc J24
Ldyreq = 0.044 xfy xdb =0.044 x420 x14 = 29.6 cm
Ld@yreq = 29.6cm > Ld1)reg=29 cM
Available Ld =(500 — 75— 2*12) = 401 mm.

14=29cm .

Ld)req=

Using hook >16*f
Required length of hook >16*f >16*14 = 22.4 cm
Total Length = 52.... use 60cm > L= 29.6 cm ... 0k

4.13.7 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (500* 300)]/1000 = 1989KN
But Pu=1419 <f .Pn=1989KN

- Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
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As . =0.005* Ag = 0.005* 500* 300 = 750cm”
Use the column barsasadowels
Sdect 10010

ASorovided = 785 MM’ > Asgeq, = 750 mm?

Ve
59
o - |
i}
&
EE A 10K
3
5 “ 15812 L=F18 q
18
LS gl |
10585 ] i [ate] 10
10 180 1
=00

Figure (4-30): Isolated Footing detail

4.14 Design of Well :-
4.14.1 Design of well by using STAAD PRO program:-
By Using Staad Pro programe for anylses we get :-

** The critcal case was (Self weight + Soil(Lateral Load) )
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Figure (4-31): Moment's value from STAAD PRO

Max. value of moment is 73 KN.min Y Direction & 63KN.m in X Direction .

Figure (4-32): Plan of well
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Use two layers of 16 diameter bars @20cm

Figure (4-33): Well Reinforcement

4.15 Design of Structural Sted -

4.15.1Design of Brace members on compression :
Pu=22.77 Kips

K=1, Lu=4.41ft

KLu=1*4.4=4.41t

Accordingto AISC available strength in axial compression Tables select Hss4* 2* 1/8 with
®Pn=41.06 >Pu ok

Pu= 55 Kips
K=1, Lu=3.3ft
KLu=1*3.3 =3.3ft

Accordingto AISC available strength in axial compression Tables select HSS4* 3* 1/8 with
®Pn=55.6 >Pu ok

4.15.2 Check sectionson Tension :

Section HSS4*2*1/8

Section properties Ag=1.3in2 , Fy=46Ks ,Fu 58 Ksi
Pu=21.8 Kips

1)tensileyielding on gross section:
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OPn=0*Fy*Ag =0.9*46*1.3 =53.82 > Pu =21.8 ok
2)for tensile rupture in the net section :
An=Ag=13in2
Ae=U An
U=1- X/L
X=( B2+2BH)/4(B+H) = ( 22+2*2* 4)/4(2+4) =0.833
U =1-0.833/12=0.93
®Pn=0*Ae* Fu=0.75*1.3*0.93*58 =52.6 Kip >Pu ok
Section HSSA*3*1/8 Section properties Ag=1.54 in2 , Fy=46Ks ,Fu 58 Ksi
Pu=55 Kips
*tensile yielding on gross section:
OPn=d* Fy* Ag =0.9*46*1.54 =63.8 > Pu=55 ok
4.15.3Deter mination of weld size:
®Rn =® *0.707*(4*a)* 0.6FEEX =0.75*0.707*4*a* 70 =89.08* a Kips/ in
®*0.6Fy* t= 1*0.6* 46* 0.126* 4 =13.8Kips/in
®* .6Fu*t= 0.75*.6 *58*0.125*4 =13.05 kips/ in....... control
®RNn =0* .6Fu*t
89.08* a=13.05
a=0.146/16
amin = 4/16
so use a=5/16
4.15.4Deter mination of weld length:
®Rn=0.75*0.707 *5/16 *.6 * 70 =27.84 kip /in
®*0.6Fy* t= 1*0.6* 46* 0.126* 4 =13.8Kips/in
®* .6Fu*t=0.75*.6 *58*0.125*4 =13.05 kipd/ in....... control
Lw= Pu/ ®0.6Fu*t =21.78/13.05=1.7 in

use all around fillet weld Lw =12 in ,a=5/16
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Chapter 4

Structural Analysis& Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Factored Load of ribs
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two Way Ribbed Slab
4-8 Design of Solid Slab

4-9 Design of Stair

4-10 Design of Column

4-11 Design of Basement Wall

4-12 Design of Shear Wall

4-13 Design of Isolated Footing

4-14Design of Well

4-15Design of Steel
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4.1 Introduction:-
The project consists of several structural elements that will be designed according to

the ACI code and by using the finite element method using much of computer software

such as “ATIR” and “STAADpro” to find the internal forces, deflections and moments

for the all structural element in order to design them.

4.2 Deter mination of Slab Thickness :-

A

=== ﬂﬂll} _,m !mmyluuuumuu_uln||n|||r

Figure (4-1): First Floor Slab.

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams

or one way slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5

=610/18.5 =32.97 cm.
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hmin for both-end continuous = L/21
=620/21 =29.5cm
hmin for simply supported = L/16

=520/16 =32.5cm

The controller slab thickness is 32.97 cm.

Select Slab thickness h=35cm with block 27 cm & Topping 8cm.

4.3 Deter mination of Loads of ribs :-

4.3.1 Deter mination of Dead load: -

Type 1 bh KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52*22 0.229

Sand 0.12*0.52*16 0.998
Topping 0.08*0.52*25 0.998

Hollow block 0.4*0.27*9 0.972

Plaster 0.02*0.52*22 0.229

R.C rib 0.12*0.27*25 0.81
Partitions 1.5*0.52 0.78
Sum 5.417

4.3.1 Deter mination of liveload:-

Nominal Total live load =5 * 0.52 = 2.6kN/m of rib
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4.3.2 Determination of factored dead & liveload

Factored dead load = 1.2*Dead load = 1.2*5.417 = 6.50 KN/m.
Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m

4.4 Design of Topping:-

Deter mination of dead load of topping

Type 1 bh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44

Sand 0.12*16*1 1.92

Topping 0.08*1*25 2
Partitions 1.5*1 1.5
Sum 6.55

Live Load =5 KN/m?. (for Stores)
qu=12DL+16LL

=1.2*6.55+ 1.6 * 5 = 15.86 KN/m. (Total Factored Load)

q, *1?
S Mu=-2—" =1586%0.47 /12
12
—0.21KN.m
bh?

- Mn=0.42 fC’*T

) * 2
=042 /24 *M — 2.19KN.m.

f *Mn=0.55*%2.19=1.2KN.m
f*Mn=12>Mu=021KN.m .
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No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.

For the shrinkage and temperature reinforcement:
r =0.0018
As =r *b*h=0.0018*1000*80 =144mm°.

n=As/100=144/50= 3 bars

S=1000/3 =300 mm

S=3h =3*80 =240 mm ( control )

S=450 mm

S=300*280/fs-2.5Cc = 300*280*3/2*420 -2.5*20 = 250 mm
S=300*280/fs =300*280*3/2*420 = 300 mm

Use S =200 mm < S max =240 mm

Use ®8 @ 20 cm c\c in both directions.

4.5Design of Rib 5 :-

1 2 3 4 5
1 2 3 4
q R B s A = By
0.4 555 07 61 07 63 07 515 04
H ot — - —t S —t o H
I 51 T T T 1
3.
A-A

Figure (4-2): Rib 5 geometry.
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load no. 1
Deadglua - Bervice Units:kNmeter

a41 2.4 41 =41
61 62 6. a3
Live load - Service Load factors: 4.20,1.20:1.60,0.00
250 Z.bl 260 260
61 62 6. a3

Figure (4-3) : loading of Rib 5

Mimrwid s =janx Tin 4

563
i fi
-8 5, A
", <3S -»2 , 32 A
) 40 %
. PaS
J'ﬁ;hp';h | L ..-"J 18 | -'fr _'9}\
2 I g ) I 203 s o LBT =
H\ E ul | % T - y | . T - - A o H
S0 f|!.25 ‘\. 103, = f'l |j.1l] " 4
-~ |—| - b -
EH\\__\_\_ J.-"/ \“H..__ - 1. \‘--..\_\__\_'__,_,--"' 1.3 ""-.k .-'5:?
S 7. rr Srcan T
e )
1.7
| 2 16 | 1.4 ; 3d 5 35 | 4 258
Figure (4-4) : Moment Envelop of rib 5.
jhear
A5 7 411
-33.4 07 -3, 285
[N 1 1 1 Il 1 I 1
LJ 214
B8 1
23 2 LTy
3.3 : a4

Figure (4-5) : Shear Envelop of rib 5.
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4.5.1 Design of flexure:-

4.5.1.1 Design of Positive moment of rib 5 :-

Assume barsdiameter of 12 mm
d=350-20-8-6= 316 mm.

1) Maximum positive moments Mu= 40.7 kKN .m

beff <=520 mm.  (control)
<=5220\4 = 1305 mm.

<=16 * 80 +120 = 1400mm.
—>beff =520 mm.

f *Mnf =0.9*%0.85*24*0.08*0.52*(0.316 — 0.08\ 2) *1000 = 210.8KN.m
f *Mn>mu
210.8 > 40.7

- rectangular section.

1) Maximum positive moments Mu= 40.7 kKN .m

Mn =40.7 /0.9 =45.22 kN.m

m = fy _ = 420 =20.6
0.85* fc 0.85*24
Mn  4522*10"6
Rn = 5= >-=0.87 Mpa
b*d 520*(316)
1 2mRn
p=—(1- 1- )
m fy
p= L(l_ Jl_w):gooﬂz
20.6 420

As = 0.00212 (520) (316) = 348.3 mm’?
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24

As, = (120)316)> 12‘:) (120)316))

4(420)

As,. =1106<1264
As,, =126.4mn?

348.3mm’ > As, .. =126.4mn’

# of bars = As/ As 5 = 348.3 /201 = 2 bars

Select 2 ® 16mm .

e Chick for strain
Tension = compression
As*fy=085**b*a

402*420 =0.85*520*24*a

a=15.9mm
c=2 159 1873mm
b, 0.85
. _315-18.73
s~ 18.73
e, =0.0475> 0.005

X0.003

2) positive moment Mu= 33.7 KN.m

Mn =33.7/0.9 = 37.44 kN.m

B fy 420
0.85* fc  0.85%24

=20.6

Mn _ 37.44*10"6

Rn = = =0.721 MPa

b*d® 520*(316)°

~105.1)

* Note Apis= 201 mm?2



_1 _/_Zm_R“
p—m(l 1 fy)

\/1_ 2(0.721)(20.6)
420

1
p=os (-

) =.00175
20.6

As = 0.00175 (520) (316) = 287.25 mm?

I )= 24 (ow ]
As,. —4(fy)(b Xd)> fy(b ) (<] P (ACI -10.5.2)
N 24 1.4

As, =1106<1264
As,;, =126.4mn?

287.25 mm’> As, . =126.4mn7

# of bars = As/ As = 215.4/153.9 = 2 bars * Note Agp14= 153.9 mm?

e Chick for strain
Tension = compression
As*fy=085**b*a
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307.8*420=0.85*520*24*a
a=12.18mm

= a2 = % =14.33mm

b, 085
_ 316-14.33

eS
14.33
e, =0.063 > 0.005 OK

X0.003

3) positive moment Mu= 27.7 kN.m
Mn=27.7/0.9=30.78 kN.m

fy 420

m = - = =20.6
0.85* fc  0.85*24

Mn  30.78*10"6
= — = > =0.593 MPa
b*d®>  520*(316)

Rn

B 2mRn
fy

1
p=—(@1-,1 )
m

_ 1 - \/1_2(0.593)(20.6)

= =.00143
=206 20 )

As = 0.00143 (520) (316) = 235.39 mm?

As,, =£(bw)(d)z%(bw)(d) ....................

Y
As,, = %(120)(316) > %(120)(316))

As,. =1106<1264
As, . =126.4mn?

235.39 mm? > As, . =126.4mnY

41
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# of bars = As/ As pr = 235.39/153.9 =2 bars

Select 2 ® 14mm .

e Chick for strain
Tension = compression
As*fy=085**b*a
307.8*420 =0.85*520*24*a
a=12.18mm
c= ; 1028158 ~14.33mm
316-14.33

e, =22 =22 %0.003
14.33

e, =0.063 > 0.005 oK

4) positive moment Mu= 27 kN.m
Mn =27 /0.9=30 kN.m

fy 420
= - = =20.6
0.85* fc  0.85*24
Mn _ 30*10"6
= =0.577 MPa

“b*d?  520%(316)

_ 1. f_2mRn
p—m(l 1 fy)

S L \/ 2(0.577)(20.6)
P= 206 420

) =.00139

As = 0.00139 (520) (316) = 229.35 mm?

Jic 14
ASn = 471y) (bw)(d)= y ~—(bw)d)

42
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As..,

Asnin

ASmin

24

= (120)316)> 12‘:) (120)316))

4(420)

=1106<1264

=126.4mn?

229.35 mm? > As, . =126.4mnY

# of bars = As/ AS 5 = 229.35/153.9 = 2 bars

Select 2 ® 14mm .

4.5.1.2 Design of Negative moment of rib 5:

1) Maximum negative moment Mu= 41.5 kN.m

Chick for strain

Tension = compression
As*fy=085**b*a
307.8%420 =0.85*520*24*a
a=12.18mm

c:i =% =14.33mm
b, 0.85
e, = 316-14.33 X0.003
14.33

e, = 0.063>0.005 OK

Mn=41.5/0.9 = 46.11 kN.m

“b*d?  120*(316)

fy 420
- = = 20.6
0.85* fc  0.85*24
Mn _ 46.11*10°6
= = 3.848 MPa

* Note Ap1a= 153.9 mm?2



2mRn
fy

1
p=—(1- 1~ )
m

L \/ 2(3.848)(20.6)):0.0102
206

420

As = 0.0102 (120) (316) = 388.4 mm®

VT ks 4 (o _
As. . _4(fy)(b Xd)> fy(b ) (] (ACI —10.5.1)

V24 1.4
As,. :ﬁ(120)(316) 20(120)(316))

As,. =1106<1264
As,. =126.4mnY
388.4mm?> As, . =126.4mn7

#of bars = AS_;,/ AS pyr = 388.4/201 = 2 bars * Note Agpig0= 201 mm?
Select 2 ® 16mm .

e Chick for strain
Tension = compression
As*fy=085**b*a
402*420=0.85*120*24*a
a=68.97mm
c:bil:%:m.Mmm
o _ 315-81.14

° 81.14

e, =0.0086 > 0.005 OK

X0.003
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2 ) Negative moment Mu= 35.5 KN.m

M n=35.5/0.9 = 39.45 kN.m

m = fy': 420 = 20.6
0.85* fc  0.85*24
* N\
Rn Mn _ 39.45*10"6 — 3992 MPa

“b*d?  120*(316)

B 2mRn
fy

1
p=—(@1-,1 )
m

_L(l_\/1_2(3-292)(20-6)):0_0086

=206 420

As = 0.0086 (120) (316) = 326 mm’

As,, :E(bw)(d)z%(bw)(d) .................... (ACI -10.5.1)

"~ 41y

V24 1.4
As, = m(lZO)(316) > @(120)(316))

As,. =1106<1264
As,. =126.4mnY
326 mm*> As_. =126.4mnY

#of bars = AS_;,/ As pyr = 326/201 = 2 bars * Note Agpig0= 201 mm?

Select 2 ® 16mm .

e Chick for strain

Tension = compression
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As*fy=085**b*a
402*420 = 0.85*120*24*a
a=68.97mm

2 _8897 g1 14mm
b, 0.85

o - 315-81.14
s 81.14

e, = 0.0086 > 0.005 OK

X0.003

3) Negative moment Mu= 32.2 kN.m

Mn=32.2/0.9 = 35.78 kN.m

fy 420
m = - = = 20.6
0.85* fc  0.85*24

Mn _ 35.78*10°6

= pea? "~ T20v@1ey - 220 MPe

p= L (1- \/1— 2(2.986)(20.6)  _ 5577

206 420

As = 0.0077 (120) (316) = 293 mm’

ps, 1T (bw)(d)z%(bw)(d) ....................

" a(fy)
As,, = %(120)(316) > %(120)(316))

As,. =1106<1264

As,.. =126.4mn’
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293mm’ > As,;, =126.4mn"

#of bars= AS_;,/ AS par = 293/153.9 = 2 bars * Note Agp14= 153.9 mm2

e Chick for strain
Tension = compression
As*fy=085**b*a
307.8*420 =0.85*120*24*a

a=>52.81mm
_a _»5281_ 62.13mm
b, 0.85
e, = 315-62.13 X0.003
62.13
e, =0.0122 > 0.005 OK

4.5.2 Design of shear of rib 5

1) Vud =36.9 KN

® Ve = CD*—VngW*d

= 0.75* g 120*0.315

=23.15KN

1.1*® Vc=1.1*23.15=25.46 KN.
® Vnmax = ® 5Vc =127.3 >Vu =36.9 the section is large enough

Check for items:-
1/ Vu<s o Vce/2

36.9> 12.73 ( notok )
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2/ ®Vc/l2sVu<sod Ve
12.73 <36.9< 25.46 ( notok )
Vs=Vn-Vc=36.9/.75-33.95=15.253 KN

3/ ®VcsVugsod Ve + dVsmin

® Vsmin >0.75 (%) *bw*d =0 .75*(%)*12 0*0.315 =9.45KN. (control)

> 0.75 (@ *pw*d =0.75* @ * 315*.12= 8.68 kn.
16 16
@ vsmin = 9.45 KN.
® Ve =25.46 <Vu=36.9> (® Vc + ® Vsmin ) =34.91 not Ok

4/ Vs’ =2Vc = 2*33.95 =67.9
Vs’=67.9> Vs =15.253 0k so item 4 satisfy
S =d/2=315/2 =157 mm (control)
S =600 mm
Take Av=2 ® 8=2*50 =100 mm2
Av/s= Vs/fy *d
2*50/ s = 15.253*1000/(315*420) > s=870mm
Take S =150 mm

Use2® 8 @ 15cmclc.
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2 )Vud =33.4 KN

® Ve = qn*—V;wa*d

N

= 0.75* ra 120*0.315

=23.15KN
1.1* ® Vc = 1.1*%23.15 = 25.46 KN.
® Vnmax = ® 5Vc = 127.3 > Vu = 33.4 the section is large enough
Check for items:-
1/ Vu< o Vce/2
33.4> 12.73 ( notok )
2/ ®Vcl2sVusd Ve
12.73 <33.4> 25.46 ( notok )
Vs=Vn-Vc=33.4/.75-33.95=10.58 KN

3/ dVecsVusdVe+ dVsmin

® Vsmin 20.75 (%) *bw*d =0 .75*(%)*12 0%0.315= 9.45KN. (control)

> 0.75 (@ *pw*d =0.75* @ * 315*.12= 8.68 kn.
16 16
@ vsmin = 9.45 KN.
® Ve =25.46 < Vu=33.4< (® Vc + ® Vsmin ) =34.91 Ok

so item 3 satisfy

S =d/2 =315/2 =157 mm (control)
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S =600 mm
Take Av=2® 8=2*50 =100 mm2
Av/s = Vs/fy *d
2*50/ s = 15.253*1000/(315*420) > s=870 mm
Take S =150 mm
Use2 ®8 @ 15cmclc.

3) Vu=24 KN

d Ve = d)*—“gcbw*d

e

= 0.75* ra 120*0.315

=23.15KN
1.1* ® Ve = 1.1*23.15 = 25.46 KN.
@ Vnmax = ® 5Vc = 127.3 > Vu = 24 the section is large enough
Check for items:-
1/ Vu<® Vc/2
24 > 12.73 ( notok )
2/ ®Vc/l2sVusd Ve
12.73 <24< 25.46 ( ok )
So no shear reinforcement is required for joist construction according to ACI code

Use 208 @ 25cm cl/c
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4 YVu=214 KN

f 1
dVec=o* chw*d = 0.75* g 120*0.315 =23.15 KN

1.1* ® Vc = 1.1*%23.15 = 25.46 KN.

® Vnmax = ® 5Vc =127.3>Vu =214 the section is large enough

Check for items:-
1/ Vu< o Vce/2 21.4> 12.73 ( notok )
2/ ®Vc/l2sVu<sod Ve

12.73 <21.4< 2546  ( ok )

So no shear reinforcement is required for joist construction according to ACI code

Use 208 @ 25cm cl/c

4.6 Design of beam

Deter mination of Dead load of beam :-

Type 1 bh KN/m
Tiles 0.03*1.2*23 0.828
Mortar 0.02*1.2*22 0.528
Sand 16*1.2*0.07 1.344
Reinforcement concrete 25(1.2*0.55-0.5*0.2) 14
Plaster 0.02*1.6*22 0.704
Partitions 1.5*1.2 1.8
From rib 5 70.6
Sum 89.8
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Deter mination of live load of beam :-
Nominal live load : 5*1.2 =6 kN /m

From rib 5 =20.42/0.52= 39.3 KN/m

Determination of factored dead & live load :-

Factored dead load = 1.2*Dead load = 1.2*89.8= 107.76 KN/m.

Factored Live load = 1.6*live load = 1.6*45.3= 72.48KN/m

| 2 3 4 3 &
1 2 3 4 >
]: i Ll "J Ld "J Ll 14 "J j
1}3 &7 {l:!- 3. 03 &5 ﬂﬂ- TE {l:l- 22 ﬂ?.
III ? III 3 3 LIL ‘EE‘ III E.l III 15 III
I 1_21} T T T T 1
A-A
Figure (4-6) : Beam Geometry
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Leading

load no. 1
Dead load - Service

Units:kM,meter
li‘J.ﬂl 05, T0E 641 610
. | 42 4 4 4% 4
: 58 1 i

Live hoad - Service Load factors: 1.20,1. 200150, 0,00

:%3 2 201

T 33 L]

o]
.

[T 1]

Figure (4-7) : Load of beam

Woments: spans TIo ¥

728 ?BE:EEEF'?%EA
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£282 561 c
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145 B2 e 21
L 1 Il : i 225|‘!| i 1 :
wﬂ. '||-'ﬁ._| TR \_/ HE
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GBR T
| 28 42 | 29 445] 306 . 374 | 405 405 | 235 |
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Figure (4-8) : Moment Envelop for Beam
Shear
6703 406 5314

3334
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Figure (4-9) : Shear Envelop for Beam
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4.6.1 Design of flexure:-

4.6.1.1 Design of Negative moment :-
Assume bars of ® 25

bw =70cm h=55cm
d=550 -40-10-12.5 =487.5 mm

1) MU =7654 KN.m

Design as rectangular

C max= 3/7 d= 3*487.5/7=208.93 mm  a=0.85 C=0.85*208.93 = 177.59 mm

@ Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*700*177.59*(487.5-177.59/2)*10"-6=829.1 KNm>Mu =765.4 KNm ok
Design singly

Mn= Mu/0.9= 765.4/0.9 = 850.44 KN m

Mn  850.44*10"6

Rn = 7= >=5.112 Mpa
b*d? 700*(487.5)
1 2mRn
=-01- 1——
P m( y )
o= 1 - \/1_ 2(5.112)(20.6) ) = 001427
20.6 420

As = 0.01427 (700) (487.5) =4869.2 mm?

4 fc 1.4

ASuin = ) (bw)(d)zW(bw)(d) .................... (ACI -10.5.1)
N4 14

As,, = m(mo)@szs) > m(700)(487.5))
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As_ =1137.5mnt

4869.2 mm? > As, . =1137.5mnT

# of bars = As/ As ,,r = 4869.2 /490.9 = 10 bars * Note Ags=490.9 mm?2

Select 10 @ 25 mm with As=4909>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a
4909*420 = 0.85*700*24*a
a=144.38m

a 14438
b, 085
o _ 487.5-169.9

° 169.9
e, = 0.0056 > 0.005

=169.9mm heck for bars placement:

X0.003

ok
S=(1200 - 40*2 - 2*10-10*25) /9 =94.44 mm >25mm Ok

2) Mu= 661 KN.m
Assume bars of & 25

bw=70cm h=55cm
d=550 -40-10-12.5 =487.5 mm

Design as rectangular

Mn= Mu/0.9= 661/0.9 = 734.4 KN m

Mn  730.44*10"6

Rn = 2~ 2
b*d? 700*(487.5)

=4.415 Mpa
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p:i(l_ 1_2mRn
m fy

)

0= 1 @ \/1_2(4.415)(20.6)): 0.01199

20.6 420

As = 0.01199 (700) (487.5) =49092.54 mm?

3 ) 2 o
A = gy 09> ()

24 1.4
As, = m(mo)(ma?.s) > 4—20(700)(487.5))

As_ =1137.5mnt

4092.54mm? > As, . =1137.5mnt

# of bars = As/ As . = 4092.54/490.9 = 9 bars

Select 9 ® 25 mm with As = 4418.1>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a
4418.1*420 =0.85*700*24*a
a=129.94m
c= bil = 1?)9824 =152.87mm
_ 487.5-152.87

e, = — 22220 %0.003
152.87

e, = 0.0066 > 0.005

ok
Check for displacement

.................... (ACI —10.5.1)

* Note Ag5=490.9 mm?

S =(1200 - 40*2 - 2*10-9*25) /8= 109.37 mm >25mm Ok
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3) Mu =615 KN.m
Assume bars of & 25

bw=70cm h=55cm

d=550 -40-10-12.5 =487.5 mm
Design as rectangular

Mn= Mu/0.9= 615/0.9 = 683.33 KN m

Mn  683.33*10"6

Rn = 5= > =4.107 Mpa
b*d? 700*(487.5)
1 2mRn
=-01- 1——
P rn( y )
o= 1 - \/1_ 2(4.107)(20.6))=0 01103
20.6 420

As = 0.01103 (700) (487.5) =3765.31 mm’

As,, :E(bw)(d)z%(bw)(d) .................... (ACI -10.5.1)

"A(ty)

W24 1.4
As, = m(mo)@szs) > m(700)(487.5))

As,. =1137.5mnt

3765.31 mm?>As . =1137.5mnT

# of bars = As/ As ,, = 3765.31 /490.9 = 8 bars

Select 8 ® 25 mm with As=3927.2>As req ok.

e Chick for strain

Tension = compression
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As*fy=0.85**h*a
3927.2*420 = 0.85*700*24*a
a=115.5m

2 155 a5 g9mm

b, 085

. _ 4875-135.89

° 135.89
e, =0.0078 > 0.005

X0.003

ok

Check for displacement
S =(1200 - 40*2 - 2*10-8*25) /7= 128.6 mm >25 mm

4) Mu=3828 KN.m
Assume bars of & 25

bw=70cm h=55cm

d=550 -40-10-12.5 =487.5 mm
Design as rectangular

Mn= Mu/0.9= 382.8/0.9 =425.33 KN m

Mn  425.33 *10"6

Rn = 7= >-=2.557Mpa
b*d?  700*(487.5)
1 2mRn
=-01- 1———
P rn( y )
o= 1 @ \/1_ 2(2.557)(20.6))=0 00653
20.6 420

As = 0.00653 (700) (487.5) =2227 mm?
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As,, = Vi (bw)(d)z%(bw)(d) .................... (ACI -10.5.1)

min 4( fy)
24 1.4
As, = m(mo)(zms) > 4—20(700)(487.5))
As,,, =1137.5mn?

2227 mm* > As,,. =1137.5mnT

# of bars = As/ As , = 2227/490.9 = 5 bars
Select 5 @ 25 mm with As=2454.5>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a
2454.5*%420 =0.85*700*24*a
a=72.19m

2 _T1219 g4 93mm

b, 085

o _ 487.5-84.93

° 84.93
e, =0.014 > 0.005

X0.003

ok

Check for displacement

* Note Agp25=490.9 mm?2

S=(1200 - 40*2 - 2*10-5*25) /4= 243.75 mm >25mm Ok

4.6.1.2 Design of positive moment :

1) Maximum positive moment \My = 686.7 KNm

f *Mnf =0.9*0.85*24*1200*350* (487.5—350\ 2) *10"—6 = 2409.75KN.m

f *Mn> mu
2409.75 > 686.7
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Design as rectangular

Mn=686.7/0.9= 763 KNm

Assume barsof P 25

be=120cm, h=55cm
d =550-40-10-12.5 = 487.5mm

Mn _ 763*1076

Rn = 2 2
b*d? 1200*(487.5)

= 2.675Mpa

1
o= - 1_2mRn
m fy

)

_L(l_\/1_2(2.675)(20.6))20.00685

=206 420

As = 0.00685 (1200) (487.5) = 4009.6 mm?

As,, =E(bw)(d)z%(bw)(d) ...................

"A(fy)
J2a

14

(ACI —10.5.1)

As, = —)(700)(487.5) > 4—20(700)(487.5))

4(420
As_ =1137.5mnt

4009.6 mm?> As . =1137.5mnT

# of bars = As/ As . = 4009.6 /490.9 = 9 bars

Select 9 @ 25 mm with As=4418.1>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a
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4418.1%420 = 0.85%1200* 24 * a
a=758mm
c=2 -8 g9 018mm
b, 0.85
o _ 490-89.018
*~ " 89.018
e, = 0.0134 > 0,005 ok

X0.003

Check for bars placement:
S=(700 - 40*2 - 2*10-9*25) /8 =46.87 mm >25mm Ok
2 )Mu =520.9 KNm
Design as rectangular

Mn=520.9/0.9= 578.78 KNm

Assumebarsof P 25

be=120cm, h=55cm
d =550-40-10-12.5 = 487.5mm

Mn 578.78*10"6
Rn = ;= > =2.029 Mpa
b*d 1200*(487.5)

_ 1. f_2mRn
p—m(l 1 fy)

N \/ 2(2.029 )(20.6) J = 0.0051
20 6 420

As 0.0051 (1200) (487.5) = 2983.47 mm®

As,, = 4\1/(5) (ow)d)> f;'(bw)(d) .................... (ACI -10.5.1)

Asmn_ E/ﬂ

14
420) (700)487.5) > 420(700)(487 5))
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As_ =1137.5mnt

2983.47 mm? > As, . =1137.5mnT

# of bars = As/ As ,r = 2983.47/490.9 = 6 bars

Select6 @ 25 mm with As=2945.4>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a

2945.4*420 =0.85*1200*24*a
a=50.53mm
c= & 9058 g 45mm
b, 085
_ 487.5-59.45

e
* 5045
e, =0.0216 > 0.005 ok

X0.003

Check for bars placement:

S=(700-40*2-2*10-6*25) /5 =190 mm >25mm Ok

3 )Mu=442.8 KNm
Design as rectangular
Mn=442.8/0.9= 492 KNm
Assume bars of ® 25

be=120cm, h=55cm
d =550-40-10-12.5 = 487.5mm

Mn _ 492%10"6

Rn = ;= 5
b*d 1200*(487.5)

=1.725 Mpa

62

* Note Agos= 490.9 mm?



1
o= - 1_2mRn
m fy

)

o= 1 (1_\/1_2(1.725 )(20.6)):0.00429
20.6 420

As= 0.00429 (1200) (487.5) = 2514.23 mm’

VT ) 2 ow _
As. . _4(fy)(b Xd)> fy(b ) (] (ACI —10.5.1)

As, = ﬂ(700)(487.5) > %(700)(487.5))

4(420)
As,. =1137.5mn?

2514.23 mm’>As, . =1137.5mnT

# of bars = As/ As o = 2514.23 /490.9 = 6 bars * Note Agzs= 490.9 mm?

Select6 @ 25 mm with As=2945.4>As req ok.

e Chick for strain
Tension = compression
As*fy=085**b*a

2945.4*420 =0.85*1200*24*a
a=50.53mm
c= & 9058 o s5mm
b, 085
o _4875-50.45

* 5045
e, =0.0216 > 0.005 ok

X0.003

Check for bars placement:

S=(700-40*2-2*10-6*25) /5 =190 mm >25mm Ok
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4.6.2 Design of shear

1) Vu = 566.8K N

4/ fc'
dPVe=dp* —pw=*d

Nen

= 0.75* Y 700* 487.5%10"-3 = 209 KN

f 1
® Ve + (213) d * —V6C bw*d = ®5Vc =1044.9 KN > Vu=566.8 .

-> the dimension is big enough .
Vs =Vn-Vc =755.73 - 278.67 = 477.06 KN
Check for items:-
1/ Vu<® Vc/2 =>566.8>104.5 not ok

2/ ®Vc/2<Vu< d Ve =>104.5<566.8>209 not ok

® Vsmin = 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *107-3= 85.31 KN. (control)

> 0.75 (1£64 *bw*d =0.75* 1£64 * 700 * 487.5 * 10"-3 = 78.36 kn.

® vsmin = 85.31 KN
3/ dVcsVusodVe+ dVsmin

209 <556.8 >294.31 => notok
. 'fCll
4/ ®Vc+ dVsmincVu<d Ve + (DT *bhw *d

294.31<566.8 < 627 0k S max =d/2 =487.5/2 =243.75 mm <600 ok
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So item (4) satisfy
Take Av = 4® 10 = 4* 78.5 =314 mm?
Av/s = Vs/fy *d
314/ s = 477.06 /487.5*420 -2 s=134.77mm
S=134.77< d/2 =243.75 mm < 600 mm.
Select S=12.5cm
Use @ 10 (4legs) @ 12.5 c/c for 137.5 cm after the critical section and & 10 (4legs) at

( 24 )cmc/c atthe mid.

2) Vu =535.9KN

4/ fc'
dVec=d* X —hw*d

N

= 0.75* e 700* 487.5*10"-3 = 209 KN

Vs =Vn-Vc =714.53 - 278.67 = 435.86 KN

f 1
® Ve + (213) d * —V6C bw*d = ®5Vc = 1044.9 KN > Vu=535.9

-> the dimension is big enough .
Check for items:-
1/ Vu<® Ve/2 =>535.9>104.5 not ok

2/ ®Vc/2<Vu< d Ve =>104.5<535.9>209 not ok

® Vsmin = 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *10"-3= 85.31L KN. (control)
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e

—— *bw*d =0.75*
16

*700 * 487.5* 10"-3 =78.36 KN

'—\
N
m‘t‘

> 0.75 (

® vsmin = 85.31 KN
3/ ®VcsVugsdVe+ dVsmin

209 <5359 >294.31 => notok
] 'fCll
4/ dVc+ dVsminsVu<d Ve + GJT *bhw * d

294.31<535.9<627 ok S max =d/2 =487.5/2 =243.75 mm <600 ok
Soitem (4) satisfy
Take Av = 4@ 10 =4* 78.5 = 314
Av/s= Vs/fy *d
314/ s = 435.86 /487.5*420 - s=147.5mm
S=147.5< d/2 =243.75 mm < 600 mm.
Select S=12.5cm
Use @ 10 (4legs) @ 12.5 c/c for 62.5 cm after the critical section and ® 10 (4legs ) at

(24 )cmc/c atthe mid.

3) Vu =498.7 KN

4/ fc'
dVc= (D*wa*d

N

= 0.75* Y 700* 487.5%10"-3 = 209 KN

Vs =Vn - Vc =664.9 - 278.67 = 386.26 KN
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® Ve + (2/3) d * —Vgc bw*d = ®5 Ve = 1044.9 KN > Vu=498.7

-> the dimension is big enough .
Check for items:-
1/ Vu<®Vc/2 =>498.7>104.5 not ok

2/ ®Vc/2<Vu< d Ve =>104.5<498.7>209 not ok

® Vsmin > 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *10"-3= 85.31L KN. (control)

> 0.75 (% *bw*d =0.75* % *700 * 487.5* 10"-3 =78.36 KN

® vsmin = 85.31 KN
3/ ®VcsVugsdVe+ dVsmin

209 <498.7>294.31 => notok

. 4/ fc"
4/ & Vc+ dVsminsVu<d Ve + CDT *bhw * d

294.31< 498.7< 627 ok S max =d/2 =487.5/2 =243.75 mm <600 ok
So item (4) satisfy
Take Av = 4@ 10 =4* 78.5 = 314
Av/s= Vs/fy *d
314/ s = 386.26 [ 487.5*420 - 5=166.45 mm
S=166.45 < d/2 =243.75 mm <600 mm.  Select S=12.5cm

Use @ 10 (4legs) @ 12.5 c/c for 87.5 cm after the critical section and ® 10 (4legs ) at 24

c¢m c/c at the mid
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4)Vu =4175KN

4/ fc’
dVec=d* X —hw*d

Nen

= 0.75* e 700* 487.5*10"-3 = 209 KN

Vs =Vn — VVc =556.67 — 278.67 = 278 KN
f 1
® Ve + (2/3) d * —VGC bw*d = ®5 Ve = 1044.9 KN > Vu=417.5

-> the dimension is big enough .
Check for items:-
1/ Vu<®dVc/2 =>4175>104.5 not ok

2/ ®Vc/2<Vu<d Ve =>104.5<417.5>209 not ok

® Vsmin = 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *10"-3= 85.31L KN. (control)

> 0.75 (% *bw*d =0.75* % *700 * 487.5* 10"-3 =78.36 KN

® Vvsmin = 85.31 KN
3/ ®VcsVugsdVe+ dVsmin

209 <417.5 >294.31 => notok

4/ fc"
4] dVec+ dVsmincVu<od Ve + (DT *bhw *d

294.31<417.5 <627 ok S max =d/2 =487.5/2 =243.75 mm <600 ok

So item (4) satisfy
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Take Av =4® 10 =4*78.5 =314
Av/s = Vs/fy *d
314/ s =278 [487.5*%420 - $=231.26 mm
S=231.26 < d/2 =243.75 mm <600 mm.  Select S=12.5cm

Use @ 10 (4legs) @ 12.5 c/c for 62.5 cm after the critical section and @® 10 (4legs ) at

24 cm c/c at the mid

5) Vu=368.2KN

4/ fc'
dPVe=dp* —pw=*d

N

= 0.75* e 700* 487.5*10"-3 = 209 KN

Vs =Vn — V¢ =490.93 — 278.67 = 212.26 KN
f 1
® Ve + (213) d * —V6C bw*d = ®5Vc = 1044.9 KN > Vu=368.2

-> the dimension is big enough .
Check for items:-
1/ Vu< o Vc/2 =>368.2>104.5 not ok

2/ ®Vc/l2<Vu<® Ve =>104.5<368.2>209 not ok

® Vsmin = 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *107-3= 85.31 KN. (control)

> 0.75 (1£64 *bw*d =0.75* 1£64 * 700 * 487.5* 10"-3 =78.36 KN

@ vsmin = 85.31 KN
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3/ ®dVcsVusodVe+ dVsmin

209 <368.2>294.31 => notok

. 4/ fc"
4] dVc+ dVsminsVu<d Ve + CDT *bhw * d

294.31< 368.2< 627 ok S max =d/2 =487.5/2 =243.75 mm <600 ok
Soitem (4) satisfy
Take Av = 4@ 10 =4* 78.5 = 314
Av/s = Vs/fy *d
314/ s =212.26 / 487.5*%420 - $=302.9 mm
S$=302.9 > d/2 =243.75 mm < 600 mm. § =243.75 control Select S=24 cm

Use @ 10 (4legs) @ 24 c/c for 475 cm after the critical section

6) Vu=1553KN

4/ fc'
dPVe=dp* —pw=*d

N

= 0.75* e 70* 487.5*10"-3 = 209 KN

@ Vc =209 > Vu=155.3
No shear reinforcement is required use minimum reinforcement
Av/s = Vs/fy *d
157/s=85.31/487.5*420 > s=2376.8 mm
S$=376.8 > d/2 =243.75 mm < 600 mm. § =243.75 control Select S=24 cm

Use & 10 (2 legs) @ 24 c/c for 100 cm after the critical section
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Check for items:-
1/ Vu<sd Ve/2 =>368.2>104.5 not ok

2/ ®Vc/l2<Vu<® Ve =>104.5<368.2>209 not ok

® Vsmin = 0.75 (%) *pw*d =0 .75*(%)*700 *487.5 *107-3= 85.31 KN. (control)

> 0.75 (1£64 *bw*d =0.75* 1£64 * 700 * 487.5* 10"-3 =78.36 KN

® Vvsmin = 85.31 KN
3/ ®VcsVusodVe+ dVsmin

209 <368.2>294.31 => notok

. 4/ fc"
4/ dVc+ dVsminsVu<d Ve + CDT *bhw * d

294.31< 368.2< 627 ok S max =d/2 =487.5/2 =243.75 mm <600 ok
So item (4) satisfy
Take Av =4® 10 =4*78.5 =314
Av/s = Vs/fy *d
314/ s =212.26 / 487.5*%420 - $=302.9 mm
S$=302.9 > d/2 =243.75 mm < 600 mm. § =243.75 control Select S=24 cm

Use @ 10 (4legs) @ 24 c/c for 475 cm after the critical section
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
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 £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

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

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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