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Project Abstract

The idea of this project is summarized in the structural design of the Medical College in the
University in Dora City, this project is the structural design of the Medical College in the
University in Dora City contained in a somehow big university because of the absence of
any medical college in Hebron city and the construction of like this college in the zone of
the south of west bank will have a big benefit on the people live in nearby the zone of the
college and because of that the engineers who they are a part of this community did not
hesitate about their duty in creation what it needs like important educational centers for its
sons, while the structural design calculations needed for all the ribs, beams, columns, stairs,
foundations and other structural part like the steel shell in the building middle was done, the
building is formed of for floors with decreasing area by rising in each floor to give the
beautiful architectural view on the building. And this project is considered a rare because
there is no any similar in Palestine Polytechnic University or even the whole Hebron city.

The design will be done according to the American code (ACI-318) and the assisting will
bedone by some of structural and painting programs like Atir, Autocad, Safe, Etabs and
others. The Jordanian code was used in defining the live and dead loads, and we will see
some former projects. And the project will include a detailed structural study of defining and
analyzing for the structural elements and expected different loadsand then the structural
design and executional plans according to the worked design for all structural elements
which form the frame of the building.
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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,
measuredface-to-face of supports in slabs without beams and face to face
of beam or other supports in other cases.

LL = live loads.

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.

XV



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.

€c= compression strain of concrete = 0.003mm/mm.
Es= strain of tension steel.

p = ratio of steel area .
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Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Determination of Dead Load

4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam
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4.1 Introduction

The project consists of several structural elements that should be designed
according to the ACI code, using the finite element method by means of computer

software such as “ATIR” for analysis and design.

4.2Determination of the Slab thickness:

According to ACI-Code-318-08, the minimum thickness of non-prestressed beams or

one way slabs unless deflections are computed, given in table (9.5 -a), as follows:

6000/16 = 375mm.
hmin for one-end continuous = L/18.5 longest one-end cont. is 6m
= 6000 /18.5 =324.3 mm.
hmin for both-end continuous = L/21 longest both-end cont. is 6.10 m
=6100/21 =290.47mm.

Select Slab thickness h= 35 cm with 27cm block & 8cm Topping.
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4.3 Determination of Dead Load :

Topping Load Calculations

material gamma h b KN/m
tiles 23 0.03 1 0.69
mortar 23 0.02 1 0.46
sand 1 0.07 1 1.19
topping 25 0.08 1 2
partitions 15 ’ ’ 15
Live Load 5 1
Table (4-1)Topping Load Calculations
Rib Load Calculations
material gamma | h b KN/m
tiles 23 0.03 | 0.52 0.3588
mortar 23 0.02 | 0.52 0.2392
sand 17 0.07 | 0.52 0.6188
block 9 027 | 04 0.972
R Crib 25 0.27 | 0.12 0.81
topping 25 0.08 | 0.52 1.04
plaster 23 0.02 | 0.52 0.2392
partitions 1.5 ’ 52 ‘
Live Load 5 0.5

Table (4-2) Rib Load Calculations

31



4.4 Design of Topping:

Pu=1.2*4.84+1.6*5=13.81 KN/m?. (Total Factored Load)

w,*I1* _13.81*0.4°

Mu = =
> 12 12
=0.184KN.m.
2
->Mn=042,/ fc *— bh

* 2
= 0.42 E*M =2.2KN.m.

f *Mn=0.55*2.2=1.21KN.m.
f *Mn=1.21>Mu=0.184KN.m.

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
~p=0.0018
~A, = p=bh=h=0.0018 =1000 =80 = 144 mm=,

Aspp .;|| |. 4
Apar '-'rHI 27

#0f P8 =—— = 2.87 - Spacing(S) = =0.347m = 347 mm.

280 280

<380 (77) - 2.5* Ces 380 (1)

280 280

—380*(~—) 25*20<380*(~—)

280 280

~)-25%20<380* (; )

420

=380 * (

=330 mm. < 380mm.
<3*h=3*80=240 mm........... controlled.

< 450 mm.

=Use ®8 @ 20 Cm C/C in both directions
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4.5 Design of Rib :
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(4-1) One way rib slab

Factored dead load = 1.2*Dead load = 1.2*5.04 = 6.048KN/m of rib.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m of rib.
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Units:meter,.cm

1 2 3
1 2
[ B 4.45 , be 4.47 , b8
r T 5.3 T I T 5.3? T I 1
I 52 T 1
33
12.
A-A
Loading
load group no. 1
Dead load - Service Units kN meter
a4 =X L
a3l b v
Live load - Service Load factors: 1.20,1 304 .60,0.00
260 280
a3 E2

Moment/Shear Envelope (Factored) Linits: ki, mater
Moments: spans Tto 7
-36.
| //1.'J'HI||_?:E |

F— T el e e —
L 1.046 1.06 | .--"'-'J-I
I 1

7.8 7.9

118 |

318

3.2

(4-2)envelop and loads diagram
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Moment!Shear Envelope {Fattored) Units: kN, meter

shear
-313.8
-M.8
-14.7
; }
2.7 6.4
339

Reactions
Factored

I 1 Il i i j

| I I | I ]
DeadR  12.04 4014 12.08
LiveR 963 3761 b.68
Max R 31.63 &7.TE .76
Min R 10.64 3351 10
Service
DeadR 10. 3345 10.07
LiveR 6.0:3 17.26 .05
Max R 16.03 30,71 16.12
Min R 9.13 42 .6 521

Design of flexure:-

# Design of Negative moment of rib R112:
1) Maximum negative moment Mu © =21.8 KN.m.

Mn=Mu/p=21.8/0.9=2422 KN.m

m=—2 = %9 _99p

T D.BSJ. 08524

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

d=350-20-8-(12\2) =316 mm

R = Mn _ 24.22-107¢
T ped? 012- (031632

=2.02 MPa

35




_ 1 2«Ry*mi
p=—(1—- J1- 5 )

e
1

= _(1— Jl __Zrnans ):0.00507
20.8 420

~ As= p* b, *d =0.00507 * 120 *316 = 192.58 mm°,

E
Aspin = 025+ ~=by*d = “*b,*d ........(ACI-1051)
¥ ¥

—025-"".120-316 = “*-120-316
420 420

=110.57mm’< 126.4mm?®............. Larger value is control.
— ASpin = 126.4 mm*<As;¢q = 192.58 mm?,

=~ As =192.58 mm?.

2 ®12 = 226.2 MM*>Asreq =192.58 mm?. OK.

*Note: Agyaz = 113.1 mm?.
- Use 2 D12

— Check for strain:- (£; = 0.005)
Tension = Compression
As*fy =085* f'*b*a

226.2*420=0.85*24*120* a

a=38.80 mm.
c= ﬁi = ff = 45.65 mm. * Note: f. = 24 MPa< 28 MPa— f, = 0.85

e =25 %0003
C

_ 316—45.65

155 0.003=0.0177e> 0.005-~ ¢ =0.9 OK

M 25.77=107°
R, = n= —— =2.15 MPa
Bed? 012« {0.3167°
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_ 1 2«Ry*mi
p=—(1—- J1- 5 )

- 1_(1_ '1—ﬁ):0.00542
20.8 \il 420

~ As= p* b, *d = 0.00542 * 120 *316 = 205.72 mm°,

E
Aspin = 025+ ~=by*d = “*b,*d ........(ACI-1051)
¥ ¥

—025-"".120-316 = “*-120-316
420 420

=110.57mm’< 126.4mm?®............. Larger value is control.
— ASpin = 126.4 mm*<As;¢q = 205.72 mm?,

= As = 205.72 mm?Z.

2 ®12 = 226.2 MM*>Asreq =205.72 mm?. OK.

*Note: Agyaz = 113.1 mm?.
- Use 2 D12

— Check for strain:- (£; = 0.005)
Tension = Compression
As*fy =085* f'*b*a

226.2*420=0.85*24*120* a

a=38.80 mm.
c= ﬁi = ff = 45.65 mm. * Note: f. = 24 MPa< 28 MPa— f, = 0.85

e =25 %0003
C

_ 316—45.65

155 0.003=0.0177e> 0.005-~ ¢ =0.9 OK

# Design of shear of rib R2 :
Vug= 26.4 KN.

| ol

Ie
1.1*p V= 1.1*(1)*“?*bw*d
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=1.1*0.75* LELE 0.12 * 0.316*10° =23.22 KN.

&

- Check for items:-

1- Item1: Vv, < 2%
26.4 <=7=11.6 ......Not satisfy
2- Item 2 :2Y%<v, < ¢V,

116< 264 < 23.22....... Not satisfy

O Vsmin 2 = /f!*by*d =2 V24 %0.12 *0.316 * 10° = 8.7 KN.

i

oL75

> Z*p,*d= *(0.12* 0.316 * 10 =9.48 KN.......... Control.

-
=2

|

2VS min = 9.48 KN.

t Ve + B VS min = 23.22 + 9.48 = 32.7 KN.
® Ve Vi £ ¢ Vet ®VSmin

2322 < 264 < 327 ... satisfy

IN

N

= Item (3) is satisfy — minimum shear reinforcement is required.

e 1 473
X = ®
16 [yt 16 420

*120 =0.0875

. =0.095 ... Control

Try ®8 (2 Leqgs):

100.5

=0.095 - S=1057.9 mm

d/2=316/2 =158 mm
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Use @8 (2 Legs) @12.5 cm

4.6 Design of Beam :
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beam load calculations

material gama h b KN/m

tiles 23 0.03 0.9 0.621
mortar 23 0.02 0.9 0.414
sand 17 0.07 0.9 1.071
R C beam 25 0.35 0.9 7.875
plaster 23 0.02 0.9 0.414
partitions 15 0.9 135

Live Load 5 0.9

Table (4-3) beam load calculations

40



Geomeiry nils;meter,
1 2 3
1 2
A L A
A &
b3 435 B3 4.5 B3
r T 4.?5 T T 4.9 T 1

3.

AR

I—
o
w
(&}

=
=]

load groupno. 1

Dead load - Service Units.kMmeler
4.3 523
¥ L W y
1 T k 1% 4
475 4.9
Live load - Service Load factors: 1301 200 60,0.00

HEEE TN NENE TR

4.73

Moment!Shear Envelope {Factorsd) Units: kN, meter

Moments: spans fio 7

3.9
-328.8 -328.8
| m |
= .-r'"""f i I I Hﬂ\-""‘ﬂ-\_ |
Nvl £ |'|1 ﬂ:& 'U
A4 I I 1 2
263.3 2054
| 13 ; 285 | 2.84 . 1.96 |

(4-3)Envelop diagram for beam
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Moment/Shear Envelope (Facored) Uinits kN meden

/‘fﬁf—i -
7Y T

Shear

4557

Reaclions
Factored

I —— H
Deadd 17016 2.6 19.22
LIVEH TG k7 113,29
MaxR  ZE0.TH BE 35 79281
Min R 152.42 TI3.28 16447
Service
Deads 1418 483.5 149.35
LiveR 6313 Fa L1 I 9%
MaxR  HI53 68372 T
Min R 13143 38343 139,53

Design of flexure:-

# Design of Positive moment:-
bw=90Cm. , h=35Cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350-40-10- 18/2=291 mm.

*d==*%291=124.7 mm.

Crmax =

=l |

= | b

amax = F1* Cnax = 0.85* 124.7=106 mm.  *Note: f.' = 24 MPa < 28 MPa - [i; = 0.85

Mnmax = 0.85* f/*b*a*(d-2)

=0.85 * 24 * 0.9% 0.106 * (0.291 - 7= ) * 10°
= 463.18 KN.m .
— Mnmax = 0.82 * 463.18= 379.8 KN.m . * Note: £=0.004 — ¢ =0.82

- PMnmax = 379.87 KN.m > Mu =328.8 KN.m .

~Singly reinforced concrete section.
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1) Positive moment Mu ) =286.4 KN.m .

(PMnmax = 357.44 KN.m > Mu = 286.4 KN.m . - Singly reinforced concrete section.
Mn = Mu /tp=286.4/ 0.9 = 318.22 KN.m .

_ K _ az0o _
™= uss i ossez2a 20.6
318.22-10"%
R,=-" =——""___ =417 MPa.
ped?  900= [291)°
_1 B || _ Z=Rg=m
P=_ (1 \I|1 f )

1_(1_ Jl _ 2417206 ):0.0112
208 420

~As=p* b, *d=0.0112 * 900*291 = 2944.7 mm?>.

i »
Asmin = Jmmbud = Cebyrd (ACI-10.5.1)
= *% . 900+291 = —*+ 900~ 291
4=420 420
=763 mm.7°%< 873 mm? ............. Larger value is control.

— ASpin = 873 MM?*<As,2944.7 mm?,
~ As = 2944.7 mm>.

#0f @18 = 2x2a = 29847 19 54, # of bars = 12 bars.

bar L3532

~Use 12018 - As = 12 * 254.5 = 3054 mm*>Aseq = 2944.7 mm?,
— Check for strain:- (£, = 0.005)

Tension = Compression

As*fy =0.85* f/*b*a

3054 *420=0.85*24*900 * a

a = 69.86
i _ 69.86 _ * L —
= =T =822mm. Note: f' = 24 MPa< 28 MPa - f3;=0.85
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£, = E *0.003

= 22225 0,003 = 0.0076> 0.005- ¢h =0.9 OK.

B2.2

Spacing=(900-2*40-2*10-12*18)/11=53.1 mm > 25mm............. oK

# Design of Negative moment:-

4) Negative momentMu © = -328.8 KN.m.
PMnpax = 379.87 KN.m > Mu = 328.8 KN.m . - Singly reinforced concrete section.
Mn = Mu /= 328.8/ 0.9 = 365.3 KN.m .

_ K _ Az
m-=_—" -
0.B5Jf 0.85=24

=20.6

_ Mp _ 3653108
Ry

=—= —— =4.79 MPa.
b=d? 900- (291)%

p=la- [1-Ehm,

Ut A\ A
Y (1_ - ):0.0132
20.8 420

~ As= p* by, *d = 0.00754 * 900*291 = 3459.5 mm?®,

e )

ik
ASpin = -ﬂ,n-: *b,*d = e by*d .cooeeenn... (ACI-10.5.1)
= VB Lggg-zu1= M .ypo-2ul
&=420 T 420
=1283 mm*< 873 mm? ............. Larger value is control.

~ ASpin = 1283 MM°<Asyeq = 3459.5 mm?,
* As = 3459.5 mm®,

ASpgq _ =34595

#0f ®18 = =13.59 _, # of bars 14 bars.

Abar 254.5

= Use 14018 - As =14 * 254.5 = 3563 mm*>Aseq = 3459.2 mm?,
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— Check for strain:- (£, = 0.005)
Tension = Compression
As*fy =085* f/*b*a

3563 *420=0.85*24*900 * a

a=2815mm

£, = "% *0.003

= =—"%0.003=0.0061 > 0.005 - =0.9 OK.
Spacing=(900-2*40-2*10-14*18)/13=42 mm > 25mm............. OK

# Design of shear:-

1) Vu = 374.9KN .
.lr;:{
(ch:op*‘“T*bW*d
=0.75* % * 900* 291 * 10” = 160.3KN.
- Check For dimensions:-
BV +( * o> /f *by*d) =160.3+( *0.75* 24 *900 *291* 10°)
=160.3 + 641.5 =801.8 KN> Vu =374.9KN.
- Dimension is enough.
— Check For items:-

1- ltem1: V, < 2%

160.3

3749 <

= 80.15kn.......Not satisfy.
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2- Iltem 2 :':":'VE

z

<Vy £ OV,

80.15< 374.9<160.3 ....... Not satisfy.
3' Item 3 . (b Vc< Vu < (b VC + (t)VS min

-
Yy

BVSmin 2 o |Jf *by*d= 22 Y24% 900 *291 * 10° = 60.14KN,

= %900 %291 * 10° = 65.47 KN.......... Control.

3

& 07
3

VS min = 65.47 KN.
OV, + PVS min = 160.3 + 65.47 = 225.77 KN.
V< Vy < Ve + VS min
160.3< 3749 < 225.77 .......... Not satisfy.
4-ltem 4BV + Vs min< Vi < @Ve+ (5 *Jf *bu*d)

0.

160.3 + 65.47 < 374.9<160.3 + (—- *V24 * 900 *291 * 10°)
225.77 < 374.9< 481.06............. Satisfy.
- Item (4) is satisfy — (ﬂ) =- v - .
5 (fyed)
Vs = ( ?" -Vc)
= (355-213.33) = 286.53 KN. *Note: Ve = 2= =213.73 KN,

Try @10 (4Legs) =4 * 78.5 =314 mm?.

31471079 _ 286.53 107¥
5 T [412+0.291]

- 5$=0.13139m = 131.39 mm

=2 1455 mm. ......... control

.

B | B

S<

< 600 mm.

~5=125 mMm < Spax = 131.39 mm OKk.

= Use 4leg stirrups @10 @ 12.5 Cm C/C.
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4.7 Design of Column :
In this section we will design the column 95 in ground floor :
Pu =4503.44 KN
Determination of K :

The lower edge (end) of the column : Slab with Column
The higher edge (end) of the column : Slab with Column

So K=1.
The clear length of the column (Lu) =3 m
The radius of gyration (r) = 0.3:b=0.3-500 = 150 mm

@ =1%3/15=20<22 ....cccc......... Design as short column.

Ast

Assume 0.01 = gy A5 =0.08,04=0.02 .
P max= Pu =2 *0.08{ 0.85* fc (Ag-Ast) + Ast fy} , @=0.65

@Pn max= 0.65%0.8* { 0.85%24 (Ag — 0.02Ag) + 0.02Ag *420 }

ABORRGL | o ng 4842284

—————=19. +8.4 = 28.
0.65+0.8 g

Ag = il - 291574.47 mm?
9= 06508284 A4 mm

Assume the width of the column =500 mm :

29157447
T =583.15mm........... take L = 600 mm,

where L = length of the column.
Selecting longitudinal bars :

4503.44 * 10° = 0.65*0.8 {0.85*24(300000-Ast)+ 420Ast}
4503.44 * 10° = 10.608(300000-Ast) + 218.4 Ast
4503.44 * 10° — 3182400 = 207.792Ast

Ast = 221030 _ w27 512 mm?
207.792

Use 18 @ 22 with Ast= 6842.4 mm?> 6357.512 mm?
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Pg = Ast/Ag = 6842.4 + 300000 = 2.28% .
Design of ties :
Use ties @ 10 with spacing of ties shall not exceed the smallest of :

1. 48 times the tie diameter, 48ds = 48*10 = 480 mm,
2. 16 times the longitudinal bar diameter, 16d, = 16*22 = 352 mm, -- control
3. The least dimension of the column =400 .

As recommended wetake the spacing equals 250 mm.
Use ties @ 10 @ 250 mm.

- Check for code requirements:
1. Clear spacing between longitudinal bars :

For the width of the beam =500 mm :

500—40%2—1022-22+5
Clear space = . =725 mm > 40 mm

> 1.5d, = 1.5*22=33 mm -ok

For the width of the beam =500 mm :

600—40+2—1022—22+5
Clear space = ) =73.6 mm >40 mm
P+ |

> 1.5d, = 1.5*22=33 mm -ok

2. Gross reinforcement ratio:

0.01 <py =0.0228 < 0.08 -- ok
3. Number of bars: 18 > 4 — for square section -- ok
4. Minimum tie diameter : @ 10 for @ 22 bars -- ok
5. Spacing of ties: s =250 mm --ok
6. Arrangement of ties : use 2 ties with total number of legs = 4 legs, and one

(S) tie in the horizontal direction as cleared in figure below :
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4.8 Design of Isolated Footing :

In this section we will design the foundation 18 for the building :
Determination the service loads on the footing :

Service live load LD =465 KN

Service dead loadDD =957 KN

Permissible (Allowable) soil pressure in Palestine g, = 400 kN/m?
Soil density ysoil = 20 KN/m®

The depth of the footing = 1 m under the natural soil surface.

P

|
v y

20arar

h Footing

(4-5) Section in isolated footing
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fc =24 MPa
fy = 420 MPa

Calculating the weight of the footing :
weight of the footing (‘assume h¢ogting = 40 cm ) :

Wrooting = 0.4*25 = 10 KN/m?

weight of the footing :
Wsoil = 1%20 = 20 KN/m?

total load on foundation : w = 20 + 10 = 30 KN/m?

Net soil pressure, g, net = 400 — 30 = 370 Kn/m?

Required sizes of footing :

- Fn - 957 +465 —3.843 m>
ga,net 370
A=L%. ... L=vA=v3843=1.96m.
TakeL=2m ............. A =2%2=4m?3.843 m? --ok

Depth of footing and shear design :
Pu=1.2*957 + 1.6 * 465 =1892.4
qu = 1892.4/ (2*2) = 473.1 KN/m?

[

C-Hical =50
far e

—

otk I — %/
S0~ - 4 T
hloat o ¥ e

Fob l—awy T —— /

eleq Fla

:"’X e

eI shigho
IIV‘
.-" -

=
0,85

Tr bukzr= o=
Furs =hi-n Ir/m:

(4-6) Vertical view of isolated footing
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One-way shear (Beam shear)

V, at distance d from the face of support:
V, = (qub(l/2-a/2-d) = 473.1*2(2/2 - 0.3/2 - d) = é\/ﬂ *2000d
D=0.37m

Assume cover 75 mm, and steel bars of @20

Generally the thickness of a spread footing is governed by tow way shear. The shear
will be checked on the critical perimeter at d/2 from the face of the column and, if
necessary, the thickness will be increased or decreased. Because there is
reinforcement in both directions, the average d will be used:

h = 370+75+20 = 465 mm,
take h = 500 mm, then d = 500 — 75 — 20 = 405 mm.

Two way shear ( punching shear )

let Vu = @Vc, (@ =0.75)

VU = 473.1 ( 2*2 —( 0.5+d)(0.3+d)) = 473.1 (4-(0.5+0.405)(0.3+0.405))
=1590.55 KN

B =500 + 300 = 1.67,

bo = 2(0.5+0.405) + 2(0.405+0.3) = 3.22 m

as=40....... Interior column.

Ve==(1+2/B) fc bed where = (1+2/ ) = 1/6 (1+2/1.67) = 0.366
1 asd o 1 40+0.405

VC_Tz( i " 2) fc bed where E( T 2) = 0.586

Ve=1/3 [ bod where 1/3 = 0.33333 ---------- control

TakVe=1/3  fc bed = 1/3 * V24*3220%405*10° = 2129.59 KN

@ Vc =0.75*2129.59 = 1597.19 KN > Vu = 1590.55 ------- OK
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Design for flexure in long direction :

Take steel bars of @20 :

B=2m, h =500 mm, d =500 -75-20/2 =415 mm
fc =24 MPa, fy =420 MPa

critical section for moment :

Critical

sectlan Fom

mormert

S0amMm

S00mm

Tributary areo
formonent

NN

0,83

(4-7) Critical section for moment

Mu = 473.1*2* 0.85 * 0.85/2 = 241.815
Mu 341.815+10°8

RN = Bba?™ 0.9+20001415% 110260 Mpa
S = 20.588
085 fc 0.85+24
__I. _ _EF:IIJ??! - 1 _ . 2+20.588+1.1026 -
A= .rr:(l 1 v ) 20,588 (1- 1 420 )= 0.0027

As = pbd=0.0027 * 2000 * 415 = 2241.25 mm?

Aspin. = 0.0018bh =0.0018*2000*500 = 1800 mm?

As = 2241.25 mm?>AS,min = 1800 mm? ---ok

Take 12 @ 16 with As = 2412.74 mm*>Aseq = 2241.25 mm* ---OK
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Using bars of @ 16 instead of @ 20 as assumed before makes the effective depth d larger .
so no need to check for M, .

2000-75h=2—12+16
S=

T = 150.73 mm

Step (S) is the smallest of :
1. 3h=3*500=1500 mm .
2. 450 mm ..... control
S =150 mm < Smax = 450 mm ----OK

Design for flexure in short direction:

L
™
[
00w
Crltlcal
zectlon for
mament
Trlkbdtory oreo
formdinent
(4-8) tributary area for moment
Take steel bars of @20
B=20m, h =500 mm, d=500 - 75 - 16 -20/2 = 399 mm

Fc =24 MPa, fy = 420 MPa

Mu=473.1*2*0.75*0.75/2 = 266.119 KN.m
Mu 266.19+10°6

Rn = =
Pbhd?  0.9+2000+3992

=0.9287 MPa

_fy a0
T 085 fc 08524

m =20.588
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ZmRn 1

20.588

2+20.588:0.9287
420

m Fi'

)= (1- 1- )= 0.002264

As = pbd =0.002264 * 2000 * 399 = 1806.572 mm?
Asin = 0.0018bh =0.0018*2000*500 = 1800 mm?
As = 1806.572 mm?*>AS, min = 1800 mm? ---ok

Take 9 @ 16 with As = 1809.6 mm?>As,eq = 1806.572 mm’® ---OK

Using bars of @ 16 instead of @ 20 as assumed before makes the effective depth d larger
so no need to check for M, .
_ 2000-75+2—9+16
- 8

= 213.25mm

S =150 mm < Sy = 450 mm ----OK

Check for the development length :

1. Cyisthe smallest of :
75 + 16/2 = 83

a=150.73
0.5a=75.36 ......... control
C,=75.36

Gtk 75.36+0 .
bt¥er _ 1090M0 _ 471525 .. take it = 2.5

dh 2

g W WL

Lg= — * _,I"_'}.f_ * -L-..t E‘_ = % db>: 300mm
10 bty

A fc dy

g 4720 1=1=0.8 2000-500

Lg= —* ——* * 16 = 395.05 mm<——— =750 mm ..... ok
10 1 24 25 2

Design the column footing joint:

The column footing- join is shown here. The factoredload at the base of the column
is Py=1.2%*957+1.6*465=1892.4 KN

The allowable bearing at the face of the column is

@(0.85fc *A1 ) = 0.65 * 0.85 * 24 * 300 * 500 *10° = 1989.25 KN

Py =1892.4 KN < 1989.25 KN
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Thus the maximum load that can be transferred by bearing is 1989.25 KN, and
dowels are NOT needed.

The minimum area of the dowels A min = 0.005A, = 0.005*300*500 = 750 mm®
Use 812 bars as dowels .

Compression development length Ly :

L= 024 + 1L d), > 0.043f d, = 200 mm
A fe '

L= 0.24 + 222 12 — 247mm

1 24

take l, =250 mm > 217 mm = 200 mm

Compression lap splice (Ls) :
Ls = 0.071fyd,>= 300 mm
Ls=0.071*420 *12 =357.84 mm ......... control

Take extending distance = 360 mm
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4.9 Design of Two Way Ribbed Slab (R006) :

_-_Il_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_ll_lhi

30453 0%810¢

u L
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I
I |
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B4 4 )35%8C¢
L]
[]
[]
[]
[]
I
T
DDDDDDDQDDD[DDD[

O0000000000C OO0C
1000000

(4-9) Two way rib slab

1. Minimum thickness (deflection requirements): assume the thickness for ribbed
slab h=35 cm

Check for the minimum thickness of the slab :

= bh?
"

602553
12

Ip,23 = = 831875 cm*
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0.60

(4-10) Section in beam 23

D=557
60%55" _ 831875 cm”

b,44 =

lb.4s

(4-11) Section in beam 48

_ 50+35+17.54+50%55¢27.5

Ye = =36.61cm
35250 +55250
100:23.61° 50+11.3%° 50s31.39°
lp.a5 = : + = 978819.5 cm’
' 3 3
20 :

(4-12) Section in beam 20
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_ 50=35#17 5430554275

Ve =22.353cm
30+50+35250
B0+22.353% 50+12.647% 30+32.647°
Ip 48 = 3 — = 679509.8 cm*

The moment of inertia for the ribbed slab is the sum of moments of inertia of
T-section ribs within a distance (L/2 + by, )

bs52 cm.

J.oc

\

0.08
-

.32

N ooTP
oyl

(4-13) T-section rib

slab design (bs = be)

_ A0=B+4412+35+17.5

Ye = TRTTITIT, =11.66 cm

_ 52¢11.66° 40+3.66° N 12+23.34°

lip= =77682.21 cm*
3 3 3

Long direction L =11.1 m=1110 cm

1110

5—+60)

a h'éu*fg"'bw ) _776B2.21%(

= =918741.52 cm*
b; 52
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Slab section for interior beam :

Short direction Lyigh: = 8.85 m =885 cm, Lier=17.85m =1785cm

brinC T ) 7768221522545 1 60) s
s= = 2083975 c¢m
by 52

long direction Lyign=1.11 m =1110cm, Lier=0cm

!
(-2 ”“+bui 77682.21+(2%40460) )
ls = = 9187415 cm
by 52
B ]
48
& oft
e ofd
af 2
Waf3
4 4 1!
(4-14) o distribution
Ip
Olf fg
9788195
of = 9187415 1.065
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o3

_ 6795098

ap = m =0.9052
831875
"913?4152"09055
831875
> =04

(0 8 R —
"~ 5083975
_ Saf _1.065+0.9052+0.9055+0.4

=0. <2.
Olfm 3 3 0.819<2
the min. slab thickness will be :
f 420
ooty VOB ai60 mm> 125 mm .0k,

~ 3a+58(0 fm—0.2) ~ 3E+5*%*fﬂ3‘9—'133

take the slab thickness h = 350 mm, 80 mm-topping, 270 mm concrete block.

2. Loads calculation on Two Way Slab :

material Qua:itly\/llc:sgsity " T(yN Y
Tiles 99 22*0.03*0.54*0.54=0.192
Mortar 29 22*0.02*0.54*0.54=0.128
Sand 16 16*0.07*0.54*0.54=0.3266
Coriirtlggced_n 25 25*0.08*0.54*0.54=0.5832
i
Reinforcg(_)llb : o5 25*0.27*0.12(0.54+0.4)=0.8883
Conerte block ; 702770 4°0.40.389
Paste 99 22*0.02*0.54*0.54=0.1283
Partitions = 1.5 KN/m? 1.5%0.5470.54=0.4374
Total dead load, KN > =3.073 KN

Table (4-4) Loads calculation on Two Way Slab
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Dead load of slab

DL = —272_ _ 10538 KN/m?
054054

Wp = 1.2 *10.538 = 12.646 KN/ m?
LL =5 KN/m?

WL =1.6*5=8KN/m’

W= 8+ 12.646 = 20.646 KN/nv’

3. Moments calculation :

Ma=Ca W Lg2.
Mb:CbWLb2

Coreg =0.029

Cop=0.039
C.p=0.016
C,.=0.048
C,.=0.020

neg =0,071

Ca

(4-15) C, distribution
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All negative and positive coefficients are shown on the slab plane above.

. . : 1 .
Negative moments at discontinuous edges (5 X positive moments):

Negative moments at continuous edges:
0.029*11.1%%20.646*0.54 = 39 .836 KN.m
0.071*8.85°*20.646*0.54 = 62 KN.m

Positive moments:

0.048*8.85**8*0.54 + 0.039*8.85°*12.646*0.054 = 37.1 KN.m
0.20*11.1%*8*0.54 + 0.016%11.1**12.43*0.54 = 23.878 KN.m

Negative moments at discontinuous edges :

37.1/3=12.37 KN.m
23.878/3 = 7.96 KN.m

\_ |
I, .
: —£.2
| o K
Ill. [ f‘_r
I L0 R
e S o 7
J.C =, | “f‘” -
=41
{
!
I
|/
¥
TAs

(4-16) Negative and positive moments on two way rib slab(R006)
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4. Slab reinforcement :

The design can be done directly for the negative moment or through section
analysis with assumed bar diameter and step:

Design for negative moment M= - 62 KN.m

_ My

M, = 5 - 62/0.9 = 68.89 KN.m

Mu 68.89+106

RN = 0ba? = Taowz1zz 0022 MPa
4
m=—1¥ - _*20 _ . 5g8
0.85 f¢  0.85:24
_ 1 ZmRn | _ 1 _2*2{].533*5.[‘55 _
p=2(- 1= )= (- 1 -T2 )= 001408

As = pbd = 0.01408 = 140 = 312 = 614.81 mm®
As min = Bininbh = 0.0018 * 1000 * 150 = 270 mm?< 614.81 mm?

Use 2320, with A = 628.32 mm?then :

Check for strain :

Asfy _ 628.32:420
a= =
085f,b  085:24=140

= 92.4 mm.

c = a/0.85 =92.4/0.85 = 108.706 mm.

317-108.706

d—c
¢ =0.003 (T‘) = 0003 (— ;o) = 0.00575> 0.005

Analysis the T section for 210 bars (+ve moment):
d=h-20-ds—dp/2 =350 -20-8-10/2 =317 mm.

1.4
As 210 = 2 * 78.5 = 157 mm?>> Aqmin= 70 7140%317 = 148 mm® - OK .

-"1'5_"':'.- _ 157=+420
a= =
{J.SEIL.!J 0.85224=541{)

= 5.986 mm<h; =80 mm, as rectangular section.

c = a/0.85 =5.986/0.85 = 7.042 mm.
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M, = Ady(d -g) = 157*420 (317 - 5.986/2) * 10°® = 20.705 KN.m.

Check for strain :

ia— 317-7.042
& = 0.003 (—) = 0.003 (———) = 0.132> 0.005
8 7.042
Take @ = 0.9, My = @My= 0.9%20.705 = 18.635 KN.m .

Analysis the T section for 2810 bars (-ve moment):
d=h-20-ds-dy2=350-20-8-10/2 =317 mm.

14 * * 2
5 140*317 =148 mm“ - OK..

Asog10 =2 * 78.5 = 157 mm?>> As min = e

Asfy _  157=420
a= =
085f,b  0.85:24+140

= 23.09 mm, c =a/0.85 =23.09/0.85 = 27.16 mm.

M, = Ady(d -g) = 157%420 (317 —23.09/2) * 10 = 20.1417 KN.m.

Check for strain :

317-27.16

d—c
¢ =0.003 (T‘) = 0003 (———) =0.082 > 0.005

Take @ = 0.9, My = @Mp= 0.9*20.142 = 18.128KN.m .
5. Design for shear:

Maximum shear coefficient will be in the short direction for the slab with boundary
conditions as in case 4. W, = 0.71

* the total load on the panel being ( 8.85*11.1* 20.646 = 2028.16)

* the load per rib at face of the long beam is (0.71*2028.16*0.54/(2*11.1) = 35.027 KN.
The shear critical section is at distance d from the beam face :

Vud = Vi tace— Wulyd = 35.027 — 20.646*0.54*0.317 = 31.5 KN

The shear strength of one rib in the slab is
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V=115 f byd=11/6* V24 *140"317 = 39.86 KN

@ = 0.75 for shear.

0.5@ V= 0.5*0.75*39.86 = 14.95 KN <V, = 31.5 KN

No need for shear reinforcement (exception for joist construction).

The shear in the slab can be calculated using tributary area for shear (as simply supported
1 mstrip):

= L4222

(4-17) Shear distribution in Two way rib slab (R006)

n

I"Irzuf = Wy, bf E —d

Vg =20.646 * 0.54 * (4.425 - 0.317) = 45.8 KN
the shear value got by coefficient method is more accurate.
Design the rib for shear assuming that the critical shear in the rib is V,,,= 45.8 KN

@V =0.75*39.86 = 29.9 KN<V,,; = 45.8 KN.

VS,l'Tin :ﬁ ‘rl._.b“rd E :__I;b“rd
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Varin = == V24 * 140 = 317 =103 = 13.59 KN

1 :
Vsmin =3 *140 * 317 * 10~ * = 14.793 KN - Control .

D V. =29.9 KN<V,, =45.8 KN < @(V¢ + Vsmin) = 40.99 KN.
Provide minimum shear reinforcement.
Use 2@8 for stirrups Ay, 2gg = 2*50 = 100 mm?

Apmin I*E_Lj_:
5 3 _I:l,,rf

(1/3) * (140/420) = 0.1111, 100/s = 0.1111... s = 900 mm

Use 208 @ 12.5 cmc/c for all the span space, because V,, g 1,, = 20.646*0.54*(4.425-1)
=38.2 KN > @V, = 29.9 KN.
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4.10 Design of One Way solid Slab (the Slab of Stairs) :

5.00

3.30

=10

By

(4-18) One Way Solid Slab

Minimum thickness ( deflection requirements ) :

! _ 3500

For both spans, hmin = 2% — 24 = 1458 mm

Take slab thickness h = 150 mm.

Assume bar diameter @ 10 for main reinforcement.

d:h-20-%=150—20—10/2:125mm.

Loads calculation :
Wslap = 7V - h.b=25*0.15*1=3.75 KN/m = Wead load
Wiiveload = LOKN/M ...l roof load

w,=1.2D + 1.6L = 1.2*3.75 + 1.6 *1.5= 6.9 KN/m

Check whether thickness is adequate enough :
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Vimax = 1.15*w—*;“—' =115+6.9 * 3—23 = 13.09 KN/1 m strip

Ve=16A f,byd=1/6*1*v24*1000* 125 * 107 =102.06 KN/1 m strip

@ =0.75 — for shear.
@V, =0.75* 102.06 = 76.546 KN/1 m strip
Viumax= 13.09 KN/1 m strip < 0.5 @V, =0.5*76.546 = 38.27 KN/1 m strip

The thickness is adequate enough.

Factored moments at sections A, B, C, D, E:
For the negative moment at interior supports, [, shall be taken as [n(avg) -

Here In(a\/g) = ( 3.3 + 2.1 ) / 2 = 2.7 m.

) My = Cn(Wy Itnz)
location Cm [, (m)
KN.m
A _—1 3.3 -3.13
24
B i 3.3 5.37
14
C _—1 2.7 -5.59
10
D _—1 2.7 -4.57
11
E i 2.1 1.9
16

Table (4-5) Coefficients for Moment Calculations
Slab design for the positive moments :

Mid span section B : M, =5.37 KN.m

M
M, = —gﬁ =5.37/0.9 = 5.97 KN.m/m
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Mu 537+10°6

RN = oba? ~ 0orl000r1252 0382 MPa
4
m=—1¥ - _*20 _ . 5g8
085 f¢  0.85:24
_ 1 ZmRn | _ 1 . 22205880382 _
p=-—(1 1- 4 )=—(1- 1 g )= 0.0009182
As = pbd = 0.0009182 = 1000 = 125 = 114.8 mm?
As min = foninbh = 0.0018 * 1000 * 150 = 270 mm? ......... Control .

Use @10, then :

n=—2_ =20 _ 344 bars.

T AsD10 7854

Take 4 @10/m or @10 @ 250 mm.

Step s is the smallest of
1. 3h = 3*150 = 450 mm

2. 450 mm.
3.5 =380*280/f; - 2.5C= 380*280/(2/3 * 420) — 2.5*25 = 317.5
But s = 300 ( 280/fs) =300 ........ control

S =250 mm < Spax =300 mm -0k ..

Mid span section E: M, =1.9 KN.m

M
M, = —gﬁ =1.9/0.9 =2.1111 KN.m/m
oo My _ 1941070 o b
M= obdZ ~ 0.9+1000¥1252 = &
a
m=—1¥ - _*%0 _,)5g8
085 f¢ 08524
2mR 1 2:20.588==01351
p=—@1 1-""0)= 1 1-— )= 0.0003227 < 9.182*10™
" fy 20.588 420
Use @10, then :
n=—2_ -2 _ 344 bars.
AsQ10  78.54

Take 4 @10/m or @10 @ 250 mm.
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Step s is the smallest of
1. 3h = 3*150 = 450 mm

2. 450 mm.
3.5 =380*280/f; - 2.5C. = 380*280/(2/3 * 420) — 2.5*25 = 317.5
But s =< 300 ( 280/fs) =300 ........ control

S =250 mm < Spax =300 mm -0k .

Slab design for the negative moments :

The design will be done for the max moment of the two moment on the mid support, so
we will take moment at C = - 5.59 KM.m

Assume bar diameter @ 10 for main reinforcement.

My =-5.59 KN.m

M, = %5 = 5.59/0.9 = 6.2111 KN.m/m

i
d:h-zo-—z‘—’z150—20—10/2:125mm.

_ Mu _ 559+107°
T pbd? T 0.9+1000+1252

Rn =0.39751 MPa

m= ¥ _ 420
T 085 fc 08524

=20.588

ZmRn 1

20.588

2+20.588+0.39751
420

)= (1- )= 0.000959

A = pbd = 0.000959 = 1000 = 125 = 119.48 mm?
As min = Bininbh = 0.0018 * 1000 * 150 = 270 mm? .......... Control .

Use @10, then :

As 270

AsD10 7H.54

= 3.44 bars.

Take 4 @10/m or @10 @ 250 mm.

Step s is the smallest of

1. 3h =3*150 =450 mm

2. 450 mm.

3.5 =380*280/f; - 2.5C. = 380*280/(2/3 * 420) — 2.5*25 = 317.5
But s = 300 ( 280/fs) =300 ........ control
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S =250 mm < Spax =300 mm -Ok ..

Support section A: M, =-1.13 KN.m

Assume bar diameter @ 10 for main reinforcement.

My =-3.13 KN.m
My,
M, = i 3.13/0.9 = 3.478 KN.m/m

i
d:h-zo-—z‘—’z150—20—10/2:125mm.

Ru= M S10E o ses wp
N=0baZ ~ 09+1000+1252 = a
4
m=—1¥ - _*%0 _,)5g8
085 fe 08524
mRn 2220588022258
p=—(1 1-2y=_L (1. 1— )= 0.000533 < 0.0018
m Fi' 20.5848 4210

Take As = Agmin = Pminbh = 0.0018 * 1000 * 150 = 270 mm>.

Use @10, then :

n=—2_ =20 _ 344 bars.

T A0 7854

Take 4 @10/m or @10 @ 250 mm.

Step s is the smallest of
1. 3h = 3*150 = 450 mm

2. 450 mm.
3.5 =380*280/f; - 2.5C. = 380*280/(2/3 * 420) — 2.5*25 = 317.5
But s = 300 ( 280/fs) =300 ........ control

S =250 MM < Spax =300 mm -0k .
Temperature and shrinkage reinforcement :

A (temperature and shrinkage ) = 0.0018bh = 0.0018 * 1000 * 150 = 270 mm?
Take 4 @10/m or @10 @ 250 mm.

Step (s — for temperature and shrinkage reinforcement) is the smallest of :
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1. 5h=5*150=750 mm.
2. 450 mm - control.

§ =250 mm < Spax = 450 mm -Ok .

. M, Required As Provided .
Location L, (m) (KN.m/m) (mm2m) Aq(mm?/m) Reinforcement
314.16 @10 @ 250
A 3.3 -3.13 270 (4 210) mm
314.16 @10 @ 250
B 3.3 5.37 270 (4 210 mm
314.16 @10 @ 250
C 2.7 -5.59 270 (4 210) mm
314.16 @10 @ 250
D 2.7 -4.57 270 (4 210) mm
314.16 @10 @ 250
E 2.1 1.9 270 (4 210) mm
Temperature and shrinkage 270 314.16 @10 @ 250
reinforcement (4 210) mm
Table (4-6) Reinforcement for One Way solid Slab
210 @ 250 som 710 @ 250 mm
0.35 f 1.1 11 10 @ 250 mm
/I// ._/( 7 /l;x .r/f /rl ",L
| il | L | |
\xx M ,
Y ",
N ,
Z0'@ 250 1m \ / 10 @ 250 um
Temperatns
and Shrinkags
bars

(4-19) Steel distribution in one way solid slab
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4.11 Design of Stair (the right Stair of the building) :
# = tan™ (160/300) = 28°

Dead load in flight:

w=1v.h
Material Quality density KN/m
Tiles 27 27((0.16+0.35)/0.3) * 0.03 * 1 = 1.377
Mortar 29 22((0.16+0.3)/0.3) * 0.02 * 1 = 0.67
Stair steps o5 (25/0.3)((0.16+2)/0.3) * 1 =2
R.C solid slab o5 25*0.25*1/ cos(28) = 7.1
Plaster 22 (22+0.3)/cos(28) = 0.747
> =119
Table (4-7) Dead Load Calculations on Flight
Dead load in landing:
w=v.h
Material Quality density KN/m
Tiles 29 22*0.03*1=0.66
Mortar 29 22*0.02*1=0.44
Reinforced concrete solid slab 25 257025%1=6.25
Total dead load 2 =801

Table (4-8) Dead Load Calculations on Flight

For flight: w=1.2*11.9 + 1.6*5 = 22.3 KN/m
Landing: w=1.2*8.01 + 1.6*5=17.61 KN/m
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22.3

arnedl LT Erm

3.30

A
4\ 1,35
A | o
(4-20) Stair Structural system and load distribution
> Ma ={8.81*1.35*%5.325 + 22.3*3.3*3 + 8.81*1.35%/2 }=6B

63.3 +220.77+8.06 =6B .............. B =48.7 KN

A=8.81%*27+223*3.3-48.7=48.7 KN

Hl1=2 7422323,
OR A= 2% ;”33:48.7KN.

Check for shear strength:

Assume bar diameter @16, d = 250-20-16/2 =222 m.
Vg = 48.7 — 8.81(0.15 + 0.222) = 45.42 KN

@V = %\/2_0 *1000%0.222 = 165.5 KN

Vumax< 0.5 @Vc =82.7 KN
The thickness is adequate enough.

My max = 48.7(6/2) — 8.81*1.35((1.35+3.3)/2) — 22.3 * (3.3/2) * (3.3/4)
=88.1 KN.m/m

M, = 88.1/0.9 = 97.88 KN.m/m
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Assume bar @16, d =222 m.
_ My _ 97.88+10°

R0 = ba? = Too0ezzz2 - 1986 MPa
420
m = =20.59
0.85=24
p=—— 1— 1-ZEI 49841077

As =pbd = 4.984 * 222 = 1106.51 mm?
As min = 0.0018 * 1000 * 250 = 450 mm?
As> As,min' OK

Use @16 with A = 201.06 mm?

Ag 1106.5

n= - = - = 5.5bars
AsD16 201.06

use 6 916

s=1/55=18cm

use 1216@ 150 mm OR use 1 @18 @ 200 mm.
Max s :

1. 3h=3*250 = 750 mm

2. 450 mm

280
3. 380* =3 -25*20=330mm ........... control

S =200 mm <330 mm ....OK
Temperature and shrinkage reinforcement :

As min = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?

450
T 201.06

n =30d16,........ use 4@16/m

(s) for shrinkage and temperature is the smallest of

=

5h = 5*250 = 1250 mm
2. 450 mm ......... control

S=250 mm < Spmax =450 mm ....... OK.
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Design of landing: Considering a 1-m length of the landing, the load on
the landing is shown in the next figure. The middle 4 cm will carry a full load,
whereas the two 1.63 m lengths on each side will carry half the ultimate load.

17.61EH/ M
S.81KN/ m E? 3.81KN/ m
WO O NS N R DR R R A R R
o 0,04 Cel
1,63 Edan 1,673
3.30

(4-21) Loads distribution on stair landing

Ra=Rg=14.71 KN

Le3+.04 004 004

—17.61 = bk 12.281 KN.m

4

M, = 14.71 ‘?‘ —8.81=1.63

_ My 1228

M, = =

=13.646 KN.m/m.

'

Assume bar diameter @14 for main reinforcement. Because the bars In the landing will
be placed on top of the main stair reinforcement.

d=250-20 - 18 — 14/2 = 205 mm.

M, 13.646=10% 420
Ry = —& = — = 0.05415 MPa, m = = 20.59
bd? 10002052 0.85=24
_ 1 . . 2¢20. 590005415 - 3 4
P= 20.59 1 1 420 1291410

A =pbd = .0001291*1000 * 205 = 26.47 mm?
As min = 0.0018 * 1000 * 250 = 450 mm?

As< As min- then provide Ag min = 450 mm?
Use @14 then
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A 450
n= —
Asd14 153.94

take 3@14/m with As = 461.7 mm%m strip OR @14@300 mm.
step (s) is the smallest of:
1. 3h=3*250 =750 mm.

= 2.92 bars, §=1/2.92=34cm

2. 450n mm.
280
3. 380* = -25*20=330 mm but
5*420
280
$=300*280/fs=300 * = 0 =300 mm- control

5 =300 MM = Spax = 300 mm — OK

The transverse beams at the landing levels were designed to carry loads from

stairs in addition to other loads
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4.12 Combined Foundation Design (F5 Under 061 & 0107 Columns) :

Fea = 2674 KN Fea = 7012 KN

Fe. = 701 KN Fe. = 28062 KN
I I

0% 30CR

| I 2040
| i
I I
| 0.45 |

I

F=1323.5 KM
(4-22) Combined Footing (F5)

Footing dimensions.
P =701.16+286.62+267.6+70.1 = 1325.5 KN

Mg =0, (701.2 +286.6) * 0.45 - 13255x =0 -
_ (701.2 + 286.6) * 0.45

x =0335m
1325.5
A=t B35 oaiame
© Gamer 400 T
A=Bl — TakeB=19 i = % — % =1.8m Rectangle combined

Depth of foundation and Shear design:
P, =1.2(267.6) + 1.6 (70.1) = 433.3 KN
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Poy = 1.2 (701.2) + 1.6 (286.62) = 1300.032 KN
P, = 433.3 + 1300.032 = 1733.332 KN

1733.332

_—  — - 2
G 19-18 506.82 KN/m

Px.4322 EN PaalZ2000=2 EM
!
1
|

A0%30ck

|
I
|
4
|

J0%40cm
AR E— F— 0633 —
H‘:’aﬁ- I
| 1200 |
L J
0SES 0,430 0,7a85

TTri T

19 *® S08.82= 96296 KH/m

110772
|
I
[ ?ﬁlms
| |
|
[
[
1537 Wl

(4-23) Shear and moment diagrams for (F5)

One-way shear (Beam shear):

V, at distance d form the face of support:
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Assume h = 70 cm and steel bars of @ 20

Oavg = 700 — 75 — 10 = 615 mm
@V.=@I16* f byd=0.75/6 * V24*1800%615 = 677.9 KN

At column1 Py, =433.3 KN:
V, = 433.3 - 506.82*1.8*(0.365+0.20+0.615) = -643.2 KN

At column 1 Py, =433.3 KN:
V, =1300.032 — 506.82*1.8*(0. 635+0.15+0.615) = 22.85 KN

@V, ==677.9 KN >V, =-643.2 KN

The h =70 cm is adequate enough

Two way shear (Punching Shear):
At column 1 Py, =433.3 KN:
d/2 = 0.615/2 = 0.3075m <0.365 m
Check for two options of punching action :
as interior perimeter by = 2(0.4+0.615) + 2(0.3+0.615) = 3.86 m
as edge perimeter by = 2(0.365+0.4+0.615/2) + (0.3+0.615) = 3.06 m -control
V, = 433.3 — 506.82*(0.365+0.4+0.615/2)*(0.3+0.615) = -64.06 KN

B =400/300 = 1.333, as=0.20 ..... corner column
Ve == (142/B) fe bod where ~ (1+2/ B) = 1/6 (1+2/1.333) = 0.417
1 asd o 1 200615
Ve = 15 (E +2) fc bed where is ( 50 +2) =0.502
Vc=1/3 fc bod where 1/3 = 0.33333 ---------- control
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TakVc=1/3  fr bed = 1/3 * V24 *3060*615*10°° = 3073.13 KN

@ Vc =0.75*3073.13 = 2304.85 KN > Vu = 64.06 ------- OK

The thickness h = 70 cm is adequate enough.

At column 2 P,, =1300.032 KN:

d/2 =0.615/2 = 0.3075m < 0.635 m

Check for two options of punching action :

as interior perimeter by = 2(0.4+0.615) + 2(0.3+0.615) = 3.86 m

as edge perimeter by = 2(0.635+0.3+0.615/2) + (0.4+0.615) = 3.5 m -control
V, = 1300 - 506.82*(0.635+0.3+0.615/2)*(0.4+0.615) = 671.323 KN

B =400/300 = 1.333, as=0.30 .....edge column
Ve == (142/B) fe bod where ~ (1+2/ B) = 1/6 (1+2/1.333) = 0.417
1 ,asd o 1 300615
Ve= = (S5 +2) fe bod where — (— —— +2) = 0.606
Vc=1/3 fc bod where 1/3 = 0.33333 ---------- control

TakVc=1/3 fc bed = 1/3 * 24 *3500*615*10°° = 3515.02 KN

@ Vc =0.75*3073.13 = 2636.26 KN > Vu = 671.323 KN------- OK

The thickness h = 70 cm is adequate enough.

Design the flexural reinforcement for in the transverse direction (transverse
beams).

The factored load on column 1 is Py, = 433.3 KN

This is balanced by an upward net force of

For column 1 433.3/1.8 =240.72 KN/m

The maximum moment in this transverse beam at the face of column 1 is
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24072 18 04 »
2 02 2

d=700-75-10=615mm

the band width under column 1 is (c+d) = (0.365+0.4+0.615/2) = 1.0725 m

= 58.98KN.m

take the band width 1.1m

M, 58.98=10° 420
Ry=-—% = - =0.156 MPa, m= =20.59
bd?  1000:615 08524
p=—— 1- 1-ZEILR _3777.107
A =pbd = .0003727*1000 * 615 = 230 mm?
As min = 0.0018 * 1000 * 615 = 1107 mm?
A< Ag min- then provide A min = 1107 mm?
Use @14 then
5 07
n= A = 107 7.2 bars, s=1/7.2=13.9cm
As@14  153.94
takel@14@12.5 cm with As = 1282.8mm?m strip OR @14@125 mm.

step (s) is the smallest of:
4. 3h=3*250 =750 mm.

5. 450n mm.
280
6. 380* = -25*20=330 mm but
5*420
280
s= 300*280/fs=300 * = e = 300 mm- control

5 =300 MM = Spax = 300 mm — OK
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The factored load on column 2 is Py, = 1300 KN
This is balanced by an upward net force of
For column 1 1300/1.8 = 722.222 KN/m

The maximum moment in this transverse beam at the face of column 1 is

T2, , K:]
22z 18 D4 2 _ 07kNm
2 2 2

d=700-75-10=615mm

the band width under column 1 is (c+d) = (0.635+0.3+0.615/2) = 1.2425 m

take the band width 1.3m

M, 177+10° 420
Rn=-% = - =0.468 MPa, m= = 20.59
bd 10002615 0.85+24
p=—— 1- 12200 —11273+1071
A =pbd = 0.0011273*1000 * 615 = 693.3 mm?
As min = 0.0018 * 1000 * 615 = 1107 mm?
A< Aq min- then provide Ag min = 450 mm?
Use @14 then
A 1107
n=——= = 7.2 bars, s=1/7.2=139cm
As@14 153.94
takel@14@12.5 cm with As = 1282.8mm?/m strip OR @14@125 mm.

step (s) is the smallest of:
7. 3h =3*250 = 750 mm.

8. 450n mm.
280
9. 380* = —-25*20=330 mm but
280
s= 300*280/fs= 300 * ST = 300 mm- control

84



5 =300 MM = Spax = 300 mm — OK

Select the minimum (temperature) reinforcement. By ACI code section
7.12.2.1 we require the following reinforcement along the length of the

foundation.
As min = 0.0018bh = 0.0018*1000*700 = 1260 mm?
The maximum spacing is 5h or 450 mm.

Provide 7 @ 16 (1407.4 mm?) or @16 @ 15 cm for shrinkage reinforcement, placed as

shown:

BTt Shrirkage stj-e'.@’l GE1s
\\ e | -
g -~ ks
N W \iﬂ kT N e b W ' '\ﬂ”’f LT J‘ o'
_(:5.1:1\(::;.12.5 S0
2751 / 27018
N j \ N
. l"I'( .,
L Lt U\ﬂ L- Lt L LI:"’:,-' I L |= U\ﬂ Lt =y L!
A Bord widlh 13 m
A——  Bord width 12 m

(4-24) Steel distribution for combined footing (F5)
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4.13Strip Foundation Design (F16)

- 16

L gt

(4-25) Footing 16

Consider a 1-m strip of footing and wall. Allowable soil pressure is 400 KN/m?. For
the first trial, try a 500-mm-thick footing.

Estimation the size of the footing:
Dead load on shear wall is (138+159+237+98 = 632 KN)
Live load on shear wall is (66 KN)
DL/m =632/1.3 = 486.2 KN/m.

LL/m =66/1.3 =51 KN/m.
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Qair = 400 KN/m?.

Surcharge = 5 KN/m?.
Wiooting=0.5%25 = 12.5 KN/m?.
Wa,ii=0.5%18 = 9 KN/m?,

Qallnet = 400 — 5 — 12.5 — 9 = 373.5 KN/m?,

and we have:
A= St 83260 a7 2
Janet 3735
Assume b =1m, L=187Tm.............. take L=1.9 m.

Py 1.2+4862 41,6251

A 1=1.9

= 350.02 KN/m?.

Qu =

Depth of footing and shear design:
One way shear (Beam shear):

Only one way shear is significant in a wall footing. V, at distance d from the face of wall:

“—2-d =35002 ——2—d
2 2 2

2

.['f;t = qr! ' 1
LetV,=@ V., (2=0.75)
@V.=@I6* f bud=0.75/6 * vV24*1800*d
1.9 . 05 .
Z 2z

245.014 - 350.02d = 612.372d ............ d=0.255m.

350.02 d =0.75/6 * V24*1000*d

Assume cover 75 mm, and steel bars of @ 20
20
h=255+75+;=340 mm,

take h = 400 mm, then d=400-75-10= 315 mm.
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Design for flexure

Take steel bars of @ 20

.35

M, =350*0.35* 5 =21.44 KN.m

M, =24 = 222 - 23 82 KN.m/m.

i} 09
Assume bar diameter @14 for main reinforcement. Because the bars In the landing will
be placed on top of the main stair reinforcement.

d =315 mm.
M 23.82+10° 420
Ry=—= = =0.24 MPa, m = =20.59
bd2 10003152 0.85=24
- 1 1 . 1 . ZaEil.ﬁ-‘JaL].E-l - 57 % 10 4
20.59 G20
As=pbd=57 =10 4%1000 * 315 = 181.1 mm?
As min = 0.0018 * 1000 * 400 = 720 mm?
A< Aq min- then provide A min = 720 mm?
A 720
ns—— = = 6.37 bars, s=1/6.37 = 15.7 cm

T Asp12 - 1131
take@1@12.5 cm with As = 1017.9 mm?%m strip OR @12@125 mm.
step (s) is the smallest of:
1. 3h=3*400 = 1200 mm.
2. 450 mm.

S = 125mm< Smax = 450 mm — OK

Select the minimum (temperature) reinforcement. By ACI code section
7.12.2.1 we require the following reinforcement along the length of the
footing.

As min = 0.0018 * 1000 * 400 = 720 mm?
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The maximum spacing is 5h or 450 mm. provide 8 @12 (904.8 mm?)
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(4-28) Reinforcement details

4.14 Design of Long Column (Column018)

Pu=1925.1 KN
Pn =1925.1/0.65 = 2961.7 KN
Assume rectangular section with:

Use p=1.6%
Pn =0.8* Agi0.85" fe'+pg(fy —0.85 ")}

2061.7 = 0.8*Ag(0.85%24+0.016*(420-0.85*24))

Ag = 0.138 m?

Use 0.3*0.5 m with Ag = 0.15 m*> Ag required = 0.136 m?
Check Slenderness Effect:

In 0.5 —Dirction

kil |
5

& PE s nddCF = (G122

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
R: radius of gyration = 0.3 h

Lu=3.0m

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.

La3
0.3:0.5

=20<22

short Column in y-y direction.
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In 0.3 —Dirction

kil |
5

& PE s nddCF = (G122

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
R: radius of gyration = 0.3 h

Lu=3.0m

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.

La3
0.3:0.3

=33.33>22

Slender (long) Column in x-x direction.

EI
EI=04—<%  ....[ACI318-05 (Eq.10-15)]
1+ 8,

E_=4750/fc' = 4750 x /24 = 23270.15Mpa

1.2DL
Pu

Ba =

_ 1.2¢564.6
4= 19251

= 0.352

lg= 2222 = 0,001125 m*

12

_0.4:23270.15+0.001125
- 140.352

El = 7.745 MN.n?

7 EI
P =" . ACI318—05(Eg. 10-13)
(KLu)"

3.14%27.745
Per = —1*3 5 2= 8.493MN
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Cm=1 ... . According to ACI318—-05(10.10.64)

) c
G R0 s ACESIS-05(EY 10 -13)
1 — P
0.75P,
1
6[15: 1925.1 =1.433>1
1=575-8493

emin = 15+ 0.03h = 15 + 0.3*300 = 24 mm = 0.024 m
e= emin*éns = 0024*1433 = 00344
e/h = 0.044/0.3 = 0.1467

From Interaction Diagram

0P _ : -
o 26Ksi L Pg=1.33
As = pA,=0.0133 * 0.5 *0.3 = 19.95 cm® ceviennnnn. Use 8018

Design of the Tie Reinforcement :

S =16 db (longitudonal bar diameter) .................. ACI -7.10.5.2

S = 48dt (tie bar diameter).
S = Least dimension.Least dim. = 300 mm

Use @10 @ 20 cm.

;LG
Fl =
= =
, A
.
5
]
£
—
I
I~d
[E¥]

ALOAE2S L=152

(4-29) Section and ties in column (018)
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