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Abstract

The Structural Design of Hospital in Dura City.

Work Team
Abdalgader Yasser Suliman Montaser Mohammad Amro

Palestine Polytechnic University — 2013

Supervisor:
Dr. Nafez Naser Aldean

The purpose of this project is the structural design of Hospital in
Dour City .

The structural design of the building will be carried out according
to the Jordanian code and to the ACI-318-code.

The structural design composed of analysis and design of the

several structural members and all of the plans needed to complete the

construction.
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

A = depth of equivalent rectangular stress block at maximum ratio of

tension — reinforcement , cm
A, = area of concrete section resisting shear transfer.

A, = Gross area of section.

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

A, = area of one leg of a closed stirrup resisting tension within a (S).
A, = area of tension reinforcement ,cm?

A', = area of reinforcement at compression side , cm?

b = width of beam in rectangular beam section , cm
b, = effective width of flange in T-section beam, cm.

b,, = width of web for T-section beam, cm.
C. = compression force in equivalent concrete block.
C, = compression force in compression reinforcement.

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

d' = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f'c = specified compressive strength of concrete.
f, = specified tensile strength of reinforcement.
M., = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =slab thickness in T-section beam, cm.
p, = factor as defined by ACI 10.2.7.3.

g's = strain in compression — side reinforcement.
¢, =yield strain of reinforcement.

p = ratio of tension reinforcement.
p, = ratio of tension reinforcement at balanced condition.
p; = ratio of reinforcement equivalent to compression force in slab of T-

section beam.
Pmax = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

XiX



Pmin = Minimum ratio of tension reinforcement permitted by ACI 10.5.1.
Prega = required ratio of tension reinforcement.

¢ = strength reduction factor.

DL = dead load.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two- way construction ,
measured face — to — face of supports in slabs without beams and face to face
of beam or other supports in other cases .

LL = Live Load.

Ld = development length.

Lw = length of wall.

M = bending 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.

V, = nominal shear stress.

V. = nominal shear strength provided by shear reinforcement.
V, = factored shear force at section.

W. = weight of concrete .(Kg/m®)

W = width of beam of rip.

W, = factored load per unit area.

d = flexural depth of the beam, cm.

L = beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

V,, = nominal shear strength provided by shear reinforcement at the section

where Vs is the max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.
Vyeqa = required nominal shear strength provided by shear reinforcement.

V, = factor shear force at distance d from the face of the support.
V., rqa = factored shear force at the mid- span of the beam, will not be zero if

the beam is partially loaded with superimposed loads.
&V, .« = reduced shear strength of the beam section located a long the beam

span where minimum shear reinforcement is required in accordance with.
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X, = the distance along the beam at which Vg occurs. For any beam section
within the distance X, , V, is based on 11.5.4.3 , other wise is based on

11.5.4.1,
X s = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa , see 8.5.1

El = flexural stiffness of compression number.
f, = calculated stress in reinforcement at service load, MPa.

I, =moment of inertia of gross concrete sectional about centroidal axis ,

neglecting reinforcement , mm*

I . = moment of inertia of reinforcement about centroidal axis of member

cross section ,mm*

k = effective length factor for compression member.

M, = smaller factor end moment on a compression member .positive if

member is bent in single curvature, negative if bent in double curvature mm-

n.

M, = larger factored end moment on compression member ,always

positive , mm-2

P, =nominal axial load strength at balanced strain condition. See 10.3.2, N.

P. = critical load, see Eq.(10-10),N.
= nominal axial load strength at given eccentricity, N.
' =nominal axial load strength at zero eccentricity, N.
u

= factored axial load at given eccentricity, N < ¢P, .

P
P
P n

r =radius of gyration of cross section of a compression member ,mm

0., = moment magnification factor for frames not braced against sides way,
to reflect of member curvature between ends of compression member.
R1:ribl.

Bl: beani

R .W :Retaining wall.

B.W: Basement wall.
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1055-5).
Height Above the surface . [m] 0To38 >8 To 20 >20 To 100 >100
Wind Speed . [ m/sec] 28.3 35.8 42 45.6
Wind Velocity Pressure (). [KN/m?] 0.50 0.80 1.1 1.30
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Determination of Factored Load.

4.3 Determination of Thickness for one way Ribbed slab.
4.4 Load calculation for one way Ribbed slab.
4.5 Design of Topping.

4.6 Design of Rib (R109).

4.7 Design of Beam (B129).

4.8 Design of Tow way Ribbed slab.

4.9 Design of one way Solid slab for stair.
4.10 Design of long Column (C11).

4.11 Design of Stair (Stair 2).

4.12 Design of Basement Wall.

4.13 Design of Isolated Footing (F5, C10).
4.14 Design of Mat Foundation for Well .
4.15 Design of Shear wall (W10).
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Structural Analysis And Design

4.1 Introduction :

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus”, which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

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

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

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

project members, is determined as follows:

Qu=12D+1.6L ACl -318-08 (9.2.1)

4.3 Determination of Thickness for One Way Ribbed Slab:-
The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):
For rib (R109) in ground floor, as shown in fig (4.1).

%ﬂlﬂﬂﬂm}m I

I
(L
I

i}
Il
I

=|

Fig. (4-1) Rib (109) in the Ground floor

Minimum thickness for one way ribbed slab:

L _695_ 0.375m (one end continuous)
185 185

L _89%_ 0.33m (both end continuous)
21 21

For Rib(1) in the basement floor 35 cm control (27 cm block + 8 cm Topping).

41



4.4 Load Calculation for One Way Ribbed Slab:
@ One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the
analysis and design is calculated as follows:

One way rib slab Shrinkage & Temperatuer Bar's

Hollow Block (27 cm )

Fig. (4-2) One way ribbed slab

Effective Flange width ( b) ACI-318-02 (8.10.2)
be For T- section is the smallest of the following:

b =L/4=288/4=720cm

b =12+16t=12+ 16 (8) =140 cm

be =52 cm Control

We will take b For T-section = 52 cm .
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Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation
1 RC Rib 0.27*0.12*25 =0.81 KN/m
2 Top Slab 0.08*0.52*25 = 1.04 KN/m
3 Plaster 0.03*0.52*22 = 0.343 KN/m
4 Block 0.27*0.4*10 = 1.08 KN/m
5 Corse sand 0.07*0. 52*17 = 0.619 KN/m
6 Tile 0.03*0. 52*23 =0. 359 KN/m
7 Mortar 0.03*0.52*22=0.343 KN/m
8 Partition 1*0.52*1 = 0.52 KN/m
5.114 KN/m/rib

Nominal Total Dead Load:

D.L. toty =0.81 + 1.04 + 0.343 + 1.08 + 0.619 + 0.359+0.343+0.52 =5.114
KN/m of rib

Total dead load = 5.114/ 0.52 = 9.835 KN/m?

Live load =5 * 0.52=2.6 KN/m of rib

Factored dead Load = 1.2*5.144=6.14 KN/m

Factored live Load =1.6*2.6=4.16 KN/m
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4.5 Design of Topping:
Calculation of the total dead load for topping is shown in the following table:
Table (4 — 2) Calculation of the total dead load for topping.

No. | Partsof Rib Calculation
1 Top Slab 0.08*1*1*25 = 2 KN/m
2 Coarse sand | 0.07*1*1*17 =1.19 KN/m
3 Tile 0.03*1*1*23 =0.69 KN/m
4 Mortar 0.03*1*1*22=0.66 KN/m
5 Partition 1*1*1=1 KN/m
5.54 KN/ m2

Wu = (1.2 * 5.54) + (1.6 * 5)
=14.65 KN/m?

Assume slab fixed at supported points (ribs):

Wu — I 2 Hollow Block ( 27cm)
Mu=————
12

_14.65%0.4
12

Mu =0.195 KN.m
f.'=24  (Mpa)
fr=0.42x.,/fc’'(MPa)  ACI-318-02 (22-5.1)
fr = 0.42x+/24(MPa) = 2.06 MPa
=2.06x107° x10° = 2060KN /m®

Fig. (4-3) Toping of slab

Mn=fr*s

g bh* _1.00x(0.08")
6

Mn =2060 * 1.06x10° =2.184 KN.m

® Mn =0.55*2.184 = 1.201 KN.m

=1.06x10°m°

Where ®=0.55 ...... for plain concret .
® Mn=1.201 KN.m>Mu=0.195 KN.m
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No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-02 (7.12.2)

As =p *b*h=0.0018 * 1000* 80 = 144 mm?*/1m
Try bars & 8 with As =50.27

Bar numbers n = As _ 144 =2.87

Asg8 5027

Take 3 & 8 with As = 150.8 mm?/m strip or & 8 @ 300mm

In both direction step (S) is the smallest of :-
1) 3h=3*80=240mm............ control

2) 450mm

280

3) S= 380(—} —2.5Cc =38 280
fs

—x 400
3

—2.5x20=349mm

s< 30({@) =30 > 280 =315mm
S 3% 400

4) [Take ® 8 @200mm in both direction = 200mm<Smax =240mmj ...
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4.6 Design of Rib (109 ):

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

follows:-
1 2 3 4 5
1 2 3 4
Al . Al . Al . Al
Al Al A Al
06 5.97 1 3.62 1 5.95 L 2.88 06
‘ | ‘ 6.77 ’ | ‘ 4.62 ’ | ‘ 6.95 ’ | ‘ 3.68 ’ |
[ I I I 1
52.
8.
35.
12,
A-A

Fig. (4 - 4) spans diagram for rib (109)-(KN.m).

Moments: spans 1to 4

-42.7
-33.2 385
. -29.4 e 205 -26.1
' -16.6 e
Ris LS e |
4 1 —— /I.SiSI | )
105 | 1:66 l 08 124 ~—0
4 33 M35 111 77 33
314
271 421 4.06 | 254 208 | 3.47 | 3.48 | 239 129
I I I 1
Fig. (4 - 5) Moment diagram for rib (109)-(KN.m).
Shear
-41.2
-37.7
-33, -32.6
-25.5
-20.4
o5 126 l
H i i i i f / |
24.1 24.3
295 264 29.3 306 29.4
35.8

Fig. (4 - 6) Shear diagram for rib (109 )-(KN)
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4.6.1 Design of Positive Moment for (Rib 109 ):
*This design for( 6.77) m span,

» Use My max positive for span =42.1 kN.m
Use @ 16:
d=h-cover-d/2=350-20-8-(16/2)=314 mm

Mn required = 421 / 09 = 44.778 kNm
» Determine whether the rib will act as rectangular or T — section:

For hf=t=8cm
C=0.85 fct b = 0.85 (24) (80) (520)/1000 =848.6 KN
M,f=0.85 fc b hf(d—hf/2)

=0.85 * 24*520*80 (314 — 80/2 )*10"'6 =232.53 KN.m
Mpe = 232.53 KN.m >> Mj required = 44.778  KN.m

Design as a rectangular with b, =52 cm

\/_

As mln-

(bw)( ) ACI-318 (10.5.1)

m
4(400)

As min=

(120)(314) =115.4mm°
.14
A =——(bw)(d
S min (fy)( w)(d)

As min=+2 (120)(314) = 132mm?
400

As Min=132mm? > 115.4 mm?

As min=132 mm’

_ fy 400
0.85fc'  0.85(24)
Mn  44.778*(10"6)

RN =— = — = 0.873mpa
bd (520)(314)

m fy 19.6 400

* *
p:i[1— L 2mRn]: 1 (1_\/ ~ 2*19.6*0.873

As = 0.002231*(520) (314) = 364.325 mm?>As min = 132 mm?

A req= 364.325 mm?
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# Of barS = As / AS bar = 364325/201.1 = 1.81

* Note Ags = 201.1 mm?

Select bottom bars 2916

TOta| AS (pro\/ide) :402 mm2 > AS req: 364.325 mm2

* Check Strain:
Tension = Compression

A x fy=0.85x f_'xbxa

402x400=0.85x24x520x a
a =15.158mm

c=-2 _17.8mm
0.85

, _314-178
* 178
&, =0.0499> 0.005

x0.003=10.0499

* Design of Positive Moment for (Rib 109 ):
This design for( 6.95) m span,

M, max positive for span = 31.4 KkN.m
Mn required = 31.4/0.9 = 34.9 kN.m

Design as a rectangular with b, =52 cm

Use @ 14:
d=h-cover-d/2=350-20-8-(14/2)=315 mm
fy 400

m= - =196
0.85fc'  0.85(24)

> 6
_ Mn _ 349%00° _ o0
bd? _ (520)(315)

Rn

* *
p:i(l_ L 2man 1 (1_\/1_2 19.6*0.676

m ~ 106

fy
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As =0.00172*(520) (315) = 281.74 mm” > As min = 132 mm?

As req= 281.74 mm?
# of bars = As/ As bar = 281.74/ 153.9 = 1.83 * Note ADP14 =153.9 mm2

Select bottom bars 2®14 with As = 307.9 mm? > As req= 281.74 mm?

‘ Select bottom bars 2®14

* Check strain:
Tension = Compression
A x fy=0.85x f /'xbxa

307.9x400=0.85x24x520x a
a=11.61Imm

a_ _1161 5 ssmm

C=—=
0.85 0.85
. _315-1366
° 13.66

g, =0.066> 0.005

x0.003=0.066

* Design of Positive Moment for (Rib 109 ):
This design for( 3.68) m span,

M, max positive for span = 7.7 KN.m
Mn required = 7.7/0.9 = 8.55 kN.m

Design as a rectangular with be = 52 cm

Use @ 10 :

d=h-cover-d/2=350-20-8-(10/2)=317 mm
fy 400

m— - 196
0.85fc  0.85(24)

_ Mn _ 8.55*(10)°

Rn = = =
bd? (520)(317)°

0.164
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* kS
poLfq fp_2mRn)_ 1 1_\/1_2 19.6%0.164 | _ 0 050411
m fy 19.6 400

A= 0.000411*(520) (317) = 67.7 MM’ < Agmin = 132 mm”°
USG AS req: AS min = 132 mm2
# of bars = As / As bar = 132/ 78.5 = 1.68 * Note A®10=78.5 mm2

Select bottom bars 2010 with As = 157.1 mm® > As req= 132 mm ?

Select bottom bars 2®10

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
157.1x400=0.85x24x520x a
a=2>5.923mm

Cc= a4 —5'923 =6.97mm
0.85 0.85

. _317-6.97
* 697
¢, =0.133>0.005

x0.003=10.133

For any moment less than (7.7 KN.m ) Use bars 2010
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4.6.2 Design of Negative Moment for (Rib 109 ):

Mu = 26.1 kN.m

Mn =26.1/0.9=29 kN.m

Use @ 14 and d=315mm

Design of T-section for negative moment as rectangular section with

(b=hy).

m=19.6

_ Mn 29*(10)°
bd? (120)(315)?

x x
p:i[1— L 2man 1 [1_\/1_2 19.6 2.4355)20_0065

Rn = 2.4355

m fy | 19.6 400

As =0.0065*(120) (315) = 245.82 mm>> As min = 132 mm’

As roq= 245.82 mm’*
# of bars = Aq / A bar = 245.82/153.9= 1.59 * Note Agis = 153.9 mm?

' Select bar 2 @ 14
Total AS (rovidey = 307.9 mm?

* Check strain:

Tension = Compression

A x fy=0.85x f.'xbxa
307.9x400=0.85x24x120xa
a =50.31Imm

c:i;@:SQ,me

0.85 0.85

. _315-592
* 592
&, =0.0112>0.005

x0.003=0.0112
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* Design of Negative Moment for (Rib 109 ) :
M, = .4 KN.m

Use @ 14 and d=315mm

Design of T-section for negative moment as rectangular section with

(b=bw)

m=19.6

_ Mn 32.67*(10)° _
bd? (120)(315)?

* *
polq [ 2mRn)_ 1 1_\/1_2 19.6%2.74 ) _, 5074
m fy 19.6 400

As =0.0074*(120) (315) = 279.5 mm”~ > As min = 132 mm’

Rn 2.74

2
Asreg= 279.5 mm
# of bars = Aq / Agpar = 279.5/ 153.9 = 1.82 * Note Ags = 153.9 mm?

Select bottom bars 2®14

Total AS (rovidey =307.9 mm?

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
279.01x400=0.85x24%x120x a
a=4559mm

C= 2 = @ =53.635mm
0.85 0.85

~ 315-53.635

% = 53635
¢, =0.0146> 0.005

x0.003=0.0146
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4.6.3 Design of Shear for (Rib 109) :

The maximum shear force at distance (d ) from the face of support

Vu=332KN............ from Shear diagram for rib (1)
Je
OVe= ©* 6 pw*d
J2a

=(0.75* 6 120*315)*0.001 = 24.3KN
Vu=36 KN> ® Vc =233 KN

® Vsmin > 0.75 (%) *pw*d =0.75%( %)*120 *315 *10° = 9.5 KN.

® Vsmin > 0.75 (1£64 )*bw*d=0.75* 1£64 * 120 * 315 *10° = 8.7 KN.

® vsmin = 9.5 KN.

(® Ve + @ Vsmin) =24.3 +9.51 =33.9 KN > Vu = 33KN
Minimum shear reinforcement is provided ( Ay min)
Use 2 leg ® 8 with A, = 50*2 = 100 mm?

AV _ 1bw
Sreq B 3 fy
Av 1T L
Sreq 16 fy
Siex < 9 <600

2
Av _ 1bw 3x2x50x107° x400
> = —1m
Sreq 3 fy 0.12

fc' -6

ﬂzi XbW:Sreq =2><50><10 X16X400:1.10m
S.e 16 Ty J24x.12
Siax < 9 <600=S,, = 315 =15.75cm

2 2

Then Select S=15cm <% ............... ok
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4.7 Design of Beam (B129):

4.7.1 Load calculation for (B129):

* The dead load calculations :- (from rib 114 )

The max support reaction ( factored ) from dead loads for rib upon beam
is (33.5KN)

W from Rib =33.5/0.52 =64.4 KN/ m

The width of the beam is (0.8 m) , the weight of the beam and the

weight of the floor layers is :

Table (4 — 3) Calculation of the total dead load for beam 129 :

No. | Parts of Beam Calculation
1 RC Beam 0.8*0.5*25=10 KN/m
2 Plaster 0.8 *0.03*22 =0.528 KN/m
3 Corse sand 0.07*0.8*17 = 0.952 KN/m
4 Mortar 0.03*0.8*22 =0.528 KN/m
5 Tile 0.03*0.8*23 =0.552 KN/m
6 Partition 1*1*0.8=0.8 KN/m
13.36 KN/m

The ded load within beam = 13.36*1.2 = 16 KN/m

The total factored dedload (Wp =64.4 + 16 =80.4 KN/ m)

*The live load calculations :- (from rib 114)

- The max support reaction ( factored ) from live load for rib upon beam
is(24.23 KN)

Wy fromrib = 24.23/0.52 = 46.6 KN/ m

The live load within beam width : LL=5*0.8=4KN/m

The total factored live load (W, =46.6 + 1.6*4 =53 KN/ m)
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03, 2.9 03, 6.1 06
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50.

Fig. (4 — 7) Beam Geometry (m)

Moments: spans 1to 2

-485.2

| 131 ‘

I 1
| -l 1 |
m— 165 | 118 | '

36.5 \ I \
434.7
0.8 | 24 3.93 | 2.62
[ [ 1 [ [
Fig. (4 — 8) Beam Moments envelope factored values (KN.m)

Shear

-344.6 -323.9
-232.2

395.5
469.

Fig. (4 — 9) Beam Shear envelope factored values (KN)
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4.7.2 Check for rectangular section :

Mu = 485.2 KN.m

M ¢ = 0.85 * fc * be * hf * (d — hf /2)

Use @ 25

d =500—-40-10-25/2 =437.5 mm

M s = 0.85*24*800*500*(437.5 — 500/2) * 10°® = 1530 KN.m
Mn =434.7/ 0.9 =539 KN.m < M s = 1530 KN.m

The section must be desing as rectangular section :

4.7.3 Check single section or Doubly section :
Mn., = 085+ fcxbxax*(d—a/2)
C=3/7 *d = (3/7) * 437.5 = 187.5 mm
a=187.5*0.85 = 159.375mm
Mn_ . =0.85*24 800 * 159.375 * (437.5 — 159.375/2) * 10° = 930.67KN .m

max

250
@ = 0.65 * 3 (0.004 — 0.002) = 0.82

® Mn_,, =0.82*930.67=763.15 KN.m > Mu_, =4852KN.m

The section must be desing as singly section .

4.7.4 Design of Negative Moment for Beam :
b =80 cm

h=50cm

Use ®25 and d=437.5cm,

Mu =485.2 KN.m

Mn (eqy =485.2/0.9 =539 KN.m

Jte (bw)(d)

4(fy)

J24
4(400)

AS min=

As min= (800)(437.5) = 1071mm?
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.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(800)(437.5) —1225mm?

Asmin=1225mm> = 1071 mm°

As min= 1225 mm>

400

"N _196
M = 0.85(24)

Mn  539%(10)°

“bd?  (800)(437.5)7

* ks
oLy fp_2mRn)_ 1 1_\/1_2 19.6%3.52 ) _ | 109727
m fy 19.6 400

AS(ep = 0.009727* (800)* (437.5) = 3404.5 mm"

AS g = 3404.5mm " > A's min = 1225 mm’

Use @ 25 with area As= 490.9 mm~

Use 7 bars @ 25

Aspov. = 3436 MM2 > AS (e =34045mm°. ... OK

Select 7 @ 25 with As prov. = 3436 mm2,

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
3436x400=0.85x24x800x a
a=_384.2mm

c:izﬁzgg,]_mm
0.85 0.85

4375-99.1
Eg=——

. x0.003=0.0102
99.1

0.0102 > 0.005
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* Check for spacing between bars :

s 800-40*2-2*10-7*25

=87.5mm
6
S=8%75mm >25mm ... OK
>db=25mm = ........... OK

4.7.5 Design of Positive Moment for Beam :
* For (6.55m) span :
Mu = 434.7 KN.m
M nf = 0.85 * fc * be x hf * (d — hf /2)
= 0.85*24*800*500*(437.5 — 500/2) * 10° = 1530 KN.m
Mn =434.7/0.9 =483 KN.m < M s =1530 KN.m

The section must be desing as rectangular section :

m=19.6

Mn  483*(10)°
Rn = = =3,
bd® (800)(437.5)

* x>
p=Lf1 jp_2mRn)_ 1 1_\/1_2 19.6*3.15 ) _ 4 5084
m fy 19.6 400

AS(e = 0.0084% (800)*(437.5) = 2940 mm"

AS gy = 2040 mm” > As min= 1225 mm”

Use @ 25 with area As= 490.9 mm”~
# of bars = A/ Aqpar = 2940 / 490.9 = 5.98 bars
Use 6 bars @ 25

AS prov. = 29455 mm2 > AS (req) = 2940 mm2 v seesssenss OK

Select 6 @ 25 with As prov. = 2945.2 mm?2.
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* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
29452x400=0.85x24x800x a
a=72.2mm

oo @ 122
0.85 0.85

_43715-85 1 003=0.012

85mm
gS

0.012>0.005 ... OK

* Check for spacing between bars :

s 500-40*2-2*10-6*25

=50mm
5
S=50mm >25mm ... OK
>db=25mm = ........... OK

*For (3.2m) span:

Mu = 36.5 KN.m
Use @ 18
d=500-40-10-18/2 = 441 mm
M ¢ = 0.85 * fc * be * hf * (d — hf /2)
= 0.85*24*800*500*(441 — 500/2) * 10° = 1558.5 KN.m
Mn =36.5/0.9 =405 KN.m < M s =1558.5 KN.m

The section must be desing as rectangular section :

m=19.6

* 6
_Mn_405%40° _ ..
bd? _ (800)(441)°
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m " 106 400

x x
p:i(1— L 2mRnJ 1 (1_\/1_2 19.6 0.26j20_000654

fy
AS(ep = 0.000654* (800)*(441) = 230 mm’
A (req) = 230 mm’<As min= 1225 mm”

Use As— As min=1225mm°

Use @ 18 with area As= 254.5 mm”’
Use 5 bars @ 18

AS prov. = 12723 mm2 > AS (req) = 1225 mm2 C deseesesscssenne OK

Select 5 @ 18 with As prov. = 1272.3 mm?2.

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
1272.3x400=0.85x24x800x a
a=312mm

c= 2 3L _qgpomm
085 0.85
g, = 212367 6 003=0.033
36.7

0.033>0.005 ...l OK

* Check for spacing between bars :

s 500-40*2-2*10-5*18

=77.5mm
4
S=775mm >25mm = .......... OK
>db=18mm = ........... OK
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4.7.6 Design of Shear for ( B129) :

* For V,=395.5KN (Max. value of Vu)

\V/ol= % bw *d

*800 * 441 *10° = 288 KN

@ Vc= 0.75 * 288 = 216 KN

® Vsmin > 0.75 (%) *pw*d= 0.75% (%) * 800 *441 *10° = 88.2 KN. Control

® Vs min >075(‘/f_) *pw * d = 075*(*/2_) * 800 * 441*10°° = 81 KN .

® Vs min = 88.2 KN.
Vu =395.5 KN (From shear Envelope)
® Vc < Vu <O Ve + ® Vsmin
216 < 395.5 < (216 +88.2)
216 <395.5<304.2 ... not satisfy
Item 1 &2&3 is not suitable .
Item 4 :

(@ Ve + @ Vsmin) < Vu < (O Ve+® Vs')

® Vs :@*@ bw * d

®Vs =0.75* g *800*441*10° = 432 KN.

(216 +88.2) < 395.5 < (216 +432)

304.2 < 395.5 < 648 So Item (4) satisfy.
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Vu ., _ 3955

Vs=-—-Ve= 222 . 216 =311.33 KN
) 0.75
Try 2 leg @ 10 ® 10 = 78.5 mm?
Av_ Vs
S fy*d

2*78.5%10° _ 311.33*10°
S 400*441

S=88.9mm
S < Spmax < 600 mm
S< Spax < 441/2=290/2=220.5mm  control

Use S=10cm

* For V,=232.2KN

Ve = ‘/E bw * d

*800 * 441 *10° = 288 KN

@ Vec= 0.75* 288 = 216 KN

® Vsmin > 0.75 (%) *pw*d= 0 .75*(%)*800*441*10'3 =88.2 KN. Control

® Vsmin >0.75 (%) *bw*d= 0.75*(—“1264 )*800*441*10° = 81 KN .
® Vsmin = 88.2 KN.
Vu =232.2 KN (From shear Envelope)
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® Ve < Vu <® Ve + @ Vsmin

216 < 232.2 < (216 +88.2)

216<2322< 3042 ... So Item (3) satisfy
Minimum shear reinforcement required, so;

Av bw

—_—>

S T 3*fy

=0.66 control

> Jicbw _ o o
16* fy

Try 21leg @ 10 @ 10 =78.5 mm?

* *10*°
% _ 2*78.5*10 — 0.66

S
S=211mm
<600 mm
<d/2=441/2=220.5mm control

Use S=125cm

* For V,=93.8 KN

Ve = ﬁ bw * d

*800 * 441 *10°= 288 KN

@ Vc= 0.75 * 288 = 216 KN
V=938 KN < 0.5*® Vc= 0.75 * 288 = 216 KN

No shear reinforcement is required .
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0.2488 kN/0.52*0.520f rib
2.52 KN/m?

0.4*0.27*0.4*10 = 0.432 kN/0.52*0.520f rib

2* (0.02*0.52*0.52*23)

Plaster

Block
By using ( SAFE 12 ) program for Structural Analysis we calculate the moment for

4.8 Design of Tow way Ribbed slab:
4.8.1 Load Calculation :

Dead Load = .6808 kN/0.52*0.520f rib

Dead Load per unit area = .6808 / 0.52*0.52=
Live Load = 1.5 KN/ m?
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Figure (4-10): two way rib slab.
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4.8.2Design of Moment (M11) in X direction:

Figure (4-11): slab resultant (M11) diagram .

For maximum moment My; = 99.13 KN.m/m
My =99.13*052 = 51.55 KN.m

Use @ 18 and d=311mm
— t
Mnf—0.85*fc*bf*tf*(d_5‘)

Mn, =0.85* 24 *0.52* 0.08 * (0311 — 23¥) * 10° = 230 KN .m

® Mn,; =0.9*233.376 =207 KN.m >> My
rectangular section
Design as a rectangular with b, =52 cm

Mn=M= @ =57.3KN.m
() 0.9
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Jfc 1.4
AS i = bw)d )= =—(bw)fd )....cet cuernnee. (ACI -10.5.1)
(i) )2 2 ()
J24 1.4
AS.in =—F7——=(12)31.1)> ——(12)(31.1
S = 00 (2L 2 40 12(311)
As,,=2<13............ the larger is control
As .. =200mm?®
Mn
Rn =
b*d?
-3
Rn= 2037107 1.14Mpa
0.52*(0.311)°
fy 400

19.6

m = - = =
0.85*fc  0.85*24

2mRn
fy

1
p=—(1- /1= )
m

p= i(l } Jl_w ) =0.00293
19.6 400

Areq=p *b*d=0.00293* 520 * 311 = 474.55 mm?
As req = 474.55 mm? > Ag min = 200 mm?

Use ®@ 12 >> # of bar = % =1.86 * Note Ap1s = 254.5 mm?

e Check for yielding

Tension = compression

As*fy=085*f *b*a
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509%400 = 0.85* 24*520* a
a=19.19mm
c= @ 1919 o) samm
B, 085
. _311-2258
* T 12258
¢, =0.038 > 0.005

X0.003

= 0Ok

4.8.3 Design of Moment (M22) in Y direction:

b Y

Fat

F'igu're ('4-1'2):' slab resultant M22 diagfarh .

For maximum moment My, = 94.47 KN.m/m
My =94.47%0.52 = 49.12 KN.m

Use @ 18 and d=311mm
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As,. =200mm’

* -3
n= Lloz = 11Mpa
0.52*(0.311)
2mRn
fy

1
p=—- [1-500)
m

p= i(l - Jl_w ) = 0.00283
19.6 400
Arteq=p*b*d=0.00283* 520 * 311 = 457.7 mm’

As req = 457.7 mm? > Ag min= 200 mm?

457.7

. * Note Agis = 254.5 mm?
545

o Check for yielding

Use @ 18 >> # of bar =

Tension = compression
As*fy=085*f *b*a

509*400=0.85*24*520*a

a=19.19mm
B, 085

 311-2258

~ 2258

g, =0.038>0.005

= 22.58mm

X0.003

€5

= Ok
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4.8.4 Design of Shear (V23) :

L4
1 |

Figure (4-13): slab resultant( VV23) diagram

* For V,=93.54 KN (Max. value of V23 diagram)

d=350-20-10-18/2=311 mm

Ve = E bw *d
6
Ve = @ *1000 * 311 *10° = 254 KN

@ Ve = 0.75 * 254=190.5 KN

Vu=9354 KN < 0.5*® Vc= 0.5*190.5=95.25 KN
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4.9 Design of one way solid slab for stair:

4.9.1 Determination of Loads:
hmin for one way solid slab = L/20

min =5/20 =0.25m .

Take h=25cm..
D.L=0.25*25+0.03*22 = 6.91kN / m?

Take L.L =5kN/m?
qu=1.2*6.91+1.6*5=16.3KN /m?

For 1m Strip in Xdirection qu = 16.3 KN/M

1 2
1
—_ Al —
0.2 4.8 0.
— —
5
} {
25.
100.
A-A
Fig. (4 — 14) Solid Slab Geometry (m)
Moments: spans 1to 1

25 37.2 25

Fig. (4 — 15) Solid Slab Moments values (KN.m)
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Shear

286 "29.8

29.8 28.6

Fig. (4 — 16) Solid Slab Shear values (KN)

4.9.2 Design of Reinforcement:
Mu = 37.2 KN.m
Use @12
d =250 — 20 — 12/2 =224 mm

STy 400 _
0.85* fc  0.85*24

Mn = ﬂ =41.33KN.m
0.9

19.6

_ Mn _ 41.33*10°
b*xd?  1%0.2242

Rn =0.824Mpa

2mRn)
fy
* *
p:i*(l—\/l— 2*19.6 0.824)20_0021
19.6 400
As,,, =0.0021*1000* 224 = 470.4mm* /m

p:i(l_ 1-—
m

As,. =0.0018*1000*250=450mm? /m

Asreg = ASmin

Numb bar' _470.4_42
umber of ars—113.1—

) 1000
spacing = 2 - 238mm
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Check for spacing
1. 3h=3*250=750mm
2. 450

3. s =380 (2%) —2.5Cc
280
0.75%x400

= 380( ) — 2.5 %20 = 304.66mm

280

4. s =300 (F) = 300 *( 280

0.75%400

) =280............control

Select @ 12@200mm .

4.9.3 Design of secondary Reinforcement

1. Use for the second bottom direction (min.) ® 12@20 cm c/c.

2. shrinkage and temperature
As = 450 mm?/m

Number of bar's = 450/78.5 = 5.7
Spacing = 1000/5.7 = 175.4

Check for spacing
S =5h =5*250 =1250mm
S =450mm

Use @ 10@150mm .

4.9.4 Design of Shear:
d =250 - 20 — 12/2 =224 mm

$*Vc >Vn

$*Ve = %*0.75*\/f_c'*b*d = %*0.75*\@*1*0.224*1000:137.2

pNVc =137 >>Vu = 28.6KN

No shear reinforcement is required .
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4.10: Design of long column(C11) in Ground Flour :

4.10.1 Load Calculation:
DL=1155 KN LL=834 KN ..... From Factored Load Table

P, =1155 + 834 = 1989 KN
Use 0.3x 0.6 cmwith Ag =0.18m?

Fig.(4-17) column section

4.10.2 Check Slenderness Effect:

e In 0.6 m-Direction(about x axis)

KU _gq_pp ML ACI —(10.12.2)

r M2

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

R: radius of gyration = \/L\: ~03h . For rectangular section

Lu=4-07=33 m

M1/M2 =1

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

m<34—12ﬂ ............... ACI —(10.12.2)
r M2
1x3.3
0.3x0.6

-.short Column in  0.6m:direction

=18.33< 22
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e In 0.3 m-Direction (about y axis)

I"—“<34—12% ............... ACI —(10.12.2)

r

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

R: radius of gyration = \/'IA: ~03h

Lu=4-0.70=33 m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI —(10.12.2)
r M 2

13330 _ 366522

0.3x0.3

..long Coloumn in  0.3m:direction
E.I

El =04—"% ... [ACI318-05 (Eq. 10—15)]
1+ B,

E, = 4750,/fc' = 4750x +/24 = 23270.15Mpa
_12DL  1.2*(9625)

=0.580<1
Ps =", 1989
3 3
I - bxh® _06x0.3" 0 s
12 12
£l — 0.4%x23270.15%x0.00135 — 7.95MN.m”>
1+0.580
=
Pr = e ACI318-05(Eqg. 10-13)
(KLu)
3.14* x7.95
=222 X0 _7.19MN.
(1.0x3.30)
M1
Cm :O'6+0'4[Wj ............ ACI 318—-05(Eq.10—-16)
Cm=1....... According to ACI318—-05(10.10.6.4)
S —_CM 40 ACI318—-05(Eq. 10—-12)
1_ Pu
0.75P,
S, = 1 =1.584>1
o, 1989
0.75x 7190
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€, =15+0.03x h =15+ 0.03x 300 = 24mm = 0.024m
e=e,, x5, =0.024x1.584=0.038m

e 0.038
h

min

=——=0.1266
0.3

From prokon we have interaction diagram

Column design chart (X-X)

4500
4000
3500
3000
2500
2000

1500

Z1000

500

20\‘52 il
5

R
- D_’/b,.z% 3% /;iu = D/ﬁ‘?uc:
- o >

o

\

Moment max = 1269 kKNm @ 983 kN

Axial load |

500
~1000
-1500
2000 "
2500
-3000
3500
4000

Bending moment (kNm)

Fig.(4-18) interaction diagram

From interaction diagram

p =0.008 < p min=0.01

p= pmin= 0.01

A =pxA, =0.01x600x300=1800 mm?

~usel0@ 16 = A, = 2011 mm?

4.10.3 Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-

spacing<16xd, =16x1.6 =25.6 cm
spacing<48xd, =48x1.0=48cm
spacing <leastdim.=30cm
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4.11 Design of Stair (Stair 2) :

Fig(4 - 19) stair plan
4.11.1 Determination of Slab Thickness:
For Flight:
L=4.0m.
hreq = L/ 20.
Nreq =4.0/20=0.20 m.
Use h=25 cm.

@) = 32.35
300

The stair slope by 6 = tan™! (
For Landing:

L=3.2m.

hreg = L/ 20.

Nreq =3.2/20=0.16 m.

Use h=25cm.

4.11.2 Load Calculations:

For Flight :

Dead Load for flight:

0.17 + 0.35
0.3
0.17+4+ 0.3
0.3
] ) 25 7/0.17 « 0.35
stair stips = 03 (—2
25%0.25*1
cos 32.35

Tiles = 27( ) *0.03 x1 =1.40KN/m

Mortar = 22 ( ) *0.02 1 = 0.689KN/m
)* 1=248KN/m

slab = ( ) — 7.39KN/m
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0.03x1

Plaster = 22 (—cos 3235

Dead load sum = 12.74
Live load for flight:

Live load for stairs =5 KN/ m.
For landing:
Dead Load for landing:
Tiles = 23*0.03*1=0.69KN/m
Mortar = 22*0.02*1=0.44KN/m
Slab = 25*0.25*1=6.25KN/m
Plaster = 22*0.02*1=0.66KN/m
Total dead load= 8.04 KN/m.
Live load for landing:

Live load for stairs =5 KN/ m?.

load group no. 1
Dead load - Service

) = 0.78KN/m

Units:kN,meter

12.74

0.6

25

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

5.00

31

Moments: spans 1to 1

1.55

1.55




Shear

-36.4

33.5

Fig. (4-20) Loads & Moment & shear on flight

4.11.3 Design of Shear for flight:

=  Assume @ 14 for main reinforcement:-

So, d = 250-20-7 =223 mm..
Take d=223 mm
= Vu=36.4 KN.

n WC:@

_ 0.75*+/24*1000* 223*10°
B 6

. AV =136.6KN

= Vu=364 KN < @.Vc=136.6KN.

Depth is ok since there is no shear Reinforcement .

4.11.4 Design of Bending Moment for Flight:
Mu =28 KN.m.
Mnreq=Mu/0.9=28/0.9=31.11 KN.m.

d =223 mm.
_ Mn
" g2

_ 3111*10°
" 1000* 223

R

=0.63MPa .
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by
0.85x fc'

400
0.85x24

1 ZmRn * *
p==|1- [I- __t 1_\/ _ 271967063 1_ (50161
m f, 19.6 400

As req = 0.00161*1000*223 = 359.03 mm?
Amin=0.0018*250*1000 = 450mm? ... ........ control
S =153.9/450 = 0.342 m

19.6

Check for spacing
3h=3*250=750mm

$=450
380 ( 280 ) 2.5 %20 = 348.8
= — ) —25x« = .
S 0.667 * 400 mm
s =300 (=) = 314.8mm

Use 1O 14@ 30 cm

Use 1® 14@ 30 cm. for secondary Rein.

Check for strain:

Tension = Compression

A, * fy =0.85* fc' *b*a
450*400=0.85*24*1000*a
a=28.82mm

c:i—ﬁzloAmm

B, 0.85
223-10.4
Eg=—T—
10.4
£, =0.064 > 0.005—> 0k

*0.003
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4.11.5 Design of landing:-

same thickness =25 cm

Dead load = 8.04 KN/ m.

Live load =5.0 KN/ m.

Load from flight = 36.24/1.5 = 24.16 KN/m
Load = 24.16+(1.2*8.04+1.6*5) = 41.81 KN/m

load group no. 1
Dead load - Factored Units:kN,meter

41.8

Moments: spans 1to 1

15 47. 15

Shear

-62.7

62.7

Fig.(4-21) Loads & Moment & shear on landing
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4.11.6 Design of Shear for Landing:

= Vu=62.7 KN.
f'*b, *d

_ 0.75%/24*1000%223*10°°
- 6

. AVC =136.55 KN

Vu=62.7 KN < @.Vc =136.55 KN.

Depth is ok since no shear reinf. Is required

4.11.7 Design of Bending Moment for landing :-
Mu =47 KN.m.
Mnreq=47/0.9=52.22 KN.m.
d =223 mm.
_ Mn
" g2
K = 52.22*10°
" 1000*223°

mo—
0.85x fc'

1 2mR, *10.6*
p==|1- [1- __ 1 1_\/1_M — 0.00269.
m f, ]~ 20588 400

As req = 0.00269*1000%223 = 601.26 mm* ........... control
AS min =0.0018*1000*250 = 450mm?
S=153.9/601.26 = 0.255m

R

=1.05MPa .
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Check for spacing
3h=3*250=750mm

S=450

= 380 (—) —2.5%20 = 3488
S 0.667 = 400 * mm
s =300 (06623:’400) = 314.8mm

Use 10 14@ 30 cm

Use 1® 14@ 30 cm. for secondary Rein.
Check for strain:

Tension = Compression
A * fy =0.85* fc' *b*a
601.26*400=0.85*24*1000*a
a=11.9mm

g, =0.044>0.005—— 0k
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4.12 Design Basement wall :

4.12.1 load calculation
Fc’=24 MPa , Fy=400 Mpa , Y's=18KN/m?, qall=250KN/m?, ¢=35,
surcharge =5KN/m?

D N
N N
0,350+
2650 3.820
N AN

Fig.(4-22) basement wall

__1-sin¢ _ 1-sin35
- 1+sin¢ " 1+sin35

C, =0.271

W, =Cyxhxy=0271x3.825x18 = 18.65 KN /m?
Wi = Co * P =0.271 %5 = 1.355KN /m?

3,820

Wsu =1.355
Ws =18.65

Y

N\

Fig.(4-23) Static system of basement wall
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From Atir we have moment and shear envelop

Moments: spans 1to 1

1.72 239 2.1

Shear

-17.4

31.6

Fig.(4-24) shear and moment diagram for basement wall

4.12.2 Design of Bending Moment
D= 200-40-10 =150mm
__Mn
e
~239*10°
" 0.9*1000*1507
fy
" 0.85x fc

_ 400
0.85x24

R

=1.18MPa .

=19.6
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1 2mR, *19.6*
p==|1- 1- _ 1 1_\/1_M —0.0031
m f, 19.6 400

As req = 0.0031*1000*150= 465 mm*m........... control
p = 0.0031 > pmin = 0.0015 .......0K

S =153.9/465 =0.331m

Check for spacing

3h = 3*200 = 600mm

S =450

s =1539/5 0015 « 200 = 513mm

Use 10 14@ 30 cm
For horizontal bars use the half of the min. in each side
0.5*Ashpmin=0.5*0.0025*200*1000=250mm?2
Use ¢=10
$=78.5/250=0.31m
Use for horizontal bare $10@250mm in each side
Use ¢10@300 for vertical in outer side to hold the horizontal bares
Check for strain:
Tension = Compression
A, * fy =0.85* fc' *b*a
513*400=0.85*24*1000*a

a=10.06mm

B, 0.85
., _150-11.84
° 11.84

g, =0.035> 0.005—— 0k

*0.003

4.12.3 Check for shear
¢V =2 /f7 + b+ d = 2V24 1000 * 150 + 1073 = 91.85KN

0.5¢V,=0.5*91.85=459KN> Vu=316........ OK

The thickness is enough
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4.13 Design of Isolated Footing (F 5. C10) :

fy =400 MPa fc'=24MPa

Pp= 1605 KN...... (1337.5 KN)
PL=1012KN....... (632.5 KN)
Pu=2617 KN

Column Dimensions = 60*50 cm.

Allowable bearing capacity gai= 250 KN/m?.

4.13.1 Area of Footing :
live load =5 KN/m2.

assume h= 60cm
q atl-net = 250 - 5 — 0.6%25 = 230 KN/m 2

area A = Pp+PL/ (ailnet

= 1337.5+632.5/230 = 8.565m l\—l ’
_ _ : ) |
Use L=3m,B=3m, A=9m [=_ >N
4.13.2 DEpth Of footlng Inclined crack
Assume h =60 cm.

Critical section for Tributary area for

Check one-way shear: one-way shear l / one-way shear
Oy = - =2617/9=290.8 KN/ m 2 V
Area ‘_’ o

d =600 — 75— 20 =505 mm Column ~_r—
OV >V, - /
DV, = qn%,/ f.'b,d

075, /57 son vV

—_— 24 3 0505*1000 = 9277 KN One-way shear.

VU:quItX[E—deL .
2 Figure (4-25)

3.0-0.6

Vu = 290.8><( —O.505j><3.0 =606.32KN

OVe=927.7 >V, =606.32
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Check two-way shear :

Vu =q,, x((BxL)—(a+d)(b+d))

Vu = 290.8 x ((3x 3) — (0.6 + 0.505)(0.5 + 0.505) ) = 2294.3KN
According to ACI, V¢ shall be the smallest of :

V., %{uﬂi}/f’ bd = 05|f, b,d

1 a7 I N
V. =— s +2KWf. bd =0.585f bd L
¢ 12(b0 /d ] ¢ ¢ o | % N |
V, = E,/ fC' byd eereeeiins Control Inclined crack
3 ;I'ributary aP:ea for
'WO-way shear
Where: y

f.=alb=60/50=1.2

. .. . Critical section
b, = Perimeter of critical section taken at (d/2) from for two-way shear ~~
the loaded area

b, =2 (0.6+0.505) + 2(0.5+0.505) = 4.22 m

a, =40 for interior column
NV, =0.75x 0.33v24 x 4.22x 0.505x 1000 = 2584KN Two-wav shear.

@Vc =2584 KN > Vu = 22943 KN
Figure (4-26)

4.13.3 Design of flexural Reinforcement :

Mu= | g, xWx[E-2)]xo5 L_2
2 2 2 2
= 290.8x3.0x(ﬁ_%j xo.5[@—%] = 628.13 KN.m
2 2 2 2

Mn = 628.13/0.9 = 698 KN.m
Kn=Mn/b.d’>= 0.912 Mpa

M fy _ 400 196
0.85fc'  0.85(24)

poLfq fp_2mKn)_ 1 1_\/1_2><19.6><o.912 — 0.00233
m fy 19.6 400

As = 0.00233*3000*505 = 3530 MM>. ......coevneenn control
Aq min = 0.0018*3000*%600 = 3240 mm?.
So, Use 18 @ 16 in both directions .
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4.13.4 Development length of flexural Reinforcement:
Ld for @ 20:
fy axfBxyxA 9 400 1x1x0.8x1

9
Ld —Exﬁx P X =Exmx 75 x16 =377mm
[dbj
Available length = ((3000-600)\2)-75=1125
=1125mm >377mm ............... ok

4.13.5 Development length of column Reinforcement :
Ld for ® 18 :

L= g = 2% 18- 368mm

4, fc' 424
L;=0.043xdbx fy=0.043*18*400 = 310 mm
- L; =450mm

Available embedment = 600 — 75 — (2 x16) =493 mm > 310 mm
- OK.

4.13.6 Load transfer at the column-foundation interface (Dowels
design ):

In footing :

®Pnb = d(0.85fc’A, x \/%)

A; =0.6*0.5 = 0.3 m?
A,=3.0*3.0= 9m?

\/E=\/E=5.47>2
A Vo3

%
A

®Pn.b =0.65x (0.85%x 24 x0.3x 2) x1000= 7956KN
dPNn =7956> Pu =2617.......... .ok
In column:

®Pn,b = ©(0.85 fc'Al)
®Pn, b = 0.65(0.85x 24 x 0.6 x 0.5x1000) = 3978KN

OPnb=3978KN > P, =2617KN

and the minimum reinforcement of dowels:
As = 0.005 *(600 x 500) = 1500 mm?

4.13.7 Lap splice of column :
Ls=0.071fy.db = 0.071*400*18=512mm.  Use 550 mm.
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Figure (4-28) plan of isolated footing

&9

S
-
PER0.2 =
}
128016 | ?16 o
(o)
I _ 18
p L s ] T E | ;
0.1 3.0 0.1
3.2
Figure (4-27) section of isolated footing
o ™
S 2.85 0l
18816 L=3.3 =
)= 0.23
3
@ (rl-)
i QI @
0.6 =
. P 0
— //r
= 0.23
0l 3.0 0l
3.2



4.14 Design of Mat Foundation For Well :

] v
[ [ ] [ [
150
L
é <

Fig.(4.29) Mat footing

4.14.1Design of shear :

S0 (local)
M /mimn2
<=-0.310

0271
0231
0192
0153
0113
0.074
0035
0.005
0.044
n.oe3
0123
0162
0.z2m
024
0.2a0
»=0.320

[ j=mimimmisisimpey § 8§ Jof |

! Load 1

Fig.(4.30) shear in X-direction
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S0Y (local)
M /mmz2
<=-0.303

0270
023
0192
0153
0114
0075
0036
0.003
0.042
0.0a
0120
0153
0133
0.237
0278
»=0.315

B [ O O [ F E O

! X Load 1

Fig.(4.31) shear in Y-direction

d =60-75-1.5=51cm
pNC = 0.75*%*,/ fc' *bw*d

PpNC = 0.75*%* 24*1000*510*%10°° = 312.3KN

Pu,, =310KN /m = 235x1 = 235KN
¢NVc =312.3KN > Pu =310KN.......... .OK

4.14.2 Design of bending moment :

By using the safe 15 software to analyze the foundation, the moment result is as in

the following chart:
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b [local]
kMrmdm
¢=-62.2
.-54.9
-47.6

-40.3

)
o

Lo |
 eaasgie TR

4

257
-18.4
111
385
345
7

=

253
326
393
472
»=545

OO0 E DO

! Load 1

Fig.(4.32) Moment in X-direction

MY [local)
kMrmdm

<=-781
.-B?.S
6.5
51.8

-

)

e e

-36.3
-28.5
-20.8

o

6,25
281
103

=

258
335
413
»=431

B EEOCOOE DO NN

h |
"SEh

s

e NN,
‘Wl

q
(
{
{
{
(
¢
a
\

|
/|
1

;_" Load 1

Fig.(4.33) Moment in Y-direction

e Design In Y-directions:
h=60cm
d=60-75-1.4=511cm.
Fy =400 Mpa.
Fc' =24 Mpa
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Design of Negative Moment

—ve Muy=75.1KN.m
Mn = Mu = 751 =83.4KN.m
1) 0.9

_ Mn _ 834*10°

Rn=—"= ~=0.32Mpa
b.d® 1000*511
-V __106
0.85fc'
potf1_ fy_2mKn)_ 1 1_\/1_2 19.6%0.32 | _g qapego
m fy 19.6 400

AS,q =p*b*d =8.064*107* *100*50.9 = 4.1 cm?

Shrinkage & temperature =0.0018*b*h=0.0018*100*60=10.8cm?
As.. =10.8cm?......... Control

100 *{ﬂ'*l.Bz

Selectgl6 @15cm = As = ——
6@ 15 4

J =13.4cm2> As,, =10.8cm?

Design of Positive moment

Selectgl6@15cm = As = %*(”*1'62 j =13.4cm® > As . =10.8cm®
e Design In X-directions:

Design of negative moment

Selectgl6@15cm = As = %*(”*1'62 j =13.4cm’ > As,;, =10.8cm?

Design of positive moment

Selectgl6@15cm = As = %*(”*1'62 j =13.4cm? > As . =10.8cm®
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4.15 Design of shear wall (W10) :

4683

Fig. (4-34) Moment and shear diagram for shear wall

Fc = 24MPa

Fy =400 MPa

t=25 cm .shear wall thickness

Lw = 5.7 m .shear wall width

Hw for one wall = 4 m story height

4.15.1Design of shear
> Fx=Vu =570KN

4.15.1.1 Design of the Horizontal reinforcement:

The critical Section is the smaller of:

Ilv = ﬂ =2.85m...... control
2 2
h_W — E =8m

2 2

storyheight = 4m
d =08xIw=0.8x4=3.2m

5 !
OVmax = Q)g\lfc hd
= 0.75 * 0.83 * V24 x 250 * 3200 = 2440KN >V,

94

0.25

e |-

270



1 1
V. = 3 f.'hd = 6V24 * 250 % 3200 * 1073 = 653.2KN ....cont

N,d
V. = 0.27+/f.'hd + 4;‘ = (0.27v24 * 250 % 3200 + 0) * 103 = 1058.18KN
w

4683 — 2403 _ M, — 2403

= M, = 3058.5KN.m

2 4—285
My lw_ 30585 57 _9551>0........ OK
Vy 2 570 2
L (0.1 Fr+0.2u
v, = [0.05 o+ ( ﬁu_lw ZW'Jl hd
Vu 2

= [0.05vZE + W] 250 3200 = 1086KN
Vs =Vn —Vc
_ (570/0.75) — 653.2 —=106.8KN

As _106.8*103_00834 ,
S " f,d_ 400+3200  0834mm7/mm
_ A 00834 0.000333 < 0.0025
P=5sn” 250 '

Take p = 0.0025
Use $10 As = 78.5 mm?

2% 78.5

=S50 - 0.0025 = § = 251mm

p

Max. Spacing

l, 5.7
E— ?— 1.14m

3h =3 %250 = 0.75m

450mm=045m ............... cont.

Use ¢10@250mm in tow layer
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4.15.1.2 Design for Vertical reinforcement:-

LI PY:
L, 57

W

h
pWMn:>000254—05(25-——%)(pt—-00025)>>00025
For this wall with hTW > 2.5, pymin = 0.0025

Use ¢10@250mm in tow layer

4.15.2 Design of bending moment:

Try $10@250 mm

5700 ,
A“=(EE6)*2*7&5=3%mmm

A 3580 1\ 400
w=(“)i=( ) = 0.042

L,h) .~ \5700 « 250/ 24

P,
a=——=0

lwhfe

C w+a 0.042 + 0

= 0.052

I, 2w+0858, 2+0.042+ 0.85*0.85

B, c
oM, =0 [O.SAstfylW(l + m)(l — K)l

= 0.9[0.5 * 3580 * 400 x 5700(1 + 0)(1 — 0.052)] = 3482KN.m > Mu

| Use $10@250 mm for vertical reinforcement
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6. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
(ACI-318M-02) AND COMMENTARY CODE (ACI -318-02).

7. Uniform Building Code (UBC-97).

8. According To The German Code (DIN 1055-5).
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4 N
APPENDIX (A)

ARCHITECTURAL
DRAWINGS

This appendix is an attachment with this project
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4 N
APPENDIX (B)

STRUCTURAL
DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/20

£/24

£/28

£no

Beams or
ribbed one-
way slabs

tMe

£M18.5

£r21

£/8

MNotes:

Values given shall be used directly for members with normalweight concrete

(densi

TIOI"IE the values shall

) For structural I| htweight concrete having unit density, w,

14-’-1':} 1920 kg/m?,

less than 1.09.

e values sha

Il be multiplied by {1.65 — 0.603

W, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
e modified as follows:

|r1 the range
) but not

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

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