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General Background

Structural Design Of Charity For Elder Care

Project Team
Heba Bader Diana Da na

Pal estine Polytechnic University-2007

Supervisor
Dr.Nasr Abboushi

The main aim of the project isto do the Structural Design of Elder Care
House in Bethlehem, which has two floors and a basement floor. It
contains many events which needed by the House Residents, this House
had been designed based on the latest Architectures styles with all the
means of comfort and safety.

The House Building is a Reinforced Concrete Structure, which we will
be designed according to the ACI-code. In this project the vertical and
horizontal loads will be defined and distributed on the Structural
elements of the building, and all the architectural maps will be reviewed

to coincide with the structural design.
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List of Abbreviations

Ac = Area of concrete section resisting shear transfer.

As = Area of nonprestressed tension reinforcement.

Ag = Gross area of section.

Av = Areaof shear reinforcement within a distance (S).

At = Area of one leg of aclosed stirrup resisting tension within a (S).
a = Depth of equivalent rectangular stress block

b = Width of compression face of member.

bw = Web width, or diameter of circular section.

be :Effective flange width

C = Compression force.

Ca= Seismic coefficient

Cv = Seismic coefficient

Ct = Nmerical coefficient

DL = Dead loads.

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

Ec = Modulus of elasticity of concrete.

FT = Design seismic force

Fx = That portion of the base shear, consider concentrated at the top of the
shear.

fy = Specified yield strength of non-prestressed reinforcement.

fc' = Specified compressive strength of concrete

h = Overall thickness of member.

| = Moment of inertia of section resisting externally applied factored |oads.
| = Importance factor.

K = Wobble friction coefficient.

XV



Ln = Length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supports in other cases.
LL = Liveloads.
Ld = Development length.
M = Bending moment.
Mu = Factored moment at section.
Mn = Nominal moment.
Pn = Nominal axial load.
Pu = Factored axial load at given eccentricity
R = Numerical coefficient representative of the inherent over strength and
global ductility capacity of lateral force resistin systems.
S= Spacing of shear or in direction parallel to longitudinal reinforcement.
T =Tenson force.
T = Elastic fundamental period of vibration of the structure
V = Thetotal design lateral force or shear.
Vc = Nominal shear strength provided by concrete.
Vn = Nominal shear stress.
Vs = Nominal shear strength provided by shear reinforcement.
Vu = Factored shear force at section.
W = weight of the building
Wec = Density of concrete. (Kg/m?3).
W = Width of beam or rib or foundation.
WU = Factored load per unit area.
Z = Seismic zone
¢ = Strength reduction factor.
es = the strain in the longitudinal reinforcement .

S = Ratio of long side to short side

XV
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Chapter four

Design and Analysis

4.1 Introduction

This chapter describes the structural analysis and design of some structural elements

such as: topping, ribs, beams, columns, stairs, foundations and shear walls.

4.2 Loads:-

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.

421 LiveLoad

The values of the live loads used are specified in Table (3.1), which is obtained from
the prevailing load code.

4.2.2 Dead L oads

The dead load is that load resulting from the weight of the structure and its

permanent members, and the weight of fixed membersin the building.
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One-Way Ribbed Slab ( R5, First and Second Floors)

Limitation of deflection according to ACI Code :-

Ln/18.5 for one end continous.

Ln/21  for both end continous.

For rib (5) :-

Ln/18.5 = 275/18.5 = 14.9 cm.

Ln/21 =479/21 =22.8cm

Use h=32cm ( block =24 cm & topping=8cm)

Note ( In the first we use h = 25cm but we return to crease the depth to h=32cm
to satisfied the strength of beam section as shown below)

Effective Flange Width (bg) according to ACI Code :

bE for T-section is the smallest of the following:

be= L/4  =489/4 =122.25cm

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

be= CIC = 52cm ... Control

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

design is calculated as follows:

3cm Tiles
7cm Sand
8cm Topping
24cm Block

3cm Plaster

40cm Block 12em Rib

Fig (4.1): Section in a One-Way Ribbed Sab
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Tiles=0.03" 0.52" 2.3=0.036 t/m
Sand = 0.07" 0.52" 1.7 = 0.062 t/m
Topping =0.08" 0.52" 2.40 = 0.099 t/m
Block =0.24" 0.4° 0.9 =0.0864 t/m
Plaster = 0.03" 0.52" 2.2 =0.034 t/m
Rib=0.12" 0.24" 2.40 = 0.0691 t/m
Partitions = 0.125" 0.52 = 0.065 t/m

Total Dead Load = 0.036+0.062+0.099+0.0864+0.034+0.0691+0.065

=0.45t/m
LL=0.25t/m2* 0.52m=0.13t/m

Taking in consideration the usage privacy of the elder care building ; the value of the

live loads were taken as an average between the values of schools and houses, so the

value 250 kg/m? has used as alive load .

4.3 Topping Design

Dead load foronerib=b" h" D, (D =density of the concrete)

=012 024 24
=0.069t/m
Dead load = total dead load — dead |oad of onerib
_ 0.45 ] 0.069 073t/ 17
052 0.52

Wu=(1.2" 0.73) + (1.6" 0.25) = 1.3t/m?
For aone meter strip Wu = 1.3 t/m

_Wul? 13 042
12

Mu =0.017t.m

fr =0.7,/fc' =0.7" /30 = 3.83MPa = 38.3 Kg/cm?

_bh* 100" &
6

S =1066.7cm®
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Mn=.85" fcC" S

Mn =.85" 30" 1066.6

Mn = 27198.3 Kg.cm=0.272t.m

eMn =055 0.272=0.15t.m

Note: ¢ = 0.55 The reduction factor for un reinforced plain structural concrete.

¢ Mn=0.15t.m >0.017 t.m

No structural reinforcement is needed. Therefore, shrinkage and temperature

reinforcement must be provided.

For the shrinkage and temper atur e r einfor cement:

According to ACI-Code (7.12.2.1):-

p =0.0018 (according to ACI Code)

As=p.b.h=0.0018" 100" 8 =1.44cm?/1m

Use3® 8 , Asreq. = 1.51cm?

In thisrib the slab thickness = 24cm  and topping = 8cm

Five times the slab thickness =5 * 32 = 160cm

In this rib we use the space between shrinkage barsisto be 30 cm

use ® 8 @30cm

— T8@30CM

® ® e ® ] [ )

A

40cm Block

12cm Rib

Fig (4.2): Toppings Details
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4.4 Rib Design

Design Rib (5)
The following plan shows the location of the rib being considered for analysis and
design, then the detailed analysis and design are presented.

XX

]

Fig (4.3) Rib (5)

Dead load= 0.45t/m
Liveload=0.13 t/m
fy = 240 MPa

fc' =30 MPa
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4.4.1 Rib Analysisand Design

Moments: spans 1to 5

15
-1.2 -1.3
1.
| ;./aé\ss} | 12 | 116 | 1.7
[ ! l ! |llq ! |144 ! 08|#I ! !
'\/o.'t;jo.'m - lo77 ' losa 'logg, ———
0.4 0.7 0.9 077 0.3
0.7 0.7
11, 165 | 208 208 | 223 | 224 | 244 245 | 167 | 09

Fig (4.4) Moment diagram for rib (5)

1. Design Positive moment

Design span (AB):

From moment Diagram for R5 we find Mu = 0.4t.m

Mu(+) =0.4tm
Mn =& =% =0.44t.m
J 0.9

Design as arectangular with bg= 52 cm

s, =V gl g

Aty fy
- :Lffzo*lz*zss 1'22*12* 28
=1.09> 112
Asyin=1.12 cm?
f, 420

m= = =165
0.85f¢  0.85 30
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_ Mn _ 0.44tm” 10°

= =1.1kg/cm?
bd*  52cm” 28 J
r:—él- _2mRO \/ 2165 11__000026
m fy & 165 4200 5

AS eqires= 0.00026" 52" 28 = 0.38 cm? < 1.12 cm?
AS equires= 1.12 cm?
Use 2010 As=1.57cm?

Check yielding:-

Ten. = Comp.

420" 157=085 30 52" a
a= 049cm

x = 0.49/0.85 = 0.57

¢s/ (280-5.7) = 0.003/5.7

es=0.14>0.004 (OK)
Design span (BC):

From moment diagram we find that
Mu(+)=0.70t.m

Mn = w = @ =0.78t.m
J 0.9

Design as arectangular with bg= 52 cm

s 405
= Mr21 = 0.78t.n,1 12 =1.9kg/cm?
bd 52cm” 28

x
_lz | 2RO \/ 271657190 _ 1 i
m§ fy 165§ 4200 4

As equireds= 0.00045" 52" 28=0.66 cm? < 1.12 cm?
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AS equires= 1.12 cm?
Use 2010 As= 157 cm?

Check yielding:-

Ten. = Comp.

420" 157=0.85 30" 52" a
a= 049cm

x =0.49/0.85=0.57

¢s/ (280-5.7) = 0.003/5.7

£s=0.14 > 0.004 (OK)
Design span (CD):

From moment diagram we find that:

Mn = m = @ =0.78t.m
J 0.9

Design as arectangular with bg= 52 cm

- 5
_ Mn _ 0.78t.m" 10 —1.0kg/ cm’

" bd? 52cm’ 282

® 0 & g g 0
rzlgl_ ). 2TRO_ 1 & J1_216-51-9i=0,00045
m fy 5 165 4200

As equires= 0.00045" 52" 28=0.66 cm? < 1.12 cm?
AS’equired: 112 sz
Use 2010 As=1.57 cm?

Check yielding:-
Ten. = Comp.
420" 157=0.85 30" 52" a

a= 049 cm
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x= 0.49/0.85 = 0.57
¢s/ (280-5.7) = 0.003/5.7

¢5=0.14>0.004 (OK)

Design span (DE):

From moment diagram we find that:

Mu(+)= 1.00t.m
Mn =& =@ =1.11t.m
J 0.9

Design as arectangular with bg= 52 cm

s 105
= Mr; :1.1]1.n? 12 = 2.70kg / cm?
bd 52cm” 28

& 0 a2 ’ ’ Y
; :1§1_ 1- 2mRi:i - \/1_ Mj:O.OOO%
m fy 5 165 4200

AS eqired= 0.00065° 52" 28=0.95 cm? < 1.12 cm?
AS equires= 1.12 cm?
Use 2010 As= 1.57 cm?

Check yielding:-

Ten. = Comp.

420" 157=085 30" 52" a
a= 049cm

x =0.49/0.85=0.57

¢s/ (280-5.7) = 0.003/5.7

¢5=0.14>0.004 (OK)

Design span (EF):

33



From moment diagram we find that:

Mu(+)=0.3t.m
Mn=MU_03 _ 53 m
J 0.9

Design as arectangular with bg= 52 cm

s 1n5
= Mr21 = O.33t.rr,1 12 = 0.81kg / cm?
bd 52cm” 28

r = —él- . ZmR+ = 5§ \/ 2 1225000 819 000019
a ﬂ

AS eqires= 0.00019" 52" 28= 0.28 cme < 1.12 o

AS eqired= 1.12 cm?

Use 2@10 As= 1.57 cm?

Check yielding:-

Ten. = Comp.

420" 157=085 30 52" a
a= 049cm

x = 0.49/0.85 = 0.57

¢s/ (280-5.7) = 0.003/5.7

£5=0.14>0.004 (OK)

2. Design Negative moment:

Above support B:
From moment diagram we find that Mu(-)= 1.00 t.m

Design of negative moment as a rectangular section with (b=b,,).

The minimum reinforcement is determined according to ACI asfollows:

34



0.25,/fc
As, =—Nph g £1f'jbf d

min fy

0.2530, 14,
20

As., = 12" 28£—-" 52" 28
420

min 4
Asyin =1.1<4.38
ASqin= 1.1 cm?

Mn = m = 1—OO =1.11t.m
J 0.9

_ Mn _111tm" 10°
bd? 12cm” 282

=11.8kg/cm?

2 0 2 ’ ’ 0
r= 1. p 2RI LG \/1- 2 165 118L_ 4 hpg
mé fy 5 165§ 200

AS equired= 0.0029" 12" 28=0.97 cm? <1.1cm?

Asrequiredz 1.1lcm?

Use 2012 As=2.26 cm?
Check yielding:-

Ten. = Comp.

420 2.26=0.85 30 52" a
a= 0.72cm

x = 0.72/0.85 = 0.84
¢/ (280-8.4) = 0.003/8.4

¢5= 0,097 > 0.004 (OK)

Above support C:

From moment diagram we find that:
Mu(-)=1.20 t.m
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Mn = m = @ =1.33t.m
J 0.9

_ Mn _1.33tm" 10°
bd? 12cm” 282

0
r §1' . 2RO § \/ 271657 14.149_ o
fy 5 165 4200 5

As quires= 0.0035" 12" 28=1.176 cm? > 1.1 cm?
AS equires= 1.17 cm?
Use 2012 As=2.26 cm?

=14.14kg/ cm?

Check yielding:-

Ten. = Comp.

420" 2.26=085 30 52" a
a= 0.72cm
x=0.72/0.85=0.84

¢35/ (280-8.4) = 0.003/8.4

¢5= 0,097 > 0.004 (OK)

Above support D:

From moment diagram we find that :

Mu(-)=1.5t.m
Mn = m L5 =1.66t.m
J 0.9

_ Mn _ 1.66t.m" 10°
bd®> 12cm” 282

0
_2mRY L 2716571760 14
fy 5 165§ 4200

AS equired= 0.0043" 12" 28 = 1.44cnm? > 1.1 cm?

=17.6kg/ cm®
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AS equires= 1.44 cm?
Use 2012 As=2.26cm?

Check yielding:-

Ten. = Comp.

420" 2.26=0.85" 30" 52" a
a= 0.72cm
x=0.72/0.85=0.84

¢s/ (280-8.4) = 0.003/8.4

¢5= 0,097 > 0.004 (OK)

Above support E:

From moment diagram we find that :

Mu(-)=1.3t.m
Mn = m = LB =1.44t.m
J 0.9

_ Mn _1.44tm” 10°
bd? 12cm” 282

_2mRY (216571538 o
fy 5 165§ 4200 5

AS quires= 0.0038" 12" 28 = 1.30cm? >1.1 cm?
AS(equired: 1.3cm?
Use 2012 As=2.26cm?

=15.3kg/cm®

Check yielding:-

Ten. = Comp.

420 226=085 30" 52" a
a= 0.72cm
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x=0.72/0.85=0.84

¢35/ (280-8.4) = 0.003/8.4

¢5=0.097 > 0.004 (OK)

i Shear Design
Shear
> 1.7 -1.8 16 -1.8
“d. -1.4
_1.1 _1.2
-0.6
-0.4
[ 1 1 1
I I I I I I I I I LI |
0.6
0.8
1.3 12 1.3
1.6 1.7 15 15
1.9

Fig (4.5) Shear diagram
From shear diagram we find that the maximum shear is located at support D and

equal:-
Vu=1.90ton at distance ( d =28) from the face of support
According to ACl:-

&/ fc' o
V¢ = —C‘:bw.d :a@f 12° 28 =306.7 10/1000=3.1t
6 5 § 6 5

j Vc=0.75" 3.1=2.33t
oVc > Vu
2.33t > 1.90t

No shear reinforcement must be provided
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4.4.3 Check the Development length

Positive ®10 straight bars, which must extend into the support
La=12d,=12" 1.0=12cm
ord=28cm........... Control
T(for 1010)=As" Fy= 0.79" 4.2=3.3t
a=__ 33 =0.25cm
0.85" 0.3 52

Mu=3.3" (28-25/2)/100=0.51t.m
Mn =& =O'—51=0.567t/m
J 0.9
Mn +La=0.57*100 +28=58cm
Vu 19
Ld for ®10 bars:
According to ACI_Code:
Category A- item 2:
available embedment= 58 cm > 36.81 cm
Top bars(negative bars ®12) :-

Ld = 171" 1" 1.0=36.81cm

Straight bars:

0.3 Ln=0.3" 2.1=0.63m

Length of the top bars= 1.2+0.63+1.77= 3.60 cm

L, = 100d, _100"1.2
Jio %0

Ly, = L, modification factors

=21.9cm

/ 8d,=8 1.2=8cm
Z 15cm
Lg= 219" 1=21.9cm
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Standard hook Design:

For span AB:
UseF12, soD=6d,=6" 1.2=7.2cm
Ldh- D/2=21.9- 7.2/2=18.3cm

p D2=p 7.2/2=11.3cm

4d, > 6cm
4 12=48cm<6Cm

Take 6 cm

Length of standard hook= 6+11.3+18.3= 35.6 cm

Table num 5: Rib (5) Summary of Analysis Result and Design

Mu Rn ASgequired | ASmin # of ASprovided
(tm)  (kglem?) (cm®) | (cm?) | bars (cm?)
S“Ffo” 0.0 0.0 0.0 0.0 112 | 2010 | 157
Sﬁg” 0.4 11 0.00026 1.12 112 | 2010 | 157
S“pé’o” -1.00| 118 0.0029 2.2 22 | 2012 | 226
Sgg” 0.7 1.9 000045 | 112 112 | 2010 | 157
S“pé’o” 12 | 1414 0.0035 2.2 22 | 2012 | 226
Sgg” 09 | 245 | 000095 | 112 112 | 2010 | 157
S“ptg’o” 15 | 176 0.0043 2.2 22 | 2012 | 226
SBE” 1.00 2.70 0.00065 1.12 112 | 2010 1.57
S“pé’o” 13| 153 0.0038 2.2 22 | 2012 | 226
SEI"’_E” 0.3 0.81 0.00019 1.12 112 | 2010 | 157
Support
- 0.0 0.0 0.0 0.0 22 | 2d12 2.26
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Rib Details

Fig (4.6) Rib detailing
@30CN 30
T8@30CM T8@30CM
M) ® ® ® ° ®
@ ©
_

1

40cm Block

12cm Rib

Fig (4.7) Section of detailing Rib
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4.5 Beams Design

Design Beam(5)

The following plan shows the location of the beam being considered for analysis and

design, then the detailed analysis and design are presented.

Beamb

]

Fig (4.8) Beam (5)

4.5.1 Beam Analysis and Design

Moments: spans 1to 3

-1.7

| 1.191‘ 0.87 |

-6.9

0.7

| 078072 |

5.4

| 1.85 2.09

0.67

Fig (4.9) moment diagram for beam (5)

Limitation of deflection according to ACI Code :-

42




Ln/18.5 for one end continuous.
Ln/21 for both end continuous.
For beam (5)

Ln/18.5 = 258/18.5 = 13.9 cm.
Ln/21 =418/21 =19.9cm
Useh=32cm

For beam flexure:-

fy =240 MPa

fc' =30 MPa

Determine r max;

0.003 _ 0.004 +0.003
X 26

max

X = 11.15cm

Q.. = 947cm

C,.. =0.85%30*9.47* 50 =120.7t

Mn =120.7+ 828~ 947120_ o5 1
e 100 a

assume b=50cm

_ Mn _ 25.7tm’ 10°
™ bd? 50cm” 262

* 30 * 0
M e = 0.85%30 1- /1— iij.OlM
420 é 0.85* 420

r =0.5r ., =0.5*0.0147 = 0.0074

Rn = 76kg/ cm?




To check b:-

Rn=r * fy*(1- | ;m)

Rn = 0.0074* 420* (1- 0'007‘:16'5) = 2.92Mpa
m =b* Rn*d?

j

1707 _ e 500 267

P b=433cm.......... (ok)

use bg = 50cm

Liveload= 0.90 t/m
Dead load= 3.10 t/m

Design Positive moment

Design span (AB):

From moment Diagram for B5 we find

Mu(+) =3tm
Mn :& -3 =3.33t.m
J 0.9

Design as arectangular with bg= 50 cm

ns. =Vp g5 L4y 4

min: \/@ *50*263 £*50*26
4* 420 420
= 424> 4.33
Asmin=4.33 cm?



f, 420

= =" -165
0.85f¢  0.85 30

_ Mn _3.33tm’ 10°
bd? 50cm” 262

_2mR9 . 271657980y
fy 5 165 4200

As equires= 0.0024" 50" 26 = 3.12 cm? < 4.33 cnw?
AS equired= 4.33 cm?
Use 3¢pl6 As=6.03 cm?

=9.8kg/cm?

Check yielding:-
Ten. = Comp.
420" 6.03=0.85 30 50 a
a= 1.98cm
x=1.98/0.85=2.3

e, _0.003

260- 23 23
e, =0.031>0004 (ok)

Check Maximum and Minimum Distance Between bars:

Maximum Distance = 3h or 500mm
3* 320 = 960mm

Minimum Distance = the larger of
db=16mm

or 25mm

Distance = (b) <(2*cover) — (#bars*db) — (2* @ stirrup/#of spaces)

Distance = (500) — (2+40) — ( 3 *16) — (2* 10/2) = 362mm

25mm < Distance = 362 mm <500 mm its ok
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Design span (BC):

From moment diagram we find that :

Mu(+)=5.4t.m
Mn = Mu S4 = 6t.m
J 0.9

Design as arectangular with bg= 50 cm

. 5
= Mir; = loz =17.75kg / cm?
bd® 50" 26

& | 2mRI \/ 20165 17.750_ 4oy
§ fy 165§ 4200

AS equired™ 0.0044" 50" 26=5.72 cm2> 4.33
Asrequiredz 5.72 cm?

Use 3¢pl6 As=6.03 cm?

Check yielding:-

Ten. = Comp.

420" 6.03=085 30 50" a
a= 1.98cm
x=198/0.85=2.3

e, _0.003
260- 23 23
e, =0.031>0.004 (ok)

Check Maximum and Minimum Distance Between bars:

M aximum Distance = 3h or 500mm
3* 320 = 960mm

Minimum Distance = the larger of
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db=16mm

or 25mm

Distance = (b) (2* cover) — (#bars*db) — (2* @ stirrup/#of spaces)
Distance = (500) — (2+40) — ( 3*16) — (2* 10/2) = 362mm

25mm < Distance = 362mm <500 mm itsok

Design span (CD):

From moment diagram we find that :
Mu(+)=0.90t.m

Mn :& :@ =1.0t.m
J 0.9

Design as arectangular with bg= 50 cm

_ Mn _10tm’ 10°
bd?> 50cm” 26°

2 0 2 ’ ’ 0
p=1& o AMRE 1 & \/1- 2 165 2969_ 4 00071
m§ fy 5 165 4200

As equires= 0.00071" 50" 26= 0.923 cm? < 4.33 cm?
AS'equired: 433 sz

= 2.96kg / cm?

Use 3®16 As= 6.03cm?2

Check yielding:-

Ten. = Comp.

420" 6.03=0.85 30 50" a
a= 1.98cm
x=1.98/0.85=2.3
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e, _0003
260- 23 23
e, =0.031>0.004 (ok)

Check Maximum and Minimum Distance Between bars:

M aximum Distance = 3h or 500mm
3* 320 = 960mm

Minimum Distance = the larger of
db=16mm

or 25mm
Distance = (b) —(2* cover) — (#bars*db) — (2* @ stirrup/#of spaces)
Distance = (500) — (2*40) — ( 3 *16) — (2* 10/2) = 362mm

25mm < Distance = 362mm <500 mm its ok

Design Negative moment:

Above support B:

From moment diagram we find that :
Mu(-)=7.7tm
The minimum reinforcement is determined according to ACI asfollows:

s =V e l4y 4

min 4fy fy
in =ﬂ* 50* 26££* 50* 26
4* 420 420
=4.24<4.33
ASqin= 4.24 cm?
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Mn = m = H =8.561t.m
J 0.9

_ Mn _ 856t.m” 10°
bd®>  50cm” 267

& | 2mRO \/ 27165 2530_ 1oea
§ fy » 165§ 4200 5

AS equired= 0.0064" 50" 26=8.32cm? > 4.24 cm?
AS equired= 8.32 cm?

= 25.3kg/ cm?

Use 3920 As=9.42 cm?

Check yielding:-

Ten. = Comp.

420" 9.42=0.85 30" 50" a
a=31lcm

x=3.1/0.85=3.64

e _0.003

S

260- 364 36.4
e, =0.018>0.004 (ok)

Check Maximum and Minimum Distance Between bars:

M aximum Distance = 3h or 500mm
3* 320 = 960mm

Minimum Distance = the larger of
db=20mm

or 25mm
Distance = (b) <(2*cover) — (#bars*db) — (2* @ stirrup/#of spaces)
Distance = (500) — (2*40) — ( 3 *20) — (2* 10/2) = 350mm

25mm < Distance = 350 mm <500 mm itsok
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Above support C:

Mu()= 6.9tm
Mn=MU_69_2o
J 0.9

_ Mn _7.7tm’” 10°
bd? 50cm” 267

=22.7kg/cnm?

r_iél_ _2mR+ é \/ 2" 165 227__00056
5 165 4200 3

As quires= 0.0056" 50" 26=7.28 cm? > 4.24 cm?
As'equired: 424 sz

Use 3920 As=9.42 cm?

Check yielding:-

Ten. = Comp.

420" 9.42=0.85 30" 50" a
a=31lcm
x=3.1/0.85=3.64

e _0.003

S

260- 364 36.4
e, =0.018>0.004 (ok)

Check Maximum and Minimum Distance Between bars:

M aximum Distance = 3h or 500mm
3* 320 = 960mm

Minimum Distance = the larger of
db=20mm

or 25mm
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Distance = (b) <(2*cover) — (#bars*db) — (2* @ stirrup/#of spaces)
Distance = (500) — (2*40) — ( 3*20) — (2* 10/2) = 350mm

25mm < Distance = 350 mm <500 mm its ok

4.5.2 Shear Design

Shear

-11.7
-9.9 10.7 -10.9

23 -3.1

4.1

5.8
8.2

121 11.2

Fig (4.10) Shear diagramfor beam (5)

From shear diagram we find that the maximum shear is located at support B and

equal:-
Vu=12.1t atdistance( d=26) from the face of support
According to ACl:-

&/ fc' 0
é :bwd é— 50" 26 =1186.7" 10/1000 =11.86t
o}

j Vc=0.75" 11.86 = 8.89t

V2 ¢9Vc=12 8.89=4.4

Vsmin. = 1/3MPa" 10/1000" 50" 26
Vsmin. = 4.3t
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S= fy.Avd _4.2" 2(0.5" 26
Vs 4.3

<dl2=26/2=13cm ..... control (use S=10cm)
< 60cm

=25.4cm

Vsmin. = =10.92t

fy.Avd _ 42" 2(05)" 26
S 10

pVsmin.=0.75 " 10.92 = 8.19t
Category (3) :-
pVc < Vu < ¢VC+ pVsmin.
8.89 <122 < 889+819=17.08

min. shear reinforcement must be provided
Use ®10 @ 10 cm

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

For span AB :-

By Atir software. We find two value of Deflection

L=2.61m =2610 mm

The Value is L/19059= 2610/19059 =0.136mm
L/8260= 2610/8260= 0.315 mm

This value should not exceed

2610/480 = 5.43 mm

0.136 mm < 5.43 mm

0.315mm < 5.43 mm

For span BC :-

By Atir software. We find two value of Deflection

L=4.08 m=4080 mm

The Value is L/8634= 4080/8634=0.472mm
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L/1693= 40800/1693= 2.40 mm
This value should not exceed
4080/480 = 8.50 mm
0.472 mm < 8.50 mm
240 mm < 8.50 mm

For span CD :-

By Atir software. We find two value of Deflection

L=2.1m =2100 mm

The Value is L/24344= 2100/24344=0.086mm
L/15645= 2100/15645= 0.13mm

This value should not exceed

2100/480 = 4.37 mm

0.086 mm < 4.37 mm

0.13mm <4.37mm
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Fig (4.11) Beams detailing



4.6 Two-Way solid Slab ( Basement Floor )

[}

==

/

Fig(4.12) :- solid slab plan

Minimum thickness of two way solid slabs according to ACI Code ( table 9-5-c) :-
Ln/36 =9.35/36 = 0.26m = 26 cm
Takeh=32cm

For the two-way solid slabs, the total dead |oad to be used in the analysis and design

is calculated as follows;

Tiles=0.03" 2.3 =0.069 t/m?
Sand =0.07" 1.7 =0.12 t/n?
Plaster = 0.03" 2.2 = 0.066 t/m?
Concrete = 0.32" 2.40 = 0.768 t/m?
Partitions = 0.125 t/m?

Total Dead Load = 0.069 +0.12 +0.066 +0.768 +0.125
=1.15t/m?
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LL =0.25t/m?
Factored Dead Load =1.2" 1.15=1.38 t/m?
Factored Live Load = 1.6" 0.25 =0.4 t/m?

LINE ‘WALUE
0.64
1.27
1.91
- 2,33
3.19
5.82
| 4.4
[ | 5.10
| 2.74
. 6.37
. 7.01
. 7.65
[ | 8.29
Fig(4.13): Reinforcement in X-direction @+ Z face (area = cn?/m)
LINE Y¥aALUE
| 1.4
2.9
4.3
e . 5.8
7.2
B.7
|| 101
| 11.6
H H ] 13.0
i - 14,5
& . 15.9
f . 17.4
; . - 18.8

Fig(4.14): Reinforcement in X-direction @- Z face ( area = cn®)
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LINE WALUE
| v]

NENNRARNND
h
=
|7}

Fig(4.15): Reinforcement in Y-direction @+ Z face (area = cn/m)

LIME WALLUE

~n b 01 NI O3 O O G L B R —

minemiomn me s yh

R R R

Fig(4.16): Reinforcement in Y-direction @- Z face ( area = cn?/m)
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Reinforcement for solid slab:-

From envelop diagrams we find that

The maximum areain X-direction(-Z) = 18.8 cm2/m
Souse6d®20 , As=18.85cm?

use ®20 @ 15cm

The maximum areain Y -direction(-Z) = 17.6 cm2/m
Souse7d18 ,As=17.81cm?
use ®18 @ 15cm

_—

s _o o,0 @ e 2 e & a._0 a

|
:

Fig(4.17): details of solid slab
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4.7 Design of columns:

m —
B = g =
&l
Z4|SE | R
- 8 g " g
B B B B B BR
B @B
= ] B
B = g
w0 BB
S| % BB

Fig (4.18) column(1)

4.7.1 Column (C-1) exterior column of the ground floor:

Structural design of column will be for four floors.

Assume column 20 cm *40 cm:

Total load on column = load from beam + weight of column
Load from beam = 1.2¥*3.02 + 1.6*0.5 + 1.2*1.38 = 6.08 t
Self weight of column = 0.2*0.4*3.06*2.4 = 0.588 t

Total load on column = (6.08 + 0.588) *4

Total load on column= 26.67 ton

Design of the longitudinal reinforcement:
According to ACI 318-02 :-
k* fu

£[34- 12(M1/M2)=22]........... (ACI-10.12.2)
—notice that (22 < 40)
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Type of column: "tied column".

Pu =26.67ton.
Assume pg=0.015.

Required Pn = Pu/p = 26.67/0.65 =41.031ton.
Pn (max) =0.8* Ag[ 0.85(fC") +pq (fy-0.85*fc")]
41.031ton =0.8* Ag [0.85(0.3) +0.015 (4.2-0.85*0.3)]
Required Ag = 163.25cm?.

Use 40cm™* 20cm.
Ag= 800 cm?

r= \/TA = é;?]ha =0.288h»0.3h
r=0.3*0.2=0.06

L=3.06 m, K=1

*
K2 _306 g1 0p notice that (22 < 40)
r 006

Thus slenderness effects must be considered.

Mc=dns* Mz,min........ (ACI-10.12.3)
Cm
dns=———3 1.
ns ~Pu 0
0.75Pc
2
PC = piElz
(K * ¢u)
£l = 0.4Ec* Ig
1+bd
M

Cm=06+ O.4M—1 304P Cm=1.0

2
assume M1/M2=1
P Cm=1.0 (According ACl-code-10.12.3.1)

The factored moment M 2shall not be taken less than:
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M, = Pu(@5+0.03h)..... (ACI-10.12.3.2)
emin=(15+0.03h)
e used for design= dns* e;,

For normal weight concrete, Ec shall be permitted to be taken as:

£c = 4700 fc¢_ 4700730
100 100

_bh® _40*20°

12 12

_ 767

26,67

_0.4Ec* Ig _ 0.4* 257.43* 26666.7
1+bd 1+2.88

= 257.43ton/ cm?

lg = 26666.7cm*

bd

=2.88

El = 707712.23ton.cm?

El=707712.23 ton.cm?
o= p%*707712.23
(1* 300)°

_ 1 _

© 0.75* 77.61
= 26.67(15+ 0.03* 200) = 560.07 t.mm
Mc = 4.5* 560.07 = 2520.32ton.mm

o Mc _ 2520.32
Pu 2667

=77.61ton

M

2min

=94.5mm = 9.45cm

» (D> (D~

* -
Pn=Agl__ =+ 9V
Aae—Z:%@gﬂ.lS &%y
&x?

Assuming ®©16 in main reinforcement.
d=40-4-0.7-1=34.3cm

x=9=%=0.856 , rg=0.015
h 40
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d- d(_343-57

s = = — =0.715
h 40
g} u
41,031 = Agg 0.3 001542
ée 3 oaéMSOJr e 2 (}39450 1u
€20.856° o 40 g €07150% 40 5 4
Ag=231.2 cm?
Select 20*40 = 800 cm?
Ag =800 cm?
Determination of required pg:
{a u
é N a
41.031 = 8008 0.3 rgr42
éee 3 ca9450 1118 & 2 Gaé)450 U
8508567 g% 40 5 &0.715p% 40 g U

rg=-0.035<0pP that means no need for rienforcement

Use Asmin= r gmin* Ag
Asmin = 0.01* 800 = 8 cm?

Use6 ® 14

As=6* 1.54=9.24 cm’.

Design of the tie reinfor cement:

Use ®10 ties.

..(Approximate formula)

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 1.2= 19.2cm
48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.
Least dimension of the column =20 cm
Use"2 @ 10" ties @ 20 cm spacing.

Use 20cm*40cm with 8 @ 12 bars. With ® 10 ties @ 15cm spacing
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Table Num 6: Columns Tables

Column Vertical Ties
Column |  Floor Dimension Reinforcement
No. No. (cm) No. Of Size Size Spacing
Bars (mm) (mm) (cm)
Basement |  ------- | meeemem | mmemmem | mmeeeee | e
Cl Ground 20* 40 8 12 10 15
First 20* 40 8 12 10 15
Basement |  ------- | s | s | mmeeeee | e
Cc2 Ground 30* 40 8 14 10 20
First 30* 40 8 14 10 20
Basement |  ------- | s | emeeeem | e ] e
C3 Ground 65* 30 10 16 10 25
First 65* 30 10 16 10 25
Basement |  ------- | s | emeeeem | e ] e
C4 Ground 20* 60 8 14 10 20
First 20* 60 8 14 10 20
Basement 30* 50 8 16 10 25
C5 Ground 30* 50 8 16 10 25
First 30* 50 8 16 10 25
Basement 30* 60 10 16 10 25
C6 Ground 30* 60 10 16 10 25
First 30* 60 10 16 10 25
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2?10

L=85cm
= P— 8?12
® e Ll L
?10@15,10

=

4.8 Stairs Design

Fig (4.19): Columns detailing

Fig (4.20) Stair
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fy = 240 MPa

fc' =30 MPa

L.L = 0.5t/

According to ACI.Code ( table 9.5.a) minimum thickness:
h>Ln/20 = 4.5/20 = 0.225m

take h=20cm

a=tan 1(17/30)=29.5

Width of the stair=1.20 m

4.8.1 Dead Load

B

Fig(4.21): Vertical contents of Stairs

.\

Fig(4.22):Horizontal contents of stairs
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Dead load for stair:-
H_ plate =0.03 * 2.3 * 33/30 = 0.10 t/m?
V_ plate=0.03* 2.3* 17/30 = 0.39 t/m?
H_ morter = 0.03 * 2.3 = 0.07 t/m?
V_ morter =0.03* 2.3* 17/30 = 0.39 t/m?
Steps=2.4* 0.17/2=0.20 t/m?

3
Concret plat = (0.20m)(24ton/m’) _ 0.6ton/ m?

€0s29.5
Plaster = 0.03m * 2.2t/m?* (1/ c0s29.5) = 0.08 t/m?
Total dead load = 0.10 + 0.39 + 0.07 + 0.39 + 0.20 + 0.69 + 0.08 = 1.92 t/m?
Total liveload = 0.5 t/m?
Factored load =1.2* DL + 1.6 * LL
=12*192+16*05=3.1t/m?
For 1m strip factored load = 3.1 t/m

Dead load of landing:-

Fig(4.23): Detail of landing
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Tiles=0.03" 2.3=0.069 t/m?

Sand =0.07" 1.7 =0.12 t/m?

Concrete = 0.20" 2.4 =0.50 t/m?

Plaster = 0.03" 2.2 = 0.066 t/m?

Total dead load = 0.069 + 0.12 + 0.60 + 0.066 = 0.8 t/m?

Total live load = 0.5 t/m?

Factoredload=1.2* DL+ 1.6* LL
=12*08+16*05=18t/m?

For 1m strip factored load = 1.8 t/m

31t/ m |

1.8t/ m
L]

1.3

Mo

Fig (4.24) load on stair

4.8.2 Internal forces

M@B =0

=3.1*2.7%2.65+ 1.81.3*0.65—-4.0A =0
A =5.92ton
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M@A =0
=31*2.7*1.35+ 1.8*1.3*(0.65+2.7) — 4.0*B
B =4.79ton
Check :-
YFy=00
=837+234-592-4.79
=10.71-10.71=0.0 (OK)
Maximum moment =-3.1* 1.35* 0.675—-1.8* 1.3* 2+4.42* 2.65
=-283-4.68+11.7= 4.21t.m (right)
Maximum moment =-3.1* 1.35* 0.675+ 5.21* 1.35
=-283+7.0=4.18t.m (left)

— Take maximum moment = 4.21 t.m

4.8.3 Shear design
H=20cm
d=20-2-1=17cm (accordingto ACl_Code cover for lab = 2cm)
Taked =17cm

6
gVc = 13.9t > 5.21t ( OK ).

No shear reinforcement is required

&/ fc' 0 o)
p Vc = 0.75§ ZbW.d = 075?/?: 120" 17° 10/1000 =13.9t
@ @

4.8.4 Bending moment design

Mu =4.2tm
Mn =4.2/0.9 = 4.67t.m

f
m=—2 = 42,0 =16.5
0.85f¢ 0.85" 30
- 5
Rn = Mn _ 4.67tm” 10 —13.46kg/ c?

" bd?  120cm’ 172
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1 2R
Fé W

p*b*d
0.0033* 120* 17 = 6.74 cm3m

Qo

16 .5 4200

2 V30 L agea7s Hagpgery
4% 420 420

6.74cm2 > 6.8cm?

Asreq.=6.74cm? < Asmin. = 6.8 cm?
Asreq.= 6.8 cm#m

Select 5014 As=7.70cn?
Use ® 14@ 20cm

Asfor shrinkage = 0.0018 * 120 * 20 = 4.32 cm#m

Select 4®12 As=452cm?
Use ® 12@ 25cm

4.8.5 Development length of bars

Ld = fy bal .d,
2y fc'

420
2”430

Take Ld=65cm

Ld =

“1"1" 1" 1.6 =61.5cm
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Fig(4.25)Sair Plane

Fig(4.26)Sairs Detailing ( Section A-A)
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Fig(4.27): Sairs Detailing ( Section B-B)

4.9 Footing Design

Once the ultimate column or load is determined, the proper footing can be
designed. The following subsection describe the analysis and design of footing

under column (5)

4.9.1 Loads

Weight of column = 0.5m* 0.3m* 3.3m* 2.4t/m3
=1.18ton =1.2ton

DL from column=36.2t
Total DL =36.2 + 1.2 = 37.28t
LL =9.46t
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Pu=12*373+1.6* 9.46
=50.0t * 4 = 239.6t

Allowable soil pressure= 4kg/cm? = 40 t/m?

4.9.2 Deter mine Dimension of Footing (a,b)

obu < obal.*14

Pu/A < 40* 14

239.6/A < 56t/m?

A=239.6/56=43m?

Try 2.10* 2.10=4.41m?

Pu/A =239.6/ 4.41 = 54.3t/ m?* = 5.43Kg/cm? < 5.6K g/cm?

4.9.3 Deter mine Depth of Footing

. ?G—d
o ‘ ~ ‘
O L o J | :
Ll g%
ooJ 7 :
| 210

Fig (4.28): Top section in footing
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@ Section (A-A)
let Vu = ¢pVcC

V30

5.43Kg/cm? * 2.10cm* (90—d) =0.75* (T*lo) Kg/em? * 210 * d

488.7 — 5.43d = 6.852d

d=39.7cm

Total depth = 39.7 + 7( cover ) + 1 = 47.4cm

Use h=50cm

d=50-7-1=42cm

Check this depth for two way shear action using critical section (B-B,B-B) with
d=42cm

Vu = 5.43 Kglem? { 210 * 210—72* 92 }* 1/1000 = 203.5ton
a =40 (forinterior)

bc=50/30=167 >1 (longside/ shortside)

b, =2" (72+92) =382cm

The punching shear strength is the smallest of:

=1§i+ 290tc%.d = 0366y fc'b,d

6 bcy

izge +21/¥¢b d = 0593 fc%.d
e

V, = f\/imb d 20.33\/E¢00d ...Control

Ve =0.33" /307 3280 420 = 2489990N = 248.9t

oVc=0.75* 248.9 = 186.67t <2035t ..........ovvvvnn.... not ok

Recal culated required d to satisfy punching shear:

5.43{ 210210 - 50+ d )( 30 + d) }/1000 =0.75 * /30 *0.33 *2*d *( 80 + 2dl)/1000
0.543{ 44100 — 1500 — 80d —d? } = 399.3d + 9.98 d

10.98d + 479.3d — 42600 = 0

d? +43.7d - 3879.8=0

d=44.1cm
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Total depthh=44.1+7+ 1=52.1cm

Takeh=55cm ,d=55-7-1=47cm

Check again:

Vu = 5.43 Kg/em? { 210* 210— 77 * 97} /1000 = 198.9ton
a =40 (forinterior)

bc=50/30=167 >1 (longside/ shortside)

b, =2 (77+97) = 348cm

The punching shear strength is the smallest of:

:1§‘[+ 29[tc%h.a = 0366y fch,d
6 bcgy
iz 21/@% d = 0617y fc'h,d
(%]
v, _,f %,d =033, ., ..Contra

Ve =0.33" /30" 3480" 470/1000 = 298.3t

pVc=0.75* 298.3=232.73ton > 1989 ton........... OK
Taked=47cm & h=55cm

@ section (C-C)

Vu =¢Vc

V30

5.43Kg/cm?* 2.10cm * (80—d) = 0.75* (T*lo) Kg/cm?* 210* d

434.4 - 5.43d = 6.852d

d =35.4cm

Total depth = 35.4 + 7( cover ) + 1 = 43.4cm

Use h=45cm

d=45-7-1=37cm

Check this depth for two way shear action using critical section (B-B,B-B) with
d=37cm

Vu = 5.43 Kg/cm? { 210* 210 —87 * 67 }* 1/1000 = 207.8ton

a =40 (forinterior)
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bc=50/30=167 >1 (longside/ shortside)
b, =2" (87 +67) =308cm
The punching shear strength is the smallest of:

:1§‘[+ 29[i8.d = 0366y fcth,d
6 bcgy
iz 2%% d = 0537 fc%,d
%]
V, :%\/?(Bbod 20.33\/E¢00d ...Control

Ve =0.33" /30" 3280° 370/1000 =166.6t

pVCc=0.75* 166.6 = 124.95t <2119t ......................not oK
Recal culated required d to satisfy punching shear:

5.43{ 210210 - 50+ d )( 30 + d) }/1000 =0.75 * /30 *0.33 *2*d *( 80 + 2dl)/1000
0.543 { 44100 — 1500 — 80d —d? } =399.3d + 9.98 d”

10.98d” + 479.3d — 42600 = 0

o” +43.7d-3879.8=0

d=44.1cm

Total depthh=44.1+7+ 1=52.1cm

Takeh=55cm ,d=55-7-1=47cm

Check again:

Vu = 5.43 Kglem? { 210* 210— 77 * 97} /1000 = 198.9ton

a =40 (forinterior)

bc=50/30=167 >1 (longside/ shortside)

b, =2 (77+97) = 348cm

The punching shear strength is the smallest of:

:1§‘[+2%/fc¢bod = 0366y fc%,d
6 bcgy

1

3§e 2—\/@0 d = 0616 fc’h,d
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V, = % \/fmbod = 0.33\/E¢00d ...Control

Ve =0.33" /30" 3480° 470/1000 = 298.3t

pVc=0.75* 298.3=232.73ton > 198.9ton........... OK
Taked =47cm & h =55cm

4.9.4 Bending Moment Design

@ section (A-A)
Critical section at the face of column
Mu = ( 5.43 kg/cm?/1000) * ( 90/2*100) * 210cm * 90cm = 46.2t.m

_ Mn_ 46.2tm" 10°
bd? 0.9 210cm” 472
_f, 420
m= =
0.85f¢  0.85" 30

& 0 & . . 0
r= 1. p 2RI LG \/1- 2 165 1112_ ; 5op7
m§ fy 5 165§ 4200 5

Asreq. = 0.0027 * 210 * 47 = 26.65 cm?

=11.1kg/cm’?

=16.5

Use 18 ®14 Aspro. = 27.72cm?

@ section (C-C)
Critical section at the face of column
Mu = ( 5.43kg/cm?#/1000) * ( 80/2*100) * 210cm * 80cm = 36.5t.m

e 5
_Mn_ 368mM10° oo o

" bd? 0.8 210cm’ 472

_f, 420
m= =
0.85f¢  0.85" 30

=165
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& 0 & ’ ’ 0
r :1 1- [1- ZmR::i 1- \/1_ w:: 0.0024
m§ fy & 16.5§ 4200

Asreq. = 0.0027 * 210 * 47 = 23.69 cm?

Use16 ®14 Aspro. = 24.64 cm?

4.9.5 Design Dowels

j Pn=j (0.85fctAg) > Pu

=0.7* 0.85* (300/1000) * 50 * 30 = 267.75 ton > 239.6 ton
Excess Pu = 267.75 - 239.6 = 28.15 t
Asreq. = 28.15/(¢* Fy)

= 28.15/(0.7*420) = 9.57 cn?

More correctly:

_ Pu(Excess) _ 28.15

" j(fy- 0.85fc) 0.7" (4.2- 0.85" 0.3)

Use ®16 , 10.2/2.01 = 5.07 bars

=10.2cm?

Use6 @16, As=12.06 cm?

Development length:
420
Ld =
4" 30
Ldb =0.044 * 420 * db = 29.6 > 20cm
Ld=Ldb=20* 1.6 =32cm
AvailableL=55-7-2*2-2*16=408cm>32cm ......... OK

“1.6=30.7cm but not less than
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Fig(4.29): Detail of foundation
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Table Num 7: Footings

Footing Dimensions | Reinfor cement
NO Width | Length et Long .Shor.t Size
Direction | direction
F1 70 90 40 6 5 F12
F2 105 85 40 7 6 F12
F3 90 110 40 7 6 F12
F4 85 105 40 7 6 F12
F5 95 75 40 6 5 F12
F6 120 100 40 8 7 F12
F7 90 90 40 6 6 F12
F8 60 80 40 5 4 F12
F9 115 75 40 8 5 F12
F10 130 150 40 10 9 F12
F11 125 100 40 8 8 F12
F12 135 155 40 10 9 F12
F13 130 160 40 10 9 F12
F14 140 170 40 11 9 F12
F15 135 95 40 9 6 F12
F16 75 75 40 6 5 F12
F17 115 95 40 8 6 F12
F18 110 130 40 9 7 F12
F19 210 210 55 20 18 F14
F20 145 165 40 11 9 F12
F21 155 125 45 10 8 F12
F22 195 165 45 14 12 F12
F23 115 135 40 9 F12
F24 70 50 40 5 F12




F25 105 125 40 8 7 F12
F26 210 160 50 17 14 F12
F27 195 155 45 14 12 F12
F28 205 225 60 21 20 F12
F29 130 150 40 10 9 F12
F30 175 165 55 19 17 F12
F31 170 190 45 14 12 F12
F32 140 120 40 9 8 F12
F33 160 170 45 13 12 F12
F34 110 130 40 9 7 F12
F35 130 130 40 10 9 F12
F36 115 75 40 8 5 F12
F37 145 105 40 9 7 F12

4.10 Retaining wall Design

4.10.1 Load calculation

Osoi= 1.8 /m® (Unit weight of the soil)

6 =288
k=0.53
fc' =30 Mpa
fy =420 Mpa

h = 3.05 m (Height of the retaining wall)

L.L =0.25t\nv

D.L =0.87 t\m2 (from floor).

80




e =K* gwit * h

e =053* 1.8* 3.05=2.92t\m? (for 1m strip)
ep=k*(LL+D.L)
ep=0.53* (0.25+0.87 + 1.15) = 1.2 t\n?

2.92

1.20 \L \L

3.05

Fig(4.30):Load on the retaining wall

137 37

H
2]
o)

Fig(4.31):Moment diagram of the retaining wall

5.8

Fig(4.32): Shear diagram of the retaining wall

4.10.2 Thickness of retaining wall

assume h=30cm

d=30-4-1-

1=24cm.
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To determine rmax:-
Try r=0.5 ryax

0.003 _ 0.004 + 0.003
X max 24

— Xmax =10.3cm
— amax =10.3* 0.85=8.755cm
—C=085*fc*a*b

C=0.85*0.30* 8.76 * 100 = 223.38 ton.
Mn=Tor C* (d—a/2)

(24- 8.76/2)
100

Mn = 223.38* =43.8t.m

Mn _ 43.8tm” 10°
bd> 100" 242

. _08fctm [1-2Rn 9
i fy § 0.88 * fcty
_0.85*30& [1- (2*76) 0=0.022
Mo = o0 €\ OoBssr300 &
420 0.88 * 300 3

r=.5rmax=05*0.022=0.011

Rnmax = = 76kg / cm?

Check the depth (d)

—r*fygl-rmu

*
Rn = 0.011* 420§1- 0011165E

Rn = 4.2Mpa = 42kg \ cm?

e =bd?Rn

* 5
36710 =100* d®* 42

d =9.7cm
\ h=30cm iscorrect

take h=30cm
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4.10.3 Deter mination of steel area

Vertical:
As,. - 025 V30, 24”1003 1% 100" 24
420 420
=7.82cm? 3 8cm?

P As,,=8cm (iscontrol)

Mu=3.6tm

_ Mn

367 10°
bd?

00 100 247 - O%ka/em’

/ 2mRn 2°6.94°16.50
§1 - 165§ \/

5 4200 5
As=0.0017" 100’ 24—4.08cm /m<As__ ® use As,, =

b use 4f 16 = 8.04cm?
P use4f 16 @25cm

= 0.0017

8cm?/m

Use ®16 @ 25cm

r einfor cement.

In the other direction (Horizontal) provide shrinkage and temper ature
r=0.0018

As=0.0018" 100" 30 =5.4cm?/m
use 5f 12 = 5.65cm?

Use ®12 @ 20cm (in two layer)
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4.10.4 Design footing of retaining wall

4.10.4.1 Deter mination length of footing

Fig(4.33):Load on the retaining wall

hp=(0.1......... 0.12)* H
h=3.05+1=4.05

hp = 4.05* 0.1 = 0.405m

—useH =45cm

estimation of length of footing:

Design over turning effect the length of foundation:

E = 2.92%(3.05/2) = 4.45t
Ep=12*3.06=3.7t

W = 0.30*3.6+2.4*1 = 2.6
W= 0.45%L*2.4=1.1L



W, =g*h=0.99
1
W, =0.99* 3 L
W,, =g*h=18*3.61=6.5
W, =6.5* (g L- 0.30)
—over turning moment:
M =E*15+Ep*2.25
M =45*15+37225=15.1tm

—standing moment:

v, = V\(N(O.15+:1%L) +W, (; L) +W,, (0.5* é L) +W,, g(g L- 03)*05+ o.3+:1%|_§
+4.31* 4.05+3.83* 0.45

v, = 2.6(0.15 + ; L) +1.1(; L) +(0.99* ; L)(0.5* :1% L) +6.5* (2 L- o.3)§(§ L- 0.3)*05+03+ ; LE
+17.5+17

Mg =19.3+0.25L + 3.45L°

M, = 2M,

Mg = 2%15.1=30.2tm
M =19.3+0.25L +3.45L2 = 30.2t.m
b L=18m

4.10.4.2 Bearing capacity:

Vertical forces:

V=8 Fy+~

V =W, +W, +W,, +W,,

V =26+1.98+0.594 +5.85=11ton
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Fig(4.34):Bearing Capacity

Horizontal forces;

H=4 Fx ®
H=E, +E, - 431- 383
H =4.45+3.7- 431- 383=0.01ton

Me=aM ¢

_ §45*15) +(3.7* 2.25) + (2.6 0.35) + 0.59* 0.4* (0.4* 0.5+0.5) - 5.85*1.1(1.1* 0.5- 0.2)i
RT & 431%38- 3.83%0.225

u
u
M,=-33
e=M_33_43
V 11
e£9=0.3 ok.
6
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s =2V
8 3*C*hy
_bx 18

e=—-03=06
2 2

_o2*11
8 3*0.6%1
sy =122t\m’ <s,, =40t\m* ok

C

=122t\m?

Resultant vertical forces:

Ve=a Fy+~

Ve =12W,, +W, ) +16W, +W,,)

V., =1.2(2.6 +1.98) +1.6(0.594 + 5.85) = 15.81 ton

Resultant horizontal forces:

V. =8 Fx ®

V, =(E, +E, - 431- 3.83)*1.6

V, =(445+3.7- 4.31- 3.83)*1.6 = 0.016 ton

+

Mg = é M ¢

_ g1.6*4.5%1.5) +(1.6*3.7* 2.25) +(1.6* 2.6* 0.35) + ((1.6* 0.59* 0.4) * (0.4* 0.5+ 0.5))u
- g- (1.6*5.85%1.1)* (L.1* 0.5- 0.2))- (L.2* 4.31*3.8) - (1.2* 3.83* 0.225)
M, =123

Mg

O CN
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6* eu

bl

a*b

Sbl:15.81 60078u_65t/
1.8*1 18 H
_ 6*eu

b2_

sz:15.81 +6 0078u_111”m

1.8*18 18 H

Design section(1-1):

Fig(4.35): Section 1-1

Bearing pressure ordinate of section(1-1):
(11.1-6.5)*(0.7/1.8)+6.5 = 8.3 t/m?
Mu @ section (1-1):
Mu = (8.3*1.1* 0.55* 1) + (11.1- 8.3)*1.1* 0.55*1- (5.85*1.1* 0.55* 1)
Mu =3.21tm
h=45cm
d=45-7-1-1=36cm
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m=16.5
Mn =3.21/09=3.6

_Mn _36° 10°
bd? 180" 367

& 0 0
Lo1® 2mRn 0_ \/ 271547 16. 5:_000037
m§ 5 16. 5§ 4200 p

As,, =0.00037" 180" 36 = 2.4cm? /m

0.25" /30, 14,

As,, =—= N1 3671803 - 180 36
420 420

=21.1cm?/m3 21.6cm*/m
P As,, =21.6cm (iscontrol)
P 13*As, =13*24=312<216 cm?
P use As=21.6cm*/m

P use9f 18=22.11cm*/m
P usef 18@10cm (for short direction)

=1.54kg / cm®

For long direction:

As =0.0018*100*45 = 8.1 cm?m
Use 6014 = 9.24

Use ®14 @15cm

4.11 Design of shear

4.11.1 Weight of the building:

Weight of one floor = 6135.7 KN

Weight of the building = 6135.7*4 = 24542.8 KN
R=45

Z=03.........(Zone 3)

=1

Ca=0.3
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Cv=03

hn = 15.48m

Ct=0.02

T =Ct(hn)°™

T =0.02(15.48)°™ = 0.156
V = (Cv.L.W)/ (R.T)

V = (0.3 1*W)/(4.5%0.156) = 0.427W....

V = 25*Ca*I*W /R
V =25+0.3*1/ 4.5= 0.166W..............
V = 0.11*Ca* I*W
V = 0.11*0.3* 1*W = 0.033W
b V =0.166*24542.8 = 4074.1 KN
FT = 0.07*T*V
= 0.07%0.156*4074.1 = 44.5 KN
£y = (V- FOWAhX

()

....(2)b (Contral)

a . Whi
P F1=387KN
P F2=774KN
P F3=1161 KN
P F4=1654.9 KN
P Fo=52.6 KN
Table num 8: Moments of the shear
Wo (KN) Ho (m) Woa*ho (KN.m)
989.81 3.05 3018.92
6135.7 3.62 22211.330
6135.7 7.24 44422 47
6135.71 10.86 66633.70
6135.71 15.48 94980.79
a 25532.63 40.25 231267.11
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Figure below shows horizontal forces on the south part of building:

15.48

695.0KN

10.86

487 62KN

7.24

325.1KN

15,48

3.62

162.54KN

0.00

Fig(4.36) Shear forces on the building:

Wall that carries the largest parts of these horizontal forces was determined with
computer program called (MB_Software), then wall that had the largest part of load

was chosen.

fc' = 30Mpa
fy = 420Mpa
Lw=6.3m

assume thickness of wall = 30cm

4.11.2 Design of Concrete:
Internal forces & moments:-
Vu =162.54 +325.1 + 487.62 + 695.0 = 1670.3KN
Mu = 162.54*3.62 + 325.1*7.24 + 487.62* 10.86 + 695* 15.48 = 18996.3KN.m
Pu=6.3*0.3*25*15.48*1.2 = 877.7KN

a) Design of plain concrete:
p.Vn>Vu

j vn=j *0.11*/fct* bw* h
j Vn=0.5*0.11* /30 * 6300* 300 = 569.4KM <1670.3N
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— reinforced concrete

e=Mu/Pu

e=18996.3/877.7=21.6 >b/6 =6.3/6 = 1.05m
— reinforced concrete

b) Design reinforced concrete:-
Design of shear:
Vu = 1670.3KN
d=0.8*Lw=0.8*6.3=5.04m

j Ve =0.75* 1. 30* 30* 504* 10 _ 1035.2 <Vu =1670.3KN
6 1000

shear reinforced must be required
j Vc+j Vs Vu

1035.2+j Vs3 1670.3

P j Vs=1670.3- 1035.2 = 635.1KN
j Vs=0.75* fy*d*&

s

AV_ jVs _ 635.1*10°

s 075* fy*d 0.75* 420* 5040
geﬂg =0.0025* h = 0.0025 = 0.075cm
e S ﬂnin
A = 04em>EVE =075

S e S ﬂnin

Lw = 620 =126cm

=0.4cm

Smin=—

Smin=3*h=3*30=90cm
Smin = 45cm....p control

—s0 try 2016@10cm for horizontal reinforcement

. w

&:2 2'01:0.402>0.4:aea\—g

S 10 S g
e

—min vertica reinforcement:-
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r min = 0.0025+ 0.5(2.5- EW)(r h- 0.0025)
W

(rh: horizontal reinforcement ratio).

rh= (2*201*@)/(100*30) 8.9%10°°

400

r min=0,0025+05(25- - )(9.2+10 3. 0.0025)

r min =0.0087

Asmin=0.0087*100=26.1 cnm?.(for the two sides)
select ®14@10c with As=15.4cm?>Asreq =13.05cm?
Asreq.(1) =26.1/2=13.05 cm? @ each side. (vertical)

geﬂgml n = 0.0025h = 0.0025* 30 = 0.075
€esg
2*2.01

10

= 0.402c > 0.075cm.....(0k)

4.11.3 Design of moment:
a) Light loaded wall:
d=0.8*Lw=0.8*6.3=5.04m
Mu = 18996.3KN.m
_ Mu _  18996" 10°
jbd? 09 300 50402
_ 2Rnm

= 2.77TMpa

2*165*277U

g e

Asreq = 0.0069* 30* 504 = 104.33cm? for each boundary.
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b) Design as heavy loaded shear wall:-
The vertical reinforcement ®16@10cm will be considered.
As (vertical) = ®14@10cm

As(v) = 2¥1.54*630/10 = 194.0cn?2......... (very large)
—use Asfor light loaded shear wall = 104.33cm?
As = 10433mm?
Z_ 1 . ! = 0.088
Lw €0.85* B1* fc¢* Lw* hu €0.85* 0.85* 30* 6300 * 300U
2+ 3 a 2+ !
¢ As* fy a 8 10433* 420 H

M, =] *0.5* As* fy* Lw* (1- i)
Lw

M, =0.9* 0.5*10433* 420* 6300* (1- 0.088) =1490.7KN.m
M, =Mu- M, =18996.3- 1490.7 = 17505.6KN.m......( for boundary)
Cw = h-2*(cover)-1® = 3-(2*3)-2 = 22cm

Mu
As =
(boundary) J * fy* (LW- CVV)

* 6
ASareery) = 17505.6*10 — 76.2cm?
0.9* 420 (6300 - 220)

(for each boundary)

—select @30 with As=7.07 cn?
76.2 cm?/7.07 cm? = 10.78— select 11030@ each boundary.
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