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Abstract
Structural design of the proposed residential villa built in
Bethlehem city.
Done by :

Lara Mohammad Awayssa

Palestine Polytechnic University
Supervisor
Eng.Muna Alshaer

The main idea of this project to prepare all structural design and executive
detail of villa.

This building consists of 4 floors and it contain all activities required for any
person.

This building is a reinforced concrete structure, and it was designed
according to the ACl-code .

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

Av = area of shear reinforcement within a distance (S).
At = area of one leg of a closed stirrup resisting tension within a distance (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

| = 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 loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

S = spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.




Vu = factored shear force.
Wu = factored load per unit area.

F = strength reduction factor.




TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
Tgple(@NIM S B/DERLLECIIONS ARBNCRHLSCRILSATF B PEAMS OR ON

WRY SEABSUNLESS BEE

Minimum thickness, h

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

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-

way slabs £/20 £124 £/28 £/10

Beams or

ribbed one-

way slabs £M6 £M8.5 er21 L8

MNotes:

Values gwen shall be used directly for members with normalweight concrete
(densi = 2320 kg/m?) and Grade 420 reinforcement. For other condi-
tions, the ualues shall be modlfled as follows:

a) For structural I| htweight concrete having unit density, w m the range
1440-1920 kg/m?, the values shall be multiplied by {1.65 = 0.603 } but not

less than 1.09.
bj For £, other than 420 MPa, the values shal be multiplied by (0.4 + f},f?u-n}

LECTIONS ARE CALCULATED

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

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

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

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

Roof or floor construction supporting or That part of the total deflection occurring after i
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £,/480%
damaged by large deflections the long-term deflection due to all sustained

Roof or floor construction suppaerting or ‘;’;ﬂﬁfﬁj }Rg ‘Q;?;f?‘a‘e deflection due to any

attached to nenstructural elements not likely to £/240%

be damaged by large deflections

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

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

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

§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceaded if camber is provided so that total deflection minus camber

does not exceed limit.

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

xi
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Factored Load.

Slab thickness calculation.
Load calculation.

Design of Topping.

Design of Rib (15).

Design the beam (55-first).
Design of column.

Design of Footing

4.10 Design of stairs .

4.11 Design of Basement wall
4.12 Design of pool.

4.13 Design of shear wall .
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¢V 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 fro sthe Latin word "concretus”, which means "hardened" or
"har ."

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 ACI-
code.
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Minimum thickness, h
Simply One end Both end

) . Cantilever
supported continuous continuous

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

Solid one way

Slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

4 .2 : Factored Loads.

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

project members, is determined as follows:

q,=1.2DL+1.6L ACl—318-08(9.2.1)
4.3 : Determination of Thickness:

Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads.
The value of the load depends on the structure type and the intended use. The

overall depth must satisfy ACI Table (9.5.a):

Spans from left to right for one way slab:

L 5.2

— = =0.281m ACI-318-08 (9.5a)
185 185

L 4.10

——=___=0.19m

21 21

L =51 =0.267m
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185 185

L 4.10
——= —— =0.195m

21 21

Select Slab thickness h=28cm with block 20 cm & Topping 8cm.

4.4 :Load Calculation:

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:

Shrinkage & Temperatuer Bar's

Hollow Block { 28cm )

Fig. (4-1) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the

following table:
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Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. [Parts of Rib Calculation
1 Rib 0.12*0.2*%25 = 0.6 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 0.2*0.4*10 =0.8 KN/m
5 Sand Fill 0.07*0. 52*17 = 0.5824 KN/m
6 Tile 0.03*0.52*%23= 0.619 KN/m
7 Mortar 0.03*0.52%22= 0.343 KN/m
8 partition 1.25*%0.52 =0.65 KN/m
4.8 KN/m of rib

Nominal Total Dead Load:

D.L. total = 4. 8 KN/m of rib

Toping

Live load =2 * 0.52 = 1.04 KN/m of rib

Hollow Block ( 27¢m)
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4.5 : Design of Topping:
Design of Topping for Ribbed Slab:

The calculation of the total dead load for the topping is shown below:

Dead load of topping =

Tiles 0.03* 23=0.69 KN/m?
Mortar 0.03 * 22=0.66 KN/m?
Sand 0.07 * 17=1.19 KN/m?
Slab 0.08* 25=2.0KN/m?
Partitions ~ 1.25* 1 = 1.25 KN/m>.
=5.79 KN/m?.

Live Load = 2 KN/m2.
W,=12DL+16LL

=1.2*5.79+ 1.6 * 2= 10.148 KN/m?. (Total Factored Load)

Wy, *1?
M, = 12
=10.148*0.4 ?/12 = 0.135 KN.m
GMn=¢h fr*S SM oo, (ACI 22.5.1, equation 22-2)

=0.55 * 0.42* \24 *1000*64 /6
=12.07/71 KN.m> Mu =0.135 KN. m

~ No structural reinforcement is needed Shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :- ACI 7.12.2.1
p=0.0018

As=p * b * h=0.0018 * 100 * 8 = 1.44 cm? Im
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o s Use 8 @ 250 mm in both directions.

As = (0.8%*i1 /4) *100/25 =2.01 cm®/m
2.01 >1.44 ..... ok

.6 Design of one way Rib (¥):

Fig.(4-Y) RibY location
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By using ATIR program we get the envelope moment and shear diagram as
the follows:-

Fig. (4 - 4) Geometry of rib¥

Load factors: 1.20,1.20{1.60,0.00

iiiiigo;iiilillmillllllﬁiilliilmllil

265 385

Fig. (4 - 5)Loading of rib (¥)-(KN.m).




Fig. (4 - 7) Shear diagram for ribY -(KN).

Fig. (4 - 6) Moment diagram for ribY -(KN.m).
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6.1 Design of flexure:-

Material :-

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-
b =20 cm b; =70 cm
h =40 cm T:=10 cm

4.6.1.1 Design of positive moment =19.6 at span 1 :-

Assume bar diameter @14 for main positive
reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=280 - 40 -10 - (14/2) =223 mm

Crmax =3/7 *d = 95.57 mm
& max = Crmax™*P1 =95.57*%0.85 =81.23 mm .

Effective Flange width (bg ) .............. ACI-318-08 (8.12.2)

be For T- section is the smallest of the following:
bg=265/4 =66.25 cm

be=12+16t=12 + 16 (8) =140 cm
Be=52 v, control .

» Use Mu max positive for span =19.6kN.m
¢Mn = 140.53 KN.m > Mu = 19.6 KN.m

Design as a rectangular with bg =52 cm
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A s min = ‘ff" 2sbw)(d)

V24

Asmin= 2420)

(120 )(223)=78.03mm’
A'smin = %(bw)(d)

A s min = %(120)(223):89.20mm2

= Mn _ (196)/9):10-3

bd?  (.52+0.2232) =0.842

420
m=—_Y = =20.59mm?
0,85+f! 0,85+24

1 1 1 2xkn*m
P = - P
m fy

P= 20159(1_\]1_%*;%}):.’““1
—As= p* bg*d

=Y. & %103 *OYRYYY = 2V s VYmm?
A's = 237.47mm’ > A 's min =89.20 mm’

# of bars = As/ As bar=237.47 /153.86=1.54  * Note AD14=
153.86mm?

Select bottom bars = 2®@14Total AS (provigey =307.72 mm

54




* Check strain:

Tension = Compression

As x fy = 0.85x fc'xbxa
307.72 *420=0.85*24*520*a

a=12.183mm

a

c=—
B1

B, = 0.85-0.007(fc'-28)

£,=0.85
C=14.33
d—rc 223 —14.33
& = *(0.003 = *x 0.003 = 0.043 > 0.005... ... ok
X 14.33
~$=0.9OK.

For positive moment Mu )= 8.3KN.m at span 2:-

Assume bar diameter @ 14 for main negative
reinforcement

d = depth - cover — diameter of stirrups — (diameter

of bar/ 2)

d = 280- 20 -10-14/2 = 243 mm

_ ' _ t_f)
— My = 0.85 f; + by  ty  (d — 2
PM,; =0.85* 0.9*24*520*80*(243-40) = 155.04 KN.m
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— QM =155.04 KN.m >> M, = 8.3 KN.m.
- Design as rectangular section with b = bE = 520 mm

Iy 420 66
0.85 fc 0.85%24

Rn= Mn /(b*d?)

=(/8.3*10%/0.9)/(520 *243?%)=0. 300 MPa

1 ’ ’ 2xkn*m
P = - -
fy

1 2x3+x20.6
p=—|1— [1— =.000703
420

—>A5:p *bE*d

= 0.000703*520*243 = 91.03mm°

fe 1.4
ASmin = TJ;) x by, xd = ot by xd . ... (ACI-10.5.1)

=\24/(4*420)*120*243=85.03 mm? > 1.4/420*120*243=97.2mm?
............. Larger value is control

—Aspin 97.2 mm? >ASpeq =) Ymm2 .. Larger value is control.

2@ 1Y=YY1 +Amm?> A3Y.Ymm? --- OK.

~Use2 @ 1Y
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— Check for strain: - (s> 0. 005)

Tension = Compression
A *fy=085*f *b*a

YY1 A*420=0.85*24*120*a

a=YAYAmm.
R=0.85

C=all}

C=¢o Y

e, =225 0.003

X

= +.+)Y> 0.005
~¢$=0.9 OK
4.6.1.2 Design of negative moment of rib (RIB 3):
negative moment Mu © =-21.5 KN.m at support( 2)

Assume bar diameter @ 12 for main
negative reinforcement

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
d = 280- 20-10 -12/2 = 244 mm

—_Jy _ 420 54
0.85 fc 0.85x%x24

Rn= Mn /(b*d?)
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=( 21.5%10%0.9)/(120 *244 *244)=3.34 MPa

p = 1 (1— \/1_2*I{n*m )

=— r

=(1/20.6)*(1-V1- ((2*20.6*3.34)/240))=8.75*10"

= 8.75%10 2 *200*244 = 256.19mm?

=\24/(4*420)*280%244=199.22 mm? < (1.4/420)*280*244=227.7 mm*
e Larger value is control

—>Asmin =227.7 mm? <ASeq 256.19 mm2 ............. Larger value is
control.

2 @ 14=307.7 mm?* > A, = 256.19 mm?* ---
OK.

-~ Use 2 @14

— Check for strain: - (s> 0. 005)
Tension = Compression

A *fy=085*f *b*a
307.7 * 420 =0.85 * 24* 120
*a

a=>52.8mm.

3=0.85
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x=a/l}
X=62.11

d—c

*0.003

=0.0087 > 0.005

@ =0.9 OK

4.6.2 Design of shear of rib (RIB 3):

ACI — 318 — Categories for shear design:
Vu critical = 20.6 KN

Use @10 with two legs

Av = 2x79 = 158 mm2

/
c

cp VeT LI T g *

- b Ve = 1.1%0.75* (1/6)* \24*200%371=50 KN.

(1.1*$*Vc)=50 KN = (Vu) 51

—Check for cases:-

Case 1: V,< (DZVC

51<(45.45/2)
51<22.7 -------- No shear reinforecement is req
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v : Design Of flexure for beam:-

Fig.(4-8) Beam)\ Y location
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Fig. (4 - 9) Geometry of Beam 'Y

Dead loads - Service Units:kN,meter

Live loads - Service Load factors: 1.20,1.20{1.60,0.00

Fig. (4 - 10)Loading of Beam) Y-(KN.m).




Fig. (4 - 11) Moment diagram for Beam8 -(KN.m).

Fig. (4 - 12) Shear diagram for Beam8 -(KN)

bw=ED cm h=28cm
d =280-40-8-7=225mm
C=3*d/7 =96.43 mm .
By =.85
a=B*c=0.85*96.43 =82 mm .
Mnmax = 0.85* fc *a* b * (d- a/2)

=0.85*24*0.082 * 0.6 * (0.225 - 0.082/2) = 184.68 KN .m
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® Mn=0.9 *184.68 = 166.212 kN .m

® Mn >Mu Fasoriockickiclk® Design as singly

Take Mu=38.1 kN.m ............ from Atir program .

Mn=Mu/$p=38.1/0.9 =42.33 KN.m.

f 420
m=—2== =20.6
085f, 0.85+26 \

Rn = Mn / (b *d?) =42.33* 10%/ (600*225%) = 1.39 MPa

1 2x K, *m
pm— [1-2

= 1/20.6 (1- V 1- (2*1.39%20.6/420))
= 0.0034

—A;=p * b, *d=0.0034 * 600 * 225 = 463.15 mm?,
fe
= J_ b, xd > 1.4*bw*d

ASpin = —— * > —
Ay Y fy
ASpin =393.66¢0+ >< mm® ............. Larger value is control.

—ASpin = £00mm’ < Aspq = £17.) emm?,

............ (ACI-10.5.1)

- As= ¥ Yomm?.
Select ¢@ YIwith As = A+ Y. A¢mm?

— Check for strain:- (es> 0. 005)
Tension = Compression
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A*fy =085* f/*b*a
* AvY.A£420 = 0.85 * 24* 600 * a

a=27.58 mm.
C=27.5810.85=32.45 mm

fe= 24 MPa

£; = =% 0.003

=0.0178 > 0.005
~$=0.9 OK.

Sb =600 -(40*2)-(10*2)-(4*16)/3 = 145.33mm >25 mm........
Positive moment Mu+ = 33.4 KN.m
—¢pMnNpax = 166.212 KN.m > Mu =33.4 KN.m .
- Design as Singly reinforced concrete section
M, =Mu /= 33.4/0.9 =37.11 KN.m.

f 420
=2 = =20.6
0.85f, 0.85%26

Rn = Mn/ (b *d?) =37.11 * 10°/ (600*225%) = 1.22 MPa

1 2% *
pogm = 1=

= 1/20.6 (1- V 1- (2*1.2*20.6/420))
= 0.00299
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—As=p * Db, *d =0.00299 * 600 * 255 = 458.58 mm?®,

fe _
ASpin = % b, *d = ;—; kb, *d ............ (ACI-10.5.1)
=393.66 mm*< 450 mm’............. Larger value is control.

—> ASmin =450 mm? < As,e, = 458.58 mm®,
«'s As =458.58 mm?’.

Select 4@ 14 with As = 615.44mm?

— Check for strain:- (€s> 0. 005)

Tension = Compression
A*fy =085* f/*b*a

615.44* 420 = 0.85 * 24*600 * a
a=21.11 mm.
C=21.11/0.85=24.84 mm

f¢ =24 MPa

£; = 2% 0.003

=0.024 > 0.005 .¢=0.9 OK.
Sb =600 -(40*2)-(10*2)-(4*16)/3 = 145.33 mm >25 mm
Positive moment Mu+ = 20.5... KN.m

—dpMnpa = 166.212 KN.m > Mu =20.5 KN.m .

65




- Design as Singly reinforced concrete section

M, =Mu/$p=20.5/0.9 =22.77 KN.m.
fy 420

m= ;= =20.6
0.85f, 0.85%26

Rn = Mn/ (b *d?) =22.77 * 10°/ (600*225%) = 0.75 MPa

1 2% Ky *
pom(— [1-2,

= 1/20.6 (1- V 1- (2*.75*20.6/420))
= 0.0018

—As=p * Db, *d =0.0018 * 600 * 225 = 245.55 mm®.

e 1.4
ASpin = Tl by *d = 7Y by *d ... (ACI-10.5.1)
=393.66 mm’< 450 mm*............. Larger value is control.

—>ASmin = 450 MM’ >As,, = 245.55 mm’.

e As = (0 mm?,

Select ¢@ Y Ywith As = ¢°Y .Y i1mm?

— Check for strain:- (es> 0. 005)
Tension = Compression

A *fy =085* f/*b*a

£0YV1* 420 =0.85*24* 100 * a
a= YeeYomm.

C=10.012/0.85= YA Yomm
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f¢ =24 MPa

d—x
Es = — *0.003
=0.0 ¥Y> 0.005 . ¢=0.9OK.

Sb = 100 -(40%2)-(10%2)-(¢*)Y)/ Y= Yo+ 1imm >25 mm

4.7.1.2 Design of negative moment:-

Assume bar diameter @ ) 1for main negative reinforcement.
1) For negative moment Mu © = ¢Y.4 KN.m.

—PpMNpax = YTVUYYYKN.m > Mu= £¢Y.AKN.m .

- Design as Singly reinforced concrete section
Mn,=Mulp= £Y.4/0.9=¢V.IVKN.m.

f 420
=—2 = =20.6
0.85f, 0.85%26

Rn=Mn/ (b *d?) = £V.3Vv* 10°/ (00*YYe?) = Y .o1MPa

1 2*xK,*m
p=—(1~— \/1_T )

= 1/20.6 (1- V 1- (2*1.07*20.6/420))

= 0.00YA"
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—As=p * b, *d=0.00 YAT*100* YYo= oYY Y¥mm?.

7t
s by*d = =xb, *d

ASpin = Tfy)* w =7

............ (ACI-10.5.1)

=VAYT mmP< feemm L.l Larger value is control.
—ASpin = £0mMM* < ASpeq = oY Y.YYmm?,

o As=0oYY YYmm?.
Select 4@ ) ¢with As = 1Yo ¢ ¢mm?

— Check for strain:- (€s> 0. 005)

Tension = Compression

A*fy =085* f/*b*a

110, £8%420=0.85*24* 100 * a
a= Yy M\ YAmm.

C=YY WA 0.85= Y¢EASMM

f.= 24 MPa

d—x
£, = — *(.003
X
=0.02 ¢€> 0.005 . ¢=0.9 OK.

Sb = 100 -(40%2)-(10*2)-(4* £)/3 = 1 £Amm >25 mm

2) For negative moment Mu ©) =7e.3 KN.m.
—¢pMNpax = YTVUYYYKN.m > Mu = 10 3KN.m .
- Design as Singly reinforced concrete section

M, =Mu/p= 12.4/0.9 = YV YYKN.m.
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fy 420
0.85f, 0.85%26

=20.6

Rn=Mn/ (b *d?) = YY.YY* 10°/ (00*YYo?) = Y. £ YMPa

1 2xKnp*m
p=—(1- Jl_T)

= 1/20.6 (1- V 1- (2*Y.£)*20.6/420))
=0.007VY

—Ag=p *b,*d=0.00 1VY*100* YYo= AYY ..Ymm?

fe
ASpin = L>i=bu,,=i<a! > ﬂ=r=bw=kd

2 () g Owrd o (ACI-10.5.1)

=vAY T mmi< feemm ...l Larger value is control.
—>ASpin = £°MM° < ASpeq AYY. ¢+ Y=mm’,

o As =AYV oYymm?,
Select ¢@ YAwith As =) \VY.¥imm?

— Check for strain:- (s> 0. 005)
Tension = Compression
A*fy =085* f/*b*a

VWV Y+ 420 = 0.85 * 24* 100 *a
a= Y¢a+.9mm.

C=v¢4.4/0.85= €).-Tmm

f¢ =24 MPa
e. =22 % 0.003
X
=0.0 "> 0.005 .¢=0.9 OK.

Sb = 00 -(40%2)-(10*2)-(YA*¢)/ ¥= Y£Y.3Ymm >25 mm
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3) For negative moment Mu © = ¥¥.Y KN.m.
—dpMnNpax = YTLYIYKN.M > Mu = YY.YKN.m .
- Design as Singly reinforced concrete section

M, =Mu /= YV.Y/0.9 = YTAKN.m.

fy 420

m= = =20.6
0.85f, 0.85%26

Rn =Mn/ (b *d?) = ¥1.AA* 10°/ (100*Y Yo%) = .Y ¢ MPa

1 2«K.. «m
“li- -2
p=r( )
= 1/20.6 (1- V 1- (2%).Y) £%20.6/420))
=0.0Y4A

—As=p *b,*d=0.0 YAA* 100 * YYo= ¢.Y emm?

fe 1.4

Aspin = s by xd = Xubysd oo (ACI-10.5.1)
4 (fy) Iy

=VAYT mmP< feemm L.l Larger value is control.
—ASpin = £0MM? < ASpq = £+ Y.omm’,

» As=4°.mm?.
Select ¢@ ) Ywith As =4 Y.\ imm?
— Check for strain:- (es> 0. 005)
Tension = Compression
As*fy =085*f/*b*a

£0Y V1% 420 =0.85 * 24* 100 *a

a=1¢°e.°Yomm.

70




C=1Y0.012/0.85=1A.Yomm

f¢ =24 MPa

£s = 2% 0.003

=0.0Y¥4> 0.005 . ¢=0.9 OK.

Sb = 100 -(40%2)-(10%2)-(£*) Y)/*'= Yo+ 1Ymm >25 mm

4) For negative moment Mu © =Y1.A KN.m.
—dpMnNpa = YTLYIYKN.Mm > Mu = Y1.AKN.m .
- Design as Singly reinforced concrete section

M, =Mu/p= Y1.AM0.9 =Y. YIKN.m.

— Ty %20 _ 5056
0.85f, 0.85%26

Rn=Mn/ (b *d?) = Y4.Y1* 10°/ (R00*YYo?) = + 1oMPa

1 2xKn*m
p=—(1- Jl = )

=1/20.6 (1- \ 1- (2*+.10*20.6/420))
=0.00VeV

—As=p * b, *d=0.00)0Y*100* YYo= Y)Y Ymm?

7
J_ b, xd > Zxb,*d

ASpin = rfy)* w ¥ 3

............ (ACI-10.5.1)

=vaY imm?< e0mm’............. Larger value is control.
—ASpin = £00mmM” < Aseq = YV Y.¥Ymm?,

- As =4° mm?,
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Select ¢@ ) Ywith As =4 oYY imm?
— Check for strain:- (¢s> 0. 005)
Tension = Compression

A *fy =085* f/*b*a

£€0YV1* 420 =0.85* 24* 100 *a
a=1o¢.°Yomm.

C=1Y0.012/0.85=1A.Yomm

f¢ =24 MPa

d—x
£, = — *0.003
X
=0.0 Y¥4> 0.005 . ¢ =0.9 OK.

Sb = 100 -(40%2)-(10%2)-(£*) Y)/¥= Yo+ 1¥Ymm >25 mm

4.7.2 Design of shear:-
1) Max Vu = AV, YKN.

Fc'
6

pvec = @ * * b, *d

=0.75 *\24 *600%225/6 =82.670 KN.

— Check For Cases:-
I- Casel: V, <

¢ Ve
> -

87.2<41.33 .......Not satisfy.
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2- Case 2 :

bV,
zc < Vu =< v,

41.33 < 87.67< 82.67 ....... Not satisfy.

3-Case3: oV. < Vu < & Ve+ VS min

b VS min = % VI *by*d=31.001 KN
=~ OVS min = 33.75 KN
bV, + OVS min =82.67+33.75= 116.42 KN.
Ve < Vi < oVe+ VS pmin
82.67< 87.2< 11642 .......... satisfy.
S=d/2=225/2=11.25cm.
Use S=10 cm

Minimum shear reinforcement is provided .
SelectP8@10cm (2leg)
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+ Material :
— concrete  B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:
Service Load:

Dead Load =411.1 KN
Live Load = 163.74 KN

Factored Load:
Pu=12x411.1+ 1.6 x 163.74= 755.304KN

v" Check Slenderness Parameter:

Klu 34 1ML _ 40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

1
R: radius of gyration=V'A =03h................... For rectangular
section
Lu=2.86m

M1/M2 =1

|
K=1 for braced frame. R: radius of gyration=V'A =0.3 h
................... For rectangular section
Lu=2.86m

M1/M2 =1
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K=1 for braced frame.
e about X-axis & Y-axis (b=0.3m & h=0.5m)

e In 0.3 m-Dirction

klu M1
— << 34 —-12— =40

r M2

1 x p.86
— =31 <22
0.3 0..3

long Coloumn in 0.3m dirction
e In 0.5 m-Dirction

klu M1
— << 34 —-12— =40

r M2

1 x p.86
—— = 19.06 < 22
0.3 0.5

short Coloumn in 0.5m dirction

Eclg

1+B4

EI=04—— ... ACl 318-05 (Eq. 10-15)]

Ec= 4750,/f ¢’ =4750N24=23270.15Mpa

_12+DL _ 1.2%411.1

By= = =0.653
Pu 755.304
= beh3 _ 0.5:0.3"3 3 001400 4
12 12
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_23270.15+0.4+0.001125
1+0.653

El = 6.333 MN.m

24 24
Po= o =% 91 82O MN.......co. ACI 318-05 (Eq. 10-13)]
KLu 1+*2.86

CmEREAE) ACI 318-05 (Eg. 10-16)]

M,
Cm=l...................... ACI 318-05(10.10.6.4)]
C 1
8I’lS: T;:u - 755.304 = 1048>1
1_0.?5?pc 157521822

emin= 15+0.03*h=15+0.03*300=24mm =.024m
e= e1in=Ss =0.024*1.048=0.025

e _0.025

=0.0838

From interaction Diagram

P 755.304 145 .
PP % =0.730 Ksi
Ag 0.3+0.5 1000

py=0.012
A, =A,* p,= 500*300*0.012=1800 mm°

Select 12014 with A, =1848mm?
4.8.2 Design of the Reinforcement:
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spacing = 16*d,= 16*1.4 =22.4cm
spacing= 48*d;=48*1=48cm
spacing= least dim =25cm

use @10 @20cm.

** 4.9 : Design of Stair :

Fig. (4-13) Plan Of Stair

% Material :-
—concrete  B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?®
++ Design of Flight :-
v Determination of Thickness:-
hmin = L/20
hmin = 3.12/20 =15.6 cm

Take h=15cm
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The Stair Slope by 0 = tan™(17/ 30) = 30°

v" Load Calculation:-

Figure (4-13) : Stair Section.

4-11-1:Dead Load For Flight For 1m Strip:-

Parts of

No. Flight Calculation
(0.32+0.17)* 0.03*27/(0.3) =

1 Tiles 1.32KN.m
(0.3+0.17)*0.02*22/(0.3) = 0.689

2 Mortar KN/m
0.17*0.3*0.5*1*25/(0.3) = 2.125

3 Stair KN/m

4 R.C (0.25*15*1)/(cos ) = 4.33KN.m

5 Plaster (0.02*22*1)/(cos 30) = 0.51 KN/m
Sum 9KN/m

78




Table (4. £): Dead Load Calculation of flight .

Parts of
No. |Landing Calculation 4-11-
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*%0.02*1= 0.44 KN/m
4 R.C 25*%0.2*1=5 KN/m
5 Plaster 22*0.03*1= 0.66KN/m
0.07*16*1 = 1.12KN.m

6 sand

Sum 7.66 KN/m

1Landing Dead Load computation :-

Dead load =9KN.m

Live load=3KN.m
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By using atir program :-

load group no. 1
Dead load - Service Unilts:kM,mebar
9,00 7.66
4.80
0.96 251 1.08

Load factors: 1.20,1.20/1.80,0.00

3
g
:

vy b | | | jeel | | ] ] ]| [se] |

_Moments: spans 1to 3

Figure (4-15): Shear & Moment envelope

Assume bar diameter g 16 for main reinforcement

4-11-2: Design of Shear for Flight :- (Vu=28 KN)
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d =h- cover —% — 150 — 20 —? — 122 mm

Ve=2\fc'b, d = >V24 » 1000 » 122 = 99.612KN

O V.-0.75%99.612 =74.7 KN > Vu=28KN...... >>>>No shear

Reinforcement is required. So the depth of the stair is OK.

4-11-3: Design of Bending Moment for Flight :- (Mu=35.9KN.m)

M, 35.9x10°
= = = 2.68 Mpa
@bd?  0.9x1000x1222 P

n

me _Jy 420
0857 0.85x24

om 3(1 [ Z.m.Rn) _ 1 (1 _Jl _w) —0.00686
m 420 20.6 420

Asreq = p-b.d = 0.00686 x1000x122= 837.7 mm’

= 20.6

As min= 0.0018*1000*150 = 270mm?

ASreq >As min

so As =837.7 mm°......... is control

214 @ 200 mm

No. = 6 bars

Check for Spacing :- ............... ACI-318-08 (10.5.4)
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S = 3h = 3*150=450 mm

280

S =380*(z ) —2.5%20 = 300
=420

S =450 mm

S=300 mm ......... 1s control

200 <300 mm .... Ok

**Temperature and shrinkage reinforcement :-
As(Temperature and shrinkage) = 0.0018x1000x150 = 270 mm? /m

Use= 10 @ 25 cm

step (S — for Temperature and shrinkage reinforcement ) is the smallest
of :-

1- 5h =5x 150 = 750 mm .

2- 450mm — control .

S =25 mm< Smax =450 mm- OK

4.9.5 Design of landing:-

Thickness of landing =2.3 /20 =0.115m ..... use 20cm

the reaction of the flight is applied at the centerline of the landing .since
width of landing is 2.5 m, the reaction R will be distributed along this
width . thus load per meter Wr equals:

Wu = 1.2*7.66+1.6*3 = 15.9172 KN/m
Mu =27.8 Kn.m

d=122mm
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Rn =2.07

M =20.6

p=1/m (1-V(1-(2.m.R_n)/420))=0.0052
As=p*b*d =634 mm’

As min = 450 mm®

Use @ 14/20 mm

Check for Spacing :- «ccceeenvenene. ACI-318-08 (10.5.4)

S = 3h =3*200=600 mm

280

S =380*(z ) — 2.5*%20 = 300
=420

S =450 mm

S=300 mm ......... 1s control

200 <300 mm .... Ok

**Temperature and shrinkage reinforcement :-
As(Temperature and shrinkage) = 0.0018x1000x200= 360 mm? /m

Use = 10 @ 20 cm
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step (S — for Temperature and shrinkage reinforcement ) is the smallest
of :-
1- 5h =5x% 200 = 1000 mm .

2- 450mm — control .

S =20 mm< Smax =450 mm- OK
4-10: Design of Isolated Footing (F1).

4.10.1 Load Calculation:

Service load =411KN .

Factored Load = 653.2kN .

Soil Weight = 18 KN/m3.

Soil Depth =1 m.

Column geometry 30*50 cm.
Allowable Soil Pressure = 350 KN/m2.

4.10.2 Design of Footing Area:

Assume footing to be about (30 cm) thick.

_FORCE(SERVICE)
Qallnet

Qallnet=350 — 5 —18 « .66 —.3 25 = 325.62}cf‘wﬂ/'."l"tY

A=—2L 1 26mm?
325.62

A=W*L

W=13 o) =13

_FORCE(factored) _ 653.2
A 1.3+1.3

=386.5kN/m?
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Where :
A: Area of footing.
W: Width of footing.
L: Lenth of footing.
4.10.3 Determine the Depth of Footing Based on Shear Strength:
Assume h =30 cm
d =300-75-20 = 213 mm
Check For One Way Action:-

For X- direction

L—a
VHZ(T—d)*W*qu

- (1'3;0'3 _ 0.213) «1.3 » 386.5 = 144.2KN

_ 075

OVe="fc « L d = V24 £ 1.3+ 213 = 169.56KN

For Y- direction

L—a
VHZ(T—d)*W*qu

_ (1.3—0-5 _ 0_213) 1.3 » 386.5 = 93.95KN
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OVe="fc x L d = "°N24 £ 135213 = 169.56KN

Check For Two Way Action:-

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

Vo= (2 +%) « Jfc' * byd

1 *d
VC:E(“S ) v JFC * byed

4]

Ve=\/fc « by-d

column length

———1667

column width 30

Be

bo= Perimeter of critical section taken at (d/2) from the loaded area

= 2%{(a+d) + (b+d)} = 2*{(0.30+0.213) + (0.50+0.213)} = 2.452 m.

as=40 for interior column

4
VC-—(z +m) «\24 * 2.452 % 213

1 f40=213

chﬁ( T+ 2) « 24+ 2.452 + 213

Ve=v24 « 2,452 = 213....... control
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Vc=852.02KN
PVc=.75*852.02=639.01

VU = 386.5% (( 1.3*1.3)-( 0.513*0.713) ) = 511.81 KN

4.10.4 Design for Bending Moment:
At X- Direction
Mu=386.5*1.3*0.5*0.5/2=64.298KN.m

Using Reinforced Concrete.

_64.298

Mn =71.44 KN.m

Mn=*10° 71.44+1073
b+d2  1.3+0.2132

Kn = = 1.211 Mpa

Fy 420
0.85 « fc'  0.85+ 24

1 2+kn+m
p=—= 1—- 11—
m Fy
1 2+ 1.211+20.6
= *| 1 — [1—
20.6 420

= 0.00297

m= = 20.6

Asreq = p b »d = 0.00297 = 1300 + 213 = 822.39mm?*/m
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Asmin = 0.0018 *b*h =0.0018 + 1300 * 300 = 702mm?/m

ASreq:822.39 mm>............ control

Select 8¢12 with As=904.32 mm?

At Y- Direction
Mu=386.5*1.3*0.4*0.4/2=40.19KN.m

Using Reinforced Concrete.

_40.19

Mn " =44.66 KN.m

Mn =+ 10° 44.66 + 1073

En = = = 0.757 Mpa
b * d? 1.3+0.2132 P
Fy 420
m= - = = 20.6
0.85 = fc 0.85 = 24
1 2+kn=+m
p=—=*(1— 1 ————
m Fy
1 2=+ 0.757 %= 20.6
= #| 1 — 11—
20.6 420
= 0.00183

Asreq = p *b »d = 0.00183 * 1300 = 213 = 508.8mm?/m
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Asmin = 0.0018 *b*h =0.0018 + 1300 * 300 = 702mm?/m

ASnin=702 mm?............ control
Select 7$12 with As=791.7 mm?
4.10.5 Check for Strain:

At Y- Direction
Tension = Compression

A*fy =085* f/*b*a
791.7* 420 = 0.85 * 24* 1300*a
a=12.53 mm.

x=12.53/0.85 = 14.7 mm

f¢ =24 MPa
d—x
g, = — *0.003
X
=0.0481 > 0.005

~$=0.9 OK.

At X- Direction
Tension = Compression

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

904.32*420 = 0.85 * 24* 1300*a
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a=14.32 mm.
x=14.32/0.85 = 16.85 mm

f =24 MPa
d_
£, = Tx *0.003

=0.035> 0.005

~$=0.9 OK.

4.10.6 Check transfer of load at base of column:

¢Pn = ¢(0.85 *fcl1*Ag)

®Pn = 0.65(0.85)(24)(0.30*0.5)*10° =1989kN> 653.2.
Since ¢Pn >Pu.

SO............ Dowels are not required for load transfer
=~ Use the minimum dowels area,

As min = 0.005 x (50 x 30) = 750 mm2

Use 6 @ 14 dowels with As=923.16cm 2

The ®@ 14 dowels must be developed above and below the base of the
column (to face of footing), as below:
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4.10.7 Development Length (Ld):-

Ld for @ 14:

420

Ly Y *dp=300.06mm >0.044*db*fy=258.72mm

Ld avaitate =((1300-500)+2)-75= 325mm

Ld available=325 mm > I—dReq .......... OK

«+ Material :
— concrete BYO0: Fc' = 2¢N/mm?

— Reinforcement Steel Fy = 420 N/mm?
The wall system is (fix — pin)

@ = 30° y = 18.00KN/m?
Ko=1—-sin@®

=1 —sin 30

=0.5

1- Load on basement wall:
For 1m length of wall:
* Weight of backfill:
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gl =Ko*y=*h
= 0.5*%18.0*2.6 =23.4 KN/m
=23.4*2.6/2=30.42 KN/m

01 (Factored) = 1.6 *18.6 = 29.76 KN/m

* Load from live load:

LL=5 KN/m2

q2 = Ko + LL
=0.5*5=25KN/m

2.5*%2.6=6.5KN/m

02 (Factored) = 1.6 *2.5 =4 KN/m

(4-8-1) Design of the shear force:

Assume h =300 mm,
d=300—40—18 = 242mm
Vmax =18.8KN

e~ VT 6bw d

~ ¢24*1000* 242

Ve =148.194KN

VU <gvc
No shear Reinforcement is required.
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(4-8-2) Design of bending moment:

Mu max =53.8KN.m

Mu 53.8
Mn=—=——=598KN.m
0.9 0.9

Mn=*10®  59.8 + 10°

Kn = = = 1.02 Mpa
b + d? 1000 = 2422 P
Fy 420
m= ;= = 20.6
0.85 = fc 0.85 = 24
2 # kn=m
p=—= 1-— -
m Fy
1 2+ 1.021 = 20.6
= #*|1— [1—
20.6 420
= 0.00249

Asreq = p*b =d = 0.00249 = 1000 = 242 = 603.8mm?/m

Asmin = 0.0012 *b=*h = 0.0012 = 1000 = 300 = 360 mm?/m

Amin = Areq

Select 7012 with As prov = 791.28 mm2(Tension side)

Vertical reinforcement at compression side:
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As req =As min =0.0012*1000*300=360 mm?/m

select 7012

(4-8-3)Design of the horizontal reinforcement:

Asmin = 0.001*b+h = 0.001 » 1000 * 300 = 300mm?/m (for one layer)

Select@8@15cm

Design of bending moment:

Mu max =16.7 KN.m

Mu 16.7
Mn=—=——=18.56KN.m
0.9 0.9

Mn + 10° 16.7 = 10°®

En = = = 0.285 Mpa
b * d? 1000 = 2422 P
Fy 420
m= - = = 20.6
0.85 = fc 0.85 = 24
1 2+ kn=*m
p=—=*(1— 1 ————
m Fy

1 2+0.285 % 20.6
= #| 1 — 11—
20.6 420

= 0.00068
Asreq = p *b » d = 0.000683 * 1000 * 242 = 165.4 mm?/m

Asmin = 0.0012*b +h =0.0012 = 1000 = 300 = 360 mm?/m

%94




Areq = Amin

Select 7012

Vertical reinforcement at compression face:

As req =As min =0.0012*1000*300=360 mm? /m

Select 7012

Design of the horizontal reinforcement:

Asmin = 0.001 b *h = 0.001 + 1000 * 300 = 300m*/m (for one layer)

Select@12@25 cm

Design of bending moment:

Mu max =-43.2 KN.m

Mu 43.2
Mn=—=——=48KN.m
0.9 0.9

Mn * 10° 48 + 10°
b+d2 1000 * 2422

Kn = = .8196 Mpa

Fy 420

= = 20.6
0.85+fc" 0.85+24

m =
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1 1 2+kn+m
m Fy

1 2+0.8196 = 20.6
= #| 1 — 11—
20.6 420

= 0.00199
Asreq = p *b »d = 0.00199 = 1000 = 242 = 482 mm?/m
Asmin = 0.0012+b=*h =0.0012 + 1000 * 300 = 360 mm?/m
Amin = Areq
Select 7012

Vertical reinforcement at compression face:

As req =As min =0.0012*1000*300=360 mm? /m

Select 7@12

Design of the horizontal reinforcement:

Asmin = 0.001*b+h = 0.001 » 1000 = 300 = 3cm?/m (for one layer )

Select@12@25mm

4.12 Pool Design
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1. Design of Retaining Wall:

Y ii=18 KN/m?3 (Unit weight of the soil)

®=30° (Assumption for granular soil)

H = 2.00 m (Height of the retaining wall)

Kp=0.33

Ka=3.33

Case A: Static System against earth pressure:

S"ar

7

FETITTTIT IV

#

[ 1

\_/ 11.88kN/m

11.88kN.m

IKN/ ™

Fig. (4.21): Static System against earth pressure

E.L. calculation

ea:Y*]—[m

Ka

=18 *2 *0.33
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=11.88KN/m

Ea= 0.5x Hxea
Ea= 0.5x 2x11.88 = 11.88 KN/m

L.L. calculation
eap= pxKa

eap= 3x0.33=1KN/m?’
Eap= Hxeap
Eap=2x1 =2KN/ m

> Ma (positive clockwise)=-11.88x0.66-1x2=-9.92KN.m

Case B: Static System against water pressure:

T

i
LR LR
20kN.m

E ]

N

20kN.m

w=H *y
=2*10=20 KN/m?
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W =0.5*w*H
=0.5*20*2
=20 KN/m

> Ma (positive clockwise)=20 x0.66=13.32KN.m
(1.a)Determination of thickness of the retaining wall:

For wall thickness determination we use the water pressure because its
pressure is more than earth pressure, so that the design moment is M=
13.32 KN.m.

Use,

Use p=0.01
m=19.38
M =13.32 KN.m
Mu =21.312 KN.m
Mn = 23.68 KN.m
Rn=p (Fy (1 —0.5pm)
=0.01(420 (1 — 0.5 x 0.01 x19.38)
Rn=3.79 MPa

Mn 23.68 9mm
b req 3.79+1000

If @20 bars are used:
h = (79+20+70) = 169mm

~Use h=200 mm.
(1.b)Wall Reinforcement:

A: design against earth pressure:
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M =11.88 KN.m

Mu = 19.008 KN.m

Mn = 10° 19.008 * 10°
b+d2  0.9+1000 * 1052

En = = 1.915 Mpa

Fy 420
© 0.85+«fc 085=%24

1 2+kn+m
p=—#{1- 1 —————
m Fy
1 2+ 1.915%20.6
= #(1— |1-—
20.6 420

= 0.00479

m 20.6

Asreq = p*b =d = 0.00479 = 1000 = 105 = 503.6mm?/m

|72
b, *d = —=xb, =d

As, ., =
min 2 = 7

AS 1in=306.18<350
Amin = Asreq

AS req Selected =503.6mm?

Check shrinkage and temperature reinforcement
A S shrinkage= 0.0018 x 1000x 200 = 360 mm2 /m

AS 1¢q = 503.6 mm2 / m = As shrinkage = 360mm2 / m
As required =503.6 mm 2/ m

*Use ®12 @ 20 cm......... Asprov. = 565 mm2 /m

Secondary Reinforcement
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The required secondary reinforcement is equal to shrinkage and temperature

reinforcement

*Use ®12 @ 25 cm

B: design against water pressure:

Asprov. =452 mm?/m

= 3.22Mpa

M =20 KN.m
Mu = 32 KN.m
K Mn = 10° 32 + 10°
I]_ — —
b+ d? 0.9 = 1000 * 1052
Fy 420
m= ;= = 20.6
0.85«fc’ 0.85=24

1
= — %
P m

( Z*Icn*m)
1-/1—-——
} Fy

1 2+ 322206
= *»|1- '1-—
20.6 420
= 0.00839

Asreq = p*b =d = 0.00839 = 1000 = 105 = 881.16mm?/m

re
E S
4 ()

—

ASpin = by, »d =
As min=306.18<350

Amin = Asreq

1.4

Y Y

= b, = d
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As (oq selected =881.16mm?

Check shrinkage and temperature reinforcement

A 'S shrinkage= 0.0018 x 1000x 200 = 360 mm2 /m

AS 1¢q = 881.16 mm2 / m = As shrinkage = 360mm2 / m
As required = 881.16 mm ?/ m

* Use ®14@ 15 cm......... Asprov. = 923.16 mm?/m

Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

AS shrinkage= 0.0018 x 1000x 200 = 360mm? /m

*Use ®12 @ 25 cm......... Asprov. = 452 mmz2 /m

2.Design of the Base of the Pool

Taking a one meter strip in the short direction to design this strip, then use the
steel result for all the slab in both direction.

Load calculation:

Take the strip for maximum height of the pool:

Case A: Earth pressure and wall weight:
Load due to wall weight:

P =0.20x2.0x25 =10 KN

Pu=1.2x10 = 12 KN

Load due to earth weight:
E.L. calculation

ea=y=*H=Ka
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=18 *2 *0.33
=11.88KN/m

Ea= 0.5x Hxea
Ea= 0.5x 2x11.88 = 11.88 KN/m

L.L. calculation

eap= pxKa

eap= 3x0.33=1KN/m?
Eap= Hxeap
Eap=2x1 =2KN/ m

> Ma (positive clockwise)=-11.88%0.66-1x2=-9.92KN.m

Y Mu=9.92%1.6
=15.872KN.m

Moment design take at the face of wall (Mu=-19.3KN.m) , So that the
Bottom reinforcement required

Mn = 10° 19.3 = 10°
b+d2  0.9+1000 * 1602

En = = 0.837Mpa

Fy 420
0.85* fc'  0.85 = 24

1 2+kn=+m
p=—=#|1— |1—
m Fy
1 2+ 0.837 = 20.6
= #*11— |1—
20.6 420

= 20.6

m =
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= 0.00203

Asreq =p=*b=d = 0.00203 = 1000 = 160 = 325.95mm?/m

\}fc' 1.4
4(fy)*bw*d zf—y*bw*d

AS min=466.56<533.33

ASpnin =

Amin > Asreq

As (¢q selected =533.33mm?

Check shrinkage and temperature reinforcement
A'S shrinkage= 0.0018 x 1000x 300 = 540 mm? /m
AS 1¢q = 533.33 mm2 / m=As shrinkage = 540mm2 / m

As required = 540 mm %/ m

* Use ®12@ 20 cm......... Asprov. = 565 mm?/m

Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

AS shrinkage= 0.0018 x 1000x 300 = 540mm? /m

*Use P12 @ 25 cm......... Asprov. = 565 mmz2 /m

Case B: Water pressure and Wall weight:

Load due to wall weight:
P =0.20x2.0x25 =10 KN
Pu=1.2x10 =12 KN

Load due to Water weight:

w=y=*H
=10%2=20 KN/m?
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W=w*H*0.5
=20*2*.5=20 KN/m
> Ma (positive clockwise)=20x%0.66= 13.2KN.m

Y Mu=13.2*1.6
=21.12KN.m

Moment design take at the face of wall (Mu= 26.3KN.m) , So that the top
reinforcement required

Mn = 10° 26.3 * 10°
b+d2  0.9+1000 * 1602

En = = 1.14Mpa

Fy 420
0.85* fc'  0.85 = 24

1 2+kn=+m
p=—#{1— 17—
m Fy
1 2#+1.141*20.6
= #| 1 — 11—
20.6 420

= 0.00279

= 20.6

m =

Asreq =p=*b=d = 0.00279 = 1000 = 160 = 447.76mm?/m

7e * b * d >£*b *
a4 ) w w

= =
AS min=466.56<533.33

ASTn.iTr. =

Amin > Asreq

AS oq Selected =533.33mm?

Check shrinkage and temperature reinforcement

A S shrinkage= 0.0018 x 1000x 300 = 540 mm? /m
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AS req = 533.33 mm2 / m=As shrinkage = 540mm2 / m

As required = 540 mm %/ m

* Use ®12@ 20 cm......... Asprov. = 565 mm? /m

Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature
reinforcement

AS shrinkage= 0.0018 x 1000x 300 = 540mm? /m

*Use ®12 @ 25 cm......... Asprov. = 565 mm? /m

Design of dowels:
& Pn=¢(0.85x fc 'x Ag )
=0.7x 0.85 x24 x1000 x200=2856KN
¢ Pn>pu=12......... No dowels required, use minimum reinforcement dowels:
As=0.0012*Ag
=0.0012*1000*300
=360mm’

e Use P12 @ 25 cm......... As prov. =452 mm? /m
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