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Structural Design For Residential house In Dura

Prepared by

Reem Younis Sarahneh Marwa AbdelFattah Saraheen

Palestine Polytechnic University -2022

Supervisor

Eng .Sufian Al-Turk

Abstract

The project is a residential building in the city of Dura consisting of five floors, with an
area of 3049 square meters, which meets all the requirements that ensure the
availability of a suitable environment for living such as: a well, an elevator and a
parking.the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD
(2018), and we studied some old graduation projects, and the project will include
detailed structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements and the preparation
of shop drawings based on the prepared design.

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

fc: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.



Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
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.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€c = compression strain of concrete = 0.003.

& = strain of tension steel.

& = strain of compression steel.

p = ratio of steel area.
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Department of Civil and Architectural Engineering

4-1 Introduction

4-2 Design method and requirements.
4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping .

4-5 Design of One Way Rib Slab (R13).
4-6 Design of Beam (B,21).

4-7 Design of One Way Solid Slab (S1).
4-8 Design of Stair (Stair#2).

4-9 Design of Column (C,16).

4-10 Design of Shear Wall (SW,3).

4-11 Design of Footing (F11).

4-12 Design of Basement Wall
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4.1 Introduction

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

Reinforced concrete is logical union of two materials: plain concrete, which
possesses high compressive strength but little tensile strength, and steel bars
embedded in the concrete, which can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water,
and frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building
codes and specifications that give design procedures are continually changing to
reflect latest knowledge.

Structural concrete can be classified into:

-Lightweight concrete with unit weight from about 1350 to 1850 kg/m?.
- Normal weight concrete with unit weight from about 1800 to 2400 kg/m?.
-Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?®.

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to
obtain the load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural
element is then proportioned such that the strength is reached when factored load is
acting. The computation of this strength takes into account the nonlinear stress-strain
behavior of concrete.

The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.
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NOTE

The statically calculation and the key plans dependent on the architectural plans.

v Code:-

ACI 2008
UBC
v Material:-

Concrete:-B300

v 2 . .
fc'= 30N /mm”(MPa) For circular section

but for rectangular section ( fc'=30*0.8=24MPa )
Reinforcement steel:-

The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v" Factored loads:-

The factored loads for members in our project are determined by:-
Wu=12DL+16LL AClI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless

Deflections are Calculated. (ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)

Simply One end Both end
Y BT supported Continuous continuous CEmIlEEn
solid one way
L/20 L/24 L/28 L/10
slabs
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Beams or

ribbed one L/16 L/18.5 L/21 L/8
way slabs

For Rib :-

Hminfor(one end continuous)=L/18.5=6.4/18.5=34.6cm
Hminfor(both end continuous)=L/21=5.2/21=24.76cm
Hminfor(cantilever)=L/8=1.75/8=21.875m

Take h =35cm

27cm block + 8 cm topping = 35cm

ForBeam :-

Hminfor(one end continuous)=L/18.5=4.15/18.5=22.43cm
Hminfor(both end continuous)=L/21=5.99/21=28.52cm
Hminfor(cantilver)=L=/8=1.2/8=15cm

Take h =35cm

4.4 Design of Topping

v' Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end
fixed in the ribs.

Vule 04m Q‘|“'-..-'u
N TN

<
c
<
c

Fig 4.1: Topping Load
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v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.

No. Parts of Rib
1 Tiles
2 Mortar
3 Coarse Sand
4 Topping
5 Interior
partitions
Live Load :-
L =2 KN/m?

L =2 KN/m2x1m=2KN/m

Factored Load :-

Wy = 1.2 x6.04+ 1.6x2 =10.45KN/m

Check the strength condition for plain concrete, ¢ My > My, where ¢ = 0.55

Mn=0.42 A g’f’ Sm(ACI 22.5.1, equation 22-2)

5

B b. h* B 1000.80°

o 6

6

Calculation

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07*17*1 =1.19 KN/m

0.08*25*1 = 2.0 KN/m

1*1.5=1.5 KN/m

Sum

= 1066666.67 mm-

6.04KN/m
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& Mn =0.55x0.42x1x+/24 x1066666.67 x107° =1.21KN.m

My="2= = 0.139KN.m (negative moment)

_ WLt

My = 0.0697 KN.m (positive moment)

¢ Mnp>>My= 0.139 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAsminfor
slabs as shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl 7.12.21
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

3h =3%80 =240 mm control ACI1 1054
450mm.

S :Bso(iﬂ) — 2.5C = 380 ( 20 ) — 2.5 .20 = 330mm ACI 10.6.4

Zan
g

a3

Take @ 8 @ 200 mm in both direction , S = 200 MM <Smax = 240 mm ... OK

4.5 Design of One Way Rib Slab (R13)

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > 10CM. ...t ACI(8.13.2)
Select bw=12 cm
h<3.5%bW oo ACI(8.13.2)
Select h=35cm<3.5*12= 42 cm
tf>Ln/12>50mm ... ACI(8.13.6.1)

Select tf=8cm



(LI araadl)

2l 3l Juadl)

v Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Load Calculation:-

Dead Load:-

Table (4.3): Dead Load Calculation of Rib(R13).

No.  Parts of Rib

1 Tiles

2 Mortar&Plaster

3 Coarse Sand

4 Topping

5 RC. Rib

6 Hollow Block

7 partions

Calculation

0.03*23*0.52 = 0.3588 KN/m/rib

0.06*22*0.52 = 0.6864 KN/m/rib

0.07*17*0.52= 0.6188 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*0.12 = 0.81KN/m/rib

0.27*12*0.4 = 1.296 KN/m/rib

1.5*0.52= 0.78KN/m/rib

Sum = 5.59KN/m/rib

Dead Load /rib =5.59 KN/m
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Live Load:-
Live load = 2 KN/ m?

Live load /rib =2 KN/m? x 0.52m = 1.04KN/m.
% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)

be For T- section is the smallest of the following:-
be =L/4=255/4=63.75cm
b =12+ 16t=12+ 16 (8) =140 cm

be = be < center to center spacing between adjacent beams = 52cm. __ Control

b. For T-section = 52cm .

v" Section :-

Bf = 520mm

Bw=120mm

h=350 mm

t= 80 mm
d=350-20-10-12/2= 314 mm

Ll

v" Statically System and Dimensions:-

Geometry Units: meter,cm

1 2 3

A
08 2.78 , 076 2.54 08 4.08 0.78

550

 —
:—g
b
bl
L]

343 332 4.83

Live load - Service Load factors: 1.20,1.20/1.60,0.00

Fig 4.2: Statically System and Loads Distribution of Rib(R13).
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Moment/Shear Envelope (Factored) Units:kN,meter

spans 110 8

-17.9

1.7
-8,

——t o
M \_/
T
190 | 29 B m

83
44
N das
N
82

X )
A\ T
|18 . 1ee | 13 |

18.

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R13).

v" Moment Design for (R 13):-

Design of Positive Moment for (Rib1 3):-(Mu=16.7KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstimps— 22 = 350 — 20 — 10 — = = 314 mm

Check if a>hs to determine whether the section will act as rectangular or T- section.
Mf =0.85. . b, . h. (d — -£)

80

-

= 0.85 X 24 X 520 X 80 X (314 _ ) x 10~¢ = 232.53 KN.m

Mnf>>Mf = == 18.56KN.m , the section will be designed as rectangular section
with be =52mm.
F a1 nE
Ri= s = 170 _ 5362Mpa
Pbd= 0.9= 520 =314~
__fy _ a0 _ 20.6

m=—t5 =
0.85f- 0.85 24
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0.6

. | — .
p="- (1— l1— —”"R“)= - (1— |'1——"’"°"5""”'36')=u.000869?

! 420 ! 420

Asreq = p.b.d = 0.0008697 x520%314 = 142.005 mm?

Check for As min:-

r

As min =

-318 (10.5.1)

As min =2_(120)(314) = 109.877mm?

20}

) 14
A =——(bw)(d
S min (fy)( w)(d)

As min =£[120][314] = 125.6mm? —controls
Asreq= 142.005mm? >Asmin= 125.6mm? — OK

Use2 @ 10 ,As,provided: 157 mm2>As,required: 142.005 mm?.... Ok

120-40—-20—(2%10)
S= n

=40mm > d, = 10 =25 mm _ OK

Check for strain:-

_ Asfy 157420

= ;= = 6.216 mm
0.85b f,  0.BEx520x24

c=— = 8218 7.313 mm
=, 0.85

e, = 0003 (=) = 0.003 (22222) = 0.126 > 0.005 _0k

7.313

10
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Design of Negative Moment for(Rib13 ):- (Mu= - 11.7 KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dsirmps— 2 = 350 — 20 — 10 — — = 314 mm

M 11.7=10%
Ri=—% =—"""__ — 1099 Mpa
Bbd® 09120 X314
_ 4z - 206

m=—t; =
0.85f- 0.85 24

. — . R —
p= i(l —- [1- —"4ﬂf“) =— (:L ~- [1- —"’"“"ﬁ’gl‘”““) = 0.00269
\ 2 20. \ 2

Asreq = p.b.d = 0.00269x120x314 = 101.36 mm?

Check for As min:-
As min :% (bw)(d) ACI-318 (10.5.1)

V24
a(az0)

As min = (120)(314) = 109.877mm*
As min =2 (bw)(d)
(fy)
As min === (120)(314) = 125.6mm?controls

ASreq = 101.36 mm? >Asmin= 125.6 mm?OK

Use 2 @ 10 ,As,provided: 157 mm2>As,required: 101.36 mm?... Ok

S = ““““”‘i”‘“""”:‘ =40mm>d, =10> 25 mm _ OK

Check for strain:-

_ Asfy 157420

= ;= = 26.94 mm
0.85b f,  0.BEx120x24

c=—= = 2632 31.69mm
=B, 0.85

11
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d—c 315—31.69
E, = EI.EI[IE( ) = 0.003 (W) = 0.0268 = 0.005 _ Ok

v" Shear Design for (R 13):-

Vu at distance d from support= 18 KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than
for beams. This is mainly due to the interaction between the slab and closely spaced
ribs.(ACl, 8.13.8).

Ve :% Jiib,d= % /24 X 120 X 315 % 1073 = 33.95 KN

®Vc =0.75%33.95 =25.46 KN
0.5 ¢ Vc =0.5%25.46=12.73 KN
0.5 ¢Ve< Vi< ¢ Ve

Case (2) for shear design, minimum shear reinforcement is required (A4

vanin )l

exception for Ribbed slab , No shear Reinforcement .

50.24 = xUse stirrups U-shape as montage (2 leg stirrups ) 88 @ 250 mm , Ay =2
100.48 mm?,

2+50.3
0.25

mMmM?/MsuipA,, = = 401.92

4.6 Design of Beam (B21)

v Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
v" Section :-

= B=75cm
= h=35cm

12
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=  d=350-40-10-20/2= 290mm

v' Statically System and Dimensions:-

Geometry

Units:meter,cm

1 2 3
| A__, A A :
A A A
09 05, 52 3.65 05,
146 57 415 o
35
75.
AA
Loading
load no. 1
- Service Unita:kN,meter
. I
=3 T — ™ ——T— oks
148 385 1% 418
Live loed - Service Load factors: 1.20,1.20/1.60,0.00
v V4 dpqgl ¥ v 4 gag ¥ ¥ ¢ gag ¥ ¥ ¥
i ;ﬁ 3.85 1.85 418

Fig 4.4: Statically System and Loads Distribution of Beam (B21).

v" Load Calculations:-

Dead Load Calculations for Beam(B21):-
The distributed Dead and Live loads acting upon (B21) can be defined from
the support reactions of the R11 and R12 &R13.

13
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From Rib11

The maximum support reaction from Dead Loads for R11 upon B21 is
4.18KN, The distributed Dead Load from the R11on B21.
DL =(4.18/0.52) =8.04 KN/ m

From Rib12

The maximum support reaction from Dead Loads for R12upon B21 is
14.34 KN, The distributed Dead Load from the R12on B21.
DL =(14.34/0.52) =27.57 KN/ m

From Rib13

The maximum support reaction from Dead Loads for R13 upon B,21 Is
18.33 KN, The distributed Dead Load from the R13 on B21.

DL =(18.33/0.52) = 35.25 KN/ m

Live Load calculations for Beam (B21):-

From Rib11
The maximum support reaction from Live Loads for R11 upon B21is 1.93 KN The

distributed Live Load from the Rib 11 on B21.

LL =1.93/0.52= 3.71 KN/m.

From Rib12

The maximum support reaction from Live Loads for R12 upon B21 is 4.26 KN The
distributed Live Load from the Rib12 on B21.

LL =4.26/ 0.52= 8.19 KN/m.

From Rib13

The maximum support reaction from Live Loads for R13 upon B21 is 4.26 KN The
distributed Live Load from the Rib12 on B21.

LL =4.26/ 0.52= 8.19 KN/m.

14
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Moment/Shear Envelope (Factored) Units:kN,meter
_Moments: spans 110 3
-187.5
-130.7 -145.4
-15.5 /\
A7 L |
05 [ ! g i
p—FT¢ +—— =
} 1.08/1.19 IU
18. 216
69.5
1399
|15 | 228 342 | 27 145 |
_Shear
-188.2
-166.1
-83.8
59.8
ETEN L
I T T T T T
790.8/ 7/
129 1423
1765

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B21).

v Moment Design for (B21 ):-

Flexural Design of Positive Moment for(B21):-(Mu=139.9KN.m)

Determine of Mn max
d =350 — 40 -10 — 20\2 =290 mm

3 3
£ = Ed = E! 290 = 124286 mm

a=3B.c = 124286 = 0.85 = 105.64mm

Mnma= 0.85+ £ =a*b(d- 2 )= 0.85%24*105.64*750 *(290 -105.64/2 ) *10°6=
383.35KN.m

@ Mnmax = 0.82* 383.35 = 314.347 KN.m >139.9 KN.m .

Design as singly reinforcement

15
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M, 139.9 x 10°

u

En = - = -
Obds 09 x 750 x 290°

= 246 Mpa

v 420
m: ¥ 7 =
0851 0.Bo <24

[
i1y Jj_zmRy| _ 1 _ |y _ zxz0ex246 | _
p= m (1 ".‘l 1 420 ) 20.6 (1 ,,q| 1 470 ) 0.00626

= 20.6

As = p.b.d = 0.00626x750x290= 1361.55mm?

Check for Asmin:-
y fc! Yer3 )
ASmin = —— (bw)(d) = # 750 = 290 = 634.24mm
A( fy) 44420

ASmin = ﬂ(bw)(d) =22 & 750 = 290 = 725 mmZ Controls
(fy) 420

Provide As required=1361.55mm?

Use 5g 20 Bottom, As= 1570.8mMm?>As required= 1361.55mm?2... Ok

Check spacing :-

750—40+£2—20—(5x20)
S = 4 =

137.5mm>=d, =20=25mm OK
Check for strain:-

_ a5y 1570.8x420
0.85b f.  0.85x750 %24

= 43.12mm

] 43.12
C=—=
E, 0.85

= 50.73mm

16
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d—c) 0 (2‘3‘0— 50.73

) = 0.014 = 0.005 0k
50.73

Flexural Design of Positive Moment for(B21):-(Mu=69.5KN.m)

M £9.5x 105
Rni=—% = — = 1.22Mpa.
Bhd®  0.9%750:=290°
Fo 420
=t = = 20.6

0.85f,  0.85x24

_ — _ l 70 £l 27
pzi(l_ fl—ﬂ) =1 (1_ H—ﬁ) = 0.002997
m ! 420 0.6 g 420

As = p.b.d = 0.002997x750%290 = 651.85mm?,

Check for Asmin:-

—_—
=

Jfc /
Asmin = Y (bwy(d) = 222« 750 + 290 = 634.24mm?
A( fy) 44420

ASmin = ﬂ(bw)(d) =22+ 750 = 290= 725mm2Controls
(fy) 420

Provide Asmin =725mm?

Use 3918 Bottom, Asprovided= 763.4MmM2>Asmin= 725mm? ... Ok

Check spacing :-

g — 7B0-40+2-20—(3X18) _ 5qn 0 -, d,=20>25mm OK

el

Check for strain:-

_ fAsf,  _ 7E3.4x420

= ;= = 20.95mm
0.85b f,  0.BExT50x24

17
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c=2 =25 = 2465mm
B, 0.85
d—oc 291 — 24,65
£, = 0.003( ) = 0.003 (—) =0.0324 = 0.005 ok
c 24.65

Flexural Design of Negative Moment for(B21 ):-(Mu=145.4 KN.m)

2 M, 145.4 x 10° N
n= - = 5 = & a
@bd® 0.9 X 750 X 2907 P

fy 420
m: ¥ 7 =
0.B5 5 0.85%24

= 20.6

. IT . | o 5
pzi(l_ f:L—ﬂ) S (1_ h—M) = 0.006535
m N 420 2.6 N 420

As = p.b.d = 0.006535 x750 x290 = 1421.4mm?

Check for Asmin:-
| fc! J7E )
ASmin = ——(bw)(d) = — # 750 = 290 = 634.24mm
4A( fy) 4420
_ 14 14 . _ 2
ASmin = —— (bw)(d) = — = 750 = 290 = 725 mm* Controls
(fy) 20

PI’OVide Asrequired =1421.4m m2

Use 5g 20 Bottom, As= 1570.8mMm?>As required= 1421.4 mm?... Ok

Check spacing :-

S = TED_‘;D*:;:D_':EX:D} =1375mm >d, =20 >25mm OK

Check for strain:-

18
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A = ; -
=57y = 157084320 _ 43.12mm
0.85b fy  0.85x750 %24
c=—= BL_ 50.73mm
B,  0.85
ad—c 290 — 50.73
.= EI.EIEIE( ) =10. (—) =0.014 = 0.005 ok
c 50.73

v" Shear Design for (B 21):-

Vu=296.4 KN

Ve==\[fc'b, d == =v24&+ 750 « 0.440 = 269.44 KN
® V= 0.75%269.44=202.08 KN

0.5® V.=101.04 KN
0.5® Vc=101.04 KN <Vu=296.4KN <® V,=202.08 KN

v Case 2:-

for shear design, minimum shear reinforcement Reinforcement is required , provide

(Av.min)-

Use stirrups (2 leg stirrups ) 810/ 200 mm , Ay = 2 * 79 = 157 mm?

S max is the smallest of :

A far 157.1+420
) —fvbm __—289.6 mm
Q.UGZ*DW*.,‘-'}’CI 0.062+750 *+24
A far 157.1+420
) fefym 157129 551 36 mm.

0.35+bw  0.35%750

3) % =400/2 220.

4) 600 mm .

Use stirrups (2 leg stirrups ) 810/ 200 mm .

19
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4.7 Design of One Way Solid Slab (S1).

v Material :-
— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Slabs Thickness calculation:-

The overall depth must satisfy ACI Table (9.5.a):
= from  ACI-318-08 table (9.5a)

Min h ( deflection requirement ) > :

- For simply supported one-way solid:

L 5.67
— = ——=0.2836m
20 20

For One way solid slab ,we will use thickness of slab 30 cm .

20
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v' Statically System and Dimensions:-

Geometry Units:meter,cm

1
—— A ——
14 & [ I F—
03, 6.2 , 088
I T T 1
1 m i
r 1
28
100.
AA
Loading
load no. 1
Da-:l’l:lg-&rvlm Units:kN,meter
t
T
5.87
Live load - Service Load factors: 1.20,1.20/1.60,0.00

:

Fig 4.6: Statically System and Loads Distribution of Solid Slab(S1).

Load Calculations:-

Dead Load:-

Super Dead=1KN/m
Live Load:-

LL=5KN/m .

21
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Moment/Shear Envelope (Factored) Units:kN,meter

_Shaar
459
4.2
i
T 1
499 4T3
_Reactions
Factored
:: —
DeadR 2722 a2
LiveR 2288 2268
MaxfR 409 4.9
MinR ne oz
Sarvice
DeadR 2288 22.68
LiveR 1418 14.18
MR 38.88 30.88
MinR 288 288
_Moments: spens 10 1 Load patbem: o

Fig 4.7: Shear and Moment Envelope Diagram of Solid Slab(S1).
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v" Design of slab:-

Assume bar diameter @10 for main reinforcement.

10
d =300—20 5 = 275 mm

e For shear:

check whether thickness is adequate for shear:

Vumas = 47.3 KN/Im strip

1
OVe= Z+075+ [;&’ «bw * d
= £ +0.75+ (24 +1000 * 275 = 168.4 KN \ 1m strip

~@Ve = +168.4 =842 KN/ 1m strip

1
Vimax = E@Vc — No shear reinforcment is required

e [or positive Moment:
Mu =38.6 KN.m /m

fy 420

m = - = = 2059
0.85* fc  0.85*24

Mu/ ¢
b*d?

Rn =

38.6+1073/0.9
T 1%(0.275)2

pzi(l- 1_2m*Rn)
m fy

=0.56 N/mm? (Mpa)

23
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2(20.59)(0.56
! ( —Jl —w) =0.00135 > pmin=0.0018 -ok

p=———(1
20.59 420

As=p*b*d=0.00135* 1000 * 275= 371.84 mm?

Check Minimum Reinforcement AS min...(ACI- 318M-08 — (10.5.1) )
As min =Pmin “P*N 26 0018 « 1000 ~ 300 = 540mm?  (control)
As < As min
As req =540

= Use ®10/12cm , As prov = 654.5 mm2/m

step ( s) is the smallest of :-

s.%s;o(?)—z.s*cc
5

s380*($)—2.5*20 =380*(22220)—2.5*20:330mm
al¥ 3
280 280 280
< =) = * (280, _ * -
< 300 ( e ) =300 (Sf}‘) 300 (§x4zo) 300 mm (control)

<3*h=3*300=900m
<450 mm.

S=100mm <= Smax = 300mm

~Use ®10@ 12 cm in main directions.

Temperature and Shrinkage :

> p =0.0018

AS min=p,, *D*h  =0.0018 » 1000 » 300 = 540mm?  (control)

Use @10 @ 120 mm

24
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4-8 Design of Stair (Stair#?)

}FLI

FLI
/1

) 2.80 . 2.40 ., 1.75

1.56

_1.55 010

Fig 4.8: Stair Plan.

v Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20

hmin = 2.4/20 = 12 cmTake h = 20 cm

25
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The Stair Slope by 6 = tan™(17.2 / 30) = 29.83

Fig 4.9 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.4): Dead Load Calculation of Flight.

No. | Parts of Flight Calculation
1 | Tiles 23*0.03*1*((0.3+0.177)/0.3 ) = 1.0971KN/m
2 Mortar 22*0.03*1*((0.3+0.177)/0.3 ) = 1.0494KN/m
3 | Stair 25*%0.5*%0.177*1 = 2.2125KN/m
4 |RC 25*0.2*1 / c0s29.830 = 5.76 KN/m
5 Plaster 22*0.03*1 / c0s29.830 = 0.76KN/m

Sum =10.87KN/m
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Live Load For Landing For 1m Strip =5*1 =5 KN

v" System of Flight:-

service Live load = SkN/m

\[ J- ~ | | \J/- ~ | \_5/ \_5_/- |, \]/

service Dead load = 10.87kN/m

JLILLLLLLLY

N\

\\
777777

T

DL=13.044 KN

//\ LL=6& KN
(T
/‘\;'_)'_— 13.044 KN
LL=6 KN
P 0.5 > 2.4 ~ 0.5 ,

Fig 4.10: Statically System and Loads Distribution of Flight.

Factored Load For Flight :-

Wy = 1.2 x10.87 + 1.6x5 =21.044KN/m

27
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21.04kN/m
LLLLL DL L L]
AN
STF7TI?
AR
25248 KN
(, N
\'\\'\.'\\.
™
| 25.248 KN
.05 2.4 .05

Fig 4.11: Statically System and Loads Distribution of Flight.

Boemenie  span 1001

Fig 4.12: Shear and Moment Envelope Diagram of Flight.
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v' Design of Shear for Flight :- (Vu=25.248 KN)

Assume bar diameter g 12 for main reinforcement
d =h- cover —% — 200 — 20 — % — 174 mm
Ve=:\/fc'b, d == =V24 1000 * 174 = 142.07 Kn

® V.=0.75* 141.25 = 106.55 KN > Vu = 25.248KN...... No shear reinforcement
are required

v" Design of Bending Moment for Flight :- (Mu=27.77KN.m)

M, 27.77x105
T pbd? ~ 0.9%1000x1742

Rn = 1.019 Mpa

' 420
m= 'G' ;=
0.85f; 0.85x24

p= i (1 _ 1= Z.m.Rn) _ L(l _ Jl _ 2)(2{1.63-(1.019) — 0.00249
m 420 20.6 420

Asreq = p.b.d = 0.00249 x1000x174 = 433.269 mm?/m

= 20.6

Asmin=0.0018*1000*200 = 360 mm?/m
ASreq = 433.269 MmM2>As min=360 mm?2/m

Check for Spacing :-

S =3h=3%*200 = 600 mm

289y _2.5%20 =330
420

S = 380*(;
2

S =450 mm

29
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S=330 mm ......... is control

Use 912 @ 150 mm , Asprovided= 753.98 mm2>As,required = 433.269 mm?... Ok

Check for strain:-

AS'. r .
_ f} = 753.98x420 _ 1552 m
0.85b - 0.85x1000x24
Cc= i 1552 = 18.26 mm
By  0.85
— 0.003 (d_c) -0 (174 _18'26) — 00.0255 > 0.005 ok
g, = 0. —)= 1826 = 00. 005 ...

v' Lateral or Secondary Reinforcement For Flight :-

As,req: Asymin :00018*1000*200 = 360 mm2

Use ﬂlﬂ@ 200 mm ,Asprovided= 392.6 mm2>As,required= 360mm?... Ok
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2- Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20

hmin=3.2/20 =16 cm

Take h=25cm

v" Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.5): Dead Load Calculation of Middle Landing.

No. | Parts of Landing | Calculation

1 Tiles 23*0.03*1=0.69KN/m
2 Mortar 22*0.03*1= 0.66KN/m
4 R.C 25*0.25*%1=6.25KN/m
5 Plaster 22*0.03*1= 0.66KN/m

Sum = 8.26KN/m

Live Load For Landing =5*1 =5 KN/m

Factored Load For Landing :-

Wy = 1.2 x8.26 + 1.6x5 = 17.912KN/m
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Factored Load From Flight :-

WFL1 _ 25248

Win =——=="—= 16289 KN/m
4 System of Landing:-
ITIlIT [ITIlITID

VIV N ANV N

AN AN

53.925KN S53.925KN

71.55 L 0.7 71.55

Fig 4.13: Statically System and Loads Distribution 0f Middle Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spanltol

Shear

46.41

-53.9

46.41
53.9

Fig 4.14: Shear and Moment Envelope Diagram of Middle Landing.

v Design of Shear:- (Vu=46.41 KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 250 — 20 — ? — 223 mm

VA :é f'b,d == 224 = 1000 = 223 = 182.1 KN

T e

O* Vo=0.75* 182.1 = 136.6Kn> Vu =46.41 KN...... No shear reinforcement are
required
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v" Design of Bending Moment :- (Mu=42.52KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 250 — 20 — ? — 223 mm

M, _ 4252x10%
Rn= opd®  0.9x1000%x223Z 0.95 Mpa
) 420
Ly — 206

T 0.85f]  0.85x24

p:i(l— 1_M) :L(l_\ll_w) = 0.00231
m 420 20.6 420

As,req = pbd =0.00231x1000%x223 =516.737 mm2

Asmin =0.0018*1000*250 = 450mm?

Asreq = 516.737 mm?2......... is control

Check for Spacing:-

S =3h =3*250 =750 mm
280

S =380%(——) — 2.5*20 = 330
S+ 420

S =450 mm

S=330mm ......... is control

Use g10@150 mm ,As provided= 523.59 mm2>As,required: 516.737 mm?... Ok

Check for strain:-

Asf )
_ f} = 523.59x420 _ 10?8 mm
0.85b f; 0.85x1000x24
c= a _1078 _ 12.68 mm
B,  0.85
— 0.003 (d_c) —0 (223 _12'68) — 0.049 > 0.005 ok
g = 0. —)= 1768 = 0. 005 ...
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v Lateral or Secondary Reinforcement For Landing:-

As‘req: As‘min =0.0018*1000*250 = 450 mm2

Use 210 @ 150 mm ,Asprovided= 523.59 mm2>As,required: 450 mm?... Ok

3- Design of Main Landing:-

v" Determination of Thickness:-

hmin = L/20
hmin=2.5/20=12.5cm
Take h=35cm

v" Load Calculation:-

Dead Load For middle Landing For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Main Landing.

No. | Parts of Landing | Calculation

1 Tiles 23*0.03*1=0.69KN/m
2 Mortar 22*0.03*1=0.66KN/m
4 R.C 25*0.35*%1=8.75 KN/m
5 Plaster 22*0.02*1= 0.44KN/m

Sum = 10.54KN/m
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Live Load For Landing =5*1 =5 KN/m
Factored Load For Landing :-
Wy =1.2 x 10.54 + 1.6x5 = 20.648 KN/m

Factored Load From Flight :-

WFL1 25248
Wi ao = —— = — 16.
LA2 . 155 16.289 KN/m

v" System of Landing:-

20.648KN 20.468KN

16.289KN

AN A
) )

58.06KN 58 06KN
) 1.55 L 0.1, 1.55 ,
, 3.2 ,

Fig 4.15 : Statically System and Loads Distribution of Main Landing.
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: span 1to 1

| 16 45.64 16

58.06
-58.06

58.0649-96

Fig 4.16 : Shear and Moment Envelope Diagram of Main Landing.
v Design of Shear:- (Vu=49.96KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 320 — 20— ? — 293 mm

Ve=:\/fc'b, d == =V24 1000 « 293 = 2932 KN

O* V.-0.75* 293.2 = 219.9KN> Vu = 49.96 KN...... No shear reinforcement are
required
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v Design of Bending Moment :- (Mu=45.64KN.m)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 320 — 20 — ? — 293 mm

M, _ 45.64x10%
Rn= Obd? ~ 0.9%1000%x293% 0.59 Mpa
, 420
Iy ~ 206

" 0.857)  0.85x24

p:i(l _ 11 _ﬂ) :L(l _Jl _M) = 0.001425
m 420 20.6 420

Aseq = p.b.d = 0.001425x1000%293 = 417 mm?

As min =0.0018*1000*350 = 630 mm?
Asreg=417 MM?<Asmin=630 mm?>......... is control

As min=630 mmZ......... is control

Check for Spacing:-

S =3h =3*350 =1050 mm
280

S = 380*(——) — 2.5*20 = 330
S+ 420

S =450 mm

S =330mm ......... is control

Use g12@ 15 mm ,Asprovided= 753 MM?>As required= 630mm?... Ok

Check for strain:-

_ Asfy, _ 753x420

- = = 15.5 mm
0.85b f]  0.85x1000x24

15.5
=2 =22 18.23 mm
B, 0.85

38



LN asacail) 2N Juadl

v Lateral or Secondary Reinforcement For Landing:-
As‘req: Asimin =0.0018*1000*350 = 630 mm2

Use 12 @ 150 mm ,Asprovided= 753 mm2>As,required= 630mm?2... Ok

810015
100cm

T
B0em N
r

-um,rj 10915

Fig 4.17: Stair Reinforcement Details.

4.9 : Design of Column (C16)

v' Calculation of Loads act on Column (C16)

Loads acting on columns are obtained from support reaction when analyzing the
supported beams.

Material:
Concrete B350 Fc' = 28Mpa
Reinforcement Steel Fy = 420Mpa

@ stirrup = 10 mm

Cover = 40 mm
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Loads acting on column (C16) are as follows:
Dead Load = 560kN

Live Load =80 kN

Factored loads :

(Pu=12DL+1.6LL=1.2x560+1.6x80=2800kN

v" Calculation of Required Dimension of Column (C16)
Total load Pu =800 kN
Pn =800 /(0.65) = 1231kN
Assume pg = 1.0 %

Pn = 0.8 * Ag{0.85 = fc’ + pg(fy — 0.85fc")}

1231 =102 = 0.8 = Ag[0.85 = 28 + 0.01 = (420 — 0.85 = 28)]
Ag =85271.5 mm2

Assume Rectangular Section

h =300 mm

b =85271.5/300 = 284.238 mm

Select b = 600 mm

)

60

Fig 4.18 : Column section
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v Check Slenderness Effect:
For braced systemif A = 34 — 12% < 40 , then column is classified as short

column and slenderness effect shall not be considered.
Klu

1= —

r

Where:

Lu: Actual unsupported (unbraced) length = 3.12 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \E ~0.3 h

System about X System about Y
A< 34—-12(1) =22 <40 A= 34-12(1) =22 <40
A =346 > 22 . longabout X . -~ shortabout 4 = 17.33 < 22

v Minimum Eccentricity:-

_ Mux _0
Pu
miney =15+ 0.03xh =15+0.03x 300 = 24mm = 0.024m
ey =0.024m

v Maagnification Factor:-
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5. =—CM __ ~10and<1.4
Pu

~ 0.75P,

Cm=0.6+0.4 M1 =04
M 2

Cm=06+04*1=1>0.4

_ 7El
“ (KLu)?

E.l,
El = 0.4
1+ B4

E. = 4700,/fc’ = 4700 x \/28 = 24870.6Mpa

_12DL 1.2+ (560)

=084 <1

Ba Pu 800

; _bxh3_0.60x0.303_000135 .

9= " 12 12 - m
—0'4X24870xo'00135—7298MN ,
= 1+ 084 - -

P _ 7298 = 7.399MN

T (1=3.12)2 7

5. .= L = 1.16 = 1.0and < 1.4
ns = 800 =116 = 1.0ana = 1.

1 -975+-7399

v" Interaction Diagram:-

eV = eN&min
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ey 0.02784

=g = 00464

y 300—2+40—2+10— 14

P = 200 = 0.62

From the interaction diagram chart

Y_

from chart A9-a for h

0.6 —» pg =001

from chart A9-b for % =0.75 - pg = 0.01

then for % = 0.62 - pg = 0.01

Select reinforcement
Ast = pg X Ag = 0.01 x 300 = 600 = 1800mm?
Select 12 14 with As = 1847.256 mm? > Ast = 1800mm? .

v" Design of the Stirrups:-

The spacing of ties shall not exceed the smallest of :-
spacing =16 X d, =16 X 1.4 = 224 cm

spacing =48 X d;, =48 x 1.0 = 48 cm
spacing = 40 cm

Usepl0@10 cm

#10\10cm L=122

e
25

Fig 4.19 : Column reinforcement .

43



(AN avaail) ) 1) Juadl)

4.10: Design of Shear Wall (SW.3)

6.95m

Fig 4.20:Shear Wall.
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1520.90

.S . . . . S S 9

Fig 4.21: Shear Diagram of Shear Wall.

1430.41

\

A A A A A A A A

5275.13

Fig 4.22: Moment Diagram of Shear Wall.
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v" Material and Sections:- (From Shear Wall 3)

— concrete B350 Fc' = 28 N/mm?
=  Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=35cm

= Shear Wall Width Lw=6.95m

=  Shear Wall Height Hw=3.12m

v" Design of Horizontal Reinforcement:-

ZFx = Vu = 15209 KN

The critical Section is the smaller of:

lw 6.9

> =5 = 3.475m....Control
hw  18.72

- = — = 0.36m

storyheigh(Hw) = 3.475m.

d=08xLw=08x6.95=556m

5
@Vnmax = @g f‘c.fh’d
= 0.75*0.833 ++/28 = 350 * 5560 = 6433.22 KN >V, = 1520.9KN

is the smallest of : V.
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1— V. ==\/f’hd = =28 « 350 « 5560 = 171621KN ....... Control
N, d
2~ V, = 0.27\/f;’hd + 7~ = 0.27V28 » 350 = 5560 + 0 = 2780.26KN
w
L, (0.1 £ +0.2 IN‘;l)
3 — 7. = [0.05,/F + w2 | hd
” J M, L,
o 2

6.95(0.1v28 + 0)
0.1

= [0.05v/28 + 350 = 5560 = 72080.8KN

5275.13 — 143041 M, — 143041 -
3.475 ~ 3.475 —3.375

M, = 2100.4KN.m

Vc=1716.2KN
Vu =1520.9 KN > % *0.75*1716.2= 643.575 KN Needs reinforcement

@ * ve + Qvs = vu

0 = vs=vu-0 = ve

Vs=vu/p — ve.
Vs=1520.9/0.75-1716.2= 300.6 KN

Son _ U5 9374 00001287 mm?/ m
s, fyd  420+5520

- Maximum spacing is the least of:
Lw_ %0 = 1390 mm

3*h = 3*350 = 1050 mm

450 mm ....... Control

Take p =0.0025

Try @10 (As = 78.5 mm?) two layers

= don _ 2785 (0025

" hSp 3508
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S5p==179.4mm
— use P10@250 mm in two layers

v" Design of Vertical Reinforcement:-

Apy _ h_w Aph _ ]

b _[0.0025 +05 (25 - ) (2 — 0.0025) | *300

Apy 18.72 157

b [0.0025 +05(25 - 20 (5o - 0.0025)]*300
v

5= 0757

Try 12 (As = 113.1 mm?) two layers

2+1131 0.757
s,
S,=298.8 mm

- Maximum spacing is the least of :

Lw _ s9s0

3*h = 3*350 = 1050mm
450 mm ....... Control

— use P12@250 mm in tow layer

v" Design of Bending Moment:-

= (6950) 2+ 113.1 = 6288.36 mm?
st — 250 A= - mim
A 6288.36 420
w = (—“)f—y, = ( ) = 0.0387
L,h)f’ ~ \6950+350/ 28
F,
a = =0
Lyhfe'
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c  wita 0.0387 + 0 _ 0.0484
I, 2w+0.858, 2=0.0387+0.85+0.85
B c
OM, = 00545 fyly (L +— ) (1 — 1)
Astfy IEW

= 0.9[0.5 * 6288.36 = 420 = 6950(1 + 0)(1 — 0.0484)] = 7860.287 KN
= 2100.4 KN.m

Mub = Mu-@Mn =2100.4 - 7860.287 = —5759.88 KN.m

Iw _ 6950
Xz —5= =11.5 mm
6{1{1:.::_ 600+.1
w

Lb= == 575mm

-]

Since Smallest value of Lb & Mub not requires Boundary.

4.11 Design of Footing (F11)

v Material :-
— concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :- (From Column C3,14)

Dead Load =1810Kn , Live Load = 310Kn
Total services load = 1810+ 310=2120 Kn
Total Factored load =1.2*1810 + 1.6*310 = 2668Kn

Column Dimensions (a*b) =50*50 cm
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Soil density = 17Kg/cm3

Allowable Bearing Capacity = 400KN/m2

Mesh #10020cm

16816 L=2.85
16816 L=2.85

250 10
270

Fig 4.23 :Foot Section.

Assume h = 55cm

Oret_atiow = 400 —17*0.7 — 25*0.65= 371.85kn/m2

v" Area of Footing :-

Pt 2120
37185

gner—a."."au

2

A= 5.7m
Assume Square Footing

B required = 2.4m

SelectB=25m
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v’ Bearing Pressure :-

Qu = 2668/2.5*2.5= 426.88KN/m?

v" Design of Footing :-

1: Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column
Assume h = 55cm , bar diameter g 12 for main reinforcement

d=550-75-12 =463 mm

B—a

Vu:q”*( 2

—d)*L

2.5—0.50

VU = 426.88*( _ 0.463) «2.5=573.08 KN

1
@.chqo.g* fe'+b, *d

1
@.Ve=0.75= 3 +4/28 * 2500 = 463 = 765.6Kn
@.Vc=765.6 >Vu=>573.08Kn

= Safe

2: Design of Two Way Shear Strength :-

Vu = Pu — FRy,

FR, = q, =are of critical section

and 7.5 cm Cover

Vu = 2668 — 426.88[(0.5 + 0.463) » (0.5 + 0.463)] = 2272.12 KN

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

51



LN asacail) 2N Juadl

1, 2\[.7
¢.\/C —¢g[l+ﬂ—clﬁbod
e =9 [b /d erd
oV, =411 b,g

Where:-

Column Length (a) 50
€ ColumnWidth (b) 50

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

b, = 2*(46.3+50) + 2* (46.3+50) = 385.2cm

%s =30 for edge column

OV, = ¢%(1+ ﬂi}/ £ b,d = %*(1+%)*@*3852*463= 3538.97KN

C

v 1 ( a, +2) b 0.75 (30*463
. = M = *

$Ye =9 12\b, /d € 12 3852
= 3306.53 KN

+ 2) » /28 = 3852 * 463

A :¢é\/?c'bod :%*@*3852*463: 2359.3KN

®Ve =2359.3 KN >Vu=2272.16 KN

3:Design of Bending Moment :-

Critical Section at the Face of Column

*2.5=1067.2 KN

) L = 426.88* (

2.5—0.50)

FR = QU(
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Mu = 426.88*2.5*1*1 /2= 533.6 KN.m
M, _ 533.6x10%

Rn= 0paZ ~ ooxzsooxaszz ~ L-1Mpa

= - %29 _ 765

0.85f]  0.85x28
p=— (1 ~ J1- —2:*2:) = ﬁ(l - Jl - 72"11‘:“'1) — 0.00268
Asreq = p.b.d = 0.00268x2500x463 = 3105.05 mm? e control
Asmin = 0.0018*2500*550= 2475 mm?
As,req >As,min
Check for Spacing :-
S =3h = 3*55 = 165cm
280 *7C — .
S = 380*(= 420) —2.5*75=19.25 cm......... is control
3

S=45cm
Use 16ﬂ16|h BOth Dll’eCtIOH, As provided: 321699 mm2>As required: 310505mm2... Ok

Check for strain:-

_ 4sfy, 321699 x420
0.85b f}  0.85x2500%28

= 22.7 mm

a 22.7
C=—=—=26.7mm
B, 0.85

d—c 463 — 26.7
) = 0003 (S5

£5=0.003( T

. ) — 0.05 > 0.005 .....0k
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4:Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc'A, x \/%)

A1=0.50*0.50 = 0.25 m?
A, =25%25=6.25m?

J“T—z S B> 2, A =2

Ay 0.25 A

£Pn.b = 0.65 x (0.85 x 28 x 250 X 2) = 7735KN
&Pn =7735 > Pu=2668........... ok

No Need For Dowels

Load Transfer In Column :-

#Pn.b = 0.65 x (0.85 x 28 x 250) = 3867.5KN
¢Pn = 3867.5 > Pu=2668kN........... ok

No Need For Dowels
As,min =0.005* Ac = 0.005 * 500 *500 = 1250 mm2

Use 14916, Asprovided= 2813.5 mm2>As,required= 1250mm?... Ok

5:Development Length In Footing :-

Tension Development Length In Footing :-

Ldrreq = 15 * 1z * s * db> 300mm
v db

Ktr = 0 (Nostripes)
16 120
ch =75 -l—? = 83 mm Orch :T = 60 mm

ktr+cb_0+60_5>25
db 12 '
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ktr—l—cb_25
db N

420 1+1+0.8
# #

— 16 = 365.74 mm> 300mm
1+/28 2.5

9
Ldr req — g *

2500-500

Ldr available = -75=925 mm

Ldr avaitable = 925 mm >Idt..., = 365.74mm........ OK

req

Compression Development Length In Footing :-

Ldcreq= 2222295 0.043*Fy*dB >200mm

T 28

0.24+420=16

LdCreq: ———— =304.8>0.043*420*16 = 288.96>200mm
28

LdCreq: 304.8 mm

LdCavaiIabIe =500-75-16-16 =393mm >LdCreq: 304.8 mm ........

Lap Splice of Dowels In Column :-
Lsc = 0.071xfyxdb =0.071x420 x16 =477.12 mm > 300 mm

select Lsc =500 mm
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10
10

L=2.85m

235

“a——|

270
50
50
P

Al

=
i
bl 3

16816

16#16 L=2.85m
235

100
100

25

10
10

270

Fig 4.24 :Foot Reinforcement Details

4.12: Design of Basement Wall

v System and Loads

The wall spans vertically and it is considered to be pinned at both ends as shown in
figure (4.24) which also illustrate loads that act on the wall.

qu1=26.46 kn/m2 qu2=2.5 kn/m2

Fig: 4.25 : Basement Wall system and loads.
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Parameters:

fc' =28MPa , fy =420 MPa
Yconcrete = 25 kanlg
¥soil = 19 kN/frﬂS

Dsoi1 = 30° , Surcharge = 5 kN/m?

The different lateral pressures on a 1m length of the wall are calculated as follows:
k,=1-sin30 =0.5

Due to soil pressure at rest : qul = k,.y.h = 0.5%18*2.94=26.46 N/m?

Due to surcharge : qu2 = 5*0.5 =2.5 kN/m?

The followina are shear and moment diaarams that obtained from Atir Software.

Moments: spans Tio 1

| 1.62 0. 1.12 |
T

Fig :4.26: Moment and Shear Envelope of Basement wall.

v' Design of Shear Force

Max value shear force is obtained from figure(4.26) , Vu= 38.2 kN
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d=30-2-2 =26 cm
@ *\c= 0.75*%*@*1000*2602 171 kN >Vu

~h=30cm is correct.

v" Design of Wall Reinforcement

1. Design of Vertical Reinforcement at Tension Side :

Max value Moment is obtained from figure(4-13) , Mu = 30 kN.m

420
= = 20.6
0.85+24

—

—  Mn=30/0.9=33.3 kN.m

_ Mn _ 33.3+10%
b+d? 1000+260°2

_ 1 f 2+0.49+20.6 { _
p—m*(l' I_T)_OOO:LZ

Asreq =p*b*d=0.0012 = 1000 * 260 = 312 mm?/1m

— kn = 0.49 MPa

As (min) = 0.0012*b*h = 0.0012*1000* 300 = 360 mm? /1m >Asreq

~Select @12/20cm with As = 565 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:
N As = As (min) = 360 mm?
Select @10/20 cm with As = 390 mm?/m ..

3. Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer
~Select @10/25cm
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ACI 318-14: Building Code Requirements for Structural ACI Committee 318 (2014), .3
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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