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List of abbreviations:

As: area of non-prestressed tension reinforcement.

Av: area of shear reinforcement within a distance.

At: area of one leg of a close stirrup resisting tension withina(s).

b: width of compression face of member.

bw: web with, or diameter of circular section.

DL: dead loads.

LL: live loads.

d: distance from extreme compression fiber to centroid of tension reinforcement.
Fy: specified yield strength of non-prestressed reinforcement.

h: overall thickness of member.

I: moment of inertia of section resisting externally applied factored loads.
M: bending moment.

Mu: factored moment at section.

S: spacing of shear in direction parallel to longitudinal reinforcement.
\/c: nominal shear strength provided by concrete.

\/n: nominal shear stress.

\/s: nominal shear strength provided by shear reinforcement.

\/u: factored shear force at section.

W: width of beam or rib.

@: strength reduction factor.

P: ratio between area of concrete to area of steel.
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CHAPTER4

4-1 DESIGN OF STRUCTURAL MEMBERS

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.

4.6 Design of Beam.

4.7 Design of Column.

4.8 Design of stair.

4.9 Design of Basement Wall.

4.10 Design of isolated footing.




4.1 Introduction: -

v Reinforced concrete(RC) is a composite material in which concrete's relatively low
tensile strength and ductility are counteracted by the inclusion of reinforcement having
higher tensile strength and/or ductility. There are several examples of RC structures
such as: bridges, buildings, retaining walls, tunnels, and many others.

Concrete is a construction material composed of cement (commonly Portland cement)

as well as other cementations 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.

v" Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and

frequently admixtures.

v" Structural concrete can be classified into: -

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/ m3.
In This Project, one type of slabs: ribbed slabs. it would be analyzed and designed using

engineering software such as atire in order to calculate the internal forces, deflections,

and then hand calculation would be made to find the required steel for some members.

In this Chapter, we will show the design procedure for several structural members of our

project, so we will discuss the steps that we followed to design the Ribs, beams, slabs.

b
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This chapter presents a sample calculation related to one of the preceding members
contained in this project. All of structural members will be designed according to the
design code (ACI —b318-code).

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 11).

4.2.1 Strength design method:

In Strength design method which formally called 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.

NOTE: -

The statically calculation and the key plans dependent on the architectural plans.
e Code: -

ACI 2008

UBC

e Material: -

Concrete: -B300

fc' = 20N / mmz (MPa)For circular section

but for rectangular section ( fc'=30 * 0.8 = 24MPa).

4.2.2 Factored loads:

Yv




The factored loads for members in our project are determined by: -
Wu=1.2DL+ 1.6 L. ACI-code-318-08(9.2.1)

4.3 Determination of Slab 4.3 Check of minimum thickness of structural member:

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

Simply One end Both end
Member supported continuous cotinuous

Solid one way
slabs
Solid one way L/16 L/185 L/21 L/8

Cantilever

slabs

For rib:
h min =L /18.5 = 4.75/18.5=25.7 cm " One end continuous ".
h min =L /21 = 7.15/21 =34.04 cm " Both ends continuous ".

For beam:
h min =L/18.5=6.06/18.5=32.75 cm " One end continuous ".
h min =L/21=7.11/21=33.85 cm " Both ends continuous ".

Take h = 35cm.

27 cm block + 8 cm topping = 35cm.

4.4 Design of topping:

Wu
- 40 cm -
wL? WLz
1z ‘ A AZ
o —
wiLz
24

Fig 4.1: topping load and moment diagram.

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

For the topping , the total dead load to be used in the analysis and design is
calculated as follows:

YA




Table (4.2): Dead Load Calculation of Topping.

Parts of Rib | Calculation

0.03*23*1 = 0.69 KN/m

Mortar 0.03*22*1 = 0.66KN/m

Coarse Sand 0.07*17*1 =1.19 KN/m

Topping 0.08*25*1 =2 KN/m

Sum = 4 54KN/m

Design of topping for ribbed slab as a plain concrete section :-

Toping -

Holow Black { 27cm)

Rb

Fig. (4-2): Topping of one-way rib slab

Live Load: -
LL =2 KN/m?2

LL =2 KN/m2x1m=2KN/m

¥4



Factored Load: -

Wu=1.2x4.54 + 1.6x2=8.65KN/m

Check the strength condition for plain concrete, 8Mn > My, where g = 0.55-for

plain concrete

Mn = 0.42 AN 'Sm(ACI 22.5.1, Equation 22-2)

WXL _ 8.65x0.4

- Vu=— ;- 173 kN
2 2
L Mu = WexL? _865x04% o
12 12

Shear Design Strength:
For Plain concrete section one way shear is calculated using the following equation:
®.Ve= ®x0.11 x L, xVFc' x bw x h
®.Vc=0.6x0.11x 1 x V24’ x 1000 x 80 = 25.87 kN>Vu — SAFE

Moment Design Strength:

For Plain concrete section with “b=1m & h=8cm”
2
@ . Mn = 0.6 x 0.42 x Fc’X%

2
®.Mn=0.6x 042 x V24 x @ =132kN.m>Mu — SAFE

Plain Concrete Section is SAFE #

No reinforcement is required by analysis. According to ACI 10.5.4, provide As,min for
slabs as shrinkage and temperature reinforcement.

Pshrinkage = 0.0018 ACI 7.12.2.1

As = pxbxhtopping =0.0018 x1000x80 = 144 mm?/m

Step (s) is the smallest of :
1. 3h = 3x80 =240 mm « controlled

2. 450 mm.

_ 280, _ 280
3.8=380(>>)~ 2.5Cc 380(2*420

But S< 300(2f—i°) =300 ( 2820) = 300mm

) —2.5%20 =330mm

2
Zx4
3

Take S=200mm < Smax=240mm

Take g 8 @150 mm in both direction, S = 150 mm < Smax =240 mm ... OK

S




4.5) Design Of Rib(2) :

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

Cirve wwy rits wiabs Shrirksge & Temoerstuer Bar s

FHoSow Block ( 28 om §

Fig. (4-3) : One way rib slab

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

bW >10Cm... .o ACI (8.13.2)

B 3 5 OW et ACI (8.13.2)
Select h=32cm<3.5*12= 49 cm.
H>Ln/12250MmM coneeeeeee e, ACI (8.13.6.1)

Select tf = 8cm.

Material: -
= concrete B300 Fc' = 24 N/mm:2
= Reinforcement Steel

Fy =420 N/mm:2

A



Section: -

by u v Ul

B =520 mm

Bw= 120 mm

h= 350 mm

t=80mm

d=350-20-10-12/2= 314 m

Statically System and Dimensions: -

Bk

aoe

olo]

Fig: 4.1 rib 1 for Ground plan

1HHH LJ
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Load Calculation: -
Dead Load: -

Table (4.3): Dead Load Calculation of Rib (R1).

Parts of Rib Calculation

0.03*23*0.52 = 0.359 KN/m/rib

0.03*22*0.52 = 0.343 KN/m/rib

Coarse Sand 0.07*17*0.52 = 0.518 KN/m/rib

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

RC. Rib 0.27*25*0.12 = 0.11 KN/m/rib

Hollow Block 0.27*23*0.2= 1.242KN/m/rib

Plaster 0.02*22*52=0.229 KN/m/rib

Partitions 1.5*0.52= 0.78 KN/m/rib

Sum = 5.42KN/m/rib

Dead Load /rib =5.42 KN/m.

load /rib = 5.42KN/m—-
Live loads/rib =2.0 x 0.52 = 1.04 kN/m/rib—
— Factored Load (W,) =1.2xD.L +1.6xL.L

WuD =1.2x 5.42=6.5 kN/m/rib

¢y



WuL =1.6x1.04 = 1.66 kN/m/rib

*The effective flange (be):

1) bes§= 5‘% = 1350 mm

2) be< bw +16hf=120+16*80=1400mm
400 400

3) be< center to center spacing between adjacent beam = - + 5 + 120 = 520mm

Take be=520 mm

1 2 3

— Al . Al . Al —
: A : A : A

06 3.23 06 5.03 06 3.19 0.45

b 3.83 o 5.63 o 3.72 C

Fig: 4.2 geometry of rib 1 for Ground plan
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Moment Design for (Ribl): -

Moments: spans 1to 3

-20.3 -19.9
-14.3 -13.6 -13.2 -14.1

| 1.49 | 11 | | | 1.51 |

I | 1 I 111 1
F— —— —— v
\/\ 1.07 | 098 \ | 1.07 J\_/

31 ’ ' ‘ 096! ‘ 2.3
7.9 7.3
14.1

| 1.34 2.49 | 2.82 2.82 | 2.41 13 |

|
I T I T I T 1

Fig: 4.3 moment diagrame of rib 1 for Ground plan

- Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code = L The
following Table shows values of Alimit compared with deflection calculated by Atlrzéﬁftware

Table(4- 1):Deflection Check for rib (R17)

Span Length
(mm)

3830 3830/240 =15.95 | 3830/6790 =0.5

5630 5630/240 =23.45 | 5630/1314 =4.28 | (OK)ACalculated < Alimit

3720 3720/240 =15.50 | 3720/8035 =0.46

Design of Positive Moment for (Rib1) :-( Mu=13 KN.m)

Assume bar diameter g 12 for main positive reinforcement
d, 12
d =h- cover — d stirrups -5 = 350—-20—-8— 5 = 316 mm.
Check if a > hr to determine whether the section will act as rectangular or T- section,

Mot =0.85. f7. be. hy. (d — )

o




80

:0.85x24x520x80x(316 -3

) x 106 = 234.22KN.m

M 14.6
Mnf >>7“ = e 16.22 KN.m , the section will be designed as rectangular section with be
=520 mm.
M, _  13x10%
Ro= @bd? ~ 0.9x520x3162 0.312 Mpa.
m= fy 420 — 206

"~ 085f.  0.85x24

b= l<1 _ i Z.m.Rn> _ L<1 B \/1 B 2><20.6><0.312> — 0.000748
m \/ 420 20.6 420

Asreq = p.b.d = 0.000748x520%316= 123.01mm?

*Check for As min .
As min IS the maximum of :-

14

As|min =0.25 @bw d>
fy fy

b,.d

1. Asmin :0.25%‘ 120 x 316 = 110. 6mm?

2. Asmin =—=120 x 316 = 126.4mm? Control
420

Asmin = 126.4mm?> A - 123.01lmm?
Use 2¢10, As, provided = 157.07 mm2> As, required =123.01 mm2. Ok

Check for strain:

a= Asfy,  157.07x420

= = =6.21mm
0.85b f.  0.85x520x24

a 6.21
C—B—I—E— 7.30 mm

316 — 7.30

d—c
g, =0.003 (T) = 0.003( =30

) =0.126 > 0.005 Ok

*Design of negative moment:

Mu=-17.6KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dsimps — 2 = 350 — 20 — 8 — 2 = 316mm.

&




_ M, _ 17.6x10°
T @bdZ T 0.9x120x3162

Rn = 2.81Mpa.

me _Jy_ _ 420
T 0.85f.  0.85x24

p:1<1 _ _%> :L<1_\/1 _M> =0.007227
m 420 20.6 420

Asreq = p.b.d =0.007227 x120x316 = 274.06 mm?

= 20.6

*Check for As min .
As min IS the maximum of :-

14

7 by.d

Asimin =0.25 \/fﬂbw d >
y

1. Asmin :o.zsg 120 x 316 = 110.6 mm?

2. Asmin ::T"; 120 x 316 = 126.4 mm? Control
As|required =274.06 mm?2.

Use 2 @14 , As, provided = 307.9 mm2> As, required = 274.06mm2. Ok
Check for strain:
a= Asfy,  307.9x420 52 8
T085bf.  085x120x24 " mm
a 52.8
C—B—l—ﬁ—62.1mm
d—-c 316 — 62.1
& =0.003 (—) =0 (—) =0.0122 > 0.005 0k
c 62.1
Shear Design for (Ribl):-
Shear
-21.2 -23.6
-16.4 188
-11.
-6.8
6.7
11.5 "
18.9 08

23.8

[




Fig: 4.3 Shear diagram of rib 1 for Ground plan

Vu at distance d from support= 25 KN

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

Vo=t 4 \/fiby,d =224 x 120 x 316 x 1073 = 34.05KN
6V =0.75x34.05 =25.55 KN.

0.5 08V =0.5x25.55=12.78 KN

050V<Vi<o V. NO

28
Vs = E—UC—E—34.05—3.28KN

=1 V244120 +316 = 11.65v, i, = — /fc'b, d
= 120+ 316 = 12.64 KN ... ..CONtroW iy = 3 by, d

KN > vy = 3.28 KNv i = 12.64

shear reinforcement is required.
Take vs = Vs min=12.64 KN

Use2leg @ 8.
=100.5 mm? A,

_Avxdxfy
B vs

S

100.5%316+420

1055.25 mms =
12.64+103

_ 316 _

S S;=5= 158 mm or Smax < 600mm

N |

Smax

Use2leg®8 @ 150 mm .

[N




4.6 Design of Beam:

D

* Material: -
= concrete B300 Fc'=24 N/mm:2
= Reinforcement Steel Fy =420 N/mm

¢q



\/
0’0

Section: -
= B=80cm.

= h=32cm.

= Assume bar diameter g 12 for main reinforcement

= d=320-40-10-18/2= 261mm.

Geometry Units:meter,cm

. Bl . Al

{
L
£y

‘ 0.5 ‘ 5.16 \ 0.5 ‘ 3.48 92?
I | I 566 I | I 386 I | 1
I I 1
32.
58.
46.
A-A
48.
B-B
Loading
tead-grotpno—1
ead load - Service Units:kN,meter

25.0

16.1 16.116.2 16.0

5.66 0l04 1 1.56 l 1.74

"0.52" ‘
Live load - Service Load factors: 1.20,1.20/1.60,0.00
8.50 8 8 844 963
5.66 004 1 1.56 1 1.74
1 0 52 1 1

Fig: 4.4 Geometry and Loading of Beam1 for Ground plan




Moments: spans 1to 2

2.55 103.8 3.11 2.51 1.35

Shear

-107.9

-82.5
-61.9

-44.4

57.4
82.8 89.5

72.7

R




Moments: spans 1to 2

-81.6
55.7 -60.3

| 1'3I 13 |
[
1 ] i
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Fig 4.5: Moment and Shear Envelope Diagram of Beam (B1)

Table(4- 5):Deflection Check for Beam (B1)

Span | Span Length Alimit ACalculated
\[o} (mm)
(mm) (mm)
Span 1 5660 5660/240 =23.58 | 5660/3677 =1.54 | (OK)ACalculated < Alimit
Span 2 3860 3860/240 =16.08 | 3860/1564 =2.46

Moment Design for (B1): -

Assume bar diameter g 18for main reinforcement

Determine of Mn,max :
18
d=450—40—8—7= 393mm

3 3
c=;d=;*493 =168.42mm

a=B.c =168.42+0.85 =143.16mm




Mnimax = 0.85fab (d - % ) = 0.85*24*143.16*1000*(393-143.16/2 ) *10°6=
938.6KN.m

Mnmax = 0.82* 938.6 = 769.654 KN.m> 564.8 KN.m¢®

Design as singly reinforcement

Flexural Design of Positive Moment for (B1) :-( Mu=129.6KN.m)
for flexural® = 0.9

1) Mu = 129.6 KN/m

M, 129.6 x 106

Rn = =
"= 0bd? T 0.9 x 1000 x 3932

= 0.932Mpa.

fy _ 420
T 085f.  085x24 20.58

1 [{ _2mR,| _ 1 [ 2x2058x093) _
p—;(l— _W> ~ 2058 <1 \/1 420 > = 0.00227

As = p.b.d =0.00227x1000%393 = 893.30 mm?.

Check for Asmin.
Asmin=0.25<p d>1%p 4
i, i
Asmin =0. 25% 1000 X 393 = 1146. 01 mm?

Asmin :% 1000 x 393 = 1310 mm? Control.

As,min=1146.01 mm2> As =2917.76 mm2 so control As min =1146.01

Use6 g 18Bottom, As, provided = 1272.3mm2> As, required = 1146.01mm2.
Ok

Check spacing :

_ 8000-40+2-10+2—(6x18) _

S 5

155.5>25 ... OK

Check for strain:

_ Asyy  1146.01x420

= = = 23.59mm
0.85b f.  0.85x1000x24




a 2359
C_B_l_ 0.85 =27.75mm

(393 —27.75

d—c
& = 0.003 (T) = 0.003 777

) =0.039 > 0.005 Ok

Flexural Design of Negative Moment for (B1) :-( Mu=159.1KN.m)

M, _  159.1x10%
Ro= @bd?2 ~ 0.9x1000x3932 1.14Mpa.
= Iy _ 40 _ 5558

T 0.85f.  0.85x24

p:l<1— 1—2’""):#(1—\/1—%‘):0.00280
m 420 20.58 420

As = p.b.d=0.0028 x1000%393= 1102.8 mm?,

CheCk fOI’ Asymin .
Asmin =0. 25‘/ﬂb d > —b .d

Asmin =0. 25% 1000 x 393 = 1146.01 mm?

Asmin =——— 1000 x 393 = 1310 mm? Control.

As,min=1146.01 mm2> As =1102.83 mm2 use As =As min =1146.01

Use 69 18 Bottom, As, provided = 1272.34 mm2> As, required = 1146.01 mm2.
Ok

Check spacing:

8000-40+2-10+2—(12x18)

S= 1 =155.5mm > 25 ... OK
_ Asfy  1146.01x420
d=08sb fl T 0.85x1000x24 23.59mm
c=i—2359—27 75 mm
B, 085
d—c 393 — 27.75
& = 0.003( ) = 0. (—) =0.039 > 0.005 0k
c 27.75

Shere Design of for (B1) :-( Vu=98.1KN)

Y




fc'b, d= —v 24 %1000 * 393 * 1073 = 320.8KN
® V= 0.75*320.8 =240.66 KN

= 21000 + 393+ 1073 = 131.0 KN controlv, s, = 7b, d

=— V24 %1000 * 393 * 1073 = 120.33KN vgpin = 1—16 fc'b,, d

1
—&d Vc > vu
2
Use minimum shear reinforcement ,
Asmin=—/fc’'b,, =
" 16 W ft

shear reinforcement are required.

Use 4leg @ 10 .
Note :
Av =314.2 mm?. Assume @10 stirrups with 4 legs are
used,
Vs=Vp—V¢= % —402.53=273.60 KN then Av =2 * "*:0 =78.09mm?

Afycd  78.09 x 420 + 393

S = = = 237.786 mm (control)
Vg 273.60 1000
d 393
Smax < 2= 3 = 196.5 mm OT Spax < 600 mm

Use 2leg @ 10 @200 mm.




4.7 Design of column(10):

4.7.1 Load calculation: ***

D.L=867.72 KN.

L.L.=475.6 KN.

PU=1.2(D.L) +1.6(L.L)

PU =1.2(867.72) +1.6(475.6)

PU=1802.2 KN.

Pn.req=1802.2/0.65 Pn.req=2772.6 KN

Assume rectangular section withl=1.34% > 1%
Pn=0.8xAgx (0.85x fc' +Qg (fy - 0.85 fc'))
2772.6%*1000=0.8xAgx (0.85x 24 +0.0134 (420 - 0.85 *24))
Ag=134592 mm?2.

Use 50x45cm with Ag=225000 mm2 >Ag.req
4.7.2 Check slenderness effect: ***

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r : radius of gyration=I/A =0.3h

Lu =3.00 m.

M1/M2 =1

In 50cm —Direction:

klu/r< 34-12 (M1/M2) < 40

(1*3)/(0.3*0.5)< 34-12 (1) < 40

16.67<22<40 **short

In 45cm —Direction:

klu/r<34-12 (M1/M2) < 40
(1*3)/(0.3*0.45)< 34-12 (1) < 40
28.57>22 ** long

4.7.3 Calculation for reinforcement: ***
In 45 cm —Direction:

Ec =4700 x v24 =23025.2 Mpa
dns=(1.2*D(sustained))/Pu

dns= (1.2*1345.9)/1802
dns=0.89

lg=bh3/12
Ig=0,45*0,5”3/12
lg=4.7*10-3 m4
El=(0.4*Ec*1)/(1+Bdns)




(0.4%23025.2*0.0047)/ (1+0.89) =
El =22. 9MN.m2
Pc= n2*El/(KLu)2
Pc=n2%22.9/ (1*3)2
Pc=25.1 MN
Cm=0.6 + 0.4x (M1/M2) = 1
ns=Cm/(1-Pu/0.75Pc)
= 1/(1-1802.2/ (0.75*25.1*1000))
ns=1.106<1.4
emin =15+ 0.03 h =15+ 0.03 x450 = 28.5 mm.
emin xRIns = 28.5 x1.106 =31.5mm.
e/h =31.5/450=0.07<0.1 ...... (e=0.07h<0.1h
—>Here we can solve this column as short tied column:
Pn=0.8xAgx (0.85x fc' +g (fy - 0.85 fc'))
Pn =0.8x450x500(0.85x 24 +0.0134 (420 - 0.85 *24))
Pn =4635.8 KN > Pn.req ... OK

4.7.4 Design of the tie reinforcement: ***
S <16 db (longitudinal bar diameter)

S < 48dt (tie bar diameter).

S < Least dimension.

Spacing <16 *1.8=28.8 cm.  ...control
Spacing £48*1.0=48 cm.

Spacing £35 cm.

Usel2 O 18.

4.8 Design of stair.

Determination of Slab Thickness:
L=51mm

hreq =4.2/20 =21

[JUse h = 25¢cm

0 = tan-1 (150/ 300) = 26.5

Load Calculations at section:

Load on Flight :-

Dead Load for 1m strip




Table (4 - 5) Calculation of the total dead for flight.

+
Quality<
Materialc Density« W--KN/mZ
KN/msC
Tile:o 231 23*(2722252)%0,03%1=1.150
Mortar-C 29.03 b 2%(H2252)%0,02%1=0.66

3:1_.l,'.,();|«;25»={J.1‘5+£J.265 « =1875

Stair-stepst 250 03 03
250251 _ 6990
RC-solid-slabt| 25-& c0s2656
22+003+1 .
Plaster-C 22 cos 265 0.738
011.5
Total-D.-La | KN/m&

Load on landing:

Table (4 — 6) Calculation of the total dead for landing.

Quality 1
Material Density I‘(IN/m
KN/m3
Tile 23 23%0.03*1=0.69
Mortar 22 22*0.02*1=0.44
* *1 —
RC solid slab 25 25*0.3*1=7.5
* *1 =
sand 16 16%0,07*1=1,12
* *1 —
Plaster 22 22*0.02*1=0.44
Total D.L KN/m 10.19

Live load:

Live load for stairs =2KN/ m2, from Jordan code of loads
Factor Loads:

For flight W=1.2*¥11.5+1.6*%2*1=17 KN/ m




Au=17*0.9=15.3KN/m
Vu=Au Cos26.5 =13.8 KN

(4.8.3) Design of Shear:

Assume @ 14 for main reinforcement: -
d =250-20 -14\2 =223 mm
Take max shear as the support reaction
Vu =15KN
@Vc = P\frac{\sqrt{fc}}{6}b.d
@Vc = 0.75\frac {\sqrt {24}}{6}1000.223=136.6KN
Vu =12.9 KN <@Vc/2=68.3KN.
No shear Reinforcement is required. So the depth of the stair is OK.
(4.8.4) Design of Bending Moment:
Max Mu =12.9 * 1.3-15.3 *0.9 * 0.45 =10.94KN.m.
Mn= Mu/0.9 = 10.94/0.9 = 12. 15KN.m/m
Assume @ 14 for main reinforcement: -
d =250-20 -14\2 =223 mm
Rn @ \frac{Mn}{\ b.\ d*2} =12.15*106/1000*2732 =0.24Mpa
m=20.6
p=0.0006
Asreq = 0.0006*1000*223=133.8 mm2 /m
Asmin = 0.0018*b*h( 0.0018*1000*2502450mm  control
Use® 14 @ 15 cm.
Step smallest of:
3h =3*250 =750 mm
450 mm

S =380*(280/fs) —2.5Cc = 380*(280*3/2*420) — 2.5*20 =330 mm




S =380%(280/fs )= 380 mm

S =250 mm <Smax =330mm

Shrinkage and temperature reinforcement

As =0.0018*250*1000 = 450mm 2

n=(450/113.1) =5.57

S$=1/n=1/5.57=0.18 m

Take6 ® 12 /m,as =678.6 mm 2 /m

Step for shrinkage:
S=5h=5%200=1000 mm
S=450 mm  Control

S$=200 mm <S =450 mm, ok

(4.8.5) Design of landing:

qu=1.2*10.19+1.6*4=18.6KN

(4.8.6) Design of Shear:

Reaction at each support

R=(12.4+12.9) *(1.8/2) =22.8KN

Au=12.4+12.9*(0.9) =22.8KN

Vu =22.8-(25.2*%0.014) =22.4 KN.m

Check for shear strength

Assume ® 12 for main reinforcement

d =200-20-12/2 =174 mm

Take max shear as the support reaction

Vu =224 KN

@Vc = 0.75\frac{\sqrt{24}}{6}1000.174=106.6KN

Vu max = 22.4 KN <@Vc/2 =53.3KN




(4.8.7) Design of Bending Moment:

Mu = (25.3*1.8*1.8/8) = 10. 24KN.m/m

Mn =Mu /0.9 =10.24/ 0.9 = 11.3KN.m.
d=174mm

Rn=0.4

m=20.6

p=0.00096

Asreq = 0.00096*1000*174 = 167.4mm 2
Asmin =0.0018*b*h=0.0018*1000*200 E360mm?2
Use @ 12

n=(393.24/113.1)=3.5

S=(1/3.5)=0.285

Use ® 12@ 25 cm

As provided =452.16 mm 2 > As = 393.24mm?2
Step smallest of :

3h =3*200 = 600 mm

450 mm

S =380%(280*3/2*240) —2.5Cc =330 mm  Control

S =250 mm< Smax =330 mm
Shrinkage and temperature reinforcement
As =0.0018*200*1000 = 360 mm2
n=450/113.1=3.98
S=1/n=1/3.98=0.251m
Take4 ® 12 /m, as =452.4 mm2/m
Step for shrinkage:
S=5h =5%200 = 1000 mm
.$=450 mm Control
S$=300 mm <S =450 mm), ok
4.9 Design of. Basement Wall
Fc’ =24 Mpa.
Fy =420 Mpa.
@ =35° ,y =19KN/m?
Ko=1-sin @

=1-sin (35)=0.426
4.9.1 Load on basement wall:

For 1m length of wall:

* Weight of backfill:

control




Due to soil pressure at rest , p. = C.¥*W*h=0.426*19%*2.75=22.26KN/m?
And H.=p. * h/2=22.26 *2.75/2=30.60 KN/m?

Due to surcharge Ps= C.*Ws= 0.426*5 = 2.13 KN/m?

And Hs=ph * h =2.13 *2.75 = 5.86 KN/m?.

. H:is due to a rectangular loading, whereas H; is due to uniform loading.
Factored reactions:

Ra=1.6( (5.86/2)+(2*30.60/3))=37.33 KN

Re=1.6((5.86/2) +( 30.60/3)) =21.00 KN

Max positive bending moment within the span accurse at the section of zero shear.
Vu=21.00-1.6(2.13*X)-1.6*0.5*22.26*X*X/4 =0

4.45X?%+3.41X-21=0

X=1.82

4.9.2 Design of bending moment:

Mu =21*0.27 + 5.86*1.23+1.39*%36.42-32*%0.27 =55.3 KN.m
Wall thickness is 25 cm , assuming @18 for bar diameter
d=165 mm

Take @= 0.9 for flexure

For Mu =55.3 KN/m
- 9331076 5 55Mmpa
0.9 x1000 *165 *x10" 2

m=fy/(0.85* fc ") =420/(0.85*24) = 20.59.

_1 ) _ 2#*Rxm . 1 ) _ 2%2.25%¥20.59 |
p=50 \’ 1 fy ) = Zosot \/1 a0 ) ~0-0057

Asreq = p*b*d = 0.0057 * 1000 * 165 = 941 mm?/m control

n

Asmin :0.25%6 b.d = (1.4/f,).bw.d

As.min. =o.25%. 1000.165=550 mm2/m

Asmin= (1.4/420) *1000*165=481.5mm?/m
Try 18 @ 25cm or 4918/m.
Check if thickness is equate enough: ***

Assume initial thickness = 25cm




Vu =75.9KN

@=0.75 reduction factor of shear.
ove=¢Lb.d
Assume reinforcement bars are ¢20

d=200- 75- 20/ 2 =115 mm

oVc = 0.75g 1000.115=70.422KN

Vu < ¢Vc, Thickness is not enough.
Try 25 cm thickness.
d=250- 75- 20/ 2 =116 mm

Ve =0.75Y221000.116=101.04KN
6

Vco> Vu, ok
dVc/2 = 50.52KN.
4.9.3 Design of the horizontal reinforcement:

Longitudinal reinforcement: use a minimum steel ration of 0.002 (ACI code, section
14.3) or use P12 bars spaced at 25 cm for each side of the wall.

Asmin=0.002 * b * h 0.002 * 1000 * 250 =500mm? /m

Select@12@250mm/m in two layer

4.10 Design of isolated footing:
Service dead load = 867.72 KN

Service live load = 475.6 KN

Service surcharge =5 KN

Permissible (allowable) soil pressure = 400 KN/m?2
Soil density= 17 KN/m3

Assume h of footing =70 cm

AR




D= 700-40-12=648 mm

ga net =400 -0.7*¥17-0.70*25 - 5 =371.4 KN/m2
bu=pu/A=1802.2/(2.4)2=312.88£

:Depth of footing and shear

Pn=1343.32 KN

qu =1343.32/2.4*2.4 = 233.2 KN/m2

One way shear:

Vu at distance d from face of support

Vu = £bu *b*0.626=312.88*2.40*0.626=470.1 KN
(0.75 =0) Vcp

H61}2400\ast648=952.4KN{Y ¢}Vc = 0.75 \frac{\sqrt{fc}}{6}b.d =\frac{\sqrt®
Ve>Vu@

H=70cm ok

‘two-way shear

D=648 mm

B =500/450=1.1

b0 =2*1098+2*1148=4492 mm =4.49 m

as = 40 - interior column
vu=1802.2-(312.88*1.098*1.148) = 1407.8 KN
Ve = (vfc' /12) (2 + 2/B) * bO*d =5023.4
Vc=1/12*Vfc ((as * d / b0) +2) * bO*d =5142.7
Vc = 1/3 \sqrt{fc} * b0 * d=3565 - control

Ve >Vu @

VY




Design for flexure in short direction:
Design for rectangular section:
b/d=2400/648=3.7

m= fy/(0.85* fc)= 20.5

Mn =338.8/0.9 = 376.4 kn.m

p=0.0009

As = p.b.d = 0.0009%2400x648 = 14 cm2
Asmin =0.0018*b * h=0.0018* 240*70 =30cm?2
Asmin > Asreq

Use 30 @ 12 with as =33.9cm2
S=2400-75%2-30*%12 /29 =65.2 mm
:Step is the smallest of
h=3*700=2100 mm 1

450 mm  -control .2

S=65.2mm < Smax =450
mm ok

:Design for flexure in long direction

d =648 mm

Mu =312.88*%0.975*0.487%2.4 =356.9KN. m
Mn=356.9/0.9 = 396.55

Rn=0.4 Mpa

m=20.6

p=0.00093

As = p.b.d =0.00093x240x64.8
=14.6 cm2

Asmin =0.0018*b * h 0.0018* 240*70 [2130.24cm2

\Y




Asmin > Asreq

Use 300 12 with as =33.9cm2
S=2400-75%2-30*12 /29 =64.5 mm
As provided > As

:Step is the smallest of

h =3*700 = 2100 mm

450 mm - control .

S =64.5mm < Smax =450

V¢
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