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Abstract

The construction design of the" Child Cancer Hospital"

The construction design is the most important design for the building after
the architectural design, the calculation of the loads, design the
construction of elements security and maintain the security & safety is the

responsibility of the civil engineer.

The building consists of three floors and basement, where the total area
(13000) square meters, it features the architectural design of the project
that provides the Suitable ambience and comfort for users to achieve the

purpose of the project.

The importance of the project in a variety of structural elements in the
building, such as : beams, columns and concrete tiles, and setbacks in the

area bunk beds.

It is noteworthy that the Jordanian code will be used to determine the live
loads, and seismic loads, either for the construction and design analysis
will be used in the US Code (ACI_318_08), it must be pointed out that

there would be dependence on some computer programs such as:

Autocad (2007), Atir, Microsoft Office XP, Etabs, sab.
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e Ac = area of concrete section resisting shear transfer.
e As = area of non-prestressed tension reinforcement.
e A/=area of non-prestressed compression reinforcement.

e Ag =gross area of section.
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e Av =area of shear reinforcement within a distance (S).

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

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e Cs= compression resultant of compression steel.

e DL =dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.
e Ec=modulus of elasticity of concrete.
e f/compression strength of concrete.
o fy=specified yield strength of non-prestressed reinforcement.
e h =overall thickness of member.

e 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.

o LL = live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.
e Mn = nominal moment.

e Pn =nominal axial load.

e Pu=factored axial load.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.
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e Vc =nominal shear strength provided by concrete.

e Vn = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.
e Vu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

e O = strength reduction factor.

e £. = compression strain of concrete = 0.003.

e &= strain of tension steel.

e £,=strain of compression steel.

®p = ratio of steel area.
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1. AutoCAD (2007+2014) for Drawings Structural and Architectural.
2. For Text Edition Microsoft Office (2010).
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3. Microsoft Excel XP
4.ATIR

5. .SAFA 2014
6..ETABS 2015
7..SAP 2000
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Chapter Four

A

Structural Analysis and Design

4-1 Introduction.

4-2 Check of Minimum Thickness of Structural Member.

4-3 Design of Topping.

4-4 Design of One Way Rib Slab.

4-5 Design of beam

4-6 Design of one-way solid

4-7 Design of Tow-Way Rib Slab.

4-8 Design of Column.

4-9 Design of Stairs.

4-10 Design of basement Wall.

4-11 Design shear wall

4-12 Design of isolated footing
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4-1 | Introduction

Reinforced concrete (RC) is a versatile composite and one of the most widely used materials in modern construction.
Concrete is a relatively brittle material that is strong under compression but less so in tension. Plain, unreinforced
concrete is unsuitable for many structures as it is relatively poor at with standing stresses induced by vibrations, wind

loading and so on.

To increase its overall strength, steel rods, wires, mesh or cables can be embedded in concrete before it sets. This
reinforcement, often known as rebar, resists tensile forces. By forming a strong bond together, the two materials are
able to resist a variety of applied forces, effectively acting as a single structural element.

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in a wide range of applications such

as; slab, wall, beam, column, foundation, and frame construction.

4-1-1 Concrete and its Classifications:

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

Structural concrete can be classified into:

e Lightweight concrete with a unit weight from about 1350 to 1850 (%) produced from aggregates of expanded
shale, clay, slate, and slag.

e Normal-weight concrete with a unit weight from about 1800 to 2400 (%} produced from the most commonly
used aggregates— sand, gravel, crushed stone.

e Heavyweight concrete with a unit weight from about 3200 to 5600 (%} produced from such materials such as

barite, limonite, magnetite, ilmenite, hematite, iron, and steel punching or shot. It is used for shielding against

radiations in nuclear reactor containers and other structures.

4-1-2 Compressive strength of concrete:

The strength of concrete is controlled by the proportioning of cement, coarse and fine aggregates, water, and various

admixtures. The most important variable is (w/c) ratio.

Concrete strength ( £." ) — uniaxial compressive strength measured by a compression test of a standard test cylinder
(150 mm diameter by 300 mm high) on the 28th day—ASTM C31, C39. In many countries, the standard test unit
is the cube (200 x 200 x 200 mm).
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The concrete strength depends on the size and shape of the test specimen and the manner of testing. For this reason
the cylinder (@ 150mm by 300 mm high) strength is 80% of the 150 mm cube strength and 83% of the

150 mm cube strength, figure (4-1) demonstrate relation between cylinder and cube concrete test.

B R
E 150 mm
F cylinder Cube
3 150 mm
150 mm
f! Jeu

Figure (4-1) relation between cylinder and cube concrete test.

4-1-3 Modulus of Elasticity of concrete:

The modulus of elasticity of concrete varies, unlike that of steel, with strength. A typical stress-strain curve for

concrete in compression is shown. The initial modulus (tangent at origin), the tangent modulus (at 0.5 £." ), and the

secant modulus are noted. Usually the secant modulus at from 25to 50% of the compressive strength f.'is

considered to be the modulus of elasticity. For normal weight concrete, shall be permitted to be taken as E_. =

47004/ f." (Map), figure (4-2) demonstrate stress-strain curve of concrete.
Figure (4-2) stress-strain curve of concrete.

4-1-4 Strength Design method

strength method):

}
N
In the strength design method, the service | | \
Ultimate strain

“—Tangent modulus at 0.5£

increased by factors to obtain the load at

o typically varies
| modulus {tangent at origin} | from 0.003 to

— - T—-— +———— 0.004
|
1
|

—Secant modulus at 0.5%'
|
|

strength is reached when the factored load is 0 5.001 0,002 0.003 0:004

considered to be “imminently”. This load is

factored load or factored service load. The

Concrete compressive stress

structural element is then proportioned such

Concrete strain, in./in.

computation of this strength takes into

nonlinear stress-strain behavior of concrete.
The strength design method may be expressed by the following:

Strength provided > [strength required to carry factored loads]
40

(Ultimate

loads are
which failure is
called the
structure or
that the
acting. The
account the



Structural analysis and design chapter four

Where the "strength provided" (such as moment strength) is computed in accordance with the provisions of a building

code, and the "strength required" is that obtained by performing a structural analysis using factored loads.

4-1-5 Load Factors U and strength reduction Factor ¢ :

According to (ACI 318-11 9.2.1) the factor U for overload is given:

1.4D

1.2D+1.6L+0.5(L,or SorR)
1.2D+1.6L+0.5(L,.orSorR)
1.
1.

2D+1.0W+1.0L+ 0.5(L,orSorR)
2D+1.0E+1.0L+ 0.2S
U=0.9D+1.0W

U=0.9D + 1.0E

Where:

S
Il

D : dead load .

L : live load.

L, : roof live load.
S : snow load.

R : rainload.

W : Wind load.

E : Earthquake load.

The factor @ (under strength factor) according to ACI demonstrated in figure (4-3).

Strength Condition ¢ Factors

1. Flexure (with or without axial force)
Tension-controlled sections ..........eeeeecveceecreeeesececcsnseeeeee.. 0.90
Compression-controlled sections

Spirally reinforced .......ccoooronrvecevreieereeevrvcreseeeeee. 0,75
Others et seesecreseesesesseeeenenes 0,05
2. Shear and tOrsioN ...t se e areesessnssasnssessessnsses 027D
3. Bearing on CONCrete ...t e e sressessesseeens (0,00
4. Post-tensioned anchorage zones .......ccoocveeeevereeceseeseseessssessesseseesseeeees . 0.85
5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ..... 0.75

Figure (4-3) values of understrength factors related to strength condition.

4-1-6 General considerations:

1- ACI 318-11 Building code will be used in this project.
2- UBC-97 code will be used for lateral loads.
3- Ultimate strength design method will be used during the analysis and design of this project.
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4- The compressive strength of concrete for all structural elements is B300 which equals to f," = 24 Mpa

5- Yield strength of reinforcing rebar's f, = 420 Mpa .

4-2 | Check of Minimum Thickness of Structural Member:
It will be determined according to (ACI 318-11) to achieve deflection requirements, Figure (4-4) provided

minimum thickness from code.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous | continuous | Cantilever

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

Solid one-
way slabs 20 24 u28 1o
Beams or
ribbed one- 6 t18.5 21 us
way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight concrete having equilibrium density, w,, in the range of
1440 to 1840 kg/m?, the values shall be multiplied by (1.65 — 0.0003w,) but
not less than 1.09.

b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + ,/700).

The thickness of slab provided from (ACI 318-11) to achieve requirements of deflection, depends on the Flexural
stiff ness of slab, by manual calculation comes about

h,in = 35 cm.

So, select Slab thickness h = 35¢m (27 cm Hollow Block + 8 cm Topping).

4-3 | Design of Topping:

4-3-1 Load calculations:

v Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block Load
Calculations: -
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Dead Load:

table (4-3): Dead Load Calculation of Topping.

wy = 1.2D + 1.6L

ALLIIIIIITITIITTIIF

40 cm

wi?

12. '12

wi?

wi?
24

No. | Parts of Rib Calculation
1 |Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.03*22*1 = 0.66 KN/m
3 | Coarse Sand 0.07*17*1 = 1.19 KN/m
4 | Topping 0.08*25*1 = 2.0 KN/m
5 | partiton 1*2.3=2.3
Sum = 6.84KN/m

length with both end fixed in the ribs, Table (4-2) shows Load calculations on topping.

Live load calculations=4 x 1 = 4 (%N)

Factored Load: -

Wy = 1.2 x6.84 + 1.6%4 =14.608 KN/m

Check the strength condition for plain concrete, gM,, > M, where g = 0.55

Mn=0.42 1 \/f! Sm(ACI 22.5.1, equation 22-2)

_ b.h? _1000.80?

Sm

6

6

43
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oM, =0.55%x1x1/24 x1066666.67 x1076 =1.2 KN.m

W, L?
M,=—=
12

= 0.174KN.m (negative moment)

oM>> M= 0.174 KN.m

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

pshrinkage = 00018 ACI 71221
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h =3%x80 =240 mm control ACI 10.5.4
2. 450mm.

280

*2) - 2.5C, = 380 <E420> ~2.5.20 = 330mm
3

£

3. S =380(

S< 300 (@) =300 2% = 300mmACI 10.6.4
fs 3420

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

4.4 Design of One Way Rib Slab (G.R1)

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

BW > TOCIL + e, ACI (8.13.2)

| Bt T Sl o) L AR ACI(8.13.2)
Select h=35cm<3.5*12=42 cm
tE>Ln/12>50Mm oo ACI(8.13.6.1)

Select tf=8cm
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% Material :-

= concrete B300 Fc' =24 MPa
= Reinforcement Steel fy =420 MPa

++ Section :-

B =520mm

Bw=120 mm

h= 350 mm

t=80 mm
d=350-20-8-14/2= 315 mm

ud Uil

v' Statically System and Dimensions:

Y Y

Fig 4.5: One Way Rib Slab (G.R1).
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v" Load Calculation:-

=3 = Z g 1 = Z AT <= 4

- ~_H~_H~_ -~ ~ ~H~ ~H~. -
=< H 3¢ ¥ HSCH 3¢ < H >C H XE

N AP SHANE B SHNE

Fig 4.6: One Way Rib Slab Plan (G.R1).

Dead Load:-
Table (4-3): Dead Load Calculation of Rib (G.R1).
Type ,bh KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.03*0.52*22 0.343
Sand 0.07*%0.52*17 0.619
Topping 0.08*0.52*25 1.04
Hollow block 0.4*0.27*10 1.08
Plaster 0.03*0.52*22 0.343
R.Crib 0.12*0.27*25 0.81
Partition 1*2.3*0.52 1.196
Sum 5.79
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Dead Load /rib =5.79KN/m
Live Load:-
Live load = 4 KN/M?

Live load /rib = 4 KN/m? x 0.52m = 2.08 KN/m.

% Effective Flange Width ( b.) :-

b: For T- section is the smallest of the following: -
b. =L /4 =6600/4=1625mm
b. = 16 hf=16 (80) = 1280 mm

ACI-318-11 (8.10.2)

b. = be < center to center spacing between adjacent beams = 520 mm. ... Control

Geometry Units:meter,cm

1 2 3
1 2
‘ 0.5 ‘ 6. ‘ 0.5 ‘ 5.8 ‘ 0.5 ‘
I | I 65 I | I 63 I | |
I I |
52
35.
12.
A-A
Loading
load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
6.3/2.2 6.3/2.2
6.5 6.3

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2

-56.8
-45.9 -46.1

| 1.93}2.03

} 1.54?1.56 |

47
36.9

| 26 | 3.9 |

3.78

33.8

252 \
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Shear
-44.7
-38.4
-27.4
-21.1
l l l l
| | | |
22.3
28.6
37.6
43.9
Reactions
Moment/Shear Envelo pe (E:\r‘fnrnr{) | Inite'l(l\l’mnfnr
Factored
[ [ ]
B N ]
DeadR 18.61 60.49 17.67
LiveR 9.99 28.17 9.72
Max R 28.6 88.66 27.39
Min R 17.29 74.27 16.17
Servi
ervice Reinforcement (cm?2)
DeadR 15.51 50.41 14.72
LiveR 6.24 17.6 6.08
Max R 21.75 68.01 20.8
Min R 14.68 59.02 13.78

Fig 4.7: Shear and Moment Envelope Diagram of (G.R1).
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v Moment Design for (G.R1):-

4.4.1 Design of Positive Moment for(G.R1) :-(Mu=36.9KN.m)

Assume bar diameter g 14 for main positive reinforcement

d =h- cover - dsimps — 22 = 350 — 20 — 8 — = = 315 mm

Check if a > h; to determine whether the section will act as rectangular or T- section.

Mor =0.85. f;. be. hy. (d — -L)

=0.85x24x520><80><(315——)x10 6 = 233.37KN.m

Mt >> 30699— 41 KN.m, the section will be designed as rectangular section with

be. =520 mm.

M, _ 36.9%x10°
@bd? 0.9xX520x3152

= 0.79 Mpa

n:

fy 420
0.85f]  0.85x24

om i<1 _ - Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00191
m 420 20.6 420

Asreq = p.b.d = 0.00191x520x315= 312.86 mm?

= 20.6

Check for As min:-

As min= \/_ (b w)(d)ACI-318 (10.5.1)

As min =L(120)(315) =110.23mm?

4(420)
As min =%(bw)(d)
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A's min :i'—;lo(lzo)(sls) =126mm* control
ASreq= 312.86mm? > Aspmin= 126mm? OK

Use 29 14

Check for strain:-

_ Asfy _ 312.86x420
0.85b f/ ~ 0.85x520x24

= 12.4mm

12.4
= = =22 =1457 mm
B, 085

d—c 315-14.57

4.4.2 Design of Negative Moment for (G.R1): - (Mu= - 46.1 KN.m)

Assume bar diameter g 16 for main positive reinforcement

d =h- cover - dimps — 2 = 350 — 20 — 8 — > = 314 mm

_ M, __ 461x10°
Rn= @bd? ~ 0.9x520x3142 0.99Mpa
420
= Iy = 20.6

"~ 0.85f/  0.85x24

- l<1 _ - 2.m.Rn> _ 1 <1 _\/1 _M) = 0.00242
m 420 20.6 420

As,req = pbd = 000242X520X313 = 3953 mm2

50
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Check for As min:-

As min= Jfe! (bw)(d)ACI-318 (08)
4(fy)

As min :£(120)(314) =109.9mm2 ..... controls
4(420)

As min =%(bw)(d)

As min=1% (120)(314) =125.6mm°
420

ASreq = 395.3 mm? > Aspmin= 109.9 mm?0OK

Use 2 %] 16 , As,provided = 40448mm2> As,required = 395.3mm2...

Ok

Check for strain: -

a= Asfy _ 404.48x420

= - = = 16.01mm
0.85b f/  0.85x520x24

a 16.1
C=—=
B,y

= 18.84 mm

" 0.85

d—c
) = 0.003
c

(3 14 — 18.84

ss=o.oo3( T

) = 0.047 > 0.005

Ok

@ (=] 3]
T 7 T
! :
| eTis
. Bl o
- T T T Tl T LTI T T bl G ITTITIITC ‘
A1 4 L
i
; 324
©enie 0
o e 15/35
H. L
D “erie ,/ﬂfﬁ:‘; 1 T\ B.

680
T14 L=700 BB

680
&eT14 L=700 B.B

Fig4.8: cuad yaa s (G.R(1))
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v' 4.4.3 Shear Design for (G.R1):-

V, at distance d from support=26.8KN

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. (ACI, 8.13.8).

Ve == 1f{byd = =24 x 120 X 315 x 10~% = 33.9 KN

g V. =0.75x33.9. =25.46 KN

Check for items:-

1- Vu<® Vce/2

26.8>12.73 ( notok )

2- dVe/l2<Vu<d Ve
15.9375<26.8>25.46 ( notok )
3- ®Vc<Vu<od Ve + dVsmin

® Vsmin >0.75 (%) *pw*d =0 .75*(%)*120*0.315: 9.45 KN. (control)

> 0.75 (1£64 *bw*d =0.75* 1£64*0.315*120: 8.6 KN

®dVsmin = 9.45KN.
@ Ve =25.46<Vu= 26.8< (® V¢ + ® Vsmin) =35.90k
Soitem3 satisfy.
S =d/2 = 315/2 = 157.5mm (control)
S =600 mm
Take Av=2 ® 8 =2 * 50 = 100 mm?
Av/ s =Vs/ty * d
2*50/ s = 12.6*1000/(315*420) > s=1050 mm
Take S = 150 mm

Use 2 ®8 @15 cm c/c.
52



Structural analysis and design

chapter four

4.5 Design of Beam ( G.B(18)):

Fig 4.9:beam (G.B(18)):

H=700/21=33.4 cm

H=50 cm drop about 15cm (hidden beam)
Load calculation:

From Reaction —from (G.R14):

Dead load = 29.59/0.52=56.9 KN/m

Live load =11.67/0.52=22.44 KN/m

From reaction: from (G.R15):

Dead load = 33.49/0.52=64.4 KN/m

Live load =13.03/0.52=25.05 KN/m

From reaction: from (G.R16):

Dead load = 26.21/0.52=50.4 KN/m
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Live load =10.58/0.52=20.35 KN/m
Weight of beam =0.8*25*%0.5=10kn/m
L.L.=0.5*%4=2.08

Weight of wall (25thick,4high)

s Material :-

= concrete B300 Fc' =24 MPa
= Reinforcement Steel fy = 420 MPa

s Section:-
= Bw=800 mm
= h=500 mm
= tf =350 mm

= d=500-40-10-18/2=441 m

Fig (4.10) StaticallySystem and Loads Distributionof Beam (G-B( 18)
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v Moment Design for (G.B( 18)):-

Moments: spans 1to 3

-499.2
-178.4
. 099 11.48 |
I | | 1
—t I/N i ] i i ]
e L. XY | e
89.6 ! 1.5 ‘
159.1
430.4
169 | 208 | 184 2.76 4.2 | 2.8
[ [ 1 [ 1 [ 1
Shear
-380.5
-264.4 -288.9 - -300.1
1182.3 -225.9
f 1 1 f
109.7
191.8 164.3
255.8
363.
437.3
Reactions
Factored
L— 1 11 1
(L LI 11 ™
DeadR  123.27 327.86 557.12 203.48
LiveR 68.57 192.35 260.65 96.62
MaxR 191.84 520.21 817.77 300.1
MinR 110.04 366.19 641.69 198.86
Service
DeadR 102.73 273.22 464.27 169.56
LiveR 42.86 120.22 162.91 60.39
MaxR 145.58 393.44 627.17 229.95
MinR 94.45 297.18 517.12 166.68

Fig 4.11: Shear and Moment Envelope Diagram of G.B(18).
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v Span (L=3.75 m):
1- Flexural Design of Positive Moment for (G.B (18)) :-(Mu=159.1KN.m)

Determine of Mn pax
use g 18
d =500 — 40 -10 — 18\2 = 441 mm

> d > 441 = 189
= — = — %k =
c 7 7 mm
a=B.c =189 *0.85 = 160.65mm
Mnpax = 0.85f:ab(d - g ) = 0.85*24*160.65*800*(441-160.65/2 ) *10°= 945.62.22KN.m

@ Mnpax = 0.82* 945.62 = 775.4 KN.m>159.1 KN/m

Design as singly reinforcement:

_ M, __ 159.1x10°
¢bd?  0.9x800x4412

= 1.136Mpa

Rn

Ji 420
m= 4 7 =
0.85f)  0.85x24

p=i<1— 1 _Z.m.Rn> _ 1 (1_\/1_w> = 0.0028
m 420 20.6 420

Asreq = p.b.d = 0.0028x800x441 = 892.42 mm?

= 20.6

Check for As min:-
As min= A:/(:C_Cy') (bw)(d)ACI-318 (10.5.1)

As min =£(800)(441) =1028.78mm?
4(420)

. 14
A =——(bw)(d
s min (fy)( w)(d)

As min :%(800)(441) =1176mm? control

ASreq = 892.42 mm? < Asmin= 1176 mm? ... use AS ASmin
Use5g 18, As,provided = 12717mm2> As,required =1176 mmz... Ok

§ =220 — 1525 mm > dy = 18> 25 mm 0K
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Check for strain: -

_ Asfy  1271.7x420
0.85b f/ ~ 0.85x800x24

= 32.73mm

a 3273
c=—=——=1385mm
B, 085

d—c 441 — 38.5
& = 0.003 (T) = 0.003 (—

2-Flexural Design of Negative Moment for (G. B((18) :-(Mu=178.4 KN.m)

v" Moment Design for (B 18):-

H=700/21=33.4 cm

H=50 drop about 15cm (hidden beam)
Weight of wall (25thick,4high)

d =500 — 40 -10 — 18\2 = 441 mm
c=;d =;*441 = 189 mm

a=B.c =189 % 0.85 = 160.65mm

«» Material :-

= concrete B300 Fc'=24 MPa

= Reinforcement Steel fy =420 MPa

) = 0.0314 > 0.005

Ok

= Mnpax = 0.85fzab(d - % ) = 0.85%24*160.65*800*(441-160.65/2 ) *10°= 945.6222KN.m

@ Mnmax = 0.82* 945.62 = 775.4 KN.m >178.4 KN/m
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Design as singly reinforcement:

_ My __ 1784x10°
Rn= @bd? ~ 0.9x800x4412 1.28Mpa
420
Iy =206

m= ;= =
0.85f/  0.85x24

- i<1 _ - 2.m.Rn> _ 1 (1 B \/1 B 2><20.6><1.28> — 0.0031
m 420 20.6 420

Asreq = p.b.d = 0.0031x800x441 = 1111.25 mm?

Check for As min:-

As min=1 (bw)(d)ACI-318 (10.5.1)
4(fy)
As min :ﬂ(SOO)(Ml) =1028.78mm?
4(420)
14
A =—" (bw)(d
s min (fy)( w)(d)

As min :%(800)(441) =1176mm? control

ASreq = 1111.25 mm? < Asmin= 1176 mm? ... use As ASmin

Use g18
Use 5@ 18 Top, Asprovided = 1271.7 mm?> Asmin= 1176 mm?... Ok

a= Asfy  1271.7x420

= - = = 32.73mm
0.85b f!  0.85x800x24

a 3273
c=—=——=138.5mm
B,  0.85

d—c 441 — 38.5
& = 0.003( - ) = 0.003 (T) = 0.0314 > 0.005

§ =20 B — 1525 mm > dy = 18> 25 mm 0K
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Span (L=4.6 m):

1-Flexural Design of positive Moment for (G. B((18) :-(Mu=89.6 KN.m)

v Moment Design for (G.B (18)): -

s Material :-

— concrete B300 Fc' =24 MPa
= Reinforcement Steel fy =420 Mpa

= use g 12
= d =500 -40-10 - 12\2 = 444 mm

- c =§d =§*444 —190.28 mm
= a=B.c =190.28«0.85 =161.74mm

Mniey = 0.85fab(d - 2 ) = 0.85*24*161.74*800*(444-161.74/2 ) *10°= 958.5 KN.m

@ Mnmax = 0.82* 958.5 = 785.98 KN.m > 89.6 KN.m
Design as singly:

_ M, __ 89.6x10°
®bd2  0.9x800%x4442

= 0.631 Mpa.

n

fy __420 _ 506

m= - = =
0.85f!  0.85x24

p=i<1— 1 _2.m.Rn> _ 1 (1_\/1_M> = 0.0153
m 420 20.6 420

As = p.b.d = 0.0153x800x441 = 538.5 mm?,

Check for As min: -

As min =£(800)(444) =1035.78mm?
4(420)

. 1.4
A =——(bw)(d
s min (fy)( w)(d)
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As min=--% bw)(d)
(fy)
As min :%(800)(444) =1184mm? control
ASreq = 538.5 mm? < Asmin= 1176 mm? ... use AS ASmin
Use 10%12, As,provided =1130 mm2> As,minz 1176 mm2 ... Ok
Check spacing: -
S — 800—40*2—:0—(10x12) — 64.44 MM < 25
Check for strain: -
AS.
__Asty - 1130 X420 _ 291 mm

0.85b f, 0.85x800x%x24
c=2 =21 _342mm

B, 0.85

d—c 444 — 342
es = 0.003 (T) = 0.003 (—) = 0.036 > 0.005 0k

34.2

H=700/21=33.4 cm

H=50 drop about 15cm (hidden beam)
Weight of beam =0.8*25*%0.5=10kn/m
Weight of wall (25thick,4high)

d =500 — 40 -10 — 18\2 = 441 mm

a=B.c =189 % 0.85 = 160.65mm

+» Material :-

— concrete B300 Fc' =24 MPa
= Reinforcement Steel fy =420 Mpa
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Mnmax = 0.85fzab(d - % ) = 0.85%24*160.65*800*(441-160.65/2 ) *10°= 945.6222KN.m

@ Mnpax = 0.82* 945.62 = 775.4 KN.m > 499.2

Design as singly reinforcement:

M, _ 499.2x10°
Rn= @bd? ~ 0.9x800x4412 3.565Mpa
_Jy 420 20.6

m= ;= =
0.85f/  0.85x24

o i<1 - 2.m.Rn> _ 1 (1 _\/1 _M) = 0.00939
m 420 20.6 420

Asreq = p.b.d = 0.00939x800x441 = 3315.6 mm?

Check for As min:-

Asmin= (bw)(d)ACI-318 (10.5.1)
4(fy)

As min = Vo4 (800)(441) =1028.78mm°
4(420)
.14
A = (bw)(d
s min (fy)( w)(d)

As min :%(800)(441) =1176mm? control
ASreq = 3315.6 mm? > Asmin= 1176 mm? ... use As req

Use 925
Use 79 25 Top, As,provided = 3434.4 mm2> As min= 3315.6 mm2 ... Ok

a= Asfy _ 3434.4x420

= - = = 88.38mm
0.85b f!  0.85x800x24

a 8838
c=—=——=104mm
B, 085

d—c 441 — 104
& = 0.003( c ) = 0.003 (T) = 0.0097 > 0.005

_ 800—2%40-20—(7*25) __
= ” =

S

131.25mm > d;, = 18 > 25 mm OK
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* Span (L=7m):

e H=700/21=33.4cm

e H=50 drop about 15cm (hidden beam)
e Weight of beam =0.8*25*0.5=10kn/m

e Weight of wall (25thick,4high)

e d=500-40-10-25\2=437.5mm

e c=2d=2+441=1875mm

e a=B.c =187.5%0.85=159.4mm

s Material :-
= concrete B300 Fc' =24 MPa
= Reinforcement Steel fy =420 Mpa

% Section :-

= Bw=800 mm
= h=500 mm
= tF =350 mm

v" Moment Design for (G.B(18):-
1- Flexural Design of Positive Moment for (G.B (18)) :-(Mu=68.1KN.m)

Determine of Mn max

e d=500-40-10 — 25\2 = 437.5 mm
o ¢ =§d =§*441 — 187.5 mm
e a=B.c=187.5%0.85 =159.4 mm

Mnmax = 0.85flab(d - % ) = 0.85*24*159.4*800*(437.5-159.4/2 ) *10°= 930.78 KN.m
® Mnmax = 0.82* 930.78 = 762.24 KN.m > 68.1
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Design as singlyreinforcement:

M, __ 430.4x10°

R.= —
" Bbdz T 0.9x800x437.52

= 3.123Mpa

fy 420

= - = = 20.6
0.85f]  0.85x24

m

p=1<1 _ 1 _m> =L<1 _\/1 _w> = 0.008114
m 420 20.6 420

Asreq = p.b.d = 0.008114x800x437.5 = 2839.915 mm?

Check for As min: -

o

AS min = A(y) (bw)(d)ACI-318 (10.5.1)

J24
4(420)

AS min = (800)(437.5) =1020.62mm>

.14
As min=——(bw)(d)
(fy)
AS min :%(800)(437.5) =1166.67mm? control

ASreq= 2839.915 mm? > Asmin= 1166.67 mm? ... OK
Use 6 g 25, Asprovided = 2943.75 mm?

_ 800-2x40—-20—(6%25) _
= - =

S

110 mm > d, = 18 > 25 mm

Check for strain: -

_ Asfy _ 2943.75x420
0.85b f! ~ 0.85x800x24

= 75.76mm

75.76
c= = =222 =89.13mm
By 0.85

OK

d—c 437.5 —89.13
& = 0.003( ) = 0.003( > =0.0117 > 0.005

Cc
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Shear Design for (G.B(18):-
1) Vu = 756.2KN
Jte

dVe= P * TbW*d

4
= 0.75* 800* 441*107-3= 216 KN

Vs =Vu/® — V¢ =756.2/0.75 — 288= 720.3 KN
Vsmax=2/3f;"0.5*bw*d
=0.667*4.9*800*441=1152.24
Check for items:-
1) Vu<® Ve¢/2 =>756.2>108 not ok
2) ®Vce/2<Vu<®d Ve =>108<756.2>216 not ok

® Vsmin > 0.75 (%)* bw * d
=0.75%( % )*800 *441 *107-3= 88.2KN.

J24

4
20.75(?) *bw*d

4
=0.75* * 800 * 441 * 103= 81 KN.(control)

dVsmin = 81 KN
3) ®Vc<Vu<® Vec+ ® Vsmin
216<756.2>297 => notok

J fc'
4)D Ve + d Vsmin< Vu <d Ve +d 3 *bw*d
297<756.2<848.1 ok S max =d/2 =441/2 =220.5 mm <600 ok

So item, (4) satisfy
Take Av = 4D10 = 4* 78.5 =314 mm?
Av/ s =Vs/ty *d
314/ s = 296.67*1000 /441*420 -2 s=161.62mm S=196<d/2 =220.5 mm < 600 mm.
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Select S=20cm ............. Use @10 (4legs) @ 20 c/c

Structural analysis and design

chapter four

4-6 DESIGN OF ONE WAY SOLID SLAB:

gt

w S 860
D \j’,‘.‘"i\‘ 7 ‘i

% Fig 4.13 : Plan of solid slab

+» Material:

= concrete B350 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Slab Thickness Calculation:
The overall depth must satisfy ACI Table (9.5.a):

Min H (deflection requirement):
H = L/24 = 550/24 =22.9

For One way solid slab, will use thickness of slab 25 cm.
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Dead Load For Solid slab:

No. | Parts of Rib | Calculation

1 | Tiles 0.03*23*1 = 0.69 KN/m

2 Mortar 0.02*22*1 = 0.44 KN/m

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

4 | plaster 0.02*22*1 = 0.44 KN/m
RC. Solid | 0.25*25 = 6.25KN/m"2

5 slab

6 | Partitions 2.3*1 = 2.3 KN/m

Sum =

11.31KN/m

Table (4.4): Dead Load Calculation of solid slab.

Live Load For Solid slab = 4*1 =5Kn/m

v' System of Landing:

Moments: spans 1to 1

2.75

102.7

2.75
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Shear

-74.7
-64.9

64.9
74.7

Fig 4.14 : Shear and moment envelop diagram of solid slab

v Design of Shear:

(Vu=74.7 Kn)

Assume bar diameter g 12 for main reinforcement

d =h- cover — 2 = 350 — 20 — = = 324 mm

Ve=<\fc'b, d == =24+ 1000 x 324 = 2645 KN

@* Vc=0.75* 264.5 = 198.4 KN>Vu = 74.7 KN...... Thickness Is Enough (No need for shear)

1- Design of Bending Moment ( Mu=102.7 KN/m) :-

d =h- cover—dz—b= 350—20—12—2= 324 mm

M, _ 102.7x10°

Ro— —
"™ 8bd2 T 0.9x1000x3242

= 1.09 Mpa

1 420
m= Y ; =
0.85f; 0.85%x24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.00266
m 420 20.6 420

Asreq = p.b.d = 0.00266x1000%x324 = 862.2 mm?

= 20.6
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Check for As, min:-

f !
ASmin = L0 (bw)(d) = £*1000*324= 944.8 mm?
4( fy) 4*420
14 14
Asmin = — (bw)(d) = =—*1000*324= 1080 mm?Controls
(fy) 420

Use g14 @125 mm , Asprovided= 1230 mm2>As,required= 1080 mm?... Ok

Number of bars required in 1m strip = 1230/154 = 8 bars

Thenuse 8 @ 14@ 12.5 mm

Check for strain:

_ Asfy 1230x420

= - = = 25.32mm
0.85b f/  0.85x1000x24

a 25.32
C=—=——=29.8mm
B, 0.85

(324 —29.8

d—x
& = 0.003 (T) = (0.003 298

) = 0.0296 > 0.005

v lateral or Secondary Reinforcement of Solid slab :

As,reqg= As,min =0.0018*1000*250 = 450 mm2

Use 910 @ 175 mm As, provided= 451 mmz2 > As,required= 450 mmaz... Ok

v' Top Reinforcement :

As,min=0.0018*1000*250 = 450 mm2
Use mesh g10 @ 175 mm .

69

Ok



Structural analysis and design chapter four

4-7 | Design of Two Way Ribbed Slab:

4-7-1 Position of Slab:

This two way ribbed slab locating in ground floor as demonstrated in figure (4-19).

G.R28

Figure (4-15) the positon of two way ribbed slab in ground floor.

4-7-2 Calculations of minimum thickness of two way ribbed slab:

Minimum thickness of two way h,,;,, is based on the stiffness ratio between the beam and the slab that will be

carried from the beam.
Assuming that h,,;, = 35cm

- Stiffness of slab:
Moment of inertia of rib:
8Xx52x4+12x27x20
T 8x52+12x27
I =52><113_40><33+12><243
rib 3 3 3

!

y =11.cm.

=7.8006 x 10~* m*

Figure (4-21): rib geometry
- stiffness of Beams:

for beams (B,G,2) Rectangular section 80x50 :
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80 x 503 4 s
IB,G,87 =T=833X10 m

Structural analysis and design chapter four

for beams (B,G,37 ) Rectangular section 80x35 :

I —80X353—286x10‘4 4
B,G93 — 12 = 40. m
e ForB,G,2:
Ly ity 7.8006 X 107* x (5 +5+0.8) .
I = - =79.5% 10"
ST by 0.52 "

e ForB,G,37:

Ly ity 7.8006 x 107 x G +=2+0.8) .

Ic = = =47.25 x 10~
ST by 0.52 "
e ForB,G,3:
I L1 ~4 5 (24 85
f rib -(z+5+b) 7.8006 X 107* X (E + Y +0.8) 143.3 x 10-* 4
s = = = Lo X m
bess 0.52
e ForB,G,21:
I 11 —4 4.7 6
f rib -(z+5+b) 7.8006 X 107* X (7 + P +0.8) 92,25 x 10-* 4
s = = = . X m
bess 0.52
Ip

- stiffness Ratio ocf= —
I

S

_Ipg7  286x10* _Ip122 833

%2 Ig T 795x10-% 0.359 , (0 4] I =oo0s = 0.902
Ipo3z 286 Ipos 286
O3 = I 3725 0.605 , Oy = 2 YT rim 0.199

f 0.5054+0.425+0.568+0.722 9
Zaf_ = 0.51625 < 2.0, p=2mong _ 2 _ g
4 4 Ln,short 4.7

Olfm =

1,(0.8+-L%) 9(0.8+-=-)

—_ 1400 1400 —
Rmin = 36+5B(afm—0.2)  36+5x1.91(0.51625-0.2) 2537em <35cm ..O0K

h=35cm > hy;, = 25.37cm (8 cm Topping + 27 cm Block).
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4-7-3 Load Calculations of two way ribbed slab:

As we calculated previously the load that acts on two way ribbed slab was equals:

2.82

D= —
L~ 0.52%x0.52

kN kN

Woq=1.2(10.54) = 12.648 (";"’)  Total uniform dead load.

W, =1.6(4)=6.4 (%N) ,Total uniform live load.

Factored Load : ¥, = 1.2 (10.54) + 1.6 (4) = 19.048 ().

4-7-4 Moments calculations by coefficient method:

e spanratio = i—: = 49;7 =0.52 |, l,:shortclear span , l,:long clear span

e Coefficients (case 4):
Coefficients for negative moments in slab:
Caneg =0.0932 , Chpeq = 0.0068
Coefficients for dead load positive moments in slab:
Coqr=0.0578 , Cpug = 0.0044
Coefficients for live load positive moments in slab:
Cou=0.075 , Cpy=0.0058
e Moments:
Maneg = Caneg* Wo - ls°-bf = 0.0932 X 19.048 x 92 x 0.52 = 74.77 kN.m
Mo positve = Maar + Mgy = [(0.0578 x 12.648 x 92 X 0.52) + (0.075 X 6.4 X 9% x 0.52 ]
=51.01kN.m
Mppeg = 0.0068 x 19.048 x 4.7% = 2.89 kN.m
My positve = Mpar + Mpy = [(0.0044 x 12.648 x 4.7% x 0.52) + (0.0058 x 6.4 x 4.7% x 0.52]
=1.065 kN.m
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4-7-5 Slab reinforcements:

Assume 2018 Bottom Bars for ( positive moments)

18
d=350—20—8—7=313mm

1.4
As2p18) = 2 X 254.34 = 508.68 mm? > Agyiy = 270 X 120 %313 = 125.2mm?

__AJ, _ 508.68x420 _ . _a  87.27
T 085/ b, 085x24x120 oMM ST E =085

a =102.67mm

87.27

a
M, = Af,(d- E) = 508.68 x 420 x (313 - ) x 10~6 = 57.55kN.m

M, =@M, =0.9%x57.55=51.79kN.m (2018 covers positive moments)

check strain :

313-102.67

&, =0.003 (%) = 0-003( 102.67

) =0.00614 > 0.005 ,9 =09...0K

~ Use 018 for Bottom Bars
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Assume #16 Top Bars for ( Negative moments)

16
d=320—20—8—7=284mm

Structural analysis and design chapter four

1.4
As2p16) = 2 X 201.1 = 402.2 mm?® > Agpip = 220 < 120 x 284 = 113.6 mm?

__AJ, __4022x420 _ a_ 69 .. .
~ 085/ b, 085x24x120 € - e

@ ~ B, 0.85

a 69 6
M, = Af,(d- E) = 402.2 x 420 x (284 —7) x 1076 = 42.14 kN.m

M, =@M, =0.9%x42.14 = 37.93 kN.m

check strain :

284-81.17

£ = 0.003 (£%) = 0.003 (22

) =0.0074>0.005 ,¢=09...0K
~ Use 016 for Top Bars (short span). , Use 012 for Top Bars long span).

4-7-6 Design of shear:

Maximum shear coefficient will be in the short direction for the slab with boundary conditions as in case 8 , W, =
0.932

= The total load on the panel(4.7 x 9 x 19.048) = 840.08 kN .

= The total load per rib at face of the long beam is (0'93”8::;30”0'52)

= 22.61 kN

The shear critical section is at distance d from the beam face:
Vua = Vusace — Wy begs - d = (22.61 — 19.048 x 0.52 X 0.284) = 19.8kN

The shear strength of one rib in the slab is:
1 i 1 -3
oV, =0.75x 1.1 ‘2 X /f . bwd =075 x1.1 <g>\/24 +120-284 X 107° = 22.95 kN

oV, 22.61
— =5 = 113kN < Vyq = 2116 kN < 9V, = 22.61 KN

No need for shear reinforcement ( but not for exceptions according to ACI).
Provide minimum shear reinforcement
Use @8 stirrups Ay 2gs = 2 x 50 = 100 mm?
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A .
vmin _ by _ 120 =01 — %:O'l — s=1000 mm

s 3fy 3x420

Smax < 5 and < 600mm  Spgy = = 142 mm < 600 mm

~ Use P8@20 cm c¢/cwith 2legs

Structural analysis and design

chapter four

X

SECTION B-B Scale 1:10

Figure (4-16): cross section in two way ribbed slab (long span).
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4-8 | Design of Column (11), Ground Floor.

4-8-1 Design Data:
The following table and figures gives the design parameters of column (11) Ground Floor:

Dead load (service) 1000 kN
Live load (service) 350 kN
Length 4m
k 1 (Braced)
D 55cm
[y 420 Mpa
f. 24 Mpa
Concrete cover 40 mm
Bar size ?16 mm
Type of load Concentrically Loaded

Table (4-5): Design Data of column (11).

4-8-2 Factored Loads:

P,=1.2D+1.6L
P, = 1.2 (1000) + 1.6(350) = 1760 kN

4-8-3 Selecting Column Dimenssion:

Assum Ast = 0.015Ag
@Pn,max = 00.85[0.85. fc(Ag — Ast) + Ast. Fy]
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1760 « 10% = 0.75*0.85[0.85*24*(Ag-0.015Ag)+(0.015Ag*420)]

Ag = 104598.94 mm?
Ag=n/4 . D?

104598.94 = /4 . D?

Structural analysis and design

chapter four

D= 364.9 mm, take D= 400 mm

Ag=T/4 . 4002 =125663mm?

@Pn,max = ¢0.85[0.85.24(125663 — Ast) + Ast.420]
Ast= 1884.95mm?
Use (10016 with As= 2010.6mm? >Ast= 1884.95 mm?)

p = Ast/Ag
1884.95/125663 = 0.015

Design Spiral rein. :

Use Spiral @10 with As =78.54 mm?
Dch= D-2.Cover
Dch = 400-(2*40)=320 mm

Ag=T/4 . D? =125663 mm?

Ach= 7t/4 . Dch? =80384 mm?

ps =0.45(+% - 1)1 =0,0145

Ach B fyt
__ 4as(Dch—-ds)
pS B S.Dch2
4 x78.54(320 — 10)
ps = = 0.0145
S.320 % 320
S=64.45 mm

Check for code req. :
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1- clear spacing longitudinal bar diameter of the centroidial circle of bar:

1-400-40*2-10*2-16 = 284 mm

Structural analysis and design

chapter four

] T*284 — (12 x 16)
clear spacing = 11 = 65 mm

65 mm > 40 mm

> 1.5db=1.5*16 =24 mm

2- 0.01<pg =0.0164<0.08

3- NO of bar 11> 6- for circular member enclose by spiral -ok

4- min. spiral 910 - ok

5- clear spacing for one loop :

Clear spacing = S-ds = 75— 10 = 65 mm
25 mm < 65 mm <75 mm —ok
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Figure (4-17): Details of column.

Structural analysis and design chapter four

4-9 | Design of Staircase:

live load of L; = 4 (%) ,assuming rise of 155 mm ,and runof 300 mm, f. =

24 Mpa, f, = 420 Mpa 4-8-1 plan and materials of stair:

The following figure demonstrate the plan of stair that we consider to design it figure (4-29) which is carries a

uniform

Figure (4-18): Stair Plan and structural system.
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4-9-2 Structural system and minimum thickness:

1. The structural system of this stair was taken as a simply supported (one-way solid slab) since that the

flight of stair will be supported at the ends of upper and lower landings.

2. Minimum Slab thickness for deflection is (for simply supported one-way solid slab) is Ry, = 20"
2.4+3.48

20

= 29.4 cm , but in this case presented here where the slab ends are cast white the supporting

beams and additional negative reinforcement is provided , minimum thickness can be assumed to be

L _ 24+348

— =21cm.
28 28

hmin =
Take hy,i;, = 25 cm

Structural analysis and design chapter four

4-9-3 Loads and Reactions calculations:

The applied live loads are based on the plan area (horizontal projection), while the dead load is based on the
sloped length. To transform the dead load into horizontal projection the figure below explains how figure (4-
30).

0 = tan™! (rise) =tan™! (155> =27.32°
N run/ 300/
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g KN/m

}4_300 M = f

m| #7250 mm L

! /
15: mm /

Y

N wKN/m
I

Figure (4-19): Transformation of dead load into horizontal projection.

Structural analysis and design chapter four

e Flight Dead Load computation:

Table (4-6) shows Dead Load calculations on Flight of stair:

Dead Load Form Unit weight ¥ (% w (k—N)
m

Til 27 0.155 + 0.35
iles 27 x(

x0.03x1=1.36
0.3 )

81



0.155+ 0.3
Mortar 22 22 X (—) Xx0.03x1=1.001
0.3
' 25 0.155x 0.3
Stair steps 25 y ( ) «1=193
0.3 2
Reinforced concrete 25 25x0.25x1 - 04
(solid slab) cos 27.32
plaster 22 22x0.03x1
cos 27.32 0.75
Z Tota Dead loads kN/m 12.1

Table (4-6) Dead Load calculations on flight.

e Landing Dead L oad computation:

Table (4-7) shows Dead Load calculations on Landing of stair:

; ] kN
m

Tiles 23 23x0.03x1=0.69
Mortar 22 22x0.03x1=0.66
Reinforced concrete 25 25x0.25x1=6.25
(solid slab)

plaster 22 22x0.03x1=0.66

z Tota Dead loads kN/m 8.26

Structural analysis and design

chapter four

e Liveload: L; =4 (k—N)

m2

e Total Factored Load: w=1.2D;+1.6L,

For flight : w = 1.2 (12.1) + 1.6(4) = 20.92 (";"’)

For Landing: w = 1.2 (8.26) + 1.6(4) = 16.3 (";"’)
16.3/2=8.15
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4-9-4 Design of flight 1:

The support reaction of flighting is:

[(8.15%3.9)+(20.92+3.48)]
2

=52.3 (%N) as shown in figure (4-31).

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter 14 for main rinforcemnt.
d, 14
d= h—cover—7= 250—20—7= 223 mm

Assume wall width 30 cm
V,=52.3—-8.15x%x(0.155+ 0.223) = 49.2 kN

——w/fcbd —x\/ 4 x 1000 x 223 =182.7 kN .. for 1 m strip

¢ =0.75 — for shear
dV,.=0.75 x182.7 =136.55 kN .. for 1m strip

1
Vimax = 49.2 kN < =V = 68.27kN

~ The thickness of the slab is adequate enough

Structural analysis and design chapter four

e Calculation of maximum moment and steel reinforcement:

3.48 3.48 1.74
My max = 52.3 X (2.4 + T) —~8.15-(2.4) - (2.4/2 + T) —20.92(1.74) (T)
=127.34kN.m/m
assume bar diameter 014 for main rinforcemnt with ,d = 223 mm

M,  127.34x10° fy 420

- — 2.8Mpa ,m = = - 20.6
obd _ 0.9 x 1000 x 2232 P& M= 5 85F.  0.85x (24)

R, =
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A, | _2Rem)_ 1 [ | 228206\
P~ f, | 206 420 -

A, = pbd = 0.0072 x 1000 x 223 = 1605. 6 mm?>

Ag min = 0.0018bh = 0.0018 x 1000 x 250 = 450mm?
Ag = 1605.6mm? > Ag i = 450 mm? ,use 014
Use 11014@15 cm with Agpre, = 1693.3 mm? > A; = 1605.6 mm?for (1m) strip

Check maximum step for main reinforcement (the smallest of):

1. 3h=3 x250=750mm

2. 450mm.
3. §=380 (**) - 2.5C, = 380 <228° ) —2.5x20 = 330mm
fs 3x420
280 280
Smax = 300 ( ) =300| ;——— | = 300mm — controled
fs S %420

S=15cm < S,4, =30cm — OK

e Temperature and shrinkage reinforcement:
As(temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?

Use 7010@10cm with Agpyre, = 553 mm? > Ag = 450 mm? for (1m) strip

Structural analysis and design

chapter four

Check maximum step for temperature and shrinkage (the smallest of):

1. 5h=5x250=1250 mm

2. 450mm. — controled
S=10cm < S, =45cm — OK

4-8-5 Design of flight 2:
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The support reaction of flighting is:

[(8.15%3.9)+(20.92+3.48)]
2

kN

=52.3 ( ) as shown in figure (4-32).

m

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter @14 for main rinforcemnt.
d, 14
d= h—cover—7= 250—20—7= 223 mm

Assume wall width 30 cm
V,=52.3-8.15x%x(0.155+ 0.223) =49.2 kN

1 1 .
V., = 3 febyd = 6 X V24 %X 1000 x 223 = 182.7 kN .. for 1 m strip

¢ =0.75 — for shear
dV,.=0.75 x182.7 =136.55 kN .. for 1m strip

1
Vimax = 49.2 kN < =V = 68.27kN

~ The thickness of the slab is adequate enough

e Calculation of maximum moment and steel reinforcement:

My max = 127.34 kN.m [ m

assume bar diameter 014 for main rinforcemnt with ,d = 223 mm

Structural analysis and design chapter four

M, 127.34 x 10° f 420
®bd 0.9 x 1000 x 2232 ’ 0.85f., 0.85x(24)

A [ Ram\_ 1 [ | 228206\
P m f, | 206 420 -

A; = pbd = 0.0072 x 1000 X 223 = 1605.6 mm?*

20.6

R,
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Agmin = 0.0018bh = 0.0018 x 1000 x 250 = 450mm?
Ag = 1605.6 mm? > Ag i = 450 mm? ,use 014
Use 11014@15 cm with Agpre, = 1693.3 mm? > A; = 1605.6 mm?*for (1m) strip

Check maximum step for main reinforcement (the smallest of):

4. 3h =3 X 250 =750 mm
5. 450mm.

6. S =380 (2;"’

)—2.5C, =380 <228°

3><420

)—2.5><20=330mm

s

5 = 300mm — controled

280
Smax = 300 ( —
3 X 420

S

)=300

S=15cm < 8,4, =30cm — OK

e Temperature and shrinkage reinforcement:
As(temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?

Use 7010@10 cm with Agpre, = 553 mm? > A; = 450 mm?*for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

3. 5h=5x250=1250 mm

4. 450mm. — controled

S=10cm < S,u,x =45cm — 0K

Structural analysis and design chapter four

86



v |
'€
Ip]
)
(3¢10@15 >
(9910015
(3#10015,L=320 fo¢10@15 g
(7914015 :
{{3$10@15,L=122(U~hook) 120152160 o
(2¢14@15,.=655 B#10815 [%I_

RN
éZ}?NZ@IS
2.4m 3.30m 1.5m

. (B$12015,L=220
(8¥12015,L=250

(I¥10015,1=340

240 T.B
(2#14@15,L=655 0y
7

(B)912015,0=220
(3¥10@15,L=320 170 T.B
270 B.B 5
2
50 5
A 50 C10815,L=122(U-hook) N @r12015,L=160
80 B.B
‘0
28 (B¢14@15,L=250
@ 150 B.B

Figure (4-20) : Details of stairs

Structural analysis and design chapter four

87



4.10 DESIGN of BASEMENT WALL .

Note : Column Load On theBasement wall not included , we designed these columns

Structural analysis and design chapter four

< Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Soil density = 18 Kg/cm3 , L.L =5 KN/m?

angle of friction in soil g= 35°

the wall is Pinned-Pinned system

the backfill is dry ( No Water)

Ko=1-sing = 0.426

* Load on basement wall.

For 1m length of wall:

* Weight of backfill:

gl = Kox desnsity xh x b=0.426 * 18 * 4.25 x 1 =32.59 KN/m ( Due to soil )
ql(fact) = 1.6*32.59 = 52.144KN/m

* Load from live load:

92 = KoxL.L= 0.426 *5=2.13 KN/m (DuetoL.L)

g2(fact) = 1.6*2.13 = 3.41 KN/m

Structural analysis and design chapter four
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Moments: spans 1to 1

L 1 1 |
2.12 316 2.12
[ T 1
Shear
-35.4
-26.9
f f
26.9
35.4
Reactions
Factored
L 1 1 |
[ L L 1
DeadR 18.36 18.36
LiveR 17. 17.
MaxR 35.36 35.36
MinR 18.36 18.36
Service
DeadR 15.3 15.3
LiveR 10.62 10.62
MaxR 25.93 25.92
MinR 15.3 15.3
After enter these data to ATIR program
Fig 4.18 : Shear and moment envelop diagram
Design Of Basement Wall
2- Design of Shear:- (Vu=22.5 KN)
Assume bar diameter g 12 for main reinforcement
Structural analysis and design chapter four
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d =h- cover — 2 = 300 — 75 — = = 219 mm
1 7 1
Ve = gw/fc by d == -v24%1000 %219 = 178.8 KN
@* Vc=0.75*178.8 = 134.1 KN>Vu =35.4 KN...... Thickness Is Enough (No need for shear)
2- Design of Bending Moment ( Mu=37.6KN/m) :-
d =h- cover — 2 = 300 — 75 — = = 219 mm

My, __ 37.6x10°

R.— _
" 0bd?2 T 0.9x1000x2192

= 0.87 Mpa

1 420
m= 4 ; =
0.85f; 0.85%x24

p=1<1 _ 11 _m> =L<1 _Jl_w> = 0.00212
m 420 20.6 420

Asreq = p.b.d = 0.00212x1000x219 = 464.3 mm?

= 20.6

Check for As, min:-

Jfe! V24

ASmin = (bw)(d) = —2=_*1000* 219= 638.6 mm?
4( fy) 4*420

ASmin = ﬂ(bw)(d) = ﬂ*1000* 219= 730 mm?Controls
(fy) 420

Use g12 @150 mm , Asprovided= 754 mm2>As,required: 730 mm4... Ok

3- Design of horizontal and minimum vertical

Asp = p.b.h=0.00212x1000%300 = 636 mm?
For each side : As = 636/2 = 318 mm?

Use g10 @ 200 mm for each side , Asprovided= 395 mm2>As,required= 318 mmZ3... Ok

ASymin = p.b.h=0.002x1000x300 = 600 mm?.... 300 mm?2 for each side

Use 10 @ 250 mm for each side , Asprovided= 316 mm2>As,required: 300 mm?... Ok
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q) 01015 06
U-hook
SN L g|
D408/t
@)
O d
(@)
s I g
%7_ A
- @12/15
012115 J
3e1215
D@12115 @14 @ 15cm
’. ..... STy e rﬁ 014 @ 15em
O e —— il
o

Fig 4.21 : Basement wall details
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4-11 Design of Shear Wall (3)

First Floor

Ground Floor 3

od

Basement Floor

Figure (4-22): Shear Wall(3).

551.94
663.3 1090.23
890.19 1790.45
2953.2
Shear diagrame Moment diagrame

Figure (4-23): Shear and moment Diagram of Shear Wall.
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v' Material and Sections:- (From Shear Wall 3)

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness  h=30cm

= Shear Wall Width Lw=5.45m

=  Shear Wall Height Hw = 12.6m

4-11-1 Design of Horizontal Reinforcement:-

> Fx=Vu=719.17 KN

The critical Section is the smaller of:

W _545_, 2o5m......Control
2 2
h—W = ﬁ =6.3m

2~ 2

storyheighlHw) = 4m

d =0.8xLw=0.8x5.45=4.36m

5
DVomax = Qg fc'hd

= 0.75 % 0.83 x V24 * 300 * 4360 = 3988.9 KN >V, = 719.17KN

V.is the smallest of :

1

1-V. = %,/fc'hd =-v24 %300 * 4360 = 1068KN ..... control

6

N,d
2— V. =027/ hd + ﬁ = 0.27v/24 300 % 4360 + 0 = 1730.12KN

w

! Nu
Ly (01 +02%)
3— V. =|0.05/f + | hd
| Vu 2
[ 5.45(0.1V24 + 0)
3—- 1. = _0.05\/ﬁ+ STooc

300 * 4.36 = 6214.5KN
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V¢ =790.19KN

@ * vc + Qus = vu

@ * vS=VU-Q * vC

Vs=vu/@ — vc

Vs=890.19/0.75-1068=118.92kn need reinforcement

A _ Vs 11892 0.0000065 m2

Sz f,d 420%4360 me/m
_ A _ 00000065 0000216 < 0.0025

== o3 O =5

- Maximum spacing is the least of :

Lw 4360
—=——=1090 mm
5 5

3*h = 3*300 = 900mm

450 mm ....... Control

Select 10 ,tow layers

Sh=157/0.75=209.33

o 27785
Pt S T 5, %300

Sh=209.33

Select Sh=200mm<Smax= 450 mm.

4-11-2 Design of Vertical Reinforcement:-

Ayy hy

fm = 0.0025 + 0.5 (2.5 - J) (p; — 0.0025) > 0.0025
hy _126

Lw  5.45 '

for this wall with h:; >2.5,p; = 0.0025

Lw
- Maximum spacing is the least of :

M—@—145333mm
3 3 '

3*h = 3*300 = 900mm
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450 mm ....... Control

Use ¢$10/200 mm for two layers

4-11-3 Design of Bending Moment:-

(5450) 2 %79 = 4305.5 mm?
= 3 3 = .
st =\ 7200 mm
A 4305.5 420
w=( “)f—y,=( ) = 0.046
L,h) 77 = \5450 « 300/ 24
b,
a=—"_=0
Lyhfe
C w+a 0.046 + 0

I, 2w+0858, 2+0.046+ 0.85 * 0.85

Py
Astfy

BM,, = 0 [0.545f, Ly (1 + —2)(1 — li

w

= 0.9[0.5 * 4305.5 420 * 5450(1 + 0)(1 — 0.0565)] = 4184.3KN > 2953.2KN.m .... Ok

Lw 5450
> = =605.55
600%0.015 600%0.015
X
Lb = E =302.78

Since Smallest value of Lb & Mub not require Boundary .
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4-12 | Design of isolated Footing(F4):

4-10-1 Materials and Loads:

Isolated footing that we consider to design with materials Of:
fo =24 Mpa,f, =420 Mpa.

Dead Load (service) = 1500kN.

Live Load (service) = 500 kN.

Total services load = 1500 + 500 = 2000 kN.

Total Factored load = 1.2(1500) + 1.6(500) = 2600 kN.
Column dimension(a x b) = 50cm x 50cm.

Soil density = 18(!% .
Allowable bearing capacity q,;,; = 400 (%)

==y

+0.45 m

|
i ]
Y NEATARANANANNANAN N A A A AN AN AN NN
W\ S GeRaaay NN NS
\\ ORI I
N\ N
O ]\ X ‘
) \L
I ® |
R =

, Section A-A

Figure (4-25): Footing Section.
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Assume h = 60cm.

kN
q all—net = 400 — (25 x 0. 6) — (18 x 0. 6) =374.2 (m)

e Area of footing:

2000

= = 5.34 m?
374.2

A: Pt

9 ali—net

Assume rect. Footing

Select B=2.5m
Select L= 2.5m

e Bearing pressure:
2600

T 2.5%x2.5
4-10-2 Design:

kN
qu =416 (—)
m

e Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume h = 60 cm .
Bar diameter @ 14 for main reinforcement and 7.5 cm Cover.

d =600—-75—-14=511mm

B— 2.5-0.5
v, =qu><< 2a—d)xL=416x<T—0.511>x2.5=508.56kN

N—

LTI LT

PN

Inclined crack

g

Critical section for Tributary area for
one-way shewr ~ ot

~—
N

\_
N

a

B
:“—\TT\\ :
N

One-way shoar.

Figure (4-26): one-way shear calculation.
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1 1
(/)ch(zjxgx,/fcl><b><d=0.75><g><\/24><2500><511=782.31kN

OV, = 782.31kN >V, = 508.56kN - Safe

e Design of Tow-way shear strength:

Vu =Pu— FRb
FRy, = q, X area of critical section

V, =416 X [(2.5%2.8) — (0.5 + 0.511)(0.5 + 0.511)] = 2174.79 kN

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

1 2
1. @VC=®XE(1+E)x1/fC/xboxd
2 (Z)Vc=®><%(%+2)x fer X box d
d

3. @VC=®x§x\/ﬁxboxd

Where:

_ column Length (a) 50

= =—=1
Be column width (b) 50

b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2x%(0.54+0.511)+2x(0.5+0.511) = 404.4cm
a, = 40 for interior coulmn

Substituting values in equations:

1 2
OV =0.75 % g(l + I) X V24 X 4044 X 511 = 3796.37kN — CONTROL

1 (4-0 *0.511

=0.75 X —
Ve =0.75 4.044

12 +2) X V24 X 4044 X 511 = 4463.52 kN

1
Ve =0.75 X 3 X V24 X 4044 X 511 = 2530.9 kN — CONTROL
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OV =2530.9kN >V, =2174.79 kN

o Design Bending moment for long dirction:

Critical Section at the Face of Column

select 14

d = 600-75-14 =511mm

9
M, =416 X 2.5 X 0.489 x =124.34 kN.m

M, 704.7 x 10°

Rn = Gpaz = 09x 2800 x 5112~ 0212 MPa
420

m=085x2a 2058

A |, zmR.\_ 1 [ | 2x2058x129\_
P = 420 | 2058 420 -

Agreq = p X bxd=0.0023 x 2500 X 511 = 638.75mm?

Agmin = 0.0018 X 2500 X 600 = 2700 mm?
Agreq = 638.75 mm? < Agp, = 2700mm? - OK

Check maximum step (S) is the smallest of:

1. 3h =3 X600 = 1800mm

2. 450 mm — control
Use 18014 with Ag pro, = 2772mm? > Ag,,, = 2700 mm?®

S=(2500-75*2-18*14) / 17 = 123.4 mm
S$=123.4 < Smax =450 mm, select S=100mm

Check for strain:
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Asy 2772 x 420
a= Yy = =22.8mm
0.85b f. 0.85 x 2500 x 24
-2 228 2685
c= B, 085 26 mm
=0 003(d_c)—0 (511_26'85)—0 0541 > 0.005 ......0k
g =0. —)=0 26 85 = 0. 005 ...

e Design Bending moment for short dirction:

Critical Section at the Face of Column

select P14
d = 600-75-14 =511mm

9
M, =416 x2.5 X 0.489 X =124.34 kN.m

M, 704.7 x 10°

Rn = Gpaz = 09x 2800 x5112 ~ 0212 MPa
420

m=085x2a 2058

A, zmR.\_ 1 [ | 2x2058x129\_
P = 420 | 2058 420 =

Agreq = p X bxd=0.0023 x 2500 X 511 = 638.75mm?

Agmin = 0.0018 X 2500 X 600 = 2700 mm?
Agreq = 638.75 mm? < Agpn = 2700mm? - OK

Check maximum step (S) is the smallest of:

3. 3h=3 x600 =1800mm

4. 450 mm — control
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Use 18014 with Ag pro, = 2772mm?* > Ag,,, = 2700 mm?

S=(2500-75*2-18*14) / 17 = 123.4 mm

S$=123.4 < Smax =450 mm, select S=100mm

Check for strain:

_ Ay 2772x420 o
= 0.85bf. 0.85x2500x24 oMM
_a _228_

“=3B, 085 m

511 - 26.85
—0003( )—OO 3( )=0.0541>0.005

26.85

Figure (4-27): Detailing of footing.
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