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Palestine Polytechnic University -2016
Supervisor

Dr. Belal Almassri

Abstract

The Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and foundations,
walls and other structural elements.

The design will be based on the requirements of the American Code (ACI -318-08),
and the Jordanian Code of loadsand it must be pointed out thatwe were relying on
some computer programs such as: Autocad20) ¢, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural design
for all structural elements of the building.

After designing this project and the work of what has been said,it’s expected to
conclude a number of results and projections to link the information that has been
studied in the different courses, analysis and design of all structural elements, the
statement of the impact of each of the elements on the other, and then the work of
structural plans,Full and detailed for each.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.
e Ag = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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.

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

e fc' = 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.

e 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

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



V¢ = 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. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€ = compression strain of concrete = 0.003mm/mm.
€s = strain of tension steel.

&s = strain of compression steel.

p = ratio of steel area .
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Chapter 4

Structural Analysis And Design

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.
NOTE:

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

Y Code: ACI 2008

UBC

1
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Material :
B300. . Fcu = 30N /mm?(MPa) For circular section

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

Concrete:

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 ACl-code-318-08(9.2.1).

4.3 Check of Minimum Thickness of Structural Member:

TABLE (4.1) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimumthickness , h
Simply One end Both end
member| . . Cantileven
supported continuous continuous
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed

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

FORRIB:
hminfor(one end)=L/18.5=6.58/18.5=35cm

hminfor(both end continuous)=L/21=5.96/21=28.4cm

FOR BEAM :
hminfor(both end continuous)=L/21=6.3/21=30cm
hminfor(Cantilever)=L/8=2.1/8=27cm

hminfor(one end)=L/18.5=6.1/18.5=33cm

rv
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FOR SOLID SLABS :

hminfor(one end continuous)=L/24=4.2/24=17.5cm
hminfor(both end continuous)=L/28=4.05/28=14.5cm
select (27+8)=35cm for rib slab with hidden beam

select (20cm) for solid slab with 20 cm drop beam.

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.

Wu

Innnm

40 cm

Fig 4.1: topping load.

v" Load calculations:

Dead load calculations:

Dead load from: dxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar .03*23 0.66
Coarse sand 0.07x16x1 1.19
Topping 0.08x25x1 2
Interior partitions 2.3 2.3
Y 6.84

Table (4.2) : Dead load calculation Topping

Live load :
L. =3 KN/m?

L =3 KN/m?x1m= 3 KN/m

™A
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Factored load :
Wy =1.2 x6.84+ 1.6x3 =13 KN/m.

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

Mn = 0.42 4 \/f% Sm (ACI 22.5.1, equation 22-2)

b.h2  1000.802
Sm ==

= 1066666.67 mm?

@M, =0.55%1x/24 x1066666.67 x107° =1.21 KN.m

2
My = % =0.173 KN.m (negative moment).
W, L% ..
My = il 0.086 KN.m (positive moment).

gMn>>My= 0.173 KN.m

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

Pshrinkage = 0.0018 ACIl 7.12.21
As = pxbxhiopping =0.0018 x1000%x80 = 144 mm?/m.
Step (s) is the smallest of:

1. 3h=3x80 =240 mm. controlACI 10.5.4
2. 450mm.

280

3. S :380( : 280

) —2.5C, =380 <%> —2.5.20 = 330mm but

3

s

S<300 (@) =300 (222 ) = 300mmACI 10.6.4
fs 3420

9
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4.5 Design of One-Way Ribbed Slab(R1) :

Requirements For Ribbed Slab Floor Accordingto  ACI- (318-08) .
DW= TOCIL. ..o ACI(8.13.2)

Select bw=12cm

NS 3.5%BW oo ACI(8.13.2)
Select h=32cm<3.5%12=42 cm
> L/12250MM ..o, ACI(8.13.6.1)

Select tf=8cm

v’ Statically system and Dimensions.

£| |
cT <%

] e

sem

H

Fig 4.2: One Way Rib slab (R 1)
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1 2 3
1 2 3
06, 45 08 515 08, 583
a 52 L 595 N 663
[ 5 f f
2
7.
AA
b0 5016 5015
52 595 6,63

Fig 4.3: loads of rib and its statically system (R 1)
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w
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Load calculations :

*Dead load:

Material w=2.,.b(KN/M)

Tiles 0.03*23*0.52=0.359
Mortar 0.03*22*0.52=0.343
Course sand 0.07*VV*0.52= +,1114
Topping 0.08*25*0.52= 1.04
R.crib 0.20*25%0.12=+,VY
Hollow block 0.2¢%1*0.4= +,41
Plaster 0.03*%22%0.52=0.3432
Interior partition | Y,¥*0.52=0.),'4
Total dead load 5.58 KN/m

Table (4.3): Dead load calculation Topping
Dead load /rib = 5.58KN/m

*Live load =3KN/M?

Live load /rib = 3KN/m? x 0.52m = 1.56 KN/m.

*The effective flange (be) :

1) be S% = ?iﬁ = 875mm

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

3) be< center to center spacing between adjacent beam = - t5* 120 = 520mm

Take be=520 mm

&r
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Moments: spans 1to 3

256
155 -16.4
| JS/&%K | |
| o~ =
L 1 1 - i [
[ L = = T
51N / e \ :
— 118 - -
20. e
36
! 208 I 312 ! 268 I 327 ! 3.98 I 265 |
Shear
-3938 4021 -369.3
3126 - 3U8 A P
A M5~
.-'"'H -~ g -..____..-'"'#
| e d e e
L .__.--' i i - 4 i i _____.-' i
=z ) yd
216 104 yd
7 4567
5289

Fig 4.4: Shear & Moment Envelope Diagram (R 1)

*Design of positive momen:

My =20KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dstirrups —% =350—-20-8— 12—2 = 286 mm.

Check if a > hr to determine whether the section will act as rectangular or T- section,

Mt =0.85. fr. be. hy. (d — 1)

&y
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=0.85x24 %520 %80 x (286 - 82—0) x 1076 = 208KN.m
Mns >>% = 2: YY,YY KN.m, the section will be designed as rectangular section with be =
b =520 mm. |
6
Rn= @1::2 - 0.9:2:01:2862 = 0.522Mpa.
=D - 20 _506

T 085f. 085x24

o= l<1 _ o Z.m.Rn> _ L<1 _\/1 B 2><20.6><0.522> — 000126
m 420 20.6 420

Asreq = p.b.d = 0.00126 x520%x286= 187.2mm?

*Check for Asmin .

Asmin is the maximum of :-

2p,.d

Asymin =0. 25@11“, d > —
fy fy

1. Asmin :0.25%_3 120 X 286 = 114. 4mm?

2. Asmin =% 120 x 286 = 100mm? Control
As,required =187.2 mmz.

__________________________________________________________________________________________________________

_ 120-40-20—(2x12)

S 1

=36mm>d, =10 > 25 mm OK

Check for strain:

a= Asfy,  244x420

= = =9.66 mm
0.85b fi.  0.85x520x24

a 9.66
C_B_l_E_ 11.4 mm

c 286 —11.4
£,=0.003 (T) =0.003 (—

112 )=0.07>0.005 0k

12
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*Design of positive moment:
My = 11.8KN.m.

Assume bar diameter g 12 for main positive reinforcement.
dy 12
d =h- cover - dstirrups —7 =320—-20-8 — 7 =286 mm.
Check if a > h¢ to determine whether the section will act as rectangular or T- section,
Mt =0.85. fr. be. hy. (d — =)

=0.85 x 24 x 520 x 80 x (286 _ 82—") % 10~¢ = 208KN.m

M 11.8
Mhn¢ >>7u = 0—9: V¥, KN.m , the section will be designed as rectangular section with be
=b =520 mm.
M, _  118x10°
Rn= ®bd% ~ 0.9x520x2862 0.306Mpa.
m= fy _ _40 _ 20.6

T 0.85f. 0.85x24

1 2mRy\ _ 1 (. _ 2x20.6x0.306 | _
p= Z(l - (1= > = 0% (1 \/1 — ) = 0.000734
Asreq = p.b.d = 0.000734 x520x286= 109mm?

*Check for Asmin .

As min IS the maximum of :-

Asmin=0.25Lp d>1p d
3 5

3. Asmin :0.25% 120 x 286 = 114.4mm?

4. Asmin :% 120 x 286 = 100mm? Control
As,required = 1091 mmz.

_________________________________________________________________________

............................................................................................................

_120-40-20-(2x10) _

S
1

40mm>d,=10>25 mm OK

£o
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*Check for strain:

_ Asfy  156x420

= = =6.17mm
0.85b f.  0.85x520x24

a 6.17
C_‘B_l_ﬁ_ 7.26 mm

d—c>_0 (286—7.26

&=0.003 (T 726 ) =0.115 > 0.005 Ok

*Design of positive moment:
My = 31.6KN.m.
Assume bar diameter g 16 for main positive reinforcement.
dp 16
d :h' cover - dstirrups —7 =350-20—-8 — ? = 284 mm.
Check if a > h¢ to determine whether the section will act as rectangular or T- section,
- 1 hf
Mn¢ =0. 85. fc- be- hf. (d - ?)

80

:0.85x24x520x80x(284— ’

) x 1076 = 208KN.m

M, 316
Mnf >>7u =5 35.1 KN.m, the section will be designed as rectangular section with be =
b =520 mm.
M, _  316x10°
Rn= ObdZ ~ 0.9x520x2862 0.837Mpa.
m=_Jr_ __%° _ 506

T 085, 0.85x24

1 2mRBRy\ _ 1 (. [ 2x206x0837\ _
p= Z(l - J1 0 > = 0% (1 Jl 0 ) =0.00203

Asreq = p.b.d = 0.00203 x520x286= 300.66mm?

&1
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*Check for Asmin.

Asmin is the maximum of :-

“p,.d

As,min =0. 25@1)‘4, d = —
fy [y

5. Asmin :0.25% 120 X 286 = 114mm?

6. Asmin =£ 120 x 286 = 100mm? Control
As,required =125.6 mmz.

...............................................................................................................

S— 120—40—210—(2><14) =32mm>d,=10>25 mm OK

*Check for strain:

Asf 300.6x420
= Y — : =12.15mm
0.85b f.  0.85x520x24 )
a 12.15
c=—=—--=7.313mm
By 0.85

d—c 314 —-7.313
&,=0.003 (T) =0.003 (W) =0.056 > 0.005

*Design of negative moment:

My=-16.4 KN.m.

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dstirrups —% =320-20-10 - 12—2 = 286mm.

M 16.4x10°
Ri= —% = = 1.85Mpa.
" obd2 T 0.9x120x2862 p

me Jy_ _ _420
T 0.85f.  0.85x24

p:1<1_ 1_M>:L<1_\/1_M)=0.0046
m 420 20.6 420

Aseq = p.b.d = 0.0046 x120x286 = 158.7 mm?

= 20.6

&y

0k



Chapter 4

Structural Analysis And Design

*Check for Asmin .

Asmin is the maximum of :-

“p,.d

As,min =0. 25@1)“, d = —
fy [y

1. Asmin :0.25% 120 X 286 = 100 mm?

2. Asmin :% 120 x 314 = 114.4 mm? Control
As,required =125.6 mm>.

..............................................................................................................

S— 120—40—210—(2><12) =36mm>d,=10>25 mm OK

Check for strain:

a= Asfy  226x420

= = = 38.77
0.85b f.  0.85x120x24 38 mm

a 2694
c=—=——=45.6mm
B, 085

—0oos(d_c)—o003(286_45'6)—00267>0005
Es— . p = V. 4-56 = V. .

*Design of negative moment:
My=-27 KN.m.

Assume bar diameter g 16 for main positive reinforcement.

d =h- cover - dsimps — 22 = 320 — 20 — 10 — 2 = 284mm.

2
M, _ 27x10%
Rn= Obd? ~ 0.9x120x2842 3.11Mpa.
420
m=—Jr_ - —20.6

T 085f. 0.85x24

1 2mRBRy\ _ 1 (. [ 2x206x311\ _
p= ;(1 i L ires > = 0% (1 Jl T ) = 0.00807

Asreq = p.b.d = 0.00807 x120x284 = 274.3 mm?

*Check for Asmin .

As min IS the maximum of :-

N

Ok
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Yp,.d

Asmin =0. Zsﬂbw_ d>—
f}’ fy

3. Asmin :0.25% 120 X 286 = 100 mm?

4. Asmin :% 120 x 314 = 114 mm? Control
As,required =274.3 mm?.

_______________________________________________________________________________________________________________

S= 120—40—210—(2><12) =36mm >d, =10 > 25 mm OK

Check for strain:

_ Asfy  226x420
T0.85bf. 0.85x120x24 38.77 mm
a 2694
C_B_l_ﬁ_ 45.6mm
d—c 286 —45.6
£,=10.003 (T) =0.003 (T) =0.0267 > 0.005 0k

v" Shear Design for (R 1):

Vy at distance d from support= 28 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).

Ve =2 2/feb,d = Z2V24 x 120 x 286 x 1073 = 30.8 KN

2 V. =0.75x30.8 =23.11 KN.
0.5 9 V. =0.5x23.11 =11.55 KN

05 %) Vc< Vu> 7] VC

Vsmin = 7c/fC by d=2-V24 + 120 + 286 = 11.4

W=

b, d == 3 120 « 286 = 10.6 KNcontrol

Vsmin =

(Dvc < Uy < (D(vc + vs,min)

£9
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23.11 < 28 < 0.75(30.8 + 11.44)

23.11 <28<31.65........0K
shear reinforcement are required .
Use2leg ® 8.

A, =1005 mm?.

1

Apmin _ 1 fc'b,,= V24 120 =.089

s 16xfy W 16+420

Apmin _ by _ 120

s 3xfy 3+420

=.095

Apmin __ 100.53
S

=.095

$ =1085.21 mm

d 286
Smax = 2= 3 = 143 mm

Use2leg®8 @ 140 mm .

OT Spax < 600 mm
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4.6 Design of Two Way-ribbed Slab (R13).

4.13.1 Check if the minimum thickness of the slab.

by = bh3\ 12 = 80 * (35) A3\ 12 = 285833.3 cm*.
lbz = bh®\ 12 = 80 * (65) A3\ 12 = 1830833.3 cm*
lbs = bh3\ 12 = 80 * (60) A3\ 12 = 1440000 cm*

lbs = bh®\ 12 = 80 * (55) A%\ 12 = 1109166.67 cm*

Yc=52*8*4+12*27*215 =11.66cm*

52*8+27*12
lib =52 * 11.66° - 40*3.66° + 12 * 23.34°
3 3 3
=77682cm ™M

FERKL (6:;)*0'5%0): 634900.9cm*.

_ 77682 (759;)*0.5+80 ): 709595.2cm?.

|52

_ 77682 (690+80) _

Is3 T—1150291.20m4.

01= == = 285833.3634900.9 = 0.450
02= == = 1830833.3\1150291.2 = 1.60
as= = = 1440000\ 709595.2 = 2.03
as= 2 = 1109166.67 \ 634900.9 = 1.75

am=Yaf \2=(583) \2= 1.46<2

_ 7900 (.8+ 420\1400)
36+5+1.145( 1.46— 0.2)

=196.4> 125

B=7.9\6.9=1.46.
Select h=35cm > 19.64 OK.
4.13.2 Load calculation:

o)

52

35

Fig (4-5): Section in Tow Way Rib
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Table (4 — 4) Calculation of the total dead load for tow way rib slab.

Material Quality Density W=Y*V
KN\m? KN

Tiles 23 23*0.03*0.52*0.52 0.187
Mortar 22 22*0.02*0.52*0.52 0.119
Sand 17 17*0.07*0.52*0.52 0.322
Topping 25 25*0.08*0.52*0.52 0.541
Rib 25 25*0.12*0.27*(0.52+0.4) 0.745
Concrete block 10 10*0.24*0.4*0.4 0.384
Plaster 22 22*0.24*0.52*0.52 0.119
Partition 2.3 KN\m? 2.3*0.52*0.52 0.622
Total dead load , KN 3.04

Dead load of slab :

DL =3.04\ (.52 * .52) = 11.24 KN\m?.
WD =1.2*11.24 =13.49 KN\m?.
Live load of slab :

LL = 3.5 KN\m?

WL =1.6 * 3 =4.8 KN\m?

W=13.49 + 4.8 = 18.29 KN\m?*

Moment calculation :
La\Lb=6.9\7.9=0.873
Negative moments at continuous edge :

Caneg =-0.081

Caa = 0.0405 Can= 0.044
Cba =0.019 Con= 0.0235
W,= 0.81 Wy = 0.19

Positive moment :
Madpos= (0.0405 * 13.49%6.9% ) + (0.044*4.8*6.92) = 36.06 KN.m .
Mbdpos = (0.019* 13.49*7.92 ) + (0.0235*4.8*7.9%) = 23.04 KN.m .

Negative moments :
Maneg = 0.081*13.49*6.92 =52 KN.m \'m .

or
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v Design of slab :

negative moment :
d=350-20-10-16/2 =312 mm.

M 5210”6
Kn =22 =_52219%° __ /94 Mpa
b;riZ 0.9;2130*312"2
m=-—22_=_220 _7p

0.85f.  0.85+24

1 2Rnm _ 2+4.94x20.6 | _
p=—(1- /1— - )—1\20.6(1-\/1— SR ) =0.0137.

As =pbd =0.0137 * 120 * 312 = 512.7 mm?

Check for As,min
\/E 1.4
A > 2=
025 ~bud> = bud
Asmin = 0.25 g‘; 120.312 =109.2 mm? .
=14 150 312 =124.8 mm?.
420
Take 20 16.

Positive Moment :
d=350-20-10-12/2 =314 mm.
As for 20 16 = (2*3.14*16"2)/4 = 402 mm?

Check for As,min
As min = ﬂbwd
fy
T

As,min = 0.25 % 120 .314 =109.9 mm?.

As > Asmin
design as rectangular section

C= a/B1

8.96/0.85 = 10.54 mm

Mn = As * fy *(d- a/2)

=402*420*(314 - 10.54/2)

=52.14

® Mn = 52.14 % 0.9 = 46.9kn.m> Ma and Mb
Take 20 16 .

v Design of shear :
Wa = 0. 81, in the short direction
The total load on the panel being ( 13.49*7.9*%6.9 ) = 735.34 KN .
The load per rib at face of the long beam is (0. 81 * 735.34 *0.52\ (2*7.9)) =19.6 KN..
Vu= 19.6 -0.314*0.52*13.49 =17.4KN.

@V, = 0.750%1.1 x @ xbxd=0.75*11x @ x 120x 3.14x10° = 124.34 KN (.No Shear Req.).

or
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4.7 Design of One Way Solid Slab.

—=
Bh
B

Il

s .r
i | : % |
+i“ i % = Z |
e = |
= ';E o —|
— |7
j__ll:_qj_“—_l—\‘&
Fig 4.6 : One Way Solid Slab(S 2).
Material:-
concrete B300 Fc' =24 N/mm?2

Reinforcement Steel Fy = 420 N/mm?

Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min h ( deflection requirement) :-
-For One end continous:-

L _3%8_o18m

24 24
For One way solid slab, will use thickness of slab 30 cm.

0¢
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Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:-
-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

# material calculation

1 Tiles 0.03*23=0.69

2 mortar 0.03*22=0.66

3 Coarse sand .07*17=1.19

4 RC concrete 0.3*25=7.5

5 Plaster 0.02*22=0.44
Sum 10.2

Table (4.4 ): Dead Load Calculation of Horizontal Solid Slab.

Live load =5 Kn/m
LL =5 KN\m

Geometry Units:meter,cm

1 2
1 2
Al Al
1 1 | S
| P — S —
A A
‘ 1. ‘ 2.98 ‘ 1. ‘ 2.9 ‘
‘ | ‘ 3.98 ‘ | ‘ 3.9 ‘
I I
30.
100.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
10.2 10.2

3.98 3.9

00
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Live load - Service Load factors: 1.20,1.20/1.60.0.00
5.00 5.00
3.98 3.9

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

Moments: spans 110 Z

-39.3
-16.7 -17.3
| 129 | 133 |
I I 1
| i i ] i ]
| 0.79 | 0.79 |
I I 1
13. 13.2
25.8 24.4
1.59 ‘ 2.39 2.34 | 1.56
I I I I |
Shear
-50.1
-34.4 -31.4
-15.7
f f f f
16.5
32.3 33.8
49.5

Fig 4.7: Shear and Moment Envelope Diagram of Solid Slab (S 2).

o1
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Shear Design for (S 2):-

Assume bar diameter ®14 for main reinforcement

D=300-20-14/2=273mm

Vu max= 34.4 KN
Ve® =< +.75 «[f'bd = £ V24 + 300 * 273 = 167.17 > Vu max= 34.4 KN
No shear rinforcement is required

Moment Design for (S 2):-

Spacing Between Bars Is the Smallest of:-

280
<380 (F) -25*C

<380 * (222)_2.5%20 =380 * (o) —2.5* 20 = 330mm
Efy 3* 420
280 280 280
< —) = *(—)= * —
< 300 ( e ) =300 * ( 7 )= 300 (§* 120 ) =300 mm (control)...........

<3*h=3%200=600 m
<450 mm

Design of Positive Moment for ( S 2 ):-(Mu=25.8 KN.m)

Assume bar diameter @14 for main reinforcement

= fy - = 420 =20.59
0.85* fc 0.85*24
R = Mu / @
b*d?
6
Rn = 25.8*10°/0.9 0.39 N/mm? (Mpa)

1000* (273)2

1 g
p="—(- 1 2M"Rn,
m fy

1 a \/1_ 2(20.59)(.39)
20.59 420
As=p * b * d =0.000937* 100 *27.3= 2.55 cm?

Check for As min:-

p= )=0.00+ 4%V

As min=p,, *b*h =0.0018%100* 30 =5.4cm’

oy
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ASreq= 2.55cm? < Asmin= 5.4cm? OK

Use g 12/20cm ,As provided= 5.65cm2>As,required: 5.4cm?.... Ok

Check for strain:-
Tension = Compression
A *fy=0.85*fc' *b*a
565*420=0.85*24*1000* a
a=11.6mm
c=2 16 40 6amm
B, 085
o = 273-13.64
® 13.64
&, =0.057>0.005—> ok

*0.003

Design of Negative Moment for( S 2 ):- (Mu=-17.2 KN.m)
fy 420

. . = 20.59
0.85* fc  0.85*24
rn= Mu/ ¢
b*>d?
6
Rn= 1727107 70.9 _ 4 56 Njmm? (Mpa)
1000* (273)?

p =£(1_ [1_ 2m*Rn)
m fy

1 ‘- \/1_2(20.59)(0.26)

20.59 420
As=p *b *d =0.000623* 100 *273=1.7cm?

p= ) = .000623

Check for As min:-
As min=p._. *b*h =0.0018*100*300= 5.4cm?

ASreq= 1.7cm? <Asmin= 5.4cm? OK

Use g 12/20cm ,As provided= 5.65cm2>As,required: 5.4cm?.... Ok

oA
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Check for strain:-
Tension = Compression
A *fy=0.85*fc' *b*a
565*420=0.85*24*1000*a
a=11.6mm
c :i:E =13.7mm
g, 085

173-13.7

Eg=—————
13.7

&, =0.03>0.005—— 0k

*0.003

09
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4.8 Design of Beam(B5) :

v" Load calculations:
Load calculations for B5:

The distributed Dead and Live loads acting upon B5 can be defined from the support reactions of the
R1,R2andR3.
1. FromRibl
The maximum support reaction (factored) from Dead Loads for R1 upon B5is 50.4 KN .
The distributed Dead Load from the R1 on B5:
DL =50.4/ 0.52= 96.92 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads for R1

upon B5is 19.2 KN .

The distributed Live Load from the Rib 1 on B5:

LL =19.2/0.52= 36.92 KN/m

2. FromRib2 :
The maximum support reaction (factored) from Dead Loads for R2 upon B5 is 44.4 KN .
The distributed Dead Load from the R2 on B5:
DL =44.4/ 0.52= 85.4 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads for R2

upon B5 is 17.84KN .

The distributed Live Load from the R2 on B5:

LL =17.84/ 0.52= 43.4 KN/m

3. FromRib3 :
The maximum support reaction (factored) from Dead Loads for R3 upon B5 is 44.4 KN .
The distributed Dead Load from the R3 on B5:
DL =44.4/ 0.52= 85.4 KN/m

Live Load calculations: The maximum support reaction (factored) from Live Loads for R2

upon B5 is 17.84KN .

The distributed Live Load from the R2 on B5:

LL =17.84/ 0.52= 43.4 KN/m
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({1

HE
D_H_"I_-_g -
| ==
lj
B g g
v : - E-%qf

Fig 4.8: Beamb.

load group no. 1
DeadlLive load - Service

Load factors: 1.20.1 20160 0.0

Fig 4.9: Statically System and Loads Distribution of B5

YT | ey | By | | bopl B
5201,
[ W%BW [ T | 7 WS&BW [ [ Q%B
W i Mo 0 il
1 2 3 4
1 2 3
E L. A . q
A - A - A
025 493 05 548 025 66 03
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Shear
-3938 4021 -369.3
26 ] W ms A
.-.--- - .--... ‘.___- -..f.-’-’.___.-.-'
L -"KH L1y - d 111 - ]
P W - L — T
179 ?”"’513.2 yd
M8 194 -
<~ 4567
5289
Moments: spans 110 3
5849
5355 5197
-358.
2632 2793
124 f,f 1.44
LLl ) = f 1l Ll
| . -~ I
['d1 '~.__h____ _______.--’
%\ /}_1.2 - 1691.1?
~ 294 - 5
51 N
h26.
‘ 22 318 ‘ 263 | 30 ‘ 412 | 215

Fig 4.10: Shear Moment Envelope Diagram of B5

r
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v" Flexural Design for (B5) :

Determine of Mnmax :

d=500-40-10 - 25\2 = 437.5mm
_34-34375-1875

Cc = ~ = 7. Lo = .omm

a=B.c=187.5+0.85 = 159.37mm

Mnmax = 0.85f.ab(d - % ) = 0.85%24*159.37*800*(437.5-159.37/2 ) *10= 4¥+,YY KN.m

® Mnmax = 0.82* 306.69 = 251.5 KN.m >205.6

Design as singly reinforcement

Design for positive moment :

1) Mu = 325.1.M

R = Mu _ 325.1 x 10° 2 36M
"= 0bdZ 0.9 x800x2902 <0V P%
m=-—L_=-_40 _5p¢

T 0.85f. 0.85x24

p:1<1_ 1_M> :;<1 _\/1 _w) =0..00598
m 420 20.6 420

As=p.b.d=0..00598x800x437.5 = 2095mm?.

Check for Asmin .
Asmin=0.25p d>1%p d
7 7

As min :0.25% 800 x 437.5 = 1020 mm?

As min :% 800 x 437.5 = 1166 mm? Control.

As,min < As

...................................................................................................................

w
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Check spacing :

_ 800-40+2-20—(7x20) _
= . =

S 60mm>d,=20>25 0K

Check for strain:

Ay 2286 x420
a=—=2=~ = = 58.83 mm
0.85b f.  0.85x800x24
a 58.83
C=—=—=69.21mm
By 0.85

d—c 437.5-69.21
£,=0.003 (T) = 0.003( 69.21 > =0.0068 > 0.005

2) Mu= 129.4 KN.m

_ M, _ 1294x10%
Rn= 0bd? — 0.9x800x437.5 =.93Mpa.
420
m=—Jr_ - —20.6

T 0.85f. 0.85x24

p:1<1_ 1_%> :L<1 — |1 _M> = 0.00226
m 420 20.6 420

As=p.b.d =0.00226 x800x437.5= 793 mm?,

Check for As,min .

Asmin=0.25p d>1%p d
3 7

As min :0.25% 800 x 437.5 = 1020 mm?

Asmin :% 600 x 290 = 1166 mm? control

As,min :1166 mm2>As = 793 mm2

.........................................................................................................................

Check spacing :

5= D — 142.67mm > d, =20 >25 0K

1¢

Ok
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Check for strain:

Ay 1270 x420
=—X_ = =32.68 mm
0.85b f.  0.85x800x24
a 32.68
=—=—= .4 m
c B, = 085 38.45m

(437. 5-38.45

d—c
g, =0.003 (T) =0.003 38,45

> =0.037 > 0.005

3) Mu= 526 KN.m

_ M, __ 526x10°
Rn= Obd2 ~ 0.9x800x437.5 3.81Mpa.
420
m=—Jr_ - —20.6

T 0.85f. 0.85x24

1 2mR,\ _ 1 (. [ 2x206x.526\ _
p—;(l— 1- 420>_20.6<1 \/1 420 >_0'0101

As=p.b.d=0.0101 x800x437.5= 3544 mm?,

Check for Asmin .

Asmin=0.25Lp d>1%p d
7 7

As min :0.25% 800 x 437.5 = 1020 mm?

Asmin :% 600 x 290 = 1166 mm? control

As min <As

.........................................................................................................................

Check spacing :

S = 800—40*2I:0—(4x18) =142.67mm >d, =20 >25 OK

Check for strain:

a= Asfy 3556 x420

= = =91.51mm
0.85b f.  0.85x800x24

T0

Ok
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=2 =251 _ 10766 mm
B, 085

437.5—-107.66

d—c
e, =0.003 (T) = 0. 003( ) =0.009 > 0.005

107.66
Design for Negative moment :
1) My=-279.3 KN.m
Rn — M, __ 279.3X 106 _ 2.02 Mpa.
@bd? 0.9 x 800 x 438.52
fy 420

20.6

T 085f. 085x24

1 2mRBRn\ _ 1 (. [ 2x20.6x2.02\ _
p= Z(l - J1 "0 > = 0% (1 \/1 0 ) = 0.00507

As=p.b.d =0.00507x800x437.5= 1776 mm?.

Check for Asmin .
Aomin=0.25p d>1%p d
7 7

As min :0.25% 800 x 437.5 = 1022 mm?

Asmin === 800 x 437.5 = 1166 mm? Control.
420

As,min =1166 mm2< As =1776 mm2

---------------------------------------------------------------------------------------------------

Check spacing :

_ 600-40+2—20—(7x20)

S 6

=60mm>d,=20>25 0K

Check for strain:

A= Asfy 1178 x420

= = = 45.75mm
0.85b f.  0.85x800x24

45.75
c=— ==2-53.83mm
B, 085

11

Ok
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d—c 437.5—-53.83
) = o003

£,=0.003 (T =3 83 >=0.021>0.005

2) My = -535.5KN.m

Rn = Mu _ 535.5 x 10° _ 388 M
"= 0bdZ  0.9x800x43852 ~o0MP
m=-—L_=_40 _5p¢

"~ 085f.  0.85x24

1 2mRy\ _ 1 (. [ 2x206x388) _
p—;(l— 1- 420>_20.6<1 \/1 420 )_0'01'3

As=p.b.d=0.0),"xA+ e xEYY,0= ¥V e mm2,

Check for Asmin .
Asmin=0.25Lp d>1%p d
fy fy

As i =0.25§2: 800 x 437.5 = 1022 mm?

As min =—= 800 x 437.5 = 1166 mm? Control.
420

As,min =1166 mm2< As =1776 mm2

------------------------------------------------------------------------------------------------------

Check spacing :

_ 600—40%2—-20—(7x20)
- 6

S =60mm>d,=20>25 0K

Check for strain:

Asfy 3810 x420

4 =585b 7 T 0.85x800x24 98.05mm
98.05
c=—=—"2=115.35mm
By 085

d—c 437.5—-115.35
) = 0.003(

—0.003 (— ) = 0.021 > 0.005
Es p 115.35

v

Ok

Ok
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v" Shear Design for (B 5):
1. Vy=£te1,Y KN

1 y 1
V¢ :E,/fc b,d== E\/24 * 800 * 437.5 = 285.33KN

D V= 0.75%YAY,YY =¥V ¢,YY KN

vs,min -

W=

b,d== § 800 + 437.5 = 116.66 KNcontrol

1
Vsmin = 16

b, d =+ 800 + 437.5 =107.16 KN
vy = 2-\fc'b, d=1-V24 800« 437.5 =5715 KN
Q)(vc + Vg min) <V, < Q)(vc + vs’)

shear reinforcement are required .

Use2leg ® A.
Av=):.omm?,
Vs=Vph—V¢= % —285.77 = 323.16KN
S_Avfytd_100.5*4-20*4-37.5_571 trol
-~ T », _ 323.16+1000 - MmM (control)
d 437.5
Smax = 2= = 218.7 mm OT Spax < 600 mm

Use4 leg ® 10 @200 mm .

4
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4.9 Design of Column.

Design of groub 2 column, dimention 60*35 cm.
Material :-

concrete B300 Fc' = 24 N/mm?

Servicel oad:-

Dead Load = 500KN
Live Load = 250 KN

FactoredlL oad:-

Pu = 1.2 x500+ 1.6x250 = 1000 KN

e In 0.6m-Direction(about x axis)

m<34—12ﬂ ............... ACI —(10.12.2)
r M?2

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

. . |
R: radius of gyration = \/; RO3h.eviiniininnnnnn. For rectangular section

Lu=3m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

m<34—12m ............... ACIl —(10.12.2)
r M2
1x3
0.3x0.6

s.short Column in  0.6mMirection

=18.88<22

79
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e In 0.35 m-Direction (about y axis)

Ku gq ML ACI —(10.12.2)
M2

r

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/L: ~03h

Lu=3m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

Klu g4 4o ML ACI —(10.12.2)
r M2

X3 _a54000

0.3%0.35

..long Coloumn in 0.35mMirection

E I
El =04— oo [ACI318-05 (Eq.10-15)]

1+ B,
E, = 4700,/ fc' = 4700x+/24 = 23025Mpa
_12DL  1.2*(500) _

0.6<1
P =—5, 1000 =
3 3
. bxh® _ 06x0.35° _ o
12 12
£y _ 0:4x23025x0.00214 4o
1+0.6
2
P, = ”’HZ ................ AC1318-05(Eq. 10-13)
(KLu)
2
P _3.147°x12.47 ~13.67MN.

‘ (1.0x3)?
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Cm=0.6+0.4(%} ............ ACI318—05(Eq.10—16)
Cm=1..... According to ACI1318-05(10.10.6.4)
S, =C—r|r3'u21.o ............... AC1318—05(Eq. 10—12)
~ 0.75P,
1
1<6, = 1000 =1.108<1.4
0.75x13674
€min =15+ 0.03xh =15+ 0.03x350=25.5mm = 0.0255m
e=e.,x0, =0.0255x1.108=0.02825m
e _ 0.02825= 0.0876
h 0.35

Y /h=(350-2*40-20-20)/350=.65

From the interaction diagram in chart: p=0.012
Select the longitudinal bars:

As =p xAg =0.012x350 * 600=2520 mm?

~use100 18 = A, = 2580 mm?

v" Design of the Stirrups:
The spacing of ties shall not exceed the smallest of:-

spacing<16xd, =16x1.8=28.8cm
spacing<48xd, =48x1.0=48cm
spacing<leastdim.=40cm

Usegl0@ 20 cm

V)
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4.10 Design of stair.

S

s

1.25 =

~—2.70 7—1.30—

Figure (4-11): Top view of stair(1)

Determination of Slab Thickness:
L=4.10m.
hreq = 410/ 20 = 20
Take h=20 cm.
= Useh=20cm.
0 = tan'}(17.5/ 30) = 30.25
Cos 6 =0.889

* |_oad Calculations at section :

Load on Flight:-

Dead Load:

For 1m strip:
Flight = (25*0.2)/(C0s30.25) = 4.32 KN/m.
Horizontal Mortar = 0.03*22*1 = 0.66 KN/ m.
Plaster =(0.02*22)/ (Cos 30.25) = 0.4 KN/ m.
Horizontal tiles =23*0.04*(33/30) = 1.01 KN / m.
Vertical tiles =22*0.03*(17.5/30) =0.385 KN/m
Triangle = 25*0.155*1*0.5 = 1.94 KN/m

vy
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Total dead load =8.715 KN/ m.

Live load:
Live load for stairs =4 KN/ m2,
Factor Loads:
Qu=1.2*8.715+1.6*4 = 16.9 KN/m.
Au = 16.9*3.3*0.5 = 27.9 KN
Max Vu =27.9*c0s30.25= 24.1 KN
Max Mu =27.9*(0.4+1.65)-16.9*1.65*(0.4+0.825)=23 KN.m

Design of Shear:
Assume @ 12 for main reinforcement:-

So, d =200-20 -12\2 = 174 mm
Vu =24.1 KN.

_#/f*b, *d
B e

Yo

_ 0.75*/24*1000%174
6

Vu =24.1 KN=106.5 KN. ¢Vc <

Ve =106.5KN

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:
Max Mu = 32kN.m

Mn =Mu/0.9=23/0.9 = 25.55KN.m.
" b.d®

25.55*10°
K, = =
1000*174%

K

=0.85MPa .
_ fy
0.85x fc'

420
0.85x 24

poLl1o g 2mk, :-3;-1—J1—3—399—9§§ —0.00207
m f, | 206 420

vy

=206
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As,, = 0.00207*1000*174 = 360 mm?

As,..=0.0018*b*h =0.0018*1000* 20 = 360mm
AS,,;, = 360mm< As = 360 mm?

Use ® 12@ 20 cm

As provided =392.5 mm?>As req.
Check Strain:

T=C

As*fy = 0.85* f_'*b*a
420%392.5 = 0.85*24*1000*a
a=8.08. mm

x=9.51 mm

€s =0.05188 >0.005

So ¢=0.9

5 -Lateral reinforcement:

As min = 3.6 cm?

Use @10 @ 20 cm

As = 3.925 cm?/m

Design of landing:

Load on landing:

Dead Load:
Tiles =0.03*23*1 = 0.7 KN/m.
Mortar = 0.02*22*1= 0.4 KN/ m.
Plaster = 0.02*22*1 = 0.4 KN/ m.
Slab = 0.2 *25*1 = 5.25 KN/ m.
Sand = 16*0.07*1=1.1 KN/m
Total dead load =7.85 KN/ m.

Live load:

Live load for stairs = 4 KN/ m.
Qu=1.2*7.85+1.6*4=15 KN/m.

Ve



Chapter 4

Structural Analysis And Design

Au or Bu from Analysis=27.9KN
Vu= 27.9-15*0.274 = 16.54 KN
Mu max =15*3.3*3.3/8 = 20.4 KN.m

Design of Shear:
Vu = 16.54 KN.

Wc=¢ﬁ;bw*d

_ 0.75*/24*1000*174
6

=106.5KN

Ve

Vu =16.54 KN=106.5 KN. gVc <

No shear Reinforcement is required. So the depth of the stair is OK.

Design of Bending Moment:

Mu =20.4 KN.m
Mn=Mu/0.9=20.4/0.9=22.67KN.m.
d=174mm.
b-d
* 6
K, = M =.0.75MPa .
1000*174
) A
0.85x fc'
m = 4—20 =20.6
0.85x24

PO P L 1_\/1_2 206*0.75 | _ ) 19182
m f, 20.6 420

AS,,, = 0.00182*1000%174 = 316.6 mm?
As,. =0.0018*b*h = 0.0018*100* 20 = 3.6cm2

ASin= 3.6cm? < As . = 3.16 cm?

Vo
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Use @ 10 \20cm

As =3.925 cm? /m

Check Strain:

T=C

As*fy = 0.85* f,'*b*a
420*3.925 = 0.85*24*1000*a
a=8.08 mm

x=9.51 mm

€s=10.05188 > 0.005

So ¢=0.9

Design Region lll (Landing):
Au = 27.9KN
Vu = 15+27.9=42.9KN
Mu = 42.9*3.3*3.3/8=58.4KN.m

Design shear:
Vu =42.9 KN.

_pJf %, *d
e T

NC

~0.75*/24*1000*174
6

e ~106.5KN

Vu =429 KN=106.5 KN. ¢Vc <

Design bending moment:

Mu = 58.4 KN.m

Mn =Mu/0.9=58.4/0.9 = 65KN.m.
d=174mm.

M = an
b-d

Vi
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_ 65*10°
" 1000%174

_ by
0.85x fc'

=2.12MPa .

420
0.85x 24

* *
PR P L 2mM, |1 1_\/1_2 206*2.12 | _ 0 10543
m f, 20.6 420

As,, = 0.00543*1000*174 = 929.5 mm?

=206

As, ..=0.0018*b*h =0.0018*100*20 = 3.6cm2
ASin= 3.6cm* < As = 929.5mm?

Use @ 12 \10cm
As=11.3cm?/m

Check Strain:

T=C

As*fy = 0.85* f,'*b*a
420*1130 = 0.85*24*1000*a
a=23.26 mm

X=27.4 mm
€s=0.016>0.005

So ¢=0.9 OK

v
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Fdleeisn

] 7
128150
108200

1,3 0.3

Figure (4-12): Reinforcement for stairs(1).

VA
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4.11: Design of shear wall.

2E5T.1,

A M&dtﬂl—l

F-%

(Figure 4- 13:Moment and shear diagram of shear wall )
e Material and Sections:- (From Shear SW 7)
e concrete B300 Fc' = 24 N/mm?
e Reinforcement Steel Fy = 420 N/mm?
e  Shear Wall Thickness h=30cm
. Shear Wall Width Lw=535m

e  Shear Wall Height hw=13.5

4]
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Design of shear:

> Fx=Vu =1058KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:
Iw _5.35

222 _ 2.675m
2 2
hw_135_6.75m
2 2

d =0.8xIlw=0.8x5.35=4.28m
Mu critical= 4841 KN

5 !
OV nmax = (Dg fchd
=0.75%0.83 xvV24 300 4280 = 3915.9KN >V, = 1058KN

is the smallest of : V.,

1- V, =:\/f’hd = V24300 « 4280 = 1048 KN ........ Control
" N,d
2~ Vo =0.27f'hd + 7~ = 0.27¥24 » 300 « 4280 + 0 = 1572.67KN
w
7 N,
ey o 05\/—+lw(0'1 f. +0.zlw—h) .
c . fc 212._-51
v, 2
5.35(0.1V24 + 0
=10.05v24 + ( 5 )l 200 * 4280 = 4043.7KN
M, 1, 3786.4 5.35
— = — =.903
vV, 2 1058 2

Vu = 422KN>0.75*1048 = 786 KN need reinforcement
Ve + @Vs = Vu

oVs =Vu— @QVc

1058

Vs = '%‘ — Ve= — 1048 = 362.67

Avh VS 36267 _
Sh ~ Fy*d  420%4.28
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Minimum shear reinforcementis required:
Take P =0.0025

AN _ 5025+300=.75
Shmin

Avh o
Shmin

Try ¢10 (As =78.5 mm?2) for two layers

*
P - Avh _ 2*785 075
Sh Sh

Sh=209mm , ¢10@200 mm

- Maximum spacing is the least of :

M = —5350 =1783 mm
5 5

3*h = 3*300 = 900 mm

450 mm ....... Control

—use$p10@200 mm in tow layer

Design for Vertical reinforcement:-

[0.0025 +0.5 (2. 5— "—W) (ﬂ— 0.0025

Lw/ \Sp+h

Design

)] *300%2 =

*300 222 = [0.0025 +0.5 (z. 5— 15) ( 157 _ . 0025)]

3 5.35
4w _ 0.75
S

v

Select @ 14 in Two Layer

=154 mm2A4,,

=0.75

=205mms,,

A)

200+300
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Maximum spacing is the least of :

M = —5350 =1783mm
3 3

3*h = 3*300 = 900mm

450 mm ....... Control

Use $14/200 mm for two layers

Design of bending moment ( uniformly distribution flexural

reinforcement)

(5350) 2 + 154 = 5493mm?
= £ * =
st = \"300 mm
A 5493 \ 420
w=( “)f—y,=< ) = 0.06
L,h)f.  \5350+300/ 24
P,
a=—21 =0
Lyhf.
C w+a 0.06+0

=0.0712

I, 2w+0.858, 2+0.06+0.85*0.85

P, c
@Mn = @ [0 5Astfylw(1 + Kfy)(l - EI

= 0.9[0.5 * 5493 * 420 * 5350 * (1 + 0)(1 — 0.0712)] = 5158.7KN.m
> Mu
not require Boundary

Select @ 14 @200mm for vertical reinforcement .

AY
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4.12 Design of Basment Wall.

0= ko*Y*h

— 0.3500
<
2.8230
>
Figure (4-22): Geometry of basement.
Fc¢’ =24 Mpa Fy =420 Mpa
@ = 30°y = 18.00KN/m3
Ko=1-sin®
=1-—sin30
= 0.50

* |_oad on basementwall:

For 1m length of wall:
* Weight of backfill:
e0 =Ko*y+*h
=0.50*18.0*2.825 =25.4 KN/m
E0=0.5*25.4*2.825=36KN
* Load from live load:
LL=5 KN/m2
el = Ko * LL
=0.50 * 5=2.50 KN/m
EL=2.50*%2.825=7.1KN

AY

TTTTTT

eL= ko* L.



Chapter 4

Structural Analysis And Design

Vu(max)=1.6%27=43.2KN
M (max)=15*1.57-18*1.57/2*2/3-2.52*1.57*1.57/2=11.02KN.m
Mu(max)=1.6%11.02=17.7KN.m

*Design of the shear force:

Assume h =250 mm,
d=250—-20—-14 =216 mm
Vmax =56.86 KN

* *
w224 1200 210132 3 KN>>Vu=43.2KN

No shear Reinforcement is required.

* Design of bending moment:

Mu max =17.7 KN.m

Mu 17.7

Mn = — = —— = 19.67 KN.
=39 09  1067KN.m
. _Mn*106_19.67*106_042M
N Ty ed? 10002162 oPd
-y =206
M =085+fc 08524
1 1 1 2*Kn*m
= — %k —_ -
P m Fy
1 2% 0.42 * 20.6
= *|1— |1-
206 \/ 420
= 0.001014

Asreq =p*b*d = 0.001014 = 1000 * 216 = 2.19 cm?/m
Asmin = 0.0012 xb xh = 0.0012 * 1000 * 300 = 3.60 cm?/m
Areq < Amin

Areq=Amin=3.6 cm?/m

Select 10@25cm/m in both direction.

*Design of the horizontal reinforcement:

Asmin = 0.0012 *b *h = 0.002 = 1000 = 300 = 360cm?/m
Selectp10@20cm/m, in two layer.

Né
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4.13 Design of Footing.

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

Load Calculations :-
Dead Load =839 Kn , Live Load =192 Kn

Total services load = 839 + 192 = 1031 Kn

Total Factored load = 1.2*839 + 1.6*192 = 1314 Kn
Column Dimensions (a*b) = 65*35 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 300 Kn/m2

T.ive Load =5 KN/m2

45

45

h

10
]
M
b
i
il
#
43
be
Y
e
oy
!:52
£y
i
:
5
i
ol
é"

10 B 10

Fig 4.15 :Foundation Section.

Ao
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Assume h =50cm

Qet—aliow = 300 — 25*0.50 — 18*0.50 — 25*0.50 — 5= 261kn/m2

Area of Footing :-

Pt 1031

qnet—allow
Assume Square Footing
Select B =2.0m

Bearing Pressure :-

Qu = 1312/2.0%2.0 = 328Kn/m?

Design of Footing :-

1- Design of One Way Shear Strength :-
Critical Section at Distance (d) From The Face of Column

Assume h = 50cm , bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=500-75-14 =411 mm

2-0.35
2

Vu=qU*( —d)*L

2-0.35

VU = 328*( _ 0.411) « 2 = 271.6Kn
¢.\/c=¢%*\/ﬁ*bw *

pNVc =0.75* % *4/24*2000*411=503.4Kn

¢Nc =503.4KN >Vu =271.6Kn
Safe

AT

~—

5 KN;‘m2

kel s

Inclined ctack/

Critical section for
one-way shear

! Tributary area for
/ona way shear

d

1

7,

N

NANR

One-way shear,
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2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu =1312- (328* (1.061* 0.761)) =1047.2Kn

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

1, 2\ [
¢.\/C =¢E(l+ﬂ—cj\/?bod
e = (b /d ]rb d
oV, =92\t b,g

Where:-

Column Length (a) 65

Be = . =—=1.857
Column Width (b) 35

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

b, =2*(1.061+0.761) = 364.4cm

s = 40 for interior column

AV =¢%[1+ﬁi}/ . b,d =%*{1+Lj* 24*3644*411=1905Kn

1.857
075 40* 411

\Y, w/ b,d = +2|*/24*3644* 411 =2986Kn

P (b /d ] ( 3644 ]

A =¢-%\/ fc'bod =%* 24*3644* 411=1834.3Kn

®Ve =1834.3 Kn>Vu=1047.2Kn

4
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3- Design of Bending Moment :-

Critical Section at the Face of Column

FR= qu=(52) « L =328 * (2222%) 2.0 =541.2Kn
Mu =512.33* 0.5 = 256.165Kn.m

M, __ 256.165x10°
Rn= Obd? — 0.9x2000x4112 0.842 Mpa

420
e Iy _

~ 085f.  085x24 20.6

1 2mRBRn\ _ 1 (. [ 2x206x0842\ _
p= Z(l - J1 "0 > = 0% (1 \/1 0 ) =0.002048

Aseq = p.b.d = 0.002048%2000x411 = 1683.4 mm?

Asmin = 0.0018*2000*500 = 1800 mm?

As,req = As,min =1800 mm2 ......... is Contl’Ol

Check for Spacing :-

S =3h =3*500 = 150 mm

S = 380* () — 2.5*75 = 192.5 mm
3 * 420

S =450 mm

S=450 mm ......... is control

Use 12¢14 in Both Direction, Asprovided= 1846.3 mmM?2>As required= 1800 mm?Z... Ok

Check for strain:-

_ Asfy  1846.3x420
0.85b f. ~ 0.85x2000x24

=19.0 mm

a 19.0
C—B—I—E—ZZ.36mm

411 - 22.36
£,=0.003 (T) =0.003 (—

22 36 > =0.0521 > 0.005 ...... 0k
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4- Design of Dowels :-
Load Transfer In Footing :-

®Pnb = d(0.85fc'A, x \/%)

A1 =65*35=0.2275 m?
A, = 200* 200 = 4.0 m?

B 47022754252 oo A,
A A
dPnb = 0.65x (0.85x 24 x 227.5 x 2) = 6033.3Kn
®Pn = 60333 > Pu=1312Kn........ ok

No Need For Dowels

Load Transfer In Column :-

®Pn.b = 0.65x (0.85x 24 x 227.5) = 3016.65Kn
®Pn =3016.65> Pu =1312kN........ ok

No Need For Dowels
As,min = 0.005 * Ac = 0.005 * 650 * 350 = 1137.5 mm?2

Use 10918, Asprovided= 2543.4 mm2>As,required= 600 mmZ... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

F
LdTreq = 19_0 * —% % * db> 300mm

— %
A\/E db

_ 16 200
Ktr = 0 (Nostripes)cb = 75 + - = 83mm Or ch = - = 100 mm

ktr+cb 0+ 83
db 16

ktr + cb
db

=5.19> 25

2.5

A9
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Ld _ 9 420 1:1:08
Treq — 10 " 1+/22 25

2000-3%0 75= 1575 mm

* 16 = 395.054 mm> 300mm

LdT available =

LdT available — 1575 mm >ldreq = 395.054 mm........ OK

Compression Development Length In Footing :-

0.24+Fy*dB

LdCreq: N7

> 0.043*Fy*dB >200mm

Ldoreg= 22422218 = 370.4 > 0.043+420*18 = 325.1 >200mm

LdCreq: 325.1 mm

LdCavaiIabIe: 500-75-16-16 =393 mm >LdCreq: 325.1 mm ........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb =0.071x420 x18 =536.76 mm > 300 mm Select Lsc =550 mm.
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3. ACI Committee 318 (2014),ACI 318-14: Building Code Requirements for
Structural Concrete and Commentary, American Concrete Institute, ISBN 0-87031-
264-2.
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