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3. American Concrete Institute (A.C.I), Building code Requirement for structural

concrete (ACI-318M-08)
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Abstract

The construction design of the" Faculty of Arts’

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 five floors and basement , where the total
area (11500) 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 , also multiple

block 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.

Vi



Table of Contents

g ginal) u g

-

Aadall 6‘5 ) gy cladall
I oA g pie dadia )@
1I AT £ she dadia saled
11l claaY)
v iy Sl
% A yal) 22l sl
VI ety Al Gaslal
VII il ginall g
X Jshaadl e
XI JIEY) el
XIII List of Abbreviations

\ daaial) SN Juadl)

Y 4adia Y-

Y g5 phall Can ) 3 Y-

A godall L) clad Y-

e g5 piall Cilaal £-)

Y Gilabisal) o—)

v g ball Jpucd )

¥ gopdiall 3lai agon Y=

¢ gadall Sl Jsanl A=)

° Slarall Caall %,.'alil\ Juadl)
1 Jadba y-Y

1 gsiall (e dale daal A

1 g5yl gda Y—Y

v g spiall gise L) ulas y—y—Y

Vil




:\_JM\ Glasall

v pisal Ll Y—v—Y
Y gl adgall dhaad) il Y-y-y
" sall &l la §-v-Y
A gsu.d\ alasl) o—Y-Vv
A Aal) Zyghally el shall dapa [ V—o-v-Y
) | Y—e-voy
! goiall Sle Cliag £—Y
' EYRK! Y= i
' Asall gl Y—)—¢—Y
' )Y Gl Y-y-£-Y
) I Gl Y—V—¢-Y
Y JECRETIRS ISP
Al GdE sl | e—)—g—Y
' Al Gl | T -
‘e cileall Y—£—Y
e (B l)8all Zgalsd) | V-Y—E-Y
- Aol Agal) | Y-Y-g
= dugiall dgalsll Y-Y—g-Y
Y 1,8 dgaldl | £-v—eoy
i palid gy
A il & A oY
' LAY Gagh | Juai
A dadia \ =Y
v L paail a Cangl Y-y
n Y ) Jab | 7oy
v Jlaly! £-y
A Zsall Jlaady! g
' dall JlaY) Y—¢-v

\h




Y A JlalY) ¥og-y
\E: Wl Jleal | V=v—g-y
Yo zstill Jlaal Y—Y—¢-Y
Yo I Jlaal L
& el Alay) ealial) -y
Y1 Clazall y—1-¥
\£% gl olat) i3 sl Cilaie y—y—1-Y
YA calai¥) 3 Cuand) Cilaie Y-y —1-v
YA sl slat¥) il Baaall cilazall Y—y-1-v
Y4 cmalaty) Gl Laaall cilagall ¢—y-1-v
¥ gmal) Y—1-v
v 3aacy) F-1-v
¥ o=l has £—1-v
vy A o—1-¥
YY zha\ -1y
ve Ayl ghasl) v—1-3
Yo 22a1) ialgd -y
¥1 lealasind &5 ) Cugulall mal -y
Chapter 4 Structural Analysis and Design YV
4-1 Introduction A
4-2 Design Method and Requirements YA
4-3 Check of Minimum Thickness of Structural Member ¢\
4-4 Design of Topping iy
4-5 Design of One Way Rib Slab ‘o
4-6 Design of Beam (B0(35)) 0%
4-7 Design of Two Way Rib Slab (R0-16) <.
4-8 Design Of One Way Solid Slab (S5) A
4-9 Design Of Stair v
4-10 Design Of Shear Wall 9.




4-11 Design Of Column (C44) 90
4-12 Design Of Isolated Footing Of (C107) qy
Yoy Gluagilly il | Gualdd) Juadl)
Yot c_\tul\ \—-o
Yo Slua gl Y-—o
Yeo zabally joladll y-o
Jdolaadl gt
dadual) A, Joxal acd | Jsaal) A,
¢ gapdall a3l Jsaall | (V) dsaa
Y L) dsall Le gl BEKY [ (V-F) Jsaa
Yy il paaliad all Jlaa¥I [ (Y-F) Jsea
Yo adl mhans e g Y e 8 Jlaal | (F2Y) s
3 Check of Minimum Thickness of Structural Member (V=€) dss
¢y Dead Load Calculation of Topping (Y-%) ds
£ Dead Load Calculation of Rib (R0-22) (F—£) Jsas
1) Dead Load Calculation Of Rib (R0-16) (6-¢) Jsaa
19 Dead Load Calculation Of Solid Slab (S5) (0—¢%) Jsaa
vy Dead Load Calculation Of Flight One (‘k—i) Jsaa
AN Dead Load Calculation Of Landing (v—i) Jsaa




JEY) (g
Aadall ad) JSAN anl | JSA B3,
A oY) dadadl alall adgd) | (YY) JSa
q o) Aadad e Zlllolas) | (YY) J<al
e Lpatl) 3l Labesa [ (F-Y) SN
V) ) Gl b | (£7Y) J<al
Y Y Js¥) Gl lakess [ (0-Y) J<al
'Y S Gl Tds | (1Y) J<a
V£ Gl ikl Jahe | (V-Y) JSaD
Vo bl Gl hi | (A-Y) <2
Yo Jupll Al [ (3-Y) J<a
11 Adlesl Zgaldl [ ()2 -Y) J<ad
11 Jugiall dgaldl | (V1Y) U<l
\ 38,50 Zgalsll | (VYY) <al
VY A-A ghic | (VF-Y) J<al
YA B-B ahia | (V£-Y) U<l
YA C-Cpkia [ (VoY) sl
vy Jueadl S ol | (V-T) Jsal
\F: Jleadl S ol | (Y-T) sl
Yo sl e ZLl Jlal | (v-T) J<al
Y1 el LaLaN) jualial) | (£-F) U<
Yv Tiaadl saial) | (0-Y) U<l
YA aalsll olatV Cld Cumall Claie | (1-F) IS
YA coalay) 3 Cumall e | (V-T) S
Y4 aalgll olany) b Fieadl) claiall | (A-T) IS
Y4 o) i Biaadl claial) | (3-F) <l
v gapiall b Al Hpuall glgf | (Ve -T) Ol
Y Eariall b deadieall saacYl glgl | (V1-T) U<l
Y o= s [ (VYY) Ol

Xl




vy Gl | (Yr-Y) o<

A Al (V&) Jsa
Yo @il Hlaa [ (Yo-T) S
™1 2l Jals () -Y) Jsa
‘) Two Way Rib (V-¢) J<al)
£y Topping Load (Y-£) J<al
i One Way Rib Slab (R0-22) (v—t) J<al)
$A Load, Moment And Shear Diagram Of (R0-22) (¢-¢) J<al)
of Beam (B0(35)) (o—¢) J<al)
on Load, Moment And Shear Diagram Of( BO(35)) (1—¢) J<al)
<. Two Way Rib Slab (R0-16) (v—1) J<al)
T Moment Diagram Of Rib (R0-16) (A-¢) <l
A One Way Solid Slab(S5) (3-¢) J<al
vy Load, Moment And Shear Diagram Of (S5) () —£) J<al
vo Detailing Of (S5) (V1 -£) J<al
V1 Stair Plan | (vy-¢) g<an
v Load, Moment And Shear Diagram Of Flight One (Vr-£) J<al
A Shear And Moment Envelope Diagram Of () e-£) J<al

Landing
AY Shear And Moment Envelope Diagram Of [ (yo-¢) Jsa
Flight Two

A4 Stair Reinforcement (Vi-¢) J<al
1 Shear And Moment Diagram Of shear Wall | (yv-¢) y<a
a4 Reinforcement Of (C44) (YA-£ )J<al
Vo Reinforcement Of Isolated Footing | (va-¢) g<a

Xl




et Cilaiiall

List of Abbreviations

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.

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 C.= 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 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.

Xl



Lngadll Alaaall
o LL = live loads.
e Lw = length of wall.
e M = bending moment.
o Mu = factored moment at section.
® Mn = nominal moment.
e Pn=nominal axial load.
e Pu = factored axial load.
e S = Spacing of shear in direction parallel to longitudinal reinforcement.
e Vc = nominal shear strength provided by concrete.
o Vn = nominal shear stress.
e Vs = nominal shear strength provided by shear reinforcement.
o Vu = factored shear force at section.
e Wc = weight of concrete.
o W = width of beam or rib.
e Wu = factored load per unit area.
o @ = strength reduction factor.
® £, = compression strain of concrete = 0.003.
e g =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).

3. Microsoft Excel XP

4.ATIR

5. .SAFA 2014

6..ETABS 2015

7..SAP 2000
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4 Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of minimum thicknesses of structural members.

4.4 Design of topping.

4.5 (Rib 22) Calculations.

4.6 (Beam72) Design of Beam.
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4.1 Introduction:

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

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

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

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

Structural concrete can be classified into:
[10Lightweight concrete with unit weight from about 1350 to 1850 kg/mas.
O 0ONormal weight concrete with unit weight from about 1800 to 2400 kg/ms.

[O00Heavyweight concrete with unit weight from about 3200 to 5600 kg/m:s.

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).

[0 O0Strength design method:
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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.

0Code : ACI 2008
UBC 097
O 0Material :
Concrete: ( fc'0025MPa) .
Reinforcement steel : The specified yield strength of the reinforcement

{fy = 420 MPa)}

JOFactored loads:

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

4.3 Check of Minimum Thickness of Structural Member:

Table4-1:- Minimum Thickness of Nonprestressed Beam or One-Way Slabs
Unless Deflections are calculated. (ACI 318M-11).

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

Minimum thickness ( h)
Simply One end Both end _
Member ) . Cantilever
supported continuous continuous
solid one
L/20 L/24 L/28 L/10
way
slahs
Beams or
. L/16 L/18.5 L/21 L/8
ribbed one

According to ACI-Code-318-05, the minimum thickness of nonprestressed
beams or one way rib slabs unless deflections are computed as follow:

hminfor(one end continuous)=L/18.5=619/18.5=35cm controls
hmin for(one end continuous)=L/18.5=401/18.5=21.6cm
The controller slab thickness is 35 cm.

Select Slab thickness h= 35cm with block 27cm & Topping 8cm.
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Check for thickness for Two Way Rib Slab (R0O-16)

52,

38,

12,
A-A

Fig 4.1:tow way rib

Assume h=35cm

*Moment of inertia for beam (lb=bh3\12)

~ Exterior Beam (50cm width, 48cm depth) (Ib=460800cm*)

- Exterior Beam (50 cm width, 52cm depth) (I1b=585866.67cm*)
~- Interior Beam (80cm width, 60cm depth) (I1b=1440000cm®)

~ Interior Beam (80cm width, 48cm depth) (I1b=737280cm?*)

— ye=[(52*8*4)+(27*12*13.5)] \[(52*8)+(27*12*)] = 8.16cm

- Irib=(52*8.16%)\3 —(40*0.163)\3 —(12*26.843)\3 = 86758.53cm*

*Moment of inertia for Exterior Beam:

- Is=lrib*(L\2 + bw)\bf
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Ls=8.0122m , LI=8.72m , bw=120mm , bf=520mm
In short direction : Is= 751812.63cm*

In long direction : Is= 810858.475cm*

*Moment of inertia for Interior Beam:

-ls=lrib*( | right\2 + lleft\2 + bw)\bf

In short direction :Is= 801865.62cm*

In long direction : Is= 860911.5cm?*

af=Ip\ls

af1=1440000\801865.62 = 1.8

af2= 460800\810858.475 = 0.57

af3= 585866.67\751812.63 = 0.78

af4= 737280\860911.5 = 0.86

afm=> af\4 =1

0.2<a fm<2 , then the minimum thickness is:
h=[ Ln *(.8+ fy\1400)] \ [ 36 + 5*B*(a fm - 0.2)]
Ln =8720mm , fy=420MPa , = LI\Ls=1.088
h=24cm

hmin=24cm < h=35cm , the thickness is enough .
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4.4 Design of Topping

v' Statically System For Topping :-

Chapter Four

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

Wu

40 cm

Fig 4.2: Topping Load.

v" Load Calculations:-

Dead Load:

table (4-2): Dead Load Calculation of Topping.

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 partition 1*1=1
Sum = 5.57 KN/m
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Live Load :-

L. =4 KN/m?

LL =4 KN/m?x1m=4KN/m
Factored Load :-

Wy = 1.2 x5.57 + 1.6x4 =13.08 KN/m

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

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

_ b.h? _1000.80?

=1 .67 2
Sm 6 G 066666.67 mm

@M, =0.55x1x+v/24 x1066666.67 x107° =1.2 KN.m

W, L?
hﬂu:: L
12

= 0.174KN.m (negative moment)

gMn>> Mu= 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= 0.0018 ACI7.12.2.1
As = pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

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

280
fs

280

) —2.5C, = 380 (z ) — 2.5 .20 = 330mm
§4-20

3. S :380(

S< 300 (@) = 300(222) = 300mm ACI10.6.4
fs 3420

Take g 8 @ 200 mm in both direction, S =200 mm < Smax =240 mm ... OK
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4.5 Design of One Way Rib Slab (R0-22)

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

bW = 10CM.. ..o ACI (8.13.2)
Select bw=12cm

h<3.5bW ..o ACI(8.13.2)
Select h=35cm<3.5*12= 42 cm
tf 2 L/12250MM oooeieieeeeee e, ACI(8.13.6.1)

Select tf=8cm

<% Material :-

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

s Section :-

B =520 mm

Bw=120 mm

h= 350 mm

t= 80 mm
d=350-20-8-12/2= 316 mm

R VA
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v' Statically System and Dimensions:-

Chapter Four

v" Load Calculation:-

Fig 4.3: One Way Rib Slab (R0- 22)

BOC72) s BOC72)
BO(71)@ BO(71)
7S
~
BO(Z0) F BO(69)

Dead Load :-
Table (4-3): Dead Load Calculation of Rib (R0-22).
Type ybh KN/m
Tiles 0.03*0.52*24 0.37
Mortar 0.03*0.52*22 0.34
Sand 0.07*0.52*17 0.62
Topping 0.08*0.52*25 1.04
Hollow block 0.4*0.27*10 1.08
Plaster 0.02*0.52*22 0.23
R.Crib 0.12*0.27*25 0.81
Partition 1*.52 0.52
Sum 5.01
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Dead Load /rib = 5.01KN/m
Live Load:-
Live load = 4 KN/M?

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

s Effective Flange Width ( b.) :- ACI-318-08 (8.10.2)
b. For T- section is the smallest of the following:-
b. =L /4 =5040/4 =1260mm
b. =12+ 16t=120 + 16 (80) = 1400 mm
b. = be < center to center spacing between adjacent beams = 520 mm. Control

Geometry Units:meter,cm

1 2 3
1 2
| 0.5 ‘ 5.06 ‘ 0.8 ‘ 5.04 ‘ 0.5 |
‘ | ‘ 5.71 ‘ | ‘ 5.69 ‘ | ‘
[ I 1
52.
35.
12.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
5.01 5.01
5.71 5.69
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Live load - Service Load factors: 1.20,1.20/1.60,0.00

5.71 5.69

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

Moments: spans 1to 2

-37.9
-25.4 -25.4
| 1.82‘1.83 |
f | |
L i i | Il i ]
! ‘ 1.1711.17 ‘ !
5. ‘ \ ‘ 5.
241 23.8
2.28 ‘ 3.43 3.41 ‘ 2.28
[ I I I 1
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-33.3
-26.7
-21.1
-15.9
t t t t
16.
21.2
26.6
33.2
Reactions
Factored
L Il Il | Il Il |
T T T T L |

DeadR 12.89 42.84 12.81
LiveR 8.31 23.71 8.29
Max R 21.2 66.55 211
Min R 11.71 54.66 11.62
Service
DeadR 10.74 35.7 10.68
LiveR 5.19 14.82 5.18
Max R 15.93 50.52 15.86
Min R 10. 43.09 9.93

Fig 4.4: Load , Moment And Shear Diagram of (RO- 22).
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v" Moment Design for (R0-22):-

4.5.1 Design of Positive Moment for(Rib0-22):-(Mu=24.1KN.m)

Assume bar diameter g 12 for main positive reinforcement
d =h- cover - dsimps — 2 = 350 — 20 — 8 — = = 316 mm

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

Mot =0.85. f;. be. hy. (d — -£)

:0.85><24><520><80><(316——)><10 6 — 23422 KN.m

Mt >>% = 20491— 26.78 KN.m , the section will be designed as rectangular section

with be =520 mm.

M, _ 241x10®
Rn= Obd? ~ 0.9x520x3162 0.522 Mpa
S T

0.85f,  0.85x24

o i<1 _ - 2.m.Rn> _ 1 (1 _\/1 _w) = 0.00126
m 420 20.6 420

Asreq = p.b.d = 0.00126x520%x316= = 207.04 mm?

Check for As min:-
As min= ‘/_ (b w)(d)ACI-318 (10.5.1)
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£‘t)(lzo)(316) =110.6mm?

4(420)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

As min=

As min =%(120)(316) =126.4mm?controls

ASreq= 207.04 mm? > ASmin= 126.4 mm? OK

Use 2 g 12, Asprovided = 207.04 mm?2> As required =126.4 mm?.... Ok

S = 120‘40‘210_(2X12) =36mm >d, =12mm > 25 mm  OK

Check for strain:-

AS.
_ Asfy _ 207.04x420 _ 8.19 mm

0.85b f,  0.85X520x24
c= = = 819 _ 9.64mm

B, 0.85

d—c 316 — 9.64
& = 0.003< ) = 0.003 (—) = 0.095 > 0.005 0k
c 9.64

4.5.2 Design of Negative Moment for (Rib0-22 ):- (Mu=-25.4 KN.m)

Assume bar diameter g 12 for main positive reinforcement
dp 12
d =h- cover - dstirrups -5 = 350—-20—-10— > = 314 mm

M, _ 254x10°

R — _
" 0bdZ T 0.9x120x3142

= 2.39Mpa
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f 420
=== = 20.6
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ 1 (1 B Jl B 2><20.6><2.39> — 0.00588
m 420 20.6 420

Asreq = p.b.d = 0.00588x120x366 = 221.55 mm?

Check for As min:-

As min= ‘/_ (b w)(d)ACI-318 (10.5.1)

As min :L(lzo)(sm) =109.87mm?

4(420)
. _ 14
A =——(bw)(d
s min (fy)( w)(d)

As min :%(120)(314) =125.6mm?controls

ASreq = 221.55mm? > Asmin= 125.6 mm2?0K
Use 2 8 14 , Asprovided = 307.7mm?2> As required = 221.25 mm?Z... Ok

120—40-20—(2x14)
1

S=

=32mm >d, =14 > 25 mm OK

Check for strain:-

AS.
_ Asty _ 3077x420 _ cngo .
0.85b f, 0.85X120%x24
c=2 =228 _6211mm
B,  0.85
= 0003(E=5) = ¢ 314 - 6211\ _ 6120 > 0.005
&= (c) (62.11 )" '
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v Shear Design for (R0-22):-

V, at distance d from support =26.7KN

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 == A\feb,d = =24 x 120 X 314 x 1073 = 33.84 KN

7 Ve =0.75%33.84 =25.38 KN

Check for items:-

1- Vu<®d Ve/2

30.2>12.69 ( notok )

2- dVc/2<Vus<sdVc
12.69<33.2>25.38  ( notok )
Vs=Vn-Vc= (26.7/.75) —33.84=1.76KN
3- dVcsVusodVec+ dVsmin

® Vsmin 20.75 (%) *pw*d =0 .75*(%)*120*0.314: 9.42 KN. (control)

2 0.75 (1£64 *bw*d =0.75* 1£64*O'314*120: 8.65KN

dVsmin 9.42KN.
@ Vc =25.38<Vu= 33.1< (® Vc + ® Vsmin) =34.8 Ok

So item 3 satisfy.
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S =d/2=316/2 =158 mm (control)

S =600 mm

Take Av=2 d 8 =2 * 50 = 100 mm?
Av/s = Vs/fy *d

2*50/ s = 10.3*1000/(316*420) = s = 1280.38 mm

Take S =150 mm
Use 2 ®8 @15 cm clc.
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4.6 Design of Beam (B0O(35)):-

% Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
s Section :-
B=50cm

h= 35 cm
d=350-40-10-18/2= 291 mm

v' Statically System and Dimensions:-

Fig 4.5: Beam (B0(35)).
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Dead Load Calculations for Beam(B0(35)):-
The distributed Dead and Live loads acting upon BO(35) can be defined from the
support reactions of the R0-01.

DL =(10.85/0.52) = 20.87 KN/ m
Self weight of beam = 4.2 KN/ m

Self weight of wall=23.75

DL = 20.87+4.2+23.75 =48.82KN/ m

LL = 3.27/ 0.52= 6.3 KN/m.

Geometry Units:meter,cm

1 2 3
1 2
l: : 1 T : :|
A A
p.2§ 3.68 ‘ 0.5 ‘ 3.58 92§
b 4.05 - 3.95 b
I 1
35/
50.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
446 44.6
.68 3.8
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Live load - Service

Chapter Four

Load factors: 1.20,1.20/1.60,0.00

v Vi v v Yo 2 Vi 2 Vi Vi Vi v Yo v Vi v
OO0 0. o0
4.05 3.95
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 2
-137.4
-96.3 -96.9
‘ 1.07‘1,11 ‘
f T 1
—t I I ]
! ‘ 0.92/0.94 ‘ !
12. f ! 12.4
84.1 77.8
\ 1.62 ‘ 243 2.37 ‘ 1.58 \
I T T T 1
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-173.
-135.9
-103.5
-75.
t t t t
79.
107.5 133.3
170.4
Reactions
Factored
— 1 [l 1 ]
T T T T ™
DeadR 89.69 292.96 86.03
LiveR 17.83 50.41 17.45
Max R 107.52 343.36 103.48
Min R 87.29 317.72 83.38
Service
DeadR 74.74 244,13 71.69
LiveR 11.14 315 10.91
Max R 85.88 275.63 82.6
Min R 73.24 259.61 70.03

Fig 4.6: Loads ,Momenat And Shear Diagram Of

56

Beam (BO(35)).



Structural Analysis And Design Chapter Four

v" Moment Design for (B0O(35)):-

4.6.1 Design of Max Positive Moment for(B0-35):-(Mu=84.1KN.m)
Assume bars of ® 18

Determine of Mn max
d =350 — 40 -10 — 18\2 = 291 mm

3 3
=—d=-=.291 =124.7
X 7d 7 9 mm

a=B.x =124.7 x0.85 = 106.01 mm

Mnmax= 0.85x f. *a *b( d - 2 ) = 0.85*24*106.01*500%(291-106.01/2 ) *10°® =
257.34 KN.m

@ MNnmax = 0.82* 257.34 = 211.02 KN.m > Mu=84.1 KN.m .(OK)

Design as singly reinforcement

_ My BaAx10°
T PbdZ 0.9 x500x 2912 ~eetpa

Rn

f. 420
=2 = = 20.6
0.85f,  0.85x24

p=i<1— 1 _2.m.Rn> _ 1 (1_\/1_M> = 0.0056
m 420 20.6 420

As = p.b.d = 0.0056x500%x291 = 814.8 mm?
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Check for As min:-

Asmin = 1 buwyd) = —Y24 *500%291 =424.3 mm?
4( fy) 4* 420
_ 14 _ 14 — 2,
ASmin = —(bw)(d) = ==*500*291= 485 mm Controls
(fy) 420

As= 814.8 mm?
Use 4g 18 Bottom, As provided= 1017.2 mm?2 > As required= 814.8mm?Z... Ok

Check spacing :-

_ 500—40%2-20—(4X18)
o 3

S =10933mm >d, =18>25mm OK

Check for strain:-

AS.
— fy — 1017.2 X420 — 419 mm

0.85b fc 0.85%X500%x24
x=2 =22 _ 493 mm

B, 0.85

d—x 291 — 493
g, = 0.003 (—) — 0.003 (—) — 0.0147 > 0.005 ........ Ok
X 493

4.6.2 Design of Max Negative Moment for (B0-35):-(Mu=96.9KN.m)
@ MNmax 211.02 KN.m > Mu=96.9 KN.m .(OK)

Design as singly reinforcement

M,  969x10°
" @bd?2 0.9 x 500 x 2912

Rn = 2.54 Mpa
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420
m=—2_ = =206
0.85f,  0.85x24

o= i<1 _ - 2.m.Rn> _ 1 (1 B \/1 B 2><20.6><2.54> — 0.0065
m 420 20.6 420

As = p.b.d = 0.0065 x500x291= 945.75 mm?

Check for Asmin:-

Asmin = 1 buwyd) = —Y24 *500%291 =424.3 mm?
4( fy) 4% 420
_ 14 _ 14 _ 2
ASmin = —(bw)(d) = ==*500*291= 485 mm Controls
(fy) 420

As= 945.75 mm?
Use 4ﬂ 18 BOttom, As,provided: 10172 mm2 > As|required: 945.75mm2... Ok

Check spacing :-

_ 500-40%2-20—(4x18) _
= - =

S 109.33mm >d, =18>25mm OK

Check for strain:-

_ Asfy  1017.2 X420

= = =419 mm
0.85b f,  0.85x500x24
X=i=£=49.3mm
B, 085
d—x 291 — 49.3
& = 0.003< ) = 0.003 (—) = 0.0147 > 0.005........ Ok
X 49.3
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4.7 Design Two Way Ribbed Slab (R0-16):

Determination of Thickness for Two Way Ribbed Slab:

=35cm

Assume H

o, 00

0073]

00'ct

- GE01

0.0

U

=

<0

1=

40

B

Fig 4.7: Two Way Rib (R0-16)
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v" Load Calculation:

Chapter Four

Table4.4: Dead Load Calculation Of Rib (R0-16)

24

22*0.03*0.52*0.52=0.178

22

22*0.02*0.52*0.52=0.119

17

17%0.07%0.52*0.52=0.322

25

25*0.08*0.52*0.52=0.541

25

25+0.24*0.12*(052+.4)=0.346

9*0.24*0.4*0.4=0.346

22*0.02*0.52*0.52=0.119

1*0.52*0.52=0.27

Total

2.557

Dead Load of slab:

2.557
0.52%.52

WD=1.2*9.46=11.35

DL= =9.46

LL=4
WL=1.6*4=6.4
W=WD+WL
W=11.35+6.4=17.75

Moments Calucolations:
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From tables use Case (4 )
m=Ila/Ib=8.01/8.72= 0.9
(Negative Moment)

C a, neg=0.043

C b, neg=0.052
Ma,neg = C a, neg*W*la2=0.043*17.75*8.012 = 48.97 KN.m
Mb,neg = C b,neg*W*|b2=0.052*17.75*8.722 = 70.18 KN.m

Ma,neg=48.97*0.52=25.5
Mb,neg=70.18*0.52=36.5

(Positive Moment)
Ca ,dL =0.025 ,, Cb ,dL =0.019

Ca,LL =0.035 ,, Cb ,LL=0.024
M*a.dl= Ca,dl OW,dI*laz= 0.025011.350 (8.01)%= 18.21 KN .m

M*a L = Ca, IDWI*a2= 0.03516.40 (8.01)*= 9.85 KN .m
Ma positive= 18.21+9.85= 28.06 KN.m
Ma positive= 28.06*0.52= 14.59 KN .m/Rib

M*b.d = Ca,dl DWd*lb2= 0.019011.350 (8.72)°= 16.39 KN.m

M*tb L = Ca,ll DWIHb2= 0.02406.40 (8.72)°= 11.68 KN .m
Mb positive= 16.39+11.68= 28.07KN .m
Mb positive = 28.07%0.52=14.59 KN.m/Rib
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Fig 4.8: Moment Diagram of (R0O-16).

4.7.1 Design of Max Positive Moment for (R0-16):-(Mu=14.59KN.m)
Assume bar diameter g 14 for main positive reinforcement

dp 14
d :h' cover - dstirrups—7 = 350 —20—-—8 — 7 = 315mm

M, _  14.59x10°

R — _
" 6bd2 T 0.9x520x3152

= 0.31Mpa

420
m= 2 = = 20.6
0.85f,  0.85X24

p=i<1 _ _Z.m.Rn> _ 1 (1 _\/1 _M) — 0.00074
m 420 20.6 420

As, req = p.b.d = 0.00074x520%315 = 121.21 mm?
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Check for As min:-

‘/_ (bW)(d)

As min=

As min= V2
4

*

40 £120 % 315 = 110.2
) 1.4
As min=—""_(bw)(d
(fy)( )(d)

As min:%* 120 * 315 = 126controls

1Aqu121_2<J\Smm: 126 mm?2 OK
Use2 g12 As, provided= 226.08mm?>>As. required= 126mm?... Ok

Check for strain:-

_ Asfy  226.08x420

= ;= = 8.95mm
0.85b f,  0.85X520x24
C=i=%=10.53mm
B: 0.85

315-10.53
10.53

e, = 0.003 (=) = 0.003 ( ) = 0.087 > 0.005 0k

4.7.2 Design of Negative Moment for (R0O-16):-(Mu=25.5KN.m)
Assume bar diameter g 14for negative reinforcement

dp 14
d =h' cover - dstirrups—7 = 350 —20—-—8 — 7 = 315 mm

M, __  255x10°
@bd2  0.9X520%x3152

= 0.55 Mpa

Rn=

fy 420
0.85f,  0.85x24

= 20.6
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p=i<1— 1 _2.m.Rn> _ 1 (1_\/1_M> = 0.0013
m 420 20.6 420

As, req = pbd = 0.0013x520%x315 = 212.9 mm?

Check for As min:-

As min=

[
7 OO

V24

* 120 * 315 =110.2
4(420)

As min=
. 14
A's min==—"— (bw)(d
(fy)( )(d)
As min=g55 * 120 * 315 = 126controls

ASreq 2212.9>A3min= 126mm2 OK

Use 2 Ia12, AS provided— 22608 mm2>As, required— 212.9mm2... Ok

Check for strain:-

AS.
— fy — 226.08%x420 — 895 mm
O.85bfc 0.85X520%x24
C=2=2%%_1053mm
B, 085
~0003(2=5) = ¢ 315 - 1053\ _ ) 087 > 0.0050k
g = (C)_' (10.53 )_" '
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4.7.3 Design of Negative Moment for (R016):-(Mu=36.5KN.m)
Assume bar diameter g 16for negative reinforcement
d =h- cover - dsimps— 2 = 350 — 20 — 8 — 22 = 314 mm

My, _  36.5x10°
@bd%?  0.9x520%x3142

Rn=

= 0.79Mpa

f 420
X = = 20.6
0.85f,  0.85x24

p=i<1 _ _Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00192
m 420 20.6 420

As, req = p.b.d = 0.00192 x520%314 = 313.4 mm?

Check for As min:-

‘/_ (bW)( )

As min=

As min=—C% 120 « 314 = 109.8
4%x420

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

As min=%* 120 * 314 = 125.5 controls

ASeq = 313.4>ASmin= 125.5mm?
As=114.4 mm?2
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Use?2 ﬂ16, AS, provided— 401.9 mm2>As, required— 3134mm2 Ok

Check for strain:-

_ Asfy  313.4x420

= ;= =12.4mm
0.85bfc 0.85%X520%X24
c=2 =122 _1459mm
B,  0.85
= 0.003 (d _ C) =0 (314 _ 14'59) = 0.062 > 0.0050k
& =0 c )7 1459 )~ 7 '
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4.8 Design Of One Way Solid Slab (S5):

Fig 4.9: One Way Solid Slab.

Material:-
= concrete B300 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 ) :-

-For One end continous:-

L = 30 =0.125
24 24

68



Structural Analysis And Design

For One way solid slab,will use thickness of slab 35 cm.

v Shear Design for (S5):-

Check for Wether Thickness Is Adequate For Shear:-
Vyma = 27.4 KN/ 1m strip

d=h-20-db=350-20-(14/2) =173 mm
dVce= %*@*./fc'*bw*d

- %*0.75*\@*1000*323 =197.8 KN / 1 m strip

®Ve=197.8 KN >V, . =27.4 KN/ 1m strip

The thickness of the slab is adequate enough.

v' Load Calculation:-

Chapter Four

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

calculated as follows:-

Table (4-5): Dead Load Calculation of Solid Slab (S5).

# material calculation
1 Tiles 0.03*24=0.72
2 mortar 0.03*22=0.66
3 Coarse sand 0.07*17=1.19
4 RC concrete 0.35*25=8.75
5 plaster 0.02*22=0.44
6 partitions 1*1=1

Sum 12.76

Live load =4 KN/m
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Geometry Units:meter,cm

1 2 3
1 2
A A
]:: I 1|
A A
‘0.2‘ 2.15 ‘ 0.5 ‘ 2.62 ‘0.25‘
[ I 25 I I 3 I 1
1 1 1
35
100.
A-A
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
12.7 12.7
25 3.
Live load - Service Load factors: 1.20,1.20/1.60,0.00

LLL lewl | L L L] L) law [ ] ] ]

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

Moments: spans 1to 2

-21.
-12.8 -11.8

‘ 0.98,0.74 |

I | 1
|—t I | I I |
! ‘ 0.63/0.58 ‘

19 ! ! ‘ 31
9.4
15.9

\ 0.88 ‘ 1.62 18 | 1.2
I I I I 1
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear
-35.6
-23.4 -26.3
-16.9
; ; ; ;
11.4
20.3
27.4
39.6

Reactions
Factored

— 1 | 1 1 |

1 T | T |
DeadR 13.21 52.99 18.02
LiveR 7.09 22.15 8.29
Max R 20.3 75.13 26.31
Min R 11.64 62.65 17.27
Service
DeadR 11.01 44.15 15.02
LiveR 4.43 13.84 5.18
Max R 15.44 58. 20.2
Min R 10.02 50.2 14.55

Fig 4.10: Load, Moment And Shear Diagram Of (S5).

Spacing Between Bars Is the Smallest of:-

< 380 (%")—2.5*0

<380 * (22)-2.5%20 =380 * (=) — 2.5 * 20 = 330mm
gfy 3* 420

< 280y _ . (280 _ w280\ _

< 300 (—fs) 300 (_§fy )= 300 (E* 120 ) =300 mm (control)

<3 *h=3*350 = 1050mm

<450 mm.
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4.6.1 Design of Positive Moment for ( S 5 ):-(Mu=15.9KN.m)

Assume bar diameter ®14 for main reinforcement

m = fy = 420 =
0.85* fc  0.85*24

Mu/ ¢

Rn = ey

Rn = 15.9%10°/0.9
1000*(324)°

p = i(l— [1_2m*Rn)
m fy

1 1- \/1_2(20.6)(1.68))
420

= 1.68 N/mm? (Mpa)

= —0 =0..004
P= 206
As=p * b * d = 0.004* 100 *32.3= 12.96 cm?

Check for As min:-

AS min = p,,, *b*h =0.0018*100*350 = 6.3cm?

ASreq= YY.96 cm? > Asmin= 6.3cm? OK

Use g 14/10cm , Asprovided= 15.4CmM?2>As required= 12.96cm? .... Ok

Check for strain:-

Tension = Compression
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A, > fy =0.85* fc' *b>a
1540*420=0.85*24*1000*a
a=31.7mm
a 317

3. 0.85
s _323-37.3 . 005
37.3

s, =0.023 > 0.005———> o0k

4.8.1 Design of Max Positive Moment for (S5):-(Mu=9.4KN.m)

m = fy = 420 =
0.85* fc  0.85*24

RN = Mu/ ¢
b*>d?
%106
Rn= 2:4710°/0.9 _ ¢ 1 nymm? (Mpa)
1000* (324)2

p = i(l— /1_2m*Rn)
m fy

1 . \/1_2(20.6)(0.1)
420

) = 0.00024
As=p *b *d =0.00024* 100 *32.4= 0.77 cm?
Check for As min:-

As min =p,; *b*h =0.0018*100*35 = 6.3cm”

Asreq= 0.77cm? <Asmin= 6.3cm? NOT OK

Use g 12/15cm , As provided= 7.530m22As,required: 0.77cm?.... Ok

Check for strain:-

Tension = Compression
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A * fy =0.85* fc'*b*a
735*420=0.85*24*1000*a
a=151mm

c—2 _151 .. 6mm
5. 0.85
, _324-17.76 . 0o
17.76

g, =0.0517> 0.005——o0k

4.8.2 Design of Max Negative Moment for (S5):-(Mu=12.8KN.m)

fy 420

m= - = =
0.85* fc 0.85*24

Mu / ¢

Rn =
b*d?

Rn = 12.8%10°/0.9
1000*(323)?

p = i(l— /1_2m*Rn)
m fy

p= L(l - Jl_W) = 0.0003
20.6 420

= 0.14 N/mm? (Mpa)

As=p *b*d=0.0003" 100 *32.3= 1.08 cm?

Check for As min:-

AS min=p_. *b*h =0.0018%100*35 = 6.3cm?

Asreq= 1.08 <Asmin= 6.3cm? NOTOK

Use g 12/15cm , As provided= 7.53cm22As,required: 1.08cm?.... Ok

Check for strain:-

Tension = Compression
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A, * fy =0.85* fc' *b*a
735*%420=0.85*24*1000*a
a=151mm
C:i: 15.1
YR 0.85
e — 324—-17.76
S 17.76
g, =0.0517> 0.005——o0k

Shrinkage and Temperature:-

=17.76mm

*0.003

—p = 0.0018

AS min=p, *b*h =0.0018*1000*350 = 630mm’

Use ®12 @ 150 mm

Chapter Four

(control)

51(43)

Fig (4-11) Detailing Of (S5)
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4.9 Design Of Stair:-

=— 18435 | 2. /400 1.5048
-~ BO(S6) ~
T T
EERAAN ei0e
TMJ,UJ,\;,,, .
}} 9162
\‘ X
= Ejmao
Fig 4.12: Stair Plan.
s Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

4.9.1Design of Flight One :-

v Determination of Thickness:-

hmin = L/20
hmin = 3.74/20 = 18.7 cm
Take h =20 cm

The Stair Slope by 8 = tan"{(17/ 30) = 29.56°

v' Load Calculation:-

Dead Load For Flight For 1m Strip:-
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Table (4.6 ): Dead Load Calculation of Flight One

24*0.03*1*((0.35+0.175)/0.3 ) = 1.26 KN/m

22%0.03*1*((0.35+0.175)/0.3 ) = 1.155 KN/m

25*0.5*0.175*1 = 2.19 KN/m

25*0.2*1/ cos 29.56 = 5.75 KN/m

22*0.02*1 / cos 29.56° = 0.51 KN/m

LiveLoad For Landing For 1m Strip = 5*1 =5 KN/m

FactoredLoad For Flight :-

Wu = 1.2 x10.865+ 1.6x5 =21. 04KN/m

v System of Flight:-
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Geometry Units:meter,cm

1 2
1
A
— ——
02 3.54 02
I T 374 T 1
| |
20,
100.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
10.8
0.5 ‘ 2.74 ‘ 0.5
T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00
0.5 2.74 0.5

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

Moments: spans 1to 1

1.87

34.2 1.87
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear

-28.8

28.8

Reactions
Factored

F— t—
DeadR 17.86 17.86
LiveR 10.96 10.96
Max R 28.82 28.82
Min R 28.82 28.82
Service
DeadR 14.89 14.89
LiveR 6.85 6.85
Max R 21.74 21.74
Min R 21.74 21.74

Fig 4.13 : Shear and Moment Envelope Diagram of Flight One

4.9.1.1 Design of Shear for Flight one :-(Vu = 28.8KN)
Assume bar diameter g 12 for main reinforcement

d =h- cover —"2—1’ — 200 — 20 — % = 174mm

1 ; 1
Ve = g\/fcbw d= EV24 * 1000 * 174 = 142.1KN

® Vc=0.75* 142.1=106.6 KN > Vu =142.1KN...... No shear reinforcement are required

4.9.1.2 Design of Bending Moment for Flight one :- (Mu= 42.4KN.m)

My, 34.2x10°
= = = 1.26 Mn»a
@bd? 0.9x1000x1742 p

Rn

420
m= 2 = = 20.6
0.85f,  0.85x24
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p=i<1 B 1_2.m.Rn> _ 1 (1_J1_w> = 0.0031
m 420 20.6 420

Asreq = p.b.d = 0.0031 x1000%174 = 539.4 mm?

As min=0.0018*1000*200= 360 mm?
Asreq =539.4 mm?Z......... is control

Check for Spacing :-

S =3h =3*200 =600 mm
0

S = 380* () — 2.5*20 = 330
5* 420

S =450 mm

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

Use g12 @ 200 mm , As provided= 565 mm2>As,required: 539.4 mm?3... Ok

Check for strain:-

Asy 565%420
= Y = =11.6 mm
0.85b f,  0.85X1000x24
a 11.6
C=—=—=13.6mm
B, 0.85

174-13.6
13.6

&, = 0.003 (=) = 0.003 ( ) =0.035>0.005 ... ok

4.9.1.3 Lateral or Secodary Reinforcement For Flight:-

As req= Asmin =0.0018*1000*200 = 360mm?

Use g10@ 200 mm , As.provided= 395 mm2>As,required: 360mm?Z... Ok
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4.9.2Design of Landing :- (For First One Meter)

Table (4.7 ): Dead Load Calculation of Landing

24*0.03*1=0.72 KN/m

22*0.03*1= 0.66 KN/m

25*0.2*1= 5KN/m

22*0.02*1= 0.44 KN/m

Determination of Thickness:-

hmin = L/20
hmin = 3.73/20 = 18.65 cm

Take h=20cm

v' Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 5*1 =5 KN/m

Reaction From Flight:-

DL =14.89 KN/m
LL=6.85KN/m
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Total Dead Load = 6.82+ 14.89=21.71KN/m
Total Live Load = 5+6.85=11.85 KN/m
Factored Load For Landing :-

Wu =1.2 x21.71+ 1.6x11.85=45.01KN/m

4.9.2.1 Design of Shear :- (Vu = 55.4KN)

Assume bar diameter g 12 for main reinforcement
_ dp 12
d =h- cover -5 = 200 - 20 -5 = 174 mm

Ve==/fch, d == V24 *1000 x 174 = 142 KN

Chapter Four

@®* Vc=0.75* 142 = 106.5 KN>Vu =55.4 KN...... No shear reinforcement are required
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v System of Landing:-

Geometry Units:meter,cm

1 2
1
A
T— 1L | p—
| T AJ p I
| 0.2 ‘ 3.53 ‘ 0.2 |
‘ ‘ 3.73 b
1 1
20,
100.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
10.6 10.6
Ll v bbb e )]
141 ‘ 0.92 ‘ 14
T T
Live load - Service Load factors: 1.20,1.20/1.60,0.00

N P A A P A A |
R T P " T A A A A

1.41 0.92 1.4

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

Moments: spans 1to 1

1.87 48.4 1.87
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear

-55.4
I 1
T L
591 4
Reactions
Factored
I ]
| LI
DeadR 33.15 33.12
LiveR 25.94 25.93
Max R 59.1 59.04
Min R 59.1 59.04
Service
DeadR 27.63 27.6
LiveR 16.22 16.2
Max R 43.84 43.8
Min R 43.84 43.8

Fig 4.14 : Shear and Moment Envelope Diagram of Landing.

4.9.2.2 Design of Bending Moment :-(Mu=48.4 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—”= 200—20—12—2= 174 mm

_ M, _ 484x10°
Rn= bdZ — 0.9x1000x1742 1.77 Mpa
m=-2_ =20 _ 906
0.85f,  0.85x24
p=l<1— 1_2.m.Rn> _ 1 (1_\/1_2x20.6x1.77> — 0.0044
m 420 20.6 420

Asreq = p.b.d = 0.0044x1000%174 = 765.6 mm?

Asmin =0.0018*1000*200 = 360 mm?
As,eq =765.6 mm? is control

Check for Spacing :-

S = 3h = 3*200 =600 mm
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S = 380%(—) — 2.5*20 = 330
S =450 mm
S=330 mm ......... is control

Use g14 @ 200 mm , As.provided= 770 mm2>As,required: 765.6 mm?Z2... Ok

Check for strain:-

Asfy  770x420

a= . = = 15.85 mm
0.85b f,  0.85X1000x24
a 15.85
c=—=——=18.65 mm
B,  0.85

d—c 174 — 18.65
& = 0.003 (T) = 0.003 (W) = 0.025 > 0.005 ...... Ok

4.9.3Design of Flight two :-

Take h =20 cm.

v System of Landing:-
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Geometry Units:meter,cm

1 2
1
Al
T— 1L | p—
A
| 0.2 ‘ 3.53 ‘ 0.2 |
I T 373 T 1
} 1
20,
100.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
17.4 17.4
10.8
1.41 | 0.92 | 1.4
T T

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

L 1 | sbo | |

Lol Jaso) |
A A

141 0.92

1.4

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 1

1.87 521
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Moment/Shear Envelope (Factored) Units:kN,meter

Shear

61.3 57.7

Reactions

Factored

DeadR 35.38 35.36
LiveR 25.94 25.93
Max R 61.32 61.29
Min R 61.32 61.29
Service

DeadR 29.48 29.47
LiveR 16.22 16.2
Max R 45.7 45.67
Min R 45.7 45.67

Fig 4.15: Shear and Moment Envelope Diagram of Flight Two

4.9.3.1 Design of Shear:- (Vu=57.6)

Assume bar diameter g 10 for main reinforcement
d =h- cover —dz—” =200 — 20 —12—2 = 174 mm

1 7 1
Ve = g,/fcbw d== g\/Z * 1000 * 174 = 142 KN

@®* Vc=0.75* 142 = 106.5 KN>Vu =57.6 KN...... No shear reinforcement are required

4.9.3.2 Design of Bending Moment :- (Mu = 52.1KN.m)

Assume bar diameter g10 for main reinforcement
d 12
d =h- cover —71’ = 200—-20 -5 = 174 mm

6
My _ _ 521x10°  _ 1.9Mpa

R.— _
" 0bdZ T 0.9x1000x1742

f; 420
m= —2— = = 20.6
0.85f,  0.85x24
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p=i<1 B 1_2.m.Rn> _ 1 (1_\/1_M> = 0.0047
m 420 20.6 420

Asreq = p.b.d = 0.0047x1000%174 = 817.8 mm?

As min =0.0018*1000*200 = 360mm?
As,eq =817.8 mm?Z......... is control

Check for Spacing :-

S = 3h = 3*200 =600 mm

S = 380* () — 2.5*20 = 330
5* 420

S =450 mm

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

Use 14 @ 150 mm , Asprovided= 1026.7 MmMm?2>As required= 817.8 mm?Z...

Chapter Four

Ok

Check for strain:-

As, 1026.7%X420
a=—2r _ X420 _ 91.14mm
0.85b f,  0.85X1000x24
a 21.14
c=—=——=24.87 mm
B,  0.85
= 0.003 (d _ C) =0 (174 _ 24'87) = 0.018 > 0.005
& = 0. e YN, = 0. .

4.9.3.3 Lateral Or Secondary Reinforcement For Landing:-

As req= Asmin =0.0018*1000*200 =360 mm?

Use g10 @ 200 mm , As.provided= 392.7 mm2>As,required: 360mm?Z... Ok
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F4820L=71.25

1.7
L r 3 r ]
[~ |
at4@20|1=2.3

< 312820 L=6.20

4820 L=2.70 Bi4@20 L=7.85

I Q;_ol .l 11“ F125
% \\ / / @”4@52120 =23

F14@20 [=1.40 T

ol
87 020

B

9914820 L—1.40
@974820 L=2.70 %

T 200

£150

Fig 4.16: Stair Reinforcement.
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4.10 Design Of Shear Wall:

31.274

768-733 131.35 —

121.287

8,4

8,4

045.125 [

8,4

p21.16 1480.815 |

8,4

605.75 3339.122 [ —

8,4

2046.34 7741.58

|
15168.5 L Y

Fig 4.17: Shear and Moment Diagram of Shear Wall.

% Material and Sections:- (From Shear Wall 16)

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

= Shear Wall Width Lw=63.85m

= Shear Wall Height Hw=23.4m
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v Design of Horizontal Reinforcement:-

> Fx=Vu = 2046.34KN

The critical Section is the smaller of:

Iw 63.85
i
hw 23.4
e
storyheigh(Hw) = 4.2m........ Control

=31.925m

=11.7m

d=0.8xLw=0.8x63.85=51.08m

5
@I/‘nmax = @g f‘c'hd
= 0.75 * 0.83 /24 % 300 * 5108 = 4673.23 KN >V, = 2046.34 KN

V. is the smallest of :
1

1V, ==\/f.hd = =V24+ 300 x 5108 = 1251.2KN ....... Control

6

N,d

2— V. =027/f.'hd + 4’1‘ = 0.27v/24 * 300 * 5108 + 0 = 2026.94 KN

w

Ly (0.1/F-+0.2%

3— V. =(0.05/f. + ( — o) hd Neglected

Vu 2
Vu = 2046.34 KN
@*Vc = 0.75*1251.2 =938.4KN
Vs,min :%* bw * d = % * 300 *5108 = 469.2 KN ........... Control

Vs.min = %* bw*d =1 *300*5108 = 510.8 KN

Wl

@ *(VC + Vs,min) = 0.75%(1251.2 + 469.2) = 1290.3 KN

Case 3 :-
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@ *(Vc + Vs,min) = 1290.3< Vu = 2046.34 KN
Case 4:-

Vs = %*\/ﬁ *ow * d = 0.33*/24*300*5108 = 2502.4KN
@ *(Vc + Vs) = 0.75*( 1251.2+2502.4) = 2815.2KN

@*(Vc+ Vs,min) = 1290.3 KN < Vu = 2046.34 KN < @ (VC + Vs) = 2815.2KN

Aun V; 25024103

_ - = 117 . 1
S, Fy+d 420+5108 Contro

Min (22 = 0.0025*h = 0.0025*300 = 0.75

Sh
Select 12 in Two Layer

_ 2#mx127

A,p = - 226 mm?2

226 — 117
S,
Sp=193.16 mm

- Maximum spacing is the least of :

= 322 = 6385 mm

S)
3*h = 3*300 = 900mm

450 mm ....... Control

Use $12/150 mm for two layers .
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v Design of Vertical Reinforcement:-

Avy _ _ hw) (Avn _
fn =[0.0025 + 0.5 (25-22) (Sh*h 0.0025)]*150
Apy _ 234 226
f = 10.0025 + 0.5 (25 - 22) (oass — 0.0025)]*150
AUU
= 0.775
Sy

Select 12 in Two Layer

_ 2#mx127

AW1_

=226 mm2

6—0775
S,

S5,=291.6 mm

- Maximum spacing is the least of :

= 222 = 6385 mm

3
3*h = 3*300 = 900mm

450 mm ....... Control

Use $12/250 mm for two layers

v Design of Bending Moment:-

63850
st:<

_ 2
250 )*2*113 57720.4 mm
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At fy 57720.4 420
we ()L )22 _ 053
Ly,h/ f. 63850 * 300/ 24
b,
a= =0
Lyhfc
C w+a 0.053+0
l, 2w+0.856; 2%0.053+0.85%*0.85
P, c
oM, =@ O.SAstfylW(l +—)(1—-—7)
Agtfy Ly

= 0.9[0.5 * 57720.4 * 420 * 63850(1 + 0)(1 — 0.064)] = 651970.4KN.m
> 15168.5KN.m

Use $12/250 mm for two layers
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4.11 Design Of Column (C44):

Select(c44)for design:

*Loading:

Try 65*75cm with Ag = 4875 cm?

Take Pu=6861.61

*Check slenderness Limit :

Klu/r<34-12M1/M2.........c.ce.e.., ACI —(10.12.2)

M1&M2=1.0 (braced frame with M min).

K=1.0 (for columns in non sway frames )

Klu/r<= 34-12*1.0=22<40

Lu=4.2

Rx=0.3*h =0.3*.65=0.195

Ry=0.3*b =0.3*.75=0.225

Klu/rx=1*4.2/0.195=21.5 <22<40 Short column for bending about x_axis .
Klu/ry=18.67 <22<40 Short column for bending about y_axis .
Design as concentrically loaded column:

Pu= .65*0.8*Ag{(0.85*fc +Pg(fy-0.85fc)}

6861=0.65*0.8*48.75{(0.85*24+Pg(420-0.85*24)
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Pg=.015>.01 ok
As=.015*.65*=7312.5

Selsct 18 @25 Aspro=8831.25>7321.5 ok

*Design of the Tie Renfocement:
Spacing<=16*db(longitudinal bar diameter)=16*25=400
Spasing<=48*dt(tie bar diameter)=48*10=480
Spasing<=Least.dimension=400

Use g10@200mm.

= N 1 15

/

18125
75

Fig 4.18: Reinforcement of (C44)
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4.12 Design Of Isolated Footing Of (C107):

4.12.1 Load Calculation :

Total factored load =2749KN

Total service load = 2108.16
Column Dimention =40*50

Soil density=18KN/m3

Allowable soil pressure =400KN/m2
Live load =5 KN/m2

=400Kn/m2 q allow

4.12.2 Determination of Footing Area :
A=2108/400=5.2

L=2.4

Try 2.4%2.4

A=5.76>Areq=5.2

Determine qu =2749.7/5.76=303.76

4.12.3 Determine the Depth of footing based on shear :

Assume h=85 d=650-75-14 =561

Check for one way shear strength:

Critical section at §+d
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%+d:(2—4+0.561:.761m
VUu=303.76*(>--0.761)=133.35

Vo=t (=Vfcll *brd)
=0.75% < */24*2400%0.561=824.49
Pve>vy
. safe

Check for Tow way shear action (punching)

The punching shear strength is smallest value

of the following equation:
1 2
¢ ve=¢ - (1+B_c) \/ED bod

Vo= (= +2) \/fcll bo dd

12'b/d

Vc:q) é ﬂfCD bo*dq)
Where

column length (a 40
=0.8 Bc= wgth (@) _ 29
colum with (b) 50

Perimeter of critical section taken=

at (d / 2) from the loaded area b o

Chapter Four

5 KN/m®

Ll

]

Inclined crack

Critical section for

one-way shear Tributary area for

/ one-way shear

7,

~-—

d

)

NN

One-way shear,

bo = 2(d+a)+2(d+b) =2(40+56.1)+2(50+56.1) = 404.4
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a® 40 for middle column

_ N _075 2 _
OVe=0 = (1+—=)y/Fc bo*d =22 (1+ =)« V24 4044 + 0.561 =4862.48

Ve =03 (507 7a )V/Fel bord =22 (B350 4 V27 « 4044 + 0.561 =3858.34

4.4044
Ve =0 - \/_bod—075 24 4044 x 0.561 =727785

dVce=2778.5  control

Vuc= pu-ffb

Fro =6pu*area of critical section

Vue= 2749.7-[(303.76)*(0.40+0.561)*(0.5+0.561)] = 2439.97

Pve> vus 0K

=303.76 *2.4 *— —364 5 kN.m

My = using Reinforcement concert

364.5

M. = 2845 —405
0.9
=_Jr - _%20 _50588
0.8 f,[1  0.85%24 )
p=2 [1— 228 _130%1072
m 420

AS req. =p*b*d =1.3 * 10 3*240 * 56.1 =17.5cm?
AS shrinkage = 0.0018 *240 *65 =28.08cm?
AS req. =17.5<28.08cm?
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Select 21914 ... AS provided = 32.3cm? > 28.08cm? ..ok
Check of strain

As * f, =0.85* f; *b*a

3231*420=0.85*24*4044*a

a=16.44

=104 _19.34

a
B 085
_ 561-1934

Es= * 0.003

19.34

0.08 >00.5 ... ok

4.9.5 Development length of main reinforcement for mul:-

_9 . N we ys pt
Ld req. — 10 * a\/ﬁ * k+c1l“-|l;cb
cb=75+14=89cm

kxr+xcb _ 0+89
db 14

9 " 420 " 1.1x0.8
10 1%V24 2.5

Ld available — 1350-75=1275
L d available = 1275 > L d req.:345.67

*net required hook.

=6.36 >2.5

*x 14 =345.67 mm

Ld req. =

4.9.6 Design of dowels: -

Py =2749

dopu =¢ (0.85*f." Ag)

dpu = 0.65(0.85*24(400*500))1000
But pu = 2749>¢ pu=2652

Dowels are required for load transfer

= 2749 _ 2652 _
Ap= 1o T Tes — 14923
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_149.75
420

AS req. =0.335 mm?

No need dowels
As min=0.005*Ac=.005*400*500=100
USe 8@ 20,ASDro\/ided:2512mm2>ASreq:1OOO. .. OK

4.12.4 Isolated Footing Details :

10
10

7

7

95

— >
— >

40
o)
o
o o
10 100 40 100 10
10 240 10

260
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m

g9

.

0l

7o

770 0 0 777777

240

Section A-A

Fig 4.19:Reinforcment Of Isolated Footing .
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