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This project aims to create a structural design for the Hebron
Municipality building, that is consisted of 5 floors and a total
area of 5570m” including all needed facilities which ensures
comfort and mobility, and the effective utilization for the
spaces ,that is consistent with the design and functional needs.

The project methodology consists of the study of the
architectural planes and spaces distribution between the floors,
considering the functional and the aestheticaspects ,and to
study the architectural objects, and how far they were achieved
in the project, the columns distribution were checked and
edited based on alternative solutions which is consistent with
the architectural design, a suitable structural method was
selected that is based on an accurate structural study .At the
end the loads were calculated and the structural elements was
designed using the American building code (ACI-318) and
structural design software.

Finally structural plans where produced ,which is the
foundations and slaps plans ,and the columns, beams and stairs
sections and attached alongside the architectural plans.
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List of Abbreviations:-

- Ac = area of concrete section resisting shear transfer.

- As = area of non-pre-stressed tension reinforcement.

- As = area of non-pre-stressed compression reinforcement.

- Ag = gross area of section.

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

- At = area of one leg of a closed stirrup resisting tension within a (S).

- b = width of compression face of member.

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

- Cc = compression resultant of concrete section.

- Cs = compression resultant of compression steel.

- DL = dead loads.

- d = distance from extreme compression fiber to centroid of tension
reinforcement.

- Ec = modulus of elasticity of concrete.

- fc¢= compression strength of concrete .

- fy=specified yield strength of non-pre-stressed reinforcement.

- h = overall thickness of member.

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

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

supports in other cases.

- LL = live loads.

- Lw = length of wall.

- M = bending moment.

- Mu = factored moment at section.

- Mn = nominal moment.

- Pn = nominal axial load.

- Pu = factored axial load

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

- €C = compression strain of concrete = 0.003mm/mm.
- €S = strain of tension steel.

- €5 = strain of compression steel.

- p=ratio of steel area .
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Chapter 4.

Structural Analysis and Design

4.1. Introduction.

4.2. Slabs thickness calculation.
4.3. Load calculations.

4.4. Design of Topping.

4.5. Design of Rib (38).

4.6. Design of Beam80 (F2).




4.1. Introduction

Advantages of concrete. Among all the construction materials
used in the world, concrete is most widely used due to its
unigue advantages compared to other materials. 10 major
advantages of concrete are explained below.

Concrete is Economical

Compared to engineered cementitious materials used for
construction, the production cost of cement concrete is very
low. Again, it is inexpensive and widely available around the
globe when compared to steel, polymers and other construction
materials. Major ingredients of concrete are cement, water

and aggregates. All of these are readily available in local
markets at low cost.

1. Concrete Hardens at Ambient Temperature
Concrete sets, hardens, gain its strength at regular room
temperature or ambient temperature. This is because cement is
a low-temperature bonded inorganic material.

2. Ability to be Cast into Shape
Fresh concrete is flowable and is in liquid state. Concrete can
be hence poured into
various formworks or shuttering configurations to form desired
shapes and sizes at construction site. Concrete can be cast into
complex shapes and configurations by adjusting the mix.

3. Application in Reinforced Concrete
Concrete has comparable coefficient of thermal expansion to
steel. “steel 1.2 x 10-5 and concrete 1.0-1.5 x 10-5”,
Concrete imparts protection to steel in corrosive environments
due to existence of CH and other alkalis. Moreover, concrete
contributes to compressive strength of reinforced concrete
members and structures.




In this project, all of the design calculation for all structural
members would be made upon the structural system which was
chosen in the previous chapter.

So, in this project, there are two types of slabs : One way solid slab
and one. They would be analyzed and designed by using finite
element method of design, with aid of a computer program called
"ATIR- Software " to find the internal forces, deflections and
moments

For ribbed slabs and by using the previous program and Etabs
,Safe ,And programs to find the internal forces, deflections and
moments for One way solid slab, and then handle calculation
would be made to find the required steel for all members.

The design strength provided by a member, its connections to other
members, and its cross — sections in terms of flexure, and load,
shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI-318-11
code.

NOTE:

fc'= 24N /mm?(MPa)

fy = 240 N/ mm?(MPa)
Factored loads:

The factored loads on which the structural analysis and design is
based for our project members, is determined as follows:

qu=12D.L+1.6L.L.



4.2. Slabs thickness calculation:
Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-11, the minimum thickness of non-pre stressed
beams or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin fOr one-end continuous = L/18.5
=606 /18.5 = 32.7cm

The maximum span length for both end continuous (for ribs):
hiin for both-end continuous = L/21

= 650/21 = 30.95cm
The maximum span length for simply supported (for ribs):
hmin fOr both-end continuous = L/16

= 480/16 = 30.00cm

Select Slab thickness h= 28cm with Polystyrene Block 14cm ConcreteBlock
6 cm & Topping 8cm. For all floors with Ribbed slab

Sectton A—A

Scale 1:20
36Rib Seciton



4.3. Load calculations:
One way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as in the following table:

5Dead load Calc on Rib

dead load per rib
density h KN/m~2 KN/m/rib
tiles 23 0.02 0.46 0.2852
mortar 22 0.03 0.66 0.4092
coarse sand 16 0.07 1.12 0.6944
topping 25 0.08 2 1.24
RC RIB 25 0.2 5 0.6
Hollow Block 10 0.06 0.6 0.3
polystyrene 0.15 0.14 0.021 0.0105
Plaster 22 0.01 0.22 0.1364
partitions 1 0.62
sum 11.081 4.2957

Nominal Total Dead load = 4.30 KN/mper rib
Nominal Total live load =4*0.52=2.08 KN/mper rib




4.4. Design of Topping:

The calculation of the total dead load for the topping is shown below:

6Dead Load Calc on Topping

dead load /m calc
material density h KN/m
tiles 23 0.02 0.46
mortar 22 0.03 0.66
coarse sand 16 0.07 1.12
topping 25 0.08 2
partitions 1
sum | | 524

Dead Load =5.24 KN/m?. (for Stores) / | L1L)LLY] E_
Live Load = 4 KN/m?® (for Stores) 7 . a0 o i
W,=12DL+16LL % wit
=12*5.24+1.6*4=12.68 KN/m”. (Total v
Factored Load) .

W, *1? 126805

M, =

12 12
= 0.1691 KN.m
M, = fr )

1+008% L 108 =219 KN.m

= 042 [+ =042v24+
(M, = 0.55 * 219 = 1.207KN.m

oM, = 1.207KN.m > M, =0.1691 KN.m

~No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.



For the shrinkage and temperature reinforcement :-

p =0.0018
A, = p*b=h=0.0018 * 1000 = 80 = 144 mm?.

#0f g = 2rea = 1 _ 5 g5 | Spacing(S) = — = 0.348 = 348 mm.

Apgr 5027

< 380 (@) 2.5* C.< 380 (@)

-380*(§ﬂ) 25*2o<380*(§ﬂ)
.-I-V _-|:_'|ﬁrr

—)- 25*20<380*(f“2ﬁ

=380 * (3 )

3
=330 mm. <380mm.
<3*h=3*70=210 mm........... controlled.
< 450 mm.

~Use @8 @ 20 Cm C/C in both directions.



4.5. Design of Rib (38):

Geometry

Units:meter,cm

1 2 3 4 5
1 2 3 4 5
_ A A A A A |
0.8 3.05 0.8 3.96 0.8 4.06 0.8 2.4 0.8 4.77 0.8
| | | | |
‘ | ‘ 3.85 ‘ | ‘ 4.76 ‘ | ‘ 4.86 ‘ | Y | ‘ 5.57 ‘ |
[ I I I I 1
62.
28.
12.
A-A

37 Rib Spans and Section

Material :-

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

b =12cm b;=62 cm

h =28cm T=8 cm

he < Distance center to center between
ribs = 620 mm............ Controlled.

< Span/4 = 3100/4 =775 mm.
< (16* tg) + by, =(16* 70) +120 =1240
mm.

~bg=520 mm.

7 Effictive Falnge Width
for Rib Calc

the effictive flange width

be=1/4 1392.5
be = bw +16hf 1400
620 620
take be (mm) 620




Loading

Units:kN,meter

load group no. 1

Dead load - Service
4.09 4.29 4.29 4.29 4.29
3.85 4.76 4.86 3.2 5.57
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.08 2.08 2.08 2.08 2.08
3.85 476 4.86 3.2 5.57
Momcms:  spans 1t 3
.24,
A8k &
-15.3 2 A ;
15 4 73 D
H& N 68 R s 7\
1,36, 114 Ao 43 AN 7
o : A | EE 5,

— A N P i T X e o PR BTN .
P ,{i.!s?':.t i ||:r.!3 N Bl S0 LN 2
b R | ™~ loss e P oasl | 9F sl T N 4

o '\ :
10.7 132 - /
My
154 231 | 238 | 287 . a1 |12 1m | 33¢ %Y o5
| | | | | | |
Sligan
20.6 -2.e M 19.7 10,7
T B -16.3 ”_/" BN ] oy -14.3 -] 143 -
.—’/-J /'{ ."{f' - - /"-
- o e -
d e P " X
S ]| ]| = I = |
= - o Ty -
s - 7 A TS o
- ol
13.0 - 12.0 -
o 2 AT o
B 231 = 24.5
A

38 Shear And moment diagram for Rib



Reaclions

Foctored

H HH HH HH HH H
CradR T.51 24,15 26,32 16,24 2774 1181
Liwel 506 16.07 18,55 16.22 9.0 7.4
Niax H 1147 #1.72 44 44 EE R 47 B4 1/2
It R il S0 35.7R 1755 3143 11.54
Service
CoadR [+ 20.12 21,83 11132 M 084
IyeR 372 0.t ] 114 1744 £0q
Mdaz B 295 S0 35.A3 HFT 3588 1478
Min R 347 e H] 26,50 14.63 2521 960

39Reaction on supports of the Rib

Design of flexure:-

4.6.1.2 Design of Positive moment of rib (RIB 2):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 280 - 20 - 10 —= 242 mm.
— Mymax = 22.9KN.m

~ My =085 f; #bg*t; + d—-~

0.08

=085%24x0.62%008 « 0242 ——— = 10% =207.43KN.m

My = 0.9 * 207.43= 186.68KN.m
— (M =186.68KN.Mm>M, o= 22.9KN.m.

~.Design as rectangular section.



1) Maximum +(ve) momentMu & = 22.9KN.m
M, = Mu /b =22.9/ 0.9 = 20.61KN.m

= n.a’-ﬁ;g = n.;:z:t =206
Ry = nT;ia - “iﬂz.:'i;.lzﬂa;z =0.71 MPa
:ﬁ 1- 1 _z*n:;ﬂzn.ﬁ ~ 0.0016

A,=p*b*d=0.0016* 620*242 = 254.79mm".

! 1.4
Je by *xd = —

ASpin = —F< * —x by, xd
4 (f) Iy

V24 1.4
—4*42ﬂ*120 * 242 = 5*120 * 242

= 84.68mm*<96.8mm” ............. Larger value is control.
— ASpin =96.8MM°<As,¢, = 254.79mm’,
= As = 254.79mm’,

2 16=307.9mm’>As, = 252.52mm’. OK.
s Use 2 16 |, 2 d14 would be enough for flexure but we used

2 ®16 because the deflection requirements controlled
— Check for strain:-(g; = 0.005)

Tension = Compression



A*fy =0.85* f/*b*a
200.96* 420 = 0.85 * 24 * 620 * a

a=13.35mm

f! = 24 MPa< 28 MPa— f3; = 0.85

a _ 1335 _
C —ﬁ—l—m— 15.2mm.

g =25%0,003
[

_ 313-15.2
152

*0.003 =0.044> 0.005 .. =0.9 OK

1) Maximum -(ve) momentMu ) = 17.2KN.m
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=280 -20-10 —g: 243 mm.

M, = Mu /th =17.2/ 0.9 = 19.1KN.m

m = n.g;g = n.:fzd, =206
Ry = n]ir;z = n.:;;:fnl.;;}z =2.697 MPa
:ﬁ 1- 1 _2*2.64'312';::2&!& — 0.0069

~A,=p*b*d=0.0069* 120*243 = 201.6mm?°.



£ 1.4
———*b,*d = —=*b, *d
4 (fy) fy

ASyin =

_ V24 1.4
—4*42ﬂ*120 * 243 = E*lZO * 242

= 85.03mm?*<97.2mm’ ............. Larger value is control.
— ASpin =97.2MM?*<As,e, = 201.6mm’.
x As = 201.6mm°,

2 ©12=113.04mm*>As,., = 200.6mm*. OK.
~Use 2 P12

— Check for strain:-(g; = 0.005)
Tension = Compression

As*fy =085* f/*b*a
113.04*420=0.85*24*120* a

a=38.79mm

f! = 24 MPa< 28 MPa— f;, = 0.85

a _ 3879 _
c =5 " 085 44 17mm.

g, =25%0,003
C

_ 313-44.17
T 4417

*0.003 =0.013> 0.005 -p=0.90K

4.6.2Design of shear of rib (RIB 38):



1) Vu =22.5 KN.

14

1!
Ve = * — * by, * d*1.1

=0.75 * % *0.12 * 0.242 *10°1.1 =19.6KN.
vszﬁ ~19.6=3.81KN

- Check for items:-

1- Item1: V, < %’E.

22.5< 9.82.......Not satisfy



2- ltem 2 22<v, <pV,

9.89< 22.5< 19.6 ...NOTsatisfy

3- item 3: PV <V, <P(VetVemin

Van= —*  f¢ * by *d= — * V24 *0.12*0.424= 8.93

16
Vo= %a bwxd = %*0.12 «0.424 = 9.72 control

19.6<22.5 <0.75(26.19+9.72,......satisfy

Av, _ Vs
(5) = Thea
Vs = ( %-Vc)

Try ®10 (2 Legs):

24100 48+02424420+1078
.

=1648.5mm=S=1.648 m

S sg =2 _ 1215 mm.

ok

< 600 mm.

s Use @10 @ 100 Cm



4.6. Design of Beam80(F2):

686

3 683

T.36

T.33

0.

25

3.

23.
A-A

concrete B300

Reinforcement Steel

40 Spans of the Beam

Fc' = 24 N/mm?
fy = 420 N/mm?

Section :-
b =25cm b;=80 cm
h =53cm T=28 cm
8Beam Dim
span length of the beam(L)(mm) 7300
bw (mm) 250
hf (mm) 280
clear dis to next beam web 4340
9 Effictive Flange width Calc of the Beam
L section
the effictive flange width
be =< bw + L/12 858.3333333
be =< bw +6hf 858.3333333
clear dis to next beam web 4590
take be (mm) 858.3333333




Loads on beam

DL=9.84/0.62=15.8 KN/m +20 KN/m (External wall)
LL=4.94/0.62 =7.96 KN/m

Dead Duead - e i i L BN ime e
250 A0h
r ¢ ¥ ¥ w w L b ¥ 3
L ! o Tht b ] W y 13- y L o b
4 3 ZRE k r y ¥ bl 13 3
T F=i] a8
Liwz laad Ecrwinc Lead faotors: 4.2¢,1.20H 60,800
L J I} che b Eom=ntt.: cpamc 1to 2
. -
e}

4541
28xZ -2B1.3

. Lo 07

v‘ 1-“!@!1.‘%5
4] ! I

EZB1.B ZEBE.T
| 2.84 . £.42 4.4 - 2.8 |
I T T T 1
ahsar
-ZBE.B
-IdEE
A3re
/}tz
' il I
1 1t t
1174
18T
4EE
ZPE.2
Reaobane
Faotared
- 1 o |
I LI L LI |
DesdR 14272 474.11 141.7E
LivaR 41, 118.83 40.BB
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41 Shear and moment Diagrams of the beam




Design of Positive moment:-
1) Mu;= 281.9KN.m .

by =250 mm. , f/=24 MPa

fy = 420 Mpa

f! 24 MPa < 28 MPa- f3; =0.85

_fy _ 420
085 f/ 085+24

m = 20.6

10Mnfcalc
Desian as T.L section (Mn+)
Asf 7480
Asw 526.9052521
Mnf (KN.m) 1017.8784
Mnw (KN.m) -704.6561778
c 198.8571429
a 174.5965714
Mn max 1073.379909
oMn max 880.1715255| Desian as sinaly |

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=530 — 20 — 10 —%z 464mm.

Mn= 0.85% fr."*b*hf*(d-gﬁ 0.85*/28*800*280*(464-—)

=1480.55KN.m
Mu <Mnf (Design As Rectangular)

M,, = Mu /th =281.9 / 0.9 =313.22KN.m

v 420

m=—=—= =20.6
0.85 f/  0.85:24

=1.81 MPa

R = Mn _ 313.22¢1077
T bed?  0.8:(0464)°



_ 1 __ 2=Rp*m

pPrpl— 1-=7)

=— 1- 1-Z2%° —g0045
2006 420

= A= p*b*d=0.0045* 800*464= 1686.1 mm-.

ASpiim = 4(1& * by, *xd = T*b ckd L (ACI-10.5.1)

_ V24
4*4

*550*464} +=+=550=+=464

= 338.26mm?<386.67mm?” ............. Larger value is control.
— ASe, =1686.1 mm*>Asy, = 386.67mm”,

~7®18=1780mMm*>Ase,
— Check for strain:-(g5 = 0.005)

Tension = Compression
A;*fy =085*f/*b*a
1780* 420 = 0.85 * 24 * 800* a

a=45.81 mm
f! =24 MPa< 28 MPa- fi; =0.85

c= ﬁ— = 52.18mm.

1

e, =25%0,003

=0.024> 0.005 ¢ =0.9 OK
4.7.1.1 Design of Negative moment:-
by =250 mm. , f.=24 MPa

fy = 420 N/mm?



f! =24 MPa <28 MPa- f; =0.85

Iy 420
m=—2_= =20.6
0.85 f/ 08524

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
32
=530 - 20 - 10 —= 464mm.

M,, = Mu /(p =362.3 / 0.9 =402.56KN.m

X
085 f/  085:24
My 40256#107%
Rn = bedZ ~ 0.25:(0464)% 7.26 MPa
1 2+Rp*m
p=—-(1- 1- f: )
1 g 27264206 _ 30
20.6 420

A, = p*b*d=0.022* 250*464= 2797.74 mm®.

7 1.4
"q'qun = rm % bw *d = I * b'l.-'l.-' *d (AC|-1051)
= V2 050+ 464 > 2 « 250 + 464
4+420 420
= 343.36mm?<392.5mm” ............. Larger value is control.

= ASpeq =2797.74 MM*>AS i = 392.5mm?,

&~ As = 2797.74mm?,
= Use 1118=2797.74mm*>As

*Design of shear:-

MAX Vu = 248.6 KN .



F.T‘
pVe = * == * b, * d

=0.75* Y24 % 0, 4% 0.471 * 10° = 71.03KN.

[
11Shear design of the Beam
Shear
vu (KN) 249.6
vc (KN) 94.71360339
ove 71.03520254
ovc/2 35.51760127
vs (KN) 238.0863966
take vs 238.0863966
VS max 378.8544136 the section is large enough
vs' (KN) 189.4272068
vsmin 35.51760127
vsmin 38.66666667
take vs min 38.66666667
case # 5
shear rein stirrups are req
# of legs 2
av (mm”2) 157
s (mm) 128.5086441
d/2 (mm) 232

s Use @10 @ 100 Cm
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