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Abstract

Training center Structural Design and Details of

Project Team
Shadi Dawoud Al-Sharif
Rawhi Abu Kamel

Palestine Polytechnic University-2013

Supervisor
Phd. Muhammad T Alsayyed

The main idea of this project is to prepare all structural design and
construction details for two components of a training center in Hebron city. Which

are:
® A Festival hall and class rooms with span exceeds 20m.

e A Workshop with spans longer than 40 m.

This project consists of two buildings of one floor and it contains all

activities required for any person.

This building is a reinforced concrete structure, and it was designed
according to the ACI-318-08, Jordanian Cod and Indian Cod.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed 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.
C. = compression resultant of concrete section.
C; = 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.
¢ = compression strength of concrete .
Fy = specified yield strength of non-prestressed 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.
Ve = nominal shear strength provided by concrete.

Vn = nominal shear stress.

XI




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

We = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

&, = strain of tension steel.

és= strain of compression steel.

p =ratio of steel area .
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Structural Analysis & Design Chapter 4
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Chapter 4

Structural Analysis & Design

4 -1 Introduction

4 -2 Factored Loads

4 -3 Slabs Thickness calculation

4 -4 Load Calculations For the Workshop
4 -5 Design of Topping

4 -6 Design of Rib (R1 )

4 -7 Design of Primary Beam

4 -8 Design of Secondary Beam

4 -9 Design of Column

4 -10 Design of Isolated Footing
4 -11 Load Calculations For the Festival hall and its beams.
4-12 Load Calculations For the Classrooms and its beams

- 4-13 Design of Columns for Festival hall and Classrooms

4-14 Design of Footing for the Festival hall and classrooms building
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4 -1 Introduction:-

Concrete is the only major building material that can be delivered to the job
site in a plastic state. This unique quality makes concrete desirable as a building
material because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When
concrete structure members must resist extreme tensiie stresses, steel supplies the
necessary strength. Steel is embedded in the concrete in the form of 2 mesh, or
roughened or twisted bars. A bond forms between the steel and the concrete, and
stresses can be transferred between both components.

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

S0, in this project, there are few types of slabs: one way ribbed slab, two
way ribbed slab. 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 "STAAD PRO 200A", Etabs, and Safe 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, it is 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- code.
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NOTE:
°* B30 -> fc'=30N/mm?*(MPa) For circular section
but for rectangular section ( f¢'=30%0.8 = 24MPa ) i

® The specified yield strength of the reinforcement {fy =4Y+ N/mm? (MPa)}
4 -2 Factored Loads:-

qu = 1.2DL + 1.6L ACI-318-08 (9.2.1)

4-3 Slabs Thickness calculation:-
S From ACI-318-08 table (9.5a)

Minh >:

—L—~ = m =0.254 m
18.5 18.5

i = m =0.238 m
21 21

Use thickness of slab 28cm

4-4 Load Calculation For the Workshop:-

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

calculated as follows:

¢ Calculations of Dead load :-

Table (4-1) Dead load Calculations for toping
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Topping = 25%0.08 =2.00 KN/m
Block =22x0.03 = 0.66KN/m

=» Total dead load = 2.66 KN/m/rib

** 4.5 Live load calculations:-

From Jordanian live loads Table live load for the halls is 5 KIN/m? .

=>» Total live load = 5%\ = © KN/m/rib

=2>Wu=12D.L+1.6L.L
=1.2x2.66 +1.6x5=11.2KN/m

ACI-318-08 (9.2.1)

Check ® Mn > Mu

W, X 112404
12 12

My =

=0.15kN.m

Mn = 0.42,[fe" * s

bhk*
8= —
6
2
Mn=042fc' * 5’-2’—
*® 2
= 04225 * 06'08 *10° = 2.24kN.m
@ = 0.55 for plain concrete (ACI9.2.2)
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@™ Mn=0.55%2.24 =1.23kN.m.
¢*Mn=123>Mu=0,15KN.m.

No Reinforcement is required by analysis (ACI10.5.4)

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
£ =0.0018 ACI-318-08 (7.12.2)

As =p*b* N =0.0018*1000*80 = 144mm? /1m.
As ($ 8) =50.27mm?

So number of bars =144/50.27 = 2.8
Use 3 ¢ 8\ Im with As = 150.8 mm
Spacing= 1000/ (number of bars) =1000/3 =333.34 mm

Check for max. Spacing:

§=3h=3x80 =240mm......... (Control)

S=450mm

§ =380(280/15)-2.5C,
=380(280/.667x420)-2.5%20 = 337mm
5=300(280/fs) =300(280/0.667x420) =305.67mm
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4-6 Design of Rib (R ):-

< Materials :-
Concrete B300, Fc¢'=25MPa
Reinforcement Steel, fy = 420 N/mm? =420MPa

% Design constant :-
_ bgFor T- section is the smallest of the following:3
by =Ln/4= 5000-800/4 = 1050 mm
by =bw+16 tf=12 + 16 (80) = 1292 mm
by = c/c spacing between beams = 520mm

Control .......... 52¢m =520 mm

»> Requirements For Slab Floor According to ACI- (318-08) .

157 2 D00 e st S S ACI(8.13.2)
Select bw=12cm

BN D Wit s s 90 S TR e s e e ACI(8.13.2)
Select h=28 cm<3.5x12=42cm

1 DA 2510001 10 A e vt s ACI(8.13.6.1)

Select tr= 8cm = 80 mm
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% 4-5.1System :-

% One -way ribbed slab :-

. Unit weight Thickness
Material Be (cm) hxY'xbe
(KN/m?) (cm)

Topping slab 25 8 52 1.04
P B vy 3 5% 0.3432
R.CRip 25 20 12 0.6

Hollow Block 10 20 40 8
Plaster 22 3 52 0.3432

Table (4-2): Dead load calculations for rib

Sum of Dead Loads = 3.13 KN.M
Live loads =5 x 0,52 =2.6 KN.M

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

Fig (4-1): Moment Envelopes of Rib in KN.m.
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Shaear
Bas 21. 218 215 215 215 215 215
478 138 183 184 84 84 Aa24
[N Ll (3 o 2 1 g1 2. 0e 2
V LIl I Ll L LI I / 1L T (N1 I L]
187 /
167 187 182 124 184 184 124 134
219 214 218 215 215 295 215
fig (4-2): Shear Envelope for rib in KN.m
Raaolans
Faofarad
Lt Ll Lt AN L (RN i (N |
I L LN L L Ll L Ll L] L} ] LI L |
DaadR 8z 20.5 13.85 1859 18.75 1378 1878 1878 18.78
LiveR 883 2435 2358 2445 24.27 24.27 24.28 2427 2497
MaxR 15.71 44.85 4233 43484 4302 4308 4304 4305 43.05
MInR 587 02 2835 27568 2747 2745 2744 2745 2TAB
Zervios
Daadr 573 17.08 1629 1575 16.82 1608 1585 1585 1685
LivaR 552 1522 1489 1628 16.47 1637 1548 1647 1847
MaxR 11.25 423 a0.28 #1.02 079 a0.23 30.84 40.82 022
MiInR 4.88 2314 20.23 218 2104 24407 208 2107 21.07

Fig (4-3): Moment Envelopes of Rib in KN.m.

4-6.1 Flexural Design : -

L Design for positive Moment for Rib (R):-

Use Mu max. Positive for span ?Mu= 15.5 KN.M

Determine whether the rib will act as rectangular or T-section:
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assume a=ty=8cm =80 mm

d = h — cover—dia. of stirrups — dy/2
=280-20-10 - 12/2 = 244 mm.

®.Mnf=0.9%0.85 7, x tpxb, x(d- t2)

=0.9% 0.85 (25) (80) (520)(244- 80/2) x 10
S>®.Mnf =162.3KN.M
OMnf=162.3 KN.M > Mu = 15.5 KN.M

% Rectangular section

Design as a rectangular with b, = 52cm

As=p.be .d

B e 420
0.85* fc'  0.85*25

=19.76

Ry Ml _ 15.5%10°/0.9
b*d*>  0.52x(0.244)°

=0.56MPa

40
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% Check Minimum Reinforcement A § min

\/—

(ACI- 318M-08 — (10.5.1) )

/25
4(420)

A s min=

( w)(d) =——-(120)(244) = 87.1mm*

As nmn—(—ﬁ)—)(bW)(d) =%(120)(244)=97.6mmz (control)

As=226 mun’>1713mm” , OK]

% Check for Tension steel yielding:-
Tension = compression
Asxfy=0.85x f xbxa

226 * 420 = 0.85 * 25 *520 * ¢4
a = 8.59mm

a 8.59
= ——— = l
c B~ 085 10.1mm
B=0.85 =< 28MPa ACI-31 8M-08(10.2.7.3)

g, =(d—c)/cx0.003= 344#10'—1 x0.003 = 0.069

&, =0.069 > 0.005

o Design for Negative Moment Mu = -12.6KN.M:

9, 4
%°* Design as a rectangular

e . 490

= ¥ _jous
0.85x fz'  0.85%x25
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Mulé _ 12.6x107°/0.9
Rn = - =19
bxd>  120x(244)? ke

1 2 mRn 1 2*%19.76 *1.96
= =418 == ' —~— | =0.004
0 m[ v j 19.76 { \/ 412 e

As =p.be.d=(0.00489 ) x (120)x(244) = 143.17 mm?.

Then use 2d 10, As=157 mm?2

%> Check Minimum Reinforcement A gmin  (ACI- 318M-08 — (10.5.1) )

ASmin=£(bw)(d) _ 25 (120)(244) = 87.1mm>
4(5) 4(420)

AS min= % bGwd) = %2% (120)(244) = 97.6mm* (control)

For 2@10\rip , As=157 mm2>143.17, OK

o

% Check for Tension steel yielding:-

Tension = compression

As xfy=085x f, bx a
157 x 420 = 0.85 x 25 x120 x a

a = 25.858 mm
a 25.858
= —_— = — 5 2
c B] 0.85 30.42 mm
B=0.85..... f. <28MPa ACI-318M-08(10.2.7.3)
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244-30.42

PR % 0.003 =
g ) 30.42

x0.003 =0.021
g, =0.021>0.005

4-6.2 Design Rib (R ) For Shear :-

Yu( at Face of support) =18.7KN (From Shear Envelope)

e Factored shear forces at d=0.244 m = 244 mm from face of support.

e Ve, provided by concrete for the ribs may be taken 10% greater than that
for beams.(ACI, section 8.13.8)

Determine shear strength provided by concrete (¢ Vc).

i Ve=11x% v’ bwxd
6

—1.1x Y25 40.12x0.244x 10° = 26.84KN
6

®Vc=0.75x26.84=20.13KN

1 ®Vc=20.13+2=10.06 <Vu=18.7KN
2

- No shear reinforcement is required.
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4-7 Design of Beams (Primary Beam):-
+» Material :-
= concrete B300 Fc' = 25 N/mm?
= Reinforcement Steel fy = 420 N/mm?
% 4-6.1 Loading :-
% Total Dead load :
S e 0.0,3x22),<0.8,, W 0523 ]i
Beam 2x25%0.8 40
Plaster 0.03%22x0.8 0.528

Table (4-3): Dead loads for Primary beam

% Sum of service Dead Loads = 41.056 + (17.1+ 0.52) = 73.9 KN.M

% Total live load: W)= (15.22 + 0.52)+(5x 0.8) = 33.26 KN/m

Assumed that h =2000 mm to analyze the beam using ( Stad Pro ) Software to get Shear &Moment

1.540+004 R{m 1.54e+004 kNm
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Envelope :

Fig (4-4): Moment evelope for primary beam

Beam no. = 13, Section: Rect 2.00x0.80

]2.000

Length = 39

Fig (4-5): Primary beam Dimensions.

> Determination of Beam dimensions :
d =32
d=2000-40-10-32\2 = 1934 mm

3

3

C==d==x1934=82.88cm
7 7

a=P;c=0.85 x 82.88=70.45 cm

% 4-7.2 Design Beam For Flexure :-

b =800 mm , h =2000 mm

Q@ Design for Positive Moment Mu = +11600KN.M:

M max= 0.85x fe'ab (d - %)

But, M, = 11100 KN.M

704.5

= 0.85x25 x 704.5x 800 (1934- i 10" = 18943.66 KN.M

OM,= 15533.7 KN.M > M,= 11600 KN.M
= Design the section as singly reinforced.

Mn
b*d?

11600 x10°

~ 0.9%x800x19342

=4.3 MPa
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B 40 .,
085% fz  0.85x15
1 2mRn 1 / 2%19.76x 4.3
e 1- 1—-—-— e 1- l_—;_ = 0.
= 2P oty TRt

Asreq=px b x d=0.0115x 800x 1934 =17792.7mm?/ m

Pl (0.25)\1/3)?: (b)d

_ (0.25)*~/25*(800) *1934
420

1.4(b)d

=4604.76 mm?/m

Not less than, As min=

_1.4%(800) *1934
420

=5157.3 mm? /m

N=17792.8 + 804.2 = 22.1
> Use2¢®d 32 (2 layers)

4s,,,, = 19300.8 mm? /m> As 1oq = 17792.8 mm? /m

proy
% Check for Spacing :

_ 800-2x40-2x10-12x32
11

S =28.27mm

S>25mm
S>dyp
- OK

% Check for Tension steel yielding:-
Tension = compression

Asxfy=085% f xbxa
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19300.8 *420 = 0.85 * 25 *800 * ¢

a =476 .84 mm
a 476.8
=—=———=35
p=10.85 e ~28MPa =i 0 ACI-318M-08(10.2.7.3)

034~
ga=(d=1¢)/cx0.003 = 93:71561 x0.003 =0.0073

g, =0.0073 > 0.005

OK : Tension Controlled Section

X8 Design for Negative Moment Mu = -15400KN.M:

M max= 0.85* fc'ab (d - %)

= (.85*25 x704.5%x800 (1934- )x10° = 18943.6 KN.M

704.5
2

But, M= 1°£00 KN.M
OM,= 15533.7 KN.M > M, = 15400 KN.M

=> Design the section as singly reinforced.

Bhe Mn
b*d?
%1N6
_ 15400 *10 ; — 5.79MPa
0.9*800 *1934
B 420 _ 4.
OE8S * fe 0.85*25
P =l(1_ 1_2mRn)
m

1 2%19.76*5.72
B (1 - ,/1-
19.76 420

Asreq=p xb x d=0.0162 x 800x1934 = 25091.8mm? / m

)=0.0162
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_ (025)[f.(b)d
min= _[)1

0.25) *~4/25 *(800) *1934
. (020) 42(§ ) =4604.76 mm? /m

Not less than, As min= L4)d

_1.4*(800)*1934
= =5157.3 2
420 7.3 mm? /m

N=25091.8 +804.2=31.2

'1;6. y C _ié—j
45,5, =25734.4 mm > AS eq=25091.8 mm? /m
s» Check for Spacing :

—2%40-2%10—11%
S=800 2*40 li 10—11 32=34.8mm

S>25 mm
S>dy
- OK

9,

% Check for Tension steel yielding:-
Tension = compression

Asxfy=0.85% f xbxa

257344 *420 = 0.85*25%800 *a

a = 635.79mm
c= —;—l = 6?)58;79 = 747 .98 mm

p=0.85..... f,<28MPa....... ACI-318M-08(10.2.7.3)

&=(d—-c)/ex0.003= 108k~ 70008 % 0.003 =0.00475

€, =0.004 < 0.00475 < 0.005.....0K
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