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Palestine Polytechnic University 
College of Engineering & Technology 

Civil Eng. Dept. - Buildings Engineering 
Graduation project titled as: 

"Structural Design of Training Center Units" 

Work Group: 
1. Ahmad Najeh Ahmad Ghayyada 
2. Bara" Mohammad Ahmad AbuSheikha 

By The Supervision of: 
Dr. Mohammad Taha Al-Sayyed Ahmad 

"Introduction to graduation project's description" 
The project is consisting of three architectural components as separated units of a 

whole training center among them are a training Hall, connected pair of underground water 

tanks, and club house. As for the training hall, it is a reinforced concrete structure with a height of 6 meters 
with a ceiling resting directly on an edge-distributed columns without any of them inside the 
central space, so that we can get fairly use of the whole existing central space. Dimensions of 
the hall are given to be: 40m 80m with a total area of 3200 sqr.m. 

The pair of underground water tanks are being separated by a wall to have two--200 
cubic meters tank-capacity with 20m 20m Vm for each of them. 

The last of the center components is the club house, which consists of a multi leveled- 
one floor, with a total area of Y • • • sqr.m. 

Lastly, at this semester, should the architectural and structural designs properly be 
accomplished for some of the units. The ACI-318-08 code will be used in the design 
operations, whereas the2006-Jordanian code of loads will be used for load calculations. 

Supervisor's Signature 
AAA 
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(Stairs) [h,hl Y'J".'\ 

t..uc ~\.pc~ ~L:;Jl 19.i.ll ~ ~ ~ ..9' L:;.w\ ~ w~I UH <.?"""!;\I Jtli:i;/1 ~ .&J..9~1 y-alli.11 ~ ..9 

c) ,+ &@ia :(A-3) JS@ll 

1. AutoCAD. 

2. For Text Edition: Microsoft Office. 

3. Atir Software: for Structural Calculations. 

4· Safe: for Structural Calculations. 

5· Etabs: for Structural Calculations. 
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CHAPTER 4: 

4 -1 Introduction: 
A properly designed reinforced concrete element is to satisfy two requirements; strength and 

serviceability. Serviceability refers to some requirements that are needed to make the structure 

serviceable such as no excessive deflection or cracking Historically, deflections and crack widths 

have not been a problem for reinforced concrete elements. With the introduction of strength design 

and high strength steel reinforcement, the reinforcement stresses at service loads have increased 

considerably. Since crack widths and deflections are related to steel stresses, each of these has 

become more critical. 

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. 

So, in this project, there are three types of slabs: one way ribbed slab, two way ribbed slab, 

and two way flat 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. 8", 

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. 

NOTES: 

• 

• 

As for B300 concrete used in design ,(Jc'= 24MPa) 

The specified yield strength of the reinforcement (fy = 420 MP a) 
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4.2 Anal sis and Desi n of the Club House Buildin Unit: 

■ 4.2.1 Design of Rib RI 
• 4.2.1.l factored loads: 

The factored loads on which the structural analysis and design that being based on in our 

project are considered as follows: 

qu= 1.2D.L + I .6L..L . 
ACI- 318- 08 (9.2.1) 

e 4.2.1.2 Slab's Thickness calculation: 

The overall depth must satisfy ACI Table (9.5.a). So, for rib (Rl), as shown in fig. below: 

1 2 3 4 5 

1 2 3 4 

C 
A = A A = A = J 
~ ~ ~ ~ 

0.6 4.2 0.8 4.2 0.8 4.2 0.8 4.2 0.8 

I I I I I I I I I I 
5. 5. 5. 5. 

Fig. (4-1): Spans Lengths for Rib (Rl). 

• 4.2.1.3 Calculation of Minimum Thickness (Deflection Requirements): 

From 4C1-318-08 table (9.5a) 

Min. h> 

1) For one end cont. span : 
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------- 
_5.00,0.27 
18.5 18.5 

2) For both end cont. span: 

L_5©,02s8 
21 21 

For Rib (Rl), we'll use thickness of slab =32 cm> min. h=27cm. 

o 4.2.1.4.Calculations of Dead load : 

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

calculated as follows: 

4oho» Sock {Z2leor ) 

Fig. (4-2): One way rib slab 

Tiles = 23*0.03*0.52= 0.358 KN/m 

Mortar = 22*0.02*0.52= 0.229 KN/m 

Sand = l 6*0.07*0.52= 0.582 KN/m 

Topping= 25*0.08*0.52= 1.04 KN/m 

Block = 10*0.24*0.4= 0.96 KN/m 

Rib = 25*0.24*0.12= 0.72 KN/m 

Plaster = 22*0.03*0.52= 0.343 KN/m 

Partition= 20.52= 1.04 KN/m 

Total dead load 5.27 KN/m/rib 
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• 4.2.1.5 Calculations of Live load: 

From Jordanian live loads Table live load for such building = 3 KN/m? . 

Total live load= 30.52 = 1.56 KN/m/rib. 

% 4,2.1.6 Design of Topping: 

o 4.2.1.6.1 Calculation of Dead load : 

Tiles = 220.031 =0.66 KN/m 

Mortar = 220.021=0.44KN/m 
Sand = 160.071=1.12 KN/m 
Topping= 25*0.08* 1=2 KN/m 
Partition= 2*1=2 KN/m 

D.L total = 6.22 KN/m 

• 4.2.1.6.2 Calculation of live load: 

L.Ltotal = 3 KN/m So ' 
Wu= l.2D.L + l.6L.L = 1.2*6.22 + 1.6*5 = 15.464 KN/m 

Check (!)Mn> Mu 

Ma = "T_15.646+0.4° 
12 12 

= 0.206kN.m 

Mn =0.42/7s 
bh? 

s= 
6 
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- 
bhr? 

M = 0.42ff€, 

om2ta·®is6 =219 

=0.55 for plain concrete 

6 Mn = 0.552.19 = l.2kN.m. 
6Mn =1.2> Mu = 0.206KN.m. 

• 4.2.1.6.3 Shrinkage and temperature reinforcement must be provided. 

For the shrinkage and temperature reinforcement: 

p= 0.0018 AC-318-08 (7.12.2) 

As = p*b* h = 0.0018*1000*80 = 144mm /\m. 

As (q> 8) =50.27mm2 

So number of bars =144/50.27 = 2.86 

Spacing= 1000/ (number of bars) =1000/2.86=349 mm 

Check for max. Spacing 

S=3h=3*80=240mrn 

S=450mrn 

(Controls) 

S=380(280/fs)-2.5Cc=380(280/.667*412)-2.5*20=337mm 

S=300(280/fs) =300(280/0.667*412) =305.67mm 
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------- 
use 0 8 @ 20cm as for practical purpose in both directions 

% 4,2.1.7 Design of Rib 

Materials 

Concrete B300, Fe' = 0.8*30 = 24 N/mm2 =24Mpa 

Reinforcement Steel, fy = 420 N/mm2 = 420 MPa 

0 or T- section is the smallest of the following: 

b,=Ln/4 = 4.2/4 = 1.05 m 

b,=bw+ 16tf= 12+ 16 (8)= 1.4m 

b, = c/c spacing between beams =0. 52 m (controls) 

b, =52 cm = 520 mm 

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

bw > 10cm ACl(8.13.2) 

Select bw= 12cm 

ACl(8.13.2) 

Select h=32cm<3.5*12=42cm 

tf 2:'.: Ln/12 2:'.:50mm ACI(8.13.6.1) 

Select tr= 8cm = 80 mm 

130 



GRADUATION PROJECT-DESIGN OF TRAINING CENTER UNITS 

~------ 
% 4,2.1.7.1 Loading and analysis :- 

By using the (BEAMD) Software we got this envelope moment and shear diagrams as 

following: 

DL=5.3 KN/M/Rib 

f 

LL=l.563 KN/M/Rib 

Dead loa .Service 
Jnits:kN.meter 

5.30 5.30 5.30 5.30 

' " ' 
5. 5. 5. 5. 

I J, J, I J, I J. I 
5 t 

Moments: s ans 1 to 4 
-24.6 

-14.4 /\-15.4 ·
18

· 
4%.% -10. -10. 

5281.74 1.31 1.28 + ] 14t _1.7a 

-24.6 

-15.4 -14.4 

_/

09211 "--~IL"--/ I F +l ,_ I . 11.1 I "---- b 10.7~ "-- I 10.92\~ / 
6.5 T6 1.1 6.5 10.8 10.8 __ ______,/ . 

18.4 
18.4 

2. 3. 2.75 2.25 2.25 2.75 3. 2. 

Shear 

-27.1 -24.6 
-23.5 

-18.4 
-21.9 -21. -18.1 

-14.5 

14.5 
18.1 18.4 

21. 21.9 
24.6 27.1 

23.5 

Fig.(4-3): Rib ( Rl) Shear & Moment Envelopes Envelop 
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------- 
• 4.2J.7.2 Flexural Design: 

■ Design for positive Moment for Rib (RT):­ 

Use Mu max. Positive for span Mu= 18.4 KN.m . 

Determine whether the rib will act as rectangular or T-section: 

assume a= tr= 8 cm = 80 mm 

d=h - cover-dia. of stirrups- db/2 =320- 20-10- 14/2 = 283 mm. 

@.Mnf =0.90.85 f, tr b, (d- te2) 

= 0.9* 0.85 (24) (80) (5209(283- 80/2)10° 

⇒ <ll.Mnf = 185.6 KN.m 

<l>Mnf=l85.6 KN.m > Mu =18.4 kN.m 

⇒ Rectangular section 

Design as a rectangular with b,= 52cm 

As= p.be .d 

fy 420 m = _::...:.,..__ = 20.58 
0.85 * Jc' 0.85*24 

Rn _ Mu I¢ 18.410/ 0.9 - ==()49 MPa 
b d 2 0.52(0.283)° 

As = p.be .d = (Lr3)* (520)* (283) 176.6 mm. 

r 
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Then use 24 12,As=226.2 mm 

Check Minimum Reinforcement 

As min 

ffe 
As min==-(bw)(d) 

4f) 

As min=?-(aw) 
(fy) 

J24 (120)(283) = 99mm2 

4(420) 

1.4 ( 2 =- 120)(283) = 113.2mm 
420 

⇒ For 24012,As=226.2 mm > 113.2mm
2 

, OK 

Check for Tension steel yielding:- 

Tension = compression 

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

226.2*420 =0.85*24*520 *a 
a=8.95mm 

a 8.95 c = -= - = 10.53mm 
9, 0.85 

(ACI- 318M-08- (10.5.1)) 

P=0.85 ..... f, <28MPa 

s, =(d-c)/cx0.003_ 283-10.53 ,9.903 = .078 
10.53 

Es= 0.078 > 0.005 

(control) 

(ACl-318M-08(10.2.7.3)) 
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-------- 
• ~ Design for Positive Moment Mu = + 10.80 KN.1-!0. 

As =p.bE .d 

_ f_ 420 20.58 
m - 0.85*/c' 0.85*24 

_Mal@_ 108+10°/0.9 3,39 MPa 
Rn- b*d2 0.52*(0.283)2 

= _1 ( _✓I_ ZmRn \ ~ I (l _ 1 _ 2 20 .58 0 .29 J = 6.95 10 _4 
P m 1 fy ) 20 .196 420 

As == p.be .d == (6.9510 ) (520) (283) = 102.28 mm. 

⇒ Then use 240 10, As=157.08 mm 

• Check Minimum Reinforcement 

As min (ACI- 318M-08- (10.5.1)) 

As min= ffe (bw)(d) 
4(fy) 

As min=± away 
(fy) 

⇒

■

✓2A (120)(283) = 99mm 
4(420) 

1.4 2 = (1209(283) =113.2mm 
420 

Check for Tension steel yielding:­ 

Tension = compression 

(control) 

For 24010, As=157.08 mm > 113.2mm
2 

OK ' 

As * fy = 0.85 * fc * b * a 
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------ 
157 .08 420 = 0.85 24 * 520 a 
a= 6.21mm 
_4_62l,7,31mm 
< , o.85 

B=0.85..... f,<28MPa 
283-7.31 

c,=(d-c)/cx0.003=' 737 °0.003=0.113 

=0.113> 0.005 
s 

ACI-318M-08(10.2.7 .3) 

e 4.2.1.7.4 Design for Negative Moment Mu = -15.4 KN.m : 

Design as a rectangular with b = 12 cm= 120 mm 

fy 420 20.58 m= = 
0.85 * Jc' 0.85*24 

Rn= Mu/¢ 15.410°/0.9 1.78 :MPa 
b a? 0.12(0.283) 

-{-f @@]-.±,[-,f2@rs]-4«·w» 
m fy 20 .58 420 

As = p.be .d = ( 4.44*10-3 )* (120)* (283) =150.818 mm. 

⇒
2 

Then use 240 10,As=157.08 mm 

■

As min 

Check Minimum Reinforcement 

(ACI- 318M-08- (10.5.1) ) 

As min= ffe (bw)(d) 
4(fy) 

A · 14 s nun =---(bw)(d) 
(fy) 

✓24 (120)(283) == 99mm2 

4(420) 

= 1 ®.a20(283) =113.2mm 
420 

(control) 
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------- 
2 

=> For 2<1>10, As=157.08 mm > 113.2mm , OK 

• Check for Tension steel yielding:- 

Tension == compression 

As * fy = 0.85 f., b * a 

157 .08 420 = 0.85 * 24 *120 * a 
a= 26.94mm 

a c =-= 31.7mm , 
=0.85..... f,<28MPa ACI-318M-08(10.2.7.3) 

283-31.7 
&s == (d -c)I ex 0.003 = ---x 0.003 = .0238 

31.7 

s, = 0.0238 > 0.005 

• Design for Negative Moment Mu= -10 KN.m : 

Design as a rectangular with b = 12 cm= 120 mm 

fy 420 m = -.::..:...,___ = 20.58 
0.85 * Jc' 0.85*24 

Rn= Mu/¢ 
b a? 

1010°/0.9 
0.12(0.283)° 

1.156 MPa 

2 mRn 
fy s 2 20 . 58 * 1 . 156 

420 

As = p.be .d =(2.83510°) (120)* (283) = 96.29 mm 

) = 2 .835 10 ° 

l 36 



CENTER UNITS 
ESlG.N Of TRAJNlNG. ------------- GRADUATION PROJECT-k 

⇒
2 

Then use 2<1> 10, As==lS?.08 mm 

• 

As min 

Check Minimum Reinforcement 

(AC- 318M-08- (10.5.1) ) 

ffe 
As mm==-(bw)(d) 

4f6) 

As min=T-(awy@ 
(fy) 

⇒ For 2410,As=157.08 mm > 113.2mm , OK 

• Check for Tension steel yielding:- 

Tension= compression 

= .J24. (120)(283) = 99mm 
4(420) 

= l.4 (120)(283) =113.2mm 
420 

As * fy = 0.85 * fc * b * a 

157 .08 * 420 = 0.85 * 24 * 120 * a 
a= 26.94mm 

a c==3l.7mm s, 

8=0.85..... f,<28MPa ACI-3 l 8M-08(10.2. 7 .3) 

283-31.7 
&s = (d-c) IC X 0.003 = ---x 0.003 = .0238 

31.7 
&s = 0.0238 > 0.005 

(control) 

• 4.2.1.8 Design Rib (RI ) For Shear :­ 

Vu(at dist. d from face of support) =23.5 KN (F rom Shear Envelope) 

Determine shear strength provided by concrete (d Vc), 
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1. 1 V c= 1.1 * JR__ bw * d 
6 

=== 1.1* ffe 0.12 0.28310° = 30.5 KN 
6 

poVe = 0.7530.5= 22.87 KN 

Vs min = Max of : 1) .!._ bw * d= 0.333 * 120 * 283 10° = 11.32 KN - Control 
3 

2) fE" w+a± y?f 120° 283 10° = 10.39 KN 
16 16 

Case III is Valid : 

<I> ( V c + V Smin ) > Vu > <I> V c 

0.75 ( 30.5 + 11.32 ) = 31.36 KN> Vu= 23.5 KN > 0.75*30.5 = 22.87 KN 

⇒ minimum shear reinforcement is required 

Assume Stirrups 2-leg O8 

S= Av*fyt*d 
Vs 

S = (100.48 * 420 *283)/(11.32*1000) = 1058.82 mm 

Check For Srnax 

d 1) Srnax :S 2 = 283/2 = 141.5 mm- Control 

2) S» < 600 mm 

S= 1058.82 mm > S,% = 141.5 mm 

So, Use 2-leg 08 @150 mm 
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• 4.2.2 Design of Beam (BS) 

concrete B300 

Reinforcement Steel 

Fc' =24 MPa 

fy = 420 MPa 

B =80 

h =50cm 

1 1 
2 3 

C 
A 

2 

• A • ~ 
o. 

~ 

I I 
6. 0. 5. 

7 
I I 

o. 
6 

I I 

·□80 
A-A 

3 
4 

A 

~ 
J 

6. o. 
7 

I I 

Figure ( 4-4) . Beam G · eometry. 

Dead load - Service Units :kN,meter 

Live load • Service 

5. 

Figure (4-5) : Load of Beam (FF-B130) 
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Moments .538.8 
-460.7 -437.9 

43. 

331. 449.8 

2.8 4.2 3. 3. 3.85 3.15 

Figure (4-6): Moment Envelop for Beam (FF-B130) 

Shear 

-404.8 
-306.6 .21.248.8 

420.4 
518. 

Figure ( 4- 7) : Shear Envelop for Beam 

• 4.2.2.1 Design of flexure: 

4.2.2.1.2 Design of Positive moment 

■ Design of Positive moment Mu max.=449.8 KN.m. 

b, =80 Cm., h=55 Cm. 
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-------- 
d = depth - cover - diameter of stirrups = ( diameter of bar/ 2) 

20 =550-40-10-== 490 mm. 

C =~ * d==~ * 490 = 210 mm. max 7 7 

amax == f3 i* Cmax = 0.85 * 210 = 178.5 mm. 

Mn == 0.85 r! b * a* (d - ~) max · Jc 2 

=0.85 24 178.5 800 (@90- /"? ) 10 

= 1167.43 KN.m 

cpMnmax = 0.82 * 1167.43 = 957.295 KN.m. 

dMnx 957.295:KN.m > Mu= 449.8 KN.m. 

:. Singly reinforced concrete section. 

■

* Note: Es= 0.004 >p= 0.82 

Maximum positive moment Mu(+) = 449.8 KN.m 

Rn= Mu = 449.8 x 10° 
bd? 0.9 X 800 x 4902 - 2·6 Mpa 

m='Y_ 420 _ 
0.8SfJ 0.85X24 - 20.58 

-{(-iii)-,4(1-J m ] 420 20.58 
2*20.58*2.6 ) _ 420 0.00656 

A, = p.b.d =0.00656 x800x490 = 2606.85mm. 

Check for A . s,min • 
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, 1.4 

1) A,,,,=0.25' w-d > ['b,.d s,min fy fy 

a 25as±t 800 x 490 = 1143.1mm? 
/s,min'' 420 

3) A 
. ===.0.800 x 490 = 1306.67 mm

2 
s,min 420 

Controls. 

A .= 1306.67 mm <A, = 2606.85 mm
2 

s,min 

⇒ Use 9 o 20 Bottom, As,provided = 2827.43 mm > As,required = 2606.85 
Ok 

mm. 

Check spacing : 

800--40+2-20-(10x20) S = 
9 

= 55.55 mm> db = 20mm > 25mm ... ... ... ... ... ... . OK 

Check for strain: 

a As.fy = 2827.43 X420 = 72.765 mm 
0.85b ff 0.85X800X24 

a 72.765 0=,,5s, =85.6 mm 

(
d - c) (490 - 85.6) Es = 0.003 -- = 0.003 ---- = 0.0142 > 0.005 

C 85.6 
Ok 

■ Positive moment Mu (+) =331 KN.m. 

n= h_ 331x 10 
0bd2 - 0.9 X 800 X 4902 = 1.915 Mpa 

1= '»___420 
. 0.85ff - 0.85X24 = 20.59 
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- 1 ( - F- 2.m.Rn ) = __2:__ (1 - 1 - 2•20.59•1.915 ) = .004 796 
p- ~ 1 420 20.59 420 

A, = 6.b.d =.004796800x490 = 1880mm. 

Check for As,min· 

4 {Te, a>', a 1) As min -0.25 w· - f w· ' fy '9 

_ ffe _ 2 Asmin-0.25- 800 X 490 - 1143.1 mm 
' 420 

3) A,,, ==g00 x 490 = 1306.67 mm 
' 420 

As,min = 1306.67 mm < As= 1880 mm
2 

Controls. 

⇒ Use 8 0 18 Bottom, As,provided = 2035.8 mm
2 
> As,required = 1880 mm

2
• 

Ok 

Check spacing : 

g_800--40-2--18-(8x18) 25 - 
7 

= 79.4 7 mm > d,, = 18> OK 

Check for strain: 

a As.fy _ 2035.8 X420 
0.85b tf 0.85X800X24 = 52.39 mm 
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c= ~ = ~=== 61.64mm 
B, 0.85 

(d-C) (490-61.64) O 
c - 0 003 - = 0,003 --- = ,0208 > 0,005 
&s 7 '' Cc 61.64 

• Positive moment Mu(+) = 97.8 KN.m . 

M, 97.8x10° 0 57 M 
Rn= (/)bd2 == 0.9 X 800 X 4902 • pa 

= _Ji_ == 420 :=: 20.59 
I 9,85f! 0.85x24 

Ok 

== 2. (1 - r1 - ~ ) = _1_ (1 - 1 - 2*20.59*0.57 ) = .001366 
P m ✓ 420 20.59 420 

As= p.b.d =0.001366x800x490= 535.55 mm
2
• 

Check for As,min . 

- ..fFc 1.4 1) A,a =0.25by.d >-by.d fy fy 

A '124 2 s,min =0.25 
420 

800 X 490 = 1143.1 mm 

3) As,min = ;;: 800 X 490 = 1306.67 mm2 

As,min = 1306.67 mm > As= 535.55 mm 

Controls. 

So, Provide min. reinforcement with As= As,min = 1306.67 mm
2 

⇒ Use 6 o 18 Bottom, As,provided = 1526.8 mm
2 
> As,required = 1306.67 

Ok 

⇒

[" 
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Check spacing : 

S 
_ 000-40*2-18-c6x18) = 118.4 mm > db = 18 > 25 
- 5 

Check for strain: 

As.fy := 1526.8 X420 = 39.293 mm 
a o.85b tf o.85x800X24 

c== !:. == ~ == 46.227 mm 
B, 0.85 

= ooos() = o.oo3 (±20=462) = 0.0209 > 0.005 
Es ' c 46.227 

t. ~. ~.'. ~ Design of negative moment:- 

• Nrgative moment Mu(-) = 460.7 KN.m. 

Rn= Mu = 460.7 x 106 _ 
bd? 0.9 X 800 X 4902 - 2·665 Mpa 

m= 'v_ 420 _ 
o.8sf!' o.8sxa4 > 20.59 

-=-f 7)-,,(1- J m ] 420 20.59 
2*20.59*2,665 ) _ 420 - 0.006824 

OK 

Ok 

A, = p.b.d =0.006824x800x490= 2675 mm> 

Check for A . S,min • 
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7& 8 

1) A 
. ==0.25 ,,__ bw. d > b,.d 

s,min fy fy 

A -0 Z5~ 800 x 490 == 1143.1 mm2 
Is,min " 420 

3) A 
. ==..0.soo x 490 == 1306.67 mm2 

s,min 420 

A,,,= 1306.67 mm <A, = 2675 mm
2 

s,rom 

Use 11 0 18 Bottom, As.provided= 2799.16 mm2 
> As,required =2675 mm. Ok 

Check spacing : 

Controls. 

800--40+2-18-(11x18) S = ---~----'- == 50.4 mm> db == 20 > 25 ... ... ... ... ... ... . OK 
10 

Check for strain: 

a As.fy = 2799.16 X420 := 72_037 mm 
0.85b ff 0.85X800X24 

a 72.037 =5, ii, =84.75 mm 

(
d - c) (490 - 84.75) 

Es = 0.003 -- := 0.003 ---- := 0.0143 > 0.005 
C 84.75 

• Nrgative moment Mu(-) = 314.7 KN.m. 

Rn= Mu = 314.7 x 10° _ 
bd? 0.9x'800 x 4902 5 1.82 4pa 

m= _b_, = 420 _ 
0.85fc 0.85x24 - 20.59 

Ok 

-±(- f-@s)-,,(-J m ] 420 20.59 
2*20.59*1.82 ) 

420 = 0.00454 7 

r 
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As== p.b.d:::: 0.00454 7x800x490 == 1782.5 mni2. 

Check for As,min • 

.Jt'f. 1.4 

1) As . ::::0.25--- bw. d > -f bw· d 
,min fy '3 

A . ==O 25 ../24 800 x 490 = 1143.1 mm2 

s,min ' 420 

3) A m
. ==~800 x 490 = 1306.67 mm2 

s,m 420 

Controls. 

As,min == 1306.67 mm2 
<As== 1782.5 mm

2 

Use 8 o 18 Bottom, As.provided== 2035.75 mm2 > As,required == 1782.5 mm. Ok 

C_heck spacing : 

g_800-40-2-18-(@%182 79.714 mm > d, = 18> 25 OK 

Check for strain: 

a As.fy = 2035.75 X420 _ 52 39 0.85bf! 0.85x800x24 mm 

_ a 52.39 
( -2. = 6164 mm B, 0.85 · 

(
d - c) (490 - 61.64) 

Es = 0.003 -- = Q.003 ---- = 0.0208 > 0.005 
C 61.64 

• 4.2.2.2 Design of shear: 

1} Vu= 420.4 KN . 

Ok 

r. 
pVe =a +N'» ,, d 6 w 
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== o.75 * ~ * 0.8 * 0.490 10°= 240.05 KN. 

Check For Cases:- 

0 
Case 1: V, < $Ve 

2 

4< 240.05. 120,025 420. - 2 

0 case 2:"< v, < 4 v% 

120.025< 420.4 < 240.05 

Not satisfied. 

Not satisfied. 

0 

h Vs min ~ _!. '7J b,, d = 0·75 ../24 * 0.8 *0.490 10° = 90.02 KN. 
'±' 16 '\f Jc 16 

> 25,4= ?+0.80,490 10° = 98 KN 
3 3 

Controls. 

:.cpVSmin = 98 KN. 

cpVc + cpVSmin = 240.05 + 98 = 338.05 KN. 

240.05< 420.4 < 338.05 
Not satisfied. 

0 Case 4 :q>Vc + q>Vsnnn< Vu :S cpVc + ( ~ * -J1J b, d) 

338.05 <420.4 <240.05+ J? /24 0.8 0.49010°.) 

316.63 < 420.4 <720.15 ok 

shear ⇒
reinforcement is required. 

⇒ Use 4 leg <I> 8 with As =201.06 mm. 
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420.4 329 

V 
==V _ y ::::--5 - = 240.47 KN 

s n c 0.7 

A a 201.06» 420 490 _ sly_,,,7 io06 = 172.07 mm 
S ::: Vs 240.47 

< d _ 499. 24s5 mm 
Sax = 57 2 

Use 4 leg <J) 8 @ 200 mm c/c . 

2)Vu = 267.5 KN. 

= 0.75 * ../24 * 0.8 * 0.490 10°= 240.05 KN. 
6 

Check For Cases:- 

0 Case 1 : Vu :S <!>Ve 
2 

267.5 < 240.05. 120,025 
- 2 

0 Case 2 -9e> V, < d V, 
2 

120.025< 267.7 < 240.05 

0 

(control) 

or Smax S 600 mm 

Not satisfied. 

Case 3 : cp V c < Vu :S cp V c + cp Vs min 

Not satisfied. 

d Vs min 2: _!_ f7i * b * a- 95,g4 0.8 *0.490 10°= 90.02 KN 
16 VJc '" 16 • 

> 2 * bw * d == ~ * 0.8 0,490 10°= 98 KN 
3 3 

Controls. 

:.cpVsmin = 98 KN. 

dV,+ cpVsmin = 240.05 + 98 == 338.05 I(N. 
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av< V, <dV%+ dVs» 

240.05< 267.7 < 338.05 

shear 
=> 

reinforcement is required . 
=> Use 4 leg <I> 8 with As =201.06 mm. 

satisfied. 

267.7 
V ==V -Vc==--320=36.93 KN 

s n 0.75 

A,fy: d 
Sz ' v, 

201.06 420 * 490 
36.93 * 1000 = 1120.44 mm 

d 490 
spar S 5= =,> = 245 mm 

Use 4 leg <I> 8 @ 200 mm c/c. 

⇒
KN Use 4 leg <I> 8@ 200 mm. 

⇒
KN Use 4 leg <I> 8@ 200 mm. 

(control) 

or Sax S 600 mm 

For Vu= 420.4 

For Vu= 267.5 

I so 
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■ 4.2.3 Two Way Ribbed Slab ( R2 ): 
.f--------13.60-------- 

2ti8@25 (Both Dir) 2-le 118@15 

]s El I 
2, 0 2, 40 ,12, 

Sutimn B-bB 

("Tww wuq Rh#el 5th -Z ) 

u uuu u uu u uuuuuuuu 
0□□□□□0000000□□□□0000□
000□□00000000000000000 
00□□000000000□□□□0~000• 

8888888888888888888888 ~ □□□□□00000□00□00000000 
00□□000000 0000000000 
88888888 8R2"0088888888 
0000000000 □0000000000 
0000000000 oo□□ooooooo 
000000000000000□0000001 
0000000000000□000000□□- ooooooooo□oooooooooooo 
o□□oo□□□□□□o□□□o□o□□□□o□□ooo□o□□□o□oo□o□o□□□7nnnnnnnn nnnnnn nnnnnni 
lllS 

L------12.20-----...J 

Figure (4-8): Plan and Section in Two Way Ribbed Slab ( R2) 

• 4.2.3.1 Check Slab Thickness : 

a1 = !beam 
I slab 

r- 2 *20*8*4+ 12*40*20 - .:__:_...=...::.. = 13.6c m 
2 *20*8+ 12 *40 

1,,52%(13.6) 
3 

(s2-12)x (s.6)3 12 x (26.4)3 
3 + 3 
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4 I,,= 114858 .67cm 

1 bh3 ::::: _!_ * 80 * ( 40)3 == 426666.67 
J»a 12 

• Slab section for "exterior beams" : 

Short direction L == 9 .25 m 

1
51 

== lnb * ((L/2 + bw) / bf) = 1198285.16 cm" 

1s2 == lnb * ((L/2 + bw) /bf) = 1154108.75 cm 

Long direction L = 12.2 m 

1s3 == lnh * (L/2 + bw /bf)= 1515803.12 cm 

1s4 = lnh * ((L/2 + bw) /bf) = 1471626.7 cm" 

<l1 = 2.808 

a =3.607 

l.3 = 3.55 

l4= 1.27 

(l - cx:1+cx:2+cx:3+cx:4 rm- 
4 

= 2.809 >2 

So the minimum slab thickness will be : 

B= lZ.123/9.25 = 1.3108 

h 
Ln (0.8+ fy ) = 1400 

36+9B) 

420 
12125 (0.8+ 5,,%?_ 279.04 nun 

36+9»1.3108 

r 
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rake h = 320 mm= 32 cm > hmin. =28cm. 

• 4.2.3.2 Determination of factored Load 

Determination of Dead load: 

_ _ • . • _ . . _ .. _ _ .. • . . _ _ . • . . Tiles 3 cm 

at TE?E-' &t±"ura» LT .- · .It ---1 d:,.. R concrete Topping 8 cm ] [l[[y []' concrete block 24 cm , - ·. Juu R Concrete rib 24 cm 
- · ·: '- ' : Plaster2cm 

Typical section in ribbed slab 

=@sis2fA//fa/ml© 

0.02 0.52 x 23 = 0.2392 kN/m/ rib 
Mortar 

Coarse Sand Fill 

- 
Topping 

I 
L 

0.07% 0.52% 17 

0.08 X 0.52 X 25 

= 0.6188 kN/m/ rib 

= 1.04 kN/m./rib 

Block 0.24 X 0,40 X 9 = 0.864 kN/m / rib 

Concrete Rib 0.24% 0.12 25 = 0.72 kN/m / rib 
I I 

P1ast~----l----o._0_2x __ o._5_zx:_·-1-1-----=-o_.2~92kN/m/rib-~ 

partitions 1.25 0.52 = 0.65 kN/m / rib 

Nominal Total Dead Load= 4. 714 kN/m of rib 

153 
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Total Dead Lad (service) = 4.714/0.52 = 9.066 kN!m2. 

Total live load = 3.5 kN/m2 

Nominal Total live load= 3.5 * 0.52 = 1.82 kN/m of rib 

• 4.2.3.3 Resultant Moments On Slab : 

The panel is free edges (Simply Supported) 

Service Live Load= 3.5 KN I m
2 

Service Dead Load =9.066 KN / m 

Wd = 1.29.066 = 10.88 KN I m
2 

W, = 1.63.5 = 5.6 KN I m2 

W, =1.2D+1.6L = 16.48 KN I m
2 

L,/L = 9.25/12.2 = 0.758 

There is no any negative moment since all edges are free ( easel). 

• 4.2.3.3.1 Positive moment from dead and live load : 

Ca pos/dl=0.061 

Ca,,sn =0.061 

Cb %sar=0.019 

Cb posm=0.019 

Ma+veDL = 0.061 *10.88*9.252*0.52 = 29.53 J(N.m/m 

Mb+veDL = 0.019*10.88*12.22*0.52 = 16 I(N.m/m 

Me 1L= 0.061 *5.6*9.252*0.52 = 15.2KN.m/m 

Mb+veLL = 0.019*5.6*12.22*0.52 = 8.24 KN.m/m 

I 54 
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Ma = 29,53+15.2 = 44.73 KN.m/m 

Mb == l 6+8.24 == 24.24 KN .m/m 

O Flexure Design : 

Short direction : 

Postive Moment== +44.73 KN.m 

Assume <l> 14 

d = 320 - 20 - 10 -14/2 == 283 mm 

m= hy_ 420 = 20.6 
0.85* Jc' 0.85 * 24 

Rn= __!±!_ = ( 44.73 / 0.9) 10 
b * d 2 520 (283)° 

1.193 MPa 

p= _1_(1- l 2(1.193)(20.6) _ 
20 .6 420 ) = 0.00293 

As= 0.00293*520*283 == 431 mm 2 

{re '-°i(my\f@) 
=99.03 mm 

(ACJ-10.5.1) 
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As ma= (p»w)fa) 

f 
2 

== 113.2 mm 

As-=431 mm> As min=113.2 mm 

Use 2 <D18 with As= 508.94 mm> As req 

Check Strain 

Tension= Compression 

A,x fy=0.85x f,'xbx a 

508 .94 X 420 = 0.85 X 24 X 520 X a 

a= 20.15mm 

c = 20.1S = 23.706mm 
0.85 

360-23.706 &s 
23

_
706 

X 0.003 = .0426 > 0.005 ... ok 

O 4.2.3.3.2 Negative Reinforcement 

<controls) 

Negative Reinforcement As= ( 1/3) As pos = (1/3)*508.94 = 169.647 mm 
l 

As= 169.647 mm> As min 

Use 2 412 with As= 226.2 mm> As req. 

Check Strain 

Tension= Compression 
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A,x fy=085x f,'xbx a 

a = 8.956 mm 

_8.95. 10.536mm 
C - Q.85 

_360-10.356, 0.003 = 0.101 > 0.005 ... ok 
6, 10.356 

Long direction : 

Positive Moment= 24.24 KN.m 

Assume <I> 14 

d = 400 - 20 - 10 -14/2 = 283 mm 

m= JY_ 420 = 20.6 
0.85* Jc' 0.85 * 24 

Rn= Mn_ (24.24/0.9910° .3.647MPa 
b * d? 520(283)° 

p = _l_ (1 _ l 2(0.647)(20.6)) = 0.00157 
20.6 420 

As= 0.00157*520*283 = 230.31 mm 2 

ffe '-°ii,y\@) 
= 99.03 mm 

(ACJ-10.5.1) 
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as = (ow)f@) 

fy 

2 
=113.2 mm <controls) 

As > As min 

Use 2 4012 with As = 226.2 mm> As req 

Check Strain 

Tension = Compression 

A,x fy=0.85x f,'xbx a 

a= 8.956 mm 

8.956 c = -- = 10.536mm 
0.85 

360-10.356 ----x 0.003 = 0.101 > 0.005 ... ok 
10.356 

Negative Reinforcement As= ( 1/3) *As pos = (l/3)*157.08 = 52.32 mm 

As= 52.32 mm < As min 

Use 2 4010 with As= 157.35 mm> As req 

Check Strain 

Tension= Compression 

A,x fy=0.85x f,'xbx a 

157 .08 X 420 = 0.85 X 24 X 520 X a 
a= 6.22mm 

\ 58 
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_6.22. 7,31mm 

C - Q,85 

360-7.2,,0.003 =0.144> 0.005 ... ok 
s,= 7.31 

% 4,2.3.4 Shear Design : 

Wa== 0.76 

Wb=0.24 

''%. 4%% 1, % «(0.52/2)=16.489.250.76(0.52/2)= 30.12 Kn 

y,= % Lb W, (0.52/2)=16.4812.20. 24(0.52/2)= 12.55 Kn 

¢Ve=¢ ffe *bw *d=20.79KN 
6 

Vsmm=Maxof 1) ffe *bw*d= 10.40 KN 
16 

1 2) - *bw*d = 11.32 KN - ( Controls) 
3 

¢Ve= 20.79 <Vu= 30.12 <¢(Ve+ Vs min)= 29.28 

⇒ Case III 

Use Stirrups D10 2-Leg, Av = 157 mm 

S= Av* fyt*d = 157*420*283 
Vs l l.32 *lO0O = 1648.5 mm 

I 59 
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S < 

Smax == 1) d/2 === 360/2 = 180 mm - Control 

2) 600 nun 

use Stirrups <I> 10 2-Leg @ 17 5 mm. 

4.2.4 Design of Column (C2) 

o 4.2.4.1 Load Calculation for Column 

Pu= 2123.8.KN 
Usep= pg = 2% 
Pu = 0.65 * 0.8{0.85 fc' (Ag- Ast)+ Ast(fy)} 
2123.8 *103 = 0.65 * 0.8[0.8524(4g-0.024g)+ 0.024g 420] 
Ag= 143851.46.mm2 

Ag= 400*a 
1434 \ 851.46 = 400 * a 
a =359.62mm 

Use 400 x 400mm with Ag= 160000mm 

• 4.2.4.1.1 Selecting longitudinal bars: 

'60 
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p = 0.65 0.8 {0.85 fc'(Ag = 4st)+ Ast (f)} 
9123 .810° = 0.65 0.8[0.85 24 (160000- Ast)+ Ast 420 ] 
Ast = 2052 .63 mm 2 

Take 10<1> 16 As,provided == As,req = 2052.63 mm 

Ast 
pg == Ag = 2052.63 = 0.0128 

160000 

o 4.2.4.1.2 Design of Ties: 

- Use ties <1>10 with spacing of ties shall not exceed the smallest of 

1. 48 * ds= 48 10 = 480mm 

2. 16db= 16 16= 256 mm- control 
3. the least dimension of the column= 400 mm 

Use ties D10 @ 200mm 

• 4.2.4.1.3 Check for code requirements: 

1. Clear Spacing 400-40*2-10*2-4*16 78.67 mm> 
3 

40mm>1.5db=1.516= 24mm - OK 
2. 0.01< pg = 0.0128 <0.08 - OK 
3. Number of bars 10>4 for rectangular section-OK 
4. Minimum tie diameter ds =<I> 10 for db= p16 bars - OK 

5. Arrangement of ties 100 mm<150mm- OK 

• 4.2.4.2 Check Slenderness Effect: 

klu M1 - < 34 -12- ACI-(10.12.2) 
r M2 

Lu: Actual unsupported (unbraced) length. 

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

r 



GRADUATION PROJECT·DESIGN OF TRAINING CENTER UNITS 
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Lu =2.5 m 
MI/M2 ==I (Braced frame with M,min) 
K=1, According to ACI 318-02 The effective length factor, k, shall be permitted 

to be taken as 1.0. 
f!:!!_<34-12 i~ =22 <40 ACI -(10.12.2) 
r 
klu _ l * 2 · 5 = 20 . 83 < 22 < 40 
, 0.30.400 

Short column. 

10016 

10 

0.4 I 
CS 

(") co 

10 

010@ 20cm 
L = 52cm 10 @ 20cm 

L= 148cm 

Fig. (38):Section of Column (C2) 
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43 Design of rectangular tanks. 

Key words: 
. bending in walls and base 

• Flexure. 

Sh Wall to-base, wall-to-wall junctions 
• ear: - 

• Tension:horizontal tension in walls, base 

• Deflection:vertical/ horizontal deflections of wall 

• Cracking: thermal, flexural, tension cracks 

• Flotation: when base is located below water table level 

• Base Fixity: (a) Fixed (b) Pinned ... (in reality neither of these conditions may actually exist. 

So, both may need to be investigated). 

4.3.1 ACI code basic design considerations for environmental concrete structures: 
ACI 350-06 sect. (3.3.1): The walls, floors, and roof of liquid-containing structures shall be 

designed to withstand the effects of both the design horizontal acceleration and the design vertical 

acceleration combined with the effects of the applicable design static loads. 

ACI 350-06 sect. (3.3.2): With regards to the horizontal acceleration, thedesign shall take 

intoaccount the effects of the transferof the total base shear between the wall and the footingand 
between the wall and the roof, and the dynamicpressure acting on the wall above the base. 
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(a) Liquid pressure in Tank j r 

◄

Moments 
pinned base 
fixed base 

(b) Vertical Forces 

F 

(c) Horizontal Forces 

4.3.2 Thicknesses of Walls and Base Sections: 

The minimum thickness for walls that are greater than or equal to (3 m) in height is (300 

mm) (ACI 350-06, Section 14.6.2). 
Greater thicknesses are desirable where water-stops are used, due to the limited space 

available for both reinforcement and water-stop placement with adequate concrete cover. For walls 

greater than (3 m) in height, a reasonable rule of thumb is to use a minimum wall thickness equal to 

1/12 the wall height for cantilever walls and 1/16 the height for propped cantilever walls. The 

minimum thickness of footings and mat foundations should generally be (300 mm). 

Depending on the previous provision we select the thickness for wall with 7 m height to be 

55, and for the base slab also to be 90 cm. 
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4.3.3 Control of cracking 

Crack width must be minimize in underground tank wall to prevent leakage and corrosion of 

fc ent. The size of reinforcing bars should be chosen with the realization that cracking can 
rem orceme • 
be better controlled by using a larger number of small diameter bars rather than fewer larger 

diameter bars- The size of reinforcing bars, according to ACI 350, should not, preferably, exceed 

No. 11 (0 36) bars. 
Spacing of reinforcing bars should be limited to a maximum of 30cm, and the minimum 

concrete cover for reinforcement in the tank wall should be at least 5cm. 

A criterion for flexural crack width is provided in ACB 18-08 (sectionl 0.6.4). Flexural 

tension reinforcement shall be well distributed within maximum flexural tension zones of a member 

cross section as required by 10.6.4. 
10.6.4- the spacing of reinforcement closest to the tension face, s, shall not exceed that given 

by equation (10-4) 

(
280) s=3807_)=2.5c, 

But not greater than 300(280/fs), where c,: is the least distance from surface of 

reinforcement or prestressing steel to the tension face. fs =2/3fy. 

4.3.4 Waterstops 

Waterstops are required in all types of joints where liquid tightness is required. Rubber 

waterstops permit the greatest joint movement and last indefinitely when placed in a dark and 

humid environment that is not corrosive to rubber. The minimum sizes of either type of flexible 

waterstop commonly used in environmental structures is 3/8 x 9 in. (10 x 230 mm) for expansion 

joints and 1/4 x 6 in. (6 x 150 mm) for construction or contraction joints. Minimum 3/8 x 6 in. (10 

165 



GRADUATION PROJECT-DESIGN OF TRAINING CENTER UNITS --------- 
x ISO mm) waterstops should be used at wall base joints where possible to avoid folding under wet 

concrete placement. (ACI 350.4R-04 sect. 5.4). and (ACI 350 4R -04 section 5.3.1) said that: contraction joints 

should be located at intervals not exceeding 30 ft (9 m), unless additional reinforcement is provided 

red in ACI 350-01, Section 7.12.. 
as reqmr 

4.3.5 Base Fixity 
The restraint condition of the wall at the base is needed to determine the deflection, shears 

and bending moments for a given loading condition. Base restraint conditions include both hinged 

and fixed edges. It is important that the designer have an understanding of the degree of restraint 

provided by the reinforcing that extends into the footing from the tank wall. If the designer is unsure 

of the fixity conditions, both extremes should be investigated. 

4.3.6 Loading Conditions 

Condition 1- Internal Water Pressure only (before backfilling, i.e. leakage test) 

Condition 2- External Earth Pressure only (before filling tank) 
Condition 3- Tank full and Soil backfilled (resistance provided by soil is ignored) 

Figure (4.3.1): Condition 1 

,.. 

A ~\ 

........, i.--- 

166 
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Figure (4.3.2): Condition 2 

Figure (4.3.3): Condition 3 

According to ACI 350, the proper design of tank will include the full effect of the soil loads 

and water pressure without taking into account loads acting in directions that minimize the effects 

of each other. 

4.3.7 Overload Factors 

According to ACI 318-08 the load factor to be used for lateral liquid pressure(F) is 1.2 and for the 

lateral soil pressure (H) is 1.6 ,given in equation (9-2) : 

U= l.2(D +F) + 1.6(L+ H) 
Required Strength = Sanitary Coefficient x U 
Javeed A. Munshi" 

« CA rectangular concrete Tanks- by 

Ur= Cs x U 

Cs = 1.3 (bending) 
Ur= 1.3 x U=1.3x (1.2(D +F) + 1.6(L+ H)). 

r 
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4.3.8 Calculation of loads 

4.3.8.1 Loads on Walls: 

Case 
1 

: One tank is filled with water and no backfill behind the walls 

The hydrostatic pressure on the walls equals to the density of water (9.81 KN/m?) multiplied by the 

height of water (H) 

J[ 

q-Y2I 

Figure (4.3.4):Loads on wall due to water pressure 

Case 2: Backfill is behind the walls and the tank is empty. 

The loads on the wall come from soil action and surcharge onto the upper ground surface that is 

taken as (5 KN/m2). 

For the simplicity sake and because the second layer is 6 m thick , the soil pressure will be 

calculated from the second layer only producing a linear triangle load: 

a) loads on long walls: 

The ctiv 1-sin@ 
e ac ve earth pressure is calculated as· k= , · 14sin@ 

Then (K) multiplied by the height and the density of soil q = kyH for the pressure. 

The surcharge is calculated as: w= kP 

y 



GRADUATION PROJECT-DESIGN OF TRAINING CENTER UNITS --------------------------=~~~~------- -- 

b) loads on short walls: 

-] [string brown±indy with 
j] [some gravel 
-d 4a18.5,c»0.44,Y=18.5 

Pale yellowish Brown Soft 
Rock 

••41.3 ,c-0.11,Y•IBS 

Figure (4.3.5):Loads on long walls 

surcfarge ? 

E 
~ 

l 
strong brown sandy with 
sane gravel 
•=18.5 .C=0.44,Y=tB.5 

Pale yellowish Bravw Sdt 
Rock 
$-41.3,C=O.11,Y=18.5 

Figure ( 4.3.6): Loads on short walls 

4.3.8.2 Loads on Base Slabs 

Condition 1: 

The hydrostatic pressure on the Base slabs equals to the density of water (9.81 KN/mA3) multiplied 

by the height of water (H=7m). 

Condition 2: 

The hydrostatic pressure on the Base slabs equals to the density of Soil (\A, o KN/mA3) multiplied 

by the height of soil (H=7m). 
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3 9 

Structural Analysis of the Tank walls: 
4.. 

The analysis of the tank walls and base will be carried out using the computer software, 

. h e many cases and loading conditions to be considered. 
since t ere ar 

4,3.9.1 Approximate Method for Rectangular Tanks 

For a rectangular tanks with length (L) and breadth (B), 

J) If the ratio of the length to breadth is more than 2 then the long wall is designed as 
cantilever and the short walls as slabs supported on long walls . Bottom portion of the short 

wall (H/4) or 1 m whichever is more is designed as cantilever.(reinforced concrete 

structure J.C. Syal A.K. Goel pa.535). 

2) For, where L and B are both large , they should be designed independently as cantilever. 

(Advanced reinforced concrete design P. C. VARGHESE pa.487). 

Table (4.3.1): Properties of wall materials. 

Material Properties 

Weight of reinforced concrete "Yrc" 
25 kN/m3 

Weight of soil "You" 
18.5 kN/m" 

Weight of water "raw" 
9.81 N/m 

Diameter of stirrups 
8 mm 

Strength of concrete" r'," 
24 N/mm 

Strength of steel "f " 
420 N/mm 

y 

Clear cover to concrete 
50 mm 

Angle of friction "o " 
44.18 Degree 

Shrinkage &Temp. Steel Dia 10 mm 
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Table (4.3.2): Walls Geometric properties. 

Geometrical Properties 
gee Thickness of bottom slab "t," 900 mm 

Thickness of wall "tau " 500 mm 

Bight of tank "h" 7 m 

Active pressure' Ka' 0.1786 

Active pressure' Ka' For Water 1 

Table ( 4.3.3): Live Load Surcharge. 
Load 

Surcharge " q" kN/m 

Table (4.3.4): Analysis Results Table (walls): Loading Case l(water only). 

Mxx(+) Mxx(-) Myy+) Myy-) 

l00KN.rn I -350 KN.m I 78.6 -69KN.m 

Water Pressure 

Figure (4.3.7):Loads on wall due to Water's pressure 

Table (4.3.5): Analysis Results Table (walls): Loading Case 2(Soil only). 
((+) 

-169 KN.m 
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Earth Pressure 

3 
---, 
' , 

2 

' ~ 
' , 

Surcharge 

Figure (4.3.8): Analysis Results Table (walls): Loading Case 2(Soil only). 

4.3.10 Design of tank walls against bending moments: 

The design will be carried out according to the ultimate design method. 

A)Design for Vertical Bending Moment (Vertical Steel) : 

Mxx=350 KN.m/m 

d = 500 - 40 -18= 442mm 

"» ±so 
Kn= bd2 = 1000 x ( ~:2)2 = 1.9 Mpa 

m = [y 420 
0.85 fd = 0.85 x 24 = 20.6 

Prequired = ~(1-Ji- Z. Kn, m) = _!_(1 - 1 m fy 20.6 

2 X 1.9 X 20.6 
420 

= 0.0047 

[ 
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. ::: 0.003 (ACI 350-01 section 14.3.2Minimum ratio of vertical reinforcement area 

Pmin shall be 0.003) 
to gross concrete area • J 

A 
. =9 ired X b X d = 0.0047 X 100 X 44.2 == 20.7 

s required 'reql! m 

cm2 

A 
. ,,, = 0.003 X 100 X 50= 15, 

sminimun T 

Select ©18 mm. 

:. use 18@10cm for both inside and outside layers 

check maximum spacing : 

(
280) (280) . s=380l7 '=2.5c,=s =380,555, 2.5 x 50 = 25.5 cm> 10cm ➔ O.K 

B) Design for Horizontal Bending Moment (horizontal steel ): 

(AC/ 350-01 section 14.3.2: Minimum ratio of vertical reinforcement area to gross 

concrete area shall be 0.003) 

A. cm 
s minimum = 0.003 x 100 x 50= 15 m 

Select 12 mm 

eq.14.3.2 ACI 318 - 08 

:. use 12@15cm for both inside and outside layers 

For the other walls an excel sheet is made in order to simplify the calculations. 

4.3.11 Design of Tank's Base Slab: 

Structures that being considered as Fluid Retaining Structures, such like water retaining 

tanks, must have a ground slab directly connected to their walls in order to provide the whole 

[ 
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, d d objective of containing the fluid inside. Structurally base (r at) foundations 

structure's need6G ' (ma 
. d' tl on soil act as flat slabs or flat plates, upside down loaded up rard by bearing 

resting directly' PW 

d d wn
ward by the concentrated loads of columns water pressure and distributed walls 

pressure and0 ' " 
reactions. 

The design of raft foundations may be carried out by one of two methods: 

• The conventional rigid method and; 
• The finite element method utilizing computer programs. 

The conventional method is easier to apply and the computations can be carried out using 

hand calculation. By the way, the application of conventional method is also limited to rafts with 

regular arrangement of columns only (the same like in our situation). 
In contrast, the finite element method can be used for analysis of raft regardless of the 

column arrangement, loading conditions, and existence of cores and shear walls, commercially 

available computer programs can be used. The user should, however, have sufficient background 

and experience. 
We've chosen the Conventional method of design to use in both of our-handmade and 

computerized calculations since it's simple and accurate too. 

4.3.11.lRigidity of tank's base slab: 

To determine the approximate stiffness of the structure, an analysis must be made 

comparing the combined stiffness of the footing, superstructure framing members, and shear walls 

with the stiffness of the soil. This relative stiffness Kr will determine whether the footing should be 

considered as flexible or to act as a rigid body. The following formulas (Meyerhof 1953) may be 

used in this analysis 

ACI 362 (5.1) 
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Where: 

I 
· Moment inertia of raft foundation's materials: 

• B· o 

For the base: 
w ,,4°' = 37148.7s m' 

Ix=== - 12 
bh? 

ly= 12 

For the walls: 

0.55 * 7
3 
- 110 4 

lwalls === 7 * 12 - m 

41,98x21.98° 4 , Iy::::: 
12 

= 135510.74 m -Larger, so controls. 

For the columns: 
0.3 * 0.33 4 

!columns=== 18 12 = 0.0122m 

Total: 
'f)

8 
=== 135510.74 + 110 + 0.0122 = 135620.75 m. 

• Ee: modules of elasticity of concrete =4700 X -Jf2 ... ACI 318 - 08 ( 8.5.1 ) 

Ec=4700 x /24=23.03 GPa. 

• B: width of mat foundation=21.98m. 
• Es modules elasticity of (medium rock) =35 GPa from "table (6-12) principle of foundation 

Engineering". 

So, the rigidity of raft foundation of dimensions (B = 21.98 m * L = 41.98 m), is: 

,_2303x135620.75 g,39>>0.5 The raft is Rigid, as mentioned in: (ACI 362_R 
35x21.98 ' '·· ··" 

88), section 5.2-Footings supporting rigid structures. 

4.3.11.2 Subgrade modulus of the base slab: 

rs 
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b d mod

ulus is calculated for 25 mm allowable settlement and fety ~ f 3 . The subgra e sa el factor O as . 

1 
Kz = (925? ? 9anowate 

3 

Kz = 120 X qallowable 

q allowable (Kg/cm)= 5 Kg/cm
2 

q allowable (KN /m2
) == 490.5 KN /m2 

Kz= 490.5 KN /m » 120= 58860 KN /m? 

4.3.11.3 Structural Analysis and Design of Tank Base: 

!\nalysis result: 

SAFE is the software used to analyze the Base as whole, the software uses the strip element 

method · fi 0 m mding the internal forces for the mat. 

The software considers the mat as a tow way slab and divides it into strips in both directions 

so that we can get the internal forces in both vertical and horizontal directions. A screen capture for 

lhe model is showing mat strips internal forces, and soil's pressure reactions in both directions for 

the whole mat. 
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Soil Reactions: 

The maximum soil's reaction on the mat due to service load is 45 (KN/m) is less than the 

allowable bearing capacity of the corresponding layer = 490.5 (KN/m). 

r 1 1 1 

1 1 I . T I i ' I I I I ' 

B= 
21. 
98 

.TT +TI ]' I I 

I 
2_0.0 

15.0 

10.0 

5.0 

0.0 

-5.0 

.40.0 

.45 0 

.:zo.o 
.:zs.o 
.,J0.0 

-.35.0 

.40 0 

-45 0 

) 

[-a.ssm ] 
Figure (4.3.9): Soil's reaction of ground slab. 

Bending moments Diagrams: 

• In x-direction (longitudinal) Mxx: 
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The maximum value of bending moment (Mxx) =508.55 Kn.m (Mxx: is used to determine 

the longitudinal reinforcement steel): I\ 

B= 

21 
.9 

Figure (4.3.10): Bending moment in x direction 
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Shear Forces Diagrams: 

■ In x-direction (longitudinal) V:x:x: 

Figure (4.3.12): Shear force in x direction 

In y-direction (transverse) Vyy: 

' 
i 
I 
i 
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I 
i 
i 
i 
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i 
i 
i 
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i 
! 
I 

i 
i ---;-- 

Figure (4.3.13): Shear force in x direction 
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Where: 

Vxx: Shear force in the longitudinal direction. 

Vyy: Shear force in the transverse direction. 

Table (4.4.6): Envelope Results Table: Maximum internal forces. 

! Miyy(+) Vxx Vyy 

2
80.42 KN.m -452.70 KN.m 287.60 KN.m -489.lKN.m 484.63KN 487.3S KN 

.......,._..,. .... T• 

g' . ~ 
l 

4,3.11.4 Design of shear force (check for base thickness): 

Vu max.= 487.35 KN/m 
1) Check for one-way shear: 

For 1- meter strip: 

Thickness t =900 mm, d=900-50- l 8 =832 mm. 

(/) X Ve= 1/6 X 0.75 X .jf;, x b, x d 

0 x Ve= 1/6 x 0.75 /2K x 1000 x 832= 509.49 KN/m 

x V c = 509 .49 KN/m > Vu= 487 .35 KN/m ... ( o. K ,Thikness is adequate, no need for shear 

reinforcement). 
2) Check for two - way shear (punching shear): 

According to the equations of shear design (ACI 318-08): 

p 300 p====]) 300 ' , 

( 832) 64 
d = 900-50- 18 = 832771771 ' bo = 4 » 300+ 2 =28 -·mm 

a, = 40 · s - - interior column. 
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Ve=~ ( 1 + ½) ffebod ... ACI-318 (11-31) 

ve = 4!4 2)\ffcd 
12 bo 

ve =±/Fe,a 

where, 

where, 

where, ~ ( 1 + ½) == 0.333 
±(e 3) 12 bo + 2 =0.773 
1 - = 0.333 -controls 
3 

...AC1-318 (11-32) 

...AC1-318 (11-32) 

0Vc = 0.75 • ½ffeb
0
d = 0.75 • 0.333 * ,/24 * 2864 * 832 • 10-

3 
= 2915 KN 

(70.53 + 70.53) Vu= 502 - 
2 

* (0.3 + 0.832) * (0.3 * 0.832) = 411.62KN 

VU= 472.8KN < 0Vc = 791.SKN ... (Safeagainstpunchingshear). 

So, the thiclmess (90 cm) is adequate. 

4.3.11.5 Design against bending moment: 

Design of bottom reinforcement in x direction: 

Mxx=280.42KN .m 

d = 900 - 50 - 18 = 832mm 
M, 10° 

Kn = (/) _ 280.42 X 1@ _ 
bd2 - 1000 x (832)2 - 0.4SMpa 

fy 420 
m oasr; 0.85 X 24 = 20.6 

P 1(1 ~) required= m - ~1- ~fy 
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l ( _ 2 * 0.45 * 20.6 ) = 0.0010 

Prequired = 2().6 l - 1 
420 

8 

As req = Preq X b X d 

As,, = 0.00\·Ax 1000xAYY=901.5 mm/m 

As min =Pmnn X b X h 
, (eq - 7.12.2.1 ACI 318- 08) 

AS min= 0.0018Xl000X900=1620 mm
2
/m> Asreq ➔ control 

Select 18@15cm with As = 1696.46 mm/m 

check maximum spacing : 

(
280) (280) s =380 , 2.5cc == s = 380 5go, 2.5 X 50 = 25.5cm > 15 cm ok 

s 

Design of bottom reinforcement in y direction: 

Myy=287.66 KN.m 

d = 900 - 50- 18 = 832mm 
Mu 106 0 287.66 X 09 

Kn= bd2 == 1000 x (B3?y? = 0.4617Mpa 

m = fy = 420 _ 
0.85f; 6.85z7 ?96 

P 1(1 ~) «e=17.F f, 

r3 
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1 ( -- 1- Prequired - 20.6 

2 * 0.4617 * 20.6 ) 
1 - 420 = 0.001112 

As req = Preq X bx d 

Asreq = 0.00' ,AxlO00xA'i'\'= 927.43 mm
2
/m 

As min =0nn X b X h 
, (eq - 7.12.2.1 AC! 318 - 08) 

Asmin 0.0018x1000x900 =1620 mm/m> As4 > control 

Select 18@15cm with As = 1696.46 mm/m 

check maximum spacing : 

(
280) (280) s = 380 T - 2.Sc, = s = 380,595, 2.5 SO = 25.5cm > 15 cm ok 

Design of top reinforcement in x- direction:· 

Mxx (-) = -452.70 KN.m 

d = 900 - 50 - 18 = 832mm 

M, 10 0 452.70 XO 9 
Kn= bd2 = 1000 x (832)2 = 0.727Mpa 

m = fy 420 
ossr 085x27 95 

P 1( ~) %1'. i 



I I 
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1 ( ] Prequired 20.6 

2 * 0.4617 * 20.6 1------- 
420 

= 0.001762 

As reg = Preq X b X d 

As,,= 0.00¥·Ax 1000x4FY= 1466.054 mm/m 

As min = Pmin X b X h 
, (eq - 7.12.2.1 ACI 318 - 08) 

As,,,, = 0.0018x 1000x900 =1620 mm/m> As4 =>control 

Select 018@15cm with As = 1696.46 mm/m 

check maximum spacing : 

(
280) (280) s = 380 fs - 2.5cc = s = 380 280 - 2.5 x 50 = 25.5cm > 15 cm ok 

Design of top reinforcement in y- direction: 

Myy (-) = 489.1 KN.m 

d = 900 - 50 - 18 = 832mm 
M, 10° 0 489.1 X 09 = 777 7ooo (8??? = 0.785Mpa 

m= _ 420 _ 
0.85f~ - 0.85 X 24 - 20·

6 

P 1( ~) ·%l' it 

185 



GRADUATION PROJECT-DESIGN OF TRAINING CENT; ....... , l r..R UNITS 

===~(1- 1 p-quired 20.6 

2 * 0.4617 * 20.6 
420 

= 0.001907 

As req == Preq X b X d 

A 
:::: 0 OO' • AxlO00xAi'\'= 1586.34 rmn

2
/m 

Sreq " 

Asa» ° 0in X bx h 
, (eq - 7.12.2.1 ACI 318 - 08) 

As,,,, = 0.0018x 1000x900 =1620 mm/m> As4 => control 

Select (,l)18@15cm with As = 1696.46 mm/m 

check maximum spacing : 

(
280) (280) s = 380 T, - 2.5cc = s = 380 280 - 2.5 x 50 = 25.5cm >15 cm ok 

4.3.12 Design of tank's two way solid slab: 

L=5 KN/m2 

Fc=24 MPa 

Fy= 420 MPa 

4.3.12.1 Limit deflection : 

hmin=( 5+5+5+5 ) / 180 = 0 .11 

Select h= 20 cm 
system. 

hmin is bas d · d 1 b · e on stiffness ratio between beam an s a · 

5.00 
------1 

4.20 

Figure (4.3.14 ): Slab 

a = !beam 
I slab 

I 
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so» 20+10+20303_7s.45cm 
Y== 20*80+30*20 

80 X (20)3 _ 30 X (20)3 + 80 * 20 X (15.54-10)2 + 20 *30 x (40-15.45) 
h, 12 12 3 3 

4.3.12.2 Slab section for "exterior beams": 

Short direction L = 5 m 

Isl= Is2= Is3= Is4= ls 

Figure (4.3.14): Beam section. 

\ 

I = 33.310-4 cm4 
l 
I 

al = I beam 48.2 = 1.45 
I slab 33.3 · 

5 (o.2) 
Isl= 12 

al= 1.45 

a2 =1.45 

a3 = 1.45 

a4=1.45 

at = 1+«2+«344 1.45 <2 

So the minimum slab thickness will be : 
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B=4.2/4.2= 1 

420 

( fy ) 12125 co.a+ 1400) 0.11 m < 0.2m Ln 0.8+ [Jo6= yy h- .0.2) 36+5+1+(1.45-0.2) 
36+5B(afm- · 

Take h = 200 mm = 20 cm · 

4.3.12.3 Determination of factored 

Loads: 

4.3.12.4 Determination of Dead load: 

Table (4.3.7): Dead Load Calculaton. 

Figure (4.3.15): Beam section. 

Mortar 0.02 22 I= 0. 44kN/m 
I 

paratition 2 = 2 kN/m 

sand 0.07*16 =1.12 kN/m 

slab 0.2% 25 = 5 kN/m 

Plaster 0.03% 22 = 0.66 kN/m 

I 

Nominal Total Dead Load= 9.91 kN/m2 

Total live load = 5 kN/m2 

Cheack of shear : 

d=200-20-12=168mm 

188 
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y= 49.725-(19.890.568)= 38.43KN 

<l> *Ve= 0.75*240.5 * 1000* 168 /6 = 102.9 KN> 38.43 KN 

h-=20cm 

4,3.12.5 : Resultant Moments On Slab : 

The panel is free edges (Simply Supported) 

Service Live Load = 5 KN / m2 

Service Dead Load =9.91 KN/ m2 

Wd=1.29.91= 11.89 KN / m2 

WL=1.65 = 8 KN/ m2 

Wu= 1.2D+1.6L = 19.89 KN/ m2 
! 

La/Lb=4.2/4.2 = 1 

There is no any negative moment since all edges are free ( Casel). 

Positive moment from dead and live load : 

Ca pos/dl=0.018 

Ca pos/11 =0.018 

Cb pos/dl=0.027 

Cb pos/ll=0.027 

Ma+ve DL = 0.018*11.89*4.22 + 0.02784.22 = 7.59 KN.m 

Mb+ve DL = 0.018*11.89*4.22 + 0.027*8*4.22 = 1.59 KN.m 

Negative moment from dead and live loads : 

Ma-ve LL = 0.045*19.89*4.22= 15.79 KN.m 
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Mb-ve LL = 0.04519.894.22= 15.79 KN.m 

Bottom Reinforcement 

Asmin =0.0018 100 20 = 36 cm2/m 

Select <I>I0/20cm As= 3.93 cm2/m 

Tension = Compression 

/4 x jy==0.85x fc 'xbx a 

a = 8.956 mm 

8.956 c == - = 10.536mm 
0.85 

D Mn= 0.9 * 393 420 (168- 4) = 24.5 KN.m >Mu .ok 

4.4Design of Training Hall: 

4.4.1 System: Reinforced Concrete Arches ( Arched Girders): 

4.4.1.1 Background theory: 

In simple beams, commonly one cross-section is subjected to the maximum design moment, 

and consequently only one cross-section of the beam is working at the maximum stress (see Fig. 

below). 

j® 
Concrete in compression 

F
. (

4 4 
l) p f the simple beam that resists loads. 

1g. . . arts o 
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Knowing that the mentioned maximum stresses act at the extreme fibers only and that all 

I 55 stressed, one can directly observe th t h · . other fibers are e a t e simple beam is not an efficient 
It should be mentioned that in a simpl b · . structural system. J€ oeam, Significant parts of the concrete 

sections are not participating in resisting the applied straining actions and constitute additional 

weight as shown in Fig. above. If the unnecessary concrete is removed from a simple beam, an arch 

with a tie would result as shown in fig. below. 

Fig. (4.4.2) The concept of RIC arches "Arch with a tie = simple beam with unnecessary 

concrete removed" 
Arched girders of convenient form are mainly subject to high compressive forces and low 

bending moments and shearing forces. Nearly all sections of the arch are approximately subjected to 

the same average compressive stress which means a high efficiency in the use of reinforced 

concrete as a building material. For this reason, arched roofs give a convenient economic solution 

for long span roof structures without intermediate supports in cases where a flat roof surface is not 

necessary to meet the functional requirements of the structures. However, flat roofs or floors can 

occasionally be supported on arched girders. 

4.4.1.2 Design of the Arch with a Tie 

0 
· t· uniform gravity loads is the two - hinged 

ne of the most convenient systems for res1s mg 

P
araboli" h . h . . . [ly statically determinate and internally once 

c arcl witl a tie. This system is extern@ 

statically indeterminate. 

r 
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4,4,1.3 Analysis of the Arched Girder System: 

Th
e equation of the axis of the arch according to Fig (b 1 ) . . • e ow 1s given by: 

Y 
-fa - X) ... (Design of reinforced concrete structures V 13 , o .», Mashhour 

Goneim). 

Where: 
L: Span of the arch. 

Y: Rise of the arch. 

uniform load 
11IJI1J{JIJllllllllJIIIIIIJIIJIJl ill 

L • I 
f 

Fig. (4.4.3) Geometry of the Arch with a tie. 

Structural analysis oft he system can express the value of the horizontal thrust (H) as a ratio 

() from the simple beam bending moment. Assuming that modular ratio between the steel used in 

the tie and concrete used in the arch is 1 O one can obtain: ' 
wL2 

=?47 
Where: 

1 
A == 1 + a1 + az 

t? 
a, = 0.15077 

t 
a.=5on..r 

H = the horizontal thrust 

r 
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r) al thickness of the arch. t = Tota acK 
bh= Width of the arch. 

r- actional moment of inertia. 
I = Cross Se 
Atie == Cross sectional steel area in the tie. 

f= The rise of the arch at the crown. 

W == uniformly distributed load 

The amount of tension in the tie varies considerably according thickness of the arch, the 

steel in the tie, and the rise of arch f However; it is customary to take the factor , 1 0.95 Th A equa s . . us, 

the horizontal thrust= the force in the tie: 

H=0.95 " Bf 

The bending moment a t the crown: 

M= oos" Bf 

Hence, the critical section in the arch girder is subjected to a compressive force H and a 

bending moment M. The tie beam, on the other hand, is subjected to an axial tension force, H. It 

should be noted the bending moment induced in the tie beam due to its own weight is negligible. 

The span of the tie beam under its own weight is the distance between the posts. 

4.4.2 Layout of a Hall Covered by an Arched Girder: 

In large-span big covered halls, reinforced concrete arches with ties are usually used as the 

main supporting elements. In order to get relatively reasonable dimensions of the arches, the 
spacing betwe h h ld b . h f 5 ) m to 7 O m. Hangers are provided in order to 

en arc es s ou e in t e range o · · 

prevent sagging of the ties under its own weight. 

Th These columns should provide a reasonable 
e arch rests on reinforced concrete columns. be · h 1 s are connected together with the 

aring area to the arch. Out-of-the plane of the arch, t ese co/umt 

Semelles, th , e wall beams and the top beams. 
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Th h 
··zontal roof consists of horizontal continuous beams su . 1 b Th e ori? porting the roofs a s. ese 

it their loads to the curved girder of the arch through a syst ·f b 11 d beams transml! em o short mem: iers ca e 

Th Short members serve also to reduce the span of the tie a d l d th posts. ese n consequent y re'uce ie 

moments due to its own weight (they hang-up the tie). 

It should be mentioned that the girder of the arch is subjected to a compression force and is 

susceptible to buckling. The arched girders are connected in the out-of-plane direction through 

continuous beams located at the level of the tie as well as at the level of crown. These beams reduce 

the buckling length of the girder out-of-the plane of the arch. 

The columns supporting the arches are connected in the out-of-plane direction using a 

continuous beam at the top level of the columns and a wall beam at the mid-height. In case of a 

weak soil, semelles are provided at the foundation level in order to connect the footings together to 

reduce the effect of differential settlements. Otherwise, they could be provided at the bottom end of 

the frame leg to support the wall above and reduce the buckling length. 

Post 200200 

Ca!urn 
Tle ec:sm 

Wall bean 
Cc'urn 

G!ass 
windows 

~ = 
r-------------- L(20n1•40,:rn~} _. 

ti a roof with variable levels. 
Fig. (4.4.4) An arched girder SUPP0r mg 

r 
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d
. to all mentioned previously, we can now consider th r Accor mg e following dimensioning for our 

situation: 
fthearch-::= 40m (center to center). 

• Spano 
• Arch girder thikness: tg= span/25 = 40/25 = 1.6m Girder ( 400 mm x 1600 mm). 

p, tg 1.6 0 8 T' • Tie beam thickness tie= 2 = 2 = . m ie( 400 mm x 800 mm). 

• Wall beam= (250 mm x 500 mm) . 

• Slab's thickness: t,= 150 mm (one way solid slab). 

• Secondary beam's thickness 
span of secondary beam 

(8 to 10) 5m/10=500mm 

(250 mm x 500 mm). 
• Post dimension {hanging-tension member) = (250 mm x 250 mm) 

with post spacing= 4m (usually taken as 2m to 4m). 

• Spacing between arches =5m. (From 4m to 7m). 
• Ultimate mid arch height (rise of the arch)= span/ (5 to 8) = 40/8 =5m. 

According to The equation of the axis of the given by: 
4fx y= ja (d-) 

Table (4.4.1): Positions of System's Joints. 

[Point : I YI 

I 1 
~ 

0 0 

I 2 I 4 1.8 

I 3 I 8 3.2 

I ~ I 12 4.2 

I 5 i 16 4.8 

1· 6 l 20 5 

I 7 I 24 4.8 

I 8 I 28 4.2 

I 9 J 32 3.2 

1.8 

I 10 ] 36 
0 

I 11 ] 40 

19s 



GRADUATION PROJECT-DESIGN OF TRAININ -''NG CENTER UNITS ---------- 

.. ,, span 40 
%, The column's thickness= 5, 5;= 2m. (2000x500). 

The column cross section is: (500 mm x2000 mm). 

• Width of (Arch, Tie Beam) = 400mm. 

• Largest roof angle =24° < 24°. Ok 
Note that all previous provisions are taken from (Design of reinforced co V 1 3 'J' ncrete structures, o . , 

Mashhour Goneim). 

4,4.2.1 Step 1: Design of the one way solid slab: 

Slab will bea one-way solid slab. 

Thickness of slab will be selected so that No Shear Reinforcement is required, and it's 

calculated according to provisions in ACI-318-08 as follows: 

I ~~ 
l ~- ] 4 ---,<-- 4 ~--- 4 ~,___ 4--+-- 4 -- 4 --- 4 ~-4 ____,, 
0.88 0.88 

Figure (4.4.5):System of one way solid slab of hall's roof. 

One end Continuous: (ACI-318-08 table 9.5(a)) 

hmin = L / 24 

=400 / 24 = 16.66 cm 

Both end Continuous: 

ha =L/28 

(ACI-318-08 table 9.5(a)) 

=400 / 28 = 14.28 cm 

Select h = 18 cm. 



GRADUATION PROJECT-DESIGN OF TRAlNlN -''NG CENTER UNITS ---------- 

• ,1, span 40 
, The column's thickness= 4, = 5;= 2m. (2000x500). 

I n Cross section is: The co um 
• Width of (Arch Tie Beam) = 400mm. 

(500 mm x2000 mm). 

• Largest roof angle =24° < 24°. Ok. 
* Note that all previous provisions are taken from (Design of reinforced co V 1 3 ':I' ncrete structures, o . , 

Mashhour Goneim)­ 

4,4.2.1 Step 1: Design of the one way solid slab: 

Slab will bea one-way solid slab. 

Thickness of slab will be selected so that No Shear Reinforcement is required, and it's 

calculated according to provisions in ACI-318-08 as follows: 

N c» 
~ _ 
I l I 

---~ 4 ---,,<--- 4 __,,._ 4 -~4---/- 4 --4 --4 ~--4 ~-- 
0.88 

Figure (4.4.5):System of one way solid slab of hall's roof. 



GRADUATION PROJE.CT-DESlG.N OF TRAINING 6CENTER UNITS --- ~---------- 

Calculation of toads: 

N t 
that" the maximum value of the angle a, is 24° at th b . . o e · e eginning and at the end of 

. f h urved solid slab, then it becomes to b l -1 . inclination O t e c e ess unti, the middle top of the slab. So, 
for the simplicity of calculations, the (a =25... AC/ 318 - 08 A.2.4) will be generalized in dead 

loads and snow loads calculation as follows: 

For 1-m strip: 

Dead load of slab (self-weight) 

O 18 x 25x 1 x2- = 4.93 KN/m 
• cos25° 

Live Load 
(1 K.N/m2] will be applied to the slab 

1 KN/mx 1 = 1 KN/m 

R}L­ 
Figure (4.4.6) Inclined loads on one way solid slab 

Snow load 
Because of the risk of accumulation of the snow on the slab of the roof, a depth of lm of ice will be 

considered: 

(According to Jordanian code 2/8/3 page 62] 

1x [10 KN/m"] x lx }x-1-= 10.95 KN/m cos25 

Wind load 
ace d" . • 1 b Iculated as follows: 

or mg to Jordanian code the wind load will e ca 
B. asic wind speed V = 35 m/s [assumed] 

Design speed:­ 

Va= Vx S; x S; x S; [Jordanian code 4/5/4 page 7l 
S,= ] 

Sy = 0.74 
[Jordanian code No. 13] 
[Jordanian code No. 14] 
[Jordanian code No. 15] 

191 



GRADUATION PROJECT-DESt(iN OF TR AININ GCENTER UNITS -------- ---------- 

1 0 74 
x j= 2 5. 9 ml s 

V, =35 x X r. 

Dynamic wind press!UIS© 

3 (V )
2 [Jordanian code eq. 6] 

q =0.61 z 
q= 0.613 (25.9) =411.2 N/m 
So » 0.4 KN/m will be. 
0.4 KN/m2 x 1 == 0.4 KN/m 

Wind strike the roof from the right and by analyzing the wind force on the slab a trivial value 

appears so we neglected it. 

Wind load on the slab = 0.4 x sin 24 = 0.162 KN/m 

This is very small value it will be neglected. 

Load combination at the Slab 

According to ACI code, the following load combination is applied:­ 

Case 1: 

U = 1.2 D + 1.6 L 

U = 1.2 x 4.5 + 1.6 x 1 = 7 KN/m 

Case 2: 

U = 1.2 D + 1.6 L + 0.5 S 

U=1.2 x 4.93 + 1.6 x 1 + 0.5 x 10.95 =13 KN/m 

U=1.2 D + 1.6 S + 0.5 L 

U=1.2 x 4,93 + 1.6 x 10.95 + 0.5 x 1 =23.93 KN/m 

198 
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0 74 >< J ::::: 2 5. 9 m/ s 
Vz===35 x 1 x . 

r,. __ n ..... ,,. windd ~ ressure: ~-- 
(v )2 [Jordanian code eq. 6] q = 0.613 z 

q = 0.613 (25.9) = 411.2 N/m 
So » 0.4 KN/m will be. 
0.4 KN/m2 x 1 == 0.4 KN/m 

Wind strike the roof from the right and by analyzing the wind force on the lah a trivial value 
appears sO we neclected it. 

wdlad on the slab =0.4 < sin 24 = 0.162 KN/m 

,.,.,....r- ~.,,... -:::::,.,,.,.,,,, V 
_,,,,// ,,... ,,...,. 



GRADUATION PROJECT-DESIsN OF TRAHIN6 cewrz.a urTs ------------ 

y= 1.2 D + 1.6 S + ( L or 0.8 W) 

1y= 1.2 x4.93 + 1.6 x 10.95 + 1 = 24.44 KN/m 

C e 4· Gives the largest load and so the largest moment d h as · an s ear forces. 

Moment and Shear Envelop diagrams: 

~ 
~ 

_J 
I I I I I I I ,y4-og-god---4>d-ads-4 

0.88 0.88 

]tI]yr rqa.16 KN/m 
qs.es17.51 KIN/m 
q.-.-5.91 JCN"/m 

Figure (4.4.7):System of one way solid slab of hall's roof with loading. 

Take in count that the software considers every one single loading case to draw forces 

envelopes. 

Shear Force Envelope -in (KN) 

F
. (

4 
4.8):She force at the critical section - Slab 1gure . . . ear 1' 
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d
. d from the face of support. 

Vu at a 1stance 

a =180- 20-12/2 = 154 mm 

Vu at a distance == (125 + 15 4) = 2 79 mm from center of support. 

vu max. =45.8 KN. 

Check whether the thickness of the slab is adequate for shear: 

Vu max= 45.8 KN. 

vo = -,K,,d =-V27x 1000 x 154 x 107°= 125.74 _ , ACI(I1-3) 
6 6 1mstrip 

KN 
(/)Ve= 0.75x125.74 = 94.3 . 1m strip 

Vu max= 45.8 KN <d VC = 94.3 KN 

9No need to increase the slab thickness, its adequate enough. 

>No shear reinforcement required. 

Design of Bending Moment 

·St' 

E lope . in (KN.m ) 
Moment Diagram inve 

of supports - Solid Slab. 
Figure (4.4.9):Moment at the face 

'100 
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•fve moment: Design for pos1 1 

. f n (last Span to the right ): 
Design o1 spa» ±± 

Max. M, =+21.4 KN.m 
d == 180 _ 20 - 6 == 154 mm 

M /r/J 21.4 * 106 /0.9 
K 

_ ~ == ----- = 1.002 Mpa 
n bd? 1000» (154)2 

fy 420 
m - -- == --- = 20.59 
- 0.85 ff 0.85 * 24 

f F).f eon p=m 1- /-- ry = 20.59 420 = 0.00245 

Asreq == p b d = 0.00245 * 1000 * 154 = 377.13 mm
2 

, 

Asmin == 0.0018 b h = 0.0018 * 1000 * 180 = 324 mm2 
, ACI-318-08 (7.12.2.1) 

Asreq = 377.13 mm2 > Asmin = 324 mm
2 

Select 10/20cm, with As= (n x 12°/ 4) x 100/20 == 392.7 mm
2 

Check Spacing: 

S > 25 mm 

> 0= 10 mm 

S<3 * h ➔ S <3 * 18 ➔ S < 54 cm 

<45 cm 

smax = 54 cm > S = 25 cm > Sn = 2.5 cm 

[ 
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•t·-ve moment· Design for post 1 • 

. f in (last span to the right): 
Design o spa !.!! 

Max. M, = +21.4 KN.m 
d == 180 _ 20 - 6 == 154 mm 

M /r/J 21.4 * 106 /0.9 
K 

_ ~ == ----- = 1.002 Mpa 
n jd? 1000» (154)° 

s _ 420 20.59 
m == 0.85 f! 0.85 * 24 

1 ( ~) 1 ( l _ 2 * 20.59 * 1.002 
P = ill l - t- ~ {y = 20.59 1- 420 = 0.00245 

Asreq == p b d = 0.00245 * 1000 * 154 = 377.13 mm2 
. 

Asmin = 0.0018 b h = 0.0018 * 1000 * 180 = 324 mm2 
, ACI-318-08 (7.12.2.1) 

Asreq = 377.13 mm2 > Asmin = 324 mm2 

Select 010/20cm, with As= (1t x 122 
/ 4) x 100/20 == 392.7 mm

2 

Check Spacing: 

S ~ 25 mm 

> = 10 mm 

S<3 * h ➔ S <3 * 18 ➔ S < 54 cm 

<45 cm 

Srnax :::: 54 cm > S = 25 cm > Sn 2.5 cm 

heck: strain 

[ 
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. , positive moment: 
Design 1or 

. f in (last span to the right): 
Design o spa» 4:± 

Max. M, = +21.4 KN.m 
d = 180 - 20 - 6 = 154 mm 

M /</J 21.4 10/0.9 
K 

_ ~ == ----- = 1.002 Mpa 
n - bd2 1000 * (154)2 

_h _ 420 2 20.59 
m - 0.85 ff 0.85 * 24 

1 ( ~) 1 ( l _ 2 * 20.59 * 1.002 
P = ;;i l - t- ~ {y = 20.59 420 = 0.00245 

Asreq = p b d == 0.00245 * 1000 * 154 = 377.13 mm
2 

Asmin = 0.0018 b h = 0.0018 * 1000 * 180 = 324 mm2 
, ACI-318-08 (7.12.2.1) 

Asreq = 377.13 mm2 > Asmin = 324 mm
2 

Select 010/20cm, with As= (n x 122 / 4) x 100/20 == 392.7 mm 

Check Spacing: 

S ~ 25 mm 

> 0= 10 mm 

S<3 * h ➔ S ~ 3 * 18 ➔ S < 54 cm 

<45 cm 

Srnax ::: 54 cm > S = 25 cm > Smin = 2.5 cm 

~k: strain 

[ 
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·T= C 
As f, = 0.85 f! ab 
g92.7 + 420 = 0.85 24 » a + 1000 

a = 8.085 mm 

8.085 x--==9.51mm 
- 0.85 

0.003 --- 
X 

0.003 + Es 
d 

0.003 0.003 + Es 
-== 9.51 154 

E~ == 0.046 > 0.005 
OK➔ (/J == 0.9 

Design for negative moment: 

Design of support (2) -from left- whit max. negative moment value: 

Max. Mu= -31.7 K.N.m 

d = 180 - 20 - 6 = 154 mm 

Kn= Mu/0 _ 31.7 * 106 /0.9 
bd2 - 1000 * (154)2 = 1·485 Mpa 

m = /y _ 420 
0.85fd - o.85 * 24 = 20.59 

-}-- 'Sf {"n as9 
2 * 20.59 * 1.485 ) = 0.00367 

1- 420 

ASreq == Pb d = 0.00367 * 1000 * 154 == 566 mm
2 

[ 
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:;;:.: 0.0018 * 1000 * 180 == 324 mm2 
, ACI-318~08 (?.12.2.1) :::: 0.0018 b h 

ASin A . = 324 mm2 
mz;::, Smm - 566 m 

Asreq - with As = (n x 1 .3/ 4) x 100/12.5 = 628.3 mm? 
Select 010/12.5c110- 

check spacing: 

S > 25 mm 

20=10 mm 

➔ S < 3 * 18 ➔ s < 54 cm $<3+h = 

< 45 cm 
- = 54cm > S = 12.5 cm > Snmn 2.5 cm 9ax 

Check: strain 

T= C 

As[y = 0.85 f! a b 
628.3 + 420 = 0.85 « 24 a » 1000 

a= 12.93 mm 

x= 15.2 mm 

0.003 0.003+Es -= 
d 

0.003 + Es 
154 

X 

0.003 
15.2 

Es :::: 0.027 > 0.005 
So➔ r/J == 0.9 

. transverse direction: 
esign of Secondary Reinforcement 18 

'103 



GRADUATION PROJECT-DESIGN OF TRAINI 
_______ ~~ UNITS --- ---------- 

S ndarY Reinforcement in transverse d" t· Design of ieco! urection: 

condary direction to cover the secondary mom t h . 
In the se en , shrinkage and temperature steel 

is required: 

_ 0.0018 b h == 0.0018 * 1000 * 180 = 324 mm? 
ASmin7 ' 

select10/20cm, with As= (n x 10°/ 4) x 100/20= 392.7 mm 

4.4.2.2Step 2: Design of secondary Beams: 

As a calculation sample, the middle top secondary beam (T-section) will be designed 

here in. 

Loading values on secondary beam (transferred from solid slab), as reactions, are 

shown below. Then analysis results are conducted by BEAMD software: 

2 3 .. 5 6 7 a 9 
1 2 3 .. 5 6 7 II 
ii til il jiJ iJ N N N 50. 

C : : : : : : : a ~ ~ ~ 
~- ~ ~ ~ ~ 

0.1 4.6 0A 4.6 o..c 4.6 O.A 
OA 4.6 o..c 4.6 0A .C.6 0A .C.6 0A 4.6 
II 11 11 11 11 II &. 5. 5. A-A 

s. s. 5. 5. 5. 

Figure (4.4.10):Geometry of the secondary beam. 

-QJ I I l t l 11 t I I l t l I I t lJ l t I I l t L t I I 
[er=44»+4»r7 f7 T h T e ] [sr rrrY 

. ads on the secondary beam. 
Figure (4.4.10):Dead & live lo 
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foments; spans 10P 
-367.7 9 -274.4 -300.2 -291.3 -300.2 -367.7 

-286.7 -296· 111 -208.4·232.1 -232.8-224.6 -224.&232.8 ·232.1 •274.4 ·296.9 -286.7 
2 - ·208A ·211.1 

273.2 23.2 [±, 3. I 2.75 12.251 2.5 I 2.5 I 2.5 I 2.5 I 2.5 I 2.5 I 2.5 I 2.5 12.2s I 2.75 \ 3. I 2. I 
Shear 

-418.5 -354.5 -347.3 
.323.3 

-350.8 -367.7 

259.2 235.1 
330.3 

367.7 418.5 

Figure (4.4.11): Shear and Moment Envelope Diagrams. 

Design of span (1) for positive moment (as a sample): 

Mu max = 273 .2 KN .m 

d == 550 - 40 -10-19/, = 491 mm 

Check rectangular section or T-section (a <t): 

a=f 

w, ( £")-cc.sv 
n:::: 0.9X 0.85X 24X SQQX 18QX 491 - -;- - 

105 
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---~ G. C£NTEa UNllS ----- ------------ 

6 
N. m » 273.2 KN. m 

6 M, = 662. 

➔ a < t for all spans. 

Wl
·n act as (Rectangular Section). 

The beam 

Design as a rectangular section b = bE 

M,/0 273.2% 10°/0.9 _ 2 5 
K 
~::::: - . 2 Mpa 

n= d? 500»( 491)2 

fy 420 _ m _ ___, = --- - 20.6 - o.s5 td o.s5 * 24 

1 ( ~) 1 ( l _ 2 * 20.6 * 2.52 
p = m 1 - l - ~ {y ~ 20.6 1 - 420 = 0.0064 

Asreq = p b d = 0.0064 * 500 * 491 = 1577.4 mm2 

r. 9a As, = 0.25 * - * b * d = 0.25 * -- * 300 * 491 = 429.54 mm2 

fy 420 

Not less than 

s,='Toa=,aooao1 = 491 m 
y 420 

As, = 1577.4 mm2 >ASmn 491 mm2 

1577.4 
"®7,°7® 

Select 8016 with As = 1608.5mm 

~ 
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GRADUATION PROJECT-DESIGN OF TRAIN1N ' """' "HING CENTER UNITS ----- -- --------- 
As f, = 0.85 f, ab 

0 85 * 24 * a * 500 1577,4 * 420 ==- . 

a = 64.95 mm 

,_64° 7¢.n1 mm 
- 0.85 

0.003 0.003 + Es 
d X 

Q.003 0.003 + Es 
-== 76.41 491 
c, = 0.163 > 0.005 

so➔ r/J == 0.9 

Design of negative moment. 

Design of support (2) (as a sample) 

Mu max= -296.9 KN .m 

Design as a rectangular section bE = bw 

Kn= Mu/0 _ 296.9 * 106 /0.9 _ 
bd2 - 300 * (491)2 - 4·56 Mpa 

m = 420 
0.857] 0.85»z7 = 20.6 

4 5.3,% ['i Rs 
2 * 20.6 * 4.56 ) == 0.012 

1- 420 

Asreq = Pb d = 0.012 * 300 * 491 1834.6 mm 

=as.Nf, @@ 3,y.91 = 429.54n 
n · * - * b * d = 0 25 * - * [y . 420 

1107 



DUATION PROJECT-DESIGN OF TRAINING CENTER UNITS 
6~----------------------. 

t less than 
No 1.4 * 300 * 491 = 491 mmz _.s «d=4a 
ASmin - fy 

2 2 > As . = 491 mm 4.6 mm 'min 
As === 183 · req 

1834.6 9,12 
n == n 4 

2 
1o('A16 with As= 2010.6mm Select 

Check: strain 

T= C 

As f, = 0.85 f!' a b 

2010.6 * 420 = 0.85 * 24 * a * 300 
a= 137.98 mm 

x = 26.95137.98 = 162.33 mm 
0.85 

0.003 0.003 + Es 
-=-----:-- 

x d 

0.003 0.003 + Es 
«a n1 
Es = 0.00607 > 0.005 
So> = 0.9 

d 

0.003 

1108 



GRADUATION PROJECT-DESIGN OF TRAIN 
---------- ~UNITS --------- 

4,4.2.3 Step 3: Design of the Hanger (Tension Post): 

The reaction on the tension post (T): 

T= Own Weight+ Tie weight. 

T=y * a * b * pst height + y * a * b * 
pst spacing = 25.0 X 0.25 X 25 x 3.80 + 
25.0 X 0.80 X 0.40 X 4.0 

T == 37.94 Kn(service) 

T=1.2x37.94=45.53 Kn (Factored) 

Design of tie (post): 

The nominal strength of a tie,Fnt , shall be taken as: 

- 

/·······- ~------------- 

· ' 0.25 ~- 
I 0 

' I 00 Post(25 x 25) o 
: 4,00 » 4.00 , __ 

< - - - - i 
a - - ~ 

\ I 
3 \ I 

' ' 
s 

\tie(&O x 40) / 

~ 

4,00 1/ ......... ____ 

Figure (4.4.12): Post (Hanger). 

Internal Force = External Force 
Fnt = Atsfy (For non-prestressed ties) 

Where: 

Ats: is the area of required tensile reinforcement. 
FR, E#, 45.53% 100V_ 393.4mm 

Ats = - = - = 420 f, f, 
Select 4012 at each corner with As = 452.4mm 

... ACI appendix A-(Eqn.-6) 

1109 





GR,t\.OUA TlON PROJE.CT-D£SlG.N OF TRA.lNIN 
------- ~CENi£RUNITS ---- ----=---------- 

32 _151.5 Kn/m. 
w,= 19.2 + 1 

wxL SP. + =3324Kn. 
Arch reaction .:::0. u z ------------- 

- ,---- -·r-·-·-·r-----T ----- . 0.5Pu= 294 KN 1 1 +a"r-- + i Post i \Ar!ili i --- 
t { {I F­ 
i i I I I . ....._ 

I ! I I j j ! ·......_, 
i i i ! ! : "1'·-..... /$.:::: .1..---·- j_ __ · - · - .-1. ._ · -· __ .J._ -·-·- _J_ "'\:iil. l .l. l_ __ :::·_-::::.•.c. 

L--------------L=40m 
Rr= 3324 KN 

Ru= 3324 KN 

Figure (4.4.14): Final Loading condition on the arch. 

The total bending on the arch equals the simple beam bending moment= M . _w? simple 8 

is1sx40_ 39300 Kn.m 
8 

But, as mentioned previously, the bending moment is transformed into tension force inside 

the tie, and compression force inside the arch ( compression strut), except a very small value of 

bending moment, due to elastic deformation of the tie, is resisted by the arch itself: 

1. 95% of simple bending moment is resisted by tension in the tie, and compression in the 

arch: 

C 
- T - 0.95 X Msimple - 0.95 X 30300 == 5757 Kn. 
- - - 5 f 

Arch 

CompICSSioo. c -5757 

Tension, 1=575 

Post 

Tie 

. side the system components. 
Figure (4.4.15): Internal Forces •0 

I 111 
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ING CENTER UNITS 

S% of sim Je moment is resisted b 
2. 

Mu = 0.05 X Msimple = 0.05 x 3030 0= 1515 n. m. 

4,4.2.5 Step 5: Design of the tie (800mm 400mm): 

The tie resists only tension forces (Pu=T=5757 Kn) 

The nominal strength of a tie,Fnt shall be taken as: 

Internal Force== External Force 
Fnt = Atsfy (For non-prestressed ties) 

Where: 
Ats: is the area of required tensile reinf or cement. 

F, 5757 * 1000 
Ats ° 420 = 13707mm

2 

... ACI appendix A-(Eqn.-6) 

Select 18032 with As = 1£±V_it mm 

Use 08 ties @250 mm 

4,4.2.6 Step 6: Design of the main girder (1600mm x 400mm): 

Pu==C==S757 Kn 

Mu==l515 Kn.m 

. . . d bending moment, so the design 
Tbe section is subjected to compression forc&S an . . 

int . . t for this compression member. 
eraction diagram is used to determine the reinforcemcIl 

'v-rh b biected to combined axial load and 
i e more d rnern ers su ;, 

b 
general terms compression members an b in concrete trusses or frames. 

endin ar . alls, and mem ers 
'l'l g e sometimes used to refer to coh.unns, w . . 1 case of a compression member 
sema.. ,fmn is a spec@ 
th Y be vertical inclined or horizontal. A co G. McGregor- page 500) 
at is Vert· ' 3 ,d Design- James . 

cal" (R • h · s a emforced Concrete Mee anzc 

[ 
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Slenderness: 
l <22 
r 

System about x-axis 
1 x 397 222 = io = 44.1 > 22 -> Long Column 

r 0.3 X 

System about y-axis 

KL <22 
r 

1 X 397 
== 0.3 x 180 = 735 > 22 ➔ Short Column 

Mu 1515 
e = Pu == 5757 = 0.263 m 

: = 0.263 = 0 16 
h 1.6 • 4m 

{

h/10 = 1.6/10 = 0.16 = 160mm (controls) 
or (whichever is larger) 

25mm 

(0.004m is not so sufficient difference to affect the concentricity of compression member) 

It'll be cons·d d · · 5757 K 1 ere as axially loaded column loaded with= pa = n., 

Design l fr . ru es om ACI for tied rectangular reinforced sections: 

Assume Pn = 0.08 > 0.015 > 0.01 As =0.0154g 

1. Selection ofm b ' d' . em er s 1mens10ns: 
0 X Pn _ ) + As x fy], ~ == 0.65 (tor tied column). 

'max Pu = x 0.8 X [0.85 X f c' (Ag- AS 

5757 x 1 3 ) + 0.015Ag x 420] 
0 = 0.65 x 0.8 x [0.85 x 24(Ag -0.015890 " 

[ 



GRADUATION PROJECT-DESIGN OF TRAININ 

------------- ~ UNITS --------- 

s757 x 10°_ 419457.22mm? 
Ag= 13.72 

Ag== 419457,zzmm2 = t9 X b = 1600 x b 

b ::::262.2Jlllll 
req 

try b = 300 mm 

Ag = 1600 X 300 = 480000 mm2 

2. Selection of reinforcement area: 

5757 x 103 == 0.65 x 0.8 x [ 0.85 x 24( (1600 x 300)-As) + As x 420) 

[
5757 X 103 ] 1 As= --- - 1279153.85 399 6 = 3201.1 mm2 

0.65 X 0.8 . 

Select 280016 with As= 5629.73 mm2 

_6_ 5629.73 0.012 > 0.01 Ok 
Pg A, 1600-300 

Selection of Ties: 

Select snrrups 10 mm. 

§pacing of ties: 

s . pacmg not to exceed: 

S<16 x O vertical bars = 16 X 20 = 320 mm 

S $ 48 X (/) stirrups= 48 X 10 = 480 mm 

s $ tni . . nnnum d1menstion of colummn = 300 mm 

S::: 300 mm » controls. 

[ 
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tt.10 ties @200 rrrrn 
Use YI 

direction 
Sacin 

2--10x2--20x2 3oo-40-" == 160mm >150mm, 
Clear space= 1 

. of bars (long direction) Spacing 

ok 

1600--40x2-10x2-20X8 _ 191 42 
Clear space- 7 - • mm >150mm. ok 

4,4.2.7 Step 7: Design of columns: 

a) Vertical loads on the columns are the summation of the following: 

1. Self-weight= 1.2 X Ye X h X b X a = 1.2 x 25 X 2 X 0.3 x 7 = 126 Kn 
2. Reaction from the wall beam =1.2 X }tock h X b X l = 1.2 x 15 x 2 x .2 x 5 = 36 Kn 

3. Arch reaction=3324 Kn 

Total load: Pu=3486 Kn 

b)Horizontal loads on the columns due to wind loads: 

According to Jordanian code the wind load will be calculated as follows: 

Basic wind speed V = 35 m/s [assumed] 

Design speed:- 

V,= V x S1 x S2 xS3 [Jordanian code 4/5/4 page 73] 
S,= 1 

S2 = 0.74 
[Jordanian code No. 13] 
[Jordanian code No. 14] 

s - 1 3- [Jordanian code No. 15] 
Vy= 35 1 x 0.74 x 1 = 25.9 m/s 

ars .: mic wmd pressure:- 
q:::: 0 613 (V ) 2 · z [Jordanian eq. 6] 
q-o "9613 (25.9)= 411.2 N/m2 
{0.4 KN/? .: Im will be applied. 

[ 
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4 J(N/ni2 x 6 == 2.4 I(N/m at the column. 
o . . d strike the building (total height = l lm), from th Wind ¢west, which i% ·% 

. (l~ng side) of column, and by analyzing the w· dis resisted by the strong 
side 'Id force on th we neglected it. e column, a trivial value 
appears so 

Design: 

System about x-axis (braced): 
KL 1 x 400 _ - < 22 == 

30 
- 44.44 >22 >Long Column 

r - 0.3 X 

System about y-axis (unbraced): 

KL 1 x 600 r ~ 22 == 
0
_
3 
x 
200 

= 10 <22 3 Short Column 

Column will be designed about the x-axis due to critical situation: 

By using the Interaction Diagram: 

System about y-axis (in x -direction) 

min.e = 0.015 + 0.03h = 0.015 + 0.03 x 2 = 0.075 m = 7.5 cm. ...AC1 318-08 10.12.3.2 

!_2000- 40 X 2- 10 X 2- 25 
h 2000 = 0.583 

0 x p 2'@_ Pa 3486/1000 . 
A
9 
- Ag = (0.3 x 2) = 5.81 Mpa = 0.842 ks 

x M ~ = Mu _ 748.63/1000 0.34ksi 
g X h Ag X h - (0.3 X 2 X 0.3) = 2.34 mpa 

Simulate th ese values on the interaction diagram: 

[ 
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y ::::: 0.0138 
For h::::: 0.75 ~ pg 

For 2'. === o.90 ~ pg ::::: 0.012 
h 

1 · np !'= 0.88> p - 0 0122 
By interpolat1Ol 'g h 'g ' 

_ p x A, = 0.0122 x 500 X 800 = 4880 mm2 
As;ea.7 'g 'g 

Select 6022 for both top & bottom= (24 22)and 4012 for both faces . 

4.4.2.8 Step 8: Design of isolated footing (Fl): 

Design oflsolated footing (Under Column Cl): 

I 

f 
fy 

24Mpa 420Mpa 

Load Calculation:- 

Column dimensions 

(40*200) cm 

soil density 
Surcharge load 

all. soil 

pressure 
18.5 KN/m3 

5 KN/ m2 

491.5 KN, 

From column (Cl): (DL &LL) 

factored load pu = 3324 Kn 
Column d; n 1mensions =40 cm*200 cm 
* Allow bl . a e soil pressure= 491.5 KN/ m2 

's Ol density = 18.5 KN/m3 
@lula- charge5 

Ing the weight of footing, soil, and sure 

[ 
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h,, 
. (assume ootmg = 60 cm) 

W ·ght of footing _ el 

*60 === 15 KN/m2 
wfooting == 0.25 

. . ht===0.6*18.5= 11.1 KN/m2 

* Soil we1g 

:-Total Surcharge load foundation: 

WT== Soil weight+ wfooti11g+Surcharge load =11.1+15 + 5=31.1 KN/m? 

I sure he: _ Net soi press • 

la =491.5- 31. l = 460.4 KN/m2 

_ Required sizes of footing: 

~ 3324 
A,required = he = l.4*460= 5.16m2 

a=2.3m b= 3.6 

hone wfooting '% 
WT 9 A,required 

60cm 15 KN/m2 11.1 KN 31.1 K 460.4KN/m2 8.28m2 

Bearing pressure= 3324/8.28 = 401.45 KN/m2 

d==600- 75 - 20= 505 mm 

Vu:::401.45*0.445*3.6 = 643.12.KN 
y, 0.75 ,,, 
'I' C==6-v24 *2300*505 = 711.2.KN 

Wc>Vu 

d (mm) h (mm) 

sos 60 

[ 
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h,, 
· (assume ootmg = 60 cm) 

_ Weight of footing 

re = 0.2560 = 15 KN/m? 

* soil weight =0.618.5= 11.1 KN/ m2 

_ Total Surcharge load foundation: 

WT = Soil weight+ wfooling +Surcharge load =11.1 + 15 + 5 = 31.1 KN/m? 

_ Net soil pressure q,,et: 

q11e1 = 491.5 - 31.1 = 460.4 KN/m2 

.Required sizes of footing: 

~ 3324 

A,required = q,,ei = 1.4 * 460 = 5 .16m2 

a=2.3m b= 3.6 

WT A,required 

hoe YWpooing ',a le 
31.1K 460.4KN/m2 8.28m2 

60cm 15 KN/m2 11.1 KN 

Bearing pressure= 3324/8.28 = 401.45 KN/m2 

d=600- 75 - 20= 505 mm 

Vu= 401.45 *0.445 *3.6 = 643.12KN 

¢Ve= 0,75 ✓24 *2300*505 = 711.2KN 
6 

¢Ve> Vu 

-­ (rm) 
d (mm) 

60 
o.: sos 

[ 
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Check for Two Way shear Action (Punching). 

- The punching shear strength is the smallest value of the followin t' g equa ions: 

.-slp» 
sr. -4[,"+2rs., "<'12 b,/a 'NJ,, 

Where: 

Column Length (a) 200 /Jc =------=-=5 
Column Width (b) 40 

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

% =2(0.4+0.505) +2(2+0.505)= 6.86 m. 

, = 40 for interior column 

.-#[#-®P·[»Eh+savor-oss ·o)-z9mo 

"'.V. = ,1.._J_(a•d +2) rzb d = 0.75 *(40*0.505 +2)*✓24*6.86*0.505*103 = 5244.8kN 
'I' C 'I' 12 • [NJ, 0 12 6.86 

0 

¢.Ve= ¢.!.[Zb
0
d = 0.75 *✓2A *6.86*0.505*103 = 2121.kN 

3 3 control 

/Jc ¢.Ve (KN) 

6.86 40 2121 
5 

Vu== 3324-(2.505*0.905*401.45) = 2414kN 
Vu==2414KN < <I>Vc =2121. ..... NOT OK 

Try h == 700 mm ..... 

d =700- 75 - 20== 605 mm 

[" 
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b, Perimeter of critical section taken at ( d/2) from the load d e area 

b0 =2(0.4+0.605)+2(2+0.605)== 7 .22 m. 

p d (mm) Try h(mm) 

0.75 605 700 

1 ( 2 J ~ 0 75 ( 2) r;:;-; #e=-7\7 NJ. b,d="II+= IV24-7.220.60s +10° = 3745N 
.. control 

«a .jy7. .oms.pews,,,, W.=-,\j?fcbd-jp' Gs¢ ?\\2487.22+0.60s+10° = 7393 

1[.7 0.75 
0V, =-jNf.bd=,'\/247.220.60510° = 5350.N 

, r/J.Vc (KN) 

5 7.22 40 3745 

Vu= 3324-(2.605* 1.005* 401.45) = 2273kN 
Vu=2273KN < <I>Vc =3745 OK 

Design for Bending Moment of long & short directions. 

h (mm) d (mm) 
b(m) 

700 605 
3.6 

d= 700-75-20 = 605 mm 

Mu =401.45*0.95*0.95*3.6/2=652.16 KN.m 

fy 420 
m _ 0.85 * Jc' = 0.85 24 = 20.59 

652.16 10° /0.9 
3600(605)° 0.55 Mpa 

Mu/¢ 
Rn= bd 

120 

I 
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I ✓I- 2nuln 
- fy 

p = m (1 - ) 

1 , 220.59(0.55) 
p = 20.59 (1- 420 )y = 0.0013 

Asreq= 0.0013 (3600) (605) = 1809mm 

Asmin =0.0018bh == 0.0018 (3600) (700) = 4536mm 
2 2 Asreq== 1809mm < Asmin = 4536mm' •... 

2 As= 4536 mm 

Take 234 16 , As,provided = 4624 cm2 > As,required = 34.85cm2 

2300 - 7 52 - 23 * 16 
S= 22 81 mm< Smax=450mm 

- Step(S) is smallest of: 

1. 3h = 3*600 =1800 mm 

2. 450 mm - control 

S = 83.1 mm< S,max = 450 mm- OK 

Mu(KN.m) m Rn p 
Asreq( Asmin(· Aspro( 

652.16 0.55 0.0013 1809 4536 4624 

- Check strain 
Tension= Compression 

4,x fy =0.85x f,'xbx a 

4624x 420 = 0.85 x 24x 3600 X a 
a= 26.4mm 

26.4 
c= =3]mm 

0.85 

1121 
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505-31 05 7 
8 = --- X 0.003 := 0.046 > 0.0 ...0K 
s 31 

2 
As(mm a(mm) c (mm) 

4624 26.4 31 0.046 

Design Of Tension Development length of : 

Clear lateral spacing= (2300-75*2-23*16)/22 =81 mmm >2db=216=32mm 
Cover =75 > 16 

Category A 

db=1 6mm <20mm 

12 fy te 12 420 1*1*1 x1 x''xdb=-x=Xyxl6=658.42mm .25 [7 w 2s 5@ { 

Available length= ((2300-400)\2)-75=875mm 

875mm> 658.42mm ok 

Lap splice of dowels in column : 

Ls= 0.071 fy. db 

=0.071 * 420 * 16 = 477.12 mm. 

Use Ls= 500 mm 

[ 
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28 Calculations of Live load 
~ 28 Design of Topping 4.2.1.5 
! 28 Calculation of Dead load 4.2.1.6 
L 28 Calculation of live load 4.2.1.6.1 
L 29 Shrinkage and temperature reinforcement 4.2.1.6.2 
L 30 Design of rib Inust be provided 4.2.1.6.3 
~ 31 Loading and analysis 4.2.1.7 
[ 32 Flexural Design 4.2.1.7.1 
[ 34 Design for Positive Moment 4.2.1.7.2 
~ 35 Design for Neeative Moment 4.2.1.7.3 
L 37 Design Rib ( Rl ) For Shear 4.2.1.7.4 
[ 39-50 of Beam (B5) 4.2.1.8 

~ 40 Design of flexure 4.2.2 

»so» 40 Design of Positive moment 4.2.2.l 

- 45 Design of neeative moment 
4.2.2.\.1 

~ 47 Design of shear 
4.2.2.1.2 

~ 51 Two Way Ribbed Slab 
4.2.2.2 
4.2.3 

51 Check Slab Thickness 4.2.3.1 
52 Determination of factored Load 4.2.3.2 
53 Resultant Moments On Slab 4.2.3.3 
54 Positive moment from dead and live load 4.2.3.3.1 
56 Negative Reinforcement 4.2.3.3.2 
59 Shear Design 4.2.3.4 

60-62 Design of Column 4.2.4 
60 Load Calculation for Column 4.2.4.l 

60 Selecting longitudinal bars 4.2.4.1.1 

60 Design of Ties 4.2.4.1.2 

61 Check for code requirements 4.2.4.1.3 

61 Check Slenderness Effect 4.2.4.2 

63-90 Design of rectangular tanks 
4.3 

63 ACI code basic design considerations for environmental concrete 4.3.1 

structures 4.3.2 
63 Thicknesses of Walls and Base Sections 4.3.3 
64 Control of cracking 4.3.4 
65 Waterstops 4.3.5 
65 Base Fixity 4.3.6 

~ 65 Loading Conditions 4.3.7 
66 Overload Factors 4.3.8 

e, 67 Calculation of loads 4.3.8.l 
ba» 67 Loads on Walls 4.3.8.2 

a 68 Loads on Base Slabs 4.3.9 

P 69-71 Structural Analysis of the Tank walls 4.3.9.1 

69 Approximate Method for Rectangular Tanks -- 4.3.10 

Pa 71 Design of tank walls against bending moments 
4.3.11 

[ 73 Design of Tank's Base Slab 
4,3.11.1 

" 74 Rigidity of tank's base slab 
4,3.11.2 
4,3.11.3 

[ 75 Subgrade modulus of the base slab 4,3.11.4 
r--_ 76 : : FTank Base 

Structural Analysis and Design OI 5kn s) 4,3.11.5 
[ 81 

thicl ess 
Design of shear force ( check for base 4,3.12 

[ 82 Design against bending moment 4,3.12.1 
:-----__ Design of tank's two way solid slab 

86 Limit deflection 
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87 Slab section for "exterior beams 4.3.12.2 88 Determination of factored Loads 4.3.12.3 

88 Determination of Dead load 4.3.12.4 89 Resultant Moments On Slab 4.3.12.5 90-122 Design of Training Hall 4.4 90 System: Reinforced Concrete Arches 4.4.1 90 Background theory 4.4.1.1 91 Design of the Arch with a Tie 4.4.1.2 91 Analysis of the Arched Girder System 4.4.1.3 93 Layout of a Hall Covered by an Arched Girder 4.4.2 96 Design of the one way solid slab 4.4.2.1 104 Design of secondary Beams 4.4.2.2 109 Design of the Hanger 4.4.2.3 110 Design of the Arch 4.4.2.4 
112 Design of the tie 4.4.2.5 
112 Design of the main girder 4.4.2.6 
115 Design of columns 4.4.2.7 
117 Design of isolated footing 4.4.2.8 
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71 
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