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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—2A00
cubic meters tank—capacity with 20m * 20m % Y 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
accomplishedfor 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
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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 ,( fc'= 24MPa)

° The specified yield strength of the reinforcement (fy = 420 MPa)
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4.2 Analysis and Design of the Club House Buildillg Umit:

= 4.2.1 Design of Rib R1

S04 2.1.1 factored loads:

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

project are considered as follows:

qu=12D.L +1.6L..L. ACI—-318-081(9.2.1)

o 4.2.1.2Slab’s Thickness calculation:

The overall depth must satisfy ACI Table (9.5.a). So, for rib (R1), as shown in fig. below:

1 2 3 4 5
1 2 3 4
\ \ J
E AR —= R A A byl
pj L pj e e pﬁ . A Lozt
ey 42 0.8 4.2 0.8 42 0.8 4.2 08
f T : L EESSIET — — a - ! |
L 5. 5. 5. 5. : !
=== | s s O ST tald i | oL {

T PR T O TR
Fig. (4-1): Spans Lengths for Rib (R1).

o 42.13 Calculation of Minimum Thickness (Deflection Requirements):

From ACI-318-08 table (9.5a)

Min. h >

1) For one end cont. span :
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5.00 _0.27 m

- =

iR.5 185

2) For both end cont. span:

;L_ _—___S.LQQ =0238m
1 21

For Rib (R1), 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:

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

Tiless = 23%0.03*0.52=0.358 KN/m
Mortar = 22%0.02%0.52= 0.229 KN/m
Sand = 16*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 = 2*0.52=1.04 KN/m

Total dead load = 5.27 KN/m/rib

27
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e 415 Calculations of Live load:

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

Total live load = 3*0.52 = 1.56 KN/m/rib.

o 4.2.1.6 Design of Topping :

o 4.2.1.6.1 Calculation of Dead load :
fliles = 22#0.03%1=0.66 KN/m
Mortar = 22%0.02¥1=0.44KN/m
Sand = 16+0.07*1=1.12 KN/m
Topping = 25%0.08%1=2 KN/m
Partition= 2*1=2 KN/m

D.L (oo = 6.22 KIN/m

e 42.1.6.2 Calculation of live load:

L.Liota = 3 KN/m So,

Wu = 12DL + 1.6L.L = 1.2%6.22 + 1.6%5 = 15.464 KN/m

Check ®Mn > Mu

P 0.t 15646047
12

= 0.206kN .m

Mn = 0.421'fc' *S
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bh*
Wi =0 o5

* 2
_oap/2A* 0608 £10° = 2.19KN.m

@=0.55 for plain concrete

¢*Mn=0.55*2.19=1.2kN.m.
¢* Mn =12>Mu= 0.206KN .m.

o 4.2.1.6.3 Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:

p=00018  ACL-318-08(7.12.2)
As = p*b*h=0.0018%1000%80 = 144mm’ /1m.

As ( 8) =50.27mm*
So number of bars =144/50.27 = 2.86

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

Check for max. Spacing

S=450mm

S=380(280/f,)-2.5C, =380(280/.667*412)-2.5*20=337mm

S=300(280/fs) =300(280/0.667*412) =305.67mm

29
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Use @ 8 @ 20cm 85 for practical purpose in both directions

5.1.7_Design of Rib

o 4.2.1.7 225en T 2=

Materials

Lyiatvz o —

Concrete B300, Fc' = 0.8%30 = 24 N/mm2 =24Mpa

Reinforcement Steel, fy = 420 N/mm?2 = 420 MPa

by For T- section is the smallest of the following:

b,=Lw/4=42/4=1.05m
. =bw+16tf=12+16 @®)=14m
b, = clc spacing between beams =0. 52 m (controls)

; =52 cm =520 mm

Requirements For Slab Floor According to ACI- (318-08)
bw> 10cm ACI(8.13.2)
Select bw=12cm
ACI(8.13.2)

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

tf > Ln/12 >50mm ACI(8.13.6.1)

Select t;= 8cm = 80 mm
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o 42.1.7.1 Loading and analysis -
By using the (BEAMD) Software W€ got this envelope moment and shear diagrams as

following :

DI=5.3 KN/M/Rib LL=1.563 KN/M/Rib

Moments: spans 1 to 4

-24.6 -24.6
4.4/ ~15.4 ~18, 154 /\ 144
-10. /\ 10 o
1.281.74. | Ar i cApe
" e o Pl AL RS g
S 709211 / oaes 1092\ o
\\ / F——Jr“’" R op;r’.._lef i P }—ﬁj
6.5 / 65
108 10.8 B
18.4 18.4
2. . 3 jls 276 - 2R v 24 o R S
Shear
-27.1 -24.6
S ﬂ 2 i
v 145
H = 1t t ‘ } ﬁ_‘ll
,"( . 1
14.5
18.1 s 5
24.6 ¢ 27_'1 235
Fig.(4-3): Rib (R1) Shear & Moment Envelopes Envelop
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s 42092 Flexural Design @

. Design for positive Moment for Rib (R1):-

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

Determine whether the rib will act as rectangular or T-section:
assume  a=1t= 8 cm = 80 mm
d=h - cover—dia. of stirrups — db/2 = 320 — 20 —10 — 14/2 = 283 mm.
®.Mnf=0.9%0.85 f. *t* b *(d- t¢2)

= 0.9* 0.85 (24) (80) (520)(283- 80/2)*10°

— @ .Mnf =185.6 KN.m

®Mnf =185.6 KN.m > Mu =18.4 kN.m

= Rectangular section
Design as a rectangular with b, = 52cm
As=p.be.d

s 40
0.85% fc  0.85%24

=20.58

Mul¢ 184%107/0.9
Rn = = ~? _ 0.49 MPa
b*d*> 0.52%(0.283)

pzl_(l— i S0 =”1/L1—\/1—2*20°58*0'49 _ [ 2k
m » 20 .196 420 ;

As =pbe.d=(127)* (520)* (283) = 176:6 mn’ .
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= Then use 2 12 , As=226.2 mni’

Check Minimum Reinforcement

A g min (ACI- 318M-08 — (10.5.1))

T _ 24 i
As m1n=m(bw)(d) = 4420) (120)(283) =99mm

1.4
P s min=E1J;%(bw)(d) =Z§6(120)(283)=113.2mm2 (control)

—  For2®12,As=226.2 mm® >113.2mm? , 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
C=i=&—5=10 53 mm
B 0.85 :
B=0.85..... fe<28MPa (ACI-318M-08(10.2.7.3))

£, = (d—c)/ex0.003 = 22371023, 0,003 = 078
10.53
g, =0.078 > 0.005
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4.2.1.7.3 Design for Positive Moment Mu = +10.80 KN.1m :

As= pr d

420

5 = =20.58
m=ogss e 0.85%24

-3
. Mulg _ 108*10 /o.? i o
ped’  0.52%(0.283)

%
L 1_2’”R" S ke 1_2_*30,-58’9;22- = 6.95 *10 *
VS I 20 .196 420

A, = pibe .d=(695%10°*)* (520)* (283) = 102.28 mn .

= Then use 2@ 10 , As=157.08 mnt’

- Check Minimum Reinforcement
A gmin (ACI- 318M-08 — (10.5.1) )
A s min= Ve bw)(d) = R (120)(283) = 99mm’
4(f) 4(420)
Foon- ow)(d) = Lo (120)(283) =113 2mm’ (control)
(H) 420

—  For2010, As=157.08 mm’ >1132mm’ , OK

Check for Tension steel yielding:-

Tension = compression

As*fy=085*f *b*a
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157 .08 * 420 = 018524 %520.* a
a=621mm

a _ 621 _731mm
B, 085

C =

B=0.85....- fe <28MPa ACI-318M-08(10.2.7.3)

=731
3 =(d——c)/c><0.003 =2§7/£—x 0.003=0.113

£, = 0113 > 0005

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

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

N _ . B
0.85* fc  0.85%24

=20.58

_Mul¢ _ 154%107° /0.9 _
b*d?  0.12%(02837

il 2 mRn 1 I 2r20,58 *
- LIS e 58 #1178 | 3
m( Ji 20 .58 420 =444 =108

Ag =pbe .d=(444%107)* (120)* (283) = 150.818 mm’ .

78 MPa

B s 20 101 As=157/08 0

Check Minimum Reinforcement

A g min (ACI- 318M-08 - (10.5.1))
A s min= \/YC—' b ) \/ﬁ i 2
4 ﬁ)( w)(d) o (120)(283) = 99mm

As min=1% oS B
g ) (bw)d) = 50 (120)(283) = 113 2mm? (control)
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_ For2010, As=157.08 mm’ > 1132mnf , OK

u Check for Tension steel yielding:-

Tension = compression
As*fy=0.85*fc*b* a

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

a

= =31.7Tmm
B

C =

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

¢, =(d-c)/cx0.003 = 3%;—3;1'—7x 0.003 =.0238

g, =0.0238 > 0.005

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

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

Lo 420

= = =20.58

0.85*% fc'  0.85%24 .
_Mu/¢  10%¥107°/09

e = 1.156 MPa

0.12%(0.283)

1 208 20
PR | 2mRn =__l.,1—\ﬁ— 98 ® 17156 -3
m [ Iz 20 .58 420 = o xSl

As =pbe.d=(2.835%10°)* (120)* (283) = 9629 mnt”.
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2
_,  Thenuse2® 10, As=157.08 e

Check Minimum Reinforcement

(ACI- 318M-08

_ (10.5.1))
As min
¢! J24

B _ 7 o
A s mIn= XF) (bw)(d) 2(420) (120)(283) 99mm

1.4
b s min=(lj'%(bw)(d) =Z2—0(120)(283)=113.2mm2 (control)

—  For2®10,As=157.08 mn? > 113.2mm*> , OK

= Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a

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

31 .7mm

B

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

&,=(d~c)/cx0.003 = ZSP’TI?’;l—"]x 0.003 =.0238

&, =0.0238 > 0.005

e 4.2.1.8 Design Rib ( R1) For Shear :-

Vu (_at dist. d from face of support )

=23.
3.5KN  (From Shear Envelope)

Determine shear strength provided by concrete (¢ Vo)

| 37
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W Vo L1* v bw*d
i 6
2t 0.12* 0.283%10° = 30.5 KN
6

®dVc = 0.75%30.5=22.87 KN

Vs min=Max of 1) 1 pw*d=0.333* 120 * 283* 102 =11.32KN - Control
3

2) ' bw*d= —1‘/—?* 120 * 283 * 10 = 10.39 KN
16

Case IIl is Valid :

® (Ve + Vspin) > Vu> ® Ve

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 &8

Vs

S =

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

Check For Spax

d
) Siax < 5 =283/2 = 141.5 mm - Control

2) Smax <600 mm
S=1058.82 mm > S, = 141.5 mm

S0, Use 2-leg 38 @150 mm

|38
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s 422 Design of Beam (BS)
concrete B300 Fc' =24 MPa
Reinforcement Steel fy = 420 MPa
B =80
h =50cm
1 2 3 4
| 2 3
o ]
0. 6. 0. 5 0. 6 0.
e % w7 ——H
— S SRR PN L o FOANNRR S, e
55 \
80
A-A
Figure (4-4) : Beam Geometry.
Dead load - Service
/ﬂ s91(804| 531 [sea|
0 ¥ \ 1 \l —
5 = 1 z_‘i“ = ‘
Live load - Service

15.¥15

1 T
I;.E 1 5™ 1. 2
5 A

Figure (4-5) : Load of Beam (FF-B130)
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H
-538.8
3627 -460.7 -437.9

3001 3147

Shear
-404.8
-320.4 v
2902 J 306'6/-; 2118488
w =
H 1 h 1 ~ = AJ‘
"j =5 T ’ T = H
\
72,7 =
225.7 2 244. 207

Figure (4-7) : Shear Envelop for Beam

e 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 .

bw=80C1‘n . h=55 Cm'

40
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d = depth - cover ~ diameter of stirrups — (diameter of bar/ 2)

=550—4O—10—320~_— 490 mm.

a3 & =
Cmax=;*d‘7 490 = 210 mm.

m—(* @ = 0:85*210= 178.5 mm.

Nh‘lmax:o-gsﬂ< fC’*b*a*(d-%)

_ 0.85 * 24* 178.5* 800* (490- 1728-5 ) *10°

=1167.43 KN.m

PMnyax = 0.82 * 1167.43 =957.295 KN.m . * Note: €= 0.004 — ¢ = 0.82

GMnax = 957.295KN.m > Mu = 449.8 KN.m .
« Singly reinforced concrete section.

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

_ My 4498x10°
@bd? 0.9 x 800 x 4902

P 420
0.85f,  0.85%24

p=%<1_ 1 — ZmRn > __1__(1_ e ) = 0.00656

= 2.6 Mpa

Rn

i = 20.58

420 ~ 2058

As=p.b.d =0.00656 x800%x490 = 2606.85mm"-

Check for A

s,min o
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1) As,mm——o 25£ b d= _b .d

P min =0 25£ 800 x 490 = 1143.1 mm?

_21%4800 x 490 = 1306.67 mm? Controls.
3) Asmin = 320

Agmin= 1306.67 mm? < A, = 2606.85 mm”

= Use 9 @ 20 Bottom, As ,provided = 2827.43 mm > Agrequired = 2606.85
mm’. Ok
Check spacing :
= 8°°"*°*2‘:°’“°"2°) 5555 mm > dj = 20mm > 25MM e v v nnoee 0K
Check for strain:
_ Asfy 282743 X420
0.85bf, _ 085x800Xx24 = 72.765 mm
_ R
= AT 85.6 mm
— —85.6
&, = 0.003 (d_—c) — 0.003 (L) — 0.0142 > 0.005 Ok
@ 85.6
z Positive moment Mu (+) =331 KN.-m.
M 331 x 106
= u = x 10 A
@bd? 0.9 x 800 x 4902 191Dl
A . 420

08570 oa5xzs — 20-59

142
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2m.Ry = T 2%20.59%1,915 2 004796
p= —<1 — 11="%20 )~ 2059 %o

)
As=p.b d=.004796><800><490 = 1880mm".
s — PV

Check for As,min .
1)Asmm"'ozs‘/—__b d>—b .d

Aq min =0. 25£ 800 X 490 = 1143.1 mm?

A =2%800 x 490 = 1306.67 mm” Controls.
3) s,min — 4.0

2
A min= 1306.67 mm” < A, = 1880 mm

= Use 8 @ 18 Bottom, As,provided 2035.8 mm =z AS,I'CquI'Cd 1880 mm
Ok

Check spacing :

g — 800-40+2-18-(8x18)
7

7947mm>db——18>25 OK

Check for strain:

az_“&_ 2035.8 X420

=————— =5239mm
0.85b f{  0.85x800x24

I3
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GRADUA

a _ 5239 _ 61.64 mm

BB 065
490—-61.64
o = 0.003(%°) = 0003 (42-625%) = 0.0208 > 0.005 0k
= Positive moment Mu (+) =97.8 KN.m.
8x10°
My g o = 0.57 Mpa

_._’._—z_/_—
Rn =G0 7 ~ 0.9 % 800 x 490

iy 3
0.85ff  0.85x24

1 2mRn, \ _ 1 [ 2auEsisy )
P=',,‘l(1 — 1 e > ~ 2059 (1 J? 420 ) =.001366

= 0.b.d =0.001366x800%x490 = 535.55 mm’.

=20:59

Check for Agmin-

0. .. 02547 p,.d > 2b,,.d
fy fy

P i =0.25% 800 X 490 = 1143.1 mm?
3) As,min::TA;SOO % 490 = 1306.67 mm? Controls.

As min= 1306.67 mm” > A= 535.55 mm’

So, Provide min. reinforcement with As= Asmin = 1306.67 mm’

2 = 1526.
Use 6 o 18 Bottom sprovided — 8 mm = AS required = 1306.67
mm-.
Ok

| a4
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Check spacing *

=Wl—&=118.4mm>db=18>25 0K

Check for strain:
| fsty 15268 XR — 39,293 mm

085D f,  0.85x800%24
o= L= 22 = 46227 mm

B 085

d—c\ _ 490-46.227\ _

¢, = 0003 (£5) = 0,003 (=5 ) = 0.0209 > 0.005 Ok

¢ Y.Y.).Y Design of negative moment:-

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

_ My, 4607 x10°
@bd? 0.9 x 800 x 4902

fy
m=—2 =
0.85f  0.85%24

. ’ 2220.59+2.665
=—|1- __2mRnp | _ 1 d & i
g m( S > ~ 2059 (1 1 420 ) 0.006824

As= p.b.d =0.006824%800%x490= 2675 mm’.

= 2.665 Mpa

Rn

420

= 20.59

Check for A,

s,min »
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5‘//—b dzp,.d

1) As,min =O'z
L0 251Z 800 x 490 = 1143.1mm’
B A= 420 14 200 x 490 = 1306. 67 mm? Controls.

Asmin™ 1306.67 mm? < A = 2675 e

Use 11 @ 18 Bottom, Asprov:ded 2799.16 mm > A required — = 2675 mm Ok

Check spacing :

800—-40%2—18— —(11x18) __

S= T —504mm > dp =20>25.. YT )14
Check for strain:
ity TS 73057
o= 3% = 720':: = 84.75 mm
& =0.003 (d ) C) = 0.003 (M) = 0.0143 > 0.005 0k
c 84.75

e Nrgative moment Mu (-) = 314.7 KN..

., 3147 x10° -
G 05 X500 4008 o0 he
e Iy 420

085f]  085x2a = 20.59

2%20.59%1.82
20.59

420
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h.=pb d= 0,004547x800x490 —1782.5 mm>.
S 0.

ChCCk for As,min .
e

1) As,min =0.25 5 byid = ry by.-d

Asmin = 25£ 800 x 490 = 1143.1 mm?

14 i -
3) As’min=;-2—()'800 x 490 = 1306.67 mm CO‘ntTOlS.

Asmin= 1306.67 mm? < A, = 1782.5 mm®

Use 8 o 18 Bottom, Agprovicea = 2035.75 mm? > Assequied = 1782.5 mm’. Ok

Check spacing :

S = 8°°'4°*2‘718’(8"18) — 79714 mm > d, = 18> 25 0K
Check for strain:
a—o.::j;yfc’ i f)?8355>.<’;50::22 = B2adhain
c=7 =222 = 61.64 mm
= 0.003 (d : ) = 0.003 (ﬂg_’:;,flﬁ) = 0.0208 > 0.005 0k

= 4.2.2.2 Design of shear:

1) Vu=4204 KN.

dVe = @*J—*b * d
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75 @ % (.8 * 0,490 * 10’ = 240.05 KN,

Check For Cases:"
Casel: V, = 9;’—6

4204 < 257=120.025 Not satisfied.

o CaseZ:g:—c< Vu = @Ve

120.025< 420.4 < 240.05 Not satisfied.

o Case3: @ V< Vy = d Ve + GVSmin

1% F7 % by * dz%i 24 * 0.8 *0.490 * 10’ = 90.02 KN.

IV

Qxp, *d= °—;—5 (.8 * 0.490 * 10° = 98 KN Controls.
3

v

VS min = 98 KN.
OV + QVS min = 240.05 + 98 = 338.05 KN.

dV< Vy £ Vet dVSmin

240.05< 420.4 < 338.05 Not satisfied.

¢ 7
o Case 4 :dVc+ OVSmin< Vu = e (e e tby*d)

138,05 <4204 <240.05+ (5" *V24 *0.8%0.490*10°)

316.63 < 420.4 = 720.15 ok

= shear

reinforcement is required .

= Use 4 leg @ 8 with AS

=201.06 mm? .




e
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S 402354 —320 =240.47 KN
. d j&fﬁiﬁggifgg
= 24047 * 1000

S

=72.07 mm (control)

0
< %=%= 245 mm OF Spax < 600 MM

Smax

Use 41eg @8 @ 200 mm clc:

2)Vu = 267.5 KN .
Jp*b * d

=075 * -@—z % 0.8 * 0.490 * 10° = 240.05 KN.

GVe=d*

Check For Cases:-

o Casel: Vu < %C—

267.5 < 2% 120.025 Not satisfied.

o Case2: =< Vy = & Ve

120.025< 267.7 < 240.05 Not satisfied.

o @ase 3 D V= Vu = d Ve + @VSmin

075 [57 * 0.8 *0.490 * 10° = 90.02 KN.

(szmin > = fcr*bw*d_
= ¢*b gl 075*08*0490*10 = Controls.
VS min = 98 KN.
OV + Vs, = 240.05 + 98 = 338.05 KN- (——————————
N s Sl e daely

* ¥ Palestine Falyin: ~»'_-:,( Uaivers
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Vi< Vo £ Ve @Vm

77 < 338.05

satisfied.

240.05< 26

= shear

reinforcement is required .

= Use 4 leg @ 8 with As =201.06 A

_2677_ 390 =
Vo= Va— Ve =375 320 =36.93 KN

06+ 420 * 490
Aofyed 20106~ = 1120.44 mm (control)

Salm ., ~ 36.93+1000

0
= L—}?— = 245 mm O Spax < 600 MM

=
2

Smax

| &

Use 4 leg ® 8 @200 mm c/c.

For Vu= 4204

KN eove Use 4 leg @ 8 @ 200 mm.
For Vu= 2675

KING..cooue Use 4 leg ® 8 @ 200 mm.
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s 423 Two Way Ribbed Slab (R2):

BT
LAl

O O
O
oOooood
, 0

—_—

/ -4
m |

208@25 Di

/ 208625 (Both Dir) o1y 46815 \
)
(S|

-10.6

12, oo
g, o g2, W0 Oooooo

Suction B-B || Brioae e e e |
( Tivo Way Ribhed Slah-RZ) = 1920 i

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

e 4.2.3.1 Check Slab Thickness :

s I beam
I slab

7 _ 2%20%8*4+12%40%20
2%20%8+12%40

=13.6cm

3
; _52x(B3.6) (52-12)x(5.6) +l%i‘%9‘i)—
rib — ==

3 3




——%

’//f;I;ggﬁgﬁﬁggtﬁ§ﬁggyﬂyﬁﬁﬁﬁWms

1, = 114858 .67cm’
=

1 3
(B = «80*(40 — 426666.67
B

1 3=—1—*60* 40)* = 320000
IbZ::-l/zbh 12 ( )

o Slab section for “exterior beams” :
Short direction L = 90.25m
I, =L * (L/2 +bw) /bf) = 1198285.16 cm®
I, = Lip * ((L/2 + bw) / bf ) = 1154108.75 cm’
Long direction L = 12.2 m
I =1Ly * (L/2 + bw / bf ) = 1515803.12 cm’
Iy = Lip * ((L/2 + bw) / bf ) = 1471626.7 cm’
a;=2.808
02=3.607
a3=3.55

G = 1124

_ X1+x2+4+34x4

Coae——— = 2.800>2

So the minimum slab thickness will be :

B2 19819.25=1.3108

e 08 Ly _ 12125 (08+ 29 279,04
36+9B) 3649+1.3108 g




|
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=

Take h =320 mm=32cm > hmin, =28cm.

s 4.23.2 Determination of factored Load

n Determination of Dead load:

1 p—
K ~5

. —-1
m——d

= 10/03,40/52 1 22

0.02X0.52x23
~ CoarseSand Fill "'!\ "~ 0.07%0.52%17
Topping | 0.08% 0.52% 25
Block ' ‘j 0.24%0.40 X 9
Concrete Rib | 0.24% 0.12% 25
Plaster | 0.02X 0.52% 23
partitions - ‘L 1.25% 0.52

Nominal Total Dead Load = 4.714 kN/m of rib

Tiles 3cm

Mortar 2 cm

Coarse Sand fill 7cm

R concrete Topping 8 cm
Concrete block 24 cm

R Concrete rib24 cm
Plaster 2cm

© -0.2392kN/m/rib

=0.6188 kN/m/ rib
=1.04 kN/m./rib
=0.864 kN/m / rib
=0.72 kN/m / rib
| ~ =0.2392 kN/m/ rib

=0.65 kN/m / rib

203432 kN/m /rib
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Total Dead Lad (service) = 4. 714/0.52 = 9.066 kN/m2.

Total live Joad = 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)
Qervice Live Load =3.5KN/ m?
Service Dead Load -9.066 KN /m’
Wd=1.2%9.066 = 10.88 KN / m
Wy = 1.6%3.5= 5.6 KN/ m’
W, = 1.2D+1.6L = 16.48 KN /m’
L, = 9.25/12.2 = 0.758

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

° 4.2.3.3.1 Positive moment from dead and live load :
Ca pos/d1:0.06 1 Cb pos/dl=0-0 19
Ca posm=0.061 Cb pos/11=0-019

Mave pL= 0.061%10.88%9.25%#0.52 = 29.53 KN.m/m

Mbve pr.= 0.019%10.88%12.2%%0.52 = 16 KN.m/m

Matve 1= 0.061%5.6%9.25%%0.52 = 15.2KN.m/m

My e 1 = 0.019%5.6%12.22%0.52 = 8.24 KN.m/m




R oo onoEe o T o usts

Ma = 29.53+1527 44.73 KN.m/m

B0 (5o 04=2424 KNw/m

o Flexure Design :

Short direction @
Postive Moment = +44.73 KN.m
Assume ®14

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

20 6
085*%f£  0.85%24

Ry = _Mn _ (44.73/0.9)*10° _
3vaT 520%(283) =1.193 MPa

2mRn

P=%(1— 1- )

E \/1_2(1.193)(20.6)

20.6 420 ) =0.00293

As = 0.00293*520%283 = 431 mm *

A
A = rﬁ;)(bw)(d) (ACI-—IO.S.l)

=99.03 mm?
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4 (w)d)

As mi 1
smin =
b

is2 mm’ (Controls)
3 | mm? > As min=113.2 mm”

Use 2 ®18 with A= 508.94 mm” > As req

Check Strain

Tension = Compression
A, x fy=085x f,'xbxa

508 .94 x 420 = 0.85 % 24 x 520 x a
a=20.15mm

20.
= . 155 =23.706 mm

c

360~23.
Ea— ——Z%X 0.003 =.0426 > 0.005...0k
23.706

. 4.2.3.3.2 Negative Reinforcement

Negative Reinforcement As = ( 1/3) *As pos = (1/3)%508.94 = 169.647 mm”
As = 169.647 mm” > As min

Use 2 ®12 with As = 226.2 mm” > As req-

Check Strain

Tension = Compression
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A, xﬁ;:O.SSXfC'xbxa
a = 8956 mm

8.956 _10.536mm

ES 0185

360—10.3 56

e 0.003=0.101>0.005...
B 10356 i
Long direction :

Positive Moment = 24.24 KN.m

Assume 14

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

o R Y
085% fc  0.85*24
R Mn _ (24.24/0. 9)*10° _
— e = 0.647 MPa
E l(l e 2mRn )
o Wy
. 2(0.647)(20.6)
= e A kel
50 6( J = 0.00157

As = 0.00157%520%283 = 230.31mm *

:1/(73:) (bW)(d )

(4ACI-10.5.1)

min
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As min =

L4 pw)d)
Vi
_ {132 mm’ (Controls)

As > As mil

Use 2 @12 with AS= 726.2 mm> > As req

Check Strain

Tension = Compression
A, x fy=085x f,>bxa

a = 8.956 mm

8.956
0.85

=10.536 mm

C=

5, = 200710336, 003=0.101> 0.005...0k
10.356

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

As = 5232 mm’ < As min
Use 2 ®10 with As = 157.35 mm” > Asreq
Check Strain

Tension = Compression
A x fy=085x f,'xbxa

157.08 x 420 = 0.85 x 24 x 520 x a
a=6.22mm




Wm

622 _1731mm
=

360-731 —0.144 > 0.005...0k
4 =’7{><o.oo3 0

o 4.2.3.4 Shear Design :

Wa=0.76

Wb = 0.24

Voo Gt La%"e #(0.52/2)=16.48%9.25%0.76*(0.52/2)=30.12 Kn

VS Qo 1o *W, *(0.52/2)=16.48*12.2*0. 24%(0.52/2)= 12.55 Kn

dVe=¢ —\/]:i*bw * d=20.79 KN

Vsmin=Max of 1) % *bw*d = 10.40 KN

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

¢VC = 2079 <Vu= 3012 < ¢ (VC+ Vs min ) e 2928
= Case I11

Use Stirrups @10 2-Leg , Av = 157 mm>

S= m _ 157*420%9283
T e B
Vs 11.32*1000 = 1648.5 mm

159
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S<
T ()d2- 360/2 = 180 mm - Control
max

2) 600 mm

Use Stirrups ®10 2-Leg @ 175 mm.

4.2.4 Design of Column (C2)

o 4.2.4.1 Load Calculation for Column

Pu=2123.8KN

Usep = pg =2%

Pu = 0.65%0.8%{0.85* fe' (g — Ast) + Ast( )}

21238410 = 0.65%0.8*[0.85%24% (4g —0.024g) +0.024g *420]
Ag =143851.46.mm’

Ag=400*a

1434\851.46 = 400*a

a =359.62mm

Use 400 x 400mm with Ag= 160000mm”

o 42.4.1.1 Selecting longitudinal bars:
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Pu = 065 *08*{085 *fC'(Ag _ASt)-|- Ast (ﬁ})}
2123 .8*103 = 0.65 *0.8*[0.85 *24*(160000 — Ast)+ Ast *420]
st = 2052 .63 mm 3

Take 10@ 16 As,provided = As,req =2052.63 mm?

Ast

Ag 2052.63 _ 0.0128

~ 160000

o 4.2.4.1.2 Design of Ties:

_ Use ties @10 with spacing of ties shall not exceed the smallest of
1. 48 * ds=48 * 10 = 430mm

2. 16 * db=16 * 16 =256 mm - control

3. the least dimension of the column = 400 mm

Use ties @10 @ 200mm

o 42.4.1.3 Check for code requirements:

= 228 _4%*

400-40*2-10%2-4*16 7 67 m >
3

40mm>1.5db=1.5%16= 24mm - OK

2.0.01< pg = 0.0128 <0.08 - OK

1. Clear Spacing =

3. Number of bars 10>4 for rectangular section = OK
4. Minimum tie diameter ds =®10 for db= @16 bars — OK
5. Arrangement of ties 100 mm<150mn — OK

e 4.2.4.2 Check Slenderness Effect:

- T e

kil
S gy MY ACT —(10.12.2)
2

Lu: Actual unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).
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Tu=2em
M1/M2 =1 (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.

klu M1 = 0 = D
ey 34 "‘1 =
% 292 < 40 R e ns eeeeee ACT (10.1 2

r
2.5
e e 9() 83 <22 < 40

. 0.3%0.400

Short column.

10
32
@10 @ 20cm
L =52cm 210 @ 20cm
L = 148cm

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

Key words:

« Flexure: pending in walls and base

o Shear: wall-to-base, wall-to-wall junctions

. Tension:horizontal tension in walls, base

. Deflection:vertical/ horizontal deflections of wall
o 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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_‘ —‘ % Momcms
A‘;:\ ------ pmed bﬂSC
RS fixed base
N :_fl E +
> ~ o g
N F, (shear)
- ey
T(a) Liquid pressure in Tank T F. ®) Vertical Forces
B o / M@
¢ .__i =R ] e T
M () , Fy
u:' u:
8
4————/ 5 < I~
B M / F. M B

A

(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 2 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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433 Control of cracking

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

reinforcement. The size of reinforcing bars should be chosen with the realization that cracking can

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 (¢ 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 Scm.
A criterion for flexural crack width is provided in ACI3 18-08 (section10.6.4). 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)
s =380 (E;B) —2.5¢

)

But not greater than 300(280/fs), where Cc: 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 Jast 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 s 3/8 x 9 in. (10 x 230 mm) for expansion

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

‘» 65

!El
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x 150 mm) waterstops should be used at wall base joints where possible to avoid folding under wet

concrete placement

(ACI 3504R-
ocated at intervals not exceeding 30 ft (9 m) , unless additional reinforcement is provided

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

should be 1

as required in ACI 350-01, Section 7.12..

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 i 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)

I B4

Figure (4.3.1): Condition 1
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Figure (4.3.2): Condition 2

M M
1

LY

== ]& /Aﬂ
. ~ ] ]

|

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 () is 1.6 ,given in equation 9-2):

U= 1.2(D +F) + 1.6(L+ H)
Required Strength = Sanitary Coefficient x U « PCA rectangular concrete Tanks- by
Javeed A. Munshi”

Ur=GCsx U
Cs= 1.3 (bending)
Ur=1.3xU=1.3x (1.2(D +F) + 1.6(L+ H))-
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43.8 Calculation of loads

4.3.8.1 Loads oD Walls:

rank is_filled with water and no backfill behind the walls

Case1:One
The hydrostatic pressure o% the walls equals to the density of water (9.81 KN/m?) multiplied by the
height of water ()

.

H

YA

—

YR
X/ \/ A A A
>§4//\\//\\/\ SN

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/m"2).

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 2 linear triangle load:

a) loads on long walls:

g 1-sin®
The active earth pressure is calculated as: k = ]T:ﬁ

Then (K) multiplied by the height and the density Gitall g = kyH forthe pissEt

The surcharge is calculated as: w = kP
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surcharge @

[~ [strong brown sendy with
|some gravel
02185 ,C0.44.Y=18.5 /]

1.5m

R
Pale yellowish Brown Soft
Rock

0=41.3,C=0.11,Y=18.5 1

en

/
/
w=kP  g=RYH NN

Figure (4.3.5):Loads on long walls

b) loads on short walls:

surcharge ®

L ]

Strong browm sandy with -1
some

=185 (=044Y=185 | 4

, L,Sm_,

T e M SO U
Pale yellowish Brovm Soft  |—
Rock

¢=41.3 C=0.11,Y=185

w=KP| o]

6m

)

| =N/« \gRNOLH) "

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/m”3) multiplied

by the height of water (H=7m).
Condition 2:

The hydrostatic pressure on the Base slabs equals © the density of Soil (YA.© KN/m"3) multiplied

by the height of soil (H=7m).
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439 Structural Analysis of the Tank walls:

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

since there are many cases and loading conditions to be considered.

43.9.1 Approximate Method for Rectangular Tanks
For a rectangular tanks with length (L) and breadth (B),

1) 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 1.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 j
| Weight of reinforced concr]at_e'“yrfflrfﬁf——fl;\'kN/m3
Weight of soil "ysu" 185 | kKN/m’
Weight of water "Yyater'' 981 | KN/m’
Diameter of stirrups 8 mm
Strength of concrete " f'." 24 | Nimm®
Strength of steel "f," 420 N/mm?>
Clear cover to concrete 50 mm
Angle of friction "¢ " [ 44.18 | Degree
Shrinkage &Temp. Steel Dia 10 mm
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Table (4.3.2): Wall’s Geometric properties.

Geometrical Properties
e ——————— ]
Thickness of bottom slab " t; 900 ( e
Thickness of wall " tyan 4 500 mm
Hight of tank " h U 7 -
Active pressure ' Ka' 0.1786
Active pressure ' Ka' For Water 1

Table (4.3.3): Live Load Surcharge.

Load
Ty | |

Table (4 3 4) Analysns Results Table (walls) Loadmg Case 1(water only).

| >é
o

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).
M ‘//( )

119 KN.m \‘""—-”1"'6*93&_1.’55
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$ ‘4 ST
oment Earth Pressure 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 (V ertical Steel) :

Mxx=350 KN.m/m
d =500 — 40 — 18 = 442mm

M 6
T 350x3y
Kn = Bz = > =19 Mpa
d ~ 1000 x (442)?

i i, 420
0.85f/ ~ 0.85 x 24

D=1 — |1 —— e salEEEn — = 0.0047
required g 1 1 = 1 420 0.00

= 20.6

m

Ty
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(ACI 350-01 section 14.3.2Minimum ratio of vertical reinforcem ent area

o = 0:003
1o gross concrete area shall be 0.003)

3 %bx d = 00047 X 100 X 44.2.=20.7 om
quir . =

Ag required ~ Pre

cm?
~0.003x100%x50=15——,  eq.14.3.2 ACI 318 — 08

Ag minimum

Select @18 mm

-~ use $18@10cm for both inside and outside layers

check maximum spacing :

280 280
— 380 (7—) _25¢, = s =380 (%ﬁ) 2.5 %50 =255 cm > 10cm - 0.K

S

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

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

concrete area shall be 0.003)

Aq minimum = 0.003 X 100 % 50 = 15 CTH:T

Select @12 mm

» use P12@15cm for both inside and outside layers

For the other walls an excel sheet is made in order ©© 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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ructure’s 0 ceded objective of containing the fluid inside. Structurally, base (mat) foundations

b g directly on goil act as flat slabs or flat plates, upside down, loaded upward by bearing
pressure sl downward by the concentrated loads of columns, water pressure, and distributed walls

reactions.

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

o The conventiondl rigid method and;

o Thefinite 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 t0o-

4.3.11.1Rigidity 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 stiffiness of the soil. This relative stiffness Kx Wil 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

( K. == ACI 362 (5.1)
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Where:

o Ip: Moment inertia of raft foundation’s materials:

For the base:
4—1.98)(21.983
Ix—___p_h_?' : IX:,——lr— = 3714‘875 m"’

12
3 41.98><21.983 Ly
Iv = % ; Iy = f—-—iz"_ = 13551074‘ m4 = Larger, SO controls'

For the walls:

55+ 7°
=7*9§%= 110m*

For the columns:

0.3%0.33
18— = 0.0122m*

Ieotumns = 12

Iwalls

Total:
Yl = 135510.74 + 110 + 0.0122 = 135620.75 m.

e Ec: modules of elasticity of concrete =4700 X Vi ..ACI318-08(8.5.1)
Ec=4700 X /24 =23.03 GPa.

o B: width of mat foundation=21.93m.

e Bs modules elasticity of (medium rock) =35 GPa from "table (6-12) pr inciple of foundation
Engineering".
So, the rigidity of raft foundation of dimensions (B =21.98m * L =41.98 m), is:

_ 23.03x135620. e i o
e — 3:x2£1;.2?32 75 _239>>0.5 ... Theraft1s Rigid, as mentioned in: (ACI 362 R

88), section 5.2-Footings supporting rigid structures.

4.3.11.2 Subgrade modulus of the base slab:
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Julus i8 calculated for 25 mm allowable settlement and safety factor of 3 as
u as
The subgrade mo0 ty

1
Kz = (55250 ¥ Yallowable

3

Kz = 120 X Qanowable

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

2
q allowable (KN/m*) = 490.5 KN /m

Kz=490.5 KN /m?* * 120 = 58860 KN /m>

4.3.11.3 Structural Analysis and Design of Tank Base:

Analysis result:

SAFE is the software used to analyze the Base @5 whole, the software uses the strip element
is the software

method in finding the internal forces for the mat.

S Sy s irections
Th ders the mat as a tow Way slab and divides it into strips 11 both dire

e software considers the mat as e for

. et screen captur
50 that we can get the internal forces in both vertical S orizoniZE U :ections for
: : : c
. o el e and soil’s pressure reactions 11 both dire
wing mat strips in )

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?).

200
150
100
50
00
50
100
150
200
259
2300
350
-40.0|
45,

L=41.98m

Figure (4.3.9): Soil’s reaction of

ground slab.

Bending moments Diagrams:

= In x-direction (longitudinal) MxX:

.

4___._-_



——'

GRADUATION PROJECT”

Mxx) =508.55 Kn.m (Mxx: is used 0 determine

The maximum value of bending moment (

ent steel):

the longitudinal reinforcem

e
'= L=41.98m \
o

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

ction (longitudinal) A\ 0. &

s JIn x-dire

Figure (4.3.12): Shear force in X direction

In y-direction (transverse) VYy:

Figure (4.3.13): Ghear force in x direction
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e

Where:
ar force i the longitudinal direction.

vxx: She
Vyy: S

hear force in the transverse direction.

Table (4.4.6): Envelope Results Table: Maximum internal forces.
My [ W
287,60 KaNm. | 48910 | 484.63KN | 487.35 KN

280.42 KN.m

4.3.11.4 Design of shear force (check for base thickness):

VA nax, = 487.35 KN/m

1) Check for one —way shear:
For 1- meter strip:

Thickness t =900 mm, d=900-50-18 =832 mum.
B x Ve =1/6% 0.75 X [ X by x d

@ x Ve = 1/6 % 0.75 x V24 X 1000 X 832 = 509.49 KN/m

% Ve = 509.49 KN/m > Vu= 487.35 KN/m .. (OESflibikiEss 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):

RS
=10 , _ 00 —50- 18 —BEE b0=4*(300+—2— _ 2864mm

o

B=30

0

|

w
o

as = 40 — interior column.




O I SO

VRN oh,d -ACL318 (1130 e, L2 -
VC——6(1+B)\/??I)O eré 6(1+ﬂ)—0333
1 ,asd 0 h _1_(‘1_5‘1_‘_ 2) =0
Ve = -1-2-(_;75_0_ L 2),/fc bod where, 17 \'p, =0.773 ... ACI-318 (11-32)
W= h 1_0333%
Ve = gw/fc bod where, 35 ontrols ... ACI-318 (11-32)

Ve =075 *% [Febod = 0.75 * 0.333 * V74 * 2864 x 832 * 1073 = 2915 KN
53 +70.53
V= 502 — @3%._——) + (0.3 +0.832) * (0.3 %0.832) = 411.62KN

VU = 4728 KN < @Vc = 791.5 KN ... (Safe against punching shear).

So, the thickness (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, 106

Kn = = —
bdz _ 1000 X (832)2 0:45HEs
g 420
= = =20.6
0.85f,  0.85 x 24
1 2. Koo

prequired =—|1-— |1-—
m
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0.6
E LG e R
Prequired = 0.6 420
AS req = Preq xbx d
AS req = 0.00) « Ax1000XAYY=901.5 mm’/m
AS min = Prmin X DX I ,(eq — 7.12.2.1 ACI 318 — 08)

AS i = 0.0018%1000%900=1620 mm%/m> Asreq — control
Select P18@15cm with As = 1696.46 mm’/m

check maximum spacing :

280 280

s =380 (—f—s—) —2.5¢. =s =380 (_2—86) — 2.5 %50 = 25.5cm > 15 cm ok

Desien of bottom reinforcement in y direction:

Myy=287.66 KN.m

d= 900 — 50 — 18 = 832mm

My 10%
i) 287.66 X 5§

Kn = = =
T B (O e
f 420
m= y — o
0.85f,  0.85 x 24 20
Prequired = — 1— (1-— 2.K,.m
m fy

|




1 1__2*0.4-617>|<2.0.6 _ i
Prequired — 20.6 1- 420 = 0.001112

ASreq=preqxb>< d

AS oq = 0.00" A 1000XAY Y= 927.43 mm®/m

e pnxbx k ,(eq — 7.12.2.1 ACI 318 — 08)
As i = 0.0018%1000x900 =1620 mm?/m > Aseq — control

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

check maximum spacing :

280 280

= — ) =25¢c; = =380(———>— 4 =25.
S 380(fs> 2.5c. =S 580 2.5 % 50 = 25.5cm > 15 cm ok

Design of top reinforcement in x- direction:

Mxx () = - 452.70 KN.m

d = 900 — 50 — 18 = 832mm

My 109
0 452.70 X 5g

Kn = =
bdZ _ 1000 x (832)2

= 0.727Mpa

f 420
m= y — =
0.85f!  0.85 X 24 20

prequired =
m

| 84

f

|




85
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1 T 2 %0.4617 = 20.6 5
Prequired — 20.6 g 420 = 0.001762

Asreq:preqxb>< d

AS req = 0-00" . Ax1000XAY Y= 1466.054 mm?/m
AS pin = Prmin X DX 1 (eq — 7.12.2.1 ACI 318 — 08)
As i = 0.0018x1000%900 —1620 mm?/m> ASq — control

Select P18@15cm with As = 1696.46 mm?*/m

check maximum spacing :

280 280

= — ) —2.5¢:. = =380(——)—. =
S 380(fs) 2.5¢c.=s 280 2.5 % 50 = 25.5cm > 15 cm ok

Design of top reinforcement in y- direction:

Myy (-) = 489.1 KN.m

d= 900 — 50 — 18 = 832mm

My 106

Kn = =
bdZ _ 1000 x (832)?

— 0.785Mpa

G 420
0.85f/ ~ 0.85 x 24

= 20.6

ik
Prequireq = = fieamlit 2. Kfn- m
Y

i
z!]
i
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1 | _2*04617 20,68
prequired ~ 20.6 ; 420 = 0001807

ASreq= prequx d

: AY Y= 2
b~ 0.00) *Ax1000X 1586.34 mm"/m

xbXx h

AS min = Pmin ,(eq — 7.12.2.1 ACI 318 — 08)

‘ e 0.0018x1000x900 =1620 mm?/m> Aseq = control

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

check maximum spacing :

280 280

20 (-—-> L b = e 380 (——) 25 %50=255cm > 15 cm ok
| f c 280

43.12 Design of tank’s two way solid slab:
L=5KN/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 Figure (4.3.14): Slab

system,

hmin is based on stiffness ratio between beam and slab -

o= [beam
Islab

1}1 86




GRADUATION PROJECT-DESIGN OF TRAINING g

*
_ 50%20%10+20° 300 5450
Y ="""70+80+30"20

IBI=IBZ=IB3=IB4=IB

Wi (o0) 30x (20 , 80*20x (15.54 —10)’

e 12 12 3

1,=482%107"m"
4.3.12.2 Slab section for “exterior beams”:

Short direction L = 5m

Is1= Is2= Is3= Is4= Is

3
5x(02)° |
sl= 12 =33.3*10-4 cm4

il = Ibeam__

48.2
EGh. 333 1.45

al =145
a2 =1.45
a3 =145
w4 =145

ofiy = X1tx2+o3+oc4

7 =1.45<2

80 the minimum slab thickness will be :

" 20%30 x (40 —15.45)"
3

Figure (4.3.14): Beam section.
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B= 4.2/4.2 =1

42

fy 12125 (0.8+ 70

Ln (0.8+ 55)_ = 1400 =0.11m<0.2m
36+5%1%(1.45-0. 2)

= 36+5B(afm—0.2)

_199 KN

43.12.3 Determination of factored
Loads:

4.3.12.4 Determination of Dead load:

BT [o03%X22

L

Nominal Total Dead Load = 9.91 kN/m2
Total live load = 5 kN/m2
Cheack of shear -

200-20-12=168mm

Figure (4.3.15): Beam section.
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Vu= 49.725-(19.89*0-568) 38.43KN

P (75r240.5 1000 168/6 102.9 KN > 38.43 KN

h=20cm

43.12.5: Resultant Moments On Slab :

The panel is free edges (Simply Supported)

Service Live Load =5 KN / m2

Service Dead Load =9.91 KN / m2

Wwd = 1.2%9.91 = 11.89 KN/ m2

WL = 1.6%5 = 8 KN/ m2

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

La/Lb=4.2/42=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 Cb pos/d1=0.027

Capos/l1 =0.018 Cb pos/11=0.027

Matve DL = 0.018*11.89%4.22 + 0,027+8+4.22 = 139 KN
Motve DL = 0.018%11.89%4.22 +0.027+8+4.22 = 15 K0

Negative moment from dead and live Joads :

Ma-ve LL = 0.045%19.89%4.22= 15.79 KN.m




y
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Mb-ve LL = 0.045*19.89*4-22= 15.79 KN.m

Bottom Reinforcement

Asmin = 0.0018 100 * 20 =36 cm2/m

Select @10/200M ++exoe - As=3.93 cm2/m

Tension = Compression
A, xfj/=0.85><fc'><b><a
a = 8.956 mm

c= §—9—5—6 =10.536mm
0.85

® * 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).

Cog:::ehz in comprassion

= ; — G
LT i
- ~

Fe A M”_m:‘m—::* o ]

. ’ ..-..'*_"'.-".f..".' o ey T
' Sec. BB
:-'1 \@E{eﬁ ]B we::hddfm |l
L : not acking gtesl Rl

Fig. (4.4.1) Parts of the simple beam that resists loads.

90

| \
I——
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Knowing that the mentioned maximum stresses act at the extreme fibers only and that all
other fibers are less stressed, one can directly observe that the simple beam is not an efficient
structural systend- It should be mentioned that in a simple beam, significant parts of the concrete
sections are 1ot 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 I -

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

Concrele in compression

P a G H R
[”1 N I\ P———s | lj

the tie

Fig. (4.4.2) The concept of R/C 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

One of the most convenient systems for resisting uniform gravity loads is the two - hinged

parabolic arch with a tie. This system is externally statically determinate and internally once

Statically indeterminate.
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4.4.1.3 Analysis of the Arched Girder System:

The equation of the axis of the arch according to Fig, (below) is given b
$ given py:

4/' x e . .

y = —LZ/ (L x) ... (Design of reinforced concrete structures, Vol.3. Mashhour
s J, as

Goneim).

Where:
L: Span of the arch.

Y: Rise of the arch.

uniform load
m!.l_,l,}.u_uHuuuuum11;H B g

—

Fig. (4.4.3) Geometry of the Arch with a tie.
Structural analysis of t he system can express the value of the horizontal thrust (H) as a ratio

(A) from the simple beam bending moment. Assuming that modular ratio between the steel used in
the tie and concrete used in the arch is 10, one can obtain:

w L?

Where ;

H= ;
the horizontal thrust
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¢ = Total thickness of the arch.

p = Width of th

[ = Cross section

e aTCh.
2] moment of inertia.

Ayje = CT0SS sectional steel area in the tie.
e

f = Therise 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 4 equals 0.95. Thus

the horizontal thrust= the force in the tie:

2
H=095"=
8f
The bending moment a t the crown:
2
M= 005"
8f

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

nt M. The tie beam, on the other hand, is subjected to an axial t
wn weight is negligible.

ension force, H. It

. bending mome
| should be noted the bending moment induced in the tie beam due to its o

der its own weight is the distance between the posts.

The span of the tie beam un

4.4.2 Layout of a Hall Covered by an Arched Girder:

ced concrete arches with ties are usually used as the

s of the arches, the

rovided in order to

In large-span big covered halls, reinfor
atively reasonable dimension

main supporting elements. In order to get rel
5.0 m to 7.0 m. Hangers are p

spacing between arches should be in the range of

Prevent sagging of the ties under its own weight-
e a reasonable

The arch rests on reinforced concrete columns- These columns should provid
these columns are connected tog

b .
Saring area to the arch. Out-of-the plane of the arch,

!
Sem
elles, the wall beams and the top beams.

cther with the

|93
?] |
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The horizontal roof consists of horizontal continuous beams Supporting the roof slabs. These
B i fran smit their Joads to the curved girder of the arch through a system of short members called
posts. These short members serve also to reduce the span of the tie and consequently reduce the
moments due to its OWI 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.

Secondary team 8 Glass
Curved Sizb Yz _l‘ Sscondary beam WANGCWS
Th=120mm Arch
Glass T O\
WIincows
~
S —

- Secondary be2T Cotumn
Horizontal slab Tie Bcam
Th=120 mm
Column B—-L wali beam
- L(20m-40™) —

Fig. (4.4.4) An arched girder supporting 2 roof with variable levels.

194

]
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; entioned i .
Peetording t0 all m previously, We can now consider the following dimensioning for our

situation:
° Spaﬂ Ufthe
r thikness: tg= span/25 = 40/25 =1.6m

arch=40m (center to center).

o Archgirde
. Tie eam thickness tue=— =7 =08m  Tie (400 mm x 800 mm).

wall beam = (250 mm X 500 mm).

(]
Slab’s thickness: ts= 150 mm (one way solid slab).

> = __span of secondary beam
o Secondary beam's thickness= o) = 5m/10=500mm

(250 mm X 500 mm).
o Postdimension (hanging-tension member) = (250 mm x 250 mm)
with post spacing=4m (usually taken as 2m to 4m).
o Spacing between arches =5m. (From 4m to 7m).
o Ultimate mid arch height (rise of the arch ) =span / (5to 8) = 40/8 =5m.

According to The equation of the axis of the given by:

4
y=—£2£(L—x)

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

ﬁaﬁsr“‘%—‘“r’]

B o °
4 1.8
8 37
712 4.2
16 4.8
20 5
24 f
28 4.2
32 3.2
36 1.8
40 0

Girder (400 mm x 1600 mm).
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40
The column 'SthiCkneSS_SZ(:)n =20 = 2m. (2000x500).
(]
The column cross section Is: (500 mm x2000 mm),

width of (Arch, Tie Beam) = 400mm.
1

o Largestroof angle

* Note that all previous P rovisions are taken from (Design of reinforced concrete structures, Vol.3,
ote

Mashhour Goneim).

=24° < 24°. Ok

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:

Figure (4.4.5):System of one way solid slab 0

One end Continuous:
hnin=1/24
=400/24=16.66 cm
Both end Continuous:
hnin =1 / 28
=400/28 =14.28 cm

ecth =18 em,

(ACI-318-08 table 9.5(2))

(ACI-318-08 table

9.5(a))

f hall’s roof.
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0 i ca]umn'S thl'ckness_sl’z‘(‘)" T g% = 2m. (2000x500).
The column €705 sectionis: (500 mm x2000 mm),

. width Of(ArC]L Tie Beam) = 400mm.

o Largestraofangle =240 < 24°. Ok

* Note that all p roviols PIGRRION 98 taken from (Design of reinforced concrete structures, Vol.3

Mashhour Goneim).

4.4.2.1 Step 1: Design of the one way solid slab:

Slab will bea one-way solid slab.

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

Thi
calculated according to provisions in ACI-318-08 as follows:
Z]
N
o
-'j:
- = _; | b
4 4——4 4 PR S A (R Bl B
0.88 088
Figure (4.4.5):System of one way solid slab of hall’s roof.
One end Continuous (AC1-318-08 table 9.5(3))
t“1'[1l‘l :. :"/'

.7
o
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Calculation of Joads:

Note that: the maximum value of the angle o is 240 5t the beginning and at the end of
t clination of the curved solid slab, then it becomes to be legs until the middle top of the slab. So,

for the simplicity o calculations, the (0. =25°... ACI 318 - 08 A.2.4) will be generalized in dead
loads and snow Joads calculation as follows:

i " \
For 1-m strip: L al
/

Dead load of slalz (self-weight \ TR )
0.18 x 25% 1X—"5= 4.93 KN/m
Ry ? L \
Live Load
[1 KN/m?] will be applied to the slab Figure (4.4.6) Inclined loads on one way solid slab

1 KN/m?*x 1 =1 KN/m

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

considered:

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

1x [10 KN/m*] x 1x 1x—=— = 10.95 KN/m

c0s25°

Wind load

according to Jordanian code the wind load will pe calculated as follows:

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

V2=V x S1 x 8, x S3 [Jordanian code 4/5/4 page 73]

S

Sl 1 [Jordanian code No. 13]
gz =0.74 [Jordanian code No. 14]
3= 1

[Jordanian code No. 15]
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VZ=35X 1 x 0.74 % 1=25.9 m/s

M
q=0.613 (VZ)2 [Jordanian code eq. 6]

2
q=0.613 (25.9)2 =411.2 N/m

So » 0.4 KN/m? will be.
0.4 KN/m* 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 W€ 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=12D+1.6L

U=12x45+1.6x1=7KN/m

Case 2:

U= 12D+ 1.6L+0.58S
U=12x493+1.6x1+0.5x 10.95= 13 KN/m
Case 3:

U=12D+1.6S+0.5L

U=12x493+1.6x 10.95+0.5 x 1 =2393 KN

%
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. 4 .

V=35 % 1 x0.74% {1 =1251980/8

Dynamic wind ressure:

q=0.613 (VZ)2 [Jordanian code eq. 6]
. 2

q=0.613 (25.9 =411.2 N/m

So » 0.4 KN/m? will be.
0.4 KN/m’ x 1= 0.4 KN/m

Wind strike the roof from the right and by analyzing the wind force on the slab a tyivial value
ars so we neglected it.

2 oo==- “e———___

Wind 1~=d on the slab = 04~ sin 24 = 0.162 KN/m

Tias IS vV :—_'_?.: '(21‘;1., ‘l‘; ’;.'ﬂl b{: n 62) ccted,

. e > = e ; ~ o iz ) 5 g LI
R = A o e e ex DA O anEn il 14 vy e
Arppeiae 30 21 COGE, 18C I0130WIRE MOS8 MBS MNI00 18 200 74

- - Tl 5 i
= N — Ca 88
[ -
L
— - o s
% 55 SPUEE -
= — -~ -~ S i % &
— - i - . .
5 g = - >
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U;1.2D+1.6S+(Lg£0.8W)

=12 %493 +1.6% 10.95 + 1 = 24.44 KN/m

Case 4: Gives the largest load and so the largest moment an sheqr forces

Moment and Shear Envelop diagrams:

FREREREERERY)
H R
Ce Ty LU O T

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.

_h e

Figure (4.4.8):Shear force at the critical section — Slab
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yu at a distance d from the face of support.

4= 180 _00-1227 154 mm

Vu at a distanceé = (125 + 154)1= 279 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.
Vc=§Jf—;bwd = %m 5 1000 X 154'x 1073 = 12804 1 _  ACI (11-3)

1m strip

KN
1m strip

@ Ve =0.75%x125.74 = 94.3

Vu max= 45.8 KN <@ VC = 94.3 KN

3No need to increase the slab thickness, its adequate enough.

>No shear reinforcement required.

Design of Bending Moment

L ———

Moment Diagram Envelope - in (KN.m) >— 50

- e s
Solid Slab.

Figure (4.4.9):Moment at the face of supports ~

1

100
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Design for positive moment:

(last span to the right ):

Design of spal

Max. Mu = 21 4 K-
=180 —20—6= 154 mm

M, /@ 214+% 10%/0.9

. — 1.002 Mpa
Kn= 3z ~ 1000 * (154)? P
m=05g5f  0.85*24
1 2.K,.m 1 2 %20.59 * 1.002
I e AR U O 8 | =l
11— 1T 20.59 j 420 08021

ASpeg = pbd = 0.00245 * 1000 * 154 = 377.13 mm’
As. = 0.0018 b h = 0.0018 1000 * 180 = 324 mm” , ACL-318-08 (7.12.2.1)
ASgeq = 377.13 mm? > Aspin = 324 mm?

Select §10/20cm , with As = (m x 12° / 4) x 100/20 = 392.7 mm>

Check Spacing:
$225mm

2 (0 =10 mm

$<3%xh 25<3%18>S<54cm

<45cm

Smax=54cm>S:25 cm>Smin=2.5cm
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Design of span last span to the right ):

Max. My = +21.4 KN.m
= 180__20,_6:: 154 mm

M,/@ 21.4%10°/0.9

2 — 1.002 Mpa
Kn= 4z ~ 1000 * (154)? P
i e TR AT
m=0g5f 0.85x24
il 2. Ko 1 2 %20.59 * 1.002
L A R o, O £l | v
o=l S 20.59 J 420 0024z

ASreq = pbd= 0.00245 * 1000 * 154 = 377.13 mm?
As. = 0.0018 b h = 0.0018 » 1000 * 180 = 324 mm? , ACL-318-08 (7.12.2.1)
ASreq = 377.13 mm? > Aspin = 324 mm?

Select 3#10/20cm . with As = (r x 127 / 4) x 100/20 =392.7 mm®

Check Spacing:
$225mm

20 =10 mm

$<3xh 25<3%18>S<54cm

<45cm

SmaX:54cm>S=25Cm>Smin=2.5Cm




Design of spal Jast span to the Fioht):
esl

Max. Mu = +21.4 KN.m
d=180_20_6= 154 mm

6
M,/ _ 214 *10 /0.2 Al
Kn= 742 ~ 1000 * (154)

7 420
0.85f; 0.85%*24

2 20,59 * 1.002
c 2lwan N D[l 02 1002 1 _ 60945
1- 20.59

=20.59

1
m fy 420

Asweq = pb d = 0.00245 * 1000 * 154 = 37713 mm’

As... = 0.0018 bh = 0.0018 = 1000 * 180 = 324 mm? ,ACI-318-08 (7.12.2.1)
min :

ASreq = 377.13 mm? > ASpin = 324 mm?

2
Select ¢10/20cm , with As = (z x 127 / 4) x 100/20 = 392.7 mm

Check Spacing:
$>25mm

20 =10 mm

$<3xh 55<3%18>S<54cm

<45cm

Sm«'=\x=54cm>S=25cm>Smin=2.5cm

101

|




GRADUATION PROJECT-DES]
GN OF TRAINING
CENTER UNITS

T:C
Asfy=0-85f;:’ab

392.7 x 420 = 0.85 * 24 * a* 1000

a= 8085 mimn

__g._O_E_B_F)_z 9,51 mm

E0.35

0.003 0.003 + &
e d

9__(10_?1 i 0.003 + €5

9.51 154

¢, = 0.046 > 0.005
0K @ =0.9

Design for negative moment:

Design of support (2) -from left- whit max. negative moment value:
Max. M, = -31.7 KN.m
d=180—20 — 6 = 154 mm

Ky Mu/@ 317 106/0.9

b - 1000RI5HE. o
o
Moor  ogswza

485
) 1 |y _2Knm 1l 1,2/*_2&5_&1/4— = 0.00367
2 I = SOEo 420
y
M . 2
req =pbd=0.00367 * 1000 * 154 = 566 MM

| 102

|
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P 1o o1 000 EERR0IS0 Ry
m

2> ASmin = 324 2
I 566 mm” > ot Sk

Wmm As=(mx1+*/4)x100/12,5= 628 3 my

check spacing:
g > 25 mm

> @ = 10 mm

§<3#*h S 5 3418195 < 5dem

< 45cm

Smax = 04 cm > § =12.5cm > Spin = 2.5 cm

Check: strain

T=C

Asf,=0.85f; ab

628.3 x 420 = 0.85 * 24 * a * 1000
a=12.93 mm

Xx=15.2 mm

0003  0.003+€g

pr—

X d
0.003  0.003 + €
B9 | 154
§=0.027 > 0.005
930=09

Deg;
Sign of Secondary Reinforcement in 2"

sverse direction:

» ACI-318-03 @12.2.1)

| 103
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Design of Se condary Reinforcement in transverse directiop.

irection

is required:

NS = 0.0018bh = 0.0018 * 1000 * 180 = 324 mp?2
min

select10/20cm, with As = (T 10? / 4) x 100/20 =399 7 mm?
4.4.2.2Step 2: Design of secondary Beams:

As a calculation sample, the ittty 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:

1 2 3 4 5 5 7 = -
1 2 3 4 5 s 5 '
E X A A T A Laiiyey A A m LSS A 50,
j 8
04 48" 04 48 04 45 04 48 G e e A A as oA as W
[; 5. £ 5. iz LIS 5. Tt 3 ;‘l 5. l|l 5. :|n a5 4,‘. e

Figure (4.4.10):Geometry of the secondary beam.

R
wi.n - 1070 ‘ 1ofr,o | 107.0 ll" 1070 1::» mk.e

ry beam.

4

nda
Figure (4.4.10):Dead & live Joads on the seco

ﬂ 104
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3 s1t08
3677 o 291.3

114 -208.42321 qz;‘:sz 8-224.6 -224. 0-23‘56 Qfaz_ 2744 296 :7 -1857
2 1208.4 -2114
4
y 21‘ 1. 111
(K i1
ol ‘?V'T !
152.3 152.3
2732
2.75 z25| 25 25|26 25|25 25|95 s 2% oo
shear
8.5
e -330.3 -354.5 =347.3 ~350.8 -343.9 =367.7
-235.1 -259.2 -252.1 -2556 /| 437 -272.4 2746
/ / -179.4 /A]
i f i i 5> + | |
1794 7/2_’2 % %48.7 7/255.6 252.1 7/259 2 /235.1
AL 367.7 343.9 350.8 3473 3545 3303 3233
; 4185

Figure (4.4.11): Shear and Moment Envelope Diagrams.

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

M, max = 273.2 KN.m
4=550 -~ 40 - 10 — 18/, = 491 mm

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

ast
ﬁM = ’ tf
n = 0-9X0.85Xfcbextfx (d = —)
2
Y

180) _g62.6 KN.m
n~09><085><24x5()0x180>< (491" ) :

h 105
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S = 66261 > 273.2KN.m
n

> a <t forall span

The beam Will act as (Rectangular Section).
e

Design as @ rectangular section b =bg

M /@ 2732 %109/0.9

ARk E S =252 na

Kn= T4z _ 500 * (491)°

AL T}
m=0g5f 0.85* 24
1 2 %206 * 2.52
_Ee 1—2'K"'m =— 1—\[1————42* = 0.0064
P=m £ 20.6 0

ASpeq = pbd = 0.0064 * 500 * 491 = 1577.4 mm?

\/F V24 = 429.54 mm?
ASpin = 0.25 *f—yc*b *+d =025+ 300 * 491 = 429
Not less than
1.4 1.4 :
Asminzﬁ*b*d = 300 * 491 = 491 mm

BSreq = 1577.4 mm? > Aspin = 491 mm?

15774

‘W@/: 7.68

Select 8916 with As = 1608.5mm?

-
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Asf:'y=085ﬁ:'ab

OIS s 4o = 085 A AT 2%

k= 6495 mim

64.95 76.41 mm

= e

= 0.85
0003 0.003+¢€s

s _——————
X d

0003 _ 0003+ <5
Al 491

. = 0.163 > 0.005
So> ¢ =09

Design of negative moment

Design of support (2) (as a sample)
M, max = -296.9 KN.m
Design as a rectangular section bg = by,

o Mu/® _ 2969+ 10°/0.9
bd2 ~ 300 * (491)?

= 4,56 Mpa

o 420
0.85f ~ 0.85 * 24

= 20.6

1
p==| 1~ 1_2.Kn.m = 0.012
Iy
Asrequbdzo :
012 % 300 + 491 = 18346m™
As . ;
Smm=0.25*@*b*d=025*_@*300*491=429-54mm2

fy 420




GRADU ATION PROJECT-

Not less than
1.4

ASmin = ﬁv

JER 1834.6 M

nz,ifﬁ"*_‘zi_—_au
X 16 /4

select 10016 with As = 2010.6mm?

T=C

Asf,=0.85f; ab

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

_ 2695137.98
0.85
0003  0.003 + €
e d
0003 0.003 + ¢
6233 = 491

&= 0.00607 > 0.005
0> ¢ =009

=162.35 mm

DESIGN OF TRAINING CENTER UNITS

1'4*b*d=4’é—6* 300 * 491 = 491 mm?

m? > ASmin = 491 mm?
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4.4.2.3 Step 3: Design of the Hanger (Tension po st):

The reaction on the tension post (T):
T= Own Weight + Tie weight.
T=y*a*b*pstheight+ y*axb*
pst spacing = 25.0 X 0.25 X 25 X 3.80 +
25.0 % 0.80 X 0.40 X 4.0

= 37.94 Kn(service)
T=1.2x37.94=45.53 Kn (Factored)

Design of tie (post):

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

Internal Force = External Force

Fyt = Arsf, (For non-prestressed ties)
Where:

B / 400 7

S L= £
T b

- =4 _\ ........ ey
5 11 025 N
/ o | \
/iu\ ooq < Post(25 % 25) \
400 —H—400——+| |
\ __ . it
\ \Tie (80 x 40)

Figure (4.4.12): Post (Hanger).

_..ACI appendix A-(Eqn.-0)

Ars:is the area of required tensile reinf orcement.

For _ e M — 108.4mm”

—

At5=73:_= fy

Select 4012 at each corner with As = 452.4mm’

420

I‘[ 109
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ey . 132 = 151° Kn/m?2.
17, ek

wxL
— = 3324 Kn.
Arch reaction=0-5p it o

Wu=1515Kn/m2

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

The total bending on the arch equals the simple beam bending moment= Moilie =5

&%ﬁi‘ﬁ — 30300 Kn.m

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:

095X My _095X30800_ 7,

b
Arch
jon, C=757
Compression ?’ ! Post
g
w
M=30300Kn.m & Tie
Tension, T=579 7‘{/
components.

. ide the system
Figure (4.4.15): Internal Force inside the sy

| 111
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50, of simple pending moment is resisted by the ok
2. 2L :

My = 0.05 X Mgimpie = 0.05 X 30300 — 1515 Kn
.m.

4.4.2.5 Step 5: Design of the tie (800mm x 400mm):
The tie resists only tension forces (Pu=T=5757 Kn)

The nominal strength of a tie,Fy,; shall be taken as;
Internal Force = External Force

Fy = Atsfy (For non-prestressed ties) ...ACI appendix A-(Eqn.-6)

Where:
Ays:is the area of Tequired tensile reinforcement,
_ Fpe 5757 %1000
57 f A
select 18032 with As = ££Y1.£1 mm?

= 13707mm?

Use 08 ties @250 mm

44.2.6 Step 6: Design of the main girder (1600mm * 400mm):
M=C=5757 kn

Mu=1515 Kn.m

ing mom the design
end oment, SO

The section is subjected to compression forees and bending | b
this compression memoer:

i . ) , t for
lieraction diagram is used to determine the remfofcemen

: trusses or frames.
1S 1n concrete truss
and membe
walls,

is a sp
James G. MeGregor-Page 29

v
The
ore general terms compression members

tndin g :
8 are sometimes used to refer to columns; ecial case of a compression member

tse ; . i
"8y be vertical, inclined, or horizontal. 4

A S v i Design-
S Vertica]» (Reinforced Concrete Mechanics and

gft 112

| -
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=—=—70 = 44,1 > 22 — Long Column

System about y-axis

KL 1% 397

—<22

: == 180 = 7.35 > 22 — Short Column

i SR
T TR

zss
£=222 = 0.164m

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)

Pl be considered as axially loaded column Joaded with:  Pu = 5757 Kn.
Design rules from ACI for tied rectangular reinforced sections:

A
Sume p; = 0.08 > 0.015 > 0.01 J

L g :
. Se s i
lection of member’s dimensions:

N sx fyl®= 0.65 (for tied column).

2 A
max = Pu = ¢ x 0.8 x [0.85 X fc'(Ag — A9 T

20
157 103 0'015‘49) +0.01549 X 420]

=0.65 x 0.8 x [0.85 x 24(Ag —~




—
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ﬂi‘f_oi _ 419457.22mm?

=" 13.72

Ag:419457.22mm2 =t, xb=1600x b
breq=262.2mm

tryb = 300 mm

Ag = 1600 % 300 = 480000 mm?

7. Selection of reinforcement area:

757 x 10° = 0.65 x 0.8 % [0.85 X 24((1600 X 300) - As) + As x 420]

5757 x 103 1
_[3757 XYY 4279153.85| —— = 3201.1 mm?
A5 = |65 % 0.8 399.6 i

Select 28016 with As = 5629.73 mm?

| A _ 562073

b= 3 = g = 0012> 001 Ok

Selection of Ties:

Select ®Stirrups =10 mm.

Spacing not to exceed:

§<
S16X @erticalbars = 16 X 20 = 320 mm

§<
S48 x Q)stirrups =48 X 10 = 480 mm

< Mini <
Mnimum dimenstion of colummn = 300 MM

S
300mm - controls.
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10%2—20%2

Spacin of bars (lon direction

1600-40X2—10X2-20X8 _
Clear Space= = = 191.42mm > 150mm. o

0

4.4.2.7 Step 7: Design of columns:

2) Vertical loads on the columns are the summation of the following;

. Self-weight= 1.2 X V¢ X hxbxa=12X25%X2%x03x7=126Kn

7 Reaction from the wall beam =1.2 X Ypiock X W24DEQH= 1.2 X 15 X2 X .2 X5 = 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:-

V2=V x §; x S, xS; [Jordanian code 4/5/4 page 73]
S1=1 [Jordanian code No. 13]

$=0.74 [Jordanian code No. 14]

$i =
5 1 [Jordanian code No. 15]

Vi=35x 1 x 074 x 1 = 25.9 m/s

D . .
Ymamic wing pressure:-
§=q,
i 613 (V2)? [Jordanian eq. 6]
q\(()).m (25.9) 2= 411.2 N/m>
KN/ will be applied.
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N, KN/m2 « 6= 2.4 KN/m at the column.

DESIGN OF TRA]
NINg CENTE
R UNITS

Wind strike the building (total height = 11m), from the yeg which is resisted by th
2 s resisted by the strong

. (ldng side) of column, and by analyzing the wipq force on the column, a trivial val
5 value

appears SO WE neglected it.

Design:

System about x-axis (braced):

x 400
ﬁ E 0= _1_——-—36 = 44.44 > 22 — Long Column

System about y-axis (unbraced):

KL 1 x 600
= == =7 t
: <22 03 % 200 10 2 — 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 = 0.075m =72

Y_2000-40x2—-10%x2—25 _ s

h 2000 ol

@Xp

2%Pn _py  3486/1000 .
e :0.84‘2k51

4, A, 03 x2) 5.81 Mpa

Dx M
e M 748.63/1000 5 '

LTarTe /1000 _; s4mpddle il

A, XH T (OBEZPE0R)

Simu
late these values on the interaction diagram:

oo QI

8-08 10.12.3.2

] 116
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e e e LIS

_0.0138

Ve
For E’ 0.75 = Pg

090~

Foh

By interpolation Ag at 0

ASreq = P

0= 0.012

Y = 0.88 = py =0.0122

y % By = 0.0122 x 500 X 800 = 4880 mm?

Select 6022 for both top & bottom = (24 022)and 4012 for both faces .

4.4.2.8 Step 8: Design of isolated footing (F1):

Design of Isolated footing (Under ColumnCl):

; W
i
24 Mpa 420Mpa
Load Calculation:-
- Surcharge load
Column dimensions all. soil Spilldegsty
pressure 5 KN/ M
T 2915 KN 18.5 KN/m3

YAl

“From column (C1): (DL &LL)

factored 10ad pu = 3324 Kn

" Colump dimensions =40 cm*200 cm

1 1.0Wable s0il pressure = 491.5 KN/ m*
Ol density = 18,5 KN/m3

; 27
alculatmg the weight of footing, soil, and qurchar®

f117
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Lo
J e footing —
eight of footing (57 SR

= N/m?
Wiooting = 025*60 =15 K

* Soil weight = 0.6¥18.5=11.1 KN/ m?

roe load foundation:

Biotal Surcharge J0aCIoEEmEsms
WT = Soil weight + Vpoins + Surcharge load =11.1+15+ 5 = 31 { KN/m?
e m

_Net soil pressure Dret -

Goet = 4915 = 311 = 4604 KN/m2

_Required sizes of footing:

P 3324
Arequired = vt = 1.4%460 = 5.16m2
=2.3m b=3.6
h footing Wfo oting W, i WT (o[ A,required
60cm 15 KN/m? 11.1 KN 311K 460.4KN/m? 8.28m?

Bearing pressure = 3324/8.28 = 401.45 KN/m2
4=600 - 75 - 20= 505 mm
fu=401.45%0.445%3.6 = 643.12KN

075
¢Vc~T\/ﬂ*23oo*505 =711.2KN
esmy

d (mm) h (mm)

505 60

-
[N
(e}
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h
footing —
Weight of footing (assume fg = 6() crm)

wﬁzaling = 025*60 = 15 KN/m2

¢ soil weight = 0.6¥18:5= 1.1 KN/’

Wd foundation:

WT = Soil weight + ¢ +Surcharge load =11.1+15+5 = 31.1 KN/m?

- Net soil pressure Dner

Bt = 491.5 —31.1 = 460.4 KN/m?
- Required sizes of footing:
Py 3324
A,required = Grer = 1.4%460 = 5.16m?
a=2.3m b=3.6

WT A, required
hfoating Wfooting Weoil D et
60cm 15 KN/m? 11.1 KN 31.1K 460.4KN/m? 8.28m?
Bearing pressure = 3324/8.28 = 401.45 KN/m2
d=600 — 75 — 20= 505 mm
Vu=401.45%0.445*%3.6 = 643.12KN
¢VC=O%M*2300*505 _ 711.2KN
e > vy
\—WT”//"/‘””“’//
(0]
60
0. 505

] 118
‘fll
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Check for Two Way shear Action (Punching).

- The punching shear strength 18 the smallest value of the following equations:

1 2 7
PV, = ¢.g(1 o ﬂcj f. bd
BRI o, 7
a5 [bo el ZJ 7o byd
q. = ¢.%\/fclbad
Where:

5 Column Length (a) 200
¢~ Column Width (b) 40

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

b, =2(0.4+0.505)+2(2+0.505)= 6.86 m.

s =405 for interior column

A4 =¢-l(1+;‘J fc'b,,af=0‘675 *(1+§)* 24 *6.86 *0.505 *10° = 2970kN

c

A% =¢.i a5d+2 f'bd =O'75*(40*O'505+2 * [24%6.86%0.505%10° = 5244.8kN
& 1olh R 6.86

(4

oV, = ¢-l\/fc'bod _ 0754 [24%6.86%0.505%10° = 2121kN
3

R . o @ ok control
Be By (m) @, Ve
5 6.86 40 2121

Vu=3324—(2.505%0.905%401.45) = 2414V
Vu=2414KN < Ve =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 loaded are,

B, —(0.4+0.605)+2(2+0.605)= 722 m.

® d (mm) Try h(mm)

0.75 605 700

/5 6

d

1 9 7 0.75 2
oV =¢'g[1 .t J\/fc bd=—— *[1 + g)* 24 *7.22%0.605%10° = 3745kN

..control

Jfbd—

24 %7 2% 3
1 6.36 ) 7.22*0.605%10° = 7393kN

*
gl ( 0.75, (40 0605 ),

1
oV =h— \/de_% 24%7.22%0.605*10° =5350kN

Pe b, (m) %, 2€ (KN)

5 7.22 40 3745

Vu=23324—(2.605%1.005*401.45) = 2273kN
Vu=2273KN < ®Vec =3745...... OK

Desien for Bending Moment of long & short directions.

h (mm) d (mm) b(m)
3.6

700 605

d=700-75-20 = 605 mm
Mu =401.45%0.95%0.95%3.6/2=652.16 KN.m

__5
mi— 0.85* fe i N0IRb24=0.59

Mulg  GoRARINEIT
Ru< prg? . 3600%(609)° =0.55Mpa

120
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1 1_2'"&
p=m(1- Vi )

B | 2(20.59)(0.55)
_ 20.59 (1 o
p=20-27(1 - 0 )y=10.0013

Asreq= 0.0013* (3600) (605) = 1809 mnr

Asmin =0.0018*b*h == 0.0018 (3600) (700) = 4536mm’
Asreq= 1809 mm’ < Asmin = 4536mm’

As= 4536 mm’

Take 23® 16 , As,provided = 4624 cm? > As,required = 34.85cm?

2300-75*%2—-23%*16
S= 7 = 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 \fo O 0.55 0.0013 1809 4536

4624

- Check strain

Tension = Compression

A xfy=0.85x f,'xbx a

4624x 420 = 0.85x 24x3600x a
a=26.4mm

26.
C=\4=31mm

0.85




GRADUATION PROJECT-DESIGN OF TRAINING CENTER UNITS

205310003 = 0.046 > 0.005...0k

S

As( mm’® ) a(mm) ¢ (mm)

4624

264 it 0.046

Design Of Tension Development length of :

Clear lateral spacing = (2300-75%*2-23*16)/22 = 81 mmm >2*db=2*16=32mm
@over=75> 16

Category A
db=16mm <20mm
12~y Svasie 12 420, TE1H
—x = X MaAb = —— x ——— =g = 42
i : 25 % v 25><\/ﬁxo-!1 x16 = 658.42mm

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

| 122
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