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Renlacing the values in the formula we get:

U= 57617 5
5.4x0.875x9

u s 100 1bs v.s.l
the allowa®Xe bond 1g 100 lbs, so s safe.

Middle third.

Por the middle third we have:

wew 62.4 x 6.25

w = 390 1lbes per sq. ft.
Then the maximun moment for this section is:

= wXx 12
u 0

. - -
39013 T-S x 12

=
1

M = 105,400 in lbs.

Then the quantity of eteel for thie section is:

Ag = M
fq x J x d

Ao = 105, 400
8 =30, 000x.875x0

Ag = O0.T745 8q. in.

Ve seleect for this aection of the wall: round steel % in svaced

8 in between centers.

Unver third.

For the uomer third we have;

wo €2,k x 2

124.8 1bs.

4
1]
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3. Design of the base slab.

We are going to design the base of the tank like sn slab suopor-

ted in two sides and the orincinal reinforcement is going to be
in the short directlon.

Then the dimensions of the base slab is €0 x 14 fts. and 1s going
to sunnort a nressure of the =cewage at a8 heigth of 8.75 ft, then

we have for the unitary oreseion in the base:
we 6205 X 8.75

For the moment we are going to use 1/12 beecause we considered the
slab like fixed in both extremes, then:

Mz=1/12 x w % 1°

Then we have:

1]

M= 1/12 x 546 x T&S x 12

¥ =4 107,000 in. lbs.
To get the minimun thickness of the slab we know:

MZkxbx a?
or bxa? = M

k

from table NO® 6 from the book " Design of Concrete Structure" of
O0'Rourke we get for fgq = 20,000 and feo = 900 a value for k = 157,

So we obtain:

pd2 = _107,000
157

pa2 = 680 ind

1f we take a value for b of 12 in we have:

a2 '_é%%_ = 56,5 8q. in.

a= 7.5 in.
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Then the minimun thiekness for the slab is 7.5 in, if we nut 1.5
in. to each side for covering the steel we get 10.5 in, of thilck-
ness, but we are going to use 12 1in.for the total thickness of
the base, s0 considering the 1§ in at each side we have 12 -~ 3

ecqual t2 9 in. for the net thickneesa.

The eteel required for the base slab ie then:

A = 107,000
8  20,000x.875x9

Ag ®= 0.67 8aq in.
Ye melect for the reinforcement in the base slab, round steel of
5/8 in of diameter and spaced 5.5 in between centers. This seel
12 in the short direction and the temnerature asteel 1s goilng to
be in the other ddrection.

We check now the shear for our aection :

v = v
bx Jxad
v = S546x7
Xe X

v = 61 1bs p.s.i.
if the sllowable shear is 240 1lbs p.s.i. we are safe.

Now we check the bond for the steel:
uw 546 x 7

3.3 x .875 x 9

u = 113 1lbs. psel.
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DESIGN OF THE AEREATION TANK

Dimensions and orescriptions.

This tank 1s gning to be deslgned for the next dlmensions:
Interior length: 83 ft

Interior width: 28 ft ( two divisions)

Total heigth: 14.5 ft

Sewage level: 13 ft

Meximun thickness of walls: 16 1in.

Three bezms which are going to support each one a motar of 1200
1lbs. olus 500 lbs, and a load of 100 lbs ver linear foot for the
veovle which 1« golng to walk by the bveams.

Allowable stress of concrete: 900 1lbs nsi.

Allowable streas of the steel: 20,000 1lbs psi.

Value of "n" : 15

Then an sketch of the tank whit 1t dimensions and the tentagﬂlve

thicknees of the walls and beams is the following:

C
) A A
®
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| ; | © _y _
i ) { 0 g ,)
B i | [ ] A
| { |
‘ - | r i
: P o
! i :
’ ‘] |
; , -y
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\ > -
- 84 > <« e
(K1Y
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1. Design of the walls.,

In this case all the walls of the ascrction tank cre of long spans
end nust be desingned then like & cecntilevers walls, for thls re-
ason we are going to conalder the four walls of our tank like a
centilevers and design 1t in that warv.

If we assume &athicknese of 1 ft 3 in for the walls, we have:

A -0

The maximun pressgee of the water 1s in the bottom of the wall
and 1a equal then to:

wxh

P
€2.4 x 13

"

)
p= 81l1.2 lbs

Now we know the resultant of the oresstrs of the water 1s golng

to be avplied at the 1/3 of the wall, and its value is then:
Pz4% xwxh

$ x 811.2 x 13

P = 5,272.8 1lbs.

P

The maximun moment of this force 1s at the bottom of the wall and

1s equal to:

Pxh/3 x 12

§272.8 x 13/3 x 12
274,185 in lbse
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The minimun thickness for the wall 1s then:

ve hsove!

274,185 in lbs.
12 in

xN T R
n

157 ( From O'Rourke )

1]

Then we hsve:
157xf§

a 12. 06 in

Practically we can coneidered 12 in for the minimun thicknees, and
iIf we acmume 1.5 in for covering at each =lde we have a net tRicness
of 12 nlus 2 x 1.5 equal to 15 in. for the thieckness.

Now we muet check thia value for the shesr:

V= 5,272 lbs

then:

v = v
b* jx 4

v<s £272
12x7/8x12

v = 42'5 lbs ?Bio‘
The allowadble shear 1s:
]
0.12 x f,4

v e
v = 0.12 x 900
v & 240 1vs vsil.

Then our section is safe.
Thie shear 1s in the bottoa of the wall but all the other sections

sre also srfe because the value of "3" varies with the value of "h"
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and in this way the value for the shear 1s each time smallest

when the value for "a@" 1s emallest.

Quantity of steel.

For the steel we have:

A3=‘- M
fex)xad

in which:

M: 274,185 in lbs.

fa: 20,000 lbe psl.

1:7/8

da: 12 in.
then:

Ag = 274,18
® 20,000x:87%}I? x 12

As See 1.1A Bq 1no
We select round steel of 7/8 in and 6 in of snace between centers

with a total area nf 1.20 sq in and a nerimeter of 5.5 in.
Ve have to check the dbond for this steels

\4

u =
Eox ) xd

u = 273
5. Xe x

u 91.5 1lbs vsi.
The allowable bond 1is:
u = 0.05 fg
22 0,05 x 2,000 = 100 lbs psi.

then in our csee 1s gafe.
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Cut-0ff Bsrs.

We are gning to have at the middle of the wall a moment which is
going to be half of the maximun moment at the bottom, so them
ateel reauired in thest sectlion 1e onlv the half of the steel used
in the lower third of the wall, for this peason at a helgth of

% of 13 or 6.5 ft. we cut every other bar.

Anchorage.

The «teel wil be bent down in the tce of the footing at a distan-
ce beyond the ton of the footing or base slab suficient to dvelop

thelr strength 1n bond or:

distance = 20,000
g% 100 — X 7/8

distance = 30 in.

Tempersture Steel.

The outelde of the wall 1s exvosed to the full temoerature varia-
tion while the inside somewhat insulated, but we arc going to onla-
ce the same quantity of steel in both sides, so we have:

Ag = pDXbxad

Ag = 0.00125 x 12. x 12

hg = 0.18 8q 1in.
"e nlace round séeel of % in, and svaced 12 in between centers gl-

ven & total area of 0.20 sq 1in.

Conelderations.

We had designed the walls considering only the intericr side of 1t

sunoorting the oressure of the sewage, but also the exterior side is
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going to supvort the ovresairsm of the soil and for the ground water,
80 providing we are going to have the tank sometimes eampty, and in
that case we are going to have areversel of efforts with the exte-
rior side suvvorting all the presdrm, s0 we are going to nut the
same reinforcement in both sides of thec wall.

Also the length of our four walls 1s very close, so we adoot the
same dimenslions and relnforcements for all of them are going the
same orovidong the efforts which are going to supoort sre very

close and 1s unnecesary to reveat the ssme calculus.
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2. Design of the Beams.

These beams are going to sunnort the motors emvloyed iIn the aera-
tion of the sewsge, thls motors hes a weigth of 15200 1lbs each
one, aleo the beems are going to be used to walk so we are ging
to assume 100 lbs ver linear foot for the welgth of the peonle,
the weight in the center of the beam 1s 1,200 1lbs nlus 500 more
conasidering accesories and imoact of the motor. Then for omr
design we have a uniform load of 100 1lbs per linear foot, and a
concentrated load of 1,700 lbs at the center of the beam.

e adopt for & orellminary calculus the following dimensione, for
our design we are going to consider each beam comnosed by two Tee

beams, 80 our tentative =section and dimensilons is the following:

1700 lbs . ‘ 4
L : L . - 3‘2. -~
. ‘ 100 yie pldt, e { .
) e e e e e = - . _ ‘ﬂ
/.— \r ' /ﬁ - : . . . v
! | - |
_ | i L
e 1) - , ‘
*J — -
N ) “
< aw . -

Then the welgth of each Tee beam 1is:

w = 18x41{EIOx12 x 150

w = 199.50 1lbs ner linear foott
thie 1e considering each linear foot of the beam, and 150 1lba oer

each cubic foot of reinforced concrete.
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We have a uniform load of 100 1lbs ver linear foot, eo the totsl
uniform loed is :

W = 200 £ 100

W = 300 1lbs p.l.f.
The shear caused bv thie uniform load i< then:

V= 300 x % x 29.33

V = 4,400 1bs.
For the moment cause by thie uniform load we are going to comslder
the beama like nartlially continuos beams and for this reason we

gasume a moment of 1/10 wl2, e5 we hove:

M= 1/10 x w x 1°
= 1/10x300x29.35°
M = 309,600 in. lbs.

®oncentrated load.

We %Znow* the concentrated losd 1s:

P = 1200 £ 500

P 1700 1lbs.

of this concentrated load, half of thilc 1s for each of the tee bezms
=0 the coneentrated load 1is:

P = #x1700 = 850 lbs.
The shear due to the concentrated load 1s:

V=4 x 850

V = 425 1bs
For the maximun moment dque to the enncentrated load, if we con sl-
dered the beam like a nartislly continuns, we have to make a re-

duetion in the moment which is 2 Pl, snd thie reduction mus be
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in the same nronnrtion like the uniform loed, so our moment 1is go-
ing to be:
8/10 x 2 xPx 1

=
u

8/10x2x850%29.33x12

B K
nooun

59,832 in-1lbs.

Total moment and total shear.

Meking the sume of the valuea we got before we have:
Total <hear: V = 4,400 #£ 425 = 4325 1lbs
Total moment: M = 309,600 £ £9,832 = 369,432 in-1bs.

With this totsl moment we can check our first tentative section.
Acsuming that web reinforcement ia tc be nrovided, the allowable
unit shearing =treeq is

v = 0.06/x fg

ve 0.006 x 2,500 = 120 lbs v.s.1.

So we have!

btd = v
3 x 120

| ] = 4 824
pta 0.87cx

b'd = 46 sq in.
But we have a tentative section 68 16 x 10 or 160 sq in, thie rec-
tion 1s to big for the value we obtailned hefore, =20 we muat redu-
ce our section and check again.
For this pur nosse we are going to adont another dimension=s and

oroceed to the calculus.
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New Section For The Tee Beame.-

WYe adoot the following dimenainns fcr our new tentative sectiOn

for the ;ee beamns
- ‘.‘ =

‘ﬂ

- ———n

1o

v ] !
- t -
Then the welgth of the beam 1s in this c&ase:

w = 18x4 1}:1 8x10 x 150

w = 168 1bs per linear ft.
then the total uniform 1load 1s:

W=158 £ 100 = 258 lbs p.l.ft.

The shear for this load is then:

258x%x2933
v = 3,780 lbs.

v

The mexlmun moment for the uniform load 1s eosrsidering like before

the besms vartially continuos:

M=1/10 x W x 1°
M =0.1 x 268 x 29.352 x 12
M = 266,000 in-lbs
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Concentrated Load.

The concentruted 1o9ad ie the mame like in thc other case or:
P = 850 1lbs
Then the shear for the concentrated load is:

Vv =% x 850 - 425 1lbs

The maximun moment for the concentrated load is then:

M = 8/10x}xPxl
M = 8/10x174x%850x29.33x%12
M = 59,772 in-1lbs

Then the total moment and the total shear are;

3780 £ 425
4,205 1bs

Total Shears V

v

266,000 £ 59,772
325’772 1n"1b80

Total moments M

M

So we can check our new rection with the values we got, assumling
like in our first section that wedb reinforcement is to be provided
the allowsble unit shearing «trees 3es 120 lbs v.s.1., and the minl-
mun esection is then:

'3 = A
LS 10

»'a 4 205
a0.875xI§5
b®d = 40 =q 1in.

Our new tentative section 18 8 x 14 Iin. or 112 =q. in, and like in
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the first cesse we have a blgpgest eection than thst required, but we
are gning to ad»t this second =ection for our definite section , be-

cguse 1= 1mnoaible to reduce more our section.

Steel for the Tee Beam.

To get the steel for the heams we must compute firet in which oortion
of the beam ie the neutral axis.

Firet we muet pet the value of "kx", we know:

X =

n
n £ fg

fe

in vhich!
na l5

fg= 20,000 1bs vsi.
fe= 900 1be pel.

8o we have:

k= 15 7 ;g 000
“S6c
k= 0.55

The value of "ka" isthen:

kd = 0.55(14 - 1.5)

kd = 6.875 1in.
.We dut 14 - 1.5 for the valuve of "d" considering 1.5 in for covering
the steel, and alaso we are considering one row of bars.
The value obtained for "kd" of 6.875 in indicates that the neutral
exia 1=s on the stem of tﬁe besm and then the Tee-beams formulas e¢an
be annly to obtain the ateel necesary for our case.
To obtailn the quantity of steel reaquired we muat get first the va-

lvee of "3" and "3" :
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The value of "z" 1s¢ :

z =_3kd - 2t , ¢
2%d - t

3 = 3X6-87 - 2x4 )X 4
5 2x6.875 - 1x& )x 3

S = 1072

wie

To obtain the value of "3)" we know:

jdz4d -z
thens
’ J x 1205 - 12-50 - 1072
12.50
J = 0.862

Then with thile value for "3j" and the maximun moment we got before.
we can get the vslue of the quantity of steel required:
Ag = M
fax jx 4

And renlscing with the values we have:

= 362,772
As §62666§f88§§1§75
Ag = 1.63 8q in.

"e select round steel , 4 bars, of § in of dlameter given a total
area of 1.7€ sq in. and a nerimeter of 9.424 1in.

Now we must check if all this steel can be nut in one row like we
assumé uvefore, ir the mseparatiion of the cvars veuween centers 1s 2.5
times the diemeter of the bars , and i1f we coneidered for tthe ex-
ter’' or covering of the steel 1 in at each side we heve:

3 x2x2.5 £ 2x1 = 7.6 in
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Then we obtain a value of 7.7 in, and we hsve a width of 8 in
aon in this case 1s right and:we can out all of our bars ik on-
ly one row.

Te check for the bond:

w=__ V.
Eox Jxad

4,205

¥ *oTnmns.BeoRIs. 6
u = 43 1lbs p.e.i.
The allowable bond isi
1 2 0.05 x 2,000 = 100 1lbs psal.

then we are safe.

T1dth of flange of the tee beam.

To check the width of flange of the besm we use the nexte formula:

-t
Mg = fe x (1 | )Jx xbx 3 xa?
—z ¢
in which:
Me ¢ 352,772 in-1bs

fe ¢ 900 1lbs nsi.
4 in

Q
o o0

12.5 in
J s 8.62
b : width of flange.

Then revlacing this values in the formula we obteain:

b = 352,772
23,89
b= 10.5 in.
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80 the munimun width of flange we can use is 10.5 in but we ha-

ve assumed a velue of 18 in, son our case la agfe.

Bent of barsa.

The number of the bars in the beama 1s four, and we can bent
two of them. To know the distance at which we must do 1t, we
drew the narahola of moments of the beam, and then divided the
vertical mgximun distence( corresnonding to the maximun moment),
in four narts and we assume each of this nparts are absorbed

for each of the hars. In this way we know we can bent two of
the bars at 4.25 ft of the extreme, the others two bars are

arnlongued until the end of the beams.

Miﬂ‘/l N }’f'“ T h " Y
Peg? o T v = t
v v (g
e
= 4% .
- 204" -
gtirruns.

Mak%ing the inveatigacion for astirruns we notlced that the shear
1s very small for the section of the beams and ao theoretlically
we do no need to nut stirruns. PRut conelidering we need some su-
nnort for the horizontal bare and for nrevention of any extra
gstreas we are going to nlace verticsal stirrune of % in and spa-

ced one ft. all along the beams.
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Anchorege and extenceiona of bers.

For end anchorage we are golng to use a hook in the end of the
bars , then the bars are bent in a full semicircle with a radius
of four diameters, then 4 x 2=3 in, and a free end of elght
dlameters or 8 x 2 = 6 in.

The exten=ion of the bare in the beams in the middle sunport is
nreecribed by a minimun »f 12 diameters or 12 x 2 = 9 in, but

we are gning to give an extension of 18 1in.
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