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ANALYSIS AND DESIGN OF THE STIFFENING

SYSTEMS FOR A RECTANGULAR STEEL BIN

i
André Kolynos

C s ’ ABSTRACT

- a

lThé present report deals with the analysis and des‘ign

of a réptangﬁlar steel bin structure, under the influence of/

its internal forces. The analysis is based on the mo§;//

recently available practice procedures, regarding eccen
pyramidal hopper outlets.

N

o

Two types of stiffening systems

eéxamined in the

Qesign of the bin walls. The ventional oné, considering

the elastic behaviour of Iﬁates' and stiffening members, and

the ‘one" based on the application of the orthogropic plate

&

o s N i - . “
\t\l'\ieoryg?for,triangular load distribution. The results Of the

-

tropic %I‘é”t‘ewﬁncept, because ‘it leads to a better and greatj‘
er utilization of the provided material.

tv&o stiffening options favor the application of the ortho--
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’ NOTATIONS

. N N 1

area bf cross-section; horizontal panel

dimension
- o '
vertical panel dimension

—

compression force

overpressure factor

.
v L]

flexural rigidities of a plate in the
x- and y-directions, respectively
distribution coefficient

modulus of elasticity
allowable axial stress
allowable bending’stress
yield stress

hopér own weight o
heirght of the bin walls

section moment of inertia

horizontal-to~vertical pressure ratio
constant

$effe'ctive len th)

moment ,i/'b/"

pressure

hydraulic radius'))

section modulus; spacing dimension
v ,

tensile fo¥ce

total vertical load .

shear force




W QT

W

- section radlgs oﬁ gyration

axis designation o
o
»

4

- the smaller of the bin wall horizontal '

dimensions

'the larger of tbe'biﬂ wall horizontal ¢

-

démens ion s

effective width of the plate on one side
of the stiffener

subscrlpt for compre551on, subscript for corner
" location - +
total helght of, cross—sectlon !

eccentrigcities regardlng sides a and b,
respectively

L?z'*h

t a

C ]
height of the web; £ﬁbscxipt for horizontal
direction

v

designation of beam suppOrts . 4

constant related to the dlmen51ons of a» :
panel or frame £ ; A

length of span

upper summation limit T
unlformly dlstrlbuted load |
11near1y dlstrlbuted frlctlon load

I~

spacing of stiffeners

‘thickness of plating; subscript.for tension

line .load; thickness of' the web

subscript for vertical direction

4 - - &

dimensions regarding X,Y-axis,  respectively
03

subscript for. friction load; calcu%gted stress~
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ut > coefficient of friction
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. 4
system, the effective width is based on existing valid theories

RN CHAPTER I * ~
- ' ™ INTRODUCTION , '

Rectangular)steel bins with eccentric outlets are in

the category of tubular structures which are subjécted to

intérnal loads of severe adversity. Research still continues
for the exaét analysis of such loads:. In the present report,
however, based on the guite accurate And‘populérfjahssenPs_ Sy
method, as well as widely applied pfgétice procedures regard-
ingﬁthe'amplification of loads, due to the eccentricity of

the outlet; the computed loads inherit all'the ﬁecéssary ‘ .‘

LS

safety provisions. . ;
. |

The detailed analysis and design of the conventional
stiffening system is based on a value of an’effective width,

considering 40 times the thickness of the participating plate.

Oon the other hand, in thé'orthotropically stiffened

which may be safely applied conéidering the modern welding
\
techniques, which provide adequate continuity of stiffeners -
g
plate cross-sections. Such an option, applied with the basic

concept of the Pelikan-Esslinger method’, for the-analysis of

orthotropic decks, results, in a substantial savings in material. f
. L’ ¢
The foregoing analysis of the stiffening systems,con§iders//

i . N ——
the elastic behaviour, as well as small ?Ejlagfions of plates. ;
/

&

~
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Finally, the drawings of the steel bin give the

of the design.
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CHAPTER II

DESIGN CONCEPT AND STRUCTURAL
" 'SPECIFICATIONS

-

2.1 TYPE OF STRUCTURE

The structure to be designed is-a rectangular steel

)

bin, as shown in Figure 2.1.

.—TL—

P —

'
5

' N 8
- N
. A t
. =60’ % -1
. rl
' ] ' éﬁ??b b=25
. l
Ol 0,
I ’ ] Al
' HF12
o | o = 56.69° N = 6538° O} ﬂ 15’ ™
Oy * 36.06 1 Ve Bai=5163 4 B ©> a= ,
¢ b1: 67/ d‘.—_#
L Ground-gl .
X <N N ~ 7 7R/
level ”§/§ A N\Cross—Section‘A—A
Elevation Side View .

FIG. 2.1 The steel bin and its

A

dimensions
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The stored material is sand, having a specifi§ weight:

considered constant over Ehe full height of

]
"

y = 100 1bs/ft3;

|
the bin [31].

The coefficient of friction between the stored material

and the walls of the steel bin is: p' = 0.5 [3],

The angle of internal friction in the sand is:

(o] . B
T~

"¢ = 35 [37].
. . )

@ ~
2.2 HOPPER GEOMETRY

4

1
]
'
L
1
'
1
i
1
}

4

[

'

}
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4

Ky C
. e} . -

gl \
n

FIG. 2.2 Hopper isometric view o
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For the hopper as shown in Figure 2.24 the following

expressions are valid: | , .

A'B" — p'c! . mi g 1~ =
B - e " A'B D'C! : a;

(i) For any plane L Y axis:

' . n

A'D' _ B'C' InNt = RICY = '
30 - “BC ‘ .. A ‘D B'C ,bl

c e

Similarl&:

(ii) The height Y- may be obtained from one of the following

expressions:
v ¢

v

R A (b/2—ea)tanoz1 = (b/2+ea.)tana2 = (a/?.—eb)tanBl =

t - /

" (a/2 e )tanB, \ \\ )

.

Rearranging and ststituting the values of a,b,ea and.

'eb, ?he”following expressions may be obtained:

ﬁanal Y/8.5; tana, = Y/16.5; tanB, = Y/5.5 and

¥/9.5. \t / ' ,o ) '\f‘

(iti) For'a; = A'B' and b; # B'C', from.gimilar triangles:

tanB2

. - ©

s a .
/o - B
., Considering an (1'-0") x (1'-8") outlet for the hopper,

N

, then: a, ='1.0' and by = 1.67'. Assuming: Hy = 11.2'

it follows that:




E g

@

Substituting the ldtter in the expressions of 2.2,

the values of the inclined wall angles are obtained:

, -

[
T

_ -1 12 _ o, - -1712 o
al = tan 'gT-S-— -' 54.69 H /0.2 tan - 36.03
o v !
_ -1 12 o, = =112 _
Bl = tan 'S-TB—— = 65.38 H 82 tan g——s—- 51. 63
| \ ‘
All the computed angles of inclined hopper walls are
in the usual practice range, i.e., o > ¢.[3] ~
* . AN
2.3 LOCATION OF THE CENTER OF GRAVITY ~
IN A HOPPER

FIG. 2.3

Center of gravity of prpem’///’

A3

The center of gravity of the hopper is located on the

locus of all. cross-sectional centers of gravity, line 00', at

*

1/4 of the height measured from base ABCD.

: . _ 1 . _ OK
FI:OH\ Flg-2.3. R'(—)-T = Z— veo OI = T

\

e




R YT > aprcner prm ety st d v e

u
-

Then, if we assume that the volumé of the pyramid (O'A'B'C'D')

in éigfz.z, is very small compared with (OABCD), it follows?

-

e -y
= = & = g. = '
H{ =€y T g 2 0.5 .
- ' K
e
< _% _a4
01 = Eb = T z‘}" 1.0

2.4 WEIGHTS OF STORED MATERIAL IN
BIN AND HOPPER "

The volume of the bin is:

v, =/60 x 25 x 15 = 22,500 ft>

.
’ . !

* The volu%e of the hopper is:

Ly

V2 = Volume(O'AB@%) = % x 12 x 25 x_ 15 = 1,500 ft3—

The weight of the sand in the upper portion of the
bin is: T

22,500 x 0.1 = 2,250 kips
; The weight of the sand in the hopper is:

1,500 x (0.1) = 150 kips

The total weight in the bin is:

o

2,250 + 150 =(2,4oo kips

AJ \\\}

e e e oen . . ~ y N
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2.5 SURFACE AREAS OF HOPPER WALLS :
i 5 ) )
T 25- +\
\g (\
3®
s i N
19.04 3 73 -
{ o F‘?
28
7’
- \
FIG. 2.4 Areas of inclined walls
e ~ ‘
. From Fig. 2.4: .
4 . . . .
_ . (15+1) x "(11.2) _ - 2
v iN
.. 8 x (11.2) _ o . 2 .
A2 =Th - = 8(19.40) = 152.3 ft . , _
. ' ¢ y-]
_ (®5+1.67) x (11.2) _ .. PO 2.
X l~3l = 7% 5in(65.38) = 13.34(12.32) = l§4.3 ft
S aa (11.2) o o . 3
B2 = 13'34\5111 - = 13.34(14.29) = 190.§ ft
\ N\
Total surface area = Aj + A+ Aj + A, = 617 £r2 ,
f

“d

&
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CHAPTER ITI (/

k INTERNAL FORCES ACTING ON BIN WALLS
J 3 - ’ ‘e /
‘,)" .

3.1 ,STATIC PRESSURES

-
V-

N The p‘\i‘essure distributions due to stored material,
shown in Figure 3.1 (a), are calculated from Janssen's '

fo;:mulae [(31]. "

~

o Prap = I%‘i!-‘i(l—e‘“' Ky/Ra,b) (3.1)
‘ 3
( Pa,b = Pha,n/® - (3.2)
Aa b
\ g, 4 CYY“°-8Pva‘,b)B;"L; (3.3) ,

e

>
— o —4

(bl

e

(al

’ . FIG. 3.1

a) Pressure

acting on bin walls;
b) Effective areas for friction load
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Where: ' . Cy

Py, p = the horizontal pressure distribution (KSF) -
' ]

P = the vertical pressure distribution (KSF)

va,b

i

q, p, = the vertical friction load (KSF)
! ,

Ra b’> the hydraulic radius (FT)
’ N .

’

Subscripts a,b denote the corresponding ’'side of ,‘,

3

the vertical wall. B

! _1- s:.nq; . 1-sin(35) _
K = SJt\n Sin 0.271

From Fig. 2.1 (b): -

]

15 1 1 _ P
[‘$15X——2—'—— x'—l—s-~3.75 \

<

o

2
(%5 +-(22-15)(0.5) 15 1] x

o

—7'5' = 4.5'

. ",
. 4
The pressures calculated from formulae (3.1,3.2 and

3.3), correspond to the bin walls with-a symmetric outlet._

. : {
In the present case, of eccentric outlet, there is a pressure
increase wh:.ch may be considered ks acting on both walls,

near and to. the side opposite the eccentric outlet. [121].

This .additional pressure is:




@
.where

<

P is the horizontal pressure distribution .

hi
'‘considering the imaginary sectibn developed

in Fig. 3.2 [127.

b=33 L
: b " Zeb
A b T-B- \
N .‘ | : :
A , }
,a — o e !
d=19 ) —[13——?,5— _ }
]
\ - __)i eb | E, \ '
k0 ! e
C Cz

¥

[

FIG. 3.2 “Imaginary bin sectjons; AchlB’for side b

s ‘ and ADCZBlh for} :

3.2 DESIGN PRESSURES

The-pressures computed by the method described so lfar -

correspond to static conditions. In the case,though, of :
filling or discharge, these pressures are amplified and
depending on the depth,an appropriate value of the over-

‘pressure factor, C(‘i", is applied to formula _(3?'4) .

The values of C a’ measuring height from the \top‘ ?re
[3]): - ’ ‘

.

.

k)




s

A e v\ b o o eyt

et Ay = T e arin

o' - 20! : Cq1 = 1.5

\ - 20" - 60" :Cgp= 1.65
. | 9
60" - 71.2':°Cg3= 1.75 .

'Equation (3.4) may be rewritten as:

 =C. P

= U [} -
(Ph design’ = Can(Ph * Pp) OF Cyn(Pp; - Pp + P

an'"h hi = Pn * Pn

¢

Then, according ﬁo formulae (3.1),(3.2) and (3.3):

R

= a,b _.~u' Ky/R!
(Pha.,b)design = Can [Y—LT{_ (L-e a,b)] (3.5)

(Pva,b)desigp = (Pha,b)design/K (3.6)

(qa,b)design = Cd(qa,b) (3.7
° where, from Fig. 3.2: )
' -

R o= 33 x 15
| - 1
Ra = 2(33%15) - °-1°

N 19 x 25 -
Ry, = 3(19¥35) - >-40'

Substituting the values of constants in Equations
—

(3.5),(3.6) and (3.7):

dn hi
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0.5(0.271) _ .

(Bpadq = Can [0 -x @ -e” ~ 506 N1
~0.0263y
. or: (P, ), =C, (1.032) x (1 - e ) (3.8a) /
ha’d dn . . ' C
9 _0.5(0.271)
‘ Pyrla = Can (24 x - 5.4 D]
Or: (B, )4 = Cq(1.08) x (1 - e 0:0251¥)] (3.8b)
. (B, ) -
_ _ “ha'd B
Pyala = Ppalg/X = 5271
_ _ . __-0.0263y,"
(Byalg = Can -6 x (1 - e ) (3.9a)
(Bp) g = Cgn (3.99) x (1 - e”0:0221Y) (3.9b)
la) g = Cgnl0.ly - 0.8(3,81(1 = e 0-0263%))7 x (3.75)
or: (q)q = Cgnl0-375y + 11.43e70-0263Y _ 17 431  (3.10a)
(@) q = Cgnl0.1y - 0.8 x (3.99(1 - e=0:025yy1 (4.5
. & 4 3 —
or: (@) g * Cgnl0.45y + 14.36e70:0231Y _ 34,367  (3.10p)

Since the maximum difference in the horizontal pressure

3 distribution for ;sides a and b iss

v 1.39 - 1.35
- 1035

x 100 % 3%,




B4 ek A

&

TABLE 3.1 Pressure’distribution - Design val;iea

-

14

(3)

?-zg_: TR T {g{ 2 A ‘, L b
N .

AL EBEIANNe. § s o e

1) (2) ] 4y 1 (3) (6)
" Beight | Cqp [(Ppalg | Prplg | Pyala [ Bypla | Wala | (9pla
4.0 1.5 |o.15-] 0.15 | 0.57 | 0.57 |o.59 | o.64
8.0 | 1.5 | 0.29 0.29 1.08 1.00 | 1.25 | 1.48
12.0 | 1.5 | 0.42 0.42 | 1.55 1.55 | 2.11 | 2.50
16.0 1.5 | 0.53 0.54 1.96 1.98 | 3.11 | 368
20.0 1.5 | 0.63 | 0.64 [ .2.34 2.36 | 4.24 | 5.01
24.0 1.65] 0.80 | '0.81 ,_3294 2.98 | 6.03 | 7.11
28.0 1.65] 0.89 0.90° | 3.27 | 3.32 | 7.50 | s.84
" 32.0 1.65] 0.97 0.98¢ | 3.58 3.63 | 9.07 |10.69
36.0 1.65] 1.04 1.06 3.85 3.91 |i0.74 |12.65
40.0 1.65( 1.11 1.13 4.09 4.17 |12.48°[14.70
44.0 1.65( 1.17 1.19 | 4.3 4.40 |14.30 1§.é4
48.0 1.65| 1.22 1.25 " | 4.51 | 4.60 |16.18 | 19.06
52.0 1.65] 1.27 | 1.30 4.68 4.79 |18.13.] 21.36
56.0 |-1.65| 1.31 | 1.35 4.84 4.96 [20.12 | 23.71
60.0 1.65| 1.35 | 1.39 4.99 | 5.2 [22.177] 26.13
64.0 1.75| 1.47 | 1.51 5.43 5.58 - -
- 68.0 1.75 1.s0 1.55 5.85 5.71 - -
71.2 1.75( 1.53 | 1.57 | 5.64 5.81 -] -
I o ’
4 ST
¥

&

PR e




_bution in hopper from Table 3.1 and Fig/. 2.1, it follows /

3

only,the values of may be used for the design of the .

Pnpla _
bin vertical walls, i.e., column (2), Table 3.1.

3.3 FORCES ON THE HOPPER INCLINED WALLS

3.3.1 Normal Design Pressures

{

The normal degign pressure for any inclined wall is

the composition of the horizontal and vertical pressure,

~according to the angle of inclination, such as [3,22-25].

_ 2 : 2 . .
) Pnai = (Pha)d sin oy + (Pva)d cos”ay; for ‘short sides N

) 2 2, . .
Pbi° (Phb) sin Bi + (va)d cos“f,; for long sides,

- k] .
Thus, considering -average values /Apressure distri-

s

2 ’

that: ' /\ ~
. o~

(i For wall a;: angle a; = 54.69° and

!

-

T 1.47+1.53 2 5. 4345.64 2 ca Cray o
Pné.i (——————i——-——) sin“54 .69 + -———-—-—2-—-—- COSs (54.69) = I 4

= (1.5)10.67) + (5.54).(0.33) ={.01 +1.84 |

or / e P . =2.85 KSF -
. R . » nal SSasem——
Y * )
&t .




. B 16 ¥

(ii) For wall a,s " angle o, = 36.06° and

L

P = (1.5) sin’(36.06) + (5.54)cos2(36.06) =
na2 % . ,
= (1.5) (0.35) + (5.54) (0.65) = 0.53 + 3.60 -
or , P _ = 4.13 KSF . .
.. na2 -

(iii) For wall bz angle §; = 65.38° and!

<

l.51+l.57) sin265.38 + (5.58;5.8;) 905265. 38

P/nbl = 2 , =
= (1.54) (0.83) + (5.7) (0.17) = 1.28 + 0.97 . -
<« h.!
: ) 4
or P = 2.25 KSF : : P

b2 ==

. ’ - - .‘ 4’:53\,
: ¢ T e 2

« . ;.
(iwv) For wall b2: angle 82 51.63° and

o -
o

P, = (L54) sin®(51.63) + (5.7 cos? (51.63)\ =

= (1.54) (0.61) + (5.7)(0.39) = 0.94 + 2,22

1

or P = 3.16 KSF
‘ . - ]

nb2

-

11 . . . .
3.3.2 Meridional Forces in. Hopper Walls

™~
The hopper is supporting }:he full weight of the stored

. )L
material as well as its own. weight. - The meridional farces™”

- .
developed are the in—plane forces in the wall resulting from
N . m 5

Foh R P St o




-

" These vertical forces are composed of the distribution

of the force.reactiong” to the welght of the material above -

\ .
the hopper, designated\as T,; a “Qistribution of the
hopper weight and contgined material force reaction, i;‘ldi-

cated by Ti .

The meridional tensile forces Ti may:be calculated b)}

the following equations (11 ]:
v b}

(vih+c;) W, +G oo

J

(W #G) . W, +G

Where:

2

. Tl = my_ tx3tz1 3 Tz = my— txztzz ° (3-11a"b)

, 17 -
/ A
- Zz ) .Y\ N
i) e
3 ¥ 1 1.4‘ n
&1
—_— —_— =X
Jo T
Fa le
TZ\‘*‘“LJ-HLM’T] "
y NP S
. a T a
2 2
FIG. 3.3 Vertical load distribution in e
hopper , o
the ones shown iIn Fig. 3.3. ) . 3 |

T3 T T@ABY HX3tZ3 ¢ T T Flamy Xtz (.lle,d)

N

~

T TR

Trt e
%
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- txi“ and tzi are the Qiistribution coefficients -

~

y ‘ computed according to Table 3.2.
¢ . - ~

W, .is the weight? of the stored material in hopper

h
alone, which from previous calculations is

{

150 léips, (Section Z‘T ‘

G is the hoppei‘ own weight.

&

" Assume a 3/4" élate for the walls of the hgpper; then, for a

total surface of the pyramid formed by the walls of the
hopper equal 'to 617 + (25x15) = 992""¥ft2 and having the same
center of gravity with' the stored material volume, it

follows: -§

® . ’
. %y - 075 » (0.49) % 30.5 kips
\ - -
of coursel the weight of the plate added at the based

of the pyramid is to be subtracted from the v\)reight of the

Y

. stored material above the hopper, ﬁince it has the same center

1

of gravity with it. Being equal to:
-,

2sxx 15 x (Qigﬁa‘x 0.49 = 11.5 kips )

o

)

. * «
The force TO, as shown in Fig .'3.3 results from the

weight ‘of stored sand less the contribution of 11.5 kips’..

,Plate at the base of the hopper: . - / @

2250 - 11.5

To = ~3(15735)

= 27.98 KLF

s




-

&
e M

l-0,137

1l -0.137

0.863

0.863

tx) =1 + (0.137)(1.0) =

1 + (0.178)(0.5) =

®

1+ 0.137 = 1.137 = &x

1.089

3

'Y

e

0\

2

) 19
TABLE 3.2 , Coefficients htxi, tz; “
« . <=
-~ Corner txi ;zi ﬁ. B
b) k)
1 1+ ae, 1+ Be,
_ 6(atb) | 6(ath) .
2 1+ Aey I - Be b(b+3a) | ala+t3b)
KNS 1l ~ Aeb ]l - Be
4 1 - Aey 1+ Be
L 6(M5+25) o ... . _ 6(15425)
A= §§%§§¥§§%§T 0.137 ; B =.y5(i5a3x25) - 0-178

' .Substituting values in Equations (3.11l(a),(b),(c) and (d4))

T, = (

) 3
w
] n

&
n

150 + 30.5

-

) (1.137) (1.089) = (2.26){1.238) = 2.80 KLF

2.26(0.863) (0.911)

2 2.26(1.137) (0,911) = (2.26)(1.04) = 2.34 KIF

(2.26) (0.786) = 1.78 KLF

4 2.26(0.863)(;.137)‘f (2.26)(0.94) = 2,12 KLF

s

:
:
;
;
3
3
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The tensile meridional forces acting in the inclined

Ll

hoppér walls are expressed by the average values considering

. forces acting in.the corners, as-follows: -

»

. _ . - 1 '

) T C L 2.8+2.34 15 °
[27.98 + = Is=1 ?g, = 562 kips

. T +T b
| Wall 2-3: .Tmbi = [,T + (—-2-—-)] X —S—i-rTB—Z_ = .
~ 2 ‘ K
) .34 + 1.78 25 :
[27.98 + [ ”— ]]sin e = ?58 kips 4
- . ¢ s
- TL,4T
A T i = 374 a
Wall 3-4: mai [TO e )]sinaz =
= [27.98 + (& 78+2 72)] %75 = 763 kips i
Wall 4-1 ! ‘ T4+T b ’
a it Thbi ‘.[To + )]sinBl =
. » ' ’
. S 2.12+2.8 25 . _ ‘
[27.98 + ( 2 )] sIn €538 837 kips
. + ‘ ‘

O ———
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3.3.3 Horizontal Tenéil&}Forces in -
Hopper Walls ' )
T Ty
hb2 , A
T T 7T
hey RRALERR e,
¥ (——-—g—\' Phbzsian &_—q .
i(-——--’?\‘ a—l
— — a f
e— . —) :
) i ‘ , .
T
Thap by They
v v :
Thby ~ Thoy | N

Ve

, FIG. 3.5 ‘Horizontal forces in hopper walls

The horizontal tensile forces in the incliﬂed walls
result from the horizontal component of the normal pressure
écting on each wall. o '
’5\‘-\_\..

Since the wiéth of each wall varies with the depth of

the hoéper as:

»

2 ‘ “
. _ _ 15 -1 _ -
?Y =15 Y 15 ¢ 15 1.25y> i .
s oo o 25 = 167 _ o _ o aau’
by = 289 I 25 priy
I “";’The forces then as shown in Fig. 3.5 are:

A}

21

4
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e
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3 Parpth s o e f e e a€ 7 A

= 1 1 -
Thal -2—(Pna281na 2.) ay
T = -l-(P sina );a =
ha2 =~ 2%nal 1’8y

T, . = 3(P,,8ink,)by

hb2 = %—(Pnl?lsinﬁl) by

Thus the final form

are:

22

%(4.13 sin 36.06)ay = 1.22ay (3.12a)

%(2.85 sin 54.69)ay = 1.16ay (3.12b)

Y

1, ; '
5(3.16 sin 5%,.63)1?.‘(

\

$(2.25 sin 65.38)by = 1.02by (3.12d)

of théS\fo ces in K/ (FT of height)

N

hal 1.22(15-1.25y) = 18.3 - 1.53y
Tha2 = 1.16(15-1.25y)‘ = 17.4 - 1.45y
Thbl = 1.25(25-2.08y) = 31.25 - 2.6y -
Trp2 = 1.92(2'5—2.08y) = 25.5 - 2.12y

For the above formulae, y is zero at the top of the hopper.

1.24by (3.12c)
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CHAPTER IV
DESIGN OF THE BIN WITH CONVENTIONAL STIFFEN-

ING SYSTEM
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* CHAPTER 1V

.

DESIGN OF THE BIN WITH CONVENTIONAL STIFFEN-
' ING SYSTEM )

. R . ’

.

In general, the plating isldesigned as a continuous
plate in two directions, supported by horizontal and vertical
stiffeners designed as acting separately to resist the later-
al loads transmitt;d by the plating. The plating and the

ﬁlﬁ:;;fisal stiiﬁ@peré are to be checked also, for the“%e:ticél
friction load which has to be %ransferred to the\supportiné )
columns. The general arrangement of such a stiffening system
is shown in’Figure 4'lh

B

4.1 DESIGN OF THE VERTICAL
WALL PLATINGS N

The type of steel used throughout the désign is ASTM-

b -

A36, structural steel and, considering elastic design, its.
. J'
yield point is: Fy = 36 KSI [5]. The modulus of

elasticity is assumed to be: E = 29.103 KSI.

« The plating is designed for the a®tion of the horizontal °

“ pressure and the vertical friction load, as ;hown in Fig.%.Z.
Furthermore, if the vertical stiffeners are spaced at 2'-6"
along tﬁe(perimeter of the wall and theohorizo&tal stiffeners
are spaced in such a way thqﬁ the same thickness of plate may
be used, then the following assumptions may be made for the

\

analysis of the individual panels:
~
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25

o Ll —Vertical \s?l'ffegers‘ '
y L] :
A<\\
. I~ Horizontal stiffeners
V/// -
b 'Pldﬁhq
i Corner stiffeners
A/ |
%
vd
v '
) g Compression frame
Y Inclined hopper stiffeners
pr 2 |
//————Cowmns
\E ! ©
7 pand
7 i
L ‘“ ' .

FIG. 4.1 Conventional stiffening
o system

(P, + P

(i) The uniformly distributed load is: P, = hB)

o

N =

HT

(ii) The in-plane vertical load, resulting from friction

load is: éo = %—(qT + gg) at Y = 0.

& _ . , N .
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‘ , . Horizont 4l o
Y .o " stiffener '
Piate

7 R
..-\

}B
\u

-
— fe—
v

-]

. ._\v--_\c—

N
LA*A—LA;}LA*

Vertical
stiffener

FIG.4.2 Loads and support conditions of plate
, wall panels

(iii) Since, for panels along the x-axis, the span and

g

the thickness of the plate is the same, fixicity may

be assumed at Y = 0 and X = % KXi:)

(iv) Following the continuity along the y-axis, qnd .
considering that By > A, the distributed moments
Mp and M, are eqdaiwto, or smaller than the ones
produced at the clamped edges, in the ho;iiontal

direction. [11].

_—— ' ~

(v) The moments at the mfa e span are, in all cases,

smaller by 50% to 30%, compared to the edge moments

in the x-direction.

Therefore, the plate panels may be designed as rectangular plates .

fixed on four“sides, and Table 4.2 may be used for their design.
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The plate thickness is chosen on the basis of the

‘allowable flexural stress being: F, = 0.6F_ = 0.6(36) = 21.6 KSI.

b ) 4

: The presence of the additional in-plane tensile stresses,

due to the hoYzontal pressure on opposite walls, has to be

accoqﬂted for, as we Thus, the following stress-checking

schedule may be assumed: b

’r ’ ) u ) - N
" a) Checking the allowable tension at x = * A/2 and Y ' = 0
with the value of the tensile'distributed\fdféé;:Zre:
- _ 1 . _1 ) .
(qt)a = Z%Pib) for sides a, and (qt)b —'7(Pia) for sides
b. The values of (qt)a will be used for this case,

being larger than (qt)b, and

b) Checking the allowable compression, at x = 0 and Y = 0.

-~

‘The choice of horizontal stiffener spacings may be based
on the.pressure the panels may carry, keeping stresses in the L,

elastic range’. Thus, if a lower limit of allowable stress is

: L ] ld . f
assumed for bending alone, i.e., fb = 19 KSI, for fb = E% and J
t ’ <
M = (coef).P a2 .- P =.f 't2/6(coef)A2
. i *  ~ i b
where ’ ;
. ¥ [
t = the thickness of the plate; ' { ~
Or " , ) i
, = 2 2 _ 0.507 2 :
\ Pi &19t /6 (coef) . (2'.5) ‘ m t (4.1)
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TKBLE 4.1 Maximum bending moments and reactions in

the panels with four edges clamped [11]

J i

W g
Q\,f\ .
A_\’) RN N _ By
(M ) JX=i, ¥Y=0 | (M_)IX=0,¥=0 REACTION JX=0, Y= —>—
By/A * 2| 7 2 | - |
1 My=~ (COEF) XP;A" | My=(COEF)*P;A R, = (COEF)xP B,
" 1.0 0.0513 0.0231 0.446 .
1.1 0.0581 0.0231 0.420
1.2 0.0639 0.0228 0.393
1.3 0.0687 0.0222 0.366 -1
1.4 0.0726 0.0212 0.340
1.5 0.0757 .0.0203 0.315 ‘
1.6 0.0780 0.0193 0.293 R
1.7 0.0799 . 0,0182 0.274
1.8 0.0812 0.0174 . 0.259
1.9 0.0822 0.0165 0.246 ‘
2.0 . 0.0829 0.0158 10.235
>2.0 P 0.0833 0.0125 0.235

' Table 4.2 gives the values of average horizontal ﬁ&essure

for different ratlos (B, /A) based on the values of the maximum

4
moment

coefficients.

#

TP LR SR
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The spacing of the horizontal stiffeners i} done by

increases with the height from the hépper junction.

éomparing the values in Table 4.2, and the corresponding

- 8ince a corrosion allowance of 1 mm is provided for

Therefore, for the lower courges of panels,’

-

. assumed to be the required thicknesses.

v

the skin plat%ng material, a nominal increase of 1/16" is

2
the

horizontal pressure values taken from Fig. 3.6; the spacing

F - J— \.‘ e i A
. { i Ty
. . ’
TABLE 4.2 Choice values of horizontal stiffener ,
spacing : a
Spacing Bi (Coef) t=3/8" t=5/16" t=1/4"
B; FT) | g~ (M) P, (KSF) | .P, (KSF) P, (KSF)
2.5 L-1.0° ]0.0513' | 1.39 0.97 0.62
2.55*// 1.1 \/0.0581 .| 1.23 0.85. 0.55
3.0 1.2 \ 0.0639 1.12 0:77 0.5
" 3.25' | 1.3 |ovwges7 | 1.04 0.72 0.46
3.5 1.4 |o 0.98 0.68 0.44
3.75¢ 1.5 | 60757 : 0.65 0.42
Q‘{ v
4.0 1.6 [0.0780 0.91 0.63 0.41
4.25" 1.7 |0.0799 0.89 .0.62 0.40
‘7 N
4.5 1.8 [o0.0812 | o.88 0.61 0.31
{ .
4.75' | 1.9 |o.o0822 0.87 0.60 20.39 B
' ' b &
5.0 2.0 |0.829 0.86 % 0.60 0.38

P

o

o
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effective thickness is: ' N '
- _ _ 19 x 3.281 _ _ L n T a0en
. tef = 7/16 ~Too0 - 0.438 0.039 = 0.39?

and for the upper courses, the effective thickness is:

: 4
e v R

tog - 0.039 = 0.375 - 0.039 = 0.336" u
p - ' » ’
\ The values of the addail iohal compression stresses 1n the vertit
’ (a)y, ¢
h/’ cal direction are: (0 ) ; foxr side "b" panels.
< e 17 % t P :
v . 4 ~
N N4 ~
(\ _ The values of the addltlonal tensxle stresses in the horlzontal
- (ay) 4 .
- 4 _
d:.rectlon sre. (O't)a = m—; T(Pixzs)ImF;ET =
P %_Qi )for side "a" panels. ‘
* The critical buckling stress for the typical panel
'; \ f/jshown in Fig. 4.2 is [97]: . *+
) '2 \A‘jrzs/l ) . Q
_ k 'ﬂ' E tef , N /T 1 ’-
~ %cr T TorZiiouZy | ” (4.2)
12A° (1-v7) ) .-
where: ~ . . c
. ’ B.' ,
k is a coefficient depending upon the ratio -%- . .
Sdbstituting the values in Eq. (4.2{: .
Gop = K(3.14)7(29.10°) 7 /1A(2:5%12) “(0.91) :7 s
LY
h s

2
k(29.l?)tef (KSI?

1
»
P TN~
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TABLE 4.3 qjitiCal compression stress in
plating (KSI)

> ‘ * d "\

hd . . - by ) ; * ','
. Bi/A 1.0 | 1.1 [ I.2 | 1.3 | 1.4 1.5 2.0 :
\ . 5 A i . ,
\ ‘ , : |
K 4.0 | 4.04| 4.13] 4.28! 4.47| 4.30] 4.0
L . Oer - 18.45/18.63 19.05 {19.74 20.62{19.83 13.15
| .
dfl.i " Checking Stresses in Vertical 1
S\ wall Platings X
.

N ' \ ]
a) Compression stresses

o]

G
The plates haveé to befzhecked for local buckling under
? ] B ~ ‘
~the combined bending and axial stress. Using Table 4.1 posi-
h 6 (coef) (P.) -

H tive moment coefficients: £, = 6? = Vi 1max (,5)2
— / ’ tef tgf
Or: ' (r,)
. _ i'max ki
) fbc = 37.5 (COEf)——;E———
- . f‘ ef
‘ By ) :
] . - n, _* = . -
-(i)lFor the 2.5 panels.‘tef 0.398"; x l'(PL)max 1.38 KSP
L s
; = 14538
The flexural stress being: £, . = 37.5(0.0231)
”, T (0.398)

&,‘ N
* = 7,55 KSI

« The axial stress from Table 4.3 is‘ZOQ)b = 5.34 KSI

and the maximum compression stress is:
; . : -
(0Jnax = fpe * (?S)b = 7.55 + 5.34 = 12.89 KSI < o

o
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'TABLE 4.4 Horizontal stiffener spacings and forces
in steel plates .
B
N
Y Bi ’xef’ ?i (qo)b (qo{a (cc)b (ct)a (ot)b (ot)a
(FT) | (FT) " |(KSF) | {KLF) | (KLF) |(RSI) |(KLF) | (KLF) [(KSI)
7.0 ‘ 0-.13 0.70 0.50 0.17 § 1.63 | 0.98 | 0.40
7-0 \ 4
6.0 . 10.36 2,10 1.60 0.52 4.50 2.70 | ' 1.12
13.0 0.336" . ’
500 \0.53 3070 3.00 0.92 6'63 3-98 1.64
18.0 —e ‘ .
b 4.0 0.64 5.00 4.25 1.05 8.00 4.80 | 1.68
2.0' ' w
4.0 0-81 7.20 6.00 1051 10'13 ’6.08 2.12
QGIOP. d '
4.0 ' 10.90 9.00 7.50 1.88 111.25 6.75 2.36
30.0-| d
3.5 0.97 110.50 9.00 2.20 {12,13 | 7.28 | 2.54
33.5"
3.0 1.04 |12.25 | 10.20 2.56 {13.00,| 7.80 | 2.72
36.5
2.75 1.09 {13.70 | 11.50 2.87 |13.63 | -8.18 | 2.85
39 .25 0.398" ) o
’ 2,758 ®.13 |15.00 | 12.75 3.14 {14.13 8.48 2.96
2.0 !
2,75 1.18 |16.50 | 14.00 3.45 }14.75 8.85 3.09
44.75 )
2.75 1.22 {18.0 ¥T15.30 3.77 |15.25 9.15 | 3.19
7.5 n 7
2.5 1.26 [19.50 | 16.50 4.08 |15.75 9.45 3.30
50.0 ‘
2.5 1.29 j21.00 | 17.80 4.40 |16.13 9.68 3.38
52.5 .
2.5 1.32 {22.30 | 19.00 4.67 |16.50 9.90 3.45
55.0 , , ,
2.5 1.35 |24.0 20.30 5.03 [16.88 10.13 | 3.53
57t5 ( ‘ ) . . ‘3
2.5 1.38 (25.50 | 21.50 5.34 ]17.25 |10.35 3.61 Lo
60.0 o T §
e

.
&
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obtained from Table 4.1, using the negative moment coefflcients f
as follows: ~ A
'~\ N 4
. 6M (P‘)m .
’ = e 37.5 +T2% (coef)
‘ ef Cof

.
o

. ' . . ' ‘ B,
: 3 . = ", ——l = H
(ii) For the 2.75'/panels.htef 3 0.398"; iy 1.1;
ﬂ -
CPi)max =_l.22 KSF , o
- N e
S fpe = 37.5(0: 0231)-11———1- 6.67 KSI .
(0. 398) ,
and (oc)max = 6.?7 + 3.77‘= 10.44 KSI < O |
. Bi . l :
(iii) For the 3.0' panelss t_ . = 0.398"; -z— = 1.2; ..

;//;//4; (P max = 1-04 KSF | \
;0 £ = 37.5(0.0228)-2220__ = 5,61 ksI ‘ N
¢ (0.398) ‘
5 , (

v = “P' ‘ v = 1 ’
and (oc)max = 5.61 +72.56 3,17 KSI < Ocr

Sincg\rhe positive moment coefficients, the pmﬁssures
and the axial stresses décrease as the height of the panel
increases from the bottdm of tﬁé,vertical walls, it follows
that the bbmsined stresses will be significantly smaller than the .

already checked ones, for thé lower courses.

- . Ty

b) Tensile stresseS .

The values of the tension flexural stresses may be
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(i) For the 2.5' panels:

- 37.5 (1.38)(0.0513)

3 = 16.76 KSI
(0.398)

p fbé

Then, the combinati%n of the flexural and axial stresses

£ =

, from Table 4.4 results in: (o.) . bt t (0g)y = .

16.76 + 3.61

L}

= 2 = = z
Or:  (oy)p., = 20.37 KSI < F, = F, = 21.6 KSI |
(ii) For the 2.75' panels: o . C
H
£, = 37.5 {12221 [0.0981) _ 16 74 gs1
(0.398)
ha™Y
S (9 may = 16:78 + 3.19 = 19.97 KST < F, .
\ . ' ¢

(iii) For the 3.0' panel: ' ' | ) ]

v ) .

fbt - 37.5(1.04)50.0639) = 15.73 KSI
; (0.398)
. .
.e (ot)max‘= 15.73 + 2.72 = 18.45 KSI~< Ft
(iv) For the 3.5' panel: -
gy, = 37:500:97) (0.0726) . ¢ g7 g1 .
; (0.398) p \ L o

4

=16.67 + 2.54 ='19.2]1 KSI < F

°t (Ut)max t
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(v) For the 4.0' paggl:

.

, 37.5(0.90) (0.078) _ 16.62 KSI

¢ Eo=

bt (0.398) “

v ee (Ot)max

©

LY

(vi) For the 5.0' panel:

-—

= 16.62 + 2.36 = 18.98 KSI < F, e

’ Y

@
£ =4237.5(0.53):So.oazg’) - 14.59 KSI
! (0.336) *
L -
. (ct)max:— 14.59 + 1.64 = 16.?3 KSI < Fo 3 RS

c) Shear stresses

The shear stresses may be computed frdmvTable 4.1 values

.«

for reactions. The maximum of such a force occurs in the first

Or:

The allowable shear stress is: fV = 0,.4F

.

and fv > T

<

x

¢

%
is chosen as:

lower course of panels

0.448(1.38) (2.5)

[

R

X

0.448(Pi)(Bi).

1.55 Kips/ft

'0.32 KSI

= 0.4 x 36 = 14.4 KSI;
\

’

The plating, then, for the vertical walls of the bin,

N

—

?

e ek v % e en addl kb
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(1)
and

(ii)

4.2 DESIGN OF THE HORIZONTAL STIFFENERS

/

N

For the first 18'-0" from/the top of the bin, 3/8" plate,

<

‘
i

For the remaining 1owe1&/n%ortion, 7/16" plate, including

- ° [ k3
a 1 mm corrosion allowahce in both cases.

! -

Por these stiffeners, frame ac

t‘&n is assumed, for which

the members are subjected tobending due to the horizontal

pressure transmitted through the blating, and to axial tension,

due to the reaction of the opposite walls of the bin to the

internal pressure from the stored sand.

2

4.2.1

ed load acting oh the sides of the frame is:

stiffening frame .

Load Computation

Considering Fig. 4.3, cross-section A-A, the distribut-

1
Poi = 7(Pi*P5 1) -

Section A-A

* FIG. 4.3 Plan and section of horizontal

. )

—————_—

-
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P’ .

The values of Pi may be obtained from Table 4.4.

b

The values of the axial forces *in the members of the

frame are:

a (p.¥p. .) (B.+B, .) .
_ i "i-1 i "i-1" b . : b
_ a . )
where:
B;+b, (P.+P. ) x (B.+B. 7 )
i _ i "i-1 i"i-1
Wi = ("—2——) or Wy; = 1

’
T

The values of the bending moments in the frame members

of the same, cross-section are as follows:. [12,24]

)

¢ 3 3 :
M = -W (a + b )
Ci ‘ B hl liia"'bs \-.:-\ .
or .
2 2 '
= i f(a“-ab+b™) { g
¢ : '
2 >
= a_ 5 ) . :
Moy Wi g M r ’ (4.6)
and v '
b2 | '
Mbi = Whi T + Mc , i (4.7)
Substituting values of a and b in Equations (4.5) and
(4.4): .

3

&P
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2

- ¢ 34
Tai Whi(12.5) (kips) /(4.8)
Tpi= Wpq (7.5)  (kibs) (4.9)
& ! .
-Mgj = W4 (39.58) (Ft-K) (4.10)n
Mag = Wp;(28.13-39.58) = -Wp, (11.46) (Ft=K)  (4.11)
Mp; = W (78.13-39.58) = W, ; (38.55) (Ft-K) (4.12)

A part of the plating is assumed to participa’te with the

provided frame members in resisting the above forces and

[11. ' ,

-

moments and it is :\['ef = 40 tef'

P Table 4.5 values are computed with Equations (4.11),

(4.12) and Table 4.4, value of P, -

-]

The stiffening frame members are subjected to loads having

A,

N
their intensity varying within 14-25% of the maximum values

(o] .
corresponding to the frame at height 30 Ft from the top of the

.bin; these values may be used for the design of all stiffen-

ing frames.
|

i

i
The design loads, then, for the frame members are:

("ii‘ Negative moment: M, = -;139.7 Ft—~K : ,

' C
along with axial tension: T, = 44.1 K.

Lkt sk
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!

¢ TABLE 4.5 Horizontal stiffening frames: Member Loads
Side b
y Pi+Pi~1 B,+B. W Side a ide " L
. Z Z hi e T . (o, |m ci | et
(KLF) ai ai bi bi (IN)

7.0 | 0.26 | 6.5 [1.69 |21.1{-19.4 |12.7 | 65.1 -66I.9 13.44
13.0°{ 0.45 | 5.5 |2.48 |31.0(-28.4 [18.6 95.6] -98.213.44
8.0 | 0.59 | 4.5 [2.66 |33.3|-30.5 |20.0 [102.5|-105.3./13.44
22.0 | 0.73 | 4.0 |2.92 |36.5|-33.5 |21.9 112.6|-115.6 [15.92 "
26.0 | 0.86 | 4.0 [3.44 |43.0{-39.4 25.8 1132.6 |-136.2 [15.92
30.0 [ 0.94 | 3.75 [3.53° 44.1[-40.5 |26.5 [136.1]-139.7 |15.92

33,5 [ 1.01 |3.25 (3.28 |41.0(-37.6 |24.6 [126.4(-129.8 [15.92
36.5 | 1.07 |2.88 |[3.08 |38.5(-35.3 |23.1 [118.7|-121.9 [15.92
39.25{ 1.11 |2.75 [3.05 38.1(-35.0 |22.9 {117.6|-120.7 1_5.9é
42.0 | 1.16 | 2.75 319 [39.9|-36.6 23.9 [123.0|-126.3 [15.92

44,751 1.20 2.75 [3.30 |41.3]-37.8 |24.8 1127.2}-130.6 [15.92
47.5 | 1.24 2.63 13.26 |40.8(-37.4 {24.5 125.7]-129.0 |]15.92

[50.0 | 1.28 [2.5 3.20 |40.0(-36.7 |24.0 [123.4]|-126.7 |15.92

&
3
u

1.30 [2.5 [3.25 |40.6(-37.2 |24.4 [125.3|-128.6 [15.92
5.0 | 1.3¢4 |{2.5 [3.35 |41.9(-38.4 [25.1 [129.1|-132.6 [15.92

.
2
'
e
s
i
G
o
¥
H
o
5
3
3

| /”5.5 11.37° |2.5 [3.43 |42.9]-39.3 |25.7 [132.2|-135.8 |15.92

Voo e e
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(ii) Positive moment: Mb = 136.1 Ft=K

along with axial tension: Tb = 26.5 K.
- A (v ‘
The effective width of the participatiné plating is

Log = (40) x (0.398) = 15.92". S :

]

4,2.2 Trial and choice of sections

.\ ' b—7.96 7.96"— + ‘ “
b ‘ ¢ 4 f -
£ == N E—— ” v
o 0.398" Y= 53
; !
7.37 L—ﬂr_———ﬂu——————-ﬂ———*- N.A.
Q : 2077 | /
—_ 5 1+_ . f r
. | .
| y= 9.04 |
L{ Jl‘ N k’

| ' . I : )
{ Coe |

FIG. 4.4 Horizontal stiffener‘section ‘
0 geometry . | ) .
\ \
The section propeﬁrties of a W1l4 x 531} trial section, are:
2 \

A = 15.6 in", 1 = 542 in4 and its geometry. a; :i.n Fig. 4.4.

L]

The neutral axis is located. as: =»

~

_ o +
. _ 10.398) (15.92) (0.2) + 15.6(7.37) _ (6.34) (0.2) + 15.6(7.37)
Nt 15.6 &% 0.398(15.92) 71.94
J ! ’ .
= 5.3" >
and i

A Uikt 2 o Bt Sk A

ik tine Lk

2o o
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xed

(13.94+0.398) - 5.3 = 9.04", with A, = 21.94 in2.

1
¥ ~

Y,

-

The total moment of inertia of the plat‘e and W-section

I, = 542 + 15.6(7.37-5.3)2 + 6.34(5.1)% = 773.75 in®

L)

The section moduli of the whole section aye:

The stresses in the section may be computed as follows:

%

(I In the negative moment region:

@

H

_ta _ 44.1 _ . . ST

ftl = IT,; = 31974 - %.01 KSI; axial tensm)n stress ,
£’ - le _139.7 x 12 _ 1676.4 =/11 48 KSI; flexural
btl Sl ( 146 146 * S

tension stress, and

/

£ . = e 16764 _ 19 5o kol flexurdl compression
bl T 8, T 85,59 T TUc7 NP RoexuTan compre

stress. \

(ii) In the positive morﬁent region:

=

b _26.5

ft2 = A——T-— m = 1.21 KSI
£ .- _136.1 x12 1633.2 _ 19 og ks
*pt2” 5, T T85.59 85.55 . 7"
M
b
fhe2= 57 = 1633-2 . 11.19.ks1

1]
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b) According to [5], Art. 17.2, in thé case of axial
o . .

»

Pension and bending, the following gond‘ition should
be satisfied by the stresses:
t bt

F‘: + Fb: < 1 ; since: Ft = Fbt = O.GFY = 2£.6 KSI

—

Thus, in the negative moment region:

’

2,01 , 11.48 _ .
e Yot = 062 < 1.0;

-

. and- in the positive moment region:

1121 + %9.g8 - 0.94 <.1 * . . {I

) Regarding local stability of the frame, the fr}ee
flange of t;he section, as shown in-Fig. 4.4, is
subjected to compression, thus [5], art.16.2.4.1 b)
is applicqble.

©

L The derivation of the allowable compressive stress is
[ . H

+

. as follows [5] Art.16.2.4.1b) :

Computation of: F ‘= '/(Fz)z + (F3)vz with |
\ ‘
. , Fp = m7___1201(:0 and Fy = -—-———149’002 + where:
£ (L/xt) s L
A, = area of comp‘ression flange . P

unsupported length of compression £lange, being

in t,hi‘s case, 15 x 12; = 180", For member a.
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[}
n

depth of the section

]

1/6 of the web and the compression flang

areas, being [5 1,pp.5~104,2.17".

Fron [5],pp.6-36,d/A¢ = 2.63 in"l;. thus,

12,000

Fo = Totgoeyy - 25-35 KSI .
.and
o = 22200 5 66 ksr
) 3 (180/2.17)
r\> o
Then, F, = vY25.35 + 21.66 =

1 33.34 KSI and for 2/3 F

a5

= 14.4 K5I < Fl' the allowable stress is:

L
0.28 F

radius of gyration of a sectiédn comprising of

]

—~——

" 43

e
*

e %(21.6)

° . _ . ,:’ _ bt ’
. Fbc =1.15 Fbt(l ——Fl———-) (4.13)
" - or - i
= _0.28(21.6)
X Fb.C =1.,15(21.6) (1 W)
. = 20.33 KsI
4:\ <
The maximum compréssion stress in member "a"
AN o
is:
fbc =19.59 ~ 2.01 =17.58 KS; <WFy oo

Regarding the shear strength of the section, .the maximum shear

force in the frame is:

’ v =7 =

max - 44.1 Kips




ot an e e

<

44‘

. o )
The latter is resisted by web area of the section being, [5]/4
' . N . /.
pp.6-36, 5.16 inz; therefore, the shear stress=.§.s: . {
- 44.1 _

/

From séction pr\operties h/w = 41.8 and for [5],Art.

16.2.3,380//Fy = 380/¥36 = 63.83, h/w < 63.33,

The allowable sh stress, then, is :

-

“Fv = 0°4,FY or FV = 0.4(36) =‘l4.4 KSI > fV

a
. *

*

The tried section, W14 x'53 meets all the ¢sa $16-1969
: 2

-

requirements and may be used for the members of the horizontal

stiffening frames, ‘ -

4.3 DESIGN OF THE VERTICAL STIFFENERS

A%

The ,vert\icaL stiffeners are designed to carry the lateral

<

loads transmitted with the plating.

o
-

W 14x53

o Pi- '1" )
1K—P i-1
Section AA

‘'FIG. 4.5 Vertical stiffeners arrangement and loading
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5

may be assumed as:

betweer thgmagnitude of othe design loads. Therefore, the

45
1 n» T \ I
4.3.1 Load Computation a : |
P .
. VQ‘\ o ‘
The average of the lateral pressure between horizontal N j‘
: Loy ik
stiffeners is- consi_dered,i.e. , from Fig. 4.5: ~ {\ .
i s ' . \\ ‘L \\:
P, =L, +p . ) ‘ \ e
i~ 2%oi oi-1 o S

¥ ‘ M ) . ) \ ) ;
Therefore, the distributed load acting on each verti- . _ - /

cal stiffener is: e

_ 3 -
Woi © 7(2'5)[Po;i. ":\Poi-l:I - l‘Z‘r’[Poi + Poi-—l] [KLF]

) ' & =
The stiffeners are considered to be continuously

b4 .
spanning between the horizontal frames and the bending moments

=

. , o« s
W,.B )

Mi)i= - Mni=—1-0‘—’— [12:|

| o

R

—

v Table 4.6 is prepared on the basis of Table 4.4, with

/s

. . . 4 ,
reactions of Vi = (W Bi)/2, and required minimum section

. vi
modulus of

W BZ )

' Si Mn = Mp/fyc _TO""XMZ'O"‘O'"OOGW Bi

) i

cons;iderj.ng participation of the plating. y

-

-

The results from the load’ computatlons , as tk'i?appear

in Table 4.6, indieateé that there is ot a large difference

maximum of, these values may be used for the design of all . ’

vertical Qetif' feners. S : by
l a

’ .
s M v

-
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. TABLE 4.6 Vertical stiffeners lodding schedules

o

e

By P W, A M’pi orm . | Bi N | Iog

(FTY | (KSF) (KLF) (K) | (Ft-K) (IN®) | (IN)

7.0 0.13 0.33 | 1.14 1.59 < 0.96 |13.44

‘ - 6.0 0.36 0.90 | 2.70 3.24 1.94-[13.44
| 5.0 0.53 1.33 | 3.31 3.31 1.99 |13.44
4.0 0.64 1.60 | 3.20 2.56 1.54 |15.92

' 4.0 0.81 2.03 4.05 3.24 {0.94’“ 15.92

4.0 0.90 2.25 | 4.50 3.60 - 2:16 |15.92

3.5 0.97 | 2.43 4.24 2,97 1.78 |15.92
~ 3.0 1.04 2.60' | 3.90. 2.34 . 1.40 [15.92

2.75 1.09 2.75 ‘I 3.5 2.06 1.24 |15.92

) 2.75 1.13 2.83 | 3.88| 2.14 1.28 |15.92
f 2.75 | 1.18 2.95 | 4.06 2.23 1.34 |15.92
—~ 12.75 1.22 | 3.05 | 4.19 2.31 1.38 |15.92
2.5 1.26 3.15 | 3.4 1.97 1.18 |[15.92

2.5 1.29 | 3.23 | 4.03 2.02 " 1.21 |15.92

2.5 -1.32 '3.30 | 4.13 2.06 . 1.24 |15.92

‘ 2.5 |" 1.35 | 3.3 | 4.22| ‘2.1 | 1.27 |15.92
2.5 1.59 g5 | a3 . 2.6 | 1.29 |15.92
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FIG. 4.6 Vertical stiffener’ section geometry

-

4.3,2 Trial and Choice of Section [5,6-65]

Al

\ . & .
The section properties of a WI'4 x 5 section are
= 1 2 = : 4 ' . = "
A =1.48 ig ; I = 2,15 in-, tflange 0.204", toeb
»
and its gegmetry as in Fig. 4.6. o o

= 0.17"

A

A

R <9
The neutral axis of the }combined cross-section is

located at:

-

Ve , 1 ’
_ 1.48(0.96) + 6.34(4.15) _ 27.73 _ 3550
Y, 1.48 + 6.34 - T.82 |
and - ~ . o ‘ ’
i ‘ y, = 4.35 - 3.55 = 0.8" .
[ ‘ ' '

The moment of inertia of the whole section about
" - AN ’
3 , 8

its neutral axis is:
A .

I = 2.15 + 1.48 2 4 2 “int.
T - . . (2.53) + 60'34(006) = 1«4.36 ln
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. - ¢
The section moduli of the above section are:

_Ip 14.36 _ 3 _ 14.36
Si _oi‘]—_ .5 17.95 in~; 52 = ST EE

= 4,05 in3
The maximum stresses in the

section then maw be
as follows:

(i) Maximum tensile stress:

=_2=3.1X12= -
» f1t s, - - 10.67 KSI < Fp,
(ii) Maximum coméression stress:

- |

=

_n _ 3.6 12 _
ép‘j , ) ' 4 ’
' ' Folibw1ng the same procedure as in previous section
(4.2.2): i
. _ 12,000 _ 12,000 -
F2 ® TR, T WOE-25)/(3.90) (0. 204y T 47-28 KST g
<

Y
—,j 0177 ~ I - |
0.402 T
0.658° L o731
i ¥ A
_
[ 0.0 T 0208 1,77
4 [_._.—F‘n— F\ Jn’
' F———— 3,947 —k

FIG. 4.7 COmprESSLOH flgnge geometry of vertical
° : stiffener sections

computed




.
e e Bara VR b SRR

o

49

In order te compute Ter the~geometric properties of the

- Pig. 4.7:

K\f:

compression flange section are required [5 J,pp.1-29,then onm

. - [(0.204)(3.94)7(0.102) + [(0.17) (1/6) (3.95)1(0.431)
¥y, {0.204)(3.94) + (0.17) (1/6) (3.95)
v - (0.806)(0.102) + (0.077)(0.431) " )
Yy = —0.883 =0.131

'

The moment of inertia of that section is:

|
3
|
-

3 ]
I = (0.204%2(3.94) + (6.306)(0.03)2 + (0/?58}2(0 -17)

//

+ 0.077(0.402)% =-0.002 in*

\ N

The radius of gyration about the neutral axis is,

then:
=yI'/A" = /0.02/0.883 = 0.15"
As a result: . ,
P, - 149,oqg _ 149,000 5 = 1.45 KsI )
! (L/rt) (48/0.15)
and
. F, = /P + P2 = Ja7.28% + 1.45% = 47.3 RsT
N : = I _2. ‘l"
(2/3) Fpp = 2/3(21.6) and Ejl >3 Fre

Therefore, using Equation (4.13), Fbc is computed as:

Fpe = (1.15) (21.6) (1 - 94%3{%%421) = 21.6 KSI
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\ - .
Comparing stresses, then:

Fre 1 fpe. o
\
(iii) Checking shear stresses: ‘ o .
. ‘ \
£, = V= 4.5 = 6.7 KSI

V  BAgeb  (3.95)(0.17)

According to [5] Art.16.2.3:

£l
n
i
N
W
N
w

380//F, = 63.33 and

14.4 > £ ..

i

and h/w < 380//?y ; therefore: F_

Section WT4 &« 5 may“wpe erd for all vertical stiffeners

of the vertical walls of the bin.

4.4 VERTICAL LOADS ANALYSIS

i

The vertical loads transmitted'to the supporting
columns, regarding the upper part of the bin, are the own
weight of the wall plating and stiffeners, as well as the
yertical friction load expressed in its total value per unit

width of the bin wall, -in-Figure 3.6. i

4.4.1 Vertical loads analysis

There are 32 vertical stiffeners at”5 1bs/ft,17 hori-
zontal stiffening frames at 53 1bs/ft;~l8‘ of 3/8" plate and

42' of 7/16" plate. Then the total weight of the walls is:

Y : )
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. w = 32(60)5 + 17 (80) (53)

(80) (143 7.0
w o 1300 SR+ (0.49) Syt (18(F) + 42(pg)) = y,
= 164 kips

4.4.2 Vertical friction load

From Fig. 3.6 at the bottom of the walls, the total

friction load is:

¢

(i) Wall a : ° 15 x 22.2 = 33 kips

(1i) wall b : . 25 x 26.25 = 656 kips ‘ SN i

Then the total friction.load is:
We = (333 + 656)(2), = 1979 kips

Therefore, the total vertical load, in the vicinity
of the hopper. junction, to be transmitted through the walls

to the supporting columns is:

Wp = 1979 + 164 + 17 = 2160 kips

adding 17 kips for roof weight and attachmeﬂts.

Considering Equation (4.2) for the lower course ‘ T

plating, the critical compression stress is

Oy = 4(29.12) (0.398)% = 18.45 ksi

Consulting Table 4.4, the compression stress in the plating

was found to be 7.55 ksi. ) I
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- Then the vertical force that may be transmitted through the

plating is: \

4

WP = (18.45-7.55)(0.398)(80) x 12 = 4,165 kips

, Since WP > Wy and the combined axial stress in the
plating does not change considerably along the height of the

wali, the corner stiffeéners do not carry axial forces.
A

Angles 4 x 4 x 7/16 ( x 11.3 lbs/ft) are provided at
the corners to facilitate construction and they have to be
checked for the bending moments transmitted from the wall’

AJ ar R

plating, on sides a and b. ’

.

The maximum bending moments that would occur on the sides’

of the angle have a magnitude of:M = w22(0.0513) [11]
where:
w = the distributed load from Figure‘3.6 (1.39 KSF) /

and 2 = the spacing of the vertical stiffeners (2.5 FT)

¢

Therefore,

M=1.39 = (2.5)2(0.0513)\ = 0.446 FT-K/FT
and the maximum bending stress in the plate of the angle is:

£ = 0.446 X 6

b = 14 KSI < F

(7/16) 2 b

e . - EE T R U oL TNt Uy P e e PREpvvT— —————— —— -
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. A APPLICATION OF THE ORTHOTROPIC PLATE CONCEPT

TO THE DESIGN OF THE STIFFENED WALL PLATE -
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.. . CHAPTER V
APPLICATION OF THE ORTHOTROPIC PLATE CONCEPT
TO THE DESIGN OF THE STIFFENED WALL PLATE
Y \
T pe r
A A »
I ' BRI ——f—
| SEEEENE RN i
[
]t A au
TRt R ey peppepayyp [N Y { -4
Z & By
U R SRR I--i
‘ Oy
A'. l I \~———-———1g——
L*d Section. a-a
S ) Tz
D=0
3 F—SV x v_’x
frroroarrarTr oo
v
Section b-b - -

FIG. 5.1 The orthotropic plate stiffeners system ,

%

5.1 ANALYSIS APPROACH AﬁD ASSUMPTIONS

For the design of the wall plating as an orthotropic
plate, it is necessary to consider the manufacturing process
details,. i.e., continuous plate-to-stiffenér welds, so that,

both econbmy and safety may be achieved.
‘ \

In order to arrive at a practical solution to the

B
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L 3 ' - N
stiffeners arrangement probl the triangular pressure dis-
. A 3

tribution should be averaged for certain 1ntervals, along

the height of the bin.

Regarding Fig.- 5.1 and latter approximation, then, if
the horizontal stiffeners are equally spaced, within the inter-
val B;, in such a way that §,;/5, = 4.5 to 7.0, the analysis
may be based on the one used for the 6rthotr0pic bridge decks

[8l. -

v

The basic simplifications, adopting bridge deck analysis~"

to be considered in the present case, are:
(a) there are no moving live loads;

, (b) the pressﬂre is constant within,the\Eﬂl-O" interyals
y ( .

. along theheight of the bin.

- —s,—b posh

:. Ag— T : 4 e 'r 1 3
s . I I A
! ! d ! 'K——ATI .
; | ' ¥ 1 Al typ. 14 '
§ 7 Av—r| | ‘ | )
f y dh ) T Ah e
3 open . o ' ,
! Tib $¥1/2 W Section
i , 9 ’ L
b ‘ y,
¢ +— C A
} : . .
: Vertical Horizont al
s+iffep§r' : stiffener

FIG. 5:2 Stiffeners and Plate cross—sectionddetails

> a

2]
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2

Assuming a stiffening system as in Flg 5.1, with

attachment details as in Fig. 5.2, and con51de§1ng uniform
pressure within interval Bi’ the following points are of valid
consideration to the analysis and design of the stiffened

plate:

Vi

a) The stiffened plate behaves in the same fashion but
{ \ . . .
independently regarding x and y-axes,i.e., the inter-

action of plate eccentricities, e_, ey, as well as

X

flexural rigidities Dx’ D_, are minimal, due to the

Y
criterion of stiffener spacing Sp > 4.5 Spy-

Due to its construction, the stiffened piate is
considered to be spanning continuously over the hori-
zontal stiffeners and is to be designed with Dx = 0, or

the rigidity of the plate alone is to be neglected. [1]

Based on that assumption, the Huber's Equation [1]:

4 4 4 o
oW I W _ . s = /SO ‘nt—
% 4,+ 2R > + Dy——z = 0; with H Dny, represent

'ing the elastic curve relationshipgto thevrigidities of
the plate in both axes, may be reduced to the form,
which may ensure behavior of the ribbed plate similar
to that of the beam between the~supports; of course,
considering a fully elastic behavior and small def5£ma-

tions of the plate.
v

Thus, considering a unifornlloaq/éntensity oﬁ(?i:
AN

= ' ..'w
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b)

\
The vertical stiffeners are equally spaced.in all

panels resulting, of course, in different plate thick-
ness choice,

A

Their design is basically governed by the two follow-

ing conditions regarding :horizontal stiffener behavior:

v

(i) Continuously spanning over rigid supports, and

e

(1ii) Continuously spanning over flexible Supports.

—
-

S
1

The stresses developed in the stiffener-plate cross-

section, as derived from the above ypading conditions,

are to be superimposed. \

~

The design of the plating is based on the allowable

£

“deflection formula: t = Sy 0.00653/Piv, developed

by Kloeppel [2],p.71, for which a cylindrical surface

is assumed .for the deflection-curve of the blate

. between vertical stiffeners.

N . - ) / S
[ ‘ {
The horizontal stiffeners are designed as framij

members, for which at all corners equal -ve moments

7

exist. "Their'loading is constant within the panéls

but their deflections are to be considered varying

linearly between the panel heights. This assumption

-

o
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is justified due to- the actual, triangu;ar, load

~

.

application.

The vertical and horizontal stiffening elements are

acting integrally with the plate, at least for a certain

minimum width which is referred to as the effective width e

Av or Ah [1], for each side of the stiffener.

.

In geﬁeral, such a condition may be considered valid
for any ribbed plate. In the present case, however, it makes

b

tHe whole difference from the conventional dqsign, when an’

effective width of 40 t g was employed. ?

A4

Following Ven Karman's theory and its rigorous appli- . .
cations to specific loading and span arrangéments [1] it is
‘certain that, a far more than the above-mentioned convention-
al effective‘width of plating may be employed for the design
of the vertical ribs and the horizontal frame members. The

latter are half W-sections, shown in Figure 5.2.°

" The type. of construction of an orthotropic, open rib,

plate favors the effective width theo?y application, because

Ry

the continuous longitudinal welding of the stiffener webs

to the plate ensures a rather continuous section and stress

. development, according to the theoretical analysis [2].

—_— For the preliminary spacing, Béschkine's analysis [14]

presented in<Reference [1], is employed. For the actual
) = |
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_ design of the stiffeners, the assumed and the finally adopted

values of the effective widths are derived from formulae

, L
- #
) R

e

strictly pertaining to thg (3) t)\r‘pe of stiffener, and ) type
of load'ing; .

o,
. “
b - TN . \
. , \
. N ¢
A R

I3 : K\ ) A i
In the presence of tz;ansverse_a{nd in-plane forces, the
Grthotrc}'pic plate stiffening system adopted in the design of
the vertlcal walls of a 'bin, has the advantage of prov1d1ng

' extra stability to the plating alone. (9] ', : ‘:

5.2 ANALYSIS AND DESIGN OF THE STIFFENED -

 PLATE WALLS © . , e
/ ":\j K] . J/ " )
5.2.1 Loads ‘and stlffenergﬁgreliminary
' spacing | T
~ . ‘ '
N o/ 1‘_“_
o Shi- . o= ‘
P1
10,32 3@ -8 o= | N
¢ KSh ‘
, 20° - g
o] / ».S'hé ‘ ) {
p (/092 ,
;2 ‘ 4@’5— .
[ KSF ¢ ,
. 9’ ' )
, T L L Section at .
40 : ' .
; 7" )3 "I 10" the corner of
\ 26 Sv Typigal the walls
¢ P e "l
.. 3] _KSF 5@ 4-0 for all walls
Y ' / _ ; =._’ ‘ -
S © &8

FIG. S. 3 Spacing and detélled arrangement of
- stiffeners
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The walls are divided into three parts, as shox;m ‘Jl.n
'%igure 5.3, each one carrying uniform pressure taken from
. &
. Figure 3.6. Thus, P, = 0.32 ksf, &= 0.92 ksf and P3 © 1.26 ksf
and in PSI:
) R
' N . L Y
- : N )
, py = 200048:32) - 6.94(0.32) = 2.22psi ‘
Py = 6.94(0.92) = 6.39 psi, and '
»
i \r' 4 i
1 / »
Py = 8.75 psi ,
' ‘ ‘ . . :
The thickness of the platgé may be ‘c.omputeﬁffy{omf’ the §
. 3 : i p « '
, formula : t, = s_ 0.0065 Yp. , with s_ = 10", \
1 v 1 R ' ' } '
Then, for the first panel 0'-20': /' o '
, : . ' DR
' t, = 10(0.0065)vZ.22 = 0.085" ’
e . | VoW
Considering ;1 mm corrosion allowance: : 8 \
n'“/‘ o "7 .0.085 ¥ 0.039 = 0.124 or 1/8" nominal ¥ ‘
LS [ &
.(ii) For the middle panel = 20'-40': S
o 3 "
t2 = 10(0.00,§5)/E.39 =.0.121" -
. . ‘or 0.121 + 0.039 = 0.16" or 3/16" nominal '
. o - t,-= 3/16 - 0.039 = 0.149" . - .
f\ . . . A ' ' »

-~

24
AN

3

Fen: a4
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(iii) For the bottom panel: 40'-60':

. . 3
* ty = 10(0.0065)v8.75 = -0.134"

-~
4

or 0.134 + 0.039 = 0.173 or 3/16" nominal

’
3

[ ty = 0.149

. y ?
b

Q

. 'The stiffener spacing is chosen‘from the effective
width analysis results,by Beschkine's study,relating the ratio
of the effective width to the span to - the ratio of the

spacing to the span of continuous stiffened plates [1].

Thus, for:

Sv/shi = 10/80 = 0.125

) | and | f Sv/sh = 10/48 = 0.24\
L

AQ/Sh is between 0.1 and 0.160, which is a reasonable esti- ~

e

mate compared with other results [8].s
.

Approximately, then, if the full effective width is

A

2\, then it should be between 0.1(80).2 = 16"
.0.16(48) x 2 =

and
15.4", exceeding the spacing of 10". '~

* o

. For. the horizontal stiffeners:

-~

<

L

S../b = 6,67/25 = 0.267 and 2, /b = 0.18 = "
K hI B Y R h " .

or .. !
. : . 2hy

(0.18) (25) (2) =

v

9' > 6.67"

v
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- Sp4/b = 4/2§,= 0.16 and ‘A, /b = 0.133
or )
2y = (0.132)(25)2-= 6.6' > 4°

-
L , )
~ . ~
LN

Therefore, in the calculation of the exact effective
width, it should be antiéipated that there is a value very
close to the actual spacing of the stiffeners, thus substan-—.
tial savings in material.

.5.2.2 Analysisand design of the ,
horizontal stiffeners

L4

s

14
The horizontal stiffeners are designed for the moment

8~
loads computed considering frame action and for ghe horizontal

I3

tensile forces resulting froh the action of the horizontal

pressure on the vertical walls.

I
N

Th%.design load% are:‘

(i) first panel: 0.32 x 6.67 = w, = Z.lQ’KLF

]

(ii) middle panel: 0.92(5) = W 4.6 KLF; and. N
P } -

(iii) bottom panel: 1.26(4) = Wi = 5.4 KLF
From Figure 4.3: . ’
- ‘ h

e e et A et et e v e e o
g

BN

CAar Ve dhpudoin

\ . "




\
b ,
. ' .
o ' p.. = 2.13 x 15/2 = 15.98% N
~ . T, : » Pl
\\ : : ‘% )
- ' - K “~ ;
T . o= 2,13 x 25/2(= 26.63%
- Ty = 2130 -

=
It

. k. h ~ k
pz = 4-6(15/2) = 34.5% T, = 4.6(25/2) = 57.5

= k. - _ g2k
Tp3 -’5.04(15/2) = 37.87; T3 = 5.04(25/2) = 63

3

The corner bending moments are computed from the

formula:

s

/

<

i AN TS T 2

- WL

-

Therefore:

M = - w(a2k+b2)
c 12(1+k) .

as shown in Reference [12], where:

i

k #(I,/1)a/b; assuming I, /I = 1, then k =

1

v

' _ (225 (0.6)+625)
M_q 2.13

3

[}

e = - 2.73(39.58)
M, = 2.13015)% _ 84.31 = ~ 24.40'%

al = g " 84-3= ’

T _ 2.13(625) _ - ok
My = TRt 84.31L— + 82.10°'

N Vo

Mgz = - (4,.6) (39.88) ="~ 182.07" .
M . =(4.6(225)

5 k
a2 S\"F—+ - 182.07 = - 52.70!

v

.,

(5.1)
e
0.6.
= - 84.31'k
~

L G = g e an
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e m e e = - R I L T VSIS SN VSR

M, = 5;§é§3§l-— 182.07 = 177.3'% c

b2
\\
& k
N, My = - 5.04(39.58) = - 199.48'
oo \ oot
Myy = §49ié3§§l -199.48 = - 57.73+K )
' @
_ 5.04(625) _ }
My = 2:08{629) 399,48

‘194,27 K &\\

It is okzvious then, that the middle span moment in

L~ 3

all sides a is negative and the plating is 'in tension in

all panels a in the horizontal direction.

-

Considering zero moment location in spans of side b

the general equation of mome‘n?nay‘ be written as:

oD wi? x CXy 2, .
L M o= = M, + —5— (f - (T) ) (5.2)
“ i ' /
and for M»= 0 for the first panel
T X e . . s
‘b
‘. . L ’
. 2.13(625) , x_ _ x , _ .
845 W ="(5x “g3p) T 0
’ : ‘ . 1
x? - 25x + 79.16 = 0
T}}erefore ,‘ - \ , N
IR x = 3,72" :
L
or
x =212 p = 0.149

for all spans.:
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Thus, the effective span or the portion of the span

b

for which the moment is positive is:

by = b - 2(#149)b or b, = 0.702b = - 17.55"
4
Considering sides b, the moment diagram of the stif-
feners resembles the one of a continuous beam member, for

which the general equation for the'effective width, from

Fukuda's analysis [15] from Reference [1], is:

_ 4 3

A .
'E - 2 (5.3)

g[1 6—4-6( ) ][l + (3+v)annyIn? © “W

n ycos=——=—
. -

C C | ra

wl A A

wild i i Vi b dedly —t

T = l Lo ei....‘....u.....’.f

Section a-a

l(ﬁ w1/24 mT{f 12

> t
~40211p— o.sﬁ;ljdzuv—

&
¥ A

A=00T71

==t
-—‘-—-

A =0.]061"

L o8

N

'FIG. 5.4 Loading,moment and effective width
distribution for a continuous multi-
span ribbed plate
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_ ’ ) AI .
with: y = 00 .

- ) 2
8t£(Io+e AO)

Considering the case for which the plate thickness has
little effect, i.e., t - 0, then Yy - o, ’Thén, -the limit of

Equatioﬁ (5.3f, for the effective width, becomes: ,

. N

= 3 6 % 3 X 13 cos Z%ﬂ x (5.4)
(3+v)r-[1 - 6z-+ (E) Jn n

| >

Applying the values of: % = 0 and n = 7, the value

of %—= 0.07 is obtained for the negative moment region

effective width. Again, for } = ana' = s, > =0.106
is obtained for the positive moment region;

Although the moment diagrams in the sides b of the bin
walls and the one shown in Figure 5.4, have thé same shape,
i.e., the series expansion og the moment equation [8] ﬁas:the
égme form as the one used in the equa£ion for the effective
width deri&ation, the positive moment region of the span is

slightly different, being 0.7b in the present analysis.

e -
\

Using the diagram values developed for a simply support-

ed sﬁiffened plate, then at the middle span fort t -+ 0,

,v=0.3and A/% = 0.197 [1], the effective width for an

effective span of 0.7b is:

3




{

Using Figure 5.4 val%e,,-awe obtain:

Ay = 0.106b = 0.106(25) = 2.65"' < }‘1'

For both sides of the horizontal stiffeners, the &otai effec~

tive width of tfe plate’is 2, = 2(2.65) = 5.3'. Consider-

i

ing the spacing 0f.4'-6.7', the above value of 2\ is an

' acceptable estimate, i.e., the plate'material is fully utiliz-

ed with the conservative assumpt‘\i)on that the thickness of
the plate is very small compared v}ith the other dimensions

of the stiffener. ' \

o

The case of a continuous plate under uniform ‘distribut~
ed load is very close to the present case, where the triangu-
lar loading is ‘averaged to a uniform one, along the height of

the bin.

In accordance with the above reasoning, the following
values of effective widths from Figure 5.4, may be used for

the preliminary design of the horizontal stiffenérs:

(1) Positive moment 2A 2.65 x 12 = 63.6"

(ii) Négat'ive moment 2X (0.07) (25) (12) (2) = 42",

Regarding sides "&" design moments and effective
width, since there is no change of moment; sign between sup-

ports, where the moment is maximum, the effective width of a

‘ -

cantilever cas7i [1]1 may be considered; which, for at least
\ ’ -

« 7
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in an equal or larger effective width, according to the theoreti-

68

*:

half the span, justifies: 2\ = 0,264% or 2\ = 0.264(15) x 12
‘= 47.52" > 2X,, from Table 5.1.

—

-~

’fhe final choice of‘ stiffener section, is the one

for which, based upon the stiffener properties now, results

cal value.

FIG, 5.5 Typical horizontal stiffener section {
geometry . .

The geometric properties of the stiffeners are :

‘) .
o A
d = 1/2 depth of section ; w = thickness of the web
tf = thickness of the stiffener flange;

>

bq = nei; width of flange

A = total area of section; A, = area of stiffener £lange )
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thickness of plate

A

Agrhy = e¥fective widths; t

distance to neutral axis of stiffener alone

o°
1

..

es,ep. = stiffener and plate section eccentricities
" in respect to N.A.
L 3

yP,ys = distances to outer fibers from N.A.:

A_,A_ = cross-sectional areas of stif.zfener and plate

~
)

moment ‘of inertia of stiffener; Yg = distance

-
n

+o0 neutral axis of compression zone regarding’
/

local buckling.

(a) Stiffeners of the first panel: 0' - 20"

A half-section W24 x 61 [5], may be tried, having

r

the following properties, according to Figure 5.5.

‘ 2Ac= 42"; 2

p, = 63.6"; t = 0.085"

a=272.1 86" aw = ?-gi = 4.97 in%; w = 0.419"
A =18)2 =9 in%; bt. = A m dw =0 — 4.97.= 4703 in2 -
o o' f 0 ) \
te = 0.591; t;/2 = 0.295; 4/6 = 1.98"; b= 7.03

Considering the arrangement in Figure 5.5:

o

2 .
g = oty + wa® . 4.03(0.591) + 4.97(11.86) ‘
-~ o © 2, = - 2(9) = 3.41 in.
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3
I,=ot botf(yo—tf/z? + vz Yo)

2 : :
= 497186 .4 4 05(3.12)% + 4.97(2.52)% = 129.04 in?

12

v

4
1

(i) In the negati‘ve moment region:

A
p

2.t = 42(0.085) = 3.57,in”

A = - in2
A = A +A, =3.57 +9=12.5 in

Ad+ Ay, 3.57(11.86) + 9(3.41)
¥g = = == = = 5.81 in

- 1257 .- e

y, = 11.86 — 5.8l = 6.05 in

p [}
e, = Y - t/2 .= 6.05 - 0.04 = 6.01 in -
e, = Yo - Yo = 5.81 — 3.41 = 2.40 in .
_ 2 . 2\, s 2 2
I = Apep + Ageg\t I, = 3.57(6.01)° + 9(2.4)% +
] .
e +129.04 = 309.93 in2
Therefore,
‘ _ I _ 309.93 _ . 3, _ 309.93 _ |
SP = yp = €.05 = K1,23 in H SS —-5-‘.—8-1—— 53.34 in
‘ and =
I -_S.m—“'él"lz = 19.75 KSI ;
™ - , bt ! ‘Sp Jke * ’
£, = e °= 84.31x12° 14 97 gs1
bc Ss \53.31 *
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"and the net stress in the outer fibers are: °

71

! '

) ’ Ta _ 26.63 K
Due tp the axial tension ft = XT-» = 13.E7 " 2.12 KSI, -

Hh
]

19.75 + 2.12 21 .87 KSI, in the plate and

18.97 - 2.12

n

Hh
O -
f

16.75 KSI, in the flange.

The compression flange, assuming an unsupported length of

180 in, has to be checked for local buckling [5].
_11.86

Then from [5 ]J: r, = 1.72; d/Af 03 ° 2..9f. )
_ 12,000 - _ . o . .
FZ = m-y‘ = 2?.68 KSI
\‘; - o ~
* 149,000 _ " .
- F, =—>— = 13.76 KSI : ' ,
(180/173) .
o oF = F? Fp? = /(22.68)% (13.76)° = 26.52 KsI
. .~ 7
-~ 2/3 Fp, = 2/3(0.6)(36) = 14.4 < F; . |
- Therefore, ! ¢
‘ ‘ : '
‘ 0.28F
- Rkl T _0.28(21.6)
Fi o= 1.15F (1 Py ) = 1.15(21.6) (1 ——5573:——-)
or . ' ' . .
S Fpo = 19.18 KSI
Y

Comparing.- allowable and existing stresses,stiffener section *

1/2W 24.x 61 is adequate for preliminary design.

L5
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The maximum tension occurs in the flange of the

.
‘ "'\

stiffener for which

\f{_::

<

n 1

A e

"» , ’b _,82.10 x 19 15.98
5, T AT T 55,93 ¢ I4.41

’

+(ii) In the positive moment region: % ~
5 “ -
[ . . 2 - = ‘R
A, T 63.6(0.085) = 5.41 i&x 4 4
A= 5.41 + 9 = 14.41 1&2 .\\ | A
2 | ' v
‘.5, 41(1I 86) +'9(3 41)
E yS _‘_ 14 a1 = 6 58 ln o |
* . .
y_ = 11.86 - 6.58 = 5,28 in ) )
| s .
. 2 ' - 2 (’—_ 0
I = 5.41(5.24)° + 9(3.17)° + 129.04 s 368.03 in
Therefore T : . )
' _ 368.03 _ . 3 \
; Sp = W = 69.7 in v '
,—/ ‘ ' /% )
- _ 368.03 _ .. . 3 .
Ss = g " 5?5.9‘3 in® B
v B

v

= 18.72 KSI

"

4

o

13 “ 0 . L3 , 13 ‘.
with a maximum compression in the equivalent T-section of
- * ~ '

- -

! -

_ 82.10 x 12 _

15.98

69.7

14.41

.4 -

13.03. KS&
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e e e e e s “ a e e e
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trial section is appropriate for the middle
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*  (iii) For the exact computation of the valye of "the effeo~

. o P
. v
. . . N ,
.

tive width at’gge midspan, where compression exists

P ' in the plate, the followipg formulaég'for uniformly distri-
! W S _buted load over multispan stiffened plate, may be applied.[W%]
g ~ = . SN Coa -
oo, T . —_ -
§ . M3 . 2 : (5.5)
) . L 1-qk n(3-p)(l+v) ‘ , o "
: 5 ' . where*, e ‘
; ‘. . 77 o2 .
T : : 4tL 1
’ N Sl o yecvs wre (= + 5 (5.6)
B , | RO NEEI) N SRR W .-
{ ‘ . . . [
and “ ¢ '
| ,
| ’ L - ‘ n+l
: £ = ' 12('1) B 1 (5.7)
n=1 2.2 ¢ n nma 1+v nta 2 '
: . n“r¢jlq + ——— [cosh - (3= )
i N R ( . } smhmra L 3-v b nna
S
o - Using the following values: . Lo
1\'
1 .
¢ g\ € =.0.085"L = 22~ x 12 = 150"; a =“8:87 x 12 = 40"
f . .4 . 2
% e = 11.82« - 3.41'= 8.41"; Io = 129.04 in"; Ao = 9 in
a4 D /, ’ '
Therefore, , Lt
. . L . L.
d ~ % 4(0.085) (1‘50) (8.41) 2
. . \qqm’ﬂ_(lzg g = 3.05 .
: ‘ ’ ] : : A
. , ) -~ k L j
. i
1] ) ‘\\
.‘ ) ‘
Ve‘ ® ¢ . !
[} ¢“ Q“ g

4
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1)

R
tlons are not to be repeated since the differé&ee between
: \ .

‘. o ™ - ' o

- .
|

0 . 1f _ 1tal

‘a/L = Tg = 0.267; 3= = 3133 = 0,48} / .

2\ .. 2 -0 ' o
TSI (IR) © (2.7 (1.3) 0.18L T h

&

f-
Then Equatio@S.B)‘ becomes: - .

a . w
’a

12(‘__l)n+1

1 2 2 n osh nﬂ(O 267) n(0.481) (0.267)

g Tt Rt oy n (0.267) E’ ) gb sinh nm(0.267)

For n = 26 I = 0.254

and <N - .
1 0.254 _a

«

’

. . A . - .
or I 2x; = 2(150)(0.207) = 62.1" .

©

' This value is almost equal tg§{he assumed value of

2Ab = 63.6" because in the latter, the thickness of the plate

was considered infinitesimally small. ‘The stréss computa-

i

|

the two effective w1dths is less than 1%. o .

(ivaor maximum deflection calculations of the stiffen-

- ing framé members, the smalier'between the average of

.- the’effective widths along the span and, the:spacing between ) .

£
& ’

the frames, will be considered.

' “ S . /w\
For panel 0'=20" the .spaging is at 6'~8" or 80" and

. ‘ .

’

~
~
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the aveérage of the effective widths is smaller than the

—

M M v . . ¥ o .
moment of inertia for deflection calculations and is:

Z 1_ 4
I, = (?68.0%+309.93)3

-~ 4

339 in

i

e ) M A

-— max

v_&_ N_ " z -
- W MG - =25
¥ " - 8EI .

o
N .

TT .

4
v »

e s e 2 m
¥

L v

/

-ve: Towards ¢ of the bin

+ ‘
. &. +
Al I ' ' A - 5W14 !
N % T 384E1 “

3

FIG. -

LY

.6 Loading and corresponding moment ‘
diagrams for the horizontal st%g—

fening frame members
L3

&

e A

subjected to moments at its supports as

may be cpnsidéred valid for the present

-

The maxinum deflectioé of a simply supgf;ted beam
. . 4

shown in Fig.5.6

(4 J:

" case

where:

>
]

>
it

The maximum deflection at middle span of
[

beams on "2" or "b" side;

The maximum deflection due to egual and
opposite support moments;

4 ;
\ F .

o
s Ak 2ok s o e

EL Y




» Ay = The deflection due to a uniform load.

For the panel 0'-20" frame members and from Fig.5.6:

i e
M=284.31 Ft. K and W= 0.32(6.67) = 2.13 KLF e
k ' ' (a) For menbers a: 2 = 15" , v
A = l 5WL4 _ M,Q.z - 2 (5w52,2 My (5:8)
Lo max 384EI 8EI BEL' .48 .
' and
‘2 2 . A
) Amax - (12)><15; X 12(5(2.13;(15) '~ 84.31) =
> - 8(29.107) (339)

i "' . " = - 0.170" .
. 0 ) ° "‘ \

. IG‘.
v ” ‘ '
i (b) For members b\’__ L.= 25¢ s
. ) . N ]
l . /

cn A (12></2:=,gi x 12 (5(2.12%(25) -~ 84.31) =
. M3 8(29-107)(339) |
k4
' = 0.747" ' S |
Y, Consideri deflection r,ecj/uireno\ents, the allowable
o« ' deflections a e:kJ lg-%%-% = 0.9" for wall_s "a"™ and ag%%’—%— = 1.5"
‘for walls. "b", ch: 619%%3 = 1.5", swdy, in afiy Location on
Y ’ the walls.d[S] )\ X . x
® o, ) v .

2 ’ . . J

-

Thus, 1/2 W24><61 may be used for the horizontal

. stmffenlng frame members m the flrst panel, at 6'-8” spacmg.

> ’ -
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(b) ' stiffeners of the middle panel

©

N

A half W27x145 section may be tried having the i

t.f

Considering- the arrangém?nt in Fig.5.5:

(o]

. l‘

1

2\, = 42";

2

" following properties, according to Fig. 5.5 ,[5]’

A, = 63.6"; t = 0.149"

c b
26:88 = 13.44"; dw =\,1§.1/é = 8.05 in%; w = 0.6"
5251 = 21.35 in%; b .t. = A, - dw = 13.3 in?
s i@&&ﬁf/z = 0.49"; d/Ag = 1.01; T, =3.71 [5]

13.3(0.975) + 8.05(13.44)

8

Te 2(21.35)

.05(13.44)°2

- 12

)

= 2.84"

+ 13.3(2.35)2 + 8.05(3.88)% = 316.0 in

(i) In_the negative moment region:
. . LY

[

“J

Srm@ub= 6.26 + 21.35 =*27.61 in ' .

It

?

P r

-

" A_e= 42.(0.149) =

6.26 in

6.26(13.44) +. 21.35(2.84) _

27.

13.44 - 5.24

61

8.20 in

»

2

2

5.24 'in.

.

o

® =

316 + 6.26(8.13)2 + 231 .35(2.4)2 = g52.74 in?

»

F

4
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1
_ 852.74 _ _ 852  _ .3 N
Sp -—TT— 104 in H SS m 162.6 in )
13.97 : 64 : b
For b/zt = = -7.16 and —_—— = 10067 > 2 )
. . f - /if; N tf
" from [51, the section may be considered as compact with.
Fie = 0.66(36) = 23.76 KSI. The negative moment being, from
Table 5.1, :
) M_ = 182.07'K, therefore -
_ (182.07)(12) _ . :
e = 104 = 21.01 'KSI, and

£ = 13.44 -~ 2.08 11.36 KSI = 0.32 Fy

o ’

(i?’.) In the positive moment region: /
. -4
A, = 63.6(0.149) = 9.48 in’; A = 9.48 + 21.35 = 30.83 in
_ 9.48(13.44) + 21.35(2.84) _ . ‘
ys = 3083 = 6.1 in n
Y, = 13.44 - 6.1 = 7.34 in_
. I =316.0 + 21.35(3.26)2 + 9.48(7.27) 2 = 1044 in?
_ 1044 _ . 3 . 1044 _ 1.5, . 3 -
Sp = m 142:23 n ; SS = -%-j- = 171.15 in
: Q‘ For M_ = 177.3'K and T, = 57.5 KSI e
b b "?P -
\
177.3x12 . 57.5 ' -
Y = - . - .
e = TI7ILIs ot So.ey T M43 KST o R
iﬂ77 :3 12 - ‘ °
' =v «e3X - = .
” fC TI3.33 1.87 1.3.0“9 KSI
i; ; s . ‘ ’
N ‘ . *

2
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(iii) Considering Equation (5.3:

H

] 2
_ 4(0.149) (150) ,(10.6) N
Sl ¢ 7 ¢ 95 ) ) o - L
je - _—~ar‘L/»5/ = . ...1‘2'. = g
i"‘— 2 0.2’ L 0'628 !
and A
= 12(-1)7*!
n=l 2 2 , n _ __n(0.265)
s DT {3.26 * SRR T (0.628) [cosh n(0.628) Sinh p(0.628)]
For n = 26 L = 0.216
and ° C . ) (; ‘ g L ’ @
NN , B
1 _ (0.216) x (0.181) _ o 5,
L T = 3.26(0.216) : ,
Therefore \ i :
| 2y = 25°x 12 x (0.223) = 66.9" - > 636" a
:{ _ 1 _ . 4
(iv), I = (1044+852.7)—2- = 948 in
©  w=0.92 x 5= 4,6 KLF;
) ‘
Yhen, éo;: sides @&" deflection: v
. ‘ (12x15)% x 12 5(426) (15)° .
(a) " = - (T =—gg—>t— - 182.07) = - 0.131"
8(29.10°)948 .

‘ and for sides "b" deflection:
T 4, = 022257 x12508.6) 292 () o)« o577
. v maX 559 103)948 48

o

4

1

A L w27 x 145 may be used for

>y

horizontal stiffener frame members, at
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(c) Stiffeners of the bhottom pé.nel

]

LY ~

1
2

ing propertiei:

ZAC

(1) In the

\.\

= 42", 24, = 63.6"; t =
o
33.5/2 =
- . 2
44.8/2 = 22.4 in; bt

a

A 3 W33 x 152 section may be tried having the follow-.

0.149"; +t/2 = 0.07"

!

4 N c
“»

“ «

16.75"; dw = 21.3/2 =»10.65™; w = 0.635"

= 22.4 - 10.65 = 11.75"

1.06; tg/2 = 0.53"; d/A; = 2.87,~"‘rt = 2,96"

Yo 5

(16.75) 2(10.65)

11.75(0.53) + 10.65(8.38) _

22.4

12
4

593.25 in .

negative moment region

A =

P

Y

g =

2

4.26" Lo

6.26 in“; A = sfze + 22.4

6.26(16.82) + 22.4(4.26)

28.66

Y {

Yp

16.9 - 7 =9.7"

+

593.25 + 22.4(2;74)2&'6.26(7.12)2

_ 1088.7 _

° .3
SP'_ —§-.-7—— 112.2‘4 ~1n‘
= 155.53 in>

.
L

s

s

oe

= 7,

+10.65(4.12)% + 11.75(3.73) 2 =

28.66 in?f

0" -

1088.7 in? /=

_1088.7 _

»
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R . . '
.‘". / i ’ \‘ -
‘ L 11.57 ‘ : SR
=" = 5, < 64 5 '
s b/2t ¢ T 08) 4§ 6 /(?; ‘E 1
Py . , ) . ~‘( -
"Therefore, Fbt = 0.66/Fy = 2\3.76 KSI, as previously consi’d?r-_ -
ed. M, -= 199.48'K; T, = 63X and’ the combined stresses are: '
. ) _ ~
‘ ' C >
_ 199.48 x .12 63 = 71, - -
ft': = 5 5 Y'35.66 = 21.33 + 2.2 23.53 KSI ' ¢
: 3
gy = 199-48 X 127 5 5 = 13.19 KST -

' —
c 155.53

(ii) In the positive moment region [

. 2 _ _ .. 2 -
9.48 in®%; A = 9.48 + 224 = 31.88 in

o
n

<
)

_ 9.48(16.82) + 22.4(4.26) _
Yg = 31.88 - =8 in

A}

Y, = 16.9 - 8 = 8.9 in

4

T = 593.25 + 22.4(2.74)2 + 9.48(7.12)2 = 1242 in

_ 1242 _ . 3, _ 1242 _ .3
Sp = =59 " 139.55 in”; Ss =5 = 155.25' in

- 4

»

= 194.27 Ft-K ; T 37.8 K

b b

. - 19427 x 12 37.8° _
t 155.25 31.88

\/‘. 194.27 x 12

fe = 3535 - 1-19

16.2 KST

15.52 KST |

1]
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(iii) Check for exact effective ‘width: _

. . = . . - .

. - * B .
. . ;.
- - . 4
’

) [ 4

: c o
A, = 22.4; I =593.25; t.= 0.149m L = 150 ; e'= 12.56

v 0 ,
’ - -
Therefore ‘ ? _ . i
/ 2 ” .
4(0.149) (150) ( (12.56) ~ + 1 ) =2.52
T2, (1.3 393.25  t 324 T A
' a. 4. -0.16;5 2= 0.503
v I —75' . ’ L .
and °*
r = °z° 12(_1)n+l
n= n(0.242)

For n = 26 ¥y = 0,295
: - | x * . ’
and T T T 7Ry (018D = 0.207
Y
or o 21, =' (300)(0.111) = 62.1l" , .

.

(iv) Since the theoretical value of the effective width

L

exceeds the spacing of the beams and the average of the\

-~

effective widths used in the design of the sections, is larger
than the spaéing, as well, for deflection calculations the

effective width of the plate is considered 48",

-
~

The moment of inertia may be computed as £ollows:. .
" \

With  a = 22« in®;- A = 48(0.149) = 7.1 in®; I_=593.25 in

kY
-

Co

1 2 2|, n
n“mw {2,52 + AR n(ﬁ@:ﬂ [cosh n(0.503) - oog n(0.503)

J

4
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et SPEAI AIUT {APICRRR" SRS, JAPg TN 3 4L ek = o

i

1

- 4 - - o s i o

i Y

y P .
. _7.15(16.82) + 22.4(4.26)% _ . ., . . e
4 and . ys - v N 7 . - Y 7-30 ln
- . N
. ‘ . Yp = 16.? - ’7-3 = 906 ) 4 . P
. . 3
~ : 2 2/ .4
I =593.25+ 22.4(3.04)° + 7.15(9.53) “' = 1450 in
r o
l »
| . w = 1.26 x 4 = 5.04 KLF roo
H. _’ (U b;
, (a) For members side "a":

: — o (12%15) %12 ,5(5.04) (15) 2 _ - "
— Ay = =2 (R =199.48) = =« 0.094
. 8 (29.107) 1450 , -
"'\ L4 , N

(b) For members side "b":
15x25) %12, 5(5.04) (25)% |
(232 - 199.48) = 0.413"

S MaX g (29.10°) 1450 43

=

2 oo

%‘- W33 x 152 may be used for the lower panel horizontal

stiffening frame members, at 4'-0" spacing.

The deflections computx:'ed, so far, are the ones to be
considered, with the condition that the stiffener frame mem-—
.bers at the top of the walls Ao not deflect. In fact, this is
not 1:_he case, because the assuméd distributed load from the
— " —roof and its attachments does not provide any lateral fric--
tional restraint to lateral dispIacem\ents 6f trh_e top beams. ’
Therefoz:e', .revisiting Figﬁre 5.6 and accounting for I =1

{ : . : i
of the first panel, the requirements for Equatiox}s (5.1) and

. / (5.8) are:. ‘ -

0

v - "



N o~
~ ¢ - - » .
- 847
Ry
. ‘ - e
' —_ [
{ ‘ %67 = o ind
. w= 0.13 x = Q. 43 KLF' I, = 129:0 in
- a . > 4
_ _ 0.434(225(0.6) + 625)_ o ’
M, = - LAIR2R00 .0 ¢ 17.18 ft K.
- ( S L R
. .2 .,
Amax = 12(123X=15) < [5('0~.43)I>8< (225) _ 17.18] =.
X §(29.107) (129.0) e L.
~ =,- 0.09" : R
2 9 C o
for' side "a", and 4 ' L
T 2 - ' . _
12(12 x_25) 5(0.43) (625) _ 1 = "
Aoy = (3022 17.18). = 0.397".
§(29.10%) (129.0) e
: “ l : .
for side "b": ‘ R

;.l“he diagrams on Figure 5.7 have been constructed on

the basis that the computed déflections occur at the middle,

approximately of the panels and with thé contributiort of the

vertical ribs and pldte they assume the hea\}yl 1inéd curves on

the .left and right of theq;y-‘-axis\. Dashed,lines are the re-

. .
+ presentation of the center line of the middle spans under un-

loaded condition, which have to be shifted gfaphically to-
wards th,e‘ y-axis to qonstruct the }:eal displ‘gc’ement pattern,
assuning infini‘tely flexible ribs. This assumed deflection
pattérn‘ is according to,’ the previously made approximation of
unifor;n 'press_z;re acting on each of the three panels. -

L ¥
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5.2.3 Analysis and dedsign of the °,
vertical stiffenets

)

Ly

The vertical stiffeners arranged as in Figure 5.3,

are de51gned for the lateral and vertical’ loads and they
2 [

have rectangular cross~sections, open ribs, actlng inte~
grally with the effective width of the%platlng, formlng a
T-section. This system resembles the one provided as a

stiffening system of an orthotropic plate deck of a bridge.
. ’ : ’
It is, therefore, appropriate to adopt the basic analysis
"o 1‘
technlque used for orthotroplc bridge decks, hav1ng in mind,

+

: though the loadlng in the present case has ‘a 51mpler forgksf

and it is considered acting uniformly throughout the deck.

%
Starting with the choice of the effective width, ag in

: , . .
the case of the"orthotropic decks with b, = 0 and open ribs,

the effective width of the plating actlng with- the rrp in \\\

{
resisting the bende? moments and- shear is con81dered constant

throughout the span.' [2,64 , .

. M

&wo.systems of rib action will be considered, as it -
was mentioned before, the one, with the horizontal beams belng
deflected and the one belng rigid, following the gssumed '
pattern of Figur€/2.7,

- p , . * N ¢
P Ve \ r/ -
@he/spaciﬁg of the rrgs, for the derivation’ of the
Ve (: ¢ PR !
plate/tﬁickﬁess, has been chosen 10" c¢/c, however, consider-

Al

inﬁ“denting of the plating due to negative (suction) pressure

/

induced by the eccentric location of the outlet [12], w1thout
‘l

L]
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. -~ o & ?
changing the plate thlckness, the spacing of. the rlbs may be

4

finalij g?' at this point, to 9" c/c.

A .
2 .
a){ Ribs section geometry and .
dllowable stresses - .

R t £ A

In-the design of orthotropic-.steel decks the chd?en

FIG. 5.8

Typical’ rib and plate element geometry

. effective width for a ribfaed ate is considered being the ©
. same- at the center of.‘the span as well as over the supports
of the ribbed plate. [6] \
o

é $ F—be/a—H—be/a——‘- :

- —

=23 -

Co e AL
o ok ~~ .

- J- o4 IO)AO U|R

°

~ For the condition&of flexiblﬁfsupborts the effective

IV . . —
width adopted in practice is up to 10% larger than the spac-

ing of the ribs, assuming infinite length of effective
span. [6] | o , L .
In the present case, howeve;, formula (5.7) may be\ '
‘- ‘used for effective width computa;:ions, in Both support cori\.{r/
dltlons prov:.ded that the adopted values do not exceed the

- actual spac1ng more than 10%. ) ﬁ ¥

A»

e A -
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The span lengths of the ribs are very closely propor-

tioned to the pressure distribution in the panels of the

-

N . L ]
wall, therefore, considering the different values of effec- 5%
’ s _

tive widths in .éach wall panel the same rib section may be
',/:. N -
»

adopted for the full height of the bin walls.

s:Following Canadian Steel Construction standards,

usually adopted in the design of several industrial :structures
such as the present one and cohsidering lateral support id
rovxdeé to the ribs over the beam supportsg, the value of

64//Fy may be used in deciding for' the allowable c%fares51o<

stress safety factor in that region. [5]
N\

b -
¥

The chosenurib section is 3 x 5/16".

The proportionai limit stress for A36 steel is:

-

\
+ £ = FY0.75 = 36 x 4/3 = 48 KSI
p Y/ / K J

N

Following the analysis used in orthotrgpié bridge decks '

for derivation of allowable compressive stresses: [2]

n

R/h‘w"(’@‘l AR

the ideal buckling stréss is expressed as:
) . | .

3 t :
= R,2 ?
£; = k(26,200) (=) ) | (5.8)

)

s

£, = (1.0)(26,200) (0.104)% = 283 KsI > fgg// : N

$ Mera e i




e TN

)

Then, in.-computing the 'critical compression stress in the

rib free end, the following formula may be adopted:

Eﬁ; 1 th_ ) , ]

’ . fcr
. . . F B F_2 '
i 1 + 0.1875(F%) -
VI ' \ i '
. . . ' h ' ‘g : ) {
which yields B oL . .
e 4 R Il
' £ = 36/1 + .(0.1875) (=222 = 35.89 KSI
cr A 283" -°

< N
“,
e '

[ ) ) .
For the chosen ypib crosg-sedkion:

T L n/eg = 320 - 9.6 ana 64//F, = 10.67

With h/tp < 64//F , -an allowable stress of 0.66 F, % 23.76 KSI

may be usedj the latter yields a safety factor:

35.89 _ ; 5 ®

. - } N N
In the design of orthotropic steel deck bridges safety factors

of 1.5 to 1.85 are recommended. In the,pfesént case, however,
considering alreagdy ampléfication of static loads and uniform
pressure distribution, a factor of safety of 1.50 is accept~

able. [2] ‘“

Following pressure distribéiion, as in Figure 5.3: *
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A TR pniy e L

) ) ot 90
° ' 4
L 4 - )
({) For the first panel:
< et W, = 0.32(9/12) = 0.24 KLF
" and 2L = 80" or 6.67'" . °
. - ‘/ - . ’/
vi : = - | ", = 27(5) - 14 i '4-
,Wlt}}:- eo 1.54 H IO_, m 0.703 in H
SR §§3~=.o.938 in%; t = 0.085"
and ‘
2 = 0.181;

" the value of g from Equation (5.6) becomes:
) I
“

2 v
g = 2(0.085)(40)(0.181)((3:33; + 5—azg) = 5.46

*

with': /L = Ei%ﬁil = 0.353 and (l+v/l-v) = 0.481,

* substituting iR Equation (5. 7) 7nd summlng for 26 terms the

value of the effective width&gbtalned as
YT

b, = 0.115(90))‘— 9.2"

Then, following cross-sectional geometry in Fiéure

L]

/5.8: | . )
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I ?\k
\ e ¢
“ ‘\ S ; 91 \4
g 1 &f
A,"= (9.245/16) (0,085) = 0.8094n%. "
[ 4
. A - C 1747 in2
r A, + A = o§§09 + 0.938 = 1,747 in
_ 0.809(0.043) + 0.938(1.585) _ ,
_ p " T 0.871%
~ SR :
yp = 3.085 g 0.871 = 2.214"
o and
I, = 0.703 + 0.809(0.829)% +.0.938(0.714)% = 1.737 in® |
fherefore r )
_1.737 _ 2 gga in3. a oo 1737 _ - 3
N - Spl = W‘ 1.994 in"; SRl m 0.785 i:l -
) s (
~ . ’ <.
o with: ﬁ‘\ . :
‘ I : v - !
= 581 = ¢.022. / ,
, 1 ° 5
r(iil)‘For the middle panel: P

<4

3 w, = 0.92(9/12) = 0.69 KLF and 21, = 60" or 3-' ‘
, : : |
with: e = 1.57"; I_ = 0.703 in%; A ﬁro 938 in® -
: o L ! o : ) "o '
Y .’ ‘- ¢

i . : 2 (1.57)2 1 ]

. t = 0.149 ; g = 2(0.149) (30)(0.181)[0‘703 -+ 0.938]
i e .

" or g=7.4 and mwa/L = 0.471

‘From = 26:

Equation' (5.7) and n
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Therefore:

.. Ao

4 P

= 0,938 in

b

.
’

e

A = 0-149 x (8.76+5/16) = 1.352 in
y

~6.938(1.649) + 1.352(0.075)

-
-

AN

2

.

/r"—' . 2
Ao + Ap = 1,352 + 0,938 = 2,29 in

p.

= 0.720"

&

2.29

)

YR = 3.149 - 0.720 = 2,429"

-

= 0.703 + 1.352(0;;49)2 + 0.938(0.929)° = 2,082 in

\
./ !
_2.082 _ ;3. - 2.082 _ .
Spy = 5920 - 2-892 In"iSp, = 539 = 0.857 in

I

/%, = 2.082/60 = 0.035

. O

o X

(iii) For the bottom Eanel: ‘

)

. -w3

From Equation (5.7) and n = 26:

= 1.26(9/12) = 0.94% KLF and 2L = 48" or 4'

]

0.149; g

)

. . 2
-— ", 3 . =
e, = 1.57"; Io 0.703 in7; Ao 0.938 in

St

2(
2(0?149)(24)(0.181)[%%#%%;—*'—7%33]\= 5.92

ga/L =

3

0

T (8.5) _ A coa
gt = 0,589

' m ’ I
0.146(60) = 8.76

4

3

BT e e matre
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be = 0.171(48) = 8.21" . ' i

*

w

, A = 0.149(8.2145/16) = 1.270 in®
. i P . '3 I
L2 _ _ . 2
A, = 0.938 in”; A, + A, = 1.2§ + 0.938 = 2.208 in
' -~
. 7 _-0.938(1.649) + 1.270¢0.875) - 0.747"
Yp ~72.208 .

Yg = 3.149 - 0.747 = 2.405" S

I, = 0.703 + 1.27(0.673)2 + 0.938(0.905)% = 2,046 in* «

3
¢ \ /% ) , 5
' _"2.046 _ .3 . _ 2,046 _ )
Sp = 67717 = 2.749 in ; SR = ETIUK = 0.851
= 0.043

1%/23 = 2.046/48

b) Support moments 4

i) Rigid supports system - System I .
. N | S

The moment diagrams resulting from this analysis are

i ’

applicable for all stiffeners at the vicinity of the corners

’

av of the bin walls and may be extended slightly beyond the in-
R}ection points of the deflected members of the horizontal

stiffening frames.¢

[l L]

Then, considering the application'oﬁ the momenta
/

Y

distribttion method, the fiﬁ;d end moments in the spans, as
is shown in Figure 5.7, assigning clockwise direction as

. f

A\l ¢ -

- ' 5

L8
&
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negative, ‘are:

L4

.
L 2 :
(0-1): FEM = - wye?/8 = 2:283M) .35 'o _ 25 gk

<

N

Sy

(1-2)to(4=5): FEM f/i'w3 2/12 =3 22;68(—%7) = % 15.12"K

~ | 2
(5-6)to(8-9): FEM = + 2:830) (15) =+ 17,257k -

(9-10)to(10-11): -FEM = * 0.24(6.67)% =£ 10.68"K /

. 2 o
(11-12): EBEM = + 0-24(6'37) X12°. 16,02k ' 4

The distribution factors between spans of equal°length%

* R . x . -
are equal to 0.5. Accounting for pin support at the ends:

3/4(1,/8,) .
D = = 0.43; Dy, = 0.57

1-0 P
(1,789) + 3/4(1;/8)

as well as Dij.12 = 0.32 and Dij-10 = 0.57.
: - v

Since change of section aﬁd kength occurs at supports

n

5 and 9, it follows:
I

o I3/0, . 0.043 _
Dg_, = = — = 0.55;
T3/%3 + Tp/tp~ 0.043 + 0.035 \
Similarly,
_ 0.035 _
Po-g = 07035 + 6.027 - 0-61- ,

L]
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ii) PFlexible Supports‘Syéfém‘— Syétem II

v _,‘/: s\\

a) Side .a

The deflections of the horizontal stiffeners are
presented in Fig.5.7, and the¥ correspond to ‘support rises of
the continuous vertical stiffeners. Considering direct analogy

of flexural deformations to induced moments at the supports

.of thé ribs and following Fig.5.9 désignations, the fixed end

moments for the members are %abulated in Table 5.3 [4]. 4
3 ,»EQ‘J 'FMt El N
*\;*;*‘-__‘ I'll ™S S~ l 1
1 * b l.
T L | 1 T‘
' J 1 J 2
M.z 3Elg : - — M. <12E1 ‘
MJ"' ._IT 1 ‘ ° Ml‘MJ-—ZfE_zlv

FIG. 5.9 Fixed end moments of beams subjected .
to settlement: of support
~ -

-

b) Side b SN

In a similar manner the corresponding fixed end
moments for the ribs oﬂ wall "b" are tabulaFed in Table 53.
The settlement Zl in Fig.,5.9, drawn in the positive direct-
ion, is the difference betw?en settlements at the joints i

o

and j,also .counterclockwise moments are considered positive.

}

In order to obtain the final support moments for

< 13 . L rd
sides a and b, moment distribution .is applied, as carried out

.in Tables 5.4 and 5.5. : o

Al

~
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TABLE 5.3 Support displacements and induced fixed end \
moments (in-K)

Side a Side, b )
© Span : I ) M M
: % . z Z. z a b.
] L ) L

0-1| -0.03 |0.03 [+0.18 |+0.18 | 2.046[48 |-2.27|¥13.59
1-2| =0.06 }0.03 [+0.270|+0.09 .| 2.046 |48 [-9.06 |+27.18
2-3| 20.075| 0.015 [+0.325 |+0.053 | 2.046 |48 |-4.53 |[+16.01

T 3 .
3-4'| »0.08 }-0.015 {+0.335|+0.010 | 2.046 [48 |-1.51| +6.04

4-5| ~0.08 0 |4+0.335}:0.0 2.046 148 | © o i

5-6 | =0.08 | 0 [+0.340]+0.005 | 2.082 |60 0 +0.99
6~7 |~-0.085 }=0.005 |+0.365 |+0.025 { 2.082 |60 |~0.99| +4.95
7~8 }=0.100 [0.015 [+0.410 |+0.045 | 2.082 |60 |-2.9 | +8.91
i 1
8-9 {-0.105 {0.005 |+0.450 {+0.040 |2.082 |60 |-0.99| +7.92
9-10) <0.10 [+0.005 [+0.430 {-0.020 | 1.737 |80 |+0.47 -1.87
10+11} -0.07 #0.03 H0.315|-0.075 | 1.737 ({80 |+2.82{-10.76
11-12| 0 ko.07 [+0.0 |-0.315 |1.7371{80 [+1.65] ~7.37

porm—————
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The average value of the'posit}ve moment in the spans

is computed as:

2 x
W | .
Mive © 78~ \lMi+Mj|2 fln K)o '
where: . ‘
o W = the acting load on the span between supports i
-and j; and ,
Mi'Mj = the négative support moments for Systems (I) and

(I+11).

4

5.2.4 Analysis of vertical loads and -
stiffened plate capacity

The vertical stiffeners attached to the plate not only

¢ . * .
subdivide 'the plate, thus increasing its stability alone, but

R e e T T B

(

they act together with the plate in {ransferring in-plane

compressive forces. Following the analysis of a plate with

"multiple longitudinal stiffeners“as shown in Figure 5.10, the

follq&ing formula may be applied for the computation of the

critical streés: rij
L]
1 4
‘}J
| ]f

b
~/ FIG. 5.10

Y
?U r

1]

P

Scr

STITTIEZIIA

& B ¥

Stiffened plate in compression

b
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(o

L
»
1
‘ e,
5 ey 4 azy; sint =
“ g = XD v i
Y Yo Tz Gy
B7(1 + 2L§; sin —7)
2 l .
. b »
where -
_ __Et3
D = ——==—i
12(1-v7)
) N R )
i t = the thickness of the plate;
cy the distance of each stiffener from the support
. " at x = + %, i'n the present case,
'S A,
= { e = -—-11- —-1.".
c. 9i; B 57 Si Be
with \ A = 0.938
EIL
Yi =80 \
with I, = 0.703 in“,

negleécting the increase of.the moment of inertia taken about

]

/

the plane of contact between the stiffener and the plate [1].

a) Bottom panel critical stress;;omputatidn

(i) Sside a:

a:}
[[]

15 x 12

0.938

2 et —— =

180(0.149)

0.035
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29000(0.149)° ' 29.103(0.703)
D= W— = 8,79 K-in;y = 4. .‘ = 12.89
TG, m(9) .
i _ i _ . L
B h 180 - 0.1571 (rad) )
- 20

2

> %L sin® 0.157 i = 10.0 , then
. E 18- ‘

, oo rle.79la + 0.26112% ¢ 2012.89) 10)]

cr

g
‘a v 8

(180)2(0.149)(0.257)2(1,+ 2(0.035)10)

Since yielding occurs at 36 KSI, it is appropriate to assume a

factor of safety of 1.5 and the critical stress. then becomes:

-

ﬁ. ‘ (Oc)all. = 38.4/1.5

L 4

=

4]

1

25.6 KSI

-

\

= 38.4 KSI

Consulting the final stress results in Table 5.7, the
maximuam coméressive stress in- the plate is 5.10 KSI. Since the
ribs have already réached their compressive stress limit,~ é4 KSI,
it is necessary to consider that the platg alone, will‘carry the
in-plane qpmpfessive forces. Therefore, the compressive force

that may be safely transmitted through the side a walls is:

Woa = (25.6-5.10) (15) x(12) = 2(0.149) = 1100 KIPS

N .

<

e




P T S

©
o T -

A . ' o ; 106

" (ii) Side b

. LI N

3

* A
- - - Ca o= 4x12 _ . . _ 0.938 o
B =25 x12= 300; B = —55 = 0.16:8 = g55r5=7gy = 0.021
b = 8.79 Keiniy = 2:100(0:703) _ 5
. mY = T3g00(8. 797 - °h
TC, ) , ~
i_ 9.m . _ . . _ 25%x12 _ ,

B 365 L ° 0.094 i (rad):; iax = g = 33

33 2 . :

LI = sin“(0.094)i = 16.71; substituting into Equation (5.9).
i=1

Nt -,
o 3 . )
-2 2,2 -

o = T (8.79) ((L + (0.16)°)° + 2(7.73) (16.71)) _

Cf  300)2(0.149) (0.16)%(1 + 2(0.021) (16.71))
\ .

38.52 KSI “ ,

= 38.52/1.5% 25.68 KSI

- . .
A
¥ -~

Following the same reasoning as for side a walls, the plate

Again, (Uc)all.

alone may transmit a compressive forcé of:

<. 4 . I

' W . = (25.68-5.10)25 x 12(0.149).2 = 1840 KIPS «

« pb

N )

through walls b. -
] . w . X )

Then, the total compression in the ribbed walls may safely

1

reach the value of:

. wp = 1840 +.1100 = 2940 KIPS  ~

">
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The own weight of the structure is:
(i) Plating:

(3/16x40+1/8 20)30 x (0.49).= 33 KIPS

(ii) 'Vertical stiffness:

80x12

5 ) * 0.49 = 21 KIPS

60
(0.938) 777 * (

(iii) Horizontal stiffnéss;

61 KIPS

[ (152x5) +'(145xn) + (61x3)] 80 _
- 2 1000

LA

W, = 115 KIPS

v

With reference to Section 4.3, the vertical frictional
*

1oad at the bottom of the wall was found to be: _.

e

~

< Wf = 1979 KIPS

-

As a result, the total vertical load to be transmitted to the - 2

columns fron{the upper part of the bin is:

WT = Ww + Wf + WR = 115 + 197? + 17 = 2110 KIPS

-

\
Since WT < Wp, there is no need‘of vertical corner stiffeners;

however, an angle 4 x 4 x 7/16 (@ 11.3#/FT) will be provided at

14

the corners of the bin walls.,

’ - 1
) .
_ ' ///7
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' i ' CHAPTER VI

DESIGN OF THE HOPPER COMPRESSION
FRAME

6.1. DESIGN LOAD COMPUTATIONS

The members of th“e hop;;er compression frame located

at the top of the hopper are designed For the horizontal com-

f
i

i
ponents of- the meridional hopper forces computed in Section,

o

C
.a Cd
<3
¥ Mot
ba 2 C
' cp "N gy
"(a) ’ (b)

FIG.-6.1 Design loads for compression frame

- 7 3.3.2, as well as the effects of the horizontal pressure at
, ) o ‘ .

the bottom of the vertical walls. These loads are presented

in Figure 6.1 (\a) and their values may be computed as follows:




T

W e e A v

Sr
e e Tl

> ) ."v-j Ve
¥
. Ryp = Tmal cosa, = S§2 cos(54.69) = 324.8K
/ - ) _

| R23 = Tmb2 00382 = 958 cos(51.63) = 594.7K - /

Rys = Tmaz cosa, = 763 co0s(36.06) = 616(.81(
. Ryg = Tmbl" cosB, = 837 cos(65.38) = 348.7K ;
{ ‘ 1 =

The lateral pressure from Figure 3.6 is 1.39 KSF; then

if an effective height of 2.0' is considered for the compress-
ion frame, the values of the distributed load, acting out-
wards are:

. , pp, = 1.39(2) = 2.78 KLF -

Therefore, the net distributed loads acting on the

frame members, shown in Figure 6.1 (b), are:

“p1

7

{ A
The maximum compression
I ¢ ©

* puted loads are:

[

324.8 _
fe— - 2.78 =
23l - 2,78
616.8 ~
T 2.78 =
348.7 - 2.78 =

forces

y

18.87 KLF §

3
21.01 KLF ° ¢
38.34 KLF
11.17 KLF
AN
that result from the above com-
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.

N

b ooy = - (wpB= - 2100 x B« - 262.6K
and h o
ST ey = - (w3 e - 38034 x 2= - 287.6K

#
Considering the frame action and moment distribution

method , the reuspe,c:tive fixed end moments for the frame mem-—

bers are:

¢

' 2

= = a 113 -

(FEM),, = - (FEM),) = (wa))iz = (18.87) (18.75) = 353.8'K
. N * b2 ,

= ey = = = J

(FEM)23 = (I:"IE:IVI):,.2 (wbz)ﬁ (21.01) (52.08) 10.94.3 K'
- a2 ‘ l - .
(FEM)34 = - (FEM)43 = (waz)ﬁ = (38.34) (18.75) = 718.9'K
o e

(FEM)41 = - (FEM) 14 © (wpl)fﬁj =, (11.1'_7) (52.08) ' = 581.7'K

g

For equal cross-—sections of the

tribution factors at the corners are:

S
) o
_ i} N 2 & S
D12 " P23 = D3q4 = Dy3 = = = -0.62 |
and 1 SN - ~f
: X
4’1 ‘ ~
\ N
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TABLE 6.1 Moment distribution for compression

frame N
: . !
l e r-rz ® <3 -.-}» e mmamem «%~ .. 1
~0.38| ~0.62 | -0.62] -0.38 | -0.38 |-0.62 —0.62[-—0ﬂ38
|./581.7|+353.8 |~353.8 [+1094.3 =1094.3] +718.9 |~718.9 |+581.7
#86.6 [+141.3 [-459.1 |- 281.4 | +142.7)+232.7 | +85.1 | +52.1
+26.1[+229.6 | +70.7| +71.4{ -140.70 +42;5 |+116.4 | +43.3
+77.34+126.1 | —-88.1| -54,0| +37.3] +60.9| -99.0 |:=60.7
| ——
-30.4| -44.1 | +63.1 +18.7 -27.01 -49,5]. +30.5] +38.4
+28.3| +46.2 | —=50.7] =31.1{ +29.1 +47.1| -42.7 | -26.2
o ) | : ‘
-15.2| -25.4 | +23.1; +14.6] -15.6: =21.41 +23.6| +14.2°
+14.7| +23.9 | -23.4 -14.3 +14.1 +22.9| -23.4| -14.4
| i ; > '
| } 5
-7.2! -11.7 +11.914 +7.1° -7.2, =11.7| +11.5 +7.4
+7.2 +11.7 |. -11.8 ~7.21  47.2i +11.8| -11.7] =-7.2
-392.3 -818.2 i -1054.4 -628.6
The midspan moments are:
]
2 Ta .
P /
: 21.01) (25) 2 8.241054 . 4 o
(ii) Member 2-3; {21:000(23) ~_ (818.241034.4, . 744 31k
2
(iii) Member 3-4 : ‘38-33’(15) - (4054-4;528°6) = 236.8'K
) \ 2 . :
(iv) Hember 4-1: (11.1;)(25) _ (62B.6+392.3, _ 400 cip

2

A
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Thé design }oads, then, are: -
- ” ) -
§ * =
‘. 2
Positive moment : 705.1'K
Negative momgnt :-1054 .4'K
‘Axial load : -287 6'K (C<£ﬂpre$3510n) \
o . 5.27 CHOICE OF SECTION S
A section formed from a WWF(M)20 x 230 and 2 plates
of 17-3/8" may be tried as per Figure b6.2. [5].
) §
- * '
Lid I , ,13/
/ 19.69 -— , ]?35
' 4 [ { : .
: 1
. WWFtM) ox23o
. o ) .
k] ‘ “ 2 '\
T N FIG. 6.2 Compression fyame, built-up section
E r v & S ‘ . ) ‘\ .
P o . *he moment of inertia of. the plates is: 5

(S

] Lo o 1.35)3 4 ¢
P L B T v ! \
- ’ / oo 1mds V-

. The WWF section moment of inertia-is: 4890 in ;

x 2,75¢= 1197 in

and the total moment of inertia is:

e,
iara,
sy,
.......

- NS 14890 + 1197 = 6807 in® T -
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The total cross-sectional area is: ) .
2
67.9 + 2.75(17.35) = 115.6 in?
with a compression stress due to the axial load equal to:
287.6/115.6 = 2,48 KSI .
The maximum compression stress due to bending is:
. 1054.4 x 12 _ | | .
. . ) 61828 = 20.46 KSIH r

Thus, the maximum compression stress in the frame.

becomes: . N

. 20.46 + 2.48 = 22.94 KSI
4

Since there is full lateral support axig the 97tion .
may be considered as compact with - Fc -
the built-up section in Figure 6.2 may be used for the com-~

pression frame members.

s

T

%

0.66(36) ={73.76 KsI,
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CHAPTER VII o ST
DESIGN OF THE HOPPER '
7.1 STIFFENERS SPACING AND DESIGN
+ OF PLATES ‘ )
b _._‘____J;_‘
\ ‘{\\ a
'L, p \
ey , 12,327 —
’ N v
——1904— 4 4 A
. P 225 KSF ~1—41.96
T
£ . - TN 9,
di . - ———34.3 - - ’ - 2.8"5“"" ~I—r - —
) KSF + - KSF x P
o, -
\ ) \’ 20’ Tg P. ! //
2,72,1__,. ~ o -
3.16 KSF « .
< ! , 373 —f
_J/
J
- N\ 1
. 1429 K 2.04" ‘ rd
!
i )
N »
+ W, &
. L
VA
FIG. 7.1 Hoppér stiffeners arrangement
7
/ N
y ,
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The hopper inclined walls are composed of the plating and’
the horizontal and meridional stiffeners. The horizontal stif-
f%pers being at the same elevation in all walls are dividing
the developed surface of the walls into Bevén equal parts, as

shown in Figure 7.1.

‘The meridional stiffeners are spaced at 2' distance in
all walls. The plate is designed td carry the bending stresses
due to the normal pressure, as well as the tdhsile itresses

induced by the meridional and horizontal tensile for :

-
+

- However, considering that the stiffening members acting
a portion -of the plate, will carry all in-plane forces; the
plate within the stiffeners may be designed as simply support-
. : a
ed, at its allowable bending stress limit of 21.6 KSI.
U%ing Table values for uniformly loaded and simply support-

ed ‘rectangular plates [11], and from Figure 7.l:

a

(i) For wall a3

b o - . - 2 - - ""‘2:.~,E,.
3= 2/1.96 = 1.02; M o.x = Bwa® = 0.0479(2.85)(1.96)"
] Vs ~ .“‘:
= 0.524 K-in/in _
and frqm.Section 3.1: t = JeM/E
and ;’ .
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3

considering 1 mm corrosion allowance, then:

-~

_ 1u " _ ."
ta =3 () ep = 0.4067)
- ‘. ' —
. (ii) For wall ar: ' (
‘ . .
b ., 72/2 = 1.36; M = 0,0731(4 13)(9729 1.208 in K/in
a . . 1 max . . - 1 .
and t . = 308 /21.6) = 0.579";
a2

with corrosion allowance:

o 4y = 5/8" ((tg) . = 0.586")

t -
(iii) For wall bli . ‘ _ ’ ©
] . . . . .
| . . ‘ ~F

’ D_.'2/1.76 = 1.14; M___ = 0.0583(2.25).(1.76)2 = 0.406

a . . ? max . . . . L -

£ . = JE(0-A08Y/216 I0.336" or £ - Lt ) _.=0.46")

bl b0, -6 F30. b1 = 2\ tp1ler™0:

(iv) For wall b,:

b _ _ _ _ - - N
= 2.04/2=1.0; M___=0.0479(3.16)4 = 0.605 in-K/in

i '
= . . . 4 = = =V.
£y, = Y6(0.6051721.6  0.41" or t, = 5((ty,) ;=0.460")
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7.2 DESIGN OF THE MERIDIONAL STIFFENERS

: 3
The design loads for these stiffened are more severe

in~wa11,a2, where:

(1) The tension per stiffener is, from Section 2.3.2:

x

T = 763/6 = 127 K S ;

and . ’ " %
- 2 3
(ii) The bending moment M = % (4'13753(2‘72)‘ = 6,11'K
An effective width of 40(tef) may be assumed.
b_ = 40(0.586) ¥ 20" A, = 20(0.586) = 11.72 in?
A section WTS5 x 7.5 may be tried having [5]
A .2 4 " "
As = 2.2 in"; Is = 5,46 in and y = 1.57"; d = 5.0
The neutral axis is located at:
2.2(1.57) + 5.29(11.72) _
vg = 22 D= AT
yp = 5,586 - 4.7 = 0,886" ' fq

The total moment of iﬂertia is:

e, 2 2 . 4 ‘
I, = 5.46 + 2.2(3.14)" + 11.72(0.593)° = 31.27 in

* ) * * . \gom 7 = - . 3
énd the minimum section modulus is Sp il e 2 6.65 in~,

4 -
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The combined tensile stress is then: .

. !
6.11x12 _ 20,15 KSI < 21.6 KSI
7y

6.65

_ 127
t - 13.92

£ +

a

which occurs in the stiffener.

Therefore, WTS x 7.5 m3y be used for the meridional

stiffeners of the hopper walls.

. . *\ *
Q // ! 5 \
\
7.3 DESIGN OF THE HORIZONTAL STIFFENERS

These stiffeners arekdesiéned‘as simply-supported beams ,

since the inclination of the walls varies and the corner mom-
ents are not distributed in a predictable fashion. They are
carrying flexural stresses as well as axial tension due to

the horizontal pressure exerted on the hopper walls.

Consulting results in Ssction 2.3.3, for the wall b2

o

the first stiffemer froﬁ}the top of the hopper at

: . ©y = 2.04/sin(65.38) = 2.24'

.

\

the tensile force is:

“ o

(Thal)52.24) = (18.3 =~ 1.53(2.24))(2.24)
or

T =_33¢32 K - T~

\
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The span of the stiffener is: 'by 25 - 2.,08(2.24) or

»

or
. g = 20.34 £t A\

and the distributed load due to normal pressure on

wall b2: w=3.16(2.04) = 6.45 KLF
Thus, the bending moment is: -
2 2
_ w1l _ 6.45(20.34)° _ A
N M =g = 3 = 333.4 Ft-K

Assuming an effective width of participating plate:

= 40(0.46) = 18"

be = 40(tef) : '
then: . g

A, =118(0.46) = 8.28 in®
. A section W16 x 96 may be tried with the following
" properties:

B L2 a4 16.32 _ o . .
As = 28.2 in"; IS = 1360 in"; y = 5 8.16 in
The neutral axis is located at:

. ' =.28.2(8.16;6-{-43.28(16.39) = 10.03"

yp = 16.62 - 10,03 = 6.59"

The total moment of inertia is:

‘ | )

~
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I = 1360 + 8.28(6.36)2 + 28.2(1.87)2 = 1,794 in®

N

LY N
and the section modulus for the stiffener part is:

S_ = 1794/10.03 = 178.82 in3

\,
{ Therefore, the maximum tensile combined stress is:

_333.4 12 , 33.32 _ _
£, = “Irigr * Jeag = 22-37 + 0.91 = 23.29 KsI

The section is compact and F, = 23.76 KSI, then W16 x 96

may be used for the horizontal stiffeners of the hopper walls.
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CHAPTER VIII

SUMMARY

¢

f ) & .
The purpose of this report is to pz:ovide*a safe and

economical stiffening sys‘tem for the walls of a rectangular

steel bin and its hopper.

Regarding the results of the two options of the pro- 4

vided systems, there is a substantial advantage of the ortho-

tropic one which, from derived .results, from sections 5.2.4

164-115

and 4.3, ——1-6—4——100=) 29% savings in the steel weight may

a (
be achieved. Of course, the amount ofhwelding is greatly

increased, but nevertheless, the-overall economic advantage

is apparent. ' 7

The design-of the hopper is somehow, conservati\}’e but
considering adversity of the load application in that region,
due to the eccelftricity of the outlet, safety is of greater

importance than anything else.

~
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