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ÀBSTRACT

The product of the coefficient of friction and l-ateral-to-vertical

grain pressure ratio was indirectly obtained for wheat in model bins.

Model bins with both smooth and corrugated wa1ls and with diameters of

approximately 307 mm, 270 mm, and 220 nn were studied. Results were de-

termined at overpressures of 40, 50 and 70 kPa and at grain depth to bin

diameter ratios of approximately 1.0 and 2.0.

The static coefficient of friction of the wheat used was determined

on smooth steel, corrugated steel and on wheat. Va1ues of 0.30,0.48,

and 0.55 were obtained on the respective surfaces.

Àverage pressure ratio for the smooth-wall model was found to be 0.3.i

while the corrugated-wall model had a value of 0.67. This indicates that

the pressure ratio may be a function of the grain-wa11 interface. The

product of friction coefficient and pressure ratio was studied at two

ratios of grain depth to bin diameter. Effect of grain depth was sig-

nif icant at alpha=0.05.

Bin diameter affected the product and indications are that model

bins for lests of this nature should have diameters no smaller than 307

mm. Trends in results from the smaller bins were visibly different than

the largest bins tested under the same conditions. Overpressure levels

were found to affect results in the largest model bins with no signifi-

cant effect on the results of lhe smaller model bins.

tLl



ACKNOWTEDGEMENTS

A large number of people had input into this thesis and to thank them

all individually is impossible. To these people who include family,

friends and associates I extend my gratitude for their contributions.

I am extremeLy grateful to the Natural Sciences and Engineering Re-

search Councit for their financial assistance in the form of a scholar-

ship. As well I am grateful to the ¡,lanitoba Department of Agriculture

and Westeel for their assistance.

A special thanks to Dr. Britton for the guidance and inspiration pro-

vided as my major professor. He made alI the work worthwhile. Thanks to

the technicians and staff of the department for they a1l contributed in

Lheir ov¡n tvay

Thanks also to Dr. Muir and Professor Baracos for serving as members

on my committee.

Finally I would like to acknowledge the inspiration given to me by my

parents to keep going even when things got tough and for support during

my work. I am forever indebted to them

tv -



TABLE OF CONTENTS

ÀBSTRACT

ÀCKNOWTEDGEMENTS

]. II

ìrt

page

.1
Chapter

i.

II.

INTRODUCTION

REVIEW OF LiTERATURE

Review of Historical Literature .

Ratio of Lateral-To-Vertical Pressure
Definition of the Pressure Ratio
The Pressure Ratio In Grain Pressure Theory
Di scuss i on

Friction and the Coefficient of Friction
Definitions
Friction Theories
Coefficient of Friction
Discussion

THEORETICÀL ANATYSTS

EXPERIMENTAT EQUI PMENT

HandI i ng

PROCEDURE

Grain Selection and Properties
Transducer Calibration
Testing Conditions
Testing Procedure

VI. RESULTS AND DISCUSSION

Introduction ..
Coefficient of Friction
Load Tests .

Surface Effects
DiameterEffects...
Effect of Grain Depth
Overpressure Effect

E

16
16
16
24
25
25
26
27
29

iII.

IV.

V

?Ê

.38
,41
.. 44

Model Bins and Material
Load Àpplication
Load Measurement
Def }ect ion Measurement

31

35

46

46
48
50
50

54

v

54
54
56
56
58
60
64



VII.

VIII.

Interaction of Independent Variables I,Iith u and K

coNcrusi0Ns

RECOMMENDATIONS FOR FURTHER }IORK

tIST OF REFERENCES

Àppendi x

A. TRÀNSDUCER DESIGN CÀLCULATIONS

B. LOAD TRÀNSDUCER CÀLIBRATION RESULTS

C. COMPUTER PROGRAM TO DETERMINE ß

D. SUMMARY OF COLLECTED DATA

LTST OF TABLES

TabIe

6.1 Summary

Summary

Summary

Summary

6.2

6.3

6.4

65

73

74

75

paqe

?q

,82

. 83

.90

of

of

of

of

coefficient of friction test results. .

mean uK classified by surface. .

uK means classified by pressure and u/Ð.

comparisons of uK means among pressure levels.

paqe

.55

.58
tro

,6s

- v]



F Í qure

1.1

2.1

¿, ¿,

)2

LIST OF FIGURES

Production of major grains in the Western Prairie
Provinces.

Equilibrium of a soil element for Rankine's Lheory.

Equilibrium of a sliding wedge for Coulomb's theory.

Proposed relationship between pressure ratio and depth of
silo.

Free body diagram of a differential element of grain. .

General arrangement of equipment for load tests. .

Hopper used to fill model bins from a uníform height. .

Lever arms used for load application to model bins.

Base of lever arms.

Section views of load transducer. .

Measurement of grain settlement during testing.

Tilting table method of determining the coefficient of
friction.

Typical calibration curve for load transducer used. .

Setup for a typical load test. .

uK versus time for corrugated and smooth-wall bins.

uK versus overpressure for corrugated model bins.

uK versus overpressure for smooth model bins. . .

uK versus overpressure for corrugated model bins.

Shear failure plane along corrugated surface (Moore et aI
1983). . .

uK versus overpressure for smooth model bins. . r

paqe

2

6

3.1.

4,1.

¿.)

4.3 .

4.4,

4.5.

4.6.

L1

4.8.

¿q

b. l.

6.2.

6.3.

6 .4,

6.5.

)1

32

36

38

39

41

43

45

47

49

52

57

62

63

66

68

6.6

- vt L

70



IIST OF SYMBOLS

- v111 -



A = cross-sectional area, m2

C = circumference of bin, m

D = bin diameter, m

E = modulus of elasticity, MPa

Ea = axial shear modulus, MPa
Er = modulus of elasticity in radial direction, MPa
Et = transverse shear modulus, MPa
Ez = modulus of elasticity in vertical direction, MPa
F = friction force per unit walI length, W/n
H = deplh of bin, m

l< = p/q = ratio of lateral to verticat grain pressure or pressure ratio
Ka = active pressure coefficient
Kp = passive pressure coefficient
Kpl = plastic pressure ratio
N = normal force at contact surface, newtons
Q = difference between total horizontal normal stress and cross-sectional

average, averaged over perimeter of the cross section, kPa
R = hydraulic radius, m

S = stress, kPa
Sh = horizontal stress, kPa
St = tangential stress, MPa

Sv = verLical stress, kPa
Sr = minor plasLic stress, kPa
S2 = major plastic stress, kPa
V = vertical pressure averaged over the cross-section, kPa
Va = axial poisson's ratio
Vro = ratio of radial to circumferential strain due to a radial stress
Ytz = ratio of radial to vertical strain due to a vertical stress
Vt = transverse poisson's ratio
X = load transducer strain output, microstrain
Y = applied load, newtons
a = radius of transducer base ring, mm

e = natural 1og base
f = wall friction force, N/n'
g = acceleration due Lo gravity, 9.81 n/sz
ho = surcharge height, m

p = lat,eraI pressure, Pa
pi = 3.14159
q = vert.ical pressure, Pa

eo = applied grain overpressure, Pa
r = bin radius, m

rs = radius of concentric ring on load transducer, mm

t = thickness of diaphragm of load transducers, mm

u = coefficient. of friction
uo = Ìra11 friction coefficient
v = poisson's ratio
w = bulk density, kg/nt
y = depth below grain surface, m

a = angle between the direcLion of the major pressure 51 and the
vertical axis, degrees

ß = uR/R
Ø = internal angle of friction, degrees
ø' = wa11 friction ang1e, degrees

]X -



Chapter I

iNTRODUCTION

Modern farming practices and increased farm land under cultivation

have increased production of cereal grains and other field crops. The

Canadian Wheat Board (1983) indicated that total production of principal

grains, whic.h includes wheat, oats and barley, in the l,iestern Canadian

Provinces for 1983 was 4'1.7 Mt while 1959 production was only 20.0 Mt.

Production first exceeded 40.0 Mt in 1981 and has since not dropped be-

low this figure. Figure 1.'1 gives a summary of grain production from

1959 to 1983 (Canadian Wheat Board, 1983).

Corresponding to increased grain production there has been a dramatic

increase in the unit size of farms in Western Canada. The Canada Grains

Council (1983) indicated that from 1951 to 1981 the number of farms in

the 28 Lo 240 ha sizes had almost halfed while the number of farms larg-

er than 650 ha had doubled. Farm population has also decreased fal-ling

from 345,222 ín 1959 to 1g5,284 in 1981 (Canada Grains Council, 1983)

indicating that increased mechanization has occured to permit the de-

creased popuJ-ation to achieve present levels of production.

The small farms were able to work with relatively smalI storage

structures because labour lras generally more available and only a small

guantity of grain was stored. Commercially manufactured bins for these

farms were not optimally designed because overdesign would not affect

the cost of the structure to any large degree. AIso, savings to be made

did not justify the cost of optimization.



43-W

5,W"W

46. @ø

39. @8

3.4.W

3¡Ø"8ø

26" øø

23-W

98. øø

34.9ø

LØ.

+)
\ss

õh'r
$-
åJ

Ifl/
ü

&
ffi

tm3 nsTg

Figure 1.1: Production of major grains in the I^Iestern Prairie
Provinces.

Í,967 x971

CRÅP YEÅR

ng75 t 0f¡2

N.)



3

with increased farm size, the rate at which grain had to be moved in-

creased rapidLy and it became impractical to use manual labour. This re-

sulted in a rapidly increasing use of mechanized grain handling so that

more grain could be moved by a single person and at a much faster rate.

The associated equipment cost and space taken up by small storage struc-

tures however did not lend itself well to mechanization of grain move-

ment. targer storage structures were introduced to minimize the problenrs

that existed with small storage bins. These large storage structures,

where grain depth could exceed the diameter, were generally commercially

manufactured storage structures which were durable, long lasting and

simple to erect. This created considerable pressure on bin manufactur-

ers to optimize their designs because overdesign of large storage struc-

tures greatly affects the cost of the bin. In addition if a failure oc-

curs the magnitude of the failure becomes significant. Optimization of

bin design implies rnininizing the steel used by obtaining the maximum

strength-to-thickness ratio of the steel while maintaining the safety of

the structure.

Despite what is known about grain pressure Isaacson and Boyd (1965)

state that "the determination of static and dynamic pressure exerted by

grain in the containing deep bin structures continues to be a hazardous

task for the design engineer." The thin-wa1Ied structures, often in the

form of corrugated-sheet steel, create unique design problems due to the

difficulty in accurately estimating the loads due to the pressure of the

slored material as well as predicting the magnitude of the pressures

themselves. Predicting the magnitude of pressures due to stored material

is required first before loads on the strucLure can be determined and so

the focus of this work will be on these pressures.
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Numerous theories exist to predict grain pressures but all rely on

the knowledge of certain material properties. In the development of some

of the theories certain assumptions regarding properties of the stored

material have been made and they may not be correct. Thus, if a thorough

knowledge of material properties could be obtained, nore accurate esti-

mation of material pressures would be possible. Important properties in-

clude the bulk density, coefficient of friction on various surfaces and

the lateral-to-vertical grain pressure ratio as well as the effect of

factors such as moisture content and overburden on the properties of the

graln.

The objective of this research was to employ model studies to deter-

mine values for the product of the friction coefficient and lateral-to-

vertical grain pressure ratio. Specific objectives were to examine:

the effect of sidewall configuration of the model

the effect of model-bin diameter;

the effect of depth of grain to bin diameter ratio

the effect of overpressure applied to the top of

on the product of the two dependent variables.

bin;

G/n); and

the grain mass

I

2

3

4



Chapter I I

REVIEW OF TITERATURE

2.1 REVIET{ OF HISTORICAL LITERATURE

Many of the grain pressure theories which exist are based upon theo-

ries concerning lateral pressure on earth retaining wa11s. The classical

theories of earth pressure were advanced by Coulomb in 1776 and Rankine

in 1857 (Craig, 1978). Both these theories assumed that the fill was a

dry cohesionless granular mass which exhibited semi-fluid behavior, and

was of an indefinite extent with particles held in place by friction.

These theories are used for the design of shallow bins in the Canadian

Farm Building Code (¡¡ational Research Council of Canada, 1983).

Rankine's theory assumes a state of plastic equilibrium, that is,

when shear failure of the soil is about to occur. This requires the re-

taining watl to deflect. Figure 2.1 illustrates the basic element on

which Rankine's theory was derived. In addition his theory assumes that

1. there is no waIl friction,

2, the retaining wall has a vertical surface

3. the soil is acted upon by its self weight

on the soil side, and

onIy.

For a cohesionless granular mass with a horizontal surface the lateral

pressure is given by:

5
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P=KtrYg
hrhere 3 K=pressure rat i o

-p=lateral pressure, Pa
w=bulk density, kg/n3
y=depth of n¡aterial, m

ô=acéeleration due to gravity, 9.81 n/sz

2 l

t'la I I
t

<rz
z

(rx

Figure 2.'1: Equilibrium of a soil element for Rankine's theory.

Coulomb's lheory lakes into account waLl friction and allows for an

incLined surface and non-vertical wal1. The theory assumes a wedge hav-

ing the wall as one side and a plane called the plane of rupture as the

other side. The plane of rupture is at an angle from lhe horizontal such

that it exerts the maximum thrust on the wall. Coulomb's solution is

similar to Rankine's. Figure 2.2 illusÈrates that Coulomb's theory is

simply a static analysis of a sliding wedge of soil. The chief differ-

ence between the two lheories is that Coulomb's theory predicts a resul-
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tant latera). pressure which is inclined with respect to the normal. For

backfill with an inclined surface Rankine's theory predicts a resultant

force which is parallel to the surface incline. Coulomb's theory does

not predict a resullant load which is directly related to the surface

H

ø'

P I

Figure 2.2: Equilibrium of a sliding wedge for Coulomb's theory.

inclination.

Both theories consider two cases; an active case where the wall moves

away from the soil mass and a passive case where lhe waIl moves toward

the soil mass. For each case a pressure coefficient is defined which re-

lates vertical.stress at any point in the soil mass to the horizontal

stress. The passive pressure coefficient is the inverse of the active

pressure coefficient and is given by

C

A
I

ø

R
ts

s

I^l
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1 ( 1-sinØ)
Ka= --=

KP ( 1 +5int,
where: Ka=active pressure coefficient

Kp=passive pressure coef f icient
Ø=internal angle of friction, degrees

12.21

For grain pressure only the active case is generally considered.

Machey (1966) showed that the use of Rankine's and Coulomb's theories

for design of shallow bins with a circular plan was invalid. He noted

that a wedge of naterial taken normal to a flat wall will have paralle1

sides, while a wedge taken normal to a curved surface does not have a

uniform thickness and as a resu1L is affected by lateral pressure and

variation of mass for concave or convex surfaces. A new theory was de-

veloped by analyzing wedges from concave and convex surfaces and inte-

grating around the bin perimeter. The theory showed that for active

pressure on a concave surface, such as inside a circular bin, the pres-

suie predicted was greater than the Rankine effect but approached the

Rankine effect as curvature became large. In addition walI friction ef-

fects were found to be smaII.

Based on Rankine's theory the theory of equivalent fluid density was

developed. The theory predicts a Iateral pressure distribution assuming

a fluid which has an effect equivalent to that of the granular backfiIl.

This was applied to the design of early grain storage structures before

the reatization of the effect of vertical load on the walls due to fric-

tion. It has also been used in building codes for the design of shallow

bins (¡¡ational Research Council of Canada, 1977). The realization that

there exisLed a vertical wa11 load due to friction stimulated engineers

and applied mathematicians to learn more about grain pressure.
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One of the first recorded works specificaJ"ly on grain pressure was by

Isaac Roberts in 1882 and '1884 (Ketchum, 1919). Using small circular

bins 178 mm to 527 mm in diameter and large recLangular bins, 2.057 m by

1.829 m and 15.900 m high, he found that no increase ín bottom pressure

occurred after the bins were filled with wheat to a depth of more than

two times the width of the bins. This work established the existence of

frictional forces and resulting vertical wall compression.

In i895 Janssen published his theory on pressures in a grain storage

structure. It was developed by considering the equilibrium of a differ-

ential element of grain, homogeneous in cross section, at some depth be-

low the grain surface (Clower, 1971), By assuming a constant density, rl,

coefficient of wall friction, u, and a constant value of the ratio of

lateral to vertical pressure, K, he was able to solve the differential

equation to yield

Rwg -uny/n
p- e t2.31(l

u

q p/R

where: R=hydraulic radiusf m

w=bulk density , kg/^'
u=coefficient of wall friction
Þ=lateral pressure, Pa
t<=p/q
e=napierian logarithmic base
y=depth below surface, m

g=acceleration due to gravity, 9.8'1
q=vertical pressure, Pa

n/sz

To verify his mathematical model Janssen performed tests on wooden

rectangular model bins, the walls of which were supported by jack

screlrs. The bins had loose bottoms supported on a scale so bottom loads
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could be measured (Ketchum, 1919). Using wheat he.measured the propor-

tion of the total weight of grain resting on the bin bottom. The verti-

caI pressure measured was compared to the computed vertical pressure

predicted by his equation. From the comparison he found K = 0.67 and a

coefficient of wall friction on the wooden walls of 0.30 for the dry

wheat used.

In .1896, Prantes (Ketchum, 1919) measured lateral pressures in two

cylindrical iron bins which were 1.500 m and 3.800 m in diameter, and

19.000 m high. Using a diaphragm supported on knife edges he measured

at-rest lateral pressures which were slightly less than computed lateral

pressures using Janssen's equation. In addition he observed dynamic lat-

eral pressures four times the magnitude of static lateral pressures. In-

vestigators have felt that the results obtained by Prantes were inaccu-

rate due to poor measuring apparatus and the possibility that he had

off-center unloading which would explain the high dynamic pressures

measured.

More carefully conducted tests were done by Toltz in i897 (Ketchum,

1919). Measurements of lateral pressure v¡ere made on a wheat filled bin

4,267 m sguare and 19.800 m deep. These results agreed with Prantes's

experiments and Toltz based an elevator design on Prantes's work.

In a paper titled "The Pressures of Grain" Airy, in 1897, (Jamieson,

1904) reported the results of several experiments to determine the angle

of repose and coefficient of fricLion of grain on walls for several com-

binations of grain and wall material. He also proposed a theory on grain

pressure based on density, angle of internal friction and angle of waII

friction, eliminating the need for the lateral pressure coefficient K.

Vertical pressure (tenzcner , 1963) was predicted using
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g},D 2 tanø' 0 R

F 12.41
2 tan ø+tan ø'

where: 8=[ Qy/n) (tanØ+tanØ' )+1-tanØtanØt ]0. 5

n =[ 1 + tanzø]o' s

F=friction force per unit waIl length, n/n
w=bulk density of grain, kg/^t
D=diameter of si1o, m

Ø=internal friction angIe, degrees
Ø'=wa11 friction angle, degrees
y=depth below grain surface, m

g=acceleration due to gravity, 9,81 n/sz

Knowing the total mass of stored material and the predicted vertical

wall 1oad, a bottom load could be determined. The theory predicted a

maximum bottom load at a depth of. 2.5 times the bin diameter and de-

creasing for depths greater than 2.5 diameters to where only a small

weight remained on the bin bottom (Lenczner, 1963). More significantly

Àiry was the first to establish the difference between shallow and deep

bins (Ravenet, 1983). e deep bin was defined as a bin where the plane of

rupture intersected the bin wa11 before reaching the grain surface

(clower, 1971).

Ketchum and Varnes in 1903 and '1904 (Ketchum, 1919) conducted tests

on a 305 mm square model bin 2.590 m high made of dressed white pine

with a vertical grain. A movable bottom supported on a scale allowed

measurement of vertical load and a diaphragm in the wall alLowed meas-

urement of lateral pressure. The bottom and lateral pressures for wheat

vlere measured during fil1ing, static storage, and emptying. They were

unable to detect any pressure differences between emptying and static

conditions and found the pressure ratio for their tests to be K=0.40.
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Jamieson (1904) in a well documented report described tests conducted

on commercial size bins owned by the CPR and on model bins of sguare

cross section with walls of corrugated steel, smooth and rough wood

boards, and flat steel plate as well as round model steel bins of dif-

ferent diameters. Pressures rvere measured using a iubber sheet diaphragm

backed with water and connected to a mercury or water column gauge. In

tests in commercial bins with Manitoba wheat he found a maximum lateral

pressure increase of 4eo during emptying compared with pressure during

filling or static Arain. Model bin tests indicated a value of 1Oeo. Good

correlation was obtained between his results and Janssen's equation. For

wheat Jamieson found K=0.60.

In the same year Bovey (1904) conducted tests on commercial sized

bins to verify Jamieson's results. Lateral and vertical pressures were

measured using hydraulic diaphragms like Jamieson used. Bovey observed a

maximum lateral pressure increase during unloading of 9.7eo and that sud-

den sLoppage of flow had no effect on lateral pressure. These results

supported Jamieson's work.

Luft (1904) ln 1902 and 1903 ran tests in two circular concrete bins

7,260 m and 3,429 m in diameter and 16.700 m deep that had been designed

using equivalent fluid density theory. Glycerine filled rubber díaphragm

load cells were used to measure lateral pressures during tests done with

wheat and corn. The results of the tests agreed closely with pressures

predicted using Janssen's theory. Only a slight increase in lateral

pressure was found during emptying. Luft also found that lateral pres-

sure decreased wiLh time and hypothesized that due to settlement the an-

g1e of repose and coefficient of wal-1 friction would be increased.
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Plessiner (netchum,'1919) ran a series of tests from 1902 to 1905 on

a variety of bin surfaces including two cribbed timber bins, two planked

bins and a reinforced concrete bin with cross sections ranging from a

'1 .500 m square Lo a 2.500 m by 3.150 m rectangle and 17.240 m to '18.000

m deep. Vertical and lateral pressures were determined by observing de-

flections of planks which were part of the structure or via a scale and

rod arrangement. Tests were done tvith wheat, ry€, flaxseed, and rape for

a total of 126 tests. Static results agreed closely with pressures pre-

dicted by Janssen's equation.

Tests by Ketchum and Williams in 1909 (netchum, 1919) on a model bin

filled with wheat verified the results of previous experiments and Jans-

sen's equation. Bottom pressures were measured with a movable bottom

supported on a sca1e. Lateral pressures were measured by neasuring cur-

rent through a set of calibrated carbon plates.

In his book Ketchum (1919) summarized the experimental work to that

point in time and drew several conclusions. The most important of these

are:

2

')
J

grain behaves as a semi-fluid,

lateral pressure is 30s" to 60so of vertical. pressure and in-

creases litt1e beyond depths greater than 2.5 to 3 diame-

ters,

the pressure ratio, K, is not a constant but varies with

depth, grain, and bin wall material, and should be deter-

mined by experiment,

dynamic lateral pressures are about .10eo greater than stat ic

lateraL pressures for central unloading,

4
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6

maximum lateral pressure

filIing, and

pressures calculated by

good estimates of actual

occurS dur i ng

14

or immediateJ.y after

Janssen's or Àiry's theories are

lateral pressures.

The period from 1920 to 1965 was described as a time of misconcep-

tions and misinformation compared to Lhe work done prior Lo 1920 (Sun-

daram and Cowin, 1979). Retatively little research work was done in this

period in terms of grain pressure prediction as Janssen's theory was

taken to accurately desôribe the pressure distribution in a grain stor-

age structure. In a summary of grain storage design f,ong (1932) reported

that for practical design, values of u=0,417, K=0.50, and w=800 kg/nt

were generally assumed. In addition, for central unloading a lateral

pressure increase of 1Oeo was taken for moving grain over slatic pressure

conditions . Some important work was done during the period and a dis-

cussion of that work follows.

Using an empirical basis the Reimberts in 1943 developed an equation

which gives results similar to Janssen's equation for Iarge depths in a

deep bin (Jenkyn, 1978). The main difference between the two is that

Janssen's theory predicts an exponential decrease in pressure while

Reimbert's theory predicts a hyperbolic decrease in pressure. Reim-

bert's equation takes the form

p

where: A=

v

4u A

gt,¡D

l,i 12.51.,1']

Dho

4uKo 3

v = pl1(V/n +1 ) 
-1 + ho/31
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Ko=ran,lpi/4- ø/21

w=bulk density, kg/nt
u=coefficient of wa]l friction
y=graín depth below surface, m

D=diameter of siIo, m

ho=surcharge height, m

Ø=internal angle of friction, degrees
p=lateral pressure, Pa
v=vertical pressure, Pa
g=acceleration due to gravity, 9.81 n/sz

Looking at the equations, a knowledge of the wall friction and K (ie.

Ø=internal friction ) are still required.

A different approach to predicting silo pressures was taken by Jaky

(1948). He stated that Janssen's equation was incorrect because of the

assumption that the wall friction angle rvas a constant. In his anaLysis

he divided the silo into two sections. In the upper section Jaky showed

that the wa11 friction increased approximately linearly to a maximum

value and asymptotically tended to a limiting value in the lower sec-

tion. At the wall, K r.las shown to increase with depth but became a con-

stant value in the lower section of the silo. In the lower section of

the silo he took K as Ko=1-sinØ, where Ø=internal friction angle. The

solution derived was quite involved and was not well suited to design

purposes. Jaky suggested that K (ie. no) should be considered the earth

pressure coefficient at rest and this is recognized as a major contribu-

tion to soil mechanics (smitn and Simmonds, 1983).

Much of the developnent of existing pressure prediction theories and

significant experimental work has been covered. Work since that time has

generally been aimed at improving the existing theories, evaluating im-

portant coefficients such as the pressure ratio and friction angles, de-

termining the effect of dynamic loading or looking at flow in a bin. For

this thesis a historical overview is considered to be sufficient and the
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literature review wilI now focus on two of the variables identified as

critical to grain pressure prediction, the pressure ratio and the wall

friction angle.

2.2 RÀTTO OF LATFÌRAI. -TO-VERTICAL PRESSURE

2.2.1 Definition of the Pressure Ratio

The pressure ratio, K, is the ratio between horizontal and vertical

pressure at a given point in a soil mass and in soil mechanics is re-

ferred to as the coefficient of lateral earth pressure (Smitn and Sim-

monds, 1983). The pressure ratio is assumed to be independent of the

mass of the fill and v¡all height and dependent on inclination of the

wal1, the angJ.e of repose, surcharge ang1e, and the angle which the re-

sultant lateral force makes with a normal to the back of the wall (netc-

hum, 1919). If the pressure ratio is to be interpreted as a material

property, then it should be independent of the container wall surface,

and hence independent of the coefficient of waIl friction. The fact that

Ketchum suggests that the resultant angle affects K seems to indicate

that K may be a function of the grain-wall interface.

2.2.2 The Pressure Ratio In Grain Pressure Theory

In the derivation of his theory in 1895, Janssen (Ketchum, 1919) as-

sumed several facLors to be constant to facilitate a solution to the

differential equation derived.One of the factors rvas the pressure ratio

K, or the ratio of lateral to vertical grain pressure. This factor r,las

assumed constant not only across the cross-section of the bin, but over

the total height of the bin as well. Janssen found, in his model tests,

that using a value of K=0.67 in his theory would predict the pressures
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measured in his bins. To use the pressure ratio in practice, experi-

ments had to be conducted for the grain and bin material of interest and

Janssen only evaluated K for the materials he used.

Koenen in 1896 (Smitn and Simmonds,'1983) suggested the use of Ran-

kine's theory of earth pressure to evaluate K in Janssen's equation giv-

ing K as a function of internal friction

(1-sinØ)
Ka=--------- = tan2

(1+5in6¡

pr Ø

12.61
4 2

where Ø is the internal friction angle. Smith and Simmonds (1983) noted

that this was a reasonable assumption if the grain mass reached an ac-

tive state of failure but that it could lead to a lower bound on the

lateral pressure predicted by Janssen's equation.

Jamieson (1904), in his model and commercial bin tests, found that

the theoretical value of K as suggested by Koenen did not agree well

with the ratio of lateral and vertical pressures obtained at the bottom

of the bins. He found for wheat with internal angle of friction (as-

sumed to be equal to the angle of repose) of. Ø= 28', that K=0.60. Amund-

son ( 1945) measured stresses of horizontal bands on a cyJ-indrical grain

bín fitled with wheat. He found a value of K=0.458 satisfied Janssen's

equation and concluded that Janssenrs equation would yield a safe de-

sign. Jenike et aI. (1973a,1973b,1973c) found that a value of K=0.4

was suitable for most materials to predict initial pressures using Jans-

sen' s equation.

Some investígators have speculated that K is not a constant as Jans-

sen assumed and varies r''ith depth (ie. vertical pressure) and across the
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cross-section of the bin. One group of investigators, Clower et aI.

(1973), evaluated K by measuring the frictional resistance to pulJ.ing a

vertically and horizontaLly orientaled bar through a grain mass. The ra-

tio of friction forces was shown to be equal to the pressure ratio. They

found K was independent of vertical pressure yielding a value K=0.52 f.or

wheat but found K to be variable for vertical pressures below 13.8 kPa.

Moysey and Brown (1979) measured the angle of internal friction in wheat

and durum wheat and found it to be unaffected by vertical pressure. They

speculated that if K was a function. of Ø as in Janssen's equation then

little variation in K with pressure (ie. depth) should occur.

tenczner (1963) found in tests on a model silo filled with sand that

the vertical pressure on the bottom tlas uniform across the cross-section

supporting Janssen's assumption of uniform vertical pressure. He con-

cluded that even if K was a function of vertical pressure, the use of a

constant K across a cross-section appeared to be justified.

Pleissner from 1902 to 1905 (netchum, 1919) found thaL K was not a'

constant for grain at different depths in a bin. He found K to be great-

er for small depths than large and varying with different bins, and

grains. For wheat Pleissner found K ranged from 0.30 to 0.50. Similarly

Caughey et al. (1951) found that K decreased with increasing depth for

materials such as wheat. Ketchum and l,flilliams in 1909 (Ketchum, 1919)

also found thal K was not a constant but increasi.ng with depth of grain.

Lenczner (1963), using model bins, also found that K varied almost lin-

early with depth to a height to depth ratio of 4.0. Àbove a height of

four diameters K became hyperbolic tending towards a limiting value of

0,2075. Machey (1966) found from the development of a nerv theory of

pressure distribulion on a curved surface that pressure distribution was

non-linear, ie. Lhat the earth pressure coefficient varied rvith depth.
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Experimenting with rough rice in a model bin, Kramer /lrgqq) found

that I( increased very rapidly at low vertical pressures and became con-

stant at large vertical pressures. Values of K started at 0.30 and in-

creased to 0.48. As mentioned earlier Jaky (1948) found that the pres-

sure ratio was variable in the top section but almost constant in the

bottom section of a bin. In the upper section the value of the pressure

ratio along the wa1l, K, was given by

K=Ko

where: Ko=1 -sinØ

--!:ß:'j-'----
yw- (a/z)w2

Kow

r[1+uo(Ko)o

12 .11

a=l{
5

Ø=ang1e of internal friction, degrees
r=bin radius, n
uo=f riction coef f ic ient
w=bulk density, kg/nt
y=depth of grain, m

Reimbert and Reimbert (976) from tests with silos of many shapes and

dimensions, from reduced scale to commercial silos, found that the ratio

of mean lateral thrust to vertical thrust was not a constant but varied

with the depth of ensiled material and the shape of the silos. In a dis-

cussion of the results they stated that if the pressure ratio was a con-

stant then the plot of pressure ratio versus depth would be a straight

line and that this would only be true for a semi-infinite depth in a

very large silo with no wall friction. Their tests showed that for small

depths lateral pressure was much greater and actual vertical pressure

was much less than according to theoretical calculations. Based on
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these observations the Reimberts concluded that K>(1-sinØ)/(l+si¡',6¡ and

the curve would asymptoticaiiy approach the equality value at great

depth as shown in Figure 2.3. in addition they stated that at the bottom

of the sito there exists a vertical load when no lateral load is present

and so concluded that the curve extends out from the origin at very Low

depths. Despite this observation they continue to use Lheir equation

with a constant K based on the argument that the pressures of concern

witl occur at large depths where K has reached its asymptotic value.

Ross et aI. (1979), working with ground shelled corn, developed a re-

lationship which related the pressure ratio to vertical pressure and

moisture content. Using this relationship in a computer technique to es-

timate wa11 pressures they found that discrepancies between experimental

findings and pressures predicted by Janssen's equation could be ex-

pla i ned.

Àn alternative to physical measurement of the pressure ratio is to

use empirical methods based on mathematical derivation. One such ap-

proach was nade by Jofriet and Lelievre (1984). They stated that if the

material contained in a cylindrical body was an isotropic Hookean ma-

terial and subjected to a uniformly distributed load along a horizontal

plane Lhen K=v/(1-v) where v=poisson's raLio of the material. Further

the authors stated that if a stored material was stratified orthotropic,

ie. the properties in the horizontal and vertical directions were dif-

ferent, then using polar coordinates , z along the axis of the cylinder,

Vrz Er
(= t2.81

(1-vro)nz

where: Vrz=ratio of
Vro=ratio of

ST TC SS

radi al
radial

to vertícal strain due to vertical stress
to circumferential strain due to a radial
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Er,Ez=moduli of elasticity in the radial and vertical
directions, MPa

To use this equation four independent material constants need to be de-

termined. Physical l-imits could make these properties difficult to de-

termine. Manbeck and Nelson (1970) have found that wheat is anisotropic

and so this type of approach would be logical.

Cowin f 979) pointed out that if lt=v,/(1-v) and equation [2.5] rvere

both correct then both expressions could not be true unless sinØ=1-2v,

Using the vertical pressure averaged over the cross-section, V, and the

horizontal compressive stress averaged over the perimeter of the cross-

section Cowin showed that

Va Et 0
Ko= 2,91

( .1-vt )na v

where: Vt=transverse poisson's ratio
Va=axia1 poisson's ratio
Et=transverse shear rnodulus, MPa

Ea=axial shear modulus, MPa

V=vertical pressure averaged over the cross-secLion, kPa

Q=difference between total horizontal normal stress and cross-
sectional average, averaged over the perimeter of the cross-section, kPa

Cowin explained that Q could not be zero and hence even if the material

was isotropic, where Vt=Va and Et=Ea, K would not equal v/(-v). In ad-

dition Cowín ,1977 ) in his rederivation of Janssen's equation showed

thaL K should be interpreted as the horizontal stress averaged over the

lateral boundary perimeter to the vertical stress averaged over the

cross-sectional area of the bin. Continuing in his paper Cowin (1979)

showed that if K was assumed a constant and satisfied the Mohr-Coulomb

yield theory, ie. that the material was a perfectly plastic cohesion-

less material, then bounds on the pressure ratio could be obtained as
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1 -sinØ
1 >K>--------

1+sinØ
[2.10]

wherez Ø=internal angle of friction.

The active and passive pressure coefficients, âs given in equation

12,21, provide limits on the value of K. The development of these lim-

its assumes a non-cohesive granular solid against a waII wilh no fric-
tion. For these limits to exist sufficient movement of the soil must oc-

cur so that a state of incipienL failure occurs. Vevancos (Jenkyn, 1978)

recommended the active coefficient for fill,ing and the passive pressure

coefficient for emptying in bins with a smatl diameter and filled with a

material with a low angle of internal friction.

Jenike and Johanson (1969), based on a theoretical analysis, state

that in a plastic state the ratio of minor to major pressure is a con-

stant

S z 1 -sinØ
[2 .11]

S I 1+sinØ

where: Ø=ang1e of internal friction, degrees
S1=minor plastic stress, kPa
S2=major plastic stress, kPa

The axes referred to above are not the vertical and horizontal axes pre-

viously referred to for the pressure ratio. The plastic pressure coef-

ficient is then given by

Sv 1-sinØcos?a
KPI=-- 12.12)

Sh i+sinØcos2o

a=0. 5[sin- r (sinØ' /si.nØ) -ø' ]

where: ø=ang1e between the direction of the major pressure Srand the
verlical axis.

Ø'=wal1 friction ang1e, degrees
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Ø=internal friction angle, degrees
Sv=vertical stress, kPa
Sh=horizontal stress, kPa

In most bins they found KpL to be small and that Janssen's equation

would likeIy represent both the plastic and elastic states of stress.

Jenkyn (1978) also used a theoretical analysis and proposed that the

internal angle of friction be obtained from a shear box test. Once

foundf a series of relations were manipulated and solved to determine

Ko. Jenkyn noted that Kol1.0.

The German standard DIN 1055 uses K values which are modified to take

into account dynamic effects of emptying and filling (Fankhauser 1977),

It recommends the use of K=0.5 for filling and K='1.0 for emptying. The

Canadian Farm Building Code (Hational Research Council of Canada, 1983)

recommends a value of K=0.40 for wheat on a smooth wall and K=0.60 for

wheat on a rough wall.

2 .2.3 Di scuss i on

Much of the work cited indicates that K may not be a material proper-

ty. A true material. property would not be affected by depth (or pres-

sure) or bin diameter. À possible exptanation is'that what investigators

are measuring is not the pressure ratio but a vaLue which is affecLed by

various external factors and these factors are not being accounted for

in the results. This is due to the fact that, in general, K has been de-

termined by measuring vertical load at the bottom of the bin and lateral

load at some point on the side of the bin where effects of bin diameter,

wa11 deflection, transducer deflection, and other factors are occurring.

To be able to measure the actual K, there may have to be a concentrated
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effort at obtaining a measurement by some means, within the grain mass.

Àttempts at Lhis rlere made by Moysey (1983).

Investigators have developed several means of theoreticalLy determin-

ing a K value, but the variation among these techniques leaves the de-

sign engineer v¡ary of using any of them. In most cases the piediction

techniques proposed are complicated and cumbersome. So even if equation

12.61 is incorrect, its use will continue because of the simp].icity of

the equation. Àlternatively values could be chosen so that a safe design

can be made, such as the Canadian Farm Building Code (Hational Research

Council of Canada, 1983) has recommended.

Some of the investigators mentioned found K values for Janssen's

equation which accurately predicted their experimental pressures. These

values were selected to obtain a good fit and are in general applicable

onì.y to the test conditions for which they were selected.

2,3 FRiCTION AND THE COEFFICIENT OF FRiCTION

1 Definitions2.3

In considering agricultural materials and their interactions with

surfaces they contact, two types of friction, static and kinetic, must

be considered. Sir W.B. Hardy in 1936 (Brubaker and Pos, 1965) defined

static friction as the tangential force per unit area which just fails

to cause motion. More generally static friction forces are those forces

which are acting between two contacting surfaces at rest with respect to

each other. Kinelic friction forces are then those forces which act be-

tween two contacting surfaces in relative motion to each other.

The coefficient of friction betr+een two surfaces is the ratio of the

friction force between the two surfaces divided by the normal force

pressing Lhe two surfaces together. Symbolically
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u=Pr/N [2.13]

\,rhere: u=coetficient of friction
P=force due to friction, N

N=nornal force at contact surface, N

The angle of inclination of a free surface of grain at equilibrium

is ca1led the angle of repose. The angle of internal friction is the an-

91e whose tangent is the coefficient of internal friction of the parti-

cl-es on one another. The angle of internal friction is the average fric-
tional resistance of the grain within the granular mass. Engineers

commonly assume that the angle of internal friction and angle of repose

are egual.

2,3,2 Friction Theories

For agricultural materials the classical laws of friction as stated

by Leonardo de Vinci, Àmontons, and Coulomb (Stewart et al., 1969,

Moshenin, 1968) are applicable. These Laws are generally stated as:

1. Friction forces are proportional to the normal load,

2, Friction forces are independent of the area of the sliding sur-

face,

3. Friction forces are independent of the sliding velocity, and

4, FricLion forces depend upon the nature of the materials in con-

tact.

Sherwood in 1951 (Moshenin, 1968) described friction as the action of

two types of forcesf one shearing and deforming asperities and the sec-

ond as forces of adhesion and cohesion. In addition he stated that fric-
tion was directly proportional to the actual contact area and that it
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was velocity dependent. Despite these observations the classical laws

have been found to adequately describe friction of agricultural materi-

als.

2,3,3 Coefficient of Friction

Design values for the coefficient of friction, static and kinetic, of

agricultural materials on various surfaces are not wideiy available.

This is due to the lack of work in this area and because frictional

properties have generally been dete.rmined for a particular use or pur-

pose rather than for a general application. In tests which have been

conducted the physicaL properties of the materials were often not de-

fined, surfaces not accurately described and test methods variable. in

addition, reported values often do not differentiate between static and

kinetic conditions.

The most common methods of determining the static and kinetic coeffi-

cients of friction are tilting of a table until the material slides on

the surface and moving a surface against a material respectiveLy. Inves-

tigators such as Bickert and Buelow (1966), Stewart et al. (-1969), and

Brubaker and Pos (1965) used a horizontal table on which various surfac-

es lvere mounted. Static and kinetic coefficients of friction were deter-

mined by measuring the horizontal force requíred to restrain the materi-

al samples as the table was moved. Various table speeds and different

normal loads on the samples were used.

Richter ( 1 954) determined the kinetic coefficient of friction by

placing a sample of material on a rotating disc of the required surface

and measured the restraining force to prevent movement of the sample.

Static coefficients of friction were determined by pulling a sample over
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a surface. Lawton (1980) measured static coefficients of friction by

measuring the torque required to rotate an annular plate on top of the

materiat being Lested. Smith and Simmonds (1983) state that the shear

box or celI apparatus is often used. This approach has several problems

as results are affected by grain size, hence the shear box size must be

increased for increased particle size.

Despite variability between test methods and results of the investi-

gations mentioned the general conclusions reached about the effect of

factors such as material moisture content, environmental conditions,

normal 1oad, and relative velocity between the material and the surface

are the same. The general conclusions reached are:

1. the coefficients of staLic and kinetic friction are independent

of normal pressures,

2. to obtain reproducible data, the surface must be conditioned by

repeated passes of the material,

3. kinetic coefficients of friction are independent of the rel-ative

velocity of the contact surfaces, and

4, increasing moisture conLent gives increasing coefficients of

friction.

The previousJ.y mentioned work done in determining the coefficient of

friction on various surfaces focused on planar surfaces onl-y. Moore et

al. (1983) conducted tests to determine the kinetic coefficient of fric-
tion of wheat on circular smooth and corrugated metal surfaces. They

found that the friction of wheat on a smooth and corrugated surface and

wheat on wheat were dependent on the lateral pressure and the relative

velocity between surfaces. Additionally they found that the shear plane
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on the corrugated surface deveLoped within the wheat confined to the

valleys of the corrugations. Reimbert and Reimbert in .1980 (Moore et

ô1., 1983) suggested that for corrugated bins the value of the sidewall

friction be Laken as equal to the angle of internal friction.

It is well documented that waLl friction increases with moisture con-

tent but several investigators have found that the coefficient of wall

friction is not a constant for a given moisture content. Ross et al.

(1979), for example, determined a functional relationship among the

coefficient of friction, lateral pressure and moisture content for

ground shelled corn. The relationship predicted a decreasing coefficient

of friction for increasing vertical pressure. Similarly Jofriet and Negi

(1983) showed that the coefficient of friction for silage on the wa11

surfaces decreased with increasing normal pressure. Jaky (1948), based

on experimental results, found that wall friction increased approximate-

J-y linearly for small depths and tended Lo become a constanl for large

depths. Thompson and Ross (1983) pulled metal blades through a grain

mass and also found that the coefficient of friction was affected by

vertical pressure.

Investigators such as Bickert and Bakker-Arkema (1968) have found

that normal pressure had no effect on the coefficient of friction. A

similar conclusion was reached by Bickert and Buelow (1966), Snyder et

al. (1965) and Moysey and Hiltz (1984).

2.3.4 Discussion

in the works of investigators cited, coefficients of friction for

wheat on smooth steel ranged from 0.49 to 0.29. For a shallow bin the

effect of this change on predicted loads results in a 41eo decrease in
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predicLed vertícal load. À !10e" error in the value of u results in a

t1OPo error in predicted vertical load using Rankine's theory. For deep

bins, the above change in the value of u in Janssen's equation yields

about a 15% decrease in predicted tateral pressure for a 5.000 m diame-

ter, 6.150 m high bin with no surcharge. In Reimbert's equation this re-

sults in a 28eo decrease for the same size bin. Thus if the friction

coefficient is taken too small a larger vertical wall load will exist if
the actual coefficient is higher. The Canadian Farm Building Code of

Canada (¡¡ational Research Council of Canada, 1983) gives a value of 0.30

for wheat on smooth steel. Thi, uulu" is low relative to published data,

giving low vertical load estimates which would be exceeded if a higher

wall friction actually existed.

The ability to accurately predict bin loads due to grain depends on

the degree to which we can accurately predict factors such as the coef-

ficient of friction. This requires a standardized testing procedure to

be developed as different experimental methods give conflicting results.
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THEORETICAL ANÀLYSIS

Janssen's eguation as commonly used assumes a free top surface. A

rederivation of Janssen's equaLion follows using the same basic assump-

tions made by Janssen but allowing for a surcharge at the top surface.

The derived equation is then further manipulated to allow for solution

of the product of the coefficient of friction and the lateral to verti-

caI grain pressure ratio.

Consider a horizontal differential element of height dy at some depth

y below the top surface of a bin with a circular horizontal cross-sec-

tion of radius r (see Figure 3.1). Summing forces in the vertical direc-

tion (y positive in the downward direcLion) yields

QÀ-(q+flq)n-fCay +wAgdy =0

where: A=cross sectional area, m2

f=friction force per unit wa11 length, N/*'
C=circumference of bin, m

q=vertical pressurêr kPa
w=buIk density, kg/nt
g=acceleration due to gravity, 9,81 n/sz
dy=differential depth of element, m

13.11

which by manipulation may be reduced to

dq/dv +t(c/x)=wg 13.21

The assumption is made that a uniform stress exists across any hori-

zontal plane and the sample density is uniform. Jofriet and Negi (1983)

found these to be reasonable âssumptions for high overpressures, such as

- 3'1
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Figure 3.1: Free body dj,agram of a dífferential element of grain.
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those used in this study. Additional terms are defined with respect to

p, the lateral pressure, as the coefficient of friction

u=f/p (dimensionless), and

the lateral to vertical grain pressure ratio,

n=p/q (dimensionless ) .

The hydraulic radius is defined as

R=¡,/C (m).

Also ß is defined as

ß=uK,/R (m-1) .

13.31

t3.41

13.51

[3.6]

Substituting equations [3.3] to [3.6] into equation

ðq/dv+ß=wg

[3.2] yields

[3.7]

The general solution is

-ßfdy
q=Me + (

-ßldy ß Idy
) Jwg ê dy t3.81

where M is an arbitrary constant.

For y=0 can define q(0)=qe where qs is the applied pressure

at the top of the grain specimen. Then

ßJdy ß ldy
M=qo e -v¡g J e dy

y=0 y=0

Factoring and solving [ 3.8 ] an0 t 3.9 I yields

t3.el

ê
-ßldy f ßdy -ßldy ß ldy

tt

liq / wge dy + Qoe wgfe dy [3.10]
y=0
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integrating

-ßy
q=e

Collecting terms we

-ßy
Q=Qoe +

which is Janssen's

ßy
ws/ n) e +Qo (wg/ n)

-ßy
-e l

modified for a surcharge.

ered

or

finally

-ßv -ßv
P (ws/u)

[3.11]

[3.13]

[3.14]

t3.121

To solve for the product uK, exponential terms containing ß are gath-

get

vts/ß t I

equat i on

q=wg/ß+qoe

-ßy
ê (q-*q/ß) /ho ws/ n)

ß 1n [ (qo ws/tr)/h - wg/u)l

Using a nunerical technique, equation [3.]¿1 may be solved f.or ß. Once

ß has been found then from equation t3.61

uK=ßR

or

ul<=ßD/4 [3.15]

where D=bin diameter, m



Chapter IV

EXPERTMENTAL EQUI PMENT

4.1 MODEL BINS AND MATERIAL HANDLING

To meet the objectives of this study model bins with corrugated and

smooth walls in three diameters were examined. Wheat was contained in

the model bins by plywood discs at the bottom and top of the grain mass.

À surcharge v¡as applied to the top of the mass using a lever arm made of

square tubing and a pan onto which masses were placed (see Figure 4.1).

The applied load at the top of the grain mass as well as the resultant

load at the bottom of the grain was measured using load transducers

situated as shown in Figure 4.1.

The model corrugated bins were 665 mm long sections of culvert pipe

formed from galvanized steel 1.57 mm thick with corrugations 67 mm wide

and 13.5 mm deep. Unriveted pipes were supplied by Ì¡iesteel so that riv-

ets normally used to fasten the seams would not disrupt the characteris-

tics of the inside surface. The seams were closed by welding from the

outside, making certain that a uniform diameter was maintained along the

length of each pipe. The mean diameters of the corrugated bins, taken as

the average of the díameter of concave and convex corrugations, were 307

frmr 269 mm, and 219 mm.

The smooth-walI metal bins were constructed with the same diameters

as the mean diameters of the corrugated model bins using galvanized

steel 0.813 mm thick and 770 mm high. Final diameters of 307 mm, 270 mm

-35-
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and 220 mm were obtained. Overlapped seams were also used but fastened

by spot wetding every 25 mm aJ.ong the seam in two offset rows.

Loose fitting 12.8 mm thick plywood discs with 1 to 2 mm of clearance

between the model bin sidewalls and the discs were fabricated for the

boLtom of each bin so that the bottom load could be measured. A disc for

the top of each bin with the same clearance allowed for the application

of load to the grain mass. The plywood discs for the corrugated model

bins were made to fit to the inward facing corrugations so they could

move freely.

Two bases were constructed and each mounted on three adjustable legs

to assure that the model bins were vertical during testing. A bottom

transducer was orientated on the center of each of Lhese bases.

For consistent loading of the model bíns a hopper with about 0.079 m3

capacity was mounted on legs with caster wheels. The hopper was located

above the center of a bin using orientation marks on the fLoor and Io-

cating pins on the legs of the hopper. In this fashion the hopper could

quickly and consistently be located above the center of each bin. The

hopper outlet was located approximately 1100 mm above the bin bottoms

and was 52 mm by 55 mm in size. Grain flow was controlled via a sliding

valve. The hopper is shown in Figure 4.2.

To minimize grain loss a vacuum cfeaner was used to remove grain from

the bins at the completion of each test.
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Figure 4"2: Hopper used to fill model bins from a uniform height.

4.2 LOÀD APPLICÀTION

tever arms were used for applying overpressure so the weight required

for a test rvas reduced. A pivot point was attached to a wide flange col-

umn and two lever arms were attached at angles of 35'outward from the

normal to create sufficient space in which to work. The point of load

apptication for lhe bins relative to lhe pivot point and weight end gave

an applied load of approxinately three limes the pan load. Weights which

were placed on load pans consisted of 20 kg and 30 kg masses. The pans

were hung from hooks on the lever arms"

tever arms were constructed from 51 mm square steel túUing v¿ith 6.3

mm wall thickness. The dimensions of the arms vrere as shown in Figure

4.3" À slot was euL through both sides of the tube along the vertical

axís to allow for passage of the threaded rods used for loading" To
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strengthen the tube at the slot locaLion, plates were welded on the tube

along the sides. The plates were also used Eo transfer load to the

threaded rods through pivot-nut assemblies (see Figure 4.3). Pan hooks

were attached by drilling a vertical hole near one end of the tube.

Threaded hooks were used so that slack could be taken up when the load

pan was attached and so the lever arms could be leveled without applying

a load while the pan was on the threaded hooks. The pivot point was made

by drilling a horizontal hole through the other end of the tube.

The pivot base was made of 76 mm steel channel with the major axis

vertical. it was fastened to the wide flange column with bolts to

achieve a clamping effect on the column. To ensure the base would not

movef emery paper was inserted between the contact surfaces. Àttached to

the channel were two seLs of'10 mm thick parallel plates as shown in

Figure 4.4. They allowed pinning of the lever arms such that only verti-

cal movement of the free end was obtained.

Weight pans vlere construcLed of sufficient capacity to hold approxi-

mately 300 kg and large enough to allow room for the weights.

Load was transfered to a bin through a 19 mm NC threaded rod. The

threaded rod allowed compensation for grain deflection during loading

and during the coarse of a test. To allow for small angular movement of

the rod from the vertical a pívot-nut assembly was used on the lever arm

as shown in Figure 4,3, A spherical end on the threaded rod and a

cupped load block on the top transducer allowed small angular movement

of the top plywood disc if uneven settling of the grain mass occurred.
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Figure 4.4: Base of lever arms.

4.3 LOAD MEASUREMENT

A load transducer on Lhe top of the plywood disc sensed the applied

load while the bottom load was sensed by a load transducer beneath the

botton plywood disc during a test. The main requiremenLs of the l-oad

transducers used v¡ere:

that they have a relatively low profile;

that they have good verticaL stability to prevent tipping; and

that they have small deflection over the workinq range.

The transducer plan selected r+as a circular diaphragm with strain

gauges mounted on the inside face of the diaphragm. Ease of construction

dictated the circuLar shape. Beckwith and Buck (1969) reported that a

thin metal transducer generally has a linear output if the maximum de-
IV
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flecLion of the diaphragm is less than 30eo of its thickness.
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The transducer base was fabricated from a pipe with an inside diame-

ter of 128.2 mm and a wall thickness of 6.3 mm. toad was to be applied

through a circular ring mounted on the diaphragm. Calculations were made

using accepLed equations for circular plates (noarke, 1965) to determine

the required thickness of the diaphragm for the expected loads. The cal-

culations were carried out for both a fixed edge support and knife edge

support (see Appendix A). It was desired to construct a diaphragm with a

fixed edge but physicar limitations were expected, at best, tc produce

an edge with characteristics somewhere between fixed and knife edge con-

ditions. A mild steel diaphragm of 3.048 mm thickness was used in trans-

ducer construction. The diaphragm was attached to the base ring by a se-

ries of spot welds along the circumference of the plate. Foil strain

gauges type EÀ-06-1254D-120 from MicroMeasurements were mounted as shown

in Figure 4.5. The gauge factor of the gauges was 2.0410.5e".

The plate on the transducer was in tension at the center and in com-

pression near the edge of the surface away from applied load. strain

gauges located as shown (nigure 4.5) could therefore be put in adjacent

arms of a Wheatstone bridge. This configuration also provided tempera-

ture compensation in the bridge.

The circular ring used to apply J.oad to the diaphragm was 25 mm high

and had 3.6 mm wa1l thickness. Àttachment of the ring was initially made

using solder. This proved to be a poor technique as creep in the solder

required a long time period before output from the gauges stabilized af-

ter applied load was changed. A sílicone sealant was finally used to at-

tach the rings.

Four transducers were constructed and wired to a BLH Switching and

Balancing unit, l,todel 225, riith 10 channet capability. The unit was in

turn wired to a Vishay model P-3504 strain indicator.
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Às mentioned before the transducers were placed below the bottom and

on top of the grain nass. .Vlires from the bottom transducers were run

through holes out the bottom base. Wires from the top transducer were

run over the top edges of the bins. A load block was made so one end

would fit into the circular ring of the top transducer. The opposite end

was made with a semi-spherical hole to facilitate the end of the thread-

ed rods. This aIlor+ed for easy centering of the transducer and angular

movement of the top plywood disc.

centering of the transducers on the plywood discs was done using

three screws 120' apart in each disc such that the transducers could

just be placed in.

4,4 DEFTECTION MEÀSUREMENT

Deflection of the grain mass during testing vras measured using a Mi-

tutoyo dial gauge model 3052-0'1 with a 30 mm range and 0.01 mm readabil-

ity. The top edge of a bin was used as a reference point for the dial
gauge. A circular disc held on the threaded rod was used to transfer the

settlement of the grain mass. As the grain mass settled the threaded

rod, hence the disc, would move downward relative to the'bin. This move-

nent was detected by the dial gauge. In this manner the average deflec-

tion of the grain mass was obtained and not affected by non-uniform set-

tling of the grain mass. Initial height of the grain mass vras obtained

by indirect measurement with a tape meâsure. This initial height was

correlated to the dial gauge reading so a continuous reading of the

grain height was obtained. The technique is illustrated in Figure 4.6.
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Figure 4.6: Measurement of grain settlement during testing.



Chapter V

PROCEDURE

5.1 GRAIN SELECTION ÀND PROPERTTES

Neepawa wheat was used for all tests. The wheat selected was Canada

#1 Hard Red Spring wheat with 1.5eo dockage and about 8e" noisture content

(w.h. ). The low moisture content was felt to be non-representative of

commercial storage conditions and not suitable. Moisture content of test

samples was increased to about 12.4v, (w.b.) by rewetting. The v¡ater r.las

added while the grain was mixed in a concrete mixer to ensure uniform

distribution. Àfter al-1 rewetting was completed the moisture was allowed

to equilibrate for approximately 2 weeks. The rewetting process reduced

the grade Lo #2 due to discoloration of the kernels.

Coefficients of friction of wheat on smooth steel, corrugated steel

and a wheat surface, created by gluing wheat to a steel backing, v¡ere

determined. The tilting table method was used (see Figure 4.7). The ta-

b1e was constructed with a galvanized sheet metal surface. The other

surfaces were tested by placing them over the smooth steel surface on

the table. A screw mechanism was used to raise and lower the table. Àn-

gle at which grain movement began rvas measured using a protractor and

plumb bob on a string. The protractor was fastened to the tilting table

and the plumb bob hung from a nail at the center of the protractor. This

allowed a direct reading of table slope.

-46-
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Figure 4"7: Tílting table method of determining the coefficient of
friction.

To conduct a fríction test the table was lowered !o less than 15'

slope and Lhe appropriate surface selected. A wooden frame was placed on

the surface, filled with wheat and struck level. The frame was then

raised slightly so that friction at the wheat-wood interface and small

kernels below the frame held lhe frame away from the table top surface.

The lable was then carefully tilted until the sample started to nove at,

which point the table slope was recorded.

Five tests with five repetitions each were conducted on all three

surfaces giving 25 repetitions for each surface. The results for each

surface v¡ere averaged.

Moisture eonLent of the wheat, was monitored daily using a Labtronics

model 919 moisture meLer" Random oven-dry moisture conLents were al.so
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done to confirm the results of the electric moisture meter. Grain mois-

bure at the comp).etion of load testing $¡as f ound to be 11,7v.,

5.2 TRANSDUCER CATIBRATION

The transducers were individuaj-1y calibrated using a Baldwin Tate-E-

mery Model PTF144 Test Machine. The load block was set on top of the

transducer and a ball bearing placed in the semi-spherícal hole. This

was done so only vertical loads would be applied to the transducer. Be-

fore applying load the strain indicator was zeroed. Load was then ap-

plied up to the expected maximum of 5.4 kN in increments of about 200 N.

Strain readings, X, were taken as the load, Y, was applied and removed

for two load applications.

The calibration data were analyzed using the GtM procedure of the

Statistical Analysis System (Anon. ,1982). A linear model was fitted to

the data points and forced through the origin to yietd the regression

equations given in Appendix B. Strain output from the transducers in mi-

crostrain is inputed as X and load is given by Y in newtons. A typical

curve of the calibration data is shown in Figure 4.8. Theoretical sensi-

tivity was computed to be 8.77 N/nicrostrain. Actual sensitivity was

found to range from 5.54 N/microstrain to 10,92 N/microstrain. These

differences lvere suspected to result from slight differences in strain

gauge locations on the diaphragm and positioning of the diaphragm plate

on the base ring. The desired strain gauge locations were marked on the

diaphragm plates before the plates were fastened to the base rings. The

mark for the outer gauge Íras uníntentionally located too close to the

base ring resulting in difficulty applying this gauge. Àdditionally the

gâuge positions were marked by finding the plate center before assembly.
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Precise centering of the plate was not obtained. Àlso the degree of

rigidity of the edge was different for each transducer resuiting in a

variable sensitivity. Finally material properties for the steel were not

precisely known and may have varied fronr plate to pIate. The sensitivity

of the transducers v¡as considered to be satisfactory.

5.3 TESTING CONDITIONS

Test conditions were established based on research objectives. Each

test used certain combinations of the variables examined so that the ef-

fect of each individual variable could be determined. The variables

used were:

bin wall configuration, corrugated versus smooth,

grain depLh using initial u/O ratios of approximately 1.0 and

2.0 , and

overpressure, with leveLs of 40, 55, and 70 kPa.

5.4 TESTING PROCEDURE

The equipment available allowed two bins to be tested per day. The

tests were randomized with respect to overpressure 1eve1, 9râin depth,

and bin diameter using the SAS PLÀN procedure (Ànon., 1982). Randomiza-

tion was carried out to allow five replications of each test condition.

To carry out a test the required bin and corresponding plywood discs

were selected. A ptywood disc was centered over lhe bottom transducer

which was located on the leveled base. The bin was then placed over the

disc, being careful not to disturb the disc. Depth from the top edge of

the bin to lhe plywood disc was measured from three locations, approxi-

1

2

J
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mately 120'apart. À rod was used to mark off this depth and a tape

measure was used to measure the rod length. The depths for the bin were

averaged and recorded.

Using the suspended hopper the bin was filLed r+ilh wheat so that the

depth of grain exceeded the required depth. Excess grain was then re-

moved using a large vacuum cfeaner so the surface was left reasonably

level (witirin 5 mm) and at the desired height. The grain mass was topped

off with a pJ.ywood disc and the depth measured from the bin top edge to

the disc in the same fashion as described for determining overall bin

depth. Knowing the thickness of the top plywood disc, the initial grain

height after filling and the overall bin depth the initial volume of the

grain mass could be determined. During the filling process readings of

the relative humidity were taken to check the effect of atmospheric

moisture.

Next the top transducer was placed on the top plywood disc with the

toad block on the circular ring. The thieaded rod was inserted through

the lever arm and the pivot-nut assembly adjusted so that the lever arm

would be level when the end of the threaded rod was placed in the load

block hole. Àdditionally the disc on the threaded rod was adjusted so

that the dial gauge would start a! lhe extreme end of it's scale. The

load pan was placed below the pan hook and the appropriate quantity of

mass added to the weight pan for the desired overpressure leveI.

Once again the grain height was determined by measuring the depth of

the top plywood disc from the bin edge in the previously described nan-

ner. À dial gauge was then hung over the top edge of the bin from a hor-

izontal beam to which it r+as attached. The dial gauge !¡as localed above

a marked position on lhe rod disc and bin edge so that it could easily
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be reLocated if moved. The initial reading on the dial gauge was related

to the last depth measurement made so a continuous record of the grain

compaction couLd be made. The setup for a test is shown in Figure 4.9.

Figure 4.9: Setup for a typical load test.

The above procedure was then carried out for the second model bin.

Prior to load application the strain indicator v¡as zeroed for all

four transducers using the Switching and Balancing unit. Thus an undet-

ermined initial load existed on the grain mass, which was used to take

up any slack in the system.

A bin was then loaded by hooking up the weight pan and taking up the

threads on the threaded hook and adjusting the threaded rod so that the

pan r.las picked off the ground. The pan vras raised until the lever arm

was level.
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Immediately after Loading a reading of the dial gauge was taken as

well as the strain output from the top and bottom transducers. The sec-

ond bin was then loaded and readings taken as r,las done for the first.
Àdditional readings were taken approximately 30 min after the first
reading and every hour thereafter. The bins were left Loaded for a peri-

odof6toBh.
Àt the end of the test period a measurement of the depth of the top

disc below the top edge of the bin was made using the rod and tape meth-

od previousl.y described as a check on the dial gauge readings. The load

rvas removed by lowering the load pans back down to the ground and clear-

ing the loading equipment from the bins. The grain was removed from the

bins using a large vacuum cleaner and temporarily storing the grain from

each bin in separate containers. The grain mass r+as determined using a

Mettler PC 16 (16 kg capacity) scale for each bin and recorded.

Grain heights during the tests were computed from deflection readings

of the dial gauge. Computation of the product uK rvas accomplished using

a computer program written to solve equation ll.l+l for ß by a bisection

technique as given in Appendix C.



Chapter VI

RESULTS AND DISCUSSION

6.1 INTRODUCTION

All resutts from the load tests and friction tests were analyzed us-

ing the SAS procedure GLM (Anon., 1982). Comparison of the results from

friction tests were done to determine if repetitions on a given surface

were statistically different. SimilarIy results for the three surfaces

were compared. The results of the load tests, in the form of the product

of the coefficient of friction and the lateral to vertical grain pres-

sure ratio, uK, v¡ere exa¡nined to determine the effect of wall surface

configuration, model bin diameter, grain depth, and leveI of applied ov-

erpressure. Possible interaction of the above fact,ors on the coefficient

of friction and the lateral to vertical grain pressure ratio were'also

examined. For ease of discussion the lateral to verticaL grain pressure

ratio will simply be referred to as the pressure ratio.

6.2 COEFFICIENT OF FRICTION

À summary of test results is given in Table 6.1. An analysis of var-

iance at the alpha=0.05 level of the results showed that for surfaces

tesLed there was a significant difference between the five tests con-

ducted on each surface. In the case of the corrugated surface succes-

sive tests were found to give increasing coefficients of friction. This

could indicate that a conditioning of the corrugated surface r+as occur-

54
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ing as testing progressed. Results for the remaining surfaces r{ere ran-

domly orientated about the mean value indicating that variation was ran-

dom. À certain amount of variation in the results is to be expected but

TABTE 6.1

Summary of coefficient of friction test results.

SURFÀCE TEST* FRICTION
COEFF'I CI ENT

s.D R.H
(e")

GRAIN M. C.
(% w.b. )

Wheat
on smooth
stee l

Wheat on
c or ruga ted
steel
( ac ross
corrugat-
ions)

Wheat
on wheat

0,2978 0.0173

0 ,027 1

0,0211

2,1
2,0
2.0
2,0
2,1

I

2

3

4

5

1

2

3

4
tr
J

1

2
?

4

5

0.2849
0.2811
0.3134
0.290s
0.3192

0.0044
0.004s
0.012s
0.0052
0.0110

B2
50
71

60
6-t

12.1
12.1
12.3
I ¿.+
12,0

mean

mean

mean

0.4804

0.4426
0.4644
0.484s
0.5030
0.5075

0.0100
0.0277
0.0345
0.012s
0.0226

52
46
66
61
64

12,2
12.0
12,0
12.0
12.0

0.5620
0.5454
0. s616
0.5'186
0.5728

0.0139
0,0246
0.0338
0.0253
0.01 32

75
68
60
70
72

0.5521

* - each test represents the mean of 5 repetitions.

the magnitude which is acceptable has not been clearly defined.

A comparison of results between surfaces using an analysís of vari-

ance showed that the mean coefficients of friction for each surface were



significantly different at Ehe alpha=0.05

ficient of friction of wheat on smooth

wheat on corrugated steel which in turn

wheat.
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Ievel. As expected the coef-

steel was less than that for

was less than that for wheat on

6.3 IOAD TESTS

6.3. 1 Surface Ef fects

Figure 6.1, which shows a plot of uK versus time for smooth and cor-

rugated walled bins, makes it clear that a difference between surfaces

exists. Àn analysis of variance was conducted on the overalL results for

each wail surface and showed the walI surfaces to be significantly dif-

ferent at the alpha=O.05 level. The difference is also apparent from

data in Table 5.2.

When the overall mean value of uK on each surface (see Table 6.2) was

divided by the appropriate friction coefficient from Table 6.1 K values

of 0.67 and 0.31 for the corrugated and for the smooth-wal-l bins were

obtained. Thus not only is the coefficient of friction affected by the

surface characteristics but the pressure ratio is affected as weIl.

These results agree with pressure ratios recommended in the Canadian

Farm Building Code (NationaL Research Council of Canada, 1983) for rough

and smooth walls of 0.60 and 0.40 respectively.

In general, results in the corrugated bin showed an increase in uK

over that obtained at time=O h which tended to a limiting value as time

passed. This indicated that the bottom load was decreasing from the

initial load at time zero. The reduction was possibly due to reorienta-

tion of the grain in the model bin. The corrugated sidewalls had suffi-

cient friction Lo restrain the grain mass from large settlements and so
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TÀBLE 6.2

Summary of mean uK classified by surface.

Bin Diameter (mm)
CORRUGÀTED SIDEWALL
307 269 219

SMOOTH SIDEWATL
307 2't0 220

uK mean

overall mean

0.31 88 0.3345 0.3063

0.3200

0,1147 0.1020 0.0608

0.0931

the bottom load was relaxed and was Laken up by the walls. The smooth

wall bins on the other hand had an initial rapid decrease in uK after

time=O h, which tended to a limiting value. Here again, reorientation of

the grain may have occurred but because of much lower wall friction the

grain mass settled giving an increase in the bottom load with time while

a decrease in waIl load occured. This type of behavior v¡as more promi-

nent in small diameter model bins than in larger diameter model bins.

Collected results summarized in Àppendix D show these general patterns.

6,3,2 Díameter Effects

Using an analysis of variance to compare mean uK values the three bin

diameters for each surface were found to be significantly different at

the alpha=O.05 level. Further analysis in comparing bins rvas done by

classífying the data by the overpressure applied, by ll/o ratíos, and by

overpressure applied and u/D ralios combined. These tests showed that

in general the results from the different sized bins were different at

the alpha=0.05 leve1.
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A summary of mean results is given in Table 6.3. Looking at these

values one intuitively can see that while some means are of about the

same magnitude the results between bins are general.ly of different mag-

TABTE 6.3

Summary of uK means classified by pressure and H/0.

Bin diameter(mm)
CORRUGÀTED SIDEWALL
307 269 219

SMOOTH WALL
307 270 220

n/n=1

u/o=z

586
627
584

0verpressure
(kPa)
40 0,3129 0.3s63
55 0,3264 0.3144
70 0.341 B 0.3263

mean 0.3268 0.3326 0.2599

,1373 0.091 6 0.041 9

.1225 0.0966 0.0s48
,1127 0.0975 0.0596

,1246 0.0955 0.051 5

0.2
0,2
0,2

0

0

0

0

40
55
70

0.3002 0.3642 0.4092
0.3091 0.3318 0.3'187
0.33s1 0,3220 0,3263

0.1226 0,1226 0.0640
0.1024 0.0995 0.0753
0.0964 0.1 073 0,0702

mean 0.31 35 0.3362 0.351 6 0. 1 064 0.1 095 0.0692

Overall mean 0.3188 0.334s 0.3064 0,114'7 0.1020 0.0608

nitudes. This is further illustrated in Figure 6.'1.

À possible explanation for the significant effect of bin diameter llas

that grain size relative to bin diameter became critical for smaller

bins. The small radius of the bin could have created a considerable

amount of interaction between wedges of grain of a given width as com-

pared with similar wedges taken from a much larger diameter bin. Àlter-

natively the grain may, once the model bin was fiIled, have been in a
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more stable orientation in the smaller bins than grain in a larger model

bin and as a result gave significantly different results. Àdditionally

Hartlen et al. (1984) noted that effects due to cohesion in model bins

can be important and give errors that would become more important as bin

diameter decreased.

6.3.3 Effect of Grain Depth

Grain depths in the bins were such that grain depth to bin diameter

rati.os of approximately 1.0 and 2.0 were used. This allowed comparisons

to be made among the bins to determine the effect of grain depth on the

product uK. This does not indicate that the results in this study may be

applied Lo any desired bin diameter where the H/D ratio is same. The

grain depth to bin diameter ratio, H/Ð, is a convenient way of comparing

results obtained.

The effect of grain depth was found to be significant at the al-

pha=0.05 level for all bins used, except the 269 mm diameter corrugated

bin, when the mean uK values at different tl/D ratios were compared using

an analysis of variance. The actual means as summarized in Table 6.3

for each bin are approximately of the same magnitude for the two H/D

ratios used.On1y the 219 mm corrugated bin shows a considerable differ-

ence between results at the two U/D raLios used. Intuitively this would

lead to the conclusion that, in the range studied, the depth of grain

relative to bin diameter had no effect except for the smallest corrugat-

ed bin. Since statistical analysis showed most of the differences to be

significant no firm conclusions may be drawn.

Further comparisons between H/D ratios were made on each bin for the

three overpressure leve1s used in testing. The results of an analysis of
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variance indicated that mean uK for 4 of the 6 bins at an applied ov-

erpressure of 70 kPa were not significantly different with the U/D rat-

ios used at the alpha=0.05 level. These bins were the 307 mm and 269 mm

diameter corrugated bins and the 270 mm and 220 mm smooth walled bins.

Thus at the high overpressures used the effect of depth was almost elim-

i nated.

Plots of uK versus overpressure made of the mean results for the two

U/n ratios used are shown in Figure 6.2 and Figure 6,3. Figure 6.2 iI-
lustrates that the smaller corrugated bin was affected by the tl/D raLîo

whereas the effect for the remaining bins r^ras not as large. The smallest

bin shows a relatively large increase at all overpressure levels as the

u/D raLio doubled in magnitude. The middle sized corrugated bin also

shows an increase but not as large as for the smallest bin. Finally the

Iargest bins show the opposite trend where uK decreases slightly as U/n

ratio increased. This transition in behavior would indicate that a lim-

iting point in model bin size may have occurred somewhere between 307 mm

and 269 mm diameter. Similar observations for the smooth-waIl bins can

be made from Figure 6.3. The significance of. u/n ratios points out that

care must be taken in selecting realistic values in addition to selec-

tion of a reasonable bin diameter. Once again the term H/D ís used for

convenience and does not indicate that the results obtained in this

study are applicable to other bins which have the same grain depth to

bin diameter ratio.
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6,3.4 Overpressure Effect

The effect of overpressure depends upon the diameter of the bin. Ta-

ble 6.4 summarizes the comparison of uK means made at different pressure

levels for bins tested taking into account H/D ratios and combining

them. Taking into account H/D the large diameLer bins show significant

differences among overpressures for the shallow depth fil/n=l) at at-

pha=0.05. The remainder of the results indicate that uK at different

pressure levels for the shallow depth are in generaL not significantly

different at the alpha=0.05 level. For U/n=z the results indicate that

uK for the bins at 55 and 70 kPa overpressure were generally the same

and that the 70 kPa overpressure was not reguired. The 269 mm diameter

corrugated bin is an exception showing significant differences at all
overpressure levels for U/n=2,0, No explanation for this can be made.

This observation may also be made by looking at the neans shown in Tab1e

6.3. The results are illustrated in Figure 6.2 and Figure 6.3.

Where the results from the two H/D ratios are cómbined the compari-

sons in each bin at the 55 kPa and 70 kPa overpressure levels are gener-

ally the same at the alpha=0.05 level of significance. Hence the 70 kPa

overpressures v¡ere possibly too high for the model sizes used or no ef-

fect above 55 kPa exists.



65

TABTE 6.4

Summary of comparisons of uK means among pressure leve1s.

Surface Bin Diameter
(mm)

u/n=1
40 55 70

OVERPRESSURE
H/n =

40 55

(lpa)
2 Combined Hþ
70 40 55 70

0

X

Y

,r
0

X

X

x
v

Ä

X
0
Ã

0

0

0
V

0

0

0

JT

X

0

2t

0

0

X

Ä

0

0

0

0

0

0

X
,¿t

U

v

X

n

0

X

0

X

0

307
269
219

307
270
220

Corrugated

Smooth
,¿r

X

X

Ä

0

X

0

Ä
?t

0

indicates a significant difference at alpha=0.05
indicates no significant difference at alpha=O.05
indicates comparisons which cannot be combined.

6.3.5 Interaction of Independent Variables With uandK

In the corrugated models (see Figure 6,4), uK increased as overpres-

sure increased for the 307 mm diameter model bin. The two smaller diam-

eter bins, on the other hand, indicate a trend to a decreasing ult with

increasing overpressure that levels off with the highest overpressure

used.

À possible explanation for the observed behavior of the 307 mm diame-

ter bin may be based on the assumption that the coefficient of friction

for a corrugated bin is made up of a combination of the friction coeffi-

cient of grain on grain and grain on steel, as hypothesized by Moore et

al. (1983). The proposed failure plane is illustrated in Figure 6.5.

0-
X-

I
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Àt any given vertical pressure the failure plane would be located some-

where within the grain contarned in the corrugations. Àn increased ver-

tical pressure could cause some reorienlation of the grain mass and in-

crease the degree of interlocking thereby hoJ.ding the grain in the cor-

rugations more firmly. The failure plane, as a result, could move into

the grain mass, which would lead to an increase in the overall waIl

friction coefficient. Thus the upper bound on the coefficient of wall

friction would be the internal friction coefficient or the coefficient

of friction of grain on grain. To verify this theory assume that the

pressure ratio, K, is a constant. Using a value of K=0.66, which was the

overall pressure ratio cal-culated for the corrugated bin in Section

6.3,1, then, for the 307 mm diameter corrugated bin u becomes 0.46, 0.48

and 0.5'1 (approximately) at overpressures of 40,55, and 70 kpa respec-

tively.

Assuming that the coefficient of friction is unaffected by the diame-

ter of the bin, then the increasing values of the coefficient of fric-
tion calculated above should be applicable to the smaller diameter cor-

rugated bins. Using these coefficient of friction values on the results

from the smaller bins lead to the observation that K must decrease with

increasing overpressure. This Ieaves several alternatives:

the assumption of no effect of diameter on the coefficient of

friction could be wrong. But even if the coefficient of friction
was a consLant, the K values in the smaller bins would still de-

crease with increasing overpressure and in the large bin K would

be increasing. it is not likely that the coefficient of wall

friction would decrease or be bin dimension dependent.

1
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the assumption of a constant pressure ratio in the large bin as

shown was incorrect and the pressure ratio actually decreases

with increasing overpressure.. A decreasing pressure ratio would

predi.ct values of the coefficient of friction greater than the

internal friction coefficient of wheat, which is not 1ike1y.

the smaller model hins failed to simulate commercial size bin

conditions leading to the conclusion that model sizes for corru-

gated bins Iess than 307 mm fail to realistically model'a commer-

cial size bin.

In the large bin a behavior which approached that of the commer-

cial size bin may have been obtained. As a result the friction coeffi-

cient may have began as wheat on steel and rapidly increased to a large

proportion of the walI friction being made up of wheat on wheat fri.c-

tion. If a sirnulation of commercial sized bin behavior existed, the de-

crease in K could be negJ.igibly small or, could even be increasing with

increasing overpressure.

Considering the curves of uK versus overpressure for the smooth wall

model bins in Figure 6.6 the product uK seems to decrease.with increas-

ing overpressure for the l-argest bin. The next largest bin remains ap-

proximately stable and the smallest bin indicates an increase in uK. Un-

like the corrugated wall the coefficient of friction would be either the

friction coefficient of wheat on wheat or wheat on steel. The smaller of

the two is most likety, ie. the grain on steel coefficient. Brubaker and

Pos (1965) and Bickert and Beulow (1966) have shown that this shoutd be

unaffected by the level of overpressure used unless the wheat at the

grain-steeI interface changes its properties. This is highly unlikely

2

3
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and it would seem safe to suggest a constant coefficient of friction ex-

ists. The only explanation for the observed change in uK is a change in

the pressure ratio, K.

Results from the largest smooth wall bin would suggest, for a con-

stant coefficient of friction, that the pressure ratio decreased with

increasing vertical pressure. For the next largest bin the resulting uK

is roughly a constant indicating no change in the value of the pressure

ratio. This bin would seem to indicate that such a diameter has been

reached at which the relative size of the grain and the bin have reached

a critical point where simulation of a comnercial size bin is no longer

obtained. Finally for the smallest bin an increase of some type in K is

indicated for an increase in overpressure. This could be due to the di-

ameter of the bin, the degree of packing or the grain orientation in the

small bin.

If we consider the observations made on the smooth and corrugated

bins and compare them it would indicate that the pressure ratio could be

a function of Lhe nature of the grain-wa11 interface. From friction

tests on smooth steel the coefficient of friction of wheat on steel was

found to be approximately 0.30. Consider the 307 mm diameter smooth bin,

which had been speculated to simulate a commercial size bin, where the

overall mean of the product uK was found to be 0,1147. These figures

yield an expected K=0,382, If K was a material property onIy, lhen the

corrugations in a bin should not change this value. The overall mean of

the product uK for the 307 mm diameter corrugated bin rvas found to be

0.3188. Using the constant K calculated above gives a friction coeffi-

cient of 0.839. This value exceeds the physical limit of 0.55, which was

found to be the internal friction coefficient of grain, hence K would

appear to be some function of lhe sidewall configuration.
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In addition the relative changes in magnitude of the pressure ratio

with increasing overpressure were affected by the sidewall configura-

lion. The corrugated model bins based on previous speculation about the

friction coefficient had a pressure ratio which was approximately con-

stant for the large bin and then had a decreasing K with increasing ov-

erpressure and decreasing bin diameter. The smooth model bins, on the

other hand, had a pressure ratio that decreased with increasing ov-

erpressure in the large bin. This trend changed to an increasing pres-

sure ratio with overpressure for the smallest model bin. The reason for

this pattern is unclear.
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Chapter VII

coNctusroNs

Based on the tests conducted, it was confirmed that, the static

coefficient of friction of wheat on smooth steel is less than

wheat on corrugated steel which in turn is less than the wheat on

wheat coefficient of friction.

The pressure ratio, K, was found not to be a property of the bulk

grain alone. In tests conducted K was found to be less for smooth

than corrugated bin walls.

In corrugated bins the pressure ratio decreases and coefficient

oi friction increases with increasing overpressure. In smooth-

wall bins the pressure ratio decreases with increasing overpres-

sure.

Bin diameter has an effect on results from the model bins. Re-

sults indicate that of the bin diameters tested those smaller

than 307 nm diameter failed to simulate commerciaL size bins.

Overpressure levels vrere found to significantly affect results in

the 307 mm diameter bins but not in the bins of smaller diameter.

Statistical analysis at alpha=0.05 indicated a significant effect

due to grain depth. Trends in results indicate that grain depth

at realistic grain depth to bin diameter ratios, is only of use

in model studies if model bins are of sufficient size to simulate

commercial size bins.

2

3

4

5

6
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Chapter VIiI

RECOMMENDATIONS FOR FURTHER WORK

Work should be done on bins larger than 307 mm to determine if
this model simulates commercial bin conditions.

Work in commercial sized bins should be conducted to confirm the

results obtained from scale model tests.

Further work should be directed at evaluating the pressure ratio

within a grain mass.

À standard procedure for determining the coefficient of friction

should be adopted.

Tests simiLar to those I conducted should be continued using

greater grain depths.

Tests should be conducted using bins which have grain glued on

the sidewalls to give further insight into the behavior of stored

grain.

5

6
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CÀPACITY REQUIRED

Àn expected maximum pressure of 80 kPa was to be applied to a 300 mm dí-

ameter bin to give an appJ.ied load of:

Y=PÀ=8oxp i /+x(0. 300 ) 2 5.655 kN

DESIGN CÀICUIÀTIONS

Known : a= 64. 1 mm

23.8 mmfs

Assume: maximum applied force,Y = 5.655 kN
poisson's ratio,v = 0.333
modulus of elasticity of mild steel,E = 2.068 E5 Mpa
maximum deflection for linear behavior = 0.30t
yield strength = 345 mPa

From Roarke ( 1 965) :

a) r'or a simply supported diaphragm with a uniform load on
a concentric circular ring:

defl=

defl=

3Y(m2-1 ) (3m+1)a2-(m-'1 )ro2

2pinm2t3 2 (m+1 )

to2 1n +.1

Eq

a

where n=1/v

Substituting in the known constants and solving for t:
t= 3.500 mm

b) For a fixed edge diaphragm with a uniform load on a concentric
circuLar ring:

3Y(m2-1) (a2-ro2)

2piEm 2t 3 2

rs 21n
a

Í9

Substituting in known constants and solving for t:
t=2.616 mm



The desired thickness is somewhere between the two extremes

mn thick plate was selected. 1n addition calculations will
out based on a fixed edge since those based on a simple edge

show that failure will occur.

Checking the stress at the center

81

so a 3.048

be carried

will only

3Y

4pimt 2 [''."I
2In +

a toZ
s

St

1

19 az

substituting in the known parameters:

S = 216.9 MPa .'. oK

Tangential stress at edge:

3Y f o 
2

t-
2pimt 2 ^2d

substituting in the known parameters:

St = 83.5 MPa

215.9 MPa
Strain at the center

2.068 E5 MPa

83.52 MPa
Tangential strain

total strain

2.068 E5 MPa

di f ference of
are positive.

sensed = 1 048.7

5.655 kN

Total strain sensed is
adjacent arms and both

1 048.7 microstrain

403.9 microstrain

these strains because
The re f ore

they are 1n

403.9 644.8 microstrain

Theoretical sensitivity
644.8

8,77 N/nícrostrain



Appendix B

LOÀD TRANSDUCER CATIBRATION RESULTS

Transducer No. 2

Y = 6.41 X
r = 1.00

Transducer No. 3

! = 10.91 X
r = 1.00

Transducer No. 4

Y = 8.68 X
r = 1.00

Transducer No. 5
Y = 5.54 X
r = 1.00

1i near i ty = S. gzo

linearity = J..lzo

1i near i ty = 5. 6eo

linearity = 5.8eo

Y = appJ.ied load, N

X = strain output, microstrain
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Appendix C

COMPUTER PROGRAM TO DETERMiNE ß
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3a
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4S
46
47
48
49
so
5t
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55
55
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7A - 1

7A- |
7A - I
7A- 1

7A- 1

7A- l
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2C-1
2ç- l
2C- l
2C- 1

2C- 1

2C- 1

7E- I
7E- t
?E- t
?E- 1

7Ê - 1

1Ê- 1

1E- 1

1E - t
6H - I
6H- |
6H- |
6H- l
6H- l
6H- 1

6H-l
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1t-l'tI-l
tI-l
tI-l
1I-t
tt-t
1I-l
1I-1
4A- I
4A- I
4A- 1

4A- 1

4A- 1

aD - t
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6D- l
aD- |
aD - |
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tF-1
1F-l
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30?
30?
30?
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307
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oa 42
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6ta5
6ta5
6ta5

12
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12
12
12
12
12
12
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t2
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12
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12
12
12
12
12
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1t

9L

o7
ô?
o7
o7
o7
o7
o7
o7
o7
o1

84984
84984
a4s84
a49a4
84944
84944
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85733
85?33
a5733
a5733
45733
4s733
8S733
o485
o485
o485
o48S
0485
o4a5
o4a5
o4a5
o661
o661
o661
o561
o66l
o66 t
o661
o661
o79'l
o791
o791
o79l

4596
4596
4595
4596
4596
4595
4596
4795
479S
4795
4795
4795
47S5
4?95
9309
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9309
9309
9309
2806
2806
2806
2AO6
2AO6
2AOG
2806
2ao6
4494
4494
4494
4494
4494
4494
4494
4494
4A70
4970
4870
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4470
so24
9024
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aaT l
887 t
aa71
aa71
aaT l
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. oooo
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7495
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321444
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299130
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293298
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2A27 02
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2A5824
291 f 64
29 1232

40
40
40
40
40
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40
40
40
40
4ô
40
4t
4t
41
41
4t
4l
41
4t
4t
4t
41
4f
4l
4t
41
AI
44
44
44
44
44

39
3g

39

40
40
40

t4
14
t4
t4
t4
i4
f4
14
l4
l4
l4
t4
14
14
11
17
l?
11
11
11
11

307
301
301
307
30?
307
307
30?
307
307
307
30?
307

307
30?
30?
307
307
307
30?
307
307
307
307
301
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3 07
307
30?
30?
307
307
307
307
307
30?
307

a5
a5
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51
6t
6t
58
58
5a
58
5a
5a
5a
5a

5

o7915
o7915
o7915
o79 t 5
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12
12
12
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638
638
634
634
ao1
ao t
801
801
BO f
80I
80I
801

22
2
2
2
2
1
1
7
7
1

1
7
7
1
7
7
7
7
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?6934
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7449
7449
7449
os49
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57
5A
59
60
6l
Ê2
63
64
65
66
6?
68
6S
70
7t
72
73
74
7s
76
71
7A
19
80
8t
a2
a3
a4
a5
86
87
a8
a9
90
s1

g4
95
96
97
s8
99

too
10t
102
103
'l o4
'l o5
I O6
I O7
loa
t 09
I to
ltt
112

o.307
o,307
o.307
o.30?
o,30?
o.30?
o.307
o.307
o.307
o.30?
o,307
o.307
o.307
o,30?
o.30?
o.30?
o.307
o.307
o,307
o,30?
o.307
o.307
o,307
o.307
o,307
o,307
o.307
o,307
o,307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.30?
o,30?
o.307
o,307
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o. 30?
o,307
o.30?
o.307
o.307
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o,30?
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o,30?
o,307
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7 3029
?3029
7 3029
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7140I
7140r
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? 140 t
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7 1922
7 1922
7 1922
71922
71922
7 1922
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os49
os49
6?53
6753
6753
6753
67S3
1431
t 43 t
143Í
1431
r 431
r 43l
t 431
t 43l
7 322
7 322
7 322

27
21
21
27
21
t8
l8
t8
t8
la

8g? I
8A? r

aaT l
3 t 66
3166
3t56
3t6Ê
3tG6
7353
7353
?353
7353

2A
2g
2A
2A
2A
2A
2B
2A
2A
2A
2A
2A
2A
2A

29
29
29
29

29
29
29

29

14

53
53
53

4.7500
5.7500
7. OOOO
o . oooo
o.3330
2.133O
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6.5000
o. oooo
o,5000
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2.5000
3. s833
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5. SOOO
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o. oooo
o. sooo
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2. SA33
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5 .5000
6. EOOO
7. OOOO
o. oooo
o.5833
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3. s833
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o . oooo
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I . S833
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3. ËOOO
4. Sa33
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o. oooo
o.4833
1 ,8833
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3.8833
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o. oooo
o.7soo
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2,7500
3.7500
4.7500
6. OOOO
o. oooo
o.7500

o,2a7941
o.291255
o.291026
o.293259
o.28?455
o.296460
o.30I I 09
o.312317
o .32027 3
o. 32009 3
o.3t?6s2
o,32049 1

o.320308
0.31749S
o.317294
o . 32031 2
o.302465
o.298a35
o,2940a7
o.298ê94
o.298912
o.301643
o.30439 r

o.303456
o.296048
o.3006 63
o.309565
o.30934s
o.302s50
o.309239
o .3 12224
o. 3't 5060
o,294542
o,294 179
o.298s96
o.30ro93
o.301t?5
o.304 I A7
o.30?466
o.304234
o,3330r3
o .3447 24
o.344424
o.344082
o.348097
o.344218
o.343408
o.30490t
o.31t431
o.3 t 6214
o.313586
o.3t835S
o.3t6609
o.32583f
o,3too45
o, 3205 1 9

4G-
3J-
3J-
3J-
3J-
3J-
3J-
3J-
3J-
9J-
9J-
9J-
9J-
9J-
9J-
sJ-
9J-
loJ
toJ-
toJ-
toJ-
toJ-
toJ-
IOJ-
toJ-
6B - 1

6B- l
6B - |
68-',|
68'l
6B- |
ÊB- |
7C- |
?c- |
7C-1
7C- 1

7C-1
7C- 1

?c-l
5F-l
5F-r

2
2
2

2
2

33
33
33
33

73
73
73
73
73
73
73

73
73
?3
?3
13
13
?3
?3

4

4

2

2

4
4
4
4
4
4

79
79
79
79
79
79
19

,o233
. o233
',5993
.s993
.s993
.5993
.s993
.5993
.5993
.5993
.653S
.6538
.653S
.6S38
.6S38
.6538
.5538
.6538
.4a50
.4gso
,4850
.4A50
,4a50
,4A50
,4850
. 29 2'l
.2921
,292 1

.292 1

.2921
,292 1

,292 1

. t399
, t399

21
21

B4

4

4
4
4

4
4
4
4
4
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44944
84944
84944
84984
t4984
84984
83453
83453

97tA
9? t 8
465 t
4651
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5F- t
5F - |
5F - t
sF - 1

5F - |
5F - 1

aG - 1

8G- l
8G - l
EG.1
8G- t
8G- 1

8G-1
aG- I
4J-t
4J-1
4J-1
4J- 1

4J - t
4J- I
4J- t
4J- 1

3B-1
3B-1
3B- 1

3B- 1

3B- 1

3B- 1

3B- t
3B- 1

3B- 1

3B- 1

3B- 1

3B- 1

3B- 1

aB- I
aB- 1

88.1
aB- t
aB- I
aB - I
aB- I
tD-r
tÞ-1
tD- |
1D-l
tD- l
tD- t
tD-t
tD-t
9D- t
9Þ- I
sD- t
9Þ- |
9D- r
9D- I

o.307
o.307
o.307
o,307
o,30?
o.307
o.307
o.307
o,30?
a,307
o,307
o.307
o.30?
o.307
o.307
o.307
o.307
o,307
o,307
o,307
o. 307
o,30?
o.307
o.307
o.307
o.307
o.30?
o.307
o.30?
o.307
o.307
o.307
o.307
o.307
o.30?
o.30?
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.30?
o,307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.30?
o.307

329888
331537
331551
334507
336568
336606
3tt3to
320903
317 S 12
319343
3207 3S
3207 63
324328
319058
317990
3246?9
3252 1 3
32aO85
32A525
324 t 69
324192
330469
316556
321447
325476
3307't 3
3307?8
327996
3304?4
330268
330092
32625ô
335264
33Ê432
336505
265SSO
268S?6
268438
2?3s90
27 2450
272495
275912
24o730
243452
245555
245011
290063
2A5711
2è57 23
287869
2?ao36
274668
274505
2?7956
27Ê161
276143

43453
83453
83453
83453
83453
a3453
a 4267
44261
04267
ø4267
g 4261
a4261
a4261
44267
83746
83?46
43746
93746
83746
83746
83?46
83746
?1401
71401
71401
7140',|
?'t40r
7 t 40I
71401
71401
7140t
71401
?t401
?t401
7t401
7 2215
72215
72215
7 2215
72215
7 2215
12215
73550
73s50
73550
73S50
?3SSO
735SO
73550
73550
7 3192
7 3192
73192
?3r92
73192
73192

5l
5t
5t
s1
st
51
56
56
56
56
56
56
56
55
56
56
56
56
56
56
56
56
54
54
s4
54
54
54
54
54
54
54
54
54
54
49
49
49
49
49
49
49
s2
52
s2
52
s2
s2

s2
6t
5t
6l
6t
6t
5t

4651
4651
4651
465t
4651
455t
G172
8172
Ê172
Ê172
617 2
617 2
8172
Ë172
2525
2S2S
2S2S
2S2S
2525
232S
2s2S
2525
oa32
oa32
oa32
oa32
oa32
oa32

o832

oa32
oa32
oa32
o832
85 t 5
a5l5
4515
4515
4515
a5l5
85 t 5
2973
29?3
2973
2973
297 3
2913
2973
2973
a7 22

a7 22
a7 22
a7 22
a7 22

t4
14
t4
14
14
l4
l4
l4
t4
l4
14
l4
14
14
14
l4
14
14
t4
l4
14
l4
2A
2A
2A
2A
2A
28
28
28
2A
28
2a
2è
20
26
2A
2B
?a
2A
2A
28
2a
2A
2A
2A

2B
2A
2A
2A
2a
2A
2A
2A
2A

t3s9
t399
t399

t399
1399
3401
3401
3401
3401
340I
3401
3401
3401

339 |
339'l
3391
339 r
3391
339'l
3s91
925ô
s258
g2s8
s258
s25ê
9259
s258
925è
s258
9259
s258
9258
9258
573 t
6731
6731
6?31
5731
6?31
673 t
7960
7960
79 60
7960
7960
?960
7960
7960
9626
I626
9626
9626
s626
9626

I
3
3
5
5
1
o
o
1

2
3
4

6

o
f
2
3
4
5
1
o
o
1

3
4
5
8

21
29
30
46

o
o
I

3
4
s
o
,l

3
4
5

1
o
1

5

7500
oooo
7500
oooo
7500
oooo
oooo
5000
5000
5000
5000
sooo
5000
oooo
oooo
5000
5000
5000
5000
5670
5000
t 670
oooo
5000
3330
3330
3330
3330
3330
5 t 70
6300
5 500
5670
9333
5500
oooo
7500
7500
7500
7500
7500
7500
oooo
t 670
t 670
t 670
1670
t 6?o
1670
3000
oooo
oooo
oooo
oooó
oooo
oooo

92

120
t21
122
123
124
l2s
126
121
l2a
129
t 30
r3t
132
133
t34
't35
t36
131
138
t 39
140
141
142
143
144
145
146
147
144
t 4s
150
15t
152
't 53
't54
r55
'ts6
t 57
î 58
t 59
t 60
16t
162
t 63
t 64
t 55
166
t 67
t 6a

12
12
12
12
1Z
12
12
l2
12
12
12
12
12
l2
12
12
12
12
12
12
12
l2
12
12
't2
12
12
12
12
l2
12
12
12
12

sas 1:Of WEONESDÂY HARCH ts85

1I MPASS UKoBs TEST D SURFACE PO

t 69
170
171
172
173
174
t 75
't76
177
t 7a
179
t 80
t8l
I A2
t 83
I a4
I A5
ta6
t 87
t 88
189
t 90
t9r
152
t93
t 94
t95
ts6
I S?
199
t 99
200
201
202
203
204
205
206
201
204
209
2lo
2l I
212
2t3
214
zt6
2t6
217
2la
219
220
221
222
223
224

9D- I
9D- t
tF- t
8F- t
aF - t
aF- I
aF - I
8F- r
8F- l
aF - I
2H- 1

2H- 1

2H- 1

2U- 1

2H- 1

2H - I
2H- 1

2ll- 1

7J-l
7J- I
7J- t
7¿- 1

7¿-1
7J- r
7¿- 1

7J-1
5E - I
5B- |
5Ê- Í
5B- r
sB-l
5É- |
5B- |
3C- t
3C- I
3C - I
3C- |
3C - |
3C- |
3C - IgE-l
9E-1
sË-t
9E-'l
sE- l
9E- |
7G-l
7G- |
7G- |
7C- 1

7G-l
7G- 1

?G- |
?G- |
l2J-'l
l2J-l

6 , OôOO
7 . OOOO
o, oooo
o.7500
3.2500
3.7500
4.7500
5,7500
6. ?500
1 .2600
o. oooo
o.5833
I .8333
2.3167
3,5000
4.5000
5.5000
7. OOOO
o. oooo
o.5000
I . SOOO
2. SOOO
3.5000
4.5000
5 .5000
7. OOOO
o. oooo
o.3330
r .3333
2.3330
3.3330
4,3330
Ë.8330
o. ôooo
o. I soo
o.7500
I .7500
2 , TSOO
3.7500
6.2500
o . oooo
3 . OOOO
4 . OOOO
5 . OOOO
6 . OOOO
7 ,2sOO
o , oooo
o. 7500
I .8330
2.8330
3.6670
4.66?O
5.8330
?. r 670
o . oooo
o - 5000

o.276195
o.276261
o -244414
o.29 121 4
o.292759
o.2377 1 1

o,297423
o,300020
o.297aO4
o,2s7612
o.304051
o.30364 l
o.303893
o.306047
o.304394
o.305969
o,307aa8
o.308309
o,3s3?58
o.3?5868
o.382?8s
o,389657
o.392a33
o,389781
o.3a9432
o.3s3t73
o,353456
o.3s9606
o.36631O
o,366427
o.365818
o ,37 3224
o.375t40
o,338592
o.341524
o.344382
o.343838
o.34398O
o.347469
o,3451t7
o -327737
o.3323tS
o.33400t
o.328239
o,33t25t
o.33',| 2?5
o.3r63?8
o .327 434
o,327007
o.331739
o.330436
o.330't?4
o.330't3?
o.33't589
o.333706
o.33A892

307
307
307
307
307

1315 2
7 313 2.

72t11
72tt7
121t1
121 l1

a1 22
a7 22
39 r 3
3E l3
39 | 3
3913

2A
2A
23
29
29
29

29
29

2A
28
2â
2è
2A
2è
2A
2A
29
29
29
29
29
29

t4
l4
t4
14
l4
t4
t4
t4
l4
l4
t4
l4
t4
l4
ta
la
t8
t8
t8
t8
18
t8
l8
ta
la
1a
la
la
t8
18

9626
9626
o9?6
os76
09?6
os?Ê30

30
30
30
30
30
30
30
30
30

111

7

12
12
72
72
12
12
72
12
72
72
a2

391 o9
o9
o9
o9

79
?9
?9
?9

6

6
6

39

30
30
30
30
30

307
307
307
307
30?
307
307
307
307
307
307
30?
307
307
307
307
307
301
307
30?
30?
30?
30?
301
30?
307
307
307
30?
307
301
30?
307
30?
30?
307
30?
307
307
30?
307

12215
70945
?o945
70945
?o94S
?oE4S
70945
?o94s
?o945
85924
a5928
a592a
a5928
as928
a5928
a5928
a5570
à55?O
45570
45570
85S70
85570
855?O
o5a3l
o5431
05a31
05a3 t
os83 r

o5a3 r

o6t24
oÊ124
o6t24
o6124
06124
o5124
o6124
o5t24
oa20a
oa20a

3076
3076
3076
85tO
a5lo
a510
as I o
gSto
ES r O
85tO
85tO
5619
5619
56',| I
5619
5619
5619
56t9
6536
6536
6Ë36
6S36
6S36
5S36
Ê536
0295
o2g5
o295
o295
o295
o295
565',|
s65t
5ê51
s65l
5ê51
s6sl
5E5l
s65l
ot49
ot49

7959
7S59
7959
't047
lo47
1047
1047
1047
to47
to47
to47
s6l2
5612
5612
5612
Ë612
66t2
s6i2
s226
sz2è
522 ø
Ê228
Ê224
3224
s22¿
o356
o356
o3s6
o356
o3s6
o3s6
| 333
t333
t 333
't 333
r 333
1333
t333
t333
5Ea6
5s86

ts
l5
t5

t2
t2
l2
l2
l2
t2
l2
l2
12
l2
12
12
12
l2
12
12
l2
12
12
12
tt
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225

221
224

230
231
232
2á3
234
235
236
237
238
239
24ó
241
242
243

245
246
241
24I
249
250
251

253
254
2SS
256
251
23A
259
260
2è1
262
263
264
26s
266
267
2Ga
253
270
27 1

272
273
214
215
276
271
274
279
2AO

12J "
12J-
12J-

o.307
o.30?
o,30?
o.307
o.30?
o.307
o.307
o,30?
o,307
o,307
o.30?
o.307
o.307
o. 307
o,307
o,30?
o,30?
o.307
o.307
o.30?
o.307
o.307
o.30?
o.307
o.307
o.307
o.307
o.307
o,307
o.30?
o.307
o.30?
o.30?
o.307
o,30?
o,30?
o.30?
o.307
o. 307
o.307
o.307
o.307
o.307
o.307
o.30?
o.30?
o. 307
o.307
o.307
o. 30?
o.307
o.307
o.30?
o.307
o.2G9
o.269

o8208
o4208
o8208
o820ê
o4208
oa208
?oo9I
?oo9 a
?oo9I
?909I
7009I
7003I
7009I
72401
?24o1
12801
124O1
12ãO1
124O1
124O1
128O1
11A24
11A24
11a24
11a24
11a24
11a24
11424
11424
?toto
?to10
7to10
71010
7to10
Tlolo
?toto
71o10
7 2136
7213Ê
12736
1213Ê
72736
12736
72136
72736
12136
72866
72866
7246G
?2466
72466
72A66
?2866
728Ê6
96Ss2
96952

ot49
o149
ol49
ol49
ot49
ot49
455 t
4551
455 t
4551
455 t
45Sl
4551
5204
s204
s204
5204
s204
5204
s204
5204
2202
220'
2202
2202
2202
2202
2202
2202
2955
2955
2955
2955
2955
2955
2955
2955
?5a3
7583
7583
7583
7583
?583
?s83
7583
7543
t365
1365
1365
t365
r3Ê5
1365
t365
t36s
1431
1431

5546
s5a6
5586
5586
55a6
5546
7650
7650
?6SO
76SO

12
12
12
3F
3F
3F
3F
3F
3F
3F
3H
3H
3H
3H
3H
3H
3H
3H
6J
6J
6J
6J
6J
6J
6J
6J
AJ
8J
AJ
êJ
8J
8J
gJ
AJ

67
Ê1
67
6?
6?
6?
63
63
63
Ê3
63
63
63
68
ê8
6A
68
68
68
68
68
66
66
66

66
56
65
56
6?
67
57
67
6?
67
67
67
66
66
66
66
66
66
6Ê
66
66
Ê7
67

l8
18
la
t8
18
1a
28
2B
28
2A
2B
2A
2A

29
29
23
2S
29
29
2S
2S
2S
29

29
29
29
29
29
29
29

29
29
29
29
23

29
2S
29
29

93

tl
t1
11
ll
tt
tl
12
12
12
'12
l2
12
12
12
12
12
12
12
12
12
12
ll
t1
1t
t1
11
1l
t1
l1
1t
tt
tt
tt
1t
11
it
It
tl
1l
l1
ll
lt
1f
tt
ll
tt
tt
It
tt
It
1t
ll
îf
lf
12
12

1
7
1
7
7
1
I
I

so
50
50

1 .58330
2.65700
3,58330
4,58330
5 .50000
7.25000
o. ooooo
o.50000
L 50000
2 ,50000
3 ,50000
5,50000
7 . OOOOO
o. ooooo
o.5a333
L58330
2,54330
3.58330
4. S4330
s. s8330
?,o8330
o, ooooo
o.50000
t ,50000
2,58330
3.75000
4 ,I t 670
5.91670
7.25000
o. ooooo
o.50000
1 .66700
2. O4300
3.50000
4.75000
5.4 I 700
7.33300
o. ooooo
o. sa330
I .50000
2.O8330
3.Oa330
3.58330
4 .5E330
5.416?0
7. r 66?0
o. ooooo
o.50000
1 .50000
2.50000
4.33300
5.50000
6. SOOOO
?.25000
o. ooooo
o.75000

o.340466
o .342452
o.341988
o.345665
o,345951
o,3387?9
o.215446
o.2aog61
o,283997
o.2a67AO
o,246665
o,2937t5
o.290047
o,2s4743
o .293 125
o.294586
o.296338
o.292900
o.294o41
o -2961a2
o,299695
o,306534
o.30820c
o,309942
o.309848
o.309886
o.3 I 2008
o.313996
o.3 t 1628
o.46551?
o.475270
o.491112
o.504693
o.49a540
o.49A489
o.504335
o.5251S5
o.302451
o.306297
o.3'lot76
o.309783
o.3tt42s
o.3t1467
o.313439
ô.305363
o.31530I
o.3063 t 4
o.3t02tl
ó.310347
o .3 12322
o. 3 I OO3S
o.3t0366
o,3t2336
o.3 t 4305
o.350214
o.350430

14
14
14
l4
14
t4
14

21 l4
2303
2303
2303
2303
2303
2303
2303
2303
27 A3
27 a3
27 A3
21 A3
27 A3
21 A3
21 A3
2743
634 t
63al
63al
G3a t
6381
634I
634I
E3a I

Í3J-
r3J-
t3J-
13J-
13J-
r3J-
t3J-
t3J-
13J-
14J-
l4J-
t4J-
t4J-
t4J-
t4J-
t4J-
t4J-

8l
t9

4B
4B

9

I
I
I
I
9

o2
o2
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28 r

242
2A3
2A4
zøs
28G
241
2aa
243
29o
291
252
293
294
295
296
291
294

300
30I
302
303
304
305
30 6
307
308
30é
310
3l l
312
313
3t4
3ts
316
317
314
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
33S
336

4B
4B
4B
4B
4B
2C
2C
2C
2C
2C
2C
2C
4F
4F
4F
4F
4F
4F
4F
4F
6H
6H
6H
6H
ÊH
6H
6H
6H

4A
4A
4A
4A
AB
8B
AB
AB
AB
AB
AB
2D
2D
2Þ
2D
2D
2Þ
2D
ZD
4E

259
269
269
269
269

96952
96952
96952
96952
969S2
91132
91132
97732
91132
97732
91132
91132
97212
97212
91212
97212
912 12
94212
s 1212
91212
s5353
9S353
95353
953s3
s5353
95353
95353
95353
97807
g1ao7
gTao?
g7ao7
g7 ao1
g?607
97aO7
9?go7
72ÊOZ
7 2602
7 2602
1 2602
7 2342
12342
1 2342
12342
1 2342
12342
72342
?too4
?too4
?1004
?1004
?1004
7loo4
7loo4
?too4
70455

t43?
'1437
1437
t437
1437
9410
9alo

t 902
1902
1902

1 . ?500
2 .7300
3,7500
4,7500
6 . OOOO
o. oooo
o.5000
L 5000
2.5000
3.5000
4 .5000
G.2500
o. oooo
I . OOOO
2 . OOOO
3 , OOOó
4 . OOOO
5 . OOOO
6 . OOOO
? . oooo
o , oo00
o,6670
1 .6670
2,5000
3,6670
4.5000
5.5000
6.5000
o. oooo
o.5000
I .6330
2.6000
3.7SOO
4,3330
5 .5000
7. OE33
o. oooo
ô. o830
r .2500
4.6700
o . oooo
o.5000
I .5000
2.5000
3,5000
4 ,5000
5.7500
o , oooo
o. 5000
I . 5000
2 , 5000
3 . 5000
4.5000
5 .6000
6.5000
o , oooo

o.349738
o.349?9r
o.349436
o.353452
o.3s5849
o.3ô5431
o.39962S
o,403122
o.404797
o.40697?
o.405741
o. 4019 I 1

o.3s8866
o,374956
o.377612
o.3at438
o.380284
o.380313
o.38034Ë
o,3ø4212
o , 241 233
o.296454
o.303967
o.3069 t 8
o.304975
o.29A715
o.3039 lo
o.304a13
o,349 122
o.352783
o.356260
o,359t9S
o.3s302t
o.356399
o.35Ê428
o,334727
o,392245
o.392703
o.4t?605
o,43t604
o.3?os54
o.3ao55 I
o.36 | 622
o.383439
o.3ao24l
o.38026A
o-345620
o.353030
o.364424
o,360954
o.375S39
o.365115
o.374860
o.3?4144
o.374 r 60
o.3233à6

o2
o2

9A

aI-l
8I-l
aI-'l
8I-l
aI-r
aI-t
aI-l
aI-l

4696
4695
a696
a6gÊ
30 | ?
30I ?
30 | 7
301?
3017
30 t 7
30I ?
30 t 7
r97t
r97l
1971
t97t
t97t
1971
t97t
lg11
7417
7 417
7417
7417
9340
9340
9340
9340
9340
9340
9340
o300
o300
otoo
o300
o300
o300
o300
o300
I 184

69
59
69
69
69
69
69
69
6S
59
69
69
69
69
6g
69
69
69
69
69
6g
69
69
69
69
6g
69
69
69
69
69
69
69
69
6S
69
69
6S
69
69
69

42
42
42
42
42
45
4S
45
4S
45
45
45
45
44
44
44
44
44
44
44
44

3S
35
35
42
42
42
42
42
42
42
36
36
36
36
36
36
36

46

696

ot64
ot64
o164
ot64
ot64
ot64
o 164
ol64
o9?4
o9?4
o9?4
o974
o9?4
o974
o974
097 4
25S3
2593
2S93
25S3
2593
2E 93
2533
2593
2377
2317
237 7
231 7
oaSs
oa6s
o869
oE6S
oE69
o869
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12
12
12
12

64

4
3

3
3
3

3407
3407
3407
3407
3407
3407
2046
204 6
204 6
2046
2086
2086
2046

85
85
85
85
a5
85
85
a5

4371 o86
o86

2
2

I

9

1
1
1
1
1
7
1
1
'|

t
I
I
î
I
I

a3713
43941
43941
a3941
43941
43941
43941
4394t
a3941
a3779
43774

2a
28
2E
28
2S
2A
2A
2A
67
6?
G?
67
67
67
67
67
o5
o5
o5
o5
os
o5

36t32
15502
to907

3a
3a

t 95
o
o

534
6't3
630
64 t
oa4
386
43S
oot
493

a3
a3
a3
a3

2AO1
2ao1
2A01
2AO1
2801
2go1
2go1
7295
7293
7295
7295
7295
7295
7295
7294
t 39 t
t 39 t
t 39 t

78
7a
7A
7A

a
s
7
1
7
1
7

7
7
I
a

78
?8
76
76
75
76
76
76

44Ê2
2SA4

13429
35442
14554
t 3aa8

4?5
476
453

3453
3453

ao5

112291
to9tl2
lo9r22
t09136
to6?89
t34509
1o7564
100758

t ao5
27 l2
27 12
27 12

s4
54
54

l2

12
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T¡IIPASS UKGM

441
442
a43
444
845
446
441
a4a
449
a 50
as î
as2
453
a54
a55
856
887
458
459
460
a6l
462
863
864
865
s66
86?
868
869
870
a7 I
87 2
873
8?4
87s
876
a7 7
a7 a
8?9
880
881
aa2
883
884
885
tt6
887
888
889
490
a9l
492
893
694
895
896

6D
6D
2E
2e
2Ê.
2Ê
2e
2E
ZE
5H
5H
5H
6H
5H
5lt
5H
5H
9B
9B
9B
9B
9E
s8
9B
6C
6C
6C
6C
6C
6g
6C
6C
AD
7Þ
7D
70
7D
7D

6B
5B
6B
6B
4D
4D
4D
4D
4D

307
307
307
307

83453
83453
83453
43453
oo293
oo293
oo293
oo293
oo293
oo293
oo293
oo29 3
o6026
o6026
o6026
o6026
o5026
o6026
o6026
o6026
99674
996?4
996?4
99674
996?4
99674
99674
oot30
oot30
oot30
ool30
ool30
oo130
ool30
ool30

4.27 12
4 .27 12
4-2112
4.21 12

9233
9233

9233
9233
I 233

9233
at61
at61
al61
8161
8161
8't61
SrGt
a16l
3520
3520
3520
3520
3320
3520
3520
4242
4282
4242
4242
4242
4242
4242
4282
30t5
9015
90t5
sorS
90t5
90ts
9015
2270
227 0
2210
2210
2210
2270
2210
2270
o635
o635
o635
o635
o63S
o635

1391
l39l
1391
l39t
94t9
s4t9
9419
9419
9419
94fS
9419
94tS
9695
9695
9695
9695
9695
9695
9695

2.6670
3.6670
4.6670
s.7soo
o . oooo
o.6570
I .6670
2.5670
3.6670
4,66?O
5.6670
6.4330
o. oooo
1.O933
2. t6ê6
3 - O830
4 - Oa33
5. O830
6. O830
6.3330
o , oooo
1 , OOOO
2 ,2300
4, OOOO
5 . OOOO
6, OOOO
7 , OOOO
o . oooo
o, 5000
1 .8330
2 .5000
3.6000
4 . 6000
5. 5000
7,2500
o . oooo
o. ?500
1 ,7500
2 , ?soo
3. ?soo
4 .750ó
6 . OOOO
o . oooo
o,6670
L 5000
2,6670
3.6570
4 .5000
5. SOOO
5.9330
o . oooo
I - OOOO
2 . OOOO
3. OOOO
4 . OOOO
5 , OOOO

o97746
o93352
o46325
oaa I oo
160157
t 4a389
r39531
137141
t37r98
I 35242
t35320
136321
rs28t r
124 17 E
t 2000I

5
5
5

12
12
12
12
12
12
12
12
12
12
12
12
l2
12
12
12
12
12
12
12
12
12
l2
12
12
12
12
tt
tt
tt
1l
lt
lt
1t
ft
l2
l2
l2
12
tz
12
l2
t2
12
l2
12
l2
12
12
12
12
12
12
't2
12
12

4D
4D
4D
60
6D
50
6D
6D
6D

o7
o7
o7
o7
o7
o7
o1
o7
o1
o1
oa

307
307
30?
307
301
307
301
30?
30 7
30?
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
307
30?
307
307
307
307
307

6l
61
6l
6l
61
61
61
s2
s2
52
52
s2
62
s2

52
s2

52
52
62
52

53

53
s3
s3
61
61
6t
sl
6l
5t
5l
EI
52
a2

è2
s2
s2

4366
o

969
948
94t
948
948
948

20
29
30
o8
65
2l
2A
o4
12
6t
47
21
73
23
o5
o5
6t
13
98
91

o

o

go9l
aog1
go91
åog 1

aog 1

8091
ao9l
a361
a36l
a36l
836r
836t
a36l
836t
4361

7 107
2511
I630
6?85
6913
4007
?7ÈË
72lg
133r
8506
724 1

5862
4632
4477
9 /¡OO
go55

75
7Ë

s2
52
s2
52
67
67
67
67
Ê1
61
6?
67
oa
o8

8
a

a
a

12047

44430
84430
44430
44430
a4430
a4430

3'l
31

oa56
oa56
0856
0856

tog323
to90a9
to6379
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è97
a9a
399
I OO
90'l
902
903
904
9 05
906
90?
908
909
9to
911
9t2
913
st4
9ts
9't6
9r7
918
919
92õ
921
922

324
92S
925
921
924

930

932

s34

s36
937
938

940
941
942
943
944
s45
946
947
944
949
950
gs I

7D- 1

70-f
44430
84430
a67to
a67to
a67to
a67to
86710
86710
86?tO
86?tO
a2136
a2736
a2136
42136
421 36
82?36
82736
82736
51531
61531
6ts3t
61531
61531
6t531
6t531
6t531
72374
72314
72318
72318
72318
72318
72318
12374
62052
62052
62052
620Ê2
62052
620S2
62052
Ê20s2
os t 4?
o5t47
o5147
o5147
o5 t 47

o635
o635
643?
6437
6437
6437
643?
643?
6437
6437
1954

oa56
o8s6
6625
6625
6626
6625
6626
6626
6526
6626
27 33
27 33
?7 33

733
733
?33

733
5a5
545
545
sa5
545
s85
s85
585
393
393

393

393

6 . OOOO
? . oooo
o. oooo
o.7500
1 .7500
2.7SOO
3. ?500
4. ?SOO
5.7500
I . OOOO
o. oooo
o.5000
f .5000
2.5000
3 . 5000
4,6670
s .5000
? . oooo
o. oooo
o,5833
1 . Sa33
2. Sa33
3.5433
4.5833
s.5833
? , o833
o. oooo
o,5833
1 ,5000
L 916?
3,2500
4.O833
5.5833
?.o833
o. oooo
o,5000
I .5000
2,9000
3 . 5000
4 .5000
s . sooo
? , oooo
o. oooo
o.4000
o.9000
t .56?O
2.5670
4 . O6?0
5 , O6?O
6 . O670
o . Òooo
o.5000
t .5000
2.9110
3 .5000
4 .5000

r055s5
t0572l
142204
12004 |
115S40
tl3l65
1 13202
I t 304Ô
1t0464
loa5a3
t344aa
't20t89
I14S52
I t 1110
1 13129
t09258
t to2a6
I OAO42
o9 s 303
o42528
o77987
01 3047
o73AA3
07 t 6 | 6
o72363
o70909
o90848
o723S I
o69011
o66688
o54741
o63t25
o63467
o66274
o45201
o67606
o65384
o62706
o6to76
057562
o5a907
osa41 4
I A7453
15727 1

iSto?a
142313
t39653
t32556
t36495
13654?
144A24
1 25320
I t 7 t 35
116451
114211
1 12970

2
2
2

30
30
30
30

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

52
s2
53
53
s3

53
53
53
54
54
54
54
54
54
54
s4
s7

s7

57
57
5?
60
60
60
60
60
60
60
60
s2
s2
52
s2

52
s2

56
56
56

99

5G- I
5G-',|
5G- 1

5G- I
sG " I
sG- 1

5C- 1

3H-2
3H- 2
3H-2
3H- 2
3H-2
3H-2
3H- 2
3H-2
tJ"2
fJ-2
1J-2
1¿-2
tJ-2
't¿-2
1J-2
1J-2
1J-2
7J-2
1J-2
1J-2
1J-2
1J-2
1J-2
7¿-2
aa- 1

aa- 1

aa- 1

ga- 1

8A- 1

8À- |
8A- f
aÂ- ?

3E- 1

3E- 1

3E-1
3E- 1

3E- 1

4
4
4
4
4

4
8 t 46
e 146
st46
g 145
8146
at45
a t 46
at46
oos2
oos2
oos 2
oo92
oos 2
oos 2
oo92
oos2
1S3l
1531
I 53 t
1531
t53l
t53t
l53t
t53l

21

27
27

29
29

29
29
29
29
27
27
27
27
27

5393

I i 60
s t 50
I f 60
9160

71
71
71
71
71
71
71
71

1
1
1
1
7
1
1
1

60
60
60
60
oa
oa
oa
o8
o8
oa
o8
o8
1A

o5
o5
o5
9?
s?
97
91
97
97

1
7
7
o
o
o
o
o
o

8 201
È201
6201
6 201
6201
620?

1A

16
t6

Ê?7 A
Ê21 A
627 A
Ê27 A

sas l:Ot WEDNESDAY, MARCH 6, 19AS la
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953
954
955
9s6
9S7
9SA
959
960

7. 67 t
7.Ê1 I
7.è11
7.61 I
7.67 t
?.67 |
7 - 67 t

3E-
3E-
lG-

o.307
o,307
o,307
o.307
o.307
o.307
o.307
o.307
o,30?
o.30?
o.307
o.30?
o.307
o.307
o.307
o,307
o.30?
o.307
o.307
o.307
o.307
o.307
o.307
o.30?
o.30?
o.307
o.307
o.307
o.307
o.307
o.3ô7
o.307
o.307
o.307
o.30t
o.307
o.307
o.307
o.307
o.30?
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.307
o.30?
o.307
o.30?
o.307
o.307
o,307
o.307
o,307

s7450
s7450
o24 43
02443
o2443
o2443
o2443
o2443
o2443
99?39
99739
99?39
99739
99739
99739
99739
99739
97?45
97785
9??As
97?45
97785
9774S
977A5
9??85
93127
93127
93127
93121
93127
93r27
93t27
84528
84524
84528
84528
94528
84528
84S28
94528
7 22AO
7 22AO
7 22AO
7 22aO
7 22AO
7 22gO
72280
72280
62sOg
62sO8
62508
62SO8
62SO8
62SO8
62508
52504

6 201
È 207
3S55
395S
39S5
3955
3955
3955
395S
s477
s471
s471
5477
s471
5477
s477
5477
4446
4446
4446
4446
4446
4446
4446
4446
2976
2976
2S7Ë
2976
2978
297 E
2978
3973
3973
3973
3973
3973
3973
3973
3973
6503
6 503
6503
6503
6503
6503
6S03
6503
9225
9226
g223
9225
9225
I 226
9225
9223

r 6.6278
15.62?A

63
63

12
l2

5000
5000
oooo
5000
5000
5000
5000
sooo
t657
oooo
4167
5830
0330
sa33
7500
5000
o833
oooo
9833
5000
3330
5433
5000
5000
3333
oooo
2300
4333
?500
3000
3300
7500
oooo
5000
sooo
sooo
sooo
sooo
5000
5000
oooo
5000
5000
5830
4t67
5000
4167
oooo
oooo
5000
5000
6000

113748
1 1237 1

t35441
120s29
I t7l06
I 12229
ltt54t
t t2242
I toaô6
toTaoa
o8375a
o12944
01 4202
o6a396
o63232
o67AS9
o6aot 4
t I aosT
to5644
103039
o99203
ro't962
o99259
o98603
o94424
139960
't4t685
t3ao93

3
3
3

3

9?O
97t
912
913
914
97s
9?6
917
s?8

9 AO
981
sa2
943
944
945
946
947
9aa
989
990
991

993
994
s9s
996

998

I OOO
tool
I OO2
I OO3
I OO4
I OO5
too6
I OO7
I OO8

I 6J -
16J-
l6J-
5A- |
5Â - |
5A- r
5A- l
5A- |
5A- |
5A- |
9F- |
9F- I
sF- |
9F- t
9F- r
9F- |
9F- 1

9F- |
s¡-l
5I-l
5I-l
5¡-l
5I-l
5I-l
5r-l
5l-l

2lÊ1
2167
2167
2l 61
2lÊ7
2tÊ7
2161
2161
9431
943t
9431
9431
9431
s43l
9431
s43t
43?9
43?9
4379
43?S
43?9
43?9

a

68
68
68
68
68
68
66
66
66
66
66

66
66
66
66
66
66
66
66
65
65
65
65
65
65
65
65
6S
66
66
66
66

66
66
66
11
1r
7l
1l
1l
11
1l
7l

17
l7
t7
l7
17
17
17
l6
'I 6
t6
t6
t6
t6
l6
l6
32
32
32
32
32
32
32
3t
3t
3t
31
3t
3t
3l
31
2S
29
29
29
29
29
z9
2S
2A
28
2A
2B
28
2A
2A
2A

t2
l2
t2
l2
t2
l2
t2
tl

379
too

t 34
t 30
12s
120
140

455
88 t
111
208
400
7ga
?95
87 4
455
2S5
377
651
698
107
r9a
117
2AO
9t8
456
433
511
385
324

oo
oo
oo
oo
oo
oo
oo
t8
ta
ta
ta
ta
la

o

a2
a2

o9
o8
o9
o8
oa
o9
09 4
07 a
o7 6

a2 t ê
8214
t 60 t
t 60I
t 60 r
t 60I
't 60I
t 60I
t 60I
160'l

3330
5000
5000
2500

o74218
o72t26
o72141
o69424
o7t569
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I OO9
10to
lol I
10t2
tot3
tot4
lotS
lol6
totT
1018
lot9
to20
1021
1022
10 23
to24
1025
lo26
10 21
I O28
to29
to30
1031
lo32
to33
I 034
to35
lo36
lo37
1038
1039
to4ó
lo41
1042
1043
to44
fo45
lo45
lo47
to48
I O4S
to5ó
1051
ro52
to53
10s4
105S
1056
to57
105ê
tos9
ro60
to61
to62
to63
ro64

tsJ-2
t5J-2
t5J-2
isJ-2
t5J-2
1SJ-2
1AJ-2
t5J-2
't5J-2
1A-2
7A-2
1A- 2
1A-2

307
307
307
30?
307
307
307
307
307
27 0
210
210
210
210
210
210
210
270
270
270
270
270
270
27 0
270
270
270
270
270
210
270
210

63257
63257
63257
63257
63257
63257
63257
63257
63257
94519
94519
94519
94519
945t9
945t9
945t9
10?4 t
1o741
1074 1

10741
10741
1o7 41
10741
I 074 |

I 3222
93222
93222
93222
93222
963?O
9C370
96370
963?O
963?O
96370
96370
963?O
ooo oo
ooooo
ooo oo
ooooo
ooooo
ooooo
o oooo
ooooo
86667
86667
aÊ66?
46667
a66G?
a5667
o60?4
o6074
o60?4
o6074

3079
3079
3079
3079
3079
30?9
3079
30?9
3079
I t 53
al53
8 t 53
8 t 53
8 t 53
8t53gr53
2A33
2433
2a33
2433
2433
2433
2433
2833
9214
92ta
9218
92r0
92r8
9218
7760
7160
7760
7?60
17 60
17 60
11 ÈO
77 60
4075
4075
407s
4075
40?5
4075
40?5
4075
006 t
006 t
006l
oo61
oo6 t
oo6 t
9033
9033
9033
9033

70
70
?o
70
70
70
70
70
70

33
33
33
33

41

It
11
lt
tf
1t
ti
It
1t
'12
t2
12
12
12
12
12
12
12
12
12
12
12
t2
t2
l2
l2
l2
'12
12
12
12
12
12
12
12
12
l2
t2
11
t1
l1
l1
t1
t1
lt
lt
tl
tt
It
ll
ll
tt
tt
tt
ll
1f

2A
2A
2A

2A
2A
2A
2A
2A
to
to
to
to
to
lo
10
12
12
12
l2
12
l2
t2
t2
to
tó
lo
10
lo

204Ê
204 6
2086
2066
2086
2046
204 6
204 6
208 6
8S?4
8974
4974
4974
4974
4974
a97d
6S 14
69 r 4
69 r 4
6S 14
6914
69 t 4
69 t 4
6914
aoo 3
aoo3
aoo3
aoo3
aoo3
aoo3
lo76
1076
lo76
1076
to?6
to76
to76
to76
5334
5334
5338
533a
533a
5338
s338
s338
3419
341S
34 t I
3419
3419
3419
6a I 1

681|
681 1

6a I 1

o, oooo
o.5000
1 . S833
2.7500
3.5433
4.5833
5.5000
6.5833
9.5933
o. o90a
o. I 157
o.9330
1 .4500
3,2170
4,3SOO
6.1000
o. oooo
o.5000
I .5000
3 . OOóO
3.5000
4.5000
s,5000
7.5000
o, oooo
3 , OOOO
4 , OOOO
5. OOOO
6. OOOO
7 ,2SOO
o. oooo
I . OOOO
2. OOOO
3 . OOOO
4 . OOOO
s . oooo
6 , OOOO
7 . OOOO
o, oooo
o.7soo
L 7500
2,7500
3.7500
4.7SOO
5. ?SOO
7.2500
o, oooo
o,416?
2 , OOOO
2.8330
5. tooo
6.O433
o. oooo
o.4000
o.7343
2 . 2330

og0476
o68793
o676a5
oÊ4221
o6494 t
o64428
o6t9?3
o63502
oEl?71
I 18018
to7990
oaola9
o8to2t
o7 401 1

os8597
o6s7?8
158524
t3759S
1293aO
12a31 1

124392
124945
125557
1221Ê7
o82966
046r 14
o45339
o42947
o39897
o42999
oga903
o553 t a
o51404
o45385
04 6204
o44ôO2
o43007
o40247
1SO42t
133175
t28ts3
127 S 91
t23192
f23790
I 2323 4
123254
t75303
14S246
130726
122721
119244
I t 6644
164175
139909
131754
122630

1A
7^
?A
50
SD
50
5D
5D
5D
5D
5D
9E
9E
9E
9E
9E
9g
4F
4F
4F
4F
4F
4F
4F
4F
3G
3G
3G
3G
3G
3G
3G
3G
6À
6A
6Â
6A
6A
6À
IB
1B
IB
IB

4
4

46
4G
46
46
46
46
44
44
44
44
44
44
44
44
42
42
42
42
42
42

70

2l
2l
21
21
21
21
23

23
23

270
210
210
210
210
2ao
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1065
to66
I O67
1068
1069
10?o
10? 1

lo12
to?3
to74
I O?5
to?6
lo71
I O78
I O79
I OaO
I Oa 1

I Og2
1083
tos4
toSs
1066
toa?

tB-l
tB-1
tB-1
5C -'l
sc - t
5C-t
5C.1
5C-l
sc-l
5C- t
7F- l
7F - I
7F - |
?F-1
7F - |
7F- |
7F - I
7F - 1

llJ-

2.O6074
2,O6074
2. O6a7 4
r .99333

1 .9S333
L99333
1 ,99333
I .9S333
1.9G370
1.96370
1.9637q
1.95370
r.963?O
t.96370
t,963?O
1.96370
1.94774
1.9477A
I .94??8
L 947?8
LS47?8
1,94778
1 .9417 B
1,94774
! _ I O704
I . I 0704
I _ t0704
I . I 0704
I . 10704
L 1 0?O4
I . I 0704
o.s6222
o.9Ê222
o.96222
o.98222
o.9È222
o.9Ê222
o.9Ê222
o,97370
o,97370
o.97370
o,97370
o.97370
o.s7370
o.9?370
o,91370
o.99296
o.99296
o.99296
o.ss2g6
o.99296
o.99295
o.s929¿;
o.s9296

9033
9033
9033
71A4

41
41
41
42
42
42
42
42
42
42

42
42
42
42
42
42
42
43
43
43
43
43
43
43
43
ss
5S
s5
55
5S
55
55
50
50
50
50
50
so
so
59
59
59
59
s9
s9

69
55
55
55
55
55
55
55
55

àj
27
21
21
21
27
21
27
27
21
21
27
27
27
27
27
27
27
27
27
27
21
27
27
27
21
21
21
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
21
27
27
27
27
27
27
27
27
27
27
21
21

tt
tt
tt
t2
12
12

23
23
23

22
22
22
22

22
22
22
22

22

22

22
22
22
22
12
l2

l2
l2
l2
l2
lo
lo
10
10
10
10
lo
lt
ll
lt
tt
lt
tt
tt
tt
tt
tl
r'l
tt
rl
1l
lt
tt

6at I
6al I
681 1

6104
6toa
6 t oa
6lo8
6toa
6to8
6tog
624I
62at
5241
6281
6281
6241
624I
624I
7742
77 42
77 42
7742
7742
7742
7742
714 2
8235
4235
4235
4235
4235
8235
a236
a?a9
8789
a?89
a7a9
8799
a7a9
a7a9
2205
2205
2205
2206
2205
2205
2205
2205
s34?
s34?
5347
s347
534?
5347
5347
5347

3.6330
4 .2330
5.6330
o. oooo
L OOOO
2 . OOOO
3. OOOO
4. OOOO
5. t 6?0
6. OOOO
o . oooo
o.5000
I .5000
2.5000
3.5000
4 . 5000
s.5000
? . oooo
o. oooo
o.5000
1.6670
2. 5000
3.5A30
4.7500
5.5000
7.5000
o. oooo
o.5433
L 4 t 6?
2,5430
3.8670
4, SA30
6.O430
o. oooo
o. ?500
I .7500
2. 7500
3. ?600
4.7500
B. OOOO
o . oooo
I . OOOO
2. O833
3 . OOOO
4 . OOOO
s . oooo
6. OOOO
6.3330
o . oooo
I . OOOO
2 , OOOO
3 , OOOO
4 . OOOO
s . oooo
G. OOOO
7 . OOOO

113945
t t3935
I 124 | 5
1647a3

7l
11
71
1l
7t
11
2t
2l

4 t r9954
t t 8 t so
t 16069
I t3739
tll4ta
1l r43r
14463E
1 2207 A
119944

1 12009
tog403

2

2

tJ-
tJ-

21 41
2141
21 41
2141
21 41
2141
8340
a3ao
4340
a340
a340
8340
8340
8340
7981
7ô8 |
708 t
784I
?84I
?84I
788f
9546
9546
9546
9546
9546
9546
9546
4142
4152
4152
4ls2
4152
4ls2
4ts2
4 ts2
3667
3667
3667
3667
3667
3657
3667
3567

10?3?E
109440
131208
r I ? r 63
I t 44 t I
t lo94a
t 10975
to30t6
106243
foa495
t?o851
1 32423
t 440s r
't39366
136tS9
133rS3
1 3324 1

'totsTr
oa29g7
o6E 148
o1202A
o63289
o6g3?t
0631 r 2
I O3223
o75826
o77043
o727 t2
o66165
o67055
o6a8l4
o62519
163126
'lt94g5
14t073
t37488
't 35408
t3069t
t30?15
r3r9l4

oa8
o8s
o9 0
09 r
og 2
09 3
09 4
o9 5
096
o97
o98
o9s

oo
ot
o2
o3
o4
o5
o5
o7
o8
og

1J
1J
IJ
IJ
IJ
A¡
A.
A-
A.
ar
A-
A-
c-
c-
c-
c-
c-

l2
12
12
12
l2
l2
't2
12
1Z
l2
12
l2
l2
l2
l2
l2
l2
t2
12
12
12
12
12
12
12
t2
t2
l2
l2
12

1C

o
f
2
3

5
6
7
a

o2

gE-
8E-
8E-
aE -
aË -
aE -
aE -
ôE -
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21

23
24
25
26
21
2A
29
30

2G

20
20
20
20
20
20
20
20

23
23
23
23
23
23
2l

21
21
21
21
21
2l

22
22
22
22

55.8a?9
s5. a87S
ss.8879
s5,8879
55.8879
55,8879
55,687S
55. Aa79
55.8a?!
ss,6004
5S - EOO4
55.6004
55.6004
s5.6004
s5.6004
55,6004
55.6004
s4.4?94
54.4794
54.4?98
s4.4798
54.4798
54,4798
s4.4798
54.4798
so,4505
50,4505
50.4505
50.4SOS
50,4505
50,450s
50.4505
50.4505
56. t750
56.1750
56. t750
56.1?50
56. f 750
56. t 750
56.1750
48.4000
48,4000
48.4000
48.4000
48.4000
4a,4000
48.4000
44.4000

55,2355
55,2355
s5.2355
ss .2355
55.238S
55 .2355
56.6119

21
21
21
21
27
27
21
27
27
27
21
21
27
21
21
21

21

21
21
21
27
27
27
27
27
27

21

21

21
21
21
21
21
21
27
21
21

21
27
27
27
27

27
27
27
21

21

9981
s9at
99at
99Al
9981
998r
s981
s981
9Sa1

57aA
5?Aa
57AA
57Aa
s7a8
s78a
s?aa
5788
5798
3436
3436
3435
3436
3436
3436
3436
3436
2427
24 27
2427
2421
2427
2421
2427
2427
6194
6t94
6f94
Gt94
6t94
6t94
6194
6ts4
4375
a37S
a37S
4375
4375
a37S
a3?5
4334
4334
433{
4334
4334
4334
4334
4334
594?
5947
5947
5947
5947
s947
5947
4730

o. oooo
o,3333
I .3333
2.3333
3.3333
4.3333
s.3333
6.3333
?.3333
o. oooo
o.6670
¡ . sooo
2.3330
3,5000
4. S330
5, SOOO
?,3330
o. oooo
o,5000
I .5000
2.5000
3.5000
4.66?O
5.5000
7. t 670
o. oooo
o.4167
I .4167
2.41G7
3.4160
4.4167
5.4167
5.9't Ê7
o. oooo
1 . OOOO
2 . OOOO
3 , OOOO
4 . OOOO
s.4160
6,4 t 60
o. oooo
o.5000
I .5000
2.5000
3.5000
4.5000
5.5000
6. SOOO
o. oooo
o. 5000
1 .5000
2.5000
3 .5000
4.5000
't . oooo
o. oooo

o.153921
o. t395î5
o.134922
o. 1338 r 3
o.129201
o.1298?3
o.124107
o, t 24029
o,121205
o,o?339Ê
o, o57s51
o. 05143?
o.o52392
o,053516
o. 054 I 5a
o.o50996
o. o47823
o.o74533
o. os9165
o. o538s r

o.o52380
o. os5252
o.o4ao7s
o. o5009I
o.o49t46
o. t34658
o.107649
o.o95490
o.o94038
o,091391
o,oa96?3
o.oast43
o,oa34¿l
o. t36631
o,tlt7s5
o, to683?
o , I o5342
o.t03ta4
o.o9s5aa
o. toto44
o. to5042
o.o85220
o. oao255
o -o77552
o.o?59Ëa
o. 0733 t I
o. o? I ?23
o.oÊ8557
o. 133474
o.1t5266
o. t 10691
o. toagl9
o.'1068'16
o.r05289
o.1o1524
o, t25462

101

t't3l
I t32
t 133
1 134
1135
t 136
1137
1 t 3a
I t 33
I t 40
tt4t
1 142
I 143
I t 44
I145
I i 46
I l4?
I148
1r49
I 150
I151
1t52
1t53
1t54
I t55
I t55
I t 57
I t 58
I t 59
I t 60
116t
I t 62
| | 63
1164
1 t 65
1 r 66
I 167
t 168
1 f Ês
1 I ?O
1t7l
1172
I 173
I 174
I t 7S
t t76

1t-
1t-
1l-
7t-
1t-
7t-
4J-
4J -
4J-
4J -
4J -
4J-
4J-
4J-
4C-
4C-
4C -
4C-
4C-
4C-
4C-
4C -
sE-
sË -
5E-
5E-
5E-
5E-
5E-
1H-2
1H-2
1H-2
'lH-2
1H-2
tH-2
lH-2
1H-2
aH- t
aH - 1

a8 - I
aH- |
aH - 1

aH - |
8H-1
4I-'l

963?0
96370
96370
963?O
96370
96370
96370
96370
96259
96259
96259
96259
96259
962s9
96259
962s9
80259
80259
ao259
ao259
ao25s
4o259
4o259
4o259
o7 407
o7 407
o7 407
o7 407
o7407
o?407
01 401
82953
82963
82963
82963
82963
82963
42963
a2963
94aA9
94889
94849
94889
94889
94889
94449
95144

l2
12
12
12
12
12
12
12
12
l2
12
12
l2
12
l2
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1 111
1 | 78

27
27
27
27
27
21
27

21
21
21
27
21
21
21
21
27
27
27
27
27
27
27
27
27
27
27
27
27
21
27
27
27
21
21
21
27
27
27
27
27
27
27
27
27
27
27
21
27
21
71
27
21
27
27
21

96t48
96144
96t44
9 6 t 4a
96148
96!48
96144
s?4at

6119
61t9
6rl9
6tt9
6119
6r t9
61t9
a96l
as6l

8730
4730
8730
8730
8730
8730
at30
2919
2919
29t9
2StS
29 t 9
2919
291S

5ta9
5ta9
Stas
5la9
5 t a9
51aS
5 t a9
5149
701
701
70t
701
?ot
701
?ot
70t
o9s

o.5833
1 .5000
2.5000
3.5000
4.6670
5.5000
?.3330
o. oooo
1 . OOOO
2 . OOOO
2.7500
4 . 2500
5 , OOOO
6 . OOOO
7. OOOO
o. oooo
o.5000
L 5000
2.5000
3.5000
4 - 5000
5.5000
7. OOOO
o. oooo
o.5833
I .5000
2.4670
3.7SOO
4.6670
5.4333
7. Oa33
o . oooo
o.5000
L 5000
2.5433
3,7500
4,9167
5,I t 67
7 ,2SOO
o. oooo
o.5433
I . å833
2.5833
3.5000
4. s833
6. 4 t 6?
?.o833
o. oooo
o. t667
o.6000
1 , O500
1 . ? | 6?
2, TAOO
3.66?0
5 . OOOO
6. OOOO

1o7675
tot769
101299
0956f4
o937S3
o952tO
o933?5
1580St
t37389
136067
1 30262
t3352t
130740

56
s6
s6
56
56
s6
56
65
65
55
55
6S
65
65
65
6A
6a
68
68
68
68
68
6a
79
?9
?9
?9
79
79
?9
?g
10
70
70
?o
70
70
70
70
70
70
?o
10
?o
70
70
70
65
65
65
65
65
6S
65
65
65

t1
tl
tl
tt
tl
tt
l1
tt
1t
t'l
l1
lt
t1
1t
t1
12
l2
tz
t2
12
t2
t2
l2
tt
tt
tt
11
tt
ll
tt
11
ll
1t
ll
tl
lt
l1
lt
t1
t1
t'l
t1
t1
1t
tt
't1
It
'12
l2
l2
l2
l2
t2
t2
12

22

22
22
22
22
lt
1t

79
ao
at
a2
a3
84
85
a6
a7
aa
ag
90
9t
92
93

4

4

5F -
5F-
6F-
ôF-
6F-
6F-
5F-
6F-
4H-
4H-

744 t
496
496

I
I
I
a
a

a9
g9
89
a9
50
so
so
50
so

2
4
4
4
4
4
4
4
4
50
50
50
50
so
50
50
50

tg

2

2
2
2

I
g
a
I

a
a

12è7
l26A
1621
1452
1 427
l3al
| 354

5
o

7
194
t95
196
t 9?
198
1S9
200
20 1

202
203
204
20s
206
207
204
209
210
211
212
213
214
2t5
2r6
217
2lB

4H- |
4H-f
4H-1
4H-l
4H- I
4H- l
sJ-2
5J-2
5J-2
5J-2
5J-2
5J-2
s¿-2
5J-2
6¿-2
6J-2
6J - 2
6J-2
6J-2
6J-2
6J-2
5J-2
10J-2
10¿-2
10J-2
10¡J-2
to¡J-2
toJ-2
I OJ - 2
I OJ - 2
2B- 1

29-1
2E-1
2B- |
2ø- 1

2E- |
2B-l
2A-|
29-l

1 37 Ê22
r 39058
137270
1090s7
o93323
o9221 I
o90654
oassoS
oaa997
oaa363
oa6t42
o74553
o6421 0
0592a9
o53010
o53a63
o5f573
o536?O
o552S6
o75AS2
o63660
o5a7a6
os6450
os930t
o55433
o5s t 28
os3266
t48624
t 30?6?
1247 ¿7
l205lo
r t 6294
r 1323?
1ros63
10528?
to5370

9At4a
94144
9at4a
97963
97963
97963
97963
3?963
9?963
9?953
97963
9?889
97S89
97A89
9?889
97889
97889
97889
97889
99259
99259
9S259
99259
992S9
992S9
99259
992Ë9
o85S3
o85S3
oa5s3
oa5s3
o8593
o8593
08593
o8593
o8693

5073
5073
2994
2994
2994
299A
2998
2998
2998
2998
s496
549Ê
5496
5496
s496
s496
s496
s496
2397
2397
2397
2397
2391
2391
2397
2397
4837
4837
4437
4837
4437
4437
4A37
4837
4837

so7

2
2
2
24
24
24
24
24
24

t2t9
1220
1221
't 222
1 223
1 224
1 225
1 22ê
I 227
1 22A
I 229
t 230
123 1

t 232 12

ogs6
o9s6
o956
og56
os56
o9s6
o956
o956
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1 233
1234
I 235
1236
1 231
1238
t23S
1240
1241
1242
1243
1?44
't245
1246
1241
l24B
1249
t250

3D'1
3D - I
3Þ- t
30 - t
30- I
3D- t
3D- |
3D-1
9F-2
EF.2
9F
9F
SF
9F
9F
9F
6G

27

27
27
27
27
27
21
21
27
27

27

27
21
27
21
21
21
21
21
27
27
27
27
21
21

27
21
27
22

22

22
22
22
22
22

22

22

22
22

22
22
22

3A
3A
3A
3À
8C
8C
8C
ac
ac
ac
8C
ac
2E
2Ê
2Ê.
2Ê
2E
2E
2Ê
IE
IE
IE
IE
1E

934
934

865
865

934
934
934
934
s34
934

a
¡
I

a
a
a

5
5

66.3313
66.33r3
66.33t3
66.3313
66.3313
66.33t3
66.33t3
66.3313
73.a160
73.A1GO
73 .8160
73.4t60
73. 8160
73.8160
?3.8 r 60
73.8160
6a. a820
68. aa20
64. aa20
58, aA20
68.4820
68.8820
68,8820
64.4820

65.2917
46.3257
46.32s7
45.3257
45.3257
38.28 r 5
3a.2815
38.2A l5
38.281S
38.281S
38,2815
38,2815
38 .24 r 5
45.3509
45.3509
45.3509
45.3509
45.3SO9
4S.3SO9
4S.3509
41.S804
41.94O4
41.94O4
41.94O4
41.9AO4

22
22
22

22
22
22
22
21
21
21
21
21
2t
21
21
22
22

22
22
22
22
22
22
22

#
22
22

6
6

6

5
5
5
5
5
5
6
6
6

6
6
6
5
5
6
5
6

2305
2305
2305
2305
2305
2305
2305
2305
s127
I 121
a 127
a121
a 127
a 127
4127
a 121
9469
9469
9459
9469
9469
9459
9469
9469
5336
5336
5336
5336
5336
5336
5336
s336
1 223
I 223

I 223
938t
s38t
9381
93a l
9341
93Al
9341
93at
t 790
| 790
1790
t Tso
1?90
t?90
1?90
f?93
t?93
1793
t?93
1793

o. oooo
o.3330
I .3330
2.41È1
3.3330
4.3300
s ,3330
6,4830
o. oooo
o.9000
I .5000
2.5000
3.5000
4.5000
5.5000
7.5000
o. oooo
o.5000
t ,5000
2.5000
3.5000
4.5000
5.5000
6 - 9 t 67
o. oooo
o.5833
1 ,5000
1 .9 t 67
3,2SOO
4, O833
5,5833
?, o833
o , oooo
o,3330
2. S330
s,8333
o . oooo
o. ?830
I . ?830
2 .7 830
3.7830
4.7430
5.7430
6.2430
o. oooo
I . OOOO
I .2500
4 , OOOO
5 , OOOO
6 , OOOO
7 . OOOO
o. oooo
o.7500
1 .7500
2 -7SöO
3.7500

14745A
126476
I r 7703
1 1 4102
ttla96
109994
10925S
107?68
109955
oa8142
oa202s
014 1 43
o7 27 6A
o72436
o703s7
o69352
13515?
I 1832s
t t34to
io9745
1o7053
106013
106913
108023
125611
toa44t
lo38gs
to262ô
too74s
too768
o97025
o94337
t 4 t 575
1 12592
o9 1262
to2061
r02168
o?3 t 34
o66l3S
06t 130
o59095
o49669
o4a22S
o44236
o56419
o40941
o23243
o16157
o22 l 63
otê942
o23405
osoa6a
031S t 4
02Ê443
o250t 6
o2302S

LO2

25 t
?s2

53
4

1270
127 1

1272
1273
121 4
1215
't276
1271
121 a
1219
f 2ao
t2a1
l2a2
t 2a3
12a4
t285
1246
1241
l2aa

a6556
a5556
a6556
46556
46556
465S6
97963
97963
9?963
97963
97963
9?S63
9?963
97963
94630
94630
94630
94630
94630
94630
94630
94630
oo227
oo227
oo227
oo227
9 6091
I609 I
I60S I
9609 1

9609 I
9609 t
I609 I
I6091
98364
58364
98364
98364
98364
94364
94364
91727
s1127
91727
97121
91127

l2
It
tt
tt
tt
It
It
t1
1l
t1
tt
tl
1t
It
11
tt
tt
It
1t
1t
tl
lt

6

o

65.23
65.29
65.29
65.29
65.29
65.29
65.29

l2
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o Bs

t3

I 2A9
t2so
t 291
1292
1293
1294
1295
t296
1291
l29A
1299
1300
t 30 t
1302
| 303
t 304
t 305
t306
r 307
t 308
1309

lE-3
lE-3
1E-3
9G-2
9G-2
sG-2
sG-2
9G-2
9G-.2
9G-2
9G-2
at-2
at-2
at-2
at-2
at-2
at-2
at-2
aI-2
1B-2
rB-2
1B-2
1B-2
t9-2
tB-2
38-2
3B-2
38-2
38-2
3B-2
3B - 2
38.2
3B-2
3B - 2
3A-2
3E-2
3E-2
3B - 2
èD-2
8D-2
ED.2
aÞ-2
ao-2
aD-2
aD-2
ao-2
lF -2
lF -2
l?-2
1F-2
'tF-2
lF-2
lF-2
tF-2
7H-2
7H-2

9804
9804
9ao4
1434
r 434
t 434
t 434
t434
t434

434
434
124
124
124
124
124
124
124
'l?4

t793
1793
1793
l3al
t 38 t
l3a I
t 3a f
t 3a I
t 3g I
138r
1381
2445
2A45
2445
2A 45
2g4a
284S
2A4S
2445
82tS
4215
a2l5
a2t5
a215
a 213
a24B
4248
8248
8249
4248
4248
8248
8244
a248
8244

UK
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o.97727
o.97127
o ,977 21
o.s6sog
o.96909
o.96909
o.9690S
o,96909
o.96909
o.9G909
o.96909
o.94409
o.ga409
o.98409
o.98409
o.98409
o.sa409
o.94409
o.94409
'I .90591
1 ,90591
'I .9059 t
I .9059 t
I .30s9 t
r .90591
I .90409
L 90409
1 .90409
1 .90409
I .90409
I .9040S
L 9040S
L 9o409
I .90409
| .9040s
t . go40g
I .90409
1 .90409
2.O7045
2.O7045
2-O7045
2.01045
2.01045
2.O1045
2 , O7045
2. O?O4S
2 , O5227
2 , 03227
2 , O5221
2 . 05227
2 , O5227
2 . 05227
2 . 05227
2. 05227
2, O4sOO
2 , O4500

Þo MC GM I I MPASS

o

22
22
22
22
22
22
22

22
22
22

22

22
22
22
22
22

22
22
22
22
22
22
22
22
22
22
2Z

22
22
22
22
22
22
22
22
22
22
22
22
22
22

22
22

22
22
22
22
22

2686
2646
2646
2646
2645
2646
204 1

2041
204 1

204 1

204 1

204 1

204 |
204 1

204 t
204 1

2041
2041
204 1

E506
8506
I506
8506
4506
8506
4506
a506
7443
7443
7 443
7843
7843
?843
7443
7843
9328
9328

4.7500
5.7500
7 .2SOO
o. oooo
o, sooo
l 5000
2 .5000
3.5000
4. a330
s.5000
7 . OOóO
o . oooo
o.5000
1 .6333
2.5000
3.7500
4.3330
5,5000
7, O833
o. oooo
o. 516?
| ,9167
3.3t67
4 .2500
5. S830
o . oooo
o. t 670
1 . OOOO
2 . OOOO
3 . OOOO
4 . OOOO
5 , OOOO
L ta30
2,3000
7 ,6 1G7
L 2330
o. 6000
6.2167
o . oooo
I . OOOO
2. OOOO
3 . OOOO
4. OOOO
s . oooo
6, OOOO
7. OOOO
o . oooo
o - 7500
L 7500
2 .7SOO
3. ?600
4. ?500
5.7500
7. OOOO
o . oooo
o.8833

o20222
ola403
ot7939
o64493
o22327
ot536t
ot5366
ooooo2
ooooo2
ooooo2
o16642
o54 I 98
o4to42
o4to75
o33203
o32653
o30447
o3lo2a
o3099î
139230
o9ao2Ê
oa5330
o74547
o7 2Ê1 A2

4
5

7
g
I

20
2l
22
23
24
2S

o7 21
t 30I
'I lo2
oaaz
o823
o797
o7 32
o700
o692

o609
o52A
I t 63
o?85
o?f9

o
s

2

o614t6
o60304

244
248
244
56 t
s6 t

o60ts
6
7
g

o

2
3
4
5
6
7

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o

6
6
6
6

a8
8ð
88
8a
a8
a8
o3
o3

o
o

1340
134 t
I 342
t343
t344

t2
l2
12
l2
12
12
12
l2
t2
l2
l2
12
l2
tt
t'l

3809
4755
ol93
75?8
6445
4200
9038
4 t 30
169 6
3266
8S26
8531
1303
827 4
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o4500
o4500
o4500
o4500
o4500
o4500
o4500
o5091
o5091
oso9 I
o509 I
o5091
o509 t
0509 t
0509 t
99545
99545
99545
99545
99545
99545
9954S
olgo9
olso9
olgog
o1909
o1909
o1909
o1909
o1909
9959',|
99591
99591
995S 1

99591
9959 t
99591
9959 t
989S5
94955
94955
9a955
9A955
989S5
98955
sSsss
oo773
oo7?3
oo773
oo773
oo773
oo773
oa045
oa045
oao45
oao45

PO GMMC

1345
1346
1347
134a
1349
| 350
t 351
t352
1353
1384
1355
1356
135?
1354
t 359
1360
'I 361
r362
'l 363
1354
1365
t366
1367
1364
1369
1310
t 37 t
1312
f 3?3
t3?4
37S

377
378
379
380
38 r

342
343
344
38S
386
347
3aa
349
390

7H-
7H-
7H-
7H-
1H-
?H.
1H-
6I-
6I-
sI-
6t-
6f-
6l-

6I-
4B-
4E -
4A -
4B-
4B-
4B-
4B-
4D-
4D-
4D-
4Þ-
4Þ-
4D-
4Þ-
4D-
2E-
2E-
2E-
2E-
2E-
2E-

2E-
5H-
5H-
5H-
5H-
5H'
sH-
5H-
5H-
l3J
t 3J
t 3J
| 3J
l3J
r 3J
5A-
5Â-
5A-
sa-

9328
9328
g32A
9328
9328
9328
9328
5494
54S4
5C94
5494
5494
54S4
s4s4
5494
3990
3990
3990
3990
3990
3990
3S90
83S4
8394
8394
8394
8394
9394
g3g4
4394
oo97
oos 7
oo9 7
oo97
oo9 7
oo9 7
oo9 ?
oo9 7
3643
3643
3643
3643
3643

3643
3643
4412
a4t2
g 412g4r2
a4t2
a4l2
t?os
t 70s
f 709
r ?o9

o3l o
0310
o310
o3 t o
o310
o3l o
o3 t o
o6 t 5
o6 | 5
o6l5
o6 t 5
o6 t 5
o6ls
o6ls
oe t 5
222È
222Ê
2226
222Ë
222Ë
222Ê
222Ê

22
22
22
22
22
22
22
22
22
22
22
22
22

22
22
22
22
22
22
22
22

22
22
22

22

22
22
22
22
22
22
22

22
22
22

22
22
22
22
22

22
22
22
22
22
22

36
36

t . oa33
2.3330
3.5000
4 . 0833
5 . 0833
6 , OOOO
?.3330
o . oooo
o.5000
I . 5000
2.5000
3.8330
4 ,5000
5.3330
7 . OOOO
o. oooo
o.5000
I .5000
2.5000
3.5000
4,5000
5 ,7500
o. ooÒo
o.5000
I .50ÒO
2.5000
3.5000
4 .5000
5 .5000
6 .7000
o. oooo
o.5000
f .5000
2.5000
3.5000
4.5000
5.5000
6.7500
o, oooó
o.5000
1 .8330
2.5000
3.5000
4 . 5000
5.5000
7 - 23OO
o. oooo
o.6667
1 .9167
2.4333
3, a333
5,6667
o , oooo
o.3t67
o,8670
2 , 6 t 70

o42539
o3?633
o34675
ô32989
o33224
o29460
o26?51
o8454t
o59470

103

50
50
50
50
50
50
so

4A

48
4a
4A
48
48
5?
5?
s?
s7
37
57
57
s7

53

s3
53
63
53
63
s7
s7
s7
57
57
57
s7
57
5?
57

t1
12
12
12
12
12
12
12
12
12
12
l2
l2
12
12
12
l1

12

o5
oa
o6

3t6
316
3t6
316
316
316
3t6
3r6
197

s 1839
49028
50500
47132
48333
45408
95209
?t563
59824
58756
54?1t
46353
41420
15122
sE7 42
36?OS
30512
3058S
29534
2954i
2A447
2A876
1 2001
o8906
o7365
o6495

1979
t973
t97g

19?9
t979
26S8
2658
26S8
2658
26S8
2ES8
26S8
2658
3462
3462
3452
3462
3462
3462

1332
1332
1 332

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
I
1

1

I
I
I
I
I
o42
o4l
o30
o27
o2s
o22
o25
o22
021
o27
o27
o2g
o2?

63

s2
87
o5
4S
o2

6

t 39',|
t392

1394
t39s
1396
1397
1398
1399
'l 400

o
o

o230
t30594
1 03232
o9s350
o46371
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t401
1 402
1403
t 404
140S
| 406
1401
t 404
1409
14tO
1411
1412
t4t3

t4
t5
t6
l1
t8
l9
20
2t
22

oao45
os405
os409
o5409
o5409
o5409
o5403
o5409
o5409
o454S
o4545
o4545
0454s
o4549
o4545
o454S
o4545
o5000
o5000
o5000
o5000
o5000
o5000
o5 000
o5000
o4500
o4500
o4500
o4500
o4500
o4500
o4 500
o4500
o?t36
o?t36
o7136
o7136
o7Í36
o7136
o7f36
98t36
98t36gat36
98t36
98t36
98136
98136
oo773
oo773
oo773
oo773
oo773
oo7a3
9A727
94727
94727

1709
3063
3063
3063
3063
3063
3063
3063
3063

12
12
l2
l2
l2
t2
l2
l2
12
12
12
12
12
12
12
12

1 332
7684
76Aa
76aa
?5Aa
?êaa
7688
7648
7648
7 415
7 415
74lS
74lS
74tS
74tS
1415

3 t 70
ôooo
9167
I t 67
I t 67
I t 67
9 t 6?
9157
9 t 5?
oooo
oooo
oooo
oooo
oôoo
oooo
oooo
oooo
oooo
7500
t500
7500
?500
7 500
7500
oooo
oooo
5833
4333
9 t 67
5000
5000
5000
oooo
oooo
5000
r Ê?o
1670
6670
6670
1670
oooo

o88861
117452
oaEo65
o77273
o75051
o692tO
o69237
oÊ4s22
o66377
o44699
059371
o54?48
o508a6
o51979
04a77E
o46163
o47741
r36859
10437S
o91804
o89007
oa37s I
o43964
oa104t

5A
70
70
7D
70
7D
7D
1D
1D
9D
9D
9D
9D
9D
9D
90
SD
2F
2F
2F
2F
2?
2F
2F
2F
2H
2H
2H
2H
2H
2|l
2H
2H
8A
8A
OA
8A
8A
gA
AA
SB
SB
SB
SB
ËB
58
5E
3C
3C
3C
3C
3C
3C
6F
6F
6F

22
22
22
22
22
22
22
22
22
22

22
22
22
22
22
22
22
22
22
22
22

22

22

22

22
22
22

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

5?
49
49
49
49
4g
49
49
49
98
s8
5a
6a
5a
5a
5A
58
s5
5S
55
5S
55
55
55

5a
5g
5A
58
58
5S
58
58
7ð
7E
7A
7A
7A
?8
7A
64
64
64
64
64
64
54
64
54
64
64
64
G4
6?
67
67

469
8G9
a6s
869
469
469
469
859
o35
o35
o35
o3s

12
12
12
12
12
12
12
12
t2
l2
t2

l2
l2
l2
t2
12
t2
12
12
l2
12

I A71
Sr l t
2A62
2867
1244
9639

3
4
s
6
7
a

o

3035
303S
3035
3035
24 A2
24 a2
24 A2
24A2
24 A2
24A2
24è2
24A2
3073
30?3
3073
30?3
30?3
3073
3073
96a8
9688
96a8
9688
96a8
9648
9584
4798
8798
8794
8?98
8798
9798
7248
72AA
72A8

1
a
a
a
a
a
a

a

1
1
1
7
7
71
6A
6A
6A
6A
68
6A
68
20
20
20
20

a
I
E
I
I
a
I
a

5
5

5
5

2
2
2
2

7 a2A9
44168

14
14
14
t4

9t
't 43s
t436
1437
t43a
1439
1440
l44t
1442
t 443
1444
t 445
t446
1441
t44A
't449
1460
145r
1442
1453
't 4s4
t455
t456

s4
oo8 3

4539
s535
t68t
6396
s r 53o1

20Ë
205

3330
3330
3330
3330
3330
4333
oooo
5000
5000
5000
5000

?05 1

2s33
2533
2S33

2S33
2533
2tol
2lol
210I

oooo
oooo
oooo
oooo

ro1426
oa4f89
o73s54
o70355
o65349
o61210
o52885
o92'tot
o6558r
o590!8
o52too
o5 to9g
043076
o54330
o33945
o279È7
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99127
94727
94721
94727
94727
98864
98864
9ts64
gaa64
94854
94464
94864
o6227
oÊ227
o 6227
o6227
o6227
o6221
o6227
o6227
o3364
o3364
o3364
o3364
o3364
o3354

po 6M

t45?
t458
1459
1460
t46t
1462
t 463
t464
1465
t466
't467
1468
t469
t4?o
14? I
I4't2
1473
1414
t 4?5
14?6
1 417
t47a
1419
l4ao
l4al
t4s2
1483
t4a4
r 485
t486
1487
t488
t 4a9
t 490
t 49 t
1492
14S3
1494
t4ss
1496
t49?
1494
1499
1500
150 t
1502
1503
1504
I SO5
t 506
I SO7
1508

EF-2
6F-2
6F-2
6F-2
6F-2
1G-2
1G-2
r0-2
tG-2
rG-2

tG-2
6È - 1

GE - 1

6E- 1

6E- t
5E-1
6E- I
6E-l
6E - I
sH-2
9H-2
9H-2
9H-2
9H-2
9H-2
9H-2
sH-2
9¡-r
sI-1
9I-l
9I-1
9I-l
sI-1
9I-l
9I-1
2J-2
2¿-2
2¿-2
2¿-2
2J-2
2J-Z
2J-2
2¿-2
9J-2
9J-2
9J-2
sJ-2
9J-2
9J-2gJ-2
9J-2

72AA
7248
72AS
1248
72aB
B2Ê1
4261
a2Ê7
826?
8267
4267
a267
6701
6701
670t
6701
6701
6701
6701
6?O1

2lo1
2lo1
210 1

210 1

2101
1 522
1 522
1 522
1522
1422
1522
1522
s893
8A93
ga93
ê893
4893
8893
8S93
8893
9069
9069
9069
90ô9
9059
9069
9069
9059
| 172
1172

1172
1172
1172
1172
1 112
4932
4932
8932
4932
4932
8932

2,7500
4.2500
5 . OOOO
6. OOOO
7 . OOOO
o, oooo
o.5000
1 . SOOO
2. SOOO
3.5000
4.5000
6. t 670
o. oooo
L OOOO
2. OOOO
3. 1670
4 , OOOO
5. OOOO
6 , OOOO
7. OOOO
o. oooo
o.5000
I . SOOO
2.5000
3.6670
4.5430
s.6667
?,5000
o, oooo
o.5000
2,4161
3,6670
4, S830
6.5000
6. SOOO
7 . OOOO
o. ooo0
o.5000
1 .5000
2.5000
3.3333
4.5433
5 .5000
7. OOOO
o . oooo
o.5833
r .5833
2.4167
3 , S833
4.5000
5.4167
7. OA33

L04

22
22

22
22
22

22
22
22
22

22
22

22
22
22
22

22
22

22

22
2Z

22
22
22
22
22

22
22
22
22
22
22

22
22
22

22
22

06091
06091
o5091
o609 t
o609 f
o6091
o6091
o609 t

o.o29017
o.o2?a69
o.o24872
o.o22s45
o.o25929
o. o609s5
o. o51200
o.o29998
o.o21078
o . 024731
o.o21397
o,o2t09s
o, 126 r 30
o.0955t7
o, 09 t a4l
o.o90597
o.o90129
o.o90396
o.oaa6to
o. oa70a2
o.o41365
o.os7754
o,o43793
o,o4608?
ô ,o4â2?1
o.04t866
o.o39429
o. 039130
o. r t7556
o.o99481
o.o94696
o.o92358
o.o93158
o. o9 1 I 17
o.o92to4
o,o892S8
o.oa40t6
o,o65340
o,06st44
o.os9493
o.o5?716
o. o57729
o. o57249
o. o57?49
o.o6692?
o.o51945
o.o46443
o.o43994
o,o42114
o,o434a9
o,o40817
o. o38s9 6

ê7
67
67
6?
Ë1
68
6a
6a
6a
58
6a
68
73
73
13
13
13
73
73

69
6g
69
69
69
69
69
69
74
14
14
14
14
14
74
74
74
74
74
74
74
74
74
74
68
6A
6a
€a
68
6A
68
68

tt
tt
tt
t1
t'l
It
11
lt
lt
t1
11
tt

5
6
6
6
6
6
6
6
6
6

12
12
12
12
12
12
l2
12
12
12
12

o33
o33
o61
o6t
o6t
o6 t
o6 t
o6 t
o6 t
o6 t
o43
o43
o43
o43
o43
o43
o43

6
6
6
6

2

2

2

2
3a
38

3a
3a
38
38
38
52

2

2
2
2
2
2
5
5
5

o43l
89
89
og
o9
o9
o9
o9
o9
ôs
o9

2Ê7 S

2Ê75
2Ê75
2Ê75
267 S


