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SUMIIRY

We helinve that in order to acineve the malerials handling copabili-
ties required, a bettor understonding of the fuadaments) aspocts ol
muleoriols-systom inteface ond i etions most be obtJdned,  In particolor,
we ara interested in the effcet of the physic»l propertics of cacavs toe
malerfel on the handling system.  9he sclection of cavipment bascd on o
perience, trodition or Intvition is no longsr valid but must be bascd in part
on an analysis of the phiysical poperties ol the material to be hindied,
Since these materials are mon-inode, it should bo posasible to change the
i{ such changes prove beneficial to their handleshility.

I'or the purpose of this investigation, & model Lelt conveyar systen
has been selected for study and is being consiructed,  The belt conveyor
system is the most olten used systom for balk material handling rroblens.
By moide) or scaled syatem, we mean one that is about one-thivd the stanc-
ard full size machine (24 inches wide)., Cur chuice is bascd largely on
the probleins associaied with acquisilion, storage end utilization of a bulk
sample if a full size system were adopted.  Scaling, hovever, lcads (o
many othier problems which remain {o be solved.

h discussion is presented on the experiinential desion approach to
experimentation in which are listed what we consider some of the more imn-
portant variablus, Using this approach, aclions and interactions between
variables con be igolated and determinaed with a minimwin amount of evperi-
mentation.

Iinally, a sample of excavated matevial has been obtained hrom an
underground construction project in Milwanbken, Wiscensin, The machine
was culling through a shallovw limestone and shale horivon, and cpproxiicately
1, 000 pounds of material was diverted as a sawple. A number of physical

property lasts have been ran and are reportad here,



THE PP ecGT OF MATERIAL PROPURTIES ON MATERIAL HAHDLING PROCESSES
by
R. W, Chiistensen, R W. Heins,
W. Bahcock and R. Tonn

INTRODVUCTION

The advent of large diameter tuinmeling machines marks @ new era in
tunneling practice. While these machines are capable of excavating hard
rock rapidly and continuously, ncw designs of even greater capacitly are
being developed and tested. Rapid excovotion underground, at rates never
before drecamed of, appears to be just around the corner. For example, a
revolutionary piece of equipment in prototype form has undergone tests by
the military, and it has the theoratical potential of producing 150, 000
cubic yards of material per hour (1), This is an astounding rate of produc-
tion of material, and all of it must be moved from the machine efficiently
and without delay. Hence, the problem of materials handling associated
with rapid excavation arises.

The present tunncling machines are a result of the practicc and ex-
pertise developed in the carly 1950's by the coal producers. In nced of high
productivity per man hour, these companics fostered the development of con-
tinuous mining machines which literally ripped the coal from the face.
These machines weaere also cguipped with loading devices that moved the
material away from the face and onto a conveyor to an exlensihle bell or to
a shuttle car behind the miner. Essentially, these same machines from the
coal mines were then used in soft rock, ¢, g., potash, with good success.

Having baen shown that continuous mining equipment was practical,
the manufacturers began working on systoms where rock materials with

higher compressive strengths could be mined continuously.,  The continuous
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excavalor represcins a breakthiough in that hard roch (Comprossive strength
in excess of 25, 000 pal) can be escovated by machine, ond this 1emove:
the constrainls of tho cyalic drill-blast method,
The fact that rock §s Mragmentad iy these machines Js Iagaly o {une-
tion of the spacd of the culting head and the rate of the naenine’s advance,
A mmmber of cutter designs have been proposcd and tried on actunl escava-
tions., Tiese designs have draven fairly neavily on the techaoloygical advanccs
made in dvilling oil walls,  The particle size diatiibution #nd perticle shope
of in excivaled mataeriol are, in part, dependent on the type of cuttor vsad
as well as the relative strength of the material in place. The lincar cuttey
or disk cutter as applicd in soft to mediue hovd format!ons produces larger
particies or chips which tend to be plate=lle in shace, In contrast, the
tungsten corbide insart cutter which is uged in vay hivd fermation tends to
produce fine chips of more equal dimensions.  ‘Thus, it can Lo seen that
hoth cutter design and rock strength influcnce ehip shape ond size distribu-
tion and could become controllable variebles if it were chown that these
propertics had an imporlant influence on tiie walerials handling prablom.
While it is quite spueculative at this poiat, it is the purpose of this
rescarch to analyze and attoempl to deteninine the influence of such prorortics
ags particle shape, parlicle size distribution, ongle of internal Hjction and
meislure content on the way these moterials are handled on o conveyor belt.
This could result in Lhrce approaches toward & solution of the probless,  Fivst,
the materials I'nanludling system might be designed arouna thonse properiions and
variabics which are shown to be important in the bandling process.  Secondly,
mozt of the variables mentioned are conirollable and might be changed, if
such changes wake the handling problem any casior.  As o third alternative,
a combination of handling system desion and waterials property changoes

could be used,
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Befor . aticersging the ducian of & el conveyor gystum, the ellvets
ol tho charceterinties of the watarbal W0 be Landic! must b cousiderad,  1n
terese of the performancss of a belt convaeyor cystam, tha lollawing matarial
charactediatic:s must e cansddered (7))

Al of Berosa = s anole whiteh the swilacs of o nemal, frecly

forned plle wakes 10 the horfzomiol,
Anzle of Suichargs = The angle 10 s korizontal which the suriaco
of the material agswmes vhille the paterial 16 at 1est on 8 1Koving conveyor

hielt,
Plawability = The comhined effect of angle of 1epose and angle of

surchinge on the bohaviar of the meterial on o bait conveyor,  Tabls )
iBusivates the Howabllity for a ravge of materiol types.

The material charecteristics daefinad abovs: are, In roality, moniles-
tations of more basic matorlal proporties an well asn the sloje, speed ond
cross sectionsl conligquation and wovemant of thie conveyor bhzell.  The
Smaportant physical prangesiies whicli affect motciizle handllng on a conveyor
halt ore particle size diztujlnition, shope of particlas, abrasivennss, den-
sity, Intcrnel friction and cohaesive propsities of the matainl,  Thus, the
bhelt conveyor test section for this stndy must be desfanced such thet tho
cffects of thase material charectorfstics on the perforinance of a belt con=
veyor system can he properly easensel,

‘i'here are two possthle apjircachaes that can b taken In dosipning the
test section: (1) A full-.scale balt conveyur sy sten could ba uset, or (2) o
winlatere model conld be constructied vwith all factors invalved in tha con-
voyor syastem scaled approptiately,

The decision to construct o acnlad o madel conveyor system lor
caperimentation was finoally reache after welghing the advaniagos and dia
advantages of the full sjee syatom agatast the sceded version,. Whila the

Jull sfzex) varsion olfcred the advaentage of ebladdning casily conelated
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! b, s hies ate] esperopingg such & epehiinge was eolabities, kml

b el aoutd Wby Loy g pemose. Alao, e g changeel with
Undery degne pend Gl et e oo sy proscnbedd the proldoun o olitsine.
W o Hipg the Jargn vole of mabaals raquirad,  The psiallee system
ettt . L gy ) s peritbesi s ag o wWhole, bul gresent: new peoblens
wlthin thie conse ot i dl, P sk ] pdace of egqulne it (el

whlth of b Joechos or s Fo mot vty avallable) and cequtied ele nonices
soeliois Lse g o ot diminteh progasrtiogal. Iy with sieallin overall size,

To carry ovd the Intendod atudies on the coneyor systnm, & amnall
geale compoet, varsaile, Hghtwelyit plaa» of equipment in neeeseory, We
hawve found ol meny of theee aitagintos are fuherenily contradiciony.  CGose
pactneas el versatisity oflor e gioe Lest cialiengo.  In oglor (0 meol the
vequiretaents of the o perlugenio) deaigr, e various components of the con-
veyor muet e fully adjustatde,

e sl cnd develojsnent 10 dale have: cantnrsd ¢n the idler assembly,
Stucly ol ial Labsication convivend ne that waking on eascuably that s
corpiotely adjostalide edthin cortaln Medte will caunt more doston el fobd-
cotlon prablems than JU s worth, 1equiring epecie) parts made by caglom
Cotting, wumchinamg, or stamping,  Thiz Jast point in tsell Is o serlous giwri-
cuming wilhs rogond to e and cost. A shimpler design, ashloned after full
raale taaoking Idiere scems to ho wore fuvorable. This will conglatl of cete
of rigid heietets thot con b2 ecarlly Interchanped to vary the troughing anaglos.
The brachota will e Loticd 1o the rmsa go that changing the angle vwill jo-
volve chingfug the Incctots on the oute! jdlaas, using tho same rolls, shalts
owd beinthuga.  This deasjan olfcrs o constrection advanmtane in thel enly cold
honding of sloal flat stoek ard welding will bho sequlted for fabseation, We
feel that this destiogn will of for cunugh flesshility [or the cxpe rhiment seith o
minfounn evpendituie, Flowo ) s a drewing (o scale) of the jdier dosign
which in Laing constructed.

dos another pecctienl advantage, the Weackes desige showsn on Figure )

veill allowe us 1o e the transvar e roller spacing 10 a minhimta,. . Ona of
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the shorteonmings of the adjustable ar tembly is the increased unsupported
dictanee botween roflers in the idler assembly,  Using o shnple hinged

he insidnaesulted in about 1/3 of the belt being unsupported

suprast on i
whon tho flat position. eis would swrely have been a problem consider-
ingt {Yoetibility reqguired in the belting for it 1o trouah.

At the precent Ltime, we are lesting @ plastic roll end bearing which is
availabie ot low cont for use in e idler design,  The plastic is teflon
acded to either dalrin or celecon. Teflon, being a patuwrally lubricating sub-
stonce with cood vear charecteristics should make this plastic bearing ug-
able.  Taease bearings are placed in the end of a hollow tube cut to the
desh ed length {or cach roller of the idler. The shalt of ecach roller is cut to
lenuth and the roller is held on the shaft using shaft clips which are avail-
able. 1f the tests of the plastic roll end bearing are satisfactory, we should
be able to construct @ lightweight idleor assembly where the mowding braclhets
can be casily interchanged to obtain different troughing angles.

hs an altornative to the plastic roller and bearing, an idler asscmhly
using sealed ball bearings is also being construcled. However, this system
offers the disadvontages of greater weight, requires machining in construc-
ticn, and cach ball bearing costs about three times the plastie bearing.

In the design of the model conveyor syciem, the scaling factors for
the machine and tiie material must be determined.,  For the machine itself,
scaling probloms arise conceraing the appropriate belt flexibility and idler
spacing to use in relation to the material load beiny carried by the belt.

Our slucies indicate that, for a given material, the controlling factor in de-
termining the behavior of the waterial on the conveyor is the vatical accel-
cration expervicnced by the material as it travels along the beit.  Tne problem,
then, is to desion the model conveyor in such a way that the vertical accel-
cration puttern imparted to the matericl by the test conveyor section is
similor to that which it would experience en a full size:d conveyor,

The voertical acceleration imparted by a conveyor to the material being

handled is a Tanction of ball specd and the deformed shape of the Lelt under
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load., The deformed shape of the belt s, in turn, o function of the welaght
of material heing catriced, idler spacing, belt Hesibilily and belt tension,

In order to model the {vll scale oparation as closcely as possible, it is anti-
cipated that bell speeds used in the tests will be similar to those veoed with
full sized conveyors., Therefore, since the load of the material being car-
ried on the model conveyer will be a small fraction of that cinried by & full
sized conveyor, it is apparent that the belt veed on the model conveyor weill
have to be congiderably more flexible than [ul) sived bolts,  Purthermore,
idler spacing may have to be reducad in the lest scelion because of space
Jimitations; this will alsorequire greater bell flexibility in eorder 1o keep
the defored shape of the belt cimilar to thot of ¢ full sized conveyor. A
reduction in bell tension can also be used lo achicve the same purpose. Dy
appropriate scaling of the vorious factors involved, it should he possible o
model the material handling characleristics with a small scale version of
the conveyor system.

Ior the material, cohesion, ahrasiveness, and particle sive presont
the major potcntipl scaling problems; the ancle of reposae (or angle of inter-
nal friction} docs not depend upon scale. Sincoe the materials being con-
sidored in this study are granular, most of the coliesive propertica that may
be present would be due 1o copillary effects, clthough some cohesion due
to cleclrostatic effects moy be present in the very fine~grained fraclion, It
appcars doubtful that cohesion, whether due to capillary or electirostiatic
effects, will be present 1o any signilicant degree in ¢ither the fll sized or
the model conveyor systems; capillary cohcasion will probably be destioyed
by disturhances to the material during the handling process and cohosion
due to clecirostatic attraction vould be present in only the very fine-grained
fraction which represents only 5-10 percent of the total sample.

hbrasive wear on the conveyor bell oppears 1o ba a difficult factor
10 scalo.  bxperience with full sised conveyor systems indicates that a

majority of belt wear takes place upon impact of the material as it is being



transfoired onto the belt, Some additional weoar may occur anywheie thare

is sliaing of the material relative to the belts  In wither case, the amount of
wear s a funciion of the woight of matcrial involved and the wearing guali-
ties of the belt, 1L appears 1o be impractical 1o modify the wearing qualitios
of tho bell to account for the reduction in the weight of material in the modael
system,  On the other band, it should bae possible Lo assess belt wear for
various fest conditions and matoevials on a relative senle, even though the
amount of wear will not be the same as in the {ull gized systomn.

The particle sizc distribution of the material must also be appropri-
ately scalod [or the model ‘systom,  Particle size distribution can he expocted
to iniluecnce such fuctorg as angle of surcharqge, loss of material from the
belt during handiing and the force of impact when the material is transferred
onto the belt, To be strictly correct, Lhe enlive particle size distribution
should be altered in accordance with the reduction in halt width, and any
differcnces in the transfor oporation between the full sized conveyer and the
model conveycor Lo properly account for loss of material duwring handling and
impact  forcoe. Towever, this would also aller the angle of surcharge andl
the amount of cohesion present in the comple. Therefore, as a {irst approxi-
mation, it is planned to merely eliminate the Jargor gsived particles while
keeping the remainder of the particle size distribution unchanged.  The
approach to be followed will be to maintain a constant ratio of maximuin
particle size to bell width,  Por cxample, if the maxinmum particle size to bz
carricd on a 24-inch belt is 3 inches, a mosimum particlc'sixe of 1 inch
would be used on ain 8-inch balt, This method of scaling should eliminate
crecessive logs of moterial from the belt without introducing undesirable

changes in the fundamental wmaterial propartics,

LYXPERIMENTAL DUSIGN

A tentative fractiona) factorial design has been developed for conduct-

ing the cxperimental investigation,  This program is very flexible and variables



can be added or deleted s necescary during the testing progranv., Roegord--

logs of the wmumber of tmportant variebles that e finally formed i ihic
testing program, this method of exparvimoatal design will endhnize the amound
of siunificant data obtained frowm o given nambaer o perivenial runs,
following material is basoed largely on the lecture:s and notes of Profcssors
S, M. Wu and W, W. Hunler (4) al the Universioy of Wisconsin,

sV

Varioblos Being Gonsigoe el
The [ollowing list of varfables is considered ienlative a8 soms 1may

have to beo added or deleted as testing progresses,  Tho cuvipmoent varic

that coe being consideread, but net Hnited {o, oro:

bell spoed

~
!

Q, = belt inclination

change in inclinotion

e
§1

cross scelion configuration of conveyor bed

( =
.14
g, = Lol meterial (coctficient of triction) Fougitudinal
\)
, , configuration
g, = idler spacing l ;e - g
. C1 CONIVeYar Do

G = belt lension
7
The material variables that are boing considored, bul again not limited

lo, are:

Gy = particle sive distribution
c;z 2 particle shapz

Gy angle of juternal friction
i E moisture content

4

The total muck removal 1ate (V) is a function of the eguipment and
materinl variablas:

4 4,)

v o= Hgl,02,03,54,v5,qb,97,q],q2-q

A ageneral procedure of satting up the facterin] and hoactionadd-{actemial

designs and of computing the rasulls will be shown.  The desaiption and
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discusnion of the method will he Jinited, though o thorough doerlvation is
necoesaaly [or comploie understanding.,

e follorsing design procadwe deals with deteunining which veriables
arce the most significant among ihe / equipwont variables Ly rumiing 2 sets
of § tests, A similar desivn table can be consttucled for dotermining the
most significant variallle or variables for total muck removal rate (v} Ly

nmning 2 sets of 16 tegts with 11 variables,  These 11 variables will be

macie up of the 7 cquirmnent vaviables and 4 matevial voriables.

Wea begin by choosing a high and low value [or cach test variable
(zince we will be using a twa-level {factorial or fracticnal faclorial desion).
These values can be chozsen from design manuals, menuefacturing manuals,
or {rom cxporiental models. Careful consideralion should be used in s:cl(tcr.-
tion since a good representation of high and Jow valuoes will reduca the
number of teste to be run.  The coding equation or transl{orming cquaiion
usaed 1o reduce initial values to coded values of (=1) for Jow level and (41)
for high Jovel ds:

level of varieble widvalue of variable
unit of ¢hanye

After initial values have been assuined, ve can set up our Jactorial
or fractional faciotial design tables, YFor example, let ue assumae o lractiondl
design of 27—4. The notation ?.7”4 tells us that each variable is siudied at
two levels, scven lesl variables arce being studicd, foure " pew" vatiables
have been added 1o an original 2‘5 foctorial design.  ‘The nunber of tests to
be run in this design is 27“[l z 23 = 8. Note: A factorial design for seven

’

. / 0o .
variablos would be 27 - 128 tests which is for groater than the 8 tosts we

will usc.

The advantage of ractional factori 'l designs over factorial designs

is that the sane numboer of tesis (8) can be mode for 7 variables ags can be
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mada [or the 3 voriables

not pure as it the fact

iy Lthe gesign. Thoereiore, vhat one qaing

in confounding (ov interaction efleats),

5 =l = || 11 4] =1
t 41 -1 vl = .

in the focienial e

Lol design and inv
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- o (] |
...... —ta os ey em mal o e sew e e ¢
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Lot us consider the consersquences of interactions |}

12

sian, The data, however, s
Aves fulaiactions on cin b
n tie number of s, one loses
I fUAAPLLL
o L
- - .- '
| s | B
4] ] 10
1 i1 40
L ~1 !
-1 -1 30 ‘
-1 ] 15 |
4 -1 20
-] i1 )
4] R a0

baing masen

calimaling the aveiage effcct or hnportance of a test variaeble, of say toct

variable §, wo must aluo include the interaction effccts of test variablos ]
ana 2. I ds imporian! 1o know exactly how the avorage offects are confonnded
with intaraction effaeciys; therefore, we will construct a cofin relution

from which the confowmiding pattern for the

delining retaticn then is the hey swhich tells un which interactions

founded with which averane effect, We ¢
design since thase are tho relations fro
the design.

of a grnerator i 1 4123, Since 103

identity column of (1) values for colvn o

.
which o generial

design will he doles

novaite down thoe genorot o

A (or constracted

A gonerator is an identity column of all (#1) volves,  An erample

g

1 ] a/‘ .
4, then 44 = 4 which yic! 1
130 soall vih Vdle s I ‘}.
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Next, ihe defining selation is composed of (he genaalors just de

scribed end theiv preducta.

DEFITNG REIATION 1 £ 125= 126G = 1234 = 237 (Goneralorg)

345 = 240 (products of 2 conerators
at a tin '.')
147 = 238506

s 1357 - 267

1456 (roduct of 3 generators at o tinc)

2™ .
3467 = 2457 = 507

1234567 (product of 4 generators
at a tiing)
With tie deflining reiation, wo can readily determine which quantitics
are confoundced with onc ancother. To delernmine which interaciion effecta
ara confounded with which average cffect of a test variable, multipty the
defining relation through with cach average cffect 1o determine the confonnd-
ing relationship,

Therefore, muldtiply the defining 1elation by 1, 2, 8,4, 5 & 6, respoe-

| -
i
N>
%]
G
™N
[ ]
ey
oy
—
>
V]
~3
“
NS
1;‘1
f Pd
N
=N
[for]
Hi
.>
\)
'..'-l
\)

——— e e e seen  m b se 8t o

SH0 A8V 2077 ANG- 13467 124572 1567 2540507

2 134 15+ 12367 37+ 2845 4C J?.z'/'.’,..»h-_]_g_:«gs_z 167124562 23407: 457= 2507134567

3212412552 10= 27 45 2346-1347: 256 15712367 13456= 467 23457 2567 1 24567

A- )23< 1245 1246 22475 35 26 11 23450~ 13455 12467 156- 307+ 2h7= AL0Y= 12

6. 12345-12= 1356+ 2357 2024561467 230 137 12

6123461250 13-2367: 3456 241407 235 J’,i_}(.-'/_’ 272145 347 24507 - 47123415

567140 34507 = 247- (712246

174207 VBi7. 23234572407 14 23567~ 155 126-14567- 230 245 56. 1234456

1<
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Oz important propavty of ihe design inthe confoundiyg jratierr
thatl 1o aveioge elfeet is confoundoed with g ol ave coens Llio, 0t
ie vengiblo to adopi 4o o workss 10 P gy theoo oot
order intoactions are nealicin! ned can thelefore be neglectel. lowaver,
one should alweys attownt 1o chaek this dinpion lorer on e investi-
gation, Toercforg, - winl only 1 a\ [ I ¢ !
interacticona,
Trie nest step fs to ¢ale avaGERYd &0 (i fon
. 0 J\:. . . .
Lo= W2 Q) (1) whare Q. is tget result ol AFTRSE v
i i=l A 1 .
' . € -
able 1 colin and n - numbar of testa. L - )/ ! (R IR
For exomple, fiom the design table:
»o. 220 e H 20 4 (2] 4 61 80) 4 0N 3 () (20) = 1) 1)
‘1 4
1. At I N G 7 - ) . s A (AR
A (1) 120 J Z189 20 - 5 4 U - 35 4 26 4 4L b2 191
; i 208
Thig i not 1he pure averane Giiear b o of conlovadl 1 ol

J 4264 36+ 47 ]:l = wgd. 25,

Onee these averege otfcets nave heen of eudaorad e 7 ¢atus y
the results can be interpreted by observation to see vl o ! iatin:
ships might coist botween iest variables,

Waxt, thesa average effects can e unt Tod I |7 mogomal wrden
intercction cifects by completaly redeive what vie Lave ¢dons 50 far « ot
switch «l! of the signs ol all clarents of the yrovieus g il 3
1o - ana - 10 4) and 1erunning 1thase 8 tesis (for o tedal of 1o 1es1e). o
rasulling confounding relation is:

< =25« =306 - =47
D=0 e
3. -1 - 44
4 ZAn c w2b e 217 Second opdor m
B =37 0 =30 - =07 onb
h -} 4 7 ol
£ 23 4 . g
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[} nll \ 1, o KU AT (1o .l ti, l;i u :. l(" ‘-q l"; 1 ."l‘ \.f“ 1. i. :'t .l‘r'!
e ilol e o ) o of a7 colemns, Thad bl {Clean) avis gl
clileet con Le o 1 ro the aveiace eifoets rom ceen oot 0 B LAl
ane o e by 1 S i toen Conaed art), e edomang ol
cobrrn g

- . ”~ g 7
(L4 v abrfn e (L-25-36-4nx 5wl
he shine of two=taeler Intaractiong can b (ot by publiaeting the

Zavn. ano dividing ine 2 eemroca efteciz ancel oati, For erae e, for
coluyn L

4251 20k a7) - (- 3647 ) 22202 3023 A7) o 25430047

?. &

Tne remeiving ond wost fateresting step js to evalunte the daw thal
har just boon collected.  Oftan tha rasulting dato will aliow o two-way talle
exmtapnclion of the interaction effects eoften olowing eacy inttspretation of
Youulis,  Once thesao peenlls ave boen ovalunted, sddibional (osty Gea be
run to verlly the hnterpretations for accuracy.

Optimization of leating ctudilions could ba found by S Regponde
Surfaces Wethod, et prabably vill nat b vepohad beapuse of te Hembied

muber of vasiations passible §n o lest conveyor sy alom,

IGAY PROE T DETLR SATIQNS OF EXGAVATLD LIATERIAL

n
.
-

iy

ry
A somple conalating of abpravimately 1, 0460 pounds af moterial woe

obtalned from o tenna] project io JMilwoukiee, Wiscontdn The tunncling

imachine wan a Juive ardt deilling an eloven foot diametar interec plion saver

tunanel.  The obeorvation of he tunnadling eparction coabled v 1o agcartain

first tand the rate of wnet production, the gssestial charactmjstics of the

wincd meicriad, and the method of mnteriol handling unad o0 o typical jols
A ovicual Jospection of the saaple showed that the pLeticlen wore,

for 1he wmost poat, plate shamied with o vvbeum nive of appraeim itely 8 fnehes
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G contlng oo Lo et trerely tm vt ey, pnt=tinl s s omolal voon
Ottai e foeen 1ol Wvel, 0t tha ol oo oot nl 08 the eacronelve d eol -
ot 1 ol s emaamily o notorel nedetorg contem of the gatoriat oo it
Cutis pe G0 Thite st 1as Lecie v hitew W50 o5 i e, ¢ oo f hL Tt ! dunind 1

D iag opetelioe i vuite dompy Purib st o, sal ¢ Jo pugeetle on aside! 1>

the il saterial (o reduee dudibig,. T wrelae, Wl el g o jre~
B0 OF e Hie WGt COmient ¢of 1o vasenpde In the torTivied
cunsition.

Aoy alrechydng fer povire. b wyila, ofia-liif Gf (e aample was sieodd
on a Cilnon ab e aver b slze conge. Soom 1=1/2 lashen Covn b 200 wmesh,
The winug 200 wash waterial was alaed by the hpdiomatar netrad,  Poure 2
ghows o slot of the gine ranee of Uile rateminl,  The wmatatial sppeers 1o by
ralhor well=giatiml, (hal a2, naarly ol ameanie ¢ &) porticle slaes ol
leant In the slzas doen 1o 290 mexh alve paterinl,  Tha Joweal elee detese-
mived wean alvait ). 2 1aderone.

Tha apaGilie ravitly won o wodinrt to be 2. 81 Baset ona o=t e
In secordanee with ASTIL Destonation UG08 (5. This v ould Indlecin
the waterial iz provalily o deloesliie Jineatone.

The 10t of he tosis warg fen on pines 4 wmonh st fal foltowing
clthicr ASTR protedurea (8) o tise moceduror @8 given by Miegue and
Maniaceini (i), Somples ceo? S the 12ats ware Ll agdad Ly paoare ton Lo the
sgize analysis,

The masivum and rinhacm bull deagitlen were found o be 40,7 and

W 7 ponde por cubde foo!, regjeeetivety, bolh s i o ein sl oion ali dijee
somple.  Tha minheun Bull Consily voas daletiinea is s ooning e malcr e
Bito & 17306 cubie ool mold,  Toe pasioeme balk Connlty In tiis el was
achlovad by conpacting aeven layers weith 40 blowes sach oa the roctes
moching,  Vibrotiorr coulpe: oot was unavatbande ol the: Lete of U Teat, o
gonne dosiiueiion of g anadan was i due 1o the corpaetiong procddug,

Throwe gt shiocod 1CRIR vov e P U000 QRS T ont sitn i &8 wlrease s

each 1, Pigore 3 e o plol showing Hhe reredin of theee tasn,  Th
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The machine was under stress control and the sample wag in on air-dricd
state. ligure 4 is a plot of the normal stress vs., shear stress, and the
angle of internal friction, ff, wags 53°.
Some difliculty was cxpericnced in determining the angle of repose.
The nateriol tended to dome and 1at hole in the funnel.  In spite of the difti-
cultieg, the angle of repose was found to b 45 ¢,
In sumnmiauy, the material being studicd had the following physical
characteristics or properties:
Specific gravity 2. 81 (run on minus 200 mesh)
Hygroscopic molstiure content < 0. 5%
Angle of internal friction, # 53°
Angle of rcpose, 45°
Bulk density:

maximum -~ 340. 7 pounds per cubic foot
minitnum - 95. 7 pounds per cubic foot

Additional tests on this material are being planned.
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