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IntroductionIntroductionIntroductionIntroduction
cavity fill material is without doubt the most expensive cavity fill material is without doubt the most expensive 
strata control product used in an underground coal strata control product used in an underground coal 
minemine

however if used successfully, it adds great value in however if used successfully, it adds great value in 
terms of bringing a longwall face back into production terms of bringing a longwall face back into production 

i kl ibli kl iblas quickly as possibleas quickly as possible

historically, cavity fill foams were characterised and historically, cavity fill foams were characterised and 
d b th i UCS ( d i !)d b th i UCS ( d i !)compared by their UCS (and price!)compared by their UCS (and price!)

Wilson Mining approached Mine Advice to consider Wilson Mining approached Mine Advice to consider 
h t th t t k i ht b i d t f llh t th t t k i ht b i d t f llwhat other test work might be required to more fully what other test work might be required to more fully 

evaluate the suitability of Rocsil in this roleevaluate the suitability of Rocsil in this role



Uniaxial Behaviour of FoamUniaxial Behaviour of Foam

obvious link between UCS at 10% strain and densityobvious link between UCS at 10% strain and density

hi hl ibl ith t t t l f ilhi hl ibl ith t t t l f ilhighly compressible without structural failurehighly compressible without structural failure

is this of any relevance?is this of any relevance?



The ProblemThe Problem

shape size and location of roofshape size and location of roofshape, size and location of roof shape, size and location of roof 
cavity can varycavity can vary

fundamental that fill stays in place fundamental that fill stays in place y py p
whilst longwall cuts beneath it whilst longwall cuts beneath it --
contains loose rock in roofcontains loose rock in roof

fill collapses have occurred fill collapses have occurred ––
results in more rock falling outresults in more rock falling out

Q How does the cavity fill stay inQ How does the cavity fill stay inQ. How does the cavity fill stay in Q. How does the cavity fill stay in 
place and how suitable is any place and how suitable is any 
given foam type? given foam type? 



Desirable Foam CharacteristicsDesirable Foam CharacteristicsDesirable Foam CharacteristicsDesirable Foam Characteristics
how well does it stick to rock or coal?how well does it stick to rock or coal?

can it support its own selfcan it support its own self--weight?weight?

does it have a high propensity to shrink oncedoes it have a high propensity to shrink oncedoes it have a high propensity to shrink once does it have a high propensity to shrink once 
emplaced?emplaced?

d it b k d d th ti f td it b k d d th ti f tdoes it break down under the action of water does it break down under the action of water 
(ground water or mining induced)?(ground water or mining induced)?

does it break down or deteriorate over time?does it break down or deteriorate over time?

simply knowing the UCS provides no guidance simply knowing the UCS provides no guidance p y g p gp y g p g
on these issues  on these issues  



Required Test DataRequired Test DataRequired Test DataRequired Test Data
adhesive strength with strataadhesive strength with strata

internal shear strength internal shear strength –– definition of a fluid is one of definition of a fluid is one of 
zero shear strength (cannot support its own weight zero shear strength (cannot support its own weight 
without rigid confinement)without rigid confinement)

shrinkage characteristicsshrinkage characteristicsgg

UCS as a function of contact with waterUCS as a function of contact with water

UCS as a function of timeUCS as a function of timeUCS as a function of timeUCS as a function of time

results in a combination that would provide a useful results in a combination that would provide a useful 
basis for comparing different foam types (discussbasis for comparing different foam types (discussbasis for comparing different foam types (discuss basis for comparing different foam types (discuss 
Rocsil data only today as an introduction)Rocsil data only today as an introduction)



Adhesive Strength TestingAdhesive Strength TestingAdhesive Strength TestingAdhesive Strength Testing
previous ACARP Project previous ACARP Project p jp j
(C18022) had tested for (C18022) had tested for 
adhesive strength between adhesive strength between 
rock and grouts/PUR etcrock and grouts/PUR etcrock and grouts/PUR etc.rock and grouts/PUR etc.

done as a direct tensile test done as a direct tensile test 
with two rock specimens with two rock specimens 
“glued” together“glued” together

foamed cavity fills too weak foamed cavity fills too weak 
to utilise this processto utilise this process ––to utilise this process to utilise this process ––
another test method was another test method was 
requiredrequired



Test MethodTest MethodTest MethodTest Method
testing concept developedtesting concept developed

practical test arrangementpractical test arrangement

gave relatively repeatable results gave relatively repeatable results 
for the adhesive strength between for the adhesive strength between 
rock and foam  rock and foam  



ResultsResultsResultsResults



Time Dependent StrengthTime Dependent Strength

full bond strength with strata may take 30 minutes or more to full bond strength with strata may take 30 minutes or more to 
developdevelopdevelopdevelop

average adhesive strength = 16.2 kPa for 0.05 g/cmaverage adhesive strength = 16.2 kPa for 0.05 g/cm22 densitydensity



What Does This Mean in What Does This Mean in 
Practice?Practice?

16.2 kPa adhesive strength at 16.2 kPa adhesive strength at 
d it f 0 05 /d it f 0 05 / 22a density of 0.05 g/cma density of 0.05 g/cm22

aability to hold up a 1 m x 1 m bility to hold up a 1 m x 1 m 
column some 33 m high in column some 33 m high in gg
pure tension (see figure)pure tension (see figure)

well above any realistic roof well above any realistic roof 
ca it sit ationca it sit ationcavity situationcavity situation

Rocsil is a pure oilRocsil is a pure oil--based based 
foam and contains no inert foam and contains no inert 
fillersfillers

adhesion is developed at a adhesion is developed at a 
molecular levelmolecular level lack oflack ofmolecular level molecular level –– lack of lack of 
fillers is a positive in this fillers is a positive in this 
instanceinstance



Internal Shear StrengthInternal Shear Strength

standard soil shear standard soil shear 
box required due to box required due to 
low strength of cavity low strength of cavity 
fill foam materialfill foam material

Tests at different Tests at different 
confining pressures to confining pressures to 
give a Mohrgive a Mohr--Coulomb Coulomb 

l ( h i dl ( h i denvelope (cohesion and envelope (cohesion and 
internal friction angle)internal friction angle)



Shear Strength ResultsShear Strength ResultsShear Strength Results Shear Strength Results 

cohesion values very repeatablecohesion values very repeatable

internal friction angles more variable internal friction angles more variable 

only interested in cohesion only interested in cohesion –– unconfined application in unconfined application in 
roof cavityroof cavity



What Does this Mean in What Does this Mean in 
Practice?Practice?

internal cohesion strength of 21.7 kPa at a density of internal cohesion strength of 21.7 kPa at a density of 
0.05 g/cm0.05 g/cm22

ability to form a 44 m long cantilever without undergoing ability to form a 44 m long cantilever without undergoing 
internal shear failure at fulcruminternal shear failure at fulcrum

in a practical sense, will never fail due to selfin a practical sense, will never fail due to self--weight and weight and 
internal vertical shear internal vertical shear 



Other CharacteristicsOther CharacteristicsOther CharacteristicsOther Characteristics

shrinkage by volume < 1%shrinkage by volume < 1%shrinkage by volume < 1%shrinkage by volume < 1%

propensity to deteriorate under the action propensity to deteriorate under the action 
of water of water –– UCS at 10% strain showed no UCS at 10% strain showed no 
variation after 8 days immersion in watervariation after 8 days immersion in water ––variation after 8 days immersion in water variation after 8 days immersion in water 
solely oilsolely oil--based productbased product

propensity to deteriorate with time propensity to deteriorate with time –– slight slight 
increase in UCS at 10% strain almost 1 increase in UCS at 10% strain almost 1 
year after being formed     year after being formed     



SummarySummary

has the ability to support its own internal selfhas the ability to support its own internal self--weightweight

sticks well to surrounding stratasticks well to surrounding stratasticks well to surrounding stratasticks well to surrounding strata

low shrinkage characteristicslow shrinkage characteristics

no propensity to deteriorate under the action of water or due to timeno propensity to deteriorate under the action of water or due to timep p yp p y

Conclude: Rocsil foam seemingly has several positive attributes that Conclude: Rocsil foam seemingly has several positive attributes that 
make it suitable as a roof cavity fill medium other than simply its make it suitable as a roof cavity fill medium other than simply its 
UCSUCSUCS UCS 

NB test values produced are not amenable to being used in NB test values produced are not amenable to being used in 
engineering design but could form the basis of a performance engineering design but could form the basis of a performance g g g pg g g p
testing standard that would allow different products to be compared testing standard that would allow different products to be compared 
based on relevant characteristics based on relevant characteristics –– UCS is not one of themUCS is not one of them

given the costs involved and consequences of a failed installationgiven the costs involved and consequences of a failed installationgiven the costs involved and consequences of a failed installation, given the costs involved and consequences of a failed installation, 
industry may want to consider this further. industry may want to consider this further. 
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