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Sommaire 

Ce rapport présente les résultats de l'évaluation du potentiel de liquéfaction des remblais à haute densité. 

Le projet fut réalisé conformément au contrat avec le ministère des Approvisionnements et Services (No. 

de contrat 15SQ23440-6-9030). 

Le plan de travail consistait en une revue de l'état actuel de la technologie relativement au potentiel de 

liquéfaction des remblais, des essais en laboratoire et in-situ pour déterminer le comportement des 

remblais denses et des propriétes spécifiques de ces remblais dans des conditions réelles d'opération 

et à l'échelle du laboratoire, ainsi que d'effectuer des essais de sautage simulant l'impact de la séismicité 

sur les remblais asséchés communément appelé pâte de remblais. Les conclusions principales et les 

recommandations tirées de l'étude sont les suivantes: 

1. Il existe peu de données sur l'analyse de la liquéfaction des pâtes de remplissage. La plupart 
des études récentes sur la liquéfaction portent sur les sols naturels. 

2. Une revue de la littérature sur la liquéfaction indique que les essais de déformation, en régime 
permanent, sur la pâte de remblayage sont les plus appropriés pour identifier le potentiel de 
liquéfaction du matériel en question. 

3. On a identifié les propriétés-clés in-situ et de laboratoire de la pâte de remplissage avec une 
référence particulière à la liquéfaction. L'avis général est que les pâtes de remplissage "En place" 
ne sont pas saturées et suivent un comportement dilatant. Ainsi, la possibilité de liquéfaction de 
ces genres de pâtes de remplissage est minime. Évidemment, le potentiel de liquéfaction est 
influencé par la cohésion, le rapport volumétrique des vides et des pressions de confinement. 
Un rapport volumétrique plus bas, un plus haut contenu de ciment et un confinement supérieur 
réduisent de façon importante le potentiel de liquéfaction. 

4. Les pâtes de remplissage sont plus sujettes à la liquéfaction presqu'immédiatement après avoir 
été mises en place, lorsque les pressions sont encore élevées dans les pores. Du fait que la 
consolidation a lieu rapidement, le potentiel de liquéfaction baisse de façon significative et, à 
toutes fins pratiques, est négligeable dans les pâtes de remplissage cimentées. 

5. Comme principe général, on recommande un contenu en ciment d'au moins 1,1% afin de 
minimiser le potentiel de liquéfaction dans les pâtes de remplissage. 

6. On peut se servir du cône à pointe conique avec succès dans les pâtes de remplissage fermes 
afin de fournir des données sur l'évaluation de la liquéfaction in-situ et les propriétés des autres 
matériaux. 

7. Les pâtes de remplissage peuvent soutenir des vibrations allant jusqu'à 2 g sans aucun danger 
de liquéfaction. 
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Suivi 

Il s'agit d'une étude préliminaire qui exige des travaux additionnels. En particulier, plus de recherche 

s'avère nécessaire pour approfondir les connaissances sur les techniques dynamiques pour mener des 

essais sur les pâtes de remplissage en laboratoire afin d'évaluer leur potentiel de liquéfaction, et analyser 

davantage les méthodes qui ont servi lors de l'étude des propriétés in-situ des remblais miniers. 
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Executive Summary 

This report presents the result on the evaluation of liquefaction potential for high density backfills. The 

project was carried out under contract to the Department of Supply and Services (Contract No. 

15SQ23440-6-9030). 

The work program consisted of a state-of-the-art review on liquefaction potential of backfill and soils, 

laborato ry  and in-situ tests to determine the behaviour of paste fills and index properties of these backfills 

under in-situ and laboratory conditions and specific blasting tests carried out to simulate the impact of 

seismicity on fine grained, dewatered tailings backfill, commonly termed paste backfill. The main 

conclusions and recommendations of this study are as follows: 

1. Very little information on liquefaction analysis of paste backfill exists. Most of the state-of-the-art 
review on liquefaction is available from natural soils. 

2. A review of liquefaction indicates that steady state deformation tests on paste backfill are most 
appropriate to identify liquefaction potential of this material. 

3. Key in-situ and laboratory properties for paste backfills with specific reference to liquefaction 
potential have  been  identified. It is generally concluded that the paste backf ills are not saturated 
in-situ and exhibit dilatant behaviour. The potential for liquefaction of these types of paste fills is, 
therefore, minimal. Obviously, liquefaction potential is influenced by cohesion, void ratio and 
confined pressures. Lower void ratio, higher cement content and increased confinement 
significantly reduce the liquefaction potential. 

4. Paste backf ills are most vulnerable to liquefaction almost immediately after being placed when 
pore pressures are still high. As consolidation occurs rapidly, the potential for liquefaction 
decreases significantly and, for all practical purposes, is considered negligible in cemented paste 
fills. 

5. As a general guideline, a cement content of at least 1.1% is recommended to minimize 
liquefaction potential in paste fills. 

6. The cone penetrometer can be successfully used in stiff backfills to provide information on in-situ 
liquefaction assessment and other material properties. 

7. Paste fills can withstand maximum vibrations of up to 2 g without any danger of liquefaction. 
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Follow-up 

This is a preliminary study that requires additional work. Specifically, more research is necessary to 

investigate dynamic techniques for use in testing paste fills in the laboratory to assess their liquefaction 

potential, and to expand upon the methods used in this study to examine in-situ properties of mine 

backfills. 
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1.0 	INTRODUCTION  

This report is submitted in response to a contract between the Department of Supply and Services and 

Dome Mines Limited (File No. 15SQ23440-6-9309) on the Liquefaction Potential of Dense Backfill in Ontario 

Mines. The complete terms of reference for the report are briefly summarized below: 

1. Carry out a literature search on liquefaction of soil deposits due to seismic activity. 

2. Conduct index and physical property analyses related to liquefaction. 

3. Study the effect of blast vibration on stability of high density backfills and their potential to liquefy. 

4. Install in-situ instrumentation and monitor high density backfill behaviour with specific reference 
to liquefaction as a result of mining and blasting. 

As specified in the original proposal of May 13, 1986 to the Department of Supply and Services, a large 

proportion of the project was carried out on subcontract by the following organizations: 

McGill University 	 State-of-the-art review on liquefaction 

McGill University 	 Static tests on backfill with specific reference to liquefaction. 

Conetec Investigations Limited 	Penetration and interpretation of seismic cone penetration test 
data 

CIL Inc. 	 Characteristics of blasting vibrations in dense backfill. 

The complete reports submitted by the subcontractors are attached in the appendices of this report or 

on file with CANMET. The main conclusions, recommendations and an outline of the project work carried 

out are summarized in the main report. 
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1.1 	Background 

Mill tailings have been used for underground backfill in Ontario mines since the late 1940's. It is estimated 

that up to 60% of the backfill material placed underground is produced from mill tailings. In the past, 

these tailings have been processed to remove a large portion of the ultra-fine solids, to produce a free-

draining m .aterial. The classification process used to remove the fines results in a significant percentage 

of the solids being rejected. In some operations, up to 70% of the solids have to be disposed on surface. 

The resultant reduction in quantity of fill material available for underground support can seriously affect 

mining schedules, particularly in gold mining operations where liberation is only achieved with extremely 

fine grinding. 

In recent years consideration has been given to the use of full stream mill tailings as an alternative support 

medium to deslimed tailings. The presence of the ultra-fines in this product, however, requires special 

handling to ensure its safe application in underground stopes. Because fine grained tailings are almost 

impermeable, excess water must be removed from the fill before placement. This can be accomplished 

through mechanical dewatering which produces a product with a level of saturation of typically less than 

100%. 

The Dome Mine operation of Placer Dome Incorporated in South Porcupine, Ontario, has developed a 

mine backfill system based on the concept of utilizing 100% of the mill tailings in the stope. To date, over 

100,000 tonnes of dewatered tailings have been placed in underground stopes, utilizing specialized 

mechanical dewatering equipment to remove the excess transport water from the product, before 

placement into the stope. The resulting backfill material, containing less than 22% moisture, has a 

number of advantages over conventional hydraulically placed, classified fill. These include the following: 

1. A larger portion of the mill tailings produced can be recovered for underground backfill, increasing 
the daily backfilling rates possible and reducing the cost and environmental impact of disposing 
of tailings on surface. 

2. The water:cement ratio resulting from dewatered backfill produces a greater strength gain per unit 
weight of cement added. Therefore, in most applications less cement can be used to achieve 
adequate design strengths. 

3. The stiff consistency of the dewatered backfill does not require containment in the form of fill 
fences or bulkheads, once placed into a stope. 

It has been shown at Dome Mines that an economic alternative to the use of hydraulic fill exists, one 

which will result in a very high strength product with significant economic benefits. 
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The presence of the ultrafine solids in the high density fill, however, has raised a concern about the

stability and possible liquefaction of the fill under cyclic loading conditions. Liquefaction can be simply

described as the phenomenon wherein a massive soil loses its ability to resist shear forces. This usually

occurs when subjected to cyclic or shock loading, which will cause the material to flow in a manner similar

to a liquid until the shear stresses acting on the mass are as low as the shear resistance. The liquefaction

potential of a given material can be determined through the study of a number of physical properties of

that material and conditions to which the material is being subjected.

This report details the work conducted by Dome Mines to investigate the liquefaction potential of densified

fine grained tailings backfill. This work was carried out in conjunction with a study commissioned by the

Department of Supply and Services (File No. SQ.23440-5-9204) entitled " In Situ Determination of

Dewatered Tailings Fill Properties in Ontario Mines' to develop an understanding of the characteristics and

support potential of high density backfill at Dome Mine. These two studies were complimentary.

1.2 Scope of Work

The scope of work has been defined by DSS as follows:

1. Conduct a literature search to investigate the theory of liquefaction and determine the
mechanisms and test procedures which would apply to the liquefaction potential of high density
backfill.

2. Conduct physical properties analysis of the backfill solids being used by Dome Mines for the
production of high density paste backfill. A series of index tests would be conducted to identify
specific properties of the material.

3. Develop a suitable laboratory procedure to conduct a thorough analysis of the liquefaction
potential of dense fill. This procedure must be practical and where possible, applicable to
standard soil testing laboratories.

4. Conduct a range of field tests to investigate the in-situ properties of dense fill as related to the
critical performance factors determined in the liquefaction investigation. Verification of the
laboratory test procedure should rely on field results wherever possible.

5. Conduct dynamic field testing of the resistance of existing high density fill bodies to the effects
of blastwave migration.

6. Determine the safe working limits which must be maintained in utilizing fine grained tailings for
underground backfill to resist liquefaction.
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1.3 	Location 

During the early history of operations at Dome, shrinkage mining was used extensively for ore extraction. 

In later years, Dome converted to open longhole stoping. These stopes were left open after mining, 

leaving a number of large open holes. 

The testwork described was carried out concurrently with the placement of high density fill in a 

shrinkage/longhole stope located below the 600 level at Dome Mine. This stope was being filled as the 

final phase of a project to investigate and develop a backfill system based on the underground dewatering 

of full stream mill tailings. Extending from a scram drift below 7 level 180 ft. vertically to 6 level, the stope 

offered a number of access points for observation and testing of the in place fill, including the drawpoints 

on intermediate and upper drill subs (Figure 1). 

In addition to the work done at Dome Mine, McGill University carried out all of the backfill characterization 

testing. McGill University Mining and Metallurgy department conducted this work on a subcontract from 

Dome. Subcontracts were also awarded to CIL Blasting Laboratories in Montreal to monitor blast 

vibrations in the backfill and to Conetec Inc. for cone penetration testing in the backfill using a seismic 

cone penetrometer. 
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2.0 BACKGROUND INFORMATION  

2.1 	Geology and Stope Geometry 

An underground stope, called the 755-852 stope, at Dome Mine was selected to conduct the in-situ tests 

on paste backfill and study the impact of liquefaction on high density fills. The stoping area lies within 

massive volcanic units commonly referred to as the Dacite Flow, which has a width of approximately 70 

m and a steep northerly dip of 60° - 70°. The flow extends from the greenstone north contact westerly 

across the entire property. 

Local sections of this massive flow are host for a fairly regular series of tension formed quartz veins, which 

contain 3-5% combined pyrite, pyrrhotite and sphalerite and considerable visible gold. Individual ore 

zones within the Dacite favoured the more easterly portion of the flow and are extremely irregular in 

shape. In vertical extension they extend for two to three levels (100 - 150 m). Quartz veins within the 

Dacite generally have a northeasterly strike and a northwesterly dip of 50° - 60°. Stopes historically 

advance in cross-cut like fashion through the veins in the north and south extremities or the extension of 

these veins and often contain ore grades which are left in the walls of shrinkage stopes. The caving of 

the walls in later years has produced acceptable ore grade sloughage material. 

2.2 Mining History 

The original shrinkage stope began in 1931, with two small stopes, the 752 and the 755 stopes, which 

eventually joined up into a larger stoping unit called the 755 stope. More recent development in the area, 

subsequent to shrinkage mining, included a series of diamond drill programs which outlined ore above 

and in the walls of the 755 stope. A proposal to place a scram drift at the bottom of the ore, 

approximately 100 m below the 7 level and to drive a circumventing sill drift above the top of the 

shrinkage stope, was adopted. A drill drift was also established on the 7 level and from the three 

elevations, blasthole and drilling programs evolved which resulted in the recovery of 75,000 tons of ore. 

2.3 Development of Paste Backfills 

In order to stabilize the walls of the mined out stopes, Dome Mines decided to place dewatered backfill 

using a commercially available dewatering centrifuge called the Joy Tailspinner. A system was needed 

that could place backfill continuously and concurrently with mining operations and not require backfill 
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fences or bulkheads. A continuous backfilling system, using full stream tailings had great potential, 

provided that the problems associated with the water transport were eliminated. This required dewatering 

of tailings prior to placement in the stope. The dewatering centrifuge was selected by Dome Mines to 

carry out this project. A separate CANMET study on the application of high density backfill using a 

Tailspinner is being completed for the Department of Supply and Services (DSS File # 06SQ.23440-5- 

9204). 
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3.0 STATE-OF-THE-ART REVIEW ON LIQUEFACTION EVALUATION PROCEDURES 

A comprehensive review of the alternative liquefaction evaluation procedures available in the industry 

today was carried out by McGill University on behalf of Dome Mines Limited. The complete report, as 

prepared by McGill University, is presented in Appendix I. Key points, specifically relevant to paste fill 

technology and potential for its liquefaction, are discussed here. 

Most of the research on liquefaction has centred around natural soils. Soil liquefaction has caused flow 

slides of natural slopes and earth dams, subsidence of foundations, tilting of buildings and bridge 

supports, cracking of pavements, collapse of waterfront structures, failures of tailings dams and disruption 

of other services. A classic example of liquefaction are failures of tailings dams. At least three tailings 

dam failures have been recorded as having occurred directly as a result of liquefaction. These are the 

El Cobre Dam in Chile (1965), the Albertam Whales (1966) Dam and the Mochikoshi Dam in Japan (1978). 

In these tailings dam incidents, 350 lives were lost and the loss of property approximated $150 million. 

Paste backfills in underground mining use a high proportion of fine and ultra fine solids. They, therefore, 

are more susceptible to the potential for liquefaction than conventional hydraulic backfill which uses the 

coarse fraction of solids recovered from cyclone classification. To date, very little work on the potential 

of liquefaction of high density backfills has been carried out. The state-of-the-art review evaluates the 

different method s .  for assessment of soil liquefaction and geotechnical engineering and the potential 

application to paste fills in mining. Due to the lack of information rising from very limited research into 

liquefaction of backfill, McGill University attempted to accumulate and critically review liquefaction of soil 

materials and case studies which could then be used to assess liquefaction potential for paste fills. 

Liquefaction is generally caused by loss of shear strength of a soil deposit due to static or dynamic 

loading. The soil mass flows when shear stresses acting on the deposit are lower than the shear 

strength. Any procedure for liquefaction evaluation, therefore, requires accurate information on soil 

properties. This information obviously may be obtained by field experiments or by measuring these in 

the laboratory. Alternatively, indirect and critical relationships can also be established. A desirable 

method for determining liquefaction potential is to compare the shear force that will be exerted on a soil 

deposit or a paste fill during static or dynamic loading and the shear strength that will be mobilized in the 

deposit during loading. A review of the soil mechanics literature indicates that two methods have been 

established to determine the liquefaction potential of a soil. 

1. 	Methods based on the evaluation of stress conditions in the field, and laboratory determination 
of stress conditions which cause liquefaction. 

Dome Mine 



P. 8 LIQUEFACTION POTENTIAL OF DENSE BACKFILL IN ONTARIO MINES 

2. 	Methods based on observation of the performance of soil deposits during or subsequent to 
severe seismic activity. 

Within the methods based on the evaluation of stress conditions in the field and in the lab, the techniques 

may be further divided into two major groups. 

a) Liquefaction evaluation procedure based on the concept of steady state of deformation and 
establishment of the critical void ratio. 

b) Liquefaction procedure based on cyclical strength tests. This method is based on an evaluation 
of the cyclic stress or strain conditions likely to be developed in the field and a comparison of 
these stresses or strains with those observed to cause liquefaction of representative samples of 
the deposit in some appropriate cyclic laboratory test. 

3.1 	Steady State of Deformation Tests 

This approach to determining the liquefaction potential of a soil has been applied successfully to various 

dams and structures. The liquefaction evaluation potential is basically an undrained stability failure 

analysis and consists of the following five steps (Figure 2): 

1. Determination of the in-situ void ratio. 

2. Determination of steady state void ratio or density as a function of effective stress using 
compacted specimens. 

3. Determination of undrained steady state strength for undisturbed specimens. 

4. Correction of measured undrained steady state strengths to in-situ void ratios. 

5. Calculation of in-situ driving shear stress and subsequently the factor of safety. 

The steady state of deformation for any mass of particles is that state in which the mass is continuously 

deforming at constant volume, constant normal effective stress, constant shear stress and constant 

velocity. The steady state of deformation is achieved only after all particle orientation has reached a 

statistically steady state condition and after all particle breakage, so that the shear stress needed to 

continue deformation under velocity of deformation remains constant. Examples of steady state of 

deformation are drained tests on placer sands and undrained tests on soft clays or loose saturated sand. 

The concept of a steady state of deformation depends on defining a critical void ratio. The critical void 

ratio is defined as the void ratio at which sand does not change in volume when subjected to shear. 

Deposits of sand, which have a void ratio larger than the critical void ratio, tend to decrease in volume 
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when subjected to vibration by seismic events. If drainage is unable to occur, the buildup of pore 

pressure may cause soil liquefaction. 

3.2 	Cyclic Strength Tests  (Figure 3) 

Studies of soil failure due to cyclic loading such as earthquakes have shown that a similar behaviour can 

be observed for soil deposits. Cyclic loading is primarily due to upward propagation of earthquake shear 

waves in soil deposits. The earthquake loading has a random pattern that is essentially cyclic. Due to 

this applied cyclic stress, the structure of the soil tends to become compact with a resulting load transfer 

to the pore water pressure and a reduction in stress on the soil grains. In other words, pore water 

pressure can build up through a series of cyclic stresses induced by ground shaking in saturated sands 

of medium to high density. When pore water pressure becomes equal to the confining pressure and 

some deformations occur, these deposits are said to have liquefied. Three steps are proposed to 

evaluate the liquefaction potential of a soil based on cyclic tests: 

a) An evaluation of the cyclic stresses induced at different levels in the deposit by the cyclic motion. 

b) Laboratory investigations to determine the cyclic stress, which at a given confining pressure, will 
cause the soil to develop peak pore pressure equal to the effective confining pressure or undergo 
various degrees of cyclic strain. 

c) Comparison of cyclic stress induced in the field with the stresses required to cause liquefaction. 

Factors which influence cyclic mobility of liquefaction characteristics of soil include ,  grain characteristics, 

relative density, method of soil formation under sustained load, previous strain history and the lateral earth 

pressure coefficient and overconsolidation. 

3.3 	Conclusion 

During the past several decades, a considerable amount of research in geotechnical engineering has 

been directed towards developing better predictive methods and testing techniques for liquefaction 

potential of soils. In order to evaluate the liquefaction potential of a particular deposit or backfill, two 

methods have been suggested: 

1. Liquefaction evaluation procedure based on the concept of steady state of deformation. 

2. Liquefaction evaluation procedure based on the cyclic strength tests. 
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The liquefaction potential based on the concept of steady state of deformation defines liquefaction as a 

phenomenon which occurs when the shear resistance of a massive soil decreases when subjected to 

continuous, cyclic or dynamic loading at constant volume. The mass undergoes very large unidirectional 

shear strains. It appears to flow until the shear stresses are as low as or lower than the reduced shear 

resistance. 

Cyclic mobility denotes a condition in which cyclic stress applications develop a peak cyclic pore pressure 

ratio of 100% and subsequent cyclic stress applications cause limited strains to develop, either because 

of the remaining resistance of the soil to deformation or because of dilation in the soil which causes the 

pore pressure to drop and the soil stabilizes under applied loads. 

For high density paste fills it is recommended that the steady state of deformation method for determining 

liquefaction potential be used. This method consists of the following five steps: 

1. Determination of the in-situ void ratio. 

2. Determination of steady state void ratio or density as a function of effective stress using 

competed specimens. 

3. Determination of undrained steady state strength for undisturbed specimens. 

4. Correction of measured undrained steady state strengths to in-situ void ratios. 

5. Calculation of in-situ driving shear stress and subsequently the factor of safety. 

It should generally be pointed out that very little testing of backfill materials with regards to liquefaction 

has been carried out. Obviously, comparison testing of soils and typical high density paste fills should 

be conducted to ensure the relevance of the studies carried out on sands, towards underground mine 

backfill. 
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4.0 	MATERIAL CHARACTERIZATION 

To fully understand the relationship between the physical properties of the tailings material and the effects 

of external forces causing liquefaction, a detailed analysis of the prope rties of the solids must be made. 

This information can be used as a fingerprint to characterize the solids and compare with other materials. 

A series of index tests were conducted on the paste fill material to determine the various characteristics 

of the solid particles on subcontract by McGill University (Appendix II). These tests were designed on 

standard procedures used in the geotechnical industry. When the performance of consolidated material 

was being studied, tests were carried out on cemented samples prepared in the laboratory and samples 

received from the backfilling operations at the mine, either cast and cured underground at the dewatering 

site or retrieved from the filled stope. Table 1 lists the various index tests performed and the number of 

samples investigated in each case. Because of the large number of samples involved, rigorous 

procedures were followed in preparing the samples so that repeatability of results could be guaranteed. 

Wherever possible test apparatus was connected to a computer logging system for compilation of the 

data. A summary of the index test methods used and results of analysis of paste backfill from the Dome 

operation follows. 

Particle Size Distribution 

standard ASTM test procedures for screen analyses and hydrometer analysis. Confirmation of 

results checked against sedigraph tests. 

coefficient of curvature C o  > 1 

coefficient of uniformity Cu  = 10 

see Figure 4 for gradation curve 

classification-silty sand 

Mineralogical Content 

X-ray Diffraction 

Quartz S 1 02  70% 

Dolomite 	18% 

Muscovite 	4% 

Clinachor 	3-4% 

Pyrite 	trace 
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Particle Shape 

morphological analysis using a scan electron microscope 

angular 

moderate sphericity 

consistent throughout size range 

Plasticity 

Attenburg Limits were determined with cone penetrometer 

liquid limit = 20% 

Bulk Density 

dimensions and weights taken from uniaxiat compression tests 

range of dry unit weight 

1778 kg m3  - 1201.35 kg m3  

(111 pcf) 	(75 pcf) 

Direct Shear 

samples prepared from consolidated reconstituted tailings 

test procedure followed ASTM standards with strain rate 

of 0.5%/min. 

friction angle = 30° 

cohesion 	= 10 psi 

See Table Ill and Figure 6 for typical test results. 

Unconfined Compressive Strength 

samples were prepared from both reconstituted and field cast tailings and cement at various 

ratios. Procedures for casting and curing tailing samples were established by laboratory and field 

personnel to simulate standard ASTM procedures where possible. 
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See Table ll and Figure 5 for typical test results. 

A more detailed study of the effects of cement content, moisture content etc. on compressive strength 

was done as part of the liquefaction analysis testing. 

4.1 	Cone Penetration Tests 

In order to determine the in-situ properties of backfill at Dome Mine, a series of cone penetration tests 

were carried out on subcontract with Conetec Investigations Ltd. These tests were carried out as a trial 

to evaluate the potential of using the cone penetrometer as a tool to provide the necessary in-situ 

geotechnical information for the design and verification of backfill properties and provide further 

determinations of the liquefaction potential of backfill materials. 

A cone penetrometer is commonly used in geotechnical analyses on soils for foundation design purposes 

and soil stability analyses. This device also termed the electronic piezometer friction cone can measure 

soil parameters on a continuous basis as a unit penetrates the soil. Figure 7 illustrates a cross-sectional 

view of the cone device showing the different components which relay data back through the drill rods 

to a logging system for analysis. Information such as angle of friction, modulus of elasticity, water 

pressure and dynamic shear modulus can be determined from in-situ materials. Interpretation of the cone 

penetration data is then made with empirical correlation to obtain the geotechnical parameters required. 

Conetec used a 10 tonne subtraction type cone for all of the testwork done at Dome. The cone was 

pushed into the fill using a 10 tonne ram assembly, specially designed for this underground testwork. 

The cone has a tip area of 10 cm2  and a friction sleeve of 150 cm2. Piezometer element thickness of 5 

mm is located immediately behind the cone tip. The cone used during the test program was capable of 

recording the following parameters at 5 cm depth intervals: 

a) Tip resistance 

b) Sleeve friction 

c) Dynamic pressure 

d) Temperature 

e) Cone inclination 

s 
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In addition, the cone and accompanying data acquisition system were also capable of recording shear 

and compression wave arrival times. Cone tests are normally carried out on surface in a vertical 

orientation. The tests conducted underground at Dome not only represented the first exposure of the 

cone penetrometer to in-situ testing on high density backfill, but also was the first time Conetec had used 

the device in a horizontal or inclined orientation. Three cone penetration tests and one seismic cone 

• penetration test were performed. The penetration tests were carried out at depths varying from 6.4 m to 

20.5 m below the surface of the backfill. 

A comprehensive computer software program and data logging system were used to interpret various in-

situ parameters. Despite the harsh environment associated with underground operations, this electronic 

package functioned well. In the case of naturally occurring soils, tip resistance and friction ratio can be 

used to establish the following parameters: 

relative density 
friction angle 
elastic modulus 
shear modulus 
undrained shear strength 

The absence of detailed correlations on cone penetration test data on manmade materials such as 

underground mine backfill, restricts the extent of the interpretation of the data. However, some conclusive 

correlations were possible. For full details of the test program and procedures refer to the Conetec  Report  

in Appendix Ill. 

Interpretation of the cone penetrometer data was done using correlations developed for naturally 

occurring soil deposits. The correlations used were not for backfill materials, however, based on 

considerable experience with the cone penetration testing analyses, in surface mine tailings deposits, 

correlations appear to work reasonably well. Cone soundings were conducted on the paste fill in the test 

stope at penetration rates of 2 cm/sec. The length of the holes varied from 6.4 m (21 feet), two 28.5 m 

(92.5 feet). Continuous logging of the cone bearing resistance (QC), sleeve friction (FS), average friction 

ratio (RF = FS/QC x 100) and the dynamic water pressure (U) was performed in each of the test holes. 

Figure 8 illustrates a graphical output of typical test results. The data is also presented from the data 

logger in tabular form with a typical soil behaviour classification based on friction ratio. 
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The significant variations in friction ratio indicates stratigraphic changes in paste fill material due mainly 

to changes in cement content. This was also evident from previous studies on drill hole core samples 

retrieved from the fill. It was found then that the bedding was caused by higher and lower cement 

addition rates during placement of the fill. The cone test confirmed the presence of bedding throughout 

the mass of the fill. Presence of strata in this material has a significant effect on stability as will be 

discussed. 

Soil classifications, which are shown in Table 4, are based on the measured value of QC (cone 

resistance). From previous correlations it has been determined that the soil type and hence behaviour 

can be identified through cone bearing resistance values. Where QC is < 0.2 MPa, the material is said 

to be very soft clay. Values ranging up to or > 10 MPa describe the six different soil types through clay 

silt sand to hard stiff soil. High density backfill has been generally described as sand to silty sand. 

Using data generated in laboratories with silica sand, a general correlation of the cone penetration test 

data suggests the following physical parameters exist in high density backfill. 

Friction angle = 38-40° 

In-situ relative density = > .50% 

As seen from Figure 8, a clear picture of the variations in pore pressure with depth can be obtained 

directly without further correlation. In general, the dense fill in all tests exhibited negative pore water 

pressure, an indication of a well drained soil. 

Peaks of positive pressure were encountered which are considered to represent pockets of uncemented 

fill (note positive pore pressure with high friction angles indicates a weak material, positive pore pressure 

with low cone bearing resistance is an indication of a very stiff soil, in this case dense fill with high cement 

ratios). 

The use of the cone penetrometer to monitor seismic wave propagation provides an opportunity to 

measure the dynamic prope rt ies of the fill. An analysis of the seismic data indicates that the shear 

modulus values in the backfill are relatively small. In addition, shear wave velocities of >400 m/sec. 
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were recorded. These may well have been influenced by the bedrock interface. Overall, the unusual 

shear modulus values are consistent with high dense materials. 

4.2 Blast Vibration Monitoring 

The Explosives Technical Centre of CIL Inc. undertook to measure vibrations in the paste backfill under 

varying blasting conditions through a series of critically designed field trials carried out in and around 755 

stope. The main objectives of the program were as follows: 

I. 	Design suitable transducer and recording systems for simultaneous recording of vibrations at 
several locations. 

2. Specify blasthole diameters and their locations with respect to transducer locations. 

3. Carry out vibration measurements for a variety of charge vs. distance configurations so as to 
characterize the rock mass and dense fill as fully as possible. 

4. Analyze the vibration records and provide information on maximum vibration level, its duration and 
its spectral content as a function of charge size distance, delay sequence in multi-hole blasting 
and the nature of the transmitting media. 

The CIL report is attached in Appendix IV. The general results of the CIL monitoring were somewhat 

inconclusive. It was evident that significantly greater attenuation of the waves takes place in the backfill 

material than in rock (Figure 9). 

The results also indicate, as expected, that rock can support a m«uch higher frequency than backfill. The 

dominant frequency for rock at Dome Mines was around 750 Hz, compared with 155 Hz within backfill. 

Based on the results, CIL established a relationship between scale distance and acceleration (Figure 10). 

This relationship provides a general reference on the maximum acceleration that can be expected in high 

density backfills as a result of different charge weights at a given distance. This relationship will be 

extremely helpful in designing future high density fills and in optimizing blast designs to ensure that the 

acceleration levels are within acceptable limits. 
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5.0 	STATIC TESTS ON BACKFILL 

Based on the theory of steady state of deformation as discussed in Section 3.1, a series of laboratory 

tests were conducted on samples of consolidated high density backfill. Different moisture contents and 

cement contents were used to represent field conditions. The tests were conducted according to ASTM 

procedures reflecting the consolidated condition of the sample. A total of 247 samples were tested as 

shown below: 

Test Type 	 No. of Samples Tested 

Uniaxial compression - unconfined 	 75 

Direct shear box test 	 72 

Triaxial compression 	 100 

Total 	 247 

The complete test results are contained in the McGill University reports Volumes 1 through 5. Highlights 

of the results are presented in this section. 

5.1 	Physical and Mechanical Properties of Tested Samples 

The physical and mechanical properties of the tested samples are summarized in Table 2. The moisture 

content ranged from 20 - 24% with a void ratio of between 0.57 to 0.69. The modulus of deformation 

ranged from 11.5 to 32 MPa, depending on the cement:tailings ratio. The average compressive strength 

of the sample (unconfined) ranged from 189 kPa to 348 kPa. 

5.2 	Effects of Variation of Cement Contents, Moisture Contents and Curing Periods on 
Mechanical Prope rt ies  

A series of unconfined compression tests conducted to evaluate variations of cement and moisture 

contents indicate that high strength and modulus values are generally obtained from higher cement and 

moisture contents. As expected, strength increases with curing time (Figure 5). 
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5.3 	Direct Shear Box Test 

Summary of the direct shear box tests is shown on Table 3 and plotted on Figure 6. 

5.4 Triaxial Compression Tests 

A series of consolidated undrained triaxial tests with pore water pressure measurement were conducted 

at five different confining pressures. All samples were initially saturated with back pressure followed with 

a consolidation process prior to shearing. Figure 11 represents a typical stress strain curve and changes 

of pore pressure against strain. This sample was prepared in the laboratory according to the described 

sample preparation procedure at a 24% moisture content and a 1:30 cement: underflow ratio. The sample 

was saturated with back pressure of 138 kPa and consolidated to an effective consolidation pressure of 

69 kPa and a void ratio of 0.71. All confined samples demonstrated a distinct non-linear behaviour with 

the majority of samples failing in a bulging manner with distinct fracture patterns of failure planes. 

5.5 	influence of Cement Content on Paste Backfill Behaviour 

The influence of cement content on stress-strain strength curves at low confining pressures is shown on 

Figure 12. It may be noted that the peak strength increases with increased cementation. This type of 

behaviour was consistent throughout all of the confining pressures applied to paste backfill samples. 

Failure envelopes for paste backfill determined from triaxial test results are presented in Figure 13. 

5.6 	SUMMarY 

Almost 250 static laboratory tests were carried out on paste backfill samples. These comprise unconfined 

compression tests, direct shear box tests and triaxial compression tests. Paste backfill samples with 

cement contents of 1:30, 1:40, 1:50 and moisture contents of 20 and 24% were used. 

Under unconfined compression, higher strength and modulus values were generally obtained for higher 

cement and low moisture contents. Peak strength values were determined for samples tested with the 

direct shear box. Paste backfill samples exhibited fairly similar angles of internal friction with different 

cohesion intercepts with changes in cement content. 
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The results of the consolidated triaxial tests show that paste backfill is brittle at low confining pressures 

and becomes increasingly more ductile with increasing confining pressure. 

Significant differences on shear strength parameters were noticed from the triaxial and shear box test. 

Due to many shortcomings of the direct shear box test, shear strength parameters of paste backfill 

obtained under triaxial conditions should be studied. 
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6.0 	LIQUEFACTION EVALUATION ANALYSES 

This chapter is intended to provide insights on the liquefaction resistance of paste backfill. Several 

mechanisms have been identified as being related to the possible failure of paste backfill during and after 

seismic events. As was stated previously, a logical first step in the analysis of liquefaction evaluation of 

paste backfill is to assess liquefaction susceptibility based on the concept of steady state of deformation. 

Results of a comprehensive study on liquefaction evaluation of paste backfill, based on the concept of 

steady state of deformation are presented. A series of consolidated undrained triaxial tests were carried 

out on paste backfill samples. Influence of cement content on liquefaction potential of paste backfill was 

evaluated. 

The cyclic mobility of paste backfill was evaluated based on the concept of zero effective stress. A 

number of laboratory tests were conducted on paste backfill with different cement contents. In addition, 

liquefaction susceptibility of paste backfill was evaluated in-situ. Results of piezometer friction cone tests 

for liquefaction purposes were discussed in the previous sections of this report. 

In order to evaluate the susceptibility of backfill to liquefaction as a result of seismic events such as a 

blast, rockburst or earthquake, the driving shear stresses within paste backfill should be compared with 

the undrained steady state strength of paste fill. The undrained steady state shear strength is the 

minimum strength that paste backfill can have at in-situ void ratio. Typical results of tests on reconstituted 

samples for undrained consolidated triaxial tests are presented in Figure 14. Dilative behaviour was 

observed for all reconstituted paste fill samples prepared for the consolidated undrained triaxial tests with 

reconstituted samples. 

A series of undisturbed samples were tested using the same method. These samples were recovered 

by diamond drilling from the 755-852 stope. The samples had different void ratios and were saturated 

and consolidated to various effective consolidated pressures. The results of these tests indicate that 

liquefaction resistance decreases with decreasing cement content. 

The influence of void ratio on liquefaction susceptibility of paste backfill samples was also investigated. 

All samples exhibited dilative behaviour with decreasing excess pore pressure and increasing shear 

stress. The results indicated that samples with lower void ratios show higher pore pressure reduction as 

is expected due to the tendency of samples with high densities to develop stronger volumetric expansion 

during shear.- 
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A series of undrained triaxial tests were also conducted on saturated samples at 76% pulp density and 

various effective consolidated pressures. It was concluded that due to the higher possibility of volumetric 

expansion, dilation is significant at lower effective confining pressures, however, an increase in deviatoric 

stress under undrained conditions required to initiate liquefaction can be seen as the consolidation 

pressure is increased. The results of these tests thus indicate that liquefaction resistance increases with 

increasing confining pressures. This is very significant as paste backfill observed in the 755-852 stope 

has shown low stresses. 

The effect of various cement contents on liquefaction has already been discussed. Results show that 

under low confining pressures and low cement contents, paste backfill could be unstable when placed 

initially in the stope. Once the fill cures, however, this condition is likely to disappear. 

Piezometer Friction Cone Tests 

Relative information with regards to liquefaction evaluation using the piezometer friction cone test is 

discussed below. A dynamic pore pressure of generally less than zero was observed for all the test 

points examined with the cone on the paste backfill in 755-852 stope. This indicates a dilatant behaviour 

in the soils as detected by the pore pressure sensing element behind the tip. As previously discussed, 

liquefaction is a phenomenon wherein the shear resistance of a mass of saturated, lose material 

decreases when subjected to monotonic cyclic or dy1namic loading at constant volume. Dilative soils are 

not susceptible to liquefaction because their undrained shear strength is greater than their drained 

strength. Careful examination of recorded data indicates that paste fill appears to be uns .aturated and, 

therefore, liquefaction potential under present hydrogeological regime is unlikely. In addition, paste fill 

shows pronounced dilatant behaviour and, therefore, is not susceptible to liquefaction based on the 

concept steady state of deformation. 
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TABLE I 

LABORATORY TESTING PROGRAM 

Physical Characteristics Tests 

Test 	 Number of Tests 

Compositional Analysis 	 9 

Morphological Analysis 	 9 

Particle Size Analysis 	 9 

Atterberg Analysis 	 9 

STATIC LABORATORY TESTING PROGRAM 

Test Type 	 Number of Tests 

Unconfined Compression 	 75 

Direct Shear Box 
(4 normal loads) 

Triaxial Compression 
(5 confining pressures) 
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TABLE II 

AVERAGE PHYSICAL AND MECHANICAL PROPERTIES OF TESTED SAMPLES 

Moisture Content 	 20% 	 24% 

Cement:Underflow 	 1:30 	1:40 	1:50 	 1:30 	1:40 	1:50 

Void Ratio 	 0.62 0.58 0.57 	 0.68 0.67 0.69 

Modulus of Deformation 	27.3 	16.9 	11.5 	 32.0 	29.8 	14.3 
(kPa) 

Sample Strength 	 348 268 	189 	 462 368 	254 
(kPa) 
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TABLE III 

AVERAGE SHEAR STRENGTH PARAMETERS FROM DIRECT SHEAR BOX TESTS 

Moisture Content 	 20% 	 24% 

Cement:Underflow 	 1:30 	1:40 	1:50 	 1:30 	1:40 	1:50 

Angle of Friction 	 18 	19 	23 	 14 	10 	7 

Cohesion 	 94.7 78 	39.5 	 74.2 	65 	49.4 
(kPa) 
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CHARACTERISTICS OF BLASTING VIBRATIONS  
IN DENSE BACKFILL, DOME MINES  

(Results of Field Trials, November 16 - 20, 1987 and March 15-20, 1988) 

INTRODUCTION  

The quality of the new dense backfill, now being introduced at the Dome Mines, 

depends on its ability to withstand the vibrations caused by regular pro-

duction blasting. Vibrations, under certain conditions, can lead to lique-

faction in such unconsolidated materials, thereby threatening the stability of 

backfills. 

The response characteristics of a specific backfill can be modelled to some 

extent under laboratory conditions, both experimentally and analytically. 

However, these are obtained on the basis of some arbitrary simple loading 

conditions such as a 'step', 'ramp' or a triangular load (pressure or accel-

eration vs. time). It is also possible to model analytically the response due 

to an impulsive or other complex loading function but none of these real-

istidally duplicate the characteristic loading generated during blasting 

underground. Since the accuracy of prediction by experimental or theoretical 

means depends critically on an accurate description of the input waveform, 

measurements of actual loading conditions, as represented by the blasting 

vibrations, is considered essential. 

The Explosives Technical Centre of C-I-L Inc. undertook to measure these 

vibration characteristics, under varying blasting conditions, through a 

series of carefully designed field trials around the 755-stope. This report 

describes the main findings of the two field trials under this program. 
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OBJECTIVES  • 

The main objectives of the program were the following, 

i) Design suitable transducer and recording systems for simultaneous 

recording of vibrations at several locations. 

ii) Specify blast hole diameters and their locations with respect to trans- 

ducer locations. 

iii) Carry out vibration measurements for a variety of charge size - 

distance configurations, so as to characterize the rock mass and the 

dense backfill as fully as possible. This would include short cylin-

drical charges to long charges, and eventually to Multi-hole production 

blasts with specified charge weight/delay. 

iv) Analyze the vibration records, and provide information on maximum 

vibration level, its duration, and its spectral content as a function 

of charge size, distance, delay sequence in multi-hole blasting and the 

nature of transmitting medium (rock or backfill). 

v) Assist Dome Mines and McGill University personnel in correlating vi- 

bration levels with other measured parameters during the study. 
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NEASURENENT OF VIBRATIONS  

Instrumentation has been developed to measure either acceleration or particle 

velocity or both, under far-field and near-field conditions. However, for 

this study, it was decided to monitor in the acceleration mode. 

The vibrations were measured at five locations near the west-end of the stope. 

Two of the accelerometer stations were placed within the backfill (755 sub-

drift). The blast holes (63 mm and 100 mm diameter) were drilled from the 852 

scram. Two accelerometers (one placed inside a 100 mm diameter monitor hole, 

and the other attached to the back of the drift) were placed on this level. 

The fifth accelerometer station was located on the north side of the stope, 

designed to study the 'shadow' effect of the backfill on vibrations. Each 

accelerometer consisted of 3 orthogonally mounted accelerometers. The total 

system frequency response was d.c. to 10 kHz, the upper end being controlled 

by the frequency response of the accelerometers. 

The blast holes ranged in length from 5 metres to 15 metres and were spaced 

approximately 1.5 m apart (see Fig. 1). There were a total of 14 blast holes. 

The charge weight ranged from 5 kg to 55 kg, with MAGNAFRAC 5000 (25 mm ,x 300 

mm) and POWERMEX 500 serving as the test explosives. Specified sections of 

each borehole were loaded with a cartridge loader. Both single-hole and a 

4-hole blasts were carried out during this study. The velocity of detonation 

was also monitored in the 100 mm diameter boreholes. In addition, two regular 

production blasts were also monitored during these trials. 
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BLASTING VIBRATIONS

The shock waves or seismic waves generated by.detonation of explosive in the

borehole are collectively known as blasting vibrations. The seismic waves,

although more complex than light waves, obey the same laws of optics. They

undergo reflection, refraction and diffraction at boundaries and other dis-

continuities in rock. They can be broadly grouped under 'body waves' and

'surface waves'. The longitudinal (P-wave) and shear waves (S-wave) (and

their multiple reflections, conversions and refractions) constitute the body

waves, whereas the surface waves are represented largely by the Rayleigh

waves. Each of the waves travels at its characteristic velocity in a given

medium, with P-wave travelling the fastest and the Rayleigh wave the slowest.

Invariably the surfce waves represent the highest amplitude,events in a

vibration record. However, except for the 'first arrival' represented by the

P-wave, it is usually not possible to identify subsequent individual waves or

their reflections in a blasting vibration record.

The analysis of blasting vibrations obtained during blasting underground

should be viewed in the context of the above statements. A typical under-

ground mine environment presents multiple paths and surfaces to the propa-

gating seismic waves, in addition to the boundaries between backfill and host

rock. The vibrations recorded at any location incorporate the collective

contributions from these boundaries and discontinuities, in addition to the

basic transmission properties of the medium.
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RESULTS  

The vibrations recorded by the 3 accelerometers in the deeper acceleromoter 

station (5-1) in the backfill are shown in Fig. 2. They represent the longi-

tudinal, transverse and vertical components of vibrations, recorded from 

detonation of a 5 kg charge in a 63 mm diameter borehole (No. N). 

The figure shows that the first arrival does not have the highest amplitude, 

and in fact, each component of vibration is greatly more complex than anti-

cipated. In this case, the duration of actual detonation was only a fraction 

of one millisecond, whereas the duration of the resulting detonation appears 

to extend over 60 msec. Although the major portion of the energy can be 

assumed to be concentrated over a 16 msec range, it is still more than an 

order of magnitude longer than the duration of detonation. 

A time-expanded version of Fig. 2 is shown in Fig. 3. From this an approxi-

mate spectral content can be determined. The average dominant frequency of 

these wave trains is 500 Hz. The maximum acceleration level on any single 

component is 1.4 g. 

The same event, recorded by the shallower accelerometer station (S-2) within 

the backfill is shown in Fig. 4 (note the different time scale). The char-

acteristics of the vibration after it has travelled about 30 feet (the approx-

imate path difference between S-1 and S-2) in the backfill have undergone 

significant changes compared to those recorded by S-1 (located closer to the 

boundary between the host rock and the backfill).  • The amplitude has fallen by 
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about half, as has the frequency. The difference is more clearly illustrated 

in Fig. 5. The top trace is the vertical component of acceleration as 

measured at 5-1 station; the bottom three traces are vertical, transverse and 

longitudinal components of acceleration as recorded at the shallower station 

S-2. 

The other notable difference between  5-1 and  5-2 arrivals is the greatly 

lengthened pulse train of the latter. This reflects the attenuating property 

of the backfill material. The maximum acceleration level recorded along any 

single component at  5-2 is 1.1 g, and the dominant frequency is 155 Hz. Both 

these are considerably lower than recorded at station 5-1. 

The effect of changing borehole diameter and charge weight on acceleration is 

shown in Fig. 6. It represents a 33 kg blast in a 100 mm diameter borehole 

(charge length: 3.6 m), as recorded at station 5-1. As expected, the peak 

values are higher compared to those obtained in the 63 mm diameter blast 

(Fig. 2). The most pronounced difference however lies in the frequency 

characteristics of the vibration signal. The damped sinusoids following the 

main arrivals are almost absent in the larger diameter blast. The latter is 

characterized by significantly lower frequency content, with  •the average 

frequency being 200 Hz, compared to 500 Hz obtained with the 63 mm diameter 

blast. 

Fig. 7 shows the most energetic component of acceleration as recorded by a 

surface mounted accelerometer located in the 852 scram itself. This is the 

nature of waveform recorded in host rock, which should be compared with those 
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recorded within the backfill (see Fig. 3). The difference between Fig. 7 and 

Fig. 3 (note the change in time scale in the former) is obvious. The rock, as 

expected, can support much higher frequency events .than the backfill, the 

dominant frequency in this case being 750 Hz compared to 155 Hz within the 

backfill. 

There is a noticeable difference between the vibration signals in terms of 

their spectral content, recorded from small diameter (63 mm) and larger 

diameter (100 mm) blasts. The former, as expected, yields a higher frequency 

signal. This difference is shown in Figs. 8 and 9. 

The vibration record obtained from a 4-hole blast (all 100 mm diameter) is 

shown in Fig. 10, for a single component of motion, for both backfill and hard 

rock. The specified delay times have been compared with those actually 

recorded. The charge weight for the 3 holes varied within narrow limits (,.15 

kg for the 2nd and 3rd hole, andv,50 kg for the 1st and the 4th hole). 

The resulting acceleration signal is however quite different. Except for the 

2nd hole, the scatter in delay firing times is within acceptable levels. For 

the 2nd hole, the deviation is about 25%. Such deviations for any single 

detonator are well within the statistics, but have to be accounted for in 

designing large production blasts. 

Even more significant than the firing times are the relative amplitudes of the 

vibration signals for the 4-hole'blast. The 2nd hole appears to be much of 

greatly reduced strength compared to the rest of the round. This picture is 

somewhat reversed in the vibration record from the backfill, where the same 



10 X 10 TO THE CENTIMETER le X 25 CM. 
KEuFFEL 8 ESSER CO MADt 46 1510 

F/...; A cce/erceom in Sc?Cel 
MEZZEZVÉMILUMMIMICEMIZEIqiIMIESEIRRIIRENREIENZIEWHIPM.ffligiffig.SWVIMM 
EMEEMLIFdiffiZMZEIMMIZIZILMEeNZIEMERIMW-151Ame9MeerlillilMeallIZZA 

i EMÉMIUMTEIM.@MBIZERIIMI:i'-nlilliFiFEWEIZEraffElliiMt _'EffilffiraffelillgerlietWE -  EZ@IMIZEMIZEMBINIMEIMMINiuigileZNIUMEZffiEgiitiiiiMPErearinlImPAREEIMIMI9 
MEZEMEINZEMIEMMIEZIEMBIZEERMEREMEEMMIZEMEMEMISMIZINEMIIIIMEI 
ZERNIZEMINENIMENISIMINIMILIINNEURffiEMEMPAt-:egilEEZIEMIKIMEEffilia 
IMIMENEEZI f EEMMZEZIMIMIEBILIZEMEWEellEEEM-6,MÉMERMEEMEMEMEN ;M= 

 

1
-.1, MIR Fr  

: IIIIMEINil a FMCIIIIMMIZIMIBEIMEIMIEff=-ZIMMICEIMIZEMMTEIMIlillill 
Ifilffleamme LUMILtfigigifiellitirdliciffeelliMereLeeMEMMMIZEIRMIZEMEMIgn  

ZEKTEMEte-MMEMZEZIMEME111111111EDUMmEMEMUUMMEZffiEriEMIZE@MBIZIM 
ELEMILEZEMMLEMINIIMIZZIIIIIMINEELIIMENg -PEEMEEEIZEIMEMPILUIMEIIII 
Friffn@MermerAMI@BEIMMUIMBEEMEEMBIZMMEillEMEMMEMEZÉKEuggiiittiMMINIIII 
MEEMMEIEgeffeffiZEMENEMÉMEMIInmemg.--effumne.MEEffilieeireeKeriariME 
ZEMMZEZIM.E.WAMIZIMEMEIEBIZKIYAMErdrerieggiffiliéelFMZZEigqielmiEMM:=' ,1  IRO 
EreffielMIEEM-WeeragEMEIMEMMEMM  mireœfflire-effle 	 .-iromeriluzud ........... 	. ass 	..- 	......=='' 	= 	: 	=... 	 .....21.... 
ri.:ff..M L"Teffed  welereZ:E:EMEliEFMEliefeitlZwesmrc--%:}im"miffeefir-ePunmegiice'EMEIRI 1=1=.. 	= ......=...... •••=1= 	 .. .....:..E.:.:— . 	.:.- us : - v.! 	es...! .:..... 
BEE-E-Eimi -ew I@ lifilEaff.'—@:Enelâmegiliferre...ffl"groareemiloe@IIIMMEIMilmVEMERIIME 
lifiRegungielllifilireieg..,,,reigffliggimideueu"."--- rte-einerulienel eirerie. MLINÎMEIIII 
II Effingffhdial -Mil-au@ReElEIMMEIMZE-;.77.11--EIEL'Enlemize&imiallingEMEIMI 1 z qtagikweg,geukgmgmtivereekmgmemegured.--..-Izereedgeeeinggegeffiggimgm 
'-ii - _-:_!PramEEMEefiliggEMEMMeTIPIEZÉPE-effelmedideFelizregMfeRMIPIMMillii - .., 

iiiMEIMEMZEÉP.Mffigaikeffie-filiMMffinqearemllEPEEM@EMENKIENE' -iEi 
ZEUTElEEN@ZEMIZZIErifighlEENZEIMIEgriegur-iffilE.E.tilffilMreillEIMERIMPAZMil 
EVIIMIZEMIZERILIMMIÈMEEFENIME@MMMEMZZIMEIMELTRIIilIZIEUMV'Elil 
ME •_-, 1::_ ME l'=_'--  IIIIMIZEIMMIIIIMEMEMMEZMEEMIZZISOMMEMEHMEEMIHIIIME r 
ZEIMEIZEIBI l, VINEZINIIIRMIE7fiffilffilllffleriMEZElliZEIZEir INIMMIENIZIM Ili: RE 
11111111Mg.....mumPi, I 

iMMI 
fil 1. rvimenefflowsunnamingratiageureell=gelartineUre 

IIIM 	
iniMIM61111 ''' 1111111111111 1 

11111M11111111111 	 1 i . . Mali 	MIIIIIMERE@IZETEM113111 	111 	i 11111111111111111111111111111111111111111111 
.iiiiiLI • • ' • " "NIIIMEEMS111.11111111111 1 	- 1 IIIMMERIMMM . , 	. giami 	i: .,: .1,....,::,,...........,,„. ., 	.. i.............m.... ......., ., ....,_.: ,.,..,..............................., 	 EMI' 

111111115M11 i BM i• 11111111111MMEMOUBUIMEAMEEZZI111181111111111111 'i .  7 IMINDIMIIIMil 
INEINIIIIMIIIMMICE HI:  4 -,i tï :,.14 ii tilde, ii ii i. loririnsuli 

m  loute ,:il • um 3  1: 3u1111;1;111 :.:ili::fr; :mitimmim Il iiigum-_. 4;i 0M11 ; ; -tiiligilla ii : it , q Im . ! 1.1 	 . 
, .11101111111M111111 	 momiliainLii :ii ii,i MI :,;:i:ANIM.1  



KoE 10 
 X 10 TO THE CENT  I  METER 18 X 25 CM 

KEUFFEL 6 ESSER CO mo.Dt y • • 46 1510 

e  9  i  c ce/ers/o • Bad i// cf-  - 'et  s../07fion 
ifflag.-1.EREEMMIEMMIRIEMIMMULIMIlleillg . :IMEEMIZEIMINIIIMI , ZIEEMMEMIIE11,11MEI. 
@ffie.ffteREETIZZEIMMIZEMII;grainiaBRIVIMIZZERVe4r/5.11WDZIMATTZME:AbriffilEliglinediii 
mr-AMEEEMIZELIBEERM.glIPMZEIM iriLEZEML" EP-7 . datIMMIELSEEMFAR Plitinii 
MEMEMERNE@MEIMEI2NOMMEINIMEEME.Eg . '&142LeiMeigUeé.., Ailiff: te-Ar 81 „, 
g....e.EIUMILIZERMINERIEMIEMMILIMIRIIIMMEEZIMMILIZISM5:EINEMZEIRMÉMUM 
MEMMMEIRMI/INNIIMEEREZEIE111111111111MM@ZEMPlaliffiNEEZille:EIZMIREZEZIIIIII 
Eiffe."-MigMBEIVIfireple krilaIliplIWIMENUMM.IEffiEggIUMM@ERIMÉMOIIII 
Le.@fflrihraTedFiliiilflimt..58tifiallietimminiminecummantnairilele'rsiiiiiiTirgWeEralligilllig 
MEEME..g...ZEITIISLYSIZEIÉRIBfflill111111111REMeffiElifiallegingréggE@WHEM@IIIIIIII 
EEIÉIIM@Kall!iIZE@EEMZMIIIIEIZNIMKIM@E-TEZIIIÉIMMEEIFZEIEEÊMZLRIEMIIIIIIIIlln 
111111MEZEMEEMMINIUMZEIZEIZEINIMIIMEMMENIZEZEILMEIZIMMEMMIIIIMI 
MERIII@EIMERINE.mairIM@MRIIIIIMIEBIZMÉEffiEeLEETÉMIMEMEMEIZEME1111111111111•11 
EEIMITEigKIEBZEMEREEIII@EIMELWNEEMMEEIR111512ZENFffiffEEMMEMERIIIIIIIIII 
ZWETEL9E."E'leMIErt.ed,REAMMIELIETEU*EEEM:74,..,MMITPreflPulE@ENs'ERNIZIMIIIERM =MUM t= 
EMEtuREMBKINIMFMEEMIFZEICEMErIZEZEMEtegragiEZMILI.TaffEPRIZZEIZZINIMIE 
WritreZEMBEIRMELMEMEMMEMZEq.inggramiiffilligERMILIbeiriaMEMIIIPAI,Ii 
EffluEZEZZEMIEMEEMPIEEZZEPAUELTIE-11ERIEBEIMEgririliiiiEFOIZEMIMMINI 
Milà,Z7mr7IffereiriMINZEMIIMICHINEEHM.MÉLUZrmeitil@F-,MigariliklMiXiMir2K1Eil+IMMO 
IMM@EIMEMMINIMETMEMERMELIIPEWEIEgiFffeffigrâMEMMIIIMMIHREMigieillilliiii mtlgieegurniffle.g.eiumidâmpà@Epridgromb.3-eilmpffenjgfizm weejjeeerdimEgsgm 
MIZIEMETIMEdilif I FIERRIZZQM111  ti',.  ÉRIEMEU.MMEZWIIEIBEMEMMETRMIERIIIIIM  :, fi  ME 
Effifflirreffe-4-Alliumfzà.qmmiteggirterateremwaPrinailikirdellgeme7 -mgmlumme 
IMEMEriiIIIIMENIMIZERZIMEMIZERIME'ffEff:EZEINIMEIVEMilifilENZIMEMIIIIIIIIffill 
EMIEBE@MMIldniiiilliE11111111111111MMILIEMEMMEIMMIIIMMEZEiligliZIMEIERIMM11111011111 
IMIMMENIMILJaagliiIMM:-- - 1: IlliallIZIMMIIIIMEMZEZIMMISMEMIBISEERIAMEIMENIO 
lifilIMMIIII":1 - 1011MINZIE: MUM111111111118111111111111ERM31111111111131111EVElil BUMMER 

111111111111ZIMEIUMMIMIMMI 11111111 111 111111111111 	 ili 	ll 1111111111.11111111111MMi   

	

„• 	. 	. , - - 
-- 

lisig1.- MAU  ,' 	I*"  • 111111111 :  .  ' .  ' :  -till  I,. 1H1;-   rignil   
 

•1-. 	. 	';i 
1 » 

 

1egf1171  : .1 	Agri: 	L I j: --  ;  1111 •   
rite  ::, -.-11:  iiii  ::::  I .::  

T:71 

:  ,: i;  4 ....; ; ...: ; 18.  i 
 i4444'..1: 

 : 	; .  :  : : 1  l  i I • : 	. : 	'RI*: ':':!!'. 	:"'.':'  

	

- 	

I 

	

::!• 	)  it 	.:1I • 	, 	: 	:::: 	:::: 	:::: 	':: I, 	: 	 ... 	 '1:: 	l::: 	'; '.:i 	: 	:: 	1:7 	': ' 	l' 	: 	::: 	:::. 	:::: 	l:: 	. 	::17:l:  ::  :it 	:: 	: 	:::i 	:! i t 1! : ' 

	

7•:••.7 	' 	' 	1 	' 	.' 	't : ' 	' 	' 	, 	. 	' 	. 	.. 	, 	: 	. 
I: 	 ;l : : ::.!: ::ll 	::l: LL: i;. 	: 	; 	'.il  ;li: 11:11:” 	l... , i;_ji  •i ' •::: 	ill: 

! 	: 	... 1 ;,•  : 	.: ::.•: 	•:-: 	.' :•  : 	:: 	H l . .. 	; 	• 	' 	i' 	I 	; 	•:. : n 	Milani 1:: l' illir::;! ..i  :!:.. 	... ; .;4. i :..: 1:  iii; 

	

Mil• ■ •• ,,••,.., 	 mingillii:::.;  .,: .1,. !..... ,.  ,•• i : 	, 	_ 	,.., 	•,  •ii:  ,._. 	' 	• 9,- .  .••  Ë IMBRI,„ 1 _ 1. ....,  ..,.  . 	: 	. • 	. 	.,  ______, 
,,,.: _.. 

w• ■ , 	 1::.  :::::El . 	:!:;  :1  ;iji  Eli. 1 

I 

	

:.: 	 :  .1; L 	-1, •!•• - • .  -  -1•• •  • 	 ------, .t.,..!....1  	1 	if 

	

!::.  ::::  :jj{ n-i  	:  :.• : ; : pli  I i i•  I Rugg 	'iglu  .•!.,;.  .0. . !, r.,i• 	....:,..; 	....,  I,I• i :,  ;:• 	,  :::,..: 1  ,,,,,,• 	,....! ....:-... ii -.. fl 	!...:::::  ii.,1  ,...,: ip 	il  

	

•--, 	,..„ ::,, .", .-- 	---, 	:-..1 	, .,.. 	,,.. 	.• 	.,  . 	. 	... 



recorded 
.1/ring times 

ems 

A 

vi■rii f A  

, 

accin.;n hacUill 

1--1 
10.2 ms 

63m5 	8Z es  

4 - Hole 3/a5/ (00/743) 
specified firing -bmes 

I 	I 	l 	1 
30 ms 50 	75 	100m5  





KcE to X 10 TO THE CENTIMETER 18 X 25 CM 
KEUFFEL & ESSER CO MADE LI • 46 1510 

III! 

F 
ent;;;MenIMMEITIMB REMZEIMMUMMEWEEMEEZZEZIMErulaindilihaerOm - cr.' mum fi  
flueStEELIZZEMIEMIZE ENZERIBEEIMMILIfeeffeferReeMenT,MUDEUEMire0 
Mere@MIERMEITIMIRIN'AdEn INZIERILMETÈMere@TOMPLEMZEMMEEMMEEII;EIBE 
eIZEIZZIMELIZEIMMIECIEMMIZEMegiffer=1EZEIROMIEMZEME4.'EMEge.BleililiM - 
MiUMMEZIRINZIEBERIIRIEMEIMIEIllegjED7MgEgingfOgfeCeZEIMeffreZIZZEllià 
EMEMMIMMZEMEIMMEERMZEZEMIEITIMZEÉ-PleffiMMZEEIMM:21111ZIEMIll gammugempagqg  

Y. 	- 	 II , 	 . I I . 	91 1 ■ 1.. 	 t7 r , 	1, . 	., 	• 	 , 	. 	.. ;el Orrelrinie-r:nTrz.e.- e2MUM riN I . 
erl 

, 
ee-MMERISIIII 

ef..n.,,,.,17,...„,?:.Firememe,heeiii.„.7.k.,,,..i.,,, 1À 1.111.711.  â t, it À ee..liEgMlinElin 
ffflikrEigiltHEIMaidülllid.LIMEirgituteMilK@MMMEMMraleciâNMOMP:.2-5. 11='ZIMIIII: 
@ME@Re..EIMMIZEIERMEEFERMIIME:ZEIMMEMIZIffEEMZEMMEELÉZMERBZ 
EeeZEMEMBERMEIELIMMEIERMZELr.-7-ZMillEeeng-MetTege-agligeZEMP::ZEM 
MkiENKIM@É-UNlii@RIffirrElEIMEJEMEgleireff-q-5=3-elltd@EME:12-"MliPerT7M3PACineXCUFL 
MUffle-WEIME-P=MmâlIMIETJZZIVÉIgre. q."&"-e-É-1:1"9.Pige-19.2rÉE-Eirderetlefferall± 5 
zug@mreemmffeememagimmE9--# EigjKil--qUeg-ZiErinbege-r.rie-EZEMEMPrefiffee--Mt - 
EP.àffreri...5-MieiligneEiEMEMEREPLE-iiElliffeE-e-erfr4rdergeiree

eem  
ee-WàlE.F..PT:LIMIniEnief-litfUgr - 

MMEM@MeMMEILIEERIÉRIMTÉISMEleiiire wi-e-gm-e--"-rfret=negymemireenewm --  
emumwerreenimmuffeeE.2..exiummer-i---ereimmierageirgiiimumeenneumui 
mwEmgLr:N-raee:ffizzmmmRqzreweiri- ecieoe--à-az-]EurraEïe•eerfreiânerdfteïurilrmzq 
elfeereMierefirMivilifitiNeireLrilwoinFrwencigrmrfulimiffelifievemzuffi 

i Ékl../11 ÀtÀ Age. d flee] d LIU d it PULA fe-uie-1411.:MAte-idiiiii'iibmgkmoira limumweres 
râmmiEEPrâmEimuzim@nflfilik»affEgedgifiéleigerene-hlEigiNffiâraNgn llifiralliMe:2.511MIEIBIZENI 
WeERMÉrÉe.q.MMEZEMIIMÉNZEINEIVEMMME---MMMEME11:411-2FIUMMIEM 
MZEZETEEMIZZIERMIEMMEAMMEff9PUMI-SeeffELIMPTIMIPWEggelerilEaffill 
iffillEiffirliZZEMININEMERIZEMIIREIZERSZeifferlireMBEZZEMEEffillEIMElf 311 
11EZEZZEIEllii.ZEINUMBEREMEZZIEMINE-Effei- FeMEIMIZZEHMEIMIZEIMMINIZZ 
MEMBER@ ti' i MiliELI 1  MILIIIMMINMEREffegliratalMMZEIMEIMIIMILMNIIHOMBE 
r&  efinei,iiiMregilIMMUIWeWeeriTinirlifiMeerIMMW ' 'MVO' IN 

Awl., à“,kiàiiiruiar i,,...i iiihià 61.iiii 	à 	I JiiilliardaidlilkiLlierlidAliikiikaiLe iiàÀga 	' 

	

... . 4 :,-: 	
Illidilla illil 

IMMERIMIIIIIIIIM ",--- I --:-» -7. ,  !:i E ili IMEIZEZILIIM3 	M 
, i • :1 "4  ES a Ea WM a a MUM I  

UM cii;-ii .#11111111 

ii .:i ;: .::an ..i .  mum op,,IMMMERilliZIEZIMMIIMIMMIJIINNZIMEI! 11 
,:,: L•gzia.1,•ifil 	 mg, 1,1 	BEIEMZZEMEME ill REM :=-ii i:ii NNE :14 Ell2 

IIIMMIZIRIMME11:1='.1111111111M111 
MINEUNIIIII i!P RIZENCIIZIMI il; Man 

IIIIIMMIMIUMIMI:1 11MINEEMINFIMENIEMERIIII.B.111111811M111 
Elm 	WI i RIM : ii: RUMBEIMIN iill 'Ili 111113111: ri MU Milani 

1 

	

:1 1 ;   	

TF-7.1 . 	pp ml  
..-•  



where 'a' is the peak acceleration in X is the distance to centre of I > 

a 	352 
)-1.53 

-10- 

degree of scatter in the measured data. The trend line shown in Fig. 7 

represents measurements obtained at station S-1 and S-2 within the backfill 

from over ten blasts. The upper level data represent the 63 mm diameter 

blast, the rest, the 100 mm diameter blast. 

Although the data are limited they show good linear fit, and can be repre- 

sented by the following equation, 

44 
 (

y -1.53 
iiej7i) , ' a 

charge in metres, and W is the explosive charge weight in kg. The higher 

level accelerations recorded from the 63 mm diameter blast appear anomalous. 

Clearly more work needs  to  be done in both 100 mm and 63 mm diameters. 

As stated earlier, there is a considerable increase in both amplitude and the 

frequency of vibration signal in hard rock when compared to those obtained in 

backfill material. Detailed analysis of the data obtained in hard rock falls 

outside the scope of this study. However, the amplitude characteristics of 

acceleration in hard rock at the mine can be estimated from the following. 
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CONCLUSION  

The acceleration levels within the dense backfill have been successfully 

measured for a variety of blasting conditions. 

A working peak-acceleration vs. scaled distance relation, equating acceler-

ation levels with explosive charge-weight and distance, has been derived. 

This represents the first step in describing the vibration transmission char-

acteristics of the dense backfill. 

The backfill exhibits significant amplitude as well as frequency attenuating 

properties for the small single-hole blasts (5 kg to 55 kg of explosive) and 

the distance range studied (up io 35 m). The maximum resultant acceleration 

recorded just inside the backfill was 2.3 g. Further into the fill it was 

typically 1.0 g. The corresponding frequency reduced to 155 Hz from 500 Hz. 

The duration of vibrations within the backfill was 60 Msec although the cor-

responding detonation event giving rise to these vibrations was less than 1 

msec in duration. The major fraction of the vibration energy was however 

limited to about 15 msec. 

The acceleration signals are exceedingly complex and cannot be represented by 

a simple loading function in the laboratory to determine the response of the 

dense backfill. Any analytical approach would have to take into account this 

complex waveform as the input loading function. 
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There appears to be a clear distinction between vibration signals from a small 

diameter (63 mm) and an intermediate diameter (100 mm) blast, with the latter 

yielding lower frequency vibrations. 

In view of the excessive duration of vibration signals in the backfill even 

with single-hole blasts, it is certain that some superposition of acceleration 

would occur in multi-hole delay blasts or regular production blasts. The 

degree of superposition resulting in possible vibration enhancement would have 

to be determined by actual monitoring of such blasts. 

During the course of these, two regular production blasts were also monitored. 

These blasts produced very low levels of vibration in the backfill. 
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1.0 INTRODUCTION 

This report presents the results of a cone penetration testing (CPT) and 
seismic cone penetration testing (SCPT) program carried out on modified 
mine tailings which have been used as underground backfill at Dome Mine 
in South Porcupine, Ontario. This program was carried out between March 
7 and March 11, 1988. The work is part of a detailed geotechnical 
program being carried out on the backfill material by McGill 
University for Placer Dome Inc. We understand that additional 
geotechnical input has also come from Journeaux, Bedard and 
Associates. 

It is our understanding that the purpose of the geotechnical program as 
a whole is to determine in situ strength, deformation and hydrogeologic 
parameters. The use of the piezometer cone penetration test was 
therefore suggested to augment previous testing data. We understand 
that this short program, consisting of four cone soundings (including 
one with seismic data collection), was carried out as a trial to 
evaluate the potential of using the cone as an accurate, reliable and 
economical means of providing the necessary in situ geotechnical 
information for design, verification of backfill adequacy, and for 
determining liquefaction potential of the backfill material. 	• 

Upon review of the data presented herein and in light of the logistical 
success of the cone equipment, we suggest that this program has 
demonstrated the vast potential for the utilization of the electric 
piezometer cone (with or without seismic capability) in the underground 
environment as the premier tool for determining geotechnical parameters 
of underground backfill. 

The funding for this program came from three sources: 

(1) Dome Mines (45%) 

(2) Journeaux, Bedard & Associates (22%) 

(3) ConeTec Investigations Ltd. (33%) 

The funding contributions of Dome Mines and Journeaux, Bedard & 
Associates was through payment to ConeTec Investigations Ltd for 
services provided. ConeTec's contribution came from a reduction in both 
fees and equipment modification and construction. 

Placer Dome Inc., Dome Mines 	 -2- 
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2.0 FIELD EQUIPMENT  AND PROCEDURES  

2.1 Electric Cone Testing 

The cone penetration tests (CPT) were carried out by ConeTec 
Investigations Ltd. of Vancouver, British Columbia using an integrated 
electronic cone system. A 10 ton subtraction type cone was used for all 
of the soundings. This cone has a tip area of 10 sq. cm. and friction 
sleeve area of 150 sq. cm. A piezometer element 5 mm. thick is located 
immediately behind the cone tip. The subtraction cone is designed with 
an equal end area friction sleeve and a tip end area ratio of 0.85. 
Refer to Figure 1 for an illustration of the subtraction cone. 

The cone used during the program was capable of recording the following 
parameters at 5 cm. depth intervals: 

— Tip Resistance (Qc) 

— Sleeve Friction (Fs) 

— Dynamic Pore Pressure (Ut) 

— Temperature (T) 

— Cone Inclination (1) 

The cone and accompanying data acquisition systems were also capable of 
recording shear (S) and compression (C) wave arrival times. 

The above parameters, excluding the S and P wave velocities were printed 
simultaneously on a printer and stored on a bubble cassette cartridge 
for future analysis and reference. 

The pore pressure element was located directly behind the cone tip. The 
pore pressure element was 5.0 mm thick and consisted of porous plastic. 
Each of the elements were saturated in glycerin under vacuum pressure 
prior to penetration. Pore pressure dissipations were recorded at 5 
second intervals during pauses in the penetration. 

A complete set of baseline readings were taken prior to each sounding to 
determine temperature shifts and any zero load offsets. Establishing 
temperature shifts and load offsets enables the engineer to make 
corrections to the cone data where necessary. These corrections are 
extremely important, especially where the load conditions are relatively 
low, and generally are the single largest source of error with respect 
to the accuracy of cone data. 

Placer Dome Inc., Dome Mines 	 —3— 
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The cone was pushed using a specially designed hydraulic ram assembly 
with an approximate capacity of 10 tons. The ram assembly was supplied 
by ConeTec. Dome Mines supplied the hydraulic power pack. 

Three cone penetration tests and one seismic cone penetration tests were 
performed. The penetration tests were carried to depths varying between 
6.4 meters and 28.5 meters below the existing ground surface. It is our 
understanding that the test holes were located accurately in the field 
by personnel under the direction of Dome Mines. 

2.2 Seismic Cone 

The equipment and procedures used in this investigation in general were 
as developed at UBC and reported by Rice, 1984, Laing, 1985 and 
Robertson et al, 1986. The procedure was incorporated within the cone 
penetration test (CPT) and conducted when the cone penetration test was 
stopped to add additional push rods. At the end of the first push, and 
at one meter intervals thereafter, shear wave velocity measurements were 
made. The CPT rods are one meter long, and therefore accurate depth 
intervals were ensured by always pushing the cone rods one meter and 
ending at the limit of the hydraulic ram system. 

Shear waves were generated by striking a steel beam which was held down 
by rock jacks which were jacked against the back of the stope. This 
method provided excellent coupling of the beam to the ground surface. 
The steel beam was approximately 2.3 meters long, 0.2 meters wide and 
0.2 meters deep. The centre of the beam was offset horizontally from 
the cone rods a distance of 3.3 meters. This offset was accounted for 
in the velocity calculations. 

A friction reducer was used to reduce the friction between the soils 
penetrated and the cone rods behind the cone. The particular reducer 
used is oversized compared to conventional reducers to facilitate the 
decoupling of the cone rods from the soils in an effort to produce a 
high quality signal and produce a high signal to noise ratio. 

The beam was struck lightly for shear wave generation using a 7.25 kg 
sledge hammer in a horizontal direction, parallel to the active axis of 
the transducer, first from one end and then the other. Each wave was 
inspected and the procedure was repeated if necessary. Occasionally, 
excessive vertical components of the striking force resulted in 
excessive generation of compressional waves and the procedure was 
repeated. A contact trigger between the beam and the,hammer produced 
accurate triggering times and allowed for the accurate timing of S wave 
markers. 

After each pair of wave traces was recorded, inspected and saved, the 
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two traces were overlain on a digital oscilloscope screen and the
arrival and first crossover times were selected.

The shear waves were detected by a horizontally active geophone in the
cone which was offset above the cone tip a distance of 0.2 meters. This
offset is accounted for in all calculations. The geophone signal was
amplified by 100 times prior to processing in the storage oscilloscope.
The oscilloscope sampled at a frequency of 50 kHz (ie. 50,000 samples
per second). In general, 15,000 sample points were taken per wave
trace. The voltage resolution used was 8 bit. In order to maintain
acceptable voltage resolution the input sensitivity of the signal was
increased with depth to maintain the full voltage resolution.

3.0 CONE PENETRATION TEST DATA AND INTERPRETATION

3.1 CPT Data

The cone penetration test data is presented in graphical form on Figures
2 to 5 inclusive following the text of the report. Penetration data is
referenced to existing ground surface. This includes the wall level
where horizontal and inclined penetration was carried out for soundings
CPT 700-1 and CPT 700-2.

The stratigraphic interpretation is-based on relationships between cone
bearing, Qc, sleeve friction, Fs and dynamic pore pressure Ut. The
friction ratio, Rf (sleeve friction divided by cone bearing) is a
calculated parameter which is used to infer soil behaviour type.
Generally, cohesive soils have high friction ratios , low cone bearing
and generate large excess pore water pressures. Cohesionless soils have
lower friction ratios , high cone bearing and generate little in the way
of excess pore water pressures.

The interpretation of soils encountered on this project was carried
-ûsing recent correlations developed by Robertson et al.(1986) (refer to
Figure 6). It should be noted that it is not always possible to clearly
identify a soil type based on Qc. Fs and Ut. Occasionally soils will
fall within different soil categories on the two different charts shown
in Figure 6. In these situations, experience and judgment and an
assessment of the pore pressure dissipation data should be used to infer
the soil behaviour type. The correlations were developed for naturally
occurring soil deposits, not for mine tailings. However, based upon
considerable experience with cone penetration testing and analyses in
mine tailing deposits, the correlations appear to work reasonably well
in these materials. Computer tabulations of the interpreted soil types
(based on the upper chart in Figure 6), along with certain other
geotechnical parameters for each cone hole is presente&in Figures 7 to
10 following the text of the report. Reference should be made to those
articles listed in Appendix A for a description of the methods used to
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calculate the geotechnical parameters. 

For this investigation, the soil type was known because the backfill 
material was placed under controlled conditions; le.  it is not a natural 
deposit. However, the soil behaviour type interpreted from the cone 
data will still vary somewhat over the depth of each hole due mainly to 
cement content of the mine tailings; the cement to tailings ratio does 
not appear to be constant. 

The backfill material for the most part appears to be unsaturated and 
therefore the potential for liquefaction under the present 
hydrogeological regime is reduced. However, if these conditions do 
change, zones of liquefiable materials may be present. On Figures 7 to 
10 cyclic stress ratios are presented with the interpreted cone data. 
These values should be studied with respect to the design seismic 
event(s) if it is felt that saturation is a possibility for some or all 
of the backfill. A detailed geotechnical assessment of the liquefaction 
potential of the backfill material was not part of our terms of 
reference for this project. 

3.2 Seismic Data and Interpretation 

The variation in shear wave velocity with depth calculated for CPT 600-2 
is shown in Figure 11.following the text of the report. The velocity 
profile shows the shear wave velocity plotted at a depth midway between 
the one meter test intervals. The pertinent data for the seismic 
profile is presented in Tables 1. Based on the seismic cone test data 
presented, the shear wave velocities in the penetrated tailings backfill 
vary quite widely between about 170 m/sec and 930 m/sec. The wide range 
in the in situ shear wave velocities measured is most likely due to the 
close proximity of the hanging wall of the backfilled stope to the cone 
sounding location. It is apparent by looking at the results that an 
irregular hanging wall surface had a significant effect on some the 
shear wave velocities measured (values of greater than approximately 400 
m/sec). Reflected and converted waves which travel much quicker in the 
rock than in the soil (backfill) have masked the true shear wave 
arrivals. The dynamic shear modulus (Gmax) at each test location was 
calculated from the relationship: 

where: 

Gmax = p x Vs x Vs 

p - the mass density estimated at 1800 kg/m3 

Vs = the shear wave velocity 

The variation in the dynamic shear modulus with depth is plotted on 
Figure 12. 
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By striking the beam at each end, two wave traces were recorded and 
overlain. These "polarized" wave traces better define the arrival and 
crossover markers. 

The shear waves generated by this type of source are vertically 
propagating waves with a horizontal particle motion. They have a small 
amplitude and are thus representative of a small strain phenomenon. 

The shear wave arrivals and crossovers were converted to interval 
velocity measurements using the following procedure. For the first 
interval, the first shear wave arrival was used. For subsequent one 
meter intervals, the crossover times were used to calculate the interval 
velocity. The use of crossover times was researched at UBC by Rice, 
1984, who found that they were much easier to define than arrival times. 
An example showing arrival and crossover markers for a shear wave is 
shown in Figure 13. After selecting the first arrival time and 
crossover times each was corrected for the horizontal offset of the 
shear source by assuming a straight line travel path. This correction 
is significant in the upper several meters. From the corrected times 
and change in depth, the interval velocities were calculated. This 
interval velocity is representative of the soils between the depths 
where the measurements were taken. 	. 

Overall, the seismic data appears useful and the small strain shear 
modulus values calculated are generally reasonable. As mentioned above, 
the shear wave velocities of greater than approximately 400 m/sec. are 
probably influenced by bedrock interference. Where these higher shear 
wave velocities are measured, the shear modulus will also be calculated 
as being higher than is the actual case for the material. 

The second geophone (perpendicular to the other in the horizontal plane) 
essentially showed no response during the testing. This lack of response 
is as would be predicted for the situation where the cone was properly 
aligned with respect to the seismic source and no rotation of the cone 
was permitted during the sounding. 

Placer Dome Inc., Dome Mines 	 —7— 



Per: 

ConeTec Investigations Ltd. 

4.0 CLOSURE 

This program was unique in both location of the test program (up to 700 
feet below ground surface) and the hydraulic assembly used to push and 
pull the cone and cone rods. Despite these constraints, four successful 
cone soundings were performed in three days of testing. We are certain 
that if more testing was to be carried out, significant improvements 
could be made to the rani  assembly to reduce the setup time which 
comprises well over 50% of the actual production time spent underground. 
As stated in the introduction to this report, we are confident that the 
electric cone is the most accurate, reliable and economic method 
available for providing in situ geotechnical parameters of the tailings 
backfill material. If more extensive programs using the cone in the 
backfill are performed, correlations with properties such as cement 
content, liquefaction potential ,  shear and volumetric strain potential 
under cyclic mobility, may be obtained from the cone data in addition to 
the parameters presented within this report. 

In addition, we would be glad to undertake a much more detailed study of 
the liquefaction/cyclic mobility of the backfill materials on a 
consulting basis using the cone data available. We would perform 
parametric analyses by investigating various hypothetical hydrologic 

- situations. 

We trust that the information presented in this report is sufficient for 
• your purposes. If you have any questions regarding the contents of the 

report, please do not hesitate to contact our office. 

Yours truly, 

ConeTec Investigations Ltd. 

Michael Davieà, M.A;,Sc. 

Pe7i 	 - 

'David Woeller, M.Eng., P.Eng. 
President 
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eters) 	(feet) 	(bar) 	(bar) 	(X) 	(kPa) 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
8.50 
9.00 

9.50 
10.00 
10.50 
11.00 
11.50 
12.00 
12.50 
13.00 
13.50 
14.00 
14.50 
15.00 
15.50 
16.00 
16.50 
17.00 
17.50 
18.00 
18.50 
19.00 

1.64 
3.28 
4.92 
6.56 
8.20 
9.84 

11.48 
13.12 
14.76 
16.40 
18.04 
19.69 
21.33 
22.97 
24.61 
26.25 
27.89 
29.53 
31.17 
32.81 
34.45 
36.09 
37.73 
39.37 
41.01 
42.65 
44.29 
45.93 
47.57 
4121 
50.85 
52.49 
54.13 
55.77 
57.41 
59.06 
60.70 
62.34 

ContractOr ConeTec 
On Site  Loc:DOME 600-2 
Comments 	:130-106 
.Tot. Unit Wt. (avq) : 19 kPa 

CPT Date 	:9 MARCH 1988 
Cone Used :HT 192 STD 511M 
Water table (meters : 28.5 

1.76 
3.63 
3.88 
2.35 
0.69 
0.86 
1.51 
1.30 
1.12 
0.71 
1.31 
1.01 
1.76 
1.62 
1.06 
0.98 
1.14 
2.76 
1.43 
2.31 
4.16 
3.82 
3.01 
0.82 
0.77 
0.71 
1.61 
0.64 
0.94 
0.78 
0.59 
1.74 
3.79 
4.73 
3.65 
1.99 
1.94 
0.75 

>48 
>48 
>48 

44-46 
38-40 
38-40 
40-42 
38-40 
36-38 
34-36 
36-38 
34-36 
36-38 
36-38 
32-34 
32-34 
32-34 
38-40 
32-34 
34-36 
36-38 
36-38 
34-36 
30-32 
UNDID 

(30 
32-34 

(30 
(30 
<30 
<30 

30-32 
34-36 
36-38 
34-36 
30-32 
30-32 

(30 

133.84 
204.75 
198.58 
133.03 
45.22 
55.95 
99.68 
89.97 
68.42 
47.28 
81.72 
66.60 

110.01 
95.97 
65.63 
60.40 
64.64 

161.84 
83.54 

121.23 
181.65 
186.64 
141.56 
77.19 
30.06 
42.82 
99.19 
54.69 
59.80 
50.47 
42.62 
89.84 

210.06 
248.76 
197.41 
121.51 
128.30 
45.42 

1.32 	4.75 
1.77 	14.24 
1.95 	23.74 
1.77 	33.24 
1.52 	42.73 
1.53 	52.23 
1.51 	61.73 
1.44 	71.22 
1.64 	80.72 
1.51 	, 10.21 
1.60 	99.71 
1.52 	101.21 
1.60 	118.70 
1.69 	128.20 
1.62 	137.70 
1.63 	147.19 
1.77 	156.69 
1.71 	166.18 
1.71 	175.68 
1.91 	185.18 
2.29 	194.67 
2.05 	204.17 
2.12 	213.67 
1.07 	223.16 
2.50 	232.66 
1.65 	242.16 
1.62 	251.65 
1.18 	261.15 
1.57 	270.64 
1.55 	280.14 
1.39 	289.64 
1.94 	219.13 
1.81 	308.63 
1.90 	318.13 
1.85 	327.62 
1.53 	337.12 
1.51 	346.61 
1.66 	356.11 

sand to silty sand 
sand to silty sand 
sand to silty sand 
sand to silty sand 

silty sand to sandy silt 
silty sand to sandy silt 

sand to silty sand 
sand to silty sand 

silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 

sand to silty sand 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 

sand to silty sand 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 

sand to silty sand 
silty sand to sandy silt 

sand to silty sand 
sandy silt to clayey silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 
silty sand to sandy silt 

sand to silty sand 
sand to silty sand 
sand to silty sand 
sand to silty sand 
sand to silty sand 

silty sand to sandy silt 

>90 
>90 
>90 
)10 

50-60 
50-60 
70-80 
60-70 
50-60 
40-50 
60-70 
50-60 
60-70 
60-70 
50-60 
40-50 
40-50 
70-80 
50-60 
60-70 
70-80 
70-80 
60-70 
40-50 
UNDFND 

<40 
50-60 

<40 
(40 
<40 
(40 

40-50 
70-80 
70-80 
60-70 
50-60 
50-60 

(40  

33 	>50 
)50 	>50 
50 	>50 
33 	>50 
15 	23 
19 
25 
22 
23 
16 
27 
22 
28 
32 
22 
20 
22 
40 
28 
40 

)50 
47 
47 

- 19 
12 
14 
33 
18 
20 
17 
)4 
30 

>50 
)50 
49' 
32 
32 
15 

26 
31 
26 
25 
16 
27 
21 
25 
28 
18 
16 
17 
31 
21 
29 
43 
32 
32 
13 
8 
'3 

21 
11 
12 
10 

8 
17 
30 
35 
27 
17 
17 

8 

) 0.5 
>0.5 
>0.5 
>0.5 
. 34e 

 .40x 
.36, 
.28 
.39x 
.25x 
. 46e 

 .31x 
.27 
>0.5 
.28% 
.25x 
.26x 
.35 
.31x 
>0.5- 
)0.5 
.38x 
>0.5 
.13x 
UNDF 
.17x 
.30x 
.I9x 
.20x 
.18x 
.I6x 
.26x 
.33 
.46 
.29 
.18 
.18 
.16x 

- All sands (Jamiolkowski et al. 1985) PHI - 	Durgunoglu and Mitchell 1975 CSR: Seed et al. 1983 - Mr.7.5 

x - Seed's correction of 7.5 blows/foot has been applied to NI 

# 1 # 1  Note: For interpretation purposes the PLOTTED CPT PROFILE should be used with the TABULATED OUTPUT from CPTINTR1 (v 3.02) 

Figure 8. 



F^L_.ÉN cE 13 (3 1-1 E I V-4i-- -

- n•L- r•El C L-C, r i::: rical ez:_ On Si Lca 600..-2

------------------------------------------------------------------------------------------------------------------------------
DEPTH Ac (avg) Is (avg) R( (avg) SIGV' SOIL BEHAVIDUR TYPE Eq - Dr PHI SPT SPT CSR

ers) (feet) (bar) (bar) (X) (kPa) (2) deg. N NI
------------------------------------------------------------------------------------------------------------------------------
19.50 63.98 41.05 0.98 2.09 365.61 sandy silt to clayey silt UNDFND UNDFD 19 10 UNDF
?0.00 65.62 123.74 2.05 1.65 375.10 sand to silty sand 50-60 30-32 31 16 .16
20.50 67.26 95.56 1.86 1.95 384.60 silty sand to sandy silt 40-50 (30 32 16 .25x
21.00 68.90 121.01 1.68 1.39 394.10 sand to silty sand 50-60 30-32 30 15 .16
21.50 70.54 182.49 3.20 1.75 403.59 sand to silty sand 60-70 32-34 46 22 .24
22.00 72.18 89.58 1.56 1.74 413.09 silty sand to sandy silt 40-50 (30 30 I5 .23x
22.50 73.82 64.65 0.90 1.52 422.58 silty sand to sandy silt <40 (30 22 10 .19x
23.00 75.46 50.44 0.80 1.59 432.08 silty sand to sandy silt (40 (30 17 8 .16x
23.50 77.10 40.47 0.50 1.24 441.58 silty sand to sandy silt (40 (30 13 6 .14Y
24.00 78.74 62.16 0.90 1.46 451.07 silty sand to sandy silt <40 (30 21 10 IBx
24.50 80.30 104.19 1.54 1.48 460.57 sand to silty sand 40-50 <30 26 12 .12
25.00 92.02 111.51 1.93 1.64 470.07 sand to silty sand 40-50 (30 23 13 .14
25.50 83.66 91.42 1.44 1.50 479.56 silty sand to sandy silt 40-50 (30 30 14 .22x
26.00 85.30 99.63 1.48 1.40 409.06 sand to silty sand 40-50 (30 25 II .11
26.50 86.94 00.49 1.19 1.40 490.55 silty sand to sandy silt (40 (30 27 12 .12 0x
27.00 88.58 26.23 0.26 1.00 508.05 silty sand to sandy silt <40 (30 9 4 .12t
27.50 90.22 64.07 1.00 1.66 517.55 silty sand to sandy silt <40 (30 22 9 .18x
20.00 91.06 120.52 2.10 1.75 527.04 silty sand to sandy silt 40-50 (30 40 17 .26x
--------------------------------------------------------------------------------------------------------------------------------

Dr - All sands (Jasiolkouski et al. 1985) PHI - Durgunoglu and Mitchell 1975 CSP,: Seed et al. 1983 - M=7.5

x- Seed's correction of 7.5 blovs/foot has been applied to N1

if Note: For interpretation purposes the PLOTTED CPT PROFILE should be used with the TABULATED OUTPUT iroa CPTINTRI (y 3.02) r}r}

Figure 8. cont.



fn.  L_ seN, i LE F.P.: • Expr-le- 	I PAC: .... 

Contractor ConeTec 
On Site Loc:DOME 700-1 
Comment 	:00-106 
Tot. Unit Wt. (aye) : 19 kPa 

CPT Date 	:9 HARCH 1900 
Cone Used :HT 192 STD 5 MM -
Water table (meters) : 

DEPTH 	Oc (avg) 	Is (avg) 	RI  (avg) 	SIGV 1 	SOIL-BEHAVIOUR TYPE 	Eq - Dr 	PHI 	SPI 	SPI 	CSR 
leters) 	(feet) 	(bar) 	(bar) 	(7.) 	(kPa) 	 (7.) 	deg. 	N 	NI 

	

0.50 	1.64 	8.94 	0.09 	0.96 	4.75 	clayey silt to silty clay 	UNDFND 	UNDFD 	4 	20 	UNDF 

	

1.00 	3.28 	38.22 	0.52 	1.37 	14.24 	silty sand to sandy silt 	60-70 	42-44 	13 	33 	)0.5 

	

1.50 	4.92 	25.31 	0.43 	1.69 	23.74 	sandy silt ,  to clayey silt 	UNDFND 	UNDFD 	10 	21 	UNDF 

	

2.00 	6.56 	20.41 	0.48 	2.37 	33.24 	clayey silt to silty clay 	UNDFND 	UNDFD 	10 	18 	UNDF 

	

2.50 	8.20 	16.53 	0.50 	3.01 	42.73 	clayey silt to silty clay 	UNDFND 	UNDFD 	8 	13 	UNDF 

	

3.00 	9.84 	10.13 	0.35 	3.41 	52.23 	silty clay to clay 	UNDFND 	UNDFD 	7 	3 	UNDF 

	

3.50 	11.48 	7.24 	0.28 	3.83 	61.73 	 clay 	 UNDFND 	MVO 	7 	9 	UNDF 

	

4.00 	13.12 	5.00 	0.26 	5.26 	71.22 	 clay 	 UNDFND 	UNDFD 	5 	6 	UNDF 

	

4.50 	14.76 	2.06 	0.20 	6.47 	80.72 	, 	clay 	 UNDFND 	UNDFD 	3 	3 	UNDF 

	

5.00 	16.40 	6.37 	0.19 	3.01 	' 10.21 	 clay 	 UNDFND 	UNDFD 	6 	7 	UNDF 

	

5.50 	18.04 	70.54 	1.09 	1.55 	99.71 	silty sand to sandy silt 	50-60 	36-38 	24 	23 	.35x 

	

6.00 	19.69 	156.38 	2.20 	1.41 	109.21 	sand to silty sand 	70-80 	40-42 	39 	37 	)0.5 

Dr - All sands (Jamiolkowski et al. 1185) 	PHI - 	Durgunoglu and Mitchell 1975 	CSR: Seed et al. 1983 - M=7.5 

x - Seed's correction of 7.5 blows/foot has been applied to NI 

iii Note: For interpretation purposes the PLOTTED CPT PROFILE should be used with the TABULATED OUTPUT from CPTINTR1 (v 3.02)  *iii  

Figure 9. 



F7" I_ e -•"›. 	 r)11:1 E 	I  NI PC: - 

Contractor ConeTec 
On Site Loc:DOME 700-2 
Comments 	:00-106 
Tot. Unit Nt.  (avd) : 19 kPa 

CPT Date 	:10 MARCH 1938 
Cone Used :HT 192 STD 5 MM 
Water table (meters) : 29 

DEPTH 	Oc (avg) 	Is (avg) 	RI  (avg) 	SIGV' 	SOIL BEHAVIOUR TYPE 	Eq - Dr 	PHI 	SPI 	SPI 	CSR 
eters) 	(feet) 	(bar) 	(bar) 	(%) 	(kPa) 	 (7.) 	deg. 	N 	Ni  

	

0.50 	1.64 	18.74 	0.28 	1.49 	4.75 	sandy silt to clayey silt 	UNDFND 	UNDFD 	7 	34 	UNDF 

	

1.00 	3.28 	36.18 	0.66 	1.81 	14.24 	sandy silt to clayey silt 	UNDFND 	UNDFD 	14 	38 	UNDF 

	

1.50 	4.92 	51.82 	1.16 	2.23 	23.74 	sandy silt to clayey silt 	UNDFND 	UNDFD 	21 	42 	UNDF 

	

2.00 	6.56 	20.84 	0.36 	1.73 	33.24 	sandy silt to clayey silt 	UNDFND 	UNDFD 	8 	14 	UNDF 

	

2.50 	8.20 	11.52 	0.14 	1.21 	42.73 	sandy silt to clayey silt 	UNDFNO 	UNDFD 	5 	7 	UNDF 

	

3.00 	9.84 	58.97 	0.92 	1.57 	52.23 	silty sand to sandy silt 	60-70 	38-40 	20 	27 	.45x 

	

3.50 	11.48 	97.30 	1.27 	1.31 	61.73 	sand to silty sand 	70-80 	40-42 	24 	31 	.34 

	

4.00 	13.12 	103.25 	1.22 	1.18 	71.22 	sand to silty sand 	70-80 	40-42 	26 	30 	.34 

	

4.50 	14.76 	87.77 	1.56 	1.77 	80.72 	silty sand to sandy silt 	60-70 	38-40 	29 	32 	)0.5 

	

5.00 	16.40 	54.55 	1.06 	1.95 	90.21 	silty sand to sandy silt 	50-60 	34-36 	18 	19 	.28x 

	

5.50 	18.04 	54.30 	0.86 	1.50 	99.71 	silty sand to sandy silt 	40-50 	34-36 	18 	18 	.27x 

	

6.00 	19.69 	35.42 	0.46 	1.30 	109.21 	silty sand to sandy silt 	<40 	30-32 	12 	11 	.I9x 

	

6.50 	21.33 	63.99 	1.03 	1.61 	118.70 	silty sand to sandy silt 	50-60 	34-36 	21 	19 	.29x 

	

7.00 	22.97 	60.04 	1.14 	1.90 	128.20 	silty sand to sandy silt 	40-50 	32-34 	20 	18 	.27x 

	

7.50 	24.61 	70.31 	1.12 	1.59 	137.70 	silty sand to sandy silt 	50-60 	32-34 	23 	20 	.29x 

	

8.00 	26.25 	56.14 	0.71 	1.27 	147.13 	silty sand to sandy silt 	40-50 	30-32 	19 	15 	.24x 

	

8.50 	27.89 	90.90 	1.43 	1.58 	156.69 	silty sand to sandy silt 	50-60 	34-36 	30 	24 	.36x 

	

3.00 	21.53 	29.24 	0.57 	1.93 	166.18 	sandy silt to clayey silt 	UNDFN0 	UNDFD 	12 	1 	UNDF 

	

9.50 	31.17 	87.25 	1.43 	1.64 	175.68 	silty sand to sandy silt 	50-60 	32-34 	29 	22 	.32x 

	

10.00 	32.81 	83.37 	1.63 	1.96 	185.18 	silty sand to sandy silt 	50-60 	32-34 	28 	20 	.30x 

	

10.50 	34.45 	44.29 	0.82 	1.84 	194.67 	silty sand to sandy silt 	(40 	(30 	15 	10 	.I9x 

	

11.00 	36.03 	84.14 	1.14 	1.35 	204.17 	sand to silty sand 	50-60 	32-34 	21 	15 	.15 

	

11.50 	37.73 	108.17 	2.01 	1.86 	213.67 	silty sand to sandy silt 	50-60 	32-34 	36 	24 	.37x 

	

12.00 	39.37 	113.44 	1.88 	1.66 	223.16 	sand to silty sand 	50-60 	32-34 	28 	19 	.20 

	

12.50 	41.01 	74.26 	0.83 	1.12 	232.66 	sand to silty sand 	40-50 	3e-32 	19 	12 	.12 

	

13.00 	42.65 	28.92 	0.34 	1.17 	242.16 	silty sand to sandy silt 	(40 	(30 	10 	6 	.I4x 

	

13.50 	44.29 	41.98 	0.70 	1.67 	251.65 	silty sand to sandy silt 	(40 	(30 	14 	9 	.17x 

	

14.00 	45.93 	54.96 	0.67 	1.22 	261.15 	silty sand to sandy silt 	(40 	(30 	18 	II 	.20x 

	

14.50 	47.57 	43.05 	0.63 	1.47 	270.64 	silty sand to sandy silt 	<40 	(30 	14 	9 	.17x 

	

15.00 	49.21 	112.37 	1.71 	1.52 	280.14 	sand to silty sand 	50-60 	32-34 	28 	17 	.17 

	

15.50 	50.85 	107.84 	1.56 	1.45 	289.64 	sand to silty sand 	50-60 	30-32 	27 	16 	.16 

	

16.00 	52.49 	76.71 	1.28 	1.67 	299.13 	silty sand to sandy silt 	40-50 	<30 	26 	15 	.23x 

	

16.50 	54.13 	73.59 	1.10 	1.50 	308.63 	silty sand to sandy silt 	40-50 	<30 	25 	14 	.22x 

	

17.00 	55.77 	58.13 	1.00 	1.72 	318.13 	silty sand to sandy silt 	<40 	<30 	19 	11 	.19x 

	

17.50 	57.41 	89.43 	1.40 	1.57 	327.62 	silty sand to sandy silt 	40-50 	(30 	30 	16 	.25x 

	

18.00 	59.06 	91.88 	1.81 	1.97 	337.12 	silty sand to sandy silt 	40-50 	(30 	31 	17 	.25x 

	

18.50 	60.70 	76.91 	1.20 	1.56 	346.61 	silty sand to sandy silt 	40-50 	(30 	26 	14 	.22x 

	

19.00 	62.34 	46.64 	0.61 	1.31 	356.11 	silty sand to sandy silt 	<10 	(30 	16 	8 	.16x 

Dr - All sands (Janiolkovski et al. 1905) PHI - 	Durgunoglu and Mitchell 1975 	CSR: Seed et al. 1983 - M=7.5 

x - Seed's correction of 7.5 blows/foot has been applied to NI 

Note: For interpretation purposes the PLOTTED  CRI PROFILE should be used with the TABULATED OUTPUT from CPTINTRI (v 3.02) ifff 

Figure 10. 



F - I._eCEr 	JD Cl11-1E-:_-- 	I11‘11 - 

ontrac tor CorleTec On Site Loc: .DOME 700-2 	 Page No. 2 

DEPTH 	Oc (avg) 	Is (avg) 	RI  (avg) 	SIGV' 	SOIL BEHAVIOUR TYPE 	Eq - Or 	PHI 	SPI 	SPI 	CSR 
eters) 	(feet) 	(bar) 	(bar) 	(%) 	(kPa) 	 (X) 	deg. 	N 	NI 

	

19.50 	63.98 	82.09 	1.24 	1.51 	365.61 	silty sand to sandy silt 	40-50 	(30 	27 	14 	.23x 

	

20.00 	65.62 	107.05 	1.33 	1.24 	375.10 	sand to silty sand 	50-60 	(30 	27 	14 	.14 

	

20.50 	67.26 	97.10 	1.32 	1.36 	384.60 	sand to silty sand 	40-50 	(30 	24 	12 	.13 

	

21.00 	68.90 	41.41 	1.01 	2.04 	391.10 	sandy silt to clayey silt 	UNDFND 	non 	20 	10 	UNDF 

	

21.50 	70.54 	142.95 	2.07 	1.45 	403.59 	sand to silty sand 	50-60 	30-32 	36 	18 	.18 

	

22.00 	72.18 	107.60 	1.42 	1.32 	413.09 	sand to silty sand 	40-50 	(30 	27 	13 	.13 

	

22.50 	73.02 	89.49 	1.18 	1.31 	422.58 	sand to silty sand 	40-50 	(30 	22 	11 	.11 

	

23.00 	75.46 	166.36 	2.81 	1.69 	432.08 	sand to silty sand 	60-70 	30-32 	42 	20 	.21 

	

23.50 	77.10 	134.21 	2.53 	1.89 	441.59 	silty sand to sandy silt 	50-60 	30-32 	45 	21 	.31x 

	

24.00 	78.71 	167.28 	3.23 	1.93 	451.07 	sand to silty sand 	60-70 	30-32 	42 	19 	.20 

	

24.50 	80.38 	193.07 	2.90 	1.50 	460.57 	sand to silty sand 	60-70 	32-34 	48 	22 	.23 

	

25.00 	82.02 	187.35 	2.93 	1.56 	470.07 	sand to silty sand 	60-70 	32-34 	47 	21 	.22 

	

25.50 	83.66 	60.79 	0.97 	1.60 	479.56 	silty sand to sandy silt 	(40 	(30 	20 	9 	.17x 

	

26.00 	85.30 	84.65 	1.10 	1.30 	489.06 	sand to silty sand 	 (40 	(30 	21 	9 	.10 

	

26.50 	86.94 	100.86 	1.41 	1.39 	498.55 	sand to silty sand 	40-50 	(30 	25 	11 	.11 

	

27.00 	88.58 	77.42 	1.15 	1.41 	508.05 	silty sand to sandy silt 	<40 	(30 	26 . 11 	.20x 

	

27.50 	90.22 	63.34 	0.74 	1.16 	517.55 	silty sand to sandy silt 	(40 	(30 	21 	9 	.17% 

	

28.00 	91.86 	16.81 	0.25 	1.48 	527.04 	sandy silt to clayey silt 	UNDFND 	UNDFD 	7 	3 	UNDF 

Dr - All sands (Jamiolkowski et al. 1185) 	PHI - 	Durgunoglu and Mitchell 1975 	CSR: Seed et al. 1183 - 11:7.5 

- Seed's correction of 7.5 blovs/foot has been applied to NI 	 • 

If* Notes For interpretation purposes the PLOTTED CPT PROFILE should be used vith the TABULATED OUTPUT frog CPTINTRI iv 3.02)  nie 

Figure 10. cont. 
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16:55:31 	DOME MIMES 03/10708 

1st Arrival Marker 

lsh Crossover Marker 

T--11 -`11-r-1 	 --r•-•-r-r-T-T 

C-OFF 
CD=+.000130ms -11-200moldiv 	D-OFF 
CU= 	 STD=50@us/div DTD=5 ms/div 
Triggering Mode=Analog (s) CH=Ext 

Beg=11.3 	 End=+12500 

SD= 4..00000ms >A-OFF 

Figure 13. 



ConeTec investigations Ltd.
Seismic Cone Data Reduction
March 10. 1988
Placer pome Mines. Timmins Ontario 600 Level
Hole 1 600-2
Shear Source Offset .92m/seismometer ZOm above tip
Source Hammer HT 192

seismometer CorrectedCorrected
Depth Distance Arrivai CrossoverArrival Crossover
(m) (m) (nsec) (msec) (msec) (msec)

1.3 3.256829 7.2 10.8 2.638976 3.958464
2.3 1.022437 11.2 15 6.404077 8.576889
3.3 4.566904 14.5 18.75 10.25304 13.25825
4.3 5.420332 16.3 21.4 12.93094 16.97681
5.3 6.243396 19.4 25.5 16.46860 21.64687
6.3 7.111961 22.4 29.4 19.34262 26.04344
7.3 3.011242 26.7 33.25 24.32956 30.29804
8.3 8.931965 32 37.8 29.73589 35.12552
9.3 9.868130 35.3 43.5 33.26769 40.99560
10.3 10.81572 40 49.1 38,09266 46.75875
11.3 11.77200 43 53 41.27590 50.87495
12.3 12.73499 46 55.95 44.42877 54.03890
13.3 13.70328 48.6 59 47.16971 57.26364
14.3 14.67583 53.8 62.6 52.32224.60.99688
15.3 15.65183 56 63.5 54.74117 62.07258
16.3 16.63069. 57.2 66.5 56.06260 65.17767
17.3 17.61192 59.6 68.75 58.54441 67.53235
18.3 18.59516 61.1 70.6 60.13016 69.47936
19.3 19.58009 64.8 73.55 63.87304 72.49787
20.3 20.56647 67.55 76.15 66.67476 75.16333
21.3 21.55411 69.4 79.55 68.58179 78.61212
22.3 22.54284 72.4 82.4 71.62005 81.51232
23.3 23.53253 74.3 84.9 73.56582 84.06108
24.3 23.52305 77.85 86.5 77.14191 85.71323
25.3 25.51430 79.9 90.6 79.22887 89.83899
26.3 26.50622 84 93.65 83.34645 92.92137
27.3 27.49872 84.5 94.8 83.88933 94.11490
28.3 28.49175 87.8 97.3 87.20909 96.64515

Average Average
Depth Depth
of Velocity Velocity Velocity Density Gmax of
sensor from from Profile Profile sensor
(m) arrival crossover (m/sec) (kg/m3) (MPa) (m)

0.65 492.6152 492.62 1800 436.81 -0.65
1.8 265.5971 216.5240 216.52 1800 84.39 -1.8
2.8 259.8097 213.6130 213.61 1800 82.13 -2.8
3.8 373.4278 268.9207 268.92 1800 130.17 -3.8
4.8 282.6728 214.1303 214.13 1800 82.53 -4.8
5.8 296.3817 227.4497 227.45 1800 93.12 -5.8
6.8 222.8693 235.0396 235.04 1800 99.44 -6.8
7.8 184.9681 207.1473 207.15 1800 77.24 -7.8
8.8 283.1416 170.3554 170.36 1800 52.24 -8.8
9.8 207.2551 173.5163 173.52 1800 54.19 -9.8
10.8 314.1456 242.9423 242.94 1800 106.24 -10.8
11.8 317.1719 316.0604 316.06 1800 179.81 -11.8
12.8 364.8378 310.1027 310.10 1800 173.09 -12.8
13.8 190.3843 267.8635 267.86 1800 129.15 -13.8
14.8 431.2329 929.6294 929.63 1800 1555.58 -14.8
15.8 756.7599 322.0520 322.05 1800 186.69 -15.8
16.8 402.9312 424.6857 424.69 1800 324.64 -16.8
17.8 630.6179 513.6080 513.61 1800 474.83 -17.8
18.8 267.1739 331.2898 331.29 1800 197.56 -18.8
19.8 356.9233 375.1696 375.17 1800 253.35 -19.8
20.8 524.3760 289.9566 289.96 1800 151.33 -20.8
21.8 329.1353 344.8035 344.80 1800 214.00 -218
22.8 513.9354 392.3483 392.35 1800 277.09 -22.8
23.8 279.6351 605.2706 605.27 1800 659.43 -23.8
24.8 479.1657 242.3795 242.38 1800 105.75 -24.8
25.8 242.8608 324.3246 324.42 1800 189.45 -25.8
26.8 1842.027 837.8550 837.86 1800 1263.60 -26.8
27.8 301.2268 395.2167 395.22 1800 281.15 -27.8
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CPTINTR1 version 3.02 

written by JAMES GREIG 

CPTINTR1 is a highly interactive program to provide basic inter-
etation of CONE PENETRATION TEST (CPT) data. It was written at the 
iversity of British Columbia, Vancouver Canada and is compatible 
th the data format of the Hogentogler & Co. Field Computer Systems. 
e interpretation methods used provide an estimate of the following 
il parameters (appropriate references are given below): 

) Soil Behaviour Type: - Robertson and Campanella 1983 

.) Equivalent Relative Density : 

i) Ticicno Sand 
ii) Hokksund Sand 
iii) Ottawa / Hilton Mines Sands 
iv) All Sands (average) 

- Bellotti et al. 1985 
- Bellotti et al. 1985 
- Schmertmann 1976 
- Jamiolkowski et al. 1985 

n Angle of Internal Friction 
i) Robertson and Campanella 1983 
ii) Durgunoglu and Mitchell 1975 
iii) Janbu and Senneset 1974 - Beta=+15,0, and -15 degrees 

1) Equivalent SFT N  value 	- Robertson et al. 1983 

5) Corrected SPT Ni  value 	- N1=Cn*N 	(where Cn=SIGe (-.7) 
and SIG is in Kg/cm e 2) 

5) Cyclic Stress Ratio (CSR) to cause 
liquefaction (M=7.5) 	- Seed et al. (1983) 

/) Undrained Shear Strength (Su) - Su=(Qc-SIGV)/Nk where SIGV is 
the total overburden stress 

TABULATED DATA is based on values averaged over a 
a specified depth range and thus the influence of 
extreme values may be subdued. The ENGINEER should 
be using the tabulated output ONLY AS A GUIDE for 
the interpretation of the PLOTTED CPT DATA. It is 
important that the engineer fully understand the 
limitations of the CPT test. 

IMPORTANT NOTE 

c is believed that the calculations performed by the routine are 
one correctly and reliably. However, no resonsibility is assumed 
r either the University of British Columbia or the author for any 
=ors that may occur with the use of this program. It is also 
eft up to the engineer to decide which, if any, of the correlation 
?.chniques are applicable to the specific soil conditions. 
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