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ABSTRACT

Aggregate quality assessment is an essential part of construction engineering projects requiring aggregate.
Los Angeles degradation test values are specified for aggregate used in most construction projects. The Los
Angeles degradation test determines the resistance of aggregate to abrasion and impact. This laboratory test is
time-intensive and requires heavy, expensive equipment. The crushed-stone aggregate industry can benefit from a
device that can rapidly and reliably estimate the Los Angeles degradation test value of rock in the field. The
project investigated whether the Los Angeles degradation test value, for some common rocks, correlates with the
rebound number of the rock as recorded by a Schmidt rebound hammer. The Schmidt hammer is a small,
lightweight field tool developed to quickly estimate unconfined compressive strength of in-situ concrete. It has
also been used to test rock properties.

Two methods of determining a representative Schmidt rebound number for a rock were examined,
resulting in the development of a standardized testing method. The standard method was applied to gather
information on different rock types located in the eastern part of the Front Range of Colorado.

Ninety-four rock samples representing eight general rock types were tested in the field with the Schmidt
rebound hammer and then tested by the Los Angeles degradation method. Statistical data analysis was done to
determine if Schmidt rebound numbers can be correlated with Los Angeles degradation values.

Schmidt rebound numbers are sufficiently reproducible to characterize individual rock samples. The
degree of correlation of the rebound number with the degradation value varies by rock type but is generally
stronger when the rebound number is greater than 45. (Results of the two tests are inversely correlated.) Only
andesite and limestone show strong correlation. Granite and gneiss show weak correlation, and sandstone and
quartzite show no correlation. Specific gravity appears to influence test values for andesite. Granite and gneiss
show lower degradation values for the same rebound number as specific gravity increases. Origin, composition,
texture, and degree of weathering appear to affect the ability of a rock to rebound the hammer.

The potential for use of the Schmidt rebound hammer in crushed-stone mining operations will varies with
rock type. A database of rebound numbers and degradation values for encountered rock types is required for use of
the Schmidt rebound hammer as a predictive tool in crushed-stone operations.

INTRODUCTION

Crushed-stone aggregate for use in construction must meet certain physical and chemical specifications
determined by standardized testing. One test conducted to assess aggregate physical quality is the Los Angeles
degradation test. This laboratory test requires a graded aggregate sample and heavy, expensive equipment. The
crushed-stone aggregate industry can benefit from an inexpensive, easily operated field tool which can predict the
value obtained by the Los Angeles degradation test. This tool would be used for quality assessment, quality
control, and exploration purposes.

Purpose and Scope

The purpose of the project was to determine if the Schmidt rebound number, obtained from the Schmidt
rebound hammer test, correlates with the Los Angeles degradation test value for a rock sample. A strong
correlation would suggest the rebound hammer could be used in the field as a prediction tool for Los Angeles
degradation test values of rock. Such a prediction tool would help crushed-stone quarry operators characterize a
equarry face before blasting and help prospectors find new quarry sites. Potential benefits include cost reductions
in mining, quality control, and exploration for crushed-stone aggregate producers.






















































Correlation of Schmidt Rebound Number to Los Angeles Degradation Value

Average Schmidt rebound numbers and Los Angeles degradation values were obtained from all 94
samples collected (Table 7 and 8). A summary of the variation in rock type is provided in Table 99. Scatter plots
for each rock type represent the data graphically (fig. 16-31).

Table 7. - Summary of Los Angeles degradation values and Schmidt rebound numbers for samples collected.

No.of No.of Schmidt Rebound Number| Los Angeles Degradation

Rock Type |Samples Tests Average Range Average Range
Andesite 15 15 65 61-69 21 16-25
Granite 21 15 55 3369 44 24-92
Quartz Vein 2 2 67 64-70 32 31-34
Gneiss 25 18 56 26-67 31 17-63
Schist 2 0 48 46-50 26 19-33
|Quartzite 4 4 57 48-65 39 26-31
Sandstone 1" 10 54 32.67 62 38-100
Limestone 14 14 56 37-61 28 24-38

Table 8. - Summary of weathering and texture for samples collected.

Weathering Texture'

Rock Type | fresh faint  slight moderate] F F/M M MC C
Andesite 13 2 15
Granite 2 5 5 3 1 1 9 1 3
Quartz Vein 2 2
Gneiss 5 7 6 10 2 3 3
Schist 2
|Quartzite 2 2 1 1
Sandstone 1 4 5 8 1 1
Limestone 1 12 1 14

'F= Fine, M= Medium, C= Coarse
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Table 9. - Summary descriptions of variation within each rock type collected.

Andesite

Ten samples were taken from the Tertiary extrusive flows at North Table Mountain
directly north of Golden, Colorado. These samples came from a control site. One
sample came from South Table Mountain in Golden. Two samples came from Asphalt
Paving’s Ralston Creek Mine located north of North Table Mountain. One sample
came from Golden’s Company Andesite Mine southwest of Lyons, Colorado. One
sample came from northwest of Loveland, Colorado. These samples varied in
composition slightly, however they are all representative of andesite. The North and
South Table Mountain samples are often identified as basalt, however, they contain
large phenocrysts of mafic minerals characteristic of andesite

Granite

All samples were taken from Precambrian formations. The composition, grain size,

and degree of weathering varied greatly in these samples. Composition range from

felsic, coarse grained, pink pegmatite to granitic rock, to intermediate/mafic
_granodiorite.

Gneiss

All samples were taken from Precambrian formations. The composition, grain size,
and degree of weathering varied greatly in the set of samples. Composition ranged
from granitic gneiss to intermediate/mafic biotite gneiss.

Limestone

Ten of the samples were taken from the Ordovician Manitou Formation near Manitou
Springs, Colorado, three from Cretaceous Niobrara formation, and one from the
Permian Ingleside formation west of Fort Collins, Colorado. The Manitou and
Ingleside samples were massive low-magnesium calcite limestone; the Niobrara
samples were shaley and organic-rich.. The ten samples of the Manitou Formation
were taken at the Snyder Pit as a control test.

Sandstone

Six samples were taken in various locations of the Cretaceous Dakota formation. Four
samples were taken in various locations for the Pennsylvanian and Permian Fountain
Formation. One sample of the Cretaceous Fox Hills Sandstone was taken in Golden,
Colorado. The Dakota samples consisted of fine-grained, quartzose sand that was
well-cemented. The Fountain samples consisted of fine- to coarse-grain arkose sand
and varied significantly in competency and cementation from sample to sample. The
Fox Hills Sandstone consisted of a fine-grained, quartzose sand that was poorly
cemented and crumbled readily.

Schist

Two schist samples were collected from Precambrian formations.

Quartzite

These samples varied with age and composition. Two samples were low-grade contact
metamorphosed samples associated with intrusions of Tertiary age that came into
contact with Fountain Formation. The other two samples were metamorphosed
quartzose sandstone of Permian age.

Quartz Vein

These samples were collected from quartz veins in Precambrian metamorphic rock.
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Figure 18. - Relationship of Los Angeles degradation
value to Schmidt rebound number for granite classified
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DISCUSSION OF RESULTS

Testing Approaches

The best method for determining the Schmidt rebound number of a rock was by selecting an individual
sample to test numerous times. Testing an individual sample resulted in a representative Schmidt rebound number
of the rock because the Schmidt rebound number was representative of the properties of the rock, not the rock
outcrop. The grid pattern testing procedure produced an average Schmidt rebound number that reflected the
properties of the rock outcrop rather than the rock itself. Outcrop properties are based on the physical nature of the
rock as well as the fracturing or jointing of the rock mass. Testing individual samples is the only way to obtain
Schmidt rebound numbers that can be compared to Los Angeles degradation values. The Los Angeles degradation
test measures only the physical properties of the intact rock. Five comparison sites were used to analyze the two
different testing methods (Table 5).

Testing the rock using a grid pattern over a 75 ft” area (15 feet wide by 5 feet high) resulted in an average
range of 42 Schmidt rebound numbers, a standard error of 0.98, and an overall Schmidt rebound number mean
value 21.7 units lower than the single-sample test. Low Schmidt rebound numbers from grid sampling were
caused by testing a rock mass that has unseen fractures and physical changes directly behind the tested rock
surface.

Individual sample testing proved reliable in determining the true Schmidt rebound number of rocks. At
the comparison sites, the range of Schmidt rebound numbers averaged 11. Standard error was 1.06, almost
identical with that for the grid pattern. However, individual testing used only 12 tests compared to 96 for the grid
pattern approach. The single-sample approach allowed the operator to view the sample in three dimensions,
reducing error associated with fractures behind the rock surface. This approach was more time-efficient, taking
approximately 10% of the time to determine an average Schmidt rebound number than that of the grid-pattern
testing procedure.

Schmidt Rebound Hammer Reliability at Control Sites

Schmidt rebound hammer tests from control sites are reproducible and consistent within a homogenous
rock type. For the sample sites, the hammer’s precision was very similar to that of tests conducted on concrete
sample as specified by ASTM C 805 guidelines. Those guidelines state that the hammer’s precision has a standard
deviation of 2.5 with a maximum range of 12 units (ASTM, 1996). As shown in table 7, the samples at the control
sites averaged standard deviations of 2.45 and 2.30, and averaged ranges of 8 and 8 respectively, suggesting that
the sampling procedure demonstrated comparable precision. Rebound hammer tests conducted on the Table
Mountain Ranch quarry resulted in a normal distribution of rebound numbers with a skewness of 0.138 for 120 test
samples. 95% confidence intervals of a sample mean for the rebound number if tested twelve times were calculated
based on the population data. ASTM 131 guidelines were used to calculate the 95% confidence intervals of the
sample mean for the degradation test value. Figure 13 shows that 7 out of 10 of the sample means obtained lie
within these 95% confidence intervals. This suggests that the sample means are representative of the control site
mean and can be used for evaluating the site. Results from the Snyder Pit samples were similar to the Table
Mountain Ranch quarry. Due to heterogeneity encountered in these samples, they were divided into four group
types of similar color and texture. Figure 15 shows samples of the same type have similar test values. This
demonstrates the hammer’s sensitivity to slight variation in lithology. Overall, the control sites proved that the
rebound hammer and the testing procedure used produces reliable data.
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Correlation of Schmidt Rebound Number to Los Angeles Degradation Value

In order to understand the relationship of the rebound number to the degradation value, the data were
analyzed together and separately by rock type. Examination of the data by means of scatter plots is a good method
to visualize correlation. Linear regression analysis was performed on the data but is insufficient for understanding
the relationship between the two tests. Because data sets for each rock type are small, one deviant data point would
significantly affect the coefficient of the regression equation and the values of the correlation coefficient.
Interpretive qualitative analysis provided better understanding of correlation because weathering, texture,
composition, and lithology could be assessed.

Ignoring the effect of rock type, no apparent strong correlation exists between the Schmidt rebound
number and the Los Angeles degradation test value for all samples collected. A poorly defined inverse relationship
may exist between the two test values. In general, sandstone showed higher Los Angeles degradation test values
than other rock types for the same Schmidt rebound number, Schist showed lower Los Angeles degradation test
values than other rock types for the same Schmidt rebound number. Los Angeles degradation test values vary
consistently by 40 units for an average Schmidt rebound number within the range of 50 to 70. The large range
deems the Schmidt rebound test hammer useless for estimating Los Angeles degradation if rock type is ignored.
However, analysis of data for some rock types yields several trends.

Andesite

A strong inverse correlation trend between Schmidt rebound number and Los Angeles degradation test
value is evident for the andesite samples (fig. 17). This trend is evident for rebound numbers from 60 to 70. Low
standard deviation values for sample means suggest that the data for andesite is representative.

Granite

Values for the majority of granite samples exhibit a poorly defined inverse relationship (fig. 18-20). Los
Angeles degradation test values for slightly to moderately weathered rock are very unpredictable. Values probably
are affected by intergranular weakness, especially in the coarse-grained rock. The distribution of data on the
scatter plot based on texture confirms that coarse-grain granite shows more variability. The only correlation that
may prove useful for granite is medium- to fine-grained rock that is fresh to faintly weathered. For this subset of
granites reasonable correlation can be identified for rebound numbers ranging from 58 to 68.

Gneiss

Gneiss rock shows a poorly define inverse relationship (fig. 21, 22). Los Angeles degradation test values
for moderately weathered rock is very unpredictable with the average Schmidt rebound number. With an
approximate average Schmidt rebound number of 55, the Los Angeles degradation test values varied by 15 units.
Variation is probably a function of intergranular weakness, similarly in granites, especially in the coarser grain
rock. Analysis of the distribution of data on the scatter plot based on grain size shows that fine grained rockhad
consistent Los Angeles degradation test values while average Schmidt rebound numbers were variable.
Fine/medium to medium grained rock showed an inverse relationship. Overall, the weak correlation of the data
suggests that the hammer is unacceptable for quality control testing. However, a well-defined correlation does
appear to exist for gneiss that is medium to fine grained and is fresh to faintly weathered.

Limestone

The limestone samples collected showed a well-defined correlation between the average rebound number
and the degradation test value for rebound numbers ranging from 50-62 (fig. 23, 24). The one outlying result was
a shaley sample that was slightly weathered and showed an unexpectedly low Schmidt rebound number compared
to the Los Angeles degradation test value. The shaley composition and degree of weathering of the sample could
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have caused this anomalous result. If so, the Schmidt rebound number is strongly influenced by the degree of
weathering and must be taken into consideration when predicting Los Angeles degradation test values for
limestone. The data for fresh, nonshaley limestone indicate a well defined correlation.

Sandstone

No identifiable correlation existed among the sandstone samples between the average Schmidt rebound
number and the Los Angeles degradation test value (fig. 25, 26). Analysis of the samples did not identify any
correlations based on weathering, grain size, or geologic formation. Grain size, cementation, mineralogy of the
sand, and roundness of the sand particles may have had a significant effect on the rebounding ability of the
hammer.

Schist

Only two schist samples were taken, which is not sufficient for conducting a correlation analysis. Each
sample had a high error associated with the average rebound number. Therefore, the data was not considered
statistically significant. The two samples collected do show an inverse relationship comparable to that seen in the
majority of the data (fig. 27).

Quartzite

No correlation existed between the average Schmidt rebound number and the Los Angeles degradation
test value for the quartzite samples (fig. 28-30). The average Schmidt rebound numbers had smail error for each
sample. However, the variation of composition, degree of metamorphism, and grain size created too much
variability for assessing data for a correlation.

Quartz Vein

Only two quartz vein samples were taken, which is not sufficient for conducting a correlation analysis.
However, the average Schmidt rebound number had little error and the data can be considered valid. As with the
other rock samples, the two quartz samples show a distribution that suggest an inverse relationship (fig. 31).

Effect of Specific Gravity

Specific gravity appeared. to effect the recorded rebound number for andesite, granite, and gneiss samples. For
andesite, the higher specific gravity rock gave higher rebound values and lower degradation values (fig. 32). For
granite and gneiss, high specific gravity rock is associated with low degradation values for a given rebound number
(fig. 33). Rock with specific gravity values greater than 2.7, gave degradation and rebound values showing the
strongest correlation with rock type.
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Figure 32, - Relationship of Los Angeles degradation value to Schmidt rebound number for andesite classified by
specific gravity.
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CONCLUSIONS AND RECOMMENDATIONS

The Schmidt rebound hammer is an effective, reliable field tool for testing rock. However, the value of
using the hammer alone to predict the Los Angeles degradation value for rock is limited. The standardized test
developed in this study should be used for future work because of its precision and easy use in the field. This test
requires that a sample tested must weigh more than 25 kg and not move while being tested. When the rebound
number recorded is greater than 45, the user can assume the hammer has rebounded appropriately to the rock
sample’s physical properties. Hammer test values will deviate significantly when testing a rock face that is highly
fractured and weathered

Some rock types in the Front Range of Colorado show an inverse relationship between the rebound
number obtained by the Schmidt hammer test and the corresponding Los Angeles degradation value. However, the
degree of correlation varies with rock type and rock properties. The rebound number strongly correlates with the
degradation value for massive, fine-grained limestone and andesite. The rebound number does not correlate well
with the degradation value for granite, gneiss, quartzite, and sandstone. Weathering, texture, composition, and
specific gravity of the rock have a significant effect on the ability of these rock types to rebound the hammer. Data
on schist and quartz vein rock were not sufficient to interpret.

The rebound number obtained from a rock sample often demonstrated significant variation based on the
weathering of the surface being tested. Nesj and others (1994) demonstrated weathering variation was enough to
adequately date rockfall deposits in Norway based on the degree of weathering that the material had undergone
since the rockfall had occurred. The rockfalls that were dated were composed of the same homogeneous rock,
however the rebound hammer test show lower values for the oldest deposits. Similarly, weathered samples
produced erratic test results. Evidently testing weathered rock complicates identification of correlation between
Schmidt rebound numbers and other tests. For andesite, granite and gneiss the specific gravity of the rock will
affect rebound numbers.

The Schmidt rebound hammer can be used in tests for crushed-stone mining operations. However, its
effectiveness as a prediction tool must be assessed prior to operational use. Data for the rock types expected to be
encountered must be collected. A baseline of data points will define a correlation, if any, between the two tests.
This study provides a database for reference, especially for andesite and limestone. Once a relationship is
established, future rebound hammer tests can be compared to the baseline data for accurate prediction of
degradation values. Baseline data must be collected from rock samples that show small error in repeated rebound
hammer measurements.

The rebound hammer should be useful for testing fine-grained, unweathered rock, specifically andesite
and limestone. Fine-grained, unweathered granite and gneiss test values may also be fairly predictable. However,
deviation in these properties from the rocks tested here, or any other tested rock for that matter, requires obtaining
additional baseline data. Specific gravity measurements of rock samples may be required to correct degradation
values. If the correlation of Schmidt numbers with Los Angeles degradation values is not well defined, the
rebound hammer should not be used for prediction.

The Schmidt hammer test should always be applied to unweathered, unfractured, competent samples of
rock. Iftesting a quarry face, the operator must insure proper rebounding of hammer by testing several different
spots containing the same homogeneous rock to verify that rebound numbers are consistent.
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APPENDIX A - DATA FOR ROCK SAMPLES

Sample | Rock Type Age Formation Rock Grain Size | Weathering Other
Name

1-1 Metamorphic | Precambrian | crystaliine Gneiss fine/medium moderately |limonite staining

1-3 Metamorphic |Precambrian | crystalline Gneiss _|fine slightly Biotite-rich

1-2 igneous Precambrian | crystalline Granite  |medium faintly pegmatite

2-1 Metamorphic |Precambrian | crystaliine Gneiss fine/medium moderately | limonite staining

2-3 Metamorphic |Precambrian | crystalline Gneiss fine slightly bictite rich

2-5 Metamorphic | Precambrian | crystalline Gneiss medium slightly biotite rich

2-7 Metamorphic |Precambrian | crystalline Gneiss fine faintly bictite rich

2-8 Metamorphic |Precambrian |crystalline Gneiss coarse moderately |muscovite and feldspar
rich

29 Metamorphic [Precambrian | crystalline Gneiss _ |[fine moderately |limonite staining

31 Igneous Precambrian | crystalline Granite  {coarse moderately |Produce gruss

32 Precambrian | crystaliine Granite  |medium slightly Granodiorite

33 Metamorphic | Precambrian | crystalline Quartzite |[fine slightly Moderately fractured

34 Sedimentary | Pennsyivanian | Fountain Sandstone |coarse slightly Arkose

35 Igneous Precambrian | crystalline Granite _ |medium/coarse |slightly

36 igneous Precambrian | crystaliine Granite  |medium fresh

3-7 lgneous Precambrian | crystalline Granite  |medium fresh

38 igneous Precambrian | crystaliine Granite  |coarse slightly

39 Igneous Precambrian | crystaliine Granite  |medium moderately |Limonite staining

310 Metamorphic [Precambrian | crystaliine Gneiss medium moderately |Limonite staining

3-11 Sedimentary | Pennsyivanian | Fountain Sandstone |medium slightly Arkose

41 Sedimentary |Cretaceous | Niobrara Limestone |fine slightty shaley

42 Sedimentary |Cretaceous | Dakota Sandstone fine faintly quarizose

43 Igneous Precambrian | crystalline Granite  |medium/coarse |faintly plagioclase rich

4-4 Igneous Precambrian | crystalline Granite  |medium slightly orthoclase rich

4-5 Sedimentary | Pennsylvanian | Fountain Sandstone |medium slightly low grade
metamorphose

4-6 Igneous Tertiary Lyons Dike Andesite (fine faintly very competent

47 Metamorphic |Precambrian | crystalline Quartzite |coarse faintly arkose

48 Igneous Precambrian | crystalline Granite  |coarse moderately i

4-9 Metamorphic | Precambrian | crystalline Gneiss coarse moderately | 15mm feldspar grains

410 Metamorphic |Precambrian | crystalline Gneiss  |fine slightly Biotite-rich

5-1 Sedimentary | Pennsyivanian | Fountain Sandstone [fine fresh arkose

52 Sedimentary | Permian Ingaiside Limestone |fine fresh calcareous

5-3 Sedimentary |Cretaceous | Nigbrara Limestone |fine faintly carbonaceous

54 Sedimentary [Cretaceous | Niobrara Limestone |(fine faintly carbonaceous

55 Metamorphic | Precambrian | crystalline Schist medium slightly quartz-biotite

56 Igneous Precambrian | crystalline Granite  |coarse faintly very coarse grain

57 Metamorphic | Precambrian | crystaliine Gneiss medium slightly quartz banding

6-1 Sedimentary |Cretaceous | Dakota Sandstone |fine shghtly quartzose

6-2 Metamorphic |Precambrian |crystalline Quartzite {medium faintly low grade
metamorphosed

6-3 Sedimentary |Cretaceous |Dakota Sandstone {fine slightly quartzose

64 Igneous Precambrian | crystalline Granite  |fine/medium slightly no bictite

6-5 Sedimentary {Cretaceous  |Dakota Sandstone |fine faintly quartzose

66 Igneous Precambrian |crystalline Granite  |{fine fresh no mafic minerals
present

6-7 Metamorphic |Precambrian |crystalline Gneiss fine moderately |schistose texture

68 Metamorphic |Precambrian | crystalline Gneiss fine moderately |schistose texture

6-9 Metamorphic |Precambrian | crystalline Gneiss fine slightly schistose texture

6-10 Metamorphic | Precambrian | crystalline Gneiss coarse faintly muscovite rich

6-11 Igneous Precambrian |crystalline Andesite |fine slightly contains homblend
phenocrysts

7-1 Metamorphic |Precambrian |crystalline Granite |coarse slightly very coarse grain
g Siori

7-2 Metamorphic |Precambrian | crystaliine Gneiss _ |fine/medium __ |faintly biotite rich

7-3 igneous Precambrian | crystalline Granite  |medium ._|faintly K-spar evidence

7-4 Igneous Precambrian | crystalline Granite  |medium faintly Granodiorite

7-5 Metamorphic | Precambrian | crystaliine Gneiss  |fine faintly
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76 Metamorphic |Precambrian | crystalline Gneiss fine moderately |Difficult to identify
7-7 Metamorphic |Precambrian | crystalline Gneiss fine moderately | Difficult to identify
7-8 Metamorphic | Precambrian |crystalline Gneiss fine faintly Very Competent
7-9 Metamorphic | Precambrian | crystalline Quartzite |coarse slightly Low Grade
7-10 Metamorphic |Precambrian | crystalline Schist fine slightly Quartz augen
7-11 igneous Precambrian | crystalline Quartz fine faintly Quartz vein
Vein
7-12 Sedimentary |Cretaceous | Dakota Sandstone |fine faintly Slightly calcareous
7-13 Sedimentary |Cretaceous |Dakota Sandstone [fine faintly Slightly calcareous
8-1 Igneous Tertiary Table Mountain |Andesite _|fine slightly Andesite/Basalt
82 Sedimentary |Cretaceous | Fox Hill Sandstone [fine slightly quarizose
8-3 Metamorphic | Precambrian | crystalline Gneiss medium slightly limonite staining
9-1 Metamorphic {Precambrian | crystalline Gneiss fine slightly
92 Metamorphic | Precambrian | crystalline Gneiss __|fine slightly Limonite staining
9-3 Igneous Precambrian |crystalline Granite  |{medium faintly Completely white, very
brittle
94 Precambrian | crystalline Granite  [medium faintly Biotite-rich/ mefic
95 Metamorphic [Precambrian | crystalline Gneiss  |[fine slightly Limonite staining,
pegmatite
96 Igneous Precambrian |crystalline Granite  |medium faintly pegmatite
97 Igneous Precambrian | crystaliine Granite |coarse faintly very large K-feldspar
crystals
98 Igneous Precambrian | crystaliine Quartz Vein faintly
9-9 Igneous Testiary Table Mountain {Andesite [fine faintly Andesite/basalt sill
g-10 Igneous Tertiary Table Mountain |[Andesite |fine faintly Andesite/basalt sill
10-1 Igneous Tertiary Table Mountain |Andesite [fine faintly Andesite/basalt flow
10-2 neous Tertiary Table Mountain JAndesite |fine faintly Andesite/basalt flow
10-3 igneous Tertiary Table Mountain {Andesite |fine faintly Andesite/basalt flow
104 Igneous Tertiary Table Mountain |Andesite |fine faintly Andesite/basalt flow
10-5 Neous Tertiary Table Mountain |Andesite |{fine faintly Andesite/basait flow
10-6 lgneous Tertiary Table Mountain |Andesite [fine faintly Andesite/basalt flow
10-7 Igneous Tertiary Table Mountain |Andesite [fine faintly Andesite/basait flow
10-8 igneous Tertiary Table Mountain |Andesite |fine faintly Andesite/basalt flow
10-9 Igneous Tertiary Table Mountain |Andesite |fine faintly Andesite/basalt flow
10-10 |lgneous Tertiary Table Mountain |Andesite [fine faintly Andesite/basalt flow
11-1 Sedimentary | Ordovician Manitou Limestone |fine faintly Type 2
11-2 Sedimentary | Ordovician Manitou Limestone |fine faintly Type 3
11-3 Sedimentary | Ordovician Manitou Limestone |fine faintly Type 3
114 Sedimentary |Ordovician Manitou Limestone |fine faintly Type 2
11-5 Sedimentary  |Ordovician Manitou Limestone |fine faintly Type 2
116 Sedimentary | Ordovician Manitou Limestone |fine faintly Type 3
11-7 Sedimentary | Ordovician Manitou Limestone |fine faintly Type4
11-8 Sedimentary | Ordovician Manitou Limestone |fine faintly Type 1
119 Sedimentary | Ordovician Manitou Limestone [fine faintly Type 1
11-10  |Sedimentary |Ordovician Manitou Limestone [fine faintly Type 1
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Schmidt Rebound Number Los Angeles

Specific Std. Std. C.L Degradation

Sample | Gravity | Ava. | Error | Deviation | Skewness Min. | Max. | 95% Test Value
1-1 2.63 63| 1.66 5.74 -0.90 18, 52{ 70| 3.65 32.2
1-3 2.88 61 1.51 5.02 -0.23 16| 521 68| 337 20.9
1-2 N/A 69| 1.37 474 -0.30 13| 61 74/ 3.01 25.9
21 267 57| 0.70 2.41 -0.28 8 53] 61| 1.53 39.3
23 2.98 63| 0.75 2.61 0.15 7| 59{ 66/ 166 25.9
2-5 2.68 62| 167 5.79 0.86 18| 55 73| 3.68 41.4
27 2.70! 67| 098 3.40 0.32 13| 60 73] 2.16 25.2
28 2.62 57| 1.16 4.03 -0.45 13| 49| 62| 2.56 50.4
2-9 2.63 56| 0.70 243 -0.33 6] 52| 58/ 1.54 20.1
31 2.59 33] 123 4.26 0.43 14 27| 41 271 46.4
32 2.57 47{ 0.95 3.28 -0.28 14| 40{ 54| 2.09 92.0
33 2.66| 62| 0.60 2.08 0.24 7| 59 66| 1.32 349
34 2.39 52| 097 3.37 0.17 10 47 57| 2.14 44.5
35 2.70 83| 1.25 432 0.57 16 43| 59 2.74 48.1
36 2.74 54| 1.61 5.58 0.27 21] 44| 65 355 88.0
37 2.68| 59 1.1 4.20 0.05 14 53] 67| 267 37.1
38 2.72 57| 224 7.76 0.49 28] 44| 72| 4.93 26.3
39 2.60 47| 0.53 1.83 -0.78 71 43{ 50 1.16 37.7
3-10 2.71 42| 1.10 3.80 0.30 10] 38] 48] 241 62.7
311 2.58 59 1.49 5.16! 0.29 16 50; 66] 3.28 579
4-1 2.66 37 1.26 4.36 0.93 18/ 30| 48| 277 24.1
4-2 2.56) 64| 0.66| 2.30 0.16 8 60| 68 146 44.3
4-3 2.69 59| 1.46 5.07 0.67 17 53] 70 322 35.7
44 2.64 63| 0.81 2.80 -0.29 9 58/ 67 178 57.8
4-5 2.53, 54/ 1.11 3.84 -0.98 13| 46] 59| 244 58.6
46 2.65) 69| 1.05 3.65 0.72 11 63] 74 232 16.1
4-7 2.57] 65 1.24 4.31 -1.17 15| 55| 70| 274 43.9
4-8 2.58 34 1.02 3.53 0.30 12| 28! 40] 2.24 79.7
4-9 2.61 57| 0.71 2.46] 0.15 71 53] 60| 1.56 47.6
4-10 2.76) 59| 1.59 5.50 0.20 18] 50/ 68/ 3.50 24.3
5-1 2.35] 48| 063 2.18] -0.51 6| 45| 51 1.38 88.3
52 261 55| 0.85 2.93 -0.28 8 50, 58/ 1.86 38.0
53 2.36 51 0.86 2.96 -0.16 9| 46] 55| 1.88 29.8
54 2.33 56| 0.61 2.1 0.22 7] 52| 59| 1.34 28.0
55 2.80 50, 1.42 4.93 0.76 18| 42| 60| 3.13 19.0
56 2.61 58| 1.79 6.19) 0.25 19| 49/ 68| 3.93 394
57 2.75 50, 0.75 2.61 0.04 7] 47 54| 1.66 39.7]
6-1 2.36 47| 053 1.83 0.71 6] 45/ 51| 1.16 91.7|
6-2 2.63| 48| 0.72 2.50 0.61 7| 45| 52| 1.59 26.2
6-3 243 67| 1.01 3.50 -0.63 9 62 71 223 62.5
64 2.64 61| 0.56 1.93 0.44 6| 58| 64 1.23 46.9|
6-5 2.42 64| 0.76 2.64 0.76 9] 59, 68 168 52.8
6-6 2.68| 59| 1.08 3.74 0.08 12| 53| 65 238 31.5]
6-7 2.74 44| 229 7.92 0.54 30 30 60| 5.03 29.6
68 2.75 59| 0.91 3.15 0.17 11| 54! 65 2.00 25
6-9 2.79 59 1.16 4.03, -0.58 13| 51 64 2.56 224
6-10 2.64 53| 1.34 4.64 0.30 15| 46| 61| 295 28.7
6-11 2.75 66| 0.80 2.76 -0.02 8 62| 70, 175 19.0
7-1 2.60 53] 1.30 4.50 0.32 17| 45| 62| 286 42.8
7-2 272 55| 0.93 3.23 1.62 1" 52| 63| 205 40.8
7-3 2.67 58, 0.93 3.22 0.64 13| 52| 65] 205 36.1
7-4 2.64 65 0.83 2.86 -0.01 9 60| 69 1.82 25.4
7-5 2.71 64| 0.77 2.66 0.53 8 60| 68 1.69 26.4
76 2.71 26| 246 8.51 1.06 24 18] 42| 541 253
7-7 2.70 50, 1.88 6.50 -0.44 18| 40/ 58| 4.13 20.5
7-8 2.83 65| 0.91 3.15 0.05 9| 60; 69 200 17.4
7-9 2.58 51 1.08 3.67| -0.20 12| 45/ 57 233 51.4
7-10 2.82 46| 1.64 5.70 1.06 20] 38| 58/ 362 32.8
7-11 2.65) 70, 1.03 3.56 0.73 13| 62| 75| 2.26 30.7
712 2.57 59| 0.64 2.22 0.94 6| 57| 63 141 384
7-13 2.55 45 0.82 2.86 -0.16 10 39 49| 1.81 47.1
8-1 2.71 62| 0.81 2.81 -0.31 8 58 66| 179 25.0
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8-2 213 35( 0.74 2.56 0.57 7 32| 39 163 99.8
83 263 54| 1.28 442 -0.19 14, 47] 61 281 320
9-1 2.67 61| 0.86 299 -0.61 10, 56| 66 1.90 31.6
9-2 2.67| 62| 0.81 2.80 -0.13 8 58] 66| 1.78 28.2
9-3 264 46| 1.04 3.60 0.09 12 40| 52| 229 57.8
S-4 295 61] 058 201 -0.08 7| 57| 64 1.27 23.6
9-5 2.66) 62 0.93 3.23 1.05 11, 58| 69 205 26.2
9-6 2.65) 67 0.92 3.19 0.16 9 63| 72| 202 246
97 263 62| 1.63 5.63 -0.12 19| 61| 70| 3.58 29.0
9-8 N/A 64| 091 3.15 -0.29 10| 59| 69| 200 3.7
9-9 2.81 68| 0.82 283 -1.01 9 62 71 1.80 17.0
9-10 2.82 66/ 0.50 1.73 -0.31 6] 62 68 1.10 193
10-1 273 64| 0.50 1.73 -0.61 5| 61 66/ 1.10 212
10-2 273 63| 044 1.54 -0.90 5 60| 65 0.98 214
10-3 N/A 63| 066 230 -0.43 7| 59| 66| 1.46 215
104 274 61| 073 2.54 -1.05 7] 56| 63 161 19.1
10-5 274 65| 1.11 385 -0.07 11] 69| 70| 245 23
10-6 274 63| 0.51 1.78 -0.21 7] 59| 66| 1.13 237
10-7 275 685 0.75 260 0.27 11 59| 70| 1.65 20.8
10-8 2.75 66/ 0.72 250 0.40 8 62 70| 1.59 230
10-9 275 66| 0.76 2.64 0.78 10] 62| 72| 1.68 21.9
10-10 273 64| 0.88 3.06 0.33 10, 60| 70, 194 25.1
11-1 270 58| 0.74 2.58 0.71 9 54/ 63 164 273
112 273 61) 049 1.70 -0.04 6] 58] 64 108 24.0
113 263 60 048 1.65 0.00 6| 571 63] 105 24.8
114 264 57| 0.77] 2.66 0.28 8 53] 61 169 26.4
115 2.65] 58, 0.56 1.95 -0.72 7] 54/ 61| 124 27.2
116 278 59| 0.58 1.98 -0.30 7, 55| 62| 127 252
117 269 57| 064 223 0.21 6] 54/ 60| 142 28.4
11-8 2.54 58| 055 1.91 023 7] 54 61 122 27.0
119 2.60] 58| 1.00 347 0.53 11] 63| 64 220 27.3
11-10 2.58] 57| 082 284 -0.78 8 52 60| 1.80 28.0
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APPENDIX B — Method for Determining the Schmidt Rebound Number and
Preparing Samples for the Los Angeles Degradation Test for Potential
Crushed-stone Aggregate Source Rock

1. Determine what rock types will be mined. A baseline of data will need to be established for each rock type.
The baseline data consists of an average Schmidt rebound number and a Los Angeles degradation value for
several samples of the same rock type. This data should be plotted as a bivariant scatter plot, with degradation
value on the y-axis and rebound number on the x-axis. A quality control technician will look at the data plotted
to determine if 2 well-defined correlation exists for the two test values. If so, the technician can use the
correlation to determine degradation value based on rebound numbers acquired from rock samples. The
procedure for determining the rebound number is described below.

2. Perform Schmidt Rebound Hammer Test
a) Perform hammer test on a calibration block to insure accuracy of the hammer before and after each day in

field.
b) Select a rock sample to test that meets the following criteria:
¢ Representative of rock of interest
¢ Fresh to faintly weathered surfaces.
e Competent with minimal fractures.
e Volume > 10,000 cm3 or mass > 25 kg (larger size sample needed if the geometry of the sample is not
blocky)
¢ Contains flat, smooth surfaces adequate for testing
c) Orient sample so that is on solid ground.
d) Apply hammer as near to vertically down on sample as possible and perpendicular the surface being tested.
The angle of application can vary + 30° from vertical
¢ When applying the hammer, insure that it is firmly held and applied slowly.
o The surface must be flat and smooth. If not, prepare surface with rubbing stone usually provided with
test hammer.
e Ignore the rebound number if:
a) The hammer slips or fractures the surface of the rock.
b) The rebound number deviates by more than 10 from the implied mean
e) Record the rebound number
f) Repeat the hammer tests on the rock sample until 12 rebound numbers are recorded, making sure the tests
are performed to represent the spatial heterogeneity of the rock sample, if it exists.
g) Average the 12 rebound numbers. This will be the Schmidt rebound number for the rock.

3. Collect enough rock material from the tested sample for obtaining the appropriate “A” grading after being
crushed. ‘

4. Record the location and rock mass description of the sample site. For the rock mass description, note:

o Spacing of discontinuities
e Weathering of the rock mass
¢ Heterogeneity of the rock mass

5. Describe the collect rock sample.

a) Rock Name (use classification that distinguishes this rock type from others in the quarry)
b) Grain Size or Texture

o fine 0.5 mm to l.mm
¢ medium 1 mm to 5 mm
e coarse 5 mm to 30 mm
¢) Weathering Fresh No visible sign of rock weathering.
o Faintly Discoloration on major discontinuity surfaces..
o Slightly Discoloration indicates weathering of rock and discontinuity surfaces. All rock material

may be discolored by weathering and may be somewhat weaker rock.
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¢ Moderately Less than half the rock is decomposed and/or disintegrated to a soil. Fresh or discolored
rock is present as a continuous framework or as care stones.
+ Highly More than half the rock is decomposed and/or disintegrated to a soil. Fresh or
discolored rock is present as a continuous framework or as core stones.
d) Other Comments (primary minerals, origin, weathering features, etc.)
6. Perform the Los Angeles degradation test on the collected rock sample.

APPENDIX C - Common Questions Concerning the Schmidt Rebound
Hammer Test

What if a large enough sample size for testing does not exist?
The hammer test will not perform properly and the results will not be correct.
What if the rebound hammer cannot be applied with an a ~ 90°?

The test can still be performed, however a correction must be made for the rebound number
recorded. Consult the user’s guide for the particular correction factor based on the compressive

strength curves given in the guide.

What if the sample surface is slightly to moderately weathered?

Try to create a fresh surface for testing using a hammer. If unable to, the user must decide on a
correction factor based on experience for the rebound number obtained. The rebound number
will be lower for a weathered surface.

What if the sample’s composition and texture vary significantly within the rock sample?
Conduct rebound hammer tests on the sample which will represent the heterogeneity. If the
hammer tests appear to have performed well, record the data, although it may appear to be
statistically unreliable.

What if the sample’s surface is not flat?

Use a rubbing stone, or hammer, to create a flat surface

Can the test be conducted when the sample is wet?

Sampling wet rock is not advisable. Some studies have shown that wet samples affect rebound
properties for certain rock types. Test all samples dry to insure consistency.

Can the rebound number be determined by less than 12 tests?

Yes. However, the confidence level calculated for the rebound number will be affected if fewer
tests are performed.
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