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ABSTRACT

Twenty-five uniaxial compression experiments were performed on samples

of the Tram Member of the Crater Flat Tuff obtained from drill hole USW-Gl

at Yucca Mountain on the Nevada Test Site. The water saturated samples

were deformed at nominal strain rates ranging from 10 to 10 sec ,

atmospheric pressure and room temperature. Resultant unconfined com-

pressive strengths, axial strains to failure, Young's moduli and Poisson's

ratios ranged from 14.5 to 69.2 MPa, .0029 to .0052, 5.17 to 22.5 GPa and

.09 to .38, respectively.

This work performed at Sandia National Laboratories supported by the U. S.
Department of Energy under Contract Number DE-ACo4-76-DPOO789.
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LIST OF SYMBOLS AIM CONVENTIONS

alp a02 a3

1' e2' <3

aAX` eAX

( LAT

(CAK)u

(eAX)U

E, V

F

d

T

P

t

0

Pg

Principal stresses (force/original area); compressive
stresses are positive

Principal strains (change in length/original length);
compressive strains are positive

Stress and strain parallel to cylinder axis (i.e., a =
a1 and cAX e= )

Strain perpendicular to cylinder axis (i.e., lateral
strain (= £2 = C3))

Ultimate axial stress

Axial strain corresponding to ultimate axial stress

Elastic moduli (Young's modulus, Poisson's ratio)

Force

Displacement

Temperature

Pressure

Time

Porosity

Grain Density
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INTRODUCTION

Yucca Mountain, near the southwest margin of the Nevada Test Site

(NTS) in southern Nevada, is being evaluated as a potential site for under-

ground storage of nuclear wastes. Yucca Mountain primarily consists of

layered volcanic tuff (Lipman and McKay, 1965). At present, four strati-

graphic units are being tested for physical, thermal and mechanical properties

as part of the Nevada Nuclear Waste Storage Investigations (NNWSI) Project,

administered by the Nevada Operations Office of the U. S. Department of

Energy. The four units, in order of increasing stratigraphic position

(decreasing depth and age), are as follows: 1. Tram Member of the Crater

Flat Tuff, 2. Bullfrog Member of the Crater Flat Tuff, 3. The Tuffaceous

beds of Calico Hills, and 4. Topopah Spring Member of the Paintbrush Tuff.

This report is the second in the series of four, presenting data from

twenty-five mechanical tests conducted on samples of Tram Tuff. The test

specimens were obtained from USW-G1 core at eleven different stratigraphic

levels ranging in depth from 822.7 to 1066.3 m (2699.1 to 3498.4 ft). The

test specimens were saturated and deformed at nominal strain rates of 10 2
4 O nd16 se 1

10 , 10,5 and 10 see ; atmospheric confining pressure; and room

temperature.

As was noted in the Bullfrog Tuff data report (Price, et al., 1982),

a detailed analysis of the mechanical data from all Yucca Mountain tuffs

will be reported at the conclusion of the four test series.

EXPERIMENTAL TECHNIQUES

Test Apparatus and Techniques

The mechanical experiments were performed on a load frame having a

maximum load capacity of 0.1 MN (22 kip). A constant displacement rate of

the loading piston is achieved by servo-control of the hydraulic loading
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ram while monitoring an LVDT (linear variable displacement transformer)

at the base of the loading column.

Throughout this test series, axial stresses were calculated by dividing

the forces, measured on a standard load cell, by the original cross-sectional

area of the sample. Axial strains were calculated by averaging the measured

displacements on two diametrically opposed LVDT's mounted directly on the

sample and dividing the average value of the original gage length. Lateral

(transverse) displacements were measured across one sample diameter by a

disk gage (as described by Schuler, 1978). Lateral strains were then ob-

tained by dividing the displacements by the diameter of the test specimen.

Volumetric strains were computed from axial and transverse strain data.

Axial force, axial displacement, transverse displacement, ram displacement

and time data were collected, reduced and plotted by a mini-computer, and

then stored on floppy disks.

Calibrations

The test system load cell is calibrated against a standard transducer

once a year. The most recent load cell evaluation was performed March 24,

1981. The axial displacement LVDT's and transverse displacement gage were

calibrated with a standard micrometer head prior to the test series. Cali-

bration data for the load cell, LVDT's and gage are listed in Table I.

As a calibration test of the entire mechanical testing system, an

aluminum sample of known mechanical properties was tested. The resultant

data are listed and plotted in Table II and Figure 1, respectively.

Sample Preparation

The samples were all right circular cylinders recored from drill hole

USW-G1 core material. The experimental specimens were 2.53 cm (.998 in)

in diameter and ranged in lengths from 5.088 to 5.105 cm (2.003 to 2.010 in).

8



The samples were stored in ground water from well J-13 (NTS) and, while

submerged, subjected to a vacuum (S 2 Torr = 267 Pa) for 18 hours in order

to be sure of sample saturation. Each sample was placed between steel end

pieces and jacketed in polyolefin shrink tubing. The disk gage and two

LVDT's were then mounted on the specimen, the sample assembly placed be-

tween the loading ram and the load cell and the mechanical experiment begun.

EXPERIMENTAL RESULTS

Test Conditions

The twenty-five mechanical experiments in this series were all un-

confined compressive tests run at room temperature (i.e., approximately 230C).

Eighteen samples were obtained from ten depth intervals of USW-G1 core

and tested at a nominal strain rate of 10 sec . The remaining seven

specimens, all from a depth of 976.2 m (3202.7 ft), were deformed at rates
o2, l04 -6 -

of 10 , 10 and 10 sec . This limited set of test conditions was

chosen as a result of time constraints and a limited number of samples.

The test/sample identification used throughout this report consists

of ten numbers and letters representing the drillhole (Gl), sample depth

(in feet), Sandia Laboratory (SL) and one letter (A, B, D, E, F, G, I, or J)

identifying individual samples from the same depth.

Test Data

Tabulated ultimate axial stress, axial strain to failure and elastic

moduli values are given in Table III. The ranges of unconfined strengths,

axial strains at failure, Young's moduli and Poisson's ratios are 14.5-69.2

MPa, .0029-.0052, 5.17-22.5 GPa and .09-.38, respectively. These large

ranges in mechanical property data are not the result of random scatter,

but to variations in the physical and petrologic characteristics of the tuffs.

As stated earlier, formal data analysis will be presented in a later report.
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The experimental axial stress-axial strain curves are presented in

Figures 2, 3, 4 and 5. The general shapes of the stress-strain curves are

very similar to those previously reported (Price, et al., 1982) from tests

on Bullfrog Tuff, with an initial concave upward portion, a linear region,

a slight concave downward portion and a sharp downward break. These curve

characteristics reflect pore collapse and compaction, elastic deformation,

material yield and macroscopic failure of the test specimen, respectively.

Considering the inherent scatter in all rock mechanics data, most of

the curve sets presented in Figure 2 are very reproducible (see Figures 2A,

B, C, E, G, I, J). Sample G12996.98LD (Figure 2D) may have a large, soft

grain or void (although none were externally observed) which resulted in a

lower strength value than the other sample from the same depth (G12996.9SLB).

Only one sample was deformed from each of two depths (see Figures 2F and H);

consequently, the results are assumed to be representative (i.e., not

anomalous) of intact tuff from each of those stratigraphic levels.

The experimental curves in Figures 3, 4 and 5 exhibit more general

scatter. This result is probably due to a great deal of inhomogeneity in

the physical characteristics of the tuff from 976.2 m depth. For example,

several of the test specimens (G13202.7 SLA, SLD and SLE) contained large

voids (0.5 to 1.0 cm) on the external surface.

The axial strain-time, axial stress-axial strain and lateral strain-

axial strain data for these experiments is nearly identical to the data

presented in the Bullfrog Tuff report (Price, et al., 1982). For curve

trends, this earlier reference can be used.

SUMARY

Twenty-five samples of Tram Tuff were saturated and deformed in com-

pression at nominal strain rates of 10 , 10 , 10 5 and 106 sec ,

10



atmospheric pressure and room temperature. All of the samples exhibited

an axial stress-axial strain behavior resulting in macroscopic brittle

failure. The resultant unconfined compressive strengths, axial strains to
failure, Young's moduli and Poisson's ratio ranged from 14.5 to 69.2 MPa,

.0029 to .0052, 5.17 to 22.5 GPa and .09 to .38, respectively.

11



REFERENCES

Lipman, P. W. and E. J. McKay (1965), Geologic Map of the Topopah Spring
SW Quadrange, Nye County, Nevada, United States Geological Survey,
USGS Map GQ-439.

Price, R. H., A. K. Jones and K. G. Nimick (1982), Uniaxial Compression Test
Series on Bullfrog Tuff, Sandia Report, SAND82-0481, Sandia National
Laboratories, Albuquerque, New Mexico, 40 p.

Schuler, K. W. (1978), Lateral-Deformation Gage for Rock Mechanics Testing,
Experimental Mechanics, V. 18, No. 12, p. 477-480.

12



Table I. Load Cell, LVDT's and Disk Gage
Calibration Data

Fa
A

4.0o

8.o

12.0

16.0

20.0

d
dA

2.0

5.0

8.o

10.0

12.0

15.0

18.0

20.0

Load Cell

b

3.998

7.992

11.996

16.ooo

20.016

LVDT's

de
dL

2.018

5. o46

8.042

10.048

12.052

15.034

18.014

19.992

EC

-.05

-.10

- .03

0.0

.0o8

dddA

2.0

4.o

6.0

8.o

10.0

12.o

14.0

16.0

18.0

20.0

Disk Gage

de
dG

2.oo8

4.0104

6. o4o

8.048

10.060

12.032

14. 020

16.010

18.006

20.000

EC

.40

.35

.67

.60

.60

.27

.14

.06

.03

0.0

EC

.90

.92

.53

.48

.43

.23

.08

-. 04

a Force (kilopounds) measured by the standard load cell.

b Force (kilopounds) measured by the system's load cell.

C Error (percent) in system measurement.

d Displacement (milijinches) measured by the standard micrometer.

e Displacement (millhinches) measured by the disk gage or LVDT set.

13



Table II. Aluminum Sample Calibration Data

aAX

(MPa)

0.00

3.27

7.26

9.57

13.0

16.2

19.4

22.7

26.0

29.4

32.8

36.1

39.1

42.4

45.6

48.6

52.2

55.5

58.7

LAX

(Millistrain)

0.00

.o409

.107

.141

.191

.233

.282

.315

.372

.l41

.454

.503

.541

.579

.631

.665

.719

.764

.812

-C LAT

(Millistrain)

0.00

.0128

.0322

.0398

.0628

.0689

.0919

.. 10

.121

.139

.165

.168

.173

.192

.212

.236

.245

.252

.269



Table III. Experimental Date

Sam1ple ID Depth

IL

G.12699.1 5LB 822.7
oi2699.1 SLD 822.7

G12810.0 SLB3 856.5
Gl810.0 SL11 856.5

G12897.0 sLB 883.0
G12897.0 SID 883.0

GlZ996.9 SLB 913.4
Gw:L996.9 SLD 913.4

G13030.9 SLB 923.8
G13030.9 SLD 923.8

G13102.3 SID 945.6

G13200.2 SLB 975.4
G13200.2 BLD 975.4

G1320.7 SIA 976.2
G13202.7 SLG 976.2

G13202.7 9LD 976,2
G13Z02.7 SLE 976.2
G13202.7 SLF 976.2

G13202,7 SL1 976.2
G13Z02.7 5T-T 976.2

G13308.0 9LB 1008.3

C13405.2 SIB 1037.9
G13405.2 SID 1037.9

G13498.4 SI8 1066.3
G13498.4 9ID 1066.3

(269g.1)
(269g. 1)

(2810.0)
(2810.0)

(2897.0)
(2897.0)

(2996.9)
(2996.9)

(3030.9)
(3030.9)

(3102.3 )

(3200.2 )
(3200.2)

(3202.7)
(320z-7)

(3202.7)
(~3202.7)
(3202.7)

(3202.-7
(3202.7)

(33083.0)

(3405.2)
(3405.2)

(3498.4)
(3498.4)

10-5 60.1i .46
10-5 53.6 .51

10-5 42. o .36
10,-5 46. o .43

10-5 68.1 .43
10-5 69.2 .46

10~-5 67.6 .37
10-5 40,9 .29

10-5 33.1 .37
10-5 28.6 .J46

10-5 20.2 .42

W5 33,0 -.47
10-5 25.8 .48

1-2 31.1 ,52
io-2 24.4 .50

10-4 25.3 .50
10-4 22.1 .32
10-4 32.6 .44

l-6 14.5 .31
MIOD6 26.5 .50

10-5 25.6 .33

20-5 30.0 .35
10-5 37.3 .34

10-5 17.8 .35
105 17.4 .31

Ea

(Gft )

14.5
13.3

15.2
14.2

21.3
19.9

22.5
18.9

13.4
10.5

5.80

8.60
7.36

6.63
5.17

6.42
8.76
8.97

7.04
8.26

8.47

8.85
12- 4

5.56
5.47

.16 32.9

.18 32.9

.38 23.4

.31 23.4

.27 21.4

.24 21.4

.23 20.5
___ 20.5

__- 26.4
,28 '26.4

.20 25.5

.17 17,6
--- 17,6

--- 17,6
--- .17.6

--- 17.6
--- 17.6
,oB9 17,6

,30 17.6
.14 17.6

.Z6 22.0

.18 18.4

.31 18.4

.31 19.4
--- 19.4

b
Pg

2.52
2.52

2.61
2.61

2.62
2.62

2.59
2.5g

2.583
2.58

2.56

2.61
Z.61

2.61
2.61

2.61
2.61
2.61

2.61
2.61

Z2.64

Z.66
Z.o6

Z.69
2.69

bAll E and vallues were calculated at .5 (crAX )U.

Bulk property date fro A. R. Lapypin p5ersonal commuication).
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Figure 1A: Plot of axial stress-axial strain data with linear fit for system calibration with an
aluminum sample.
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Figure 2A: Axial stress-axial strain curves for saturated samples G12699.1 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-, atmospheric pressure and room temperature.
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Figure 2B: Axial stress-axial strain curves for saturated samples G12810.0 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-1 , atmospheric pressure and room temperature.
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Figure 2C: Axial stress-axial strain curves for saturated samples G12897.0 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec 1 , atmospheric pressure and room temperature.
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Figure 2D: Axial stress-axial strain curves for saturated samples G12996.9 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-1, atmospheric pressure and room temperature.
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Figure 2E: Axial stress-axial strain curves for saturated samples G13030.9 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-l$ atmospheric pressure and room temperature.
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Figure 2F: Axial stress-strain curve for saturated sample G13102.3 SLD deformed in compression at a
nominal strain rate of 10-5 sec 1, atmospheric pressure and room temperature.
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Figure 2G: Axial stress-axial strain curves for saturated samples G13200.2 SLE and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-1 , atmospheric pressure and room temperature.



30

25

C*

'A

(C

20

15

10

5

0 _/
0.00 0.10 0.20 0.30 0.40

AXIAL STRAIN (PERCENT)

Figure 2H: Axial stress-axial strain curve for saturated sample G13308.0 SLB deformed in compression at a
nominal strain rate of 10-5 sec-1, atmospheric pressure and room temperature.
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Figure 2I: Axial stress-axial strain curves for saturated samples G13405.2 SLB and SLD deformed in com-
pression at a nominal strain rate of 10-5 sec-1 - atmospheric pressure and room temperature.
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pression at a nominal strain rate of 10-5 sec 1 , atmospheric pressure and room temperature.
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Figure 3: Axial stress-axial strain curves for saturated samples G13202.7 SIA and SLG deformed in com-

pression at a nominal strain rate of 10-2 see-lo atmospheric pressure and room temperature.



40

30
la
a-

U)

U)LU

-i

X
CO)

20

10

0
0.00 0.10 0.20 0.30 0.40 0.50 0.60

AXIAL STRAIN (PERCENT)
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