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1. INTRODUCTION

At your request, the Geotechnical Engineering Group has undartaken a laboratory testing
Program on a sandstone sample supplied by Bundanoon Quarry, It is understood that the .
sample is representative of the current quarry production. The aim of the testing program was
to determine the engineering properties of the sandstone, In addition to the normal suite of
laboratory testing a number of cubes, designated A, B and C wers submitted which had been
treated with a sealing agant. The cubes were to be specifically tested for durability. -

The samples are described as:

* Bundanoon, Sample No 527 (BF98/41). The sample is ‘untreated’ and represents typical
quarry production.

¢ Bundancon, Sample Nos S27A, $27B and S27C. Treated cubes supplied by Bundanoon
Quarry.

The results of the laboratory testing program are presented in this report, together with
petrographic analysis of the sandstone (827) by Dr, BJ Franklin (presented in Appendix C).

X TESTING UNDERTAKEN

The following tests were completed on the quarry block designated S27:

. Water absorption, apparent porosity and bulk density
‘ Unconfined comprassive strength
" Modulus of mipture
. Sudium sulphate soundness
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In addition, the treated cubes (827A, S27B and S27C) were subjected to sodium sulphate

soundness testing, Water absorption, apparent porosity and bulk density were also determined
for Sample 527C,

3 TESTING STANDARDS
Testing was carried out in accordance with the following standards:

. Draft Australian Standard; Methods for Sampling and Testing Aggregates,

Water Absorption, Apparent Porosity and Bulk Density of Building Stone
(CE/12/6/4/83-20, dated November 1983).

. Draft Standard AS3542: Methods for Sampling and Testing Building Stone as
follows: -

- AS3542 3-Sodium Sulphate Soundness Test (CE/12/88-17, dated July
1988)

- AS83542.5-Compressive Swength (CE/12/88-6, dated February 1988)
- AS83542.6-Modulus of Rupture (CE/12/88-5, dated February 1988)
All testing was carried out at the Department’s Geotechnical Centre, Ultimo.

4, LABORATORY TEST RESULTS

Reference is made to the petrographic analysis prepared by Dr, B.J, Franklin. The descriptions

and comments are available in Appendix C. and should be read in conjunction with this
laboratory test result section,

Test results are available in Appendix A and B, and a summary is presenied in Tables 1 and
2. Comparative results from other dimension sandstone testing programs undertaken by the
Geotechnical Centre are presented in Appendix D. In particular, the previously tested

Bundanoon sandstone sample 821 should be noted (previous test results are reproduced in
Table 1).

Water absorption (4.79%) and apparent porosity (10.65%) are regarded as marginally high for
a fresh Sydney (Basin) sandstone.

A dry compressive strength of 45.4MPa was achieved, and & wet strength of 22MPa, The
results are considered marginal. Minimum compressive strengths of 50MPa (dry) and 25MPa

(wet) provide a reasonable bench mark for the ysa of Sydney Basin sandstones as dimension
stone,

The dry modulus of rupture strength of 7.2MPa is considerad acceptible; however, e wet

strength of 2.2MPa is low (3MPa is often taken as a minimum acceptible wetr modulus of
rupture sirength).
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A comparison with the previously tested Bundanoon sandstone sample 821 is presented in

Table 1. For the current sample (827) porosity and water absorption are marginally higher,
and wet strengths lower, particularly the modulus of rupture,

The sample (S27) failed the sodium sulphate soundness test, Two test cubes (S27/1 and
527/2) disintegrated after lleycles (refer to Plate 7), and the third (827/3) disintegrated after
14 cycles (refer to Plate 8). Significant loss of the cube edges and corners was observed after
4 cycles of emersion and dtying (refer to Plate 3). :

Three (3) sets of cubes treated with an unknown agent, designated S27A, $27B and 827C,
were supplied by Bundanoon Quarry for additional sodium sulphate soundness testing. All
three (3) samples were essentially unaffected and recorded a 0% loss after 15 cycles of
emersion and drying (refer to Plates 9 to 11). A summary of the test ragults is presented in
Table 2. Comparison of the test cubes to the untreated sample 827 after 4 cycles is shown in
Plates 4 to 6. The sodium sulphate test solutions nsed for the treated cubes remained clear
throughaout the test (refer to Plates 1 and 2).

The treated sample S27C recorded an pparent porosity of 1.01% and a water absorption of
0.46%. The treating agent effectively sealed the test cubes. It should be noted that some
discolouration (bleaching) was observed on the corners of the cubes towards the end of the
program of cycles, suggesting that the sealing agent was beginning to breakdown.

5. COMMENTS

The Bundanoon sandstone sample S27 failed the sodium sulphate soundness test and had
marginal results for the compressive strength and modulus of rupture. The sandstone is not
regarded as suitable for use as a dimension stone: however, it would be suitable for landscape
applications.

The treated cubes (S27A, S27B and 327C) were found to be effectively sealed by the
application of an unknown agent”and consequently did not incur any mass loss during the
sodium sulphate soundness test. The test was run for the standard 15 cycles at which time
some bleaching of the test cube corners had occurred. It may be of interest to continne the
cycles until the cube comers/edges show signs of failure.

* Dey-Treat hoak (4e0 onclased o ey 21501)
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Senior Geologist
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TABLE 1

Summary of Test Results
Test Type Test Results
Sample S27 Sample 821+
Bundanoon Bundanoon
Water absorption 4,79% 3.6%
Apparent porosity 10.65% 8.5%
Bulk density
Dry 2.22 t/m3 234 ym?
Wet 2.33 t/m? 2,42 ym?
Compressive Strength
Dry 45.4 MPa 52 MPa
Wet 20.9 MPa 22 MPa
Ratio 0.460 0.414
Modulus of rupture
Dry 7.2 MPa 8 MPa
Wet 2,3 MPa 4 MPa
Ratio 0.322 0.523
* Sodium sulphate soundness Disintagratad 15.2%

11" t0 14" cycle

* DPWS sample, tested December 1997,

Bundznoon Sandstone Test Resulis

IV w_damshgenteehisublgdS2a-5 | doe



TABLE 2
Summary of Sodinm Sulphate Soundness Test Results

TEST TYPE TEST RESULTS
Sample 827 Sample S27A Sample S27B  Sample $27C
(unireated) (treated) (treated) (treated)

Water absorption 4.79% N/A N/A 0.46%
Apparent porosity 10.65% N/A N/A 1.01%
Bulk density

-Dry 2.22 t/m? N/A N/A 2.23 Um’

-Wet 2.33 t/m® N/A N/A 2.24 ¢m?
Sodium sulphate soundness  Disint, 11® 0% 0% 0%

to 14% cycle

Bundanoon Sundstone Test Resylis
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APPENDIX B
Laboratory Test Results
Treated Bundanoon Sandstone Cubes
Samples S27A, S27B and S27C
Geotechnical Centre, Ultimo

Bumdanoon Sandsione Test Resiiry
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PLATE 1. Bundanoon, Sample S27. Sodium sulphate test solutions after 4 cycles;
827/3 (untreated) compared to S2TB/3 (treated).
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PLATE 5. Bundanoon. Sample $27/1 (untreated) after 4 eveles compared to
Sample S27A/1 (treated) afier 4 cyeles.

PLATE 6. Bundanoon. Sample $27/1 (untreated) after 4 cycles compared to
Sample S27B/3 (treated) after 4 cycles.



loss after 15 cycles, minor discolonration on corners.

PLATE 10. Bundanoon, Sample 5278/3 (treated). Essentially no loss after
15 cycles, minor discolouration on corners.



Geotechnical Centre

Unit W4K 42 Wattle St ULTIMO 2007
Telephone 02- 9552 4864 Facsimile 02-8552 3615

NSW DEPARTMENT
, OF PUBLIC WORKS
¥ AND SERVICES

CLIENT HERITAGE SERVICES - BATCH No. 98040

SODIUM SULPHATE SOUNDNESS - FULL IMMERSION

PROQJECT BUNDANOON SANDSTONE SAMPLE No S27A
BLOCK IDENTIFICATION BF S8/41A

T ey

STONE TYPE: SANDSTONE

SUPPLIER: BUNDANOON QUARRY

TESTEDBY: 2za DATE TESTED: 16.10.98
SPECIMEN No il 2

X 50.40 50.14
DIMENSIONS OF BLOCK (mm) \ 51.56 51,14

2 50.28 50.41
DESCRIPTION OF DAMAGE DISCCLOURATION OF CORNERS
MASS LOSS AFTER 15 CYCLES % 0.0 0.0
DISINTEGRATION AT CYCLE - ———

APPROVED SIGNATORY M f‘!'% L“"ﬂ/

DATE L1 [10] 95
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Geotechnical Centre
Unit W4K 42 Wattle St ULTIMO 2007
Telephone 02- 9552 4864  Facsimile 02-8552 3615

¢ NSW DEPARTMENT
‘m{ﬁ OF PUBLIC WORKS
4 AND SERVICES

CLIENT HERITAGE SERVICES — BATCH No. 98040

SODIUM SULPHATE SOUNDNESS - FULL IMMERSION
PROJECT BUNDANOON SANDSTONE SAMPLE No 8278
BLOCK IDENTIFICATION _BF 98/41B

STONE TYPE: SANDSTONE SUPPLIER: BUNDANOON QUARRY
TESTED BY: 2G DATE TESTED: 16.10.98
SPECIMEN No i 2 3

X 50,51
DIMENSIONS OF BLOCK (mm) y 49,48

2 51.32

DICOLOURATION

DESCRIPTION OF DAMAGE OF CORNERS
MASS LOSS AFTER 15 CYCLES % 0.0
DISINTEGRATION AT CYCLE —an-

APPROVED SIGNATORY M bl

DATE g;/m!’ﬁ’

Tagt Wamad ad 15421

Farm BS 1084 300 1] (985



'Geotechnical Centre

Unit WAK 42 Wattle St ULTIMO 2007 NSW DEPARTMENT
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Telephone 02-9552 4864 Facsimile 02-9552 3615 e E;g gg;{ﬁg@ﬂm
CLIENT HERITAGE SERVICES BATCH No. 96040

WATER ABSORPTION, APPARENT POROSITY AND BULK DENSITY

PROJECT BUNDANOON SANDSTONE SAMPLE No §27C
BLOCK IDENTIFICATION BF 98/41C
STONE TYPE: SANDSTONE SUPPLIER: BUNDANOON QUARRY
TESTED BY: 2G DATE TESTED: 30.09.88
SPECIMEN No 1 2
X 51.13 48.81
DIMENSIONS (mm) Y 4933 5155
Z 50,35 50.50
WEIGHT OF MATER|AL OVEN DRY (g) wi 273.78 273.42
WEIGHT OF MATERIAL UNDER WATER w2 152.17 151.63
WEIGHT OF MATERJAL SAT-SURFACE DRY (g) w3 274.97 274.72
Spec. 1 Spec, 2 Average
WATER ABSORPTION (% water by wei ht) 0.435 0.475 0.46
APPARENT POROSITY (% water by volume) 0.569 1.056 101
BULK DENSITY (dry) tonnes/cub.m 2.229 2,221 2.23
BULK DENSITY (soaked) tonnes/cub.m 2.239 2.232 2.24
APPROVED SIGNATORY R A L""‘/
Draft Australlan Standard DATE -l / 10 / c? g
fetheds for SamErbnE & Ta'slm fgaregatas

Form B Lol §yigens 15 1999




Geotechnical Centre

Unit W4K 42 Wattle St ULTIMO 2007
Telephone 02- 9552 4864 Facsimile 02-9552 3615

NSW DEPARTMENT
. OF PUBLIC WORKS
77" AND SERVICES

LCLIENT HERITAGE SERVICES BATCH No. 88040

SODIUM SULPHATE SOUNDNESS - FULL IMMERSION

PROJECT BUNDANOON SANDSTONE SAMPLE No S27C
BLOCK IDENTIFICATION BF 98/41C

STONE TYPE: SANDSTONE SUPPLIER: HERITAGE STONEMASONRY

TESTEDBY: 26 DATE TESTED: 16.10.98
SPECIMEN No 1 . 3
X 50.48 50.55 50.37
DIMENSIONS OF BLOCK (mm) y 49.33 49.10 48.93
2 5106 51.97 51.40
DESCRIPTION OF DAMAGE DISCOLOURATION OF CORNERS
MASS LOSS AFTER 15 CYCLES % 0.0 0.0 0.0
DISINTEGRATION AT CYCLE sas i i
APPROVED SiGNATORY M Ag |/
DATE L [ip[9g

From 85 10049 itsus 1) 10395




PLATES1TO 11

Bundanoon Sandstone Test Resnlts
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PLATE 3. Bundanoon. Sample 827/1(unireated) after 4 cycles compared to an
untested cube (827).

PLATE 4 Bundanoon. Sample S27/1 (untreated) after 4 cycles compared to
Sample S27C/3 (treated) after 4 cycles,



PLATE 7. Bundanoon. Samples S27/1 and 827/2 (untreated). Regarded as
disintegrated after 11 cycles.

PLATE 8, Bundanoon. Sample $27/3 (nntreated). Regarded as disintegrated
alter 14 cycles.




PLATE 11, Bundanoon. Samples S27C/1 to S27C/3 (treated). Essentially no
lass after 15 cycles, minor discolouration on corners.



