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Testing buildirg stone - r
Scientific techniques are being used increasingly
as an aid in choosing building stone. Some ofthese are here described by
Mr. R. J. Schaffer, of the Building Research Station

uILDTNG sroNr has to satisfy many
requirements, not all of which relate to
qualities that can be judged by means of

tests. The choice has to take account of the char-
acter and situation of the proposed building, the
colour, texture, durability, u'orking qualities and
cost of the stone; its availability in the sizes re-
rluired, its compatibility with the materials with
which it is to be associated in the building, and
whether it will harmonize in appearance with
other buildings in the vicinity. Durability is usual-
ly a major requirement and necessarily calls for
a large share ofattention.

Every stone building constitutes a test of the
durability of the stone of which it is built and the
choice of stone is more commonly based on the
reputation that each kind has acquired by long
usage than by reference to the results of labora-
tory tests, But stone is a natural product subject

to variation in the quarry and it is only rarely that
the quality can be judged with any certainty by
inspection. Where unexpected deterioration
occurs in a building, tests may be needed to
establish whether the stone is at fault. There are
other circumstances in which tests may be called
for. It may be required to know whether the out-
put from a quarry is comparable in quality with the
stone obtained from it in the past. Quarries be-
come exhausted and new areas may be explored
to find a fresh site for development. A disused

quary may be reopened and questions may arise
about the relative merits of the different beds.

Where only small quantities of stone are re-
quired for sculpture or for important memorials,
tests can be made to ensure that each block is of
acceptable quality. But for general purposes the
only practicable course is to test representative
samples from the quarry so that the range of
quality may be known, and to use the test results
as a guide for the direction of quarrying opera-
tions and the selection of the stone for the market.

Choice and interpretation of tests
Tests are not an end in themselves. The results are
of no value unless they serve a practical purpose.
No test designed to assess durability warrants
adoption until it has been established that the
deductions made from it accord with experience.
As will be seen later, wrong conclusions have
sometimes been reached through failure to follow
this rule.

The nature and range of tests to be adopted
depend on the circumstances and the purpose.
Where specific inlormation is needed on some
particular property of the stone, such as its
strength or coelncient of thermal expansion, the
procedure is usually straightforward. More
commonly, the question is whether the stone is
of sound and durable quality, and that may be
much more dilfrcult to answer, because the rela-
tionship between the measurable properties of the
stone and its durability is not yet clearly defined
for all types.

The durability of a sandstone depends largely
on whether or not the cementing material that
serves to bind the sancl grains together is resistant
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to water and to the acid constituents of the air,
namely, carbon dioxide, a natural constituent,
and sulphur dioxide derived from the fuel (coal,
coke, or oil) used for domestic and industrial
heating. Chemical tests can be helpful in judging
the quality of sandstone.

Limestones on the other hand consist essen-
tially of carbonate of lime (magnesian limestones,
of the double carbonate of lime and magnesia)
and are virtually indistinguishable from one
another chemically. Yet they show a wide range
of durability. Some soon begin to show signs of
deterioration, while others have endured for
centuries in adverse circumstances. Occasionally
blocks ofpoor durability can be seen in buildings
:in which the rest of the stone is of exceptional
quality. These differences arise from differences
in physical structure, differences which may be
seen under the microscope but are not easily
evaluated.

While some progress has been made towards a
characterization of different types of structure in
terms of the sizes of the pores, in much the same
way as sands are characterized by a sieve-analysis,
the reason why one type of structure is more
favourable to durability than another is still ob-
scure. Consequently, reliance has to be placed on
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the measurement of physical properties and on
the application of tests that are found by ex-
perience to distinguish between samples of good
and poor durability in much the same way as they
become differentiated in the course of time when
they are exposed to the weather.

When the utility of such tests has been estab-
lished in this way they can then be applied to
quarry samples and deductions can be made
accordingly, remembering that durability is not
an absolute quality but is dependent on the situa-
tion of the building and on the position in which
the stone is used in the building. The effects of
air pollution, for example, are more pro-
noulced in town than in country districts. Stone
that is quite durable when used inland may be
detrimentally affected near the coast if it becomes
contaminated with sea salts, Stone that is sus-

ceptible to damage by frost in copings, siils, and

other features in which it can be frozen in a

highly-saturated state may serve admirabiy in
plain walling and may even give reasonable service
in copings in a reiatively mild climate. Factors

such as these demand consideration in the inter-
pretation of test results,

Inspection of quarries and buildings
Because of the variation to be expected in the
quarry much care is needed in selecting samples

for test to ensure that they are properly repre-
sentative. Selection is best undertaken in con-
sultation with the quarry manager. In some
quarries differences in the character of the stone
are associated with differences in appearance and

selection can be made accordingly. More often,
the differences cannot be appreciated except from
a consideration of the properties of the stone.
Sampling then has to be undertaken systematically

to relate the test results with the positions from
which the samples are taken.

Local traditions about the suitability or un-
suitability ofparticular beds in the quarry are not
to be ignored but are not necessarily reliable.

Tests on an appropriate range of samples can show
whether such beliefs are well-founded. Because,
as has been said, the relationship between the
measured properties and durability has not been
clearly established for all types of stone, it is
always helpful to fird and examine buildings in
which stone of a comparable kind has been used,
and, ifpossible, to obtain samples ofthe weathered
stone for examination. These provide a compara-
tive basis for interpretation of the test results on
the quarry samples.

Microscopical examination
By using appropriate methods of consolidation
even stones of the softest kinds can be prepared
for microscopical examination in the form of
sections about r/rooo in. thick. The constituent
minerals can then be identified and the character
and distribution of the pore space mn be ex-
amined, particularly if a coloured synthetic resin
is used for the preliminary consolidation. The
microscope reveals resemblances and differences
between.stones of different'kinds or between
different varieties of the same kind. It helps to
determine what tests can usefully be applied and
assists in the interpretation of the test results.
Where there is a sufflcient range of information
on a particular variety of stone the cluality of a

sample can sometimes be judged from its micro-
scopical structure. A l'ew representative struc-
tures are illustrated in Figs. 4 to 8. Pore sizes and
other characteristic features can be measured
under the microscope, but the physical measure-
ments to be described later are more informative.
Microscopical examination serves on occasion to
identify the stone used in buildings where the
records are no longer to be found, but this cannot
be done with certainty, unless the stone has a

characteristic structure not met with elsewhere.

Strength
Knowledge of the strength of a stone rnay be

needed for the calculation of the requisite sizes

for load-bearing members. In normal usage even
the weakest stone will carry the loads expected to
be imposed on it, but even the strongest may
crack or spall if subjected to abnormally high con-
centrations of stress, such as can be caused by
uneven settlement of the building, by uneven
bedding of the blocks, or by thermal expansion
under conditions of restraint.

Measurements of strength and other mechanical
properties are made by the customary engineering
methods. These properties vary with moisture
content of the stone, which is usually weaker
when wet. The ratio of the wet to the dry
strength (the wet/dry ratio) is a measure of the
softening effect. Stress calculations should
normally be based on the wet strength, the
customary procedure being to use prepared test
pieces that have been immersed in water for z4
hours immediately before the test.

In measuring compressive strength the bearing
surfaces of the test pieces must be accurately pre -
pared to be plane and parallel and it is customary
to use plywood between these surfaces and the
plattens of the testing machine. The recorded
strength varies to some extent with the size and
shape of the test piece, but in view of the varia-
tions met with among samples of the same kind it
is unlikely that these differences have any real
significance. Test pieces 3in.y3in.X6in. high
have often been used (Fig. r ), but it is founcl that
zin. cubes will serve equally well.

Walls are seldom built in solid masonry. For
the evaluation of their bearing capac:ity in com-
posite construction, loading tests can be made,
though there has been little demand for informa-
tion of that sort. The illustration (Fig. z) is of a
loading test on a storey-height wall panel of a
Derbyshire sandstone, built by Derbyshire crafts-
men in coursed rubble in a r:2i9 cement/lime/
sand mortar, backed with 3in. breeze-blocks and
having a total thickness of r zj in. Cracksappeared
in the breeze-blocks under a load of 25 tons/ft
run. The stone facing cracked and failed under a

load of 3 r tons/ft. run.
Tests for transverse strength (Fig. 3 ) are needed

for calculating the appropriate sizes of lintels,
The method is described in British Standard r z4o.

The strength of stone affords ho indication of its
durability. Some kinds with a high compressive
strength are less durable than others of a com-
parable kind having little more than half their
strength. The wet/dry ratio may be informative,
those having the higher ratio being generally
prelerred.

The strength of limestone. is broadly related to
its density. A chart showing this relationship
appears in the French Standard (Bro-oor) and is
used as a basis for the classification of French
limestones. Brit:ish limestones have not been
tested so extensively, but those that have been
examined fall on the chart approximately in the
positions to be expected. The relationship is not
so close that density measurements would serve
in place of strength measurements.
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This is a monolithic group in Cornish Granite
from the Pelastine Quarry, near Penryn. The
finished size is approximately r 7ft. I 3ft. 1 eft. ein.
The block as originally quarried weighed between

5o and 6o tons and, when squared up to the
required overall dimensions, about 3o tons. The
sculptor, David Wynne, worked in the quarry for
approximately nine months, and two masons were
continually engaged under his direction. A con-
siderable preliminary period was spent in coring
away waste, that is in drilling a series of holes
through the block from one side to the other
between the figures. The outlines then gradually

took shape under the masons' hammers, and the
figures r.l,ere finally finished off with the pneu-
matic chisel to a smooth dressed finish. All the
work was done in the quarry, and the finished
group, weighing approximately r 2 tons, was then
lifted in a specially constructed cradle on to a

lorry for transport to site. The work was com-
missioned by the Taylor Woodrow Group of
companies, and now stands beside the entrance
of the new headquarters of the group's overseas
companies and of Myton, Ltd., in Western Ave-
nue, London. The subject is 'Teamwork', and
represents the group's trade-mark.

Stone for Berkeley nuclear power station
They have been quarrying building stone in the Inspection of the Forest of Dean quarries
Forest of Dean since the days of the Romans; it is showed that the method ofshaping the local stone
believed that the basic methods 6f g1f12g1i6n- permitted a high precision in the dimensions of
the plug and feather method have never altered. the slabs. Barnhill Grey stone was finally selected
Some degree of romantic satisfaction is therefore and prepared in panels 5ft. by 4ft. and 4in. thick.
perhaps justilied in the news that stone from this The natural grey of the stone harmonizes well
area has been chosen for the fagade of the turbine with the aluminium, glass, and other modern
ha[] at the nuclear power station now being materials employed in the structure. The effect is
erected at nearby Berkeley. said to be modern without being mechanistic.

ODD CHIPPINGS
The frontage of the vast new U.S. embassy in
Grosvenor Square is faced with Portland stone.
Eero Saarinen, the project's architect, is fascin-
ated by the way the stone weathers in the polluted
London atmosphere,'It has such adramaticblack-
and-white effect', he says. The elevations are
reported to have been planned to show the sooty
rveathering to the best advantage.

***
George Bool has been a stonemason for 65 years.

Four years ago he retired from the Bath and
Portland Stone Firms, Ltd., but he still chips and
carves lor the pleasure it gives him; sunclials,

bird-baths, small animals, rapidly take shape

under his lrands. 'Masonry gets you', he says.

'Once it's in your bloocl you can't leave off.'

Two years were spent in excavating the living
rock in which the mighty crypt of Liverpool's
Catholic cathedral is embedded. The crypt was
opened for worship last October.

*rr*

A granite memorial to Duncan Edwards, the
Manchester United footballer, killed in the
Munich air disaster, has been carved by Aberdeen
craftsmen. It takes the form of a life-iike portrait
of the player in action.

**
Seventeen thousand square feet of marble panels
encase the giant new Seagram skyscraper in New
York. Another 46,000 square feet of marble is
used in the lobby and throughout the upper floors.
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Blaxter Sandstone
souRcE Blaxter Quarry, near Elsdon, North-

umberland.
cE o Lo cY Fine-grained sandstone.
coLouR Pleasing cream, exceptionally free

from blemishes and faults.

cHARAcrERrsrrcs An easily workable stone

that weathers well. It has stood up success-

fully to industrially contaminated atmos-

pheres and to the salt-laden air of the coast.

AvArLABrLrry The quarry has been worked for
fifty years and it still produces large quanti-
ties of stone. Bores outside the area of the
present workings prove the existence of
sufficient stone for many years to come,

srzss To suit requirements stones up to 6ft. high

on their natural bed are readily obtainable.

ErNrsu Sawn, polished, tooled, or rock-faced.
pHysrcAL pRopERTTES Weight: I4o lb/cu. ft.

Crushing strength: 4r 5 tons/sq. ft. Composi-
tion: Water I.zo%, Silica 9t.7oYo, Iton
Oxides and Alumina 4.ro%, Calcium Car-

bonate z .7 o %,Magnesium Carbonate o.3 o % .

WHERE usro Over a very wide area from North
Scotland to the Midlands of England. Recent

examples include the National Library of
Scotland, Edinburgh ; Woolworth's Stores,

Princes Street, Edinburgh; tracery windows

in R, C. churches at Glasgow. Earlier ex-

amples are the oflices of the Scottish Legal

Life Assurance Co., Ltd., Glasgow; Marr
College, Troon I extensions to St. Andrews

University, Durham University, Gateshead

Technical College, and many others.

Stone

PreParation
3 - Machining
and Moulding
This is the thiil oJ a series oJ six artlcles

AcHrNEs for producing plain sinkings

or chamfers or mouldings on stone are

of two kinds. The older type of ma-

chine is the moulding or planing machine which
works dry and uses steel or tungsten-tipped chisels

or plates. It was introduced some 8o years ago and

was known as the 'Iron Mason' . It consists of two
substantial vertical pillars connected by a cross"

head member. Between the pillars is a movable

table, which travels on V-slides and is driven by

gear wheels underneath engaging in a toothed
rack. Mounted across the p:illars is a bridge carry-
ing a tool-box. The bridge can travel up and down
the pillars and the tool-box can be traversed across

the bridge. Tool-boxes are sometimes fitted to
the vertical pillars as well, so that two sides of
the stones can be machined.

The tool-box is fitted with appropriate tools
such as claws for roughing-out, broad chisels for
bevels and plain sinkings, or moulded plates for
shaped mouldings. The stone to be worked is
loaded on the table and wedged securely in
position by means of hardwood and steel wedges

driven into the slots provided in the table top.
As the table moves under the bridgehead the tools
are brought to bear on the stone, scraping away

the waste until the desired pro{ile is produced.
There is a variation to this machine known as

the 'Coulter' machine, so called after its inventor.
This has a rocker-bed raised off the main table,
which can be turned through a semi-circle en-

abiing three sides of the stone to be brought under
the tool-box. The bridge which carries the tool-
box can also be canted over so that the tool will
cut both ways. These machines, although their
design is of considerable age, are stili in wide use,

especialiy lbr heavier moulded work.
The second type of moulding machine is an

adaptation of the circular-saw where the saw

blade is replaced by a circular moulded carbor-
undum wheel. This, of course, cuts with water.
It is used on lighter work *'here the amount of
waste to be cut away is not too great and there is

a considerable run required to the same section,
sufficient to recoup the heavy cost of the carbor-
undum wheel.

In the case ofthe dry cutting machine the stone

to be moulded must be cut 2 or 3in. longer than

the finished article, to allow lor damage to arrises

as the tool pulls off the end of the stone. The
stone is returned to the secondary circular-sau'
to be jointed-off to the correct length. In the case

of the wet process of carborundutn moulding, the
stones can be jointed to the correct lcngth before
the machining takes plrt e.

MOULDINC WITH A CARBORUNDU]!1 \VFIEEL

PLANING AND MOULDINC MACHINE

o

MOULDING \VITH A COULTER TYPE MACHINE


