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INTRODUCTION

An indentation device, the Rockwell Superficg

Tester (Figure 1), is assessed as a means

guantifying hardness in prehistoric ceramics.

project, the apparatus is used to determine hardr

of a sample of plain ware cherds from Shoofly

prehistoric site located near Payson, Arizg

indicate that the method is useable on h

materials such as prehistoric ceramics and that

be used in statistical comparisons to oth

attributes.
Moh ‘s Hardness Scale has generally been used

hardnese in prehistoric ceramics. This scrat

relatively easy and inexpensive to use,

(1956:115, Table 4) <stated that the results

to lack of standardization of the point shape and

application. During the thirty years Shepard’s.

been in use, no other test has been come into c

to replace Moh‘s Hardness Scale.

While
has commonly been a part of describing differ
wares, a more precise measurement allows testing

vessel and paste strength through differen

attributes. Ceramic strength 1is a result of

howeaver

ceramic hardness measured by Moh ‘s Hal

ial-Hardness
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selection, manufacturing, and

have been

processes.

Identification of

important

stylistic

variety of

available,

replicabil

number of

reflecting

firing process. Tﬁe procducts

further modified through use and dlpositional

physical attributes is particularly

in the analysis of ceramic plain wares, since

analysis may be limited to vessel form. Although a

physical property measures and tests are

these differ in precision, quantifigation, and

ity. Since ceramice are complex materials, a
analytic techniques need to be employed, each

a different physical property aspect.

An emphasis on technological questions in %he ceramic

analyesics can aid in
which went

manufacturing techniqgue,

identifying the decision making process

into the and temper, the

selection of clay

firing technique and conditions, as

well as suitability for different uses. The appligation of a

measuring hardness is one |method of

precise means for
standardizing and quantifying physical property teTts.
METHOD
PROBLEM STATEMENT .
Y4
The previous failure in use of indentationn hardness

testing may be
of applications of the

scales of

prehistori

testing as with an indentation device.

due to lack of exploration of the | full range
different apparatuses and|associated
measurement.

Shepard (1956:116) stated that

c pottery is not well suited to fine hardness

The heteroéeneity and

r




porosity of the material as well as surface irrqgularities

will affect the penetration of the point and accuriacy of the

results. However, her experiments were with jthe Knoop

indenter which is quite microscopic in size compared

indenters used in this study.

to those

An advantage of microhardness testers is that| the scale

is even, in contrast to Moh's Hardness Scale which has uneven

increments between numbers. The purpose of this study is to

test the applicability of microhardness telting to

prehistoric ceramics and to assess its utility in |terms of

the nature of the material and relationship |(to other

variables (thickness, slip and smudge treatmenﬁ, vessel

form).

TESTING APFARATUS

A method of determining "differential -depth"”

measurements to record hardness is used in this study. Two

apparatuses are used: a Rockwell Hardness Testetr and a

Rockwell Superficial-Hardness tester. The prin

operation is the same for both, although the weights

differ. The method (Kehl 1949:229) was developed fo

hardness in metals. It measures depth increments of

riple of
involved
testing

diamond-

cone penetrator which is forced into the metal by

primary

and secondary load. The test controls mechanical er ors such

as backlash, slight imperfections of the test surface, and

varying contact between the test surface and the penetrator.

The principle of operation is illustrated in Figure 2
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(Kehl 1949:237,Fig. 117). The explanations of %ach step in

the test are excerpts in part from Kehl (1949:236

1) The test specimen is placed on a suita

the upper end of the elevating screw. An an

greater than .5 cm in diameter was used in t}

y238) s
ble anvil at
vil slightly

nis study to

reduce the affects of curvature of the potsherds. The dial
pointers are iqle and neither minor nor major load .is
applied.

2) The elevating screw is rotated with the capstan

wheel to bring the test specimen

penetrator. The minor 1load (3 kg)

small dial is in the "set" position. The bezel of

rotated so that the 1large pointer is in the "set

The  minor 1load has forced the indenter

corresponding with A - B.

3) The major load of 15 kg (3 kg plus 12 kg)

int

surface in contact with the

is slowly applied. The

the dial is
" position.
o & depth

is applied

by release of a handle on the side of the apparat@s. The load

is applied at a definite rate (by a oil-dashpot arfrangement).

This application forces the indenter to an addit

of B - C.

4)

impression to recover elastically to D C.

tional depth

The major load (12 kg) is withdrawn which allows the

rhe gage now

reads B - D which is the Rockwell Hardness Aumber. The

setting of the dial at the beginning and the readi

final hardness number are conducted under ident

conditions; stress conditions under the wminor (3

This standardizes the final hardness numbers

conditions are the same from one test to the next

ng of the
.ical;stress

5 kg) load.
since tﬁe

(the major




load may be varied without changing the |

conditions).

S

The next test piece is inserted and the dials agai

The Rockwell Hardness tester can be used to

|
1

final

reading

) The platform is lowered and the test pi%#e removed.

n reset.

Lpply loads

of 68, 100, and 158 kg. The dial face has 188 equ%l division

marks and each division represents one point on t

Hardness scales and a corresponding vertical inde

of 8.082 mm (Kehl 1949:235). Hardness readings are

by the hardness at the penetration point and

hardness of the material at least 10 times this

the impression (1949:239%9).

The Rockwell Superficial—-Hardness tester (Keh
241) is designed for light testing, using loads of
45 kg. The dial has 180 divisions with each repre

point of the hardness scale and a correspondi

indenter motion of 8.801 mm. The dial is more s

small indenter movements because of the shallow im

Both the Rockwell and Rockwell Superfici

testers were used in the study. Five different ind

used: a "C" Brale diamond-cone, 1/146" ball, 1/8"

ball, and 1/2" ball.

TESTING CONDITIONS

To begin a set of "scrap sherds" are used

hardness testers to determine which 1loads and wh

4]
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all, 1/4"
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will work without breaking the ceramics. Accuratk

can not be obtained if the specimen breaks during

(the penetrator continues through the break with n

stop it or the dial spinning).

All readings are taken on the sherd exteriors

interior of the sherd resting on the anvil. Use

Rockwell tester is eliminated since all loads (&0

1538 kg) applied with both the Brale and ball

usually results in breakage of the éherds. Use

Rockwell-Superficial Hardness tester at a major loacd
is successful in obtaining readings and not breaking
pieces.

Once the machine and load level are established

study is conducted on a set of scrap sherds to

effects of the different indenters. The results ar

reduce the number of indenters to the two most us

Brale and the 1/8" ball) and these are used

hardness readings on the

site.

For both the pilot study and the Shoofly

sampling pattern of nine points (a 3 x 3 point grid

intervals) is marked on each sherd using a fine ti

pen and a transparent plastic template. Si

prehistoric ceramics are composed of differing par

clays, temper, inclusions, and pores, a sample of

intervals on the ceramic surface is more likely to a
reflect the hardness of the sherd than a singlelread

would be adequate on a highly homogenous

' the

ceramic sample from the

matern

readings
test

othing to

with the
of the
108, and
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sampling point number of nine is chosen arbitrariﬂy as is the

pattern. The points are positioned far enough apért so that

each test point is independent of the affects of other
points. The 3 x 3 point grid fits most sherds, horever a few
narrow sherds were tested with two rows of points.| The .S cm

interval between points was maintained where ever possible.

PILOT STUDY

TESTING

Four large plain ware scrap sherds are chosen for the
pilot study. The goal is to repeat the nine peint pattern on

each sherd for each of the five indenters. For each indenter

the grid is shifted slightly from the positi P of the
Previous one so that the indentation peints do nor overlap.
The sherds chosen are large enough (roughly 4 x & cm) to
accommodate this many test positions. For each reading the
dial reading and the number of revolutions of the|dial are
recorded. The sherds vary in hardness to the degree | that some
readings involve less than one full turn of the dial, some

involve one full turn, and others involve two full turns.
DATA DEFINITIONS

i :

The readings gathered from the pilot study ard entered

as inline data in an SPSSX run called #PILOT1 which {is stored
as a PDS (Figure 3). Data definitions include 21 |variables

which breakdown as follows: Vi sample number; V2 kg major




load: V3 (A) indenter size (B=Brale, C=1/16" ball

ball, E=1/4" ball, and F=1/2" ball); the remaining

are paired sets of readings (V4) followed by number

S

4,

line for each indenter and nine point set.

The raw data (readings and number of

transformed through COMPUTE statements into hard

H?) and depth of indentation with the minor load

for each of the nine points per set. The formul
follows:
Hardness = (-100 % n of turns) + reading + 100
Depth = (n of turns * .1) + ((108 - reading) #*

(Note: one full revolution of the dial equals 1mﬁ

the 108 marks or readings on the dial is equal Y

vertical motion of the indenter).

Other COMPUTE <ctatements are used to calc

variables which will bg‘ the sum, mean, standard

and variance for each nine point set of hardness n

depth measurements. The computed variables

stands for Rockwell, the second letter

Hardness or for Depth, and the remaining name is

ctatistic calculated. (RHMEAN — Rockwell Hardness

RDVAR - Rockwell Depth Variance). A LIST VARIABLES

done for all the compute statements.

tu

first

, D=1/8"

variables

of turns

). There are five lines of data for each sample piece; one

ns) are
ess (H1 -
(D1 - D

ES are as

. 801)

each of

o .001 mm

ulate new
eviation,
bers and

letter

stands ¥%r either

for the

Mean and
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tested with nine point grids for the Brale ahd the 1/8"
indenter. The sherd sample had been chosen by Gabriel

as a stratified random sample of the Shoofly ceramic
collection. Sherds were chosen to be representative of
different parts of the site, different kinds of vessels, and

vessels with differing surface treatment (smudged, slipped).

DATA DEFINITION

Two files are initially composed for the Shootfly study,

both are PDS. One file (#SAMPLE) (Figure S) contains

ident?fiers for the sample sherds (V1,V2) and several alpha-
numeric variables which serve as locational identi]iers (V3 -
V7). Presence or absence of slipped or smudged surface are
noted in V8 and V9. Thickness measurements are rﬁcorded in

Vi@, and vessel form (bowl or jar) is noted in Vii. The

variable definitions and labels are written into |the SFSSX

runstream and the data slightly modified for mgre compact
presentation and storage (slashes and extra spac:s between

variable columns were deleted).

The second file (#SHOFLY) (Figure &) contaijf the data
from the Rockwell readings. Organization of thge file and
function of the various compute statements is the ﬁgme as the
PILOT study. The variable names are modified to l%kter codes

so that the only two overlapping variables between #éAMPLE
and #SHOFLY are Vi and V2, the sherd identifier numbers.

Each line of the inline data contains V1 and V2 fpllowed by

the nine sets of readings and number of turns for| the Brale




indenter, followed by the nine sets for the 1/8"
One line represents one sherd and all its readings.

The variable codes are as follows: for the i
V1l and V2 are the sherd identifiers; these are fo

sets of and numbers of turns (BR1 - BR9

readings
Brale Readings and BT1 - BT9 are the Brale Turns; +
the readings and turns for each nine sets with
ball). Summary variables are computed for

Brale and the 1/8" ball sets (RHB and RHD sum, mean

indenter.

nline data
1lowed by
are the
pllowed by

the D=1/8"

each sherd for the

, standard

deviation, and variance). The LIST VARIABLES comma%d is used

to print out the computed variable values. A F
command for histograms or barcharts is added to
the run.

The next step is to set up a Wylbur sequen

called ROCKWELL to store the combined data sets. A

is written in SPSSX which uses the MATCH FIL

Key command lines are highlighted in blue in Figure

runstream #SHOFLY is temporarily saved as a seque

and then #SAMPLE is merged from the active file.

definition of the RECORDS for the new file at the

run combines the #SHOFLY Record 1 (78 columns)

Record 2 plus some of the computed variables (75
and the remainder of the computed variables in Re
variables). The definition of the computed varia
widths and decimallplaces is obtained from the LIST
tables on the #SHOFLY printout. The merge files ru
#ROCKWL

called

a PDS (Figure 7)

saved as

modifications can be made if necessary, and so th

11

EQUENCIES

The end of

tial file
runstream
ES command
7. In the
ntial file
The final
nd of the
s #SAMPLE
columns),
cprd 3 (26
bLe column
VARIABLES
ngtream is
so that

at a list
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off of the RECORDS can be printed for reference ﬁnd copied
into the DATA LIST part of other SPSSX jobs which %ill access
the sequential data file formed by the merged files.
To form the sequential data file, the runsIream saved

as #ROCKWL is called into active and run as a4 job. This
automatically forms a sequential data file called ROCKWELL

(Figure 8). This sequential file is accessed for all

successive runstreams.
RESULTS

Several procedures are run on the data ac:éssing the

sequential file ROCKWELL, which contains theicom ined data
set. These are individually described below anI results
presented either in tﬁe text or referenced as appendices.

The major variables from the data set are sum@arized by
using the REPORT command with the nobreaks option. The
runstream for this is given in Figure 9 and the |resulting
table in Figure 10.

SCATTERGRAMS are the next procedure. Six sc#tterplots

with statistics were produced using a runstrﬁam which

accessed the ROCKWELL file (Figure 11). The stati Fics used
in the scattergrams are those of linear regression and
correlation. The results of the analysis are discussed for
each scatterplot. .

1) Comparison of hardness between the Brale ?nd 1/8"
indenter data (RHBMEAN AND RHDMEAN) (Figure 11).  The

correlation coefficient is close to 1.0 indicating|a strong

\
[y
8]
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linear relationship between the two

variatles.

The

coefficient of determination is high, 73%Z of the variation in

scores is explained by the linear
high degree of predictability between variables.

(B) is positive indicating that as one variable inc

relationship imdicating a

The slope

reases, SsO

does the other. These results are expected sinc; the Brale

and 1/8" indenter should be measuring the same

slightly different magnitudes. The results indicat

thing at

e a strong

linear relationship between the readings D% the two
indenters.

2) Comparison of depth measurements between [the Brale
and 1/8" indenter (RDBMEAN AND RDDMEAN) (Figure (13). This

scatterplot statistics for r, r2, and B are very
those from the preceding scatterplot. The
cluster very closely.

relationship between the two variables.

statistics are close to the preceding one since bot

individu

The sc

similar to

al points

These results indicate a striong linear

atter and

h sets are

derived from different calculations (one for hardness and one

for

amplify the spread of points on the plot.

depth) based on the same data. The hardness calculations

3) Comparison of hardness and depth calculatid%s for the

Brale indenter (RHBMEAN and RDBMEAN) (Figure

14). This

scatterplot shows a near perfect correlation betwe

h the two

variables which should be expected since both cbﬁputations

Both the r

are done from the same raw data.
are negative indicating that as hardness increases

aof the indentation decreases. The

that 9772 of the variation can be explained by

13

and B

r2 statistic

statistic
the depth
indicates

the linear
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and hardnese are not dependent variablé@.

ANALYSIE OF VARIANCE is the next step and tJD

were used depending whether twoc means

(T-TESTS?}

‘means  (ONEWAY) were compared. These procedur#

testing hardness and depth calculation

distributional and vessel descriptive variables.

In completing the ONEWAY

analysis of multipl

is necessary tc recode V& and V7 {alphanumerics)

and PLT (proposed 1locus type), new variable%

numerics since the procedure requires numeric

variables (Figure 18). The ONEWAY analysis of varﬂa

the following hypotheses:

Ho {(null): MEANI

|
i
1
i
i

Hi (alternate): Differerices exist betweern at

of the means. {

If the F-Ratic is near 8.8 then Ho is accepte

F

Ratio i near 1.0 then Ho is rejected and Hi is ace

F  Probability indicates the probablility that if

means were equal the same F-Ratio would result.

Fo

analysis of variance were put into the runst

RANGES=SCHEFFE/OFTIONS &6 subcommand was used cn al

Ho is accepted a statement results which indicates

no significant difference in means. If H1 is acc

subcommand will result in a table which indicates

are different. This is quite useful in interpr

[
w

€

procedures

or multiple

involved

against

e means it
into AREARA
which are

grouping

nce tests

least saome

.
s

if the F-
epted. The
all the
ur ONEWAY
ream. The
1 four. If
there is
epted, the
hich means

eting the




statistic. Resulte are shoewn the appendiux. Eth test ic
discussed below. {

1) Comparison of hérdness with the Brale in?enter and
Proposed locus type (RHBMEAN and PLT). The F—Ratia“is low and
and the F Frobability is 98% that the means areaequal. The
multiple range test (Scheffe procedure) indicates that nec two

groups are significantly different at the E.BSG‘ level of

1

i

significance. This indicates that for proposed lpcus type,
the within group variance is greater than the bet%een group
variance. Therefore, distribution of ceramic hardn%ss is not
dependent on proposed locus type. {

2) Comparison of hardness with the 1/8" indenter and-
Proposed locus type (RHBMEAN and FLT). The F—Rati¢ is still
low (.22) and the probability that the means ar equal is
?2%. The results of the multiple range test are the same as
above. ‘ l

3) Comparison of hardness with the Erale indenter and
site ares (RHBMEAN and AREAR). These resultsi indicate
slightly more contrast than the comparisons by prop%Led locus
type. The F-Ratio is higher (.SB) and the F Frobabijlity that
the means are equal is 8®%. The multiple range test %ndicates
that no two groups are significantly different at the 6.258
level of significance. There is elightly more betwéen group
variance by areas within the site than by propasfd locus
type, but the within group variance is still greater | than the
between group variance.

4) Comparison of hardness with the 1/8" ind%nter and

cite area (RHDmEAN and AREA). These results are |somewhat

16







