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PREFACE

The iavestigatic~ r2norted herein was authorized.by tne Office, Chief
of Engineers, by first indcrsement dated 26 Janvary 1960 to a letter from
the U. 3. Army Fugireer Waterways Experimeut Station (UPS) dated 20 January
1950, sabgect, "Project Fian fr Research in Mass Concrete - Investigation
of Ceaent-Replacemrat Matecials - Investigation of Chemical Acceptance
Tests for Pozzoians," and formed part of the Engincering Studivs Program.
Tter ES 6OL.

Tke work was conductea at the following four laboratories:

&. Bur-au of Public Foad (BPR; under thc Y.rection of Mr.
Re-'0ld Allen, Chiet, . ivisigg of Phys.cal Research.

b. National Bureau of Standa-~ds (NBS) under the direction of
Mr. R. L. Blaine, Chief, Concreting Materials Section.

¢. Bureau of Reclamation (BR) under the direction of Mr. W. H.
Price, Chief, Division of Engineering Laboratories.

d. VES under the direction of Mr. T. B. Kennedy, Chief, Concrete
Division.
This report was prepared by Mr. Leonard Pepper, Concrete Division,
VES.
Col. Edmund H. Lang, CE, and Col. Alex G. Sutton, Jr., CE, were
Direclors of the WES during conduc® of the investigation and the prepara-
tion and publication of this report. Mr. Jd. B. Tiffany was Technical

Director.
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SUMMARY

“*The procedure specifiocd in acceptance testing of pozzolans for chemi~
cal analysis for major oxides is more involved und more costly than the
procedure uccd for such analyses in the acceptance testing of portland
cemont. 1In order to investigate the simplification of the proccdure for
tosting pozzolans, four pozzolans vere evaluated. by each of four labora-

tories using three test methods. -The methods ‘vere: v
a. Moethod A, the prescribed method, which involves fusing the

10

sample and then determining the major oxides by the referce
procedure for portland cement,

Method B, which consists of pretrcatirg the cample us in
Method A, determining the amount of Si02 by the referee pro-
cedure but omitting the second evaporation, and determining
the remaining constituenta by the optional procedure for
portland cement, '

Method C, which involves igniting the sample and determining
the constituents by the optional procedure for portland
cement’™ ...

The results of the study indicated that:

b.

There wac no significant difference between the meth.ds in
dctermining MgoO.

There was a significant difference between the metaods in
determining 8102. The higheot values for SiOs cortent were
obtained uoing Method A cnd the lowest were obtaiaed using
Method C; thus Method A vas the most effective in separating
8105 from the other constituents in the sample, and Method C
was the least effcctive.

Therc was no significant difference between Methods A and C
in determining R203, whereas therc wus u significant differ-
ence between Methogs A and B. The Ry0; content determined by
Method B was higher than thut determindd by cither of the
other two mothods.

There was no significant difference in the sum of 8iCp and
R203 determined by Methods A and B. However, the oum of

vii
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Si02 and Rp03 determined by Method C was significantly lower
than that determined by the other methods.

o

The laboratories were biased in the application of Method A
in determining SiOp, Ro03, and MgO, and in the application of
Method B in determining 5iOp and MgO.

The chemical requirements for a pozzolan are for the sum of the S£iO,
and R0, contents to be greater than 70.0% and for the MgO content to be
less than 5.0%. It was found in this study that the sum of the SiOp and
Ro0; contents obtained by either Method B or C is not significantly
greater than the sum obtained by Method A, and also that the MgO content <=
determined by either Method B or C is not significantly less than the MgO
content determined by lMethod A. Pozzolans that do not meet the chemical
requirements vhen tested using Method A would not be expected to meet these
requirements when tested using either Method B or C.
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COOPERATIVE INVESTIGATION OF ACCEFTANCE TEST METHODS FOR
CHEMICAL ANALYSIS OF POZZOLANS FOR MAJOR OXIDES

PART 1: INTRCDUCTION

Background

1. The prccedure for the chemical aralysis o»f pozzolans is outlined
in CRD-C 263.h* In this procedure, the pczzolan is first ignited, then
fused with Na2C03, after which the major oxides are determined by apply-
ing pertinent portions of the portland cement referee procedure, Method
1101 of CRD-C 209.h Thus, the chemical analysis of pozzolans is more in-
volved, more time-consuming, and more costly than the analysis of port-
land cement.

2. The Federal Test Method Standard No. 158a.3 (CRD-C 209) preovides
two methods for the analysis of portland cement: the referee procedure,
Method 1101, referred to above, and an optional procedure, Method 1111.
The latter procedure is simpler and quicker, but possibly less accurate
than the former. Therefore, the optional procedure is normally uvsed for
routice a.alysis of cement, and the referee procedure is used in case cf
dispute or when the results obtained using the optional procedure are so
close to the specification limit that the cement's meeting or failing to
meet the specification requirement is in doubt.

3. The major differences between the two procedures (Methods 1101
and 1111) in the analysis of portland cement for major oxides are:

a. Silicon dioxide (SiOp) determination.

(1) Method 1101 requires the sample to be digested in a L:1
HCY solution fcllowed by a double evaporation and fil-
tration tn separate SiOp from the other constituents.

(2) Method 111l requires the sample to be mixed with NH)CL
and digested in concentrated HC1l contsining 1 to 2 drops
of HNO3. The resuliing gelatinous mass is filtered to
separate SiOp from the other ccnstituents.

b. Calcium oxide (Ca®) dctermination.

(1) Method 1101 requires that manganese be removed from the
% Raised numerals refer to similarly numbered items in list of references
at end of text.




filtrate obtained in the determination of R0
Calcium is then obtained as a result of a dou%
cipitation and filtration of calcium oxalate, and Cal
is determined gravimetrically.

S
le pre-

(2) Method 1111 does not require the removal of manganese
from the filtrate obtained in the determination of R203.
Calcium is obtained as a result of a single precipita-
tion and filtration of calcium oxalatce, and CaO is
determined by titration with YMnQj.

c. Magnesium cxide (MgO) determination.

(1) Method 1101 requires that magnesium be separated from
the filtrate obtained in the Ca0 determination by a
double precipitation and filtration as maghesium
ammonium phosphate. MgO is then determined gravimetri-
cally as a pyrophosphate.

(2) Method 1111 requires the filtrate obtained from the Ca0
determination to be reacted with 8-hydroxyquinoline.
The magnesium precipitate is filtered and then redis-
solved. Fotassium bromate bromide is added, and the re-
sulting solution is titrated with Na28203 to determine
the Mg0 content of the samp.e.

k. During the latter part of 1959, in corresponde: ce with the
Office, Chief of Engineers (CCE), the U. S. Army Engineer Divis.on Lahora-
tory, North Pacific (NPDL), raised the question of the feasibility of using
the applicable portions of Method 1111, rather than Method J10L as required
by CRD-C 263, for routine tcsting of pozzolans. The National Bureau of
Standards (NBS) Seattle Laboratory had inZcrmed NPDL that routise analysis
of pozzolans using Method 1111 could be performed in one day, whereas doing
so by Method 1101 reguired from three to five days. A change to Method
1111 would result in a considerable saving in the cost of acceptance test-
ing of pozzolans.

5. It was the opinion of chemists associated with the NBS in Wash-
ington, when they were consulted by OCE, that the applicable portionc of
Method 1111 should not be substituted for the present procedure unless con-
siderable supporting date were available to justify such action. They
pointed out that Method 1111 had been developed for portland cement, and
that the method might not be directly applicable to materials of somewhat

* In chemical analysis of materials such as those with which this report
is concerned, R203 represents prancipally Fe203 and A1203 not
differentiated.




different compositions. They also stated that although the specified pro-
cedure for pozzolans, CRD-C 263, is far from perfect, several laboratories

devoted a considerable amount of time to developing it, and an appreciable

Purpose and Scope of Investigation

6. At a conference held at the U. S. Army Engineer VWaterways Experi-
ment Station (WES) in September 1959 between representatives of OCE and
VES, the WES was directed to conduct a cooperative program with three other
laboratories to evaluate three analytical procedures in the chemical analy-
sis ¢f pozzolans for major oxides. The investigation was confined to the
determination of the Si0,, 3203, and MgO contents of four pozzolans.
Samples of each of the pozzolans were analyzed for each of these onn-
stituents at the NBS (Washington), the Bureau of Public Roads, the VES,
and the Bureau of Reclamation¥* by:

The prescribed mcthod, CRD-C 263.

1o |

By fusing the samples, *hen using a modification of Method
1101 to determine 8102, and applicable procedures of Method
1111 to determine R2O3 and NMgO.

{e]

The applicable procedures of Method 1111, without first
fusing the samples.

Scope of This Report

7. This report describes the materiasls tested and the test methods

used, anal,zes the test results, and presents conclusions derived therefrom.

¥ These laboratories are referred to hereinafter as laboratories 1, 2, 3,
and 4, respectively.

amount of additional work will be needed to improve and perhaps simplify it.




e T W I

PART II: MATERIALS AND TEST METHODS
Materials

8. Of the many pozzolans that may have to be tested to compietely

i evaluate the test procedures, this investigation was confined to four of

the 12 pozzolans (one from each of the four principal classes of pozzolans)

5

that were used in Phase A of the Cement-Replacement Investigation prcgram.

" F Y ?
AT PR T (R

The four selected pozzolans were:

§ a. Fly ash (FA III).

? b. Natural volcanic glass (Pum F).

! c. Calcined opaline shale (C Sh M).
d. Uncalcined diatomite (Unc D).

5

The constituents of these materials as previously reported” are shown in

table 1.

9. FEach pozzolan was agitated in a 1-pt twin-shell blender for
approximately three days to eliminate segregation in the material., Each

pozzolan was then quartered to yield four samples of approximately 20 g
each; these samples were then sealed in plastic vials. One sample of
each of the four pozzolans was sent to each of the cooperating

laboratories.

Test Methods

10. All the samples were ignited, in accordance with paragraph 8(a)
of CRD-C 263, prior to either fusing the sample or digestir; it with acid
and ammonium chloride. Manganese was removed from all the samples as
described in Section 4 of Method 1101 of CRD-C 209. All the results were

reported on an as-received basis. Each laborstory determined in auplicate i

the 5105, R203, and MgO contents of each of the four pozzolans using each
of the following test procedures:

Method A, the procedure described in CRD-C 263.

I @

Method B, in which the sample was fused as directed in para-
graph 9(«) through 9(d) of CRD-C 263, except that the silica
content wa. determined using a single evaporation (i.e., the
procedures descrired in the first three sentences of the
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second paragraph of the silica determination procedure of
Method 1101 of CRD-C 209 were omitted). The R203 and MgO
contents were determined using the procedure described in
Method 1111 of CRD-C 209.

Method C, the procedure described in Method 1111 of CRD-C
209 for determining Si o R203, and MgO©.
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PART III: ANALYSIS OF TEST RESULTS

Presentation of Results

11. The test results obtained by the four laboratories are shown in
9 . tables 2, 3, and 4, and also in plates 1, 2, and 3. The original results
obtained by WES on the pozzolans tested (see table 1) and the results of

the present investigation are regarded as being in agreement considering:

a. The variance that can be expected between samples of
-ﬁ pozzolan.
'g b. The variance between operators within a laboratory.
.f'
3 1. Plate 1 shows a general tendency for the 510, values to decrease

- as the procedures were simplified. This tendency is also evident in com-
paring the average Si0, values for each method, which were: Method A,
61.08%; Method B, 59.93%; and Method C, 58.22%.

13. The effect of the methods on the R203 values is not clearly evi-
dent (see plate 2). However, with several exceptions, the results obtained

i for R203 with Method B are higher than the results obtained with Method 4,

whereas the results obtained with Method C are equal to or less than the

Method A results. This variation is also suggested by the average values
of R203 for each method, which were: Method A, 20.21%; Method B, 20.93%;
4 and Method C, 19.83%.

14. Plate 3 does not suggest any specific relation between the meth-

PR s
R A R 5 3

¥
rtadt

T

ods and the MgO values; however, the MgO results obtained by laboratory 2
E are significantly different from the results obtained by the other labora-
tories. The average values cf MgQO for each method used were: Method A,
1.00%; Method B, 0.97%; and Method C, 0.90%.

Evaluation of Results by Study of Error Variance

A S s

15. The significance of the effects of the methods, described in

paragraphs 12-14, on the resultant averages can be most readily evaluated

T

by subjecting the data to an analysis of variance. For the results of the
analysis to have physical meaning, it is essential that the error variance

of the data be homogeneous when considered among materials, among

L
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]aboratones 3 OF apong nethods The error varianee {within-laboratbry
variance) was calculated directly from the ,Guplicate resuits, and is shown
in tables 2, 3, and k. Also shown in tahles 2, 3, and k is:the pooled
error variance ,among laboratories and within methods and within zaterlals
The homogenextv of the error variances was tested by means of a nndlfica-
tion of the Bartlett 'l'es‘l:.*2 Only six out of 143 variances differed from
the other members of the group at the 95% cunfidence level. They were:

Constituent Haterial . Bethod Laboratory
sio, FAIII - . B L
810, C Sh 1. b
510, " Unc D “ B 2
R0, FA III c 3
¥g0 C Sh M B 1
¥g0 Une D Cc 1

The following observations can be pade concerning these deviations:

a. The deviations were due to the variances being higher thap
those of cther members of the groun.

|

None af the deviations occurred when Method A was used.

c. At least cne deviation was found for each!laboratory.

16. The resultant pooled variances, vhich are the error variances
for materials within a test‘method, are also shoyn in table 5. These vari-
ances were pooled to determine the errdor variance for the test methods.

Only one, the error variance for SiO, content of Pum F as determined by

Method B, was found to bé 51gn1f1can$1y greater at tke 95% confidence level »
than the other variances of the group, ‘and vas' ther-fore not included in
the calculations to determine resultant pooled variance.
17. The precision of the three test methods is compared in table
6. The variances of the tirece methods for the determinction of 8102
differ significantly at the 95% confidence level and cannot be pooled.

The error variance found fcr the Si0, determination using Mcthcd B is

2
* The modification of the Bartlett Test used6in the analysis rerorted here
is taken from Davies. In a previous study- the form of the Bartlett

Test usgd to examine error variance for homogeneity was that given by
Youden.! The Davies modification was regarded as more appropriate for
use with the data derived from this investigation.
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significantly lowver than that for Method A. The greater precisior of
Method B is probably due to the masber of variances which were excinded as :
being significantly excessive durivg the cazlroulation of the variance. It
ic believed that 2dditional work would indicate that the ervor variance of
Hethod B is the sa=me as or even greater than the error varizmce of sthod A.
The variance of Method A in the determinatiorn of 5293 is sigrificantly less
at the 95% confidence level than that of the other two methods, and there-
fore cammot be pcoled with them. The precision cf the three methods in the
determination of Mg0 is essentially the same and the three variances are
yooled. An anzlysis of variance car be zpplied to 21! the datz obtained ir
th= deterxination of ¥g0, but not to 211 the data obta’red in either the
SiO2 or R293 determination. The aralysis of veriance cannot be used to
determine the significance of the effect of methceds on the deterrzination of
either 5102 or R203.

18. Tne resultant pooled error variances are coppared in table 7

ST LIS MRS ARABWT F VA ARASS L RAR L SR LY kL L A8

vith the error variances reported by the Xational Bureau of Standards”

as a resuli of an interlaboratory study conducted con poriland cements.
Table IX of the report gives values for standard deviation zttributable
t0 the precision of the method used to obtain the test result and values
for the standard deviation of the tes® results for 12 samples. The value
for standard deviation attributable to the precision of the method used

is designated a/? and is obtained graphically. Values from table T{ for
5102, A1203, and MgO have heen squared to permit comparison with variance
values developed in the present investigation and are given in table 7 of
this report. All the variances determined in the investigation reported
herein are less than those computed from the values for standard deviation
reported in reference 1 as the average of 12 samples, except for the vari-
ance of the 8102 deterzination by Method C. It should be noted that
Method C was used for the analysis of portland cement in tne NBS inter-
laboratory study and that the pozzolans analyzed in the investigation
reported herein can normally be expected to have a greater variance than
portland cement, particularly in the determination of 5102. The error
variances for the determination of MgO by all three test methods, R203 by
Method A, and SiO2 by Method B are all less than the respective variances

calculated from the reportcd values of a/2. The error variances




: determined in this investigztion can therefore be considered to be egual to
E: or less than the error variamces thzt can normally be expected in the
analysis of portland cement.

3 Analysis of Results by Rerking of Laboratories

15. The data shown in tzbles 2-% and plates 1-3 cam also be
exaxnired by a method reporteﬁby!cuden.a In this amalysis, the average
value obtained by a lzboratory was ranked witk respect to the results ob-
3 taired Gy the other Izbtorztories for tne same material, =method, end con-

3 stituent. A score cof 1l wzs given to the laborztory baving the kigbest re-
E sult, 2 to the next higoest, 3 to the next highest, and fin=ily a score of
% £o0 the leboratory having the lovest result. These scores were swmsd for
the four materials analyzed Ty each metiod and are sbown in table 8. The

=inizma= score that can be obtzined by a5y iaboratory is &, and the rexirmm

Ve s ALCOH

is 15. Doth of these scores are sigpificant at the 5% probability level.

A score of k signifies that tke laboraory had the highest resultls in the
anzlysis of all four raleriais, vhereas 2 score of 16 sigrifies that tae
latoratory had the lowesc resulis in the analysis of 21l famr masteriais.
The average erpected score is 10. If the rankings of tne lzboratories are
randomly Giciriobuted, the sxpected sum of squares (S') is 20. The ratio of
: the calculated to the expected sums of sguares (S/3°) wizl irndicate whether
the rankings of the laborztories are randomly distributed. A ratio egual
to or greater than 2.60 indicates that ine loboratory rankings are signifi-

cantly different from random at the 5% provavility limit, and 2 ratio cqual

to or greater than 2.78 is significant at the 1% probability limit.

§
:
i
v
3
¢
¢

20. As can be seen in table 8, the test results obtained by labvore-
tory 2 ter? to be low in the determination of S:i.02 and ¥g0. Ilaboratory 3
tends to produce low R203 results. The results obtaine? by laboratory 1 in
the determination of SiO2 by liethods A and B are high, vhcreas the test
results obtained by laboratory U4 ir the determination of ‘2203 and MgO
using Method A are .igh. The distribution of the rankings of the labora-
teries is significantly different from random for all determinations using
Method A and also for the determination of SiO2 and !'.," using Lcthod B.
These results imply a definitc leboratory bias and a significant betwcer-

iaberatory variance.
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PART IV: CORCLUSIONS

21. ‘nelysis of the test results indicates that the test metbods kad
no effect cm the results obtaired in the determination of §g0. The pre-
cision of ithe three test metbods was the seme, and the differences between
te meaps zre not significent since the 95% confidence intervals overlap:
Method A, 1.07 to 0.33%; Metbod B, 1.0k to 0.90%; and Method C, 0.9T7 %o
0.83%-

2. The test zethods did bhave an effect on the results obtained in
the deiermination of Sicé- The precision of the three metheds vas
drfferent. The largest variance occrrred in Method C and the feast veri-
ance in Yethod B, although it is believed that the variance of YMethod B
shonld be larger than indicated in this study ard egual to or greater than
that of Method 3. Thes differences between the means are alse significant
sincz the ©5% confidence intervals do mot overlap: Method 4, 61.h5 to
€0.71%; ¥ethod B, 60.08 to 59.78%; and Method C, 58.9% to 57.50%. Method
4 is, therefore, the most effective method in seperating S:‘.O2 from the
otker constitusnts in the csample, ard Method C is the least effective.

23. The test metbods z2lso nod an effect on the results obtaired in
the determinzticp of R203. The precision of letacds B and C was fournd to
be the szme. The precision of lethod A was found to be different and
grezter than that of the other two methods. The mean vaiue obtained for
3203 using Method B was significantly greater than that obtaired with
either Method A or C, vhereas there was no significant difference between
the means obtzined with Methods & and C. The 5% confidence intervals
were: Method A, 20.37 to 20.05%; Metkod B, 21.28 to 20.56%; and Method C,
20.18 to 19.L84%.

2k. Although the 8102 content as determined by Methcd B is signifi-
cantly less than that determined by MHethod A, the 8203 content determined
by Method B is significantly greater than that determined by lMethod A.

As a2 result, the sum of SiO2 and R203 as determined by Method B is not

significantly different from the sum determined by HMethod A. However, the
sum of SiO2 and R203 as determined by Method C is significantly less than
the sum determined by Method A. Assuming that the variances may be summed

203, the 95% confidence

tn obtain the variance of the cum of 3502 and R

r\\\\\- TR N TR VIR R AP0
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intervals vere: Method A, 81.55 to £0.89%; M-thod 3, 81.2% to §5.%8%; and
Hethod C, 78.85 to T7-25%.

25. The precisior of the Iiaborztories conduciirg this study was high,

surpassing the precision thet is normally atizined in the zmalysis of port-
land cement, except for the precision obtained ir the determination of
SlOé using Hetbod C. The precision can be expected to te materially less
during routine acceplance testing. However, it is not expected that the
reductice in precision would affect the conclusicos reached in this
investigation-

26. The labtoratories were biascd in the 2pplication of Method A in
the determinaticn of all three constituents. The latorarories were also
biased in the application of Mz=thod B in the determinziion of SiO2 apd ¥FgO0.
Further work will be pecessary to determine the particular parts cf the
rrocedures used in Methods A arnd B thet permit the res:its cobtzined Ty tke
differert laboratories to deviate from each other.

27- 'The cherical regquirements for a2 rozzolan are for the sun of the
510, and R o3 contents to be greater than 70.0% and for the Mg0 content to
pe less tkan 5.0%. It was found in this study that the sun of the 81()‘,2
and R20 centeats obtained by either ¥ethod B or C is not sigrificantly
greater than the sum obtained by Methcocd A, ard 2130 that the g0 content as
determined by either Method B or C is not significantly less thau tbhe Mg0
rontent determined ty Method A. Pozzolans that do not meet the chemical
requirenents when tested using Methed A would not be expected tc meet these
requirements whep tested using either lMethod B or C. BPoth Kethods B and C
are, therefore, suitable for use as optional metheds for acceptance testing
of rczzolans. HMethod C is the more economical to perform, and would gener-
ally be +he preferred optional method. however, the sum of °10 and 12203
contents obtained by letbod C is significantly less than the sum obtained
by Method A; therefore, the use of Method C may require extensive retest-
ing for pczzolans that just meet the chemical requirements. This can best
be illustr. ted with the valucs obtained for C Sh M in this study. Of the
four pozzolaus te.ced, the sum of the S10 and R203 contents of C Sh H was
the closest to tvhe specification limit. Th° follovwing average values were

reported:
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Results of Chemic2l Tests of PozzolansF

Constituent, % FA 111 Pun F CSh M tnc D
510, 38.2 é3.8 61.2 767
2.0, 25.7 1:.8 12.5 12.0
Fe 0, 16.3 1L k.s 2.2
C20 3.9 0.55 8.5 0.60
1g0 0.9 0.33 3.0 0.70
S0, 0.60 0.03 0.k 0.05
Igniticn loss 12.2 3.9 6.8 3.2
lia 0 C.63 1.38 0.88 1.72
X0 i.02 k.06 i1k 1.68
Total as Ha,0 1.30 k. .ok 1.63 2.83
Peo5 6.26 0.02 0.29 0.29
z-zn203 0.16 Koy 0.08 0.03
Insoluble residue &k .9 9k.6 67-1 76.2
Yoisture conient 0.17 0.53 1.7 kL
Sulfide sulfur 0.13 0.00 0.C0 0.09
Total carbon 11.13 0.02 1.10 0.15
5

# Recrulis of tests ty YWES, using Method A, reported in 1955.
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550, Test Zemmits
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Csa¥

Unec D

Ny pe

Yariance

1
2

Varfance

O

Variance

Sf.ozi:,e:'er_':.ass-'xa..."*adtx

Resuilznt Fooled Dagrees of Freedon

Letoretazy FPoolad Verfsooe 2fter  Azsoctsied with
2 2 3 5 T2rfonoe®  Spoplett Tezt Fecultant Terizece

3838 378 3. PBE - -

38.50  3T-X 319 38.15 - -

0.0o12 0.062% 0.0032 0.6032  0.0055 0.0055 5
ne P TP TS - -

.38 PR P58 NP - -

0.9532 O c.0032  0.00%0 0.00%% 5.0155 L
56.53 ‘:-33 56.06  56.592 - -

57.20 3.3 56.35  56.33 - -

0.1352 0.0 0.6250 0.02%8 0.6478 0.0%76 S
»-B TR P P - -

2006 TIPS - -

0.2332  0.0:%  6.038% 0.0002 5.0705 0.5705 ¥
B.28 B.PE 5.5 7-05 - -

Bz B %.HB TV - -

0.0002 0.0  0.0050 0.2552# 0.0%2 0.001% 3
.56 6.2 70.k2  &B.%z - -

. £%.15 7o. 3.0 - -

0.6550 0.0312 0.0578 0.0382 0.655% 0.0555 L
.90  55.00  35.83 55.%C - -

6.8 .72 5551 5.2 - -

C.0002 0.G.20 0.0002 0.1800¥* 0.55% 0.C075 3
.05 71-75 Ti-0 1895 - -

73.2% -2 T7-32 -0 - -

0.0032 1.7112#F 0.0180 0.0002 ©.4332 0.0072 3
37.12 3E.AE 35 37.48 - -

38.10 3F*.% 3.2 3735 - -

0.X802 0.007T2 0.5513 0.0023 0,23%3 0.23%6 3
55.10  6s.k%  62.93 45.12 - -

s5.82 6460  88.72  65.15 - -

0.0392 0.0050 0.7320 06.0008 0.12%° 0.19%5 1
53.50  S2.61  55.67  55-10 - -

53.62  $2.25 sk.9v ¢k.8O - -

0.0722 0.0748  0.008% 0.0450 0.0%7€ 0.0576 L
T76.1% 75.00 Ky fors 19.30 - -

7652 Th.60 .36 T9.1 - -

0.03722  0.080C  0.0%20 0.0200 0.0L53 0.0L53 i

# 3ince ivo results were obtained by cach laboratory, the pooled variance is equel to the zverage of the

<§thin-l4beratory variances and

#  Rejected ty Bartlett Variance Tect at the 9°% conrfidence level.

L degrees of freedon arc as-ociated with it.
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Rejeetrd by Ba=tlett Jariancs Test at the 47 confidence level.

e s o L S B S R L e e S Pt i s R
Tudle 3
3203 Test Besnlés
3203 in Percent 235 ¥eaoired £t Resultznt Pocled Degrees of Freedom
Yest 5 Fooled Variance ffter fosociated with
Hetzod Materts) o 3 2 3 5 Varfance* Zertlett fest  Resultant Varience
A P& FIX 2 .30 30.20 50.23 k.03 - :
2 :3.28 0.35 RO.X B.os - )
Verfiznce  0.0002  0.0058  0.0022 0.0002  0.0031 0.0931 %
=P 1 %78 2588 k5T 15.25 - -
2 3580 .77 3k.53 15,3 - -
Varfonce 0.0002 0.0060 0.0008 0.0025 0.002% 0.002% k
CS=X 1 15.68 1553 315.62 35.0% -
2 15.82  15.37  35.7%  15.80 -
Verfance 0.0038 0.0018 0.0072 0.0288 0.0119 0.0119 k
LT 1 9.86 9.58 9.66 10.20 - -
2 10.00 9.;n 9.75 10.26 - -
Varfance 0.0098 0.0355  0.0055 0.0018 0.0075 0.0075 4
3 PA IIX i Lr26 k3.53  L0.65 k.02 -
2 .08 %3.83 k0.89 .5 -
Verfance 0.0162 0.0%50 0.0288 0.0072 0.02%3 0.0243 k
= P i .72 17.51 14.83  15.%% - -
2 35.2% 17.65 1%.63 15.62 - -
Vurfance 0.1352 0.0098 0.0200 0.0162 0.0L53 0.0%53 y {
CsSh¥ 1 15.86 15.63 15.70  16.02 - -
2 16.32 15.61  15.47  15.78 - - i
Veriance 0.1058 0.0002 0.026k 0.0288 0.0%03 0.0503 4 ;
tnc D 1 9.52- 9.867 10.14  12.2% - -
2 9.16 9.90 9.99 11.92 - -
Varfance O0.C548 0.000% 0.01:2 0.0512 0.031¢ 0.0319 Y
c FA III 1 %0.30 50.63 37.43 kak - -
2 %0.16 Lo.70 39.13 k1.10 - -
Yarfance 0.0098 0.002%  1.LL507* 0.0008  0.36L45 0.0043 3
P P 1 1% .64 14.55 10.31 14.76 - -
2 14.62 1461 10.68  1h.46 - -
Variance 0.0002 0.0018 0.068k 0.0450 0©.0289 0.0289 )
C5h M 1 15.8% 16.3%  15.05  15.62 - -
2 15.68 16.2k 15.27 15.86 - -
Variance 0.0128 0.0050 0.02hk2 0.0162 0.0146 0.0146 i
Unc D 1 10.38 9.6L 9.10  11.12 - -
2 9.8k 9.58 8.9k 10.86 - -
Jarience 0.1458  G.0018 0.0128 0.0338 ©.0LB6 0.0486 L
* Since Wwo result  were obtaind vy ¢ach laboratory, the pooiod variance is equal to the average of the
withia=lavoratory variances and L dcgrees of freedom are associated with at.
b
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%% Rejected by Bartlett Variance Test at the 95% confidence level.
t TFesults not ceportad.
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z Table 4 4
L2 :
9 g0 Test Results :
a'.'
3 Fg0 in Percent as Measured at Resultant Pooled Degrees of Freedom
& Test Laboratory Tooled Variance After Associated with :
. Method Material Run 1 2 3 4 Variance* Bartlett Test Resultant Variance !
c, _ T
:- A FA IIT 1 0.76 0.1  0.83  0.81 - -
£ 2 0.85 0.12 0.83 0.86 - -
Variance 0.00%0 0.0001 O 0.0012  0.0013 0.0013 L
P F 1 019  0.00 0.09  0.19 - -
E 2 0.22 0.00 0.11 0.17 - -
g Variance 0.000% © 0.0002 0.0002  0.0002 0.0002 b
CshHu 1 2.68 1.70 2.78 3.1k - -
2 2.79 1.61 2.82 3.11 - -
e Variance 0.0060 0.0040 0.0008 0.000  0.0028 0.0028 L4
s
b Unc D 1 0.67 0.00 0.7 1.25 - -
: 2 0.68 0.00 0.75 1.29 - -
i Variance 0.0001 O 0.0008 0.0008  0.000k 0.000k N
s B FA III 1 0.90  0.05 0.8l  0.83 - -
EL 2 0.99 6.06 0.81 0.8 - -
b7 ! Variance 0.0040 0.0001 O 0.0002  0.001). 0.0011 i
a Pun F 1 0.13 0.00 0.16 0.18 - -
3 2 0.1k 0.00 0.25 0.16 - -
s Variance 0.0001 0 0.0040  0.0002  C.00L1 0.0011 L
E CShM 1 3.02 1.61 2.97 2.75 - -
2 2.58 1.7% 2.90 2.73 - -
3 Variance 0.0968%% 0.008 0.002% 0.0002  0.0270 0.0037 3
9 Unc D 1 0.6 0.2  0.83 0.7 - -
2 0.6k 0.01 0.79 0.72 - -
R Variance 0.000b 0.0001 0.0008 0.0002  0.000k 0.000% L
: c FA III 1 0.7h 0.0k 0.88 Q.75 - -
,’: 2 0.80 0.06 0.81 0.75 - -
= Variance 0.0018 0.0002 0.002k 0 0.0011 0.0011 Y
Ry
& Pum F 1 0.12 0.02 0.23 0.15 - -
- ' 2 0.06 0.02 0.28 0.13 - -
Variance 0.0018 0 0.0012  0.0002  0.0008 0.0008 4
9 csh¥ 1 295 180 201 .65 - .
K ' 2 2.99 1.93 1.97 2,69 - -
k! “ Variance 0.0008 0.008% 0.0008 0.0008  0.0027 0.0027 4
! Unc D 1 0.53 0.02 0.42 + - -
' 2 0.69 0.01 0.k2 t - -
Variance 0.0128%% 0.0001 © - 0.0043 0.0001 2
* Since two results were obtained by each laboratory, the pooled variaace is equal to the average of the
within-laboratory variances and 4 degrees of freedom are assuciated with it (except for Method C Unc D).
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Table 5

Calculated Error Variance for Methods

Degrees of Resultant Degrees of

Freedom Pooled Freedom
Associated Variance Associated
with After with
Calculaied Error Variance Pooled Pooled Bartlett Resultant
Constituent Method FA III PumF C ShM Unc D Variance Variance Test Variance
510, A 0.0055 0.0146 0.0478 0.0706 0.0346 16 0.0346 16
B 0.0019 G.0556% 0.0075 0.0072 0.0209 13 0.005" Q
c 0.2348 0.1945 0.0476 0.0h53 0.1306 16 0.1306 16
R203 A 0.0031 0.002% 0.0119 0.0075 0.0062 16 0.0062 16
B 0.0243 0.0453 0.0403 0.0319 0.035% 16 0.C_5 16
o 0.0043 0.0289 0.0146 0.0486 0.025h4 15 0.025% 15
MgO A 0.0013 0.0002 0.0028 0.000% 0.0012 16 0.0012 16
B 0.0011 0.0011 0.0037 0.0004  0.001% 15 0.001k 15
C 0.0011 0.0008 0.0C27 0.0001L 0.0013 1k 0.00.3 1%
* Rejected by Bertlett Variance Test at the 95% confidence lavel.
Table 6
Calculated Error Variance for Constituents
Degrees cf Resultany Degrers of
Freedom Pooled rreedom
Associated Variance Associated
Calculated Exrror Variance with After with
Method Method Hethod Pooled Pooled Bartlett Resultant
Constituent A B C Variance Variar_o Test Variance
510, 0.03b6%  0,0055 0.1306% 0.0656 41 - -
3203 0.0062%  0.0354 0.0254 0.0223 47 0.0306 31
Mg0 0.0012 0.001k 0.0013 0.0013 )es 9.0013 45

% Rejected by Bartlett Variance Test at the $5% ccafidence level.
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Comparison of Error Variances

Calculated Error Variance
Determined in Present Study

Error Variances Calcu-
lated from Standard
Deviatious Reported* in
NBS Interlaboratory
Test of Portland Cement

Average Variance

MM LT ERIEE AL 1S

FERGY Mone

43

(a/2)° of 12 Samples
0.0072 0.0576
0.0169%* 0.1296%%
0.00k9 0.0k00

.
% Crandall and Blaine.
*¥¥% Values reported for Al
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Table 8

Laboratory Scores Obtained by Ranking Laboratory Results

Ratio of Calculated to
Expected Sums of

Lavoratory Scores¥* Squares
Constituent Method Lab 1 Lab 2 Lab 3 Lab h¥** S/s'i
510, A 5 15 13 7 3.4t
B b+ 16+t 11 9 3.7+t
c 10 15 8 7 1.9
R203 A 8 13 1k 5 2.7+t
B 11 8 14 T 1.5
C 8 9 16+ 7 2.5
¥z0 A 10 16+t 9 5 3.1t
B 9 16tt 6 9 2.7+t
C 7 16t+ 8 9 2.5

% The minimum score that caa be obtained by any laboratory is 4, and the

%

tt

maximum score is 16. Both of these scores are significant at the 5%
probability level. A score of 4 means that the laboratory had the high-
est results in the analysis of all four materials; a score of 16 signi-
fies that the laboratory had the lowest results in the analysis of all
four materials.

Test results vere assumed for laboratory 4 for the analysis of Mg0O in
Unc D by Method C.

The average expected wcore is 10, and the expected sum of squares (S')
is 20. An S/8' ratio of 2.60 is significant at the 5% probability level
and a ratio of 3.78 is significant at the 1% probability level.

Significant at the 5% probability level.
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