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PREFACE

The investigat!o-0 reported herein was authorized by trle Office, Chief

of Engineers, by first indcrsement dated 26 January 1960 to a letter from

the U. S. Arzy Yusg..eer Waterways Experimetit Station (1u3S) dated 20 January

1960, sfubject, "Project Pjan ft.r Research in Mass Concrete - Investigation

of, uctment-Replacemr-nt Materials - Investigatiorn of Chemical Acceptance

TEsts Lor Pozzola.ns," and formed part of the Engineering Studies Program.

Item 1Z 601.

The work was corductea at the following four laboratories:

o. Bur-du of Public Eoad (BPR) under the "'.ection of Mr.
R"old Allen, Chief, - •v• •S;_-L of P4ca Research.

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

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

d. WES under the direction of Mr. T. B. Kennedy, Chief, Concrete
Division.

This report was prepared by Mr. Leonard Pepper, Concrete Division.

WES.

Col. Edmund H. Lang, CE, and Col. Alex G. Sutton, Jr., CE, were

Directors of the VWES during conduct of the investigation and the prepara-

tion and publication of this repoit. Mr. J. B. Tiffany was Technical

Director.
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-6Thc procedure specified in acceptance testing of pozzolans for chelti-eal ana.4esi for waJor oxides is more involved and more costly than the
procedure =e.. for such analyses In the acceptance testing of portland

cement. U order to investigate the simplification of the procedure for
tooting pozzolans, four pozzolans were evaluate<& by each of four labora-
tories using three test methods. -The mothods vere:

a. Method A. the prescribed method, which involves fusing the
sample and then determining the major oxides by the referee
procedure for portland cement)

b. Method B, which consists of pretrcatirg. the sample us in
Method A, determining the amount of SiO2 by the referee pro-
cedure but omitting the second evaporation, and determining
the remaining constituents by the optional procedure for
portland cement.

c. Method C, which involves igniting the sample and determinIng
the constituents by the optional procedure for portland
cementl. ..

The results of the study indicated that:

a. There vac no significant difference between the meth-ids in
determining MgO.

b. There was a significant difference between the metdaodo in
determining SL02. The highbet values for S102 coi.tent were
obtained using Method A and the lowest were obtained using
Method C; thus Method A was the most effective in separating
0i02 from the other constituents in the sample, and Method C
was the least effective.

c. There was no oignificant difference between Methods A and C
in determining R203, whereas there was u significant diffcr-
ence between Methoas A and B. The R2 02 content determined by
Method B was higher than that determin&1 by either of the
other two methods.

d. There was no significant difference in the sum of Si2 a"d
R2 03 determined by Methods A and 1. However, the sum of

vii Proe1lig PaDe blink



SiO2 and R203 determined by Method C was significantly lower
than that determined by the other methods.

e. The laboratories were biased in the application of Method A
in determining Si02 , R2 03 , and MgO, and in the application of
Method b in determining 8iO 2 and MgO.

The chemical requirements for a pozzolan are for the sum of the Si02
and R2 03 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 SiO2 and

R203 contents obtained by eitheŽr Method B or C is not significantly
greater than the sum obtained by Method A, and also that the D!gO content :7
determined by either Method B or C is not significantly less than the MgO
content determined by Method A. Pozzolans that do not meet the chemical
requirements ishen tested using Method A would not be expected to meet these
requirements when tested using either Method B or C.

viii
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COOPERATIVE INVESTIGATION OF ACCEFTAN1CE TEST METHODS FOR

CHEMICAL ANALYSIS OF POZZOLANS FOR MAJOR OXIDES

PART 1: INTRODUCTION

Background

1. The procedure for the chemical analysis of pozzolans is outlined

in CRD-C 263.4* In this procedure, the pozzolan is first ignited, then

fused with Na 2 C03, aftcr which the major oxides are determined by apply-

ing pertinent portions of the portland cement referee procedure, Method

1101 of CRD-C 209. Thus, the chemical analysis of pozzolans is more in-

volved, more tire-consuming, and more costly than the analysis of port-

land cement.

2. The Federal Test Method Standard No. 158a 3 (CRD-C 209) provides

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 used for

routi.e aL.alysis of cement, and the referee procedure is used in case of

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

meec 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 (SiO2 ) determination.

(1) Method 1101 requires the sample to be digested in a l:l
HC1 solution followed by a double evaporation and fil-
tration to separate Si02 from the other constituents.

••"(2) Method Iii requires the sample to be mixed with NH4Ci

and digested in concentrated HCl contolining 1 to 2 drops
Of F1103. The resulting gelatinous mass is filtered to
separate SiO2 from the other ccnstituents.

b. Calcium oxide (Ca() determination.

(1) Method 1101 requires that manganese be removed from the

* Raised numerals refer to similarly numbered itcms in list of references

at end of text.



filtrate obtained in the determination of R2 03.*
Calcium is then obtained as a result of a double pre-

C cipitation and filtration of calcium oxalate, and CaO

is determined gravimetrically.

(2) Method 1111 does not require the removal of manganese
from the filtrate obtained in the determination of R2 03.
Calcium is obtained as a result of a single precipita-
tion and filtration of calcium oxalatd, and CaO is
determined by titration with KWMn04 .

c. Magnesium oxide (MgO) determination.

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

(2) Method 1111 reqvires the filtrate obtained from the CaC
determination to be reacted with 8-hydroxyquinoline.
The magnesium precipitate is filtered and then redis-
solved. Fotasoitm bromate bromide is added, and the re-
sulting solution io titrated with Na2 S2 03 to determine
the NgO content of the sample.

4. During the latter part of 1959, in corresponde: ce with the

Office, Chief of Engineers (CCE), the U. S. Army Engineer DivisLon Labora-

tory, North Pacific (NPDL), raised the question of the feasibility of using

the applicable portions of Method 1111, rather than Method JJ-i as required

by CRD-C 263, for routine tcsting of pozzolans. The National Bureau of

Standards (NBS) Seattle Laboratory had informed NPDL that routi:e analysis

of pozzolans using Method 1111 could be performed in one day, whereas doing

so by Method 1101 required 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-

ing'on, when they were consulted by OCE, that the applicable portionc of

Method 1111 should not be substituted for the pre.;ent procedure unless con-

siderable supporting data were available to justify such action. They

pointed out that Method 11l11 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 principally Fe 203 and A12 03 not
differentiated.
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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

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

Purpose and Scope of Investigation

6. At a conference held at the U. S. Army Engineer Waterways Experi-

ment Station (VIES) in September 1959 between representatives of OCE and

VIES, the WES was directed to conduct a cooperative program with three other

laboratories to evaluate three analytical procedures in the chemical analy-

sis of pozzolans for major oxides. The investigation was confined to the

determination of the Si02 , i203, and MgO contents of four pozzolans.

Samples of each of the pozzolans were analyzed for each of these con-

stituents at the NBS (Washington), the Bureau of Public Roads, the WES,

and the Bureau of Reclamation* by:

a. The prescribed mcthod, CRD-C 263.

b. By fusing the samples, then using a modification of Method
1101 to determine SiO , and applicable procedures of Method
1111 to determine R203 and MgO.

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

Scope of This Report

7. This report describes the materials 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.
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PART II: MATERIALS AND TEST METHODS

Materials

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

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

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

that were used in Phase A of the Cement-Replacement Investigation program. 5

The four selected pozzolans were:

a. Fly ash (FA III).

b. Natural volcanic glass (Pure F).

c. Calcined opaline shale (C Sh M).

d. Uncalcined diatomite (Unc D).

The constituents of these materials as previously reported5 are shown in
table 1.
b 9. Each 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 laboratory determined in auplicate

the Si02 , R2 03 , and MgO contents of each of the four pozzolans using each

of the following test procedures:

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

b. Method B, in which the sample was fused as directed in para-
graph 9Fa) through 9(d) of CRD-C 263, except that the silica
content wa.. determined using a single evaporation (i.e., the
procedures described in the first three sentences of the



second paragraph of the silica deterwination procedure of
Method 1101 of CRD-C 209 were omitted). The R2 03 and MgO-
contents were determined using the procedure described in
Method 1lll of CRD-C 209.

c. Method C, the procedure described in Method 1111 of CRD-C
209 for determining SiO02 , R2 03 3 and MgO.

I
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PART III: ANALYSIS OF TET RESULTS

Presentation of Results

11. The test results obtained by the four laboratories are shown in

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
pozzolan.

b. The variance between operators within a laboratory.

l;°. Plate 1 shows a general tendency for the SiO2 values to decrease

as the procedures were simplified. This tendency is also evident in com-

paring the average SiO, 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

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

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 R 0 for each method, which were: Method A, 20.21%; Method B, 20.93%;
*~ 23

and Method C, 19.83%.

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

ods and the MgO values; however, the MgO results obtained by laboratory 2

are significantly different from the results obtained by the other labora-

tories. The average values cf MgO 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

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

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

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



laboratories, or among methods. The error variance (vithin-laboratby

variance) vas calculated directly from the duplicate results, and is shmoAu

in tables 2, 3, and 4k. Also shomn in tables 2, 3, and 4 is-'the rooled

error variance among laboratories and vithin methods and vithin materials.

The homogeneity of the error variances vas'tested by mea-ns -of a cdifica-

tion of the Bartlett Test."-2 Only six out of I13 variances differed from

the other members of the group at the 95% confidence level. Mey were: ,

Constituent Material Method Laboratory

SiO2  FA III B 4
Si022 CSh lM B .4

SiO2 Unc D B 2

R203 FA III C 3

zO C Sh M B I

b1O Unc D C 1

The following observations can be ipade concerrdng these deviations:

a. The de'-iations were due to the variances being higher than
those of other members of the group.

b. None of the deviations occurred when kethod A was used.

c. At least one deviation was found for each laboratory.

16. The resultant pooled variances, which are the error variances

for materials within a te.t' iretho4, are also sholwm in table 5. These vari-

ances were pooled to determine the error variance for the test methods.

Only one, the error variance for SiO2 content of Pum F as determined by

Method B, was found to be significantly greater at the 95% confidence level

than the other variances of the group, and was' 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 three methods for the determinvtion of SiO2

differ significantly at the 95% confidence level and cannot be pooled.

The error variance found fcr the SiO determination using Method B is

* The modification of the Bartlett Test used in the analysis reported here
is taken from Davies. 2  In a previous study6 the f6rm of the Bartlett
Test used 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.

•.I
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sii•nifcantly lover tan tbat for Kethod A- zn greater iprecisin ofi

Wtbod B is vmobably due to the mr I of variances which vere exclmted as

being sigcificantly excessive during the calltion of the variance. It

is believed thet additional work vould indicate that the error rari=e of

Xethod B is the swie as or even greater than the error variance of Ketbod A.

?be variance of Metbod A in the determination of h2 0 is significantly less
23

at the 95% confidence level than that of the otht two metbods, and there-

fore cannot be pooled with them. 2he precision cf the three methods in the

determination of lfgO is essentially the same and the three variances are

pooled. An analysis of variance ca. be applied to an the data obtained i.

the determination of FgO, but wot to all the data obtal-red in either the

SiO2 or R 203 determination. !he analysis of variance cannot be used to

determine the significance of the effect of methods on the determination of

either SiO2 or R2 03.

18. The resultant pooled error variances are compared in Table 7

with the error variances reported by the National Bureau of Standards1

as a resul'; of an interlaboratory study conducted on portland cements-

Table IX of the report gives values for standard deviation attributable

to the precision of the method used to obtain the test resalt and values

for the standard deviation of the test results for 12 samples. The value

for standard deviation attributable to the precision of the method used

is designated a/2 and is obtained graphically. Values from table rX for

Si02, A1 203 , and (gO have been 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 SiO2 determination 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 SiO 2. The error

variances for the determination of MgO by all three test methods, R2 03 by

Method A, and SiO2 by Method B are all less than the respective variances

calculated from the reported values of a/2. The error variances
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deternined in this ivestligtion can therefore be cnsidered to be equal to

or less than the error variances that can nomily be expected in the

anayss of portland ceent.

Analysis of Results Tw Banki•g of Laboratories

19. The data sbwn in tables 2- and plates 1-3 can als be

ex~dmed by a uethad reported by Youden.8 In this analysis, the average

jvalne obtained by a laboratory vas ranked vith respecat to the results oh-

tained by the other laboratories for the same uaterial, method, and can-

stituent. A score of 1 was given to the laboratory having the highest re-

sult, 2 to the next highest, 3 to the next highest, and finally a score of
o tm he laoaoy h~ming the luaest result. Miese scores uere snzne for

the four materials anlyzed by Mch metbod and are shtrn in table 8. The

mi1-ma toor that.cnbebandb w laboratory isin the andes reutthh coe ee su3ad fo

is 16- Bo)th of these scoees are siz•_ific-nt att the 5%2 P•robabilit --'i$ e-e!.

A score of 4 signifies that the laborac-ary had the highest results in the

analysis of alL four raterials, whereas a score of 16 smg-g-ifies that the

laboratory had the lJae! results in the analysis of all four aterial-s.

The av-rage e~pected score is 10. if the rankings of the laboratories are

randomly dis•-iibuted, the expected si• of squares (S') is 20. The ratio of

the calculated ti the ex..pected sums of so-lares (SIS') wi.L indicate whether

the rankings of the laboratories are randomly distributed. A ratio equal

to or greater than 2.60 indicates that tne laboratory rankings are signifi-

cantly different from random at the % probability limit, and a ratio equalI to or greater than 3.78 is significant at the i% probability limit.

20. As can be seen in table 8, the test results obtained by labora-

Story 2 ter-d to be low in the determination of SiO2 and 1.-g0. laboratory 3

tends to produce low R2 03 results. The results obtain -' by laboratory 1 ir.

the determination of SiO2 by Methods A and B are high, vherea, the test

results obtained by laboratory 4 in the determination of 11_0 and MgO) 3
using Method A are Aigh. The distribution of the rankings of the labora-

tories is significantly different from random for all determin ations using

5.7 ethod A and also for the determination of SiO2 and "j using 1.,tthod B.

These results impi.y a definitc laboratory bias and a significant betwecr-

laboratory variance.
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PAR IV: COWSION

21. Analysis of the test results indicates that the test zwthods had

no effect ce the results obtammed in the determnation of WFgO. The pre-

cl.sio of the three test methods vas the same, and the differences between

t?* weans are not snific•nt since the 9% cc--idence intervals overlap:

Method A, 1.07 to 0.93%; Method B, 1.01 to o.90%; and Method C, 0.97 to

0.83%.

R22 The test methods did have an effect on the results obtained in

t&- determnition of SiD . The prTeciion of the three etxhods vas

different_ Vm-e largest variance occurred in Wmd C and the least vari-

ance in Method 3, although it is believed that the variance of Method B

should be larger than indicated in this study and equal to or greater than

that of .xethcd A. Mhe differences between the neans are also significant

since the ,5L% nafidence intervals do not overlap: Method A, 61.45 to

6o.-11%; m4ethod B, 6o.C8 to 59.78eo; and Y--thod C, 58-91& to 571.505L. Method

A is, therefore, the most effective method in separating SiO2 from the

other constituents in the -armle, and Method C is the least effective.

23. The test methods also had an effect on the results obtained in

the determination of R2 0 3- e precision of Methods B and C was found to

be the same. The precision of Method A was found to be different and

greater than that of the other two methods. The mean value obtained for

"RP03 using 1Method B was significantly greater than that obtained with

either Method A or C, whereas there was no significant difference between

the means obtained with Methods A and C. The ",5% confidence intervals

vere: M..ethod A, 20.37 to 20.05%; Method B, 21.28 to 20.58%; and Method C,

20.18 to 19. 4 8%.

24. Although the SiO2 content as determined by elthod B is signifi-

cantly less than that determined by Method A, the R 203 content determined

by Method B is significantly greater than that determined by Method A.

As a result, the sum of SiO2 and R 203 as determined by Method B is not

signifi2cantly different from the sum determined by 2ethod A. However, the

to obth i udte rmianed of •.thoe r.um i ofh2and Rhvariances may be su5 c i edS~to obtain the variancc of the •um of 3502 and R203, the 95% confidence
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intervals vere: JMethod A, 81.69 to 80.89%; M~ethod B, 81-2l4 to &.).W8; and

,ethod C, 78.85 to "725%.

25. The precision of the laboratories conducting this study was high,

surpessing the precision that is normally attained in the analysis 9f port-

land cement, except for the precision obtained in the determination of

SiO2 using ttbod C. The precision can be expected to be ate-ria]ly less

during routine acceptance testing. H0oever, it is not expected that the

reduction in precision would affect the conc-lusions reached in this

investigation-

26. Mhe laboratories were biased in the application of Method A in

the determdiaticrn of all three constituents. The laboratories vere also

biased in the application of Iethod B in the determination of SiO2 and gO.

Further work vill be necessary to determine the rarticular parts 2f the

proce-d-es used in Methods A and B that permit the res-lts obtained by the

different laboratories to deviate from each other.

27. The chemical requirements for a rozzolan are for the sum of the

SiO2 and R2 03 contents to be greater than 70.09f and for the gO content to

be less than 5.0%. It was found in this study that the sun of the SiO2

and R2 0 . contents obtained W7y either Method B or C is not significantly

Greater than the sum obtained by Method A, and also that the WgO content as

determined by either Yethod B or C is not significantly less thanu the MgO

"-ontent determined by Yethod A. Pozzolans that do not meet the c-hemical

requirements when tested using Method A would not be ex-pected to meet these

requiremen.ts when tested usinig either Method B or C. Both Methods B and C

are, therefore, suitable for use as optional methods for acceptance testing

of pczzolans. Method C is the more economical to perform, and would gener-

ally be the preferred optional method. however, the sum of SiO2 and R 203

contents obtained by h etood C is significantly less than the sum obtained
by M.ethod A; therefore, the use of 1.14-thod C may require ex7tensive retest-

ing for pczolans that .just meet the chemical requirements. This can best

be illustr. ted with the valuc. obtained for C Sh 14 in this study. Of the

four pozzolans te-ced, the sum of the SiO2 and R203 contents of C Sh M vas

the closest to the specification limit. Thc following average values wcre

retorted:
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-t
3sa of 5o02 and B,20 3 Contents of C Sh H, %

Lab Wa3 LablA 72.69 70.68

B 72-98 7T-52 TLO1 71.80
C 69-4-5 68.72 70.-7 70.66

i

(!
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TTable I

Results of Che-ical Tests of Pozzoianps*

Con.stituent, % F. IIT Fm F C Sh m Unc D

sio2 38.2 68.8 61.2 76.7

A' 2 3 25.7 !4.8 12.5 1.0

Fe2 03  16-3 1.4 4.5 2.2

cao 3-9 0.65 8.6 o.-6

11%g0 0.9 0.33 3-0 0.70

so, 0.6o 0.03 0. 4 L. 0-05

igniticn loss 12.2 3-9 6.8 3-2

u-a2o 0.63 1-38 0.88 1.72

"K20 1.02 4.96 1.14 1.68

Total as 11a 20 1.30 4.64 1.63 2.83

P205 0.26 0.02 0.29 0.29

.. 26 o0 3,oi0.08 0.03

Insoluble residue 64.9 94.6 67.1 76.2

lMoisture content 0.17 0. 83 1.7 4.1
Sulfide sulfur 0.13 0.00 0.00 0.09

Total carbon 11.13 0.02 1.10 0.15

* Re,,'uJ.ts of tests ly W-ES, using 1.Method A, reported in 1955.-
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MbEW 2

|2

So2 S-

ML.e~d 3fe-22 a i 2 Te-3 ?-l

?1 33-33 37.28 371.-P 33.0C -

2 33.50 3T.15 370T.'3_.6

V-...e 0.0012 0.0CP1 0.0o32 0.00V- o-c035 o.-T55

2=- T- 1.8T• 70.-1 ,'.76 TI.8E ---
2 2.213 IM. - T.-6 1.76 -

O .0512 0 0.0332 OO 0. 02346 0.01186 4.1

C Is 3 1 56.68 56-33 56-06 56.9-1 - -
2 5T.20 S.1T 56.1-6 56.66 - -

Siz~e 0.1352 o.0 0C.050 0.02ý26 0-017 0. ar0.

S? 7 19.33 n.-24 78.19 1.52 - -
2 T,.0- 77..1 T.,,2 Ty.-4 -.c

7o-23.&2e 0.3 o.0-11 o0.3 o0.0 o.00 o.6.t,

3 FA~l i 38.28 31.3L _,6.96 371-06 -

2 33.26 zt1 36•.85• 37-.7 - -

2'm-i¢ze O.0z02 0.0,_0 o.CO50 0.25-,2 0.0••2 0.0019 3

??F I r1.56 6ALo 7o.12 68.4z - -

2 11.-36 7. .o3 67.co - -

Varizn. 0.050 0.03-12 0.058T 0.0062 0.0556 0.055%

C !; 1 56-0 55-.00 55•.43 55.60 - -
2 56-.6 51.7 55.!1 %6.20 - -

Va-!e..ce 0.0302 O.,M 0.C"X2 0.1800- 0-05r6 0.0075 3

U.c 79-06 w --, 5 T.6 o 7855. - -
2 7-914 5.-950 77.59 79-.0 -

.'arirm-ce 0.0032 I-TO1L- 0.0180 0.0002 0.4332 0.0072 3

7C Fl. 1 37.22 3E1-.1 34.86 3T.48 --

2 38.10 3L.56 33'.92 N34.] - -

Variance 0.1072 0.0=72 0.4418 0.0090 0,23•8 0.2348

F 1 65.110 fA.4 69.93 65.12 - -
2 a.82 • 6•.6 68.72 65.16 -o

variance 0.0392 0.0060 0." 320 0.0008 0-.!3 0.19153

C Sh y~ 1 53.50 52.61 55.07 55.10 --

2 53-88 52.25 "L. 94 54;.80 -

Variance 0.0722 0.0M1 0.C084 0.0450 0.0476 0.0476

U~nc D I 76,24- 75.00 -7.37 79. 30 - -
2 76.42 74.60 r7.36 79.10 - -

VaranceŽ 0.03)2 0-08CC 0.0420 0.0"0 0.01-53 0.0453L

* Since two results were obtained trb each laboratory, the pooled variance iz equ..l to the rverw~r of the
.ithin--,ib1ratorY variancer and L degr..e of freedom are as-ociated with it.

•f.. .- cted vy Bartlett Variance Tc.t at the 9'1 corfidnene level.



Ssbie 3

'R203 Ts e~t

0 ~ esc~t C 3~e~ed ~t e=ult=st BPcLed Degrees of Freedo=
Trest %23 pt- ecrtor EP& OO-led Varlpance After Axsoclateed vi.t

M•-.• Y.atez'fr.1 • 1 2 3 , Ve.ace* . leet'A Test Pe=ultt-. Variance

A FA 1 i 41.30 40.2o 40.23 41.08 -

2 41.28 40.34 40.17 41.06 - -

zine 0.0002 0oO098 0.0022 0.0002 0.0031 0.003114

.- 1 14Ti.8 14 .W 14.57 15.26 - -

2 14.80 14-TT 14.53 15.19 - -

"Varirane 0.0002 0.0360 0.0008 0.002h 0.0024 0.0024 4

C Sh x i 15.68 14-43 15-62 16.04 - -
2 15.62 1.37 15.744 15.80 - -

"Variance 0.0098 0.0018 0.0072 0.0288 0.0119 0.0119 4

L=c D 1 9.86 9.58 9.66 10.20 - -
2 10.00 9.41 9.75 10.26 -

Varian-ce 0.0098 0.0144 0.00W 0.0018 o.o75 0.0o75 4

3 FA M 1 41.26 43-53 4o.65 41.92 --
2 41.08 43.83 408.9 41.80 - -

Variance 0.0!62 0.0450 0.0288 0.0072 0.0243 0.0243

___ 1 14.72 17.51 14-83 15."4 - -
2 15.24 17.65 14.63 15.62 - -

Vxriance 0.1352 0.0098 0.0200 0.0162 0.0453 0.0453 4

C Sh H 1 15.86 15.63 15.70 16.02 - -

2 16.32 15.61 15.7 15.78 - -

Variance o.1058 0.0002 0.0264 0.0238 0.0403 0.0403 4

Unc D 1 9.52- 9.87 IO.14 12.24 - -

2 9.16 9-90 9.99 11.92 - -

Variance 0.C018 0.0004 0.0112 0.0512 0.0319 0.0319 4

FA iII 1 40.30 40.63 37-43 41o.4 - -

2 4o0.16 40.70 39-13 4i.i0 - -

variance O.0098 0.0024 I.h450W- 0.0008 0.3645 0.0043 3

u.T F i 1A.64 1.55 1o.31 14.76 - -
2 14.62 i.61 io.68 i.46 - -

Variance 0.0002 0.0018 0.0684 o.o450 0.0289 0.0289

C Sh M 1 15.84, 16.34 15.05 15.62 -
2 15.68 16.2h 15.27 15.808 -

Variance 0.0128 0.0050 0.O242 0.0162 0.0146 O.01;6 4

Unc D 1 10-38 9.64 9.10 11.12 -
2 9.84 9.58 8.94 io.86 -

lariance 0.1458 0.0018 0.0128 0.0338 u.0486 0.0P6 4

* Sincr two r.zult wrr obtai-n,i vy ach laboratory, the pool-d variance Ir equal to the average of the
".-ithi,i-]atoratory variancz and I. dcgr((., of freedom are azzociatpd with it.

* 1 ,,jr t,' by ba-tlrtt .aria,.e P.at at the ?, confidrnce level.



Table 4 '

W• Test Results

• W in Percent as Measured att Resultant Pooled Degr'ees. of Freedo-m
Test Laboratory rooled Variance After Associated wi~th

Methodl Yterial Run 1 2 3 4 Variance* Bartlett Test Resultant V'ariance

A ?A III .76 0.11 0.83 o.81 - -
2 0.85 0.12 o.83 o.86 - -

Variance 0.0040 0.0001 0 0.0012 0.0013 0.0013 4

-u F 1 O.19 0.00 0.09 0.19
2 0.22 0.00 0.11 0.17 -

Variance 0.0004 0 0.0002 0.0002 0.0002 0.00024

C Sh M 1 2.68 1.70 2.78 3.A14 -
2 2.79 1.61 2.82 3.11

Variance 0.0060 0.0040 0.0008 0.0004 0.0028 0.0028 4
SUne D I o.67 mO. T.7 ab 1.25 -

e2 s .68 0o r o0.75 o.a9 AMVariance R .u0001 0 0.0008 0.0008 O 0.000a att4 4

A FA III 1 0.90 0.05 0.81 0.83 -
2 0.99 0.16 0.81 0.85 - -

Variance 0.0040 0.0001 0 0.0002 0.0011 0.0011 4

Pur F 1 0.13 0.00 0.16 0.18 - -
( 2 o.22 0.00 0.25 o.16 - -Variance 0.0001 0 0.0002 0.0002 0.0002 0.0011 4

C Sh M 1 3.02 1.61 2.97 2.75 - -
2 2.58 1.74 2.90 2.73 - -

Variance 0.0968 0.0084 0.0082 0.0004 0.0270 0.0037 3

Unc D I 0.67 0.020 0.71 0.27 - -

2 0.64 0.01 0.79 0.72 -

Variance 0.0001 0.0001 0.0008 0.0002 0.0004 0.0004 4

C FA NlI I 0.74 0.04 0.88 0.75 -
2 0.8o o.06 0.81 0.75 -

Variance 0.0018 0.0002 0.0024 0 0.0011 0.0011 4

Pum F 1 0.12 0.02 0.23 0.15 - -
2 0.16 0.02 0.28 0.13 - -

Variance 0.0018 0 0.0012 0.0002 0.0008 0.0008 4

C Sh M 1 2.95 1.86 2.97 2.65 - -
2 2.99 1.93 1.97 2.69 -

Variance 0.000o8 O.084 0.0048 0.0008 0.0027 0.0027 3

Unc D 1 0.53 0.02 0.82 t0- -
2 0.69 0.01 0.42 0 - -

Variance 0.01280 * 0.0001 0 2 0.0043 0.0001 2

*Since two results were obtained by each laboratory, the pooled variance is equal to the average of thewithin-laboratory variances and 4 degrees of freedom are associated with it (except for Method C Unc D).
VRejected by B arian iance Test at the 95% confidence level.

2 Tesults not 0eport.d.



Table 8
Calculated Error Variance for Methods

Degrees of Resultant Degrees of
Freedom Pooled Freedom

Associated Variance Associated
with After with

CalculaLed Error Variance Pooled Pooled Bartlett Resultant
Constituent Method FA III Pur F C Sh M Uric D Variance Variance Test Variance

Si02 A 0.0055 0.0146 0.0478 0.0706 0.0346 16 0.0346 !6

B 0.0019 0.0556* 0.0075 0.0072 0.0209 13 0.005- 9

C o.2348 o.1945 0.0476 o.o453 0.13o6 16 o.13o6 16

R2 03  A 0.0031 0.0024 0.0119 0.0075 0.0062 16 0.0062 16

B 0.0243 O.0453 0.0403 0.0319 0.0354 M6 O. 75 16

C o.o043 0.0289 o.o146 o.o486 0.0254 15 0.0254 15

MgO A 0.0013 0.0002 0.0028 0.0004 0.0012 16 0.0012 16

B 0.0011 0.0011 0.0037 0.0oo4 0.o014 15 0.0014 15

C 0.0011 0.0008 0.0027 0.0001 0.0013 14 0.0013 i4

* Rejected by Bartlett Variance Test at the 95% corridence level.

Table 6

Calculated Error Variance for Constituents

Degrees of Resultan- Degre."s of
Freedom Pooled •reedom

Associated Variance Associated
Calculated Error Variance with After with
Method Method Nethod Pooled Pooled Bartlett Resultant

Constituent A B C Variance Varian-e Test Variance

sio2 0.0346* 0.0055 0.13o6* O.o656 41 -

R 20 0.0062* 0.0354 0.0254 0.0223 47 0.0306 31

m60 0.0012 0.0014 0.0013 0.0013 ).5 0.0013 45

* Rejected by Bartlett Variance Test at the 95% co~nfidence level.
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I1 Tab.e 7

Comparison of Error Variances

Error Variances Calcu-
lated from Standard

Deviatiois Reported* in
Calculated Error Variance NBS Interlaboratory

Determined in Present Study Test of Portland Cement

2 Average Variance
Constitaent Method A Method B Method C (a/2) of 12 Samples

SI o2 m.346 0.0055 0.1306 Mo072 0.0576

R R2o3 o.0o62 o.0306 0.03o6 o.o169** 0.1296**

1,4g0 0.0013 O.CO13 0.0013 O. 0049 O.0400

11

* Crandall and Blaine.

**Values veportcd for Al 02 3



Table 
8

Laboratory Scores Obtained by Ranking Laboratory Results

Ratio of Calculated to
Expected Sums of

Laboratory Scores* Squares

Constituent Method Lab- 1 Lab 2 Lab 3 Lab 4** S/S'-_

SiO2 A 5 15 13 7 3.4tt

B 4t-,- 16tt 11 9 3.7tt

C 10 15 8 7 1.9

R2 03  A 8 13 14 5 2.7t1t

B 11 8 14 7 1.5

C 8 9 16t-i 7 2.5

I/gO A 10 16tt 9 5 3.lt-i

B 9 16tt 6 9 2.7tt

C 7 l6tt 8 9 2.5

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

maximum score i8 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 were assuned for laboratory 4 for the ainalysis of MgO in
Unc D by Method C.

t The average expected ocore is 10, and the expected suum of squares (S')
is 20. An S/S' ratio of 2.60 is significant at the 5% probability level
and a ratio of 3.78 is significant at the 1% probability level.

it Significant at the 5% probability level.

if
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