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mTRODUCTION 

Aggregates make up 95% of all construction materials. They can have a significant effect on 

the performance and longevity of the pavement or structure in which they are used. Quite 

often, aggregate quality, and especially for fine aggregate, is not given sufficient attention. 

The quality of fine aggregate can have a significant effect on performance and longevity of 

pavement. New improved tests for evaluating fine aggregate are long overdue. 

OBJECTIVE 

The objective of this research is to evaluate the quality of fine aggregates representative of 

the sands used in Iowa pavements. This evaluation will include gradation, angularity, mortar 

strengths and potential for alkali silica reactivity. 

SELECTION OF SANDS 

The 30 fine aggregate sources to be evaluated were selected by the Iowa DOT Chief 

Geologist to be representative of those used in Iowa. The location of those sources is shown 

in Figure 1. The samples obtained were as produced for "fine aggregate for concrete" 

(Section 4110 of the Iowa DOT Standard Specifications). In most cases, the producers crush 

some oversize material, so some crushed material is included in the fine aggregate. The 

composition of fine aggregate varies across the state, but many contain substantial carbonate 

particles, ranging from 0 to 40% depending on the source. An x-ray diffraction petrographic 

analysis (Figure 2 & 3) is being used to determine the composition of Iowa sands. 

Petrographic analysis was not conducted on all 30 sands selected for this research. 



GRADATION AND FINENESS MODULUS 

All aggregate samples received by the central laboratory are assigned a laboratory number 

such as AAS2-0345. The AAS2 is common for all sands received in 1992. The AAS2 will 

be dropped and the laboratory number will be given as a number between 285 and 378, each 

representing one of the 30 sands. The source, county and laboratory number of the 30 sands 

are given in Table 1. 

The gradations of the 30 sands in percent passing are given in Table 2. The fineness 

modulus given in Table 1 was determined by ASTM C136 (Appendix A). 

MORTAR STRENGTH 

The Iowa DOT has specified a mortar strength for "fine aggregate for concrete" since 1937. 

It has been modified some over the years and the specification requirements have been 

altered accordingly. Currently, the Standard Specifications require a mortar strength not less 

than 1.5 times the strength of mortar in which standard sand was used when tested by Iowa 

DOT Materials Laboratory Test Method 212 (Appendix B). The mortar strengths for the 30 

sands are given in Table 1. 

ANGULARITY 

Angularity is a very important characteristic of aggregate, but no real good test had been 

available to measure angularity. The National Aggregate Association (NAA) has developed a 

new flow test (Appendix C) to measure angularity. It is a very simple test where the fine 



aggregate is allowed to flow from a funnel, fall 114 mm and fill a 100 cm3 cylindrical 

measure. The angularity is measured by the percent voids in the uncompacted material. 

Methods A, B and C of the flow test indicate the gradation of the test sample. Only Method 

A and Method C (as received) were used in this research. The Method C gradation is given 

in Table 2 and the Method A gradation is: 

Sieve Size 
Passing Retained on &@&+& 

#8 #16 44 
#16 #30 57 
#30 #50 72 
#50 #lo0 17 

Total 190 

The NAA flow test was also used with the gradation specified for the P214 alkali-silica 

reaction test. That gradation is: 

Sieve Size 
Passing Retained on Mass. % Mass. g 

#4 #8 10 19 
#8 #16 25 47.5 

#16 #30 25 47.5 
#30 #SO 25 47.5 
#50 #lo0 15 28.5 

Total 190.0 

The percent void results of the P214 grading are also given in Table 1. 



Linear correlations were obtained between all three of the gradations: Method A, Method C 

and Method P214. The Coefficient of Determination, R2 between Method A and Method C 

was 0.33. The RZ for Method A and Method P214 was 0.46 and the R2 for Method C and 

Method P214 was 0.44. These three coefficients of determination shows there is a 

relationship, but not a strong correlation. 

In regard to angularity, one goal of this project was to determine the variation in angularity 

across the state. That data is given in Table 1 with uncompacted voids ranging from 35.52 

to 42.37 (Method A). The lowest uncompacted void content was for the fine aggregate from 

the Bellevue Pit in Jackson County. This pit is near the Mississippi River. Another unique 

characteristic is that the production operation does not use a crusher so there is no crushed 

particles in the final product. There is substantial oversize available. 

The Bellevue pit appeared to present an excellent opportunity to evaluate the effect of 

crushed particles on the uncompacted void content. Additional samples of both the fine 

aggregate and the oversized material were obtained. The oversized material was crushed 

through a laboratory jaw crusher numerous times to produce a 100% crushed manufactured 

sand. This manufactured sand was blended with the Bellevue plant production to yield 

Method A gradations with 0, 2.5, 5.0, 10, 15, 20, 25 and 100% crushed material. The 

graphical plot (Figure 4) shows a relatively linear increase in void content from 36 to 50% as 

the crushed material increases from 0 to 70%. This data shows that the amount of crushed 

material has a significant effect on the NAA uncompacted void content. 



Some states had reported that as sand was carried down a river the uncompacted void content 

decreased. The reasoning was that it was more angular upstream and it was polished and 

rounded as it traveled downstream. Fine aggregate sources were selected on the Des Moines 

and Cedar Rivers (Figure 1) to determine if upstream sand was more angular. The Method 

A uncompacted void values for sources on the Des Moines River (and tributaries) from 

upstream to downstream are: 

D l  285 Van Meter1 Dallas 40.46 
D2 333 EDMWLlPolk 41.03 
D3 296 Kammerick/Marion 40.45 
D4 297 HoffmanlWapello 39.47 
D5 286 VincennesILee 41.29 

The Method A uncompacted void values for sources on the Cedar River (and tributaries) 

from upstream to downstream are: 

CIA 368 NashuaIChickasaw 39.59 
C1B 349 Randall TransitIWorth 41.67 
C2 371 LivingstonIBlack Hawk 39.59 
C3 356 Baird #2ILinn 41.26 
C4 346 SharplisslCedar 39.21 

As can be seen from these two tabulations, there is not a trend that shows a change from 

more to less angularity for sources from upstream to those downstream. These samples were 

"as produced" fine aggregate. The uncompacted voids might be more dependent on how 

much oversized material is crushed. For this analysis, it would have been better to have 

obtained samples of the sahds before processing. This might be done at a future time. 



ALKALI-SILICA REACTIVITY 

The Iowa DOT has not recognized a significant problem of alkali-silica reaction 

deterioration. There is, however, some portland cement concrete deterioration in Iowa that 

exhibits a crack pattern very similar to that generally attributed to alkali-silica reaction. 

ASTM P214 Test 

The Portland Cement Association (PCA) has developed a "Guide Specification for Concrete 

Subject to Alkali-Silica Reactions" March 1995. This guide specification proposes the use of 

ASTM C1260 (similar to P214 but modified slightly) for initial evaluation of aggregate. If 

C1260 identifies an aggregate as potentially reactive the guide specification proposes the use 

of the Canadian Prism Test CSA A23.2-14A (now ASTM C1293) to determine if an 

aggregate is or is not reactive. An ASTM C-9 proposal P214 describes "Proposed Test 

Method for Accelerated Detection of Potentially Deleterious Expansion of Mortar Bars Due 

to Alkali-Silica Reaction" (Appendix D). When these aggregates were evaluated in 1992, 

this was a new 16 day test to evaluate the alkali-silica reaction potential of an aggregate. 

Mortar bars made with the selected aggregate are soaked in a 1N solution of sodium 

hydroxide (NaOH) at 176OF. The growths obtained from this test on the 30 sands are given 

in Table 3. The P214 test states that "when the mean expansion of the test specimens 

exceeds 0.20% at 16 days from casting, it is indicative of potentially deleterious expansion." 

Also, "less than 0.10%---is indicative of innocuous behavior." And "above 0.10% and less 

than 0.20%---are not as yet conclusive." 



Based on these criteria, 11 of the 30 sands were reactive, 17 were inconclusive and two were 

innocuous (Table 3). In general, the P214 reactive sands are in the western part of Iowa, the 

inconclusive sands are in eastern Iowa and the two innocuous sands are in south central 

Iowa. Many of the "reactive" sands have been used in pcc pavement for years with good 

performance. 

Canadian Prim Test 

A decision was made to select six of the 30 sands to conduct Canadian Prism Testing. The 

selection included the two sands from the "reactive" group with the greatest P214 expansion 

(Emmetsburg 0.32% and Sankey 0.33%), two from the "inconclusive" group (McCausland 

0.17% and Colfax 0.18%) and the two "innocuous sands (Cincinnati 0.06% and Kammerick 

0.10%). These were tested by both the Iowa DOT and Lafarge Canada Inc., both with and 

without a Class C fly ash. 

A Davenport Lafarge Type I cement was used to evaluate the six Iowa sands by the Canadian 

Prism Test (Appendix E). The coarse aggregate was a pyritic dolomite from the Nelson 

Quarry in Canada. The Class C fly ash was from the Chillicothe-Ottumwa power plant. 

The Iowa DOT subjected them to the test for 12 months while Lafarge Canada, Inc. 

continued the test for 24 months. The expansions for the six sands are given in Table 4. If 

expansions exceed 0.04%, the test would identify the aggregate to be alkali-silica reactive. 

The Emmetsburg with no fly ash yielded the greatest expansion, but only 0.031%. This is 



well below the 0.04% maximum. Therefore, we do not believe any of the six sands are 

alkali-silica reactive and very likely none of the 30 sands are alkali-silica reactive. 

COMPARISON OF TESTS 

The NAA uncompacted void angularity values were compared to the mortar strengths. The 

Method A uncompacted voids yielded a coefficient of determination, R2, of 0.13 when 

compared to mortar strengths. This is a very poor correlation indicating little relationship. 

The Method C "as received" gradation yielded an R2 of 0.42 when compared to mortar 

strength. This shows a definite relationship, but not a real strong correlation. When the 

P214 gradation was compared to mortar strength, it yielded an R2 of only 0.11 indicating 

very little relationship. 

The coefficient of determination, R2, for mortar strength compared to fineness modulus was 

only 0.29, some relationship, but a very poor correlation. 

CONCLUSIONS 

This research on characteristics of Iowa fine aggregate for concrete supports the following 

conclusions: 

1. The NAA uncompacted void test is a relatively simple but good measure of fine 
aggregate angularity. 

2. The percent of crushed particles in the fine aggregate has a significant effect on the 
NAA uncompacted void values. 



3.  Although there is a weak relationship, there is a poor correlation of mortar strength with 
fineness modulus and NAA uncompacted voids. 

4. The P214 alkali-silica reactivity test indicates that many Iowa sands are potentially 
reactive and only a few are innocuous. 

5. The Canadian Prism Test did not identity Iowa fine aggregate as alkali-silica reactive. 

6. Based on this limited research, the ASTM P214 does not appear to be a good test to 
determine potential alkali-silica reactivity of Iowa aggregate. 
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TABLE 3 

MLR-92-6 
CHARACTERISTICS OF IOWA SANDS 

ASTM P-214 TESTING 

SAND 
MIX NO. SOURCE 

PERCENT 
EXPANSION 

MARSHALLTOWN 
HOFFMAN 
GENEVA 
BELLEVUE 
SHENANDOAH 
LOGAN 
SHARPLISS 
PAPE 
RANDALL TRANSIT 

30 HAWARDEN - NORTH 0.19 
1 

@@w@T 
VAN METER 

~ ~ ~ r ~ ~ ~ ~ ~ ~ ' : . L ~ >  -A3%. 
0.20 

) 'e,.ca.? <*,* q ., i,.,, "L'm.%- .-"T=.-+ra <zp>*&g~mF~*, -4 6z~*+2r'.;::x.g~g; : ,v,>a*&mA ~.**&*&J& 
2 VlNCENNES 0.22 
18 SACTON -LAKEVIEW 0.22 
20 BARRY 0.23 
17 CROFT 0.23 
19 AVOCA 0.23 
7 WRIGHT 0.24 

22 OREAPOLIS 0.27 



TABLE 4 
A Summary of 

Canadian Prism Test Expansions 

PERCENT EXPANSION 
SAND SOURCE IOWA DOT LAFARGE 

12 MONTH 12 MONTH 24 MONTH 
NO FLY ASH WITH FLY ASH NO FLY ASH WITH FLY ASH NO FLY ASH WITH FLY ASH 
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Appendix A 
ASTM C136 Standard Test Method for Sieve Analysis 

of Fine and Coarse Aggregates 



4Sib Designation: C 136 - 92 

Standard Test Method for 
Sieve Analysis of Fine and Coarse Aggregates' 

7h4r standard is isueJ u d e r  the fired drrignation C 136. thu number tmmediately fullowit~g the J<ngnal,an indicates ihr )tar ol 
unginal adoption ar. ~n !he carp of revinon. ~ h c  )ear of lhrl rcbaion. A nutnkr in ptrenlhrxr indlc11e lhc )car uflarl rr.dppro\sl. A 
rupemnpl cpr~lon ( < I  ~ndicatri an editondl charts h c c  [he lart rcrtston oi rcapproral 

This s~arondard has been approvedjor use by agencies o/tlt$ Deporimenl o/De/ense. Consul1 rhe DoD Index of Speeijcalions and 
Slondords/or rhe speeflc year ofissue which has been adopied by the Deportmen1 o/De/ensr 

1. Scope 
1.1 This test method covers the determination of the 

particle size distribution of fine and coarse aggregates by 
sieving. 

1.2 Some specifications for aggregates which reference this 
method contain grading requirements including both coarse 
and fine fractions. Instructions are included for sieve analysis 
of such aggregates. 

1.3 The values stated in acceptable metric units (SI units 
and units specifically approved in ASTM E 380 for use with 
SI units) are to be regarded as the standard. The values in 
parentheses are provided for information purposes only. 

1.4 This standard does not purport to address all of the 
sa&y problems, f any, associated with its use. It is the 
responsibility oxthe user of this standard to establish appro- 
priate safefy and health practices and determine the applica- 
bility ofregulatory limilations prior lo use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 117 Test Method for Materials Finer Than 75ym (No. 

200) Sieve in Mineral Aggregates by Washing2 
C 125 Terminology Relating to Concrete and Concrete 

Aggregates3 
C 670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials3 
C 702 Practice for Reducing Field Samples of Aggregate to 

Testine Size3 - -  - 
D 75 Practice for Sampling AggregatesZ 
E 1 1 Specification for Wire-Cloth Sieves for Testing Pur- 

poses4 
E 380 Practice For Use of the International System of 

Units (SI) (the Modernized Metric Sy~tem)~  
2.2 AASHTO Standard: 
AASHTO No. T 27 Sieve Analysis of Fine and Coarse 

Aggregates6 

'This len method is under the juridiction of ASTM Committee C-9 on 
Concrete and Concrete Aggregata and is the direct responsibility of Subeommittce 
C09.20 on Normal Weight Aggregates. 

Current edition approved NO". 15, 1992. Published Januav 1993. Originally 
published as C 136 - 38 T. Last previous edition C 136 - 848. 

'Annual Book ofASTM Slandords, Vols 04.02 and 04.03. 
Anni<al Book o/ASTM Slandords, Vol 04.02. 

4Ann~rai Book o/ASTM Slandmds, Vol 14.02. 
sAnn~(al Book o/ASTM Standards. Vol 14.02. Excerpt in all volumes. 
6A~ailable from Ameiican Association of State Highway and Tranrponation 

Oficials. 444 Nonh Capitol St. N.W., Suite 225, Warhington, DC 20001. 

3. Terminology 
3.1 Definitions-For definitions of terms used in this 

standard, refer to Terminology C 125. 

4. Summary of Test Method j 
4.1 A weighed sample of dry aggregate is separated / 

through a series of sieves of progressively smaller openings i 
for determination of particle size distribution. I;iji 
5. Significance and Use 

5.1 This test method is used primarily to determine the 
grading of materials proposed for use as aggregates or being 
used as aggregates. The results are used to determine compli- 
ance of the particle size distribution with applicable specifi- 
cation requirements and to provide necessary data for con- 
trol of the production of various aggregate products and 
mixtures containing aggregates. The data may also be useful 
in developing relationships concerning porosity and packing. 

5.2 Accurate determination of material finer than the 
75-ym (No. 200) sieve cannot be achieved by use of this 
method alone. Test Method C 117 for material finer than !$*' 
75-ym sieve by washing should be employed. 

6. Apparatus 
6.1 Balances-Balances or scales used in testing fine and 

coarse aggregate shall have readability and accuracy as fol- 
lows: 

6.1.1 For fine aggregate, readable to 0.1 g and accurate to 
0. I g or 0.1 % of the test load, whichever is greater, at any 
point within the range of use. 

6.1.2 For coarse aggregate, or mixtures of fine and coarse 
aggregate, readable and accurate to 0.5 g or 0.1 % of the test 
load, whichever is greater, at any point within the range of 
use. 

6.2 Sieves-The sieves shall be mounted on substantial 
frames constructed in a manner that will prevent loss of 
material during sieving. The sieves shall conform to Specifi- 
cation E 1 I .  Sieves with openings larger than 125 mm (5 in.) 
shall have a permissible variation in average opening of 
&2 % and shall have a nominal wire diameter of 8.0 mm 
(5116 in.) or larger. 

NOTE I-It is recommended that sieves mounted in frames larger 
than standard 203-mm (8 in.) diameter frames be used for testing coarse 
aggregate. 

6.3 Mechanical Sieve Shaker-A mechanical sieve 
shaker, if used, shall impart a vertical, or lateral and vertical, 
motion to the sieve, causing the particles thereon to bounce 
and turn so as to present different orientations to the sieving 



surface. The sieving action shall be such that the criterion for 
adequacy of sieving described in 8.4 is met in a reasonable 
time period. 

NoTE 2-Use of a mechanical sieve shaker is recommended when 
the sue of the sample is 20 kg or  greater, and may be used for smaller 
samples, including fine aggregate. Excessive time (more than approxi- 
mately 10 min) to achieve adequate sieving may result in degradation of 
the sample. The same mechanical sieve shaker may not be practical for 
all sizes of samples, since the large sieving area needed for practical 
sieving of a large nominal size coarse aggregate very likely could result in 
10% of a panion of the sample if used for a small sample of coarse 
aggregate or fine aggregate. 

6.4 Oven-An oven of appropriate size capable of main- 
taining a uniform temperature of l I0 % 5°C (230 % 9°F). 

7. Sampling 
7.1 Sample the aggregate in accordance with Practice 

D75. The weight of the field sample shall be the weight 
shown in Practice D 75 or four times the weight required in 
7.4 and 7.5 (except as modified in 7.6), whichever is greater. 

. . . . . . . 7.2 Thoroughiy mix the sample and reduce it to an 
...... amount S t a b l e  for testing using the applicable procedures 

described in Practice C 702. The sample for test shall be 
approximately of the weight desired when dry and shall be 
the end result of the reduction. Reduction to an exact 
predetermined weight shall not be permitted. 

NoTE 3-Where sieve analysis, including determination of material 
finer than the 7 5 y m  sieve, is the only testing proposed, the size of the 
sample may be reduced in the field to avoid shipping excessive 

; quantities of extra material to the laboratory. 

7.3 Fine Aggregate-The test sample of fine aggregate 
I shall weigh, after drying, approximately the following 
: amount: 

': .! 
$;'!;>- 7 Aggregate with at last 95 % pasinga 2.36-mm (No. 8) sieve lofl f i  

Awegate with at least 85 % pasinga 4.75-mm (No. 4) sieve 500 s 
a d  more than 5 9% retained on a 2.36-mm (No. 8) sieve 

7.4 Coarse Aggregate-The weight of the test sample of 
coarse aggregate shall conform with the following: 

Nominal Maximum Size, Minimum Weight 
Sguare Openings, mm (in.) of Test Sample, kg (Ib) 

9.5 ('/a) 1 (2) 
12.5 (ah) 2 (4) 
19.0 (%) 5( l l )  
25.0 ( I )  10 (22) 
37.5 (1%) 15 (33) 
50 (2) 20 (44) 
63 (23h) 35 (77) 

7.5 coarse and Fine Aggregale Mixtures-The weight of 
lllr lest sample of coarse and fine aggregate mixtures shall be 
'Is %me as for coarse aggregate in 7.4. 

7.6 The size of sample required for aggregates with large 
""mln'&l maximum size is such as to preclude testing except 
*'Ih large mechanical sieve shakers. However, the intent of 
'"I\ will be satisfied for samples of aggregate larger 
tl'""o mnl nominal maximum size if a smaller weight of 
uf"*'c 1s u ~ d ,  provided that the criterion for acceptance or 
rr'c""'q *f the matcriai is based on the average of results of 
*'"" Im~les ,  such that the sample size used times the 

i 
number of samples averaged equals the minimum weight of 3 

sample shown in 7.4. 
7.7 In the event that the amount of material finer than the 

75ym (No. 200) sieve is to be determined by Test Method 
C 117, proceed as follows: 

7.7.1 For aggregates with a nominal maximum size of 
12.5 mm (112 in.) or less, use the same test sample for testing 
by Test Method C 117 and this method. First test the sample 
in accordance with Test Method C 117 through the final <><,<> ! I  : ,  

drying operation, then dry sieve the sample as stipulated in . . ,  

8.2 through 8.7 of this method. 
7.7.2 For aggregates with a nominal maximum size 

greater than 12.5 mm (112 in.), a single test sample may be 
used as described in 7.7.1, or separate test samples may be 
used for Test Method C 117 and this method. 

7.7.3 Where the specifications require determination' of 
the total amount of material finer than the 75-pm sieve by 
washing and dry sieving, use the procedure described in 
7.7.1. 

8. Procedure , ,.,. 
8.1 Dry the sample to constant weight at a temperature of 

1 I0 % 5°C (230 1: 9°F). 
NOTE 4-For control purposes, particularly where rapid results are 

desired, it is generally not necessary to dry coarse aggregate for the sieve 
analysis test. The results are little affected by the moisture content 
unless: ( I )  the nominal maximum size is smaller than about 12.5 mm 
(I/* in.); (2) the coarse aggregate contains appreciable material finer than 
4.75 mm (No. 4); or (3) the coarse aggregate is highly absorptive (a 
lightweight aggregate, for example). Also, samples may be dried at the 
higher temperatures associated with the use of hot plates without 
affecting results, provided steam escapes without generating pressures 
suffcient to fracture the particles, and temperatures are not so great as to 
cause chemical breakdown of the aggregate. ...."..' 

8.2 Suitable sieve sizes shall be selected to furnish th6 
information required by the specifications covering the 
material to be tested. The use of additional sieves may be 
desirable to provide other information, such as fineness 
modulus, or to regulate the amount of material on a sieve. 
Nest the sieves in order of decreasing size of opening from 
top to bottom and place the sample on the top sieve. Agitate 
the sieves by hand or by mechanical apparatus for a 
suffcient period, established by trial or checked by measure- 

, . 

ment on the actual test sample, to meet the criterion for 
adequacy or sieving described in 8.4. 

8.3 Limit the quantity of material on a given sieve so that 
all particles have opportunity to reach sieve openings a 
number of times during the sieving operation. For sieves 
with openings smaller than 4.75-mm (No. 4), the weight 
retained on any sieve at the completion of the sieving 
operation shall not exceed 6 kg/m2 (4 g / h 2 )  of sieving 
surface. For sieves with openings 4.75 mm (No. 4) and 
larger, the weight in kg/m2 of sieving surface shall not exceed 
the product of 2.5 x (sieve opening in mm). In no case shall 
the weight be so great as to cause permanent deformation of 
the sieve cloth. 
NOTE 5-The 6 kg/m2 amounts to  194 g for the usual 203-mm (8 

rn.) diameter sieve. The amount of material retained on a sieve may be 
regulated by ( I )  the introduction of a sieve with larger openings 
immediately above the given sieve or (2) testing the sample in a number 
of increments. 

8.4 Continue sieving for a sufficient period and in such 



!; 

4@ C 136 
:j ' 

'1 
I: 

manner that, after completion, not more than I weight % of 9. Calculation 1 
9. the residue on any individual sieve will pass that sieve during 9.1 Calculate percentages passing, total percentages m ? 

1 min of continuous hand sieving performed as follows: tained, or percentages in various size fractions to the neares, 
Hold the individual sieve, provided with a snug-fitting Pan 0.1 % on the basis of the total weight of the initial dn 
and cover, in a slightly inclinedposition in one hand. Strike sample. ~f the same test sample was first tested by T&, 
the side of the sieve sharply and with an upward motion Method C 117, include the weight of material finer than the 
against the heel of the other hand at the rate of about 150 75-pm (No. 200) size by washing in the sieve analysis catcu. 
times per minute, turn the sieve about one sixth of a lation; and use the total dry sample weight prior to washing .. 
revolution at intervals of about 25 strokes. In determining in Test Method C 117 as the basis for calculating all the 2::';: 
sufficiency of sieving for sizes larger than the 4.75-mm (No. percentages. /: . . 

4) sieve, limit the material on the sieve to a single layer of 9.2 Calculate the fineness modulus, when required, by 
particles. If the size of the mounted testing sieves makes the adding the total percentages of material in the sample that is 
described sieving motion impractical, use 203-mm (8 in.) coarser than each of the following sieves (cumulative wr. 
diameter sieves to verify the sufficiency of sieving. centages retained), and dividing the sum by 1M): 150-lim 

8.5 In the case of coarse and fine aggregate mixtures, the (NO. loo), 300-pm (No. 50). 600-pm (No. 30), 1.18-mm 
portion of the sample finer than the 4.75-mm (No. 4) sieve (NO. 16), 2.36-mm (No. 8), 4.75-mm (No. 4). 9.5-mrn 
may be distributed among two or more Sets of sieves to (318-in.), 19.0-mm (314-in.), 37.5-mm (I1/z-in.), and larger, / 
prevent overloading of individual sieves. increasing in the ratio of 2 to 1. 

8.5.1 Alternatively, the portion finer than the 4.75-mm 
(No. 4) sieve may be reduced in size using a mechanical 
splitter according to Practice C 702. If this procedure is 
followed, compute the weight of each size increment of the 
original sample as follows: 

w2 
where: 
A = weight of size increment on total sample basis, 
W, = weight of fraction finer thah 4.75-mm (No. 4) sieve in 

total sample, 
W2 =weight of reduced portion of material finer than 

4.75-mm (No. 4) sieve actually sieved, and 
B = weight of size increment in reduced portion sieved. 

8.6 Unless a mechanical sieve shaker is used, hand sieve 
particles larger than 75 mm (3 in.) bv determining the 
smallest sieve opening through which each particle wilipass. 
Start the test on the smallest sieve to be used. Rotate the 
particles, if necessary, in order to determine whether they 
will pass through a particular opening; however, do not force 
particles to pass through an opening. 

8.7 Determine the weight of each size increment by 
weighing on a scale or balance conforming to the require- 
ments specified in 5.1 to the nearest 0.1 % of the total 
original dry sample weight. The total weight of the material 
after sieving should check closely with original weight of 
sample placed on the sieves. If the amounts differ by more 
than 0.3 %, based on the original dry sample weight, the 
results should not be used for acceptance purposes. 

8.8 If the sample has previously been tested by Test 
Method C 117, add the weight finer than the 75ym (No. 
200) sieve determined by that method to the weight passing 
the 75-pm (No. 200) sieve by dry sieving of the same sample 
in this method. 

10. Report 
Or.:,<. 

10.1 Depending upon the form of the specifications for '::: 

use of the material under test, the report shall include the 
following: 

10.1.1 Total percentage of material passing each sieve, or 
10.1.2 Total percentage of material retained on each sieve, 

or 
10.1.3 Percentage of material retained between consecu- 

tive sieves. 
10.2 Report percentages to the nearest whole number, 

except if the percentage passing the 75-pm (No. 200) sieve is 
less than 10 %, it shall be reported to the nearest 0.1 %. 

10.3 Report the fineness modulus, when required, to the 
.A,+., 

nearest 0.01. i,?:*. 

11. Precision 
11.1 The estimates of precision of this method listed in 

Table 1 are based on results from the AASHTO Materials 
Reference Laboratory Reference Sample Program, with 
testing conducted by this method and AASHTO Method 
T 27. While there are differences in the minimum weight of 
the test sample required for other nominal maximum sizes of 
aggregate, no differences entered into the testing to affect the 
determination of these precision indices. The data are based 
on the analyses of more than 100 paired test results from 40 
to 100 laboratories. The values in the table are given for 
different ranges of percentage of aggregate passing one sieve 
and retained on the next finer sieve. 

12. Keywords 
12.1 aggregate; coarse aggregate; fine aggregate; gradation; 

grading; sieve analysis; size analysis 



TABLE 1 Precision x 
B 
(L 

%of Size Fraction Coefficient of Standard Acceptable Range of Test Results 
Between Consecutive Variation Deviation 

Sieves 
(02s 

(1s (1s). %A %of Avg. (DZS)." % 

Coarse Aggregates: 
Single-Operator 0103 30° ... 85O ... 
Precisian 31010 1.40 4.0° 

10 to20 0.95 2.7 
20 to 50 1.38 3.9 

. . . .  Multilabaratory 0 to 3 35O ... 99" ... . . . .  
:a:,.<,<> 

Precisian 3 to 10 1.06 3.0 
., . 
.& . . 

10 to 20 1.66 4.7 
20 to 30 2.01 5.7 
30 to 40 2.44 6.9 
40 to 50 3.18 9.0 

Fine Aggregates: 
SinglBOprator 0 to 3 0.14 0.4 
Predsion 3 to 10 0.43 i .2 

10 to 20 0.60 1.7 
20 to 30 0.64 1.8 
30 to 40 0.71 2.0 . . .  

- '40 to50 ... ... 
Multilabaratory 0 to 3 0.21 0.6 
Prea'sioo 310 10 0.57 1.6 

10 to 20 0.95 2.7 ....... 20 to 30 i .24 ...... 3.5 
30 to 40 1.41 4.0 
40 to 50 ... ~ ~ 

*The numbers represent, respectively. the (is) and (dZs) limits as deswibed in Practice C 670. 
#These numbers represent. respectively, the (1s %)and (d2s %) limits as desnibed in Practice C 670. 

The precision estimates a n  based on coarse aggregates with nominal maximum sire of 19.0 mm (% in.). 
OThese values are from predsion indices Rrst included in Method C 136 - 77. Other indices were developed in 1982 from more recent AASHTO Materials Reference 

Labratory sample data, which did not provide sufficient information to revise the vdues so noted. 

Tne American Sonew tor Testrng and Malanab takes nopo~nion rspcctmg me val.'&ry oleny paten1 rnghrs arscned in cannecrion 
wcth any (em mcntianed $0 this standard. Users of lhls standard are erpressl/ advrsed that dalermaslion 01 the valrd.r, 01 an/ sucn 
patenr rights, and the risk 01 rnlringemenr of such rights, are enrrrcly the!, own rospoosrodry. 

This standafd (9 SUb,FCt to revision ar any time by tnc responsible technical Commnee and must be rev.e#ea every bve years and 
dnorrevrsed, ellher roapprovedor whhdrawn. Your comrnentsarc rnnled enher lor revisaan otrh!s SrandJldorfor add8t8onalstandxds 
and should be addressed to A S M  Headquaners. Your commenrs tv#Il receve carelul coos~dewl~on a1 a meeting 01 the responsiole 
technical commnee, which you may anend. It you feel that your commenrs have nor mwe.'vcd a law hearing ydu should make y o ~ r  
V!OWS known to the ASTM Cornminee on Standalds, 1916 Hace ST.. Pn ladelphia, PA 19103 
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Method of Test for Determining Mortar Strength Ratios of Concrete Sands 



Page 1 of  1 
Test Method No. Iowa 212-8 

December 1991 

IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY OIVISION 

Of f ice of Ma te r i a l s  

METHOD OF TEST FOR DETERI~INING MORTAR 
STRENGTH RATIOS OF CONCRETE SANDS 

Scope 

Th is  method of t e s t s  covers t he  de te r -  
m ina t ion  of mor tar  s t r eng th  r a t i o s  o f  
concrete sand. The apparatus and proce- 
dures i n  the t e s t  are i d e n t i c a l  w i t h  those 
s p e c i f i e d  i n  AASHTO T'106 (ASTM Clog), w i t h  
t h e  f o l l ow ing  except ions:  

I. The f i n e  aggregate be ing  tested,  
less t he  p l u s  No. 4 ma te r i a l ,  
s h a l l  be s u b s t i t u t e d  f o r  t he  
standard sand p resc r ibed .  

2. The po r t l and  cement used i n  t he  
t e s t  s h a l l  be t he  l abo ra to r y  
b lend un less o therw ise  spec i f i ed .  

3.  The q u a n t i t y  of  m i x i ng  water, 
measured i n  m i l l i l i t e r s ,  s h a l l  
be such t o  produce a f l o w  o f  
between 100 and 115 as de te r -  
mined i n  accordance w i t h  8.3 
o f  HSTM C109 and s h a l l  be 
expressed as a percentage by 
weight o f  t he  cement. 

F igure  2.  ampi in^ Cubes 

F igure 1. Flow Table F igure  3. Weighing M a t e r i a l  

26 



Appendix C 
Standard Test Method for Particle Shape, Texture 
and Uncompacted Void Content of Fine Aggregate 



C09.03.05 
DRAFT, September 20, 1991 

(Editorial Revisions 12-1-91) 

Standard Test Method for Particle Shawe. Texture, 
and Uncomwacted Void Content of Fine Aqqreqate 

1. SCOPE 

1.1 This method covers the determination of the loose 
uncompacted void content of a fine sample of aggregate. 
When measured using aggregate of a given grading, it 
provides a measure of its angularity and texture compared 
to other fine aggregates tested in the same grading. 
When void content is measured on an as-received fine 
aggregate grading, it can be.an indicator of the effect 
of the fine aggregate on the workability of a concrete 
mixture in which it may be used. 

1.2 Three procedures are included forthe measurement of void 
content using graded sand (standard grading or as- 
received grading) or through the use of several 
individual size fractions for void content 
determinations: 

-. 

1.2.1 Standard Graded Samwle (Method AL -- This 
method uses a standard sand grading that can 
be obtained from the individual sieve 
fractions in a typical fine aggregate sieve 
analysis. See the section on Preparation of 
Test Samples for the grading. 

1.2.2 Individual Size Samwles (Method BL -- This 
method uses each of three fine aggregate size 
fractions: (1) 2.36 mm (No. 8) to 1.18 mm 
(No. 16); (2) 1.18 mm (No. 16) to 600-um (No. 
30); (3) 600-urn (No. 30) to 300-um (No. 50). 
For this method, each size is tested 
separately. 

1.2.3 As-Received Grading (Method CL -- This method 
uses that portion of the fine aggregate finer 
than a 4.75 mm (No. 4) sieve. 

2. REFERENCED DOCUMENTS 

2.1 ASTM Standards 

2.1.1 B 88 Specification for Seamless Copper Water 
Tube. 



2.1.2 C 117 Test Method for Materials Finer than 75- 
urn (No. 200) Sieve in Mineral Aggregates by 
Washing. 

2.1.3 C 125 Terminology 'Relating to Concrete and 
Concrete Aggregates. 

2.1.4 C 128 Test Method for Specific Gravity and 
Absorption of Fine Aggregate. 

2.1.5 C 136 Method for Sieve Analysis of Fine and 
Coarse Aggregate. 

2.1.6 C 702 Practice for Reducing Field Samples of 
Aggregate to Testing Size. 

2.1.7 C 778 Specification for Standard Sand .,r::., 
i:,"::.i 

2.1.8 D 75 Practice for Sampling Aggregates. 

2.2 ACI Document 
- 

2.2.1 ACI 116R Cement and Concrete ~erminolo~y' 

3. TERMINOLOGY 

3.1 Terms used in this standard are defines in Terminology C 
125 or ACI 116R. 

4. SUMMARY OF TEST METHOD 

4.1 A nominal 100 cm3 cylinder is filled with fine aggregate 
of prescribed grading by allowing the sample to flow 
through a funnel from a fixed height into the calibrated 
cylinder. The cylinder is struck off and the mass 
determined by weighing. Uncompacted void content is 
calculated as the difference between the cylinder volume 
and the absolute volume of the fine aggregate collected 
in the cylindrical container. It is calculated using the 
bulk dry specific gravity of the fine aggregate. Two 
runs are made on each sample and the results are 
averaged. 

4.1.1 For a graded sample (MethodA or Method C) the 
void content so determined is used directly. 

1 Copies may be obtained from the American Concrete 
Institute, Box 19150, Detroit, MI 48219. 



4.1.2 For the individual size fractions (Method B), 
the mean void content percent is calculated 
using the void content results from tests of 
each of the three individual size fractions: 
2.36 -mm (No. 8) to 1.18-mm (No. 16), 1.18-mm 
(No. 16) to 600-urn (No. 30), and 600-um (No. 
30) to 300-urn (No. 50). 

5. SIGNIFICANCE AND USE 

5.1 Methods A and B provide a numerical result in terms of 
percent void content determined under standardized 
conditions which correlates with the particle shape and 
texture of a fine aggregate. An increase in void content 
by these procedures indicates greater angularity or 
rougher texture or both. Lower void content results are 
associated with more rounded, smooth surfaced fine 
aggregate. 

5.2 Method C gives uncompacted void content o f  the as- 
received material. This void content will be affected by 
both grading and particle shape. 

5.3 The void content determined on the standard graded sample 
(Method A) is not directly comparable with the average 
void content of the three individual size fractions from 
the same sample tested separately (Method B). A sample 
consisting of single size particles will have a higher 
void content than a graded sample. Therefore, use either 
one method or the other as a measure of shape and 
texture; and identify which method is applicable with 
respect to reported data. Method C does not indicate 
shape and texture directly if the grading changes. 

5.3.1 The standard graded sample (Method A) is most 
useful as a quick test which indicates the 
particle shape properties of a graded fine 
aggregate. Typically, the material used to 
make up the standard graded sample can be 
obtained from a single sieve analysis of the 
fine aggregate. 

5.3.2 Obtaining and testing individual size 
fractions (Method B) is more time consuming 
than using the graded sample. 

5.3.3 The sample in the as-received grading (Method 
C) is useful in selecting the proportions of 
components used in portland cement concrete 
mixtures. High voids content indicates the 
need for more fines in the fine aggregate or 
use of more cementitious material to produce 



mixtures having the same workability 
characteristics, The most economical mixture 
will be obtained by use of a fine aggregate 
that has the lowest uncompacted void content. 

5.3.4 Generally, the bulk dry specific gravity of 
the fine aggregate, graded as received, is 
used for calculating the void content. 
Occasionally, if the type of rock in of the 
size fractions varies markedly it may be 
necessary to determine the specific gravity of 
the size fraction used. 

5.4 Void content information from Methods A, B, or C will be 
useful as an indicator of properties such as: the mixing 
water demand of portland cement concrete; in asphaltic 
concrete, the effect of the fine aggregate on stability 
and voids in the mineral aggregate; or the stability of 
the fine aggregate phase of a base course aggregate. 

6. APPARATUS 

6.1 Funnel -- The lateral surface of the right frustum of a 
cone sloped 60 f 4' from the horizontal with an opening 
of 0.50 + 0.025 in. in diameter. The funnel shall be 
smooth on the inside and at least 1.5 in. $38 mm) high. 
It shall have a volume of at least 200 cm or shall be 
provided with a supplemental container to provide the 
required volume. 

Note 1 -- Pycnometer top C9455 sold by Hogentogler and 
Co., Inc., 9515 Gerwig, Columbia, Maryland 21045, 301- 
381-2390 appears to be satisfactory, except that the size 
of the opening has to be enlarged and any burrs or lips 
that are apparent should be removed by light filing or 
sanding. 

6.2 Funnel stand -- A support capable of holding the funnel 
firmly in position with its axis colinear with the axis 
of the measure and funnel opening 4.5 f 0.1 in. (114 + 3 
mm) above the top of the cylinder. A suitable 
arrangement is shown in Figure 1. 

6.3 Measure -- A right cylinder of approximately 100 cm3 
capacity having an inside diameter of 1.52 + 0.05 in. 
(38.6 + 1.3 mm) and an inside height of approximately 
3.37 in. (85.6 mm) made of drawn copper water tube 
meeting Specification B 88 Type M or equally rigid 
material. The bottom of the measure shall be at least 
0.25 in. (6.3 mm) thick, shall be firmly sealed to the 
tubing, and shall be provided with means for aligning the 



axis of the' cylinder with that of the funnel. See Figure 
2. 

Note 2 -- Type M copper drain, waste and vent pipe should 
have outside and inside diameters of approximately 1.63 
in. (41.4 mm) and 1.52 in. (38.6 mm) ,  respectively. 

6.4 Pan -- A metal or plastic pan of sufficient size to 
contain the funnel stand and to prevent loss of material. 
The purpose of the pan is to catch and retain sand grains 
that overflow the measure during filling or strike off. 

6.5 Metal soatula about 4 in. (100 mm) long with sharp 
straight edges. The end shall be cut at a right angle to 
the edges. The straight edge of the spatula is used to 
strike off the fine aggregate. 

6.6 Scale or balance accurate and readable to f O.lg within 
the range of use, capable of weighing the measure and its 
contents to f 0.1 g. 

7. SAMPLING 
-. 

7.1 The sample(s) used for this test shall be obtained using 
Method D 75 and Practice C 702, from sieve analysis 
samples used for Method C 136, or from aggregate 
extracted from an asphaltic concrete specimen. For 
Methods A and ,B, the sample is washed over a 150-um (No. 
100) or 75-um (No. 200) sieve in accordance with the 
methods in ASTM C 117 and then dried and sieved into 
separate size fractions using ASTM C 136 procedures. 
Maintain the necessary size fractions obtained from one 
(or more) sieve analysis in a dry condition in'separate 
containers for each size. For Method C, dry a split of 
the as-received sample. 

8. CALIBRATION OF MEASURE 

8.1 Apply a light coat of grease to the top edge of the dry, 
empty measure. Weigh the measure, grease, and a flat, 
glass plate slightly larger than the diameter of the 
measure. Fill the measure with water at a temperature of 
65 to 75" F (18 to 24' C). Place the glass plate on the 
measure, being sure that no air bubbles remain. Dry the 
outer surfaces of the measure and determine the combined 
mass of measure, glass plate, grease, and water by 
weighing. 



8.2 Calculate the volume of the measure as follows: 

v =  W 
0.998 where : 

V = volume of cylinder, cm3 

W = net mass of water, g 

9. PREPARATION OF TEST SAMPLES 

9.1 Method A - Standard Graded Sample -- weigh out and 
combine the following quantities of dry sand from each of 
the sizes: 

Individual Size Fraction 
, . .  . Mass, q :. . .. . .<, :. .... , . . 

2.36-mm (No. 8) to 1.18-mm (No. 16) 4 4 

1.18-mm (NO. 16) to 600-um (NO. 30) 57 

600-um (NO. 30) to 300-um (NO. 50) 7 2 

300-urn (NO. 50) to 150-um (NO. 100) 17 

The tolerance on each of these amounts is f 0.2 g. Mix 
the test sample until it is homogenous. 

9.2 Method B - Individual Size Samples -- Prepare a separate 
190 g sample of dry fine aggregate for each of the 
following size fractions: 

Individual Size Fraction Mass, q 

1.18-mm (No. 16) to 600-um (No. 30) 190 

The tolerance on each of these amounts is f 1 g. Do not 
mix these samples together. Each size is tested 
separately. 

9.3 Method C - As Received Gradinq -- Pass the dry sample 
through a 4.75-mrn (No. 4) sieve and remove any coarse 
particles. Obtain an approximate 190 g sample of the 
material passing the 4.75-mm (NO. 4) sieve for test. 



10. PROCEDURE 

10.1 If the fine aggregate has become moist, dry it to 
constant weight in accordance with Method C 136 and cool 
to room temperature. 

10.2 Mix the test sample until it is homogenous. Using a 
finger to block the opening of the funnel, pour the test 
sample into the funnel. Level the material in the funnel 
with the spatula. Center the measure under the funnel, 
remove the finger, and allow the sample to fall freely 
into the measure. 

10.3 After the funnel empties, remove excess heaped sand from 
the measure by a single pass of the spatula with the 
blade vertical using the straight part of its edge in 
light contact with the top of the measure. Until this 
operation is complete, exercise care to avoid vibration 
or disturbance that could cause compaction of the fine 
aggregate in the measure. (Note 3) Brush adhering 
grains from the outside of the measure and determine the 
mass of the measure and contents to the nearest 0.1 g. 
Retain all sand grains. 

Note 3 -- After strike-off the measure may be tapped 
lightly to compact the sample to make it easier to 
transfer the measure to scale or balance without spilling 
any of the sample. 

10.4 Collect the sample from the retaining pan and measure, 
recombine, and repeat the procedure again. The results 
of two runs are averaged. See Calculation section 
below. 

10.5 For each run, record the mass of the containzr and fine 
aggregate. Also, record the mass of the empty measure. 

11. CALCULATION 

11.1 Calculate the uncompactedvoids for each determination as 
follows: 

V = volume of measure, cm3. 

F = net mass of fine aggregate in measure (Gross mass 
minus the mass of the empty measure). 

G = bulk dry specific gravity Of fine aggregate measured 



in accordance with Method C 128. 

U = uncompacted voids, percent, in the material. 

Note 4 -- For most aggregate sources the fine aggregate 
specific gravity does not vary much from sample to sample 
or from size to size finer than the 2.36-mm (No. 8) 
sieve. Therefore, unless the specific gravity of 
individual sizes is appreciably different, it is intended 
that the value used in this calculation may be from a 
routine specific gravity test of an as-received grading 
of the fine aggregate. If significant variation between 
different samples is expected, the specific gravity 
should be determined on material from the same field 
sample from which the uncompacted void content sample was 
derived. Normally the as-received grading can be tested 
for specific gravity, particularly if the 2.36-mm (No. 8) 
to 150-um (No. 100) size fraction represents more than 50 
percent of the as-received grading. However, it may be 
necessary to test the graded 2.36-um (No. 8) to 150-mm 
(No. 100) sizes for specific gravity for use with the 
graded void sample (Method A) or the individual size 
fractions for use with the individual size method (Method 
B) . A difference in specific gravity of 0.05 will change 
the calculated void content about one percent. 

11.2 For the Standard Graded Sample (Method A) calculate the 
average uncompacted voids for the two determinations and 
report the result as Us. 

11.3 For the Individual Size Fractions (Method B) calculate: 

11.3.1 First, the average uncompacted voids for the 
determinations made on each of the three size- 
fraction samples: 

U, = Uncompacted Voids, 2.36-mm (No. 8) - 1.18- 
, mm (No. 16), percent 

U2 = Uncompacted Voids, 1.18-mm (No. 16) - 600- 
um (No. 30) , percent 
U3 = Uncompacted Voids, 600-urn (No. 30) - 300- 
um (No. 50), percent 

11.3.2 Second, the mean uncompacted voids (Urn) 
including the results for all three sizes: 



11.4' For the As-Received grading (Method C) calculate the 
average uncompacted voids for the two determinations and 
report the result as UR. 

12. REPORT 

12.1 For the Standard Graded Sample (Method A) report: 

12.1.1 The Uncompacted Voids (Us) in percent to the 
nearest one-tenth of a percent. 

12.1.2 The specific gravity value used in the 
calculation. 

12.2 For the Individual Size Fractions (Method B) report the 
following percent voids to the nearest one-tenth of a 
percent: 

12.2.1 Uncompacted Voids for size fractions 2.36-mm 
(No. 8) - 1.18-IUIU (NO. 16) (U,), 1.18 mm (NO. 
16) - 600-um (No. 30) (UZ) , and 600-um (No- 30) - 300-urn (No. 50) (U3). 

12.2.2 Mean Uncompacted Voids (U,) . 
12.2.3 Specific gravity value(s) used in the 

calculations, and whether the specific gravity 
value (s) were determined on: (a) another 
sample from the same source (b) as-received 
gradation from this sample, or (c) individual 
size fractions from this sample. 

12.3 For the As-Received Samnle (Method C) report: 

12.3.1 The uncompacted voids (U,) in percent to the 
nearest one-tenth of a percent. 

12.3.2 The specific gravity value used in the 
calculation. 

13. PRECISION AND BIAS 

13.1 Precision 

13.1.1 Within Laboratow Precision. Analysis of 
within-laboratory data from sixteen 
laboratories which made void content tests on 
independent samples of three similar sources 
of rounded sands, graded in accordance with 
the graded standard sand in c 778, resulted in 
a within-laboratory standard deviation (IS) of 



0.13 percent voids for repeat determinations 
on the same sample. 

Differences greater than 0.37 percent voids 
between duplicate bsts on the same sample by 
the same operator should occur by chance less 
than 5 percent of the time (D2S limit). 

12.1.2 Multi-Laboratory -- Analysis of data from 
sixteen laboratories which made void content 
tests on independent samples of three similar 
sources of rounded sands, graded in accordance 
with the graded standard sand in C 778, 

, resulted in multi-laboratory standard 
deviation (IS) of 0.33 percent voids. Since 
this value includes random variance due. to the *,,:,, <...:,,~ 
difference in samples, the standard deviation !..:.;::? 
for multi-laboratory tests on the same sample 
should be lower. Differences greater than 
0.93 percent voids between tests in two 
different labs should occur by chance less 
than 5 percent of the time (D2S limit) for 
these rounded sands. 

13.1.3 Additional precision data are needed for tests 
of sands having different levels of angularity 
and texture tested in accordance with the 
procedures included in this Method. 

13.2 Bias 

Since there is no accepted reference material suitable 
for determining the bias for the procedures in Test 
Method C xxxx, bias has not been determined. 

14. Keywords: Angularity, Concrete, Fine Aggregate, Particle 
Shape, Roughness, Sand, Surface Texture, Void Content, 
Workability (of Concrete) 



Section ~hrou'qh CcnLr of Apparatus 





uorpvax rn~~s-~~~v 01 ana ssq WON 30 uorsu~dxg snoyala1aa b~@q~al~d $0 
uog3alaa paSeIaIa33v 103 PoylaN lsaL pasodo~d - BTZ~ NLSV 

a xrpuaddv 



dd 91 '~$61 'VSX 'n!>Oiad 
'~861-26 no8 uodaa Ir!JadS 'oa1~3 'aini!lsul q3lcarnaa Su!p[!na 18uO!i?4N 
..'ESI"SJI%V JO ,<I!~!?>P~~!IPYIv aqi aU!IUl2130 01 isq~ p31sl3lJJ5V 1x8~ aqi 
ao aruwelaold isa~ ilole>oqepnirl uv,. "3 '8 '~asloil~yo puc -9 'ra!nca, 

''01-L(, 'dd 'L861 'LI lo,+, '8!2dn,>SJ)( ,7,,7.l.>L1<>,> pun 1tnM,<> ,,'Uo!lJe3)1 
ns!g!S-!!"[v aq1 Su!Iuanud u! salnlx!mpv leJau!m jo rrauah!iJq3 aqi aiunlsn3 
oi is* paieJqa3sV l88N aql jo arn.. '9 .y 'i~lsloqly~ put '-3 'ra!necJ, 

'681-181 '66 '9861 '91 lOA '1!3fllaE 
-.,y ura~.~~ro,~ pun rrJauo3 ..'saie%a>%v moaq!s jo i(i!n!lmaX !leylv le!rualod 
aql 9~!11a~ 'oj poqla)q palualaJ3v uv,, ''9 'sa!ne(l pue ''3 '8 '2air~aqlaq0, 

aqveJd jo Sl~aUIal~nbal aql 01 w~ojuo3 lleqs lmoq Bu!x!ru 
pue 'alpped 'Jax!pq-lmog 8u!x!~ puv 'alppvd '.rax!W E'P 

.I 1 3 uo!lesy!sad~ 03 rn~ojuo3 
[leqs 'saha!s qlop aqm-uanom 'aloq a~enbs-sana!~ z't, 

:s~ol[oj se 1da3xa 
'06~ 3 uo!iwy!3ads ox rnlojuos [leqs snleledde aqA ~'p 

snleieddv 'p 

..,., . ., .:.- ..... . .%ets a3euinj-lselq pun018 10 aJnlx!mpe 
(waulrn e ql~m uo!)eu~qmo3 ale%a~%%e-?uawa> amus aql 
JO 'saie%a~%e ~aqio ql!m xuama3 awes aql Bu!u!eiuoa suo!l 
-eu!qrnoa iaqlo jo r(l!h!iaeai le!lua)od aql uo UO!>~UUO~U! 

dolahap 01 aieudo~dde aq Keru 'spoqurn aA!leuJalle %u!sn 
Klq!ssod 'sa!pn)s leuo!l!ppe 'a~!peai 4snoualalap Kfle!lualod 
paJap!suoa aq plnoqs ale%a~%e uah!% e ley1 uo!leunoju! he] 
-uawalddns pue poqlarn isax pasodoid s!ql %u!sn pamioj~ad 
sisal jo silnsai aq; moij papnl3uos uaaq seq 31 uaqh E'E 

?$p&y;* 
'(682 3 

poqlapq isa~) spoqlaw le3!maq> Kq Lq~!lsea~ leyuaiod 
10j aleSa~%e aql jo slsn (E) pue !D!A!)~V~J !leyle jo spnpoid 
aql Ljpuap! o: (958 3 a>!peid) slsai lave suarupads aqx 
jo uo!leu!rnexa (z) IlUaSa~d ale sluan)!lsuo:, aq3eaJ umouy 
j! au!wJalap 01 ($62 3 a$!peJd) ale%ai%e aqi jo uo!%eu 
-!rnexa 3!qdwFJo~lad (I) :apnlsu! uo!lewJoju! heluawalddns 
qans jo sasinos .K~!n!13eai !Ieyle 03 anp Klleniae s! uopuedxa 
aql leql rn~guo3 0% padola~ap aq uo!iern~oju! he~uarnalddns 
ley] papuamrnosai Kl%uoiis s! I! '%u!lse3 WOJJ sKep 91 u!q]!m 
p,adOlahap ale % 01'0 ueq) iaIea~i3 suo!suedxa uaqM TE 

. .. ,. . 'suo!suedxa 
.,; , ,... G,;.j.;f: ..,,,,.,,, %u!lsaae u! JOIJCJ 1ue3g!uS!s e tou s! luawa3 aql jo lualuoa !leqe aq) 

'uo!inlos HO~N e 01 pasodxa ale suaw!Jads aqt asne~ag-1 aroN 
.uo!~aea~ ayl 

u! ale1 uo!suedxa ampold lo K(mo1s i3eaJ ieql sale%ai%e Joj 
lnjasn Klle!aadsa aq Kern pue LZZ 3 poqlapq lsal ol poqlarn 
ah!leuJalle ue Sap!hOJd 11 ,.,.;poylapq isaL paxeiala33v 
IagN aql uo paseq s! 11 .uo!suedxa leulalu! snoualalap 
K(1epua)od Su!llnsai pue uo!i3eaJ es!IP-!leyle %u!o%iapun 
JOJ aw3uo3 u! pasn ale%ai%e ue jo le!iuaiod aq3 %u!palap 
jo suearn e sap!nold poqiarn lsal pasodo~d s!qL 1's 

asn putt aauear~!ua!s 'C 

I o-11 Ion 'sp.mpt,o,s w~sv J~J ynnc [onuuv , ZO'PI IOA TpropuDls WLSVJO yooe !o,rauv. 
IO'PO  lo^ 'spdopaois WLSVJO yooc loltuuv, 

'20't.o IOA Ipiopaors WLSVJO yooe !nnliuv 
'0661 "in[ u! .quo uo!lemloju! ss paqsgqnd 

'alanuo3 u! saie8a~S2v JO SUO!IJ~JX le~!weq3 uo ~0.~0-603 
aan!wwo>-qny jo i(r!l!q!suodsa~ wal!p aqi s! puz sa~"Sa~%a\r pus aial3uo3 uo 
6-3 aan!wuo3 ~LSVJO uo!~~!pgn(aqi Japan s! poqiaw isai pasodo~d s!q~ , 

%u!lsa~ ~oj saAa!S qloID-aJ!M mj uo!lw'j'3adS 11 3 , 
,alaJauo3 

paUaplBH j0 UO!l€?U!UIr?X3 3!qdEl%Ol)ad lOj a3!13SJd 958 3 
,.,salal3uo3 pue sluarua3 

3![ne~pK~ 30 %u!isa~ ayl u! pasn syueL a%eiolS JaleM 
pue 'srnooa lslopq 'slaurqe3 zs~opq ~oj uo!ie3g!3adS I 1 5 3 

,.,ala~3uo3 pue 'ievopq 
'alsed iuarna3 pauapieH jo aZueq3 q]%uq jo luau 
-ainseapq u! asn JOJ snleleddv JOJ uo!leag!3adS 06~3 

.....: 

,Kauals!suo3 xlseld jo slevopq pue sazsed luaw 
-a3 xlne~pKH jo %u!x!pq le3!ueq3apq iuj a3!13eJd $0~ 3 

,aiaJ3uo3 ~oj saxe% 
-~J%v JO UO!leU!rneX3 3!qd~1%0llad 103 a3!?3VJd $62 3 

,(PoqlaN IuD!maq3) 
saie%aL%y jo K~!~!laeax le!iuaiod JOJ poqlam isaJ 687.3 
,(poqlapq lea iwopq) suo!)eu!qruo3 are%aL%v-~uawa3 
JO K%!~!:3eax !itrytv ie!iualod JOJ poqiam IS~L LZZ 3 ,;. ~ .+.. 

c.,:uarna~ puelpod ~oj uo!le3g!aads 051 3 +?f3*s'b' . . 
,(suam!aadS 

aqn3 mu-05 JO 'ul-z %u!sn) slepoliy luarua;) : 

3!lne~pK~jo ql%uaJlS 9h!SSaJdrno3 ~oj poylapq 1s~. 601 3 
,sale%ai%v a1aiauo3 $03 uo!le3g!3ads EE 3 

.~~PJVPU~JS HJSY 1'Z 

.K[uo saso&nd leuo!)ernJoju! ioj ale pue 'sasaqlua~ed 
u! umoys ale sl!un IS u! sanleh aqL 'piepuels se pap~e%ai 
aq 01 aie squn puuod-q~u! u! pajets sanlen aq& E'I 
.$ aloN u! u~A!% st luamal~s heuo!inmaid 3gpads v .asn ol %:,?.i.',;: 
~o!rd suo!!v~!u~] dro?v/nBa.~Jo /oil?!]!qv?!]ddv ayl au!ura?ap puv 
smp3v~d yr~oay pun d?aJvs a?v!rdorddv ys![qv?sa OJ prvpuv~s 
pasodord s!y~Jo rasn ay~Jo d~!l!q!suodsar ayl s! JI .asn SJ! ~J!M 
pa?v!?osm sualqodd d~ajas ayjjo ]]v ssappv OJ jrodrnd ~ou 
saop prvpuv~s pasododd s!yj .!uaw@nba puv suo!?vrado 'S]V!.I 
-a?vu snoprvzvy anlonu! dvu prvpuv~s pasodord s!yj 1 

'uo!l3eaJ es!g!s-!leyla ayl OJ anp 
sreq leuow jo uo!suedxa snouaialap ~oj le!iualod aql sKep 
91 u!ql!m %u!pa]ap smolle poqlarn isat pasodoid s!q~ 1'1 

adoas '1 
. . 

I. uo~c~ea~ ec~!~!s-!leyl~ 01 ana s~ea repow 
lo uo!suedxg sno!Jalalaa Alle!tua$od lo uo!pa)aa pa)tllalacIcIV 

JOJ pOl#lam lSa1 pasodo~d I 



i 

i C 305, except that the clearance between the lower end ofthe 
1 paddle and the bottom of the bowl shall be 0.20 2 0.01 in. 
i (5.1 +. 0.3 mm). 
j 4.4 Tamper and Trowel-The tamper and trowel shall 

conform to Test Method C 109. 
4.5 Containers-The containers must be of such a nature 

that the bars can he totally immersed in either the water or 
IN NaOH solution. The containers must be made of 
material that can withstand prolonged exposure to 176'F 

. , . (80°C) and must be inert to a IN NaOH solution. The . . . . . . . . . , , .. . . containers must he so constructed that when used for storing 
specimens, the loss of moisture is prevented by tight-fitting 
covers, by sealing, or both. The bars in the solution must be 
placed and supported so that the solution has access to the 
whole of the bar; therefore, it should be ensured that the 
specimens do not touch the sides of the container or each 
other. The specimens, if stood upright in the solution, shall 
not be supported by the metal gage stud. 

NOTE 2-The NaOH solution will corrode glass or metal containers. 
NOTE 3-A covered container that has been found to be acceptable 

for this pufpose is sold by Rubbermaid as a microwave-proof food 
;;;. ........ Stofage container. ,. . , . . , .. .. . . ,. 

4.6 Oven-A convection oven with temperature control 
maintaining 176 2 3°F (80 2 1.TC). 

5. Reagents 
5.1 Sodium.Hydroxide (Na0H)-USP or technical grade 

may be used, provided the Na+ and OH- concentrations are 
shown by chemical analysis to lie between 0.99N and 1.01N. 

5.2 Purily of Water-Unless otherwise indicated, refer- 
ences to water shall be understood to mean reagent water 
conforming to Type IV of Specification D 1193. 

5.3 Sodium Hydroxide Solution-Each litre of solution 
..-:: shall contain 40.0 g of NaOH dissolved in 900 mL of water, !q.c3&! 

and shall be diluted with additional distilled or deionized 
water to obtain 1.0 L of solution. The volume proportion of 
sodium hydroxide solution to mortar bars in a storage 
container shall be 4 + 0.5 volumes of solution to 1 volume of 
mortar bars. 

NOTE 4-The volume of a mortar bar may be taken as 11.25 in.> 
(184 mL)? 

NOTE 5: Precaution-Before using NaOH, review: (I) the safety 
. ;,. precautions for using NaOH; (2) first aid for bums: and (3) the 

emergency response to spills, as described in the manufacturer's 
Material Safety Data Sheet or other reliable safety literature. NaOH can 
cause very severe burns and iniury to un~rotected skin and eves. 
Soitable iersonal prolss~ivc equibm&t should 31n1ys bs used 'lhcjc 
should include full-hcc shizlds, rubbcr apron,, an3 gloics impcniour to 
NaOH. Glo\cs should hi. thsckcd psriodicsiiy rdr pin t.uies. 

6. Conditioning 
6.1 The temperature of the molding room and dry mate- 

rials shall be maintained at not less than 68°F (20°C) and not 
more than 8l.YF (27.S"C). The temperature of the mixing 
water, and of the moist closet or moist room, shall not vary 
from 73.4'F (23°C) by more than 3°F (1.7'C). 

6.2 The relative humidity of the molding room shall be 
not less than 50 %. The moist closet or room shall conform 
to Specification C 5 1 1. 

6.3 The storage oven in which the specimens are stored in 
the containers shall be maintained at a temperature that shall 
not vary from 176°F (80°C) by more than 3°F (1.7"C). 

7. Sampling and Preparation of Test Specimens 
7.1 Selection of Aggregate-Materials proposed for use as 

fine aggregate in concrete shall be processed as described in 
7.2 with a minimum of crushing. Materials proposed for use ' 
as coarse aggregate in concrete shall be processed by crushing 
to produce as nearly as practical a graded product from 
which a sample can be obtained. The sample shall have the 
grading as prescribed in 7.2 and be representative of the 
composition of the coarse aggregate as proposed for use. a:>;>:.;,;>:; .. , ... 

7.1.1 When a given quarried material is proposed for use 
Y'~' 

both as coarse and as fine aggregate, it will be tested only by 
selection of an appropriate sample crushed to the fine 
aggregate sizes, unless there is reason to expect that the 
coarser size fractions have a different composition than the 
finer sizes and that these differences might significantly affect 
expansion due to reaction with the alkalies in cement. In this 
case the coarser size fractions should be tested in a manner 
similar to that employed in testing the fine aggregate sizes. 

7.1.2 Coarse aggregate crushed to sand size may give 
increased expansion, owing to the increased surface exposed 
upon crushing. Therefore, if coarse aggregate tested by this 5,::,y,,G,:,,,2>;;, 

test method produces an excessive amount of expansion, the 
. .. . . 

material shall not be classed as objectionably reactive with 
alkali unless tests of concrete specimens confirm the find- 
inas of the tests of the mortar. - 

7.2 Pr~vnrution o/:,lggregnte-All aarzgates to which this 
test method is applied shall be graded in accordance with the 
requirements prescribed in Table 1. Aggregates in which 
sufficient quantities of the sizes specified in Table 1 do not 
exist shall be crushed until the required material has been 
produced. In the case of aggregates containing insufficient 
amounts of one or more of the larger sizes listed in Table 1, 
and if no larger material is available for crushing, the first , ,. 
size in which sufficient material is available shall contain the 5~''?2~'~s*' 

cumulative percentage of material down to that size as 
determined from the grading specified in Table 1. When 
such procedures are required, special note shall be made 
thereof in the test report. After the aggregate has been 
separated into the various sieve sizes, each size shall be 
washed with a water spray over the sieve to remove adhering 
dust and fine particles from the aggregate. The portions 
retained on the various sieves shall then he dried and, unless ,. , ,,,. 

used immediately, each such portion shall be stored individ- 
nally in a clean container provided with a tight-fitting cover. 

7.3 Selection and Preparation of Cement: 
7.3.1 Reference Cement-The portland cement used shall 

meet the requirements of Specification C 150 (see Note 1). 
7.3.2 Preparation of Cement-Cement for use in this test 

shall be passed through a 850-pm (No. 20) sieve to remove 
lumps before use. 

7.4 Preparation of Test Specimens: 
7.4.1 Number of Specimens-Make at least three test 

TABLE 1 Gradina Reculrernents 
Sieve Size 

Mass, % 
Passim Retained on 

4.75 mm (No. 4) 2.36 mm (No. 8) 10 .. ., 
2.36 mrn (No. 8) 1.18 rnm (No. 16) 25 , . 
1.18 mm (No. 161 600 urn lNo. 30) 25. ' 
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specimens for each cement-aggregate combination. 
7.4.2 Preparation of Molds-Prepare the specimen molds 

in accordance with the requirements of Specification C 490 
except, the interior surfaces of the mold shall be covered with 
a release agent. A release agent will be acceptable if it serves 
as a parting agent without affecting the setting of the cement 
and without leaving any residue that will inhibit the penetra- 
tion of water into the specimen. 

.;::.:: NOTE 6-TFE-fluorocarbon tape complies with the requirements for .......... ...... a mold release agent. 

7.4.3 Proporlioning of Mortar-Proportion the dry mate- 
rials for the test mortar using I part of cement to 2.25 parts 
of graded aggregate by mass. The quantities of dry materials 
to be mixed at one time in the batch of mortar for making 
three specimens shall be 440 g of cement and 990 g of 
aggregate made up by re-combining the portions retained on 
the various sieves (see 7.2) in the grading prescribed in Table 
I. For natural fine aggregates, use a water to cement ratio 
equal to 0.44 by mass. For coarse aggregates or manufao 
tured sands, use a water to cement ratio equal to 0.50 by 

., . ................ .......... mass. ... 

NOTE 7-Ruggedness tests indicated that mortar bar expansions 
were less variable at a fixed water to cement ratio than when gaged to a 
constant flow.' The water to cement ratios selected should give 
acceptable workability in most cases.' 

7.4.4 Mixing of Mortar-Mix the mortar in accordance 
with the requirements of Practice C 305. 

7.4.5 Molding of Test Specimens-Mold test specimens 
with a total elapsed time of not more than 2 min and 15 s 
after completion of the original mixing of the mortar batch. 
Fill the molds with two approximately equal layers, each 
layer being compacted with the tamper. Work the mortar 

&& into the corners, around the gage studs, and along the .~ . 
surfaces of the mold with the tamper until a homogeneous 
specimen is obtained. After the top layer has been com- 
pacted, cut off the mortar flush with the top of the mold and 
smooth the surface with a few strokes of the trowel. 

8. Procedure 
8.1 Inilial Storage and Measurement-Place each mold 

in the moist cabinet or room immediately after molds have 
~ 

been filled. The specimens shall remain in the molds for 24 
k 2 h. Remove the specimens from the molds and, while 
they are being protected from loss of moisture, properly 
identify and measure for initial length. The initial and all 

attention to the two metal gage measuring studs. Take the 1 
zero measurement of each prism immediately after drying, 
and read as soon as the bar is in position. Complete the 
process of d~ying and measuring within 15 * 5 s of removing 
the specimen from the water. After measurement, leave the 
specimen on a towel until the remainder of the bars have 
been measured. Place all specimens in separate containers 
with sufficient IN NaOH, at 176 * 3°F (80 * 1.7"C) for the 
samples to be totally immersed. Seal the containers and ,,,,,, ,,,.,,., ............ ........ return them to the oven. ...... ..,: . 

NOTE 8-The comparator bar should be measured prior to each set 
of specimens since the heat from the mortar bars may cause the length of 
the comparator to change. 

8.3 Sttbseq~rent Storage and Measurement-Undertake 
subsequent measurement of the specimens periodically, with 
at least three intermediate readings, for 14 days after the zero 
reading, at approximately the same time each day. The 
measuring procedure is identical to that described in 8.2 
except that the specimens are returned to their own con- 
tainer after measurement. 

............. :..~ <;<><..:<.. ...... 
9. Calculation 

9.1 Calculate the difference between the zero length of the 
specimen and the length at each period of measurement to 
the nearest 0.001 % of the effective gage length and record as 
the expansion of the specimen for that period. Report the 
average expansion of the three specimens of a given cement- 
aggregate combination to the nearest 0.01 % as the expan- 
sion for the combination for a given period. 

9.2 When the mean expansion of the test specimens 
exceeds 0.20 % at 16 days from casting (14 days from zero 
reading), it is indicative of potentially deleterious expansion. 
This value has been determined from tests of aggregates with iq;h93> known field performance in c~ncrete.'~ 

9.3 When the mean expansion of the test specimens is less 
than 0.10 % at 16 days after casting, it is indicative of 
innocuous behaviour.1° 

9.4 Where the mean expansion of the test specimens is 
above 0.10 % and less than 0.20 % at 16 days from casting, 
the results are not as yet con~lusive.!~ It is strongly recom- 
mended that supplementary information be developed as . . 

.......... outlined in 3.2. ,:.. :.,. ,, .,.. 

10. Report 
10.1 The report shall include the following: 

subsequent measurement, shall be made and recorded to the 10.1. I Type and source of aggregate, 
nearest 0.0001 in. (0.002 mm). Place the soecimens of each 10.1.2 'lvne and source of oortland cement 
aggregate sample in a storage' container 'ith sufficient tap 
water to totally immerse them. Seal and place the containers 
in an oven or room at 176 ir: 3°F (80 ir 1.7"C) for a period of 
24 h. 

8.2 Zero Measurements-Remove the containers from 
the oven one at a time. Remove other containers only after 
the bars in the first container have been measured and 
returned to the oven. Remove the bars one at a time from 
the water and dry their surface with a towel paying particular 

L~~~~-~- - -.~ --.--. 

10.1.3 ~iiali content of cement as percent potassium 
oxide (K20), sodium oxide (Na,O), and calculated sodium 
oxide (NalO) equivalent, 

10.1.4 Average length change in percent at each reading of 
the specimens, 

10.1.5 Any relevant information concerning the prepara- 
tion of aggregates, including the grading of the aggregate 
when it differs from that given in 7.2, 

10.1.6 Any significant features revealed by examination of 

. :.<. . .,. 
. .,. . 

Rogers, C., O,iir?rio ~tliniriry o/ I,anspor?aiio,i aud Co,?o,i~iniciiiiu,ii. Per- lo Hooton. R. D. and Rogers, C. A,. 'Evaluation or Rapid Tcsl Methods (or 
ronal Communication, Tabulation of mean tvlc roi acce~tuble now of monar bars Dcfeciing Alllli-Reactive Aagregatcs.'~ Protevdi,i((r of  he Eizhrlr 1r.o-noda,?o/ 
with fine and crushed-coarse aegmgater. Oct. 25. 1988. Co~!/?~r~~,iee on .~llkilli-.~lg.~r.e~~~rorc RedNio,?. Kyoto. 1989, pp. 439-444. 
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! the specimens dUnng and after test, 11. Precision and Bias 
10. I .7 Amount of mixing water expressed as mass Percent 1 1.1 precision-~he precision of this test method has not 

to cement, been determined. 
10.1.8 Type, source, propofiions and chemical analyses, Bias--Since there is no accepted reference , 

including Na20 and K20, of any pozzolans employed in the 
tests, and, for determining the bias of this test method, no statement on 

10.1.9 A graph of the length change data from the time of bias is being made. 

the zero reading to the end of the 16 day period. I 
The American Society tar Testing and Mateciak takes no p i t i a n  respecting the vatidty of any patent rights asserted in connection 

with any item mentioned in this standard, Users 01 this standard are expressly advised that determination of the validity of any such 
parent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard b subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invRed either for rsvision of this standard or lor additionat standards 
and should be addressed to ASTM Headquarters. Your comments wilt receive careful consideration st a meeting 01 the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia. PA 19103. 



Appendix E 
ASTM C1293 - Standard Test Method for Concrete Aggregates 

by Determination of Length Change of Concrete Due to Alkali-Silica Reaction 



4SIb Designation: C 1293 - 95 

Standard Test Method for 
Concrete Aggregates by Determination of Length Change of 
Concrete Due to Alkali-Silica Reaction' 

This standard is issued under the fired designation C 1293 ;the number immcdiaiely following the designation indicates the year of 
original adoption or. in the case of revirion. the year of last revision. A number in paienthercs indicates the year oflast reapproval. A 
ruperreript epsilon indicalcs an editorial change since the last cevision or reupproval. 

1. Scope 
1.1 This test method covers the determination, by mea- 

surement of length change of concrete prisms, of the 
susceptibility of a sample of an aggregate for participation in 
expansive alkali-silica reaction involving hydroxide ions 
associated with alkalies (sodium and potassium). 

1.2 This sfandard does no1 purport lo address all ofthe 
sa&y concerns, i/ any, associated with irs use. It is the 
responsibilily o f fhe  user ofthis standard to establish appro- 
priate sajity and heallh practices and ddermine [he applica- 
bility of regulafory limitations prior to use. 

1.3 The values stated in SI units are to be regarded as the 
standard. The inch-pound values in parentheses are for 
information only. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 1260 Test Method for Potential Alkali Reactivity of 

Aggregates (Mortar Bar Method)' (formerly Proposal 
P214) 

C 33 ~pecification for Concrete Aggregates2 
C 125 Terminology Relating to Concrete and Concrete 

Aggregates? 
C 138 Test Method for Unit Weight, Yield, and Air 

Content (Gravimetric) of Concrete2 
C 143 ~ e s i  Method f ir  Slump of Hydraulic Cement 

Concrete2 
C 150 Specification for Portland Cement3 
C 157 Test Method for Length Change of Hardened 

Hydraulic-Cement Monar and Concrete2 
C 192 Practice for Making and Curing Concrete Test 

Specimens in the Laboratory2 
C227 Test Method for Potential Alkali Reaction of 

Cement-Aggregate Combinations (Mortar-Bar M e t h ~ d ) ~  
C 289 Test Method for Potential Reactivity of Aggregates 

(Chemical M e t h ~ d ) ~  
C 294 Descriptive Nomenclature of Constituents of Nat- 

ural Mineral Aggregates2 
C 295 Guide for Petrographic Examination of Aggregates 

for Concrete2 
C 490 Practice for Use of Apparatus for the Determination 

of Length Change of Hardened Cement Paste, Mortar, 
and Concrete3 

C 5 1 1 Specification for Moist Cabinets, Moist Rooms, and 
Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes3 

C 702 Practice for Reducing Field Samples of b@,regate to ~. - 

Testing Size' 
C 856 Practice for Petrographic Examination of Hardened 

Concrete2 
D75 Practice for Sampling Aggregates3 
D 1 193 Specification for Reagent WateF 
2.2 CSA S~andards:~ 
CSA A23.1-M90 Concrete Materials and Methods of 

Concrete Construction, Appendix B 
CSA A23.2-14A-M90 Potential Expansivity of Aggregates 

(Procedure for Length Change due to Alkali-Aggregate 
Reaction in Concrete  prism^)^ 

3. Terminology 
3.1 Terminology used in this standard is as given in 

Terminology C 125 or Descriptive Nomenclature C294. 

4. Significance and Use 
4.1 Alkali-silica reaction is a chemical interaction between 

some siliceous constituents of concrete aggregates or particles 
of such constituents in fine aggregates and hydroxyl ions 

The concentration of hydroxyl ion within the concrete 
is predominantly controlled by the concentration of sodium 
and potassium (2). 

4.2 This test method is intended to evaluate the potential 
of an aggregate to expand deleteriously due to any form of 
alkali-silica reactivity (3,4). 

4.3 When selecting a sample or deciding on the number of 
samples for test, it is impc rtant to recognize the variability in 
lithography of material from a given source, whether a 
deposit of sand, gravel, or a rock formation of any origin. For 
specific advice, see Guide C 295. 

4.4 This test method is intended for evaluating the be- 
havior of aggregates in an alkaline environment. This test 
method assesses the potential for deleterious expansion of 
concrete caused by alkali-silica reaction, of either coarse or 
fine aggregates, from tests performed under prescribed laho- 
ratory curing conditions that will probably differ from field 
conditions. Thus, actual field performance will not be 
duplicated due to differences in wetting and drying, temper- 
ature, other factors, or combinations of these (5). 

1 Thir re% method is under the jurisdiaion of ASTM Committee C-9 on 
Concrete and Concrete Aggregates and is the direct reiponsibility ofSubcommitlee ' Annttoi Book o j A S i M  Sjrondordr. Voi i i.01. 
C09.26 on Chemical Reactions. Canadian Standards Asxiat ion Standards for Concrete Conrtruction, 173 

Current edition approved May 15, 1995. Published July 1995. Rendale Bivd.. Rexdule. OnWrio Canada, MaWIR3. 
2 Anntrol Book ,,/~STh'nb Siondordr. Vol04.02. *The boldface numberr in parentheses refer lo  the list of references at the end 
'An,raoi Book o ~ A S T M  Siondards. Vol04.01 olthir rest methiwf. 



4 .5  Results of tests co~?di~ctcd as descrihed lhercin should 
forin a pan of the basis for a decision as to u,Rether 
precautions should be taken against excessive expansion due 
to aikaii-silica reaction. This decision should be made before 
a particular aggregate is used in concrete construction. 
Criteria to determine the potential deleteriousness of expan- 
sions measured in this test are given in Appendix Xi 

4.6 The basic intent of this test method is to develop 
information on a particular aggregate at a specific alkali level 
of 5.25 kg/m3 (8.85 lb/yd". I t  has been found that this high 
alkali level is required to identify certain deleteriously 
reactive aggregates (3). 

4.7 When the expansions i n  this test method are greater 
than the limit shown in  X1.2, the aggregate is potentially 
alkali-reactive. Supplemental information should be devel- 
oped to confirm that the expansion is actually due to 
alkali-silica reaction. Petrographic examination of the con- 
crete prisms should be conducted after the test using Practice 
C 856 to confirm that known reactive constituents are 
present and to identify the products of alkali-silica reactivity. 
Confirmation of alkali-silica reaction is also derived from the 
results of the test methods this procedure supplements (see 
Appendix Xi). 

4.8 I f  the supplemental tests show that a given aggregate is 
potentially deleteriously reactive. additional studies may be 
appropriate to evaluate preventive measures in order to 
allow safe use of the aggregate. Preventive measures are 
mentioned in Specification C 33. 

5. Apynratus 

: 5.1 The molds, the associated items f o r  molding test 
i specimens, and the length comparator for measuring length 

change conform to the applicable requirements of Test 
Method C 157 and Practice C 490, and shall have square 
cross sections of 75.0 + 0.7 mm (3.00 + 0.03 in.). 

5.2 The storage container options required to maintain 
the prisms at a high relative humidity are described in 5.2.1. 

5.2.1 Recoinmended Conlainer-The recommended con- 
tainers are 22-Iitre (5-gal) polyethylene pails with aictight lids 
and approximate dimensions of 250: to 270-mm (9.8- to 
10.6411.) diameter at bottom. 290 to 310 mm (1 1.4 to 12.2 
in.) at top, by 450 to 480 mm (17.7 to 18.9 in.) high.7 
Prevent significant loss of enclosed moisture due to evapora- 
tion with airtight lid seal. Place a perforated rack in the 
bottom of the storage container so that the prisms are 30 to 
40 mm above the bottom. Fill the container with water to a 
depth of 20 t 5 mm above the bottom. A significant 
moisture loss is defined as a loss greater than 3 % of the 
original amount of water placed at the bottom of the pail. 
Place a wick of absorbent material consisting of poly- 
propylene fibers around the inside wall of the container from 
the top SO that the bottom of the wick extends into the 

expansion characteristics.~ne expansion eficiency is con- 
firmed iviien expansions a: one year ohr-ined using the 
alternative container are within 10 % of those obtained using 
the recommended container. Alternative storage containers 
must contain the required depth of reagent water. When 
reporting results, note the use of an alternative container, i f  
one is utilized, together with documentation proving compli- 
ance with the above. 

5.3 The storage environment necessary t o  maintain the 
38.O"C (100.4"F) reaction accelerating storage temperature 
consistently and homogeneously is described in 5.3.1. 

5.3.1 Recommended Environment-The recommended 
storage environment is a sealed space insulated so as to 
minimize heat loss. Provide a fan for air circulation so the 
maximum variation in temperature measured within 250 
mm (9.8 in.) of the top and bottom of the space does not 
exceed 2.VC (3.673. Provide an insulated entry door with 
adequate seats so as to minimize heat loss. Racks for storing 
containers within the space are not to be closer than 30 mm 
(1.2 in.) to the sides of the enclosure and are to be perforated 
so as to provide air flow. Provide an automatically controlled 
heat source to maintain the temperature at 38.0 + 2.O"C 
(100.4 c 3.6'0  (see Note 1). Record the ambient tempera- 
ture and its variation within the space to ensure compliance. 

NOTE 1-11 has been found to be g o d  practice to monitor the 
efliciency o f  the storage environment by placing themocouplec inside 
dummy concrete specimens inside a dummy container within the 
storage area. The storage room described in Test Method C227 
generally will be satisfactory. 

5.3.2 Allernalive Storage Environmenl-Use of an alter- 
native storage environment is permitted. Confirm the effi- 
ciency of the alternative storage container with an alkali- 
reactive aggregate of known expansion  characteristic^.^ The 
expansion efficiency is confirmed when expansions at one 
year obtained using the alternative storage environment are 
within 10 % of those obtained using the recommended 
environment. When reporting the results, note the use of an 
alternative storage environment, if one is utilized, together 
with documentation proving compliance with the above. 

6. Reagents 
6. I Sodhim flj~droxide (Na0H)-USP or technical grade 

may be used. 

NOTE 2: P~eeaution-Before using NaOH, review: ( I )  the safety 
precautions for using NaOH: (2) first aid for bum$ and (3) the 
emergency response to spills as described in the manufacturers Material 
Safety Data Sheet or other reliable safety literature. NaOH can cause 
severe burns and injury to unprotected skin and eyes. 'Always use 
suitable personal protective equipment including: full-face shields, 
mbber aprons, and gloves impervious to NaOH (Check periodically for 
pinholes.). 

reagent water. 6.2 Wafer: 
5.2.2 Allernalive Conlainers-Alternative storage con- 6.2.1 Unless otherwise indicated, references to water are 

tainers may be used. Confirm the eficiency ofthe alternative understood to mean potable tap water. 
Storage container with an alkali-reactive aggregate of known 6.2.2 The references to reagent grade water are under- 

- 
' Poiycthylene pails u r d  in !be food industiy have been found lo  be suitable. 8 Non-reactive aggregates and alkali-silica reactive aggregates of known expan- 

Twenty two-litre pails (Model Sor: pail, 5251: lid. 63493). are ovnilnhle from IPL sion c11urac:erisiics (6 )  are rvailvble from The Pc8iographei. Engineering Materials 
Products Ltd., 348 Pack Street. Suite 201. Earl Building. Nonli Reading. Marr. Ofice. Ministry of Transponarion. l2OI Wilson Avc.. Downsview. Onturio. 
01864. Canada. M3h1118. 



stcod to mcan reagent water as dcfincd by Typc I l l  o i  IV '- l,b 

Specificaiion D i 193. 

7. Materials 
7.1 Cemeni-Use a cement meeting the requirements for 

a Type I Portland cement as specified in Specification C 150. 
The cement must have a total alkali content of 0.9 i 0.1 % 
NazO equivalent (NazOeq is calculated as percent Na,O + 
0.638 x percent K20). Determine the total alkali content of 
the cement either by analysis or by obtaining a mill run 
cenificate from the cement manufacturer. Add NaOH to the 
concrete mixing water so as to increase the alkali content of 
the mixture, expressed as NazOeq. to 1.25 % by mass of 
r r m r n t  ~ C P P  Note II - - . . . - . . . , - - - . - . - - , . 

NOTI: 3-The value of 1.25 % Ne20 equivalent by mass of cement 
has been chosen to accelerate the process of expansion rather than to 
reproduce field conditions. 

7.2 Aggregates: 
7.2. I To evaluate the reactivity of a coarse aggregate, use a 

nonreactive fine aggregate. A nonreactive fine aggregate is 
defined as an aggregate that develops an expansion in the 
accelerated mortar bar. (see Test Method C 1260) of less 
than 0.10% at 14 days (see X1.5 for interpretation of 
expansion data). Use a fine aggregate meeting all the 
requirements for concrete aggregates (see Specification C 33) 
with a fineness modulus of 2.7 & 0.2. 

7.2.2 To evaluate the reactivity of a fine aggregate, use a 
nonreactive coarse aggregate. Prepare the nonreactive coarse 
aggregate according to 7.2.3.X A nonreactive coarse aggregate 
is defined as an aggregate that develops an expansion in the 
accelerated mortar bar (see Test Method C 1260) of less than 
0.10 % at 14 days (see X1.5 for interpretation of expansion 
data). Use a coarse aggregate meeting all the requirements for 
concrete aggregates, (see Specification C 33). Test the fine 
aggregate using the grading as delivered to the laboratory. 

7.2.3 Sieve all coarse aggregates to which this test method 
is applied and grade in accordance with the requirements in 
Table I. Coarse aggregate fractions larger than 19.0-mm 
(314-in.) sieve are not to be tested as such. When petrographic 
examination using Guide C295 reveals that the material 
making up the size fraction larger than the 19.0-mm (314-in.) 
sieve is of such a composition and lithology that no 
difference should be expected compared with the smaller size 
material. then no further attention need be paid to the larger 
sizes. If petrographic examination suggests the larger size 
material to be more reactive, the material should be studied 
for its effect in concrete according to one or the other 
alternative procedures described herein: 

7.2.3.1 Proportional Tesling-Crush material larger than 
the 19.0-mm (3%-in.) sieve to pass the 19.0-mm (3/4-in.) sieve. 
Grade the material passing the 19.0-mm (314-in.) sieve as per 
the Table I grading, and proportionally add back to the 
original minus 19.0-mm (314-in.) grading so as to include the 
oversized material in a mass proportion equal to its original 
grading percentage. 

7.2.3.2 Separated Sire Testing-Crush material larger 
than the 19.0-mm (Jh-in.) sieve to pass the 19.0-mm (3/4-in.) 
sieve. grade that material as per Table 1 and test in concrete 
as a separate aggregate. 

7.3 Concrete Misttire Proportions-Proportion the con- 
crete mixture to the following requirements: 

Sieve Size 
Mass (%) 

Passing Retained 

19.0-mm (%-in.) 12.5-mm ('/a-in.) 33 
12.5-mm ('la-in.) 9.5-mm (318-in.) 33 
9.5-mm (%-in.) 4.75-mm (No. 4) 33 

yd3). 
7.3.2 Volrtme qJ"Coarse Aggregale Per Unit of Volu~ne of 

Concr(~te-Use a coarse aggregate oven-dry-rodded unit 
volume of 0.70 t 0.2 % for all classes of aggregates (for 
example. lightweight. normal, and heavy weight). 

7.3.3 1.Yar~~r lo Ce~nent Ratio-Maintain water-to-cement 
ratio in the range of 0.42 to 0.45 by mass. Adjust the 
water-to-cement ratio within this range to give sufficient 
workability to permit satisfactory compaction of the concrete 
in the molds. Report the water-to-cement ratio used. 

7.3.4 Admixllrre (NaOHJ-Dissolve in the mixing water 
and add as required to bring the alkali content of the 
concrete mixture, expressed as Na,Oeq, up to 1.25 % by 
mass of cement (see Note 4). Use no other admixture in the - - - - - - . - 
CVLIL-ICL';. 

NOTE 4-A sample calculation for determining the amount of 
NaOH to be added to the mixing water to increase the alkali content of 
the cement from 0.90 % to 1.25 7% 
Cement content of t m3 concrete = 420 kg 
Amount of alkali in the concrete = 420 kg X 0.90 % 

= 3.78 kg 
Specified amount of alkali in concrete = 420 kg X 1.25 % 

= 5.25 ke - 
Amount ofalkali I0 be added to eoncrcte= 5.25 kg - 3.78 kg 

= 1.47 ke - 
The difference (1.47 kg) is the amount of alkali, expressed as Na20 
equivalent, to be added to the mix water. Factor to convert NaZO to 
NaOl-I: 
since 

(Na,O + H 2 0  - 2 NaOH) 
Compound Molecular Wcight 

Na,O 61.98 
NvOH 39.997 

Con..rrsion factoc 
2 X 39.997/61.98 = 1.291; 

Amount of NaOH required: 
1.47 x 1.291 = 1.898 kg/m3 

8. Sampling 
8.1 Obtain the aggregate sample in accordance with Prac- 

tice D 75 and reduce it to test portion size in accordance with 
Practice C 702. 

9. 'Specimen Preparation 
9.1 Mixing Concrete: 
9.1.1 General-Mix concrete in accordance with the stan- 

dard practice for making and curing concrete test specimens 
in the laboratory as described in Practice C 192. 

9.1.2 Slzrmp--Measure the slump of each batch of con- 
crete immediately after mixing in accordance with Test 
Method C 143. 

9.1.3 Yield. and Air Conlenl-Determine the yield, and 
air content of each batch of concrete in accordance with Test 
Method C 138. Concrete used for slump, yield, and air 
content tests may be returned to the mixing pan and remixed 
into the batch. 
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9.2 Prepare three spccinens of the typc required isr perce??t sodium oxide !Na20! cq~uivelerc, 
concrete in Test Method C 157 from one hatch of concrete 12.1.4 Concrete mixture proponions based on SSD aggre- 
(see Note 5 ) .  gates, and corrected for yield, 

NOTE 5-11 has been found useful to cast an  additional (4th) ~ " s m  12.1.5 The amount (NaoH) added 
that can be removed from the test and sectioned for petrographic to the mixing water, expressed as Percent sodium oxide 
examination at any time. (Na,O) equivalent by mass of the cement, 

9.3 Initial Conditioning-Cure, store, and remove molds 12.1.6 The water-to-cement ratio (w/c) based on satu- 

in accordance with Test Method C 157. rated, surface dry (SSD) aggregates, 
12.1.7 The slump, with mass yield and air content of the 

10. Procedure concrete batched, 
10. I Initial Comparator Readin,?-Follow the procedure 

of Test Method C 157, except do not place in saturated lime 
water. Make initial length reading at the time of removal 
from the mold at an age of 23.5 + 0.5 h. Thereafter, keep the 
specimens at 38.0 i: 2°C (100.4 + 3.6"F) in sforage con- 
tainers in accordance with 5.2. 

10.2 S~rbseqtrent Comparator Reading-Stand the spec- 
imen on end. Specimens shall not be in contact with water in 
the reservoir within the storage container. Seal the container 
and place container in a 38.0 e 2°C (100.4 + 3.6'F) storage 
environment. At no time should the storage container be in 
contact with the walls or floor of the 38.0 + 2°C (100.4 + 
3.6"F) storage environment and there shall be an adequate 
flow of air around the container. 

10.2.1 When the specimens are 7 days old, take a compar- 
ator reading after removal of the container and contents 
from the storage environment according to 10.2.2. Subse- 
quent readings are required at the ages of 28 and 56 days, as 
well as 3, 6, 9, and 12 months. Additional readings, if 
required, are suggested at 6-month intervals. 

10.2.2 Remove the containers holding the prisms from 
the 38.O"C (100.4'F) temperature environment and place in 
a moist cabinet or moist room that is in compliance with 
Specification C 5 11 for a period 16 + 4 h before reading. 

10.3 Fabricate all specimens placed in a given storage 
container at the same time so that all specimens in that 
container are due for comparator reading at the same time. 

10.4 Identify the specimens so as to place the specimens 
in the comparator with the same end uppermost. After the 
comparator reading of the prism, replace the specimen in the 
storage container but invert the uppermost end as compared 
with the previous storage period. In this way the prisms are 
not stored through two consecutive storage periods with the 
same ends uppermost. 

I I. Calculation 
18.1 Calculate the change in length between the initial 

comparator reading of the specimen and the comparator 
reading at each time interval to the nearest 0.001 % of the 
effective gage length and record as the length change of the 
prism for that period. Calculate the average length change in 
percentage for the group of prisms at the age. 

1 1.2 Data from at least three bars must he available at any 
age to constitute a valid test at that age. 

12. Report 
12.1 Report the following information: 
12.1.1 Type and source of coarse and fine aggregates, 
12.1.2 Type and source of Portland cement, 
12.1.3 The alkali content of the cement as percent potas- 

sium oxide (K20), sodium oxide (Na,O), and calculated 

12.1.8 The average length change in percent at each 
reading of the prisms along with the individual length change 
in percentage for each prism, 

12.1.9 Any significant features revealed by examination of 
the concrete prisms either during the test or at the end of the 
test (for example, cracks, gel formation, or peripheral reac- 
tion rims on aggregate particles);and 

12.I.10 Type of storage container and 38.O"C storage 
environment used to store the concrete prisms if they differ 
from those specified in 5.2.1 and 5.3.1. 

13. Precision and Bias 
13.1 Multi-Laboratory Precision: 
13.1.1 Average Expansion Less Than 0.014%-The 

multi-laboratory standard deviation of a single test result 
(mean of measurements of three prisms) for average expan- 
sion less than 0.014 % has been found to be 0.0032 % (CSA 
A23.2-14A-M90).5 Therefore, results of two properly con- 
ducted tests in different laboratories on the same aggregate 
should not differ by more than 0.009 %, nineteen times out 
of twenty. 

13.1.2 Average Expansion Greater Than 0.014 %-The 
multi-laboratory coeflicient of variation of a single test result 
(mean of measurements of three prisms) for average expan- 
sion greater than 0.014 % has been found to be 23 % (CSA 
A23.2-14A-M90).5 Therefore, results of two properly con- 
ducted tests in different laboratories on the same aggregate 
should not differ from each other by more than 65 % of their 
average, nineteen times out of twenty. 

13.2 Range for Three Prisms: 
13.2.1 Average Expansion Less Than 0.02 %-For av- 

erage expansions of less than 0.02 %, the multi-specimen, 
single operator standard deviation has been found to be 
0.0025 % (CSA A23.2-14A-M90). Therefore, the range (dif- 
ference between highest and lowest) of the three individual 
prism measurements used in calculating an average test 
result should not exceed 0.008 %, nineteen times out of 
twenty. 

13.2.2 Average Expansion Greater Than 0.02 %-For 
average expansions of more than 0.02 %, the multi- 
specimen, single operator coeflicient of variation has been 
found to be 12 % (CSA A23.2-14A-M90). Therefore, the 
range (difference between highest and lowest) of the three 
individual prism measurements used in calculating an av- 
erage test result should not exceed 40 % of the average, 
nineteen times out of twenty. 

13.3 Bias-Nothing is being said concerning the bias. 

14. Keywords 
14.1 aggregate; alkali-silica reactivity; concrete; length 

change 



APPENDIX 

(Nonmandatory Information) 

XI. Interpretation of Results 

XI. 1 The question of whether or not criteria based on the explained. Care should be exercised in the interpretation of 
results obtained using this test method should be used for these other test method results (9, 10, 11, 12, 13, 14). 
acceptance of materials for use as concrete aggregate will be X1.5 The use of this test method should especially be 
dealt with, if deemed appropriate, in Specification C 33. considered when other test methods may be inadequate. 

X1.2 Work has been reported from which it may be Some examples of such problems are as follows: The 
inferred that an aggregate might reasonably be classified as potential reactivity of various varieties of quartz may not be 
potentially deleteriously reactive if the average expansion of accurately determined by Test Method C 227 since the test 
three concrete specimens is equal to or greater than 0.04 % at method may produce a false-negative result (3). False- 
one year (7) (CSA A23.1-M90 Appendix B, Table 3.1). negative results are possible with a number of aggregates 

X 1.3 A history of satisfactory field performance in con- such as slow-late expanding argillaceous greywackes, strained 
. Crete is the best method of evaluating the potential for an quartz and microcrystalline quartz associated with strained 

aggregate to cause premature deterioiation ofconcrete due to quartz (3,4, 13). False-negative results are also possible due i 
alkali-silica reaction. When field performance of an aggregate to storage conditions (91, reactive aggregate levels far above ; 
in concrete is to be accepted, the following conditions should or below pessimum (3) or insuficient alkali to accelerate the 
be met (8): test (3). The potential reactivity of various varieties of quartz i 

X1.3.1 The cement content and alkali content of the may not be accurately determined by Test Method C 1260 : 
cement should be the same or higher in the field concrete since the test method may produce a false-positive result ; 

than is proposed in the new structure. with a number of marginally reactive aggregates (13). Test : 
XI .3.2 The concrete examined should be at least 10 years Method C 1260 may also give a false-negative result with i 

nld a ~ r e ~ a t e s  sus~ected of containing deleterious strained -- - - 
X1.3.3 The exposure conditions of the field concrete quartz ($4). 

shotlid he at least as severe as those in the nronnsed structure. X1.6 If the data generated with other test methods and , . . . . -. - . . -. . . -. . . .. . . . . . . -. ... . . . . . . . . . . r. . . . . - . .. - . . -. . . 
~ 1 . 4   his test method supplements the results of other supplemented with information from this test method judge 

test methods. ~h~ results of the other test methods are an aggregate to be "not potentially deleteriously alkali-silica 1 
usually reported before the of this test method are reactive," no restrictions are usually required with the use of 
available. Standards that this test method supplements that %Wegate in order to protect against expansion due to I 
include: Test Method C 227, Guide C 295, Test Method alkali-silica reaction (7) (see Note Xl.1). 

289, and Test Method 1260. " is lhat the NOTE X1.l-in critical structures such as those used for nuclear 
I 

relevant procedure(s) be performed concurrently with this containment or large dams, where slight expansions cannot be tolerated, 
test method and any discrepancies between the results a lower expansion limit may be required. 

! 
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