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Certain siliceous constituents of aggregates can react with ce
ment alkalies to cause abnormal expansion and cracking in con
crete. The ASTM mortar bar ejqpansion test is generally con
sidered to be the most reliable method available for determining 
the potential alkali reactivity of such aggregates. Because this 
test requires considerable time, a quick chemical test was also 
adopted by the ASTM in order to obtain a rapid evaluation of con
crete aggregates. This investigation was made to determine the 
degree of correlation between the two methods of test. 

Fifty-two concrete aggregates were evaluated by means of the 
rapid chemical test for potential alkali-aggregate reactivity and 
the results generally showed good correlation with the data ob
tained in the mortar bar tests. However, the chemical test does 
not always give reliable results for some aggregates because of 
the interference of certain carbonates. An empirical division of 
the chemical tests results is proposed which would serve to iso
late those aggregates which may contain such interferences, and 
thereby indicate the need for further tests. 

Some aggregates showed a high degree of reactivity in the 
chemical test but did not produce excessive mortar bar expansion. 
An additional empirical division of the chemical test results is 
suggested which would separate chemically reactive aggregates 
into two groups. Such a separation would eliminate the need of 
supplementary mortar bar tests on many reactive aggregates. 
Chemical test results which fal l into one such group are indica
tive of very highly reactive but not necessarily expansion-pro
ducing aggregates. Special mortar bar tests are necessary for 
such materials. 

The general chemical test criteria established by this study 
for separating reactive from nonreactive aggregates agree fairly 
well with those proposed by ASTM specifications and the Corps 
of Engineers. The present ASTM chemical test method permits 
two titration procedures for the determination of alkalinity reduc
tion. Neither procedure showed any distinct advantage over the 
other as a means for evaluating the potential reactivity of ag
gregates. 

# BEFORE 1940, most aggregates were usually considered to be chemically inert when 
used in concrete. However, it has since been clearly demonstrated that certain s i l i 
ceous constituents, present in some aggregates, can react with the alkalies in cements 
to cause abnormal ejqpansion and cracking in concrete. 

The most reliable laboratory test now available for determining the potential alkali 
reactivity of concrete aggregates is considered to be the mortar bar expansion test (1̂ ). 
This test has been adopted as a tentative standard (Method C227) by the American So
ciety for Testing Materials (2). Because of the time required to obtain reliable in
formation by this method of test, extensive investigations have been made to develop 
a more rapid method of test. A rapid chemical test was developed by Mielenz and 
others (3) and was later adopted by ASTM as tentative standard Method C289 (2) . Briefl j 

2k 



25 

the chemical test measures the amount of reaction during 24 hr at 80C, between a 1 
normal sodium hydroxide solution and aggregate that has been crushed and sieved to 
definite size. At the end of the reaction period, the mixture is filtered and the solu
tion is analyzed to determine its final alkalinity and silica content, the latter arising 
as a result of the partial dissolution of the aggregate. These values are then used to 
determine the potential reactivity of the aggregate with alkalies in portland cement 
concrete. 

The reliability of the chemical test was established by the original authors of the 
method, mainly on the basis of an empirical correlation with mortar bar expansion 
test results. Unfortunately, many investigators have subsequently reported discrep
ancies in evaluating concrete aggregates by both methods of test. 

A search of the literature failed to reveal any additional published work in which 
a large number of aggregates were evaluated by both methods of test. Comparisons 
of a few aggregates have been reported by several investigators (4, 5̂ , 6). Two 
other reports (7, 9) showed considerable comparative data, but most of the results 
shown were either reported earlier by Mielenz et al. (3), or were based upon modi
fications of the presently used chemical test. 

Consequently, the Bureau of Public Roads initiated a study of a large number of 
aggregates in order to compare the results by both methods of test. A specific ob
jective of the study was to determine the degree of correlation between the results 
of the quick chemical test and the mortar bar test. It was anticipated that the pre
sent criteria of the chemical test could be suitably altered or extended in order to 
make better use of the test results, thereby eliminating the need for further exten
sive testing of many aggregates. 

PROCEDURE 
Chemical Tests 

Fifty-two concrete aggregate samples were prepared and tested in accordance 
with ASTM Method C289 (2), except that the sodium hydroxide solution was prepared 
by standardizing with standard hydrochloric acid. The acid was standardized against 
reagent grade sodium carbonate using methyl purple indicator. 

The reaction containers used were fabricated from 18-8 stainless steel, fitted with 
unvulcanized neoprene gaskets. Ethylene glycol was used for the constant tempera
ture liquid bath. Filtration vacuum was maintained at 15 in. of mercury by means of 
a Cartesian Manostat. Immediately following filtration, the diluted solutions were 
stored in polyethylene containers and sealed until analyzed. 

The reduction in alkalinity was determined by means of both the single and double 
end points given in the ASTM method. The single end point titration involves a neu
tralization with standard acid using phenolphthalein as the indicator, and measures 
the alkalinity produced by all the hydroxide ions as well as part of the carbonate ions 
present. In the double end point procedure, the titration of the same sample is con
tinued to the methyl orange end point which on calculation gives a measure of the 
hydroxide ions only. 

Dissolved silica was determined colorimetrically with a Beckman DU spectro
photometer using 1-cm cells. The readings were made at exactly 5 min after the 
addition of the oxalic acid reagent. 
Mortar Bar Tests 

Mortar bar test data had been obtained for these same aggregates over a consider
able number of years and, in a large number of cases, well before the development 
of the ASTM standard method. Consequently, the procedures used in the prepara
tion and storage of the test bars varied somewhat. The details and conditions of 
test are shown in Table 1. 

RESULTS 

The results of the mortar bar and chemical tests are given in Table 1. Included 
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TABLE 1. RESUIiTS OF MORTAR BAR EXPANSION AN 

S«|>1« 
Idontl 
f loa t ion 

Sonrcs of afgregat* 
1 Trf • 
I of I N a t m of s f f r H ' t e 

Mortar bar t 
CsMllt naad 

Brand 1 1 iMa 
and tlSjO: 1^0: 

1 1 
• and tlSjO: 1^0: 

1 1 
sPst.lFet.l P 

iO.Usa.97> 0 
C I •0.27l0.70> 0 
B l0.20:0.ll7l 0 
JU2 I0.11t:1.0l»i 0 
4-2 lO.Uil.Ofrt 0 
I lO.aio.fti 0 
4-2 lo.ua.oiii 0 
A-2 lO.Ull.Ollt 0 
A-2 i0.14:1.0l»: 0 

•O.Ull.Oltl 0 

JU2 :a.ll>a.Ok: 0 
A - i :0.1ltll.OI»: 0 

:a.V>:1.0l|l 0 
:0.1l>il.0lti 0 
lO.llMl.Olt: 0 

A.2 :a.Ull.OlM 0 
A-2 :O.Uil.al»> 0 
i - 2 ;0.1llil.OI»l 0 

io.isia.S7i 0 
1.2 •.O.M:l.al»l 0 

ex lO.iBio.a^i 0 
•0.18:0.871 0 
•0.18:0.97: 0 
10.18:0.87) 0 

C-2 :0.18:O.S7: 0 
C..2 •0.18:0.87: 0 
C-2 10.18:0.871 0 
CJt :0.18^0.87! 0 
C.2 i0.lSi0.87: 0 
C-2 :a.l8i0.87i 0 

•O.lSiO.S?: 0 
C-2 •0.18:0.871 0 
C-2 :a.l8iO.S7; 0 

:0.18!0.87i 0 
:0.18:0.87: 0 

l U :0.18:a.B7: 0 
c-2 •0.18^0. &?• 0 
C.2 •0.18:0.87: 0 
c-2 •0.18:0.871 0 
C-2 i0.18:a.87: 0 

C-2 •0.18:0.871 0 
CZ :0.18:0.87: 0 
C.2 10.18:0.87: 0 
C.2 10.18:0.371 0 
ixa :0.3210.851 0 
D.2 •0.3310.8il 0 
D..2 •0.33:0.86i 0 
I1L2 10.3310.86^ 0 
D.2 :0.33:0.86: 0 
Ouj •O.331O.861 0 

A.2 •0.1ltil.0i»i 0 
1 .^ i0.1'»il.OI>: 0 
It^ I0.32I0.9S1 0 
0.2 •0.33•0.86• 0 
S.^ •0.33^0.86^ 0 
I M •0.33:0.86: 0 
D.2 lO.33lO.86: 0 
11̂ 3 I0.20!0.e0i 0 
11̂ 3 I0.20t0.80: 0 
c .2 l0.18lC.S7l 0 

8 
9 
9 

10 
10 
U 
11 
u 
13 

u 
16 17 u 
19 
20 
21 
22 

% 
27 
28 
29 
30 
31 
32 
33 

3* 

% 
39 
M 
41 
<|2 
Ofi 

1*7 
I18 
19 
50 
51 
S2 

•Bunt Hvar , ( k ' ^ n 
Do. 

lUsKtb l U l s . lOauth Q>., 
i F m t d l e , PMtsr Co.. Idate 
ildate l U l * . aoaanl l le Gs. 

Do. 
:Focatd.Io, Sumock Co. 

Bumek Co., Idaho 
Co., IdalB 

Do. 

iBUekfoot, B l i « h B > Co., Ualu 
Do. 

Ihnan, Jaffanoo :a. , Uaho 
Do. 

: « i p v t , KUtdota Co., Idalo 
Do. 

dtsKbuv. Itadlma Co.. Idaho 
Do. 

•Salt Uka Q l t j . Salt Lain Co.. Utah 
BooTar'a Sldlni , Chartarflald Co., S.C. 

lib'. Saptnaro, Ominlson Co., Colo. 
SU. 621, La*aland..rrswiit P m , Colo, 

d r . B u d . JackWB Co.. Colo. 
iSnaIn R., Br. Bobaek, Toton Co., I f ro . 
Oral, l U l B t w Co., S. Dak. 
B U I Ci ty . Peanli«tan C^.. S. Dak. 
iSnako BLTsr. Teton Co.. Itro. 
dhyton. Sharidan Co., V ^ . 

Do. 
Do. 

•Sand IR. So, 0, r . 
•Oraval^l, B, Sj, Se, I a n than 1^ Qa 
•tedc iB 
lOrmAiQi , Felda. Qa, Cale. S, Qi aoM B « R 
l(h*vellQi. S. FAda, Qa. Gale. S, L, 0 
i ( h w A ^ do. 
iSanl : ^ , Falda, Qs, L; a o M Q « S 
:Sand :Q. Qi , In s o u 3 « l U 
•Sand iQ, 0. Pa, Qa, 0, Cale. frasaanta 
lOraTAiO. Qa, PAda. Qii acau Q, R, and L 
• • 
•Sand >0, Q, Qai aou S and Ma 
:amval:Qs, Palda, Q. S 
:Sand :Q, 0, Pas aoM S and Ma 
lOranaiPsiLda. Qs. S, Pa, aoM «, 0, and Or 
•Sand iQa. S, Pa. Qs aoM 0, Pia^ and Ma 
i lh«Tal : I , Ls s o n S, Qa. aid Q 
iSand iQ. 0. Pa: s c m Qa 
lOranliR. Os aosM B, 0, Pdda, S, Q 
•(harAiQa, Cale. S. L | soae Q, (hi, S»l , am 0 
•Sand iQt aoaa S 

i(h«nil :B, R. *Aeaate8 i i l t h mmt 
•Sand •Q, 0, and dark «ph. 
•Sand IQ. 0. am M 
iGravA^lk and S 
•DravA:!.. S, Cale. S and Q> 
:loek •Mleaeaona « 
:lk'aTd.:te. CAe. S. Pa. R and B 
•Rock :Altarad S 
: (b«TA: te . I . . 0 
•Sam :a, Q and L 

0, dark Aph. 

iBadarlani, Bouldar Co.. Colo. ;(iraTd.:0 and On 
Do. :Saad :a; aoM Q anl Oki 

St. liralna. HaU Co.. Colo. tOravAsG and (to 
Cnao, DAta Co., Colo. iSend tQ, Pa, dark Aphi aen P 
Br. Maaa, Maaa Cd.. Calo. :Boek lOllTlna B 

!Mr. Raaarra. Catron Co.. B. Max. iChwAiL, B, Ans a c u 0 
8 Paao, SL Paao Co., Taaaa iSand >B. Qs s o m P 
1O17 Caivon. nr. ULna. Otaro Co.. B. MaxiRook i L 
iRnldaaa R.. nr. Meado. idnoAa Co.. I .M.iaraTAiIs S, and Pa 

So. •aam iBark Aph., a, L | anas Dt 
1 1 
•(hravAl ChaatarClAd Co.. S. C. 

iColimiU, MLeUairi Co.. ^ . C. 
iBanrlor. Plekeas Co., S. C. 
iBlalra, P a i r f l A d Co.. S. G. 
iCkattahooehla, Oadsdan Co., PLa. 
iCdlunhv, Mmdoa Co., Mia*. 
lIHirtaland. l aaaAl Co., A U . 
iMontto^qr. « o n t | o » i 7 Co., Ala. 
iChattanooga, BaUton Co., Tau . 
Gawk, Varran Co., Oa. 

iFboatallo, F e w Co., Idaho 
Do. 

iSan Baaon Qnsn7. Bieaiagoa 
iCUiiton Point. Datehaaa Co.. B. I . 
iSaa Marcos ic. ( r t . Ada ) , SArador 

Do. ( 1 . aide). do. 
Ite ( r t . aide), do. 

tPionasr P i t , Graekanllle JuMt . , Bol 
iTiara^ Broa.. Do. 
Ottaiia, l U . 

•a 
iBloUta a 
:0 

:Boek 
iBoak 
:Sand 
:(k«TAiG 
•Sand I 
iSand I 
•Said I 
•Boek 1 

•Sand :Q, Qaj aona S and Se 
:armTel:Qa. FAda. Qsi scan S and Q 
iBeck I 
•Boek IDA 
iSam : 
iBock 1 
liloek • 
•GrsTAiQa. Hna grained vAoanlea. 0 
•GraTA:Qi.(Sar.), Fine gr. loLcanloB! 
•Sand :Q 

soaMG,S,R 

tl An _ andaaita Fa . f A s i t e _ puniea 
Aph saphanitea Palda . faldspathle « - quarts 

B basAt 0 - granite Qs — qvsrtAta 
c _ chart Oa . gnelaa K - r lvoUta 

CAe oAcaraoua Or - graanstona S asiidatona 
D _ dlabaaa L - l i j M a t o n a Se _ scldst 

Dt _ dior l to M - niea Sar _ sa r lAUe 
Dol dolosdto Ma . aagnatlta ajanite 

P - fAdspsr 0 . obaidlan 

Jl/ Sand and coarse aggregate slaved and en 
raapectlTAr. to paaa Bo. I> A a n . 1..2 
I x l x l l . l n . bare, aolat a i r atorage at M 
Ixeaptlona to thaaa eenditlona are note: 
table I " 
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CHEMICAL REACTIVITY TESTS ON CONCRETE AGGREGATES 

I S 
> u . >Bnl . of 
m > t i p o t « i t l i l 
jrr . i n u t l T l t g r 

A U a l l i d ^ RaductlonOlualTadi 

S l i« l* : Soobla 

(122)j 
l£0 
106 

(108)| 

136 

OS*)! 

(217)1 
(302)) 

(*76)i 

26.7 
20.7 

*72 
20.7 
27.0 
66.0 
7*.0 
29.8 

537 
16.B 
8l».0 
18.8 

39.* 
22.1* 
22.0 
38.6 

128 
236 
23* 
11.5 
13.6 
16.* 
2*.3 
15.6 
i*.e 
13.1 
19-1 

*5* 
20.1 
27.9 
62.0 
17.2 

(169 ) j 

12* 
10.6 

131 
212 
yto 
226 
373 
1*.9 

! t . 

08 1 Q :;(13*) (151) 
0* I MR it 
12 : S > 137 159 
U : K •• *5.3 63.7 
12 1 R >i (*9.2) (70.8) 
0* • in iT 05a/: q . 86.3 U l 
0* t m 1 126 152 
07 I w >i(ll6) (129) 
06 1 IB 't 
35 i R L(108) (126) 
12 s • :? 15 •• R ! i (67.1) (82.8) 
3* •• S •t 
08 t Q !i(l*8) («6) 
17 I R >T 09 : a :i(130) (151) 
07 ! MR >? 
11 1 R I 66.8 UO 
05 1 n ! 9.2 17.6 
32 > R I 215 236 
0* 1 IB 1 *0.* 1 5*.9 
03 ! nt 62.* : 77.9 
06 1 NR I 45.2 • 57.2 
03 •• m • 163 . 233 
0* > KR 1 36.6 : 55.2 
02 1 HR ! 178 1 199 
03 » m ! 31.1 1 **.* 03 •• NR •• 135 : 209 
0* : RR •• 73.1 •• 111 
03 •• RR '< 35.7 i la 9 
05 •• NR • *3.7 > 60.9 
0* : RR I 20.4 : 31.9 
0* : RR : 135 182 
07 I NR : 89.5 •• 110 
10 I R > 176 199 
62 • X •• 79.8 : 91.0 
08 1 « • *5.5 •• 68.0 
02 : RR t 106 1 179 
02 1 RR ; L27 172 
10 I R ! 8.3 i 11.5 
08 1 Q : 7.0 : 1*.0 
06 : NR : 10.6 : 23.5 
06 : NR 9.3 • 17.6 
0* : NR ! 16.1 : 25.1 
03 : NR ! 35* 1 179 
0* 1 NR • 13.7 : 20.* 
05 I NR I 17.2 1 2*.0 
08 1 Q i 39.3 •• 56.1 
03 • NR 1 9.6 : 18.6 
12 1 R Ii( 66.3) ' (8S.8) 
1* 1 R !? 1 
22 : R : 78.7 ! 106 
05 1 RR : 98.5 : 173 
03 . XR 1 1*0 1 166 
1* : R : 130 I 1*9 

Q ' 137 I 151 
02£/: NR 1 12* 1 1*0 
02£/l NR ; 198 1 216 
0* : NR ! 0.7 : *.] 

70*F. atorftfe 
i70*F. storage 
i lbd lw • I k t l l eauBt mad I n mwtar ban 

Sand fraetlon was raactlTa i i l t h tmm esBsnt 
do. 

Ban raactlTs with l i t NaOH, aikilxtnra 
do. 
do. , and at 2 jrssra without RaOH 
do , do do. 

Bars raaetlTS with If NaOH, adittztwa 

Bars raaotlT* with 1$ NaOH, a d a l x t m 

iDiloKlta p r a a « t . Bara a] 13 raacUvs with aad. alk. eaaant 
:Ban rsaetlT* In 2 7aara 

:Sand fract ion shewed iiaesUsDaULa roact lTl t r I n 2 years 
lUmetone pressnt 
t 
iBars rsactlTs with if NaOH, Sand fract ion reaetlTe I n 2 xaars 
1 
i^dneetone present 

do. 

Questionable reactlTlty I n 2 jam 
Uaeatone present 

iliMMtoat present, Dolialte and aagneslte ebsent 
ildiasstone present 

do 

Ban nonraactlie at 70«r, stora«e or vdth If NaOH adnlxture 
do. 

:100*r. storage 
do. , concrete ban - 2x2ill', imonshed aggregate 
do 
do. 
do. 
do. 

storage 
do. , 
do. 
do. 
do. 
do. 
do. 

DoloHltr 

uncruahed gravel, 2x2x11'' 
do. do. 

Stock OtUwa Sand. 30-100 weeh slse In ban 

, alx 1.2.3 
do 

Criteria based on siortar bar oocpanslon data 
at 1 year "Q" (questionable) represents 
results i n doubt or 1 year expansloris of 0.08 
to 0.09j(. "Tt" (reactive) reoresents expenslons 
of O.IO9I or mere, and "NR" (noiireactlve repreeents 
expansions of 0.07̂  or less. 

i/ A.S.T.M. Method C 289-5* T. Values In 
perenthesls were obtelnod on conblned 
•ggregetes as shown 

^ Expansion data at 6 months. Speclacns 
broke after this value wes determined 

£/ DaU at two yean. 
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i n the table a re the sources and pe t rog raph ic ana lys i s f o r mos t of the aggregates . A n 
evalua t ion o f the po ten t i a l r e a c t i v i t y of the aggregates based upon the amount of expan
s ion exh ib i ted by m o r t a r b a r s at an age o f one yea r i s also shown. Expansions of 0 .10 
percen t o r m o r e were cons idered ind ica t ive of r eac t ive aggregates as suggested by 
A S T M Spec i f i ca t ion C33-55T, Section 4c ( 2 ) . Expansions of less than 0 .08 percent 
were cons idered to be ind ica t ive of nonreac t ive m a t e r i a l s , w h i l e aggregates having 
expansions o f 0 .08 o r 0 .09 percen t were c l a s s i f i e d as ques t ionable . The l a t t e r c r i 
t e r i a c o n f o r m to es tabl ished p r a c t i c e at the Bureau of Publ ic Roads. 

Some of the aggregates s tudied consis ted of sand and g r a v e l f r a c t i o n s wh ich were 
evaluated separa te ly i n the m o r t a r bar t e s t . However , because of l i m i t e d amounts of 
m a t e r i a l ava i l ab le a f t e r the m o r t a r b a r t e s t s , s e v e r a l such companion f r a c t i o n s were 
combined and p r e p a r e d as a s ingle sample f o r the c h e m i c a l t e s t . I n such cases, no 
specia l p r o b l e m arose where the m o r t a r bar data f o r companion f r a c t i o n s indica ted 
the same degree of r e a c t i v i t y o r n o n r e a c t i v i t y . I n a f e w cases, however , companion 
f r a c t i o n s were c l a s s i f i e d in to d i f f e r e n t ca tegor ies of m o r t a r ba r r e a c t i v i t y . In these 
f e w cases, n a m e l y Sample Nos . 1, 4, 10 and 1 1 , the r e s u l t r ep re sen t ing the grea tes t 
degree o f m o r t a r ba r r e a c t i v i t y was a r b i t r a r i l y se lected f o r c o m p a r i s o n w i t h the 
c h e m i c a l tes t r e s u l t . 

Table 2 shows the r e s u l t s of the c h e m i c a l tes t on ly , on seve ra l add i t iona l m a t e r i a l s . 
These were specia l m a t e r i a l s wh ich inc luded carbonate m i n e r a l s and w e l l - k n o w n r e 
ac t ive m a t e r i a l s . 

The r e s u l t s of the c h e m i c a l tes t f o r each m a t e r i a l a r e g r a p h i c a l l y represen ted i n 
F i g u r e s 1 and 2. The u n i t s used i n both f i g u r e s and the manner of p resen ta t ion a re 
i n accordance w i t h A S T M Method C289 ( 2 ) and as suggested by the o r i g i n a l au thors 
of the c h e m i c a l tes t ( 3 ) . F i g u r e 1 represen t s the r e s u l t s obtained by us ing the 
s ingle end po in t i n the a l k a l i n i t y r educ t ion t i t r a t i o n , and F i g u r e 2 shows the r e s u l t s 
obtained by means of the double end po in t t i t r a t i o n . 

Each c h e m i c a l t e s t r e s u l t i s represen ted by a s y m b o l to denote both the cement 
used and the degree of r e a c t i v i t y as found by the m o r t a r ba r t e s t . These symbols a re 
desc r ibed i n the legends to both f i g u r e s . 

DISCUSSION O F TEST RESULTS 

In both F i g u r e s 1 and 2, a s o l i d l i n e was d r a w n to best separate the bu lk of the r e 
ac t ive f r o m the nonreac t ive a b r o g a t e s . The c l a s s i f i c a t i o n f o r degree of r e a c t i v i t y 
was based upon the m o r t a r b a r t e s t r e s u l t s as p r e v i o u s l y d e s c r i b e d . T h i s manner of 
separa t ion was p roposed by Mie l enz et a l , (3 ) and i s inc luded i n a recen t r e v i s i o n of 
A S T M Method C289. Once a l ine of d e m a r c a t i o n i s es tabl ished, i t se rves as a c r i 
t e r i o n f o r f u t u r e c h e m i c a l tes t r e s u l t s i n eva lua t ing addi t iona l aggregates . Chemica l 
tes t r e s u l t s to the r i g h t of the l i n e should be ind ica t ive of p o t e n t i a l l y r e a c t i v e a g g r e 
gates, w h i l e r e s u l t s to the l e f t of the l i n e should represen t nonreac t ive aggregates . 

T A B L E 2 

RESULTS OF C H E M I C A L R E A C T I V I T Y TEST ON SPECIAL MATERIALS 

Sample IdenU-
f i ca t ion 

Nature of Aggregate 

Chemical Test Data ^ 

Sample IdenU-
f i ca t ion 

Nature of Aggregate 
A l k a l i m t y Reduction, m M / 1 (Rc) Dissolved 

Sihca, m M / 1 (Sc) 
Sample IdenU-

f i ca t ion 
Nature of Aggregate 

Single End Point Double End Point 

Dissolved 
Sihca, m M / 1 (Sc) 

A Limestone (97.2% CaCOs) 14.2 26.5 5.3 
B Dolomite (55.1% CaCOs; 44.3% MgCOi) 363 689 0.8 
C Magnesite (Wards) 405 792 1.5 
D Magnesite (Pennsylvania) 440 855 0. 5 

E Opal ( V i r g i n Val ley , Nev. ) 325 369 778 
F dal ( V i r g i n Val ley , Nev. ) b 246 296 949 
G S i l . Magnesian Limestone ( C a l i f . ) 218 278 557 
H Pyrex glass cul le t 120 175 747 

^ A S T M Method C 289-54T. M i x of 50% Opal; 50% Ottawa Sand. 
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L i n e of Separat ion 

Two l i n e s of separa t ion a re shown. The so l id l i n e i n each case was d r a w n as a r e 
su l t of the data obtained i n t h i s s tudy, wh i l e the dashed l ine r ep resen t s o the r publ ished 
c r i t e r i a . 

In F i g u r e 1, the dashed l ine i s based upon the ca lcu la t ions suggested i n A S T M Speci 
f i c a t i o n C33-55T ( 2 ) . Both the dashed and s o l i d l i nes coincide f a i r l y w e l l , thus the 
c r i t e r i a es tabl ished by t h i s s tudy a re i n subs tan t ia l agreement w i t h those suggested by 
the A S T M s p e c i f i c a t i o n . A s l igh t spread ex is t s between the two l i n e s i n the l o w e r p a r t 
of the f i g u r e . The p o s i t i o n of the s o l i d l i n e ( P u b l i c Roads) i n t h i s a rea was d ic ta ted 
b y the p lo t t ed r e s u l t s of Sample Nos . 17, 42 and 34. N o . 34 showed a m o r t a r b a r ex 
pansion of 0 .10 percent i n one year , the m i n i m u m value necessary f o r c l a s s i f y i n g an 
aggregate as r e a c t i v e . In add i t ion , m o r t a r ba r s o f t h i s m a t e r i a l w e r e s to red at 70F 
and f a i l e d to show s ign i f i c an t expansion at 1 year (11). Since No. 34 i s a b o r d e r l i n e 
aggregate, the loca t ion of the so l id l i ne i n the ex t r eme l o w e r p o r t i o n of F i g u r e 1 may 
not be r i g o r o u s , as i t i s based upon the r e s u l t s of t h i s aggregate a lone. 

In F igu re 2, the dashed l ine r ep resen t s the c r i t e r i a used by the Corps of Engineers 
( 1 0 ) , and again the re i s good agreement between the p o s i t i o n of both l i n e s , except f o r 
the same type of spread i n the l o w e r p a r t of the f i g u r e . 

Single Versus Double End Poin t T i t r a t i o n s 

A n inspec t ion was made of both f i g u r e s i n o r d e r to de t e rmine i f e i ther the s ingle o r 
double end poin t t i t r a t i o n p rocedure o f f e r e d any d i s t i n c t advantage. The Corps of Eng
i n e e r s apparen t ly p r e f e r s the double end poin t t i t r a t i o n ( 1 0 ) , w h i l e the Bureau of Re 
c l ama t ion and many other l a b o r a t o r i e s r e l y m a i n l y on the s ingle end poin t t i t r a t i o n . 
Table 3 l i s t s the aggregates that f a i l e d to give good c o r r e l a t i o n between the chemica l 
and m o r t a r ba r t es t s and shows that the re i s no d i f f e r e n c e between F igu re s 1 and 2 i n 
e i the r the i d e n t i f i c a t i o n , o r t o t a l number of such d i sc repanc ie s . T h e r e f o r e , these r e 
sul ts show no substant ia l advantage o f one type of t i t r a t i o n over the o t h e r . 

COMPARISON O F TEST RESULTS 

In some instances , the e m p i r i c a l c l a s s i f i c a t i o n of the aggregates in to r eac t ive and 
nonreac t ive m a t e r i a l s , based upon the c h e m i c a l tes t r e s u l t s , d i f f e r s f r o m the c l a s s i 
f i c a t i o n obtained by means of the m o r t a r bar t e s t . Speci f ic cons ide ra t ion of those 
samples showing such d i f f e r e n c e s i s of i n t e r e s t . 

A t o t a l of 29 numbered symbols appear to the l e f t of the so l id l i ne ( F i g . 1 ) . Of the 
these, 24 a re c l ea r symbols denoting nonreac t ive aggregates and consequently a re 
p r o p e r l y located i n the f i g u r e . Three o ther aggregates i n t h i s a rea ( N o s . 1, 35 and 
42) were found to be of questionable r e a c t i v i t y , w i t h m o r t a r expansions o f 0 .08 percent 

T A B L E 3 

IDENTIFICATION OF AGGREGATES SHOWING POOR CORRELATION 
BETWEEN CHEMICAL AND MORTAR BAR TESTS 

Posit ion of Plotted 
Chemical Test Results 

F r o m Figure 1 F r o m Figure 2 
Posit ion of Plotted 

Chemical Test Results Ident i f icat ion 
of Aggregates 

Tota l No. 
of Samples 

Ident i f icat ion 
of Aggregates 

Tota l No. 
of Samples 

To the l e f t of sol id l i ne : 
Reactive aggregates ^ 
Questionable aggregates ^ 
A l l aggregates 

No. 12 b 
Nos. 1, 31 , 35, 42 

1 
4 

29 

No. 12 b 
Nos. 1, 31 , 35, 42 

1 
4 

29 
To the r igh t of so l id l ine : 

Nonreactive aggregates a 

A l l aggregates 

Nos. 6, 7, 20, 28 and 
(39, 50, 51) c 7 

23 

Nos. 6, 7, 20, 28 and 
(39, 50, 51) c 7 

23 

Based on mor ta r bar test results and c r i t e r i a shown i n text and Table 1. 

' 'sample contains IBpercent dolomite as determined by DTA. 

"^The three samples in parentheses were not tested in m o r t a r bars but rather as concrete specimens prepared f r o m gravel 
size aggregate. 
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at 1 y e a r . However , the c h e m i c a l tes t r e s u l t s of a l l t h ree samples a re located close 
to the d i v i d i n g l i n e where i t migh t be expected to f i n d quest ionable aggregates . 

Only t w o aggregates ( N o s . 12 and 3 1 ) , c l a s s i f i e d as e i the r r eac t ive o r quest ionable , 
a r e located w e l l t o the l e f t of the d i v i d i n g l i n e . The re i s no quest ion as to the poten t ia l 
r e a c t i v i t y of No . 12, since t h i s aggregate was found to cause s ign i f i can t m o r t a r expan
s ion even when combined w i t h a m e d i u m a l k a l i cement {11). However , both of these 
aggregates contain l imes tone o r d o l o m i t i c const i tuents w h i c h , as w i l l be discussed 
l a t e r , may inva l ida te the c h e m i c a l tes t r e s u l t s . 

A t o t a l of 23 numbered symbols appears to the r i g h t of the so l id l i n e ( F i g . 1 ) . I t 
wou ld be expected that a l l aggregates located i n t h i s a rea should be r e a c t i v e . However , 
7 w e r e shown to be nonreac t ive by the m o r t a r ba r t es t . The i d e n t i f i c a t i o n of a l l 7 a g 
gregates i s g iven i n Table 3. Th ree of these ( N o s . 39, 50 and 51) may be e l i m i n a t e d 
f r o m t h i s d i scuss ion s ince they were not tes ted i n m o r t a r ba r s , but r a t h e r as concrete 
specimens p r e p a r e d f r o m g r a v e l s ize aggregate and were inc luded on ly f o r i n f o r m a 
t i o n purposes . 

T h e r e f o r e , on ly 4 samples ( N o s . 6, 7, 20 and 28) a r e cons idered as l i m i t i n g the 
degree of c o r r e l a t i o n between the c h e m i c a l and m o r t a r t es t s i n t h i s a r e a . However , 
i t was noted that a l l f o u r m a t e r i a l s i n quest ion, exh ib i ted some degree of m o r t a r bar 
r e a c t i v i t y i n supplementary t e s t s . Nos . 6, 7 and 20 caused considerable m o r t a r ex 
pansion when the m o r t a r contained an a d m i x t u r e of sod ium hydrox ide , w h i l e No. 28 
began to show a questionable degree of r e a c t i v i t y i n the m o r t a r bar tes t at an age of 
2 yea r s (11). These l a t t e r f i nd ings l end support to the c h e m i c a l tes t data obtained 
f o r these aggregates . Al though some aggregates may be po t en t i a l l y r e a c t i v e and a re 
so cha r ac t e r i z ed by the chemica l tes t , these same aggregates may not be capable of 
p r o d u c i n g dangerous expansion i n the s tandard m o r t a r bar t e s t . 

FACTORS A F F E C T I N G C O R R E L A T I O N B E T W E E N 
C H E M I C A L A N D M O R T A R TESTS 

Carbonate In t e r f e r ence 

The two aggregates ( N o s . 12 and 3 1 ) , w h i c h appeared as d i s t i n c t d i sc repanc ies m . 
the a rea to the l e f t of the s o l i d l i n e , ( F i g . 1) we re c l a s s i f i e d p e t r o g r a p h i c a l l y as c o n 
t a i n i n g c e r t a i n carbonate cons t i tuents . D i f f e r e n t i a l t h e r m a l ana lys i s showed that No . 
12 contained both ca l c i t e and d o l o m i t e , w h i l e N o . 31 contained es sen t i a l ly ca lc i t e w i t h 
do lomi t e and magnesi te absent. Mie l enz and Benton (9), as w e l l as Swenson ( 6 ) , have 
ind ica ted that do lom i t e s and perhaps even l imes tones may at t i m e s cause s ign i f i c an t 
i n t e r f e r e n c e i n the chemica l t e s t . I t was demons t ra ted that a l though c e r t a i n o p a l -
do lomi t e m i x t u r e s were found to be de le te r ious by m o r t a r b a r t e s t s , the chemica l tes t 
r e s u l t s gave f a l se i n f o r m a t i o n concern ing the r e a c t i v i t y of the m i x t u r e ( £ ) . Such m i s 
leading i n f o r m a t i o n was a t t r i b u t e d t o the i n t e r f e r e n c e of d o l o m i t e and o ther m i n e r a l s 
such as magnesi te , s i d e r i t e and serpent ine . When p resen t a long w i t h r eac t ive c o n 
s t i tuen ts , these m i n e r a l s produce g rea t e r r educ t ions i n a l k a l i n i t y ( R c ) and l o w e r d i s 
solved s i l i c a values (Sc) i n the c h e m i c a l tes t than wou ld o the rwise be obta ined. The 
net e f f e c t of such i n t e r f e r e n c e i s to s h i f t the c h e m i c a l tes t data both to the l e f t and u p 
wards i n F i g u r e 1 and the reby at t i m e s y i e l d m i s l e a d i n g i n f o r m a t i o n conce rn ing a t r u l y 
r eac t ive aggregate . 

A separate study of seve ra l carbonate m a t e r i a l s was made i n o r d e r to unders tand 
m o r e f u l l y t h e i r poss ib le e f f ec t s on the c h e m i c a l t e s t . Table 2 shows the c h e m i c a l 
tes t r e s u l t s obtained on f o u r carbonate m i n e r a l s . Re l a t i ve ly pure l imes tone , d o l o m i t e 
and t w o magnesi tes were tes ted and the r e s u l t s were p lo t t ed i n F i g u r e s 1 and 2 as 
po in t s A , B , C, and D . 

A s seen i n Table 2 and i n F i g u r e 1, the l imes tone ( A ) d i d not cause any s ign i f i c an t 
a l k a l i n i t y r educ t ion , w h i l e the do lomi t e and both magnesi tes ( B , C and D) produced 
unusua l ly l a r g e a l k a l i n i t y r educ t ion values ( R c ) . I t would appear f r o m these r e s u l t s , 
that pu re l imes tone ( c a l c i u m carbonate) does not reac t s i g n i f i c a n t l y w i t h the sod ium 
hydrox ide so lu t ion used i n the tes t , w h i l e d o l o m i t e and magnesi te d o . F u r t h e r m o r e , 
the r a t i o o f , and absolute d i f f e r e n c e between, the double and s ingle end .point va lues 
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of Rc , f o r bo th do lom i t e and magnes i te , suggest the f o r m a t i o n of cons iderable q u a n t i 
t i e s of weak ly basic m a t e r i a l i n so lu t ion d u r i n g the t e s t . 

The sod ium hydrox ide so lu t ion was analyzed i n each case a f t e r the tes t was com -
p l e t e d . No s ign i f i c an t amounts of c a l c i u m o r magnes ium were detected no r was t he re 
any apparent decrease i n the concen t ra t ion of sod ium be low the l e v e l o f the i n i t i a l t es t 
s o l u t i o n . I t was concluded tha t , i n the case of do lomi t e and magnes i te , the t es t s o l u 
t i o n had los t some hydrox ide ions i n exchange f o r an equivalent amount o f carbonate 
i o n s . The l a t t e r m a t e r i a l accounts f o r the presence of a weak base a f t e r t e s t . F r o m 
these cons ide ra t ions , two poss ib le equations can be w r i t t e n f o r the r eac t i on between 
magnesi te and the sod ium hydrox ide s o l u t i o n . 

MgCOs + 2NaOH = Mg( O H ) , + NajCOs ( 1 ) 
inso luble 

magnes ium hydrox ide 

51%COs + 2NaOH = 4NfeCOs . Mg( OH)» + NaaCOs (2 ) 
inso lub le , basic 

magnes ium carbonate 

Such reac t ions appear reasonable f r o m a cons ide ra t ion of the s o l u b i l i t y p roduc t s o f 
magnes ium carbonate ( 2 . 6 x 1 0 " ' at 12 C ) and magnes ium hydrox ide ( 1 . 2 x 1 0 ~ " at 
18 C ) {12). The l a t t e r m a t e r i a l , a poss ib le end p roduc t i n the r e a c t i o n , i s much 
m o r e inso luble i n wa te r than i s magnes ium carbonate , the reac tan t . The r e a c t i o n be 
tween do l om i t e and the t es t so lu t ion no doubt i s s i m i l a r to that i n v o l v i n g magnes i te . 

No specia l study was made to e}q)lain the depressed values of d i s so lved s i l i c a (Sc) 
caused by the presence of do lomi t e o r s i m i l a r m a t e r i a l s ( 9 ) . The f o l l o w i n g thoughts 
a re o f f e r e d as poss ib le explanat ions of t h i s e f f e c t : ( a ) The l a r g e r educ t ion i n a l k a l i n 
i t y caused by such m i n e r a l s m a y so reduce the a l k a l i n i t y o f the so lu t ion as to m i n i m i z e 
i t s a t tack upon r eac t i ve f o r m s of s i l i c a , ( b ) the f o r m a t i o n of inso luble magnes ium 
hydrox ide o r the basic carbonate may act as a p r o t e c t i v e f i l m i n l i m i t i n g the a t tack of 
the so lu t ion upon reac t ive f o r m s of s i l i c a , o r ( c ) do lomi t e o r i t s decompos i t ion p r o d 
uc t s m a y reac t w i t h d i s so lved s i l i c a to f o r m insoluble s i l i c a t e s and the reby r e m o v e 
s i l i c a f r o m so lu t i on . 

E l i m i n a t i o n of Carbonate In t e r f e r ence 

E f f o r t s by M i e l e n z and Benton comple t e ly to e l i m i n a t e carbonate i n t e r f e r e n c e i n the 
c h e m i c a l tes t by p r i o r t r e a t m e n t o f the aggregate w i t h h y d r o c h l o r i c ac id have not g iven 
s a t i s f a c t o r y r e s u l t s ( 9 ) . They have suggested that an an ana lys i s of the change m c o n 
cen t r a t i on of sod ium and po ta s s ium r a t h e r than the r educ t ion i n a l k a l i n i t y ( R c ) would 
p r o b a b l y r e m o v e a l a r g e p a r t of the spur ious e f f ec t s induced by such carbonates . A l 
though such a p rocedure would e l i m i n a t e the f a l s e l y high Rc values ( a l k a l i n i t y r educ 
t ion ) , i t would not e l i m i n a t e the l ow Sc values ( d i s s o l v e d s i l i c a ) p roduced by t h i s i n 
t e r f e r e n c e . 

Continued s tudy o f the "carbonate e f f e c t " on the chemica l tes t i s necessary i n o r d e r 
to e l i m i n a t e i t s i n t e r f e r e n c e . Because of such i n t e r f e r e n c e , a recen t r e v i s i o n of the 
p resen t A S T M c h e m i c a l tes t r ecommends pe t rograph ic examina t ion as a supplement to 
the c h e m i c a l t e s t data . T h i s r ecommenda t ion would i nvo lve a t i m e - c o n s u m i n g p e t r o 
graphic examina t ion of many aggregates whose c h e m i c a l t e s t data would place t hem to 
the l e f t of the d i v i d i n g l i n e i n F i g u r e 1 . 

However , a m o r e expedient a l t e rna t i ve i s s u ^ e s t e d h e r e . I t has been shown that 
the "do lomi t e i n t e r f e r e n c e " i s c h a r a c t e r i z e d by r a t h e r h igh Rc values i n the c h e m i c a l 
t e s t . A l e v e l of Rc might be es tabl ished so that a l l r e s u l t s below t h i s l eve l and to the 
l e f t of the m a i n d i v i d i n g l i n e may sa fe ly be cons idered to be nonreac t ive aggregates and 
and consequently no f u r t h e r t e s t i n g w i l l be necessary . Resul ts above t h i s Rc l e v e l 
would r e q u i r e add i t iona l study by c h e m i c a l , p e t r o g r a p h i c . X - r a y , o r D T A methods i n 
o r d e r to detect the presence of e i the r i n t e r f e r i n g o r r e ac t i ve m i n e r a l s . The presence 
of s m a l l amounts of d o l o m i t e , magnesi te o r ca lc i t e may be detected by spot t es t s o r 
d i f f e r e n t i a l t h e r m a l ana lys i s ( D T A ) , w h i l e serpent ine i s convenient ly i d e n t i f i e d by 
X - r a y ana ly s i s . I f the presence of such i n t e r f e r i n g m i n e r a l s should be so detected. 
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m o r t a r bar tes ts would then be necessary i n order t o evaluate m o r e f u l l y the po ten t ia l 
r e a c t i v i t y of the aggregate . 

H i g h l y React ive M a t e r i a l s 

In add i t ion to the r e s u l t s of t h i s study, o ther i nves t i ga to r s have found that many 
c h e m i c a l tes t r e s u l t s to the r i g h t o f the m a i n d i v i d i n g l i n e f a i l to c o r r e l a t e w i t h m o r t a r 
ba r tes t r e s u l t s ( 4 , T_, 8 ) . Both Sprague (8 ) and o the r s (T) have a t t r i b u t e d such d i s 
c repancies to the f a c t that c e r t a i n aggregates conta in such a l a r g e p r o p o r t i o n o f r e 
ac t ive const i tuents to ava i lab le cement a lka l i e s that they f a i l to produce m o r t a r ba r 
expansion. T h i s i s a consequence of the " p e s s i m u m p r o p o r t i o n " (de f ined by T . E . 
Stanton as that p r o p o r t i o n of r eac t ive const i tuent i n an aggregate at w h i c h m a x i m u m 
m o r t a r ba r expansion occur s ) of the aggregate being m a t e r i a l l y exceeded. 

I t i s w e l l known that c e r t a i n opals and s i l i ceous magnes ium l imes tones a re h igh ly 
r eac t ive and a re so cha r ac t e r i z ed by the c h e m i c a l t e s t . Yet when these m a t e r i a l s a r e 
present i n l a r g e p r o p o r t i o n s , they ac tua l l y cause l i t t l e o r no ejcpansion i n the m o r t a r 
ba r tes t (11_, 13 ,̂ 1^) . I t was shown by WooU that , a l though 1 o r 2 pe rcen t of opal 
combined w i t h an i n e r t m a t e r i a l w i l l p roduce dangerous m o r t a r bar expansion, much 
l a r g e r amounts of opal w i l l cause i n s i g n i f i c a n t expansion f o r a g iven cement a l k a l i 
content ( 1 6 ) . 

Table 2 shows the c h e m i c a l tes t r e s u l t s on seve ra l w e l l - k n o w n r eac t i ve m a t e r i a l s ; 
name ly opa l , s i l i ceous magnes ium l imes tone , and p y r e x g lass . These r e s u l t s a r e 
p lo t t ed i n F igu re s 1 and 2 as po in ts E , F , G and H . In F i g u r e 1 , po in t s F and G a re 
p a r t i c u l a r l y i n t e r e s t i n g since they approach the a rea where d i sc repanc ies ( c l e a r s y m 
bols) a r e shown. Poin t F represen t s a b lend conta in ing 50 percen t each of opal and 
Ottawa sand. McConne l l and o the r s have shown that a s i m i l a r m i x t u r e f a i l e d to p r o 
duce m o r t a r ba r expansion ( 1 5 ) . Poin t G rep resen t s 100 percen t s i l i ceous magnes ium 
l imes tone w h i c h Stanton has shown to cause neg l ig ib le m o r t a r b a r expansion when 
tes ted i n i t s e n t i r e t y ( 1 3 ) . 

D i v i s i o n of React ive A r e a in to Two P a r t s 

A s a p a r t i a l so lu t ion to the p r o b l e m of such r e c u r r i n g d i sc repanc ies , Mie lenz and 
Wi t te { ] ) have suggested an a r b i t r a r y d i v i s i o n o f the a rea conta in ing the a ^ r e g a t e s 
c l a s s i f i e d as r eac t ive by the c h e m i c a l t es t . They suggested that such a d i v i s i o n would 
be u s e f u l i n i n t e r p r e t i n g the chemica l tes t r e s u l t s . T h e i r proposed d i v i s i o n would 
separate the r eac t ive a rea in to an upper and l o w e r p o r t i o n . C h e m i c a l l y r eac t i ve a g 
gregates w h i c h a lways caused m o r t a r expansion were found to g ive c h e m i c a l tes t r e 
sul ts l y i n g i n the l o w e r area , w h i l e c h e m i c a l l y r eac t ive aggregates wh ich d i d not cause 
m o r t a r expansion, when tes ted i n t h e i r e n t i r e t y , gave c h e m i c a l tes t r e s u l t s i n the u p 
p e r a r e a . 

On the bas i s of the r e s u l t s obtained i n t h i s study, the proposed d i v i d i n g l i ne appears 
to have cons iderable m e r i t . However , i n o r d e r be t te r to separate the apparent d i s -
c repancies found i n t h i s study, such a ( i i v i d i n g l i n e should be located at a l o w e r Rc 
l e v e l than that proposed by Mie l enz and W i t t e . T h i s study showed that a l l f o u r of the 
aggregates showing m a j o r d i sc repanc ies and located i n the r eac t ive a rea of F i g u r e 1 
had Rc values of 90 o r m o r e . The data po in ts f o r these aggregates should be loca ted 
i n the upper a rea of any a r b i t r a r y d i v i s i o n . 

PROPOSED M A I N B O U N D A R Y L I N E A N D N E W AREAS FOR C H E M I C A L T E S T 

To es tab l i sh acceptable a rea boundar ies , a l l d i sc repanc ies between c h e m i c a l tes t 
and m o r t a r tes t data were evaluated. F i g u r e 3 shows the loca t ion of a l l such data 
po in t s both f r o m t h i s s tudy and the ava i lab le l i t e r a t u r e . In add i t ion , data r e l a t ed to 
the p r o p e r loca t ion of a m a i n boundary l ine was s i m i l a r l y p l o t t e d . 

Loca t ion of M a i n Boundary L ine 

The data chosen f o r p resen ta t ion w i t h respec t to the m a i n boundary l i n e a re shown 
i n the l o w e r t h i r d of the f i g u r e and gene ra l l y f a l l w i t h i n the a rea between the two d i 
v i d i n g l i n e s . 
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The d i f f e r e n t pos i t ions of the two l i n e s may be p a r t i a l l y expla ined on the bas is of 
the cements used i n the m o r t a r ba r t e s t s . The h i g h - a l k a l i cements i n t h i s study had 
an equivalent a l k a l i content o f less than 1.0 pe rcen t . The data given by M i e l e n z and 
o the r s (3^, T), w h i c h p r o v i d e d the m a j o r basis f o r the A S T M l i n e , was obtained w i t h 
a cement o f 1.38 percen t equivalent a l k a l i . Such d i f f e r e n c e s i n cement a lka l i e s could 
cause a b o r d e r l i n e aggregate to produce expansions less than 0 . 1 percen t i n one case 
and g rea t e r than 0 . 1 percent i n the o the r . T h i s , of course , would a f f e c t the pos i t i on 
of any boundary l i n e w h i c h i s e m p i r i c a l l y d rawn to best separate r eac t ive f r o m n o n 
reac t ive aggregates . 

To es tab l i sh a sui table boundary l ine f o r genera l use, the f o l l o w i n g cons idera t ions 
were taken in to account: 

1 . The presen t A S T M l ine occupies a m o r e conserva t ive p o s i t i o n w i t h respect to 
the Pub l i c Roads l ine i n that the re would be l ess danger of the nonreac t ive a rea c o n 
t a i n i n g c h e m i c a l r e s u l t s o f unsafe aggregates . 

2 . Samples M W - 1 , 8, 9, 18, 63 and M G B - 1 4 were r e p o r t e d as causing d e t e r i o r a 
t i o n i n f i e l d concre te ( 3 ) . Consequently such aggregates should p r o p e r l y appear to 
the r i g h t of any d i v i d i n g l i n e . 

3. Sample No . 42 i n t h i s study showed 0 .08 percent expansion at 1 year and could 
conce ivably have g iven 0 . 1 percent expansion w i t h a h igher a l k a l i cement . 

In v i e w of these cons idera t ions , the presen t A S T M l i n e i s p r e f e r a b l e , except that 
the l o w e r p o r t i o n should be ad jus ted to indica te c l e a r l y the de le te r ious na ture of a g 
gregates 34 and M G B - 6 5 . T h i s can be accompl i shed by changing the slope of the A S T M 
l ine be low an Rc value of 40. When Rc has a va lue of 10 to 40, the f o r m u l a f o r the a d 
jus ted l i n e i s as f o l l o w s : l o g Sc = 1.2553 + .01213 Rc . 

F i g u r e 4 shows the proposed change i n the A S T M l ine between Rc = 40 and Rc = 10. 
A l l ava i lab le publ i shed data were r ev i ewed w i t h respect to t h i s change and on ly one c o n 
f l i c t was obse rved . T h i s i s the aggregate shown as M B - 3 i n F i g u r e 3. T h i s m a t e r i a l 
was a synthet ic opa l -qua r t z m i x t u r e w i t h 0 . 1 percent opal wh ich f a i l e d to show excess 
ive m o r t a r expansion ( 9 ) . I t s p o s i t i o n i s anomalous , even w i t h respect to the o r i g i n 
a l unchanged A S T M l i n e , and no explanat ion of i t s pos i t i on i s a t tempted h e r e . 

A r e a s A and B 

The l e f t p o r t i o n of F i g u r e 3 was evaluated, d i s r e g a r d i n g the above-ment ioned a g 
gregates w h i c h had to do w i t h the l oca t ion of the m a i n boundary l i n e . I t can be seen 
that a l l the d i sc repanc ies (aggregates wh ich produced m o r t a r expansion) a re i n the 
upper p o r t i o n of t h i s a r e a . No d i sc repanc ies appear below an Rc l e v e l o f 60, t h e r e 
f o r e t h i s va lue can be used to d iv ide t h i s p a r t o f the f i g u r e in to two a reas , A and B . 
In each case, the anomalous r e s u l t shown i n a rea A rep resen t s an a ^ r e g a t e wh ich 
contains const i tuents w h i c h a r e known to i n t e r f e r e i n the c h e m i c a l t e s t . Sample 12 
contained d o l o m i t e , M B - 1 contained v a r i o u s d i l u t i o n s of opal i n d o l o m i t e , and M B - 2 
va r ious d i lu t ions of opal i n se rpen t ine . 

On the basis of the ava i lab le data, a rea B should be c l e a r l y ind ica t ive of safe a g 
grega tes . Chemica l r e s u l t s appear ing i n t h i s a rea should be r e l i a b l e and no f u r t h e r 
tes ts a re r e q u i r e d . Aggregates that appear i n a rea A w i l l also gene ra l l y be safe , 
however the presence of i n t e r f e r i n g m i n e r a l s such as do lomi t e and serpent ine may at 
t i m e s r e s u l t i n an unsafe aggregate appear ing i n a rea A . Consequently, a l l aggregates 
that f a l l i n a rea A should be evaluated f u r t h e r f o r the presence of e i the r r e ac t i ve c o n 
s t i tuents o r i n t e r f e r i n g m i n e r a l s . In cases of doubt, m o r t a r bar t es t s should be made 
on such aggregates . 

A r e a s C and D 

The r i g h t p o r t i o n o f F igu re 3 was s i m i l a r l y evaluated. A l l d i sc repanc ies appear i n 
the upper p o r t i o n of t h i s a r ea . Consequently, t h i s p o r t i o n of the f i g u r e may be d iv ided 
in to t w o a reas , C and D . No d i sc repanc ies appear i n a rea D , t h e r e f o r e chemica l r e 
su l t s that would appear i n t h i s a rea should be ind ica t ive of unsafe aggregates wh ich a r e 
capable of p roduc ing excessive m o r t a r expansion. No f u r t h e r t es t s on such aggregates 
would be necessary . 
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A r e a C contains numerous aggregates that d i d not produce m o r t a r expansion ( c l e a r 
s y m b o l s ) . Of course , t h i s a r ea also contains unsafe aggregates ( F i g . 1 ) . T h e r e f o r e , 
the purpose o f a rea C i s to focus a t ten t ion upon those aggregates r e q u i r i n g spec ia l i n 
ves t iga t ion as a r e s u l t of the c h e m i c a l tes t data . 

A l l the a ^ r e g a t e s i n the upper p o r t i o n o f a rea C ( F i g . 3) do i n f a c t produce e x 
cess ive m o r t a r expansion when d i lu t ed to v e r y s m a l l concent ra t ions w i t h i n e r t m a t e r i 
a l . F i s a 50-50 opa l -Ot tawa sand m i x t u r e ; G and M W - 5 9 a r e und i lu ted s i l i ceous m a g 
nes ium l imes tones f r o m C a l i f o r n i a ; and M W - 3 1 i s an und i lu ted r h y o l i t e t u f f f r o m 
Colorado . 

On the o the r hand, s e v e r a l of the aggregates i n the l o w e r p o r t i o n o f a rea C, namely 
M W - 5 1 , 53, and 54, w i l l cause excessive and m a x i m u m m o r t a r ba r expansion when 
present i n about 20 percent concent ra t ions w i t h i n e r t m a t e r i a l ( 7 ) . I t may be that a g 
gregates 6, 7, and 20 ( f r o m t h i s study) a re of a s i m i l a r nature and migh t have shown 
unsafe expansion upon d i l u t i o n . 

Consequently, chemica l r e s u l t s which appear i n a r ea C suggest a h igh ly r eac t ive 
m a t e r i a l , but do not nece s s a r i l y p rec lude that a l l such m a t e r i a l s w i l l produce ex 
cess ive m o r t a r expansion. The a b i l i t y to produce unsafe expansion w i l l depend l a r g e l y 
on the p r o p o r t i o n of r eac t ive const i tuent p resen t . T h e r e f o r e , a l l aggregates w h i c h 
y i e l d c h e m i c a l data i n a rea C should be c a r e f u l l y examined by m o r t a r ba r t e s t s . They 
should be tes ted i n d i l u t i ons of 5, 10, 20, e t c . , pe rcen t w i t h i n e r t m a t e r i a l s , as w e l l 
as i n t h e i r e n t i r e t y . T h i s p rocedure i s e spec ia l ly i m p o r t a n t where l o c a l shortages o r 
spec ia l condi t ions r e q u i r e that a ^ r e g a t e s f r o m d i f f e r e n t sources be blended to make 
concre te . 

S U M M A R Y O F N E W AREAS A N D B O U N D A R Y L I N E 

F i g u r e 4 s u m m a r i z e s the s ign i f i cance of each of the proposed a reas i n evaluat ing 
chemica l tes t r e s u l t s . I t also shows the m a i n A S T M boundary l i n e , w h i c h has been 
m o d i f i e d at the l o w e r end as discussed e a r l i e r . 

The loca t ion o f a l l boundary l i nes i s , of cour se , e m p i r i c a l i n na ture , and depend
ent e x c l u s i v e l y upon ava i lab le m o r t a r ba r and c h e m i c a l tes t da ta . The loca t ion of 
such boundary l i nes may r e q u i r e m i n o r ad jus tments as new data becomes ava i lab le i n 
the f u t u r e . I n a d d i t i o n , the l i m i t e d r e p r o d u c i b i l i t y o f the m o r t a r b a r and c h e m i c a l 
t es t s , as r e p o r t e d by the Corps of Engineers ( 1 £ , IT) a lways r a i s e s some doubt as to 
the p r e c i s e loca t ion of any d i v i d i n g l i n e . Consequently, m a r g i n a l c h e m i c a l tes t r e 
su l t s , e spec ia l ly near the m a i n boundary l i n e , should be i n t e r p r e t e d w i t h some r e 
s e r v a t i o n . 

Never the less , the present c r i t e r i a ( F i g . 4) should broaden the usefu lness of the 
quick c h e m i c a l tes t and i n many cases e l im ina t e the need f o r supplement ing the c h e m 
i c a l tes t w i t h a l o n g - t e r m m o r t a r bar tes t p r o g r a m o r tedious pe t rograph ic a n a l y s i s . 

In one respec t , the c h e m i c a l tes t o f f e r s a unique advantage over the exc lus ive use 
of the m o r t a r ba r t e s t . T h i s i s f o r aggregates that appear i n a rea C ( F i g . 4 ) . The 
concre te engineer may obta in a f a l se sense of s e c u r i t y f r o m a s a t i s f a c t o r y ( s a f e ) 
m o r t a r bar tes t r e s u l t on such aggregates . However , I t i s poss ib le f o r c e r t a i n of 
these m a t e r i a l s ac tua l ly to cause d e t e r i o r a t i o n i n concrete i f blended w i t h o the r r e l a 
t i v e l y i n e r t aggregates . The chemica l tes t r e s u l t would indica te the need f o r m o r e 
c a r e f u l evaluat ion of such m a t e r i a l s . 

CONCLUSIONS 

1 . The c h e m i c a l test f o r the po ten t i a l r e a c t i v i t y of aggregates ( A S T M C289-57T) 
g e n e r a l l y shows good c o r r e l a t i o n w i t h the r e s u l t s obtained by m o r t a r bar t e s t s . 

2. The d i v i d i n g l i ne es tabl ished by t h i s study, f o r separa t ing r eac t ive f r o m non
reac t ive aggregates by means of the chemica l tes t , agrees f a i r l y w e l l w i t h those p r o 
posed by A S T M Spec i f i ca t ion C33 and the Corps o f Eng inee r s . 

3. Nei ther the s ingle nor double end poin t t i t r a t i o n , p e r m i t t e d by the A S T M c h e m 
i c a l tes t method, o f f e r s any d i s t i nc t advantage over the other i n eva lua t ing the po ten t ia l 
r e a c t i v i t y of aggregates . 
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4 . Re l iab le r e s u l t s a r e not a lways obtained i n the c h e m i c a l tes t when c e r t a i n c a r 
bonates o r serpent ine m i n e r a l s a r e p re sen t . A n e m p i r i c a l d i v i s i o n o f the c h e m i c a l 
t e s t r e s u l t s i s p roposed w h i c h w o u l d se rve t o i so la te such i n t e r f e r e n c e s and t he r eby 
indica te wh ich aggregates r e q u i r e f u r t h e r s tudy. T h i s p rocedure wou ld e l i m i n a t e the 
need f o r addi t iona l t i m e - c o n s u m i n g tes t s on many s a t i s f a c t o r y aggregates . 

5. H i g h l y r eac t i ve aggregates may be c l a s s i f i e d as r eac t ive i n the c h e m i c a l tes t and 
and yet f a i l to produce m o r t a r expansion. A n addi t iona l e m p i r i c a l d i v i s i o n of the c h e m 
i c a l t e s t r e s u l t s i s suggested wh ich wou ld se rve to i d e n t i f y such aggregates . I t i s be 
l i e v e d that many such aggregates may ac tua l l y become dangerous i n concre te i f d i lu t ed 
w i t h i n e r t aggregates . The p roposed d i v i s i o n wou ld focus a t tent ion upon those a g g r e 
gates r e q u i r i n g spec ia l i nves t i ga t ion . 

6. A m o d i f i c a t i o n o f the A S T M m a i n boundary l i n e i s p roposed as p a r t of the gen
e r a l c r i t e r i a f o r c h e m i c a l t e s t r e s u l t s . The ad jus ted l i n e c o n f o r m s m o r e r e a l i s t i c 
a l l y to ava i lab le data . 
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