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RECENT PROGRESS IN DEVELOPMENT OF THE OSMOTIC CELL

TO DETERMINE POTENTIAL FOR ALKALI-SILICA REACTIVITY

OF AGGREGATES

James W. Schmitt and David C. Stark

8th Internationl Conference
on Alkali-Aggregate Reaction

Present studies are primarily concerned with refining and standardizing
the test for use as a rapid method of evaluating aggregates for reactivity.
Research is also underway to expand application of the test for use in
assessing reactivity in existing structures.

The osmotic cell test was developed more than 30 years ago by Verbeck and
Gramlich at the Portland Cement Association.(l) The purpose of initial
research using the osmotic cell was to interpret the mechanism(s) causing
expansion resulting from alkali-aggregate reaction and to identify factors
that affect the reaction. Verbeck and' Gramlich also recognized that the
osmotic cell procedure had the potential to be adapted as a rapid and
acceptable method for evaluating potential reactivity of concrete aggregates.

Subsequently, Stark studied the viability of using the osmotic cell
apparatus as a rapid test method to evaluate alkali reactivity of different
aggregates. (2) Stark I s data indicated favorable correlation of field service
history and commercially available aggregates. Stark extended the
applicability of the osmotic cell procedure by using it to aid in evaluation
of alkali-silica reaction in several dams throughout the United States.(3,4)

In theory, the test was designed to simulate the interface between an
aggregatf:! particle and cement paste. The osmotic cell shown in Figure 1 is a
box-like apparatus made of Lucite'" and containing a reservoir chamber and
reaction chamber each filled with 1N NaOH solution. The chambers are
separated by a cement paste membrane having a water-cement ratio of 0.55.
lops of the chambers have vertical capillary tubes attached which are filled
with 1N NaOH solution. The reaction chamber is filled with 12.4 grams of test
aggregate crushed to -~O/~100 (-O.30/~O.15 mm) U.S. mesh sieve.

Preliminary research has shown the osmotic cell apparatus can identify
potentially alkali-reactive siliceous aggregates intended for use in
concrete. More recent efforts have focused on standardization of the
apparatus, establishment of a data base, correlation with other test methods,
applicability of the test in identifying slowly reactive rock types, and
assessment of aggregate removed from structures exhibiting evidence of
alkali-silica reaction. Results of these studies are presented.
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FIGURE I DIAGRAM OF OSMOTIC CELL

When reacti on occurs, sol uti on flows from the reservoi r chamber through
the cement paste membrane into the reaction chamber. This positive flow
produces a height differential in capillary tubes of the two chambers. The
differential as a function of time is a flow rate used to indicate
reactivity. Flow in the opposite direction or negative flow, denotes no
potential for reactivity. Based on past research, positive flow rates
exceeding 1.5 to 2.0 mm per day indicate an aggregate has potential for
deleterious reaction with alkalies in concrete.

A test period of 30 to 40 days ls usually sufficlent to identlfy potential
for expanslve reactivlty when using a cell capable of evaluating 12.4 grams of
test aggregate.

EVALUATION OF THE TEST METHOD

In order for a new reactivity test method to be accepted, it is necessary
to establish: (1) precislon of the test, (2) correlatlon with exlstlng tests
and fleld servlce history, (3) appl1cation to a wide varlety of aggregate
types, and (4) a standard methodology for commercial use. Standardlzation of
the method· byevaluatlonofmany test variables·· has· been reported by· Verbeck
and Gramllch(l) and Stark.(2) Test solution concentration, amount of
aggregate, aggregate partlcle slze, test length, flow rate criterlon to
determlne reactlvity, thlckness and water-cement ratl0 of the cement paste
membrane, and temperature of storage have been evaluated and optlmlzed lnto a
standard procedure based on this prevlous work.(1,2) Recent work has lncluded
evaluation of use of a larger test apparatus than the one originally developed.
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Due to concern as to whether tes t1 ng 12.4 grams of aggregate 1s a trul y
representative sample of a source, a large cell apparatus was developed. The
large cell is ident1cal in all respects to the smaller apparatus except that
the react10n and reserv01r chambers have been .enlarged to accommodate between
600 and 800 grams of test aggregate. Data collected for the larger apparatus
and comparisons to results from the small apparatus for var10us reactive
mater1als are g1ven in Table 1.

TABLE 1
Test Results for React1ve Mater1al

Tested 1n the Large and Small Osmotic Cells

Material Test Cond\t10n F1nal Test Age Flow Rate

Crushed Opa li ne Large Cell 4 71
Sandstone
Coarse Aggregate

Crushed Opaline Small Cell 12 17 .3
Sandstone
Coarse Aggregate

Pyrex Glass Large Cell 7 30.1

Pyrex Glass Small Cell 29 9.2

Crushed Basalt Large Cell 7 5.0

Opal Large Cell 9 11.3

Opal Small Cell 26 12.4*

*Average of two tests

Preliminary data indicate the large cell apparatus provides data on react1v1ty
approx1mately 3 to 4 t1mes sooner than the small test apparatus, although both
types of cells give s1m1lar results regarding potent1al for react1v1ty.
AddH10nal exper1mentat1on is be1ng concentrated on standardization of the
large cell apparatus for commercial use.

Rema1ning discussion and test results refer to work done with the smaller
test apparatus.

Correlat1on of the Osmotic Cell wHh ASTM C 227 Mortar Bar Test and Serv1ce
H1story

Several react1ve and nonreactive aggregate types from var10us sources in
North Amer1ca have been tested in the osmot1c cell apparatus to establ1sh
validity of the method. The aggregates were also tested by the standard AS1M
C 227 mortar bar procedure for comparison. Service history of many of the
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aggregates tested 1s known.
many of the aggregates to
operator.

Repllcate osmot1c cell tests were performed on
evaluate precls10n of the method for a s1ngle

f

\
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Table 2 presents results of osmot1c cell and mortar bar tests along wHh
serv1ce h1story data for selected react1ve aggregates.

TABLE 2
Comparhon of Serv\ce Record. OSlIIOt\C Cell Test and Mortar Bar Test

Results for Several Reacthe Rock Types

Haterlal ComposItIon Ser.lce Record
Osmotic Cell
flow Rate(1)
(m/day)

Three Honth
Mortar Bar
Expanslon(2,4)

(")

Six Honth
Mortar Bar
Expanslon(3,4)

(")

torrments

267 Sand Volcanic Unknown 3.7 0.054

CO Coarse Obs Idlan Unknown 1.6 to 2.4 0.134
A9gregate

es Coarse Opallne Reactive 27.3 to 34.8 0.036
Aggre9ate Sandstone

WF Sand Volcan1c Reactive 1.1 to 1.2 0.071

0.061BL-3 Sand Volcan1c Reactl.e 1.5 to 2.7 0.069 No deleterious mortar
bar expansion wHh
O.Bn alkall cement.
Fl.e repllcate tests
performed.

0.094 O.llBll expansIon at 9
months.

0.219 Three repllcate tests.

0.050 No deleterIous mortar
bar expans Ions with
0.20% a1kall cellOnt.
Two repllcate tests
performed.

0.123 No deleterIous mortar
bar expansIons with
0.54" alkall c....nt.
Two repllcate tests
performed.

WF-1-112 Volcan1c Reactive 1.5 to 2.0 0.190 0.325

RTH Crushed 8asalt Unknown 1.8 to 2.9 0.016 0.018
Stone

PB 6ra.e1 Volcanic Unknown 2.2 (5) (5)

R6 sand Volcanic Reactive 1.8 to 1.9 .415 0.480

Crushed Not 6.5 to 12.8 0.206 0.212
Opal Appllcable

As above. Four
repllcate tests
performed.

Three repllcate tesh
performed.

Two repllcate tesh
perFormed.

Fl.e repllcate tests
performed.

Notes:
(1) Threshold flow rate for potentIal reactivity 15 1.5 to 2.0 1liii/day.
(2) ExpansIons of 0.05" at three months test age are consIdered capable of causIng deleterIous reactivity.
(3) ExpansIons of 0.10% at six IROnths test age are consIdered capable of causIng deleterIous reactivity.
(4) Hortar bars IRade with eIther 0.92 or 1.0911 alkall content cellOnh. Alkall content expressed as equl.a1ent Na20.
(5) Not yet a.anab1e.

Although flow rate crHer1a 1nd1ca.t1ng rea.cUvUyfQrthE! QSrnQUc CE!ll . a.rE!
based on correlat1on to f1eld serv1ce h1story, there 1s fa1rly good agreement
between deletedous mortar bar expans1vHy and deleter10us flow rates 1n the
osmot1c cell. One except10n 1s the RTM crushed stone, wh1ch 1s glassy basalt
of unknown serv1ce record. Th1s mater1al appears react1ve by the osmot1c cell
test, but nonreact1ve accord1ng to mortar bar expans10n crHeda. Therefore,
the osmot1c cell, when used to evaluate some glassy volcan1c mater1als,
appears to be h1ghly sensHlve to the glass phase. Generally, however, the
method can dHferent1ate between reaetlve and nonreact1ve mater1als from a
w1de range of locales.
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Add1t10nally, some mortar bar tests were repeated us1ng dHferent alkal1
level cements to establ1sh a correlat10n between cement alka11 level and
potent1al for react1v1ty 1n the osmot1c cell. Data suggest no strong
correlat10n to a part1cular alka11 level ex1sts, except that the cell
s1mulates react10n generally w1th h\gh alkal\ cement.

For completeness, Table 3 presents osmot\c cell and ASTM C 227 mortar lJar
test results for known nonreact1ve mater1als.

TABLE 3
Comoarhon of Serv1ce Record. Osmot~ Test and AS1" C 221 Mortar Bar Test

Results for Several Nonreactive Rock Types

OsmotIc Cell Three Month Six Month
Material CompositIon Service Record Flow Rate(1) Mortar Bar Mortar Bar Caments

(m/day) Expanslon(2.4) Expanslon(3.4)
(,,) (,,)

BR Crushed SIliceous Nonreactive 2.3 0.011 0.021 Nonreacthe by rock
Gravel prlsll test.

BR Sand SIlIceous Hooreae t 1ve 1.2 O.Olb 0.019
LImestone &
Dolomite

GR Gravel Volcanic Hooreaet he 3.D D.015 D.D20

GR Sand VolcanIc Nonreact1ve 2.4 D.DI5 D.D11

GlR Gravel SilIceous Nonreact1ve -1.2 D.DI2 D.DI5 Nonreacttve by rock
LImestone prlsll test. Used 0.54"

alkali cement In mortar
bars.

GlR Sand SilIceous Nonreactive -1.B D.Dlb D.011 Used D.54" alkali level
LImestone cement 1n mortar bars.

TQ Coarse CalcIte Nonreactive -D. 1 to -D.3 ( 5) (5) Three replicate tests
Dolomite performed.

Dttawa Sand Quartz Nonreactive -0.1 to +0.4 (5) (5) EIght replicate tests
performed.

S J Sand Volcanic Nonreactive -D.2 D.D2b D.D5D

SJ-l-l/2 Volcanic Nonreactive -D.3 D.01B D.023

SO Sand Quartz Nonreactive -D.3 D.D25 D.D2B

CG sand Quartz. Nonreactive D.l D.D2D D.D23
GranIte,
Feldspar

CG Gravel Granite Nonreactive -0.1 0.019 D.02b
Gnehs t

Schist

Notes: (1) Threshold flow rate For potentIal reactIvIty Is 1.5 to 2.D m/day.
(2) ExpansIons of 0.D5" at three months test age are consIdered capable of causIng deleterIous reactIvIty
(3) ExpansIons of 0.10% at six months test age are consIdered capable of causIng deleterIous reactIvity
(4) Mortar bars made wIth D.B3 to I.D9" alkali content cements. Alkali content expressed as equIvalent Na20.
(5) Not yet available.

... ___AgaJ!1.wJth theexcepUon of onesJlghtly glassy .. voJcanlc . aggregate .. (GR .. sand
and GR grave 1) osmot\ c cell tes t results correlate wHh mortar bar expans \ on
and serv1ce record.

Data \n Tables 2 and 3 show the test can effect\vely d\scr1m\nate reactive
from nonreact1ve rock types. AddH10nal tests are underway to build a larger
data base for acceptance purposes.
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Precision

Many of the osmotic cell test results presented in Tables 2 and 3 were
replicated several times by a single operator. Table 4 shows number of
repl1cate tests; mean, minimum, and maximum flow rates; standard deviation;
and coefficient of variation for 10 different agyregates.

I
I'
I
j'

I
i

I
TABLE 4

Statistical Data for Prec1 s1on of the Osmotic Cell Test

Mean Minimum Maximum Standard Coefficient
No of Flow Rate Flow Rate Flow Rate Deviation of Variation

Material Tests( 1) (mm/day)(2) (mm/day) (mm/day) (0) (%)

BL-3 Sand 5 2.1 1.5 2.7 0.5 23.8

CO
Coarse Agg. 3 1.9 1.6 2.4 0.4 21.0

CS
Coarse Agg. 2 31.0 27.3 34.B 5.3 17 .1

WF Sand 2 1.15 1.1 1.2 0.1 B.7

WF-1-112 4 1.7 1.5 2.0 0.2 11.8
Gravel

RTM Crushed 3 2.5 loB 2.9 0.6 24.0
Stone

RG Sand 2 1.85 1.8 1.9 0.1 5.4

Crushed Opal 5 10.7 6.5 12.8 2.5 23.4

Ottawa Sand(3) 8 0.1 -0.1 i'0.4 0.4 400.0

TQ Crushed(3) 3 -0.2 -0.3 -0.1 0.1 -50.0
Stone

Weighted Avg. 12.5(4)

\
Notes:

(1) Performed by a single operator.
(2) Threshold flow rate for potential reactivity is 1.5 to 2.0 mm/day.
(3) Nonreactive aggregate.
(4) Weighted average based on calculated coefficients of variation for reactive

aggregates shown.

Standard deviation and coefficient of variation shown for the limited data in
Table 4 are reasonable for tests of this type, suggesting good reproducibility

-of' the method by 'astngl eoperator; Quanti tyOfdatapresentTy 'avilnilbleTs
inadequate for rigorous statistical interpretation of the test. Work is in
progress for additional replicate testing using single and multiple operators.

Where standard deviations are large (CS coarse aggregate and crushed opal)
flow rates have been very high and represent very highly reactive materials.
Where coeffic1ent of variation has been high (ottawa sand and TQ crushed
stone) flow rates and standard deviations have been very low. These latter
two aggregates represent nonreactive materlals.
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Of concern ln acceptance of new rapld test methods to assess potentlal
reactivlty is the capablllty of dlscernlng slowly reactlve rock types.
Experlmentation wlth the osmotlc cellon slowly reactive rock types has shown
mlxed results. Osmotic cell data for flve dlfferent slowly reactive types are
presented in Table 5.

TABLE 5
Osmotic Cell Test Results for Slowly Reactive Aggregates

Materlal Test Conilltlon F1nal Test Age Flow Rate
(Days) (lII11/day)

RB Quartzlte(l) lN NaOH, 73°F 95 0.8
test temperature

Unweathered Granlte(2) lN NaOH, 73°F 45 -0.1
test temperature

Weathered Granlte( 2) lN NaOH, 73°F 45 2.0
test temperature

Mylonlte lN NaOH, 73°F 31 6.3
test temperature

BG Quartzlte(l) lN NaOH, at 73°F 59 to 62 -0.1 to +0.9(3)
test temperature

BG Quartzlte(l) lN NaOH, at 100°F 40 to 62 0.2 to 0.4(4)
test temperature

Threshold flow rate
indicat1ng potent1al for
deleterious reactlvlty 1.5 to 2.0

Notes:
(1) Known to be reactive 1n field structures.
(2) No record of service historY.
(3) Five replicate performed, ! = 0.4, a = 0.4.
(4) Five replicate performed, X = 0.3, a =0.1.

Fine-grained, known reactive aggregates, such as mylonite, are easily
distlnguished as being reactive by the osmotic cell test. A weathered,

·--------slightly. metamorphosedgranl tels also. charaderizedasbeing potentiaJly
reactive. Coarse grained, known reactive quartzites (RB and BG quartz,tes)
and an unweathered, sllghtly metamorphosed granite could not be discerned as
being reactive in the osmotic cell, even at elevated test temperatures and
extended test duration.

Although not shown ln Table 5, changes in processed particle slze to
-100/+200 mesh sleve slze and/or increased normality of the test solutlon, in
comblnation with increased test temperature and extended test duration did not
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y'eld 'nd'cat'ons of react'v,ty for the BG quartz,te.
exper'mentat'on w,th slow reactors's 'n progress.

AddH'onal

O'scr'm'nat'on of React've Aggregate Taken From O'stressed F'eld Concrete

Aggregate part'cles were sawed from concrete cores and tested 'n the
osmot,c cell. structures from wh'ch the cores were taken had suffered
d'stress as a result of alkal1-sll'ca react'on. React've aggregate part'cles
were selected by exam'n'ng the cores petrograph'cally. Table 6 shows results
for tests on aggregates sawn from cores taken from a br'dge and three dams.

TABLE 6
Osmotic Cell Test Res~r -Aggregate Sawed from

Cores of Distressed Fjeld Concrete"

Material

Chert & QuartzIte Particles Sawed from a Column above ground
line In a Bridge

Chert & Quartzite Particles Sawed from a Bridge Pier
(below water line)

Chert Particles Sawed from a Bridge Pier (above water line)

Andesite Particles Sawed from Right Buttress of Coolidge Dam
(3 to 5 In. depth)

AndesIte Particles Sawed from Right Buttress of Coolidge Dam
(1 to 3 In. depth)

Andesite PartIcles Sawed from Face -of Friant Dam
(15 to 19 In. depth)

Andesite PartIcles Sawed from Dry StaIrway of Friant Dam
(30 to 34 In. depth)

QuartzIte Particles Sawed from Thrust Block of
stewart Mountain Dam (B-l/2 In. depth)

GranIte Particles Sawed from Thrust Block of
stewart Mountain Dam (12 to l~ In. depth)

Andesite Particles Sawed from Face of Stewart Mountain Dam
(26 to 30 In. depth)

Rhyolite Particles Sawed from Thrust Block of
stewart Mountain Dam (15 to 1B In. depth)

Threshold flow rate IndIcating potential
for deleterious reactivity

Flow Rate
(mm/day)

0.5

1.1

2.6

0.0

7.3

0.6

6.7

0.3

0.9

10.2

0.8

1.5 to 2.0

"Cores were taken from dry and uncracked to moist and cracked areas of
structures that exhIbited dIstress due to alkali-aggregate reaction.

Oata for compan'on aggregate part'cles tested from the same structure show
the osmot,c cell can 'nd'cate whether potent'a11y react've sll'ca 'S st'l1
present 'n aggregate part'cles sawed from f'eld concretes. Such 'nformat'on
's helpful 'n evaluat'ng the state of react'vHy 'n a structure, as well as
determ'n'ng methods of remed'at'on.
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Although exper1mental. the osmot1c cell can be appned to f1eld concrete
1nvesUgat10ns. but should be used 1n conjunct10n wHh other tests. such as
f1eld relat1ve hum1d1 ty measurements and length change measurements on cores
extracted from the structure under evaluat10n.

CONCLUSIONS

Recent development of the osmot1c cell apparatus prov1des add1t10nal data
1nd1cat1ng th1s rap1d test method 15 capable of 1dentHy1ng potent1ally
alkali-reactive aggregates. The test can discern between reactive and
non-reactive rock types much Quicker than the generally accepted ASTM C 227
mortar bar expansion test.
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