Concerns about variability can be mitigated

BY CASIWIR }. 80GNACKI, MARCO PIROZZ!, JOSEPH MARSANO, AND WILLIAM C. BAUMANN

P(-:rf()rmzmce—l)z\sed specifications are becoming
inereasingly more commaon for infrastructure projects.
The National Ready Mixed Concerete Association is
committed to making perfom’mn('e—bz\secl specification
the industry standard with its P2P Initiative (Prescription
to Performance specifications). If's impaortant, however,
to have acceptance tests that correlate to performance
criteria such as durability. For example, ASTM C39. “Standard
Test Method for Compressive Strength of Cylindrical
Concrete Specimens.” is an accurate fest {or compressive
strength but is not an indicator of concrete durability.’
some concrete professionals helieve that the rapid
chloride permeability (RCP) tost—AASHTO T 27707 or
ASTM C1202-07. both titled “Standard Test Method for
Electrical Indication of Concrete’s Ability to Resist
Chloride Ton Penetration —is a valid method lor estimating
concrete’s permeability to chloride jons and. therefore,
its ultimate durability with regard to reinforcing bar
corrosion and concrete delamination. Many in the
industry. however, are skeptical of its validity as it's not a
direct test, unlike chloride ponding. which is. Others leel
that the RCP test is too variable to he a quality acceptance
test. Unfortunately. due to this ongoing debate. many
have chiosen to do no testing for concrete permeability.,
The Port Authority of New York and New lersey
(PANYNJ) is a bi-state agency that builds, aperates. and
maintains a range of large infrastructure projects. from

bricdges and tunnels to port and airport facililies in the
New York City metro area. in addition to redeveloping the
World Trade Center site. PANYNJ has experience with a
variety of concrete applications and has been using
performance-based specifications for just over a decade.
Each application has its own performance criteria,
which can include compressive strength. flexural
strength. bond strength. or permeability.

The introduction of RCP testing in the carly 1990 and
the success of the laboratory results and trial projects
ted to an overall adoption of the method by PANYNJ in
1998, The analysis performed by PANYNI staff on the RCP
rest results of contract concrete illustrates that the
concerns about RCP testing are overstated and that the
quality and durability of our infrastructure congrele can
be improved by specifying the RCP test as a quality
acceptance measure where appropriate.

COWMPARISCN WITH CHLORIDE PONDING

A major cause of durability issues for concrete in areas
that use chloride-based deicing agents or are Iocated in a
saltwater environment stents from chloride intrusion into
concrete. Chilorides provide the necessary electrolytes in
copcrete for steel reinforcement to corrode. causing
oxidation products that expand and destroy the surrounding
conerete. An accepted test method used to evaluate the
permeability of conereteis chloride ponding (AASHTO T 250
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Fig. 1: AASHTO T 259 laberatory results. Numbers in parentheses
are corresponding RCP results in coulombs (1 mm = 0.039 in.;
11b/yd3 = 0.593 kg/m?3)

TABLE 1:

MIXTURE PROPORTIONS anD-RCP VALUES FOR CONCRETE
BATCHES PREPARED FOR COMPARISON OF CHLORIDE
poONDING AND RCP TESTS

RNIODU L ) 1 e O
Cement, ib 600 470 420 560
Fly ash, b — 190 — 100
Slag, b - - 240 —
Silica fume, b }. - - - 45
Sand, b 1200 1000 1050 1000
Stone, b 1700 2050 2050 1930
wic 0.50 0.40 1 0.40 0.40
HRWR/MR, 02 = — 62 - 78 90
RCP test " f

results at 4350 530 340 490
132 days ,

Notes 11 - 045 kg 1 oz = 2957 nil.

in this test, a 3% sodium chloride solution (NaCl) is kept
continuously ponded on the surface of the concrete
slab. At specified test dates, concrete samples arc
drilied from the specimen and chloride is determined
af various depths.

PANYNJ performed a study that corrclated chioride
ponding test values to RCP test values. Four specimens—
one with fly ash, one with slag cement. one with silica fume
and fly ash, and a cement-only control-—were prepared
and allowed to cure for approximately 4 months. in
accordance with ASTM C31. Each specimen was ponded
with an NaCl solution for | year. The RCP test was
performed on all four specimens prior 1o ponding. The
mixture proportions and RCP values are given in Table 1.

After | year. 3 in. (76 mun) diameter cores were taken
fram the concrete spechuen and cul ona lathe in 0.04 in.
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(1 mm) increments to produce powdered concrete
samples ior chioride analyses. The top 0,16 in. ¢4 mnn
was discarded from cach sample duc to irregularities in
the surface profiles. The remaining samples were then
analyzed ior chloride content using the acetic acid method
(AASTHO T 260). As can be seen in Fig. 1. after 1 year of
ponding. the concrete specimens that had an RCP test
value of Tss than 1000 coulombs had little to no chlorides
present at a depth of 0.39 in. (10 mm). indicating a
concrete with low permeability to chloride ions.

Chloride ponding and RCP testing provide results for
most mixtures in a similar time frame: however. the RCP
test provides results in as little as 28 days for mixtures
containing silica fume, a significant time savings over
chioride ponding. There is also an accelerated method
for the RCP test, developed by the Virginia Transportation
Research Council. that can be used on any tvpe of concrete:
after 7 davs of moist curing (according to ASTM C31 al
737F [22 (). the specimens are cured in a heated waler
bath (106 F [38°CD for 21 days. PANYNI has found thal
this accelerated method approximates the maturity of
concrete specimens with Type I fly ash to 125 days and
specimens with slag cement to 200 days. Occasionally.
PANYNJ uses this accelerated method.

FIELD TEST VARIABILITY

Mixture proportions for projects where the RCP test
was used as the quality acceptance fest arc shown in
Table 2. Table 3(a) summarizes the field RCP production
resulis, about 500. for the mixtures given in Table 2.
Mixturc proportions with slag cement, fly ash, and silica
fume were analyzed. The mean. standard deviation, and
coefficient of variation within tests and between batches, or
overall, were caleulated for both the RCP and compressive
strength data. It should be noted that an RCP test result
is the average of lwo Llests performed on the same siwnple,
as is a compressive strength test result, The sunimary of
the results is presented in Tables 3(a) and (b).

The ASTM C1202-07 precision statement is Lthe major
argument againsl using this test (or quality acceplance. It
states Lhat the “single operator cogfficient of variation of
single test results has been found to be 12.3%." but PANYNI
data show the within-test variation to be, about 4.05%.4 1t
should be noted that this precision statement has remained
the same for the last 12 years, even as the accuracy of the
testing equipment has improved, as indicated by PANYNI
test results. The test method is sensitive to chandes in
hatchins—PANYNI data show an overall (weighted
average) cocflicient of variation of 2934, This variation
should not be a deterrent to using this test. howoever.
provided the performance-based specification takes this
sensifivity and testing variability into account by raising
the upper limit in the acceptance criteria or allowing a
higher percentage of conerete with RCP test results



higher than .\‘pe(‘ifi('(‘

Table 4 ilustrates ACTs standards
for concrele gualily o lulml.— Using
this charl and applying it to the
PANYNJ dala presented in Tables 3(2)
and () allows for comparison
belween the RCP lest results and
compressive strength data. I the
standards of comparison given in
Table 4 are used for the RCP and
compressive strength data, it can be
seen that the within-test variations for
compressive strength tests and RCP are
excellent and good. respectively.
Pecanse within-test variability is an
indication of sampling and testing
crror, these results indicate that
there is more variability in the RCP
test. but nol to the extent that this
test could not he usced for acceprance.
The u\'r-rall cocfficient of variation
is 16.8% for compressive strength
results and 29.3% for the RCP test
Both are considered poor by the
standard given in Table 4. This would
iridicate that the variability in the
production of thése 11 concrete
mixtures was high, and the quality
control at the bateh plants should be
improved. The RUP test is more
sensitive Lo this batching variability.
The data in Tables 3ia) and (b)
indicate that the within-test variances
are small when compared to the
overall coefficient of variation.

PANYHNI SPECIFICATIONS
AND CONTRACT PAYMENTS
For PANYNJ projects where the RCP
test is used for quality aceeptance.
the confractor must submit mixture
proportions supported by laboratory
tost data with an RCP value of less
than 1000 for mixtures without a
corrosion inhibitor and less than
1500 for mixtures with calcium nitrite
used as a corrosion inhibitor. at a
specified age. PANYNJS's performance
specification acceplance criteria
stipulate that a percent within limit
(PWL) of 90% for all test lots be
helow an RCP value of 15300 without a
corrosion inhibitor or 2000 with a
corrosion inhibitor, at aspecitied

TABLE 2:
CEMENTITIOUS MATERIAL AND CORROSION INHIBITOR CONTENTS FOR MIXTURES ON

PRO]ECTS USING THE RCP TEST FOR ACCEPTANCE T

ESTING

N i I
0
EE L - - No
2430 s |- e | - e
2450 490 | 210 - - ves
2465 420 - 8 - No
2581 350 - 10 | = Yes
2603 483 207 - = No
vers L oaas lass o= L = Mo |
Prec@ﬂ(v’lmture 1 450 7 M.—“i ~_ 20_8 3 25 No !
Precast (Wixture2) | 650 | - 65 No
Precast {(Mixture : 3 208 34 Ye

Note: Pl - 0005 kg

—

Concrete Testing Equvipment

From fresh concrete to repairs of existing structures, we
have the testing equipment you need. We carry s
extensive inventory, including cquipment frony the bost
manufacturers around the world. Call us toda y Of wisit

our website to place an order or get a free catalog.

i 1.800.544.7220
www.humboldtmfg.com

CIRCLE READER CARD #12
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s |
| 2465 120 ; 6 8 31.2 |
—' 2581 120 20 1484 87 59 | 545 | 367 |
2603 1 120 26 590 49 8.2 203 | 34.5
2615 a0 32 5.5 | 134 23.1
", _E‘xecast (Mlxture 1) ,t 28 12 2.4
28 35 5.2

The RC I’ test results are lms(d on A 28-day

aceelerated cure, T daye

Eal
-Rual

(23 Cyand 21 days ar 104 F g Oy

Note: 5D stands [or standard deviz dion: OV stands for coetficient of varintion

— TABLE 3(b):

Msxtu,re :

COMPRESS(VE STRENGTH TEST RESULTS FOR MIXTURES SUMMARIZED IN TasLE 2
TTAge oﬂest“ Number——————- i
specimen

oftests Mean -

TABLE 4:

! General construction testing

STANDARDS aF CONCRETE CONTROL TagLe 3.3 rrom ACI 214R-02
BIEEEE ’Oféralwanatlon

iR

i Laboratory {rial batches

Field controf testing

. Labo
P70 NS KD O paiy

tory trial batches

7.0109.0

43 8520 2 11.8 |
2413 28 | 32 -1 6430 125 19 1 1319 203
] 2430 ] 28 114 7820 177 2.3 1145 146 |
2450 28 56 5550 123 |22 773 | _13.9
2465 28 |15 | 7950 190 2.4 896 11.3
2581 28 20 8830 318 3.6 1101 12.5
— 2603 . 28 28 | 7570 267 3.5 1422 18.8
2615 28 171 6290 191 3.0 1434 22.8
~ Mixture (1) 28 39 | 8200 - — 878 10.7
— ! Mixture (2) 28 12 11,050 | - - P 1215 11.0
[ Mi 8710 © 909 10.4 |

ient of variati

11.0t014.0 | Above14.0 _

Below 2.0

3.
2.0103

5.5t07.0 Above 7.

Above 6.0
__Above 5.0

O
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age. For conerete mixtures with fly
ashoor slag cement, the RCP testis
puerformed at 120 days: for conerete
mivtures with silica fume. the RCP
testis performed at 28 days.

Specifications include payment
reductions when the concrete has a
high RCP value or bonus payments
for concrete where the RCP values
fall helow the speciflied number. To
obtuin a honus payment. the concrele
st also test within specification for
compressive strength and air and
waler content. Payment reductions
are made for a lot thal has a PWL less
than 90%. while bonuses are paid for
lots with a PWL higher than 95%.,
These acceptance eriteria take into
account the higher vaviability in RCP
test results when compared with the
compressive strength data (ASTM
(39). The PWLL for compressive
strength is 95 for a specified /7.

An analysis was done to determine
the percentage of concrete that
received reduced paymaent. full
payment, or bonus pavment based
on the PANYN] specification for RCP
data. Of the concrete that was
placed. approximately 11% did not
meel PANYNI specifications and
resulted in reduced payvments.
(hetween 1 and 50", of the unit price
of the concrete). Therelore, 88% of
the concrete where the RCP test
was the pavment criteria in the
specification received full payment
or a honus. O this 897, 35% exceeded
the minimum requirements in the
perforinance specification. allowing
the contractor fo qualify for a bonus
between band 6% of the unit price of
the concrete.

EFFECT OF POZIZOLANS
The RCP test atso provides an

indication as to the presence of
pozzolans and can detect changes
in hatching. In our experience, a
mixture that contains only portland
cement will not prodace an RCP
vatlue below 1000, PANYNI had a

project that required the substitution
of 30y ash for cement but the RCP

test results called into question its Alter a thorough investigation to

actual presence. An analysis of the determine the cause for the high RCP
tests on the job showed the compres- values. it was conlirmed that the {ly

sive strength of the conerete met the

ash that was called for in the mixture
and shown on the batch tickels was
never batched into the concrele.

specifications; however, the RCP
results were repeatediv failing.

INTEGRAL
CONCRETE
WATERPROOFING

Xypex Admix is blended into the concrele at the
time of balching Lo produce 2 non-soluble crystatling
siructure that blocks pares and seais Micro-cracks
{hroughout the entire concrete matrix. The result? Your
nrecast pipes, manhoies, vaults, foundalions, slabs
and more will e waterpreof from the moment thiy're
soured Xypex ais0 resists chemica! and sullate allack.
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_TABLE 5:

i Standard deviation
—i Coefficient of variation
| (within test)

COMPARISON OF KEY CHARACTERISTICS FOR TWO MIXTURES
(COMPRESSIVE STRENGTH VALUES ARE NEARLY EQUAL,
RCP VALUES ARE NOT) :

663
1050 psi

—

2.2% 3%

e

12.8% \ 15.8%

Coefficient ofvari"é'iibn
{overall)

% 120-day RCP test results:
RCP value )

Standard deviation 581 135

_i Coefficient of variation 5 5o 5 <o

| (within tesl) A
Qoeffucnent of variation 5o 4% 3%
(overall) . | 1
Percent within limits |~ 85 § 100

Note: T psi - 100069 MPx

Once the iy ash was added. the RCP results dropped
dramatically 1o values that were consistent with historical
data. Table 5 compares the test results from the job
before and after the presence of the fly ash. It’s worth
noting that the compressive strength test results provided
no indication that the fly ash was not incorporated into
the conerete delivered to the project.

CONCLUSION

If done properly, specifving the RCP test as an acceptance
criterion in a performance-based specification is technically
appropriate. The variability of RCP tests is greater than the
variability of ASTM (39 tests. but when appropriate limits
are specified, the variability can be overcome. The
analysis of the payments to contractors further proves
that. with a well-written specification, good concrete can
be placed. and contractors will be rewarded for providing
quality and discouraged from supplying deficient concrete.

For a more sustainable concrete infrastructure, we
need to better define and confirm properties of concrete
required to extend its service life. This means going
heyond the standard tests typically performed.
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