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Rapid Chloride Test

Summary of 14 correlations between RCT measurements and
laboratory measurements (Volhardt titrations, colour titra-
tfions, ion chromatography measurements and auto analyses)

By courtesy of:

(1
(2):

3):
(4):
(5):
(6):
(N:
(8):
9):

Statens Provningsanstalt (The Swedish State Testing Institute)

Cement och Betonginstitutet (The Swedish Cement and
Concrete Research Institute)

The Technical University of Espoo, Finland
Norwegian Concrete Technology

Cowiconsult, Consulting Engineers, Denmark
Birch & Krogboe, Consulting Engineers, Denmark
The Institute of Technology, Denmark

Trow Group, Consulting Engineers, Canada

The Road Directorate, Denmark

(19): BPS-Center, Denmark
(11): The Technical University of Denmark
(12): European Storebalt Group, Denmark

(13): Ponts et Chausses, Luxembourg
(14): Strategic Highway Research Program (SHRP), USA

Enclosed comparisons between RCT and RCTW
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SUHMARY

This studv is concerned with +he suitability cf Rap.d Chicrid
Test -method (RCT-method) develcped by Germann Ins<-uments
the in sizuy determination of chlori ccntent. of cnc
The work consists of laboratorv nd i

e=. The &ccurazcy of the R st wa

baring +the RCT-values with the values pr
methods.
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A  known amount of chloride was added to
concretes manufactured in the laberatory. Rar a
hardening Portland cements (P 40/7 and P 40/28) we
binders, compression strength values of the cor--e
frcm 35 to 60 MN/m2 and chlor:de contents of +h =
were 0.2, 1 and 3 % CaClz-2H20 by mass of cement, (0.0113

0.228 % Cl by mass of concrete). The chloride content of
hardened +test concretes were determined by RCT-methed,
potentiometric titration and in some cases by watersoluh:
chloride method. The chloride content determined bv ¢
RCT-test was on the average 79.9 ¥ from the added chloricas
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content. The corresponding value using the potentiomatric
titration method was 95.8 g and the watersoluble chlcricas
amount was on +he average 8.5 ¥ from the added chiz=:::
content. The maximum error caused by the welghting procec

nt

of +the RCT-test was evaluated to te 14 per cent. A
temperature differences can easily cause considerable faul<s.

In the bridge tests five highway bridges and one light road
bridge were investigated. The test specimens were taken from
six places and from two depths (0-2 cm and 2-5 cm). The
chloride content was determined at the bridge location by the
RCT-test and later in laboratory by potentiometric titration
method. The RCT-test values were on the average 15.9 % higher
than +the +titration values, but in 53 % of the cases the RCT
value was smaller than titration value. In few cases the RCT
value was 2-3 times higher than the corresponding +titration
value. The reason for these exceptional values could not be

clarified.

RCT-test turned out to be quite useful in the 4in situ
determination of concrete chloride content. The total
expenses were about 110 FIM/sample.
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Kuva 13. RCT-laitteella seki titrazmalla saatujen siltzkokei-

den tulokset.

Tutkittujen maantiesiltojen kloridipitoisuuksien tasoa ver-
tailtiin siltojen reunapalkkien keskimiiAriisten kloridiitoi-
Suuksien avulla. Vertailua suoritettaessa on otettava huimiocn
tutkittujeﬁ reunapalkkien vaihteleva etdisyys ajoradasta. Eri

siltcjen reunapalkkien kloridipitoisuudet cn  esitetty -:aulu-
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TROW GROUP LTD
Ontario, Canada

Correlation between RCT and ASTM C 114-8, hardened chloride exposed concrete

RCT ASTM
% Cl/concrete mass
0.004  0.005
0.008  0.009
0.010 0.009
0.012 0.015
0.015 0.013
0.016 0.015
0.018 0.017
0.018 0.020
0.021  0.020
0.022 0.025
0.028 0.031
0.028 0.026
0.034 0.034
0.044 0.041
0.052  0.055
0.052 0.049
0.053 0.055
0.101  0.120
0.105 0.110
0.110  0.109

0.130  0.121
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MALING MALING VED f
PROVE| VED RCT TITRERING }
1 0,008 0 |
| |
;3 0,003 | J |
3 0,003 0 |
4 0,019 0,02
5 0,003 0,003
6 0,09 0,11
7 0,012 0,01
8 0,007 0,01
9 0,048 0,05
10 0,008 0,01

FIGUR 3: Sammenligning af resul-—
tater af kloridmaling
ved henholdsvis RCT-
metoden og titrering.
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Talvesrdierne angiver CI- indholdet, angivet. vazgt % af betonvegten

Ved vurdering af tallene anvendes szedvanligvis felgende graenseverdier,

idet SBI-veerdiemne er skansmeessigt omregnet fra % af cementveegten.

Vurdering S3I - Interval Tl - Interval *
Negiigeabel <0.045 <0.02
Korrosion mulig 0.045‘~ 0.11 0.02-0.05
Korrosion sandsynlig 0.11-0.25 0.05-0.15

L Korrosion sikker >0.25 >0.15

DS 423.28
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cxocE 0,07 c,30
ncl 2,20 1,35
np?2 0,05 0,42
=zl 0,42 0,28
Se=! 4,CO 2.C5
=53 0,48 0,51
rn3 0,04 0,10
Ialare! 0,32 0,37
h2 0,06 0,c4
n3 0,34 0,25
ha 0,25 0,20
o7 0,19 0,23
ji 0,21 0,35
j2 0,09 0,12
33 0,50 0,55
Jja 0,54 0,42
is 0,85 0,89
jé 0,68 0,67
11 0,95 1,11
al 1,70 1,56
az 0,58 0,35
a3 0,54 0,45
a4 0,48 0,43
as 0,48 0,38
as 0,44 0,41
a7 0,50 0,44
ag 0,%% 0,49
as 0,66 0,5%
alo 2,80 2.07

mMElingerne er afbildet grafisk pd de

to naste sider. Der S&S fin over-
ensstemmelse mellem ce to forskellige
milinger ved smd clorid-koncentrationer -
ved héjere koncentrationer maler
Germann mere clorid end autcanalyser.
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ESG (European Storebalt Group) correlation
between Danish Standard DS 423.28 and RCT

Measured on fresh concrete

RCT

A (% CI'/ concr. mass)
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Bate Of Chlorde Ingress In Mortar

To incorporate-chloride into the mortar specimens, it was decided to use chiorids
solution ponding on the cured and dried specimens instead of initially mixing the
chloride with the mortar. With ponding, the chloride is introduced into the mortar matrix
by a process of diffusion which simulates a real life situation. Theoretical calculations
were made to estimate the solution concentration that would be required to achieve a
certain level of chloride in the mortar (based on weight percent mortar). Thess
calculations were based on replacing the evaporable water in the mortar specimens
with the chloride ponding solution.

Chloride concentrations in the test samples were determined with a portable test
kit manutactured by Germann Instruments. The portable kit was chosen becauss it is
very convenient to use and is much less time consuming than the standard
AASHTO/ASTM laboratory test method. The accuracy of the test kit is well established
and was further confirmed during this project by conducting parallel analysis using the
method developed by SHRP. The comparative results given in table 2 for sight
different mortar samples, clearly show that thers is very good correlation between the
Germann and the SHRP methods.

Table 2. Comparison of SHRP and Germann methods of chloride analysis.

Sampie No. % Chloride
SHRP Method* Germann Method
1 0.23 0.18
2 0.11 0.12
3 0.28 0.34
4 0.77 0.88
5 0.82 0.91
6 0.74 0.78
7 0.00 0.00
8 0.74 0.80

* Standard solutions of 1.25, 0.60, 0.30, 0.03, and 0.01 percent were used to calibrate
probe.
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Water soluble chlorides on powder drilled out on seastructure piers. The Danish Road

Directorate, 1997.

Comparison between RCTW and DS 423 .28 Titration.

RCTW % water | DS 423.28 % water
soluble Cl soluble CI
0,010 0,010
0,030 0,020
0,100 0,080
0,190 0,170
0,220 0,190
0,330 0,280
0,250 0,250
0,190 0,180
— 0,35 - .
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@
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5 030 i
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(-]
; S 025 // ,,I
s H
9 |
(3 H
[S g {
® & g0 /‘ /
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0,10 =
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Regression line:
005 /’ RCTW = 0,90 x Titration
0,00
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35

DS 423.28 titration Water soluble Cl
by concrete weight




Comparison between standard titration DS 423.28 and RCT measured on drilled out dust
from danish bridges.
The percentage of chlorides are given in relation to the concrete weight.

0,00

0,10 0,20

0,30

DS423.28 RCT % DS423.28 RCT %
Titration % Titration %

0,230 0,190 0,260 0,220

0,120 0,120 0,100 0,100

0,030 0,050 0,040 0,100

0,000 0,010 0,010 0,040

0,560 0,500 0,020 0,020

0,120 0,140 0,610 0,020

0,030 0,050 0,080 0,600

0,000 0,020 0,010 0,0a0

0,240 0,220 0,010 0,010

0,130 0,160 0,010 0,010

0,110 0,080 0,210 0,200

0,010 0,007 0,020 0,010

0,020 0,017 0,020 0,010

0,350 0,320 0,220 0,180
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Comparison between RCT (acid soluble) and RCTW (water soluble) chloride content.

Swedish sea-wall; TL, loc. 3-40 P2, 2-40 P2, HB P2

RCT % RCTW %
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Comparison between RCT (acid soluble) and RCTW (water soluble) chloride content.

Blast furnace slag concrete, bridge slabs & columns

RCT % RCTW % RCT % RCTW %
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RCT (acid soluble chlorides) compared to RCTW (water soluble chlorides) from powder
drilled out of on pier shafts of bridge VS, Danish Road Directorate, 1997.

RCT % RCTW % RCT % RCTW %
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Comparison between RCT (Acid soluble) and RCTW (water soluble) chloride.
Danish coast bridges SSB, HH, STB, KVB

Powder drilled out at 0-15, 15-30, 30-60, 60-90 and 90-120 mm depth.
Percentage of chlorides related to concrete weight.
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