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A Round Robin Study of Solid Content Test and Applicability
Estimation of FT-IR Analysis for Chemical Admixtures
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ABSTRACT Acceptance criteria for chemical admixtures of cement concrete were investigated in domestic and international
specifications. The reliability was verified for solid content test method of chemical admixture examined statistical analysis by
round robin test. The applicability of FT-IR spectroscopy for qualitative measurement of multi-compound chemical admixtures
verified. From solid content experimental results, outlier analysed using Cochran, Grubbs and Dickson's Q test. Repeatability and
reproducibility standard deviation for solid content results showed 0.25 and 0.098% respectively according to KS A ISO
5725-2 procedure, it can be confirmed reliability of test methods. FT-IR spectrum of liquefied or oven-dried chemical admixtures
condition showed big differences. It is needed that the FT-IR analysis is performed on dry material. However there's no difference
with the applicability of FT-IR spectroscopy for multi-compound chemical admixtures. So the utility of method analysis could

not identify.
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Table 1 Guideline for acceptance testing of specifications

The main test method and evaluation

Division .
item

1 - All items test
JIS A

6204 2

- Water reducing ratio, slump, air, total
chlorine, compressive strength etc.

- During the initial approval stage
I - Quality standards, all items and
equivalence tests

- Limited quality tests according to
I purchaser request
- Quality standards, some of the items

ASTM
C 494

- Quality change test of import level
111 - Equivalence tests (solid, density, pH,
air etc)

1 - Homogeneity

- Colour

- Effective component

- Absolute density
(for liquid admixtures only)

EN - Conventional dry material content

934-1

- pH value (for liquid admixtures only)

- Water soluble chlorine

5
6
7 - Total chlorine
8
9

- Alkali content (Na,O equivalent)

10 - Corrosion behaviour

11 - Silicon dioxide SiO, content




Table 2 Acceptance criteria for solid content and density
of chemical admixtures

Solid content Absolute density

ASTM C Tadm*10%, Fadm-Twater = 0.01
0.88T=X=1.12T ?
494 radmi0~01a Jadm=water < 0.01

0.95T<X<1.05T, T=20%| D=+0.03, D>1.10kg/l

EN 934-1 1 00r=x=1.10T, T<20% | D£0.02, D=1.10kg/l
K
. O3 16 05T<X<1.05T, T=25%| D0.03, D>1.10kg/l
Xgressway 0.90T<X<L.10T, T<25% | D+0.02, D<1.10kg/l
orps.

Remark) T : standard value, X : test value,
[adm : density of admixture,
[water © distilled water of admixture
D : density of admixture
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Table 3 Quality standard of solid and density

ASTM C 494 EN 480-8
Drying Standard sand Direct drying
method method admixture
Drying time 17£1/4(h) 4(h)

45
| ASTM C 494

LG PNS PC

Admixtures

mEN 480-8
40

35

30

Solid content(%)

25

20

Fig. 1 Solid content test results
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00 00 000 0000 0000 000 0000
000 0000 00 0000 000 000 000
0 000 OOO0OO.
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Table 4 Homogeneity test results of reference materials
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o0 000 00000 oooog. b ooooo oo
0O 0000 000 0ODhOO Oooob D00 Cochran
oob0o0 0000 5%0 000 000 OO0 Table 5
gg.

Cochran 00O OOO0O0O OOOO OO0 OOOO
gobod bodd ououb oobod od booda
gooo.

) ) LG(3) Semi-PC(2) PC(3)
Classifications
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
37.86 37.92 19.03 18.45 21.05 21.32
Test results(%) 37.89 37.90 18.47 18.83 21.35 21.44
37.86 37.92 19.15 19.10 20.91 21.11
Average(%) 37.87 37.91 18.88 18.79 21.10 21.29
Variance(%) 0.00 0.00 0.13 0.11 0.05 0.03
Numbers 3 3 3 3 3 3
Degree of freedom 2 2 2 2 2 2
F-Test -
F ratio 2.26 1.24 1.78
Critical value : One-tail 19 ) 19 ) 19 )
Degree of freedom 4 4 4
t Value -0.02 0.32 -1.15
T-test - - - -
Critical one-tail 2.13 2.13 2.13
value two-tail 2.78 2.78 2.78
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Table 5 Cochran test results

Types LG Semi-PC PC
Level 1 2 3 1 2 3 1 2 3
Smax 0.288 0.212 0.141 0.141 0.283 0.187 0.244 0.160 0.479
s 0.110 0.075 0.070 0.047 0.075 0.090 0.087 0.041 0.279
Cochran value 0.756 0.597 0.286 0.426 1.061 0.389 0.683 0.620 0.823
C(2:0.05) 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541 0.541
Judgement N.G. N.G. O.K. O.K. N.G O.K. N.G. N.G. N.G.
error(%) -2.0 1.3 - - 0.4. - 2.4 1.4 1.2
Table 6 Grubbs test results
Types LG Semi-PC PC
Level 1 2 3 1 2 3 1 2 3
Min. 23.46 30.41 37.59 14.90 19.03 22.86 15.02 18.13 21.05
Max. 24.62 31.74 38.97 15.70 19.50 23.46 15.65 18.57 21.6
Average 24.12 31.18 38.23 15.33 19.32 23.19 15.38 18.36 21.31
s 0.344 0.371 0.400 0.213 0.157 0.208 0.174 0.129 0.152
Gin 1.919 2.075 1.600 2.019 1.847 1.587 2.069 1.783 1.711
Ginax 1.453 1.509 1.850 1.737 1.146 1.298 1.552 1.628 1.908
G(n=12, 0.05p) 2412
s2. O OO0 OOO.Grubbs 000 OOOOO OOO O
C="73 (1 Jod0d 000 000 OOoo0obO ooooo O ooo

Ood, C : Cochran's C statistic

s : maximum standard deviation of data series

max

s; : standard deviation of data series

Cochran OO0 OO0OD0 00000 DDOD OO0OOO
oobO o0 obbo0o booobbD boo oooo o
uob oo oodab ogob ob goob o gd
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0 0obo00 OO0 OO0 0O oobo obobo boo oo
g od.
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ot obooo)o ooobbo oog 0ood 0.4-24%
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C 49400 0O0OO0OO0O 00O 00O 00 12%, bD00o0on
U0 00 booob oo 0o booo oo booo
usi1%ibdd dd odd oot oao gg
o 000 bobooob 0oob ooo oooo oo
00 0o00ob 00 000 0o0o ooo ooo oo
gg.

Table 60 O OO0 OO0 OO0 Grubbs ODOOO
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ood. Grubbs OODODOOD0O OO0 OO0 0OOOO.

G = ©)

OO0, G, : Grubbs statstics
r, : maximum or minimum value of data series
x : average of data series

s : standard deviation of data series

oobobO 0o0d 0b OD0oOo 0bbO ooooboog,
ol odo ooob ooobo oob oo ooo o
og.

U ood 120 0oooO 0odg b0odd s5%0 0d
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Grubbs OO0 OO0 O0OO0O OO0O0OOOO OOO
O 00 000 bbbbooob, D000 Dixon QOODO
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Table 7 Dixon's Q-test results

Types LG Semi-PC PC
Level 1 2 3 1 2 3 1 5 3
Qexptma) 0.248 0332 0.828 0272 0.289 0.361 0.242 0.387 0.353
Qexpmin) 0.153 0.196 0.124 0.229 0.106 0.205 0.225 0.170 0.082
0 00 000 0000 OO0 00 00 00 00 1 & - 1 [y — =2
ooo.? «21 = pTliz_jlnij(y,;, 9‘7)2 = —p—l ;n,,(yu)z - (yj)iglnij
2
Ty~ T — 1 » Z}lnij
exatmax) = 5 = ) nm oy | ®)
n 1 i=1 -
i=1 Y
Ty A
satoin) = =2, @) 00 0000. 0000000 0O 0000 0000

000, @Q,: Q-test statstics
2 : maximum value of data series

n

x,_, : closest value to maximum of data series
x, : closest value to minimum of data series

x; : minimum value of data series
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o 0bb0@Qe) U0 0000 0000 00 bOod
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gt gbobooooobod 120 guooodod d
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oo oogo b og.

ooooo oo ogo

_ Znuyu
~_ = =1
me = 5)
D
1=1
ooooad
p
Z]l(nij—l)s”
=it ©)
Zjl(n"’j_ 1)
oo0ooOo ooo
§2— 2
sy == ©
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ooo,
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Table 8 Repeatability and reproducibility standard deviation

Types | Level | Average(m,) 5 * S
1 24.12 0.096 0.350
LG 2 31.18 0.077 0.369
3 38.23 0.076 0.404
1 15.33 0.063 0.218
PC(S) 2 19.32 0.120 0.178
3 23.19 0.087 0.217
1 15.38 0.085 0.184
PC 2 18.36 0.059 0.136
3 21.31 0.152 0.187
Average 0.090 0.249

Remark) * : repeatability standard deviation(s,;)

*% . reproducibility standard deviation(sy,)
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Fig. 4 FT-IR peak analysis due to sample condition
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