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Table 1 Mineral compositions of candidates
SR K SRR
The range of limit water content indexes
fekgis LB R EcNd

Codes Soil classification 10mm ¥R (% ) ¥R (% )

10mm liquid limit ~ Plastic limit

Plasticity index

Mineral compositions

(%) (%)
AY(55% ~60%) , KA1 (10% ), K= (10% ), I5 fik f1
MRS ¥ 1 ~ 421y By
LWC -1 /{wi +)}E\%*Ei 25.5~27.5 15.5~17.5 9.0~12.0 (5% ~10% ) AR UE41 (10% ), LB fi47 .
Silt — Silty clay Quartz(55% - 60% ) , Feldspar ( 10% ) , Hydromica ( 10% ) ,
Calcite(5% —10% ) , Chlorite(10% ), Small amount of zeolite
FYE(55% ~60% ), KA (15% ~20%) , K =Bk (10% -
MR 15% ), Jifif1 (5% ) &0 (5% )
LWC -2 28.0 ~33.0 15.0~19.0 12.0~15.0
Silty clay Quartz(55% - 60% ), Feldspar ( 15% - 20% ), Hydromica
(10% -15% ), Calcite(5% ), Chlorite(5% )
3 (45% ~50% ), KA1 (10% ), K =B (10% ~15%) ,
WA R S (25% ~30% ) /D HEiEA
. MR '
LWC -3 Silty ol 32.0~35.0 17.0~20.0 13.0~16.0  Quartz (45% -50% ) , Feldspar (10% ) , Hydromica (10% -
ilty cle
yeay 15% ) , Montmorillonite ( 25% - 30% ), Small amount of
vermiculite
FAYE(65% ~T0% ), KA (10% ), 5B A (10% ~15%) ,
2/ 3 —t 0y
LWC -4 *ﬁ}}ﬁ%ﬁi 35.0~38.0 19.0~23.0 14.5~17.0 KA bR (5%) .
Silty clay Quartz(65% —70% ) , Feldspar(10% ) , Montmorillonite ( 10%
-15% ), Hydromica(5% )
AH(T0% ~T5% ) , KA1 (10% ) ,FFIK =B (5% ~10%) ,
#it i SR
LWC -5 39.0~43.0 20.0 ~24.0 16.0 ~19.0
Clay Quartz(70% —75% ) , Feldspar(10% ), Illite hydromica

(5% —10% ), Small amount of vermiculite and mica
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Fig. 1 Processing flow of sample preparation
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22 (RSD) A+ F 1. 16% ~2.67% Z |a], 54 JIF
1006—1994 X 45 P ZE 3K , 2 B 5 /M 2 BT
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Table 2 Analytical results of the homogeneity tests

REYHS  KEdEtR A (%) RSD Fagug
Codes Test items Average(% ) (%) Fasured b
10mm &
mm iR 26.4 1.2 1.54 0.15
. 10mm liquid limit
LWC -1 y
J‘IZE . 16.3 2.67 1.74 0.23
Plastic limit
10mm &
mm iR 3.6 1.16  1.47 0.17
10mm liquid limit
LWC -2 p
jal;ﬁ . 18.0 2.42 1.36 0.18
Plastic limit
10mm &
0 ﬁf“‘f’j‘?. L Ba 1L 0
LWC -3 mm ;qm imi
J;IZE . 18.7 2.43 1.65 0.23
Plastic limit
10mm &
P “.ﬁﬁ?. L1 145 L4l 0.3
LWC -4 mm liquid limi
9
ﬁFE . 21.2 2.46 1.57 0.25
Plastic limit
10mm &
0 ";”(ﬁl?. %9 126 155 0.4
LWC -5 mm 9:qu1 imi
IR 22.3 2.66 1.47 0.26

Plastic limit
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VRSB BRIBE A 5 %, — UGB, R [R] B 3K A5 10mm
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Table 3 Analytical results of the long — term stability tests

Bk - E 2 (%
&Lc,% mgdEls (%) i E,% (%) lo.os sk
%5 ) ' Standard B s(By)
Codes Test items ~ Average (% ) deviation(% ) *5(B1) UsLong-term
10mm R
10mm liquid 26.4 0.13 0.010 0.014 0.043 0.17
IWC-1  limit
¥
EFE . 16.3 0.13 -0.005 0.015 0.049 0.19
Plastic limit
10mm R
10mm liquid 31.4 0.14 0.01 0.016 0.051 0.20
LWC-2 limit
b
HFE . 17.6 0.14 -0.014 0.015 0.048 0.19
Plastic limit
10mm Jf R
10mm liquid 33.3 0.14 0.003 0.017 0.054 0.21
LWC-3 limit
¥
EFE . 18.8 0.15 0.005 0.018 0.057 0.22
Plastic limit
10mm i R
10mm liquid 37.1 0.16 -0.008 0.019 0.059 0.23
LWC-4 limit
P 0.25
JQFE . 21.0 0.17 0.003 0.02 0.064
Plastic limit
10mm KR
10mm liquid 39.9 0.18 -0.021 0.017 0.054 0.21
LWC-5 limit
)
EFE X 22.3 0.19 0.013 0.021 0.067 0.26
Plastic limit
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Table 4  Analytical results of the short — term stability tests at
60°C and -20C

60C MR EfE R
Short - term stability tests at 60°C

ey iz (% )

G IS5 b EE (% lo, Uk
P ;ﬁﬁﬂh fﬂlfﬁ((;)) Standacd 8 s(B) 0(05) Jo
sstitems  Average .S Uy .
Codes est tlems verage L deviation( % ) Br) tsshortem
10mm i R
10mm liquid 26.3 0.05 -0.002 0.007 0.094 0.11
LWC-1 limit
Al
;J.;ILQ' ] 16.3 0.05  0.003 0.006 0.081  0.09
Plastic limit
10mm R
10mm liquid 31.7 0.06 0.001 0.009 0.113 0.13
LWC-2 limit
b
EFE . 17.9 0.07 0 0.010 0.131 0.15
Plastic limit
10mm R
10mm liquid 33.3 0.08 0.001 0.012 0.149 0.17
LWC-3 limit
¥
)EFE . 18.6 0.10 0.006 0.012 0.157 0.18
Plastic limit
10mm i R
10mm liquid 37.1 0.06 -0.003 0.009 0.110 0.13
LWC-4 limit
Al
J_M, ] 21.0 0.10  -0.001 0.014 0.176  0.20
Plastic limit
10mm R
10mm liquid 40.1 0.07 0.002 0.010 0.128 0.15
LWC-5 limit
b
EFE . 22.7 0.08 -0.003 0.012 0.149 0.17
Plastic limit
- 20°C AR E TR 3
Short - term stability tests at —=20C
e - b 22 ( %
VB g pae) RS s s
hi's Testitems A (%) Standard Br s(By) (B)
Codes ot flems - Avetage L deviation(% ) 5(B1) Usshort-term
10mm i fR
10mm liquid 26.3 0.06 0 0.009 0.113 0.13
LWC-1 limit
YA
J}”‘, } 16.3 0.07  0.002 0.010 0.131  0.15
Plastic limit
10mm R
10mm liquid 31.7 0.07 0.002 0.010 0.121 0.14
LWC-2 limit
¥
HFE . 17.9 0.12 -0.001 0.017 0.210 0.24
Plastic limit
10mm
10mm liquid 33.3 0.06 -0.005 0.008 0.097 0.11
LWC-3 limit
¥ 0.13
};FE . 18.6 0.06 -0.001 0.009 0.110
Plastic limit
10mm i fR
10mm liquid 37.0 0.12 -0.011 0.013 0.162 0.18
LWC -4 limit
PHR
J}”‘, i 20.9 0.16  -0.020 0.011 0.139  0.16
Plastic limit
10mm YR
10mm liquid 40.1 0.08 0.001 0.011 0.141 0.16
LWC-5 limit
¥
A 22.5 0.12 -0.001 0.018 0.223 0.25

Plastic limit

EFE AR, 10mm 8RR 43328y 2 Sk ik 98 BRI 45 o
2% RV R SR BRI 92 5 8 B g 3k 92 o Y 8 PR

YA DN 2 3 R 0 0 B I 72, 90 P B0 IR i
ChH L TREARAREFRE) (GB/T 50279—2014 ) X}
HBE X ET LR E 1 10mm BIRSHRZ 2%,
3.2 EEITAIERE

ARUCEMERA T 2RI/ EIMEN I BRA
BANIAN B T T A MR SR R O R
+ TREVLIRAE BRAA w048 5 52 5 o0 L
P I TR R e 0 s L T G A K SO
TREEEEBE  REETH H T = o0 VLI585
TREEEBEI R s | P L T AR A M B A
MRS FIAE 8 ZANA & (Efatrit s i H A
BIEERAKN TR E S 5,

FEEEHT, A I PMEEEERE TR TE
EE 55, R WL S5 KL SN
LWC -2 (e AE foxt 9 R S s 7 7%
o ZAZAEHRA 10mm i KR AN SRR, BEoR 45 5 5L 40
FX AT IZAER IR 2 Floe IR 2% T
3 NI, BAEBIE ST W3 5. SR
(Grubbs ) Bk 52 i#h ¥ ( Dixon ) FIR} 548 ¥ ( Cochran )
Ko, R B TR AL, 4[] P M {H 2 A 1y,
5 S A S50 20 R (R vk RN DM R (B R Y B
fife EAR BN,

3.3 Kgcilen

B O G Fi R JIF 1343—2012 A8k,
T Xt & A AR AT BOR W A%, A BB R G
ZEM RS IME S T 5 A A S PRI R4
Hi , R FHASBLAT 7k ( Grubbs ) Rk E3#b 7k ( Dixon ) Xt
P AL R) A PT BE AR A TG 56, 45 5 AR T, S
AH 58 5 B MBS PR R 324895 ( Cochran) #6717
B R RS FE R G, A A5 R A R AR SRR B SR 57
BRSO B A AL TR G A R B

XFRAEEE R, 9 KUMEEE LR EHR
F 2 i gy vk 6 5 Ak AT T e (A
5 A~ -3 B B 7K SR HE) 5T 00 18 40 14 2 (5 00 38K
$ii (10mm Y PR HERR ) 2k 720 AN, ZELL PN T S (E A 55
IV PR E0He S50 B A 36 o 45 AT B 1 A5k , — 3851
2 B SR 0. 28% o T 4B 4 3 5ok 20
PN ZEL 1) T S (A 6 B 2L ) 50 S R AR 6
3.4 brAEMAHIE

FESE U H BRI ST b B, AR R85 A+
BB 7 K SR AR HE ) T BE 1 S (8 X 5 A
( 10mmig fE  HERR ) H£7184, B AN 3E 4 (1) 10mm
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Table 5 Analytical results of laboratory assessment data

. - B 22 (% )
TRERT  BRIEE PG o
. Standard deviation
Lab code  Assessment items Average( % ) (%)
(
10 i
mm I 0.06
A 10mm liquid limit
¥
ﬁl‘ﬁ . 17.8 0.40
Plastic limit
1 i
Omm R g 0.14
B 10mm liquid limit
YA
ﬁ“i . 18.4 0.40
Plastic limit
10 i
ST X 0.16
C 10mm liquid limit
SRR
Plastic limit 17.2 0.22
10 i
mm I 0.40
D 10mm liquid limit
KR
18. .
Plastic limit 8.3 0.35
10 i
mmIH 0.37
E 10mm liquid limit
SRR
17. .
Plastic limit 7.6 0.30
10 i
mm R 0.38
F 10mm liquid limit
SRR
17. .
Plastic limit 7.1 0.50
10 ¥
mm i 0.38
C 10mm liquid limit
SRR
17.4 .32
Plastic limit 0-3
10 i
mm iR 0.16
u 10mm liquid limit
SRR
17. .21
Plastic limit ? 0
10 Wl
mm R 31.7 0.19
10mm liquid limit
¥
el 17.9 0.14

Plastic limit

26 ARUEE S Y AT L

Table 6  Certified values and expanded uncertainties

RR IHFR 2 A E (AR b A RO 0 9 . R
R - BR 703k (Shapiro — Wilk ) Xt 404 21 19 F-
PIEAATIERS AR R, K IR 45 R, S Mk
047 E (K 2 S E & 0 Al . 4% JJF 1006—
1994 (RLE , AR ARSI ELAE o bn i qE

RS B R 52 (LI T7 05, SRR AR B b
AE(ELFH 1Omm 38 BIR F% s 7 F 11 28 R P 4 1 1 22 ik
(GE

4 ABEREEE

5 AT FBRE K EARMEY BT 10mm i FR | 2
PR AN E JBE F AR HER) AN 2 S 05 S A9 AN 7 32
wy, FRUEY) ARG E T 5 | B AN 2 B e, L
FEA R AN E B g, = BB 0 LA, 15 PR AN T
FEJE ue AN (3) T

= «/uih Ul Ul UL U (3)

o e — 1 W RS MR 50 A5 B 19 AN i
U o — P RAS [ 3 BE 25 1 1 R IIA E 51 A AN
B B PO s u —E [ R SR Y A SN
J 5wy (E R 5 KR M A i PR SR 19 B
RAHENE

IRVESE RO S PR HEANH E BT weyp BT 10mm 3
PRI IR HEAN T RE BE we, o FNIBFR ) G bR HEAN B
ETE we o L, R IR A (4) 5

Uep = A/ Uyt + Upyp (4)

PREE R AT E R U i A0(5) 5. X
ok AL TR IR 95% BRI k=2,

U=k xu, (5)

LGRS A TR IR S KRR HEY Y
b HEEL AN A 5 BE WL 326 o 3% vh S > b HE W) ot

LWC -1 LWC -2 LWC -3 LWC -4 LWC -5
MR | | g _—_ - o .
R - FRIfEE - FrifEfE - FRifEE - FrifEfE
. . . i3 ) N i3 i3 ~ id B id
Certified items | Units | Copified Z:ﬁfﬁﬂif; Certified T%EE Certified Kﬁfﬁﬂith Certified Tfﬁ]ﬂiE Certified 9 fﬁ%f;
Uncertainties Uncertainties Uncertainties Uncertainties Uncertainties
values values values values values
10 i
mr-n (ﬁlﬁ& | % 26.3 0.7 31.5 0.8 33.3 0.9 37.0 0.9 39.9 0.9
10mm liquid limit
¥
EKE . % 16.3 0.8 17.8 0.9 18.5 0.9 21.0 1.0 22.2 1.1
Plastic limit
T
ﬁfﬂj’a%{ / 10.0 1.0 13.7 1.1 14.8 1.2 16.0 1.3 17.7 1.3
Plasticity index
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Preparation of Certified Reference Materials for Soil Limit Water Content

ZHAO Xiu - feng, GAO Xiao —1li, CAO Lei, CAO Jing —yang, LU Xin — cheng

( Geological Survey of Jiangsu Province, Nanjing 210018, China)

HIGHLIGHTS

(1) For the first time, five First class of National Certified Reference Materials of soil limit water content with

obvious gradient value and covering clayey soil were prepared.

(2) Nine laboratories that passed the assessment used two classical test methods todetermine the values, which

ensured the accuracy and reliability of the test results.

(3) The series of certified reference materials (CRMs) can provide guarantee for the accuracy, comparability and

effectiveness of the test data of soil limit water content.
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Samples preparation:
drying, crushing, sterilization, — Homogeneity test
shatter, mixing and bottling

Stability test

Certified values: | | TTTTTTTTTTTTTTTTTTTTTT
10mm liquid limit, plastic <
limit and plasticity index Laboratories
collaborative analysis

GBW07969—-GBW07973

ABSTRACT

BACKGROUND ; The limit water content is an important basis for fine — grained soil classification and engineering
properties evaluation, and also an important evaluation index for clay exploration and industrial utilization.
Inaccurate test results of soil limit water content may lead to serious engineering safety accidents, resulting in
personal and economic property losses. Certified reference material is an important means to ensure the accuracy,
comparability and effectiveness of analysis data. However, there is no certified reference materials of soil limit water
content in the world, so it is of great practical significance to prepare certified reference materials of soil limit water
content.

OBJECTIVES: To prepare certified reference materials of soil limit water content, and provide guarantee for the
accuracy and reliability of soil limited water content test data.

METHODS:: The candidate samples were collected from Huaibei of Anhui Province, Datong of Shanxi Province
and Nanjing of Jiangsu Province. After artificial crushing, drying and sterilization, the candidate samples were
finely crushed to less than 0.25 mm by large ball mill. After particle size analysis, the samples were bottled and
numbered in a clean room.

RESULTS: Twenty — five bottles of each candidate were randomly selected for homogeneity test. The measured
value of F were all less than F s(24,25) =1.96, and the relative standard deviation (RSD) was between 1. 16%
and 2.67% , indicating good uniformity. There was no significant difference in the long — term stability test (12
months) and short — term stability test (60°C, —20 °C). The certified values of 10 mm liquid limit, plastic limit
and plasticity index are 26.3% -39.9% , 16.3% —-22.2% and 10.0% —-17.7% , respectively. The gradient
series is significant, covering silty clay and clay.

CONCLUSIONS: Five First class of National Certified Reference Materials ( GBW07969, GBW07970,
GBW07971, GBW07972, GBWO07973) of soil limit water content were successfully prepared. The series of
certified reference materials can be used for calibration of instruments and equipment, quality control, capability
verification and other technical quality activities, providing guarantee for the accuracy requirements of soil moisture
limit test data in hydraulic environment geological exploration, geotechnical engineering exploration, clay mine

exploration and other work.

KEY WORDS:; soil; limit water content; reference material; certified value; uncertainty
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