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Abstract: Salt damage seriously affects the preservation of earthen sites and induces a series of diseases. To
measure the total quantity of soluble salts in site soil quickly and accurately, this study tested the relationship of
conductivity and salt content of common soluble salt and their mixed salt in site soil based on the conductive principle
of soluble salt solution. It adopted fixed containers and appropriate operational methods to establish the relationship
between conductivity and salt content, dividing relation curve of conductivity and the salt content into the linear area,

exponential area and reference area. And it provided regression equation of salt content in the corresponding area and
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error of measurement. In addition, it conducted field tests to verify the reliability of conductivity test method used in
water source detection, engineering site selection and site salt determination in the site protection and reinforcement
projects. The research results show that the conductivity and salt content keep a good linear relationship with a
correlation coefficient of over 0.98 when the conductivity is in 0~8 ms/cm in the conditions of known salt type and
mixing ratio, and the conductivity and salt content keep an exponential relationship with a correlation coefficient of
more than 0.99 when the conductivity is in 8 ~12 ms/cm. When the conductivity is over 12 ms/cm the salt content
changes rapidly, then from which the lowest limit of salt content can be obtained. Under the conditions of unknown
types of salty soil, the measuring error of soil salt content in linear area is lower than 0.2% of the total salt content,
and the measuring error in exponential area is lower than 0.5%. And it achieves a good result in the detection of
soluble salts in water and engineering soil and rammed earthen walls. This method has the advantage of simple

operation, rapid testing and micro-damage detection and reaches a high accuracy of soluble salt content in the
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measured soil, which meets the requirement of rapid testing in practical engineering.

Keywords: earthen site; solution conductivity; salt content; test method
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Fig. 6 The relationship of known salt content and conductivity
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Table 1 Regressions table for different types of salt solution conductivity and salinity

oy 51X EJEFASY TR R EL B2
NaCl kX y=0.210 3x-0.069 8 0.996 0.05%
al
X y=0.065 5exp(x/3.093 3)+0.593 5 0.996 0.05%
Ltk X y=0.263 8x-0.082 8 0.990 0.12%
NaCl: Na,S0,=1:1
R y=0.048exp(x/2.875 5) +1.329 4 0.996 0.1%
X y=0.283x-0.159 7 0.988 0.1%
NaCl: Na,S0,=1:2 ]
X y=0.005 Texp(x/1.887 7)+1.974 7 0.995 0.1%
LAEX y=0.288 5x—0.149 4 0.990 0.12%
NaCl: Na,S0O,=1:3
FREX y=0.005 3exp(x/1.884 1)+2.035 5 0.993 0.1%
Na.SO X y=0.308 7x-0.152 1 0.991 0.15%
a
o FRIX y=0.014exp(x/2.158) +1.991 1 0.993 0.15%

R2 BROXYRABRSESOHEBRENRE

Table 2 Comparison of conductivity and salt content of known types of salt solution

%/ s
(ms +em™) NaCl NaCl: Na,S0O, =1: 1 NaCl: Na,S0O,=1:2 NaCl: Na,S0,=1:3  Na,SO,
0 0 0 0 0 0
0.5 0.071 0.091 0.062 0.067 0.079
1 0.141 0.181 0.123 0.139 0.157
15 0.246 0.313 0.265 0.283 0.311
2 0.351 0.445 0.406 0.428 0.465
2.5 0.456 0.577 0.548 0.572 0.620
3 0.561 0.709 0.689 0.716 0.774
3.5 0.666 0.841 0.831 0.860 0.928
4 0.771 0.972 0.972 1.005 1.083
45 0.877 1.104 1.114 1.149 1.237
5 0.982 1.236 1.255 1.293 1.391
5.5 1.087 1.368 1.397 1.437 1.546
6 1.192 1.500 1.538 1.582 1.700
6.5 1.297 1.632 1.680 1.726 1.854
7 1.402 1.764 1.821 1.870 2.009
75 1.507 1.896 1.963 2.014 2.163
8 1.613 2.028 2.104 2.159 2.318
8.5 1.718 2.212 2.368 2.411 2.591
9 1.823 2.366 2.516 2.556 2.762
9.5 2.006 2.652 2.849 2.856 3.134
10 2.254 2.903 3.114 3.105 3.432
10.5 2.545 3.202 3.459 3.431 3.808
11 2.888 3.558 3.909 3.854 4.281
115 3.290 3.981 4.496 4.407 4.878
12 3.763 4.485 5.261 5.128 5.631

T RN ms/om , AR EREE ) % , AR AT SR AR ISR %
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Table 3 The empirical formula for the conductivity of unknown type salt solution

HorIm IrIX MEAK SRR BWE/ %
KL A ZRPEIX y=0.240 44-0.042 7 0.962 0.2
REH X y=1.940 2exp(x/10.600 7)-1.988 3 0.845 0.5
R4 RALGIEBABERSESSHERENRE
Table 4 Comparison of conductivity and salt content of unknown ratio salt solution
3R/ (ms-em™)  FiE/% BEE/(ms-cem™) EEE/ % HS%E/ (ms-em™) FEHE/%
0 0 4.5 1.039 9 2.547
0.5 0.078 5 1.159 9.5 2.766
1 0.198 5.5 1.275 10 2.995
1.5 0.318 6 1.429 10.5 3.236
2 0.438 6.5 1.594 11 3.488
2.5 0.558 7 1.767 11.5 3.753
3 0.679 7.5 1.948 12 4.030
3.5 0.799 8 2.138
4 0.919 8.5 2.338
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Test method comparison of

salt content in earth sources
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Table 5 Solution conductivity test results of dry and unbaked soil

oy RE T HT L .
73 % BSR/(ms »em™) /% BEF/(ms-com™) FEHT/ % 26/ %
1 1.27 0.59 0.09 0.68 0.121 0.031
2 3.71 2.07 0.44 2.2 0.486 0.046
3 2.68 1.83 0.397 1.87 0.407 0.01
4 2.46 1.27 0.263 1.36 0.284 0.021
5 3.41 1.06 0.212 1.16 0.236 0.024
6 3.29 0.77 0.143 0.99 0.198 0.055
7 3.65 2.65 0.594 2.7 0.606 0.012
8 3.25 2.71 0.609 2.77 0.623 0.014
9 2.69 2.19 0.484 2.34 0.52 0.036
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Fig. 12 Influence of water content on conductivity test method
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Table 6 Conductivity test results of filtered and unfiltered soil solution

ER &S RBET+ R g

RUET+i 98

9 H1L R 25 (H/ %
% B3R/ (ms»em™) FEE/% BEFE/(ms-em™) FTEHE/ %
1 1.27 0.59 0.09 0.6 0.102 0.012
2 3.71 2.07 0.44 2.17 0.479 0.039
3 2.68 1.83 0.397 1.9 0.414 0.017
4 2.46 1.27 0.263 1.37 0.278 0.015
5 3.41 1.06 0.212 1.17 0.23 0.018
6 3.29 0.77 0.143 0.78 0.145 0.002
7 3.65 2.65 0.594 2.78 0.626 0.032
8 3.25 2.71 0.609 2.81 0.633 0.024
9 2.69 2.19 0.484 2.35 0.522 0.038
07 [ e Tkt 4 %k
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Fig. 13 Influence of soil particles in solution IR REOCR RS R

on conductivity test
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