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Table 1 Properties of two soils used in this study
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THE kL Silt ki Sand HHLR

Bt (fo*é)zcﬂ) (20.002~ (=0.05~ CaCO; Organic
Soil type ) 0.05 mm) 1 mm) matter
Rt

Clay 29 48 23 7.68 0.73

loam

Mt

Black 15 40 45 0.64 1.72

soil
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Table 2 Proportion of soil particles under different volume of

rocks and volumetric moisture contents
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FiRER L] B A
Proportion of Volumetric water content
rock 10 15 20
10 40 45 50 40 45 50 40 45 50
15 40 45 50 40 45 50 40 45 50
20 40 45 50 40 45 50 40 45 50
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Fig.2 Diagram of experimental device
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error; ** indicate correlation is significant at 0.01 level; Same as below.
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replacement method in soil samples
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Fig.4 Rock densities measured by volume replacement method
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Table 3  Statistical analysis of results measured by volume replacement with those obtained by oven-dry method for two soils

B B AR FLBRE FLEEE
e Bulk density Volume of soil air Soil porosity Soil void ratio
Soils RMSE/ 3
RE/% r (gem™) RE/% r RMSE/cm”  RE/% r RMSE/% RE/% r RMSE
0.61  0.9985 0.0117 1.79  0.9982 0.6304 0.69 0.999 0.38 1.19 0.9994 0.0108
Clay loam
-
AL . 0.72  0.9989** 0.0122 1.96  0.9987** 0.77 0.9993** 0.39 1.26 0.999%* 0.0112
Black soil

W oy BMIRREG RE ZHINHRZE; RMSE B RIRZE; **FRE 0.01 KT EFH.
Note: ris correlation coefficient; RE is relative error; RMSE is root-mean-square error; ** indicate correlation is significant at 0.01 level.
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Volume replacement method for partitioning contents of rocks, soil
particles and water mixture

Ma Yuying®, Lei Tingwu>?*, Xiusheng Yang®
(1. College of Hydraulic and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation,
Chinese Academy of Science and Ministry of Water Resources, Yangling 712100, China
3. Department of Natural Resources and the Environment, University of Connecticut, Storrs, CT 06269, USA)

Abstract: The effective measurement of the components in soil and rock mixture composition is of great importance in
such studies and applications as agricultural production, civil and hydraulic engineering. This paper presents a volume
replacement method for accurate measurement of soil, water and rock mixture components, including a series soil
physical parameters measurement such as rock content and density, water content, soil bulk density, volume of soil air,
porosity and void ratio. The measurement principle is based on the physic model of gas-liquid-solid composition in soils.
Typically, soil consists of soil particles, rock fragments, water and air. A clay loam from Yangling of Shaanxi Province
and a black soil from Jilin Province were used for the demonstrational measurements. The cleaned and dried rock
fragments with the particle sizes of 5-10 mm were used for the experiments. Soil samples were prepared at 3 volumetric
moisture contents as 10%, 15%, and 20%. The percentage volumes of rock mass were about 10%, 15%, and 20%. And
the volumes of soil particles were designed as 40%, 45%, and 50%. Soil samples prepared were packed into the
sampling rings of 100 cm® in volume. The samples were placed into a constant volume container (CVC) with a known
volume before it was weighted. Then the CVC was filled full of distilled water to replace air-filled space in the soil
sample and the container, before it was weighted to determine the replaced air-filled space, and the total volume of rock,
soil particles and soil water. The rock fragments were cleaned and dried before were weighted and put into the CVC to
be filled full of water, so as to determine their volumes. The volumes and mass of soil particles and soil water were
calculated after the volume and mass of rocks were determined. The volume of air was computed by the difference
between the volume of sampling ring and the total volume of rocks, soil particles and soil water. After the soil samples
were measured by volume replacement method, they were put into an oven to dry under 105°C for 72 h to determine the
mass of soil particles and soil water, to determine the soil moisture content and bulk density by using conventional
oven-dry method. The air-filled volume in soil, as well as soil porosity and void ratio could be determined after
measuring the volume of rocks, soil particles and soil water. The results measured by these two methods were compared.
The results showed that the soil water contents measured by the volume replacement method with a CVC were higher
than those obtained by the oven-dry method, with the relative errors about 5%. The measurement errors in soil bulk
densities between the two methods were about 1%. The air-filled volumes of the soil measured by the 2 methods
produced errors of about 2%. Compared with conventional oven-dry method, the relative errors in the measured soil
porosities by applying volume replacement method were about 1%, and the measurement errors of void ratios were
1%-1.5%. The results indicate the feasibilities of accurate and effective measurement of soil particle and rock mixture
components using the volume replacement method, which is the expansion and improvement for the previous
measurement method by using fine-grained soils. Generally, for the measurement of soil particle and rock mixture
composition, the proposed volume replacement method by using a CVC for a group measurement of soil physical
parameters (soil water content, bulk density, soil air-filled volume, porosity and void ratio) in this study has such
advantages as simple operation procedure, time efficient and low energy consumption. Besides, this volume replacement
method with a CVC also can provide a helpful tool for the related experiments and measuring methods.

Key words: porosity; moisture; measurements; soil and rock mixture; volume replacement; constant volume container
(CVO)



