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Fig. 1 Grading curves of typical sand
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Tab. 1 Grading characteristic parameters, water content status, and
relationship between SPT blow counts and relative density of
typical sands
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Tab. 2 Calculation results of relative density of sands

with different categories and burial depths
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Tab. 3 Influence of soil density substitution
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Determining the relative density of deep sand in overburden layer

based on standard penetration test

WANG Shaokun'?, YANG Zhengquanl’z, LIU Xiaoshengl’z, WEN Yanfengl’z,
ZHU Kaibin'?, ZHAO Yiying’, ZHAO Jianming'’
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, Beijing 100871, China;

2. China Institute of Water Resources and Hydropower Research, Beijing 100871, China )

Abstract: The relative density of sand characterizes its compactness in the soil layer and is an important indicator of

its physical property. It has a significant impact on its mechanical properties and is a basic control condition for

conducting mechanical property tests. Due to the unstable particle structure of the deep sand layer, the interference
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of conventional sampling methods may cause significant changes in macroscopic properties (including relative
density) of sand. Meanwhile, special sampling methods, such as frozen sampling, are complex to operate and costly.
For general engineering projects, the undisturbed sampling of deep-buried sand is difficult in practice. Therefore, a
simple, efficient, and reasonable method for determining the relative density of deep-buried sand is a necessity.
Internationally, the standard penetration test is a commonly used field test, and its test results can directly or
indirectly represent various mechanical properties of the soil. It has been demonstrated that there is a correlation
between the standard penetration blow count and the relative density of sand under certain overburden stress
conditions. Based on relevant research results internationally, standard penetration test results of 5 typical sand were

summarized by Skempton, and the correlation among standard penetration test blow count, relative density and

,
v

N
effective overburden stress was formulated as ¢ +b 100 kPa - Based on the recommended standard penetration

test energy transfer rate (60%) proposed by Seed et al., the standard penetration test blow count N was standardized

as standard penetration test blow count with the same energy transfer rate Ny by Skempton. Therefore, the above

,

No gy
formula was standardized as > ¢ + bm. Based on these relationships, a relative density estimate formula

and the corresponding method for deep-buried sand in the overburden layer based on the

a+b

100 kPa
results of standard penetration tests were established. Based on the moisture content and gradation of 5 typical sand

summarized by Skempton, a sand relationship selection method was proposed for selecting the characteristic
parameters of the empirical relationship between relative density, standard penetration blow count, and effective
overburden stress.

The effectiveness and stability of the established method for estimating the relative density of sand were
demonstrated by the analysis of various engineering examples. A method was suggested to replace uncertain
overburden sand density with estimated sand density, and the influence of this method on the results was analyzed
through an example calculation. The analysis results indicate that replacing uncertain overburden sand density with
this method has little impact on calculation results. It is recommended that an iterative calculation method may be
used when high accuracy is required. Additionally, indoor tests should be conducted simulating field calibrations on

the analyzed sand for projects with strict safety and accuracy requirements.

Key words: deep-buried sand in the cover layer; relative density; standard penetration test; overburden stress;

empirical relationship

+200+ KA TR



	1 标贯击数与相对密度的关系
	2 基于标贯击数确定砂土相对密度方法
	3 应用实例
	3.1 深埋砂土相对密度计算
	3.2 砂土密度替代对计算结果的影响分析
	3.3 估算方法的局限性及其他影响因素

	4 结 论
	参考文献

