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Fig. 1 Rolling test site
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Fig.2 Time domain curve of vibration wheel acceleration
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Fig. 3 Spectrum analysis of vibration wheel acceleration signal
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Fig. 4 Compaction curve of test soil
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Tab. 1 Compaction degree measured by cutting ring

method at different compaction passes %
A
LivalllEivAs
1 2 3 4 5 6
15 94 95 97 99 99 99
2% 94 96 97 98 99 99
35 94 96 97 97 98 98
4% 95 96 98 100 100 100
5% 97 98 96 97 100 100
65 97 97 98 99 100 99
75 92 95 95 97 99 99
85 94 95 96 97 97 98
95 96 96 96 98 101 101
10% 95 97 99 100 101 100
1% 97 98 98 100 100 100
125 92 95 97 98 101 100
135 96 96 97 99 101 101
14% 93 97 97 98 98 99
15% 90 95 98 98 99 100
Ty 942 961 971 98+l 1001 99+l
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Fig. 5 Change of compaction degree with compaction passes detected

by cutting ring method
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Tab. 2 Compaction degree measured by Platts

penetration method at different compaction passes %
TR AR
R &
2 3 4 5 6
15 93 93 94 94 97 98
2% 89 92 93 97 98 98
35 89 93 96 97 96 97
45 91 93 94 98 97 97
55 94 92 96 97 98 98
65 93 91 92 98 97 98
75 93 95 97 95 99 97
85 88 95 92 97 97 99
95 92 91 94 96 97 100
105 91 91 96 96 99 98
1% 89 93 96 98 98 98
12% 93 93 94 96 96 97
13% 89 94 94 99 98 98
145 92 95 96 98 98 99
15% 92 93 97 97 97 99
T 9142  93+1 9542 9741 9741 98+l
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Fig. 6 Change of compaction degree with compaction passes detected

by Platts penetration method
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Tab. 3 Compaction degree measured by nuclear

densitometer at different compaction passes %
] TR R BIR
Ko7
1 2 3 4 5 6
15 90 89 97 89 91 100
2% 87 91 90 92 90 93
35 86 87 89 88 90 93
45 90 90 87 94 89 95
55 90 91 91 90 93 90
6= 92 87 97 91 92 96
75 84 94 99 88 97 97
85 88 87 103 92 89 97
95 89 87 93 91 90 94
105 87 92 95 94 95 98
115 90 92 94 95 90 99
125 82 87 90 91 89 96
135 92 90 109 87 97 98
145 91 91 93 94 90 94
15% 88 88 114 93 97 95
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Fig. 7 Change of compaction degree with compaction passes detected

by nuclear densitometer method
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Tab.4 Cyy values of each measuring point

with different compaction passes

IR0
1 2 3 4 5 6

15 153 20.9 20.8 24.1 245 23.6
25 15.6 20.0 20.5 24.0 243 23.0
35 16.2 21.0 21.5 229 25.1 233
45 15.4 21.0 19.8 242 243 23.0
55 17.3 18.9 20.9 24.1 23.8 23.6
6= 16.4 20.2 20.2 23.7 23.9 23.5
= 15.9 18.7 19.8 245 24.1 233
85 16.2 19.4 213 233 24.9 23.1
95 16.7 19.9 20.1 234 25.1 23.0
105 16.4 19.2 21.2 23.9 242 22.9
1= 16.2 18.4 20.8 233 254 23.4
12% 17.1 20.7 19.8 22.8 24.7 23.8
13% 15.5 20.7 21.1 229 24.5 23.8
14> 16.5 19.6 20.5 22.4 242 22.9

15 15.6 18.7 21.1 232 24.6 23.2

S 16.240.6 20.5£0.9 21.6+£0.6 23.4+0.6 24.5+0.5 23.0+0.3

26

g

1
1/

1 2 3 4 5 6
BRIR R

8 Cyy TERETREREZE I

Fig. 8 Change of Cyy value with compaction passes
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Fig.9 Relation between cutting ring method with Cy, value
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Fig. 10 Comparison of compaction degree detection
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Tab. 5 Evaluation analysis of different methods

o R Zigizran
LoRIUWIRES -
EMR ENRMS R ]A
BT 2.4% 2.5% 98.0% 76.1%
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TR 27.1% 14.0% 94.4% 98.4%
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Tab. 6 Relationship between the results of different methods

and cutting ring method.
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Comparison of efficient testing methods for compaction quality
in hydraulic engineering construction

ZHANG Xinxin, REN Xiaolei, WANG Yongliang, CAO Linkuan
( Hebei Institute of Water Science, Shijiazhuang 050057, China )

Abstract: The drawbacks of traditional compaction quality testing methods include expensive operations, limited
detection efficiency, and filling soil damage. These methods are no longer enough to satisfy the demands of high-
quality water conservancy projects. The application of effective detection techniques to rapidly and precisely
represent engineering building quality has emerged as a trend for future development.

The cutting ring method was compared with the Platts penetration method, the nuclear densitometer method, and
the harmonic method in Juma River flood control project in the south of Xiong'an New Area (Rongcheng section).
The harmonic approach captures the equivalent acceleration signal using an acceleration sensor positioned on the
rolling wheel, which is then filtered and Fourier transformed into a frequency domain signal. The test area adopts
the construction technology of static rolling twice and vibration rolling six times to roll the test area. After each
vibration rolling, the rolling area is sampled once, with a total of 15 sampling points. When the number of rolls
increases, shift 0.5 m along the axis direction of the rolling track and draw a line at the sampling boundary to make a
mark. On the same number of rolling paths, along the axis direction of the rolling trajectory, the compaction degree
of the fill near a certain point was measured every 6 m using the cutting ring method, Platts penetration method,

nuclear densitometer method, and harmonic method. The average relative error (E,), standardized root mean square
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error ( Eygys), determination coefficient (R%), and consistency index (/,) were used to evaluate the differences
between various methods with the cutting ring method, and a linear equation was used to establish the relationship
between various methods with the cutting ring method.

The results showed that with the increase in rolling times, the compaction degree by the cutting ring method
showed an increasing trend. After 2 or 3 times of vibration rolling, the compaction degree of the soil has reached the
project’s specification requirements for the filling design. With the increase in rolling times, the soil compaction
degree was stable, and the compaction degree would fluctuate slightly. The results of the Pratt penetration method
were not much different from those of the cutting ring method, and the relative error was controlled within £10%.
The Platts penetration method and harmonic method could establish a good correlation with the cutting ring method,
and the correlation coefficient R’ of the linear equation was greater than 0.95, while the nuclear densitometer method
had poor performance in the test, and the correlation coefficient R’ of the linear equation was only 0.37. The results
could provide technical support for the rapid detection of compaction quality and the application of intelligent

rolling technology in hydraulic engineering.

Key words: compaction quality; cutting ring method.; Platt penetration method; nuclear densitometer method;

harmonic method
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