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Abstract. Almost all the earth dams constructed in the North Central region
of Vietnam usually encounter problems related to the use of cohesive soils dur-
ing dam construction under humid climate conditions with long and heavy rain
periods. Therefore, it is very difficult to compact the soil to achieve the com-
paction factor of K>0.97 required by the designer. In this paper, the authors pre-
sent experimental results to determine the correlation between the compaction
factor (K) with the mechanical behavior of the soils used for the earth dams in
the North Central region of Vietnam. The research results are applied to select
the reasonable value of compaction factor for the soils used in dam construc-
tion, which is suitable with the requirements of the design standard.

Keywords: Earth dam, compaction factor, mechanical behavior, permeability
coefficient, soil moisture content.

1 Introduction

In recent years, most of the earth dams constructed in the North Central region of
Vietnam usually encounter problems related to the use of cohesive soils in dam con-
struction under humid climate conditions with long and heavy rain period. There are
usually two main types of soil used for waterproofing blocks and bearing blocks of
earth dams which are sediment and ruin soil. The key constructions in provinces from
Thanh Hoa to Thua Thien Hue such as: Truoi, Ta Trach, Ngan Truoi, Cam Thuy,
Thuy Yen — Thuy Cam, Da Han, Ban Mong, ... are in regions that always experience
high moisture content in the air and long rainy time [1]. The air moisture content in
many months is greater than 80%. Therefore, it is very difficult to compact the soil to
achieve the compaction factor of K>0.97 corresponding to the soil moisture W =
Wopt3% (Wopr - Optimal moisture content) required by the design standard [2], [3],
[4]. As a result, the construction time lasts longer and it does not meet the construc-
tion progress or economic and social development requirements. This reduces the
effectiveness of the investment and leads to a long time of capital recovery.
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In this paper, the authors present the experimental results to determine the correla-
tion between the compaction factor (K) with mechanical properties of soils in the
North Central region of Vietnam: friction angle (¢), cohesion (¢) and permeability
coefficient (k): (¢, ¢, k) ~ K [5]. The research results will help designers select the
reasonable value of soils compaction factor during earth dam construction [4].

2 Methodology

This work is a combination of experimental tests in the laboratory and in the execute
construction work for two types of soil: sediment and ruin rock. Laboratory experi-
ments determine the soil moisture content at the material storage at several periods of
the year, /7 mechanical properties, swelling, shrinkage and wet disintegration. Field
experiments determine the particle components, permeability coefficient &, cohesion
¢, and friction angle ¢ after the soil covered in the dam to reach the requirements of
the design. Experimental results in the field will be compared and be verified with
laboratory experimental results.

Table 1. Statistical table of laboratory test number [5].

No Earth dam Experimental content No. of tests
17 mechanical properties 17
1 Ta Trach
a lrac K k ¢, ¢, Wcurve 22
5 Nean Truoi 17 mechanical properties 17
an i
& fuoe K k @, ¢, Wcurve 11
3 Thuy Yen 17 mechanical properties 17
K, k ¢, ¢, Wcurve 22

The experiments were carried out from August 2010 to February 2016 for soil sedi-
ment and ruins soil types in the works Ta Trach dam, Thuy Yen dam and Ngan Truoi
dam. The number of experimental sample group is summarized in Table 1.

3 Experimental results in the laboratory

3.1 Sediment soil

Experimental results in Table 2 show characteristics of sediment soil in the study
region. The results of the proctor experiment showed that the natural moisture content
of the sediment soil is usually 3% higher than the optimal moisture content.

Through laboratory studies, the author built relations between [compaction factor
(K) and moisture content of soil (/)] with [friction angle (¢), cohesion (c), permeabil-
ity coefficient (k) and dry density] as shown in Fig. 1, Fig. 2 and Fig. 3.
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Table 2. Characteristics of sediment soil
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No Characteristics Earth dam .
Ta Trach TaTrach 1 Ngan Truoi Thuy Yen

1  Maximum dry density Yemax(T/m?) 1.55 1.62 1.47 1.78

2 Natural density yw(T/m?) 1.94 1.99 1.86 2.08

3 Optimum moisture content Wopt(%) 22.1 219 23.5 16.7

4 Natural moisture content W(%) 25.2 23.1 26.2 19.7

5 Density A 2.66 2.72 2.71 2.70

6 Porosity n(%) 48.2 48.4 40.9 38.6

7 Saturation G(%) 92.0 94.5 91.8 89.5

8 Permeability coefficient k(cm/s) 1.10* 7.107 1.10* 9.107

9 Cohesion c(kG/cm?) 0.19 0.24 0.19 0.21

10 Friction angle ¢(°) 17°46° 15°26° 17°59° 22°31°
Fig. 1 shows that the permeability coefficient decreases when compaction factor in-

creases. When K>(0.94, the permeability coefficient is k=3 x/0~(cm/s) and stability
when K increase.

Fig. 2 showed that the friction angle ¢ covariates with the compaction factor K and
rise slightly to reach the largest value when K>0.93. This is suitable with the general
rule. If we increase K, the effect of ¢ will not increase much.

Fig. 3 shows that the cohesion ¢ covariates with the compaction factor K. When
K>0.98, ¢ reaches the maximum value, in agreement with the general rule TCVN
8216 [1] and TCVN 8297 [4]. When the compaction factor K=0.98, ¢ increases 3.4%

compares to the case of K=0.97. After that, it did not increase significantly.
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Fig. 1. Influence of compaction factor on the permeability coefficient (k ~ K) of sediment soil
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Fig. 2. Influence of compaction factor on the friction angle (¢ ~ K) of sediment soil
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Fig. 3. Influence of compaction factor on the cohesion (c ~ K) of sediment soil

3.2 Ruin soil

Experimental results in Table 3 also show natural characteristics of ruin soil in the
study region. The results of the proctor experiment also showed that the natural mois-
ture content of the ruin soil is usually 3% higher than the optimal moisture content.
Through laboratory studies, the authors also built relations between [compaction
factor (K) and moisture content of ruins soil (#)] with [friction angle (¢), cohesion
(¢), permeability coefficient (k) and dry density] as shown in Fig. 4, Fig. 5 and Fig. 6.

Table 3. Characteristics of ruin soil

No Characteristics Earth dam
Ta Trach TaTrach 1 Thuy Yen Thuy Yen I

1 Maximum dry density yemax(T/m?) 1.80 1.75 1.74 1.68
2 Natural density yw(T/m?) 2.15 2.08 2.09 2.06
3 Optimum moisture content Wopi(%) 16.5 17.1 16.8 20.1
4 Natural moisture content W(%) 19.3 19.1 20.1 22.8
5 Density A 2.72 2.67 2.68 2.69
6 Porosity n(%) 42.8 43.7 424 40.6
7 Saturation G(%) 68.4 65.7 89.5 90.8
8 Permeability coefficient k(cm/s) 2.10* 1.10* 6.107 3.10*
9 Cohesion c(kG/cm?) 0.20 0.18 0.16 0.17
10 Friction angle ¢(°) 16°19’ 17°40° 22°06° 20°00”

Fig. 4 shows that the compaction factor increases from K=0.90 to K=0.96, the perme-
ability coefficient obtains from k=10 (cm/s) to k=5x10~ (cm/s). Then, when K in-
creases, k is almost decreases.

Fig. 5 shows that the friction angle ¢ correlates to the compaction factor K and rise
slightly to reach the largest value when K>0.96.

Fig. 6 shows that the cohesion ¢ covariates with the compaction factor K and when
K>0.98, c reaches the maximum value.



Influence of Compaction Factor on the mechanical ... 731

¢ TaTrachl o ThuyYen ® Thuy Yenl = TaTrach =8 Average

5.0E-4

5.0E-5

Permeability cocfTicient k (om/s)

5.0E-6 i : | :
0. 0.93 0.94 095 0.96 097 0.98 0.99 1

Compaction factor K

Fig. 4. Influence of compaction factor on the permeability coefficient (k ~ K) of ruin soil
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Fig. 5. Influence of compaction factor on the friction angle (¢ ~ K) of ruin soil

® Ta Trach @ TaTrachl o ThuyYen @& ThuyYenl —=— Average

0.55 eesemees :
0.50
0.45
0.40
035
030 3---
025
0.20 -
R T R e e
0.10

Cohesion ¢ (kGfom?)

0.9 0.91 0.92 0.93 0.94 0.95

Compaction factor K

Fig. 6. Influence of compaction factor on the cohesion (¢ ~ K) of ruin soil

Comparing the experimental results in the field and the experimental results in the
laboratory (in Table 4), the authors noticed that:

For the permeability coefficient k& obtained from the experimental results in the
field there is no difference in the sediment soil in the earth dam when compac-
tion factor rises up to K=0.97 and K=0.95. This result is consistent with the
experimental results in the laboratory;

For the friction angle ¢ and the cohesion ¢ of samples from drill holes in the
earth dam is higher than samples from the quarry soil, but the difference is in-
significant.
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Table 4. Experimental results of sediment soil characteristics on the actual site

No Year W (%) yw(T/m®) 7y (T/m’)  k(cm/s) ¢ (°) ¢ (kG/em?) K
1 2010 17.42 2.02 1.72 6.91x10°  21.12 0.22 >0.97
2 2011 20.00 2.02 1.68 4.89x10°  22.73 0.24 >0.95
3 2012 16.98 1.99 1.70 2.87x10°¢  21.51 0.22 >0.95
4 2013 19.53 1.98 1.66 4.50x10°¢ 19.22 0.22 >0.95

4 Conclusion

The permeability coefficient & decreases when the compaction factor K increases.
When the compaction factor K equals to K>0.94 corresponding to the soil moisture
content W=W,,+3%, then k reaches the minimum value of k<2.10~ cm/s. When the
compaction factor K is equal to K=0.95, the permeability coefficient in the field re-
spectively is k=3.63x10"% cm/s.

The friction angle ¢ and the cohesion ¢ covariates with the compaction factor K
and these factors reach maximum values when K>0.94 for ¢ and K>0.98 for c. The
results show that the friction angle values ¢ and the cohesion values ¢ from holes
drills samples of the earth dam are higher than from the samples of the quarry soil, but
the difference is insignificant.

Thus, through the results of this experimental study, some knowledge is shown as
follows:

e  For the sediment soil used for the waterproofing blocks in the earth dam, the
compaction factor should be chosen the value of K>0.94 corresponding the
soil moisture content W=W,,+3% instead of K>0.97 in TCVN 8216, which is
optimal in terms of waterproofing.

e For the ruin soil used for the bearing blocks in the earth dam, the compaction
factor should be chosen the value K=0.97 same as in TCVN 8216, which will
provide the highest stability for the earth dam.

e To ensure soil embankment on the earth dam is stabilized, it is necessary to
control reasonable dam speed during construction process.
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