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Utilization of LFWD for Compaction Management
of Embankment in Expressway Construction
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ABSTRACT : The evaluation of the degree of compaction of the embankment area, which accounts for most of highway earthworks
is generally performed by a flat plate loading test. The plate loading test is a traditional test method and has high reliability in
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the field. However, as reaction force equipment must be carried out and it takes about 40 minutes per site during the test, there
may be limitations in managing the entire expanse of earthworks. Meanwhile, in order to overcome this, the Ministry of Land
Infrastructure and Transport proposed a simple method of evaluating the level of compactness in the provisional guidelines for
compaction management of the packaging infrastructure in 2010. However, it has not been utilized at the highway construction site
until now, 10 years later. Therefore, this study attempted to verify the utility of the compaction evaluation method using LFWD
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(Light Falling Weight Deflectometer) of the impact loading method among the test methods suggested in the provisional guideline
To this end, the correlation was derived by conducting a plate loading test and an LFWD test for each site property and compaction
degree. As a result of the test, there was no consistency of test data in the ground with a relative compaction of 80% or less

However, it was confirmed that the correlation has a tendency to increase beyond that. If the test method or test equipment is
improved to ensure the consistency of the test values of the impact loading method in the future, it will play a big role in solving
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the blind spot for compaction management in the earthworks
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(1) (1) grip
.- / (2) top fix and release mechanism
» (3) guide rod
3) (4) round grip
(5) falling weight
(6) lock pin
(7) set of steel springs

(8) anti tipping fixture

—
- *(4) (9) load centre ball
®) 6 _
~(6) (10) carry grip
7)— (11) loading plate
(8) (8) (12) socket for the connection to the
(10) L 1(10) electronic device

(12) A1 (13 (13) adapter plate

Fig. 1. General compact impact load tester configuration

Table 1. General LFWD specifications

Components Specification Remark
Diameter 300mm
Loading plate Thickness 20mm
Weight 15kg
Falling weight Weight 10kg
Guide rod Weight Skg
] Measuring range 8~100Hz
Mee.isurmg Displacement 0.2~1.0mm
equipment
Accuracy 0.02mm
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Fig. 2. Ground stiffness measurement principle of impact loading
method (Korea Expressway Corporation, 2018¢c)
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Table 2. Criteria for subgrade compaction test (Ministry of Land,
Transport and Maritime Affairs, 2011)

Division

Contents

Remark

Thickness after
completion of Ist
floor compaction

20cm or less

Design thickness
10% or more, not
increase or decrease
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Table 4. Correlation between dynamic cone penetration test value

. KS F 2311
Compaction (%) | 95% or more of ~,,.. KS F 2312
C ti
ompaction C, D, E KS F 2312
method
Moisture Optimum moisture KS F 2306

content (%)

content +2%

Design E,pyp =

LFWD E = 0.44Mp—19.37 .
ke : Field £,
Desgine PR =
DCPT PR=2805.72/ (Mp— 43.93
(M " Ficld rr
Desgine ky, =
PBT ksy = 0.85M;— 15.66 . '
0 " Field &y,

Table 3. Criteria for subbase compaction test (Ministry of Land,
Transport and Maritime Affairs, 2011)

Division

Contents

Remark

Thickness after
completion of Ist
floor compaction

20cm or less

Design thickness
10% or more, not
increase or decrease

KS F 2311
C ti 95% £ o
ompaction o or more of .. XS F 2312
C ti
ompaction . S F 2312
method
Moisture content Optimum moisture KS F 2306
(%) content +2%
Gravel
LFWD Lrpp = 0-T1My thsign Eppwp =
Sand Field E, .,
Eppyp=1.09Mp— 86.22
Desgine PR
DCPT _ eSnge R
= Field PR
Desgine ks,
PBT kgy = 0.68M,+ 141.8 :
oo < Field ky

(Pr) and CBR (ASTM, 2015)

DCPT Pr | CBR | DCPT Px | CBR | DCPT Pr CBR

(mm/blow) | (%) | (mm/blow) | (%) | (mm/blow) (%)

Less than 3| 100 39 4.8 69~71 2.5

3 80 40 4.7 72~74 2.4

4 60 41 4.6 75~77 2.3

5 50 42 44 78~80 22

6 40 43 43 81~83 2.1

7 35 44 42 84~87 2.0

8 30 45 4.1 88~91 1.9

9 25 46 4.0 92~96 1.8

10~11 20 47 39 97~101 1.7

12 18 48 3.8 102~107 1.6

13 16 49~50 3.7 108~114 1.5

14 15 51 3.6 115~121 14

15 14 52 35 122~130 1.3

16 13 53~54 3.4 131~140 1.2

17 12 55 33 141~152 1.1

18~19 11 56~57 3.2 153~166 1.0

20~21 10 58 3.1 166~183 0.9

22-~23 9 59~60 3.0 184~205 0.8

24~26 8 61~62 29 206~233 0.7

27~29 7 63~64 2.8 234~271 0.6

30~34 6 65~66 2.7 272~324 0.5
35~38 5 67~68 2.6 | 324 or more | 0.5 or less

2222 gEe o SE
QMo i LEWDS 2:89+ thiie] M-S JIS(Japanese
Industrial Standards)o] 43} 32A} 3= 47} Koonnama
et al.2000)0] J3) 8% v} Ick. 1 A, Anke] Z5ol
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Table 5. Correlation between plate loading test and LFWD (Koonama

et al,, 2011)
Soil type kst kmrwp
Cohesive soil 1.0 : 1.0
Sandy soil 1.0:15
Roadbed soil 1.0 : 2.0
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Table 6. Correlation between static modulus (Z,,) and dynamic
modulus (£,,) (DIN, 2011)

s Compaction | Static modulus | Dynamic modulus
Division
D, (%) E, (MPa) E, (MPa)
> 103 > 120 > 60
> 100 > 100 > 50
GW, Gl > 98 > 80 > 40
> 97 > 170 > 35
> 100 > 40
GE, SE > 80
SW, SI =8 = 70= 60 =
’ > 97 - > 32
Mixture soil > 100 > 170 > 35
X 1
fine grain soil =9 =8 =2
& > 95 > 30 > 20

1) G : gravel, S : sand, W : loose, I : Middle, E : dense
2) GW, GI, GE : < 0.06mm 5% or less, < 2mm 40% or more
3) SW, SI, SE : < 0.06mm 5% or less, < 2mm 40% or more
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Table 7. Number of field tests performed at test site A

.| Number of passes through | Unit weight
Site . LFWD PBT
compaction roller (N) test
A 4,6, 8, 10, 12 30 times | 40 times | 30 times
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Table 8. Number of field tests performed at test site B

.| Number of passes through | Unit weight
Sie . LFWD PBT
compaction roller (N) test
B 2, 4,6, 8, 10, 12 12 times 36 times | 18 times
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Fig. 3. Dry unit weight trend of on—site unit weight test according
to the number of passes (N) (site A)
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