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A Study on Estimation of Degree of Compaction by Correction for
Coarse Particle Ratio of Fill Material
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ABSTRACT

The degree of compaction of embankments is generally measured using the sand replacement method or a soil density gauge.
However, these methods include coarse particles, which are relatively large. The degree of compaction is overestimated if
the in—situ soil density is simply compared with the density obtained from a Proctor compaction test (KS F 2312, 2001),
because the density of coarse particles is higher than that of soil. However, there is no recommended correction for the
coarse particle ratio in Korea, thus intentionally increasing the degree of compaction for structures to which large loads
are applied or for which compaction is critical. Here, a correction considering the Korean Proctor compaction test and the
difference between the maximum allowable particle sizes was recommended after corrections for coarse particle ratios in other
countries were collected and analyzed. The degree of compaction was re—estimated by applying the recommended correction
to the results of both Proctor compaction and sand replacement tests. The degree of compaction without the correction
of coarse particle ratio was overestimated, because the re—estimated degree of compaction decreased as the coarse particle
ratio increased. The relatively accurate results obtained from the field application of the correction will offer long—term cost
savings due to reduced maintenance fees during operation.
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Table 1. Requirement of soil particle size for Proctor compaction tests in U.K (BS 1377—4, 1990)

Percent passing by weight (%)
Range

20 mm 37,5 mm 63 mm
(1) 100 100 100
(2) 95 100 100
©) 70 100 100
(4) 70 95 100
(5) 70 90 100
(X) <70 < 90 < 100

Table 2, Proctor compaction tests in Korea (KS F 2312, 2001)

Rammer weight, Rammer drop Diameter of mold | No, of soil layers, | No, of blows per | Soil passing sieve
Type ; . )

Mkg) distance, h (cm) (cm) N, layer, v, size (mm)
A 10 3 25 19.0

25 30
B 15 3 55 375
C 10 5 25 19.0
D 45 45 15 5 55 19.0
E 15 3 92 375
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Table 3. Comparison of Proctor compaction tests; KS F 2312 (2001), AASHTO T99 (2015) and AASHTO T180 (2015)

Type Max_ allowable particle size (mm) No, of sail layers (No, of blows per layer)
KS F 2312 AASHTO KS F 2312 AASHTO KS F 2312 AASHTO

T-99 T-180
A A 19.0 475 3(25) 3(25) 5(25)
B B 375 475 3(55) 3(56) 5(56)
C C 19.0 19.0 5(25) 3(25) 5(25)
D D 19.0 19.0 5(55) 3(56) 5(56)

E - 375 - 3(92) - -

68 SIBAMMIAKISIEERE Hi7H Hi5



W 3l 5 8EH0)
S R CIES )

(P:lOlEﬂ Yar T Varo PZOO]EE ’ydt:’yds)

]

3. U=t =YX B YEH Mot
BEAR 2HAE] £ B¢ A2 AT
Aol7h LA At el St thil S sheetE vhE A
EA 9] FAel FATE AT = Qlrk wEbA @EE
Aol &eHtfA Bl 2 22 AAT 5 Y
SAsAY, 2R AA7E ofste w= AWHA
Oﬂ*i 5142 tY 7ol 37.5mmel B, EAlgO & EPéIAl
sh= Ao] E}X‘E 7] 23] ofs)

7

BN ool oot mlm
mlo

Qo) Aol GAlE Filol B - 22 Aol
SpARE olefet S oA 2ol thald mefsh s
7] whRel et T 4 ol gl BAH] At

S-2lutel =2447]5(Ministry of Land, Infrastructure
and Transport, 2012; Ministry of Construction and Trans-
portation, 1996)= 9§ &4 =2 A A=79 o|&Z4)
978 300mm o5}, kA2 100mm o5k 117 E o] 3l
of A eHaA @] 5425217 19.0mm, 37.5mm K}
A7) dzof] @FUEAHA 2HA BAS sfoF shA,
bz o2 ARUEAIHOA Wol ARHIL e SR
A F(E Rl ofet o WEAIFH, KS F 2311
(2001)°ll= FAUE=AAA 24 Eﬁoﬂ et 7
QT whebd 9 Selo) 2YA A WS
A3 ATk Seluelet AR A W 2
Heol o] 27]0) Aiglo] AR QAN
2% BT g o] Al (73 2ol 4
o174, dE2AEEES] 2R} BAA M=
YrealE 2yAleS BAT SES Hed
She Ao T AT, A4 oL
oy AgE AakE byt 7ﬂ°
Besle] AjazuEe] BAOR Syskrh
ARA B ZUAES 30~40% A|T5te]
ARG, ZARg0] 40% o]3hel HeloA AuHEo
Bk 24 97 R AlQke Seuete] 294 1A
K9] 2GR 40% oJ5te] We) BE AG 7K 0w
TEHEITh AR 40% ol AolA] AHEH S ol g
Walker and Holtz(1951)9] S0l A ZHAE 40% o)A
oAM= I A5 dAtol 2A yEhtal, 2HAREC] =

Ay

O
(
o N
O
—

I-J

e

0 oo R ©

o

ol
ﬂi@
;:-84_])!
S =W
o oy g U e G g
o o fo > px o 3R
HHUU%O?&I’N—Q

— 3
Vdtmaz = 1_P+ (1+U17G;7)P (g/C'fn ) (7)

'yds maxr C;’s 7 -’Yw

0:17]/\15 Vdﬁma"r: ’E.I‘;‘:ILEQJ -$—i1\:l]X S % E-;géj.— Z’]EHZj}—%]

w s W EYAL] PHICegR B, 0028

g, HeR AL Ao AFAE AHR)

G, WY 2P NIFQ6WY, P AHS
sfa) NBAZ AHE)

7t = BE(1.0g/em®)

N

W
P(= VK+W) 2UAE(FTHF HES, o=
#3). P=04 o FajiA
e
__w S5 = 50 =
W, = ” SR T F A2 9)
142

Vat =R Ydtmaz : OK (8)
Vat <R- Ydtmaz * NG => "li_7]- q‘xtl /1\_:']_}\]

A7A, R 7% THRE

vyt BFLEA G| ZAE
=(g/em®)

et EIFES] ZYUAES RAF Azxun

(g/em?)

& olAe AUTEAIRKS F 2312, 200D) 3 2

HEMES ZEAE 2o st CHEE Hoto] 2 A7 69



EAFKS F 2311, 2001)2 AASHL 0P AQKE 23 o4 Z 7re] ARgAte] AMSE BFERA BAGRS

O BA

2F 2 H 248l ohle M-S vla- B4t ok Table 49 21, JERIZIAL Fig 13} Ptk

41 AYTHENE R SYEAE 4.1.2 HUCHEAIR
ATHHPH(KS F 2312, 2001)2 A40] 242 AEF
4.1.1 X[Exfz Ab 222 A A gl ER2E7E] w9 AR A,

ARl AME ARE S 754 B AP WA DORIAE, RAE Suaie] HAeRe EORA RS

Table 4. Physical properties of soil

. ) ) )
. Sample location Sta. 0420~0+80 Sta. 0+400~0+520 Section of .re.mforced earth
Geotechnical propert retaining wall
USCS SW-SM SM SW
Water content(%) 137 1.3 10.5
Liquid limit, LL(%) 32.44 40.26 N.P
Plastic limit, PL(%) 2710 3277 N.P
Plasticity index, PI 534 7.49 -
Specific gravity, Gs 2.648 2.651 2.652
D10 0.085 0.044 0.17
D30 0.490 0.360 0.850
D50 1,220 0.840 1,480
D60 2.300 1,450 2,050
Uniformity coefficient 48,89 32.95 12.06
Coefficient of curvature 243 2.03 2.07
Gravel and sand (%) .77 86.52 95,51
Silt and clay (%) 823 13.48 4.49
100 100
L
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(c) Section of reinforced earth retaining wall

Fig. 1. Particle—size distribution curves of three samples
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Table 5. Results of Proctor compaction tests (KS F 2312, 2001)

) ) ) Optimum  water Maximum dry density,
Location Construction type USCS Compaction type o 3
Content, wopt(/o) Vdsmaz (g/cm )
Road bed A 13.10 1.814
Sta, 0+20~0+80 SW-SM
Subgrade D 9.80 1.924
Road bed A 15.30 1.719
Sta, 0+400~0+520 SM
Subgrade D 1210 1.837
Section of reinforced )
. Backfill SW E 7.30 2.010
earth retaining wall
1.950 1.900
-A-A Proctor ~-A-A Proctor
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1.850 _._con:;;zﬁlon test 1.800 /“/q-\ —#-D Proctor §
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Table 6. Results of sand replacement tests

‘Water content, w(%)

(c) Section of reinforced earth retaining wall

Fig. 2. Result of Proctor compaction tests (KS F 2312, 2001)

Dry density, 7, (g/em®)
Location Construction type 4 V. T
1 2 3 4 5
Road bed 1.679 1.663 1.673 1.669 1.655
Sta, 0+20~0+80
Subgrade 1.859 1.871 1,865 1.873 1.883
Road bed 1.605 1.597 1,585 1.576 1.602
Sta, 0+400~0+520
Subgrade 1,787 1.802 1.798 1,793 1774
Section of reinforced Backfil 1,934 1943 1,958 1928 1,949
earth retaining wall
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Table 7, Corrected maximum dry density with correction for coarse particle ratio(allowable maximum particle size: road bed 19
mm, subgrade 37.5 mm, backfill for reinforced earth retaining wall 37.5 mm)

Uncorrected Ratio of oversize particles, P Corrected maximum dry density, ¥,,,.q. (9/cm®)
Content maximum dry
onten .
densly. w 2 3 4 5 1 2 3 4 5
Ydsmaz (g/m )
ta,0+20~0+
Sta.0+20~0+80 1.814 0.16 0.10 0.15 0.14 0.18 1.892 1.866 1.892 1.885 1.906
Road bed
ta,0+20~0+
Sta.0+20~0+80 1.924 0.05 0.08 0.06 0.10 0.08 1.945 1.960 1.949 1.966 1.958
Subgrade
S1a.0+400~0+520 1.719 0.11 0.13 0.13 0.14 0.11 1777 1,791 1.790 1,794 1.778
Road bed
+400~0+52
Sta.0+400~0+620 1.837 0.10 0.10 0.07 0.09 0.06 1.887 1.885 1.872 1.880 1.867
Subgrade
Section of
reinforced earth 2.010 0.24 0.32 0.23 0.31 0.27 2103 2138 2.099 2132 2116
retaining wall

Table 8. Change of degree of compaction after correction for coarse particles(Requirement for degree of compaction: mim, 90%
for road bed, min, 95% for subgrade, min, 95% for section of reinforced earth retaining wall)

Content Uncorrected degree of compaction, %100 (%) | Corrected degree of compaction, %100 (%)
dsmax dtmax
Sta,0+20~0+80 Road bed 92.56 91.68 92.23 92.01 91.23 88.74 89.12 88.42 88,54 86.83
Sta,0+20~0+80 Subgrade 96.62 97.25 96,93 97.35 97.87 95,58 95,46 95,69 9527 96.17
Sta, 0+400~0+520 Road bed 93,37 92.90 92.20 91.68 93,19 90.32 8917 88,55 87.85 90.10
Sta,0+400~0+520 Subgrade 97.28 98.09 97.88 97.60 96.57 94,70 95,60 96,05 95,37 95,02
ti f reinf th
Section of reinforced ear 9622 | 9667 | 9741 | 9592 | 9697 | 9196 | 9088 | 9328 | 9043 | 921
retaining wall
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