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SYNOPSIS : Quality assurance for embankment compaction is one of very important procedures to
guarantee high quality construction. However, only sand replacement method (KS F2312) and static plate load
test (KS F2310) which are conventional and tiresome methods are used to evaluate degree of compaction at
construction fields. Recently, new types of devices such as the geogauge and the light falling weight
deflectometer (LFWD), the soil impact hammer (CASPFOL) and dynamic cone penetration test etc. which are
able to substitute for the conventional methods are begun to use to evaluate soil stiffness. In this study, a
laboratory model test was performed to evaluate correlations among test results obtained from the new devices
and to assess the potential use of them. All test results have correlations with relative density and water
content. Especially, the coefficients of correlation between Eg from the geogauge and Kjp from the soil
impact hammer and between Eg from the geogauge and Eirwp from LFWD are more than 0.7 but those

between the results from DCP and others are less than those between Eg. and Ksp and Eg and Eprwp.

Key words : Geogauge, Light falling weight deflectometer(LFWD), Dynamic cone penetration test(DCP), Soil
impact hammer(CASPFOL), Laboratory model test
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2.1.1 C}RIEJ}EH]|

(1) A LA ] #](Geogauge)

Geogauge(T1H 19 7]=2 A A3 ddS A Lol oS HEHEME}(Fiedler, S. et
al(1998)). A AoA = 1.3%89 13 HAES L2z thA
Aol Aol @& Alo]AH(shaker)Zh= FA & 100~196Hz W<
Tds A=, Y SARHPS 259 & Jeolr 545 2570
grelaL, of w2 A (el os) HAG(g)= Hehdnt.

T
Ly

( 2)
E;=Hg }7'\7113 (D

A7, E,: @RAF(MPa)
Hg,  Geogauge 44 ¢l #(MN/m),
y o 3EOkEH]
R Geogauge o] W74 (57.15 mm)

(2) zto] A A H &4 7](CASPFOL)

ol AAHZG7(aY 2)= EAe FAIFE ?Hﬂtﬁl 217 50mm, @ 4.5kgd #HHE Fo
45cmoll Al Ay YBtAlA dwel] WFE JHEEAA FAVMEEE SAStL U #AN o =R
CBR 5% 7Axtste mAlshs Aol 7hEmAlolA ’:X*ﬁ& SANEG ] HUs zrol 1 fhs
CPUC 7153t 2] (1)< ©]83t] impact#(la) o2, 21(2)E ©]83te] Kypato =z W3t}

: _ _ 715 (gal)
impact %k(la) 5.78x980(al) (2
K 4 =—3.831+0.872]a 3

A 714, Kso=A
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(3) &HBA8HA & 71 (LFWD)

SHAASA A7 3= FdolA A9X A FEAQ] HAASAE Y ke ® FWDE Fdi&2
2 N3k Aoltk(Abu-Farsakh, Y. Murad et al.(2004)). ©] Ao Alg¥ SHBAAYAH 7= 5L
oA AZsk “Light Drop Weight Tester ZFG2000” o] a1, Asbadx<F, As &, ag]a Foio A
S 545k ALE AAZR FAEH AT

AT R 10kg FAS F= "ol my Astie] T WA (s)E FAsL, A (4ol ofE

LEWD®] @733 AT (E |y 7F AT

_ 2(0—vHoxR
E ;rip= 21 gf oxR (4)
A7IA, o AEE &9
R Askde] HkA

(4) FAZHAAE71(DCP)
&4 28 Y A1 E (Dynamic Cone Penetration(DCP), 1§ 4)& ‘/’*0} g7t Al EGY Q R =

A& HEEATHKIeyn(1975)). AH-E= 575mm Folol A 8kge F+E Holx=d 4 JuFE FHo] Qi
SR R 60° 229 AA 20mmol WA 7FEd 2oz pAF o] 9rf. Alge 575mm o]
ol F& "ojxmy Zlolo tigt B4 3¢5 7| F5le] #YEHE(DCP-PRE A4St T3k DCP-PR

£ Konard and Lachance(2000)7} A¢tet 2] (5)o] ol& g Ep o2 Hgd o 9l

Log(E p 1) =(—0.88405) Log( PR) +2.90625 (5)
AN, Epp: PLT ©47A5F(0MPa)
PR - ¥+ DCP-PR(mm/blow)

of T Fd 2dS f3 T
o

Aol 2
P4 9l o] v (Chen et al.(2001)).

oA ANHT SRS ARESlen, AR V]E
ce 3 1ol WElidY. o ARe] Hdidxd
9.6 KN/m3, 11.9%%1 Aoz yeiston, A7yl o SMe=
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SR @4 | oMmC ¥ dom USCS
LL(%) | PI(%) | (%) |( 1dN/m?) |No. 10 |No. 40| No.60 |No.100|No.200
270 | NP | NP [ 119 ] 196 | 93.2 | 57.1 | 44.8 | 282 | 181 | SM

2.1.3 CI&ZH|Qt REHEX

o el A Thil ]
G4 AUAT 27] wEel
Skl 28 A=n o7
Sk ma Aol A8

43 o 99 99E AESRATHaY 5). AT 9 s}
EWS Weshl shid v olelwol dglow, olHd v wetel)
WAAA Y 63 o] 28 GARAE Agste] ww g
= A8 100cme] BA YHEZZ AN AL 7 FR).

i =

it
td
oft
ol
BN

50cm
100cm
¥ 6. A=H oA a9 7. RYEX AY
2.2 A|8&idiy
o] AFAE o g H 78 (Geogauge, CASPFOL, LEWD, DCP)9] 3 B4 2 Hax4 3
7Fe 98t A& 100cme] B EXE o] &35t Alge 3hpv|ef AUt HstE T A|gS A

Aletlth. REANES F 40cm®] FAE 10cm# vre]l A Ade Al FA7F 20, 30,
3

40cm®l ZA9-o Ztzt AAEd = HEx A FAS 20cmz 2R3 AL Au)o el Hx
10cm=9] A5 An)e] AFoz 23 BEx MAFow dd) tpFAe7F ik E5H7] wFEolth. AY
dH] AL Aulugto] A& Geogauge, LFWD, CASPFOL +o2 AA39 o, DCPe A% A vk

44 A% 40cm FolAN AT AASHATh

D A2AR ANEE 94T vz 2487 fste] =& Tt & A=u

2) A A=z ANS 2AE7] Hsto] AltE do] ARE Exdd Yia ®@ust d=ve]A
£ o]&ste F 40cme] TS5 10cm HAo® tis AARHH(" 8 Fx)

3) & T 20cmF-E 40cm7HA] 7+ Fol A I HPEHIE o]88te] 9 99 e XA 43] A
d& A &, LFWDO] 49 J3dS o] 49 A3 oMt AJdS AAlskal, DCPol 4
G ARES) wEE agste] HF 40cm v F ¥ 99k 2 A 43] AHE A

4) 547 dolHE of&ste] 7z Alddn]e] ZAiE val 43
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3. AlgZ&
3.1 2 FH|Y SH¥ZN
3.1.1 X|2H|0|X|(Geogauge)

A2 Aol A (geogauge) SAATE E 20 Uehiglon], gulckdEe] we waE a9 100, 35
I 0 WHE 29 11 ehiglt 28 10 3 LA 2 e 29 A SRR
o AUHEe] Fobel uteh e AFS WolAR 94% o) FolME TRA FAGS FeA @
5 AS pReE A % 4+ Atk T gerlel Sl te Sgge) dadt 38
AHGu e AxZA FESo) el ¥ T AL 2 Qo vehgon, grue Frbd ue
Ege Al AgAow gashs

574 A2 Geogauge SAM(E, MPa
w~1140.4%

RC=90%( y 717.6 kNm3) RC=98%( y =19.2 kN/m3) RC=94%( y 71.84 kN/m3)

1 [ 2] 3 Ax | 1 [ 2 | 3 A# | 1 | 2 | 3 o3t
40 [79.5(77.85/79.8 92.3 82.36145.7|155.4[142.5 149.5 148.28]143.8]141.3[149.2 139.9 143.55
30 | 84.698.7 [101.7] 91.5 |94.13150.2]149.1|146.8|144.5] 147.65[150.1|147.8]148.8|138.1| 146.20
20 | 89.983.3|86.6|114.7/93.63]149.9(156.9]155.7|158.4| 155.22|158.7|152.1148.1| 156 | 153.72
1=8%(RC=94%) 4=13.5%(RC=94%)
1 [ 2 [ 3] 4 [#«| 1 | 2 ] 3 ] 4 | B
40 [183.6]175.5174.1|180.5|178.43|116.8]104.4/105.9]110.3[ 109.35
30 |188.1]160.7|171.6/199.1]179.88/94.36]103.5] 93.8 |94.13| 96.45

20 179.9]185.6/183.4|181.5(182.60|106.7| 94.5 |108.7| 99.9 |102.45
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80

250 ;
. ® 40cm

160 N " 220 | = 30cm

‘ l o | - . A 20cm
140 t I - - ome
= = 160 | - :
Dz; 120 % i :
o 4 o 130 |-

100 | : oo | !

[}
80 1 s ® 40cm m30cm 4 20cm 70 I
60 40 ‘ ‘ ‘ ‘
88 920 92 94 96 98 100 6 8 10 12 14 16
SO CHE = (RC, %) st (w, %)
2 10, Adv s we gl ws I 11 gl e geel s

3.1.2 ZHO|X|X|22=H7|(CASPFOL)

o)A A H 54 7] (CASPFOL) SAHAME % 39 Yepdlon, Juoydse & wstE 17 12
of, ghnlo] w WEE a9 139 WZ}LHMD}. a9 12 9 13914 B vke} o] CASPFOLE =
d¥ s A Qo= WMIAAA Y AR g AA0lAe] gt S fAbe ddE =
o F7bel whek FsHe AFE Wolthrl 94% ol gAML AW AP ekl ga A9 &
"ahs AL o 5 Ak =9 goHle] Skl v SPge] gast ARG ol F AxsA 24
stttk ek, HAZEH Y] AxFol A A Aol A= thEAl heEn] ] ®Wste] wel F WS
Holx| @& Aoz Yyt
3 3. FeAAHA A7 (CASPFOL) =44 3%

=g3o| =% 918 CASPFOL A ( Ky ke/omd

(cm) w11+0.4%

RC=90%( v =17.6 kN/m3) RC=98%( v,=19.2 kN/m3) RC=94%( v.=1.84 kN/]m3)

1 2 3 A | 1 2 3 4 |33 1 2 3 4 |4t
40 12.1]112.4|13.0 13.4 12.73|17.6 | 17.5117.9 | 16.8 [{17.45| 16.2 | 15.2 | 18.1 | 15.3 |16.20
30 11.6 | 13.313.4|13.5(12.95|16.7 | 18.3 | 18.7 | 17.7 |17.85| 16.8 | 15.9 | 15.3 | 17.5 |16.38
20 11.1112.1|12.7|12.4 (12.07]15.7 | 17.1|17.9 | 18.4 |17.27]15.6 |17.3|17.1 | 18.5 [17.13

w=8%(RC=94%) w=13.5%(RC=94%)

1 2 3 4 |33t 1 2 3 4 |4t
40 16.2|17.2|16.5|18.4(17.07|12.3|11.3 |11.4 | 12.2 {11.80
30 15.2]18.6 |15.6|19.1 ({17.13|11.1|13.4|12.3|11.9 |12.18
20 16.4 | 16.7 | 15.9 | 19.2 {17.05| 10.8 | 11.1 | 12.2 | 12.0 |11.53

25 25 ,

: ® 40cm

- — . = 30cm
'E) o0 L g 20 : A 20cm
2 . < : ‘! S owe
o i ! < i i
= 10 ! : = s '

r Nr . [

! l
2 10 20t
&) &)

® 40cm m30cm 4 20cm
5 5 : : ‘ ‘
88 90 92 94 96 98 100 6 8 10 12 14 16
A CHE = (RC, %) gt (w, %)
ad 12, v el e g ol g a9 13, gl me g ol WSt
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3.1.3 SHEXYSIAIE7I(LFWD)

EPRAFAG/NLEWD)E BAA B FaFe S4ste] g8 s HEd 7 57
2318 F 40 tehiigon], JudEd we g0 WatE ¥ 14, Fulel uhE wakE o
# 150 Jerideh 1% 14 % 15004 Hi vke}l o] LFWDE 54¥ gt AeAcIAY g,

G gen) skl whE wWatekgol AS Gaulel Fbel utek Aol MFA FaE melt Ao
2 e, JiuEe] W g ELprgl Mahe AeslelAe] g gkst CASPFOLS] 9t
Wstepgol 9o griusel Sk ueh Ao AgAoE Frshe o vhebgrh o, ohE g

B9 ANgATe} g o o Agoer 04011 Adets S ags] 2 oo, doi=Eel gl
gt Aatet wstdds glshr] siME F7HA AFE B F U B 49 HolEHE vgeR
wAEoF & ool s BoR FrhH

3 4. FHBASAA7I(LFWD) 544 3%

2w 573 XY LFWD SAZR(E, oy MP2)
= %0l -

(cm) w=11£0.4%

M| RC=90%( 4 ~17.6 N/m? | RC=98%(y=19.2 IN/m? | RC=94%(y~1.84 kN/m?)
40 22.3 31.3 23.3

30 25.4 29.8 25.6

20 23.4 28.9 26.9

w=8%(RC=94%) 4~ 13.5%(RC=94%)

40 33.4 22.5

30 32.8 21.7

20 31.3 22.8

34 36

82 r 34 .

30 - 32 F .

Z ot ’ g
% A EY;ZB

5 26 - £ A
= - ol ® 40cm -

247 A ° 24 = 30cm . .

22 r * ® 40cm m30cm A20cm 22 T * izzm : :

20 20

88 90 92 94 96 98 100 6 8 10 12 14 16
SO CHE = (RC, %) &=t (w, %)
a9 14, doied el e gLy Wt a9 15, el wE gyl Ws
3.1.4 SHZHAAIEII(DCP)

SHAZAJANGZIDCP) AdddE dojxl 2+ A 2d DCP-PR(mm/blow)& 3E 5, oﬂ%%lE Eis
Fale] wE WstE 17 159 1690 YEhith. 2¥ 15004 Hi= upel o] DCP-PRE Aid e
Wste] wel Frbstthrl 94% o]/l AuiE A FHEstE AdS ®mlon, 17l 1694 Et— n}o}
ol shernle] Wistel] wet HAH o] HxFoMe E WstE Holx| @yt HASH] o]F §A

Bl @;ﬂ% AL o 2= 9t} DCPo Ao A|F@Au|e] EMA vl 3714 AHz AL Fx
So2HH 10cm Fol9 Tl tid AlFES & AdNen 1 A b FE5 HlE ATt @A 9]
| YEbskom, o] kellx Awdk upep o] vl Fo] §F> BAR mintel A AshE XF o
A3 Fol & TAAA %] W Aoz grekbwEth E3 DCP 4§ 3F 5ol B wpep 2

O
i
(o3

r;'ﬂmr
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o veto R RE 40cm ole] ol @ AWAIA b 2He] A@Ael ve cha A ey
BESL AUAE ok AoR et ol Ag EE T ouA HAA ol BNl va we@
o] AojFer wWol HAgY] wjifolw, olgt A} WS o]f= off A|Fel HlE| Ewol A
om F&eo] @ Aaay] el Aoz yawn,

F 5. TAZAJAFZIDCP) SAH A

. =4 912" DCP-PR(mm/blow) : 2 F| 4 ¢ BAF
S4xel JF11£0.4%
(cm) RC=90%( y =17.6 KN/m?®) | RC=98%(y=19.2 iN/m® | RC=94%(y =1.84 KN/m?
1] 2 | 3] 4 |9%| 1 ]2 3] 4 =3¢ 1]z2]3] 4|3

40 | 9.75]9.28[8.75(8.92|9.18| 8.2 [7.42[6.77 [7.24 | 741|727 7 [758]7.68]7.38
30 | 8.55] 8.9 |8.648.87|8.74| 7 |6.19]6.19|6.59 |6.49 | 6.38 | 6.67 | 7.46 | 5.71 | 6.55
20 |8.75| 8 | 8 | 85 |8.31|6.18|5.65]6.73|6.25 ] 6.20 | 6.86 | 6.73 | 7.69 | 5.7 | 6.75
10 11 |9.78] 9.3 [10.63]10.18]10.67 10.8 | 11.8 |11.87]11.29] 9.36 | 9.22 |10.38] 9.38 | 9.59
1=8%(RC=94%) 4=13.5%(RC=94%)
1 [ 2 [ 3[4 [5w%| 1] 2] 3] 4 [5w
10 8.8 |8.33| 8.7 |7.21|8.26| 15 |14.28]15.29]14.57|14.79
30 7.3 | 6.6 |6.87 | 5.61 | 6.59 |12.88]12.38| 12.5 |12.25]12.50
20 | 7.85]6.69 |5.76 | 6.38 | 6.67 | 15.2 |13.88]12.14[12.2513.37
10 | 12.3]10.33]8.82[10.88[10.58]20.25| 16.6 |17.33/16.16[17.59

o

0 0
. ® 40cm
3 . = 30cm
8 | » s | A 20cm
P~ — 6 . I : + 10cm
Ed z ‘ !
2 5l n A 29 PR - - OMC
E I | E : .
£ E 12 . : 1
I~ A . I~
[ [
£ 9 ! . g 15 i
Q . Q
[a) ° . . [a] 3
* *
18
12 .
*
® 40cm ®m30cm 420cm ¢ 10cm et
15 : 24
88 90 92 94 96 98 100 6 8 10 12 14 16
AT CHE & (RC, %) sl (w, %)
% 16, Atk Ee] ©rE DCP-PRO| W3} a9 17. greHlel uhE DCP-PRe] ¥ 3}

3.2 AIEZHIZ ABBI| M

o] Aol AE AlFAH L FRAAIE Fotsty] st FARAS Ao, 1 AvEs a9 1
87230l YEFURITE. w4 23 I8 180 vEhd nieh o] Ao AolA ] S5k E St Ky, (70.6%),
ES Eopp(74.62%)9 24377} 70% old oz vaa EA vehstoen, DCP FA# DCP-PR
o] A9 v FulEel Hls] FHdArE tha W Ao R YErEth. DCP A gke] v s A
HHATE GHA ERG o] = el A gl uhel o] R FolA thAk A wAE DCP-PR ghell Ul
o] itiar AZtE™ o] F& Aleje FIHA A FABAE b SUeRE RS FAT 9
T3 DCPe A% &n7E HAFFHE dolXuA b duj s vls] ARk =rE dAetA Has)
= A 9A & 7kA dRIQl AoR woEw, v ®iste] wEl wlzgh Wt S Hole
CAPFOL®] 743k Kyotel Z#aAZE v gnjsel £ o a7 vehd offx= old 7jddrta &
ISaci=3

o AFAToll A yepd oz et o] sk Alg A A, gnzt FHdAR B oo F oo
cherst Ak, o] B AW-dgAES B3l volEHE F43tn

o

o)
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o =7 =) - — o =3 =
52 Waste] o AYE vln, $A%UH o5 4FFo UHHAINIES AlFo] HEsta, wEa
= = T = 5 o =H 3 ]

Fsro] ol 7P = A &0 e The A S TR slow ddd
24 0
| y = —0.0523x + 15.289
o1 | 3 R® = 0.4876(40cm X 2|)
ol .
18 5
—~ 2 L (]
i 5 9 %
S5t E y = —0.0488x + 15.163
< &2y gams RIS 003776(EAB)
~ ol - y = 0.0634x + 6.5851 a "
e R? = 0.7061 815 | AR
9 18
®40cm ®30cm 420cm ® 40cm m30cm A 20cm
6 L L L L L L 2“
40 70 100 130 160 190 220 250 40 70 100 130 160 190 220 250
Eg(MPa) E(MPa)
a9 18, Eg Kol S 244 19 19, E,-DCP-PRO| #¥A #4243
34 0
L ]
n
32 b 3 L
y = —0.7962x + 20.263
30 I ey R? = 0.6671(40cm Al 2) x
E
Fosl v = 0.1086x + 12.86 2 9} )
s R? = 0.7462 g .=~y = -0.8324x + 21.177
) £ - s .
2 56 | 22| < R? = 0.6252(F# &)
& X
%
24 8 15 xe *
22 18 |
® 40cm m30cm a20cm ® 40cm ®m30cm a20cm
20 L L L L L L 21 L L L L L
40 70 100 130 160 190 220 250 6 9 12 15 18 21 24
E¢(MPa) Kso(kg/em’)
a9 20. Eg EppgpS S 244 29 21, K,~DCP-PRe] et £4 47}
34 0
L ]
n
32 3 r y = —0.4193x + 19.825
Ao R? = 0.403(XMH &)
30 61
y = 1.3675x + 6.1079 - ==
= R? = 0.6731 2 9ot —
F o8 : = y = —0.3659x + 18.59
gﬁ R é 12 . R? = 0.3658(40cm Al )
z 26 =
I-Y-T] z 15 F L ]
24 2
18
A
2r . 21 f
® 40cm m30cm 420cm ® 40cm m30cm A 20cm
20 ‘ ‘ ‘ ‘ ‘ 04 ‘ ‘ ‘ ‘ ‘ ‘
6 9 12 15 18 21 24 20 22 24 26 28 30 32 34
K30(kg/cm3) ELrwp(MPa)
™ 220 Ky~ EppgpS XA 244 % 23, By~ DCP-PRO] ahatA] £4 43}
24
4. 48 =

o Ao A= Alge] zhHStaL, Hal, WE ANE AS 5 dE hHH 7|0 geogauge, LFWD,

CASPFOL, DCP9] &4 2 vk J3d A4S Hste] A5 Ad=E 90%, 94%, 98%, 3
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HE 8%, 11%10.4, 13.5%= vl 7IAA AUEIAHS HAAsglon, Algddy) &3 g2 28S
At

1) geogauge, CASPFOL, DCP<]
%S dvetdllen, LFWD9] 74

2) geogauge$t LFWDE 3h<pu] o] F7tel whel A A&l 3+ °
DCPe] 4% HAg4n|o AxFoAMsE & WEE Ho|x ¢a X5 ol F

7
o
<

B>
oM
ot
ftlo
L
o
=
32

3) ARAA A ALAA ] SAU EL Ky(70.6%), ESt Epppp(74.62%)9 73
70% o)¥ow MlaA FA ek v, DCPO Ag- thE ArlEde] duaAvh vl sk A
O st

4) DCPO] ZaaA7E vl & AL DCPe] -9 7&geo] EAetA] & ARigddA va =
Al AR DCP-PR @k}, ]2k A ehpnE ol

(g L
>
ui
fu
o
=
il
=2
=
:(u)L_',
B
=
o
b
N
L
o
2
ol
o,
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