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Comparison of Elastic Moduli of Subgrade Soils Using Plate Loading Test,
Soil Stiffness Gauge and Dynamic Cone Penetrometer

2 T A Kim, Kyu-Sun

Abstract

This paper describes the correlation and relationship between elastic moduli measured by three stiffness measurement
methods with different mechanical characteristics to evaluate the compaction characteristics of subgrade soils. The Soil
Stiffness Gauge (SSG) with very small strain (= 0.001%) ranges, static Plate Loading Test (PLT) with mid-level strain
(= 0.01~0.1%) ranges, and Dynamic Cone Penetrometer (DCP) using penetration resistance were implemented to
measure the elastic modulus. To use the elastic modulus measured by different measurement methods with a wide range
of strain in practice, it is required to identify the correlation and relationship of measured values in advance. The
comparison results of the measured elastic moduli (Essg, Epit, Ence) using the three measurement methods for domestic
and overseas subgrade soils under various conditions indicate that the evaluated elastic modulus relies on the types of
soils and the level of stress condition. The correlation analysis of the measured elastic moduli except the data of cement
treated soils indicates that the static elastic modulus (Eprr) is evaluated as about 60 to 80% of the dynamic elastic
modulus (Essg). Unusual soils such as cement treated soils are required to be corrected by the stress correction during
the correlation analysis with typical soils, because these types of soils are sensitive to the stress condition when measuring
the static elastic modulus (Eprt) of soils. In addition, when considering the use of DCP data for the evaluation of the

elastic modulus (Epcp), the measured data of the elastic modulus less than 200 MPa show more reliable correlation.
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Fig. 2. Typical result of plate loading test (modified after Alshibli
et al. (2005))

om 27 Aake] Hrh dAA Y AEH T
shEo] A= Tt AA e 8l SA S AR
it} wAFE] T3l PLTE QA 9= EY
ol & A s ZE3h HAH S ANER
of wpet ge] AEEm Aokl xRke] -9 S0kN, Tt
3k A]5ke] 79 100~300kN &S Zkpojof glc).
A= 32 2% dUER 54 7hsRt Zlolofof gt
Tk PLTE o837t A4 SdAIEmnn)= that 22
Aoz Akd 4 lch

4714, Epcre HEHAY
bl P 28515, RS B
ot

2.3 FUYEHI|(ASTM D 6758)

P
= B8 A2 AMESE E ¢l th(Fiedler et al., 1998).
SSG&= m|axZlEE olgste] WA S o= o7& =
AN S0k ol i) SIS mpedance)
FEHOA AR of| A TR 52 A

43
o 1o T
) (92
g W
ﬁ FO
1
2]

72

Q
é‘.:
_1

5 1o
2
Pﬂ

i

jgr_?L'oi)MjE

Aslre S, SAAE 97120 24 ﬁm
B SIS 0lgslel e 4 e

 smalol o] Al ze] the 2 B
9] 7_75“% 2] (2)} ZtKPoulos and Davis, 1974;
Fiedler et al., 1998; Lenke et al., 2003; Sawangsuriya et
al., 2006). Sawangsuriya et al.(2003)2] ¥Lo]l A= SSG
A (Esso)= WHHEES 18T o 843 AIY
(seismic 0} AV BAASE el ke

oo o= B oE ro

e}
[e}
[e3
rsi‘

ey
3

Y
ne
o
A
rH
i
e
>
oQ
~
i
(=
0l
o
H
0z
HM
10
pu
0x
=
4>
o
£
()]
(@3]



Egor R

| LTT-Ege R

Ko = 0 ()

(1—v?)

7] A, vi= EolpH], RS H7|=
on)yE= P71z Aol st
o] &9l Z+z MPagl MN/m o[t}

)
~
on
1
rk

ZAA—H(ASTM D 6951)

HAAA7I(DCP)= AAEH =7
°ﬂ M Aoz v, f4, &
DCPL= 49~78N 9] 30| 2}.9ub5l2 HHAIA]
A2 Za AT BIAAA Ak A7
oh 2o QA2 E wehy =

A gAE 9l AA "%
A= RACHKSEP, 2010). A
index, DPI, DCPI, DCP-PR)& A&
A=Y APE dHe 35 °}~Eﬂ
ol AFdE=E 2F
o] BAE °]&3to] ‘E}*éﬂ]ﬂ—% AL
A= 3= o] LrrHPowell et al.,
al,, 1992; Chen et al., 2005). DCP Z%|9]

=gl

-iN filo

H71E Slat AFABOE Wol ol§

e A8

@

9|7 (= 57.15mm),
AF4(= 0.565), Essc®} Kssa

Akt BR1Z00IDCP
o], 72 A¥k9|
g-g=) DCP=
2] o] Z]qk, DPI-CBR-E
o8 Hrsh=
1984; Webster et
ol A &)

DPI g2 E=TAAIA S N2|&F FARHA ti i ARHe]
W, 8 E, JEEES QJAte] Yi B0 9F
& Witk DCPE w4 B24] AFo|ng, 7hs|
o] Fofl disl AlRd =2 Ade 3T 4= e
o, Aule] §A|Te] 2 Bo] Golsiek gel gt
(Kim et al., 2013).

3. HOlE 28 2 24

3.1 HIojg] =&

A9 dlo|E+= PLTS} SSGE 7 &4 o] sAlo 4=
P ALE ez s on, Ay 473, |
AN 693] 5 Z 116719 glo]EAlS 7]Eo s HA
sttt 7| UaE dFAT el Y 2Rl &
At ASAE 2ste] Ha 24 =35kt Ak
EAZE £ 1607 A8 E= A E(CL, CL-ML),

N

AR E(SP, SM, SW, SW-SM), A28 E(GP, GC, GW,
GW-GO), ATMIE 2 413] He% 58 o shalo
ml, thopat o] Ta) B BAjo] ZPsStES 519
o AMgE Hlole £ W Pl 8L Table 1o Az
shedc.

1::0

Hammer
Not to scale 78 N
< Upper rod
Anvil. 1l E Vertical
P . \F‘] scale
. Hydraulic Electronics
Dial jack ; -
gauge Shake Velocity .
sensor .
Drive rod
— -
§ 7 7 o
Plate LL_E]
/ .\ Ring
g oo Il
\g ! ;' \“ Influencing
R | region

(a)

2.0

1z

(b) (c)

Fig. 3. Measuring device for elastic modulus: (a) PLT, (b) SSG, (c) DCP

66 HI312 3=



Table 1. Data collection for comparison studies

Test type Test method Reference / Location Testing no. Soil description
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Table 2. Coefficient of variation (COV) for soil tests (modified
after Lee et al. (1983))

Type Soil Properties COV (%)

3%
15%

Density

Physical property -
Moisture content

Strength CBR 25%

Stiffness Elastic modulus 30%




Table 3. DPI correlations for estimating Ep.t and Ess
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