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Evaluation of Estimation and Variability of Fines Content in Pohang
for CPT-based Liquefaction Assessment
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Abstract

Recently, the use of CPT-based liquefaction assessment method has increased by providing more accurate results than
other field tests. In CPT-based liquefaction evaluation, various soil properties are predicted and they are used for
liquefaction potential assessment. In particular, fines content is one of the important input parameters in CPT-based
liquefaction assessment, so it is very important to use correct prediction model and to make quantitative evaluation of
estimating variability of fines content. In this study, the error evaluation of existing models for prediction of fines content
through CPT was performed, and the most suitable model was selected for Pohang area, where the liquefaction
phenomenon was observed in the 2017. In addition, the inherent variability of soil was analyzed, and the estimating
variability of fines content was evaluated quantitatively considering the inherent variability of soil, measurement error

of CPT and transformation uncertainty of selected model.
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and Wride, 1998).
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4 WA Q& AHEE ZBAATH |, £,
rahel nhan|E ohe S-S Estel APPE 4= lrk
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Fig. 1. Correlations between soil behaviour type index and fines
content



Table 1. Boundaries of soil behaviour type

I Zone Soil behaviour type
e < 1.31 7 Dense sand to gravelly sand
1.31 </, <€ 2.05 6 Sands: clean sands to silty sands
2.05 < /[ < 2.60 5 Sand mixtures: silty sand to sandy silt
2.60 < /[ < 2.95 4 Silt mixtures: clayey silt to silty clay
2.95 < /[ < 3.60 3 Clays: silty clay to clay
/e > 3.60 2 Clay — organic soil

(2010)0]) ofste] Alkel gke) Wglo] e EEEE
(Table 1)E UERHT] Robertson and Wride(1998)2} Idriss
and Boulanger(2008)7} H|9Het o418 Lo Tt 7%5

AFFHZ 011BH BAE ehf gov, o)
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Auk 3t 5A) sl AgEe die) 24 o
A ALE0 WA EE 193 BaAAL 7t
o 2R oz} Ao} And] ¢
A} Fog QI Eba/do] tlslA|A| EtKChristian, 2004;
Lacasse and Nadim, 1996; Whitman, 2000; Ronold, 1992;
De Groot and Baecher, 1993). Kulhawy(1992)2- #]Ht E-A4]
of| 20|49 ESFIA-L 115 HFA(inherent variability),
Z=74] @ X{measurement errors)9]- W3} E3HA A (transfor-
mation uncertainty)2] A 7}2] Q¢lof| 7]¢ldl= Ao=
5 2519 tHFig. 2).

AHke] a1 WE /g vheRt Ak, 74, =@

of @& ARt =4 3(1’)3 4&‘4 2R FZtA

o
HelE 4 glon] WEARS Aue)

EgEo] 2] (10) 22 xHE 4= QJci(Lumb, 1971; Orchant
et al., 1988).

L2} elz)= |

QA= Auke]

© ZKrandom testing errors) SOl o8 %*J,@E}. o]
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L 2lojog X vl o]—lji
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Fig. 2. Uncertainty in soil property estimates (Kulhawy, 1992)
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L Q= Ao g 7P E th(Baecher, 1986; Filippas et al.,

(idealization), TH=SHsimplification)dl+= oA o] A
5] EARI Wk doA glojH o fARS: SEEA]
e AFgSlo] Heel 4 olr. ANl wske
< IARAE Bl BrhEw IFAdolA HolE
9] EAA == Hato] 091 Q}gtﬂ—,{random variable) &
= wg 23pa4el

mu o
R E
>
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olE LHIEES o83}
et al., 1995)
Y(z)=T(z) +v(z) +e(z) +e(z) (11)
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ATYAAE AABE AR Pl or Fan
Aol sgeick. tEAQ) GRS PR SaE
o] QLaL, QHAIEI SAHEO] B HEo] sjgeh
2R o AT A3 o] HEs gk 20179
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Fig. 3. Study area with five site investigation locations

Table 2. Summary of laboratory test and CPT results

Depth Percent of soil passing (%) Cone penetration test
Borehole USCS
(GL.—m) #4 #10 #200 q. (MPa) f, (kPa) A
CH-1 7.0 100 100 63.6 CL 0.71 19.7 3.08
CH-1 9.0 98.2 94.3 13.4 SM 1.77 23.7 2.60
CH-1 11.0 100 100 83.4 CL 0.73 9.8 3.16
CH-2 3.0 96.2 91.1 12.8 SM 17.5 71.8 1.30
CH-2 6.0 100 99.6 94.9 CH 0.40 1.0 2.92
0.88 13.7 3.42
CH-3 6.0 100 99.4 16.2 SM (3.95)° (20.5)" (2.59)"
CH-4 5.5 100 99.6 16.5 SM 3.68 21.7 1.99
CH-4 16.0 100 100 731 CL 0.85 71 3.07
CH-5 12.0 100 99.8 26.4 SM 2.05 27.5 2.66
CH-5 22.0 100 100 45.7 SC 1.09 12.5 3.30

" Values in parentheses are for depth of 5.92m
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i

\
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Robertson and Wride(1998)
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Fig. 4. Correlations between soil behaviour type index and fines
content
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t} 28, A% 5.92me] AS CPTo| Wa L= 2562
8cm Hfol Zfo]7}F UrA] ol Etstal A= 6mo
12} v]aLsto] -9 F 2po|E Bl ow, CPTO 23t 4|
HHEFe A5 e wE A7t 2 dAsk=
Aoz Yesith 8B, CH-39] A= 6mof theh A
& T Sl digt e2b= diSAe] uE A2}
Hr} CPTE} Al gHgel S =9 EYAo ot
£ A7t FdQlolE} wdsto] CPTo whE Lik= A
T 6.0m th4l 5.92mof thiet ghs Ao Z-8-5k3iT
7| 5S40l et @245 7F Aif= Table 30f 2]
Bl

Q21971 A3}, Robertson and Wride(1998)]] 2J35t o
S2]0] 16.9%= 7HE 2-& MAEE Zh= 2102 eyt
o, Stuedlein et al.(2016)0] 2]t o Z4l0] 18.1%2
T MR = 42 MAES 2= A2 Yelith RMSE
9] 72 Robertson and Wride(1998)2} Stuedlein et al.
(2016)° &J3t of&4]0] 21.0%= AL| FUstH 7H 2
e LLRECIS R EREREE
X Z7lHow Teje B ol 2ae] wEAolt, B
& 9A7L AT o5 oA Ha WE o]

= AL oS g A=) B ek AL ofulat
t}. H|E MAE-+= Robertson and Wride(1998)7} Stuedlein

Table 3. Error evaluation of prediction models for fines content prediction

Absolute error b
Model RMSE® (%)
MAE?* (%) COV (%)

Robertson and Wride (1998) 16.9 77.0 21.0
Idriss and Boulanger (2008) 18.1 74.5 22.2
Robinson et al. (2013) 29.2 66.3 34.5
Boulanger and Idriss (2015) 31.6 68.1 37.7
Stuedlein et al. (2016) 18.1 62.3 21.0

a ' Mean absolute error
b : Root mean square error
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et al.(2016) Kt} SA| YEREATE 1.2%4}of| Zfo| 7} 1
A o= RHH, % eafo] i3t ¥-5/4d-2 Robertson and
Wride(1998)7} Stuedlein et al.(2016) 2.t} 14.7% 7|
Uelgtth 1828, HEA 0 R Stuedlein et al.(2016)
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F5oll ek 2.1%58 17.8%714] thest
Al Urebstth CPTo mhE S74 22H8] MEA(CoV,)>
Kulhawy and Trautmann(1996)] w2 £31743 11
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A& ohde] Aldtgks aeet 2 Aol ERAt
o] 1 Z4F Hfoll thgt FA12 5738 Table 40 A2
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Fig. 5. Trend removal of /; and inherent variability (CH-1)
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Fig. 6. Comparison of measured and estimated fines content and confidence interval for £St. Dev.

Table 4. Statistical properties of standard deviation for fines content prediction

— Standard deviation + Standard deviation

Borehole Min. Max. Mean cov Min. Max. Mean cov

(%) (%) (%) (%) (%) (%) (%) (%)
CH-1 0.0 37.3 26.9 38.7 0.0 34.9 24.8 27.4
CH-2 0.0 30.7 25.9 30.7 0.0 30.7 24.9 21.7
CH-3 0.0 31.2 18.8 54.5 0.0 29.4 23.6 32.2
CH-4 0.0 29.5 14.9 87.6 6.6 29.5 24.2 20.7
CH-5 0.0 39.4 25.8 38.5 4.5 35.6 26.6 18.9
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