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Feasibility Study for Revision of Domestic Liquefaction Evaluation Criteria
by Analyzing the Liquefaction Phenomenon Caused
by the Pohang Earthquake
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Abstract

In this study, liquefaction evaluation was performed by applying liquefaction evaluation criteria commonly applied
in Korea and recently revised evaluation criteria to five sites where liquefaction was observed or potential for liquefaction
was high during the 2017 Pohang earthquake. The purpose of this study is to examine the validity of the revised domestic
liquefaction evaluation criteria by comparing and reviewing the results of the theoretical liquefaction evaluation with
the actual liquefaction occurrence at the sites. For the analysis of earthquakes for the evaluation of the liquefaction,
the actual Pohang earthquake wave, as well as the waves that was conventionally used in Korea, was used. The magnitude
of the peak ground acceleration of analysis earthquake varied from 0.097 g to 0.2713 g. From the analysis results, the
validity of the liquefaction evaluation criteria presented in the 2016 Foundation Design Criteria, which has been
commonly applied in Korea, was evaluated. From the evaluation results, the improvement of the existing criteria was
suggested, and the suitability of revised items of liquefaction evaluation criteria presented in the Seismic Design General

established in 2018 was confirmed.
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Fig. 1. Flowchart for Evaluation of Liquefaction Potential
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Table 2. Results of Liquefaction Evaluation (PGA 0.0979g)

Criteria 2016 Foundation Design Criteria 2018 Seismic Design General Site
Site Input Simplified Method Accurate Method Final Main Evaluation Final Liquefaction
Motion F.S FS>1.5 F.S F.S>1.0 | Result F.S F.S>1.0 | Result Occurrence
Hachinohe 1.77 0O.K 1.86 0.K 1.77 O.K
CH-1 Ofunato 1.59 0.K 1.67 0.K - 1.59 0O.K - Liquefied
Artificial 1.23 N.G 1.29 0.K 1.23 0O.K
Hachinohe 2.32 0O.K 2.32 0O.K
CH-2 Ofunato 2.06 O.K - - 2.06 0O.K - Liquefied
Artificial 1.79 0.K 1.79 O.K
Hachinohe 2.58 O.K 2.58 0.K
CH-3 Ofunato 1.71 0.K - - 1.71 0K - -
Artificial 1.74 0K 1.74 O.K
Hachinohe 1.03 N.G 217 0.K 1.03 O.K
CH-4 Ofunato 1.26 N.G 2.64 0.K - 1.26 0O.K - Liquefied
Artificial 1.37 N.G 2.58 0.K 1.37 0O.K
Hachinohe 2.62 0O.K 2.62 0O.K
CH-5 Ofunato 2.84 0.K - - 2.84 0.K - -
Artificial 2.92 O.K 2.92 0.k
Table 3. Results of Liquefaction Evaluation (PGA 0.2713g, Pohang Earthquake)
Criteria 2016 Foundation Design Criteria 2018 Seismic Design General Site
Site Input Simplified Method Accurate Method Final Main Evaluation Final Liquefaction
Motion F.S FS>1.5 F.S F.S>1.0 | Result F.S F.S>1.0 | Result Occurrence
CH-1 0.72 N.G 1.01 0.K - 0.72 N.G Liquefied Liquefied
CH-2 0.88 N.G 1.18 OK - 0.88 N.G Liquefied Liquefied
Pohang
CH-3 1.11 N.G 1.22 0.K - 1.1 0.K - -
Earthquake
CH-4 0.78 N.G 0.44 N.G Liquefied 0.78 N.G Liquefied Liquefied
CH-5 1.61 0O.K - - 1.61 0O.K - -
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Fig. 8. Evaluation of Site Liquefaction by Simplified Method (CH-1 site, PGA 0.154g)
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Fig. 9. Evaluation of Site Liquefaction by Accurate Method (CH-1 site, PGA 0.154g)

Table 4. PGAs for Ground Response Analysis and Liquefaction Potential Evaluation

Area Seismic Zone Design Performance Level Seismic Classification Method Rock Outcrop .MOtlon
(Return period)
. Grade |l Seismic Zonation 0.11g (500 years)
Pohang I Collapse Prevention — .
Grade | Seismic Zonation 0.154g (1,000 years)
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N2t AAE7E AoHE CH-1 FAJof tisto] o= 1 AE o= 212 PGA, 0.11g9F PGA, 0.154g= 27
Bl Aolt}. Al 7ol 4 CRR AFEE A e %, Hachinohe, Ofunato, ¢13-2|%lte] tfgh of4}3}
AT A WHEANZOIEAY AukE NG A A 7h s el Rolo
FAEEY 54FAE ol-&3H=, M 6.5 thgk CRR Table So|4] 7|& FF2E7|2AA7|ENA S84
FRE7|ZAAZIZAA AN MEASES 103 2 Hgatn i 37k ARTE Agete] s
of sidE= AFHATSHHE CRR=E AHY 5T B7ReE Aduts BH, IBHE7F AT BURE o A
Table 59} Table 62 7|3 F2E7|2AHAZZT A %, A7) GEI} SETE CH2 2412 sl 2y
Table 5. Results of Liquefaction Evaluation (PGA 0.11g)
Criteria 2016 Foundation Design Criteria 2018 Seismic Design General Site
Site Input Simplified Method Accurate Method IS Main Evaluation IS Liquefaction
Motion FS |FS»15| FS |FS>10 FS |FS>1.0 Occurrence
Hachinohe 1.55 O.K 1.63 0O.K 1.55 0.K
CH-1 Ofunato 1.51 O.K 1.59 0O.K - 1.51 0.K - Liquefied
Artificial 1.14 N.G 1.31 0.K 1.14 0.K
Hachinohe 2.1 O.K 2.11 O.K
CH-2 Ofunato 1.78 O.K - - 1.78 0O.K - Liquefied
Artificial 1.76 0OK 1.76 0.K
Hachinohe 2.30 0.K 2.30 0.K
CH-3 Ofunato 1.51 OK - - 1.51 0.K - -
Artificial 1.60 0O.K 1.60 0.K
Hachinohe 0.95 N.G 1.96 0O.K 0.95 N.G
CH-4 Ofunato 1.13 N.G 2.31 0O.K - 1.183 0.K Liquefied Liquefied
Artificial 1.23 N.G 2.35 0.K 1.23 0.K
Hachinohe 2.38 O.K 2.38 O.K
CH-5 Ofunato 2.54 0O.K - - 2.54 0.K - -
Artificial 2.44 0.K 2.44 0.k
Table 6. Results of Liquefaction Evaluation (PGA 0.154g)
Criteria 2016 Foundation Design Criteria 2018 Seismic Design General Site
Site Input Simplified Method Accurate Method S Main Evaluation Final Liguefaction
Motion F.S F.S>1.5 F.S F.S>1.0 F.S F.S>1.0| Result Occurrence
Hachinohe 0.96 N.G 1.1 0O.K 0.96 N.G
CH-1 Ofunato 0.97 N.G 1.12 0.K - 0.97 N.G Liquefied Liquefied
Artificial 0.95 N.G 1.04 0.K 0.95 N.G
Hachinohe 1.68 O.K 1.08 0O.K 1.68 0.K
CH-2 Ofunato 1.24 N.G 0.83 N.G Liquefied 1.24 0.K - Liquefied
Artificial 1.32 N.G 0.91 N.G 1.32 0.K
Hachinohe 1.41 N.G 1.03 0.K 1.41 0.K
CH-3 Ofunato 1.14 N.G 0.84 N.G Liquefied 1.14 0.K - -
Artificial 1.14 N.G 0.84 N.G 1.14 0.K
Hachinohe 0.77 N.G 1.61 0O.K 0.77 N.G
CH-4 Ofunato 0.86 N.G 1.76 0O.K - 0.86 N.G Liquefied Liquefied
Artificial 0.97 N.G 1.86 0.K 0.97 N.G
Hachinohe 1.88 O.K 1.88 0.K
CH-5 Ofunato 1.92 0K - - 1.92 0.K - -
Artificial 1.99 0OK 1.99 0.k
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Table 7. Comparison of Liquefaction Evaluation Results by Two Design Criteria

ngxa 2016 Foundation Design Criteria 2018 Seismic Design General Site

© Liguefaction
Sﬁe 0.097 0.11 0.154 0.2713 0.097 0.1 0.154 0.2713 Occurrence
CH-1 — - — - - - L L Liquefied
CH-2 - - L - - - - L Liquefied
CH-3 - - L - - — _ _ _
CH-4 - - - L - L L L Liquefied
CH-5 - - - - - - - - -

L : evaluated as Liguefied, — :

N2 F2E

evaluated as not liquefied
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