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Abstract: The liquefaction of the natural gravelly soils is a new problem beyond the existing awareness and codes, and the
trigger conditions of liquefaction are critical. It is the most reliable to extract the relevant knowledge from field investigation of
earthquake damages. In view of the world's largest scale of gravelly soil liquefaction in the 2008 Wenchuan earthquake, using
the post-earthquake field investigation data from the meizoseismal area in the Wenchuan earthquake and the historical
documents on liquefaction of gravelly soils in the world, the necessary trigger conditions for liquefaction of gravelly soils and
the relevant characteristic parameters are studied. The analytical results indicate: (1) The minimum ground shaking of 0.15g is
essential to trigger liquefaction of natural gravelly soils, yet the liquefaction of massive gravelly soils requires 0.20g to 0.40g of
ground shaking intensity; (2) The most natural gravelly soil layers are very loose. Even though the gravelly soils can be
compacted with the increasing ground shaking, the compacted gravelly soils are still slightly dense. (3) The gravel contents of
the liquefied soils can reach 85% and even larger in reality, and they do not decrease with the decreasing seismic intensity; (4)
The layers of gravelly soils with high shear wave velocity can be liquefied. The shear wave velocities dividing different
compactions for sands and gravels are different, and the liquefaction evaluation methods for sand cannot be applied in gravelly

soils. (5) The existence of a cap of overburden low- ——————
permeability and a non-liquefiable layer with minimum BEWA: PRPAGETTIEEA RIS BT (2016B01);
B I SN 7 w7 7 =T ES T A S B Tl i (O R
(2016YFE0105500); XK AR EETH (41272357); J AR
of liquefaction of gravelly soils, which can be defined as R4 (2014GXNSFBAL18257, 2016GXNSFAA380117)
the cap effect. (6) The gap for drainage between the WisE#: 2017 -02-21
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0.5 m in thickness is a necessary condition for possibility
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underground water table and the overburden cohesive layer cannot be large, which is another necessary condition for possible

occurrence of liquefaction of gravelly soils, and the thickness should be less than 2.0 m, which can be defined as the gap effect.

(7) Different from liquefaction evaluation of sandy soils, the buried conditions of layers of gravelly soils must be considered in

liquefaction evaluation, otherwise the liquefaction possibility of sites is easily misjudged.

Key words: gravelly soil liquefaction; overburden low-permeability and non-liquefiable layer; cap effect; gap for drainage

between water table and cap; gap effect
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Table 1 Data base and characteristic parameters of investigation on sites of gravelly soils in Wenchuan earthquake

Yyt Pt PGA dy; d,  dy s v . Hy,  dy
Y5 o Witk AU /g /m jm fm N /(m-s™") (m-s) /g% /m /m
1 T EEERE N Y VI 022 23~80 52 14 175 16l 182 26 23 -09
2 fmERH TR R S I A Y VI 021 15~22 19 15 90 165 219 9 1.5 0.0
3 {ERHTT T E SN Y VI 018 4.0~61 51 22 63 164 181 26 24 02
4 fERHTE RIGE ATLA Y VI 023 2260 4.1 22 — 142 162 5 1.5 0.7
S PEFHTIRSITER 2P A Y VI 020 2838 25 18 — 141 177 8 28 -1.0
6 fEBH T H E R Y VI 021 24~50 37 19 87 187 220 23 24 05
7 {EBH T E KRR Y VI 020 1.0~30 20 1.0 — 160 220 35 12 -02
8 ZRPHTHU#AN X SR AT Y VI 024 2060 40 13 — 152 182 5% 1.6 03
9 AT M E KA Y VI 017 14~22 18 14 39 176 234 75 1 0.4
10 M T B E R IGH Y VI 024 3.1~51 41 24 90 136 154 50 3.1 07
11 SR & B KA Y VI 034 4.0~80 60 28 — 238 250 57 4 -1.2
12 43P m B iR T Y VI 034 26~35 3.0 10 63 133 171 64 26 -16
13 SR TR M A Y VI 037 3.0~6.1 46 3.0 102 159 173 49 1.5 1.5
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i Py PGA dy; d, d, v v . Hy,  dy
I 2 Ho s Wit AU /g /m /m /m Nizo /(m'sil) /(m'sfl) /g",A) /m /m
14 FEPH T AR AR FE AT Y VI 024 0883 46 08 75 185 221 54 038 0.0
15 SRPT iR EE DS AT Y VI 042 4095 68 24 87 195 203 67 40 -16
16 SR i A R A Y VI 033 4.0~58 44 29 114 161 177 19 40 -1.1
17 431 SRR/ N Y VI 030 3.5~7.0 53 35 11.1 180 189 45 2.8 0.7
18 44T i T R A A Y VI 039 2837 22 06 81 153 215 48 28 22
19 AT R FEHEETA Y VI 029 1.8~29 24 09 87 187 251 74 0.7 0.2
20 SARPTTHSRRE R EA Y VI 029 28-42 35 28 11.7 199 227 64 1.2 1.6
21 AT TR AR A R SR Y X 046 12~32 22 12 — 178 237 50 1.4 02
22 SRTTHRMRE A A Y I 035 15~61 38 15 — 150 179 60" 32 -1.7
23 ZRATTE L TR IE A Y VI 047 6.0~80 7.0 60 — 250 237 357 48 1.2
24 FHRH TR R AR A Y VI 024 1.0~50 40 1.0 — 203 246 50 1.1 0.1
25 AT T O o R R Y VI 041 20~40 30 15 — 166 206 500 1.2 0.3
26 YL K2R 22 = b Y VI 049 24~70 47 24 — 215 238 500 1.7 0.7
27 HRVLIESEAREE K TR A Y VI 025 2.1-~37 29 21 150 250 311 85 1.0 1.1
28 EHRTIE B AR A Y VI 021 21~50 35 09 99 180 225 50 21 -12
20 HRVLHE SR UFAR SR KA Y VI 024 1.0~24 17 09 33 220 314 75 1.0 -0.1
30 EVLIBHEICEEE R Y I 025 14~28 21 14 63 205 271 45 1.4 0.0
31 ST MR A Y IX 044 4860 50 40 — 267 278 76 48 0.8
32 AT TTHL R AR Y IX 041 34~62 48 34 174 233 249 77 3.0 0.4
33 4T T EEEE EER A Y IX 048 50~77 63 16 — 150 162 51 50 34
34 ST IEE AR AT Y IX 049 2550 33 25 — 200 233 500 1.7 0.8
35 fHBH T4 LR N VI 020 5.0~13.0 90 5.0 13.8 269 251 200 3.1 1.9
36 AT EEE A FEAT N VI 026 6.0~15.0 10.5 6.0 246 287 257 500 2.0 4.0
37 {EBHTT SRR N VI 018 25~7.5 50 20 208 232 55 0.6 1.4
38 MEFHTH R KRR, N VI 020 6.1~87 74 61 225 218 205 76 3.6 2.5
39 NTHEZ4)LIE N VI 026 14~28 21 14 219 — — 500 1.0 0.4
40 SRBHARENLIEA F] N VI 020 4.1~81 61 41 189 — — 40" 25 1.6
41 WE=IEEHERE N VI 018 3.6~48 42 21 216 171 195 90" 36 -15
42 BEL U R A N VI 020 2440 32 24 213 243 285 80" 22 0.2
43 B SEEA REA N VI 0.18 4.0~100 7.0 40 309 324 435 80° 16 24
44 BIEL T REK A N VI 017 34~108 7.1 34 195 380 382 60" 1.6 1.8
45 FH AL KI5 N VI 021 3.049 37 3.0 282 230 267 30° 0.0 3.0
46 FHEPH TR B AR A AT N VI 024 98~140 11.9 47 141 304 273 40" 27 2.0
47 SRR N VI 037 34~74 54 34 141 282 296 500 2.1 1.3
48 B T A TR N VI 0.18 9.6~12.0 108 3.7 27.0 305 283 50" 0.8 2.9
49 SRTTHTRMRE A N VI 043 62~72 67 62 159 248 236 500 4.1 2.1
50 4RI TR SR TR N VI 041 8.1~122 102 1.4 375 337 332 50" 3.8 24
51 ZPTTH 2R KT N VIl 032 57~78 6.8 45 231 257 253 61 2.6 1.9
52 PEFHTHZIRER A N VI 025 73~9.0 82 37 17.7 259 252 69 0.0 3.7
53 VLT K Eh kit 2k N VI 049 50~80 65 3.0 — 233 240 500 1.1 1.9
54 ST SRR IRAS N IX 041 8599 92 80 228 272 241 70" 5.6 24
55 ST LB R ARAT N IX 048 94~11.0 102 2.0 225 234 228 50" 42 22
56 T ARILE RS N IX 043 4.0~60 50 40 — 323 336 90" 4.0 0.0
57 AT EEEE AR N IX 047 43-83 63 43 195 365 365 50" 3.2 1.1
58 HBITIE TR AL 22 B N IX 027 2346 35 23 180 — — 300 2.1 0.2
59  FRVTHE T AT 4 ok E N IX 031 27-49 38 27 237 — — 60" 0.0 2.7
60  4HBHTT BE/K BT N IX 044 24~58 41 08 414 — — 50" 05 0.3
61 EPBYLIETT B FE AL I N IX 031 5483 69 54 480 — _ 40" 0.0 5.4
62 HLIET KIFMEETEN N IX 037 3.0~53 42 3.0 234 _— _ 60" 1.0 2.0
63 EHEBMG AT N X 032 1525 20 15 225 — — 407 08 0.7
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