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Analysis of Engineering Characteristics and Seismic Response Characteristics of
Laterite in Liuzhou Area
QIAO Feng'”, BO Jing-shan'??" | CHANG Chao-yu'*’, WANG Liang*, HAN Xin’, HUANG Xin'

(1. Institute of Disaster Prevention, Institute of Geological Engineering, Sanhe 065201, China;
2. Hebei Key Laboratory of Earthquake Disaster Prevention and Risk Assessment, Sanhe 065201, China; 3. Key Laboratory of
Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China;
4. Xi’an Research Institute of China Coal Research Institute, Xi’an 710077, China; 5. Gansu Earthquake Agency, Lanzhou 730000, China)

[ Abstract] Due to its special material composition, formation environment and special structure, red soil usually exhibits engineer-
ing characteristics and dynamic characteristics different from ordinary soil. By summarizing the previous research results, the engineer-
ing characteristics, dynamic characteristics and seismic response characteristics of red soil in Liuzhou area were studied by numerical
simulation methods. The results show that: Except for the liquidity index, the coefficient of variation of each physical property index is
small and relatively stable, and the coefficient of variation of each mechanical property is large and relatively discrete. The physical and
mechanical properties of red soil in Liuzhou area. There is a correlation between the natural water content, void ratio, and density.
Through statistical analysis, this chapter gives the relationship between the shear wave velocity and the buried depth of the red soil in
the Liuzhou area. The recommended fitting model of the related system has a verified error of less than 5% . The difference between the
different kinetic parameters and the measured value is analyzed through the SOILQUAKE program, and the recommended value is giv-
en. This work is of certain value to workers engaged in red soil research.

[ Keywords] laterite; physical and mechanical properties; dynamic characteristics; seismic response characteristics
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Table 1 Summary table of physical and mechanical

properties

S8 BAME R/ME EEME ERRE
RIREKE /% 73.20 25.40 45.55 0.10
FLBRLL e 2.13  0.68 1.36 0.12
B p/(grem ™) 2,00 1.54 1.74 0.05
W /% 90.00 30.70  66.14 0.15
AR w,/ % 56.00 17.20 37.66 0.12
WRPEFREL 1, 0.73 0.05 0.42 0. 62
IAPERREL 1, 39.20 8.10 28.74 0.18
JE4Ef i Eq/MPa 29.20 2.10 11.49 0.59
F®TI ¢/kPa 88.60 10.63  48.08 0.62
WS @/ (°) 81.60  1.50 24.13 0. 41
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Table 2 Correlation coefficient table of physical and mechanical properties index

EiFL7n e 14 Wy, @p I, I, Eg c (2

® 0.993 -0.949 0.774 0.798 0. 167 0.785 -0.324 -0.070 -0.209
e -0.977 0.792 0.790 0. 175 0.783 -0.262 -0. 046 -0.187
p -0.797 -0.772 -0.126 -0.782 0.370 0. 024 0.127
W, 0. 804 -0.289 0. 848 -0.060 -0.056 -0. 159
wp -0.364 0.707 -0. 065 -0.034 -0.153
I -0.127 -0.235 -0. 180 -0.131
Ip -0.013 -0. 066 -0.129
Eg 0. 139 0.111
¢ 0.378

x3 MENFURERREEIE

Table 3 Screening list of abnormal values of physical and mechanical properties

fatw w € p @y, @p 1, Iy Es c (4
FEA%L 246 246 246 246 246 246 246 166 171 171
SEHAE 10 9 7 3 9 8 7 5 8
SRR 236 237 239 243 238 237 238 159 166 163
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Table 4 Analysis of the correlation between indicators
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Table 5 Correlation test results between physical and

e L B mechanical properties
1 ¢=0.033 lw-0.285 9 0.99 L e e F,

2 p=—-0.010 20 +2.245 4 0.98 PR ARG T 0 w000 a=0.001
3 o, = —0.020 10* +3.136 1w -38. 198 0.72 I ew 237 970.24 3.8 6.74 11.10
4 wp = —0.005 8w® +1.275 Tw - 10. 711 0.71 2 po 29 760.97 3.8 6.74 1110
S b= 0,014 6a? +1,924 9w 29, 654 0.7 3 w0 236 4267 3.88 6.74 11.11
4 wpo 234 1722 3.88 6.75 11.11
6 p=-0.3042¢+2.154 3 0.97 5 L 235 60.02 3.8 6.74 1. 11
7 ), = ~17.112¢* +79.461e -8.590 8 0.73 6 pe 235 84181  3.88 6.74 1. 11
8 wp = —4.093 9¢* +31.598¢ +2.717 4 0.70 7 wp-e 238  27.99  3.88 6.74 11. 10
9 I, = —14.136¢% +52. 412¢ - 15. 048 0.71 8 wpe 236 1419 3.8 6.74 1111
0 w0, = —75.513p% +157.36p +21. 81 0.74 9  Iye 237 4537  3.88 6.74 11. 10
1 wp =0.714 8p2 —69. 496p + 156. 54 0.71 10 w236 5074 3.88 6.74 111
- o = 1. 83957 4276, S4p - 173,52 0.7 11 wpp 232 3028 3.8 6.75 11.11
12 ILp 233 6529 3.8 6.75 11.11
13 @p =0.347 6wy +1.445 5 0.78 13 w-w, 235 16782 3.8 6.74 111
14 Ip = =0.003 3w, % +0. 815w, ~10. 191 0. 82 14 Lo, 239  460.32  3.88 6.74 11.10
15 I, = —=0.013w,> +1. 455w, —6.949 4 0.53 15 ly-wp 236 78.56 3.88 6.74 11. 11

Fo6 FHEYIRELLFERLLEEE
Table 6 Dynamic shear modulus ratio and damping ratio range
i P ATIBIRAE (10 ) T 2R
0.05 0.1 0.5 1 5 10 50 100

o G/ G, 0.999 0 0.998 0 0.989 0 0.977 0 0.896 0 0.8120 0.463 0 0.3010
Rk A 0.025 2 0.0349 0.071 8 0.093 6 0.159 6 0.1855 0.2350 0.254 0
M G/ G 0.980 0 0. 960 0 0.825 0 0.710 0 0.3200 0.200 0 0.049 3 0.0250
A 0. 000 2 0.000 5 0.002 8 0.005 8 0.026 7 0.045 7 0.074 0 0.075 4
—_— G/Go 0.993 4 0.986 5 0.937 2 0.884 4 0.635 4 0.487 8 0.186 3 0.108 3
A 0.011 7 0.015 0 0.029 7 0.041 1 0.082 7 0.104 6 0.1453 0.155 5

x7 HEVIEELMERLEREETIR x8 ZhEYIRE L FNRE B Lk BE BT R T T4k MR L 1T R

Table 7 Abnormal value table of dynamic shear modulus
ratio and damping ratio
FEAEL S E
180 6

geits
174

Table 8 Correlation table of dynamic shear modulus

ratio and damping and shear strain

[EPEE 3] WA
G/G,, = —0.080 5(lgy)* —0.872 6lgy — 1. 365 0.92
y=-0.0113(lgy)* +0. 128 1lgy +0.366 8 0.89
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Table 9 Recommended values of dynamic shear modulus ratio and damping ratio with shear strain
¥ RIFEBIRAE (10 ~*) F 4
- 0.05 0.1 0.5 1 5 10 50 100
G/G, . 0.998 6 0.9855 0.898 9 0.837 4 0.638 3 0.528 3 0.216 7 0.058 2
A 0.005 3 0.008 8 0.024 9 0.0352 0.067 1 0.084 2 0.1319 0.1558
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Table 10 The range of shear wave velocity and depth
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Table 11 Shear wave velocity abnormal value table
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Table 12 Comparison of fitted models
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A

TR SRR IERC fER
Hom Bosm pRgk R

CEA

WAE 0.803 0.771  0.804 0.810 0.813 0.753

W 12 Fin , T BB AL A SO i, oA
S HUCR: 48 H PR ERAE R A0 b X 21 A A 2 B DT
P IR AR OCHE A L G B IR & A K
SV, =215.93H" "7 HAEMER 0. 813,
3.2 EBIEIE

T IR AR ST 4 A A Tl U AR TR R
AT FEE SO BN N M DX R TR I H %) 6 A S
B LR R S, A 0 AR 755 45 HA () 47 BT ) AR AR
XoF BUT I 0 T 25 R I 45 Hh A% )2 A N Y 1R 22
B, PR 13, TR Z Ui, S Hgh b T
HoX 2T+ )2 BT U1k v SR H A e AY ]
VSRR | S S L 21 = 4 )2 B A R 5
UEARE

R 13 FEL 1 FroR , XTI b X 2T £ A S
AR TR 25 ) TO0I B 1) 95 5 S0 B 7] ik
[BIAHZE RN IR EIIRT 5% o UL IH A SC il #E 77
AL AE TR AGN M M DX 21 £ 5 U] 35 o s 35 SR 4 4 1
AR T DIEAZ

350

Tg 300
=
X
=
®R2s50f
—o— Sl
—e— AR SCARLRY TR B
200 Il 1 1 1 ]
0 4 8 12 16 20
HEYR/m
(a) 411
350 -
T; 300
]
-
I
R 250
—o— SEWI{E
—e— AR SCHLR TR B
200 1 1 1 1 J
0 4 8 12 16 20
HEYR /m
(b) =612

BT AR S o e 1
Fig. 1  Comparison of the proposed model and

measured data
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12 6. 00 gt 260 272.4 4.8 Table 14 List of soil physical and mechanical parameters
7.00 g+ 267 277.9 4.1 P 0T e
8.00 4t 20 2828 4.7 — - =
9.00 a4 279 287. 1 2.9 o R/ m 10
10.00 281 291. 1 3.6 DI OIBE/ (mes ™) 280 500
11.00 74 286 294.7 3.0 HIE/ (grem ™) 1.74 2.20
x15 TEHHYEELFERILSIE
Table 15 List of dynamic shear modulus ratio and damping ratio
; ARRBYRNAE (10 %) FSHUE
%
% 2 0.05 0.1 0.5 1 5 10 50 100
it G/Gp, 0.998 6 0.9855 0.898 9 0.837 4 0.638 3 0.528 3 0.216 7 0.058 2
- A 0.005 3 0.008 8 0.024 9 0.035 2 0.067 1 0.084 2 0.1319 0.155 8
o G/G,.. 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
= A 0.004 0 0.008 0 0.010 0 0.051 0 0.021 0 0.030 0 0.036 0 0.046 0
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WL 3 ~ S, AT LUR BT HUEE 15 A H
R ESRIE — W, 20 BT R 1 RRAE R I S
B 59 YIRS LY R 5T U] ik 15 R L i ) BELJE LY Y
AL SN ANBURS SV 58 T, 5 2 5T YR & LR
BT AE L, 5 BEJE E R L ;Y 1 R B S 4L

F16 FYIKESHTIF
Table 16 List of special soil shear wave velocity grouping
W/ (mes")
W W M I A SRS b
a4+ 220 240 260 280 300 320 340

Iy

ARV, 21 4 A RRAE 2 500 T A R gl o B R &
IE LG G &, BI o B BE K, R AR A B A
K,
4.2 XELTEIZI®E

AT 2T v sl O O A g, AR
SCHRBEIT v 5 b DXRTAGN AN DX LR S b g S
EhfLgRE, ey 2 MR R N AT AR R 17
M2 18 45 TR 2 L2 S8,

*17 TEWENFEEIRTIE
Table 17 List of soil physical and mechanical parameters
Bt £ S a+t W
FIRBSEE/m 3.2 14.8
P/ m 3.2 18
P (mes ) 255 329 645
W/ (grem?) 1.80 1.75 2.40
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ARSCH LA SE R A JZ A AR DR [R] 58 B
i) EL Centro JE/E R4 A ZE S B2 + sh B Ui &
FEAIBEE Fe i e R AHL e/ IMEL P39 R (295
TE4 9 iR RG24 1 i 3 8T DR & L A
BHJE LA, LA (R HEFE () Fn el {E (4R 1EE

Bz prAh L 1w )2 A 52 Sh BT DA i L AR S [b
{8, TARR ™ ST ) BEAT X HE IRk B 183
IEEARAE ST AT LT, B2 HH e T
PH X 2T 4 B 5T YA H A BE S B g U, 32 19
JERRIR 1 ST U HERIBEE HE R EUE S 2

x18 LTEHFVMREILFMERLLTIE

Table 18 List of dynamic shear modulus ratio and damping ratio

RREIBTRAE (10 ) F S8

12 28
0.05 0.1 0.5 1 5 10 50 100
ZHt G/ G, 0.960 0 0.950 0 0.800 0 0.700 0 0.3000 0.200 0 0.1500 0.100 0
A 0.0250 0.028 0 0.0300 0.0350 0.080 0 0.100 0 0.1100 0.1200
s G/ G oy 0.993 1 0.986 2 0.9352 0.879 0 0.600 5 0.433 6 0.136 2 0.073 5
A 0.011 9 0.016 3 0.033 4 0.044 9 0.080 2 0.095 2 0.117 2 0.1213
T G/G, 1.000 O 1.000 0 1.000 0 1.000 0 1.000 O 1.000 O 1.000 0 1.000 0
A 0.050 0 0.050 0 0.050 0 0.050 0 0.050 0 0.050 0 0.050 0 0.050 0
x19 THFYIRBLLFERLBNTIE
Table 19 Moving modulus ratio and damping ratio input list
fob ¥ IR Y RAE (10 ~*) T S 80E
0.05 0.1 0.5 1 5 10 50 100
Sl G/ G, 0.993 1 0.986 2 0.9352 0.879 0 0.600 5 0.433 6 0.136 2 0.073 5
A 0.0119 0.016 3 0.033 4 0.044 9 0.080 2 0.095 2 0.117 2 0.1213
i G/G, 0.999 0 0.998 0 0.989 0 0.977 0 0.896 0 0.8120 0.463 0 0.301 0
A 0.025 2 0.034 9 0.071 8 0.093 6 0.159 6 0.1855 0.2350 0.254 0
Pyl G/G, 0.993 4 0.986 5 0.937 2 0.884 4 0.635 4 0.487 8 0.186 3 0.108 3
A 0.0117 0.0150 0.029 7 0.041 1 0.082 7 0.104 6 0.1453 0.1555
M G/ G, 0.980 0 0.960 0 0.8250 0.710 0 0.3200 0.200 0 0.049 3 0.0250
A 0.000 2 0.000 5 0.002 8 0.005 8 0.026 7 0.045 7 0.074 0 0.075 4
e G/G, .« 0.998 6 0.9855 0.898 9 0.837 4 0.638 3 0.528 3 0.216 7 0.058 2
A 0.005 3 0.008 8 0.024 9 0.0352 0.067 1 0.084 2 0.1319 0.1558

FIH SOILQUAKE  J2 I b 43 B B R iE 47 0 4
TR BB 0,02 s, IR 50 H g, B A L
SIS AR R A L AR A — 21 | P75 A b i
IV T o 25 A A TR THREE SR L3R 20,

HRIEFE 20, 0T LLE B, A 6] 3l 124 5 50Ul 4%
PER 20 - A WA B A8 3 I I 1% R AIE S 4
W22 R -10% ~10% , 55 A ) 5 K 22 2 1
A S/ IMELAL , PRIt IS0HE a0 S0 e 1 17 O
T KIS R TR R AT + 8 ) 2 S5 i
0 ) e/ MELHEA T 15 5 B i A\ b RE Bl 5 2 1 3
I, w25 (A AL BE 2 38 K, an SR se PR TRE fr e X, Bt
e B R A e (VDRI IX B ) HL XN fA A 8+ 2
2L+ HRE IS EOR TR G T HE , 8 i S
S AR EE

HRARET A AE A [ 3y 77 2% 2 80BUH 4 10 5 i i
(BN PS5 NS T 27 3 4R 1 2 4505 S I A %) O 22,
AR SC A HE S TN Hb X 2T+ 2 5 U R L A E e

PR U, TEILER 21 FIE 6,
R20 TRMNFSHENEEZ BHEETIR

Table 20 List of deviations between the values of different
kinetic parameters and the results given by the

measured values

28 WREshmE  PHE ROKE RME O EEE

0.05¢g 0.00 0.03 0.07 0.00
S E 8 s 0.1g 0. 00 -0.03 0.03 0. 00
0.2¢ 0.00 0.03 0.21 0.03
0.4g 0.13 0.20 0.17 0.17
0.05¢ 0. 00 -0.16 -0.02 0.17
0.1g 0.03 -0.20 -0.06 0.01
Pl
0.2¢ 0.01 -0.24 -0.11 -0.01
0.4g 0. 04 0.14 -0.10 -0.03
0.05¢ 0.02 -0.08 0.08 0.03
W (AP g 0.1g -0.02 -0.03 -0.08 -0.07
0.2¢ 0.02 0.09 -0.04 0.02
0.4g 0. 00 0.03 0.02 -0.01

¥ s M HE . www. stae. com. cn



2021,21(35) Tr W A M b DX 2T A ) TR R A b R R AR 43 BT 15175
x21 FAFESHBWETIR
Table 21 List of recommended Kinetic parameters
28 0.05 0.1 0.5 Z:IEJEQTI\A\'ZQ( 0 ng&{ﬁ 10 50 100
G/G,,., 0.993 4 0.986 5 0.937 2 0.884 4 0.635 4 0.487 8 0.186 3 0.108 3
A 0.0117 0.0150 0.029 7 0.041 1 0.082 7 0.104 6 0.1453 0.1555
Ho T § » HRAE R S S DI RSN T 5%
081t Ll L L I RN 2 (5) @y — P —at R, A
SOILQUAKE F2J7 , %J AN ] s 55 I ik 1L BHLJE L |
of ST T TN P < ST DL KA [ 5 R b RE Bl i S % R
I RN X 0" VBRI &5 (R0 B 2 SRR 91 AT 990 5 3
I 1 71 A 5 YIMRE G0 U L, 5 A M T B 9
1 ; 1 IE L, XS R JE L Y 728 A AN U SF 5 (6 -5 30 59 D) AL
R T 4T S T r= s o T HEEC B YT A MR S5 R E L, SR H

1X10+
y

Ko Shgiuisi L AR S Hobl oy i s A2 b s th 2k
Fig. 6  Suggested curves of dynamic shear modulus

ratio and damping ratio with shear strain
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