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A study on ‘jump point’ frequencies of zigzag dispersion curves

in Rayleigh wave exploration

LIU Xue-Feng, FAN You-Hua”
Department of Mathematics and Natural Science, Harbin Institute of Technology Shenzhen Graduate School ,

Shenzhen 518055, China

Abstract Zigzag dispersion curves are sometimes found in Rayleigh wave exploration when the
media contain low velocity layers. The zigzag dispersion curves are believed to have a relationship
with low velocity layers. Especially, there is a relationship between ‘jump point’ frequencies of
zigzag dispersion curves and the parameters of the media. So the ‘jump point’ frequencies can be
seen as a characteristic of the media. However, the relationship has not yet been deeply studied.
In this paper, a detailed research on it is conducted by computing the variation of the ‘jump
point’ frequencies with the media parameters under three different sources. It is found that
although the ‘jump point’ frequencies depend on the source type, there are the same rules for
various sources: the S-wave velocities of the low velocity layer and the layer above it have the

dominant influence on the ‘jump point’ frequencies, and followed by their thickness; the other
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parameters have less effect on the ‘jump point’ frequencies; the frequencies reduce with the
decrease of S-wave velocity of the low velocity layer and the increase of S-wave velocity of the
layer above the low velocity layer; they reduce with the increase of the thickness or depth of the

low velocity layer. The result can be used as a qualitative analysis of low velocity layer in the

cases like compaction test of subgrade.
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Table 1 Three layer medium with low velocity layer
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Fig. 1 Dispersion curves corresponding to the medium in Table 1

(a) Dispersion curves, the circles represent the ‘zigzag’ dispersion curve; (b) Displacement spectrum.
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Table 2 Jump point frequencies after the parameters in Table 1 are changed for different sources
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Fig. 2 Displacement spectrum of the medium in Table 1 for (a) explosive point source; (b) horizontal point force
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Fig. 3 Displacement spectrum after adding 10% to the S-wave velocity of second layer of the medium in

Table 1 for (a) vertical point force; (b)explosive point source; (c) horizontal point force

FERUER 24 r g 20 mo 25 B P Uk S EE it 2k
B4 s 518 2a XF AT RUE L RVE BE A #200i
T A BT 55 A A A A BT DD EL ) R 4%
5 32 1] 38R 3 B B 0 e AR AR AR /.l 24 5D L 3
B ke SN LR H BEAY X T R — R Y SR
JER I 20 Af IF s kr B E L JROR (9 20 A, L2
Ui 7E— i R JE b AT LUFE B A X B0 A ph 2 Bk A A2
B A RAF r AT k3R FOR R 20
5 o DB 2K R B ELAR ) S (B H T & 7R 22 XD 3G
(NI D SR (Y S DR VAT R R LA SRV L EC L 2R
Kor AL Bt ] LA o 55— A0 A s
Bk A5 BIT E AA A AH JE 2 U AR i) rp B R B N L

0.02
0.018 t
0.016 t
0.014 ¢
0.012 t

0.01
0.008 +
0.006
0.004 +
0.002

0

Relative vertical displacement | {U: |

60 8O 100 120
Frequency/Hz

2 r=20 m 3R 1 RS R pi A3 il 2k
AR TR K T PR A 8

Fig. 4 Displacement spectrum of the medium in Table 1

0 20 40 140 160 180 200

& 4

when r=20 m under explosive point source



8 4] X 506 45« Rayleigh 3 S #8 b 275 T 00 HiC il 2 38 Bk " 0 5 BT 52 2129

XI5 7K R R Wi 5 B4R AL o SR A R Y. DR
AVEER — e AU R Bk TR T k422531
e, 5 5 A B Xk AR a2 ) Bk 7 L B T
AR /N 78 Ji T B BIE S FFORE 220 - B R

M 2 PR LR 2L 2 3 R SRR
VI ONUE TR B L B 6 10 60 i < 227 T8 A i
24 Wk S R A AR O 0 B LT A A /D TR
JZ 5 B I 1006 I 3 A A AH 0 2R L 3K U
I i 2 Bk AR TR S R R R
B TR 25 3 2 2 B0 52 RV R Xk A B8R X T i
P JZ A T 1 2 0 R 8 3 384 i 10 00 X e gl
R R W W] AR T2 S B R U 2 T A A
B 114 R TR A 6T /N RS LSR8 ) 1 2 0] o Bk
SRR B L 3K 5 52 O B AR £k
(19 5 W A 0 2 0L LR RS T A S 5 3 )2 B
2% 8] 9 2 B0 B A 82 I B AR/ L IR i T Y
HIF T R 2 R IR 3 A )2 5 4 R

4 AR IR AR Sk B AL B
RSB RHIR R

M 2 Al DL A [ 72 O6F B A A Bk A 9
I X B s ERABE T =R AR IR T
EBEAPR GRS KR, b T2 F IR
il 2 15— A Bk DUE A SRR R R R N R

A% » FALARIT T 33k 288 Bk AT T SO R PR s SR
AIF ST A 2R 0 26— A Bk L e SO R R Ak Bk

SIS AR B A

4.1 BEEFHITERACESHATRSHENXE
R AR 1 H B4 Jo2 o S Al 20 S G ik

JEE 012 JEE RO T AR 4 HA 2 B A L F 5 GRS B

{18 R X B AR i R i i T A X 303D oy
T AR M A R Bk S B A T S B AR B S
THT R AIE 5 P R 35 25 2 00 A5 AR L. A5 30 8T
2 A L 2 S Bk A A R R X i A

R T 52 3] % 1 A Iy /R L AR R O AL AR
2=0,r=0 Zb1 & pREL. 4 FI AR & 1 s A 45 2 B
U R B I R R LA 2 BOR A8 L A5 BB 1 8 Bk a5 05 R
R 3 . e ko A0 25 I A e 3t A Ak 1 i
W Sa, v LA B . 6 Bk 5 050 58 32 55 3 J2 A D ol
MR /N T4 1 2 REE 2 2. M58 1 2 5 ok
BOMEES 2 J2 R R U 0 (B A B A
% Rz BB SR T . X UL L5 1 2R 2 2
o8 I R O A SR R R 5 1 RS 2 2
8 D0 o 2 ) kR S Bk S AR AR T L M R
AT LAE ] Y5 1 2R R NS 2 )2 B
3 A5 TR I B A0 ) A R b A U B
L JZFNES 2 J2 105 ik ok 3 25 D31 /), A Sk et o A8 O
JiE AR AL A5 B

P I T A9 R 2 ) 2R J2 D X Bk AR R ) R )
U 0 0 3 /N AP AT SR A A A B S P 5 T i AR
1 HRIRI T2 R L A5 F) R E A R R R
S B S AR AN 2R 4 B . B R i )2 TR AR 1k
kS AN S5b. 2455 1 2 2 2 EME )2 102
JEE S8 i A Bk AT AR U N L 5 2 )2 )R R X
AL Bk s M R R R L O ER 1 2R E R A X
VoA G 2 R B 1 2R ) R 2 2 5 4
X R Bk A AT 23 R o AT 3 P R B KL Y
AR 2R A b T2 TR BT 2 S5 AR
B IR T 38 H 400 A B O A K 1Y I8 1) 2 B
TR AT L e S M T2 X 1 15 DR Ik 24 A1k 2
(10 HHL R 348 T st Bk et A A R

R3 UERIPEEREEEREREETHNEATHER X, BIRREREE(V.,,V,,Vs)
FUTEBEHEHERRFEREANUESE

Table 3 Jump point frequencies after the S-wave velocities in Table 1 are multiplied by different times

under vertical point force, each columns means the jump point frequencies

after the S-wave velocities (V, ,V,,V; )are multiplied by different times

X0.9 X0.95 X1.05 X1.1 X1.15 X1.2
HE Bk A9 % (Hz) 62.9 55.6 50. 2 49.1 48.4 47.8
. AR e AR B (%) 20.7 6.7 —3.6 —5.8 —7.1 —8.3
Bk s 2 (H2) 44. 8 48.0 57.8 66.9 83. 4 123. 4
Ve AR AR B (26 —14.0 —7.9 10.9 28. 4 60. 1 136.9
LBk S # (Ho) 50.7 51.5 52.6 52,9 53,3 53.5
v AR RS i (26 —2.7 —1.2 1.0 1.5 2.3 2.7
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Table 4 Jump point frequencies after the thicknesses in Table 1 are multiplied by different times under vertical point force,

each columns means the jump point frequencies after the thicknesses (4, ,h,) are multiplied by different times

X0.7 X0.8 X0.9 X1.1 X1.2 X1.3
A B I 3 (Hz) 60. 0 58.1 54. 2 50. 2 48.6 47.1
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Fig. 5 Variation of the jump point frequencies when the parameters of

each layer are changed under vertical point force

(a) Variation with V;

500

%, 450
s 400}
3 350}
2 300}
250
0 10 20 30 40 50 60 70 B0 90 100
Frequency/Hz
& 6
Fig. 6

AEL 2 B 00 2 11 AR A 2 I BRBE 1 T i
A — A BR. Fan B AEEE 1 2R R 1 PR
A B 20 m, HOGE BT L HE 2 10 BE LT AN 6b kS
Bk S AR 42, 8 Hzo AR U H 0 17. 906 JF A
ARK B AEA R L - 277 I B i 2 B A 33
AN 2 TG BR i 9 AR o it 5 (R 22 B A B e, i
S Y BE 2 W 9. T H. L I Rayleigh 37 A9 %
KN 8. 7 m ARYF PR IIGHFEREL NS m
ZE A W /N T AR A TR L DR A R b A D
(1 20 B IR BEAFAE — B IR AR (E I A 2 3 OISR 9. AR

(b) Variation with h.

=10

Relative vertical displacement | UL |

10 20 30 40 50 60 70 80 90 100
Frequency/Hz

&2

W 1 H 3R L B REE 1 2R 20 m I

Same as Fig. 1, but for when thickness of the first layer of the medium in Table 1 is 20 m

Ha B8 1 fie R i I A 21 1) 227 R 2 AN 1] 6a
TR B T A B b AR Bk AT R P A% B
WA 2 7E A BT AR f . RS B B AR AR
“Z I T ER SR A 2 0 27 R I LR
AR, X5 E 1a b C AR OL 2L, 8
W AP AR Bk (ELUR S B T R el TR ) BIR A
AR AME A2 BLIX 26 iy TR 2 A H R AR % X 3t 9
KWy Rayleigh 3 7E 85 M4 T 52 2K = 149 52 1
BN X I T SR EARME R B 2 I LR
Gead ST K B AE AR KE SR AN K46 R PR



8 4]

X 5 W 25 - Rayleigh S B #R P2

2 T Y TR

2131

RCECES VR 8
4.2 KEEFHATERSCESNRSBHXR

R B A 5 Sz BRSBTS R R O Ak
TE 2=0,r=0 41 & KA 70 A8 3 1 Pl 4%
JEBEROE L AR S BOR A A5 B 1 16 Bk 50 A
5 . R b R I AR i R I 5 32 A 1k 11 s AT
Ta, 1508 H A4 A TR0 DL 26 AL Bk 0 R
S5 3 R B B A /N T 1 R 2 R,
51 TR E R N B 2 )2 A I BE el /) Y IS
6 o A Bk A0 3R A 5 S 2 o A B A B R T

WARF 1 R YR R R EK T
PE TR BT R Bk AR an 35 6 7R . i Bk a5 2 B
JZIEA AL s S B A 7h. 5 R B AR P /R I
SRR H5 1R 2 2 BRHEE )= 21
TN o 3B B A3 ) AR SR AR T 0 L B 2 R R RS B

MR R R FERE 2 N 1R R IR A
4.3 BERERTERSCESNRSHHXR
BB ot 52 B 4 M 5 PR AR L AR IR O AR AE = =
3 m.r=0 ALKy & BB 3 HIBUE R 1 A B R A R AR
P BE L HAl S BN AE A5 B8 1 2 Bk A AR a5k 7
P 7 . b 0T R AR I T EE A b ) B AT A
8a, 15 & H A I MR AT DS L A Bk 0 R 2 5
3 2 M BE S WA /N TFA 1 RN 2 2. 5 1
JE R BT B 2 R B R /N Y I Ak S
R A AR A 5 S L B B ORI R X UL A
JEANER 2 J2 I T B8 L T A B A R 5 2
JEANHS 2 J2 M I 3 22 SR S b i AR AR T
Y5 1 JRBEE B BN 2 J2E R B AR
P S B A0 3R ) A A PR 2 L 2 1R AN
55 2 )2 R IR T 2 S/ S B i A R T R A Ak

x5 BRI EAKRFEFAERT

Table 5 Same as Table 3, but for under horizontal point force
X0.9 X0. 95 X1.05 X1.1 X1.15 X1.2
Bk s (Hz) 64.4 58. 1 52.3 50. 8 49.7 48.9
Va
AR AR B (26 18.2 6.6 —4.0 —6.8 —8.8 —10.3
LBk S (Ha) 46.7 50. 2 60. 2 68.9 84.5 119.9
Ve
AR AR B V) —14.3 —7.9 10.5 26. 4 55.0 120
HZ Bk A9 % (Hz) 52.8 53.8 55.1 55. 6 55.°9 56. 2
Vg
AR e AR B (26 —3.1 —1.3 1.1 2.0 2.6 3.1
x6 BEARAEBAKEEFNERAT
Table 6 Same as Table 4, but for under horizontal point force
X0.7 X0.8 X0.9 X1.1 X1.2 X1.3
LBk S # (Ho) 61.8 59.3 56. 8 52.5 50. 8 49.3
h
AR T AR B V) 13.4 8.8 1.2 —3.7 —6.8 —9.5
AT Bk ST % (Ha) 71.9 64.7 59.1 50. 8 47.6 44. 8
hs
AT e AR B (%) 31.9 18.7 8.4 —6.8 —12.7 —17.8
9 9
< 120 < 40
E - |5t layer E
2 100t & ong 1a)Lcr £ 30
"o -2 3rd layer =
= 80 - =
5, (a) 3 20
o 60 %
=] 2 10F
g 40 g
£ 2 g 01
T e =T i
= 20 - £ 20 :
Z 09 095 | .05 11 L15 12 125 &= 07 0.8 0.9 1 1.1 1.2 1.3
Variation of V. Variation of h
B 7 [E S AERKFER IERT

Fig. 7 Same as Fig. 5, but for under horizontal point force
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Table 7 Same as Table 3, but for under explosive point source

X0.9 X0. 95 X1.05 X1.1 X1.15 X1.2
AT Bk S0 % (Ha) 43.5 42.5 41. 2 40. 0 35.7 33.1
Va
AR e AR B (%) 3.6 1.2 —1.9 —4.8 —15 —21.2
Bk U 2 (H2) 31.1 39.0 45.1 49.3 59.0 117.4
Ve
AR AR B V) —26.0 —7.1 7.4 17.4 40.5 179.5
AR Bk U 3 (Hz) 41.9 41.9 41.7 41.2 41.0 41.0
Vs
AR AR B (V) —0.2 —0.2 —0.7 —1.9 —2.4 —2.4
x8 BAXR4,EHRESRFEAT
Table 8 Same as Table 4, but for under explosive point source
X0.7 X0.8 X0.9 X1.1 X1.2 X1.3
LBk S # (Ho) 60.5 60. 7 46. 8 42.5 42.5 41.9
hy
AR AR B (V) 44,0 44,5 11.4 1.2 1.2 —0.2
AT Bk S % (Ha) 49.2 46.5 44.1 40.1 38.5 37.0
ha
AR AR B (26 17.1 10.7 5 —4.5 —8.3 —11.9
= 200 = 50
g - |3t layer E
‘F— 150} |2 2nd |&-1_\t.‘l' g 40
% . -8~ 3rd layer "i:_. 30
E s -
100} = o
£ sol g 10
£ 0
o 0 — ° 5 .10
: _'“‘--H-uh_,_____‘__. L
£ “/k' (a) %
< -50 . A . . . . < -20 . . . . . . .
209 095 1 1.0 1.1 .15 1.2 125 = 07 08 09 1 112 13 14

Variation of Vs

Variation of i

K8 [ S AH BB AR SRR TR

Fig. 8 Same as Fig. 5, but for under explosive point source
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Fig.9 Same as Fig. 1, but for when thickness of the first layer of the medium in Table 1 is 4.5 m
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Table 9 3-layer media with low velocity layer

1 2 316.3 1049. 1 2068
1.6.6 2 2 138.7 259.4 2000
3 o 316.3 1049. 1 2068
1 2 316.3 1049. 1 2068
1.6.7 2 1 138.7 259.4 2000
3 o 316.3 1049. 1 2068
1 2 316.3 1049. 1 2068
1.18.6 2 3 110.1 223.7 2000
3 > 316.3 1049. 1 2068
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Fig. 10 Displacement spectrum obtained by f-% transformation and dispersion curves

(a) Model 1. 6.6; (b) Model 1. 6.7; (c) Model 1. 18. 6.
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