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A train overturn accident occurred on March 1993 in the Gupo area, northern part of Pusan,
unfortunately had taken a heavy toll of livgs and caused a great loss of property as well. The
reasons for the subsidence of the basement under the railroads, which presumed to be the main
cause of the accident, have heen investigated from many different angles, including conventi-
onal geotechnical investigation methods. The deduced main reasons of the subsidence were:
1. blasting for tunnel excavation (NATM) at about 39 meter under the railroads, and 2.
unexpected change of bedrock conditions along the direction of tunnel. But this accident was
derived mainly from the lack of geological and geotechnical information under railroad area
because it was impossible to drill beneath the railroads.

This paper introduces a new geophysical survey technique - seismic geotomography, and
shows some results of the method applying to investigate the underground structure of the
accident area. This method not only overcomes the unfavourable environment which many
conventional investigation methods cannot face, but produces an image of underground
structure with high resolution. Furthermore, the outputs from geotomographic analysis could
provide very valuable in-situ basic parameters (like seismic velocities, elastic moduli, etc.)
which is essential to the design and construction.
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Fig. 1. A panoramic view of the Gupo train accident area near Pusan,
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Fig. 2. Borehole locations for the Gupo geotomographic survey area.
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Fig. 4. Basement subsidence procedure at the accident area (scenario 2).
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Fig. 5. Principle of geotomographic measurement.
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Geometry for Tomographic Analysis
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Fig. 6. Source and receiver locations for the S3-54 cross section. Rock boundaries (indicated with arows) derived
from the raw crosshole data are contrasted with those from borehole core analysis.
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Crosshole common shot gather (ssctiom 53-54)
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Fig. 7. An example of crosshole data (shot point 11)
for the estimation of rock boundaries.
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Crosshole common shot gather (section 53-54)
S No. =18 ,R No. = 1 = 41
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Fig. 8a. An example of crosshole data (shot point 18)
for the estimation of rock boundaries.
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Fig. 8b. An example of crosshole data (shot point 19)
for the estimation of rock boundaries.
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Crozshale common shot gather (section 53-54)
S No. = 20, R No, = | - 41
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Fig. 8c. An example of crosshole data (shot point 20)
for the estimation of rock boundaries.
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Fig. 9a. An example of crosshole data (shot point 24)
for the estimation of rock boundaries.
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Crosshole common shot gather (section 53-54)
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Fig. 9b. An example of crosshole data (shot point 25)
for the estimation of rock boundaries.
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Fig.11. An example of erosshole data (receiver point 32)
for the estimation of rock boundaries.

Y& st g17) e 2o oiE A
g 242 4EAAE FEL & vde
24 WA el dti(d:As 3F) T 4
FE 719 & 4 e Rl

Fig. 6ol @@ vlolEl(raw data) ¥4
A9 23] dAD AFAAE NFF FYES}
HEsL Sl 937)A dloE] EAd) o3
HEER A4E AARGFe SEEE FA)
< IR0] wide] wNE B o8 w5
A7) B & $o EAHY B4 F
TA)E olaiEte o 2 99t gt Reln.

HE2 BEROy Ed 7159 FA1Y
& #4-& Aestn vk

ERTY 24
&4 dolHZRE YN Evau



HEY, FEL, AR, WA, 14714

EREE g)E 97 fside ZA oL
2E AZA) AdAE 24 & Q PR &%
Z=A) 9 (first onset picking), @ S €
olele] 4, @ FA G (travel time inver-
sionE WA AHAFE 9, 191).

AN BAZH EE 53751517 traces) -
2HY Py 2EFAE L) ol &
A HAel ojwd 7 P(FEF S AT

o|FoRE OF FA ulolee] diF FHA
WA wA(d: EB]A FA AQ @4, w2
o] oA, BEA W FHHQ FHLF)L
s Fas AdAZ #AAel Hz Qv
(AFLE7 R4, 1994). G7)d= Feinr
g EF3 Je]l 2L glon OB
Ish Azid dlelele ZF 2AY 2 537
o] AEF FHE AE(geometry control)}

6354 FOR TOMOGRAPHIC ANALYSIS.
& DIRECTION ¢H)
8.0 _..: :— 5.8
. - ﬂi’
REN: 3 - 138 198
] : |
. - 51§
Yo .m0 !
) ] C D
i 3 : I 3893
R 4 u R
E 2787 ~ 7. E
C . - 4
1 . C t
1 oo - 1
S 3.8 L 54,8 a
z :
(1)) . N ()
41,8 .E :_ 4.8
3 2 1ug3
403 _: :_ -19.9
.55.8 : 2 -55.0
] 1.8 14.8 2.8 28.2 35.8 dz2.8 49.8 (Ms5)
X DIRECTION o)

Fig.12. Geotomographic velocity distribution of the $3-S4 cross section.

12



TE A AEAL A9 AvAd debg 4% w4 2Ry 8

TEo] FAYS T2aY(F2 9B 9a
719 : SIRT £& AR dg=le] Erm
Yor ¥ gvtzoz FAGs] )
HAF(el: iteration)e] e} 47 e Ew
o] AAE, Ao ulFo] g} ER
a9 fEA Feolde] TAHE AaAe
A FAo| WEHE A4x E3F A 2
o}, Fig. 128 S3-54 & S dis) A4l
B shie Erads Jveha ok diAl
2 AAE ol 7Nt AATWT Q954
i 2A4Wdsr £§584 ZEEa gl
agy EEOY Eele EddMe 2R
A ZEY UE JIEAE FIHEYD. o)y
¢ 3 &4 A w2 FEE €

Geological Interpretation of
Cross-section $4-S3

S3

S4

Elevation(m)
Elevation(m)

- .45

Fig.13. Interpreted bounaries of rocks and estimated
P-wave velocities for the §3-84 cross section.

13

st ou ER gy $-8¢ wE 71& o

R4 7RG og 2o aQleg 9

8] 7% Aot

Q@ MFF-AFT ERa#9s #Hesie
HA- g 47 Wde o7y
A @4 ray coverageE FETh

@ & A AYoAe 7 25D &
EA7E dds] 27] WEe] A J
o &g 9Pl e Aos Az

nEtA A7) ERade sjdes) e

FHEY §4 deled g ARG &
A3 =g AR A Yo B oje} Fo]
HIEEE Aol

T

T

sfA TS

Fig. 132 S3-84 ©te] g ExRaY
R 34 dely 24 A7 FAld 22
o] shute] NAEH FMFR(AEAAN)S
et A gE)es o714 2z 2
7148 wAd $EE= Poe WE £%E
eu el £ gAle] E3o) v|do] 2 uw
Eoe w2 A9 & 5, sluekE ),
AAS(HEY), FEF(HA)os JE=E)
el gl

Fig. 14(a)= 719} AA-S d§ A4
ol olHE F7] S8 EE 9 &4 2§
QAY  HAYFHE(S1-S3, $2-53, S3-54,
S3-85, S52-S4)& ol8sle AR s)ukel
A5 FINEE Yehia gon E§ o)
d AE 7IAHZE dER 2lEirkRg,
14(b)). F31E Fig. 154)= =1 AAE(7)r
ME AT N = e Fhje
HdE Bd A% W Fig 14a) ¥ Fig
16 F=2)q] 0¥ 7)uet SRE(FE 177}



54
52
50
48
48
44
42
40

:g 38

) 34
2 32
30
28
28
24
22
20
18
16
14
12
10

DISTA

HEE, FEA AR, e U1y

GUPO BASE ROCK STRUCTURE

5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45
TT T I T T T TT i I T i T T T TI T T T i T P T T T i T T iT o i I T

SO
~339

IIIIIII'IIII‘II[IIIIIIIIIIIIIIIIIIIIIIIIIIlIlI

[ N DT T TN T T U A T T T G T I T O J T v I I

L rv v e v v r ey ety

54
52
50
48
46
44
42
40
38
36
34
32
30
28
28
24
22
20
18
16
14
12

10
5 7 911131517 19 21 233 25 27 29 31 33 35 37 39 41 43 45

DISTANCE(M)

Fig.14. Gupo geotomographic survey.
(a) Contour display of the interpreted base rock structure.
The direction of tunnel(about -30m E.L.) is indicated by an arrow.
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Fig.14. (continued). (b) The interprefed base rock structure overiaid by existing
rail road locations.
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Fig.15. A topographic view of base rock structure of Gupo survey area.
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Fig.16. A contour display of base rock structure cut out along the direction of tunnel,
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Fig.17. A 3-dimensional cross-sectional view from the cut-out shown in Fig. 16. The
location of the tunnel is shown in dashed line.
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Fig.18. A contour view of the upper surface of the gravel layer. An amow indicates

tunnel direction
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