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PRECISE GEODETIC MEASUREMENTS AT THE
YASUTOMI-USUZUKU BASE LINE NET
ACROSS THE YAMASAKI FAULT

By Shigeaki Otsuka, Kunio Fujimori, Kajuro NAKAMURA,
Makoto OMURA and Yutaka TANAKA

Synopsis

In order to investigate the behavior of the active Yamasaki fault, a pentagonal base line
net was set up across the fault at Yasutomi-Usuzuku (Hyogo prefecture) in July 1975.
Since then, precise geodetic surveys have been carried out every year in November or
December.

The methods employed in the survey are horizontal and vertical angle measurements
using a theodlite Wild T3, and precise base line measurement using several base line tapes.
The angle measurements have been done at night for being freed from fluctuations of target
images. The accuracy of the present observations is of the same degree as that for first order
triangulation, consequently relative horizontal and vertical displacements of 1 mm would be

detected.
In this report, the outline of the observational method and a part of the results from

1975 to 1986 are described.
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Fig. 1. Locations of the Yamasaki fault and the Yasutomi-Usuzuku

base line net (@®).
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DIREL, IHLRAECIDEREE (1)-(2)FAEE
LT, ZAAHOREEAYERE I om RTRET B &
RAB, ER()-(2)DEILoRERE 4L} i3,
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. Schematic diagram showing the

error of the position, which are
caused by observational errors
in base line and angle measure-
ments.
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REOREY Fig. 3 ©RT, WE(D~(6)BNEELPETHY, FLELHOERBELHER LTS,
HESWOBRIHHOHMWEAE L FTTH ), NEBECEGRT S Homs] o TRVEIRS S
2ip By, BACD, (D)3EHBOT CAHoRThc X VEH LEBRECS- T, # 75m 0
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Fig. 3. Arrangement of stations and the topography in the vicinity of the net.
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BB oFKEE L 2 5B B OWINEY Fig. 4 wiid (R
FACTHOREL), HEEI 40em A (PHEEE (A),
(B)i2 30cm ), BX 80cm OfH=2v 7V — T
b, EEHSE 1m A ((A), (B)iz0.7m A) TH
RMBRRTA S TCWERELNEL, BEOGITRER
BEBETIBVT LI,

HELoLE ALK 16.5mme DFALO » 2 ER
20cm ((A), (Bt 15cm) DEEBOMBI EDATH
Twd, ZOFRLRBRLERC X D EEHEREE, Biai
BIOERNLYFCHEZE 0.1 mmB T eEX M52 %7
BT 240D D THB,

4. BRIRRE LBARESZE

4.1 ERPOMBLLVHE

EEWOBRBER L UHML, EPBEH=ZF=FH
A (k34”59 31.0457, HFE134° 377 21.203) 5
ROL S5 CFEE L, B OREELER1)-(2)
DF AR RDBIBI, 19755 8 A 0 FHEAR X UH
F12B 0 | BBROB, DTo3HE BT EEL
2o

@ BA(DeRTs, EREAGCRICHMABRN.

@ W[WEEBT D, ZHEZA[EWUE(2) Lok

g,

® WA L=ZH=ALAM O LR,

i, BECOWCTIETFHRENOB —FKEHNEY R
BL, BEAMOKEELS BM-91 (147.4785m) I (1)
ERREE Lic, TOMOHADERII=ZAKENEC X -
TRDI,

ChLOEAR X Y RObAREA(D oRRE ik
34°5848.298", H#%134°36°49.893"), =& (187.9843m)
B RO (1) -(2) oA (114°24°4.5977) % EE
fHE L, #H2EUBOHNECRCIIERRE, KEAR
HEICHEEABRNC LD, ZofoBlEoBREN
ThTW3,

4.2 & & A B

FEHEEIL25m DT VAL EBRI~ 4R ERAL,
—S=ANBORBEEBHE LR CEETER LT3,
FEBRIzADIe &3 2ANERICEARARERES T X e
EhTv3, 75m OXERY SRKESTTHIELTW3
S, BRMORWEHEOBEEREL £0.05mm LITTHY,
75m OHEBFREOEEFEILL 0.1mm BT+ E -
T\% (Table 2),
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Fig. 4. Sketches of a station mark.
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Fig. 5. Sketches of a target.
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4.3 X FHABASLUHERSH

KPAOBINCIY, BEGEMRE Wild T3, s0H08RS X OTERABINEAOBREEW (Fig. 5 %
v, Bhiclayvsr—v s VBT ORECER LTV, EML3EHEORARZAEXDLD
PR LCA D, BREECC TR BEDRIOXFER LT3, Ao EC WL, BF —%
SARNECE TABNE] (Fig. 6 (a)) PEAIR TV, 2 TRERL L oA | (Fig. 6
) EJHALTD, *h, ARIKERLETED LTEEORELER > TV 5, Lrl, —%=A
WECE URBEL#F T 50T, Table 1 ikt X 5 RBRIOFRSEELHEL Sl nd, BE
PEGEEXBL ABEIFERERT T 5,

SAKEEE, KFAOBMCAVTWALD AL Wild T3 LEBENELFERL, KFEADOH
WEFCHEABAYRE LT3, BHREL/NILTHLDCREBPLXBEED 25 LT3,

Three directions

2 ; 2
1 3 1 3
12 of series for each angle 8 of series for each angle
36 for a station 24 for a station

Five directions

2 2

/ AN /

5 4 5 4
7 of series for each angle 8 of series for each angle
70 for a station 40 for a station
Ca > Cb >

Fig. 6. Methods used for measuring horizontal angles. (a) Method of measuring
angles in all combinations. (b) Method of measuring the neighbouring
angles. The former is generally used in first order triangulation and the
latter is adopted in the present triangulation at the net.
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Table 1.
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Bz (Difference of observation) <2 *
&A% (Double angle difference) <37

Bl sS4 (Error of closure of station)

=/ &2 (Error of closure of triangle)

44t (Side condition)

1.6”
2.17

1.5”
1.0”

for
for

for
for

three directions

five

directions

base line length < 150 m

base line length

=

< lmm

150 m

%*
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Dl bkoXxis@BioMe, KE 257/div. OKBEEC X 2B8HE0EMBIEYER LTV 5,

F7z, 1978%E 2 B, 1979%E11 8 Y3 HIBERS Mekometer ME3000iz X 2 EH B2 EH L, =ARED
R L OB RLLD, 0tk Y, Tellurometer MAI00 7 & DB RBERIC & 5 M A RAT X123,
Mekometer ME3000 1= X 5 0EHEOAD, BrxOWELXTTLE, ABENC I 5AEEECECS 5 L5
wEBbh3,

December 1975

—&& =08 (First order triangulation) -¢it, 1.

Table 2. Examples of lists of the results

Tolerances on errors and misclosures adopted in the observation at the net

Station Lat. Long. ..
(1) | 34°58487.298  134°36'49. 893 . Precision of the
Misclosure base line (1)—(2
Station Adjusted coordinates e )
x(m) y(m) h(m) triangle W, —0".37
(1) 0. 00000 0.00000 187.9843 W —1 .68
(2) —30.86715  68.03712  183.2448 W: —0 .32 | v85]/(n—1)
=+0.042 mm
(3 —191.63790  189.01715  202.8889 W, -0 .05
@) —166. 33451 70.01452  185. 4008 W;s —1 .59
(5) 129.33489 166.75244 198.6367 | around the r/L x0.6745=3.8x 10~7
(6) 56.12160 321.60525 214.9531 station(2) Wy —1 .79
Adjusted length Measured length
Line -I-—AS 4s ds=S—s
S Crude mean | Crude discrepancy -9 S -
s ds
m mm mm mm mm x 10~8 mm
0 74.711.65 711.65 0.00 0.00 0.00
1 180. 469. 40 469. 69 0.02 0.01 1.1 -0.29
2 135.481.79 481. 90 0.01 0.01 7.4 -0.11
3 121.663.01 662. 94 0.01 0.01 8.2 +0.07
4 201. 204. 88 205. 74 0.01 0.01 5.0 —0.86
5 281.006.01 007. 24 0.02 0.01 7.1 —1.23
6 268.074. 32 075. 55 0.02 0.01 7.5 —1.23
7 171. 288. 00 288. 68 0.01 0.01 5.8 —0.68
8 188.173.88 174.78 0.02 0.01 10.6 —0.90
9 211.030. 54 031.90 0.02 0.01 9.5 —1.36
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November 1986

StaZBon 34051?& - 13403%'2352 893 Micelosure PreClS.lon of the
Station Adjusted coordinates base line (1)—(2)
x(m) y(m) A(m) triangle W; +0".51
(1) 0. 60000 0.00000 187.9843 W, —0 .47
(2 —30.86504  68.03758  183.2443 W; —0 .60 | v 86 ]/(n—1)
(8 | —191.63703 189.01051  202.8903 W, —0 .85 =£0.062 mm
(4) —166. 33268 70.00707 185.4015 Ws —1 .56
(5) 129.32981 166.75474 198.6395 | around the r/Lx0.6745=5.6 x 107
(6) 56.11239  321.60091 214.9571 station(2) Wy +0 .04
Adjusted length Measured length
Line . iﬁ— As ds=8—s
S CrudeS mean | Crude dnj;:repancy 2 S
m mm mm mm mm x 107 mm
0 74.711.20 711.20 0.36 0.18 0.00
1 180.464.82 464.91 0.42 0.21 23.3 —0.09
2 135.481.95 482.25 0.32 0.16 23.6 —0.30
3 121.664.00 664.75 0.28 0.14 23.0 —-0.75
4 201.201.59 202.62 0.47 0.24 23.4 —1.03
5 280.998.21 000.02 0.66 0.33 23.5 —1.81
6 268.066. 11 067.50 0.63 0.32 23.5 —1.39
7 171.283.76 284.44 0.40 0.20 23.4 —0.68
8 188.168.72 169. 27 0.44 0.22 23.4 —0.55
9 211.029. 25 030.28 0.50 0.25 23.7 —1.03

(Line numbers 0~9 and triangles W;~W; are shown in Fig. 7.)

5. ABRROHE

HEBRBTOWTIL, chETRLFEMIBEL LT ELNY, = 2 CliEEEDO—F% Table 2 I©
KT, CORBRECROAD L5, “&” OBAAC L UEREIL 1mm i 2dDixicv, h

BEAVFHOBE TITER TWAZ ERRLT\5, &
AN U oBRAC I HER LRI RER L HHBFE
BREROTEEDEX RS &L, BERCEESREDED
8, ~HOATEN 1mm ¥z 550055, ¥,
COETIRINTOIRVY, BEE0EOIEOEEER
Zrb 1lmm ¥z 533080 LEB, ZOL5HNE
BRTRBHNEEZ 1 mm UATH2 EBbhsclhhbd
T, FEEERTCII—BOTET | mm 8 HHEHEREE
PETLEER, BREO=AKE (A1)(2)(5)) D4
ERI~2BNIBERNEShS L Bbhs, Z0=fA
Ry BCHEENAEVCADEY L5, ChiLBE
# (BBEOED) T, KBVKEHECLEITLT
WhlhEELbhD, TOBEHBELE LT, BE)-(5)

Fig. 7.

m 93/}7 {6}
w
[+ y 8
wi\ (2} W3
1 5
2

{5)

(4) =3

(3)
Diagram showing the lines
numbered 0~9 and the
triangles named W;~W;
in the net.
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i 1986 -1975

——extension

----contraction
A(3)
L4

Fig. 10. Principal strains, line length changes and height changes in 1975~1986.
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CR2%, BHCEELENBLATIEMY LTW5X 5L R2 5,

ETERDNTR, SAKENREOBRES Y | mm ROTHEERZL M A(6)D 4.1mm & 3 &
(5) 2.8mm D ERARET»bHRIL, LrL, EEBLMHEE LCRAAES LEERN T 518
EnbrroedEBhbhs,

LS BRENME IO LTECOBREES - O EOMBREIER Y HET D11, XHEt
LWEITEBBEET 5, DX 5 IeBRAO—MIT#ER - it (1985 2 @ X hfThbh T 5,

6. & » VYV (C

IWEGHTE 7 A b 7 4 — A FCHEBELTO SRR OBEY B~ e, ILEYEO%E L IIET 2101,
BR O ERERE 1mm JAZHEE LTRGBS, BEFHOBETENN FThhTEi s
z 5o

BRUFABLCROIIER (12ED OBERERE,S, BHBIEOMBRERER X UL 0REE e oWTo
BESRACHLL > TELDO, DIEMOMBRERL RSB, LIBEE SR BN T
DEISMAERThEMEY LTWAB LB 2, L, JIBY ThN5 X5, FETEETIMLBE
PLEoRwc BT 5 BB RE Sh T %, 20z L3HETFHNEO L CERBLY) L 0% OVt
TOBNPBETHB - L2EH LB EEBbh3,

ek, TOREREMS0, 51, S2FEEXERKERITE (BE, M, 24 L LT, 53EEURL
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BB T A7 4 — A FO—FELTERLTE L, BEOBIIET— (THEFAE, THEE—
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BA BEE (4R, MRAFEEE), EREITR GLERAT, REEMRER (A, fbok+of
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WIRYEZEHEOH N=HEEFesERc-k, B, SF—BERCIIRBEOTE»SHEBEY R,

BEOHMRBCELTIL, MAXEN R IVCEBRAMEHERERITCEROMEET I THEWT L
B, ¥, ZHROHENE LIFRARIE, 10FECE > THBEE O BIEY LTIEGT W 5,

IhHOFARECBHOBEET HRETH 5,
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