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B WA E 3 BRI R 2T 2 4 KON S 135 46 HOMES KIE
MEATED, 198643 H& 198T4E8 Hop 2 [0], HEKENBRELEME L. ERZED HKat
Mo, KEADOZXMOKEZHOMARESE (BERFEZ) 3 03mm TH3. 3 D05
D&M SORO - BREE#ER, 1 A%0 0.1lmm TTho7.

1 £ OKBETRAYEBEECH LT, ATOHLEVOHBEZRT. TOREESE,
2.56~2.6X10-%rad/year Th - T, BAHRBMTEEZD COHBOER &I FO LV
ATH5.

KEAFTEOREPHE TOMBOMEL BEbN 2 EHERELZRG T, MEE EE
U LD RE S OE BRI RS- .

1. @&

BB 2% 2B I, ERFFE IR RFRMOEZICAE T 5
Lo WELOMYEIER BERGE 20— 7, 1977, {SFHb, 1985) o—ifT, 1847 4
EME 4 4E) OEXFHROE, BHAEORFRTORL T, 5 R (1.bm) OR#EV (ETF
(7)) R Ule (KER, 1913). S oWiBAHBILASR, ThbbRFENLEMAXEEE
ST T OHUR DT LH Y, BEe FESPROBAEPE LTV AT ERRAEHFES L
7o (EUEEBI, 198642 A 7 HET). e ThRFOROXE O A i, 2~3
em KET AT OBEENBEDLAh, ARTEORAERE, ThrbEAkXK lem BE
DOEOEOER S E U T, MO TIL, =0 57BN, FElclEg
REMOETWBEDZ L THoTeh, £, FLOFEAAEN TR, B - LM~
T EN o TWB 2 E b - TE R (R, 1986; EHd, 1987).

Z ORBREE, BT x vy~ VB OEEERE L TORETE - T 5 il
TORBKTHHRETE, FHEOPWREOTHEED, WIBLEY > Icks T, +
v 2 X BHARRTIE (MEHHAT, 1986) L HAMBANE (FFHEfr, 1987), mH
RETAAE (FREMb, 1986) /X IhTE. &4 13, BHOKEN, HHEMTOM
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Fig. 1. Distribution of the leveling points (bench marks).
Fault. Places with relatively soft ground estimated by boring surveys are indicated by O, whereas places with

hard ground by v.
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WOHEC X 5 S DD, BHBCHBALCHRERCLS L0012 BiBD 510, &
FEERBEAC L AR KR A2 S5 Lie, 1o 198643 5 & 2[@E ® 1987 43
A oo LEMO ETFEHOWTHET 5.

2. Tk LIKEEM

AEBS T TH D, L ORERBELTEHOT, A7 v AEOEY ATk
ERZZLHX T, FE lem OFMROEOHESFEAONR V2T D, L THEI - TH
BIEDEHMOWHIIEE 6em, AR lem ODAXXTHSD. Thiavry— balED
HBHRELEBN LoD L TR a2 ) —bRIZ, FIATHR lem ORE SIS
Abir&, EEEANIV 2ZWRGE OESFHICEE L, #EiE0% ik, HifpH
RANL2DEEDDVE BN SBEOHPLELEDORIETHS.

Fig. 1 wA#ESOHME R LI, N10°E /suL N 15°E im0 0% =R 2 8
Hh, WER4DOKEREAESRIC. dt D (a) BMREREFMEM R O 58 v,
(b) BRHEERFEHEMUOMD, (o) BFfs X (d) BFEMEMOEY D 4 BiiTh 5.
S DOBEOBMMIT IR ERES IR T3S0 ERT% (Fig. 2). At 480
W AR T 50m, WEFEASEERARTTLH 250m & L7c. KEEMEOIL 3, HER
BAH 1km, Fdbicsy 800m & 7c5.

KEEELE, B () ok, R EosEEY No.1 &1, Fig. 1l 0L 5HFES
Mte. B () 3KEEA No.1l 225 No.12 T, (b) it No.14 » 5 No.24 %-T,
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Fig. 2. Three circuits of the leveling network and closing
errors, upper values in mm being those of 1986 and lower 1987.
The loop length for each circuit is also given in km. The
numerals attached to the junctions are bench mark (BM)
numbers,
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(e) iX No.25 7:% No.35 7, (d) ix No.36 2:5 No.46 ¥ CTORETHB. H4@oD
EMEAIL A6 T TCH o700y, No 13 1L H AT THIICE » TP DI a v 7 ) — B
fiEzh, 20 Eb ) AED No.21 BEFHiOEcESM D Cirbh i@
B THOKD, AN IRLENASZ Bem 3 EFEELEoTWER). o 4 &
BB TSI o, s, No.dl ot 1981 48 11 J§, BFHERES X
BOKER (BHE) TH5.

3. BEAEZERURE

FEE Wild 2ko N8 v~ LR 4821 A Bo' B (BERAITEHIT 20°C T 5 #m/m)
VT, 20~60m HECIERZEE, @EhR v akiix TERIESBOL & %
kDt FHARIMbIX A, B HHOERAYZAI 2 m-305 4 \fTo7c. % DEROFHAIR
D ONRAEEL KR 0.1mm TH5. 2% b, 0.1mm QR TRIEHEIHEETS. 1K
BEOWTITE LR DO 2EOUEL TV, FEREOWT—FT5.

B A E BB TT b T B % K 88 3 BTy, &k AROREZER 2.5v'S
mm LT (22 C S KEEAMOERE (km)), BROMEES 2.0vVSmm LT (22T
S HEORX (km)) LEDLNTWEH, HEZE, HAELLIBELAENELORED
PAUTERI -T2, BERIE X 2 EROBEEOHIEMEIL 0.1mm LIFChy, gLA
EREI b o,

F1EOMET, 1986423 15 A~21 A, 2EAIX 198743 A 1T H~23 Ho& 1
BRIOECHKKE L. ThFhoBONIER RS Table 1 & Table 2 iwR3. Zhdbo
NEMBEOREY REE S o, ¥ IEEENSHEE IS 2 K SO O RIE D IER
HERRF LTS,

HE LY OREOWER » BT, TOROFHELEITh IR X, ¥ L35%L n it
KE LI B EhRERERIC L - THEE X-Y BEERE o=v 200 n ¥ L OEHS
TCEDL . T T o IRHEHEMD A F Y FOFE#FZETHS. KxD FEHIX n=1
ThHHN, ZOBEIELHCEDORMBRIIOEELBE 0=V 20, ETch.
HREEEEOFFEEOHAL Fig. 3 0 X 5winsd. FEEEMARE Uik, BB
HEREWRE VRAPREROEL DT REBSH L L L, TIOR3 D
T, BECRRSCEL VS, TOL 5BV X ABEI/NIWEREL, AUKRE
TREGTE L S CHYTDEELD T LT 5. LB, EEAEOER T 2KkF
MEr Fig. 4 WRIATWAEY, BUHHOBARKE LEEENE ST WEE D
LB HDOD, KEHOF — 2 TEHM E RIS LTIV, AHEOEIF2 ¢,=0.3l mm
Ih, HENEOMRIE (A5 Y X OEUEFEE) 13 o=a/vV2 L5,
wiz, 2 BOKERR X2 —EHOETHR (ozE) (Table 3) OBAREE 6, L4
AR EL, KEAOERMEL 0=V 20 &\ OBERHL Z L2 TE S,
R or=0, OF DEEEOEEITHROBENSELL LB, ZZTIE 0,=0.31mm
Th5s.
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Table 1. Relative heights between consecutive bench marks measured in March, 1986.
The leveling was carried out two times; forward (I) and backward (II) diree-
tions along the leveling route. Correction terms by temperature are also
listed.

1 I Corr. H BM. I i Corr. H

m m °C mm m m m °C mm m
+4.0894 . 7 +0.0 +4.0894 1 —0.6399 .6398 7 +0.0 —0.6399
+4.2651 . 7 +0.0 +4.2650 2 —1.9379 .9382 7 +0.0 —1.9381
—0.0522 . 7 4+0.0 —0.0523 2 —2.0846 .0840 13 -+0.0 —2.0843
+2.3062 . 7 +0.0 +2.3062 1 —0.2903 .2902 13 +0.0 —0.2903
+2.0688 . 10 +0.0 +2.0686 45 —2,1019 .1021 13 +0.0 —2.1020
+0.4740 . 10 +0.0 +0.4743 “ —1.6215 .6214 13 +0.0 —1.6215
+0.8594 . 10 +0.0 -0.8590 43 —0.1869 .1867 13 +0.0 —0.1868
+2.6402 . 10 +0.0 +2.6404 42 +0.5161 .5161 13 +0.0 +0.5161

40
+1.2704 +0.0 +1.2704 —1.7936 .7934 +0.0 —1.7935
—4.1607

39
+0.0 —4.1611 —1.5282  .5282 +0.0 —1.5282
—2.7467
—1 2180

38
+0.0 —2.7468 —1.8933  .8929 +0.0 —1.8931
—0.4101
—T.4194

37
+0.0 —1.2181 —0.4808 .4811 +0.0 —0.4810
—1.0816
—0.7057

+0.0 -—0.4100 % +3.4022  .4019 +0.0 +3.4021
—0.1 —7.4192 %
+0.0 —1.0816 17
+0.0 —0.7056 27
—0.1680
+0.9017
—2.3026
—0.7484
—0.1410

+0.0 —0.1679 28
-+6.3694

—t
(=1

—3.9113
—1.9860
+0.4051
—0.0896
+0.2212
—1.0072

—-3.9114
—1.9861
+0.4050
—0.0897
+0.2212
—1.0071
—2.4492
—1.0055
—0.8179
+6.3942

+0.0 +0.9017 29
+0.0 —2.3028 30
+0.0 —0.7486 31
+0.0 —0.1410 32
—2.4487
—-0.1 -+6.3693 33
—1.0055
34
—0.8179
35
+4.1436 . +4.1435 . +6.3944
2
+0.3512 . +0.3514

-~ 3 3 3 9 =1 00 0O o 00 00 o o

L I =~ R - B -~ = T I S B |

+2.1411 . .0 +2.1411
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Table 2. Relative heights measured in March, 1987 as similarly as Table 1.

BM.

© 9 Ut s W N =

1
12
14
15
16
17
18
19
20
21
22
23
24

31
41

I
m
+4.089%4
+4.2646
—0.0517
+2.3058
+2.0689
+0.4743
+0.8586
+2.6415
~+1.2706
—6.9073
—1.2213
—0.4068
—7.4197
—1.0814
—0.7059
—0.1678
+0.9814
—2.8821
—0.7486
—0.1412
+6.3689

+4.1436
+0.3496

—2.1405

I

m

.0897
.2642
.0510
.3062
.0684
. 4743
.8583
.6409
.2703
.9074
2211
.4075
.4201
.0816
.7060
.1679
L9817
.3826
.1482
.1413
.3685

.1435
.3496

.1410

Corr.

°C mm

8
8
9
10
10
11
11
9
9
11
10
10
9
9
12
12
12
13
13
13
14

14

+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0

+0.0
+0.0

+0.0

H
m
+4.0896
+4.2644
—0.0514
+2.3060
+2.0687
+0.4743
+0.8585
+2.6412
+1.2705
—6.9074
—1.2212
—0.4072
—17.4199
—1.0815
—0.7060
—0.1679
+0.9816
—2.3824
—0.7484
—0.1413
+6.3687

+4.1436
+0.3496

—2.1408

BM.

17
26
25
46
45
44
43
42
40
39
38
37
36

17
27
28
29
30
31
32
33
34
35
24

I

m
—-0.6373
—1.9399
—2.0837
—0.2898
—2.1024
—1.6211
—0.1872
+0.5155
—1.7924
—1.5279
—1.8935
—0.4806
+3.4021

—3.9106
—1.9857
+0.4050
—0.0896
+0.2210
—1.0070
—2.4500
—1.0052
—0.8168
+6.3936

I

m

.6371
.9403
.0840
.2899
.1024
.6210
.1869
.5152
L7924
.5281
.8931
.4808
.4014

.9105
.9858
.4051
.0901
.2210
.0073
.4501
.0052
8174
.3934

Corr.

°C mm

15
15
16
12
12
13
14
15
15
16
16
16
14

14
14
14
14
14
13
11
10

+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0

+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0
+0.0

H

m
—6.6372
—1.9401
—2.0839
—0.2899
—2.1024
—1.6211
—0.1871
+0.5154
—1.7924
—1.5280
—1.8933
—0.4807
+3.4018

—3.9106
—1.9858
+0.4051
—0.0899
+0.2210
—1.0072
—2.4501
—1.0052
—0.8171
+6.3935
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Table 8. Level change during the period from March, 1986 to March, 1987 for each
bench mark. BM No. 1 is adopted as a reference point.

86Mar.
m
+4.0894
+4.2650
—0.0522
+2.3062
+2.0686
+0.4743
+0.8590
+2.6405
+1.2704
—4.1611
—2.7467
—1.2181
—0.4100
—7.4192
—1.0816
—0.7057
—0.1679
+0.9017
—2.3028
—0.7487
—0.1410
+6.3693

+4.1435
+0.3514

8TMar.
m

+4.0896
+4.2645
—0.0514
+2.3061
+2.0687
-+0.4744
+0.8585
+2.6413
+1.2705

—6.9073

—1.2212
—0.4072
—7.4198
—1.0815
—0.7060
—0.1679
+0.9816
—2.3824
—0.7484
—0.1413
+-6.3688

+4.1436
+0.3496

87Mar.-86Mar.

mm

+

0.2
0.5
0.8
0.1
0.1
0.1
0.5
0.8
0.1

0.5

3.1
2.8
0.6
0.1
0.3
0.0

mm
0

0.2
0.3
0.5
0.4
0.5
0.6
0.1
0.9
1.0

BM.

17
26
25
46
45
44
43
42
40
39
38
37
36
35

17
217
28
29
30
31
32
33
34
35
24

86Mar.

m
—0.6399
—1.9381
—2.0843
—0.2903
—2.1020
—1.6214
—0.1868
+0.5161
—1.7935
—1.5282
—1.,8931
—0.4810
+3.4022

—3.9113
—1.9861
+0.4050
—0.0896
—0.2212
—1.0071
—2.4491
—1.0055
—0.8178
+6.3943

87Mar.
m

—0.6372
—1.9402
—2.0840
—2.2899
—2.1024
—1.6212
—0.1871
+0.5154
—1.7924
—1.5280
—1.8934
—0.4807
+3.4017

—3.9105
—1.9858
+0.4051
—0.0898
+0.2210
—1.0072
—2.4500
—1.0052
—0.8170
+6.3935

87Mar.-86Mar.

mm

+

2.7
2.1
0.3
0.4
0.4
0.2
0.3
0.7
1.1
0.2
0.3

0.3

0.5

Lo+ + + 4+ o+ o+ o+ o+ o+ o+

T

mm
0.6

3.3
1.2
1.5
1.9
1.5
1.7
1.4
0.7
1.8
2.0
1.7
2.0
1.5

0.6
1.4
1.7
1.8
1.6
1.4
1.3
0.4
0.7
1.5
0.7
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Fig. 3. Distribution of the discrepancies between measure-
ments of relative heights between consecutive leveling points
conducted two times, forward and backward directions along
the leveling route.
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Fig. 4. Absolute values of the discrepancies between the
two measured values of relative heights between the consecutive
leveling points versus distances between them.
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—F, KEBECHR - CTREMRFENRTT 570, By —RAT2 LHGE TSR
XhDHTHAHY. 3o (Fig. 2) o, FHEHERNELT, BEHICOVWTOES
DEFNARER Y - T, FTREROBREO LGS DORABREY KD, KEH TILL ORFE
I HAI L THECE D 55 &, ZAKESICH L TRERELXEZ DT ENTES.
FOMET2EOMELE L, WL 0.1mm TH-To.

PR et 2 L, #KMEACST B ERE £0.8~0.4mm BEOHE (FRHERHZE)
EHELTWAEELS. FENHREETSDE, 5% OMRTIEMOFEL £20 OF
BlICA-TLE 50b, 5% OREBETHEOAE XL £0.8mm W5 LATES.

B oI TEELOT, No.31 L No.33 ofolEORIEEico\WTE Z THith Tl
<. 2@EHE +0.1mm ThAHo, 1EHOHETIIEREEN +0.9mm & L&REL
FBUTRADE TS - 7. JEMEE LTHAHEOFHLFAL T4, AOENREDLD
PR >TWD ET B 50E, No.33 i3 No.832 1w 0.4~1. 4 mm {E\~ &\ 5 FiZRA
THH, = OBETHY No.83 AR Lick W5 2 L idEbbisy. LoD,
0.7~0.9 mm &\~ 5 K ¥ %GR S h KM (No. 83~4, No:9~10, No.15~16)
B5. WTFhoBHEL 2EOHNEDN S L 1EOXRTHS. REOHELRH2 5L No.3~
4, No.9~10 ORHOEMEFHIAER L T V2 Teles.

4., KEZTE

Fig.5 13, 20T L AAER L 5@ L TEbhigKEERITsT 5 14
MoK EEEHELRLTC%. BL, No.l ok#EETHHREFEL .

RicHibheBHoht, $ho TR oRwLond%. No.1b i, REfH
HOPEE A i B IRTE) | Ol By D435 0 8m B AR EREOFED RILfFoTH 5 5,
B OAICHART 3mm ET AU TRAKTHY, ZOENAENHUCARETSHST
LERRLTVA LD EHESRSD. ChiciLT, No.26 XEbh i, 2mm 3k
BLTWAA, HiT, i RBOEENR b0em 3 EDRRAREHK > TWT, Thbt
HhiF A S BT A E . ER SO RFTZE T oW TR O L Bbh
5. THEDWTIKRE TR T 2.

ZRh S ORFRE AR RE, £ b, HEFRCKELEDZALRIE.
BTN 7 b1, BRI 0BsER (o) © No.33~34 B b7 iEf] (No.27~30) <
Fifll (No.35) v ~Arl,  1mm 2 TFLTWSDREI2L. ZOEHI,
MOBRETITHR SRS DT, R BUNAETTh 2 AR &V AT
T OO A E SN ERETH 5. T, TORFILMOREE OWTH,
MERE L CREMCHEITLTVS E LT, REOBEDOREYRET I LIXTER
v, BIEOBFAREI A0 1966 £THH, 20 Fi3 EEALTVA. ZOf 2~3
em O TEE T ER 2 D ITER 1~1.5mm OZEA, XhdTEHP A VTR
BohiFE e biew. L, FOXPRIECRTIALf oo No.29 7225 No.31
T OHE S OEANIAKFEEERE 100m T 0.4mm T THAH2, Zhid 20 4EfH
BZERLNTE 8mm bl
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PED X 5w, BEEDHT Y OMREERET 5 & 5 IR0 834 B TOMREL Sk
fEohieh oo, Fig 6 WREEIC & B RELETHOBRRA R LI, Thfend T b
& DBIHIANTHD. fofe, SEOKEZEHRLTOHELY OHEBNEECHS. %
OERNIACEERE 800m =X LT 2mm THBE1 5, 2.5x10-%rad & 7c5.

b EHEARECEBNREVKEERD > b, FRZR TR K S IMEMN A
FHAD No. 8 LIEFHNO No. 40 (EEED+H) Thote. ThHLDOMARILTL
TED, FTRIKGFHBELFEET 20 Titiuh L Bbh sy, BEERATRII-. Fo
T, A—V v rEE (REFREIGES, 1973) 285, JKHEHEHIIER O Ml D BE T4 58X C &

Fig.1 Q&L VTRLIEDA, ThFEN IS Iz & i L oh b Licibigo
AHABORIETTHB. O 1k, @ Hheva b, BEEACLLEIES 10m F
THEE, @ ZOWEET N iR 50 X/ pIWEFieRT. V T, DEELERE
UCOEEREZE m oS ThHEbh5.

K& R% &, No.8 2AELIHIFEMAEOHATIX, WBATKHCEZ AR 2 ¥ Fid b
b, No.8 XD XL 57hPifenmd Lhiew. =7, RFHATIE, £—) v
HOWEIEETH - T, TRIKEFE V2. LaL, 0T CIoBEDORE%ER
TR (KHEA No.40) DRFIT R HIET 5 &, W CRATCHAASE, R
TEIBLTVBEELLRS.

KEZTNIM T ROEEEZIT 5. EHTAENEROBECH > TWa I F 0 5
Vi, KEERMIR TR H MO IRET SR LT3 (T #F7). KA HZET 5m 2
BEodbok 24m BEOLDOMDS. KRV FRY 27y q VEVZTHKLT VW37
HB. 1 rpok s EFREK 30t/ HTH L. — I FRORAR BT oM F %
LB 3A, No.32 ®° No.33 OB b OUMMNZ W EBIRAH LN E 5 ER I hS
LZAHTHS.

L1, Fig.6 OFE)~ % — vOREMLTL A LT RORRIE L T2 &, X
WEMBOMEM AR RT R - vikE sl Rbhic 2 b it/ . RETRER bl
MHOPE GRS, 1986) TH, = OWIHEREC L T OO E L RT T IO <
=RV S hieh ofc. R EEEFOBEENPNS DD, BBV, JERK
A O D 7 b FEME DTN T, HEOWIRHR L b F 5 LILPEDH T4 U T\ 5 TTREN:
BH5. BEPERTHIE, THWIHETAREBCET LTV 3 E LT, KEE
B RkE v d Lhdwdy, ETFEEBRENTHA 5. & OISR « R O KFE
EROTERCH D (BHIIEE, 1987) O T, RexOKEMNEOHEEEYZ O X 5 LIRIKO
KFEEDORTOHIN A ETEBERLZ BDRETHS.

Fig.6 offko A% — vHURTHED, EWicWBdtHmE LTI T v #E b offs
HICcHh 5. Fig.7T ik, & ofMROpIRIG OKEES D 5 — & & BT TR o
REE R R L. WBREE & 3o TH 5. T OO AAKE, BERII0
ki, @25 WARHEEAETE) O FRHICHE LT\ 5. BN Z ORI ORI -
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Fig. 7. Level change in the N-S direction together with the topographic
section for the central part of the leveling network. Adopted bench marks
are indicated by thier numbers. The steep and gradual slopes correspond to
aluvial fans of the Yufuku-sawa channel and Susobana river, respectively.
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Leveling Survey across the Zenkoji Earthquake Fault
in the City of Nagano

Tameshige TSUKUDA, Sadakatsu IZUTUYA, Toshio HANEDA,
Shin-ichi HASHIMOTO, Masaru KOBAYASHI, Kaname SAKAI
and Megumi MIZOUE

Earthquake Research Institute

Precise leveling has been conducted across the Zenkoji Earthquake Fault in the central
part of the city of Nagano in central Honshu, Japan. The bench marks, totaling 46, form
four routes across the fault and three circuits. The first leveling was carried out in
Mareh, 1986 and the second in March, 1987. The standard deviation of accidental errors
for the changes of relative heights is estimated to be 0.3 mm, with cummulative errors
within 0.1 mm for each point.

One year period leveling change shows tilting movement dipping to the north, with
the slope of (2.5-2.6)x10—¢ rad/year. This region had once heen in the field of tilt dipping
nearly south in 1969-1977. The recent trend revealed by the leveling survey is nearly
opposite.

Any significant level changes across the fault cannot be recognized execept for one
route, where the eastern side of the fault has subsided up to 1.4 mm in comparison with
the opposite side. Even along this route, the vertical displacement of 2-3cm, with the
eastern down, discovered on the pavement in front of the entrance of the prefectural
office, just near the fault, cannot be attributed to crustal movement, because the level
change was less than 0.4 mm per year for the span of 100 m across the fault, which would
have yielded an offset of eight milimeters at most during the past 20 years.




