<RNEL

T Kobe University Repository : Kernel

S
4ope

PDF issue: 2026-04-04

%*ﬁfii’%ﬁi&%ﬁ % /- iﬂ!ﬁ%@fﬁ'ﬁ%ﬂzﬁﬁ B
B3R

=, #HRH

(Degree)
Bt (%)

(Date of Degree)
2017-03-25

(Date of Publication)
2018-03-01

(Resource Type)
doctoral thesis

(Report Number)
FAE69155

(URL)
https://hdL. handle. net/20.500. 14094/D1006915

X YAVTFUVIIHRRZOEMBRTY, BEH - FEFEASE2RELCET, ZEEETROLNTVWREEANT. BUNICTFALCLEIW,

\j].\i\'l:lihl'['\'
AN



EEmC

ESRERIREZZRAV:
bk gy i bl e A

Rk 2941 A

PR R R B T Fe Rt

K4 =W B

SpEERE. 103T137T



A study on evaluating the ground stability
by using high-resolution surface wave survey

Minami MIURA
103T137T

Department of Civil Engineering
Graduate School of Engineering

Kobe University
February, 2017
ABSTRACT

In this thesis, some case histories regarding the engineering application of 2D shear
wave velocity, Vs, from a high-resolution surface wave survey (HR-SWS) are described in detail.
In a case regarding an embankment with no information of the construction history, the boundary
between the foundation and the fill was clearly manifested by performing the HR-SWS. In other
case, the overall stability of a largely deformed embankment with a block-wall was properly
estimated by having a single borehole data, together with 2D profile of Vs. Similarly, in other
case history, the cause to explain the ground subsidence of a local road was elucidated by the
HR-SWS, for which the portion associated with a low profile of compaction was successfully
depicted by knowing a low profile of Vs. In other case history, a soft soil layer underneath an
inclined gravity concrete wall by accident was found by the HR-SWS, with which a remedial
work was properly carried out afterwards. Waste materials buried in the housing fill was also
found by examining the profile of low Vs. Moreover, in a case where the collapsed natural slope
was dealt with, the failed soft soil layer along the slope was successfully manifested. The
HR-SWS was also found useful in examining the development of cementation with time when
investigated in a reclaimed land mixed with various steel slags.

In summary, it is well demonstrated that the HS-SWS is of great use in an attempt to
solve a variety of problems encountered in geotechnical engineering practice. The use of this
non-destructive survey enhances greatly the efficiency as well as the cost of geotechnical site

investigation.
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6-26 TREETILEDHFMEZEIL

6-24 |ZWrE 6 I L Wi 7 OB TNV mIZE T DL ERORFHAE LA i Lz b
DTHDH. KHIZITR KRN ER (414 FFH#%) OLERELRT. ZOMERKLD, 414
W% O 2RIE, Witk 6 DRPHEEE 2T Fs=1.026, WPHEE - 2L MEIZEB W T Fe=
1.240, F7-With 7 ORVEEE T3 T Fe=0.940, OHES - 2L M EIZEB W T Fs=1.065 &,
& A EDRWTIZFRIRETH -T2 L F 2 D.

DX, & DT CTOREFEOEE BRI UF | A& L, T ORI
B 6-25 [ZR L7, ZOREENS, RN ED RS OREZ ORI 6 123617 D WHEE O
BERPCRINRKE N ENGND. £io, WECH L VIV NEDORERIARE i
D EWMHSE DN RKENT L DND . AR 3 IR OB R L 0O R SR A
AREERE & S OHBENERD B LD SR L TWD D, ARSTOMEEIZRBIT 5T 0%
BRBEFEPRENZ LD, VR OB IAEICE D T W RIS, —
J7, BT 7T IZOWTHRETT 2 &, BREOMIEIT/ NSV O DORERE RPN 6
EHRTNEDSTE I LD ORBICEL R oTo b D LWL TE 5.
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6.2 2009 FHE 9Bk B EEEN
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7B, ZOBEBUCE BT 1~3 m/s FRE D CHEUC Lo #FIT/hEv. LrL, 2o
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ARG, B 6-28 1T R S R RT L NI L TR Y, RREE o HiTE
L, RHEmAEG 35 EodbmE, WMEAMEORE THDH. REHOREX I, RS 55m
FREE OKFHEEE), B 13m BETHY, RERAEFITIEER 6-5 (R T L IITAT— K
ELTWD. FAEEHPN ORI I X OB DWW T e L7 K 0 #EE L7
FAEEREIT BB L Z 25 m~3.0m BETH o7z, AENE, MREEECHERD FL T
DFERNG, EHHERBYDPIHERE L CODEFARE L LBZ 2 b, 612, Bl
HIZEY, A ORm T (FREMNOREF 25 T 77 35 m~50 m F2EOHM) (2
PN THIEE U7 B EEHEREY) & 1T R 2 LS BEH L TV D Z E B3R SN 7. MR,
TEA A AEORE - TRCEERECER XD OAJE N SAAREIRICAIE LTV D,
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6.2.2 REUBREOHMESLLUVHR
6-29 ITBIMFHEDOBEEZ R L2 b D TH 5. falEHZ & A 72 3 KONFARE L,

BRI REIDO TN > TREIE L TIRE AT o 72, RE 10 m FRE ORI IE %
T 5720, ZIRAMFEZ 0.5SmBE N 1.0m & L7z, HIOMZEL R 6-7TI12F & DT
Y WFRORER S BEIREERR THIEEZIT- 7. 61T, REEFEREONME S
AN O 20 ST CRIS BN 2 — EHAREBRZ 3 L7z, £72, REHANEB LT
RN TN ORBEICE N T, JFMERKRREZ R L2, 5612, NG
JORAE# Oz T h 4 S TRUBH 2 ERE L 72,

-18322 A
140
/| g2
.l'f' 0 = R ...._
A 150
- 145, 92
140~ i
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A 2 ANO. 0720k ,_.--160
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%= 6-7 BIRHEE
B (m) = P% b (m) = A TP (m)
HIHR 1 85.0 1.0 1.0
HHR 2 12.0 0.5 0.5
HIHR 3 24.0 1.0 1.0
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B 6-30 [THRE THON-HKRMO BB TH D, ETHKR 1 ICEBTDH L, ARk
Do BFR RERH) IXEEREBIR LTSRN T S E NHERTE 5. 2t
B 6-29 H11Z7"9 NO.0+9 A At & IERREEI DR T v, MBI L D> 72
7o, EfREEZETEhholciod B2 bbb, FFICH O EHIR (FR
#) & NO3 HR LV BPITEICR->TEY, Sl A G TRy, L, H
JEE I DWW CiEB RO AREO Bl EZ G o Tl Y, B ER TE 5. JHd
LT, HABEHhZ R L O 2 JIHR 2 38 JOVNR 3 13 @ =004 L <, IEME72 5y i AR
ZEOIVTWRWATREMEDS TSNS, FRICHIFR 2 1I2BW TS, AN E RSN
T2 lnn, EMEOZENNETH =, ZIUIRIEOFIRICEIT D2 & b Rk
ThY, @R EOMBEANKE VREHICBO CIIEMICEEZZIRET S 2 L8 L
V. Lo T, GBI — BB PS MESIC L0 MRIER A e T 52 &
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R TG DN TR RA OMATHE R 2B 6-31 [Rd. 7eds, IR 2 38 L OWIHR 3
OFERITIE, HIEBEZ 0 CTORL TS, BonER LY, BIEERN (FEEERE 0~9
m) TIE, Vs=120~150m/s DJE 4 m BRE/5A L TWD O3 L, AsEN (BRRERE 9
~55m) TIX1~2mBETHD. D02 b, RE2mBEEDRNENAEL-Z L
WMEZ 5. FETREHNICBWT, REH MO SHEEESMICERT L &, REMTIX
FEAEGE & 72 L TR 0 IRE 3m BRE E T Vs =150~200 m/s DJEA, EE 3I~SmEEE T
Vs =200~300m/s FEEEDEAY, & HITHEE Sm L U IEWEFTIZIE V=300 m/s BL_E DO
RS LTS, £z, HER3 OFE D, BE (B 5~15 m) 2B\ T
A DB S SR TE 5.
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OXC, AEMA SRR E QIR 1) CTEE LS — 2 EARBRORKEREE
B 6-32 [ Z7~d . ARdEih ES O R AR O 5 B = — O B AGABR O R (No.0, No.0+5,
No.0+9) 725, HELTEIIFEBLZ Na= I0UTOETHD LHLZEND. vk, At
Hrp o B EERIC NS T, AEER OMIZ I W TS Na<10 DI ML TEY, 0
JEX X 1~2mBETH L. BETR bHEE L7-AE LR (GL.-2.5~3.0m) & ARtk
D Na=10 L FOLJEEEE 25 &, RAERTOFMEIE Na <10 O 1fE75% GL.-4.0~-5.0 m
BEOHEI THRE L Wb o LR INS.

RIAWRER R L BLER 2 —  EHARBRRE R L 2T 2 &, KA ORI
HOWTIUZIBN TS, Na<10 FREED LEA 040 L TV DI & Vs=120~150 m/s D&
NG3A L CW D BEIRARS L TE D, &51Z, Na>10 & Ve 200 m/s DEERNBIRTeia—
HLTWD., ZDOEHIT, MTHRALESEN 2 — B ARBROR R & TR 2 7oK i
WIRERE R AR T 2 2 L2k, 2RocWrimics T 5 S IEE & Nd 5 & D%k A3
HMERD, XU EWEE CREMBEOFRAIET 22N EEE 2D, L LR
5, URZHREEHIRETIC BT BRI L O SARIC OV TIE, R E B EEA DR B0 TILH
MEEL <, B TOMEIGM E ALY THIT 2 LENH 5.

—HOFMERRSC ML U FICLDBENORERNT, WEORRZE L /E
(GL.-1.0m) @ FIZEHEHERE S 4~Sm FRE A L TR Y, LD FIT Vs = 300m/s LA
DHIEEN AL TNDH EEZ BT,

180
Sl T
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6.2.3 ENHBOBMES L UHR

6-29 T/r7 A, B, C, D #imUZR W TENZ AR A B L SN aRER & S0 L 7-.
AH (GL.-2.5 m) BLXOBHS (GL.-1.5 m) 22\ TiE, FA NP7V 7B
K VELEZVEE 2B L, C HisIZEB W TIE, GL-0m, -0.5m, -1.0m, -2.0 m D%
ECE LB 2R L7z, £72, D OHUSICB W T HEL L2k ikl 2 BRE L 7=,

* 6-8 B L UM 6-33 ICHE Lo Bt oMM Z 7R3, KESMICER T2 &, RE
TN AR, W5y - MR EARITE T LTS, DT ITEAKIREIC B
LTIE, GL-1.5 m £ TIFBRENELS 7251 T EREL 25EMZRLTEY, GL.-1.5m
IRICBWTIE 10°m/s A= —LIZIF—EETHRE L TEY, muiZAkEzmL T
5. 128, JFALEICB W T S AN AN B W) TIRALEDE KR BR 2 9240 L T 5 (X 6-27
ZM). BN TH 5 A #5368 KOV B HAIZ W TEEKREEZEH TERWIE EHE
KYER R oT28, ZhiE, ERNEBROMRLEESLTVD. 65, RAEMTH D
C #i/SDFEE (GL.-0.3m) 23\ TH BB AKREREL kis =2.01 X 10° m/s X, GL.-0 m 3K
k2 T2 BB KRBRIC X 2 BRI kis =3.26 X10-5 m/s EHfR—F LT\ 5 Z &
B, FATEGEKRERAE RIS 7 b o Lol L7,

*x6-8 HEEEMOYHEE—E

GL0Om | GL-05m | GL-1.0m g‘;ﬁil:?g) GL.-2.0m ?ﬁ%é%n; it
4 MANE | MRNE | MROE | MRS | BaSR | MRS g+

B e hE g Ry URbER | MREUM
W, (%) 17.5 16.7 15.1 153 15.6 19.5 27.5
ps (g/em3) 2.534 2.720 2.698 2.682 2.732 2.749 2.703
P, (g/em3) 1.54 1.75 1.65 1.58 1.60 1.69 1.70
pa (g/em3) 1.31 1.50 1.43 1.38 1.38 1.41 1.33
e 0.928 0.810 0.885 0.943 0.979 0.950 1.032
ks (m/sec) | 3.26X10°5 | 9.57x 105 | 4.04x 104 | 3.44x 103 | 326X 103 | 1.91x1073 —
an (%) 48.2 39.6 50.4 82.2 60.1 81.4 31.3
B9 (%) 29.7 325 25.6 9.3 26.3 12.5 19.7
AL (%) 22.1 27.9 24.0 8.5 13.6 6.1 49.0
U, 1421.1 1250.0 2333.3 38.0 1480.0 6.6 2173.9
u’, 56.8 6.1 50.0 7.6 211.9 1.7 0.4
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EHE%) HIRBE p (gom’) RAMALE e KR8 5(misec)
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6-33 REARDYHERES K UEKEFE

JEAL B ORI L OVENRERIC X 2 WBRRrE, @AKEE L D, FAEDIRRR S < 90
L TW/z GL.0 ~-0.5 m ZfiAERE, fEE DR R LEKEREDHIHE LT 5 GL-0.5
~1.0m ZEBE, BOPMARE - BEREICIEAEZ L, BARERENIZE—E L 725 GL-1.0
m~ % [EHEHERE e & Xy LT,

6-34 3% LR OKGFHEHR TH S, HBREMITB L0 L oRBRER T2
NEK6-IBLVKROI0DEBY E L. vB, R6-10ITRT T4y T 4T /NT A—
2 ORI E 21 van Genuchten DEEE7 /v (LT, VGET /L EfE#) #HWTEY, fi3
B AKRENT, BB KRB R 72 GL.-0~-0.5 m (fE4£EE), GL.-0.5~-1.0 m (&
BJE), GL.-1.5~-25m (FEH#HERE) OFHEEzHwTWs (R6-8 M), HFoni

10
10°F A
= 10°F
=)
>
10t
s
X -
R 0% @ IEXECEERIE)
iH B BREGERE)
A EHHEEGERE)
10" — BEBVG)
— EBBEVG)
Lol = E;ﬁﬁiﬁfrﬁg(l\m) . .
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HEEKE, o
& 6-34 Ko HFEHEIR (TEZL)
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%6 ®E R EMRHMmIZ e % HHIrs
F 6-9 FKMAERDHEREH
WA B EBE EfHTERE
HHEORKAZE (mm) 475 475 475
s (g/em3) 1.41 1.47 1.41
WEAIKEE gafn fafn gaF0
HERAE IREMRE IEMRE W&, Rk

£6-10 BAERBHERESLIUV I vT AT R54—4

LT BB EMHETERE

AR S KE 6, 0.43 0.41 0.45
HBIAEEKE 0, 0.26 0.24 0.16
B KBRS k, (m/sec) 6.42%10° 2.50 % 104 3.26%103
T4ITAVTINSA—=E a(l/m) 9.981 44.154 9.018

n 1.452 1.355 1.769

m 0.311 0.262 0.435

#6-11 TE—EHEABHBROREBREN
HEEE EBHBE AR | EMHEREE

ps (g/em3) 1.41 1.47 1.35 1.41
$AEM A (kPa) 15, 30, 60
FAMIEE (mm/min) 0.02 (FEAFNEM), 0.2(BAFDSEH)
BABER (mm) 1.0
HABTZERL 6mmTHET

fh R &0, ERHEHERE M DG I TR G KR 02 726 0.4 f41E THEAKEHD AL
WNOIROHIEM BN CH D Z EDVRENTND. 2, RESCERBICILT, B
a8 ORRL 3 D30 72 <, B IR ORI RFME EOBEWRER EE X B,

WEZ LD, YK - BERSGME T TORABTREEL (c, d) ZRODHIDIZ, K
LT CEE—m AW 2 Lz SBREEE2R 6-11 (ond. AWk,
RERE, EBIE, EHEHEREYE 1 (GL-1.5 m iR, FEHEHERY 2 (GL.-2.5 mREH o
AT CH D, 475mm 525\ A @il L2l 2, FioE®H Tg=6.0cm, h=2.0cm Ot
ARAEAER L2, Ko&EE, SUBHREURF O fafnE s X OvKRfafmikiEe s Lz, i<,
FESEHEREM 1, 2 OFBHIBI LTI, A KINIREE TOH A K8 2 HR 45 72012,
ZIVEI S =65 %Il L7RBECORBR & FEhii L 72, SREIS o (T, ERRITHEE Al
REMTIER L TWeEBEA N BHVE (I~4m) ZFE L THREL TV D.
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120 120
I S,=51.7% ¢;=35.7, c4=42.7kPa ol T S,=50.8% ¢4=33.6, c4=52.5kPa
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100 ———=5=65.0% ¢=33.0, c4=11.5kPa === 5=65.0% ¢=34.5, c4=13.0kPa
S,=100% ¢;=33.0, c=5.8kPa 100F . 5-100% ¢,-34.5, c;=4.1kPa
90r 3 90t 3
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ﬁ 40t ;5 40t
300 30k
20 20¢,
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(c) ESEHETRY 1 (b) EHHIEY 2
X 6-35 TEE—EEAMRERER

Eﬁ%5iﬁ%htﬁ%%ﬁf%é.:@%ﬁi@ W ORE S I kIZ L5 T
PR BRI 4 da 1 HETHDLHLOD, ME N aMETLTWDHZ ERghoT. Th
i,%ﬁm_&w%7yayﬁﬁ%¢6:a:;of,ﬁﬂﬁ%%ﬁﬂﬁ?btkwk
Ezod. LL, WTNOREHZ DWW T HEIFISME T T ea BEEITITHA L T
V. ZhUE, AR LONLENORBELEEZ bD. OXD, EHEREREYE 1 L R
HEREWIE 2 2 Leiled 5 &, BEHEMERSIIE | D0, DTN NEL RoTVE D
O, WERHE EORZRERIIAZ T Doz, SRR RS S 7
W2 ED, REREREZRDETT N RRAE LEAEERRNEEI NS, —F,
FAERE s L OERE OB RI%, BEHEHERYIE | SRMEHERYE 2 ORI & kT 5
&, PBHREURE ORI ERAE CTO ca MR E efliZ R L TR Y, fafnfbicftl o s 1ok
TERLREWI ENG05. ik, HEAERB LOEREOFEO T EHEREEY 8
TR 2 L0 EATED, 7 v a A2k ANTOREINTGENHA LT
WHZENHERTHD EHERIND.
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& 6-12 BE HERDFEREM

FEMERFARZ B4 % HHIF5E

AR (GL.-2.5m)
HEAER KRARHE (mm) 4.75
HEATE (mm) #50 X h100
BIIREE (g/cm3) 1.41
FAFNE (%) 56.7, 98.7
E% BFRE (kPa) 2.0
vl 4 1.0
SEHEShER FA(kPa) 15—30—60—100
Beko)—7 SCRICKYRE
BEiE& EBE W) *10
R (kHz) sini€:2, 5, 8, 10, 7NLRK:0.2
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0 100 200 300
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—— ERNHR \
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6-36 ROUERREXUVERNHERD S BEE LR

FENRER L BUG DS T 20 R T 27201,
BRECIVEON S WHEZLLE L=, BE RBRICIE, AIEEHN CERE L 72 AR im
(GL.-2.5 m) #Bt& o, BB 25 6-12 1O d . EARI SRR IUR: o fd Fin
FECERIL TR Y, REafETHlBi L Tnb. ks, RESFIZAFMENZI L
EAE LT, EN BE sRERMEIAR O S0 13— A X oD A B H PN 2 VRS Om iR
DRI OFAFNE 2 VTV 5. B 6-36 [ZFALEICR T 5 S JdE & =N BE iR
IZED SWHEEL LD THD. HBONTHERNG, WTHo S PEHEEIZHOWT
HAEREE SIS, FICRBHIICBWTEIKESLTWD Z LR HERTE S.
ZORRLY, EE-mEARRERAZ T U & T O AREENMIGRRI, SRS ORE
FRLHBTE T D L0 LHBIEND.

BE fBR CTH Oz S P & Rk
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6.2.4 BFICEDARIEAD=XLOHETE

BRI O MR N ORIFNE S A 2 T 5 Z 2 B E LT, B 6-29 1R L7 Aith
B GRIFR 1) 1S3 T 2 oo - REFIEGIRAENT 2 FEhi U7z, AT s L O
Kot B 6-37 (Zond . HRIXK3IE, RmmpiRe, MEEN = — BARE, fRIL
ToEE DM BRI, BRI A BV U, RS, B, R HEHERTE, % (Nd = 30)
ELTHBERESADIIHHELCRE L., £, TRENOEREMHIE, MEmZ
RERIREEL S, S ChiME LR ade) 2 AEKEES, Rl T im oM AR 402 Him et &
L7c. &I, ZNENDRFENRT A—H1L, RAKMERBREE RS VG EF 02 AT
TEARBARE Z#E L. WL, R6-13ITRTEIIC3I AT v T TANL, W5
HAEDOPIHREE & LC, —BRICJESIKEY -0.7m & L, % 212 200 mm/day D&% 24
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