1 a
BEHHs
AR

BEEBFCH>  HBIREHOHER

HEEE—, (TR, L

mt#*

AHEEHE GO RE~FH A — F OWILHIBE AR TN B\ CiTb R - BERE
BHZIRIEB O H TR T\, FOEBHIERIE VTN Lic, REDIKERITZI60~3000kgTH

h, B OEEIZ22~2750mTH 5,

RBIRBORABEE, BLEEHEOBESLABRE TH-, T, BoHMOHE ECOIRE
i, HBEDRMO2~3EEAE Tl

LHLELEBROHAELRAY, BRERSOMBiICHTi2, BFEEBLTEL
water-wave A BRI A ST 5 SIRBROBEE1AFETH L h Tt LhisT,
GRERE RS RECRHASIBE, T EELALBETHS,

1. RUDHE

SRR OBRECEHPREYOER T 5 HKE
ROGEEHITIZ, BEREITHAIBEMNEL,
ZOBKELMEL L Z00RAD L 5 ITKPHTRE
EBIERITH B,

B LR b BET 5 NBIRB ORI PR AR
2Tz, F<{OWRY b H, BEREHOTF
WAHEBETAMEE L >T VB, L L, BERED
B, REMEOEMICEKYD O KES N> T
VWHZE, IRHBEHORBER LIZLBANRLS
BOSTCHELBEOBAERIz-TV 35,

MEDIR, FMHEELBED BL~HHEA — +tDOF
EERBFABREBTHIZ U T bh - HIE R RS
IERIERI O RIR T, T ORKIEE & BEhERc
DUTEP L, UToxogRIZovV-THET5,

2. BRRESLUBEESHAOERE

1) RREALE

MALRIMBIA KSR I g T, 3P, 4A, 5P, 6

1992429 B 7 B % &
*REGRB A B AR
T169 WORMHMEE 3 —25—1
TEL 03-5386-7511
FAX 03-5386-7576

* 2 P R S o AN G e A R 2R
T105 WML / [15-1-508 7 P1458% €~
TEL 03-3434-7281
FAX 03-3578-9298

P RBORERBER S B RBERRT
T245 BT P RX BIEET 344—1
TEL 045-812-1211
FAX 045-812-1247

PRIV 7TAILHECTIHBELARIBYOLDOBIERE
IWrfThbhts, ZOBERTECHE > TRET 18
BRBOBE~OUENRS S, HHLT
DROTHEED T HFER L 122, 2 TIEE
SO MET-223P, 4A, SPLIU6PREIZME
2 TRETHRRIEBH TR 9K S,

P B R OSeRIRE O H RG] * Fig. LioR 4,
REHNR, ERBEHRT LLBICEN LT k0T
FTARC—HHMERE L 7> T 5, WWEMEIBALTE
HMENOH - T 50, 6POIEITERATILT
VB LT, miloEOH CiibEMA10~15m
BEDOHITHFHLT3,

3P, 4A, S5PHISOREMIZIZ, S6, S11~SI3
THIET 12, 212, 6 PRERNZIIH500mBEh
feHoMBHBMRLYDH D, LOEBER~ORGH
BohEhiztcd, ORBEOMBIZS1 ~S5ick0
THLHWEIT -1, SII~S13DILHMOTE L ILER
EoBETHBN, S1~S6OREIXES A\ 1hET
BEoM&THs, Table icRkT L 5t RBEORE
12360~3000kg TH v, FLBELLOEEIZ22~
2750m & LTI R A TV 5,

2) N

WBEGHDONSL, TRTHE214 2+ B0 IRE
BEdta vz, 81 ~56 3 LTSI TiaSM-335 (i
HRE) %, S-12,5-13i2i2HS-1-LP-3D(Geo
SpacettBd) ¥ v iz, SM-335DIREIE L1214~
120Hz CRIBCH b, HS-1-LP-3Dizd.5~100Hz ¢
FETHD, EEFOBREHAIL, REHLEEND
KEHE %R, BEIZ@ D » TEREDOKESHE%T,
BELEAFHEVELLE,

IHAR



Fig. 1 Under water blasting areas and ground vibration measuring points

(51~86, S11~8513)

Table 1 Blasting and measurement condition

blasting point 3P 4A 5P 6P
warter depth(m) 0~4 0~8 21~27 31~35
charge weight(kg) 700~ 3000 700~3000 480~2016 360~1080
distance(m) 22~2330 168~2070 470~1760 584 ~2750
number of measurements 7 6 6 21
number of measurment points 3 3 3 9
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Fig. 2 Multiple regression analysis of maximum amplitude, charge weight and distance

Table 2 Result of multiple regression analysis using equation(1)

at rock surface at soil surface
Component
K m n K m n
Vmax 1900 0.47 -1.89 46670 0.53 -2.18
Rmax 64 0.78 -1.69 43550 0.60 -2.31
Tmax 773 0.42 -1.76 5150 0.55 -1.99
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Fig. 3 Relation between reduced distance (D/W'?)and maximum velocity amplitude
(@: measured at rock surface, [(J: measured at soil surface)
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Fig. 4 Comparison of regression curves of amplitude
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Fig. 5 Example of ground vibrations measured at S12 and S5
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Fig. 7 Relation between travel time and distance

Z OB L IR & F R ERE N 5 & iR
BRANHFELT D, BERBBEOHS, BROMRE
X TRETHNNERE THRBYEBT5M, 5B
B X SRR R Y ANBEICRT S EFl
Nk LlskPxEET 5, §i% % Ground-wave,
#E % Water-wave L FRL T b V), KPEHHEBIT
BEENBRIND, LT, RBRIBMHEKOMS
IBEYBR L, WKPLER L T 2 2:Water-waved?
BB\ CHUBBICAHR LI LD ETLHN B,

R, MRIEBO B & - OIIREER S O WD
(BB L R & O BIRITFIR. TD X HiCic» Tk Y
KO IR B BURL 7 O (S48 BE 12 491500m/s & fE KD FiE
BEOEIBEBIZH L 12> TV 12

¥ 72, Fig. 512k L 7-S1210 S DR B I i Gk E)
HREFHNBREN T oV -DIL, REEBLALFES12
ORI 4 Al SO BTN D B 1, V{ater—wavebiﬁ
BAM LichotctebbBErbh3,

ZDX Sz, BREORLOBATIE, BEBRICL
- TRET 5 HEIREI2 Water-wave S H USRI A
M LATESHR S ORBAFET SHTHRERE L
LR » T35, Water-waveD RGO~
LRIz LCHRET 5007, RERTILZ OXH
MNEBLTL B, Lnl, CORBIIBIRBHERS T
HHDB/AEYCAERIZIZ S A SEBIP D,
HERED Y v - PHBRBICH L TREESYRIZ
TEMEESTEL, R EBYLETHD,

6. £ & ¥

FZMUBERBIS - RA~EH 4 — F ORILMRER
KGR TINS5 EERBRTINCRT, BER
BUCfE S RBIRHOUHME T, T LT, HBEY
DRAEWR B LU ORIV TR ET -1,

IUBIRB O IR AR S TH 2 LT HRADRAMVmax
IZOWTEETS L,

Vmax=1900 - Wo¥ . D= (& ELOHs)

IR



Vmax =46670 - Wo-32 . D-2-18 (;b§%% L 0@ 4)

DORBANGSh, EERBORRKLFARETHS
ZENGM T,

T, BERETIL, REEoBBIZE-T, &
b & L T 2 fowater-wave ) sTEUSBRIZ A Y+ 2
SIRBBOBMIAFET B0 0, EHCRE
REYLIM S RBLHUMADHIB AR+ LEELLHE
THAIZENFGFH T,

BEICI - 35 - SR Y A CCHERE 8
RETFARMOBLBAR LI LD ETHEERA
LTRSS LETES,

X B’
1) S, Mpmil, RRTEHEmMY, 3,
(1962)

2) AiLtHRBFABTHIHLIE (x0 1) IH,
KBRS, ewkHHl, WHRS TR, WEHER
BITRM, tECRE MHLHERBAFABTRL
hIX (D 1) T, BREMSHSRMEM),
pp. 1~87 (1981)

3) AHPBEHEGGSARH, AAERAES,
MEoRHREN ). pp.22~24 (1973)

4) C.L.Pekeris, “Theory of Propagation on Ex-
plosive Sound in Shallow Water”, Gelo. Soc.,
America Memoir, 27, pp. 1~117 (1948)

IR

Study on characteristics of ground vibrations generated

by underwater blasting

by Eiichi GOTO®, Michio YAMASHITA**
and Jun KAWAKAMI***

Ground vibrations by underwater blasting were measured during construction of the
Namboku-Bisanseto Bridge on the Honshu-Shikoku Route. Blasting charge used varied
from 360 to 3000kg, while ground vibrations were monitored at different points with
distances ranging between 22 and 2750m from the blasting area.

Maximum amplitudes of gronud vibration were similar to those generated by inland
blasting. Amplitudes of ground vibratin measured on soft grounds were 2 to 3 times

greater than those measured on rock surfaces.

Unlike inland blasting, ground vibration with a relatively hlgh frequency was also
observed in the vicinity of water front. This was probably because warter-wave travelled
through sea water and incidented ashore again, demonstrating that a great care has
therefore to be taken in the arrangement of monitoring equipment when the instruments us-

ed are sensitive to high frequencies.

(*Technology Division Taisei Corporation, 3—25—1 Hyakunincho, Shinjukuku,

Tokyo, 169 Japan

**Honshu-Shikoku Bridge Authority, Toranomon-45-Mori Bldg.,5-1-5
Toranomon, Minatoku, Tokyo, 105 Japan)
***Technology Research Center, Taisei Corporation, 344—1 Nasemachi, Tot-

sukaku, Yokohama, 245 Japan)
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