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Estimation of Shear Wave Velocity of Earth Dam Materials Using
Artificial Blasting Vibration Test

ABSTRACT

The objective of this study is to estimate shear wave velocity of earth dam materials using artificially generated vibration from blasting
events and to verify its applicability. In this study, the artificial blasting and vibration monitoring were carried out at the site adjacent
to Seongdeok dam, which is the first blasting test for an existing dam in Korea. The vibrations were induced by 4 different types of
blasting with various depths of blasting boreholes and explosive charge weights. During the tests, the acceleration time histories were
recorded at the bedrock adjacent to the explosion and the crest of the dam. From frequency analyses of acceleration histories measured
at the crest, the fundamental frequency of the target dam could be evaluated. Numerical analyses varying shear moduli of earth fill zone
were carried out using the acceleration histories measured at the bedrock as input ground motions. From the comparison between the
fundamental frequencies calculated by numerical analyses and measured records, the shear wave velocities with depth, which are
closely related to shear moduli, could be determined. It is found that the effect of different blasting types on shear wave velocity
estimation for the target dam materials is negligible and the shear wave velocity can be consistently evaluated. Furthermore, comparing
the shear wave velocity with the previous researchers' empirical relationships, the applicability of suggested method is verified.
Therefore, in case that the earthquake record is not available, the shear wave velocity of earth dam materials can be reasonably
evaluated if blasting vibration test is allowed at the site adjacent to the dam.
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LME

A e(rockfill dam), &(earth dam)¥} -2 Hl(fill dam)
o] Azl tistk FgdS W IslE URkARl Wi 2E S
A AP HI sl o)t BRI Aol Utk A
o= B34 R S7PgAsARe] B o= Ajey]
o] gho} AKX grie} 7R Zxdo] TS| aeER] X37]
uiiol] Bt FehAolar o] Q1 SR He Ago] At B
2o ZAJO]T(MLTM, 2011).

Ao =RE Ayl AsS AF S Tielsl] $lste]
Adeg=ofof g 2L Tl S2ARS] JHELS AHsk=
Aotk S 98 F2 AL ExA|5e] duekdAl
o} zhamloltk. o] Z, ¥ 7Y WRsh #e] Qe AL
AeeAgolv, 53] F2jsiile] Aol AHER(EE 10°%
ofshelxe] M dAlT = HoddehdAl ot AHEEol
o] A AIFE gk o AE 5= gl WP EAY
S E3) g Auke] Aehisrs Esia, 2 Akl
V.ot Ao U5, pE olg3te] 2] (1)} o] e Al

Ghax S T 5 AT

¢
!

G =p V7 )

7lEd SxA50] AduEEE APshs dAIE iR
= ANFFE o] 83h= the-E A3 (downhole test), ZREAH
(crosshole test), A2 PS 75 59| AL AFE 3] &=
R EEA] B © 2= SASW(Spectral Analysis of Surface Waves),
MASW(Multi-channel Analysis of Surface Wave, t5<=2]
FR7IE o]83F Syl ¥y} 4]), HWAW(Harmonic
Wavelet Analysis of Waves), =29 eHJu}gAl, BAPE ebidu}
A} 50] JTHKGS, 2006). ©] 5, AlFe-5 ol8shs TAPHE
AR ES} o] 2 VS Eisk= Alme] B A5 FA0)
offaL AlF7t 7hsettt sttleke 7IEdel] AFes FAehe
A& ArF e g g ol o] atelHo], 11 Fgo] ¢
AgHole ARl ok o] tioke 2 AlAlE 4= 3l

Table 1. Velocity distribution formulae (Sawada & Takahashi, 1975)

o] WL thEA WY 838 T Hl(large dam)o]] thgh

FATr L el gk A8ARRE 58] =BT
olfst olf-=2 FAl Iulelxd= 7S visk FHEAZRA AR
7t HE3e, SHA E2A5L] HoATE AT 2H
B Q3 A= tiFEe] -0 Sawada & Takahashi<]
¥ 20 o]§F WhH(Sawada & Takahashi, 1975)& 2-8-8kAL}
DA Q= AFoTHMLTM, 2011).

Sawada & Takahashi(1975)% ¥4 $J=]3} Kinsenyama
(2] 95m), Shimokotori R(3°] 107m), Niikappu TH(°]
102.8m), Tataragi (o] 64.5m)ol| thal] A|F3-& o8-t
SAT e, AN AR S2AIR ool whet X
H ARA #7155 A8k 9 Soledt AbEE] Al
A, V. E Table 13} 2] A0kt (Sawada & Takahashi,
1975). T2t AR ufelx] wo] A83faL Q= o] WS G
HAgE el el rel e AIAIE Aol 7]zskar, thiFE w2
HE gPdo R st FE SIAE 2 AS dio) 7] x3]
wiizol] =l W A-8-d0 gk 35o] gk Aot} gL
o] Ag2le] A, AFEee] A sl s, FolE]
A9 ekt skekgk Ato] A AR uEE Adulsee] 2Pt
- T, 53], FofE AEE R SXARE WS TESH
7] oJEle FA7FE E(earth dam) XA 8] Qo=
A go] L3t

Vrymoed(1981)%= 1])=o]] 9|3+ Oroville We] F25)|4] 0
43 S2ARS JHELS Frkeb] S8, ASARVIES
Fgaal WEARI RS ke 24 A Re] Ao
EPIAI (R AHEE)E AR sl ddtelk= 9 7]
ZHet 9 GReA AR Al ASE 7RSS0 2RE] e
T AFAYN WAE 7= S 5] aiklETE
B7retRen, ozl XA AARRY EEEe IHIET
o} 553 A7 eh P v A8 Adukse ie= FHuddey
A7t A H SxAIRe] RISl Wrlekit: Hd
Alre] 4 A AR, AR E oA Alme] £
HIESAR] HddePdAlT= 4 Q= 7HdsilaL, A AR
SANERE A IHETY ky . B R3S REERo R

Zone Rockfill (m/sec) Core (m/sec)
Depth (m) Non-Saturated Saturated High Low
0~5 V,= 245 V,= 210
5~30 V,= 2502"2 ‘ 4 A
V= 250,02 V= 180 2035 V,= 140 2034
30~ V, = 2002"%1
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Z=a5} EXJ{;HA—]
=24 Fid

oI TS G by S
AFE AEEE = I Vrymoed, 1981).

7
m

G,

max

= kg pax * 1000 ¢ +/o
(ﬂ'—ﬂ: psf) (Seed & Idriss, 1970) )
W, 0, & BEGETESHOR B9 psflb/f)olck
o] 9ol 1 51t W FAl H5E e & ARV
o] =3t Vrymoedd] 72275 E83l| ofeislony, 5:41
o] MAARVES E83te] Sx2A59] A AduEEE
Fsh= I X8 S0 JriHa & Oh, 2009). vt ‘%4
ARIAZE712] AR SRR TR 838 ol =gk o]

Slop, Fastumiols A4 AR VST 4 g ARAZ
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Jefsiroz @ whEAel SRS sk A 1
58 QAR PG olggo R H1 FxAlRe A
ARIES sk 7 FPie) AEge sklshs )
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e e IR bR R e e
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AHdE ERIeb| flsted, Wulpleel Aofaks §]"‘]7] 4714
WuktE o] <l Wl SARS T8kl ﬁ]xz}i 25
t}. o]9} e W =xA) 5o A Frt A= BLJ]._'TE:]H:] N5
H|uE S38lo] dids Qﬁg}ﬁi A Ak 7] A4

| <5l AP SxAlse] A= AdulsT BEgie) vlusie],

B oFro Sl
121 Aeiglolck kg
d gow mov&ru *ol
n EoRle Tk

SJe 54 ioa&ur w2 l—?’— F 5

ARl thate] skl Al
éﬂ 72012 Dol U &
Yk Aot SRl sE1Es 9
ez H@s}ﬁu}ﬂ(lm & Ha, 2012).
Figure 1-& Wabis208]s- Qs 3 dabrg=a-e] 5913
S WIRIEE AST 7ok B |l AR TREEA 2
AHE e 74013} tpdsie] et uiig=s Alele] Arls
oF 60m oAEo] Slt}: AFZALE Fate] Wabdes Qg A5
o] $IxIgk Ak MPIE7t Fadk A ARlS ERIEkTE
217 0 2 by} S W) Zg(Figure 1914 Hole #1,
#2, #3, #)oM WSS Sshe Zlo] oo, ol Al
719 E443 el olfg aeld W Erbssith dens
olof] thgh vieke 2 Figure 19] viehd uje} o] apr]Fgo]
gk 25 $IRleIA BulE-S S7gskltt o] AIS9IA]

£ 349 A8E 249 $HE 918 TIsled e Pnia
AH8-E17] rﬂ%ﬂﬂ B2 ARk ope), FERS BEA Ikt
=] g BRI, 11 $i)e] ASE 7EAIE AT

O ko ]
o H=E

(Fgure 2 50, 9 A Zap/] 918

= Figure 37 o] A5,

WIRIE] TR S0 W B 4 Ao Quds
L) 5], WIS} SRR AR A 2

kel 9% eI

R 58 WA HE eIl EH’E& W S-S At
SFIE Figure 4= Z3AIRE Bubfirads Qofsto] vkl Zlojtt.

outcropping bedrock
measuring blasting sources \\\

concrete weir part

Hole #3
Hole #4

reservoir

accelerometer

earthfill dam part

Fig. 1. Location of blasting bore holes and accelerometers
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Fig. 4. Detailed blasting types of artificial blasting vibration tests
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Fig. 5. Acceleration time histories observed on outcropping rock
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Fig. 6. Frequency characteristics of acceleration time history
observed on outcropping rock with various blasting types
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4.1 /== 1dl(canyon effect)@} W NREIS
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7F de] AREEaL Qs AukelA] 2 3ol FLAC2D(Version
5.0)(Itasca Consulting Group, 2005)Z2 ARE-5}t) FLAC2D=
AREFFelA SHEAY] BE Tl AERREsd] Z2agio 2
A, v £ s A7 timestep)ol] FE A7 (node)ollM 51
2l¢] & 3k

ZeAIZEAE B A A HeAKnon-reflecting) 58S 7}
A 7 AEE A EsS Al A8 AIZ(free-field
boundary condition)S 2-8-3}3tk(Figure 10 3k%). Figure 109]]
A B mlet o] x| SHAAE FFAE BAKE
F JE=E A4 g E FAY(viscous dashpots) =
ddeo] Stk

TS Qg YEslEe 7 ] e 7Rl
A ASE 715 ARl H(Figure S o] & uige] 7tsi 2
T JEE, 7 3ol tisie] deconvolution® 71&E=ARO]H
< WP vl JHeFdthFigure 11 %)

Figure 11> 243} S2la2ts S1gh duelde] six]aawy,
dslz 2k, B3H-8F 715 YRS HERA 2ot} Ais)
41 2elle. Mohr-Coulomb E&lS AR83}93t}. Mohr- Coulomb

AL RS ARSRE o) fi= WHEAR sl ofd Hridehe

free field

I—EF:\

free field

be B )

fust uk sk
: : :

seismic wave

Fig. 10. Free field boundary condition for seismic analysis

ZAITE] Fatke] golAdwt 3] Al iAol WbYE = Qe vk
&9 G0] eIl Y Ao w dPdaisdy] wiitelth
AE71ER0 2 WapzlEel] of3) WAe] wAE Hof AhHEE
S Ao R S8 B flske], duklE 7F fEEE veRd
9 ARexe] 7= AST1E(Figure 5 F2)S ARsto] Al
2o 7 AgAoe] Al 39S Abgs] Bkck g3 gt
Foje] Hol $3H )= 0.003ecmola, HehHe] W o]z}
19mo] 2 AThd -2 1.58x107%(0.00003 /19=1.58x 10°)
2 38 B = Qlrk olet ki E gL v)asi, divlslEe
A&AR o] BdEQ1 A|zluje} e vike- 7] Wil 15 2|&A]
e HAle] A SATS 7PIE Atk
BAAEdE Sl YEEA 5 ZoAlEel AEAIF] UPalzt
7}, e, Ae)F e 2450 ulgh A8 ABAE(KRCC,
1983)5 o] 83l3ich FolA| s}l AEA e AtedAls2} A
AT SN AE FFaPAEETE dolzl Hit
NEK(EoA = 13, HEAR 22)d] tiate] B oJgk F34,
E,(kN/m?*) =766 N(Schmertmann, 1970)2- 2-83}o] €375,
2 APgallal, TolkH|E 0.3S 71sl] aiale alesick
7TEkekel] the B T2 AukAl 23S nleke 2 73
2Jof) o ARE 0 2 ARSIt TelERke] B, AEAL
A3} kol g3 2 A= o] 9L, FEAHRQD)E=
90%=A, FEFE7L FEste] 33]ke] kARl TSRS
28813t Yune & Park, 2008). AR 3152} npdzie
RMR(Rock Mass Rating)i#7He] ] g0t 559 ke
2 dds]o] oo sidehs Fke F83IIrk(Yune & Park,
2008). 79It} AetebdAle} A edAlge] 49 ekl A
kel dubd o 2 1,500m/secE 278k 2(KGS, 2006),
A2 1,500m/sec2 Fdkal, 7)) "eghs o]g3k 2
()& Ag3le] AudderdAlrz 7Pgsilon, FolH)= 0.2
£ 7Pgste] AReArE 2sidick
Table 2%= o213t 2ol oJs) XAw Auigle] 7 =3 =3

. A=) [e)
(Itasca Consulting Group, 2005) g 245 YER FHoltk
Response Acceleration Acquisition location
A
FHHE
HHH
mas
“-‘ Acceleration observed at rock outcrop =
[
™~
~L L]
‘ deconvolution ‘
I I N |
| ]

‘ Application of deconvoluted Acceleration to mesh base I

Fig. 11. 2-D finite element mesh and location of input seismic load and response measurement of Seongduk dam
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AFUTAFAHL ol§3 FH H2ARO] Aekuibe 41y
Table 2. Input parameters for static analysis of Seongduk dam
Material Unit weight (kN/m") | Bulk modulus (MN/m’) | Shear modulus (MN/m)|  Friction angle (°) Cohesion (MN/m’)
Core 19.41 8.30 3.83 9 0.1
Embankment 19.85 14.00 6.48 17 0.06
Bedrock 22.00 6728 5046 40 35
o —==o40 =80 e 100 — 115 = = 130 030 cmmeg) g e 100 —— 115 = = 130
(@) Type-l (b) Type-ll
o m==c4Q =——g0 e 100 ——115 = = 130 o 100 —115 = = 130
‘:é 0.00 “&NA" g 0.00
(c) Type-lll (d) Type-IV
Fig. 12. Computed acceleration response at dam crest with various kzmax
TS 93 JEEAIC 2= Teke] S Table 29 43 FEAX]ETKChopra, 1995; Ttasca Consulting Group, 2005).
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