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Summary

The construction of clay embankments are given much weight in the public civil
engineering works.

It is said that the mechanical behaviour of foundations and soil structures are
influenced considerably by the dynamic external forces (the seismic, the machine, the
blow and the trafic load etc.), and as a result the soil constructions may be damaged by
resulting from the dynamic external forces. Therefore, the behaviour of cohesive soils
under dynamic loading is obviously of considerable interest in most mechanical analyses
(for an example F.E.M) of design problems where dynamic load are present. However,
much of the design in earth-dams today is still based on the static loading properties of
the soil rather than dynamic properties. The dynamic properties of cohesive soils and soil
constructions are not clarified sufficiently yet. Thus, this paper presents the results of an
ultrasonic pulse propagation test, a resonant column test and a dynamic triaxial compres-
sive test on statically compacted specimens of the cohesive soils, describes some of the
more meaningful phenomena observed, and discusses the effects of water content, void
ratio, degree of saturation, strain amplitude and the frequency of test apparatuses on the
dynamic elastic constants and elastic wave velocities in the cohesive soils.

In these experiments, the dynamic Young’s modulus, shear modulus, and Poisson’s
ratio of compacted specimens of cohesive soils were investigated for a range of strain
amplitude of 107 ~ 1073, ,

An attempt was made to relate the dynamic elastic constants of cohesive soil to the
water conditions around the soil particles by introducing an equivalent thickness of water
film: D (water content/specific surface). Based on this invesigation, the author obtained
informations about the influence of water conditions of the specimen in the dynamic
elastic constants of cohesive soil.

This paper is summarized as follows:

(1) The dynamic elastic constants of cohesive soil change by increasing and decreas-
ing the degree of saturation during the dry density constant. The soil density and soil
structure are important factors in determining the dynamic properties of soils, therefore,
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the dry density of the soil were controlled in this study.

The dynamic elastic constant-water content curves have three patterns, and in most
cases, the curves show that as the water content is increased, the constants increase to a
peak and then decrease.

(2) The values of water content which correspond to the peak values of the dynamic
elastic constant differ in each sample sooil. However, the values of D are approximately
equal. The water films ranged from 30A to SOA in thickness.

It appears that thickness of water film represents the boundary between adsorbed
water and free water on the surfase of the soil particle. The inflection point on a
dynamic elastic constant-water content curve represents characteristic water condition of
the soil.

(3) The observed velocities of longitudinal wave propagation using an ultrasonic
pulsating method are different from the results of resonant column method with respect
to the degree of saturation in the specimen. However, the differences in the test results
of the dynamic elastic constant can be considerably reduced when the relation between
propagation wave length (o), diameter of the specimen (¢) and poisson’s ratio of the
specimen (uq) is considered.

(4) The dynamic shear modulus of compaced cohesive soil can be derived from the
propagation velocities of the transverse wave in the specimen. These values are not
noticeably affected by the water conditions of the soil. On the contrary, the dynamic
shear modulus showed a tendency similar to that of the dynamic Young’s modulus with
respect to the change of water content in the specimen.

(5) The dynamic Young’s modulus and shear modulus vs. static moduli and com-
pressive strength relationship were discussed.

In conclusion, such investigations would give effective data in the dynamic analyses
of soil structures. However, much additional reserch in this soil dynamics will be still
needed.
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Table 3-1 Mechanical analysis of sample soils

Textures
Soils Tr'iangular Specific
Gravel Sand Silt Clay diagram surface
%) B (%) (%) (m2/g)
Al 0 32 29 39 Cly 29.0
A2 0 22 51 27 Clayloam -
B1 0 8 72 20|Silty clay 15.8
B2 0 3 87 1&1%m
C 0 36 43 21 Clay loam 96.5
D 0 24 44 32 Clay 62.0
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Table 3-2 Physical properties of sampel soils

Properties

Soils Specific Liquid Plastic Plasticity Opt. water Max. dry
gravity limit limit index content  density

(%) %) (%) (g/cm3)
Al 2.631 53.5 23.3 30.2 21.5 1.609
A2 2.664 40.8 20.3 20.5 17.2 1.721
Bl  2.644 47.6 27.4 20.2 241 1.541
B2  2.664 46.5 304 16.1 20.0 1.680
C 2.661 82.2 53.4 28.8 49.3 1.094
2,771 70.9 47.1 238 30.5 1.325

Table 3-3 Soil Samples and experimental Methods

[Vol 31
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Table. 3-4 Classification of Sample Soils on the basis
of Unified Soil Classification System in

Experimental
Methods

Object of
Experiments

Sample Soils

Ultra-sonic wave
method

Longitudinal
resonant method

Dynamic triaxial
compression test

Unconfined com-
pression test

Main experiment

Preliminary
experiment

Main experiment

Main experiment

Main experiment

Al,B1,C,D

A2,B2,D
Al,B1,C,D

A2, B2

Al,B1,C,D

Japan
Items

Soils

Popular names Unified classifica-

tion system

Al Nojo Soil CH
A2 Neo Nojo Soil CL
B1 Marine Clay 1 CL
B2 Marine Clay 2 ML
c Shimanedai Soil MH
D Ryo Soil MH
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1§ (B1, B2) 25 26, B LU BHRKFEHEA L
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Table 3-5 Results of soil compaction

Items

Weight of  Length of Degree of  Water

Compa-

Test points soil specimen soil specimen Dry density saturation content ction load
W (Kg) 1 (cm) Ya (g/cm3)  Sr (%) Wi(%) Pc(t)
ss- 1 0.358 12.5 0.9 84.2 61.9  0.005
2 0.334 12.5 0.9 69.9 51.4 0.02
3 0.310 12.5 0.9 54.8 40.3 0.04
4 0.286 12.4 0.91 40.9 29.6 0.03
ND_ 11 0.446 10.8 2.01 40.7 48 153
12 0.457 10.7 2.04 64.4 7.1 16.1
13 0.469 10.7 2,03 83.4 9.3 20.6
MC)— 2 0.366 12.5 1.44 11.0 3.5 1.5
4 0.388 12.5 1.45 28.6 9.0 0.9
6 0.411 12.5 1.45 49.6 15.6 0.6
8 0.433 12.5 1.45 71.3 22.4 0.5
10 0.454 12.5 1.45 89.6 28.6 0.4
11 0.464 12.5 1.45 98.0 30.8 1.2
a) : SS = Sample soil C Diameter of soil specimen (¢) ¢= Scm
b): N = Sampel soil Al Cross section area of soil specimen (A) A = 19.625c¢m?

¢) : M = Sample soil B1
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31—-3 WEHRERE LUEBE
HaRs B KB TER L 7ML R O BHR
HEfl % Table. 3—5%ICRY ., AR TIE, BICEE
HHZERL, BEOLERBRIC BT 2HFFRE(—
Bicid 5%, AR TIZ2%) AICBEHBHZ L
BETh 72, ZOHER, taRELEFEILNS,
2 d, BETHORBICBIT S EREE 7, (3 —
1) R TRALZ,
Fa=Ya* £ Y0reeeerereereeerenecnnaniinenes (3_.1)
IVl ERNDEOEBREE (g/or)
vd REDHRERNERTENEFHIE
Yo | SEEMED P RBE
¥, LERoERIL, HBICUELREEICHAR,
SMEICIZYa* TERL,
B, Ya*=%NThHD,

maE ;ﬁ&ovrn(itiﬁco
Y

BALE B L CENIC BV T 0B FERE 298
HEICIZIBET 27200213, TR F L L TEEL
7R AR e EAELBT B TH A ) R LK
wrEEL, *hbE, EBE YoRE BAT
Xpp I EIchd, Lid-T, TOBEIEE
DL, BHEL LD T HIREBRREIC L - TRD
LNLERIE, »UVBL-TL 5, —0IZ, KB
KB E VT H 100 KHz UL EoiR B 3 Tl e X
SLNLERNRETBLNH L, 0.5Hz~1Hz F2E
TR TR N L OB I FRRFEEZRARDLLDET
b, 372, LB, BALER (BI2E M
X W (ERERE), WRE, BMMEEXE) I2bX
DENVENBEE S TR ENL EEZ LMD, Tihb
b, ENOHRAEKERAVLIERTIE, ZhHoNER
REIE S LBEHIL, RETIEROBEEZIEL
THETE 2 & O io, BREOERB & MIRERBREK
NDBRENVLEELS ),

X7, ENEHERTIE, —ODREBABREEN
VCIRE B LB A EERS & U X v
N bREXIVAULETERDKD Z &I, 13
FAERTEETH A G, Lizhi> TLOBIFEE
HEFTRBITIE, WOPDRLSLRBREELZH
Wl b v, ToBRREBRESE F KFIT S
Y, —olREXI VUL, b9 —I3, Kk
(B¥) #ick->THEING, —HIICiE, X
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UL T U, IIREIEUC L B A IC D
WML T BEEZTE, AFRTIE, XV
~OLTHEL, EER VAR, HIEEB LIRS

(R L) ZHERABRELZAY, &RICHELA
EEBEFFHL TS,

—j&iz, AEEHITOLOE X3 VNS RN
EEiCiE, B - X IR, BREBTHS LR
FTE, LEMMEAKE L THEk-> THRELHE
s Ah9, L Luds, HICE XI Lt
KE CmuE, iz, MR Y L COREIRIL
Ll ) toWNEEFEL2ER L 2 ERMERE &
UCRRERERMER L C2EA L 2T E e o % v, &
LIz, BEBICEL LI X XL~ Tid, 03k
BAMEDS, EEICKREC L), BEROHENERT
12, &9 TWEDBIHFHEHZHRPTELVDT,
MR WUBEREFERATII LIS,

— R EIRBB T ERKICKE L L X 25 R
ki, MHOTHETHLLINTWS, EXT
LRLEKRELCT S LR, LIRPHEREIREL
TOREE L% & 51EE (0.01~5Hz) ¥ TIiRE)
BENECL, MRELBRRERLITIEN S HEC L
N, TOBRBELZRDLOV LI EVDNLTWS,
it b, RO % BIRENSUL, 1HzATR X EbNT
BY, REEOED S, REICEIL TSI LI
7 BH, TORHETRBIEXIVLXNLOTDENH
B (B )M 2 oo R L D LIEL CFHE L B
WEALH B,

Pkt dicticBBY 28RBS, AL EE
HHY, TOEMLALTORL-TWwD, KlZik
N2k, FEENBLUCLOREZHFERL
T, RBHE - EBLRIVENGSH ), FHRET
X, HERIRE e X3 VRO IR ES)
IOV TRETL T3, KIZ, BT THWZEL
IEERBEICHEY, SbicFbd s ek, BNE
HREBEICHOVWTLERT S,

4—1 BER/SNLREICOVWTIIOD

WM VAT, SRR R EES, W
PICEIEL TS 2 B, &L, RITEEB &
R L ¥ OB R By TR T¥elE
BerHELL) ETHRBEN—DOTHSE, T4b
L, ZOHEL, EEEO—ETHDL L) I
TEL, 0T, ZORBELVWZIE, #BELERS
DHE R O ERR O — It FIAOEEE S 2,
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FEfEM (KEE) DRIDREZBET 5 kb, —i#
BTh-o7z, EnInis, FTEEICE-TRAYYE
(H¥) #RESEDLZ LD, WHTHETH 72
ZEICEBILDT, ZTOHEBER NV, MKk
CBRLTHEIBBICRETEIHEELT, 20
AREZZFTEITHALTNS, Bz, ok ic
HREED, v (21 mlTo)Baicit,
BIFWEAE N BEH W OV R, B TEAH R
28

2720, EEOTEEICHN, kb X I4EE0H)
NEREEZRNE12E, DI V@A HELIZS
2w, 2FNVEAK, BEHEZAET HIRE T,
AOMBHELTLBEENTWS,

BT, BERBAN, BETTH0RZ L L 012, ¥
%, BEICHESL2DLDTHEY, LARI¥NHE
WKICHE NS L ic -3, 2> 7 ) — s
MHOE EENRSEBHMEONIMOE L EET 5720
ICBAR S N1 EF HBESEHE (Ultrasonic reflectos-
cope) 7%, BHNTHY, #Nik, a>7)—Fnik
B2 BERZEEEIC L D IEHENICHEL LS &
T2RADLEIND L IICR Y, B, FHERR
FTEwziE, BER VR E (BEEEIEEENE
BRELRBEEE) EwOE T—RILL T3,

T IR A, BEE VA FEDRRDOF] 413,
B JD, BHTHETHY, #Htk (EREE) &
I (R VEILIZCME) 2R4E242
ZENTEBLZETHY, #WEL I v~ Lt
BN 2 3BT A b0 RBE S L TAEMT
Hbrwza,

4—1—1 EBREMC tDHEH

FHOVAED L8 615 Lo SRR,
b XL~ (BfEE X3 L~u) (Ci3IFHRE
ENd, THOELXIVNOTEFEREZHDZ LI,
BOFR e mas ETEETH 2135 ) T,
FERBEABREN L ERIF LA T D, ZOHE
T3, WEEB L UBELZFEL T, LoBMEEH
B E RITTHR2 LERICOWTRET L 72,
BRBLUBRICOWTIL, F6EETHRNLZ L
Y5, EREERE LT, Hicthksg &Y,
ZOMDERICIZ, BE, BHELEE2NRELT
MDIRBRBREE L DI AT h ~ 72, 72, BEK
INAEDRBEL L THOBRLHERT L 0T
EBEEZLND, ZHIZOWTIRE T EICTHN

éo

4—-1-2 EREBRSIUH®

AHRTIE, ENTRBEWL ILREEITS 72600,
BERER DT L MR OBFED &, 30KHzOMEM 35 &
UBERZERET (B, %, SHEF) 28,
HEWIZ 13 —FB20KHzDIRBYF L AV 72, 20k 5 7%
REV 2 RA L e Bk 0B, SRKOTHRE &
USHED, ESOBIKE, BEEs=5m EX1=
10em—12.5emA2" @Y TH N, ZHkKkE RICBEL
I, BERMESTFREAED S 5 FRIRSK
Eaolz, £F, BER NVAECBITRAE T
v I ITAT 77003, SV REBE, L IONT S
T FERENDND LD B, AFE T,
WO TEBOBAKRL R BFRE, BLBE,OR
BLFETH B NABBEZHNTNS, Fig.
4—1%, Photo. 4 — 193, KB TR 4=k <)L

Amplifier

*T: Transmitter
R: Reciever
Fig. 4-1 Schematic diagram of measurement

of ultrasonic wave velocity4)

Transmitter

Soil specimen

Reciever

Photo. 4-1
(transverse wave or shear wave)

Ultrasonic probes
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ZBEOBETQ v 7 54T 7748 L UBFERER
EEHF (EEIZ, RERET) LKooty b
KRERLTWS, /2, Fig. 423, RIEEESB
FUREREAERANCERDLLZLNTHE, 20
BEEHERT—BHE L % 5 Fi3, ERXBREE TV
i LT—ENEME (%, ZRT & HAKOERE)
¥Boh VI ETHE, FRMETIR, LIRS
B 553 THEBIEZ B2 HELZRALY, R0
BB NT, R, BOTHELHETH S,

1. Transmitter + Reciever

"

2. Transmitter + Soil Specimen + Reciever

T — . .
T: Propagation time of
ultrasonic wave in soil
‘ - =Vi specimen (sec)

Maximum output
voltage (V)

Vo: Maximum input
voltage (V)
Vi:

Fig. 4-2 Wave model of ultrasonic propagation38)

[Vol. 31

BRIV BLNAIRSGFOHEIC L 2 HELRE
L7z, 7272, ZOFETIE, BEICEK» WHEEMKIC
BAME THEH, AERICHWHRAKIC OV
MIEE vy, %3, Table. 4—19CESHEF LR
%, Photo. 4—2(a ), Photo. 4—2(b)icEEF Kk H
TN ZAERERT,

Photo. 4—3(%, BEWRRAER L7 X0~
THERLTWS, BEE SNVZADEIIHERT LEIE
PR (BREERE) 12h 56, TASPIEBITEE
2RHBZEHTED,

V= l/T ................................... (4_1)
Z eV L RIEEEE

—F, BER NADBEKEELZRET LD
ICIEIREW (25C+£1C) DFHME T - 725%, FE
BOGHETIHEERERANT, BITHEEICER»IL
AEBDLNL - 1NT, HERENDFHBLAITE
o1, HEREKIE, TNTEBRZIICH/EFEL, FRIRRH
i, 10—20Bbf1 & TIERe < AT% v, SHAKDIEER
b L% T2 HICHMMRERETLZ LIS
B,

FITEREICRIZTIREOHBIIHNME—ES O
TR EZBEIC L TATLEROBHATH S % 6T,

Table. 4-1 Orientation of ultrasonic probes4)

Items

Probes (transmi-
tter and Reciever)

Frequency Empty weight

Contact Diameter Notation of

of probes pressure  of probes velocity
(KHz) (Kg) (Kg/cm?)  (cm)
Longitudinal wave 30 0.830 0.264 2.00  Vwaio
Viu
Longitudinal wave 20 1.675 0.124 415  Viuzo
Transvers 30 0.622 0180 210 Vtuso Vtu

(Shear wave)

Photo. 4-2 (a) Ultrasonic longitudinal
wave form (30 KHz)
Vertical Intensity = 1 (V/div.)
Horizontal Sweep = 50 (us/div.)
Sample soil D Yd % 1.75 (g/cm3)
1 $10.5 (cm)

Photo. 4-2 (b) Ultrasonic transverse wave
form (30 KHz)
Vertical Intensity = 1 (V/div.)
Horizontal Sweep = 20 (us/div.)
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THHERENICH D LWRTES,

Photo. 4-3 Ultrasonic generator and synchroscope

4—1-3 HEHEEH

BE VAT 517505 BIEMIZRIERRE T
THodH» b, (4—1) KRRz & H Icflisic 4R
HHDRIEIEEVEHE T2 LA TE R, DEC
FBEETRRIHERD LEHINZLRNE Z ZICH/HE
5,

0<$/20=0.4—0.60 & %

EDu= pV2iu «reeererrersetornrenininnni. (4—2)

$/1020.9—1.00) & &

(14 14)(1—2p4a)
1—nq
ECICAMR T, RITER L L HEKERS (=
2R) OEYILY, EROL )Y IR

KHERERFL 72,

GDU= pVEHU +eerererremrnrinnn (4—4)
22, Eou: BT N REEIY Y 7&K (kg/or),
Gou : BE W VA EBIMIME (kg/ar), p @ HER
WHEEBERE (=7t/g), Tt BEAKEAIREE R (kg/
ar), g BHONEE (=980cm/sec?), #a: By K
TV, Vi BEE NV ZEIEEE (on/sec),
Vitu: BEEBEE <V ZERIEEE (an/sec) TH 5,

#a=(V2u—2V*%u)/2(Viu—V?ty)--- (4—5)
Pl Enfhic b EEFEOEEE, BEERL E%2KD
52 ENTEETH 2%, HEME (SEAROWERTE B

Ebpu=pV?nu

L%, SEEBTFORE) Ohdoh &, BLU

FATESZITHBRENDEE L ) LIZ 2 ICEER
INbd, Lizh-T, 2HRETIE, BFRK L2
B2 L > TRERERKDH B Z 13, BEDF, i
REETHELEZLND, ZHDHIZOVWTIL, %6

BIITETLENS,

4—2 HEFEEICHOWVT

4—2—-1 EEBRAME EOREH
AFRTRBER  NVZAEINETFRELAE LS
VUL (107°—107) 2 & BIREBVEREREE & L THERE
By IR AR (RS, HiREK) 2ERL 2, 2o
FETIE, & ICHIRBEOHAKDBALENS 2 EH
L, b TNEEEEER, SERMEEE (HEr 7
) ICBITAREELY & LR, #RkoMER2%
BRI L 72, L b AHA, B EK (8)v> r&)
# BHERIEKICOWTKRDH L Z L HE—NBETH S,
— i EIRELERBICIZ, KIRE & /MRIED IR
REBHYDH 5, AR TR, FI/MRIBIIERBRICHN
L, RBDEZHICk-> Tl (BF) BXuoixy
) HIRABR AL LD B H, T TIdEE L THERE
Th b, K, HIREEE, e oo tER
HRET HEDIEBIERBRE L L UL FIBEEINT
Vw3, D&, HIRENEREEB LUHEIZIOW
TR L TH B,

4—2-2 EREBEEIUHE

fEdedkik & LT3, SEKROBERGIC L > T
HMedborZEzZonsdd, BLUECHAWLNATWS
BREGELTOEDZODE LY H 5,

(1) i B (2)  — i [ %E i E e

(DOFAITIE, W ThoOWmEBL ELICHR TR
WX b7 whs, EBICRITTCEL W, ZnEE
RHMET IR UEREEREZEZ b v, —#%
2> 7)) —F AFEERBRICHC LN T30,
BRI EHERTH2OTI N2 EBERKICLER
L7z,

QnFEH, LaREKICEL T, RLEYLE
EEGEEZLNDLY, ZHOBLOMBSEIL, H®HR
HERBE 2 W RIFICHEAIEI L VI T
ThHd, ZOEFBRRINLTITIUE, HEERDE
MEIZEERICLZZENL S D, EHII, BrLE
A (BB FERALZY, WThL—R—E%2AL,
BMHNCIE, RREDDINT 7 4 > HHCB I DS
HOLBWEHMILZ, 774 v 2HWSEZ ki,
FTWMNJZAESTHETH ), G (EH5
~1047, Z#i2 ~34) TEHTHoAh#EEH LB
LBIENTEBZ LR rOEHAIZLS, Fig. 4— 3
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i3, QOFANRUEHRERZRL T5, Kic, &
ZDPLOBEEIC OV THERTAHL I,

VOB RBEEBTENRIRSSIC L ) BE)2E %
M L THAKZIREI 2, EES A 7OBE (W
3g) BEv 77y 7TEFNRE 2T, AJIRIESS
THRBL, “VWRNLETIDCELFvZ2a—7D
N —v 2 BRI L N IREBIOK/NERET S

QDFAIE, T TR L) ICIRENA RicgR
wE 2T 7 4 AL, IRBE DR EZELS Y,
TI EF R a—-7IcC, #HBEKLEREOE
7T v 7#RAVWURBIOKRNZBEANT 5, 4B, (1)

DAL, RIBIIGRETE TRAICEL, 0% Photo. 4-4 Sample soil D, Ya  1.743 g/cm3,
A, BEETEREECEYY, 20k 5 0REK Wi 2 11.965%, Vertical Intensity = 500 mV/
B 1 KRR T B le.,‘ Honzonta!;Sweep =1 ms/div. )
Typical dynamic response of the specimen
Piezo:type Control at resonant frequency4)
accelerometer unit
Added mass and
Micro-straimmeter
Vibrating table Synchroscope .
El specimen Y P Micro-strainmeter
ectro-
magnetic '@' Diameter m
vibrator @o I $4=20mm . L
. | ! |L
§o
E - s004>> Air cond type
transducer

W (Electrodes)

Fig. 4-3 Longitudinal vibration measuring <— Soil specimen

instrument4) 11)

7777777777777
Vibrating table

2 TCQRNFE, R EREBOC Yy 7T v 7 TH

20, TNIRTEZR)ERE, LKEEEFEND Fig. 44 Schematic diagram of measurements of
DERBNHY, FRIEEIrOREICTESL, L resonant frequency and strain for soil specimens
pL, BRE EERY S 2Ty 7, WEmER with micro-strainmetert)
DAREL Y, FREIBICHBEBRTIHILEEL S,

ZOBAIE, T —wmEE M BENOBEARET
3% <, EHRICETERZFOBOBITICIGT —T —?
brricks, SORETLHS, Lovy rE * A=3500 y
RWETDLI LN TELZ L E#WRLZY, E 51T,
FRREBEO G ERFET I HONHELLTar
Tyt —% A 7 ORETMELE £ BV TR EKD
HIRREN S (BEE) B L RKEMADMEITEN R }Y
ERATL >, 72, FHETIE, PZT - EBEM
HEEET (4%, VP—4200, VP—500 HJJEE 50 0
mV—500mV, IMV##) 2R\, Photo. 4—4i3 ¥
y7uRa—7 EORIRENER ZHRELLNT

b (ETaAL FIL774 VLEH) $72, Fis. Fig. 4-5 Micro displacement (Md)
44, JEEMEAET L fako €y PREBERL, o output voltage gz:”
AR b o mERIE, &, 7V XRBIVT

Vo (mV)
R,
Y

oif

+60 +120 4
Md ()
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NI =Za2a— LR ETHELRZD, THI=a—A
B (EREoa=20mm) ZHVHAICRELBRVEERY
Bons, ZTBERERIZ, A=500uNHEI»EL
AL BVWEBTHLZ b1,

%3, FEEMEMEHC &) RE L 2 HIRFFORK
EEIL X33, 10°FEE TH 5B, Fig. 4—5i2 /b
EMFOBANERE L EEM (FIRE)DBRE TR,
Vo Md? B 12 RANBILT 5,

Md=+1.192Vo
E#FZE S.D=0.0023
FERIRE r=0.998

Fig. 4—50nOIE, 5 EFHRINFELEZ ED
LTwW3, BFETHCWLHMERBR T, EEa
ASIM#EE #1KHz, 0.1g L, ®iRE R TOR B &
HAMEE%0.2g FRBREMT—%E & L7z, 0.2g
BREOIEE I EROMEBEIEEICHE L 1254,
BT L ETH 5,

4—2-3 HEPpEEH" V™

1. Biv>y 7REELR

HIRBETHES N LIHEEROPR TR L TFNICE
BN, nRKROKIEREREHmTH B, LIS,
81 RLIRIREBIAVEET, ZHREHANT, #
REVEIZEE Vir R0 7ERER2 KD S Z LW TED,
3, IREPFERIC OV, WEOBREEREL, =
ITREBREG L 0BTy 7EB I VHTEHE
BEARERTIZTICEED D,

(1) Wi HH

Epr=p (2fg])? Vir =2fgl
(2) a) —ImEEMEB

Epr =16fz1%0 Vir =4fgl

b) —UEEMRETEE
Eor =0.0513( Wo+ W /3)/D?: 1fz
Epr=16f1% o(1+2M/pAl)

ZZiCD I HEHKREE (=5em), Wo:EHHE
HE, W:HRKER (pAl), M E£PEE, o
Tt /g (SRR BALATRE & /E T ONLEE), Eor | A
HIREEE) > I, Vi HEHEBENMZIEEE, {0 KR
REI%, A HEAETHEE (=19.625cr), 1 @ 5
& :

2. BHERYLIIREER (74 —7 MKW
Edk =16f:%120(1+tan®*/>)
tan*/2=2/(7 Rmax)
ZZITX %A (MMEA), tan®/, [ HEYC T

FICBIT HEREEEDLT R
3. MEEFEREER"
1 f.—f
7= NER fo
BT v & KD I3, HIRIFOIRIE (L) Ama-
x (Rmax) & HIRFELUANDEBEDIRIER % FlETIUS
ERick->TRDBZ D TES, 272L, ERT
%, A=4+Amaxt %3 LI T3,
ZZiz, y(=6) @ XMEIFEFEE, Amax(Rmax)
P HIRIEDOIRIE, fo(=fr) . LIRIREIS, v f20 A
=R)=%+Amax t %2 EDRBKERLL T

04/-\

o

(Amax) |

(1/2 Amax)

Amplitude (A)

f1 fo f2 frequency (f)

Fig. 4-6 Resonant curve

78, REBIEIRBERE:DEFRZRRLIZLD
HHIRMER TH 2, (Fig. 4—613RE) 4 o &
FORBE L L UL, fidoEEzEYY 7ERICBITS
tan®/; e Amax 7 & b LA TR 2 B
ETCEELLDOTH B,

4-3 BWEHEBH=HMEMEBRICOVTW®
BENWDHNDF THLRN2 & 912, MELERIC
BWT, TEMEAE L ORIk AHBEIZ, £ X3
VRS L TI0* T & ) D TV E X3 i
ST HB, 100U EOE LI LT, ol
WMEPHEATLI LI, DITXAENTII L, Hy
BB LUVRBEEGR*ZER L 20 E 2 b wesEb
NTw3, Th#ERICKRETT 2103, e X
I LI VbRE LI B EXI LN
PERTE S LI, THEEY, AEBIUBEIC
SZTBES LIk, FT2THLIBEER, K
PLBICL, TE2B)BEICERATEDL L) LR
BEBREE - FEIHELWEZINTWE, Zhi3,
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i L IRBIRBRICH - 72 D TId %, LORBREM
K222 ¢Thd, 8T, EHKRELZERILAN
W (107°~107%) iICBWT, ¥k ) T hE¥R %
BE3oh, Fh, F4T754%RB LMWK
b w->RRLPEET 5103, —ROHMBEIRE
(0.5Hz~2Hzf2) T, #ELEHL, WMEEZ
YhPe—NTELERBZWEERRY, BLLHE
EEZbE, LYrLINRBRTY, TORELZRE
KICHRATEZ X, EFCHETH D, Hiows
E X IV ANNDENEFFERREC, EDEH LB
KA, EORERBTLIIAEVI Z LD, 775K
FHEHEVEFEbLNLTWE, 20L& ) L REB#E T,
—fic, ERBEH— e XI vz BT E0%E
Rt RN Z L2 LM E T 2%, KBRS
BT 3iRE=MERRBRBOFERERL, —KoHE
EEETRZ-TWAE, ‘

[Vol. 31

4—-3—1 REBRENCtORH

T OB FRIRHICRROBEL E 2 5 L D,
EXI VL EvS TV IRBSHMRBRENELS,
WA ECHENEMEZIEL I ER5252
HTEDBNT, Me XIITHL T, IFEICHFEA
THb, AHED, LOBHEEH L > ICESHEY
CRET I EV) BIC—DONHEZBNTWLD
T, R EKOE X v~ R IRB S #RA B CH
BTE268MBIEXI L1 (1004~10"3) 2[R
L7z, 9 LT, MRE, EB% BLUESC
XIDKEIFZEAZET, LOTIAENE % KRS
5, 36, FHRTHWLTXTORE R B -
DXEHEEEZ 5,

FRE DERIFE D EKIIZ BV THRERE 8 7 etk %
—RBEMEIcOE, 6 —10KHEL, KE( Table.
4—2) ICRTEMHICHE-T, Tt X I EH=8RR

Table. 4-2 Experimental conditions of dynamic triaxial compression test

Dynamic dis-  Confined pre-
placement ssure
* (Ha) (Kg/Cm?)
65,130,260 0,1,2,3,4,5
130 0,1,2,3,4,5

Initial static Frequen
displacement quency
(Hi) Hz)
350 1
350 0.05,0.1,1,5
Sample sojl B1 !
Y3 =1.45g/cm3 03 = Okg/cm?
Sr =21.4% Time line
f=1Hz

N T T
VN T
L

VA

L Dynamic displacement (mm)
| | l

2

A I [ 1 I
Ch. 0: 0.132785 (mm)
Ch. 1: 0.18722 (mm)™~

/
/
;_

L Displacement

Ch. 0: 2.4275 (kg)

Load ch1: 4.6901 (eg) =

\ N\ JANEIAN

WVANIFANIVAN
AAVERY

ML
Signal wave (sine curve)

f
f
/

* Recording paper of oscillograph ( tracing)

|

!...'L.'.f...

r AN
o o @ T Dynamic load (01)
Aoy —

Static and -
Dynamic displacement (Ud)

..'...J/OOOQQ0.0
, . f%,,_,
Confining pressure (J3)
v (A03)
—_— 1 —
Static displacement (Hi)
0.160 mm
. Static load (('s) _
1.886 kg

— This recording was performed in the con-
firmation of initial static load, initial
— Static displacement and confining pressure.

| |

* Recording paper of universal points
instrument (tracing)

Fig. 4-7 Result of dynamic triaxial test (example, No. 1)
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4772, WIEIEN B & CIRENIRIBIZ, $THV a—
F—DfRIT L > Ty L, REHRE (ZAIRE
HBHNIEXIRE) 2MZud5, ME 6% o=
0—5kg/ar TEALE W72, 72771, BRAKOBIE L #
TEhF 2RI 5720012, 1AIEICDE 100 @F TH
RENE$ E L, AF500~800[E £ To#E:E L Bl
dLilcliz, A2 07T 7R—r—~DEERIL
1REICDE, RENEH (25~30M]) B LU (75~
80[]) < H\VORBDEEDIRENESL & HTE % HH
7z, FHEIBI% Fig. 4—7I25R 7,

LB, ¥R LMRICET 5 FHM AL RETIZ, BE®
BE™ (1975) Ik > THENTHBY), ZOREN
X IRIE T3 B O ESTIZ, 1000RFLE DR
B LT ENEHMERICIZE A SREL Ty
o\,

4—3—-2 KREBESIUHE

AR THW - IRE) = ARSI, ERMEYT—
RRADL DT, =8 VEDERF OHRE % Fig. 4 —
BIT/RT JEHAIMEL & AIE (HRE) NIRENZ,

| __—Load cell
228

Chamber of triaxial cell

[

to Water tank

Strain-meter — @ Load cell
]

Servo-mechanism

ﬂServo-mechanism cylinder

Hoo

Fig. 4-8 Dynamic triaxial cell 14)18)

WECEINEZ LN, HERERC k> CEIMAFD
fE3INs, BHFMAEIR, XIBLOBHEHE
AR TH AR TIE, Fick XIS THW
7z, IREBITEOMICE & X I, EMERETLE
BB 7 ) —7h R L RBHYITE L, FEIRZ
SEZKEERT AR TP ¥ —9 0 k

D, EHIEZH#EFL T3, F RS 173 87 500
kg/cm? fIFE10kg/cm® T %, #EEIELI30.001 — 10
Hz (F#hEEI$0.01- 5 Hz) &P T, IESHE
EHIEDMIAHZER, 0 —360° DR CHlikEmy o 2 LT
&5, MEL L WEMOIRB K IZIEN M, =Mk,
BEEEB L7 oL ST BRICERRT
5 ENTEBYD, ZZTRIEFKEEH -, ¥—
R > F—DFRA P a—213, 50 mm TN X
I1HzIZDWT10E 5mmé& % » T B,

FHERH T, @ED 2— Feuck D B X,
BRI EBEMTIC L > TEAWICREINS,
MEBLCMEIREIFEFIZFEERZ PV A 57—
CIATONENERBIC Lo TRl AW LE
EY 5. WIELERT, BHOLHEAFI2EAT S 2
—F—%, BINABAEBIHAERA L 0574
vz, Z#iELE (Photo. 4—5)T 5 O & T2
HREINTWE L, HARBERIERA L EEF
—IiCL, MEDOHEIr#ECbLTWEDICh -
TWBbZEThHha, i, Loslk (H5E) RE&

Photo. 4-5

Triaxial cell
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B LI EHNTELILE2ERL TS, 2ok BRHUL, BARAEMNEZRH TS, &8, EBRICH
BO2HOCA L DBEEE LR L0 C8ERN wHNAHEAKOTER, RBBORE LR E12.5
I 3NT 555 KRIFFEEIF, BEEBERI LW cm, EES5mNLNDTHS, Photo. 4—6iIC KB #
DTHMIZTAE <, DEBRERT,

BT, EeA b rice—Fe2BEHEL, TEHE 2 Y, Bt XIHERSSHEERBRZITE I
PODMHES—RI ) T —ICERL TWb, 2O »ih), EEA, EFEOMED, BIEEBNTHEE
FOER L ENE2ER L T ABEMEHZE - T LicEnk ) kfBE L CRBINI» 2HERT LR
DIZXxr ) 7TVv—ardERLE, FOERS
RRAIWCTY, B, HEEHICEREIFEICLC,
ERNEE 2]/ 2 FETRDZ,

A) %Zfr (Fig. 4—9)

Fa ST T R—r—

Ch.0 (Fv>ANL%EEO0)
1 H&%X0=0.13279(mm)

Ch.1 X,=0.18722(mm)
Photo. 4-6 Apparatus for dynamic triaxial TEy a—F—AK
comptession test X =0.160(mm)

10

Displacement (mm) (X)

L A 1 1 ' 'l 1 J
0 10 20 30 40 50 60 70 Z (div.)

Fig. 4-9 Scale of recording paper of oscillograph (Z)
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B) & (Fig. 4—10)
7T 78—
Ch.0 Yo=2.4275 (kg)
Ch.l Y:=4.6901 (kg)
v a—F—HiK
Y =1.8864 (kg)
Ch.0, Ch.1iZ, HEiEZENYIHZ EELL T3,
oF ;- £ 1255
A)
Xo : +0.0203(mm)
X: : £0.0109(mm)
B)
Y, : £1,0506(kg)
Y, : £1.0495(kg)

Universal points Y = 1.8864 (kg)
instrument

[ . Ch. 0 Yo = 2.4275 (kg)
} Oscillograph
T Ch. 1 Y1 = 4.6901 (kg)
/ Ch. 1
150 ; Ch. 0
[¢]

Universal
points
instrument

Load (X1. 208 kg) (Y)

100

50

J
100
Z (div.)

Fig. 4-10 Scale of recording paper of oscillograph
and universal points instrument (Z)

4—3-3 MiEMEEH
B =M RBROEALE TR T E 2HEFHDBNL
12, BOEMTLE XIIRIBICHRET 5 L1078
ErZ2nLETHE, Lh-THH—E <3 B%
i3, T, WBEErBUTL50T, B> /g
Vo) HEEE, LE2BLRBE TR VWY, BFRICE
W, SRR D L DI N TH L ) EL (FE
BEZDEIIZLTWAE) BH—E XIHEEH
TAHADE, ZEAEEAT N AN—=7h7L, &)
T TEBLUHEMERE ) HELZHAVTLES
ZhVEHEL 72, T bbSRINDERDEGE T,
BRI AN —ICTHN, BREZALX—5, BHT
B, BH—e X IERIE, 13ITER ALED,
Lo T v TR, A0 0T T R—o— |2 504F
ENHEEBMND T T T7H 6, BREMIZINT 3
MEBENMEX AR, HAKE» LREHE X 24
WL T, v VEEnd L CBRIESR (B4 K
BERE) Gz BELZ, 2% 0, HMRIcEY
&, DR T L) EARKT2HG 2,

EDT:AO'/AEd

Ao=A(c1—03)

Gor=Epr/2(1+#a)
Z ZIiCEpr, Gor: IREI=8HRERIC L 28 TR
FUBREIMER, Ac: MEFICL VR EINELN
I8, Aca @ BALEHC & D EHE S 15 ARG &
AREEP LRKDHLNDHMEFTHE X IIRIE, wa @ BR
T HTHE, BIRT Vi, RBEoOEE L,
ROWEHED L WO T, —b, BEE/ IVAED L
NEEFRALZY, REZBBEIL»H9, 12,
EREIZHMARICHCLHRKIEE, BER VAES

Maximam axial stress

A(0y- 03)
' 3
| 2
=
B
- £
) ! 3
N L L ]- — AR g
12}
Il |
=09 %
£ ' E:
[
1 ‘ged
7[ ! Strain amplitude
Initial !
| strain f

Fig. 4-11 A model of dynamic
stress—strain curve
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SUHIREL EL4T% » T 555, #aRicizfs
DEREEG 2 Tl nzZ i, FHEARKE ET
5L THREL, o8, EBRERIIMFNMEL
EHTRAL 72, Fig. 4—113, AFFRIC BT 3 4
AEDENT—e IR EERICRBAL 20T
»H5,

4—4 —BEMERICOWVT

4—4—1 ERBREMEENEH

B ER & M ER (v IERD BV id Y
F¥) BLUBMMEEK: —EEEEDBIEREH
N3 Z L, LoBNENREE & B NE
BRBSUVBEMZMBODFEr2NICK B, BN
FHIRBRKICIE, B2 HE»H 2, KERTIZ,
Y EANL —MEMERBRET L, 208 7
B, OBV - MM RES L U —EE S L DBRE
AXBZEEFEHMICLZ,

4—4—2 RBREESIUFZE
HZTHNBFTH %L, B, —HEHERRL,
ZEHRBIC BV THIEe = 0kg/ar e L THEH T
b5, 72, FAWHETIZ, Al @RIEr HEBE V-
728, Photo. 4—7I27R" T & 9 % EEB—#EHE R
BRIV, ZOERBRTIE, ¥ILTHMIEX
TUANNUDGFHERRICE B2 TR BIZ L -

| Unconfined [
| compression
test

Photo. 4-7 Apparatus for unconfined
compression test at high pressure

[Vol. 31

T, WHhWALTERIZENTWS, L»L, 5D
& AREN L EREIZ L V.

AFETYH, —r¥—ZA L A 2= 2HRK
IR, e XY (MR X)) 2L LY
E L7725, BIWEEEKICZ A AR 2> T
55, LLEL»VEREK (—ROBEREKIC I,
PUNEVEEZ 5NBE) L TR, EXIE2KR
HMTELWERL b2, RO, $A Ty —
Ik BUERDFHBE A EICHEA L 2. LB, &
EXIEER, 1%/5Thb,

4—4—3 REHIEEH
—WEGERRTEL N —e X I % Fig.
4—12I2BRT 5, § TITBR~2 & 5 I/ e X
E, RHETEZ AL VDT, MERBUIER
RE LIRS DS, —it, EREIITE 2HED
E X3 L HoBFR» LRDz, B, —#EEL,
FRCEHT— X I BOBRKRMEAmax & # 2 72,

RR-90-3 Sample soil D

Y4 =1.75 g/cm3
e Sr %90%
g 40 ¢+ Es poo
°n /7
,.M z
et d
o =
2 Qumax = 40.12kg/cm2
:q:) Emax =0.038
©» 1/2 emx =0.019
30¢+ 1/2 Qmax = 20,06 kg/cm2
201
104
o
’ . 3
0 1 2 3 4 es%

Fig. 4-12  Stress-Strain curve by unconfined
compression test,
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Es=du/es L UBPEREER, 7 — 2 MKICRMES 0D
ZZKEs: (B)WMES, & BA—t XIBE MRS - KBER, NEREEEONNEEOMS S
HEMEMTEBRKE XY, WiesCBIT 2B FU—BIcEhEREHT 2 HIS £ URMIED
HEEbLTWS, REEHL X O CERBREFMRTL . 25

. ) DEHRIZOVTORMIE, HCHOBIE LW 27,

BRI FRALS Y 3IRE) - B RS - WENEERA S\ L B IREE BRI L

& IRBYRER IR & DX U2 DWW Table. 5—12/8§, F 72, Table5—2 |2
ABFRICBVTIE, EES - SEOBMEDS 11, EHEREEG® L EHEMAY 27T,

Table. 5-1  Physical quantities and method of measurements

BIEYEER L AR S L URHIE

LS 5 % i BoE R moow % S A i R
EB( Epro) R I T O N I N AL
Epri2®, Epra? y L - " B B
Enu( Ebu) " ME AR B R E BE KR & & % ik + C
-Gpu B O O IR & E 4 " D
Table 5-2 Results of vibration test (examples, Sample soil Bl A. Ep(EDR0) = 16 (fr1)2 p(1+tan2X/3)
. 35414) B. EDR1=0.0513 (Wp + W/3)/D2(1fr2)
M), D (R) Y4 =1.45g/cm3*) EDR: = 16fR212p(1 + 2W/pgAl)
p
C. Epu = V2p(l +Hd) (1 — 2Hd)/(1 — Hd)
Average Epy = V21up
Average Average | dynamic D. Goy = vztUp
Average | Average Average Average | vertical Range of dynamic| elastic
Test water resonano | amplitude I agl strai logarithmic Py S " h =0+E Wh
points | content | frequency catio loss anE e rlazmd decrement onss?n 8| constnat (when x = DRO ) ere
Wi®) | fro () Rmax) | X ,:ET)p(lt(;I—: v IZI:O Enc',,:“d fr: Resonant frequency (Hz)
a) (gfem?) P : Mass density of a soil specimen
(Yt/g)
M-2 | 349 | 1080 | 116 6.28 047 |0.19~027| 009 |Eor 4289 b 7t Bulk density (kg/cm3)
Gou 2904 ¢) g: Gravity (980cm/sec?)
4 9.00 1188 5751 (when ¢/ Xoz=0.9 — 1.0)
10.6 .29 023 1028~043) 0.13 3505 X: Loss angle (= 2tan—! (2/sRmax) ) )
1488 Rmax : Maximum amplitude ratio
6 | 1555 899 9.2 7.92 029 |0.25~0.29] 0.11 2342 (when 0 <¢/Ao <0.4 - 0.6)
— I: Length of a soil specimen (cm)
8 | 2241 805 9.1 8.00 078 [022~029| 0.19 2w Wo: Added mass (kg)
—_ W : Weight of a soil specimen (kg)
10 | 2857 637 7.6 9.58 175 |0.37~059| 0.30 {gg; Fa: Dynamic Poisson’s ratio (= Viu2 — 2Vtu2/2
(Viu?2 — Vtu?))
R- 2 393 1283 10.6 711 0.61 0.23~051! 018 4354 Viu: Ultrasonic longitudinal wave velocity
2124 (cm/sec)
4 | 1035 1460 132 5.51 094 |023~029| 0.29 6212 Vtu: Ultrasonic shear wave velocity (cm/sec)
’ . ’ . ’ i ’ 3243 A: Area of cross section of a soil specimen
8073 (=19.625cm2)
6 | 15.81 1594 15.2 4.60 0.47 |0.21~0.43| 0.22 2000 ¢ : Diameter of a soil specimen (cm)
7825
8 | 22.35 1550 15.5 4.81 0.76 |0.27~0.33| 0.30 3830
10 | 29.75 1207 | 10.3 7.13 073 |040~0.43| 042 B4
a): Resonant frequency of soil column d by mi i 1

b): Dynamic Young’s modulus (Eoro + Epr1)/2 by resonant column test
¢): Dynamic shear modulus by ultrasonic wave propagation test
** Sample soil B1 7d # 1.446g/cm3 Sample soil D Yd = 1.447g/cm3

n f2-f1
3 fr

, X =2tan—! (2/ TRmax)
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FHOE HEHIMEMLTOBNFNSHE

6—1 HEHEHLTOR SR

TOMHEE XTI VLB R R RET S
BEO—DIC X DEVEEEL D H 5. FFETIT,
Wb L WIRY, OB & v 213,
TOEEMERICRITTRER LREROZEII OV T
WLTBZEIZ 3,

¢, TogElERE, EX3 (BH) v~
Fﬁ’fﬁ%ﬂ: WEREB L UEKEL EDERTFIC &

WEENDL L) Z D, —HICEBDHLN TS
Hardmz‘:B]ackn)(l%S)li, (6—1)RIzRT L1,
T &AL o WEELRE G 2 FEERF OB E L T
EFELTND

G=f(o,e,H,S, 70, C, A, fr; t, & T)

2, o PHEMPERE (=(atata)/3),

X, H I IHhBES L IREVERE, o 46
Lr‘j], a(=a) IHBH (WERE), S(Sr) )
I, ©o: NEEKLBIGH, C . RFHRE, BIK,
KIEE, RESHE & CLWMBICBEL 2’ A
b X IiRME, friiREIRIMEEL, BRI AT E B
GHOREILLTRbLESL ZRZE, 8. LofE
w, TIREXE2ROL TR EENTWEE
72, Hardin & Black®® (%, /> Wt X 3 iRIE
(Z107) LN TIE, B GIZBIL T, ek aofliF#F
AEENHET DL LN, e, CBLURIZDWTIL,
HARBESH Y, HORFIC O TLHAENBEFE%Z
BET2300H5 LB~ Tn3P 2452 Hardin &
Richart®?(1963)I2 & » T, kKif%, RES M B & kL
FRKLELGRN LT EAYEE T, SBL
Ofr (#2500HzLLF) (1o W T FEEETH 5 &~
Twa?

T OB HMEE LI, e RIS L) M
BINH2T T, AFHEICLPHELZZITS
ZrbtaoEzond, Lizdo TERLE XUk
ZiE, togmEEicxH L TARENICRET S
HWFxE&INL, TNERIEL 2T I L LLWEW
2L,

2T, 4F TCEBINTHEICIT B L
WHEL R TICRY, BMEERD GITOWTRK
L2200 % v, BK, BEMitELE TlEENE
B R, EE, MELENRELIFELEA

[Vol. 31

%N DD B, H—EICHFZEE S Nz T
LhnkITHD, ECICEBEWELTT—2F
LERBEL, TRIEHIGL 2HEOMELEREN
BHERRFEZRULFEIZITEA S v,
EEIT, WEOHELEZNRELZEEZNLNE)
WHEEH % HardinF £, EFOBEHE L TRRE
ERLIZ,

E=F(%,e, S, A, f, 8 H,S.5,t, T)

G=F(o,e, S, A, f, 9, H,S.5,t, T)

FRETIE, EBEGoH=—%E (BE=8TI3%E
f6), A=10"7—10"* (B ~FF Rt E X3 L~
V) =—5E, REBEE; L WEEZ THRERTE
5, 72, 2T (6—1) RoCofniz, FHr
IS S(EKMFOLKEM)ZEALL, S.SIFCLEY
LIREPICEERNICENLZRTFTH B2 5T Tl
BLEYSIcE > THREINTE Y, L0800
NORELHENEETDEEZ NS, B, &
METIIRBEDHE» L& Z, HFREBEM TITITH
BAL 724812 2 (Lamb® b £ E) LEZ LN,
TOMEE A RTRTHRTIZ MY X e (BT v,
74) & S.SEDMELMALEICL - TEBRZ S &
WTEBEREL, b BAA, ZDL) LMY
KT DMETNAT, LEEIRBREYNLRTIZ
TV, AR TIE, MEL RT3 2o BIR
ERPEENIOREVER bR bel S.SEHVTW
5, 7, BHIESIE, WkeklctoTRBETX 2

DT, SOMAN ICZKEWEEAL, (6—3a), (6—3

b)RA D & ) il L 72,
E=F(e, W,A, T, f, S.S,t) «creeeeeee (6—3a)
G=F (e, W, A, T,f, S.S,t) erreeeeee (6—3b)

ZZi2(6—3a), (6—3b)RIcBVWTHRIFHFL L) &7
5 HFLUNZHBITIUETHR & T ERTFDE, Gio &

ITTHEICONT, AENLERITRRE L D,
27, E GRRIFTEAKGFORE* EBERD

LERLTAL ), ZOHA,(6—3a), (6—3b) K
2BV, e(ra), T, f, t=3~55TENBNIFIT
—%E, BLUS. SEE—MEHDO ETIE—E L E2 Tk
WADT(6—3a), (6—3b) R, 2ENL )itk 5,

E (or G)=F (W) «eeeoremraeninnnnnn. (6—4a)

E (or G)=F(D)
222D M TFNEH ) DIREKS & ORI Xk
ZHFMB L KBEES TRBL 200, D=Wi(#1#]
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BKE)/S.S (LKFHKRER) 2 EHL TS, +
bbb (6—4a), (6—4b) RIZE, Grksrishs
ELTHRFW(=Wi) b2\ DUNEHHIL 22854
CWi, DRI E %52 L %R L Twa,

6—1—1 ThkpomE

Photo. 6—1(a), Photo. 6—1(b)iZ, Sample soil
AD BB E R &k WBRKDB A DS
BHMEW VA DIGEBRENER Y FRLL TS, =
NDL2ZODEREBIH» 6 TL, LHkGFDEIYv 7K,
RITHE L KR THEI BRI NL, 025
DERIY, E—8EREE ClE (ki) Ry
BB AETH B,

ST, T DOWBYRITEE B SR S %
RIZYTEHAKGRBRICOVTIHEI N L Dz id, =
BLLNE L TAHAE, HE(1937~8), F%LBE(E)Y

Photo. 6-1 (a) Longitudinal wave
Ys =1.45g/cm3
Horizontal sweep x 50us/div.
Vertical intensity x 0.1 V/div.
(Hard speciman)  (Sampel soil A1)

Ep, Gp

Fig. 6-1 Usual patterns of dynamic elastic
constants (EDp and Gp) vs, Water content
(Wi)

¥1. Rickman D#ERO—I, 3R (1970)L
2. CHAE, HE(1937~8)# & (% E(E),
ki 3:(1952) 1

(1952) 8 & UHIHY (1961) D7 — 2 & 2 85+ F ke
BI3 B 8% % & U2 Rickman™(1970) > + o 3%
HADIRBYEBROBAICET 2 EL & Th 2,

AF, HEYLOMEN, BRLELTHD, 13T,
EHRILL T2 ) ZEid, T Ticm~rs HE
B L URickmanDB R 2 BT, Lo gkE (k)
DML, LOBIEEERZ D E 2 L v k%
ZRLTW3,

Fig. 6—1z, ek —Mey 7 L oshisit e (&)
T UEREBEINEE) EeKE (&) oG
RIS F & 72D FERDRERIE, —HEBIZ V- T,
BRIEDPNE BT OB MM ERK E Tk L T
BRLAZLDTELEZ ) Thd, HETNEHE
LT3, MBS L URickmanDdBFZED S 2, HIH
13D BREOBRICH L, Loshve IRy, Bk
HEF > TEIT 5 & v ) b THBk D 2 5% 4T

Photo. 6-1 (b) Longitudinal wave
Yqa =1.45g/cm3
Horizontal sweep x 50us/div.
Vertical intensity x 0.1V/div.
(Soft specimen) (Sample soil A1)

LT3, Zofiks+HY28Me L ¢, BEs
KEIZ U B L THDEEBLTWwd, L Lis
L, REEKILLE VI ZETHILUE, LY X
VAL TR LELEZ LNBDT, MKk
FOBY Y THRICRIITHEEZHIL 2L 00 LS
DA TH 5, RickmanDHFZe 5 & 4 B %
DEACH D% CEEE ) AL S A TE B,

L2 L, 13EALDEL, Htic KB ORI
TOBUERLZEL, FOME, toBmuteks
WLBELTWRY Mz BE» H5, WHEEL
EHFAN L Z AT L Io, TEA¥E, FEA
DEEEEHL 2T 2 Z &1, B EEL T
FMEN—DThH 5, LHNDKFKEIZEIC HEIAKR
THD LML, Lk, w7 3FER, e
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BNCIZRUTH B EEZ bNBhH, LHKRGTDEM
HERIC RITTEZLVWERICb > TRET LD
NTH, F72, EBE, CICEELHFAKOE
ERH (BEZLEIMyXEE—EL L2hd, K
SO EL L, L EARFAEMICHILT
HrEEELIHE) FHELPICEINTWENWIE
A, BHHOHZEY & RickmanD FZEP Tt R
ENTn3,

PECRLZBENRRERESFICL THAHE
THBLNERERTELLICENFZIIOVWTR
~N5,
1) RITEENEA

Fig. 6—2, Fig. 6—3lXSample Soil C.DIiZ ¥
FABER VA (M Veu, BRI Vi), ik
HEHERBYZISEE Vi & IS KW, Sl (%)
ABEEEDroBEREsRLLZLNTHS, 2KNHE
e LT, Vi, Vtub & O Virld, BEFOFRE & R
RN, Wi, Do®mIcR LY 5 5 %
(Sample Soil CIREMARIEIL) TH5B,) BT
BB L PR RMERTEBL SRRSO LN
5, WEEEaE—E L LBRE (X)) 2%t

15 Sa'mple soil ¢ "Yd(g/'cm3)
o .
A7 | e
a N = Ve 125420003
~ —@— Vs 1.25440.003
E10 T | & i
S !
= = L8| - -
x M’A -7 1
5 S ir il
2 el A o
9 @\Q_ o
=
g - L e
- rall ]
S =T
0 10 20 30 40
. R ——— | § /)
0 10 20 30 40

D (A)

Fig. 6-2 Longitudinal wave velocities (Viu and Vir)
vs. initial water content (Wi) and equivalent thick-
ness of water film (D)4
a) Ultrasonic longitudinal wave velocity
b) Longitudinal wave velocity by resonant column

test

ERDHHETIR, EROEHERFERLIEL)
LD EELIBIETEENECBHEEZET LD LE R

[Vol. 31

TE»25, 20 &) ZHRFRIMMOBERAL(Fig. 6
—DICBWTLHRTER, 72, ThbDRERI,
HERARIEEE Viu, Vie 25, REERITEEVuIY D
ekt (B) RHEMAKRES 2 Enthks i kb
FING A= FITKRESHEEZTTHZ LERL T
%, Thid, MEEEBEEOBARIINT 5B LR
HERBRTEZEICL > THETES,

Sample soil D 7d (g/cm3)
21 ! S e %
E Tas e e soom /
2 /
- /
glm ‘4
2 o
g 8
E .
> SEA
*‘ M
2
-
g . . .
> 10 20 30 Wi(%)

r @

X T T

0 10 20 30 40 50 60
D(A)

Fig. 6-3 Longitudinal wave velocities (V1u, Viu* and
Vir) and transverse (shear) wave velocity (Vtu) vs.
initial water content (Wi) and equivalent thickness
of water film (D)*

Pto & 5 icfRids# gz i3 Lo gkiRkgn
AL, BMIcEKRENERNEILIC L - THBML
YN nwZ EERLTWE, kg EEKL(E)
TEBMICIEZ 2 2 LIREERLT Z & TlE vy,
UK E R & ORIC A IERBIRD L v iR
WMCTHHEATHLEEZLNS, LrL, BEC
+HDKGHED & ) e BEKIZT DRE THAET
EDLDIIFHRLEHETHY, BE, T—RAZalklr
TRIWANABRLERETH 5,

— M DEEE D DL TR LD KRG P HFEET
BIrH, TTIRELOHMRBENRDDEZHTH
5, I2& 243, EAEK, REKD S WIZEEAEK,
BEAKE V) ZHOKY, FNICHELTLILNT
Hb, 2F )RS ERIT, EDLILITA—
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14 .
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Fig. 64 Longitudinal and shear wave velocities (V1iu,
Vir and Vtu) vs. initial water content (Wi) and
equivalent thickness of water film (D)4)

a) Ultrasonic longitudinal wave velocity
b) Longitudinal wave velocity by resonant method
c) Ultrasonic shear wave velocity
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Fig. 69 Dynamic Young’s modulus (Epy , EDR) and
shear modulus (Gpu) initial water content (Wi) and
equivalent thickness of water film (D) 4)
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Table. 6-1 Attenuation constant (logarithmic decrement)

Items

Sample
soil Logarithmic

Loss tangent
decrement (Y)* tan2 (§/2)**

Loss angre Amplitude
(5§/2)°  ratio Rmax

Al 0.133~0.72 0.0013 ~ 0.015 2.07 ~ 3.50 5.2 ~17.6

B1 0.19 ~ 0.59

0.0028 ~ 0.010 3.04 ~ 5.82 6.25 ~ 12.0

C 0.132 ~ 0.558 0.0005 ~ 0.011 1.32 ~ 6.06 6.0~ 27.6
b 0.095 ~ 0.808 0.0005 ~ 0.011 1.22 ~ 6.06 6.0 ~ 30.0

m f2a-fi

=—=————  **:{n2 (§/2) = (2/TRmax)2

% .
'YV@ fr
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Fig. 6-16 Damping coefficient (V1/Vo) vs.
water content (Wi)38)
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Fig. 6-17 Dynamic Young’s modulus and
dynamic shear modulus (Epu, GDU)
vs. damping coefficient (V1/V0)38)
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Fig. 6-33 Dynamic Young’s modulus (EpT ) and
shear modulus (GDT ) vs. strain amplitude (d)
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