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Development of Penetration Test Apparatus for
Mountain Slope (IV)

A Measurement of Mechanical Impedance of Soil by
Analyzing Stress Waves
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F—2 S AR EEER
m a cy. pc (Ns/m) E. (%)
Fe 20 -0, 989 —8.26x 103 2.22x 108 51,0
5052 20 -0, 978 —4,75% 1073 1.53x 108 4.1
AZ31 20 —0. 967 —2,07x10"3 1.52%x 108 3.4
PMMA 20 ~0. 841 ~7,69%x 1078 1,66 108 12.9

m : Number of samples

@ : Mean reflection coeflicient
C.V.: Coeflicient of variation
o¢ : Mechanical impedance

£, : Error
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=57x10"° V OM<TH 5. Fh, HiR sh=a P RN 2EBR, & & BT, &P
T (VW/2) %, & & AT EMEV/2) ZHRIBRTHS. &£oy FTO, (£,8) O
i, BREED SNEL LT EY, BIF, f=a™ " K-> THFEFEOERIK
BA LTS, (6, &) MNHEMRMEEY /NS L >TWBERE, ~Nvv—0oy Ficl
Y BIOBEENFTTOMICEL TRV D EEL OIS, HMECE L&, BTH
h oiBo2%, FhAve—0H4 P4 TEDBBICLEbDTHS.
HERREMSD £,6 ORlERE, /FREHOT 0.05mm T, %l MEFEE
Ve O flia s it a7 #-T, Vy OPRESBIREAEMETENETRE #
FHRIEWK (6,8 BBoR 5T 5.

PMMA oy FEAEVWTRDAL o OMER, 1.98%T, a 0BEEELTE, 4FED
ooy P s R &ho 2. HERNIC

4, PMMA my F® pec i3, 4

T (M”,Mcotto(r; ;g;ead«» microphone DOy Pr:];l%e&;%@ﬁ , =D pec
cord (4E5) 2R LI BRLERPTHB.

{/,strain gauges PMMA oy FT, a QEEHA

rod — < 1o 7o S, PMMA 0 PSR

hommer | EMREVEDTH B,
oy FREEET3EDIEORE
strgin detecting system xRk BRE %, K11 11KR

B—11 IREEMI R B SR T COFEE By FEEA G



98

Output Voltage (mV)

i
(@]
N

500 ps [

TIME - ¢
B—12 WO B O O #

30) CAKTHRTEEL, vy MG (THED &Y= —TITRITZ260THE. vy FN
T AN EONEICE, BARBTHOA0 S AEERs20 s £PHTE S,
CORIBHBETUERSWAIEIWROP L LT, Mg A4 (AZ31) & PMMA oy
FOHELDWT, K12 KRY. WHEECREL S, 52 & v 4+ 2 I EEH &L
S TVBDE, OFHS —YEITRED S 10cm FOMBIMA LT S0 TH 3.
AFEO B v F T, R—120 X 5 RRRPIEERD, BRI« =k, 1971) &5
WU, 8R4 B3, ROXSiEgasha. JE0EET —eokEERC & iR
EDEDEEMBEL TR - LMA, XX, X, EFT 5. 0 BEKOBAR, n=2mi®
& IhomEcd mtl 25 2m FTO2HITHY ) Xpar/Xa, Xnas/Xe, »+-Xon/Xn %R
Wedas CholBudhsd LEHRBT M SRl EEoMoBERo m Bl
W o T EIS D OHEBR d BRAD LS 5.

= xm{y-MIM e «_:l:l’t‘;?“ e Xym - Xya1 T Xppppboee s Xy (4 2)
X X Xy Xk Xyb e X, '

(4.2) oMo hEEIK e & SRIRBOWABELEA, THbE x=X==
Xy Q&E de=1 LW Ey FOWIFHKREZOTES. Koy FTROHEEE 4
i3, #ka oy FTO0.989, 5052wy T 0.987, AZ3l @y KT 0.985, PMMA m .y KT
0.885 CTh ot CDLDK, PMMA vy FTW, SEMEICHNWBEESAEL,
@ OEEDFELIL - T 3.

4.3. WEHeYLERAOLEE

o 3 ICRBHERVER T MDD IR Ke=0 08, £y FO oo iKY DHEN
Byohie Chid, ASFSORARXGMEDOLOBEREELSNE. $i,
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B3 D bR R
Ke wo (% | ee egfmd | by (m) a
0 16.22 1265 0.0213 --0.988
3 15.26 1484 0. 0067 ~0.955
5052 10 12.39 1602 0. 0037 ~0.947
15 14. 99 1618 0. 0037 —0. 951
20 14,72 1661 0. 0029 ~0.926
25 13.76 1672 0. 0027 —0.921
0 14,99 1409 0. 0082 ~0.962
3 15.27 1491 0. 0042 —0.954
10 15. 69 1581 0.0030 —0.951
AZ3l 15 14. 44 1637 0. 0024 0., 945
20 14.85 1650 0. 0021 —0.935
25 14,92 1685 0. 0018 —0,927
30 13.83 1721 0. 0016 -0.914
0 15. 56 1204 0.0239 —0.815
5 13,61 1437 0. 0040 -0.796
PMMA 10 13.74 1563 0. 0021 —0.768
15 13.81 1620 0. 0016 —0.752
20 16,17 1669 0. 0014 —0.749
25 15.15 1701 0. 0012 -0.729

K¢+ Number of times in compaction

pq ¢ Dry density
a : Reflection coefficient

a

Reflection Coefficient

w : Water content

By 1 Penetration depth

—'1.0 LIS § ¥ ¥ lil"!] & Ll L2 B e A
M
Iy 'M/é)M
o WA -
s 5082
2% 50
-09F / o AZ31 _
o PMMA
~08 /e@/ -
2%
Ve i
-07F -
Lot 1 ol 3 PN WU T 23 5
01 1 10
Penetration Depth . hp (cm)
B—13 AR R SRR o LOBR
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Penetration Depth hp (m)
W16 BWAR b LR EETLHEOMS o LOWR

0q DIHICKILT, BAR by B&KELUTHAEOOR, HARy FOTFU (k& OBl
MY BELABHE TSI EEL NS,

R—13 13, BAR b, R o EOBBERYT. G0l &<, b B Nve—
DIFTRICES0 y FOBARTH B, Hllid b T©Bb LAEOR, HEEEASBRE TR
w3 Nl (Eff 63.5kg o~ v=—% T5cm HEHET I, HEEAARREY ¥ 73
—% 30cem AL OIET ZITEER) Ok IK—EOBARICEY 2T RER O T
MTHRBRT 2L S, EHELOAENWE 2R2HTE2006TH5. MN—-1413, Lo
BBE po MR ¢ LOBFEERT. K13, 4its0T WFhoe oy FERL
Tl d, B BSINEL 8B, TI8bb, pg MRECBLIQORHE-T, a OEHKELE
3. WETNE, po BRERLTE,  KWERLENHBED, po DNELILBE,
BRI S o WHBRLENSED 55,

K—15 i, o ORKREEREMEEZRLT, -0l v -2 v 20EE2RD
febDTHS. IAROMHIEG, (2.27) Romimihiicdh s, K, Htospngiiick
> THIESHRI o TH 5. PMMA TR ONBZWRLOBIRA v -2 v X pe @
TEPHE, SHRT, AZ3] F— ST, $72 505203 ZHEMBTRLTN S, T OfEE,
Ky FTRDLD prc OFEIE (0-Dpmun << (0 amm < (psee &= 72,

FOBMRA LR pe i, SETHIDMESWAMBLE Lo, 2 TEHE
ORRTHEL pre OBYMICONT, #HRLpE RETIHEOME o BRALTR
Hll BE—16 & BAR b, & o LOBBERT. Koy FTOMICIRIEODEH
HAED, hy ORWRICESI T ¢ MNSSHBEAITED N3, (S, 1968) 2,
WHETO N e ¢ EOBBERDTLE., chickhld, N s 5~20 o T
i, ¢ 1340~200m/s THE. N L h COBFRE TRV, SERDL ¢
O, B RET AREOBEDOA ~ L E LTRZUMETH L EEL N 5.
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5. %

SHEOEBHEE» SO T EMNSh & 7.
D MEEARRBISES XUEIENEFHEEZHCTE N REHEIE, #EA
WH oG EEERTERIEERE I LT 5.
2) EHEBEED BEHINE BUERE o 3, HHAUIRDS EReEb, ChEAL
T, WEAMEB OB 1 v &€ —F v pe kD LN B,
3) Hoy FTRDE o b, WEAME (741 OB 2 -2y ADREER
WBE, ey FTR, 51.0%, 50520, F T, 4.1%, AZ31-u .y FTHL, 3.4%
PMMA vy FTE, 1229%CHork. oy FTERDILITLTD p-c OFZED FHR
W, T ABD pec (147X10° Nes/m) CH~gkEAD prc (4.02X107 Nes/m) Aik &
Wi T Hot. &k, PMMA TO o OBBEOHKIE, PMMA OWHHHEKDIA &
<, Mo BN, PMMA vy FOBERMERBIKETLDTH 5.
4 PE-T, LOBMA v E—L v REBERIRD B, Mg &% (AZ31) L Q
nWEHrah 3.
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Summary

In this report we developed the method for obtaining mechanical imped-
ance ‘of soil with high accuracy from  the reflection coefficient « at the
boundary between the lower end of rod and soil under the test.

The results are summarized as follows:

1) Using the simplified penetrating apparatus and strain detecting sys-
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tem, measurements were carried out on the stress waves propagating and
reflecting along the rod.

2) The mechanical impedance of soil is obtained from the reflection
coefficient «.

3) For the purpose of selecting the best material for rod and hammer,
measurements on mechanical impedance of Gum were carried out, which has
a similar mechanical impedance with soil, with 4 kinds of rods; iron, aluminum
alloy 5052, magnesium alloy AZ31, and PMMA (Plastics). With those material,
the mechanical impedance of Gum is measured and the error was 51 9% for
iron rod, 12.99% for PMMA rod and 0.12 9% for magnesium and aluminum
alloy rods respectively. In case of using iron and PMMA rod, it is impossible
to measure the impedance of soil with high accuracy since the mechanical
impedance of iron is so high compared with the soil impedance and for
PMMA rod due to it too much internal loss.

4)  An alloy of magnesium(AZ31) is the best material for rod and hammer
of the simplified penetrating test apparatus, since its internal loss is small
and its mechanical impedance was larger than that of soil by one order.





