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YES>THLDRRAXHENR LSO LD THIN, &
AOBIRRBIENDLLDT, L5 LTI KRLMBE
DHEDETFABBAYIE>T, ThiTOWTHAHRG
¥RBT LIRS, TORDITR, £F, eFAMA
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Fig. 1 Direction of compression.
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3.1 SEORKBLELVIEREOBRNLBIR
#ROBK (W)/W)) OERELIX, Table 1-1,
Fig2-1, HEOEHRBCSG HIARY (W)/WY)
DEMELE, Table 1-2, Fig2-2 0Z: Kb &
Rize ERHHSORMVICI S - T BB 48R
Mo W-Wo/Wex100 2 BRAREBRT S &, #A
OTAKRIL, 1.3~21.0% Thoiz. ¥ bt
5 Bo Wo/-Wy/W'x100 ¥ HERPRE ERT5
L, BEOERMPHER 3.4~19.2% ¢, Zo {Hix
BARBO L DR ETL, ﬂ7k$sz{&w§ l2Y: 9114

VWS FEIERLE,

3.2 HROEHBRAS LUEIEE

RELE LTRVIRR, DU=EE, TiesH
BORFADLDCH 1z,

Table 1-1 Variation of water adsorption
rate with the time immersed in

water
Ne.|{ Vhr | Shr [1day]2d 3days|5days|7days]{9days
1 [1.205{1.204]1.206{1.210) 1.200) 1.201 | 1.209] 1.212

1.16571.190 ] 1.196]1.201 ] 1.193 ] 1.196 | 1.202 | 1,201
117311174 1117711178 | 1.178 | 1.181 | 1. 180 1.181
1130/ 1.133 | 1. 147{ 1. 145 | 1. 346 1,153 | 1.150] 1. 155
. . L117{1.115| 1.125 | 1.132| 1.130{ 1.144
1.034]1.1103.108{1.109{ LL111 | 1.114 | ..116 | 1. 117
1.044]1.045]1.040 | 1.054 | 1.065 | 1.051 | 1.062 | 1.060
1.009{1.012} 1.010{1.013] 1024 {1,020 | 1.022] 1.023
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|
8
§
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W, : weight of dry calculus

W, : weight of absorped calculus
The numbers in the figure represent
sample number of calculus.

Fig. 2-1 Variation of water adsorption rate

Table 1-2 Variation of weight

with the time immersed in water.

decrease
rate with drying time.

K

1hr | Shr | 1day | 3days|5days|7days|2days
Q 97510, 903,0. 837| 0. 824 |0 810{0. 812]Q 810
Q. 966|0. 892/ 0. 836]0. 8230 808{0. 809]0. 807
0.984/0.940}0 883{0 853/ 0. 836]0, 838)0, 835
0976/ 0. 915{0 870 0. 864|0. 856{0. 857|0. 856
0. 952 0. 888(0. 880:0. 879/0. 8760, 8770, 877

0.981(0. 94610, 908|0. 89410, 882{ 0, 882|0. 879

Decrease rate (W/ W)

. 10.948]0. 93310 93040, 929]0. 930/0. 9300, 929
0.97710.972]0, 97010. 969|0. 96610. 9661 0. 964

wlalo|nlaju|wi=|s

1.00 §
{8)
0.95 (7)
0.9
e N {6)
- W &)
0.85 ! 8;
e = =3 (2)
" s 1357 10 15 20 22
(kr) (day)
Time

. W5 : Weight of wet calculus
: Weight of dry calculus
The numbers in the figure represent
sample number of calculus.

Fig. 2-2 Variation of weight decrease rate

(1) Cas(PO,):
(2) Ca,(POc):+Ca(COO),
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with drying time,
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WAVENUMBER (em?)

(1) : Cay(PO,)q

(2) : Cay(PO,):+Ca(CO0),
(3) : Cay(PO,);+MgNH, PO,
@) : CH,N,O,

Fig. 3 Infrared spectra of calculi

(3 Cay(PO.)s+MgNH,PO, 148

2.69
2.80
.2

3.42

2.5

Relalive intensity

-

1 [
L] 35 30 % 2 15

26 (deg) CuKe
Chemical component : Cay(PO,)s+MgNH,PO,

Numerals near peaks indicate distance (A)
between plane in crystals.

Fig. 4 X-ray diffraction pattern of calculus

ChHRE o FASESIE X REHF O EH
% Fig.3, Fig.4 ERL 1=

2R 0B RBE L CEHRREBK 3513 5 BRI
¥ LUOHERY, BEORSINFEL T Table2iz
ALz,

EGHE, HERED LRSI HERITBD
bhinh o o, IEIRRIAIC k1T 3 ERARER, 11~61
kg/em® OREC D > 7z, BIRIE Tt 6.6~36kg/
em?® & —ENC IR R C M4 R LAz, Fig 5
BRBofioERRBOMI $-3 | (UTR/E:
HEET5) 1%, 0.32~1.04 (¥ 0.67+0.26) T H
Y

AR 313 B AHERIY, 11. 5~47.8%10% dyne

Jem; OFFEIC o7z BRI T2 3.8~23.9%10°
(1) Cay(PO,),+Ca(CO0),+MgNH,PO, 3@ dynefem? &, it b —CEIRRIBIC BTER%
(5) CsH(N,O; (RFR) 148 amLi (Fig.6), B/%ix 0.26~1.10 (¢ 0.66%
Table 2 Compressive strength and modulus
N c ¢ Laminated Direction of Compressive
o omponen Constitution Compression Wet Condition
(kg/cm®)
9 Cay(POy);+Ca(CO0), - C 36
10 - 14
11 Ca(C00);+MgNH,PO, + { A 6.6
+MgNH,PO, B 15
12 + A 36
13 - C 26
A 15
14 C;H,N,O, + { B %
15 Ca,(PO4), + A 7.5
16 Ca(CO0)s+MgNH,PO, + A 6.6
* : Ratio of compresive strength in wet to dry conditions. ** : Ratio of modulus of elasticity
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Compressive strength (kg/cm?)

10

) : Same sample

Fig. 5 Compressive strength in wet and
dry condition.

0.30) CHot:e

HEoK e E@AE, AR, $IUHEEOR
oz, &RBFRIIALREIoT. FA—
REHC 3T, 4, B2HiofRoFmz> 2RHNL
T 2R ORLATH, RELNEGRE, BiER
LhiziE ASB, BEMXFHEEIHE A=2B &
WHBRIESD, LK —Eo i izAbhinho
2o

50 DERIBIEE & ISR O D 5 BRI D HHIBY

of elasticity in wet and dry conditions.

dry

%108 wet

10

Modulus of elasticity (dyne/cm?)

O QO:A
(@ [ QO:B
O—  —.—- —0:C
c - - - .. 7 :Same sample

Fig. 6 Modnlus of elasticity in wet and
dry conditions.

FERA LA, RS SBRBCBTT 3 & &,
Z DR FIBIGRE R R b o DR L e RO™mEL D
EEPTH LN EMmT: (Fig.7) Ticsiflics
B AEEOBER, M) BorEARGEERLE
(Fig.8)o B4 2% (4) Cag(PO,).+Ca(CO0):+Mg
NH,PO, ¢ 5 3R 0R/E (Fig.8 O@AD 13,
AB1lo A 24 &THIE, WIEhbEBHE, #
B E DI DBV RIER LD, ZhAi—BRyiE
HTHELBELIOVTN, REEFoLRTE

strength Modulus of elasticity
Dry Condition Wet Condition Wet Condition
(kg/cm?) wet/dry* (x10°dyne/cm®) (x10°dyne/em?)’ - wet/dry**
61 0.59 18.5 7.8 0.39
17 0.82 12.5 115 1.09
18 0. 37 7.5 22.6 0.33
19 0.79 21.5 19.6 - 1.10
36 1.00 23.4 27.1 0. 86
25 1.04 11.2 14.4 0.78
47 0.32 23.6 44.9 0.53
22 0.73 15.2 28.6 0.53
11 0.68 11.7 16.0 0.73
20 0.33 3.8 14.6 0.26

n wet .to dry conditions.

i
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Fig. 7 Compressive strength vs. modulus
of elasticity.
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Fig. 8 Ratio of compressive strength in
wet to dry condition vs. ratio of
moduli of elasticity in wet to dry
conditions.
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Study on Lithotripsy by Micro Explosion (I)
Strength of wet and dry urinary calculi

by Senzo Oinuma*, Hiroshi Kaneko**, Harumi Furue*** and Hiroki Watanabe**

As one of the fundamental researches for the development of microexplosion

lithotripsy, we measured the water adsorption rates of 8 urinarg calculi and their

weight decrease rates in drying, And for other 8 urinary calculi, we also measured

the compressive strength and the modulus of elasticity in dry and wet conditions.

The results were as follows:

1) The water adsorption rate was from 1.3 to 21.0%

2) The weight decrease rate in dryness was from 3.4 to 19.2%

3) The compressive strength was, from 11 to 6lkg/cm® in dry condition, from

6.6 to 36kg/cm® in wet condition. The ratio of comptessive strengths in wet
to dry condition was from 0.32 to 1.04 (mean 0.67+0.26).

4) The modulus of elasticity was, from 11.5X10° dyne/cm?® to 47.8X10% dyne/
c¢cm? in dry condition, from 3.8X10° dyne/cm? in wet condition. The ratio
of the moduli in wet to dry condition was from 0.26 to 1.10 (mean 0.66+

0.30)

5) When a calculus model for destruction test is prepared, it might be not

necessary to take the layered formation of calculus into consideration. The

strength of the model in wet condition should be similar to, or slightly
lower than the value estimated in the fromer report.

( * Natinal Chemical Laboratory for Industry, MITI, 1—3—4 Nishiyawata,

Hiratsuka, Kanagawa

** Department of Urology, Kyoto Prefectural University of Medicine, 465,
Kajiicho, Kawaramachihirokojiagaru, Kamigyoku, Kyoto
##% Mechanical Engineering Laboratory, MITI, 4—12—1 Igusa, Suginami-ku,

Tokyo)
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