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[57] ABSTRACT 

An apparatus and method for measuring fluctuations 
in amount of soil in slurry or soil-containing fluid line. 
Each system of feeding the slurry typically to tunnel-
ing face and draining it therefrom in the slurry line is 
provided with gamma-ray densimeter and electromag-
netic flow-meter to obtain respective amounts of soil 
only (dry-soil amounts) in the slurry flowing through 
each of said systems from respective outputs of these 
meters in each system, so that actually excavated 
amount through ground layer of a shielded excavator 
at the tunneling face can be measured by the differ-
ence between the respective dry-soil amounts. The ex-
cavator will be advanced depending on this measured 
amount. 

12 Claims, 10 Drawing Figures 
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that any collapse of the ground at the tunnel face or the 
APPARATUS AND METHOD OF MEASURING like accident can be prevented. 

FLUCTUATIONS OF EXCAVATED MUD AMOUNT The present invention shall now be explained in de-
IN A SLURRY LINE tail with reference to certain preferred embodiments 

5 illustrated in accompanying drawings, in which: 
This invention relates to an apparatus for measuring FIG. 1 shows schematically an excavating apparatus 

an accurate amount of increases and decreases of soil provided with an embodiment of the measuring appara-
or the like contained in a slurry flowing through a slurry tus according to the present invention; 
line and, more particularly, to an apparatus and FIG. 2 is a block diagram of the measuring apparatus 
method for accurately measuring, in the excavation at 10 i n t h e embodiment shown in FIG. 1; 
shielded slurry type tunneling face, the actually exca- FIGS 3A and 3B respectively show an exemplary 
vated amount of soil or the like on the basis of the block diagram and its practical circuit diagram of gam-
respective measured values of soil or the like only ma-ray densimeter used in the present invention; 
which is contained in the slurry flowing through both of FIGS. 4 A and 4B respectively show an exemplary 
feed and dram pipes o f the slurry line. The term ^'slurry 15 b l o c k d i a gram and its practical circuit diagram of ratio 
line herein used is intended to mean mainly a passage setter Used in the present invention; 
through which the slurry, and a slurry and soil mixture, F I G S 5 A a n d 5 B show respectively an exemplary 
are to flow, but passage may also be the one for flowing b l o c l c d i a g r a m a n d i t s p r a c t i c a ] c i r c u i t diagram of mul-
clear water m the feeding side and soil-containing t ipijcation and division computer used in the present 
water after the excavation in the draining side. invention- . 

The slurry shielding excavation or tunneling through f i g . 6 'shows ari exemplary circuit diagram of elec-
asof tgroundof in particular, a highly water containing t r o m a n e t i c flow m e t e r u s e d i n t h e p r e s e n t invention; 
sand and gravel layer has been considered to be one of a n d 

the most difficult works because, in case the densitv of „ „ _ . „ , , ,, ^ _ ' ~ , ' - - FIG. 7 schematically shows and excavating apparatus spoil or the amount of mud in the slurry flowing 2 5 , „ . , , , ,. . . . . .. . '' B using another embodiment of the measuring apparatus through a slurry feeding and draining line increases or . , ° i U . 6 , of the present invention. decreases, the increased or decreased amount has not „ - . „ . . , , A E . . . . , . , , Referring first to FIG. 1, a slurry (prepared, for ex-been instantaneously measured or integratively accu- . . JJ. , * t * . • u» , 6 J ample, by adding several percent bentonite by weight rately measured and, for this reason, an appropriate . i «. a a c <-• n • ,,. . - .. ' ' . , to clear water and used for preventing any collapse at propelling amount for excavating device has been un- 3 0 , e k , , • • J, , • K . . „. , , ° . . ; • . • . tunnel face in a soft ground) in a water tank 1 is fed to 
able to be determined and any completely automated , , ° - , ' . „ - • 
operation o f the slurry shielding excavation or tunnel- ^ P r e s s u r e c h a i n b

u
e r S *} t h e

f
 t U ? n f a f ^ an excavator 

ing has not been achievable. 4 ^ a P u m P 3 through a feed pipe 2 provided with a 
In conventional excavating or tunneling operations of gamma-ray densimeter 6 for measuring the density of 

the kind referred to, in general, the whole mud amount 35 the slurry aqd an electromagnetic flow transmitter 7 for 
sent out through drain pipe is measured and the exca- measuring the flow volume of the shirry. 
vated amount is presumed from such measurement, but Before proceeding to further disclosures certain 
the amount of slurry fed in through feed pipe is not definitions of the terms hereinafter used shall be made 
considered. Therefore, the presumed value of the exca- here for the purpose of clanty. 
vated amount has .been inaccurate and undependable. ' 40 , . The term"slurry" shall mean the fluid consisting of 

The present invention has been designed to solve the water containing a material effective in preventing the 
above mentioned problem. In the present invention, t u n n e I f a c e collapse such as the bentonite or the like, 
the problem is solved by determining the actually exca- a n d t h , s s l u r r y IS t h e o n e t o b e mitially fed to the exca-
vated amount of soil, sand, gravel and the like of their v a t o r 4 a t t h e tunnel face. 
mixture (which shall he referred to as "soil" hereinaf- 4 5 When the excavation is initiated at the tunnel face, 
ter for simplicity) from the difference between the the soil so defined in the foregoing that forming the 
respective amounts of the soil only contained in the ground layer to be excavated is added to the slurry at 
slurry measured with respect to each of the feed and the pressure chamber 5 , and this mixture of the slurry 
drain pipes after measuring the respective densities of a n d soil excavated to be drained shall be referred to as 
the soil and entire flow volumes of the fluids flowing 50 "mud." In continuing the excavation, this mud is pref-
through the feed and drain pipes of the slurry line. erably to be returned to the slurry feed after filtering 

A principal object of the present invention is, there- soil particles of large grain sizes out of the mud to leave 
fore, to provide an apparatus that enables one to mea- therein only fine particles of the soil, but such mud 
sure the amount of soil excavated more accurately and returned with the fine particles only after adding water 
momentarily by measuring the dry-sand amounts in 5 5 if condition? require shall be also referred to as the 
both of the feed and drain pipes of the slurry line. .slurry. 

A further object of the present invention is to provide The amount of the soil thus contained in the slurry as 
a soil amount measuring method for enabling a sub- well as in the mud except that of water is to be mea-
stantially automated remote control of a shielded slurry sured and such measured amount of only the soil with 
type excavator by applying such measuring apparatus 6 0 respect to either of the slurry and mud shall be called 
as provided by the principal object of the invention to "dry-soil amount." 
the excavator, so that the tunneling operation can be The! soil excavated with a cutter 8 of the excavator 
carried out while measuring the excavated soil amount and the fed slurry are mixed together and are drained 
at the tunnel face and the excavated volume at the as the mud of a high concentration out of the tunnel by 
tunnel face and the propelling volume of the shield type 6 5 a drain pump 10 through a drain pipe 9 provided with 
excavator can be aptly made to coincide with each a gamma-ray densimeter 11 for measuring the density 
other, thereby any outbreak or accidental ground of the drained mud and an electromagnetic flow trans-
break at the tunnel face can be definitely sensed, so mitter 12 for measuring the flow volume of the mud. 
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While in the drawing the draining end of the pipe 9 is 
shown as connected to the tank 1 for the purpose of 
simplicity, it should be understood that in practice a 
slurry of water and bentonite or the like is initially fed 
to the pipe 2 and after the excavation is started the 
drained mud, subjected to a treatment to remove large 
grain soil particles, is fed to the feed pipe 2. . 

In FIG. 2 showing a block diagram of the measuring 
apparatus according to the present invention for deter-
mining in the embodiment of FIG. 1 the excavated 
dry-soil amount, a group denoted by A shows a feed 
pipe system, a group denoted by B a drain pipe system, 
106 is a gamma-ray densimeter provided in the feed 
pipe and 107 is an electromagnetic flow transmitter. 
The output current which is obtained from the densim- ^ 
eter and which is a function of the density of the slurry 
flowing through the feed pipe is converted to an alter-
nating current and then amplified by a converting am-
plifier 113 and is again converted to a direct current 
signal. This signal representing the slurry density, is 
then transmitted to a ratio setter 114, whereby a den-
sity of slurry 

2.0 

( y i )-7. 
Yo-1 

25 

(wherein y is a slurry density value measured by the 
gamma-ray densimeter and ya is a true specific gravity 
value of the soil in the ground at the site of tunneling 
excavation determined by preliminarily performed 
trial excavations) is determined, as will be referred to 
more in detail with reference to FIGS. 4A and 4B. On 
the other hand, an output signal from the electro-
magnetic flow transmitter 107 showing flow amount of 
the slurry is also amplified and converted to a direct 
current signal by a converting amplifier 115 and the 
product of this output signal and the output signal of 
the ratio setter 114 is determined by a multiplication 
and division computor 116. This product value repre-
sents a dry-soil amount in the slurry flowing through 
the feed pipe. 

111 is a gamma-ray densimeter provided in the drain 
pipe, 112 is an electromagnetic flow meter, 117 and 
119 are converting amplifiers, and 118 is ratio setter. 
120 is a multiplication and devision computor the per-
formance of which is the same as that of the above 
described feed pipe side and the output signal of which, 
therefore, indicates a dry-soil amount in the mud flow-
ing through the drain pipe. 

The outputs of both multiplication and division com-
puters 116 and 120 are given to the addition and sub-
traction computor 121, and an actually excavated dry-
soil amount is determined by the difference between 
both signals and this difference signal is given to an 
indicator 122, recorder 123 and integrated recorder 
124. 125 is a counter showing an integrated value of 
excavated dry-soil amount. 

In the above mentioned block diagram, the multipli-
cation and division computors 116 and 120 and addi-
tion and subtraction computor 121 to be utilized can be 
of any well known formations. 

The reason why the fixed computation of 

(r- ' )-Y. 

30 

35 

40 

45 

50 

55 
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is made by the ratio setter for the direct current signal 
obtained by the gamma-ray densimeter shall be ex-
plained in the following. 

In order to determine an excavated amount of mud 
which is measured in weight by using the apparatus of 
the present invention, the following calculating formu-
las are used. 

Now, the following notations are defined: 
Gi: Dry-sOil weight (t/H) in the slurry flowing 

through the feed pipe. 
Q,: Slurry quantity (m3 /H) flowing through the feed 

pipe. 
y t: Density (t/m3) of the slurry flowing through the 

feed pipe. 
y0: True specific gravity (t/m3) of the soil being evac-

uated 
G2: Dry-soil weight (t /H) in the mud flowing through 

the drain pipe. 
Q2: Mud quantity (m3 /H) flowing through the drain 

pipe. 
y2: Density (t/m3) of the mud flowing through the 

drain pipe. 
g: Actually excavated dry-soil weight (t/H). 

In the above, the value of ya is of a true specific gravity 
of the soil being evacuated which is determined by a 
known method on a sample or samples of the soil taken 
as a result of making a test excavation at a fixed interval 
along a predetermined work line. 

The specific gravity of soils is generally in the range 
of about 2 .50 to 2.70, except those of such special soils 
as organic soil, loam or the like and can be considered 
as being of about 2.65. In the ratio setters in the respec-
tive feed and drain pipes, the specific gravity value y0 of 
the soil being excavated which is generally of the above 
level but of course dependent on the actual test mea-
surement to be set. Precisely, in the very beginning of 
the excavation, the set value y0 for the feed pipe is to be 
based on a specific gravity value o f t h e bentonite or the 
like in the slurry which is typically 2.30 or so, while the 
y0 for the drain pipe is to be the value of the soil being 
excavated which is in the above described range. Dur-
ing the excavation, which is continued using the mud 
treated as described in the foregoing and fed to the feed 
pipe after the mud starts to be drained, the fine parti-
cles of the mud are added to the slurry in the feed pipe 
while such additive as the bentonite or the like is re-
duced from the slurry at the same time when the large 
grain soil particles are filtered from the drained mud. 
However, it is not necessary to supplement the additive 
to the slurry fed as long as the amount of the fine parti-
cles of the soil added to the slurry is adequately regii-
lated by any proper known means as the excavation 
advances. TTiis is true because such fine soil particles 
are also effective for penetrating into the ground layer 
at the tunnel face so as to prevent it from collapsing. 
Therefore, in obtaining the dry-soil amount being actu-
ally excavated, it is not only advantageous in economi-
cal view but also more effective in practice in obtaining 
more accurate dry-soil amount to'employ the •specific 
gravity y„ o f the soil being excavated in the calculation 
than that of the additive in the slurry; it is, of course, 
necessary to correct the set value y0 for the feed pipe in 
case any difference is remarkably large between the 
specific gravities of the fine soil particles retained and 
the large grain soil particles removed. 

Assuming that a "dry-soil" of an amount G ((t /H) is 
contained in a slurry or mud of an amount Q ( (m3 /H), 
the density y ( of the slurry or mud will be represented 
by the following formula: 
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G< ) x i + c , respectively a detector side and a converter side of the 
y j _ • ' y» ' densimeter, 310 is a converting amplifier, 311 is a mil-

& livolt-milliampere converter. 312 are output terminals 
and 313 are current source terminals. The respective 

wherein the density of water is made to be 1 t/m3. 5 signal currents provided from the both ionization 
Gt is determined from the above formula, chambers 303 and 304 are different in their level from 

one another and thus the difference current of these 
signal currents represents the density of the slurry or 

Gi - Q i mud flowing through the pipe. Such difference current 
y° 1 0 is transmitted to the output terminals 312 through the 

converting amplifier 310 and millivolt-milliampere 
will be obtained. Therefore, converter 311. 

Dry-soil weight in the fed slurry is: While according to the present invention the propel-
ling amount of the excavator is determined on base of 
the actual amount of soil being excavated as measured 

= Q\ <7' (l) by comparing the respective densities of the slurry and 
y° mud with respect to both of the feed and drain pipes 

and their respective flow amounts, such density values 
Dry-soil weight in the drained mud is: do not always represent accurate density with refer-

20 ence to the soil expelled from the site where the exca-
vation is being actually made, since the soil compo-

Gt = Qz i-y* ( 2 ) nents or their composition may vary momentarily dur-
Y°_I ing the excavation advances or even a slurry containing 

certain amount of mud from other site or sites already 
Using the above formulas (1 ) and (2) , the dry-soil 2 5 excavated may possibly be utilized as the slurry to be 
weight of actually excavated soil is obtained as fed. Therefore, in order to render such measured val-

ues to approximate as close as possible the accurate 
c = c , — G , . . . . (3) density values, it is desirable to obtain the density of the 

soil actually being excavated depending on average 
Here, the formula (1 ) is a value obtained from the 30 specific gravity value y0 o f the soil o f the ground at the 

computor 116, the formula (2 ) is a value obtained from c u r rent excavating site. Such average is obtained by 
the computor 120 and the formula (3) is a value ob- preliminary test boring performed along the working 
tamed from the computor 121. Further, in the formula U n e ) a n d b y t h e u s e o f s u c h r a t i o s e t ter as shown in 
(1) , Q, is a value obtained from the converting ampli- FIGS. 4A and 4B. 
fier 115 and 35 In the block diagram of FIG. 4A showing an example 

of the ratio setter used in the present invention, 401 is 
an input side of the setter, 402 is an output side thereof, 

(Yi-i).y. 403 is a group of amplifiers A, to A4, and 404 is a 
y° potentiometer for setting the average specific gravity 

40 value y0 therein. The difference current from the out-
is a value obtained from the ratio setter 114. It is neces- p u t terminals 307 or 312 of the densimeter as shown in 
sary to calculate FIG. 3A or 3B is provided to the input side 401, which 

current is two-stage amplified by the amplifiers Aj and 
A2 and is then corrected by the y0 value preliminarily 

(YI-> )-Y. 45 given to the potentiometer 404. This corrected value is 
again amplified by the amplifiers A 3 and A4 and is pro-
vided to the output side 402. In FIG. 4B showing a 

by inserting the value of y0 obtained from- the sample practical circuit diagram of the ratio setter, 405 are 
soil into the ratio setter on the basis of the value of y t input terminals, 406 are output terminals, Aj through 
obtained from the converting amplifier 113. 5 0 A4 are amplifiers, and 407 is the potentiometer, respec-

The respective examples of the above referred den- tive which correspond to 4 0 1 , 4 0 2 and 404 in FIG. 4A. 
simeter flow-meter, ratio setter and multiplication and FIGS. 5A and SB are respectively a block diagram 
division computor used in the present invention shall and a practical circuitry arrangement of an example of 
be explained next in the following. However, these may the multiplication and division computor used in the 
be of any conventional devices other than those de- 5 5 present invention. In the block diagram of FIG. 5A, 
scribed as long as they perform the same purposes and, 501 is an input side of the computer for receiving a 
therefore, it will not be necessary to explain them spe- signal representing the slurry or mud density from the 
cifically in detail. output terminals 402 or 406 in FIG. 4A or 4B, 502 is an 

FIGS. 3A and 3B shows in a block diagram, and a input side for receiving a signal representing the slurry 
circuit diagram an example of the y-ray densimeter 6 0 or mud flow amount from such an electromagnetic flow 
used in the present invention. Now in FIG. 3A:, 301 is a meter as will be described later with reference to FIG. 
feed or drain pipe for the slurry to be detected, 302 is 6, Mj is a multiplier for multiplying the respective said 
a gamma-ray source, 303 is an ionization chamber on signals which are amplified through amplifiers A, and 
the side of measuring the gamma-ray passed through A2 and A 6 and A7, respectively, to a voltage level suit-
the pipe, 304 is an ionization chamber on the side of 65 able for the computing operation, A3 and A4 are ampli-
setting the source gamma-ray intensity, 305 is a zero fiers for amplifying an output from the multiplier again 
value setting section, 306 is a converting amplifier and to a proper voltage level, and 503 is an output side of 
307 is an output side. In FIG. 3B, 308 and 309 are the computor. In FIG. 5B, input terminals 504 corre-
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spond to the input side 501 in FIG. 5A, input terminals 
505 to the input side 502, A t through A4 and A6 and A7 
to the amplifiers having the same references, and out-
put terminals 506 to the output side 503, respectively. 
A 5 is an amplifier for setting source voltage from an AC 
source 507 to proper voltage levels to be distributed to 
the respective amplifiers' and multiplier disposed be-
tween amplifiers A2 and A3. 

In FIG. 6 showing an example of the electromagnetic 
flow meter in a circuit diagram to be used in the present 
invention, 601 is a detecting section, 602 are output 
terminals, and 603 is an AC source. The slurry or mud 
passing pipe is placed within an AC magnetic field at 
the detecting section 601 and an electromotive force 
obtained in the field in proportion to a velocity of the 
slurry or mud flowing through the pipe is amplified 
through a differential-input feedback and amplifying 
circuit to an AC signal which is proportional to the 
electromotive force. This Ac signal is synchronised and 
rectified at the same phase with the magnetic flux den-
sity and is then divided by the flux density at a dividing 
circuit, so that the electromotive force representing the 
slurry or mud flow amount is transmitted to the output 
terminals 6 0 2 so as to be provided to the multiplication 
and division computer as in FIG. 5A or SB, as a DC 
signal proportional to the flow amount and regardless 
of the flux density. 

Now, in propelling the shielded excavator body 4 in 
FIG. 1 for further advancing the excavating or tunnel-
ing operation with the excavator provided with the 
measuring apparatus of the present invention, as the 
actual excavated soil amount at the tunnel face is 
known based on the measured value obtained in the 
manner described in the foregoing, such a propelling 
mechanism for the excavator body as, for example, an 
oil jack (not illustrated) can be operated to propel the 
excavator body by the actual excavated soil amount in 
the tunnel face. Therefore, the propelling mechanism 
o f the excavator can be remote-controlled while ob-
serving a meter board coupled to the measuring appa-
ratus of the present invention. According to the results 
of experiments made by the present inventors, it is 
revealed that, in the cases of feeding a slurry of which 
dry-soil amount is in the range of 3 -7 % to the feed pipe 
for tunneling through high water containing quicksand 
and silt layers with the slurry shield type excavator, the 
dry-soil amount in the mud outcoming from the drain 
pipe which fluctuates in the range of 15 to 30 % can be 
measured utilizing the measuring apparatus of the pre-
sent invention. 

In FIG. 7 showing another embodiment to which the 
present invention is applied, a cutter head 202 pro-
vided with a rotary shaft 203 is set in a slurry shield 
type excavator body 201. Driving means for the cutter 
head 2 0 2 is not illustrated. Behind the cutter head 202, 
there is provided a pressure chamber 2 0 4 for feeding a 
slurry through the head to the tunnel face and for re-
ceiving the slurry together with excavated soil again. 
For this purpose, a partition wall 205 of the chamber 
204 is connected With a slurry feed pipe 206 and drain 
pipe 207 which are provided respectively with a gam-
ma-ray densimeter 208 or 209 and with an electromag-
netic flow meter 210 or 211 of the measuring apparatus 
of the present invention. Further, in this embodiment, 
the drain pipe 207 which comprises a first section 218 
and a second section 216 is of a large caliber so as to 
allow soil components of large grain sizes to be con-
veyed. Such a grain size separating means as, for exam-

,605 
" -.8 -

pie, a separator 212 containing a .trommel 213 rotat-
ably in a sealed tank is. connected, at, outer end of the 
first drain pipe section 218 and the trommel 213 is 
provided with a drain port 214 having a lid 215. The 

5 mud which contains soil components of small grain 
sizes having passed through the: trommel 213 is dis-
charged out of the tunnel through a second drain pipe 
section 216 and a pump P2. The separator is connected 
with the pressure chamber 204 through a pump P3 and 

10 a slurry feedback pipe 217 which forming at the tip an 
injection port 219 opening toward intake port of the 
first drain pipe section 218 in the pressure chamber 
204. The fed-back slurry injected out Of the injection 
port 219 renders the intake of the slurry containing 

15 excavated soil to be smooth, together with an agitator 
220 driven by a motor (not shown). P! is a pump for 
feeding the slurry through the feed pipe 206 from a 
slurry tank 221 into the pressure chamber 204. 2 2 2 is 
an automatic valVe provided in a by-pass pipe 224 of 

2 0 the feed pipe 206 and actuated by a pressure indicating 
and adjusting device 2 2 3 provided in the partition wall 
205, for the purpose of adjusting and maintaining a 
desired pressure of the slurry in the tunnel face. 225 is 
an alarm device provided so as to indicate any differ-

25 ence between the pressure in the first drainpipe section 
218 and the pressure in the second drain pipe section 
216 so that the clogging of the trommel 213 will be 
warned. 226 is an air exhaust pipe normally closed by a 
valve. 227 is a pipe having a valve for feeding a slurry 

3 0 to the separator1 212 when desired. 
According to this embodiment; when such1 soil com-

ponent as gravels of large grain sizes taken into the 
pressure chamber 204 have come near the intake port 
o f t h e first drain piipe section 218 of'a large caliber as 

3 5 agitated by the agitator 220, they will be effectively 
pushed into the drain pipe by the injected slurry from 
the injection port 219. If there is none of such injected 
flow, it will be difficult to convey any larger, size stones. 
Further according to this embodiment of FIG. 7, even 

4 0 if excavated soil contains larger size stones, the measur-
ing apparatus will be able to be driven without any 
trouble to measure an excavated soil amount. In this 
case, for the purpose of taking into consideration the 
large grain soil components retained in the separator 

4 5 212, such a measure may be taken up that, for example, 
the densimeter 209 of the drain pipe will be disposed in 
the first drain pipe section 218, the densimeter output 
will be properly corrected depending on signal levels to 
the alarm device 225 showing the slurry pressure differ-

50 ence before' and after the separator, and so on. 
; While the present invention has been described in the 

foregoing mainly with reference to the case-where the 
•invention is applied to the slurry shield type excavator 
in which a slurry is fed. to the tunneling face-and the 

55 mud containing additional excavated,soil from the face, 
it should be appreciated that the slurry fed to the face 
may be replaced by a,clear water depending on the 
nature of ground to be excavated or any working condi-
tions, or even the apparatus of the present invention 

6 0 may be applied to any other cases than the slurry shield 
type excavator disclosed. 

What is claimed is: . . . 
1, An apparatus-for measuring-fluctuations of solid 

body amount passed through a fluid path, which com-
prises feed and drain systems forming said fluid path, 
means positioned intermediate between respective said 
feed-and drain systems, for adding, a solid body to said 
fluid,- means provided in each of the feed and drain 
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systems for measuring densities of the fluid passing feed and drain pipes for calculating fluctuations in the 
through each system, means connected to said density excavated soil amount on base of any difference be-
measuring means, in each of the systems for converting tween respective said dry-soil amounts measured with 
measured .density, value to a rate with respect to a pre- respect to the respective feed and drain pipes, 
liminarily measured specific gravity of the solid body 5 6. The apparatus according to claim 5 wherein said 
added by said adding means, means provided in each of means for obtaining the respective dry-soil amounts are 
the feed and drain systems for measuring entire flow a multiplication and division computer for obtaining a 
amount of the fluid passing through each system, product Of the respective output values of said convert-
means connected to respective said density value con- ing means and flow amount measuring means, and said 
verting means and flow amount measuring means in 1 0 calculating means is a subtraction computer connected 
each system for obtaining from respective outputs of to respective said multiplication and divisions comput-
these means an amount only of the solid body in the ers of the respective feed and drain pipes for obtaining 
fluid passing through each system, and means con- the difference between the respective outputs of these 
nected to respective said means for obtaining the solid computers. 
body amount in each system for obtaining any differ- 7. The apparatus according to claim 6 wherein said 
ence between the solid body amounts of the respective converting means is adapted to obtain 
systems and thereby calculating fluctuations in the 
amount of the solid body added to the fluid by the solid 
body adding means. 2 Q (y-i )•?. 

2. The apparatus according to claim 1 wherein said 
means for obtaining the solid body amount is a multipli-
cation and division computer for obtaining a product of by a constant given in advance and a measured density 
an output value of said converting means and an output value y of the fluid. 
of said flow amount measuring means, and said calcu- 2 5 8. The apparatus according to claim 5 wherein said 
lating means is a subtraction computer for computing drain pipe for the fluid and excavated mud is provided 
differences between the respective output values from w i th means for separating the mud of large grain sizes 
said multiplication and division computers in both of from fine mud to drain them separately, 
the feed and drain systems. 9. The apparatus according to claim 5 which further 

3. the apparatus according to claim 2 wherein said 3 0 comprises a branch pipe for the fluid, an end of said 
density measuring means is a gamma-ray densimeter branch pipe is opened toward and end of said drain 
and said converting means is a ratio setter. p i p e terminating in the excavator, and said opened end 

4. The apparatus according to claim 2 wherein said of the branch pipe is adapted to form a high pressure jet 
converting means is adapted to obtain stream of the branched fluid into the drain pipe. 

35 10. The apparatus according to claim 5 wherein said 
drain pipe is of a larger diameter than said feed pipe 

(T-' ) r. • and is provided with a separator for separating the mud 
y*_1 of large grain sizes from fine mud both to be drained, 

said separator is provided with a branch pipe for feed-
by a constant 70 given in advance and a measured 40 ing back a part of the fluid in the drain pipe into the 
density value y of the fluid. excavator, and said branch pipe forms at its end termi-

5. An apparatus for measuring fluctuations of evacu- nating in the excavator a high pressure jetting nozzle 
ated soil amount in a slurry line, which comprises a opened toward an end of the drain pipe terminating in 
shielded type excavator for excavating ground forming the excavator. 
soil, a feed pipe for feeding a slurry to said excavator 45 11. A method of measuring fluctations in amounts of 
and provided with means for measuring densities of solid body added to a path of a fluid intermediate be-
said slurry and means for measuring flow amounts of tween a feed system and a drain system of said path, 
the slurry flowing therethrough, means connected to which comprises steps of measuring at each of said 
said density measuring means of the feed pipe for con- systems densities of said solid body in said fluid and 
verting measured density value of the slurry to a ratio 50 flow amounts of the fluid flowing the systems, convert-
with respect to an average specific gravity of said soil, ing said measured density values for each of the sys-
a drain pipe connected to said excavator for draining a tems to a ratio with respect to a preliminarily measured 
mud consisting of the slurry and said soil excavated and average specific gravity of the solid body to be added, 
provided with means for measuring densities of said obtaining for each system a product of said converted 
mud and means for measuring flow amounts of the mud 55 ratio value and said measured flow amount value to 
flowing therethrough, means connected to said density determine an amount of only the solid body in the fluid 
measuring means of the drain pipe for converting mea- passing through the system, and calculating any differ-
sured density value of the mud to a ratio with respect to ence between respective said determined solid body 
said average specific gravity of the soil, means con- amounts for the respective systems to obtain an actual 
nected to said converting means and flow amount mea- 60 amount of the solid body added to the fluid path, 
suring means of the feed pipe for obtaining dry-soil 12. An automatic shielded type slurry excavating 
amount contained in the slurry from respective output method comprising the steps of measuring densities of 
values of the respective said means, means connected any solid body contained in a slurry and flow amounts 
to said converting means and flow amount measuring of said slurry fed through a feed pipe for said slurry to 
means of the drain pipe for obtaining dry-soil amount 65 a shielded excavator, measuring densities of a mud 
contained in the mud from respective output values of consisting of excavated soil by said excavator and the 
the respective said means, and means connected to fed slurry and flow amounts of said mud passing 
respective said dry-soil amount obtaining means of the through a drain pipe for the mud, converting said mea-
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sured density values at the respective said fed and drain 
pipes to a ratio with respect to a preliminarily measured 
specific gravity of said soil, obtaining products of the 
respective said converted values and measured flow 
amount values for the respective feed and drain pipes 
to determine dry-soil amounts contained in the respec-
tive slurry and mud, calculating any differences be-
tween said dry-soil amounts in the slurry and mud, 

12 
obtaining a momentary dry-soi! amount actually exca-
vated by the excavator by means of said calculated 
difference value, accumulating a plurality of said mo-
mentary dry-soil amounts, and determining an amount 
for propelling the excavator on base of said momentary 
dry-soil amount and accumulated dry-soil amounts. 
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