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Rheological Behaviour of Plastic Clay Body and Improvement

of its Measuring Equipment
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In order to improve the equipment for measuring the rheological properties
of the plastic clay body, a new rheometer was made by way of experiment. It
was proved to operate very precisely.

The Astbury’s mechanical model for the rheological behaviour of plastic clay
body was examined by the cyclic tortional test method, using the new rheometer.
The theoretical values calculated after him were nearly satisfied the experimental
results, but the assumptions and the mechanical model by him must be modified

in some points.
Still more the creep tests,

the stress relaxation and the common tortional

tests were also carried out by the same equipment.
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Fig. 7 Creep measurement
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Fig. 10 Result of tortional test
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Notation:

C (=) ratio of number of elastic elements to that of total elements

Co(—) =(C)i=¢ C value before cyclic testing
F (dyne cm)

internal stress induced by displacement x

Fs(dyne cm) stress induced in each elastic element by its displcement xs

f (1/sec) frequency of simple harmonic motion=frequency of cyclic torsional motion
G (dyne/cm?2) torsional rigidity of soft mud sample

gs (dyne/cm?2) torsional rigidity of each elastic element

ga (dyne/cm2)

Ki(dyne/cm?2) =(M2)/2r
K2(dyne/cm2) =(Mz)c/20
Kgldyne/cm2) =(M2z)o==2/20

L (em) arm length of external couple

! C(em] axial length of hollow cylindrical tube

viscosity of each viscous elemet

M.(dyne cm) torsional moment about cylindrical axis

(M2)o=rs;2 (dyne ¢cm) M. at 0=r/2
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(Mz)c Edyne Cm] M. at 6=0
(—) number of total elements in mechnical model

(—) number of elastic elements when strain energy is U at time ¢
nsol—) =(ns)a-0 ns at zero displacement

N
Ns

na

57/1.5' E“j

(—]) number of viscous elements

P (0),Q(9) some functions of ¢

small change for number of elastic elements by dU

r1 (em) internal radius of hollow cylindrical tube
ro (ecm) outer radius of hollow cylindrical tube

7 (cm) any radius of hollow cylindrical tube

S (dyne cm) rotational moment of external couple

T (sec) period of simple harmonic motion

t
U

(sec) any time
(erg) strain energy at time ¢

Ue (erg) critical strain energy
U#(erg/cm8) critical strain energy per c.c.
dU (erg] small change of U

W (erg/cm3) energy absorbed by sample during one cycle

Wo (erg/cm) energy absorbed by ideal plastic body during one cycle
w (%) moisture content of soft mud sample (wet basis)

x [(em) displacement at time ¢

X0
Xs
X

@

8

€

/
&0
&r
4
2
o

Oc
Ty
02
20
2
2y

w

D

2)

3)

4

(em) maximum displacement .
{em) displacement of each elastic element
(dynel couple

(1/em]) =gs/2NCoU:

(rad/em) =#2/¢ tortional angle

(—1) tortional strain'on outer surface of hollow cylindrical sample at time ¢

(=) tortional strain on internal layer, »
[—]) maximum tortional strain
(=) remanent strain

(radian) =wot angle of simple harmonic motion at time ¢

(=) =g:202/2NCoU.=(K1—K3)/K1

(dyne/ecm?2) internal stress induced by strain ¢ at time ¢
g9 (dyne/cm2) maximum internal stress induced by maximum strain s
oe2(dyne/cm2) ¢ at 0=n/2

(dyne/cm2) ¢ at =0
{dyne/cm?2) yield stress

(radian) rotational angle of free end of cylindrical tube

(radian) maximum rotational angle
(radian) £ at zero stress
(radian) £ at yield stress

(radian/sec) angular velocity of simple harmonic motion
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(M)1=20{P(0)sinf+Q(8)cost}
K1 TA1, Az &bR(=Rsin0) O {EIIFLTH 3
M, Ar ORI/ BIEA2 Offr—0 L7585 T\ Do
P(®isind, cosdDEEHETH Y, sin(r—0)=sinf
cos(r—0)=—cost THBMnb, P(r—0)=P(0), %
te Q(r—0)=Q(0) Lizko
S(M2)2=20{P(r—0)sin(z—0)+Q(r—0)cos(r—0)}
=R20{P(0)sind—Q(#)cosl}

Zhanb,
P(O)smoﬁ%wm
- (M) (M)
Q(0)cosf= 21#2
(G:2)
HB) B RENAT UL,
_ 1 gdG®)
dns 5 P
oL,
ns
dns=—
nso
= —_8sx®
ns —nso< 1 T >
Gx3)

RO CTELDOM % 0 & BT,

2
tan (0) Mz—():——jy—;)gi- Co(1—=Co)-
8§
(1 +—1015m2” L) (1~ 1sin20)

FXCtand<0r /25 DLS —SHiff LT M.=0Th
B 2y Tk n/2<0<n THBNBThHbDo

F7osint0=0, 7 v2Co/(1—Co)i310°, 1=0.5FED
RKEITHAHDT,

2
tan (0) .uz._o:——fig“’ﬁcnu—cn)-
S

2Co—1
(1 + 1—Co

Fie—J n/2<0<x T,

)zsinze

tand = —sin0< 1 +——é—sin29 +
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ED2RKEHA~, sinfD 2 L EOHAIRTZ &,
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() sr20=2r~N20g0 £2C00—Co)
gs
Gid) RWEF 2T

27
W= [M.a0= [ M.04cos0do
ha)
A5 EARALT
27
W=
I~

74
f ngu!) cos2d {1760(1—zsin20)}d0

Q4+ gs+sinf-2q-cost 40+
NCo(1—12sin20)

Qg

>" [ sinf cosf 02{ S
CoN fomd T Noga?, .ro cos

2
0 — Cofuﬂ(l —Xsin20)c0520d0}

2z

2
Q——r [log(l R)sm20)]

=5 i . +N(ugri.0 ).
{5+ 2, el g+ 22
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