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1 C T r e a l
·

in ti m e te st o f th e r o c k d a m a g e Pr o Pa g a tio n la w

1
.

1 T e s tin g e q u iPm e n t

T he e o n fi g u r a tio n o f the sPe e ially d e v e lo p ed tr ia x ia l lo a d in g e q u iPm e n t fo r the CT m a eh in e

15 : 必2 4 0 x 10 0 0 m m
,

the in te r io r d ia m e te r o f ax ia l p r e s s u re e ham b e r 必14 2 m m
, a n d the m a x i

-

m u m a x ial lo a d 4 0 0 K N
,

w ith the la r g e s t e o n fi n in g p re s s u r e 2 0 MPa ,

ax ia l ru n d is ta n e e 4 0() m m

m e a s u r in g r a n g e o f d efo rm
a tio n s e n s o r o一 5 0 m m

, a n d a e e u r a e y d e

gre
e 0

.

3 1%
.

T he eq u ip m e n t

e a n a ls o be u s ed to e o m ple te the ro ek fa ilu re te s t u n d e r th e tri ax ia l (
u n iax ial )

e o m p r e s sio n w ith

th e in te r n a t io n a l s ta n d a rd e ylin d e r ro e k s am p le (必5 0
x 1 0 0 m m )

a n d to e o m ple te the fa ilu re te st

o f the 5 0 11 s a m ple (必6 1
.

8 x 1 5 0 m m )
.

A n d it e a n als o b e u s e d to p e

rfo rm dyn a m ie s e a n te s t to

r e s e a r eh the s a m vle d efo rm
a tio n law

.

T he te s tin g e q u ip m e n t 15 in s ta lle d in th e CT s e a n re g io n

d u r in g the pro e e s s o f the te s t
.

In o r d e r to r e d u e e the in fl u e n e e o n the te s t re s u lts
,

the tri a x ia l

lo a d in g e ha m be r w a s m a d e o f Pr em iu m lig ht m e tal m a te r ia l LY 12 in s te a d Of he a v y m e ta l m a te r i
-

a ls
.

T h e sp e e ially d e s ig n e d tr ia x ia l (
u n ia x ia l) lo a d in g sys te m 15 the n e e e s s a叮 a e e e s s o 叮 fo r the

CT m a e hin e a t the Sta te K e y La b o r a to ry o f Fr o z e n 5 0 11 E n gin e e ri n g of Chin a
.

T he fi rs t a u th o r o f

this Pa Pe r h e a d e d the g e r e n a l d e s ig n w o rk
.

T he typ e o f the CT m a e hin e 15 a sp ir al s e a n n in g Sie m e n s S o m a to n plu s X
一 ra y w ith a sp a tia l

re s o lu tio n 0
.

3 5 m m x 0
.

3 5 m m
, 、o lu m 。 r e s o lu tio n 0

.

12 m m ,
(1 m m slie e

)
a n d d e n s ity e o n tra s t

re s o lu tio n 0
.

3 % (3 H u
)

.

T he re s e a r e h s e a le o f m e s o 一

m e e ha n ie s r a n g e d fro m a n g s tro m u n it to

m illim e te r〔6习
.

In the r o e k m e s o 一

d a m a g e p ro g a p a tio n te s t s ie m e n s so m a tio n p lu s typ e CT m a e hin e

s a tisfi e d th e lo w e r b o u n d o f the s e ale r a n g e o f m e s o 一

m e e ha n ie s
.

1
.

2 R o e k s a m p le s

T he ro ek s a m p le s w e re s a n d s to n e
(w ith a v e r a g e d e n sity 2

.

4 5 9 / e m ,
)

a n d e o al (w ith a v e ra g e

d e n s ity 1
.

4 7 9 / em 3 )
, s a m p led fro m th e N a n q ia o o f th e sh a n n x i p u ba i M in e

fro m M a rc h 2 8 to

A Pr il 4
,

19 9 9
.

1
.

3 T e s tin g Pr o e e s s

T he CT te s t w a s e a rr ie d o u t in the Sta te K ey L ab o ra to仃 o f Fr o z e n 5 0 11 E n g in e eri n g fro m

Ap ril 1 5 to A p ril 2 7
,

19 9 9
.

T he s a n d s to n e s a m Ple s w e r e u s e d to s tu d y the ro e k m e s o 一

d a m a g e

p ro p a g a tio n law u n d e r tr iax ial (
u n ia x ial)

e o m p re s sio n w ith CT re a l
一

in tim e s e a n n in g te st
.

U sin g

th e e o al s a m Ple s the m e s o 一

d a m a g e Pro Pa g a tio n u n d e r tri a x ia l e o m p re s sio n w a s te s te d
.

Fo r e a eh

s am Ple the re w e re thre e o r fo u r e ro s s s e e tio n s

fro m to P to b o tto m
.

E a e h o f them w a s s e a n n ed by

th e CT m a e hin e to o b s erv e the g r a phie e ha n g e s in th e

gro
w th

,

bifu re a tio n ,

d e v e loPm e n t
,

fra
e -

tu r e , u n lo a d in g in th e d iffe re n t st re s s s ta te s , a n d the ro e k fa ilu r e phe n o m e n a in m e s o 一 se a le
.

2 A n a lysis o f th e test r esu lts

2
.

1 A n alys is o f the ro e k d a m a g e e v o lu tio n

(l ) T he te st r e s u lts o f N o
.

5 s a n d s to n e m 叮 be ta ke n a s a n e x a m p le (t
a ble l )

.

N o
.

5

s a n d s to n e ha d fo u r e ro s s se e tio n s , e a e h s e e tio n b e in g s e a n n ed 8 tim e s
.

A lto g e the r 3 2 im a g e s w e re

o bta in ed
.

Fig
.

1 15 th e im a g e o f the s a m p le in s ta lled in the pre s s u re e ha m b le
.

E a e h s e e tio n w a s

3 m m d e ep a n d th e ra te o f s tra in w a s 2
.

7 5 x 10
一 5 / s

.

T his is a e a s e o f q u a s is ta tie lo a d in g te st
.

T h e te s t la s te d 5 5 m in
.

Fig s
.

3 ((
a
)一(d ))一 10 ((

a
)一 (d ))

a re e o

rre
sp o n d in g to th e s a m p le

C T im a g e s o f the fo u r s e a n s e e tio n s

fro m toP to b o tto m u n d e r d iffe re n t s tre s s e o n d itio n s
.

In ta ble

2 a r e g iv e n th e e o rr e sPo n d in g s tre s s s ta te s o f 8 tim e s s e a n n in g te s t
.

T he r ela tio n sh iP be tw e e n
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冬女幼
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Fig
.

3
.

C T im ase of e a e h s o a n se e tion (。
, = 1 1

.

88 MPa )
.

Fi g
.

4
.

CT im卿 of e a eh s e

an s e e tio n

(
。】 = 22

.

63 M几)

Fig
.

5
.

CT im ase
。f e a eh s e a n s e e tio n

(
。 ; = 3 5

.

兜 M几)
.

Fi g
.

6
.

CT im卿 of e a eh , ean s e e tio n
(
。1 二 芍

.

肠 M几)
.

T a ble 3 sho w s that w he n J 一 r a n g e s

fro m 1 1
.

88 to 35
.

9 2 MPa ,

bo th the CT va lu e s o f fo u r s e a n

s e e tio n s a n d the CT v alu e o f the ro e k s a m Ple in e re a s e
.

In fa e t
,

the ro e k m iero era e ks a n d ho le s

(th
e in itial d a m a g e

) b e g in to b e e lo s e d
,

th e ro e k s a m ple 15 e o m p re s s e d
, a n d the ro e k 。o m e s

d e n s e :
,

o n the 。th e : ha n d
, a s sho w n in fi g s

.

3 a n d 4
, So m e w hite re g io n s

(l
o w d e n sity re gio n s

)
a re C o n ve rt e d to bla e k 。n e s in th e s e CT im a g e s

(high d e n sity re gio n s
)

.

N o te tha t th e CT im a g e s

o bta in ed w ith the CT m a eh in e a r e v ery e le a r be e a u s e o f the la r g e g ra y s e al e
.

B u t a s th e CT im
-

a g e s in this p即
e r

(fi g s
.

3一 10 )
a re e o p ie s o f the CT pho to g ra ph s ,

the g r ay s e ale 15 n o t s。 d is
-

tin e t
.

T his a
ffe

e ts the q u a lity o f CT im a g e s
.

W he n 0 1 = 3 5
.

9 2 Mp a ,

CT im a g e s in fi g
.

5 (
a
)

,

(b )
sho w tha t a fe w e r a e k s b e g in to gro w a n d bifu rc at e

.

A n d w he n 。 ; r e a eh e s 4 5
.

6 6 M Pa ,
the

CT v al u e o f the fi r s t a n d s e e o n d s e a n s e e tio n s be gin to d e e re a s e a n d the m ie ro era ek s be g in to

le n gt he n a n d b ifu ro at e , a n d the r e a re lo ts o f m iero e r a e ks gro w in g (fi g
.

6 (
a
)

,

(b ))
.

A t the s a m e
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.

7
.

CT in
la g e o f eac h s e a n s e e t io n

(
。 : = 4 8

.

8 5 Mp a
) Fi g

.

8 CT im 嗯e of e a eh s ean s e e tio n

(
。 : =

49
.

47 MPa )

Fig
.

9
.

CT im a 罗 o f e a eh s e a n s e e t ion (
。1 二 5 1

.

7 1 MPa )
.

Fig
.

10
.

CT im 嗯e o f e a eh s ean
s e e t io n

(
a : =

4D
.

7 9 MPa )
.

tim e ,

im a罗 5 in fi g
.

6 (
a ,

b )
sho w th a t th e r e 15 a n o m e n o f the n e w m iero era eks be gin n in g to gro w

in the la s t s e a n n in g
.

Ligh t plo t s 。e e u r in s o m e re gio n s of s e a n n in g s e e tio n s
(l

o w d e n sity r e -

g io n s
)

.

O n the o the r ha n d
,

the CT va lu e s o f the third a n d fo u rt h s e a n s e e tio n s ha v e in e r e a s e d a

b it a n d th e r e are a fe w m iero era e k s

卿w in g
, s u g g e s tin g tha t the re a r e d iffe re n t d am a g e ph e n o m e -

n a in d iffe re n t s e e tio n s o f the s a m e s a m ple e o m p r e s s e d by th e s am e lo a d in g
.

T h is 15 he te ro g e n e ity

o f the ro e k d a m a g e e vo lu tio n
.

W he n a l re a ehe s 4 8
.

8 5 M Pa ,
the m ie ro era eks

gro w n in the la s t s ta g e be gin to le n gt he n ,

a n d m o re n e w m iero e ra e ks be g in to

gro
w

.

B o th o f the CT v al u e o f e a e h s e a n s e e tio n a n d the CT

v a lu e o f r o e k s a m p le (th
e CT v alu e o f ro e k s am ple 15 d e fi n e d by the av e ra g e va lu e o f e a e h s e a n

s e e tio n in a s tre s s s ta te ) be g in to d e e r e a s e
.

W he n 0 1 ri s e s

fro m 4 8
.

8 5 to 4 9
.

4 7 M p a ,

in this

s ta g e ,
th e CT va lu e s o f e a e h s e e tio n a n d r o ek s am Ple s o bv io u sly d e e r e a s e ,

the m ie ro e r a eks o f the

fi rs t s e a n s e e tio n e o n tin u e le n gt he n in g (fi g
.

8 (
a
))

, a n d th e m ie ro e ra e k s o f the s e e o n d a n d thir d
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s e a n , e e tio n , be g in r。 bifu rc a t。
,

le n g the 。 a n d n e a rly p e n e tr a t。 (fi g
.

5 (b
, e

))
.

M a n y m iero e -

ra e k s o f the fo u rt h s e a n s e e tio n be g in t o bifu r e a te
, a n d the r e o e e u rs a “

Z
” typ e e ra e k p e n e tra tin g

th e le ft u p p e r p a rt o f CT im a g e in fi g
.

5 (d )
.

w h e n 。 ; ri s e s to 5 1
.

7 1 MPa , e v e巧 s e e tio n h a s

m a n y Pe n e tra tin g m ie ro e r a ek s
.

T his sta g e 15 th e fa ilu r e o m e n s ta g e , a n d it 15 the s ta g e o f fa s te s t

e v o lu tio n
.

W he n 少 ] a pPro a e he s to the p e a k stre n g th n e a r 5 3
.

12 MPa , e r a ek s e o m Ple tely p e n e -

tr a te
, a n d in e a e h s e e tio n 2 o r 3 m a in e r a e k s o e e u r w h ie h e a u s e ro e k s a m p le to fa il

.

W he n J l 15

u n lo a d e d fr o m p e a k v alu e to 4 0
.

7 9 M p a , s e v e r al p e n e tr a tin g m a in e r a e ks be g in to bro a d e n
(fi g

.

10 )
.

(2 ) Fig s
.

5一 10 sho w tha t the in itial e x te n d in g d ire e tio n o f e r a e k s p a r a lle ls the d ire e tio n o f

the m a x im u m m ain
一 s tr e s s o r fo rm s a m in i

一a n gle
,

b u t the fu rt he r e x te n d in g d ire e tio n s are d iffe
r -

e n t
.

T he d a rke s t p o in ts in th e h igh d e n s ity r e gio n s h a v e s p e e ial m e a n in g s fo r the d a m a g e e v o lu
-

tio n
.

T he bifu r e a tio n o f e r a e k s w ill fo rm
a ro u n d the hig h d e n s ity p a rt ie le s

.

Fig s
.

9 a n d 10 sho w

tha t th e m a in fr a e tu re s u

rfa
e e 15 n o t a Pla n e in the tr ia x ial e o m Pre s s io n te s t

,

bu t 15 a be n t su r -

fa e e
.

T he p he n o m e n o n o f she a r 一 e x p a n s io n ha p p e n s b e e a u s e o f the slid in g m o tio n o f th e m a te rial

o n the tw o sid e s o f th e m a in e r a e ks in the b e n t s u

rfa
e e

.

(3 ) In o rd e r to s ru dy the la w o f th e era ek s

sro w th
,

bifu rc a tio n a n d e x te n sio n in the m a in
-

era (:k re g io n s ,
th e r e gio n e o n ta in in g m a in e ra e ks o f the s e e o n d s e a n s e e tio n in th e left u p p e r p a rt 15

ta ke n fo r d e ta ile d an alys e s
(fi g

.

10 (b ))
.

T hr o u gh a n a lys in g th e t e s t r e s u lts o f the “
d a n g ero u s a r e a ” o f the s e e o n d s e e tio n

(3
.

4 7

e m Z
)

,
the fo llo w in g law , e a n b e fo u n d

.

xn the S ta g e o f 。 , fr o m 一1
.

8 5 ro 3 5
.

9 2 M P。
,

th。 eT 、al
-

u e 15 in e re a s e d u p to 2
.

4 7 %
。

in th e re g io n w he re the m ie ro e ra e ks are g ro w n a n d d e v elo p e d
.

B u t
,

in the m e a n tim e ,
the CT v a lu e o f the w ho le ro e k s a m Ple in the s a m e s ta g e 15 n e arl y the s a m e

.

W h e n J 1 ra n g e s

fro m 35
.

9 2 to 4 5
.

6 6 M Pa
,

the C T v a lu e o f ro e k s a m p le 15 d e e re a s e d a b o u t

2
.

5 5 %
。

.

W he n J I ra n g e s fr o m 4 5
.

6 6 to 4 8
.

8 5 MPa ,
the CT v a lu e o f the a re a d e e r e a s e s

5
.

6 6 %
。 ,

bu t the v a r ia n e e b e g in s to in e re a s e
.

W he n J 一 r a n g e s fr o m 4 8
.

8 5 to 5 1
.

7 l MPa ,

m ie r o -

e ra ek s p e n e tr a te e e ah o the r ,
rhe d a m a g e e v o lu tio n s p e e d 15 th e fa s te s t

,
the CT v alu e o f th is a r e a

d e e re a s e s n e a rl y 2 0
.

7 6%
。 ,

th e v ari a n e e in e r e a s e s 12 2 %
,

bu t the CT v alu e o f N o
.

5 r o e k s a m Ple

in the s a m e s ta g e o n ly d e e re a s e s 4
.

8 7 %
c

.

W he n a 1 n e arl y a PPr o a e he s to th e p e a k v a lu e ,

m o s t

e r a e k s a r e p e n e tra ted a n d fr a e tu re d
, sho w in g tha t th e fi n al fa ilu r e o f ro e k m a te ria l 15 d e te rm in e d

by o n e o r m o re m a in e r a e ks
.

T h e a r e a w ith m o re r o ek in itia l d a m a g e s in th e s e e o n d s e a n s e e tio n o f

No
.

5 s a m ple 15 a p t to be e o m e a n a r e a w he re the ph e n o m e n a o f the m ie r o e r a ek s g ro wt h
,

d e v e lo v
-

m e n t
,

fra
e tu re a n d fa ilu re a p p e a r m o re e a sily

.

It 15 the v e仃 ro e k d a m a g e p r o p a g a tio n lo e a li
z a tio n

p he n o m e n o n in the CT im a g e s
.

(4 ) T he fa ilu re typ e o f th e N o
.

5 s a n d s to n e s a m ple 15 d a m a g e fr a e tu r e u n d e r th e tri a x ial

e o m p re s s io n
.

A n alysis o f th e r ela tio n be tw e e n CT im a g e、
(fi g

.

5 )
a n d the s tre s s s ta t e

(fi g
.

2 )
,

sho w s tha t the s tre s s le ve l o f J I = 3 5
.

9 2 M Pa fo r N o
.

5 s a n d s to n e s a m p le s e em s t o b e the b a rr i
-

e r ,

be yo n d w h ie h the d am a g e w ill o e e u r ,

be e a u s e the re w e re fe w m ie ro era ek s

gro
w n in the fi rs t

s e a n s e e tio n
(fi g

.

5 ) w he n 。 , = 3 5
.

9 2 M p a , a n d the CT v alu e o f th e fi rs t s e a n s e e tio n b e g a n to

d e (: re a s e
.

(5 ) Co m p a r is o n s o f the CT s e a n r e s u lts o f th e u n ia x ia l te s t a n d th e tri ax ial te s t sho w th a t the

p e a k v a lu e o f J 1 o f th e u n ia x ial t e s t 15 le s s th a n tha t o f the tri a x ial te s t w ith the s a m e tyPe r o e k

s a m Ple s , a n d the Pe a k v a lu e o f e 1 o f the tr ia x ial te s t 15 als o o bv io u sly le s s th a n tha t o f th e u n ia x i
-

al te s t
.

CT im a g e s sho w tha t the m ie r o e r a e k s gro w th s ta g e s in the tria x ial te s t a n d the u n ia x ia l te s t

a re d iffe re n t
.

B e e a u s e o f th e e
ffe

e t o f the e o n fi n in g Pr e s s u r e ,

m ie r o e ra e k s o f the tr iax ia l te s t a re
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r th a n th a t o f the u n iax ia l te s t in n u m b e r
.

In the u n ia x ia l e o m Pr e s sio n ,

m o s t

fa ilu r e s

are bri ttle fa ilu re s
.

B u t in th e tri ax ial e o m p re s sio n te s t
,

the high
e r th e e o

ro e k s a m Ple s

nfi
n in g Pre s -

su re ,
the m o re o bv io u s th e pla s tie fa ilu r e e ha ra e te r is tie s

(t
ab le 4 )

.

Tab le 4 CT
v a lu e a n a ly s is of

“
da n g ero u s a r e a , , o f s e e o n d

s e a n s e e tio n

Se a n o rd e r 弃企百 乙月夕石 SD 乙5 2〕

飞�77
, ,飞一n卜

9
0一八了,‘077。

⋯⋯
0Zn曰7
0八n划4

,、气�‘U

774C曰40
亡1�‘67R

齐‘八U,j,j4140384048799206164 1
.

3

164 3
.

7

164 5
.

8

164 1
.

6

163 2
.

3

16 13
.

2

巧9 8
.

4

巧7 5
.

8

2
.

4

4
.

多

, ,nUllC,七,�09只
�
2气
�

一246

21
1

.

4气
�
6
�200

史
甘忍

V a n a n C e

, th e C T n u m b e r ;

i n th e CT n u m b e r

△材召

△ 5习

V a T a n C e

V a n a n C e

in th e ro e k s a m Ple

in th e ro e k s a m p le

CT

Cl
’

n u m b e r be tw e e n d iffe re n t s tre s s st a te a n d th e fi r s t s e a n ; SD
, th e

n u m b e r
b e tw e e n d il l论

r e n t s tre s s s ta te a n d th e fi 仆 t s e a n
.

( 6 ) A S d e s e r ib e d in the p r e e e d in g p ara g ra ph
,

w he n 。 , = 3 5
.

9 2 M p a , n a m e ly (
。 l 一 。 :

)
=

2 5
,

9 2 Mp a ,
the s ig n o f g ro w th a n d b ifu rc a tio n o f a fe w m i e ro e r a e k s b e g in s to e m e r g e

.

If th e

(
。 l 一 。 2 ) = 4 1

.

7 1 M p a o f p e ak s tre n gt h is re g ard e d a s th e e a rd in al n u m b e r ,
th e n this s tre s s v al

-

u e i。 6 2
.

1% 。f th。 p e ak 。tre n g th
.

I n r e f
.

[ 8」
, a e e o r d in g to the te s tin g re su lts o f m arc o 一

m e e ha n -

i e s
,

6 5 % 一7 0 % o f the Pe a k s tr e n gt h va lu e e a n b e r e g a rd e d a s the thre sh o ld v alu e o f fa tig u e fa il
-

u re o f ro e k u n d e r e ye lie lo a d
.

B e lo w th is thr e sh o ld va lu e ,
the

fat ig u e fa ilu re w o u ld n o t ha p p e n
.

I t

15 re p o rt e d tha t th e thre sh o ld v alu e o f r he o lo gy fa ilu re o f ro e k w a s a b o u t the 65 % o f p e ak

s tre n g th
.

I t 15 w o rt h n o tin g tha t the e o n e lu s io n s a re b a s e d o n m a r e o te s t o f m e e h a n ie s e ha r a e te ris
-

ti e s
.

T he m e s o 一m e e ha n i e s te s tin g re s u lt s Of this w o rk sh o w tha t w he n th e s tre s s v alu e o f the s a n d
-

s to n e o f the e o al m in e in N a n q ia o 15 b e lo w 6 2 % o f p e a k s tre n gt h v a lu e ,
the r o e k m a te ri al 15 e o m

-

pre s s e d
,

the n the v alu e o f th e ro e k d e n s ity 15 r a is e d
,

bu t w h e n th e s tre s s e x e e e d s this v alu e , a n

e s s e n tial e ha n g e ta k e s p la e e
.

Ob v io u s ly
, a fe w m i e ro e ra e ks b e g in to le n gt he n ,

b ifu r e a te a n d the re

a re a lo t o f m ie ro e ra e ks b e g in n in g to

gro w
.

It e a n b e in fe rre d tha t the re 15 a n in te rn a l r e la tio n b e -

tw e e n th e tu m in g p o in t o f the m i e ro e ra e ks p r o p a g a tio n ,

b ifu re a tio n a n d 盯o w th ba s e d o n the m e s o -

m e e ha n i e s a n d th e m e e ha n is m o f th e fa tig u e fa ilu re a n d the r he o lo gy fa ilu r e o f ro e k
.

I n this te s r
,

a s o n ly a fe w ro e k s am Ple s w e r e u s e d
, a n d the s e a n s e e tio n s a n d the s e a n tim e s w e re lim ite d in

n u m b e r ,

m u e h 15 le ft to b e
do

n e
.

H o w e v e r ,

w e thin k a tho ro u gh s tu街
o f this p ro ble m w ill m a k e

it Po s s ib le to e s ta blish th e in te m a l r e al tio n s b e tw e e n th e ro e k m e s o 一

m e e h a n i e s a n d the m arc o 一

m e -

e ha n i e s e ha r a e te r is ti e s
,

thu s p ro v id in g s o m e thin g n e w fo r the m a rc o 一

m e e ha n i e s
.

2
.

2 D e fi n itio n o f the d a m a g e v a ri a ble

By v irt u e o f a m a the m a tie s m o d e l
, r e f

.

[6 」g a v e the fo llo w in g d a m a g e v a r iable :

(l)D 二 一
1 △夕

m 吕。
。

w he re m o 15 the s p a tia l r e s o lu tio n o f the CT m a e hin e ,

△户
,
the r o e k d e n s ity e ha n g e i n th e p ro e e s s

of the ro e k dam
a g e e v o lu t io n , a n d 夕0 th e in itial ro e k d e n s ity

.

Ob v io u sly
,

the k e y p ro ble m o f d e fi n in g d a m a g e v ari ab le D 15 d e te rm in a tio n o f △尸
.

A e e o rd
-

in g to th e CT the o叮
, the n u m b e r of H

rm ( H
r。 15 the ro e k CT n u m b e r ) 15 in d ire e t pro p o rt io n to

th e ro e k d e n s ity
, the d is tri b u tio n o f H

r m e s s e n tial ly re fl e e ts th e d is tri bu tio n o f ro e k d e n s ity
, a n d

th e v a lu e o f H rm 15 in d ire e t Pro p o rt io n to the ab s o th e d fa e to r 产 o f ro e k to X
一

ra y
, 5 0
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(z)�(3)w he re k i s a

A s s u m e

the e ffe e t of

H rm = k
’

产 ,

C o ll s ta ll t
.

th a t e a e h typ e d a m a罗 ( v o id an d m ie ro e ra e k ) 15 fi lle d u p o n ly wi th a ir a n d i

W a te r
.

T he n

产

d e n s ity o f

= 产知
= ( l 一 a )户b产君+ a 尸

a产督
,

w he re P 15 th e ro e k

m a te ri al a n d a ir
, a

S o m e S tre S S Stat e

15 th e p o re d e n s ity
, a n d 产考

Pb ,

户
。 are the d e n s itie s Of n o五

一

d a m a罗d ro e k

产晋ar
e th e ab s o rb e d fa e to r o f ro e k to X

一

rar an d

a ir to X
~ r ay

.

T he m at e ri al d e n sity in a sPac e re s o lv i

户 = ( l

n g u n it re ad
s

一 。 )尸b +

w ith fo rm
u la e (2 ) a n d ( 3 )

, the p ar am
e t e rs 产 口

d e n s ity of a ir P
。
= 0

, a n d the CT n u m b e r Of al r H
。
==

(4 )
, thro u gh e al e u lat io n

we ha v e

a尸
a

.

(4 )
e a n b e e a le u lat e d o u t

.

A s s u m in g that the

一 100 0
, a n d s u b s titu in g it in to fo rm

u la

△P = P 一 PO =
1 0 00 + H nn

i丽J丁万磊尸
b 一 p o ’ (5 )

wh
e re H rm b 15 the CT v al u e Of n o n 一

d a m a g e d ro e k
.

R o e ks a re a kin d Of n a tu ral m at e ri al s
.

G e n e
ral ly sp e

ak in g
,

the re 15 n o u n d am a g e d ro e k in

the w o rl d
.

5 0 ,

it 15 d iffi e u lt to defi n e th e 尸b a n d H rm b in fo rm
u la (5 )

.

T he p u印o s e of this r e -

s e

are h 15 to in v e s tig a te the ro e k d a m a g e e v o lu tio n law
, a n d the ro e k d e n s ity e h a n g e in the pro e e s s

of th e ro e k dam
a g e p ro p鳍a tio n

, 5 0 the d e n s ity o f the in itial dam 鳍
e ro e k m a te ri 沮 户。

, the CT val
-

u e H rm o e
an b e u s e d to s u b stitu te 尸b ,

H nn b , a n d H rmo
e
an b e d e fi n e d a s the ro e k in itial d a m 鳍 e

e h a r a e te ri s tie s CT te s t
.

H e re 尸。 = 尸b
,

H rmo = H rm b
.

Su bs titu tin g th e m in to fo rm
u la ( 5 )

, e al e u lat in g o u t △尸
, a n d

th e n s u bs titu tin g △尸 in to fo rm
u la ( 1 )

, w e hav e

。 =

人{
1

刀乙0 \

_
2旦9旦上丝竺丫
l 0 0() + H rmo j

-

N o te tha t the e ffe e t of th e in itial dam ag e e
an

n o t b e a e e o u n te d fo r in

v e ry rat io n al
.

I n or d e r to a e e o u n t fo r the e
ffe

e t of the ro e k in itial dam
a g e

la ( 6 ) 15 m u ltip lie d by an in itial d a m a罗 e
ffe

e t fac to : e
.

(6 )

fo rm
u la ( 6 )

.

Th is 15 n o t

, the ri g ht s id e o f fo rm
u -

n _ 二 (
1 _

~ 一
_ _ _

2 飞 占

刀乙0 \

10 0 0 + H rm

1 00 0 + H rmo
(7 )

Fo
rm

u la ( 7 ) g ive s a n e w d a m a g e v ari ab le bas e d o n the ro e k CT n u m b e r ,

w h e re e > 1
.

T he v al u e

o f 0 e a n b e d efi n e d by fi t te st b e tw e e n the e o n s titu tiv e e
职

a tio n a n d the s tre s s 一 stra in e u rv e o b
-

tai n e d fro m t he CT s e
an te s t

.

5 0 D 15 e as ily e ale u la te d o u t fro m the ro e k CT v alu e
an d e , a n d it

15 e a sy to o bta in the m e k dam
a g e e v o lu tio n law

.

W he n e al e u la tin g th e dam
a g e v

ari ab le D by CT

v al u e ,

in ord e r to e
an

e e l o u t the e
ffe

e t Of the hydrau lie Po w e r 0 11 an d the s a m Ple s e al e , e t e
.

, the

CT v al u e m u s t b e m o d ifi e d thro u g h m o re ro e k fai lu re CT s e a n te s ts
.

Le t it b e n o te d tha t the m e
an in g of fo rm

u la ( 7 ) 15 v e叮 im p o rt a n t
.

B e llo m i ( 1 9 7 8 )
,

D av is

( 1 966 ) a n d Le v a illan t ( 19 7 9 ) e t al
.

defi n e d the d a m哪
v ari able w it h the e han g e v al u e of the

m at e ri al d e n sity
,

bu t the △P w a s d iffi e u lt to m e a s u re
.

T his d iffi e u lty 15 s o lv e d in this p a p e r
·

o n

th e o the r han d
, the e ffe e t Of the ro e k m e s o 一

dam
a g e id e n t ifi e at io n s e al e 15 e o

rre
e te d w ith the sPa -

tial re so lu tio n o f th e CT m a e hin e in fo rm
u la (7 )

.
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4 C o n e l璐io n s

(l ) U sin g the n ew e st tri ax ial lo a d in g te s t syste m d e v e lo p ed by the
au tho rs ,

the re a l
一

in tim e

CT s e
an

n in g te s t of th e ro ek m es o 一 dam
age Pro p a g at io n law of the w ho le ro e k fa ilu re pro e e s s u n d e r

the tri ax ial (
u n iax ial )

e o m pre s sio n has be e n e o m ple te d fo r the fi r st t im e
.

(2 ) Cle ar CT im a g e s

are
o bta in e d wh ie h in e lu d e the m ie ro ho le s

(m ie ro e ra e k s
)

e o m pre s s ed

一『owt h~ bifu rc at io n

~ d e v elo p m e n t一fra
e tu re一 ro ek fa ilu re ~

u n lo a d in g in the d iffe re n t stre s s

s ta te s
.

T he te s t re s u lts a re sat isfa e to ry
, sho w in g tha t this e q u iPm e n t 15 s u e e e s sfu l

.

(3 ) T he n

ew
e s t tri ax ial lo a din g CT te s t sys tem pro v id e s a n in n o v at iv e te s tin g m e tho d fo r

s tu dyin g th e ro e k fa ilu re th e o 钾 o n m e s o 一 s e al e
.

Th
e in itia l te s t re s u lts d em o n s trat

e tha t th is

m e tho d 15 pra e tie able
.

It wn
u ld a e tiv ely m o tiv at e ro ek d a m a g e te s t te eh n o lo群

.

O n the o the r

ha n d
,

the d e ve lo p m e n t o f the a d v a n e e d m e s o 一

d a m ag e pro p a g at io n law te s t te ehn o lo盯 w o u ld pro
-

vid e im Po rt a n t te s t r e s u lts fo r th e m a e r o 一

d am a g e the o ry
,

an d it e
an Pro v id e d a ta fo r e stab lishin g

the d a m a g e e v o lu tio n e q u at io n a n d e o n s tit u tiv e m o d e l to the re s e

arc h o f ro ek fa ilu re law
.

(4 ) In this p即
e r , a n in itial dam

a g e e

ffe
e t fa e to r 15 s u韶 e s te d

, a n d a n ew d am a g e v
如

a ble

ba s e d o n the CT v al u e 15 d efi n e d
,

thu s m a kin g the a n alytie CT te s t q u a n titat iv e a n d lay in g a ba sis

fo r the e s tablishm e n t o f the ro e k dam
a g e e vo lu tio n e q u a tio n a n d the e o n s titu tiv e m o d e l

.

(5 ) A sys tim at ie al in ve s tig at io n Of the ro ek d a m a g e e v o lu tio n b y the re a l
一

in tim e CT te s t a n d

the fu rt he r q u
an tita tiv e

an al ysis o f CT te s t re s u lts are in Pro gre
s s

.

Ac kn ow led 半m e n ts Thi
s

wo rk was
s u p户〕rt ed by Stat e K即 I刁 l

洲〕
rat

o耳 of Fro
z e n 5 0 11 E n

gi
n e e ri n g ,

LI G G CA S (N
o

.

9 80 2 )
.

R e fe r en c e S

X ie H e p i嗯
,

R o e k a n d C o n ere te D am a g e M e eha ni e s

(i
n Chin e s e

)
,

X u zh o u : Chin a U n iv e rs ity o f M in in g & T e e

hn
o lo罗 Pre

ss ,

199 0
,

15 2一 16 6
.

U n g Jian lni
n g

,

R e s e

arc h o n dam
a g e m e e h ani e s a n d time

一

d e p e n d e n t dam 嗯
e eh

arac
te ri sti e s

for jo in te d o e k m a ss e s ,

Ph
.

D
.

Dis se rt at io n
(i

n Chin e s e

)
,

Th 叼1 U ni v er sity
,

19 9 2
,

5 5一59
.

W u z iw an g
,

Ma

We i
,

Pu Yib in
,

Chan g x iaox ia o ,

su b而
em s e o p ie a n al ys is o n d efo rm at io n eh

arac
te ri st ic s in c re e p p ro c e s s o f

fro
z e n 5 0 11

,

Chin e s e Journ al of Ge ot e eh n ieal E n gi n e eri n g (i
n Chin e se

)
,

19 9 7
,

19(3 )
: 1

.

M a W e i
,

W u Z俪an g
,

Pu Yibin e t al
. ,

M o n ito ri n g the e ha飞e o f s tru e tu re s in fro
z e n 5 0 11 in tri ax ial c re ep vro

e e s s by CT
,

J
.

o f

Gl a e io lo 盯 a
nd Ge

o e刁 0 10罗 (i
n Chin e se

)
,

19 97
,

19 (l)
: 5 2

.

Kaw
akat a ,

H
.

,

Ch o ,

A
.

T
. ,

Ya n

agi dan i
,

M
.

5
. ,

Th
e o b s erv at io n o f fa ulti飞 in w e s terl y 脚

n ite u n d e r tri ax ial e o

哪re ssio n

by X
一

rar CT s e a n ,

In t
.

J
.

Ro
e k M e eh & M in

.

Sei
.

,

19 97
,

3 4(3
一

4 )
: 15 1

.

Yan g Ge
n g sh e ,

z h a飞 Chan 朗i鸣
,

R o e k m as se s d a ll扭 g e an d id e n tifi e a tio n
(i

n Chin e s e

)
,

x i
’ a n : Sh a anx i Se ie n e e a n d Te

e h
-

n o lo 群 R e s s ,

19 9 8
,

7 9一9 0
.

Y a n g W ei
,

M e s o
一

m e eha n ie s an d m e s o
一

d a m a g e m e ehan ic s ,

A dv anc e s in Me c ha n ie s
(i

n Chin e s e
)

,

199 2
,

22 (l)
: 1

.

G e x iu ru n ,

Lu Yin gfa
,

Fat i, e fa ilure a n d irre
v eo ibl e defo rm ati

o n Of ro e k u n de r eyelie lo a d
,

Chin e s e Jo u m al Of Ge
o te ehn ieal

E n gi n e e ri n g (i
n Chin e s e

)
,

19 9 2
,

1 4 (3 )
: 5 6

.


