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F a ilu re  o f th e  h e a vy  g ro u n d  m a s s w ith  th e  v e rtic a l ca v ity 
La  de stru ctio n  du m a ssif d e  sol lourd  a ve c la  ca v ité  ve rtica le

Y a .A .E yyu b O V  -  Azerbaijan Architectural and Building University, Baku 
M.B.Akhundov & A.Sh.Sadayev -  Baku State University, Azerbaijan

A B S T R A C T : O n  the  base o f  conce ption  o f  dam a ge  a ccum ula tion  the  process o f  sca tte re d fa ilu re  o f  the  he a vy tra nsve rsa l isotro p ic 
ground ma ss a round th e  v e rtica l c y lin d ric  ca v ity  f ille d  w ith  the  liq u id  is inve stiga te d .T he  fo rm u la  fo r the  in cu ba tion  (p e rio d)  d u rin g 
o f  w h ic h  the  groun d mass does not ge t a ny notice a ble  changes a nd the  e qua tion  fo r the  la w  o f  e xpa nsion o f  th e  fa ile d  zone  a round the 
ca v ity  a re  obta ine d. N u m e rica l re a liz a tion  has been ca rrie d ou t fo r d iffe re n t corre la tio ns o f  th e  m e cha nica l prope rtie s o f  the  ground 
a long the  d a y - lig h t surfa ce  and b y  de pth.

R É S U M É : A  la  base de  la  conce ption  de  l'a ccum ula tion  des e ndom m a ge m e nts on é tud ie  le  procè s de  la  de struction  dispe rsé e  lo urd 
tra sve rsa l- iz otrop iqu e  du  m a ss if de  sol a utour de  la  ca vité  ve rtica le  c y lin d riq u e  le  liq u id e  re m pli. S ont re çus es fo rm u le  de  la  pé riode  
incu ba tion , dans le  coura nt de  q u i le  m a ss if ne  de  sol sub it pas des cha nge m e nts considé ra ble s, e t l'é qua tion  pour la  lo i de 
l'é la rg isse m e nt de  la  z one  dé tru ite  a utour de la  ca vité . L a  ré a lisa tion  num é rique  est pro d u ite  pour les ra pports d ive rs des proprié té s 
m é ca nique s du  sol le  lo n g  de  la  surfa ce  de  jo u r  e t se lon la  profonde ur.

T he  w e lls  2ai ve rtica l m ine s pa ssa ble  in  ground mass change 
its  na tura l stress sta te . A n d  unde r d e fin ite  cond itions  th is  can re ­

duce  to  the  de ve lo p ing  fa ilu re  process o f  a  mass. In v ie w  o f  not 
hom oge ne ous stress sta te  a round the  ve rtica l ca v ity  in  a  massiC 
its  fa ilu re  w ill be  continuous bo th  in  tim e  a nd space. C ontinuous, 
sca ttere d fa ilu re  process is e xp la ine d  by  th e  fo rm a tio n  and 
grow th  o f  d iffe re n t disturba nce s o f  c o n tin u ity  a nd structure , tha t 
in  its tu rn  in flue nce s to  the  stre ss-stra in sta te  o f  a  ground mass, 
its stre ngth  cha ra cte ristics. T h is  leads to  the  fa ilu re  o f  some pa rt 
o f  mass th a t im p lie s  the  stress re d is trib u tio n . T he n the  da m a ge - 
a b ility  in te n s ive ly  increases in  m ore  stressed place s a nd it  is ac­

com pa nie d b y  a  fu rth e r lo w e rin g  o f  stre ngth cha ra cte ristics and 
fa ilu re  stage. T h is  c y c lic a lly  repe a ted process leads e ithe r to 
continuous slo u gh in g o f  mass a round the  ca vity, or to  sudden 
cave o f  s u ffic ie n tly ,  la rge  vo lu m e  o f  ground mass. T he  k n o w in g 
o f  the  la w  on e xpa nsion  o f  e xte rna l bound o f  a colla pse d mass o f 
the  fa ilu re  fro n t is im p o rta n t to  de te rm ina te  the  so lid  mass sta ­

b ility  a round the  ca v ity.  T o  de te rm ina te  the  prolonge d ground 
mass stre ngth ne a r the  ground mass doe sn’t e ndure  changes. In 
th is  pa pe r, th is  process studie d on the  ba sis o f  the  kno w n so lid 
da m a ge a bility  m o de l (S uvorova  a nd A kh u n d o v  1986) a nd corre ­

sponding m a the m a tica l proble m  is constructed.

G rou nd foun da tio n  is a  hom oge ne ous tra nsve rsa lly isotro p ic 
mass w hose  iso trop y p la ne  is pa ra lle l to  a  d a y - lig h t area. In  th is 
mass, a w e ll in  the  fo rm  o f  se m i- in tin ite  c irc u la r ca v ity  f ille d  
w ith  flu id  is passed ( fig u re  1).

D im e nsion le ss e la stic stresses ha ve  the  fo rm  ( L e k h n its k y

19 7 7 ):

^ r |  =  - « ± ( « - m ) ^ j  ; <jz = - 1 (1 )

w he re  yz is  a de m e a suring pa ra m e ter, y  is gro un d’ s spe ­

c ific  w e ig h t: m = q/y , qz is flu id  pre ssure  in te rio r to  the 
ca v ity  in  the  de pth  z ;

Figure 1. The investigated element o f  the domain.

H e re  E ,E '  are  Y o u n g  m odulus in  iso trop y p la ne  a nd a long 
th e  a xis z  re spe ctive ly ; v  a nd v 1 are  a lso corre sponding 
P oisson coe fficie n ts.  A ssum ing  the  da m a ge a bility  proce ss to  be 
isotro p ic,  a nd iso trop y appe ars o n ly  throu gh  instantane ous v a l­

ues o f  m e cha nica l cha ra cte ristics, fo r stresses in  a  ground  mass 
w e ’ ll ha ve  the  same e xpre ssion o f  (1 )  w ith  o n ly  d iffe re nce  tha t 
instantane ous va lue s o f  e la stic m odule s w ill a ppe ar the re . W e  
ta ke  the  gre a te st stress test as a base stre ngth  crite rio n .  A n a lyz e  
one  o f  possib le  cases, w he n n>  m ,  i.e . fo r sm a ll a lte rna tions o f 
flu id  pre ssure  in  a  ca v ity  w ith  de pth. T he n it  fo llo w s  fro m  (1 ) 
tha t <Je is the  grea te st contra stive  ta nge ntia l stress, a nd the 
fa ilu re  te st (S uvorova  a nd A kh u n d o v  1 9 8 6 ) has the  fo rm . 

(l+Mk)cr9 = er0 . (3 )

H e re  M "  -  is a n in te g ra l ope ra tor o f  da m a ge a bility, cr0 -

i.e . d im e nsionle ss bound o f  instantane ous stre ngth.

F irs t the  fa ilu re  w ill occur ne a r the  ca vity , w he re  the  stress 
<Je achieve s its  m a xim a l va lue . T he  in itia l tim e  is de te rm ine d 
from  (3 )  w ith  to  th e  e xpre ssion er0 (1 )  fo r r = R0;
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} A / ( r ) r f r  = - ^ 2 --------1.
(4 )2 n - mu

For example, for a damageability operator kernel 

M ( t)  = t~° ; X > 0; 0 < a  < 1 have (here time t is demeasured in 

proportionality coefficient of kernel):

- 1) (5)
2 n - m

The conditions under which incubational failure period ex­

ists follow from the positivity of the right hand side (4). The de­

pendence curve of incubation period t 0 depending on the ani­

sotropy parameter n  for a = 0.15 is in figure 2.

c t 0 ( / ,  t)  = n +  (n  -

P iO
(6)

Taking this expression into account in the criteria (3) we 

have the following failure front equation:

__ 1

2 n - m
n - ( n -  m )

P \ t )

P \ 0

d r  =

(7 )

- -1
2 n - m

where /?(/) = 1 for 0 <, t  <, t0 .

For a simple form of the kernel M ( t)  = \ we get:

\ s

P i0  =
1 — Ú)

l-C D t/tr ,
; <t =  -

2  n m
(8)

2 n - m  2  n

Catastrophic failure time of the ground mass corresponds to 

(8) the conversion function p ( t )  to infinity where = t 0 / m  .

For example for n =  2m  we have f =1.5f0, i.e. obvious

failure period is of 50% from incubation, Latent failure period.

For complicated forms of damageability kernels the equation 

(7) is realized numerically. The curves of a failure front for some 

values of anisotropy parameter n and for the kernel

M ( t)  =  t~a , for the values of parameters: a  = 0.15, m  = 0.5; 

n = 1; 2; 4; ct0 = 8 are given in figure 3.

Figure 2. The dependence curve of initial time of iailure of anisotropy 
parameter.

The destroyed parts of the mass around the cavity form a cir­

cular area with external boundary -  failure front. To obtain an 

equation for determining the failure front extension law with 

moving radius R v and b (1) we put R / R o  = P ( t ); 

v / R q =  f i ( t )  where f i ( t )  is a dimensionless radial coordinate of 

a failure front Then for the tangential stress module we get:

Figure 3. The curves of iailure front extension.

CONCLUSIONS. It is shown that for the horizontal flatbed 

transversal isotropic ground masses with large relation of rigidity 

of the ground mass along the seam and transverse (rigidity by 

depth) the incubation (period) of absence of noticeable changes 

of the condition of the mass around the vertical cavity is filled 

with water less, moreover this decrease it has two characteristic 

areas with almost linear dependence: the first area of sharp de­

crease of incubation (period), the second area of its slower 

changing. Failure of the ground mass around the cavity happens 

with the increasing velocity and since some moment of time it 

has catastrophic avalanche form character. Excess of the rigidity 

along the seam over transverse rigidity decreases significantly 

the time of avalanchic propagation of the failure zone around the 

cavity.
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