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Mechanical models and equations of state of solids with a d i sc re te  s t ruc ture  such as con- 
cre tes ,  cement stones,  rocks ,  etc.,  a re  d iscussed.  Models a re  proposed descr ibing the 
re laxat ion and deformat ion of the solids mentioned. 

The mechanical  models presented in the l i tera ture  do not descr ibe  the behavior of solids with a d is -  
c re te  s t ruc ture  such as concre tes ,  rocks ,  etc. ([1] and others).  An analysis  of the s t ra in  and creep 
curves  of the mater ia l s  mentioned indicates that a model should possess  a number of the following p rope r -  
t ies .  

1. An instantaneously applied load produces a corresponding deformation.  

2. Under constant s t r e s s  the s t ra in  increases  with time, asymptot ical ly  approaching a limit which 
depends on the s t r e s s .  

3. The limiting s t ra in  depends nonlinearly on the s t r e s s .  

4. Up to a cer ta in  value of the s t r e s s  (the elast ic  limit) the deformat ion of the body is elast ic.  
P las t i c -v i scous  s t ra in  begins beyond the elast ic  limit. 

5. The increase  in viscoplast ic  s t ra in  is accompanied by a simultaneous increase  in elast ic  s t ra in  
(Figs. 1 and 2). 

Models have been developed which sat isfy one or more  of the conditions listed, but they do not sat isfy 
all of them. Therefore ,  we propose a model of a body corresponding to the five requi rements  indicated. 
Its s t ruc tura l  formula is 

Y = Pr - -  K. (1) 

Condition 1 is sat isf ied by the p resence  of an H element;  the yield point and the appearance of p las-  
tic proper t ies  of the body a re  simulated by including a St.-V element (condition 4). Conditions 2, 3, and 
5 a re  sat isf ied by including a K unit. Viscous proper t ies  are  simulated by an N element and the asymp-  
totic cha rac t e r  of the a vs t curves is achieved by a paral le l  content of H~ and N elements .  Condition 5 is 
sat isfied by an appropr ia te  disposit ion of H 1 and H 2 elements in the model proposed.  

The equation of state of a P r - -  K body is wri t ten in the form 

o, = E,er = A = const, (2) 

~((r -~r s) is the Heaviside unit function, 

< o'., ~1 (t) : Ele  I (l), 

a > as, a (t) = Eler  + E2e ~ (t) + @2 (t) = A -+- E2e 2 (t) -I- "qL. (0. 
(3) 
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Fig .  1. T i m e  d e v e l o p m e n t  of s t r a i n  fo r  a cons tan t  load which is  
l a t e r  r e m o v e d .  

Fig.  2. T i m e  v a r i a t i o n  of s t r e s s  for  cons t an t  s t r a i n .  

F o r  ~(t) = % = cons t  we have  

E~ e ( t ) - -  % - - A  ; (t) + - -  -- B. (4) 
q 

The  so lu t ion  of (4) fo r  an in i t ia l  s t r a i n  v t t=  0 = % has  the f o r m  

g ~ E o - -  - -  E~ ~ exp t , ,  (5) 

i . e . ,  fo r  ~ = eons t  the  s t r a i n  v a r i e s  exponent ia l ly .  

Thus, condi t ion  2 is satisfied. 

A fault of the proposed model is that it does not relax. A Pr-- K medium best describes the creep 
process of rocks but is not suitable for the study of stress relaxation. 

A medium which permits the study of relaxation and satisfies most of the requirements analyzed 
above is a P--Th body obeying a nonlinear relation between the limiting stress and strain [2]: 

e = Da -~- F(~'-. (6) 

T h e n  the equa t ion  of s t a t e  in the o n e - d i m e n s i o n a l  c a s e  can be w r i t t e n  in the f o r m  

E t o E -~ 

1 1 1 1 o  (E) 2 ] 
i + - - , o  ~ = --6E -!- ~ cz--ff + ~ . (8) 

Sett ing cr = cons t ,  we so lve  the  homogeneous  equa t ion  c o r r e s p o n d i n g  to (8). 

Set t ing e It = 0 = r we obtain  

e = C e x p ( - - @ o  ) = B - ~ - ( % - - B ) e x p ( - -  t @ )  =-~ol  [ a ~ a ~ _ +  

- a ~ ( ~ ) ' ] - t - { e ~  [ a E - - ~ ( E ) 2 ] }  exp ( - - ~ o ) '  (9) 

Condi t ion (2) is  s a t i s f i ed ,  

For E = const we have  

_ _  _ _  - - ( y @  . . . .  

E toE toE" t o 

In t roduc ing  the no ta t ion  c~/t 0 = b, /L/t0E = a, and e E / t  0 = c, we wr i t e  

cr + ao 2 §  c; 

c} + V a a +  i /  4--~o~ ] = c +  4to--- ~ . 

Set t ing a2E /4 t03  = d and e + d --= g, we obta in  

a + (Va ~ + V~)  2 = q. 

(10) 

(11) 

(12) 

(13) 
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Introducing the notation 

dz d ~ -  d ~ .  ~ _  
V 6  ~ + V i  = z; 7 = -J[  ' V ~  

and substituting into (13), we obtain 

z -[- ] / a z  ~ = V a q  = k. 

Equation (15) is a Riccat i  equation whose solution [3] for ~Yak > 0 has the form 

z = z~ + k t h a V - k  t 
a V k- ~ aZo th a ]flk- t " 

The curve passes  through the point (0, z0); according to (14) we have 

= Z o a ] / ~ - + k t h a ] / - E t  ] / / z ~  

a ]fak-+ az o th a ]/-k t 

Here 
r-s 

= % + 

Equation (17) descr ibes  the re laxat ion of a solid. 

The proper t ies  of solids depend to a considerable degree on such physical  conditions as the differ-  
ence between external and pore  p r e s s u r e s  and tempera tures  and the charac te r i s t i c s  of liquid and gaseous 
media.  It is a ser ious  fault of the known equations of state that they do not contain these fac tors .  

(14) 

(15) 

(16) 

(17) 

Fur ther  improvement  of mechanical  models of solids must obviously take account of the factors  
mentioned. The proposed models can be applied to construct  general ized models of the stability and rup-  
tu re  of rocks  and soils in the production of various mining engineering and construct ion operations.  
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N O T A T I O N  

the Prandt l  medium; 
the Kelv in- -Voigt  medium; 
the Hooke medium; 
the Newton medium; 
the Saint-Venant medium; 
the s t r e s s ;  
the Young's  modulus in the region of pure elast ic  deformations;  
the Young's  modulus in the region of e last ieoplast ic  deformat ions;  
the elast ic  limit; 
the s t rain;  
the s t ra in  corresponding to ~s; 
the coefficient of viscosi ty;  
the Heaviside unit function; 
the t ime;  
the Poynt ing- -  Thomson medium; 
the s t r e s s  at t = 0; 

a re  coefficients;  
a re  dimensionless  coefficients;  
c + d = g ; a / t  0 = b ;  fi/t0E = a; ~E/t 0 = c ;  ~aq = k .  
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