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Results are presented of exper iments  on turbulent  and v ibro- turbulent  

ac t iva t ion  of cemen t  pastes and grouts. It is found that  a c t i va t i on  low-  
ers the values of a l l  the t heo log ica l  charac ter i s t ics .  

Injection cements and grouts must have high fluidi- 
ty, retain their mobility for a long time after p repara -  
tion, res is t  stratification, and have good mechanical 
propert ies  after setting. Endowing injection solutions 
with these propert ies  is quite a complex task, as con- 
flicting requirements need to be satisfied. Thus, an 
increase of fluidity requires  the addition of water,  
which increases  the tendency to stratify and reduces 
the final mechanical strength. 

In practice such solutions are given the required 
propert ies  by physico-ehemical  or mechanical aeti- 
vation. The physico-chemical  method employs special 
additives--dispersing agents--which reduce the a t t rac-  
tion between part icles  and deaerate the mixture,  and 
other additives to prevent stratification (stabilizers). 
Mechanical activation is based on rapid turbulent p ro-  
cessing. 

Studies of the influence of turbulent and vibro- turbu-  
lent activation on the rheological character is t ics  of 
grouts have been made at the test  facilities of NIIOMTP 
(Institute of Organization, Mechanization and Techni- 
cal Assistance for the Building Industry). Vibro-turbu- 
lent activation was effected by recirculat ing the solu- 
tions through a special centrifugal pump with an open 
impeller. The pump delivered the solution to a hopper 
equipped with an internal vibrator  which thinned the 
mixture and thus intensified the circulation. It was es -  
tablished that the optimum speed of the pump impeller  
was 2500 rpm for cement pastes,  and 1500 rpm for 
grouts.  
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Fig. 1. Dependence of 7, N �9 see ' m -2, 
on activation t ime per  unit volume of 
mixture: 1) e = 4 sec-1; 2) 10; 3) 20. 

Since the activation effect depends on the number of 
passes of a given volume of mixture through the pump, 
comparable results may be obtained by relating the ac-  
tivation time to the volume of mix. 
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Fig. 2. Rheograms of a portland cement grout (1:1 by 
weight). The curves represent  e, sec -1, versus  P,  N .  
�9 cm-2: 1, 2, 3) nonactivated solution, 1' ,  2 ' ,  3') solu- 

tion after vibro-turbulent  activation. 

Investigations have shown that cement pastes and 
grouts are  s tructured liquids, and their  flow may be 
charac ter ized  by the equation of plast ico-viscous flow 
(Schwedoff-Bingham equation) 

= dv = ~ ( p - & , )  
dh ~t 

To investigate the influence of turbulent and vibro-  
turbulent activation on the theological  proper t ies  of 
cement pastes and grouts,  a Volarovich rotational 
v i scometer  with coaxial cylinders was used, The 
smooth outer cylinder rotates while the corrugated 
inner cylinder is at rest .  

The large gap between the cylinders (14 ram) pe r -  
mitred the investigation of mixes with a sand part icle  
size of 2.5 ram. Unfortunately, in view of the relat ive-  
ly small  dimensions of the cylinders of this v iseometer  
(D = 4 cm, d = 1.2 cm) it is not cer tain whether the 
shear  is sufficiently uniform and always extends to the 
outer cylinder. At the same t ime,  determination of 
the limits of shear  propagation from Volarovich 's  
equations is invalid for grouts owing to the presence 
of velocity micro-grad ien ts  associated with the ro ta -  
tion and motion of the sand grains ,  which destroy the 
s t ructure  and increase  the zone of shear  propagation 
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Table 1 

Influence of Turbulent Activation on the Rheological Propert ies  

Type of activation 

of Cement Paste 

No activation 0,0 
Turbulent ~ ~c~ 

No activation 0 0 
Turbulent -d 

0 38 11.5 12.0 

0.40 [ 8.2 9.7 

I .... 

ical properties 

-- 43  -- 

4,1 -- 
13.( 5.2 

No activation 0.9 
Turbulent - ~ 

 o=v=n i / 
Turbulent o 

0.55 4.3 4.4 3.0 I -- 
_ ~ _  ~-7 i l ,3 ~-.-.-.8 [ 5,0 

058 I 4.0 ~ 7,7 - -~.6 15.8 

1 I l l :2l /44 

in the solution. In view of the foregoing, and the im- 
possibility of using the Volarovich equations to deter-  
mine theeffect ive viscosity,  the variation of which 
with activation is of very great  interest,  it was condi- 
tionally decided to use a formula derived for the propa- 
gation of uniform shear ~ -- 2rna to calculate the shear 
velocity gradient. 

This may be regarded as permissible,  since the 
work in question was not directed towards the deter-  
ruination of absolute values of the viscosity of grouts,  
the chief interest  being in the nature of the variation 
of the theological propert ies  of the mixtures resulting 
from activation. 

From the experimental results we obtained ratios 
of the force applied to ro ta te  the outer cylinder and its 
speed of rotation for various mixes. From these data 
theological curves were constructed relating velocity 

grad ien t  ~ and shear  s t ress  P. From the rfieograms 
thus obtained we determined,  for activated and nonacti- 
vated samples,  values of the limit shear s t ress  Pk 2, 
the plastic viscosity 7/*, the v iscos i ty  corresponding 
to maximum breakdown of ~m, and the c r i t i c a l s t r e s s -  

? ! 
es P r  and Pan. 

Analysis of the results  obtained shows that turbulent 
and vibro-turbulent activation resul ts  in lowered values 

of all the rheological propert ies of cement pastes (Ta- 
ble 1). 

In tests with cement paste based on slag portland 
cement with reduced water content (water/cement r a -  
tio = 0.38), the paste structure was quite strong, and 
in the possible range of  shear  velocity gradients (of 
the equipment) maximum structural  breakdown was 
not achieved, After a certain increase in water content 
(water/cement ratio = 0'. 4), the rheological constants 
of the mixture fell, but maximum structural  break-  
down could be achieved only in the activated cement 
paste. 

In tests  with cement paste based on portland ce-  
ment at high water/cement rat ios,  maximum s t ruc-  
tural breakdown was achieved without activation. In 

T 
this case activation lowered the cri t ical  s t ress  Pm 
considerably. 

Prolonged turbulent processing of the cement paste 
resulted in the rheological constants beginning to in- 
crease  due to the increasing amount of colloidal par t i -  
cles became thinner and the mixture began to thicken. 
Figure 1 shows the dependence of the effective v is -  
cosity of cement paste with a water/cement ratio of 
0.48 on the activation time. These data were confirmed 
by the results  of cone measurements  of the consistency 

Table 2 

Influence of Turbulent Activation on the Structure Formation Process  
in Cement Pastes  and Grouts 

Cement 

Slag-portland 

Portland 

:0 

:o 

I Nonaetivated 

" ~  ,,.~ ~ ~ 7 .  ,.=I 

L 
0.38 I 140 550 t50 
0.46 200 630 120 
0.60 280 500 470 

0.48 220 500 160 
0.48 380 520 500 

Activated 

120 520 
180 580 
250 460 

180 470 
320 490 

z ?  

190 
200 
560 

290 
1000 



JOURNAL OF ENGINEERING PHYSICS 315 

of the cement paste at the StroiTsNIL (Central Scien- 
tific Research Building Construction Laboratory). 

Similar tests  were carr ied  out with grout solutions. 
The present investigation did not include a study of 
the effect of varying the amount of sand on the rheo- 
logical propert ies  of the grout with the other charac-  
ter is t ics  of the solution fixed. Such a study would have 
been complicated by the need to adhere to known lim- 
its of mobility of the mix, ioe . ,  for a constant water /  
cement:ratio it would not have been possible to vary 
the sand content of the mixture over a wide range. 

All the experiments car r ied  Out indicate that the 
theological character is t ics  become more :favorable 
for transportat ion and injection processes  as a result  
of turbulent and vibro-turbulent activation. This ap- 
plies both to cement pastes and to grouts. 

The fl0w curves in Fig. 2 obtained in various tests 
differ somewhat due to differences in the experimental 
conditions (variation of temperature and moisture con- 
tent o f  the surrounding medium and of the mater ials) ,  
but when all the experimental points are  superimposed 
onone  coordinate grid, the result  is two c l e a r l y e x -  
pressed  and sharply differing fields of points for the 
activated mater ia l  and for control mixes with the same 
water to cement ratio. 

The experiments show that all the rhe01ogical con- 
s tants  are reduced as a result  of turbulent and vibro- 
turbulent activation. 

At low sand contents and sufficiently high mobilities 
beyond the region of maximum structural  breakdown, 
the viscosi ty of activated grouts increases  with in- 
c rease  of velocity gradient. This  viscosity increase is 
explained by the transit ion from laminar flow of the 
liquid-like s tructured system to  turbulent flow. It is 
interesting to note that in experiments with cement 

paste a zone of flow transition from laminar to turbu- 
lent was not obtained. It is evident that at low sand 
contents in a thin solution, turbulence ar ises  from ro-  
tation of the sand grains,  which increases the velocity 
gradients within the mixture. 

Jus t  as in the experiments with cement paste ,  pro-  
longed turbulent and vibro-turbulent activation has an 
inverse,  negative effect: the values of the theological 
constants increase. 

In grouting pract ice  it is very important to know 
not only the theological constants measured imme- 
diately after preparat ion of the mixture,  but also the 
nature of change in the plastic propert ies  with time. 

Structure-formation processes  in untreated and ac- 
tivated cement pastes and grouts were investigated on 
a balanced cone plastometer  and a lever cone plasto- 
mete r  at Moscow State University. 

The value of the load required to make the cone 
penetrate into the mater ia l  to a depth of 5 mm was de- 
termined at various intervals f rom the time of p repara -  
tion. The plastic strength Pm was determined from the 
force acting on the projected area of the par t  of the 
cone that penetrated the material .  

The balanced ptas tometer  was used to determine 
the plastic strength in the f i rs t  few hours after mix- 
ing, the lever plas tometer  at later  points in the set-  
ting process  (from 4-6  to 14 hr  after mixing). 

The cone plastometer  was f i rs t  used to investigate 
structure formation in cement pastes and grouts by 
Kalmykova and Mikhailov. Agranat and Volarovich 
have given a theoretical  basis for the use of this in- 
strument specifically for coagulation s t ructures ,  but 
with some approximation it can also be applied to co-  
agulation-crystal l izat ion s t ructures ,  as in the setting 
of cement. 
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F i g .  3. P las tograms  of cement paste (portland cement). 
Dependence of Pro, N �9 cm -2, on v, hr: 1) cement paste 
W/C = 0.48; 2) the same,  after  turbulent activation for 

for  3500 see . m -3. 
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The p r o c e s s  of s t r u c t u r e  f o r m a t i o n  in cemen t  
p a s t e s  and g rou t s  m a y  be  d iv ided  into two p a r t s :  the 
f i r s t  is  c h a r a c t e r i z e d  by the f o r m a t i o n  of a p r e d o m i -  
nant ly  coagu la t ion  s t r u c t u r e  with t h i x o t r o p i c - r e v e r s i -  
b le  p r o p e r t i e s ;  the second  is  a p e r i o d  of ha rden ing  
c h a r a c t e r i z e d  by  the p r e d o m i n a n c e  of a c r y s t a l l i z a -  
t i o n - c o a g u l a t i o n  s t r u c t u r e  with the  p r o p e r t i e s  of an 
e l a s t i c - b r i t t l e  body.  
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Fig.  4. R h e o g r a m s  f o r  c e m e n t  p a s t e  (por t l and  cement ) .  
Dependence  of e,  see  -x, on P ,  N .  ore-2: 1) W/C = 0 . 3 9 ,  
without  ac t iva t ion ;  1 ')  the  s a m e ,  a f t e r  t u rbu l en t  a c t i v a -  
t ion  a t  5000 s e c .  m-3;  2) W/C = 0 . 3 5 ,  without  ac t i va t i on  
and with add i t ion  of  2% p l a s t i c i z e r ;  2 ' )  the  s a m e ,  a f t e r  

t u rbu l en t  a c t i va t i on  a t  5000 sec  �9 m -3. 

Ka lmykova  and Mikha i lov  have  i n v e s t i g a t e d  the  i n -  
f luence  of v i b r o - a e t i v a t i o n  on the s t r u c t u r e - f o r m a t i o n  
p r o c e s s  in c e m e n t  p a s t e s  and g rou t .  T h e i r  r e s e a r c h e s  
show tha t  fo r  v e r y  s t i f f  s y s t e m s  with  s m a l l  Tk, v i b r o -  
p r o c e s s i n g  i n c r e a s e s  rk ,  whi le  fo r  s y s t e m s  with l a r g e  
Tk, v i b r o - m i x i n g  d e c r e a s e s  it.  In a l l  c a s e s  v i b r o -  
p r o c e s s i n g  i n c r e a s e d  the  r a t e  of  s t r u c t u r e  f o r m a t i o n  
in the  ha rden ing  pe r i od .  

The  i nves t i ga t i on  of  the  p r o c e s s e s  of  s t r u c t u r e  f o r -  
m a t i o n  in c e m e n t  p a s t e s  and g r o u t s  s u b j e c t e d  to t u r b u -  
len t  and v i b r o - t u r b u l e n t  a c t i v a t i o n  r e v e a l s  a p i c t u r e  
s i m i l a r  to tha t  ob ta ined  fo r  v i b r o - a c t i v a t i o n .  

I t  can  be s e e n  f r o m  Fig .  3 tha t  i m m e d i a t e l y  a f t e r  
a c t i va t i on  the  p l a s t i c  s t r e n g t h  of a c t i v a t e d  c e m e n t  p a s t e  
i s  l o w e r  than  tha t  of  a p a s t e  not  s u b j e c t e d  to  ac t iva t ion .  
Th is  c o n f i r m s  the  r e s u l t s  of the  i n v e s t i g a t i o n s  of  the  
inf luence  of  t u r b u l e n t  and v i b r o - t u r b u l e n t  a c t i va t i on  
on v i s c o s i t y  us ing  the V o l a r o v i c h  v i s c o m e t e r .  

The p l a s t o m e t e r  i n v e s t i g a t i o n s  showed tha t  in  the 
i n t e r v a l  4 - 6  h r  a f t e r  p r e p a r a t i o n ,  in the  p e r i o d  of 
s t r u c t u r e  f o r m a t i o n ,  the  a c t i v a t e d  m i x t u r e s  r e t a i n  
l e s s  s t r u c t u r a l  s t r e n g t h  than the  c o n t r o l s .  The d e -  
l a y e d  th i cken ing  of  the  a c t i v a t e d  m i x t u r e s  c r e a t e s  f a -  
v o r a b l e  handl ing  cond i t ions  w h e r e  a long p e r i o d  m u s t  
e l a p s e  b e t w e e n  p r e p a r a t i o n  and use .  

In  the  h a r d e n i n g  p e r i o d  the  g rowth  of  the  p l a s t i c  
s t r e n g t h  of the  c r y s t a l l i z a t i o n - c o a g u l a t i o n  s t r u c t u r e  of 
the  a c t i v a t e d  m i x t u r e s  i s  m o r e  in tense .  Th i s  i s  a l s o  
f a v o r a b l e ,  s i n c e  m o r e  i n t e n s e  s t r u c t u r e  f o r m a t i o n  

l e a d s  to a c c e l e r a t e d  s t r eng then ing  of the  c r y s t a l l i z a -  
t ion compounds .  As  a r e s u l t  of ac t iva t ion  the va lue  of 
T k i s  r e d u c e d  by 3 0 - 4 5  rain.  

The change of va lues  of P m ( c r i t ) ,  ~'k, and c~ as  a 
r e s u l t  of ac t iva t ion  fo r  the v a r i o u s  c o m p o s i t i o n s  is  
shown in Tab le  2. 

Tu rbu len t  and v i b r o - t u r b u l e n t  p r o c e s s i n g  m a y  be  
s u c c e s s f u l l y  r e p l a c e d  by  the use  of p l a s t i c i z i n g  and 
s t a b i l i z i n g  add i t ives .  Howeve r ,  a c c o r d i n g  to the  t he -  
o r i e s  of p h y s i c o - c h e m i c a l  m e c h a n i c s ,  the  b e s t  r e s u l t s  
m a y  be obta ined  by a combina t ion  of  p h y s i c o - c h e m i c a l  
and m e c h a n i c a l  a c t i va t i on  p r o c e s s e s .  

When add i t ives  and m e c h a n i c a l  p r o c e s s i n g  a r e  c o m -  
b ined ,  the  p r o p e r t i e s  of the  a c t i v a t e d  m a t e r i a l  can  be 
i m p r o v e d  to a g r e a t e r  ex tent  than  when one of t he se  
m e a n s  is  employed  a lone.  

T e s t s  w e r e  conduc ted  to d e t e r m i n e  the  inf luence of 
t u rbu l en t  and v i b r o - t u r b u l e n t  ac t iva t ion  of c emen t  
p a s t e s  and g r o u t s  wi th  the  add i t ion  of su l f i t e  l i q u o r -  
d i s t i l l e r ' s  g r a i n s  as  p l a s t i c i z e r .  The  t e s t s  showed 
tha t  ac t iva t ion  of such m i x e s ,  and a l so  of  m i x e s  wi th -  
out add i t ive ,  c a u s e d  an i n c r e a s e  in m o b i l i t y ,  and d e -  
c r e a s e d  s e p a r a t i o n  of w a t e r  and s t r a t i f i c a t i o n .  Be fo re  
ac t i va t i on ,  the  r h e o g r a m s  of the  two m i x e s  in F ig .  4 
a r e  v e r y  c lose .  The p e n e t r a t i o n  of the  S t r o i T s N I L  cone 
i s  i den t i ca l - -13  cm.  Ac t iva t i on  c a u s e d  an  a p p r e c i a b l e  
l ower ing  of v i s c o s i t y ,  both  of the c e m e n t  p a s t e  without  
add i t ive  and of the  p a s t e  wi th  add i t ive .  The  r h e o g r a m s  
a f t e r  a c t i va t i on  a l m o s t  run  t oge the r .  The cone p e n e t r a -  
t ion  is  the  s a m e - - 1 3 . 5  cm.  I t  m a y  be  conc luded  tha t  
the  extent  to which  v i s c o s i t y  i s  d i m i n i s h e d  as  a r e s u l t  
of t u rbu len t  a c t i va t i on  does  not  depend on the p r e s e n c e  
of addi t ive .  

Tu rbu l en t  and v i b r o - t u r b u l e n t  a c t i va t i on  c a u s e s  the  
a d d i t i v e s  i n t r o d u c e d  to be  d i s t r i b u t e d  e x t r e m e l y  un i -  
f o r m l y .  Th is  i s  p a r t i c u l a r l y  i m p o r t a n t  in r e l a t i o n  to 
the  p o s s i b l e  u s e  of p o w d e r  add i t i ve s .  T e s t s  w e r e  con -  
duc ted  on the t u r b u l e n t  and v i b r o - t u r b u l e n t  a c t i va t i on  
of  c e m e n t  p a s t e  and c e m e n t - s a n d  so lu t ions  wi th  an 
a l u m i n u m  powder  add i t ive .  In  a l l  the  t e s t s  ac t i va t i on  
l e d  to l o w e r  va lue s  of the  r h e o l o g i c a l  c ons t an t s .  

NOTATION 

n) number cf revolutions of viscometer cylinder; a) a coefficient 
depending on the dimensions of the viscometer cylinders; ~ = dv/dh ) 
velocity gradient; P) shear stress; 7) viscosity; Pk2) limit shear stress; 
~n) plastic viscosity; ~m) viscosity corresponding to maximum strue- 
tuzal breakdown; P~) shear stress corresponding to transition from prac- 
tically undestroyed to destroyed structure; P~n) shear stress correspond- 
ing to transition from destroyed to maximally destroyed structure; Pm) 
ptastic strength; r) duration of structure formation; rk) duration of 
structure formation period; Pm(erit) ) plastic strength of structure, in- 
directly characterizing the viscosity of the cement paste at the end of 
this period; c~) rate of structure formation process in the hardening 
period, expressed as the increment of plastic strength in unk time; 
C) weight of cement; W) weight of water; S) weight of sand; T) ac- 
tivation time. 

10 N o v e m b e r  1964 In s t i t u t e  of O r g a n i z a t i o n ,  M e -  
c h a n i z a t i o n ,  a n d  T e c h n i c a l  A s -  
s i s t a n c e  fo r  the  Bui ld ing  Indus -  
t r y ,  Moscow 


