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1 INTRODUCTION 

1.1 Current grouting practice 
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Problems

How to perform 
in-line 

measurements 
of  cement grout

How to estimate 
the shear rate 

and how to use it 
for grouting 

design

How to 
determine the 

yield stress as a 
grouting design 

parameter 
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1.2 Previous studies 
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1.3 Objectives 
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1.4 Organization of the report 
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Paper V:
In: Proceeding of ISRM International 
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2 BACKGROUND 

2.1 Introduction 

2.2 Rheology of cement grouts 
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2.3 Measurement techniques 
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2.4 Ultrasound Velocity Profiling (UVP)  
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2.5 Flow of Bingham fluids 
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3 MATERIALS AND METHODOLOGY 

3.1 Materials 

3.2 Experimental flow loop 
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3.3 UVP+PD instrumentation 
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3.4 Conventional off-line rheometry 
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Vane test performed at constant shear rate 
 

Stress ramp test 
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Creep test 
 

Stress relaxation test 
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4 RESULTS AND DISCUSSION 

4.1 In-line measurement of the rheological properties of cement grout (Paper 
I) 
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4.2 Change in the rheological properties of cement grout with concentration 
and time (Paper II) 
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4.3 Grout pump characteristics (Paper V) 
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4.4 Measurement of yield stress of cement grout (Paper III) 

 

-0,01125 -0,008 -0,005 -0,002 0 0,002 0,005 0,008 0,01125
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Radial distance , m

V
el

oc
ity

, m
/s



BeFo Report 152 



BeFo Report 152 

0

2

4

6

8

10

12

14

16

18

0 5 10 15 20 25 30

Sh
ea

r s
tr

es
s,

 P
a

Time, s

step 1-5min step2-10min step3-15min step4-20min step5-25mn

step6-30min step7-35min step8-40min step9-45min step10-50min



BeFo Report 152 

 



BeFo Report 152 



BeFo Report 152 



BeFo Report 152 

 

0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6

0

0,5

1

1,5

2

0 5 10 15 20

n,
 k

Yi
el

d 
st

re
ss

 (p
a)

Flow rate, l/min

Yield stress n k



BeFo Report 152 



BeFo Report 152 

2

3

4

5

6

7

8

9

10

0,001 0,01 0,1 1 10 100

sh
ea

r s
tr

es
s,

 P
a

shear rate, s-1

w/c 0.7-10min CSR w/c 0.7-10 min CSS
w/c 0.7 10 min down CSR w/c 0.7 10 min down CSS

0
1
2
3
4
5
6
7
8
9

0,1 1 10 100

Sh
ea

r s
tr

es
s,

 P
a

Shear rate, s-1

3 L/min 8 L/min 10l/min 15 l/min



BeFo Report 152 

 



BeFo Report 152 

0

1

2

3

4

5

6

7

0,01 0,1 1 10 100 1000

Yi
el

d 
st

re
ss

, p
a

shear rate, s-1

stress ramp 5min stress ramp 15 min

stress ramp 25 min stress ramp 35 min

in-line test stress relaxation 30 rpm

stress relaxation 200 rpm vane method 5 min

vane moethod 10 min stress relaxation 100 rpm



BeFo Report 152 

 



BeFo Report 152 

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0 0,005 0,01

Ve
lo

ci
ty

, m
/s

radial position, ,m

2.8 L/min 7.9 L/min 10.2 L/min

0
0,5

1
1,5

2
2,5

3
3,5

4
4,5

5

0 5 10 15 20 25

R0
(m

m
) 

Flow rate, l/min

R0, w/c 0.7 R0, w/c 0.6 R0, w/c 1.0



BeFo Report 152 

4.5 Estimation of shear rate, velocity and plug thickness of cement grout 
(Paper IV) 

DI Dt

NB

D

D

dI
dt DI

Dt D

D

dI
dt

D

D

dI
dt

Dt

0

50

100

150

200

250

300

350

400

0

500

1000

1500

2000

2500

0 5 10 15 20 25

W
al

l s
he

ar
 ra

te
, s

-1

R0
(m

m
)

Flow rate, l/min

DP/L, w/c 0.7 DP/L, w/c 0.6
DP/L, w/c 1.0 wall shear rate, w/c 0.7
wall shear rate, w/c 0.6 wall shear rate,w/c1.0



BeFo Report 152 

2

2 3

2 2

2

3 2
1 2( ) ( ) 2( ) (6)

2( ) 2( ) 22
( ) 4( )

D D

D D D D D

D D D D D

D D

t t
dI t t t t
dt t t t t

t t

 

b

0 24000t

10maxI 0.25DI

t
t t



BeFo Report 152 

 

NB

D

D

dI
dt DI

NB

NB NB

0

0,2

0,4

0,6

0,8

1

0,0001 0,001 0,01 0,1 1 10 100 1000

Id

Td

pipe, Gustafsson and Claesson 2005 channel, Gustafsson and Claesson 2005

radial, Gustafsson and Stille 2005 radial, El Tani,2013

channel, numerical radial, numerical



BeFo Report 152 

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0,01 0,1 1 10 100 1000 10000 100000 1000000

Id

Bn

pipe channel radial
channel,numerical radial, numerical

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Id

Relative plug thickness, 

pipe channel radial

radial,numerical channel numerical



BeFo Report 152 

0

B

 

DI
t

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0,001 0,01 0,1 1 10 100 1000

Id

Dimensionless shear rate

pipe channel
radial channel numerical
radial numerical



BeFo Report 152 



BeFo Report 152 

5  CONCLUSIONS AND FUTURE OUTLOOK 

5.1 Conclusions 

 



BeFo Report 152 

 

 

 

 

 

 

 

 



BeFo Report 152 

 

 

5.2 Recommendations for future works 
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