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ABSTRACT 

The paper d e a l s  with t h e  main p r o p e r t i e s  of Ammonium Lignin used a s  a  
chemical grout ing ma te r i a l  and i t s  in - s i tu  c h a r a c t e r i s t i c s  with t h e  
he lp  of case  s t u d i e s .  Ammonium Lignin c o n s i s t s  of four  main components, 
Eignin sulphanate  a s  a main agent ,  r e in fo rced  with Ureaformaldehyde 
polymer, Ammonium N i t r a t e  a s  a  high s t r eng th  g e l l i n g  agent and 
phosphoric ac id  a s  an a c c e l e r a t o r .  The main f e a t u r e s  of t h i s  grout  a r e  
low v i s c o s i t y ,  wide p e n e t r a b i l i t y  and a  wide range of designed g e l l i n g  
time, h igh g e l l i n g  s t r eng th ,  h igh cohesive  s t r e n g t h  and s t a b i l i t y  over 
a  range of f i e l d  condi t ions .  F i e l d  t r i a l s  have proved t h a t  Ammonium 
Lignin i s  a  v e r s a t i l e  chemical g rou t ,  non-toxic i n  na tu re ,  cheap i n  
o v e r a l l  c o s t  and has  a  wide range of f i e l d  app l i ca t ions .  

INTRODUCTION 

Ammonium Lignin i s  a chemical grout ing ma te r i a l  which i s  composed of 
f o u r  main components, s u l p h i t e  cel . lu lose  l i q u o r  a s  a main base ,  
Ureafonaaldehyde a s  a  r e in fo rc ing  agent ,  Ammonium N i t r a t e  a s  a g e l l i n g  
agent t o  improve s t r eng th  and Phospheric Acid a s  an a c c e l e r a t o r .  
Development of t h e  grout  was followed by seve ra l  l a r g e  s c a l e  f i e l d  
t r i a l s .  Main a p p l i c a t i o n s  of t h e  grout  a r e  i n  c o n t r o l l i n g  t h e  inflow 
of ground water t o  mining excavat ions  and i n  improving t h e  s t r eng th  of 
rock mass 

CHEMICAL COMPOSITION AND PROPERTIES OF LIGNIN GROUT 

Grout composition and g e l l i n g  r e a c t i o n s  :- The chemical composition of 
l i g n i n  ammonium grout  i s  presented i n  Table 1 .  The main a c t i v e  
component i n  t h e  s u l p h i t e  c e l l u l o s e  l i q u o r  is  Lignin Sulphonate with 
very complex chemical s t r u c t u r a l  formula, of which b a s i c  general  
s t r u c t u r e  i s  shown i n  Figure 1 .  

The groups of s i d e  chain  of propylphenylalkyl f a t  a r e  s t i l l  unknown a t  
p resen t ,  b u t  hydroxy, methoxy and sulfopropanyl connected t o  benzene 
r i n g  have a c t i v a t i n g  e f f e c t  on t h e  r i n g  which a l lows it t o  c r e a t e  
i n t e r n a l  polymerization and t ake  condensation reac t ion  with o t h e r  
compounds. A s  i s  a we l l  known f a c t ,  t h e  condensation reac t ion  between 
law m l e c u l a r  ureaformaldehyde polymer and l i g n i n  sulphonate by t h e  



a c t i o n  of such a c i d  ox id iz ing  agent a s  amonium n i t r a t e  r e s u l t s  i n  the 
formation of ammonium l i g n i n  g e l l s .  

Table 1 .  Basic Components of Armnonium Lignin Grout 

I 
-- 

Descr ipt ion Proper t i e s  18e ! 
I -- r 

Sulph i t e  
c e l l u l o s e  l i q u o r  

Black viscous  l i q u o r  o r  brown powder, Main agent  
weakly a c i d i c  I 

i 
Ureaf ormaldehyde 
polymer 

I s e t t i n g  
e t c .  a c c e l e r a r  -- 1- 

Transparent or  s l i g h t l y  whi te  water  1 Reinforcing 
s o l u t i o n  I agent  

Ammonium n i t r a t e  

During t h e  g e l l i n g  r e a c t i o n  t h e r e  appear hydrophobici ty ,  temperature r i s e  
and co lour  change. Shor t ly  a f t e r  t h e  mixing of t h e  two s o l u t i o n s  
prepared,  the  r e a c t i o n  system does change from hydroph i l i c  t o  hydro- 
phobic. A t  t h i s  s t age  a  hydr0phobi.e f i l m  forms on the i n t e r f a c e  between 
grout  and water ,  p r o t e c t i n g  t h e  grout  from being d i l u t e d  by water ,  b u t  
a t  t h e  same time keeping t h e  grout  v i s c o s i t y  a s  low a s  t h e  o r i g i n a l .  
This provides  a good g r o u t a b i l i t y  a t  a  g rou t ing  p ressu re .  

White c r y s t a l s ,  e a s i l y  so lub le  i n  water ,  Ge l l ing  1 
a c i d i c  1 agent  I 

Figure  1 .  Basic u n i t  s t r u c t u r a l  E o m l a  of I l i g r ~ i . ~  
calcium sulphonate 

Af te r  t h e  appearance of hydrophobici ty ,  t h e  temperacure i n  t:ac r e a c t i o n  
system gradual ly  r i s e s  t o  about 40°C.  This i s  followed by a  c ~ l o u r  
change t o  l i g h t  yellow and then a  r ap id  r i s e  i n  v i s c o s i t y  t o  form 
g e l l s .  Viscosi ty  v a r i a t i o n  dur ing g e l l i n g  i s  shown i n  Figure  2 .  

The hydrophobicity and t h e  v i s c o s i t y  mutation dur ing g e l l i n g  a r e  
favourable  t o  t h e  con t ro l  of grout  spread range. 

Main p r o p e r t i e s  of t h e  g rou t s  :- For s e a l i n g  of mine water and rock 
re inforcement ,  grout  g e l l i n g  time, adhesive  s t r e n g t h  and s t a t ~ d l i t y  a re  
the  most i-mpor-tan& p r o p e r t i e s  as desc r ibed  below. 



Gel1 irlg t ime :- I t s  main i n f l u e n c i n g  f a c t o r s  a r e  q u a n t i t y  of ammonium 
n i t r a t e  a g e n t )  used ,  q u a n t i t y  of s e t t i n g  a c c e l e r a t o r  u sed ,  
g rou t  c o n c e n t r a t i o n  and tempera ture .  The i r  l a b o r a t o r y  measurements a r e  
a s  d e p i c t e d  i n  F igu re  2  (b) through 6 .  

Fi-gure 2 ( a )  V i scos i t y  cu rve  i n  t h e  g e l l i n g  p roces s  of l i g n i n  
ai1unonium:grout c o n c e n t r a t i o n  50%; g e l l i n g  agen t  
doszge  8Z ;  r e a c t i o n  tempera ture  20'6. 

( b )  E f f e c t  of amrnonil~m n i t r a t e  used  on g e l l i n g  t ime: 
1 .  2 " C ~ / r n i x .  x n t i o  1, 2 .  20.5"C/mix. r a t i o  2 ,  
'5. 18.5"C/mix. r a t i o  3 ,  4 .  18.5°C/mix. r a t i o  4 .  

k'igure 3 (a )  EEf ec t  of i no rgan i c  a c i d  used  on g e l l i n g  t ime: 
1 .  hydrochl .  ac id  a t  18.5'C, 2 .  phos.  acid/24'C, 
I:. piios. acid;2C°C. 

CU fz t fec t  of g r o u t  c o n c e n t r a t i o n  on g e l l i n g  t ime: 
". 2QQC/mrx. r a t i o  1, 2 .  2I0C/mix. r a t i o  2. 



1 $eU* t h e  ( 6 . 1  

Figu re  4 ( a )  E f f e c t  of tempera ture  on g e l l i n g  t ime: g rou t  concen t r a t i on  
50%; g e l l i n g  agen t  dosage 8%. 

:b) E f f e c t  of ammonium n i t r a t e  dosage on compressive s t r e n g t h :  
g rou t  concen t r a t i on  45%. 

It fo l l ows  from t h e  above t h a t  t h e  g e l l i n g  t ime f o r  l i g n i n  ammonium 
g r o u t  i s  a d j u s t a b l e  from a  few seconds t o  s e v e r a l  hou r s ,  t hus  capab le  
of meeting t h e  needs of v a r i o u s  g rou t ing  o p e r a t i o n s .  

G e l l i n g  s t r e n g t h  and s t a b i l i t y  

The u n i a x i a l  compressive s t r e n g t h  a t  3-days c u r i n g  t ime was measured on 
7.07 cm cub ic  sand-consol ida ted  samples,  under  co r l t r o l l ed  l a b o r a t o r y  
c o n d i t i o n s .  The main f a c t o r s  i n f luenc ing  i t s  compressive s t r e n g t h  a r e  
t h e  ammonium n i t r a t e  c o n t e n t s ,  g rou t  c o n c e n t r a t i o n  and s e t t i n g  
a c c e l e r a t o r  dosage,  s e e  F igu re  4 (b )  through 5 .  

@ 

- c m t P a t t k  
Figu re  5 ( a )  E f f e c t  of g r o u t  con 

1 .  mixture  r a t i o  1 ,  

a c d  
c e n t r a t l o n  on compressive s t r e n g t h :  

2 .  m ix tu re  r a t i o  2 .  

E f f e c t  of s e t t i n g  a c c e l e r a t o r s  on compressive s t r e n g t h :  
1 phosphoric a c i d ,  2 .  hyd roch lo r i c  a c i d .  



It can be seen from t h e  above f i g u r e s  t h a t  s e l e c t i o n  of mixture  r a t i o s  
with a s t r e n g t h  ranging from 1.0 t o  12.0 MPa can be c a r r i e d  out  in  
accordance t o  engineer ing requirements.  For conso l ida t ion  grout ing,  
t h e  s t rengthened rock mass,must possess  good s t a b i l i t y .  So a long-term 
cur ing  t e s t  was conducted on t h e  samples from t h e  r e in fo rced  sand and 
t h e  t e s t  r e s u l t s  a r e  l i s t e d  i n  Table 2. 

Table 2. Long term s t r eng th  of t h e  grout  under c o n t r o l l e d  
environmental cond i t ions  

S e r i a l  No. Curing Conds. 

1 Neutra l  water 
21 O c  

4 a i r  c u r .  1 8 . 5 " C  

5  
5 %  NaOH s o l .  

Curing Per iod I Compr. S t r .  ( m a )  

air cur ing  3  days 
n e u t r a l  water 1 mth. 
cu r ing  

2  mths. 
3  mths. 
6  mths. 
9 mths. 
1 yea r  

a c i d  s o l .  c u r .  1 mth. 
2  mths. 
3  mths. 
6  mths. 
9  mths. 
1 yea r  

a i r c u r i n g  3 d a y s  
s a l t  s o l .  c u r .  1 mth. 

2 mths. 
3  mths. 
6  mths. 
9  mths. 
1 year  

a i r  cu r ing  3  days 
1 mth. 
2 mths. 
3 mths. 
6  mths. 
9 mths. 
1 yea r  

I 

a i r c u r i n g  3 d a y s i  7.35 
a l k a l i  s o l  .cur .  1 mth. ' 9 . 6 3  

2 mths. 8 .74  
3 mths. 8.14 
6 mths. 6.81  
9 mths. 6.26  
1 year  6.51  

Remarks: 1 .  The mixed g rou t s  have a concentra t ion of 45% t o  50% with  
8% ammonium n i t r a t e ;  2 .  S u l f i t e  c e l l u l o s e  l i q u o r  wi th  a 
concentra t ion of 45% i s  obta ined from a chemical f i b e r  
p l a n t .  



The t a b l e  demonstrates t h a t  t h e  Armnonium Lignin  r e in fo rced  sands a r e  
very  s t a b l e  and co r ros ion  r e s i s t a n t  i n  a c i d ,  a l k a l i n e  and s a l t y  
environment. Thus, Aiunonium Lignin  i s  s u i t a b l e  f o r  g r o u t ,  f o r  
c o n t r o l l i n g  mine water inf low and r e i n f o r c i n g  rock mass under complex 
hydrogeological  cond i t ions .  

From t h e  above-mentioned main p r o p e r t i e s ,  it i s  apparent  t h a t  
Ammonium Lignin  performs e f f i c i e n t l y  a s  a  chemical g rou t ing  m a t e r i a l .  
I t s  main components a r e  from wastes.  The s t r eng then ing  and g e l l i n g  
agen t s  a r e  b a s i c  products  i n  t h e  chemical i ndus t ry .  They a r e  e a s i l y  
a v a i l a b l e ,  cheap, and con ta in  non-toxic chemicals .  Therefore,  they 
a r e  a m e n a b l e  t o  a  wide range of f i e l d  a p p l i c a t i o n s .  

CASE HISTORIES ILLUSTRATING FIELD APPLICATIONS 

Since  t h e  development of Ammonium Lignin g rou t ing  m a t e r i a l ,  it has  been 
used i n  many c a s e s ,  a l l  wi th  expected r e s u l t s .  The fol lowing f o u r  
t y p i c a l  c a s e  h i s t o r i e s  i l l u s t r a t e  a  range f i e l d  a p p l i c a t i o n .  

1 .  Control  of water  inf low by g rou t ing  i n  f i n e l y  f i s s u r e d  rock and 
f r a c t u r e d  conc re t e  wa l l  

The s l u i c e  g a t e  i n  t h e  south main haulageway No. 5 ,  Qiaotouhe c o a l  mine 
Hunan province ,  was b u i l t  a g a i n s t  heavy water  i n rush  (max. 1100 l l h r )  . 
Because of poor conc re t e  l i n i n g ,  f r a c t u r e s  appeared i-n the  a rch  and the  
surrounding s t r a t a ,  causing a  s u b s t a n t i a l  water  inf low when water-gate 
i s  c losed .  The Ammonium Lignin g rou t ing  was used t o  c o n t r o l  water 
inf low.  The composition of t h e  g rou t  were a s  fo l lows : 

Grout A Su lph i t e  c e l l u l o s e  l i q u o r  + s t r eng then ing  agent  = 110 kg 

Grout B Su lph i t e  c e l l u l o s e  l i q u o r  60 kg, amoniurn n i t r a t e  16 kg, 
2 kg, water  30 kg. 

' f ie  g rou t  concen t ra t ion  was 45%, g e l l i n g  time 6 2  sec .  The grout  A and 
B had s i m i l a r  v i s c o s i t y  and volumes, and a two-stage g rou t ing  procedure 
was adopted. 

Af t e r  g rou t ing ,  an observat ion was made over a  pe r iod  of h a l f  a  month. 
I t  was found t h a t  both grouted s e c t i o n s  had no leakage when t h e  s l u i c e  
g a t e  was c losed  and the  haulage d r i f t  was E i l l e d  u p  wi th  water a t  a  
p re s su re  of 0.4 MPa. This  proves t h a t  Ammonium Lignin g rou t  is  
s u i t a b l e  f o r  s e a l i n g  f a s t  inflow of water through rock f i s s u r e s .  

2 .  Grouting f o r  water  s e a l i n g  and consol i d a t  ion of Quaternary running 
sand 

The main s h a f t  a t  Ba ta i  i r o n  mine, Henan province ,  i n t e r s e c t s  a water- 
bear ing sand s t r a tum a t  a  depth from 41.60 t o  49 m .  khen t h e  s h a f t  was 
sunk through 3 . 2  m of water bea r ing  s t r a t a ,  a water inf low st a r a t e  s f  
108 m3lhr (max. 150 m3/hr) f looded ? L a  s h a f t .  

For  s e l e c t i n g  g rou t ing  parameters f o r  chemLcnl g rou t ing  des ign ,  a 
s imula t ion  p i t  t e s t  was c a r r i e d  ou t  on che basis  nf  t h e  actual  hydro- 
geo log ica l  cond i t ions  in  t h e  min shaf i 



Simula t ion  p i t  s t r u c t u r e  and g r o u t i n g  system : As shown i n  F igu re  6 ,  
t h e  p i t  was s imula ted  a  120" segment w i th  4.5  m i n n e r  d iameter  and 
10.5 m  o u t e r  d iameter .  Grouting h o l e s  were ar ranged a t  t h e  pe r iphe ry  
of 8.5 m d iameter ,  among them, h o l e s  No. 1-4 were g rou t ed  w i th  
Ammonium L ign in  g r o u t ,  wh i l e  h o l e s  No. 1-3 were i n t e r connec t ed ,  forming 
a conso l ida t ed  zone; h o l e  No. 4 was a  s i n g l e  one;  Holes No. 5'8 were 
g rou t ed  w i th  chromium l i g n i n  g rou t  (omi t ted  h e r e i n ) .  

Observat ions  on g rou t ing  e f f e c t  : A l l  t h e  h o l e s  were downward grouted  
s e c t i o n  by s e c t i o n  and a  t o t a l  of 3700 l i t r e  of g rou t  was i n j e c t e d  i n t o  
f o u r  h o l e s .  A f t e r  g rou t ing ,  excava t ion  went down g r a d u a l l y  and t h e  
excavat ion  r e s u l t s  were a s  fo l l ows  :- 

(a)  The conso l ida t ed  rock  mass i n  h o l e s  No. 1-3 were i n t e r connec t ed  t o  
form an  i n t e g r a l  c u r t a i n ;  

(b) Between t h e  s e c t i o n s  i n  h o l e  No. 4 ,  t h e r e  e x i s t e d  good cementa t ion ,  
f  onning an i n t e g r a l  c y l i n d r i c a l  conso l ida t ed  rock mass. 

( c )  A h i g h e r  s t r e n g t h  of t h e  conso l ida t ed  samples of sand taken from 
d i f f e r e n t  s e c t i o n s  of each h o l e  a t  d i f f e r e n t  d i s t a n c e s  from t h e  h o l e  
c e n t e r  were prepared  i n t o  23 t e s t  cubes  and t h e i r  compressive s t r e n g t h  
was eva lua t ed  i n  t h e  l a b o r a t o r y .  The ob t a ined  r e s u l t s  were 1.5-1.9 MPa 
f o r  f o u r  cubes ,  2.0-2.9 MPa f o r  n i n e  cubes ,  3.0-4.0 MPa f o r  seven cubes ,  
and 4.1-4.3 MPa f o r  t h r e e  cubes ,  w i t h  an  average  of 2.75 MPa. 

F i g u r e  6 .  Simula t ion  p i t  s t r u c t u r e  and h o l e  p a t t e r n :  
1 .  s t i r r i n g  c o n t a i n e r ,  2. g rou t  t ank ,  
3 .  g r o u t i n g  s t a t i o n ,  4 .  s l u r r y  pump, 5.  mixer 

The p r a c t i c e  has proved t h a t  Ammonium L ign in  can be  used f o r  g r o u t i n g  
o p e r a t i o n s  of sand c o n t r o l  of wa te r  i n f low  and c o n s o l i d a t i o n  of f i n e  t o  
medium c o a r s e  sand s t r a t a ,  

3 .  Grout ing  f o r  leakage  c o n t r o l  and hole-wall  p r o t e c t i o n  i n  an  
e x p l o r a t i o n  mine 

Exp lo ra t i on  d r i l l i n g  In  complex s t r a t a  i s  o f t e n  accompanied by such 
probiems a s  l e akage  l o s s e s  of f l u s h i n g  f l u i d s  and l u b r i c a t i n g  s o l u t i o n s ,  



wal l  c o l l a p s e s  and water  f lood ing .  One of t h e  most d i f f i c u l t  problems t o  
dea l  wi th  i s  water s e n s i t i v e  rock s t r a t a ,  e .g .  carbonaceous s h a l e ,  which 
expands, powders and make t h e  h o l e  c o n t r a c t  du r ing  wet d r i l l i n g .  For 
t h i s  reason,  i t  i s  decided t o  use  Ammonium Lignin  g rou t  f o r  leakage 
c o n t r o l  and wa l l  p r o t e c t i o n .  Such g rou t ing  was c a r r i e d  ou t  7 t imes by 
t h e  Hunan Meta l lu rg ica l  Explora t ion Team No. 238, a l l  with t h e  
success fu l  r e s u l t s  (Table 4 ) .  

Table 3 .  Consol idat ion of running sand by Ammonium Lignin  

I 

Layer I Mate r i a l  1 Thnk. (m)l Accum. depth  (m) I Fea tu res  

( I )  I Clay 

( 2 )  1 Concrete 

(3) / Clay 

(4) 1 Fine  sand 

(5) ' Medium coa r se  sand 0.75 

( 6 )  j Medium coa r se  sand 0.75 

B a c k f i l l  compacted. 

B a c k f i l l  compacted 

15% f i n e  sand 

15% cobble  

Remarks : (a)  1-8 --- cased ho les  f o r  g rou t ing ;  
(b) cas ings  down t o  f i n e  sand, water  p ipe  t o  medium c o a r s e  sand. 

Table 4.  Grouting ope ra t ions  dur ing Mine Explora t ion 



It i s  i n t e r e s t i n g  t o  n o t e  t h a t  carbonaceous s h a l e ,  a s  g rou t ed  by Ammonium 
L ign in ,  n o t  only  pos se s se s  a  h i g h z r  s t r e n g t h  b u t  a l s o  n o t  crumble when 
cured  i n  wa te r  and a i r  f o r  a  long pe r iod .  

The fo l l owing  f i e l d  obse rva t i ons  on leakage  s e a l i n g  and wa l l  p r o t e c t i o n  
by Amnonium Lignin  g r o u t i n g  a r e  made :- 

( a )  Ammoriium L ign in  g rou t  h a s  a  good p e n e t r a b i l i t y ,  a  wide a d j u s t a b l e  
range  of s e t t i n g  t ime.  The g e l l e d  body has  a  c e r t a i n  s t r e n g t h  and h i g h e r  
s e a l i n g  e f f i c i e n c y  f o r  broken rock and f i n e l y - f i s s u r e d  ground. 

(b) Ammonium 1,ignin g r o u t  i s  hydrophobic bef o r e  g e l l i n g ,  t he r e f  o r e  it i s  
advantageous i n  n o t  be ing  d i l u t e d  by groundwater a s  g r o u t i n g  i s  c a r r i e d  
ou t  i n  t h e  bo reho le s  w i th  f lowing groundwater.  

( c )  Ammonium Lignin  g rou t  i s  cheap ( c o s t  of t h e  g rou t  f o r  wa l l  
p r o t e c t i o n  and leakage  s e a l i n g  about  YRMB 250 - 4 6 9 / t ) .  Bes ides ,  i t s  
i n g r e d i e n t s  a r e  widely a v a i l a b l e .  For example, s u l f i t e  c e l l u l o s e  l i q u o r  
i s  a  product  of comprehensive u t i l i z a t i o n ,  s u i t a b l e  f o r  t h i s  g r o u t i n g  
o p e r a t  ion .  

4 .  D r i f t i n g  by g r o u t i n g  through a  c o l l a p s e d  zone of h i g h l y  weathered 
G r a n i t e  :- 

The tunne l  560 i s  a  main haulageway of t h e  newly developed lowest  l e v e l  
of Shirenzhang tungs t en  mine, Guangton p rov ince ,  China.  According t o  
de s ign ,  i t  h a s  a  t o t a l  l e n g t h  of 2485 my 4 x 2.9 m n e t  c r o s s - s e c t i o n  
wi th  3-centered a r c h  h e i g h t  of 1.33 m and wa l l  h e i g h t  of 1.57 m. 
Within 100-1500 m range  n e a r  t h e  p o r t a l  i s  a l l  of weathered g r a n i t e .  
I n  A p r i l  1983, when t h e  t unne l  was d r i f t e d  34 my it c o l l a p s e d  through 
t o  t h e  ground s u r f a c e  due t o  con t inuous  cav ing  induced by wa te r  
e r o s i o n  (F igu re  11 ) .  The v e r t i c a l  d i s t a n c e  from t h e  t unne l  f l o o r  t o  
t h e  ground s u r f a c e  was 25 m and t h e  s u r f a c e  subs idence  a r e a  was 10 m 
long  x 8 m wide.  Po l ing  and cement g r o u t i n g  were used t o  t a c k l e  such a  
cave- in ,  b u t  i n  v a i n .  The re fo re ,  Ammonium Lignin  g r o u t i n g  was adopted  
a f t e r  s t udy .  

Es t ima t ion  of t h e  g rou t  q u a n t i t y  

Gran i t e  was weathered t o  f i n e  sand p a r t i c l e s  w i th  +30% of 0.5-0.6 rmn 
s i z e .  l'he p o r o s i t y  was t h u s  e s t ima ted  a t  approx.  20%. The r e q u i r e d  
g rou t  q u a n t i t y  was c a l c u l a t e d  under t h e  c o n d i t i o n s  t h a t  t h e  c o l l a p s e d  
s e c t i o n  t o  b e  t r e a t e d  was 2.5 m l ong ,  t h e  s t r eng then ing  s e m i c i r c l e  
a r c h  had a n  average  t h i cknes s  of 1 .5  m (F igu re  121, and g r o u t  f i l l  
f a c t o r  p l u s  g r o u t  l o s s  f a c t o r  was taken a s  1 .  So t h e  r e q u i r e d  g r o u t  
q u a n t i t y  c a n  b e  e s t ima ted  a s  t h e  fo l l owing .  

2  
t o t a l  g r o u t  = 

(4.42 - 2.9 ) x Ir x 2.5 x  0.2 
= 8.6 m 3 

2 

The g r o u t  s e l e c t e d  had a  50% c o n c e n t r a t i o n  and 8% Ammonium n i t r a t e .  I t s  
g e l l i n g  t ime was about  15 min. The compress ive  s t r e n g t h  of c o n s o l i d a t e d  
sand body was 9.0 - 13.0 MPa. The g r o u t  c o s t e d  YRMB 447.51t.  



Figure  7 ( a )  Caving l i n e  scheme : 1 .  ground s u r f a c e ;  
2 .  caving l i n e ,  3 .  branches and cogongrasses.  

(b) Strengthenirig a rch  scheme. 

Grouting system and method 

The g rou t ing  system was i l l u s t r a t e d  i n  Figure  8. A two s t a g e  g rou t ing  
system with mixing be fo re  pumping was used and t h e  ope ra t ion  included 
the fo l lowing s t e p s  : 

a.  Grouting pipe  i n s t a l l a t i o n  -+ p ipe  connection -+ t e s t  run 

b .  Grout p repa ra t ion  -+ g e l l i n g  time measurement 

c .  Mixing + pumping + f lu sh ing  

Figure 8. Grouting scheme : speed c o n t r o l l e r  f o r  DC motor; 
2. DC motor, '3, Gcar pump, 4. f l o ~ m e t e r ,  
5. manometer, 6 ,  r11Sber nose, 7 .  b a l l  1r?, ve, 
8. Piange, 9 .  p e r f o r a t e d  p i p e ,  19. bd l l  v,jlce, 
11 .  +way j o i n t ,  1 2 .  wire-reinforced rubber hose ,  
13.  vent pi-pe, I L .  mixer. 

Grouting holes were d r i l l e d  i n  accordancca . t j i th t h e  nattcrn in Figure 9. 
The hole depth depended on O-be specif  it: p q  vn.1 ecsnCitions, norx:iai i , ~ ,  

about 1.5-3.8 m. Grout q u a n t i t y  wiis  r a l c ~ ~ l a t c d  on t he  f rar;rs oI i j -4  m 



grout  spread r a d i u s .  It took t e n  ope ra t ing  s h i f t s  t o  d r i l l  and g rou t  t h e  
27 h o l e s ,  and 10 .122  ton of Ammonium Lignin  grout  was used f o r  t h e  
designed va lue .  

Figure  9 .  Grouting h o l e  p a t t e r n  

Grouting e f f e c t  observat ion :- 

Excavation s t a r t e d  t h r e e  days a f t e r  t h e  completion of g rou t ing .  A semi- 
cyc l i c -conso l ida ted  segment was v i s i b l e  a f t e r  breaking t h e  g rou t  
r e t a i n i n g  wa l l .  

The samples of g e l l e d  body were taken a t  d i f f e r e n t  depths ,  and processed 
i n t o  t e s t  cubes f o r  compression t e s t .  The t e s t  r e s u l t s  were summarised 
i n  Table 4 .  From t h e  t a b l e  it can be  seen t h a t  t he  lowest compressive 
s t r e n g t h  i s  2.38 MPa whi le  t h e  h i g h e s t  7.69 MPa. It fol lows t h a t  
Ammonium Lignin  g rou t ing  m a t e r i a l  has  a  h ighe r  g e l l i n g  s t r e n g t h  f o r  
water-bearing and running sands.  

Table 4 .  Compressi.on S t r eng th  of Consolidated Body 

----- 
3 

[No.-Size (cm ) I Comp. S t r .  ( M P ~ )  I Sampl ing Po in t  I 

G e r l e r a l l y  speaking, t h i s  was a  f a s t  and success fu l  g rou t ing  ope ra t ion ,  
which  could  save more time and money than "trench excavat ion"  o r  
"changing !:he rotite" . P r a c t i c e  has  proved t h a t  Ammonium Lignin  g rou t ing  
i s  very  e f f e c t i v e ,  s a f e  and r e l i a b l e  f o r  t h e  conso l ida t ion  of weathered 
granite sFrata. 

7.69 
4.16 
2.38 
2.38 

4.96 
2.40 
3.60 

2.56 
3 .OO 
3.63 

Within t h e  conso l ida ted  segment, 
0.5 - 1 m  away from t h e  g rou t ing  
p ipe  

Close t o  g rou t  r e t a i n i n g  wa l l  
wi th  one s i d e  i n  t i g h t  c o n t a c t  
wi th  the  wal l  

In  t h e  border  a r e a  of t h e  
coaso l ida ted  segment 



CONCLUSIQNS 

'Yo summarise t h e  fo r ego ing  Ammonium L ign in  g r o u t i n g  m a t e r i a l  h a s  t h e  
fo l l owing  p r o p e r t i e s  : 

(R)LOW v i s c o s i t y  ( i n i t i a l  v i s c o s i t y  of 3 - 5 c p )  and good g r o u t a b i l i t y ,  
s u i t a b l e  f o r  wa t e r - s ea l i ng  g r o u t i n g  t o  c o n s o l i d a t e  t h e  Quaternary  
running  sand l a y e r ,  weathered  g r a n i t e  and f i s s u r e d  s t r a t a .  

( b ) A d j u s t a b l e  g e l l i n g  t ime from a  few seconds  t o  s e v e r a l  h o u r s .  
Moreover, hyd rophob i c i t y  appea r s  s h o r t l y  a f t e r  t h e  mixing of two g r o u t s ,  
t hus  p r e v e n t i n g  t h e  g r o u t s  from i n t e r s o l v i n g  w i th  w a t e r .  This  w i l l  
promote t h e  mono l i t h i c  s p r e a d - r e s i s t a n c e  of g r o u t s  and c o n t r o l  t h e  
sp r ead  r ange .  

( c )  Higher g e l l i n g  s t r e n g t h  

'[lie in-room c o n s o l i d a t e d  sand ha s  a s t r e n g t h  a s  h igh  a s  12 .8  MPa. The 
s t r e n g t h  of s i l t  l a y e r  of  weathered g r a n i t e ,  c o n s o l i d a t e d  by i n - s i t e  
, : rout ing ,  may r each  7.69 MPa and t h a t  of t h e  weathered and broken  
c-nrbonaceous s h a l e  up t o  11.6 MPa. 

( d )  Good s t a b i l i t y  and endurance 

'I'he c o n s o l i d a t e d  sand body can w i th s t and  t h e  e r o s i o n  from so lu t i - ons  of 
5 Z  H2S04, 5% NaOH and 5% NaC1. 

(c ' )  The raw m a t e r i a l  o f  t h e  g r o u t  i s  ine:,pensive and e a s i l y  a v a i l a b l e ,  
< ~ n d  c o n t a i n s  non- toxic  chemica l s .  TLie g r o u t  i s  s imple  f o r  p r e p a r a t i o n  
; ~ n d  conven i en t  and economical  t o  u s e .  Theref o r e ,  Ammonium L ign in  
, : r o t ~ t i n g  m a t e r i a l  w i l l  f i n d  a  widespread  f i e l d  a p p l i c a t i o n .  

REFERENCE 

1 .  Long Yanquan, 1959, Paper  pu lp ,  Higher Educat ion  P u b l i s h i n g  House. 

2 .  Ynng Z i l i ,  1961, F i b e r  chemi s t ry ,  L igh t  I n d u s t r y  P u b l i s h i n g  House. 




