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ABSTRACT 

Shaft sinking in weak rock, especially in water-bearing 
sand strata, is very difficult, A new type of effective 
chemical grouting material has been applied for pregrou­
ting in shaft bottom in order to overcome problems of 
water and sand influx during the course of shaft sinkir.g. 
This method had been successfully used during the sinking 
of two vertical shafts at Fengnan Coal Mine in Hebei pro­
vince by consolidating a six-meter water-bearing sand 
strata, This paper stresses on the introduction of the 
characteristics of this new chemical grounting material 
and the injection technology at shaft bottom. 

l. FUROL CHE!i!CAL GROUTING MATERIAL 

1.1 The ingredients of this grouting material 

The essential ingredients of this grouting material were 
furol /A/ and solids /B/. Acid /C/ was used as catalyst 
and water /D/ as solvent adding also a small amount of 
other additives. 

During preparation, the ingredients /4/, /B/, /C/ and /D/ 
were mixed into two groupe, solution I and II, and were 
stored separately. These two solutions were carried down 
to the shaft bottom with two pipelines and injection took 
place after mixing. Condensation and polymerization oc­
cured in sand strata after injection forming a high poly­
mer consolidating the sand and providing the possibility 
for shaft sinking. 

1.2 Factors influencing the time of gelation 

The time of gelation is influenced by the following fac­
tors: consumption of acid /G/ - catalyst, temperature 
of grout, ratio of solution I and II /by volume/, and 
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A>.: ~;hown in r'ir;. l the ti1~.e or p:t>lc.tion wac EhorteneC. 
with tile ir.creaEil'l£. of acLi conn<:nntion. Aci·l con!Ou.nn­
tion should be control1 e" v:i thin 0, 3-l, 6 ,~ for oruinirry 
engineerine practice. · 

Ac shown in Fig. 2 reaction accelerated alone with in­
crea:•inc o:· ~err.peraturc when the te11perature of reactior. 
was belov1 22 C:. But abnorr:~al oheno:neng appeareo when the 
ternoerature of reaction wru> beyond 22 C. Therefore in 
practicg the te'-1perature of reaction shoulc not be hieher 
than 22 c. 
The influence of ratio of two solutions /by volume/ on 
time of celation~ is illustrated in Fi~. 3. This ratio 
was linear with the time of eelation. In practice this 
ratio was appropriate to control in about 1:1. 

Fie. 4 illustrates that time of eelation was sli€jhtly 
different with various molar ratio of /A/ and /B/. But 
the price of A was much hieher than B, therefore selec­
ting the ratio in the ra.'1€:e of 0,55:1.0- 0.72:1.0 waf" 
more appropriate. 

1.3 r'actors influencinr; the COnpreEciVe strength of eel 

The compressive e>trenght of eel waE sienificantly in­
fluenced by the following factors: acid consumption, 
molar ratio of essential ingredients /A:B/ and ratio or 
solution I an•l II /by volume/ etc. /see ne. 5, 6 1 7/. 

Peak value of compressive strenght appeared associatec 
with acid consumption of l. 5-2,5 ;'. Because :!l.cid was 
corrosive to equipment and concrete shaft lining the 
appropriate acid consur.~ption was l. 0-1,5 ~' considerinr; 
that it was satisfactory for time of gelation and com­
pressive strength in practice. 

Comprescive strength could be ranged to 80 kg/clli when 
A:B /molar ratio/ was 1:1 /~ee Fig. 6/. Considering the 
price of grout and requirement of.compressive strengtn 
in practice molar ratio was selected as 0.55:1 - 0.72:1 
associated with compressive streneth of 20-25 kg/cr.;. 

Fig. 7 illustrates that maximum compressive strength 
occurred when ratio of solution I an II /by volume/ was 
0.9:1.0 - 1.2:1.0. Compressive !ltrength waf' lower when 
the ratio was higher or lov1er than the above-mentioned. 
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1.4 Determination of acid rlinly~iR 

Acid as catalyst promoted chemical reaction. !iLtt 110 i_.1 
dialyzed under water pressure after e,elntion of fTOitt 
and was corrosive to shaft lininp;. Therefor" it wnf'. ne­
ct>ssary to measure acid dialyr:is ratio ru~d rt'lont nroce­
dure for prevention of corrosion. Fie;. 8 Rhov;;·. thAt mo~'t 
of the acid dialyzed alone with not too lonr: a r-.oakine 
time. After dialysis of acid, it wa!l nE'c<>ssnry to Rilort. 
appropriate procedure to neutrRlize it • 

• 
1.5 Basic properties of the grout 

Viscosity 
Specific gravity 
Capability of injection 

Compressive strength of 
consolidated sand 

Time of gelation 

Permeability 
coefficient of conso­
lidated sand 

1.06-1.09 cp. 
1.13-1.16 
0.01 r.1111 /F'linimum 

grain size/ 

10-80 ke/crl 
Rcores of s~conds -
some ten ~inutes 
/controJlR.ble/ 

-4 -5 I 10 - 10 em sec 

2. TECHNOLOGY OF INJECTION IN SHAFT BOTTOM 

The main shaft of Fengnan Coal Mine had been def'ip:necl to 
~>ink with water-submerged drop shaft through canrl RtratR., 
During drop shaft sinking, water and sand fl oode<l in 
many times. Deviation of shaft lining occured and e:ur­
face subsidence appeared. At last shaft sinkine had to be 
hung up. Decision was made to apply chemical injection. 
And with the application of chemical p,routinr, shaft sin­
king in water-bearing sand fltrata had been E>uccepsful. 

Technoloeical procedure: concrete mat was firPt con­
structed, then drilling of injection boreholes took place, 
after pri lling chemical materials "'erl" injec te<l, Grout 
injected into sand strata through dri l1 rods, :listrihutP<l, 
and consolidated sand after chemical reaction. The fea­
tures of the operation were: limited drilline work, 8pee<l;v 
injection process and satisfactory recult etc. 

2.1 Layout of boreholes and determination of inj~ction 
length 

Owing to the deviation of the drop l'<hsft lininr:, dis­
turbance of virgin rock strata, existance or pores A.nd 
inherent unconsolidation of sand stratA. clo~spacing 
boreholes were adopted. They were drilled in two con­
centric circles, Diameter of the inner circle wRf' 2.4 m, 
totally 20 boreholes were drilled with spacine: of 0.38 m • 
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Cementation treatment had been llf'l'u firEt in or''"r to l'tll 
up the pores, tiehten the sand and r-ave on cono1unption or 
chemical grouting materials. Diameter of the outer circle 
was 3.2 m. Totally 40 boreholef> were drilled witt! spacirv:: 
of 0.25 m. Furol chemical erout was injected tllrour,h these 
boreholes. The length of boreholes was 8.4 m /nee Fir;. '1/. 

The shaft had been sunk to a depth of 24.7 m before erou­
ting. The length of injection treatment waE> ue;·ir,ned as 
6 m, a zone beginning from the edee of the cuttil'lf: E>hoe 
of the drop shaft to a depth of 30.7 m, 0.3 minto clay 
strata. 

2.2 Injection pattern and material consumption 

Drilling of injection boreholes took place at Rhaft bottom 
with drilling machine and grouting materialr. were injec­
ted through drill rods, 

Duri~~ cementation treatment displacement injection waR 
applied, more sands were forced out in order to fill up 
pores in sand strata with cement grout and tighten up 
the sand to ensure that there would be no excessive loss 
of chemical grout into the shaft. 

In order to carry fUrol grout into sand strata evenly 
constant-volume injection pattern was adopted. Injection 
of stages carried on from top to bottom, and layers in 
stage inversely /see Fie. 10/. The six-meter injection 
length was divided into three stages /I, II & III/. The 
length of each stage was 2 meters. The injection proce­
dure for stages was the top stage first, then the second, 
and the third one at last, And the two-meter stage itself 
was divided into six layers with a heieht of 0.34 m each. 
The injection procedure of layers was from bottom to the 
top. After injection of each layer the drill rod wnP with­
drawn UJ11Vard at a height of 0.34 m nnti1 tile accomplif'h­
ment of injection for all six layers. 

The consumption of chemical grouting matPria1>' wn.s c·al­
culated by the diameter and thickness of thP r1iA phrBf',1Tl 
wall surrounding the shaft. In this case th~ thickn~ss of 
the diaphragm wall was 2.9 m calculatP.d by thick wallPd 
cylinder theory assuming the allowable compressive Ptrenr,th 
20 kg/crl and safety factor 2. The volume of sancl strat". 
should be consolidated by grouting material!' was 201.3 n. 
and the porosity of sand strata was 38 ~. Therefore the 
total volume of chemical grouting materialR neP.detl should 
be 85 m'. It was designed that the volume of chemical erou­
tillF, materials for each hole in staees I ant! II f'hould be 
600 1 and for staee III 800 1. According to the above­
mentioned the total amount for injection shou1rl he 00 r:i. 
In practice the total consumption of chemical grouting 
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;aterielE wa!" <-2 .2 L incluoiine groutill[: ::1eter.ials i'or 
sealinf of inspection borehoJes. The com,urnption of raw 
~.aterials wa£: /A/- 23.9 tons, /B/- 20.!3 tons, /C/- 2.G 
tons and other additives. 

2. 3 Two-solution injection routine operationF 

The routine operations of injection are showned as Fig.ll. 
The two solutions I and II were prepared separately accor­
ding to the design and then they were transferred into the 
neasurinc buckets 2 and 3. Using membrane pump solutioneo 
I and II were carrieC through two separate pipelines to the 
shaft bottom via air chamber 5, three-way cock 6, flow 
meter 7 and pressure meter 8. Then they were prepared intn 
a two-solution grout in mixer 10, transferred through one 
~ipeline, drill rod 11, borehole sealing 14, drill bit 17 
and then at last injected into sand strata. In sand strata 
the erouting materials diffused and distributed forming 
the fine sand into a gelled solid body 18. 

2.4 Excavation of the shaft and results on injection 

ProbinG of the inspection boreholes showed that there was 
nearly no water in the hole. Decision was made to con­
tinue shaft sinking. Before injection watez· flow had been 
lu - 20 r.:'/hr in !"haft bottom, During excavation firmly 
conBolidated sand was found anrl the residual water was 
lowered to 0.2 .:/hr. The water flow had been reduced by 
upwar:is of 99 %. 

Durine excavation the followings were observ~d: in the 
shaft bottom zones where cement grout diffused a certain 
thickness, flaky hard cement consolidated solid body was 
formed, the sand among flaky cement consolidated bodies 
had confirmed to a fairly tight specification under pres­
sure. ~ost of the chemical grout diffused towards the 
outer part of the shaft forming a dark brown hard water­
tight diaphraem wall. 

3. CONCLUSION 

1/ This chemical grout has a low viscosity, high perme­
ability, good injectability and can be used for consoli­
dation of fine sand strata. 
2/ Time of gelation can be controlled within the ranee of 
scores of seconds to some ten minutes according to the 
requirement of the project, 
3/ The compressive strength of consolidated sand is high. 
This grout is suitable not only for water sealing but also 
for consolidation. It can be used for injection in sand 
strata durine shaft sinldng and also for consolidation of 
base in construction of bridge, dam f~d foundation. 
4/The cost of the grout is comparatively low. 
5/ Injection shows that the technoloey applied is reason-
9.b1c. 
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