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ABSTRACT

Shaft sinking in weak rock, especiglly 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 sinking.
This method had been successfully used during the sinking
of two vertical shafts at Fengnan Ccal Mine in Hebei pro-
vince by conselidating & 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.

1. FUROL CHEMICAL GROUTING MATERIAL
1.1 The ingredients of this grouting material

The essential ingredients of this grouting material were
furocl /4/ 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 /A/, /B/, /C/ and /D/
were mixed into two groups, solution I and II, and were
stored separately. These twc 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 Pactors influencing the time of.gelation
The time of gelation is influenced by the following fac-~

tors: consumption of acid /C/ - catalyst, temperature
of grout, ratio of sciution I and II /by volume/, and
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- olur rotic ol escentis) infredients /i/ an. /B/ etn.
Jeee Fig., 1, 2, &, 4/.

Av shown in Fig, 1 the time ol gelution wac ehortlened
with the increasing of acid conrumontion., Acii conswip-
tion should be controlled within 0,3-1,6 5 for ordinary
engineering practice.

Ac shown in Fig. 2 reaction acceleratecd along with in-

crearing of Bemnerature'when the temperature of reaction

wae below 22°C, But abnormal Dhenomeng appearec when the

temperature of reaction was beyond 22°C., Therefore in

practicg the temperature of reaction ghoulé not be higher
s

The influence of ratioc of two solutions /by volume/ on
time of gelatione is illustrated in Fig. 3. Thie ratio
was linear with the time of gelation. In practice this
ratio was appropriate to control in about 1:1,

Fig. 4 illustrates that time of gelation was slightly
different with vericus molar ratio of /A/ and /B/. But
the price of A was much higher than B, therefore selec-
ting the ratio in the renge of 0,55:1,0 -~ 0.72:1.0 was
more appropriate.

1.3 Pactors influencing the corivrecscive strength of gel

The compressive strenght of gel was significantly in-
fluenced by the following factors: acid consumption,
molar ratio of essential ingrediente /A:B/ and ratic ol
solution I and II /by volume/ etc. /see Fig. 5, 6, 17/.

Peak value of compressive strenght appeared &ssociated
with acid consumption of 1.5-2.5 %. Becsuse acid was
corrosive to eguipment and concrete sheft lining the
appropriate acid consuription was 1.0-1,5 % considering
that it was satisfactory tor time of gelation and com~
pressive strength in practice,

Compressive strength could be ranged to 80 kg/cu when
A:B /molar retio/ was l:1 /cee Fig. 6/. Considering the
price of grout and requirement of compressive strengtn
in practice nolar ratio was selected as 0,55:1 - 0,72:1
associated with compressive strength of 20-25 kg/en .

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 strength was lower when
the ratio was higher or lower than the above-mentioned,
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1.4 Determination of acid dialysis

Acid as catalyst promoted chemical reaction. But acid
dialyzed under water pressure after gelation of grout
and was corrosive to shaft lining. Therefore it was ne-
cessary to measure acid dialysis ratio and nidont proce-
dure for prevention of corrosion, Fig. 8 showt that most
of the acid dialyzed along with not too long a soaking
time, After dialysis of acid, it was necessary to adont
appropriate procedure to neutralize it.

1.5 Basic properties of the grout

Viscosity 1,06-1.09 cp.
Specific gravity 1.13-1.16
Capebility of injection 0.01 mm /minimum

grain size/
Compressive strength of
consolidated sand 10-80 kg/cd
Time of gelation . scores of seconds -
come ten minutes
/controliable/
Fermeability
coefficient of conso~ -4 -5
lidated sand 1077 - 1077 em/sec

2. TECHNOLOGY OF INJECTION IN SHAFT BOTTON

The main shaft of Fengnan Coal Mine had been designed to
sink with water-submerged drop shaft through cand strata,
During drop shaft sinking, water and sand flooded in

many times, Deviation of shaft lining occured and sur-
face subeidence appeared. At last shaft sinking had to be
hung up. Decision was made to apply chemical injection,
And with the application of chemical grouting shaft sin-
king in water-bearing sand strata had been succevsful,

Technological procedure: concrete mat was firest con-
structed, then drilling of injection boreholes took place,
after drilling chemical materials were injected, Grout
injected into sand strata through drill rods, distributed,
and consolidated sand after chemical reaction. The fea-~
tures of the operation were: limited drilling work, speedy
injection process and satisfactory result ete, :

2.1 Layout of boreholes and determination of injection
length

Owing to the deviation of the drop shaft linings, dis-
turbance of virgin rock strata, existance of pores and
inherent unconsolidation of sand strata closespacing
boreholes were adopted. They were drilled in two con-
centric circles, Diameter of the inner circle was 2.4 m,
totally 20 boreholes were drilled with spacing of 0.38 m,
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Cementation treatment had been used firet in order to il
up the pores, tighten the sand and cave on concumption of
chemical grouting materials. Diameter of the outer circle
was 3.2 m. Totally 40 boreholes were drilled with spacing
of 0,25 m, Furol chemical grout was injected through these
boreholes, The length of boreholes was 8.4 m /nee Fig. 9/.

The shaft had been sunk to a depth of 24.7 m before grou-
ting. The length of injection treatment was derigned as

6 m, a zone beginning from the edge of the cutting shoe
of the drop shaft to a depth of 30.7 m, 0,3 m into clay
strata.

2.2 Injection pattern and material consumption

Drilling of injection boreholes took place at shaft bottom
with drilling machine and grouting materisls were injec-—
ted through drill rods,

During cementation treatment displacement injection was
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 Fig. 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 & height of 0.34 m each.
The injection procedure of layers was from hottom to the
top. After injection of each layer the drill rod was with-
drawn upvard at & height of 0.34 m until the accomplich-
ment of injection for all six layers.

The consumption of chemical grouting materials was ral-
culated by the diameter and thickness of the diaphragm
wall surrounding the shaft, In this case the thicknese of
the diaphragm wall was 2,9 m calculated by thick walled
cylinder theory assuming the allowable compressive strength
20 kg/cd and safety factor 2. The volume of sand strata
should be consolidated by grouting materials was 201.3 n
and the porosity of sand strata was 38 %. Therefore the
total volume of chemical grouting materials needed should
be 85 m. It was designed that the volume of chemical grou-
ting materials for each hole in stages 1 and II1 s£hould be
600 1 and for stage III 800 1. According to the ahove-
mentioned the total amount for injection should be 80 n,
In practice the total consumption of chemical grouting
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sateriale war (2.2 L including grouting meterials for
sealing of inspection borehcles, The consumption of raw
materials wac: /A/ - 23.9 tons, /B/ - 20.8 tons, /C/ - 2.6
tons and other additives,

2.3 Two-solution injection routine operatione

The routine operations of injection are showned as Fig.li.
The two solutions 1 and II were prepared separately accor-
ding to the design and then they were traneferred into the
neasuring buckets 2 and 3. Using membrane pump solutions

I anéd II were carried 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 into
a two-solution grout in mixer 10, transferred through one
nipeline, drill rod 11, borehole sealing 14, drill bit 17
and then at last injected into sand strata. In sand strata
the grouting materials diffused and distributed forming
the fine sand into a gelled solid body 1&.

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 water flow had been
16 - 20 t//hr in shaft bottom. During excavation firmly
consclidated sand was found and the resicual water was
lowered to 0.2 u/hr. The water flow had been reduced by
upwaris of 99 %,

During excavation the followings were observed: in the
cshaft 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 toc a fairly tight specification under pres-
sure, Nost of the chamical grout diffused towards the
outer part of the shaft forming a dark brown hard water-
tight diaphragm 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 range of
scores of sszconde to some ten minutes according to the
requirement ¢f the project.

3/ The compressive strength of consolidated sand is high.
This grout is suitable not only for water sealing but also
for consolidetion. It can be used for injection in sand
strate during shaft sinking and also for consolidation of
base in construction of bridge, dam and foundastion,
4/Tre cost of the grout is comparatively low.

5/ Injection shows that the technology applied is reason-
able.
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