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ABSTRACT

THIS PAPER DEALS WITH THE RESEARCH AND AFPFLICATION OF NEW GRO-
TING MATERIALE IN CHINA COAL INDUSTRY WITHIN THE RECENT TWO DE-
CADES AND FPRESENTS SOME TYFICAL NEW GROUTING MATERIALS IN CHINA.
SOME NEW TECHNIQUEE AND EQUIFMENTS RELATED TO CHEMICAL GROUTS
ARE FPRESENTED IN THE FAPER. IN THE END OF THE FAFER, IT STATES
SOME VIEWS ON THE DEVELOPMENT OF GROUTING MATERIALS MAINLY BAS-
ED UPON THE TENDENCY IN CHINA. IT ALS0O STATES A DEVELOFMENT TE-
NDENCY FOR EXISTING DISADVANTAGES OF CHEMICAL GROUTS AND ESFE-
CIALLY STATES THAT THE INDUCTION OF NEW TECHNIQUES AND EQUIP-
MENTS WILL GREATLY IMFPROVE THE ACTUAL VALUE OF SOME CHEMICAL
GROUTS.

INTRODUCTION

IT HAS A LONG HISTRY WITH THE SFPLICATION OF GROUTING TECHNOLOGY
IN CHINA COAL MINING INDUSTRY. THE MAIN AFFLICATIONS ARE FOLLO-
WING:

A. PREGROUTING FOR FISSURES IN BASE ROCK BEFORE A OFERATION OF

A SHAFT SINKING SUCH AS SURFACE AND WORKING FACE PREGROUTING!

B. WATER SEALING FOR CONCRETER STRUCTURES, SUCH AS BACK-GROUTING
FOR CONLETED MINE EHAFT LINING, OPENING AND TUNNEL LINING:

C. GROUTING FOR LOOSENED SAND STRATA, INCLUDING FREGROUTING FOR
A SHAFT SINKING THROUGH A FLOW SAND STRATE AND GROUTING FOR
BUILDING FOUNDATION REINFORCEMENT:

D. SEALING BLOCKING FOR A HEAVY WATER INRUSH IN A FLOODED MINE
-AND MINE RECOVERING.

IN ORDER TO WELL SOLVE ABOVE PROBLEMS, DURING RECENT TWQ DECA~
DEE THE RESEARCH ON THE GROUTING MATERIALS HAS MADE A RAPID
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PROGRESES IN CHINA COAL MINING INDUSTRY. WE HAVE DEVELOFPED NOT
ONLY CEMENT GROUTS BUT ALSO SEVERAL KINDS OF CHEMIGCAL GROUTE,
WITCH ARE NEW ACHIEVEMENTS IN RESEARCH FROVIDING NEW MEANS AND
METHODS FOR CONTROL AND TREATMENT GROUND WATER HAZARD.

t. PRESENT &TATE OF GROUTING MATERIAL AND
RESE&RCH AGCHIEVEMENTS IN RECENT YEARS

THE GROUTING MATERIALS, WITCH HAVE BEEN USED IN OUR GOAL INDUS-
TRY ,MAINLY CAN BE CLASSIFIED AS FOLLOWING:

SINGLE LIQUID CEMENT GROUT

INORGANIC CEMENT CLAY GROUT
SEYETEM WATER~-GLASSE GROUT
GROUTING C& DOUBLE LIQUID CEMENT GROUT
MATERIAL
ACRYLAMIDE GROUT
ORGANIC UREA RESIN GROUT
SYSTEM FURFURALDEHYDE GROUT

CHROME LIGNIN GROUT

CONSIDRING THEIR APFLICATIONS, THE MATERIALS, WITCH ARE THE MAIN
RESEARCH ACHIEVEMENTES IN RECENT YEARS AND HAVE BEEN FREQUENTLY
UEED IN COAL MINE, ARE AS FOLLOWING:

A. CE DOUBLE LIQUID CEMENT GROUT

THIE GROUT MAINLY CONSISTE OF TwWwDO COMFPONENTE. THEEE TWO ARE IN-
JLCTVD BY DOUBLE LIQUID SYSTEM WITH A PROPER RATIO. WHEN NECE-
Y, WE ADD SOME SETTING ACCELERATOR OR RETARDER TO ADJIUST
THF GROUT GEL TIME.

THE CHARACTERISTICS OF THE GROUT ARE AS FOLLOWING:

A. THE GROUT GEL TIME CAN BE ACCURATELY CONTROLLED FROM SEVERAL

SECONDS TO SEVERAL TEN MINUTES.

COMPRESSIVE STRENGTH OF SOLIDIFIED MATERIAL 1S HIGH, WHICH

)N REACH 100-200KG/CM3:

. THE RATIO OF SOLIDIFICATION IS HIGH WHICH GAN REACH 100%

[, THE SOLIDIFIED MATERIAL HAS A GOOD IMPERMEABILITY WHICH
COEFFICIENT 18 1073 cM/s:

£. THE SOURE OF THE MATERIAL IS RICH AND THE PRICE IS LOW:

F. THERE [Z NO POLLUTION TO GROUND WATER AND ENVIRONMENT.

al BASIC PROFERTIES OF THE GROUT ARE SHOWN IN FIG.1 TO FIG.4.
DOUBLE LIQUID CEMENT GROUT HAS BEEN WIDELY USED AND IS VERY
EFFEFTIVE. IN OUR COAL INDUSTRY HUNDDREDS OF FROJECTS HAVE OB-
TAINER GOOD RESULTE BY THIS MATERIAL.

E. M:-&4& CHEMICAL GROUT

Cosd4és CHEMICAL GROUT IS SIMILAR TO AM-92 OR JAFAN-S5&. IN QUR
UNTRY 1T HAS BEEM USED AS LONG AS 20 YEARS AND SOLVED A LOT
©PROBLEME THAT ARE DIFFICULT FOR CEMENT GROUT. ITE MARKED
RIZTICS ARE AZ FOLLOWING:
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p. THE VISCOSITY IS LOW ABOUT 1.2 GENTIPOISES. THE VISCOSITY
KEEFS CONSTANT BEFORE GELLING. S0 THE GROUT HAS A GOOD FER-
MEABILITY.

p. THE GEL TIME CAN BE ACCURATELY CONTROLLED FROM SEVERAL SE-
CONDS TO SEVERAL TEN MINUTES. THE GELLING OCCURS AND COMFLETED
INSTANTANEOUSLY ,

. THE_GEL BODY HAS A GOOD IMFERMEABILITY WHICH GOEFFIGCIENT IS
1073 -~10"écM/s.

0. THE GEL COMPRESSIVE STRENGTH IS LOW ABOUT 4-6KGF/CM®.

Cc. PM AND SFM CHEMICAL GROUTS

FM AND SPM GROUTS ARE POLYURETHANE GROUTS. FM 15 OIL-SOLUBLE
GROUT AND SFM IS WATER~-SOLUBLE GROUT. THESE TWQO GROUTS GAVE A
HIGH PRACTICAL VALUE, WHICH CAN SOLVE SOME ENGINEERING PROBLEMS,
THE CHARACTERISTICS OF PM GROUT ARE AS FOLLOWING:

A. GROUT 1S WATER-INSOLUBLE. WHEN IT ENGOUNTES WATER. THE GROUT
BEGINS TO REACT. S0 IT IS NOT EASY TO BE DILUTED OR SCATTERED
BY GROUND WATER.

B. IN REACTION THE GROUT WILL FOAM, EXPAND AND HAVE A SECOND
FENETRATION. THE PENETRATION IS EVEN AND THE GROUTING EFFEGT
1S GOOD.

C. COMFRESSIVE STRENGTH OF SOLIDIFIED BODY IS HIGH WHICH CAN
REACH 60-100KGF/CM®.

D. AS FOR INJECTING BY SINGLE LIQUID SYSTEM, THE PROGESS AND
EQUIPMENT ARE SIMFLE AND THE GEL TIME CAN BE ADJUSTED.

E. THE STABILITY OF THE PREPOLYMER IS NOR GOOD. IT SHOULD BE
SEALED HERMETICALLY FOR KEEFING AND STRICTLY FORBIDS TO GET
IN TOUCH WITH WATER OR MOISTURE.

F. EQUIFMENT, FIPE LINE AND ETC SHOULD BE CLEANED BY ACETONE.

THE CHARCTERISTICS OF SPM GROUT ARE AS FOLLOWING:

A. IT CAN BE SPREADED EVENLY AND DISSOLVED IN A GREAT DEAL QF
WATER. AFTER GELLING AN ELASTOMER CONTAINING A LOT OF WATER
1& FORMED

B. THE RATIO OF GROUT AND WATER CAN BE VRIED IN A LARGE RANGE,
S0 THE REQUIREMENT FOR A ADJUSTING FLOW OF FPREPORTIONING. PUMF
IS NOT HIGH.

C. THE GEL TIME IS GENERALLY ABOUT 2 MINUTES.

11.THE BSIC DATA AND EXPERIENCE FOR AFFLICATION
AND SELECTION OF A GROUTING MATERIAL

FIRST OF ALL, WATER SEALING IN BASE ROCK FISSURES IS THE MAIN
ISSUE IN THE COAL INDUSTRY. S0 CEMENT GROUT HAS BEEN WIDELY
USED IN MOST CASES. IN SOME CASES CHEMICAL GROUT MUST BE USED.
THERE IS A QUESTION AT WHAT A KIND OF CONDITION TO USE A WHAT
KIND OF GROUT.

FIRST, THE SELECTION OF GROUTING MATERIAL SHOQULD BE DEPENDENT
ON THE FOLLOWING FACTORS, SUCH AS GEOLOGICAL AND HYDROGEQLOGICAL
CONDITIONS, THE FUFOSE AND REGUIREMENT OF A CONSTRUCTION,
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MATERIAL SUPPLY, ECONOMIC BENEFIT AND ETC.

AS FOR GCEMENT AND CHEMICAL GROUTS, GENERALLY SPEAKING, IF CEMENT
CEMENT GROUT CAN SOLVE THE PROBLEM, CHEMICAL GROUT SHOULD NOT BE
USED. CHEMICAL GROUT MAY USE WHEN THE CEMENT GROUT COULD NOT
HANDLE SOME PROBLEM.

BASED ON OUR EXPERIENCE, HOW TO SELECTE A GROUTING MATERIAL IS
GIVEN IN TABLE 1,

I11.THE AFFLICATION AND RESULT OF
GROUTING MATERIAL IN COAL MINE

THE APPLICATION OF GROUTING MATERIAL 1S PRECENTED BY FO"R TYFI-
CAL ENGINEERING PRACTICE. AND CERTAIN CONDITIONS, THE WAY CHOO-
SING DIFFERENT KIND OF GROUTINs MATERIALS REASONABLY TO SOLVE
PRACTICAL FROBLEMS TO GET GOOD RESULT IS EXPLAINED FURTHER.

fA. SURFACE PREGROUTING INTO BASE ROCK FISSURES USING SINGLE
LIQUID CEMENT GROUT. IN BASE ROCK FISSURES, IF THE VELOCITY OF
GROUND WATER IS NOT TOQO HIGH, IT IS MORE CONVENIENT TO USE SIN-
GLE LIGUID CEMENT GROUT. AND DESIRED RESULTS CAN BE ACHIEVED
SATISFACTORILY. THE GEOLOGIC COLUMN AND INFLOW OF HEBEI MAIN AND
AUXILIARY SHAFTS AT JIXI COAL MINE BUREAU ARE SHOWN IN FIG. 5.

ACCORDING TO THIS CONDITION THE GRQUTING DEPTH WAS DECIDED AS
140 METRES USING SINGLE LIQUID CEMENT GROUT AND INJECTING DOWN-
WARDS. THE TOTAL AMOUNT OF CEMENT INJECTED IN THE TWO SHAFTS WAS
1816.46 TONS. MEASURED SURPLUS INFLOW IN LATER SHAFT SINKING
WERE 1.5M®/H FOR MAIN SHAFT AND 2.5M>/H FOR AUXILIARY SHAFT

WITH GOOD RESULTS. IN ADDITION, FILLING GROUTING AND WORKING-FA-
CE PREGROUTING ALSO CAN USE SINGLE LIQUID CEMENT GROUT.

B. UNDER A PASSING WATER CONDITION BLOCKING HEAVY WATER FLOW BY
USING CS DOUBLE LIQUID CEMENT GRQUT. XIEZHUANG COAL MINE IS LOC-
ATED IN THE WEST OF XINGTAI COAL BASIN. XIAQWEN RIVER FLOWS FRO-
M THE EAST TO THE WEST CN THE MINE FEILD. OVER 90% OUTCROF QF G-
OAL MEASURE STRATUM IS COVERED BY STREAM-LAID DIPOSIT, WHICH IS
WIDELY DISTRIBUTED AND CONTAINS PLENTY OF WATER. SURFACE WATER
18 EASILY CONDUCTED TO UNDERGROUND THROUGH SAND STRATUM IN CO-
AL MEASURES. ONCE AN ACCIDENT OF WATER INRUSH HAPFENED IN NO.
311042 WORKING-FACE AT THE EAST PART OF THE MINE AND THE INFLOW
AT MOST REACHEDD 1960 M3/H,

AFTER WATER INRUSH THROUGH A GREAT DEAL OF INVEETIGATION IT WAS
FOUND OUT THAT THE SOURCE OF WATER INRUEH WAS IN A LIMESTONE
SETRATA. THE GROUTING WAS CARRIED OUT BY DRILLING HOLES AT THE
SURFACE. THE ARRANGEMENT OF THE GROUTING HOLES ARE SHOWN IN FIG.
6.

IN ORDER TO GUARANTEE NORMAL FPRODUCTION THE UNDERGROUND DRAIN-
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Fig.5 Geologic column and inflow of Hebel shaft

? geologic |accumu- Leologic Main description of |[Water inrush

time éz;i;e “column rock characteristics Depth |Inflow

(metre) (m) |(m3/h)

Quarter-
hary
period
Cenogzoic
Era 6.50

Mainly consisting of
arenaceous clay

Consisting of mediumd
- - .-]grained sandstone,

'} fine-grained silt-
stone & tuff,highly
fractured, highly

AR developed fissures
35.00 . . ..|width 10-40 cm

60.00 | 248,00

*.° " "|Consisting of fine &
* | medium grained sand-

s stone, fractured,hi-
-+ .. |ghly developed fis-

56.00 |- 5 sures width 10-20 cm

. . .00 |s04.00

Conéisting of fine,
medium & coarse-
grained sandstone &
shale, partly frac-

7] tured, little develoo
ped fissures width
75.00 5-10 mm

4 Mainly consisting of
fine~grained silt-
o stone & arenaceous
shale, partly frac-
~1tured, little deve-
loped fissures width
140. 2-5 mm

140.00 | 18.50

Mainly consisting of Below
Vi fine~-grained sands- 140 m
tone, arenaceous inflow
shale & fine, medium is sma-|
* . ... |and coarse-grained ller
300.00 ' " .- -{sandstone than
1 m3/h
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Pig. 6. Arrangement of grouting holes.

® - — underground position of water inrush,
QP e underground position of grouting holes,
O ===~ surface position of grouting holes,
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AGE AND SURFACE GROUTING WERE CONDUCTED SIMULTANEOUSLY. IT WAS
GROUTING UNDER PASSING WATER, USING CS DOUBLE LIQUID CEMENT GO-
UT. FIRST, AGGREGATES CONSISTING OF SAND AND GRAVELS WERE INJED
776.7243 THEN CS GROUT WAS INJECTED 1356.59 TONS. INRUSH WAS B-
'LOCKED COMPLETELY.

C. THE GROUTING INSIDE OF THE SHAFT LINING USING MG-644& CHEMICAL
GROUT.

THE MAIN SHAFT LINING OF XINGTAI COAL MINE IS MONOLITHIC REINF-
ORCED CONCRETE STRUCTURE WITH TwWO LAYERS. BECAUSE OF THE EARTH-
QUAKE INFLUENCE IN THE SHAFT DEFTH OF 120 TO {60M, WHICH WAS IN
‘THE ALLUVION, THERE WERE SEVERAL SPRAY WATER. THE SHAFT INFLOW
WAS 30mMH. IN ORDER TO PREVENT SHAFT LINING PENETRATED BY THE
GROUTING HOLE AND INRUSH OF WATER AND QUICK SAND, GROUTING IN-
SIDE THE SHAFT LINING, WITH USING MG-6446 CHEMICAL GROUT,WAS apD-
‘OPTED. THE GROUTING PERFORMANCE LASTED FOR 20 DAYS, 35 GROUTING
FIPES WERE FPUT. THE NUMBER OF GROUTING WAS 25 TIMES. THE CONSU-
MPTION OF MG-446 CHEMICAL GROUT WAS 565.15KG. THE INFLOW WAS
REDUCED TO 6.3M5/H. WHICH FLOWED MAINLY FROM UNHANDLED SECTION
OF SHAFT.

D. CUTTING OFF WATER INRUSH USING FM GROUT

THE LENGTH OF THE MAIN AND AUXILIARY INCLINED SHAFT AT SHAJING
COAL MINE NANNING GUANGXI PROVINCE IS 140M. ITS DIP I8 25°. THE
LENGTH OF THE SECTION PASSING THROUGH SAND STRATUM IS 34.SM. IN
THE SHAFT SINKING HEAVY INRUSH OF WATER AND QUICK SAND HAPPENED.
AFTER LINING THE INFLOWS OF MAIN AND AUXILIARY SHAFT WERE 74.67
M3/ AND 67.83M3/H RESFECTIVELY. FIRST C8 DOUBLE LIQUID CEMENT
GDUT WAS USED TO SOLVE TYE AUXILIARY SHAFT PROBLEM AND ITS INF-
LOW WAS REDUCED TO 1.94"™/H. WHEN THE MAIN SHAFT WAS DEALED WITH
SOMETHING HAPPENED, BECAUSE OF A PUMFING ROOM, WHICH LINKS UF
THE TWO SHAFTS AND ITS DISTANCE TO THE SHAFT TOF IS 100M ALONG
THE SHAFT LENGTH. THE PUMPING ROOM IS IN A CLAY STRATA AND THERE
WAS NO WATER ORIGINALLY. WHEN A PART OF WATER INRUSH IN THE MAIN
SHAFT WAS SHUT OFF, THERE WAS A HEAVY WATER INRUSH IN THE PUMP-
ING ROOM. THE WATER FLOWED FROM THE UPPER SAND STRATA ALONG THE
BACK OF THE LINING. SEE FIG. 7.

F1G.7 SCHEMATIC DIAGRM OF CUTTING OFF WATER INRUSH USING FM GR-
OUT BECAUSE OF THE FAILURE IN UPPER GROUTING, GROUTING FOR CUT-
TING OFF WATER INRUSH WAS USED. AT THE EXIT OF PUMPING ROOM LE-
ADING TO THE MAIN SHAFT THREE GROUTING HOLES WAS DRILLED. ONLY
100L.QF FM GROUT WERE INJECTED AND THE WATER INRUSH IN THE FUM-
PING ROOM WAS CUT OFF. THEN THE UPPER GROUTING WAS SUCCESSFUL
AND THE FINAL INFLOW IN MAIN SHAFT WAS 2.19M®/H

FROM ABOVE EXAMPLES WE CAN SEE THAT FOR SFECICAL NEEDS OF DIFF-
ERENT ENGINEERING WE MUST USE DIFFERENT GROUT. THIS IS AN IMPO-
RTANT PRINCIPLE AND A BASIC WAS TO SOLVE PROBLEM SATISFACTORILY.

1111 THE DEVELOPING TENDENCY OF GROUTING MATERIAL
WITH THE DEVELOPMENT OF MINE CONSTRUCTION THE GEOLOGICAL AND

HYDROGEOLOGICAL CONDITIONS WILL BECAME MORE COMPLICATED AND BR-
‘ING MORE AND MORE PROBLEMS TO TECHNOLOGY OF GROUTING MATERIAL.
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() ¢S grouting hole

(® pPM grouting hole,

© c¢s grout with no gelation due to dilution,
M: main shaft,

#: Auxiliary shaft
P: pumping room.

Fig. T
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THE RESEARCH DEVELOFMENT OF GROUTING MATERIALS ARE AN IMFORTANT
FIELD TO SOLVE THESE PROBLRMS. FOR THE DEVELOFMENT TENDENCY OF
GROUTING MATREIAL SOME PERSONAL VIEWS ARE FPRESENTED AS FOLLOWING:

A. USING CEMENT FOR GROUTING MATERIAL HAS SOME INCOMPARABLE AD-
VANTAGES. IT HAE RICH SOURCE, LOW PRICE.NO POLLUTION ANRHIGH
STRENGTH. NOT ONLY IN THE FPAST IT WAS, BUT ALS0O IN THE FUTURE IT
WILL -BE WIDELY USED FOR GROUTING MATERIAL. SO DEVOTING MAJOR
EFFORTS TO DEVELOFING CEMENT GROUTING MATERIAL TALLIES WITH THE
ACTUAL SITUATION. THE KEY TO THE PROBLEM IS HOW TO IMPROVE THE
FPERFORMANCES OF THE CEMENT GROUT.

RESEARCH IN CEMENT GROUT MAINLY MEANS RESEARCH IN SINGLE LIQUID
CEMENT GROUT INCLUDING CEMENT-CLAY GROUT. THE CONTENT OF RESEA-
RCH WOKE MAINLY IS TO IMPROVE THE PERFORMANCE OF THE EINGLE LI-
QUID CEMENT GROUT. ACCORDING TO OUR EXFERIENCE OF GROUTING IN
COAL. MINE FOR MANY YEARS THE FOLLOWING QUESTIONS MUST BE PAYED
ATTENTION TO:

1. THE GROUT GELS IN A RANGE FROM SEVERAL TENS MINUTES TO SEVE-
Ral. HOURS AND THE GEL TIME CAN BE CONTROLLED AND ADJUSTED ARTI~
FICIALL.

2. BEFORE THE GELLING OF THE GROUT MAKING NO FREE WATER OR FREE
WATER AS LESS AS POSEIBLE THE RATIO OF SOLIDIFICATION REACH OR
NEARS 100%.

3. THE STRENGTH MUST MEET THE NEEDS OF THE ENGINEERING. BUT IT
18 NOT NECCESEARY TO CONCENTRATE ON HIGH STRENGTH ALONE NO MAT-
ER WHAT SITUATION AND WHAT CONDITION I1I5. BECAUSE IT WILL HINDER
THE USE OF SOME NEW ADDITIVES AND SURSTITUTES.

4. THE GRAIN CHARACTER OF CEMENT I& REALISTIC FROBLE. GRINDING
CEMENT GRAINS WILL GREATLY RAISE PRODUCTION COST.

S. IN RECENT 20 YEARSE THE CHEMICAL GROUT WAS DEVELOFED RAPIDLY
IN OUT COUNTRY, BUT THE DISADVANTAGES OF ITE& HIGH COST, POLLUT-
ION AND ETC MAKE THE LIMITATION OF CHEMICAL GROUT FOR A WIDE A-
PPFLICATION. EVEN THOUGH, THE RESEARCH OF CHEMIGCAL GROUT STILL
HAS AN IMFORTANT SIGNIFICANCE. BECAUSE IT REFPRESENTS THE DEVEL-
OFING LEVEL OF GROUTING TECHNOLOGY AND IT CAN SOLVE SOME VERY
DIFFICULT PROBLEMS IN GROUTING ENGINEERING. WE HAVE DEVELOFPED
MANY NEW KINDS OF CHEMICAL GROUTS AND SUFFLIED THE MARKET. IMP-
ROVING THE PERFORMANCES AND DISADVANTAGES OF CHEMICAL GROUT FU-
RTHER, DEVELOFING NEW RESEARCH FIELD, REDUCING THE COST PROGRE-
EEIVELY, REMOVING THE POLLUTION AND SERVING THE FPRODUCTION BET-
TER ARE THE AIM OF DEVELOFING CHEMICAL GROUT.

C. THE REEEARCH WORK OF THE GROUTING MATERIAL AT FRESENT IS8 ROUGH
AND LACKSE INDEPENDECY AND THEORTICE. IT HAS NOT FORMED ITS OWN
COMPLETE EYE&ETEM. THE EQUIFMENTS AND INETRUMENTS ARE NOT SPECIA-
LIZED AND TEST STANDARDE ARE NOT UNIFIED. THE NAMES OF GROUTING
MATERIAL ARE CONFUSED. THESE SITUATION HINDER THE DEVELOFMENT OF
THE GROUTING MATERIAL SERIOUSLY. I HOPE THE TEST OF GROUTING M~
ATERIAL PERFORMANCE WILL HAVE UNIFIED STANDARD ALL OVER THE WORLD
AND THE RESEARCH WORK OF GROUTING MATERIAL WILL BE MORE THEORE-
TICAL AND STANDARDIZED.
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