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GRAVITY PIPELINE TRANSPORT FOR HARDENING FILLING
MIXTURES

Summary. In underground mining of solid minerals becoming increasingly common
development system with stowing hardening mixtures. In this case the natural ore array
after it is replaced by an artificial excavation of solidified filling mixture consisting of
binder, aggregates and water. Such a mixture is prepared on the surface on special stow-
ing complexes and transported underground at special stowing pipelines. However, it is
transported to the horizons of a few kilometers, which requires a sustainable mode of mo-
tion of such a mixture in the pipeline. Hardening stowing mixture changes its rheological
characteristics over time, which complicates the calculation of the parameters of pipeline
transportation. The article suggests a method of determining the initial parameters of such
mixtures: the status coefficient, indicator of transportability, coefficient of hydrodynamic
resistance to motion of the mixture. These indicators characterize the mixture in terms of
the possibility to transport it through pipes. On the basis of these indicators is proposed
methodology for calculating the parameters of pipeline transport hardening filling mix-
tures in drift mode when traffic on the horizontal part of the mixture under pressure col-
umn of the mixture in the vertical part of the backfill of the pipeline. This technique al-
lows stable operation is guaranteed to provide pipeline transportation.

CAMOTEYHLIN TPYBOHEOBOﬂHBIPI TPAHCIIOPT TBEPAEIOIINX
3AKIIAIOYHBIX CMECEHN

Annortauus. [Tpu monzeMHo# pa3paboTke TBEPABIX MOJE3HBIX HCKOIAEMBIX BCE OO0JIb-
I1ee pacrpocTpaHEHUE MIPUOOPETAIOT CUCTEMBI pa3pabOTKH C 3aKJIaKOH BRIpaOOTaHHOTO
MPOCTPAHCTBA TBEPICIOIIUME CMECSIMUA. B 3TOM citydae ecTeCTBEHHBIH pyIHBIA MaccHB
MoCJIe ero BRIEMKHU 3aMeIIaeTcss UCKYCCTBEHHBIM M3 3aTBEPACBLICH 3aKIaIOYHON CMECH,
COCTOsIIIEN U3 BSIKYLIETO, 3allOJIHUTENS U BOJbl. Takasi cMeCh TOTOBUTCSI HA TIOBEPXHO-
CTH Ha CIIELHAJbHBIX 3aKJIQJOYHBIX KOMILIEKCAX M TPAHCIOPTUPYETCS O] 3EMJIIO IO
CHELMAIBHBIM 3aKJIaZ04YHBIM TpyOonpoBoaaM. [Ipu 3ToM oHa TpaHCOPTHPYETCA IO TO-
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PU30HTaM Ha HECKOJBKO KIJIOMETPOB, YTO TpeOyeT 0OecTeyueHrs] YCTOHYUBOTO pexnuMa
JBIOKCHUS TaKOW cMecu 1o TpyOornpoBoay. TBepicomas 3akiagodHas CMECh U3MCHSIET
CBOM PEOJIOTHYECKUE XapPaKTEPUCTHKU BO BPEMEHH, YTO YCIOXKHICT pacueT MapaMeTpoB
TpyOOIIPOBOAHOTO TpaHCHOPTa. B cTaThe mpensaraeTcss METOAMKA OMpEeAeNICHIs] HCXOI-
HBIX MMapaMeTPOB TaKUX CMeceil: Kod((UIMEeHTa COCTOSHUS, MOKa3aTels TPaHCIopTa-
OenpHOCTH, KO3(dHIMEHTa THAPOIUHAMHUYECKOTO COMPOTHBICHUS JBMXKCHUIO CMECH.
OTH TOKa3aTeNnu XapakTepU3yIOT CMECh C TOYKH 3PEHUS BO3MOXKHOCTH TPaHCIOPTHPO-
BaTh ee mo TpyOam. Ha 6a3ze aTux mokasarerned mpeyaraeTcs METOIWKa pacueTa rmapa-
METPOB TPYOOITPOBOJHOTO TPAHCIOPTA TBEPACIOIINX 3aKJIAJOYHBIX CMECEH B pEeXHMeE
camoTeKa, KOor/ia ABM)KEHHE CMECH 110 TOPU30HTANBHON YacTH MOJI JeCTBUEM JaBICHHUS
cTo0a cMecH B BEPTHKAIbHOM YacTH 3aKJIaJ0YHOTO TpyOompoBoja. J[aHHas METOIMKa
MO3BOJIIET TapPaHTUPOBAHHO OOECIEYUBATh YCTOHYMBEI PEXHUM TPyOOTIPOBOIHOTO
TpaHCIIOpTA.

1. INTRODUCTION

One of the main in underground mining of solid minerals resources in most countries of the world
are developing systems with stowing hardening mixtures. Stowing allows solving a number of differ-
ent tasks in nature, providing favorable and safe conditions of mining:

- management of rock pressure in production areas, which allows the use of highly efficient devel-
opment, reduce the loss of minerals in the bowels, improve the safety of mining operations;

- the elimination of voids formed during excavation useful.

Fossil, which gives the opportunity to develop flammable deposits, conduct joint surface and un-
derground development, and conduct selective mining of minerals by grades. The volume of voids
formed after mineral extraction enough recess. So, when removing 1 million tons. Ore produced
300 ... 350 thousand m® of voids. To fill these voids using hardening filling mixture containing binder
(usually cement), water and inert filler. Such a volume filling mixes most effectively delivered in
stowing with the surface of the earth, where they are prepared, pipeline transport.

Hardening filling mixture characterized by a number of features that affect the mode of movement
through the pipeline. Backfill mixture must have a certain fluidity (mobility) and does not delaminate
during transport. It must have a certain coherence with the fact that after laying in stowing excess wa-
ter not stand productive particle binder. In addition it should be borne in mind that the hardening stow-
ing the mixture immediately after preparation tends to structure formation, which significantly chang-
es its rheological characteristics: yield stress, the structural viscosity and resistance to motion. Stable
regime of pipeline transport of such mixtures is necessary to ensure that in the technology of filling
works, it is a complex task requiring a decision.

2. CARACTERAZATION OF THE FILLING, HARDENING MIXTURE
TRANPORTABILITY

One of the main operations in technology filling operations is the transportation hardening filling
mixture through a pipeline, Currently, most grafting is gravity flow conveying the mixture under pres-
sure to put upright post on Fig. 1.

In pipeline transportation hardening filling mixture is essential to sustainable modes of traffic flow
of the mixture without her bundle. This ensures a certain speed mixture and preserving its basic rheo-
logical characteristics.

Super plastic mixture and follow the law, Shvedov-Bingham are the most the transportable and
have minimal resistance to movement. Hard mixture which is a manifestation of elements "dry fric-
tion™ in a structural displacement along the pipeline are not suitable, since it can form a blockage.
Therefore, from the viewpoint of portability hardening filling mixture is first necessary to assess its
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performance, is uniquely determined by the "Liquid"” or "Solid" as possible to carry transportable mix-
ture. This indicator is the ratio of state of the mixture KCM. The essence of it in the next.

[
Fig. 1. The calculation scheme of gravity transport for filling, hardening mixture
Puc. 1. Pacuernas cxema caMOTEYHOTO TPAaHCIIOPTa TBEPACIONIEH 3aKIaI0YHON CMECH

We know from hydraulics, that hydrostatical pressure in any points of the liquid affect extensively
equally, that is mean
P=PR =P,.
For loose bodies and solids what make lateral pressure that distinguish from force, appendices
along an axis. In these bases we can characterize condition of the hardening stowage mix at the mo-
ment time relation with P; pressure on the side of the conduit to pressure of cross-section P,. This rela-

tion will be factor of coefficient K, mixture.
P
K.=—<1 . (1)
R
For plastic mixtures, obeying to the law Shvedov-Bingham K_ =1. When K_<1 mixture not trans-
portable by pipeline.
Determination of the coefficient K_ is made on a special stand (Fig. 2).

Fig. 2. Scheme of the stand for the determination for coefficient of state: 1 - press plates; 2 - cylinder; 3 - bottom;
4 - piston; 5 - cuff; 6 - strain gauge

Puc. 2. Cxema crenna ajs onpezencaus ko3dduimenra coctosuus: 1 - InThl npecca; 2 - IMHIP; 3 - AHO; 4 -
TOPILIEHB; 5 - MAHXKETA; 6 - TEH30METPUUECKHM JaTUnK
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The stand consists from a cylinder with a piston, sealed cuff. On the lateral surface of the cylinder
are glued strain gauges recording the value of lateral pressure. In the cylinder load under testing mix-
ture, after that it placed under the press and mixture is compressed. Compression force record with
monometer, and lateral force — with galvanometer with resistance bridge. Before starting works stand
span on clean water and construction spanning characteristic, with helping that in process testing de-
fining coefficient states mixture.

To calculate of possible range transporting mixture and maximum allowable time of the transport-
ing necessary to know the specific resistance to movement mixture by pipeline defending from its
specific physical internals and ages. Resistivity resistance to the movement of mixture can be ex-
pressed in absolute or relative terms. This procedure is recommended to use with relative resistivity,
which is called "index transportability mixture™ and equal to the sinus of the true corner displacement
under the action by its own mixture weight of given consist in diameter of pipe. This indicator a is
associate with critical shear stress 1, with relation
a= mf 'pt TO — 42—0

zd, pd,
where; d, — diameter of the transporting pipeline, m; m, — specific weight of mixture in pipe, kg/m;

: )

p; — hardness of stowing mixture, kg/m®; 7, — mixture critical shear stress.

Determination of transportability for mixtures of different compositions perform on a special stand,
shown schematically in Fig. 3. It is a tube, that between two light tight washers placed portion of new
weighted and stowing mixture.

Fig. 3. Scheme of the stand for definition of transportability indicator: 1 — tube; 2 — washer; 3 — compactor; 4 —
tie rod; 5 — corner of starting move mixture ¢
Puc. 3. Cxema cTeHa onpeeneHus okazaTels TpancnopradensHocTH: 1 — Tpy0a; 2 — maiidsr; 3 — yruroTHHTE-
JIN; 4 — cTSKHOM CTCPIKCHD; 5- yroJj HavdaJia ABUXKCHUSA CMECHU
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During slow lifting one end of the pipe determine by the angle of displacement of the mixture at the
beginning of the pipe ¢. Then
(Mg +my)-sing—(m,-sinp+m,)
a =

: @)

mf
where: m; - weight of the testing portion sowing mixture, kg; m, —weight of the washer with rod,
kg; m, — weight of the additional load, necessary for moving piston, kg; (when <900,

m, =0); ¢ — angle of the starting move washers with rod, without mixture, degree.

Depending (3) is obtained from the equation from the limit equilibrium of the "piston-mix".
Due with that transportability changes eventually, in the calculations is recommended to use an av-
erage of:
a, =, +—~ 4
2
where: ¢, — index of the new transportable mixture; K, — coefficient of the aging mixture, 1/min;

t —time of transporting mixture by pipeline, min.
For tube with diameter, what different from testing stand tube, index of transportability can be de-
termine by this formula

O = , (5)

where: o, and d - respectively index of transportability and diameter of the stand; o, and d, - too,

actual stowing pipeline.
How showed testing, index of transportability o significantly depend on consumption binder value,
transport pipeline diameter, size distribution of the aggregate and water specific consumption (Fig. 4).
Second index, which characterize stowing mixture motion mode — its resistance to the mixture mo-
tion hydrodynamic coefficient.
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Fig. 4. Changing of stowing, hardening mixture transportability index: 1. cement consumption 300 kg/m?;
2. cement consumption 200 kg/m3; 3. cement consumption 250 kg/m3; 4. cement consumption
150 kg/m3
Puc. 4. I3meHenue moka3arens TpaHCHOpTaGeJ’ILHOCTI/I TBEPACIOMINX 3aKJIaJOYHBIX cMecei

How showed structural motion adherently-plastic mixtures most answered Shvedov-Benham law.

dv
2'=z'o+,ua, (6)
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where: 7- shear stress in the stowing mixture; z,,- max stress of the stowing, hardening mixture

. . : L . dv
(shear stress in the mixture at the start of its flow); g - structural viscosity of mixture; ar -
r

speed gradient; v - speed of the mixture in the present point, m/s; r - range from pipeline axis
to the present point, m;

Practical using this depending — difficult, because we don’t have reliable methods of definition p
and we don’t have real value of layer n, which depend on mixture viscosity and its speed of motion. In
the calculation we can use with another indexes — coefficient resistance for mixture hydrodynamic
motion K

K, =1+ K,v", (7
where: K; and n — coefficients experimentally determined and depending on the composition of filling
mixture.

Generally, during the changing of the state of the mixture coefficient K. from 0 to 1, K, can vary
from 0 to 2. The exponent n for the viscous-plastic mixtures depends on the velocity of the mixture, its
kinematic viscosity and pipe diameter, that affect the value of the boundary layer.

Dependence for coefficient calculation K, was obtained according to the results of experimental
investigations on the existing stowing installation.

AP —a,pil,

K, (8)

APl V"
where: AP - loss of pressure of the mixture in the control plot, Pa; ¢ - the length of the test area, m;
o, -the average value of the transportability index on the control area.
These characteristics enough to accounting regime of mixture.

3. PARAMETER DEFINITION OF THE HARDENING FILLING MIXTURE FLOWING
TRANSPORT

The equation of dynamic mixture equilibrium in stowing pipe, that have a vertical and a horizontal
sections (Fig. 1) may be represented as

n dv
P¢9SH, — p;9SH, A+ y)a, + A+ K,v") — p: SH, (1+7) gt =0, 9)

- . L . .
where: S — area of transversal pipeline section, m; y =—— - relative length of the transport, stowing
\

mixture.
Accepting n = 2 and performing the transformation we obtain
OI—V+va2 =f?, (10)
dt
where
-, (1+
f:Jg[ @, L+7)] an
1+y

b=,0K,a, . (12)

Solving the equation (10), relatively t we own

t=J-fzdv LCo 1 €n|f+av|

—b?? 2bf | f —av|+C ' =
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When t=0, v =0, therefore C=0 too.
Solving the equation (13), relatively v must be equal
f (ebet —l)
V= 2bft .
b(e™ -1)
Testing of equation (14) show, that acceleration process continuing of the hardening, filling mix-
tures in transport pipeline at different possible values m, ¢, and K varies anywhere from 5 to 20 s.

(14)

Neglecting acceleration continuing and take (e”™ —1) ~ (€?*" +1) we get moving speed rational
meaning of hardening, filling mixture by pipeline.

V= /M s, (15)
KZQm (1+ 7)
Making process of filling mixture unstable. Then possible productivity fluctuations of filling facili-
ty then, how consequence, irregularity giving mixture to transport pipeline. To correct this we must
inter to formula (15) safety coefficient Kﬁ =1,25...1,5. Minimum meaning of Kﬁ complies fully to

filling automated complex, maximal — to the complex with partial automating.
Taking into account safety coefficient formula (15) change to

e 1-K,a,1+7)
K, Ko, (L+7)
Solving equation (16) relatively /3 we obtain hardening, filling mixture transportation of maximal
and relative range for specific conditions.
_2-K, (2a, + K t)(L+ Kv?)
K, (2a, + Kt)(1+ K,v?%)
Solving equation (17) relatively t we obtain transportation permissible time of hardening, filling
mixture without its characteristic substantial loss, what provide moving by pipeline.
. 2[1-K a5 (L+ Kv*)(L+7) | S -
K, K, 1+ KN)A+y)
Equation (17) and (18) determine borders of steady work hardening, filling mixture pipeline
transport and critical time of its transportation for gravity plot.
By this methodic calculated transport system for Kazakhstan filling mine complexes.

m/s. (16)

17)

4. CONCLUSION

The above method allows to precisely defining the main characteristics of hardening filling mix-
tures, providing a stable mode of transport through pipes. The calculated formulas allow calculating
the real conditions for the main parameters of the transport system in the design and operation of fill-
ing complexes mining enterprises.
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