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Anomauisa. Ompumano 3HAYEHH MAKCUMATLHO20 PO3MIPY NOPU, NPU AKOMY KOHMUHYATbHUL nioXio 6ce
e MOJICHA 3ACMOCO8Y8AMU 8 MOOETI0BAHHI NOWUPEHHS YeMEHMY 8 HACUYEeHOM)Y NICKY ni0 uac yemenma-
yii, Wo He pyUuHye CmpYKmypy [pyHm).

Knrouoei crosa: konmunyaneHuil nioxio, eremMeHmaprull 00'em, yemMeHmayis IpyHmy, NOXUOKAa Yucio8020
PO3PAXYHKY, VUWLTbHEH S IDYHIY .

Annomauus. Ilonyueno 3nauenue MaKxCuMaibHoO20 pasmepa nopvl, Hpu KOMOPOM KOHMUHYALbHBIL NOO-
X00 8CE€ ewé MONCHO NPUMEHAMb 8 MOOETUPOBAHUU PACHPOCMPAHEHUS YEMEHMA 8 HACLIWEHHOM neckKe
npu yeMeHmayuu, Komopas He paspyuiaem cmpykmypy epyHmda.

Knrwouesvie cnosa. KonmunyaibHulll H00X00, dNeMEHMAapHbIll 00bEM, YeMenmayusi 2pyHma, NOSPeuHoCmy
YUCTIeHHO20 paciéma, yniomHenue 2pyHma.

Abstract. The value of the maximal pore size at which thaisoum approach can still be adopted for
modelling cement grout propagation in saturatedosdaring permeation grouting is obtained.

Keywords. continuum approach, elementary volume, permeatimutong, numerical calculation error,
soil compaction.

1. Introduction

Before tunnelling construction in a weak soil, peation grouting is used to increase the soil
stand up time. Since chemical grouts are hazardo&isvironment [1]Ja cement grout is used as an
infiltrate in this technique. A regime of permeatigrouting is determined by the evolution of the
cement concentration distribution in space [2]. r€f@e, mathematical modelling of this evolu-
tion is important. Theement grout consists of particles. If they aredaegough, they can get
trapped in small pore throats. Otherwise, theyarady deposit on walls of these throats and pores
[3]. Therefore, the mathematical description of eatngrout propagation in a porous medium is
cumbersome. In [1, 2], to shed light on variousiéssthat arise during the construction of this
description a standard laboratory test is modellethis test, cement grout is injected in a vaitic
tube opened at the top and filled with water séargand. The injection point is at the bottom of
the tube. In the papers [4, 5], to do the samdylpro set ups that correspond to in situ grouting
are considered. In [1], the injection pressureliead bars and it is assumed that at such the pres-
sure the structure of the grouted sand is not duibe fact that results of numerical calculations
according to the model [1] of permeation groutimincide with the results of respective labora-
tory measurements verifies this assumption. Morealgring grouting of this type the injection
pressure can be as high as 12 bars [6]. In [7], d»eia argues that permeation grouting per-
formed at such the values of injection pressurebsamodelled by a problem with a free moving
boundary. Demchuk [8] presents grouting modelsisf ¢lass and shows that the continuum ap-
proach is properly adopted in them. As for the niediE, 2] and [4, 5], they can be used only
when a size of an elementary volume over whichaweraging is performed in the continuum
approach is much smaller than a characteristicthenfya domain in which modelling is per-
formed. The greater uncertainties in parameters tharacterize a porous medium are, the
smaller the elementary volume is [9]. Since aniiaheerror is a part of a total calculation error,
maximal allowed uncertainty in a parameter tharati@rizes soil is determined by the total cal-
culation error. In [1, 2] and [4, 5], errors of nerntal calculations were not estimated because the
solutions have regions of high gradients which fims$ depend on time and are not known in
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advance. One of the main drawbacks of the model8][and [4, 5] is that calculations according
to them require significant computer resourcesalt be explained by the fact that they are sys-
tems of differential equations supplemented withratary and initial conditions that do not con-
form to each other [10]. Demchuk [10] presentsrtiuglel of the standard laboratory test [11], in
which this drawback is absent. Demchuk and Saiydur] propose the method of uncertainty
uniformity principle realization in calculations@uding to the model [10]. Demchuk [12] esti-
mates the errors of these calculations. The aithiefwork is to check whether the continuum
approach was properly adopted in [12]. Since prodty of tunnelling construction in the weak
soil highly depends on quality of stabilizationtbis soil, this research responds to the urgerii-pro
lem in the time of the global recession.

2. Elementary Volume Size Estimation

Estimating a size of an elementary volume BearBachmat assume that this volume is a cube

divided intoN 3 equal cubic parts [9]. Demchuk [8] shows thahi tincertainty in the porosity
m is equal todm , then the minimal characteristic size s of tlenentary volume can be esti-
mated as

s=NId 1)
where
d = 4d, {1 - m)in{mcfL- m) smef- 2m) - (Bm)) /3, @)

~

d, is the average diameter of a pore, &hd the solution of the following equation:

0,32(5m)* = mif1- )| N+Y Y & | [ g @
p=l o=l ptq

where h,, is the distance between the centres of the abargiomed cubic parts with numbers
p andq.

3. Results of numerical calculations

A total error can be estimated as the square rbtteosum of squares of errors from different
sources [13]. Therefore, to estimate a minimal sizen elementary volume according to Eg. (1),
in what follows we assume that maximal allowed uraety in porosity is determined by the con-
dition that uncertainty in a calculated value doeuncertainty in the porosity is three times
smaller than the total error of the calculatiortto$ value. In the standard laboratory test [1114, t

porosity of the sand in the tube has such the vale€), 33E and the injection front is detected at

the moments of timé, =100 sec,t, =250 sec, and, = 40G&ec at distances from the injection
point respectively equal t0,2 m, 0,4 m, andQ,6 m. The respective values of the cement con-
centration in the fluid phase calculated in [12incale within the limits of the total calculation
error bars. Performing the numerical analysis sintd the one presented in [12], we obtain that if
the uncertainty in the porositym, is equal to 0,014, then the uncertainties in theseentration
values due to the uncertainty in the value of thi@gity are three times smaller than the respective
total calculation errors obtained in [12]. The degence of the injection pressure upon the time
calculated in [12] coincides with the one measunejd 1] within the error bar limits. Performing
the numerical analysis similar to the one presemtg#l2], we obtain that if the uncertainty in the
porosity has such the valgm, = 0,046, then the uncertainty in the injection pressure thithe un-

certainty in the value of the porosity is threedgsrsmaller than the total error of the respective
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calculation obtained in [12]. Sinadm, > &M, in what follows we assume that the maximal al-

lowed uncertainty in the value @f is equal todm, . Substitutingdm, for dm in Eqgs. (2) and (3)
we obtain that

d=3,480d,, 15 N< 1t (4)

The 1-dimensional model used in [11, 12] is derifredn the 3-dimensional one in [10].
Therefore, the characteristic length of the domaiwhich the numerical modelling [12] is per-

formed is equal to the diameter of the tube whicthe following:|, = 0,08 m [11]. We assume

that the continuum approach is properly adopted 2} if s< |0/10 where s is given by Eq.
(1). Therefore, it follows from (1) and (4) thaethontinuum approach is properly adopted in [12]
if d, <1,5[10*m. Pores in sand are mesopores. Their diametege risam 1,0[10° m to

1,0C103m [14]. Since in the laboratory test [11] the samdhe tube was compacted, we can
assert that it is likely that the continuum apploa@s properly adopted in [12].

4. Conclusion

The degrees of uncertainties in the diameters etubes in the standard laboratory tests [1, 2],
and [11] are approximately the same. Demchuk [h@s that the main contributions to the errors
of calculated values come from uncertainties is¢healues due to uncertainties in the diameter of
the tube and concludes that in the recent resdarch| as well as in [12] the comparisons of
model calculations with laboratory measurementyigeosmall amounts of information. Sizes of

pores in sand range from Q10> m to 1,0[10%m [14]. In this work, we have shown that the
continuum approach was properly adopted in [12} dinlhe average pore size in the compacted
sand was smallet,5[10* m. Thus, we can conclude that to improve the tuafi the comparisons

of model calculations with laboratory measurememtthe recent research [1, 2], and [12] it is
necessary not only to increase the accuracy omggsurements of the diameters of the tubes but
also to ensure strong enough compactions of thi#ssan
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