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The characteristic properties of limestone-shell used as the base of foundation are described. Using the example of multi-
storey residential building design, comprehensive solution has been proposed for plugging workings in an array of limestone-
shell for the subsequent construction of slab-pile foundation, which includes engineering and geological surveys, geotechni-
cal design, the choice of mortars and their compositions, as well as continuous monitoring plugging conditions.
It is stated that two types of cement-sand mortar are used for plugging workings: the first is with the addition of superplasti-
cizers, which provide high solution mobility, low water loss and non-shrinkage after hardening; the second is without adding
superplasticizers with fluidity high degree. The results of laboratory studies to select the composition of soil-cement are
given.

Keywords: limestone-shell, underground working (catacomb), plugging, injection, soil-cement, bearing capacity

KommiekcHe 3akpinieHHs1 BAPOOOK Y BATHAKY-4YepPeNnalHUKy

MuTHHCHKMH B.M.l*, Yenesen B.T.z, Bunnukos F0.J1.° , JJapueBa I.I.4, Amnickin A.

' Onecobka JICpIKaBHA aKaJieMist OyIiBHUIITBA Ta apXiTCKTYPH
2 KosleKTHBHE mignpueMcTBO «bymoBay, M. Oxeca
3 [onTaBebKuil HALIOHANBHII TexHi4Hui yHiBepenTeT iMeHi FOpis KonnpaTioka
* IMonraBchkuii HaLioHaNBHIIT TeXHIYHMIT yHiBepcuTeT iMeni FOpis Korgparioka
> IiBHiunmii yHiBepcutet, M. Bapasun (XopBaris)
*Anpeca Ui TACTYBaHHS: mitinskiy. vi@gmail.com

OmnncaHo XapaKTepHI BIACTHBOCTI BalHIKY-YepEHallHUKY, KM BHKOPHCTOBYIOTH SIK OCHOBY (yHnameHTiB. Ha mpuxiani
MIPOEKTYBaHHs 0araToIOBEPXOBOTO JKUTJIOBOTO OyaMHKY B M. Ojeci 3alpoIIOHOBAHO KOMIDIEKCHE PO3B’SI3aHHS 3a/1adi TaM-
MOHYBaHHS BHPOOOK (KaTakoM0) y MacHBi BaITHAKY-UepEHalIHUKY Ul ITOJAIBIIOTO BIAIITYBAHHS IIMTHO-TAIbOBOTO (yH-
JTAMEHTY; BOHO BKJIIOYA€ B ceOe MPOBEAEHHs poOIT 3 1HKEHEPHO-TEOJIOTTYHIX BUIIYKYBaHb, T€OTEXHIYHOTO MPOCKTYBAaHHS,
BUOOPY PO34YHMHIB 1 IX CKJIaJiB, a TAKOX BUKOHAHHA POOIT 3 MOCTIHHMM MOHITOPHHIOM YMOB TaMIIOHyBaHHS. BupoOku pos-
TamoBaHO Ha TiMOMHI Omm3pko 30 M Bif AEHHOI NMOBEPXHI, BOHH CKIAalOTh MOHa® 26% mmomii 3a0ynoBH OyIWHKY.
Buknazeno, mo ais HaAilfHOTO TaMIIOHYBaHHS BHUPOOOK Ha IEpIIOMY €Tall BHUKOPHCTOBYBAJIMCS IBAa THIIM IIEMEHTHO-
MIIAHUX PO3YMHIB: PNl — 3 JOAaBaHHIM CYIepIUIacTU(IKaTOPiB, M0 3a0e31eUyI0Th BUCOKY PYXJIUBICTh PO3UHHY, HU3b-
Ky #oro BomoBijgnady Ta 0e3ycalo4YHICTh MICJIs TBEPIHHS; APYTUH — 3 BUCOKUM CTyIeHeM po3TikanHs. Ha nmepmomy erami
PO3YMH IT0JJaBaBCsl Y CBEPAJIOBHUHY SIK HAJIMBOM, TaK i HACOCOM, II[0 JO3BOJISIB CTBOpIOBAaTH THCK 10 2 MIla; Ha npyromy erari
BUKOHYBAJIOCS 1H €KTYBaHHS PO3YHMHY B 30HY BUPOOOK 3 BUKOPHCTaHHAM MAaH)XETHHUX KOJIOH. [lyisl iH’€KIil BUKOPHCTOBYBAB-
csl IEMEHTHUH pO3uYMH 3 no0aBKaMHU-TIacTU(IKATOpaMH, a Ha OKPEMHX AISTHKAaX — IPyHTOLEeMeHT. HaBeneHo pesymbratu
71ab0paTOPHUX JOCIIKEHb JUIs BUOOPY CKJIaxy IpyHTOIEMEHTY. IIpi bOMy BCTaHOBIIEHO, IO PAI[iOHATEHO MPUIMATH BH-
TpaTy CYrIMHKY SK BiZXOAy BHPOGHHITBA i HailIeNmIeBIIOro MaTepiady B KimbKocTi 1 M’ 3a HACHIHOIO TYCTHHOIO Ha 1 M’
IPYHTOLIeMEHTY. BUTpaTH LeMeHTy npu3HaueHo y mianasoni 100 — 200 kr/M® po3unHy 3 ypaxyBaHHSAM HEOOXiAHOCTI OTpH-
MaHHS MapoK po3uuHy M25.

Karouosi ciioBa: BalHSK-4epeNallHuK, I1iJ3eMHa BUpoOKa (KkaTakoM0a), TAMIIOHYBaHHS, iH’ €KTYBaHHS, IPYHTO-
LIEMEHT, HeCy4a 31aTHICTh
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Introduction. Increase in the pace of construction
and reduction in the number of construction sites with
a relatively simple geological structure makes geo-
technical engineers to develop areas with complex
geological conditions, including those complicated by
the presence of underground workings (the so-called
«catacombsy).

Therefore, in the design and construction of high-
rise buildings in terms of a dense urban development
in the area of underground workings, the issue of ac-
cumulation and analysis of experience in building ef-
fective and reliable bases and foundations, as well as
geotechnical monitoring of the construction of such
objects, is relevant [1, 2].

Analysis of resent research and publications.
The experience of foundations in the area of under-
ground workings is given in [1 — 6].

From the analysis of these studies aimed at solving
the problem of bored piles installation in areas of un-
derground workings, the most popular is the technol-
ogy of rib control by plugging the cavity with its sub-
sequent piles construction [5, 6].

Identification of general problem parts unsolved
before. The problem of rocks stratum possible forcing
by the weight of a building, and methods for solving
these problems, in particular the use of plugging
workings in an array of limestone-shell for the subse-
quent construction of multi-storey buildings on slab-
pile foundations, has not been adequately investigated
in geotechnical design practice.

The aim of the work is to develop an effective
complex of works on overall stabilization of under-
ground workings in an array of limestone-shell for the
subsequent construction of multi-storey buildings on
slab-pile foundations.

Basic material and results. At the construction site
of a 24-storey residential building in Odessa, Gagarin
Avenue, 19, workings are located at a depth of about
30 m from the surface and account for more than 26%
of the built-up area of the building (Fig. 1, a).

At the site in question, the workings were previously
tamped with sand filling by injecting water-sand pulp.
The search work performed in the process of
engineering-geological prospecting enabled clarifying
the planned-altitudinal position of the workings and
the quality of the plugging performed.

As a result, it was defined that the workings are not
filled with sand to the full height and measures for
their additional stabilization are required. The com-
plexity of the plugging is that, due to insignificant
height of the identified voids (0.4 ... 0.8 m), access to
them through the wvertical holes that have to be
arranged beforehand, is difficult to implement, and the
mine survey of workings has not been performed.

The project, considering geotechnical conditions
complexity, provides for a plate-pile foundation of
prismatic piles with a section of 35x35 cm, length
14.0 m, with their bottoms stop in the Strata-8 — light
red-brown clay. The grating is designed as a solid
monolithic slab, 1.8 m thick. Below the sole of the

clay layer there limestone-shell array lies, in the sawn
difference of which the underground workings are
revealed (Fig. 1, b). Thus, to ensure the base operation
reliability, it was necessary to fill all the voids in
terms of the lack of their exact location and the quality
of the filling that was previously performed

Work reliable tamping was provided by the gradual
injection of mortars into the zone of their distribution.
At the first stage, cavities connected both with each
other and with previously drilled exploration wells
were filled, which is shown in Fig. 1

To solve the problems, two types of cement-sand
mortars were used, namely: the first type with the
addition of superplasticizers, which provide high
solution mobility, low water loss and non-shrinkage
after hardening; the second one is without adding
superplasticizers with a high degree of fluidity.

Depending on the voids height in each well and the
identified production slopes in the interval between
the wells, a sequence of filling them with a solution,
alternation and injection volume of each type of
mortars were developed. The mortar was fed both in
bulk into the well, and with a pump that enabled to
create pressure up to 2.0 MPa. The control of the
cavities filling degree with the mortar was carried out
with the help of a flap, which was lowered both into
the filled and control wells.

At the second stage, the solution was injected into
the area of workings using cuff columns (Fig. 2).
In the plan the cuff columns were arranged in the
interval between the wells for the injection of cement-
sand mortar (first stage), the height of production in
80 cm starting from its bottom. The injection was
carried out as follows: a cuff column of pipes with a
diameter of 86 mm was installed into a pre-drilled
injection well with a diameter of 168 mm, and the gap
between the cuff tube and well walls was filled with
casing mortar to prevent the injection mortar from
escaping to the surface.

After the casing mortar developing its strength from
1 to 2 MPa (one day), cementation began. The packer
was sequentially installed over each cuff and cement
mortar penetrated the soil under pressure, breaking the
created casing.

Injection was performed using a double packer,
which ensured mortal penetration into the soil
exclusively at a given site. For the injection, cement
mortar with plasticizing additives was used, and in
some areas it was soil-cement. The injection of the
mortal through the cuff was made sequentially from
the bottom to the top within the height of the working.

Laboratory studies were performed to select the soil-
cement mix. Content of loam, as a waste of production
and the cheapest material, was taken in the amount of
1 m’ in bulk density per 1 m’ of soil-cement.

The intergranular pores in the loam are filled with
mixing water and grains of Portland cement.
Cement content was allocated in the range of
100..200 kg/m®’ of the mortar according to the
reference sources recommendations [7, 8] and taking
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into account the need in obtaining M25 grades of
mortar.

The mixtures were put into 4x4x16 cm forms, after
3 days the formwork was removed and stored in baths
with water until the required age. The day before the
strength test, the samples were removed from the bath

a) i

ol

b)

and stored in air-dry conditions. The age of the
samples was 7, 14 and 28 days. Some part of the
samples was left to study the durability for a longer
period of hardening. Samples were weighed to
determine the average density after molding and
before each strength test.
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Figure 1 — The location of the underground workings in the plan (a) and on the combined section (b)
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Figure 2 — The cuff column bottom

Compressive strength was determined on a PG-10
press. The value of strength was taken as the average
result for the three sample beams. Sample marking
was performed in series, nine sample beams in each
series. The effect of cement content on the strength of
soil-cement at the age of 28 days is presented in
Fig. 3.

The effect of cement content on strength is

cement content leads to increase in mortar strength.
Therefore, on the curves (Fig. 3), by means of
interpolation, economically profitable cement content
for each grade of soil-cement have been found.
The results of the experiments enabled to find a
relation between soil-cement grade (M) and cement
content:

Soil-cement grade 5 10 15 20 25 35

considered at its age of 28 days. The intermediate 7  Cement (C), kg/m’ 50 85 115 150 165 200
and 14 days have the same regularity and are lower
than the grade strength by 50 and 30%. Increased
a)

FR, kg/cm® IR, kg/cm®

40 40

35 } 3 3 5

30 2 a0

25 o 25

20 2 &

| |

15 / b0 15

10 12 | 10 13| |l

5 ] C, kg/m’ | 1, (C> kg/m’
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Figure 3 — The effect of cement content on the strength of soil-cement
from mushy consistency (a) and low-slump (b) mixtures

The ratio between cement and loam, that is
C/C:Loam/C=1:X (Fig. 4), is an important
characteristic. It shows the uniformity and homogeneity
of the distribution of cement grains in the intergranular
space of loam and in the volume of its filling,
determines the strength of soil-cement, its depending on
the strength of the actual clay grains.

The curve nature at the age of 28 days indicates
two general patterns in changing soil-cement strength
from the C: Loam taken. There is slow influence of C:

Loam in early terms — up to 14 days and accelerated —
in the range of 14-28 days. The greater the ratio
between cement and loam, the higher the soil-cement
strength in the range of content C = 100 — 200 kg/m’.
This curve enables to choose the necessary ratio C:
Loam for the range of soil-cement obtained grades by
us using the example of M25 (there are dotted lines in
the figures. Each soil-cement grade meets the only C
ratio: Loam = 1:X: M10—1:10; M20—1:7; M25—1:6;
M35—1:5.
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The average density of soil-cement (Fig. 5) at the
age of 28 days varies between 1560 — 1820 kg/m’.
The difference is 260 kg/m’, which is 17%. Increase in
the density of soil-cement by 1% leads to increase in its
strength by 19%. This means that density is primary and
strength is secondary.

Than density is higher, than cement content (not even
water) is higher, since during samples testing
(destruction) at the age of 28 days, it is noticed
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35 36

30 T—m25
25 N

20 20
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NN 12

10

5

0 Loam:C
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increasing amount of non-evaporated water to the
sample center. And only a layer of 2 -4 mm from the
surface of the samples is dried. The inner zone of the
samples is still wet and as they dry and hydrate, their
strength should increase.

The strength of soil-cement over time (Fig. 5, b)
increases with increasing cement content (Table 1).
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Figure 4 — The effect of soil and cement ratio on the strength
of soil-cement from mushy consistency (a) and low-slump (b) mixtures
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Figure S — The strength variation of soil-cement depending
on its average density (a) and age (b)

Table 1 — Soil-cement mix for grades 10 — 35 from mushy consistency mixtures

) Content of components for soil-cement, kg/m’
Grade of soil-cement

Portland cement M400 Water Ww/C Loam
M10 85 460 54 1000
M15 110 470 43 1000
M20 150 495 3,3 1000
M25 165 495 3,0 1000
M35 200 500 2,5 1000
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Conclusion. Thus, using the example of a 24-storey
residential building design, comprehensive solution
has been suggested for plugging workings (cata-
combs) in an array of limestone-shell rock for the sub-
sequent construction of high-rise buildings on slab-
pile foundations, which includes engineering and geo-
logical surveys, geotechnical design, selection of soil-
cement grouts and their compositions, as well as
works implementation with the constant monitoring of
plugging conditions.
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