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Summary. This article gives an analysis of the
housing stock Zaporizhzhia, shows the classifica-
tion of residential buildings on the number of
buildings storey and external walls material, con-
sidered types of deformations are given recom-
mendations for improving the reliability of opera-
tion of five-storey residential buildings at their
possible reconstruction.

A significant part of Zaporizhzhia housing re-
sources (about 25%) is made up of five-storey
residential buildings, so-called "Khrushchovki",
which were built according to standard design in
the 50 — 60 years of the last century. The term of
these buildings exploitation is coming to its critical
deadline. The layout of such premises is morally
obsolete and does not fit to live in. Besides, build-
ings of this class have sizeable physical wear be-
cause of exploitation complexity on subsided soils.
About fifth of old dwellings are deformed owing to
subsidence of their foundations. The complex of
protective measures, capable to provide required
strength and operating buildings qualities in the
cases of base soaking are absent.

Key words. Five-storey residential buildings,
subsided grounds, camber, sag, rupture of walls,
joints expansion closures, shear deformations.

RELEVANCE OF THE PROBLEM
The purpose of this research is to systema-
tize data of exploiting experience of five-
storey residential standard construction build-
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ings and to develop recommendations to be
taken into consideration, for their available
reconstruction [1].

To analyze and systematize data on quanti-
tative and qualitative  conditions  of
Zaporizhzhia housing resources, the necessary
information and materials received from the
city housing administration were collected and
processed.
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To obtain data on residential buildings
which were erected and are being operated on
Zaporizhzhia city subsided soils, we have col-
lected and distributed the information, consid-
ering on the number of buildings storey and
external walls material [2]. The quantitative
conditions of Zaporizhzhia housing buildings
estate include:
1...4-storey brick — 1620 buildings;

e 5-storey block — 119 buildings;

e 5-storey brick — 542 buildings;

e 5-storey panel —251 buildings;
9-storey panel — 538 buildings;
9-storey brick — 74 buildings;
9-storey block — 67 buildings;
12-storey brick — 16 buildings;
13...18-storey brick — 57 buildings.

Fig.1 shows the percentage distribution of
Zaporizhzhia  city  residential  buildings
considering the storey number and walls
materials.

Significant part of the housing resources
consists of five-storey residential buildings —
912 pieces, which makes 23% of the total

2% 2% 1%/—1%

number of city's balance sheet buildings.

Five-storey residential buildings are divided
into: brick (542 houses, 2523 entrances), panel
(251 houses, 1361 entrances) and block (119
houses, 525 entrances) [2]. The buildings per-
centage by the external walls materials is:
60:27:13.

Five-storey  residential  buildings  of
Zaporizhzhia city were built in the period from
the 50 s to the 70 s years of the last century,
according to standard series 1-464, 1-464A,
BK-4, 1-437, 1-438, 1-442, 1-443, 1-480.
Five-storey buildings typical projects of the
first generation were based on several design
schemes: with a narrow step of transverse
bearing walls (series 1-464 — large-panel);
with a mixed pitch of transverse bearing walls
(1-464A, 2-468 and etc.); with three longitudi-
nal bearing walls (series 1-447, 1-480, 1-511,
1-515 and etc.). The final city’s buildings for
standard projects were erected with brick walls
(series 1-447 1-511) [2].

In the course of research on the analysis and
systematization of operating data, information
on five-storey residential buildings which were
deformed as a result of subsided effect were

W 1..4-storey’s brick

B 5-storey’s block

B 5-storey’s brick

B 5-storey’s panel

B 9-storey’s panel

H 9-storey’s brick
9-storey’s block
12-storey’s brick
13...18-storey’s brick

Fig.1. Distribution of Zaporizhzhia city housing estate considering the buildings storey number

and walls materials

Table 1. Indexes of buildings deformation frequency, depending on materials type

of exterior walls

Building Average operating Number of Of them Deformation

type time, years buildings, pcs. deformed, pcs. percentage, %
Bricks 50 542 120 22
Panels 48 251 54 21
Blocks 49 119 22 18
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allocated [3, 4]. The indexes of buildings de-
formation frequency, depending on materials
type of exterior walls were determined. These
data are given in Table 1.

TYPES OF BUILDING’S DEFORMATION

The deformations of buildings are caused
by vertical and horizontal displacements of the
subsided soil surface during its soaking.

The following are shows the main types of
building’s deformation and the layout of the
soaking areas. The building’s deformation,
depending on the character of uneven sedi-
mentations and building’s rigidity, can be con-
ditionally divided into the following types
[5-9].

The building’s curvature with a camber is
accompanied by the formation of vertical
cracks with the greatest opening at the top of
the building (Fig.2). The soaking source when
building is cambered is mostly located at one
of the building’s edges.

Fig.2. Building deformation type — camber

The building’s curvature with convexity
downward (sag) is characterized by vertical
cracks with increased opening at the bottom of
the building (Fig.3). The soaking area, as a
rule, is placed near the greatest deformations.

Fig.3. Building deformation type — sag
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Local compression usually takes place at
the top of the building, from the closure of the
expansion joints (Fig.4). It is displayed in the
form of adjacent walls sections crushing, bal-
conies, cornices and the displacement of slabs.
The soil soaking zone in this case is usually
under the place of the expansion joint closure.
Deformations of this kind are also possible
from the building’s sediments in the construc-
tion process, when relatively heavier building
(brick’s or block’s next to a panel’s or many-
storey’s building) is erected near the previous-
ly constructed building.
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Fig.4. Building deformation type — joints
expansion closures

When vertical walls are broken, cracks ap-
pear along the whole height, including the
foundation (Fig.5). Such building’s defor-
mations are caused by horizontal deformations
of the soil, accompanying its vertical subsid-
ence. In this type of deformation, the loss of
the partition bearing capacity can lead to a loss
of the building’s spatial rigidity because longi-
tudinal walls separation from the transverse
walls.
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Fig.5. Building deformation type — vertical
rupture of walls.
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Shear deformations are accompanied by in-
clined cracks in the walls and vertical cracks in
bends jumper (Fig.6). The soaking source may
be placed in the area of upper inclined cracks
location.
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Fig.6. Building deformation type — shear
deformations

The horizontal rupture is characterized by
cracks appearing in horizontal or slightly
slanted direction as a result of individual
building sections subsidence (Fig.7). In such
cases the buildings without special base prepa-
ration are mostly deformed and ground defor-
mation occurs directly under their foundations.
As a rule, the soaking area is located under the
center of the cracks location.
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Fig.7. Building deformation type — horizontal
rupture of walls

CAUSES OF BUILDING’S
DEFORMATION

Uneven ground subsidence leads to stress-
strain state change of foundations and over
ground building structures and considering the
peculiarities of walls material to their damages
and cracks appearing. Cracks reduce the build-
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ing’s structural reliability, and sometimes its
performance. Cracks in the walls can also ap-
pear, independently of the base and foundation
condition. But in any case it is necessary to
determine the cause of the damage [10 —14].

Fig. 8 shows the sequence of ascertaining
the causes of damage.

Set the place of deformation

v

Determine the nature
of deformations

v

Determine the cause
of deformations

v

Develop recommendations
and measures to eliminate

Fig.8. Sequence of deformation causes
elimination

When the number of deformed five-storey
buildings, had been determined, these build-
ings were inspected in details and documenta-
tion available from specialized laboratory of
the city housing management was examined
and then the causes of deformation were iden-
tified.

Let's consider the information about the
types and causes of five-storey residential
buildings deformations, which are presented in
the Table 2 in more details.

The number of brick’s buildings deformed
by the camber is 55%, by the sag — 18%, by
the shear deformations is 20%. The buildings
with vertical walls rupture constitutes — 5%
and with horizontal walls rupture — 2% were
observed too. In deformed buildings, there is
staircases displacement from the supports; and
considerable cracking is observed within the
most weakened place — the staircase. These
buildings lose their operational capability be-
cause of the cracking in the walls, the peeling
of the plaster and the skews of the openings.
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Table 2. Information about the types and causes of five-storey residential buildings deformations

Causes of deformation, (%)
S 3 Steeping with water
i £ £ o -
S = = X
= 5% | 22 o £ S
Building type kS s S 8L o S = B
— =3 s @ = 5 S's o
o L o D Y= 7] o & =
[<H) =2 = O 2 = (?) o 8
S = = = 0 = € £
~ Z < 2
=
Camber 66 0,55 0 70 30 0
Sag 21 0,18 0 85 15 0
5-storey brick Shear deform 24 0,20 0 70 30 0
Vertical rupture 6 0,05 0 80 20 0
Horizontal 3 0,02 0 66 34 0
rupture
Camber 16 0,3 0 60 40 0
5-storey panel Sag 16 0,3 20 80 0 0
Local compres 22 0,4 0 85 15 0
Camber 12 0,55 0 80 20 0
Sag 7 0,35 15 35 50 0
S-storey block ™ gp 2 deform 2 0,05 0 0 0 100
Vertical rupture 1 0,05 100 0 0 0

Base soaking of the sewerage network
(73% in average) and soaking of water or heat-
ing networks (27% in average) are the main
course of buildings deformations in brick’s
five-storey’s residential buildings.

The number of panel buildings, deformed
over the camber and sag isn’t significant and
amounts — 30%, reciprocally. The most fre-
quent deformations were revealed in the form
of width expansion joints closure changes
(40% in average). In buildings of this type,
deformed joints are often filled with incom-
pressible materials that deteriorate the working
conditions of wall panels with a decrease in
the seams width.

It was established that the most common
cause of panel buildings deformations is the
base soaking from sewerage networks (76% in
average). Other causes of deformation are
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soaking from the water networks or heating
networks (18% in average), atmospheric water
(6% in average).

The number of block buildings deformed
because of the camber is in the range of — 55%
with the seams opening between the blocks,
because of the sag — 35%, over to the shear
deformations — 5%. Buildings with vertical
gap in the walls are 5%. In general, the opera-
tional capability of the building is lost because
of the cracks opening in blocks, the staircases
displacement from the supports and the plaster
peeling from the internal wall’s blocks surfac-
es.

The most common cause of block buildings
deformation is base soaking from the sewerage
networks (55% in average). Other causes of
deformation are soaking with atmospheric
water — 9%, water supply or heating networks
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soaking (27% in average). It was also revealed
that base soaking as a result of wrong building
compartments blocking is about 9%.

RECOMMENDATION

Since the five-storey buildings of typical
standard design have exhausted all their opera-
tional resources it is necessary either to demol-
ish or to reconstruct them in the near future.
But the state has no funds for such buildings
demolition; therefore it is more likely to re-
construct them. When reconstructing such
buildings, different variants of premises re-
planning will be provided, which help to im-
prove living conveniences.

The experience of five-storey residential
buildings exploitation shows that absence of a
complex measures against sedimentation con-
siderably affects the operational reliability
[15-19]. Therefore, during the reconstruction,
it is necessary to provide waterproof measures,
to eliminate the water hitting under the build-
ing. Analysis of deformation causes shows that
in almost 75% of all cases, the soaking source
was sewerage network leaks. So, during the
reconstruction it is necessary to provide the
full replacement of all intra-quarter sewage
networks.

CONCLUSIONS

The classification of the housing recourses
of Zaporozhzhia city considering storey num-
ber and walls materials of buildings was pre-
pared, the data on the operational experience
of five-storey residential buildings were sys-
tematized, the main types of buildings defor-
mations were determined, and the causes of
deformation were established.

The five-storey buildings of the typical
standard design are morally obsolete, have
sizeable physical depreciation. In order to im-
prove the living conveniences of such build-
ings, their reconstruction is necessary [20 —
23].

Measures to improve the operational capa-
bility of five-storey residential buildings are
proposed. These measures must be considered
in the possible reconstruction process.
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AHAJIN3 IKCIUTYATAIMHU KWIBIX MATHITAKHBIX
31aHU, BO3BEEHHBIX HA MPOCAT0YHBIX
rPYHTAX I. 3aM0pPoXKbe

Buxmop [llxooa, Mapus Cémuuna,
Anopeii llIkooa

AHHOTanus. B craThe BBHINOMHEH aHANM3 JKH-
moro doHAa T. 3amopoKbe, MpUBEACHA KIacCu(pH-
Kalysl )KUJIBIX 3/1aHUH IO 3TAKHOCTH U MaTepUary
CTCH, BBLACICHBI BUABI Ae()OpMHUpPOBAHUS, HaHBI
PEKOMEHJIAINH 110 MOBBIIICHUIO HAJEKHOCTH 3KC-
IUTyaTalUy MATU3TAKHBIX KWIBIX 30aHUN IpU HX
BO3MOKHOH PEKOHCTPYKLHUH.

3HAYUTEIBHYIO YacTh KWIOro GoHaa (mpumep-
HO 25%) 1. 3alI0pOXXbe COCTABIISIIOT ISTUITAXKHbIC
JKWIIBIC 3J1aHusA, TaK HAa3bIBAEMBIC «XPYIICBKN»,
BO3BEJICHHBIE 110 TUMOBBIM MpoekTaM B 50 — 60-x
rojgax mpomioro crojerus. Cpok 3KCITyaTaluu
9TUX 3AaHUN NPUOIIKAETCS K KPUTHYECKOMY.
[TnannpoBKa MoMeIIeHU MOpalbHO yCTapena U He
croco6cTByeT KOM(POPTHOMY MPOKUBAHHUIO B HEM
monei. Kpome atoro, 3aaHust 3T0ro Kiacca UMEOT
U CYIICCTBCHHBIN (PU3NYECKHI M3HOC, CBSI3aHHOU
CO CIIOXHOCTBIO JKCIUTyaTallid Ha MPOCAJ0YHBIX
rpyHTtax. I[IpuMepHO y msITOM 4YacTh Bcex 34aHUM
CTapoll TOCTPOWKH HAOIIOAAIOTCS JeOopMalum
M3-3a TPOCAJKH OCHOBAaHUH. DTO BBI3BAHO OTCYT-
CTBHEM HEOO0XOIMMOIo KOMIUIEKCA 3alMTHBIX
MEpONpHATUH, CHOCOOHOro obecneyuBarb Tpe-
6yeMI)Ie IMPOYHOCTHBIC M SKCILTyaTallUOHHBIC Ka-
YecTBa B CIIydae 3aMadrBaHUsI OCHOBAHUS.

KiroueBble cj10Ba: NSTUITAKHBIE JKUJIbIE 3/1a-
HUS, TIPOCaJIOYHbIE TPYHTHI, BBITMO, Tporud, pas-
PBIBBI CTEH, 3aMbIKaHUs JIe(DOPMAIIMOHHBIX IIBOB,
nedopMaliy CABHrA.

MiABOAOHI TEXHOMNOTrTI « 06/2017, 82-88
MpomucnoBa Ta UMBINbHa iHXeHepis



