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THE METHOD OF DETERMINING THE
SEQUENCE OF CONSTRUCTION WITH IN
THE AREA OF OLD HOUSING SYSTEM IN
LvIvV

Operation of the old buildings of the Lviv
city is close to a century conditional term.
These buildings have long been subject to
examination to continue the period of efficient
service of housing. The actual estimate of
technical buildings condition of the old
building under standardized gradation is
necessary to determine the direction of their
reconstruction. The authors propose to start
examination using the geodesic method. It
allows you to quickly determine the actual
spatial deformations of individual buildings in
a group of buildings with bases.
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Analysis of recent research and
publications. According to existing
regulations under a constructive safety [1]
buildings that are located in the area of a
long-established low-rise dense old housing
system has long been subject to inspection
by their technical condition into the fixed
normative terms [2], and certainly if the sites
for new construction are in direct proximity to
the dense old housing system, to determine
the possibility of adverse effect of new
construction on the existing old housing
system and vice versa [3, 4, 5].

To the situated ones in the conditions of
dense housing system there should be
classified the following buildings, in the
foundations of which the areas of stress and
displacement, defined for the independent
located objects, intersect. These cases
include the construction of multisection
homes which are built in turns. The
construction of each stage, section or more
sections should be seen as the construction
of a new facility near the existing one.

The houses with numbers: 28, 30, 32, 34
in the Dzherelna Street, and their wings, and
9, 11, 13 in the Pid Dubom Street and their
wings (Fig. 1 - 3) are in the conditions of the
old dense housing system of Lviv.

FEE Pid Dubom str.

Fig. 1. Fragment of an old dense housing system

of Lviv on the corner of Dzherelna and Pid

Dubom street. The procedure of building houses

according to the analysis of actual spatial
deformations
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Fig. 2. A group of four buildings # 9,
11, 13, 17,17 in the street Pid
Dubom (left - right)

Considered homes on the site of the old
housing system have not been specifically
designed for force arising from the interaction
with the substrate.

Geological and engineering conditions of
the area are complicated by the presence of
backfills (EGE-1) capacity from 1.8 to 5.3 m
and the average decomposed peat (EGE-2)
with a capacity of 0.3 to 2.9 m with
E=1.24/2.23 MPa. The area is characterized
by flooding. Peat has large differential
compressibility, which flows slowly over time,
variability and anisotropy of strength
characteristics, deformability, filtering and
changing them in the process of basis
consolidation. Underlying peat layer is tight
ductile clay (EGE- 3) E=11 MPa, with layers
of semisolid clay, with the admixture of
organic matter, bluish - gray, gray. Difficulty
category of engineering and geological
conditions of the territory - Il (Annex F [6]).

Research has shown that material of the
walls has sufficiently high strength of bricks
f,=10 MPa and very low strength of dilution
f»=0,5 MPa, which does not provide sufficient
strength for masonry of bandaged and
unbandaged seams in difficult geological and
engineering conditions of the construction site.

Smooth metal shreds which sometimes

were constructively injected into horizontal
masonry joints cannot preserve the original
spatial rigidity of brick backbone of buildings
in the complex engineering and geological
conditions of the considered fixed area.

As to building code [3] stress distribution
of pressure under the foundation at any point
of half-space is calculated by the formula (E.5
[3]) or by using the corner points method (D.7
[3]). At that, the scheme of distribution of
vertical stress at the base of the foundations of
the linearly deformable half-space model

Fig. 3. A group of four buildings # 34, 32, 30, 28 (left -
right) in the street Dzerelna

should be used (Fig. E.2 [3]).

In determining the interference of
pressure p under the base of foundations of
related group of considered buildings by the
method described in rules [3], a significant
amount of stress calculations to build
additional pressure diagrams and linking
stress with the deformation for analysis and
determining the sequence of construction
within the considered area of old housing
system should be done.

In addition, according to subsection
3.11.13 [3], the calculation of bases of existing
objects according to foundation deformation
for the second group of limiting states are
performed in all cases if they are exposed to
the impact zone of new construction including
extensions, add-ins and inserts between
existing buildingsCalculations of subsidence
of the foundations of the building, taking into
account the impact of those buildings located
nearby, must be performed taking into
account the mutual influence. These
calculations are performed using the design
scheme in a linearly deformed half-space and
layers summation method.

Subsidence of S foundation of the house
is calculated by the formula (E.1 [3]) in which
to diagrams of additional stresses on the
basis, the impact stresses from the
foundations of the house and the foundations
of adjacent buildings are given.

In calculating the foundations as to base
deformations, the average pressure under the
base of foundation should not exceed its
calculated resistance of soil foundation R.

The aim and objectives of research
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The aim is to develop methodology that
during the test enables to quickly determine
the actual spatial deformation of grouped
buildings in the old housing system with the
bases.

The aim of research is to obtain
experimental results that characterize the
deformed state of separate buildings and their
foundations within dense housing system,
and according to which we can estimate the
order of the sequence of construction of
buildings through the analysis of their
interaction within this group of buildings
without their prior theoretical calculation.

The main material

The authors propose to begin a survey
using the geodesic method [8], which will
allow to quickly determine the actual spatial
deformations of grouped buildings together
with the bases in the old building of Lviv.

The evaluation of technical condition of
the brick frames of buildings was made as
their separate part, which can be identified by
the main functional and constructive
characteristics according p.4.15 [4].

To determine the parameters of the
actual deformation of the walls of the
residential buildings main facades (Fig. 1, 2,
3) using the geodetic method the following
steps are needed:

1. For the measurements to select the
points of the elements of the buildings facades
where for the time of exploitation the possible
cosmetic repairs did not change the original
look of facades and could not increase the
deposition of repair materials significantly;

2. To measure the actual vertical
displacements relatively to the horizontal
plane, which accompanied the old buildings
from the time of construction till the detailed
examination, in 80+90 years of exploitation;

3. To perform the analysis of actual spatial
deformations of groups of old buildings by the
determined deformations of each for the
determination of construction’s sequence within
the area of the old dense housing system.

At the beginning of survey, the vertical
displacements of the basis under the
foundations relatively the conditional zero
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level were fixed by geodetic measurements.

The analysis of the actual spatial
deformations of groups of old buildings
according to the determined deformations for
each building is performed.

If a design object is not specifically
designed to force arising from the interaction
with the base and job design value alone is
not su installed.

The limit values of compatible
deformations of the bases, foundations and
structure are allowed according to the table
[.1 [3], if the construction of the object are not
specifically intended for the the efforts arising
during the interaction with the basis and in
the ask of designing the meaning s, are not
determined separately.

The following are the values obtained in
comparison with their normative limit level.

According to these measurements the
difference of subsidences AS of end walls in
the plane of facade of all examined buildings
can be determined. The determined actual
values of subsidence differences AS practically
exceed the limit values Sy = 120 mm, which
are given in the Table 1.1 [3] for the multistory
frameless buildings with bearing walls from
brick masonry  without reinforcement.
Therefore, the actual values AS according to
separate buildings are defined:

- with numbers: 34, 32, 30 in Dzherelna
str—161 mm,122 mm, 119 mm;

- with numbers: 9, 11, 13 on Pid
Dubom street— 111 mm, 124 mm, 118 mm.

The lurches of foundations of "i" in planes
of facade walls of buildings are defined by the
formula, i=AS/L, exceed the limit values
i,=0,005, recorded in the normative documents
38, 4, 5, 6, 7, 9. Thus, the value ASIL,
according to the separate buildings:

- with numbers: 34, 32, 30 in Dzherelna
str. — 161/26790=0,006, 122/15630=0,00781,
119/15200=0,00783;

- with numbers: 9, 11, 13 in Pid Dubom str.
- 111/13625=0,00815, 124/12310=0,0101,
118/15820=0,0746.

The relative differences of subsidences
(As/L); of end walls, perpendicular to the
facades of buildings exceed in 3+5 times the
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limit values (As/L),=0,0020 of recorded
normative documents in the table 1.1 [3].
Therefore, the values (AS/L); according to
separate buildings are:

- with numbers: 34, 32, 30 in Dzherelna
str. — 161/26790=0,006, 122/15630=0,00781,
119/15200=0,00783;

- with numbers: 9, 11, 13 in Pid Dubom str.
— 111/13625=0,00815, 124/12310=0,0101,
118/15820=0,0746.

The limit values of relative deflection «-f»
of the buildings in the table W.1 of the
normative document [3] are -
f,=0,5%(As/L),=0,5%x0,002=0,001. Therefore,
the values —f=0,5%(AS/L), exeed 5,7 times
the limit values - f, according to the wall of
the building’s facade:

- with number 32 in Dzherelna str. —
89/15630= -0,0057;

The limit values of relative deflection
«+f» of the buildings in the table 1.1 of the
normative document [3] are
+f,=0,25%(As/L),=0,25%0,002=0,0005.
Therefore, the values +f=0,25%(AS/L); exeed
3+6 times the limit values +f, according to the
walls of facades of separate buildings:

- with numbers: 34, 30 in Dzherelna str.
—85/26790=0,0032, 19,2/15200=0,00126;

- with numbers: 9, 11, 13 in Pid Dubom
str. — 5/13625=0,00037, 12/12310=0,001,
30/15820=0,0019.

According to p. 2.1 [6], during the
analysis of the buildings and foundations
condition the actual “deformations of
foundation’s bases” should be considered,
which are divided into the following types:
subsidence S, mm; the difference of
subsidences AS, mm; inclination i, mm / m;
the curvature (convexity, concavity) p 1/km,
the radius of curvature R = 1/p, km.

The results of crack formations,
measurements of vertical deformations of the
main facades of residential buildings groups
number 9, 11, 13 of old dense housing in Lviv
on the Pid Dubom street and characteristic
geometric parameters and it's deformations are
shown in Fig. 4, and the indicators of
deformation are shown in Fig. 5.

The results of crack formations,
measurements of vertical deformations of the
main facades of residential buildings groups
number 34, 32, 30 of old dense housing in Lviv
in the Dzherelna street and characteristic
geometric parameters and it's deformations are
shown in Fig. 6, and the indicators of
deformation are shown in Fig. 7.

According to the obtained characteristic
geometrical parameters of buildings
deformations we can analyze:

- the nature and consequences of the
transfer of loads from the buildings on
foundations;

- the schemes of the actual development
of the basis deformations for the time of
survey taking into account the additional
deformations of the bases of the existing
facilities from effects of adjacent sequentially
adjoined to a semi-detached or embedded
into groups buildings.

The analysis of outlines of the fixed
vertical deformationf of the old buildings
showed that for an objective approach, the
approximation of the received data by the
equations of different orders should be used.
It is necessary to analyze and select from the
entire set of equations of approximating
experimental vertical displacements those,
which  have the biggest correlation
dependency between research and
theoretical data, describe and characterize
more logically the deformed state of the
separate building, and therefore the groups of
buildings within the old dense housing
system.

Conclusions

Accomplished survey showed that
projects of the foundations of built homes that
are located in dense old housing system
conditions did not provide for maintaining
performance qualities of existing structures
located along the surrounding area.
Therefore, the negative impact of the
unregulated order on the construction was
manifested in fixed deformations during the
test.
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Fig. 4. Picture of crack formations on the main facade of the group of residential buildings of old buildings
located in Lviv in Pid Dubom Str.
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Fig. 5. Recorded deformed states of the main facades # 9, 11, 13, which are approximated by
equations of different orders, that are listed below: a - the general directions of slope and break
point; b - integral values of the radii of curvature; ¢ - the value of the radii of curvature in plots of

facades, procedure for the construction as to the shape of the graphs of approximation equations
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Fig. 6. Picture of crack formations on the main facade of the group of residential buildings of old
buildings located in Lviv inth Dzherelna Str.
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Fig. 7. Observed deformed state of the main facades of buildings # 34, 32, 30, which are
approximated by equations of different orders, that are listed below: a — general directions of slope
sections of the facades, the point of fracture and places of vertical mixings of the facade sections;
b — integral meanings of the radii of curvature; ¢ - meanings of the radii of curvature in sections of
facades, procedure for the construction of graphs of approximation equations and characteristics of

facades
According to information received in the we can determine the order of their
real conditions by geodetic methods with the construction.
help of the indicators of spatial deformation of The integral method of approach to
group of buildings of the old housing system, determine the actual deformed patterns of
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buildings interference and foundations to
determine the actual technical condition of
their frame does not need at the early stages
the test of prior determination of calculated
distribution of vertical normal tensions in
terms of the plan and depth of the base.

Lengthy theoretical calculations fade into
the background. They can be used to specify
the design schemes "base-foundation-
building" in obtaining complete information on
structures and foundations required for
calculation of the surveyed area of the old
housing system according to given [3]
techniques.

The values of spatial wall deformations of
considered buildings together with a base
excess the limit values for objects that are not
adapted to the perception of uneven
deformation of foundations [3].
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AHOTAUIA

Ekcninyamauisi cmapoi 3abydosu micma
Jlbeoea HabnuxeHa 0o YMOBHO20
cmopiyHo20 mepmiHy. Lli 6ydieni exe dagHO
nionsz2aromes 06CmexXeHHI0 05 MOXXITUB020
rPOOOBXKEHHSAM MEPMIHY X eKcrislyamauii.
Knacupikauis 03HaK mMexHiYHo20 cmaHy
bydieenib  HeobxiOHa  Ons  8U3HAYEHHS
HanpsMKy ix pekoHcmpykyii.  lNepwud i
Haucymmesiwud ernnue Ha cmaH bydieerib
Odatomb HepieHOMIpHI Oeghopmauii ocHo8 mid ix
yHOameHmamu.  Aemopu  MPOrOHYyMb
noyamu O6CMEXEHHS 3  B8UKOPUCMAHHS
2eode3uyHo2o memody. BiH dae moxrnusicmeb
weudKo eusHayumu ¢hbakmuydHi rpocmoposi
Oepopmauii  okpemux bydisenb e epyri
6yduHkie pa3om 3 oCHosamu.

Knoyosi criosa: o0bCcmeXxeHHs,
mexHi4YHul cmaH, deghopmauii

AHHOTAUNA

Okcnnyamayuss  cmapol  3acmpoUlKu

e2opoda Jibeosa npubnuxeHa K yCriO8HOMY
CMoiemHoMy CPOKy. Amu 30aHus yxe 0agHoO
rnodnexam obcriedosaHuro 051 803MOXHO20
npodrieHuUsi  cpoka  UX  3KCryamauuu.
Knaccugukayus npu3Hako8 mexHU4ecKo20

cocmosiHuss ~ 30aHuli  Heobxoouma  Ons
onpederneHusi HarnpaseHusi ux
PEKOHCMPYKUUU. lMepesoe u camoe

CyuwecmeeHHoe 6/lUsiHUe Ha COCMOsIHUe
30aHul darom HepasHoMepHbIe dechopmauuu

OCHO8aHuli  nod  ux  ¢hyHOaMeHmamu.
Asmopsbi npednazarom Ha4yamsb
obcriedosaHue c ucrosib308aHUeEM
2eode3uyeckoeo  Memoda. OH  Oaem
B803MOXHOCMb bbicmpo onpedenume
gakmuyeckue npocmpaHcmeeHHble

Oegpopmayuu omoesibHbIx 30aHuli 8 epyrnre
domMo8 sMecme ¢ OCHOBaHUSIMU.

Knoyeebie criosa: obcriedosaHue,
mexHu4yeckKoe cocmosiHue, Oeghopmayuul.
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TEOPETU4YHI OCHOBU PO3POBKH
IH’EKLINHOI TEXHONOrIT

Po3sansiHymo po3pobkKy Ho80i mexHonogaii
Onis 3axucmy nid3emMHo20 rpocmopy 8id
MexXHO2eHHUX 3abpyOHeHb. OcHosy
mexHonoail cknadae 8UKOpUCMaHHS
Wwmy4HUX npomucgbinlbmpauiliHux ekpaHie 3
HedehiuumHuUX Mamepiasiie ma He8esUKUX
¢iHaHcosux  eumpam.  [lpoaHanizoeaHo
mMamemamuyHe  MOOEerI08aHHS  Mpouecie
IH’eEKmMyeaHHs 2pyHmy, hinsmpauito, muck
ma po3ro8COOXXEHHST PO3YUHY.

Knroyoei criosa: 3axucm nid3emMHO20
npocmopy, po3pobka mexHorioaii,
npomucpinbmpauitiHul €eKpaH,
mMamemamuyHe MOOE8aHHS, iH €EKMy8aHHs
2pyHmy.

AKkmyanbHicmb. ONg 3axXucTy Nig3eMHoro
NpoCTOpPY Big TEXHOrEeHHUX 3abpydHEHb, LUO

BUHUKITM BHaCNIOoK ynawTyBaHHS
MOTMMBbHUKIB 3 pIi3HOro BuAYy Bigxogamu,
HeobxigHo BUKOPUCTOBYBATU LITYYHI

npoTudIiNbTPaUinHi ekpaHU. B 9KOCTi Takmx
€KpaHiB HanbinbLl NEepPCneKTMBHI Ti 3 HUX, NS
CTBOPEHHS SKUX He MOTPibHE BMKOPUCTAHHSA
aediunTHMX  Martepianie Ta BEJTUKMX
¢iHaHcoBux BuTpaTt. Lle, nepw 3a Bce,
Pi3HOBMOW MPUPOLHUX FMIMHUCTUX MaTepianis
i maTepianiB Ha OCHOBI LeMeHTy. Ix
3aCTOCOBYHOTb AN CTBOPEHHS LIEMEHTHO-
FMMHUCTUX FTOPU3OHTaNbHUX €KpaHiB B OCHOBI
Pi3HWX MOMUITBHUKIB | $M  CKNadyBaHHSA
BiaxodiB. Arne nonpu CBOKW  BiOHOCHY
HeBenuKy BapTiCTb LEMEHTHI eKpaHu He
MOXYTb BignoBigaTW BCiM BMMOram, Lo
3aCTOCOBYHOTb A0  NpOTUINbTPaLinHUX
€eKpaHiB, 0cobnMBO AN  BiAMNOBIAANBHUX
cnopya. Tomy [Ong BUPILLEHHA  OKpeMUx
NUTaHb Cnig 3acTocoByBaTW MaTepianu, ki
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