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Summary. The problem of possible combina-activity. Complex geotechnical natural and
tion of soil base substantial differential Sett|eanthropogenic conditions which result in
ments and seismic action is characterized. Ttgypstantial differential settlements of base
theme is extremely urgent subject to S'gn'f'ca’(SDSB) are widely spread too. They include
negative influence of soil base substantial diﬁe‘slumping soils. undermined territories. karst
ential settlements evolution on the constructio P . ’

and other suffosion kinds, creeps, new

system seismic stability. The article’s aim is t(b iding infl tc. Combinati : h
consider features of such influence. The consiPUldiNg Influence, etc. Lombinalion of suc

ered spectrum of the influence aspects include€Omplex influences is natural and common.

initiation of a complex stress-strain state, whic Thus, the protection of constructions affected

loads additionally structural system when seism by such combination is relevant.

loads are emerging; reduction of the structur. Both earthquake and substantial differential

system energy capacity to take and absorb tsettlements of base create significant load
seismic vibration energy; abatement and ruptuinfluence on the construction system and

of seismic stabilifty elements in the constructio respective stress-strain state (SSS) with a high
system; substantial change of a dynamic analy gy of the constructions or all system collapse.

Ciferential setfements oucurtence before eart 2N Into account its extreme hazard, it s
logical to consider a possibility of such

guake is selected for being studied as the mc. L
influences combination.

probable and destructive. Design procedure f ) .
construction systems under combination of sc AN increased complexity of research and

base substantial differential settlements influencconsideration of SDSB and  seismic
and seismic action on the basis of capacity specombination results, as a rule, either in all-out
trum method proposed by author is shortly intrcremoval of SDSB causes (typical of West
duced. Europe or North America) or in avoidance of

Key words: differential base settlements,prob|em consideration by a standardized
seismi_c action, combination, construction systernegation of such combination possibility
capacity spectrum method (typical of the post-Soviet countries).

Individual attempts of studying seismic and
different SDSB kinds combination occur on
the exSoviet Union territory, for example,

Large areas of Earth's surface are papers [I- 5 et al.]. Series of studies 59 et

characterized by significant seismic hazanal']' which had been performed by Ukrainian

that is basically associated with a tectonit,zonal Scientific and Research Design Institute

INTRODUCTION
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of Civil Engineering (KyivZNIIEP) from SDSB high level involves abatement and
1982 to 2009 with interruptions, was the mosrupture of seismic stability elements including
thorough. This series was started for thithe reduction of overloaded structure elements
purpose of developing protection methods farigidity with efforts redistribution in the
buildings in the slumping soils conditions of construction system.
Odessa seismic region. Eventually, the ranc Plastic  deformations and  ruptures
of problems had thoroughly been highlightedaccumulation in the construction system and
the series of substantial differential basiprobable residual changes in the soil base
stiffness influence effects on the buildingrigidity distribution may cause a substantial
seismic reaction had been revealed and ttanalytical model change.
propositions for building analysis and Three variants of the seismic and SDSB
resistance in the slumping soils conditions itcombination are theoretically possible: SDSB
seismic areas had been suggested. Howeveloccurrence before earthquake; earthquake
great number of questions and problems, fcduring the active phase of SDSB; SDSB
example, consideration of other SDSB causeinfluence after structural system abatement by
taking into account a standardized prohibitiorseismic loads. The first variant is the most
of peculiar (abnormal) influences probable and destructive, because earthquake
combination, applied engineering analysi¢probability during the active phase of SDSB
methods development, more solid theoretici(the largest duration — up to 1...2 years till
substantiation of the problem and its solutionscomplete attenuation), all the more its peak, is
etc. remained unexamined. In this connectioconsiderably less. And SDSB influence after
the author conducts a complex of studies tearthquake applies “only” to risk of their loads
solve the above problems (some results aon damaged buildings until their repair or
presented in the article). dismantling completion.
Damage and rupture of building structures
and elements responsible for seismic stability
MATERIALS AND METHODS (main  wall's sites, reinforced-concrete
inclusions of walls, beams, columns, nodes,
The article’s aim is to consider SDSBetc.) are the most apparent effects of SDSB
features influence on the building structurainfluence. These effects initially drew
system seismic stability. Methods of build-attention to the problem of base deformations
ing literature analysis, inspection of existinginfluence on construction system seismic
buildings, modelling in bundled software, stability, specifically, damages of residential
theoretical analysis, quantitative and qualitaand other buildings by slumping of soil base at
tive data handling are applied in researclthe South-west of Odessa region in Ukraine or
whose results are introduced in the article. in countres of Central Asia, which are
considired in research works [$013 et al.].
Typical example®f damages in walls of ma-
RESULTS AND DISCUSSION sonry buildings are representedrig. 1.
The conclusion about causes of revealed
Sources analysis and the author’s researibuilding damages was made on the ground of
have shown the following features and effectanalysis of cracks allocation and trajectories
of SDSB influence on the building structuralaround sites of base slacking and availability
system seismic stability: of SDSB evolution causes. Cracks allocation
Initiation of complex SSS, which in this case correlate good with generalized
additionally loads the structural system undetable of deformations variants in Fig. 2 [14].
seismic effects.
Reduction of the structural system energy
capacity and ability for taking and absorption
of the seismic vibration energy.
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Fig. 1. Damages of buildings bearing walls in

seismic areas by substantial differential d

settlements of soil base

Reduction of rigidity in the construction
system and, as a result, increase in natur
vibrations periods and change in its modt
become obvious consequences of plasti
deformations and damages in bearin
structures. Residual slacking of the soil bas

for example, by a stable high level of subscFig

water or sluggy formation may also lead t
such effect. Numerical effect of the natur
vibration period increase resulting fromr
rigidity reduction of elements in the dynamic
design model generally obey the well know

law: T=2/m/M /K . That is the system
natural vibration period increase is directl
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proportional to square root of the system
overall rigidity reduction. Influence of
construction system slacking goes down by
soil base suppleness influence when rigidity of
the base is taken into account (that is
particularly important for the rigid buildings
with low natural vibration period).
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. 2. Kinds of cracks allocation in masonry

walls and causes of their occurrenae:
soil base slacking under the building
midsection;b — soil base slacking under
the shorter side of a building; — hard
spot in soil base under the building mid-
section;d — stepped soil base slackirey;

— different pressures under attached
building blocks
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According to the author's numerousof numerical experiments in software package
experiments, SDSB occurrence causeLIRA-SAPR with models of building with up
reduction of general rigidity in masonry rigid to 10 stories height (Fig. 4) were made. In the
building construction system up to 30% (dowr process resulting dynamic parameters were
to 70% from starting values) due to theircompared for the models with and without
slacking and relevant increasing of summar slacking of soil base.
periods of the natural vibration basic form up
to 15% (subject to soil base rigidity). To that
end nonlinear analysis was used by thi
principles of the capacity spectrum methoc
(CSM) [15], specifically, generalized formulas
for single degree of freedom (SDOF) system:
(Fig. 3) were used for building slacked by
SDSB influence.

Fig. 3. Transformation of dynamic multiple de-
gree of freedom (MDOF) system to single
degree of freedom (SDOF) system

Slacking of certain masonry constructions
as a result of overloads or damages by SDS
and seismic influence, in spite of a final
collapse absence, reaches according
experimental data (for example, in [16])
increasing of period of the natural vibration
basic form 4 times (2 times in average), an
rigidity (which determines dynamic behavior
and effect in general system) goes down t
10% of the initial values according to Fig. 4. Examples of building models for studies
calculation data. of influence of residual reduction of soill

As regards a residual reduction of soil bas base rigidity after SDSB evolution com-
rigidity after SDSB evolution completing pleting
(except sluggy formation), numerical studies
indicate that a significant (more than by
10...15%) increase of periods of the nature
vibration basic form occurs in low-rise rigid
buildings during reduction of soil base parts
rigidity down to 65% of the initial value. With
an increased building flexibility and for the

Determination of laws of changes in
rigidity and periods of buildings natural
vibration in general and of their individual
structures depending on damages development
enables to estimate a degree of damage and
slacking of various parts of the “building-soil
base” system on the bases of measured

upper vibration forms the influence of suct q o ch teristi I 0 locat
slacking is substantially lower or is practically@YNamic characleristics, as well as 1o locate
areas of their development.

absent. For detection of such regularities serics
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On the grounds of features of under loarstresses in this case may rise up to 2 times (by
materials (except perfectly brittle) deformatior commensurability of vertical and horizontal
diagrams it is commonly known, that rigidity shear forces of sidesway).
reduction in constructions is sign of their For example, a significant efforts increase
active or occurred before (with partial damagin some frame constructions elements by
of material structure) overload. It can be alsiadverse variant of combination of shear
non-mechanical damages by a chemical (sidesway  forces directions occurs.
biological aggression, freezing-defreezin¢Particularly, efforts increase for shear forces
cycles and other occurrences [17 — 19]. Thesand bending moments in some elements
occurrences affect on constructions, as a rulamount to 1.5...2 times. The most expected
in the form of cross-section loss, innervariants of  construction  destructions
damages and material microstructuredepending on its features are: by eccentric
disruption. All of that are origin of compression of columns; bending or bending
construction rigidity reduction too. Thus in- with tension of beam; by shear force in beam.
situ measurements of dynamic characteristic For flat wall constructions adverse variant
of construction system and their elements aiof combination of shear sidesway forces
universal method of technical state assessmedirections involves the occurrence of:
and have gotten certain development i- increase of shear stresses up to 2 times;
practice of inspection and monitoring of- increase of normal stresses in the central
buildings and structures [16, 20 — 23]. It i zone approximately to 2 times;
important in this case to have base values - additional boundary normal stresses by
dynamic characteristics based on initia bending action in the vertical direction.
measurements or analysis of building with ou In this case the most expected variants of
accounting of damages and defects. construction destructions depending on its

Application of dynamic characteristics features are: by normal tension stresses in the
monitoring also can be utterly effective forboundary or central zones for a material with
estimate of reduction of seismic stabilitylow tension strength; by normal compression
(resistance) of structural system damaged tstresses in the boundary or central zones (as a
both earthquakes [16, 20 — 23] and otherule, exceed modulo of normal tension
influences, including SDSB. Series ofstresses); by shear stresses in the central zone.
calculations has to be done for quantitativi One of the seismic analysis features is
estimation of extent of structural systemrallowance of significant plastic deformations
seismic stability reduction by SDSB, for and controlled construction damages. Positive
example, with application of CSM. As aeffect by plastic deformations consists in
result, generalized numerical laws betwee absorption of seismic vibration energy by
increase in natural vibration periods ancrelevant destruction of material
seismic stability reduction of different kinds microstructure. According to Ukrainian,
structural systems will be determined forRussian and other post-USSR countries
estimation of extent of structural systerrbuilding norms such effect is allowed by
seismic stability reduction by SDSB. reduction coefficient of admissible damages

It appears that efforts and stresses by SD<for seismic forces (as a rulg < 1 [24]).
(residual) and seismic combine with eactPhysical interpretation of this coefficient can
other and bring to a substantial increase ibe presented on the base of Fig. 5.
their level in comparison with separate effec Determination of the admissible damages
of the influences. Overall load-bearing effec coefficient k and other similar factors which
by such influence on partial sites of verticadescribe the ability (capacity) of seismic
bearing elements of construction systems cevibration energy absorption for construction
be described as sidesway in two directionssystem under SDSB influence is a separate
vertical and horizontal. Theoretical numerica problem. However, on the one part, there
experiments show that level of efforts ancdevelop plastic deformations and construction
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material local damages, which reduce enercSDSB evolution completing can be corrected)
capacity of the system. On the other part, dumust be used except sites with loss of contact
to SDSB prestressing and local damages ttbetween soil and underside of foundation.
evolution a yield point stress (forcé) for These sites have to be determined subject to
horizontal shear forces perception decreasecreep of construction system materials
This combination generates conditions for thi(directly or indirectly). Multiplied dynamic
lack of fundamental changes of the systerrigidity of soil base have to be taken into
ductility and coefficient k For example, both account by appropriate coefficients of rigidity
values Py and P in the formulak; = PJ/P. or by generation of soil base finite elements
decrease. Indirectly, this effect is confirmecmassif.

by lack of the coefficienk; variation in the

norms for equivalent type construction 4
systems by the same level of seismi = S I
influence, though specifications of specific
constructive solutions for the same type ma
be numerous. Thus, standard set of th B o --_
admissible damages coefficiekisand elastic

coefficients (of yielding)u can be used for “’E_
seismic analysis of construction systems unde | -
SDSB influence. ¥ ¥
Design procedure for construction systerr a
under combination of SDSB influence an A

seismic action on the basis of CSM wa
proposed and then improved by author.
involves following stages:

- Generation of construction system nor
linear model with accounting of soil base (it
rigidity or massif of finite elements). Creep o
materials isn’'t taken into account except cas
of its significant influence on change of
construction system design model.

- Stepwise application of static loads
according to norms for seismic analysis.

- Preliminary seismic calculation of
construction system without SDSB influence
Main result — diagrams of CSM and seismi
spectrum ir§,— §(ADRS) coordinates.

- Non-linear analysis on the most likely
variants of SDSB influence. It is performed by
special stepwise loading (by displacements ¢
equivalent forces) or by soil base rigidity
changing.

- Determination of horizontal seismic dy* dy
forces allocation (vibration modes) is C
performed by spectral method. Analysis mus
be done for independent orthogonal horizont:

-
d*

* - e

Fig. 5. Energy by: equivalent elastia)(and elas-

axes of building, in the line of which rigidity tic-yielding () behavior of system
and stability of construction system can b (W,=W,); CSM diagram constructior)(
considerably different. In this case stabilize Indexes:e denote elasticy denote yield-
rigidity of soil base (base characteristic afte ing
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- After determination of horizontal seismicaccounting for 6 points) can be used for rigid
forces allocation they are imposed in norbuildings by SSS analysis of their walls (or
linear model after SDSB influence (SDSEother similar braced systems). Level of
postaction is allowed). Total value of seismiseismic load vertical component is estimated
loads has to be assumed “with reserve” fiby preliminary analysis of building under
obtaining of collapse of construction systenmhorizontal seismic loads. The vertical
By stepwise application of seismic loads it icomponent in non-linear analysis is specified
necessary to determine floor displacemerby separate loading, which is simplistically
with its following converting in the generalimposed before horizontal seismic or
equal spectral displacemeft for SDOF with specifically stepwise in breaks of horizontal
floor masses and seismic forces. Theseismic. After such correction by additional
appropriate  spectral acceleration§, is loading analysis of horizontal seismic loads is
estimated. Overall result must be generated carried out repeatedly and for refinements of
the form of CSM diagrar,— S;. preliminary results.

- Plastic deformation’s horizontal branch o
CSM diagramS, — & (from limit of liquidity
point a;) can be made on the basis c CONCLUSIONS
experimental data. Also allowable by norm
limits of elastic coefficients (of yielding) and 1. Despite a widespread disregard of the
limit constructive floor sidesways (withoutproblem of possible combination of soil base
additional rotation by soil base rigidity) can beubstantial differential settlements and seismic
references for the horizontal branch oéction that is observed in regulations and
diagram. Before this it is important to converpractice, this theme is extremely urgent subject
CSM diagram to the bilinear form and tao significant negative influence of SDSB
estimate limit of liquidityar. evolution on the construction system seismic

- It is necessary to choose the most likely (tstability.
predictable building seismic stability) peak 2. The considered spectrum of such
level of seismic influence spectrum accordingnfluence aspects includes: initiation of a
to area seismic hazard for searching of crosemplex stress-strain state, which loads
point of CSM and seismic influence spectruradditionally structural system when seismic
diagrams inS, — S coordinates. Selectedloads are emerging; reduction of the structural
diagram of seismic influence spectrum can ksy/stem energy capacity to take and absorb the
corrected subject to calculable buildingeismic vibration energy; abatement and
features. rupture of seismic stability elements in the

- Reduced diagram of seismic influenceonstruction system; substantial change of a
spectrum is made corresponding o Final dynamic analytical model.
cross point of CSM and reduced seismic 3. The version of SDSB occurrence before
influence spectrum diagrams is generated.  earthquake is selected for being studied as the

- If necessary, vertical component ofmost probable and destructive.
vibration is estimated by spectral method 4. Design procedure for construction
according to norms subject to changing obystems under combination of SDSB influence
construction rigidity by SDSB influence andand seismic action on the basis of CSM
to capability of loss of contact between soilproposed by author is shortly introduced.
and underside of foundation (these sites have
to be determined subject to creep of
construction system materials). Simplifiec REFERENCES
accounting of the vertical component by
addition or subtraction of portion of vertical 1. Instructions of projecting of non-frame residen-
static loads (15% for 7 and 8 points of tial buﬂdmgs, _Wh|ch are bUI|'t with .comple{( of'
earthquake intensity, 30% for 9 points and no protective actions on slumping soils in seismic
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fibre reinforced polymers (CFRP). 1st ECEES PaccMOTpeHHBIH CIEKTp HamlpaBlICHUI BO3-
Geneva, paper 634. NCHCTBHS 3HAYUTENIBHBIX Aedopmanuii OCHOBa-
22.Savin S.N., 2011Results of dynamic monitor- aust Ha CeHCMOCTOMNKOCTh BKIIFOYAET: CO3JaHHE
ing of long span precast concrete constructior cnoXHOro HanpsHKeHHO-1e()OPMUPOBAHHOTO CO-
Building constructions, Kyiv, NDIBK, Vol. 74, crosuus, ¢ IOIOIHUTEIBHBIM IOTPYKEHHEM

b. 2, 424-432 (in Russian). KOHCTPYKTHBHOM CHCTEMBI TIPH CEHCMHUYECKOM
23.Buildings and constructions. Rules of inspecBo3aeiicTBuy; yMEeHbIICHUE YHEPTETHUCCKOH eM-
tions and monitoring of the technical conditionkocTn KOHCTPYKTHBHOW CHCTEMBI AJISI BOCIIPH-
General requirements: GOST R 53778-201 satust v MOTJIOMIEHAS YHEPTUH CEHCMHYECKHUX KO-
2010 Moscow, Standartinform, 90 (in Russian) ne6anmii; ociabiieHre U pa3pyIlIeHIe dIEMEHTOB,
24. Construction in seismic regions of Ukraine: otBeyarommx 3a pasHbIe acIeKThl CEHCMOCTOM-
DBN V.1.1-12:2014,2014. Kyiv, Minrehion xocTu KOHCTPYKTHBHON CHCTEMBI, BO3MOXXHOCTD
Ukrainy, 110 (in Ukrainian). CYIIIECTBEHHOTO M3MEHEHMs IUHAMUYECKOM pac-
4eTHON cxeMbl. TeopeTnuecku BO3MOXKHBI 3 Ba-

pHaHTa COBMEIICHHS BO3JCHCTBHI HEpaBHOMED-

OCOBEHHOCTU BO3JIEMCTBHAI HBIX AcopManuii OCHOBAHUS M CEHCMHUKH. BO3-
SHAUUTEJIbHBIX HEPABHOMEPHbIX HUKHOBEHHE JedopManuii A0 3eMIeTpsceHus,
JIE®@OPMALINIA OCHOBAHHS 3eMJICTPSCEHUE Ha JTale akTUBHOW a3kl Jie-
HA CEMCMOCTONKOCTb KOHCTPYK- dopmanmii u neiicTBue mehopMauuii mocae oc-
TUBHBIX CUCTEM Ja0JIeHMS] KOHCTPYKTHBHOM CHUCTEMBI TIPH 3eMJIe-

Tpsicenun. Kak Hanbosee BEepOATHBIN U OMAaCHBII
AnHoramusi. OxapakTepu3oBaHa mpoOjemMa I paCCMOTPEHHUS B UCCIICIOBAHUAX BBHIOpAH Ba-
BO3MOJKHOTO COBMEIIEHHUS] 3HAYUTEIBHBIX HE- PHAHT BO3HUKHOBEHHS nedopMannii OCHOBaHUS
paBHOMEpHBIX AedopMaluii OCHOBaHUS M ceiic- A0 3emierpsaceHus. KopoTko mpencraBieHa
MHUYECKUX Harpy3ok. J[laHHas Tema sBISieTCS MpeNIOKEHHAs aBTOPOM METOJMKA pacyeTa KOH-
KpaifiHe aKTyaJbHOH 1O MPUYMHE CYIIECTBEHHOTO  CTPYKTHUBHBIX CHCTEM Ha COBMECTHOE [IEHCTBHE
HETaTHBHOT'O BIMSHUS, KOTOPOE OKA3bIBACT pa3- 3HAYUTENbHBIX HEpaBHOMEPHBIX AedopMauuii u
BUTHE 3HAYMTEIFHBIX HEPAaBHOMEPHBIX nIepop- CEHCMHKH Ha OCHOBE METOJa CIEKTpa Hecylueit
Manuid Ha CEHCMOCTOMKOCTh KOHCTPYKTHBHBIX  CIOCOOHOCTH.

cucteM. Llenpio cTaThu SBISCTCS PACCMOTPEHHUE KiroueBble cjioBa: HepaBHOMEpHbIC aedop-

0COOEHHOCTEN TAKOr'O BIUSIHUA. Mallid OCHOBAHHS, CEHCMHKA, COBMEIIEHHE,
KOHCTPYKTHBHAsI CUCTEMa, CIIEKTP HECYIIEH CIIo-
COOHOCTH.
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