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SCIENTIFIC AND TECHNICAL SUPPORT OF NEW CONSTRUCTION
FOR HISTORIC BUILDINGS SAVING

Investigations results of technical state of bearing structures, bases and foundations of
historical building in complicated conditions are presented. Stress strain state (SSS) of the
«base — superstructure on piles — historical buildings» system was evaluated. Calculation by
finite element method (FEM) using elastic perfectly-plastic Mohr — Coulomb soil model was
applied. The most rational construction option taking into account the actual technical state
of historical building was chosen. Test calculations have been made in order to determinate
the possibility of loss of cultural heritage object of local significance due to three most likely
accidents variants during operation of a new building. New building frame stability has been
evaluated taking into account the local failure in case of emergency.

Keywords: loess soil, historical building, new building influence, soil excavation, pile
foundation, emergencies, modeling, finite element method, elastic-plastic problem, stress-
strain state, additional settlements, cut-off wall.
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HAYKOBO-TEXHIYHHI CYITPOBIJ HOBOI'O BYAIBHUIITBA
JIJIA 3BEPEKEHHS ICTOPUYHOI 3ABYJIOBU

Buxnaoeno pezyremamu  00CHiONHCeHb MEXHIYHO20 CMAHY Hecyyux 0y0igenbHUx
KOHCMPYKYIU, iX 0oCHO8 [ ¢hynOamenmie icmopuunoi 0y0ieni 3a YMO8 1ecOo8UX IPYHMIG i
HeCnpuAmaueux  izuxo-eeonociunux npoyecie.  Pospaxynkom memooom  cKiHUeHHUX
enemenmie (MCE) 3 8uxopucmauHam NpysCHO-NAACMUYHOI MOOeNi IPYHmMY 3 Kpumepiem
miynocmi Kynowa — Mopa ouyineno Hanpysceno-oegopmosanuit cman (H/[C) cucmemu
«OCHO8A — KAPKACHA H0B00Y008a HA NANAX — iCMOpuyHa 3a6y006a» U 6UOPAHO HAUOIIbUL
payionaneHul eapianm 6yOi6HUYMEA 3 YPAXYBAHHAM (QAKMUYHO20 MEXHIYHO20 CMAHY
icmopuunoi 6yodieni. Bukonano nepegipouti po3paxyHku 3 6U3HAUEHHS MONCIUBOCMI 6MPaAmu
06°ekma Ky1bMypHOi CRAOWUHU MICYe8020 3HAYEHHA ) pe3yibmami MmpboxX HatOiibu
UMOGIpHUX apianmis asapill npu excniyamayii Ho6o0yooeu. Qyineno cmilkicms il Kapkaca
HOB00Y008U 3 YPAXY8AHHAM JIOKANbHO20 PYUHYEAHHA Y PA3L HAO38UUALIHUX CUMYAYIl.

Knrouoei cnosa: necosuii ipynm, icmopuuna 3a6y0oea, 6nius Ho800y008uU, KOMI08aH,
nanvbosull ynoamenm, agapiina cumyayis, MOOen08aHHs, MemoO CKIHUEHHUX eleMeHMIs,
NPYACHO-NIACMUYHA  3A0a4d, HANPYHCEHO-0ehOpMOBaAHULl CMAaH, 000AMKO8l OCIOAHHS,
P03’ €OHY8ANbHULL eKPAH.
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Introduction. Investors’ maximum attention to historical centers of old cities is a
characteristic feature of modern construction. These are the places where the buying of a
comfortable dwelling, offices, shopping areas, etc. is the matter of prestige. It is unfortunately that
we have many negative examples of the new buildings, which affect the existing historical
buildings [1 — 4]. Nowadays the influence of foundation technologies is crucial for urban
development on loose and structurally unstable soils. It’s followed by geotechnical designing and
soil investigation mistakes. Until now, the possibility of cultural heritage object loss as a result of
an emergency during new building exploitation isn’t considered at all.

Geotechnical support is usually applied during designing and construction period for a
new building. It allows minimizing risk of mistakes at designing stage and prevents negative
impact during construction and installation works (CIW) [5]. Since new construction at
protection zone of architectural monument could cause its loss at CIW stage as well as during
new building exploitation. It is actual matter to conduct prediction of possible emergency at this
area. It will allow constructive solutions and recommendations to be developed. Its fulfillment
will provide the saving of historical building at all stages of life cycle.

Analysis of recent sources of research and publications. Construction in historical
development environment put a number of requirements to geotechnical engineers. This
requirements concern SSS analyzes of soil bases and consideration of its variation during
further exploitation of new building. Naturally, design solutions should take into account
parameters of bearing buildings structures, its bases and foundations as well as technical state
of existing buildings [5 — 11].

Geotechnical prediction (evaluation) of new building influence on the change of
surrounding soil massive SSS should be performed during designing of bases, foundations
and underground parts of new buildings. It should include bases and foundations of adjacent
buildings. It should be taken into account depending on category of technical state of the
structure (see Table 1), based on conditions [5 — 11]:

Sa< Saw (A S/L)g < (AS/L),; < id.u (1
where S, is additional existing foundation settlements from a new building influence or
existing building reconstruction, cm;

Sa. 18 limit value of additional settlements of existing building base, cm;

(4S/L), is designed value of differential foundation settlements from a new building
influence or existing building reconstruction;

(4S/L )., 1s limit value of differential settlements;

iq 1s designed additional heeling of the existing building from a new building influence
or existing building reconstruction;

i4, 18 limit value of additional heeling of an existing building.

Protection methods of existing structures at construction state are being improved. These
methods include installation of cut-off wall between existing structure and new building. It’s
made of steel sheet pilling, steel tubes, bored pile wall, diaphragm wall or soil-cement elements
[12 —15].

The effectiveness of each protection method for the existing buildings from new
construction influence under specific soil conditions, buildings and structures parameters is
usually being evaluated by FEM using elastic-plastic model for soil of the «soil base — new
building — protective structure — existing building» system [16 — 21].

Actual technical state of the existing building has a significant influence on its protection
method. There could be the situations when it is advised to take into consideration base soil
strengthening as a result of its long-term compression under the footing of existing
foundations. It might be conducted by the way of soil sampling from-under the footing and its
laboratory investigation afterwards. Empiric expressions and mathematical modeling of long-
term soil densification process might also be used for that purpose [22 — 24].
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Table 1 — Ultimate limit additional deformation value of existing foundation

Technical state Ultimate limit foundation deformations
Structures types category Settlements, Differential Tilt
cm settlements
1. RC and steel Normal (I) 2,5/5%%* (6) 0,004/0,002*%* (0,004) -
frame Satisfactory (IT) 1,5/3(4) 0,003/0,001 (0,002) -
inappropriate for
normal 1,0/2(3) 0,0007/0,0005 (0,001) -
exploitation (IIT)
2. Rigid structures I 1,5/5 0,0016/0,004 0,0040
II 1,0/3 0,0010/0,002 0,0020
I 0,5/2 0,0004/0,001 0,0010
3. Mgltistory I 2.0 0,0030 0,0040
buildings with 11 1,0 0,00070 0,0010
bearing walls
I 0,5 0,0003 0,0005
3.1. Walls of lgrge I 4 0,0016 0,004
panels (according I 3 0.001 0.002
2 b 9
2D I 2 0,0007 0,002
3.2. Walls of large I 5 0,002 0,004
blocks or masonry T 3 0.0015 0.002
without RC - -
I 2 0,001 0,002
3.3. Masonry walls I 6 0,0024 0,004
with RC i 4 0,0018 0,004
I 3 0,0012 0,003

** In the numerator according to [6], in the denominator according to [2]

Identification of general problem parts unsolved before. Complicity of the
evaluation of the «soil base — new building — protective structure — existing building» system
lies in necessity of phased modeling. For example, the following phases might be used:
existing building operation; protective structure installation (for example sheet piling); soil
excavation to the designed level and installation of new building foundations; further erection
and operation of new building. Also the same investigations but without a protective structure
were carried out. Aside from that, a new building influence isn’t investigated enough when it
is a result of its collapsing according to possible emergencies predicting.

That is why the goal of this article is to evaluate SSS of the «soil base — superstructure
on piles — historical buildings» system and to choose the most rational construction option
taking into account the actual technical state of the historical building by the way of FEM
modeling using elastic perfectly-plastic Mohr — Coulomb soil model and evaluation of
possible influence from new building collapse.

Basic material and results. This work consists of the following steps: 1) site soil
investigation; 2) technical state investigation of existing building; 3) foundation observe of
existing building; 4) laboratory soil testing; 5) analysis of new building project; 6) FEM
modeling of new building influence on technical state of existing building; 7) FEM modeling
possible influence from new building collapse; 8) results analysis of this study.
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Figure 1 — Soil profile: 1 — unmade soil;
2 — yellow and light brown loess loam,
semisolid, mildly plastic in water-saturated

state, macro-porous, collapsing;

3 —light brown loess loam,
yielding, macro-porous;
4 — grey and brown loam, semisolid;
5 — yellow loam, mildly plastic;
6 — red and brown clay, semisolid
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of local significance

Results of site soil investigation.
Site situated in the Poltava loess plateau
conditions. Thickness of loess soil is 9.4 m.
Thickness of wunmade soil is 2.4 m.
The groundwater level is 7m from ground
level. There are filled underground workings
at the construction site. Soil profile is
presented in Fig. 1.

Strata 2 and 3 are very soft (weak) soil
after water saturation. The deformation
modulus of these soils in water saturated state is
E=5000 kN/m”. That’s why the bearing strata
lie approximately on 9 m from ground level.

Technical state investigation of existing
building. A two-story building with basement
(existing building) of specialized teaching and
educational complex (STEC) Ne26 is the object
of the investigations. It locates on
Komsomolska st., 20 in the city of Poltava
(Fig. 2). It was erected at the end of 19th
century as the general’s Petrash manor and it is
an architectural monument of local significance
(Fig. 3).

Komsomolska Street

.

Figure 3 — General view of the existing building

Building constructive scheme — longitudinal and transverse brick bearing walls. The
height of the floor is 3.6 m. Vertical and inclined cracks in walls and bridges, soakage and rotting
of wooden construction of roof and flooring, damage of asphalt concrete paving on the perimeter
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of the building, frost-related damage of brickwork, mortar weathering from its joints, prestressed
steel strands sagging, severe ageing of water supply and sewerage networks are the main damages
emerged during years of exploitation. The most characteristic damages and defects of building are
shown at Fig.4 and Fig.5. Technical state of the building is III (inappropriate for normal
exploitation) according to regulations.

a
c
Figure 4 — The most characteristic wall
damages and defects of architectural
monument: a — inclined cracks in
segmental arches; b — cracks in external
walls; ¢ — vertical crack at steel strand
fixation point
a

Figure 5 — Soakage and rotting of wooden construction of roof and flooring (a)
and corrosion of basement floor rails (¢)

Foundation observe of existing building. Foundations of the building were inspected out
of two pits (Fig. 6). It’s strip and made of brick. Its depths is 3.35 m down from the Earth surface,
the width of foundation strip beneath external walls is 0.71 and 0.84 m, and beneath internal walls
is 0.8 m. Vertical or horizontal hydro isolation hasn’t been noticed. There are no cracks in
foundation. The base of foundations is strata 2. Constructive scheme of the building is not
suited for collapsing soils environment. Differential settlements of foundations are caused by
complex of unfavorable conditions. That led to origin and development of cracks in walls.
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Figure 6 — Existing building foundations view out of pits (under external () and internal
(b) walls) and a soil sampling (natural soil (c¢) and foundation base (d))

Analysis of new building project. On the 10.6 m distance from existing building a new
building construction is planned. It’s a residential multistory building with axial overall
dimensions 31.6x65.1 m. The height of the building is 24.0 m. There is an underground
parking with the 3.5 m height. There are 7 floors in the building, 3.6 m in height each.
Constructive scheme of new building is frame with the 7.2 m step of majority of vertical
bearing elements in longitudinal direction and 6.6 m in transverse direction. Foundation — pre-
formed hydraulically jacked displacement piles (its section is 350x350 mm, length — 7.5 m).
The height of piles cap is 800 mm.

Sheet piling cut-off wall is designed in order to minimize new building’s influence on the
existing building. Sheet piling cut-off wall is made of steel tubes @#127x4 mm with 254 mm
step on the 6.2 m distance from school's external wall, the length of the elements is 8 m.

FEM modeling of new building influence on technical state of existing building. FEM
has been performed in order to evaluate new building’s possible influence on existing
building. The elastic perfectly-plastic Mohr — Coulomb soil model was applied for FEM
modeling. Yield function is introduced as a function of stress and strain and can be presented
as a surface in principle stress space. The elastic perfectly-plastic Mohr — Coulomb soil model
is a constitutive model with a fixed yield surface, i.e. yield surface that is fully defined by
model parameters and not affected by plastic straining. Parameters of soil model were
determined by the way of laboratory soil testing. Geometry and boundary conditions of
calculation FE scheme were assigned according to existing building and soil investigations,
and according analysis of new building project.

FEM included following phases: 1) STEC exploitation (Fig. 7); 2) soil excavation (2 m
depth) and installation of sheet piling cut-off wall (Fig. 8); 3) soil excavation (designed depth)
and piles installation of new building (Fig.9); 4) construction and exploitation of new
building (Fig. 10). Also the same investigations but without installation of sheet piling
disconnecting screening were carried out (Fig. 11).

It was determined that additional deformations of base of STEC building foundations
would be 1...3 mm, and 2...4 mm without sheet piling.

36ipHuK HaykoBHX mparb. Cepist: ['any3eBe MammHoOynyBaHHS, OyaiBHUITBO. Bum. 1 (46). — 2016. — ITortHTY 141




N\

s s

% ettt tote it 1% Existing strip footing
(0.71 m width and
3.3 mdepth)

nnnnn

uuuuu

Figure 7 — Calculation scheme (a) of the first phase of modeling (existent building
exploitation) and correspondent shadings of vertical deformations ()
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Figure 8 — Calculation scheme (a) of the second phase of modeling (sheet piling
installation of steel tubes (¥127x4 mm with 254 mm step, length 8 m and 2 m depth soil
excavation) and correspondent shadings of vertical deformations ()

.
a b

15 .z
Soil excavation to Pile cap N A a a0
designed depth o ; w0
H -y 64 ‘ss
P se00
23 XX
s

)

| 5200
B

400

& ’_._‘
© ‘ — 0

Sheet piling

l _ [
oifie cut-off wall

olfe e — 2800

2000

Pre-formed hydraulically

jacked displacement piles (its 1l

section is 350x350 mm,
length — 7.5 m)

Figure 9 — Calculation scheme (a) of the third phase of calculation (soil excavation to
designed depth and installation of pre-formed displacement piles of 35x35 mm in section
and 7.5 m length, caps installation) correspondent shadings of vertical deformations ()
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Figure 10 — Calculation scheme (a) of the fourth phase of modeling (construction and
further exploitation of new building) correspondent shadings of vertical deformations (b)
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Figure 11 — Calculation scheme (@) of the fourth phase of modeling (construction and
further exploitation of new building) without sheet piling installation between new and
existing buildings and correspondent shadings of vertical deformations ()

FEM modeling possible influence from new building collapse. There also was
considered the possibility of loss of cultural heritage object of local significance as a result of
emergency of new building (Fig. 12 — 14).

Basic models (mechanisms) of local collapse (progressive collapse) of new building’s
structures are considered by the means of FEM. These models are characterized by:
1) simultaneous gradual displacement of all vertical structures (or its parts), situated above the
local collapse; 2) simultaneous turning of each structural part of the building situated above
the local collapse around its rotation centers; this kind of displacement requires collapse of
existent bonds of these constructions and untouched building elements; collapse of shift bonds
of vertical elements and flooring; 3) condition of non-collapsing of part of flooring, located
just above broken vertical structure and supported with it; 4) displacement of structures of a
single floor, located just above broken vertical element; in this case there will be detachment
of vertical constructions from flooring, located above them.

Man-made emergencies causes were considered during test calculations. It included:
1) explosions outside or inside of the buildings (domestic gas, explosive gas mixtures and fluids,
bombs and other explosive devices); 2) fire; 3) transport accidents (traffic accident, cranes
collapse); 4) local overloading of structures; 5) mistakes during manufacturing and installation.

There were following calculation situations considered: 1) middle pylon 11E collapse at
parking level (Fig. 12); 2) face column 13E collapse and face pylon 13/] collapse at the first
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floor level (Fig. 13); 3) collapse of flooring plate fragment above the first floor on the area of
local collapse with its loading with parking flooring debris (Fig. 14).

New building’s frame stability condition is secured and progressing collapse of the
building is unlikely. This was determined as a FEM result of geometric non-linear
formulation. Non-linear features of concrete were taken into account. Cinematic method of
limit balance theory was applied. Mechanisms of local collapse were considered. There is a
possibility of local collapse of some structures but it can be avoided by some additional

constructive solutions applying.
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Figure 12 — Calculation scheme of emergency situation Nel —
middle pylon 11E collapse at parking level:

a — calculation scheme layout; b — finite-element scheme
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Figure 13 — Calculation scheme of emergency situation Ne2 —
collapse column 13E and pylon 13/] at the first floor level:
a — calculation scheme layout; b — finite-element scheme
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Figure 14 — Calculation scheme of emergency situation Ne3 —
collapse of flooring plate fragment above the first floor
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a — calculation scheme layout; b — finite-element scheme

Deformation marks were installed inside the socle of the building for further monitoring of
the deformation process. The marks are the steel bars 20 mm in diameter and 150 mm in length.
There was a geodesic monitoring (Il accuracy class) conducted prior to construction process.

Conclusions. According to calculation of additional deformations of STEC foundations
in case of new construction close to it are S4,=0,1...0,3 cm. These values do not exceed limit
values S4,=0,5 cm (for an inappropriate state for normal exploitation). It has been proved that
designed sheet piling wall is unnecessary. Aside from that the settlements which were derived
through FEM will be checked by the way of geodesic monitoring. Necessary corrective
amendments will be included to the design solutions.

Complete collapse of the building is unlikely according to the results of possible risks
evaluation. Partial collapse will not cause additional negative influence on the existing
building. Construction of multistory residential building with underground parking will not
affect actual state of STEC and will not cause the loss of the object of cultural heritage of
local significance.
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