











Imaterials

strength. Contemporary chemi-
cal additives make it possible in a
number of cases to select compo-
sitions of concrete with moderate
strength, together with increased
waterproofness (achieved by using
of plasticizers and mineral fillers)
or frost resistance (applying aero-
phylic additives). In each similar
case some special selection of
composition of concrete with its
field testing is required.

Quality control of concrete mix-
ture must be performed at plants
and on-site where it is being cast-
ed. Flowability of mixture is also
controlled on a construction site.
With production of concretes of
increased frost resistance with
application of aerophylic additives
(F150 grade and above) volume of
entrained air should be controlled
by compression devises.

Periodicity (frequency) of source
materials testing, concrete mix-
tures and concretes, is determined
by corresponding normative docu-
ments taking into account possible
changes of their quality with time.

Packing of concrete must pro-
vide deaeration and obtaining
coalescent structure. Typical
defect in the monolithic construc-
tions is poor imporosity of con-
crete within concreted seams,
result of which is filtration of water,
deep carbonization and corrosion
of steel reinforcement. With works
renewal after interruption the
surface preparation of previously
casted concrete must be done
without fail.

Hardening must take place under
conditions, which ensure obtaining
of designed ratings of concrete
in terms of waterproofness and
frost resistance. With production
of composite ferroconcrete con-
structions it is recommended to
use soft regimes of steaming with
the temperature of isothermal
warming up not higher than 60°C.
Severe conditions of hardening
(rate of temperature growth up to
20°C per hour and more) and high
(more than 80°C) temperature of
isothermal warming up decrease
frost resistance of concrete. With
erection of monolithic construc-
tions it is necessary to provide the

moist conditions of hardening, to
use film-forming compositions for
preventing of early desiccation of
concrete. In the cold period of year
heating of the hardening concrete
should be ensured. Its freezing
with lower than 70% of designed
strength rate is not allowed.

Strength, waterproofness and
frost resistance is to be performed
using models, arranged on-site.
Furthermore, the strength of con-
crete is determined by the nonde-
structive methods in the construc-
tions according to GOST R 53231
with further analysis of samples
drilled out of them. The waterproof-
ness of concrete in the construc-
tion should be determined also by
studying of drilled out samples. Itis
allowed to determine waterproof-
ness by air permeability methods
using “Agama” devices. Control of
protective layer thickness is per-
formed by magnetic instruments
and control chipping.

On detection of small defects
in the concrete of constructions
(locally undercompacted con-
crete, the poor quality of seam
concreting) repairing is allowed.
It is proceeded by removing of
concrete from defective locations
and with further recasting with
concrete of the same composition
and quality. It is allowed to use
for filling-in special compositions,
with increased adhesion to the old
concrete and physicomechanical
characteristics similar to concrete
of designed quality.

Inrecent years the corrosion the-
ory of concrete andreinforced con-
crete has been developed, espe-
cially dealing with high-strength
concretes, with low permeability,
as a rule. Furthermore, experience
of operation, diagnostics and
repair of habitable buildings has
been accumulated, new effective
chemical additives appeared, new
types of concrete were developed:
high-quality high-strength and the
especially low permeability, which
are characterized by high corro-
sion resistance. Construction
market is full of contemporary
means of secondary protection:
by varnish-and-paint, mastic, tape
materials. Materials capable of
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penetrating into porous structure
of concrete and then crystallized
in pores have also emerged, which
substantially raised the grade of
waterproofness.

The means of secondary protec-
tion of concrete and ferroconcrete
constructions are subject to some
specific requirements:

+ resistance to alkaline paste-
matrix ambient;

+ high adhesion to concrete;

+ low permeability for aggressive
substances from environment;

+ permeability of coatings to
steam for constructions, which
undergo the action of minus tem-
peratures;

+ elasticity while overlapping of
cracks and of deformed joints;

+ biocide properties with pro-
tection of constructions, which
undergo the action of bacteria and
mold fungi.

Materials used for secondary
protection of concrete and ferro-
concrete constructions include:

+ paint and varnish coats, includ-
ing thick-layered;

+ sheet and tape materials and
materials for their pasting;

+ paste, polymer-cement mix-
tures and plasters with low perme-
ability and corrosion resistance in
aggressive environment. There is
experience of prolonged use of
dense plasters as repairable layer;

+ impregnating, sealing, lower-
ing permeability of concrete and
chemically stable materials;

+ penetrating materials crystal-
lize in concrete pores thus reduc-
ing its permeability;

+ revetment materials from
chemically stable products:
ceramic, stone-cast ware, glass,
pyroceramic slag and other tiles
and blocks;

+ water-repelling materials used
to lower capillary absorption of
water and solutions;

+ biocide materials, including
fungicide.

Selection of measures of protec-
tion is to be produced on the basis
of environmental study results:
temperature, humidity, presence of
aggressive gases liquids and solid
substances to concrete and steel
reinforcement. With simultaneous

influence of different aggressive
factors the selection of protec-
tion means is produced taking into
account the aggregate action of all
factors. With predominant effect of
a single factor within the complex
of measures it is allowed to assign
protection only taking into account
this kind of influence. Protection
measures should be selected in
line with searches of long-term
operation of similar structures
under analogous conditions. This
makes it possible to determine
basic aggressive actions on con-
crete and ferroconcrete construc-
tions and to determine the nature
of complex environmental influ-
ence on the construction.

Means of secondary protec-
tion should be applied taking into
account temperature and humid-
ity ambient conditions at the very
moment of coating od surfaces
in the process of operation. The
matters to be considered are:
temperature and humidity of con-
crete and environment, probabil-
ity of condensation of moisture,
surface contamination of con-
struction etc.

Duration of effective work sec-
ondary protection means is not
the same, and in the majority of
cases it’s less than designed peri-
ods of constructions’ operation
life. Designing these constructions
there should be provided access
to their surface for the inspection
and restoration of coatings.

Load bearing ferroconcrete con-
structions (columns, walls, stiffen-
ing core, floor plates) of high-rise
buildings should be made from
concretes with not less than B25
grade of compressive strength.
Waterproofness rate must be not
below W6. Thickness of the pro-
tective concrete layer of flexible
reinforcement must be not less
than the diameter of reinforcement
itself and not less than 25 mm. For
rigid reinforcement, located inside
the cross section of construction,
the thickness of protective layer
must be not less than 50 mm with
compulsory grid reinforcement
with thickness of grid protective
layer not less than 25 mm.

To be concluded

Professionals of AHI Carrier
office conducted one-day work-
shop and presentation of the new-
est refrigerators, demonstrating
the integral concept of refrigera-
tory equipment.

The event was opened by sales
director of AHI Carrier Dmitriy
Suevalov with presentation of basic
achievements and long-term strat-
egy of the company. Carrier is the

leader in development of climatic
technology and manufacturing of
climatic equipment. It has contem-
porary scientific research base
and flexible production capacities,
and also enormous experience of
production, installation and main-
tenance of conditioning, heating
and ventilation systems. Today the
Carrier systems are installed in the
most prestigious buildings world-

Text by Elena Burenina, photos by Carrier

CARRIER’S SALTATORY
EVOLUTION

The highest quality, energy-effectiveness, reliability and ecological safety distinguish

the refrigerators of the Carrier. Advanced design and wide dimension type product line
for each series of equipment make it possible to solve any problems in terms of climatic
comfort inside buildings and facilities.

wide, such as Capella Sistina or
British Museum, in the famous high-
rise structures: La Grande Arche
de la Defense and Tour Granite in
Paris, Federation Tower in Moscow,
Dusit Tower in Dubai etc.

One of the basic priorities of the
company is environmental pro-
tection. Multimillion investments
are aimed at development of the
highly energy effective equipment,

which facilitates reduction in ther-
mal pollution, power consumption
and, correspondingly, allow to
decrease emission of greenhouse
gases generating with its produc-
tion. Innovative plants are com-
pletely oriented to usage of ozone
friendly refrigerants, leakproof-
ness of equipment is considerably
increased and the load of refriger-
antis reduced.
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lconditioning

The interface of the control panel
of equipment is being permanently
improved for effective control in
the course of operation, simplicity
and safety of maintenance.

The main point of the workshop
was the presentation of new refrig-
erators, which accumulate all latest
achievements of designers of sci-
entific research centre of the com-
pany. Forthe firsttime inour country
AHI Carrier officials Mikhail Klokov
and Aleksey Subbotin presented
to the best Russian specialists the
product line of 27 models of water-
cooled chillers with screw com-
pressors Carrier 30XW AquaForce
with output of 290 to 1750 kW, pro-
duced in two modifications of ener-
gy-effectiveness: Premium and
Optimum. Representatives of HVAC
associations and international pub-
lications got acquainted with this
equipment in last December at pre-
sentation at the company’s manu-
facture in France. There were first
deliveries to the Czech Republic
and Switzerland.

These innovative, multifunctional
refrigerators drew special atten-
tion by successfully combined
compactness, simplicity and flex-
ibility of machines with screw com-
pressors and the effectiveness
of centrifugal chillers. EER (6,1)
and ESEER (7,3) factors of 30XW
AquaForce chillers correspond to
the Class A of effectiveness and
are compared with that of the best
refrigerators based on centrifugal
ofcompressors.

30XW AquaForce chillers
are highly flexible and may be
used both for the conditioning
in extended range of productiv-
ity and for the heating. In the
regime of heat pump they ensure
production of heat-transfer agent
with temperature up to +63°C.
For different tasks of indus-
trial cooling in low-temperature
regime the equipment produces
refrigerant (brine) with tempera-
ture down to -12°C. Moreover, the
manufacture provide different
design options on demands of
customers. Options include dif-
ferent configurations, possibility
of work with high or low conden-
sation temperature, standard or

low vaporizer temperature condi-
tions, sectional delivery etc.

The new chiller keeps all mer-
its, characteristic of water-cooled
chillers: no threat of defrosting,
possibility of work at minus tem-
peratures, low vibration, low load
on roofing etc. New refrigerators
are provided not the stepped,
but continuously variable tuning
of productivity from 15 to 100%.
Furthermore, the construction of
the compressors and other ele-
ments is reinforced to increase
reliability and minimize operational
expenditures, a number of con-
structive solutions reduces vibra-
tion. In the vaporizer are used the
pipes with microcombing flooded
by cold carrier for optimum heat
exchange. Construction is char-
acterized by unprecedented
compactness - chillers with 1200
kW output may be easily brought
through standard doorway.

In accordance with general ide-
ology Carrier, 30XW AquaForce
chillers meet high contemporary
ecological requirements: water is
used as the heat-transfer agent
(refrigerant), and in working circuit
of cooling installation - contempo-
rary ecologically clean refrigerant
R134A. Along with this, as in all
last series of AquaForce chillers,
essential reduction of Freon vol-
ume in working circuit is achieved
by design methods.
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Then Dmitriy Suevalov surveyed
the entire product line of Carrier
equipment, after it the chief spe-
cialists presented to the audience
the chillers of basic series. Mikhail
Klokov elucidated basic design
features and advantages of mono-
block air-cooled chillers 30XA.

Air-cooled external chillers 30XA
AquaForce product line include 20
installations with output from 270
to 1700 kW. As well as new water-
cooled chillers 30XW correspond
to energy-effective machines of
Class A and have high indices of
energy-economy both with full
and partial load. EER factor is
3,15. Chillers are equipped with
two-rotor screw compressor with
adjustable valve, compatible with
compressor of 30XW series.

These installations they are
produced in two modifications.
Standard modification is char-
acterized by very low noise with
good indices of energy-effec-
tiveness. This is ideal version for
places with raised standards of
noiselessness: medical facilities,
offices, hotels etc. The second
modification is characterized by
unique energy-effectiveness,
which allows to decrease sub-
stantially power consumption. At
the same time indices of noise-
lessness remain at a good level.
Furthermore, these installations
are designed for operation in hot

climate at ambient air temperature
more than +45°C.

Extraordinary low noise is
ensured by design of original V-
shaped condensers with low
resistance at air side. They do
not require powerful fans due to
employing of composite fans of
IV generation Flying Bird, and also
because of the improved mutual
soundproofing of components.

High-performance compressor
with wide range of the regulation
(from 25 to 100%) is optimized for
refrigerant R134A.

The 30XA refrigerators utilize
the principle “all in one”: they do
not require additional cooling tow-
ers, dry-coolers etc., since all that
is necessary for one structure can
be integrated in design of central
device. For example, chiller may
be produced with built-in hydro-
module (pumping plant), include
the device of free cooling, heat-
utilization device for hot water sup-
ply, device allowing to operate at
ultralow ambient air temperatures
or with low-temperature brines for
industrial ice formation. The entire
package of devices is managed by
single automatically tuned micro-
processor with touch display of
user interface.

For the first time in the world
in 30XA chillers aluminium micro-
channel heat exchangers (MCHX)
are used, patented by Carrier and
manufactured by American Dalphi
corporation. In contrast to tradi-
tional heat exchangers with cop-
per components, all-aluminium
construction is immune to elec-
trochemical corrosion. This con-
siderably prolongs operation life
of refrigerator in aggressive urban
industrial environment.

In the construction of heat
exchanger instead of pipes draw
plates (microchannels) are used,
and instead of ribbing - the plates,
welded between basic plates.
Thus, improved heat removal per
square meter of heat exchanger
is ensured, therefore Freon con-
sumption decreases by 30%
and ecologically safe refrig-
erant R134A. In comparison
with standard heat exchangers
effectiveness increases by 10%.

Furthermore, it considerably sim-
plifies maintenance of device,
since it may be washed with high
pressure (20-25 bar) cleaning
machines, without fearing to dam-
age the surface of ribbing.

Ivan Kolesnikov reported about
monoblock air-cooled chillers
30RB. Designers are well familiar
with Carrier refrigerators 30RB of
Aquasnap series. It is so popu-
lar thanks to built-in hydromod-
ule, easy installation, compact-
ness, low noise factor, appropriate
dimension type line and relatively
low price. The reason to turn again
to these air-cooled chillers with
spiral compressors is consider-
able extension of product line. At
the end of 2008 Carrier in addition
to installations with refrigerating
capacity 262-802 kW released the
device of low productivity - 173,
193 and 227 kW working either
only for cooling or in combination
with thermal pump regime.

Among analogous equipment
of other chiller producers 30RB is
distinguish by number of essential
advantages. First of all, the best
refrigeratory factor for this class
of machines - up to 3,37, achieved
because of original constructive
solutions and utilization of ecologi-
cally pure Freon R410A refrigerant.
Effective work of chiller is sup-
ported by auto-adaptive micropro-
cessor drive.

Noiseless work is provided by
low-noise spiral compressors with
low vibration, fixed on the frame
with independent suspension, and
by the antivibration construction of
pipe saddle. The additional offer
is Euro Pack - the sound-proof-
ing jacket, which decreases noise
emission substantially (by 2 dB).
At the level of condenser low noise
factor is reached due to noise-
less flow of air through the coils
of V-shaped form and Flying Bird
IV fans from composite material,
which don’t generate harmful low-
frequency noise. Starting noise is
also prevented because of antide-
flection mounting of fans.

30RB product line with refrig-
eratory power of up to 522 kW may
be equipped with built-in hydro-
module without enlarging of overall

size of equipment, whilst instal-
lation is reduced to the simplest
operations of power plugging,
water supply and drain connection.
Reliability of this unit is substan-
tially increased, since all its com-
ponents are assembled and tested
at the manufacture. Delivery of this
equipment is available with diverse
variants of hydromodule pumps:
low or high pressure, single
duplex. Duplex pump considerably
increases durability of equipment
by equalizing of machine hours of
both pumps.

AHI Carrier officer, Cand. of tech.
sciences Mikhail Terekhov called
attention to concise description of
specific features of 19XR water-
cooled chillers with centrifugal
compressor (Centrifugal series).
These are the most effective
batch-produced industrial refrig-
erators. Compressor is optimized
for environment friendly not con-
taining chlorine refrigerant R134A
(HFC-134A). Nominal refrigeratory
output for this product line var-
ies from 700 to 5300 kW (from
1000 to 6330 kW). The novelty of
this series is two-compressor ver-
sion of 19XRD equipment, which
refrigerating capacity reaches 10-
11 mW leakproof compressor is
easy to maintain, oil is effectively
distributed and cooled, there are
no losses of oil and Freon through
shaft seal, no heat emissions from
drive into turbine room.

Design of 19XR refrigerators
allows to keep superatmospher-
ic pressure working circuit. This
makes it possible to substantially
decrease the overall dimensions
of installations and to reduce their
cost in comparison with low pres-
sure aggregates.

Heat exchanger made from cop-
per pipes with developed inter-
nal and external surfaces, which
ensures maximally effective heat
exchange.

Chiller consists of vaporizer, con-
denser and compressor connected
with bolts. This saves time and
installation expenditures doorways
or lift cars are relatively small, sys-
tems may be used during recon-
struction of buildings, and be trans-
ported in container, which consid-

erably reduces logistic costs.

Additional isolation valves
are used in refrigerant circuit,
which makes it possible to store
refrigerant in vaporizer or con-
denser during maintenance and
to reduce considerably its losses
and risk of emission into atmo-
sphere. The summary report of
Dmitriy Suevalov was dedicated to
absorptive refrigeratory systems.
Here were examined 16DN gas
fired chillers, which utilize natural
gas and/or liquid fuel, and chillers
of 16JL/JLR series, which energy
source is steam or water.

Absorptive installations were
developed as alternative to tra-
ditional electric chillers. They are
natural fuel fired or employ heat-
utilization of waste heat, which
substantially decrease expendi-
tures for expensive electric power.
The most flexible and economically
feasible version is combined use of
absorptive and electric chillers. In
this hybrid system electric chiller
provides the base-load demand,
and absorptive one is being
enabled in case of peak loads for
parallel operation.

In comparison with the steam-
compression installations in
absorptive refrigerators less
motion work, which ensures great
reliability and less noise without
vibrations. They also allow to man-
age with smaller boiler or even
without it, since they can fulfil its
functions. Furthermore, they are
more ecologically safe, since
there’s no Freon at all.

Double-reduction direct-fired
chillers of 16DN series have 17
dimension types with refrigerating
capacity from 350 to 3500 kW.
They can work also in the regime
of heating for different purposes of
hot water supply for depending on
configuration if installation.

Single-circuit steam heated
16JL chiller and 16JLR water heat-
ing chiller they are characterized
by high operating performance
and competitive price. Obvious
advantage is the possibility to pro-
duce cold by utilizing waste heat,
accompanying some production
processes, for example to use
excess turbine vapour of or hot

water of jacketing of gas-turbine
or gas-piston installations. In win-
ter this heat is used for heating of
accommodations, and in summer
16JL/JLR provides conditioning

In comparison with previous
series of steam absorptive16DF
chillers 16JL/16JLR has consid-
erably smaller weight and HWD,
unique construction of generator
significantly simplify maintenance
and prolongs operating life of
equipment. Automation ensures
integrated monitoring of product,
accomplishing function of prog-
nostication and diagnostics and
anticipatory control of productiv-
ity. Automatic check and control
of process, and also convenient
interface allows to manage with
less skilled personnel and to run
equipment not only by certified
specialists, but also by mainte-
nance service of a client.

On the termination of the work-
shop Dmitriy Suevalov answered
all questions concerning the rep-
resented series of refrigerators
and system solutions. In such a
nonformal air the users of equip-
ment could discuss also specific
questions concerning certain units
and talk things over with partici-
pants, who have broad experience
of operating this equipment.

Specialists of Carrier rep-office
called to address to the office of
the company at draft design stage
of refrigeratory centres projects for
free consultation dealing with opti-
mization of projects and enhance-
ment by additional options.

In conclusion the management
of Carrier rep-office announced
the new anticrisis pricing policy
AHI Carrier, which makes the
equipment of world class by
more affordable for Russian
users. Hope was expressed, that
acquaintance of workshop partic-
ipants in the seminar with global
experience of operation of Carrier
refrigerators and principles of
adaptation of this experience to
domestic Russian conditions will
contribute to further collaboration
with designers of HVAC systems
of buildings and most complete
utilization of colossal potential of
this outstanding equipment.
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SOFTWARE PLASTICINE

It’s difficult to imagine contemporary design without application of computer technol-
ogies. One of the leading vendors of software for visualization, simulation and analysis
of behaviour of designed constructions at early stages of design process is Autodesk.

In this article we would like to
share experience of application of
Revit Architecture in design prac-
tices of Applied Chemistry. Thus
just happened that we were design-
ing the model, which we are high-
lighting in this article, in the course
of Revit Architecture operation
training. The specialists of CSoft-
Bureau ESG proposed the idea
of case study training, i.e., to do
design work directly during instruc-
tion. Admittedly, this approach
completely justified itself, since
was it supported our motivation to
move forward mastering this tool as
promptly as it was possible.

WeselectedRevitArchitecturefor
avariety of reasons. Firstly, there is
feedback communication between
Revit Architecture and AutoCAD.
Secondly, a single product makes
it possible to create simultaneous-

ly three-dimensional parametric
model, and drawing documenta-
tion with specifications, and toned
images, and also footages for pre-
sentations. Revit Architecture, in
our opinion, has sufficiently intel-
ligible and user friendly interface.
Its installation does not require
too much sophisticated computer
configuration. It’s convenient that
there is an application for design-
ers - Revit Structure - based on
Revit platform. Revit Architecture
is assigned for architects; how-
ever, we decided to train designers
first, since they, in our case, were
those, who were to start plotting
of three-dimensional parametric
model of a building: to form car-
cass, foundation, to arrange basic
load-bearing structures correctly
and strictly in accordance with the
results of calculations. Architects
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were to continue with: arranging of
interior planification and exterior
envelope, selecting of materials
of finishing elements and forming
of building’s habitus according to
architectural concept. Let’s note
that such a technology is usu-
ally applied in industrial design,
because in this sphere, as a rule,
development of architectural con-
cept is not required.

To make training effective the
most a decision was made to deal
with relatively small structure of
pumping station, which work paper
was already available.

Our work was divided into four
stages.

GENERATING OF CONSTRUCT
DATABASE

It’s worth noting that the Russian
version Revit Architecture is fea-

turing the database of domestic
metal-roll, which is also may be
obtained from official distribu-
tors of Revit Architecture, such
as premier partner of Autodesk,
Inc. - CSoft-Bureau ESG. We had
to create concrete frames in the
precise correspondence with All-
Union State Standards and series
(standard portfolios) on our own,
but there were no particular dif-
ficulties. We created a folder of the
same name with the structure we
were designing and saved there all
families of constructs. The data-
base allowed in the sequel to get
promptly all necessary information
about any construct, to reutilize
these elements in other projects,
to calculate automatically the vol-
ume of elements with complex
geometry and to compose speci-
fications.

PLOTTING OF 3-D PARAMET-
RIC MODEL OF A BUILDING
Then we began to build the car-
cass of our building from generat-
ed constructs, accurately arrang-
ing constructs in specified posi-
tions. Having all elements available
it didn’t took us long to design the
model of the building. Work was
covering all levels - from founda-
tion to curtain wall panels. Thus
we created exactly the parametric
model, since it was possible to
get info about any element of con-
struction and to change param-
eters, dimensions, affixments, to
assign interdependences etc. All

this allowed us to avoid errors with
jointing of elements, made pos-
sible to proceed visual monitoring
of the building from every quarter,
that undoubtedly affects accuracy
of engineering drawing.

DOCUMENTATION

The chief aim of creation 3-D
model is automated generation
of drawings and specifications.
Employing the model we managed
to get some low-end drawings
without numerous itemization quite
easily and promptly. Time saving
for drawings and specifications is
obvious; however, it is worthwhile
to keep in mind also the time spent
on forming of the database. But if
one goes to the trouble of creat-
ing elements according most fre-
guently used standards and stan-
dard portfolios, in the sequel there

Text by Stanislav Nikolayev, team leader, Vladimir Chigrin, 1st grade
design engineer, FGUP Applied Chemistry

would be no more time wasting.
A job can be simplified by using
interdependences and dynamic
dimensions, for example, to cre-
ate an element and then change
its parameters (HWD), the way it
does AutoCAD’s dynamic engine.
Composing of specifications was
reduced to selection of parame-
ters to be included. Furthermore,
there are less errors with calcula-
tion of specifications. The Revit
Architecture model of a building,
2-D drawings and specifications
are connected with two-way com-
munication, which allows to intro-
duce changes promptly.

The obtained drawings may be
imported and elaborated if neces-
sary by AutoCAD. A drawing trans-
ferred to AutoCAD is automatically
divided into layers, that’s why it is
quite easy to disable unnecessary
components. Revit Architecture
has aboard all necessary draw-
ing instruments for generating
work paper. However, operat-
ing principles of this application
are absolutely different from that
of AutoCAD, which takes time to
uptake drawing tools.

We were thrilled with ability of
Revit Architecture to create whole
set of documentation in appropri-
ate format at draft stage. Certainly,
there’s no point to employ Revit
Aarchitecture at detailed design-
ing stage, without complete data-
base and necessary skills. The
earlier we start working with Revit

Architecture, the sooner and bet-
ter result will be achieved. It’s
wise to do it at the stage of pre-
project study. In the sequel, there
will be necessary just to correct
parameters of a model in accor-
dance with calculations and the
final planning, Then it is possible
to proceed obtaining of docu-
mentation. Revit Architecture has
many relative tools, which allow,
for example, shifting a wall with
automatic shifting of opposite
one, without changing of area of a
premise. It is possible to enlarge
the height of a beam itself and all
superincumbent constructions

will rise to the same value. In
parallel we already have toned
images and videos for design
presentation.

Revit Architecture is ideal for
work with precast structural con-
crete with application of standard
components with clear provision for
overall dimensions and parameters.
With usage of precast structural
concrete composition of specifica-
tions is 95% more efficient.

Revit Architecture tools allow to
deal with cast-in-place construc-
tions and metalware.

Revit Architecture provides an
architect with all necessary docu-
mentation, creates specifications
of premises marked with differ-
ent colour, registers of apertures,
doors and windows, determines
composition of floor, walls and
roofing. It is also possible to

arrange furniture and to improve
the site.

TONING

Toned images for presentations
may be generated without exiting
the application and much effort.

Option of creation of presenta-
tion images at early design stage
allows to consider promptly all
wishes of a client, thus getting him
involved into design process.

Interesting points

Operating Revit Architecture
we discovered many useful tricks,
for example, different foundation
layers may be automatically sub-
tracted from foundation body on
demand, which simplifies calcu-
lation of volumes of concrete. It
is possible to create equipment
components, place them on track
and to get corresponding speci-
fications.

Of course, having operated the
application we had to overcome
some difficulties. For example,
the names of grade files were not
translated into Russian. It was not
clear enough how to fix necessary
width of columns and a height of
lines in specifications. There were
some problems with displaying of
vertical connections between col-
umns, it was necessary to bother
with fine tuning of KM drawings
specifications. Such a problem
as indication of axes at facades
and the sections was clarified with
aid of our assistants and teach-
ers from CSoft-Bureau ESG. Thus,
it became clear that majority of
questions are likely to be solved
in the course of teamwork on the
project. Here is implied collabora-
tion at the insight stage with official
representatives of the vendor, who
are earnestly interested in patient
examination of even petty issues
concerning their application.

Eventually, all who passed train-
ing simultaneously developing the
model employing Revit Architecture
were convinced, that any difficul-
ties may be easily overcome with
competent approach, and Revit
Architecture itself is a kind of plas-
ticine, from which it is possible to
model everything you like, just keep
on being creative.
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KONE LIFTS FOR
HIGH-RISE BUILDINGS

KONE is the leader in offering of innovative elevator and escalator solutions. KONE
eagerly invests into scientific research, issuing a challenge to traditional technologies,

being committed to providing its clients the best lift equipment, solutions and services .

e

LS

Representative network of the
KONE covers 49 countries all over
the world, and the company keeps
on extending. The KONE special-
ists offer to its clients the entire
spectrum of services: from sup-
port with selection of equipment
and the designing of elevator
shafts to installation, maintenance
and modernization of its products.
The company feels at ease on
world elevator market, and it’s not
surprising because the KONE in
2010 will celebrate its 100th anni-
versary.

So expansive development of
the company requires informing
of clients and partners about new
achievements and developments,
and feedback with them is also
the matter of great importance.
That's why KONE operationally
renews its online newswire and
regularly participates in different
exhibitions. For example, in March
the company presented its equip-
ment on the Cannes commercial
real estate international exhibition
MIPIM 2009. This exhibition is the
key event dealing with building
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and real estate. This year approxi-
mately 5500 companies from
every corner of the globe rep-
resented their projects at MIPIM
2009.

KONE's success is determined
by its presence in all market seg-
ments supplying equipment for all
types of buildings. As yet the ele-
vators, escalators and passenger
conveyors by KONE are installed in
many residential, office and public
buildings, cultural and government
offices, in sport facilities and air-
ports.

KONE also offers particular solu-
tions for high-rise buildings: the
stylish elevator KONE Alta™ was
developed especially for the multi-
storeyed office centres. This lift is
capable to elevate up to the height
of 500 m at speed up to 17 m/s.
To ensure the effective passenger
traffic KONE Alta™ may be inte-
grated into groups of eight eleva-
tors using genetic algorithms to
maximally optimize the routing.

KONE Alta™ design is based on
different innovative technologies.
For example, the elevator shaft is

being constructed simultaneously
with the building, i.e., the eleva-
tor may be used for cargo and
passenger transportation while
building is still under way. The cars
move smoothly and noiselessly
thanks to KONE SilentCar technol-
ogy, that provides comfort - the
necessary requirement of busi-
ness community.

The powerful and compact KONE
EcoDisc® drive makes the KONE
Alta™ the best sustainable solution
for high-rise buildings. High-speed
drive makes it possible to cut ener-
gy consumption up to 75% and it
does not need any additional lubri-
cation. The KONE EcoDisc® is reli-
able and productive, and because
of the low motor speed there’s less
friction of components, which pro-
longs durability of the drive and the
elevator itself.

High quality and reliability of the
KONE Alta™ is well time-proved,
since these elevators are already
installed in many high-rise office
buildings. Among the most known
skyscrapers it is worthwhile to
note the 30 St Mary Axe in London
and the Quay Tower in Moscow.
Innovative systems of routing opti-
mization help the KONE Alta™ to
manage effectively passenger
traffic within high-rise buildings
even during rush hours.

Recently the KONE has won a
new commission - 14 elevators will
be installed in two high-rise towers
of Anthill Residence complex in
Istanbul. Elegant KONE elevators,
which runs at 6 m/s, are called
to provide rapid and comfortable
traffic of tenants inside these 54-
storeyed towers. The elevators will
be equipped with powerful ener-
gy-saving drives KONE EcoDisc®,
which allow to considerably reduce
power consumption and, corre-
spondingly, expenditures for main-
tenance of elevators and building
in whole.

KONE emphasizes that this con-
tract confirms popularity of the
KONE EcoDisc® drive. This engine
is the excellent solution for any
elevators. More and more clients
prefer the KONE EcoDisc®, and
many models of KONE lifts are
based of this drive.
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FIRE SIMULATION

CALCULATED STRUCTURAL THERMAL LOADS
IN CASE OF FIRE IN HIGH-RISE BUILDINGS

The approximate calculation method is giving simple analyti-
cal formulae for determining of temperature load, which can be
used for creation of new standards in line with the fire-preven-
tion methods for designing of buildings and construction. This
part of the article is featuring application of obtained results
illustrated by three examples.

STRUCTURAL FIRE LOAD
DESIGN

Consider nonlinear singularly
perturbed parabolic system [5]:

i L - #
Tl s = T il = O g i =~
- R

Fr _ 1= 100 = migl op =
1
— s —s e o PR =
- F, i

F Frigit S e P

_ o arp

el (2.1)

The initial conditions are as follows:

T=0;0=0,C=(0;x;z) = W(O; x;

z)=V0; x; z;) = 0;

p = (0; x; z;) = p,= const.

(2.2)

The boundary conditions are as

follows:

wmik | =i L@ LA L .(23)

[

First two equations are describing
the heat and mass transfer, the
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second two - the Navier-Stokes
equations — describe the motion
of fluid substances, that is
substances which can flow. They
are one of the most useful sets of
equations because they describe
the physics of a large number
of phenomena of academic and
economic interest. They may be
used to model weather, ocean
currents, water flow in a pipe, flow
around an airfoil (wing), etc. As
such, these equations in both full

Conclusion.
Beginning in # 2.
p. 112-115.

and simplified forms, are used in
the design of aircraft and cars,
the study of blood flow, the design
of power stations, the analysis of
the effects of pollution, etc. The
Navier-Stokes equations dictate
not position but rather velocity.
A solution of the Navier-Stokes
equations is called a velocity field
or flow field, which is a description
of the velocity of the fluid at a given
point in space and time. Once the
velocity field is solved for, other

quantities of interest (such as heat
flow rate) may be found. This is
different from what one normally
seesin classical mechanics, where
solutions are typically trajectories
of position of aparticle or deflection
of a continuum. Studying velocity
instead of position makes more
sense for a fluid, however for
visualization purposes one can
compute various trajectories.
Some type of visualization is
presented below in approximate
analysis of the Navier-Stokes
equations. In case of structural fire
design loads these equations can
be further simplified based on the
following assumptions: 1) Thermal
properties such as conductivity,
specific heat, density, and other
physical parametersforall practical
purposescanbeassumedconstant
and the values shell be taken at
the maximum temperature. This
practice has been used for many
years in theory of explosion and
combustion [6], and it will allow
to obtain the solution of Navier-
Stokes equations separately
from the energy conservation
equations; 2) the pressure in
the compartment is assumed
to be equal to the atmospheric
pressure, because the windows in
the compartment are open (the
grasses are broken), therefore the
derivatives of pressure are zero;3)
the Navier-Stokes equations
should consider the low-speed,
thermally-driven flow with an
emphasis on heat transport from
fires. This assumption rules out
the scenario involving flow speeds
approaching the speed of sound,
such as in case of explosion and
detonation; 4) irradiative heat
transfer is included in the model
via heat losses thru the open
compartment’s windows, and it is
based on the Stefan-Boltzmann
law;

2.1 First simplification of the main
parabolic system (1).

Since the velocities V and W are
almost constant (the gradients
are small) and the average
dimensionless temperature
and combustion rate are the
functions of time only, the energy
conservation portion of the main

Text by Dr. Leo Razdolsky, LR Structural Engineering Inc.,
Professor of Northwestern University, Evanston, IL., USA

system (1) can be simplified as
follows:

Eeret v B e -t - (2.4)
- = 0+ 1= g .1_+-'(2-5)
Where:

iTr-7 3
g -LAE

Hly

Dimensionless Temperature;
g RE
= B
<<1 - Dimensionless parameter;

ol
-’-'—._I,T-:-‘ - Dimensionless
parameter that characterizes
the amount of fuel burned in
the compartment before the
temperature had reached the
referenced point of T*=300°C. If
this parameter is small, then the
fire will have a flash-over point,
and if it is large - the fire will
proceed stationary until the decay
stage.

0<Y<1;

C=[1-P(t)/P ] - Concentration of
theburnedfuelinthe compartment.

E '
o - E:—H ..—:!.\__q_-ph.l_'q EJI — Frank-
Kamenetskii’s parameter [7].
k{71 A
p=— ‘= Thermal radiation
dimensionless coefficient [8].

o = 5,67(10-¢) [B/M?K*] — Stefan-
Boltzman constant
e - emissivity coefficient

K, = Ah/V - Dimensionless
opening factor
I °, _ Dimensionless time

]
= .'i - Dimensionless

" coordinate

k - Order of the chemical reaction
\ = Thermal conductivity (J/sm’C)
Let’s consider now the average
distribution of temperature and
combustion rate in space

(the non-stationary process of
chemical reaction). The equation
(2.4) and (2.5) are simplified

further [7]:
o g
— = Wl - b= Fr (2.
F i P+ a8 (2.6)
i @
— = wF - e (2.7
dr { ' le + Hﬂ} (21)
Parameter § is calculated based
on [7]:
8,=12.1(1n,)°°. (2.8)

The direct solution of equations
(3) and (4) is the “normal” way of

solving the problem. However in
case of developed fire in a large
buildingvolume the mathematical
modeling of the physical and
chemical transformations of real
materials are known only with
some degree of confidence. At

the same time based on many
full fire test results data one
can expect that the solutions of
(3) and (4) should have curtain
well known parameters for the
maximum temperature, type of
temperature-time function etc.
This allows us to set up the
“reverse” to “normal” process
of solving problem: by providing
the additional requirements (
T<T.<T,;whereT andT,are

max.

given)findtherange of parameter

Y. From physical point of view this
parameter characterizestheratio
of heat flux that is discharged
thru the compartments openings
divided by the heat flux that is
produced by the burning fuel (at
the referenced temperature T*).

3. EXAMPLES

Example #1:

Data: T° = 600°K; & = 20; K =
0,05;8=0,1; P=0,157;0< 1< 0,2;

882°K < T < 1092°K; GbiCTpbIN
noxap.

Result: 0,05 <Y< 0,175.
Fig 1. Dimensionless time-
temperature curves
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The final approximation of the
dimensionless temperature - time
curve is as follows:
6=0.09 + 193.81 - 2951.872+ 16740
- 327507 (3.1)

Example #2:

Data: T"=600°K; 8= 20; K, = 0,05;
p=0,1;P=0,157;0< 1t <0,2;

807°K < T < 882°K; Medium
Fire.

Result: 0,175 <Y< 0,275.

Fig 2. Dimensionless

time-temperature curves

="7

The final approximation of the
dimensionless temperature - time
curve is as follows:
0=0.26 + 175.31 - 276712+ 16080+
8- 320907 (3.2)

Example #3:

Data: T* = 600°K; § = 20; K =
0,05, p=0.1;P=0,157,0< 1<
0,2;

TIPK < T < 798°K; Slow Fire.
Result: 0,275<Y< 1,0.

Fig 3. Dimensionless
time-temperature curves

The final approximation of the
dimensionless temperature - time
curve is as follows:

0=0.67 + 119.41 - 190472+ 111507°
- 2245074, (3.3)

3.1 Approximate solution
of the Navier-Stokes equations.
It has been assumed in our case
of computing the structural fire
load that the air-gas density and
the pressure are constant in the
compartment, therefore the motion
of fluid equations can be simplified
as follows:
pLE |-.|:"'-:- ¥ "-:_'- B LR ;(3.1.1)
%+h.l"%+l|'%;-;m :(3.1.2)
G
B £ - _':'Iu (313)

W n V - Dimensionless vertical
and horizontal components of

velocity vector;

Pr=L=1.

Differentiating the first with
respect to z, the second with
respect to x and subtracting the
resulting equations will eliminate
pressure and any potential force.
Defining the stream function ¥
through:

-
¥ om

. (3.1.4)

L o

results in mass continuity being
unconditionally satisfied (given the
stream function is continuous), and
then incompressible Newtonian 2D
momentumand mass conservation
degrade into one equation:

Lown it L2 lenan, (315)

where v* - is the (2D) biharmonic
operator and v is the kinematic
viscosity, v=H/p.
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This single equation together
with appropriate boundary
conditions describes 2D fluid flow,
taking only kinematic viscosity
as a parameter. Approximate
solution of non-linear equation
(3.1.5)can be obtained ,if the
stream function is presented as
follows:

Y(1,%,2)=T(1)D(x,2)=exp(-at)sin(mn
x)sin(nz). (3.1.6)

Substituting (3.1.6) into (3.1.5) and
solving for a: a =n2vend v=4/3.
Finally, the stream function is:

. -||.-\.|I|-fI 14w i aadanazi (3.1.7)
Where: b=L/h > 1;

L - compartment’s horizontal
dimension; h - height of the
compartment; x = x1/bh;
z = z1/h - dimensionless
coordinates.

Dimensionless vertical and
horizontal components of velocity
vector are as follows:

V=l ._:__.‘f...- W I i L .(3.1.8)
Velocities “V” and “W” are
presenting the convection process
inthe air-gas flow. One canvisualize
thatin x-z coordinates the surfaces
of equal velocities are similar to
the equal deflection surfaces of
a rectangular plate design, and
they are also similar to the results
provided in [ 5]. Now substitute
(3.1.8) in first two equations of
system (3.1.9, 3.1.10) and assume
conservatively that the gradient of
dimensionless temperature can
be substituted by the difference
between the temperature inside
and outside of the compartment.
In this case the equations are as
follows:

b3 i = (3.1.9)
e et (3.1.10)

Solutions of equations (3.1.9)
and (3.1.10) are similar to Examples
#1;#2 and #3:

Example 1a:

Data: 7" = 600° K; § = 20; K, =
0,05;=0,1; P=0,157; 0< 1< 0,2;

878°K < T . < 1108°K; Fast Fire

Result: 0,05 <Y< 0,175.

Fig 1a. Dimensionless

time-temperature curves

The final approximation of the
dimensionless temperature - time
curve is as follows:
6 = -1.58 + 355.3t - 5,3967 +
30,460t - 59,070t*. (3.1a)
Example 2a.
Data: T = 600°K; & = 20; K, =
0,05;$=0,1; P=0,157; 0 < t<0,2;
730°K < T < 852°K; Medium
Fire.
Result: 0,175 < Y < 0,275.
Fig 2a. Dimensionless
time-temperature curves

¥

The final approximation of the
dimensionless temperature - time

curve is as follows:
6 = 0.0955 + 153.1t - 2,104+* +
10,770°- 191107*. (3.2a)
Example 3a
Data: T = 600°K; & = 20; K, =
0,05;8=0,1; P=0,157; 0< 1< 0,2;
TIPK < T < 798°K; Slow Fire.
Result: 0,275<Y< 1,0.
Fig 3a. Dimensionless
time-temperature curves

The final approximation of the
dimensionless temperature - time
curve is as follows:

6 = 0.557 + 98.56t - 1,350 +
6,937t~ 12,430t (3.3a)

CONCLUSIONS

1. Simple approximate analytical
solutions of structural fire load
have been developed for slow,
medium and fast fire conditions.

2. The flash-over points are
established for medium and fast
fire conditions.

3. The structural fire design
loads have static and dynamic
components in structural systems
analysis.

4. All analytical solutions are
obtained using the dimensionless
functionsandparameters, therefore
it can be applied to any real life
sizes of fire compartments.

5. The “reversed” method (vs.

“classical”) of solving heat, mass
and momentum equations allows
in this case to tie down together
the prescriptive fire grading and
design methods with performance
design method.
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