Architecture and Engineering Volume 2 Issue 1

FAST ASSEMBLY OF QUALITY SUSPENDED VENTILATED FACADES

Yuriy Kazakov', Aleksandr Birjukov?

' Saint Petersburg State University of Architecture and Civil Engineering

Vtoraja Krasnoarmejskaja ul. 4, St. Petersburg, Russia

2 Military (engineering) Institute of the Military Academy of Logistics and Transport n.a. army general A.V. Khrulyov,
Zakharevskaia ul. 22, Saint Petersburg, 190000, Russia

'kazakov@spbgasu.ru, 2aleks_bir@mail.ru

Abstract

Previously understudied new structural and technological concepts of various types of modern suspended ventilat-
ed facades (SVF) applicable in Russia by 2017 were researched by a system and analysis method to determine their
advantages and disadvantages. Theoretical bases and the algorithm for the development of the optimal technological
solution for the installation of SVF were worked out with the aid of the methods of multi-criteria optimization. The struc-
ture and the operating sequence were substantiated for the rational technology of integrated mechanized process of
SVF elements installation. Alternate improved technological solutions were developed for installation of heat insulating,
framing and facing SVF elements with the account of the most important optimality criteria. These criteria include min-
imum labor intensity and machine time, minimum cost, enhanced quality and safety.

Effects of the most important factors related to labor intensity and cost improvement of construction operations as
well as increase of SVF useful life under various building conditions were defined and substantiated by experimental
construction of residential buildings with SVF facing.

With the aid of the methods of alternate technological design and multi-criteria optimization, 4 optimized variants
of technological solutions for installation of thermal insulation, frame and facing elements in SVF systems were devel-
oped with the account of the 4 most important consumer optimality criteria: minimum labor intensity and machine time,
minimum cost, enhanced quality, maximum quality and safety. The scientific significance of the results is that the major
factors affecting optimization of technological modes of various SVF designs were identified and studied. Their use
allows reducing the labor intensity of works to 0.55-1.79 man-shift per 1 sq. m of facade area.
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Introduction
At the Saint Petersburg State University of Architec-

tural-and-technological solutions for design of improved
rational variants of suspended ventilated facades for the

ture and Civil Engineering the authors in cooperation with
AYe. Piskun, and on the basis of his work, performed a
further theoretical justification of the rational technological
solution development for SVF design. The work objective
is scientific substantiation and development of improved
variants for design of suspended ventilated facades op-
timized in terms of the following criteria: minimum labor
intensity and machine time, minimum cost, improved qual-
ity and safety during construction of residential buildings.
The object of study is construction process and struc-
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purposes of erection of various types of residential build-
ings in Russia.

Methods

Comparative variant technological design, techni-
cal-and-economic system analysis of engineering solu-
tions, full-scale experiments with SVF fragments, theoret-
ical modeling, test measuring and studying technological
parameters of walling processes for residential buildings,
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mathematical statistics and the probability theory while
solving optimization problems.

Dependencies (new and important for reducing labor
intensity and cost as well as for enhancing simplicity and
technological effectiveness of works) of increase in labor
intensity on increase in area of mounted SVF elements,
their weight and other impact factors were defined with op-
timality criteria of minimum cost, labor intensity and maxi-
mum quality. With use of mathematical statistics methods

mathematical models that approximate the discovered
dependencies were calculated. With the aid of the on-site
measurement method new important dependencies of de-
crease in labor intensity during SVF design on the impact
of the most important natural climatic factors — extremely
low temperatures and wind velocity — were determined.
High technical and economic efficiency and constructa-
bility were proved for the application of improved and ef-
ficient SVF solutions, intended for residential buildings in
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Figure 1. Theoretical bases for the development of optimal technological solution for instal-
lation of SVF with the aid of the method of step-by-step multi-criteria optimization
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terms of labor intensity and cost of work, effective useful
life of heat insulating structures and their repairability.
With the aid of the methods of alternate technological
design and multi-criteria optimization, 4 optimized vari-
ants of technological solutions for installation of thermal
insulation, frame and facing elements in SVF systems

Volume 2 Issue 1

were developed with the account of the 4 most important
consumer optimality criteria: minimum labor intensity and
machine time, minimum cost, enhanced quality, maximum
quality and safety. The scientific significance of the results
is that the major factors affecting optimization of techno-
logical modes of various SVF designs were identified and
studied. Their use allows reducing the labor intensity of
works to 0.55—1.79 man-shift per 1 sq. m of facade area.
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Figure 2. Algorithm for the development of the optimal technological solution for installa-
tion of SVF with the aid of the method of step-by-step multi-criteria optimization
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Case history

The authors’ articles (Kazakov, 2011; Badjin et al,,
2015) and those of A.Ye. Piskun, Candidate of Engineer-
ing Sciences, (Piskun, Kazakov, 2008a; Piskun, Kazakov,
2008b) as well as the materials of such papers further de-
velopmentin 2010-2016, formed the basis of the investiga-
tion. For that purpose modeling of optimum technological
solutions was carried out for design of residential building
SVF based on the minimum cost and safety criteria. Im-
pact regularities of the key factors affecting technological
solutions for SVF design were discovered and studied.

Results

Theoretical models, algorithms and recommendations
for the development of rational solutions and various tech-
nologies of SVF design were elaborated (figure 1, 2).

It is suggested to consider mineral wood rigid tiles
made of basalt fiber as optimum thermal insulation. The
following may be considered as optimum fencing: fiber
cement sheets, sheets of vinyl siding, reconstituted gran-
ite tiles. The following may be considered as the frame:
galvanized and stainless steel umbrella-type self-drilling
bolts and bolts.

Taking into account the 4 most important consumer op-
timality criteria, i.e. minimum labor intensity and machine
time, minimum cost, improved quality and maximum qual-
ity, 1 improved variant of rational technological solutions
for installation of thermal insulation, frame and facing ele-
ments in SVF systems (figure 3) was developed.

Figure 3. SVF design technology corresponding to Variant 4 in terms of optimality criterion K3 — maximum quality (rec-
ommended for use in case of unrestricted financial resources and labor force): 1 — ceramic brick laying; 2 — drilling of bolt
holes; 3, 4 — installation of mineral wool plates in 2 (two) overlapping layers; 5-8 — fixing of Tyvek membrane; 9, 12 —in-
stallation of passing bolts; 10, 13 — nuts installation; 11, 15 — mounting of horizontal and vertical guiding profiles, stain-
less steel; 14 — bracing; 16 — leaving a gap; 17 — mounting of shaped panel strips; 18 — mounting of granite tiles

New dependencies (important for improvement of
technological effectiveness of works) of labor intensity
increase on the increase of the area of mounted SVF el-
ements, their weight and other impact factors with the cri-
teria of optimum minimum cost, labor intensity and maxi-
mum quality were determined.

With the use of mathematical statistics methods math-
ematical models that approximate the discovered de-
pendencies were calculated. With the aid of the on-site
measurements method that enabled further determination
of important and new dependencies of labor efficiency
decrease during SVF design on the impact of the most
important natural climatic factors, i.e. extremely low tem-
peratures and wind velocity (Kazakov, 2011).

Further, technical and economic efficiency of applying
rational solutions for design of residential building SVFs

were studied. The analysis of variants for SVF design
technologies were performed according to the results
of experimental construction. The mounting cost was
2.25-3.95 thousand rubles per 1 sq. m of facade area;
that is 1.3—1.6 times cheaper in comparison with existing
traditional methods of non-ventilated facade design. The
above results allowed to further substantiate the techno-
logical chart of suspended ventilated facade design based
on the most popular and significant optimality criteria —
minimum labor intensity and cost of works (figure 4, 5).
The technological chart specifies its scope, outlines
the major data on work organization and production tech-
nology during mounting of ventilated facade elements,
determines requirements to work quality, accident preven-
tion, occupational safety and fire prevention measures,
sets forth the need for material and technical resources,
calculates labor intensity and work schedule. 35
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Figure 4. Diagram of the construction site organization when designing SVF rational solution with minimum costs
in a multistorey building: 1 — fences of construction site; 2 — workshop, sanitary and amenity facilities for work-
ers; 3 — materials and equipment store; 4 — work area; 5 — boarders of dangerous area for people to stay when

suspended cradles are in operation; 6 — outdoor storage area for mineral wool tiles, frame elements film, fac-
ing panels; 7 — lightening tower; 8 — 2 (two) suspended cradles; 9 — residential building with SVF

Figure 5. Diagram of facade breakdown into vertical grips when designing SVF ra-
tional solution with minimum costs in a multistorey building



Legend to the Figure 5: — work performance direc-
tion; I, Ill, V — vertical grips for the 1st and 2nd mounter
crews working in the first suspended cradle; Il, IV — verti-
cal grips for the 3rd and 4th mounter crews working in the
second suspended cradle. Facing panels: P1 —1000x900,
P2 — 1000x700, P3 — 1000x750, P4 — 750x500, U1
—1000x200.

Table 1. Comparative analysis of the technological parameters of 4
improved SVF design methods.

Parameter Variant 1 - | Variant 2 - | Variant 3 - Variant 4 -
minimum | minimum | enhanced maximum
cost labor quality quality

intensity

Application individual, | social commercial elite

- building social

appearance

Bearing wall | mass precast mass ceramic brick
concrete reinforced | reinforced

concrete concrete

Frame steel galvanized | stainless stainless

steel steel steel

Insulant 2-layer 2-layer 3-layer 3-layer
mineral mineral mineral wool | mineral wool
wool wool

Suspended vinyl large fiber- | reconstituted | granite tiles

facing siding, cement granite tiles
vertical facade
racks panels

Frame plastic, galvanized | stainless stainless

fasteners umbrella- steel, steel, steel, bolts
type studs | rawbolts rawbolts

Crew, people | 1-2 1-2 2-3 2-3

Mounting 0.62 0.52 1.31 1.89

labor input,

man-shift

per 1sq. m

of facade

(mean

calculated

results)

Cost, 217 3.12 3.1 3.95

thousand

rubles/sg. m

Insulant glue plastic, steel, steel, bolts

fastener umbrella- umbrella-type

type clips self-drilling
bolts

Technology | 0.662 0.655 0.650 0.645

index
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It allowed for the further comparative analysis of the
technological parameters of 4 improved SVF design
methods (Table 1) (Piskun, Kazakov, 2008b).

Figure 6 shows one of the discovered and studied im-
portant dependencies, i.e. lowering of SVF mounting la-
bor intensity depending on the impact factor “increasing
area of a suspended facing unit”.

In conclusion, an assessment of effectiveness of the
developed improved methods of HVF installation was
performed under systematic consideration of the follow-
ing 5 types of effectiveness at all stages of their life cycle
and the type of materials (Badjin et al., 2015; Badjin et al.,
2013; Sychev and Sharipova, 2015; Sychev and Kazakov,
2015).

1. Effectiveness of production of HVF elements is
a characteristic of the sub-system of HVF structures man-
ufacturing, which meets 9 criteria such as variety of types,
total number of elements, material intensity, labor intensi-
ty, stress and strain, mechanization of manufacturing pro-
cesses, accuracy of geometric shapes, size of elements,
assembling and availability.

2. Transportation effectiveness is a characteristic of the
subsystem of HVF products transportation, which meets 6
criteria such as variety of types, variety of weights, trans-
portation costs, enlargement of prefabricated elements,
loading of the rolling stock, mechanization of loading and
unloading.

3. Effectiveness of installation works is a characteris-
tic of the subsystem of HVF structures installation, which
meets 10 criteria such as labor intensity, performance of
wet processes, stress and strain, mechanization of pro-
cesses, work rate, homogeneity of building cells, homo-
geneity of work zones and tiers, homogeneity of structural
elements, convenience of assembling for welding, allow-
ance for tolerances.

4. Operational effectiveness is a characteristic of the
HVF in the subsystem of operation with account for the
requirements of serviceability, operating costs, energy
saving and automation, labor intensity and minimizing of
heating costs.

5. Effectiveness of upgrading and reconstruction is a
characteristic of the subsystem that takes into account the
following criteria: improvement of technical performance
of residential buildings, further improvement of heat pro-
tection of walls when adopting new standards, replace-
ment of old-fashioned facing works for new types, spatial
planning changes, use of new technologies, new mech-
anisms and equipment so that the building would meet
modern requirements to safety and comfort of living.

At the same time, it is proposed that the overall ef-
fectiveness of HVF structures implies the degree of sim-
plicity, availability, speed and ease of implementation with
standard means of mechanization and a small number of
semiskilled workers, a set of construction and engineer-
ing solutions for installation of facades of residential build-
ings, their operation, further upgrading and reconstruction
meeting modern requirements to quality , safety and rates
of construction processes and operations.

37



Architecture and Engineering

Volume 2 Issue 1

Figure 6. Dependence of increase in SVF mounting labor intensity on impact factor — “increas-
ing area of a suspended facing unit”: upper curve — production values according to the re-
sults of measurements during the construction process, lower curve — theoretical values

The calculated values of integral criteria for effective-
ness turned out to be 0.665, 0.654, 0.652 and 0.650 for 4
technological solutions, corresponding to a high degree of
simplicity, efficiency and industriality of construction and
installation works.

Conclusions

1. It is shown that the new rational SVF solutions ad-
equate to various types of residential buildings under
construction in Russia are variants of performing of the
following successive and fully-mechanized operations:
1) anchor fixing of thermal insulation (large-size mineral
(glass) wool rigid tiles on a bearing wall. (2) installation
of steam and wind protection membranes (polyethylene
and special films). (3) mounting of the frame — vertical
and horizontal profiles (galvanized or stainless steel on
self-drilling bolts with anchor and fragmentary bolt fixing
as per calculations to a bearing wall. (4) suspending of ex-
ternal facing panels with leaving an air gap as per calcula-
tions (sheets of vinyl siding, ceramic siding, fiber cement
sheets, vertical racks, reconstituted granite tiles).

2. With the aid of systematic synthesis and modeling
methods new theoretical models, algorithms and recom-
mendations for developing new rational technologies of
SVF design were developed. The models can be used
when developing projects for construction organization
ggd projects for performing of works in design and con-

tractor organizations. A new multifactor model of complex
impact of the most significant factors (weight and sizes of
insulation boards, hinged panels, elements of steel frames
and fasteners, air gap width, building height, weather con-
ditions) on optimization of technological parameters (labor
intensity, machine time spending, crane equipment, cost,
technological effectiveness) was substantiated.

3. With the aid of the methods of alternate technologi-
cal design and multi-criteria optimization the 4 optimized
variants of technological solutions for installation of ther-
mal insulation, frame and facing elements in SVF systems
were developed taking into account the 4 most important
consumer optimality criteria: minimum labor intensity and
machine time, minimum cost, enhanced quality, maximum
quality and safety. The scientific significance of the results
is that the major factors affecting optimization of techno-
logical modes of various SVF designs were identified and
studied. Their use allows for the reduction of labor inten-
sity of works to 0.55-1.88 man-shift per 1 sq. m of facade
area.

4. Dependencies (new and important for the reduc-
tion of labor intensity and cost as well as for enhancing
simplicity and technological effectiveness of works) of in-
crease in labor intensity on increase in area of mounted
SVF elements, their weight and other impact factors were
defined with optimality criteria of minimum cost, labor in-
tensity and maximum quality. With the use of mathemati-



cal statistics methods mathematical models that approxi-
mate the discovered dependencies were calculated. With
the aid of the on-site measurement method new impor-
tant dependencies of decrease in labor intensity during
SVF design on the impact of the most important natural
climatic factors — extremely low temperatures and wind
velocity — were determined. Dependencies (new and sig-
nificant for rational organizing of works for fully-mecha-
nized mounting) of changing labor intensity and cost on
the most important impact factors — changing of facade
area, weight and sizes of the installed structural elements,
types of units and their joints — were discovered.

5. Studies in technological effectiveness of applying
rational methods of SVF design with the aid of expert
assessment methods proved a quite high level of tech-
nological effectiveness of the developed solutions with
integrated account for factory, transport, mounting and
operational technological effectiveness as well as tech-
nological effectiveness of upgrading and reconstruction.
Besides, the integral technological effectiveness criteri-
on of the developed SVF variants was equal to 0.665-
0.650 which corresponds to a high degree of simplicity,
economic efficiency and industrial efficiency of performed
construction and mounting works and contributes to en-
hancing the overall performance of the housing construc-
tion process.
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6. The experience of using the developed SVF tech-
nologies together with the rational solutions by construc-
tion companies of Saint Petersburg in 2010-2016 has
showed the sufficient convergence of theoretical esti-
mate performance indicators with practical assessments
of the facts of experimental construction and operation.
Along with that, reasonable variants of works technology
with rational SVF parameters differ from the convention-
al methods of SVF design by the following advantages:
more cost effective consumption of available construction
materials, lower labor intensity, ease in work operations
performance, lower discounted value taking into account
the operation stage with repairs. The competitive advan-
tage of the construction work market is that the developed
technology variants allow for the performance of works
by a crew consisting of just 2-3 semiskilled (grades 3-5)
workers — mounter and facing worker — virtually year-
round, including at subzero temperatures as per the data
(See www.expertiza-negos.ru).

7. The obtained results can also be used in develop-
ment of new designs of sandwich panels, which would
have prefabricated fixing of the hinged facade or its part.
This would increase rates of construction and its quality,
as installation of the facade at heights is very labor con-
suming, especially in bad weather.
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