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STUDY OF THE SAFETY OF GABION STRUCTURES IN THE
CONDITIONS OF URBAN ENVIRONMENT

Abstract. The present work is devoted to the study of the safety of gabion structures
in an urban environment on the example of bank protection of a pond near “Piramida”
shopping center in Samara. Based on current regulatory documents, the safety level for
humans at the construction and operation stage was estimated, as well as for the environment.
It has been shown that the quality of work performed has a significant impact on the level of
safety. Violations of the requirements of regulatory documents allowed during the
construction of the structure led to the emergence of risks for the townspeople, as well as to
a decrease in the quality of the pond water.
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Introduction. Gabion structures have long been successfully used in
hydraulic engineering [1], road and railway construction, as well as in the field of
land reclamation [2]. This fact is explained by the simplicity of the construction of
gabion structures, a rather long service life and a peculiar appearance. In recent
years, gabions have begun to be widely used in urban environments as well. So, it is
reported about their use in design of the administrative buildings [3], as well as
educational institutions.

The experience of using gabions in urban recreational facilities seems to be
especially interesting. The design features, in particular, its air and water
permeability, and, consequently, a high degree of bio-positivity, allow solving a
wide range of problems, for example, the construction of vertical gardens [4], which
seems to be a very promising solution in the face of an acute shortage of territories
specifically for recreation purposes. Gabion structures are especially widely used in
the city for the purposes of bank protection of small water bodies - both
independently [5] and as part of bio-positive hydraulic structures [6].

The peculiarities of urban environment make us impose particularly strict
requirements for the applied constructive and technological solutions from the
standpoint of various aspects of safety and at all stages of the structure’s life cycle.
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With regard to gabions, this issue has not been sufficiently addressed in the literature
to date. This fact can be partly explained by the small practical experience in
operating gabions in the city, as well as by the weak development of methodological
approaches to the comprehensive safety assessment. Therefore, the purpose of the
present work was to study the safety of gabion structures in an urban environment
for both humans and the environment at different stages of their life cycle.

Materials and methods. The object of the study in this paper is limnological
complex, located near “Pyramida” shopping center in Samara. The complex is
formed by two ponds, received in the literature conventional names of Round and
Long. According to the data available from us, these ponds were organized by the
construction of a soil dam on a ravine for the goals of fisheries at the end of the XIX
century. Currently, the limnological complex has become the center of an intra-
quarter recreational facility. In 2013, within the framework of the city program for
the rehabilitation of reservoirs, the ponds were cleared of aero-aquatic flora, and the
banks were reinforced with gabion structures [7].

Safety assessments of gabion structures for environmental and human
components were carried out for three stages of the life cycle - manufacturing of a
structure (gabion), its installation and exploitation. At the stages of fabrication of the
structure and its installation, the safety level was assessed by analyzing the design
and regulatory documentation.

To assess the impact of the structures on pond water quality, samples were
taken in summer and autumn and analyzed using standard methods for 27
hydrochemical indicators. Standard values of hydrochemical indicators were taken
according to [8]. The safety of shoreline protection for recreants was assessed by
visual inspection of the gabion structures and surrounding area, as well as by the
interview method.

The safety of gabion structures at the stages of manufacturing and installation
was assessed using the current regulatory documentation in relation to two aspects:
labor safety and the quality of work performed.

Prior to the start of the works on the construction of the retaining wall from
gabions, a set of organizational and technical measures was carried out in accordance
with the requirements of the current regulatory documents in the field of labor safety
in construction [9,10]. According to health and safety requirements, the work was
allowed to persons over 18 years of age who passed a medical examination in
accordance with the procedure established by the Ministry of Health of Russia. The
workers of all specialties and qualifications were given safety instructions. The
workers were timely provided with a personal and collective protective equipment
at the expense of the employer.

Prepared prior to the start of the work, the construction site was provided with
electricity, fire-fighting equipment, lighting, arranged entrances and exits.
Temporary sanitary facilities functioned at the construction site to create the
necessary working conditions, food and rest for workers [9-12].

Before the construction of the retaining wall of gabions, preparatory work on
the delivery of gabion mesh products and gravel to the construction site was carried
out, as well as the axes of the retaining wall were made [13-14,9].

When constructing the retaining wall, box gabion products were assembled,
installed at the design elevations and secured with metal anchors, individual
structures were combined into a single system and filled with stone. All works on
the construction of the retaining wall of gabions with on-site filling with stone were
performed in accordance with the requirements of regulatory documents [15,16].
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Delivery, unloading, storage of gabions and filling them with a stone were
carried out using a mechanized unit, including a dump truck, a wheel loader and a
jib-type crane, which contributed to reducing manual labor at the site.

Throughout the entire period of the gabion retaining wall installation the
quality control of the works was performed, which included the incoming inspection
of the working documentation and incoming materials as well as the quality of the
performed previous works, operational control of individual construction processes
and technological operations and acceptance control of the performed works with
the conformity assessment.

Research results and discussion. The safety of operation of gabion structures
is largely determined by the quality of work on the implementation of design
solutions, as well as the quality of materials used in the construction (mesh, filler).

Reliability of gabion construction is determined by the quality of double-
torsion wire mesh, which should have an ultimate tensile strength, depending on the
diameter and size of cells, from 30 to 53 kN/m. It is also important to comply with
the requirements for stone materials used to fill gabions. Any stone material can be
used to fill gabions, as long as it has the necessary strength, frost resistance and water
resistance. The stone must not have signs of ablation, interlayers of soft (loose) rocks
or other soluble inclusions. Manual placement of stone in a gabion should provide
the apparent density of stone material over 17.5 kN/m?*. The minimum linear size of
the stone must be more than 1.3 nominal mesh size of the grid, the maximum size of
the stone must not exceed 250 mm. It is allowed to apply a smaller stone, but in
volume, not more than 10%. The material should be laid evenly along the inner
cavity of the gabion. Within 3-5 years, depending on the intensity of colmatation of
rock material and consolidation of the foundation soil and backfill, gabion
constructions gain maximum strength and serve for an average of 35 years. Poor
quality material for filling gabions, weakness of the wire mesh led to deformation of
the structure, loss of the aesthetic appearance.

As shown by the results of gabion structures survey of the pond shore
protection near the Pyramid Shopping Center, a year after the commissioning of the
facility damage and deformation of the mesh, as well as settlement of the filler are
noticeable (Fig. 1).

Fig. 1. Fragment of gabion structures
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This is the result of a gross violation of the abovementioned regulatory
requirements for the gritter: carbonate rocks are used, which being in a zone of the
variable level, are the subject of rapid destruction, which will inevitably affect on
the level of gabions safety in the operational stage. The requirement for aggregate
size of the stone was also ignored.

Safety of gabion structures at the stage of operation was assessed by us in two
aspects — safety for recreationists and environmental safety.

The study of recreational activities carried out in the area adjacent to the pond
showed that walks, as well as observation and feeding of birds (ducks live in the
cattail thickets), were the most widespread. The main categories of recreationists are
parents with children under the age of six, pensioners, as well as people with
disabilities, including those with low mobility. Thus, the issue of the condition of the
pond shoreline and the possibility of safe and easy access to water is of particular
importance. As a visual inspection of the gabion structures showed, their current
state is a source of risks for safe recreation: the integrity of the mesh in many places
is broken, the gritter has shrunk, which led to deformations of the structure as a
whole. During the interviews, recreants also expressed concern about the state of the
bank protection, which has become unsafe, in particular for children.

Pond in an urban environment should be considered not as a natural, but as a
natural-anthropogenic object, which makes it necessary to assess the level of
environmental safety firstly in terms of justification of the management decisions
taken. There are a number of regulatory documents for water quality assessment of
water bodies, information about which is summarized [17] in Table 1.

Table 1
Regulatory framework for ensuring the safety of urban water bodies
Normative document
regulating safety
requirements
State Standard

Functional purpose

of the reservoir Note

Fishery 17 1.2.04-77 This function is lost now
Drinking water State Standard Until the beglnnlr_1g (_)f the 20th century the ponds
were used for drinking water supply in summer
supply 27-64-84
cottages
. State Standard . . .
Recreational 17.1.5.02-80 Applies only to areas of organized recreation

Static water supply

Construction
Directives and Rules
2.04.02-84*

A number of ponds are suitable as an additional
source of water for firefighting

Decorative

No data available

Video environmental safety issues are not
reflected in the regulatory literature

Natural area of
preferential
protection (natural

No data available

General issues of environmental safety are
regulated by the Federal Law “On Natural Areas
of Preferential Protection” and the “Regulations

sanctuary) on the Nature Sanctuary”

As follows from Table 1, the water quality of urban water bodies today is not
regulated, which makes it problematic to evaluate it from the standpoint of
environmental safety. At present paper the results of pond water analysis were
compared with the requirements [8]. As shown by the analyses of pond water before
and after the construction of gabions, its quality has significantly decreased: the
content of total iron increased threefold, the content of copper compounds increased
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sixfold and the BOD5 value increased fivefold. One of the reasons was the
destruction of cattail thickets in the process of preparing the slope for the
construction of gabions. Aero-aquatic vegetation is a valuable element not only of
the video-ecological component, but first and foremost of the pond's self-purification
system. In addition, stone gabion bank protection based on galvanized steel wire
mesh leads to acidification of water, the death of many aquatic organisms and the
bloom of blue-green algae.

Conclusion. The study of the safety problems of construction and operation
of gabion structures in an urban environment made it possible to reveal a whole layer
of unresolved issues of both technical and regulatory nature. To the greatest extent,
this applies to the stage of gabion operation, and especially — the assessment of their
environmental safety. Safety assessment of gabion structures used for bank
protection of urban water bodies will become possible when its legal status will be
settled at the level of the Water Code of the Russian Federation and, in future, the
requirements for the quality of their waters will be fixed in regulatory documents.
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A. Wab6aHosa!, M. 3akuposa?, E. YynpuHa?
1Camapa memaekemmik caynem-Kypbiasic yHueepcumemi, Camapa K., Peceli

KANANbIK OPTAAAfbI TABUOH K¥Pbl/IbIMAAPbIHbIH KAYINCI3AIMNH 3EPTTEY

Anpatna. byn xxymbic Camapagarbl «[Tupamuga» cayaa opTanblfblHbIH, }XaHbIHAAFbI
TOFaHAbl XKafanayabl HbIFAWTY MbICaNbiIHAA KANaNbIK OpTagafbl rabMOH KypblIbIMAAPbIHbIH,
KayincisgiriH 3epTreyre apHanfaH. KongaHbiCTaFbl HOPMATUBTIK KyXKaTTapAblH, HerisiHge
KypbinbiC KaHe naifanaHy KeseHiHAe, COHAal-aKk KoplwafaH opTa YWiH afam YuWiH
Kayincisgik aeHreiiH 6afanay yprisingi. OpblHAANFaH }KYMbICTapAblH, canacbl Kayincisaik
AeHreliiHe anTap/bIKTak ocep eTeTiHi KepceTinreH. KypbiabiCTbl cany KesiHae pykcaTt
eTiireH HOPMATMBTIK Ky)KaTTapAblH, TajfanTapblH Oy3y Kana TypfbiHAAPbl YWiH Kayin-
KaTepaiH TyblHAAYbIHA, COHAAN-aK TOFaHAafbl Cy CanacblHbIH TOMEHAEYiHe SKenai.

Tipek ce3aep: Kananblk OpTa, Kayincisaik, rabvoH KypblinbiMAapbl, *Kafanayabl
HbIFANTY, KYPbINbICTaFbl MaTepuanaap.

A. Wa6aHosa!, M. 3akuposa?, E. YynpuHa?

1Camapckuii 20cydapcmeerHbill apxumekmypHo-cmpoumenbHbill yHusepcumem,
2. Camapa, Poccusa

WUCCNEAOBAHUE BE3OMNACHOCTU FABMOHHBIX KOHCTPYKLUI B YCIOBUAX
roPO/ICKOW CPEAbI

AHHOTaumsa. [laHHan paboTta noceaALLeHa UCCaea0BaHMI0 6€30MacHOCTU rabUOHHbIX
KOHCTPYKUMIA B YCNIOBUAX FOPOACKOW cpeapbl Ha mpumepe beperoykpenaeHus npyaa y
Toproeoro ueHTpa «Mupamuga» 8 Camape. Ha ocCHOBaHUWM AENCTBYIOLMX HOPMATUBHbIX
[OKYMEHTOB MpoBefeHa oOueHKa YypoBHA 6e3onacHOCTM A48 4YenoBeKa Ha 3JTane
CTPOUTENbCTBA M IKCNAyaTaLMK, a TaKXKe 418 OKpy»KatoLLei cpeabl. [loKasaHo, 4To KayecTBo
BbINOJIHEHHbIX PaboT OKa3blBaeT CylLeCTBEHHOE B/IMAHWE Ha YpOBeHb 6Ee30MacHOCTM.
[lonylweHHble Npu CTPOUTE/IbCTBE COOPYXKEHUA HapylweHus TpebOoBaHMIN HOPMATUBHbIX
[OKYMEHTOB MPUBE/IM K BO3HUKHOBEHUIO PUCKOB A4/1 FOPOMKaH, a TaKXKe K CHUMKEeHWIo
KauecTBa BOAbI B Npyay.

KnioueBble cnoBa: ropoackas cpega, 6e30macHOCTb, rabuMOHHbIE KOHCTPYKLMM,
6eperoykpenneHme, maTepuasnbl B CTPOUTENLCTBE.
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