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The ways of creating a safe environment for travelling on the roads of settlements are highlighted. The reasons that create a
dangerous environment for travelling on the roads of settlements are considered. The expediency of improving the locking
mechanism of manhole cover is highlighted. The literature sources devoted to the improvement of the lock mechanism of manhole
cover manhole cover have been analysed. The main disadvantages of manhole covers are revealed. It is established that the
existing designs of manhole covers cannot provide a safe environment for travelling on the roads of settlements. The design of
manhole cover is proposed, which differs from the existing ones in that it has one axial through hole in the centre of the plate, and
the locking devices are connected with each other by means of a plate. The plate may be of any shape, such as rounded or
polygonal. The plate has a central axial hole of oval shape and peripheral holes of rounded shape to which the counterweights of
the locking devices' rocker arms are attached by means of hooks. It is shown that due to the presence of the plate with a central
axial and peripheral holes, the locking devices are connected in a single locking mechanism. It is shown that by having a central
axial hole in the plate, it is possible to operate the locking devices simultaneously. It is shown that, due to the presence of a single
axial through hole made in the centre of the plate, it is possible to access the central axial hole in the plate. It is shown that due
to the presence of a spring, the locking mechanism, when the cover is installed, closes spontaneously. It is established that the
proposed design of the locking mechanism of the manhole cover reduces the cases of traumatism due to pedestrians and vehicles
getting into the manhole shaft. This provides a safe environment for the movement of pedestrians and vehicles on the roads of
settlements.
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Introduction

The qualitative development of the city implies ensuring a safe environment for travelling on the roads of
the settlements. To achieve this goal, works are also carried out, which include the construction of water supply
and sewerage networks. One of the current problems in the field of sewerage facilities operation is injuries due
to pedestrians and vehicles falling into the manhole shaft. The reason for this is the lack of manhole covers
due to constant theft of manhole covers. Therefore, the problem of creating a safe environment for travelling
on the roads of settlements is urgent.

The issue of creating a safe environment for travelling on the roads of settlements has been considered in
the works of many scientists [1-9]. Many designs of manhole covers have been proposed [10-15]. At the same
time, the issue of improving the locking mechanisms of manhole covers remains unsolved.

The manhole cover is the upper part of the manhole cover, which is located on the supporting part of the
chamber or shaft. It consists of a body and a cover. Such manholes can be placed on the carriageway of streets,
pavements, as well as in areas of green spaces and lawns. As a material for the manufacture of manhole covers
of manholes of manholes it is customary to use cast iron [10-15], which by strength characteristics meets
standard requirements. However, the manufacture of such a cover is metal-intensive and increases its cost. In
addition, such a cover attracts the attention of metal thieves who cause significant material damage to the
owners of manholes. In turn, open manholes pose a threat to pedestrians, vehicles, animals, etc., as they provide
unprotected access to the manhole.

The paper [14] proposes a design of manhole cover of a manhole of an underground structure, which
contains a supporting structure in the form of a disc with inner and outer surfaces. The supporting structure is
made of reinforcing elements, which are monolithic with hardening mixtures. The supporting structure has
through holes which are located diametrically relative to each other. The disadvantage of such a cover is that
the through holes contribute to the penetration of dirt into the well shaft, as well as water during rains. This in
turn leads to clogging of the shaft and premature corrosive wear of utilities. The handle for convenient removal
and installation of this cover is a rod element. It is freely accessible, so it is easy to remove the cover.

The manhole cover of the inspection well is described in paper [15] is made in the form of a plate. Cover
is equipped with pin with stopper, this connects it to the hatch by means of fixation ring with lock. At that,
hatch is made with possibility of turning round the pin. The disadvantage of this manhole cover design is that
it can be easily moved. The cover is insufficiently secured and has no protection against theft.

Thus, the existing designs of manhole covers cannot provide a safe environment for travelling on the roads
of settlements.

The aim of the work is to provide a safe travelling environment on public roads within settlements by
improving the design of manhole covers.
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Results and discussion

It is possible to create a safe environment for movement on public roads within settlements by changing
the design of the manhole cover.

The design of manhole cover is proposed (Fig. 1), which is made in the form of a plate and has at least two
locking devices. Plate is equipped with an axial through hole. The slab may be circular, rectangular or other
shapes. The axial through hole located in the centre of the slab. The slab has an inner, an outer and a side
surface. Locking devices are arranged on the inner surface of the plate. Each locking device comprises a canopy
and a rocker arm. The canopy is rigidly attached to the inner surface of the plate. The rocker arm is movably
connected to the canopy by means of an axle. The rocker arm can rotate about the axis in one plane.
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Figure 1 — View from the side of the lock on the manhole cover — a; b) section of the manhole cover A - A in the
closed state — b: 1 - plate, 2 - through hole, 3 - locking devices, 4 - inner surface, 5 - outer surface, 6 - side surface, 7 -
canopy, 8 - rocker arms, 9 - axle, 10 - counterweight, 11 - fixing tab, 12 - hatch body, 13 - gap,
14 - plate, 15 - central axial hole oval shape, 16 - peripheral holes, 17 - hooks, 18 — key.

The upper part of the rocker arm is made in the form of counterweight. The lower part of the rocker arm is
made at an angle of 90° - in the form of a fixing protrusion. The angle formed by the counterweight and the
line pasosing through the extreme point of the fixing protrusion and the upper part of the rocker arm is not more
than 85°.

The length of the rocker arm is calculated so that a gap is provided between the locking protrusion and the
base of the manhole housing of the manhole. The gap serves for free operation of the locking device. The
dimensions of the gap are approximately 5 - 10 mm. The locking devices are connected to each other by means
of a plate. The plate may have any shape. The plate has a central axial hole of oval shape and peripheral holes
of rounded shape. Counterweights of the rocker arms of the locking devices are fixed to the peripheral holes
by means of hooks. The hole in the plate serves for inserting a key. This key is used to install and remove the
plate, as well as to open and close the locking devices. The key is in the form of a rod with an oval-shaped
loop formed at its end.

The device works as follows. The key is passed first into the through hole and then into the central axial
hole of the oval-shaped plate, turned to 90° and the cover is lifted to install it on the hatch body. Once the cover
is in place, the key is turned 90° and removed from the axial hole of the oval shaped plate. The key is then
turned 90° again and a force is applied to the plate to push it downwards. The key is pulled out through hole
located in the centre of plate.

To remove the hatch cover, the key is first passed through the through hole in the centre of the plate and
then through the oval-shaped centre hole in the plate and turned to 90°. The manhole cover is removed from
the manhole body of the manhole.

The proposed design of the manhole cover can be supplemented with plate springs, placing them opposite
the counterweights (Fig. 2). The springs are fixed on the inner surface of the plate by any known method, e.g.
soldering, riveting or screws.
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Figure 2 — View from the side of the lock on the manhole cover — a; b) section of the manhole cover A - A in the
closed state —b: 1 - plate, 2 - through hole, 3 - locking devices, 4 - inner surface, 5 - outer surface, 6 - side surface, 7 -
canopy, 8 - rocker arms, 9 - axle, 10 - counterweight, 11 - fixing tab, 12 - hatch body, 13 - gap,
14 - plate, 15 - central axial hole oval shape, 16 - peripheral holes, 17 - hooks, 18 - key, 19 —spring.

The manhole cover of a manhole with plate springs will operate as follows. The key is first passed through
the through hole, located in the centre of the plate, and then into the central axial hole of oval shape, located
in the plate, rotate by 90° providing its grip with the plate and lift the cover for its installation on the manhole
body. In this case, the counterweight movably mounted on the axis of the rocker of the locking device rises
up, pressing the spring, and the fixing tab is pushed inwards. The cover is installed on the manhole body of the
manhole. The key is turned to 90° and removed from the axial hole of the oval-shaped plate and from the hole
located in the centre of the plate. In this case, the spring is released from the forceful pressure by the
counterweight and the counterweight of the locking device under the pressure of the lamellar spring goes down,
the fixing tab goes under the base of the manhole body, securely locking the manhole opening with the cover.

To remove the lid, the key is first passed through the through hole located in the centre of the plate, then
into the oval-shaped central hole located in the plate, rotated by 90° ensuring its grip on the plate and lift the
lid. In this case, the counterweight movably mounted on the axis of the rocker arm of the locking device rises
up, pressing the spring, and the locking tab is pushed inwards, unlocking the locking device. The manhole
cover is removed from the manhole body of the manhole.

Thus, by having a plate with a central axial hole and peripheral holes, the locking devices are connected to
form a single locking mechanism. By having a centre axial hole in the plate, it is possible to operate the locking
devices simultaneously. Due to the presence of a single axial through hole made in the centre of the plate, it is
possible to access the central axial hole in the plate. Due to the presence of a spring, the locking mechanism
locks spontaneously when the lid is inserted.

Conclusions

Extended technological capabilities of the manhole cover prevent its easy removal by unauthorised persons.
The cases of injuries due to pedestrians and vehicles falling into the manhole shaft are reduced. A safe
environment for pedestrians and vehicles on the roads of settlements is ensured.
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B. b. IrnaTbeBa
C. M. /IaHMJIbYEHKO

HIJIAXHU CTBOPEHHA BE3IIEYHOI'O CEPEJOBHUIIA JIA
INEPEMIIIEHHA HA TOPOI'AX 3AT'AJIBHOI'O
KOPUCTYBAHHA B MEKAX HACEJIEHUX ITYHKTIB

TepHONINbCbKUN HaLiOHaNbHUIM TEXHIYHUIA YHIBEPCUTET iMeHi IBaHa MNynios

BuceimneHo winsixu cmeopeHHs1 6e3ne4yHo20 cepedosuua 01151 NepeMilyeHHs1 Ha dopoaax HacesleHux rMmyHKkmie. Po3ansHymo
npuyuHu, siki cmeoprtomb HebesrneyHe cepedosuwie Onsi repemiujeHHss Ha dopozax HaceneHux MyHKkmie. BuceimmneHo
doyinbHicmb 800CKOHaNeHHs 3aMKO8020 MeXaHi3My KPUWKU JloKa 027151008020 Koo0s3st. [lpoeedeHo aHaria nimepamypHUX
Oxeperi, npucesyeHUx 800CKOHalNIEHHI0 3aMK08020 MexaHi3My KpUWKU JtoKa 02151008020 Kono0s3s1. BusieneHi oCHO8HI Hedoriku
KPUWOK J1H0KY 02719008020 K01005138. BcmaHo81eHo, W0 iCHyHYi KOHCMPYKUii KPUWOK JTtoKa 02/19008UX KO/100513i8 He MOXYMmb
3abesneyumu cmeopeHHs1 be3ne4yHoz20 cepedosuwia On1s nepemiu,eHHss Ha Oopoeax HacesieHux ryHKkmie. 3anpornoHo8aHo
KOHCMPYKUit0 KPUWKU 1TtoKa 027151008020 KO10051351, siKa 8i0pi3HIembCs 8i0 iCHYOHUX MUM, WO Mae 00UH OCbOBUU HAacKpi3Hul
omeip 8 UeHmpi naumu, a 3amkosi rnpucmpoi 3’edHaHi Mixk coboro 3a dornomoeoro nnacmuru. lnacmuHa moxe 6ymu 6y0b-sKol
gopmu, Harnpuknad okpyanoi abo b6azamokymHoi. [lnacmuHa mae yeHmparnbHUli ocbosuli omeip osasibHOi ¢hopmMu ma
nepucbepiliHi omeopu okpyaroi gpopmu 00 siKUX 3a OONOMO20I0 2ayKi8 3aKpirnseHi Mpomueaau KOpoMUCes1 3aMKO8UX Mpucmpois.
lMokasaHo, w0 3a80sKU Hass8HOCMI MAacmMuHU 3 UeHmpasabHUM OCbO8UM ma nepughepiliHuMu omeopamu, 3aMmKosi npucmpor
3’e0HaHi 8 €eduHuli 3amKosull MexaHisM. [lokasaHo, W0 3ae8dsKuU Hasi8BHOCMI 8 NAacmMuHi UeHmMpanbHO20 0Cb08020 OMEOPY €
Moxrugicmb 0OHOYaCHO Kepyeamu 3aMKo8UMU ripucmposimu. [NokaszaHo, wo 3a8dsiku HasieHOCMi 0OHO20 0Cb0BO20 HACKPI3HO20
omeopy, BUKOHaHO20 8 UeHmpi naumu € Moxiusicms docmyny 00 UeHmpaabHO20 0Cb08020 OMEOPYy 8 rnacmuHi. [lokasaHo,
wWo 3a80sKU HasiBHOCMI MNPYXUHU 3aMKO8UL MexaHi3M, npu 8CMaHoB/1eHHI KpUWKU 3aMUKaembCsl camosinibHo. BcmaHoeneHo,
W0 3arporoHo8aHa KOHCMPYKUis 3aMKO8020 MeXaHi3My KPULLIKU JfltoKa 021151008020 KO/10051351 3MEeHWYe aunadku mpasmamusmy
yepes3 riomparnsisiHHA niwoxodie i mpaHcrnopmHux 3acobig y Konods3Hy waxmy. Lle 3abesnedye 6e3nedyHe cepedosuuie Ons
nepemiuw,eHHs niwoxodis i mpaHcnopmHux 3acobie Ha dopo2ax HaceneHux MyHKmis.

Knroyoei croea: besneyHe cepedosuuye, HaceneHi nyHkmu, dopoau, 02/151008uli KO/10053b, KpULIKa JTtOKa.
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