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Abstract. Estimated 45% of all mining equipment worldwide is mining haul trucks. More than 44 thousand mining haul
trucks are in operation worldwide as per 2017 Mine Safety and Health Administration of USA reports and over 20% of acci-
dents with fatalities on mining equipment happens with participation of mining haul trucks. Mining haul trucks are critical
equipment for mining industry of Kazakhstan where 80% of mines are operated by open cast mining. To better understand haul
trucks operation failures statistical method was used during this study. 8 training instructors were interviews who trained 1048
truck operators over 3 years at 5 mine sites. The analyses explore the context of the accidents with focus on initiating reasons,
outcomes of accidents and possible preventive and mitigative controls. Overall, most accidents take place due to haul road
condition, read design and operation decision making. Bow-tie diagram as a constructive risk management tool used in this
study for visual presentation of links between hazards, initiating controls, preventive and mitigative controls, and outcomes.
The results of the study suggest improving organizational control over operator trainings and mine haul road design and

maintenance.
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1. Introduction

Mining haul trucks are most common peace of mining
equipment of mining operations in Kazakhstan and the most
related to safety accidents occurred in open cast mines. The
same statistics we can observe in mining operations in USA.
In fact, 6 out of 28 and 6 out of 27 mining fatal accidents that
occurred in the USA in 2017 and 2018, respectively, were
related to haul trucks [1].

Over last years, many researchers have studied and ana-
lyzed reasons of safety accidents keep taking place in mining
industry. Mine Safety and Health Administration of USA has
collected a lot of data on accidents related with mining haul
trucks [2]. In general, safety accidents initiation events mostly
the same with some alternations on proportions. An analyses
of 31 safety accidents in 5 open cast mines on Kazakhstan
from 2020 through 2023 found that 33% of the accidents in-
volved in loose of control related to unacceptable road condi-
tions, 20% related to operator qualification as abuse of service
brakes and failures to follow policies and procedures, 35%
related to operation of working areas as safety berms, dust
control and illumination, 12% related to maintenance of
equipment as misuse of tooling, fire safety and tire mainte-
nance as shown in Figure 1.

Similarly, an earlier analysis of nonfatal accidents in USA
found that operator failures and ground control hazards were
two of the most frequent reported contributing factors to acci-
dents [3]. Limited visibility due to poor illumination and dust
control are common hazards that makes operating mining haul
truck challenging to keep safe distance between vehicles and
mine environment especially on night shifts. Mining haul truck
drive over light vehicle as shown on figure 2 keep taking place
in Kazakhstan so training the support and service personal
away from blind sport are critical.
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Figure 1. Safety accident initiation events with mining haul
trucks in mines of Kazakhstan for 2020-2023

Figure 2. Mining haul truck drive over light vehicle in Ka-
zakhstan

Operator fatigue due to monotonous driving brings to col-
lisions with mine environment and other vehicles as shown
in Figure 3. Haul road profile and condition is another major
contributor to mine site hazards and cost of production. Use
of proper tire handling tooling and maintenance of electrical
parts of trucks as batteries can reduce contribution of number
of accidents as well.
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Figure 3. Two mining haul trucks collide due to operator fa-
tigue in Kazakhstan

The aim of this work was to take analyze mining haul
truck operation failures in make practical advice to mitigate
the risks for long terms with help of modern technologies
and best practices.

2. Materials and methods

Bowtie diagram method good practical tool for assem-
bling information on hazards, initiating events, preventive
and mitigative controls and comprehensive for understanding
and training. Focus on health and safety controls and risk of
bowtie can help mine managers to evaluate effectiveness of
their current controls and further improve their risk manage-
ment [4].

Using the accident information from 5 mine sites in Ka-
zakhstan from 2020 to 2023 from training department of
Borusan Makina Kazakhstan bowtie diagram was created
and showed in Figure 4. Bowtie diagram includes following
elements:

Initiating reasons: The events can lead to the loss of con-
trol such as driving conditions, driving condition, operator
qualification, operation of working area, equipment mainte-
nance.

Causes: Possible hazards that may contribute to the sever-
ity of the accidents.

Preventive controls: Possible controls that could prevent
accident partially or completely.

Mitigative controls: Possible controls that can reduce the
severity of the accidents.

Outcome: Event brings to safety accident or incident at
mine site.

Generic definitions were selected to effectively group the
results collected from mine sites. Causes, preventive and
mitigative controls were developed based on modern trends
and availability in mining industry in Kazakhstan. Missing or
incomplete information was not taking to study. Fatal and
nonfatal accidents were used all in total statistics. Name of
mines not disclosed due to ethical reasons. Drugs and alcohol
causes was not identified during data collection as all opera-
tors taking toxicology tests before shift. Collision avoidance
system advised through internal expertise and previous re-
search [5]. Corrective actions to include changes to policies
and procedures as well as communication plan intend to
support existing preventive measures. Operator and health
and safety trainings for operators in Kazakh language will be
beneficial as well as use of immersive training simulators for
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newcomer operators. Proper tooling and periodical inspec-
tion for maintenance of equipment can help to reduce possi-
ble equipment maintenance hazards.
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Figure 4. Bowtie diagram of mining haul truck operation
failures analyzes of mines in Kazakhstan

3. Results and discussion

Typical failure of mining truck operation failures in-
cludes safety accidents connected with road condition, opera-
tor qualification, operation of work areas and equipment
maintenance as shown in Table 1 bellow.

Table 1. Result of data collection from 5 mine sites in Kazakh-
stan from 2020 to 2023

Type of Description of reasons brought to Quantity of
causes safety accidents occurrence
. Excessive grade and narrow haul
Road condi-
1 tion roads, sharp turns, obstacles on 10
haul roads bring to loss of control
Abuse of service brakes, drive over
2 Operator - hicl . f parki 6
ualification ~ Service vehicles, misuse of parking
q brakes, not using while chocks
Not enough berms, mine wall
Operation sliding, poor illumination of haul
3 P roads and workshop, poor dust 11
of work area -
suppression, not enough safety
signs
. Use of unproper tooling for tire
Equipment -
4 . maintenance, wrong battery 4
maintenance -
maintenance,
Total: 31

Driving conditions must be improved by proper design of
haul road profile and road maintenance practice in order to
improve haul road condition to safe operation level in terms
of width, grade, turning radius and rolling resistance. Haul
road condition can be proactively monitored with digital
technologies [6].

Design of haul roads is critical factor to improve mining
haul truck operation safety [7]. Better designed roads are safe
to operate and cost effective.

Operator qualifications should be organized on systemat-
ic approach and regular fitness tests should be conducted on
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regular bases. Communication plan about updates of policies
and procedures as well as HSE updates should be on Kazakh
language for understanding of all new coming operators.
There are 7500 schools in Kazakhstan, 3700 of them in Ka-
zakh language, 1200 schools are in Russian language and
2000 schools are in both Kazakh and Russian languages.
70% of new students entered in Kazakh schools in 2022 [8].
As per reported incidents data from Queensland, NSW and
WA around 2.5% of notable incidents includes operator
fatigue as a factor. More incident occurs on last new hours of
shift and two third of them takes place in night shifts [9]. A
number of fatigue detection equipment is available on market
now that can contribute to improve fatigue risk management
in mining industry [10]. New technologies such as fatigue
monitoring, seat belt interlock, cameras, automatic parking
brake, speed limit gradually entering to mining operations in
Kazakhstan.

Operation of work areas can be improved by better con-
trol of safety berms, proper dust suppression and haul road
illumination, use of more modern safety signs and markings.
There are many ways to haul road dust control. Water spray
is the most obvious, but there are many other ways which
include:

- Salts — as calcium chloride, magnesium chloride, sodi-
um silicates etc. Salts extracts moisture from atmosphere and
increase surface moisture of haul road.

- Surfactants — as soaps and detergents. They decrease the
surface tension of water, which allows the available moisture
to wet haul road.

- Soil cement — cement mixed with native soil forms new
surface compound.

- Bitumen — compounds delivered from coal and petrole-
um such as asphalt, oil etc.

- Films — polymers that form discrete tissues and layers
such as vinyl and fabrics, etc.

These kinds of solutions form coherent surface layers that
seal the haul road surface and reduce generation of dust [11].
Technologies for collision avoidance [12], road edge warning
and geo fencing can significantly contribute to mitigate the
risks as well.

Equipment management should be managed based on
preventive maintenance principles. Tire maintenance and
electrical components servicing are the special concern from
safety point of view. Proper maintenance tools for mechani-
cal and lifting works should be inspected on timely manner.
Remote tire condition monitoring [13], automatic fire sup-
pression system can contribute to mitigate the risks on
equipment maintenance area.

4, Conclusions

Results of this study highlight necessary focus areas to
mine manager’s attention on effective preventive and miti-
gating measures to improve safety on mining truck opera-
tions in Kazakhstan. Haul road and mine operation im-
provements can avert most of the accidents in this study.
Overall systematic view on operator trainings, health and
safety policies and procedures as well as proper communica-
tion plan will provide a strong base for future improvement
of mineworker’s safety.

34

In the meantime, mine operation may consider additional
investment to new technologies to proactively manage possi-
ble risks by remote condition monitoring of operators, haul
roads and mining haul trucks.

Continues near-miss and safety accident studying should
go on and could put more light on initiating reasons, prevent-
ing, and mitigating controls. Armed with this knowledge,
safety experts should be able to further improve the safety of
mining haul truck operators and their co-workers.
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Tay-keH TachbIMaJaAPbIHbIH KYMBICHIHIAFBI a0aJJILIKTAPAbI TAJ/1ay

A. lllakenos”, /. Kpamcakos, Y. CTONMOBCKUX
Satbayev University, Arvamor, Kazaxcman
*Koppecnonoenyust ywin asmop: ashakenov@yahoo.com

Anparna. [/lyHue Ky3iHzeri 0apiblK Tay-KeH kaOIbIKTapbIHbIH 45%-bl Tay-KeH KyK KeJikrepi Oombin Tabbutansl. 2017
xbuTFBl AKIL KeHZepiHiH Kayinci3mik jkoHE JCHCAYNBIK 0ackapMmachl ecentepi OOWbIHINA TyHUE XKy3iHae 44 MBIHHAH acTaMm
Tay-KeH JKYK KOJIiri *KYMBbIC iCTel/li KoHe Tay-KeH jkabJpIKTapbIHaa Ka3a OosiraH anarrapablH 20%-1aH acTaMbl Tay-KEeH KYK
KOJIIKTEpiHiH KaThICybIMeH Oomanpl. Tay-keH XYk KeumikTepi Ka3zakCTaHHBIH Tay-KeH OHEpPKOCiOl VINIH MaHBI3IBI JKaOIBIK
Gouten TaOBUTAABI, MyHIA KeHimTepaiH 80% ambIK omiciieH xyMbIc icteiai. JKYK KeiKTepiHiH KYMBICHIHIAFbl aKayJapbl
JKaKCHI TYCIHY VIIIH OCHI 3epTTey OaphICHIHAA CTATHCTUKANIBIK OiC KOJIMAHBUIABL. 8§ OKBITY HYCKAYIIBICHI OHTIMENECYICH OTTi,
omap 5 xeH opHbeIHAA 3 XbUT imriHge 1048 5KyK KeJiri onepaTopblH OKBITTHL. Tanmaynap a3aTalbIM OKUFATapIbIH MOHMOTIHIH
3epTTei i, oMapAbIH ceOenTepiH, HOTIKENIEPIH JKOHE BIKTUMa ajJIbIH ally MEH CallIapblH KOOI OaKbplIayAbl OacTayra Ha3ap
aymapazpl. JKanimel, anaTTapAbIH KON JKOJ JKaFAaibIHa, TU3aliHABl OKyFa )KoHE MalanaHy Typalisl IIemIiM KaOblinayra
OaiinaHpICTBl OpBIH ajajpl. Bow-tie auarpamMMachl Kayin-karep, OacTamkel Oakpliay, alJblH ally JKOHE JKYMCapTy
Oakpliaynapbl MEH HOTH)KEJIEp apachlHIarbl OaiIaHBICTBI KOPHEKI KepceTy YIIIH OChbl 3epTTeyjAe IaijanaHbUIaThIH
ToyeKenAep i 0acKapyAbIH ChIHAAPIBI KYpajbl peTiHAe. 3epTTey HOTHXKeIepl onepaTopiiapabl OKbITYFa KOHE MAaXTaJbIK KOJiK
JKOJIJIAPBIH kK00anay MEeH KYTIill ycTayFa YHbIMIaCThIPYIIBUIBIK OaKbUIay bl dKaKCapTy /bl YChIHAIbI.

Heezizei co30ep: waxmanvlx JHCYyK KONIKMepI, waxma yiackenepinoei Kayincizoik, akayiapobl maioay, anammoll dajioblH
any wapanapbl.

AHaJIu3 aBapUHHOCTH B padoTe KapbepPHBIX AaBTOCAMOCBAJIOB

A. lllakenos”, JI. Kpamcakos, M. CTonmosckux
Satbayev University, Arvamei, Kazaxcman
*Aemop ons koppecnondenyuu: ashakenov@yahoo.com

Annoranus. [To onenkam, 45% Bcero ropHoJ00BIBaIONIEr0 000PYJOBAaHHS B MHUPE COCTABIISIOT KapbEePHBIE CAMOCBAJIBI.
[To manHBIM ympaBieHue 1o 6e3onacHocTH U 340poBbio B maxrax CIIIA 3a 2017 rox, B Mupe skciuryatupyercs 6omnee 44 ToI-
CSTY KapbEPHBIX CaMOCBaJIOB, U O6ojee 20% aBapuii CO CMEPTEIbHBIM UCXOJ0M Ha TOPHOI00BIBAIOIIEM 000PYAOBAHHH ITPOUC-
XOJHUT C y4acTHEM KaphepHBIX caMOCBajoB. KapbepHbIe caMOCBaibl SIBISIOTCS KPUTHUECKH BaKHBIM OOOPYJOBAaHUEM JUIS
ropHoao0ObIBatoIIeH npombiuieHHOCTH Kaszaxcrana, rae 80% ropHbiX pa3pabOTOK 3KCILIYaTHPYIOTCS OTKPBITBIM CIIOCOOOM.
Jnist Jiydiero MOHMMAaHUs OTKa30B B paboOTe CaMOCBAJIOB B XOJIE MCCIIEJIOBAHUS ObLJI MCHOJIB30BaH CTATUCTUUECKUH METOI.
Brutn onpoteHsl § HHCTPYKTOPOB MO 00YYEHUIO, KOTOpEIe B TedeHue 3 yeT oOyummu 1048 BoguTenelr aBTocaMOCBaioB Ha 5
pyaHukax. B xone aHann3a n3ydaercst KOHTEKCT IPOUCIIECTBUH C yIIOPOM Ha MHUIMMPYIOIINE TIPHYMHBI, TOCIEICTBHUS IPO-
UCIIECTBUI U BO3MOXKHBIE MTPODMIIAKTUIECKUE M CMATYAIONINE MEePBl KOHTPOJIs. B 11e10M, 00JIpIMHCTBO aBapuii MPOUCXOJUT
U3-32 COCTOSIHUSI IOPOT, MPOSKTHPOBAHUS U NPUHATHS SKCIUTyaTallMOHHBIX pemieHnii. Jluarpamma Bow-tie kKak KOHCTPYKTHB-
HBIIl UHCTPYMEHT yNpPaBJIECHUS PUCKAMH, HCIOIb30BAH B 9TOM UCCIEA0BAaHUHU I BU3YyaJIbHOTO MPEACTABICHHUS CBA3EH MEXTY
OTACHOCTSIMM, MHUIMHMPYIOIMMH MepaMH KOHTPOJIS, MPOQMIAKTHIECKUMH W CMSTYAIOIIMMH MEpaMH KOHTPOJIS, a TaKxkKe
pesynbpTaTamMu. Pe3ynbTaThl MCCIeI0BaHMS TO3BONIAIOT MpEUIaraTh yaydlIeHHe OPTaHU3allHOHHOTO KOHTPOJSI 3a 00y4eHHeM
OTIepaToOPOB, MIPOSKTUPOBAHUEM U COACP)KaHHUEM TEXHOJIOTHYECKUX JIOPOT.

Kniouegvie cnoga: xapvepnvie camoceanvl, 6e30nACHOCMb HA PYOHUKAX, AHAU3 OMKA308, MEPbL NO NPedomEpaujeHuio
asapuil.
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