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ABSTRACT
Received: July 21, 2022 The performance of truck haulage operations in an underground mine was evaluated using
Revised: August 2, 2022 the time usage model and key performance indicators (KPIs) proposed by Global Mining

Guidelines Group (GMG). An underground mine that mainly produces iron and titanium iron
was selected as a study area, and truck haulage data were collected using Bluetooth beacons
and tablet PCs. The collected data were analyzed to identify unit operations, activities, events,
and required time of truck haulage operations, and time categories were classified based on
the time usage model. The performance of the haulage operations was evaluated using nine
indicators in terms of availability, utilization, and effectiveness. As a result, in terms of avail-
ability, uptime was 33.9%, physical availability was 95.7%, and mechanical availability was
94.9%. In the case of utilization, use of availability was 83.1%, asset utilization was 28.1%,
and operating and effective utilization were 79.6% and 77.7 %, respectively. Also, in terms of
efficiency, operating efficiency was high at 97.6%, and production effectiveness was found
to be 49%.
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Fig. 1. Time usage model in GMG’s guideline (Global Mining Guidelines Group, 2020)
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Table 1. Summary of time category definitions (Global Mining Guidelines Group, 2020)

Term Definition
Calendar Time (CT) The total time available.
. The equipment is required to meet business plan objectives and is assigned to an operation, project, or job.
heduled T T
Scheduled Time (ST) Scheduled Time = Calendar Time — Unscheduled Time
Unscheduled Time (UT) The equipment is not scheduled or assigned in the system because it is not required due to external events.
Downtime (DT) The equipment is required but is not in a condition to perform its intended function.

The equipment is required and is in a condition to perform its intended function.

Available Ti AT
vailable Time (AT) Available Time = Scheduled Time — Downtime

The equipment is available but is not operating.
Standby = Operating Standby + External Standby

The equipment is available but not operating, and there is no immediate intent to operate due to a management
decision or reasons within management control.

Standby (SB)

Operating Standby (SBO)

The equipment is available, required, and committed to a project or site, but it cannot be operated for reasons that

E 1 BE
xtemal Standby (SBE) are out of the immediate influence of operating management control.

The equipment is available and under the control of a human or system.

ting Ti oT
Operating Time (OT) Operating Time = Available Time — (Operating Standby + External Standby)
Operating Delay (OD) The equipment is operating but temporarily stopped or prevented from performing work due to delays that are

inherent to the operation or the immediate physical and environmental conditions.

The equipment is operating as assigned, performing its intended function, and carrying out activities that do and
Working Time (WT) do not directly contribute to production.
Working Time = Operating Time — Operating Delay
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Table 1. Summary of time category definitions (Global Mining Guidelines Group, 2020) (continued)

Term Definition
Non-Productive Time (NP) The unaYoidable ac.tivities that do not directly contribute to production but are required to enable continued safe
and efficient operation.
The equipment is performing its intended function and is carrying out activities that directly contribute to
Productive Time (PT) production.
Productive Time = Working Time — Non-Productive Time
71 A Qe B R, ] AdE], A B G Es2 Astal 7155 flel AR e o IESE Y312 H, Table
2E 7R AR 84S AR TR BRohs e Holert Eaiaeel, &, BB, =, =4 -5 AR E?Jﬂioﬂ FArh=
RIS eI H, AR =5 B 4 Sl oESS UEskal Q7] wheoll, 15 Jarste] AR FE Al 2R
et

Table 2. Basic time elements used to describe and record operational activities (Global Mining Guidelines Group, 2020)

Productive Time Non-Productive Time Operating Delay Standby Unscheduled Time
Operating Standby ~ External Standby
Dragline - Training - Fuelling - No operator - Not required - Scheduled shutdown
- Fill - Commissioning - Lube - Shift change - Work suspended due - Statutory holiday not
- Swing Dragline - Blasting - Lunch/coffee breaks to workforce shor- worked
- Dump - Rehandle - Weather — if operator re- - Equipment checks  tage - Inventory management
- Return - Pad construction mains on unit - Safety meeting - Delayed crew arri- shutdown
Shovel - Reposition - Incident — scene frozen - Crew meeting val - Labour dispute
- Load Shovel (operator in unit) - Training - Site-wide weather - — No work
- Swing - Face prep and cleanup - Stuck - Stop work —public outage - Mobilization/demobi-
- Dump - Cable reposition (by sho- - Power loss —in pit (un- relations - Primary power loss lization
- Return vel) specified cause) - Re-route cable in pit  to site (<12 hours) - Acts of God
Trucks - Reposition - Power loss —due to blast —operator removed - Site-wide loss of - Force majeure
- Spot - Rehandle - Re-route cable in pit— from unit high voltage power - Major site power inter-
- Load - Wait for trucks operator stays inunit - Investigation —ope- - Loss of site access ruption (>12 hours)
- Haul loaded Trucks - Change operator rators removed (<12 hours) - Significant environmen-
- Dump - Training - Boarding machine/Rece- - Spill cleanup —ope- - Work suspension by tal event (>shift)
Loaders - Stop at intersection iving instruction rators removed owner - Loss of site access
- Load - Reposition - Survey/ore control delay - Personal break - Loading unit out
- Position - Travel empty - Clean cab/windows - Prayer of digging
* Dump - Wait at loading unit - Spill cleanup —operator - Safety stand down - Waiting for drill pad
Dozers - Wait at ore dump/breaker on board (not available for
- Production Push - Wait at waste dump - Wait for assignment/in- cleanup)
Drills Loaders struction - Work area unavail-
- Drilling - Cleanup - Wait for shovel bucket able (geotechnical,
- Tramming cleaning water)
- Rehandle - Communications system - Loss of GPS
- Wait for trucks delay - Loss of site wire-
Dozers - Loss of GPS less network connec-
- Dump support - Loss of site wireless net- tivity
- Road work work connectivity
- Cleanup - Stop work — safety
- Ripping - Stop work — environ-
- Tow mental

TUNNEL & UNDERGROUND SPACE Vol. 32, No. 4, 2022
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Table 2. Basic time elements used to describe and record operational activities (Global Mining Guidelines Group, 2020) (continued)

Productive Time Non-Productive Time Operating Delay - Standby Unscheduled Time
Operating Standby ~ External Standby
- Misc. assistance Draglines
- Wait for trucks (dump) - Cable changeover
- Travel - Bucket cleaning
Graders - Wait for pad cleanup/
- Road work prep
- Pit floor cleanup - Move/walk
- Spoil cleanup Shovel
- Tow - Cable changeover
Drills - Bucket cleaning
- Position - Waiting for face cleanup
- Move hole to hole equipment
- Redrill - Shovel move
Trucks
+ Clean hole - Shovel move
' St'eel change - Cable move on loading
- Bit change unit
Other . - Shovel down
- Roads —sanding - Box cleaning
- Roads — dust suppression . Stopped for pit cleanup
- Dewatering - Stopped for road clean-
- Pit cleanup up
- Clearing - Tire overheat
- Grubbing - Studies / tests
- Ditching - Wait for ground engaging
- Excavation tools (GET) change on

- Equipment move

shovel

- Stop for object detected

- Ore dump / breaker down

Loaders

- Move

- Travel

Dozers

- Travel

- Cleaning tracks

- Cleaning blade

- Wait at shovel (to do
cleanup)

- Manned — waiting for
work

- Move

- Graders

- Travel

- Wait for work area

- Drills

- Water fill

- Pattern cleanup

- Wait for pad cleanup

- Move for blast

- Move between patterns

- Other

- Manned — waiting for
work
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SRR R SRS (2R AR AL S o mRAL R R A8 U
ok 718 5 ok GMGOIAE Table 1014 H2Jel A 58 ol8alo] AUrE 4 ke ol ige) B3} Hote
Table 351 001 5215186 ol B4l I 210 2 A1t 210, 2 4] Aol

&J5lo] &8sk gt
GMGOJA= ZF4EE] 71-8-E(availability), ©-8-E(utilization), E-8(effectiveness)2] A 71x] SH A AR 5 A|Qtstal
Stk 718-8-9] 742 Surface mining (Pfleider, 1968, Kennedy, 1990)°ll4 AlRFe 7}-52] A olE 7¥to g2 Argstal glom, 7t
A uptime), =212} 71-8-E(physical availability), 774 7}-8-E(mechanical availability)©] 3£}
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T A MEES oluleto], Pu1E AL 4 Sl ARRS ST of AT o] Alke]
(Kennedy, 1990). 7|A1%] 7+8-8-2 2ol BRF AT M= HHIE AT 5 Q= ARRS LRI AL, 2F}do]) gt R-A] 3
2] 9] ks Aol &8 Szlﬂ(Pﬂeider, 1968).
01852 24t B2 | O] AL AL 5 Z43F Zlo|H, 71-84H] o]-8-E(use of availability), A4t ©]-8-F(asset utilization), <
% o]-8-E(operating utilization), —F’r§ 0]%—‘5(effective utilization)2] 47}4] 2| Hof| tfal] APt} 7184H] o] 5L Qo] =
ﬁoﬂﬁ AR 7P RIS drih & &-8ok=R] S40k= A3 —JU Shk(Pfleider, 1968). A4 018 5-& ZAARS ARES 4= 9L
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Bk 29 0§ B 2 g0] BASPIL £.50] o P A ARG SHTL, 45 0GB A Ao Al 752 Slof At

—

2 29 8-8(operating efficiency) ¥} A4+ &84 (production effectiveness) 2] 27H4] | H 2 APt 24 &
= St ]‘54 T 130516]-01 2PkE Guid 54 © = ARSI QEAE S ok A ®o ok At aade

Table 3. Key performance indicators suggested by GMG (Global Mining Guidelines Group, 2020)

Term Definition Formula
Availability KPIs
. The total time the equipment is capable of operating, . Available Time
Uptime* .. ’ Uptime = ~F———
pume whether it is scheduled or not P Calendar Time
. 1., Available Time
The percentage of time the equipment is available to ~ Physical Availability = Scheduled Time
Physical Availability =~ perform its intended function over a defined period whenit ~ Or o
is required by the operation Physical Availability = (Operating Time + Standby )
Scheduled Time
Mechanical Availability T'he t'1n.1e the ?qulpment is aval'lable as a percentage of the Mechanical Availability — Qpergtmg’hme .
time it is required by the operation (Operating Time + Downtime)

Utilization KPIs

The time the equipment is operated as a percentage of the
available time

Operating Time

Use Of Avallablhty = m

Use of Availability

The ti h . . . . .
e time the equipment is being operated as a percentage Asset Utilization = Operating Time

Asset Utilizati “Calendar Time
set Utization of the total time available Calendar Time
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Table 3. Key performance indicator suggested by GMG (Global Mining Guidelines Group, 2020) (continued)

Term Definition Formula
Utilization KPIs
. e The percentage of time the asset is being operated when it . o OperatingTi
Operating Utilization P . g & op W Operating Utilization = peraling 2lme
is required to operate Scheduled Time
The time the equipment is used to perform its intended -
. R . . .. . o Working Time
Effective Utilization function as a percentage of the time that it is scheduled to Effective Utilization = ——————————
Scheduled Time
work
Effectiveness KPIs
. . The time the equipment is performing its intended function . . Working Ti
Operating Efficiency quipmetit 1S periorming s 1 OperatingEfficiency = 0o IME.
as a percentage of the time that it is operating Operating Time
. . The time the equipment is directly contributing to produc- . . Productive Time
Production Effectiveness . quip . Y .. g P Production Effectiveness= ———————
tion as a percentage of the time that it is operating Operating Time

*Calendar Availability is a suggested alternative to Uptime that eliminates the impact of unscheduled time. It is measured with the following
formula: (Calendar Time — Downtime) / Calendar Time

3, A

3.1 3419

2 Aol AA N F2l Aok Fike ARG o= ARt tha AR QS 3ot qlth. B4R tiRhel=l 471 %A
of Y=Jotar glom, 7 AgS 7| =0 2 A-g5to] Mt Bjet Mg 2 AAitotal Qlrk. FHAE (sub-level stoping)S 5= A
Aoz Agolar glom, it ¢4 2|9 EZ(15 ton, 25 ton)S o851 T o 2 2R 1 ik 7Y EHE 350 m
2173 6~8° Z4ALS] fH o] (ramp-way) 7 F 7= o] QLT ZF HIF A A= 20~25 m, 2RF L] A2 HH Sm x 4.5 m
2 Urepd] A A2 mf) Al ellA] 8~55 mmE wRafiE vhe 2k A 7o ool A= 1, ¥ 23,000-2] Ago] At
Qi Ftoll A= Al g, A, 289 B 2 22 2o} g4t 2 o] T 2HS A1 e - Qs HlEe] R E ]
Q=L At 0] v} Al ABATE A4 0] HE Al FA] AJate] H e de] whet ujd ofRdafch vkt
F0]2]21 Qle}. Table 4= A ol AJAHE FAS Aot whafdo &2 @Rtsk=d] Fo== A4 2 25t 4|9 SR/t
42 Uehd Aolck, gubA 0 & §1 10A17H07:00~12:00, 13:00~18:00) S+ WAL 2191-S- e85, Al & FAAZES 1 A7
(12:00~13:00)°]ch

—_—

F

Table 4. Equipment of loading and haulage in study area

Equipment Capacity Units Amount
15 ton 3
Trucks
25 ton 4
CAT 962H 2.9-43 m’ 1
Wheel loaders Volvo L120F 2.5-9.5 m 1
Volvo L120H 2.6-9.5 m 1
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Fig. 2. Conceptual view of method to collect haulage operations data of trucks
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Table 5. Results of time category classification of truck haulage operations data

. . . . Non- .

e A S U NSy O O Vi L
(oY) (3] Um) (AT) (OT) (OD) (WT) (NP) (PT)
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21.11.02 96:00 31:46 64:13 0:00 31:46 5:56 25:50 1:01 24:48 13:28 11:20
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21.11.06 96:00 28:44 67:15 0:00 28:44 4:28 24:16 1:41 22:35 11:14 11:21
21.11.07 96:00 0:00 96:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00
Total 672:00 237:41 434:18 10:09 227:31 38:23 189:08 4:26 184:41 91:56 92:45
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Fig. 5. Classification of time categories by truck in the study area (a) Truck A, (b) Truck B, (c) Truck C, (d) Truck D (continued)
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Table 6. Key performance indicators of trucks (4 trucks with a capacity of 25 tons) used for the transport of ore or waste

Availability KPIs Utilization KPIs Effectiveness KPIs
Date Uptime Physical Mechanical Use of Asset Operating Effective Operating ~ Production
Availability ~ Availability =~ Availability =~ Utilization ~ Utilization =~ Utilization = Efficiency  Effectiveness

21.11.01 38.4% 82.2% 79.6% 84.7% 32.5% 69.6% 68.8% 98.8% 50.3%
21.11.02 33.1% 100.0% 100.0% 81.3% 26.9% 81.3% 78.1% 96.1% 43.9%
21.11.03 43.4% 95.1% 94.2% 85.0% 36.9% 80.8% 80.0% 99.0% 48.8%
21.11.04 46.8% 100.0% 100.0% 81.9% 38.3% 81.9% 81.4% 99.4% 53.0%
21.11.05 45.4% 100.0% 100.0% 81.8% 37.1% 81.8% 80.0% 97.8% 49.4%
21.11.06 29.9% 100.0% 100.0% 84.5% 25.3% 84.5% 78.6% 93.1% 46.8%
21.11.07 0.0% - - - 0.0% - - - -

Total 33.9% 95.7% 94.9% 83.1% 28.1% 79.6% 77.7% 97.6% 49.0%

100.0% % % & $
e Average 97.6%
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Fig. 6. Efficiency of truck haulage operations by truck and by date (a) Operating Efficiency, (b) Production Effectiveness
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