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 The failure to meet the productivity target often occurs in mining operations and 

is caused by several technical obstacles. PT Pertama Mina Sutra Perkasa set a 

productivity target of 80 tons/hour for loading and digging equipment and 35 

tons/hour for transportation equipment. An analysis of factors that affect 

productivity needs to be studied in order to find out the causes of not achieving 

the productivity targets set by the company. This research was conducted on the 

limestone quarry of PT Pertama Mina Sutra Perkasa (PMSP) located in Grenden 

Village, Puger District, Jember Regency using quantitative research methods. 

Research begins with the formulation of problems and then data collection and 

processing. Data that has been processed and analyzed can then be the basis for 

determining efforts to improve the productivity of loading and transporting 

excavations. There are three loadings location not reached the productivity target. 

Not achieving tool productivity targets due to low work efficiency, suboptimal 

tool distribution time, and a combination of a less than ideal number of tools. In 

this study, productivity improvement was carried out by reducing the actual 

obstacle time in order to increase effective working time and tool efficiency. 

 

1.  Introduction 

PT Pertama Mina Sutra Perkasa is a company engaged in limestone mining located in Grenden Village, 

Puger Subdistrict, Jember, East Java Province. This company has 3 different limestone loading points 

in one mining pit area. Limestone mining at this company uses an open surface mining system using the 

Quarry method using a Hydraulic Excavator Breaker. PT Pertama Mina Sutra Perkasa in its mining 

operations uses a Caterpillar 320D excavator for loading equipment and an Isuzu Giga 240 PS for 

transportation equipment as well as Soosan and Xander as breakers to separate limestone from its parent 

rock. 

 

PT Pertama Mina Sutra Perkasa has a productivity plan set by the company, namely 80 tons/hour for 

loading equipment and 35 tons/hour for hauling equipment. The company cannot achieve the 

productivity target for loading and hauling equipment namely 68 tons/hour and 29.7 tons/hour 

respectively. Therefore, the author took the initiative to evaluate the factors causing the failure to achieve 

productivity targets at the 3 loading points to increase and optimize productivity. 

 

2.  Methodology 

The methodology underpinning this study is rooted in a quantitative framework, aligning with principles 

commonly associated with applied research [1]. By employing such an approach, the research 

effectively addresses and quantifies variables of interest, such as cycle time of digging, loading, and 

hauling equipment, actual resistance time, as well as the weight of the dump truck [2] (see Figure 1). 

 

2.1.  Data Collection Techniques 

To confirm the validity and relevance of the data, a direct field observation method was applied. On-

site inspections were carefully conducted, enabling an in-depth exploration of 3 research locations 

(loading points / LP). During these visits, principal information was collected concerning the overall 

circumstances of the mining area, and the mining techniques currently used in the operation [3]. 

Furthermore, interactions with local engineers and workers were employed to collect supplementary 

data and further contextual understanding. 
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Figure 1. Research Diagram 

 

2.2.  Data Processing Approach 

Once all the necessary data had been collected, the next state was elaborating on correct mathematical 

processing. This stage is critical as it incorporates both primary and secondary datasets to generate 

significant outputs [4]. This extensive processing consisted of various tasks, including calculating the 

cycle time of the excavator and dump truck, estimating the productivity of the excavator and dump truck, 

determining the work efficiency, and finally computing the match factor by integrating the swell factor. 

The combination of both raw observational data with established literature and datasets guarantees 

precision in the findings. All of the mathematical equations are described below; 
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Cycle Time Excavator 

𝐶𝑡𝑒 = 𝑎 + 𝑏 + 𝑐 + 𝑑          (2.1) 

Cte  = total cycle time of excavator (seconds) 

a  = digging time (seconds) 

b  = swing time full (seconds) 

c  = dumping time (seconds) 

d  = swing time empty (seconds) 

 

Cycle Time Dump Truck 

𝐶𝑡𝑑 = 𝐿𝑡 + 𝐻𝑡𝑓 + 𝐷𝑡 + 𝐻𝑡𝑒          (2.2) 

Ctd  = total cycle time of dump truck (seconds)  

Lt  = loading time (seconds)  

Htf  = haul time full (seconds) 

Dt  = dumping time (seconds) 

The  = haul time empty (seconds) 

 

Work Efficiency 

𝐸𝑘 =   𝑊𝑒/𝑊𝑡 ×  100%         (2.3) 

𝑊𝑒 =  𝑊𝑡 − (𝑊𝑡𝑑 + 𝑊ℎ𝑑)         (2.4) 

Ek  = Work Efficiency (%) 

We  = Effective Working Hour (hour) 

Wt  = Available Working Hour (hour) 

 

Bucket Fill Factor 

𝐵𝑢𝑐𝑘𝑒𝑡 𝑓𝑖𝑙𝑙 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐵𝐹𝐹)  =
𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑉𝑜𝑙𝑢𝑚𝑒

𝑆𝑡𝑎𝑚𝑑𝑎𝑟𝑑 𝑉𝑜𝑙𝑢𝑚𝑒
× 100%         (2.5) 

 

Match Factor 

𝑀𝐹 =  
𝑁𝑎(𝑛 × 𝐶𝑡𝑚)

𝑁𝑚 × 𝐶𝑡𝑎
× 100%         (2.6) 

MF  = Match Factor 

Na  = Number of Dump Truck 

Cte  = Cycle Time of Excavator (seconds) 

Nm  = Number of Excavator 

Ctd  = Cycle Time of Dump Truck (seconds) 

 

Productivity of Excavator 

𝑄 =
3600

𝐶𝑡𝑒
 ×  (𝐶 ×  𝐵𝐹𝐹 ×  𝐸𝐹𝐹 ×  𝑆𝐹)       (2.7) 

Q = Productivity of Excavator (m3/hour) 

Cte = Cycle time of Excavator (seconds) 

C = Bucket Capacity (m3) 

BFF = Bucket Fill Factor  

EFF = Work Efficiency (%) 

SF = Swell Factor (%) 

  

Productivity of Dump Truck 

𝑄 =
3600

𝐶𝑡𝑒
 ×  (𝐶𝑎𝑚 ×  𝐸𝐹𝐹 ×  𝑆𝐹)        (2.8) 

Q = Productivity of Excavator (m3/hour) 

Cte = Cycle time of Excavator (seconds) 

Cam = Vessel Capacity of Dump Truck (m3) 

EFF = Work Efficiency (%) 

SF = Swell Factor (%) 
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Table 1. Unavoidable Delay Time 

Unavoidable Delay Time 

Location Equipment 
Start 

Engine 
Fueling 

Daily 

Check-up 

Queeing at 

Loading 

Point 

Queeing at 

Crusher 

Point 

LP A Excavator 10 15 10 5 5 

  Dump truck 10 15 10 5 5 

LP B Excavator 10 15 10 5 5 

  Dump truck 10 15 10 5 5 

LP C Excavator 10 15 10 5 5 

  Dump truck 10 15 10 5 5 

 

2.3.  Data Analysis Techniques 

Having processed the data, the subsequent step was its detailed analysis. This segment was dedicated to 

critically examining the outcomes from the data processing phase, drawing meaningful interpretations 

and insights. Key components scrutinized during this phase encompassed the runoff water's discharge 

rate, discharge attributes of mine water, volume evaluations of open channels, and the comprehensive 

volume assessment of settling ponds. [9-14] Through such a detailed analysis, a robust understanding 

of the research objectives was achieved, enabling the formulation of actionable recommendations. A 

comprehensive visualization detailing the sequential flow and interrelation of the various steps in the 

research methodology can be found in Figure 1. 

 

3.  Results and Discussions  

3.1 Effective Working Hours 

Effective working time is obtained from the available working hours minus the actual time of obstacles 

that occur in the field. The available working time is 480 minutes (8 hours). Then the obstacles that 

occur in the field are divided into two types, namely the obstacle time that can be avoided and the 

obstacle time that cannot be avoided. The obstacle data will be presented in Table 1. 

 

The effective working time of the loading digging equipment at loading points A, B and C is as follows: 

a. Effective working time of loading digging equipment at loading points A, B, and C 

We = Wt – (Wtd + Whd) = 480 – 135 = 345 min (A) 

We = Wt – (Wtd + Whd) = 480 – 137 = 343 min (B) 

We = Wt – (Wtd + Whd) = 480 – 135 = 345 min (C) 

b. Effective working time of hauling equipment at loading points A, B, and C 

We = Wt – (Wtd + Whd) = 480 – 131 = 349 min (A) 

We = Wt – (Wtd + Whd) = 480 – 134 = 346 min (B) 

We = Wt – (Wtd + Whd) = 480 – 137 = 343 min (C) 

 

Table 2. Avoidable Delay Time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Avoidable Delay Time 

Location Equipment 

Late Start at 

The Beginning 

Work 

Late 

Start 

After 

Break 

Earlier 

Break 

Operator 

Needs 

Earlier End 

Shift 

LP A Excavator 15 20 10 15 30 

 Dump truck 13 20 8 15 30 

LP B Excavator 15 20 12 15 30 

 Dump truck 16 20 9 15 30 

LP C Excavator 15 20 10 15 30 

 Dump truck 16 20 13 15 30 
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Table 3. Work Efficiency 

Location Work Efficiency Excavator Work Efficiency Dump truck 

LP A 72% 73% 

LP B 71% 72% 

LP C 72% 71% 

 

3.2 Work Efficiency 

In order to work effectively, work efficiency must be obtained from effective working hours. Work 

efficiency on loading and unloading equipment at PT Pertama Mina Sutra Perkasa is described in table 3. 

 

3.3 Cycle Time of Excavator 

Cycle time of excavator namely one work cycle that can be done by the excavator, with that obtained 

the total time that can be completed in one work cycle by the digging tool (table 4). 

 

Table 4. Cycle Time of Excavator 

 

 

 

 

 

 

 

3.4 Cycle Time of Dump Truck 

Cycle time of dump truck namely one work cycle of the loading equipment that transports the excavated 

material to its crusher place (table 5). 

 

Table 5. Cycle Time of Dump Truck 

  

3.4 Digging Productivity 

After obtaining the necessary data, the next step is to calculate the productivity of the loading digging 

equipment. The productivity of the loading digging equipment that has been determined by the company 

is 80 tons/hour, whereas in reality, the loading digging equipment that has been obtained is 73 tons/hour, 

which means that the productivity target has not been achieved. 

 

3.5 Transport Equipment Productivity 

After obtaining the necessary data, the next step is to calculate the productivity of the haul excavation 

equipment. The productivity of the haul-digging equipment that has been determined by the company 

is 35 tons/hour whereas in reality the haul-digging equipment that has been obtained is 30 tons/hour, 

which means the productivity target has not been achieved. 

 

3.6 Match Factor 

After carrying out actual calculations involving cycle time data and the number of tools at loading points 

A, B and C, match factor calculations can be generated. 

 

From the calculations above, it can be concluded that the three loading point locations have not reached 

the ideal match factor number (MF=1) so improvements need to be made to the match factor. 

 

Cycle Time Excavator Cat 320 D 

Location Digging 
Swing 

Load 
Dumping 

Swing 

Empty 

Cycle 

Time 

A 25 11 7 8 51 

B 31 13 8 9 61 

C 28 10 8 7 53 

Cycle Time Dump Truck Isuzu Giga 240 PS 

Location Loading Hauling Maneuver Dumping Returning 

Cycle 

Time 

(sec) 

A 372 744 36 30 552 1734 

B 401 772 34 28 541 1776 

C 389 764 30 33 530 1746 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 283  

Table 6. Match Factor 

 

 

 

 

 

 

 

4.  Conclusion 

The unachieved production capacity of the equipment is due to low equipment efficiency and high cycle 

time. The mine equipment efficiency drops up to 73% and 61 seconds., which is typically below 73%. 

With significant operational time, loading equipment generally has a maximum operational time of 

around 61 seconds, while hauling equipment reaches a maximum operational time of about 1776 

seconds. The factor hindering productivity achievement is the less than ideal equipment compatibility 

factor, or match factor below 1. 

 

One optimization strategy to achieve productivity targets is by shortening or eliminating time 

constraints, which will increase work output. Equipment compatibility factors can approach the optimal 

value, MF=1, by adding dump trucks and reallocating dump truck functions. Improving the productivity 

of loading and hauling equipment so that after optimization, the actual average productivity of loading 

equipment, previously at 68 tons/hour, and hauling equipment at 29.7 tons/hour, becomes 89 tons/hour 

and 37.2 tons per hour for the equipment used in transit. 
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