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Abstract:11 

Road construction projects in Biak Numfor Regency face challenges related to material availability, high logistics 12 

costs, limited transportation access, and the geographical characteristics of an archipelagic region, all of which affect 13 

project time performance. This study aims to analyze the effect of material factors on project time performance, 14 

identify the supporting and inhibiting factors, and formulate strategies to improve project time performance. A 15 

quantitative research approach was employed using a survey method involving 50 respondents representing project 16 

owners, consultants, and contractors. The data were analyzed using Structural Equation Modeling–Partial Least 17 

Squares (SEM-PLS). The results indicate that material factors have a positive and significant effect on project time 18 

performance (path coefficient = 0.755, T-statistic = 12.970, P-value = 0.000), with an R-square value of 0.594. 19 

Material quality was identified as the primary supporting factor, whereas the availability of material quantities was 20 

the main inhibiting factor. The recommended strategies include improving material quality, optimizing material 21 

planning, strengthening procurement and distribution systems, and enhancing material storage supervision. 22 

Key words:- 23 
Material, Time Performance, RoadConstruction, SEM-PLS, Biak Numfor Regency. 24 
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Introduction:- 27 

Road infrastructure development is one of the main factors in improving regional 28 

connectivity, economic growth, and equitable development. The success of a road construction 29 

project is generally measured based on the achievement of cost, quality, and implementation 30 

time. Among the various resources used in construction projects, materials have the greatest 31 

contribution to project costs as well as being a factor that greatly determines the productivity of 32 

work in the field. Therefore, effective material management, starting from needs planning, 33 

procurement, supplier selection, storage, to material distribution, is one of the important aspects 34 

in maintaining the smooth implementation of the project. Studies have shown that inaccurate 35 

material management can lead to delays in work, increased construction costs, and decreased 36 

project performance(Al-Aidrous et al., 2022; Pham Van &Peansupap, 2024; Rens, 2016; Yıldız 37 

et al., 2024; Z. Zhou et al., 2021). In fact, recent research confirms that an efficient material 38 

supply chain system can increase productivity while reducing cost wastage in road construction 39 

projects(Borah et al., 2025). 40 

Although the concept of material management has developed well, its application still 41 

faces various challenges in regions with special geographical characteristics. Biak Numfor 42 

Regency as an archipelago in Papua Province has different geographical conditions from the 43 

main mainland area in Indonesia. The distribution of islands, limited transportation networks, 44 

and dependence on sea and air transportation have caused the distribution of construction 45 
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materials to be more complex. On the other hand, road infrastructure development is still a 46 

priority for local governments to improve connectivity between regions. However, limited access 47 

to the job site often increases the cost of transporting materials, extending delivery times, and 48 

even in certain conditions requires special modes of transportation such as helicopters. This 49 

condition has an impact on increasing project implementation costs and has the potential to 50 

hinder the equitable distribution of road infrastructure development in Biak Numfor Regency. 51 

Various studies have identified that material availability, procurement systems, supplier 52 

reliability, transportation, storage, and inventory control are factors that affect the success of 53 

construction projects. Studies on construction supply chain management also show that good 54 

coordination between project owners, contractors, suppliers, and related parties can improve the 55 

efficiency of material distribution and reduce the risk of project delays. In addition, a number of 56 

international studies have developed various material supply chain management models that aim 57 

to optimize the process of procurement and distribution of materials in road projects so that 58 

project productivity can be increased. 59 

Nonetheless, most previous research has still focused on aspects of supply chain 60 

coordination, procurement efficiency, and the relationship between suppliers and contractors. 61 

The study has not studied much how the characteristics of local material availability in the 62 

archipelago area affect the time performance of road construction projects. (Hardina, 2022)For 63 

example, it was found that dependence on materials from outside the region, limited delivery 64 

schedules, and weather conditions and sea waves had a significant influence on the performance 65 

of construction projects in the archipelago. The research shows that the material supply chain 66 

contributes around 70% to project performance. However, the study focuses more on the 67 

material distribution aspect and has not specifically identified the material factors that most 68 

affect the project's time performance and handling strategies based on local conditions. 69 

Based on the results of previous studies, there is still a research gap regarding the 70 

influence of material factors on the performance of road project implementation time in the 71 

archipelago area which has limited accessibility and high logistics costs. Most studies examine 72 

material management from a general supply chain perspective, while studies that 73 

comprehensively evaluate various aspects of materials—such as material availability, price, 74 

mobilization, quality, storage, supplier availability, material breakdown, procurement accuracy, 75 

material location access, and inventory control—on the timing performance of road projects in 76 

the archipelago. Therefore, research is needed that is able to explain the material factors that 77 

have the most influence on the project implementation time as well as provide recommendations 78 

for strategies to overcome them. 79 

The novelty of this research lies in an analysis that integrates various dimensions of 80 

material management in one model to evaluate its influence on the performance of road project 81 

implementation time in Biak Numfor Regency. In contrast to previous research that focused 82 

more on the supply chain aspect in general, this study not only identifies the influence of 83 
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material factors on project time performance, but also determines the main inhibiting factors and 84 

formulates a handling strategy that is in accordance with the characteristics of the archipelago. 85 

Thus, this research is expected to enrich the study of material management in infrastructure 86 

projects in remote areas while providing a more effective decision-making basis for stakeholders. 87 

Based on this description, this study aims to analyze the influence of materials on time 88 

performance in the implementation of road works in Biak Numfor Regency, identify the 89 

inhibiting factors that affect the relationship, and formulate strategies that can be applied to 90 

overcome obstacles so that the implementation of the project can take place more effectively and 91 

on time. 92 

The results of this research are expected to contribute academically and practically. 93 

Academically, this research can enrich the development of science in the field of construction 94 

management, especially related to material management in road projects in the archipelago. 95 

Practically, the results of the research are expected to be input for local governments, planning 96 

consultants, contractors, and other stakeholders in developing more efficient material 97 

management strategies, improving the timeliness of project implementation, reducing logistics 98 

costs, and supporting the development of more equitable and sustainable road infrastructure in 99 

Biak Numfor Regency. 100 

 101 

 102 

Theory:- 103 

Construction Project Management Theory 104 

Construction project management is the process of planning, organizing, implementing, and 105 

controlling all project resources to achieve cost, quality, and time goals effectively. The success 106 

of the project is not only influenced by the technical capabilities of the implementation, but also 107 

by the effectiveness of resource management, especially materials, labor, equipment, work 108 

methods, and financing. In road projects, materials are one of the most dominant resources 109 

because they contribute the largest proportion of costs and determine the smooth running of each 110 

stage of work. Therefore, good material management is one of the main factors in achieving the 111 

target project completion time(Willaretal., 2023; H. Zhou et al., 2024). 112 

Material Management Theory 113 

Material management is a material management process from the planning of needs, 114 

procurement, purchasing, delivery, storage, use, to inventory control during the implementation 115 

of construction projects. The main goal of material management is to ensure that materials are 116 

available in sufficient quantities, quality to specifications, the right location, the right time, and 117 

cost efficient. Effective material management reduces waste, prevents work delays, increases 118 
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productivity, and supports the successful completion of construction projects(Awaad et al., 2024; 119 

Caldas et al., 2014). 120 

Material Availability Theory 121 

Material availability is a condition for meeting the material needs of the project in accordance 122 

with the number, quality, time, location, and cost that has been planned. In road work, materials 123 

such as aggregates, crushed stone, sand, cement, asphalt, and landfill must be available on an 124 

ongoing basis so that each stage of construction can run on schedule. Delays or shortages of 125 

materials can lead to disruption of construction activities, decrease productivity, and extend 126 

project completion time. In archipelagic areas such as Biak Numfor Regency, the availability of 127 

materials is influenced by geographical conditions, transportation access, supplier capacity, 128 

weather, and the distance of the material source to the project site(Kedir & Hall, 2021; Yu et al., 129 

2021) 130 

Theory Material Local 131 

Local materials are construction materials that are available around the project site and have the 132 

potential to be used as road work materials if they meet technical requirements. The use of local 133 

materials can reduce dependence on materials from outside the region, reduce transportation 134 

costs, speed up procurement time, and increase the efficiency of project implementation. 135 

However, local materials must meet the required quality standards, such as strength, gradation, 136 

cleanliness, and carrying capacity before being used in road construction. Therefore, the 137 

identification of local material potential is one of the important efforts in increasing the 138 

effectiveness of infrastructure development, especially in remote areas and islands(Daku et al., 139 

2024; Foko Tamba et al., 2023; Murty & Krishna, 2023) 140 

Project Time Performance Theory 141 

Project time performance is the level of success of project implementation in completing all 142 

work according to the planned schedule. Time performance is influenced by various factors, such 143 

as project planning, resource management, coordination between parties, and smooth supply of 144 

materials. The more effective the material management, the less risk of delays in work so that the 145 

project completion target can be achieved as planned. On the other hand, disruptions in the 146 

procurement, distribution, and material control processes can cause schedule deviations and 147 

reduce project time performance. Thus, time performance is an important indicator in assessing 148 

the success of the implementation of road construction projects. 149 

 150 

Method:- 151 

This study uses a quantitative method with a survey approach to analyze the influence of 152 

material factors on time performance in the implementation of road works in Biak Numfor 153 
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Regency. This approach was chosen because it is able to measure the relationship between 154 

variables objectively through 5epresent analysis based on Structural Equation Modeling (SEM-155 

PLS). The research was carried out on a road work project in Biak Numfor Regency, Papua 156 

Province. This location was chosen because it has the characteristics of an archipelago that faces 157 

challenges in the procurement, distribution, and management of construction materials. Data 158 

collection will be carried out in 2026. 159 

The research population includes all parties involved in the implementation of road projects in 160 

Biak Numfor Regency, namely the PUPR Office, implementing contractors, planning 161 

consultants, supervisory consultants, material suppliers, material transportation service providers, 162 

local governments, and technical personnel in the field. The sample was determined using the 163 

purposive sampling technique, namely respondents who had experience and direct involvement 164 

in the material management of road projects. The number of samples used was 55 respondents, 165 

in accordance with the minimum criteria for SEM-PLS analysis for research models that have 166 

several latent constructs. 167 

The research data consists of primary data and secondary data. Primary data was obtained 168 

through field observation, questionnaire distribution, and interviews with respondents who were 169 

directly involved in the implementation of road projects. Meanwhile, secondary data was 170 

obtained through project documents, 5government epresent data, regulations, and various 171 

scientific literature relevant to the research. 172 

The research instruments were compiled based on indicators adapted from previous research on 173 

construction material management. The research variables include material availability, material 174 

price, material distribution or mobilization, material quality, material storage, procurement 175 

accuracy, supplier availability, material damage, material accessibility, inventory control, and 176 

project time performance. All indicators were measured using a five-point Likert scale, namely 1 177 

= strongly disagree to 5 = strongly agree. 178 

Data analysis was carried out using SmartPLS software with the Partial Least Squares–Structural 179 

Equation Modeling (PLS-SEM) approach. This method was chosen because it is able to analyze 180 

the relationship between latent variables simultaneously, is suitable for research models that have 181 

many indicators, do not require normal data distribution, and can be used on relatively limited 182 

sample sizes. 183 

The analysis stages include the evaluation of the measurement model (outer model) and 184 

structural model (inner model). The evaluation of the outer model was carried out through 185 

convergent validity tests (outer loading and Average Variance Extracted/AVE), discriminant 186 

validity (cross loading and Fornell–Larcker Criterion), and reliability tests using Composite 187 

Reliability and Cronbach's Alpha. Furthermore, the internal model evaluation was carried out 188 

through testing the value of the determination coefficient (R²), predictive relevance (Q²), effect 189 
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size (f²), and hypothesis testing using a bootstrapping procedure based on t-statistics and p-190 

values at a significance level of 5%. 191 

Result and Discussion 192 

This study involved 55 respondents consisting of contractors (26%), consultants (22%), service 193 

owners (16%), site engineers (16%), foremen (10%), supervisors (6%), and 6material press 194 

personnel (4%). By age, the majority of respondents were over 45 years old (34%) and 36–45 195 

years old (32%). In terms of work experience, as many as 60% of respondents have 6–10 years 196 

of experience, while 34% have worked for more than 10 years. In addition, 6 a large proportion 197 

of respondents had a bachelor's (84%) and postgraduate (10%) education. These characteristics 198 

show that the research data was obtained from respondents who have sufficient experience and 199 

competence in the implementation of road projects so that they are able to provide 6an 200 

epresentative assessment of material factors that affect project time performance. 201 

 202 

Based on the model, this study analyzed the influence of five exogenous (X) variables 203 

related to materials against two endogenous variables (Y) related to project time performance. 204 

The exogenous variables consist of X1 Inventory Quantity of Materials, X2 Material Price, X3 205 

Material Mobilization, X4 Material Quality, and X5 Material Storage, while the endogenous 206 

variables consist of Y1 Accelerating the Project and Y2 Slowing the Project. Each latent variable 207 

is measured by several indicators, where X1 is represented by the X1.1 indicator, X2 by the X2.3 208 

indicator, X3 by the X3.2 indicator, X4 by the X4.2 and X4.3 indicators, X5 by the X5.1 and 209 

X5.2 indicators, Y1 by the Y1.2 and Y1.5 indicators, and Y2 by the Y2.1 and Y2.2 indicators. 210 

Tabel 1 R Square 211 

 
R-square R-square adjusted 

Y1. Accelerating Projects 0.594 0.553 
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Y2. Slowing down the project 0.197 0.115 

Source: Data Analytics, 2026 212 

Based on the results  of the R-Square analysis, the variable Accelerating the Project (Y1) has an 213 

R² value of 0.594, which shows that 59.4% of the variation in project acceleration can be 214 

explained by the variables of inventory of the amount of material, material price, material 215 

mobilization, material quality, and material storage, while the remaining 40.6% is influenced by 216 

other factors outside the model. This value is included in the moderate category, so the model 217 

has a fairly good ability to explain the acceleration of the project. Meanwhile, the variable 218 

Slowing down the Project (Y2) had an R² value of 0.197, which means that material factors were 219 

only able to explain 19.7% of the variation in project delays, while 80.3% were influenced by 220 

other factors that were not analyzed. Overall, these results show that the research model is better 221 

able to explain the factors that support the acceleration of the project than the factors that cause 222 

the delay of the project. 223 

Tabel 2 F Square 224 

 
f-square 

X1. Material Quantity Inventory -> Y1. Accelerating 

Projects 
0.004 

X1. Inventory Quantity of Materials -> Y2. Slowing down 

the project 
0.014 

X2. Material Price -> Y1. Accelerating Projects 0.012 

X2. Material Price -> Y2. Slowing down the project 0.003 

X3. Material Mobilization -> Y1. Accelerating Projects 0.031 

X3. Material Mobilization -> Y2. Slowing down the project 0.001 

X4. Material Quality -> Y1. Accelerating Projects 0.161 

X4. Material Quality -> Y2. Slowing down the project 0.006 

X5. Material Storage -> Y1. Accelerating Projects 0.019 

X5. Material Storage -> Y2. Slowing down the project 0.007 

Source: Data Analytics, 2026 225 

Based on the results  of the effect size (f²) analysis, Material Quality (X4) is the variable that has 226 

the greatest influence on Accelerating the Project (Y1) with a value of f² = 0.161, which is 227 

included in the category of medium effect. Meanwhile, Material Mobilization (X3) showed a 228 

small influence (f² = 0.031), while Material Quantity Inventory (X1), Material Price (X2), and 229 

Material Storage (X5) had a very small influence (f² < 0.02). In the Project Slowing variable 230 

(Y2), all material variables had a value of f² below 0.02, which indicates a very small 231 

contribution to project delays. Overall, these results show that Material Quality is the most 232 
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dominant material factor in improving project time performance, while other material variables 233 

contribute relatively low. 234 

Table 3 Path Coefficients 235 

X1. Material Quantity Inventory -> Y1. Accelerating Projects 0.070 0.124 0.219 0.319 0.750 

X1. Inventory Quantity of Materials -> Y2. Slowing down the project 0.176 0.191 0.205 0.855 0.393 

X2. Material Price -> Y1. Accelerating Projects 0.104 0.098 0.136 0.763 0.446 

X2. Material Price -> Y2. Slowing down the project 0.073 0.091 0.223 0.329 0.742 

X3. Material Mobilization -> Y1. Accelerating Projects 0.168 0.158 0.162 1.036 0.300 

X3. Material Mobilization -> Y2. Slowing down the project 0.032 0.043 0.178 0.177 0.860 

X4. Material Quality -> Y1. Accelerating Projects 0.411 0.366 0.192 2.145 0.032 

X4. Material Quality -> Y2. Slowing down the project 0.113 0.120 0.193 0.584 0.559 

X5. Material Storage -> Y1. Accelerating Projects 0.143 0.138 0.166 0.865 0.387 

X5. Material Storage -> Y2. Slowing down the project 0.123 0.117 0.162 0.754 0.451 

Source: Data Analytics, 2026 236 

Based on the results of the path coefficients test, only Material Quality (X4) had a positive and 237 

significant effect on Accelerating the Project (Y1) with a path coefficient of 0.411, a t-statistics 238 

value = 2.145, and a p-value = 0.032. These results show that the better the quality of the 239 

materials used, the greater the chance of the project being completed on time. Meanwhile, the 240 

variables Inventory of Quantity of Materials (X1), Material Price (X2), Material Mobilization 241 

(X3), and Material Storage (X5) did not show a significant influence on the acceleration of the 242 

project because they had a p-value of > 0.05. In addition, all material variables also did not have 243 

a significant effect on Project Slowing (Y2). Thus, the results of the study indicate that material 244 

quality is the main factor that contributes to improving the time performance of road projects in 245 

Biak Numfor Regency, while other material factors have not shown a significant influence. 246 

"The test results showed that of the five material factors analyzed, only material quality had a 247 

significant effect on project time performance (β = 0.411; t = 2.145; p = 0.032), while other 248 

material factors showed no significant influence (p > 0.05)." 249 
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 250 

 251 

The image shows the SEM-PLS research model that tests the effect of Material (X) on Time 252 

Performance (Y) on construction projects. The Material Variable (X) is an exogenous latent 253 

variable formed by seven indicators, namely X1.1, X2.3, X3.2, X4.2, X4.3, X5.1, and X5.2. 254 

These indicators represent material aspects that are considered to be able to describe material 255 

management conditions in the implementation of the project. The arrow direction of the Material 256 

construct towards the indicator indicates that the indicators are used to measure the latent 257 

variable of the Material. 258 

Meanwhile, the Time Performance variable (Y) is an endogenous latent variable measured by 259 

four indicators, namely Y1.2, Y1.5, Y2.1, and Y2.2. The Y1 indicator represents the aspects 260 

related to the acceleration of the project, while the Y2 indicator represents the aspects related to 261 

the project delay. The four indicators are used together to explain the on-time performance level 262 

of a construction project. 263 

The Influence of Materials on Time Performance in the Implementation of Road Works in 264 

Biak Numfor Regency 265 

 

Original 

sample (O) 

Sample 

mean (M) 

Standard 

deviation 

(STDEV) 

T statistics 

(|O/STDEV|) 
P values 

X (Material) -> Y 

(Time Performance 
0.755 0.777 0.058 12.970 0.000 

 266 

The results of the SEM-PLS analysis showed that materials had a positive and significant effect 267 

on project time performance with a path coefficient of 0.755 (t = 12.970; p < 0.001). These 268 

findings show that the better the material management, including aspects of availability, price, 269 

mobilization, quality, and storage, the higher the project's ability to achieve the planned time 270 

target. These results confirm that materials are one of the main resources that determine the 271 

smooth implementation of road works, especially in areas with limited access such as Biak 272 

Numfor Regency. 273 
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These findings are in line with the research of Tanubrata and Gunawan (2018), Wayrah et al. 274 

(2021), and Awaad et al. (2024) which stated that effective material management can increase 275 

productivity and reduce construction project delays. Thus, improving the material management 276 

system, from needs planning to control in the field, is an important aspect in supporting the 277 

timely completion of road projects. 278 

Inhibiting and Supporting Factors of Material Influence on Time Performance 279 

The results show that Material Quality is the most dominant supporting factor in improving 280 

project time performance, while Material Quantity Inventory is the most potentially inhibiting 281 

project completion. Materials that meet technical specifications can reduce rework and increase 282 

productivity, while limited material quantities can hinder work progress, making time targets 283 

difficult to achieve. 284 

These results support the research of Al-Aidrous et al. (2022) and Munkombwe and Chibomba 285 

(2025) which emphasize the importance of quality and availability of materials in the success of 286 

construction projects. Therefore, material quality control and accurate planning of material needs 287 

need to be a priority to minimize the risk of delays in road projects in Biak Numfor Regency. 288 

Strategies to Overcome Factors Inhibiting the Influence of Materials on Time Performance 289 

The main recommended strategy is to strengthen the material management system through 290 

material requirement planning,  provision of safety stock, material quality control, improved 291 

distribution coordination, and improvement of the storage system at the project site. The strategy 292 

is directed to overcome material availability constraints while maintaining material quality as the 293 

most influential factor on project time performance. 294 

The implementation of the strategy is expected to be able to reduce the risk of distribution 295 

delays, material damage, and rework, so that the productivity of project implementation can 296 

increase. Given the geographical condition of Biak Numfor Regency as an archipelago, the 297 

success of material management also requires good coordination between the government, 298 

contractors, suppliers, and transportation service providers so that materials are available in the 299 

right quantity, quality, and on time 300 

 301 

Conclution 302 

1. Road project materials have a positive and significant effect on the performance of road 303 

work implementation time in Biak Numfor Regency. The results of the analysis showed 304 

that the path coefficient value was 0.755, the T-statistical value was 12.970, and the P-305 

value was 0.000, which indicates that the better the material management, the better the 306 

project time performance. Thus, road project materials are one of the important factors 307 
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that determine the success of achieving the target time for the implementation of road 308 

projects. 309 

2. The main inhibiting factor in the influence of materials on time performance is problems 310 

with the inventory or availability of the amount of materials. The results of the analysis 311 

show that the Material Quantity Inventory variable has the largest Total Effect value on 312 

project delays of 0.176, so it is the factor that has the most potential to hinder the 313 

achievement of the target time for the implementation of road works. In addition, delays 314 

in material mobilization, fluctuations in material prices, material quality that is not in 315 

accordance with specifications, and poor material storage systems also have the potential 316 

to hamper project time performance, although the effect is not partially significant. 317 

3. Strategies that can be carried out to increase the influence of materials on project time 318 

performance are to strengthen the management of material inventory through accurate 319 

needs planning, maintain material quality according to technical specifications, optimize 320 

the material mobilization and distribution system, improve material storage management, 321 

and strengthen coordination and supervision in the material procurement process. The 322 

implementation of this strategy is expected to minimize the risk of delays and support the 323 

acceleration of the completion of road works in Biak Numfor Regency according to the 324 

set schedule. 325 

 326 
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