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Abstract

The research aims to identify the risk factors and the medium-high risks to use as the basis for the innovative method of
spun pile manufacturing technology. The research uses the Delphi method to analyze and review the validity of content
construction, pilot and respondent surveys, focus group discussions, and expert validation. The findings show utilizing and
optimizing the technology on production machinery is influential for results on both product and service quality. The
dominance category in the medium-risk technology indicates the need for improvement in the operator's competence. The
result also indicates the largest medium risk is during the initial integration, Cutting and Heading at 84%, and the final
step, Stressing and Spinning, at 59%. The research improvement to map the production process is related to the medium
and high risks to know where and how the industry can improve. This risk-based technology and integration method is a
proposed method using an approach to innovation management by reducing the risk values. Innovation by improving the
standard operational procedure (SOP) was based on the relation of each activity during the integration within the risk
category of medium-medium, medium-high, and high-high. We recommend improving SOP and utilizing information
technology on precision for both subprocesses.

Keywords: Risk; Method-Technology; Integration; Spun Pile.

1. Introduction

Globalization and competition within the industry are the factors urging corporations to have an effective competitive
management strategy. Therefore, companies need to have a better understanding of defining the competition, decisive
factors, and measuring indexes [1]. Business management and sustainable learning can significantly impact a company’s
innovation and competitiveness as well as improve overall performance. The industry today faces complex challenges
and therefore requires new methods to acquire and attain the competitiveness lead [2]. A precast production company
has the large potential to push innovation in the construction method that is clean, safe, and highly efficient in the
industry. However, precast supplier chain management often faces issues such as fragments, unsatisfactory tracking
systems, and lacking real-time information [3].

The researchers found upon evaluation that the building construction industry has a low efficiency regarding material
and automating systems during the production and manufacturing process. The industry also faces the challenge of
lacking competent workers in mechanical and construction engineering, which leads to the need for an automated
manufacturing process [4]. As it happens in Indonesia, there is a massive growth in building construction. This affects
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the surge of demand for correct materials to improve the infrastructure construction, and, from the existing infrastructure
project, it requires innovation in concrete, such as pre-casting with high-quality material to improve the completion time
ahead of schedule [5]. In the past decades, the application of the precast structure system had major improvements
compared to the conventional system, such as quality control, rapid construction, and the exact application for the regular
modular system. Modular construction that utilizes precast elements has multiple benefits, such as shorter manufacturing
time, higher quality, flexibility, and a lower cost. But most of the process is still not automated, and the solution for this
issue is going digital. In the past few years, the manufacturing industry has had a significant development in utilizing
the smart network for the components, machinery, and processes in Industry 4.0. The key concept for Industry 4.0 is the
digital twin-based service that represents the machinery and other components to create a dynamic network where each
platform interacts and integrates [6]. The interaction also has to accommodate customer service to improve the
customers’ satisfaction with the spun pile production services. Customers will know the progress of the ordered spun
pile using the tracking information [7]. This has been ongoing research that started long before this one took place.

Since 2006, the Indonesian government has launched a massive and rapid construction of 1000 affordable apartment
towers nationwide. As an answer to this massive challenge and to keep the quality intact, top researchers developed
several innovations in the precast structure [8]. The work method has a high impact on the quality changes, and the
competition among the companies encourages each one of them to create a product with higher quality, ensure material
availability, and have efficient scheduling to meet the demands [9]. While the company keeps on innovating, they are
also facing challenges that lower their competitiveness. For example, despite the high demand, the precast concrete
industry has difficulties sourcing type 1 cement, and Indonesia still lacks strand steel manufacturing companies as the
primary material to support the precast installation.

Nurjaman et al. [10] showed that precast has better performance than the conventional system in fulfilling the
construction needs in the globalization era. However, this method also has issues, such as the design aspect that has to
consider how to connect all components, the transportation system, and the construction method. The issue with the
national precast concrete company is the manufacturing process that is still conventional and less adaptive with
technology, which lessens the company's competitiveness. One of the solutions to this issue is developing and applying
the technology to manufacturing precast concrete and utilizing the information technology to create a new manufacturing
process.

Eventually, a commercial company, specifically one manufacturing precast concrete, will get to a point where they
must innovate to improve their quality, service, and aftersales. Innovation is when implementing a new product or
service or a significant rise (in the product and service quality) or a new process, marketing method, or new organizing
method in a business practice or an external relation [11]. Another definition of innovation is the process of finding a
new idea, method, tool, or something within the innovation management to help others. The innovation process is the
sum of changes that affect how a company manufactures the output, while product innovation has the opposite definition,
which is the actual change in the product and service [12].

Putra & Isvara [13], who focus on manufacturers with a risk-based spun pile production line but have still not
integrated the method and technology, require further study. This paper will explain the process and the result of the
risk-based innovation process based on the 1SO 56002:2019 clause 8.3 innovation process in two variable aspects of
technology and method in manufacturing spun piles in precast companies in Indonesia.

2. Literature Review
2.1. Innovation Management System

Standardization plays a crucial part in forming the policy that regulates technology and how it affects society. This
is because it involves numerous stakeholders in the trend. The related standardization process involves three
standardization modes based on the studies, which are committee-based, market-based, and government-based [14]. The
fourth-generation industry, or Industry 4.0, promotes the usage of information technology in the manufacturing process
to get the specific product that will satisfy new customers by changing the traditional automating model into a related
service model. This new model allows for communication between clients, manufacturing plants, and suppliers, creating
an ecosystem that covers “smart” intelligence and allows the company to have a flexible manufacturing system through
interconnection and data sharing. In this new environment, standardization is key for an integrated world [15].
Researchers found a correlation between innovation and the company’s standardization and how it affects the connecting
development and that it does not pose any threat to conventional systems [16].

The innovation management system in the 1SO 56002 standard acts as a guide, providing the communication and
general framework to build the innovation capacity. The standard elaborates on the principles of innovation management
and elemental systems. Upon publication in 2019, 1SO 56002 has become part of numerous discussions and evolved to
the pros and cons of standardizing the management system to implement the innovation [17]. 1SO 56002:2019 has ten
clauses that act as the variables in the innovation management system [18]. The innovation process in ISO 56002:2019
is in Clause 8.3, which became the first clause adopted in this research.
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This research utilizes the related process with various aspects in innovation on supporting the innovation process as
in Figure 1 and also puts the Oslo Manual as one of the considerations. This study does an innovation process based on
ISO 56002:2019 by integrating the technology and methods variables on spun pile manufacturing based on the expected
risk value in the surveys on precast concrete manufacturing companies in Indonesia.

Identify
Opportunity

Validate
Concepts

Deploy
Solution

Create
Concepts

Develop
Solution

Figure 1. Innovation Process (Innovation management — Innovation management system — Guidance): 1SO 56002:2019

2.2. Product Innovation, Service Innovation and Competitiveness

The innovation strategy for products and services is a crucial factor that could help a company improve its
performance and manage the pressure from the competition [19]. Considering several factors, such as the industry's
lacking skilled workers in mechanical engineering and construction, it’s obvious how the industry is developing an
automated manufacturing process. Concrete has become the primary construction material in the world; therefore, there
is a tendency for the process to slowly turn to automation in precast manufacturing. The high innovation improvement
that is apparent individually and within the company produced numerous robotic applications and automatic systems in
the precast industry [4]. What is commonly shown is how they need an automation process involving technology such
as using robots to make it time efficient and keeping the quality [20]. Additional real-time observation of the
manufacturing process ensures product quality and improved efficiency [21]. The innovation on product quality must
align with the organization’s ideals to provide quality service, identifying the responsible department and person in
charge of documentation for the quality system management, assigning the quality authority, developing and
implementing quality system management, and keeping quality service with other departments within the organization
[22]. After applying the economic value to the service, many companies try to get a competitive lead through service
innovation [23]. It is a common perception among clients that service innovation includes updated service, relative lead,
and customer complicity that are deeply related to the impact of the value, satisfaction, and customer loyalty to the comp
company [24]. These aspects are crucial to improving service quality and ensuring customer satisfaction. The importance
of providing an innovative service and customer evaluation to contribute to the innovation. The synthetic definition in
the innovation service emphasizes helping the company to determine the primary factor that effectively influences the
customers’ satisfaction and project their behavior to improve the company’s competitiveness [25].

Researchers found that customers’ preferences indirectly affect product quality. Utilizing the technology has become
the medium between clients’ preferences and product quality. The strategic business model was found to have a
significant positive impact on the quality, and this relation is also caused by technology mastery. It suggests that the
manufacturing company can improve product quality through innovation, competitive strategy to lead, and utilizing
technology. All of those factors can be highly beneficial to ensure sustainable company growth [26]. Several of these
researchers found a correlation between various parts of the organization and utilizing technology as the supporting
strategy to put the company in the competition [27]. This means the company's competitiveness can be achieved by
converging to improve the value of product and service quality by integrating technology into the process.

2.3. Risk Identification

Risk management is the basic consideration before taking any decision. It helps the risk manager to make smart
decisions and achieve the expected goals [28]. Risk management is necessary as projects always come with risks.
Identifying risks is crucial in risk management to determine which risk factor has the most impact and document the
characteristics based on all available possibilities [29]. A construction project tends to require a longer project than a
regular project in other sectors. It is a crucial sector to follow the standard risk management process. However, it is still
lacking, and the professionals require sophisticated solutions. The verification and validation of the risk analysis and
expected risk plan will complete the current risk standard. It will improve the risk management process during the
construction work [30]. The risk value calculation refers to the PMBOK standard through monitoring the frequency and
the risk effects [31].

Observation on the environment upon implementing the spun pile manufacturing method variable as in Figure 2 is
as follows:
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Figure 2. Risk Potential Dimension on the Spun Pile Manufacturing Method

X19.2

Upon observing the production line, there are five dimensions in the sub-production process and 66 activities with
risk potential in the spun file manufacturing method. Observation on the environment upon implementing the spun pile
manufacturing technology variable as in Figure 3 is as follows:

Cutting Forming Batching Overhead Impact Boiler
Machine Machine Plant Crane Wrench Machine

Cutting & Casting

Heading

Heading Spreader . Stressing Spinning Impact
Machine Beam Truk Mixer Machine Ve Wrench

, Dimension - Indicator Activity ) Flow Product

Figure 3. Risk potential dimension of Spun Pile Manufacturing technology

Upon observing the production line, there are five dimensions in the sub-production process and 44 activities with
risk potential in the spun file manufacturing technology.

2.4. Risk Calculation
The impact final value is calculated based on the average survey value, using the formula as follows:
ImpaCtaverage = % Q=1 %) 1)
where; n is respondents, x; is respondent’s answer, Risk value is the average risk frequency times the average risk impact.
FrequenCYaverage = % Qit1x1) (2
where; n is respondents, X; is respondent’s answer.
SCorerisk = Injpa(:taveratge X FrequenCYaverage (3)

Risk is classified into three categories: High, medium, and low risk.

High Risk
Score,isx — Classification = {Medium Risk 4
Low Risk
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The risk value proportion if calculated against the success and failure of 100 of spun pile production uses the
following calculation:

High Riskrgtal

High Riskpq, =

x 100% 5)

High Riskrqta)+ Medium RisKrgta1+ Low Riskrgia]

Medium RisKkrgtal

Medium Riskpq, = x 100% (6)

High Riskrgta1+ Medium Riskrgta)+ Low Riskrgtal

Low Riskrgta]

Low Riskpqp, = x 100% (7)

High Riskrqgta1+ Medium Riskrgtaj+ Low Riskrgtal

Dimension and Proportion Risk Value

The risk value from Equations 1 to 7 will be put into ranks to know how the activity contributes to the risk to the
general spun pile manufacturing process. It means disregarding the risk value from the survey to the average dimension.
However, the manufacturing process has to follow a specific sequence, which means the potential risk may happen
following the ongoing sequences. Thus, one way to calculate each risk value is by calculating the average risk value for
all activities against their dimensions. Henceforth, the research will compare the average value from the maximum risk
in a dimension with the amount of risk value from the formula.

f; = frequently; (8)

where i = |low Risk|Medium Risk|High Risk]|

Dimensionye,, = {fMedium Risk|High Risk < fLowRisk = 2 fLow Risk F fLow Risk )
fMedium Risk|High Risk ~ fLowRisk = 2 fMedium Risk|High Risk T fLow Risk
Calculating the risk integration proportion in each dimension.
Dimensionyethod = X LOW RisKpyethoq + X Medium Risky, .. .4 + 2 High RisKyoinod (10)
Dimensionrecy, = X Low Riskrecn + X Medium Risk,, ., + X High Risk,, (11)
Dimensiong;s, = Dimensionyeenoq + Dimensionrec, (12)
where Dimensionwmetod i Dimension of Method, Dimensionrec is Dimension of Technology.
Low Risk|Medium Risk|High Riskp;, = X, Low Risk|Medium Risk|High Riskp;m (13)
To find the proportion of each risk category in all dimensions,
CategoryLr jmrnr = ¥ Low Riskp;, | ¥ Medium Riskp;,| ¥ High Riskp; . % 100% (14)

Dimensiongjgk

where LR is Low Risk, MR is Medium Risk, HR is High Risk, Dim is Dimension.

Based on Equation 9, if the highest average is low risk, then the value for medium or high risk will be the average
low risk value. If the highest average is within the medium or high-risk category, then the low risk will value the average
for medium or high-risk. The risk value calculated with Equations 8 and 9 is valid to calculate the production sequence
proportional risk for each method and technology of spun pile manufacturing.

2.5. Spun Pile Manufacturing Process

The spun pile production process in Indonesia does not significantly differ from that in other countries. It requires
steps such as preparing the mold, chain building, casting, spinning, and steam curing. The difference lies in how much
of this process is automated. In general, Indonesian companies are less automated than similar processes in developed
countries. Several reasons causing this situation include limited access to the technology and the high investment cost.
The method starts by reviewing the existing production, which is reviewing the failed spun pile production. All factories
produce the spun pile using the same process and same steps. Based on the research by Satyadharma [32], the mass-
produced pile goes through several primary processes such as reinforcement building, mold building, casting,
reinforcement stressing, and compression with a spinning system. One of the crucial parts of the production process is
the production capacity. This aspect relies on how the production line can optimize each process, which is Cutting &
Heading, Forming & Setting, Casting, Stressing & Spinning, and Curing & Demolding [32-34].

2.6. Integration Innovation Concept

Management control is crucial to managing technical information with a direct impact on product quality. Within
the industry organization, the information flow relies on the set process and the connection among them. As the
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knowledge on the product quality improves, it’s easier to manage the quality. Therefore, the knowledge to analyze the
process to identify each process for better management [35]. The company must simultaneously answer the challenges
of improvement as well as the more complex issues on the cost and short growth cycle on the heightened technical
complexity. It is expected that using the integration method will reduce some of the automatic tasks and the life cycle
cost, as well as lessen the time to start up the machinery and improve product consistency [36]. This shows the
importance of integration in the first steps of the construction process and the concept for innovation on the material,
related technology, and the product, as the prerequisite to creating new and better ideas on the process. The companies
in this industry have the process of the integrated framework to contextualize and conceptualize the new product
development or reconfigure the work process to improve the quality [37]. The necessity for a framework integration is
to facilitate the AMT (advanced manufacturing technology) integration into the system. The implication is it reduces
the dilemma of making the early decisions regarding the smart production system. The integration can also improve
flexibility and reduce the time needed to configure new AMT into the existing system [38].

The integration in this study is integrating the method work activity with the technology on spun pile manufacturing
to improve the product and service quality, ensure flexibility, and reduce the processing time. The study will see the
integration between all activities based on the method and technology correlation within the risk categories medium-
medium, medium-high, and high-high. This shows that not all of the activities will have a complete correlation.

3. Research Methodology

The research uses the qualitative method by combining and validating the results from the experts on the variables
and risk factors used to analyze using the Delphi method [39] as a systematic and comprehensive risk identification,
designed solely for application in the construction industry. The Delphi method is useful to structure the communication
process in a group that requires interaction between a group of experts and researchers regarding specific topics to help
build the present and future scenarios. Therefore, the interaction they projected will happen within the next five to ten
years [40]. During the application of the Delphi method, the direction of the idea starts to materialize. The experts are
also starting to form a consensus that will direct the decisions to make more strategic, focused, and well-informed steps.
The researchers collect and compile the required data using questionnaires; they start from content and construct
variables, pilot surveys, respondents’ surveys, focus group discussions, and expert validation. The research methodology
employed was in accordance with the steps shown in Figure 4. The first stage was observing the ongoing production
process in the spun pile production line. The observation results would then map the factors related to the production
methods and technologies used in each activity.

& Activity

Cutting & Forming & i Curing &
Heading Setting Demoulding

Method Risk Technology Risk
Values Values

[ Integration

Internal adha Internal

Action Action
Product Service

External V Quality Quality | External
Action Action

;‘

14

(

Competitiveness
Company

Figure 4. Flowchart of the research methodology
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Each activity would undergo risk assessment through questionnaires involving all workers engaged in the spun pile
production line.

3.1. Activities and Risk of Spun Pile Production Technology Method

The spun pile production methods and technologies are generally depicted in Figures 2 and 3. The risk activity values
of the spun pile production method in the initial stage were calculated based on Equations 1 to 7. In stage 2, the risk
value correction by eliminating the proportion of dimensions was calculated using Equations 8 and 9.

After using Equations 8 and 9 in Figure 5, there was an increase in the risk activity ranking, meaning that if the
ranking value of each spun pile production method activity became larger, the value generally moved towards the low-
risk classification. Whereas in Figure 6, after using Equations 8 and 9, there was an increase in the risk activity ranking,
meaning that if the ranking value of each spun pile production technology activity became larger, the value generally
moved towards the low-risk classification.

Method Risk Value General Dimension
140 -
120 A
100 -
4
S 80 -
o4
% 60
x
40 A
20 1
O e e e e L o o o e e e o e e e L B o o o s o e e e L e o o e o e B B
0)\")\ '»\'b\'b'\» VaXa¥aX o> o?
B S S S R R ey
Risk Activity
Figure 5. Method Risk Value of Spun Pile Production
Technology Risk Value General Dimension
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X X X XX X X X X
Risk Activity

Figure 6. Technology Risk Value of Spun Pile Production

3.2. Method and Technology Integration

Integration is an essential element in mixed methods analysis and conceptualization. It has three main purposes:
illustration, convergent validation (triangulation), and analytic weighting development or conceptual enrichment [41].
Based on the risk value mapping results in Table 1, this study had a total of 5 dimensions, 33 indicators, and 109 potential
integrated activities. Each activity in this method connects to each activity in the technology within the same dimension,
which leads to identifying the SOP that needs fixing and improving. The discussion would be conducted by observing
the medium- and high-risk categories.
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. . Method Technology
No. Dimension
Indicator ~ Activities Indicator  Activities
. . X1 2 X1 10
1. Cutting & Heading
X2 2 X2 4
X3 6 X3 10
2. Forming & Setting X4 10 X4 2
X5 3
X6 1 X5
X7 3 X6
3. Casting X8 2
X9 1
X10 4
X11 3 X7 2
. o X12 2 X8 2
4.  Stressing & Spinning
X13 2 X9 1
X10 2
X14 4 X11 1
X15 3 X12 1
. . X16 5 X13 1
5.  Curing & Demolding
X17 4 X14 1
X18 5
X19 4

Table 1 showed that the risk activities to be measured and integrated were 18 activities in the Cutting & Heading
dimension, 31 activities in Forming & Setting, 19 activities in Casting, 14 activities in Stressing & Spinning, and 29

activities in Curing & Demolding.

3.2.1. Method and Technology Integration

Based on equations (10) - (14), the LR = 11%, MR = 84%, and HR = 5% category ratios were obtained.

In the Cutting and Heading production sub-line dimension (Figure 7), the discussion revolved around handling PC
bars using a cutting machine (X1) and heading machine (X2) for technology. The production method perspective in
cutting had a low risk value. However, it could have a high risk in technology handling because if an error occurred, it

could result in failure in the stressing process and potentially cause additional costs.

Method Technology

am

X1

x24 |

Indicator

Low Risk Medium Risk -

Figure 7. Cutting & Heading Activity Integration

From the perspective of handling methods and technology, heading machines had a similar medium risk. It was
necessary to analyze the relationship between method activities X1.1, X1.2 — X1.1, X1.6 technology activities and the
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relationship between method activities X2.1, X2.2 — X2.1-X2.4 technology activities. The risk relation between low-
high and low-medium as well as medium-medium as pictured in Figure 7 then identifies the number as the one needing
to have a fix and develop SOP for the detailed activities.

3.2.2. Forming and Setting Integration

Based on Equations 10 to 14, the LR = 58%, MR = 39%, and HR = 3% category ratios were obtained. In the Forming
and Setting production sub-line dimension (Figure 8), the discussion revolved around handling using forming machines
(X3) and spreader beams (X4). The production method perspective in forming had a low risk value except for X3.6.
However, it had a medium risk value in technology handling.

Method Technology
() X31
X3.2
e w1 |
X35 S\ X3.2
J SN — X3.3
= \ \ X34
X35 |l o
X36 | X
X3.7
X3.8
X3.9
X310 | |
oY
X4l | <
X42 | X
(Y o
o)
] _X53

Indicator

Low Risk Medium Risk -

Figure 8. Forming and Setting Activity Integration

It was necessary to analyze the relationship between method activity X3.6 — X3.1-X3.3 technology activities. The
risk relation between low-medium and high-medium as pictured in Figure 8 then identifies the number as the one needing
to have a fix and develop SOP for the detailed activities.

3.2.3. Casting Integration

Based on equations (10) - (14), the LR = 65%, MR = 35%, and HR = 0% category ratios were obtained. In the
Casting production sub-line dimension (Figure 9), the discussion revolved around handling using the Batching Plant
(X5) and Truck Mixer (X4) from the technology perspective.

M ethod Technology

X5.1 @
X52 | X
X6.1

X62 | o
X63 | X
X6.4

Indicator

Low Risk Medium Risk -

Figure 9. Casting Activity Integration

The production method perspective in casting had a low-risk value except for medium risk in X8.1 and X8.2.
However, it had a medium risk value in technology handling on indicator X6. It was necessary to analyze the relationship
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between method activities X8.1, X8.2 — X6.1-X6.2 technology activities. The risk relation between low-medium and
medium-medium as well as medium-low as pictured in Figure 9 then identifies the number as the one needing to have
a fix and develop SOP for the detailed activities.

3.2.4. Stressing and Spinning

Based on Equations 10 to 14, the LR = 7%, MR = 59%, and HR = 18% category ratios were obtained. In the Stressing
and Spinning production sub-line dimension (Figure 10), the discussion revolved around handling using the Overhead
Crane (X7), Impact Wrench (X8), Stressing Machine (X9), and Spinning Machine (X10) from the technology
perspective. The production method perspective in Stressing and Spinning had a low risk value at activity X11.1 and
medium risk at X11.2, X11.3, X12.1, X12.2 and X13.1 and High Risk at X13.3. It had a medium risk value at indicators
X7, X8, and X9, but a high risk at indicator X10 in technology handling.

M ethod Technology
)
X71 |~
(L xii1 X72 | X
2 |_X112 —
X113 X8.1 %
(1)) X8.2
o [ X121 o)
X | X122
o X9.1
o [ X131
X =]
%4

Indicator

Low Risk Medium Risk -

Figure 10. Stressing and Spinning Integration

It was necessary to analyze the relationship between method activities X11.2, X11.3 — X8.1, X10.2, X10.2
technology activities, method activities X12.1, X12.2 — X7.1, X7.2, X8.2, X9.1 technology activities, and method
activities X13.1, X13.2 — X10.1, X10.2 technology activities. The risk relation between low-medium, medium-
medium, medium-high as well as high-high as pictured in Figure 10 then identifies the number as the one needing to
have a fix and develop SOP for the detailed activities.

3.2.5. Curing and Demolding Integration

Based on Equations 10 to 14, the LR = 79%, MR = 21%, and HR = 0% category ratios were obtained. In the Curing
and Demolding production sub-line dimension (Figure. 11), the discussion revolved around handling using the Boiler
Machine (X11), OHC (X12), Impact Wrench (X13), and Truck Trailer (X14) from the technology perspective.

M ethod Technology

X14.1
X14.2
X14.3
X14.4

X15.1
X15.2
X15.3

X16.1
X16.2
X16.3
X16.4
X16.5

X17.1
X17.2
X17.3
X17.4

X18.1
X18.2
X18.3
X18.4
X18.5

X19.1
X19.2
X19.3

(x9 J( x8 ) x7 J[ xi6 [ xi5 ) xi4 |

Indicator

Low Risk Medium Risk -

Figure 11. Curing and Demolding Integration
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The production method perspective in Curing and Demolding had a low risk value except for medium risk at X19.1
and X19.3. However, it had a medium risk value in technology handling on indicators X11-X14. It was necessary to
analyze the relationship between method activities X19.1, X19.3 — X11-X14 technology indicators. The risk relation
between low-medium or medium-medium as pictured in Figure 11 then identifies the number as the one needing to have
a fix and develop SOP for the detailed activities.

4. Result and Discussion

4.1. Innovation Process

The innovation process for the integration of spun pile production methods and technologies at the company was
carried out in reference to 1ISO 56002:2019, as shown in Figure. 1. Implementing the integration between method and
technology must consider the relative risk profile in each dimension. This is necessary since the production process that
integrates method and technology in the same dimension must have a close-range risk value among its activity. The
process is shown in Figures 5 and 6.

After the process is completed, then the innovation process continues. The process conducted in this study is

described in Table 2.

Table 2. Innovation Process for Integration of Methods and Technology

Innovation ;
Process Explanation Input Process Output
Identify Conducting gap analysis and Identifying risks in current precast Analyzing archives, conducting  Methods and technologies currently applied in the

Opportunities

identifying opportunities.

concrete manufacturing methods, tools,
technologies, and production stages.

Output identifies opportunities (current

interviews, and making observations.

spun pile production line activities.

Designing recommendations for integrated

Create Efforts to fill the identified gaps . Risk-based analysis of precast concrete ;
o = Methods and Technologies for Spun . ; method and technology adoption by the company
Concepts  and capitalize on opportunities. Pile Manufacturing). 9 P manufacturing methods and technologies. oo on the highest potential risks.

. . . - Output creates concepts (Proposed - . . Recommendations for potential implementation
Validate Validating the innovation ideas method & technology implementation Presentation and focus group discussion  paceq o the validated methods and technologies
Concepts and concepts created. design). on the recommended design. from the FGD.

Output validates concepts - .
Develop  Developing the validated (Recommendations for the Application rRe?:fc;mrr;gen de?jnd tecﬁﬁgﬂememilnnr?ovatitgﬁ Reviewing  the revised and  adjusted
Solutions innovation ideas and concepts.  of Method Analysis & Technologies based on EGD discussiongy recommendation proposal based on FGD results
that had been validated by FGD). '
. . Proposing the issuance of a Board of —ABoard ofDirect_ors Dec_ree (Surat Keterangan/
Deploy Actualizing the value of the %ﬁggg (:\?1\(/19I:(S)'Susstz:jm:ce)ggngﬁi:g:tlig: Directors Decree (Surat Keterangan/SK)  SK) for implementing the innovation and SOP for
Solutions  innovation idea. ! or authorized SOP to implement the Methods & Technology Innovation.

proposal).

innovation recommendations.

- Monitoring and control evaluation

Table 2 illustrates the innovation process carried out to integrate Spun Pile production methods and technologies.
Each input for each innovation process step was a sequential process from the first step. Most process activities had to
be discussed in Focus Group Discussions to strengthen management policies. Each output from the innovation process
in this study would follow a continuous cycle that is part of the company's innovation policy.

4.2. Innovation Recommendation for Integration

The recommended innovations for integrating spun pile production methods and technologies analyzed would be
proposed in Focus Group Discussion activities as referred to in Table 2. SOP fixing is part of the internal process, which
means the product quality depends on how the manufacturer starts the production process. Specifically, it is an
indispensable part of improving the SOP for a sustainable innovation process. The recommendations were based on the
analysis of each dimension's activities, as follow:

4.2.1. Cutting and Heading

Table 3 shows that the largest percentage ratio was in the Medium Risk category at 84%, with recommended
integration between methods and technologies as follows:

Service Quality (Internal), target: Handling PC bar production by improving SOPs, requiring tools to aid in precise
PC bar quality measurements, and increasing worker competency.

Service Quality (External), target: -

Product Quality (Internal), target: Producing PC bars that are part of the spun pile in accordance with product
qualifications.

Product Quality (External), target: If the production of PC bars that are part of the spun pile meets market product
qualifications, the potential for PC bar part orders is very high.
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Recommendation: Adding monitoring technology for production quality and internal and customer documentation
to monitor and increase customer satisfaction

Table 3. Cutting & Heading Recommendation

Risk Dimension (%) Activity Integration
Low Risk  Med Risk  High Risk Method Technology
X1.1,X12 X1.1,X1.6
X2.1,X22 X2.1-X2.4

11 84

Table 4 shows that the largest percentage ratio was in the Low Risk category at 58%, with recommended integration
between methods and technologies as follows:

Service Quality (Internal), target: Carefulness and perspicacity in assembling and moving the constructed frames are
required. Handling must adhere to new SOPs.

Table 4. Forming and Setting Recommendation

Risk Dimension (%) Activity Integration
Low Risk Med Risk High Risk Method Technology
58 39 3 X3.6 X3.1-X3.3

Service Quality (External), target: Monitoring the production process.

Product Quality (Internal), target: Manufacturing in accordance with SOPs and a high level of precision results in
good frame products.

Product Quality (External), target: If the frame production that is a part of the spun pile meets market product
qualifications, the potential for frame orders is very high.

Recommendation: Adding monitoring technology for production quality and internal and customer documentation
to monitor and increase customer satisfaction.
4.2.3. Casting

Table 5 shows that the largest percentage ratio was in the Low Risk category at 65%, with recommended integration
between methods and technologies as follows:

Service Quality (Internal), target: Handling casting for improved good aggregate quality.
Service Quality (External), target: -

Product Quality (Internal), target: Producing stable and good aggregate mixtures according to machine operation
capabilities.

Product Quality (External), target: Good aggregates and handling processes using Batching Plant machines and
delivery by truck mixers to ensure the maintained ready-mix quality.

Recommendation: Adding monitoring technology for production quality because time is a challenge affecting
product quality. Additional information technology monitoring tools are needed.

Table 5. Casting Recommendation

Risk Dimension (%) Activity Integration
Low Risk  Med Risk  High Risk Method Technology
65 35 0 X8.1,X8.2  X6.1, X6.2

4.2.4. Stressing and Spinning

Table 6 shows that the largest percentage ratio was in the Medium Risk category at 59%, with recommended
integration between methods and technologies as follows:

Service Quality (Internal), target: Internal Service Quality, target: Improving performance with better eye bolt
handling processes. Stressing and spinning machine operators must carefully follow Standard Operating Procedures
(SOPs).
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Service Quality (External), target: -

Product Quality (Internal), target: Focusing on the product quality produced with better control of spinning and
stressing machines.

Product Quality (External), target: The final product quality highly depends on this process.
Recommendation: This stage has a considerable degree for both medium and high-risk dimensions. Hence, the
addition of precise information technology utilization for production monitoring is necessary.

Table 6. Stressing and Spinning Recommendation

Risk Dimension (%) Activity Integration
Low Risk  Med Risk  High Risk Method Technology
X11.2, X11.3 X8.1, X10.1,X10.2
7 59 18 X12.1, X12.2  X7.1, X7.2, X8.2,X9.1
X13.1, X13.2 X10.1, X10.2

4.2.5. Curing and Demolding

Table 7 shows that the largest percentage ratio was in the Low Risk category at 79%, with recommended integration
between methods and technologies as follows:

Service Quality (Internal), target: Handling and maintaining product quality assurance until delivery to customers
according to desired quality.

Service Quality (External), target: Third-party spun pile handling operations must be ensured to comply with SOPs.
Product Quality (Internal), target: Product quality must be ensured from the end of production, stockyard and
shipping until the spun piles are received and installed.

Table 7. Curing and Demolding Recommendation

Risk Dimension (%) Activity Integration
Low Risk  Med Risk  High Risk Method Technology
79 21 0 X19.1, X19.3 X11-X14

Product Quality (external), target: Product quality is maintained according to customer requirements and can be
tested as well as being equipped with facilities for handling defective goods.

Recommendation: IT utilization is needed to monitor quality and handle defective goods returned by customers.

5. Conclusion

Based on Figures 7 to 11, the technology side was mostly in the medium-risk and partially high-risk categories. This
illustrates that technology utilization in production machines significantly influences service and product quality
outcomes. Operators must possess adequate competency qualifications. What qualifies as competence is how the
operator manages the building capacity and has the legal institution to declare the building proper in anticipation of any
machine changes in the production line. Improving competence can reduce the risk level. The largest Medium Risk
category was in the initial stage of Cutting & Heading at 84%, followed by the final Stressing and Spinning sub-process
at 59%. These two processes should have their performance quality improved. The first-dimension process is the start
of the manufacturing production, and the fourth dimension process is the final manufacturing process with potential
medium risk. Integration will improve by involving information technology that can function internally and externally
for the company. Internally, it relates to SOP quality improvement and human resource quality enhancement by utilizing
technology.

The performance monitor perspective for the production (to reduce the risk value), especially the time allocation to
produce the spun pile product, must be in line with the SOP with other spun pile products. It requires the information
technology to monitor and ensure the quantity and quality, in which the customer also can monitor the information
regarding the production order (traceability). The information technology can provide information in real time and send
it to customers through external and internal links. This can begin by improving SOPs based on the integration
relationships between activities with medium-medium, medium-high, and high-high risk categories. Increased product
and production service quality can involve and influence customer satisfaction, increasing product or company
competitive value and loyalty.
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5.1. Future Research

Many factors influence product quality and service improvement, and many variables can also increase a company's
competitive value, not only internal variables such as method and technology integration but also factors such as context
organization of the organization, leadership, planning, support, operation, performance evaluation, improvement, and
information systems. External factors regarding regulations, market conditions, etc., must also be considered. Research
regarding the previously mentioned factors can be conducted and is highly recommended for the next stage.
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