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ABSTRACT

Mass timber construction, incorporating materials such as glue-laminated (glulam) and cross-laminated timber (CLT),
necessitates the development of innovative connection methods due to their ability to support significant loads. These
methods often involve the use of elongated screws. However, the challenge lies in ensuring the mechanical integrity
of these connections, particularly safeguarding against overtightening, which is crucial for maintaining structural
safety. Traditional approaches for evaluating the integrity of screw connections are manual and thus subject to
limitations. In response to this, the present research utilizes laser scanning technology to automate the assessment of
screw penetration in wood-aluminum interfaces. The study investigates the relationship between applied torque and
penetration depth, with torque values ranging from 10 to 50 Nm in increments of 5 Nm. This investigation revealed a
critical torque range, particularly between 35-40 Nm, where minor deviations in overtightening could compromise the
connection’s integrity. The findings of this study highlight the effectiveness of laser scanning in identifying screws
that have been improperly torqued, thereby offering a significant advancement in quality control within the realm of
mass timber construction. Furthermore, the research proposes a threshold-based detection method capable of
identifying overtightened screws in an experimental setup. This method is particularly effective when the distance
between two interfacing surfaces exceeds 3.2 mm, thereby providing a quantitative basis for assessing the screw
connection. This methodology holds promise for enhancing the safety and reliability of mass timber construction by
enabling more precise control over connection quality.
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ITRODUCTION

Mass timber construction, utilizing materials like glue-laminated timber (glulam) and cross-laminated timber (CLT),
is increasingly recognized for its sustainability compared to traditional materials like steel and concrete [1, 2]. As the
use of mass timber, particularly CLT, grows in high-rise and high-occupancy buildings, the reliability of connections
becomes crucial. Screws, often elongated for larger timber elements, are commonly used connectors. Despite current
automated methods for nondestructive evaluation, methods for assessing screw over-tightening are predominantly
manual, time-consuming, error-prone and limited studies have investigated connection methodologies [3, 4, 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15]. Ensuring correct torque application on screws is essential to maintain a secured connection
without damaging the screw or mass timber. This study introduces a novel approach by applying laser scanning
technology to automate the evaluation of screw penetration depth in wood-aluminum interfaces within CLT structures.
This method addresses the limitations of manual assessment by offering a more efficient, accurate, and less labor-
intensive evaluation. To our knowledge, this is the first study to integrate laser scanning technology with screw
penetration depth measurements in CLT, marking a significant advancement in connection quality control in mass
timber construction. The research focuses on validating the effectiveness of laser scanning technology in assessing
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screw integrity in CLT interfaces, particularly using Vgs9180 screws with wood-aluminum connections. By
examining the relationship between torque application and penetration depth, a critical torque range is identified. This
study aims to enhance quality control in mass timber construction, leveraging laser technology to improve precision
and reliability in connection assessments.

METHODOLOGY

In this study, we employed a methodical approach to examine the interface between aluminum plates and cross-
laminated timber (CLT) using Vgs9180 fully threaded screws. A robotic arm equipped with a laser scanner was
utilized to ensure precise and controlled scanning of the joint interface. This setup enabled the application of a 2 kHz
laser scan across the surface at a consistent speed of 10mm/s. The robotic arm’s design provided comprehensive
coverage and efficient data collection over the wood-aluminum joints. We varied the torque applied to the screws
inserted into the CLT panels, setting it in a range from 10 to 40 Nm and incrementing by 5 Nm intervals. Concurrently,
the distance between the interfacing materials was meticulously monitored and recorded to establish a correlation
between the applied torque and the screw penetration depth into the CLT. Figure 1 in the paper illustrates the
methodology used for the scanning process. The experiment involved applying torque to the screws within a range of
10 to 50 Nm, in 5 Nm increments. This range was strategically chosen to encompass typical real-world scenarios and
to explore potential critical thresholds where material penetration might be adversely affected. Data from the laser
scans was processed to construct a torque-penetration curve. Density-Based Spatial Clustering of Applications with
Noise (DBSAN) statistical analyses were performed to clean the outliers and confirm the reliability of the observed
patterns [16, 17].

Figure 1: Experimental setup for depth penetration measurement of aluminum in the timber
specimen.
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RESULTS

The study revealed a notable shift in the torque-penetration curve, particularly within the 30-40 Nm torque range. This
finding indicates a critical zone where even slight variations in torque can substantially influence the depth of screw
penetration into the cross-laminated timber (CLT). It was determined that a penetration depth exceeding 3.2 mm is
indicative of overtightening. This threshold is pivotal in setting benchmarks for screw installation in mass timber
construction, ensuring structural integrity. Figure 2 depicts the results obtained from the experimental setup.
Furthermore, the incorporation of a robotic arm equipped with a laser scanner signifies an innovative leap in
automating the quality assurance process in mass timber construction. The ability to accurately detect and analyze
screw penetration depths through this automated system has significant implications. It offers a pathway to enhance
the reliability and safety of timber connections, transforming the standard practices for conducting inspections in
timber construction projects. This approach aligns with the industry’s evolving needs for precision and efficiency in
construction quality control.
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Figure 2: Distance between aluminum and mass timber surface to torque applied at each step
curve.

CONCLUSION

This research offers a practical approach to addressing the challenges posed by overtightening in screw connections,
a critical element in mass timber buildings. The findings of this study contribute to the domain of structural
maintenance and construction technology, particularly in enhancing quality control and safety standards in mass
timber construction. The integration of automated laser scanning in evaluating connection integrity not only
streamlines the inspection process but also ensures greater accuracy and reliability. This advancement aligns with the
industry’s ongoing efforts to adopt more efficient methods in construction practices, especially in the realm of
sustainable building materials like mass timber.
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