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Abstract

To ensure construction quality and the safety of workers, construction managers oversee projects in
accordance with established construction specifications. Manual review of the specifications requires
considerable time and effort due to the dispersion of diverse criteria across extensive documents.
Although various studies have aimed to digitalize construction documents for computerized analysis,
they have focused on the design phase. Furthermore, compliance checking has only covered the
predetermined rules, not over the entire specifications. This research expands the scope to encompass
both qualitative and quantitative criteria automatically, enabling construction managers to access
comprehensive specification contents digitally, for instance, through mobile devices. The research
introduces a methodology for the automatic digitalization of specification items into appropriate formats
including original texts, checklists, and Python codes. The methodology involves categorizing each
specification item into one of four predefined types (i.e., general references, subjective judgment criteria,
adaptive guidelines, and Pass/Fail standards). Subsequently, the methodology employs generative pre-
trained transformers (GPT) to write checklists for subjective criteria, and Python codes for adaptive
guidelines and Pass/Fail standards. The methodology ensures that the full set of construction
specifications can be automatically converted into formats that allow for easy and accurate compliance
checking by construction managers. It is expected to facilitate the straightforward and precise
comprehension of complex construction standards across different activities through digitized
construction specifications.
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1. Introduction

Construction specifications are the documents that state how facilities should be built. During the
construction phase of a project, compliance to these specifications is inspected. This process is known
as construction quality compliance checking. Ensuring compliance with specifications is essential, as
failure to adhere to these standards not only jeopardizes the safety of facilities and workers but also
cause legal disputes [1]. However, inspectors often rely on their own experience to make decisions due
to reasons such as being unfamiliar with regulations or feeling overwhelmed by large volume of
regulatory text [2]. Consequently, the current manual inspection process has been time-consuming,
error-prone, and labor-intensive. Hence, there is a pressing need for automated compliance checking
(ACC) to minimize inspection errors and enhance construction quality [3].

The initial step towards ACC involves converting the construction specifications, written in natural
language, into a computer-processable format. Traditionally, domain experts have manually reviewed
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the text, identified rules, and subsequently transformed them into digital formats. However, this
procedure has been lengthy and become a bottleneck for effective ACC [4]. To address these
challenges, previous studies have employed natural language processing (NLP) techniques to
automatically interpret regulatory documents in construction and convert them into digital
representations. Nevertheless, little attention has been paid to construction quality checking, with the
primary focus on design standards. Furthermore, while all criteria in the specifications require
verification, previous research has predominantly concentrated on criteria that are semantically and
structurally clear and suitable for automated transformation.

To overcome the limitations, this study aims to automatically transform all specification clauses into
digital representations for construction quality review. To achieve this goal, three tasks were conducted.
Firstly, construction specifications were analyzed to group them into four categories. Secondly,
appropriate digital representations for each specification type were identified. Finally, a generative pre-
trained transformer (GPT)-based model was developed to automate the classification of criteria and
generation of appropriate digital expressions.

2. Related works
2.1. Digital representations for construction regulations

Researchers have utilized various representations to capture and depict crucial information in regulatory
construction documents through logical and semantic analysis. Hjelseth and Nisbet [5] divided
regulatory clauses into four components (i.e., requirement, applicability, selection, and exceptions
(RASE)) and represented them using semantic annotation. ‘Requirement’ described criteria marked with
‘shall’ or ‘must’ indicating mandatory conditions, ‘Applicability’ identified the scope or conditions under
which the criteria apply. ‘Selection’ specified alternative subjects or additional conditions to be
considered. ‘Exception’ outlined conditions or clauses that exempt from the general applicability. This
method aimed to streamline the interpretation and application of regulations. Balaban et al. [6]
introduced the if-then structure to digitally express Turkish fire code standard. According to this
framework, the outcome was marked as ‘Pass’ if all conditions were met. Conversely, if any of the criteria
were not satisfied, the outcome was marked as ‘Fail’. These approaches provided valuable tools for
understanding the logic and semantics of construction regulations. However, they had limitations that
the process of transforming construction regulations to digital representations relied on manual methods.

2.2. Semi-automated digital rule transformation method

Other studies have attempted to automate the rule transformation process using an NLP-based model,
particularly leveraging an ontology-based approach for information extraction. Zhang and El-Gohary [7]
automated document transformation by extracting words and phrases from sentences based on
predefined regulatory rules and ontology. Zhou et al. [8] utilized a deep learning model to label semantic
elements and context-free grammar to relocate parsed elements into rule representation for ACC.
Additionally, Ren et al. [9] introduced a semantic and syntax-based NLP framework to automate the
entity extraction and entity assembly process for a dam construction. These frameworks exhibited a
high level of accuracy (e.g., over 85%) in information extraction and parsing, demonstrating potential for
automating rule transformation. However, these methods have not been fully automated, as human
intervention was needed to select suitable targets that can be easily converted into representations. In
addition, these studies have primarily focused on converting design standards. Thus, they have
overlooked the importance of identifying appropriate digital representation methods for effectively
conveying information across various types of quality checking.

2.3. Generative pre-trained transformer (GPT)

GPT, developed by OpenAl, is a third-generation autoregressive language model that employs a deep
learning architecture to generate text that closely resembles human language pattern and
understanding. Trained on vast unlabelled datasets from diverse sources (e.g., Wikipedia) in multiple



languages, it excels in tasks such as capturing contextual information and generating text. Prompt
engineering is designing the ‘prompt’ input for GPT by suggesting a small number of examples related
to the task. This technique assists the model to produce the desired output effectively [10].

It is observed that GPT is being utilized as a research tool in various fields. In the biomedical domain,
Luo et al. [11] proposed BioGPT to generate and mine biomedical text, and Kosinski [12] used GPT-3
to impute unobservable mental states. In the business field, Paul et al. [13] showed the benefit of utilizing
GPT within tourist companies and destination marketing organizations. In the construction domain,
Prieto et al. [14] showed the advantages of using GPT to generate construction schedules. Although
GPT is an effective tool, there is a lack of research exploring its application in transforming documents
into digital representations, especially within the construction domain.

3. Methodology

This study automates the process of transforming Korean Construction Specification (KCS), managed
by the Korean Construction Standards Center, into digital representation. Fig. 1 illustrates the research
process consisting of three steps. In the first step, categories are defined to classify each clause of KCS
based on quality compliance checking types. In the second step, digital representation for each
regulation category is devised to effectively express construction information. In the final step, the
creation of digital representations is automated through GPT prompting engineering.
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Fig. 1. research process for automated digitalization of construction specification
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3.1. KCS analysis

KCS is a collection of documents, each describing a specific construction procedure and named with
sequence of six numbers prefixed with 'KCS' (e.g., KCS 14 31 20). The first two digits indicate the type
of facility to which KCS pertains. The 3rd and 4th digits represent the subcategory, reflecting the typical
characteristics of the code. The final two digits specify the detailed criteria. For example, in the KCS
code 14 31 20, ‘14’ indicates it pertains to structural material construction, ‘31’ refers to steel structure
construction, and ‘20’ specifies it as welding construction.

Each KCS document consists of three parts: 1. ‘General’, 2. ‘Material’, and 3. ‘Construction’. In the
‘General’ section, definitions of terms and scope of application are explained. The ‘Material’ section
describes the minimum standards and management methods for materials required during construction.
The ‘Construction’ section explains the actual construction method through qualitative text or the
quantitative criteria. As shown in Fig. 2, the content of KCS is hierarchically structured as ‘3. - 3.1 - 3.1.1
- (1) — circled digit number - Korean alphabet - ...". Hence, focusing solely on the lowest level clause



cannot provide a complete understanding. To understand the lowest unit, one must read all higher-level
texts. For example, understanding the lowest level clause in Fig. 2, 'there should be no cracks or other
defects in the welded joints at a bending angle of 15°' requires higher-level information such as
'inspecting bending', 'stud welding', and 'architectural structure'.

Korean

Construction
Specification

P

|
\ \ \
1. General 2. Material 3. Construction
| | \
3.1 General requirements 3.2 Welding test - 3.11 Welding Inspection

| ! |
. . 3.11.4 Non-Destructive Testing of . .
3.11.1 Scope of Welding Inspection Welds and Steel Structures ses 3.11.5 Stud We;dlng Inspection

[ I |
(1) Inspection Scope (2) Bending Test (3) Post-Inspection Handling
|
(1) Architectural Structures

|

7} If no cracks or other defects occur in the
welded joints at a bending angle of 15°, the
inspection unit is considered to have passed.

Fig. 2. hierarchy of KCS contents

By understanding the hierarchical structure of KCS contents, the categories of KCS contents were
defined based on the compliance check types. Table 1 shows the description and example of each KCS
category. The first category is general provisions or definitions, which serve as references without the
need for direct compliance checks during construction. The second category involves subjective
judgment criteria, where the site manager's subjective judgment is necessary for checking construction
quality. The construction condition should undergo subjective judgment to verify compliance with the
regulation. The third category ‘adaptive guidelines’ pertains to construction information, which can be
determined based on acquired quantitative construction data. It also allows for identification of
necessary construction measures using quantitative environmental data. Lastly, the fourth category is
the Pass/Fail standard, which enables determining compliance with construction specifications based
on quantitative criteria. It helps Pass or Fail assessment of whether the finishing height meets the
standards.

Table 1. Description and example of each KCS category

KCS category Description Example

General references Definitions or general provisions for These criteria apply to welding operations needed for
reference during construction fabricating and installing steel structures and steel

bridges.

Subijective judgment Qualitative criteria that require site The connections of system headers should be securely

criteria manager's subjective judgement fixed.

Adaptive guidelines Criteria providing construction When the installation height of the steel pipe shore
method or information based on exceeds 4.0 m or the slab thickness exceeds 1 m, the
guantitative data on sites prefabricated shoring system capable of safely supporting

the load is used.

Pass/Fail standards Quantitative criteria for which The finishing height of studs must be within +2 mm of the
accessing adherence is possible design dimensions.




3.2. Digital representation design

The authors designed a representation of each category defined in the previous section to effectively
store and present the specifications' contents. Fig. 3 shows the original and digitalized version of each
specification category.

First, general references type is more efficient when provided in the textual description itself without any
transformation, providing direct content for users.

Secondly, subjective judgment criteria should be presented in a checklist format to facilitate compliance
checks. To create a practical checklist, it is necessary to separate verbose clause into concise phrases.
Also, the purpose of each phrase should be identified. The RASE, semantic annotation for effectively
conveying regulatory content described in Section 2.1, can be tagged to express the purpose of each
phrase. Checklists are then intuitively provided so that construction supervisor can check components
of clause: mandatory requirements (requirement), the condition under the clause applies (applicability),
alternative subjects (selection), and exemption from the general applicability (exception). As shown in
Fig. 3, some of the original clause can be too lengthy, making it challenging to check compliance easily.
The following checklist, labeled with its semantic objective, is easier to comprehend than the original.

Regarding to the adaptive guidelines, construction method or information determined based on the
specific construction conditions must be presented to the site manager. For the case in Fig. 3, if the slab
thickness on-site is 1.5 meters, construction method that ‘prefabricated shoring system is required.’
should be provided. Lastly, the Pass/Fail standards should inform whether the construction condition
adheres to the criteria. The evaluation should solely focus on determining whether obtained value for
the finishing height of studs meets the criterion. Adaptive guidelines and Pass/Fail Standards both
involve the output determined by if-then logic based on objective criteria. Python language enables the
application of if-then logic in alignment with the logic described in the specifications. Therefore, using
Python functions is an appropriate representation method for expressing them into rule.
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Fig. 3. examples of original text and digital representation for each specification category
3.3. Automated creation of digital representation

The GPT model is employed for automating creation of digital representation due to its capacity to
handle complex language structures. The use of GPT, particularly through prompting engineering,
enables generation of detailed digital representations for specifications, facilitating the efficient
extraction of desired outputs.

In order to request GPT to generate digital representations for an entire document, it is necessary to
break down the document into smaller units where digital representations can be created. The procedure
of extracting the necessary parts by reading the data is referred to as data parsing. This process was



automated to reduce effort required for manual text inputting. In data parsing step, each clause was
broken down into the lowest-level units due to its independent meaning. In addition, as explained in
Section 3.1, all higher-level information was included for a sufficient understanding of regulations. Fig.
4 illustrates the parsed results, with all the higher-level information incorporated within the lowest-level
units of regulations.

3.5 Prefabricated Shoring Systems

3.5 Prefabricated Shoring Systems 3.5.1 Post Type Shores

3.5.1 Post Type Shores (1) At the construction of a shore, the contractor shall comply with

________________________________________ methods for installation and dismantlement suggested by the supplier
and safety

3.5 Prefabricated Shoring Systems
_______________________________________ ! 3.5.1 Post Type Shores
i i e airiiiet e el etk J—p (2) A shore shall be installed accurately according to the shop drawing

1(2) A shore shall be installed accurately according to ' X ) N X

1 . ) . u reflecting the structural design result and then inspected to confirm
i1the shop drawing reflecting the structural design result |

. safety.
1

1and then inspected to confirm safety.

! 3.5 Prefabricated Shoring Systems

X 3.5.1 Post Type Shores

s (3) In the case of installing the shores on the ground, the bearing

' capacity of the ground shall be reviewed so that it can withstand the
vertical load, and measures to prevent subsidence shall be taken.

Fig. 4. examples of parsed specification

The extracted lowest-level items were then transformed into digital representations through two stages
of GPT prompting. The first stage was the classification stage, where the GPT classifies the criteria
items based on construction compliance checking type and determines which representation to use. In
this stage, few-shot prompting was used to help the GPT classify the items more accurately by providing
examples of each type. The second stage involved prompting to generate the digital representations
corresponding to the classified categories. Similar to the first prompting, examples of digital
representations were provided to improve the quality of the results. Fig. 5 is prompting example of a
Python function to transform the 3rd or 4th category of the specification into digital representations.
When the digitalization process is completed, each lowest-level text and its digital representation were
stored in an Excel file.

elif label == "3" or label =
content_2 line + """ £

Define the argument clearly and write the following as a Python function code
def grouting_interval(flHum, blCorPro):
Args:
flHum (float): Humidity level.
blCorPro (boolean): Indicates whether there are additional corrosion protection
measures.
Returns:
nOGrolnt (integer): Grouting installation period.
if bICorPro == False:
if flHum > 70:
nOGroint =7
return nOGrolnt

Fig. 5. prompting with an example of Python function
4. Verification of digitalization process

The section ‘3. Construction - 3.5 System Scaffold’ of ‘KCS 11 50 20 Pile Construction’ was tested to
evaluate the suitability of the output. Fig. 6 illustrates the results of digitalization process. The initial
column contains the unaltered natural language specifications, encompassing all pertinent upper-level
data. The subsequent column denotes the compliance checking type of each specification clause. The
final column displays the digital representation that has been generated.



Upon checking the row 8, it was observed that the clause which entailed subjective judgment,
‘connections shall be securely fixed,” was appropriately classified under category 2. Digital
representation stated that the ‘requirements’ are (1) ‘Ledger members should be installed on both
vertical and horizontal components,’ and (2) ‘Connections of the system scaffold must be securely fixed.’
‘Application’ was ‘When installing the system scaffold,” and there was no ‘selection’ or ‘exception’
checklist. It was successfully categorized and transformed into appropriate representations as intended.

Row 9 was categorized as a Pass/Fail standard for compliance checking. To verify the proper
functioning of the Python function, it was tested with random input values to ensure that the output aligns
with the specified criteria. When the scaffold installation height is 3000 mm and the single span length
of the scaffold is 1500 mm, the output should be True (i.e., Pass), indicating that the criteria is satisfied.
However, if the installation height is changed to 2000mm, the function result will be False (i.e., Fail),
indicating that the criteria is not satisfied. This confirms that the function is well-written, as it aligns with
the logic of the criteria, which states ‘the scaffold installation height should not exceed three times the
single span length of the system scaffold.’

A B C
1 |Original Text Category Digital Representation
14

3.5 System Scaffold
3.5.1 Scaffold with Ledger Type
(6) The system scaffold shall be installed by fixing the Apply:

ledgers firmly to the vertical and horizontal members
according to the assembly drawing prepared by the
structural design to ensure structural stability against
vertical and horizontal loads.
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Exception (0| 2/ Argh:

2'8. None

def check_scaffold_installation(height, side_length, safety_measures=False,
horizontal_bracing=False):

3.5.1 Scaffold with Ledger Type Check if the scaffold installation meets the construction standard.

(7) The height of the system scaffold installation shall
not exceed three times the single span length, and if Pa(ameters: )
exceeded, measures to prevent collapse such as height (float): The height of the scaffold installation.

: : e cpet . side_length (float): The side length of the scaffold.
supporting on adjacent structures shall be taken. 3 i

: o : : safety_measures (bool): Whether safety measures are taken if the height exceeds 3
However, if structural stability against overturning

e . . . times the side length.
and sliding is confirmed through the installation of horizontal_bracing (bool): Whether horizontal bracing is installed.
horizontal bracing, etc., it may be installed exceeding

three times the single span length. Returns:
bool: True if the scaffold installation meets the standard, False otherwise.
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if height > 3 = side_length:

7) A28 SHiE|§ EX|ots £0|= THHZO0IQ| 38iE =t if safety_measures or horizontal_bracing:
StX| Z'OROF BtD, =3t Alol= FHFZE0 X|X|5t= § 1 return True
YX| =X|E StofoF SiCh ChYE =FH{ PO SO HXE Sl else:
e U S0 oiF 7= AW Jo| H2UE R0 3EE = return False
250 BAIE = ACH else:
9| 4 return True

Fig. 4. digitalized output of KCS 11 50 20_3.5

5. Conclusion

This study introduced a framework for converting construction specifications into digital representations,
a significant step in ACC in construction sites. The framework involved three main steps: (1) analyzing
KCS to categorize clauses based on compliance checking types, (2) selecting appropriate digital
representations for each category, and (3) automating converting process. The verification of the
automated digitalization on 'KCS 11 50 20 Pile Construction' clearly demonstrated the feasibility of the
framework.

The research has made both academic and practical contributions. Academically, the research has
established distinct categories to classify specification items for quality compliance checking in



construction phases. Additionally, digital representations were introduced to address different types of
compliance checking requirements. The practical contribution lies in streamlining the automation of
generating digital representation. This automation eliminates the need for manual interpretation,
allowing for quick and accurate transformation of entire specifications facilitating easy interpretation of
regulations, swift verification of adherence, and informed decision-making during ACC. However, a
notable limitation of the study is the absence of a comprehensive performance evaluation of the result
against ground truth data. Additionally, the case study was conducted on KCS document comprised
solely of textual information. Hence, documents containing tables and formulas have not yet been
tested.
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