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Semantic Knowledge Graph Construction and Utilization for
Clash Type and Severity Classification in Federated BIM Models
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ABSTRACT: Clash detection in BIM is a critical process for identifying potential interferences during the design phase and preventing
design errors. However, conventional clash detection approaches are limited to simple geometric overlap checks and fail to consider
contextual information such as clash types and severity, reducing their effectiveness in supporting design adjustments. To address these
limitations, this study proposes the ‘BIMClash’ framework, which leverages a semantic knowledge graph to represent clash information
and classifies both clash types and severity levels using Cypher-based automated queries. A domain-specific ontology schema was
developed, and object and relational data were extracted from IFC-based BIM models to construct the semantic graph in Neo4j. The
framework incorporates spatial adjacency, attribute data, and predefined classification criteria to enable automated clash classification.
Experimental results demonstrated that BIMClash achieved over 90% accuracy in clash type and severity classification compared to
expert annotations, while reducing classification time by approximately 84% relative to manual processes. These findings highlight the
practical value of the proposed framework in enhancing both the accuracy and efficiency of clash detection during the design stage.

KEYWORDS: Clash Detection, Clash Type and Severity Classification, Semantic Knowledge Graph, Ontology Schema, Cypher Query, BIM
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order )
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Cho (2015) object
Irrelevant
The overlap between objects
Clash |.
is greater than the tolerance
Have substantial influence on
Relevant )
Hu & the project
— Relevant
Castro— Have no substantial influence /
Lacouture on the project or can be solved
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(201) |Mmelevant), the subsequent design or
construction phases
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Table 2. Interview participants’ information

Interviewee| Affiliation |Career period| Date Methods
A Over 20 March Offline
Architectural years 16, 2024 | meeting
firm ‘s’ March Offline
5 Over 5 years| s sop4 | meeting
EP )
c eng,i\:]weering Over 20 | January Online
o, 202. i
fm B years 16, 2024| meeting
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Table 3. Division and detail type of clash

Division Clash type
Arch—Arch
Str—Str
Clash between Mech—Mech
same discipline Fire—Fire
Elec—Elec

Comm—Comm
Arch—Str
Arch—MEP (Mech, Fire, Elec, Comm)
Str—MEP (Mech, Fire, Elec, Comm)
Mech—Fire
Mech—Elec
Mech—Comm

Clash between
different disciplines

Fire—Elec

Fire—Comm

Elec—Comm

*Arch: Architectural, Str: Structural, Mech: Mechanical, Fire:
Fire protection, Elec: Electrical, Comm: Telecommunications
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Table 4. Severity classification criteria for clash

Severity Clash type
Clash between different disciplines: Arch—Str, Arch—
Mech, Arch—Fire, Arch—Elec, Arch—Comm, Str—
) Mech, Str—Fire, Str—Elec, Str—Comm
Major

Clash between main elements (main duct and main
pipe) within MEP discipline: MEP—MEP (Mech, Fire,
Elec, Comm)

Clash within MEP discipline excluding those bet—
Medium| ween main elements (main duct and main pipe):
MEP-MEP (Mech, Fire, Elec, Comm)

Clash between same disciplines: Arch—Arch,
Str—Str

Minor
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Table 5. Variables for clash detection implementation

Category Variable type Variable
Element type
Discipline type
Property Space type
Elernent System type
Information Y P
Height
Bounding—box’s dimension
Geometry — -
Minimum point
Clash Clash distance
) Geometry
Information Clash volume
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Table 6. Attribute types by source

Graph

clement Attributes types Source
BuildingType
SystemType
BIM model—oriented
ElementType

information

Node DisciplineType

LevelHeight
BBoxMinPoint
BBoxDimension

Python library ‘lfcOpenShell’

ClashType

ClashSeverity BIM model—oriented

Clash information

Edge PotentialClash

Offset Python script

ClashVolume Python library ‘PyMesh’

ClashDistance Autodesk Navisworks
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Table 7. Example of cyper query for clash detection

Query
description O 157 IS
Sentence: MATCH (nodet)— [r1:PotentialClash]
—(node?) WHERE nodel.ElementType CON—
Q. Search TAINS 'Slab’ AND node2.ElementType CON—
clas-h between TAINS 'Column' AND (nodel.DisciplinesType
architectural CONTAINS 'IArch' IAND node?2.DisciplinesType
slb and CONTAINS 'Arch’) WITH nodel, node2, r1
architeciural toFIoat(rT.C\ash\/p\ume) AS CIashVoAIume,
column toFloat(r1.ClashDistance) AS ClashDistance
WHERE (ClashVolume ) 0 AND ABS(Clash
Distance) ) 0) SET r1.ClashType = 'Arch—Arch’
RETURN nodel, node2, r1
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Table 8. Example of cypher query for classifying ‘Major’ severity

Query
description O 1E7 Uz
MATCH (n1)—{r1:PotentialClash]—)(n2)
WHERE r1.ClashType CONTAINS "Arch—Str"
OR r1.ClashType CONTAINS "Arch—Mech’
Q. Search for |OR r1.ClashType CONTAINS "Arch—Fire" OR
hard clashes |r1.ClashType CONTAINS "Arch—Elec’ OR
between r.ClashType CONTAINS "Arch—Comm" OR
different r1.ClashType CONTAINS "Str—Mech" OR
discipline with | r1.ClashType CONTAINS "Str—Fire" OR

severity 'Major’.

r1.ClashType CONTAINS "Str—Elec’ OR
r1.ClashType CONTAINS "Str—Elec’ OR
r1.ClashType CONTAINS "Str—Comm" SET
r.Severity = "Major" RETURN n1, n2, r1

Q. Search for
clashes
occurring in
spaces named
"Shaft" with
severity 'Major'.

MATCH (n1)—{r:PotentialClash]—)n2),
(n1)—{r2:PotentialClash]—)(s1),
(n2)—[r3:PotentialClash]—)(s2) WHERE
(r.ClashType CONTAINS "Mech—Mech" OR
r.ClashType CONTAINS "Mech—Fire" OR
r.ClashType CONTAINS "Mech—Elec’ OR
r.ClashType CONTAINS "Mech—Comm" OR
r.ClashType CONTAINS 'Fire—Fire" OR
r1.ClashType CONTAINS 'Fire—Elec’ OR
r.ClashType CONTAINS "Fire—Comm" OR
r1.ClashType CONTAINS 'Elec—Elec’ OR
r1.ClashType CONTAINS "Elec—Comm" OR
r1.ClashType CONTAINS "Comm—Comm”)
AND s1.Name CONTAINS "Shaft" AND
s2.Name CONTAINS "Shaft" AND
toFloat(r2.offset x) = 0.0 AND
toFloat(r2.offset_y) = 0.0 AND
toFloat(r2.offset_z) = 0.0 AND
toFloat(r3.offset_x) = 0.0 AND
toFloat(r3.offset_y) = 0.0 AND
toFloat(r3.offset_z) = 0.0 SET r1.Severity =
"Major' RETURN ni, n2, r1, r2, r3, si, s2
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Table 9. Results of clash type classification by expert group
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Division Clash type No. of clashes
Arch—Arch 277
Str—Str 168
Clash between same Mech—Mech 159
discipline Fire—Fire 1
Elec—Elec
Comm—Comm 0
Subtotal 607
Arch—Str 461
Arch—Mech 543
Arch—Fire 215
Arch—Elec 45
Arch—Comm 0
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Severity classification result

Major 1,719 (72%)

Medium 223 (9%)
Minor 445 (19%)
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Figure 7. Severity classification results of clash
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Table 10. Comparision of accuracy between student group

and BIMClash
Variation
Classification type SUE Eeuy) ElidEE (BIMClash —
accuracy accuracy
student group)
Same 1.00 1.00 -
Clash |discipline
type i
ype | Different |4 1.00 -
discipline
Major 0.72 0.98 A 026
Severity | Medium 0.75 0.96 A 021
Minor 0.85 0.97 A 012
Total 0.87 0.98 A 011
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Table 11. Comparison of man—hr input by work scope

Scope of work

Manual—based

BIMClash—based

Reduction rate

Clash detection
& clash type
classification

8mins

2.2mins

v 72.5%

Severity
classification

200mins

8mins

v 96.0%

Total

208mins

10.2mins

v 951%
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