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Abstract

Historical buildings, as vital components of a nation’s cultural identity, require precise understanding, tar- Received: 2024/06/1

geted diagnostics, and systematic conservation. The application of advanced technologies, particularly Revised: 2025/08/27
three-dimensional laser scanning, has had a significant impact on the field of architectural heritage. This Accepted: 2025/09/5

technology plays a key role in documentation, non-destructive testing, and continuous monitoring of his- Published: 2025/12/30

toric structures, enabling mote accurate conservation interventions. The present study, emphasizing the

Brandi and Feilden approaches to restoration (minimal intervention and the use of modern tools), aims to

introduce recent advancements and innovative technologies to architects and conservators as rapid, valu-

able, and non-destructive solutions for documentation, diagnostics, and preservation of historic buildings.

In this research, documentation and diagnostics of historical structures are examined with a focus on 3D

laser scanning, and the capabilities of this technology are assessed through case studies of the Tasuj Jame Copyright: ©2025 by the Authors. This
Mosque and the chimney of the Khosravi Leather Factory. The study is both applied and descriptive- article is an open access article distributed
analytical, highlighting the practical application of 3D laser scanning. The scan data provide accurate three- under the terms and conditions of the Cre-

dimensional models of these structures, allowing for the analysis of damages such as vertical deviations, ative Commons Attribution Noncommer-
cial 4.0 International (CC BY-NC 4.0 li-

settlement, and structural cracks. The Tasuj Mosque case study demonstrates how this technology en-
cense)

hances diagnostic accuracy for historical and cultural monuments, underscoring the importance of cultural

heritage preservation. Moreover, the examination of the Khosravi Factory chimney emphasizes the signif-

censes/by-nc/4.0

icance of employing new technologies for surveying and documenting historic buildings, particularly those
with challenges of height or limited accessibility. Findings indicate that 3D laser scanning, with its high
precision and geometric analysis capabilities, is an effective tool in the processes of understanding, evalu-

ating, and designing conservation interventions.

Keywords: 3D laser scanning, heritage documentation, architectural pathology, non-destructive con-
servtion, Tasuj Jame Mosque, Khosravi Leather Factor

Introduction

TLS directly serves this paradigm. Unlike selective hand measure- sliced, compared to ideal references (e.g., vertical plumb lines), and
ment or total station campaigns, TLS captures millions of points resampled into orthophotos, sections, and 3D meshes suitable

as dense, metrically reliable point clouds. These clouds can be for analysis and monitoring. Literature has consolidated its ad-

vantages: when integrated with photogrammetry, TLS increases
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modeling completeness in complex environments (e.g., Guarnieri
etal.); when paired with material surveys, point-based metrics sup-
port surface pathologies mapping (e.g., Lezzerini et al.); and in
seismic territories, high-fidelity geometry from TLS underpins ro-
bust numerical assessments (e.g., Takhirov et al.). This study po-
sitions TLS at the knowledge—diagnosis interface: first, to docu-
ment geometry comprehensively; second, to quantify deviations
and damage patterns; and third, to feed subsequent conservation
design—whether structural consolidation, environmental mitiga-

tion, or monitoring regimens.

Methodology

Design and Scope. The research is applied and descriptive-analyt-
ical, structured around two contrasting case studies to test TLS
across typologies and access conditions: (1) Tasuj Jame Mosque, a
masonry complex with domes, arcades, and thick load-bearing
walls, where out-of-plane behavior and settlement were suspected;
(2) Khosravi Leather Factory chimney, a 32 m-tall unreinforced
brick stack with an octagonal base, where height and access con-
straints historically hindered reliable measurement.

Acquisition. A Stonex X300 TLS was deployed.

For the mosque, a mixed network of exterior and interior scans
targeted full coverage and overlap (e.g., 6 interior and multiple ex-
terior stations, complemented by roofline/gable vantage points),
culminating in 19 registered scans. For the chimney, three perim-
eter stations at ground and a higher vantage point focused on the
upper stack where deterioration was visually suspected.
Processing. Raw scans were registered and cleaned in Stonex Re-
constructor; the consolidated point clouds were exported for Au-
toCAD 3D interrogation. Deliverables included: vertical and hot-
izontal sections through critical wall segments; elevation ortho-
projections for crack/void mapping; and radial profiles for the
chimney to compute eccentricity and wall-thickness trends.
Diagnostics. The team implemented quantitative checks beyond
visual appraisal:

Plumbness: comparison of wall centroids versus ideal verticals to
detect out-of-plane drifts; Levelness: differential floorscape eleva-
tions to identify settlement bowls; Continuity: gap analysis along
vault—wall and dome—wall interfaces to localize active cracks; Ta-
pering & Eccentricity (chimney): diameter and wall-thickness gra-

dients, and axis deviation relative to vertical.

Results

The registered mosque point cloud exposed a composite damage
mechanism: Out-of-plane wall drift: the west wall showed a max-
imum 13-15 cm outward deviation, peaking around 2.8 m above
the floor; the south wall exhibited a persistent outward lean (=10
cm at upper reaches); the east wall presented a mid-height bulge
(~15 cm). Settlement indicators: the southern prayer hall floor was
2-3 cm lower than adjacent zones, consistent with localized foun-
dation settlement. Crack patterns: linear cracks at vault-to-wall and
dome haunch interfaces aligned with the measured drifts, sug-
gesting membrane thrusts and wall rotation as contributory fac-
tors.

These findings convert previously non-evident vulnerabilities into
measured facts, clarifying that any consolidation scheme must ad-
dress both vertical support (foundation/soil improvement, dia-
phragm action) and lateral stability (out-of-plane strengthening
compatible with heritage values). TLS yielded a metrically robust
geometric synopsis of the industrial stack: Morphology: a hollow
frustum with ~25.86 m shaft height above an ~6.01 m octagonal
base; external diameters reduce from =4.59 m (base) to =1.90 m
(top). Wall thickness: a near-linear taper from =1000 mm at the
base to =400 mm at the top (=60% reduction). Axis deviation:
cumulative offset of ~7 cm in the upper half, trending south-west.
Crown deterioration: TLS panoramas captured mortar loss and
brick dislodgement near the rim not readily visible from the
ground. These metrics enable preliminary checks on slenderness
and overturning susceptibility under wind and seismic actions, and

they define a baseline for FEA and future monitoring.

Discussion

Epistemic Value of TLS. The results illustrate why TLS is cen-
tral—not auxiliary—to conservation knowledge production. First,
it de-biases diagnosis by replacing selective hand measurements
with exhaustive spatial sampling. Second, it resolves scale mis-
matches: millimetric data can be aggregated (sections, grids) with-
out losing traceability to the original cloud. Third, TLS transforms
hypotheses (e.g., “there may be out-of-plane rotation”) into meas-
urable, communicable quantities that stakeholders can debate.
From Data to Decisions. In the mosque, three interlocking
threads emerge: (i) settlement at the south; (i) cumulative out-of-
plane drifts on west/south/east walls; (iii) thrust-induced cracking
at vault interfaces. In practical terms, a conservation design con-

sistent with Brandi/Feilden would:
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1. Stabilize soils/footings at the south (drainage cotrection, mi-
cro-piles or grout curtains as minimally invasive options after ge-
otechnical confirmation);

2. Enhance diaphragm action to redistribute lateral forces (re-
versible, hidden ties or compatible timber elements where histor-
ically attested);

3. Implement selective, reversible wall consolidation (e.g., lime-
based injection for delaminations, discreet in-plane reinforcement
where decay has compromised tensile continuity);

4. Establish a TLS-based monitoring regime (annual-biennial
rescan) to quantify drift evolution.

For the chimney, the measured taper and axis deviation point to a
serviceability—safety dialogue: brick-masonry stacks are sensitive
to combined wind/seismic and thermal gradients. Recommended
next steps include: (a) material characterization (masonry com-
pressive/tensile strength, mortar quality), (b) dynamic identifica-
tion (ambient vibration tests), and (c) TLS-informed FE models
to evaluate demand/capacity with realistic geometry. Crown re-
pairs should adopt compatible bricks and lime mortars; if anchors
or bands are proposed, their reversibility and legibility must be ad-
dressed.

Integration with Other Methods. TLS is not a panacea. It excels
at geometry and kinematics, but not at material pathology by itself.
Best practice marries TLS with high-resolution photogrammetry
(texture-aware crack cartography), IR/thermography (moisture
pathways), and flat-jack/NDT (mechanical proxies). Neverthe-
less, without TLS-grade geometry, subsequent analyses risk
model-form errors.

Limitations and Practicalities. Challenges include line-of-sight oc-
clusions (mitigated via thoughtful station planning), large datasets
(demanding careful decimation and structured archiving), and
cost/skills batriers. Yet the mosque and chimney demonstrate that
even targeted campaigns—well-planned stations, disciplined reg-
istration, focused sections—deliver disproportionate diagnostic

value.

Conclusion

This research demonstrates that TLS advances conservation prac-
tice from descriptive observation to quantified diagnosis while
honoring the doctrinal core of modern conservation (Brandi;
Feilden; Nara). In the Tasuj Jame Mosque, TLS revealed and
measured out-of-plane instabilities (=13—15 cm) and localized set-
tlement (=2-3 cm), directly informing stabilization priorities and
reversible strengthening concepts. In the Khosravi chimney, TLS
established the true geometry (heights, diameters, thickness taper),
detected a ~7 cm axis deviation, and documented crown deterio-
ration—information indispensable for seismic/wind verification
and crown repairs. Across both cases, TLS proved to be: Precise
and non-destructive, suitable for sensitive heritage; Efficient, ena-
bling comprehensive capture of complex morphologies; Actiona-
ble, producing metrics that feed FE modeling and monitoring
plans. Accordingly, TLS should be conceived in project briefs not
as an optional add-on but as a foundational knowledge instru-
ment—the empirical bedrock upon which minimally invasive, re-
versible, and value-conscious conservation decisions are made.
Establishing TLS-based baselines and periodic re-scans will insti-
tutionalize learning over time, reduce diagnostic uncertainty, and

ultimately enhance the stewardship of architectural heritage.
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Figure 9. Cracks at the Junction of Walls and Vaults Resulting from Settle-

ment and Out-of-Plane Displacement in the Jameh Mosque of Tasouj
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