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An Example Project

* Two timber floors, sliding on
the safety frame and loaded
with mass, are attached to
the walls in out-of-plane

e Arslan, O., Messali, F., Smyrou, E., Bal, I. E., & Rots, J. G. (2024). Characterisation of timber joists-masonry connections in double-leaf cavity walls — Part 2:
Mechanical model. Structures, 68, 107165. https://doi.org/10.1016/j.istruc.2024.107165

e Arslan, O., Messali, F., Smyrou, E., Bal, I. E., & Rots, J. G. (2024). Characterisation of timber joists-masonry connections in double-leaf cavity walls — Part 1:
Experimental results. Structures, 68, 107164. https://doi.org/10.1016/j.istruc.2024.107164

. Moshfeghi, A., Smyrou, E., Arslan, O., & Bal, I. E. (2024). Out-of-plane shake table tests on solid masonry walls with timber floors. Structures, 66, 106815.
https://doi.org/10.1016/j.istruc.2024.106815



* Experiments on
Groningen masonry

» i"-rr!
|

=
A
sl
7
r“

~-dREND




Al-based crack detection - Use case of masonry surfaces



Cracks are dangerous. Yes, we know that.

But... There is a very big “BUT” \..

; South facade




Not all cracks are dangerous, so who will decide what to do next, and how to do?




Monitoring cracks on masonry surfaces

* As part of a project funded by the Dutch gorverment, we started a project on how to monitor crack development
on multiple objects more quickly and objectively

* Dimitrios Dais, University of Leeds / Hanze (2021) Monitoring, modelling and quantification of accumulation of
damage on masonry structures due to recursive loads (V. Sarhosis, |.E. Bal & E. Smyrou)

* We focused on accumulation of damage on masonry, and objective monitoring of it.

* Sarhosis, V., Dais, D., Smyrou, E., Bal, I. E., & Drougkas, A. (2021) Quantification of damage evolution in
masonry walls subjected to induced seismicity. Engineering  Structures, 243, 1125209.
https://doi.org/10.1016/j.engstruct.2021.112529

 Sarhosis, V., Dais, D., Smyrou, E., & Bal, I. E. (2019). Evaluation of modelling strategies for estimating
cumulative damage on Groningen masonry buildings due to recursive induced earthquakes. Bulletin of
Earthquake Engineering, 17(8), 4689-4710. https://doi.org/10.1007/s10518-019-00628-5

* Dais, D., Bal, I. E., Smyrou, E., & Sarhosis, V. (2021). Automatic crack classification and segmentation on
masonry surfaces using convolutional neural networks and transfer learning. Automation in Construction,
125, 103606. https://doi.org/10.1016/j.autcon.2021.103606
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Use of invisible NIR markers

Marker No
Centroid of 2
20mm 3{; ‘./mrm
W 2N » ,
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sl W markers
. 40mm
Right group
of markers
Left group of
markers Gk Bal, I. E., Dais, D., Smyrou, E., & Sarhosis, V.

(2021). Novel invisible markers for monitoring

cracks on masonry structures. Construction
and Building Materials, 299, 124013.
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Use of invisible NIR markers
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Bal, I. E., Dais, D., Smyrou, E., & Sarhosis, V.
(2021). Novel invisible markers for monitoring
cracks on masonry structures. Construction
and Building Materials, 299, 124013.
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Use of markers vs use of Al

Markers are handy, but not easy to apply everywhere

Maintenance of markers is anissue

You need to know where the cracks will develop a priori

Markers are good for crack width, but not for crack length

They give discrete measurements at the location of application

We need to capture the entire crack field



Can Al Play a Major Role in Structural Defect Detection?

Pixel-wise crack detection

* Al can detect cracks either by bounding boxes or by pixel-wise segmentation.

* Pixel-wise segmentation is preferred by engineers but is more challenging in data preparation and real-world

deployment.

* In ourwork, we perform pixel-level segmentation, where each pixel is classified as crack or background.

Segmentation

Dais, D., Bal, I. E., Smyrou, E., & Sarhosis, V.
(2021). Automatic crack classification and

segmentation on masonry surfaces using

convolutional neural networks and transfer
learning. Automation in Construction, 125,
7103606.
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How CNNs work?

CNNs were developed in the late 80s
They were initially designed to recognize hand writing
They are perfect for pixel-wise comparisons

GPU-based calculations made it possible to create enough number of layers to detect more complex images
than only letters and numbers

3x3 kernel

5x5 Feature Map

7x7 Image (padded)

Source: medium.com
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Can Al Play a Major Role in Structural Defect Detection?

Application to real-life problems

* Data needs to be prepared before training the model

* Unfortunately, the current models would give very poor results if trained with actual structural photos.

* Thisis reason why we pre-process the photos and make them ”ideal” for training.

Real-life Image

Original
Image

Illlllmm%
oosterhofholman

F1:34%/ RE:96% F1: 81‘/ IRE 1007 F1:35%/ RE:100% F1: GB/SIRE 100% F1:21%/ RE:76% F1:49% / RE:100%
PR:20% PR:21% PR:12% PR:33%

F1:86%/RE:76% F1: 99‘/ IRE 99% F1u! 92°/nIRE 95% F1: 95/ IRE 99% F1:64%/RE:57% F1:86% /RE:97%
PR:100% PR:73% PRITT% 3 Rl | P
Tralnlng Dataset

Ground
Truth

Epoch: 3

Epoch: 45
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Al-based Crack Detection
Example #1

Avery simple case
Low intensity photo (641x480px)
No noise, no background

Clean single crack
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Al-based Crack Detection
Example #1

CNN Output

Binarised (t=0.01)

Adjusted #1

Watershed #1 Adjusted #2.1 Watershed #2 Adjusted #2.2

\

Skeleton Final Watershed




Al-based Crack Detection

Example #1
Label LocTop (x,y) LocBot (x,y) Loc (xmin,ymin) Loc (xmax,ymax) Loc (xp,yp) Area (pxls) Skeleton (pxls) Length (pxls) Width (pxIs)
1 [442, 48] [440,67]  [440, 48] [445, 67) [442, 57 70 19 19.24 3.64
2 [616, 63] [616,69]  [615, 63] [621, 69] [618, 66] 39 5 4.83 8.08
| 3 [611,100] [9, 479] [9, 100] [616, 479) [312, 273] 12795 903 957.28 13.37 |
4[393,263] [393,266] [392, 263] [394, 266) [393, 264] 9 2 1.00 9.00
5 [602,403] [600,440] [598,403] [604, 440] [601, 421] 182 35 34.83 5.23

Average crack width
along Area 3: 13.37px

165mm=176px
1px=0.9375mm
1px=0.037inch

B ’”_‘ 1”""“‘“ | Crack width= 0.9375x13.37
el A 3 613, 100) 5 =12.5mm
g ——Jq-:r-rrv-vﬁ, »er-!'-'»tﬂ;\-

Crack width=0.037x13.37
=% inch
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Al-based Crack Detection
Example #2

Quay wall Amsterdam
High intensity photo (1939x1939px)
Some noise, no background

Several cracks

20



Al-based Crack Detection
Example #2

CNN Output (O) CNN Output (R)

Binarised (t=0.01)

Original Image Resized Image

Watershed #1 Watershed #2

Skeleton Final Watershed




Al-based Crack Detection
Example #2

Auto-detection of more than 90% of the
cracks

Use of single photo
Image taken from distance

Higher accuracy in length and position
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Al-based Crack Detection
Example #3

Parapet wall Groningen
Very high intensity photo (3024x4032px)
High noise, high background

Cracks and crack-like fatures
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Al-based Crack Detection
Example #3

* Confusionin the background
* Confusion in crack-like features

e Confusioninthe noise

The actual gap between the “crack
detection papers” and “real engineering
problems” is the false positives.

24



How an actual problem looks like?

Almost clean 2D Crack with occlusion Actual crack in 3D Actual crackin 3D
crack taken from height
\ )
| Y

Most papers (if not all!) Very few, very targeted trials on data fusion



Generation of 3D synthetic data

26



The problem

1 The datais scarce in (some) of the image-based surface anomaly
detection problems

a1 The 3D rendering and gaming tools have reached an extreme reality, so
much that modern GPUs produce more material than the human eyes can
detect

a1 Could this advanced technology be used for producing realistic 3D

synthetic data, which is learnable and useful for scarce-data problems?



Our dilemma

1 We picked the masonry surface crack detection problem for
benchmarking, because itis very well studied.

a1 But... at the same time, the combination of existing datasets and methods
have already reached very high levels of prediction accuracy in this
particular problem, so synthetic data generation has little to offer.

a1 So, don’t expect miracles! Our aim is to show that the framework actually

Is able produce useful data, not superior performance.



Existing solutions for synthetic image generation

Gaussian convolutions +
Brownian Motion

Perlin Noise Overlaying cracks



Input

Pipeline

Output

Dataset generation framework

Crack generation

ey 'Q‘ﬁ,

3D scene Configuration

D

Scene composition Rendering Annotation

IMG

IMG

Images Labels
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Step 1: Determine pivot window size

Step 2: Randomly choose crack type and distribution

P @ -
[
hpw :
1 | hpw_max
[
1€ > I
1 Wpw 1
Iy
< >
Wpw_max

[Wpw, 0] [Wpw, hpw] [0, hpwl

Probability Density Functions for the next pivot point in case of:

Vertical-like crack (along the bottom edge)
Diagonal-like crack (along the bottom-to-side edge)
Horizontal-like crack (along the furthest side edge)

Step 3: Place the next pivot point

Step 4: Repeat

Pi+1

Crack trajectory

Pi+2




DI

Crack generation

Wall Surface




L0 o o

8y D2

Scene composition

Reset scene
Randomize scene
Import crack model

Subtract crack from wall geometry
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Annotation

Label Difference Thresholded



IMG IMG

Images Labels




Testing setup

Networks

U-Net [Ronneberger et al.]
FPN [Lin et al.]

SegFormer [Xie et al.]

Dataset

1 Arealdataset with 4000 available images and labels [Dais et al.]
1 Realimages of 150, 300, 600, 1200, 2000 and 3000

1 Synthetic images in combination with the real ones, 150, 300, 600, 1200,
2000 and 3000



Real Image Count
Real 3000 I Real 1200 I Real 300
Real 2000 Il Real 600 Il Real 150

Results
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Real Image Count

@ Real 3000 A Real 1200 dgh  Real 300 Boerema, D. H., Bal, l. E., & Smyl’OU, E. (nd) Noise-
@ Real 2000 @ Real 600 # Real 150 resistant crack segmentation through the application of
transfer learning on the Segment Anything Model 2. In
SegFormer Digitalisation of the Built Environment: 4th 4TU/14UAS
" Research Day (pp. 104-107).
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Future Work

UNREAL

ENGINE

We use the most famous
gaming engine for generating
realistic built environments




FUtLI e WOI’I( [Muscoi et al., 2025,

4he camera

ol . -
- o=~



Future Work

[Muscoi et al., 2025, RUG]



3D point cloud data - Use case of water defence dykes
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Water protection administration in the Netherlands

= UNIT VA e
WATLRSCHAPPLCN

LEGENDA

1. Waterschap Aa en Maas

2. Waterschap Amstel, Gooi en Vecht

3. Waterschap Brabantse Delta

4, Hoogheemraadschap van Delfland

5. Waterschap De Dommel

6. Waterschap Drents Overijsselse Delta

7. Wetterskip Fryslan

8. Hoogheemraadschap Hollands Noorderkwartier

9. Waterschap Hollandse Della

10. Waterschap Hunze en Aa's

11. Waterschap Limburg

12. Waterschap Noorderzijlvest

13. Waterschap Rijn en 1Jssel

14. Hoogheemraadschap van Rijnland
15. Waterschap Rivierenland

16. Waterschap Scheldestromen

17. Hoogheemraadschap van Schieland en de Krimpenerwaard
18. Hoogheemraadschap De Stichtse Rijnlanden
19. Waterschap Vallei en Veluwe
20. Waterschap Vechtstromen
21. Waterschap Zuiderzeeland
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Water protection administration in the Netherlands

crest

inner slope

outer slope

transitional

: ditch at the foot of
- inner berm

outer berm
the slope

foreshore crinkle berm

‘ PR R
g

\

Source: Coastal Wiki, Dronkers, J., 2010

46



* Various damage types and anomalies need
to be inspected

* Weekly light & quick inspection
* Annualwalk-down inspection

* Increasing number of problems, decreasing
personnel!

* New materials, aging, climate change
effects...

Rozemarijn, C., Veenstra, A., Bal, I. E., &
Smyrou, E. (2026). Towards data-driven
inspection methods with artificial intelligence
of the primary dikes in the Netherlands. In
Proceedings of the International Conference
on Natural Hazards and Infrastructure
(ICONHIC 2026), Crete, Greece.
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Dyke inspections in the Northern Netherlands

* North Netherlands has 60km of main dykes
* The water authorities under pressure for the inspections
* We are trying to incorporate drone images to accelerate the inspection processes

* The drone images give 3 types of information;

Individual images
3D Point Cloud

48



3D Point Cloud

49



Dyke inspections in the Northern Netherlands

Al can pre point potential problems and support predictive maintenance by enabling more frequent scans,
but it cannot replace actual inspection or maintenance work.

* Single images can detect individual issues, but geo referenced TIFF orthomosaics allow better localization
and mapping, requiring some GIS skills.

* Combining orthomosaics with 3D point clouds is more powerful for detecting deformation, erosion, and
surface changes.

* The use of drones and ground robots improves coverage, resolution, and safety during inspections.



Future research
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FLOIRO

Use Floor (B)IM (Information Model)

3D Model of the geometry

Modify Setup

<In-Session Setup>
<IFC 2:3 Coordination View 2.0 Setup>

<IFC 213 Coordination View Setup>

<IFC 2+3 GSA Concept Design BIM 2010 Setu;
<IFC 2:3 Basic FM Handover View Setup>
<IFC 2x2 Coordination View Setup>

<IFC2x3 COBie 2.4 Design Deliverable View Se
<IFC4 Reference View [Architecture] Setup>
<IFC4 Reference View [Structural] Setup>
<IFC4 Reference View [BuildingService] Setup
<IFC4 Design Transfer View [Unofficial] Setup:
<IFC4x3 Setup>

<IFC-SG Regulatory Requirements View Setup

General | Additional Content | Property Sets | Level of Detail | Advanced

Export parts as building elements
[ Allow use of mixed "Solid Model” representation

Use active view when creating geometry

Use family and type name for reference

[ Use 2D room boundaries for room volume

[ Include IFCSite elevation in the site local placement origin
[] Store the IFC GUID in an element parameter after export
[ Export bounding box

[] Keep Tessellated Geometry as Triangulation

Use Type name only for IFCType name

[¥] Use visible Revit name as the IFCEntity name

Geographic Reference

[ Always export faceted floors and roofs as 2 swf Use this option to export IFC entity name as the visible Rev:
[] Set “Last Modified” user to the Author in Project Information

[] Export bars in uniform rebar sets as separate IFC entities

e
M e » X

OBJECTS SECTIONS MEASUREMENT

~ ¥, Default ¥g To : : o
‘9 ?f\‘/ ®. Rigpht b c ﬁ

CHANGES PLUGINS

M o

® Front
a
3D  Projections 2D Reset Enclose Fly A . Rotate Rotate | Options | Object Minimap
< inspace~  view zoom mode~ W Back ¥ Left left right < color b
Type Camera View

. D@D E Resst | [ ok ][ cancel
v -/ Building Storey 00_Mainfloor
v - Site Site : NLRS_zeroPoint ...
v Site
Material layer Plastics_Grey
Material layer Plastics_White
V| ~I Building Element Proxies
v =/ Building Element Proxy Generic Models : 2025...

<Unnamed>
Generic Models : 2025...

Material layer
+I IfcBuildingElementProxy Type

Properties | Location | Classification | Relations
=] Name Value Unit
- Element Specific
Guid 19Ib2gD9116Pj9WOLWpVcz
IfcEntity IfcBuildingElementProxy
Name Generic Models : 202509xx_ProjectRover : Floor_02
ObjectType 202509xx_ProjectRover:Floor_02
Tag 971617
- Profile
ProfileName Floor_02
XDim 3000 mm
YDim 6000 mm
- IFC.GenericSchedule .
Family 202509xx_ProjectRover P rOJ e Ct fu n d e d by :
FloorLength 6000 mm
FloorThickness 200 mm
FloorWidth 3000 mm \\| e
Type Floor_02 @
Volume 3.6 m3

AWSTECHNIEK

)_Mainfloor

Generic Models : 202509 _ProjectRo...




FLOIRO

Pathfinding with Rhino / Python

File Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render ggRhinolFC VisualARQ Window Help

Display mode set to “Rendered”.
Display mode set to “Wireframe". Grasshopper - 202509xx_Pathfinder_Python_V01 — o X
Display mode set to “Shaded".
Command: File Edit View Display Solution Help Karamba3D 2025090 Pathfinder_Python_V01
Standard  CPlanes  SetView Display Select ViewportLayout Visibility Transform CurveTools SurfaceTools SolidTools Drafting SubDToos{ P M s v ¢ s M X T D R K V E D 1 P L H N F L B ER
A 3 o o
DBE6TX0E07 25K A0H2050.85.0003 #5000 g05
Script Editor - o X
Grasshopper File Edit Run Tools Window Help
o= L
@9 b 20 @EE | OH
6  import Rhino.Geometry as rg
7 import Rhino.Geometry.Intersect as ri
8 import heapq, math
9
10 # --- Parameters ---
11 try:
12 step = float(step)
13 except:
gl 14 step = 500.0
15 if step <= 0:
16 step = 500.0
17
18 clearance = 150.0 # mm
19
20 def to_linecurve(items):
21 curves = []
22 for 1 in items:
Osnap 2 23 if not isinstance(1, rg.GeometryBase):
24 try:
,@ v 25 import scriptcontext as sc
V] End 2 rh_obj = sc.doc.Objects.Find(1)
[ Near 27 if rh_obj: 1 = rh_obj.Geometry
L_| Point 28 except:
v Mid 2
| Cen 30 if isinstance(l, rg.Line):
(] Int 31 curves. append (rg. LineCurve (1))
|| Perp. 32 elif isinstance(l, rg.LineCurve):
[ Ten 33 curves.append(1)
[ Quad 34 elif isinstance(1, rg.Curve):
|| Knot 35 ok, 1n = 1.TryGetLine()
| Vertex 36 if ok:
| Project 37 curves.append(rg.LineCurve(1n))
|| Disable 38 else:
39 raise TypeError("Curve is not a straight line.”)
40 return curves
4
42 wallCurves = to_linecurve(walllines)
43 obstCurves = to_linecurve(obstaclelines)
44
@O L\ Terminal
! Terminal  Problems. |
Perspective | Top Front Right & ) Python3910 | [

x5655.34 v -8882.40 z0 Millimeters [l Default GridSnap  Ortho  Planar Osnap  SmartTr

O CPlane



FLOIRO

Place Robot at entrance of to be inspected site,
robot finds its way autonomous to test site based on on-board lidar

Robot uses own lidar heatmap to compare real situation
with (B)IM model to define the test locations.



FLOIRO

How do we do these tests normally?

Smyrou, E., Ozdemir, K., Veenstra, R., Bal, I. E., Roijakkers, R., & Tesfamariam, S. (2026, in press).
Experimental evaluation of static and vibration performance of three timber floor systems with and without bonded

topping layers. Journal of Performance of Constructed Facilities. American Society of Civil Engineers (ASCE).
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FLOIRO

Robot applying impact by using stamping leg
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Vibration Caused by Jump
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. . _ 01
Using ‘live’ robot sensor data from IMU 2
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-0.3
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Our Conclusions...

Al and digital technologies in the built environment are still in their early stages of development.

* Understanding both the opportunities and the limitations of these methods is essential before applying them
in practice.

* Current Al tools cannot fully replace human expertise, and complete automation may never be realistic.

* Human-in-the-loop (HIL) approaches remain essential for reliable decision making.

* The key challenge is to combine human expertise with Al capabilities, allowing computers to handle repetitive
tasks while experts focus on interpretation and judgment.

* Ausefulanalogy is the evolution of finite element analysis (FEA): initially experimental and limited, but now a
mature and indispensable engineering tool.



Thankyou ...



