
Thomas Thienpont
Ghent University

26.09.2025

Post-fire damage quantification 
of concrete cut-and-cover tunnels



2

About me

PhD (2018 - 2023) Postdoc (2023 - 2025) Pyro (2026 - ...)



3

Introduction



4

Introduction



Introduction

6

Maluk, C. (2017).

Jansson, R. (2013). 
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How do shallow tunnels perform in case of fire, taking into account spalling?

Phase 1
Cost-benefit analysis

Phase 2
Analysis structural fire 

response

Phase 3
Post-fire damage 
(and repairability)
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Phase 2 
Structural fire response



Modeling approach
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Heat transfer analysis

Mechanical analysis

SAFIR + Python

SAFIR
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2D analysis

Modeling approach
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2D analysis
• Divided into sections

• Lumped rebars

Section 1b Section 2b Section 3b

L = 500 mm
B = 350 mm
R1 = 494 mm²
R2 = 1163.55 mm²
C1 = 73.2 mm
C2 = 61.1 mm

L = 500 mm
B = 408.33 mm
R1 = 494 mm²
R2 = 2072.6 mm²
C1 = 73.2 mm
C2 = 61.1 mm

L = 500 mm
B = 525 mm
R1 = 494 mm²
R2 = 2072.6 mm²
C1 = 73.2 mm
C2 = 61.1 mm

Cold

Hot

Cold

Hot

Cold

Hot

Modeling approach



Heat transfer analysis
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Spalling model
• Constant spalling rate (e.g. 5 mm/min)

• Onset of spalling = 1 minute
(deemed conservative)

• Spalling stops when rebar is reached, 
or at onset cooling phase

SAFIR + Python



Mechanical analysis
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SAFIR



Results
      RWS120 – no spalling 
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No collapse

No collapse No collapse

No collapse



Results
      RWS120 – spalling 5mm/min (up to rebar)
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Collapse
Sometimes collapse

No collapse No collapse



2×4 lane tunnel
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17.42 m 18.92 m
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Outer wall Roof slab

2×4 lane tunnel
      RWS120 – no spalling
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2×4 lane tunnel
      RWS120 – no spalling

0 min

120 min

240 min

480 min

0 min

120 min

240 min

480 min
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2×4 lane tunnel
      RWS120 – no spalling
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Outer wall Roof slab

2×4 lane tunnel
      RWS120 – spalling 5mm/min (up to rebar)
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2×4 lane tunnel
      RWS120 – spalling 5mm/min (up to rebar)

0 min

12 min

14 min

14.7 min

0 min

12 min

14 min

14.7 min
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No spalling case
• Significant force redistributions

• Permanent deformations

Spalling case (5 mm/min)
• Premature collapse → longer span collapses faster!

• Collapse soon after rebars are directly exposed to fire

2×4 lane tunnel
Summary



Results
      RWS120 – spalling 5mm/min (up to rebar)
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Collapse
Sometimes collapse

No collapse No collapse



2×1 lane + train tunnel
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7.75 m 10.00 m7.75 m

Sometimes collapse



2×1 lane + train tunnel
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Left tube Centre tube Train tube

No spalling No collapse No collapse No collapse

Spalling 5mm/min, 
up to rebar

Collapse (20.2 min) No collapse Collapse (65.4 min)



2×1 lane + train tunnel
 Summary
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No spalling case
• No collapse, but significant force redistributions

• Permanent deformations

Spalling case (5 mm/min)
• Premature collapse in outer tubes



Results
      RWS120 – spalling 5mm/min (up to rebar)
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Collapse
Sometimes collapse

No collapse No collapse



4×2 lane tunnel
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12.20 m

9.45 m 9.45 m

11.15 m

No collapse, due to passive fire protection and highly reinforced roof



4×2 lane tunnel
 Open issue: shear capacity in case of spalling
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High shear + bending + spalling = ???

EN 1992-1-1:2004  +  EN 1992-1-2:2004 (annex D) 

×spalling



Results
      RWS120 – spalling 5mm/min (up to rebar)
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Collapse
Sometimes collapse

Possible collapse No collapse
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Phase 3 
Post-fire damage



Modeling approach
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Heat transfer analysis

Mechanical analysis

Damage analysis

Repairability

SAFIR + Python

SAFIR

Python

Python
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2×4 lane tunnel
Damage during and after fire

RWS120 – No spalling
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2×4 lane tunnel
Damage during and after fire (RWS120 – no spalling)
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2×4 lane tunnel
Thermal damage (RWS120 – no spalling)
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2×4 lane tunnel
Mechanical damage (RWS120 – no spalling)

Plastic hinge
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2×4 lane tunnel
Effect of passive fire protection (RWS120 – no spalling)

Unprotected Roof protected (partially) Roof protected (full) Full protection

Plastic hinge
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Unprotected Roof protected (partially) Roof protected (full) Full protection

2×4 lane tunnel
Effect of passive fire protection (RWS120 – no spalling)

Plastic hinge
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Unprotected Roof protected (partially) Roof protected (full) Full protection

2×4 lane tunnel
Effect of passive fire protection (RWS120 – no spalling)
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Unprotected Roof protected (partially) Roof protected (full) Full protection

2×4 lane tunnel
Effect of passive fire protection (RWS120 – no spalling)
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2×4 lane tunnel
Damage during and after fire

RWS120 – spalling 5 mm/min
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2×4 lane tunnel
Effect of passive fire protection (RWS120 – spalling 5 mm/min)

Unprotected Roof protected (partially)

Plastic hinge
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2×4 lane tunnel
Effect of passive fire protection (RWS120 – spalling 5 mm/min)

Unprotected Roof protected (partially)

Plastic hinge
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No spalling case
• No protection: plastic hinges

• Roof and 1m walls protected: no plastic hinges, but some cracks

Spalling case (5 mm/min)
• No protection: premature collapse

• Protection roof: no collapse, but severe damage

2×4 lane tunnel
Damage during and after fire



Modeling approach
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Heat transfer analysis

Mechanical analysis

Damage analysis

Repairability

SAFIR + Python

SAFIR

Python

Python
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Repairability
 

Literature: Repairability linked to damage states
• Thermal damage

• 300°C isotherm

Ni & Gernay (2021)
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Repairability
 

Literature: Repairability linked to damage states
• Thermal damage

• 300°C isotherm



52

Repairability
 

Literature: Repairability linked to damage states
• Thermal damage

• 300°C isotherm

• Mechanical damage
• Residual deflections

Ni & Gernay (2021)
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Repairability
 

Literature: Repairability linked to damage states
• Thermal damage

• 300°C isotherm

• Mechanical damage
• Residual deflections
• Cracks and plastic hinges?
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Conclusions



Conclusions
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Structural fire analysis concrete tunnels (Phase 2)
• Fire performance in case of spalling highly depends 

on shape, reinforcement, passive fire protection

Damage analysis tool (Phase 3)
• Quantify damage during heating and cooling phases
• Can aid design (prevent collapse  prevent severe damage)
• Informs repairability analysis

Open research questions
• How to deal with shear in case of spalling?
• Need for tunnel specific repairability metrics?
• What level of damage is acceptable (land tunnel  underwater tunnel)



Questions
Thomas Thienpont

Thomas Thienpont
Ghent University
26.09.2024
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