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Main aim of fire safety: protection of people
 Equipment: active protection
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Main aim of fire safety: protection of people
 Structure of the building: passive protection to avoid any 

collapse (by slowdown of structure heating)
 Design based on fire resistance requirements
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Heating in case of fire-exposure: 3 main heat transfer modes
 Conduction within the material (thermal conductivity λ)
 Convection with the environment (convection coefficient αc)
 Radiation with the environment (material surface emissivity εm)
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Black body
εm = 1.0 

Bare carbon steel
εm = 0.7 

HDG steel
εm = 0.35 (θ ≤ 500 °C) > >

Amendment to fire part of European design standards for steel 
(Eurocode 3) and composite steel and concrete structures 
(Eurocode 4) to account for HDG



Experimental and numerical investigation by Galvazinc + EGGA + 
CTICM since 2016
 Standard fire tests and numerical simulation  confirmation of the 

0.35 value proposed in the aforementioned amendment
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Hot-rolled columns Hot-rolled beams Tubular columns



Experimental and numerical investigation by Galvazinc + EGGA + 
CTICM since 2016
 Published work:

 Eurosteel 2020 (paper and presentation)
 Contribution to design guidance
 Forms (including worked examples, in French)
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https://doi.org/10.1002/cepa.1427
https://www.youtube.com/watch?v=z65VoQtGN3Y
https://doi.org/10.1108/JSFE-11-2021-0070


Can HDG meet fire resistance requirements without any additional 
fire insulation?
Three worked examples (Galvazinc+ EGGA + CTICM)
 Example no. 1: R15 single storey warehouse
 Example no. 2: open car park
 Example no. 3: R30 office building

Costs from “Économies et solutions acier” (ISBN: 978-2212140262) 
(10% increase in example no. 3)
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https://www.construiracier.fr/produit/economie-et-solutions-acier/


 R15 fire resistance requirement
 Initial design of 2 bay portal frames with unprotected welded steelwork
  R15 not met by rafters
 Solution 1: total web thickness increase
 Solution 2: partial web thickness increase + HDG
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Example 1: single storey warehouse

1000×10×250×151200-1000×12×250×20

750×8×380×25

750×20×380×25

5.8 m
9.30 m

1000-1200×12×250×20

2.9 m

7.986 m 11.214 m 11.214 m 7.986 m

1000×15×250×151200-1000×13×250×20 1000-1200×18×250×20
1000×11×250×151200-1000×12×250×20 1000-1200×12×250×20

Rafters

Column Column



 R15 fire resistance requirement
 Overall cost of the portal frame (steel + anticorrosion protection)
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Example 1: single storey warehouse

0 €

5 000 €

10 000 €

15 000 €

20 000 €

25 000 €

30 000 €

1 2 3

Coût minimal du portique

Acier (700 €/t) Peinture (26 €/m²) Galvanisation (400 €/t)

+9 %

-5 %

HDG – 400 €/tPaint – 26 €/m²Steel – 700 €/t

Initial design Solution 1 Solution 2

Minimum cost

0 €

5 000 €

10 000 €

15 000 €

20 000 €

25 000 €

30 000 €

1 2 3

Coût moyen du portique

Acier (700 €/t) Peinture (33,50 €/m²) Galvanisation (490 €/t)

+8 %

-8 %

HDG – 490 €/tPaint – 33.5 €/m²Steel – 700 €/t

Initial design Solution 1 Solution 2

Average cost

HDG vs. anticorrosion paint + structural reinforcement
cost reduction for unprotected steelwork



 Composite floor with unprotected steelwork
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Example 2: open car park

16 m

10 m
10 m

120 mm

Fire scenario: 7 vehicles
2 configurations for primary and secondary 
beams
1)  HEA 500 and IPE 500 without HDG
2)  HEA 500 and IPE 450 with HDG

Composite slab

H columns with partial concrete encasement



 Composite floor with unprotected steelwork
 Overall cost of beams (steel + anticorrosion protection)
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Example 2: open car park

0 €

5 000 €

10 000 €

15 000 €

20 000 €

25 000 €

1 2

Coût minimal des poutres et solives

Acier (700 €/t) Peinture (26 €/m²) Galvanisation (400 €/t)

0 €

5 000 €

10 000 €

15 000 €

20 000 €

25 000 €

1 2

Coût moyen des poutres et solives

Acier (700 €/t) Peinture (33,50 €/m²) Galvanisation (490 €/t)HDG – 400 €/tPaint – 26 €/m²Steel – 700 €/t

Minimum cost

-13 %

HDG – 490 €/tPaint – 33.5 €/m²Steel – 700 €/t

Average cost

-15 %

Solution 1 Solution 2 Solution 1 Solution 2

HDG vs. anticorrosion paint
significant cost reduction for unprotected steelwork



Example 3: 4-storey office building
 Initial design
 Composite floors
 Anticorrosion paint on all steel 

structural members
 R30 fire insulation of columns and 

primary beams
 Partial fire insulation of secondary 

beams (only those assembled to 
columns, see FRACOF* design 
method)

12

COMPARATIVE STUDY: WORKED EXAMPLES

EGGA Assembly 2023 Salzburg

 
 

Secondary 
beam

Primary beam

Composite slab (steel deck 
+ reinforced concrete)

Shear stud

*Fire Resistance Assessment of COmposite Floors



Example 3: 4-storey office building

13

COMPARATIVE STUDY: WORKED EXAMPLES

EGGA Assembly 2023 Salzburg

9 m 9 m

B
3

m
9

m
12

m
9

m

C

D

A

1 2 3

Anticorrosion paint + R30 fire insulation
 1 layer of 10-mm sprayed material
 or 1 layer of ~0,2-mm intumescent coating

Anticorrosion paint

 Initial design
 Protection of the steel members



Example 3: 4-storey office building
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9 m

B 3
m

12
m

C

1 2
9 m

B

12
m

C

1 2

3 m

Case 1:
secondary beams along the shorter span

Case 2:
secondary beams along the longer span



Example 3: 4-storey office building
 Case 1
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HEA 400 S355
composite

HEA 400 S355
composite

HEA 600 S275 - com
posite

HEA 550 S355 - steel

IPE 330 S275
composite

IPE 330 S275
composite

IPE 330 S275
composite

IPE 330 S275
composite

IPE 330 S275
composite

HEA 600 S275 - com
posite

HEA 550 S275steel

IPE 330 S275
composite

IPE 330 S275
composite

IPE 330 S275
composite

Initial design:
anticorrosion paint on all beams 

+ R30 fire insulation on perimeter beams

Anticorrosion paint on intermediary beams
+ HDG on perimeter beams



Example 3: 4-storey office building
 Case 2
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Initial design:
anticorrosion paint on all beams 

+ R30 fire insulation on perimeter beams

IPE 550 S275 - composite

IPE 450 S275 - com
posite

IPE 500 S275 - steel

IPE 450 S275 - com
posite

IPE 450 S275 - com
posite

IPE 550 S275 - composite

HEA 500 S275 - composite

H
EA 450 S275 - com

posite

H
EA 450 S355 - steel

IPE 450 S275 - com
posite

IPE 450 S275 - com
posite

HEA 500 S275 - composite

Anticorrosion paint on intermediary beams
+ HDG on perimeter beams



Example 3: 4-storey office building
 Overall cost of beams (steel + anticorrosion protection)
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HDG vs. R30 intumescent coating
significant cost reduction for steelwork

R30 spray R30 intumescent 
coating

HDG

-26 %

R30 spray R30 intumescent 
coating

HDG

-21 %



Fire resistance requirements can be met on HDG steelwork in case of:
 Unprotected structural members
 Usual steel profile sizes (at least 5 mm thick)
 Low fire resistance rates (R15, or even R30)
 

According to the results of three worked examples
 HDG can reduce the amount of steelwork (size of profiles)
 HDG can be an alternative cost-effective passive fire protection 

for R30 rate 

Acknowledgments to EGGA and Galvazinc for this collaborative work
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Parc Technologique
L’Orme des Merisiers

Immeuble Apollo
91193 Saint Aubin

Tél. : + 33 (0)1.60.13.83.00
Fax. : + 33 (0)1.60.13.13.03
Courriel : cticm@cticm.com

Thank you for your attention
Questions?
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