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ABSTRACT
Original timber stairwell doors in historic masonry apartment buildings of architectural heritage 
value can be found in the larger cities of Norway. In Oslo, there are around 4000 such buildings, of 
which many still hold preserved original stairwell doors. The doors often have glass with decorative 
patterns in the upper parts, and timber panels on the lower part. Old residential buildings are 
vulnerable to fire due to the building construction and need fire protection upgrades. The stairwell 
doors are critical elements to prevent fire spread and to keep evacuation routes safe, so their 
function and condition are important to the level of fire protection in the building. The research 
work in this paper aims to find retrofit methods for upgrading the fire resistance of these types of 
doors so they maintain their integrity and insulating properties for up to 30 minutes, at the same 
time as they maintain their architectural expression. The upgrades must be as little intrusive and 
destructive as possible. Intermediate scale tests were carried out in a fire resistance test furnace, 
using different door configurations. The tests lasted between 30 minutes and 42 minutes, with 
a thermal exposure from the standard time/temperature curve described in EN 1363–1. The results 
from the tests showed that 40 mm thick laminated wood could withstand up to 30 minutes of fire 
exposure, thin timber panels could be upgraded using stone wool and robust gypsum boards type 
R, and that fire-resistant glass could be mounted on the inside of the original glass in different 
ways. Visual observations indicate that adding smoke seals inside the door leaf are effective for 
stopping cold and hot smoke. The solutions presented enables the preservation of the original 
doors’ architectural design, their historical values and aesthetic character.
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1. Introduction

Original timber panelled stairwell doors have architec
tural heritage value. Such doors are in common use in 
historic masonry residential buildings of architectural 
heritage value in the larger cities of Norway and in many 
other cities. The old masonry residential buildings have 
walls of load-bearing masonry, wooden beams and roof 
structures in wood, and many of them are categorised as 
architectural heritage. In Oslo, the capital of Norway, 
there are around 4000 such buildings, of which many 
still hold preserved original stairwell doors, and the 
largest cities in Norway, such as Trondheim, Bergen, 
and Ålesund also have many historic masonry residen
tial buildings. In addition, Trondheim, Oslo and Bergen 
have several timber residential buildings with the same 
kind of doors (Oslo kommune Brann- og redningseta
ten 2015). Because of their construction, the old resi
dential buildings are vulnerable to fire. The buildings 
have floor dividers with timber beams and cavities in the 
construction. This increases the risk of rapid fire 

spreading in the building and the need for fire protec
tion upgrading (Dyrseth 2014; Stenstad 1983). In resi
dential buildings with only one stairwell, there will 
sometimes be a need for the upgrading of both the 
building fabric and fire technical measures to achieve 
an acceptable level of safety (Oslo kommune Brann- og 
redningsetaten 2015).

1.1. Typical build-up of original timber panelled 
stairwell doors

The original timber doors are highly crafted and ornate. 
Rich decorations and large glass panels against common 
areas make these doors a major element of the architec
tural appearance of the building (Oslo kommune 
Brann- og redningsetaten 2007). In the buildings that 
still have the original stairwell doors between apart
ments and stairwells, there are usually decorated woo
den filling doors, with complex moulding profiles. The 
lower part of the door leaf has a timber panel, while the 
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upper part of the door leaf is often fitted with glass 
panels. Many doors also have side panels and top 
panel with glass. See Figure 1. The glass panels were 
originally made of cylinder glass, often with “acid- 
etched” decorative patterns (Wedvik 2018). Such glass 
had very poor fire resistance (Stenstad 1983). The tradi
tional filling doors were often made of a solid pine wood 
frame holding an upper glass panel and a lower thinner 
wood panel. The frame parts were usually joined 
together with plugs or wedges. These types of doors 
normally have a thickness of 40–50 mm on the frame 
part and about 10 mm in the thinnest parts of the wood 
panel.

1.2. Upgrading of fire safety in buildings

Compromises are inevitable when architectural heritage 
values and fire safety requirements are to be reconciled. 
Establishing a modern fire alarm system will often be 

the simplest measure and least intrusive to increase the 
level of fire safety of the occupants of the building. 
External fire escape stairwells can be considered. 
However, since this means introducing a new architec
tonic element on the façade, it is rarely the first choice 
by the architectural heritage authorities. Also, an addi
tional fire-rated door can be introduced inside the ori
ginal apartment door if there is room for it (Korsaksel  
2009).

The demand for upgrading arises when a need for 
risk mitigation or a higher fire safety level for 
a building is recognised. The stairwell doors are cri
tical elements to prevent fire spread and to keep 
evacuation routes safe, so their function and condition 
are important to the level of fire protection in the 
building, and the upgrading of doors will often be 
part of a building’s fire safety upgrading plan. 
Increased requirements for fire safety mean that the 
preservation of such stairwell doors in historic resi
dential buildings is under pressure, and many valuable 
original doors have already been replaced by new fire- 
rated doors. 30 minutes fire resistance (integrity and 
insulation) is the performance usually required for 
apartment doors to stairwells in pre-accepted solu
tions according to the Norwegian Building 
Regulations (Direktoratet for byggkvalitet 2017), and 
the same applies to the other Nordic countries. In the 
following, only intrusive solutions are discussed with 
the aim of increasing the function of the doors as 
a fire barrier. The main goal of this project is to 
help ensure that the invasive measures that are taken 
on the original doors change as little as possible of the 
original material, are as reversible as possible, and 
function satisfactorily as fire protection.

1.3. Retrofit upgrading of fire resistance to doors

Wood is a combustible material, and its behaviour when 
subjected to fire is burning and charring. The charring 
rate varies depending on type of wood, moisture content 
etc., but the design charring rate of solid wood is set to 
0.65 mm/min (Standard Norge 2010). A 9 mm fielded 
panel would for instance with the same rate burn 
through after 14 minutes. Glass is an incombustible 
material; however, traditional glass has poor fire- 
resistance and will crack when subjected to high tem
peratures, most likely after a few minutes if there is 
a flashover in an apartment. Retrofitting methods are 
commonly used for building constructions, for instance 
chemical coating, fireproof paint, concrete coating, gyp
sum boards and firestop materials (plastic-based or 
cementitious) (Zahmatkesh and Memari 2017). 
A study on treatments and modification to improve 

Figure 1. Typical stairwell door from a historic masonry residen
tial building in Oslo, view from the stairwell side. In this example, 
the original glass panels have been replaced earlier with wired 
fire-resistant glass. Photo: Caroline Lundegaard Hannisdal, 
Murbyen, 2022.
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the reaction to fire of wood showed that pure chemical 
modification of wood have little improvement on the 
reaction to fire of wood, and should be combined with 
the use of fire retardant chemicals (Popescu and Pfriem  
2020). However, there is a lack of knowledge in the 
journal article literature when it comes to retrofit meth
ods of upgrading of fire resistance to wooden doors in 
particular.

Different solutions have been presented in guidelines 
for upgrading of fire resistance to original timber doors. 
In Norway, the most important guidelines have been 
(SINTEF 2016) and a guideline made by Oslo munici
pality, which has been withdrawn (Oslo kommune ved 
Byantikvaren og Brann- og redningsetaten 2015). 
However, the guidelines do not provide detailed techni
cal descriptions of tested solutions. We have found only 
a small number of test reports where original doors have 
been tested and where results are published (Andersson  
2005; Olofsson 2019; Røssland and Vik 2006; 
Walmerdahl, C, and K 2000). Planning and execution 
of the doors’ refitting are the private owners’ responsi
bility. Unfortunately, the technical measures carried out 
on doors are of highly varying quality and standard, 
sometimes with inadequate refitting resulting in the 
loss of the original architectural quality. A fire test 
executed on an upgraded original timber doorset in 
2019, based on the guidelines (Oslo kommune ved 
Byantikvaren og Brann- og redningsetaten 2015), 
resulted in a failure, with a broken glass after only 2  
minutes (Olofsson 2019). A few guidelines have been 
produced in England. A good overview of many tested 
technical solutions is presented in previous work 
(English Heritage 1997). However, the tests were exe
cuted under varying conditions, for example, different 
room sizes and fire loads (Historic England 2021). In the 
historic masonry residential buildings in question here, 
the halls are often quite narrow and fully furnished, so 
upgrading will often be necessary. Also, the guidelines 
don’t offer solutions for the fastening of fire-resistant 
glass.

In this project the goal is (1) to investigate weather 
fire-resistant glass, gypsum boards and smoke seals are 
effective retrofit materials for original timber panelled 
stairwell doors, and how to fasten them to obtain a fire 
resistance of up to 30 minutes, and (2) make sure that 
the solutions presented enables the preservation of the 
original doors’ architectural design, their historical 
values and aesthetic character. Fire-resistant coatings 
were not chosen as an option because it is vulnerable 
to aging, and the adhesion to substrates is often poor, 
resulting in sagging and loss at high temperature 
(Popescu and Pfriem 2020). As a result, fire testing has 
been performed using retrofit materials. Different 

fastening solutions of fire-resistant glass, gypsum boards 
and smoke seals have been suggested Bergius 2022; 
Haukø and Wedvik 2021), and a guideline has been 
developed based on the results of the fire-tested solu
tions (Haukø, Wedvik, and Bergius 2022). This journal 
article contains data and analysis from the fire testing 
that have not been published elsewhere. The application 
of retrofit materials like fire-resistant glass and gypsum 
boards represents an alternative to the replacement of 
the whole door. In addition, by adding or replacing fire- 
resistant glass, the original light openings in the doors 
and transmitted light in the stairwell can be kept.

2. Fire testing setup

2.1. Design and preparation of test specimens

A total of eight different door configurations were 
tested, and each test included two configurations. The 
testing was performed as a non-standard intermediate- 
scale fire resistance test using an indicative fire resis
tance test furnace, as described in section 2.2. The door 
leaf with nominal dimension (width × height) 580 ×  
1340 mm consisted of cross-laminated pine with 
a thickness of 40 or 45 mm and was equipped with two 
hinges and a lock case. The door frame consisted of 
cross-laminated pine with nominal dimension (thick
ness × width) 114 × 45 mm and was fastened with two 
steel screws on each vertical side. The frame was 
equipped with a strike plate, and the gap between the 
frame and the wall was filled with stone wool. The glass 
had nominal dimensions of (thickness × width × height) 
15 × 370 × 980 mm, a nominal weight of 12.6 kg and was 
fire-resistant for 30 minutes (integrity and insulation). 
The fielded panel had nominal dimensions of (width 
x height) 380 × 1000 mm and was milled out from both 
sides, leaving 9 mm of wood thickness in the centre. The 
fielded panel was filled with stone wool and covered 
with a robust gypsum board type R with nominal 
dimension (thickness x width x height) 12.5 × 470 ×  
1075 mm on the fire exposed side. The gypsum board 
was secured with steel screws spaced 100–120 mm mea
sured from centre to centre. There was a groove milled 
into the door leaf to support the smoke seals; a (width ×  
thickness) 15 × 1 mm intumescent strip and a cold 
smoke seal in silicone. Dimensions of the door config
urations are given in Figure 2.

Four different methods for fastening of fire- 
resistant glass were tested, as shown in Figure 3. The 
methods were chosen to cover differences in the 
available space in the rebate and whether the original 
glass was mounted on the stairwell side or on the 
apartment side of the door. A 15 mm intumescent 
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strip was mounted on all four sides around the glass, 
and a 9 mm silicone glazing gasket was placed close to 
the rebate on all four sides to hold the glass in place. 
Setting blocks of hardwood for glass were placed on 
all four corners around the glass (corresponding to 
the steel angles). The glass was fastened either with 
15 × 15 mm steel angles (Figures 3a,b) or with a 30  
mm steel frame (Figures 3c,d). Figure 4 shows photos 
with details of the different mounting methods.

Table 1 lists the eight different test setups, describing 
the thickness of door leaf, the direction of the door swing 
and whether a frame was used, fire-resistant glass, fielded 
panel, intumescent strip and silicone gasket. The doors 
with a frame were swinging in towards the furnace.

2.2. Fire testing setup and experimental procedure

The four fire tests were performed in a fire resistance 
furnace with internal chamber dimensions of 1550 ×  
1550 × 1550 mm, see Figure 5. The furnace was fuelled 
with a premixture of propane gas and air, with three gas 
burners embedded in the sides of the chamber. The fire 
exposure followed the standard time temperature curve 
described in EN 1363–1 (Standard Norge 2020). This 
curve represents a model of a fully developed fire in 

a fire compartment and is used to classify and demonstrate 
fire resistance in standardised fire tests. The pressure 
inside the furnace was set to achieve a neutral pressure 
plane 500 mm above the notable floor level. The pressure 
was calculated in accordance with EN 1363–1.

During the test, the doors were continuously evalu
ated against the requirements stated in section 2.3 by 
measuring the unexposed surface temperature, looking 
for gaps in the construction and potential hotspots. 
When a gap or a hotspot is observed, a gauge or cotton 
wool pad is applied to the area to confirm the visual 
observation. The procedure is described in EN 1363–1 
(Standard Norge 2020).

The duration of the tests was selected based on the 
desire to upgrade the doors to a fire resistance of up 
to 30 minutes. Test 01A and 01B lasted for 42 minutes 
because it was desired to see if the thickness of the 
door leaf (45 and 40 mm) could withstand 30 minutes 
of fire with a good safety margin. Test 02A and 02B 
lasted for 39 minutes because it was desired to see if 
the fielded panel upgraded with 12.5 mm robust gyp
sum board type R could withstand 30 minutes of fire 
with a good safety margin. Test 03A and 03B lasted 
for 30 minutes because test 03A had criteria failure 
after 29 minutes. Test 04A lasted for 30 minutes 

Figure 2. Dimensions of door configurations in mm. Door I was used in test 01A, 01B and 02B. Door II was used in test 03A, 03B, 04A 
and 04B. Door III was used in test 02A.
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because it had criteria failure after 29 minutes. Test 
04B lasted for 33 minutes. When the test time was 
over, the test specimen was lifted out from the fur
nace, and any burning material was extinguished with 
water.

2.3. Instrumentation

Unexposed surface thermocouples (TC), as described 
in EN 1363–1 (Standard Norge 2020) were placed on 

the unexposed side for the recording of temperature. 
Table 2 and Figure 6 shows the location of the 
thermocouples.

2.4. Acceptance criteria and test observations

During the test series, the test specimen was sub
jected to a standardised time/temperature curve as 
described in EN 1363–1 (Standard Norge 2020). 
During the fire test, the door was checked against 

Figure 3. Mounting of fire-resistant glass inside the rebate on the stairwell side (a) of the door or (b) on the apartment side of the door, 
using steel angles (test 03A and 04A). (c) shows mounting of fire-resistant glass inside the rebate with steel frame on the apartment 
side of the door (test 03B). (d) shows mounting of fire-resistant glass outside the rebate with steel frame (test 04B).
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the performance criteria stated in EN 1363–1 
(Standard Norge 2020) for its properties (or ability 
to maintain its separating function) in respect to 
integrity and insulation.

The integrity criteria are the doorsets ability to main
tain its separating function during the test without caus
ing ignition of a cotton wool pad applied for 
a maximum of 30 seconds above a hotspot, permitting 
the penetration of a gap gauge through the doorset into 
the furnace, and resulting in sustained flaming for ten 
seconds or longer.

The insulation criteria are the doorsets ability to main
tain its separating function during the test without devel
oping temperatures on its unexposed surface which 
increase the average temperature above the initial average 
temperature by more than 140°C, or increase at any 

location above the initial average temperature by more 
than 180°C.

3. Test results and observations

The doorsets described in Table 1 were tested at RISE 
Fire Research facility in 2021. A total of eight different 
configurations were evaluated against the acceptance 
criteria stated in section 2.3 during the test.

3.1. Integrity and insulation

Table 3 shows a summary of the test results with com
pleted minutes without criteria failure in regard to 
integrity and insulation, together with the maximum 
temperature rise during the test. Figure 7 shows the 

Figure 4. (A) shows a detail of mounting of fire-resistant glass with steel angles and (b) a detail of mounting of 30 mm steel frame.

Table 1. Summary of the design of the different door configurations used in the test series.

Test no.
Thickness of 

door leaf Frame Glass
Fielded  
panel

Swing 
Direction

Intumescent 
strip

Silicone 
gasket

01A 45 mm Yes No No Inwards Frame only Frame only
01B 40 mm Yes No No Inwards Frame only Frame only
02A 40 mm Yes No Yes Inwards No No
02B 40 mm Yes No No Inwards Door leaf only No
03A 40 mm No Yes, secured with steel angles on exposed side No Not  

applicable
No No

03B 40 mm No Yes, secured with steel frame on exposed side No Not 
applicable

No No

04A 40 mm No Yes, secured with steel angles on exposed and 
unexposed side

No Not 
applicable

No No

04B 40 mm No Yes, flush with gypsum board and secured with steel 
frame on exposed side

No Not 
applicable

No No
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results of the temperature increase on the unexposed 
side during the tests.

Table 3 shows that all configurations except 03A 
and 04A passed the integrity acceptance criteria for at 
least 30 minutes. Configuration 03A failed the integ
rity criteria because the cotton wool pad ignited after 
29.5 minutes at the connection between the glass and 
door leaf at mid-height, see Figure 8a. Configuration 
04A failed the integrity criteria due to a sustained 
flame after 29 minutes at the connection between the 
glass and door leaf at mid-height, see Figure 8b. 
Table 3 and Figure 7 show that all configurations 
except 04A passed the insulation acceptance criteria 

for at least 30 minutes. Configuration 04A failed the 
insulation criteria due to an increase above the initial 
average temperature in TC2 by more than 180°C after 
29 minutes. Table 3 also shows that of the four differ
ent fastening methods for the fire-resistant glass, con
figuration 04B lasted the longest, with 33 minutes.

3.2. Smoke seals

The effect of the smoke seals around the door frame was 
registered visually during the testing. In test 01A and 
01B, the cold smoke seal in silicone had an effect on 
stopping the smoke during the first minutes of the test. 
Smoke was observed between the door leaf and the door 
frame as the pressure built up inside the furnace. In test 
01A, 01B and 02B the intumescent strip expanded on 
heat and the smoke spread was significantly reduced 
after a few minutes of test duration. When examining 
the test specimens after the testing was completed, we 
could see that the intumescent strip had expanded.

4. Discussion and experimental findings

4.1. Upgrading of fire resistance

The following assumptions form the basis for the use of 
the test results:

● Doors used in fire testing were 40 mm thick lami
nated wood and was chosen due to financial lim
itations. To upgrade, the solid wood of the original 
door must be at least 40 mm thick, most apartment 
doors meet this requirement.

● Since each door to be upgraded is unique in age, 
thickness, type of wood, moisture content, etc., 
there is uncertainty about the actual fire resistance 
obtained after upgrading. For non-standardised 
material, this is an uncertainty we must accept. 
30 minutes is normally enough time for evacuation 
and rescue in residential buildings. In Norwegian 
cities, the fire brigade is required to have 
a maximum response time of 10-20 minutes (og 
beredskapsdepartementet 2022).

Our tests have shown that it is possible to upgrade the 
fire resistance of timber doors for up to 30 minutes, 
using retrofit materials to improve the doors’ integrity 
and insulating properties. The acceptance criteria given 
in section 2.3 was met in all tests except for the cotton 
wool test (29 minutes in test 03A) and sustained flaming 
and insulation (29 minutes in test 04A). The main find
ings from the fire tests are:

Figure 5. The fire resistance test furnace used for the tests.

Table 2. Positioning of thermocouples (TC) on the unexposed 
side of the test specimens, where x = 0 (width), y = 0 (height) 
marks the bottom left corner of the element as viewed from the 
unexposed side.

Test no. Test specimen Thermocouple and position

01 A TC1, on door leaf: x=½, y=½
B TC2, on door leaf: x=½, y=½

02 A TC1, on door leaf: x=¾, y=¼
TC2, on door leaf: x=¼, y=¾

B TC3, on door leaf: x=¾, y=¼
TC4, on door leaf: x=¼, y=¾

03 A TC1, on glazing: x=¾, y=¼
TC2, on glazing: x=¼, y=¾

B TC3, on glazing: x=¾, y=¼
TC4, on glazing: x=¼, y=¾

04 A TC1, on glazing: x=¾, y=¾
TC2, on glazing: x=¼, y=¼

B TC3, on glazing: x=¾, y=¾
TC4, on glazing: x=¼, y=¼
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● Glass shall have a minimum fire-resistance of 30  
minutes (integrity and insulation) and be securely 
fastened with steel frames or steel angles using one 
of the fastening methods described in figure 3.

● Thinner parts like fielded timber panels shall be 
upgraded with stone wool and 12.5 mm robust 
gypsum boards type R as described in section 2.1.

● Visual observations indicate that cold smoke seals 
in silicone and intumescent strips around the door 
frame are an efficient measure for stopping cold 
and hot smoke.

The reasons for not passing the acceptance criteria for 
the cotton wool test (29 minutes in test 03A) and sus
tained flaming and insulation (29 minutes in test 04A) 
are unknown. Fire testing is not an exact science, and 
small deviations in the materials (like knot holes in the 
wood) or in the mounting of for instance steel angles or 
intumescent strips around the fire-resistant glass can 
lead to different outcomes in the same test. Test 04B 

lasted for 33 minutes, and this indicates that it might be 
the most robust fastening method of fire-resistant glass 
of the four methods described in Figure 3. Tests 01A/ 
01B and 02A/02B lasted for nearly 40 minutes or more. 
This indicates that 40 mm of laminated wood and the 
upgrading of thin timber panels using stone wool and 
robust gypsum boards type R are robust solutions with 
good safety margins.

This paper presents modifications to the door 
itself and possible solutions for mounting of fire- 
resistant glass, protective boards and smoke seals. 
Hardware such as door closers, door fittings, hinges 
and handles, and the transition between the door 
frame and wall is outside the scope of the test 
assignment.

Fire door is only one of many building parts that 
contributes to fire safety in a building. When securing 
an escape route, the building must be seen as a whole, 
and compensatory solutions should be considered by 
the fire safety engineer.

Figure 6. Photo showing positioning of thermocouples on the unexposed side of test specimens 04A and 04B.

Table 3. Summary of test results measured against the integrity and insulation criteria.

Test no.

Integrity criteria Insulation criteria

Sustained flaming [min] Gap gauge [min] Cotton-wool pad test [min]
Maximum temperature  

increase below 180°C [min] Maximum temperature increase [°C]

01A 42 42 42 42 49
01B 42 42 42 42 7
02A 39 39 39 39 104
02B 38 39 39 39 75
03A 30 30 29 30 141
03B 30 30 30 30 115
04A 29 30 30 29 211
04B 33 33 33 33 114

8 A.-M. HAUKØ ET AL.



4.2. Limitations of application

The intention was to follow the test method and accep
tance criteria in EN 1363–1 (Standard Norge 2020) and 
EN 1634–1 (Standard 2018) where possible. During 
a standardised test, it is stated that a test specimen of 

a “representative” size should be tested. A historical type 
of door would be destroyed during the test, and the 
following test would not be representative. Therefore, 
the doors used in intermediate-scale fire testing were 
new doors made of laminated wood, not original solid 
wood. However, the charring rate for the two are 
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Figure 7. The temperature measurements [°C] as a function of time [minutes] for test specimens (a): 01A (TC1) and 01B (TC2), (b): 02A 
(TC1-TC2) and 02B (TC3-TC4), (c): 03A (TC1-TC2) and 03B (TC3-TC4), (d): 04A (TC1-TC2) and 04B (TC3-TC4).

Figure 8. Close ups from the tests (a): 03A/03B after test termination. Cotton wool ignited in the marked area after 29.5 minutes, (b): 
04A after 29 minutes, with sustained flaming and failure in temperature criteria.
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similar; 0.65 mm/min for solid wood and 0.5–0.65 mm/ 
min for laminated wood (Standard Norge 2010). The 
difference is considered not to have a significant impact 
on the result.

The tests 03A/03B and 04A/04B was performed with
out the door frame, e.g. only the door leaf mounted 
directly into the supporting structure. Since these tests 
had focus on different fastening methods for fire- 
resistant glass it was not considered necessary to include 
the door frame.

The doors used in intermediate-scale fire testing 
measured 0.58 m × 1.34 m, whereas the standard door 
dimension is often around 0.9 m × 2.0 m. Higher doors 
are more subjected to bending during heat exposure, 
which may not have been reflected in the test result. 
This is an uncertainty we must accept. The project`s 
financial limitations did only allow for intermediate- 
scale testing instead of full-scale.

The distance from the edge of the door leaf to the 
glass window opening must give a stable frame and 
must be considered in each case. Fire-resistant glass is 
usually thicker than normal glass and, therefore, hea
vier. The maximum size must be considered in each 
case. The glass used in the fire testing had an area of 
0.4 m2 and weighed 12.6 kg.

Upgrading with a 12.5 mm robust gypsum boards 
type R will also give additional weight to the door, and 
the condition of the hinges must be considered in each 
case. Adding an extra hinge to take up the additional 
load may be a solution.

Some doors to be upgraded may have open cut-outs 
like letter holes. These must be sealed to prevent fire 
spread.

4.3. Preservation of aesthetic and historical values: 
evaluation of the result

Compromises are inevitable when architectural heritage 
values and fire safety requirements are to be reconciled. 
However, past technical measures carried out on doors 
vary in quality and standard. Sometimes, unsuitable 
changes cause the original architectural features to be 
lost in the process. The main goal of the project is to 
ensure that invasive measures carried out on the original 
doors achieve two goals: 1) perform satisfactorily as fire 
protection, and 2) interfere as little as possible with the 
original form and material.

Old stairwells are often given the status of what is 
known as “half-common” areas in cultural heritage 
management plans. The stairwell side of a door is 
given a higher value and is therefore more important 
to preserve than the apartment side. In this test project, 

the preservation of the stairwell side of the door was 
prioritised.

A focus in the elaboration of technical solutions in 
the project has been the preservation of the glass open
ings. This is because the visual connection between the 
apartment and the stairwell is often given a high aes
thetic and architectural value in cultural heritage eva
luations. By adding or replacing fire-rated glass, it is 
possible to preserve both the original light openings in 
the doors and the light transmitted through the 
stairwell.

In order to preserve the glass openings and meet the 
diversity of the original doors’ construction, four differ
ent solutions were presented and tested. With three of 
these solutions, the interventions were performed on the 
apartment side. Two of the solutions for glass mounting 
entail sacrificing parts of the original wooden material 
by milling out a broader rebate in the glass opening to 
ensure that the new glass is held in place.

Fire-resistant glass is much thicker than the original 
glass panes and completely flat. When possible, the 
original glass should be kept on the stairwell side and 
outside of the fire-resistant glass. This is because the 
flatness of modern float glass — with its directional, 
planar reflections — can be somewhat visually disturb
ing; this new glass may stand out in the old stairwell 
interior.

The gypsum board solution is suggested for the lower 
part of the door on the inside, as it will not be visible 
from the stairwell side. Additionally, the doors’ original 
features can be preserved behind the board. This solu
tion can be a good solution due to its high degree of 
reversibility.

Fire-rated glass and gypsum board mountings will, in 
some cases, lead to the alteration or removal of elaborate 
mouldings. If the mouldings are loosened, they can be 
reused on the outside of the gypsum board for both 
aesthetic and preservation purposes.

The application of fire-rated glass and gypsum 
boards represents an alternative to the replacement of 
the original doors. Fire tests have so far been executed 
solely on new intermediate-scale doors, so a final eva
luation of the preservation of aesthetic and historic 
values remains. However, the tests performed suggested 
that these solutions function well as fire protection. The 
unavoidable loss of some original architectural features 
will still be an issue, but at the very least, the intended 
fire protection effect will be achieved.

5. Conclusion

The research work in this paper investigates (1) weather 
fire-resistant glass, gypsum boards and smoke seals are 
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effective retrofit materials for original timber panelled 
stairwell doors, and how to fasten them to obtain a fire 
resistance of up to 30 minutes, and (2) that the solutions 
presented enables the preservation of the original doors’ 
architectural design, their historical values and aesthetic 
character. The upgrading methods have aimed to be as 
little intrusive and destructive as possible.

Intermediate scale tests were carried out in an indi
cative fire resistance test furnace using different door 
configurations. The tests lasted between 30 minutes and 
42 minutes, with a thermal exposure from the standard 
fire curve described in EN 1363–1. The results from the 
tests showed that goal (1) was met: It is possible to 
upgrade the fire resistance of timber doors for up to 
30 minutes, using retrofit materials to improve the 
doors’ integrity and insulating properties during fire 
exposure. 40 mm thick laminated wood can withstand 
at least 30 minutes of fire, thin timber panels can be 
upgraded using stone wool and robust gypsum board 
type R, and fire-resistant glass can be mounted on the 
inside of the original glass using different fastening 
methods as shown in Figure 3. As far as the authors 
know, these fastening methods have never been tested 
and documented before, which indicates that this is new 
knowledge. Visual observations indicate that sealing 
strips inside the door leaf are effective for stopping 
cold and hot smoke.

Goal (2) was also met: The solutions presented 
enables the preservation of the original doors’ architec
tural design, their historical values and aesthetic char
acter. The solutions presented prioritise the 
preservation of the stairwell side of the door unchanged 
and the preservation of light openings and transmitted 
light in the stairwell. The use of gypsum boards on the 
inside of the doors can be a minimally invasive, rever
sible approach.

While the aesthetically considerate design will greatly 
reduce the impact on the doors, this must not compro
mise the effectiveness of passive fire protection. How 
invasive the solutions will be in terms of the original 
door material will vary from door to door.

This paper has shown effective retrofit methods for 
upgrading of fire resistance to wooden cultural heritage 
escape route doors and will hopefully contribute to both 
preservation and improved fire safety. Limitations of the 
study is that testing was performed on new medium 
scale doors of laminated wood. We recommend that 
further research be carried out involving timber doors 
in a large-scale fire test furnace since larger doors are 
more subject to bending during heat exposure. Also, 
further research should include testing original doors 
of original material to see if the solutions described in 
this study are working as intended.
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