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Goal: Ensure bricks can be reused 

75-80 % bricks and 20-25 % mortar

Photos:

Hempel kollegiet, 

DTU Lyngby

Either stronger bricks

Or “weaker” mortar
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Initial problem: Separation
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Photos:

Demolished masonry, 

Gamle Mursten ApS

Internal mortar strength is here lower than 

the bond strength and brick strength

Internal mortar strength and bond strength 

are here greater than the brick strength
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9 % Air lime mortar (of dry material)

Second problem: Cleaning 
Raking method

Air lime (K) and NHL 5 (Kh) mortar 

35/65/500 (K/Kh/Sand by mass)

Air lime (K) and Porland cement (C) mortar

35/65/650 (K/C/Sand by mass)

1 year curing (28 days at 20 oC, 95 % RH – then 20 oC, 65 % RH)

1 year curing (20 oC, 65 % RH)

Specimens from Master’ thesis, at DTU Sustain 2022:

“Mortars for Reuse of fired clay bricks”
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Separation: Binder material
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Separation: Other parameters
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European Standards for:

Masonry mortar and clay masonry units
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Separation: Other parameters
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CEN Standard sand’s influence on mortar properties 

Prism casting with two different sand types

Result:

• Sand type heavily effects the water 

requirement for a specific workability

But:

• The individual mortar mixer influences the 

water requirement as well

This study is accepted as an extended abstract 

and will be presented at the international lime 

mortar conference: SUBLime, in November 2024
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sublime

CEN Standard sand from Normensand, 

In accordance with EN 196-1

Danish pit sand from central Jutland 

In accordance with EN 1996-1-1 DK NA:2019

https://conference.sublime-etn.eu/
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Separation: Narrowing down
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Separation: Field tests
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MX1 MX2 + MX3.1 MX3.2 MX4 MX5

5 MPa  Designed masonry mortar (DMM)

”KC 35/65/650” Prescribed masonry mortar (PMM) 

2,5 MPa (DMM)

”KC 50/50/700” (PMM)

”KKh 20/80/475” (PMM)

”KKh 35/65/500” (PMM)

In accordance with manufacturers declaration and the 

general overview for prescribed masonry mortar at 

https://www.mur-tag.dk/udfoerelse/fuger-i-

murvaerk/moertelvalg/

• Water struck solid bricks from Egernsund Wienerberger

• Red bricks: ~ 2,1 ± 0,2 kg/m2

• Yellow bricks: ~ 2,5 ± 0,2 kg/m2

• 2-3 specimen sets of each mortar type 

• Constructed by the same mason

• Initial 7 days of indoor curing

• Subsequent outdoors curing until testing

• Material properties are determined in accordance with  

EN 998-2, EN 771-1 and EN 413-2

Photo at Vejle Kalk- og Mørtelværk, 

27/9 2024

https://www.mur-tag.dk/udfoerelse/fuger-i-murvaerk/moertelvalg/
https://www.mur-tag.dk/udfoerelse/fuger-i-murvaerk/moertelvalg/
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Separation: Test methods
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On site bond wrench test
Similar to EN 1052-5

Internal mortar strength by X-drill test or similar 
X-drill test developed by the Danish Technological Institute

Simple demolition
Demolition method inspired by Gamle Mursten ApS report on demolition 

of wallets (Nedbrydning af mure, 2017)

Demonstration of wallet toppled 

from a pallet

Photo at the Danish Technological Institute 

4/5 2024

https://www.mur-tag.dk/projektering/styrker-i-eksisterende-murvaerk/krydsbormetoden-x-bor/
https://gamlemursten.dk/media/1927/719708-gamle-mursten-nedbrydning-af-mure-rev1.pdf


Technical University of Denmark

Mortar test methods

Workability by flow table and plunger penetration
EN 1015-3 & EN 1015-4
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Water retention using absorbing paper and bricks
EN 413-2 & Saint-Gobain Weber “VTI” method

Fresh bulk density and air content
EN 413-2 (similar to EN 1015-6 and EN 1015-7)

Casting of 40x40x160 mm mortar prisms
EN 1015-11

*Casting *Demoudling and curing
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Time and Humidity
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Betonbogen, 1985, page 276

Expected curing conditions: 

• High humidity (> 85% RH)

• Constant temp ~23 oC

Curing conditions: 

• 85 % RH

• Constant temp ~23 oC

7-year strength of hydraulic mortars, 

2014, Anders Nielsen
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Time and Humidity
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Curing conditions: 

• 7 days at 95 % RH

• Then 65 % RH

• Constant temp ~20 oCBut how are masonry mortars 

normally tested?

Specimens from Master’ thesis, at DTU Sustain 2022:

“Mortars for Reuse of fired clay bricks”

Simple exemplified* extrapolation 

based on 7 year data at 85 % RH

*the two studies are of cause not 
directly comparable 

7-year strength of hydraulic mortars, 

2014, Anders Nielsen
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Time and Humidity: Outdoor curing
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28 days of curing (sep-oct):

• ~ +7 to +18 oC

• ~ 70 to 80 % RH

180 days of curing (oct-mar):

• ~ -1 to +7 oC

• ~ 70 - 90 % RH

365 days of curing (mar-sep):

• ~ +7 to +21 oC

• ~ 60 - 80 % RH

Dansk klimanormal 2011-2020, DMI

Approximate chart of coast and inland humidity in Denmark 

Portland cement: ~20 - 40 % hydration

NHL 5: Little to no hydration

Air-lime: little to no carbonation

Portland cement: ~50 - 60 % hydration

NHL 5: Some hydration

Air-lime: Some carbonation 

Portland cement: ~80 % hydration

NHL 5: ~ 50 % hydration

Air-lime: more carbonation 

Photo at Vejle Kalk- og Mørtelværk, 

27/9 2024

Curing expectation:

https://www.dmi.dk/vejrarkiv/normaler-danmark
https://nbi.ku.dk/spoerg_om_fysik/geofysik_klima/solensvarme/
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Mortar observations
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Mortar Type Water content Workability Correction time (red bricks: 2,1 kg/m2)

Dry mortar

[% dry]

Wet mortar

[% dry]

Flow table / plunger 

[mm]
Masons Comment

Water retention

[% water loss in 2 min]
Masons comment

2,5 MPa 
Designed mortar

20,4 181 / 35 Good workability 10 Good time for correction and joint finish

12,5 194 / 35 Good workability 20 Short time for correction and joint finish

KKh 35/65/500
Prescribed mortar

20,5 184 / 39 Very good workability 7 Good time for correction and joint finish

18,3 195 / 37 Very good workability 14 Medium time for correction and joint finish

Water content and its effect on correction time

Calculated from initial water 

and mixing water

Average of 4 / 3 

measurements

Average of 2 

measurements

Workability by flow table and plunger penetration
EN 1015-3 & EN 1015-4

Water retention using bricks
Saint-Gobain Weber “VTI” method
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What about the rest of the project period?
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Activity
Half year

1. 2. 3. 4. 5. 6. 7. 8.
Participaring in courses

Teaching and department work at DTU

Literature study of mortars, bond strength and testing methods

External stay at a company specializing in mortar identification

Initial study of bond strength, separation, and cleaning(*)

Analysis of mortar composition and its influence on separation and cleaning (*)

Analysis of the brick properties after cleaning - How do they function for reuse? (*)

Development of identification method for reusability potential in existing masonry (*)

Writing the Ph.D. thesis

(*) It is expected that these works will conclude in an article for a conference or a scientific journal
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