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Global material use 

in the construction 

industry: 26 Gtpa

(Haas et al., 2015)

Global waste generation 

in the construction 

industry: 9 Gtpa

(Haas et al., 2015)

Circular economy

Reuse

High quality         

recycling

Circular economy in a built environment context



News articles from August 2021; Greener Growth through Good Wood (The World Bank, 2020)

Economic rationale: Timber shortages; volatile and rising prices
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Skip full of timber, spotted while cycling (photo by Colin Rose, 2021)

Economic rationale: Disposal continues unabated

6



Cascading uses of timber: downcycling (Höglmeier et al, 2013)

Environmental rationale: Typical cascading lifecycle of wood
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Upcycle to disrupt cascade: Rose et al, 2018 (additions to figure from Höglmeier et al, 2013)

Environmental rationale: Maintain quality and prolong lifespan
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Environmental rationale: Maintain quality and prolong lifespan

Upcycle to disrupt cascade: Rose et al, 2018 (additions to figure from Höglmeier et al, 2013)
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Environmental rationale: Maintain quality and prolong lifespan

Upcycle to disrupt cascade: Rose et al, 2018 (additions to figure from Höglmeier et al, 2013)
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Scale of the opportunity (Rose, 2019)

Business rationale: Scale of the opportunity



Scale of the opportunity (Rose, 2019)

Business rationale: Scale of the opportunity



Scale of the opportunity (Rose, 2019)

Business rationale: Scale of the opportunity



Scale of the opportunity (Rose, 2019)

Business rationale: Scale of the opportunity



Property rationale: dense but short and twisting

From 200 year-ago building

From 30 year-ago building

Tolerance requirement in EN 336
Short pieces after cutting



Rose, 2019

CLST lifecycle schematic



Three parts to carbon accounting for secondary timber product

2. Displacement

Potential carbon saving based on 

reducing the demand for alternative, 

more carbon intensive materials

1. Carbon capture

Firm carbon saving based on 

sequestered carbon remaining 

locked in timber over the long term

3. Production

Carbon cost of carrying out the 

process of gathering, processing 

and delivering the product to site

Difficulties: Carbon accounting and structural performance assessment
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Processing feedstock

• Wood collection from different construction sites
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• Denailing and metal detecting

1

2

3

Wood preparation before machining

Processing feedstock
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• Acoustic performance assessment
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• Machining

Before machining

After machining

Short pieces for inner layers Long pieces for outer layers

Processing feedstock
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• Panel lamination
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Processing feedstock

Adhesive application Panel layup Vacuum pressing



• Final specimens
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Full-size panels for bending tests

Processing feedstock



Questions:
1. Is there a way to predict the structural properties of 
secondary timber?
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Secondary timber from demolition site Cross laminated secondary timber (CLST) panels



• Acoustic assessment
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Timber longitudinal vibration measurements

Test preparation

𝐸𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 = 𝜌𝑉2
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Test preparation

• Testing verification

Bending test setup according to EN 408
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Test samples

Secondary sawn timber

80 x 50 cross section

100 x 50 cross section
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Test samples

Secondary sawn timber

100 x 50 cross section
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Test calculations

𝐸𝐿𝑜𝑐𝑎𝑙 =
𝑎𝑙1

2(𝐹2 − 𝐹1)

16𝐼(𝜔2 − 𝜔1)

𝐸𝐺𝑙𝑜𝑏𝑎𝑙 =
3𝑎𝑙2 − 4𝑎3 

2𝑏ℎ3 2
𝜔2 − 𝜔1
𝐹2 − 𝐹1

−
6𝑎

5𝐺𝑏ℎ

𝑏 

Where

is the cross section width

ℎ is the cross section height

𝐹 is the total force from the load spread beam

𝐺 is shear modulus (infinite here) from EN 408
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Test calculations

𝑓𝑏 =
3𝑎𝐹

𝑏ℎ2

𝑏 

Where

is the cross section width

ℎ is the cross section height

𝐹 is the total force from the load spread beam
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Test results
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Test results

Gap at the support due to twist
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Test setup improvement
Measurement at 

both edge and middle

Steel plates to spread 

the load

Further improvement

Cupped secondary timber 33
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Test observations

• Failure mode

Bending failure on tension side
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Test observations

• Failure mode

Bending failure on tension side Bending failure on compression side



y = 0.662x
R² = 0.9937
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y = 0.6058x
R² = 0.9925
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18 specimens 19 specimens
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y = 0.655x
R² = 0.991
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Combined batch 1 and batch 2 

result (1800s)

y = 0.6913x
R² = 0.9892
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All batch combined results

y = 0.6506x
R² = 0.9873
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Characteristic mean static MoE value: 7607 MPa 

(0.65dMoE)

Equivalent to C14
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Strength grade in EN 338-2016



All combined results

Characteristic strength value: 15.1 MPa

Equivalent to C14 according to EN 338-2016

5 percentile density value: 373 kg/m3 

Mean density: 475 kg/m3

Equivalent to C27 or higher

y = 2.9933x
R² = 0.8815
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Questions:
2. Can acoustic method work for the structural 
assessment of CLST?
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Secondary timber from demolition site Cross laminated secondary timber (CLST) panels
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Acoustic assessment for CLST panels

Flexural vibration measurements of CLST according to ASTM D6874

Accelerometer
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Full-scale panel tests

Four-point bending tests
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Test observations

• Failure model

Bending failure Delamination
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Test results

Local stiffness calculation according to EN 16351
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Test results

Emean=10295 MPa

fb,mean=31.75 MPa

Echar=10053 MPa

fb,char=21.88 MPa

Grade information from PRG 

320-2019

Characteristic value according 

to EN 14358
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Test results

Emean=10295 MPa

Fb,mean=31.75 MPa

Echar=10053 MPa

Fb,char=21.88 MPa

Characteristic value according 

to EN 14358

Strength grade in EN 338

Proposed strength grade for Norway spruce CLT(Schickhofer et al. 2016)

𝑓𝑚,𝐶𝐿𝑇,𝑘 = 𝑘𝑚,𝐶𝐿𝑇𝑓𝑡,0,𝑙,𝑘
0.8

𝑓𝑚,𝐶𝐿𝑇,𝑘 = 3.5 × 80.8

= 18.47 𝑀𝑃𝑎

CLT bending strength 

empirical equation (Unterwieser 

and Schickhofer, 2013)
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Conclusions for secondary timber

• Local MoE is not a recommended stiffness indicator for secondary timber.

• The sMoE and dMoE shows strong directly proportional relationship. 

• dMoE and MoR shows less relevance when compared to sMoE. 

• The density is a less representative value for grading when compared to dMoE.

• The transverse acoustic method can be used for the structural property estimation.

• Secondary timber shows great potential when using as feedstock for CLT.
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