
Methodology 

1. Overview of thermal bridging  
In the ISO 14683 standard, a catalog of thermal bridges in the buildings is provided by reporting the 

amount of linear thermal transmittance in seventy-six cases of the most common construction junction of 

adjacent building elements such as roofs, corners, floors, foundation, window and door openings in steady 

state condition (ISO 2007).  

Different experimental and simulation approaches were employed to evaluate thermal bridging. The 

experimental procedure is used for the steady-state evaluation, however for the actual characterization of 

the thermal bridging the transient. The hot box method is a credible laboratory testing method to measure 

steady-state thermal performance and thermal bridging. For instance, Zalewski et al used the experimental 

method for measurement of the thermal bridging created by steel studs in prefabricated steel frame walls 

(Zalewski et al. 2010). Abdul Aziz et al employed hot box for point thermal bridging of concrete sandwich 

panels (Abdul Aziz et al. 2018). The linear thermal bridging of the CLT wall corner was evaluated by means 

of hot box method for validation of a developed model (Prata, Simões, and Tadeu 2018).  

There are many other experimental publications, especially for evaluation of the computer models, 

however, experimental approach is cost extensive and time-consuming, in addition, evaluation in dynamic 

condition lacks the precision due to the equipment limitations. Therefore, the global trend is employing 

computer modeling programs to come up with time, cost and facility limitations. 

Commercial modeling and simulation software packages, such as THERM for 2D, COMSOL 

Metaphysics, WUFI, and HEAT are provided for 2D and 3D analysis. Furthermore, some of the numerical 

models were developed by researchers such as (Aguilar, Solano, and Vicente 2014; Prata et al. 2018) for 

dynamic evaluation of the thermal bridges, which later were implemented in the computer software. 

For this research, simulation and experimental analysis will be employed to evaluate point and linear 

thermal bridging in the integration of CLT-l with the building components. Parametric investigation of 

factors affecting thermal bridging including panels’ layup and geometry of connections in CLT-l and 

common prefabricated wall panels will be conducted. Thermal bridging will be investigated in material and 

connection level.  

2. Data Collection 

2.1. Samples 
Because of the cost of experimental investigation, effects of layup and geometry of five types of 

prefabricated wall panels including designed CLT-l, SIP, concrete, wood and steel frame will be 



investigated numerically. The result of selected numerical analysis of CLT-l panel will be validated using 

experimental analysis. For experiments, heat flux through the wall with and without thermal bridging will 

be characterized.  

Three CLT-l panels will be tested for control, point and linear thermal bridging in steady state 

conditions.  

2.2. Software 
The steady state 2D computer simulation will be conducted for evaluation of all of the five panels and 

thermal bridges using THERM software developed by Lawrence Berkeley National Laboratory (Lawrence   

Berkeley  National  Laboratory 2017). Four scenarios of extreme winter and summer and mild winter and 

summer conditions will be applied as environmental boundaries. Heat 3 software will be employed for 3D 

transient numerically analysis of the wall panels for the same weather conditions (HEAT3 2019). 

2.3. Test 
The hot box laboratory test facility will be employed for thermal performance (heat transfer through 

the panel thickness) and thermal bridging (heat transfer through the junctions) assessment of CLT-l 

designed panel according to the ASTM standard (ASTM C1363 2011) in the steady-state conditions.  

The temperature will be measured using sensors on both the weather side and inside surfaces attached 

to the data logger and power will be recorded using automated data acquisition equipment. 

In transient condition heat, flux sensors will be employed to measure the heat flow through the 

specimens. The dynamic thermal bridging effect will be evaluated by comparing the heat responses near 

the thermal bridge and the center of the panels. 

3. Analysis 
U value of the experimental tests of CLT-l panels will be compared with simulation results and 

presented in percent change. U value of the five panels will be compared in percent difference. 

3.1. U-value 
Using experimental data of CLT-l panels, U-values in walls with and without thermal bridging will be 

calculated according to equation𝑈=
𝑄

𝐴(𝑡ℎ−𝑡𝑐)
3-1. The subtraction of U values will be the amount of thermal 

bridging in each case.   

𝑈 =
𝑄

𝐴(𝑡ℎ − 𝑡𝑐)
3-1 



Where th is the temperature inside and tc is the temperature of the cold environment, Q is the power of and 

U is the thermal transmittance of the whole wall (Btu/h.ft2.F). 

Using numerical data U value will be obtained according to equation𝑈 = 𝑈0 +
𝜓∗𝐿

𝐴
+

𝜒∗𝑛

𝐴
3-2. 

𝑈 = 𝑈0 +
𝜓 ∗ 𝐿

𝐴
+

𝜒 ∗ 𝑛

𝐴
3-2 

Where U0 is the thermal transmittance without thermal bridging, ψ is linear thermal transmittance in 

2D (Btu/h.ft.F), L is the length of the thermal bridge (ft) and A is the area of the wall (ft2), ꭓ is the point 

thermal transmittance (Btu/h.F) and n is the number of point thermal bridges which in our study is one. For 

each individual case, point or linear thermal bridge could be set to zero. 

3.2. Linear thermal bridge 

The heat loss through the linear thermal bridge will be calculated using equation (𝜓= 𝐿2𝐷 − ∑ 𝑈𝑗
𝑁
𝑗=1 ∗

𝑙𝑗          3-3) (ISO 2007). 

𝜓 = 𝐿2𝐷 − ∑ 𝑈𝑗
𝑁
𝑗=1 ∗ 𝑙𝑗          3-3 

Where 

3.3. Point thermal bridge 

Calculation of ꭓ value is based on the subtraction of heat flow calculated for the entire 3D element 

obtained using the numerical analysis and heat flow through the element without considering the presence 
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χ = 𝐿3𝐷 − ∑ 𝑈𝑖
𝑁
𝑗=1 𝐴𝑖   (3-4) 

Where L3D is thermal coupling coefficient from FEM analysis (Btu/F), Ui is thermal transmittance 

obtained from 1D component (Btu/ft2.F), Ai is the area of the examined element (ft2), Ni is the number of 

1D components. 
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