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ABSTRACT 

WUFI-ORNL/IBP is currently the most commonly used 

software tool in the industry to study transient 

hygrothermal behaviour of building envelopes. To 

analyze hygrothermal performance using WUFI, 

several criteria have to be simultaneously evaluated. 

This poses a challenge to understanding the dynamic 

interaction of various parameters at any point of time 

within the evaluation period. This paper describes a 

visualization tool created using Grasshopper, a 

graphical algorithm editor, that translates raw data from 

WUFI to a parsed-visual data. The visualization focuses 

on critical occurrences captured within the simulation 

output to understand performance in a quick but 

comprehensible manner. It also lays the foundation 

towards facilitating better integration of hygrothermal 

performance information into the whole building design 

process. 

INTRODUCTION 

Understanding optimal hygrothermal performance of 

buildings is critical for a number of reasons. Moisture 

accumulation can result in mold growth leading to 

serious health issues for occupants. Uncontrolled 

moisture can also be the single most important cause of 

building deterioration [Straube, 2002]. Durability is a 

critical factor for sustainable buildings. The longevity 

of the building systems and their performance reduces 

the need for expensive alterations and potential 

litigations. Identifying and resolving a potential 

problem before a system is installed requires foresight, 

experience and tools.  

With the ever increasing stringency of the building 

energy codes, the building envelope is improving in its 

thermal performance. A number of design tools already 

exist that can help optimize insulation from a thermal 

performance perspective. However, these analyses do 

not typically consider the impact of air tight and super-

insulated envelopes on the hygrothermal performance. 

Therefore, it is important for architects and engineers to 

reduce the risk of moisture related problems by 

understanding moisture behavior and applying that 

                                                           
1 Although versions of WUFI that can conduct two-

dimensional and three-dimensional simulations are 

knowledge in the design of building assemblies and 

conditioning systems. The use of simulation tools to 

model hygrothermal performance of building envelopes 

has been gaining steady prominence over time, but 

these tools have yet to gain prominence for use during 

the design process. WUFI-ORNL/IBP (henceforth 

referred as WUFI) is a highly validated and a 

commonly used software tool in the industry that can be 

used to simulate moisture movement and analyze the 

related risk [Arena & Mantha, 2013]. WUFI performs 

one-dimensional moisture migration simulations1 and 

presents the results in an animation format along with 

other critical moisture content information in the form 

of static graphs.  

One of main drawbacks of using WUFI is that it 

produces an extensive set of results with multiple 

criteria to evaluate. Typically a user has to review the 

results for each of the criteria separately. If a building 

envelope assembly that is being evaluated fails any of 

those criteria, performance failure can be expected. 

These limitations of analyzing the results in this 

disaggregated manner for varying performance criteria 

inhibit efficient evaluation of envelope systems. This 

loss of efficiency reduces the number of alternatives 

that can be evaluated within a tight design schedule. 

Additionally, it could restrict the use of a valuable tool 

or lead to misinterpreting the results. Indeed, one of the 

common complaints from WUFI users is that the 

software feels more like a research tool, and less useful 

for practical use [Melton and Yost, 2014], with results 

frequently prone to misinterpretation. While there are 

multiple factors that contribute to these issues, this 

paper focuses on simplifying the evaluation process for 

the experienced and less experienced users alike.  

There are a few software tools that could be used to 

accomplish this goal. Currently, many users export the 

results into Excel for post-processing. However, the 

dependence on Excel adds another layer to the design 

evaluation process, and potentially makes the 

integration of hygrothermal analysis into the process 

more difficult.  

available, they are not currently as robust and well 

developed as the one-dimensional version 
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Grasshopper, a graphical algorithm editor has been 

specifically chosen to create a visualization tool in this 

work, for various reasons. Grasshopper, which is a 

generative design plug-in for Rhinoceros (a 3D 

modeling software), has gained significant acceptance 

within the design community, largely by virtue of its 

node-based editing interface (Figure 1) that allows for 

controlling geometrical parameters without the need for 

advanced scripting or programming. This has enabled 

parametric explorations of complex building geometry 

with relatively minimal effort. Grasshopper also allows 

for accommodating further plug-ins, and this has led to 

environmental analysts gradually adopting this tool for 

developing a number of building energy analysis plug-

ins. The open source nature of these plug-ins have 

further contributed to the increased adoption of the 

software. Therefore, as Grasshopper becomes an 

increasingly common platform in the building design 

and engineering process, it provides an attractive 

platform for integrating hygrothermal performance data 

by linking it to WUFI. A key advantage of utilizing 

Grasshopper for this purpose, as opposed to a 

spreadsheet based tool such as Excel is its ability to 

function as a single platform where different facets of 

environmental analysis performance from daylighting 

to energy can all be analyzed in tandem. 

 

 
 

Figure 1. A screenshot showing the Grasshopper 

interface with its node-based graphical editor 

 

The proposed Grasshopper based visualization tool 

reads the output data from WUFI to combine different 

performance criteria of interest, as well as amalgamate 

data from multiple simulation runs into a single 

platform that can provide instant feedback to the user. 

The tool is also intended to enable the user to rapidly 

compare several options in order to carry out 

optimization of building envelopes. It lays the 

groundwork for a more seamless integration of 

hygrothermal modeling into the whole building analysis 

process, to make it accessible to a wider range of 

building professionals and further advance its use. 

HYGROTHERMAL ANALYSIS USING 

WUFI 

As mentioned previously, there are a fixed set of 

criteria that are required to evaluate hygrothermal 

performance. These are [Mantha et al, 2012]:  

1. Surface mold growth (from ASHRAE Standard 

160). The following surface relative humidity and 

surface conditions must be met to prevent problems 

associated with mold growth on those surfaces. 

a. 30-day running average (RH<80%, 

Temperature  > 41F [5˚C] and < 104°F 

[40˚C])  

b. 7- day running average (RH<98%, 

Temperature  > 41°F and < 104°F) 

c. 24-hour running average (RH<100%, 

Temperature  > 41°F and < 104°F) 

2. Moisture content of individual assembly 

components  

3. Moisture content of assembly to evaluate dynamic 

equilibrium over the evaluation period 

4. Condensation potential  

5. Frost damage  

6. Isopleths for mold growth   

7. Fungi growth (using WUFI-Bio) 

When using WUFI, a user generally defines the 

individual building envelope components, the climatic 

location for the analysis, and various other numerical 

parameters required for the calculation such as 

orientation, surface transfer coefficients, etc. WUFI 

calculates simultaneous heat and moisture transport 

across the specified assembly, and presents the results 

in the form of an animation and static graphs. The 

results include total moisture content for the entire 

assembly over time (Figure 2), moisture content of 

individual assembly components over time (Figure 3), 

isopleth graphs that can alert the user to potential for 

mold growth (Figure 4), and temperature and relative 

humidity variations for the interior and exterior surfaces 

(Figure 5). Changes in temperature and relative 

humidity in the assembly components over time can 

also be visualized as an animation (Figure 6). A 
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separate plug-in to WUFI, called WUFI-Bio can be 

used to further analyze conditions for mold growth by 

comparing simulated transient ambient conditions with 

the growth conditions needed by the fungi usually 

encountered in buildings. 

 

 

Figure 2. Variations in moisture content for entire 

assembly over time 

 

 
 

Figure 3. Variations in moisture content for an 

individual assembly component over time 

 

 
 

 

Figure 4. Isopleths indicating mold growth potential for 

interior surfaces  

 

      

 

Figure 5. Calculation for condensation potential can be 

carried out using dew point temperature data  

 

 
Figure 6. Animation of results showing changes in 

temperature and relative humidity in the assembly  

 

It can be observed from the graphs (Figures 2 through 

Figure 5), a sequential elimination process for potential 

moisture related failures is necessary for an expert 

assessment of the performance.  

TOOL DEVELOPMENT SCOPE 

The scope of the tool development is not intended to 

alter the mathematical model, enhance the material 

database or affect the simulation process in WUFI. 

Rather, this tool is intended to enhance the post-

processing phase in using WUFI. The limitations to the 

simulation algorithms experienced in WUFI will still 

apply to this visualization tool. By integrating it with 

the Grasshopper platform, the user can quickly import 

the raw data from WUFI and rapidly visualize the 

results with respect to the criteria described previously 

in this paper. The current scope includes the criteria 1 

through 4; fungi growth which can be assessed using 

isopleths, primarily due to the fact that the isopleths are 

applicable only for the interior surface of the assembly. 

Frost damage, which is generally applicable to masonry 

construction, is currently not visualized in this tool as 

well. The visualization tool will be developed in phases, 

with the first phase of development focusing on 

developing data linkage between WUFI and 

Grasshopper, and Grasshopper reading and parsing the 

data to generate the appropriate visualizations.  

DEVELOPMENT OF THE 

VISUALIZATION TOOL 

Grasshopper offers a rich toolkit of components that 

allow for addressing various aspects of this problem. 

These range from reading the output data from WUFI 

to creating the visualizations. WUFI allows for 

exporting results in an ASCII format. Since WUFI runs 

simulations in hourly time steps, the results are simply 
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output as the specified criteria being output matched 

against the particular time step (Figure 7). Grasshopper 

offers plug-ins that can easily read and parse the ASCII 

files, even allowing for real time updates. 

 
Figure 7. ASCII data exported from WUFI 

 

To facilitate ease of data import and processing, the 

number of user inputs required to guide the process are 

kept at a minimum, and restricted to setting up the 

display elements of the visualization. 

 

An “ebb and flow” style of graph visualization (Figure 

8) is adopted in this tool. This style allows for elegantly 

visualizing time series data. The NURBS line drawing 

capabilities in Rhinoceros lend themselves towards 

creating this style of visualization. An important 

advantage in adopting this style is to facilitate trend 

identification.  

 
Figure 8. An example of the “ebb and flow” style of 

visualization for time series data  

VISUAL ANALYSIS OF 

HYGROTHERMAL SIMULATION DATA 

IN GRASSHOPPER 

The process of using this visualization tool begins after 

the user has completed all the simulation runs in WUFI 

and output the required data in a spreadsheet format, in 

a structure that allows Grasshopper to read it. The 

current version of the tool requires output of the 

temperature, relative humidity, and moisture content 

data from WUFI. The user then opens the Grasshopper 

interface and loads the visualization tool. To begin the 

process of analysis, the user specifies the link to the 

WUFI output files. If the data is not structured in an 

appropriate manner, Grasshopper provides an error 

message to the user. The tool allows for layering data 

from multiple runs, and data from each of these runs are 

required to be stored in different spreadsheet files. In 

the current version, the user can simultaneously load up 

to ten different run files. The user is required to provide 

names for each of the data files as they are input, in 

order to differentiate the datasets. The specified names 

are overlaid on the visualization graphs.  

Upon successful input, Grasshopper parses the data and 

separates them to generate the graphs that will facilitate 

analysis of the criteria described above. For the first 

criteria of surface mold growth, Grasshopper creates a 

graph that overlays temperature and relative humidity 

data. It runs an internal analysis for identifying 

conditions for mold growth that are specified under 

these criteria. If at any point in time these conditions 

will occur, they are highlighted in the graph (Figure 9).  

 

 
Figure 9. Visualization of the temperature vs relative 

humidity  

 

For the second criteria, the water content in the 

different layers is merged into a single graph. 

Grasshopper automatically adjusts the scaling of the 

graphs; a standard scale is built into the tool which 

standardizes all the graphs allowing for easy 

comparison of multiple runs. The threshold level for 

moisture is presented as a line that is overlaid on the 

graph. If the moisture level crosses the threshold at any 

point during the simulation run, it is highlighted on the 

graph. To further enhance this, Grasshopper is used to 

calculate an upward or downward trend within the data 

and overlay the result as a simple directional line on the 

graphs. In addition, during the process of input, the user 

specifies the month, day and year at which the 

simulation run begins. This allows for Grasshopper to 

identify the seasons and highlight this information on 
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the results graph. The process of identifying seasons is 

limited to North America in this version of the tool 

(Figure 10).  

 

 
Figure 10. Visualization of the water content for the 

different layers over time  

For the third criteria, Grasshopper graphs the total 

water content of the assembly. Grasshopper calculates 

if there is an upward or downward trend in this data, 

and indicates it using a simple directional line overlaid 

on this graph.  

 

Finally, in order to calculate condensation potential, the 

tool graphs interior dew point temperature to the 

surface temperature of the interior layer. Condensation 

is likely to occur when the latter is lower for a long 

period of time. The tool identifies these occurrences in 

the graph, if they exist, and highlights them for the user. 

 

The different graphs from a single run are clustered 

today, with graphs from multiple runs organized in 

multiple rows for quick comparison.  

CONCLUSIONS 

This paper presented a new visualization tool for 

hygrothermal performance data, developed using 

Grasshopper. This work draws upon the experience of 

using WUFI for numerous simulation runs in a variety 

of projects. Preliminary exercises in utilizing this tool 

have showed promise for adoption of this tool in the 

design process. WUFI presents numerous challenges in 

the post-processing of results, and this tool is intended 

to address most of these challenges using a widely used 

software platform, for the purpose of enhancing the 

process of hygrothermal analysis of building envelopes. 

The visualization style adopted by this tool aims to 

reduce the complexity of the data and the associated 

evaluation criteria into an easily digestible format that 

would speed up the evaluation process, and also 

facilitate for its integration with other performance 

criteria. 

FUTURE STEPS 

The main driver behind the development of this 

visualization tool is to facilitate a better integration of 

hygrothermal modeling analysis into the building 

design process. Grasshopper was identified as a useful 

platform for the development of this tool, due to its 

flexibility in incorporating a variety of environmental 

analysis plug-ins.  

 

The current version of the tool focuses on generating 

simple and easy to understand visualizations that would 

enable the designer to rapidly synthesize the 

information from the simulations. However, 

Grasshopper offers the potential for more advanced 

analysis to be carried out using its toolkit. For example, 

the visualizations could be presented using interactive 

objects, rather than as static graphs. This would allow 

the user to manipulate different aspects of the analysis 

such as the threshold criteria, and observe the changes 

that occur. Future work on this tool will also 

incorporate the evaluation criteria that are not included 

in the current version.  

 

An important driver behind this work is to reduce the 

time required for post-processing of the WUFI results. 

WUFI allows for batch runs to be carried out via a 

command line, and Grasshopper offers the possibility of 

creating a two way connection that would send and 

receive data. Finally, one of the biggest advantages that 

Grasshopper offers is the possibility to integrate the 

results from hygrothermal simulations with other design 

criteria such as energy and cost. This would greatly 

benefit the design community in advancing holistic 

analysis.  
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