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[bookmark: _Toc488154332]Context 
[bookmark: _Toc488154333]Title: Safe, Affordable, Effective Retrofits (SEAR)
Purpose: This effort focuses on testing retrofit wall assemblies with vapor open exterior insulation. The potential wall configurations chosen are based on the findings from the initial project work that included hygrothermal modeling and contractor feedback on cost of construction (see, http://www.cchrc.org/safe-effective-affordable-retrofits).
Funders: Alaska Housing Finance Corporation
Duration: 18 months
Folder Locations:  \\cabin\CCHRC\Building Science Research\Projects\Safe, Effective, Affordable Retrofits (SEAR) 2017-250
Proposal Documents: \\cabin\CCHRC\Building Science Research\Projects\Safe, Effective, Affordable Retrofits (SEAR) 2017-250\New Proposal for SEAR
[bookmark: _Toc488154334]Data Collection
In order to meet the objectives digital data will be collected, stored, and analyzed. Data will be collected via CSI CR100 dataloggers and stored on the CCHRC data storage site, http://cchrc.arsc.edu/
[bookmark: _Toc488154335]Policies
The loggers will scan the sensors on 5 second intervals. The data will be averaged and stored in 60 minute intervals, as well as daily intervals. 
[bookmark: _Toc488154336]Responsibilities
The project manager is responsible for making certain this data is being collected and is in an error free format.
CCHRC IT department is responsible for providing a consistent network connection for the dataloggers.
The project technician will be responsible for keeping constant humidity in the MTL over the course of the study.
[bookmark: _Toc488154337]Organization of data
File structure
The CSI loggers output .csv files organized by date. The .csv files can be exported to Excel for analysis but the original .csv files will be retained on http://cchrc.arsc.edu/, always.
Naming conventions
The sensors get labels when they are deployed. Each name will start with the with the Wall#_  and end with _units. All walls have specific locations for sensors these are denoted in the name using ‘U’ for upper, ‘M’ for middle, and ‘B’ for bottom. Sensors are also located in 3 locations across the middle of the wall, ‘O’ for outer, ‘I’ for inner, and ‘T’ for outer Tyvek. Figure 1 is a draft of sensor locations, better graphics are in the Appendix. Table 1 lists all the sensor names for wall specific sensors
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	Wall1_MO_RH
	Wall1_MO_RH_C
	Wall1_MO_C
	Wall1_U_MC
	Wall1_U_MC_C

	Wall1_UI_RH
	Wall1_UI_RH_C
	Wall1_HFS_C
	Wall1_M_MC
	Wall1_M_MC_C

	Wall1_MI_RH
	Wall1_MI_RH_C
	Wall2_MO_C
	Wall1_B_MC
	Wall1_B_MC_C

	ROOM_RH1
	ROOM_RH1_RH_C
	Wall2_HFS_C
	Wall2_U_MC
	Wall2_U_MC_C

	Wall2_MO_RH
	Wall2_MO_RH_C
	Wall3_MO_C
	Wall2_M_MC
	Wall2_M_MC_C

	Wall2_UI_RH
	Wall2_UI_RH_C
	Wall3_HFS_C
	Wall2_B_MC
	Wall2_B_MC_C

	Wall2_MI_RH
	Wall2_MI_RH_C
	Wall4_MO_C
	Wall3_U_MC
	Wall3_U_MC_C

	Wall3_MO_RH
	Wall3_MO_RH_C
	Wall4_HFS_C
	Wall3_M_MC
	Wall3_M_MC_C

	Wall3_UI_RH
	Wall3_UI_RH_C
	Wall5_MO_C
	Wall3_B_MC
	Wall3_B_MC_C

	Wall3_MI_RH
	Wall3_MI_RH_C
	Wall5_HFS_C
	Wall4_U_MC
	Wall4_U_MC_C

	ROOM_RH2
	ROOM_RH2_RH_C
	Wall6_MO_C
	Wall4_M_MC
	Wall4_M_MC_C

	Wall4_MO_RH
	Wall4_MO_RH_C
	Wall6_HFS_C
	Wall4_B_MC
	Wall4_B_MC_C

	Wall4_UI_RH
	Wall4_UI_RH_C
	Wall7_MO_C
	Wall5_U_MC
	Wall5_U_MC_C

	Wall4_MI_RH
	Wall4_MI_RH_C
	Wall7_HFS_C
	Wall5_M_MC
	Wall5_M_MC_C

	Wall5_MO_RH
	Wall5_MO_RH_C
	Wall8_MO_C
	Wall5_B_MC
	Wall5_B_MC_C

	Wall5_UI_RH
	Wall5_UI_RH_C
	Wall8_HFS_C
	Wall6_U_MC
	Wall6_U_MC_C

	Wall5_MT_RH
	Wall5_MT_RH_C
	Wall9_MO_C
	Wall6_M_MC
	Wall6_M_MC_C

	Wall5_MI_RH
	Wall5_MI_RH_C
	Wall9_HFS_C
	Wall6_B_MC
	Wall6_B_MC_C

	Wall6_MO_RH
	Wall6_MO_RH_C
	
	Wall7_U_MC
	Wall7_U_MC_C

	Wall6_UI_RH
	Wall6_UI_RH_C
	
	Wall7_M_MC
	Wall7_M_MC_C

	Wall6_MT_RH
	Wall6_MT_RH_C
	
	Wall7_B_MC
	Wall7_B_MC_C

	Wall6_MI_RH
	Wall6_MI_RH_C
	
	Wall8_U_MC
	Wall8_U_MC_C

	Wall7_MO_RH
	Wall7_MO_RH_C
	
	Wall8_M_MC
	Wall8_M_MC_C     

	Wall7_UI_RH
	Wall7_UI_RH_C
	
	Wall8_B_MC
	Wall8_B_MC_C

	Wall7_MT_RH
	Wall7_MT_RH_C
	
	Wall9_U_MC
	Wall9_U_MC_C

	Wall7_MI_RH
	Wall7_MI_RH_C
	
	Wall9_M_MC
	Wall9_M_MC_C

	Wall8_MO_RH
	Wall8_MO_RH_C
	
	Wall9_B_MC
	Wall9_B_MC_C

	Wall8_UI_RH
	Wall8_UI_RH_C
	
	
	

	Wall8_MI_RH
	Wall8_MI_RH_C
	
	
	

	Wall9_MO_RH
	Wall9_MO_RH_C
	
	
	

	Wall9_UI_RH
	Wall9_UI_RH_C
	
	
	

	Wall9_MI_RH
	Wall9_MI_RH_C
	
	
	


All data files will start with SEAR_ . Wall specific data files will be called SEAR_wall1_ or wall2 etc…  There is an overall hourly and daily average data table. There is a table for each wall averaged hourly. There is also an hourly  diagnostic and raw data table.
[bookmark: _GoBack]Formats and Units
All numbers will be no longer than 4 values after the decimal place. The data will be stored as a .csv. SI units will be used for raw data.
Versioning
Raw data files will be saved in the data file within the project file. Any analyzed data will have the date of the analyzed data in its name. Data should not be overwritten if new analysis takes place, a new version of the data should be saved with a new name that includes the date.
[bookmark: _Toc488154338]Documentation and Metadata
[bookmark: _Toc488154339]Data Documentation
All digital data and documentation for this project will be stored here http://www.cchrc.org/research-data-system

[bookmark: _Toc488154340]Metadata
Data on the sensors in this project will follow a very specific format. There is an overall data standards document outlined below. 
Data Standards
Detailed data standards are appended to this document.  The data standards include details about each sensor, its purpose, and location.
Metadata Spreadsheet
Each data file will have a metadata spreadsheet. The spreadsheet will be uploaded to http://www.cchrc.org/research-data-system along with the data
[bookmark: _Toc488154341]Storage and Security
Sensor data will be stored on the ARSC server for CCHRC and accessible here, http://www.cchrc.org/research-data-system, this data is backed up to tape on a regular basis.
[bookmark: _Toc488154342]Preservation and Sharing
Sensor data will be stored on http://www.cchrc.org/research-data-system. Final data analysis and reporting will be available on the CCHRC website when the project is complete.




[bookmark: _Toc488154343]Appendix
[bookmark: _Toc488154344]Data Measurement and Recording Standards
Last Update: 05/04/2017
Last Update By: Robbin Garber-Slaght

[bookmark: OLE_LINK1]Weather Data
The existing MET station on the RTF roof will be used. This data is also housed on http://cchrc.arsc.edu/.

Data-Collection Objectives: Monitor the moisture content and moisture accumulation in the walls, as well as evaluating R-value of improved walls (if possible). Evaluate the relative humidity and temperatures within the wall to determine if conditions are right for mold growth.
Time Recording Standard: Always Alaska Standard Time (UTC – 9).
Datalogger Scan Interval Standard:  5 seconds
Time Measurement Standards:
· Hourly readings are recorded at the end of the hour; therefore, the hourly average air temperature, for example, with a 5-second scan interval and a time stamp of 14:00 is measured from 13:00:05 to 14:00:00.  Instantaneous readings are taken at the time specified by the time stamp.
· A day begins at midnight (00:00:00) and ends at midnight (23:59:55).  All daily data are from the day prior to the date of the time stamp.  For example, if the time stamp reads 09/09/2007 00:00 or 09/09/2007 12:00:00 AM, the data are from 09/08/2007.
Data Downloading: Daily at 2am, saved to http://cchrc.arsc.edu/ 
Wall Numbering Protocol:  Wall 1 is on the south east corner.  Numbering continues around until wall 5 is on the north wall and wall 9 is on the south west corner.


There will be 5 types of sensors used in the MTL. They will vary by wall. The 5 types are presented in Table A1.

	Relative Humidity
	Temperature
	Moisture Content
	Pressure Transducer
	Heat Flux Transducers

	Honeywell HIH4010
	US Sensor PS103J2 NTC Thermistors
	Resistance pins
	Setra Pressure transducer 265
	REBS HFT3,
Huskeflux HFP01

	-40°C to 85°C
 0% to 100%
	-80°C to 150°C
	7% to 25%*
	0 to 249 Pa
	-40°C to 55°C, ±100 W/m2
-30°C to +70°C, ±2000 W/m2

	±3.5%
	±0.1°C
	±2% *
	±1%

	±5% 
-15% to +5%

	VoltSe (MTLSI_raw,1,mV5000,2,1,0,250,1.0,0)
'Convert Raw voltage to RH
MTLSI_RH=(MTLSI_raw-.8)/0.031

	Const a = 0.0011253
Const b = 0.00023131427
Const c = 0.000000109342
For i=1 To 26
Therm_kOhm(i) = (10*therm(i))/(1-therm(i))   [with 10 kohm resistor in bridge]
Next i
For i=1 To 26
D(i) = LN (1000*Therm_kOhm(i)) 'ln resistance (ohm)
 Next i
 For i=1 To 26                      
Temp_C(i) = (1/(a + b*D(i) + c*(D(i))^3)) - 273.15     'Steinhart & Hart Equation	
Next i

	

Log10(Moisturepercent) = 2.99 - 2.113 (log10(log10(MoistureR_OHM)))
Corrected Moisture Percent
A=0.813   B=1.888 for Coastal Douglas fir (Evans 2001)

	VoltSe (setra_volt(1),1,mv5000,14,True,0,_60Hz,.001,0)
  pressure_pa(1)=(setra_volt(1))*12.45444
	VoltDiff (HeatFlux_mV,7,mV25C,1,True ,200,250,1.0,0)

 HeatFlux(1)= HeatFlux_mV(1) * multiplier

	Overall MTL RH
	Overall MTL Temp
	
	Overall MTL pressure wrt outside
	

	RH across the wall cavity
	Temp across wall cavity
	MC of studs and base plate in cavity
	
	HF on interior face of wall

	RH outside of sheathing
	Temp outside of sheathing
	
	
	


*These values are for Douglas fir, there is less accuracy for plywood. (Straube, Onysko, Schumacher, 2002)
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