Functional Testing Guidance
Radiant Floor Heating

This functional testing guidance is designed to aid in developing test procedures for a specific project by describing the steps involved in testing. The guidance should be adapted as necessary to address the control sequences, configuration, and performance requirements of the particular system being tested.  Additionally, codes may require specific testing procedures that may not be addressed in this document.  All tests based on this guidance should be reviewed carefully to ensure that they are complete and appropriate.

Test Procedure:  Radiant Floor Heating Functional Test
Overview
Radiant floor heating is a strategy long utilized in residential construction that is becoming more commonplace in commercial applications.  It is an effective heating strategy for large open zones with high ceilings like lobbies, atriums, auditoriums, warehouses, light manufacturing facilities, and gymnasiums.  But it is also being installed in more “traditional” commercial spaces like office buildings due to the efficient use of energy and space, as well as reduced maintenance associated with the system.  A radiant floor heating system can be difficult to control due to the large thermal mass associated with the concrete slab and its slow response to load variations.  In addition, the radiant floor heating system may need to interact with a conventional air handling system designed to provide ventilation and humidity control to the space.  This document will provide guidance on verifying proper operation of a radiant floor heating system, but it will not directly address ancillary HVAC equipment that may operate in conjunction with it to supply ventilation or supplemental heating/cooling to the zone.  
This guidance will assist with:

Ensuring all system prefunctional checklists are complete prior to executing radiant floor heating system tests

Verifying system responds per the design sequence of operations
Verifying actual system control through long-term trending
Note that although the configuration of a snow melt system is similar to radiant floor heating system, the control strategies are different and are not addressed in this document.  

System Description
A radiant floor heating system typically consists of a hot water heating source, zone circulation pump(s), control valve(s), various temperature sensors, and polymer-based tubing imbedded within a concrete slab.  The two main parameters for thermal comfort in a radiant application are air temperature and mean radiant temperature.  The combined effect of these two parameters can be expressed as the “operative” temperature.  The operative temperature is a good indication of whether or not an occupant will feel comfortable.  For spaces with low air velocities (less than 40 fpm), the operative temperature can be approximated by the simple average between the zone air temperature and mean radiant temperature of the floor.  When compared to a conventional convective heating system (i.e. forced air), a radiant system can achieve a similar operative temperature at a much lower air temperature
.  For example, the zone operative temperature is approximately 74(F with a floor temperature of 80(F and an air temperature of 68(F ((80(F + 68(F)/2).  Stated another way, an occupant will feel just as comfortable with an air temperature of 68(F using a radiant heating system as they would with a zone air temperature of 74(F being maintained by a conventional forced air system.
In most applications, the maximum floor temperature within the occupied zone should not exceed 85(F at peak heating load but a floor temperature up to 95(F may be acceptable within 3(feet from an outside wall or window, especially if occupants typically do not sit or stand in that location.  This will help to offset radiant losses from these surfaces at low ambient temperatures.  The water temperature necessary to achieve maximum heating capacity depends on the thermal resistance of the floor coverings, composition of the slab, spacing of the pipes, and flow rate of the water.  Perimeter zones can be made warmer than interior zones by either increasing water temperature or by spacing the tubes closer together.  Since the maximum floor temperature ranges between 85(F and 95(F, the maximum water temperature supplied to the floor should be between 90(F and 130(F, depending on the application.  For example, carpet has a much higher thermal resistance than tile or linoleum, and requires a higher water temperature to achieve the desired floor surface temperature.  
Hot water may be provided by a stand-alone boiler, a central system connected by heat exchangers or mixing valves, a heat pump system, or some other low-temperature heat source (i.e. heat recovery, solar, etc.).  A combination of outdoor air, zone air, slab, and water temperature sensors are typically used to adjust water temperature and flow rate through the slab in order to maintain zone comfort, as described in the next section.  
Control Strategies

The thickness of the concrete slab significantly impacts system control.  It may be possible to control a radiant floor that is less than 1 1/2 inches thick by solely controlling zone air temperature, but this control strategy is not effective with a thicker slab due to the thermal capacity of the concrete.  A good rule of thumb for estimating concrete slab response time is around one to two hours per inch thickness for a change in temperature
.  Hence, a structural slab six to eight inches thick has a response time of 10 – 16 hours or more.  Therefore, most control strategies attempt to continually maintain the slab at a steady temperature to achieve desired zone comfort. 
Floor temperature is usually maintained by controlling both the water temperature and flow rate through the slab.  Water temperature is typically reset based on outside air temperature, and the reset parameters are based on overall building mass and heat loss at various outdoor ambient conditions.  For example, the water temperature setpoint may be reset between 80(F and 120(F when outdoor air temperature is between 65(F and 20(F, respectively.  A building model may be necessary to establish the initial reset parameters, but the optimal reset schedule will most likely be derived through an evaluation of system operation and zone comfort over time.  The idea of the water temperature reset is to maintain a floor temperature that will closely balance the thermal loads and prevent the zone from being either over or under heated.  Water temperature reset may be achieved by adjusting the output temperature from the heating device or modulating the mixing valves.
The other control component commonly invoked to maintain floor temperature is varying the water flow rate through the slab, which is generally used to offset minor variations in the internal loads like occupants, lighting, equipment, or direct solar gains.  The most common methods of control are either ON/OFF cycling of the overall system or individual zone pumps, or full modulation of individual zone valves.  Water flow control can be based on numerous parameters.  The most common parameters are zone temperature, slab temperature, return water temperature, the differential between either supply and return water temperatures, or a combination zone temperature/slab temperature control strategy. 
Test Conditions

The basic function and response of the controls can be tested under any conditions.  For example, testing the water temperature reset strategy, proper zone pump or control valve operation, and the performance of all interlocks/safeties independent of system loads can be functionally tested.  However, overall system control can only be verified when it is operating under actual load conditions because of the long response time of the concrete slab.  The optimal method for verification is through long-term trending of the system.  In addition, operating the floor heating system outside of design slab temperature parameters by applying “false” loads or setpoint adjustments may cause structural damage to the slab or plastic tubing.
Test Equipment

The following equipment may be necessary to conduct this test procedure. 

Digital temperature measurement device
Infrared thermometer
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Preparation
1.1. Create a test form.  Testing will be easier if the test procedure is thought through and documented before conducting the test.  Developing a test form will assist in data collection and subsequent evaluation, as well as allow less experienced staff to execute the test.
1.2
Determine acceptance criteria.  Acceptance criteria are based on design sequence of operations implemented to control the radiant floor heating system.  In general, temperatures should be maintained within ±3(F of setpoint without excessive hunting.  After a moderate perturbation, the control variable should come into and remain within the control deadband within 4 cycles (a cycle is considered to be one overshoot and one undershoot).
1.3
Provide instructions/precautions.  Operating the floor heating system under non-design conditions by applying “false” loads or setpoint adjustments may cause structural damage to the slab or plastic tubing.  Be sure to have an emergency “exit” strategy in place should the test need to be aborted prior to completion.  If a test fails, the source of failure should be identified and conveyed to the proper authority.  The system will be retested once the repairs are complete.  
1.4
Specify participants and roles/responsibilities.  The testing guidance provided in this document can assist in verifying proper system performance in both new construction and existing building applications.  The following people may need to participate in the testing process.  Refer to the Functional Testing Basics section of the Functional Test Guide for a description of the general roles and responsibilities of the participants.  These roles and responsibilities should be customized based on actual project requirements.
	New Construction Project
	Existing Building Project

	Commissioning Provider
	Commissioning Provider

	Mechanical Contractor
	Building Operating Staff

	Control Contractor
	Controls Contractor


2.
Radiant Floor Heating System Test Procedures
2.1
Review all prefunctional checklists for completeness.  Prior to performing any functional tests, the commissioning pre-start, start-up, test and balance work, and prefunctional checklists should be completed, as well as applicable manufacturer's pre-start and start-up recommendations.
Prefunctional checklists include, but are not limited to, the following:

· All imbedded tubes are leak free.  All loops should be kept under pressure during construction, especially when the slab is being poured.  A loss in pressure indicates a leak, which must be located and repaired.
· All temperature sensors are installed per the location specified on the construction documents.  In particular, ensure slab temperature sensor(s) is properly located in the slab and not touching the water loop, structural re-bar, or any other object that may interfere with accurately sensing slab temperature.
· Hot water heating source is capable of normal operation, including circulating pumps, control valves, and temperature controls.
· All safeties and interlocks have been tested and are operational.
All sequences of operations are programmed per design.
2.2
Verify water temperature low limit setpoint.  The hot water heating source must be capable of normal operation.  If the system is being tested under non-heating conditions (i.e. warm outdoor air temperature), it may be necessary to override any lockout control strategy in order for the hot water heating source to operate.  The following procedure assumes the reset strategy is based on outdoor air temperature.  Lower the high-end outdoor air temperature setpoint below actual outside air temperature.  For example, if the water temperature setpoint is 85(F when outdoor air temperature is greater than 65(F but the actual outdoor air temperature is less than 65(F, then lower the high-end temperature threshold of the reset schedule to be 5(F below actual outdoor air temperature.
Check the following:

2.2.1
The water temperature setpoint is reset to the desired value.
2.2.2
The hot water heating source modulates as necessary to achieve setpoint.
2.3
Verify water temperature high limit setpoint.  Continuing from the procedure above, raise the low-end outdoor air temperature setpoint above the actual outside air temperature.  For example, if the water temperature setpoint is 120(F when outdoor air temperature is less than 20(F but the actual outdoor air temperature is greater than 20(F, then raise the low-end temperature threshold of the reset schedule to be 5(F above actual outdoor air temperature.  If the outdoor air temperature is higher than the high-end setpoint, it will also be necessary to significantly raise the high-end temperature threshold.  The following example illustrates the concept:
· Water temperature is reset between 120(F and 85(F when outdoor air temperature is 20(F and 65(F, respectively.  Outdoor air temperature during test is 50(F.  Set low-end outdoor temperature threshold at 55(F.

Water temperature is reset between 120(F and 85(F when outdoor air temperature is 20(F and 65(F, respectively.  Outdoor air temperature during test is 75(F.  Set low-end outdoor temperature threshold at 80(F and set high-end outdoor temperature threshold at 90(F.

Check the following:

2.2.1
The water temperature setpoint is reset to the desired value.
2.2.2
The hot water heating source modulates as necessary to achieve setpoint.
2.4
Verify water flow rate control.  Water flow rate can be controlled by either ON/OFF cycling of the overall system or local zone pumps, or full modulation of individual zone valves based on numerous parameters.  The most common parameters are: zone temperature; slab temperature; return water temperature; the differential between supply and return water temperatures; or a combination zone temperature/slab temperature control strategy.  Regardless of the control method, flow rate control can be verified by adjusting the independent variable as necessary to achieve the desired response.  For example:

· If water flow is controlled by zone temperature, adjust setpoint above actual zone temperature to ensure system/pump(s) cycle ON or valve(s) modulate open and adjust setpoint below actual zone temperature to ensure system/pump(s) cycle OFF or valve(s) modulate closed.

· If water flow is controlled by slab temperature, adjust setpoint above actual slab temperature to ensure system/pump(s) cycle ON or valve(s) modulate open and adjust setpoint below actual slab temperature to ensure system/pump(s) cycle OFF or valve(s) modulate closed.

If water flow is controlled by return water temperature or temperature differential, adjust setpoint above actual return water temperature or differential to ensure system/pump(s) cycle ON or valve(s) modulate open and adjust setpoint below actual return water temperature or differential to ensure system/pump(s) cycle OFF or valve(s) modulate closed.
If water flow is controlled by a combination zone temperature/slab temperature control strategy, adjust setpoint above actual zone temperature to ensure system/pump(s) cycle ON or valve(s) modulate open until maximum slab temperature is reached and adjust setpoint below actual zone temperature to ensure system/pump(s) cycle or valve(s) modulate as necessary to maintain minimum slab temperature.
Regardless of the test method used, check the following:

2.4.1
Verify system responds per the design sequence of operation.

2.5
Return system to normal.  Once all initial tests are complete, return all control parameters back to original setpoints and conditions per the design sequence of operations.
2.6
Verify system operation through trending.  As stated earlier, the slow response time of the concrete slab will prevent verification of system control in a timely manner.  Actual system performance must be verified through trending while the system is operating under normal conditions.  The key points to evaluate are that the slab maintains proper setpoint based on the design control strategy and that zone comfort is maintained under all atmospheric conditions.  Trend points include outside air temperature, zone temperature, slab temperature, water temperature, heating source operation, hot water pump operation, and valve position.  Temperature sample rate can be every 5 to 60 minutes.  Valve sample rate maybe every 1 to 5 minutes to catch short cycling and control instability.  The trending period can be 1 to 2 weeks and should include at least one Monday morning recovery after a weekend.
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