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Introduction 
This document provides current trends and best practices for hydronic piping infrastructure 
commonly deployed for central chilled water systems, heating hot water systems and condenser 
piping at chiller plants.  Specific areas covered include, 

• Direct buried HDPE chilled water and condenser water piping 
• Direct buried PEX heating hot water piping 
• Isolation valves 
• Vaults for valves 
• Anchor blocks and thrust blocks 

Background 
Historical design and construction practice in large (> 6” and up to 36” or larger) direct buried 
piping systems has been to use carbon steel piping, ductile iron piping and polyvinyl chloride 
(PVC) piping.  Direct-buried ferrous based piping in the industry has consistently experienced 
corrosion issues that has resulted in significant ongoing outages and expensive repairs of 
hydronic infrastructure.  PVC piping and ductile iron piping with push-on bell and spigot joints 
have struggled with leaks in both chilled water and hot water systems as well as expensive 
construction methods associated with providing thrust blocks to protect the non-restrained pipe 
joints.  While pre-insulated and jacketed steel pipe is protected from soil corrosion by providing 
a continuous physical and vapor barrier over the insulation, long term fail-proof operation is still 
an issue. Joint installation errors or damage from subsequent excavation can cause the 
insulation jacket to be penetrated, leading to external corrosion and eventual pipe failure. 
An alternative practice that has emerged over the last decade uses High Density Poly Ethylene 
(HDPE) pipes for low temperature applications (such as chilled water and condenser water 
piping) where fluid temperature range is in the low 40’s to 90’s deg F.  Likewise, for small sized 
piping (6” or less) and low temperature heating hot water systems where temperature is less 
than 180 deg. F (and operating pressure less than 100 PSIG), PEX piping has emerged as a 
reasonable alternative that provides a corrosion free and relatively far simpler installation 
without use of thrust blocks.  From an investment standpoint, a design goal for owners is to 
design and install distribution piping that will not experience corrosion related failure and will 
provide a long service life (>50 years). 
This purpose of this document is to summarize these best practices so that ongoing as well as 
future projects at CSU campuses can benefit from the latest viable and proven technology 
options.  Much of the information contained in this document on piping materials described in 
this document is derived from recommendations contained in two ASHRAE journals, authored 
by Kent Peterson, P.E. The Mechanical Review Board greatly appreciates and acknowledges 
this contribution. Engineers interested in understanding greater details related to these 
technologies are encouraged to review these two ASHRAE papers referenced at the end of this 
document.  Another great resource is also the  Plastic Piping Handbook, published by the 
Plastic Piping Institute. 

https://www.plasticpipe.org/MunicipalIndustrial/Shared_Content/Shop/PE-Handbook.aspx
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Chilled and Condenser Water Piping 
 
HDPE Piping 
Material Properties 
 
Table 1 shows a physical and mechanical properties comparison of HDPE and carbon steel.  
 

Table 1 Carbon Steel and HDPE Physical and Mechanical Properties 
 

 Material 

Carbon Steel Polyethylene (HDPE) 

Modulus of Elasticity (E) 27.9 x 106 psi 2.8 x 104 psi 

Poisson’s Ratio (v) 0.3 0.4 to 0.45 

Pipe Roughness Value (e) 0.0015 ft 0.000005 ft 

Coefficient of Thermal 
Expansion 

6.5 x 10-6 in/in·°F 67 x 10-6 in/in·°F 

Thermal Conductivity (K) 25 Btu/h·ft·°F 0.26 Btu/h·ft·°F 

Allowable Stress 15,000 psi 350 psi 

 
Key Observations: 

• Low modulus of elasticity helps reduce pipe stresses and forces at anchoring points or at 
vaults 

• Low roughness helps reduce pressure losses 
• High thermal expansion coefficient suggests need for caution during the design process 

to make sure piping expansion contraction is considered in the design of pipe layout and 
connections 

• The low thermal conductivity and wall thickness of HDPE pipe combined with the very 
small temperature difference between chilled water return and ground temperature 
allows for installing uninsulated direct buried HDPE piping on chilled water return lines in 
most locations 

• Allowable stress is much lower than that of steel. Operating temperature, surge 
pressures and working pressure needs to be verified to conform to the allowable stress 
of the selected pipe SDR ratio as defined below. 

HDPE Heat Fusion Joining Methods 
An integral part of any HDPE pipe system is the method used to join the system components. 
There are two methods for producing heat fusion joints.  

• Heat fusion 
• Electrofusion 

In the heat fusion process, heat is applied with an external heating plate. Conventional heat 
fusion includes butt, saddle, and socket fusion. ASTM Standard F2620-13 provides standard 
practice and procedures for joining PE pipe and fitting by means of heat fusion.  
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In the electrofusion process, an electric heating element is integrated into the electrofusion 
fitting. Electrofusion is used to produce socket and saddle heat fusion joints.  
Heat fusion causes the materials to mix and fuse into a monolithic joint and becomes as strong 
as or stronger than the pipe itself in pressure properties.  Properly made heat fusion joints do 
not leak. Piping joined by heat fusion, electrofusion, flanges, and mechanical joint (MJ) adapters 
are fully restrained and do not require external joint restraints or thrust block joint anchors. Butt 
fusion produces a double-roll melt bead on the outside and inside of the pipe. AWWA indicates 
that internal bead removal is not necessary because its effect on hydraulic flow is negligible. 
Design Considerations 
HDPE pipes for a given hydronic piping application are specified to meet a certain Standard 
Dimension Ratio (SDR). The SDR is the ratio of outside pipe diameter to pipe wall thickness. 
Lower the ratio, thicker the pipe for a given diameter, and greater is the allowed working 
pressure rating. For most chilled water and condenser water applications in campuses where 
sustained operating pressure is <125 PSG, SDR 11 pipe is most commonly specified.  
However, depending on campus topography and relative elevation of the buildings served with 
respect to the Central Plant distribution pumps, these pressures can vary widely.  Designers are 
encouraged to review normal range of sustained pressures at summer peak load conditions 
especially for chilled water applications. 
There are three factors that determine the allowed working pressure rating during the design 
process.  These are: 

• Sustained internal hydraulic pressure of the fluid in the pipe 
• Maximum temperature of the fluid in the pipe. 
• Surge pressure associate with rapid fluid velocity changes such as stopping of a pump, 

sudden closure of a valve, etc.  
The pressure class for HDPE pipe in AWWA Standard C906-15 includes allowances for surge 
pressures. The allowance for recurring surge is 50% of the PC and occasional surge is 100% of 
the PC. Where the operating temperatures are expected to be higher than 80°F or the surge 
pressures are higher than those allowed by the PC definition, the WPR must be reduced below 
the PC. For instance, the WPR would be reduced to 80% of the PC if the maximum operating 
temperature is 91°F to 100°F. 
Table 2.1 shows the pressure classes for pipe material designations PE3608 and PE4710 at 
various SDR ratios.  Table 2.2 shows the temperature effects on hydrostatic design stress in the 
40 deg F to 100 deg. F as published by Plastic Pipe Institute. 
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Table 2.1 HDP Pipe Pressure Rating for Water at 80 °F 
 

 
SDR 

Pipe Pressure Rating, PSI 

PE3608 PE4710 

7.3 265 315 

9 200 250 

11 160 200 

13.5 130 160 

17 100 125 

21 80 100 
 
 

Table 2.2 Temperature Compensation of Hydrostatic Design Stress for HDPE 
(Source: Plastic Pipe Institute, Handbook) 

 

Multipliers for Converting Base Temperature 
HDS to HDS for another temperature 

Maximum Sustained 
Temperature (Deg F) 

Multiplier for 
Hydrostatic Design 

Stress 

40 1.25 

50 1.17 

60 1.10 

73 1.00 

80 0.94 

90 0.86 

100 0.78 

 
Surge Pressure Calculations 
An abrupt change in velocity of the flowing liquid generates a pressure wave, the velocity of 
which is calculated with the following equation: 

 
 
 



Best Practices - Hydronic Piping & Infrastructure 

CSU Mechanical Review Board  Page 8 

 
Using the above formula for water in SDR 11 PE pipe, the wave velocity would be 1,069 ft/s. 
The transient surge pressure can be calculated from the wave velocity and the change in fluid 
velocity with the following equation: 

 
 

 
Figure 1 shows impact of higher velocity change values for SDR 11 pipe.  The graph clearly 
illustrates the importance of avoiding abrupt changes to velocity in the hydronic piping systems. 
Slow closure of valves and slow ramp up and down of pumps should be an integral part of the 
normal sequence of operations. 

Fig - 1 
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HDPE Installation Considerations 
HDPE pipe diameter is typically specified by iron pipe size (IPS). This means HDPE pipe will 
have a significantly smaller inside pipe diameter than nominal pipe size (NPS) steel pipe; 
therefore, it is sometimes oversized to achieve the desired inside pipe diameter. For example, 
12 in. IPS SDR 11 HDPE pipe has an inside diameter of 10.3 in. whereas A53 carbon steel STD 
NPS pipe would have an inside diameter of 12 in. This needs to be factored into the pipe sizing 
for the flow rates required. In some cases, depending on butterfly valve dimensions used in the 
system, flange adaptors with tapered ID spacers may be required for the valve to open and 
close freely. 
See Tables 2.3 and Table 2.4 to compare the internal diameter of nominal pipe sizes of HDPE 
pipe with traditional iron pipe sizes used for steel pipes. 
The low thermal conductivity and wall thickness of HDPE pipe combined with the very small 
temperature difference between chilled water return and ground temperature allows for installing 
uninsulated direct buried HDPE piping on chilled water return lines in most locations. 
Unlike steel pipe, HDPE pipe may be cold bent in the field without affecting the working 
pressure rating. The minimum allowable long-term bend radius for pipe is determined by the 
pipe diameter and dimension ratio. The pipe will typically bend without great effort to about a 70-
pipe diameter radius. The minimum cold bending radius for SDR 11 pipe is 25 pipe diameters. 
HDPE pipe can be used with horizontal directional drilling. PPI TR-4611 provides guidance for 
using HDPE for horizontal directional drilling. 
When determining the minimum depth to bury the pipe, the compressive wall stress on the pipe 
from exterior forces should be kept less than the allowable compressive stress of the HDPE 
material. Generally, if the pipe being used has a SDR of 21 or less, and the cover is equal to the 
greater of the pipe diameter or 3 ft of cover, AASHTO H20 truck loading is met. The pipe 
embedment materials should be coarse-grained, stable, and compacted to 85% to 90% 
standard proctor density.  
HDPE and PVC pipe have similar costs for the same pressure class. Both of these pipe 
materials are considerably less expensive than A53 STD steel pipe. The 
steel pipe material costs can be four to eight times more expensive than HDPE pipe for 4 in. to 
12 in. pipe depending on pipe diameter. Smaller pipe diameters have a greater cost differential 
than larger diameters. 
Connecting to Other Pipe Materials 
In some instances, HDPE piping will need to connect to other piping materials. HDPE pipe can 
be connected to PVC pipe using slip-joint anchor fittings, gasketed joint adapters, and flanged 
connections. Some manufacturers also provide HDPE to PVC transition fittings. HDPE flanges 
can be used to connect to steel and ductile iron pipe. HDPE mechanical joint (MJ) adapters can 
be used to connect to existing ductile iron pipe.  
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Table 2.3- NPS Table for Steel Pipes 
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Table 2.4 
 

HDPE Iron Pipe Size Table for SDR From 7 to SDR 13.5 
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Commissioning 
HDPE, like other piping materials, should be thoroughly flushed prior to testing to prevent 
damage to valves and other fittings from any material left in the pipe during construction. A 
minimum flush velocity of 3 ft/s is recommended to move the material in the pipe. The piping 
system should also be tested using water. HDPE leak testing is usually done per ASTM 
Standard F2164 at a pressure specified by the designer, typically 1.5 times the design WPR. 
This is a field leak testing procedure since PE pipe is a lower modulus viscoelastic material that 
dilates in diameter (creep-strains) when subjected to higher stress during hydrotest.  
This means for a fixed volume of clean fill water, the hydrostatic pressure will decline slightly 
during the test time, as the PE molecular chains stretch and align under high stress. During the 
test period, water is added to keep the pressure constant since the thermoplastic pipe will 
expand with pressure. Normally, if the pressure remains within 5% of the target value for one 
hour, the leakage test passes. 

Summary of Key benefits of HDPE in direct buried applications 
1. No corrosion related concerns as typical of steel pipes in the ground 
2. No leak related concerns as typical of C-900 plastic or ductile iron pipes where push-on 

pipe joints inherently can leak 
3. No thrust blocks needed at pipe joints are valve connections as used in PVC or ductile 

iron pipes 
4. Pipe is smooth offering less friction and lower pressure losses. 
5. Pipe surface is abrasion resistant. 
6. Availability of flange connections as well as mechanical couplings to mate with existing 

steel piping 
7. Low modulus of elasticity (E) results in lower forces at pipe connections as pipes expand 

or contract due to thermal expansion/contraction. 
Summary of Key areas to Avoid use of HDPE 

1. Exterior above ground applications where HDPE is exposed to UV radiation.  
2. Fluid temperature exceeds 140 deg. F (allowed pressure limits are temperature 

sensitive) 
3. Direct buried applications where presence of hydrocarbon contaminants (diesel, 

gasoline, etc.) in the soil can potentially damage HDPE piping by impacting its strength. 
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Hot Water Piping 
PEX Piping 
Material Properties 
Crosslinked polyethylene (PEX) is a flexible plastic pressure pipe with over 40 years of 
successful use in the European market in hot water applications, including extensive testing for 
durability and material performance. It was first introduced in North America in 1984 and is 
widely used for plumbing, water service, fire protection, hydronic heating and cooling 
(particularly radiant floors), snow and ice melting, and ground source geothermal piping 
systems. PEX began being used in the 1990s for underground applications. 
PEX is a polyethylene material, which has undergone a change in molecular structure using a 
chemical or a physical process whereby the polymer chains are chemically linked. The primary 
reason for cross-linking PE is to increase the material’s elevated temperature internal pressure 
performance. Crosslinking also improves the pipe’s environmental-stress crack resistance, 
resistance to slow crack growth, chemical and corrosion resistance, toughness, and abrasion 
resistance. Finally, crosslinking makes PEX a “semi-thermoset” polymer, providing good long-
term stability. 
PEX-a tubing with an oxygen diffusion barrier is most commonly used for underground heating 
hot water applications. The oxygen diffusion barrier limits oxygen permeation through the tubing 
wall in hydronic heating applications, which prevents corrosion of ferrous metal parts in the 
heating system. PEX-a tubing is produced using the Peroxide (or “Engel”) method, named after 
the inventor Thomas Engel. During the manufacturing process, free radicals are created when 
HDPE polymer is melted and cross-links between molecules occur at temperatures that exceed 
the decomposition temperature of the polymer. 
Tables 3 summarizes the engineering properties of PEX.  Table 4 shows the effect of 
temperature on short-term and long-term modulus of elasticity, and the coefficient of thermal 
expansion from 220 °F (100 °C) down to 73 °F (23 °C) for a particular PEX pipe. 

Table 3 Carbon Steel and PEX-a Physical and Mechanical Properties 
 

Material: Carbon Steel PEX 

Modulus of Elasticity (E) 27.9 x 106 psi 180 °F: 87,000 to 
130,000 psi 

Pipe Roughness Value (e) 0.0015 ft 0.000002 ft 

Coefficient of Thermal 
Expansion 

6.5 x 10-6 in/in·°F 212 °F: 2.72 x 10-4 
in/in·°F 

Thermal Conductivity (K) 25 Btu/h·ft·°F 2.86 Btu/h·ft·°F 
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Table 4 PEX Elastic Modulus versus Temperature 
 
Temperature 
(°F) 

Elastic Modulus 
(PSI) 

Long-Term Modulus 
(PSI) 

Coefficient of Thermal 
Expansion, in/in·°F 

220 6,815 889 2.94E-04 

200 8,700 1,056 2.39E-04 

180 11,165 1,260 1.89E-04 

160 14,065 1,513 1.61E-04 

140 19,720 1,827 1.28E-04 

120 27,115 2,221 1.11E-04 

100 36,540 3,612 1.00E-04 

73 61,915 3,612 7.94E-06 

In general, 140 °F (60 °C) is the maximum service temperature for thermoplastic high-density 
polyethylene (HDPE) pressure pipe applications. With PEX, however, the in-service 
temperature can be raised to at least 180 °F (82 °C) and sometimes as high as 200 °F (93 °C), 
depending on the starting density, degree of crosslinking, type of crosslinking, and operating 
pressure. PEX pipes are also tested to ensure short-term exposure to a temperature of 210 °F 
(99 °C) is also tolerated. 
Hydrostatic Pressure Ratings 
The pressure rating of PEX is obtained from the hydrostatic design basis (HDB) method as 
defined in ASTM D2837. The HDB ratings have been shown to be useful indicators of relative 
long-term strength of thermoplastic materials. The Plastics Piping Institute (PPI) develops 
policies and procedures for the recommendation of the estimated long-term strength for 
commercial thermoplastic piping materials and includes this in its "PEX Pipe Design Manual 
(HDB-Based) for Water, Oil, Gas & Industrial Applications."13 PPI also develops policies and 
procedures for the recommendation of the estimated long-term strength for commercial thermo- 
plastic piping materials and includes this in Technical Report-3, TR3.14 PPI Technical Note, TN-
52,15 provides guidance for determining appropriate design life calculations of PEX pipe and 
tubing in high-temperature applications, defined as operating temperatures above 180°F (82°C).  
Table 5 shows the ATM F87616 minimum long-term hydrostatic design stress ratings and 
pressure ratings tor SDR 9 PEX tubing for various temperatures, when determined in 
accordance with procedures no less restrictive than those of PPI TR-3. The pressure rating is 
the estimated maximum water pressure the tube is capable of withstanding continuously with a 
high degree of certainty that failure of the tube will not occur. 
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Table 5 Hydrostatic Design Stresses and Pressure Ratings for SDR 9 PEX Tubing for Water at 
Different Temperatures 
 

 
Rated Temperature 
(°F) 

Hydrostatic 
Design Stress 
(PSI) 

Pressure Rating 
for Water 
(PSI) 

200 315 80 
180 400 100 

73 630 160 
 
Pre-Insulated Piping and Joining Methods 
Pre-insulated PEX piping systems are available from several manufacturers. In North America, 
pre-insulated PEX piping comes in two primary configurations: single pre-insulated pipe is 
available up to 4 in. nominal pipe diameter while two-pipe systems in a single insulated jacket 
are available up to 2.5 in. nominal pipe diameter. Two-pipe systems typically work best when 
the temperature differential between the two pipes is less than or equal to about 20°F ΔT. 
Corrugated polyethylene jackets are used for the pre-insulated piping system to allow flexibility 
in bending and resistance to thermal expansion when buried. 
Because the maximum diameter of available pre-insulated PEX pipe is relatively small (4” or 
less), its use is limited to applications with lower flow requirements. Typically this has been in 
applications routing from local heating plants to nearby buildings and used in building 
connection branches from campus distribution vaults. 
Different insulation materials and techniques are used by various manufacturers. Fully bonded 
polyurethane insulation is available by several manufacturers while another uses unbonded 
layered PEX insulation. The fully bonded polyurethane insulation is bonded to both the 
PEX pipe and jacket, is more rigid, and has a lower thermal conductivity requiring less 
insulation. The unbonded layered PEX insulation has different layers of PEX insulation that 
move independently for increased flexibility and tighter bending radiuses but requires a 
larger outside jacket diameter due to a higher thermal conductivity. For example, a 2 in. nominal 
pipe with the fully bonded polyurethane insulation system requires a 36 in. bending radius while 
the unbonded layered PEX insulation requires only 18 in. 
An integral part of any pipe system is the method used to join the system components. PEX is 
typically joined with compression sleeve type fittings. The majority of systems use fittings made 
from either DZR (Dezincification Resistant) brass or offer poly PEX fittings, which are not 
subject to corrosion. 
 
Design & Installation Considerations 
Size Considerations 
PEX pipe diameter is typically specified by copper tubing size (CTS). This means PEX pipe will 
have a significantly smaller inside pipe diameter than nominal pipe size (NPS) steel pipe; 
therefore, it is sometimes oversized to achieve the desired inside pipe diameter. For example, 3 
in. CTS SDR 9 PEX pipe has an inside diameter of 2.398 in., whereas A53 carbon steel pipe 
would have an inside diameter of 3.068 in. When sizing PEX piping, both the much lower pipe 
roughness value and the decreased inner diameter of nominal pipe sizes should be considered. 
In some cases, depending on butterfly valve dimensions used in the system, flange adaptors 
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with tapered ID spacers may be required for the valve to open and close freely. In most cases, 
ball valves can be used for isolation due to the smaller pipe sizes. 
Flexibility in Available Lengths 
PEX has a unique benefit of being shipped pre-insulated in lengths of 300 to 600 ft coils to 
minimize field joints in trenches. Typically, underground field joints on pre-insulated steel piping 
tend to be the single greatest risk of corrosion failure. These field joints and fittings are required 
every 20 ft in addition to directional and tee fittings. In many cases, the long lengths and 
flexibility of PEX tubing eliminates the need for underground field joints between buildings and 
the flexibility allows the pipe to bend where normally 45 or 90-degree fittings would be used with 
rigid piping. The flexibility in the PEX system does not require trenches to be dug straight and 
level and also makes avoiding underground obstacles easier since the pipe can be installed to 
snake around the obstacles. If an underground field joint is required for tees, they should be 
provided in an accessible connection vault and not direct buried. 
Depth of Installation 
When determining the minimum depth to bury the pipe, the compressive wall stress on the pipe 
from exterior forces should be kept less than the allowable compressive stress of the PEX 
material. Generally, the American Association of State Highway and Transportation Officials 
(AASHTO) H-20 truck loading is met using SDR 9 pre-insulated pipe with 2 ft of cover. Burying 
the pipe below the frost line can prevent heaving and improve thermal performance. As with 
most thermoplastic piping systems, do not install the pre-insulated PEX system in soil or 
groundwater conditions, which are thought or known to be contaminated with fuels, organic 
compound, or solvents, as these substances could permeate the pipe and contaminate the 
water or damage the integrity of the piping system. A minimum of 4 in. of sand should surround 
the pre-insulated PEX system in the trench  
Locating Buried Pipes 
Once buried and backfilled, PEX piping cannot be located via metal detectors. Therefore, it is 
suggested PEX piping, as with all non-ferrous piping, should be buried with a 12-gauge tracer 
wire attached thereto, all the way back to an accessible manhole or indoor space at each end. 
This will allow a small electrical current to be used to assist a locator in finding the pipe route at 
some date in the future. A cautionary "underground buried piping vinyl warning tape should also 
be located in the backfill above the pipe to warn future unsuspecting excavators  
Transition to Building Service Piping 
The pre-insulated PEX system can penetrate the building exterior wall or floor prior to 
connecting to other systems, such as mechanical room equipment or existing metal piping 
inside the building. Plastic pipes expand and contract dramatically with changes in temperature. 
To avoid damage to the pre-insulated PEX system and the connecting pipe components, the 
PEX system should be properly anchored to the wall or floor. 
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Temperature Control Limit 
Maximum water temperature control is critical when using thermoplastic materials with heating 
hot water systems. The pre-insulated PEX systems typically come with a 25-year warranty on 
the PEX pipe as long as the system operates within the temperature pressure rating 
limits shown in Table 5. It is critical to make sure that the boiler controls and safeties are set so 
that the temperature of hot water supply reaching the PEX piping is below the limit.   Likewise, it 
is important to verify during the design process that the working pressure (including 
consideration of surge pressures) is below allowable limits, 
Commissioning 
PEX, like other piping materials, should be thoroughly flushed prior to testing to prevent damage 
to valves and other fittings from any material left in the pipe during construction. A minimum 
flush velocity of 3 fps is recommended to move the material in the pipe. PEX leak testing is 
usually done with water at a pressure specified by the designer, typically 1.5 times the normal 
operating pressure but not higher than the temperature pressure rating limits shown in Table 3. 
It is worth noting that this is a field leak testing procedure since PEX pipe is a lower modulus 
visco-elastic material that dilates in diameter (creep-strains) when subjected to higher stress 
during hydrotest. This means that for a fixed volume of clean fill water, the hydrostatic pressure 
will decline slightly during the first 30 minutes, as the PE molecular chains stretch and align 
under high stress. During the test period, water is added to keep the pressure constant since 
the thermoplastic pipe will expand with pressure. Normally, if the pressure remains within 5% of 
the target value for 90 minutes, the leakage test passes. 
Cost Savings over Carbon Steel Piping 
Installed pre-insulated PEX piping systems are less expensive than installed pre-insulated A53 
standard steel piping systems. Typically, 20 to 35% construction cost savings when comparing 
pre-insulated PEX to pre-insulated steel piping systems for connections between buildings or 
heating distribution building branches. Most of these cost savings are a result of substantially 
less labor and shorter installation time due to the large reduction of field joints required in a pre-
insulated steel piping system.  
 
Summary of Key benefits of PEX Piping in direct buried applications 

1. No corrosion related concerns as typical of steel pipes in the ground 
2. No leak related concerns as typical of C-900 plastic or ductile iron pipes where push-on 

pipe joints inherently can leak 
3. No thrust blocks needed at pipe joints are valve connections as used in PVC or ductile 

iron pipes 
4. Pipe is smooth offering less friction and lower pressure losses. 
5. Ease of installation in a trench as it comes in rolls with long lengths, minimizing the 

number of joints 
6. Low modulus of elasticity (E) results in lower forces at pipe connections as pipes expand 

or contract due to thermal expansion/contraction. 
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Summary of Key areas to Avoid use of PEX 
 

1. Exterior above ground applications  
2. Fluid temperature exceeds 180 deg. F (allowed pressure limits are temperature 

sensitive) 
3. Main line flow that may require larger than 6” size piping  

Hydronic Line isolation Valves 
Both gate valves ad butterfly valves have been used in the industry for isolating the hydronic 
systems.  There are a few factors that make gate valves a better choice in comparison with 
butterfly valves in infrastructure applications. 

• Gate valves require less periodic operation and service and may be used in applications 
where valves are rarely operated.  Infrastructure butterfly valves should be exercised at 
least every year. 

• Gate valves open and close slowly. Therefore, there is lower probability of high surge 
pressure due to rapid changes in velocity. 

• Gate valves are also suited in applications where flow modulation is not a necessity. The 
valves remain in either 100% open or 100% closed position. 

• Butterfly valves may be more suited if any of the following requirements apply. 
o Closing time is critical and valve has to close very quickly 
o Valve open and close operations are frequent 
o Valve modulation at partial flow condition is desired 
o Surge pressures are not a concern in the affected piping. 

Commissioning of valves should include a training program related to valve maintenance.  All 
valves should be preferably installed and protected from direct soil contact using either valve 
boxes or vaults.  

Vaults 
Hydronic piping systems include main line and branch line isolation valves which are ideally 
situated in either pre-fabricated or custom built vaults.  The following recommendations are 
provided for vault construction. 

• Size them appropriately to allow space for installation and maintenance of valves 
• Where vaults and hydronic lines are provided for connection to a new building under 

construction, provide end of run loop connections between supply and return line (with 
an isolation valve in the bypass line) to allow system flushing and continuous circulation 
through the new pipes while the building being connected to the vault is pending 
completion of construction. This helps avoid dead legs during the construction process 

• Provide vapor barriers on the outside walls 
• Provide ladder with a ladder extension and grab bars that can be used for safe and 

convenient access into and out of the vault 



Best Practices - Hydronic Piping & Infrastructure 

CSU Mechanical Review Board  Page 19 

• Provide two vents (typically 6-8” diameter) with a gooseneck that can help flush the vault 
with fresh air before service technicians get into the vault. The vents can be brought out 
to an adjacent landscaped area.  Provide insect screens at vent terminations. Vaults are 
confined environments that require special safety procedures for access. Maintain a 
periodic inspection program to maintain the valves and vaults. 

• Label and tag all valves inside the vault and make sure that the direction of rotation on 
the valve handle is clearly marked 

• Note that traffic rated vaults may require custom structural design based on vehicle 
loading.  Geotechnical studies based on soil borings are generally recommended to 
establish soil condition, bearing pressure, etc. required for sizing the vault structure  

• Where possible, ensure that the vault doors and manhole covers have the standard 
lifting mechanism that matches with the campus standard being used.  They should be 
marked showing the utilities included in the manhole. 

• If HDPE or PEX piping is being used in direct buried applications, pipes within the vault 
may be steel piping to allow convenient mounting of isolation valves. Flanged 
connections between HDPE and steel piping may be used to allow use of steel piping 
inside the vaults.  It is easier to support steel piping in non-buried applications than it is 
to support plastic pipes. 
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Underground Pipe Anchor and Thrust Blocks 
Thrust Block Design 

Thrust block: concrete pipe thrust restraints that prevents separation of joints from pipe 
movement by transferring the resultant thrust force at a fitting to the undisturbed soil behind the 
thrust block.  Restrained pipe joints is another option for not using thrust blocks.  
Note:  This guideline does not recommend push-on joint piping (bell and spigot) for pressurized 
chilled water and heating hot water piping due to the excessive allowable leakage from AWWA 
C900 of treated water.  Welded steel, fusion-welded HDPE or PEXa piping are good 
alternatives. 

Hydraulic thrust forces occur at changes in direction, reductions in diameter (bends, tees, 
tapers) and at the ends of pipelines carrying water under pressure. They can be high and must 
be counterbalanced by appropriate anchored joint systems, or by thrust blocks in unrestrained 
piping systems. Momentum forces related to fluid velocity are generally small (< 1%) and may 
be Ignored, especially If design Includes a factor of safety. 
Most thrust blocks can be Class A2 2500 psi concrete without steel reinforcing.  Line stops and 
inverted thrust blocks, where the block is installed in the opposite side of the thrust, require steel 
reinforcing.  Thrust block bearing surfaces shall be poured against undisturbed soil (preferred) 
or 95% compacted backfill. 
Determine the total internal design and test pressure for pipelines use the appropriate pressure 
for the special design blocking.  Under some special circumstances, the necessary test 
pressure may be higher than this total pressure. 
The following guidelines are for calculating design thrust force (F) for fittings.  See Example 1 
for sample calculations for thrust block sizing. 

1. When calculating thrust forces, use the outside diameter (OD) or joint sealing diameter. 
The sealing diameter is the internal diameter of the gasket at the bell, where the internal 
water pressure comes in contact. 

2. Horizontal (HB), Upper Vertical (UVB) and Lower Vertical (LVB) Bends. Calculate the 
design thrust force or resultant force for bends. 

F = 2 P A sin (Ø/2) 

Where: 
P = design pressure (psi) 
A = cross sectional area of pipe (ft2) 
Ø = angle of the bend (degrees) 

3. Plugs and caps. Use the full thrust force, which is equal to the design pressure (P) times 
the cross-sectional area (A) of the pipe. (F = P A) 

4. Tees. Use the full thrust force, which is equal to the design pressure (P) times the cross-
sectional area (A) of the branch pipe. (F = P A) 

5. Reducers. The design thrust force for reducers is equal to the design pressure (P) times 
the difference of the cross-sectional areas of the large (Al) and small end (As) sizes of the 
reducer. F = P (Al − As) 
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Thrust block design area against soil is commonly determined by the equation Ab=Sf*T/Sb. 
Where: 

Ab = the required bearing area of the thrust block, 
Sf = the safety factor (1.5 is typical), 
T = the resultant thrust force, and 
Sb = the bearing strength of the soil. 

A soils investigation is typically recommended to determine soil bearing strength at the depth of 
the pipeline.  Samples are recommended every 300 feet.  Table 1 of this section can be used if 
the type of soil is known, and a soils investigation report is not available.  It is recommended to 
add more safety factor without a site specific soils investigation. 

 
The following figures show some typical thrust block applications as well as forces associated in 
commonly encountered configurations. 



Best Practices - Hydronic Piping & Infrastructure 

CSU Mechanical Review Board  Page 22 

 
            Fig 1 – Thrust Block Application 

 
 

   
 
 

Fig 2  - Thrust Force for a T-fitting 
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Fig 3 – Thrust Force for Reducer Fitting 

 
 

Fig 4 – Thrust Force for a Dead End/Pipe Cap 
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Fig 5 – Thrust Force for a Y-Fitting 

 
Fig 6 – Thrust Force for a Closed Valve 
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Anchor Block Design 

Anchor block: a rigid device that completely restricts pipe movement in all three dimensions 
while bearing the weight, side, and thrust loads. It is designed to prevent essentially all pipe 
rotation and displacement at the point of application. 
Pipe anchors can be installed in manholes, utilidors, or in direct-buried applications.  They are 
typically used to control pipe expansion into expansion joints or expansion loops. 
When installed in direct buried applications an anchor ring is typically welded onto the barrel of 
the pipe.  These rings are designed and welded by the pipe manufacturer or fabricator.  Pre-
insulated piping manufacturers will typically calculate anchor loads for direct buried piping.  The 
manufacturer will NOT size or design the anchor blocks, so this needs to be done by the 
engineer and/or the contractor (for design-build projects). 
Note that bellows expansion joint loads can sometimes exceed thermal expansion loads.  These 
are calculated with the following equation: 

F = P A 

Where: 
P = design pressure (psi) 
A = cross sectional area of expansion joint (ft2) 

ASHRAE also covers the design of underground pipe expansion provisions in 2020 ASHRAE 
Handbook Chapter 12, District Heating and Cooling.    
Direct buried anchor block design area against soil is commonly determined by the equation: 

Ab=Sf*T/Sb+π*ro2 
Where: 
Ab = the required bearing area of the thrust block (ft2), 
Sf = the safety factor (1.5 is typical), 
T = the resultant thrust force (in lbs, from the manufacturer of the expansion joint or force 
computed based on ASHRAE handbook based on pipe loop geometry, material 
properties, and thermal expansion based on fluid design basis temperature difference 
between fill and design basis operating temperature), 
Sb = the bearing strength of the soil (lbs./ft2), and 
ro = radius to outside of direct buried pipe insulation (ft) 

Refer to the previous section for determining soil bearing capacity.  The anchor block requires a 
minimum of 10 inches beyond the pipe anchor ring outside diameter.  Anchor blocks are 
commonly 3-feet deep from front to back but steel reinforcing can be used to reduce this 
dimension, if needed. 
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Fig 7 – Anchor Block Configuration Example 

 

 

H-20 Traffic Load for Buried Pre-Insulated Pipe 
Most pre-insulated piping manufacturer require 30-inches of cover tamped to 95% compaction 
to obtain-20 traffic load conditions.  If 30-inches is not available, 6-inches of 95% compacted 
sand above the pipe with a 4 to 6-inch reinforced concrete pad can be used.  The concrete pad 
should overlap the edges of the trench by 1-foot, then continue backfilling to grade as usual. 
 

Fig 8 – Buried Pre-Insulated Pipe 
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Example-1 - Thrust Block Forces and Block Sizing 

For the same example shown in Fig 9, this example below shows calculation of the thrust bock 
size. 
 

Fig 9 – Thrust Block Example 
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Thrust Force Calculation: 
 
Symbols used: 
 
Ø  Angle (degrees)  
d Pipe internal diameter (inches) 

F  Thrust in lbs.  
P  Fluid pressure (lbs./inch2), including possibly surge pressures considered 
 

Force calculation: 
 
d  =   10” internal diameter  
A  =  78.54 in2 

P = 100 psig 
Ø = 90 deg. (elbow) 
F  = 2 * 100 * 78.54 * Sin (90/2) 
F = 2 * 100 * 78.54 * 0.707 
F = 11,105 lbs. per elbow 
 
Thrust Block Sizing: 
 
Soil assumption: Silt 
Bearing strength (Bp): 1,500 lbs./ft2 from Table 1 
Factor of Safety: 1.50 (subject to designer discretion based on unknowns) 
 
Thrust (T):  11,105 (previously calculated from example above for 10” elbow) 
Bearing area:  Ab   =  Sf * T  ÷ Bp 

   Ab   = 1.50 * 16,657 ÷ 1,500  = 11.1 ft2 
 
Block dimensions: Assume b  = 2 * h 
   Ab    =    b * h    
   2 h2    = Ab  = 11.1 
   h  =  (11.1  ÷ 2)0.5 

   h  = 2.4 ft.  
   b   =  2 * h = 4.8 ft 
 
Backcheck of area: = b * h = 4.7 * 2.35 =  11.5 ft2 
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Max depth from grade to bottom of block = Ht = 2 * 2.35 = 4.7 ft 
 
Momentum force calculation: 
 
Symbols used: 
 
Q  Volumetric Flow Rate of fluid  (cubic ft /Sec) 
ϱ  Density of water (Slugs/ft3)    
∆v Change in velocity in ft/sec 
∆vx Change in velocity in ft/sec along X direction 
∆vy Change in velocity in ft/sec along Y direction 

A  Internal cross section area of Pipe (inch2) 
 

The force associated with rate of change of momentum in fluids is computed as follows: 
Force = density * Volumetric flow rate * Change in velocity 
F = ϱ * Q * ∆v 
 
Example: 
A 1500 GPM flow through a 10” (ID) pipe, with water flowing over a 90 deg. F elbow as shown 
in Fig 1 above would have the following forces along each segment of the elbow. 
 
ϱ = Density of water (Slugs/ft3)   =  62.4 lbs./ft3  ÷ 32.2 ft/sec2 = 1.94 
Q = 1500 * 0.13368 ÷ 60   ft3/sec 
Q = 3.34 ft3/sec 
A = 78.54 in2  or 0.545 ft2 
V = 3.34 ÷ 0.545 = 6.13 ft./sec. 
∆v = change of velocity = 6.13 – 0 = 6.13 ft./sec along each segment of elbow 
Fx =  ϱ * Q * ∆v  = 1.94 * 3.34 * 6.13 = 38.9 lbs.  along incoming segment 
Fy =  ϱ * Q * ∆v  = 1.94 * 3.34 * 6.13 = 38.9 lbs.  along outgoing segment 
F = (Fx2 + Fy2)0.5  combined, acting along the same resultant thrust force “F” 
F  = 55 lbs. 
 
As may be seen, this is only a small fraction (< 0.5%) of the pressure related force and for all 
practical purposes ignored in the sizing of thrust blocks. 
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