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1.0 content
Government Spacing Charts
Piping Standard Drawings   
2.0 purpose
This standard is to ensure consistency of design.
3.0 scope
These Standard Drawings shall be utilized on all Projects unless a Client request or Project Instruction deems otherwise.
4.0 responsibilities
The Piping Manager is responsible for approving and maintaining these Standard Drawings.
These Standard Drawings can only be modified, revised and re-issued with the approval of the Piping Manager.

5.0 codes & standards
All pipe support components shall comply with the latest edition of the following codes and standards.  These documents shall be deemed to form part of this specification.

5.1 Government of Alberta
Alberta Pressure Equipment Safety Regulation AR49
5.2 American Society of Mechanical Engineers (ASME)

ASME B31.1, Power Piping Code, latest edition

ASME B31.3, “Process Piping”, latest edition

5.3 American Society of Testing & Materials (ASTM)

ASTM A325, High Strength Bolts for Structural Joints 
ASTM A193, Alloy Steel Bolting for Special Purpose Applications

5.4 Canadian Standards Association (CSA)

CSA S16.1, Steel Structures for Buildings

CSA G40.21, Structural Quality Steels

CSA W47.1, Certification of Companies for Fusion Welding of Steel Structures

CSA W48.1, Mild Steel Covered Arc-Welding Electrodes

CSA W59, Welded Steel Construction

5.5 Canadian Institute of Steel Construction (CISC)
CISC Handbook of Steel Construction

5.6 Manufacturers Standardization Society of the Valves and Fittings Industry

MSS SP-58, Pipe Hangers and Supports – Materials Design & Manufacture

MSS SP-69, Pipe Hangers and Supports – Selection and Application

MSS SP-89, Pipe Hangers and Supports – Fabrication and Installation Practices

6.0 definitions
6.1 Abnormal Conditions

Abnormal conditions, as related to requirements for piping anchor design, refer to conditions encountered in pipe lines during:

a)
A loss of cooling medium flow.

b)
Cessation of process flow while line heating facilities remain operative.

c)
Non-anticipated start-up and shutdown upsets, including steam out and process upsets causing temperature fluctuations.

d)
Slugging or Water Hammer

Abnormal conditions are NOT a design consideration unless specified in advance by the Responsible Engineer

6.2 Anchor Bays

Anchor bays are elevated pipe supports acting as anchors, which use cross braces to transmit thrust to the anchor bay foundations by tensile and compressive member forces.

7.0 materials

7.1 Structural Steel

Unless otherwise specified, all standard and special pipe support brackets and their structural members shall be manufactured using the materials specified below.  Alternative materials shall only be used with prior approval of the Responsible Engineer.

a)
Structural Steel CSA – G40.21

b)
Bolting ASTM A325 High Strength Bolts for Structural Joints

c)
ASTM A193, Alloy Steel Bolting for Special Purpose Applications
7.2 Fabrication

7.2.1 All welds to pressure containing parts shall meet the requirements of ASME IX.
7.2.2 Welded pipe support attachments to coated, lined or stress relieved piping shall be affixed to the piping prior to coating, lining or stress relieving.

7.2.3 Pipe supports when specified, shall be painted in accordance with the approved Project Specification.  If applicable and specified by the Responsible Engineer, shoes shall be the same color as pipe.  Steel brackets shall be the same color as steelwork.
8.0 general design criteria

· Pipe support systems and detail design shall comply with the appropriate piping code.

· Loading criteria for environmentally generated forces shall comply with the Alberta Building Code.

· The structural design of support brackets shall comply with CSA S16.1.

· Where pre-engineered components are specified, e.g., support clamps, spring hangers, etc., they shall comply with MSS SP-58 and SP-69.
· Snow loads on piping shall be neglected.  Thrust due to changes in line temperature shall be considered in the design of anchor bays.

· Elevated pipe supports, other than anchor bays, shall not normally be designed to resist thrust due to changes in line temperature.

· Top of concrete piers for pipe supports shall be a minimum of 150mm (6 inches) above finished grade or high point of paving.

· Spring type supports for hangers, shall be calibrated for both load and travel and shall be provided with a load indicator.  Calibration plates shall be made of metal and shall be permanently fastened to the spring housing.  A marker shall be provided on spring support load indicators to show both cold and hot load spring setting.

· Supports shall be suitable for carrying the weight of the piping when filled with water during hydrostatic pressure testing, except where:

a)
Pneumatic testing has been approved.

b)
The specific gravity (relative density) of the process fluid exceeds 1.0.

· Pipe supports shall be of structural steel or reinforced concrete.

· Location of Supports
Support Spans

a)
The maximum sag of a pipe span shall be 1”, as determined from tables or by flexibility analysis.  This deflection allowance may be reduced for drainage by sloping.

b)
Large diameter thin wall lines shall be analyzed for crushing loads at support points, and reinforced as required.

· Plastic pipe may be supported with standard pipe supports and hangers.  There shall be no rough or sharp edges in contact with the pipe.

· Coated, lined, stress relieved and alloy piping shall have clamp on type shoes and guides, unless attachment welds are made prior to such treatment.

· When a carbon steel support is to be welded to an alloy pipe a spacer of compatible material shall be welded to the pipe before attaching the support.

· Hanger Rods

Hanger rod loads shall be limited to those given in the following table.  Where an application demands a higher stress value then specific calculations based on the CISC code shall be prepared.

	CARRYING CAPACITIES OF THREADED HOT ROLLED CARBON STEEL RODS

	Nominal Rod 
	Max. safe Load at Temp of 343ºC (650ºF)

	Diameter mm (Inches (“))
	kg (Pounds(lbs))

	9.525mm (3/8”)
	277 kg (610 lbs)

	12.7mm (½”)
	512 kg (1130 lbs)

	15.875mm (5/8”)
	821 kg (1810 lbs)

	19.05 (¾”)
	1229 kg (2710 lbs)

	19.431(7/8”)
	1710 kg (3770 lbs)

	25.4mm (1”)
	2250 kg (4960 lbs)

	31.75mm (1-¼”)
	3629 kg (8000 lbs)

	38.1mm (1-½”)
	5275 kg (11630 lbs)

	44.45mm (1-¾”)
(1 ¾”)
	7117 kg (15690 lbs)

	50.8mm (2”)
	9385 kg (20690 lbs)


NOTE:
Tabulated loads are based on an allowable tensile stress of 82.737 N/mm2 (12000 psi) reduced by 25% using the root thread area as a base.

· When a special pipe support is no more than a simple structural bracket, the design detail shall be described on the corresponding isometric or orthographic drawing.  No separate detail drawing shall be made.
· All spring supports shall be detailed on individual drawings.  Spring data shall be shown on the drawing and is to include size, operating load, installation load and travel.

· Each special and spring support shall bear reference to the orthographic or isometric drawing numbers with which it is associated.

· Piping to equipment requiring removal for maintenance, including control valve assemblies, shall be supported so that temporary supports are not required during removal.

· Support of Un-insulated Piping

Un-insulated lines shall rest directly on the supports except shoes shall be provided on lines subject to excessive or continuous movement.  Half pipe cradle supports or sleeve anchors fitting concentrically around the pipe shall be employed where required.
· Hot service insulated lines shall be supported with steel support shoes welded, except as specified in 7.2 and 8.0, to the pipe as shown in the pipe support details.

· Shoes and/or guides shall be provided on lines subject to excessive or continuous movement.

· Piping anchors shall be designed for the forces developed under normal or abnormal conditions, whichever governs.  The design of structures anchoring more than one line shall accommodate the more stringent combination of the forces due to abnormal conditions on the following basis:

	Total number of lines at an anchor structure that could have abnormal conditions:
	Percent of lines abnormal conditions to be used in design:

	1
	100%

	2 to 4
	50%

	over 4
	25%


NOTE:  (1) Use next larger whole number of lines indicated.  Generally select largest lines, providing thrust loads are in the same direction.

· The following coefficients of static friction shall be used to determine forces at sliding surfaces:
	PTFE on PTFE
	0.10

	PTFE on Stainless Steel
	0.10

	Steel on Steel
	0.40

	Steel on Concrete
	0.45


· All spring hangers and supports shall be adjusted in the field, after unit start-up, in accordance with the manufacturer’s instructions.  Manufacturer’s name plate shall indicate hot and cold set points.
· Variable spring hangers and supports shall be provided with a scale showing the range of working load and a means of adjustment.  Constant support spring hangers shall be provided with the calibration load clearly indicated, a scale showing the range of movement and an accurate means of adjustment.  Calibration plates shall be made of metal and shall be permanently attached to the spring housing.
· Where Teflon bearing pads are used at pipe supports, the top pad shall overlap the bottom pad by a minimum of 12.7mm (½”) in both cold and hot positions.  Alternatively, a cover shall be provided to prevent dirt from getting on the pads.
· Where Graphite slide plates are used at pipe supports, the proposed method of bonding the graphite to the pipe shoe and/or pipe support shall be approved by the Owner’s Engineer.  Approval to be based on proof of satisfactory performance of the proposed bonding method in similar applications.

· The designs of pipe supports, anchors, and restraints employing PTFE or other low friction materials or bearing surfaces shall be reviewed by the Owner’s Engineer.

· Dead-ended extensions of piping shall not be used in lieu of dummy pipe supports, or equivalent structural members, to span the distance from piping runs to the nearest support structure.  Dummy pipe supports, where used, shall be provided with a low point drain hole.  For horizontal installations, the drain hole shall be located near the point of attachment to the piping component.  Where stagnant or confined areas of piping are unavoidable due to piping layout requirements, the location of all such piping components shall be documented to the Owner’s Engineer for corrosion monitoring.

· Flexibility analysis for piping shall be per ASME B31.1 or ASME B31.3 as appropriate.  The metal temperature for each condition shall be the temperature of the contained fluid.  Metal temperature for lines without external insulation may be reduced by 5%.  Temperature differentials for each condition shall be determined as follows:

	Metal Temperature
	Temperature Differential (2)

	Above 49ºC (120ºF) (1)
	Metal temperature minus average minimum winter dry bulb temperature

	Below 49ºC (120ºF) (1), but above average minimum winter dry bulb temperature
	49ºC (120ºF) (1) minus average minimum winter dry bulb temperature

	Below average minimum winter dry bulb temperature
	49ºC (120ºF) (1) minus metal bulb temperature


NOTES:
(1)
The 49ºC (120ºF) temperature is considered the maximum metal temperature resulting from solar radiation with no flow in the line.

(2)
Under certain conditions of dual service, the fluid temperature range may be both above 49ºC (120ºF) and below average minimum winter dry bulb temperature.

· Lateral stability for lines outside of process unit limits

Axial thrust loads in long, horizontal runs of pipe due to static friction resistance to thermal expansion at the support points shall not exceed the critical buckling load.  If necessary, lateral guides shall be used to give stability to the line.

· Friction Effects

No credit shall be taken for reduced thermal expansion movements or reduced flexibility stresses due to the elastic axial compression resulting from support point friction forces.

· Lap Joint flanges

The combined longitudinal stress in the pipe where attached to the lap-joint stub-end resulting from pressure, weight, and thermal expansion, shall not exceed 0.8 times the ASME B31.3/B31.1 basic allowable stress of the lap or pipe material at the pipe design temperature.

· Venturi Gate Valves
Flexibility stresses in the valve body shall be determined based on the minimum section modules of the valve body (excluding ribs and bosses).  The stress range calculated in this manner shall not exceed the allowable stress range for the valve material.

· Expansion bends and offsets shall be used.  Expansion joints or flexible metal hose within all process unit area, or designated “potential” fire areas outside process unit areas, may be used with Owner’s approval.

9.0 supporting

9.1 Vertical Lines Supported from Towers

Lines shall be supported as high as possible to minimize differential expansion due to temperature.

Lines shall be guided at sufficient intervals to prevent vibration or sway due to wind.  Excessive loads on guides and supports shall result in more guides or supports being used and/or reinforcement added to vessel.

9.2 Pressure Vessel Pipe Supports

Welding to pressure vessels is not permitted.  The vessel piping shall be supported from clips furnished by vessel fabricator, platforms or surrounding structure.

9.3 Control Valve Manifolds

Check for guide requirements of manifolds supported from above.

9.4 Rotating Machinery

The use of cold springs for piping systems which connect to rotating equipment is prohibited.

The use of couplings or expansion joints in the suction or discharge lines of pumps in cooling water service is acceptable.  They shall be located on the pump side of the pump suction or discharge block valve, as appropriate.  All pressure thrust loads shall be absorbed by anchors or tie rods, and not by the coupling or expansion joint.  The type of coupling and piping systems design shall be reviewed with the Owner’s Engineer.
9.5 Piping at Pumps

Supports for pump piping shall be designated to take the valve and pipe loads when pumps are removed for repairs and to prevent bending moments being transmitted to the pump nozzles due to eccentric loading.

Where frost heave or grade settlement may be encountered, supports from grade must be mounted on the pump foundation.

9.6 Steam Turbine Piping

Steam turbines used for pump drivers are manufactured in two types:  Casing-mounted and centre-mounted.  The casing-mounted type has support lugs located near the casing bottom.  The nozzles and shaft expand up from the lugs at exhaust steam temperatures.

The centre-mounted type has a pedestal support under the shaft bearing.  The pedestal temperature varies from half that of the exhaust steam temperature at the bearing to ambient at its base.  The shaft expands up slightly from the heat in the pedestal.  Since the nozzles are usually located below the shaft, their expansion is down from the shaft at exhaust steam temperatures.  Their net thermal movement is down.
When expansion joints are used to eliminate grade settlement or frost heave hazards, the risers must be anchored laterally.

9.7 Reciprocating Compressor Piping

Piping and surge bottles for reciprocating compressors often present vibration problems.  Bottles mounted unsymmetrically or to one side should be firmly supported from the compressor frame or grade to restrain the vibrating loads.  To be effective, these restraints should limit the motion to an over-all amplitude of not over .001” or .002” or as governed by API 618.

Provisions for thermal movement of the bottles and connected piping must be made.  Vibrating piping systems can be restrained with anchors or lateral guides when passing over stanchion beams or other rigid supports or by means of vibration dampeners.  Lines subject to vibration should not be supported by hangers.
Piping systems containing cantilevered 90 degree bends are very troublesome and must be avoided.  Piping must be supported at each change in direction.

9.8 Heater Piping

Heater piping and supports vary with the type of heater.  Heaters can be roughly classified as cylindrical and rectangular.

Cylindrical heaters have vertical tubes located concentrically inside a thin steel shell with nozzles at the top.  Piping from the nozzles drops down the outside, usually in a flat bank.  Due to large heater diameter and thin shell, all supports from heater require shell reinforcing.

Rectangular heaters usually have horizontal tubes inside a thin steel enclosure and a structural steel frame.  Their nozzles are located at about pipeway levels and can take only small (500# average) forces from connecting piping.  Special anchors are usually required to protect these nozzles and internal piping.

9.9 Relief Valve Stacks

Relief valve stacks venting to atmosphere may be categorized into short (under 2 m (6’-0”)) and long (up to 6 m (20’-0”)).  Short stacks do not need special supporting consideration unless relieving high pressure.

Long stacks require supports to prevent pipe load and relief forces for overstressing the nozzle.  Guides must allow vertical thermal movement off the nozzle.  These are classed as special supports.

9.10 Pipeway Piping

Pipeway piping may be divided into short and long pipe runs.  The short runs are generally process lines between pieces of equipment.  Long pipe runs, while not limited to any one area, are characteristic of off plot piping.

All long pipe runs should be anchored to prevent creeping.  See anchor details Types DA1 thru DA6.  Hot lines expand away from their anchors and cold lines contract towards them.
The locations of pipe anchors, critical guides and expansion loops are designated by the stress analysis group.

9.11 Pipe Support Shoes
Insulated lines are provided with shoes to allow movement over the supports.

The shoes must be sized and located properly to permit movement without running off the supports.  Should the shoes run off the supports, followed by a line temperature reversal, the supports could be broken or the line ruptured.

All hot or cold insulated lines, irrespective of size, shall be provided with shoes at all supports.

Shoe lengths are 305mm (12”), 457mm (18”), 610mm (24”), 762mm (30”), 914mm (36”) and 1016mm (40”), as per Standard Detail Drawings.
9.11.1 All sloping insulated and un-insulated lines on piperacks or sleeper ways shall use trimmed or adjustable shoes to achieve the required slope. Structural shall supply support steel at a series of common TOS elevations as shown in the Piping Temporary Steel model. i.e. – For a 1:500 slope the common TOS can be maintained for 5 consecutive rack bents at 6M centers before being raised by 60mm for the next consecutive 5 bents and then repeated. This method shall be achieved within the rack with trimmed steel, regular steel and tee posts or by progressively increasing the height of each series of 5 dedicated column line tee posts.
10” and below
Lines in this size range shall use a combination of 100mm high and trimmed 150mm high standard, long, extra long or clamped pipe shoes.
In the example above the first and lowest shoe would be 100mm untrimmed, the next would be 150mm trimmed to 112mm and then progressive shoes are trimmed to 124/136/148mm. The TOS would be raised 60mm and the process repeats starting again with a 100mm shoe.

Each trimmed shoe would be given a model “comment” – “Trim Shoe to ***mm”

Note:-If the insulation thickness is 80mm or greater the first shoe must be a 150mm shoe trimmed to suit and the number of common TOS bents reduced accordingly.
12” and above

Lines in this size range shall use adjustable pipe shoes as detailed on pipe support Standards PSS-PS29 through PS-32

The principal of a common series of TOS’s is the same as above but as the maximum height of adjustment varies by pipe size the number of bents that can be covered before raising the common TOS must be calculated according to pipe size.

Each adjustable shoe shall be given the model “comment” – “Adjust Shoe to ***mm”

9.12 Cryogenic Pipe Supports

Cryogenic piping should be supported utilizing either insulated pipe supports, resin bonded insulation blocks, or hardwood / densified wood blocks. These supportrs should be specified and procured from a recognized support manufacturer.
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