
1

1September 13th 2018

EFRC Training Workshop 
State-of-the-art Design of 

Reciprocating Compressor Systems

Options for Foundation Design

Harry Lankenau

NEAC Compressor Service
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1. Compressor Type and Dynamic Loads

• Foundation Basics

• Compressor generated Inertia Forces and Moments

• Vibration Sources

2. Ground Characteristics

• Solid Rock

• Soft Soil, Sand or Muddy Ground

• Steel Structure (e. g. Ships and Off-Shore Platforms)

3. Foundation Type

• Concrete Block

• Spring Foundation (Concrete Block on Springs)

• Spring Type Isolation (Compressor Skid Unit)

4. Compressor Mounting and Anchoring

• Direct or Skid Mounting

AgendaAgenda
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IntroductionIntroduction

The target of the foundation is simple:

1. Create a base for the machine and its
accessories on which all may reliably
rest for many years (at least 30).

2. Allow a sound transfer of all
mechanical forces and moments (static
and dynamic) as well as their resulting
vibrations into the foundation.

3. Minimize their detrimental effect on the
compressor unit, as well as on the
environment.

Horizontal
Force

Vertical
Force

Axial
Force

Yawing
Moment

Pitching
Moment

Tilting
Moment
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1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads

The Anchor Bolts are the Clamping Link between the 
Compressor and the Foundation 

The Anchor Bolts are the Clamping Link between the 
Compressor and the Foundation 
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The Compressor Type determines the Foundation Loads:

Horizontal Compressor: Horizontal Mass Forces and Vertical Moments

The Compressor Type determines the Foundation Loads:

Horizontal Compressor: Horizontal Mass Forces and Vertical Moments

EFRC Training

1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads

Anchor Bolts have to 
provide for adequate 

Friction Forces

Anchor Bolts have to 
provide for adequate 

Friction Forces
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… e. g. the Length that 
determines the 

Area Moment of Inertia

… e. g. the Length that 
determines the 

Area Moment of Inertia

The Compressor Type determines the Foundation Loads:

Vertical Compressor: Vertical Mass Forces and Horizontal Moments

The Compressor Type determines the Foundation Loads:

Vertical Compressor: Vertical Mass Forces and Horizontal Moments

Further to the Mass also 
the Geometry is of 

Significance …

Further to the Mass also 
the Geometry is of 

Significance …

Length

1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads
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1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads
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Note: These basic analytical expressions are just giving a rough overview.

They are of limited reliability in case of more complex compressors; such as 

those with multi-stage cylinders and/or imbalance of various throws.

Always detailed calculation tools shall be utilized for actual projects.

Frame type selection and 

crankshaft configuration 

have an impact on inertia 

mass loads & moments.

And this selection can be 

utilized to influence the 

foundation design !

1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads
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1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads

Frame 
deformation
due to frame 

material flexibility
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1. Compressor Type and Dynamic Loads1. Compressor Type and Dynamic Loads
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2. Ground Characteristics2. Ground Characteristics

Solid Rock or Sinking SandSolid Rock or Sinking Sand
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How is this 

supposed to 

work … ?

?

Muddy Ground Muddy Ground 

2. Ground Characteristics2. Ground Characteristics
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2. Ground Characteristics2. Ground Characteristics

Steel Structure (e. g. Ships and Off-Shore Platforms)Steel Structure (e. g. Ships and Off-Shore Platforms)

Ship (or platform) steel construction

must withstand static and dynamic loads; and be designed such to 

prevent transfer of vibration and sound through the vessel
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1. Solid Block-Foundation

2. Spring Foundation (Solid Block on Springs)

!

!

3. Foundation Type3. Foundation Type

Under certain circumstances (e. g. very soft soil) piles may also be required for the 
base of the Mass-Spring-Foundation
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1. Solid Block-Foundation

2. Spring Foundation (Solid Block on Springs)

EFRC Training

3. Foundation Type3. Foundation Type

Spring Elements

Each foundation type has its own merits, disadvantages, challenges 
and require careful analysis.
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Three of the left shown units 

are placed inside the above 

vessel; on its steel structure

3. Steel Structure Type Foundation

3. Foundation Type3. Foundation Type

The previous shown foundation types are hardly an option for

given vessel or platform steel structures – only if fully integrated

during the vessel or platform design phase.
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1. Complete air supply 
unit is resting on 
spring supported feet

2. Combined Screw- and V-type Piston- compressor for low dynamic 
mass loads

The compressor fame type –

with its free mass forces and 

moments – needs to be 

adequately selected; as well 

as the type of unit link to its 

given environment (rigid 

bolting; spring elements etc.).

Option of adding steel/mass 

also to be considered

3. Foundation Type3. Foundation Type

3. Steel Structure Type Foundation
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How is the compressor “linked” to the foundation ?How is the compressor “linked” to the foundation ?

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 

1. Directly bolted and grouted to 
the foundation

2. Put on Skid and together bolted 
and grouted to the foundation

Note: For both Mounting Alternatives the foundation itself can be a 
solid or spring foundation – depending on dynamic requirements !
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Direct Mounting Direct Mounting 

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 
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Direct Mounting Direct Mounting 

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 

Note:

This compressor unit size can 

hardly be put on one skid
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Skid-Mounted arrangements are
particularly common for small units.

Benefits:
1. Workshop Packaging
2. Convenient Transportation
3. Simple Foundation (depending

on frame selection and size)
4. Easy Set-Up at Site
5. Low Cost Design

Risks:
– Limited skid stiffness
– Subject to elevated vibrations
– No complex analysis done

Skid-Mounting Skid-Mounting 

Sometimes the skid is kept simple just for a. m. benefits and filled with 
concrete at site to create a full size foundation

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 

22September 13th 2018September 13th 2018EFRC Training

Skid-Mounted Design for Mid-

Size Compressor Units:

1. Depending on Unit Size 

Arrangement on several 

Skids may be necessary for 

Space/Dimension Reason

2. Advantages vs. regular 

Foundation may have to be 

compromised

Skid-Mounting Skid-Mounting 

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 
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Complete Compressor-Skid 
Arrangement Simulation

The limited skid flexibility has to 
be considered for the overall 

foundation and anchoring design

Skid-Mounting Skid-Mounting 

4. Direct and Skid-Mounting 4. Direct and Skid-Mounting 
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SummarySummary

• Foundation dynamic loads depend on the compressor type and size

• Not only the compressor but also the accessories and the environment are

subject to dynamic loads – and consequential vibrations

• The type of installation determines the compressor set-up

• The Ground itself has an impact on the foundation type selection

• Solid Rock

 Simple Concrete Block

• Soft Soil, Sand or Muddy Ground

 Spring Foundation (Concrete Block on Springs)

 Need for piles shall be considered

• Direct and Skid-Mounting

• Direct and Skid Mounting are the two main options for compressor installation;
mainly depending on the unit size, transport options and application



13

25September 13th 2018September 13th 2018EFRC Training

EFRC Foundation DocumentEFRC Foundation Document

EFRC created a document on foundation, anchor bolts, etc.

That is available from the on the EFRC webpage.

Refer to: www.recip.org
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Thank you for attending

I hope you enjoyed the presentation

Questions and Comments ?


