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Multiturf

Purpose: 
• Improvement of artificial turf fields / materials
• Based on biomechanics
• Prediction tool
Partners: 
• Research: TNO, IBV, ISA-Sport
• Industry: Saltex Oy, Arcadis, Edel Grass, Poligras, Ten 

Cate, Recipneu
Results:
• Multi-sports, multi-purpose systems
• Design tool



To develop a design tool which can predict: 
• sport technical properties of an artificial turf field
• the effect of a field on the human body concerning injuries

The resulting tool can be used to
• predict whether a field will fulfil certain standards
• design a field
• calculate indications of the risk on injuries, 
• without the need of doing a lot of tests.
• calculation of costs

Multiturf Design Tool



Mechanical part
Prediction of sport technical 

performance: 
• Artificial athlete and Triple A, 1st and 

2nd + 3rd impact, also children
– Force reduction 
– Energy restitution
– Vertical deformation

• HIC value
• Ball bounce

In addition to this:
• Compaction of rubber
• Friction for human modelling
• Cost calculation



Modelling of properties

• Modeling all layers of the 
field

• Including the fibers
• Rigid sand (only passes 

stress)

But:
• Tests vary due to

circumstances
• Tool based on a model of 

reality

sub-base



Physical properties

Force and displacement depending of:
• Damping, viscosity, Elasticity, Density, Stiffness
• Mass / Spring / Height
• Shape of head (HIC / Athlete)
• Multilayer

Childrens AA (IBV):
• Drop height 15 mm i.t.o. 55mm
• Weight 10 kg i.t.o. 20 kg.



Physical properties
Ball Bounce: 
• Ball Properties
• Field Properties
• Pile bending in slip mode
• Pile bending in stick mode.

Traction:
• Height of stud
• Diameter of stud
• Density and volume fraction of the rubber
• Compression stress applied
• Friction coefficient (also shape and size of particles)



Verification (IBV and ISA)



Add new materials

Insert new material and properties 
to the material database in the 
tool

Pile yarn: to be added by Thiolon / 
TNO

Rubber infill:
• E-modulus of solid rubber
• tan δ of solid rubber
• density of solid rubber

E-layer or shock pad:
• E-modulus of e-layer or 

shock pad
• tan δ of e-layer or shock pad



Sensitivity analysis

• Type of yarn: small influence
• Pile height: influence on ball bounce
• Stitch rate: influence on FR and ball bounce
• Sand infill: some influence on ball bounce
• Rubber infill: large influence on all properties
• Children: experience higher SA and lower ER 
• Avoid extreme systems !
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Compaction of rubber
Density of infill increases upon repeated loading

Verified with Lisport and destructor
Degradation not taken into account
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Compaction of rubber: 
FR & ER

• Change in FR & ER during compaction are well 
predicted using Design Tool
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Prediction on movements

Depending of:
• Artificial turf:

– Friction
– Compression stiffness

• Shoe:
– Varying stud length
– Number of studs

• Relations between fields / shoes / movement and rotation
of ankle / forces in ligaments / tibia and injury risks are 
calculated separately

• Just an indication! (individuals are individuals)



Simulation Set-ups
180 deg turn

3-4.5 m/s impact speed
45° direction

Tackle

3-9 m/s contact 
speed

Turn

2 Phi turn velocity

Landing

0.5 m jumping height
3 m/s impact speed 



Injury Prediction

⇒ Calculation of forces on bones, muscles and ligaments
and angles of the ankle

Field parameters

Human factors

Forces and angles Risk on injuries



Shoes
3 different soccer shoes:

Different number and size of studs



Results Injury Prediction



The Multiturf Design Tool














