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Pallet Fastener Effect
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§ When fasteners fail damage 
occurs

§ The quality of  pallet fastener 
affects
§ Pallet durability
§ Pallet strength and stiffness

§ Pallet fasteners are only 5% of  
the pallet cost



Pallet Fastener Types
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Pallet Fastener Types

4

§ Helically Threaded Nails

§ Twisted Square Wire Nails

§ Annularly Threaded Nails

§ Plain Shank Nails

§ Staples (Round or Square 
Wire)



Fastener Dimensions
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Pallet Durability
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Effect of Fastener Quality
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§ Durability prediction model

§ Developed by Whitenack and Wallin (1982) 
based on the results of  the Pallet Exchange 
Study in 1972.

§ Model determined the economic life of  the 
pallet based on 
§ Purchase price
§ Depreciation
§ Cost of  damage

§ Severity of  damage
§ Damage rate
§ Economic factors related to pallet repair cost



Effect of Fastener Quality
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Factors Affecting Durability
§ F(1) - factor for fastener-withdrawal resistance 
§ F(2) - factor for fastener-shear resistance
§ F(3) - factor for connection -splitting resistance
§ F(4) - factor for shook quality
§ F(5) - factor for selective shook-quality placement
§ R(1) - facture for flexural strength of  stringers
§ R(2) - facture for flexural strength of  decks
§ R(3) - factor for deck construction
§ R(4) - factor for material handling equipment

Fastener quality effect

Fastener location effect



Durability Analysis in PDS
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Effect of Fastener Quality
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Factors Affecting Durability
§ F(1) - factor for fastener-withdrawal resistance 



Effect of Fastener Quality
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Factors Affecting Durability
§ F(1) - factor for fastener-withdrawal resistance 

Thread Press-out

Thread Angle



Effect of Fastener Quality

12

Factors Affecting Durability
§ F(2) - factor for fastener-shear resistance

Deckboard thickness

Number of fasteners

Specific Gravity
Moisture ContentFastener Shear Strength

Wire Diameter MIBANT Angle



Measurement of Fastener Quality
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MIBANT Test 
(ASTM F680)

Bending Yield Strength Test 
(ASTM F1575)



MIBANT Testing
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Fastener Pull Through Testing
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Fastener Pull Through Testing
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Effect of Fastener Quality
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Pallet Connection Failure
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Pallet Connection Failure Modes 
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Pallet Connection Failure Modes
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Head Pull Through Shear Shank Withdrawal



Effect of Fastener Quality
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Press-Out Thread Angle



Effect of Fastener Quality
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Press-Out

§ Difference between the 
wire diameter and the 
thread-crest diameter

§ Affects the withdrawal 
strength



Effect of Thread Press-out

§ 11 gauge (0.121 in.) helical 
nail was used

§ Thread crest diameter was 
recorded for each nail

§ Deckboard was secured to 
a stringer using one nails

§ Green Red Oak was used

§ Withdrawal test was 
conducted
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Effect of Thread Press-out
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Effect of Thread Press-out

§ Linear correlation was 
found between the amount 
of  press-out and the 
withdrawal resistance

§ Increasing the press-out by 
0.015 in. increases the 
withdrawal resistance by 
55%
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Effect of Fastener Quality
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Thread Angle

§ Angle of  the helixes

§ Can be calculated from the 
number of  helixes and the 
thread length

§ Affects the withdrawal 
strength



Effect of Thread Angle

§ 11 gauge (0.121 in.) helical 
nail was used

§ Thread length was 
recorded for each nail

§ Deckboard was secured to 
a stringer using one nails

§ Green Red Oak was used

§ Withdrawal test was 
conducted
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Effect of Thread Angle

§ Linear correlation was found 
between the thread length 
and the withdrawal resistance

§ Decreasing the thread length 
from 68 to 60 degrees 
increases the withdrawal 
resistance by 34%

§ Thread angle below 60 
degrees is not recommended 
because it adversely affect 
fastener drivability
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Fastener Application
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Recommended Fastener Quality
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§ Recommendations are outlined in Uniform Standard for Wood 
Pallets (2014)

1 in. (≤ 0.5 in. db)

1.25 in. (> 0.5 in. db)

https://cdn.ymaws.com/www.palletcentral.com/resource/collection/E8AADDDE-7CBA-4298-8341-
C7F29D0C14FF/Uniform-Standard-for-Wood-Pallets-2014(REV).pdf

https://cdn.ymaws.com/www.palletcentral.com/resource/collection/E8AADDDE-7CBA-4298-8341-C7F29D0C14FF/Uniform-Standard-for-Wood-Pallets-2014(REV).pdf


Number of Fasteners per Connection
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§ Minimum recommended number of  fasteners per connection



Fastener Placement

§ Place fasteners to avoid 
splitting

§ Do not align fasteners 
along the grain à stagger 
fasteners

§ For block pallets, stagger 
fasteners to avoid splits in 
top deck and not block

§ PDS does not let you 
stagger 4 block fasteners
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Fastener Placement

§ Panel deck stringer pallets 
§ Min. 3 fasteners at the end

§ 1 in. from end 

§ 2 in. center to center offset 
for next two

§ Max 10 in. offset for all 
interior fasteners 

§ PDS requires min. 4 at panel 
ends

Max 10 in.

2 in.

2 in.

1 in.
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Fastener Pop-up
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§ No fasteners can protrude in exposed surfaces à product damage

§ Two protruding fasteners are allowed on unexposed surfaces as long 
as they do not affect pallet performance

§ Protruding fasteners are not permitted for clinched fasteners

§ Counter sinking fastener heads do not significantly affect pallet 
performance 



Bolts
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§ Bolt type: Class 1A (ASME B1.1)
§ Bolt holes need to be larger than the bolt 

diameter
§ 1/32 in. larger for bolts < 0.5 in. diam.
§ 1/16 in. larger for bolts > 0.5 in. diam.

§ Green pallets the holes need to be twice as large 
to accommodate shrinking

§ Use multiple bolts to prevent block rotation

§ Washers are recommended
§ Should not be used in conjunction with nails



Lag Screws
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§ Lag Screw needs to be in compliance 
with ASME B18.2.1 and B18.6.1

§ Over driving should be avoided
§ Minimum penetration should be 2/3 

of  screw length and 7x the shank 
diameter

§ Pre-drill diameter should not be more 
than the shank diameter

§ Washers are recommended



Conclusion
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§ Fasteners have a significant effect of  pallet durability
§ Fasteners are only 5% of  the pallet cost
§ Most important fastener parameters:

§MIBANT or Bending Yield Strength
§Wire Diameter
§ Thread Angle
§ Thread Press-Out

Only use good quality fasteners!!!!
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T h a n k  y o u  fo r  y o u r  
a t t e n t i o n
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