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Abstract:  

 This report analyzes the effect of screw withdrawal resistance and its response to 

various setting practices and wood properties .  A total of 294 screws were subjected to a screw 

withdrawal test to evaluate the performance of their holding strength under  various testing 

conditions.  These testing conditions included ; three screw torque ranges (weak, standard, 

over-torque), two penetration depths (1/2ó and 5/8ó), three board densities (low, standard, 

high), two moisture contents (low and standard ), and the use of pilot holes .  Results showed 

that maximum holding strength was most influenced by inc reasing screw penetration depth, 

avoiding pilot holes , and using the proper torque when driving screws.   Over-torquing the 

screw had the greatest negative effect on screw withdrawal resistance with a 77% decrease in 

maximum load. Screw penetration depth al so had a large effect on screw withdrawal resistance 

with a decrease in 32% from an average of 175 lbf ( 5/8ó depth of insertion) to 118 lbf (1/2ó 

depth of insertion ). 
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Introduction:  

 Screws provide an excellent method for fastening many particleboard and MDF products.  The 

maximum holding strength of a screw is  determined in part  by the panelõs internal bond (IB) strength.  

In most cases, denser boards tend to have the higher screw holding strength  (Eckelman, 1990).  The 

specifications, performance, and limits  of a specific panel can be determined by testing the panelõs IB 

strength against various conditions.  

In this report, screw withdrawal resistance in Flakeboard VESTA FR particleboard was 

investigated.  The objective of this test was to evaluate the holding capacity of different screw 

penetration lengths, screw torque ranges, and setting practices (i.e. pilot hole, no pilot ho le) as they 

are applied to Flakeboard VESTA FR particleboard.  The test also examined the effects of panel 

moisture content (MC) and density with each variable in an effort to characterize panel variability.   

Literature Review:  

 Previous studies have shown a strong correlation between screw withdrawal resistance, 

moisture content, screw specifications, screw depth of insertion, torque strength, as well as the density 

and IB strength of particleboard .  Eckelmanõs studies during the early 90õs have suggested that : 

 There is essentially no difference in the holding str engths of seven types of #8 (0.164 in, 

4.17mm) particleboard screws in a 1/2ó (12.7mm) thick particleboard with a density of 49 

pounds per cubic foot (pcf).  All screws were inserted, with the use of a pilot hole, to the  depth 

of 3/32ó (2.38mm).  Type òAó sheet metal screws, common wood screws, and five types of 

commercially available particleboard screws were included in the tests.  

 Screw holding strength is strongly related to the internal bond (IB) strength of the board.  

Particleboardõs density is an indicator of the panelõs IB strength.  Therefore, screw withdrawal 

strength can be significantly improved through the use of boards with higher density values 

(i.e. high IB strength).   

 The holding power of wood screws decreases with increasing moisture conte nt.  Panels of 30% 

MC and subjected to 40% of their ultimate load failed within 20 days of exposure to such force.  

Under identical loading conditions, there was no failure from such screws in boards with a MC 

of 8%. 
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 Pilot holes should be at least 85% (and no larger than 90%) of the root diameter of the screw.  

In the case of threaded metal connectors, manufacturers recommend that pilot hole diameter 

be the same as the root diameter.   

 Pilot holes should always be drilled deeper than the depth of insertion of the screw in order to 

avoid splitting  in the edges of a board or  delamination of the face of a board. 

 Although it is considered good practice to use pilot holes, it is also important to note that use of 

pilot holes in the face of a board may increase w ithdrawal strength by only 10% to 15%.  

Therefore, the use of pilot holes may not always be justified from a product engineering 

viewpoint. 

 The holding strength of four screw types (#8, #10, #12, and #14) was at worst 13% less when 

pilot holes were not used  as opposed to when the optimum size hoes were used.  

 The withdrawal strength of screws is strongly related to the depth of insertion (i.e. there is 

essentially a directly proportional  increase in strength with depth of insertion).  Increasing the 

depth of insertion of a screw in the face of a board from 3/4" to 1ó, for example, will increase 

holding strength by approximately 30%.  

 Driving force, or torque, is important in that it is desirable to have a significant difference 

between the amount of torque required to òsetó the screw and the amount of torque required to 

òstripó the threads.  Essentially, there are two solutions to the problem of overdriving:  A) use a 

higher dense board, or B) use guns which allow precise control of driving torque  to drive the 

screws. 

 

Other studies have speculated on the correlation between screw withdrawal resistance an d 

density.  This can be seen in the studies carried out by Johnson (1967); Yahya and Abdul -Kader 

(1998); Mallari et al. (1989), Wong et al. (1999); and Poblette et al. (1996).  Their findings suggest that 

linear or polynomial equations incorporating board density, screw dimensions, and depth of 

penetration can be derived in an effort to predict a panelõs screw withdrawal resistance (Smith et al., 

2006).   

Although these equations and studies  provide a starting point for evaluating the performance of 

specific products  under ideal conditions, particleboard  properties vary widely between boards and 

especially between panel manufacturers.  This makes it difficult to apply these findings and equations 

to the specifications of other particleboard panels.  Thus, performance standards must be specific for 

the panel product produced by a given manufacturer .   



[SCREW WITHDRAWAL STR9bD¢I Lb ф²hh5Ω{ !{{EMBLIES] July 2009 

 

9Wood Inc. | Materials and Methodology:  3 

 

Materials and Methodology:  

1. Referenced Documents: 

1.1. ASTM Standards:  D 1037 òStandard Test Method for Evaluating Properties of Wood-Based 

Fiber and Particle Panel Materials.ó 

1.1.1.  òDirect Screw Withdrawal Testó 

2. Summary of Test Method: 

2.1. Specimens consisted of prisms of Flakeboard VESTA FR particleboard (with face veneers)  

with screws driven perpendicula r to panel face.  The screws were withdrawn at a uniform rate 

of speed (0.60 in/min) by means of a certified ASTM testing machine until maximum load wa s 

recorded.  

3. Significance and Use: 

3.1. Refer to D 1037 òStandard Test Method for Evaluating Properties of Wood-Based Fiber and 

Particle Panel Materialsó under the section òDirect Screw Withdrawal Testó 

4. Apparatus: 

4.1. Figure 8 on page 145 (Annual Book of ASTM Standards; 1997). 

4.2. Actual testing machine is shown below in Figure 1.  

 

 

 

 

 

 

 

 

 

 

Figure 1:  Testin g machine used in screw withdrawal  test.             Figure 1.1:  Screws used in test.  

5. Test Materials: 

5.1. Screws: 

5.1.1. Screws were zinc plated, #8, self -piercing point, sheet metal screws.  

5.1.2. The length of the screw was based on the depth of penetration (1/2ó and 5/8ó) into the 

particleboard core ( Figure 1.1).  
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5.2. Wood: 

5.2.1.   The test specimens were 3ó (76mm) in width by 12ó (305mm) in length by 3/4" (19mm) 

in 

 thickness (Figure 2). 

5.2.2. Test specimens were made from Flakeboard VESTA FR particleboard with face and 

back veneers of various wood species . 

6. Sampling: 

6.1. Constants: 

6.1.1. Wood (3/4ó Flakeboard VESTA FR particleboard with various face and back veneers) 

6.1.2. Screw gauge (#8)  

6.2. Variables: 

6.2.1. Screw thread penetration depth (1/2ó and 5/8ó) 

6.2.2. Torque ranges for driving screws (weak, standard, over -torque) 

Note: Torque range differed with each test batch (refer to Table 1). 

6.2.3. Screw setting practice (pilot hole, no-pilot hole) 

6.2.4. Particleboard MC.  Conditioned in  Hot-Dry chamber (30ěC, 20% RH), and ASTM 

standard chamber  (20ěC, 65% RH) 

Note:  RH = Relative Humidity  

6.2.5. Density of particleboard (Low, Standard, High)  

6.3. 6 batches of 13 sample boards were tested under various conditions and 2 batches of 10 

sample boards were tested in conjunction with the 6 batches to evaluate the effects of board 

density (refer Figure 4). 

7. Test Specimen 

7.1. For the basic withdrawal tests, the specimen s were 3ó (76mm) in width x 12ó (305mm) in 

length x 3/4" (19mm) in thickness (Figure 2). 

 

Figure 2:  Dimensions of sample board s. 

 

7.2. Three screws were driven into the panel, perpendicular to the face.  Each screw was no closer 

than 3 inches from the end and 1.5 inches from the side of the panel.  Screws were also at 

least 3 inches from any neighboring screw ( Figure 3). 

 

 

 

 

 

Figure 3: Distance of screws from edge s of panel and neighboring screw.  
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7.3. A total of 98 samples were tested as follows: (Refer to Figure 4). 

7.3.1. 23 samples: 1/2" screw thread penetration depth, Pilot hole, 3 torque ranges (weak, 

standard, and over-torque), and 2 density ranges (standard and low).  

7.3.2. 23 samples: 1/2" screw thread penetration depth, No-Pilot hole, 3 torque ranges (weak, 

standard, and over-torque), and 2 density ranges (standard and high).  

7.3.3. 26 samples: 5/8ó screw thread penetration depth, Pilot hole, 3 torque ranges (weak, 

standard, and over-torque), and 2 moisture contents (standard and low).  

7.3.4. 26 samples: 5/8ó screw thread penetration depth, No-Pilot hole, 3 torque ranges (weak, 

standard, and over-torque), and 2 moisture contents (standard and low).  

 

Figure 4:  Diagram of sample boards  and the various testing conditions for each sample batch.  

Standard Over-torque Weak  

1/2"  /  Pilot hole  /  Standard Density 

Standard Over-torque Weak  

1/2"  /  Pilot hole  /  Low Density 

Standard Over-torque Weak  

1/2"  /  No- Pilot hole  /  High Density 

Standard Over-torque Weak  

5/8"  /  Pilot hole  /  Standard Density 

Standard Over-torque Weak  

5/8"  /  No- Pilot hole  /  Standard Density 

ASTM Conditioned 
 

ASTM Conditioned 
 

ASTM Conditioned 
 

Hot/Dry Conditioned 
ASTM Conditioned 
 

Hot/Dry Conditioned 
ASTM Conditioned 
 

X 13 

X 10 

X 10 

X 13 
X 13 

X 13 
X 13 

98 Sample Boards 
294 Screw-Pulls Total 

 

7.3.1 

7.3.1 

7.3.2 

7.3.2 

7.3.3 

7.3.4 

Standard Over-torque Weak  

1/2"  /  No- Pilot hole  /  Standard Density 

ASTM Conditioned 
 

X 13 
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7.4. 13 samples from both the 5/8ó Pilot-hole and No Pilot-hole batches were conditioned to stable 

weight in the Hot/Dry room prior  to testing.  The remaining batches were conditioned in the 

ASTM room prior to testing.  

7.5. 10 samples of low density and 10 samples of high density from the 1/2" screw thread 

penetration boards were tested in conjunction with the other batches to assess the effect of 

density variability in the board.  

8. Conditioning: 

8.1. Sample boards from the 5/8ó screw thread penetration batches were conditioned in both the 

ASTM room (20ěC, 65% RH) and the Hot/Dry room  (30ěC, 20% RH). 

8.2. Sample boards from the 1/2" screw thread penetration batches were conditioned only in the 

ASTM room. 

9. Procedure: 

9.1. Panels from various locations in 9Woodõs shop were randomly selected and 98 sample 

boards were cut from the panels (refer to Figure 2 and Figure 5 below for dimensions). 

Figure 5:  Picture showing the dimensions  of the sample boards and spacing of screws.  

9.2. Sample boards were numbered, weighed, and recorded immediately after cutting (refer to 

Figure 6). 

 

 

 

 

 

 

Figure 6:  Picture sho wing the weighing mechanism used.  
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9.3. Sample boards were then prepared with the correct screw spacing through the use of a 

template.  (Refer to Figure 3 and Figure 5 for screw spacing).  

9.4. From the 98 sample boards, 10 of the highest dense boards and 10 of the lowest dense 

boards were separated from the remaining 78 and labeled (this was done to test the effect of 

panel density on screw withdrawal resistance).   

9.5. The remaining 78 sample boards were then randomly allocated and labeled with their testing 

specifications (i.e. screw penetration, density, and Pilot hole / No Pilot hole).  

9.5.1.    Refer to Figure 4 for sample board batches.  

9.6. The 36 sample boards labeled with òPilot holeó as well as all 10 samples from the low density 

sample boards were prepared with three pilot holes (one for each screw).  The pilot holes 

were drilled using a drill press with a 7/ 64ó bit and a 5/8ó penetration (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:  Size of drill bit  (left)  and machine used to drill  pilot holes  (right).  

 

9.7. Torque ranges for a Makita 18 volt cordless driver drill  were determined using an òExpress 

Assembly Products, LLC. Torque Tester. ESP-10. Max 88.5 lbf/inó device (Figure 8).  Each 

clutch setting was tested 5 times to establish a torque range (refer to Table 2 and Figure 10 for 

torque table and chart).  

9.8. Torque ranges were then determined by comparing the hand drills clutch setting to the 

desired screw driving practice (i.e. a weak drive, a standard drive, and an over-torque drive).  

Each depth of screw penetration and screw setting practice (pilot hole, no -pilot hole) had its 

own unique c lutch setting (refer to Table 1 on the following page ). 

9.9. Once the torque ranges and the app ropriate clutch settings were determined, screws were 

fastened into the sample boards  using the Makita 18 volt cordless driver drill  to the 

appropriate torque range  (refer to Figure 8 for drill picture).   A spacer was used to ensure that 

there was enough clearance under the head of the screw to accommodate the gripping 

mechanism on the testing machine (Figure 9). 

9.9.1.1. Note:  Weak torque settings did not always set directly against spacer.  
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Table  1: Drill specifications for each screw setting practice and torque range.  

 

Figure 8 : Torque testing device  used for determining the appropriate clutch setting  (left)  and the 

hand drill  used in testing  (right) . 

 

Figure 9 :  Picture depicting the use of a spacer when driving a screw into a  sample board.  

Makita 18 volt Drill Specs 

Screw Penetration 

Depth  
Pilot hole?  

Torque 

Range Name  

Drill Clutch 

Setting  

Torque Range       

(lbf -in)  

Speed 

Setting  

1/2" 

Yes  

Weak 1 9.80 - 15.90 

2 Standard 4 21.25 - 30.00 

Over-torque 10 43.35 - 47.10 

No 

Weak 3 16.80 - 25.20 

2 Standard 6 30.15 - 36.80 

Over-torque 14 54.80 - 61.95 

5/8" 

Yes  

Weak 4 21.25 - 30.00 

2 Standard 8 35.05 - 47.20 

Over-torque 14 54.80 - 61.95 

No 

Weak 6 30.15 - 36.80 

2 Standard 8 35.05 - 47.20 

Over-torque 14 54.80 - 61.95 


