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ABSTRACT

The common type A sheet metal screw
has been replaced by type AB. To compare
the face and edge withdrawal resistance of
types A and AB screws, the Forest Products
Laboratory evaluated their performance in
eight particleboards and three medium-
density hardboards.

All testing was conducted in accordance
with ASTM D 1037-72 except a 0.136-inch-
diameter pilot hole was used to facilitate
insertion of the screws.

In the particleboards, face withdrawal
resistance of type AB screws averaged approxi-
mately 5 percent less than for type A screws.
Results for edge withdrawal in particleboard
were erratic because of the differences in
makeup of the center portion of each board.
In the hardboards, average face and edge
withdrawal resistance of type AB screws was
approximately 10 percent less than of type
A screws.
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INTRODUCTION

To evaluate the screw-holding capacity of
mat-formed particleboard, Commercial Stand-
ard CS 236-66 (8)} specifies the use of
a l-inch No. 10 type A sheet metal screw.
Table 1 of CS 236-66 lists the minimum
for the

average screw-holding capacities
various types, densities, and classes of
particleboard.

Now the type A sheet metal (tapping)
screw is no longer manufactured and has
been replaced by the type AB screw. Standard
ANSI B18.6.4 (1) recommends that type AB
tapping screws be substituted where type A
screws are now specified.

The  Industrial  Fasteners  Institute
recommends the use of the type AB tapping
screw in the design of all new engineering
assemblies (4), but has no comparative data
on the withdrawal resistance of type A screw
versus type AB screw in particleboard or
medium-density  hardboard. @~ A National
Particleboard Association study (7) revealed
that the holding material, screw type, and
setting torque levels all affected the with-
drawal loads in particleboard, but no con-
clusions were reached concerning the effect
of type of sheet metal screw on holding
capacity. Other recent studies, Johnson (1967)
(5) and Eckelman (1973) (3), did not include
type AB sheet metal screws.

To compare the face and edge withdrawal
resistance of types A and AB sheet metal

screws in particleboard and medium-density
hardboard, the Forest Products Laboratory
evaluated this property in seven commercial
particleboards, the “standard” FPL Douglas-
fir wurea-bonded particleboard, and three
commercial medium-density hardboards.

RESEARCH MATERIALS

Descriptions of the FPL particleboard
and the seven commercial particleboards
(identified by letter code) are presented in
table 1. Their density ranged from 38 to 48
pounds per cubic foot, based on dimensions
at test and ovendry weight, and thickness
was 1/2, 5/8, or 3/4 inch. These are the same
particleboard types from the same lot of
materials that are described in the report,
“Basic Engineering Properties of Particle-
board” (6).

The mechanical properties of the three
commercial medium-density hardboards used
for this study are being evaluated in another
study at the Laboratory. The hardboards
were manufactured by a process which utilizes
a combination of hot-platen pressing and
high-frequency heating to cure the resin in
the board and effect a bond in the board.
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Table 1.— —Particleboards used for screw withdrawal comparisons

The thickness of the hardboards (identified
by letter code) is 3/4 inch, and the average
densities are as follows: Board HA-41.1
pounds per cubic foot; board HB-42.7 pounds
per cubic foot; and board HC-48.7 pounds
per cubic foot. Densities are based on dimen-
sions at test and ovendry weight.

The steel screws were zinc plated and are
described in table 2.

RESEARCH METHODS

Particleboard

Six 3- by 6-inch specimens were prepared
from each of the eight particleboards. Each
specimen was cut from a separate randomly
selected panel to serve for both face and edge
screw withdrawal. It was necessary to glue two
thicknesses of each particleboard type together




Table 2. ——Description of sheet metal screws

to obtain the Il-inch minimum thickness for
face withdrawal as specified by ASTM
D 10:37-72 (2), article 62. All particleboard
specimens were conditioned to equilibrium
moisture content at 73° F and 64 percent rela-
tive humidity prior to drilling pilot holes.
A 0.136-inch-diameter pilot hole 2/3 inch deep
was used to facilitate insertion of the screws.
This size pilot hole is 105 percent ofthe average
minor diameter of screw A and 99 percent
of screw AB. The 7/64-inch-diameter hole
(0.109 in.) recommended by ASTM D 1037-
72 for No. 10 wood screws was too small to
allow proper insertion of these screws without
damaging the specimen. One type A screw
and one type AB screw were inserted in the
face and the edge of each specimen immediately
prior to testing. Screws for edge withdrawal
were inserted at the midthickness of one
lamination. A jig was used during insertion
of the screws to insure a uniform 2/3-inch
penetration of all screws. Screws were with-
drawn from the specimen in a testing machine
operated at a constant head speed of 0.06
inch per minute. in accordance with ASTM
D 1037-72.
Medium-Density Hardboard
Medium-density  hardboard  specimens
were obtained from another study at the Lab-
oratorv. Two face and two edge withdrawal
tests of type A screws previously had been
performed in each of fifty 3- by 6-inch specimens
from boards HA and HB and 25 specimens

from board HC. Since these specimens and
data for the tvpe A screws were available, it
was decided to utilize the same specimens
for tests with tvpe AB screws.

All medium-density hardboard specimens
were conditioned to equilibrium moisture
content at 73° F and 50 percent relative
humidity in accordance with ASTM D 1037-
72, part B. Pilot holes for tvpe AB screws
were 0.136 inch in diameter, the same as had
been used for type A screws. One type AB screw
was inserted in the face of each specimen
away from the previous test with the tvpe
A screw. For the edge test, the edge used
for the AH screw was opposite that used for
the A screw test. A jig was used during
insertion of the screws to insure a uniform
2/3-inch penetration of all screws.

Screws were withdrawn from the specimen
in a testing machine operated at a constant
head speed of 0.05 inch per minute, in accord-
ance with ASTM D 1037-72.

ANALYSIS OF RESULTS

Particleboard

Table 3 lists the average face and edge
withdrawal loads for types A and AB screws
in the eight particleboards. Results show that
the greatest variability occurred in the edge
withdrawal loads. This was expected because
the screws were inserted at midthickness
of the material. Because of the method of




Table 3.-—-Face and edge withdrawal loads for types A and AB screws in eight particleboards

and three medium-density hardboards

manufacturing mat-formed particleboard, the
center area is usually less dense and weaker
than the outer layers. For example, the
three-laver and graduated boards have coarser
material in the center.

Table 3 also lists the percent difference
in withdrawal loads for types A and AB screws
in each particleboard type. Percent difference
is defined as withdrawal load for type A screw

minus withdrawal load for type AB screw
divided by withdrawal load for type A screw
times 100. The percent difference in face
withdrawal loads ranged from +15.5 percent
for the FPL board to -4.0 percent for board L;
the average difference for the eight boards was
+4.5 percent. Type A screws had superior
face withdrawal resistance in all particleboards
except board L.



The percent difference in edge withdrawal
loads ranged from -9.7 percent for the FPL board
to +7.5 percent for board J. The type AB
screw had superior edge withdrawal resistance
in boards A and C and in the FPL board, while
the tvpe A screw was superior in boards B, H,
J. and M. The edge withdrawal resistance was
the same for both screw types in board L. It
is felt that this overall variability and lack of
any trend or relationship for comparing edge
withdrawal resistance is due to the differences
in makeup of the center portion of each board.

An attempt was made to establish a
relationship between density and withdrawal
resistance for the eight particleboards. A
meaningful relationship or trend could not be
established because board structure, particle
size, adhesives, species, and raw material proc-

essing were different for each board. For
example, the FPL board, which is least dense.
had screw withdrawal loads almost equal to
board H, the most dense board.
Medium-Density Hardboard

Table 3 lists the average face and edge
withdrawal loads for types A and AB screws
in three commercial medium-density hard-
boards. The type A screw was superior on
both faces in all three materials (fig. 1).
The purpose of this graph is to illustrate
the difference for the two screw types, rather
than establish an exact relationship between
density and withdrawal load. The shapes of
the curves drawn through the three points
are similar, and type A screws have approxi-
mately 10 percent more withdrawal resistance
than tvpe AB screws.

Figure 1.—Faceand edge withdrawal loads of type A and AB
screws versus hardboard density.



SUMMARY

1. The face withdrawal resistance of type
AB sheet metal screws in particleboard averaged
4.5 percent less than that of type A sheet
metal screws for the eight particleboard
types tested. Edge withdrawal resistances
varied, with the type AB screws superior in
three boards and the type A screw superior in
four boards. Based on these data, no conclusions
can be made concerning the difference in edge
withdrawal resistance of the two screw types
in particleboard.

2. The face and edge withdrawal resistance
of type AB sheet metal screws in the three
medium-density hardboards was approximately
10 percent less than that of type A sheet
metal screws.

3. The edge withdrawal resistance for
types A and AB screws was, with one exception,
less than the face withdrawal resistance of
all boards tested.




RECOMMENDATION

1. In ASTM D 1037-72 the pilot hole dia-
meter of 7/64 (0.109) inch is suggested for
a No. 10 wood screw. This should be increased
to 0.136 inch for No. 10 sheet metal screws
to allow proper insertion of the screws with-
out damaging the specimen.
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