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5.4.1 Screw Material

The material for screws used to connect aluminum parts
is selected to meet strength and corrosion resistance consid-
erations. Steel screws with a Rockwell hardness of C35 or
greater may suffer hydrogen-assisted stress corrosion crack-
ing (HASCC) where exposed to certain dissimilar metals,
moisture, and tension stress due to installation or loading.
For this reason, steel screws with a Rockwell hardness of
C35 or greater are no longer permitted in the Specifica-
tion. Aluminum and austenitic stainless steel screws do not
experience HASCC. When fasteners will not be exposed to
contact with liquid water or humidity near the dew point,
certain other steels, with appropriate hardness, and appropri-
ately coated and/or plated are also acceptable. An example
is 430 stainless steel, which has a nominal composition of
16% chromium.

5.4.2 Screw Tension
5.4.2.1 Pull-Out

The equations for pull-out are derived from research con-
ducted by AAMA, including over 400 pull-out tests (75).
These equations are based on three regions of behavior: yield
(circumferential stretching and bending of the aluminum
around the screw), shearing of the internal threads in the hole,
and a transition region between yield and shearing. For most
cases they are less conservative than the pull-out equation in
the 6% edition (P,,, = 0.85¢, DF,,), especially for UNC threads
in aluminum parts thicker than 0.084 in. (2.1 mm). Pull-out
strengths are a function of the type of thread: coarse (UNC)
or spaced. A UNC thread is often referred to as a “machine”
thread and a spaced thread screw is termed a “sheet metal”
screw. Internal thread stripping areas (A, in equations 5.3.2.1-
2 and 5.3.2.1-3) are given in Part VII Table 5-20 for Class 2B
UNC threads.

5.4.2.2 Pull-Over

The pull-over strength equation for non-countersunk
screws is based on Reference (17). Screws may be placed

/1IN /N

through the valley or the crown of corrugated roofing and
siding. (See Figure C5.4.2-1). A coefficient of 0.7 is used
when the connected parts are not in contact, such as for
fastening through the crown of roofing when a spacer block
is not used between the roofing and the structural member
supporting the roofing. The test strengths of such screwed
connections are more variable than those with the con-
nected parts in direct contact at the connection such as the
fastener through the valley in Figure C5.4.2-1.

The equation for the pull-over strength of countersunk
screws is based on over 200 tests using 5 different flathead
screw sizes, 6 sheet thicknesses, and 2 alloy-tempers (85).
Testing was limited to commonly used screws with 82
degree nominal angle heads, so the equation is not known
to apply to other head angles.

Variation in actual diameters of hand-drilled countersunk
holes can have a significant effect on pull-over strength.
Caution should be used to avoid excessive oversizing of
countersunk holes. Oversizing should be limited so that the
top of the screw head is no more than the lesser of #,/4 and
1/32 in. (0.8 mm) below the top of the sheet.

5.4.3 Screw Shear and Bearing

Screw connections loaded in shear can fail in one mode
or in combination of several modes. These modes are screw
shear, edge tearing, tilting and subsequent pull-out of the
screw and bearing of the joined materials.

Tilting of the screw followed by threads tearing out of the
lower sheet reduces the connection shear capacity from that of
the typical connection bearing strength. Equation 5.4.3-4 cov-
ers the cases when the screw tilting can lower the strength.

Diameter and rigidity of the fastener head assembly as
well as sheet thickness and tensile strength have a signifi-
cant effect on the shear failure load of a connection. There
are a variety of washers and head styles in use. Washers
must be at least 0.050 in. (1.3 mm) thick to withstand bend-
ing forces with little or no deformation.

Based on limited testing, it appears that the bearing
force on a screw should be limited to that which produces

f Fastener through valley

Structural member

/N

\— Fastener through crown

Figure C5.4.2-1 FASTENERS IN ROOFING
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For references to Parts IA and IB, see also the
corresponding section in Parts ITA and IIB.

adhesive joints, I1I-26
adhesives, I1I-28
ASTM tests, I111-29
design, I11-28
surface pretreatment, I11-28
aerospace, [II-7
allowable stresses:
formulas, TA-24. 25
general, [A-23
tables by alloy-temper, VII-28-77
welded members, [A-62
alloys:
commonly used examples, I1I-6
comparative characteristics and applications,
IV-13
designation system, cast alloys, IV-7
designation system, wrought alloys, IV-6
foreign designation systems, IV-17
metallurgy, IV-8
tempers, [V-8
angles:
equal leg, VI-18
in flexure, IA-49. IB-54
in tension, III-10
section property formulae, VI-44
square end, VI-20. 24
unequal leg, VI-21
anodizing, I11-43
ASTM, TA-9. IB-9
automotive, I11-7
batten seam roofing, IX-12
beams:
angles, [A-49. IB-54
bars, IA-32. IB-36, I11-13. VIII-38
examples, VIII-30-61
formulas, VII-104-121
round or oval tubes, IA-32. IB-35. III-16. VIII-37
single web, IA-32, IB-35. III-13
tubular shapes, IA-33. IB-36. I1I-13. VIII-39
welded, II1-14, VIII-32-36
bearing:
examples, VIII-18-20
on holes, IA-26. IB-26. ITIA-8. III-11. VIII-18
on flat surfaces, [A-26. IB-26. ITA-8. 11I-11
on slots, IA-26. IB-26. IIA-8. 11I-11
pins, IA-26. IB-26, ITA-8. III-11. VIII-19
bending, IA-61. IB-67
developed lengths, VII-81
maximum thickness for 180 degree bends,
VII-80
minimum radii for sheet and plate, VII-78
minimum radii for wire and rod, VII-80
biaxial stresses, I1I-19
block shear rupture, IA-52. IB-58. IIA-22. I1I-23
bolts:
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design stresses, IA-53. IB-59
dimensions, VII-99
installation, IA-61. IB-67. 111-23
material, IA-53. IB-59
shear, IB-59
slip critical connections, IA-54. IB-59. I1I-23
spacing, IA-54. IB-59
tension, IA-53. IB-59
bridges, I1I-7
buckling:
constants, IA-21-22. IB-21-22, VII-23-26
local buckling effect on beam strength, IA-40.
I1B-45 11I-18
local buckling effect on column strength, IA-40
I1B-45 11I-18
local buckling stresses, [A-39. IB-43
strength graphed, VII-7-22
torsional, IA-26-27, IB-27. I1I-12
torsional-flexural, IA-26-27., IB-27. 11I-12
building codes, IA-10. IB-10
building sheathing:
allowable deflection, IA-71. IB-77
connections, [IA-58. IB-62
dimensions, VI-38
example, VIII-62
maximum recommended spans, VII-86-88
section properties, VI-39
testing, IA-71. IB-77
weights, VI-38
Canadian beams, VI-16. 17
cantilevers, IA-49. 62, IB-54. 68
castings:
design stresses, [A-67. IB-73
mechanical property limits for permanent mold
casting alloys, V-14
mechanical property limits for sand casting
alloys, V-12
weld fillers for, IA-69. IB-75
channels, VI-7-11
Aluminum Association Standard Channels, VI-7.
VII-83
American Standard Channels, VI-8
Canadian Channels, VI-11
Car and Ship Building Channels, VI-10
cladding, IV-6
cleaning, IA-60. IB-66
coefficient:
moment gradient, IA-48, IB-53
tension, [A- 23. 26. IB- 23, 26. IIA-7
thermal expansion, IA-11. 59, IB-11. 65
columns:
examples, VIII-21-29
member buckling, IA-26. IB-26, I1I-12
welded, TA-62. IB-68. 1II-12
combined stresses:
compression and bending, IA-37. IB-41. III-18
shear, compression, and bending, [A-37. IB-42.
II1-18
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