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Introduction

A screw slot (sometimes called a screw boss by 
extruders) is a semi-hollow in an aluminum 
extrusion intended to retain a screw parallel to 
the axis of the member. Examples of different 

extrusion profi les with screw slots are shown in Figure 
1. Screw slots are often used to connect aluminum 
extrusions in a variety of structures including architectural 
applications, curtain walls, and window and door frames. 
Self-tapping screws are used in conjunction with screw 
slots, and are typically stainless steel or aluminum. 
Aluminum screws are typically 2024-T3 or 7075-T73. 
Stainless screws are generally 300 or 400 series. The 
screws may be thread cutting or rolling and may have 
spaced or machine threads.  

dimensions given in the ADM (Table I). Screw embedment 
length varied from 6.35 mm (0.25”) to 38.1 mm (1.5”). 
Three nominal screw diameters were used, and included 
No. 10 (4.83 mm or 0.19”), No. 12 (5.49 mm or 0.216”), 
and 6.35 mm (0.25”). All of the extrusions tested had 
screw slots located on a wall; no corner screw slots were 
tested. A total of 79 tests were conducted, data evaluated, 
and a predictive model developed. To determine the 
ultimate strength of the extrusions, tensile tests were 
conducted for each profi le.
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Standard screw slot dimensions for aluminum 
extrusions are shown in the Aluminum Design Manual 
(ADM),1 and are shown in Figure 2. Screw slots may be 
located along one of the extrusion walls or in a corner 
where two walls intersect. Common or standard screw 
slots are not closed, and have openings that vary from 
62o to 70o.  

Figure 1. Several extrusion profi les used in the study.

Figure 2. Standard aluminum screw slot.1

The purpose of this study was to test and evaluate the 
pull-out strength of aluminum screw slot connections. 
Six different extrusion profi les were supplied by four 
manufacturers. A majority of the profi les tested were 
6061 and 6063 alloys, although a limited number of 6061-
T6 extrusions were made available. Each manufacturer 
supplied coated steel or stainless steel screws for the 
given screw slot geometry. Nominal dimensions of the 
screw  slots provided were close to the standard screw slot 

Background

Six different extrusion profi les were supplied in lengths 
from 457 mm (18”) to 914 mm (36”). Extrusions were 
saw cut into convenient 150 mm (6”) lengths. Screws 
were inserted into the slots to a prescribed embedment 
length on one end of each 6” long specimen. Another 
screw was placed into the slot on the other end of the 150 
mm (6”) length and run into the slot until just enough 
of the screw head protruded to grab in the fi xtures. Load 
was applied to the screws until the fastener pulled out of 
the slot. A total of 79 tests were conducted, as summarized 
in Table II. 

Table I. Screw slot dimensions.

Table II. Summary of screw slot tests.

Grips were fabricated for screw slot testing, as shown 
in Figure 3. Each grip consisted of a rectangular hollow 
structural tube.  On one side of the tube, a slot was milled 
and a plate inserted into the slot. Each plate was secured 
to the tube through a pin, and was secured to the testing 
machine through conventional wedge action grips. An 
elongated hole was drilled in the opposite side of the 
tube, and a slot milled from the edge of the hole. The 
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hole and slot were used to secure the self-tapping screws. 
A typical setup for a pull-out test is shown in Figure 4. For 
each screw slot tested, load and crosshead displacement 
were measured.

Experimental Results and Data Analysis

Test failures occurred by opening of the screw slot. In 
no case did the fastener rupture in tension. Average test 
results are summarized in Table IV. While 79 tests were 
conducted, there were 19 different test confi gurations. A 
test confi guration included samples of the same extrusion 
material, fastener type, and embedment length. Average 
failure loads as a function of embedment length for 
each combination of extrusion material and fastener size 
are presented in Figures 5-8. Each point represents an 
average of at least three or more tests. In each case, a best-
fi t line was found by regression analysis and is included 
on Figures 5-8. Quality of fi t parameters were calculated 
and varied from 0.93 to 0.98. 

Table III. Summary of extrusion tensile strength.

In addition to tests for pull-out strength, tensile 
coupons were cut from fl at elements of each extruded 
profi le. Coupons were machined into standard 2” gauge 
length tensile samples. Each specimen was tested in 
tension, with both load and strain continuously recorded. 
From the load-strain data, yield and ultimate strengths 
were determined according to accepted standards.2 The 
average ultimate strengths obtained from the tensile tests 
are summarized in Table III.

Figure 3. Grips used for securing screw heads.

Figure 4. Test set-up.

Figure 5. Pull-out test results for 6063-T5 screw slots with No. 10 
screws.

Figure 6. Pull-out test results for 6063-T5 screw slots with 1/4” 
diameter screws.

Table IV. Average test results.
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Figure 7. Pull-out test results for 6063-T5 screw slots with No. 8 
screws.

Figure 8. Pull-out test results for 6061-T6 screw slots with 1/4” 
screws.

The average pull-out loads for each of the 19 test 
groups, divided by the product of the embedment length, 
screw diameter, and ultimate strength are presented in 
Figure 9. An average value for the ratio was found to be 
0.29. The data is generally well grouped, with the largest 
outlier resulting from the shortest embedment length 
relative to fastener diameter or L/D = 1.16. 

From the data analysis, a predictive model for pull-out 
strength is proposed as:

   P = 0.29DLF
tu

Where:
P = the predicted pull out strength
D = nominal diameter of the tapping screw
L = screw embedment length
F

tu
 = tensile ultimate strength of the extrusion

The variation in the predicted load as determined 
by the equation as compared to the actual test load is 
depicted in Figure 10. A perfect fi t would result in all test 
results falling on the predicted line. None of the predicted 
strengths, with the exception of the embedment length 

to screw diameter of 1.16, exceeded the test strengths by 
more than 15%.  

Conclusions

For 79 tests of three screw slot sizes, three alloy 
tempers, six extruded shapes, and embedment lengths 
from 1.16D to 6.94D, the average pull-out strengths of 
screws in the ADM slots is P = 0.29DLF

tu
. Furthermore, 

the pull-out strength of short embedment lengths of 
less than two diameters may vary signifi cantly from the 
average predicted strength.
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Figure 9. Analysis of average test data.
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