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High Performance UHMWPE (Ultra-High Molecular Weight 
Polyethylene) fibers are found in helmet and body armor used by the 
US Army, as well as in commercial products such as marine ropes 
and cut resistant gloves. These fibers have a very high tenacity, even 
greater than that of  steel. Tenacity, which is directly related to tensile 
strength, is a key characteristic in fundamentally understanding the 
performance of  these fibers. Although tensile testing methods for 
single fibers have been established, the method proposed through 
this research examines the use of  the actual cross-section area for 
precise calculation of  the fiber’s strength. 

Spectra fibers (Honeywell’s class of  
UHMWPE) are not circular like fiberglass 
or carbon fibers (Figure 1), hence it is 
more difficult to determine area. 
Traditionally, the areas are derived from 
measuring the area of  a fiber bundle and 
taking the average (Cline, Wu, & Moy, 
2018). Because each fiber is irregularly 
shaped, and the cross section varies from 
fiber to fiber, it is best to directly measure 
the end of  the UHMWPE fibers through 
cold mounting in epoxy. While this process 
is highly reliable, the fiber can no longer be used for 
experimentation as it cannot be removed from the epoxy mold. 

This project explored the importance of  measuring exact fiber 
cross-sectional area for computing strength values of  the fiber. It 
was hypothesized that because the fiber area is directly related to the 
strength formula (s = force/area), having an accurate area would 
play a key role in producing an accurate strength reading.

Honeywell Spectra S3000 and experimental fiber X were used in 
this project. To prepare the fibers for testing, approximately 30 
individual fibers were carefully separated from each bundle. To 
alleviate any residual undesired twist in the fiber, each fiber was 
suspended with a 1.5 g weight taped to one end and allowed to hang 
for about 24 hours. Following this step, each fiber was mounted to a 
poster stock material cut out by a laser cutter (Figure 2). The pattern 

The purpose of  this experiment was to determine if  measuring 
exact cross-sectional area gave significantly different strength 
readings when compared to using the average area. There was a 
significant difference in the area of  fiber X, being more irregular in 
shape than S3000, but no significant difference in the area of  S3000. 
Using the actual fiber area did not produce a significantly different 
strength calculation for S3000, but it did produce a significantly 
different strength calculation for fiber X. Because the strength 
calculations done with the actual area and average area values both 
used the same maximum force value, they are not truly independent, 
as required for a paired t-test. However, the results of  the test in 
terms of  significance still serve as a basis for future research into the 
importance of  accuracy when measuring area of  irregular fibers. 

consisted of  three individual sections each designed for a specific use (cross section 
area measurements, tensile strength experiments, and laser diffraction). Each fiber 
was taped down and then glued to the mount. 

The cold mounting process was used for a control area measurement. Each 
mounted fiber was extracted from the poster stock and inserted into a 3D printed 
plastic holder to keep the fiber perfectly upright during the cold molding process. 
The plastic holder was placed into a silicone mold and epoxy was poured into the 
mold and allowed to cure for one day (Figure 3). The mounts were polished by 
hand with 800, 2400, and 4000 grit paper. The final polishing step required liquid 
nitrogen to freeze the exposed fiber surface to mitigate problematic smearing of  
the fiber ends caused by friction. A Keyence VK200 laser confocal microscope was 
used to image the fiber at high magnification with a 100× objective lens. Images 
were post-processed with NIH ImageJ software by thresholding the RGB values to 
isolate the fiber to determine the area in mm2. 

The tensile tests were done with a Psylotech nano Test System (nTS). The 
frame-mounted fiber was removed from the poster stock and placed onto the 
Pyslotech loading stage with the tensile grips for UHMWPE fibers (Figure 4).

At the start of  the test, the 
spacing between grips were set to 5 
mm yielding its gage length value. 
The actuator speed was set to 50 
mm/sec. The load and displacement 
data were recorded at a rate of  20 Hz. 
The stress and strain results were 
calculated. The peak stress was 
recorded as the fiber strength in MPa
(Graph 1).
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Figure 4: nTS with frame-mounted fiber 
screwed into grips. 

A one-sample t-test showed there was not a significant difference 
between the average area measurement of 832.83 mm for the 
Spectra S3000 fibers and the cold mounting area (M = 827.7, SD = 
116.1), t(32) = –0.25, p = 0.805. A one-sample t-test showed there 
was a significant difference between the average area measurement 
of 834.56 mm for fiber X and the cold mounting area (M = 
906.4, SD = 106.5), t(18) = 2.86, p = 0.011. A paired t-test revealed 
that there was no significant difference between the cold mounting 
area strength calculation (M = 2687.1, SD = 490.9) and average area 
strength calculation (M = 2615.7, SD = 411.0), t(30) = 
–0.81, p = 0.426 in Spectra S3000 fibers. There was a significant 
difference between the cold mounting 
area strength calculation (M = 2429.0,
SD = 422.0) and the average 
area strength calculation (M = 
2751.0, SD = 246.0), t(18) = 
4.09, p = 0.001 for fiber X.
Graph 1: Negative values represent the 
strength calculation using the actual 
fiber area was larger than using the 
average fiber area.

Figure 1: Microscope image 
of  a Spectra S3000 fiber 
under the microscope with 
the colors representing 
differences in height at 
100× magnification. 

Figure 2 (left): Fiber frame 
mounts laser cut from card stock 
used for (top to bottom) cold 
mounting, tensile testing, and 
laser diffraction. A fiber was laid 
top to bottom spanning the three 
mounts. 

Figure 3 (right): A fiber mount 
sitting inside of  a 3D printed 
mold with blue epoxy poured on 
top.
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