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Background
		As the demand for building supplies continues to increase around the world, lighter composite materials like fiberglass have found a niche in the construction market. Fiberglass is a material used more frequently in composite structural components due advantageous properties such as being a sustainable resource and having a high strength to weight ratio (Mohanty et al., 2018). Building materials must have a range of properties to be suitable for use, but impact resistance has become more important in recent years. The need to limit damage from impact loads such as debris from severe weather or an unexpected impact load from a construction accident is considered more frequently (Ožbolt and Riedel, 2013). 
Strongwell, a producer of composite structural components from Minnesota, claims its products have superior durability, are suitable for many adverse weather conditions, and are stronger than steel and aluminum (Oakley, 2013). The increased use of emerging composite materials in structural applications creates the need for a more extensive knowledge base surrounding composite material performance under realistic loading scenarios (Luo, 2000). This UROP research focused on impact testing three of Strongwell’s fiberglass composite panels to determine their resiliency and to compare the impact forces that were transferred to the supports. Within this scope, an ideal specimen had two characteristics: (1) high absorption of impact load and (2) high resiliency to repeated impact loads, meaning resistance to permanent deformations.
	The behavior of each specimen was compared to the behavior of a 1 in. thick steel plate of equivalent size. This allowed for comparison of fiberglass panels and a traditional building material panel. The three Strongwell specimens included a 3 x 24 in. Durashield panel, a 3 x 24 in. Baffle panel, and a 1.5 x 24 in. Duragrid HD4000 panel. 
Methods
To collect the desired data, a drop tower was used to apply impact loads ranging from 25 to 250 lbf. Impact loads were applied at 25 lbf energy increments with one trial performed at each increment. Three measurements were taken during testing: (1) acceleration of the dropped crosshead, (2) maximum specimen displacement, and (3) impact force traveling through the specimen. It was found that the acceleration due to gravity was consistently 93% of the assumed gravitational acceleration and losses were attributed to friction within the drop tower. The potential energy was calculated at each drop height using the constant value of acceleration found. Specimen displacement measurement allowed correlation of displacement and force absorption for each specimen. Impact force was measured using three dynamic load sensors below the specimen to compare force absorption between the specimens. For example, a higher impact force reading meant less force was dissipated by the specimen and thus transferred to the rest of the support structure. Impact force was calculated by averaging the peak impact loads measured by three dynamic load cells upon initial impact. After each test was conducted, the specimen was inspected for permanent damage.
This investigation had four limitations: (1) the applied load was capped at 250 lbf because the steel specimen was not to be damaged; (2) the dynamic load sensor calibration was not accurate, but their precision still allowed general conclusions to be drawn for overall behavioral comparison; (3) fewer data points were collected for the Durashield panel because it was initially tested at larger load intervals; (4) the data acquisition device had four channels from which to collect measurements, so only three of four available dynamic load sensors were used to calculate impact force (the other channel was used to collect acceleration data).
Results
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Description automatically generated]Figure 1 compares the impact force between specimens at all applied energy loads. The impact force readings for the 1 in. steel plate were higher than those for all fiberglass specimens at all applied energies. This indicated that less force was absorbed by the steel plate compared to all fiberglass specimens. The Duragrid panel absorbed more force than the steel panel but comparatively less force than the baffle and Durashield panels. The baffle panel data indicate the trend associated with specimen failure, where less force was transferred to the dynamic load sensors and more force was absorbed by the specimen. Figure 2 compares specimen displacement data at all applied energy loads. During the tests, no or very minimal permanent deformations were found on any of the specimens prior to failure, but the baffle panel had localized failure causing deformations starting after the 150 lbf test. 
Data in Figures 1 and 2 indicate that the more a specimen deflected, the more force the specimen was able to absorb. Although it is advantageous for a panel to absorb impact force, the resiliency of a panel to impact load and failure is more important. The Durashield panel absorbed the most impact force at all applied impact loads, but it ultimately failed when subjected to an impact load of 250 lbf. The baffle panel began failing at 150 lbf and ultimately failed at 200 lbf, although it absorbed more impact force as it began to fail. The Duragrid panel performed favorably as it absorbed more impact force than the steel specimen and had a displacement nearly identical to steel; it also showed virtually no evidence of permanent deformations when impact loaded at 250 lbf. 
From this investigation, it was concluded that fiberglass composite panels are viable for impact loading scenarios, but each type of fiberglass composite panel behaved differently as applied energy loads increased. Thus, if a fiberglass composite panel is to be used in a potential impact loading scenario, it is imperative to ensure its impact load capacity is sufficient for its application.
There is opportunity for continued research on this topic since there are many unknowns that can still be investigated. Such opportunities may include finding the energy absorbed by each specimen, investigating alternate loading scenarios, or implementing different types of impact heads.
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Figure 1. Impact Force Comparison Between Specimens
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Figure 2. Displacement Comparison Between Specimens




