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Abstract

The emergence of 3D scanning technologies has provided a new opportunity to explore
the shape characteristics of hailstones in great detail. The ability to effectively map the shape of
hailstones will improve assessments of hailstone aerodynamic properties, how their density
relates to their strength, and how radar energy is scattered. Ultimately, 3D scanning of hailstones
will contribute toward research in hail detection, forecasting, and damage mitigation of severe

hail, which accounts for well over $1 billion in annual insured losses.

The use of a handheld 3D laser scanner in a field setting was explored during field
campaigns in 2015 and 2016. Hailstones were collected following thunderstorm passages and
were measured, weighed, and scanned. The system was successful in capturing 3D models of
over 40 hailstones. A full scan takes approximately three minutes to complete and data can be
captured at a resolution of 0.008 cm. It is believed this is the first time such a system has been
used to produce 3D digital hailstone models. Analysis of the model data has showed that
hailstones depart from spherical shapes as they increase in diameter and that bulk density and
strength show little correlation. While the dataset presented here is small, the use of 3D scanners
in the field is a practical method to obtain detailed datasets on hailstone characteristics. In
addition, these data could be used to 3D-print hailstones to explore their aerodynamics, to
produce cavity molds for ice impact tests, and for modeling radar scattering properties of natural

hailstone shapes.
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3D laser scanning and hail

Hailstorms account for over $1 billion dollars in annual insured property losses and their
increasing trend seen over the past two decades has outpaced advances in observation,
forecasting, and mitigation of hail damage (Changnon et al. 2009; Roeder 2012; Kunkel et al.
2013). Beginning in 2012, the Insurance Institute for Business & Home Safety (IBHS) began a
comprehensive research program with the overarching goal to help mitigate property losses from
severe hail. A component of this initiative included determining the properties of hailstones that
must be accounted for in laboratory material impact tests such that the results of these
standardized test methods would be reasonably predictive of real-world performance of building
materials. Subsequently, this led to a field campaign to measure the physical and material

properties of hail and to explore emerging technologies to aid in this effort.

It is well known that hailstones are found in a variety of non-homogeneous shapes and
can have large protuberances, which makes characterizing their true shape difficult using
conventional means (i.e., caliper or ruler). Obtaining an accurate volume through physical
measurements is also difficult even when measuring multiple dimensions. In the past, record-
breaking hailstones were kept in cold storage so a cast could be made of the hailstone. The
impact craters of giant hailstones have also been examined and molds made of their shapes as
well (Knight and Knight 2001). While the process is effective in capturing the hailstone shape, it
is cumbersome and time-consuming. A method was needed that provided accurate 3D
measurement data without substantial contamination or melting of the hailstone prior to strength
testing. The fine-scale, non-homogeneous nature of hailstones provided the motivation to

investigate how 3D laser scanners could be applied toward hail research.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




