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FOREWORD

The Federal Lands Highway (FLH) of the Federal Highway Administration (FHWA) promotes development
and deployment of applied research and technology applicable to solving transportation related issues on
Federal Lands. The FLH provides technology delivery, innovative solutions, recommended best practices,
and related information and knowledge sharing to Federal agencies, Tribal governments, and other offices
within the FHWA.

The FLH has an interest in using new technology to assist in designing and constructing roads more
efficiently. One emerging three-dimensional mapping technology is terrestrial or ground-based LiDAR.
LiDAR (Light Detection and Ranging), also often referred to as “3D laser scanning”, employs a laser and a
rotating mirror or housing to rapidly scan and image volumes and surficial areas such as rock slopes and
outcrops, buildings, bridges and other natural and man-made objects. Ground-based or terrestrial LIDAR
refers to tripod-based measurements, as opposed to airborne LIDAR measurements made from airplanes or
helicopters.

This project shows how the new technology of ground-based LiDAR could assist FHWA with highway
rock slope stability. Site characterization for rock slope stability involves the collection of geotechnical
data, and in the current practice, much of this data is collected by hand directly at exposed highway slopes
and rock outcrops. There are many issues with the collection of this data in the field, including issues of
safety, slope access, and human bias. It is shown in this report that some of the most important types of
geotechnical information for rock slope stability can be acquired using LiDAR at a safe distance from the
slope. In many cases, this information can also be automatically extracted from LiDAR point clouds
using currently available point cloud processing software, reducing human bias issues. This report
concludes that indeed there are benefits available when ground-based LiDAR is employed.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
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in inches 254 Millimeters mm
ft feet 0.305 Meters m
yd yards 0.914 Meters m
mi miles 1.61 Kilometers km
AREA
in? square inches 645.2 Square millimeters mm?
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fl oz fluid ounces 29.57 Milliliters mL
gal gallons 3.785 Liters L
t® cubic feet 0.028 cubic meters m®
yd? cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m*
MASS
oz ounces 28.35 Grams g
Ib pounds 0.454 Kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
FIF Fahrenheit 5 (F-32)/9 Celsius °C

or (F-32)/1.8
ILLUMINATION

fc foot-candles 10.76 Lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 Newtons N
Ibf/in® poundforce per square inch 6.89 Kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 Inches in
m meters 3.28 Feet ft
m meters 1.09 Yards yd
km kilometers 0.621 Miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet i
m? square meters 1.195 square yards yd?
ha hectares 2.47 Acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 Gallons gal
m® cubic meters 35.314 cubic feet t®
m® cubic meters 1.307 cubic yards yd?
MASS
g grams 0.035 Ounces oz
kg kilograms 2.202 Pounds Ib
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 Poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
(Revised March 2003)
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