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FOREWORD

The National Park Service (NPS) is responsible for the management and maintenance of nearly
5,500 miles of paved roads and parkways across more than 250 park properties nationwide. In
addition to the primary pavement asset, the NPS is also responsible for appraising and managing
deferred maintenance needs of numerous subsidiary roadway features, including bridges,
retaining walls, culverts and traffic barriers. Referred to as “equipment” in asset management
parlance, these features are major contributors to the safety and accessibility of the NPS roads
system and represent substantial roadway infrastructure investments. Given the wide range of
geographic settings and public usage comprising the NPS network of roads, defining the backlog
of roadway equipment is a major challenge to the park program.

The Federal Lands Highway (FLH) of the Federal Highway Administration (FHWA), in
partnership with the National Park Service (NPS), has undertaken the development of a
comprehensive retaining wall asset inventory and condition assessment procedure as part of the
NPS Retaining Wall Inventory and Condition Assessment Program (WIP). The purpose of this
program is to define, quantify, and assess wall assets associated with park roadways in terms of
their location, geometry, construction attributes, geotechnical and structural condition, failure
consequence, cultural aspects, apparent design criteria, and cost of structure maintenance, repair
or replacement. In support of the WIP, this Procedures Manual documents the data collection
and management processes, wall attribute and element definitions, and team member
responsibilities for conducting retaining wall inventories and condition assessments based on
nearly 3,500 wall assessments conducted to date within 32 national parks across the country.
Although primarily intended to serve the WIP as it moves forward, this manual should find
application within a broader national audience as federal, state and local agencies tackle retaining
wall asset issues tied to transportation infrastructure.

Tyl

. David Zanetell, P.E., Director of Project Delivery
ederal Highway Administration
Central Federal Lands Highway Division

Notice
This document is disseminated under the sponsorship of the U.S. Department of Transportation
in the interest of information exchange. The U.S. Government assumes no liability for the use of
the information contained in this document. This report does not constitute a standard,
specification, or regulation.

Quality Assurance Statement
The FHWA provides high-quality information to serve Government, industry, and the public in a
manner that promotes public understanding. Standards and policies are used to ensure and
maximize the quality, objectivity, utility, and integrity of its information. FHWA periodically
reviews quality issues and adjusts its programs and processes to ensure continuous quality
improvement.

Cover Photos: Complex stone masonry earth retaining structures at Glacier National Park (top) and Ranier National
Park (bottom).
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol
LENGTH
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?
t? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
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)
°F Fahrenheit 5 (F-32)/9 Celsius °C

or (F-32)/11.8
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 t?
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 (074
kg kilograms 2.202 pounds b
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®

*SI 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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