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RESILIENCE DEFINED

“THE ABILITY TO PREPARE AND PLAN FOR, ABSORB, RECOVER FROM, OR

MORE SUCCESSFULLY ADAPT TO ADVERSE EVENTS” - AASHTO SPECIAL COMMITTEE ON

TRANSPORTATION SECURITY AND EMERGENCY MANAGEMENT (SCOTSEM)

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/transportation.org/ctssr/wp-content/uploads/sites/37/2023/01/UTR-1-book-vers-5.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/transportation.org/ctssr/wp-content/uploads/sites/37/2023/01/UTR-1-book-vers-5.pdf


RESILIENCE DEFINED

“RESILIENCE INCLUDES THE ABILITY TO WITHSTAND AND RECOVER FROM

DELIBERATE ATTACKS, ACCIDENTS, OR NATURALLY OCCURRING THREATS OR

INCIDENTS.” - PRESIDENTIAL POLICY DIRECTIVE 21 – CRITICAL INFRASTRUCTURE SECURITY AND RESILIENCE

https://obamawhitehouse.archives.gov/the-press-office/2013/02/12/presidential-policy-directive-critical-infrastructure-security-and-resil


RISKS TO STORM PIPES AND CULVERTS

ACCIDENTS

• SPECIFICATION OVERSIGHTS

• INSTALLATION IMPERFECTIONS

• FUEL SPILLS

NATURAL INCIDENTS

• GROUNDWATER

• FLOODING / OVERTOPPING

• WILDFIRES



WHAT MAKES RCP RESILIENT …

• QUALITY CONTROL & 
ACCUMULATIVE EXPERIENCE

• STRUCTURAL REDUNDANCY

• DESIGN CODE PARAMETERS

• INHERENT RIGID &
PHYSICAL CHARACTERISTICS



4R FRAMEWORK

IDENTIFYING RESILIENCY

ROBUSTNESS STRENGTH OF AN ASSET OR SYSTEM TO WITHSTAND RELEVANT THREATS

REDUNDANCY PRESENCE OF A BACKUP SYSTEM OR PLAN

RESOURCEFULNESS ABILITY TO IDENTIFY, DIAGNOSE, AND TREAT PROBLEMS WITH AVAILABLE RESOURCES

RAPIDITY ABILITY TO RESTORE FUNCTIONALITY IN A TIMELY WAY

Source: 4R Framework for Identifying and Evaluating Resiliency in Transportation System 
Assets and Organizations, Colorado Department of Transportation.

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.codot.gov/programs/planning/assets/risk-and-resiliency/4r-framework-remediated.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.codot.gov/programs/planning/assets/risk-and-resiliency/4r-framework-remediated.pdf


QUALITY CONTROL

& ACCUMULATIVE EXPERIENCE



INSTITUTIONAL KNOWLEDGE

1905 – PRECAST RCP INTRODUCED IN U.S.

1910 – RESEARCH RIGID PIPE INSTALLATIONS

1912 – SPECIFICATION DEVELOPMENT

1913 – FORMAL PRACTICE OF CALCULATING 

LOADS ON BURIED PIPE

1920S – INDIRECT DESIGN & BEDDING FACTOR

1960S – REIN. CONC. BEAM THEORY ADAPTED

1993 – ASCE STANDARD 15

& STANDARD INSTALLATIONS TYPES



ACCUMULATIVE EXPERIENCE



STRUCTURAL REDUNDANCY



SAFETY FACTOR IN RCP 
STRUCTURAL DESIGN

• FILL HEIGHT TABLE ALLOWS USE OF RCP WITHIN A 

RANGE OF DEPTHS/LOADS (SERVICE LOAD OR D-

LOAD)

• AT MAXIMUM D-LOAD / MAX. FILL HT., RCP HAS A 

STRUCTURAL SAFETY FACTOR OF 1.5

• AT MORE SHALLOW DEPTHS, SAFETY FACTOR MAY 

RANGE 2 TO 4



TYPE 1 EMBEDMENT:

95% STD. PROCTOR DENSITY

A-1, A-3, SW, SP, GW, GP SOILS

15” – 72” DIAMETER RCP (CLASS III)

MAX. SERVICE DEPTH = ~ 22 – 23’

SAFETY FACTOR = 1.5 @ MAX. DEPTH

24” CLASS III RCP EXAMPLE:

@23’, S.F. = 1.5

@16’, S.F. = 2.2

@9’, S.F. = 3.8



TYPE 4 EMBEDMENT:

NO COMPACTION OF 

A-1 – A-4 / SW, SP, GW, GP, GM, 
SM, ML, GC SOILS



RCP STRUCTURAL SAFETY FACTOR

• EXCESS CAPACITY (REDUNDANCY)

• MEASURABLE CAPACITY

• CERTIFIED VIA PLANT TESTING (3-EDGE BEARING)

• RESILIENCE TO:

• DEEP FILLS, EXCESSIVE LOADS, CONSTRUCTION LOADS

• SUB-STANDARD SOIL DENSIFICATION

• DISTURBED EMBEDMENT WHEN RESETTING TRENCH BOX
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INSTALLATION IMPERFECTIONS

• TRENCH BOX MOVEMENT / DISTURBED EMBEDMENT

• FAILURE TO ACHIEVE SOIL DENSITY PROCTOR CRITERIA

• LACK OF STRUCTURAL EMBEDMENT AROUND ENTIRE PIPE

• VOIDS IN HAUNCH ZONE



DESIGN CODE PARAMETERS



NO BENEFIT TO CONCRETE PIPE SUPPORT BY 
REQUIRING THE HIGH COMPACTION OF SELECT 
MATERIALS ABOVE THE RCP SPRINGLINE.





CONCRETE PIPE BEDDING FACTORS FOR EMBANKMENT INSTALL – IN THE DESIGN 
CODE – WERE ADJUSTED TO ACCOUNT FOR VOIDS IN HAUNCH.



Source: AASHTO LRFD Bridge Design Specifications, Section 12: Buried Structures and Tunnel Liners, 4th Edition, Association of 
State Highway and Transportation Officials, 2007.



RCP DESIGN CODE 

• PROVIDES ROBUSTNESS

• PREPARED FOR, CAN ABSORB:

• INSTALLATION ACCIDENTS/IMPERFECTIONS

• VOIDS IN HAUNCH

• NOT DEPENDENT ON EMBEDMENT ABOVE SPRINGLINE



RISKS TO STORM PIPES AND CULVERTS

ACCIDENTS

• SPECIFICATION OVERSIGHTS

• INSTALLATION IMPERFECTIONS

• FUEL SPILLS

NATURAL INCIDENTS

• GROUNDWATER

• FLOODING / OVERTOPPING

• WILDFIRES



INHERENT ROBUSTNESS





GROUNDWATER STRUCTURAL IMPACTS
ON STORM PIPE

❑BUOYANCY FORCE

❑MASS OF RCP IS BENEFICIAL

❑HYDROSTATIC PRESSURE

❑ACTIVE, LATERAL PRESSURE

❑REDUCES SOIL FRICTION, STIFFNESS

❑RCP BENEFITS FROM ACTIVE SUPPORT



LATERAL PRESSURES 
BENEFIT RCP REACTION
TO VERTICAL LOADS

▪ LATERAL PRESSURES PRODUCE BENDING MOMENTS 

IN THE PIPE WALL THAT ARE OPPOSITE IN DIRECTION 

TO THOSE PRODUCED BY VERTICAL LOADS.

▪ THEREFORE, EVERY POUND OF LATERAL PRESSURE 

THAT CAN RELIABLY BE BROUGHT TO BEAR AGAINST 

THE SIDES OF A PIPE INCREASES ITS CAPACITY TO 

CARRY VERTICAL LOAD ABOUT ONE FOR ONE.



DRY VERSUS SATURATED SOIL CONDITIONS

(FOR REINFORCED CONCRETE PIPE)

CALCULATE BENDING MOMENTS ABOUT THE INVERT.

DRY SOIL DENSITY  120 LBS/FT3

SATURATED SOIL DENSITY: 140 LBS/FT3

UNIT WEIGHT OF WATER: 62.4 LBS/FT3

BUOYANT UNIT WEIGHT OF SOIL = 57.6 LBS/FT3

ACTIVE LATERAL EARTH PRESSURE COEFFICIENT = 0.33

ASSUME A 90 DEGREE BEDDING ANGLE (THIS RESULTS IN A BEDDING REACTION ACROSS 70% OF THE BOTTOM OF THE PIPE)

WITH A 70% REACTION AT THE BOTTOM, THE RATIO OF BOTTOM REACTION TO PRESSURE AT THE TOP IS 1/0.7 = 1.43



RCP BENDING MOMENTS:
REDUCED W/ SATURATED SOILS
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RISKS TO STORM PIPES AND CULVERTS

ACCIDENTS

• SPECIFICATION OVERSIGHTS

• INSTALLATION IMPERFECTIONS

• FUEL SPILLS

NATURAL INCIDENTS

• GROUNDWATER

• FLOODING / OVERTOPPING

• WILDFIRES



WILDFIRE & OTHER FIRE EVENTS



2018 CAMP FIRE

• MOST DESTRUCTIVE 
WILDFIRE IN CALIFORNIA 
HISTORY

• GLOBE’S MOST EXPENSIVE 
DISASTER OF 2018

• AT LEAST 85 FATALITIES

• 153,336 ACRES BURNED

• 18,000 STRUCTURES 
DESTROYED

• PARADISE LOST 90-95% 
OF ALL STRUCTURES





MELTED CULVERTS 

AS A WIND-DRIVEN FIRE WITH LOW-FLYING EMBERS, 
MINIATURE FIRES WERE IGNITED INSIDE OPEN-ENDED 
CULVERTS AND, DEPENDING ON THE CONSTRUCTION 
MATERIAL TYPE, COMPLETELY BURNED OUT SEVERAL 
PIPES, COLLAPSING AND UNDERMINING THE 
ROADWAY… 

Video Resource: California Cities Defend the Line Against Disastrous 
Wildfires, ENR Videos, Engineering News Record, April 25, 2019 
(https://www.enr.com/videos?bctid=6029904164001).

https://www.enr.com/videos?bctid=6029904164001
https://www.enr.com/videos?bctid=6029904164001
https://www.enr.com/videos?bctid=6029904164001


TOWN OF PARADISE





2014 – 2024

24,703: # Events for In-
Transit Highway 
Flammable Spills

160: # Cases w/ Spill 
Entered Storm Sewer

90: # Cases w/ 
Roadway Closed

Source: HAZMAT Incident Report 
Search Tool, PHMSA

https://www.phmsa.dot.gov/hazmat-program-management-data-and-statistics/data-operations/incident-statistics
https://www.phmsa.dot.gov/hazmat-program-management-data-and-statistics/data-operations/incident-statistics




GEORGIA DOT POST-EVENT CCTV INSPECTIONS OF 
THE REINFORCED CONCRETE PIPES DETERMINED THAT 
THERE WAS NO DETRIMENTAL IMPACTS TO THE PIPES.
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RESILIENT ATTRIBUTES…

• QUALITY CONTROL & 
ACCUMULATIVE EXPERIENCE

• STRUCTURAL REDUNDANCY

• DESIGN CODE PARAMETERS

• INHERENT RIGID &
PHYSICAL CHARACTERISTICS



PROVEN RESILIENCE

THE INHERENT ROBUST CHARACTER OF REINFORCED CONCRETE PIPE, 

REDUNDANCY IN ITS DESIGN, AND ESTABLISHED PERFORMANCE FOR OVER A 

CENTURY ARE PROOF OF ITS RESILIENCE.



THANK YOU

DOUGLAS J. HOLDENER, P.E.

DIRECTOR – FLORIDA CONCRETE

PIPE ASSOCIATION

DHOLDENER@CONCRETEPIPE.ORG
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