
MISCELLANEOUS PAPER H-73-6

DRAINAGE AND EROSION CONTROL
FACILITIES, FIELD PERFORMANCE

INVESTIGATION
by

J. L. CGrace, Jr., C. C. Calhoun, Jr., D. N. Brown

ioo -o iIlI Il

- ::-

I~i~lnh1Iv'r.u
F_ <.

' -
,C O

' / j .

I R II I
-- i='

June 1973

Sponsored by Office, Chief of Engineers, U. S. Army

Conducted by U. S. Army Engineer Waterways Experiment Station

Hydraulics Laboratory

Vicksburg, Mississippi

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

' 

.



Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated

by other authorized documents.



MISCELLANEOUS PAPER H-73-6

DRAINAGE AND EROSION CONTROL
FACILITIES, FIELD PERFORMANCE

INVESTIGATION
by

J. L. Grace, Jr., C. C. Calhoun, Jr., D. N. Brown

June 1973

Sponsored by Office, Chief of Engineers, U. S. Army

Conducted by U. S. Army Engineer Waterways Experiment Station

Hydraulics Laboratory

Vicksburg, Mississippi

ARMY-MRC VICKSBURG, MISS.

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED





THE CONTENTS OF THIS REPORT ARE NOT TO

BE USED FOR ADVERTISING, PUBLICATION,

OR PROMOTIONAL PURPOSES. CITATION OF

TRADE NAMES DOES NOT CONSTITUTE AN OF-

FICIAL ENDORSEMENT OR APPROVAL OF THE

USE OF SUCH COMMERCIAL PRODUCTS.

iii





FOREWORD

The field performance investigations reported herein were autho-

rized by the Directorate of Military Construction, Office, Chief of

Engineers, on 16 September 1966. The studies were coordinated by

Mr. K. S. Eff of the Office, Chief of Engineers, and conducted by various

personnel of the U. S. Army Engineer Waterways Experiment Station (WEs)
during the period October 1966 to June 1972 under the direction of

Messrs. E. P. Fortson, Jr. (retired), and H. B. Simmons, Chiefs of the

Hydraulics Laboratory, and Messrs. W. J. Turnbull (retired) and J. P.

Sale, Chiefs of the Soils and Pavements Laboratory. The excellent co-

operation and participation provided by numerous military and civilian

representatives of both local and regional Civil Engineering offices of

the United States Air Force, the Air National Guard, and the U. S. Army

are gratefully appreciated and acknowledged. This report was prepared

by Messrs. J. L. Grace, Jr., C. C. Calhoun, Jr., and D. N. Brown and was

reviewed by Messrs. T. E. Murphy, J. R. Compton, and H. H. Ulery of WES.

Directors of WES during the investigations and the preparation

and publication of this report were COL John R. Oswalt, Jr., CE,

COL Levi A. Brown, CE, and COL Ernest D. Peixotto, CE. Technical

Directors were Messrs. J. B. Tiffany and F. R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement

metric units as follows:

used in this report can be converted to

Multiply

inches

feet

cubic feet per
second

feet per second
per second

pounds per cubic
foot

pounds

foot-pounds

pounds per square
inch

Fahrenheit degrees

By

2.54

0.3048

0.02831685

0.3048

16.0185

0. 45359237
0.138255

0.6894757

5/9

To Obtain

centimeters

meters

cubic meters per
second

meters per second
per second

kilograms per cubic
meter

kilograms

meter-kilograms

newtons per square
centimeter

Celsius or Kelvin
degrees*

ix

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: C = (5/9)(F - 32). To obtain Kelvin
(K) readings, use: K = (5/9)(F - 32) + 273.15.





SUMMARY

The drainage and erosion control facilities of 5)4 installations
were observed to evaluate performance of surface and subsurface drain-
age systems, erosion control measures, and conditions of buried conduits
and associated facilities. Although the facilities observed varied from
only 1 to 30 years or more of age and it is recognized that basic de-
mands have increased as well as the fact that design and construction

procedures have been improved continuously, many of the old familiar
problems still exist and a few new ones have developed. The problems
most frequently encountered can be attributed to the lack of and/or
adherence to a long-range master plan of development; design deficien-
cies due to inadequate and unavailable knowledge of certain phenomena,
restrictions imposed by time and/or funding limitations, and the extent
and accuracy of basic data available; inadequate inspection and con-
struction procedures; inadequate support and requirement of periodic
inspection and follow-up maintenance or revision as needed; and a mis-

guided concept that appears to have developed in various levels of re-
sponsibility in which drainage is considered to be the least important

factor affecting the performance of an installation. Experienced qual-
ified personnel agree that the initial installation of adequate facili-
ties provides satisfactory performance and requires less maintenance,

which in the long run provides greater economy than that realized by
multiphased stage improvements and remedial measures attempted later.

Specific problem areas, general concepts, and recommendations rel-
ative to the design, construction, and maintenance of various surface
drainage and erosion control facilities including culverts, underground

storm-drainage systems, scour, and riprap requirements at culvert and

storm-drain outlets, outlet energy dissipators, natural and artificial

open channels, drop structures, and riprap requirements in channels and

downstream of hydraulic structures are presented based on the findings
of both field observations and laboratory research. Drainage deficien-
cies relative to family housing and service and industrial areas are
discussed also.

The use of poorly graded filter materials permits infiltration of
fines into subdrains and is one of the major causes of ineffective sub-

surface drainage facilities. Present filter criteria are too restric-

tive for soils containing large percentages of fines. Filters should
be designed relative to base course material rather than the subgrade.

Perforated pipe is considered more practical than porous pipe even if

xi



fines should be infiltrated through the filter, for the fines would
enter and could be flushed from perforated pipe; however, the walls of
porous pipe would eventually be clogged by the infiltration of fines.
Although system layouts presently recommended are considered adequate,
particular care should be exercised to provide a layout of subdrains
that does not require water to travel appreciable distances through the
base course due to impervious subgrade material or barriers. Pervious
base courses with a minimum thickness of about 6 in. with provisions
for drainage should be provided beneath pavements and channel linings
constructed on fine-grained subgrades and subject to perched water table
conditions. Base courses containing more than 10 percent fines cannot
be drained and remain saturated continuously. Manholes and flushing
risers should be provided along subdrains at intervals of 1000 ft or
less. Screens should be provided over all subdrain outfalls to pre-

vent animals from nesting and debris from entering the pipe. Outfall
ditches should be sited, inspected periodically, and cleaned as needed
to prevent the possibility of reverse flow into the subdrain system.
The location, size, and depth of subdrains are extremely vital in elimi-
nation of frost heave.

The survey of buried conduits and associated facilities indicates
that a large percentage of both flexible and rigid conduits installed
during the period 19)40-1960 appear to be in good to excellent condition.
Many reported failures of buried conduits occurred during construction.
The major cause of structural distress and failure of buried conduits
after completion of construction is infiltration of soil through joints
and piping around and along buried conduits. At locations where the
plasticity indexes of soils within a construction site are less than 12,
it is almost a certainty that infiltration of soil into buried conduits
will result in failure of the pipe or the pavement above; therefore,
watertight joints should be required at these locations. Flexible joints
should be provided in all types of pipe in the vicinity of large man-
holes. Improved techniques of collecting, removing, and disposing of
industrial wastes from storm water need to be developed and automatic
warning devices should be installed to indicate unsafe concentrations
in storm-drainage systems.

Periodic evaluation of field facilities is considered invaluable
in identifying problem areas, determining causes of malfunctions, and/or
failures as well as effective methods of repair and rehabilitation of
existing systems, directing research efforts, and developing improved
design criteria.

xii



DRAINAGE AND EROSION CONTROL FACILITIES

FIELD PERFORMANCE INVESTIGATION

PART I: INTRODUCTION

General Description and Purpose of Study

1. During fiscal years 1967-1970, the U. S. Army Engineer Water-

ways Experiment Station (WES) conducted investigations of the field

performance and condition of drainage and erosion control facilities of

military installations for the Military Construction Division of the

Office, Chief of Engineers. Field performance and condition were de-

termined by observing facilities and compiling and assessing informa-

tion obtained in the field and in interviews and discussions with repre-

sentatives of both local and regional offices. Many diverse problems

were indicated, and in some cases, the field investigations were supple-

mented by limited laboratory and office studies. The general objectives

of the subject investigations were:

a. To determine how existing drainage and erosion control
facilities are performing relative to that desired.

b. To observe and evaluate existing drainage and erosion con-

trol practice.

c. To determine past and present problem areas.

d. To follow up and determine causes of malfunctions and/or

failures not only to improve design practice but to pro-
vide effective methods for repair and rehabilitation of
existing deficient systems.

e. To direct laboratory research efforts and analytical

studies for development of improved practical guidance
for the selection and design of drainage and erosion
control facilities.

Installations Observed

2. The facilities observed varied from those recently completed

to those 30 years old or more. The installations visited by personnel of



the various responsible local and regional offices included 50 military

installations, 2 municipal airports, an international airport, and a

civil works project and are listed below:

Brookley AFB, Alabama
Mobile, Alabama, Municipal

Airport
Eglin AFB, Florida
Fort Rucker, Alabama
Fort Benning, Georgia
Robins AFB, Georgia
Plattsburg AFB, New York
Stewart AFB, New York
Glasgow AFB, Montana
Pope AFB, North Carolina
Fort Bragg, North Carolina
Fort Campbell, Kentucky
Griffiss AFB, New York
Grenier Field, New Hampshire

Fort Devins, Massachusetts

Pease AFB, New Hampshire
Westover AFB, Masschusetts
Logan Field, Montana
Paine AFB, Washington
McChord AFB, Washington
Peoria, Illinois, Municipal
Airport

Fort Huachuca, Arizona
Williams AFB, Arizona
Luke AFB, Arizona
Volk Field, Wisconsin
Phelps Collins ANG Base,

Michigan
Vandenberg AFB, California

McClellan AFB, California
Mather AFB, California
Armed Forces Language School,

California
Fort Ord, California
Fort Jackson, South Carolina
Fort Gordon, Georgia
Key Field, Mississippi
Little Rock AFB, Arkansas
Hunter Army AF, Georgia
Fort Riley, Kansas
Gering Valley, Nebraska
Peterson Field, Colorado
Fort Carson, Colorado
Air Force Academy, Colorado
Fort Hood, Texas

Fort Wolters, Texas
Fort Bliss, Texas
McCoy AFB, Florida
MacDill AFB, Florida
Homestead AFB, Florida
Imeson Airfield, Florida
Jacks onvi lle International
Airport, Florida

Fort Sam Houston, Texas
Bergstrom AFB, Texas
Randolph AFB, Texas
Kelly AFB, Texas
Lackland AFB, Texas

3. A comprehensive memorandum for record, including photographs

of pertinent facilities, was prepared for each field trip and, in most

cases, for each installation. These memoranda and photographs were

furnished appropriate local and regional offices. The results, conclu-

sions, discussions, and recommendations of the investigations are pre-

sented in subsequent portions of this report: Part II, Surface Drainage

and Erosion Control; Part III, Subsurface Drainage; and Part IV, Buried

Conduits and Associated Facilities.
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PART II: SURFACE DRAINAGE AND EROSION CONTROL

Background

L. The methods and criteria for design of surface drainage and

erosion control facilities are presented in Department of the Army Tech-

nical Manuals 5-820-1,1 5-820-3,2 and 5-820-4.3 Reports to the Direc-

torate of Military Construction, OCE, indicated that a variety of re-

current problems have been experienced with surface drainage and erosion

control facilities of various Army and Air Force installations. The

subject investigations were initiated to follow up and investigate per-

formance of surface drainage and erosion control facilities, identify

problems areas, determine causes of malfunctions and/or failures as well

as effective methods for repair and rehabilitation of existing systems,

direct research efforts, and develop improved design criteria. The sur-

face drainage facilities of 37 installations throughout the contiguous

United States were observed and the most frequently encountered problems

are summarized as follows:

a. Lack of and/or disregard of long-range master plan of de-

velopment and drainage.

b. Inadequate grading and drainage of family housing areas.

c. Siting of culvert and storm-drain outlets high relative to
downstream stable grades.

d. Erosion at culvert and storm-drain outlets.

e. Instability of embankments at culvert inlets.

f. Infiltration and piping due to inadequate jointing of pipe
and filter systems.

g. Erosion and deposition in open channels.

h. Failure of natural and artificial linings of channels and
chutes.

i. Insufficient size of facilities for temporary storage as

well as conveyance of runoff in areas with extremely flat
terrain.

j. Inadequate support for regularly scheduled condition sur-
veys and appropriate follow-up maintenance and/or remedial

measures.

k. Inadequate coordination during construction operations for
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establishment of terraces and vegetative cover as soon as

possible to minimize erosion, deposition, and excessive
maintenance.

1. Inadequate siting and/or drainage of pavements and build-
ing foundations relative to initial and/or revised water
tables.

Generalized results of the numerous field observations and recommenda-

tions relative to the problems noted above are discussed in subsequent

paragraphs.

General Planning, Design, Construction, and Maintenance

5. Facilities constructed without regard for a long-range master

plan of development and drainage both on- and off-base have had to be

necessarily abandoned or reworked completely when expansion inevitably

was required. Uncoordinated, deficient off-base developments have ren-

dered initially satisfactory plans of drainage ineffective. There is no

substitute for a long-range master plan of adequate and permanent drain-

age and erosion control facilities and adherence thereto by all parties

involved. Effective drainage and erosion control provided by initial

installation of adequate facilities would be far less costly in the long

run than that realized by multiphased improvements attempted later.

6. General investigations including an on-site inspection of the

site and tributary area are prerequisites for effective study and de-

velopment of drainage and erosion control requirements. Greater effort

should be exercised to obtain and check the level of the water table,

types of soil, and detailed topography of the tributary area, the site,

and adjacent or remote stable channel sections or streambeds downstream.

Aerial photographs including stereoscopic pairs are and should be used

to the maximum extent practicable; however, supplemental on-the-ground

surveys should be made of areas subject to dense vegetative growth to

ensure that the topographical data obtained and the system of vertical

and horizontal control established are adequate for effective planning,

design, and construction of the basic facility as well as the surface

drainage and erosion control measures. Areas that are stable under



initial natural conditions are usually rendered unstable when subjected

to increased rates and quantities of runoff from development outside of

the drainage basin. Channelization and concentration of runoff due to

development within a given drainage basin will produce unstable condi-

tions and initiate scour unless controlled effectively by artificial

means. Grading is not executed and utilized sufficiently to provide

effective and economical drainage, particularly in family housing areas.

It is the most important single factor essential for effective drainage

and erosion control. The location, type, size, and condition of existing

and future utilities and related facilities should be given greater con-

sideration in the study, development, installation, and enlargement of

drainage systems. Greater coordination and effort for establishing

vegetative cover as soon as possible during construction should be exer-

cised to minimize erosion, deposition, and excessive maintenance. The

most frequent consequences of temporarily inadequate drainage are ex-

cessive ponding, saturation of subgrade and/or subbase materials, loss

of load bearing capacity of paved surfaces, differential settlement of

structures, and erosion and/or deposition in the drainage system. All

of these require excessive maintenance and/or remedial measures and in

some cases the basic function or operation of the installation has been

partially and/or totally restricted. Funds available for design, con-

struction, survey, revision, and maintenance of drainage and erosion

control facilities are seldom adequate, and most often these are indis-

criminately reduced due to a misguided concept that appears to have de-

veloped in which drainage is considered to be the least important factor

affecting the performance of an installation. Experienced qualified

personnel agree that performance and economy resulting from initial in-

stallation of adequate facilities exceed in the long run that realized

by multiphased stage improvements and remedial measures attempted later.

7. The preceding general comments relative to the plan, design,

construction, and maintenance of drainage and erosion control facilities

are hardly new; but the results observed during the subject investiga-

tions indicate that they need to be reemphasized and given primary

consideration.
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Culverts and Storm-Drain Systems

8. Obviously, a large number of inlets and outlets of culverts

and storm-drain systems were observed during conduct of the investiga-

tions. One of the most prevalent problems observed during these inves-

tigations was that of erosion at culvert and storm-drain outlets as re-

ported in noteworthy surveys of conditions at culvert outlets by Keeley

in Oklahoma and Scheer5 in Montana. The conditions of erosion observed

throughout the subject investigations also support the observation re-

ported by Keeley that two general types of channel instability can de-

velop downstream from a culvert and/or storm-drain outlet, i.e., either

gully scour or a localized erosion referred to as a scour hole. Dis-

tinction between the two conditions of scour and prediction of the type

to be anticipated for a given field condition can be made by a compari-

son of the original or existing slope of the channel or drainage basin

downstream of the outlet relative to that required for stability as

illustrated in fig. 1.

9. Gully scour is to be expected when the Froude number of flow

in the channel exceeds that required for stability. It begins at a con-

trol point downstream where the channel is stable and progresses upstream.

FLOWOR/G/NAL GROUND (STABLE SLOPE)

SCOUR HOLE

FLOW

STABLE
SLOPE

GULLY SCOUR

Fig. 1. Types of scour at culvert outlets
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If sufficient differential in elevation exists between the outlet and

the section of stable channel, the outlet structure will be completely

undermined as shown in fig. 2. The primary cause of gully scour is

the practice of siting outlets high, with or without energy dissipators,

Fig. 2. Failure of outlet structure due to gully scour

relative to a stable downstream grade in order to reduce quantities

of pipe and excavation. Erosion of this type may be of considerable

extent depending upon the location of the stable channel section rela-

tive to that of the outlet in both the vertical and downstream direc-

tions. To prevent gully erosion, storm-drain outlets and energy dis-

sipators should be located at sites where the slope of the downstream

channel or drainage basin is naturally mild enough to remain stable

inder the anticipated conditions or else it should be controlled by

ditch check, drop structures, and/or other means to a point where a

naturally stable slope and cross section exist. Outlets and energy dis-

sipatore should not be located within channels or drainage basins ex-

periencing deposition but adjacent to the perimeter and provided with

an outlet channel that is skewed rather than perpendicular to the main

channel or basin (fig. 5a).

10. A scour hole or localized erosion is to be expected downstream

7



of an outlet (fig. 3a) even if the downstream channel is stable. The

severity of damage to be anticipated depends upon the conditions exist-

ing or created at the outlet. In some instances, the extent of the

scour hole may be insufficient to produce either instability of the em-

bankment or structural damage to the outlet. However, in many situations

flow conditions produce scour of the extent that embankment erosion

(fig. 3a) as well as structural damage of the apron, end wall, and cul-

vert (fig. 3b) is evident.

I'

a. Embankment erosion

b. Structural damage of apron, end wall, and culvert

Fig. 3. Damage resulting from localized erosion

8
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11. Observations and empirical methods developed by Keeley,4' 6 '7

which provide specific guidance relative to the conditions that produce

gully scour or only a localized scour hole as well as those required for

stable channels in several Oklahoma soils, merit consideration and ap-

plication in general. Guidance relative to the extent of the scour hole

to be anticipated downstream of culvert and storm-drain outlets devel-

oped by WES hydraulic model investigations for the Directorate of Mili-

tary Construction, OCE, is reported by Bohan, as well as size and ex-

tent requirements of horizontal blankets of riprap for protection of

outlets. These generalized results offer considerable guidance since

one can estimate the extent of scour to be anticipated in stable channels

of cohesionless soils and then decide what degree of protection is re-

quired. For example, is the anticipated scour hole with an appropriate

cutoff wall that protects the outlet adequate for energy dissipation?

Is the size and extent or riprap required for a stable horizontal blanket

practicable? Is it practicable to compromise depth of scour and size of

riprap by providing a preformed and riprap-lined scour hole? Is an

energy dissipator required?

12. Various degrees of success have been experienced with riprap

and/or rubble or other forms of protection downstream of outlets and

different opinions regarding the adequacy of protective stone have de-

veloped. One of the most common causes of failure of protective mate-

rial observed during the field observations was the lack of an adequate

filter between the soil and the protective material. This permits pro-

gressive leaching of the soil and settlement of the blanket. The blanket

can be grouted in areas subject to mild winters; however, an appropriate

filter and weep holes should be provided for relief of hydrostatic pres-

sure. Grouted riprap does not perform satisfactorily in areas where

considerable..freezing and thawing is experienced annually. Exit channel

protection should be segregated from erodible soils by graded filters9

and/or durable synthetic cloths.1 In other cases, either the size

and/or extent of the loose rock protection provided was inadequate.

Bohan indicates that in general the minimum horizontal protective

blanket of crushed stone to be provided at an outlet should be composed

9



of median size stone with a diameter equal to one-fourth the diameter

of the outlet and of a length equivalent to eight outlet diameters. The

practicality of horizontal protective stone blankets is therefore ques-

tionable downstream of large culvert or storm-drain outlets.

13. Another problem area defined by the field investigations as

well as the model studies reported by Bohan is the need for practical

guidance in the selection and design of energy dissipators for drainage

facilities. Research sponsored by the Directorate of Military Construc-

tion, OCE, was initiated at WES in July 1969 to evaluate the applica-

bility and limitations of three of the most commonly used energy dis-

sipators: a stilling well,11 the U. S. Bureau of Reclamation type VI

stilling basin,12 and the St. Anthony Falls stilling basin.1 Examples

of these energy dissipators are shown in figs. 14-6 and the results of

this research are reported by Grace and Pickering. In general, the

design practice that has developed relative to highway culverts indicates

that these structures convey discharges up to + or 5 times the diameter

PLAN

ORIGINAL GROUN

SAFETY GWARD--

SECTION A-A

Fig. LJ. Typical stilling well (not to scale)
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a. U. S. Bureau of Reclamation type VI stilling basin

- -II
4_

4 1 1..
/

t - .,. ' ' .

b. St. Anthony Falls stilling basin

Fig. 6. U. S. Bureau of Reclamation type VI stilling basin and
St. Anthony Falls stilling basin
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of the culvert raised to the 5/2 power. The magnitude of this quasi-

dimensionless parameter will vary depending on the particular site or

structure, but it is a useful descriptive parameter for classifying the

relative design capacity of such structures. It is also related to the

Froude number of flow commonly used in open channel hydraulics. For ex-

ample, the Froude number of full pipe flow at the outlet of a circular

pipe is unity for a Q/D5/2 ratio of 4.5 which is about the maximum value

encountered in highway culvert design. Any one of the three aforemen-

tioned commonly used energy dissipators with a diameter or width equal

to three times the diameter of the outlet would provide satisfactory

performance for this range of discharge. Fletcher and Grace5 reported

the results of WES research to develop simpler and more economical

stilling devices for outlets conveying relatively low and intermediate

discharges.

1)4. One of the most common mistakes practiced relative to design

and construction of culvert and storm-drain outlets and downstream ap-

purtenances is that of not providing for expansion and deceleration of

flow to permit dissipation of excessive kinetic energy in turbulence

rather than in direct attack of the exit area. Usually a nice trape-

zoidal channel with bottom width and elevation the same as the outlet

or energy dissipator is provided, and then an attempt is made to stabi-

lize this channel with vegetation or riprap. It is here that a large

number of failures occur and costly recurrent maintenance is required.

Tests conducted at WES and reported by Murphyi6 have demonstrated the

advantages of providing for expansion of flow and dissipation of ex-

cessive energy in turbulence that make it possible to stabilize an out-

let area and channel with an economical plan of protection that will not

require excessive, costly maintenance. The results of WES current

efforts to develop practical guidance for estimating and controlling

erosion at culvert outlets were reported by Fletcher and Grace.17

15. Partial and/or total restriction of open and grated inlets

due to clogging with debris, sediments, and vegetation was observed to

be a fairly common and recurrent problem. Inadequate periodic inspec-

tion and appropriate maintenance are major factors responsible for this

13



deficiency in addition to improper location of the inlet relative to the

hydraulic gradient in the drainage system and the adjacent surface

topography. Several storm-drainage systems were observed that had been

rendered totally ineffective due to excessive deposition and the estab-

lishment of vegetation over the inlets. Debris barriers should be pro-

vided upstream of open inlets subject to drainage basins with character-

istics and flows that contribute and transport debris and detritus. The

size and spacing of bars of grated inlets are usually fixed by the traf-

fic and safety requirements of the local area; however, it is desirable

in the interests of hydraulic capacity and maintenance requirements that

the openings be made as large as traffic and safety requirements will

permit. The provision of a paved apron around the perimeter of a grated

inlet as shown in fig. 7 is beneficial in preventing erosion and differ-

ential settlement of the inlet and adjacent area as well as for ease of

Fig. 7. Paved apron and relatively large opening

grated inlet

mowing. Wastes such as washings from concrete mixers should not be

permitted in storm-drainage systems at any time.

16. Although the need for headwalls to prevent erosion or scour

of the embankment adjacent to culvert inlets was not indicated by the

14



field observations, they did appear to be advantageous in preventing

saturation of and-seepage through embankments that result in sloughing

and piping. The erosion generated by the drainage and/or seepage of

water from an embankment is somewhat similar to the phenomenon of gully

scour described previously since it progresses upstream and internally

with respect to the downstream face of the embankment. Scheer5 presents

noteworthy examples and discussion of the piping problem relative to

large culverts in Montana and suggests that piping can be minimized by

providing proper compaction of fine-grained soils (see reference 18),

cutoff walls, and watertight joints along the culvert barrel and/or

a filter around the outlet and on the downstream embankment slope. Sev-

eral examples of piping were observed during the subject field investi-

gations, particularly at culverts without headwalls. In most of these,

deflection and/or misalignment of the barrels was evident. Several in-

stances were observed where piping had occurred completely through em-

bankments subject to headwaters or ponded depths as low as 2 ft* due to

the lack of or improper location of a culvert in other than the lowest

area or thalweg of the drainage basin. It is difficult to determine

where water will go in areas with sparse or no vegetation and flat ter-

rain. Piping is also relevant to the stability of terraces. It is con-

sidered that headwalls should be provided on the inlets of all culverts

with diameters equal to or greater than 3 ft. Headwalls add to the

structural strength of inlets by resisting: (a) internal structural

collapse (particularly for arch-shaped culverts) due to pressure dif-

ferentials between the exterior and interior of the culvert that occur

with outlet control and full pipe flow conditions; and (b) upward dis-

placement of uncovered or shallow pipes that have insufficient strength

as cantilevered beams to resist the buoyant force generated during inlet

control and partial pipe flow conditions.

17. Erosion behind and around the ends of headwalls and end walls

was found to be a problem area also. This was particularly evident

* A table of factors for converting British units of measurement to
metric units is presented on page ix.
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at multiculvert installations and at single culverts located beneath the

low point of roads and streets. It is considered that curb inlets and

paved chutes which convey flow over a recessed portion in the top and

center of such walls (fig. 8) would alleviate this erosion and main-

tenance problem.
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Fig. 8. Curb opening and paved chute for conveying runoff from
street over embankment and end wall

18. Infiltration of soil was observed to be a serious problem in

several instances but particularly along pipes on relatively steep

slopes such as those encountered with broken-back culverts (multisloped

barrels) or stilling wells as shown in fig. 9. Watertight jointing is

especially needed in culverts and storm drains placed on steep slopes

to prevent infiltration and/or leakage and piping that normally result

in the progressive erosion of the embankments and loss of downstream

energy dissipators and pipe sections. Bands or couplings with a width

of 12 in. are inadequate hydraulically and structurally for joining cor-

rugated metal pipes on steep slopes. Failures have not occurred where

2-ft bands have been used. The use of appropriate gaskets and couplings

of the same width as well as tie bars should be given greater consider-

ation in joining both rigid and flexible pipes on steep slopes as well
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Fig. of infiltration of soil through pipe joints

as graded or durable synthetic cloth filters around the joints in the

interest of preventing soil infiltration through pipe joints. The re-

sults of laboratory research at WES concerning soil infiltration through

pipe joints and the effectiveness of gasketing tapes for waterproofing

structural-plate joints and seams are presented in references 19 and 20.

Culverts and storm drains placed on steep slopes should be sized suf-

ficiently large enough and properly vented so that full pipe flow can

never occur in order to maintain the hydraulic gradient above the pipe

invert but below the roof or crown of the pipe and reduce the tendency

for infiltration of soil and water through joints. Pipes on steep

slopes and broken-back culverts with slope changes may tend to prime and

flow full periodically due to entrance, barrel, or outlet condition ef-

fects until the hydraulic or pressure gradient is lowered sufficiently

to cause venting or loss of prime at either the inlet or outlet. This

alternate increase and reduction of pressure relative to atmospheric

pressure is considered to be a primary cause of severe piping and infil-

tration. It is recommended that a vertical riser be provided upstream

of or at the change in slope to provide sufficient venting for

17



a. 6-in. construction chamfer used to taper inlets of
circular culverts

.a .... " I- <,

b. 1-ft-radius used to round sides of box culvert

Fig. 10. Tapered and rounded culvert inlets
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establishment of partly full flow and stabilization of the pressure

gradient in the portion of pipe on the steep slope. The riser may also

be equipped with an inlet and used to collect runoff from a berm or

adjacent area.

19. In the interest of increasing culvert capacity, greater con-

sideration should be given to round, bevel, or expand culvert inlets.

Use of a headwall will normally increase culvert capacity relative to

that of a projecting culvert. Rounding or beveling the entrance pro-

vides additional capacity. Elaborate intake design is not justified

except in unusual circumstances, but the provision of a bevel such as

the usual 6-in. construction chamfer in circular or oval entrances and

12-in. simple radii on the top and sides of rectangular entrances as

shown in fig. 10 is considered practical for most culvert installations.

20. Fords with and without single or multiple culverts for dis-

charge of low and/or intermediate rates of runoff have been provided

on roadways of several installations in lieu of large culverts and/or

bridges (fig. 11). They create a serious problem since experience

Fig. 11. Fords with multiple, low-flow culverts
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indicates that despite warning signs, staff gage overflow depth indica-

tors, and railroad-type barricades, personnel attempt to cross during

dangerous stage conditions and numerous drownings have occurred.

21. The use of natural and/or artificial retention basins for

temporary ponding or storage of runoff reduces peak discharges, re-

quired pipe sizes, and drainage costs considerably as reported by

Leach and Kittle.2 1

Open Channels

22. The most predominant problem indicated by the observations

and discussions permitted during the conduct of the subject field per-

formance investigations of surface drainage facilities was that relative

to the design, construction, and maintenance of effective, stable open

channels. In areas that will support vegetation, growth must be con-

trolled to provide effective drainage as well as reduce the hazards of

fire and erosion. Deposition of debris and soil and establishment of

excessive vegetation in channels are serious problems that not only im-

pair drainage capacity but require considerable, if not excessive, main-

tenance (fig. 12). Failure of natural and artificially lined channels

due to flow conditions and excessive hydrostatic pressures indicates an

urgent and real need for additional research and development of practi-

cal guidance for design and construction of stable natural and artifi-

cially lined channels for both subcritical and supercritical flow con-

ditions (fig. 13). Periodic mowing of side slopes and adjacent areas

is most beneficial in maintaining desirable vegetative cover for control

of erosion. Considerable periodic and recurrent effort is required to

maintain those channels with side slopes mild enough and inverts well

above the water table that facilitate easy access and use of conven-

tional maintenance machinery. Channels with side slopes steeper than

about 1 on 3 and inverts near or slightly below the local water table

require excessive and in some cases prohibitive maintenance measures.

Obviously, the depth of water required to prohibit bottom-supported

vegetation will vary depending upon the local environment and turbidity

20
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a. Sand and gravel (3 in. max size) deposition in
was eroded and transported from upper portion of

paved channel that
drainage basin
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b. Sand deposition and vegetative growth developed in paved chan-
nel downstream of closed conduit drainage system. Material was

transported overland and through pipe

Fig. 12. Examples of soil deposition and vegetative growth
in channels (sheet 1 of 2)
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c. Deposition of soil and vegetative growth resulting
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in a period
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d. Willow growth in natural channel. Note growth inhibited by
approximately 2-ft depth of water in scour hole downstream of

multiple box culverts

Fig. 12 (sheet 2 of 2)
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a. Bituminous concrete lining
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b. Portland cement concrete lining

Fig. 13. Structural failure of paved channels. Neither channel
was provided with weep holes or subsurface drainage
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of the water. Aquatic plants in channels subject to an estuarine en-

vironment will be subject to sudden destruction as a result of an over-

abundance of either fresh or saline waters. The objectionable odors and

mass of sludge produced as a result of decomposition often require im-

mediate maintenance. Greater emphasis will be required in the future to

use surplus surface drainage for recharging depleted groundwater aquifers

and controlling salinity in drainage channels subject to an estuarine

environment. Considerable effort is required to control mosquitoes in

drainage channels subject to continuous wet conditions. Shoaling or

deposition is particularly troublesome in channels subject to an estua-

rine environment and many installations require dredging operations on a

year-round or annual basis.

23. A certain degree of success has been achieved by the use of

composite channels with paved inverts and natural or vegetative-lined

side slopes as shown in fig. 14. The difficulty of mowing and maintain-

ing stable, relatively steep, side slopes (fig. 1)1-a) is apparent; the

example shown in fig. 1ib is definitely easier to maintain. The rela-

tively narrow and shallow paved inverts convey low flows in a manner that

inhibits deposition of fine-grained soil and small debris. Provisions

for side inflow at desired and necessary locations as shown in fig. 15a

are required to prevent serious erosion of side slopes and adjacent

areas as shown in fig. 15b. Terraces and/or levees may be appropriate

for preventing side inflow except at desired locations where side drain

structures may be provided. Particular care should be taken to grade

waste or spoil material removed during channel construction and/or clean-

ing operations in such a manner that the material blends into the local

topography and prevents concentration of runoff, severe erosion, and/or

sloughing of the side slopes. Weep holes and/or subsurface drainage

facilities utilizing filter and porous mediums about perforated or open-

jointed pipe (fig. 16) are necessary for relief of hydrostatic pressures

beneath paved inverts or channel linings on permeable soils and subject

to overtopping or perched water table conditions. Subsurface drainage

is required to prevent structural failure of impervious linings under

these conditions as previously shown in fig. 13.
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easily maintained

Fig. 14. Composite channels
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adjacent area due to lack of
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Fig. 15. Channels with and without provisions for side inflow
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Fig. 16. Subsurface drainage
provided for relief of hydro-
static pressure beneath chan-
nel lining subject to perched
water table. Note system ca-
pacity is not entirely ade-
quate as some flow is passing
through joints and invert of I

channel

24-i. Control of channel alignment and excessive sloughing of erod-

ible banks or side slopes can be accomplished by providing pervious

fences or retaining walls similar to that shown in fig. 17a. Control of

the vertical gradient or slope- of channels may be accomplished by rock

sills (fig. 17b) or ditch checks and/or drop structures of the types

shown in fig. 18. Hydraulic model investigations conducted at WES

indicate that rounded abutments are extremely beneficial in preventing

harmful concentration of flow in the center of such structures which im-

pairs energy dissipation and flow conditions in both the stilling basin

and exit channel. The lack of need for wing walls downstream of drop

structures was also determined from the WTES model studies. It is recom-

mended that training walls be terminated at the end of the basin and that

the base width of the exit channel be made 10 to 20 ft greater than that

of the basin. Offsetting the toe of side slopes 5 to 10 ft behind the

training walls provides for some expansion of flow and dissipation of ex-

cessive energy in turbulence rather than direct attack on the side slopes

The prototype drop structure developed from the WES investigations
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a. Rock fencing for control of alignment and sloughing of side
slopes of channel
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b. Rock sill that provides 5-ft drop in 50 ft

Fig. 17. Rock fencing and sill for control of alignment and slope

of channel
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b. Drop structure

Fig. 18. Ditch check and drop structure for control of longitudinal

gradient of channel
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is shown in fig. 19. Performance of the structure has been most satis-

ia ]_ acsi ~1c, experiencec'. Les:in discd' a Lg _'1Q Vnit~ 1 an .

a. Approach area and rounded abutments
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b. Stilling basin, training walls, and exit channel

Fig. 19. Drop structure on main drain through Gering Valley,
Nebraska
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25. Considerable difficulty has been experienced in preventing

structural failure of paved chutes and high-velocity channels subject

to relatively steep grades and supercritical flow conditions (fig. 20).

a. Upstream portion of chute
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b. Structural failure of downstream portion of chute

and typical gully scour

Fig. 20. Structural failure of trapezoidal-shaped chute
subject to supercritical flow
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All of the structural failures were observed with trapezoidal-shaped

channels that had no provision for subsurface drainage or relief of hy-

drostatic pressures beneath the linings. The trapezoidal shape ampli-

fies surface disturbances in supercritical flow relative to that experi-

enced with a rectangular shape and should not be used for relatively

shallow supercritical channels on steep slopes. It should definitely

not i u. E d wrhern a series of drops or cascades is provided (fig. 21),

7 4

Fig. 21. Structural failure of trapezoidal-shaped chute with
steeper portions subject to supercritical flow and flatter

portions subject to subcritical flow conditions

since the shape magnifies disturbances in supercritical flow generated

by changes in both alignment and grade as well as the instability of a

hydraulic jump in flatter portions of the channel subject to subcritical

flow. The failure show-n in fig. 21 is attributed to flow overtopping

the sides in sufficient quantity and rate to cause erosion and under-

mining of the structure. Failure of the chute shown in fig. 20 is at-

tributed to the lack of subsurface drainage beneath the lining. Note
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the existence of a relatively impervious stratum approximately 6 ft be-

low the surface as indicated along both sides of the gully. It is pos-

sible that piping of soil and groundwater through a joint just above

this stream caused displacement of a joint and slab that resulted in the

loss of the remainder of the downstream sections. The use of dowels in

joints of paved channels on steep slopes is recommended as well as weep

holes and/or other appropriate subsurface drainage facilities.

26. Riprap has been used with various degrees of success for pro-

tection of channels excavated in erodible soils, particularly those

portions adjacent to hydraulic structures. In general, severe displace-

ment or failure of riprap may result due to one or more of the following:

a. Exposure to excessive hydraulic flow conditions involving
velocity, pressure, and turbulence.

b. Leaching and/or piping of the underlying natural bed
material through the riprap.

c. Undercutting and raveling of the riprap due to scour at
the end of the blanket.

Therefore, a stable plan of riprap protection requires an adequate size

stone, a well-graded riprap blanket or a filter beneath the blanket, and

proper termination of the end of the riprap blanket. Unpublished re-

sults of research conducted at WES indicate that the minimum average

size of stone protection required for straight reaches of channels sub-

ject to uniform, fully developed flow can be estimated by the following

empirical equation:

d50 = 0.35D(F)3

where

d = minimum average size of graded stone with specific gravity

50 of 2.64, ft. Generally, the term d5 0  indicates that 50
percent of the total mixture by weight is larger than the
respective size material

D = depth of water flowing, ft

F = V/ gD = Froude number of flow in the channel based on
average depth and velocity of flow and local acceleration
due to gravity in British units of measurement
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The minimum average size of riprap required for channel protection down-

stream of good energy dissipators that release fairly uniform vertical

and lateral distributions of well-developed flow into a channel can be

estimated by the empirical equation d50 = 1.OD(F)3 , in which the terms

are the same as those previously defined. This relation is considered

adequate for determining protective stone requirements downstream of the

energy dissipators and drop structures, discussed in references 14 and

22, that are appropriate for use with either relatively small storm-

drainage systems or larger civil works projects. WES model investiga-

tions of riprap stability downstream of the stilling basins of low head

navigation structures indicate that a minimum average size of stone as

large as implied by the equation d50 = 7.5D(F)3 may be required for a

stable, horizontal protective stone blanket. It is considered that the

larger stone required for channel protection downstream of this type of

structure is due to the following:

a. Navigation structures are of necessity relatively short,
and therefore, fully developed flow is seldom established.

b. The stilling basins of navigation structures are subject
to entrance flow conditions with relatively low Froude
numbers and large depths of flow; therefore, only the un-
dular, weak, and/or oscillating hydraulic jumps can be
achieved with conventional designs.

c. It is common practice to provide a nice trapezoidal chan-
nel with bottom elevation the same or, in some cases,
higher than the top of the end sill and bottom width the
same as the energy dissipator and then attempt to sta-
bilize this channel with riprap.

d. Due consideration is not given to the need for providing
an expansion both horizontally and vertically to dissi-
pate the excess energy of the efflux in turbulence rather

than permit direct attack of the channel boundaries.

Inspection of the empirical equations for determining the size of stone

required for channel protection indicates that riprap protection is not

practical for certain conditions, particularly those with large depths

and/or Froude numbers of flow. However, provisions for expansion of

flow to dissipate excess energy downstream of feasible hydraulic struc-

tures assist in making it possible to stabilize a channel subject to

subcritical flow conditions with rock of an economical size and to

3)4



provide additional factors of safety against riprap failure and costly

maintenance.

27. The thickness of a riprap blanket should be at least 1 to 1.5

times the diameter of the maximum or twice the diameter of the average

size stone required. Where the use of very large rock would be desirable

but impractical, a grouted reach of smaller rock may be substituted pro-

vided freezing temperatures are not normally encountered. Performance

of grouted riprap blankets in areas subject to annual freezing-and-

thawing conditions has been unsatisfactory. A uniform size of riprap is

as resistant to displacement by hydraulic forces as a well-graded mixture

of stone with an equivalent average size by weight. It is considered

that the effective size of any gradation of riprap is that size for which

50 percent of the material by weight is smaller. However, if the grada-

tion of riprap is such that movement of the underlying natural material

through the blanket is likely, a filter blanket of sand, crushed rock,

gravel, or synthetic cloth must be placed under the blanket. An ideal

riprap design would provide a gradual reduction in stone size until the

downstream end of the blanket blends with the natural bed material; how-

ever, this is seldom justified. It is suggested that the terminal por-

tion of riprap blankets be sloped down 1 on 3 or flatter to permit de-

velopment of a scour hole that continues along this approximate slope

and which will not permit serious undercutting and unraveling of the

blanket that is experienced when the blanket is terminated horizontally.

28. As mentioned previously, the design of effective, stable,

natural, open channels such that they will not be subject to severe

erosion and/or deposition is one of the most difficult problems asso-

ciated with surface drainage facilities. Considerable work has been

accomplished to improve design methods; however, the subject investiga-

tions indicate that performance is much less than that desired in rela-

tion to the costly and frequent maintenance required to provide effective

drainage channels. Research is urgently needed for study of the basic

mechanics of open channel hydraulics and development of a dimensionless

approach for accurately describing the flow of water in channels with

both rigid and movable boundaries. Future investigations of rigid
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boundary open channels should attempt to determine and correlate the

interrelations between hydraulic capacity, geometry, relative roughness,

hydraulic resistance, and slope in terms of dimensionless parameters.

Investigations of movable-bed channels should be conducted in a manner

that will permit simultaneous determination and correlation of the inter-

relations between hydraulic capacity, geometry, hydraulic resistance,

bed material and form, and sediment transport. Results of this nature

are urgently required as a basis for developing practical guidance with

which effective and stable natural channels that are free of severe

erosion and/or deposition can be designed. It is considered that local

surveys of both stable and unstable channels and appurtenant facilities

and appropriate follow-up action would be invaluable in establishing de-

sign criteria for stable channels in erodible soils. The results of

observations made and reported by Keeley, indicate that stable chan-

nels relatively free of deposition and/or erosion may be obtained pro-

vided the Froude number of flow in the channel is limited to a certain

range depending upon the type of soil. A cursory analysis of the experi-

mental data of WES2 3 and Neill21 relative to the conditions required for

incipient motion of 0.2- to 30-mm-diameter sands and gravels indicates

that the Froude number of flow (based on average velocity and depth of

flow) required to initiate transport of various diameters of cohesion-

less material, d5 0  , in a relatively wide channel can be predicted by

the empirical relation F = 1.88(d5 0/D)l/3

29. In an attempt to provide additional guidance relative to the

design of effective stable channels that are relatively free of severe

erosion and/or deposition, the following philosophy of design is offered

for consideration and evaluation. It is based on the premise that the

above empirical relation can be used to determine the Froude number of

flow in the channel required to initiate or prevent movement of various

sizes of material and that relations based on the Manning formula can

then be applied to determine the geometry and slope of a channel of prac-

tical proportion that will convey flows with Froude numbers within a de-

sired range such that finer material will be transported to prevent dep-

osition but larger material will not be transported to prevent erosion.
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a. Determine gradation of material common to drainage basin
from representative samples and sieve analyses.

b. Determine maximum discharges to be experienced annually
and during the design storm.

c. Assume maximum desirable depth of flow D to be experi-
enced with the design discharge.

d. Based on the gradation of the local material (sizes and
percentages of the total by weight), exercise judgment as
to the sizes of material that should and should not be
transported. Particular attention should be given to the
possibility of the transport of material from upper por-
tions of the basin or drainage system and the need to
prevent deposition of this material within the channel of
interest. Compute ratios of the diameter of the materials
that should and should not be transported to the maximum
depth of flow, d50/D .

e. Compute the Froude numbers of flow required to initiate
transport of the selected sizes of cohesionless materials
based on the equation F = 1.88(d50/D)l/3 to determine
the range of F desired in the channel.

f. Design the desired channel as indicated in the following
example and paragraphs f(l) - f(19):

(1) Assume that a channel is to be provided within
and for drainage of an area composed of medium sand
(grain diameter of 0.375 mm) for conveyance of a
maximum rate of runoff of x400 cfs. Also assume that
a channel depth of about 6 ft is the maximum that
can be tolerated from the standpoint of the existing
groundwater level, a minimum freeboard of 1 ft, and
other considerations such as ease of excavation,
maintenance, aesthetics, etc.

(2) From fig. 22a, or the equation F = 1.88(d5 0 /D)l/3 ,
the Froude number of flow required for incipient
transport and prevention of deposition of medium
sand in a channel with a 5-ft depth of flow can be
estimated to be about 0.12. Further, it is indi-
cated that a Froude number of about 0.20 would be
required to prevent deposition of very coarse sand
or very fine gravel. Therefore, it is estimated
that a Froude number of about 0.16 should not cause
severe erosion or deposition of the medium sand com-
mon to the basin with a flow depth of 5 ft in the
desired channel.

(3) The unit discharge required for incipient transport
and prevention of deposition of medium sand in a
channel with a 5-ft depth of flow can be estimated
to be about 7.4 cfs/ft of width from the equation,
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q = 10.66 d5 1/3D7/6 , or fig. 22b. In addition, it
is indicated that a unit discharge of about 13 cfs/ft
of width would be required to prevent deposition of
very coarse sand or very fine gravel. Thus, it is
estimated that a unit discharge of about 10 cfs/ft
of width should not cause severe erosion or deposi-
tion of the medium sand common to the basin and a
5-ft depth of flow in the desired channel.
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(4) The width of a rectangular channel and the average
width of a trapezoidal channel required to convey
the maximum rate of runoff of 400 cfs can be deter-
mined by dividing the design discharge by the per-
missible unit discharge. For the example problem an
average channel width of 40 ft is required. The
base width of a trapezoidal channel can be determined
by subtracting the product of the horizontal compo-.
nent of the side slope corresponding to a vertical
displacement of 1 ft and the depth of flow from the
previously estimated average width. The base width
of a trapezoidal channel with side slopes of 1V on 3H
required to convey the design discharge with a 5-ft
depth of flow would be 25 ft.

(5) The values of the parameters D/B and Q/gB5 can
now be calculated as 0.2 and 0.0225, respectively.
Entering fig. 23a with these values, it is apparent
that corresponding values of 0.9 nd 0.185 are re-
quired for the parameters of SB%/n2  and F , re-
spectively. Assuming a Manning's n of 0.025, a
slope of 0.000203 ft/ft would be required to satisfy
the SBl/3/n2 relation for the 5-ft deep trapezoidal
channel with base width of 25 ft and lV-on-3H side
slopes.

(6) The Froude number of flow in the channel is slightly
in excess of the value of 0.16 previously estimated
to be satisfactory with a depth of flow of 5 ft but
it is within the range of 0.12 and 0.20 considered
to be satisfactory for preventing either severe ero-
sion or deposition of medium to very coarse sand.

However, should it be desired to convey the design

discharge of 400 cfs with a Froude number of 0.16 in
a trapezoidal channel of 25-ft base width and 1V-on-
3H side slopes, the values of 0.0225 and 0.16 for
Q g2B and F , respectively, can be used in con-
junction with fig. 23a to determine corresponding
values of SB1 /3/n2 (0.72) and D/B (0.21) re-
quired for such a channel. Thus, a depth of flow
equal to 5.25 ft and a slope of 0.000154 ft/ft would
be required for the channel to convey the flow with
a Froude number of 0.16.

(7) Obviously, the slopes required for either of these
two channels are extremely mild. In the event that
a steeper slope of channel is desired for correla-
tion with the local topography, the feasibility of
a lined channel should be investigated as well as the
alternative of check dams or drop structures in con-
junction with the most adaptable alluvial channel
previously considered. For the latter case, the dif-
ference between the total drop in elevation desired
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due to the local topography and that permissible with
the slope of an alluvial channel most adaptable to
the terrain would have to be accomplished by means
of one or more check dams and/or drop structures.

(8) Assume that a source of stone exists for supply of
riprap with an average dimension of 3 in. The fea-
sibility of a riprap-lined trapezoidal channel with
lV-on-3H side slopes that will convey the design
discharge of 400 cfs with depths of flow up to 5 ft
can be investigated as follows. The equation,
F = 1.42 (d50 /D)l/3 , or fig. 22c can be used to
estimate the Froude number of flow that will result
in failure of various sizes of natural or crushed
stone riprap with various depths of flow. The max-
imum Froude number of flow that can be permitted
with average size stone of 0.25-ft diameter and a
flow depth of 5 ft is 0.52. Similarly, the maximum
unit discharge permissible (33 cfs/ft of width,) can
be determined by the equation, Q = 8.05 d501-/3D

7/ ,
or fig. 22d. For conservative design, it is recom-
mended that the maximum unit discharge be limited
to about 2/3 of this value or say 22 cfs/ft of
width for this example. Thus, an average channel
width of about 18.2 ft is required to convey the
design discharge of 400 cfs with a depth of 5 ft.
The base width required of the riprap-lined trape-
zoidal channel with side slopes of 1V on 3H would
be about 3 ft.

(9) The values of D/B and QgB5 can now be calcu-
lated as 1.67 and 4.52, respectively. Entering
fig. 23a with these values, it is apparent that cor-
responding values of 4.5 and 0.52 are required for
the parameters of SBl/3/n2 and F , respectively.
Assume n = 0.035 (d50)1/6 and calculate Manning's
roughness coefficient of 0.25-ft stone to be 0.028.
A slope of 0.00245 ft/ft would be required for the
5-ft-deep riprap-lined trapezoidal channel with
base width of 3 ft and lV-on-3H side slopes. The
Froude number of flow in the channel would be sat-
isfactory relative to the stability of the 3-in.-
diam average size of riprap as well as the maximum
recommended value of 0.8 to prevent instabilities
of flow and excessive wave heights in subcritical
open channel flow.

(10) Similar analyses could be made for design of stable
channels with different sizes of riprap protection
should other sizes be available and steeper slopes
be desired. This could reduce the number of drop
structures required to provide the necessary grade
change equal to the difference in elevation between
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that of the local terrain and the drop provided by
the slope and length of the selected channel design.

(11) The feasibility of a paved rectangular channel on a
slope commensurate with that of the local terrain
for conveyance of the design discharge at either
subcritical or supercritical velocities should also
be investigated. Such a channel should be designed
to convey the flow with a Froude number less than
0.8 if subcritical, or greater than 1.2 and less
than 2.0 if supercritical, to prevent flow instabil-
ities and excessive wave heights. It should also be
designed to have a depth-to-width ratio as near 0.5
(the most efficient hydraulic rectangular cross sec-
tion) as practical depending upon the local condi-
tions of design discharge, maximum depth of flow
permissible, and a slope commensurate with that of
the local terrain.

(12) For example, assume that a paved rectangular channel
is to be provided with a Manning's n = 0.015 and a
slope of 0.01 ft/ft (average slope of local terrain)
for conveyance of a design discharge of 400 cfs at
supercritical conditions. A depth-to-width ratio of
0.5 is desired for hydraulic efficiency and a
Froude number of flow between 1.2 and 2.0 is de-
sired for stable supercritic alflow. The range of
values of the parameter SB]/3/n2 (70-180) re-
quired to satisfy the desired D/B and range of
Froude number of supercritical flow can be deter-
mined from fig. 2 b. Corresponding values of the
parameter Q gB5 (0.4-0.68) can also be deter-
mined from fig. 23b for calculation of the discharge
capacities of channels that will satisfy the de-
sired conditions. The range of base widths and
discharge capacities of various rectangular channels
that will satisfy the constraining parameters can
be calculated as shown in the following tabulation:

D/ = 0.5, S = 0.01ft/ft, n = 0.015

F = 1.2

SBl/3/n2 = 70

B = (70n2/S)3 = 3.9 ft

Q/ gB5= 0.42

Q = 0.42 f (3.95/2 = 71.5 cfs

(Continued)
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F = 1.6

SB 1/3/2 = 110

B = (llOn2/S)3 = 15.2 ft

0.56

Q = 0.56 .g(15.2)5/2 = 2860 cfs

F = 2.0

SB /3/n2 = 180

B = (180n2 /)3 = 66.4 ft

Q/ g5= o.68

Q = 0.68 g(66.4)5/2 = 138,500 cfs

The calculated values of discharge and channel
width shown in the above tabulation can be plotted
on log-log paper as shown in fig. 24 to determine
the respective relations for supercritical rectan-
gular channels with a depth-to-width ratio of 0.5,
a slope of 0.01 ft/ft, and a Manning's n of 0.015.
Fig. 24 may then be used to select a channel width
of 7.5 ft for conveyance of the design discharge of
400 cfs. he exact value of the constraining param-
eter SB1/3/n2  can be calculated to be 87 and used
in conjunction with a D/B ratio of 0.5 and fig. 23b
to obtain corresponding values of the remaining
constraining parameters, Q/4 = 0.48 and
F = 1.4 , required to satisfy all of the dimension-
less relations shown in fig. 23b. The actual dis-
charge capacity of the selected 7.5-ft-wide channel
with a depth of flow equal to 3.75 ft can be cal-
culated based on these relations to ensure the
adequacy of the selected design. For example,
based on the magnitude of a discharge parameter
equal to 0.48, the channel should convey 419 cfs;

Q = 0.48 Vg(7.5)5/2 = 419 cfs
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Similarly, based on the magnitude of a Froude num-
ber of flow equal to 1.4, the channel should convey
a discharge of 432 cfs:

Q = 1.4 g = 432 cfs

Obviously, the capacity of the 7.5-ft-wide channel
is adequate for the design discharge of 400 cfs.

(13) The feasibility of a paved channel with a slope
compatible with that of the local terrain for con-
veyance of the design discharge at subcritical
conditions should also be investigated. However,
it may not be feasible with slopes of 1 percent or
greater. Paved channels for subcritical conveyance
of flows should be designed to provide Froude num-
bers of flow ranging from about 0.25 to 0.8 to pre-
vent excessive deposition and flow instabilities,
respectively. If rectangular, paved channels should
be designed to have a depth to width ratio as near
0.5 as practical for hydraulic efficiency; if trap-
ezoidal, they should be designed to have side slopes
of lV on 3H and a depth-to-width ratio of 0.3.

(14) For example, assume a subcritical paved channel with
a Manning's n of 0.015 and slope of 0.01 ft/ft is
to be provided for a design discharge of 400 cfs.
The maximum slope and discharge permissible for con-
veying flow with a Froude number less than 0.8 in a
hydraulically efficient rectangular channel with a
minimum practical width of 1.0 ft can be determined
from fig. 23b. For a D/B = 0.5 and Froude nuber of
flow of 0.8, the corresponding values of SBl/ 3 /n 2

and Q gB5 are determined as 30 and 0.275, respec-
tively. Solving these relations for S and Q
based on n = 0.015 and B = 1 ft yields

S = 30 n2A1/3 = 0.00675 ft/ft

Q = 0.275 g5/2 = 1.56 cfs

Greater widths of hydraulically efficient rectan-
gular channels would convey greater discharges but
slopes flatter than 0.00675 ft/ft would be required
to prevent the Froude number of flow from exceeding
0.8. Therefore, a rectangular channel of the most
efficient cross section and a slope as steep as
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0.01 ft/ft are not practical for subcritical
conveyance of the design discharge and the example
problem. A similar analysis for any shape of chan-
nel would result in the same conclusion; stable sub-
critical conveyance of the design discharge on a
slope of 0.01 ft/ft is not feasible.

(15) Assuming that the average slope of the local ter-
rain was about 0.001 ft/ft for the example problem,
practical subcritical paved channels could be de-
signed as discussed in subsequent subparagraphs
(16)-(19).

(16) Based on the desired range of Froude numbers of
flow (0.25 to 0.8) in a rectangular channel of ef-
ficient cross section (D/B = 0.5), fig. 23b indi-
cates the corresponding range of values of the re-
straining parameters SB /3/n2 and Q/S to be
from 3 to 30 and 0.085 to 0.275, respectively.
Calculated values of the parameter SBl/3/n2 for
practical channel widths ranging from 5 to 20 ft
as well as the corresponding discharge parameter
Q gB2E5for each obtained from fig. 23b were used to
calculate the respective discharge capacities shown
in the following tabulation:

D/B = 0.5, S = 0.001 ft/ft, n = 0.015

B, ft SBl/3/n2 Q/VgB5 Q, cfs
Selected Calculated Fig. 23b Calculated

5 7.6 0.135 42.8

10 9.6 0.155 278

20 12.1 0.17 1724

The relations between discharge and channel width
for subcritical rectangular channels with a depth-
to-width ratio of 0.5, a slope of 0.01 ft/ft, and
a Manning's n of 0.015 can be plotted as shown
in fig. 24 to select the 11.5-ft-width of channel
required to convey the design discharge of 400 cfs.

(17) As a check, the exact value of SB1 //n2 can be cal-
culated to be 10.0 and used in conjunction with a
D/B ratio of 0.5 and fig. 23b to obtain corresponding
val of the remaining constraining parameters,
Q/ gB = 0.16 and F = 0.47, required to satisfy
all of the dimensionless relations for rectangular
channels. The actual discharge capacity of the



selected 11.5-ft-wide channel with a depth of
5.75 ft can be calculated based on these relations
to ensure the adequacy of the selected design. For
example, based on the magnitude of the discharge
parameter (0.16), the channel should convey 1+07 cfs;

Q = 0.16 1 (11.5)5/2 = 4x07 cfs

Similarly, based on the Froude number of flow equal
to 0-.7, the channel should convey a discharge of
422 cfs;

Q= .7 g (11.5 x5.75)3 = 4x22 cfs
= 0.47 g 11.5

Therefore, the 11.5-ft-wide channel is sufficient
for subcritical conveyance of the design discharge
of x+00 cfs and, based on fig. 22a, is sufficient for
transporting materials as large as average size
gravel.

(18) A similar procedure would be followed to design a
trapezoidal channel with a depth-to-width ratio of
0.3, a slope of 0.001 ft/ft, and a Manning's n of
0.015 utilizing fig. 23a. For example, in order to
maintain a Froude number of flow between 0.25 and
0.75 in a trapezoidal channel with side slopes of
1V on 3H and a depth-to-width ,ratio of 0.3, the
constraining parameter of SB1/ 3 /n2 would have to
have a value between 2 and 15 (see f g. 23a). Cal-
culated values of the parameter SB1/ 3/n2 for prac-
tical base widths ranging from 5 to 20 ft as well
as the corresponding discharge parameter Q LB" for
each obtained from fig. 23a were used to calculate
the respective discharge capacities shown in the
following tabulation:

D/B = 0.5, S = 0.001 ft/ft, n = 0.015

B, ft SBl/3/n2 Q4V 3  Q, cfs
Selected Calculated Fig. 23a Calculated

5 7.6 0.12 38

10 9.6 0.14 251

20 12.1 0.16 1623

The relations between discharge and base width for
these subcritical trapezoidal channels were plotted
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as shown in fig. 24 to select the 12-ft base width
required to convey the design discharge of 400 cfs.

(19) As a check, the exact value of SBl/3n2 was calcu-
lated to be 10.2 and used in conjunction with a
D/B of 0.3 and fig. 23a to obtain corresponding
values of the remaining constraining parameters,
Q gB= 0.15 and F = 0.63, required to satisfy the
dimensionless relations of trapezoidal channels.
The actual discharge capacity of the selected trap-
ezoidal channel with a base width of 12 ft and a
flow depth of 3.6 ft based on these relations would
be 425 and 458 cfs, respectively;

Q = 0.15 '7 (12)5/2 = 425 cfs

(45.6 x 3.6 3

Q = 0.63 g(_2 3.6)1= 458 cfs

Therefore, the selected trapezoidal channel is suf-
ficient for subcritical conveyance of the design
discharge of 400 cfs and based on fig. 22a is suf-
ficient for transporting materials as large as
coarse gravel.

g. Having determined a channel that will satisfy the condi-
tions desired for the design discharge, determine the re-
lations that will occur with the anticipated maximum
annual discharge and ensure that deposition and/or ero-
sion will not be experienced under these conditions. It
may be necessary to compromise and permit some erosion
during design discharge conditions in order to prevent
deposition under annual discharge conditions. Lime sta-
bilization can be effectively used to confine clay soils
and soil-cement stabilization may be effective in areas
subject to sparse vegetative cover. Sand-cement and rub-
ble protection of channels may have considerable merit in
areas where rock protection is unavailable or costly.
Appropriate filters should be provided to prevent leaching
of the natural soil through the protective material.
Facilities for subsurface drainage or relief of hydro-
static pressures beneath channel linings should be pro-
vided to prevent structural failure.

Family Housing Areas

30. In general, the subject investigations indicate that all

48



family housing areas seem to have drainage and/or erosion problems.

Several factors appear to be responsible. Apparently time limitations

are often responsible for insufficient attention to drainage design and

the checking of design details. Designers try to build with the using

service in mind, doing the best they can with available funds. Even so,

much of the drainage design proposed originally is deleted due to inad-

equate funding. The best buildable areas have been utilized at many in-

stallations and thus it becomes necessary that subsequent projects be

sited on more difficult terrain with slopes of 10 percent or more. Maps

are not always accurate, particularly where undergrowth is dense. The

time and funding limitations often prevent supplemental survey and in-

spection of the site that is necessary for obtaining accurate details of

the soils, topography, vegetation, and elevations of the water table

and adjacent or remote streambeds. Grading including bench leveling and

terracing is not executed and utilized sufficiently in providing effec-

tive and economical surface drainage. In many instances the slabs of

residences are located below the level of sidewalks, driveways, streets,

and drainage swales without providing for drop inlets and pipes for col-

lection and disposal of runoff. Establishment of good vegetative cover

requires time and appropriate care. Remedial measures required or multi-

phased developments provided after initial construction are more costly

than the installation of adequate facilities initially.

31. Termination of surface drainage facilities within the immedi-

ate vicinity of family housing is common and is responsible for creation

of unsightly and unsafe areas, particularly with respect to children who

consider the outlet and interior of pipes, the precipitous slopes of

gullies, and the water in temporary ponding areas as attractive sources

for recreation and amusement. Open ditches through housing areas

equipped with relatively expensive and ineffective safety fences are

also safety hazards. Initial installation of adequate plans of grading

and facilities for collection, conveyance through buried conduits, and

disposal of surface runoff at stable grades sufficiently removed from

the residences is the most practical plan for providing safe, attractive,
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and relatively maintenance-free drainage and control of erosion of

family housing areas.

32. When interviewed, occupants of two-story units complained of

acoustical qualities of the structures and of the inadequate size of

play or recreational areas where provided. Maintenance personnel com-

plained about the space allotted relative to heating and air condition-

ing systems, particularly those in attics. Hardware such as door locks

has had to be replaced in only three years. Mulch straw sprayed with

asphalt which provides effective temporary cover during establishment of

vegetative cover should not be used in areas adjacent to family housing.

It is subject to softening in sunshine and occupants track the sticky

asphalt into the houses. Built-up roofs of smooth gravel have performed

more satisfactorily than those with angular slag. The use of a 1-ft-

wide strip of sod is recommended for installation under the eaves of

roofs not equipped with gutters. In many areas, gutters may be omitted

without creating erosion or foundation problems to reduce maintenance

requirements. Extremely flat terrain restricts performance of drainage

facilities, and prevention of temporary flooding of yards, driveways,

and streets requires relatively large facilities for temporary storage

until runoff can be achieved after the storm. A certain degree of tem-

porary flooding can be lived with provided the basement and floor slabs

of buildings and residences are not inundated. In certain areas with

expansive surface and subsurface soils, temporary flooding and/or fluc-

tuating levels of groundwater can create serious foundation problems.

Appropriate surface and subsurface drainage facilities can minimize

foundation problems in expansive soils. An interesting discussion of

problems relative to drainage and subsidence of peat and muck soils of

Florida is reported by Stephens.2 5

Service and Industrial Areas

33. Discussions with local personnel of the various installations

visited indicate that design criteria relative to roof drainage, partic-

ularly with respect to the size and number of downspouts and headers,
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require serious reconsideration and refinement. Drains should not be

provided through or beneath buildings. Aprons and adjacent pavements

should be sloped away from buildings. Temporary ponding and flooding

within the vicinity of basements and floors is costly relative to the

safety of personnel, property damage, and performance of basic duty or

function during and within a critical time period. Research is required

for development of improved techniques for collection, separation, and

disposal of petroleum wastes from service areas.
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PART III: SUBSURFACE DRAINAGE

Background

3k. The methods and criteria for design of subsurface drainage

facilities are presented in TM 5-820-2.26 The criteria for the design

of base course drainage facilities have been used since World War II.

In recent years, reports to WES have indicated that base courses are

continually or periodically saturated at certain airfields, and some

extensive subdrain systems appear to be largely ineffective. Subsur-

face drainage facilities were investigated at the following six air-

fields where problems existed:

Key Field, Meridian, Miss.

Volk Field, Camp Douglas, Wis.

Stewart AFB, Newburg, N. Y.

Glasgow AFB, Glasgow, Mont.

Little Rock AFB, Little Rock, Ark.

Robert Gray Army Airfield, Fort Hood, Tex.

It was hoped that changes in or revisions of TM 5-820-2 could be made on

the basis of these investigations to prevent problems experienced at

these installations from occurring in the future. Each airfield inves-

tigated is discussed in subsequent paragraphs. The detailed discussions

are given in the hope that they will provide useful guidance in the de-

sign of systems for similar conditions.

Discussions of Airfield Subdrain Systems Investigated

Key Field

35. Key Field is used jointly by the City of Meridian, Miss., and

the Air National Guard and was built in the late 1930's or early 19)40's.

In 1958 it was noted that the base and subbase courses of the main run-

way were completely saturated for about 500 ft of its length, and water

seeped from construction joints and pavement cracks on hot days. The

base course in this area is a slag macadam about 6 in. thick overlying
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a 6-in.-thick silty or clayey sand subbase. The natural subgrade mate-

rial in the problem area is practically impervious. The bituminous sur-

face runway is 150 ft wide. No subsurface drainage facilities were pro-

vided when the field was constructed. In 1958 a subdrain system was

installed in the affected area parallel to the runway and several feet

from the edges of the pavement. The system consisted of a 6-in.-diam

perforated pipe placed in the bottom of a 24-in.-deep trench backfilled

with filter material. After the subdrains were installed, it was noted

that water continued to bleed from the pavement; but no flow was coming

from the system. Several open-end piezometers installed beneath the

pavement indicated that the base course continued to be saturated.

36. In 1967 a trench was dug in the problem area adjacent to the

pavement edge into the subbase. Water flowed freely into the trench

from both the base and subbase material. The water levels in the pi-

ezometers were not observed so it was not known if the water flowing

into the trench had lowered the water level throughout the affected

area. No water entered a trench dug in the problem area further away

from the pavement edge where the subdrains had been placed in 1958.

When the latter trench was dug, it was noted by the engineer in charge

that although the base course extended several feet past the edge of the

pavement, the subbase material extended only to the pavement edge. Con-

sequently, an impervious barrier of subgrade material existed between

the subbase (and probably the base) and the subdrain, trapping the water

beneath the pavement.

37. When Key Field was reconstructed in 1967, subdrains (fig. 25)

were placed adjacent to the pavement edge in the overlay sections.

Water immediately entered the trench in many areas as it was excavated.

The system was installed in accordance with FAA specifications which

require only 2 in. of filter material beneath the pipe. The collector

pipe was 6-in.-diam perforated (1/2-in.-diam perforations) concrete pipe

installed in an 18-in.-wide trench backfilled with a gravel filter. The

invert of the collector pipe was a minimum of 6 in. below the subbase.

Minimum slope of the pipe was 0.1 percent. The filter gravel met the

gradation requirements contained in FAA Standard Specification for
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porous backfill material

No. 2 (1-1/2-in. maximum

particle size and 0 to

20 percent passing the

No. 8 sieve). The filter

gravel was not compacted,

but a 2-in.-thick surface

seal of impervious soil

similar to the natural

subgrade material was

compacted with a vibra-

ting plate-type compac-

tor. Reports received

in April 1970 indicate

that the system is func-

tioning properly, with

no indication of the

base or subbase materials being saturated.

Volk Field

38. Volk Field is an Air National Guard facility built in 1940-41.

The 150-ft-wide runway was constructed on an old lake bed of silty sand.

The 3-1/2-in. asphalt pavement overlies 6 in. of sandy gravel base and

6 in. of shale material. Butt-jointed, 4-in.-diam clay tile collector

pipes surrounded by filter gravel were used in the subdrain system, lo-

cated along each side of the 150-ft-wide runway. The base and shale

material are completely saturated, and pavement cracking and frost heave

have been major problems requiring periodic repairs to the runway. In-

spection of manholes and flushing risers indicated that the subdrain

pipes were at least half full of sand, and one line beneath a taxiway

was broken and completely clogged. Attempts to flush the pipes in prior

years had been to no avail. A portion of the collector pipe was uncov-

ered and inspected by WES personnel in September 1967. The pipe in the

area uncovered appeared to be in good alignment, and it was difficult to

remove a section of the pipe, indicating good joints. There was no



indication that felt or similar ma-

terial had been placed over the

joints during construction.

39. The section of pipe re-

moved (fig. 26) was over half full

of sand. Samples of the infiltrated

sand and filter gravel were ob-

tained, and their gradations are

shown in fig. 27. The filter gravel

was skip-graded, containing prac- A
tically no particle sizes between

the No. 3 and No. 30 sieve sizes.

It is significant to note that ap-
Fig. 26. Section of collector

proximately 96 percent of sand in pipe; Volk Field, Wis.

the pipe was finer than the No. 30 sieve size. This would indicate that

the sand could have infiltrated through good joints and infiltration had

not been caused solely because of bad joints or broken pipes. It is

doubtful if this system could be made operative without a great deal of

effort since the existing inadequate filter would have to be replaced.

Since the base course material is saturated, a new system will probably

be required if the field is to be used without constant repair.

Stewart AFB

40. The area of interest at Stewart AFB was the subdrain system

for the 2800-ft extension of the main runway. The 150-ft-wide extension

was completed in 1956. About 2 ft of sandy gravel base course overlies

the compacted subgrade material which is a gravelly silty sand with

traces of clay. When the extension was constructed, a subdrain system

consisting of four transverse gravel-filled trenches beneath the runway

was installed. The drains, spaced 500 ft apart, tied into the base

course material and daylighted at longitudinal open ditches on each

side of the runway.

141. Laboratory tests made for a private consulting firm in con-

nection with a drainage study of the area in 1958 showed the perme-

abilities of the base course and subgrade material (at 95 percent CE 55
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dry density) to be 2 x 10 cm/sec and 2 x 10 cm/sec, respectively.

When the drainage study was made, water was seeping from the pavement;

and pavement distress due to frost heave was noted. The drainage study

disclosed that the elevation of the water in the base course fluctuated

with rainfall but was always above the bottom of the base course. The

water could not drain into the relatively impervious subgrade material,

and the transverse drains did not have sufficient capacity to remove

the water.

42. Based on the drainage study report of 1958, a new subdrain

system was installed along each side of the runway extension to drain

the base. Details of the system are shown in fig. 28. Fig. 29 shows

the gradation of the base, filter gravel, and the natural subgrade ma-

terial. Since the D15 of the filter material is obviously less than

the D5 of either the base course or subgrade materials, the filter

criterion that the ratio (D1 5 filter)/(D8 5 protected soil) be less than

5 is satisfied. On the other hand, much of the filter gradation band

does not meet the criterion that its D15 be more than 5 times the D15 of

the base course. This criterion is to ensure that for materials having

roughly parallel gradations the filter material will be much more per-

vious than the material being drained. In this instance, the filter

material is still much more pervious than the base course material since

it is more uniformly graded and contains no fines. Porous concrete pipe

was specified by the consulting firm on the assumption that silt from

the subgrade material would infiltrate through the filter gravel to the

collector pipe. It was the designer's contention that the porous con-

crete pipe would continue to function in a partly silted condition,

while a perforated pipe would become clogged with infiltrated fines from

the subgrade. Outfalls discharging 200 to 400 ft from the pavement edge

were provided at 500-ft intervals. The outfall pipe was 8-in.-diam

porous concrete pipe placed in a trench backfilled with filter gravel.

43. The outfalls from the system were inspected by WES personnel

in March 1967. Water was flowing at about the same rate from all the

outlets except one where there was no flow. Gravel was found in the in-

vert of the discharge pipe, and a depression was noted in the ground
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over the pipe between the edge of the runway and the outlet, indicating

that the pipe might be broken or disjointed. The depth of the ditch

leading from one outlet was not sufficient to drain the water, and

ponding occurred around the outlet. There were no screens over any of

the outlets, and grass and other debris were found 1 to 2 ft into the

pipe. According to base personnel, there has been no water seeping

from the pavement or any frost heave since the new system was installed.

Glasgow AFB

44. The most extensive subdrain system observed during this study

was at Glasgow AFB (fig. 30). Original construction of the base was

completed in 1957, and in 1965 the keel section shown in fig. 30 was

constructed to facilitate larger aircraft. The natural soil in the area

is generally a lean clay (CL), 10 to 20 ft thick, overlying a sand or

gravel stratum. The clay soil is classified as F3, frost-susceptible.

The design air-freezing index is 3000 degree-days based on the average

of the 3 coldest years in 30. In January, the average low temperature

is -4 F.

)5. The main runway is 300 ft wide. Base course material of

glacial origin (fig. 31) is generally about 1+5 in. thick under asphalt

pavements and about 17 to 38 in. thick under 14- to 23-in.-thick con-

crete pavement. Subdrains 3 ft from the edge of the original pavement

and those adjacent to the keel section are 6-in.-diam perforated con-

crete pipes. Subdrains for the west warm-up pad and SAC ramp are

6-in.-diam, 16 gage, bituminous-coated, perforated corrugated steel

pipes. When the keel section was constructed, the adjacent pavement to

the west had to be mud-jacked to the elevation of the keel. In the mud-

jacked area, fifty-six 11 -in. -diam vertical gravel drains that penetrated

through the clay into the underlying sand or gravel strata were in-

stalled, apparently to dispose of water resulting from the mud-jacking.

Although borings indicated the water table to be well below the bottom

of the base course (water wells in the area indicate the groundwater

level is at least -40 ft below the ground surface), the extensive sub-

drain system was deemed necessary because of the extreme cold and the

"bathtub" construction (base course completely surrounded by impervious
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material) of the pavements. Problems of frost heave had developed in

other extremely cold locations where surface water or water from sand

lenses had entered the base course and had been trapped by the impervious

material. The subdrains for the keel section were installed after some

differential heave was noted between the keel and the adjoining asphalt

pavement. Water was reported flowing from only a few of the outlets,

causing some concern about the effectiveness of the drains. A visit by

WES personnel was made in June 1967 (frost-melting period) to determine

the reason for the small flows. There had been no recent indications of

pavement distress due to frost action of the soils, and the subdrains

along the keel area had apparently eliminated the problem experienced

there.

46. All the manholes shown in fig. 30 (numbered R12, S4, P3, etc.)

were inspected. No flow from the subdrain system was coming into 16 of

the 25 manholes inspected along the main runway. No flow was entering

5 of the 8 manholes in the west warm-up pad area. Inspection of man-

holes on the west side of the SAC ramp indicated no flow in 3 of the

6 lines beneath the pavement. The flows that were noted were very

small. There were no visual indications at the junctures of the pipes

with the manholes that pipes were clogged. The performance of the ver-

tical drains in the mud-jacked area was not evaluated.

47. A test pit was dug along the edge of the pavement in the

vicinity of manhole R9; gradations of two samples of base course material

removed from the pit are shown in fig. 31. The dry density of the ma-

terial was found to be 140.0 pcf at a water content of 3.2 percent. The

gradation, density, and water content were about the same as those de-

termined during a 1958 pavement evaluation survey by the Walla Walla

District. The data obtained by WES at Glasgow AFB were compared with

the results of general laboratory testing programs performed on similar

base course materials at WES. The base course material at Glasgow

was calculated to be about 46 percent saturated (G = 2.68). Two grada-

tions of base course materials studied during the WES tests are shown

in fig. 31. The study indicated that when compacted to 110 pcf, the

material containing no fines (gradation 1) would remain about 35 percent
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saturated, and the material with 5 percent fines (gradation 3) would re-

main about 85 percent saturated after completely saturated samples had

drained as much as possible by gravity. The material from the Glasgow

test pit contained between 3 and iI percent fines and, being L6 percent

saturated, could not be expected to drain further. The test pit was

open approximately 1 hr; and although the base material was moist, no

water drained into the excavation. Apparently very little water in the

base course can be drained by gravity. According to base personnel, the

water remaining in the base course is having no detrimental effect on

the pavements.

18. No permeability tests were performed on the Glasgow base ma-

terial which contained 2-in, particles because of the limited size of

the molds used to compact samples. Based on the drainability tests on

the two similar gradations tested previously at WES (fig. 31), it is

estimated that the coefficient of permeability of the Glasgow material

is about 50 x 10 cm/sec, and its effective porosity is about 0.03.

Using these values and the geometry of the runway, it is estimated that

50 percent drainage would occur in about 1.2 days in the keel area and

in 4.6 days in the other areas of the runway. The present drainage

criteria require that 50 percent drainage occur in 10 days or less;

consequently, the base course materials appear to meet the criteria.

Little Rock AFB

49. Construction of Little Rock AFB was completed in 1953.28

The 15-in.-thick concrete runway is 12,000 ft long and 200 ft wide. In

1967, 50-ft-wide asphaltic concrete shoulders were added. A parallel,

75-ft-wide concrete taxiway is adjacent to an 8160-ft-long by 1075-ft-

wide concrete parking apron. The pavements were placed directly on

compacted fill material (up to 20 ft thick) of lean clay (CL) with vary-

ing percentages of shale and sandstone. The natural foundation beneath

the fill was clay (CL to CH), usually less than 5 ft thick, overlying

firm shale bedrock.

50. No subsurface drainage facilities were provided originally.

Soon after the apron was completed, water began seeping from joints and

pumping was noted when aircraft moved over the concrete slabs. Subdrains
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were installed along the edge of the taxiway. This system for the taxi-

way and apron consisted of 6-in.-diam perforated corrugated steel pipe

placed in a 2-ft-wide by 1+- to 8-ft-deep trench. The trench was back-

filled with gravel (gradation unknown) and compacted to 90 percent modi-

fied AASHO density. In addition, four pumped wells (which will be dis-

cussed subsequently) were installed in the apron area. Because of

excessive settlement, cracking, and spalling, most of the 15-in.-thick

concrete pavement of the taxiway had been replaced over the past few

years with 22-in.-thick concrete overlying 6 in. of gravel.

51. During construction of the asphaltic concrete runway shoulders

in 1967, subdrains were installed along the edge of the original concrete

pavement. This system consisted of 6-in.-diam perforated asbestos-cement

pipe placed in trenches 3 to 4 ft below the top of the pavement edge and

backfilled with filter gravel. There were eight flushing risers but no

manholes. The flushing risers were located at the juncture of each out-

fall line for the system and at the two high points. The outer ends of

the outfall pipes (unperforated asbestos-cement) protruded from the

shoulder slopes and were covered with a filter gravel.

52. Details of the wells in the apron area are shown in fig. 32.

The four wells, installed in the general area of worst seepage, were

located in areas of maximum fill thickness in order to obtain the maxi-

mum drawdown. Data from pumping tests indicated a considerable amount

of water in the fill area. According to base personnel, the water be-

neath the pavement was effectively lowered when the wells operated;

however, the wells were operable less than 50 percent of the time. When

the water table was high, water would enter the manholes and flood the

electric motors. As indicated in fig. 32, the manhole frames and covers

were specified to be air- and watertight so that the entrapped air would

prevent water from rising into the manhole. However, the manhole covers

were not airtight since holes had been made in them for lifting purposes.

Consequently, nothing prevented water from filling the manholes from

below.

53. The collector pipe of the subdrain system for the taxiway was

clogged with soil and completely inoperative. Time did not permit a
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thorough inspection of the system during the WES visit in November 1968

to determine the source of and reason for the infiltrated material.

Base personnel reported that after rains water would spray 2 to 3 ft out

of the holes in the caps for the terminal risers at one end of the run-

way. During the WES visit, water was standing to an elevation of about

2 in. below the caps in these two risers. Inspection of exposed ends

of the outfall pipes from these terminal risers indicated that they were

completely blocked, preventing drainage from about 1800 ft of the sub-

drain system on each side of the runway. The filter gravel placed over

one outlet appeared to be clogged with fines, while gravel in the other

outfall pipe behind the rodent screen indicated the pipe was disjointed

or broken. The filter gravel over the pipe outlets had been removed on

one side of the runway and left in place on the other. Where the filter

gravel was left in place, it appeared to be partially clogged with fine

material. No water was standing in any of the other risers, and flows

from the uncovered outfalls indicated that with the exception of the

lower 1800 ft, the system appeared to be functioning satisfactorily.

Robert Gray Army Airfield

51+. The most serious subsurface drainage problem encountered

during this study was at Robert Gray Army Airfield (RGAA).29 Runways,

taxiways, and aprons were constructed of bituminous pavements on

crushed limestone base courses. The subgrade material generally was

lean clay of low permeability. The layout of the field is shown in

fig. 33. The field was originally constructed in 1946-147. In the early

1950's, the runway and taxiway were extended to the south, and the south

parking apron was built (no subdrains were provided in the original and

1950 constructions). In 1963, 1500 ft of runway between sta 75+00 and

90+00 was reconstructed because of failures that had developed (pavement

cracking, excessive deformations, etc.); and in 1965, reconstruction of

the runway between sta 56+00 and 75+00 was required. As will be dis-

cussed later, starting in 1965 subdrains were installed when the sections

of the runway were reconstructed. In 1969, the runway between sta 20+00

and 56+00 was reconstructed. A contract for reconstruction of the runway

between sta 6+00 and 20+00 was let in late 1969. The reconstruction was
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required due to pavement distress attributed primarily to water in the

base and subgrade.

55. Typical reconstructed pavement sections are shown in fig. 33.

Previous airfield evaluation studies made at RGAA indicated that base

and reclaimed base materials contained 17 and 26 percent or more fines,

respectively (fig. 311). The WES study on compacted base course ma-

terials2 7 indicated that compacted materials containing as little as 5

to 10 percent fines would in many cases not meet the drainage criteria.

In 1961, the drainability characteristics of a sample of base course

material from RGAA (see fig. 3)+) were determined in connection with a

study of the effectiveness of proposed subdrains. A sample of the ma-

terial compacted by the gyratory method to the field dry density of

134 pcf became saturated only in the lower 1/2 in. after 7 days sub-

mergence under a hydraulic gradient of 2. A sample compacted to 127 pcf

was completely saturated under the same hydraulic gradient; the

coefficient of permeability of the latter sample was found to be

X > 10 cm/sec and its effective porosity, 0.05. Using these results,

it was estimated that subdrains would have to be spaced at about 15-ft

intervals in order to meet the drainage criteria. Even at this spacing,

the material would remain near 100 percent saturation because of the

large percentage of fines.

56. Subdrains were installed beneath the runway in the 1965 re-

construction as shown in the layout in fig. 33. A herringbone pattern

was selected to intercept water longitudinally beneath the runway. The

pattern and spacings were arbitrarily selected and not based on any

particular design criteria. Collector pipes were 4-in.-diam asbestos-

cement with 3/8-in.-diam perforations. Perforated pipe was also used

for outfall pipes. The pipes, including the outfalls, were surrounded

with filter gravel graded between 1 in. and the No. 4 sieve sizes. A

subdrain system was installed in 1965 between sta 84+00 and 90+00 after

the section had been reconstructed, since water seeped from the pavement

and excessive pavement deflections occurred under aircraft traffic. The

collector and outfall pipes were 8-in.-diam steel pipe with slots burned

into them. The filter material was the same as that in other areas.
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57. Information was received by WES in 1968 indicating that al-

though there was flow from the outfalls of the system between sta 84+00
and 90+00 (see figj. 33), water continued to seep from joints and cracks

in the pavement during warm late mornings or afternoons and pumping of

water and fines continued. In March 1969 a visit was made by WES per-

sonnel to RGAA primarily to study the problem in the area from sta 75+00

to 90+00.

58. The pavement section is the area from sta 75+00 to 90+00 is

shown as section B-B in fig. 33. Fig. 35 shows the extent of seepage

Fig. 35. Pavement between sta 75+00 and 90+00 at Robert Gray Army
Airfield, Tex.

from the pavement. Water was flowing from the outfalls in the area. A

test pit was dug in the runway about 200 ft north of sta 84-~+00, approxi-

mately 15 ft from the pavement edge. Free water was standing when the

slab was removed. However, the base was saturated only to a depth of

1/4 to 1/2 in. beneath the pavement (note similarity to the sample dis-

cussed in paragraph 55); below this depth a jackhammer was used to ex-

cavate the material. Gradation curves of the materials removed from the

pit (fig. 34) indicate the base material to contain about 17 percent

fines and the reclaimed base material about 26 percent. An auger hole

was made about 1 ft north of the subdrain at sta 84+00 in an effort to

determine any influence the subdrain may have had on water contents of
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the materials. Water contents from the two locations were approximately

the same (about 60 percent saturated) and about the same as those de-

termined in 1964. Free water was found beneath the pavement at the lo-

cation of the auger hole. No water seeped into either the test pit or

the auger hole; in fact, the materials appeared to be dusty.

59. It thus appeared that water exiting from the subdrains in

this area was not originating from the base course materials in the

outer portions of the runway width. No pit was dug in the central

100-ft section of the runway width, and it is possible that some water

could have originated in this area. Base personnel said some water had

been encountered in this middle section when the drains were installed.

Since the outfall pipes are perforated and surrounded by filter material,

it is possible that some of the water flowing from the outlets is coming

from the 200-ft-wide shoulder and turfed area. It also appeared that

the water seeping from the joints and cracks in pavement in this area

was surface water that had entered the joints and cracks in the pavement

and then remained trapped between the pavement and base material. Some

of this water may also have been the result of condensation. Regardless

of its source, it is doubtful if any economically feasible subdrain

system could remove the water immediately beneath the pavement.

60. Some water was flowing from all the outlets of the subdrain

system installed in 1965 (sta 56+00 to 75+00). As in the case between

sta 75+00 and 90+00, water was noted under slabs removed in connection

with another operation. Since the outfall pipes were perforated, some

water could have been coming from the shoulder area. The pavements in

the area were in good condition and the base and subbase water contents

were low. No water was flowing from the subdrain system installed just

prior to the WES visit in the area reconstructed in 1969. Base material

in these areas contained a minimum of 16 percent fines. The pavements

were in good condition, and there were no indications that water had

seeped at any joints.

61. During a pavement evaluation conducted at RGAA a few days

after the subsurface drainage facilities inspection, free water was en-

countered and some water seeped into test pits in the areas between
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sta 6+00 and 20+00, sta 90+00 and 106+00, and the south parking apron.

Fig. 36 shows the condition of the pavement between sta 90+00 and 106+00.

Fig. 36. Pavement between sta 90+00 and 106+00,
Robert Gray Army Airfield, Tex.

The water shown in the photograph had been trapped immediately beneath

the pavement. The top 6 in. or so of base coarse material was hard and

relatively dry, requiring a jackhammer to penetrate, except as in pre-

vious cases, the top l/)i to 1/2 in. of the base was saturated and free

water was evident. Below about 6 in., the base course material was sat-

urated and could be easily excavated using only a shovel. No subdrains

were provided in any of these areas. All of these areas were constructed

in the late 19.I0's and early 1950's. The base course material contained

from l[4 to 27 percent fines.

Summary of Discussions and Recommendations

Filter material and collector pipe

62. Infiltration of filter material into the subdrains at Volk

Field was a major cause of the system' s being ineffective. As shown in
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fig. 27, the filter material was badly skip-graded, and the gradation of

the infiltrated material corresponded to the fine fraction of filter

material. The use of skip-graded filter materials is specifically pro-

hibited in TM 5-820-2; consequently, no changes to the manual are needed

other than to emphasize this prohibition.

63. Porous concrete pipe was specified at Stewart AFB on the

basis that fines from the subgrade would infiltrate the filter and enter

a perforated pipe. However, it is doubtful if silt has infiltrated or

will infiltrate since velocities of any water from the relatively im-

pervious subgrade would be very low; and studies9 have shown that the

present filter criteria are far too restrictive for soils containing

such large percentages of fines. Since the purpose of the system is to

drain the base course material, the filter should be designed relative

to the base course and not the subgrade. If protection for the subgrade

material were found necessary for any reason, a graded filter could be

used or filter cloth could be used to line the trench. The use of porous

concrete pipe is questioned even should the infiltration of fines through

the filter be possible, as walls of the pipe would eventually be clogged

by the fines. If a perforated pipe were used, the fines would enter the

pipe through the perforations; but the system could be kept operating by

periodically flushing the pipes.

Subdrain layout

64. The original subdrain system at Stewart AFB consisting of

gravel-filled ditches crossing beneath the runway at 500-ft intervals

was not effective. In this system, water in the base course was blocked

by the relatively impervious subgrade material at the pavement edge and

had to travel a distance of 500 ft in the base course to a drain. The

installation of a conventional system with subdrains along the edges of

the pavements apparently eliminated the problem. The problem at Key

Field was due to improper placement of the subdrains, allowing an im-

pervious barrier to separate the trench from the saturated base. The

present system in which the trench is adjacent to the base material is

adequate. The problems at these two sites were corrected with systems

presently described in TM 5-820-2; consequently, no changes to the

manual are required.
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Fines in base courses and subgrades

65. At Little Rock AFB concrete slabs were placed directly on the

fine-grained subgrade material. Due to the high water table, water

seeped from joints and cracks in the pavements. Also, surface water en-

tering the joints and cracks was trapped by the subgrade material. It

is believed that much of this problem could have been prevented had the

concrete been separated from the subgrade material by 6 in. or so of

pervious base course with provisions for drainage. Perhaps the manual

should recommend the placement of pervious material beneath concrete

pavements when the subgrade is fine-grained and the water table is high.

In remedial work at the base, the 6-in. gravel layer beneath the new

slabs apparently prevents entrapment of water beneath the slabs.

66. The continually saturated materials at Robert Gray Army Air-

field appear to be generally due to the large percentages of fines in the

base and subbase courses. Because of this large percentage, water is

held in the voids and cannot be drained to any degree with subdrains.

Also, water immediately beneath the pavement does not drain into the

base; consequently, pumping occurs when aircraft operate, resulting in a

progressive loss of fines from immediately beneath the pavement and

leading to development of voids and subsequent pavement distress. It was

recommended in the WES laboratory study that fines in base courses

be limited to 5 percent or less. The need for this requirement and/or

the need for following the present requirement in Guide Specifications

CE 807.03 and 807.07 of allowing no more than 10 percent fines is graph-

ically illustrated at this field.

Elimination of frost heave

67. The subdrains at Stewart AFB and those along the keel section

at Glasgow AFEB apparently eliminated problems of frost heave experienced

at the bases. The extensive subdrain system at Glasgow AFB was installed

based on experiences at similar locations where water from sand lenses

in the clay subgrade entered the base course, resulting in frost heave.

The fact that little water is coming from the system is simply because

at present there is little water in the base course that can be drained.

Because of the probability of water eventually becoming trapped due to
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the "bathtub" construction used and because of the extremely cold cli-

mate, the cost of the subdrain system is considerably less than the cost

of repairs that would be required if water were trapped in the base.

Frost heave continues (1970) to be a problem at Volk Field where the

subdrains are not functioning.

Vertical drains and pumped wells

68. The vertical drains at Glasgow AFB and the wells at Little

Rock AFB were unique solutions for problems at the particular sites.

The performance of the vertical drains was not evaluated. The wells at

Little Rock AFB were effective when operable. However, as previously

mentioned, these wells would probably not have been needed if a pervious

base course had been placed beneath the pavement and subdrains had been

installed during initial construction.

Maintenance

69. At three of the six installations visited, clogged or broken

collector pipes made all or portions of the subdrain system inoperative.

Of course, broken pipes should be replaced. In most cases, clogging of

the pipes can be prevented by periodically flushing the system. In or-

der to flush the system, flushing risers and preferably manholes should

be provided. The present manual requires manholes at 1000-ft intervals

and flushing risers placed between them. Either a manhole or flushing

riser should be at the outfalls and manholes at major junctions. How-

ever, in general this guidance is not followed. At RGAA, for example,

no manholes or risers are provided; consequently, the elaborate system

cannot be flushed which may lead to serious maintenance problems. At

other airfields where manholes and risers were provided, the spacing

greatly exceeded the recommended minimum spacing. Properly spaced man-

holes and flushing risers were provided for all the subdrains at Glasgow

AFB except in the keel section where no access was provided.

70. At several installations, no screens were placed over out-

falls to prevent animals from nesting or debris from entering the pipes.

This inexpensive item should always be provided. In several instances

ditches from outfalls were not maintained, resulting in ponding at the

outfall and the possibility of water backing into the pipe. This

situation can be prevented by periodic maintenance.
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PART IV: BURIED CONDUITS AND ASSOCIATED FACILITIES

Background

71. Since 1942, engineers at WES have been more or less contin-

uously involved in the conduct of field and laboratory investigations

relative to the development of criteria for the design and construction

of drainage facilities at military installations. Prior to 1965, most

of these investigations consisted of laboratory studies conducted for

specific reasons (for instance, development of cover requirements for

buried conduits). These studies were funded at various times with civil

works and/or military construction funds. Since 1965, these studies have

been a part of the U. S. Army Engineering Investigational Studies Pro-

gram. Part of these studies have been directed toward evaluation of ex-

isting drainage facilities in the field. Information obtained during

the conduct of these field studies provides the basic data discussed in

this report.

Objective

72. In addition to the general objectives stated in Part I of

this report, it was originally intended to evaluate certain specific

drainage facilities at particular installations on the basis of criteria

recommended for use at the time these facilities were designed and con-

structed. Although considerable time and effort were expended attempting

to obtain design analysis, construction plans, and specifications used

in the design and construction of these facilities, little was accom-

plished. This type of information was obtained for only one facility;

therefore, most of the facilities inspected have been evaluated on the

basis of existing conditions without reference to specific construction

plans and specifications.

73. In most instances, the facilities inspected were constructed



during the periods 1940-1945 and 1953-1958. During the time from 1940-

1958, the growth in gross aircraft weight increased from approximately

35,000 lb to approximately 500,000 lb. This increase in weight had a

strong effect on design criteria, construction procedure, and materials

used in the design and construction of buried conduits. Major improve-

ments in the design and construction of buried conduits during 1940-1958

include: (a) increased strength of buried conduits, (b) development of

bituminous coating, (c) increased compaction requirements, (d) watertight

joints, and (e) revised cover tables. The discussions, conclusions, and

recommendations are based on conditions existing at specific installa-

tions visited. In most cases these installations were picked for visits

because of interest in a particular facility (see notations under "Prin-

cipal Interest," table 1) and were not random choices; therefore, the

information obtained is not necessarily representative of conditions in

general or at any specific facility not inspected.

Source of Information

74. The information basic to this report was obtained from dis-

cussions held with responsible representatives of the installations

visited and on-the-spot visual inspections of facilities, as indicated

in table 1, and information as presented in other WES reports.19,
2 0 ,3 0 ,3 1

Copies of memoranda for record presenting information obtained at any

specific installation visited are available at the WES.

Summary of Observations of Buried Conduits

Cover

75. The thickness of material above the top of buried conduits

inspected varied from a minimum of 2 ft above several ADC-type storage

igloos to a maximum of 72 ft above a bituminous-coated, paved invert

(concrete), 9-ft, 1-gage, circular structural plate culvert. Approxi-

mately 95-98 percent of all buried conduits inspected had less than

15 ft of cover and only four instances were encountered where the cover
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Specific information ralative to these struc-

tures is as follows.

Location Type Conduit Cover, ft

Warehouse area, Bituminous-coated, 6 6-in., 30
Army base 10-gage, corrugated steel

storm-drain pipeline

Under overrun, AFB Bituminous-coated, fully 32

paved, 1 2-in., 10-gage,
corrugated steel culvert

Under runway and Bituminous-coated, 96-in., 27
taxiway, AFB 8-gage, corrugated steel

storm-drain pipeline

Under runway, Bituminous-coated, paved 72
municipal airport invert (concrete), 9-ft,

circular, 1-gage, corrugated
structural plate culvert

In each of these structures, the corrugated steel pipe was in excellent

condition, with no indication of deformation or settlement of pipe.

Groundwater

76. In almost all buried conduits inspected sufficient evidence

indicated that the groundwater table had, at some time, been above the

invert of the conduit; and in most instances it was evident that the

groundwater table had been or was above the top of the conduit. In gen-

eral, the geographic areas visited are subject to moderate to high rain-

fall; therefore, it was no surprise that the water table would be high,

in relation to the buried conduits, during periods of heavy rainfall.

Piping

77. Only one instance was found in which piping occurred. In this

instance floodwater entered into a cohesionless soil bedding beneath a

large structural-plate arch drainage structure constructed with water-

tight joints. The uplift pressure of this water on the outside of the

structure lifted this structure up and practically out of the ditch.

The structure was almost completely destroyed and had to be rebuilt.

Development of piping around watertight structures could cause disas-

trous results if the hydrostatic pressure resulting from the water

around the structure is not considered in design.

8o
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Obstructions to flow

78. Very few instances were found where real obstructions existed

that restricted flow. In one instance, a manhole in a large corrugated

steel pipeline was almost completely blocked with large pieces of lum-

ber (6x6x 8 , +x6x6, 4x 8x10, etc.). Shorter pieces of similar lumber had

passed through the pipeline and deflected a heavy grate over the outlet

end of the pipeline. At two other locations medium-sized corrugated

steel pipelines were "sanded in." The downstream end and an unknown

length of pipeline were almost completely filled with rock, gravel,

sand, and trash. No trouble had been reported relative to these pipe-

lines; therefore, it is assumed that these lines are "self-cleaning"

during periods of high flow.

Industrial wastes

79. Numerous instances were found where fuel fumes were noticeable

in drainage structures. At one installation the concentration of gaso-

line fumes was so strong that it was considered a safety hazard. At this

installation fumes were present in almost all conduits inspected. Also,

there was evidence of industrial wastes in water flowing in pipe and

along the diversion channel at the outlet end of the drainage line. All

storm-drain water coming from industrial areas at this installation is

supposed to pass through a treatment plant prior to entering the storm-

drainage system. At another location oily wastes are removed from

storm-drain flow prior to entry into the diversion channel at the out-

fall end of the storm-drain system. In another instance, very foul,

highly concentrated waste was flowing in a bituminous-coated, fully

paved corrugated pipe draining the area around a large heavy-duty mass

parking apron. This waste was not causing any damage to the interior

paving of the drainpipe and did not appear to be a safety hazard.

Alignment of sections

80. In general, the buried conduits inspected had good to excel-

lent alignment. Several instances were found where the alignment of

storm-drain pipelines was very bad. Specific information relative to

these pipelines is as follows.
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Portion of Structure
Location Type Conduit with Bad Alignment, %

Alongside of primary 42-in. reinforced con- 100
runway, AFB crete pipe

Alongside of new park- 42-in. asphalt-coated, 100
ing apron, AFB fully paved corrugated

steel pipe

Alongside large heavy- 18-, 24-, 36-, 42-, 54-, Localized
duty mass parking 66-, and 72-in. bitumi- 20
apron, AFB nous-coated, fully

paved corrugated steel
pipe

The L42-in. reinforced concrete pipeline is part of a major drainage sys-

tem between a main runway and primary taxiway at a major Air Force base.

The alignment along this line is very bad. Apparently, the joints be-

tween pipe sections were never constructed. There is a gap about 2 to

3 in. in width between each section and each section is free to move in-

dependently. The center line of some sections is as much as 2 in. out

of alignment. This line was dry and no evidence of soil infiltration

was present. The 42-in. corrugated pipe culvert is approximately 150 ft

in length; it is alongside a new parking apron. The pipe is badly out

of line and the internal paving was broken at each joint inspected. The

cover above the pipe culvert is minimum and the pipe is slightly out of

round. The third instance where bad alignment was found was along a

major storm-drainage pipeline between a heavy-duty mass parking apron

and hangars at a major Air Force base. The alignment along this pipe-

line was very irregular in localized areas. Joints were open and soil

was infiltrating into the pipe. Sections of the bottom and sides of the

pipe were buckled and the pipe was deformed in these areas. In each

case the structure was still functional.

Deformation

81. All flexible conduits inspected were fabricated of corrugated

steel. Practically all of these conduits were in excellent condition.

In a few instances damage had occurred at isolated locations from vari-

ous causes, some evident, some unknown. Information relative to these

occurrences of damage is as follows.
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Vertical No. of
Cover Deflection Buckling Sections

Location Type Conduit Type Soil ft __**__ Damaged

Beneath street, 66 -in. bituminous- 15 18.0 2
major Army base coated, 10-gage,

corrugated steel
circular pipe

Beneath heavy-duty 5)-in. bituminous- Fine uniform 8 8.5 2
parking apron coated, 12-gage, sand
used by B-47 corrugated steel
aircraft** circular pipe

Major drainage 54- to 72-in. Well-graded 3.5-10 9.0 33.0 10-20
line between bituminous-coated, medium to
heavy-duty mass paved invert, cor- fine sand
parking apron rugated steel cir-
and hangar used cular pipe
by B-52 aircraft
and beneath pri-
mary taxiways

* Percent nominal diameter.

** See reference 31.

The 6 6-in. bituminous-coated, 10-gage, corrugated steel pipe is part of

the main storm-drainage system for the central portion of a large Army

base. The deformed sections (two) of this pipeline are directly under a

street with 15 ft of cover. This pipe had been installed with 5 percent

elongation of the vertical axis. During final inspection prior to accept-

ance of the work, two sections were found to be badly deformed. The

vertical deflection was 18 percent of the nominal diameter. Since 20

percent deflection generally is considered failure, this pipe has been

inspected regularly and no apparent increase in deflection has been ob-

served. No apparent explanation is available that might indicate the

cause of this deflection. The 54 -in. bituminous-coated, 12-gage, cor-

rugated steel pipe is part of a line installed in 1955 during a study

relative to watertight joints.31 This pipe was originally installed be-

neath a parking apron used by B-1 7 aircraft but is now beneath a large

mass parking apron used by helicopters. The 8.5 percent deflection

occurred during construction and no appreciable increase in deflection

at this location has taken place in the last 12 years. The worst damage

observed to a flexible conduit was found in 54-, 66-, and 72-in.

bituminous-coated, paved invert, corrugated circular steel pipe along a

storm-drainage line at a major Air Force base. This line was between a

heavy-duty mass parking apron and hangars and passed beneath taxiways
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between the apron and hangars. Localized sections of this pipeline were

badly deformed. The maximum vertical deflection was 9 percent measured

in a 66-in. section. Several sections of 5I-, 66-, and 72-in, pipe

were buckled inward beneath the taxiways passing over the pipe. The

buckled area was about 1 ft long along both sides and bottom of pipe.

The maximum inward protrusion of the buckled area was 33 percent of the

nominal diameter. All this damage resulted from infiltration of soil

into the pipe.

Cracked and/or broken sections

82. Rigid conduits inspected consisted primarily of reinforced

concrete pipe (as far as it was possible to determine). Extra-strength

reinforced concrete pipe was found at one installation. Most of this

rigid pipe was in excellent condition. A few damaged sections were

found at four installations. Specific information relative to these

damaged sections is as follows.

No. of
Cover Sections

Location Type Conduit Type Soi]. ft 'rpe Damage Damaged

Alongside primary 
84-in. reinforced 20 Ends of section 2

taxiway, main concrete circular broken off
storm-drainage pipe
system, AF

Under primary 54-in. extra- Fine uniform 8.75 Cracked 2
taxiway used ly strength, rein- sand
?-47 aircraft forced concrete

circular pipe

Outfall end of 84-in. reinforced 8-n interior 4o
major storm- concrete circular shattered
drainage system, pipe
AFT

At manhole, heayp- 24- and 30-in. Fine un form m 4-8 Pipe broken at 2
duty parki n; extra-strength, sand entrance to
area, AF reinforced con- manhole

crete pipe

The two damaged sections of 84-in. reinforced concrete pipe were part of

a main storm-drainage system. The adjacent ends of the first and second

sections of pipe upstream from a large manhole in this pipeline were

missing. The end of the remaining portions of each section of pipe

looked as if the missing portion of the pipe had been crushed. No part

of the missing part of the pipes was present in the vicinity of this
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broken pipe. There was a gap about 5 to 6 in. in width between the ends

of adjacent sections. This damage appeared to have resulted from settle-

ment of a large nearby manhole. Two sections of 54-in, extra-strength

reinforced concrete pipe had a 1/8-in, crack along the top of the pipe,

which was beneath the center line of a primary taxiway used by B-47 air-

craft. According to the best information available, this pipe was not

overloaded; in spite of this fact, the damage appears to have been caused

by overload. At another location, approximately 40 joints of 84-in. re-

inforced concrete pipe were found that were damaged. The damage was

worse along the last three sections at the outlet end of the storm-drain

pipeline but extended along the pipe upstream to the first manhole in

the storm-drain pipeline. This damage occurred in 1957 as a result of an

explosion of jet fuel in the storm-drain pipeline. The interior of

about 40 sections of pipe is damaged to some extent. The first three

sections upstream from the outlet are badly damaged. Large areas of the

interior of the pipe have been shattered, and in some instances the con-

crete has been shattered and removed to a depth sufficient to leave re-

inforcing steel completely uncovered. The damage looks worse than it

is. The alignment of the pipeline is excellent, the joints are all

tight, and no evidence of leakage or infiltration was present. No

attempt has been made to repair the damage. At another location, 2-i-- and

30-in, extra-strength reinforced concrete pipe was completely broken off

at the entrance to a manhole. This damage resulted from overload during

compaction of soils around the manhole.

Bituminous coating

83. Seventeen installations were visited at which a portion of

the storm-drainage system consisted of medium to small bituminous-coated

corrugated steel pipe. In practically all cases, the bituminous coating

was in good condition. In one instance, the bituminous coating had

peeled off of about 2 percent of the plates in a large structural-plate

drainage structure. The steel in these areas was clean and in good con-

dition with no indication of corrosion. No logical explanation accounted

for the stripping of bituminous coating from this pipe.
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Interior paving

84. Interior paving was found in corrugated metal pipe at five of

the installations visited. Specific information relative to these pipes

is as follows.

Location

Culvert under over-
run, AFP

Culvert under new
taxiway, AF

Culvert under heavy-
duty mass parking
apron, AF

Storm-drain pipeline
along edge of
heavy-duty mass
parking apron pass-
ing under taxiway
from apron to
hangars, AF'

Culvert under runway
at municipal air-
port, AN,

Type Pipe

Corrugated
steel

Corrugated
steel

Corrugated
structural-
steel plate

Corrugated
steel

Corrugated
structural-
steel plate

Pipe Size
in.

42

Paving
Material

Fituminous

Type
Paving

Full

Condition of Paving

Good

42 Pituminous Full Fad; paving cracked
along joint

54, 48, 42 Pituminous Full Excellent

54, 66, 72 Fituminous Invert Froken in localized
areas where line
crossed under
taxi way

108 Reinforced
concrete

Invert Excellent

The internal paving examined was in good to excellent condition in most

cases. An occasional popout and small chipped areas were found, but

damage was minimal except at two locations. In one instance, the full

paving in a 4#2-in. corrugated steel pipe was cracked all around several

joints. This pipe, under a new taxiway with minimum or less cover, is

deformed and out of alignment and appears to have been subjected to

overload. At another location, the invert paving in medium to large cor-

rugated steel drainpipe was broken up in pieces and stripped from the

pipe invert in several localized areas. The pipe at these locations

was badly deformed and buckled; and it was evident that this pipe had

been subjected to overload. No damaged interior paving was found in

pipe that was still in a good condition.

Leakage and infiltration

85. Only one instance was found in which water and soil entered a

buried conduit at a location other than the joint between sections. In

this instance, the water and soil were entering the conduit through a

hole in the conduit where strutting wire had been attached. Almost all
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corrugated steel pipe that was installed in soils where infiltration

might be a problem was covered with bituminous coating. This bituminous

coating prevented leakage of water and infiltration of soil through

longitudinal joints along the corrugated steel pipe.

General condition of joints

86. Approximately 65 percent of the joints inspected were in good

to excellent condition. The remaining 35 percent of the joints were not

in very bad condition except at four locations. Specific information rel-

ative to the condition of certain joints at these locations is as follows.

Location

Alongside primary taxiway,
main storm-drainage sys-
tem, AFB

Alongside mass parking
apron between apron and
hangars; beneath taxi-
ways from apron to
hangar, AFP

Alongside primary taxiway,
AFB

Beneath central portion of
large mass parking apron,
AFB

Kind of Pipe

Reinforced
concrete

Asphalt-coated,
invert paved,
corrugated

steel pipe

Reinforced
concrete

Reinforced
concrete

Pipe Size
in. Condition of Joint

84 Joint missing; a gap of
approximately 4 to 5 in.
between adjacent sec-
tions of pipe

54, 66, 72 Joints open; pipe badly
deformed as a result of
infiltration of support-
ing soil into pipe

42 All joints open; a gap of
1 to 2 in. between ad-
jacent pipe sections; no
indication that joint
was constructed

72 50 percent of joints open;
1/2-in, to 1-in, gap be-
tween adjacent pipe
sections

Leakage

87. Water in large to minimum amounts was leaking through joints

in buried conduits at practically all installations visited. In most

instances, this flow is very small and of no consequence; however, even

very small amounts of leakage can be critical if the soil surrounding

the conduit is of a type that will pipe and/or infiltrate into the pipe.

Only one instance was found where leakage through joints had resulted

in localized failure of sections of 54-, 66-, and 72-in. bituminous-

coated, invert paved, corrugated steel pipe. Only one type of pipe was

inspected that had no leaking joints. This was bituminous-coated,

fully paved corrugated steel pipe. Watertight and leaking joints were

observed in all types of pipe, except as noted above, at almost all
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installations visited. It is evident that specially constructed water-

tight joints should be required where infiltration can result from flow

of water into the structure.

Infiltration

88. Infiltration of soil into buried conduits was found to have

occurred in about 30 percent of the joints inspected. Generally, the

amount of soil infiltrated into the conduit was small and of no conse-

quence. In one instance, localized failure of portions of a large cor-

rugated steel storm-drain line was caused by infiltration of supporting

soil into the pipe. Portions of 54-, 66-, and 72-in, pipe became badly

deformed and short sections of pipe beneath the taxiway buckled under

loading. This storm-drain pipe is still functional but additional trou-

ble resulting from infiltration can be expected at this location. Water-

tight joints should have been required for all buried structures at this

location.

Interior bands

89. At one location, where infiltration of soil into the pipe had

caused localized failure, internal bands were installed at a number of

joints to reduce leakage and infiltration. The bands were of two types:

(a) a single internal band and gasket placed directly over the joint

and (b) double internal bands with one band placed on either side of the

joint and a diaphragm-type gasket across the joint. Gaskets were of the

closed-cell, expanded, synthetic rubber type. The single band appeared

to be more effective where it could be used. The double band was used

where the separation of adjacent pipe sections was too great or the

alignment was such that the joint could not be effectively sealed with

the single internal band. The single band appeared to be more effective

in sealing joints; however, there were very few locations where internal

bands had been installed that leaking had not reoccurred.

Waterproofing of
structural-plate steel structures

90. Structural plate structures, not originally intended to be

watertight, are susceptible to seepage of water through seams and joints,

and under certain soil and groundwater conditions, to infiltration of
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soil. Various methods have been used with some success to waterproof

these structures. One method devised to make these structures water-

proof is the placing of a preformed gasketing tape in the longitudinal

seams and circumferential joints before bolting the sections together.

Several waterproofed structural-plate steel structures were inspected at

five locations visited. Specific information relative to these struc-

tures and the gasketing tape used in each instance is given in the fol-

lowing tabulation.

Gasketing Material
Tempera-

ture- Pressure-
Size

0  
Suscep- Suscep-

Type Facility Type Structure Size Name Type in. title title Suitability**

Housing for Corrugated structural- 17 ft by 11 ft 2 in. RAM-NEK Refined hydrocarbon 4 by l/5 Yes Yes Suitable as used
multiple- plate steel pipe arc 1i ftby9 ft 3 . (Snyder) resin and plasti-
conveyor section (3 and 5 citing compound
system gage)

Large drainage Corrugated structural- 18 ft 1 in. by EC 162 Synthetic elastomeric 4-1/2 by Yes Good for hydro-
structure plate steel pipe arch 11 ft 11 in. (Prestite) butyl-rubber 3/16 static pressure

section (3 and 5 of 10 psi or
gage less

Large drainage Corrugated structural- 9 ft Permagum 3 by 1/4 Suitable as used
structure plate steel pipe, No. 531

circular section (Prestite)
(1 gage)

ADC-type igloo Corrugated structural- 11 ft 11 in. by PRC 620 Polyisobutylene base 4-1/2 by Yes Yes Unsatisfactory
plate steel pipe arch 7 ft 11 in. (PRC Corp) 3/16
section (8 gage)

ADC-type igloo Corrugated structural- 11 ft 11 in. by EC 1202 Synthetic, oil- 3by 1/2 Yes Good for hydro-
plate steel pipe arch 7 ft 11 in. (bMM) soluble, elasto- static pressure
section (8 gage) r'eric butyl-rubber of 60 psi or

less

SWidth by thickness.
* Suitability based on visual inspection, service behavior, and in some instances, laboratory studies.

91. The first of these structures inspected was constructed to

house a multiple-conveyor system at a soybean processing plant. This

structure consisted of a section of 3-gage, corrugated structural-plate

steel pipe arch section, 17 ft wide and 11 ft 2 in. high. This section

was joined to a second section with a large concrete collar. This sec-

ond section was fabricated from 5-gage, corrugated structural-plate

steel and was also a pipe arch section, 14 ft wide and 9 ft 3 in. high.

This structure was built on a silty sand fill above groundwater table

and was covered with approximately 2 ft of soil. Floodwater had on at

least one occasion been about 2 ft above the base of this structure.

The gasketing tape used to waterproof this structure was a refined

hydrocarbon resin and plasticizing compound originally developed for use

in sealing joints in reinforced concrete pipelines. This material,

referred to as "RAM-NEK," was very difficult to place at tempera-

tures below 50 F or above 85 F. At temperatures above about 150 F,
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this material becomes very soft and it is difficult to develop and

maintain required torque (250 ft-lb) on the bolts. The overall effi-

ciency of RAM-NEK was excellent under conditions existing at this loca-

tion. On the basis of visual inspection and service behavior, RAM-NEK

appears to be a satisfactory sealant for waterproofing corrugated

structural-plate steel structures where the hydrostatic pressure is very

low or nonexistent. This material may be good for high hydrostatic

pressure, but evidence available at this location cannot be used for

evaluation of the effect of hydrostatic pressure greater than about

1 psi.

92. The second structure inspected was a very large storm-

drainage structure provided for diversion of floodwaters across and be-

neath a large building site that had been reclaimed from a swampy area.

This structure was a corrugated structural-plate steel pipe arch section,

18 ft 1 in. wide and 11 ft 11 in. high, fabricated from 5- and 7-gage

structural steel plate. Prior to completion of construction of this

structure, portions of the structure were "floated out" and partially

destroyed as a result of hydrostatic pressure caused by water entering

cohesionless bedding material. The damaged portions were rebuilt with

3- and 5-gage structural plate. The gasketing tape used to waterproof

this structure was a synthetic elastomeric butyl-rubber material called

EC No. 162, which was originally developed for use as a sealant in the

manufacture of automobiles, refrigerators, etc. This tape is easy to

handle when the temperature is between about 50 F and 60 F. It becomes

very sticky as the temperature becomes higher. This tape has not been

observed at any time when the temperature was greater than about 75 F.

At this temperature or lower, the material is not susceptible to pres-

sure. This sealant tape has been evaluated in laboratory investiga-

tions19 conducted at WES and was judged to be suitable for use in water-

proofing corrugated structural-steel plate structures where the hydro-

static pressure around the structure will not be greater than 10 psi.

93. The third structure examined was a large culvert constructed

to divert storm water across and beneath a taxiway and runway at a munic-

ipal airport. This facility was a circular structure 9 ft in diameter
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fabricated from 1-gage, corrugated structural-steel plate. This struc-

ture was built above the groundwater table, and the sealant is required

only to prevent water that has seeped through the fill materials above

the culvert from entering the structure. The sealant tape used to

waterproof this structure is called Permagum No. 531. Information rel-

ative to the type and characteristics for this material has not been

obtained to date (May 1970). Based on a visual inspection and service

behavior, Permagum No. 531 is evaluated as suitable for use as a sealant

tape for waterproofing corrugated structural-steel plate structures

when the hydrostatic pressure is very low or nonexistent. Observations

of the behavior of this tape under a range of hydrostatic pressures are

required before this tape can be recommended for use when hydrostatic

pressure is expected.

9). The fourth and fifth structures inspected were similar ADC-

type storage igloos. Each structure was a pipe arch section, 11 ft

11 in. wide and 7 ft 11 in. high, fabricated from 8-gage, corrugated

structural-steel plate. Each structure was built at ground level and

covered with soil to a minimum depth of 2 ft. Since these structures

are above groundwater level, the sealant is required only to prevent

water that might seep through the cover soils during or immediately fol-

lowing rainfall from entering the structure. The sealant used to

waterproof the first of these igloos inspected consisted of various

inert pigments mixed in a polyisobutylene base. This material was de-

veloped as a caulking material for use around windows, etc. It is com-

monly referred to as PRC 620 putty tape. The igloo, on which this sealant

was completed in the fall of the year, and performance of the sealant

during fall and winter were satisfactory. In May of the following year,

drops of clear, very sticky fluid began to form along the seams and

joints in this structure and began to drip on material stored in the

igloo. This bleeding became progressively worse with moderate increase

in temperature. This clear, sticky liquid was very difficult to clean

up, and finally the material stored in the igloo had to be provided pro-

tective cover. PRC Barrier Coat, provided by the manufacturer of PRC 620

putty tape, was applied along seams and joints of the igloo in an effort
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to stop bleeding, but this treatment was not successful. This bleeding

occurs only during warm weather. PRC 620 putty tape is apparently sat-

isfactory as a sealant but is considered unsatisfactory for further use

as a sealant for corrugated structural-steel plate structures because of

the bleeding during periods of moderate to warm weather. The second ig-

loo inspected was waterproofed with a synthetic, oil-soluble, elastomeric

butyl-rubber developed for use by the trailer industry to seal around

windows and doors. This sealant is referred to as EC No. 1202. This

tape is difficult to use at temperatures less than 60 F. It is easy to

handle at temperatures between 60 F and 75 F. Pressure susceptibility

at temperatures above 75 F has not been determined. This gasketing ma-

terial has been evaluated in studies conducted at WES as being satis-

factory as a sealant for corrugated structural-steel plate structures

for hydrostatic pressures of 60 psi or less.

Waterproofing of
standard corrugated steel pipe

95. Standard corrugated steel pipe with watertight joints was

found at only one location where 16 of these joints were inspected.

Specific information relative to these joints is presented in the follow-

ing tabulation (joints 61 through 76, as described in reference 31).

Joint Test
No. Joint Description Results Remarks

61* Watertight two-piece bands Dry Very good flexible joint;
embedded in plastic bitu- easily installed. Pipe
minous cement with four strength doubtful

1/2-in, circumferential
rods

62* Watertight two-piece bands Dry Very good flexible joint;
embedded in plastic bitu- easily installed. Pipe
minous cement with four strength doubtful

1/2-in. circumferential
rods

(Continued)

* Flexible joints proved satisfactory by test and recommended for fur-
ther use.
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Joint
No.

63*

Joint Description

Watertight two-piece bands
embedded in plastic bitu-
minous cement with four
1/2-in. circumferential
rods

6) * Watertight two-piece bands
embedded in plastic bitu-
minous cement with four
1/2-in, circumferential
rods

65* Watertight two-piece bands
embedded in plastic bitu-
minous cement with four

1/2-in. circumferential
rods

66 Standard connecting bands

with 75 percent of grooves
filled with extra asphalt.
Angle lugs welded to bands

67 Standard connecting bands

with 75 percent of grooves
filled with extra asphalt.
Angle lugs welded to bands

68* Watertight two-piece connect-
ing bands with 75 percent
of grooves filled with
extra asphalt with four
1/2-in, circumferential
rods (present apron joint)

69* Watertight two-piece connect-
ing bands with 75 percent
of grooves filled with
extra asphalt with four
1/2-in. circumferential
rods (present apron joint)

70* Standard connecting band
asphalt-saturated burlap
gasket. Angle lugs welded
to bands. Diesel fuel as

lubricant on joint 71

Test

Results

Dry

Remarks

Very good flexible joint;
easily installed. Pipe
strength doubtful

Dry Very good flexible joint;
easily installed. Pipe
strength doubtful

Dry Very good flexible joint;
easily installed. Pipe
strength doubtful

Leaked One out of two joints
leaked; not recommended
for future installation

Dry One out of two joints
leaked; not recommended
for future installation

Dry Very good flexible joint;
easily installed

Dry Very good flexible joint;
easily installed

Dry Very good flexible joint;
easily installed. Pipe
strength doubtful

(Continued)

* Flexible joints proved satisfactory by test and recommended for fur-
ther use.
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Joint
No. Joint Description

71* Standard connecting band
asphalt-saturated burlap
gasket. Angle lugs welded
to bands. Diesel fuel as
lubricant on joint 71

72* Watertight two-piece connect-
ing bands with four 1/2-in.
circumferential rods. Die-
sel fuel as lubricant

73* Watertight two-piece connect-
ing bands with four 1/2-in.
circumferential rods. Die-
sel fuel as lubricant

7- Standard connecting bands em-
bedded in plastic bitumi-
nous cement. Angle lugs
welded to bands

75 Standard connecting bands em-
bedded in plastic bitumi-
nous cement. Angle lugs
welded to bands

76* Watertight two-piece bands
embedded in plastic bitu-
minous cement with four
1/2-in. circumferential
rods

Test
Results

Dry

Remarks

Very good flexible joint;
easily installed

Dry Very good flexible joint;
easily installed

Dry Very good flexible joint;
easily installed

Leaked One out of two joints
leaked; not recommended
for future installation

Dry One out of two joints
leaked; not recommended
for future installation

Dry Very good flexible joint;
easily installed. Pipe
strength doubtful

* Flexible joints proved satisfactory by test
ther use.

This pipe was installed in 1954-1955 as a part

and recommended for fur-

of an investigation con-

ducted to develop watertight joints for drainpipe (see reference 31).

Joints between standard corrugated steel pipe are normally made with

standard connecting bands and are tightened with bolts between lugs riv-

eted to these bands. This type of joint was not designed to be water-

tight. Experience has shown that excessive tightening of these bands

results in failure of the lugs even when the lugs are welded to the

bands. Watertight joints for standard corrugated steel pipe can be made

with two overlapping connector bands of equal length pulled tight with

four 1/2-in. circumferential bars through use of special connecting lugs,

nuts, and washers. Test results (see reference 31) indicate that joints



moae in tis marnner nill be wratertight irrespective of the filler used.

Joints 66 and 74i (standard connector bands) were classified as failures

in 1955 because of leaks. These joints were dry and no sign of leaking

was present when inspected in November 1968. Joint No. 7-I4 was also

classified as a failure in 1955 and was still leaking when inspected in

November 1968. Very little infiltration of soil was indicated in the

standard corrugated steel pipe when inspected in November 1968, and the

section of pipe between joints 66 and 75 was in excellent condition.

Waterproofing of concrete pipe

96. Concrete pipeline with watertight joints was found at only

one location. Specific information relative to these joints is pre-

sented in the following tabulation.

Joint Test
No. Type of Pipe Joint Description Results Remarks

55* B- concrete Atlas Primer No. 31, hot-poured Dry Very good flexible joint;
Atlas JC-60, caulked with easily installed
Oakum

56* B&S concrete Atlas Primer No. 31, hot-poured Dry Very good flexible joint;
Atlas JC-60, caulked with easily installed
Oakum

57 B&S concrete Cement mortar joint Leaked Not recommended for future
installation

58* Modified B&S concrete Gra-Flex rubber joint as manu- Dry Very good flexible joint;
factored by Gray Concrete easily installed
Pipe Company, Thomasville,
N. C.; cement mortar wiped on
exterior

59* Modified B&S concrete Gra-Flex rubber joint as manu- Dry Very good flexible joint;
factored by Gray Concrete easily installed
Pipe Company, Thomasville,
N. C.; cement mortar wiped on
exterior

* Flexible joints proved satisfactory by test and recommended for further use.

It was thought that concrete pipes with watertight joints were installed

at several other locations visited, but sufficient information has not

been found to date (June 1970) to prove in fact that this type of joint

was used in other concrete lines inspected. The five joints (55-59,

reference 31) were bell-and-spigot pipe with three types of joints, as

indicated in the tabulation above. This section of pipe was in excel-

lent condition, and no leaks at any of these joints were indicated when

inspected in November 1968.
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Summary of Observations of Associated Facilities

Manholes

97. In general, most manholes inspected were in good condition;

however, several deficiencies were noted and discussion relative to

these deficiencies follows. In many instances the top portion of large

manholes consisted of brick walls. In almost all instances these brick

walls were leaking, and in a few instances the amount of water flowing

through the wall was considerable. Construction plans for these struc-

tures were not available; however, it is considered that exteriors

should be plastered to prevent leakage through brick walls. In many in-

stances, rungs were missing from the manhole ladders. This fact empha-

sized the total neglect of underground drainage facilities at some in-

stallations. In some instances, several consecutive rungs were missing

from the manhole ladder. This condition is in direct conflict with

minimum safety standards. All manhole ladders should be inspected peri-

odically to see that these facilities are maintained in a safe condition.

Failure of joints between sections of concrete pipe in the vicinity of

large concrete manholes indicates that the manhole has settled at a dif-

ferent rate from that of the connecting pipe. Consideration should be

given to settlement analysis as a part of the design of large manholes.

Flexible joints should be required for all joints between sections of

rigid pipe in the vicinity of large manholes.

Headwalls

98. All headwalls inspected appeared to be structurally sound and

in good condition, but neglect was apparent in the vicinity of these

structures at many locations. Only in a very few locations was

erosion not present in some form. In some instances, the supporting

soil around and under the wing walls and aprons has been removed by

erosion; and no evidence was present to indicate that any effort has

been made to prevent this erosion or replace the soil.

Drop structures

99. Drop structures were inspected at only one installation. All

the drop structures except one inspected at this location were in good
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condition. In this instance the wing walls had become separated from

the main structure. The space between the drop structure and wing wall

was approximately 1 in. wide. This separation appeared to have resulted

from heave of the foundation.

Diversion channels

100. Diversion channels of one type or another were inspected at

almost all installations visited. In general these channels were not in

very good condition. The side slopes were eroded and excessive vegeta-

tion was present in a large percentage of the channels. In two instances

the combination of flat slope and excessive vegetation had reduced

the efficiency of diversion channels to practically zero. Periodic

maintenance is generally required to keep diversion channels in good

condition. It is evident that regular maintenance of diversion chan-

nels is not normally performed at most installations visited.

Detention ponds

101. Some of the detention ponds inspected were unsatisfactory.

It is recognized that in many instances considerable savings can be made

in construction costs by ponding floodwater. It should be evident also

that this is not money saved if ponding restricts the use of other

facilities. In one instance, where the drainage system and runway were

designed and constructed as a unit, floodwater backed up to a depth of

9 in. on the runway. In this particular case a valid military require-

ment necessitating availability of the runway 24 hours each day was

violated.

Erosion

102. Erosion in one form or another was evident at practically

all installations visited. In general there appeared to be no organized

maintenance program for prevention of erosion at most locations. It was

evident that procedures had been provided in design for preventing or

controlling erosion, but inadequate maintenance had resulted in deterio-

ration of these facilities. At one location riprap and concrete aprons

had been provided downstream of outlets but most of the erosion-

preventive works had been partially or completely destroyed due to the

lack of adequate maintenance measures.
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Compaction

103. At several installations, pavements above buried conduits

had required leveling courses to maintain grade. No settlement or dam-

age of any kind is indicated along the buried conduit, and it has been

assumed that settlement of these pavements was due to consolidation

of soils above these buried conduits. Most of these facilities were

constructed prior to development of compaction requirements, as pre-

sented in reference 32, and it was assumed that this settlement would

not have occurred if compaction requirements specified now had been in

effect at the time these facilities were constructed.

Slope stability

104. At one location visited, considerable trouble was encoun-

tered with maintenance of an unstable slope along a 54-in, pipeline.

Several slides had occurred at this location and maintenance of this

slope will be required until the slope is stabilized. All slopes along

pipelines should be stabilized prior to construction of the line.

Strutting

105. Numerous defects in flexible corrugated steel pipe have

been blamed on the procedure used for strutting. Only one defect re-

sulting from strutting was observed during visits to the installations

noted in table 1. At one installation, soil was found to be infiltrat-

ing into a buried pipe in water that was flowing into the pipe through

a hole where wire strutting had been attached to the pipe. At one lo-

cation visited, a large portion of a 54-in, standard corrugated steel

pipe buckled during backfilling prior to completion of the pipeline.

This failure was reported to have resulted from improper adjustment of

the strutting rod during construction.

Planning

106. At one installation visited, the drainage system serving the

central (older) portion was not adequate. On several occasions water

backed up to a depth of 18 in. in major hangars. Proper planning is

essential to economical construction of effective facilities.

Infiltration

107. Isolated failures of standard corrugated steel pipe due to
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infiltration of soil into the pipe have been reported many times, and

watertight joints for this pipe have been developed (see reference 31).

In spite of this, a new SAC base was practically "shut down" as a result

of the almost complete failure of a standard corrugated steel storm

drainpipe between the main runway and hangars. This failure was due to

infiltration of soil into the pipes. This particular pipeline has been

rebuilt two or three times and has failed each time. As far as is

known, no requirement for watertight joints has ever been considered for

this line. Portions of this line were buckled and many joints were

open. Attempts have been made to reduce infiltration of soil into this

line through use of interior bands, but this procedure has not been very

successful (see paragraph 89). At one location, a flexible pavement on

a light-duty apron collapsed under a fighter-type aircraft (the wheels

sank into the pavement up to the hubs). Investigation showed that the

soil beneath the pavement had infiltrated into the drainpipe (36- and

142-in. standard corrugated steel pipe without watertight joints), leav-

ing large areas of the overlying pavement unsupported. The pipe was not

damaged.

Settlement of soil
above drainage structures

108. Several instances were reported where flexible pavements

above buried conduits settled, forming depressions in the pavement above.

These failures were noted along the guideline on heavy-duty taxiways

and parking areas. At one location, an area approximately 500 ft long,

50 ft wide, and about 3 in. deep in the center (along and directly above

the buried conduit) required an overlay to level the surface of a heavy-

duty parking apron.

Conclusions

109. As a result of the survey of buried conduits and associated

facilities as reported herein, certain conclusions can be drawn as

follows:

a. A large percentage (approximately 95 percent) of the
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buried conduits surveyed that were designed for a wide
variety of conditions and installed during the period
1940-1960 appear to be in good to excellent condition.

b. Many reported failures of buried conduits occurred dur-
ing construction. It appears that few, if any, struc-
tural failures occurred after construction except as a

result of infiltration. These failures could have been
prevented through use of watertight joints. Evidence
indicates that improvements in construction procedures

and inspection are necessary requirements to reduce con-
struction costs for buried drainage facilities.

c. The major cause of failure of buried conduits after com-
pletion of construction is infiltration of soil into the
structure through joints. Watertight joints are abso-
lutely required for all kinds of pipe at some locations.

d. Minimum safety requirements are ignored at some loca-

tions (see paragraph 97).

e. Maintenance of underground facilities is neglected at

most installations. In spite of this neglect, most
facilities are in good condition. It is possible that
the designer is attempting to put a sufficient safety
factor in the structure to take care of poor construc-

tion procedures and no maintenance.

f. Up-to-date maps showing the location, depth, type, etc.,
for all drainage facilities at a particular installa-
tion are not generally available at that installation.

g. It is practically impossible to find construction rec-
ords (plans, specifications, etc.) for specific sec-

tions of drainage systems at any location.

Recommendations

110. It is rather difficult to make a meaningful survey of drain-

age facilities that have been in use for several years if the construc-

tion plans, specifications, etc., are not available to identify the type

of pipe, kind of soil, etc.; therefore, it is strongly recommended that

the present record retrieval system be revised to the extent that con-

struction plans, specifications, etc., for a specific facility are avail-

able for the life of the facility.

111. Apparently many of the troubles encountered relative to

buried conduits occur during construction; therefore, it is recommended
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that every effort be made to upgrade construction inspectors and revise

construction procedures as needed to reduce failures during construction.

112. At locations where the plasticity indexes of soils within a

construction site are less than 12 (reference 19), it is almost a cer-

tainty that infiltration of soil into buried conduits will result in

failure of the pipe or the pavement above; therefore, watertight joints

should be required at these locations. It is also suggested that

present specifications for gasketing be revised to prevent use of non-

curing putty tapes and other pliable caulk-type materials as gasketing

materials in watertight joints.

113. All joints in all types of pipe in the vicinity (say 3 to 5

joints along all pipe entering the manhole) of large manholes should be

flexible joints.

114. All industrial wastes should be removed from storm water be-

fore entrance into the storm-drainage system. As a safety measure,

some type of automatic warning device should be placed in storm-drainage

systems to indicate unsafe concentration of fumes in these facilities.

115. All manhole ladders should be inspected regularly to see

that all rungs are in place and usable.

116. In general, it appears that drainage facilities are neglected

at most installations; therefore, it is strongly recommended that a

periodic inspection and maintenance program for drainage facilities

(particularly for buried conduits) be established at all installations.
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Table 1

Installations Visited During Field Performance Investigation Relative to Buried Structures

Installation

Anderson-Clayton Soybean
Processing Plant
Vicksburg, Miss.

Andrews AFB, Md.

Big Springs Urban Renewal
Project, Shelbyville, Tenn.

Fort Campbell, Ky.

Fort Devins, Mass.

Grenier Field,
Manchester, N. H.

Griffiss AF, N. Y.

Hunter AAF, Ga.
(originally Hunter AF)

Logan Field, Mont.

McChord AFB, Wash.

Paine AF?, Wash.

Pease APB, N. H.

Peoria Municipal. Airport,
Peoria, ?11.

Phelps-Collins ANG Pase,
Mich.

Plattsburgh AFP, N. Y.

Stewart AP, N. P.

Volk Field ANG,
Camp Douglas, Wis.

Robins AFB, Ga.

Westover AFB, Mass.

Date
Visited

6 May 66
23 May 67

Principal Interest

Large structural plate pipe
arches (17 ft by 11 ft
2 in., 3-gage; 14 ft by
9 ft 8 in., 5-gage)

2? May 67 Erosion and drainage struc-
tures in the vicinity of
new parking apron

14 Jun 63 Large structural plate pipe
21 Jun 66 arch (18 ft 1 in. by 11 ft

11 in., 5- and 7-gage)

22 Jun 66 Deformed section of
21 Jun 67 bituminous-coated 66-in.,

10-gage corrugated steel
pipe

9 May 67 Erosion in family quarters
area

8 May 67 36-in. corrugated steel
drainpipe installed in
unstable slope

1 May 67 Materials used, construc-
tion procedures, and ser-
vice behavior for large
concrete pipeline in-
stalled with watertight
joints

7 Jun 55 Condition of 5
4
-in. drain-

15 Nov 68 pipe installed in 1954 as
a part of a research proj-
ect to develop water-
tight joints

6 May 67 Large 8-gage bolted struc-
tural plate pipe arch
(igloo)

2 May 67 Twin 12-ft, 
8
-gage struc-

tural plate culverts

1 May 67 Surface drainage at N-S
runway extension com-
pleted in 1956

10 May 67 Large reinforced concrete
pipeline (72, 90, and
108 in.) and diversion
channel completed in 1956

19 May 67 bituminous-coated 9-ft,
1-gage, paved invert (con-
crete), structural plate
steel culvert

14 Sep 67 Inspect drainage system re-
1.5 Sep 67 ported to be inadequate;

inspect large structural
plate pipe arch (igloo)

31 Oct 66
to

2 Nov 66

3 Nov 66
4 Nov 66

Infiltration

Bituminous-coated 9
6
-in.,

8
-gage corrugated steel

pipe

12 Sep 67 Inspect drainage system re-
13 Sep 67 ported to be inadequate

26 May 67 Fully paved corrugated
steel drainpipe con-
structed in 1956

10 May 67 84-in, reinforced concrete
11 May 67 pipe damaged by an explo-

sion in 1967

Other Facilities Inspected

24-, 36-, 42-, 66-, 72-, 84-,
96-, and 102-in, pipe

Pending areas, concrete chute
and stilling basin; 27-,
30-, 72-, and 78

-in. con-
crete pipe

24- and 3
6
-in, pipe

60-, 66-, 72-, and 
84

-in.
reinforced concrete pipe

24-, 48-, 54-, and 
8

4-in.
pipe

42-in., 10-gage, fully paved
corrugated steel culvert

30- and 
4 8

-in. pipe

18- and 33-in, concrete pipe

Various sizes (24-72 in.)
bituminous-coated paved in-
vert, corrugated steel pipe

24-, 36-, 48-, and 60-in.
concrete pipe

Surface drainage channels,
24-, 36-, and 

4
2-in. con-

crete pipe

Twin 6 ft by 6 ft concrete box
culvert

15-, 24-, 30-, 42-, 60-, 66-,
78-, and 

84
-in. concrete

pipe
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