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ABSTRACT

Thls study was prec1p1tated by several fallures of flex1ble

p1pe culverts due to apparent inlet floatatlon. A survey of Iowa
County Englneers revealed 31 culvert failures on plpes greater than
'72" dlameter in eight Towa countles w1th1n the past five years. No
spec1al hydrologlc, topography, and geotechn1cal env1ronments‘
appeared to be more susceptlble to fallure° However, most fallures
seemed to be on pipes flow1ng in inlet control. Geographlcally,
most of the failures were in the southern and western sectlons of
Iowa. The forces’ actlng on a culvert pipe are quantified. A worst
'case scenario, where the pipe is completely plugged, is evaluated
to determine the magnltude of forces that -must be re51sted by a tie

down or headwall. Concrete headwalls or slope collars are

recommended for most pipes over 4 feet in diameter.
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1. PROBLEM DEFINITION

Flexible pipe culverts (corrugated metal pipes) are important'
~components of the drainage systems associated with'Iowa;syroad
system. . Many county'engineers have used large'diameter fiexible
.pipe culverts to replace small brldges and have 'realized
significant savings to the counties. A However, .there is a
perception that in some situations, these’ flex1b1e pipe culverts
have not performed.adequately; In late 1987, the authors . met w1th_
.several Towa Department of Transportatlon (Iowa DOT) personnel to
‘dlscuss research needs regarding apparent upllft fallures of 1arge
corrugated metal plpe. (CMP) culverts. This meetlng led to
.submi.ttal' of a prohlem statement, and subsequently a research
proposallto the‘Highway_Research:Board, Iowa DOT. See Appendix A-
for photographs of severalbrecentvculvert railures. "This report
summarizes the findings of this. research' program. and 'makes

recommendations for immediate action and future research.

1.1, Iowa DOT Survey (1975)

| A survey of Towa county englneers, conducted by the Iowa DOT
in 1975, attempted to determlne the extent of CMP culvert falluresl
in Iowa.‘ About 50% of the county englneers in Iowa responded No

addltlonal follow-up to the questlonnalre ‘was made. Table 1.1

shows the results of the survey




Table 1.1. Sufvey Results Iowa DOT, 1975

Pipe Size Number of Structures Number of Failures
(Inch) - Projecting = Beveled Projecting Beveled
L Inlets o Inlets Inlets : Inlets
60 to 96 X 226 166 2 ' 11
97 to 120 19 - , 46 1 5

2 9

121 up 11 ‘ 53

While this survey included only 50% of the éounties, the
results were surprising in that the peréeﬁta@e of the pipes thaﬁ
failed‘ wefe' higher than- expectéd."~ in pipes less .than 96"in
diameﬁer, five‘percent or less of the repértea culverts had failed,
but in the‘largefAdiameter pipés fhelperceﬁtagésvof failures were
significantly highér;‘-The'questiqnnaire asked for experiences with
- CMP cul&érts that were installed within the past five yeérs and did
ﬁot differéntiate'bétweén floatétion (uplift) failufes and fold
over failﬁres in beveled 6r step beveled inlets. The 1975 Iowa DOT
survey resﬁlted in the issuance of a lettér'-to all' county
'engineérs, dated February_zo; 1976, from C. Pestoknik in which he’
states: - | ‘ ‘

"...we feel that if ydu get a design highwater at the

inlet of an unprotected structure, the chances are too.

high that it will float or fold over. Therefore we are

suggesting that you anchor and reinforce the inlet ends

of unprotected structures as soon ' as possible."

(Pestoknik, 1976) : | :

At about the same time the problem'bf flexible pipe culvert
failures were béing recoghized .as a probiem in iowa, thé_Federal
Highway Administration issued a FHWA Notice N 5046.3, dated April
26, 1574, that addréssed the problem of pipe‘culverf inlet and

outlet protection. This notice stated:




"Positive engineering attention should be given to the
need for providing protection at the ends of all pipe

culverts having a helght of . 48 1nches and ' larger."
(FHWA, 1974)

.Enclosed with the FHWA Notice were headwall and slope pav1ng
deSIgn standards for 01rcular and slope tapered culverts up to 180
;1nches in diameter. The Iowa DOT included the- FHWA headwall and
slope paving standard des1gns w1th the 1975 Survey results sent to
all Iowa ;ounty Englneers and suggested the county engineers adopt -

some type of tie downfstructures;-such as, the FHWA standards. B
| Desplte the above efforts by the Iowa DOT and the FHWA,
reports of CMP culvert fallures contlnued to arrive at the Iowa DOT;
headquarters. Concern that current_de51gn and/or constructlon.

practices were not adequate led to the development of this project.

2. OBJECTIVES |

The ultlmate goal ‘of thls progect is to .eliminate or

51gn1f1cantly reduce upllft failures in CMP culverts through

lmproved des1gn of new structures and - retroflttlng of ex1st1ng

'culverts.. Elimination or reductlon-of uplift failures can be

‘realized only if‘certain,intermedlate.objectiVes are.met. The
objectives of this project are: -

® define the hydrologlc, topographlc, ~and geotechnical
environments and pipe geometries most conducive to CMP
culvert uplift failures,

Q. identify the mechanlsm(s) that causes upllft and subsequent
'fallure of CMP culverts, and - .

¢ determine the magnltude and distribution of the forces. that
are llkely to cause flotation of CMP culverts.-

The research plan 1ncluded a new survey of Iowa county

engineers to obtain more specific information about the number. of




‘CMP failures and the hydraulic, geotechnical and structurél
enﬁironments associated with éach failure. Data.pn-tie downs,
anchors and cutoffs that are being_uséd Qere also to be collécted.
These daté were to‘be used to develdp and evaluaté hypotheéés about
".a "worst possible case-scenafio" and ﬁa most likéii to be stable
scenario". 'Bésed on these scéﬁarios, evaluations 6f the potential
 loading on the culvert was developédQ The amouﬁt of résisting
'force-ioéated atlthe inlet of thé_pipe heceséaryvto maintain
stfuéturai'equiiibrium ﬁas determined for a fange of geometric
coﬁditions, ‘“qut mortem" evaluafions of two failures for which
5suffiéient data weré-availablelweré-cohductaﬂ to quaﬁtify the

loadings derived.

3. 1988 SURVEY RESUﬂTS

A survéy questionnairefwas sent to all Iéwa County Engineers
in April 1988lrequesting'information on the number of culverts that
had féiléd due to inlet floatation or fold ovef._ Sixfy eight
questionnaires were returned completed (69% of the éognties).
Eight counties (12 % of those reportingf indicated they had one or
more culvert failures during the past five years. This compares ﬁo '
~eight couhtiés reporting failures (16%  of the 50 counties
:repértingf‘in the'i975 Iowa DOT Survey. Despiﬁe the uéerf various
tie down structures, CMP faiiures.are stiil occurfing. - 0f the
céunties'répcrting féiiures, 75% indicated thét they used some form
of tie down, inéluding pile ahd.éable tie downs, tied concrete
curtéin walls, cdncrete'sldpe collars, and tied’sheet-pilihg cut-

off wall structures. Thérefore, it appears'that many.forms of tie




'downs belng utilized have not solved the upllft problems and thus
_ 1mproved designs are still needed

A total pf 31 culvert failures were feported on the»survey.
.TableAB.l shows the randes of culvert sizes showa'on'the survey‘
- forms. The total number of'cu1?erts shown in Table 3.1 is less
thanv3i because-someisizes had'more than one failure."Failures
‘have occurred with.both cirCular pipes and elliptical'pipe arches‘-
and w1th both prOJectlng inlets and beveled or step beveled
entrances.‘. The majorlty of respondents 1ndlcated ‘they thlnk

‘plugging or partially blocking of the inlets contrlbuted to the

uplift failure.

Table 3.1. Culvert Failures by Size and’ Entrance Cendition

Diameter (in) - " Length (ft) Entrance Condition

72, ‘ o 88 Unknown
78 , 108 ; " Beveled

90 . 120 . Projecting -
102 : 54 Beveled
102 " 62 : Unknown
108 : ' .70 . Beveled

108 ' - 125 - . Projecting
128" x 83"" \ 146 . Beveled

- .132 - C 120 ' . Projecting
;138 72 1 Beveled

144 L .90 ' Pro;ectlng
14'10" x 9'7"" 152 . ‘Beveled
14'10" x 9'7"“ : - UNK - Beveled
180 - o 120 - Unknown
204 ) - 96 .~ Unknown

32.1' x 19.2"! , 260 . Unknown

.2

v Elliptical'pipe arch




No unique geologic or hydrologic conditions .could be
identified that characterized the majority of the failure sites.
The'problem appears to be mcre'ccmmon in thcse regions of the state
.where 51gn1f1cant elevation drop ex1sts across the. culvert and the
downstream river valley would vyield. low tallwater. Also,'the
problems seem more common inh areas of the state where loess derived
soils occur.- |

Field trips were made to seven county that responded with -
failures to the survey and data on failures were obtalned . Two
s1tes will be dlscussed in detail later 1n the sectlon on Case
Hlstory. |

A brlef collectlon of photos from Iowa DOT staff and those
taken by the pr1n01pa1 investigators on this pro;ect are included

_in Appendix A.

4. HYDRAULIC CQNSIDERATIONS

An analysis of the hydraulics of flow ‘into and through
culverts 1s necessary to understand the various loadings that may
lead to unlift failures.: A'culvert'represents'a reduction in cross
sectional area of.flow for the approaching waterf'therefcre;-the
velocity of the water in the culvert must be‘ increased.
proportionally to the ‘reduction in cross sectional area. 1In order‘
to gain the energy needed to accelerate the flow, an increase in
potentlal energy upstream of the culvert must occur. Thisfincrease'
in potential energylls developed by a ‘rise in the water'leuel
upstream of the culvert. This'headwater'also prouides the pressure

for uplift of the pipe inlet, if the water is able to saturate the




material under the pipe. The following sections will discuss the

© parameters that affect the headwater at any culvert inlet.

4.1. Tvpes of‘Flow
| Flow through culverts is a complex hydraulic problem' however,'
in general flow can be class1f1ed in several s1mp11f1ed ways. The
. most w1dely used clas51f1cation is based on the location of the
hydraulic control section; that is, inlet control where lthe
uhydraulic control section is at the culvert inlet and outlet
-controliwhere the hydraulic control is located at the culvert
Outlet .lnlet control exists'when the culvert‘barrel has a greater
capa01ty to transmit flow than the 1nlet w1ll accept Outlet
control occurs whenever the culvert barrel cannot transmit as much
”flow as the 1nlet opening w1ll accept. At low flows,'culverts
generally function in inlet control; however, during a storm as the
flow rate and headwater elevation 1ncreases, a culvert may Shlft.
from inlet control to outlet control. In culvert de51gn, the
engineer is interested primarily in the‘flow.COntrol and headwater
elevation at the design flow rate. | | ,
In culverts.flowinc in inlet control,'critical depth, the
- depth at which'SpecifiC'energy is minimized, will'occur near the
.entrance of the'Culvert and flow in the culvert barrel will be
‘shallow, high velocitv flow (super critical) through all or some
part of the barrel‘ Under inlet control the'downstream hydraulic
conditions w1ll not affect the culvert capaCity. Most often inlet
control ex1sts for culverts w1th relatively steep slopes and/or low

tailwater conditions.




In outlet control the headwater is dependent on the tailwater'
conditions, the friction loss in the pipe- and the entrance
condition. Downstream conditions affect the headwater upstream of
the culvert. Culverts flowing in‘outlet control'generally'have
flatter slopes than. those 1n 1nlet control higher tailwater depthS'
and frequently the culvert barrel is flow1ng full or near full

' The weight of the water w1thin the culvert serves ‘as .a
_resisting force against the.uplift pressures, so culverts that are
floving full or nearifull.have the 1argest resisting‘force against
uplift. The,prohlems of inlet uplift appear to be associated with
culverts flowing in inlet control since’in'inlet control the flow.
is supercritical through all or most of the culvert barrel
resulting in depths of flow in the culvert barrel that are less
than the headwater depth and most often are less thanithe diameter
of the pipe. Uplift effects will be increase if the inlet is
blocked or partially blocked w1th debris because the depth of flow,

and therefore the weight of the water, in the culvert,w1ll be

reduced.

4.2. Entrance Conditions

A ilarge number of possible entrance configurations are
gavailahle for culVert,inlets. Commonly used culvert entrances
includediprojecting inlets where_the culvert extends from the fill;
concrete headwalls either.withlor without vingwalls to assist the
flow transition; beveled, step beveledlor,mitered to cOnform to the
slope of the fill; and prefabricated'or precast end sections'(See

Figure 4.1). Each entrance condition has different hydraulic




PROJECTING BARREL

CAST-IN- PLACE CONCRETE

PRECAST END SECTION

HEADWALL 8 WINGWALLS

A DA
A N AR
e o)

tete . ..'-- .
"...'. . )
SRR “ere
(RIS 20

. ' s e N R o
: IO = NN BER

3

END MITERED TO THE SLOPE |

Flg 4.1 Tyfp'ical_inle_ts for cﬁlvérts. |

(HEC 5, 1985)
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- properties that can be estimated using techniques such as those
outllned in "Hydraulic Des1gn of Highway Culverts" (HEC 5, 1985).

In Iowa, most CMP culverts are elther projecting inlets, step
beveled 1nlets or use a standard CMP end section. In general, at
a constant flow rate through the culvert, the headwater depths will
be dreatest for projecting inlets followed by stepibeveled inlet
and standard end section, in the order of decreasing headwater.
PrOJecting inlets, espec1ally for large diameter plpes, project a
s1gn1ficant pipe distance uncovered by the flll. For example, a 12
feet diameter circular pipe projecting from a fill with 3
horlzontal to 1 vertical side slopes w111 extend out of the £ill 36
feet. The force available to resist uplift pressures in this
nncovered length con51sts only of the weight of the pipe and water
within the pipe. This condition creates the most severe situation
p0551ble for upllft failure.

Pipes with~ step beveled ‘inlets generally have the f£fill
extending to the top of the pipe with little or no uncovered pipe.
'The step bevel that Iowa uses con51sts of a vertical cut 1/4 of the

dlameter on the top and bottom of the pipe and a sloping section‘
Hbetween (See Figure 4.2)., The_step_bevel inlet improves the
hydraulic efficiency of the inlet and decreases the flow
contraction that occurs in the:inlet. An added advantage of'step
beveled inlets is the increased resisting force due to the extra
weight of thevfill on top of the inlet.since it is not projecting
from the fill. However, cutting the pipe.in a step bevel reduces

the internal resistance of the pipe to deformation.
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3 e

" End View Side View

Flg 4.2 Schematlc of headwall currently remmended by
Iowa DO'I‘ for step beveled inlets
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- Headwalls aﬁ culvert inlets allow not only the'fili to come to
the top of the pipe, but aisé pfovides an extra concrete mass at
the pipe entrance to resist the ﬁplift pressuré. The same affect‘
can be obtained through concrete slope paving around.step'beveled
inlets. Adequate‘provision for attadhing'the pipe to thé‘headwali
must be provided if the‘pipe‘and headwall aré to resist uplift
together. In some céses, paftial headwalls, extending onlyll/3 to
"1/2 of the pipe diameter haveibeen used to provide extra éonciete

. mass to resist uplift.

4.3. Compute:-Progfam

A computer program was déveloped‘as par£ of this research to
estimate the watéf surface préfile through a'cuivert with various
entrance coﬁditions and flow'controls.' This cOmpuﬁer,model uses
the gradually varied open channel flow equation and thevdireét.step
method to estimate the water surface profile through a cglveft. It
ié recognized = that at ‘some locations in é. culvért the flqw
condition-may be rapidly'varied, especiaily.hear the entrance to
the culvert. Rapidiy vafied:flow is not inclﬁdéd in the computef
model. |

A ﬁypiqal gradually varied flow‘situation in an elemental
length of a culvert ié shown in Figure 4.3. This situation assumes
_the cuivert is not flowing fqll:as will be the case'in most iﬁleﬁ
control Situations and in some outlet cohtrolAsituations. Applyihg

the energy equation at section 1 and section 2 in Figure 4.3 (in

the diréction of flow) gives:
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Fig. 4.3 Derivation of the gradually :
varied flow equation
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(Vi%/29) + vy + 23 = (V,2/29) Y.+ 2 + by | 4.1
where:

BV

V, and V, are velocities at sections 1 and 2:
respectively, '

y: and y, are depth at section 1 and 2 respectively,

2, and 2z, are invert elevations at section 1 and 2
respectively, and '

h; is the headloss between sections 1 and 2.

' The slope on the energy gradeline, s, is headloss per uﬁit
length of pipe or h,/dx. Tﬁuslk,= sy dx. Thelélope ofAthe channel
bottom, Sy, is the difference in elevation per unit pipe length or
(z, ; z,)/dx. Thus, (z, - 2;) = s, dx. Rearranging equation 4.1

and substituting for h, and z, - 2z, gives:
Sde + (YI - YZ) + (V12 - sz)/zg = Szdx 4.2

The specific energy, E,'ih open channel flow is the depth of flow,
Y, plus the velocity head (V%/2q). Thus Equation 4.2 can beé

rewritten as:
dx = (B, - E;)/ (8, = 8¢) 4.3

Equation 4.3 can be solved using the direct step method. 1In
the direct step method, the computations begin at a hydraulic
control where the depth and velocity of the flow is known and

proceed either upstream vfor subcritical flow (depths of flow

greater than critical depth) or downstream for supercritical flow
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l(depths of f;ow less than critical 'dépth). If the design
_dischargs, culvert size and material, and culvert entrance
condition have been determined, all.hydraulic prqperties at‘theb
control section can be found. Assume,.she'control section besomes
section 1 in squation 4.3. The specific: eﬁérgy, E, can be
determined since the depth and velocity must be'kaown at'the
- control section. A depth, y,, is assaméd,at some other section:;
however, the location of this_section is not known af this time.
The velocity can be found from the assumed Y2, the culvert shape,
: and the de51gn dlscharge us1ng the contlnulty equatlon. The
‘dlstance upstream or downstream_to the point where the.depth sf
flow is yé is then calculated using equation 4.3. The slope on the
energy gradeline, s,, is determined using a uniform flsw equation,

such as the Manning Equation.

Se = [ Vn /(1.486 R 2% )12 | ' 4.4
-where:
V.= velocity ‘
n = Manning roughness dependent on culvert material -
R = Hydraulic radius = A/P
A = area perpendicular to flow
P = Wetted perimeter

‘Onse the distance dpstream,'dx; is calculated, theAsestion 2
in equation 4.3 becomes a "hew" sestion 1 for the next step
computation. Repeated applidation of equation 4.3 in this manner .
provides'compuﬁation of the entire surface water profile through
the culveftf Once the profile is determined, the weight of water

in the pipe can be found by simple geometry.
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4.4. Classification of Flow Profiles

For a given discharge and culvert, .the _normall depth and
critical depth caﬁ bé determined. Normal depth is the depth
corresponding to uniform flow or the depth where the energy lost-
due to friction equals ‘the. energy gained through a change in.
elevation. vCritical depth is the depth -that cor;esponds to the

minimum specific energy at a given flow rate. For hydraulically

mild sloping channels normal depth is greater than critical depth.

"For hydraulically steep.slbping channels normal depth is less than

critical depth. If the slope on a channel is equal to the critical

slope, normal depth and critical depth are equal. Thus, critical

and normal'depths are used to divide the possiblé flow profiles

. into three zones based on the relationship between the depth of

flow in the qhahnel and criticél and normal depth (Figure 4.4). If
the depth 6f_flow is above the upper line the flow profile is in
Zone 1 (i.e. M-1 or S-1 on Figure 4.4). If the depth is -between
normal and'critiéal aepth the p:ofile is in Zone 2 (i.e. M-2 or S-2

on Figure 4.4), and if the depth of flow is below the lower line,

the flow profile is in zone 3 (i.e. M-3 or S-3 onAFigure.4.4).

Figure 4.4 shows the flow profiles used invfhé'model developed in
fhis project. It is necessary to determine the flo& profile
applicablg to each situation sb the appropriate hydraﬁlic control
section‘can be located.

A culvert willvflow full when the outlet is éubmerged or when

the outlet is not submerged but the headwater is high and the

barrel is long. According to laboratory- investigétions} the

entrance of an ordinary culvert will not. be submerged if the
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headwater/diameter ratio (HW/D) is less than 1.2 to 1.5. - For this
project it was assumed the culvert was flowing full whenever the
HW/D ratio is 1.5 or greater.

For this research, cuivert flow is divided into eight types as
shown in Figure 4.5. Table 4.1 shows the pipe slopes, tailwater
depths, headwater /diameter ratio and water surface profile type

associated with the eight flow profiles shown in Figure 4.5.

4.5. Simulation of Water Surface Profiles

Thrée computer prégrams-were written as part_of this research.
All modelé use Turbo Pascal computér language and will operate onv
most personal comﬁuters. CULVERT simulates'the'water surface
profile for Types 2 to 7 (Table 4.1) for circular pipe culverts.
'This program is also capable of plotting the water surface profile

on the screen, printer or plotter. CULVERT calculates the critical

Table 4.1. Flow Profile Classifications for Culvert Flow used in
this Project

Profile Pipé Tailwater Headwater/depth ' Water surface

Type Slope!l Depth? Profile
1 M or S >D  >1.5 Undefined®
2 M <d, >1.5 M-2
3 s <d, >1.5 S-2
4 S >d, ‘ <1.5 s-1
5 M >d,, . <1.5 M~-2
6 S <d, <1.5 s-2
7 M >d, <1.5 M-1
8 M or S <D >1.5 Undefined®

IM= mild slope 4, > d, ; S= steep slope d, > 4,
D= pipe diameter or height; 4, =‘cr1t1ca1 depth, d, = normal
depth -
S3Undefined means pipe is flow1ng full and no water surface profile
exists.
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Fig. 4.5 Water Surface Profile included in Computer Model
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embankmenf depth that would be required to resist the. uplift
pressureé if the pipe were acting as a simple beam. |

CULVERT.2 also simulates the water surface profile.for the
same cohditions'as CULVERT, but in addition, CULVERT.2 caléulates
the moment abouf the inlet ofithe culvert.at one. foot intervals
along the cﬁlQert length. - CULVERT;g is capabie of plotting the
. water surface profile, and the moment versus'pipe length diagrém_on
the screen, printer or plotter. v:

CUL—?LOW is used to determine ﬁheAflow rate coincidiﬁg with a
' givenl headwater depth, pipe slope, pipe diaméter, tailwater,
Manning's "n"; énd entrance conditiéns; This,hédel.evaluatéd both
inlet and outlet control to determine the mihimum,flow rate that
results in the given headwater depth.

Listings pf the source éodes for these.thfee programs are

included in Appendix B.

4;6. Use of the Models

The models have been tésted_oﬁ a cﬁlvert sife where a failure
occuffed due to uplift. The'culveft was a 12 feet diameter CMP on
,a‘slopé of 3.8%. - $hé models were used to determine the water
surface profile for various assumed headwater and tailwater depths.
~Once the profile was computed;-theLCULVERT.Z,model was . used tb
'ﬂcalculate thé momentS'diégrém‘for tﬁe éipe, Since the rdadwaj
crosé-section was fiked, the only addifional resisting forcé
against uplift Was_dﬁe to thejﬁeight of the water ih the pipe.
Ignoring any pipe strength, the pipe was determined to be'either.
iﬁsafeﬁ>When the resisting force exceeded the uplift force or-ﬁfail“

when the resisting force was less than the uplift force. Table 4.2
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Table 4.2. -Example of Culvert Hydrauiic and Stability'Analysis

Diameter Discharge_ Headwater Taiiwatér ‘>Stability

(ft) (cfs) (ft) , (ft) . Condition
12 - 270 5.0 1.0 Safe
12 270 5.0 2.0 Safe
12 270 5.0 3.0 ‘Safe
12 270 '5.0 4.0 Safe
12 340 T 5.7 1.0 - Safe
.12 - , 340 5.7 ° 2.0 . . Safe
12 : 340 5.7 3.0 Safe
12 : 340 5.7 4.0 Fail
12 440 7.0 1.0 Safe
12 440 7.0 2.0 ‘Fail
12 - 500 8.0 1.0 ~ Fail
12 - 500 8.0 | 2.0 © Fail
12 - 670 9.0 ' 1.0 Fail
12 - 670 9.0 2.0 Fail
12 785 , 10.0 - 1.0 Fail
12 785 10.0 2.0 Fail
12 870 ' -11.0 - 1.0 Fail
S12 .. 870 , 11.0 2.0 Fail -
12 1040 12.0 1.0 Fail
12 1160 13.0 1.0 Fail

shows the results of theée‘si@ulatidns. The anélyses pfesented iﬁ
Table 4.2 - are very conservativel (gée zthe Pore Water Analysis
Section 6f this'repdrt) and areﬁpresented here for demonstrétion
only. | | | |

The analyses of fhe above culvert site determined the culvert
to be uhstable (Fail) at headwater depths greafer than seven feet
(HW/D S 0.58). No tie down was included at tﬁis culvert sifeAénd
the culvert was assumed to have a projectiﬁg inlet.. Eorvheadwater.
depths lower thén seven feet, tﬁe stability was a functioﬁ of the

tailwater depth.
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5. PORE PRESSURE ANALYSIS

5.1. Objective and Assumptions

" The objective of the uplift pressure study is to obtain an
estimate of the magnitude of uplift forces and the location of the
resultant. The assumptions for these analyees are:

1) the pipe is treated as a beam but no consideratioﬁ is
given to its longitudinal flexural strength (stiffness),
the only resistance from the pipe is its weight;

2) soil shear. strength or deformation chafacteristlcs are

ignored, only the soil weight is con51dered and the unit
welght is assumed to be 120 lb/ft3 '

3) Variations in the flow line of the water in the conduit
- . are not calculated in most cases the analysis assumes a
plugged pipe with no flow in some analyses the pipe is
assumed to be flowing 50% or 75% full with a uniform flow
line;
4) The headwater elevation is at the top of the pipe on the
upstream end and the tailwater is at the bottom of the
pipe:;

5) the pore pressure is dlSSlpated linearly beneath the
- pipe;

6) all vertical forces act on a horizontal plane that has a
width equal to the pipe diameter;

7) roadway is 30 ft shoulder to shoulder; and

8) the soil slope extends from the bottom of the culvert to
the edge of the shoulder and the pipe is not beveled.

Figure 5.1(a) is a schematic diagram used in the following
stetic enalyses. Based for the various analyses, the pipe length,
Ls; Side slope; piée diameter, D,; depth of soil cover} S.: and
length of free pipe, AI&;- nay vary; The only thing constant
throughout all analyses ie the roadway width of 30. ft.

Figure S.i(b)_shows the forces used iﬁ the‘analyses where W,

is‘the weight of the soil cover, W, is the weight of pipe, U is the
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| ‘_(a) Dimensions used in ‘static'analysis
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(b) Force_s a's'sumed to be acting as a pipe |

. Fig. 5.1
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uplift force from the porewater, and R is the resistance of the tie
down. The soil and pipe weight resultants act through the center of
the embankment‘and the pore water force acts through the centroid

of the porewater pressure dist:ibution'at one third the distance,

L,. The location of R varies with the other loading conditions.

5.2. - Moment Diégrams for Partial Flows

| For this analysis, a 100 £t long culvert with & ft of fill is
analyzed .for zer§ flow, 50%, and 75% full flow. Because of
constaht piée length, depth of sbil-fiil, and roadway width, the
side slope véries as the éipe diameter increases. Forvexémple, as
ft diameter pipe has a slope of 3.5 to 1 whefeaé a9 ft diameter
pipe has a side slope of 2.5 to 1.'These dimensions are somewhat
representative of the flexible pipe culverts in Iowa. Moments were
taken about the upstream end of a cut section with<the'section
increased by 1 ft increments from the upstream end. This apprbach
allows a-comﬁutation to deﬁermine the location and magnitude of the
maximum moments.‘v :
| The results of this analysis are contained Figures's.z, 5.3,
5.4, 5.5, and 5.6. As'shown in these graphs, the momenté increase
with increasing culvert diamétef and decreasing water ievel ih the
culvé;t. The Alocation‘ of maximum moment :shifts“towafd the
centerline of the roadway as the pipe diametef increases. For
éxample, at 50% full the maximum moment 6f a 4 ft pipé is at 32 ft
from the inlet and at 47 ft. for a 12 ft pipe.

The required resisting férce veréﬁs ﬁipe diameter is shown in

Figure 5.7. A 10 ft. diameter pipe that 'is totally plugged, with
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Fig. 5.2 Moment along 4 ft. pipe from entrance
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Fig.5.3 Moment along 6 ft. pipe from entrance
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Fig.' 5.4 l_fioment al_bng 8 ft. pipe from entrace
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Fig. 5.5 Moment along 10ft. pipe from entrance
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Fig. 5.6 Moment along 12 ft. pipe from entrance
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no flow, requires 100 kips to resist uplift. These same data are
used in Table 5.1 to compute the volume of concrete needed in a
headwall to re51st upllft. In the case of a 4 ft dlameter'plpe
that' is plugged only 2.2 yd’ of concrete are required whereas for

a 12 ft diameter pipe over 25 yd® are needed.

Table 5;1.. Mass and Volume of concrete required to resist uplift
on 100 ft long pipe with 5 ft of soil cover.

Pipe Slope Flow - Weight of d Volume of
-diameter , ' conditions concrete concrete
(ft)- ‘ : “(1bs) | (Y@%

4 . 3.9:1 Empty 9000 2.2

50% full 4333 1.0

75% full . 2000 0.5

6 3.2:1 Empty 26400 | 6.5
' : 50% full 11800 2.9
75% full _ 5333 1.3

8 ‘ 2.7:1 Empty : 60000 14.8
50% full 25581 ' 6.3

75% full 12100 3.0

10 ; 2.3:1 Empty 100000 24.7
50% full 40000 9.9

75% full 20300 5.0

12 2.1:1 Empty >100000 >25.0
. 50% full 70000 17.3

-75% full 32400 8.0

When the assumptions of the previous analysis are compared to
Iowa DOT standard road plans (RF-33, 1986 and RF-32 1989, see
Appendik C) it can be seen that the previous analy51s is not

conservative because the forg01ng analy51s assumed 5 ft of soil

whereas the standard plans specify a minimum cover of 2 ft. VIn
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contrast, the volumes of~concrete for pipes that are plugged are
greater than those recommended by the FHWA (Notice N5040.3, 1974,
see Appendix D). Table 5.2 shows. the concrete volumes recommended
by FHWA as well as those required by fhe Indiana DOT. The Indiana
DOT (see Appendix E) indicated‘that their standards have been used
for. about 20 years and they are not aware of any uplift failure
where these measures have been used. The rationale‘fér the Indiana
recommendations'is uncleaf, but'FHWA assumed buoyancy with no pore
pressure dissipation. |

Table 5.2. Volume of concrete for CMP as recommended by FHWA,
‘ Indiana DOT, and Iowa DOT

FHWA Indiana DOT Iowa DOT
Pipe diameter Concrete volume Concrete volume  Concrete volume
(ft) (yd®) (yd?) (yd®)
4 1.5 2.4 2.5
6 4.1 3.6 3.8
8 6.8 4.8 5.4
10 ' 12.4 6.2 7.1
12 20.1 7.7 - 9.2

5.3. Static Analysis with VafiablevDegth of Cover
| A'general static anaiysis was developed With constant road
width'and variable depth 6f soil cover. In this situation the pipe
. was treated as a ffee body with forces W,, W,, and U acting on it.
This éxercise allowed an interpretation of how much fill is

required to withstand uplift assuming that the pipe is completely
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blugged; The results of this analysis are not intended for use in
any deéign apﬁlications.

For one subset within this analysié, the slope was held
-constant and the pipe lehgth varied as the depth of cover
increased. The minimum depth of soil'beneath the road that. is
required to balance the uplift force is called a criticallsoil
.coVer, Figure 5.8 is a piot of pipe diameter versus the critical
soil cover for élopes of 2&1, 4:1, and 6:1. These graphs show that
" the critical soil cover is relativeiy insensitive to slope with the .
ratio of critical soil cover to pipe diameter about 0.5. These data
indicate that the 2 ft cover specified as minimum depths by the
Iowa DOT standards will do little to resist uplift of pipes largér
than.4 ft diameter and that'some t?pe of tie down on the upstream
end of fiexible metal cﬁlverts.is required.

Recognizing that tiedéwns ‘are necessary, but that‘vthe
resisténce of the tiedown can be reduced by increasing soil cover,
an analysis with'a constant pipe length of 100 ft, variable soil
coyer'and therefore variable side slope was conducted. The‘results
of this analysis, shown in Figure 5.9, are not for design, but are
intended to better understand the magnitude of the required férces.

. Figure 5.9 implies'that if the ratio of depth of.soil cover to
pipe diameter is aboﬁt 0.73, no tiedowns are required. This ignores
the flexibility of the corrugated'metal.pipe and ﬁresumes that the
soil cover acts as a rigid conﬁinuum. Neither of these conditions’
are realistic and the first errs on the side of being too liberal
because any free section of pipe, not covered by soil, may deflect

as the result of high headwater pressures. However, on the whole,
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Fig. 5.8 CRITICAL SOIL COVER vs. YARIABLE SLOPE at R W. =30 ft
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 Fig.59 SOIL COVER vs. MASS need at P. L. = 100 ft &R. W. = 30 ft
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it is probably conservative to ignore some loﬁgitudinal stiffness
in the CMP. The.Second assdmption is conservative. Another
conservative element in this*analeis is the asSumption~that the -
pipe is completely plugged because the likelihood of complete'pipe
plugging decreases with increasing pipe'diameter.' The curves do
show that the force required to prevent uplift decreases with
increasing soil'cover. For pipes between 6 and 10 ft in diameter,
each foot of soil cover beneath the road reduces the required
~resistance by about 25 kips. |

What is more relevant in Figure 5.9 is the force required for.
each size'pipe'with the specified~miniﬁum cover'of 2 ft. - These
data are ehown'in Table 5.3 with the volume of concrete needed for
this force. The concrete VOlumesAin Table 5.1 are derived from the
shear and noment diagram. The forces and concrete volumes in. Table
5.3 are calculated from balancing the vertlcal forces. For

comparison of the data based on the force balance,:the volumes of
Table 5.3. Re51st1ng Forces and Volumes of Concrete Requ1red

for plugged CM pipe (based upon assumptlons descrlbed in
section 5.3). -

2 ft Soil Cover | 5 ft Soil Cover

- Pipe dia. Resisting force Concrete Resisting force Concrete
(ft) : (klpS) ' (yd,) - (kips) (yd®)
6 a2 10.4 R -
7 - 65 16,0 2 . 0.5
8- | 91 | 22.5: | 20 | 4.9
9 - 122 30.1 45 11.1

10 157 38.8 76 18.8
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concrete for S_ft_of soil cover are also presented in Tahle 5.3.

It can be'Seen that the volumes 'in Table_5.3 are much lower than
those in Table 5.1. ThiS‘results from balancing the forces-rather‘
" than balancing the moments-and indicates that{the system is not in

static equilibrium.

5.4. D1scuss1on of Pore Pressure Analyses

The statlc analyses of upllft forces on CMP 1nd1cate that for
some geometr;es the soil, plpe,.pore water systems are not ‘in
static equilibriumn, The lack of equlllbrlum is caused by the
symmetrical,loading 1mposed by the pressures from soil cover and
pipe and ,the unsymmetrlcal loadlng from the pore pressure
distribution; It is also recognlzed that once the pipe starts to
bend and/or the soil begins to deform,‘the assumptlons of the
statlc analy51s are no longer valid. - The,statlc equlllbrlum could
be<restored by unsymmetrlcal_loadlng inposed hy:'l).the flow line -
of the water in the pipe, 2) a iongitudinal bending.resistance in -
‘the pipe that decreased downstream, or. 3) soil deformation
res1stance that decreases ‘with dlstance toward the centerllne of
'the roadway Chapter 2 of thlS report ‘has shown that the flow llne'
of the water in the pipe w111 be higher at the upstream end than at
-‘the tail water, consequently for certain flow conditions (but not
all) the‘equilihrium‘can‘be obtained from loading i aboye."if.the“
pipe‘is coﬁpletely~p1uggedt'it'is highly unlikely that either of
'the loadlngs suggested by 2 or 3 above would be reallzed, however,_
- 1gnor1ng'these res1stance components adds con51derable conservatism

A to this "rational analy51s"
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Although the Iowa DOT has no standards for tie downs on CM?,
it has recommended headwalls that, in general, conform to the
design showh ih Figure'4.2._ For this design, the~resistin§ force
and the required volume of concrete was calculated and the results
1nc1uded in Table 5.2. |

The Callfornla DOT has in. 1ts bridge design sﬁec1f1catlons for
CMP the statement; "Concrete headwalls or collars shall be placed
at each inlet or outlet". Califcrnia DOT does not provide an
indication of what the maghitude of the resisting force should be.

. The cchservatism of’the rational analysis in comparison with.
design prectice of FﬁWA Indiana DOT, and Iowa DOT is illustrated
_by Flgure 5.10 where recommended concrete volumes for headwalls arev
plotted versus pipe dlameter. The ratlonal analy51s gives results
'that are close to the,recqmmendations'of FHWA, Indiana DOT, and
"Iowa DOT for pipes less than 4‘ft in diameter;‘but at laréer
diameters the requirec volumes are much ierger; The Indiane DOT
recommendations show the cohcrete volumes increasing iinearly with
increasing pipe diameter whereas the FHWA recommendations follow
what appears.to be an exponential type curve. This results in much
1ess ccncrete tecuired for larger pipes by Indiana than-is ;equired
by FHWA. - The Iowa recommendations‘fall between the  FHWA and
Ihdiana'recommendations. The Iowa’ recommendatlons are based more
upon judgement than upon a ratlonal ana1y51s and the ba51s for the
Indiana recommendatlons is unknown. The FHWA recommendat;ons are

- thought to be based upon a rational epproach, but the assumptions

for the analysis are not known. The large discrepahcy between the
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various design recommendations indicates that more study is

required to obtain the best possible specifications for CMP design.

6. CASE HISTORIES
As part.of the .initial survey done on this project,.several
failure sites were selected for further investigation. Two such.

sites are presented.

6.1. Site 1

This site}héd a‘corfugatéd metal structural pléte‘cuIVert‘
installed in February, 1954. 'This culyert failed in June, 1976.
The pipe. was circular with a:diametgr of 12 feet aﬁd a bevéled
inlet-(l 1/2 horizontal : 1 verticél);' The pipe was 96 féet long
on a slope of 3.81%. Figurevs.l shows the profile §f fhe‘pipe.

The profile at this sife'shows the average £i11 above the topi
of.the ﬁipe was 2.4'feet. The roadway was 28 feet wide with fore
slope of 8 horizontalvfo 1 vertical at the inlet and 6 horizontal
to 1'verticé1 at the outlef.v Fil; extended-tolthe top of the'
beveled iniet.' No information-codid ﬁe found on the highwater
'marks or discharge throughtthe pipe during the storm that caﬁéed
the failure. The pipe bent at about 26 feet from the pipe inlets
- and the inlet ehd of tﬁe pipe rose until it was at about the same
elevation‘ aé',the‘ shoulder of .the roadway. The"piée ‘bottom
collapsed inward.beginning‘at abéut 22 feet upstream of centerline.
and extending tb:approximatély the ceﬁterline of the'foad. The
':6ad grade washed out, butl it was not. clear-_whethef waﬁér
overtopped the road or undermiﬁed the pipe causing the émbankment

failure. No tie doWn structure, headwall, or cutoff wall was used
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at this site nor Was.there any indication of diaphragms being used
to control seepage along the pipe. From data at this site, it
appears that the bend in the pipe occurred about 26 feet from the
inlet end of the pipe. |

| The shear and moment diagrams for this site are shown in
Flgure 6.2. It was assumed based on theoretlcal considerations
that the "bend" would occur at the point of maximum shearlon the
inlet.end of the pipe. . The shear diagram shows the maximum shear
"is about 29 kips and it is located at 29 feet from the inlet. This
compares very well with the observed 26 feet form the.inlet to the
"bend" at this site. The moment that must be resisted at 29 feet
is 474 kip-feet; Thls moment could be resisted by a mass of 16.9
kips (or 4.2 ‘cubic yards of concrete) located at 1 foot from the
inlet. The FHWA headwall design for a 12 feet diameter pipe would
require about 20 cubic Yards.‘ The Indiana DOT and Iowa DOT designs
would require 7 and 8 cubic yards of concrete, respectively. In
this case, the calcﬁlated concrete mass was less than that required

by either the Indiana or Iowa DOT standards.

6.2. Site 2 A

The plpe at this site was 1nstalled in July, 1976 and failed
‘ in September, 1986. The pipe was a structural plate CMP 10 feet
in diameter with'a projecting inlet. The pipe length was lzo.feet.
The roadway width'was 28 feetVWithrfore slopes of 2.5 horizontal to
1 vertical on both'the inlet and outlet.ends. The pipe slope was
3.67%. A seepage collar was placed about 20 feet downstream from

the ‘inlet (located at about the roadway shoulder). A tie down

structure, composed of two wood piles driven beside the pipe with
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two 3"x 16" wood planks across the top of the pipe and a 1/2" wire
rope cableistretched across thé pipe top, was constructed at this
site. o

figure'6.3 shows the profile of the pipe at this site. The
average fill above the top of the pipe was 2.8 feet at this site.
.No data on highwater levels or discharge could be obﬁaihed.

The Ainlet uplifted breaking Athé two wooden planks and °
stretching the cable. The road grade washed out and the enﬁire
culvert floated, moving downstfeam about.300 feet. Photos of this
failure shows the seepage collar still in place. The bottom of the.
pipe, beginning near the bend, coilapséd ihward where-ﬁhere was
oniy abbutAz feet clearance at the top .of the”pipe. Although the
pipe moved downstream, the pipe Was not éompleteiy destrqyed,and~
much of the pipe could be used.again;.

| The force required to cause the tie down structure to fail was
. estimated from the aﬁailabie déta. The maximum bending stress of
the wood plank was assumed to be 7.2 kips/in? (U.S.D.A., 1988).
The moment of inertia Qas calculated fo be 1372 in®. Using the
beﬁding eqﬁation, the moment acting to cause failure is estimated
at 118 ft—kips; This moment corresponds to a unifofm~load of 11.8
kips acting over -a 5 feet length whefé_the pipe and planks are in
| _contact. In the photographs of the of the failéd. pipe; the
~indentation in the pipe made by the planks is clearly seen. Thus,
the:fotal force aéting on thevwooé ﬁianks is estimatéd to be 59
kips. In addition to the wood planks, the stretch of the 1/2" ropé
cable mu§t be incorpérated. If the cable is aésumed to be 1/2"_in

diameter (7 wires) with a yield stress of 250 - kips/in?, the
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ultimateuioad would be 36 kips. Information'obtained from the
county engineer indicated the cable was used not new cable. Tﬁe
estimated ultimate load was reduced by 20% to account for
corrosion{' Thus, the cables (2). would‘carry.an additional load of
58 kips. The total estlmated load in- order to fail the tie down
structure was estlmated to be 117 klps..'

For comparlsons the res1st1ng force from Flgure 5 9 for a 10'
dlameter plpe w1th 2.8 feet of cover is 140 kips. .The calculated
'fallure load was 117 klps.‘ Because of the numerous assuﬁptions
that went into Figure 5.9. and the ultimate loading of'the tie'downl
structure, the agree is thought to be acceptable.

At this site a diaphragm was placed at about 20 feet from the
iulet; construction of theseAcuiverts normally cali for over
excavation and backfill With.granular £ill. If tuis procedure is
used, the seepage collar (diaphragm) should as close‘to the inlet
as possible and the Qranular fill should be isoiateduas.much as
_ possible'from direct contact with the water at the iulet

The ana1y51s of the tie down structure ‘would 1ndlcate the
fallure load would be about 100 klpS, located at about one foot
from the inlet. Table 5.3 shows that for a 10 ft. diameter plugged
".pipe with-zvft. of cover, a‘resisting force of 157 kips would“be..
whrecuired;' From Figure 5.9 for a 10 ft diameter pipe with 2;5 feet -
of cover, the requlred re51st1ng force is 140 klps.<‘The analysis
of Site 2 does not include any con51derat10n of the re51st1ng force
generated because of the'plpe‘stlffneSSy »Howeyer, the,general
agreement between the required resistingvforce,‘as estimatea'by the

_pore’water‘anaiysis (140- 157 kips), and the estimated tie down
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structure failure load (100 kips) suggests that the assumptions

used tc,generate Figure 5.9 and Table 5.3 are reasonable.

7'1‘

7.2.

7. CONCLUSIONS AND RECOMMENDATIONS

General Conclusions
The following conclusions arise from this study:

A significant number of failures of CMP culverts are still
occurring in Iowa despite design warnings issued in 1974.

Upllft failure seems to be. the result of pore water pressure -
on the under . 51de of the pipe.

-There is a wide varlatlon 1n the designs of tie downs

structures belng used.

The minimum size pipe that was found to have failed was a 72".

' There .were no special vhydrologic, topographic, and

geotechnical environments that appeared to be more susceptible-

" to failures. However, most failures are thought to be at

pipes flow1ng in inlet control.

Tentative Design Suggestions based on the Pore Water Analyses |

“The ultlmate object of this research is to provxde a ratlonal

ba51s for des1gn of flex1ble metal culvert plpes agalnst upllft.

The immediate objective cf this project is to clearlyvdeflne the

problem rw‘ith regard to the magnitude of the forces involved;

however in the 1nterest of prov1d1ng some 1mmed1ate, practical

results from this project 1t is suggested

1.

All CMP larger than 4 ft in diameter should be provided with
headwalls or tiedowns at the 'upstream end of the plpe For CMP
greater than 6 ft tiedowns are essential.

The magnitude of the,resisting force in the tiedown should be
equivalent to no less than the weight prov1ded by the volumes
of concrete from FHWA recommendations shown in Figure §.19.
The current Iowa DOT design suggestions are less conservative,
but probably adequate for most situations.
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3. Resisting forces greater than the equlvalent welght of
concrete volume indicated by the "rational" curve in Flgure
3 10 are likely to be over designed.

7.3. Recommendatlons to Develop Ratlonal De51gn of Tledowns for CMP
Although some states and FHWA have criterla for CMP tledowns,
it is apparent that these crlterla are not based upon consistent
'theories. ln order:to arrive design.standards_for well englneered
tiedown structures for flexible metal-pipe'culyerts; a rational
design process should be developed “The pore'water'analysis can be
| 1mproved by comblnlng the flow llne ana1y51s of. Chapter 4 with and
1mproved version of the pore water force. analy51s in Chapter 5.
.The 'pore' water force analy51s can be 1mproved by obtaining
experlmental data on the longitudinal flexural strength of large
diameter CMP A .second component to 1mprove the pore water
vlanalys1s is to experlmentally and theoretlcally develop equatlons
to characterlze the streéss strain characterlstlcs of the soil in

the.embankment above and adjacent to:the pipe;

7.4... Recommended.Action‘

All current and future CMP culverts above 4 f£t. in diameter
should have adequate tie downs to resist'uplift forces. _Conorete
headwalls or'slope collars are reoommended for most locations;
'however, other engineered t1e down structures can be successful if
- .they prov1de adequate resistent force as outllned in Chapter: 5.
Adequate attention ‘should be given to spac1ng of the bolts'
'connecting'the pipe to the concrete mass. The concrete should
extend at least 4 feet below the plpe and to the s1de of ~the plpe
about 1/4 the pipe dlameter.
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APPENDIX A

PHOTOS OF CULVERT FAILURES
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Figure A-1. Corrugated metal pipe failure, 78" diameter,
failure occurred in summer, 1989 in southwest Iowa.
This photograph shows the inlet flotation.

Figure A-2. Photograph from outlet end of the pipe from Figure
A-1. Note the bottom of the pipe has collapsed
inward in a V-shape. (78" diameter)
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Figure A-3.

Figure A-4.

Collapse of the corrugatlons ‘at the top of thls
120" diameter pipe caused the stretching of

corrugations and the collapse of the bottom inward.
(Photograph from Darrel Coy, Iowa DOT)

Remains of a pile tie down structure after failure.
The i

pipe was 144" in diameter and floated
downstream. Note the shear failure of the two 3"

by 16" bridge timbers. (Photograph from Darrel Coy,
Iowa DOT)










Figure A-5. View from the. centerline of road showing 120"
diameter pipe, about 300 feet long after failure.
(Photograph from Darrel Coy, Iowa DOT).

Figure A-6. View of 120" diameter pipe after failure. Note the
bottom of pipe is collapsed inward. (Photograph by
Darrel Coy, Iowa DOT). ‘
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Figure A-7.

Figure A-8.

View of bottom of corrugated metal pipe culvert -
showing collapse inward. The pipe was 144" in
diameter. The person 1is standing about .20 feet

‘from the pipe inlet. (Photograph from Darrel Coy,
Towa DOT). ‘ ‘

Photograph inside the pipe (144" diameter) about 25
feet from the outlet looking upstream. This view
shows the  collapse of - the ' bottom inward.
(Photograph be Darrel Coy, Iowa DOT). -
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.Figure A-9. . Photograph- showing failure of pile tie down
structure. This failure pulled the piles out of
the ground as the inlet floated. ‘The pipe was 120". .
diameter. ' The failure occurred in summer, 1989.

‘'Figure A-10. Inlet view of corrugated metal pipe culvert inlet.
: The pile tie down structure was pulled from the
ground. Note the 1/2" wire rope cable connecting

the piles. The pipe diameter is 120".







	_10778917
	_10778918
	_10778919
	_10778920
	_10778921
	_10778922
	_10778923
	_10778924
	_10778925
	_10778926
	_10778927
	_10778928
	_10778929
	_10778930
	_10778931
	_10778932
	_10778933
	_10778934
	_10778935
	_10778936
	_10778937
	_10778938
	_10778939
	_10778940
	_10778941
	_10778942
	_10778943
	_10778944
	_10778945
	_10778946
	_10778947
	_10778948
	_10778949
	_10778950
	_10778951
	_10778952
	_10778953
	_10778954
	_10778955
	_10778956
	_10778957
	_10778958
	_10778959
	_10778960
	_10778961
	_10778962
	_10778963
	_10778964
	_10778965
	_10778966
	_10778967
	_10778968
	_10778969
	_10778971
	_10778972
	_10778973
	_10778974
	_10778975
	_10778976
	_10778977
	_10778978
	_10778979
	_10778980
	_10778981
	_10778982
	_10778983
	_10778984
	_10778985
	_10778986
	_10778987
	_10778988

