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A STUDY OF BITUMINOUS-COATED COR-
RUGATED SHEET METAL CULVERTS

BY THE DIVISION OF PHYSICAL RESEARCH, PUBLIC ROADS ADMINISTRATION

Reported by J. ¥ Welborn, Associate Highway Engineer, and P. J. Serafin, Assistant Chemical Engineer

N THIEE CONSTRUCTION of eertain seetions on the
Blue Ridge parkway during 1936-41, bituminous-
conted corrugated sheet metal culverts were installed
for the drainage of surface water. Preliminary ingpee-
tion of theso pipe was made by United States naval
inspectors at the plants of the fabricators, at which
timo the erosion test was made. Samples of the pipe
wera then gent to tho Publie Roads Iaboratory, where
the asphalt coating and galvanized metal were tested
for conformity with the governing specifications,
Sinee these culvert pipe have been in gervice from 4 to
O yoars it seemed advisable to determine their serviee
|Jf'T'If‘I-ViOI‘. This report covers the field inspection of tho
pipe in the fall of 1945 and laboratory analyses of the
anmples taken.,
The types of bituminous-coated maoetal eulverts and
the seetions of road on which they are used are given in

Aable 1.

In order that the reader may distinguish botween the
types of culvert pipe used on the various seetions and
have a better understanding of the conditions found
during the inspection, brief deseriptions of the three
goneral types of bituminous-conted sheot metal pipe are
given below,

: TYPES OF BITUMINOUS.COATED CORRUGATED SHEET METAL

J CULVERT PIPE DESCRIBED

Calvanized melal pipe coated with asphalt and with an
asphalt pavement.— Galvanized corrugatoed sheet motal
pipo is uniformly coated with asphalt on the outside
and the inside.  One-fourth of the inside eircumference,
whieh forms the bottom of the pipe when installed, is
conted with an additional i.hi('Lnr\ﬁs of asphalt such
that the corrugations in the pipe are filled and a smooth
pavement formed. The speeifieations rvequired that
the thickness of asphalt coating on the inside three-
fourths of the circumference should be not less than
three-hundredths inch and on the bottom quarter that
the thickness should be sufficient to meet the require-
ments of the erosion test.

Asbestos-bonded metal pipe coated with asphalt and
with an asphalt pavement.—In the process of galvan-
izing the metal sheet for use in the fabrication of this
typo of culvert pipe a layer of asbestos felt is rolled
into the molten spelter coating on one or both sides of
tho sheet, In the pipe covered by this report the
nshestos felt was on only one side of the sheet. On
cooling, a portion of the ashestos felt becomes securely
ﬂllll!l"tifil'.d in the conting, leaving a mass of fiber on
the surface of the sheet. This surface is then primed
with a bituminous material after which tho sheots are
fabrieated into corrugated pipe.  The asbestos-bonded
surfaco formed the mside of the pipe inspected. As
n finnl step in manufacture the pipe is coated with
asphnlt and the asphalt pavement formed as for the
plain galvanized metal pipe.

It is claimed that the asbestos treatment assures
permanent tight adhesion of the asphalt coating, in-
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Tanun 1,-=Types of culvert pipe installed on the Blue Ridge

parkway
FE R -
Num- 7
’ et IJl.!ir of {‘:‘::t::; Date of
K i la. abri- | pipe | 50 o
Fype j" enlvort plpa Beetion Gator loulverts t.!lll\'-:.‘rf." atrues
in- 1 tion
stalleg [fPeoted
S A s i e e i i il S e el
Galvanized metal conted with asphalt [ 23-1 x| ] M | 1098 4
and invert paved with naphalt. ... . [} 2012 11} L) 10 | 1040 -4n
Asbestos-honded metal coated with ns. || 2M -2 A L) 1] 1048
phalt and invert paved with asphalt. . [{ 2N-1 A HT 20 | 1928
2pP-2 A 1o a0 | 1937-48
Galvanized metal coated with nsphalt '| 2N-2 Q i 17 | 1041
and invert paved with metal reinforeed 2P-1 [ (" g (U]
MADHBIE cccicaannsniansanbut sk ol 2V-l L8] ah 11| 10 -en
|

! Bection not completed,  Congtruction started in 1040, stopped In 1041,

creases the resistanes of the asphalt coating to frae-
ture on impact, and tends to cushion pressuro eausod by
water freezing within the pipe.

Galvanized metal pipe coated with asphalt and with o
metal reinforced asphalt pavement. CGalvanized cor-
rugatod sheet motal is used in the fabriention of thix
kind of pipe.  The outsgide of the pipo and threo-fourtha
of the inside circumference are uniformly conted with
asphalt but the remaining fourth, which forms the
bottom of the pipe when ingtalled, is paved with
asphalt r'ﬂinfm'um\ with metal,

In fabricating the pavement n Inyer of asphalt-
impregnated felt is placed ingide the pipe over the
corrugations and over this a sheet of motal, enrvaed 1o
fit the circumference of the pipe, is placed. The felt
and the metal plate eover approximntely one-fourth
of the circumference of the pipe and are the anme length
as each corrugated soetion used in fabricating the pipe.
The metal reinforcing plate is galvanized sheet iron,
perforated on 2-inch centers across the width of the
plate and the rows of perforations are spaced so that n
row is directly over each valley of the corrngations
whon the plate is placed in"the pipe. The plate is
fastened to the pipe by rivets placed on approximately
4-inch conters across ench mu} and one rivet on ench
edge near the center of the plate. The ends of shents
aro lapped approximately 2 inches at ench section
iuncbion. With the metal reinforcement, in plnco each
ength of pipe is coated with asphalt. The hot asphalf,
fills the valleys of the corrugations botween the lnyer
of felt and the pipe and an additional thickness of
bituminous material is deposited on the surface of
tho metal plate, thus forming the metal reinforeed
asphalt pavement. The reinforcing plate in the pipe
used on the Blue Ridge parkway had a speltor conting
of 0.68 ounce per square foot and wns approximately
20 gago.

In November 1939 a sample of bituminous-conted
corrugated sheet metal pipe with reinforced asphalt
pavement was suhmit.t,mi from section 2V-1 for ex-
amination of the paved invert and conformity with the
spocifications. On examining the invert it was observed
that the crests of the corrugations, where the felt made
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TasLE 2.—Inspection data for asphali-coated galvanized metal culvert pipe with asphall paved invért = ~

i . T T
! End : Condition of eoating inside pipe sbove Condi- Lk
3 Present Ling Ppipe
i : Protection ! Soil invert tion of
i Section.and D,;?.‘E; La&m G:Iﬂe Gmda caadition 133: h:'f it e costing|  Condition of
station No. s ¢ around o DETH0 mvets onout-| exposed metal
i pipe | pipe | metal : l.nvert cnlvert through = side of
: Left | Right : culvert Appearance Adhesion pipe
j
Section 2M-1: - -« Inches | . Feet 5 Percent |
18468 24 126 55.8 | Eracked. low Joss: o sy 0 % Cheekedl oL Slightly rusted..
18 5 i | LR B © A RS adly cracked | Good
W 18 &0 2.0 Blightly rusted.
- 18 44 4.9
= 18 42 .2
b 149 36.0
18 176 31
18 113 47.1
18 o 57
18 a0 15.0
18 60 6.3 Blight_..____
' 18 52 17.4 None
i 18 162 2.8 Blight_______
it & 24 83 7.1 Noi
& 18 43 10.3
o 18 42 . 33
18 | 53 | 16 Ee 1.7
1 18 38 w 6.7
18 112 35.0 |.
. 18 58 6.2
18 78 26.9
. 3 218 45.9 |.
"3 k] 182 32.5
= 18] 14 52.0
% 24 128 48.9 -
: g % 18 45 15.1
2 = 18 65 0.0 Blightly rusted.
- 24 32 12.2
18 40 2]
18 56 36.6
24 114 8.0
18 54 17.0
18 41 9.1
18 34 4.4
18] .4 13.6
18 91 46.6 |.
18 49 20.4

! HW=Head wall. DI=Drop inlet.

2 Where exposed, the outside coating was baﬂly checked and brittle.

? Loss was throughout entire length.

Where covered by fill, coating was badly checked and had Very pobr adhesion to metal.

savoy 217dnd
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TasLE 3.—Inspection data for asphall-coated asbesios-bonded metal culvert pipe with asphalt paved invert

tEu’d —_ Present Condition of coating inside pipe above CIcmdif-
: B protection 1 a = x invert tion ol
Section and station | Diam- | Length) Gage | - | Grade | oondition low:of i Sl eoating|  Condition of
No eterof | of of aof arouad water Condition of paved invert onout-| exposed metal
. pipe |- pipe | metal l invert culvert through sid’ of xpose
Left | Right culvert Appearance Loss Adhesion pi; -
Section 2M=2: Inches | Feel Percent
4254-04 18 67 332- Cracked. (%)
18 47 i (2
18 60 ()
24 G4 (%) Asbestos intact,
18 8O ()
18 43 (2
18 57 () Do.
18 i E’J
18 i A 1 S ?
24 44 Cracked entire length__ (z Do,
24 154 Oracked i m T ()
18 122 O] Do.
18 49 ()
18 43 Checked, some loose ()
18 w07 Checked' ]
18 T8 [Q]
18 89 *
18 52 ?)
18 &5 1)
18 176 )
v 225 - ¢
18 45 Cracked, Toose )
18 3 Craoked’: - rci @
18 85 Badly cracked . ()
24 81 Cracked, loose__ L]
18 108 ) 18| BW (... .. f___do._____|8lght ____ [ 0. oo Q]
18 64 @
18 15 ) 16 DI .. |57.7-50.5 | ..doo.....|..__.do...._..| Good...__ )
18 67 6]
18 o6 2
a0 140 (%)
an 7 )
18 50 1]
18 &6 (2
24 15 ’ e
% 9 14 )
18 80 16 ® Do.

1 HW==Head wall.
? Where exposed, the ontside coating was badly checked and brittie.
3 Culvert filled with debris; invert could not bc inspected.

DI=Drop inlet.

Where covered by

fill, coating was badly checked and had very poor adhesion to metal.

OFGL avquopdag—Isniny- L
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TaBsLE 4.—Inspection dala for asphalt-coated asbestos-bonded metal culvert pipe with asphall paved invert

Diam-

End
Protection t

Section and station G"l?“'

eter of o

o
e, pipe | pipe | metal

Left | Right

Soil Present

condition
around
culvert

flow of
water

through
culvert

Condition of coating inside pipe above
invert

E Cendi-
tion of
coating

Condition of paved invert

Appearance

Adhesion

on out-
side of
pipe

Condition of
exposed metal

2ection 2P-2;
4

Beo

-
g

ZpeBilal anBSeed
e - R =Tk =R R e

o Deeer

2

B

QD SO RO D 00 sl =] T e

.
=

Ashestos intact.
Do.

Badly rusted in
I invert.

Good.

I HW=Head wall. DIl=Drop inlet.

2 Where exposed, the outside coating was badly checked and brittle,  Where covered by fill, coating was badly checked and had very poor adhesion to metal,
¥ At left end one length of asphalt-coated galvanized metal pipe was used; remainder was ashestos-bonded pipe. '

4 At left end one length of unconted galvanized pipe was uzed; remainder was ashestos-bonded pipe and appeared to be in goed condition,

0€2

sSavoy d2174nd
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TasLe 5.—Inspection data for asphalt-coated galvanized metal culvert pipe with reinforced asphalt inveri

9F6 T Iequisydeg—jsniuy—4nr

51 i & End protection ! & Soll Present Condition of asphalt coating in invert Condl!.io:;gig;aﬁz;gritnsida pipe ?jg:d‘:f-
Section and station e{;f:f .eg[gth :[ge Ln[de conditlon fw;‘;'e‘f 2 : Condition of exposed metal reinforcing coating
: pipe | pipe | metal ] invert g;?gé‘& through plate : ‘;?dg"::}'
Left | Right culvert Appearance Laoss Adhesion Appearance Loss Adhesion pipe
Section 2N-2: Inches | Feet FPercent
44747 18 115 a7 Badly broken.| Medium__| Poor......| Loose at ends, some rusting____..._.. )
%g 73 1;. 1 'ﬁd W [ | Some rusting R E:’i
6 27.9 ood__. B &
18 46 16.3 Badly broken. Intact, no rusting____...
18 43 10.0 Checked . . .... Syt £
18 100 45.0 Badly broken. Loose at ends *
g: gg 332 do. -| Intact, no rusting. ........ E:;
18 61 35.6 Cracked_.___|...do._.._ BRSO T SO d
24 7 24.8 Badly broken.| Very high. Loose at ends, slight rusting d P
a0 70 20. 4 Cracked......[ Medium. . .| Loose at ends, pipe 34 blocked. ... i) 0. -.| Fair
18 57 18 |-a-aoo--] DI 23.5 Badly broken_|...do....... .| Loose, badly rusted. ---do. Re T DRAETEN S, . VSRS o]
30 45 12| HW DI 7.9 Cracked...... - T -.| Intact, no rusting_ ... ---do ---do 0 E
30 7 12| HW | HW 28.6 (€ [ PR (7 el ECTETISERE, I S PO 1 0 do s*)
a0 80 12 [ieans DI 50.8 Badly broken.| High______| Poor...... Laose, turned up at end._. 0 a do )
24 92 14 |oeoo....] DI 36.6 Good.........] None._._.. A, i, " eEn R T R oo (%)
24 54 14 W DI 27.2 |...do.......| Large.....|-.... [T AN G 7 Ll I S [ O S ceellOn. o eedo e R |
18 42 e i Badly broken_| Medium__|_._____.. --.| Intaet, no rusting ...do do.___._ | Q]
18 2 16| HW e ... Good s -aodlo. -.do --.do. Q]
2l .3 =g
30 134 | . Intact, no rusting (:;
18 b - - o PRIl Depiierieey B | S PR FRR . [ iSstiolid O L) T S S RREReRl L) Wl Ry e oy S T (e i i
18 43 d Intact, no rusting. .. E’)
24 104 35.1 Intact, some rusting (:}
18 a7 4.0 (
18 a5 21,7-33.0 ™
18 05 66, 6 . F‘;
24 73 30.8 |...do. ---do._. -1- Loose, turned up at ends._ 1
18 49 10.0 |...do_.. Slight. ... 2 )
é& jg g. g . _w{i?_ Qliox‘ijei_ ----| Broken....... Intact, badly rusted (&)
K A et... Medium. .
18 71 141-22.0 |...do_.... .. ...do_. 2 PP e s
18 93 .| _ 87.5| Damp....| None.....| Checked...... None
18 99 110401 o] Madiam: 7wl cis Mediom. . ®

1 HW=Head wall,

DI=Dron inlet.

# Where expased, the outside coating was badly ehecked and brittle. Where covered by All, coating was badly checked and had very poor adhesion to metal,

i Outlet end of culvert partially filled and condition of paved invert could not be examined.

savoy or14dnd
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Fioure 1,—Tyrican Coxpition or Frow From CreEsts op
CoRRUGATIONS IN THE Top Quarter Insipe TeE CULVERT
Pipr,

contact, were not coated with asphalt. Also that the
underside of the reinforcing plate, which was in con-
tact with the felt, was not uniformly coated. Although
the metal plate was perforated the space between the
felt and the plate was too small to permit the hot
asphalt to completely fill it.

LARGE NUMBER OF FIELD INSTALLATIONS INSPECTED

Because of the large number of culvert pipes it was
not considered necessary to inspect all of them. To
get a general idea of the condition of the pipes it was
planned to inspect every third installation. This
plan was not adhered to strictly because of inaccessi-
bility of some of the outlets or because some of the
culverts were filled with debris. The plan of inspection
was altered in some instances to include culverts of
special interest.

A separate report form was used for each culvert
inspected to record data pertaining to the type and
condition of the installation.

The date of installation, diameter and length of
culvert pipe, gage of metal, type of end protection,
and grade of the pipe invert were obtained from the
records for each section of road. The soil surrounding
. the culvert was observed only as to its moisture con-
tent. The quantity of water flowing through the pipe
was noted. Since mnspection was made at a relatively
dry time of the year the flow was considered continuous
if there was water flowing through the pipe when in-
is;puptod, and the flow was estimated on a comparative

813,

The condition of the paved invert and of the coating
above the pavement and on the outside of the pipe was
determined. Yhere there had been a loss of coating
either in the paved invert or on the walls of the pipe,
the condition of the exposed metal was observed.
Drop inlets on many of the culverts made it difficult
to make a thorough examination of the coating and
pavement of the upper ends. Where possible, inspec-
tions were made from both ends or by crawling through
the pipe. _

DESCMPTfVE TERM DEFINED

The data from the inspection report for each culvert
were tabulated ‘for each project and combined for each
of the three general types of bituminous-coated pipe
used. The inspection data are given in tables 2, 3, 4,
and 5. Explanation of the terms used in these tables
is given below, pes

Good.—Very little or no checking, no cracking, and
no apparent loss of asphalt coating,

PUBLIC ROADS

-TABLE 6,—Summary of conditions of paved inverts and coating on

inside walls of all culveris inspecled

= | Numberof culverts with |Number of culverts
= paved invert with inside walls
o
- @
2 i =
8 215 | &
= Bl g £l
Section No. g g E% § 2 E=
= S I
g 39| s g | =
€13 |18 sz 1 5
s |8 | & £ & =] = &
& | 2 | © 198 e s |
Asphalt-coated galvanized
metal pipe with asphalt
paved invert:
L0 L S e S i P = 26 - 4 13 2 21 1 4
R s e e g 11 ] 0 3 8 (] 1 4
Asphalt-coated asbestos-
- bonded pipe with asphalt |
paved invert:
2M-2 11 0 0 11 i} 1 4
2N-1. 126 2 12 10 1 24 1 1
2P-2_ 31 15 4 12 20 1 4
Asgphalt-coated galvanized
metal pipe with reinforced
asphalt invert:
by I el S Rl B e 17 & 1 1 10 16 1 0
D i e i 17 3 0 [} 3 T ] 0
N e b 0 1 1 8 11 [i] 0

L -
1 OQutlet end of one culvert was filled; invert was not inspected.

Checked.—Fine hair cracks of insufficient width to
permit large infiltration of water and silt. In the
asphalt pavement checking usually occurred directly
over the crests of the corrugations and often extended
the full width of the invert. On the inside walls above
the pavement and on the outside of the pipe, checking
generally had the pattern of alligator skin.

Cracked.—This term is used to describe the eondition
of the asphalt pavement and denotes eracks of sufficient
width to permit rapid infiltration of water and silt.
In some culverts eracks often exceeded one-half inch in
width for the full depth of the asphalt pavement.
Cracking generally occurred above the crests of the
corrugations, although in some pipes there were large
longitudinal eracks. In some pipes where the pave-
ment was severely cracked, the infiltration of water and
silt had caused a loss of adhesion between the asphalt
and the metal with subsequent loosening of pieces of the
pavement.

Broken.—This term is used to describe the condition
of the agphalt coating on the reinforcing plate (where
used) and signifies severe cracking and breaking of the
coating into small pieces.

Loss.—In the invert, loss was usually csused by
pieces of the asphalt pavement first cracking and then
being loosened and dislodged by flowing water.

On the inside walls above the pavement, loss appeared
to be due to either erosion, impact, or stripping of the
coating from the metal by the action of water.

Adhesion.—Adhesion of the asphalt to the metal was
not determined accurately but a comparative indication
was obtained by noting the ease with which the coating
could be removed with a putty knife,

Flow~—In some culverts a displacement of the
asphalt coating by flow was noted. This condition
occurred at the top of the pipe and was in the form of
strings of asphalt hanging from the crests of the
corrugations. Flow is illustrated in figure 1, which
shows the coating cut from the corrugations, reas-
sembled, and photographed. '

In the two types of pipes where the pavement con-
sisted wholly of asphalt, the most deterioration of the
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pavement and coating on the inside walls was found to
be at the outlet end of the culverts which was more
exposed to sunlight and changes in temperature. The
condition of the invert, inside and outside coating, and
exposed metal given in tables 2, 3, and 4 are for the
outlet end except where otherwise indicated. In the
culvert pipe with the reinforced asphalt pavement the
deterioration of the asphalt coating and metal in the
invert was, in general, more uniform throughout the
entire length of the pipe. Therefore, these conditions
‘as shown in table 5 apply to the full length of the culvert
pipe.

Prre. CownprtioNn ArpEars To Be Goop Bur Apues

o
Tris PortioN oF THE PIire was

Table 6 gives a summary of the condition of the
paved inverts and inside walls by road sections. There
follows a discussion of the data on the performance of
each type of pipe on the different sections of road.

PLAIN ASPHALT-CCATED PIPE

Section 2M-1.—At the time of the inspection the
asphalt coating and pavement were considered to be
giving adequate protection. No culvert pavements or
coatings had failed but conditions were found that may
be indicative of future failures. Twenty-six culverts
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were inspected. The pavements in 7 culverts were
rated good, 4 were checked, 13 were cracked only, and
2 showed sufficient loss of coating to expose the metal.
Typical conditions are shown in figure 2.

The coatings on the inside of the pipes above the
ioverts were generally in good condition but appeared
to have only fair adhesion to the metal. In this respect,
21 culverts were rated good, 1 was checked only, and 4
showed some loss of coating.

Section 2U—-2.—In general the condition of the culvert
pipe installed on section 2U-2 was much worse than
on section 2M-1 and for some culverts the coating was
not considered to be giving adequate protection to the
metal, The adhesion of the asphalt to the metal
appeared to be poor. Of the 11 culverts inspected
none of the paved inverts was rated as good, 3 were
cracked, and 8 had lost some of the coating.

The inside coatings above the inverts also showed
more deterioration than on section 2M-1. For 6 of
the 11 culverts inspected the coatings were good, 1
was checked only, and 4 showed some loss of coating.
One culvert, which had an extremely high loss of coat-
ing on the inside walls, is of speeial interest. This
culvert was installed on a 25° skew on a grade of 47
percent with a head wall at the inlet end. It appeared
that during heavy rainfall water ran down the gutter
and into the pipe at high velocity. It struck the side
of the pipe above the pavement at an angle and had
stripped a large area of the asphalt coating from the
side wall. This condition was repeated on alternate
right and left sides of the pipe for a considerable dis-
tance down the pipe. Figure 3, A shows the high loss
of coating from the inside wall near the inlet. The
loss of asphalt coating from the pavement is illustrated
in figure 3, B.

BITUMINOUS-COATED ASBESTOS-RONDED PIPE

'Bituminous-cohte'd asbestos-bonded metal culvert
pipe was used on sections 2M-2, 2N-1, and 2P-2

Although there was considerable checking and cracking
of the asphalt pavements near the outlet, all the inverts
were giving good service. In comparison with sections
2M-1 and 2U-2 there were fewer cracked areas that
were loose or easily removed. Where there was a loss
of asphalt the asbestos sheet was generally intact and
appeared to give some additional protection to the
metal. The coatings on the inside walls above the
pavements seemed to have better adhesion to the
asbestos-bonded metal than did the asphalt on the
plain galvanized metal on section 2M-1. A summary
of the condition of the pavements and inside coatings
in the culverts where the asbestos-bonded metal was
used follows,

Section 2M-2.—Eleven culverts were inspected and
all the inverts were found to be eracked but there was
no loss of coating. The coating on the inside walls of
6 culverts was rated good, 1 was checked only, and on
4 there was some loss,

Section 2N-1.—Twenty-six culverts were inspected.
The paved inverts of 2 were recarded as geod, 12 were
checked, 10 were cracked, 1 showed some loss of asphalt,
and the condition of 1 invert could not be ascertained.
The coating on the inside walls of 24 culverts was
considered good, 1 showed some checking and 1 some
loss of asphalt. i

Section 2P-2.—Thirty-one culverts were inspected.
The paved inverts in 15 were good, 4 were checked, and
12 were cracked. There was no loss of pavement in
any of these pipes. In 26 of the culverts the coating
on the inside walls was considered good, 1 was checked
only, and 4 had some loss.

'ypical conditions of the culvert pipe installed on
sections 2M—-2 and 2N-1 are shown in figures 4 and 5.

PIPE WITH REINFORCED PAYEMENT

Bituminous-coated corrugated sheet metal culverts
with metal reinforced asphalt pavement were installed
on sections 2N-2, 2P-1, and 2V-1. Before the inspee-
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tion some difficulty had been experienced by the main-
tenance men in keeping some of the culverts on section
2N-2 in serviceable condition due to failure of the
inverts. Inspection of the culverts revealed that in
some culverts there had been a high loss of coating from
the paved invert, exposing the metal reinforcing plate
to the action of water and erosion. Subsequent action
of water and erosion through the pipes caused the
exposed reinforcing plates to loosen and pull away from
the rivets holding them to the pipe. Because of the
light weight of the reinforcement the loosened ends
were turned up and eventually formed blocks within
the pipes. This condition usually occurred at the upper

- end of the section lengths where they were connected
by bands.

A summary of the conditions found in culverts where
the metal reinforced pavement was used follows.

Seetion ZN-2.— Of the 17 culverts examined there
were 5 in which the pavement was considered good, 2
were checked or eracked only, and in 10 culverts the
asphalt was cracked or broken and showed considerable
loss. In 6 culverts the exposed metal reinforcing plates
were partially turned up, and in 4 culverts they were
rusted. The coatings on the insides of the pipes above
the pavement were in good condition and appeared to
have fair adhesion to the metal.

Seclion 2P-1.—Since construction of this section had
not been completed only 7 culverts were inspected.
The paved inverts of 3 were in good condition, 3 were
badly broken with some loss of coating, and 1 invert
could not be examined. The metal reinforcement in all
culverts was in place. The inside walls were in good
condition and the coatings appeared to have fair
adhesion to the pipe.

Section 2V-1.—Eleven culverts were inspected.
Eight had lost coating from the inverts and the exposed
plates in 2 of these were rusted. The asphalt coating

703454 —46——2
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FIGURI: 5 ———SAMPLE TArREN FrROM OL TLET L'\'D oF BITU\moUs-
Coarep AspEsros-Boxpep Meran Pipe. (A) Insioe Smows
CrackEp Pavement; (B) Ovursine Smows GexeEraL CoxbpI-
TIoN oF CoaTing WaicH mAs Bren v ContacT Wirn Sorn
SUTRROUNDING CULVERT.

in the inverts of 2 culverts was checked or cracked.
The metal reinforcing plates appeared to be in place.
The condition of the invert of one culvert could not be
ascertained. The inside walls of all culverts inspected
were in good condition but in some culverts the coating
appeared to have better adhesion to the metal than in
others.

The conditions of some of the culvert pipe installed
on sections 2N- 2 2P-1, and 2V-1 are illustrated by
figure 6.

OUTSIDE COATINGS SEVERELY CHECKED

The asphalt coating on the outside of the_ culvert
pipes was found to be in the same general condition on
all the sections inspected. W here the outlet ends of
the culverts were exposed, the asphalt coating on.the
outside was hard and severely checked but on most
culverts there was good adhesion to the metal. On
some culverts there was loss of coating, which ap-

.peared to be due to impact of rocks from the slopes

above the outlets.

Where it was possible to dig away the cover material
and examine the asphalt coating under the fill, it was
found to be severely checked and to have very low or
no adhesion to the metal, At the time of the inspoee-
tion the soil surrounding the culverts usually was damp
or wet and it is probable that it remains in this condi-
tion most of the time.
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! LABORATORY TESTS MADE ON FIELD SAMPLES

| Samples, representing the three general types of
| bituminous-coated metal pipe, were cut from the cul-
| verts for analysis in the laboratory. Samples of
l asphalt were also taken from the paved inverts or
. from the inside walls, :

i During - the construction of Blue Ridge parkway,
| samples of culvert pipe had been submitted to the
! laboratory to be tested for conformity with the speci-
' fications. Sinee the only test of asphalt required by
| these specifications was determination of solubility in
carbon disulphide, other characteristics of the asphalt
at the time of installing the pipe are not known.

Because of this lack of information, a satisfactory
| comparison between the characteristics of the original
| asphalt coating and the samples taken at this time
' cannot be made.

A complete analysis of all asphalt samples was made
and the results are shown in table 7. Considering the
effects of variations in exposure of the different sam-
ples, the average results of tests on samples from the

same fabricator of the coated pipe, as shown in table
8, indicate that different asphalts were used by the
three fabricators. Analyses of seven typical blown
asphalts of the type used or intended for use as pipe
coating materials were also made and the test values
are given in table 9. These asphalts were submitted
cither by the fabricator of the bituminous-coated pipe
or by the producer of the asphalt. Although the
analyses of the field samples given in tables 7 and 8 do
not correspond exactly to those of any of the seven
typical asphalts, both groups, of asphalts are of the
same general type.

In 1945 the American Railway Engineering Associa-
tion ! issued a specification for bituminous-coated cor-
rugated metal pipe and arches. In this specification a
test was proposed for the determination of the adhesion
of bituminous coating to metal, the determination to be
made on samples taken from the coated pipe, delivered
or about to be delivered to the purchaser. To malke

1 Committee Report, Ameriean Railway Engineering Association, Bul. 451, Feb-
ruary 1945, vol. 46, No. 451, p. 493.

TasLe 7.—Analyses of samples of asphall coating taken from culverl pipes

| T
i I’enotmzt:!on. 100 gm, Solubility in CS: | Oliensis tost
e, - 2 | R
i Ductility : Bitumen
! Specific adigre
Seetion and station No. i R g ol gravity. |y
o 25°125° C, Organic | Inorganic| ° "0 | Character of
e | e g | B Bitumen | jycoluble | insohible | naphtha spot
Section 2M-1: Ccm. Ll 4 Percent | Percent | Percent | Fercent Percent
18 20 44 2.0 08, 5 0.099 99.71 0.10 0.19 22.15 | Positive ..cocno. 5-10
a1 47 71 2.0 05.5 .00 G0, 48 .12 40 ¥ ik
27 42 64 1.76 96. 5 . 999 09, 67 .10 o5 10
s 27 gé ﬁg iES 100.0 1. 000 g {:;g A L6 i
4450_ 5 99,0 | 1007 ? .19 .73 5
SBeetion 2U-2, 306150 23 36 51 1.75 99.0 988 0. 80 16 . ':1‘1 o
Bection 2M-2, 52685 ... 26 41 61 20 7.3 1.003 0. 41 .08 .81 -10
Seetion 2N-1:
s o R TR 2 27 40 60 1.75 8.3 . 999 00.82 .13 .08
]691—?4 an 45 68 1.75 8. 5 1.000 9. 72 +12 +18
207-+35. 26 40 60 1.75 10L.5 1.001 99.35 .16 44
Section 2 ;
7]:!.!—:—06. 28 43 63 20 99.5 . .908 09. 68 .15 =37
4606+ 25 40 63 L7 « 985 1. 000 90. 66 P & | 5
587422, 26 a0 59 L75 100.8 . 998 99. 75 .10 +15
Section 2N-
447475, 18 24 a8 L5 114.0 1.020 90.12 a7 .51
g 0 34 48 11,0 101.0 1011 0, 64 AT .19
17 27 42 2.28 100, 0 1.010 60, 55 .2 .
21 29 40 L5 119.5 1009 09, 30 .19 W61
20 31 49 2.25 08.3 1.012 90.73 +11 .16
22 a3 49 25 96.0 1.012 99.72 .15 .13
19 29 44 2.25 10L.8 1.012 99. 31 .20 .40
24 a5 51 LE 100.3 1.013 99. 66 .16 18
20 43 62 L75 10L.3 = 1.009 99. 77 .12 5 b
23 33 47 L5 100.0 1.011 99. 30 . 45
1 Test specimen broke at smallest cross section.
_— r - E # " ! ot
& 4 i i 5 e i AN ST it i
: - B :‘—.I . —=
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= TaBLE 8.—Average analysis of asphalt coatings used by the fabricalors of the coated pipe
i Penetration, 100 gm, § sec. at— Spepifie | Bitumen | w0
e b Duetility | Softening | =P insoluble | ~¥rNe
Fabricator Sections where nsed L E bt 2%@5’:38 g B, | equive
15 C, gnese 35° C. *| naphtha
: Cm. e 2 Pereent Percent
.| 2M=1, eM-=2, 2N-1, 2P-2. oo eeemeine g 41 63 1.8 P8.7 1. 000 42, 46 18,3
S b e s 23 a6 &1 L8 . 0 . 983 31.82 0
P e B e e TR RIS 2t 32 47 1.4 105.0 1012 34.02 1340
1 Avergge value of the mean naphtha-xylene equivalent.
Tasrr 9.—Analyses of lypical blown asphalls from various sources
Y Yo Y
Penctration 100 gm., 5 see. at— Bolubility in C5 5 i Oliensis test
4 Duetflity e Specific Dttzfn%e!n L]
i i 3 & em. often- o7y insoluble 7 i
Idenitfieatlon Mg, per min. | ing point | EEFILY ‘Organfe | Inorganie| In 80° B, \x’;]iilﬁgn
1= 25° C 36° C. L o ! “| Bitumen-| inseluble | inscluble | naphtha | Character of spot cquiva-
leng
Cm. 20 Percent | Percent | Percent | Percent Percent
L 21 31 45 2.0 1100 1.011 99, 86 0.14 0 37.16 | Poaitive 12-18
2 32 44 72 2.0 107.2 . B81 00, 64 .20 .16 it £ La -4
3 29 45 69 2.3 100. 0 1.007 99,86 .14 0 2498
4. 21 a5 50 4.0 83.3 1014 90, 74 .26 0 ] -
L 19 a0 |- 46 2.5 95.0 1003 o0, 84 .16 3] o I
6. 23 38 62 3.3 a0, 6 1.013 o, B3 17 0 ¥ S 8-12
T 29 42 61 2.0 97.8 . 983 99, 89 il V] Negative....._.. 4 A

this test, a round brass disk one-half square inch in area
is embedded in the asphalt coating and pulled off by
applying a load at a uniform rate. The ability of the
coating to retain its adherence to the pipe is indicated
by the amount of coating remaining on the metal after
pulling off the disk. This amount of coating retained
by the metal is expressed as a percentage of the total
aren under the disk, For 100-percent retained coating
the asphalt breaks in cohesion and denotes good adhe-
sion, zero percent denotes poor adhesion and values
between 100 and zero percent coating retained are
proportional between good and poor adhesion.

- For some time the Public Roads Administration has
been studying the adhesion of bituminous coatings to
metal and a test similar to that proposed by the Ameri-
can Railway Ingineering Association has been used.
In this study not only the amount of coating removed
by the adhesion disk 18 noted but also the load required
to pull the disk off is determined. It has been found
that the adhesion load may be as significant as the
amount of coating retained in evaluating the adhesion
of coating materials.

The samples of bituminous-coated metal culverts
from the Blue Ridge parkway were tested for adhesion
of the asphalt coating to the metal. The results are
given in table 10, and include adhesion values for the
coating on the outside of the pipe, the inside walls above
the pavement, and the coating in the invert. With the
exception of the asbestos-bonded metal the adhesion
values, as measured by the percentage of eoating re-
tained, indicate the asphalt to have little adhesion to
the metal for all the samples and for the different areas
tested on the same sample. In the tests on asbestos-
bonded metal, failures occurred in the asbestos sheet
and the coating can be considered as having good
adhesion. The adhesion values as measured by the
load required to pull the disk off indicate the variable
adhesiveness of the asphalt coating not only on different
" pipes but also on different areas of the same pipe.

As indicated by the values of the adhesion load, the

adhesion of the asphalts to the metal was, in general,

e

best in the paved inverts and poorest on the outside
walls of the pipe. The adhesion load values for the
sample from section 2N-1 are nearly the same for the
outside, inside, and the invert, but the latter two values
were determined on asbestos-bonded metal and should
not be compared with these made on plain galvanized
metal. The adhesion values for the sample from sec-

tion 2N-2 show the asphalt coating to have lower

adhesion to the reinforcing plate than to either the
outside of the pipe or to the inside of the pipe directly
under the reinflorcement-. The adhesion of the coating
to the reinforeing plate from section 2N-2 also was very
low. These low values may aceount for the high loss of
coating from the inverts in those culverts having the
reinforeing plates.

The asphalt coating from the samples was heated and
used to coat various kinds of metal plates. Adhesion
tests were made on these coated plates to get some
indication of the initial adhesion of the various asphalis
to the kind of metal on which they were used in the pipe.
The results of these tests are given in table 10.

The adhesion load values for the metal plates coated
with the reheated asphalts are in most cases higher than
the highest value obtained on the corresponding samples
taken from the culverts. The amount of coating re-
tained by the metal also is hizher on the recoated
galvanized and reinforcing plates than on the corre-
sponding pipe samples. Assuming that the adhesion
values for the recoated plates are indicative of the
adhesion of the original coating to the pipe, there has
been a loss of adhesion while the culverts: were in
service.

There is no correlation between any of the laboratory
tests made on the asphalt coatings from the culvert
pipes and the adhesion of these coatings. In the study
of the adhesion of pipe coating materials now in progress
it has been found that certain characteristics of asphalts
may be indicative of their adhesion and should be
considered in selecting asphalt to insure high initial
adhesion and the retention of that adhesion to the metal
after exposure in service.
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" TanLp10.—Results of adhesion fests on pipe samples and on laboratory-coated meial plaies using asphalis laken from the pipe samples

: : - lat k halts from
Conted pipe samples from culverts Keahwex oronstnd et s amieali
Section number fﬁgg;
: Adheslon | Coatin, Adhesion| Coating
Aren tested for adhesion Type of coated mgtul : lcgd ratain ‘Type of surlace coated Joad retained
Pounds | Pereent
OQutside_.... 100
BT 984-84 |4 Inside wall
gave{ilmvert
ntside. ...
ML 152+23 |\ Paved invert
utside...
15 ! e o 526465 |{Inside wall.___ Asbestos-bondae
L o TR SRR AR [ s S R R SO U i e T R e A R SR (N 4
Qutside__._. Galvanized__... 100
b I 207+35 |{Inside wall . Asbestos-honded. U]
5 Paved invert g it G AR
: : utside. . ... Galvanized 100
e S 544432 {Pm’ed invert Reinforcing p. 20
: b lal T f RSB SN e - T L | 2 e SRR Bt e R B T SRR i IR e S N I
IN-2..ieeoccaneao.| 685475 | Pavedinverfd._ . ..o...oo... Reinforcing plate_._. o 12.0 20 O

t Ashestos sheet was split by test.
1 Coating on surface of reinforcing plate.
* Coating on corrugated metal under reinforeing plate.

SUMMARY

The data obtained in this study seem to warrant the
following summary:

1. In general, the most severe deterioration of the
asphalt coating and pavement was found at the outlet
ends of the pipes.

2. The amount of flow of water did not seem to bear
any consistent relation to the degree of deterioration
occurring in the coating and pavement.

3. In general, the slope of the pipe had little influence
upon the deterioration of the asphalt coating and
pavement.

4. The asphalt coating on the outside of the culvert
pipe was usually checked and had very little adhesion
to the metal,

5. Themetal-reinforced asphalt-paved inverts showed

the greatest amount of deterioration under service
conditions.

6. The culvert pipes in which asbestos-bonded metal
was used appeared to have the greatest resistance to
deterioration. Even though there was some loss of
azphalt coating the asbestos sheet appeared to give
added protection to the metal.

7. The better condition of the asphalt coating on
section 2M-1 as compared with that on section 2U-2
seems to indicate that the durability of the coating
depénds to a considerable degree upon the type of
asphalt used.

Because of the limited information available on the
durability of bituminous-coated sheet metal eculvert
pipe and because of the short time the culverts inspected
had been in service, it seems advisable to continue
periodic inspections of these and other installations.




Cetober 24, 1958

Mr. C. D. 1lewis, Manager

Carolina Culvert & Metal Division
Industrial rive - Salisbury Road
Statesville, North Carolina

Dear Mr. Lewis:

Thanks for your letter and the strip map of the
Blue Ridge Parkway. I had the strip map photostated
s¢ I now have a print for use whenever one of us can
maze inspection of the CMP culverts. Enclosed is the
original for your file,

I wonder if you or aany of your men ever travel
around Asheville, If so, curiosity might permit one
of them to look at some of these culverts to see how they
compare with the original report. Before recommending
or permitting an official BPR inspection, I would like
to see them myself, but any advance information would
be appreciated when available.

Thanks for your invitation to wvisit you and I
shall try to do s0 when-I do get down vour way.

Very truly yours,

CORRUCATED METAL PIFE ASSOCIATION

Roy #. Bmith
Managing Director

RES::ge
Encl,



Larolina Culvert?
and Mera/ Division

P. O. Box 389 INDUSTRIAL DRIVE — SALISBURY ROAD

b i o STATESVILLE, NORTH CAROLINA
October 9, 1958

Mpr, HRoy B, Smith, Managing Director
Corrugated Metal Pipe Association
Suite 785, Marquette Building

140 So. Dearborn

Chicago 3, Illinois

Dear Mr, Smith:

Please excuse my delay in answering your letter of September 2i,
with reference to the inspection by the BPR in 1945, of the
culvert used on the Blue Ridge Parkway. I have been out of
town the majority of the time during the past two weeks.

We do not have any facilities here in our small town to make
a copy of the strip map that you asked for., Therefore; I am
enclosing it with this letter and request that you return it
to us after you have had a copy made,

I believe that it would be an excellent idea if Mr. Serafin or
Mr, Welborn could make another inspection of these culverts.

I would be most happy to participate or cooperate in any way,
should they decide to make another inspection.

Should you decide to make a trip down yourself we would be
most happy to have you visit our plant and to get acquainted.

I would like to point out that the name of our town is States-
ville and not Statesboro.

Yours very truly,

CAROLINA CULVERT & METAL DIVISION

C. D, Lewis, Mgr.,




Soone Pope CGorp. Srne-Ponncarva Sne. hemiota Culvert Co., Shee.
- 7 p
Bath, N W Beateton, Va. Bectford, Fee.

00 North Ihivd Foreet
Moty B

R. T. LANE December 15, 1959

PRESIDENT

J. ALAN MYERS
VICE PRESIDENT
ENGINEERING

Mr, Roy E, Smith, Managing Director
National Corrugated Metal Pipe Association
Suite 785, Marquette Building

140 South Dearborn Street

Chicago 3, Illinois

Dear Roy:

Please note the attached correspondence with Mr, A, D. Morgan
concerning the report "North Carolina Pipe Culvert Investigation,
1944", copy of which we forwarded to you previously. This is

for your information and file,

We wish you all the joys which accompany the Christmas Season and
ask that the New Year continue to provide Good Health, Good Friends
and Good Cheer,

Sincerely,

CORPORATION

J. aN Myers
Vice President
JAM/j1t
Enc.

FABRICATORS OF CORRUGATED METAL DRAINAGE PRODUCTS
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November 3, 1937

Mr, A, D, Werges wicdls §iy

Nerci Cavoline State Highway
and Fudife Works Commission

Higlway Beildiag

Raledgh, ¥orth Cavolive

Dagr My, Wergsa:

Rocert.y I %ed ocrasfon vs aave 2n dbjective discussion with my good
frden'! T, ¥, Do Cuplisew, Repudlic Stoe) Corporstica, Culver: Divisien,
abeut ohr Jurehilifity of varicus types of mavarisis used for dewiasgs
strectures, furtlasg thet cowveavrsstion, Hr, De Capllesn showel me yosr
report ™Nortk Tsrolfse Pipe Culvert lrves:igstios, 1944,°

From tims o (ime Fagiveers wad vaziens spocifylug agencles specifically
vecueasl isforeation coscera‘ay the dureblilty of 1he products we fabricste
sed sell, Compreiénsive raporis 7303 £8 ‘he ospe you prepared o3 this
ssbiect ia 1944 srxe, wrlortusstely, fefrequewtly made,

If wou have no. objecties, §¢ i3 voguested thet parmicsion be graated
for u3 Lo Tapvedute txe raport, 4% is a6d our iatentlen 20 sirculste
the zepoxt Is Gesstityy vataer, ve would like (o be able to discuss the
tabulated results rom tlue to tiwe with ixterssted Yspinears ep an
individusl besls,

Be assursd thal £ pearmiszien %8 copy the ruport is granted, tha2 infore
satioca will be rapredycod ia total wa orfginaliy fasved By you,

As o mewber of Highway KResearcn Zoard Cowmitiss Ded, "Culverts amd
Culvert Fipes,” I sm' vitslly islersszad is subjects such as thils since
it §s falt thot practicel Iafermation resulting fyem duradilisy studies
made iz the fislc umquesifonably comtrilutes mech towurd asr better
usderstendizg of the economic uwse, desigs and applicetion of drainsge
strectures made Iroe all materiels,

Your faveorubie coaalideratise of cur reguest will De siacerely appreciated,

ieTy fruily yours,

LANE PIPE CORPORATION

bt LR R
J. Alaz Hyere
: Vice Presfdeat
JARSjit :



. HEDE
ARMCO Metal Products Division

\V4

Headquarters Division
Iwa"' Dn G.

cc: W. 5. Mann
A. J. Mistler
He e Smitﬁﬁi_iz

June 4, 1964

e Lo White
0 We Se Anders
FROM: W. E. Harrison '
SUBJECT: Blue Ridge Parkway Culvert Survey

Attached is copy of Roy Smith's memo concerning subject matter
which ties into our conversation after our May 13th meeting
with Williams.

The BPR library has the 1946 July-Aug-Sept issue of "Public Roads
Magazine". I shall brief the article with particular attention

to stationing or locations of structures.

If the locations of structures cannot be readily pin pointed from

the article I'm sure the Gatlinburg District, BPR, who has maintenance
responsibility for this section can supply same.

In my opinion Armco and/or NGSPA had better closely follow both
the Blue Ridge Survey and the New York "Analysis of Pipe Culverts".

Our policy should be one of close contact with those agencies
performing the investigations.

WiiHspap

Attachment 2 it
4 M f"?({i’z’ e i

e El-nnu I'fm& o NATIUNAL Lo, ..
? i PIFE ‘leb”UuiJ-.n. ,'




