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Last year when results of the state-wide acid water survey
were reviewed from the standpoint of policies governing drainage
pipe installations, the permanency of bituminous coatings on metal
pipe was a point that remained undecided. No exception was taken
to the conclusion that metal was adequately protected as long as the
coating or pavement remained intact, but most of those attending the
review meeting doubted whether the performance of coatings on a few
pipe placed in the main highway system 25 or 30 years ago was re-
presentative of performance that could be expected from coatings on
a variety of metal pipe placed since the beginning of the Rural Secon-
dary program.

As a result of this concern, Mr. Bray requested that a fairly
extensive survey of Rural Secondary projects be made to determine
the conditions that existed., This was done by E. M. West during the
past summer, and his findings are contained in the attached report.
Almost 300 bituminous-coated culverts on 51 Rural Secondary roads
were inspected. The roads were in 26 widely scattered counties, and
the dates of installation ranged from 1949 to 1952 - about the extent
to which a sampling of the R. S. program could be taken. All sizes
of pipe and pipe arches were represented, and a few uncoated multiplate
arches were included because of the convenience for inspection.

In essence the survey showed that on practically all pipe cor-
rectly installed the coatings and paveinents were in excellent condition
except at the ends, and at points where sustained wetting and drying
has occurred. Invariably light - and particularly direct sunlight - has
caused cracking of the bituminous material, so that only those pipes
with ends shaded are free from severe cracking. This, of course, is
mainly a result of exposure to ultra violet light, an influence to which
unmodified asphalt cements have notoriously little resistance. Fortu-
nately deterioration of this sort extends into the pipe only a short
distance, and on the pipe inspected (maximum age about 6 years) there
was no evidence of removal of the asphalt or deterioration in the metal,
even though some of the cracks were deep enough to expose the metal.
Conditions might have been different had any of the pipe been carrying
acid water.
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Scaling of the asphalt to slight depths was caused by frequent
and sustained wetting and drying. This appeared most often along the
elevation of low flowor the 'trickle! line in culverts where flow is
continuous but variations in the water level are very small except dur-
ing periods of heavy runoff. Scaling in this manner extended throughout
the length of the culvert. Normally the scales adhered and were not
removed, particularly where flow was confined to the bituminous pave-
ment. Wherever the culvert had been installed incorrectly and the
pavement was not in the invert, scaling damage to the bituminous coat-
ing was always severe, provided the wetting and drying conditions
prevailed.

Insofar as bituminous coatings and pavements are concerned, I
doubt that there is a significant difference between those applied today
and the ones applied by comparable manufacturers 25 or 30 years ago.
Construction conditions whi¢h favored shading, heavy silting in most
of the coated culverts that were found, and the installation of pipe in
positions that did not permit continuous flow account for the absence of
cracking and scaling in the structures which were studied in the acid
water survey. All these locations were revisited this fall to correlate
circumstances in the earlier and the recent studies.

The report contains some other observations about drainage
structures that are worthwhile, and in addition it brings up to date our
records of the test installation at Mortons Gap - which was started four
years ago in conjunction with the acid water study. Progressive dete-
rioration in some of the sections is evident, and another pipe has been
. removed. since the last report was made. In brief the experiment con-
tinues to point up the often-told story about the cleaning power of acids
in drainage systems, which closes with the admonition . ... . don't
use sulphuric acid - it eats hell out of the pipes."

Respectfully submitted,

. & Py

L. E. Gregg
Assistant Director of Research

LEG:ddc
Copies to: Research Committee
Mack Galbreath (3}
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INTRODUCTION

The object of this inspection was to determine the efficacy of -
bituminous coatings and paved inverts on corrugated metal pipe and cul-
verts installed on Rural Secondary P rojects during the past few years.
The study originated after earlier investigations had led to recom-
mendations concerning the resistance of various types of pirpe'_ and cul-
vert materials in the presence of acid-bearing waters.*

Omne of the conclusions from the acid-water survey was tﬁat hi-
tuminous-coated metal pipe is resistant to acid corrosion as long as
the coating insulates the metal from contact with acids.”" The condition
of bituminous-coated pipe located in the primary and secondary roads
which were surveyed in 1952 conveyed the impression that these coatings
could be relied upon to adhere well and protect the metal for periods
upward from 15 years. This was based not only on the few {approxi-
mately 30) coated pipe in the roads surveyed that year, but also on in-
formation obtained from surveys in other states. The pipe represented
in the 1952 survey ranged up to 30 years in age.

When recommendations contained in the report on the work were
considered from the standpoint of policies that should be applied to
cross drains and entrance pipes on various classes of roads, there was
some doubt about the comparability of coatings placed on pipe more than
15 years ago and the coatings applied to pipe in recent years. This was
based on occasional observations made by others on Rural Secondary
Projects where the pipe had been installed since 1948, Numerous failures

of coatings were reported.

* See Report No. 2 on "A Survey of Acidity in Drainage Waters and the
Gondition of Highway Drainage Installations™, by J. H. Havens, Highway
Materials Research Laboratory, December 1952.




Inasmuch as the acid-water surveys had not included any roads
in the Rural Secondary class, there was no basis for direct comparison
between the older and the more recent coatings. As a result, the Divi:
sion of Research was asked to extend its observations of bituminous-coated
pipe to include many of those installed since the beginning of the Rural
Secmdary program. This is the report of those observations, supplemented
by data from the drainage test installation at Morton's Gap which was
started in April 1951, and on which the last report was made in December

1952.
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GENERAL CONSIDERATION

Selection of Culverts

Locations of coated and paved pipes were selected through a
review of final estimates on Rural Secondary Projects dating from the’
beginning of the Rural Secondary program in 1948 to and including 1951.
Only those roads for which the records indicated use of bituminous coated
corrugated metal (BCCM) pipe were considered.

Inspections were made on the majority of these roads, the
principal exceptions being cases where there were more than two or
three such projects in a county, or where the projects were very close
together. An att empt was made to spread the inspections in order to
include reasonably representative samples from all the areas in which
culverts of this type had been used. General locations of .roads on which

inspections were made are shown in Fig. 1.

Inspection Procedure

At the outset it was decided that an analysis of each structure
by some physical test on the material or by some definite yardstick of
performance would not be feasible. A reasonable alternative was to make
a complete inspection of representative culverts on the roads chosen for
study, and from that record as much field information as could be ob-
tained through inspections of the inside coating and pavement in its en-
tirety and the outside coating wherever possible. The evaluation included
not only visual observations as such, but also a superficial test for ad-
hesion by which attempts were made to peel the coating or pavement.

In addition, resistance to penetration was roughly estimated by use of
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a knife blade - the result proving some measure of hardness or dryness
of the coating material. Photographs showing the general conditions
encountered, were taken at each location and kept as a visual record of
the inspections.

Whenever the presence of acid water at a culvert site was de-
finitely suspected, the pH was measured with methyl orange or methyl
red, and the value recorded. Drops of methly orange were placed in
the water for the range of acidity of pH 3.1 to pH 4.4 and methyl red
for the range of 4,4 to 6.0. Since the majority of F.treams agsociated
with the culverts studied were dry at the time of inspection, the pH test
had limited application., When possible, these tests were conducted in
pools of water elsewhere in the stream, but always close to the culvert
involved.

Note was made of any situation thought to have had some influence
on the conciition of the coating and pavement ob served at the time of in-
spection. In addition, these data included information re‘latiﬁg to sug-

gested improvements as well as comments on errors in construction.

Records

Since there was no standard procedure for this type of field study,
it was decided that performance of the culverts would be judged according
to conditions set forth in an inspection form (See Fig. 2). The form
was designed to include: (1) arfu‘ll description of the structure, {2) the
date of installation, (3) general classification of as much of the drainage

area that it was feasible to observe in the field, and {4) apparent condition



Bituminous Coated
Coated & Paved
Paved Invert

INSPECTION NO.

LOCATION

Date Installed Dia. Lgth. -

Gage Pipe Arch No.

(Skewed, Beveled, Headwall)Gen. Cond:

Grade Est. Cover -
FLOW: TYPE DRAINAGE : MAINTENANCE CONDITIOIN :
Continuous Cult. Land Excellent o
Frequent Pasture Very Good
Intermit Hilly Wooded - Good Fair
Filling Wooded Swamp Poor
Erosion: Farmyard Pvt. Alin.
Sand Sewage Type Soil:
Gravel Mine Water Black Lioam
Boulders pH Paper ~  Clay
Shale pH Meter Shale

Water Sample Sandy

COATING CONDITION

ASPHALT: PAVEMENT:

Adhesion Excellent
Adhesion Good

Ashesion Fair

Adhesion Poor

Coating Checked

Percent Missing

Average Thickness
Could be Stripped

SPELTER:
Like New

Pin Point Rust

Tubercular Rust

Spelter Gone

L.oose Scaly Rust

Heavy Pitting

Perforated

GENERAL COMMENTS:

Adhesion Exceillent

Adhesion Good

Adhesion Fair

Adhesion Poor

Longitudinal Cracks

Circumferential Cracks
Width of Cracks

Depth of Cracks

Percent Missing

Ave. Thickness over Crests

INSPECTION DATE

INSPECTED BY

Fig. 2 - Sample of Inspection Form used
in recording data for the present study.
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of the coating and pavement. Provision was made for some features
that could influence the degree of performance as well as for symptoms
of failure. |

Even though the spelter coating of metal was not directly related
to bituminous coatings, effort was made to note the condition of the
spelter where metal had become exposed on BCCM pipe. Also, ina
few instances where an uncoated pipe having the same sedvice life was
located close to a coated pipe, both were inspected for the purpose of
comparison. Another type structure - the uncoated metal arch fabricated
on the site - was encountered on several occasions and incidental obser-
vations were made at those locations because of its function and simi-
larity to the structures in question.

Information from the inspection forms are summarized in Table 1
in the Appendix. Much of the original material has been a,bbr.eviated
in the table, particularly in the column headed Remarks, the intent being
to save space and elirminate comments in the field notes that had no parti-

cular bearing on coatings or pavements for corrugated metal pipe.



RESULTS OF FIELD OBSERVATIONS

After inspections had been completed on a few of the roads it was
evident that certain features in the performance of the coatings and pave-
ments were common to ali the installations. Although c’leter:ioratién is
undoubtedly progressive, the tendency toward development of these
features was independent of the age of the pipe, all of which were from
2 to 5 years old at the time. Also it was independent of location in the
state, and with the exception of ponding it was independent of location
with respect to various features of the stream. | |

The most significant influences were manner of placement of the
culvert at the time of construction, shading or lack of shading at the inlet
and outlet, slope of the pipe under some circumstances, and maintenance
conditions. This, of course, did not apply to the uncoated structures

which were included for reasons previously mentioned.

Condition of the Coating

In all but a few of the BCCM structures the overall condition of
the coating ranged from good to excellent. There were a few cases where
dripping had occurred (but never to any great -extent), indicating that ad-
hesion was reasonably good but temperature susceptibility of the bitumi-
nous material was too great. In some culverts there was evidence of slight
checking of the coating in the end portion. However, in no instance did
this action expose the metal. In many cases,l scratching and scarring of

the coating (caused by improper handling) was found.
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The outside coating of structures of any age was usually cracked
and flaking off, except when the exposed part of the pipe was located in
2 shaded area. Almost invariably the outside coating on that portion of
pipe buried within the fill was rapidly deteriorating or completely re-
moved. However, there were no locations where additional deterioration
such as removal of the spelter and consequent rusting was noted.

There were two special cases of extreme deterioration in coatings,
which were caused by service conditions for which the coatings were not
intended. These are covered specifically later under headings dealing

with improper placement and burning of drift.

Condition of Pavement

In approximately 90 percent of the locations the pavement was in
an excellent state almost throughout the entire length of the culvert. At
the extremities {for varying distances in from the inlet and outlet ends)
cracking in the invert was prevalent. Sometimes the ¢racking paftern
extended an appreciable distance back into the pipe - from a few inches
in small structures to several feet in large arches.

Deterioration of this type was dependent upon exposure to light,
and particularly to dir:ect sunlight. Ends of pipe which were shaded, such
as the one shown in Fig, 3, were generally free from cracks i the pave-
ment. On the other hand, end openings that were fully exposed invariably
showed pronounced cracking of the pavement. This was so whether the
culvert consisted of a circular pipe (Fig. 4 and 5) or an arch (Fig. 6).
The extent of cracking was influenced by both the size of opening and the

thickness of pavement. As one would expect, cracks extended farther
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Fig, 3 - Inlet of a 24-in. diameter coated and paved culvert
completely shaded by overhanging rock. No scaling was’
evident, and only minor cracking had occurred for a dis-
tance of 3 to 5 in. These conditions were typical of all
coated and paved pipe which were shaded and placed on
sufficient slopes to prevent ponding of water at the inlet
and outlet.

AV LY



(b)

Fig. 4 - Outlet ends of (a) 42-in. diameter pipe and {b)
58x36-in. pipe arch, both installed in 1949, Note
the cracking patterns in the paved inverts.




(b)
Fig. 5 - Inlet {a) and outlet {b) ends of a 42-in. diameter
coated and paved pipe placed in 1952. Cracking was
pronounced, but deterioration had not progres sed to

the extent indicated for the pipe in Fig. 4 which had
a greater period of exposure.
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(b)

Fig. 6 - Views of a 34x59-in. coated and paved pipe arch
showing {a) cracking of the pavement at the outlet,
and (b) scaling of the outside coating at the same end
of the arch. Date of installation - 1950.
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toward the interior of the culvert as the size increased, and the widths
of individual cracks were greater in the pavements having the greater
thicknesses.

The direction of cracking was both longitudinal and circumferen-
tial, and usually occurred at each corrugation in the end portion that
was exposed. At the extreme edge of a large, thickly paved culvert the
cracks were as great as 3/8-in. wide, and in some cases deep enough
to expose the spelter,- This condition receded to the point where cracks
became mere lines and disappeared farther back into the pipe. Usually
adhesion remained good, even near the outer edge and seldom could these
polygons of weathered asphé.lt be peeled off by hand.

A different type of deterioration, which obviously resulted from
ponding of water at an end of the pipe is shown in Figs. 7, 8, and 9.
Here scaling is associated with the cracking that occurred through ex-
posure to light. The scaling condition existed invariably 'wh'ere‘ponding
had occurred, and apparently it was dependent upon alternate wetting and
drying at a relatively slow rate.

Generally scaling caused by ponded water was localized, since
the possibilities for ponding are limited even in a culvert on 0 percent
gradient. However, in a pipe having relatively low flow most of the
time with slight fluctuations in the water surface, a favorable condition
for wetting and drying exists throughout its entire length. Thus, scaling
has occurred in several of the pipes at the general level of low flow or
the so-called "trickle line”. This is illustrated in Fig. 9.

Usually scaling action had progressed for only a slight distance

into the bituminous pavement, and the scales were well attached to the
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Fig. 7 - Combined scaling and cracking at the outlet of a
44x26~-in. pipe arch installed in 1949. In some way
this end of the structure had been bent upward provid-
ing for intermittent ponding to a slight depth, and con-
sequent wetting and drying.



(b)
Fig. 8 - Scaling at both the inlet {(a) and outlet (b} of a 65x40-
in. pipe arch installed in 1949. Associated cracking was

more extensive at the outlet than at the inlet, which is not
subjected to direct sunlight.
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Fig. 9 - Scaling along the edges of the low wafer level or
mtrickle line" in the paved invert of a 72x44-in. pipe
arch installed in 1949, This condition extended through-
out the entire length of the culvert.




-9

underlying bituminous material. Still there were indications that the
deterioration .might be appreciably progressive with time, and that
scaling does encourage failure of the underlying pavement. There were
some locations where the dry scales had hardened enough to become
brittle, and undoubtedly they could be broken off by the scouring action
of silt and debris.

At many locations where silting had occurred to appreciable depth
the usual symptoms of deterioration were not evident. Obviously the -
sccumulated material has insulated the pavement and prevented exposure

to both sunlight and wetting and drying.

Improper Placement of the Paved Invert

In about 30 percent of the culverts inspected, the paved section
had not been laid so that it formed the culvert invert. Instead, the
pavement was shifted to one side or the other, and sometimes even to
the top of the structure. Often this was the apparent cause of coating
failure, since there were no cases of failure in the coating when the
pavement had been properly placed in the in.vert.r

Abuses of this nature led to peeling and scaling of the coating
with subsequent exposure of the spelter. As a rule, when the pavement
was positioned incorrectly and there was reasonably coﬂtinuous low flow,
a portion of the bituminous coating was scaleci and some of the coating
had been completely removed throughout the entire length of the culvert
at the trickle line, Damage to the coating was always confined to a
strié approximately 4 inches wide in small culverts and as much as one
foot wide in large sections. A typical example of misplaced pavement

is shown in Fig. 10.

ERANS



Fig. 10 - Coated and paved pipe placed with the invert
shifted almost 90 degrees to the left. The knife
{see arrow) marks the lower edge of the pavement.
Water has flowed on the coating since installation
of the pipe in 1949, and considerable scaling has
occurred in the trickle line, '



Damage to Coating and Pavement Caused by Fire

Although damage to bituminous coatings and pavements caused by
the burning of drift has no bearing on the ordinary performance of these
materials, some aspects of this type damages are worth recording since
two such incidents were encountered during the inspections. In at least
one of the two locations there was evidence that the drift was burned by
someone other than highway maintenance crews, indicating that probably
the drift was blocking drainage to the extent of its becoming a nuisance.

_Some of the effects of burning drift are illustrated by Fig. 11
and 12. The structures were installed in 1949, and about two years
later the drift was burned. Both ends of the archs are now covered with
rust, and much of the protective coating is gone even from the interior of
the pipe adjacent to the one in which the burning occurred. Where rusting
was severe, even the spelter was no longer available to provide protec-

tions.

Plain Multi-Plate Pipe Arches

Inasmuch as they were sp easily accessible, a number of uncoated,
multi-plate pipe arches were included in the inspection. The condition
of the spelter on these structures of uncoated metal was of fundamental
concern,

In the majority of cases there was evidence of rusting which gener-.
ally covered the entire invert portion. As a rule, the rust pattern was a
"pin point"! type. Occasionally rusting had progressed to a point where
scaling of the spelter had spread throughout the invert, Because of the
obvious vulnerability of the metal to corrosion by acids whenever they
may be present, water at each of the sites inspected was checked for

acidity. There was no indication of acid at any of the locations.
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Fig. 11 - Qutlet end of 72x44-in. pipe arch in which drift
has been burned. Although it is not evident in the
photograph, the entire bituminous coating has been
destroyed and only fragments of the pavement remain
in the invert. Extensive rusting was present through-
put the pipe at the elevation indicated by the pointer,
and on the inside crown of the structure. Date of in-
stallation - 1949. '
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Fig. 12 - Outlet end of a companion 72x44-in. pipe arch
placed alongside the arch shown in Fig: 11. The
pavement was in good condition, but much of the coat-
ing on the left side had been removed by intense heat
from fire in the adjacent structure.
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Even without acid as a factor, the general condition of inverts
in these somewhat major structures gave the impression that protective
coatings at least similar to those placed on smaller culverts should be

developed for the low-flow portions of multi-plate arches.

Migcellaneous Observations of Field Practice

An appreciable percentage of the culverts inspected had ends that
were scarred, bent, partially collapsed, or completely broken nff. Un-

" doubtedly most of this type damage was caused by graders changing
direction while pulling a nearby ditch, or in a few instances it could have
been caused by mowing machines. The ends of some pipe are so obscured
by their surroundings it is difficult to locate them, especially where there
is dense plant growth. Under such circumstances the marking of cul-
verts by posts, or the clearing of vegetation or debris would help avoid
damage.

A number of locations illustrated the importance of care in bedding
and backfilling at the time of construction. Occasionally large pipe arches
were severely deformed and distorted in shape although there was .no
evidence of collapse. On the other hand, some pipe with insufficient
cover were collapsed, and in a few cases the outlet was higher than the

inlet indicating poor bedding conditions during construction.
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TEST INSTALLATION AT MORTONS GAP

In the course of inspections on Rural Secondary Projects in the
western part of the state, the drainage pipe test installation at Mortons
Gap was observed and general performance conditions evaluated. This
test installation, developed as a part of acid water investigations,
was well over four years old and pipe at that location were at about -
the median age of projects involved in the coating condition survey.

Because of the general differences in objectives of the studies,
and the fact that acidity of water at the Mortons Gap site is almost always
very high, no direct comparison between the two sets of conditions was
intended, However, a progress report on results from Mortons Gap
has not been made in written form within the past two years, and the
opportunity thus afforded to combine material of similar nature is con-
venient.

The test installation originaliy consisted of 16 sections of 24-in,
pipe. Two sections of each of the different types were installed in the
following order, beginning at either end (See Fig, 13).

1. Reinforced concrete

2. Vitrified clay

3. Corrugated metal, asbestos bonded
bituminous coated and paved

4. Corrugated metal, hali-coated and paved

5. Corrugated metal, plain galvanized

6. Corrugated metal, full double coating with-
out paving

7. Corrugated metal, full coated and paved
according to Kentucky Special Specification
No. 1-R

8. Corrugated metal, galvanized, asbestos
bonded with bituminous seal coat

* See Report No. 2 on "A Survey of Acidity in Drainage Waters and the
Condition of Highway Drainage Installations'’, issued by the Research
Laboratory in December, 1952.
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During the interim, as noted in the summaries of inspection that follow,

" some of the sections of pipe failed and were removed.

Inspections Previously Reported

Twelve inspections {or events), including the one at the time of
the installation, have been reported previously. In essence the resulis

were as follows:

1951 - April 25 -~ -Date of installation. Specific
resistance of water - 280 ohms.

May 22 - Date of first inspection. .Specific
resistance of water - 260 ohms. Spelter gone
from plain galvanized metal pipe.

July 16~ Water tested 235 ohms. Invert eaten
out of corrugated metal, plain galvanized
sections. Concrete pipes showed slight etch-
ing.

August 20 - Water tested 240 ohms.

October 18 - Routine inspection; no significant
changes.

1952 - March'9 - Water tested 300 ohms.

April 15 - Heavy rain dislodged several sec-
tions of pipe and deposited silt in the channel.

April 29 - Installation restored. Galvanized
metal sections not replaced. Water tested
290 ohms.

June 18 - Routine inspection; no significant
changes.

August 4 - Water tested 268 ohms.

August 28 - Routine inspection; no changes noted. -
October 5 - Water tested 265 ohms. Concrete
pipe beginning to show visible evidence of pro-
gressive corrosion. Aggregate exposed in the

invert, but no appreciable reduction in thickness
of material observed.

o
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At the inspection on October 5, 1952, the vitrified clay sections
and variously coated metal sections rerﬁained virtually unaffected, ex-
cept at those points on metal pipe where the protective coatings had been
scarred during placement. The half-coated galvanized metal sections
showed some scarring where the uncoated portion was in contact with fill

material. This was interpreted as a mild form of corrosion.

Inspections Not Previously Reported

In the period since 1952, inspections have been less frequent
than they were prior to that time. This was partially because a basis for
estimating the need for attention had been established, and partially
because all the inspections were combined with other work by Research
Laboratory personnel in the general vicinity of Mortons Gap. Four in-
spections were made, with the essence of resulis being as follows:

1953 - July 7 - Routine inspection; water tested
267 ohms. No changes noted.

September 7 - Full double coating gone
in invert of one (upstream) section of pipe
No. 6, metal corroding.

1954 - July 22 - Full double coated section{No. 6
from upstream end) removed with invert
eaten out.

August 18 - Water tested 275 ochms. DPipe
sections in the lower half of the installation
were heavily silted. The pipe removed and
reset. Downstream channel cleared to pre-
vent silting if possible.

This being the latest inspection the following conditions observed in the

upstream half of the installation are pertinent:

; e
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Fig. 14 - Interior of reinforced concrete pipe. Exposure
of coarse aggregate has resulted from corrosion and
removal of mortar by acid water. .Date-August, 1954
Age - 4-1/3 yr. '




Fig. 15 - Vitrified clay pipe. .Although staining and
discoloration are evident at the edges of the flow
line, structurally the pipe is in excellent condi-
tion. Date - August 1954; Age - 4-1/3 yr.




16 - Corrugated metal, asbestos-bonded, bitumi-
nous coated and paved pipe. The flow line has been
obscured by silt but the pavément in the invert has
remained smooth and intact. There is no evidence
of any deterioration. Date - August, 1954; Age 4~
1/3 yr. -
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1, Reinforced concrete - In these two sections of pipe consider-

able corrosion has caused removal of mortar and exposure of the aggre~
gate. (See Fig. 14} In this case, the aggregate used was Ohio River
Gravel, and in view of other similar inspections, it is believe,d that
corrosion would have progressed further had the coarse aggregate been
limestone.

2. Vitrified clay - Both sections of pipe were in excellent condi-

tion with no visible deterioration {See Fig. 15}.

3. Corrugated metal, asbestos bonded, bituminous coated and -

paved - Both sections were in excellent condition with no visible deterio-

ration (See Fig, 16).

4, Corrugated metal, half-coated and paved - The pavement and

coating in the remaining section was in excellent condition, and there was
no evidence of corrosion in the upper portion or crown since that has not
been exposed to the acid water flow (See Fig. 17). Dur.iﬁg periods of high
flow the acidity is greatly reduced.

5. Corrugated metal, plain galvanized - Both sections removed

and abandoned after two months of service.

6. Corrugated metal, full double coating without paving - Removed

July 23, 1954, with invert eaten out {See Fig. 18},

7., Corrugated metal, full coated and paved according to Kentucky

Special Specification No. I-R. - As illustrated in Fig. .19, the coating was

peeling at several points in this pipe, and there was evidence of serious

rust at places where the coating was removed.



Fig. 17 - Corrugated metal, half-coated and
paved pipe. Note that the pavement and
coating are in excellent condition. Date -
August , 1954; Age 4-1/3 yr. ‘




Fipg. 18 - Upstream section of corrugated metal pipe,
full double coated without pavement. Note that-
part of the invert has been eaten away by corro-
sion (pipe is rotated 180 degrees). Date - August
1954, Date of removal - July 1954; Age at failure
- 4-1/4 yr.
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Fig. 19 - Corrugated metal pipe, full coated and paved
according to Kentucky Special Specification No. I-R.
The coating has peeled at some points immediately
above the pavement in the invert. Rusting has vc-
curred to a minor extent in areas where the coating
is missing. Date - August 1954; Age 4-1/3 yr.
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8. Corrugated metal, galvanized, asbhestos bonded with bitumi-

nous seal coat - Although there was no evidence of deterioration whatso-

ever on the inside of this section, the seal coat outside appeared very dry

and tending to flake off or peel.

P
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SUMMARY AND CONCILUSIONS

The performance of coatings on the inside of culvert pipe in
the Rural Secondary System was good in every case where the culvert’
had been properly installed. Coating failures that were observed, re-
sulted from one or more of the following: (1) abuse in handling and
transportation, {2) improper positioning of the paved invert during in-
stallation, and (3) intentional burning of drift material within or adjacent
to the pipe.

Apparently the fairly generalized peeling of coating material
on the inside of one section of pipe No. 7 (corrugated metal full coated
and paved according to Kentucky Special Specification No. .1-R) at the
Mortons Gap installation has no connection with any of the influences
mentioned above, and no direct cause is evident at this time. The ex-~
posed metal is far enough above low flow to avoid water 'of high acidity,
but there is considerable rusting at places thus exposed.

Coatings on the outside of metal pipe lose adhesion, even when
the pipe is covered by earth fili. Inasmuch as the c.oatings merely becorme
loose but are not removed from pipe within the fill, no particular damage
results at least within the period represented by the Rural Secondary
projects inspected. Whenever a coated pipe projects beyond the earth
fill, eracking, scaling, and removal of the bituminous material occurs
within a relatively short period of time particularly if the pipe is exposed
to direct sunlight. Even here the loss of protection has no inherently

serious consequences, provided the spelter remains undamaged.

145
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Pavements in metal pipe are giving dependable protection to the
metal surface, except at the ends where exposure to light is rigorous’
and at points where ponding or low flow has developed frequent wetting
and drying conditions. .Cracking results from the ex_poéure to light and
scaling results from wetting and drying. Scaling has hardly impaired
the protective ability of any of the pavements within the 2-to 6-year
period of service, and because of the fact that the material scales to
very slight depths, probably the time required to reform and remove
several successive layers is great.

On the other hand, cracking starts at a very early age and some
of the cracks carry through to the metal within a few years at the most,
particularly where the pipe is exposed to direct sunlight. .Even when
cracks were pronounced there was no visible deteioration of metal
beneath. That applies to situations where there was essentially no
acidity in the water. Obviously in cases where there is appreciable
acidity the chances for serious corrosion of metal at the base of the
cracked pavement are great.

A full evaluation of protective coé.tiﬁgs on metal drainage pipe
would involve more than superficial observations such as those contained
in this survey, and probably additional observations at many more culverts
would merely confirm the results that have been obtained. The sample
in this case is considered representative of the conditions that prevail.

Even though the service conditions are realistic, the lack of
uniformity in installation, exposure, and probably manufacture, limit
the possibility for estimating what can be expected from this type protec-

tive coating, and how it can be improved.

£y
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Inherently asphalts are vulnerable to deterioration under ex-
posure to light, heat, and in some respects moisture. Unfortunately
there is no reliable measure of the way or the extent to which deterio-
ration occurs under a given set of circumstances. However, as demon-
strated by the performance of asphaltic pavements for roads, by the
performance of asphaltic coatings containing asbestos or rock wool
fibers (and other features of fabrication), .by pipé subjected to consider-
able depths of silting, or by mineralized asphaltic coatings in roofing ma-
terials, there are possibilities for creating favorable insuldting condi-
tions under which asphaltic coatings can perform {o maximum advantage
so far as weathering is concerned.

The extent to which basic concepts can be applied to coatings and
pavements for metal pipe is, of course, within the province of manufac-
turers, Improved treatment for the ends of pipe seems especially
needed, ‘and no doubt that is a problem of which the industry is aware.
From the standpoint of the Department, better service from drainage
structures in the corrugated metal categories would be achieved if:

1. More care was used in positioning culverts with

paved inverts at the time of corstruction;

2. Pipe were set slightly below grade so that a
limited amount of silting (perhaps as much as 6
inches) would occur in the course of subsequent
stream action;

3. The ends of culverts were plainly marked and
guarded against damage from maintenance equip-
ment and passing vehicles; and

4. TUncoated metal arches were given a protective

coating - perhaps a pavement - in the invert at
the time of installation.
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It was noted during the inspections that corrosion in the inverts and at

the base was extensive on most of the metal arches observed. In view

of the size of arch culverts and the investment they represent, it appears
inconsistent to be unduly concerned with coatings and pavements on several
‘minor conduits when on the same road a single structure having no protec-
tion whatsoever is equal to all the minor conduits as a group. Probably the
life of several arches now in service could be extended if their inverts

were suitably paved and the lower portions of the sides suitably coated.
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Inspection No.

1-7
8-14
15-18
19-26
27-35
36-43
44-50
51-54
55-64
65-69
70-76
77-82
83-89
90-96
99-105
106-110
111-119
120-124
125-132
133-137
138-143
144-147
148-152
153-156
157-161
162-165
166-169
170-174
175-183
184-191
192-199
200-207
208-215
216-222
223-229
230-231
232-238
239-246
247-252
253-260
261-267
268-272
273-279
280-287
288-292
293-297

INDEX TO
(Accompanyin

.County

Meade
Breckinridge
Breckinridge
Hardin
Grayson
Larue
Anderson
Anderson
Bullitt
Washington
Washington
Harrison
Campbell
Bracken
Robertson
Martion
Casey
Garrard
McCreary
Russell

Russell

Russell
Clinfon
Adair
Adalr
Adair
Taylor
Taylor
Rockcastle
Whitley
Bell
Clay
Metcalie
Barren
Wartren
Simpson
Todd
Christian
Trigg
Hopkins
Muhlenberg
Butler
Wolfe
Breathitt
Breathitt
Knott

CULVERT LOCATIONS
g Table 1)

Rural Secondary

Project No.

82-203-2
14-193-6
47-453-1
A7-719-2
43.555-1
62-341-1
3-231-2
3.211-2
15-351-1
115-189-2
115-269-1
49-312-1
19-491-1°
12—286-— 1
101-121-1
78-362-1"
23-261-1 =~
40-246-1
74-213-1
104-218-1
104-238-1
104-238-1
27-206-1
1-330~1
1-310-1
1-430-1
109-348-1
109-288-1
102-337-2
118-740-1
7-224-3
26-1458-3 °
85-244-1
5-452-1
114-528-1
107-205-1
110-426-1
24-665-1
101-74-1
54-640-1
89-543-1
16-256-1
119-223-1
13-407-1
13-427-1
60-298-1



TABLE 1 - 5SUMMARY OF DATA FROM ALL INSPECTIQONS
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1 b 10497 2 | o olatol o ol P 01 | {9[9] 1/B |Metal| Puvement eroded in flow line
2 ol 1949 24 8 (e} alo o [ O ololoo B |Metal] Favement can be stripped to base metal.
. k] x| 1949 13 r O] 511ted beyond inspeetion :
4 x| 1949 18 F Q =] o| jo|o (23 o [}
5 1949 18 M 0|0 o o Conerete polished In invert - eroslon evidence on aill
é 1949 24 M Q o110 o ednsrete exesllent condition
7 1949 24 M el [][e) [8] Gonerete excellent condibion
8 |x| 1949 18 I3 (1 03] RE [ )"0 (5 o] A AR Denl pavemen
9 x e M o o]0 o] to Q| 0 s |Metall Scaling in invert at Inlet — can be peeled
0 |x 2-36 P ol |o Do{o]- <l o o ojo| 3/8 |Metal| Evidence of croaion - checked crack pattern
11 M o Io{c [+3 (e a oio| 1/8 Evidenca of gbrasive wearing
12 Ix 2_42 F of o olojo of |o o| lojol 1/4 |Metal| Ssiting badly .
15 k) 1949 18 F olo o! oo jof o| [gje] 3/8 [1/4 | Conld not peel pavemeirt - Ko abrasive wesr
14 ix 2/ ) o 0§ 0] ke8] o Ko evidence of deterioration
15 (x| 1949 24, F o oo 5} o 0| of 1/32[1/32 T
16 fx 18 F of |of of- |e o} fO| = ol 1/64|1/64 | Bvidence of ercalen - 50% of flowing gons
17 Ix 24 r ol |0 o 0{o) ofo| o olol |ofol 1/2 [Motel| Outlet sl dnlet 10-20% erosion
18 Ix 6638 o {o olol o) o 5 o Metel| Ho erosion at inlet = outlet snd meversly oracked
eraslon evident in flow line,
9 |x 42 F oo NE 0 of ] o| Jotol 3/R [Hetsl]
20 |x Az F ’ o) 0 o o of 0 : Excellsnt condition
21 |x 18 F [ [+] el ol [cto Metel| Cen peel = flaking in invert
2 |x 18 P o ol o) o ol |o olo . X
23 |x 18 F o[ lolo . S13ted 1/2 fui1l (opmnet inspeet pavemsnt).
2 |x 18 F o] [ojo Silted 1/2 full (esnnot Snspect pavement).
25 |x 18 F -] 0| 00| o alojo Pavement elmost completely potis — ean posl ~ pavement
nod goating appesrs brittle,
26 x 18 P o lo o} [o]o o|ojo Weter stending in pipe (sldght erosion = 10-20% miss
a7 =] 51 18 F o Gfo 2 RE e ) o] /32| 1/32 | Very good comdition
22 Ix 30 F ] o4o| o) 0| [ [+ [l Abresion possiltle - ne wear evldent
29 ix 24 b3 o| o of o a olo| 1/22|1/32 | Guteide coating excellent
N x 18 P ol |o] o] |0 olo| (o 0 Small evidenee of pavement wesr.
N = 18 M o| |o of |o| al |of o Wear or loss of pavement alight - 107 at {low line,
Culvert on conerete sill, 8111 eroded, {3/8"}, more
B than pavement.
32 ix 18 T [} o o] o ] o Abrasive materinls settling out
I3 x 18 Fa oo o|c|o lo|o o Pool st outlet and some milt in barrsl.
34 ¥ 18 r oo a|a 3 Silted up ’
35 Ixf 24 7 o] |o ofolo ol |lo [+] No_evident wear from sbrasion -
36 ixi 1949 24, F oja o} |ofo oo o| o Biojo ¥etal| Can peel sheats hand elze from pavement, Seans to
he chexicel disintegration.
37 x| 6HxI8 F o a|ojo o of |o o ool 1/4 |Motel| Wo evident weer from abrasion
38 Ix 24 F L] olo o -] Matal] Pavement scaling - ¢an bte peeled with fingers,
39 123x77 F |e [ ole|e|o o Conerete abovie shows no abrasion or acid.
Popaible abrasion on metal (entire imvert)
0 1x] 66238 F o al |a 5i1ted half full with sand and gravel.
11 1x Bhx38 F |o o [-] ] o| |ojo o| (oo} 3/8 |Metal] Comting - inside good - exterior coming off.
Wo srosion wear on pavemant {pooled).
2 4 24 r olo o of | |e| |elete] |e Side costing mcting as Imvert, Sesling in flow,
43 i o -4 la] lololel |o Side coating mcting mg invert, Scaling in flow. |
4 1% 1949 30 [ o © ) 0| olo[o]o o|o| 6| 3/.9 Hatal] Outelde conting fieking oif with Cingsre. 40% of
. pavsnent eroded st flow lipe {chemical).
45 1+ 18 M [} o d ale| | [ef |-|ofe] [obe| 1/8 |Metal] Outside coating checked — some peeling . Inside cont—
: ing excellant.
46 17 18 F o oo o o o o o|afo Metpll FPavement - first 4' feot peeling to base metal. Outnide
. coating 5-6% missing.- cracking.
i7 | 24 M o olo ] o| |e|o clofoto| 3/14 Metel] Pavement flaking off on ends {4').
£ | 24 F L] a D| o oo ofo|eio| 1 Hetal Pavement — cen peel iprge sectiona out, Favement dry o
ghrinkage cracks in weathering,
49 1+ T2kt F |e of lalo| o clo| o ofolofo| 3/1¢ Metal] Flaking badly in wet and drying mres.
50 Arch ¥ e oo vl b 100! _gbove copting sroh.
51 [= 1949 36 T o [ol RNBE 0| [3) [ oo ofo| 178 | L/ Chemical erosson and trickle iine, Cuwteids cont!
sealing - 25% gone, Pevement moaling — 50% of las
s 6! , Ends gone, Evidence of full flow.
52 58x36 o clala L] o o weat - gome abrasion fores pessible.
53 |H 36 ¥ [ oja ] o Pavenont not in invert ~ {mide). Spelter gone in
invert the entire lemgth. Algae action.
54 | SBR36 F o a oo ofo 0 ololo| 1/2 | Meted Outelde costing chacked,
55 [ 1950 30 F o[ | 3 o 0 o o{o oo 8@ 1/1§ 1/16[ Trickie 1ine disintegration — 15% on enda only, Algee
actlen.
56 | A 18 F ol jo|o| tolojc a oio o olo| 1/4 | Metsl Comting om cwtalde checked.
57 Kk 59534, F o| io|oje|eiojo o Jo|o ale ° ofol [o|o]| 1/2 | Heta] Triskle 1ine digintegration in entire length. Algaa
condition,
58 TisT7 " LIC] S11ted 2' desp, oversized,
59 k T F o| |ole|ele o ° ele o ofe 1/331/32| First 1t on exds only (cracke).
. &0 I 24 F o o clal |0 olof |o oo Outlet shaded - no end eracka.
- 61 159296 Fooled In dnvert - overalzed - wasted materisl.
62 Arch F a| |o|o| |ofe|o|o o Spelter breakdown dus to abraeion.
63 Ler F o| o olo|ole oo o olo| 1/4|Metal 25% erosion length trickle lina, Pull flow,
6, 36 al o ) o ~fe] [o]o| /4| Meta) Pavemont one in trie¥le 13ne, Wobt and dry flak
g5 k| 1549 &2 F | jole EEEURT S B B 3/8| Meta] Trickls line arosion 10208, Checked paktern 47 both
ende, Outside costing dry. Peeling off, 20%,
&6 [ A2 ¥ olo| |a of lofo| | L] LI o ofo| 1/2| Meta] Trickle line erosion 10f. Circumferenve cracks
Jength of plpe, outslds coating peeling off = 10%.
67 K 24 ¥ 2 ale|e . [ of dule| e o| 1/8]|1/32| Outside coating peeling off, Coating in trickle gome
or eapily raked off, Spelter gone and pin point
runt. FPaved invert on aidé.
68 e 42 r @ cle|@ oia fele] | {eqer-[ofe|e a| |ofe| /4| Metr] Outuide costing peeling off, Comting in trickle gons
1 or easily reked off, Spelter gonms ent pint point rust
Paved imvert on side. Pin point rust length of
trickle 1ine.
69 1949 Arch r Galvanic silt rust on_boits only,
70 |kl 194 Lix25 F o| |o olo ol &|o alo| jolo| {ofel o|0] 1/2] Heta] Swoaling last 2! of ends ipnvement). Outside ccating
only (siripped}.
7 | 2-30 F olo @ <[ O] ofo| [o]®] 1/33 1/32| Fooling in berrel {silting).
72 Ix 44x25 F olo oo o] |o a Chunke of pevemant 1lying in sllted culvert.
7 | 36 F o; [o aio] o) Q o o| (eio|¢ oo Conting gcting ae invert, sesling to metsl.
7 |x 50%32 13 o ol o) ° o ot qob | [ofo] 1/2| Mete] Minor wet and dry sealing,
75 £4x25 F ofe] |o Silted 1/2 full {impossible to inspect).
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CONDITION OF INLET & QUTLET
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75 T30 ol lolo Tull in Invert., Fin polnt rust in invert at trickie
line,

7T x| 1952 22 H O L CGIER 0|0 2] Q Outsids corting not exposed to sun,

kIt 14 F o] |o o/ |o/o o|colo o oo 1/4 [Metal] Sealing in flow line. Wet amd dry costing in pave-
nent; dry and brittle,

7 |x 24 3 Q| (o 0] |00 [+] 0.0 oo 0] 2-5¢ erosion ir trickle line,

8 |x 1B 3 o 2i0 o 13 ) o Excellent condition,

41 [x 18 8 o] |0 o|o0 O ol o o . 0| 1/32 Cracks iInches from end. High cut phede sulverts.

g |x 18 ol lo a a o ol 1/32 Cracks finches from emd, Hiph eut shede culverts,

83 T550 123077 F 7] Q[ of Uped a8 cattle crosaing,

2 [x 36 jd o o] o| |00 o[0 Q =] o| 1/ Well pratscted ends,

g [x 24 F o| o ol |ofo) o <] o oo Checked 1Y from end insdde mnd out, {Light}

8 |x 18 F ol o tolol ol lalo o [+ Checked coatlng outmide. Sheltered inside snd out,

BT |x 18 F 0} O [e]le][=]1s] [+][=] aialfe] o|olo| 1/4 |Metel| Sealing Sn invert. Outeide coating completely mims-
ing under poii, Coating end pavemsnt 1n poor condie

: . tion,

88 Ix Tk, F a]}e] o|o|o [+] O O o ojo| 1/32 Sealing is light, Omtside coating off where exposed
poil., Pool reflucts radimtion, Breskdewn in enda.

1] 9364, ¥ Qo] |0 |ojooe o0 High- abragive foree, 60 pound rocks in culvert, Two

' truck loads of rock inside pips,
90 Tx| 1949 18 F ofo = 0 ofo] [o] olo| |ow| ool 1/32 Invert on side, comting in inmvert off, peel .to metal.
' Coating off adfacent to soil.
91 |x 18 r alol o! |0 olojo|gy Coating and pavemeht 1n good comdition. Loose mealy
N rust end acarred geetlons on end, searred by machinexy

9 |x 24 F of jojo 0 oo 0 0|0 1010 [O}0) 1/8 |Metal| Scaling and sracking on ends in pavement, Outaids
coating gone under grounmd line,

93 |x 24 F o € | o olo o (o]0 1/16(Mstal| Invert in top, coeting gone in flow line, pin point
rugt. .

94 |x 18 M oo (-] olo] |o Inlet end 3/4 full of silt, Outside coating gona,
pavetent gealing on ends, Pavement on side.

95 [x 18 F o] ole o ° olo Coating gone in trickle line only, Pavemsnt oracks
on ends only, lasht foot,

96 |x 18 F ] [=1 (-] [31=] Pavement outslde, coating gone in flow line, filling
with gravel.

97 |x i P o Q o o| [o Two truck loede of boulders in berrsls, top.sagged.
Bouldera up to forty poubd plze, pavement on side at
T:00

98 |x 36 1 -1 ola| o o OG0 o Pavemept not in invert, coating helding up well,

Foor eldpnment, no inspection,

9 x| 1949 30 ¥ o ojo cjo]| iea o @lo 1;2 Pavement on side 10:00,

100 |x 6540 F =) [31-] o -] oo jofo| 100l 1/4 [Metal] Coatlng in flow lire to bere metml, Pavement 258
missing on the end 3V, Outside scoating cracked
and peeling, Samples fsken of acaling, cracked
seetion,

101 {x 58x36 F ojo{ |@ o oo oo S11ted &" -1' deep through pipe, Coating disintegra-
tion at flow line,

102 93x64 No drainage erea, waste of material,

95xéd, .

203 |x 4327 F o|o| |ole & ole E el 1/32|1/32 | Goating dripping badly. Pavement good at Inlet,
and outlet submerged,

104 |x 18 ¥ eloio| loje oo} |o o) o] o0 Pavement cracks firat 2! from ends, Outslie costing
scarred by mower,

105 | x| o F o oio a 1/8 |Metal| East end sheded and good, weet ond rediatlon eragks

- in ppvement, last 2!

106 1949 G3xbs ¥ - Spelter dull in flow line, ebraaion in flow line.
Triekle flow under arch.

107 |x 30 o jo oo [ ] o 00| 1/8 |Metel| Invert ab G:00 - inlet at 3:00, Outlet coating gone
in flew line, Qutside comting gone.

108 107cyar F o o -] Considerabls gbrasion action possible,

19 |x 18 b © o|a ] o Q Fxcellent condition - end shaded - full flow.

110 | xi 18 ¥ o| |o oia < o8 oio ¢lo) 1/8 [1/8 Checked on inlet end exposed to sun, cutlet excellent
vhere shajed,

111 x| 194% LAXTR 3 ofof [ofo] [ei Jole 5] o ° [ ofel 1/4 [1/8 Pavement weathering in end gbove flow line, Flow
1ine pavement 1a good.

112 LLETE F o|o} |o|o| |a] feio o ] Large blisters of spelter coming off inaide in top.
Oxidation along pattern of fil1l on outslde, Outslde
spelter gons., Rust in advanced stage, Msy have bean
copted and burnt out,

113 [x LixT2 F | |ojo| io]of o {o|o o o| |ale 0 ool 1/8 [1/8 Jigsaw eracking in Intet and outlet paving, Outlet
end burnt, insfde end cutelde coating ran of ", =

11 ix L4%72 P oial lojeo| |o} |o|o o ol |o o ole| 1/8 |1/8 Paving same as inppsction 111.

1ns |x 18 F o oo o ] Qe |0 o[o 1/8 |Metal| Inlet shaded - excellent eondition, Outlet end
exposed - poor coBddition in last three feet - oracked
ard deteriorated in flow line lamt 3 *,

116 159396 F o oloclo Invert completsly covered by scely rust, Several
plain arches in this area a1l rusted. Posaibly 5

. yeara of life remelning. Abrasion,

117 |x £6x39 F 4] 0] 0|0 -] ] ool o oo 1/ [Metal] Typlesl weathering on inlet and cutlet enda,

118 x| 1949 34x59 F o 0{0|0 2 oo o) o0 5ilted in pavement = Coating misaing at flow line,
blistering, Pavement axcellent under the myd - like
new, :

119 ix 34x59 F [e} o|elo o ] o 0l0| 1/4 [Metal| Typical em condition, radistion weathering, :

120 [x]| 1950 52x30 F olo olc o[ Tole o] i0[Pj@]| 1/8 [Metal] Mheseion poor 27 from emds. Ghecking ard peeling, :
scaling in invert, ends exposed to radiation.

121 |=x 59332 F ] olo|o o o o o1 1°919] 1/4 |Metal| Ghecked badly in pavement cn snds - deer . ]

122 (x 59x34 F o olejo © © o a| |ofolo| 1/4 |Metal| Soaling in lash 31 4n devert — both ends, i

123 |x 66530 F o o < o |o a 9|9 1/4 |Matml| Typicsl weathering condition in the end, !

124 | = Shx38 F L] o Q ol |o a ool 1/4 [Metal{ Tn invert flow line - redimtion expogure drift and
tragh due Yo glock fence -

125 |x| 1949 18 F ofolo [SYNCIC a0 a [4] oot 1/32{1/32 Westhering firat 6" from end,

126 |x 18 F o0 o jo o @ o oo 3211/32 Westhering firat 6" from end, Trickls line ercsion.

27 x 24 P o |o o|clolo olo o olo| oo Typleel weathered sndp ard erosion and trickla Iine,

28 ix 142 P o olols o o 358 pilted full of asand,

129 142290 F =4 o|o|e o o Invert edveneed tubercular rust 2! wp on aiies af
areh over entire mrem.

130 [= 18 F ola|e) o o ¢ o @ o Inlsts phaded in excsllent condition, Outlet pave—
ment typical eracks onm snd. Fus$ ob rodlsd besd
on erd of euivert,

131 |x ¢ ¥ ol |o e o of [ejop@| jo Inlettnhedad in extrens and excellsnt copditdon,
Juilst exposed typloal westhering pattern, H

mx 18 ¥ ojolo o o olo o Q Coating good ~ pavement westherad 1light - &" from ’
endn.
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Inapection No.

INSTALLATION

CONDITION OF INLET & QUTLET

PAVEMENT

Goated and Paved

Year Installed

Size (Inches)

egion Falr

Tlountainoua Wooded
Wooded Swamp
Tarmyard

Adhesion Poor

Tewage
Adhesion Excellant

Adhesion Good

Adhesion Fair
Edhesion. kxcellent

Grade
Continuous
Intermikfant
Boulders

Shale

Cravel
Cultivated Land
Hilly Wooded
FMine Water
Excelient

Very Good
TCood

Fair

Adhesion Poor
Coating Ghecked

Longitudinal Cracks
Circumfertial Gracke

Width of Cracks
Depth of Cracks

REMARKS

.
p3
w

135
136

137

]

P
~0
=
(¥+)

O | Fréguent

[=]

[o]
[=]
[=]

o

[*]

o
W

.
w

e tiel

Inlet coating as invert pesling — Pavement at 9:00,
Outlet exposed cracking amd [laking lest 2t in pavew
ment, Outside coating checking badly, p
In excellent conditien ~ in ahaded and protected
by £111 and trees from radiation, i
In sheded from radiation., Wet and dry flaking emd
pavement in trickle line, Pavement at 7130,

Invsrt of arch completely rusted - tubercular,
Spelter completely gone, Acid taste — shows oo acid,
Abrasion possitie, Large spots of rust around bolts
Ingldes.

Pavgmanh ab 5:00,

138
139

140
13

143

19508

tad

42
Tix56

‘18

534

93xbh
P3xbh

oo
&[]

=

00| 1/8 Metal

0|0 1/4 |Metal

Spelter gons and imvert - fubercular rust - Mo ecid -
red clay rock ares, Abrasive force light,

Invert snd in excellent eordition, sheded., Qutlet
e pavement radistion bracks, sealing and flaking
in dnvert triekle- line,

Excellent condition - both ends shaded,

No acdd « badly weathersd cracks in both ends of
pavement. Some ssg in top - sppraximately 1t |, No
aceling, but evidence of eroslon in flow line, Oul-
gide conting pone under £111.

Wet and dry flaking on ends of pavement, Typleal
where sun rediation load is present.

Rust in flow 1line ~ left arch baily leformed at out-
let ord, due to improper plselng — no acid, 1-27 sag
due to reck fi31],

144,
145
146

1959

bl

TTx5T
TIXET
170x104

48

(]

olcic] 1/2 IMetal

Right barrel pilted 2' deep, Lelt barrel invert
rusted -~ no acid by test.

Some rust - partlally prokected by gravel bar in
strueture approximately 6" deep.

Pavemant badly checksd first 4! end laat 47.

Typical weatherinp on outlet scaling and ete,
Flaking and poor edhesion ab outlet, futside ecoabing
dry and sealy.

Excellent condition - inlet and outled protected by
desp f111 and eut,

151

152

1950

LR

42

=
000 g
0000
SO0
O Col ©
o0 o

L]
[+]
[+]
[*]
Q

1/2 M1 of 911t - no pavement inspection,
Exeelient condition - inlef snd outlet shadaed,
Bxcellent condifion - inlet and outlet shaded.

No cracks — mo peeling - exeelient condition -
enda in shade. Some evidence of deterioration in
trickle 1ine - no acid outside eosfing good.
Excellent in every way. As good es day installed,
Shaded by trees and f413.

152
154
155

156

x| 1949

24
24
18

18

[5]
0O o 0
e QO ©

[s]

3/8 [Hetal
1/8 |Matal

[s]

Cutside coating good — typical weatherlng at waler—

Iine on ends by radistion, Favement at 3:00,

Both sids expbsed ~ typleel cracking of pavement and
dcaling jn flow line. Cover Inaulficient.

In excellent condition - vinas aovered both.ends.
shielded from weather and high enough to avold water
from atanding in pipe, -
Coating missing where pavement invert is not in

bottom, Outlet pavement at 8:00, Typioal westhering

To spelter — spelter duil,

157

158
159
160
161

x| 1949

52x30
18
59x34
54

00| 1/8 |Metal

clo| 1/2 |Metat

Sag in oulvert 1'. Water starding in cenfer. Last
21 paving eracked and seeling, At end feot coating
good except whars paving slightly coated, Pavement
&t 6230 « paving in top ef inlet. Outslde costing
good except where mistreated in handling,

Coating good - Pavement gilted, Tmpossible to
inspoct,

Typleol flaking at outlet - inlet goed - shielded
by shade and vegetation.

Typleel weathering - both ends scaling; crack ing
fivat and last 37,

Typieal cracking first and last three feet. Sag in
top = 11,

le2

163
184
165

x| 1949

52x30
36
TRxhd,

% 0 0 O o

Ol 1/B | Metal
0i0| 3/8 | Metal

Outlet ~ silted - not inspect pavement outside.
Coating peeling outalds of inlet - pavement sroded
&t trickle line - coating pood,

Typical pattern, but Elight cutlet due to light
depasit of gand, Coating good inside and outside,
Flaking In pavemsnt {endn) OCutaide comting good -
mlde indfcates full flow and possible overflow,
Typical in ends ~ cracked bedly - spoaling in trickle

Lline. Outleh sosting good, Deep hols in dutist,

166
167
168
169

HH

1550

TIx5T

14

24
24

[X=]

o|o| 1/22| 1/32
olo| 1/92|1/32

51lted ~ outlet end, Heavy abrasion mction -
cricarious limestons and shale. Largs gravel
depasits,

81light cracks at outlet cracks -~ no pesling.
Inlet partially silted.

Outlet silted - inlet very slight cracking.
Excellent copdition — po cracking, Continous
flow from spring house and ends are protected by
shede,

170
17

172
173
174

59x34
24

107x72
18
GAxL6

olo| 1/381/32
1/32 1/32

[}
Q

Inlet excollont conditlon — shaded by heavy trees,
Outlet partly shaded, Cracked end scaling lest &,
Pavement figking in the ends, Cracking firat foot
on ends, FExposed to weather, ard wet and dry
conditions.

Heavy rust in flow line. Considerable grawel in rocl
bottom channel, Chamel feirly steep.

Excellent conditions - ewde shaded. No wet or dry
action,

Outlet endes too lew, S1Ited 1/2 full, Coating emd
pavenant excollent on inlet end, Outmide coating
vory pood;

175

18

Pevement completely gone and triekie line - mot
through sceling and cracking, but through chemioal
action or chen, disintegration, Excellent rough sto
hendwall protsction, S
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CONDITION OF INLET & OUTLET

TYPE MAINT.
INSTALLATION ‘FLOW [EROS'N DRAINAGE COND, |COATING PAVEMENT
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176 {x 18 M o ofo of &) [s] oloj [ofo]1/32 §1/32 | Last foot of pavement hardening with slight crackim. !
Inlet epd in excelient mndition, !
7 | = 18 M ] st o Q) o 0]011/8  [Metall Tppical eracking in owtlet axposed 2!, Chenioal i
erosion in trickle line, |
178 | 24 M of o| |of ol@ olo] | o[elalet | |2[2[1/8 |Metal| Dutlet typicel arecking. Inlet in exoellenmt condition,:
- | Bhaded and welled. Eroslon in trickle line, abrasion, |
Outside coating eracked In falr eondition, i
179 [x 24 u o olo o| lo|o| o o 1 C[C|L/¢ |Matal| Typleal weathering on paving, alight erquion, cutside |
coating eracked, Ho eroaion on expossd spalier. !
180 |x 123x77 F ok i (2] [+] Rugt, Bo seld from test ~ Abrasion poasible, Rust 1o !i
the invert. B
281 |« 2 " ol fol [ le| | |o ofo) oi9| | lo|o|1/32 [1/32 | Slight cradking at outlet, bandatona erosion, seg in
| the middle, Outaide coating exvellant, i
182 |x 3456 | M of o o -] -] 0;0]0[0 0|0f0|1/8 |Matal | Inside pevement at inlet shaded, wonthered ouilet end. {‘
Orackod heevily, pavement ver¥ soft with loss adheslon.
Outeids eoating has no sdbesion, flakes off ensily, r
It appears that coeting was placed over oil. Bigh run;
off, poour possible; no evidence of rust. N
183 66238 P o} |o of lolo 00
18L [ x| 1950 %38 F o ojofo o[ o] 5 o ojo|i/B [1/8 I of sag in center; mlight weathering mb imlet eml, \
oracking alight at outlet - some erosion in flow line,
185 107x72 F clol ol o|o|o|o) o o meld Wy pH test. :
10772 : f
184 | = 24 | o]0l o Lol fa? o Silted no inspection on paving, .
187 |x 36 ool [s] [+ of |e] a0 Uollepeed - ailted half Pull, Oytelda poating almost |
gona. Laid on aide. ,
188 Taxld, ¥ o] o] [ (=] L= Q 1 Ono arch silted half full other arch ruated over entire
Faxhd, lavert. No meid-indicated by test, :
189 |x 18 ¥ &) o of |ajojct o o|ei1/8  {Hetal | Shaded inled, good condition., Outlet end axposed to ;
] sun. Oubside coating flaking off. ‘Typleel westhering N
. no geld - aroded trickle line, |
190 {x 66538 F oo o o 0l@|1/4 |Matal | Sealing in pavement on ends, deap f111, cheltersd »-: |
193 |x 24 P Oloo} | ojojojo olel |o)o /0 Shaded excellent condition i
152 x| 1950 i8 o o 5] ] FIE 2 EERE o[of1/8" THetal TERd oracks on pavement, Oubaide ooabing badly searred.;
193 fx 18 s o o oo O ©|0f1/8 IMetnl | Pavenent el cracks, exposed. i
194 fx 18 S of |o] o Q o a o 0|0[1/8 |Metsl | Pavement end cracks on inlset,
195 fx 24 3 o Helf collasped at erd, silted up. :
19 |= 6 s ol |o 0| o o oo oo Exoellent sondition, no oracks and mo wear, i
197 | = 18 3 o a o Inlogt collssped - scarred - rock blocking end, Coabing!
good.
198 |x 18 35 o jo o i o|o o|o olo Coating in pavement execellent - shaded. 3 !
199 48 s o of fo ! ol oleoie O[011/4  {Metel [ Favements ends cracking, Outlet veiosity very high -
has been sand bagged @t omblet to prevent erosion.
Oubeide conting scouring off,
200 [z 24 5 ol 1o o a oo El clel @ O1911/8 [Metal| Typioal westhering crocks in inlet pavebemt — outaids
coating dull and poeling on exposed ends.
201 |=x 6 M ol o o o oto| |of ol o al o Pevement at ¥ olnlock - typloal conditlons wheve

corting ecte mz pevement, Coating peeling im triekle
line - elsevhere coating is emcellent, Outeide gaod,
Typlosl weathering on outlet pgvement exposed to sun,
202 Ix 36 o| |o c o ojo o i o o Pavement at 3 of clack. Severe weathering. Pavement
peeling = coating peeldng in trickie 1iite — mpeiter-
good, Outside coabing peeling. .

203 |x 48 [s] o o| O [+ o of o Severs weathering on ends for 2!, Costing wemthered
where exposed to eun, dull and dry.

204 |=x 42 M 00| of C| (0|0 o] o O ) 4] q Typical weathering, Pavemsnt at 11 oteclogk ~ coating
gone in flow 1line. (Tuberculin in flow line). ;

205 |x 36 [=] o] o o) o o) Inlet en! excellent condition. Owilet end - comting |

. gons or pever coated, spelter gons with rust. !

26 |x 36 F 2| |o o| |0|o| L o o Pavement et 2 ofclosk, Combing ecting as paving - oute
slde ¢omting fylrr- some oracking, OCutlet end nod
coeted, Tubsrculin ruat, advanced stage,

207 |x 66x33 | M o ofo o olo o o 0 Typical weethering - eracking snd scaling - cutelde |
couting good ~ slight rust on 2ip where coating is

| Hoarred. .
208 |x | 1950 EESTA F o] 1o ENEEEG oo [} & o olo[2/8 [Metal | Some seg in aenter, Wetting and drying flaking in
' trickie 1ine, At inlet and autlet. Oubnide costing .
- : y dull and cracking. No metal showing,

209 |x 24 F o < i o 9 Peyemexrt at 5 otoloek typlesl westhering condition et
outlet. Inlet paving anl coating good.

210 |x b} H o| |of | jo! {<|° clofof Io|@ @0 Typiesl - comting good - coma light cheaking amd
sarling o few faet on ends An dnmwwit,

2 tx 18 F o o|o ’ o o o Pertly collspssd at inlet. Coating good = silt

' pavemat &t ontlet - paveswnt good ot inlet, - T

212 [ e F o ofe ool ¢ |0 ° fvsrflpve rosdway ~ culvert baif full of silt, Pave-
mant good - eoating good.

213 % 7exid | M| plo ofo o o O | 1°/9)1/8 [1/8 | Few eracks firet 2' ~ overall pavement sonlitian
oxcallent - no chacks or peeling ~ outslde coating
exsellent.

2% ix 18 M o o oo lo O1%11/4 [1/4 | Typleal weathering on emis, Conting good outaide.

215 bx 18 ¥ o -] o o o Some weathering and paving at inlet exd. Paving good
in shaded outlet end,

716 | x| 1950 30 F I Fe olC ) o L] Pavemers typloal ~ invert s1dghtly o1, #Ink hols

E topogrephy. fTypical weathering,
217 |x 18 F o o O[0]1/4 {#stal | Outside sosting, Adhesion poor - spslter good -
typlc:‘} venthering, condition. Inlet and cutlet
.| e=posed.
218 |x 30 M of o o| |ofe o o o @ 0l 3/15 [ Metal | Typical westhering comditions, Outlet thigh and axpomed,
. has 5! fres fall st outlet, Dug large hols, One folnmt
of gemerete plpo at inlet end, Wo wenbhering on mobal,
Pavement not fn invert, .

219 |x A F o oo e} olof Jo Heter standing in plpe - eama eilt. ]

220 {x 18 Filfo ojo ofo] fo Silted wp - omtlet end burned owt. Silted bedly ot 1ot

221 {x 18 M ol {2l o 80 ool [o 211ted wp ~ 1/3,
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222 |x 18 L 0| ] of o No cracks - orde fairly shielded, Pevement slightly
off invert,

223 |x 18 ¥ olo O o o Ol 1/L |Metel| Paving good - shielded by silt snd gravel, Rl
flow, Typleal weathering at owtlet - cracks.

22 |x 18 Lt o fo| | |o]ofo o fle o| | [¢|oj1/8 |Metal| Cracking through in very good shielded condition —

_ | erosion in pavement - outlet erd and no chabce of
wetting and drying in outlet emd, Inled collapsed,
o Outzide ccating goed,

225 |x 18 s fu| {9 olo ol o Good — po westhering - chielded - Outslde coating gpod,

226 [x | 1950 18 9 0 o o O Coeting in pevement good - in excellent shape,

227 |x 36 r ol lo oo o o O] Outside comting good, Typicel veathering, excessive
soaling and falkirp in trickle 1ine, Extreme flgking
in vutlet. Coating perfect - all exposed - spelter
good.

2RE x 36 [, o) [s] olo olo Shaded - excellent condition both ends due to shade,

22 |x 42 r O q |ojoe O Lafle) a Typical weathering. extrems flaking condition -
no evidence of ustting and drydng. Small crack &
inlicates materisl may be toc dry, lIast 3! to 4.
Outlet end free and 3% of fall, Some boulders 4n
barrels, N -

230 ke | 1929 18 ¥ of . ojo o o = O10{1/8 [Hetel| lavert at 5 oltiock, Typical westhering on eniE.

. Very 1ditle drainage on this road.

271 ix 18 F ol [o| i lo| |ole o ofol o A1/8 [Motal| Paving at outlet st & olclock, Typical westhering
outlet end ghaded — in excellent skepe.

232 1949 42326 & O o Ko rusi.

A2yl

233 ix a6x38 M [« Qp|o) a] o0 O 01081/, |Metal| Outside coating falrly good, Typieal cracks on pave-
ment 6n ends, No scaling - no wet and dry actlon.
No pording.

234 |x 18 o] |O) Lejl=ilo] fal oo [eF:] Shlelded endd — No crecks in pavemenmt. Fxcellent
condition,

235 [x 18 ! o ol o o|o} 9|9 of Exoollent conditlon - shielded by vinee snd vepetat-
dan,

236 [x 18 M o clo| o ] o] Good condition, Shieided at inlet - typlesl weatherw
ing at outlet - expomed end,

37 |z 18 N o =] o] o] No erackes at phiclded inlet, Protected imlet and
outlet - size good. . :

238 |x 18 N =] [s] ojo| O [a] Full flew due to silted inlet ~ Inlet end torn and
partislly collepsed, Inlet pavement fair,

219 |x | 1949 24 F 0 [=| [s] ) 3] Of0[1/4 ¥etel| Weathered Imlet — cracking and poaling &6 inleth,
Pavement at 7 olc¢lodk at outlet, Outside eoating

. good, No rusi on exposed spelter.

240 |x | 1949 18 T 0 OO0 |G O [s] Cooting good. Typiecal weathering at inlet. Jutside
conting good,

241 jx - 30x17 o | o o > k= 5i1ted in pavemsnt — srd dmpossible to inspect peve~
nment - coating good,

243 [x 59x34 P ‘e oo 0|0 9 Outside costing good - 4nside very good, Silted -

: i R impossibie to inapect pavement,
243 = 30x17 F o (o] ] o al ofo|i/32 |1/32 | Typical westhering, Small erecks on end of pavement,
244 | x 3007 P o] [a] ol ol (o11a] /4 |Metal Ere: out fgll - outlet pavement cracked - outside
R coating good,

5 [x o6x38 | F o olo o0 9 9| | 9191/z {Metal| Typlcal westhering on emds — no peeling or coaling -

6hEIR . no wet ar dry conditionm,

26 | x 3934 F [ [s:a} o 9 9 O[Q|3/8 {Metal| Typlesl crecking on ende,

3934 .
247 [x [ 1949 24 H OO [s38s] DO, ) O Coating burned on outsfde - inalde coating good -
olol olo! silted,

248 oxe, | ¥ | o o Yo evidence of ruat.

24 %57 F |- [a] of ol Cut off on skew. Rust in invert. No meid,

250 | x 3017 F O o] ] O Wel and dry flaking sceling st inlet and outlet,

: Culvert low and pocled at outlet, Coating pood.

251 |x 0 ¥ ) o| |o]- 0 ol o Typleal weathering on ends, Costing good fnside and
oub with slight evldencs of erceion,

252 TIx57T T o oo o Helf full of si1t and md - looks pood elsewh

253 1949 18 ¥ ] O 0 6] {O[0[T72 [Fetel | Outlet wd inlet emis partially colimpsed, Severs
erecking of pavement, Peeling in large dquares.

| Outside coating searred off,

254 | x 18 F 1 0| | 1 o (4] oo Severe cracking In pevemsnt; outlet which is exposed.
Inlet sheltered amd therefore, nd oracking so meverely.
Outlet end dsmeged by grader, Full flow,

255 TIx57 ¥ [] ] o oo No rust - some giit epd outlet, OCuivert laid teo low.

256 | x ig M fa] ol |o]ol Q| =] olo| [ofo|l/2 |Metal| Severe cracking in pevemsnt, Pavement In culverts on
thls seetion of road are thicker than usual, Cracking
very wide.

T 257 |x 24 F G O o o o Standing fll of water. Coating good, Pavment
Inposgible to inspect,
288 |x | 1949 18 F loie] o]0 -4 |ete i o o Extrome eracking - pavement peelimg in large chunks,
259 |x 24 F o|o|e|o|of |e o Ola Olo Pavement peeling off, GCoating adhesion secma to be
1 bad. Puddling in culvert deteriorating costing,
Wotting and drying affect, Culvert partielly
collapaed st imlat,

260 |x hE:] F ol olol f+] [+ [+) of o] oo Pipe cui by grader. Nas insufficient cover. Fave-
ment in pipe deeply crecked. Extromaly bed — as has
beon typical of this road, Wide craeks penatrates
to metel, Pavement seems to be thicker seusing more
severe cracking., Paving seems very dry. Oubalde
coating mostly gona,

261 1549 P57 F EINEGCENERR LE | Seour metion, Camplete rust in trickle 1ife,  Ouiside
apelter good. Ro acid,

262 |x 18 ¥ |10 o G0 o 1o Typiesl weathering at ouwtlst. Oracking end sesling

[ in {rickie 1ine, Coasldng exaellent, Inlet end nesds
cleaning, End projecte too far iuto the cut,

263 |x 18 5 oo o o o Perfect conditlon, Shielded by ecut and vegetstion,
Outalde cceting pood.

264, [z 18 F- [oof0 O o o[of o -] Paving good. Coating fair - protected by clsy silt

. and irvert, Outside coatling gona.
265 |x 18 ©M olo ool o olo] [-lo o 1/8 |Motelf Coating good. Typical weathering, Flaking outside
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266 |4 30 F o o|o3/8 [Msted} Wetting erd drying. fleking. Typieal erecking
: patbern. Outside coating good, eulvert set low on
grode, Puddling at oublet allowlng weitlng and dry-
ing for weathering.

18 Pavement at 3 ovclock at outlet. Severe weathering
of pavement. Coating excellent. Imlet gocd condition
shielded, Oubtlet h: and exposad.

T6I5 (7 Typical weathering, S1ight flaking In GLrickis 11me,
Pavenment fiaking in lerge chunka,

T2xil, Typlcal wenthering conditions, Some wetting and dry-
ing; fleking in flow line, Coating good, Outlet
aracking severe. Large sheste of pevement missing.
Spelter dull, Pinpaoint rust where sapased.

58%36 Typical wenthering of pevemont at both erds. Wet
and dry flaking. Small mmount of algee growth, Pin—
point rust vHere exposed.

19 Exqellent condition, Ends ere shielded and no wet
or dry actlion, )

36 Typical weathering - crecks mob mg severe as wsual,
Soma chemienl gpction ~ pot acid, Costing good.
Culvert im 1/2 corrugated metal and 1/2 conerete, X

1949 24 o |. [ O Cracking first 6", Otherwise shaded, In deep £113,
Pavement sliphtly out of imvert,
1945 24 o 00 o Excollent condition, Inlet shaded - cocbing and
pavement beat condltion.
1949 18 o] ls] O Q Motal | Outlet silted 1/2 full ard ie high. Last 6' exposed,
Outlet trickle lina cracked to metal,
1849 18 =l al [s] o 511% in bottow sesms to be protecting pavement.
S1ightly weabhered, .
1949 30 o]le] tefslls) o] [=] 1o Coating not 4dn imvert, Costing is checking and pesl-.
X ing in flow 1ine, Pavement good,
1949 59%34 Pl blo Ol o|o) 0 ) ! 3/8 IMetsl | Typlenl weathering and acaling in invert.
1945 5230 M lblo olo|o) [ 1o [s] Excellent_conditio: No cracks or 1
1949 x5 M wis) 819 [} 1) Ko Slight eracking in inlet. Small patches of sealing.
Yery good corditiom,
1949 &5%hs, T n) o]ojo fo; o0 ojo .. Excellent oondiiion, Fo cracks or peeling,
1949 48 M ) u] fa][s] of | lao oo Spelter exoellent ~ exception « one pleco 1 mipsing
and & spot is rupted,
1949 24 M o O} [+] 0| O o314 Invert at 9 otelock, Gosting erd pavement axoellent.
1949 Fix57 r 0. o Advanced stage of tuberoulin rust on entire flow
) . 1ine, No mine water. 30% goms,
1349 30 F o OO O (s O Excellent condition. .
1949 T4x57 F o Le]la] o d o /8 | Excellent condition at inlet. COuilet typileel cracks. .
x5 1 '
1349 48 ¥ | jojo o o | blo Io]o Good _eondition,
1645 Fx:3 M w]fe] s D oic olo Excellent conditdon.
1549 42 M o (o] O o} o Excellent ccadiidcn.
1849 18 o) o) o oo o] o] Excelient condition, No cracking, checking or eceling.
18
1949 48 ) [s] olo O oG O Typieal chesking at oullef,where expoped to afberpoon
sin, Inlet exoellent.
x 142250 o) Cne erch eompletely rusted in invert, The other is
142x90 . pilted 1/3 full, Recormend Eavgg this out, -
1949 48 O [ O O [= Perfect condltion, Vo cracks or checks. Best sse
6o far. .
x| 1949 24 u | N of [s]fs] 010 In good cordition, Stight evidence of checking,
x| 1949 24 r o 0 ] e8] &] 1] Gracke present in protruding outlet.
x 18 8 ] o o [=37aY lofo Good shaps - na oracka,
x 24 o O o bio olo Good ghaps = mo eracks, Ohrteide excellent,




