COMMONWEALTH OF KENTUCKY
'DEPARTMENT OF HIGHWAYS

FRANKFORT
HENRY WARD Februar'y 5 3 1964 ADDRESS REPLY TO
COMMISSIONER OF HIGHWAYS DEPARTMENT OF HIGHWAYS
MATERIALS RESEARCH LABORATORY
132 GRAHAM AVENUE
LEXINGTON 28, KENTUCRY
MEMORANDUM Dc2.b

TO: W, B. Drake, Asst. State Highway Engineer
Chairman, Kentucky Higlway Research Committee

RE: Fourth Annual Performance Survey of Reinforced
Concrete Pipe Culverts; KYHPR-64-22, HPS-HPR-
1(25), Part II.

The attached report, entitled: “Fourth Annual Performance
Survey of Reinforced Concrete Pipe Culverts,” by R. D. Hughes,
Research Engineer, is a continuation of a series which was inaugu-
rated in specific response to the BPR's C, M. 22-42, dated Novem-
ber 12, 1959, C. M. 22-42 has reference to C. M. 22-40, dated
April 4, 1957, Previous reports submitted in the series are cited
in the first section of the current report; reference is also made
there to reports of other studies which are related to but are not
part of the series. Additional background information will be found
in the introductory portion of the report.

Effective July 1, 1963, the project, with which this report is
concerned, became identified with the Department's cooperative Plan-
ning and Research Program, HPS=HPR-1(25), as authorized by the
Bureau of Public Roads PPM 50-~1.l, February 5, 1963; and copies of
the report are being transmitted to the Bureau in accordance there-
with.

Al PR
D



W. B. Drake e February 5, 1964

Although comments and suggestions are invited, no specific re-
sponse is requested inasmuch as the report is primarily intended to
update the performance record of the group of culverts under surveil-
lance.

Respectfully submjtted,

g/ o/
% . Hawvens
irector of Research

Secretary, Kentucky highway
Research Committee
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cc: Research Committee:
R. 0. Beauchamp
R. L. Campbell
T. J. Hopgood
A, O, Neiser
J, C, Mocre
D, V. Terrell
File D.1.7
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INTRODUCTION

A stylized, rational criterion for the structural design and
installation of reinforced concrete pipe culverts was developed by
the Bureau of Public Roads in cooperation with Prof, M. G. Spangler
of Towa State College and the American Concrete Pipe Association
and was distributed to the various state highway agencies, April
4, 1957, as Circular Memorandum 22-40,% The criterion was intended
to bring together and simplify methods for computing the strengths
required for various fill heights and conditions of bedding. The
several highway agencies were urged to adopt the criterion for use
on all Federal-aid projects and accordingly, the Kentucky pepart-
ment of Highways issued Amendments No, 15 and No. 16 (Feb, 28, 1958)

to its 1956 edition of Standard Specifications for Road and Bridge

Construction, Standard Drawings No. 11,22 and No. 11,23 were issued

along with these amendments. Aﬁendment No., 15 was later super-
seded by Amendment No. 15a (Dec.s 1961). These amendments‘and
gtandard drawings were faithfully pattérned after the criterion out-
lined by the Bureau of Public Roads but contained some practical
modifications which for the most bart were incidental to the trans—
formation of the design criterion into specification style. Class

B bedding, with its By modification for high fills, was adopted

% Also reported by D. P. Babcock in the Proceedings of the Highway
Research Board, Vol. 35, 1956,
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as standard, Fach is similar to the same respective designation

as described in the Bureau's Circular Memorandum 22-40. The strengths
needed for the respective conditions and heights of f£ill were re-
solved from the criterion and were set forth in "Table for safe Fill
 Cover Heights and Classes for Reinforced Concrete Circular Pipe"

on the Department's Standard Drawing No, 11.23. Installation pro-
cedures were diagramed and outlined on Standard Drawing No, 11.22,

Tn order to further evaluate the design and installation cri-
terion, the Bureau of Public Roads requested (Ref. C, M. 22-42,
dated 11~-12-59) that a number of reinforced concrete pipe culverts,
.designed and installed in accordance with the outlined procedures,
be inspected periodically and reported at the close of each calen-
dar year, A group of 113 reinforced concrete pipe culverts was se-
lected early in 1960 for these inspections. The culverts selected
are located in Jefferson, Shelby, Franklin, Clark, Montgomery, Scott,
Grant and Kenton counties on Interstate Routes I-64 and I-75. Each
culvert was inspected during the summers of 1960, 1961, 1862 and
1963, The data reported herein sumnarize the design and construc-
tion factors and the performance for each pipe inspected during these
four sunmers.

Previous reports covering the first-, second-, and third-year
performance surveys, respectively are:

1. "Performance Survey of Reinforced Concrete Pipe
Culverts," by R. C. Deen and R, D. Hughes,
dated March, 1961,

2. "Second Annual Performance Survey of Reinforced

Concrete Pipe Culverts,” by R. D. Hughes, dated
February, 1962,
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3. "Third Annual Performance Survey of Reinforced
Concrete Pipe Culverts,” by R. D, Hughes, dated
January, 1963.

The current report, "Fourth Annual...", largely supplants the
first and third reports; the second report contained additional
discussions and information which might be useful in a subsequent
or final report. Other reports pelated to but not directly a part
of this series of performance-survey reports are:

“performance of a Reinforced Concrete Pipe Culvert,
with Standard and By, High-Fill Bedding, under Rock
Enbankment (Scott County, I-75-6(5) 123)," by Ralph
R, Taylor; KDH, Aug., 1961,

"5ome Effects of Fabrication Practices on the Strength
Characteristics of Reinforced Concrete Culvert Pipe,"
by R, C. Deen and Jas. H. Havens3 ¥XDH, Feb., 1963

(To be presented at the 43rd Annual Meeting of the
Highway Research Board).

"Camber Design Study, for Concrete Pipe Culverts,"
by Aubrey D. May; KDH, Feb., 1960 (Note: Manu-
script report of same title as above, authored by
A, D. May and R, C. Deen, offered to Soil Mechanics
and Foundation Division, ASCE, July 1963, for pre-
sentation at forthcoming Settlement Conference,
June, 1964), ‘

Reference is appropriately made also to the following publi-
cation which updates and revises the original, BPR criterion:

Reinforced Concrete Pipe Culverts, Criteria for Structural
Design and Instaliation, Us So Dept. of Comerce, Bureau
oF Public Roads; GPO, Aug., 1963

411 prior studies made by the Department in connection with
these referenced reports were sustained entirely by State funds.
Although most of the field inspections for the year 1963 had been
completed prior to July 1, 1963, the project was fplly authorized
under Part II of HPS-HPR-1(25) July 1, 1963, and henceforth will
be subordinately identified as KYHPR-B4-22. At least one additional

field inspection and annual report is contemplated.
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PERFORMANCE SURVEY

The results of the performance surveys are presented diagram-
matically in the Appendix. Each installation is diagramed directly
below the tabulation of its respective design and construction data.
The inlet of each pipe is on the left of the page, and sections of
pipe are numbered from the inlet toward the outlet. All signs of
distréss observed during the field inspections have been shéwn by
symbols (see legend) on the diagrams. Signs of distress noted dur-
ing the first inspection are shown in black; signs of distress that
developed between the first and second inspections aﬁd any changes
observed are shown in red; developments or changes ih distress be-
tween the second and thifd inspections are shown in gréeng and signs
of distress that develbped befween the third and fourth inspections
or any changes observed are shown in blue. No walk through inspec-
tion, as such, was made of the 18-inch and 24-inch diameter pipes.
Only visual inspections from the inlets and outlets were made on
small diameter installations.

The two culverts on project I-75-6(%4) 129 in Scott County had
not been installed by the time of the first inspection but were in-
stalled prior to the second inspection - thus, the second, yearly
survey represents the first field inspection of those culverts.
Fills had not been completed over any of the culverts on project
I1-75-6(5) 123 in Scott County af the time of the first inspection,
nor had pipes been installed at Stations 36+50, S, W. Ramp or 47+u4(
on U. S. 62. The installation at Station 47+40 on U. S. 62 and
all of the remaining fills, except the one at Station 36+50; S. W,
Ramp, were completed between the first and second surveys, The
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second performance survey represented the first inspection of those
culverts. The installation at Station 36+50, S. W, Ramp was com-
plete by the time of the third survey, and that survey represents
the first inspection of that installation,

During that time between the first and second surveys, a slide
cccurred in the fill over the culvert at Station 7+34%, F. R. 2 on
project I-75-7(11) 151 in Grant County. Several sections of pipe
were damaged during the backfilling operation while correcting the
slide area. Distresses roted were not of a serious nature, and no
corrective measures were required., The culvert at Station 566+65,
N, B. L., on the same project, had 33 sections added to the out-
let portion during the time between the first and second surveys.
Two sections of pipe of the original installation were damaged dur-
ing placement of the new sections. Damage to those sections was
not severe.

Additional sections of pipe were placed at the inlet and out-
let of the culvert at Station 428+07 on project I-B4=5(5) 93 in
Clark County. The sections were placed during the time between the
second and third surveys, Twenty sections were placed at the inlet,
and 11 sections were placed at the outlet to provide drainage under
ramps connecting I-64 and the Mountain Parkway.

During the first survey, several culverts were found to be in
sericus distress, and refairs were recommended. The culverts re-
commended for repair and the repairs made are listed in Table L.
The majority of repairs were made between the first and second sur-

veys. Those sections of pipe which were lined with corrugated met-
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al pipe and grouted were observed to be in excellent repair when

the second, third, and fourth surveys were made.

The mortaring

and patching (epoxy) of less severe cracks proved to be rather in-

offective in that cracks reflected through the patching material.

The epoxy used in repair of the cracks was of the type which is

adversely affected by moisture.

Tt is significant to note that the more serious signs of dis~

tress developed within the first year after installation. FPro-

gressive signs of distress were noted during the second, third and

fourth surveys; however, none requiring repair were observed dur-

ing the last surveys.

It appears to be quite evident that signs

of major distresses might be expected to appear in a short period

of time after installation disregarding unique events such as slides,

addition of sections, etc.

Table 1. Repairs made on Pipe Found in Distress During First -Inspection
Corrugated
Metal Liners
: Ming
Project No. County Station Ne.| Patching Sec.* |Cauge] Dia
T-64=3(3)31 Shelby 1255+25 10-13| 12 42"
Top & Bottom
T-64-3(5)U45 Franklin 2233+50R Sec, 13-32
I-64-3(7)35 Shelby 1604+0LR** | Bottom,Sec.12-16
1619+u45L 11-32| 8 | u8"
1633+30L 10-41| 8 | 48"
1635+82L Lift Holes
1637+32L 13=47 8 | 42"
I-75-7(5)160 | Grant 978+12 15=45) 10 | 36"
1085+44 Joints,Sec.67-73
1087+50 Joints,Sec,19-21} 34-79| 8 ug"
27482FR %a | Joints & 1lift 5-12] 8 60"
holes

* Sections numbered from inlet of culvert.

#% Repair recommended but not made prior to second inspection,

oL
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DISCUSSION

The maximm, safe fill heights for each strength-class of pipe
and condition of bedding was determined from the design criterion.
Each strength-class of pipe was thereby qualified and authorized for
use in situations in which the height of fill did not exceed a speci-
fied maximum which was based upon the suggested, minimum, safety
factor. In practice, situations arise wherein the fill-height just
exceeds the maximum allowable for one strength-class and wherein
a higher class pipe provides more strength than is needed. This
oftentimes results in greatly increased factors of safety in actual
structures and provides further opportunity for evaluating perfor-
mance from the standpoint of design.

0dd occurrences of shear failures in a long_line of pipe might
be attributed to local stress concentrations and uneven load-bearing
conditions; whereas, a prevalence of shear in a line of pipe having
a safety factor which ig significantly greater than unity sﬁould not
be thoughtlessly dismissed. The most perplexing aspect of this
evaluation is the fact that the cracking and shear failures observed
do not seem to be related to the adjudged, as-built, safety factor.
0f course, minor cracking is understandable and perhaps admissable
inasiuch as the criterion for design is based wholly upon the ulti-
mate D-load strength rather that the 0.0l-in,-crack strength or
first-crack strength., On the other hand, even a two-fold safety
factor does not seem to preclude shear failures, This suggests the
disturbing possibility that such failures may not be related to design;
and of course, the possibility that damage could have been caused

by heavy earth-moving equipment or by failure to conform with the
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LEGEND

Hairline GCrack —
Grack (.Olin. or above ) —
Shear Failure —
Spalling —_
Broken —
Mortar Missing —
Steel Exposed —
Faulted —
Section Settled —
Buckling —
C.M. Liner —
Mortared —
Potched —
Joint Separoted —
Hairline Crack Changed To Crack
Grack Or Cracks To Shear
“Mortar QOr Patch Out

Steel Exposed Through Patch
Hairline Crack Chonged To Shear
Hairline Crack Through Paeich
Crack Through Patch

Black — 1260 Survey
Red . 1961 Survey
Grean — 1962 Survey

Blue -— 19683 Survey
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FEOJECT BO. 1 64-2(5)17 JEFFERSOF COVETY

VEET OF EHGLISH STATION ROAD TO SEELBY COTNTY LINE

Station Dipmeter Denipn Actusl Clpes Bedding Projection Design Actnal Embankment Helght . Brex Exbankmant Factor of . Locatlon
Number (in.) Length Length Grade Grade North South {9 Haterial Safety an of Inlet
(ft,) (ft.) (£} (%) {£t.) (£t.) Constructed .
652 + 68 42 228 228 111 BI Foslgive 3,50 3..50 22.0 25,0 15 B 8ol & Bock 2 ¥7-2.18 Eorth
T 1 e S
—r %% .-__—--.__-—‘""-" N L) i
I L8 T T I [T LTI B L L T [ T[T B ITTTT]
R e ~ w e T
L A.- Ty T - . ——
&6B + OO 30 296 296 I std, Fositive .45 1.23 16.0 19.5 a5 R Soll & Rock J1.65+1,76 Hprth
658 + 00 24 224 224 I Out to 1087-By Out. to 52'-Fos, 4,69 b.69 20,0 2.0 L] So1l & Rock I.92-2.27 North
1001 10 z2b1-3 o, MO0

LIt T P bl T TP T I Tl TTT T T T T ol TTT T T I T ool TTTTTTITRITTTITH

744 + 30 30 260 260 III B, Fosliive 2.08 2,08 21.5 _25.0 0B Selil & Bock 2,91-2.18 Horth

e L TR T T T T T R T T T R LI T TR L




PROJECT ¥O. I 66-2{5)17 JI¥FERSOK COUNTY
W2ST OF ENGLISH SPTATIOR ROAD TO SEELEY COUNTY LINE

Statlon Digmeter Design Actunt Clasa Sedding Projectlon Deslzn Actual Eobeniment Helght Slgev Ixbankment Factor of Iocation

Hunber (in.} Length . Length Grade Grade Forth South "y Material Bafety as of Inlet
(£s.} (rs.) ) #) (£t.) {18} ] Gonstructed

776 + 50 30 260 260 II1 B, Positive 3.15 3.15 32.0 30.0 15 L Boll & Rock 1,701 .81 South

O v T T Ve T T T T EI TR T LTI T TR T

s Pt TN ——

790 .35 2k 208 208 III atd. Faglilve 3.8% 3.89 1.0 15.0 WL 8011 & Rock 2 bi=1.77 Forth
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PROJECT NO, I 64-2(3)22 SEELBY GOUNTY

JEFFEREON COUSTY LINE TO JOYCE STATION ROAD

Statlon Dizmeter Design Actual Gilaps _Bedding Frojectlion Design Aetual Frhantment Helight Sleew Exbankment Factor of Location
Howber (1n.) Length Length Grade Grade Horth South (n) Meterigl Safety s ef Inlet
{£t.} (£%.) # (%) (£t.) (£5.) Congtructed
00 + 15 g 156 156 111 Std. Ppsitiva 0.32 0,32 4.5 4,5 +] Soll 5489 ¥orth
o ' ~— — ~—
T TP T T T T TR T T Tl Eee [TTTITTT]
968 + 25 bz 172 17z 111 Std. ‘?ositi‘v‘e 2.n0 2.00 8.0 9.5 © Rock 3.23=2.79 Horth
by
G5 — — — P
& T TR I T I T T TR TETT T TR PITITI I 1]
o~ il L )
983 + 90 18 228 228 1 Std. Foeltlve 1.8 1.89 2k 22.5 bl Reck 1,10-1,18 South
IIIIIIIH%°H\II!||H2°|1\IIHIIISOIHHIIIIMJIIIIIIIMIIIIIH
988 + 75 24 212 212 11T Std. Pqoitive 1.98 1.98 17.0 15.0 0 Rock 1.56-1.77 South
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FEOTJECT ¥o. I 84%-2(3)22 SEEINY COUNTY

JEFFERS0N GOUNTT LINE TO JOYCE STATI0N ROAD

Station Trameter Deslen Aotusd Class Bedding Projection Design Actual Yabankmant Height Sew Eabanirment Factor of Location
Yunbeyr {1n.) Tength Grade Grade Harth South {9} ¥ateriel . Safety as of Inlet
[£2%] (1) (£) (%) (re.}  (fe.) Constructed
1000 + 50 30 280 200 11t Std. Oat. %o 58'-Pos.  1.90 130 13.5 i2.0 0 Soil 1.96-2.21 South
581 to 200%-Heg.
. — ) T e ——r ———
NEEENEEERCRIEEENERR NN RARECEENEEEERE CEERASREREC
1057 + 35 30 2 ) 111 std. Positive 0.99 0,99 19.0 19.5 15 L  BRock 1.39-1,36 Horth
(TITI T el T T T T TR LI T I T T TA T T [T [ [TTITTTIT B
—~ - —
e P e,
1133 + 10 36 158 1£8 Irx Std. Poeitive 1.0% 1.01 b5 6.0 [+ Sotl 5.85-l b1 Horth
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PROJECT WO. I 64-2(3)22 SHELBY COUNTY
JEFFERSOR COUNTY LINE TO JOYCE STATION EDAD

Statlon Diameter

Peslgn

Actual

Clees Bedding Projeection Design Actual Prbankment Helfght Skew Enbeniment Tactor of Locatlon
Humb ez (in.) Length Length . Grede Grade Horth South (L] Material Safety as of Inlet
(1.} (£t.) %) [§:5] {rt.) {fe.) Conistructed

Bas;p 1 o 36 1 abk IIL By Posltive 0.90 0.90 29.0 o Soil & Hock 1.87 Forth
10 +7

ﬁlll!!!l!mllIlHHIF"IIIIIII]lP"HIllJ_!
Ramo 5 1B 100 100 III Std., 31'=Fos. 2.50 2.50 12.0 s} Solil & Rock 2.21 Senth
9 + 50 69'=Eeg.

EEEENENERCEENEEENERCREREN

Yeechdale Rd. 1B 148 k8 111 By In, to 30'-Neg. 4.39 4,39 28.0 0 RHock 1.94 South
720 + G0 30" to 148'-Fos.

WIHIIHIwHIlIIHHZdlIliI!IlbOHIIIlII
Vaechdole Bd, 24 168 168 111 31 Hagati..ve 0.60 0.60 32.5 [} Hock 1.67 South

74 + 00

I_HHLIHIwIiIIIlIHIZ°|iH!ll|H3°!IHHHII“OHI




TG

FEOJECT N0S. T &4-2(7)29 & 1 64-3(3)31 SHEIBY COUNTY
JOTCX STATION BOAD. TO XT. 55 {0ID) & EY. 55 (OLD) TO SEVES MILE FIIE

Station Dismeter TDesign Actual clal.s Bediing Frojection Design Actual Exbenkment Helght Bkevw ZEnbankment Faotor of Loeption
Humber (tn.) Langth Length Grade grade North Bouth (¢} Materlel Safety = of Inlet
{£e.} {£2.) (%) . (£} {te.) (rs.) Conmtructed
Joyce Statlon 30 108 108 111 B Pol‘.i.tlva 1.02 1.02 24 0L 8o0il 2.5 Horth
Road 78 + 50 1
o ® .
MWMW%
HIEENEREECERERAREERECERRNEER
ngmmmwﬁ'_ —
[/
Joyce Statlon he 1l 14k 11l Bl 130! -Foa, 2.03 2.03 2.5 17.5 & Soll 1.8% North
Ropd 81 +79- 1w Neg.
Lt a—
o e N Wiy ~—
IHIHHIl'°|||||IHHZ°HH|llllP°HIlHJ
i
LR
@ LT 4
1168 + 37 b2 z0L 20k III Std. Cni. to 53'-Neg. 1.10 1.10 13.0 30R S0l & Bock 2,04 Horth
53t to 204'-Fos. '
—_— PN [ — e — o~ ——
|IIIEFTi‘TIn?FiTII'II'ilIZOiIIIHIII[ﬁIT”IlTIF’%WiT’iIIIlIF&U
1255 + 25 ua 208 208 ho ¢ S std, Poeltive 2.74 2.7 19 21 o Roek 1.%9-1.26 Horth
-4 &
%-"——;,a—-__,.—%-gs:} e ses. uq“—aﬂ?&"%ﬂ?—w 22
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FEOTECT WOS. I 64-2(7)29 & I 64-3(3)31 SHELEY COUNTT

JOTGE STATION HOAD 10 EY. 55 (DID) & KY. 55 (0LD) 70 SEVEN MILE FIKE

Station Diameter Desien Actual Class Bedding Prajection Deslgn Actual Exbankment Belght Skew Fubankment Factor of Location

Numb er {in.) Length Length Grade Grade | Korth South (%) Material antet: I
. ¥ as of Inlet
(£%.) (£%.) ‘ £3] (%) (£3.) (£3.) fonstructed
1403 + 10 36 208 208 IIX Std. Poslitive 2.00 2.00 7.0 5.0 0L Rack 9,781, 11 South
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FROJEGT WO, I 64~3{7)35 SHELBY GOUNTY

SEVEN MILE PIXE TO 5000 ft, EAST OF ET. 7L

Statlon Daxeter Deslgn Actasl Cln‘!u Bedding Frolsctlon Dealgn Actusl Tobankment Helght Slcew ‘FEbanlonent Tactor of Location
Humber {in.) Length Lengta Grade Grade Horth South >y materiel Safety as of Inlet
(re.) {re.) {£) {f) {1%.) (£1.} OenstTusted
1456 + 90R L2 152 isz 111 Btd. out to 26°-Pos. 6.15 6.32 4.0 ks B B' Soil £'Remain, 1.89 Sputh
261 to 1527 -Neg. Boil & Rock
o @ @ a
® st D B DD -
PSR e
~_o
,HHIHIII=°1|HIH|IINHI1IiiHP"ilTll !
WW"%’WW Lt
F®T a..._,,‘,—.rew-.ﬂ-—-eg y ==
1458 + 355 i) 204 192 111 B, Fosltive .97 1.97 23.5 ks B Soll & Hock 2.9 South
[5] Gg B @D gpg e
ot 23] op B
E S ees” 0200 o008s 0678.8, - .388 '~
T ~
X Wlilll%lb°l|i|i|ltlb4!lll!HII#III!IHIMHI]IHF
&3 AN —~ e = P
1471 + QOR 18 64 13 111 std. Hegative a.ky 647 3.0 2R Soll & Hock 3.89 South
EEEENEEERDERRERN
15% + 51 72 228 228 111 B ut to 129'-Fom.  2.50 28,5 b5 E  12'Si1 4 191 Forth
2 1291 ta 228%-Heg. Remais, Eock :
Annd Y e
o e LLY N T Kol Sanes
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PROTECT WO. I 64-3(7)35 SHFIBY COUNTY

SEVEN MILE FITE TO 5000 T, EZasT oF EY. 71l

Station Diameter Design Actual Class Bedding Projection Deslen Actual Trbenkment Beight Skeaw FErbankment Factor nf Locaticn
Hunber {in.} Length Length Greds Grade North South (°3 Material Safety as of Inlet
{£1.) (£t.) {4) (£) {ft.) (£4,) Gonstructed
1619 + 44 R = 168 168 I & Po‘sitive 2,80 2.8 21.0 30 L 10' Soil & 2.27 " ¥orth
Hemsin, Rock
@@ g oa® g $$
| @m&%@% o 2695905380
WM"‘\’\W/“' 1]
s R T R R R I — IR e
HHHHHwHWIMIH Tl
%meg @% %pﬂg“‘gg 2
1619 + 45 L. 60, 160 160 Iil By Posltive 2.58 1.bk 27.5 15T Bock 1.98 Korth
| ‘ ®
t * @ %Ewr ﬂa &
Qﬂj P RVODS L R
e (
& HHLT’LJTILOJHH“ 1 ZHHHIlH!ULTIifI
g Reas (i T,
6@
1633 + 30 & sk 200 200 ITL By Positive 2.7% 3.16 32.0 30 L Soll ‘& Hock 1.93 Korth
l 1 | ¥
@
%
1675 + 82 B 72 208 208 v 3 Pomitive 2.6 260 B @ 0 14! Seil & 2,01 North
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FROJECT NO. I 64-3(7)35 SEELEY GOUHTY

SEVEN MILE PIKE 70 5000 ft, FAST OF Y. 714

Statlon Tlomater Detlgn Actusl Class Bedding Projection Design Actusl Imhankment Hsight Sicarr Ewhanirent Fretor af Lncnticn

Fuanber {in. Length Length Grade Grade North South ) Material Safety =8 af Tulrt
(£t.) (ft.) (%) (2) (r.) {ft.) Ganst™ucted
1637 + 312 % 18 236 236 111 5, Fositive L1l ) 9.0 . a0 R Soil 1.7 Horih
@ AN
-]
e 29 &

TLH’”L[‘TH‘IHU
Toag® T

1853 +30 L 54 7 120 120 1 St FPositive 2.56 .58 18.0 5L Seil 1,47 Eortn

% w
¢ rmmmﬂumjma:m\||1HE\
r- A~ $@w Mg*@meﬁe

1635 + 69 L 36 212 212 jass B, Inlet to 56'-Pos. M.25 5.37 3.0 13 L B! Soil & 1.9 Horth
. 26! to 186'- Yeg. Remnin, Rock
186" to 212'-Pos.
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PROJECT WO, I 6Eb—3(5)is5 FRANELIN COUNEY

SHELPY COTNTY LINE TC .3 MILES EAST OF NEW EY. 35

Statlon Dismetei- Deslign Actual Clanss Beddlng Projection Teslgn Aotual Fmbankment Helght Skew ' Embankment Factor of Location -
Humber {in.) Length Length Grade Grade Horth South (@) Material Safaty aB of Inlet
(£%.) (£%.) £ (%) (ft.). (£%.) Constructed
2043 + 50 R 18 by [0 111 Std. I, to 19'-Neg. 0.78 ‘ 0.78 3.t-: 0 8.83 North
19" to &4'-Fos.
BEEENEREACNENERS
2054 + 75 B 3_0 168 168 I1I std. Positlve 3.9 3.39. 19.5 45 L ; S0il & Hock 1.6 Horth
S
<8]
2059 + 00 R 6 1383 188 IIT Fosi tive 3. 3.09 23.0 s R Rock 2.97 Sguth
e ®§m®« 00_ FOO mO% @%%@% ee@@
,.\,—W—._,-tw-ﬂww W"lﬂ.ﬁ-ﬂﬁ e,
MO T O T T e T T L Bd 1 !] 131 I*Oi [ITTT 1]
WM"UUW P
3 = Mu"ﬂ-" MASY ""@@"‘“W‘%‘Mﬂﬂ g‘j’”
2060 + 85 1 42 160 160 111 std. Posltive 1.69 1.50 18,0 ks B 5011 & Rock 1,47 South
%@% g S —"en
WNM‘QJ %@
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PROJECT HO. I 64-3(5)45. FRANELIN COURTT

SHELFY COUNTY LINE T0 .3 MILES FAST OF NEW EY. 35

Statlon Dameter Deslgn Actual Clase Beddins Projection Design Actunl ' Eubanlment Height Skew Exhenkment Fackor of Lacation

Bumber {in.) Length Length Grade Grade Horth Sputh {o} ¥aterial Spfety 2E of Inlet
(£%.) (££.) . () (%) (£t.} (£.) Gonstructed

2064 + 92 B 2k 196 156 111 std. Fositlve 8.67 8.67 22,5 [ A Snil & Bock 1.18 South

rl_illlllliwtllllIHlIZ?H]HIlIIF°|lI|I||IH"°IHHIHU

2129 + 50 R 18 176 176 Ti1- std, Pasitive 5.40 4,66 20.0 L5 L 801l & Rodk -~ L.32 Sortk

o HillIIIH‘C’IIiH!IIAI|2°IHHII]II!GIIIII!HIM]II]J

2152 + 50 i; 18 152 148 244 Std. In. to 13'-Heg. 1.64 1.35 27.0 [+] Soil & Fock 058 South
13! to 148'-Fos.

I—I—IIIHETI'DIIHIIIIIIMIHIHIIIW!IIIIIIHI‘°IH]H'I_I

21548 + 50 L LA ' 132 132 131 Skd, Poslfive €.53 0,53 .5 Ls B 904l & Rack 1.83 South
a-—— o ~
e e —— -'-"-'-'_ I~ —
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PHOJECT M0, I 6i=3(5)45 FRARKLIN GOUSTY

SEELSY COUNTY LINE TO .3 MILES EAST OF §EW KY. 35

Station

Diameter

Design

Actusl

Tlasa

Bedding

Frojection Tesig hekual Fwbanlment Helght Sicaw Tbankment Tactor of Lecation
Number (in.) Length Length Grade trade Horth South &) Material Saf ety BE of Inlet
(ri.) (£%.3 €3] . A8 (£6.} (£.) Conatructed
2293 + S0 R 36 24k 184 111 B Foaltive 2.57 2.57 25.0 0 Soll & Rock 2.18 Forth
.M g @Mwmz;d ®w ;ie u ~F B —-
EERSSREERCAAVANANAREZ SRR ERRCREENER
—~ = N %mﬂmmﬂ AN~
~ Ay aﬂ~$g e o s
i > i z ”i:*'
2206 # 00 L 18 132 132 Iil B'.I. FPositive 076 a.76 22.0 G Sp1} & Rock 2.7 Borth
ﬂl!llllll'?ll|l|H||'|2°l'lHl|]|H3°lH_l
2343 + 00 18 200 176 1z std. Positive 1.30 074 10 a 8nl1 & Reck 2.65 North
HHHHH"’IHllllll\mll\\HHH”H\HHHMHJJ
9 + 50 30 232 220+ 111 3, In. to £9'-Fos. 9.22 9.73 28.5 38.5 o 81l & Rock 1.91-1.01 Bouth
Reump "% 69' to 220'-Ner.
,._ra.'w n@ge

1

i
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RSEERCEREEE
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ERASRANRRRRAN NS
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FRGJECT B0, I 64~3(5)45 FRANKLIN COUHTY

SHELBY COUNTY LINE TO .3 MILES EAST OF HE¥ KT. 35

Statlon Tiameter Deslgn Actunl Clena Bedding Frojection Design Actusl Erbankient Helght Skew Dttankment Factor of Locatlion
Number {in.} Length Length Grade Grade Horth South [\S] Material Safety 28 of Inlet
(ft.) (£.) [¢ 3] (%) (£t.) {£5.) Constructed
38 + 08 30 1h8 148 111 sta. . Hegative 0.68 0.66 24,0 ¢ Soll & Back 1.10 Horth
Xy. 35 '
[50]
- -]
10 20|
T D T -




PROTROT HO, I 64-5{5)93 CIARE GOUNTT

YINGHESTER TO MONTGOMERY COURTY LINE

Station

Diameter

Deaign

Actual Class Bedaing *Frojectlion Design Actual Exbankment Eeight Skew Embankment Factor of Location
NHumher {in.) Length Length Grede Brade Harth Ssuth (%) Materinl Safety ap of Inlet
{£t.} {£s.) (%) [¢4] {£t.) (tt.) Constructed
g + 50 18 160 160 I Std. Pasitive o.94 0.8 5.0 5.0 o Sl 5.3 Horth
T T T T TR [T T[T [TI[[T 1+
b28 + a7 3 204 e III S4d., Posltive 1.76 1.72 15.0 17.0 ] Soil & Hock 1_7:?,,1_55 Korth
sy o Pt £ - I .,_‘ — o e e :g
iHIi!HLI'OLHLHIHZ:HIHHELIMH]HIHJlmHiHIJHIIIPOIIIHIIIilwil\lllll-lwi [TT T 11 kd
538 + 90 4z 200 200 . IIt Std. Poettive 0.70 1.08 9.0 10,0 15 B Soil & Rock 2.90-2.65 Harsh
(T T e T T TR T [T B[ TIT[ITT R [[TTI]I1EF
£ & 3 555 3
b50 s b 2:} 22U 228 III Std. Poalilve 1.19 0.88 7.0 17.0 R 4t 8511 & 1.36 Eorth
Remain. Rock
rW'l
—‘J:;.»nua—x ,-=,===€B P e
iIII'l!IITol'llFJI"iJ|=4T’LTITI‘1IMTITITTIII‘*HTI’HHT AENEREE
T Smﬁ, — -~
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FROJECT NO. I 64-5(5)97 CLARK COUNIY

WINCHESTER TO MONTGGMERY GOUNTY LINE

Station Mameter Denign . hetual Olasns Bedding " projectlon

Design Actusl Fmbankment Helpght Skew Enbankment Factor of Locatian
Humber {1n,) Letgth Tength . Grade trade Horth South (o) ¥aterial Safety »s of Inlet
- (£s.) {zs.} (3] (%) {£8.) (rt.} Constructed
487 + 00 18 240 240 111 . B, In. to 127'-Feg. 3.3 3.33- 30.0 2.0 [} Soil & Bock 1,81-2.01 South
127% $o 200'-Pos.
1—I|IIIIAIIII°HH|IIliiwllillIIHMIHIIIIIMIHIIIHF"IIllIIIIlI“’I
557 + QO 30 300 " 288 111 Std. Pazliive 2.23 1.56 17.0 19.5 b3 L Soil & Rock 1,561,765 North
CE’ ' ITHIHIHNTHIIIIIIMHIIHHP'JIHHH inIlHIIHlP“lH
...-) . P ——————— PN e e, -
& . - ~ & ~ & e T
573 + 50 2k 232 232 It Std. Positive 1.3 1.34 18.5 9.5 0 % Eock 1.43-1.36 North
iTH'!IHIlnoll-lilllllladﬁll|IHH:OIIHHHH-OIIIIIHHF’IFIIHIII
602 + 82 42 2vk .'zhl-_s III 7 std. Poultive 2,05 .73 16.9 15.0 ] " Bock 1.66-1.77 South
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PEOJECT §O. I 64-5(5)93 CLAEE COURTY

WINCHESTER TO MONPGOMERY COURI'Y LINE

Station Plameter Deslgn Actual Class Bedding *Trojection Deplgn Actuel Mrbgniment Helght Skcew Erbanimment Factor of Loeation
Fumher (1= Length Length Grade Grade Horth South [C)] Materinl Safety as of Inlet
(£t} {£%.) [£3] [¢3) (£e.) (£t.) Constructed
609 + 50 u2 308 0k 111 3, Fositive 1.88 0.97 23.0 7n.0 L Roak 2.36-2.59 South
’ﬁ-ﬁ/‘—l"\-' J-,,‘_._ — —~— M. ' N‘W—-— . —
|§|L1HL|JI@LTEI]HH[”||I||H||F°l|||!|[ill‘°¥|l||li"ﬂl§FH||||||‘°|||T|-I”H‘||’°!||!||J
i ,Mﬂv po——— —~——— e e — —— K A —— o —~
636 + 50 18 72 380 It 3 Posttive 4,69 5,05 20 L 5641 & Boek 1.80=1,% Horih

3.0 2.0
Bamp "e"-41.5

rﬂlIIIIIi'°HIIIrlllliﬂ!iIHII|IP"IIIHIH!MHIIIHIHIJIHIHI“’IHIIIIIHWlIiIIIIHIwIIIIIIIlI'HH%U

Q«@ 725 + 50 | 30 268 26k It By In. to 209"-Fos. 3.17 3.30 3L.0 4.0 15 L Rock 1.75-1.£0 Horth
209" to 260 Eeg.

EmENBENICRRENBUND: ANNRBNAN:RANANNRN NN NNR;ANRNRNNAE NARARE
— & - hpy- - ~— — e T gt et
nn Q .
749 + 65 L1 236 250 II1 std. Porjtive - 5.17 5,21 15.0 20.0 15 L Bock ‘1.86-1.32 Horth

(T T T T TR T T T e T TR TTTTT T [ITTI I T

*A11 pipea inid with negative projection regariieas of
design projéction ¥elues shown in tables.



PROJECT EO. I &ls(6)100 GLARE-MONTGOMERY COUNTY

WEST CLARK CQUNTY LIXE 70 U. 8. é0

Station Dlameter Daalgz Actusl Cleen Bedding Projection Deasl,
EN Actval Eobankment Esight Seaw Frhankment T L
Fuxber {in.) Length Length Grude Grads Kortk Sputh {%) }lateria;n S:;::; :.: o;c;ﬁzﬁ
(.} (£t.) % (%) (£e.) (£e.) Constructed
785 + 00 2i 328 2b 1w ) 3 Poaitive 2.35 b o2 7.0 kg5 15 R 10t 501l & 1.73=1.79 Seuth
Remsin. Rock

'Hllilllllwll|IIIII|12°iI|II|IIIP°!HHIEIH‘“’HIIIIIIIF"HI_IIIHIF°HIHIH1I’°1I|IIIIHP"H

804 + 80 24 08 296 in g B, Pouitive b B7 4, ko 43,5 9.0 15 L 7' Soil &

1.87-2. Sonth
Remain. Bock 2.9

HIillllihol!llHIIHzoIlIIIHIIboHIIlIIIlMHIIlllIbﬁIiIlII-HIiSOIHIIHIHWIHJ_l

82k + 31 18 188 180 111 Std. Posltive 7.9 g.45 6.0 10.0 0 8011 1.66-2.85 douth
T T T T T TR T IT eI
BEG + 50 39 352 368 111 B ;égg:j:;: .27 2,17 zB.5 1.5 hs B Soil 131-1.73 North
~— _ 2-9 009 . _ecossosoeses Lesvesee~d © sam 0 ~
llHIHIII-oI [T F'lacrllHIHEEoﬂHTl‘i HEZRANENNERE:NuE Il 111 lvlulsolll\lﬁ__lillsolu
e TR T APl T L R~ Y- Lo R "

W Sepgoss 00%e: o2 9 TESE O3 € o G
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PROJECT NO. I &U-5(6)100 CLARX-MONTGCMERY COUNTY
WEST CLARE COUNTY LINE T0 U, §. 60

Statlon Dleomater Dewign Actual Ginns Badding Frojectlion Denign Actual Enbaniment Helght Srew Eghankment Tactor of Location
Humbar {in.) Length Length Grade Grade Horth Southk (9) Hateriel Safety ae of Inlet
(£e.) {£%.) (% (£} (rs.} (£¢.) Oonatrusted
0L + 50 18 232 232 111 By Popltive 4,35 - h4.83 28.0 zh.5 a 1t Boil & 1.94-2.22 South
. Remaie, Bock
(T T T el L I T R T T T T TR T T T T T TTTTITTT B [TTII T
g3 + 00 39 180 184 ITl Std. Posltiva 0.56 0.8 L5 ho 0L 5011 5:89-6,62 Horth
—— A —r —— e .
(I e T T T T T e S [T T (B T TTT R [ ITI1]
938 + 28 48 272 280 III 3td. Poeitive 1.62 1.25 9.0 B.5 45 R 41 Zo11 & 2.94-3.12 South
Remain. Rock
[ IHH]I|*°|||H|||||a°||||||IHF"HIHIIIIM!I&II%I(F"HIIIHIIF"IIHII||IF°J
967 + 65 18 2k0 252 111 1!1 ‘Fosltlve 3.28 4,13 25.0 28.0 15 L 9! Spil & 2.18-1.94 Horth
Hemain, Rockc M

HHHI_HHHIIEIIIF"IIHl!llH“lHHIH!MIHIHIlleHIIHII!SOIII



FROJECT ¥0. I 64-5(6)100 CLARE-MCNTGOMENY COUMTY

WEST CLAEE COUNTY LINE TO U. 5. &0

Station inmpior Deslgn Aetual Claew Badding FroJection Detign Acinal Exbankment Helght Skew

Embankment Factor of Location
Fumber (1n.) Length Length Grade Grade North Southk %) Material Eafety as of Inlet
{5} {rt.) @ [£3) {£¢.) (£t.) : Gonstructed
1043 + 90 24 228 204 Il S4d. Positive 3.29 k.6 15.0 11.3 15 R 10 Boil & V 1.77-2.30 Bouth
Bempin. Rock

T T e T T TR LTI TR T I T i TP pd

1081 + 10 18 2hh 2ko 11t 5td., Fositlve 3.2B 3.54 16.5 19.5 )] 107 811 & 1.63-1.36 Horth
Bemnir, Bock

R
A

T Tl T T T TP T T T T TR T T T T P TTITITTT BT [ITTITI ¥

A,

1107 + 50 80 320 320 111 3 Posttive 1.0 7.82 24,0 25.8 U5 R 51 Soil & 2.27-2.13 North
1 Reanin, Hock
P

lTHIIiIIIﬂOlaI‘IEIHHIWIHIil_iiljdilmilll_gl'millilillllwi'illllllllsdlIIH!!H’f’iI[IIII[M

1223 + 73 18 252 252 III Btd. Papltive 3.6 3.57 12,5 16.0 [+ 6! Soil & 2.12-1.66 Forth
- Remain. Rock

(T T T T kol T T I T T T e T T T T (B JT T T T TR T TTTTT Rl ITTTTIIT e L[]
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FROJECT ¥0. I 75-6(5)123 SCOTT COUNTY

§tatlon

Dlam

eter Deslpgn Betual Class Beddling Projection

Pesign Aetual Tehankment Helght Skew Embapimrent Facter of Location
Hurber {4n.) Lengih Length Grade Grade West Faat (%) Material Safety ae of Inlet
{f1.) {re.) (%) (%) - (£el) (.} Constructed
65 + 10 48 208 212 111 B TosltivTe 0.77 0,53 12,0 30 R Soil & Beck 2,28 Inst
— = ~ e o T
(T[Tl T T TR T LTI e I T T T T TP T ITIT B )]
™ e e P
—~— L
110 + 30 36 212 212 I B Posltive 1.98 k.08 20,0 15.8 15 L Soll & Bock . 1,37 = L.83 East
T T e LT T B T T T T el [T T T TRl TTTI TP bl [
153 + 25 b2 zol 20k I11 B Positive 1.86 1,70 £.0 12.5 15D Soil & Rook 3,03 - 2,19 East
g — Ap— — g
(T T e T T T e T T L (T T T I TR T Tl pe ]
166 + 25 36 296 98 111 B Positive 2.03 L.93 19.0 k.5 L Hoil & Rock L0 - 1,83 East
— Pt ' i ~ ) o, .
HIHIHHOHHEI|IIIE°IIIIHHH=°HIIIHEH'GHHl|IIH=°HI|IIIHF4H|HIIIF'JHH




FROJFECT ¥O. I 75-6(5)123 SCOTT COUNTY

Statiecn DManmeter Deslgn Actuat Class Bedding Projectlon Deslpga Actual Ecbanlment Height Skew Epbenkment Facter of Locatlon

Tumher {in.) Length Length Grade Grade West © East () Material Safety as of Inlet
(£3.) {£6.} {£) {%) {£4.) (£¢.} Constructed

Z21Z + 30 30 220 220 111 B, Posltive 1.86 2.35 22.0 27,0 9 Sp1l & Rock 2,55 = 2,08 Eant

T PP et

[IIIHIIlI'°ili|IHIIImllrlllll|P°I.HII1HH‘°I|III'IIHF°!II1M

3z2 + 90 s4 28k 28 s B Out to 176 Pos.  1.13 123 2.0 22,5 0 R 2,67 = Yest
ot 'vo TnlotTus. Soll & Rook 67 =209

g I_FHHII_HIOHHIII]IFDH||1|I:|l=°|i!IHHNEIHIIIIIQHHHIIFOHHIH!H’OE
gjj .
g:;ai: 30 152 156 IT¥ By gw(;t :: génl';&;;g' 2.3 0B . . East
ILIHI'HH«ﬂl]lillH?GIHHHIII”I!HIIIll_i
J;-.-:v ;-hgz 30 132 I]Ex‘ B, Positive ) 5.15 5,02 2h,5 18,0 4] 801l & Back 2,29 - 3,12 Zast

1Ii||lI|L!'°II||HIIIL=flIIIHIIIP"HQ
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FROJECLT ¥O. I 75-6(5)123 SCOTT COUNTY

Station T ateter Tesign Astaal Class Bedding Frojection Dealgn Actual Fobankmant Eetght Slkeaw Emhankment Factor of Locatlian ’
Humber {1n.) Length TLength - Grnde Grade Yeat Zgst {e) Matarial Safety ar of Inlet
(rr.) (rs.} (£ ) (re.} (£s.) Gonatructed
. X 0,78 for B
a’; ;G_gowm ] 560 &b 111 B By Posltive 1.23 L2z - 36.0 LA 51 R S0l & Rack 1.?‘3 g::],'s Zast
29 @ e B8 ]
e &gl a e a
e 23:018 30335328 38082
i -
= M—f\—“v
(T T T T I T T r T T Bl TTT] iHII‘°|I|II1IHP°|EIHIHIF°IHIIIIIH’BJ
-, NWW
- e — - T i st -
- ~® = eoe es?@e&a& :
POFY | ® 52 o%e 8
gefzagst L, _%,28088%0ms .3328%00 o2 oRe8Beciones
HIiHiHIﬂdiHIHEI19°IEHIHHHIIIHIII!"OI!HIHIHE&IlIIHHIBdIHIIlIIFﬂ
e s s peatil — e e T b
—_— — e e ~ R —— —~ — -~
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PHOTECT HO. I 75-6(L4)125 SCOTT OQUHTY

Station Dlanreter Peslzn Actlial Clate Badding Projectlon Desd gn Actual Erbankment Helght Srew Frhankmezt Factor ol Location

Humber (in.) Length Length Grzde Grade Vest Enet (=) Material safety as of Inlet
{£%.) {£5.} %) (%) (£8.) (£e.) Constructed

71 + 00 24 36 336 Y By Posltlive 3.5 o 5.5 30 25 R Soil Minek 2,7 = Rby Fast

iIIIlIiI||l°ll||l|lillwlIIH'.HIFC’!IiIIIIII%f“’lllHHII!“’HlliiH!I“’llllllllll‘"’lHHiIHP"lHJ_i

97 + 50 In 132 12 I B, Positive 0.97 1 L17 18,0 16,5 3¢ R Boil & Back 3512 = 3.&6 East
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FROJECT NO. I 75-7(3)155 GRAFT GOUWTY

SOUTE OF GLAY LICE CRYEE 70 NORTE GF CASSON ROAD

Statlon Tiameter Deslgn Actual Stass Bedding ijecti.;n Design Actuaal ‘Exbankment Heizht Slcew Erbankment Factor of Location
FTumber {1n.} Leugth Length Grade Grade ¥est Eaut [Ch] Heterial Safety an of Inlet
{£e.) {ft.) (#) (%) {£%.) (£t} Construeted
782 + 0O bz 360 300 hi g B Ont. to 58'-Neg, 2.17 2.18 .0 bb_n- 5L - 151 Soil & 1.59-1.85 Went
EB! to 300'-Pos, Remain. Bock
ol Tl e p— . ——— L mtmeomommen o —Spanes e -
0 I S G O 2 Y 0 1 T LT Tl THTTTTTI B
T T T T e i
R Py o ™ g, iy e P
794 + 60 72 372 b 111 By Fositive 191 1.71 35.0 52.5 ks R Soil & Reck 1.55-1.67 East
4 T W
= a 45 £ it ; T =
. . e - = — ’_ .. a P r‘wd AT L .'-J\DN’ -
- T ST R o e, e i B W
=l e
(Tl T LTl L“U'ol DR N ITTzoI,J l],T I"I_II Bol I T 1 T T L sl Ll sl L LT T T el
T == — T SN S o R-a o e
m"“—-’“ et s s el S e PR = —:-;%,U'Ju"'«’n‘,\, == = .___.% e -‘—“‘——m:_ﬂ—f*—;“w—
. =
e .
o e IR
3 S O o O Y I I I
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FROTECT HO. I 75-7(5) 160 GRANT COUNTY

SOUTE OF SHERMAN-MT. ZICH ROAD T0 XFNTCH COUNTY LINE
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PROFECT NO. I 75-8(12) 181 IENTON COUNTY

EOOSE COUNTY LINE 'O SOUTH OF U.§. 25 INTERSKCTION
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