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INTRODUCTION 

For many years, engineers have sought a simplified method for deter-

mining the strength requirements for underground conduits under various 

conditions of bedding and backfilling. Methods of installation and the general 

lack of a uniform design criteria tended to restrict the usefulness of rigid pipe 

culverts. With the advent of the interstate construction program and the 

increased mileage of highways meeting high design standards, the number of 

pipe culverts installed under high fills was significantly increased. This, of 

course, accented even more so the need for a more straightforward criteria 

for design and installation of rigid pipe in order that maximum utilization of 

pipe strengths might be realized and that settlement in the roadway surface 

near the installation might be minimized. In an effort to satisfy the needs for 

a simplified design method for rigid pipe, the Bureau of Public Roads in 

cooperation with Professor M. G. Spangler of Iowa State College and the 

American Concrete Pipe Association initiated a study of reinforced concrete 

pipe design and installation procedures. As a result of this study, a stylized, 

rational criterion was developed and distributed to the various state highway 

agencies as B. P. R. Circular Memorandum 22-40':', dated April 4, 1957. 

':'Also reported by D. P. Babcock in the Proceedings of the Highway 
Research Board, Vol. 35, 1956. 
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The highway agencies were urged to adopt the criterion for use on all 

Federal-aid projects; and, accordingly, the Kentucky Department 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 (Pipe Bedding Details) and No. 11. 23 (Fill Cover Heights, Gages 

and Dimensions for Circular Pipe and Non Circular Pipe) were issued along 

with the amendments. These amendments and standard drawings were faith-

fully patterned after the criterion outlined by the Bureau of Public Roads. 

Included were some practical modifications which, for the most part, were 

incidental to the transformation of the design criterion to specification style. 

Amendment No. 15 was superseded by Amendment No. 15a ( Dec. , 1961) 

which in turn was superseded by Amendment No. 15b (Apr. 23, 1964). 

Amendment 15b, per se, was included in the Department' s 1965 edition of 

Standard Specifications for Road and Bridge Construction. Standard Drawings 

No. 11. 22 and No. 11. 23 were revised from time to time with the latest revisions 

being dated Sept. 23, 1963. Class B (standard) bedding and its B1 (High Fill) 

modification were adopted as standards. Each class is similar to the same 

respective designation as described under the Bureau's Circular Memorandum 

22-40. 

The Bureau of Public Roads requested (Ref. , C. M. 22-42, dated Nov. 

12, 1959) that a number of reinforced concrete pipe culverts, designed and 

installed in accordance with the outlined procedures, be inspected periodically 

·1 '·'6 Jl,c.,.., 
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and reported at the end of each calendar year in order to further evaluate the 

design and installation criterion. In response to this request, a group of 113 

reinforced concrete pipe culverts was selected early in 1960 for these 

inspections. The culverts selected for the yearly inspections 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 

once each summer during the five summers from 1960 through 1964. This 

report summarizes the ·design and construction factors and the performance 

for each pipe inspected during the five summers. 

Previous reports covering the first four performance surveys are: 

1. " Performance Survey of Reinforced Concrete Pipe Culverts, 11 

by R. C. Deen and R. D. Hughes, dated March, 1961. 

2. " Second Annual Performance Survey of Reinforced Concrete 
Pipe Culverts, 11 by R. D. Hughes, dated February, 1962. 

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

4. " Fourth Annual Performance Survey of Reinforced Concrete 
Pipe Culverts, " by R. D. Hughes, Dated January, 1964. 

Other reports related to but not directly a part of this series of performance-

survey reports are: 

1. " Camber Design Study, for Concrete Pipe Culverts, 11 by 
Aubtey D. May, dated February, 1960. 

2. " Performance of a Reinforced Concrete Pipe Culvert, with 
Standard and B1, High-Fill Bedding, under Rock Embankment 
{Scott County, I-74-6(5) 123, " by Ralph R. Taylor, dated August, 1961. 

3. "Some Effects of Fabrication Practices on the Strength Characteristics 
of Reinforced Concrete Culvert Pipe, " by R. C. Deen and J. H. 

·1! .. _ .. ':1 
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Havens, dated February, 1963. 

Reference is also made to the following publication which revises and 

updates the original, BPR criterion: 

Reinforced Concrete Pipe Culverts, Criteria for Structural 
Design and Installation, U. S. Dept. of Commerce, Bureau 
of Public Roads; GPO, August, 1963. 

Prior studies made by the Department in connection with the first-

three performance surveys were sustained entirely by State funds. Although 

most of the field inspections for the year 1963 had been prior to July l, 1963, 

the project was fully authorized under Part II of HPS-HPR-1(25) July l ,  1963, 

and henceforth is subordinately identified as KYHPR-64-22. 

1l ry.8 -A.f!.i 
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THEORETICAL CONSIDERATIONS 

Factors governing the maximum height of fill that may safely be placed 

above a reinforced concrete pipe are: 1) pipe strength, 2) unit weight of fill 

material over the pipe, 3) character of the foundation material, 4) method of 

bedding and installation of the pipe, 5) width of trench (if any) in which the 

pipe is installed, and 6 )  settlement of material above the pipe relative to 

that of the material on each side of the pipe. The actual load that must be 

supported by a pipe is not necessarily equivalent to the weight of the fill 

material directly abpve the pipe. Shearing forces may be developed between 

the prism of soil directly above the pipe and adjacent prisms of soil at the sides-

thus increasing or decreasing the load to be supported by the pipe. The actual 

load-carrying capacity of a given strength of pipe is variable and depends upon 

the load distribution over the bottom of the pipe as well as the lateral pressure 

exerted by the backfill against the sides of the pipe. 

The strength of reinforced concrete pipe is commonly stated in terms 

of D-load strength, the load in pounds per linear foot per foot of internal 

diameter. D -load terminology, to be correct, must be referred to as D -load 

(0. 01 in. ) or D -load (ultimate). D-load (0. 01 in. ) is that load, when tested 

by the three-edge bearing test, that will produce a crack 0. 01 in. wide and 

12 in. in length. D-load (ultimate) refers to the three-edge bearing test load 

that will produce failure of the pipe. An advantage of the D-load designation 

is that all sizes of pipe of a given D-load strength, installed under similar 

conditions of bedding and backfilling, may be expected to support the same 

-5-
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maximum height of fill above the top of the pipe. For convenience, reinforced 

concrete pipe are classified according to their D-load strength (0. 01- in. crack 

strength or ultimate strength). Minimum D-load strength requirements for 

the five, recognized, strength classes of pipe (AASHO M l 70, ASTM C76) are 

listed in 'table I. 

Table I 

Pipe Min. D- Load-Lbs . . per ft. per ft. Diam. 

Class 0. 01 in. Ultimate 
Crack 

I 800 1200 
II 1000 1500 
III 1350 2000 
IV 2000 3000 
v 3000 3750 

The three-edge bearing test is extremely severe inasmuch as the load 

applied to the conduit is in the form of point loading and inasmuch as there 

is no side support applied as would be the case in a field installation where 

lateral pressure would exist at the sides due to backfill. Under field conditions 

of loading, the vertically applied loads are distributed over a portion of the 

pipe rather than at a point, and lateral pressures will be exerted; thus under 

field conditions, the conduit should sustain loads which are in excess of those 

indicated by the three-edge bearing test. This fact is accounted for in design 

by use of a load factor (L£) .  The load factor is defined as the ratio of the 

strength of a pipe under a design condition of loading to its strength when tested 

130 
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by the three-edge bearing method. 

Underground conduits are divided into two classes for purposes of load 

computations: 1) trench conduit and 2) projecting conduit-- the classification 

being based upon construction or surrounding conditions influencing the load. 

A trench condition is defined as one in which the pipe is installed in a 

relatively narrow ditch dug in a passive or undisturbed soil and then covered 

with earth backfill. Ditch (or trench) installations are seldom used for 

highway culverts and therefore no further reference is made thereto in this 

report. Projecting conduits are divided into positive-projecting and negative

projecting conduits--depending upon the elevation of the top of the pipe in 

reference to the natural (or specially constructed) ground line. A positive

projecting conduit is one which is installed so that the top of the pipe is above 

the natural ground line, and a negative-projecting conduit is one which is 

installed in a relatively shallow and narrow ditch with the top of the pipe at 

some elevation below the natural ground surface. If so desired, a conduit 

may be installed as either a positive-projecting conduit or a negative-projecting 

conduit, regardless of the existing ground line. This may be accomplished 

by backfilling and compacting above the existing ground line for a sufficient 

width and to an elevation that will be above the top of the pipe or by excavating 

the existing ground line over a sufficient width down to an elevation that will be 

below the top of the pipe. The classes of underground conduit are depicted in 

Figure l .  

1:31 
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Fig. 1. Classifications of Conduits 

When calculating the loads to be supported by positive projective 

conduit, it is customary to designate that prism of backfill directly above 

the conduit and bounded by vertical planes tangent to the sides of the conduit 

as the interior prism.. The exterior prisms are the masses of backfill 

adjacent to the vertical planes on both sides of the pipe and are of indefinite 

width. Neglecting live loads, the load to be supported by a pipe will be 

equal to the weight of backfill within the interior prism plus or minus the 

frictional forces which develop along the vertical planes bounding the interior 

prism. The direction of these frictional or shearing forces developed 

1<"�1") o,)Jf(.., 
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between the interior and exterior prisms is dependent upon the relative settle

ment of material within the interior prism to that of the materials within the 

exterior prisms. 

Unless the embankment material on each side of a positive projecting 

pipe is thoroughly compacted, there is a tendency for the exterior prisms of 

soil to compress more than the interior prism. The attendant shearing forces 

along the vertical planes will thereby act to cause the load on the pipe to be 

greater than the weight of the interior prism of soil. However, if the 

embankment material on each side of the pipe is thoroughly compacted and the 

pipe is placed on a slightly yielding foundation, the material within the interior 

prism may settle more than that within the exterior prisms. This may tend 

to reverse the shearing forces--thus causing the load on the pipe to be less 

than the weight of material within the interior prism. The load on a positive

projecting conduit may be computed by the Marston equation: 

where 

2 
W = Cc w Be 

W = load per unit length of pipe 

C c= load coefficient 

w = unit weight of backfill 

Be = outside diameter of pipe 

The factors W and Be may readily be determined from the design data. 

The value of Cc, the load coefficient, is not so easily determined because its 

. value is dependent upon such physical factors as: 1) the ratio of the height 
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of fill above the top of the pipe to the outside diameter of the pipe or H/ Be, 

2) the coefficient of internal friction of the soil, 3) the projection ratio, and 

4) the settlement ratio. H/ Be may be determined from design data, and the 

coefficient of internal friction of the soil may be determined from laboratory 

tests. For positive-projecting conduit, the projection ratio (p) is defined 

as the vertical distance from the top of the pipe to the natural ground line 

divided by the outside diameter of the pipe. The settlement ratio (rsdl is an 

abstract ratio, the value of which depends upon the deflection of the pipe, 

settlement of the pipe, settlement of the pipe grade, settlement of the 

embankment foundation adjacent to the pipe, and deformation of the fill 

material adjacent to and between the top of the pipe and existing ground sur-

face. The direction of the shearing forces is dependent upon this factor. 

M. G. Spangler '� followed the same general principles of Mar·ston1 s 

theory of loads on positive-projecting conduit and presented a theory of loads 

on negative-projecting conduits. Generally speaking, loads on negative-

projecting conduits may be less than those on positive-projecting conduits and 

may thereby permit construction of higher fills for similar conditions of bedding. 

As the width of the trench increases, the load on the pipe increases to a 

value equaling that for positive-projecting conduit- -at which point the load 

becomes constant for increasing trench widths. The projection ratio, p,for a 

':'Spangler, M. G. , "A Theory of Loads on Negative Projecting Conduits, " 
Proceedings, Highway Research Board, Vol. 30, 1950, pp. 153-161. 
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negative-projecting conduit is defined as the distance from the top of the pipe 

up to the natural ground surface divided by the width of the trench. The 

relationship developed by Spangler for use in predicting the load on a negative-

projective conduit due to an earth fill is: 

w c =en w B
d

2 

W c = load per unit length on pipe 

en = load coefficient for negative-projecting conduits 

w = unit weight of fill material 

Bd = the width of the trench level with the top of the pipe 

The value of en is dependent upon such physical factors as: 1) the pro-

jection ratio, p,2) the settlement ratio, rsd' and 3} the ratio of the height 

of fill to the width of the trench at the top of the pipe, H/ Bd' The projection 

ratio and H/ Bd may be determined quite readily from the design data; however, 

the value of the settlement ratio is not so readily obtained. If the backfill in 

the trench over the pipe is more compressible than the natural soil in which 

the trench is dug, the interior prism tends to settle more than the exterior 

prisms. In such case, the numerical value of the settlement ratio is negative 

which indicates that the load on the pipe will be less than the actual weight of 

the interior prism of soil. In the event the backfill within the trench were well 

compacted, conditions would be somewhat similar to those of positive-projecting 

conduits, and the load to be supported by the conduit might exceed the actual 

weight of backfill in the interior prism. 

··t"�t'::' 
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With the objective in mind of insuring greater settlement of the backfill 

within the interior prism than that within the exterior prisms. Marston 

developed a special technique of construction which is referred to as the 

" imperfect trench" . In construction of the imperfect trench, the conduit 

is installed as a projecting conduit (positive or negative), and then backfill 

is placed on both sides and above the pipe and thoroughly compacted by 

rolling and tamping. Next, a trench equal in width to the outside diameter 

of the pipe is excavated in the backfill directly above the pipe. The trench is 

then backfilled with loose, compressible material and the remainder of the 

embankment is then placed in a normal manner. The theoretical analysis 

of loads on negative-projecting conduits may be used to estimate loads on 

conduits installed by the imperfect trench method. The surface of the initially 

compacted backfill may be considered as the natural ground surface for 

purposes of determining the various factors for load computations. The 

width of the trench may be narrower than that for a negative-projecting 

conduit; and, for the most favorable results, it should be no wider than the 

outside width of the conduit. It is most important that the trench be directly 

over the conduit. 

The method by which a conduit is beaded greatly influences its load 

carrying capacity, because the bedding governs the distribution of load over 

the bottom portion of the conduit. Four general classes of bedding are 

recognized; they are: A, B, C and D. Under Class A bedding, the conduit 

is bedded in a concrete cradle--thereby providing uniform bearing over the 

·1'76 t ., 
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lower portion of the: conduit. C1ass .B bedding is that condition wherein the 

foundation soil is shaped and a sand cushion is placed so as to fit the contour 

over approximately 7 5 percent of the lower arc of the conduit. Backfill is 

then carefully placed and compacted under the hauches of the conduit in order 

to provide for uniform bearing. For Class C bedding, the foundation is shaped 

to fit the lower portion of the pipe for a height of 1 0 percent of its outside 

diameter. Class D bedding is a co.ndition wherein the conduit is simply· 

placed on the foundation with no particular attention being given to uniformity 

of support. The load- carrying capacity of a conduit is maximum for Class 

A bedding and minimum for Class D bedding. The various conditions of 

bedding are depicted in Figure 2. 

Be ,4"min. 

B 

Be 

c 
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u CD 
0 
d 
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Be 

Fig. Z. Classes of Beddin�for. Reinforced Concrete Pipe. 
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The maximum permissible height of fill that may safely be placed above a 

reinforced concrete pipe may be determined by use of design curves contained on 

Chart II of the B. P.R. 1 s report, Reinforced Concrete Pipe Culverts, dated August, 

1963. Under stated conditions of bedding, D-load strength, unit weight of backfill, 

and other factors influencing the load and supporting strength of the conduit, the 

maximum permissible fill that may be placed over the conduit is independent of 

the conduit diameter. For most design computations, the unit weight of backfill 

is assumed to be 120 pcf. The followings values for settlement ratio have been 

suggested by Spangler: 

For positive-projecting installations: 

On rock or unyielding solid - + 1. 0 
On ordinary soil bed - + 0. 5 to+ 0. 8 
On slightly yielding bed - 0 to + 0. 5 

For negative-projecting installations: 

On average soil bed - -0. 3 to -0. 5 

Values for other variables may be determined from the design data. For any 

given set of conditions, the height of fill that may be placed above a reinforced 

concrete pipe is directly proportional the ultimate D-load strength of the pipe. 

The factor of safety, based on ultimate D-load strength, is suggested to be 

from 1. 33 to 1. 50. 

On the hypothesis that the increase in supporting strength of a conduit 

bedded in accordance with Class A bedding is more than offset by the additional 

cost of the concrete cradle but realizing the importance of uniform load 

distribution over the bottom of the conduit, the Kentucky De'partment of Highways 

:136 
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specifies that all reinforced concrete pipe be bedded in a manner similar to 

that previously described for Class B bedding. Both positive and negative-

projecting installations are permitted; however, the theoretical advantages 

of negative-projecting conduit are not utilized by the Department. This is 

attributable to the fact that the original ground line is usually not parallel 

to the flow line (or top) of the conduit--thereby, creating zones wherein the 

projection may of practical necessity alternate from positive to negative. 

It is also foreseeable that the backfill above negative- projecting conduits 

may be compacted in such a manner that factors would be similar to those 

of positive-projecting conduits. 

The imperfect trench method of construction is specified for use in 

cases of high fills. This is referred to as B
1 bedding and is, in essence, 

the case wherein the conduit is bedded in accordance with the requirements 

for Class B bedding but with the addition of the imperfect trench above the 

conduit. The imperfect trench is required only over that portion of a conduit 

having a fill height in excess of the maximum permissible for standard B-

bedding. Bedding details as well as construction procedures for the imperfect 

trench are contained in Figure 3 for positive-projection conditions. Bedding 

requirements for negative-projecting conduits are very much the same as 

those for positive-projecting conduit but have have additionally the details 

concerning the width of the trench and backfilling. Rock or unyielding founda-

tion material is required to be undercut and excavated to a depth of 1 I 2 inch 

per foot of fill to be placed over the pipe; except that the depth shall be at 

.,.-].9 ---..u 
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least 12 inches but s hall never exceed 3/ 4 the height of the pipe; it is replaced 

with compressible soil. 

The three classes of reinforced concrete pipe permitted for use as cross 

drains by the Department are: III, IV, and V. Within certain ranges of fill 

height, various combinations of pipe class and bedding (B or B1} may be used 

in fulfilling design requirements. In order to eliminate unnecessary design 

computations and to provide uniformity on a statewide basis, the class of 

bedding and the class pipe for use within given fill-height ranges are specified 

by the Department. A table is included on Standard Drawing 11. 23 for use 

in determining pipe bedding and class for given fill heights. The table is 

based on a factor of safety of l .  50 in reference to ultimate D-load strength 

and is included herein as Table II. 

140 



SIZE 

OF 

PIPE 

1 5" 
18" 
24" 
30" 
36" 
42" 
48" 
54" 
6 0" 
66" 
7 2" 
7 8" 
84" 

- 17 -

TABLE II 

TABLE FOR SAFE FILL COVER HEIGHTS AND CLASSES 
FOR REINFORCED CONCRETE CIRCULAR PIPE 

Maximum Height of Fill Cover From Top of Pipe to Subgrade 
(Dimension H of Standard Drawing No. 11. 22c) 

Standard Bedding B1 (High Fill) Bedding 

From 21 From 18' From 271 From 371 From 55' 
to 18' to 271 to 37' to 55' to 65' 

CLASS OF PIPE 

:o:r ]][ m® 
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@)No pipe of diameter less than 24" shall be laid under fills greater 
than 301• 
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HIGH FILL BEDDING (B11 

Top of embankment, (Subr,racle) 

Compacted soil, placed in six inch 
layers loose clepth, thoroughly rammed 
and compacted. 

Sand layer two inches in depth. 

1\iniroum elevation of smooth and com· 
pacted original r.round or maximum 
elevation of constructed Citrth emhank· 
ment foundation. 

� 

� 
� 

Original ground or maximum elevation of 
constructeU earth cmbanknwnt founUation 
or grading template line when in cut 
sections. 

Area shall be backfilled and thorou!:hly 
compacted in (J inch layers to meet 
Density TCC]uircments of adjacent em
bankment over entire lenr,th of pipe for 
protection hefore compaction of adjacent 
embankment. 

Trench shall be e��:cavated after con· 
struction of backfill and the lower 
third of excavated trench shall be 
filled with loose hay or straw. 

The re1"ainder of the trench shall be 
fillet! with lir,htly compacted soil. 
lmmetliately after this, backfill must 
he placed a minimum of 2 ft. above. 

Fig. 3. Kentucky Department of Highways Bedding Standards 

1 i�-:,.;.; 



PERFORMANCE SURVEY 

Results of the five, yearly performance surveys are presented diagram-· 

atically in the Appendix. A diagram for each installation is presented directly 

below the tabulation of its respective design and construction data. The inlet 

of each conduit has been plotted on the left side of the diagrams, and sections 

are numbered from the inlet toward the outlet. Signs of distress that were 

noted during the first inspection are shown symbolically (see legend) in black, 

Signs of distress that developed between the first and second s urveys or any 

changes that were observed during the second survey are noted by red symbols, 

Any changes and/ or developments in signs of distress noted during the third, 

fourth, and fifth inspections have been noted by green, blue, and yellow symbols 

respectively. No walk-through inspections, as such, were made in the 18-and 

24-inch diameter conduits. Only visual inspections from the inlet and outlet 

were made on these small-diameter installations. 

The culverts at stations 71 4' 00 and 97 +50 on project I 75-6(4) 129, 

Scott County, had not been installed at the time of the first inspection but were 

ins talled prior to the second inspection--thus, the second, yearly survey 

represents the first inspection: for those culverts. At the time of the £Lest 

inspection, fills had not been completed above any of the culverts on project 

I 7 5-6(5)123 in Scott County, nor had the pipes been installed at stations 36 + 50, 

S. W. Ramp or 47 + 40, U. S. 62. All installations on this project, excepting 

the one at s tation 36 +50, S. W. Ramp, were completed between the first and 

s econd surveys and the second survey represented the first inspection of those 

-l9-
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culverts. The installation at 36 + 50, S. W. Ramp was completed prior to the 

third survey and that survey represented the first inspection thereof. 

During that period between the first and second surveys, a slide developed 

within the embankment above the culvert at station 7 + 34, F. R 2, on project 

175- 7(11)151 in Grant County. Several sections of conduit were damaged 

during backfilling in correction of the slide. The damages were noted during 

the second survey and were adjudged not serious; therefore, no repairs were 

deemed necessary at that time. No further signs of distress were observed 

during the third, fourth, or fifth surveys. Thirty-three sections of conduit 

were added at the outlet of the culvert at station 566 + 65, N. B.  L. on this 

same project during the period between the first and second surveys. Two 

sections of the initial installation were damaged during placement of the addi

tional sections. Damage was not severe and no repairs were recommended. 

Between the second and third surveys, additional sections were placed 

at the inlet and outlet of the culvert at station 428 + 07, project 164-5(5)93 in 

Clark County. Twenty additional sections were placed at the inlet and 11 were 

placed at the outlet--to provide drainage under ramps connecting I64 and the 

Mountain Parkway. No signs of distress were noted within the original or 

additional sections other than minor hairline cracks. 

Several culverts were found to be in serious distress at the time of the 

first inspection, and repairs were deemed necessary. The culverts recommended 

for repair and the repairs as made a1·c listed in Table III, The 

more seriously distressed sections were lined with corrugated metal pipe and 
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grout was pumped between the original pipe and liners. The liners were of a 

gage equivalent to that as would normally be required for a standard, corrugated 

metal pipe under a fill height equal to that above the damage conduit. Naturally, 

the liners were effective in preventing futher development of distress and more 

than likely less conservative (structurally) repairs should be effected in the 

future, if necessary. The mortaring and epoxy patching of cracks proved rather 

ineffective in that cracks reflected through the patching material in a rather 

short period of time. The epoxy used in the repair of cracks was of a type 

which is adversely affected by moisture. Figures 4 through 8 show some of the 

failures that were observed in the more distressed sections. Figures 9 and 

10 are views of a corrugated metal liner as installed in one distressed conduit. 

Upon review of the plots, it is somewhat significant to note that the more 

serious signs of distress developed within the first year after installation. 

Progressive signs of distress were noted during the second, third, fourth, 

and fifth surveys; however, none were of a nature requiring remedial work. 

It appears quite evident that signs of major distress may be expected to develop 

within a short period after installation-- that is, disregarding unusual events 

such as slides, addition of sections, etc. It is quite possible that early damages 

may have been the result of the operation of heavy equipment above the conduits 

prior to construction of sufficient backfill for adequate protection. 

--i ·t t:·· 
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TABLE III 

--- --- ............. � ..... .......... - ... ..... - ...,� .... � ........ ....................... ...... .......... 5 ... ...... OJ .. .......... 1;:1 ......................... 
L;orrugated 

·• Metal.Liners 

Project No. County Station No. Patching 
. 

I-64-3(3)31 Shelby 1255+25 .. .  

Top & Bottom 
I-64-3(5)45 Franklin 2233+50R Sec. 13-32 

I-64-3(7)35 Shelby 1604+04R'i"� Bottom, Sec. 12-16 
1619+45L 
l633+30L 

1635+82L Lift Holes 
l637+32L 

I-7 5-7 (5)160 Grant 978+12 
1 085+44 Joints, Sec. 65-73 
1 087+50 Joints, Sec. 19-21 
27+82FR 9 a  Joints & lift 

holes 

>i< Sections numbered for inlet of culvert. 

Sec. '�� Gauge 

10-13 1.2 

11-32 8 
10-41 8 

-· 

13-47 8 

15-45 10 

34-79 8 
5-12 8 

'":' Repair recommended but not made prior to second inspection. 

1•to 

,Min. 
Dia. 

42" 

48" 
48" 

42" 

36" 

48" 
6 0" 
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Fig. 4. Failure in Bottom of 60-inch Culvert Under a 28-foot 
Fill, Station 1619 + 45L, 164-3(7)35, Shelby County 
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Fig. 6. Failure in Bottom of 54-inch Culvert Under a 32-foot 
Fill, Station 1633 + !64-3(7)35, Shelby County 
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Fig. 7. Failure in Bottom of 54-inch Culvert Under a 53-foot 
Fill, Station 1087 + 50, 175-7(5)160, Grant County 
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Fig. 8. Failure in Top of 54-inch Culvert Under a 53-foot Fill, 
Station 1087 +50, I?S-7(5)160, Grant County 

N 
.._, 



F"" 
Y1 N 

Fig. 9. Transition from concrete pipe to corrugated metal liner 
in culvert at Station 1255 + 25 on Project 164-3{3)31 in 
Shelby County 
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Fig. 10. Corrugated metal liner in culvert at Station 1 2 55 + 25 on 

Project 164-3(3)3 1 in Shelby County 
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DISCUSSION 

The maximum, safe, fill heights permitted for use above each strength-

class of pipe and condition of bedding were determined on basis of the design 

criterion and were presented in a table on Standard Drawing No. 11. 23. Each 

strength-class of pipe for a given condition of bedding was thereby qualified 

and authorized for use in situations in which the height of fill did not exceed the 

specified maximum as was determined upon the basis of the suggested, minimum, 

factor of safety. In practice, situations arise wherein the height of fill to be 

placed above a conduit just exceeds the maximum permissible for one strength-

class and wherein a stronger class pipe provides more strength than actually 

required. This factor oftentimes results in greatly increased factors of 

safety for the installed conduits and thereby provides further opportunity for 

evaluating performance from the standpoint of design. On the ·assumption that 

all conduits included in this survey were bedded in accordance with the details 

as perscribed by the specifications, the as-constructed factor of safety for 

each installation was determined in reference to the actual height of fill placed 

above the pipe. These factors of safety are included in the Appendix of this 

report. 

At the outset of this investigation, there was some skepticism in regard 

to the long-time benefits of the imperfect-trench method of construction. In 

1 arge, it appeared reasonable that the imperfect trench would provide for a 

reduction in load to be supported by the conduit initially- -that is, as long as 

there was unequal settlement within the interior and exterior prisms and a 

-30 -
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portion of the load was transferred from the interior to the exterior prisms 

through s hearing stresses .  However, it was foreseeable that, once settle -

ment was complete, the conduit might then come to bear the full load imposed 

by the weight of backfill within the interior prism. In this hypothesis, the 

effect of bridging action was dis credited; and it was theorized that the load 

to be supported by the conduit would gradually increase as shearing stres s es 

s ubsided and as the embankment attained equilibrum. A review of the 

performance diagrams might possibly be construed to substantiate the 

foregoing hypothes is. Of the 113 conduits included in this performance survey, 

82 were 30 inches in diameter or above and were actually explored and 

critically ins pected once each year. Of this group, 36 percent were bedded 

as s tandard B-bedding, and 64 percent were bedded as high-fill, B1-bedding. 

Fourteen of these installations showed signs of somewhat serious distress 

in that shear failures developed within several sections of each. Of those 

considered to be in s erious dis tress ,  one was susposedly bedded in accordance 

with B-bedding, and the remaining had the addition of the imperfect trench. 

Twenty-five conduits had one or more s ections containing shear fai lures ; 

of this group, 2 were s uposedly bedded in accordance with B-bedding, and 

the remaining had the addition of the imperfect trench. On the basis of these 

experiences alone, the theoretical advantages ·of the imperfect-trench method 

of construction would be more or less nullified. 

Further investigation of several of the distressed conduits revealed 

that in many instances the conduits had not been constructed in full accordance 

1! "�5 A_ G.§ II. 
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with the perscribed bedding details. Soundings were made within several 

sections of the distressed culverts; and, in numerous instances, rock or 

other unyielding material was found to exist at an elevation above that 

specified. On the basis of the fact that the higher fills occur at natural 

valleys and realizing that bedrock may be found to exist nearer the ground 

surface in these areas, it is quite likely that a larger percentage of those 

installations requiring B1- bedding were founded upon somewhat less yielding 

foundations than those requiring B- bedding. If this were the case and if 

all distresses noted were to be attributed soley to the existance of bedrock 

being too close to the bottom of the conduit, the importance of a yielding 

foundation is verified. However, there is no tenable proof that the occurance 

of bedrock near the bottom of the conduit was the sole cause of distresses 

noted. Since fhe initial inspections were conducted after the majority of 

conduits had been installed and inasmuch as signs of distress were then 

present, other causes of distress such as the operation of heavy equipment 

above the conduits, · improper backfilling, poor compaction under the haunches 

of the sections, poor alignment of the trench, etc. may not be rejected completely. 

On the other hand, it is significant to note that numerous installations 

having the imperfect trench have performed quite well. The installation at 

station 37 +50, U. S. 460 S. W. Ramp, on project 175-6(5}123, Shelby County, 

is somewhat positive proof of the value of the imperfect-trench method of 

construction. Well over half of the conduit was installed as B-bedding, and 

the embankment was constructed thereover when it was discovered that the 
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conduit should have been bedded as perscribed for B1 -bedding. The remainder 

of the conduit was, there upon, installed under B1 -bedding; and the performance 

of that portion was markedly better than that of the section installed under B

bedding. It is significant to note that those sections of pipe installed under 

B-bedding that were under the major embankment had an as-.constructed factor 

of safety of 0. 76; yet, no signs of serious distress were noted during any of 

the performance surveys. 

Odd occurrences .of shear failures in a long line of pipe may be attributed 

to local stress concentrations and uneven load- bearing conditions and ar(' of 

somewhat minor concern. However, the prevalence of shear failures in a line 

of pipe having a factor of safety greater than unity presents the more perplexing 

aspect of this evaluation; and, even though there was evidence of nonconformance 

with bedding details in some instances, more tenable proof of the causes of 

failure are desirable. The discovery of distress at some remote time following 

completion of the embankment does not provide adequate proof that the burden 

of the embankment was too great nor does it exclude the possibility of faulty 

construction. Thus, the most meaningful information is that concerned with 

circumstances coincident with the first appearance of signs of distress. Project 

Engineers have thereby been urged to make daily inspections of all larger-size 

culverts during construction and to make frequent inspections thereafter during 

the remainder of the project. 

The culverts that were included in this inspection survey were those which 

were installed immediately or very soon·after adoption of the new design and 
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installation criteria. In some cases, misunderstanding of plans and specifications 

were disclosed. Findings of the first-yearly inspection resulted in widespread 

alarm; and, as a consequence, great emphasis was placed upon rigid inspection 

of all reinforced concrete pipe installations. To date, only two additional concrete 

pipe failures have been reported and observed. In both cases, soundings revealed 

the presence of rock above the specified elevation. On the basis of all information, 

it is generally concluded that the design and installation criteria as presented 

in the B. P. R. Circular Memorandum 22-40 is valid, but the importance of 

adherence to the perscribed bedding details is forever evident. 
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of IDlot 

Worth 

Nol'th 

Do:rth 

Ro:rtb. 



Station 
NUlllber 

140) + 10 

Diameter 
(in.) 

)6 

Deaign 
Length 

(ft.) 

208 

Aoturu. 
Length 

(ft.) 

208 

Class 

III 

PROJECT NOS, I 64--2(7)29 & I 64-3(3)31 SB:Er.BY COUNTY 

JOYCE STATION ROAD TO KY. 55 (OLD) & KY. 55 (OLD) TO SEVD MILE PID 

Bedding Projection 

Std. Poai tive 

- - -· --"""' 

Deoign 
Grade 

<%1 

2.00 

Actual 
G:rade 

<%1 

2,00 

-

»nballkJnent Height 
North South 
(ft.) (ft.) 

7.0 6.0 

"'" ('I 

)0 L 

!mbankment 
Material. 

Book 

I I I I I I I I I l•ol I I I I I I I I I•� I I I I I I I I POJ I I I I I I I I FIJ IT I I I I I I §I I I 

:Factor of 
Wet;r a• 
Conntructed 

3..78-4.41 

Location 
of: Inlet 

South 



Statton Diameter 
Number (ill. )  

14,56 + 90E. 42 

1458 + 35L "' 

1471 + COR 18 

1536 + SUI 72 

Deeign 
Length 

(ft.) 

152 

204 

64 

228 

"'"""' 
Length 

(ft.) 

152 

192 

64 

228 

Cla'IIB 

m 

PliOJ'!XJT NO. I 64-3(7)35 SHELBY COUNTY 

SZVE!J MILE PIKE TO 5000 ft. EA.S!I.' Ol' KY. 714 

lledd.il!g Projeetion Dellign Ao<ual ::&.b>lnklnent Height 
'""'• Grtl.d�< North 

(�) (�) (ft.) 

Std. Out to 261-Poll. 
261 to 1521-Jeg. 

6.15 6.)2 

0 "'@ lll'ill 
0""- � 

�''<>'$ ft... ....,.. 

South 
(ft.) 

14.0 

-I 0 I 0 I I 0 I I I l I 1••1 I I I I I I I I l"l I I 0 I I I I I I p•l I I I I I I I I 

m 

����� � """ ........ --rii-: -::;:-���� a � =-
o0o0o0_0 o 0  

•, Positive ).97 ).97 2J • .S 

� tJle '111 "' a.- <ll 
0 Gill" aM ... "' t. tr "".,J% Ill � 

�8) Embankment 
material 

., . 81 Soil &' Remain. 
Soil & lloek: 

45 R Soil & Rock 

Lll_ll I I I I 1••1 I I I I I I I I i2<J I I I I I I I I I><J I I I I I I I I I«J I I I I I I IF I 

-
� 

� . 

:::: """ - tB aJ-- --=--- - -� - '' ' ''  '"';" �  

m Std. 

III 8l ., 
ffi 
E!J -
ffi 0/VWWV< II �, .... �'Q'? :--:;;; 

Negative 0.4? 0.4? 

I i I I I  I I  I I  I••I T I T I  I I 

Out to 129 '-Po•. 2.50 
129' to 2281 -Jfeg. 

Eli..!, J $ �...2!-- - �--

, _ ,  J O  R 

28.5 45 R 

Soil & Bock 

121Sou & 
Remain. Rock 

� 

J!'acto:r of Location 
Safety as of Inlet 
Constructed 

1.89 South 

-2,)-l South 

... , South 

1.9'1. North 



Station Diameter Design 
littiDber (in,) Lell,!:th 

(n.) 

1552 + lOR 60 ,,. 

1595 + 9lR J6 "'' 

1596 + ?lL J6 184 

1604 + 04:J. "' '"" 

Pl!OJ:ECT NO. I 64-'3{?) '3!i SHE[J!Y COUli'!'Y 

SEVE! :.liLli: PIU TO 5000 ft. EAST Ol' XY. ?14 

AotwU Clan ''""""' Pl'Ojection Design Adual Embanklnent Height Ske"' lmb,.nk:lnent 
Le��.gth Grade Grade North South (' ) Material 
(!t.) (�) (�) (ft.) (!t.) 

"' m Std. Positive 0.96 0.96 12.5 45 L 4.51 Soil & 
Rmna.in. Roek 

�'V\).,__A/V ....__...-..... - � -� -

I I I I I I I I I l•ol I I I I I I I I I� I I I I I I I I I� I I I I � 

220 IV ., Po:��ltivl! 3.24 ).18 42.5 15 R Soil & Rock 

I I I I I I I I I l•ol I I I I I I I I l•oi I I I I I I I I !iOI I I I I I I I I l<OI I I I I I I I r ¥•1 I TTTJ 

l80 

144 

III ., Po�titive 3.24 3-'34 34.0 l5 R 

rTTl fT I I I l•ol I I I I I JTTMJTI_LI I I I �n I I I I I I I fi<J I I I I I 

III ., Positive 0.90 

"-"1 �$� 

� .,--.,--,eA·�,-� �  
,.,......,_" 

1.17 24.5 0 

�� it 

121 Soil & 
Rel!la.in. Rock 

81 Soil & 
:!!.el!la.in. Rock 

Factor of Location 
Safety as o! Inlet 
Constneted 

2,12 
South 

1.92 North 

1.60 North 

2 .• -22 North 



Station 
Number 

1619 + 44 R  

1619 + 45 L 

16)) + )0 1  

1635 + 82 R 

Diameter 
(in.) 

6o 

60, 

54 

,, 

DeBign 
Length 
(ft.)  

168 

160 

200 

208 

Actual 
Length 
(ft.) 

168 

160 

zoo 

208 

Class 

III 

III 

III 

IV 

PRO-JET NO, I 64-1(7)35 Sl£ELEY COUNTY 

SEVEN MILE PIKE TO 5000 ft. E!ST OF KY. 714 

:Bedding Projection 

>1 Pod tive 

Design 
Grade 

<*l 

2.56 

Actual 
Grade 
(�) 

1.44 

Embankment Height 
North South 
{ft.) (ft,)  

2k.o 

Z7 ·' 

&-- "' 
--� 

@ e  
_ � L _  L L L L "'*"'-

>1 

L 

> 

r "' "' 
�� 

Positive 2.75 

L L L 

).16 J2.0 

L L 

� "IV 

Ell� 
.EEttra:n::etnrr.FJ:u n:J r 

L L L 

Positive 2.64 

@ "' � �  � --v-;:;::::.. 

L El L 
" ,,,,.it � \1> 40 .5 IV 

-- "' �-�""::_ - � �  

Skew 
( ' )  

) 0  L 

l5 L 

30 L 

0 

Eli!bankn;ent 
Material 

10 I Soil & 
Remain. Rock 

Rock 

Soil & Rock 

141 Soil & 
Remain. Rock 

Factor of 
Saf�ty as 
Constructed 

2.Z7 

1.98 

1.70 

2.01 

Locaticn 
of InlPt 

North 

North 

North 

North 



' 

StaUol(!. Dilllll�tor 
lfulllber (in.) 

1637 + 32 L 48 

1653 + JO L 54 

1635 -+ -69 r. 36 

Delllip 
L11!lgth 
(ft.) 

"' 

120 

212 

..,_, 
Lfl�th 
(ft.) 

"' 

120 

212 

Clao11 

III 

m 

m 

�II)� 

PROJJCT NO. I 64-3{7)35 SHELBY COUNTY 

SEVEH MILE PIIE TO 5000 ft. EAST 01 XT. 114 

!led dill�!: 

•, 

Std. 

•, 

Projection 

Positive 

Pooitive 

Dedgn 
Grade 
(�) 

4.11 

2.56 

........ 4· m ·f.c 1$' iO 1';4 -rx ,..... 
(j) . ... ···i!l (j) � $$ 

Inlet to 561-Poa. 4.25 
561 to 186'- Jla,g, 
1861 to 2121-Po�:�. 

Actual 
Grade 
(%) 

4.)8 

2.58 32E 

5-37. 

Embankment Bei�ht 
North South 
{ft.) (ft.) 

39.0 

18.0 

J9 .0 

Ske"' 
(' ) 

JO R 

15 L 

ll L 

- ::::::::...,..._�� .. ...._,_, nt ---- 'll'lA.._ 

Embanlcrent 
Material 

Soi:t 

Soil 

81 Soil &
Remain. Rock 

· n I I I TD 1- !•<>l---u::QJ - �-.., �- , ""'"'�J]iijj 1 !  LJ:l�I]� 11:01 
:-1& w .., , , - C I tl Ca:J 1 1 1 ' ' 1 1 1 1 1"'1 1 1 1  

F"cte>r "f 
Saf.,ty .. s 
C<>nstruct<"� 

1.39 

1 .4? 

1.)9 

Loc-,ticJO 
-,f Inht 

lJort!': 

North 

North 



� 
�J 
(;.:) 

Station 
Number 

204J + 50 R  

2054 + 75 R 

2059 + 00 R 

2060 + 85 L 

DiaJI!eter 
(in.) 

18 

)0 

J6 

42 

Design 
Lene;th 

(ft.) 

64 

168 

188 

160 

Actual 
Length 

(ft.) 

64 

168 

188 

160 

Claas :Bedding 

Ili Std. 

Ili Std. 

Ili 

PROJltlT NO.- I 6h-;�(5)45 FRA.NlU.IN COUNTY 

SHET.i!Y COUSTY LINE TO .) MILES EA.ST OF NEW KY. 35 

Prajection Design 
Grade 

(%) 

In. to 19 1 -Neg. 0.78 
191 to 64'-Pns. 

Actual 
C:.rade 
(%) 

0.78 

0 I I I I I I I 1"'1 I rrTTJ 

Positive 3.19 3-39 

Positive '·"' 

� 

,-��,t»=� •w•c;�� 
Ili Std. Positive 1.69 1.50 

Embankment Eei,o:ht 
N"orth South 
(ft.) (ft.) 

J .o 

19.5 

2).0 

� 

18.0 

(!I ,j) 1" - •B<iil>\il W . . . - - "'� 

Skew 
(' ) 

45 1 

4-5 l!. 

45 R 

_ __  "N'�EJ@e1DNl?�_,'IIV- � --+ e - oo�� 
+r r l·r�r r CrCHJ 11:0JJ cs: 1 Lin if CEJ;:g__r.!J_QJJ 

......._....__ � _. !'?� J$� ij1 � '"'"""'"'"""' e ,..,� i ...... � ,  

Emb!!Ilkment 
Material 

Soil & Rock 

l!.ock 

Soil & Rock 

Factor of 
Safety as 
Constructed 

8.8) 

1.16 

2.3? 

1.47 

Location 
of Inht 

N"orth 

North 

South 

Sout:h 



Station Diameter 
JiUmbe:r (in.) 

2064 + 92 :a 24 

2129 -+ 50 !!.  18 

2152 ""'" .so B. 18 

21.54 + .50 L "' 

Design 
Length 

(ft.) 

196 

'76 

152 

1)2 

Actua.!. 
Length 

(ft.) 

196 

176 

148 

132 

Class 

III 

PBQJJlOT 11'0. I 6�J(S)45 l'RIUIXLill COtnm" 

SXEL!I! CotnfT! _LIBE TO .J  JULES EAST OF NEW KY. 15 

Ile�din11: Pro.iection 

Std. Positive 

Design 
Grade 

(%) 

8.67 

Actual 
Grade 

1%l 

8.6? 

linbe.nkm�nt Height 
North South 
(ft.) (ft.) 

22.5 

Skew 
(") 

45 L 

Embankment 
Material 

Soil & Rock 

I I I I I I I I I 1''1 I I I I I I I I I� I I I I I I I I M I I I I I I I I F"l I I I I I I I I I 

!I! Std, Posit iva ,.40 4.66 20.0 45 L 

I I I I I ! I I I 1101 I I I I I I I I §� I I I I I I I I 19 I I I I I I I I fOOl I TID 

III Std. In. to 13'-Neg. 
1)1 to 1481-?os, 

1.64 1.)5 2? .o 0 

Soil & Rock 

Soil & Rock 

I I I I I I I I I lrol I I I I I I I I J2<l I I I I I I I ! I><CI I I I I I I I fiOI I I ITill 

III ""· Positive 6-53 OSJ 14.5 45 R  Soil & Rock 

- �<· ,�- -'* =- � ·  ...... 

I I 1!1 1�"1 UJJ} I I IJQ=I I I I I I I � I I I 
- .  .�--- � 

Factor of 
Se.fet;y as 
Conati"\lCted 

.1 .. 16 

1.32 

0.9.8 

1.83 

LGcation 
o:! Inlet 

Sou.th 

North 

South 

Sou.+b 



Station D:l.llllltlter 
Nl.Wber (ill.. ) 

22'13 + 50 R 36 

2246 + 00 L 18 

2}4J + 00 

9 + 50 Ramp �JII 

l1l 

30 

Design 
Length 

(ft. ) 

144 

132 

2.00 

232 

"'""'" 
Length 
(ft.) 

14/i 

132 

176 

""' 

Class 

III 

Ili 

III 

PRo.n:<l! BO. I 64-1(.5)45 J'IWI'XLID COIJliTY 

SHELliY. OotmTY LI:rlE TO .3 MILES E&.ST OF NEW KY. 35 

Bedding Projection 

., Positive 

.
1 Positive 

Ded,gn 
Grade 

(�) 

2.5? 

0.?6 

.Actual 
Grade 

(�) 

2.5? 

0.76 

»nbll!lkment Height 
llorth South 
(ft . )  (ft.) 

25.0 

22.0 

CUD I I I I l•ol I I ! liD 1 EoJ DID I I I  !>oi l  I I 

Std. Positive l.JO 0.74 10 

"'•• 
('I 

0 

0 

0 

I 1 I I I I I I I l•ol I I I I I I I I 12� I I I I I I I I I·� I I I I I I I n� I I I I 

Ili •, ln. to 69' -Po a. 
69' to 2201-Neg. 

9.22 9-73 28.5 )8.5 0 

lm.bankment 
Material 

Soil & Bock 

Soil & Rock 

Sr>il & Rock 

Soil & Rock 

� m .ali��"' c :!:.rv · � ..;;;._, _ _  . _ _  �e�fr-"::._. - ""-':_-=:::::___ 
I I I I I I t ll:JoiJ r I] 1 I I I 81) 1  1J I TC F91Jll1Jl.l1ITIT lJ..l!l_l"'l I I I I I 

� � - - - ,...., """' ,...,.., 

Factor of 
Safety a• 
Co:a.l-tl'llCted 

2.18 

2.l.w 

2 .65 

1.91;-1.41 

Location 
of In�et 

!forth 

lorth 

liorth 

&uth 



Station 
ll'umber 

)8 + 00 
Ky. JS 

Diallleter 
(in.) 

JO 

Design 
Length 

(ft.) 

'"' 

,,_ 
Length 

( f t . )  

'"' 

Class 

III 

PBOJECT N'O, I 64-J(S)45 J'lWIILIIl COUNTY 

SliEL:BY COUNTY LIBE TO .J MILES WT 01' NEW JY, JS 

lledciin,g Projection 

Std. Negative 

Ell 

Design 
Grade 

I� I 

0.68 

Aotual 
Grade 

1%1 

0 .66 

-------

Embankment Height 
North South 
(ft.) (ft.) 

24.0 

� - � 

Skew 
I' I 

l:!nbanklllent 
Material 

Soil & Rook 

Factor of 
Safety ae 
Constructed 

1.10 

Location 
of Inlet 

North 



Stati-o"!l 
Number 

419 ... _50 

428 + 07 

Diameter 
(in.) 

" 

" 

Design 
Length 

(ft.) 

160 

204 

Aomal 
Length 

(ft.) 

160 

"'' 

Class l!eddin.g 

lii Std. 

PllOJECT NO. I 64-.5 (.5 )9} CI.AllE COUNTY 

WINCHESTER TO MONTGOMERY COUNTY LlNE 

'"Projection 

Positive 

Design 
Grade 

(S) 

0.94 

Actual 
Grade 
(%) 

0.81 

!inbankment Heil':ht 
North South 
(ft.) {ft.) 

5.0 5.0 

,_ 
(') 

0 

Embankment 
Materi"-1 

Soil 

I I I I I I I I I 1"1 I I I I I I I I l"[fTT I I I I I 1><>1 I I I I I I I I M 

lii Std, Positive 1.76 1.72 1.5 ,0 17 .o Soil & Bock 

-....- -;;....- ------- � 

FactOr of 
Safety as 
Constructed 

5.3 

1.?7-1.56 

11 I i i I I tt®t I T 1 1 'f I I I 1·9 I I I I I I I I l•ol I I I I I I I I lrol I I I I I I I I l•'l 1 I I I I I I I �ol I I I I I I I I �� I I I I [I I I fiOi 

418 + 90 "' 200 200 

4_50 + 4o 48 244 "'' 

--., = 

lii Std. Positive 0, 70 1.08 9.0 10.0 15 R Soil & Rock 

I I I I I I I I Q••l I I I I I I I I 129 I I I I I I I I 1301 ITT I I I lll«l I I I I I I I I 1501 
s s !I s --S:- s 

lii Std. Fositive 1.19 o.as 17 .o 17.0 ,, . 4' Soil & 
Relllain. Rock 

- - -

2.94-2.65 

1 ._56 

Location 
of Inlet 

North 

North 

Horth 

North 



Station 
Number 

487 + 00 

557 + 00 

573 + 50 

602 + 82 

Diameter 
(in.) 

" 

JO 

Design 
Length 

(ft.) 

2'«l 

Actual 
Length 

(ft.) 

240 

Claai! 

III 

l!eddin�t 

,, 

PROJECT NO .  I 64-5(5)91 CI.AllX COUNTY 

WINCHESTER TO MOHTGOMERY COUNTY LINE 

*Pro.Jeetion Dedgn 
Grade 

(%) 

In. to 1271-Neg. 3.33 
1271 to 240'-Pos. 

AetU»l 
Grade 

(%) 

3-33 

lmbankment Height 
liorth South 
(ft.) (ft.) 

30.0 2'7 .0 

Skew 
(o) 

0 

blbankment 
MatPri11l 

Soil & Rock 

Factor of 
Safety � s  
ConstX"Ucted 

1.81-2.01 

n-ITI I I I I l•il I I I  I I I I I 12<1 I I I I I I I I l"l I I I  I I I I I � I I I I I I I I M I I I I I I I I M 

'" "' III 

---

Std. Positive 2.21 1.56 17 .o 19.5 45 L Soil & Rock 1.56-1.)6 

3,) 
......_..-. --- �-�--- ___..... _________... -� ....... ......._....... - - � 

I I I I I I  I I I I•OC!Ti I I I I I 1"1 T I TTUTT)<l I I I I I I I I b<l I I I I T I I I f'l I I I I I I I I F>l I I I I I I I I M I] 
� - �-----------� -� ,._, @ �,.,. .. ---::, €13. ""'+* --� 

24 2)2 2)2 III Std. Poai tive 1.'34 1.34 18.5 19.5 30 L Rock 1.4)-1.)6 

1-IITUTI I lool I I I I I I I I lz'l I I I I I I I I �o!ITUJ I I I F� I I I I I I I I t>ol I I I I I I I I 

42 2L·.J.: zcu m Std. Positive 2.05 1.73 16.0 15.0 0 """' l.-66-1.?7 

� __,. � ------- - - -
--, -::::::-----'·· , 

Location 
of lnlet 

South 

North 

l!Jorth 

South 



� 
.. 1 
r.,o 

Station 
li'U!Dber 

609 + 50 

656 + so 

Dienteter 
(in.) 

., 

Design 
Length 

(ft.) 

'" 

""'""' 
Length 

(ft.) 

)04 

Class 

m 

P!lOJEC'l' NO, I 64-5 (5)91 OLAliK COUNTY 

WINCHESTER TO MONTIX!l!ERY COUNTY Ll!IE 

:Bedding '"Projection Design 
Grade 

(�) 

'1 :Positive 1.88 

Actual. l!l:!ibankment Height ""- Embankment 1'actor of LoCI'I.ticn 
Grade North South (') Material s..tety a8 o! Inlet (�) (ft.) (ft.) ConOJ trncteoi 

0,97 2).0 21.0 "' L ··� 2,B_6-2.59 Sonth 

lsi I I iJT!JJ!J:m I l l  1 1'9 I I I I l l  I I  M I I  I I I 1 11�1"'1 I I I fTHI Jll!i' i"l I I I I I I E•il1 I tr It I M I I I I I I  
� /Ill ............... . ......... ,....., -- ,.,..... ,...., _______ ,....;_' ,-..-' 

--

18 372 )80 III '1 Positive 4.89 5.05 )4.0 )9 .0 Ramp 11C11-41 .5 
20 L Soil & Rock 1.6.o-1.)9 No.-th 

I I I I I I I I I l•'l I I I I I I I I I'� I I I I I I I I pol I I I I I I I I 1•9 I I I I I I I I pol I I I I I I I I E'l I I I I I I I I §I I I I I I I Tl fOOl TTTTTTJTfOI I I I I I 

725 + 50 JO 

749 1' 65 a4 

"' 264 m '1 In. to 209 1-PoG. 1.17 
209' to 2641-li'eg. 

J,JO 31.0 J4.0 15 1 ""' 1..:.7.5-1.60 

·"'•"""- ·..::, �--- ...,� ----- �---=-
1 1 1  I I I I I I 1••1 [ l] I l]: [1)'§1 I I I I I I I I l"l I I I I I I I I l"l I I I 1·1 I I I rg I I I I I I I I F'l I I I I I I 

$ �t.- - -e-
. 

- - - - - -"""' 

2)6 240 m Std. Positive 5-17 .5.21 16,0 20.0 1.5 L "'"' 

1 ) 1 1 1  I I  I 1 1••1 I l l  I I  I I I  § I I I  I I  I I  I § I I  I I I I I I  F•l l l  I I  I I l l  1'9 I I  TTTIIIE 

*.Ul pipea laid with negatin projeetion regardlen of 
oiellign projo!ction V!>lues llhown in tables. 

-�.66-1.32 

No.-th 

Borth 



� 
(l) 
Q 

Station 
liu:aber 

788 + 00 

804 + 80 

824- + :u 

866 + so 

P!IOJECT llO. I 64-5(6)100 CLAn...WN'l'GCMXEII COlm'l'Y 

lf.l!lS'l' CLAn COUHY LID TO U. S. 60 

Di!llilet&r Dellign ..,...,_ ,, ... Bedding Projeetion Design ..,..., lm'bankmu:t lleight Skov lmbankment J'aetor ot Location (in.) Lomgth Length Grade Grade !lorth South (') Material Safety aa o:f Inlet (:rt. ) {:rt.) (%) (%) (:Ct.) (:rt.) Conetrueted 

24 JZ8 )24 IV ., Positive 2.35 4.02 47 .o 45.5 15R 101 Soil & 
Remain. �ck l.?J-1.79 South 

I I I I I I I I I l•ol I I I I I I I I I� I I I I I I I I pol I I I I I I I I f«'l I I I I I I I I f<il I I I I I I I I �'I I I I I I I I I F'l I I I I I I I I E\ I 

z4 '" "'' H ,, Pollitive 4.87 4.40 4J.5 39.0 ,, . 71 Soil & 
Remain. �clr:: 1.87.-2.09 

L1 I I I I I IJJoU I I I I I I I !zol I I I I I I I I 1"1 I I I I I I I I 1'01 I I I I I I I I 1'01 I I I I I I I I I'OIJ LUll I I m I l I 

" 188 180 

JO "' "' 

Ill Std. Positive 7."1; 9.45 16.0 10.0 0 

I I I I I I I I I lool I I I I I I I  I l"l I I I I I I I T M I I I I I I l I 14 I I I I I 

Ill ., 108'-PoD·. 
26o'-!leg. 

'·"' 2.17 28.5 31.5 45 R 

Sell 1.66-2.65 

Soil 1.:9J;-.l.73 

'="' 

l:louth 

North 

'k 
� �!ll$Gl$ � � $Gl<l)$$$$$� �lll!ll$Gl$@@-®"' ., lllllllllllllll<i lllll!lllllei llll 

0 
•••..• ··.. . . . .• 
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StaUcm 
...... 

901 + _5C 

931 + 00 

938 + 28 

967 + 65 

Di11.111eter Deeii!!U 
(in.) Le=gth 

(ft.) 

18 232 

" 180 

"' 272 

PBOJECT Jro. I 64-5(6)100 CL,U!!.<.MON'l'GOHERY CotDJ'l'T 

WEST CLABJ[ COUNTY LINE TO ll'. S. 60 

'""""- Class Bedding Projection Dellign Actual Embankment E!eight Skow l!:mbankm.ent 
Lell,l!';th '"""' Grade North South (') Material 

(ft.) (�) (�) (ft.) (ft.) 

232 III ,, Poeitivu 4.)_5 4.8:; 28.0 24._5 0 141 Boil & 
llemad.n. Rock 

[ I I I I I I I I l'ol I I I I I I I I @ I I I I I I I I pol I I I I I I I I f"l I I I I I I I I Fl I I I I I I I I 

184 III Std. Foeitive 0._56 0.89 4.5 4.0 JO L 

I I I .I I I I I I l'ol I I!TTi iiH H I I I I I I §I I H Hit I El!,l I I I I I 

280 m Std. Positive 1.62 1.25 9.0 '·' 45 R 

Soil 

41 Soil & 
Remain. Rock 

l'actor of 
Safety au 
Conat:nmted 

1 .9,4-2 .22 

5>.'1)9-6.62 

2.?4-J .12 

I I I I I I I I I 1''1 I I I I I I I I 1"1 I I I I I I I I 11 I I I I I I I I 11 I I I I I I I I E1 I I I I I I I I .f'l I I 0 1 I I I rol 

lB 240 252 III •, l>o11itive 3.28 4.13 25.0 28.0 l5 L 91 Soil & 
Remain. Rock 

2�18-1.94 

I I I I I I I I I f9 I I I I I I I I 8 I I I I I I I I l,q I I I I I I I I f'Cl I I I I I I I I HUll r n  I rJ I I 

Location 
of Inlet 

South 

North 

South 

No_rth 



Ste.tion 
lflll!lber 

104J + 90 

1081 + 10 

11� + 50 

1229 + 73 

Diameter 
(in.) 

24 

18 

60 

Deeign 
Lelll:th 

(ft.) 

228 

244 

)20 

••tuol 
Length 

(tt.) 

204 

Clall'i' 

III 

PIIOJJCT NO. I 64-5(6)100 CLAliK-MOU'l'GOMEH.Y Cotm'TY 

WEST CLA.BJ: COtnrn LID TO 0, S. 60 

l!il.dding Projection Deeign 
'""'' 

Aetu.al 
Grade 

(%) (%) 

Std. Fosi tive ).29 4.61 

lmbl'lilklllent H�ight 
North South 
(!t.) (ft.) 

15.0 11.5 

Skow 
(' ) 

15 • 

Embanki;J.ent 
Material 

101 Soil & 
l!.emain. Rock 

I I I I I I Tl I 10f I I I II I I I i"'l I I I I I I I I P'i I I I C I I I n5 I I I I I I I I M J 

24<l III Std. Positive ).28 3.54 16.5 19.5 101 Soil & 
Remain. Rock 

I I I I I I I I  I !•of I I  I ITTTIRTIITTI TD"I ITTi ill l l'ITI ITJ I ill"I ITCI ITJTf"ii 

)20 III .
1 

Positive 1.09 7.82 24.o 25.5 4H 5 '  Soil & 
Remain. Rock 

l!'aetor o:! 
Safety aa 
Conat.rueted 

1 .. 77-2.)0 

1.61-1.)6 

2_.2/'-2.1) 

Loca.tion 
of Inlet 

South 

North 

No�th 

rp_.-.;:::::: I I J I I I I I I foiJ I I I I I I I lzol I I I I I I I I . 1'� I I I I 14 t' I §I I I I I I I I IRTI ill I IT fscl m I [JJ I §rTJ I I I I I I 1"'1 

,. ,,, 

#'-, 

,,, III Std. Pooi tive ).61 3.57 12.5 16.0 0 6' Soil & 
Remain. Rock 

2.12-1.66 

I I I  I I I I I I l•ol I I I I I I  I I §I I I I I I I I I I"J ITITfTTII<UIJID I Tl"'l l  IT! I 0 I KT f I 

;; 

North 



�c� 
C!J 
"' 

IJtation 
ll"lllllb&r 

65 + JO 

110 ... 50 

153 + 25 

166 + 25 

Dipete-r 
(in.) 

48 

,, 

42 

,, 

Deal� 
L-h 

(ft.) 

208 

212 

Aetus.l 
Length 
(:ft.) 

212 

"' 

Clan Bl!ddi!lf.: 

I.U • 

III • 

PRQJET NO. I 75-6(5)123 SCOTT COtmfi 

Projection 

Pod tive 

Positive 

DeBign 
Grade 

(�) 

0.77 

1.98 

""""
Grade 

(�) 

o.6J 

4.08 

lmba.nk:Jnen"li Reit;ht 
Yea"li East 
(ft.) (ft.) 

12.0 

20a0 15.0 

- -

Sk� 
(') 

JO R 

15 L 

Emba.nk:Jn'"nt 
Mat'"rial 

Soil " lock 

lloil & Bock 

I I I I I I I I I l•ol I I I I I I I I toot I !TTl I I I �ol I I I I I I I I F01 I I I !Til I §I I I I 

"" "" III • Positive 1.86 1.70 a.o 12.5 15 L Soil & :Rock 

� 

I I I I I  ITITfoTTTITITIJ I"'I I I I I I I  I TJ301TITTTI I I l<q I I I I I I I I 1"1 I 

2')6 ,. III • 

_..... .............., ,.._,. - --

l'oaitlve 2.0) � .. l$.0 llt.!l )0 L Soil .. :Roeil: 

Factor of 
Safety aa 
Constructed 

2.28 

l.J'? - 1.83 

J.4J - 2.19 

1.44 - l.SJ 

I I I I I I I I I !ol I I I I I I I I 1201 I I I I I I I I 1201 I I I I I I I I 1'01 I I I I I I I I M I I I I I II I l"l I CITTT I I 1"'1 I I I 

Location 
of Inlet 

.... 

"''' 

"'" 

''"' 



�c.;o. 
7J � 

Stati<)n 
N'll!llbe:r 

21.2 + 30 

322 + 00 

)6 + 50 
,. _ 

47 + 40 
u. s. 62 

DiaJneter 
(in.) 

JO 

54 

JO 

JO 

Design 
Length 

(ft.)  

220 

,84 

Actual 
Length 

(ft.) 

220 

Class 

III 

PROJlXJT NO. I 75-6(;;)12) SCOTT COUN'l'Y 

Bedding Projection Design .A.ctlU!l 
Grade Grade 
(%) (%) 

>, :Poeitive 1.86 2.35 

�� 

Emba.nkment Height Ske>• Embankment 
West "'"' (') Material 
(ft.} (ft . )  

22.0 27.0 0 Soil & Bock 

I I I I I I I I I �ol I I I I I I I I liOfTITTfTTI HI ill IT! IHIDTTT[llOill m 

2ro III >, Out to 176 '- Pos. 1.11 
176' to Inlet-Neg. 

·J,.2J 21.0 22.5 )O R SoU & l!ock 

Factor' of 
Safety as 
Constructed 

z�ss - z.oe 

2.67 - z.J!9 

I I I I I I  I I I f•of I I I I  I I I I (201 1  I I  I I I  I I §ITTTTTITUmTDTTINlill III nor ITI TTl Uf01 
- � -

'" '" III Out to 56'-Pos. 2.43 
.56' to Inlet-Ne,e;. ., JO R 

"' HI ., P�sitive 5.15 '·" 24.5 l.ll.o 0 Soil & l!oek 2.29 - ).12 

I I J I IT I I lJ"III I U I II l"fl I fl I [ I  I g I ll 
� - -

Location 
of Inlet 

'""' 

11'est 

'"' 

""" 



jc...:l. 
\1') C..1 

PROJECT NO. I 75-6(5)123 SCOTT COUNTY 

Station 
lhm.ber 

Diameter 
(io.) 

Design 
Lev.gth 

(:rt·. )  

Actual 
Length 

ClafiiB :Bedding Pl'ojeetion De11lgo 
Grade 

Actual 
Gmde 

E'mbankment Hei.:ht 
Vest last 

Sk:sv 
(' ) 

Embankment 
Material 

l'aetor o:f 
Safety 111.11 
Conatrueted 

37 ... 50 48 
US 460 SW Ramp 

(:ft.)  (%) 

'" ,.. III .. ,, Po9itive 1.23 

(%) (:ft.) (:ft.) 

1.22 
0.78 t'or :a 

36.0 34,0 51 R Soil & Rock 1.6o t'or l3i 
® • & '!! <!l "' .. ill .. " "  e EJ_ e �e.t..�..!....$ e e ! tJ>.,: Ill &., ! _ :� s ------...-... -..,. - ---- dl - � a;> ..... .,--� ::::::-....--.- -

� .� I I I I I I I I I 1101 I I I I I I I I 1"'1 I I I I I I I I 1"'1 I I I I I I I I M I I I I I I I I E9 I I I I I I I I F� I I I I I I I I f>l 
·� � � 

- - ........ � ......... � )¢$-
" .. .. . .. .. $ • .. ..  .. .. .. G> e& *� i!lz e_ �.!. '!..,te ll) �  "'"1rV Ql�- e :: ® & ::...& 4i �D  � &� a � � --«i� Ef>  = � ___... --

e ""  ---=---te ._....& ® _.. - - .....-- """--- - _ _,.,. _,_ e _ � !;'!? - ----- � - - ��;;;;;;��;;�;;::;�;:;;;;;;8;;:;;;;�o;;;?;;::;:;:;:;:�:;:;;,:=,;;;A4"1::;r'f=r=Pn� [UTI I I I I �<l I I I I I I I I �ol I T I I I I D � I I I I I I I I ''01 I I I I I I I I Jiri n I I I I I rei I I I I I I I I !«j 
-::....._..._., � ---------------

'1 :)' 6--:::::: -arar �-- � ...... -. -- � -------.. 

Location 
of" Inlet 

·East 



P:EiO.TECT lii'O .  I 75-6(4)129 SCOTT COmiTY 

---
StatiQn Diameter Design Ac"""- Class lledding Projection Design Acrual Em.be.nkmen t' !leigh t SkeW Embanlcnen t J"actol' oi Location 
N'W!Iber (in.) Length Length Grade Grade Went ,.,, (') Material. Safety an of Inlet 

(ft.) (ft.) (�) (�) (ft.) (ft.) Conet:ructed 

71 + 00 24 )36 '" IV ., Pcsitive 3.57 <WI )5.5 ,. .. 25 > Soil &Bock . .,., - '·"' East 

I I I I I I I I I 1••1 I I I I I I I I 1201 I I I I I I I I l"l I I I I I I I I 1'"1 I I I I I I I I 1•9 I I I I I I I I M I I I I I I I I f'l I I I I I I I I Ef I I I I 

97 ... 50 ,, 1)2 1)2 III ., Positive 0.97 1.17 18.0 16.5 JO R Soil 8o Eoek 3.12 .. 3.40 ""'' 

I I I I I I I I I I•• I I I I I I I I I §'l I I I I I I I I R I I I 
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Station 
NU!Ilber 

762 ... 00 

794 .. 60 

� 

� � 

-;:;::;;_�-....... 

60? + 16 

Dia>lftter 
{in.) 

" 

" 

" 

Dea1gn 
Le�¥.:th 

(:ft.} 

'" 

Aetual 
Length 

(:rt.) 

'" 

Cla•� 

IV 

PROJECT Jro. I 75-7{3)155 GRANT COUNTY 

SOUTH 01' CLAY LI CX CRU:It TO NOR!H OF CA.SSO!l liOAll 

:.Bedding 

,, 

Frojeetion 

Out. to 5B1 -Neg. 
56' to )001-Fos. 

Ueeign 
..... 

<%> 

2.17 

Actual 
Grade 

<%> 

2.16 

J:wbankment Hei,o:ht 
West lla�t 
(ft.) (:rt.) 

41.0 44.0 

"'� 
(') 

5 L  

l!:mbankment 
V..aterlal 

151 Soil & 
Remain. Rock 

� 

__,._ -------����u---== � 
"' .. 4 m ,, Pod ti ve 1.91 1.-;n 35.0 32.5 45 . Soil & Rock 

• 

if! %' �(' � = - ---- �-

"' "" m ,, liegative 6.10 6.J6 "·' J:J.O '" Soil & Rook 

� 

1'.11ctor of 
S.!lfet:y ae 
Constructed 

1.99-1.85 

1.5}-1.67 

1 . 39-1 .65 

Location 
of blot 

Vest 

.... 

.... 



\r 
\ _  {!! 
l 

0 

l 1\ li� \,: l 1 � 

1)) � 11 
1 1 Nil 

• 

,if 
I 

) · � I 'I · ( 
�l � IP � � )) 

0 

� 
� 
• 

� 
� 

• 

It 

'i! 

� 

.l" 

� • 
� 

. 
!< 

N 

"' 

"' 
0 

t 

� 
• 

[� !" S.  
� �  
� 

" 
� 
� 

� 

I �I 
I 

;; 

" 0 

- . :: 0 

ll i l 
� 

0 

� 

* 

r
iD 

� 

" 

l .l" 

�= 
))) '"" 

� 
l& • " 

j 
ID 

) 
<ll . 
t � 

�@@ II 
t N 

� 
H<�> 
'$.< "' 

c�� 
f '  "" 
) c: " 
l� • 

� / 
" 
� 
! 
;, 

r 

3 

I 

� 
' 

r 
\ 
II 

' 

� 

0 

0 
" 

• 

� 

" 

" 
• 

� 
• 

� 

" . 

� • " 
: 

0 

i; 

0 

t 

� 
! 

g 
• 

[" ' .  
�::  
� ·  

" � 
� 

� 

i� " i 

�� 
F ! 
---� 

sf[ :.....1}1{1 

�rti -�l -· 

s 
; 

• 
� 
� 

• 

i 
� 

• •  

�[;. · �  

sfi 
�• r r_:( 

! sr� :..... .. ! 

3l 
!�  
•• �! 

g'££' �4� ' 0 
· - -a 

� 
c • 
& 

• 

h 
0 � e ; 
" . 
0 " " � 

p � 

I!J a-
. � ; i 
i ; 
� 



06l 

� "" . .  
� �  . . � g  � " 0 

11 

« \ 
I . 

� I � ., �• 
1: Ei II 0 l ' 

0 

� i'i 
0 � ��� �g . 

� !"· 
�r;<g 

§ If 
I
� 

II '$ � �t:t •g . 

( 

:..� ·  

{ " " 0 . lll ! 

. • f\ )j;, ,., .· • 

Il l i 
! \\ " 

\ l � 
• 

� � � , I 
I 

� I " ?: : ' ' ? I l� ' i . 
� " 

\, � 
�W !i' � ;,; �I I I 8 " �It� 

(I� 
· �  � � 

II i � 
I :;;;:� �  8 iJ: II " & 8 � �� �  § " � I " 

� • ! E[f 0 

} ll 0 

\ l • 
� ;,� \\ l f � ��� \ U·! 

� '
J1 

I I " "' ,.. 
• • • �l 

� I �-� � 1 I' " � ,- t • • • •  
� �I 

• . " 
• • • • 

I � • • i< 'to �' � " " " k • 

i � /1 [ [ 



Station 
N=ber 

978 + 12 

988 + 18 

1001 + 22 

1004 + JJ 

Diameter 
(in.} 

"' 

)6 

)0 

Design 
Length 
(ft.} 

'" 

Aetu.a.l 
Length 
(ft.) 

m 

Class 

m 

FROJECT li"O . I 75-7(5) 160 G:R.Am' COOOj" 
SOUTH OF SHEE!MAN-MT. ZION ROAD TO lt!!N'l'OH COUNTY LINE 

Bedding Projection Desi!';n Ac-tual 
Grade Grade 
(%) (%) 

,, Positive 2.)6 2.JO 

Embankment Height Skew Embankment hctor of 
West "''' (o) Material Safety as 
(ft.) (ft.) Constructed 

"'·' }8.0 ' Rook 1:16-1-,IO.J 

.........:::::_ ;:::::;:.,.... ® 

I I  I I  J;�!l•ol l l 1 1  [;i l l  §t I;LI t 1:1 1 1:�1 &;D wir aJ] lJICt=�:ljl rl @II I I I  fi l l  
'- M M .... -� ..._. 

"'' '" " ,, 

"' ,84 m ., 

0 

Positive 2.03 2.00 42.0 43.0 15 L 

� - - ----------- � ..,...__._ 

Positive 3 .99 3.88 28.0 25.0 )0 . 

- - � �  

Roek 1.94-1.90 

Soil & Rock 1.94-2.18 

I 1 I I I I I  I I 1"1 iHfl I Cl 1,� I I I I I I I I liOI I I I I I I I I H I I I I I  I I I § I I I I I I I I §I I I I I I I I i §I I 

)6 "' 

- - " -- ---- -- """'-!' • .._ ....,. 

$ 

m m ., Positive J . 42 J.42 29.0 26.0 35 L .  Soil & Hock 

- -

-- -- - =we --�--------- ...... -
@ --

1.87-2-09 

Location 
o:f Inlet 

£a.Bt 

''"' 

"'" 

""' 
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