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FOREWORD 
This pamphlet is Book III of a five book manual on Plan Preparation that 
has been prepared jointly by the Road Design, Bridge, and Land Service 
Roads Divisions of the Texas Highway Department. The primary purpose 
of the manual is to present material covering plan preparation k selected 
District Representatives who in tum u·ill become instructors for the entire 
District Personnel. Book III and Book IV of the Manual, which have been 
prepared by the Bridge Division, contain not onl)1 material always appli­
cable to structure planning and plans, but also se~·eral of the subjects 
presented have been selected because of their frequent reoccurrence in 
planning improvements to the highway system in its present state of 
development. A careful study of the entire manual is particularly necessary 
in order that the Department may uphold established standards in plan 
preparation and continue to advance in that important phase of highway 
improvement. 
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LOCATION OF BRIDGES 

1. INTRODUCTORY 

Under this subject we will discuss some of the general aspects of 

site selection for highway bridges. The location o' grd.de separation 

structures will be covered in a later part of this instruction course. 

The selection of the proper site for a bridge with proper fit to top-

ography, is a complex operation, It is an art in which long experience, 

a high order of engineering skill, and exercise of common sense and 

judgment must be blended. Problems and their solutions in different 

situations will appear to be totally dissimilar, and wide differences of 

opinion between various engineers and interested agencies will exist and 

must be compromised, Social and economic as well as technical con-

siderations will affect the solutions. The problems do not readily yield 

to specific analysis but it is possible to discern broad fundamental prin­

ciples upon which to base critical discussion, 

It must be always kept in mind that a modern highway bridge is a 

very costly facility and of very long life, The greatest of care taken 1n 

its location will always be justified. From the purely selfish point of 

view, the engineers responsible for the new facility will want a monu­

ment to their sagacity and foresight and not just another structure that 

will become inadequate and inappropriate in a few years. 
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In the short space of time allotted, it is not possible to undertake 

a detailed treatment of the subject. The best we can do is to point out 

some of the more general considerations and principles of site selection 

for bridges, and to pre sent some examples for discussion, questions and 

answers. From this we hope that you will be able to derive some benefit 

and guidance for further investigation and study. 

2. THE RESIDENT ENGINEER AND THE BRIDGE DIVISION 

The Resident Engineer operates under the guidance and authority 

of the District Engineer and in most jurisdictions will have the primary 

responsibility for the selection of bridge sites, as a part of his activity 

in highway location, and will make the first proposed solutions. This is 

logical, since the Resident Engineer will have the best knowledge of 

local conditions, and resources for local field investigation and surveys. 

As the interest of other agencies will be involved, these solutions will be 

thoroughly reviewed by the District Engineer, the Bridge Division, Bur­

eau of Public Roads, and municipal, county, and governmental agencies 

affected. 

It is the particular charge of Bridge Division field representatives 

to cooperate with the Resident Engineer in reviewing his proposed solu­

tions, in suggesting alternative studies, and in furnishing maps, re­

corded hydraulic data and similar information that are not readily avail-

able to the Resident Engineer. These representatives will provide 
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guidance for negotiations with the Bureau of Public Roads, the railroad 

companies, the U. S. Corps of Engineers, and other interested State and 

Governmental agencies. These negotiations are the particular re sponsi­

bility of the Bridge Division but the District and Resident Engineers are 

given opportunity to participate and to express their opinions and rec­

commendations freely at any time. 

The local engineers generally are urged to request the services of 

the Bridge Division early in the development of a project and then to co­

operate by securing all field information that may be requested, in order 

to obtain the very best solution to the given problem at the time that it is 

needed. 

3. LOCATION AND PROGRAMMING 

A particularly important aspect of the location problem is its re­

lation to the programming procedure for construction. Location studies 

and submissions of data should be made and decisions reached well in 

advance of the programming stage so that realistic estimates can be 

made for finance consideration. 

A second advantage of early location of major structures is in the 

opportunity for leisurely and thorough de sign studies to determine the 

most suitable and economical structure arrangements. This will in turn 

enable the making of still more accurate estimates for financing. When 

location and layout studies have not been begun until after the project 

3 



has been programmed, the urgent demand for construction and com­

pletion may cause these most important operations to be hurried or 

slighted, resulting in defective solutions and excessive costs. No high­

way locations should be fixed or right-of-way bought, until the sites of 

major stream eros sings have been selected and approved by all inter­

e sted agencies. 

4. BRIDGE LOCATION IN GENERAL 

Site selection for bridges, as for any facility, is the first step in 

the physical development of the structures, before they can be de signed, 

constructed, and placed in the service for which they are intended. Site 

selection will be based upon considerations of service, safety, fit to lo­

cal conditions such ·as topography and culture, economy and appearance. 

Its importance cannot be overemphasized. Improper site selection may 

in many cases have more effect upon the usefulness and probable cost of 

the facility than divergences from the best practice in the later phases 

of de sign and construction. 

Highway bridges are provided for the purpose of carrying highway 

traffic, which is the reason for the highway itself, over water courses. 

They must have a relation to the connecting highway with respect to 

grade, width, surface, and hazard protection, which is consistent with 

the traffic service to be rendered by the highway. 
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Culverts and small bridges individually will be subordinated to 

highway routing, location, and de sign restrictions and hence are not 

considered further here. Of course, in a group they may affect the 

highway alignment such as in the case of a ridge location. On the other 

hand, major bridge structures will generally influence the highway loca-

tion. 

5. LOCATION OF MAJOR BRIDGES 

The location of major bridges is dependent upon topographic, hy­

draulic, navigation, lateral road, railway, foundation, structural and 

economic requirements. Pre sent day traffic demands and advances in 

the technique of structure de sign have reduced some of the early eco­

nomic limitations of structure location. In many cases it may be possi­

ble to accept the points of origin and destination of traffic as the primary 

controls. There are, however, many major streams that will not admit 

of an economical eros sing at any random point. These eros sing sites 

will still remain control points in the highway location. 

Satisfactory locations for major bridges will have good foundation 

material, approach alignment on tangent or easy curvature, permanent 

narrow straight reaches of channel, right-angled crossings, and grade 

lines that will permit a minimum length of structure and height of ap-

preach fill. Elements of alignment and grade-line will of course com-

ply with the road design requirements for the given class of road. 
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The grade line and length of bridges will be further controlled by 

hydraulic requirements for highwater and run-off, as discussed in 

another paper. A square crossing is also desirable from the hydraulic 

design point of view, for if the crossing is skewed any appreciable 

amount, the water surface will slope along the embankment, making the 

correct distribution of floodwaters across the overflow area difficult to 

estimate and provide for. Further, the height and length of the main 

span over navigable streams will be determined by negotiation with the 

U. S. Corps of Engineers, by acceptance of a suitable application and 

is sue of a permit, based on results of public hearings. 

While structures can be built on skew and on horizontal curves, 

this practice should be avoided as much as possible, due to construction 

difficulties, increase in cost, and the extended time required to make 

the special plans that are necessary. In rural work curvature is only 

very rarely admissable and skews should be used only on small trestles, 

where adjustment of the alignment or channel changes cannot be made to 

eliminate the need for such skews. 

Increasingly as time goes on, the opportunity for making bridge 

locations on new routes will become less and less, and the problem will 

be more and more one of relocation and reconstruction of existing 

bridges. If the connecting roadway has been correctly located and highly 

developed and there are important controls, it may be necessary tore­

construct the existing bridge on the pre sent line or very close to it. The 
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principles of location are then not directly involved. However, all pos­

sible alternative locations should be investigated, comparative estimates 

made upon rough preliminary designs, and all data in regard to traffic 

and land service noted. 

In case the existing facility is to be rebuilt, the cost of widening or 

replacement of the structure involving detours and the cost of revamping 

approaches if an offset structure is used, must all be taken into account. 

If a relocation is considered the value of the existing structure as an ad­

dition to the secondary system must be included. 

6. RECONNAISSANCE, SURVEYS, AERIAL PHOTOGRAPHY AND MAPS 

We cannot at this time go into the details of reconnaissance, sur­

veys, preparation of site layouts, reports and so on, but it must be 

emphasized that good location will be based upon thorough field inve sti­

gation and accurate and complete representation of all factual data upon 

the site layout, plan-profile and other exhibits. Contour topography 

should be secured as may be necessary to supplement available maps. 

Subsoil investigation and representation will be discussed in the follow­

ing paper. 

During the stage of general reconnaissance the stream to be 

crossed should be viewed on the ground within the limits of possible 

crossings, and photographs and notes of desirable crossing sites and ex­

isting structures should be secured to supplement map studies, and for 
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reference when the later more detailed surveys are made. At this time 

also, all available maps and aerial photographs should be collected and 

examined. In important work, actual aerial reconnaissance may have 

value. 

The use of aerial strip maps and mosaics is well understood. 

They will be particularly useful where the relief is bold, the terrain is 

open, or culture is well developed. In cases of heavily wooded flat ter­

rain, such as the lower Sabine valley, their value 1nay be limited. The 

maps of the Federal Production and Marketing Administration (the old 

AAA) may often be consulted in their local offices in the principal cities 

and county seats. When the cost would be justified by the magnitude and 

complexity of the project, the maps may be purchased or special flights 

made. These flights will be arranged for through the Road De sign Divi­

sian. Sometimes oblique single pictures made on a chartered flight will 

be helpful. Such pictures made at times of extraordinary floods have 

been valuable in later studies for new crossings. 

In a previous paper by the Road De sign Division the use of Highway 

Planning Survey data in road de sign was discussed. Many of these data 

will. be applicable to the problems of bridge lac ation, since generally the 

road connections will have considerable influence upon the solution of 

the problem. In particular the aerial map files of the Highway Planning 

Survey can be consulted. Available contact prints will be loaned to the 

field or purchased for the account of the District. When the inquiry for 
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such material for bridge investigation is made directly to Road De sign 

or Planning Survey, the Bridge Division should receive a copy of the in-

quiry, so that all preliminary investigation may be properly coordinated. 

For many streams there are now available in the Bridge Division 

files excellent topographic maps prepared by the U. S. Geological Sur-

vey, the State Reclamation Department, and the U. S. Corps of Engi-

neer s. Outstanding examples of the available material are the 1915 and 

1939 U. S. Engineer Department Surveys of the Trinity River. In gen-

eral, it is preferable to secure copies of these maps through the Bridge 

Division, in order to avoid duplication of effort and to enable the Bridge 

Division to extend the scope of its map files as opportunity will permit. 

If maps are obtained locally in the field, opportunity should be extended 
' 

to the Bridge Division to make or secure copies for its files. 

In the course of usual field inspections and visits by Bridge 

Division representatives, such material as de scribed may be suggested. 

However, in the early stages of any site selection problem, the Resident 

Engineer should request from the Bridge Division any maps or other in-

formation that it may have available, that may be of assistance in the 

solution of the problem. 

7. PLATE I 

Plate I illustrates a bridge location problem in the flat coastal 

country near a sizeable community. The drawing was prepared from 
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aerial photographs. Location "C" was the original bridge crossing, 

built in 1 9 2 6. Location ''B" will replace this crossing some time in 

1953. Location "D" was considered as an alternate to Location "C", and 

Location "A" as an alternate to Location "B". Assume that one -half of 

the traffic of 6, 000 v. p. d. will wish to by-pass the community. The 

old eros sing was a through truss swing span with timber spans in the 

approaches and relief structures. Pavement on the high ground on the 

east was concrete in poor condition. Foundation conditions in all cases 

are similar. The advantages and disadvantages of each location shown 

may be listed. 

The crossing on Location "D" is square and of minimum length. 

Distribution of high water flow is definitely indicated, permitting accur­

ate determination of design highwater and bridge lengths. Since the west 

connection must pass through or near the community, an excessive 

amount of road construction and travel mileage 1s involved. 

The eros sing on Location "C" is longer than that on Location "D" 

and is skewed at nearly 45 degrees to the direction of high water flow. 

The over -all distance is shorter and the city is directly served. The 

construction of the Naval berthing area and great growth of city traffic 

seriously impede the free flow of through and suburban traffic. 

The crossing on Location "A" is about the same length as on Lo­

cation "C", but is much more nearly at right angles to the direction of 

flood flows. All traffic would be relieved of interference from openings 
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of the draw span, which would partially offset the slightly increased dis­

tance for traffic from the east to the downtown area. If the highway to 

the east were relocated on a more direct line, this advantage would not 

exist. Through traffic would be benefited in every respect. 

The crossing on Location "B" is apparently longer than in the 

other cases, and at a skew of 45 degrees to flood waters. Since the ve­

locities at high stages are not great, deflecting levees made from 

dredged over-burden can be placed at the lower end of each bridge to 

equalize distribution of flow. The crossing is superior to the others 1n 

regard to length of road construction and travel mileage, if the highway 

to the east is not relocated. 

Economic studies of construction and vehicle operating cost were 

made for lines A and B, with the advantage for line B. As it was deter­

mined that the highway to the east would not be relocated, Location "B" 

was selected as the best balance of all tangible and intangible factors. 

8. PLATES II AND III 

Plates II and III illustrate a bridge location problem in the rolling 

country of East Texas. Plate II is a section of the Highway Planning 

Survey maps for Houston and Leon Counties. Plate III is a section of 

the U. S. Engineer Department Trinity River Survey 19 39. Aerial 

photographic contact prints are also being used in making this study. 

Location A is the present bridge crossing. The bridge is a series of 
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light low one way trusses with timber floor supported on an abandoned 

lock and dam in the river. Location 11 B 11 is a variant to improve the 

curvature at the east end of the bridge. The approach roadways cross 

the overflow areas on each side of the channel at grades very slightly 

above the adjacent ground. Construction on high ground on each side is 

well graded with intermediate type base and surface. Locations 11 C 11 and 

11 D 11 are alternate proposals. Better potential crossings exist within ten 

miles upstream and down stream from the present crossing, but they lie 

outside of the area determined by the existing located highway. The ad­

vantages and disadvantages of each location shown may be listed. 

Line A eros se s the main channel and the west overflow area at 

right angles but is deflected in the east overflow downstream two miles 

to reach high ground south of Hurricane Bayou. Overflow waters in the 

east bottom will be deflected along an embankment on this line necessi­

tating a large relief structure at the southeast end. Distribution of flood 

waters will be uncertain, necessitating larger structures than might 

otherwise be necessary. The curvature at the east end of the bridge is 

objectionable. A detour for traffic would be necessary if the present 

dam structure is to be used. 

Line B lies slightly east of Line A and improves the curvature at 

the bridge end. It is otherwise similar to Line A. 

Line C crosses the overflow area at right angles. The crossing is 

considerably shorter than on Lines A and B. It, however, would neces-
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sitate the abandonment and reconstruction of five miles of perrnanent 

highway. 

The crossing on Line D 1s intermediate in length, crosses the 

channel and overflow area at right angles, and does not require the re­

location of any permanent highway. 

In all cases the proposed waterway would remain in the existing 

channel. No field studies or comparative estimates of cost have been 

made as yet for the various alternates. 

9. PLATES IV AND V 

Plates IV and V illustrate a bridge location problem in the rolling 

country of East Central Texas. Plate IV is a section of the Highway 

Survey maps for Brazos, Grimes, and Leon Counties. Plate V was 

prepared from the U. S. Geological Survey - Texas Reclamation De-

partment Navasota Quadrangle. Locat:on "A" is the original bridge 

crossing, one of the oldest on the State Highway System, the main bridge 

having been constructed after 1870. Various substructure and super-

structure units have been replaced from time to time. Location "D" is 

the .crossing now being completed, The west approach grading and Coles 

Creek Bridge, the Navasota River Bridge, and the piers for the main 

bridge have been completed. The super structure for the main bridge is 

under contract. The advantages and disadvantages of each location 

shown may be listed. 
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The main channel crossing on Location "A" is square, but the road 

connections are unsatisfactory. In the west approach the pre sent Jordan 

Creek crossing is below extreme high water. In the east approach the 

delta between the Brazos and Navasota Rivers is traversed for a dis-

tance of two miles upstream. The existing pavement is 16 foot and 18 

foot concrete pavement from Brenham to Washington, 18 foot concrete 

pavement west to the junction of Location "A" and 11 D 11 east of the Nava­

sota River, with flexible base between. 

The proposed Location "B" would preserve the conc;:rete pa·.rernent 

sections but has similar disadvantages as to conditions in the overflow 

area as Location "A". The main channel crossing would be about the 

same. Relief bridges below the eastward bend of the Navasota River 

might induce an eventual break-through of the river. An eastward ex­

tension of this location to State Highway 105 in Navasota would entail a 

large embankment cost. 

The proposed Location 11C" would pre serve some of the advantages 

of the existing main river crossing and provideS a definite opening for 

the Navasota River. Construction of five miles of new highway in the 

west approach would be necessary. The same disadvantages for ern-

bankrnents in the overflow area exist as for Locations "A" and "B". 

Location "D" provides a square crossing of minimum length, but 

entails construction of six miles of new highway in the west approach. 

A satisfactory connection with Washington can be made across the pen­

insula between Coles and Jordan Creeks. 
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Field surveys and economic studies were made for Locations "B" 

and "D". The cost of rehabilitating State Highway 90 west of Washington 

was taken into account. Washington was considered not to be of suffi-

cient importance to be a primary control in the main line, but would 

remain on a loop along the old road which would not require further im-

provement. In consideration of comparative costs, reduced crossing 

length and improved alignment, Location "D" was selected and is being 

constructed. 

10. CONCLUSION 

The limits of location for a major bridge will be defined by the 

general routing requirements. All possible crossings within these lim­

its should be investigated and comparative estimates made for each 

possibility, including roadway items within the limits of the alternative 

locations. The advantages and disadvantages of each alternate should be 

listed in detail, and an over -all recommendation made for the informa­

tion of the reviewing authorities. 

The collaboration of the Austin office De sign Divisions should be 

enlisted at an early stage, and all available documentary information 

obtained from them. Preliminary submissions of location data should 

be made from time to time as rnay appear to be de sir able in order to 

expedite the review and approval of the location finally selected. 
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FOUNDATION EXPLORATION 
FOR STRUCTURES WITH INTERPRETATION 

GENERAL. As a general rule, the type, exact span lengths, cost, and to 

some extent, the appearance of a highway structure, are determined by a 

single factor: the natural foundation material available. The care used 

in foundation exploration should be commensurate, therefore, with the 

value of the information to be obtained. Foundation data should be suffi-

ciently complete and accurate to provide the designer with a dependable 

basis for making a choice of structure type and an economic comparison 

of layouts, and to permit planning on which construction may proceed 

with confidence of encountering a minim.um of delays. 

Many explorations have been made where a large number of test 

holes were drilled, but the overall factual information about the existing 

natural formations was very meager. The true evaluation of a foundation 

exploration should be made on the basis of the cost per foot of reliable 

information and not on the cost per foot of hole. 

The science of Soil Mechanics and Foundation Engineering has 

made great advancement in the past decade. The ability of engineers to 

explore, sample, test and evaluate most earth formations in relation to 

substructure design has increased rapidly in the past few years. The 

natural result of this development has been the introduction of more eco-

nomical substructure designs that better fit the existing conditions. It 
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has made possible the wider use of the "Drilled Shaft" type of substruc­

ture both with and without "Under reaming." 

Research and investigational work has shown that the shear 

strength of a soil is a reasonable measure of the load carrying capacity 

of a friction pile driven in that soil. This fact has made it pass ible to 

evaluate the accuracy of the generally accepted dynamic methods of de­

termining pile capacities. The results of these evaluations indicate that 

we need a more realistic method of measuring pile capacities and on 

large projects it generally will be found economically feasible to make 

pile load tests to establish the true pile capacity or to make complete 

soil strength tests as a basis for determining pile capacity. The actual 

testing of samples of the formations has resulted in more realistic al­

lowable unit design loads being used when founding on shales, various 

rock formations and clays. 

In summary it might be stated that the need for adequate explora­

tions can be justified solely from an economic standpoiht. Each project 

should be studied individually and the extent of the investigation based 

upon the magnitude of the proJect and the nature of the existing earth 

formation as related to the economics of the possible substructure 

designs. 

OBJECTIVE: 

The objective in structure foundation exploration is to determine, 

within the limits of the proposed structure, the elevation at which var-
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ious earth strata exist, which information, together with the character, 

strength and description of the formations, will materially affect deci-

sions on design. 

Putting it plainly - the objective is to find out what is existing in 

order that the designing engineer can make a complete study and deter-

mine the most economical design. Simple as this sounds, it is amazing 

how often exploration work fails to accomplish this objective. 

METHOD: 

It is quite impossible to set forth a methodical rule to be followed 

making foundation explorations due to the widely divergent job conditions 

encountered in the various parts of Texas. There are many instances 

where good foundation materia] is encountered at shallow depths and 

adequate investigations can be made by digging open pits. Then, those 

border line cases will be encountered where a good clay is available near 

the surface and rock also is available within easy reach. In these cases 

the engineer in charge of the exploration must be careful not to lose 

sight of the objective by making decisions for the designer aml fail to 

furnish complete data upon which to make an impartial study of all pas­

sible design types. The size of the proposed structure will, of course, 

be a dominant factor of influence in deciding the method as well as the 

extent of the exploration. 

Aside from the very shallow exploration work where the open pit 

method is adaptable, the maJority of Highway Department exploration 
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work is done with one of the four rotary core drill rigs which operate out 

of the Camp Hubbard Shops. This equipment is routed by the Bridge Di­

vision, and when operating in the field works under the District Engineer 

or his duly authorized representative. The equipment is constantly being 

improved as new problems are encountered. Constructive criticism of 

any part of the operation is always welcome and should be directed to 

the Bridge Engineer, File D-5, Austin. 

Rotary core drill rigs operating out of Austin are mounted on 5 ton 

trucks with tandem rear axles. (Fig. 1) The rigs are powered by the 

truck engine through a "Power-Take-off" mechanism which utilizes the 

truck transmission and gives a wide range of power and speed at the 

drill head. Other features of the rigs include a reciprocating type of 

power mud pump, hydraulically powered pull down or "crowd", hydrau­

lically retracting drill head and many other minor items that assist in 

obtaining core samples under very difficult conditions. 

Exploration methods now in use on these rotary core drills can be 

divided into five main groups, namely; Wash Boring or Fish Tail Drill­

ing, Dry Barrel or Single Wall Barrel Core Sampling, Wet Barrel or 

Double Wall Barrel Core Sampling, Push Barrel Sampling, and Cohe­

sionless Sand Sampling. 
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Wash boring or Fish Tail drilling should not be permitted until the 

classification of the strata have been definitely established and it is de­

sired to drill a hole rapidly to establish the elevation at which a hard 

stratum exists below. The core drillers have been instructed not to use 

the wash boring method except when specifically directed by the district 

representative. Attempts to classify by watching the wash water leads to 

very erroneous conclusions and is to be avoided at all times. The wash 

boring method is a rapid way to make a hole through most all formations 

except rocks and hard shales but when you are through, a hole in the 

ground is about all you have to show for your work. 

Dry Barrel or Single Wall sampling is the method most generally 

used (Fig .2 -A). The core sample obtained is generally in a disturbed 

condition due to the pressure applied to cut the core and pack it in the 

barrel so that it can be recovered. However, the core can be extracted 

from the barrel either by water pressure or by hydraulically powered 

piston extractor and a visual classification made. When used for samp­

ling in practically all materials encountered except very soft mucks and 

cohesionless sands, the dry barrel sampler will give a sample containing 

all components in the original formation and the amount of disturbance 

will depend upon the softness of the formation. Although this method is 

called the dry barrel method, it should be pointed out that some cooling 

water is often used with this method and in the hard formations a small 

amount of water is circulated during the cutting of the core. 
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FIG. 2A DRY BARREL SAMPLER 

Wet Barrel or Double Wall Barrel sampling is used in a wide 

range of formations when undisturbed core samples are desired. (Figs. 

2-B, 2-C) The sampler used consists of an inner and outer barrel. The 

outer barrel is a thick wall tube with saw tooth cutter. The inner barrel 

is a thin wall tube connected to the head of the sampler on a free running 
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bearing. The outer barrel is rotated and cuts an annular ring around the 

core as the sample is received into the inner barrel. The inner barrel 

remains stationary due to friction between the core sample and the bar­

rel wall. Water is circulated down the drill stem, thence between the 

inner and outer barrel picking up the cuttings from the annular ring, 

carrying them up around the outside of the outer barrel to the ground 

surface where they are deposited in a sump. A viscous mud slurry can 

be added to the circulating water to lift cuttings consisting of sands and 

gravels. There are several versions of the double wall barrel samplers. 

For formations other than rock we use a type that has a thin sheet metal 

liner that fits the inner core barrel and furnishes a handy method of re­

moving the core as well as a protection to the undisturbed core while 

transporting same to the laboratory. For rock and hard shales the liner 

is omitted, as this type material has ample strength for handling without 

the protection of the liner. The relative projection of the inner and outer 

core barrel cutting bits can be varied by adding or subtracting collar 

washers. For rock and hard cutting materials it is necessary that the 

outer barrel cutter lead the inner cutter as the hard material cannot be 

penetrated by the knife edge cutter on the inner barrel. However, when 

taking a core in clays, sand clays, etc., the inner cutter is adjusted to 

lead the outer cutter and thereby protect the core from erosion by the 

circulating water. When the proper length core has been cut and re­

ceived in the inner core barrel the circulating pump is shut off and the 
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outer barrel rotated at a relatively high speed. This generates enough 

heat to cause the lower end of the core to expand and bind itself in the 

barrel while the sampler is withdrawn from the hole. This particular 

operation calls for a driller with skill, experience, and patience. 

FIG. 2-B WET BARREL SAMPLER 
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FIG. 2-C SPLIT TYPE LINER 

The Push Barrel Sampler (Fig. 2-D) as the name implies, employs 

the simple principle of pushing a thin walled tube with a sharp cutting 

edge into the formation with the hydraulic push down on the drill rig. 

This type sampler recovers very good "Undisturbed" samples where it 

is adaptable but its usefulness is limited to materials into which it can 

be forced and which have sufficient cohesion to remain in the barrel 

while the sampler is withdrawn from the hole. The usual procedure is to 
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force the sampler into the formation with a slow steady push and rotate 

it about two turns to break off the core before beginning the withdrawal. 

The push barrel sampler is faster than the double barrel sampler and is 

to be preferred where it is adaptable. 

FIG, 2-D PUSH BARREL SAMPLER 
SHOWING CORE BEING EXTRACTED 

The last and least used sampling tool is the cohesionless sand 

sampler. (Fig. l-E) It is to some extent a combination of the last two 

named samplers. It consists of an outer barrel or air bell and inner 

barrel or sample tube. The use of this sampler is limited to very large 

projects where loose cohesionless sand exists and it is important that 

the density and nature of the sand be determined. Due to the limited use 

of this tool, it is not considered desirable to spend the time describing 
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its use. Complete description and details of the sand sampler can be ob­

tained on request to the Bridge Divis ion, File D-5, Austin. 

FIG. 2-E. COHESIONLESS SAND SAMPLER 
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FIG. 3. FIELD LABORATORY 
FOR TRIAXIAL TESTING 

In addition to the above mentioned drilling tools each of the rotary 

core drills operating out of Austin are equipped to. make the standard 

Penetrometer Test. (Figs. 4 &: 5) This test consists of recording the 

number of blows of a 170 pound hammer dropping 24 inches that is re-

quired to force a 3 inch diameter steel cone 12 inches into a formation. 

In cases where hard formations are encountered, including rock, the in-

structions are to hit the pin 100 blows and accurately record the re-

sulting penetration. This test has been in use the past 3 years and it is 

now standard procedure, in all our exploration work, to make the test at 

least each 10 feet of hole and more often if necessary in order that each 
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significant formation is tested. Experience to date with the Penetro­

meter Test indicates that the number of blows of the hammer for the 

first 6 inches and the second 6 inches of penetration should be recorded 

separately as it is indicative of a granular material if the number of 

blows for the second 6 inches is significantly more than that for the first 

six inches. Curves based upon our experience to date with the Standard 

Penetrometer Test are attached to and supplement this paper. These 

curves show the relation between the test results and the shear strength 

of the soil as measured in the laboratory as well as the relation be­

tween the test results and measured dynamic pile resistance. The use of 

these charts will be discussed later under interpretation of results of 

sub-surface explorations. 
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The first test hole at any Structure is generally made with very 

little advance knowledge of what will be encountered. It should be made 

carefully and with 100% core recovery with the Dry Barrel Sampler if at 

all possible. Penetrometer tests should be made each 10 feet and a good 

descriptive log of each significant stratum should be recorded. This 

first hole should be carried well below the probable founding depth of the 

substructure. If so called bed rock or a shale is encountered and is con-

sidered to be the probable formation on which the structure will be 

founded, it is recommended that this first hole be carried ten feet into 

the formation. For all formations other than rock or shale the hole 

should be carried to a depth below the probable founding elevation of 

approximately 50 feet. In applying this rule, where friction piles will 

probably be used, the founding elevation should be considered as the 

elevation corresponding to the center of resistance which may be 

assumed to be at the mid-point of pile penetration in the supporting earth 

strata. A rough determination of the founding elevation can be made 

from the results of Penetrometer Tests. A major structure is an excep­

tion to this rule in which case a more complete analysis should be made. 

As a general rule it is suggested that no undisturbed sampling be 

attempted on the first hole. Upon completion of this first hole it should 

be possible to formulate a tentative plan of procedure for the remainder 

of the exploration. In formulating the tentative plan bear in mind that the 

completed exploration should contain the following: 
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l. Test holes at each end of the proposed structure plus a sufficient 

number of intermediate test holes to determine the location of all 

significant earth formations well below the probable founding 

elevation. The recommended "I"Yl.aximum spacing of holes is 250 

feet where the significant formations appear to be uniformly 

bedded. 

2. An adequate number of Penetrometer tests to represent all significant 

formations. 

3. Undisturbed samples for strength tests where large structures are 

involved and also for small structures if the formations indicate that 

the final design may include any of the following: 

(a) Friction piles to be driven in a formation showing 

less than 30 blows per foot with the Penetrometer. 

(b) Underreamed drilled shafts to be founded in a 

material showing less than 30 blows per foot with 

the Penetrometer. 

(c) Drilled shaft type of foundation without under­

reaming if there is doubt about the safe allow­

able unit load to be used. 

4. A complete log record for each test hole on the Departmental Form 

513, including the information called for at the top of the form. (See 

recommended logging terminology at end of this chapter.) 
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On large jobs and on jobs where the formations are non-uniform, it is 

suggested that a pencil profile be plotted showing the test data. A 

study of this profile will help in attaining the overall objective pre-

viously mentioned. 

In addition to the rotary drill rig exploration, it is sometin<es desirable 

to drill one or more large auger test holes to determine the feasibility of 

the drilled shaft type design. At the present time this is the only sure 

method for determining the presence of water bearing strata that may 

affect the design and should be resorted to where the information can be 

justified economically. The large auger hole exploration is also useful 

on underpass structures as it affords a convenient means for the eng­

ineer s representing the railroad to make an inspection which may re­

sult in a more economical substructure design. 

INTERPRETATION: 

The interpretation of the data obtained from subsurface explora­

tions presents problems as complex as any encountered in the highway 

engineering field. The development of the technique of substructure de­

sign has lagged behind that in the field of superstructure design due to 

the difficulty in evaluating the strength and service characteristics of the 

subsurface materials. 

However, significant progress has been made in the field of Soil 

Mechanics as it pertains to substructure design and much of the guess 
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work, design changes during construction, and waste in overdesign can 

be avoided by application of recently proven techniques. 

The interpretation of the test data is invariably tied in with the ex­

tent of the exploration and type of formation. For convenience the 

explorations are divided into four classes. 

I. Plastic clay and sand-clay explorations where the tak-

ing of undisturbed samples appear unnecessary and the 

design is to be based upon observations and Penetro­

meter Tests. 

II. Plastic Clay and Sand-Clay explorations where the use 

of undisturbed sampling and triaxial testing is indi­

cated in addition to observed soil conditions and Pene-

trometer Tests. 

III. Cohes ionless Sand explorations both with and without 

undisturbed sampling but including visual classifica­

tions and Penetrometer Tests. 

IV. Hard Clay, Shale and Rock explorations both with and 

without undisturbed sampling but including visual 

classifications and Penetrometer Tests. 

Examples - Class I Explorations: 

(a) Pile Foundation Design 

Assume 14 inch square concrete Piles to be driven with No. 1 Vulcan 

Hammer. Required design load 28.0 tons per pile. 
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Test Hole Data: 

0 feet - 15 feet Soft Gray Clay 9/88 (Pen Test) 

15 feet - 38 feet Med. F. Tan Clay 20/132 (Pen Test) 

38 feet - 75 feet Firm Tan Sandy Clay 45/176 (Pen Test) 

Low water table at 8 feet depth. 

Assume 8 feet Alignment hole. Using Correlation curve in Fig. 6, for 

dynamic resistance and correlation curve in Fig. 7 for estimating the 

static capacity of the pile the following table can be completed. 

Depth 
Ft. 

Estimated 
Dynamic 
Res. Tons 

Frict. Area 
Pile Sq. Ft. 

Static Resistance Estimated True 
in Tons/Sq. Ft. Capacity Tons 

(Fig. 6) (Fig. 7) 

8 -15 (7 Ft.) 4 32.7 0.13 4. 

15-38 (23 Ft.) 18 107.4 0.24 25. 

38-42 (4 Ft.) 7 18.7 0.56 10. 

Total 29 39 

This shows that we could expect to obtain the de sign capacity by the 

hammer formula with pile penetrations of about 42 feet, whereas if 

complete soil tests or a pile load test were made we probably would 

need only about 38 feet of penetration. The final decision is an economic 

one but ordinarily a saving of only 4 ft. per pile would not justify the 

time or expense of the more extensive investigation. 

(b) Spread Footing or Drilled Shaft Design. 

Assume same foundation condition as above example. 
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Past experience has shown that it is not safe practice to land a 

footing in a material, with a penetrometer test of less than 30 blows per 

foot, without making strength tests. We will assume for our example that 

the proposed structure is small and the soil strength tests cannot be 

justified. Therefore, we will not consider landing above the 38ft. depth 

and our problem is to determine the safe allowable unit load in the mate­

rial showing 45 blows per foot with the penetrometer. From the corre­

lation curves in Fig. 8, we find that 45 blows per foot on the lower curve 

shows an allowable bearing of 1.94 tons per square foot and the upper 

curve shows an allowable bearing of 2.8 tons per square foot. A visual 

inspection of the material indicates that a value of 2.5 tons per square 

foot of bearing would be conservative. The accuracy of this step in the 

solution is naturally dependent upon one's experience with soils. How­

ever, the lower curve represents what has proven to be a very conser-

vative minimum value and the upper curve represents a fairly typical 

clay or sand-clay. The use of the values from these curves will always 

give conservative design and where the proposed structure is of consi-

derable size, sound engineering will dictate that soil strength tests be 

run. 

The 2.5 tons per square foot obtained from the curves can then be 

used as a basis for making an economic study ofthis design as compared 

with the pile foundation design determined in the first example. 
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Examples - Class II Explorations 

It is not considered within the scope of this manual to cover the 

details of triaxial testing. Reference is made to a paper entitled '' Triax­

ial Testing: Its Adaption and Application to Highway Materials with 

Addenda No. l" which was developed and reported by the Soils Section of 

the Materials and Test Laboratory and distributed by Administrative 

Letter 43-50 together with several good texts on the subject such as 

''Fundamentals of Soil Mechanics'' by Donald W. Taylor, ''Soil En­

gineering" by M. G. Spangler, and "Soil Mechanics in Engineering" by 

Terzaghi and Peck. In the following examples, it is assumed that ade­

quate triaxial tests are complete and the "Rupture" or "Strength" line 

has been determined on the Mohr's diagram for each significant forma­

tion involved. 

(a) Pile Foundation Design 

For an example in estimating pile lengths based upon soil strengths 

refer to Fig. 9, which shows a complete study for 14 inch precast con­

crete pile lengths on a grade separation structure on U. S. 75 in Galves­

ton County. 

Fig. 10, shows the tabulated data for each significant strata bas•:d upon 

triaxial test results. Fig. 11, shows the rupture or strength line for the 

"Firm Silty Clay" stratum at 36 to 40 ft. depth. This Rupture or 

Strength line was the result of drawing a line tangent to the Mohr's 

strength circles which were obtained from a series of triaxial 
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tests of undisturbed samples of this particular stratum. Following thru 

the computations for this 38 to 40ft. depth material on Fig. 10, the sub-

merged density is shown as 57.2 which was obtained by subtracting 62.5 

from the average wet density of 119.7, all m lbs, per cubic foot. The 

average depth of 38 ft. is the midpoint of the 36 to 40 ft. depth. The 

overburden pressure is assumed to act hydrostatically and 1s calculated 

by the equation: 

in which 

U = WD = 57.2 (38) -= 15.1 p.s.i. 
144 144 

U = Overburden pressure m lbs. per sq. inch. 
W =Submerged Density in lbs. per cu. ft. 
D = Average Depth in feet. 

The average shearing strength of the stratum can then be taken graphi-

cally from the diagram Fig. 11, which is found to be 10.1 p.s.i. or 1454 

p .s .£. This value can be calculated if preferred by scaling the value of 

cohesion, c = 4.5 p .s .i. and the angle of internal friction, ¢ = 20 degrees, 

from the same diagram and using the following equation: 

S = c + U tan¢= 4.5 + 15.1 (0.364). 

S = 10.1 p.s.i. 

The pile surface area within the 4 ft. stratum is 4.67(4) = 18.7 sq. ft. 

The ultimate capacity of the pile within the 38 to 40 ft. stratum is calcu-

1ated with the following equation: 

P' = Sa = 1454( 18. 7) = 2 7,200 lbs. 

or P' = 13.6 tons. 
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A factor of safety of 2 is applied to this ultimate capacity for each 

of the strata and the accumulated static capacity curve using submerged 

densities is plotted as shown in Fig. 9. This curve shows that the design 

load of 31. 4 tons will require that the pile tip be driven to 40 ft. depth. 

As an interesting follow -up of this problem, it will be noted that the dy­

namic driving resistance actually obtained was 17. 2 tons as shown by the 

short dash curve m Fig. 9. Thispilewasloadtestedandprovenade­

quate for a de sign load in excess of 45 tons. Time did not permit running 

the test to theoretical pile failure but the net settlement obtained indi­

cated the pile could have been proven safe for a de sign load of over 52 

tons which was the indicated capacity based upon using the wet density of 

the soil in computing the overburden pressure. 

(b) Underreamed Drilled Shaft and Spread Footing Design 

For this example reference is made to Fig. 11, showing graphi­

cally the results of triaxial tests on the 36.0 to 40.0 ft. depth stratum 

used in the above example. It is assumed that the footing is to be landed 

so that the point of maximum shear will occur at 38 ft. depth and it is 

desired to calculate the maximum safe unit design load using a factor of 

safety of 2. This is an approximate graphic solution which is based upon 

stress equations and assumptions which will give conservative results 

when used within the limitations noted. 
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Assumption and Stress Equations: 

z = 0. 707 r (1) 

u = W(d+Z)l2 (2) 

P' = V-U (3 -A) 
0.808 

P' = H-U (3 - B) 
0.23 

p = p• (4) 
F.S. 

Where: 

Z = depth, in feet, from bottom of footing to point of maximum 

shear stress in soil. 

r = radius of footing or radius of equivalent circular area for 

non-circular footings, in feet. 

U = overburden soil pressure, assumed to act hydrostatically, 

in pounds per sq. inch. 

W = average density of soil overburden in pounds per cu. inch. 

(Conservative practice requires that we use submerged den-

sity for substructures in stream beds, or where surface 

drainage is poor, and where the overburden soil is sandy). 

d = depth, in feet, from surface of ground to bottom of footing. 

Where material is subject to scour, take d as distance from 

point of maximum scour to bottom of footing. 

V = vertical unit stress or major principal stress expressed in 

pounds per sq. inch. 
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H = lateral unit stress or minor principal stress expressed in 

pounds per sq. inch. 

P' = unit load on soil at footing elevation that will result in theo-

retical failure of soil in shear. 

P = maximum safe unit design load in soil at footing elevation 

based upon a given Factor of Safety (F. S .) usually taken as 2. 

P' and P can be expressed either in pounds per sq. inch or per sq. ft. 

Ultimately, P is usually expressed in Tons per sq. ft. 

The angle of 33° - 50' which the "Stress Line" makes with the 

horizontal axis and the influence values in the above stress equations 

are based upon an assumed Poissons Ratio of 0.5. 

Solution: 

Fig. 11 shows the Rupture or Strength Line of the 36.0 to 40.0 ft. 

stratum as plotted from the Triaxial test data. 

The "Stress Line" is drawn in making an angle of 33° -50' with 

the horizontal axis and passes thru the value of U = 15.1 p. s. i. on the 

horizontal axis which, as determed by the preceding example, is the 

overburden soil pressure for this example. 

The maximum stress circle is then drawn in tangent to both the 

''Stress Line" and the "Rupture Line." Where the right side of this 

maximum stress circle cuts the horizontal axis, the value of V = 88. 2 

p. s. i. is obtained and where the left side of the maximum stress 

circle cuts the horizontal axis the value of H = 35. 9 p. s. i. is obtained. 
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P' can then be obtained by substituting the value of V in equation 

(3 - A) or the value of H in equation (3 - B) as shown in Fig. 11, giving a 

value of P' = 90.4 p. s. i. by either equation. 

Using a factor of safety of 2, compute the value of P = 45.2 p. s. i. 

or---- P = 3.2 tons per sq. ft. 

With this information, the designer can make an economic com-

paris on of the pile and underreamed drilled shaft designs. On this par­

ticular project the pile foundation was chosen because of the reasonable 

doubt that existed as to the feasibility of underrearning due to the water 

bearing characteristics of the stratum. Also, the cost differential was 

small. If the cost differential had been significant, an auger test hole 

could have been justified to verify the feasibility of under reaming. 

In addition to the assumptions stated above, this method of esti­

mating the safe allowable de sign load on a soil is applicable only 

when: 

1. The depth of the footing below the point of maximum scour is 

greater than the footing diameter. 

2. The foundation soil is a plastic or semi-plastic type of material. 

3. The foundation soil is of uniform or of increasing strength for 

a considerable depth below footing. 

4. In case of rectangular footings, the length is not greater than 

l l /2 times the width. 
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5. The triaxial test results are based upon reasonably undis-

turbed samples of the strata involved and a sufficient number of tests 

were made to obtain representative soil strengths. 

III. Cohesionless Sand Explorations 

This type of formation does not lend itself to undisturbed sampling 

for Triaxial Testing. Undistu:;:bed samples for density tests can be ob-

tained with the Sand Sampler previously mentioned but the operation is 

slow, tedious and costly and is not justified except on large projects. 

The usual procedure is to make an adequate number of Penetrometer 

tests upon which to base an interpretation. If the sand is known to be co-

hesionless and the Penetrometer shows less than about 30 to 45 blows 

per foot without much increase m the number of blows for the second 6 

inches of penetration, then the sand is in a very loose state and will be a 

very poor foundation. 

If the sand shows a marked increase in the number of blows for the 

second 6 inches of penetration under the Penetrometer and the number 

of blows per foot is above about 45, then the sand is reasonably dense 

and will become more dense when loaded. A conservative estimate of 

the static capacity of a friction pile, in such a sand, can be made by 

assuming an angle of internal friction of 30° and applying the basic 

coulomb equation: 

R = (C=Wh tan r/J)A (5) 
F.S. 
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Where: 

C = Cohesion= 0 (in case of sand) 

W = Submerged density of sand (Use 50#/c.f.) 

h = distance (in feet) below maximum scour depth to center of 

area of pile. 

tan p = 0.577 (Assuming p = 30°) 

A = Surface area (sq. ft.) of pile m friction below the point of 

maximum scour. 

R = design pile capacity in pounds 

F.S. = Factor of Safety (Use 2) 

Example 

Find required penetration of a 15 inch square precast concrete pile to 

carry a design load of 35 tons in a deep cohesionless sand showing a 

Penetrometer Test value of 21 blows for first 6 inches of penetration 

and 48 blows for the second 6 inches of penetration. Assume maximum 

scour depth to be 15 feet. 

Area of 15 inch sq. pile 

= 5 sq. ft. per foot of penetration 

Then A= 5p 

where p = effective penetration of pile be-

low point of maximum scour. 

Substituting in equation (5) 

35 X 2000 = 

(0 + 50 (p) 0. 5777)5p 
2 

2 
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p = 44 ft. 

Required penetration would then be 44ft. plus 15 ft. (scour depth) = 

59 ft. total. 

It is quite evident that the maximum scour depth is very important 

and good judgment must be exercised in its determination. 

IV. Hard Clay, Shale and Rock Explorations. 

Materials in this class of exploration will show less than 12 inch 

penetration with 100 blows under the Penetrometer Test. 

(a) Pile Foundation Design 

As shown in Fig. 6, a pile driven into materials of this class 

will rearh refusal with a foot or two penetration and the maximum safe 

design load will be governed by the capacity of the pile as a structural 

member. Under this condition the pile will be a point bearing pile and 

sufficient penetration must be required to give adequate lateral support. 

{b) Drilled Shaft and Spread Footing Design 

Where undisturbed samples are take.n, the maximum safe 

allowable unit pressure is taken as one-half the ultimate crushing 

strength in tons per square foot as obtained from unconfined compres-

s ion tests of the samples. This results in an ultra-conservative use of 

the material strength in its confined state and occasionally a more com­

plete analysis is justified. 

On projects where undisturbed samples cannot be justified, a con­

servative estimate of the maximum safe allowable unit design pressure 
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can be made from the results of Penetrometer Tests and the use of the 

correlation curve shown in Fig. 12. 

Precautions to be observed in the interpretation of results. Make 

sure that: 

( 1) The landing elevation of the footing is below the point of maxi-

mum scour. 

(2) The earth stratum on which the footing is to be founded is of 

uniform or of increasing strength for at least five feet be­

low the proposed founding elevation and is free from soft or 

yielding formations for at least 15 feet below the founding 

elevation. 

(3) An adequate number of tests have been run to be certain they 

represent the actual condition of the material. 

Conclusion: 

The interpretative procedures outlined herein are believed to repre­

sent sound conservative engineering practice. However, the correlation 

curves are based upon experience of the Department to date and are sub-

ject to revision as more information is obtained. The use of the curve 

as well as the graphic method of interpreting the triaxial test data should 

be accompanied by good sound engineering judgment. 

The true cost of an adequate foundation exploration is measured 

not bythe preliminary cost but by the preliminary cost less the saving in 

construction cost as a result of the adequate exploration. 

In addition to this saving in the design of the structure, reliable 
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exploration data will result in better relations between the Contractors 

and the State, which will ultimately result in lower bid prices. 
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CALCULATED DATA FOR PILE BEARING 
(Using Submerged Density) 

Control 500-4-8 Project FI 466(23) Camp Wallace Grade Separation Sta. 448+61.5 Hwy. US 75 

14 inch concrete pile (precast) 

I:lENSITY* AV. DEPTH HYDRO. PRESS. SHEARING STRENGTH PILE SURFACE ULTIMATE CAPACITY 
STRATA** "W" "D" "U" "S" "A" "P" 

ft. Ji/_cf ft. psi psi psf AREA. ft. # tons 

8-12 61.0 10.5 4.45 3.6 519 14.0 7,260 3.63 

12-18 61.0 15.0 6.35 3.0 432 28.0 12,100 6.05 

18-24 42.0 21.0 6.12 2.8 403 28.0 11,300 5.65 

24-28 45.9 26.0 8.29 6.1 880 18.7 16,450 8.23 

28-30 64.1 29.0 12.92 5.7 820 9.33 7,650 3.87 

30-34 63.4 32.0 14.1 ll.O 1585 18.7 29,600 14.80 

34-36 58.0 35.0 14 .l 8.7 1250 9.33 11,650 5.82 

36-40 57.2 38.0 15.1 10.1 1454 18.7 27,200 13.60 

40-42.8 55.0 41.3 15.7 7.6 1095 12.5 13,700 6.85 

TOTAL FRICTIONAL RESISTANCE 68.50 
~Submerged density calculated by 
subtracting 62.5 from Av. Wet Density 

-**Strata measured from original ground 
elevation of 22.0 ft. Bottom of pile 
is 42.8 ft. below this datum. 

FIG. 10 



RECOMMENDED LOGGING TERMINOLOGY 

7 BASIC GROUPS OF MATERIAL WITH DEFINITIONS 

l. ROCK is a solidified, unyielding material which is not subject·to 
change of form, volume or supporting value under wide changes in 
moisture content. 

2. GRAVEL i·s a non-plastic, cohesionless, granular material com­
posed of fine to coarse fragments of one or more kinds of rock. 
(Particle size: 100% retained on No. 10 sieve.) 

3. SAND is a non-plastic, cohesionless, granular material composed 
of fine rock particles. (Particle size: lOOo/o Passing No.lO sieve 
and 100 o/o retained on the No. 2 70 sieve.) 

4. CLAY is an earthy material composed of the smallest particles of 
land waste. Its stability and plasticity varies widely with mois-
ture changes. Particle sizes are all smaller than 0.005 milli-
meters. 

5. SHALE is a fine grained material of highly compressed layers of 
clay, or silt and has a characteristic laminated structure such 
that it can be split into thin layers which usually run horizontal. 
Shale is highly affected by changes in moisture and loses much of 
its strength when not supported laterally. 

6. ORGANIC MATERIAL covers a wide range of materials which can­
not be suitably classified under the other 6 groups. It is composed 
of decayed vegetable, animal, or marine life. Characteristic form­
ations in this group are mucks, peat and lignite. 

7. SILT is a fine grained material (Particle size: 100% passing No. 
270 sieve and minimum size of 0.005 millimeter) with little or no 
plasticity except when organic or clayey fractions are present. 
For the purpose of logging, loess is placed in the Silt Group on ac­
count of particle size. Loess is a wind borne deposit while silt, in 
the strict sense, is deposited by water action. 

It is suggested that all formations be classified under one of the 7 
basic groups. However, in addition there should be as many de­
scriptive terms used as necessary to clearly cover the KIND and 
CONDITION of the formation. Also, all logs on a project should be 
reviewed collectively to be sure that similar materials are de­
scribed similarly and that unnecessarily detailed logging is avoided. 

The suggested descriptive terms are only a few of the commonly 
used ones. Additional descriptive terms should be used freely in 
actual practice. 
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BASIC 
GROUP 

Rock 

Gravel 

Sand 

Clay 

Shale 

7 BASIC GROUPS WITH SUGGESTED DESCRIPTIVE TERMS 

KIND OF 
FORMATION 

Sandstone 
Limestone 
Chalk 
Conglomerate 

Limestone 
Flint 
Caliche 
Sandy 

Slate 
Granite 
Flint 
Gypsum 

Clayey 
Silty 

Clayey (Loam) 
With Clay Lenses 
Gravelly 
With Sandstone Lenses 
Silty 

Sandy 
Gravelly 
Shaley 
Joint 
With Sand 

Sandy 
Silty 

Silty 
Organic 
Calcareous 
Loamy 

Lenses 

With Clay Lenses 
With Sandstone Lenses 

Soft 
Medium Hard 
Hard 

CONDITION 
OF FORMATION 

Firmly Cemented 
Laminated 
Nodular 

Loosely Cemented 

Fine 
Coarse 
Loose 
Compact 

Fine 
Coarse 

Dense 
Well graded 
Water Bearing 
Clean 

Well Graded 
Water Bearing 
Loose 

Compact (Pack) 
Dense 
Cohesionless 

Very Soft 
Soft 
Plastic 
Stiff 
Hard 

Soft 
Medium Hard 
Hard 
Fissured 

Mucky 
Slickensided 
Friable 
Fissured 
Crumbly 

Varved 
Marly 
Marbelized 

Organic 
Material 

Lignite 
Peat 
Muck 
Silty 

Odorous 

Silt 

With Clay Lenses 
With Sand Lenses 

Organic 
Inorganic 
Clayey 
Sandy 
Gravelly 
Loess 

Loose 
Dense 
Water Bearing 

NOTE: Log observed moisture condition of material in natural state by terms of Dry, 
Moist or Saturated. Whenever necessary, supply additional appropriate des­
criptive or classifying terms. 
In addition to the description of the KIND and CONDITION of a formation the 
log should include an accurate color description based upon the appearance 
of the formation with its natural moisture content. 
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RAINFALL AND RUNOFF 

l. INTRODUCTION. 

In the United States the construction cost of highway drainage 

structures amounts to about $400,000,000.00 annually. Of this amount 

$240,000,000.00 is for large structures over 20 feet in length and 

$ 160,000,000.00 is for small structures. If by rational and balanced pro­

cedures of hydraulic design of these structures, a saving of five percent 

(5'1o) could be realized this saving would amount to $20,000,000.00 an­

nually which is a sum more than half of the total Fede;ral Aid Highway 

appropriation to the State of Texas for the year 19 53. The problem of 

hydraulic design is, therefore, one that is a challenge to the exercise of 

the best engineering talent and judgment. 

Before the waterway area and the grade line requirements of a 

drainage structure can "Qe determined it is necessary to ascertain the 

flood flow characteristics of the stream to be bridged. Sources of data 

and methods of analysis used in these determinations will be discussed 

in this paper. Other papers in this school will demonstrate the use of the 

information derived in this paper in the actual design of highway drain­

age structures. 

2.. FLOOD FLOWS. 

For a specific crossing flood flow characteristics that it is de­

sired to know are maximum probable discharge, the percentage of max-
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1mum probable discharge that may be expected to occur on the average 

m any given period of years and the flood stages that correspond with 

these discharges. This information may be summarized for the use of 

the hydraulic designing engineer in the stage-discharge curve or the 

rating curve and the stage-frequency curve. Obviously, the discharge­

frequency curve can be derived fro1n the stage-discharge and the stage­

frequency curves. Figure 111 is an exarn,.le of stage-discharges or rating 

curve. 

All flood discharges are derived frorn runoff from rainfall on the 

area of watershed tributary to the strearn. Flood flow characteristics 

may, therefore, be broken down into characteristics of rainfall, of drain­

age area or watershed, and of the channel. In the general case, there­

fore, data must be collected for all these factors. 

3. WATERSHED. 

In the determination of flood discharge one of the first steps to be 

taken is that of evaluating the size, shape, culture, slope and land use of 

the drainage area. 

There are several methods for determining the s iL;e and shape of 

the drainage area. For small areas, the area may be determined by di­

rect field surveys making use of the stadia method. From the direct 

survey method the culture, land use, slope and land types may be ob­

served, noted in the field book, and subsequently shown on the plans. 
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Where the area is too large to make direct surveys economical, 

other methods must be employed. Among these are the use of publi­

shed contour maps, the use of Texas Highway Planning Survey maps and 

the use of aerial maps which may be purchased from the U. S. Govern-

ment or from special aerial survey1ng companies. In some cases 

reference can be made to aerial maps in the County office of the Produc­

tion and Marketing Administration of the Department of Agriculture. 

All rainfall does not run off. The amount of runoff is dependent 

upon the slope of the land, the type of the soil, the cover crop on the land 

and man made obstructions. Over long periods, fine soils like clay will 

absorb and hold more rainfall than large particle soils like sand and 

gravel. Water, however, will enter fine soils more slowly than it will 

sand and thus fine soils will contribute more to runoff in a large storm. 

The cover crop has a decided influence on the ability of any soil to per­

mit absorption by providing channels for water to enter the s01l, by 

retarding runoff and by preventing soil compaction by rain drops. 

Runoff is also affected by man made obstructions such as terraces, 

diversion channels and check dams. Air pictures afford excellent oppor­

tunity to study the extent and type of man made obstructions so that 

p·roper allowances can be made in runoff computations. 

4. RAINFALL. 

After the drainage pattern has been determined, the next problem 

is that of determining the rainfall which may be expected on the area. 
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Rainfall is water evaporated from the sea, land or bodies of water and 

as vapor is carried by the wind until there is a drop in temperature 

which causes the vapor to precipitate. 

In the "Handbook of Applied Hydraulics" by Davis is found the fol­

lowing: "If a cubic foot of air near sea level, at lOOF, has six grains of 

water vapor intermixed (a medium drop of water would have equal 

weight), it would produce 30 per cent saturation. If the temperature of 

the air mass falls to 70 degrees, the percentage of saturation arises to 

77 per cent; at 60 degrees, complete saturation is reached, or the dew 

point is attained and condensation is produced, and at 40F, slightly more 

than half the moisture will have fallen.'' 

As you can see the amount of rainfall m a given area depends upon 

the amount of vapor (clouds), the velocity of the wind and the rate of 

vapor condensation. Later in this paper the importance of distribution of 

rainfall will be demostrated. 

Rainfall measurements have been taken over long periods at many 

stations in Texas by the U. S. Weather Bureau and. other agencies. The 

Highway Department has taken the rainfall data from these reports and 

has compiled general rainfall curves for each district. These data us­

ually provide adquate accuracy for the design of our structure. 

From rainfall records it is possible to determine intensities for 

various intervals of time. For small drainage areas, the time it re­

quires water to flow from farthest reach to the structure site is called 
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the time of concentration (inlet time in storm sewer design) and usually 

the intensity of rainfall for this time interval is used to determine the 

discharge. 

Another factor to be cons ide red is the direction of the prevailing 

winds over the drainage area. If the drainage area pattern is crossed by 

the prevailing winds one rate of runoff may be expected but a different 

rate of runoff may be anticipated from an area where the prevailing 

winds pass up or down the main channel. 

The importance of distribution can be illustrated by reference to 

September 1952 floods in West Central Texas. From the information 

collected during this flood, it is noted that the rainfall covered a rather 

small area of West Central Texas but affected the Guadalupe, San 

Marcos, Blanco, Pedernales, Llano and the Colorado Rivers. The rain-

fall for this storm varied up to 2 3 inches with this amount found in the 

Blanco area. As distributed this flood caused the following discharges: 

Pedernales River at Johnson City 

Llano River at Llano 

Blanco River at U.S. Highway 
81-San Marcos 

Blanco River at Wimberly 

Colorado River at U.S. Highway 190 

Colorado River into Lake Travis 
(2-15-min. Periods) 
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96,400 c .f.s. 
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Guadalupe River at Comfort 38,600 c .f.s. 

Guadalupe River at New Braunfels 84,000 c .f.s. 

Guadalupe River at Victoria 28,000 c .f.s. 

San Marcos River at Luling 60,000 c .f.s. 

A fifteen or twenty mile shift to the Northwest would have caused 

the Pedernales and Llano Rivers to have had much larger peak dis-

charges but would have reduced the peak discharges in the Blanco, San 

Marcos and the Guadalupe Rivers. 

5. FLOOD FLOW FROM SMALL WATERSHEDS. 

The runoff from small drainage areas, where information on stage-

frequency-discharge is not directly available, may be computed by the 

formula 

Q=CIA 

as explained m the Manuel "Rational Design of Culvert and Bridges." 

This Manuel has been distributed to the field and is commonly used. In 

the formula Q = discharge in cubic feet per second (c .f.s .) ; c = coeffi-

cient of runoff or ratio of runoff to rainfall; and I = intensity in inches per 

hour. One cubic foot per second per acre equals very closely one inch 

per hour of rainfall as shown: 

1 c .f.s. = 3600 cubic feet per hour 

1 acre inch = 
43560 

12 
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The value of ''C'' for various watershed conditions is given in the 

attached Table 3. The conditions set up in Table 3 and the determination 

of the area A for the watershed have been discussed under Section 3. 

The value of ''I'' for various locations, frequencies and time of concen-

trations is given by the Texas Reclamation Department formula 
b 

I = ( t + d) e 

This formula was derived from an extended study of actual rainfall re-

cords. Values of the constants b, d and e are given in the attached Table 

2 (6 pages). The value oft is derived from calculations for overland flow 

using values of runoff velocities found in Table l. The solution of the 

formula for I, time of concentrations of 240 minutes or less, and for fre-

quencies from 2 to 100 years averaged for each of the twenty five High-

way Districts is given in the attached Figures 2 to 7 inclusive. 

6. FLOOD FLOW FROM LARGE WATERSHEDS. 

On large watersheds the variation in topography, land use, and 

rainfall characteristics are so great that the direct application of the 

formula Q = C I A will give results which are unreliable. The U. S. Geo-

logical Survey in copperation with the Texas State- Board of Water 

Engineers, the U. S. Army Engineers and other agencies maintain nu-

merous stream flow gaging stations on the rivers and larger creeks of 

the State. From these records the State Board of Water Engineers has 

prepared a series of discharge curves for various frequencies and wa-

tershed areas. These curves are reproduced and attached as Figures 
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9 - 12 inclusive. These curves have been classified in four general 

areas for the State as shown in Figure 13. 

Due to the great variations in rainfall and watershed characteris­

tics within the various regions, the curves will only be approximately 

correct. Wherever gaging stations are nearby on the same or neigh­

boring streams, studies should be made directly from records of the 

gaging stations. Actual stage-discharge curves are usually available for 

all gaging stations. Frequency relations can be determined by methods 

used by the U. S. Geological Survey and the Texas State Board of Water 

Engineers. This data can be obtained by application to the Bridge 

Division. 

7. FLOOD FLOW BY MANNING'S FORMULA. 

In cases where actual flood flow data are not available, an ap­

proximation of the flood flow characteristics can be obtained by the 

application of the Manning slope area formula to a representative cross 

section of the stream for various stages of flow. This formula is as 

follows: 

A ( 1.486 R 2 I 3 s 1 I 2 ) 

Q=AV= n 

where R = hydraulic radius or the average depth in the section under 

consideration; S =the slope of the water surface; and n the coefficient of 

roughness. 
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In computing the Manning Formula, it is believed that time can be 

saved by using the slide rule prepared by District Engineer Gilbert A. 

Youngs of Atlanta. These slide rules have been distributed to the field 

through each District Engineer. 

As an example of the calculation by Manning formula consider the 

Pedernales River at Johnson City, Blanco County, U.S. Highway 281. 

The old Pedernales River Bridge had a U. S. Geological Survey stream 

gage on one pier but this gage like the bridge was lost because of high­

water and drift. Therefore, for this flood the U. S. G. S. took a profile of 

highwater at several reaches of the river and after subsidence took a 

typical channel section for each highwater profile from which the area 

could be determined. A value of ''n" was set up for each part of the 

channel based upon experience, experiment and study. With this basic 

information the peak discharge was calculated using the formula shown 

above. In this formula V is the average velocity in feet per second, A is 

the area in square feet and Q is the discharge in cubic feet per second. 

From the former records of this gaging station for less severe 

floods where the stage height was measured and the velocities obtained 

by current meter readings, the U. S. G. S. has built up a rating curve for 

this station. The rating curve shows stage height and discharge so that 

a structure can be designed for any frequency. The rating curve for the 

Johnson City gaging station is shown on Figure 14. 
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In cases where the differential head at an existing crossing can be 

measured, the discharges can be estimated by the use the head velocity 

formula: 

Q=AV=AY2gh 

where A = the Waterway area in the structure in square feet, g = 32.2 

and h = the differential head in feet. 

8. FLOOD FLOW FROM INTERMEDIATE WATERSHEDS. 

The limits of application of the here-in-before described methods 

for determining the flood flow characteristics of runoff from small and 

large watershed areas are not well defined. Usually the C I A method 

will be applicable to areas of ten (10) square miles or less, but it can 

occasionally be extended to areas of two hundred to three hundred (200-

300) square miles. Charts of the Texas Board of Water Engineers do not 

extend below ten ( 10) square miles and due to the relatively small num­

ber of gaging stations on small watersheds, their applicability to areas 

less than one hundred (100) square miles is doubtful. In the range be­

tween ten and two hundred ( 10-200) square miles, it would be desirable 

to apply the criteria for both large and small watersheds in order to ar-

rive at a reasonable compromise. 

9. EXAMPLE FOR SMALL WATERSHED. 

For the small watershed area a site in Harris County has been se­

lected and is shown as Figure 1. From the map the slope, area, shape, 
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culture and land classification is obtained. The slope 1s Elevation 82.2 -
14.7 

Elevation 67.5 = 14.7 or 4200 = 0.0035 feet per foot. On the basis of in-

formation gathered in the field and plotted on the drainage map the time 

of concentration is computed using Table I as follows for overland flow: 
1360 

1360 feet, slope 0.0035, timber cover ::: lx60 ::: 22.7 minutes 
1250 

1250 feet, slope 0.0035, grass pasture ::: 1 .5x60 ::: 13.9 minutes 
1590 

1590 feet, slope 0.0035, cultivated ::: 2x60 ::: 13.2 minutes 

Total time ::: 49.8 minutes 

say 50 minutes 

The design frequency for this structure will be ten ( 10) years 

which is usual practice for small structures and the time of concentra-

tion is fifty (50) minutes. In order to get the intensity of rainfall refer 

to Figure 5 or calculate it from information given in Table 2. By use of 

Figure 5, the value of "I" is 3.75 inches per hour. 

In order to determine the value of '• C'' refer to Table 3 and to 

Figure 1. 

C::: (0.40 X 0.35 + 0.30 X 0.25 + 0.30 X 0.20)::: 0.275 

A ::: 230 acres from the drainage area map Figure 1. with this 
information 

Q = C I A = 0.2 75 x 3. 75 x 230 = 238 c .f.s. 

10. EXAMPLE OF LARGE WATERSHED. 

For the large watershed the Pedernales River Crossing on U.S. 

Highway 281 at Johnson City in Blanco County has been selected. The 
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drainage area is 947 square miles as given m the records for the gaging 

station located on the bridge lost in September 10, 1952 flood. If the 

drainage area had not been determined by the U. S G S f th' . . . or 1s gaging 

station, it would have been determined by reference to U. s. G. s. contour 

maps for this area. This site was selected because it is covered by 

gaging records, because it has been subjected to extreme highwater in 

the September flood, because several other floods permitted the u.S. G. 

S. to develop a rating curve, and because the highwater slope was well 

established. Also because our discharge quantity would be checked by 

the U.S. G. S. for the 1952 flood. 

In order to determine the discharge of the 1952 flood a typical 

cross section about 910 feet upstream from the highway crossing is 

shown as Figure 8. The highwater slope was established from stakes 

driven at the Highwater elevation on both sides of the river. At the typi-

cal section the North bank had highwater 2.4 feet higher than the south 

bank because of disturbance caused by the entrance of a creek slightly 

upstream. This disturbance likewise affected the value of the coefficient 

of roughness in the Manning Formula. Usual values of ''n'' are shown in 

Table 4. On Figure 8 are shown typical section for the river below 1952 

highwater, the assumed ''n'' values together with the corresponding area 

"A" and wetted perimeter "P" from which the average velocity "V" 
1.486 

was determined by the formula V = n . r 2/3. sl/2 

The discharge was calculated to be 456000 c .f.s. and the discharge cal-
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culated by the U. S. G. S. on a slightly different reach of river was 

450000 c .f .s. which is reasonable agreement. 

By reference to Figure 9 for the Balcones Area, it is noted that 

the Maximum flood for an area of 94 7 square miles is 1,010,000 c .f.s. 

Therefore, the 1952 flood is not the maximum flood but is estimated to 

be a 500 year flood. By reference to Figure 10 the 50 year flood has a 

discharge of between 235000 and 265000 c .f .s. and the 100 year flood has 

a discharge of between 310000 and 3 50000 c .f.s. Figure 13 shows areas 

for use with the Texas Board of Water Engineers curves. Figure 14 is a 

rating curve for the Pedernales River at Johnson City including the 1952 

flood. From this curve the elevation of the 50 and 100 year floods or any 

other flood can be determined for use in designing the bridge as will be 

demonstrated by other papers at this school. 
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TABLE 1 

Approximate Avr::ra~·c '1elo,;l Lie~; o·~· 1\>.;Lu. ,. Flow for C::tlculating 
Ti1~"1e of ·~~oncentrri _L~)n 

(Acla]Jted :rom "Ha.Lnra11 and h:mut·!" - He ')) 
L. 

Description o: CoursF c< 
Runo::'l Hater 

Unconcentrated* 

Woodlands 

Pastures 

Cultivated Lb.nc1 (Em; 

Pavements 

Concentrated** 

Vegetative Outlet Ctannel 

Outlet Channel Containing 
Drop Structures 

Natural Channel Not Well 
Defined 

Natural Coannel Well 
Defined 

Slop~ in Per Cent 

8 - 1l 12-15 

Ft .:;, Fi Ft/Sec. Ft/Sec. 

1.0 2.0 3.0 3.5 

1.5 3.0 4 .') 4.5 

2.0 4.0 ::: . ~) 6.0 

::.;.o l2.0 15 . ."5 18.0 

Use designed velocities 

4.0 5.0 6.0 7.0 

:t .0 3.0 ':.) 2.0 

Calculate velocities by Manning's 
Formula 

Note: - Averac;e velocity of flow in variable ,:;;rade tecrace channels may 
be considered as 1.0 ft. per sec. 

* This condition occurs in upper extremity of watershed only. 

** These values vary wit U.rc; cLannel sizr~ and oti·.er cor.ditions so that 
the ones ven [tre L 'lVcJr''/fc:i uJ & ·.vidr~ ran::;e. lll:ere possible more 
accurate determinations sl~uld be made for particular conditions by 
the Mannin§~ c~lanne F'CJrnu.lu. I or velocity. 
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TABLE NO. 2 

CONSTANTS FOR USE Ifl FORMULA I = ~ 
(t+d)e 

Based on Texas Reclamation Dept. publication 

"EXCESSIVE RAINFALL IN TEXAS" 

~- ccoun= ~-- -r:·i: Tr d~r:_-~ r~: f :s-~::) :Q-ra:J 
,l Anderson lo .855 1; 100 · 20 .o 
I~Andrews ~.860 , 70 :13.0 :

1 

90 16.0 :120 !20.5 jl60 ,27.0 
!Angelina .848 l.ill5 23.0 i:l40 27.0 1175 j3l.O '1'200 136 .. 0 
Aransas .860 ~ 130 29.0 1,165 34.0 :205 [40.0 260 r48.0 
Archer 1,0.860 1.100 18.0 110 20.0 1,130 121.0 ill55 125.0 

• Armstrong 0.860 80 15.0 86 16.0 105 16.0 1:115 !19.0 
:Atascosa 10.890 120 :22.0 '145 24.0 j180 28.0 

1

1205 .30.0 ,, 
jAuatin 1o.880 135 ·22.0 155 26.0 195 30.0 1;220 

1
32.0 

rBailey li:o.848 65 13.o 8o 1s.o 95- 16.o i111o- '17~o -:: 
'Bandera 0.875 110 28.0 :'140 26.0 165 30.0 1195 36.0 /' 
i Bastrop 110.890 160 27 .. 5 1:200 34.5 230 -1:0.0 !!320 46.0 ,: 
1 Baylor !0.840 80 '14.0 1' 95 18.0 115 18.0 

1

rl30 21.0 ' 
I Bee 0.890 135 27.0 jl60 j30.0 200 

1
35.0 1250 40.0 

'Bell !'0.883 160 29 .. 0 rl90 36.0 250 :46.0 li325 52.0 
'Bexar 0.880 110 21.5 '140 23.5 170 ·27.5 11190 30.0 
I Blanco 0.883 120 21.0 h5o . 23.0 185 '27 .o 11220 '31.0 
Borden 0.860 78 '13.0 ::100 . 16.0 130 . 20.0 :~155 23.0 
Bosque 0.880 120 i24.0 160 :28.0 200 33.0 ::240 41.0 

·:Bowie 
1
o.827 88 '19.0 103 22.0 123 25.5 ;:140 28.0 

~Brazoria 10.850 1 140 26.0 170 31.0 215 40.0 250 38.0 
~Brazos 1 0.880 135 24.0 ,160 28.0 195 32.0 

1

235 36.0 
•
1
Brewster 0.940 :105 119.0 120 •20.0 145 23.0 ·175 25.0 

'Briscoe i0.855 .. 75 1 14.0 85 : 14.5 110 16.0 120 18.0 
Brooks :0.940 210 132.0 :'220 '36.0 320 44.0 360 48.0 

'Brown 0.882 ·110 1 19.0 1'130 '22.0 155 :22.0 170 26.0 
Burleson 0.882 1 145 .25.0 '180 :30.0 205 ·34.0 1255 37.0 
Burnet 0.887 ; 135 --~ 21.0 l6C' 24.0 195 ~~7_.0_ J255 36.0 

·Caldwell l:o.890 150 25.0 ':190 30.0 230 1 3;:;--·r;-~5---44.0 
·Calhoun 10.850 130 :28.0 165 : 34.0 205 40.5 11248 45.0 
·Callahan !0.875 100 · 18.0 ,:125 21.0 150 23.0 · 165 28.0 
, Cameron 0.960 235 1 37.0 j285 i 41.0 390 50.0 ,1470 54.0 , 
Camp ;o .837 90 : 19 .o ~ 105 , 22 .o 130 25 .o , 150 28 .o 
Oarson p.880 80 :17.0 1 90 1 18.0 110 16.0 :1120 19.0 
Cass :·0.836 90 19.5 110 :22.0 130 25.0 ,•150 27.0 
Castro 0.854 70 14.0 I 80 · 15.0 100 16.0 .: 115 20.0 
Chambers '0.850 :140 

1
28.0 180 · 33.0 220 39.,0 i 250 40.0 

Cherokee i0.850 _
1

100 :20.0 110 j23.0 145 26.~170 28.0 _ 

91 



Page 2li •ra bl·'' 2 

County e 5 year 
I 

i d 

_T ___ _ 

10. yea.r -· 25 

d b 

9 z. 

~-,~---l~=~-~= ~o_·c"--=--=---= 

~ear _ !\ 50 1ear _ 

! d i b~d --4c c ·--·-.o=H- -=~- -•·--= 
I ,1 

i 14.0 ii 110 116.0 
j23.0 170 27.5 
. 16.0 I IllS 17 .o 
23.0 1 165 25.0 
24.0 1170 30.0 
28.0 1170 30.0 
14.0 ,115 18.0 
30.0 1200 30.0 
28.0 1225 30.0 
24.0 1205 30.0 
28.0 180 33.0 
29.0 1170 32.0 
34.0 1280 42.0 
14.0 115 16.0 
23.0 175 28.0 
24.0 175 29.0 
15.0 ,; 130 16.0 

I 21.0 ': 140 24.0 i k I c-
1 
_--,_~2 -= po=c•.=~= --=~=·=I 

i 20.0 120 24.0 
: 28.0 180 33.0 
20.0 155 24.0 
17.0 125 25.0 
25.5 145 29.0 
29.1. 175 33.0 
35.(; 265 45.0 
15.0 135 16.0 
31.0 280 40.0 
15.0 120 18.0 
39.0 295 42.0 

! 
24.0 200 31.0 I 
21.0 170 27.0 i ! 

I 28.0 180 36.o 1 

28.0 i/195 35.0 . 
21.0 120 26.0 
30.0 220 37.0 

=I=='--==== . -
38.0 270 48.0 
26.0 148 29.0 I 

36.0 250 38.0 
20.01 155 22.0 
16.0: 125 16.0 

I 
16.0 i 120 17.0 
34.0 II 235 33.0 I 

I 25.0 il 145 28.5 
! 

27.51 195 34.0 i 
: 



Page 3, Table 2 

ro ~:::~co==~r~e- !

1

_ ~ 5 -:~a: ~F~ ~r-:: l :5 ,~:r rs: ea: J 
[__ + ~~~-~----~1 -_ ~~ ---~- --~--~~~-~ +~~ .=-~-~ 

Ge.rza !1 0.855 I 75 12.0 ; 97 15.0 120 1 16~0 ! 145 19.0 !, 
Gillespie ,I 0.880 11~ : 21.0 

1 

140 24.0 180 28.0 1 210 :31.0 1 

GlasscoQ_k :! 0.870 • 85 i 16.0 1 105 18 .. 5 140 23.0 168 i 28.0 
Goliad !

1 

0.885 : 135 1 27 oO · 165 3lo0 210 36 eO 265 : 45.5 
Gonzales (I 0.890 · 140 I 25.0 175 29.0: 220 35.0 I 280 i 44.0 
Gray 1j 0.880 90 18.0 100 18.0 115 1'7 .o 1 140 120.0 
Grayson '0.850 100 21.0 120 25.0' 140 27.0, 160 :29.5 
Gregg 0.840 100 20.0 115 i 23.5 i 140 26o0 [160 !28.0 
Grimes 0.880. ',1 140 24 •.. 0 1-6--0- :_ 26.0 I 195 30 0 '[ ~25 i 32.0 
Guadalupe 0. 885 ~~30 , _2~~~[=~6~ -~ _2_6~~ F .o 

Hale i o.85o i'l 7o 13.o l1 9o :
1

14·:1 s.o 
Hall 0.850 ; 75 14.0 11 85 14.0 .0 
Hamil ton 0.883 I) 125 21 eO [1145 l 23 .o 4.0 
Hansford 0.910 .

1

': 110 20 .. 0 ;1130 . 23.0 4.0 
Hardeman 0.835 7C 12c0 1 80 ! 14.0 .o 
Hardin 0.840 I 130 27.0 i 160 31.0 2.0 
Harris 0.865 

1 
140 25.0 165 27.0 4.0 

Harrison 0.838 illlOO 20.2 120 24.0 8.0 
Hartley 0.860 II 70 15.5 87 19.a5 .o ' 
Haskell 0.850 ,I 80 14.0 105 18.0 .o : 
Hays 0.880 :! 140 23.,0 175 25.0 .o I 
Hemphill 0.880 :1 95 18.0 115 19.0 1.5! 

. H6nderson 0.855 !100 20.0 :120 22.0 o.o 
I I I 'I 

I 
Hidalgo ,0.980 11255 36.0 ,,300 40 .. 0 2.0 
Hill 0.875 i 110 23.0 jl50 27.0 .o 

I Hockley 0.848 il 69 12 "0 1 87 15 .o 8 .o 
I Hood 0.876 :, 110 21.5 :I 130 , 23.5 4.0 
,

1

' Hopkins 0.840 'i 90 18.5 
1
108 ! 22.0 9.0 

Houston 0.855' II 110 22.0 120 !23.0 8.0 

I 

Howard 0.865 " 80 14.0 '105 ! 17.0 5.0 I 
Hudspeth 10.920 !; 80 ! 16.0 100 ! 20.0 4.0 1 

11Hunt 0.85011 97 !19.5 :117 l22e0 9.5~! 
;~-~~_tchlns_on _ J~-~-89~~~ -{.1-~-·~-- 1~o t 21.0~ 1.0 ; 

]Irion 110.870 100 :18.0~ 120 /20.0 1.0 

fi~-ck-=c=~l~.867c~~03 -T 2o.-~-~l27=t=;;.~ 8.5 
1
1 

''·Jackson !0.850 ' 130 127 .o 160 i 32.0 9.0 
·• Jasper :o.838 120 . 24.0 140 i 25.5 4.0 i'! 

Jeff Davis ~;0.905 :. 85 :17.5 107 ~ 20.0 5.5 i 

Jefferson 1;0.840 '135 i28.0 170 33.0 2.0 
Jim Hogg !0.960 225 1 32.0 245 :36.0 2.0 
Jim Wells ''0.900 160 29.0 175 · 31.5 1.0 

I Johnson ;
1

0.873 · 110 23.0 138 26.0 5.0 

l!()lle•_~ . j~o87~ ~ .90 16 •• 0 Ll:s .. 19.0 ,:- _ 4" . f~ , 2.0 ~~ 
Karnes 0.890 130 25 .o 160 27 .o 1

. 200 . 32 .o 250 37 .o :1 

.• Kaufman 0.860 107 20 .. 0 125 23.5 . 145 2'7 .o 185 32.0 !i 

. Kendall 0.880 112 2le0 140 24.0 175 27.5 205 30.0 I 

.. Kenedy 0.920 205 ~34.0 ,215 38.0 300 46.0 .1370 5o.oJ 

i 
< ' . . 

I 205 31.~ 255~36 ----

:os 16.o I 123 1 
::wo 14.0 110 16 
185 27.0 240 3 
150 23 .. o 1 170 2 
100 15.,0 I 115 16 
190 35.o I 245 4 
210 34.0 235 3 
14D 2e~o 1 160 2 
100 21.0 i 120 25 
120 17.5 1 130 20 
220 30.0 I 270 37 
125 20.0 I 150 ,2 
140 26.0 175 3 
370 41.0 430 4 
180 29e0 220 40 

1102 16.0 125 1 
170 30,0 200 3 
125 25e5 150 2 
150 26.0 I 180 2 
135 21.5 1163 f2 

/! 120 21.0 I 130 ,2 
i 135 26.5 1160 !2 
1

1
130 19.0 140 \2 

~ 

: 148 25.0 11180 !3 I 

1145 27.0 ,j 190 12 
I 

'195 38.0 240 :3 
170 30o0 210 '3 
130 23 .. 0 150 )2 

1205 S8G>5 250 i4 
il 325 40.0 360 14 

1 215 .38.0 260 14 
:165 28.0 • 195 13 
:140 20.0 I 150 :2 
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Kent 
Kerr 
Kimble 
King 
Kinney 
Kleberg 
Knox 
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e 

0.860 
0.875 
0.875 
0.850 
o.880 
0.900 
0.840 

79 100 
110 1 22.o 138 
120 22.0 150 

75 12.0 90 
115 22.0 140 
170 30.0 180 

75 13.0 90 

-.., 

26.0 170 30e0 200 l 36a0 
26.0 180 30.0 230 j38.0 
14.0 115 15.5 130 117.5 
26.0 160 27.0 195 132.0 
34.0 230 4le0 i 290 I 43.0 
16.0 110 17 .o i 125 18.0 

IF=~··· ~· =-·=--=· ====~~====~~====F===--~===F====IF===9====·-~pr===~-~= 

Lamar 0.830 87 18.0 105 22.0 120 25.0 I 135 28.0 
Lamb o.850 69 13.o 85 15.o 100 16.o 120 18.0 
TAUDpasas 0.885 130 20.0 145 23.0 180 26.0 230 31.0 
LaSalle 0.910 150 25.0 175 26.0 210 32.0 300 35.0 
Lavaca 0.880 130 26.0 160 29.5 195 35.0 230 

1
38.0 

Lee o.880 150 27.0 195 34.0 210 38.0 290 i40.o 
Leon 0.860 110 22.0 125 24.0 160 27.0 ; 200 j32.o 
Liberty 0.850 140 27.0 175 30.0 210 35.0 240 !38.0 
Limestone 0.870 110 22.0 140 26.0 170 31.0 f 220 42.0! 
Lipscomb 0.900 105 20.0 125 21.0 140 23.0 I 160 124.0 
Live oak 0.895 135 26.0 155 27.0 195 32.0 235 !35.0 
Llano 0.883 120 20.0 145 23.5 175 26.5 210 :30.0 
Loving 0~880 77 15.5 95 17.0 125 20.0 140 24.0 j 
Lubbock o.850 72 12.0 92 14-.5 105 l6.o 127 17 .o 
Lynn 0.855 72 12.0 92 15.0 110 16.0 140 20.0 

l===:f===o=- --=~-- ·~= 

j Kadison 0.870 125 23.0 135 25.0 170 28.0 205 

1

32.0 
Marion 0.835 95 20.0 115 22.5 135 26.0 155 28.0 
Martin 0.863 75 14.0 100 16.0 132 21.0 165 26.0 
Mason o.a8o 120 21.5 150 25.0 180 28.0 210 34.0 
Matagorda 0.840 130 26.0 165 32.0 210 40.0 245 40.0 
Kav~rick 0.910 130 24.5 155 . 27.0 I 190 29.0 220 35.0 t 

McOulloch o.880 107 20.5 135 24.5 160 27.0 185 32.5 
McLennan o.e8o 130 ~6.o 170 31.o 1 195 ae.o 270 ,4e.o 
McMullen 0.900 140 25.0 160 24.0 190 31.0 250 32.0 
Medina o.880 115 22.0 145 25.o 180 29.0 220 34.0 
Menard 0.880 115 21.5 145 26.0 175 29.5 205 36.0 I 
~idland 0.875 80 16.0 105 18.0 140 22.0 170 129.0· . 
Milam o.883 145 27.o 185 35.o 1 210 40.o 290 46.0 i 
Mills 0.883 115 19.0 135 22.0 1 158 22.0 I 185 124.0 i 

Mitchell 0.870 85 15.0 110 18.0 ' 140 21-.5 162 i24.5 '! 
Montague 0.860 105 1

1

20.5 130 24.0 160 27.0 185 !30.0 : 
Montgomery o.875 140 25.0 165 27.0 205 30.0 225 31.0 . 
Moore 

1

o.a8o 80 17.0 100 21.0 115 19.0 145 j2o.o j :l' 

Morris 0.837 90 119.0 105 22.0 130 25.0 145 J28.0 1 

~~~~-:~. ! 0.84~ -- =~~o·-=···=· . .,...'1_2=-·-o....,
1
==-9=o==!==l4=.o

9 
11? _ ~~~~ 120 - ~-~-6·_~.} 

i! Naco~ochea .0.843 110 22.0 135 26.0 165 3o~o .. [.-l90·-· :;3.o . . 

!
Navarro !10.865 110 21.0 130 23.0 165 28.5 

1
' 200 :36.0 : 

Newton ;
1
0.83.5 110 123.0 \. 130 24.0 155 28.0 200 ;32.0 . 

Nolan ;,0.870 90 117 .o 115 19.0 145 21.0 163 i24.o :: 
tl!~e-~~-·-= ·. _ ... ___ ___ .Jo .890_ ~40 .. t2~ ·~ 1167 ·-!~-·~ , 207 38 ·~ 255 _43 .o ~ ~ 
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'] 

e ,. 5 y~ar 10 year 25 -;rear 50 y-ear . 
i "1, I 

-ll 
b b ' d J i': I -,_. 

d b 

20 o..J i 130 22 eO 150 
15.0 ; 85 . 18 .. 5 100 
25.5 155, 3C.O. 1~0 

Ochiltree 
Oldham 
Orange 

Palo Pinto 
Panola 
Parker­
Farmer 
Pecos 

I! o.91o 110 
L 0.860 , 70 
' 0.835 :j 125 

__ , o .87ol1oo 

0.840 li 103 
0.870 ;i 105 

19.0 125 
'21e0 I 125 
21.0 ;130 
13o8 , 78 
18o0 ' 120 
25o0 i 155 
16.0 : 90 
18 .. 0 i 110 

~t-

'21.5 ·, 
I 25.,0 1 

23.0! 
16.0f 

. 20.0! 

155 
147 
155 

Polk 
Potter 
Presidio 

Rains 
Randall 
Reagan 
Real 

i 0.850 i 68 
0.910 ' 95 
0.,850 I 125 
0.870 : 77 
0.920 90 

0.850 ' 98 
0 .. 860 73 
0~877 ;i 90 
0.875 ·. 110 
0.830 :' 85 
OoSOO 85· 
0.870 132 
oagoo • 105 
0.875 1~')0 
0.860 110 

-=i'-~' -

, 28e0 ·, 
19.0. 
20 .. 0 

19.o0 i- 115 ; 22o0 
15eC 85 : 16..,0 
17 .. 0 1 110 •19.5 
22 .. 5 i• 137 26 ~5 
18.,5 ', 100 , 22o0 .. 

I• ' 

17 .. o i 105 : 19.0 
28.0 :~ 166 . 33110 
19.0 ::120 . 20.0 

95 
140 
185 
105 
130 

Red River 
Reeves 
Refugio 
Roberts 
Robertson 
Rockwe.ll 
nunnels 
Rusk 

I 0.880 100 
·- ___ j_? .843 ,, 105 
- - -r --- -- --

. 22 .. 5 ::150 
'20.0 i125 
19.5 I. 125 
20.,5 :· 120 

135 
105 
145 
160 
115 
135 
205 
135 
185 
145 
J.50 
150 

Sabine 
San Augustine 
San Jacinto. 
San Patricio 
san Saba 
Schleicher 
Scurry 
Shakelford 
Shelby 
Sherman 
Smith 
Somervell 
Starr 
·stephens 
Sterling 

· Stonewall 
1 Sutton 
I Swisher 

Tarrant 
Taylor 
Terrell 
Terry 
'I'h.I'o ckmort on 
Titus 

~0.837 105 
:0.840 I 110 
:0.860 ,; 135 
:·o.880 : 135 
: 0 .880 ', 115 
0.870 : 105 

:0.860 : 83 
'· 0.865 . 100 
0.840 . 105 

·o.890 90 
0.848 97 
0.878 115 
0.980 255 
0.870 95 
0.870 90 
0.860 80 
_0.870 105 
:[0.855 72 

21.,5 
-23 .. 0 
25.0 

'28 .. 5 
:20.0 
:20.,0 
.13o0 
'16.5 
•21.5 
-20e0 
19.5 

;22.0 
·33.5 
17.5 
17_,0 
13.0 
20.0 
14.0 

:120 
i 135 
',155 

1

165 
137 
140 
105 
120 
130 

1 110 
i 110 
it135 
300 
123 
110 
105 

i1 140 
: 85 

: 23~5 145 
! 25.0. 160 
I 27 .o 190 
'32.0 205 
23.0 165 
23o0 165 
16o0 135 
20s0 140 
25.0 150 
21.5 135 
22.0 135 
24.0 180 

,37.5 360 
21.0 ' 150 

1 19 .. 0 : 143 
I 16.,0 125 
I 24.,0 1?0 
~ 15 .. 0 105 

"-----"'-'-------"r -__ -, '~-0 __ -,_=~= .,..,-

·o.s7o • 110 22.0 135 2?eO 
0.,875 1 95 l8e5 120 20v5 
0.910 :; 100 18.0 1 120 20.0 
0.850 70 12.0 87 15.0 
0.,850 , 90 15.5 110 19G0 

'0.,833 90 19.0 105 :22.0 
-- - ·- ..,.-- . 1 "-

95 

160 
I 145 

142 
10,5 
130 
~.25 

23 .. 0 . 170 
21 .. 0 il 130 
35.0 : 230 

-'! 

30.0 i_ 195 
27o0 175 
30.0 190 
16.0 115 
24.0 175 
32 .. 0 220 
16o0 125 
22.0 160 

. d I 
i _--~1 
I 1,1 

24.0 I 
26.0 ;1: 

i 38.0 I 

I ~ 

. ~~:g I 

i 31.0 i 
[ 21.0! 
'27 .5 II 
i 36.0\ 
; 20.0 •. 
. 24.5' 

""• 

26o0 160 129.,5 
16.0 1.15 ! 21.0. 
24e5 180 32.0 II 

30.0 190 38.0 
25 .. 5 135 29.0 
22'"0 160 26.5 
38 .. 01260 47.0 1! 
20 eO I 155 21o5 ! 

I• 

3Z,o0 i 240 41.,0 
27 .. 51

1 

180 : 31.o 
24.0 168 29.0 
27.~ 175 j29.0 

"''·, (, --- ,. ~-r-,-= -- -~I 

26~0 ~~ 185 ~ 30.0 I 
29.0 li 195 133.0 !_ 

29.0 : 220 132.0 'i 
37 .o 1: 255 :45.0 : 
25 .o i! 190 26 .o 
29.0 1' 200 33.0 
20 .. 0 ., 155 22.0 " 
2ls0 ; 160 24.0 
27 oO 1180 30.,0 
21.0 .! 150 22.0 

: 26e~O :1 165 28.0 i· 
I 30.,0 ;)210 37.,0 
;3s.o

1

:390 ~8.o 
• 24 .,0 II 190 .:>0 .o 
: 23~~o I' 168 26.o 
: 17.0 ' 140 19 • 0 
29.0 215 36.0 
16.0 120 19.0 

28.0 
22.0 
23.5 
16.0 
20.0 
25 .. 0 

180 
162 
165 
130 
150 
145 

33.0 
24.0 
25.0 
20.0 
23.0 
28.0 i 
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r . County -.l. e ] .:~yr: .l :0 r~~1.:: ~l:~:jf.:::j~:~~ 
~~-Tom Green lo.e751105 i 19.0 j 130 22.0 150 26.0 · 175 30.0 

Travis 0.890 i 155 !25.0 200 31.0 250 35.0 300 44.0 
i Tr1:n.1ty 0.85511120 124.0 1135 25.0 170 28.0 195 31.0 
1 Tyler 0.840 11120 !25.0 1150 28.0 185 33.0 230 38.0 

!;~~~ ·- .. Jlg·:~igTU~~lf~:g·~~ig · ~tg m ~tg ir'ii:g· 
l,::i~:r~~-~ · )::~: lr ~~: i:-::- ~;: p~:- ~:: ::: ~~~~· ;::: 
~~~ra_t~~~t 1:g:~~g ~ 1~~ r~~=g i~~f~~:g ~gtJtg !~~=g 

Walker ., o .. 870 'jl 130 2·:1.0 145 I 26 .o 180 27 .o 210 30 .o 
Waller lo.880 I 140 123.0 160 25.0 200 30.0 230 29.0 
Ward 10.890 II 85 17.0 110 118.5 135 22.0 165 26.0 
Washington 0.8851140 i 2 .. .1:.0 170 1 28.0 200 32.0 240 34.5 

I Webb 'j 0.930 I 170 : 27 .o 215 I 32.0 255 36.0 1300 39.0 
i Wharton 0.860 1130 . 23 .. 0 155 ; 28 .• 0 185 34.0 I 215 33.0 
·Wheeler 10.870 11 90 ; 17 .. 0 100 : 17*0 1105 17.0 135 20.0 
I Wichita . 0.8~~ 11 90 . 17.0 105 19.0 120 20.5 140 23.0 
: Wilbarger 1 0.8.:~o il 75 :13.5 90 · 16.0 105 117.0 125 20.0 
1 Willacy ! 0.950 ;

1 
230 1 36.0 270 , 40.5 370 50.0 1440 54.0 

1 Williamson , 0.890 'I' 160 ; 28 .. o 210 3C .0 280 ' 44 .o 340 56 .o 
' Wilson 10.885 1125 I 23.0 155 i 25.,0 195 30.0 

1

240 .34.0 
Winkler 0.880 ·I 75 16.0 100 1'7.0 130 21.0 165 125.0 
Wise 1!0.86'7 !1 108 21.0 130 25.0 160 30.0 . 185 31.0 

::::. ··~~~:~:: ~ :; ~::~-f~: :::: ~~~; -~::;lli ~;:·1::: 
·Young l\o.863 i; 100 18.0 • 120 20.5 11140 22.0 1 180 27.0 I 

;i ~::i~~ ·-l~:~~g 1
1 ~~g ! ~~ :g ~~ ~~g , ~~ :g 11 ~~g ~~r:~l ~~g ~~ :g 

-I ' ~ ... ~- .o~-,-; o~·.ooo~cl=·"'= =l·=.o-~·=-c.o.·.k· ... ~.-'--j 
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TABLE 3 

VALUES OF C (RUN-OFF COEFFICIENT) IN FORMULA Q CIA 

SLOPE LAND USE CLASSIFICATION OF SOIL 

Rolling 
Sand or Sandy Black or -Loessial 
Loam Soils Soils 

Plains (Pervious) (Impervious) 

Min. ·Max. Min. Max. Min. Max. 

Timber 0.15 0.20 0·.15 0-.20 

Flat Pasture 0.20 0.25 0.25 0.30 
(O% - 1%) 

Cultivated 0.25 0.35 0.30 0.40 

Timber 0.15 0.20 0.18 0.25 

Rolling Pastures 0.25 0.30 0.30 0.40 0.35 0.45 
( 1% - 3. 5%) 

Cultivated 0.40 0.45 0.45 0.65 0.50 0. 70 

Timber 0.20 0.25 0.25 0.30 

Hilly Pasture 0.35 0.45 0.45 ·o.55 
(3.5% - 5.5%) 

Cultivated 0.60 0.75 0.70 0.85 

Timber 0.70 0.80 

Mountainous Bare 0.80 0.90 
( 5.5% + ) 
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TABLE 4 

Values of_:: for Manning's Forrrmla 
as Applied to Natural Streams 

PRIMARY CHANNEL 

Smooth banks, little or no vegetation 
Rough, irregular banks and bed, little 

or no vegetation 
Light brush or scattered trees on banks 
Heavy brush and trees on banks 
Very dense brush and trees on banks 
Very rough, densely vegetated banks, 

large boulders or trees in bed 

Straight 
Alinement 

.030 

.035 

.040 
.045 to .050 
.050 to .055 

.060 to .070 

Tortuous 
Alinement 

.035 

.040 

.045 
.050 to .055 
.055 to .060 

.070 to .080 

Note: With the exception of the last case, above values are based on the 
condition of little or no vegetation in bed of stream. When such condition 
is encountered, or when trees on banks overhang stream and obstruct 
flow in major portion of channel, values of n should be increased. 

FLOOD PLAINS 

Bare soil or grass sod, no high weeds 
Scattering brush 
Medium brush, scattering trees 
Thick trees, little or no undergrowth 
Heavy brush or heavy brush and trees 
Very dense brush and trees 

Srnooth 
Surface 

.030 

.035 
.040 to .050 
.060 to .070 
.080 to .090 
.100 to .130 

Rough, Irreg­
ular Surface 

.035 

.040 
.050 to .060 
.070 to .080 
.090 to .100 
.130 to .150 

Note: Large weeds which will not flatten under flood flow may be con­
sidered the same as brush. 

Special Exception: For streams with beds of deep loose sand, where the 
sand flows and conforms to the stream flow, such as in the Canadian 
River, the value of n is considerably lower than shown above. Values of 
the order of .020 should be used in such instances. 

General Note: The above values of_:: are based on tests conducted by the 
U. S. Department of Agriculture and the U. S. Geological Survey and are 
believed to represent the best information presently available. Due to 
the limited amount of experimental work of this nature which has been 
performed and to the difficulty of describing and classifying the degrees 
of roughness, these values must be treated as approximate only. 
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HYDRAULIC REQUIREMENTS OF SMALL STRUCTURES, 

MULTIPLE BOX CULVERTS AND SELECTION OF CULVERT SIZES 

1. Hydraulic Requirements for Structure Size. 

Now that the runoff from rainfall has been determined, the next 

step is to select a structure of proper size and design to carry the dis-

charge beneath the highway satisfactorily. The function of a highway 

drainage structure is to carry the water from the upstream side of the 

road to the downstream side without causing excessive backwater head 

and without creating excessive velocities. The designer should keep the 

losses of head and velocities within safe limits and select the structure 

of minimum cost that will perform as required to meet design needs as 

to appearance, strength and performance. 

The size and type of structure selected for a culvert site will be 

influenced by the location characteristics, the relation of the grade line 

of the highway to the flow line of the channel, tail water elevation, dis­

charge velocity, backwater elevation and losses of hydraulic head through 

the structure. 

The cost of maintaining highways in good condition is directly re­

lated to the adequacy of the means provided for drainage. Storm water 

for which adequate provision is not made may cause severe erosion of 

embankment slopes, shoulders and stream channels, may undermine cul­

vert outlets and may cause base and pavement failure. Good drainage 
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design depends on anticipating where the runoff will occur, in what 

amount and at what frequency and on making provision for removal of 

excess water as rapidly as is necessary to avoid undue interference with 

operation of vehicular traffic or excessive cost for maintenance. 

A culvert or similar conduit of intermediate length is in a category 

between weirs and short tubes at one extreme and long pipe lines at the 

other. When water discharges freely over a weir or through a short 

tube, the discharge under low head depends primarily on the geometry of 

the cross section of flow and the elevation of the headwater pool. So­

called frictional resistances are neglected, and a consistent pattern of 

the hydraulics phenomena can be developed. 

At the other extreme, flow in a long conduit, where water is flow­

ing under substantially steady, uniform conditions, can be fitted into a 

pattern in which the head loss between two sections is primarily a func­

tion of the geometry of the conduit, the surface resistance and the rate 

of flow. 

Between these two extremes lies a very important group of con­

duits of intermediate length in which neither the entrance and outlet con-

ditions nor the surface resistances may be neglected. In other words, 

the hydraulic problems of conduits of intermediate length afford interes­

ting challenges to the experimenter and the analyst. 

At least nine variables must be considered and controlled in the 

comprehensive study of conduits of intermediate length in addition to the 
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usual assumptions of the relationship expressed in Manning's formula or 

some other hydraulic flow formula. These variables are as follows: 

a. Culvert material. This is reflected in the roughness coeffi-

cient in Manning's formula which may vary from 0. 013 for 

smooth concrete or metal surfaces to 0.022 or more for 

corrugated material surfaces. 

b. Diameter of conduit or its geometrical proportions if it is not 

circular in section. 

c. Length of the conduit. 

d. Slope of the conduit invert. 

e. Entrance conditions. The shape of head wall and the character 

of the entrance to the conduit has important bearing on the ca­

pacity of the structure. 

f. Headwater elevation above the invert. 

g. Tail water elevation referred to the invert at the outlet and also 

to the headwater pool level. 

h. Outlet conditions. Whether operating as a free outlet or a sub­

merged or partially submerged outlet. 

1. Rate of flow through the conduit. 

The design frequency to be selected in preparing hydraulic designs 

for drainage structures is based principally on the importance of the 

highway route from a traffic volume standpoint. Other factors affecting 
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the establishment of the proper design frequency are initial cost and cost 

of maintaining the drainage installation. 

As a general guide in determining the proper design flood frequen-

cy, it is considered proper that for structures of culvert classification 

located on the two lower classes of farm roads, a two year flood fre-

quency design 1s the minimum desirable. For the highest class of farm 

road and less important highway routes, a five year frequency is sug­

gested. In providing designs for medium and important classes of 

roads on the Primary System, a l 0 year flood frequency is usually 

followed. For major bridges a higher design is followed, except for 

structures classified as low water bridges, as discussed in the paper 

on the Hydraulic Design of Bridges. 

2. Operating Conditions for Culverts. 

In considering the detailed requirements for a culvert installation, 

it is desirable that a number of factors commonly involved in the design 

be reviewed. Fundamentally we design on the basis of providing a cul-

vert that will carry a quantity of water to be drained and not by a for-

mula that determines an indicated waterway opening direct. It is false 

economy to confine a wide shallow stream in a tall narrow structure. 

The upper part of the culvert is not used even under severe flood condi­

tions and the effect of the change in the characteristic of flow is to inter­

fere with the normal state of channel flow. 
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For our purpose of hydraulic design drainage structures may be 

classified into two general groups: Those operating with submerged or 

partially submerged outlets and those operating with free outlets. Gen-

erally major bridges and structures placed in confined channels are in 

the first classification named. Structures discharging in a broad flat 

channel and those discharging into steep outfall channels operate with a 

free outlet. The greater percentage of culvert installations are in the 

classification of structures operating with free outlet. 

If the operating conditions cannot be determined by visual inspec­

tion of the channel characteristics at the structure site, a check 

must be made by the application of Manning's formula to determine the 

depth of flow in the outfall channel under design discharge flow. This 

depth so determined is referred to as the tailwater elevation. If this 

depth is greater than the critical depth of flow which would occur in a 

structure with assumed free outlet, then it is apparent that the structure 

should be designed h operate with a submerged outlet condition. 

When the tailwater elevation is equal to or lower than the critical 

depth of flow, the structure w:ll discharge with a free outlet and any low­

el"ing of the tailwater elevation below the critical depth will not affect 

the discharge of the structure. 

Uniform flow will occur in the culvert if it is operating with a sub­

merged or partially submerged outlet and its flow line is placed on the 

frictional grade. For slight variation from the exact frictional grade 
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the flow for all practical purposes may be considered uniform and the 

culvert will flow at a uniform depth for its entire length. The velocity 

of flow will be the same throughout the length of the structure and is 

represented by the equation: 

v Q = w 

Where: v = Velocity of flow in feet per second. 

w = Waterway area in square feet. 

Q = Discharge ln c.f.s. 

For a culvert operating with a free outlet, the design velocity is 

the velocity occurring at the critical depth and is represented by dividing 

the design discharge by the waterway area at the critical depth. For 

rectangular culverts the critical velocity is determined from the noma-

graph attached, Chart 3. 

3. Definition of terms. 

At this point definition of certain hydraulic terms will clarify the 

discussion. In practical terms critical depth can best be illustrated as 

the depth at which water flows over a weir, this depth being attained 

automatically because it is the depth at which the energy content of the 

flow is a minimum. The critical velocity is the velocity occurring at the 

critical depth and is the controlling flow velocity in determining the pro-

per width of waterway area for a structure operating with free outlet. 
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There are three hydraulic head losses which occur as the flow 

passes through the structure. These are velocity head, entrance head 

and friction head losses. The velocity head is that required to compen-

sate for energy losses caused by velocity differential at the structure. 

The entrance head loss is that caused by the contraction of the channel 

at the structure. The amount of this loss is dependent on the type of cul-

vert wings used. The friction head is the head loss caused by roughness 

of the culvert barrel. 

The velocity head loss may be expressed by the following equation: 

in which 

h = Velocity head in ft. v 

V1 = Discharge velocity in ft./sec. 

V 
2 

= Channel velocity or velocity of approach in ft./sec. 

g = Acceleration of gravity = 32.2 

The entrance head loss: 

Ce v 2 
he = 

2g 

he = Entrance head in ft. 

V = Average velocity in culvert barrel in ft. per sec. 

Ce = O.lOforparallelwings. 

Ce = 0.25 for flared sloping wings. 

Ce = 0.50 for flared sloping wings with Weir, 
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The friction head loss: 

n 

29.2 n 2 L v 2 
= 

r4/3 2g 

= Friction head in ft. 

= Coefficient of roughness usually taken as 0.013 for 
Concrete. 

V = Average velocity in culvert barrel in ft. per sec. 

r = Hydraulic radius = Area divided by wetted perime­
ter. 

g = Acceleration of gravity = 32. 2. 

L = Length of culvert barrel in feet. 

The backwater elevation is the elevation of the water on the up-

stream side of the highway and for a structure operating with free outlet 

is determined by adding the sum of the velocity head, entrance head and 

frictional head losses to the critical depth. The tailwater elevation is 

the elevation of the water downstream from the structure and represents 

the elevation of the flow in the unobstructed stream channel. 

4. Establishment of backwater elevation. 

One of the important considerations 1n the hydraulic design of 

drainage structures is estimating how much the water flowing in the 

stream is going to be backed up on the highway embankment and over the 

adjacent property. No all-inclusive rule can be cited as to where the 

allowable backwater elevation should be set. This backwater elevation 

is often established with regard to probable damages which may occur to 
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upstream properties r:luc tc. u,,~];,),_dJ ,_n; o£ crops or flooding of improve-

ments, such as houses, store buildings or industrial plants. Higher 

backwater elevations are genei·;:d} y satisfactory in rolling or mountainous 

country than in flat regions a~. ~_,rE<dler inundated areas are affected. In 

any event the backwater eleva1.ion corresponding to the design discharge 

should be so established as to provide a reasonable amount of freeboard 

against overflowing the highway grade line. 

If the total hydraulic head i:> such as to produce an excessive back-

water elevation, the 1wad D""ll.'St be reduced by increasing the width of the 

structure, or if feasible, this condition m.ay be alleviated by lowering the 

culvert flow line and lowering the flow line of the outfall channel accord-

ingly. Generally a bnx. culvert should provide a minimum height equal 

to the critical depth !.JS thv total hydraulic head. For fill type 

structures as a matLc r c•f cconcrny, a cost comparison should be made 

between the culvert rnecbng this c-ulvert height and one of greater height 

with reduction in t.•d' r ;·[ J ,_,nr~rh C() 1-re sponding to the reduction in fill 

height. 

5. Allowable Discharge Vclucitlc,, 
-------------------------

In culverts the \relocity oi discharge is usually limited to 8 to 10 

Ft./Sec. The downstream channel should be protected against erosion 

by riprap or sodding 11 the discharge velocity exceeds 8 Ft./Sec. or 

8.5 Ft./Sec. In general, a srnal1 <:unount of erosion at the de sign ve-

locity is not considered seriou::; as it will be corrected by siltation dur-
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ing runoffs of less magnitude. A culvert almost invariably contracts the 

flow from the open channel and develops a velocity greater than the ve­

locity in the channel. Some degree of scour is inevitable at the culvert 

outlet unless the channel is in material which can withstand the increased 

velocity. 

6. Selection of Span Lengths. 

No definite rules can be stated for appropriate selection of a mini-

mum size of structure for small drainage areas except that the selection 

of size should be based on capacity to pass the weeds, farm drift or other 

materials which may reasonably be expected to be delivered to the 

structure. General practice dictates the use of a 3 ft. x 2 ft. as a mini-

mum size of box and 18 inch round as the minimum pipe size. The 

volume and nature of drift should be noted in order that spans of ade­

quate lenght can be provided consistent with drift requirements. 

One of the principal causes of embankments being washed out in 

flat country is the accumulation of drift on a fence line upstream from 

the culvert. When the fence gives way suddenly, the entire mass of drift 

lodges on the culvert entrance, almost entirely blocking the flow of water. 

A gate in the fence line, hinged at the top to a cable above flood eleva­

tion and free to swing up to pass drift, may help to alleviate this diffi­

culty for flood flows. The gate would automatically remain closed during 

low flows. The property owner may be encouraged to provide this type 

of construction. 
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7. Channel Changes. 

As a general principle the natural drainage pattern should be dis­

turbed as little as possible. An apparent saving in cost obtained by chan­

nel relocation to combine the flow of two or more channels, thus elimi-

nating a culvert installation may be offset by a higher cost of protecting 

the highway embankment from erosive stream velocity. A hydraulic an­

alysis of the effect of such a change should be made in advance of incor-

porating it in the project plans. Insofar as culvert installations are 

concerned, channel changes should be limited to minor relocations to 

improve the hydraulics of the channel in the immediate vicinity of the 

structure. Major channel relocations should be avoided except in very 

unusual cases as it is likely that the established equilibrium of the natu­

ral stream will be disrupted unless the channel is not subject to erosion. 

The straightening of a natural channel for long reaches of the stream 

will usually increase the hydraulic gradient to such extent as to produce 

erosive velocities. 

Channel relocations of limited length are highly desirable in many 

instances to eliminate culverts where the stream crosses and recrosses 

the highway location, lessen hazard of scour to the highway embankment 

where the stream bends close to the road and provide improved approach 

and outlet channels to a structure. A slight relocation of the channel may 

be desirable to permit the reduction in skew angle of a culvert. This 

practice should not be abused, however. Where a well defined channel 
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dictates a skewed culvert installation, it is poor practice to provide 

a square structure and place sharp bends in the channel to meet the 

culvert barrels. Unless the stream flow velocities are extremely low, 

an installation of this type will operate at a very low hydraulic effi­

ciency. 

Provision should be made to obtain drainage easements beyond the 

right-of-way limits if construction or future maintenance operations ap­

pear desirable in this area. 

The effectiveness of any culvert is materially influenced by the 

manner in which the roadway ditch water is delivered to the culvert. It 

should be borne 1n mind that in the channel proper the stream has as-

surned, in general, a moderate gradient. Where side ditches are on a 

steep gradient drainage entering the stream channel from this source 

may cause severe turbulence and interference with flow and efficiency of 

operation of the culvert. In unusual cases of this nature it may be advis­

able to swing the ditches to run near the right-of-way line and as they 

approach the structure to curve them near the point of delivery to ap­

proximate tangency with the main channel. Ditches on the downstream 

end should likewise be swung towards the right-of-way line to enter the 

channel with the minimum of disturbance. 

If the main stream channel is considerably below the flow line of 

the side ditches riprap flumes or pipes may be required to control ero­

sion at the junction of the ditches and the stream channel. 
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8. Skewed Installations. 

It is important, especially in areas of rolling or mountainous top­

ography, to fit culverts to the average slope of the streambed and to the 

alignment of the channel. The natural skew may be slightly reduced by 

keeping the culvert inlet in the streambed and making a limited change 

in channel alignment at the outlet as hereinbefore mentioned. This prac­

tice is satisfactory only within reasonable limits and should be followed 

only in instances where cost comparisons between providing a skew to 

fit the natural stream channel and providing ·the alternate installation, 

including cost of the necessary channel excavation, favo:;: the latter in-

stallation. To provide culverts satisfactorily fitting the channels, it is 

seldom necessary to use odd skew angles. Usually skew angles of 15 de­

grees, 30 degrees, 45 degrees or 60 degrees will suffice. 

Square culverts provided in channels crossing the highway on a 

skew and culverts constructed on improper skews result in the stream 

flow being diverted to one side of the channel with a consequent increase 

in erosion on that side and the creation of an eddy on the opposite side in 

which sediment is deposited. As a result the culvert barrel on one side 

will silt up during medium and low flow and cause serious obstruction at 

the flood stage. 

9. Drop Inlet and Broken-Back Installations. 

On steep side hill installations culverts are necessarily placed on 

appreciable grades requiring provision for reducing outlet velocities. The 
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so-called broken-back culvert is frequently used for this purpose. The 

grade from the inlet to some point near the center of the structure is 

made sufficiently steep so that the distance from this point to the outlet 

may be laid on a very flat grade. If the grade is steep enough to cause a 

velocity greater than the critical velocity, the resulting hydraulic jump 

will fall within the box and harmlessly dissipate its energy if the flat 

grade portion of the culvert barrel is of sufficient length. 

Usual practice dictates that the flat grade portion of the barrel for 

the usual highway culvert installation should have a minimum length of 

20 feet. The broken-back type of culvert has the advantage over the drop 

inlet type for the average installation of this kind in that less excavation 

is required for its construction. 

A drop inlet culvert is one having a vertical shaft or riser at the 

upstream end of the barrel. The barrel is usually of the same cross 

section as the riser and is placed on a nearly flat grade. This type of 

structure is used to intercept drainage in the median between multiple 

lane divided highways and occasionally on steep side hill locations. How­

ever, for the latter case broken-back installations will usually prove 

more satisfactory and be of less cost. Where it is desired to raise the 

culvert flow line substantially above the natural streambed and to im­

pound water upstream from the highway, the drop inlet culvert is appro­

priate. The pool may serve as a debris basin. When such ponding is not 

objectionable, the drop inlet culvert will usually represent a cost saving 
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as compared to a straight culvert extending across the base of high 

roadway embankments. 

If the drop inlet type of culvert is to be developed to its hydraulic 

capacity, it is necessary to provide ample head room between the top of 

the lip and the highway profile. Placing a grate over the entrance of a 

drop inlet culvert does not change the weir coefficient appreciably ex­

cept as trash accumulates on the bars. If trash accumulates the hydrau­

lic capacity becomes indeterminate. The use of grates should be avoided 

in rural areas insofar as possible, since partial clogging by trash is al­

most certain. 

10. Overflow Structures. 

Experience has shown that roadway embankments can be overflowed 

without severe damage, providing the flow is well distributed along the 

roadway, the difference between upstream and downstream water sur­

faces is not excessive, shoulders are well stabihzed and embankments 

are protected by ground cover. In arid regions where vegetation is 

sparse or non-existent, riprap protection is advisable. The justification 

for the use of overflow culverts depends principally on the traffic ser­

vice to be rendered. For roads of low traffic volume, interruptions to 

the movement of traffic may not be of sufficient importance to justify 

txpenditure of additional funds required for a higher type of structure. 

In our effort to provide more mileage of low cost roads to meet a speci-
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fie low volume traffic requirement, the overflow type of installation 

serves a need in helping to realize this objective. 

Except for the larger streams where it is readily apparent that the 

low water structure represents a less costly installation, a comparative 

estimate should be made between a culvert installation adequate for the 

usual design discharges and the proposed overflow installation including 

cost involved in providing the necessary erosion protection. A justified 

cost saving should be evident before selecting the overflow installation. 

Where cost savin,gs are not considerable, the use of overflow cul­

verts should be avoided if the structures are under more than a mini­

mum of embankment fill and where for other reasons excessive dis­

charge velocities will cause frequent damages of serious magnitude to 

embankment slopes and outfall channels. Other factors being equal, it is 

good engineering practice to be consistent in the design frequency for all 

small structures on any given project. 

A very important factor in the design of an overflow structure is to 

provide sufficient culvert opening to carry the design discharge at ave­

locity which will create little or no hydraulic head on the structure. For 

this type of structure the design discharge is represented by a flood with 

flow elevation equal to the elevation of the highway grade line over the 

structure. In other words, we should lower the highway grade line to 

meet the elevation of flow of the flood that we can afford to design the 

culvert to carry. This practice will eliminate excessive overflow veloc­

ities across the highway embankment. 
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11. Hydraulic Analysis of Culverts to be Extended. 

From a practical standpoint a culvert which has proved to have a 

satisfactory hydraulic operating efficiency should be considered accept­

able for extending although computed velocities based on the desired 

discharge design frequency are found to be relatively high. Most any 

culvert which has been on the highway system suffici~nt time to need ex­

tending should have a flood history long enough to have established its 

suitability or lack of it. 

An inspection of the installation will indicate how the culvert has 

been operating. If siltation has occurred, it is probable that the condi-

tion can be alleviated by opening up the outfall channel. Any appreciable 

erosion at the outlet should be arrested by filling in the areas affected 

and providing riprap protection. If streambed erosion is too serious and 

overflow of the grade line is of such frequency as to cause unjustified 

delay to traffic, consideration should be given to adding one or more cul­

vert barrels to the structure when the widening project is undertaken. 

Where overflow of the highway has been objectionable, it should not be 

assumed that the addition of culvert waterway opening alone will neces­

sarily alleviate this condition. It is possible that the highway grade line 

is below the elevation of the flood flow of the desired design flood. If 

this is true the only solution is to raise the grade line. Whether or not 

overflow is caused by this condition or because the inadequacy of the 

culvert is causing an excessive hydraulic head at the inlet can be estab-
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lished by observation during flood or by computing elevation of the flood 

flow in the unobstructed stream channel. 

12. Hydraulic Data for Project Plans. 

The field survey is to supply all data governing the detailed hy-

draulic design of the culvert layout including the channels, side ditches 

and other hydraulic features within the limits of the drainage areas. 

These data should be presented on the project plans in sufficient detail 

to justify the design. If contour maps or aerial survey maps are avail-

able, much of the information needed for adequate hydraulic analysis 

may be obtained from this source. 

The channel investigation should include a plat of the stream me­

ander and profile extending far enough upstream and downstream to en­

compass any probable channel change with a minimum of about 300 feet 

in each direction from the highway. If the highway centerline profile 

across the stream does not reflect a representative channel section, 

profile at a typical section should be taken. Several sections across the 

channel will be required if a channel change is contemplated in order to 

have required data to compute excavation quantities. Data as to whether 

the channel is silting or scouring and the nature and volume of drift 

should be obtained. Observation as to flow characteristics including na­

ture of vegetation is necessary to establish the ''n'' factor for use in 

Manning's formula. 
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In actual design it may be found desirable or necessary to select a 

culvert which materially influences the head of water above the structure. 

In the event conditions exist which definitely limit the maximum head of 

water or the minimum flow line elevation, these conditions should be not­

ed. The permissible head is a matter of judgment and probable damage 

and structure costs should be carefully weighed. If backwater will flood 

crops or residential or industrial property, a head of 0.5 foot to 0.8 foot 

is considered the maximum that should be permitted in the design. 

The amount and frequency of discharge for which the culvert is to 

be designed should be shown on the plans as well as the pertinent data 

from which this quantity was computed. From the design discharge the 

required width of structure, the corresponding discharge velocity and 

total hydraulic head should be indicated for a culvert operating with a 

free outlet. For a culvert operating with a submerged outlet, the com-

puted flood flow elevation in the unobstructed stream channel and the re­

quired waterway opening of the structure with the corresponding dis­

charge velocity and finally the size of the structure selected should be 

shown. For culverts requiring a bridge layout sheet, these data may be 

recorded on this sheet or the drainage area sheet n1ay be used to show 

this information for all structures. 

13. Pipe Culverts. 

As to whether a box culvert or pipe culvert is more suitable for an 

installation depends both on the hydraulic factors already discussed and 
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on the relative construction costs. No general rule i.s practical as there 

are too many variable factors. From a structural standpoint, box cul­

verts can be designed to carry any required height of embankment, while 

the capacity of pipe culverts in this respect is limited. Pipe culverts 

are adapted to speedy construction. This feature m.ay dictate their use 

where a minimum of traffic interruption, either highway or railroad, is 

important. 

For the hydraulic requirements the box culverts may be construe-

ted for direct traffic, thus having advantage where the highway grade line 

is low. A square culvert flowing full is more efficient hydraulically than 

a circular pipe having the same cross -sectional areas flowing full, as 

the crown elevation at the outlet will be lower for the box culvert and for 

a given backwater elevation the square section can discharge more water 

than the circular section (assuming the same roughness and unsubmerged 

outlet for both). 

Between the use of box culverts and pipe culverts, experience will 

enable the designer to establish an approximate dividing line for use un-

der usual installation conditions. For border line cases comparative 

estimates should be made between box culvert and pipe culvert designs 

giving approximately the same hydraulic advantages in order to make an 

intelligent decision. The relative costs of materials in the various areas 

of the State will have an influence on this determination. 
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For the pipe culvert the selection is between concrete pipe of 

standard strength and extra strength; full circle corrugated galvanized 

metal pipe and the corrugated galvanized rnetal pipe arch type. From a 

hydraulic standpoint the concrete pipe has an advantage over the CGM 

type because of the lower frictional head loss in a smooth pipe. However, 

this advantage is relatively insignificant for short culverts. The arch 

pipe has the advantage of affording a lower crown elevation as compared 

to the full circle pipe of equal capacity. Where the water contains a 

high acid or alkali concentration or other chemicals attacking the ma­

terial from which the pipe is made, satisfactory service will not be ob­

tained from either type. The CGM pipe possesses the advantages of ease 

of handling, light weight reducing shipping cost and minimum equipment 

required for installation. In highly inaccessible regions and in areas re­

quiring long shipping distances from pipe sources it should show some 

price advantage in place. For the usual size of pipe and average condi­

tions of installation, recent bids indicate some price advantage in favor 

of reinforced concrete pipe. Furthermore, past experience has shown 

concrete pipe to be of somewhat longer life than metal pipe. 

The concrete pipe shows less deterioration when subjected to flow 

carrying considerable amounts of sand and gravel and has the advantage 

of requiring less head room as a lower minimum fill is acceptable for 

the concrete pipe for pipe sizes over 24 inches in diarneter. The use of 

extra strength concrete pipe in place of standard strength should be pro-
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vided as required for the higher fills as indicated by the standard speci­

fications and should be used under railroad embankments. 

For the usual pipe culvert installation where the structure operates 

with a free outlet, a schedule showing the essential hydraulic character­

istics of full circle pipe for both concrete and CGM pipe for sizes from 

18 inch diameter to 72 inch diameter is incorporated in this paper as 

Chart 4. 

In selecting the proper size of pipe arch, reference is made to the 

table of equivalent sizes of full circle pipe and pipe arches in Item 413.2 

of the standard specifications. On the basis of a culvert operating with 

free outlet and at a discharge velocity of about 8 Ft./Sec., the pipe arch 

designs numbers 2 to 7 correspond very closely from a hydraulics stand­

point to the size of full circle pipes listed as equivalent. For the smaller 

size the full circle pipe is more favorable hydraulically and for the sizes 

above design No. 7 (48 inch diameter full circle pipe) the pipe arch is of 

slightly higher capacity. In case there is need for a more exact analysis 

of flow through the pipe arch type, reference is made to the series of 

critical flow curves compiled by one of the metal pipe manufacturers. 

These were distributed to field engineers some time ago. Additional 

copies may be obtained from the Bridge Division. 

14. Typical Hydraulic Design for Box Culvert with Free Outlet. 

Assuming that the 10 year frequency design discharge and slope of 

channel to be: 
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o 10 = 320 c.f.s. 

S = 0.008 Ft./Ft. 

For this installation the water will discharge from the proposed 

culvert into a wide outfall channel which indicates that the culvert will 

likely operate with a free outlet. However, a check will be made of the 

elevation of flood flow in the unobstructed channel at design discharge. 

By the use of Manning's formula, solution of which is shown on Chart 1 

with a trial depth of flow of 0. 7 foot; area under flood flow elevation, 

A= 106 Sq. Ft.; wetted perimeter p = 151 feet and "n" factor of 0.035 

(see chart 2 attached). The average flood flow velocity in the unobstruc­

ted stream channel, V = 2.98 Ft./Sec. 

Therefore discharge equals AV = 106 x 2.98 = 316 c. f. s. 

The assumed depth of 0. 7 foot was a good guess for depth of flood 

flow. 

Limiting the discharge velocity to 8. 5 Ft. /Sec. which is considered 

desirable to eliminate objectionable erosion at the culvert outlet the 

critical depth in the structure would be 2. 3 feet (see Chart 3). Since the 

elevation of flood flow in the stream channel (depth 0. 7 foot) is less than 

the critical depth (2 .3 feet), the structure would operate with a free out­

let. 

From Chart 3 we find the needed width of culvert to be 16 feet and 

for a culvert with flared wings the total hydraulic head is 1.5 feet. (It 

is assumed that the culvert will be constructed on frictional grade.) 
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To satisfy the required culvert width of 16 feet, four 4 foot spans 

are tentatively selected. 

On the basis that it is desirable for the structure to operate with 

little or no head above the culvert crown at the design discharge because 

of the usage o:f the adjacent property upstream, we select a culvert with 

a height equal to the critical depth plus the total hydraulic head (entrance 

head plus velocity head), equal to 2.3 feet plus 1.5 feet equals 3.8 feet 

(Use 4 foot culvert height). 

Therefore, a 4-4 foot x 4 foot culvert will satisfactorily meet the 

requirements. 

15. Typical Hydraulic Design for Box Culvert with Submerged Outlet. 

Assuming that the 10 year frequency design discharge and slope of 

channel to be: 

Q 10 = 40 0 c .f. s . 

S = O.OC25 Ft./Ft. 

This stream channel is a relatively deep, well defined channel, and 

it is probable that the elevation of the flood flow in the unobstructed 

channel will be above the critical depth of a structure operating with a 

free outlet and the structure finally selected will likely operate with a 

submerged outlet. To prove this the flood flow elevation will be deter­

mined by "trial and error" method using Manning's formula. (Graphic 

solution which appears on Chart 1). 
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Take a trial depth of 5.0 Ft.; A= 115 Sq. Ft.; p = 37.6 Ft. and "n" 

factor of 0.045. From a solution of Manning's formula V = 3.51 Ft./Sec. 

Therefore the discharge equals AV = 115x3.51 = 403.6 c.f.s. 

Again this estimated depth of 5 feet for depth of flow is approxi-

mately correct as the computed discharge approximately equals the ac-

tual discharge of 400 c .f.s. 

As the critical depth for a discharge velocity of 8.5 Ft./Sec. which 

velocity we consider desirable and proper to control possible erosion at 

the structure outlet is 2.3 feet (Chart 3). We find that a structure on this 

stream channel will operate with a submerged outlet since the flood flow 

depth of 5 feet is greater than the critical depth of 2.3 feet. 

For a structure operating under this condition the required water-

way area is the discharge (Q 10 = 400 c .f.s .) divided by the allowable 

velocity (8.5 Ft./Sec). 

Required waterway area 
400 = -- = 47.2 Sq. Ft. 
8.5 

From an inspection of the proposed highway profile, it is consid-

ered desirable to use a culvert of 5 foot height. 

Try 2-5 foot x 5 foot = 50 Sq. Ft. 

Q 400 
Corrected discharge velocity: V = A = 5o = 8 Ft./Sec. 

The head losses are computed from formula given earlier: 

(Assuming flow line of culvert is placed on frictional grade.) 

Velocity head: 

v2 y2 
1 2 = = 0. 08 ft. 

2g 
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Entrance head: 

( a2 ) 
= 0.25 (64.4) = 0.25 ft. 

Total head l. 05 ft. 

If the increased backwater elevation resulting from this head is 

objectionable, it may be reduced by increasing the size of the structure. 

Try 2 = 6 foot x 5 foot - 60 Sq. Ft. 

Corrected velocity: 

V = 40 O = 6 6 7 Ft /S 60 . . ec. 

Corrected head losses: 

hv = 6.67 2 - 3. 51 2 = 0. 50 
64.4 

(6.672 ) 
he = 0.25 (64.4) = 0.17 

Total corrected head 0. 67 

If the increase in cost of providing the larger structure is justi-

fiable to lower the backwater elevation, the 2 - 6 foot x 5 foot culvert 

should be selected. 
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VALUES OF "n" FOR MANNING'S FORMULA 
CHART 2 

Canals and Ditches: 

Earth - Straight and Uniform 
Earth - Fairly Rough 
Earth - Sodded - No Rank Growth 
Earth - Rank Growth 
Earth - Dredged Channels 
Rock Cuts - Smooth and Uniform 
Rock Cuts - Jagged and irregular 

Natural Streams: 

See Table 2, page 137. 
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Value of "n" for Manning's Formula 
Good Fair Bad 

0.020 0.022 0.025 
0.025 0.030 0.035 
0.035 0.040 0.045 
0.040 0.045 0.050 
0.027 0.030 0.033 
0.030 0.033 0.035 
0.035 0.040 0.045 
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Pipe Size Discharge Crit. Vel. 
Inches C .F .S. Ft/sec. 

18 13.4 7.93 

24 22.8 8.00 

30 32.8 7.98 

1-" 36 42.7 7.95 
N 
00 

42 52.9 7.99 

48 63.3 8.04 

54 71.9 8.02 

60 78.0 7.95 

66 88.0 8.02 

72 96.4 8.05 

PIPE CULVERTS - FREE OUTLET 

Crit. Depth 
Ft. 

1.37 

l. 70 

1.95 

2.13 

2.28 

2.40 

2.48 

2.50 

2.59 

2.64 

CHART 4 

Area @ Depth at 
Crit. Depth Entrance 
Sq. Ft. 

1.69 

2.85 

4.11 

5.37 

6.62 

7.87 

8.96 

9.81 

10.97 

11.98 

Ft. 

3.0 

3.4 

3.45 

3.5 

3.6 

3.7 

3.8 

3.8 

4.0 

4.0 

* n = 0.013 Cone. 
n = 0.021 CGM 

Critical Grade %* Total Area 
Cone. CGM Pipe 

Sq. Ft. 

1.46 3.80 l. 77 

0.96 2.50 3.14 

0. 71 1.86 4.91 

0.57 1.50 7.07 

0.49 1.27 9.62 

0.43 1.12 12.57 

0.39 1.02 15.90 

0.37 0.95 19.63 

0.34 0.89 23.76 

0.32 0.84 28.27 



HYDRAULIC DESIGN OF BRIDGES 

1. Scope 

This paper will deal with the proportioning of medium and large 

bridges as distinguished from multiple box culverts and small bridges 

of equivalent proportions. Ne will arbitrarily take a structure length of 

50 feet as the dividing line and confine our study to a consideration of 

bridges greater than 50 feet in length. 

The procedures to be followed in determining the quantity of water 

carried by a stream have been covered by others and will not be repeated 

herein. We will take up the problem at the point where the amount of 

water carried by the river or creek under consideration has been deter­

mined and will go into the various phases of the procedure for propor­

tioning a structure which will afford a safe and economical facility for 

passing this amount of water under the highway. 

At this point it should be emphasized that the hydraulic propor­

tioning of major structures is far from an exact science. Actually the 

engineering profession knows so little about this subject that most engi­

neers hesitate to display their lack of knowledge by discussing it. Our 

engineering colleges avoid it in setting up their hydraulics courses, and 

we know of no text book that devotes more than a paragraph or two to 

this very important problem. 
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In view of this situation you will readily understand why this dis­

cussion is confined to the simplest features of the matter under discus-

sian. No attempt will be made to cover crossings of very wide flood 

plains where one or more relief structures in addition to the main chan­

nel structure are necessary since the time allotted will not permit con-

sideration of this very complicated problem. This paper will cover only 

streams of medium or narrow flood plain width which may be served 

adequately by a single structure. 

2. The Overall Problem 

The overall problem is to provide a structure which will permit 

the uninterrupted passage of traffic across the stream at all, or practi­

cally all, times; which will withstand without major damage all floods 

except possibly those of very rare occurrence and unusual magnitude; 

which will not require extensive maintenance and repair; and to provide 

all this at a reasonable cost. The problem would be greatly simplified 

if cost were no consideration. All that would then be necessary would be 

to determine the greatest possible width and height of the stream under 

maximum flood conditions and provide a single span bridge, high enough 

in the air to clear this maximum possible high water plus any drift 

which might be carried and long enough to span the entire flood plain. 

Such a solution would of course entail structures of enormous cost for 

the crossing of all but the most innocuous streams. The item of initial 

cost must be weighed against the inconvenience to traffic resultant from 
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infrequent closures due to high water and against the hazard of severe 

damage or total destruction of the bridge by floods of rare intensity. In 

short, we must take a calculated risk in proportioning bridges, just as 

we take a calculated risk in most of the acts we perform in daily life. It 

easily can be shown that it is uneconomical to design a structure to 

clear floods of 1000 year frequency when the useful life of the structure 

cannot be estimated at above 75 to 100 years. A subsequent section on 

"De sign Frequencies" goes into this subject further and gives recom­

mended values for use on various classes of roads. 

Having chosen the proper flood frequency for which the structure 

is to be designed, and assuming that the quantity of flow for this fre­

quency has been pre-determined, the next step is to obtain data upon, or 

analyze, the channel flow and determine the elevation and velocity of the 

flow in the open channel for this flood frequency. The grade line of the 

bridge is then established at such height that the lowest portions of the 

superstructure will clear the elevation of the flood crest by a suitable 

margin to allow for passage of drift. The total length of structure is 

then determined. In the interest of economy in initial cost the length of 

structure should be kept to a minimum since, within the usual ranges, the 

cost of a bridge per unit of length is much greater than the cost of an 

embankment of corresponding height. On the other hand, if the bridge is 

made too short, the crowding of a large quantity of water through too 

narrow an opening results in destructive current velocities, and, some-
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times in an objectionable backwater level. In short the bridge should be 

made long enough to preclude the development of excessive velocities or 

an objectionable piling up of the water above the bridge, but no longer 

than necessary to satisfy these requirements. 

The final step is to fix the lengths of the individual spans. The 

main channel spans should be made of sufficient length to permit the 

free passage of drift of the size and amount reasonably to be expected in 

the main body of the stream and the approach spans likewise should be of 

sufficient length to clear drift of the character to be expected along the 

stream edges. Beyond this point the problem becomes a question of 

economy, in which the additional cost of longer spans is balanced against 

the advantages gained from fewer and more favorably located piers; or, 

in other words, the superstructure cost is weighed against the substruc-

ture cost. This feature as well as the other factors enumerated above 

are covered in greater detail in the subsequent paragraphs. 

3. Flood Design Frequencies 

Our current manual on the ''Rational Design of Culverts and Brid-

ges'' recommends that small bridges be designed to pass floods of 25 to 

50 year frequency and that large bridges be designed for 50 to 100 year 

frequency. These criteria are good general guides but do not take into 

account the relative importance of the highway route under considera-

tion. This range in relative importance has been greatly broadened 

since the manual was written by the development of very heavily tra-
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velled highways of the expressway class at one extreme and the taking 

over of very light traffic farm to market roads at the other. The occas-

sional closure, by high water, of an unimportant farm to market road is 

of minor consequence as compared to traffic stoppage on a major high-

way artery, hence it is apparent that this factor of highway importance 

should be given due weight in determining the flood design frequency. 

The following table gives the frequencies which are recommended as a 

general guide to be followed in proportioning structures. The values 

given are intended to apply to average conditions and are subject to ap-

propriate modification as dictated by sound engineering judgment wher-

ever unusual conditions prevail. As an illustration let us consider the 

case of a very light traffic road crossing a small stream with a deep 

primary channel and very little flood plain. The table calls for a 5 year 

design frequency but investigation shows that the cost of a structure 

which would pass a 25 year flood would be only a few dollars more than 

that of a 5 year structure. The proper solution in such a case is, of 

course, to build the 2 5 year structure. 

Daily Traffic 

TABLE 1 

Recommended Flood Frequencies To Be Used 
In the Design of Bridges 

Volume (Annual Avg .) Minor Streams Major 

1 to 100 5 
100 to 400 10 
400 to 6000 25 

6000 and over 50 
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10 
25 
50 

100 



As mentioned above, the values given in this table are intended only 

as a general guide and are subject to modification as dictated by local 

conditions, the availability of alternate routes across the stream, and the 

cost differential involved by an increase or decrease of the design fre-

quency. 

There is a rather prevalent misconception of the proper use of 

flood frequencies m bridge design which should be corrected. Some of 

our engineers apparently believe that, if a structure is to be designed 

for, say a ten year frequency, the effect of any larger flood on the struc-

ture may be completely disregarded. This is a false conception, partic­

ularly when designing for low frequencies. The structure and approaches 

should be so proportioned that a ten year flood will not top the highway 

or damage the structure and they should furthermore be so designed that 

a 25 or 50 year flood, although closing the road to traffic, will not ordi-

narily destroy the bridge. This is best accomplished by keeping the 

grade of approaches to a level just above the design high water so that a 

relief is afforded to take the water flow of floods greater than the design 

flood. In short our bridges and approaches should be built to take the 

design flood without overflow and to take larger floods with overflow but 

without developing velocities high enough to take out the bridge or exten-

sive amounts of the approaches. 
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4. Channel Flow 

Having selected the flood frequency to be used and having deter­

mined the quantity of water to be carried as based on this chosen flood 

freqe.ency the next step is to determine the elevation of water surface 

(i.e. the tail water elevation) and average current velocity of the unre­

stricted stream when carrying this amount of water. 

Wherever authentic records on the flow of the stream at flood stage 

are available, such as rating curves for the stream, high water eleva­

tions for known amounts of discharge, slope of the water surface, etc., 

this information should be used. The records of the Texas Board of Wa-

ter Engineers, the U. S. Geological Survey, the Bureau of Reclamation, 

the Corps of Engineers and other similar agencies, should be consulted 

to accumulate all data available on the stream in question at or near the 

proposed crossing. Even when such data is not applicable to the pro-

posed location or is not of sufficient adequacy to give all the information 

needed, it is very valuable as a check against the stream flow computa­

tions. 

In many instances, particularly on the smaller streams, it will be 

found that there are no available records of stream flow at points close 

enough to the proposed crossing to serve as a guide or that the available 

records cover too short a period of time or are not of sufficient detail 

to give the information required. Hence it is necessary in most in-

stances to compute the depth of flow and the average velocity. Manning's 
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formula is probably the best tool for this purpose and its use is recom-

mended. 

Manning's formula for flow in open channels is: 

v = 

v = 
n = 
r = 
s = 

1.486 
n 

2/3 
r where, 

mean velocity in ft. per sec. 
coefficient of roughness 
hydraulic radius = area divided by wetted perimeter 
slope in feet per foot 

Having obtained the mean velocity the quantity of flow is deter-

mined by multiplying the mean velocity by the area, or in equation form: 

Q = AV 

The selection of the proper values of n is the most troublesome 

feature in applying this formula as this factor varies widely with the de-

gree of roughness of the stream bed and banks, the tortuosity of the 

channel and the amount and character of vegetation or other obstructions, 

such as large boulders, in the stream bed and on the flood plains. The 

value will vary with the seasons of the year, being larger in spring and 

s~mmer when vegetation is rank and smaller during the fall and winter 

when the trees are bare of leaves and grass and weeds have died away. 

It will also vary from year to year depending upon whether the vegeta-

tion in flood plain is allowed free growth or whether it is cleared away 

by man or diminished by long drouths or destructive floods. Table 2 

gives approximate average values which are recommended for general 

use. 
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TABLE 2 

Values of~ for Manning's Formula 
as Applied to Natural Streams 

PRIMARY CHANNEL 

Smooth banks, little or no vegetation 
Rough, irregular banks and bed, little 

or no vegetation 
Light brush or scattered trees on banks 
Heavy brush and trees on banks 
Very dense brush and trees on banks 
Very rough, densely vegetated banks, 

large boulders or trees in bed 

Straight 
Alinement 

.030 

.035 

.040 
.045 to .050 
.050 to .055 

.060 to .070 

Tortuous 
Alinement 

.035 

.040 

.045 
.050 to .055 
.055 to .060 

.070 to .080 

Note: With the exception of the last case, above values are based on the 
condition of little or no vegetation in bed of stream. When such condition 
is encountered, or when trees on banks overhang stream and obstruct 
flow in major portion of channel, values of n should be increased. 

FLOOD PLAINS 

Bare soil or grass sod, no high weeds 
Scattering brush 
Medium brush, scattering trees 
Thick trees, little or no undergrowth 
Heavy brush or heavy brush and trees 
Very dense brush and trees 

Smooth 
Surface 

.030 

.035 
.040 to .050 
.060 to .070 
.080 to .090 
.100 to .130 

Rough, Irreg-
ular Surface 

.035 

.040 
.050 to .060 
.070 to .080 
.090 to .100 
.130 to .150 

Note: Large weeds which will not flatten under flood flow may be con­
sidered the same as brush. 

Special Exception: For streams with beds of deep loose sand, where the 
sand flows and conforms to the stream flow, such as in the Canadian 
River, the value of~ is considerably lower than shown above. Values of 
the order of .020 should be used in such instances. 

General Note: The above values of n are based on tests conducted by the 
U. S. Department of Agriculture and the U.S. Geological Survey and are 
believed to represent the best information presently available. Due to 
the limited amount of experimental work of this nature which has been 
performed and to the difficulty of describing and classifying the degrees 
of roughness, these values must be treated as approximate only. 
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The slope s is the gradient of the surface of the water. In a few 

instances it will be possible to determine this slope directly by waiting 

for a sizeable flood and then measuring the fall of the water surface over 

a given length of the channel. Water elevations for this purpose should 

never be taken on each side of an existing bridge or similar obstruction 

as this procedure will not give the true slope of the natural stream. A 

reach of the stream should be selected which is as uniform in character 

throughout as possible and free from abrupt changes in cross section, 

slope and amount of vegetation or other features which might cause wide 

variation in the coefficient of roughness. 

In other instances authentic high water marks may be available, 

spaced a suitable distance apart on an acceptable reach of the stream 

from which the true slope can be computed. In such cases it must be 

established that the high water marks to be used represent the same 

stage of the flood. 

Wherever data of the character described above is available, it 

should be used, but in most instances dependable information of this na­

ture will not be available and the usual practice, which is of satisfactory 

accuracy, is to assume that the water surface will be parallel to the bot­

tom of the channel and to use the mean channel slope as the value for s. 

In determining the channel gradient a reach of at least 2000 feet should 

be used, profile run on the bottom of channel through this reach and a 

straight line drawn, passing as closely as possible through the high 
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points of this profile as illustrated in Figure I. The slope of this line is 

the value to be used in the formula. 

The procedure to be followed will be illustrated by carrying through 

the computations on a typical crossing as follows: 

ILLUSTRATIVE PROBLEM 

As an illustration we will take the bridging of the small stream as 

shown in Figures I and II. For simplicity we will assume a right angle 

crossing. The bridge is to be designed for a flood of 25 year frequency 

and the discharge for this frequency has been computed and found to be 

approximately 12,000 sec. ft. We need to know the height of water and 

the average velocity in the unrestricted channel when the stream is car-

rying 12,000 cu. ft. of water per second. We first must determine the 

value of the slope factor ~. Since we have no records of the actual slope 

of the water surface at flood stages, we will determine the mean slope of 

the stream bed and assume that the water surface will slope in the same 

amount. A profile of the stream bed covering a reach from 500 feet up­

stream to 1500 feet downstream from the crossing is run and plotted as 

shown in Figure I. A straight line is then drawn to approximate the av­

erage slope of the stream bed, this is done by placing the line in such 

manner as to pass through, or nearly through, the high points of the 

stream bed. The slope of this line is then computed. In our case the fall 

is 3.6 feet in 2000 feet or s = 3.6 -+- 2000 = .0018. 
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The next step is to obtain a typical cross section of the stream a 

short distance downstream from the crossing. This involves running 

levels on a line at right angles to the stream extending from a point well 

above the high water level on one side to a corresponding point on the 

other side. In choosing the location of this typical cross section care 

should be taken to avoid deep holes in the stream bed and local irregu­

larities in the contour of the banks or flood plains, and to choose a sec­

tion of regular contour whose depth and width represent the general av­

erage of the reach under consideration. Also the line chosen preferably 

should be at a point where the banks are slightly converging in the down­

stream direction rather than diverging. As a general rule this line 

should lie somewhere between the center line of crossing and a point 500 

feet downstream but it is better to go as far as 1000 feet or 1200 feet 

downstream or even a short distance upstream if a suitable cross-sec-

tion does not exist at a more favorable location. 

In our example a point 500 feet downstream from the crossing has 

been chosen and the cross-section at this point is shown in Figure II. 

The primary channel of the stream is reasonably straight and fairly well 

free of vegetation, large boulders or other obstructions. The west flood 

plain, however, is covered with a medium growth of brush and trees 

while a heavy growth is encountered throughout the east flood plain. Ac­

cordingly, there will be a large variation in the value of the roughness 

factor n and it will be necessary to divide the stream up into 3 sections, 
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as indicated in Figure II, compute the water carried by each separate 

section and add the three together to obtain the total discharge of the 

stream. Referring to Table 2, we choose values of n = .035 for the main 

channel, .050 for the west flood plain, and .080 for the east flood plain. 

From the rather meagre high-water records available on our 

stream, we are able to estimate that the water level for a 25 year flood 

will lie somewhere between Elev. 510 and Elev. 516; hence we will com-

pute the discharge of the stream for flood levels at 2 foot intervals be-

tween Elev. 510 and 516 and plot the conveyance curve of the stream for 

this range. From this curve we will be able to read off the flood level 

which will correspond to a discharge of 12,000 sec. ft. 

The computations are shown in Figure III. To explain these com-

putations in detail we will take the line for Elev. 516. The waterway area 

"A", below El. 516 for the west flood plain is computed (or planimetered) 

from the cross section in Figure II and found to be 387 sq. ft. The wet-

ted perimeter, p, is measured at 150 feet. The hydraulic radius, r, is 

equal to A+ p or 387 + 150 = 2.58. The velocity, V, is then determined 

1.486 r2 / 3 si -
by Manning's formula V = -------, and found to be 2.35. The dis­

n 

charge Q, is then obtained by multiplying A by V, or 387 x 2.35 = 910 

sec. ft. In a like manner the dis charges of the primary channel section 

and the east flood plain section are computed and the three added to-

gether to give a total discharge of 16,800 sec. ft. The average velocity 

at this level is determined by dividing the total discharge by the total 

waterway area, in our case 16,800 + 2539 = 6.6 ft. per second. 
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The conveyance curve as shown in Figure IV is then drawn by plot­

ting the flood water elevation against the discharge, and the velocity 

curve as shown in Figure V is prepared by plotting the water elevation 

against the average velocity. 

As previously mentioned our design is to be based on a discharge 

of 12,000 sec. ft. From the conveyance curve we find that a flood height 

of Elev. 514.3 gives this amount of discharge, and from the velocity 

curve we find the average velocity of the stream will be 6.5 ft. per sec. 

Note that the water elevation so determined is at the point of the typical 

cross section which is not necessarily immediately adjacent to the struc­

ture. Since the average channel slope is .00 18, the elevation of tail water 

at the structure will be 514.3 + .0018 x 500 = 515.2. 

5. Height of Structure. 

The height of structure is determined by placing low steel (or "low 

concrete") a short distance above the computed tailwater elevation as 

necessary to allow for the passage of drift. Our usual practice is to al­

low a free board of about 2 feet for small streams carrying ordinary 

amounts of drift and 3 feet to 4 feet for major rivers carrying heavy 

drift. 

In this connection it might be well to mention the fallacy of basing 

the height of a structure wholly on past high water marks unless authen­

tic records have been maintained over a long period of time. In the first 
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place the so-called high-water mark may actuallybe several feet in er­

ror and in the second place it may represent a 10 year flood or possibly 

even a 500 year flood. Another misconception is that the restriction of a 

channel resultant from the building of a bridge affects the tail water ele-

vation below the bridge. This is not true; the stream levels below the 

bridge are not changed by the insertion of the bridge and the same ap­

plies for all practical purposes to the water level immediately beneath 

the bridge. This level can be taken to be the same as that computed for 

the unrestricted channel. There will be a slight rise in the water level a 

short distance upstream from the bridge but this occurs far enough away 

that it may be disregarded in determining amounts of freeboard. 

In our examples we have determined that the elevation of water 

surface under the bridge for the design discharge will be El. 515.2. We 

will allow about 2 feet freeboard, which will place low concrete elevation 

at El. 517.2. We will assume that standard continuous concrete slab 

units will be used with depth frorr.. crown of road to low concrete of about 

1.25 feet, which gives us a required grade elevation of 518.45. We will 

round this off to 518.50 and place our roadway grade at that elevation. 

6. Length of Structure. 

The structure must be made of a length sufficient to accommodate 

the quantity of water to be passed without developing destructive current 

velocities or excessive back water head. Under average conditions, the 

143 



usual practice is to keep the average velocity thru the bridge to a value 

of from 6 to 8 feet per second. This value is often lowered to the order of 

magnitude of 4 ft./sec., for sluggish streams with loose, easily eroded, 

sand and silt strearn beds such as are found in many parts of East Texas, 

whereas it may safely be raised even as high as 16 to 18 ft./sec. on 

streams in the hill country of West Texas where the velocities in the nat­

ural channels are very high and the rocky strearn beds are very resistant 

to erosion. A large measure of sound judgement is required in deter­

mining the velocity to be allowed at any specific crossing. The degree of 

resistance to erosion of the stream bed and banks must be considered as 

well as the effect of possible deep scour around piers and header banks. 

The current velocity in the primary channel of the unrestricted stream 

can often be used as a general guide, keeping the average velocity through 

the bridge opening to not more than, say, 1-1/3 times that velocity. 

Another factor to be considered in fixing the bridge length is the 

width of flood plain dammed by the approach embankments. If the bridge 

end is set in too far from the edge of flood plain, erosive velocities will 

develop around the bridge ends and the water may pile. up along the up­

stream side of the embankment until it is overflowed. Where wide flood 

plains are encountered, the usual solution is to use one or more relief 

structures in addition to the structure at the primary channel. This de-

velops into an intricate and specialized problem which will not be cov­

ered in this paper. 
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The actual fixing of the structure length reduces to a cut and try 

proposition. A trial layout is drawn up, with bridge ends placed at fav-

orable points as governed by the contour of the crossing, and with total 

length based on a suitable arrangement of individual simple spans or 

continuous units. The effective waterway area of the bridge opening thus 

provided is calculated and the average velocity and backwater head com-

puted therefrom. If these values are suitable the layout is used, if too 

high or too low, the layout is lengthened or shortened and the procedure 

repeated until suitable values are obtained. 

In our sample problem, we will try a bridge 180 feet in length as 

shown in Figure VI. After sketching in the header banks and bents, we 

compute the net waterway area below El. 515. 2 which we have determined 

to be the tail-water height for a 25 year flood. This area is found to be 

1540 sq. ft. The average velocity through the bridge is then: 12,000 -+-

1540 = 7.8 feet per second. The stream bed and banks at this location 

are of soils not easily eroded and the average velocity will be practically 

the same as that of the primary channel of the unrestricted stream. 

Hence, the assumed structure length of 180 feet will be ample. 

We will now compute the backwater head by the formula: 

H = C 
2g 

- y2) 
2) 

where C is a factor which takes into account the entrance loss and 

friction losses due to piers or bents, V 
1 

1s the average velocity 
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through the bridge opening and V 
2 

is the average approach velocity in 

the unrestricted stream. The entrance losses and friction losses are 

gene·rally rather small, and a value of 1.10 for C will be close enough 

for usual conditions. The head for our particular case then becomes 

H = 1.10 x {7.8)
2

- (6.5)
2 = 0.32 ft., which is of negligible amount. The 

64.4 

backwater elevation is then: 515.2 + 0.3 = 515.5. 

Since we have proportioned our bridge for the comparatively low 

frequency value of 25 years, it would now be well to check the effect of a 

50 year flood. We will assume that the discharge for a 50 year flood has 

been computed at 16,300 sec. ft. From the conveyance curve in Figure 

IV we read off a water elevation of 515.8 for this value of Q. Projecting 

this back up the channel to the bridge we obtain a tail water elevation of 

516.7. Therefore our proposed structure with low concrete at Elev. 

517.25 will clear the 50 yr. flood with about a half foot to spare. The net 

waterway area below Elev. 516.7 is found to be 1780 sq. ft. This gives 

an average velocity of 16,300 -+ 1780 = 9.2 feet per second which should 

not cause excessive damage. Accordingly we can consider our bridge 

length satisfactory. 

7. Length of Individual Spans and Pier Locations. 

In fixing the individual span lengths of a structure, the main points 

to be considered from a hydraulic standpoint are the clearances neces-

sary to allow the free passage of drift and the placing of the piers or 
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bents at points where they will not be undermined or weakened by exces­

sive scour and will not catch and pile up large masses of drift. As pre­

viously mentioned, the ideal bridge from a hydraulic standpoint would be 

a single span extending across the entire width of the stream, with no in-

terior supports to interfere with the passage of water and drift. On the 

other hand, as a general rule, a bridge composed of a number of spans 

can be built much more cheaply than a single span structure of the same 

total length. For bridges of medium height and with favorable foundation 

conditions the general rule is that the shorter the span the cheaper the 

initial cost of the bridge, at least down to the range of 20 foot to 30 foot 

spans. Hence the fixing of span lengths usually becomes a problem of 

compromising between hydraulic and economic advantages. 

Since there are so many different factors involved which vary 

widely with the particular conditions involved at each crossing, no set 

rules for fixing the span lengths can be established. The following gen-

eral rules, however, should be observed: 

(1) The spans across the primary channel should be of sufficient 

length to pass the largest trees or other forms of drift normally carried 

by the stream. For our larger rivers, such as the Brazos and Colorado, 

span lengths in the range of 100 feet to 150 feet are believed to be ade­

']_uate for this purpose in most instances, and proportionately shorter 

spans may be used on the lesser streams. 

147 



(2) Span lengths for the portions of the structure across the flood 

plains, where the velocity of the water is moderate, generally should be 

considerably shorter than the main channel spans but should be commen­

surate with the magnitude of drift normally to be expected in these por­

tions of the stream. Lengths of 40 feet to 70 feet are usually adequate 

for the flood plains of our largest streams, and shorter lengths down to a 

minimum of 15 feet to 25 feet will usually be proper for small creeks. 

(3) Placing piers at or near the middle of the main channel where 

stream velocity is highest should be avoided wherever feasible. 

(4) Placing apier on or near a steep bank subject to sliding or un­

dercutting is also to be avoided. 

(5) The economical ranges of the various types of span in general 

use should be taken into consideration, bearing in mind that there is gen­

erally a sharp increase in cost in each step from the shorter type of 

span to the longer. The usual maximum span lengths of the types of 

bridges most widely used in our work are listed below as a guide: 

Simple Concrete Slab Spans - - - - - - - - - - - - -

Simple Concrete Slab - Girder Spans - - - - -

Continuous Concrete Slab Units, Interior Span 

Simple Concrete Girder Spans- - - - - - - - - - - -

Simple Steel I-Beam Spans - - - - - - - - - -

Continuous Steel I-Beam Units, Interior Span 

Continuous Steel Girder Units, Interior Span - - - -

Through Truss Spans - - - - - - - - - - - - above 
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We will now consider our typical crossing as an illustration of the 

determination of span lengths. The layout shown in Figure VI is based 

on the assumptions that ample bearing capacity can be obtained with 

piles or drilled shafts of moderate length, that the stream does not carry 

heavy drift, and that the stream bed is not susceptible to deep scour. 

Under these conditions we have chosen the continuous concrete slab type 

of structure as the most economical and suitable and have provided a 30 

foot span for the central portion of the primary channel, with 25 foot 

spans over the remainder. 

mid-channel. 

Note that we have avoided locating a bent at 

Now let us assume that the stream carries a fairly heavy amount 

of drift which might pile up against the two central bents which are pretty 

well out into the main channel. In such case we would want to move the 

bents back to locations at or near the edges of the main channel. One 

solution would be to use a 60 foot simple !-Beam as the central span, 

flanked by two 30 foot slab girder spans of our standard CG series on 

either end, maintaining the 180 foot total length of bridge. Another solu­

tion would be to use 3-60 foot simple !-Beam spans and a third solution 

would be to use a 55 ft.-70 ft.-55 ft. continuous !-Beam unit. This last 

solution would be the best from a hydraulic standpoint, and, if deep 

foundations were required, might be the cheapest of the three since it 

would require two interior bents or piers as compared to four for the 

first layout. On the other hand it would require a special design whereas 
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standard plans could be used on the other two layouts. This is an item 

which must be considered, particularly with our present manpower 

shortage. Solution No. l would probably be the cheapest if foundation 

conditions were favorable but would be less desirable than the other two 

layouts if appearance were a consideration because of the unsightly 

breaks in the lines of the structure at the junctions of the concrete spans 

and the I-Beam span. 

It can be seen from the above example that there are numerous 

factors to be taken into account in working up a bridge layout and that a 

layout which is ideal from one standpoint may be highly undesirable for 

another. The only practicable procedure in many instances is to lay out 

several different arrangements, make- an estimate of cost of each and 

weigh the advantages afforded by the more expensive layouts against the 

saving in cost afforded by the cheaper layouts. In short, it is impossible 

to divorce entirely the problem of hydraulic capacity from the problem 

of construction costs. 
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HYDRAULIC DESIGN OF STORM SEWER INLETS 

GENERAL 

The purpose of this discussion is to sum.marize the contents of the 

Texas Highway Department's ''Storm Sewer Manual,'' published in April 

1951 with special reference to the method of detern1ining the length of 

curb openings which should be provided for a predetermined runoff; 

grate and curb inlets, catch basins; and such revisions as have come to 

our attention since this manual was published. Street drainage in cities 

has become quite an important phase in our highway work and since this 

type of drainage is rather complicated from the design viewpoint it is 

our thought that a uniform design procedure should be developed in order 

to facilitate the computations at a rapid rate and to reduce the mathe­

matical aspects connected with any hydraulic problem to a minimum. 

Many empirical formulas have been developed, yet in the absence of ac­

tual tests on full scale models it appears that very little has been ac-

complished. It is believed, however, that the principal objective is to 

provide the designer with some tools he may use in making a more intel­

ligent design for storm sewer inlets. Please bear in mind, that the con­

struction and maintenance problems and cost may overshadow purely 

hydraulic considerations in many instances. 
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Inlets, in general, should be spaced to limit the spread of water on 

the pavement to a predetermined width that will not interfere with traf­

fic. In some instances the entire roadway may have to be ponded, for a 

short duration. This condition, however, should be held to a minimum, 

and should only be permitted if local conditions so dictate. Under no 

condition should ponding of water in the gutters be permitted which would 

cause damage to surrounding property caused from overflowing the 

roadway curbs. 

Under ordinary conditions, inlets are normally placed upstream 

from crosswalks and street inter sections. To drain sag vertical curves 

properly, it is considered good practice to place three inlets in each 

curve; one at the low point and one each at the points of tangency or at 

convenient points adjacent to them. In so doing, water will be removed 

before it begins to spread out, and in addition, the deposit of sediment on 

the pavement will be reduced. 

Where the pavement is warped in transitions between supereleva-

ted and normal sections, water should be normally picked up before the 

cross-slope of the pavement begins to change. This is particularly im-

portant in areas where icing occurs. 

Large run-off from areas off the project that enters the project 

from side streets should, whenever possible, be picked up on the side 

street before it reaches the project. 
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Curb Inlets: The capacity of a curb inlet on a continuous grade, 

when intercepting 100 per cent of the flow in the gutter is given in the 

chart ''Inlet Capacity for Variable Gutter Depressions'' on page 11 of the 

storm sewer manual. This chart has been prepared for zero to 5 inch 

depressions. According to these curves, the capacity or intercepting 

values increase rapidly per foot of inlet as the gutter depression in-

creases. It has been recommended in our Storm Sewer Design Manual 

that the depth of depression may vary from 0 to 1 inch where the gutter 

is within the theoretical traffic lane. It has been found, however, that a 

2 to 3 inch depression of the gutter within the traffic lane is not objec-

tionable. For low point inlets in vertical curves, the wier formula has 

been graphed on page 13 of the Storm Sewer Manual. 

Grate Inlets: This type of inlet is normally used only to drain low 

places outside the roadway area. 

Curb and Grate Inlets: As explaine~ in the Storm Sewer Manual, 

the combination of curb and grate inlets should be discouraged since no 

great gain has resulted with this type of installation. The opinions of the 

various hydraulic research laboratories differ widely; however, the Illi­

nois Division of Highways has developed an improved grate which is 

currently being tested by the University of Illinois. The end results of 

these tests are not available at this time. 

Our usual pavement crowns are parabolic, straight line or a com-

bination of straight lines. The method of determining the depth of flow 
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in a gutter of a parabolic crowned section as explained on page 19 of the 

Storm Sewer Manual should not be followed inasmuch as the error intro­

duced in obtaining and using an average slope is considered too great. 

If the pavement cross-section is parabolic or is made up of other 

than straight lines the following procedure should be followed: 

Plot cross-section of pavement surface, using distorted scales 

with horizontal scale about ten times the vertical scale. Calibrate the 

horizonta.1 scale in feet from the curb and the vertical scale in feet from 

the flow line of the gutter. 

Divide the pavement cross-sections into arbitrary sectors about 

one foot wide for the first four feet out from the curb then two feet wide 

to the centerline. These sectors may be lettered a, b, c, etc. (See Plate 

No. I). 

The general procedure is to assume a number of different widths 

of flow, measured from the curb. Then for each assumed width, using 

Manning's formula, compute the discharge (q) for each sector compris-

ing this width. To facilitate computations, the assumed width should 

coincide with sector boundaries. Use a 1 per cent (s = 0.01) longitudi-

nal gutter slope. The total gutter flow for each assumed width is the 

summation of the sector discharges. Plot the total gutter flow (Q) as 

ordinate and the corresponding assumed width as abscissa. Each as­

sumed width of flow will give one point on this Discharge - Width curve 
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which is for a 1 per cent gutter slope. Other gutter slopes will give a 

family of curves above and below the 1 per cent curve. 

Points on the Discharge - Width curves for other gutter slopes can 

be obtained by multiplying the discharges found above by 10 times the 

square root of the new slope. 

The use of the table on the following page is suggested to facilitate 

the above computations. 

Discharges for other depths or widths are computed in the same 

manner assuming either depth at curb or level water surface. 

When the cross-section is a straight line or a combination of 

straight lines, the procedure on page 10 of the Storm Sewer Manual 

should be followed. 

A simple problem to explain the step by step computations for a 

series of inlets will now be considered. 

Let us assume a 76 ft. pavement section with a 3/16 inch per foot 

cross -slope. The inlets are to be designed for a 5 year flood frequency. 

Ponding is to be limited to two lanes or 24 feet, leaving one traffic lane 

or 12 feet unobstructed to flow. 

On the Map of Drainage Areas included in a later discussion on 

Storm Sewer Design, the run-offs (Q) have been indicated. The method 

of determining these various run-offs will not be discussed here since it 

is amply covered in our Storm Sewer Design Manual. 

161 



...... 
0' 
N 

Sector 
Symbol 

l 

a. 

b. 

c 0 

d. 

e. 

f. 

g. 

h. 

i. 

j 0 

k. 

_l.__ 

Col. l 
Col. 2 
Col. 3 
Col. 4 

Col. 5 

Col. 6 

Col. 7 
Col. 8 

n 0.015 Longit~dinal Slope l.Oi 

Sector Sector Mean Sector Depth Sector Mean Sector Sector Total 
Width Depth (Hydraulic Radius) Area Velocity Discharge Discharge 

2 3 4 5 6 7 8 

0.431 
0.5 0.423 0.212 5.6 1.19 

0.415 
0.5 0.'108 0.204 5.4 1.10 

0.400 
1.0 0.385 0.385 5.1 1.96 

0.369 
1.0 0.354 0.35-± L8 l. 70 

0.339 
1.0 0.324 0.324 4.6 1.44 

0.309 
2.0 0.281 0.562 4.2 2.36 

0.252 
2.0 0.224 0.448 3.6 1.61 

0.196 
2.0 0.170 0.340 2.J 0.99 

0.144 
2.0 0.119 0.238 2.3 0.55 

0.093 
2.0 0.069 0.138 1.7 0.23 

0.045 
2.0 0.063 0.046 0.8 0.04 13.17 

0 
-- -· L___ 

- Symbol de signing sector. 
- Width of sector in feet. 

- Depth of sector in feet. . (R = A ) 
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It will be noted that a curb inlet is to be provided at Station 9+35 

Rt. for a run-off of 4. 7 cfs shown in Column 6. (See Plate III). The im­

mediate problem on hand is to determine the depth of flow (y) in the gut­

ter. This depth is to be determined from the nomograph for flow in 

triangular channels on page 10 of the storm sewer manual in the follow­

ing manner: The ratio z/n is the reciprocal of the cross-slope divided 

by the coefficient of roughness. In our example z = 12 divided by 3/16 = 

64, and z/n = 64 divided by .015 = 4, 266 or 4300 for all practical pur­

poses. The longitudinal gutter slope is 0.25 per cent as shown on the 

plan-profile sheet. All of the above values are indicated on the inlet 

computation sheet in columns 7, 8 and 9. We now turn to the nomograph 

on page 10 of the Storm Sewer Manual and connect the z/n ratio with 

slope (s) or 4300 with .0025 and mark the point where this line intersects 

the turning line. 

We now intersect the point on the turning line with the discharge 

(4.7cfs) and read a depth of flow (y) of0.29feet. Thepondedwidthis 

equal to y times z or 0.29 x 64 which is 18.6 feet, or less than the per­

missible ponding width. Since the area next to the gutter acts as a park­

ing lane, it is decided to use a 4 inch gutter depression at the inlets with 

suitable transitions so as to provide a comparatively smooth riding sur­

face. The interception by this inlet (qL) with a 0.29 ft. depth of flow and 

a 0.33 ft. gutter depression will be 0.59 cfs per foot of curb opening as 

shown on the graph on page 11 of the Storm Sewer Manual. This value is 
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recorded in column 13 of the inlet computation sheet. Since the run-off 

is 4. 7 cfs and the interception per foot of curb opening is 0.59 cfs. the 

length of curb opening required as shown in column 14 is 4. 7 divided by 

0.59 or 8 ft. It has been decided to provide for a 5 foot opening as indi­

cated in Column 15. 

Since the balanced capacity of Curb Inlet 1 is exceeded, the ratio 

of the flow intercepted to the total flow in the approach gutter may be 

read from the graph "Ratio of Intercepted to Total Flow" page 12 of the 

Storm Sewer Manual, using the two ratios L/La and a/y. L is the actual 

length of the inlet and La the theoretical length found in column 14. In 

our particular example,L/La = 5.0/8.0 = 0.63 and a/y = 0.33/0.29 = 1.14. 

By referring to the above mentioned chart and using a L/La of 0.63 and 

an a/y of 1.14, we find a Q/Qa ratio of 0.74 which is the per cent inter-

ception of the 5.0 foot inlet. The actual interception, therefore, is 4. 70 x 

0. 74 = 3.48 cfs. and the carry over is 1.22 cfs. 

The procedure for determining curb openings for all other inlets is 

identical to that explained heretofore with the exception that carryovers 

will have to be included in the following inlet as shown for Curb Inlet 2. 

It will be noted that at Curb Inlet 10, the ponded width is 30.7 ft. which is 

excessive on a 36ft. pavement. In this particular instance, however, we 

assume there is no other way to obtain a lesser width unless the City will 

install a storm sewer system along the side streets within the drainage 

area, in order that the bulk of the run-off is intercepted before entering 

the highway. 
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STORM SEWER DESIGN 

Because of the amount of work being handled by the Highway De­

partment within urban areas, the personnel of the Department engaged 

in plan preparation is being called on to de sign an increasing number of 

storm sewers. As storm sewer de sign is a problem somewhat differ-

ent from that of the usual drainage installation which we are in the 

habit of designing for rural areas, some comments and a brief illus­

trative problem on storm sewer de sign have been included in this in­

struction course. 

A storm sewer is a hydraulic structure de signed to intercept and 

carry runoff from certain specified areas. For the Highway Depart-

ment Designer this area is usually well defined through the municipality 

by the location of the highway proposed for construction or improve­

ment and generally includes only those areas draining to the highway. 

Consequently, the basic layouts of sewers designed by the Department 

usually follow the alignment of the highway with occasional short 

branches to inlets just across the street. 

As the systems or methods of determining the quantity of water to 

be intercepted from a given area, that is the relation between rainfall 

and runoff, and the hydraulic design of storm sewer inlets have been 

covered in previous discussions, we will confine our attention primarily 

to picking up the water after it has passed through the inlets and con-
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veying it to a convenient point of discharge off the highway. However, it 

might be well to mention here that in determining the quantity of runoff 

to be carried by a storm sewer, a storm frequency of 2 to 5 years is 

recommended depending on the importance of the highway. For free­

ways, carrying very heavy traffic, using a 10 year frequency storm is 

not out of line. 

The layout of inlets and connecting pipe lines should be such that 

the water collecting on the thoroughfare will be intercepted by the inlets 

and transferred into the sewer before excessive ponding takes place on 

the highway. In placing these inlets and connecting lines the layout 

should be so arranged that the water will be carried in as nearly a 

straight line as possible from the upper end of the sewer to the point of 

discharge. Sometimes the economic relation between pipe sizes, gra-

clients, cut sections and the presence of man made structures, will make 

it impractical to lay out the ideal straight line. Pipe sizes and gradi­

ents should be selected to provide a minimum velocity of flow of 2. 5 to 

3. 0 ft. per sec. In preparing the layout and working up the final design, 

consideration must always be given to the possibility of future connec­

tions by providing stub lines and larger pipes in the proposed installa-

tion if financing of these additions is possible. Manholes should be 

provided at all abrupt changes in alignment, intersections with branch 

lines, and at intervals of 400 feet to 600 feet in long lines to provide en­

trance for inspecting and cleaning. 
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Once the sewer layout has been established, the type of sewer 

should be determined. It is the practice of the Department at this time 

to construct all storm sewers of concrete, either precast concrete pipe, 

cast in place concrete pipe of circular or eliptical cross section, or cast 

in place rectangular section corresponding to our standard box culverts 

modified if necessary for extra fill depth over the structure. As a pro-

perly de signed storm sewer will invariably function as an open channel, 

its capacity can be determined by a proper application of the Manning's 

formula which is available in any hydraulics textbook. Practically all of 

the storm sewers with which the Department is concerned are con­

structed of precast reinforced concrete pipe. The method of selecting 

the appropriate size of pipe will be illustrated in an example later on in 

this lecture. Except for very short branch lines where 12 in.ches dia-

meter pipe may be used, pipe sizes selected should be not less than 18 

inches diameter. 

At a point in the sewer where there is an increase in pipe size, 

care should be taken to lay the invert profile in the proper manner. 

Such changes in pipe size will ordinarily take place at an inlet or at a 

manhole provided as a junction chamber where a branch line discharges 

into a trunk line sewer. The change in pipe size should be cared for by 

placing the discharge pipe invert below the inlet pipe invert an amount 

equal to the difference in pipe diameters. In other words, maintain con­

tinuity of gradient at the crown line of the pipe and drop or offset the 
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invert. If this method of establishing the gradient is not carried out, at 

any time the larger pipe is flowing full, the smaller pipe will be opera­

ting under pres sure which condition is to be avoided in a properly 

de signed storm sewer. 

In laying the profile grade care should be taken to provide the mm-

imum specified cover over the various sizes of pipe. This requirement 

is usually met automatically in that a headroom or freeboard of 1. 5 feet 

to 2. 0 feet should be maintained between the top of pipe and the gutter or 

lip of inlets. Pinching this freeboard down to a few inches will decrease 

the capacity of the inlet and cut down the headroom necessary to develop 

the velocity and entrance head required to force the water into the line 

when it is operating at maximum capacity. 

As soon as approximate pipe sizes and invert gradients have 

been determined for the several reaches of the sewer, test borings 

should be made along the line to determine the nature of the material 

to be encountered during construction as well as to determine the 

material available below the sewer to give it structural support. When 

borings are being made, the presence of ground water should be noted 

in the boring log and later shown on the sewer profile. Although ex­

cavation for sewer lines is usually set up in project proposals for 

bidding as unclassified structural excavation, the nature of the 

material to be encountered during construction is of great im­

portance to the Contractor in figuring his costs and should be 
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shown on the plans. Occasionally boring information will dictate a revi­

sion in selected pipe sizes and invert gradients. If it is found that the 

proposed sewer line will run through rock or gravel containing large 

boulders, provision should be made in the plan details to remove the 

rock and boulders a minimum depth of 8 inches below the pipe and to 

replace it with suitable bedding material such as sand or fine gravel. 

If the line runs through soft or mucky material not adequate to form a 

structural support for the sewer, the soft material should be removed 

and replaced with gravel and in some cases with lean concrete to form a 

supporting medium for the pipe. In particularly bad soil it is occa­

sionally necessary to provide for short piles to be driven under the 

concrete support or cradle to carry the weight of the structure. 

A knowledge of the nature of the material to be encountered under 

a sewer is very important. This is particularly true when lines must be 

laid on a flat grade where any settlement with resulting departure from 

the theoretical gradient would materially reduce the capacity of the 

sewer. The hydraulic capacity of the line can be greatly improved if 

care is exercised during construction to lay the pipe on true line and 

grade and by showing on the plans certain details which are frequently 

omitted. Provision should be made for shaping the bottom of inlets and 

manholes by filling corners and edges with concrete rounded to conform 

to the periphery of the intake and discharge pipes up to about half of the 

depth of the pipes. With this detail carefully carried out during con-
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struction there is very little loss of head and resulting sewer capacity 

through inlets and manholes, 

When the layout indicates that the sewer line must be carried under 

a railroad track, the Bridge Division should be furnished sketches of the 

proposed construction in accordance with instructions in Bridge Cir-

cular No. 4-44 so the Department will have the installation approved by 

the Railroad Company well in advance of contracting the project. Early 

submission of these sketches is particularly important in view of the 

fact that negotiations with the railroad will frequently indicate the possi­

bility of installing the pipe under tracks in an open trench excavation 

between trains, which method of construction is considerably cheaper 

than so called jacking methods, Bear in mind that all concrete pipe 

placed under railroad embankments must be extra strength reinforced 

concrete pipe and that a 30 inch diameter pipe is the absolute minimum 

size that will provide working room for excavation at end of pipe. Thir­

ty-six inch diameter pipe is the recommended minimum. Even though 

a smaller pipe might be sufficient to carry drainage, the larger pipe 

required for jacking should be used. 

In laying out a storm sewer the designer is frequently confronted 

with the problem of inter sections between the proposed line and ex-

isting storm sewers or sanitary sewers. A difficulty of this type is 

both a public relations and engineering problem, the solution of which 

must be satisfactory to the agencies owning the existing facilities. As 
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an existing storm sewer will usually dictate or follow a logical location 

to a point of discharge for the proposed line, parallel lines can be run or 

the two installations can be combined. Limited right-of -way or the ex­

pense of procuring the required right-of-way for two lines may dictate 

the latter course of action. The presence of existing sanitary lines pre­

sents a more difficult problem because it is not good practice from a pub­

lic health standpoint to combine sanitary and storm flow into a single 

line. Also the gradients of sanitary lines are frequently so flat as not to 

lend themselves to adjustment to clear any proposed installation. How­

ever, this can sometimes be done and is the practical solution when pos-

sible. More often it will be necessary to run the proposed storm sewer 

by the sanitary line either by a true siphon over the line, an inverted si­

phon under the line, or to carry the sanitary line through the storm 

sewer. When a sanitary line is carried through a storm sewer, vitrified 

clay or concrete pipe in that portion of the sanitary line within the storm 

sewer should be replaced with cast iron pipe. As the sanitary sewer will 

constitute an obstruction within the cross section of the storm sewer it 

may be necessary to increase the size of the storm sewer line for a few 

lengths of pipe on both sides of the sanitary line. Although sometimes 

necessary, this is admittedly objectionable as the increase in pipe size 

will decrease the velocity of flow causing solid material being carried by 

the water to be deposited in the larger pipe. In some cases this problem 

can be solved by placing a junction chamber at the intersection of the 
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two lines; the junction chamber being amply large to pass all the water 

which it is anticipated will come down the storm sewer. Such a junction 

chamber should be provided with a manhole so that it can be cleaned out 

if it becomes clogged with debris or gravel. 

In designing a storm sewer, erosion protection at the outlet of the 

line must be given consideration. Usually the outfall section of a sewer 

line is a rather large size pipe and when operating even at a moderate 

velocity of flow will discharge a large quantity of water with considera-

ble potential capacity for excessive erosion. Usually outfall lines 

discharge at velocities which definitely present an erosion problem un­

less discharging onto a highly resistant material such as rock or coarse 

gravel. It is occasionally necessary to discharge a sewer into an arroyo 

or creek channel with a channel elevation several feet below the sewer 

invert elevation as it approaches the point of discharge. In establishing 

the invert elevation it is always desirable to keep it as high as possible 

in order to reduce to a minimum the amount of excavation to be done 

during construction, which results in a sudden drop in grade at or near 

the discharge. With this type of outlet, erosion protection is invariably 

necessary. In some cases this can be accomplished by turning say 75 

feet to 100 feet of the lower end of the sewer abruptly down on a 

steep gradient and providing riprap and baffels at the discharge. This 

type of construction may involve considerable excavation in which case 

a surge chamber provides a reasonable solution to the erosion problem. 
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This type of surge chamber would consist of a rectangular box with the 

approach flow line at normal gradient elevation of the storm sewer line 

and the discharge invert at such lower elevation as may be necessary 

to obtain a comparatively flat grade from the surge chamber to the 

point of discharge. Irrespective of whether or not special features of 

this type are required at the discharge end of an outfall line, the end 

of the sewer should be provided with a headwall or if not a headwall 

some riprap to give the job a finished appearance and to prevent ero­

sion around the end of the pipe from overland flow above the outlet. 

Riprap placed to dissipate high discharge velocities should be carried 

well beyond the end and sides of the pipe and up over the line in which 

case the headwall would not be necessary. However, riprap in connec-

tion with a headwall makes a well finished outlet. 

Three different time intervals or time concepts are used in 

storm sewer design; inlet time, sewer time, and time of concentration. 

The inlet time is the time required for the water to flow overland from 

the remotest part of a drainage area to the inlet intercepting drainage 

from that area. Sewer time at any point in the sewer is the time re­

quired for the water in the line to flow from the first (generally) or 

highest inlet in the line to a given point in the sewer. The time of con­

centration is the sum of the inlet and sewer time. The word "generally" 

has been inserted parenthetically because as will be shown in a problem 

to be developed shortly, sewer time is not always figured from the 
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the first or highest inlet in the line. The time of concentration is the 

time interval used in determining pipe or conduit sizes. 

A simple problem in storm sewer design will now be given brief 

consideration. This problem has been set up as the storm sewer line to 

drain a few blocks of Main Street in a small city which for convenience 

has been called Levelville, Texas. By reference to the drainage map it 

is noted that ten drainage areas are involved with ten inlets correspond­

ingly numbered as shown on the sewer plan and profile. In problems of 

this type, if at all possible, it simplifies plan interpretation to number 

an inlet to correspond with the number given the drainage area from 

which it receives runoff. The amount of runoff to be carried by the sew­

er has been determined by the rational method which is well explained in 

the Department's manual "Rational Design of Culverts and Bridges. 11 

The several drainage areas have been determined by calculations using 

scale dimensions from the drainage map. The coefficient of runoff has 

been taken as 0. 5 for convenience and as being applicable to residential 

areas with some pavement. CA is the product of the areas times this 

runoff coefficient, which product multiplied by the intensity of rainfall 

"!" gives the quantity "Q 11 of runoff in cubic feet per second for the sev-

eral areas involved. The inlet sizes as indicated on the sewer profile 

have been determined by methods discussed in the previous lecture. 

The selection of pipe sizes and invert gradients begins at the up­

per end of the sewer where a pipe has to be provided only large enough 
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to carry the runoff from drainage area No. 1. Also, there being no 

sewer above Inlet No. 1, the sewer time is zero and the time of concen-

tr ation is the inlet time only. By reference to the tabulation on the 

drainage map sheet it is found that the inlet time for Inlet No. 1 is 12.5 

minutes with a runoff from drainage area No. 1 of 4. 7 c. f. s. to be car­

ried in the first section of the sewer between CI-1 and CI-2. The size 

of the line can now be determined by the Manning's formula. Opposite 

page 16 in the Storm Sewer Manual which was pas sed out in the preced­

ing lecture, is found a graphic solution of this formula for various sizes 

of concrete pipe. Referring to the first page of this graph it is found 

that an 18 inch diameter pipe placed on 0. 2% grade has a capacity of 4. 7 

c. f. s. and a velocity of flow of 2. 7 feet per sec. This size pipe will be 

used for the reach of sewer between CI-1 and CI-2. 

To design the second run of this sewer, that is the section between 

CI-2 and CI-3, it is necessary to make a comparison between the inlet 

time for CI-2 and the time of concentration as determined from the inlet 

time at CI-1 plus the sewer time between CI-1 and CI-2. This sewer 

time is the length of sewer between CI-1 and CI-2 or 117 feet divided by 

60 x 2. 7 or 0. 7 minutes, which interval added to the 12.5 minutes inlet 

time at CI-1 gives a time of concentration at CI-2 of 13.2 minutes. Now 

by reference to the runoff calculations on the drainage map, we note that 

the inlet time for CI-2 is 24. 2 minutes. In this particular case 24. 2 

minutes is used at the time of concentration in de signing the reach of 
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sewer between CI-2 and CI-3 as it is a reasonable conclusion that water 

entering the system at Cl-1 in the first 13.2 minutes of a 24.2 minute 

interval will have passed CI-2 before any runoff from the remote por-

tions of drainage area No. 2 could enter the system. The intensity of 

rainfall ''I' • for 24.2 minutes time is 3.11 in. per hr. which intensity 

must be applied to the sum of drainage area 1 and 2 as both areas will 

be subject simultaneously to this rainfall. The cumulative CA for the 

two areas is 3.92 which multiplied by an I of 3.11 gives a runoff of 12.2 

c.f.s. to be taken care of between CI-2 and CI-3. By reference to the 

graphic solution of Manning's formula, it is found that a 24 inch pipe 

placed on 0.3% grade will carry 12.4 c.f.s. at a velodty of 3.9 feet per 

sec. 

The time of concentration at CI-3 is obtained by adding to 24.2 

minutes, the inlet time at CI-2, a time interval representated by the cal-

culation 283 feet, the 283 feet being the length of sewer between CI-2 
60x3.9 

and Cl-3, the 60 x 3.9 being the velocity of flow converted to feet per 

minute. This gives the time of concentration at CI-3 of 25.4 minutes 

which time being larger than the inlet time for CI-3 is used in designing 

the line between Cl-3 and CI-4. The intensity of rainfall for a time of 

25.4 minutes is 3.02 in. per hr. which multiplied by 6.71 the cumulative 

CA for drainage areas one to three inclusive, gives a runoff of 20.3 

c.f.s. to be carried in the sewer between CI-3 and CI-4. A 24 inch pipe 

on 0 .81o grade will carry this quantity of water, but it is noted on the 
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sewer profile that a 30 inch pipe on 0. 45o/o grade is proposed. In select­

ing pipe sizes it was found that a 30 inch line would be needed beyond 

CI-4 and by using this size pipe between CI-3 and CI-4 the invert ele­

vation is held up and a straight grade maintained between CI-3 and CI-5. 

By a series of similar calculations the remaining pipe sizes and 

gradients for the sewer are determined until m.anhole No. 1 is reached. 

By reference to the plan layout of this sewer it is noted that at 

CI-9 the line is run diagonally across Sixth Street to a manhole placed at 

the northeast corner of the street inter section and that the runoff inter­

cepted in CI-1 0 is proposed to be carried in a 21 inch line directly from 

the inlet to MH-1. If the main line were run from CI-9 to CI-10 with the 

outfall line running north on Sixth Street the direction of flow would be 

turned back against itself in CI-1 0 or in a combination inlet and manhole 

placed at that location. Consequently, the line has been run from CI-9 

to MH-1 which avoids the more than 90 degree turn at CI-10. Even 90 

degree change..:, in direction of flow should be avoided because of head 

losses due to turbulence and entrance. This is particularly true in flat 

areas where every bit of available fall must be utilized to provide flow 

and not dissipated in faulty design. 

In determining the size of the outfall Line C the de signer is con­

fronted with the problem of selecting the proper time of concentration at 

MH-1. As the sewer time between CI-10 and MH-1 is only a fractional 

part of a minute, the time of concentration at MH-1 will, for all prac-
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tical purposes, be the same as the inlet time at CI-10, or 50 minutes. 

If the corresponding rainfall intensity of 2.02 in. per hr. is applied to the 

total drainage area, one to ten inclusive, or 48.61 acres with its corres-

pending CA of 24.31, a runoff of 49.1 c.f.s. is obtained. The complete 

design of Line A above MH-1 yields a time of concentration at MH-1 of 

29.5 minutes and if the corresponding rainfall intensity of 2.80 in. per 

hr. is applied to the total drainage area, 48.61 acres, a runoff of 68.0 2 

c .f.s. is obtained. Because of the 20.5 minutes difference in the two 

concentration times at MH-1, it is a logical cor.clusion that the runoff 

from drainage areas one to nine inclusive will pass MH-1 before water 

from the remote part of drainage area No. 10 reaches the manhole. For 

this reason, in determining the size of outfall Line C only a portion of 

drainage area No. 10 is used in combination with areas one to nine in-

elusive. By simple calculations we find that runoff from the 1, 770 feet 

of the drainage area above CI-10 will reach MH-1 in the 29.5 minutes 

time of concentration through Line A. Scaling 1, 770 feet up drainage 

area No. 10 from CI-10, it is found that the portion of drainage area 10 

to be drained in 29.5 minutes terminates at approximately Eighth Street. 

This represents an area of 11 .2 acres to be added to areas one to nine 

inclusive or a total of 42.51 acres which with the 0.5 runoff factor has a 

CA of 21.26. Multiplying this CA by 2.80 in. per hr., the intensity of 

rainfall for a time of 29.5 minutes, a runoff of 59.5 c.f.s. is obtained. 

This figure seems more reasonable for use in designing the outfall than 
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either the low figure of 49. 1 c. f. s. or the high of 68. 0 c. f. s. The 42 

inch line on 0. 403% grade with a capacity of 64 c. f. s. and the discharge 

velocity of 6. 6 ft. per sec. is proposed for the outfall. Manhole No. 2 

is provided about halfway down the outfall. A standard CH-11-B head­

wall is designated at the outlet to keep the bank out of the flowage way 

and to provide a finished appearance to the work. A 500 feet outfall 

channel carries the water from the sewer to a convenient disposal point. 

A careful scrutiny of the preceding problem will reveal at least 

two apparent falacie s, both of which have been introduced to bring out an 

important point in the storm sewer de sign and that is "Don't split hairs." 

The drainage areas have been calculated from dimensions scaled off 

the drainage map and are undoubtedly subject to minor discrepancies, 

but the degree of accuracy obtained is consistent with the runoff coef­

ficient of 0. 5 and the five year intensities of rainfall calculated by an 

imperical formula based on existing rainfall records. Additional re­

cords could show the constants in this formula to be in error. The line 

of demarcation between the areas is very uncertain and subject to 

change due to property improvements. Also, the selection of the runoff 

coefficient is one of engineering judgment and it is unlikely that two 

well qualified engineers would both select the same coefficient for a 

given area. It is also noted that at CI-2 and MH-1 different methods 

have been used in handling different times of concentration. At CI-2 an 

intensity of rainfall based on a time of concentration of 24. 2 minutes has 
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been applied to the total drainage area above Cl-2, while at MH-1 an in­

tensity of rainfall based on a time of concentration of 29.5 n1inutes, an 

interval less than the inlet time at CI-10 has been applied to all of the 

area drained by Line A together with only a portion of the drainage area 

No. 10. The simplier method used at CI-2 appears justifiable, as any 

difference in intensity applied to the small total area above CI-2 i.e. 

drainage area l plus 2, would result in only a small change in calcula­

ted runoff, whereas it has been shown that the same procedure applied at 

MH-1 would result in an appreciable difference in runoff. 
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