PLAN PREPARATION

BOOK Il

Prepared By The Bridge Division
of
The Texas Highway Department

Austin, Texas December 1952



REPRODUCED BY
OPERATIONS DIVISION
TEXAS HIGHWAY DEPARTMENT
AUSTIN, TEXAS



FOREWORD

This pampblet is Book I11 of a five book manual on Plan Preparation that
bas 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 1. selected
District Representatives who in turn will become instructors for the entire
District Personnel. Book II1 and Book 1V of the Manual, which have been
prepared by the Bridge Division, contain not only material always appli-
cable to structure planning and plans, but also several 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 grade 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 cémmon 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 in
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,



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 present 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



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 responsi-
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 design 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



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 crossings have been selected and approved by all inter-

ested 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 designed,
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 design 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.



Culverts and small bridges individually will be subordinated to
highway routing, location, and design 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, Present day traffic demands and advances in
the technique of structure design 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 crossing at any random point. These crossing 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-
proach fill, Elements of alignment and grade-line will of course com-

ply with the road design requirements for the given class of road.



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
issue 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 to re-

construct the existing bridge on the present line or very close to it, The



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 investi-
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 gemneral 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



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 develope‘d. In cases of heavily wooded flat ter -
rain, such as the lower Sabine valley, their value may 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 Design Divi-
sion. 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 Design Division the use of Highway
Planning Survey data in road design was discussed. Many of these data
will be applicable to the problems of bridge location, 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



such material for bridge investigation is made directly to Road Design
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-
neers, 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 it",5 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 described 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 1

Plate I illustrates a bridge location problem in the flat coastal

country near a sizeable community, The drawing was prepared from



aerial photographs. Location "C'" was the original bridge crossing,
built in 1926. Location '"B'' will replace this crossing some time in
1953, Location "D'" was considered as an alternate to L.ocation "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 crossing 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 is involved,

The crossing 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

10



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 in
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 IIl is a section of
the U, S. Engineer Department Trinity River Survey 1939, 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

11



light low one way trusses with timber floor supported on an abandoned
lock and dam in the river, Location "B'" 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 "C'" and
"D" 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 crosses 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-

12



sitate the abandonment and reconstruction of five miles of permanent
highway.

The crossing on Line D 1is 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. Location "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 superstructure 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 present 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 "D' east of the Nava-
sota River, with flexible base between,

The proposed Location '"B' would preserve the concrete pavement

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 "C" would preserve 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 em-
bankments 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.

14



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 Design 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 may appear to be desirable 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 minimum 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 developmenthas 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 ‘*Underreaming."'’

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 possible 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 standpoint. 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 material is encountered at shallow depths and
adequate investigations can be made by digging open pits. Then, those

border line cases willbe 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 and fail to
furnish complete data upon which to make an impartial study of all pos-
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 drillrigs 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.

24



FIG. 1. ROTARY CORm el RIIG AMD

OPERATION



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 b#rrel is a thick wall tu‘pe with saw tooth cutter. The inner barrel

is a thin wall tube connected to the head of the sampler on a free running



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 sheetmetal
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.

FIiG. 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.

& .' o 23
- v

FI1G, 2-D PUSH BARREL SAMPLER
SHOWING CORE BEING EXTRACTED

The last and least used sampling tool is the cohesionless sand
sampler. (Fig. 2-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 Division, 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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HAMMER UNIT CLOSE-UP
: TRIPPING MECHANISM

FIG. 4

AUTOMATIC TRIP HAMMER
USED IN MAKING THE STANDARD PENETROMETER TEST



STANDARD PENETROMETER TEST
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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 atthe 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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1. 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 maximum 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 footwith 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 sometimes 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-
ineers 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. Cohesionless 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.

Estimated

Depth Dynamic Frict. Area Static Resistance Estimated True
Ft. Res. Tons Pile Sq. F't. 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 design 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 38 ft. depth
and our problem is to determine the safe allowable unitload 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 of this design as compared

with the pile foundation design determined in the first example.
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Examples - Class Il 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. 1"’ 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 based 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 40 ft. 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 in 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 is calculated
by the equation:

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

Overburden pressure in lbs. per sq. inch.

i

in which

Submerged Density in lbs. per cu. ft.

U
w
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.f. This value can be calculated if preferred by scaling the value of
cohesion, ¢ = 4.5 p.s.i. and the angle of internal friction, § = 20 degrees,
from the same diagram and using the following equation:

S

c+Utan @ = 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-
lated with the following equation:

P* = Sa = 1454(18.7) = 27,200 1lbs.

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 in Fig. 9. This pile was load tested and proven ade-
quate for a design 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 design 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:

Where:

Z = 0.707 r (1)

U = W(d+z)12 (2)

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

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

P = P (4)
F.S

depth, in feet, from bottom of footing to point of maximum
shear stress in soil.

radius of footing or radius of equivalent circular area for
non-circular footings, in feet.

overburden soil pressure, assumed to act hydrostatically,
in pounds per sq. inch.

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)
depth, in feet, from surface of ground to bottom of footing.
Where material is subject to scour, take E as distance from
point of maximum scour to bottom of footing.

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. 1. is obtained and where the left side of the maximum stress

circle cuts the horizontal axis the value of H = 35.9 p. 8. 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-
parison 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 underreaming 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 underreaming.

In addition to the assumptions stated above, this method of esti-
mating the safe allowable design 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

1 1/2 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. Undisturbed 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 in 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 ¢)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 yf

1)

0.577 (Assuming ¢ = 30°)

A = Surface area (sq. ft.) of pile in 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)

(0 + 50%) 0.5777)5p

35 x 2000 =
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p = 44 ft.

Required penetration would then be 44 ft. 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 taken, the maximum safe
allowable wunit pressure is taken as one-half the ultimate crushing
strength in tons per square foot as obtained from unconfined compres-
sion 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 Sscour.

(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 believedtorepre-
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 by the 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. U3 75

14 inch concrete pile (precast)

DENSITY* AV. DEPTH HYDRO. PRESS. SHEARING STRENGTH PILE SURFACE ULTIMATE CAPACITY

STRATA**  "W" "p" "y "s" AT "pn
ft. #/cf ft. psi psi psf AREA. ft. # tous
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 11.0 1585 18.7 29,600 14,80
34-36 58.0 35.0 14.1 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
TOTAIL, FRICTIONAL RESISTANCE 68.50

¥Submerged density calculated by
subtracting 62.5 from Av. Wet Density

*¥ZJtrata 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

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

GRAVEL is 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.)

SAND is a non-plastic, cohesionless, granular material composed
of fine rock particles. (Particle size: 100% Passing No.10 sieve
and 100% retained on the No. 270 sieve.)

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.

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.

ORGANIC MATERIALcovers 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.

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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7 BASIC GROUPS WITH SUGGESTED DESCRIPTIVE TERMS

BASIC KIND OF CONDITION

GROUP FORMATION OF FORMATION

Rock Sandstone Slate Soft Firmly Cemented
Limestone Granite Medium Hard Laminated
Chalk Flint Hard Nodular
Conglomerate Gypsum Loosely Cemented

Gravel Limestone Clayey Fine Dense
Flint Silty Coarse Well graded
Caliche Loose Water Bearing
Sandy Compact Clean

Sand Clayey (Loam) Fine Compact (Pack)
With Clay Lenses Coarse Dense
Gravelly Well Graded Cohesionless
With Sandstone Lenses Water Bearing
Silty Loose

Clay Sandy Silty Very Soft Mucky Varved
Gravelly Organic Soft Slickensided Marly
Shaley Calcareous Plastic Friable Marbelized
Joint Loamy Stiff Fissured
With Sand Lenses Hard Crumbly

Shale Sandy Soft
Silty Medium Hard
With Clay Lenses Hard
With Sandstone Lenses Fissured

Organic Lignite Odorous

Material Peat
Muck
Silty

With Clay Lenses
With Sand Lenses

Silt Organic Loose
Inorganic Dense
Clayey Water Bearing
Sandy
Gravelly
Loess

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

1. 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 1is for large structures over 20 feetin 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%) could be realized this saving would amount to $20,000,000.00 an~
nually which is a sum more than half of the total Federal Aid Highway
appropriation to the State of Texas for the year 1953. 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 be determined it is necessary to ascertain the
flood flow characteristics of the streamn to be bridged. Sources of data
and methods of analysis used in these determinations will be discussed
in this paper. Other papers in this schoolwill 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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imum probable discharge that may be expected to occur on the average
in 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 from the stage-discharge and the stage-
frequency curves. Figure 14 is an exam,le of stage-discharges or rating
curve.

All flood discharges are derived from runoff from rainfall on the
area of watershed tributary to the stream. 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 size 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 surveying 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 soil, 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
proper 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 100F, 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 in 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
discharpge.

Another factor to be considered 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 23 inches with this amount found in the
Blanco area. As distributed this flood caused the following discharges:

Pedernales River at Johnson City 450,000 c.f.s.
Llano River at Llano 250,000 c.f.s.

Blanco River at U. S. Highway

81-San Marcos 96,400 c.f.s.
Blanco River at Wimberly 99,000 c.f.s.
Colorado River at U. S. Highway 190 80,000 c.f.s.

Colorado River into Lake Travis
(2-15-min. Periods) 840,000 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 in 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.); ¢ = 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:
l cf.s. = 3600 cubic feet per hour

43560
1 acre inch = 12 = 3630 cubic feet
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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+4d)°€

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 of t is derived from calculations for overland flow
using values of runoff velocities found in Table 1. 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. 5. Geological Survey and the Texas State Board of Walter
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 (1486 R2/2s1/2,

n

Q =AYV =
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 eachvpart 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 1e§s 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=A%V2gh
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 is 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 = 1x60 = 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 x0.35 +0.30 x0.25 + 0.30 x 0.20) = 0.275
A = 230 acres from the drainage area map Figure 1. with this
information
Q=CIl1A=0.275x%x3.75x230 =238 c.f.s.

16. 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 in 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. for this 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 L 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 947 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 350000 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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