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- THE GEOLOGICAL DISTRIBUTION OF HIGHWAY BASE COURSE
MATERIAL AND AGGREGATE IN FLORIDA

By
Robert O, Vernonl |
INTRODUCTION
The Florida Staﬁe Road Depart.merit's philosophy of road build-
ing includes the purpose of using any rock materials in the area through
which the road passes, provided these materials will meet or can be
made to meet the specifiéations of use, This general philosophy also
inclp.des planning to have the cutsbalance the fills with hauls being made
as short as Possible.
Failure of the road bed as a result of freezing and thawing is not
a particularlydistressing problem in Florida, but, because of our heavy
rainfall over short periods of time the saturation by water and resulting
failures ‘t;y flow does present some difficulty. Soft clays and organic
muds, mucks and peats occupy shallow sinkhole depressions through the
State, and are preSent in large numbers along the coastal lowlands.
These soft sediment-filled sinks are exca.vated where they are inter-
sected by roads and are refilled by sand, which is compacted, If the

sinks are excessively deep, piling or bridging may be used.

1Director, Florida Geological Survey, Tallahassee.
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For sfat; ro.adé, , é.base course of several accepted'rﬁaterials
is placed uéon the grade and sections cut into the native sediments,
The thickness of the base course varies from 6 to 10 inches when com-
 pacted, depending upon the amount of the road traffic. Upon this base

course, pavements of concrete with silica gravel and sand, and with
stone.and sand as.aggregates can be .cons,txu.ctéd. Bituminous mixes
‘require a prime and a tack Vcoat upon fhe. base course followed by the
bituminous pavemeni:, which may consist of 1) various sand-asphalt
mixes>, both hot and cold, using silica sand, stone screening, slag
screening, or shell; 2) asphaltic .concrete binder course followed by a

surface course, using both stone or slag and the fine aggregates above.
- BASE COURSE MATERTIALS

Several mineralmaterials have been used for base-course ma-
terials in Florida., These must be porous and permeablle, uniform or
easily ma{ie so.by mixing with other sediments, and must be easily
worked intq a smoo’;h, firm surface free of pits and pockets.

Base-course material should show no téndency, to air slake or
undergo rapid chemical change when weathered. Limestone must be
uniformly graded from the largest pieces down to dust, and of a stated
chemical content, Hard, lumpy, and flinty pieces are allowed up to a
percentage Whére their presence prevents the forming of a smooth sur-

face. The presence of trash and other foreign matter is not tolerated.
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The plasticity: index,vthé vo,lume of watér in percent necessa;y to
change tl.me rock fromits plasticlimit to where the crushed rock matrix
will_deform and flow, is closely. contr‘olled and is notallowed to exceed
10 percent.

Materials' near the road right-of-wayare desirable not only for

the ease of handling, but also. because of low cost. The widespread

occurrence or soft, granular limestones in Florida (frontispiece) pro-
vide convenience pits along many roads. Centers of production near
Ocala, Williston and Miami can ship these materials at low cost to
most of the State. Only in the Panhandle area is a sand-clay base
commonly used, elsewhere limestone, marl or shell is specified.

Limestone, the primary material for road~base courses, is sold
for about a dollar per ton F.O.B. at the plant. More than 4 million
tons are used annually for this purpose. Sand-clay base course is
similar inprice, butthe depositsare limited and becomingincreasingly
hard to find.

Limestone, sand-clay mixes, shell, marl and, where the traffic
load permits, local rockbases maybe used. These are 1isted approxi-
matelyintheir order of preference. Of the limestones, the Ocala group
is the best available material. It is, as mined, more than 95 percent
carbonate and is clean, uniform, smooth working and easily handled.
Dampnes_s rarely disturbs the road bed because the Ocala has an ex~

cellent porosity and permeability. The granularity of the limestone



4
a.llows the disking of the base course, and the soluble organic-calcite
forms a smooth compacted upper surface withlittle werttuing. The stone
is clean, eavsiiy dressed and paverhent materials can be easily and
firmly placed upon it.

A group of limestones of upper Eocene age called the Ocala
- group and -'i-n-c-iudi'ng the ‘Crystal River, the Williston and Inglis forma-
'tion_s, crops out along the crest of the Qcala uplift along the tier of
counties of the westernpeninsula from Suwannee southward to He rnando.
These limestones are extensively mined in the Ocala and Williston
areas and elsewhere in adjacent counties, where paved roads cross
the outcrop. These limestones also crop out in Holmes, Washington
and Jackson counties, put no attempt to utilize these as base course
has been successful. A reserve of some 3 trillion cubic yards is pre-
sent in the Ocala-Williston district and 15 billion yards in Holmes,
Washington and Jackson counties.

Younger Oliéocene and Miocene sediments, the Suwannee lime-
stone and the Tampa formation, have been utilized under the term
'""Ocala limerock, " but the plasticity index is usually too high for
these to be used except when mined and combined with the limestones
of the Ocala group. The Oligocene and Miocene limestones lie gener-
ally around the outcrop of the Ocala group in counties ﬁat adjoin the
Ocala area. A recent test ofdolomitic limestone of the Tampa forma-

tion or Suwannee limestone, exposed in Jefferson County, indicates




fhaf this rock might be utilized for base course,

M1am1 limestone as used by the State Road Department includes
all lime'stone mined below the 28th degree parallel, but for the most
part is Miami oolite of Pleistocene age. Thése' limestones are allowed
~to have a minimum of carbonate of 85 percent, a plasticity index ﬁ_ot
greater than 6 .pe,rvcent.‘and‘ aliquid 1imi.tb.e.10\x}, 35 percent. Hard pieces
offer some difficulty in obtaining a smooth upper surface. About 16
billion cubic yards of Miami limestone is present in the‘ southern pen-
insula of which only a portionis available for mining. Because of large
land developments the area available for mining is becoming increas-
ingly smaller.

Shell base- course must be clam or oyster‘ shell, but steamed
shell cannot be used. Acimixtures of other mineral materials having a
bearing weight of 30 pounds per square inch is permitted as a shell
stabilized base. Oyster shells are dredged from deposits aécumulated
in bays,‘ bars and oécasionally_ from large Indian shell mounds, One
difficulty inusing shells for base course is the re.quirement to wetheav-
ily, and more often than limestone, to secure a smooth, firm surface.

Broken and whole shells make up 80 to 90 pefcent of the beach
ridge along the Atlantic coast and to a limited degree the beach and
ridge sediments along the Manatee, Sarasota, and Charlotte County
coast. These shells. are loosely to firmly indurated and except for a

limited local use as a base course or road surface, the material is



.ex';nployed for other more valuable sﬁructurdl uses,

- Marl base mustbe either a shell marl that is uncemented or so
indurated that it can be blasted in the pit and crushed by rolling on the
:;-oa.d. The plasticity index mustnotéxceed eight percent. Marl occurs
rather commonly along the coastal ;areas' of the Peninsulaat veleva‘tions
generally below 25 feet and rather generally along the d‘eei) stream-

cuts of Holmes, Washington, Walton and Okaloosa counties,
AGGREGATE

Course aggregate is a scarce item in Florida., The State Road
Department permits the use of silica gravel, stone or furnace slag.
For use in Florida roads, silica gravel must be clean, tough, durable,
quartz. The loss in aLos Angeles abrasiontest cannotexceed 45 per-
cent and the dry-rodded weight per cl:ubic foot must exceed 95 pounds.
Stone must be clean, sound, durable rock that, when subjected to the
- Lios Angeles gbrasion test, the loss shall not exceed 40 percent. Slag
must be clean, tough, durable pieces of air-cooled, blast furnace slag,
reasonably uniformin density and quality, containing not morethan 1.5
percent of sulphur. The dry-rodded weight shall exceed 70 pounds per
cubic foot and abrasion loss shall not exceed 40 percent. Slag cannot
be used for portland cement concrete,

Fine aggregate for concrete shall be hard, strong, durable,

reasonably well-graded, uncoated grains of quartz, reasonably free of
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extraneous substances, However, natural sand, stone screenings, slag
screeninés, or combinations of these, provided they meet the abr_as‘ion
requirements and are clean, tough,-angular grains free from clay,
loam and other foreign matter, may be used 1n asphaltic concrete 01;
binder course,

Hard, dgnsg limestone is the only coarse aggregate produced
in any abun&ance in Florida. Indurated thin-bedded limestone of thvve
Miocene—Tampabformation and Oligocene-Suwannee limestone is mined
in Suwannee, Hernando and Lee counties and more than 3 millidn tons
are used annually at a cost of $1.00 to $3.25 per ton F.O.B. cars at
the plant, The harder seams and .beds of limestone mined along the
outcrop in Broward and Dade counties are screened from that sold for
base course and are used as aggregate, To a very minor percent this
separation is also made from the Ocala limerock.

Slag is shipped into Florida from the Birmingham district at a
cost of $1.75 to $1.95 per ton F, O, B. cars at the plant. The freight
rate makes Florida stone competitive. About 1.2 milliontons of silica
gravel is produced from.dredgings in the Flint River. Minor deposits
are known to occur in northern Escambia and Santa Rosa counties and
in southwestJackson County, but most of the silica gravelused in port-
land cement concrete is produced from these limited resources.

Insofar as fine aggregates are -concerned, fine to coarée quartz

sand 1s widely distributed over the State. Almost any road built in
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Florida crosses suitable quantities of clear, sharp sand. However,
because stone and slag are required as coarse aggregates it is some-
times more convenient and cheaper to use slag and stone screenings -

as vﬁne aggregate, or to combine these with locally produced quartz,




PETROLOGY OF CONCRETE AGGREGATE |
By
Bryant M‘a.ther1
It was my pleasure to p-articipate in the program of the 1956
Symposium, On that occasion I remarked that the fract that it was then
the 7th'Symposium onGeology as Applié‘d toHighway Engineering should
signify that there was no longer any need to advocate as new the use of
geological knowledge and techniques in connection with highwéy engi-
neering. Much of what I had to say in 1956 concerned aggregates for
portla{d- cement coﬁcrete and some of the things I said then will be re- |
peated here.
Formanyyears aggregates were defined as 'the inert materials
such as sand, crushed stone, and similar particles, "' which together

with cement and water compose concrete, Ifone examines the still val-

uable Treatise on Concrete, Plain and Reinforced by F. W. Taylor and

Sanford E. Thompson, which was in its third edition in 1916, or the

fifth edition of Johnson's Materials of Construction, which appeared in

1919, one finds no reference either to the concept that aggregateis,

can be, or should be other than inert, or to the suggestionthat samples

Civil Engineer (Concrete Research); Chief, Special Investigations
Branch, Concrete Division, U. S. Army Engineer Waterways Experi-
ment Station, Jackson, Mississippi.

9



10

of ma,terial_si proposed for use as aggregate should be examined by a
geologist or petrograpﬁer. The first record that we have been able to
locate of the employmentof a petrographer indescribing and classify-
ing concrete aggregatesis areportpublishedin May 1915 inthe Bullétin
of the AIME by C. W. Tomlinson entitled "Metilod of Making Mineral-
ogical Analysis of Sand.!'" This report describes a method that he de-
| veloped under the direction of Prof, M. O, Withey and Prof. A. N.
Winchell at the University of Wisconsin. Tomlinson's procedure con-
sisted of separating a sand sample weighing about 300 g into four size
ranges by the use of sieves, separating each sieve fraction into four
specific gravity classes by the use of heavy liquids, and then examin-~
ing and counting the particles of each class in each size range using a
hand lens or microscope and computing weighted average composition.
: vWe do not have information as to what, if any, specific engvineering
utilization was made of the information developed from Tomlinson's
work,

The literature contains; Ijelatively few references prior to 1930
relating to specific geological and petrographic iniornriatibn on aggre-
gates that was used directly in ez;xgineeririg. Taylor and Thompson's
treatise cited the work by Feret published in France in 1897 on the
effect of the presence of mica in sand on the tensile and compressive
strengths of mortar., They also cite additional work by W. N. Willis

in 1907 where weighed quanﬁties of mica were added to standard Ottawa
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~sands thé.t were thenused in me.xking mortars from which tensile-strength
test spec'imens were molded. It was indicated that the tensile strength
dropped off as the mica content increased but it was also shown that
this was caused alzﬁost entirely by an increase in the amount of water -
required for mixing rather than due to any specific physical or chemical
characteristic of the mica particles as such. Thediscussion concludes
with the interesting and cryptic statement, "Black micawith adifferent
crystalline form is not injurious to mortar.'" So far as I know, this
question has not been subsequently exafnined.

In the 1920's G. F. Laughlin was called upon to participate in
an investig-ation of the £ailure of certain concrete in service that was
suspected of having resulted from the use .as aggregate of material
having constituents with undesirable properties. He found that the ag-
gregate was altered anorthosite and found that it contained considerable
quantities of the zeolite, laumontite, which éharacteristically loses
water and disintegrates when exposed to air. He was able to establish
a correlation between deterioration of concrete and the use therein of
aggregates‘containing significant quantities oflaumontite, He continued
his interest inconcrete aggregates and wrote on various aspects of the
question, This work stimulated several engineers connected with high-~
way departments and other concrete-using agencies to send to him sam-
plesof aggregates associated with unsatisfactory service from concrete

or associated with suspicious test results. His study ofthese samples,
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which consisted almostentirely of lime sfones, involved assistance from
: C. S. R.oss> of the U. S. Géological Survey in determining the nature of
the clay minerals present. All of the specimens contained clay of the
montmorillonite grdup, according to the optical criteria then in use.
Beginning in about 1940 with the discovgry by T. E. Stanton of
the California Division of Highwayé of the kind of concrete deteriora-
tionnowknown as ''alkali-aggregate reaction' there was a considerable
increase in the degree to which.the services of geologists and petrog-
raphers were employed in the study of aggregates for concrete. The
California Division of Highwasrs and other highway departments, particu-
larly in the West, obtained geological and petrographic assistance, as
did the U. S. Bureau of Reclamation, the Corps of Engineers, the
National Bu;ceau of Standards, and other agencies, In a few instances,
particularly the PCA, the NBS, and the Corps of Engineers, a petrog-
rapher was already available in the concrete résearch establishment
as a resultof a previouslyrecognized need for the employment of sﬁch
talent in the examination of portland-cement clinker by reflected light
microscopy techniques. The California experience was first directly
correlated with aggregates described aé "siliceous magnesian lime-
stones, ' The Bureau of Reclamation's experience was correlated with
aggregates consisting of rhyolites, andesites, and dacites. The initial,
and entirely logical, reaction of engineers to these correlations was to

specify that aggregates shall not consist of or include such materials.
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When it became apparent, howevér, that it Wés clearly uneconomic to
exclude fi'om use é.s aggregate limestones, volqanic rocks, and sili-
ceous gravels, research was carried on at an accelerated rate in an
effort, on the one hand, to pinpointmore precisgly the specific reactive
constituents and, on the other, to develop alternative means of dealing
with the Aproblerh._ In the course of these invést_igations, primarily in-
stigated because of concernwith alkali-‘aggregate reaction, many other
aspects of th.Levnature and properties of concrete aggregate material
have been investigated, classified, and correlated with performance
of concrete. As a result, we can no longer speal'< of aggregates as inert

material. Arecent treatise; The Technology of Cement and Concrete,

published in 1955 goesto the other extreme in stating '"Most aggregates

when bound into concrete by a cementing medium are highly reactive

rather than inert. " It is then pointed out that the activity may involve .

any one or a combination of chemical, physical, and thermal forces,
This treatise.discusses concrete aggregates in five chapters, the first
of which is an introduction and the second is entitled "Geology and Pe-
trography of Concrete Aggregates, " '

Geological activity relating to concrete aggregatesis now tech-
nologically and economically important not only with regard to labora-
tory investigations but alsovas it relates to explorationand production.
The sand and gravel industry has grown during the 20th Century from

very small proportions toits present size, in whichit exceeds all other
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non-fuel nﬁineral industries in tonnage and is among the highest invalue
'>ofproduct.- Ninety per cent ofits production enter; the constructionin-
dustry. Asomewhat comparablehistoryhas characterized the crushed-
stone industry. Many deposits of sand and gravgl and stone have been
exhausted orh_ave beenrendered unavailable due tourbandevelopment.
Similarly, the demand has Vincreased absolutély and developed in lo-
calities whére it did not previdusly exist. This has resuited in the need
for locating new sources of raw maﬁerials inplaces where their exist-
ence is not immediately apparent.r Modern production equipment and
processing plants for the aggregate industry represent large invest-
ments of capit'allwhich are justified only Qhen ample resources of raw
mateﬁal are available. Itis, therefore, increasingly necessarythat
the geological situation be thoroughly explored before a site for a sand
and gravel or crushed stone operation is brought into economic pro-
duction,

The policy of the Corps of Engineers of the U. S. Army regard-
ing aggregatés for portland-cement concrete to be used in Civil Works
construction differs from that of most concrete-using agencies in a
number of respects. In the fi“rst place, - quality is not controlled by
specifying conventional limits on the results of standard phjrsical and
chemical tlests. This deliberate change from conventional practice was
adopted because of a belief thatsuch limits are bothunreliable and im-

practical. Control of the factors that influence quality remains with
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the Contracting Officer., The Corps' policy is to determine the suit-

ability of all sources 1ocally and economically available for a given

project, in advance of advertising for bids, In the determination of

suitability, all appropriate available testing and examination proce-
dures are employed. -In the planning and design stages of a project,
- an important phase is selection of suitable aggregate sources. This
investigationis directed tobe madeby ""engineer-geologist teams work~
ing together" and should have as its objective, in the case of a large
project, the location of a source which can be owned or controlled by
the Governﬁent, or; in the case of a.vsm-al‘ll_‘:é‘r project, the location of
ail sources determined to bé ec.onomi.caliyf competitive and acceptable
from a quality standpoint. Once potential sources have been sampled
and the samples deliveredto the 1aboratory, it is directed that prelim-
inarytesting should consist of petrographic examinationand determina-
tion of elementary properties such as specific gravity and absorption,
Subsequent lraboratory studies are directed to include more complete
petrographic study, determination of additional physical properties,
and tests fér concrete making properties. At the conclusion of these
studies a report will be prepared, giving the results, and recorhmend—
ing which of the sources investigated should be listed as approved.
When several sources are approvedithey are listedin the specifications
and the contrac,;tor is given the option of supplying from anyone of them

or from another source not listed, If he elects topropose asource not

et e e b BEr e b g aes
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listed as approved, it will be sampled, thev sa.rriples tested, and ifv
satisfactory, it will be approved; if not satisfactory? it will not be
approved and he must then furnish from one of the approved sources,
The spécifications clearly specify that "Approval of a source is not to
be construed as approval of all material from that source. The right
-8 reserved toreject materials from certainlocalized areas when such
materials are unsuitable as determined by the contl"acting office." Fur-
ther it is required that '"material from an approved source shall meet
all of the grading, uniformity, ‘and particle shape requirements of the
specifications, "

I mentionthe Corps of Engineers" approach toaggregate speci-
fications because it is unique, because it involves a more routine and
larger degree of participation by geologists, and because it, to some
bextent, I believe, points to a possible solution to what is described as
'""one of the mostdifficult problems" confronting the aggregate industry,
namely, "the complexity andinflexibility of specifications for concrete
aggregate, " (USBM Mineral Facts and Problems).

As long as it was assumed as a premise that aggregate parti-
cles in concrete were inert, there was nothing that éould have been
properly discussed as ''the petrology of concrete aggregates.! Now
that it is recognized that aggregate particles are rarely, if ever, inert,
there ismuch to discuss, However, in the present state of knowledge,

I am not prepared to give final answers regarding the interrelation of
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thé ma‘ny‘préperties of aggregates with the many aspects of their en-
vironment in concrete. Any solid particle - of any size such that it
will pass through the larger and be retained on the smaller of aﬁy two
sieves that nﬁay be used in processing materials for use as aggregate
may - and usually will - become anaggregate particle. Suchaparticle
will .5e unique;no other particlein the world \&ill have exactlythe same
shape, surface texture, mineral composition, pore structure, strength,
hardness, resistance to abrasion, thermal coefficient, modulus of elas-
ticity, and so on. Also no other particle will have precisely the same
environment, temperaturehistory, loadinghistory, and the like. Hence
all evaluations must be statistical and in terms of similarities and dif-
ferences on a statistical basis. This is why it i impossible - and
dangerous - to state categorically that granite is ''good' or that shale
is '"bad" - aé aggregate.

In the alkali-aggregate reaction we now know that for delete rious
expansion and cracking to occur it is necessary that a variety of cir-
cumstances coexist: (1) The aggregate must be reactive.i (2) Alkali
must be present. (3) Moisture must be present., We also know that,
unless there is an external source 6f alkali - sodiumn or potassium or
both - from sea water, ground water, soil, or industrial contamination
of the environment of the concrete - itmustbe contributed by the cement
or the aggregate or both in an amount at least equal to 0.6 per cent by

weight of the cement expressed as sodium oxide equivalent; less than
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this is too little to cause t‘rouble in concrete in service, sd far as we
now know. With respect to the aggregate the situation is even more
complex: the reactive materials are those that are composed of or in-
clude silica that is rather readily soluble in alkali - such materials
are: opal,‘ chalcedony, acid-volcanic glass, artificial glass, tridymite,
~cri'stoba1ite.. V'I.-I‘oweve'r,'-n’o ‘deleterious expansion -will océur unless the
quantity of such material .and the ratio of surface area to mass of the
particles is within certain limits suchthat the réactionwith alkalies in
concrete will result in the production of an unlimited swelling gel as
the reaction product. So long as the reaction of a}kalies in solution in
the concrete with the soluble silica in the aggregates takes place in a

solution that is saturated with calcium hydro‘xide, the product formed

is a limited swelling calcium alkali silica gel, which does not cause -

expansive deterioration of the concrete., Onlywhen the reactibn occurs
in an environmentin which ‘the alkali solutionis not saturated with cal-
cium hydroxide does the unlimited swelling alkali silica gel form.
Therefore, if the ratio of the quantity of available alkali to the surface
area of thé reactive aggregate particles is sﬁch that all the alkali is
“used up in reactions that occur in the normal calcium-hydroxide satu-
rated solution of the concrete, no harmiful reaction product will be
formed. Such anon-harmiful situationoccurs either when (1) the quan-

tity of alkali is small, (2) the quantity of reactive aggregate is large,

or (3) the particie size of the reactive aggregate is small, Only when
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the alkali content is high, the quantity of reactive aggregate is inter-
mediate, -and the size of the aggregate particles is relatively large can
harmful alkali-aggregate reaction occur - only in this '"'pessimum' sit-
uation will there be available alkali and unfeac_ted reactive silicain the
interior of aggregate particles after the reaction with the aggregate
particle surfaces has been completed. In this specific situation, due
to the greater ionicmobility of the hydrated sodium and potassium ions,
as compared with the lower mobility of the larger hydrated calcium
ions, the sodium or potassiuin, or bbth, can, and will react with the
silica beneath the alréady formed calcium alkali silica gel and produce
the unlimited swelling alkali silica gei. This then is the petrology of
concrete aggregate in deleterious alkali-aggregate reaction. It tells
us why it is that we may prevent deterioration of concrete caused by

. 'alkali;aggregate reaction expansionby any one of a variety ofmeasures:
(1) Use of low-alkali cement, (2) use of nog—reactive aggregate, or (3)
use of an admixture of finelydivided reactive aggregate, i.e., pozzolan,

Many other aspects of the petrology of concrete aggregates could
be discussed; few, howe.ver, are as yet as well understood. The be-
havior of aggregate particles during freezing and thawing, heating and
cooling, wetting and drying, loading and unloading of the concrete de-
pend on the interrelation of the properties of the aggregate and those
of the matrix in which they are embedded and on the degree and kind -

of bond developed between the particle and the cement paste. All of
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ever, we should not cérry this appfoach too far. Engineering for 11
Decembér 1959 noted that 1.0.technicians had been indicted in Madrid
for responsibilityin connectionwith the failure of a dam in Spain. The
account did not indicate ;Jvhether or not there were any geologists among

those indicted.
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" THE AASHO ROAD TEST: A PROGRESS REPORT
By
W. N. Carey, Jr.,!and W. J. Schmidt?
>The AASHO Road Test at Ottawa, Ill‘ino_is, is a statistically
designed research project with :the major b‘bjective of determining‘
significant relationships between the performanée of highway pavé—
ments and the loads applied to them.

The project is sponsored by the Arﬁericaﬁ Association of State
Highway Officials, and administered and directed by the Highway
Research Board of the National Academy of Sciences~-National
Research Coﬁnci/l. Financial supportis provided by the States, District
pf Columbia, Puerto Rico, the Bureau of Public Roads, the Automobile
Ma.nufa.cturers Association, the American Petroleum Institute, and

- The American Institute of Steel Cpnstruction, with the cooperation and
assistance of the Department of Defense. The estimated total cost of
the project is 25 million dollars.

The test facilities are contained in six loops of highway pave-

ment laid out on an eight mile right-of-way which is the location of a

future four-lane, divided expressway in the Interstate Highway System.

1Chief engineer for research, AASHORoad Test, Highway Research
Board, Ottawa, Ill. ‘

2 Chief, public information section, AASHO Road Test, Highway
Research Board, Ottawa, Ill.
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Eachtestloophas twolongtangents, or straight-aways--one of flexible-
type pavement and one of rigid-type pavement. Each tangéntwas con-
structed as a series of short pavement sections of varied structural
design, and was divided into two traffic lanes so that each structural
section is, in effect, two test sections.

‘The six test loops were constructed in 418 structural sections,
or 836 test sections. Of these, 368 were rigid-type pavement and 468
were flexible~type pavements. In .addition, 16 short span bridges of
various designs of steel, reinforced concrete and prestressed concrete
were built at four locations in two of the test loops.

Five of the six test loops are being subjected to controlled
-traific-.consisting of commercial trucks and tractor-semitrailer com-
binations. The sixth loop is used for special tests and to evaluate the
effect of weather on the pavement.

The testvehicles represent 10 different axle loads and arrange-
ments, one for each lane ix;. the five traffic loops. All vehicles operated
in any one lane apply identical loads to the pavement. Thus, any one
test section receives repetitions of one load, and no other, and the
performance of the pavement is attributable to the effects of that load.

The pavements under test, both flexible and rigid, represent
a wide range of designs. Within each test loop there were pavernents
presumed to be underdésigned, édequately designed, and overdesigned

for the axle loads applied to them.
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f‘or exémple, one of the test loops carries vehicles with 18,000-
pound sin;gle axleloads in one lane and 32,000-pound tandem.axleb loads
in the other lane, ’fhese loads are recommended by the American
Association of State Highway Officials as legal limits, and are used as
such by a niajority of the Stateé.

In this test loop, plain' and ,re,infor_c.e_df_rigid pavement slabs
were constructed 5, 6%, 8 and 9% inches thick. A sand-gravel sub-
base material occurs in thicknesse.s of three, six and nine inches,
All possible combinations of fhese thicknesses occur in this loop. In

other words, a plain 5-inch slab was placed on all three thicknesses

. of subbase; a reinforced 5-inch slab also was placed on all three thick-

nesses; and the same is true of the 61, 8 and 93-inch slabs,

This use of all pos si_ble combinations of the variable is known
as a complete factorial experiment. It is an extremely 'strong" ex-
periment, and one which lends itself to sound analyses, In this par-
ticular case, the experimentis a 4x3x2 factorial--four slab thickne sses,
three subbase thicknesses, and two types of pavement, reinforced or
non-reinforced. Obviously, it required the construction of 4 times 3

times 2, or 24, different structural sections,

The same type of experiment design was used also in the flex- -

ible pavement tangent of each loop. In the test loop mentioned in the
previous example, bituminous concrete surfacing was constructed

three, four and five inches thick; a crushed stone base course occurs
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in thicknesses of zero, three and six inches; and a sand-gravel subbase

in thicknesées of four, eight and twelve inches, Whenall possible com-

binations of these thicknesses of material are constructed there is a

3x3x3 factorial. necessitating 27 different strucj:ural sections.
Eachtangent of the five traffic loops contains identical or simi-
lar factorial experiments. Of course, the range of thickpesses in each
léop differs according to the loads being applied. For example, rigid
slab thicknesses are 23, 33 and 5 inches on zero, three and six inches
of subbase on the loop where vehicles have 2,000 and 6,000-pound single
axle loads. In contrast, slab thicknesses are 8, 93, 11 and 124 inches

on three, six andnine inches of subbase in the loop where vehicles have

v30,000 single and 48,000-pound tandem axle loads.

Flexible pavements cover asimilarly wide range--from a mere
surface treatment on embankment soil up toa section with sixinches of
bituminous concrete surfacing onnine inches of crushed stone base and
16 inches of sand-gravel subbase for a total thickness of 31 inches,

In addition to the factorial experiment design, twobasic princi-
ples of statistics were empioyed inlaying out the test sections., These
are randomization and replication,

Randomization is best explained by comparing it tovshufﬂing a
deck of cards. Any card has an equal chance of being anywhere in the
deck. In the test loops any structural sectioﬁ had an equal chance of

being anywhere within its loop tangent, and the loops were laid out
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aléng the right-bf-way in random order. Although randomization of
the various sections made constructionmore difficult, it was necessary
to assure that the research ivindings would be unbiased.

Replication merely means repeating. In a research project, it
results in performingthe same experiment ‘twice in order todetermine
experimental error and the reliability of the findings. A limited, but
sufficient, number of structural-séctions was replicated or repeated in
each ofl ti’lé test loop tangents.,

There are only‘seven varriables in the AASHO Road Test experi-
ment, ' Those connected with the pavements have beendescribed. They
are; pavement type (portiand cement concrete or asphaltic cloncrete )s
surfacing thickness, base thickness, subbase thickness, and reinforcing
or non-reinforcing in rigid-type pavemént. ‘I'ne remaining two varia-~
bles are connected with the traffic, They are axle load and axle ar-
rangement, In this case, the term "axle arrangement' merely means
single or tandem.

The axle loads are 2,000 - 6,000 - 12,000 - 18,000 ~ 22,400 anci
30,000 pounds on single axles, and 24,000 -~ 32,000 - 40,000 and 48,000
pouz;.tds on tandem axles. The 2,000 and 6,000 pound single axle loads
are applied By small trucks operating inseparate lanes of one test loop.
‘ In the other four loops, loads are applied by tractor-semitrailer type
vehicles with single-axle vehicles operating in the inside lane and tan-

dems in the outside lane of the loop.
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. The test trafficbegan fuli operation ’in November 1‘}58.. At that |
ﬁme, the pl;oject had a fleet of 70 vehicles--60 to operate on the loops
é.n(i 10 for stand-by servif:e. In the four main loops, carrying the
tractor-semitrailer vehicles, full operation meant six vehicles per
lane. In the light truck loop, full oéeration meant fou.l; vehicles in one
lane .and eight in the ,o.\th.er,.

Traffic was scheduled to operate about 183 hours a day, six
days a week. 'l‘wd shifts of drivers were furri<hed by a special U. S.
Army Transportation Corps unit stationed at the test site. Operations
were carried on through the winter and as much as poésible through
the spring “bréa.k-up” period.

Some difficulties were encountered inmaintaining a full comple-
ment of operational vehicles on all test loops, and an additional éight
tractor units were added to the velﬁcle fleet in the fall éf 1958, By
January 1, 1960, this fleet had amassed a record of approximately

six million miles of operation and 400,000 applications of a specific

‘axle load on all pavement sections remaining in test.

During the first part of January, 48 more vehicles were pur-
chased ;J.nd put into operation on the test loops. This has allowed an
increase on the main test loops from six to ten vehicles per traffic
lane; and, on the smaller loop, from four to six vehicles in one lane

and eight to twelve in the other. Operations are being carried out on

a seven-day-a-week schedule instead of six.
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- This increase is iﬁ accordance With the wishes of the sponsor

to obtain as many axle load applications as pdssible befo;e the sched-

uled end of test traffic next July 1. It is estimated that approximately
650,000 load applications will result, |

The effects of ‘t}ie controlled traffic on pavements and bridges

are beingmeasured and recorded by systems ofelectronic and rhe chan-

ical instruménts, some of which were developed specifically for the

project. Measurements are generally of two types: (l) transient

effects of loads such as strains, deflections and curvatures; (2} per-

manent effects suchas roughness, rutting and cfacking of the pavement

surface.
Measurements of the permanenf effects of traffic will enable

the research engineers to satisfy the primary objective of the Road

~Test, That objective asks for significantrelationshipsbetween loading

and the performance of pavements of different structural designs.
Soon after this objective was stated formally,b it became ap-
parent that there was no widely-accepted definition of performance,
and thus no satisfactory method of rating pavements in terms of per-
formance. The performance of any product is a subjective matter;
or, in other words, it is the opinion of the user as to the degree of
satisfactorv servi.ce the proauct was given. Thus, the performance
of a given piece of highway pavement is some overall appraisal of its

serviceability over a period of time.
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Therefore, some system was required whereby periodic ser-
Sriceability i'atings of .the test pavements could be made., The record
of serviceability against time, or number of load applications, would
then be the basis for evaluating the performance of the various test
sectibns.

Two que stions arise‘immediately. Who is to make the periodic

- serviceability ratings? What characteristics of the pavement are to

be considered?

The Road Test research staff based its answers to these ques-
tions on the following assumptions.

(1) The onlv valid reason for any road or highway is to serve
all highway users, and the serviceability of a highway could be ex-
pressed by the mean evaluation, or opinion, of 5.11 highway users..

(2) Since the AASHO Road Test is a study of the pavement
rather than the entire highway, only those chara.cteristics relating to
the pavement should be considered. ‘Thus, such bfea.tures as grade,
alignment, shoulder condition, etc., should be excluded.

Obviously, the Road Test pavements could not be eval.ated by
all highway users. However; an easy solution would seem to lie in the
utilization of a representative sample of all highway users, a small
group which conceivably could make periodic ratings of the test pave-
ments. This solution was ruled out for two reasons., It was not prac-

tical to assemble a highway-user rating panel on the project at the
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frequent intervals required. Also, many of the testsections were only
100 feet iong, too short toallow a satisfactorjr evaluation of their ability
to serve traffic.

The system which was finally developed by the research staff,
with the aid of an advisory panel, utilizes objective measurements of
certain characteristics of the pavement surface. Thes_e measurements
are mathematically combined to produce a serviceability index number
which satisfactorily estimates the serviceability rating of a represent-
ative group of highway users. The necessary measurements can be
made at will and, in fact, are made on each test section every two
weeks, The resulting index numbers, when plotted against time, will
be the basis for evaluating each test section in terms of performance.

The development of this system began with the selection of a
12-man Performance Rating Panel. The members of this panel were
selected to represent not only the highway-engineering field, but also

highway user groups, construction materials suppliers, and vehicle

- manufacturers., Theoretically, of course, the panel represenfs all

highway users.

After this panel had been oriented as to the task it was to per-
form and had agreed on specific definitions of the terms involved, it
began to rate 1200-foot sections of pavements in service on the high-
way system. In all, 100 sections of pavement in three midwestern

states were rated. The pavements were selected to represent a wide
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range of serviceability, from sections obviously in very good condition
to sections in very poor condition.

These field ratings were made individually; that is, the ratei's
did not disvcuss the pavement cond;tions With other raters .and did not
disclose‘the ratings they had madéi. Raters were allowed to ride over
the pavements, inspect them, and watch other vehicles travel over
them. Their ratings weremade onthe basis of '"present serviceability"
which had been defined previously as ''the ability of a specific section
of pavement to serve high-speed, high-volume, mixed (truck and auto-
mobile) traffic. " The raters were cautioned to base their judgments
strictly on the basis of present serviceability and noton their opinions
as to how the pavement might perform in the future,

All ratings Were made on a scale of zero to five marked with
adjective terms rangingfromverypoor to very g_ood. The rater merely.
placed a mark on a simple scale to indicatehis opinionof the pavement
section. He was also asked to indicate whether or not the pavement
section was, in his opinion, satisfactory for service ona primaryhigh-
way, and to note what characteristics of the pavement had most influ-
enced his opinion,

The panel was asked also torate some pavement sections twice,
with the second rating after a short period of time sufficient to allow
the raters toforget their initial rating of the section. This was neces-

sary to determine the ability of the panel to be consistent,
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‘Since the panel was intended to represent all highway users, it
was necéssary to test its ability to do so.. To a Hmited extent, the
Road Test panel was validated by having other groups of highway users
rate some of the same pavements and comparing the results.

When the pangl members had completed their individual ratings
of the selected pavement sections, the mean rating of the panel was
designated as the "present serviceability rating'' for each section.
Meanwhile, the Road Test staff had been making objective measure-
ments on these same pavement sections. Generally speaking, the
measurements involved those navement characteristics which the
raters had indicated as influencing their opinions of the various sec-
tions. They included longitudinal profile, transverse profile, and the
area of cracking and patching.

These objective measurements were then combined into a for-
mula which would reproduce the subjective ''present serviceability
rating' which the panel had given each pavément section. Mathemati-
cal analysis'ylel.ded the simplest rormula which would reproduce the
panel rating, at least within the range of the panel's ability to repeat
ratings of any section of pavement. The values obtained from this for-
mula were designated the 'present serviceability index. "

Once the mathematical formula was derived it was no longer
necessary to have a panel of raters for the pavement sections at the

Road Test. Despite the relatively short test sections, it was now
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possible to make periodic objec1.:ive measurements and combine these
to produce 'a preéent serviceabillity index for each section,

As mentioned previously, the present serviceability indexnum-
ber is obtained for each test sectionevery two weeks. When test traf-
fic began in the fall of 1958, all test sections had relatively high index
.numbers. | Under traffic, some of the underdesigned sections have de-
teriorated and somé have failed. As this has occurred, the service-.
ability indices on these sections, plotted against time, have given an
excellent ""picture' of the relative performance of each section. Thus,
the 're.search staff is enabled to satisfy the primary objective: to find

significant relationships betwe‘enloéding and performance of pavements

of various structural designs,

The pavement serviceability--pe-rformance concept is the basic
concept of the entire project. Anyoﬁe who hopes to utilize the results
of the test in an effective manner should understand the funda.me#tals
-of this 5ystem.‘ Further, such a system has a great potential fo;‘ useb
by the state highway departments in the areas of su‘fﬁc.i_ency ratings,
evaluation of design systems, and evaluation of pavfng materials and

construction techniques,
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PR'ELIMINARY SUB-SURFACE INVESTIGATION OF THE
. CHESAPEAKE BAY CROSSING

By
P. Z. Michener 1

The project consists of a bridge-tunnel crossing of the lower

 Chesapeake Bay between Chesapeake Beach, near Norfolk, Virginia,

and the southern tip of thev peninsula on the Eastern Shore of Virginia
(Ca.pé Charles) and includes approach roads to connect the structure
with the;existing road net at both ends (Fig. l). The project construc-
tion cost is estimated to be approximately $144,000,000 aﬁd approxi-
thately 3-1/2 years will be required for c0nsfruction.

The total length of the préject, including the approach roads;
is approximately 24 miles, of which approximately 18 miles is over
open water having the same characteristics as the adjacent Aflantic
Ocean.

The individual component structures included in the project are
not tne longest or the largest ever built, but the project is unique in

the number of different major structures included in one crossing.

1Project engineer, Sverdrup.and Parcel, Consulting Engineers,
St. Louis, Mo.
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- : These components consist of:

_ o Appr Qxima.fely
‘e 1. Jlow level Trestle....vvvvrnennnnan 112 mi. '
2. Thimble Shoals Tunnel & Islands..... 12 mi.
3. Baltimore Channel Tunnel & Islands.. 13 mi.
4. North Channel Bridge & Approaches.. 2 mi.
5. Fisherman Inlet Bridge & Approaches % mi.
6. TFisherman Island Causeway. ......... 12 mi.
- Total Length of Project........ - 172 mi.
7. Approach Roads (approximately) ..... 5 mi.
Total Length of Project (approximately) 22% mi.

The vertical and horizontal clearances were determined by

National Defense and local marine traffic requirements.

Vit &

L | - Figure 1

The design loading for all structures is AASHO, H20-S16.
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Figure 2 shows a portion of the low level trestle structure.

The major portion of the project length, 61,725 feet, will con-
-8ist of.‘thi-s'type'rtreﬂstle-over relatively shallow water, approximately
20 feet to 30 feet in depth, in areas where there are no »established
navigation requirements. This structure will consist of 825 precast,
presfressed concrete spans of 75 feet each and precast concrete bent
caps.supported on 54-inch diameter, hollow, precast, prestressed
cylindrical concrete piles. The structure will have a 28-foot roadway
vwith an 18-inch safety walk on each side. This construction will be
similar to that used on the Lake Pontchartrain Bridge near New
Orleans, Louisiana. The roadway surface is to be placed on a level
grade at an elevation 30 feet above mean high water to accommodate

‘'small boat traffic and to keep the superstructure above any wave
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action.b You will note that our"s is considerably heavier than Lake
Pontchartrain inbt‘hat we provide 3 pile bents with the outside piles
battered. The i)iles will be filled with éand to enable them to with-
stand better any shock éf collision by small bo;ts or ice floes, which
sometimes occur in this portion of Chesapeake Bay.

Tunnels are to be constructed under each of the two major ship
channels. The constructién details will be identical for both tunnels.
Fig. 3 shows a plan &.proﬁle of Hir:he | Thimble Shoal Tunnel. The ap-~

proaches are on a 3.5% grade.

CHESAPLAKE BAYﬁ/

BALTRAL  CHANNEL

-
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Thimble Shoal Tunnel will have a portal-to-portal length of
6,200 feét. Baltimore Channel Tunnel will be 5, 664 feet portal-to-
portal.

The tunnel structures will consist of prefabricated concrete
tubes 37 feet in diameter and 300 feet long sunk into place and joined

in a prepared trenchand covered with selected backfill material. The
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tunnels and open approaches yvilvl.‘have a roadway width of 24 feet be-
tween curbs and an overhead clearance above the roadway surface of
14 feet.

The ends of the tunnels will be founded on artificial islands.
" Each of these islands will be approximately 1,600 feet long and an av-
-erage of 230 feet wide at the top, with the general surface of the is-
‘lands at an elevation of 30 feet above mean low water. Thé islands
will provide support for the depressed open approaches to the tunnels
anda an eicvaited area for the .tunnel ventilation puiaings and garages
for emergency equip_rnent. The core of these islands wiil be built of
sand dredged from the sea bottom of adjacent waters. A solid row of
prestressed concrete sheet piling, driven around the periphery is de-
signed to prevent washing out and undermining of the sand core.
Quarry-run stone, protected by heavy derrick.-size stone énd precast
concrete shore protection units, will be used as added protection out-
side tne sheet piling. The estimated cost of protecting each artificial
island against severe wave action and high water is approximately
$4, 500, 000.

The third major structure . is the North Channel Bridge which
~will provide a single navigation opening of 300 feet horizontal clear-
ance and 75 feet vertical clearance above mean high water to accom-

modate the local fishing fleets. The approach grades are 3%. A
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28-foot r;)adway Qith; 18-inch emergendy sidewalks on each side is-.
provi-ded.

The main channel span will be a curved chord simple truss
which combines economy with esthetics. The approaches to the main
span will consist of four-span continuous fabricated steel deck plate
- ~girder units with..r\einior ced concrete ,r-.oa.dwayl slabs.

On the substructure, we propose to use what is sometimes
called a bell-bottom piér. On this type of construction the Bay bot- .
tom is excavated to the elevation of the bottom of the pier. A precast
concrete texﬁplate is placed in the excavation, and steel bearing piles
aré driven thru the template. 'I‘-}-1en the precast pier shell is placed
on top of the template and filled with tremie concrete. This method
eliminates the cost‘ of cofferdams. |

The .Fisherfnan Inlet Bridge is ovef one of the inland waterway
dredged channels, and is a very simple structure. The center portion
of this étructure will consist of a three-span, continuous steel deck
plate girder with reinforced concrete roadway sla,b. The center span
of 175feet will provide an opening of 110 feet imrizontal clearance and
40 feet vertical clearance above mean high water.

The approachesto the main span ofthis structure willbe of the
low level trestle type construction. The main superstructure spans
will be supported onreinforced concrete piers founded on steel H piles.

These will be constructed using the standard open cofferdam method.
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Between the North Channel Bridge and the Fisherman Inlet
Bridge, our roadway across Fisherman Island will be carried on an

earth-fill embankment (Fig. 4). The existence of defense installations

. riswrEaw
18LAN

e

on Fisherman Island (Defense Radar, Loran, a'nd special experimental
projects) influences the alignment of the route across the island and
the elevationof the roadway surface. To meet the requirements of the
U. S. Navy, the elevation of the roadway surface is placed at 15 feet
abo;\re mean low water. The sideslopes will be protected from wave
action and erosion where necessary by a blanket of stone riprap.
Figure 5 shows a plan and delineation of the Eastern Shore ter-

minal toll plaza and administration facilities.
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~ On this project, as on most major projects, one of our first

problems was to secure reliable foundation information.

Our proposed project is located in the Virginia Coastal Plain
which is part of what is geologically referred to as the Atlantic Coastal
Plain, extending from Massachusetts to Florida. The Virginia Coastal
Pléin, which includes all of Virginia east of the Piedmont Plateau, has
been the subject of many geological studies and field investigations,
and no doubt some of you have been instrumental in the collection,
preparation and presentation of some of the dataI refer to. With par-
ticular reference to the Virginia Coastal Plain, the publications of
Messrs. Stephenson, Cooke, Mansfield, Wentworth, Cederstrom,
Clark, Miller, Ewing, Cory, Rutherford, Sinnott, Tibbitts, Sanford,
Richards, Ryan, Hack and others were reviewed; and the generous
-assistance of the Virginia Department of Highways, the Virginia De-

partment of Conservation and Development, Division of Geology, and
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the U. S. Geologi‘cal Survey aided greatly in determizﬁng a basic c;on?
ception oI the geology ot the édjacent shorelines. The available infor-
mation éhowed that basement rock in .the area is located at depths
greater than 2000 feet and isbverlain by geologically unconsolidated
marine sediments belonging to the Lower and Upper Cretaceous, Ter-
tiary, Pleistocene and Recent Periods. Within the depth penetrated
by our preliminary béfi’ngs, to a maximum depth of 300 fevetv below
mean low water, it was determined that the Tertiary soils are of the
‘Miocene Age and probably belong to the Yorktown formation. The
Quaternary deposits, which are of primary significance in our study,
were formed during the various glacial cycles of the Pleistocene
Period. During these glacial cycles alternate depositing of materials
and scouring by the master streams of the Atlantic slope, such as the
Delaware, Susquehanna, Potomac and James Rivers, formed what is
presently referred to as drowned system of stream channels. Evi-
dence of these buried chavnnels is apparent in the logs of borings taken

during the construction of bridges over the James, York, Rappahan-

nock, Patuxent and Potomac Rivers and at the upper Chesapeake Bay -

Bridge near Annapolis. Since these boring logs showed the drowned
or buried channels to be filled with mud, silt and organic materials
whichrepresented unsatisfactoryioundation material, we were anxious

to determine if this condition existed at our proposed bridge location.
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Prior to '.o'ur preliminary borings we were able to examine
well—drilliné logs, foundation-boring logs and pile-driving records for
many installations located on the adjacent shor elines; but, except for
superficial information obtained from dredging operations, we were
never able to uncover any sub-bottom information near the centerline
of the 18-mile open water portion in which our major structures were
"to be built.” Therefore, it was apparent that we must secure borings
‘as quickly as possible. Like most projects in this initial stage, there
was neither enough time nor enbough money available to obtain com-
plete and final sub-bottom information before the proposed project fi-
nancinvg could be arranged. The problem was solved by making a
careful stuay ot the plan layout to determine the minimum number of
soil borings which would give us maximum information intermittently
across the 18-mile water portion, and by supplementing this informa-
tion with a sub-bottom sonar reflection survey. Twenty-four water
locations were selected for borings. The major portion of these were
concentrated at the two tunnel locations and the North Channel Bridge.

In order to carry out this exploratory program our first op-
eration was to establish the location of the boring holes on the pro-
posed centerline of the structure across the 18 miles of open water.
Ly 1s sometimes aone by use of optical observations using standard
surveying instruments or by the use of sextant from the deck of a

vessel or drilling barge. The use of either of these methods was
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impractical from a time standpoint because our boring operations

were to be performed during the winter months when visibility is in-

termittent and very poor, and conditions of the sea eliminated the use
of floating drill barges and required that all drilling be done from pre-
fabricated sterel towers resting on the bay bottom. Our s‘chedule re-
quired that all operations be on a 24-~hour ba;-sis, ‘and since navigation
regulations Woul’d not permit the placing of marker buoys in the sea
lanes more than two hours in advance of setting the drilling towers,
we knew that we vs.;ould be required to establish some of the boring lo-
cations at night; This problem was solved by using equipment manu-
factured by the Hastings-Raydist Co. of Hampton, Va., which is
commercially known as '""Raydist'. The DM Raydist system is a phase
comparison system based on the fundamental principle of determining
distances, or differences in distances, in terms of thé relé.tive phase
of an audio heterodyne. Basically, continuous-wave transmitters emit
continuous radio signals, which differ from one another by audio fré—
quencies. These heterodyne audiofrequencies, when transmitted from
a common location, such as a survey vessel,. are received and relayed
Ba.ck to the survey vessel from two or more shore étations, the loca-
tions of which are accurately known. By comparing the phase of the
signals as received and relayed back to the survey vessel, accurate
‘distance determinations can be made. The Raydist equipment used in

our survey consisted of two shore based stations as shown, at Oyster
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and Grandview, 'and. duplicate Raydist position indicators mounted o.n
the survey \}éssel.‘ These indicators consisted of two dialsand electro-
sensitive paper recorders which continuously indicated and recorded
automatically in terms of direct range, the distance from the survey
vessel to the two shore’ based Raydist stations. Each dial reading re-
presents a distance equal to a half wave 1enéth‘ -of the trequency on
" which the Raydist is operating. For the frequency which we were
using each dial reading represented a sensitivity of 18 inches. The
concentric circles shown indicate mtiltiples‘of the dial readings given
on the Raydist equipment and repr.esent adistance from the shore sta-
tion. The intersection of these circles, representing a given set of
dial reading, provide an accurate fix of the position of the survey ves-

{Green Station)

sel (Fig. 6).

Proposed
Bay Crossing

K. N. Middieground |

Light 2
\ Lullz lei
A, ] Dz.serz, & @
'{ 2% § «
\\ '.\ o 2
Norfolk i\

N S L3 4 ¢

Porlsmauth\*o e !

J QZ’ Sca a;n miles

of




AT

Figure 7

»¢



e A o

e YT o S e o7 e e v e e o n e e oo
H
{ L
_ i i
S
N H
K \,
.
‘ 3
“
[e o}
-— T ! e
! H
¢ u
i et
b =
) H
f . Lt o R b Lt L b a .
'
.. ] . . . N - e



Y

47

" During loc‘ating -opera.tions the vessel posifions were continu-
ously plofted on a USC&GS map on which concentric circles had been
supefimposed and the vessel could be steered on any predetermined
course without visual reference to landmarks. When the vessel was

steered to the exact predetermined location .of a boring hole, a buoy

- was dropped as a reference and the boring tower was set up .on this

location. Several of our boring positions were loCated at night. An
accuracy of about 1 part in 5000 can be expected under nczrmal field
conditions, but final accrracy deiﬁends to a 'gre'at extent on wind, tide,
interference from passing ships and to a larger extent on the abi.lvity

of the survey vessel pilot. When visibility permitted, the locations of '

" the boring towers were checked with sextant and by use of surveying

instruments. All locations were found to be within area limits speci-

' fied.

‘Figure 7 sirxows the motor ship "Robin'' on which the '"Raydist"
veql}ipment wasg installed. Note the two Raydist antenna.

Figure 8 shows the '"Raydist' equipment installed in the main
cabin. FT'o eliminate errors in readings, the numbers of the Raydist

dials were made ''red' and ''green'. It takes about 4 hours to install

~ the equipment, and two men are needed to read and plot the course

during navigation.
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Figure 9 shows one of the boring towers in position for drill-
ing. The é.ctual borihg work was done by Raymond Concrete Pile Co.,
Neﬁv York, and the Tidewater .Consfruction Corp., of Norfolk, Va.,
as joint venturers on a negotiated contract. | The prefabricated steel
platforms were constructed with 12-inch pipe sleeves at the four cof-

ners thru which '10-inch pipe piles 120 feet long were driven into the

Bay bottom for support.

S Spmanmeyamay

During the boring operations the temperature often dropped to

below freezing and the sea was high, often slashing the lower bracing
platform and considerable difficulty was encountered in getting the

boring crews off and on the drilling platform. Each drilrling tower
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was eguipped with two-way radio, life raft, fire extinguishers, navi-
gation lights, ‘fog horn, electric generator and housing for the protec-

tion of records and samples, and for the comfort of the men from

All the drilling work was accomplished with only

inclement weather.
minor accidents; one small fire, and one close call from being run

down by a merchant vessel which came too close, out of curiosity.

The drilling towers were stable and adequate for our operation.

To move the tower, the platform was disconnected, the piles

pulled, and the whole installation lowered onto outriggers mounted on

the front of the floating crane (Fig. 10).

Figure 10

of our borings were spaced approximately one mile

Since some



"

50

'apart', a sonar reflection survey was made to determine the continuity

of the various soil strata identified by the actual borings. The sonar
. survey was made by Alpine Geophysical Associates, Inc., of Norwood,

~ . - New Jersey under a subcontract. The equipmentused in this work was

designeciand built by the company. It utilizes a éparkdischarge in the
water as-a broad band sound sourée and a non-directional hydrophone
to pick up the reflected sound. The spark‘source and hydrophone are
towed in a '"fish'" about 100 feet astern of the survey vessel. The in-
coming signals are amplified and recorded on a dry electro-sensitive
paper. The speed at which the sound travels thru the water and sub-
surface material indicates the density and approximate depth of the
underlying material stratas. A soft organic silty material will absorb
the. sound and give no reflection. A hard layer near the surface of the
sedimenfs will prevent deeper penetration. If either condition is en-
countered it would indicate the need for additional borings to deter-
mine the identity and classification of the material and its suitability
for foundations.

When the results of the sonar survey are correlated with the
actual borings a fair indication can be established regarding the con-
tinuance of a stratum between the known boring holes.

The sonar equipment was installed in the main cabin of the
survey vessel alongside the '""Raydist'" equipment and was intercon-

nectea so that all records were correlated on a time basis, giving the

e
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sonar reflection fox; each recordedvf'Raydist" location. The "Raydist"
equipment was used to guide the sur_vbeyj vessel over a predetermined
course which covered an area approximately one mile on each side of
the project centerline. The sonar survey opera,tioﬁs required only
seven days including installation‘, calibration., operation and removal
of equipment and a total distance of approximately 200 miles was cov-
ered by the survey vessel during the operation..

Figure ll shows a very poor reproduction of a small portion of

the recording produced by the sonar equipment. The large letters and

cio
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figures Dé, C6, etc., ”'indiclate the location of actual bdrings. The
small figures above the black portion indicate the day and the hour the
recording wés made. The horiz'ontal pencil lines shown were added
- by the interpreter. Between D2 aﬁd Cé the 170 foot horizon is :pr‘o-’

bably continuous although it is masked by multiple reflection over part
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of the aréa. A deeper horizon rises from 295 feet to 240 feet. To the
right of C6 there is no penetration through an erratic horizon at an
average depth of 70 feet. This area is not defined by the borings but
appears to owe its character to the presence of soft material. The
actual recording of the data is, of cqurse, meéhanical but the inter-
pretation of the results is another‘vmatter requiring broad experience
and knowledge of the physical pro_pgrties of the various types of soils
and their reaction to the sonic phenomenon. We selected Alpine Geo-
physical Associates to do our work because the experience and back-
ground of these men qualified them as specialist in the interpretation
of the reco»rds'.

Throughout the preliminary sub-surface exploratidn, Sverdrup
& Parcel retained the services of Moran, Proctor, Mueser & Rutledge
as foundation and soils consultants. Th.eir representative in t-he.fieid
observed the drilling and sonar survey operations, advised regarding
the shifting of boring locations and securing of additional samples,
made on the spot examinations of the soil samples and supervised
packing and shipping of all samples to their New York laboratory for
analysis.

Upon completion of the laboratory tests and analysis, repre-
sentatives of the foundation consultants, the sonar survey group and
Sverdrup & Parcel assembled for a 'general discussion of the findings

and correlation of the sonar and boring records.
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Figﬁre 12 shows the preliminary geoiogic profile indicated by

the borings and sonar survey. We have iﬁdicated what we believe to
be the top of the Tertiarv and whavt appear to be‘buried channels. The
general description of the upper materials shown as "A' is 'loose to
medium compact gray fine sand, some silt and traces of shells'’.
The materials at the top of the Tertiary, shown as "F', is described
in general as ''stiff to very stiff greenish gray si_lty.clay, some fine
sand and traces of shell'. It is proposed to carry all piling into the
Tertiary formation unless o:therwise indicated by additional test bor-
ings or test loads. At two locations, pockets of organic silt and pe‘at
were found. The extent of these pockets will be explored further at
the time final borings are made. It i§ proposed to accelerate the set-

tlement of materials under the artificial islands by the use of sand

QAAAPLAXE RAY FUARY OITHICT

T & S GO Yt ey T Aot
WA AT CAOwSING
BORING PLAN AND GEDLOGIC PROMLE

Figure 12




54

All of the field work required on the sub-surface exploratoi‘y '

program was aécomplished in slightly less tha.nr 2 months. Two bor-
ings penetrated to a depth of 300 feet below mean low water. Six holes
were carried to minus 200 feet, sixteen holes to minus 150 feet and
two land holes were carried to about minus 106 feet, making a total of
approximately 4, 700 feet.

The samples recovered included 350 split spoon samples, 14
Shelby tube samples and 36 three incﬁ diameter undisturbed samples.

It is presently estimated that approximately one hundred ad-

ditional borings will be required to provide final foundation informa-~"

tion necessary for the completion of the final plans and specifications

for the project.

‘ .



. THE MD ENGINEERING SEISMOGRAPH
AND ITS APPLICATION TO HIGHWAY ENGINEERING

By

Axel M. Fritz, Jr. 1

As you may know, there has been considerable interest during

the last year or two in the application of the MD Engineering Seismo-
graph to highway engineering problems. Many dozens of these instru-
ments are. .now in use by contractors and highway departments, and
x._w.merous'papers have appearéd in trade journals such as Engineering
News Record and Contraétors and Engineers. In view' of its wide-
spread application, it was felt that adiscussion of the MD Seismograph
in more detail might be of general interest. I would like to (a) de-
scribe the'.'tylr'pes of subsurface lproblems v.vhich can be solved, (b) ex-
plain the principle of 0perati.;3n,'and {c) give some examples of highway
engineering applications.

The subsurface problems which can be solved by the MD Seis-

mograph can be classified as follows:

1 | :
Geophysical Specialties Co., 15409 Robinwood Drive, Hopkins,
Minn.
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1)  Determination of thickness of a surface layer, or
depth to a layer boundary.

2) Determination.of depths to two layer boundaries, |
for example the thickness of soil overlying gravel
together with depth to an underlying bedrock.

3) Dip of the rock surface, if it is not horizontal.

4) Identification of materials in each of the layers,
as for example gravel, clay, solid rock, weath-

ered rock.

5) Engiheering classification of the material prdper-
ties, such as bearing capacity, rippability.

The operating principle of the MD Seismograph can be illus-
trated by Figure 1. Sound waves from a sledgehammer blow (or ex-

" plosive) will travel through the subsurface along various paths. Some

SOURG__E : T RECEIVER -
v - 0

DIRECT PATH .

REFRACTED PATH

SOiL / /

/ /

ROCK

Figure 1
of the waves travel a "Direct" pathl to the receiver, which is located

on the surface afew tens of feet away. Other wavestravel down to the
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high-speed rock layer (which we assume here to be present) and back

to the receiver. It is the function of the MD Seismograph to measure

the time of travel for the fastest wave, whatever may be its path. As

can be seen in Figur-e 2,.the "Direct' wave will be the fastest at short
distances, but for longer distances, the '"Refracted' wave may arrive

sooner.

FASTEST PATHS

Figure 2

An analogy which we find helpful is that of an auto race between
two cities which are separated by a mou_ntain. One aufo trave;ls the
winding road over the mountain, while the other auto travels along a
high-speed highway around the mountain. If the total distance is short
enough, thé auto on the "Direct' path over the mountain will win, but
for larger distances, the higher speed along the ”Refracté.d” path
around the mountain may overcome the distance handicap..

Figure'3 shows a typical set of readings, taken aléng a-line of

5 hammer stations. When graphed, the data appear as in Figure 4.
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Three quantities can be read directly from this graph: the distance
at which the int;ersec.tion occ;urs, the slopé o.f the first line segment
(which equals the >speed of sound 1n soil), and the éloPe of the second
line segment (which equais the speed of sound in rock). The interpre-
tation is; shown in Figure 5: the materials are identified by their char-

acteristic velocities, and the depth is found to be 12 feet to rock.

INTERPRETATION

I V=1000 FEET /gt conp.

(CHARACTERISTIC OF SOIL)

2. Vp=5000 FEET,SE'COND

o

(CHARACTERISTIC OF ROCK)|

Xe /Va-V
Va 3. DEPTH 0=5/v—F
2 Vz#\ﬁ

p-30 /5000-1000
2 V5000+1000

D=12 FEET

Figures 6 and 7 show how the MD Seismograph performs its
function of measuring travel time. As shown at the bottom of Fig-
ure 7, the time reading is obtained ins_tantaneously-by means of lights
on the instrument. Figure 8 pictures the unit with accessory equip-
ment.

One of the important applications to highway engineering has
been in the prédiction of rock rippability. Rock velocity, as measured |
by the MD Seismograph, can be correlated with degree of consolida -~

tion and with rippability. Figure 9 showshow this correlation is made.

F T e et R SR
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By predicting rippability ir; advance of bidding, cost estimates can be
greatly improved. This offers a tremendous competitive advantage.

The first example discussed here, a relocation of U. S. Highway
127, is typical of the most frequent type of request for subsurfa;e in=
formation made to the Michigan State Highfvé.y Test Laboratory iﬂ Ann
Arbor. Bedrock was sv;15pect'ed to be within the d'ei:th Qrf the prbposed '
cut. Seismic soundings taken by the Soils Section showed the bedrock
to e.xist at one end only, and there it wasv well below the grade line.
The seismic inve st.igation located a body of compacted clay and loam,
which was shown to i)e slightly above grade at the éeﬁfer of the cut.
From this information, a profile was constructed (as shown in Fig-
ure 10)and given to the design engineers for their use in designi-ng the
sub-base and forv finaiizing the grade line. The information was also
made available to contractors bidding on the job. The overall result
was lower bids, with substantial savings for the State of Michiganj.'

As can be seen from this slide, borings were made to corre-
late the seismic findings. They proved to be useless in establishing
bedrock depth because they met refusal at points well above the béd—
rock, due to scattered boulders in the area. |

Figure 11 shows another highway re-location job. The infor-
mation made available from the seismic survey pe€rmitted the Soils
Section to classify r_naferials to'be excavated; this rehsuvlte.cli'in lower

bids. In this case they determined which materials could be moved by
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scraper alone, which would have to be ripped out by a heavy tractor-
ripper combination and then moved with scrapers, and which would
have to be driiled and shot.

Figure 12 shows an application in locating a borrow pit. Using
the MD, Michigan S‘catg Highway personnel proved its effectiveness in
establishing depth of overburden and quantity of deposit of suitable ag-
gregate materials. Figure 12 shows the seismic profile for this
Michigan State Highway Department borrow pit. It was lying on a

slope and covered with thick underbrush. Itwas difficult for any other

ELEVATION IN FEET

Cross Sections from Profile -Contours
and Seismic Discontinuities Pit 7

ACTUAL GROUND
SURFACE

€90

LIMESTONE FLOUR

Il

670
i SANDY COBBLE GRAVEL
650 i WITH LIRMESTONE FLOUR
SANDY CO8BLE GRAVEL
630
- LIMESTONE BEDROCK
610 £
DEFPTH OF RWO SOUNDING
590 ==t
Y SEISMIC DISCONTINUITY
[ ) 2 3 4

STATIONS ON LINE E

Figure 12
exploration method to be used because of access. Through the use of

the MD Seismograph, the existence of suitable borrow was established

| and delineated.
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Electrical resibstivity equipment proved helpful in providing

more exact information about the nature of the materials in this glacial

drift deposit, but proved useless for providing depth information be-

cause as is shown here, the lines of electrical resistance did not fol-

low the layers of soil maferials. Bedrock and overlying drift had

similar electrical properties, but vastly v.?liffe.rent seismic properties
as was demonstrated byv seismic analysis.

These are just a few of the wide varietyof problems which can

be handled by the MD Enginéering Seismograph. The unit has been

field proved for over three years in climates as varied as Greenland,

Alaska, Guam, Pakistan. ¥ isnow in use in 23 countries of the world.
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.BEACH EROSIbN AND PROTECTION IN FLORIDA |
By |
Per Bruun1
Florida has about 1300 miles of qene_ra.l“ shoreline, not includ-
"ing islands, of which no less than "860 miles is sandy beach.

The Florida péninsula was built up of sand on top of a lime-
stone footing. Sand material for this proéess came from the Appala-
chian Highland, carried to the sea by rivers and streams; it then

_ driften soutimwé.rd along the shoréline, moved by fhe action of waves
and currents and was deposited in barriers, spits and recurved spits,
cuspate foreiaﬁds, etc.

Flc-Jrida is néw at v;ra‘r with coastal problems. Waves and tides
on two seas tl.lrevaten to wipe out its priceless heritage of uandy trop-
cal i)eaches which bring the state about 1/3 of its income.

Figure 1 gives an impression of the general situationin regard
to shore erosion in vFlo‘rida classified according to the rate of shore-
line recession. Erosion which is caused by natural forces only is

generally low, e.g. about 1 ft. per year, ifnot interfered withby coastal

Director, technical sciences,. Coastal Engineering Laboratory,
Gainesville, Fla.
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inlets.  Meanwhile, there is considerable evidence that natgral'ero-v-
sion is increasing not only in Florida, but elsewhere along the shores
of the United States. In Florida we find such evidence on the uppér
East coast at Ormond Beach which now experiences an increasing
amount of coquina shell eroded fro‘m ogtcroppings,, emerged as well
as submerged. Onthe Gulf coast evidence is found in (still) undev-
- loped areas on the lower coast in Sarasota and Lee counties.

rI‘lhe ‘.slightly rising sea level - when considered over longer
periods - may be partly responsible for this development. Sea level
rose 3 - 4‘ inches in tl;xe 1936—1950 period but now seems to be stablé
again. Another reason mé.y be that our limestone, coquiné. or coral
reefs gradﬁally erode and leave the shore behind them more exposed.
‘Natural erosion is something we have to live with. The only way we
can counteract it in the long run lis'by barring the littoral longshore
é.s well as traﬁsversal drift completely (and it is most unlikely that it
will éver be possible to do that), or by replacing the material erovded.

" Beach .erosion is caused by wave and current action which
moves the beach material along the shore. The material so moved,
usuaily sand, is called '"littoral drift'. Wave action is always the
preéominant factor on the open seashore, while curfents play an im-
portant role at channels and inlets. Littoral drift on the Florida. East
coast is predominantly southward and the same is true for the lower

West coast, while it is westward on the upper West coast.
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Erosion begins when more material is‘ removed from a coastal
area than is deposited in the same area over a given period pf time.
At some places it is the beach itself which is eroded and the shoreline
recedes rather slowly. At other places both the beach and the off-
shore bottom are eroded and the shoreline usually recedes more
rapidly. The most extreme case of erosion occurs when the erosion
of the offshore bottom exceeds the erosion of the beach itself. This
condition develops instability in the beach and offshore profile which
often demonstrates itself by a pronounced recession of the shoreline
during heavy storms when the profile, being too steep, suddenly flat-
tens out again.

It is unfortunately not a matter of coincidence that in Florida
fhe heaviest erosion has been experienced in the areas of most con-
centrated development along our shores, e.g. in the area between
Palm Beach and Miami on the east coast and between Clearwater and
Sarasota on the lower Gulf coast. Fig. 1 gives a vivid impression of
the erosion rate which demonstrates shoreline recessions of up to 30
ft. per year. The respc;nsibility for the increase of erosion in these
highly populated areas lies in man's interference with the natural
shore regime.

The author is convinced that groins at some places in Florida
have done considerably more harm than good. The same statement

cannot be made when it comes to seawalls. In numerous cases they
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have protected valuable pr0pert§r or dune faces, but when built as ver-
tical bulkheads, they have in just as many cases caused alowering and
" increased erosion of the beach itself. Sloping walls of various designs
have now been introduced in Florida and will usually do a much better
job of beachpreservation than vert:ica.l walls. But they should be built
with skill and care.

Our most formidable erosion enemy is, as demonstrated by
Fig. 1, our' improved inlets which work as barriers to the natural lit-
toral drift. Nobody will deny the great importance of these inlets,
i)ast and present, in Florida. When they were established or im-~
proved, erosion was no concern; but it is now. Under the newly
adopted state permit procedure for coastal structures - in which the
state is cooperating with the Corps of Engineers to mutual benefit -
it is unlikely that any inlet will be improved in Florida without elim-
inatingthe adverse effects of erosion by'introducing by-passing plants
or other by-passing arrangements. The applicant will be made fully
responsible for any damage to downdrift beaches and will not be
granted a permit unless he agrees on corrective measures to be taken
simultaneously with the improvement, or, in any case, as soon as
adverse effects have. appeared. Bond issues are required to assure
that funds are available for proper action. This practice is followed
in all cases of groin construction (pll.lblic property excepted) and it has
been encouragingto experience only little objection against such prac-

tice introducing a higher ethical standard on coastal protection.
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COASTAL PROTECTION

Florida is now losing approximately 15,000,000 cu. yd. of
beach sand per year from its most important 200 miles of tourist
beaches on the lower east and westvcoasts. Shoreline recessions up
to 20-30 ft. per year occur. The extent of the problem is fully rec-
‘ognized from the fact-finding engineering side. But, what can we do
to protect our shores?

Coastal protection is demonstrated by nature in some in-
stances. A natural headland acts as a jetty or a groin. . Islands and
reefs serve as breakwaters and often cause material to be accumu-~
lated behind them. Accumulations of stones from land areas which
have been eroded, or outcroppings of rock or shell. serve as seawalls
or breakwaters. Rivers supply material to the beach in a manner
similar to methods of artificial nourishment.

Along the Florida shoreline there is little natural coastal pro-
tections of importance. There are no real headlands but in some
cases reefs serve as seawalls or submerged breakwaters. As a gen-
eral rule it can be said that the maintenance of Florida beaches de-
pends on the natural equilibrium between the supply and erosion of
material. Unfortunately, unimproved and, in particular, improved

inlets have seriously disturbed this balance.
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Coastal protection in Florida, heretofore, has been alnﬁoét
entirely in the hands of individuals whoe, .in many cases, have built
their homes and other installations too close to the shoreline. - Asl a
result of this, very large sums of} money have been spent in somé lo-
calities for construction of proteétive works.” On other beaches the
owners are facing the alternative of complete loss of valuable pro-
perty or very heavy expenditures to protect what is left of their land.

There has been a tendency to grasp at almost any suggested

method which seems to promise some measure of success at the least

cost. Types of construction which have been abandoned elsewhere,

such a permeable groins, have recently been built in Florida. The

results, almost ;without exception have been disappointing and there
are unfortunately too many examples of such work, conceived in des-
peration.

The following is a short review of coastal protection measures:

Seawalls have the advantage of being able to protect the area
behind them under storm and high tide conditions. But they cannot
accumulate ﬁaterial, and when built as yertical or steep impermeable
walls (sheet-pilings), located close to the water's edge, they have the
disadvantage of increasing erosion of the beach in front of them. Ver-
tical walls should therefore be avoided on seashores if they cannot be
built at such distance from the shoreline so that they are touched by

wave action only under storm conditions and not at every high tide.
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Sloping walls of different types, iﬁﬁpermeable as well as permeable
(rubble mounds), are more c.onsiderate to the beach and can therefore
be built closer to the water's edge. Fig. 2 shows a sand asphalt re-
vetment with a boardwalk sugge‘sted for anopen sea coaston the south-
east coast of Florida., It is éupposed to be built of natural beach sand
but it is often necessary to add fine (filtexr) material as well as coarse
sand to the ﬁatural sand. = The asphalt mixture should vary according
to sand composition, location and steepness of revetment and may be
10-20% asphalt in the base layer which is "painted' with a layer of
asphalt with };igher penetration '"surfaced' with a (usually) light col-
ored material, coarse sand or shell. The asphalt cover can be re-
placed by interlocking concrete blocks (22"x 22" x 5") resting ona
filter layer of fiberglass material as shown in F‘ig._ 3. Great care
should be shown in the construction of such revetment and all joints
should be covered adequately with filter material.

In bays and lagoons wave action is less and vertical sheet-pile
walls may be the most practical solution. Fig. 4 shows prestressed
concrete sheet-pile walis of Florida State Road Department standard
type. Protection against oversplash - erosion behind the wall can be
obtained by different designs as suggested including gravel layers
separated from .the sand fill by fiberglass filter material or by an
asphalt or interlocking concrete block slab. For exposed sections a

rubble mound in front of the wall is practical.
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Groins arve/built perpendicular to, or at a slight angle toward
the shoreli.ne. They have the advantage of accurmnulating material and
building up a beach and, as already mentioned, the disadvantage of
interposing a total or partial obstruction to ‘the littoral drift which
causes leeside erosion. |

Groins can be classified as:

a. permeable or impermeable, and
b. adjustable or non-adjustable

Most groins are of the impermeable, non-adjustable type.
Meanwhile this type, particularly when built rather high, causes lee-
side erosion. Permeable groins of various designs v—'ofteh patented -
are in use but have generally been unsatisfactory because they fail to
Work under storm conditions when they are most needed.

The best groin is either the very low impermeable noxi—-adjust-
able grbin or the impermeable adjustable groin. The latter usua11‘y
consists of ﬁrestressed concrete king piles (e.g. 12 x 14 in.) with
tongue and groove connected with horizontal boards (e.g. 4 x 8 in. ) of
wood, preferably creosoted pine, greenheart or other imported hard-

wood. At exposed places a rock fill resting on nylon or plastic cloth

sheets at the extreme end is advisable, in particular when stability

difficulties arise from pile-driving. Fig. 5 shows such a groin which

should be kept well adjusted at all times according to needs.
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Sand asphalt groins of low type ha\;e been built in Maryland ar-ld
New‘Jer>sey, and in Florida at Fernandina Beach. While the éxperi-
ence up north (using gentle slopes) have been quite satisfactory, the
Fernandina installation started deteriorating quickly. The slopes
were too steep.

In order to minimize the leeside efosion, a group of groins
should be bu.ilt with the extreme ends on a smooth curve as indicated
on Fig. 6 with "Headland" and "Z-groins'. The most advantageous
distance between the single groins in a group depends upon local con-

ditions of beach and offshore profiles, beach r_naterial, and wave and

current conditions. Distance between groins varies between about 1.5

and abou"c 3 times the length of the groinin the sea under normal storm
conditions. |

Dikes can be classifiedas a special type of seawall. Dikes are
used when valuable, low-lying areas are to be protected. On sea
coasts dikes are often replacements'for natural dunes which have been
washed away by the sea. They will then have to be located at a cer-
tain safe distance from the shoreline and be protected from wind ero-
sion by proper vegetation as e. g. species of ammophila which is used
extensively in Europe, and in the United States on Long Island and in
North Carolina.

If a dike has to be located fairly close to the shoreline it will
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have to be “surfaced" with a protective layer. Sand asphalt is very
useful for this purpose and has ‘been used extensively in the Nether-
lands.

It is customaryto build coastal roads behind suchdikes usually
with a drainage ditch between the dlike and the réad.

Artificial Nourishment is the newestdevice in our fight against

erosion.

For thousands of years man hastried to protect himself by the
construction of forts, whether such structures were earth walls, or
walls of wood or brick. Thié method of defense can be compared with
our groin, jetty and seawall coastal protection technology.

later mantried to defend himself by throwing all sorts of ma-

terial such as rock, lumber, hot water, tar and bullets against the

‘enerny and this is in great measure the present war strategy. It took

some time for man to realize that he could adopt a similar strategy in
the defense of our shores against erosion. The artificial nourishment
of beaches is now generally recognized as being the atomic weapon
against beach erosion. But it is a new field é.nd we are still on the
testing level. This is true for the kind of artificial nourishment which
is based on material dredged in bays and waterways and deposited on
the beach - as we in Florida are practicing on a continuous basis at
Jupiter Island and by the Florida State Road Department at the new

public beach on the southern tip of Anna Maria Key - as well as for
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by-passing sand ‘arrangements, whether this is done by dredging ma-
terial on bay shoals just inside the inlet such as at Hillsboro Inlet on
the lower East coast or accomplished bythe employment of by-passing
sand plants thch may be permanently. installed (Palm Beach Inlet) -
possibly including a feeder arrangement as‘planned at Ft. Pierce - or
with. the pump running on a trestle picking up the material where it is
to be found in ample quantities. In regard to pumping from land to
ocean, it is quite obvious that we cannot continue hauling sand out in
the sea thereby only eroding the shore from the rear also. It will
soon be necessary to extend our supply lines for material to the ocean
bottom.. The lower Gulf coast of Florida is a good example of the ab-
solute necessity of having such '"'sand-wells' established on the ocean
bottom where we may be able to find suitable material. Thanks to the
numerous bay developments it is already difficult to find sand mater-
ial for beach nourishment in the Tampa and Clearwafer Bay areas on
the Gulf coast, énd the situation may be similar_ ih‘ other counties.
Fig. 7 shows certain ideas of how such ocean-based dredging opera-
tions may be accomplished. The simplest and also most economi;al
solution is the '"'shallow water dredge' which can pump materiai from
very shallow water such as bay (and offshore) shoals. The "Texas

tower solutions' may be useful where extensive sources exist. Men-

tioning the dredging atomic powered submarine may cause the reader.

to smile right now, but it may be in operation within the next five to
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ten years. Needless to say, thé problem is nof only a matter -of just
dredging bﬁt also a quesvtion of pumping the material to shore. A new
type discharge practice will haye to be developed but it is, without
doubt, all possible.

Financing - Meanwhile, even with "atomic' equipment, we can
a.ccom_élish little or nothing if our projects are not backed up dollar-
" wise and here is the weak point, in the U.S.A. in general, and in
Florida in particular. We have a federal law according to which a
contributionof 1/3toward improvement of fully publicly owned beaches
can be given by Congress, but we have only a lit'tle public beach. In
1957 Florida passed a law mentioning a 1/2 state-contribution to
public beaches, but this law was - because of shortage of funds -
never put into effect.

A practical financing plan may be secured by proper coastal
zoning as indicated in Fig. 8. There has been good experience with
that kind of zoning elsewhere in the world because consideration is
taken of all concerned in the matter, directly as well as indirectly.

- Acknowledgment - The author wishes to take this opportunity

to express the appreciation of the Coastal Engineering Laboratory of
the University of Florida for the good cooperation of the Geology De-
partment of Florida State University and the Florida State Road De-

partment in solving problems of mutualinterest on the Florida shores.
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PAVEMENT DISRUPTION BY RECENT EARTH 'MOVEMEN"TS‘:'
By |
S. A. Lynch! and Paul Weaver?
Introduction.

Movements of the land surface in historic times have been
observed 1n many areas and are ‘due to many c"auses- but this discus-
sion concerns earth movements in the Texas coastal plain and espe-
cially those earth movements causing disruption of man-made surface
structures. Most of these earth movements involve subsidence of the
earth.

Subsidences.

" The phenofnenoh of local surface subsidence is probably best
known from the examples at Méxi’co City, Mexico and Long Beach,
California. Mexico City was six feet above the level of a nearby lak.e
in 1900 but it was ove.r 15 below lake level in 1958. In 1954 the rate

of subsidence was reported at 11.8 inches per year. Long Beach,

1Hea.d Department of Geology and Geophysics, Agr1cu1tura1 and
. Mechanical College of Texas, College Station, Texas.

2Retlred Houston, Texas. Formerly Technical Advisor to the
Vice-President, Gulf Oil Corporation, Houston, Texas, and Distin-
guished lecturer in Geology and Geophysics at Agi‘icultural and Me-
chanical College of Texas.
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California .ha.s‘ ;iad a totél of 26 feet of settlement in the Terminal
Island areé. between 1937 and 1958.

Minor.

Only a few cases of subsidence involve manyfeet of settlement
and therefére ébmmahd wide-spread public interest, ‘.but the engiﬁeer
and geologist must pay attention tolocating and following the progres-
sive development of movements in wh.ich settlement may be only a few
inches. In areas bof even small subsidence there may be a need for
remedial _action to pévemehts, pipelines and buildings.

Obviously the consolidation or rupture resulting from a force
depends upon the properties of the material. These properties may
only bev understood from the geological suﬁ—base.

The Texas coastal plain includes that belt from the shore in-
land in which the near-surface rocks are unconsolidated sands, fine
sands, and clays. These same rocks extend for many hundreds of
feet downward. There are local exceptions such as the cemented
rocks at the surface called caliche, intermittently present in the area
which is more arid, that is, to. the southwest; and fhe salt domes,
which are vertical cylindricalmasses of éalt, topped by limestone and
anhydrite and located in the near-shore portion of the coastal plain.

Kinds.

Some of the subsidences are connected with salt domes;others
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affect only unconsolidated layers, which have properties moz;e analo-~
gous to sbils than to elastic rocks.

Similar geological setting is also found in the coastal areas of
Louisiana and in parts of Mississippi.

This paper will give examples of those classes of subsidence
found in the Texas coastal region, but is not a complete review of all
forms of sut;sidence.

Regional.

The first class of subsidence is the result of tilting seaward of
large areas of the region. Not enough coverage has been affected by
. precise leveling repeated at long time intervals to establish whether
this is generally present fhroughou—t the region. The evidence for it in
the Galveston region (1) seems to show its existence, but at such a
time-rate that it need not be a hazard to roads although it may affect

freeboard of docks. This class may be- called regional tilting.

Tectonic.

The second class is shown by the difference in elevatiéﬁ be-
tween two large blocks .along a boundary which is nea;ly a straight
line. Commonly the lvower block is toward the coast. Instead of a to-
pographic bluff, the surface expression is a steepening slope. These

seem to have connection with larger displacements in the subsurface
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-as -faults*, along which movement occurred at intervals over a long
geologic period.

The Hitchcock fault in Galveston County, which is-considered
of this class, has had movement of about 14 inches in the past 15
years; both breakage of pavement and shifting alignment on railway
tracks were results.

The subsidence, or rather faulting, of this class may be called
tectonic. No earthquake noises have been.reported from these locali-
ties in the Texas coastal plain, which is one of generally low seismi -
city (2). .

Landslide.

A third class of surface displacement which is mostly horizon-
tal, but »gives rise to subsidence, has been observed along some
streams where a bank is high and steep.- Even witﬁout und‘ercutting by
the stream itself, lack of lateral support of the material of the bank. :
makes -it unstable. Sinking under a house just a slight distance back
from the bank of Bray's Bayou inside Houston has occurred. The
largest observed movement of this kind was reported by Russell in

Wilkinson County, Mississippi on the east side of the Mississippi

*On the surface, the present movement seemingly resulted from
tension and frequently is evidenced by a number of closely spaced
openings, each small. The largest opening of record is a break 4
inches wide in a 24-inch water line near Clarkwood, Neuces County,
in 1958. This was a supply line to the city of Corpus Christi, Texas.
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River (3). Subsidence associated with these movementsv may be called
landslide:
Loading.

The fourth class of surface subsidence is that due to consoli~
dation of the uppermost layers of unconsolidated material by loading,
which may be by a building, by flooding with'w.ater é.s in some.irr,iga-
tion procedures or by off-channel storage; finally, by an ore-bin, of
which the so-called ‘''sulphur vats'" of the Texas coastal plain are
examples.

These subsidences have their outer efige very close to the
loade_d area and roads nearby are usually not affected. They are

loading subsidences.

Mining.

The fifth class of subsidence is that which results from the

removal of minerals from underground, using the term mineral in the
broad sense to include fluids as well as solids. We call this mining
subsidence.

Solids in Fluid Form.

SulEhur .

Extraction of minerals in the solid state through shafts from
underground workings is done Oniy in one case (Hockley, Harris

County) so it will not be discussed.

PR SRR Pe

R b P
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Extraction of solid mine‘r_als after they have been made fluid
is done .in this area for sulphur and salt. The sulphur is melted by
use of superhea’,@éﬂ""*sﬁxﬁam;:égfmthrpzzo;c&ss..;é.',f;z‘“zxd the melted sulphur
and the cooled water is removed through wells. The rock confaining
the sulphur is incompetent, once ti'le sulphur which bonded its frag-
ments is removed, so it collapses; and the roof progressively stopes
rto the surface. - The shape and the amount of area of subkside'nce be-
‘yond the area of the sulphur deposit is roughly proportional to the
depth and to the tonnage extr‘acted (4).

As the water moves underground during the Frasch operation,
it sometimes gets outside the sulphur ore, and J:.nto the salt dome on
- which each sulphur deposit is situated. The result is salt solution
which may result in a stope reaching the surface.

Mining of salt in the coastal plain of Tex.as is also effected by
pumping water into a salt dome through a well, where it dissolves thé
salt to form a brine which is pumped out through the same well or
through another well connected with the first one underground in the
salt. If mining of this salt is not deep enough, the roof of the result-
ing water-filled cavity underground may also sink and stoping also
take place to the surface. Such a subsidence occurred at Blue Ridge,

Fort Bend County, Texas, damaging many structures, including the
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packing plant. A similar subsidencé occurred at Orchard (Moore's
Field), also in Fort Bend County, during sulphur mining and sorﬁe of
the wells were engulfed.

Since highways generally avoid such mining sites, hazards
might not be expected; however, there are salt domes covered by
roads which are not nowbeing mined, but whichmight be in the future,
at which time relocation of the roads crossing them might Qell be
considered.

Fluids.

The removal of minerals which are fluids underground is by
far- the mosf important cause of subsidence, because this category
includes pumpage of underground fresh water, produced in the Tex-as
coastal region in by far the greatest tonnage of all minerals, and
which as petroleum, natural gas, and some salt water comes here
from the unconsolidated (and therefore sub_ject to consolidation) coarse
sands, fine-grained sands and clays. Fresh water is also extracted
over iarge areas also by a natural process from very shallow depths
and even under our highlways. Since consolidation results at shallow
depth similar to the result of extraction at great depth through wells,
this shallow movement of water will be discussed first.

Natural Extraction.

Evanr ation.

The most common natural method of extracting water from the
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subS‘ur_féce is -by eirapofation to the atmosphere.as .part of the evér
operative and eyer present cycle of moisture movementI into and out
of the soil.

As highway pavément structure depends upon support from a
consolidated base, shrinkage of the latter and its subsidence because
of evaporation, which is more severe at the édges of the pa.;vement,
may cause failure along the édges‘of flexible pavement or produce

longitudinal edge cracking in rigid pavements (5).

Transpiration.

Th€ occurrence of distorted 'pavementvs_», often producing a
-series of wavés of rather definite amplitude and period, may be the
reésult of shrinking of foundation soil due to the presence of rows of
trees or large shrubs.
Croney (6) found that the suction exerted by the roots of vege-
tation can have considerable effect on the moisture distribution under -
- pavements. Normally, the water removed byvegetation is replacedby
rainfall. If, however, the supply of rainfall is removed by a prolonged
‘droﬁght or due to paving of the soil around _the vegetation, the roots
extract moisture -as they continue to develop rapidly due to the pre-
sence of moisture. "When heavy clays are dried by trees to a mois-
ture content lower than that previously reached in the soil, the soil
will not reassume its initial moisture condition after removal of the

trees, and some permanent s€ttlement results' (5, p. 30).
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This situation is well iliqstrated by numerous tree-;lined streets
on the cafnpus of Texas A. & M. College at College Station. Medium-
sized live oak trees weretransplanted and set at intervals of approxi-
mately 35 feet and 4 feet back from the rigid concrete pavement.
Presumably the soil had a somewhat uniform moisture content at the
time of pavement construction and tree planting.

As the trees grew and their roots extended under the pavement
the moisture was withdrawnfrom the clayey soil. While exact figures
are pot available for live oaks, plant physiologists believe transpira-
tion by live oaks épproacheé that of the mesquite which uses 1,725
pounds of water for every pound of wood fiber‘ it produces.

The pavements were deformed, curbs were ‘cracked and shat-
tered near the joints adjacent to the trees, with the curbs settling a
maximum of six inches. It was necessary to partially rebuild the
curbs and to resurface some streets.

Similar disruptions of pavement by dewatering and subsequent
transpiration were noted on State Highway 21 west of Bryan adjacent
to College Station. In this case a number of hackberry trees are lo-
cated at least 20 feet from the pavément, yet obviously they are the
cause of fhe damage as the pavement is not damaged in nearby areas
free of trees. |

Locally, unusual drainage conditions may be as serious a fac-

tor of dewatering as transpiration by trees. In local areas where
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pavements are buiitt on outside hill-cuts and deep dit;_};es-are cut on
the inside ;adjacent to the hill, dewatering of the soil beﬁeath the pave-
ment frequently causes pavement disruption.

Artificial Withdrawal. .

Considering finally subsidence thrqugh artificial withdrawal of
fluids, we have tthver extraction of petroleum; natural gas,‘. and salt
water from oil-fields:ix; -the unconsolidated sands in the Texas coastal
region, and of fresh water for domestic, municipal and industrial pur-
poses, usually through a group of wells fairly close together. We
therefore have what is called either an oil field or a water -well field.

Petroleum.

Surface subsidence as a result of petroleum production wiﬁh
accompanying natural gas and salt water at Goose Creek, Harris
County, Texas between 1918 and 1925 has been discussed by Minor (7),
Pratt and Johnson (8), Snider (9), and Sellards (10). The rate at
which the ‘'surface was subsiding there was. followed by repeated level-
ing in that period by George H. l;acy, and recorded in testimony in a
lawsuit. The data showed submergence of the land into the bay in the
oil field proper, ‘and faults and subsidence even beyond the wells'
area (8). Maximum subsidence was 3; 3 feet. Oil produced was about
50,000, 000 barrels, with a large proportion of salt water towards the

end (11, Figure 15). Production is still continuing.



97

At the Wilmington oil field in California and also to a lesser
amount ir; Playa del Rey, Torrance, Santa Fg Springs, and Inglewood
oil fields, surface subsidence is being measured. At Wilmington,
total subsidence from 1937 to 1958 was 26 feet at the center and the
s_urface area involved was about four times that of the oil field. Dur-
ing thié period‘ about 1,000,000,000 barrels of oil were produced (12).

- Some of the hazards of mining pétroleum involve city streets
and state highways. In drilling oil and gas wells often it is impossible
to secure the surface rights directly above the desired subsurface lo-
‘cation, and it is common practice to use a favorable surface location
and directionally drill the well to the subsurface objegtive. This is
particularly true when the subsurface objective directly underlies
buildings, streets and railroads. It is also common practice to pump
both solids and fluids into wells to-fracture and/or acidize the produc-
ing formation to boost its production. There‘ is considerable differ-
ence of opinion whether or not it is possibleto control the direction of
fractures in subsurface formation.

It is readily seen that fluids pumped into relatively shallow
formations under sufficient pressure to fracture the formations may
produce vertical fractures that may extend to or near the surface,
thereby causing damage to engineering structures by the fractures
themselves or by fluids passing Ithrough the fractures. Even when

surface fracturing does not take place, the overburden may be lifted.
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Except that the production of petroleum and navtuvral gasb is from
much greater depth and is in lesser volufne when subsidence occ‘u-rs,
it is in effect a part of the same basic process as the shallow dewater-
ing which we discussed as operative near the surface.

Subsidence in oilfields is more likely to occur if there be in
the oil producing unconsolidated sands alack of effective water-drive.

- Fresh Water.

Freshwater from wells into consolidated sands, called aquifers

. under confined conditions, is extracted in the coastal region of Texas

in enormous volumes, and at high rates locally. Records show that
wells capable of producing in excess of 1,000, 000 gallons per day aré
possible in large areas (1, Plate 13 and p. 21).

.Here. again, subsidence as a result of this water extraction in-
volves the process like the shallow dewatering near the surface,
namely, the consolidation of clays. Instead of roots to pull water, -we _
have wells with pumps, and also the energy of the underground water
under compression initially, and the sandsvand clays above and below
each of the sands also undér compression. i

This pressure head was . such in the Texas Gulf Coast region
that when the first wells were drilled, they flowed above the land sur-
face in the area near the coast line and inland for some miles (13).

Now static levels in the Houston area are about 150 feet below sea

level, whereas fifty years ago they were more than 50 feet above sea
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.level, a drop equivalent to 12 tons per square foot loss in the suppoft
the former head afforded the beds .above the aquifers. Asvto the aqui-
fer itself there are two effects, expansién of the water and compres-
‘sion of the.aquifer. These are not large pr.opdrf;ioh.ally to deWatering
of adjacent clays, which is a third effect caﬁséd by thé };ydfé.i;lic gra-
dient created into the ‘aquifer from the clays next to it. The clays
lose water,i and overburden net pressure on them increases as the
counter -pressure from the aquifer below has been reduced. Consoli~
dation of the clay is of course under greater forces than in the analo-
gous case of dewatering at.-the surface,I where overburdenis verf thin.

If the clays had been already consolidated into shales., and
their porosity were low and also the permeability-practiclally zevro,
the resulting effects would be confined to those within the aquifer it-
self. But in the Texas coastal region, clays are unconsolidated, po-
rosity is of the order of 35 percent; per;rr;eability, althoug11 probably
immeasurable by present techniques, is existent, so tha£ the clays
give up much water with enough time.

How much subside’nce results from any particular water pro-
duction? In the first place, this awould require a knqwlé_dge o;the
properties of the sands and clays, the original water pressure, and
the rate of withdrawal. Camotﬁers anci Newnam have shown the mani-

pulation of these data to obtain the answer for an idealized case (14).
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For fhe civil engineer, the salient results are (1) the area of
the surfac;a subsidence will be larger than the well field; (2) the sub-
sidence will havé a saucer shape, flat at the bottom of the depression,
. then a rapid slope upward at the edge of the bottom; and finally a gen-
tle long outer part of the saucer, but concave upward; (3) due to varia-
tion in each different layer, inequalities of cénsolidation will develop
and reach the ‘su'rfa;ce, (4) any well-field which has opérated at iarge
rate will have more and more production proportionally from the clay
compared to the sand for the same time.

An excellent example, studied by Gray (11), shows how these
factors have operated, and particulé.rly some of the surface manifes-
tations of damages to roads and other structures.

"The locality is the Baytown, Harris County, Texas area. Al-
though there are many water wells in this area, close-spacing of them
to constitute a large water-well field occupies only a smallpart of the
region.

The interpretation of the subsidence around this well field
shown 1;n Figure 1 is complicated by severalother factors which affect
the surface:

1) The most important of these is the effect of large water
withdrawals west of Baytown towards Houston from the

same aquifer and fromdeeper ones, giving riseto a very

large lowering of water tables and surface subsidence of

its own during the same period as that tabulated by Gray
for Baytown, namely 1943 - 1953.

. . - : L
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2) The second factor has been the regional ti‘lt'postulated.for

the whole area, Houston and Baytown alike. Its vector is

unknown, but the local subsidence mapped possibly should

be reduced by several tenths of a foot.

3) Third are the effects from oil, gas, ahd‘ water withdraw-

als whichare still continuing, but not at the same rate as

when the subsidence was originally studied in 1926.

4) Fourth, the placing of spoil from the ship channel and
other surface activities. This is believed responsible

for the re-entrant in the subsidence contours near the

point "X'".

Broadly, the two inside contours of this subsidence at Bay-
town of 2.1 and 1. 8 feet fron_q 1943 to 1953, ai'e parallel, and show to
be an oval outside of the water-well field, but parallel to its outer
edge. These two contours correspond to the rim of the bottom of the
saucer. (Outer contours as well as inner contours are omitted be-
cause of limited control data. The 1.2 foot subsidence contour, north
and east would be beyond the 1.8 contour one mile to the north and 2
miles to the east.)

How is the subsidence related to the water withdrawal from
this large well field? The observedvalue of total subsidence was cal-
' culated by Gray as 105, 800 acre~feet (11, page 29)from 1943 to 1953.
If we consider the effect of the other factors listed immediately pre-
ceding, this should be corrected by removing them. A rough calcu-
lation suggests reduction to 60, 000 acre-feet.

In this same period Gray tabulates water withdrawals from the

water -well field (11, Plate VI). as amounting to 235,000 acre-feet for

1943-1953,
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Winélowand Wood have estimated that in the Houston area gen-

| eraily, the percentage c;f ‘the; wafer prodﬁced which cﬁmes from fhe
clays is .22 pércefﬂg le). Using this‘conyergion, the clay water loss
,_at Baytown, which_is also the clay volume loss, would be about 52, OQO
abcre-febet, of the same approximate magn:i:t‘ude as$ the surface subsi-
dence, corrected for other factors.

But a2 sbubsidence, even of- fhi-s magnitude evidénf over an area
of about 100'$quare miles would not be very serious if the depression
were smooth. At Bayt-own, in addition to the bending downward, there
are fault-lines, so-calléd, where the slope is | accenfua.ted. Gray
mappédtwo ofk these, designated A antzl B, near the well-field. iE‘igure 2
shows foﬁr profiles across A, designated I, II, III, and IV on the map.
Other disturbances-'will be discussed, not on the faﬁlt-lines.

At point IV on zone A, at Market Street and Avenue F, 'Bay-
tov;'n, the d_ih_s‘l‘plac_:elment ié 1. 16 feet. A fault, with O.'} foot displace-
ment, passes diagonally under a.house near zone B, causing the brick
footing to separate from the house. The pavement and curbs of sev-
eral streets in Baytowﬁ showoffsets and frequent repairs arerequired.

Burnet Schﬁol, near zdn_e B; has had one corner of the bqilding
displaced bythe fault movement and tie-rods were installed to hold the
building together. A water well for Burnet School had the electric
pump set é.bout three feet above ground level on a concrete slab set

six inches into the ground. The concrete slab, formerly six inches
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into the.soi.l is now eight inchés above it and is now suéported‘only by
its bond v-to casing cemented at 200-foot depth. Allowing for compres-
sion of this casing, the total subsidence is evidentiy greater than 14
inches.

Baytown is not the only a:rea. where subsidence is presehting‘
problems to engine.’ers and geologists. Very shallow water wells pro-
duced at high rates from confined aquifers as well as in unconfined
areas frequently crater and not always around the casing. Similar
cratering may take place during the completion of an oil or gas well,
or afterwards. Also there may be surface effects from an under-
N ground leak from these wells.

In the Brazos River flood plain, extensive irrigation for cotton
is common. In a few instances the withdrawal of water from the
coarse, shallow gravels has been 50 great that the fine surface soils
ran downward near the wells, forming cone-shaped depressions.
Many of these wells are located along the edge of the highway right-
of-way. Likewise, many irrigation water wells in the rice area of
Texas and louisiana are as near as possible to the property line and
highway. There are numerous instances where the wit.hdrawal of
water has allowed enough local subsidence to damage the pavement in
the vicinity of the wells. |

Numerous faults are beiné observed on roads in the Houston

district, whichincludes the Baytown localarea just described. Winslow
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- and Wood report a total water withdrawal through wells in the dis-
trict fox.' thé 1943-1954 period of 114 by 1010 (1140 billion) gallons and
a c.orreéponding total subsidence of 25.4 by 1010 géllons (obtained by
converting the volume of subsidence to gallons of water). The maxi-
mum subsidence in the district in this period was a little over three
feet.

large industriai plants in the Houston area areturning to ponds
supplied from surface water for cobling water due to the subsidence
problems involved in the use of shallow subsurface waters, One com-
pany stated their water requirements were 2.8 pounds of water per
‘ i(ilowatt hour produced under the best forced evaporation system.
They cannot take the risk of extracting this quantity of water for many
years from the subsurface beneath their plant area.

If the use of heat pumps for both heating and cooling becomes
widespread, great quantities of shallow subsu;fa.ce water will be used.
It is obvious that this practice may cause damage to local streets and
pavements, near the extraction wells..

With the ever increasing use of subsurface water, the engineer
and geologist should no longer ignore declining artesian pressures as

they are a source of potential danger to engineering structure.
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| ROCK AND EARTH IN THE HIGHWAY PROGRAM'
By
H. A. Radzikowski®

Your organization is to b;a congratulated. Last September, in
keeping with the growing .impovrt‘ance of geology to modern highways,
you changed your stgture from a regional to a national symposium.
With your broad né.tibnal horizon, you will appreciate more fully the
significant role the geologist can play in this greatly expanded highway
program;

- For in your workshop - this land of ours, are.the rocks ind

' eérth which have a two-fold impact on the highway program. In the
first place, until this long-ré.nge highway program is completed some
6000'high;vay contractors will be ﬁoving nearly 20 million cﬁbic yards
of rock and earth each working day. How efficiently and economically
they accomplish this phase of the highway program will depend to a
certain extent upon you ~ the geologists.

This is not 2 new role for the geologist. About half the State

highway departments have from one to ten geologists on their staffs.

1Chief, Division of Development, Office of Operations, Bureau
of Public Roads, U. S. Department of Commerce.
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All but one State has the eguivalent of a geologicai survevy, ‘aithough
the names of the organization vary. All State highway departments
utilize the geological maps and data produced by these State organiza-
tions, as well as those of the U. S. Geological Survey. The geologists

employed by the highwa.y departments baugment, rather than duplicate,
this geological information. |

No, this is not a ﬁew role for the members of this symposium.
It is a job that many of you have been doing for some time. And it has
been a job well done, too. Let me show you why.

Back in 1925, the average bid price for common excavation on
highway work was 39 cents per cubic yard. The average bid price for
fhe same item last year was 38 cents. Ten years ago it was also 38
cents. Thi.s stability in the cost of m0ving rock and earth, in spite of
the higher costs of labor, supplies al_ld overhead, is due primarily to
the greater degree of mechanization and the continuous improvement
of earthmoving equipment.

But there is another factor, too. When a contractor moves to
a highway construction proj.ect today, he usually has considerably more
information concerning the geology of the area than was the case 35
years ago. With this information he is in a better position to select
the best equipment to perform the grading and compaction operations
most efficiently and economically. Because youhave helped reduce the

unknowns in moving rock and earth in highway construction projects,
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you have helped us to hold the price line on common excavation.

I wonder howrmany people appreciate the full impact of the fact
that this price line has been held. The savings in cost alone are sﬁb-
stantial since grad‘ing costs amount to about 30 percent of the total ex-
penditures for the highway program. These savings can be converted
into more miles of badly needed highway improvements.

Modern earthmoving equipment coupled with up—t_o-dé.te applied

geology have had even farther reaching benefits for the highway pro-
gram. Becausethey have enabled usto greatlyincrease our productive
capacity to move rock and earth, there has been an evolution in high-
way design standards. These newstandards feature suchimprovements
as flatter grades, easier curves, longer sight distances and great»er
widths for rights~of-way, shoulders and surfaces. It would not have
.been possible to -attain these improved design standards with the
methods and equipment for earthmoving and for geological subsurface
explorations that were in use 35 years ago. Because we have advanced
in these areas in the quantity and quality of our productive capacity,
the economy, the welfa;re and the safety of our citizens will benefit
from these improved design standards.

There have been many other new developments in highway en-
gineering which will benefit the road program. They are significant
to youbecause theydenote anatmosphere of open-mindedness - a will-

ingness to try out new ideas in the highway industry.
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" Not rlong ago, a set of plans was unrolled in myoffice. This set
of plans wask an excellent illustration of the renaissanée' that has taken
place in highway engineering in the past five years. Faced with a
greatly expanded program, a serious shortage Qf engineers andapréss-
ing need to maintain or improve the quality of construction, highway
officials undertookan all-out effort to incr.eas.e'the productive capacity
of their engineérs, streamline their bprocedures and improve theirv con-
trol over quality. The set of plans unrolled in my office that day dem-
onstrated many of théir accomplishments.

This set of plans detailed the construction of 14 miles of high-
- way onnew locationthrough fairly difficult terrain. The only field work
performed untilthe plans were completed was installing ground control
for aerial surveys. Even this phase employed a new development -
the tellurometer - which permits the accurate measurement of lines
from 500 feet to 30 miles or‘more in length in a matter of 30 or 40
minutes.

Because we are here primarilyto discuss highway geology, the
various newdevelopments involvedin arriving at the preliminary loca-
tion and design for this road will be treated briefly. They are pertinent
to our discussion, though, because some are already under consideré—
tion for extension into the field of highway geology.

Aerial surveys coupled with the latest photogrammetrictechni-

ques, the electronic computer, and other new electronic equipment,
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produced and analyzed the data fequired for preliminary location and
design. Many more alternate locations, alignments and grades were
investigated than would have been possible with the accepted methods
of a few years ago because of the time required, particularly for field
work and hand computations. Wﬁere amajor, strucfure was necessary,
four different types of bridges \;vere investigated thoroughly. Stress
analyses were made and the sizes of members in the superstructures
were determinedin each case. Preliminary desighé of the approaches
also were made. The selection of the bridge type was based upon a
more comprehensive evaluation of many more variables than possible
a fewyears ago since the computations now can be performedeven hun-
dreds of times faster than before.

Right-of-way estimates and plans were made from large scale
enlargements of the aerial mosaics. This procedure minimized thé
danger of skyrocketing real estate prices which sometimes occur when
ground surveys are made.

Drainage areas were established, drainage structures located
and pipe 'siées determined. Slope intercepts also were established.
Cross-section data was obtained and preliminary esf.;imates of earth-
work quantities were calculated on the electronic computer.

But now, let us lookat some of the new developments in applied

geology that are being used toan increasing extent onhighway projects
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such as this aﬁd others across thev Nation. | There are éthefs,i too, in
various stéges of development.

Just before Ileft Washington, I was informed that the develop-
ment of a new electronic computer program for soilanalysis had been
completed and was now in use. With this program, laboratory test
data from soil samples can be analyzed and the sample S.- classified on
the electronic computer. This can be done at the rate of six or seven
samples per minute in contrast to about thirty minutes per sample
where former hand calculations were used.

My office in the Bureauof Public Roads worked closely with the
Michigan State Highway Department in the testing of a new device that
should be of interest to you. This is a nuclear instrument, developed
by the Michigan State Highway Department, for determining moisture
and density of highway embankments_.'

Radium-D berylliumis used in this instrument as the source of
nuclear energy. This source radiates both garn.rn‘a rays and high speed
neutrons. The gamma rays are reflected to a degree dependent upon
the density of the material‘through which they travel. The high veloc-
ity neutrons are élowed by any hydrogen atoms they contact. Hence,
more neutrons will be slowed down if a given material has a higher
moisture content. Both the reflected gamma rays and the slowed neu-

trons are picked up by Geiger-Muller counter tubes separatelyand are
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read on the gage. The gage rgadings are interpolated into density and
moisture' content of the material from curves.

Determination of density and moisture content of a compacted
embankment with this instrument takes one mantwo minutes. Contrast
that with the requirements inv time, and equipment for conventional
methods. And these are not the only benefits resulting from this new
development. The density and moisture content of undisturbed material
are determined. This reducesthe chance of human error intaking and
testing samples. Quality goes up too since we can now check density
and moisture content more frequently. Not only is there less inter-
ference to the contractor but we actually can expedite his éperations
because he knows sooner when the specified results have been achieved.

Hundreds of tests have been made to corn?a.re densities and
moisture contents determined with this instrument and by conventional
methods. A high degree of correlation resulted. As a consequence,
the Michigan State Highway Department has now taken the gage out of
the experimental stage and turned it over to the operating divisions.
The gage should be avaiiable commercially soon.

Another instrument has been takeh out of the laboratory and put
to work onhighway construction projects. This instrument was devel-
oped by the Bureau of Public Roads and is known as the soils resisti-
vity gage. This instrument is calibrated in the field either By actual

soils sampling or by observation in cuts of the character of the soil
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types. Once this éalibration is accomplished, the nature of the sub-
surface soils types in i:he area >ca,n be readily ascertained. Not long
ago this gage was used by the contractor \&ho had been awarded the
coﬁstruction of the south half of the Washington—Baitimore Parkway.
With the aid of the gage the contractor was able to locate suitable
borrow material within and adjacent to the right-of—way.- He reported
that hundreds of thousands of dollars were saved because the co‘st of
buying and hauling material was reduced.

New developments have takenplace in seismic equipment. One
of the latest of these utilizes a metal plate which is struck with a
sledge hammer. The time require_d for the vibration to travel through
the subsurface soils can be interpolated into the various soils types.

Both of these instruments have many applications in highway
construction. For example, contractprs formerly went to considerable
expense to determine whether a gi\}en material requires blasting and
shovel loading or whether it could be broken up with the new i)owerful
rippers that are now available. Of course, if the ripper could be used
and the material loaded by; fast economical scraper methods, the cost
of excavation could be substantially reduced. Either of these instru-
ments properly calibrated could be used to solve this question.

Earlier we pointed to the growing use of aerial surveys and
photogrammetry in highway engineering. Soil classification by photo-

interpretation also has grown. While this is not abrand new technique
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the proceduresand eqbuvipment'have been considerably refined in recent
years. The classification of soils by ‘this method does not by any
means replace the-normal_ borings and sampling. It does, however,
indicate the most likely places for borings or sampling to obtain de-
sirable materials. In this way the pumber of borings is reduced to a
minimum. Not long ago, the Bureau had to close dowx; a section of the
Natchez Trace Parkway because no suitable material could be lbcated
within a reasonable héul distanée._ Shortly thereafter an aerial survey
of the proposed route was made. Through photo-interpretation an ade-
quate quantity of good material was located right on the section that
was to be constructed. In fact, the center line of the Parkway passed
through the bed of material. More State s. make a practice of furnishing
this information to contractors and they report that bid prices are
favorably influenced.

~ The location of suitable rock, gravel and other materials for
highway construction is another area wh.ere geologists can make im-
portant contributions to the highway program. The importance of this
contribution can be undefstood from tables prepared by the Bureau of
Public Roads periodically which show the hvighway construction usage
factors for aggregates. These aggregates include sand, gravel, clay
gravel, crushed gravel, slag, crushed stone, etc. 'The tables give the
weighted average over periods of three years on Federal-aid construc-

tion projects. The latest one shows that for each million dollars of
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contract construction cost, céntractors purchased 49,000 tons of
aggregates'.‘ For éach million dollérs of contract construction cost
they also produced 65, 000 tons of aggregates.

This ia a big job for the geologist. For not only must we have
large qua.ntiti.es of rock, gravel and other aggregates but we must also
have quality. The degree of service which these roads and bridges we
are building will provide in the future will depend in a larbge measure
upon the aggregates that lare used in their construction.

The geologistand the highwaybridge engineer should continue to
team up infoundation explorations for the many structures that will be
requiredinthe highway progra:m. Some 375,000 stl.'uctures are estimat-
ed will be constructed or improved in the Nation's highway programs.

The location of souna bedrock or other suitable foundation
material is an important factor in site selection, in econbmy of con-
struction and service life. The location of water tables, surface and
subsurface dl;ainage, and the characteritistics of the Bedrock or other
foundation material also must be determined. Frequently, geological
data as a result of borings and other methods of exploration serve as
a basis for solving landslide problems and for designing slopes.

When rock excavation is necessary the seismic method of de-
termining subsurface characteristics has application. Most States
now regulate the amount of the explosive a contractor can use in a
Blasting charge by the American Standard 'I/‘able of Distances from

homes, buildings or other vulnerable installations. Frequently, the
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allowable charge is not sufficient to give good breakage to the rock.

. At least one State now provides that where seismic data has been ob-

tained, such data will govern the size of the charge permitted.

These, then, are some of the new developments that are being
integrated into the highway program. Most of them are related to the
rocks and earth that will play an important part in cafrying out the
program. Ihave tried to show to you that highway officials are look-
ing consfa.ntly for wéys and means of improving the quality and econ-
omy of highway construction.

They are looking to you - the geologists - for your ideas on
how improvements can be made. There are new developments taking
plae.'ce in the field of applied engineering geology. Airborné radio-
activity measurements are being used to define the boundaries of rock
ax‘ld earth foundation. The magnetometer has gone airborne too. and. has
been linked with an electronic recorder to obtain geological data on
bedrock foundations. Radioisotopes have béen used to trace the flow
of subsurface water, locate water tables and explore the internal
structure of mineral aggregates.

Are-these and other developments in geology now operational
or are they still in the experimental stage? Will they help us further
improve the quality or economy of highway construction ? Highway
officials would welcome your ideas, your advice and your cooperation.
And Iam sure that their cooperation and éupport of your activities

would be forthcoming in return.



