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ABSTRACT 

Presented in this thesis is a summary of Houston subsoils data as 

obtained from geological considerations and a substantial portion of 

the available records of test borings and soils tests. From this sum¬ 

mary, the following observations may be made. 

The subsoils of Houston consist of clays, fine sands and silts 

which were deposited by water during late Pleistocene time and Recent 

time. Recent deposits are found only along streams; all other soils 

are Pleistocene. 

Clay deposits make up the predominant soil type. Clays may contain 

large percentages of silt and sand which measurably alter their physical 

properties. Depending on the quantity of sand which a clay possesses, 

it may be classified as either sandy or plastic. Sandy clays usually 

possess high internal friction as well as cohesive strength. Stiff plas¬ 

tic clays possess variable internal friction and are characteristically 

jointed or fissured, a fact which often alters the results of compressive 

tests. 

Sand deposits appear as lenses which are often interbedded in more 

extensive strata of clay. These deposits consist chiefly of fine to very 

fine sands and often contain appreciable amounts of silt. Relative 

densities of the sands vary from loose to dense. 
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CHAPTER I 

INTRODUCTION 

Houston was incorporated as a city on June 5, 1837» As a result of 

the presence of nearby natural resources and its strategic geographical 

location, Houston rapidly became one of the leading cities in Texas. In 

1914 the port of Houston was opened to sea traffic and the city had its 

most powerful tool for expansion. Concentrated industrialization and 

rapid growth of population has brought about increasing demands for 

engineering structures. 

The incorporation of modern soil mechanics with the design of 

engineering structures in Houston probably began in 1928. At that 

time construction was begun on the 35 story Gulf Building in downtown 

Houston. Prior to that time the conventional procedure for the con¬ 

struction of tall buildings utilized concrete pile foundations,^- but the 

Gulf Building was placed on a raft or mat foundation. The construction 

of the San Jacinto Monument, begun in 1936, represents another out¬ 

standing milestone in the local progress of soil mechanics. Prior to 

the second World War, however, the amount of quantitative data on 

Houston subsoils was small. 

During the past decade much emphasis has been placed on subsoil 

studies. A number of organizations in Houston are now actively engaged 

in the field of foundation engineering and soil mechanics. The object 

of this study is the presentation of a quantitative description of 

Houston subsoil characteristics, based largely on the compilation of 

^W. E. Simpson, "Settlement Records of the Gulf Building", Proceed¬ 

ings of the Seventh Texas Conference on Soil Mechanics (The University 

of Texas Bureau of Engineering Research, Austin, Texas), January, 1947» 

p. 1. 
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data from several sources. 

The locations of soil borings for which logs were used in this study 

are indicated in Figure 1, which shows a vicinity map of the area consid¬ 

ered. It will be noted from the distribution of these borings that large 

portions of the city are not represented. Deep borings, which provide 

most of the useful subsurface soils data, are made only in connection 

with the construction of heavy structures. Such structures have been 

built only in limited areas of the city. Borings made for light structures 

are usually shallow and thus give limited information regarding the sub¬ 

surface conditions. Many such borings did not provide valuable aid in 

this study. Other available scattered data were not studied in detail 

because of time limitations and the repetition which would have resulted. 

Since an understanding of soil properties depends on some knowledge 

of the history of the soil, a summary of the geology of local subsoils 

was presented. This part of the study is based largely on existing 

literature on Gulf Coast geology. Current studies of the geology of 

the Gulf of Mexico and its deposits will probably provide the greatest 

source of future expansion of knowledge of Gulf Coast geology. 



3 
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CHAPTER II 

GEOLOGY 

Geologic Formations 

Most Houston subsoils with which the soils engineer has dealt are 

constituents of the Beaumont formation. The other formations encoun¬ 

tered are the Lissie and the Recent. The Lissie outcrop begins in 

Houston north of Buffalo Bayou as shown in Figure 1.^ Recent deposits 

occur primarily along the existing streams and bayous. The remainder 

of the city lies on the Beaumont formation. Plummer has designated the 

Beaumont and Lissie formations as the Houston Group.3 Figure 2 shows 

the geologic formations of southeast Texas. The Beaumont formation is 

bounded on the north by the Lissie outcrop and on the south by Recent 

beach deposits along the Gulf of Mexico. The surface portion of the 

Lissie extends northward from the northern extremity of the Beaumont 

approximately 25 miles to the Hockley escarpment. Soils of Recent age 

include alluvial deposits along the river valleys as well as delta, 

beach and marsh deposits along the present shoreline of the Gulf of 

Mexico. 

The Lissie formation lies on the Willis formation. Coastward from 

its outcrop the Lissie lies beneath the Beaumont. (See Figure 3.) The 

surface slope of the Lissie is approximately 5 feet per mile; surface 

slope of the Beaumont is about 2 feet per mile; the general direction of 

Geologic Strip Maps: Highway 75. Galveston to Dallas: Highway 77. 
Dallas to Texas-Oklahoma State Line (Houston Geological Society, 1952), 
p. 5. 

3E. H. Sellards, W. S. Adkins, and F. B. Plummer, ttThe Geology of 
Texas," TJniv. Texas Bull. 3232. I (1932), p. 780. 
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FIGURE 13.-Geologic map of a part of the Upper Gulf Coast, T^xas. 

(From Texas State Board of Water Engineers Bulletin 5001-1950) 
Figure 2 
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slope of the formations is southeast. Below the surface the Lissie dips 

at an estimated 20 feet per mile,4- giving an average coastward thickening 

of the Beaumont of possibly 20 feet per mile. 

4 number of varied concepts of the extent of coastal formations 

has been presented in the literature. The present mapping of southeast 

Texas (Figure 2) was proposed by Doering and is widely accepted. Hayes 

and Kennedy named the Beaumont formation after the type locality near 

Beaumont, Texas. Deussen's Lissie has replaced Kennedy's "Columbia 

Sands"; the type locality is found at Lissie, Texas, in Wharton County. 

Both the Beaumont and Lissie are comprised of varied combinations 

of sands, silts and clays. The Beaumont consists of clays, calcareous 

clays, sandy clays, silty clays and fine sands, with a general predom¬ 

inance of clays. Lissie soils are primarily fine sands, clayey sands 

and sandy clays, the sands being predominant. These soils have been 

deposited for the most part on a flat, relatively featureless plain, 

but the stratigraphy is by no means always regular. Furthermore, con¬ 

siderable grading, both laterally and vertically, between clays, silts 

and sands often makes it difficult to mark a transition point between 

the various strata. 

4-J. W. Lang, 4. G. Winslow, W. N. White, "Geology and Ground-Water 
Resources of the Houston District, Texas," Texas State Board of Water 
Engineers Bull. 5001. (1950), p. 32. 
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Geologic History 

The Beaumont and Lissie formations are of the Pleistocene age. 

The constituents of the formations are deltaic, alluvial and lagoonal 

in origin.5 Deposition of the two formations occurred during inter¬ 

glacial periods of the Pleistocene Epoch. Erosion and redeposition 

of phases of older formations have added to the complexity of the 

stratigraphy of the formations. 

Table 1 from Fisk gives a chronological account of the million 

year history of the Pleistocene Epoch.^ Fisk, from studies of the 

lower Mississippi River Valley, interpreted the listed formations as 

the products of alluviation during the interglacial periods which 

alternated with the valley cutting periods or ages of glaciation. 

This interpretation is based on the contention of five major periods 

or stages of glaciation (in agreement with Kay) with five accompany¬ 

ing interglacial periods. Recent time represents the fifth inter¬ 

glacial period. 

Other investigators conclude the occurrence of at least four 

major glacial ages. Flint designates the Iowan as the first of four 

substages of the Wisconsin.7 This interpretation eliminates the 

Iowan as a separate glacial age. Flint further concludes that this 

substage represented the maximum glacial advance during the Wisconsin 

age and was followed by a recession of unknown extent. The Beaumont 

^Plummer, op. cit., p. 78O. 

%. N. Fisk, "Loess and Quaternary Geology of the Lower Missis¬ 
sippi Valley," Journal of Geology. LIX, No. 4» (July* 1951), 338. 

7R. F. Flint, Glacial Geology and the Pleistocene Enoch (New 

York: John Wiley and Sons, Inc., 1947)> P* 242. 
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formation as mapped by Doering corresponds to Fisk's Prairie terrace, 

which was deposited during the Peorian interglacial period. Doering's 

Lissie formation corresponds to all of Fisk's Montgomery terrace and 

part of his Bentley terrace. 

TABLE 1 

CORRELATION OF THE DEPOSITION 
OF FORMATIONS WITH GLACIAL PERIODS 

Formations Events Periods 

Fisk (1938) Kay (1944) 

Recent Alluviation 
Valley Cutting 

Recent 
Wisconsin 

Prairie Alluviation 
Valley Cutting 

Peorian 
Iowan 

Montgomery Alluviation 
Valley Cutting 

Sangamon 
Illinoian 

Bentley Alluviation 
Valley Cutting 

Yarmouth 
Kansan 

Williana Alluviation 
Valley Cutting 

Aftonian 
Nebraskan 

With the advance of each ice sheet the sea level was lowered 

considerably. As the ice sheets receded, the melted ice returned the 

sea level to a higher position. Flint estimates that during the most 

extensive glaciation sea level was lowered 350 to 400 feet and during 

the Wisconsin age the reduction was 230 to 330 feet.® He further 

®Flint, op. cit., p. 437. 
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estimates that should all existing glaciers melt, the sea level would 

be raised 65 to 165 feet. Fisk estimates that the sea level was lowered 

more than 400 feet during each glacial advance .9 Geologic evidence in 

the form of strand lines and fossils has proved the fluctuation of sea 

level. The Pleistocene rivers were stimulated by the increased gradi¬ 

ents due to reductions of sea level and carved impressive valleys 

As sea level rose with the melting of the ice sheets, the gradients 

were reduced and the coarser sands and gravels were deposited, followed 

by the finer sediments, silts and clays. The coarseness of the basal 

deposits of each formation can be accounted for in this way. By the 

time sea level had reached equilibrium, the river valleys were largely 

filled with alluvium and the rivers were subject to meandering courses. 

Barton carefully studied the surface features of the Beaumont forma¬ 

tion, tracing the natural levees of ancient Brazos and Trinity Rivers.^- 

The sandy ridges bordering the present Brazos River in Harris, Fort Bend 

and Brazoria Counties and corresponding ridges of the Trinity in Fort 

Bend, Chambers and Liberty Counties represent the deltas of the respec¬ 

tive rivers. Old distributary ridges of the Brazos River southwest of 

Houston are shown on the map in Figure 4* Existing streams of the 

coastal plains are largely governed by the pattern of these distrib¬ 

utary ridges. As an example, the eastward course of Buffalo Bayou was 

determined by the general southeastward slope of the ground surface and 

the northward slope of the ridges of the Brazos River. Brays Bayou and 

^Fisk, op. cit., p. 335 

10Fisk, loc. cit. 

^•D. C. Barton, "Deltaic Coastal Plain of Southeastern Texas," 
Bulletin of the Geological Society of America. XLI (September, 1930) 

pp. 359-382. 
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—Soil map of Harris County and of parts of Brazoria County, Texas (after U. S. Bureau of Soils). 
H. F. Hockley fine sandy loam L. = Lake Charles fine sandy loam 
K. F.. = Katy fine sandy loam A. V. F. = Acadia fine sandy loam 
L. V. * Lake Charles very fine sandy loam H. C. = Houston black clay 
L. M. = Lake Charles clay loam Y. S. L. = Yazoo fine sandy loam 

Charles clay (After Barton) S.C. = Sharkey day 
C. F. L. * Calcasieu fine sandy loam G. C. = Galveston clay 

  Figure 4 
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Sims Bayou represent typical interdistributary streams.^ The sediments 

associated with this overall distributary system largely constitute the 

Beaumont formation. 

Doering notes that distributary ridges as mapped on the Beaumont 

formation by Barton are not in evidence on the outcrop of the Lissie and 

suggests that the Lissie vas deposited by shallow braided streams, form¬ 

ing alluvial fans.3-3 

The slopes of all the coastal formations increase vith age of the 

formation and are due to flexings of the formations under redistribution 

of loading. As nev sediments vere successively deposited, the increased 

veight near the coast and the accompanying landward erosion caused simul¬ 

taneous settlement near the coast and uplift inland. Doering outlined 

the chronological sequence of deposition of the Willis, Lissie and Beau¬ 

mont based on the concept of flexing of the Formations under load .3-4 

According to this theory, the rejuvenation of streams necessary for the 

deposition of a nev formation vas due to tilting or flexing of the older 

formations. Thus, the gradients of the lover reaches of the streams 

would be increased first, the stimulation would be reflected upstream 

by increased erosion, and the action of the stream would be great until 

equilibrium was again reached. 

Deposits laid down subsequent to the last glacial advance are 

termed Recent. Although the last ice advance ended approximately 25,000 

years ago, approximately 10 percent of the earth’s land surface is at 

^Barton, op. cit., p. 374. 

3-3j0hn Doering 
wPost-Fleming Surface Formations of Coastal Southeast 

Texas," Bulletin of the American Association of Petroleum Geologists. 
XIV, No. 5, (May, 1935J, p. 675. 

3-4üoering, loc. cit. 
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present covered by glacial ice.15 For this reason, the term Recent, as 

applied to geologic age, is not accepted by some geologists. 

^Flint, op, cit., p. 207 
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CHAPTER III 

SIGNIFICANT ENGINEERING PROPERTIES OF HOUSTON SOILS 

The most significant engineering properties of clays are the 

natural water content, At ter berg limits, dry density and compressive 

strength. Relative density is the most significant property of sand 

deposits. These physical properties and tests which are used to 

measure them will be discussed in this chapter. 

The natural water content of a soil is defined as the ratio of 

the weight of water in the soil to the dry weight, commonly expressed 

as a percentage. Knowledge of the natural water content serves two 

important purposes in evaluating soils. First, the water content is 

very useful in identifying clay strata as well as comparing properties 

of different clay strata. Secondly, in conjunction with the liquid and 

plastic limits the water content aids in estimating the compressibility 

of clay. 

The Atterberg limits which are most valuable are the liquid 

limit, plastic limit and plasticity index. The liquid limit is defined 

as the water content in percent of dry weight at which the soil passes 

from the liquid to the plastic state. This point of transition is 

arbitrarily defined and the means of determining it is discussed in 

most soils mechanics texts and laboratory manuals. The plastic limit 

which is the lower limit of the arbitrarily assigned plastic state is 

the water content at which a soil crumbles when rolled out by hand to 

one-eighth inch diameter threads. The plasticity index is defined as 

the algebraic difference in the liquid limit and the plastic limit. 

This property provides a measure of the range of plasticity of a soil. 
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Dry density is the weight per eubio foot of dry soil. This 

property is useful in classifying the soil. The presence of organic 

matter is reflected by low values of dry density. 

The unconfined compressive strength is defined as the stress in 

tons per square foot which causes a shearing or splitting failure of 

the specimen. One half the unconfined compressive strength of soft 

clays equals the cohesion or shearing strength. Although stiff clays 

possess internal friction, it is often common practice to designate 

half the unconfined compressive strength as cohesion. 

A second means of evaluating the shearing strength of soils is 

the triaxial compression test. This test is ordinarily made at con¬ 

stant lateral pressure, and the results of several tests at different 

confining pressures are then plotted on a Mohr's diagram. The common 

tangent to the various Mohr's circles of stress is called the line of 

rupture and defines the failure conditions of the soil. The intercept 

of this tangent with the axis of shearing strength defines the cohe¬ 

sion; the slope of the line represents the tangent of the angle of 

internal friction. 

Since it is very difficult to recover undisturbed samples of 

cohesionless soils, relative density is measured by field tests known 

as penetration tests. The procedure involves driving a sampling spoon 

of standard size into the stratum below the bored hole by a specific 

technique ard counting the number of blows required for one foot of 

penetration. A standard penetration test is described in Soil Mechanics 

in Engineering Practice. 1948, by Terzagli and Peck. The standard 

sampling spoon has an inside diameter of 1 3/8 inches and outside 

diameter of 2 inches. A weight of 140 pounds falling through a height 
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of 30 inches supplies the driving energy. This standard technique as 

veil as other methods are used in the Houston area. 

Penetration tests are most useful in determining the relative 

density of sands, the number of blows required for one foot of penetra¬ 

tion supplying a measure of the denseness or looseness of the sand. To 

a more limited extent the penetration test gives an indication of the 

consistency of clays. Some engineers prefer to record the number of 

blows for the first and second six inches of penetration respectively. 

This procedure has the advantage that a transition from one stratum to 

another, during the test, can often be detected. Further, the densi- 

fying effect of the test on sands may be reflected by a higher number 

of blows in the second six inches, so that greater assurance of the 

type stratum being tested may be obtained. 



17 

CHAPTER IV 

SURFACE SOILS 

Extensive soils mapping has been conducted in many states under 

the auspices of governmental agencies. These soils maps are usually 

made and used for agricultural purposes. A number of state highway 

departments have made use of such maps in the planning and construc¬ 

tion of highways. 

The shallow or surface soils of Houston have been studied by the 

Bureau of Soils of the U. S. Department of Agriculture in conjunction 

with a survey of the soils of Harris County, Texas .1^ Figure 5. shows 

the mapping of the soil types which occur in the vicinity under con¬ 

sideration. The mapping and designation of various types of surface 

soils are, strictly speaking, independent of classification by geo¬ 

logic formation, the object being to show localized variations appli¬ 

cable to the evaluation of soils for agricultural purposes. However, 

such a map could also be utilized by the soils engineer for limited 

purposes. 

Figure 5 shows the surface soils to consist principally of two 

series, the Lake Charles and the Acadia, each series being subdivided 

into several types. Three soil types are shown for the Labe Charles 

series, Lake Charles clay, Lake Charles clay (shallow phase) and Lake 

Charles clay loam. Those soils of the Acadia series include Acadia 

clay, clay loam, fine sandy loam and very fine sandy loam. 

1%. V. Geib, T. M. Bushnell and A. H. Bauer, Soil Survey of Harris 
County. United States Government Printing Office, 1928. 
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Soil Map of Houston 

Figure 5 

(From Soil Survey of Harris County, Texas, 

ïï» S. Department of Agriculture, Bureau 

of Soils, 1928) 

Legend 

Af- Acadia fine sandy loam 

Av- Acadia very fine sandy loam 

Ac- Acadia clay 
Am- Acadia clay loam 

Lc- Lake Charles clay 

Lm- Lake Charles clay loam 
Lm (cross-hatched) Lake Charles clay loam, 

shallow phase 
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The Lake Charles series is predominant in a coastal belt of soils 

extending across the southern half of Harris County and most of Brazoria 

and Jefferson Counties and coincides generally with the Beaumont Forma- 

tion. 1? The northern boundary of this belt passes through Houston. 

These soils have developed on a flat, poorly drained prairie generally 

under grass cover and are characteristically dark gray to black heavy 

organic soils.1® Sandy phases of the Lake Charles series have been 

evidenced on ridges and are representative of the distributary system 

by which deposition was made.19 None of these ridges are prevalent 

in the city of Houston; the aforementioned types of soils are princi- • 

pally clays and were deposited between ridges. Lake Charles soils are 

usually underlain at depths of 3 to 6 feet by stiff light gray or grayish 

yellow clay containing lime concretions.2^ Leaching has removed the 

carbonates from the topsoils; in the case of the shallow phase, the 

leaching process has not extended below 3 feet.21 

Logs of borings made in the Lake Charles series indicate consider¬ 

able surface variation in texture within a single member. An inclusive 

classification might be plastic to stiff, dark gray to black, organic 

clay to silty clay to sandy clay. From an engineering standpoint, the 

significant property of Lake Charles soils in Houston is the inordinate 

l^Donald C. Barton, "Surface Geology of Coastal Southeast Texas," 
Bulletin of the American Association of Petroleum Geologists. XIV, 
(1930), 1303. 

•^Geib, op. cit., p. 1916. 

l^Barton, loc. cit. 

20Geib, op. cit., p. 1919. 

21Ibid. 
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change of volume with seasonal moisture changes. Experience has shown 

that footings should be placed at depths of approximately 8 feet below 

natural ground surface in order to eliminate the disrupting effects of 

moisture changes near the surface. 

The Acadia series occurs most abundantly in northeast Harris 

County, part of the lower portion extending to the Houston area. 

Clayey members of this series include the Acadia clay loam which ex¬ 

tends over a large part of Houston, directly north and directly south 

of downtown Houston and along Buffalo Bayou for a considerable dis¬ 

tance. Acadia clay is adjacent to the clay loam in some areas and is 

conspicuously present along Brays Bayou and Sims Bayou. Both the 

Acadia clay and clay loam are very similar to the clayey Lake Charles 

soils due to the close proximity of the various types. Like the Lake 

Charles soils, the Acadia clayey members are dark gray at the surface, 

grading into a stiff light gray mottled clay with calcium carbonate 

concretions at about 3 l/2 to 6 feet.22 

Sandy phases of the Acadia series include non-calcareous fine 

sandy loam and very fine sandy loam. At the surface these soils are 

light gray or brown in color with varying proportions of sand and silt. 

On boring logs they are usually classified as sandy silt. These soils 

are underlain at depths of several feet by yellow and light gray clay. 

Sandy phases of the Acadia series are present only north of Buffalo 

Bayou and are generally coincident with the increased slope of terrain 

in that area. 

The sandy phases of the Acadia series possess low plasticities and 

thus exhibit low volume changes with variation in moisture content. 

^Geib, op. cit., p. 1920. 
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CHAPTER V 

SUMMARY OF SUBSURFACE CONDITIONS 

General Soil Conditions 

Most of the present ground surface of Houston lies between eleva¬ 

tion 45 and 55. However, in the northwest part of the city, elevations 

reach approximately 75, in southeast Houston, approximately 40. South 

and southwest of Houston a system of ancient distributary ridges of the 

Brazos River reach elevations of 60 to SO. These ridges coupled with 

the general northeast-southwest slope of terrain causes the city’s 

drainage to be generally eastward. Buffalo Bayou and its sluggish, 

meandering tributaries provide inadequate drainage. 

A general discussion of shallow soils has been given. Areas or 

artificial fill are not uncommon, especially in the vicinity of Buffalo 

Bayou where old tributary gullies as well as channel changes of the 

bayou itself have been evidenced. Beneath the shallow organic clays, 

silts or artificial fill, the strata commonly encountered include stiff 

light gray and yellow or tan clay (usually sandy), stiff to hard red 

and gray or blue jointed clay (often silty), and fine sand or silt. 

Most of the clays below the surface layer are at least stiff in con¬ 

sistency, exceptions usually occurring in small beds of clay above 

or below water bearing sand or silt. Clays containing little sand 

are often jointed. Sandy clays are seldom jointed or slickensided. 

Slickensides have been noted to elevation -50 at sites approximately 

1/4 to 1/2 mile from Buffalo Bayou in downtown Houston. 

The clay deposits are classified in terms of their consistencies 

or relative stiffnesses. Table 2 presents the classifications as based 
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on unconfined compressive strength (tons/ft.2) and field classifications. 

TABLE 2 

Consistency Unconfined Compressive 
Strength (tons/ft.2) 

Field Classifications 

Very Soft 0 to 0*25 (approx.) Core (height twice 
diameter) Sags under 
own weight. 

Soft 0.25 to 0.5 Can be pinched in two 
between thumb and fore¬ 
finger. 

Medium Plastic 0.5 to 1.0 Can be imprinted easily 
with fingers. 

Stiff 1 to 2 Can be imprinted with 
considerable pressure 
from fingers. 

Very Stiff 2 to 4 Barely can be imprinted 
by pressure from fingers 

Hard 4 or greater Cannot be imprinted by 
fingers. 

The unconfined compressive strength is defined as the compressive 

stress (tons/ft.2) which causes a shearing or splitting failure of the 

specimen, or the stress at which the strain in the direction of the 

applied load reaches 20 percent if the specimen does not first fail in 

shear. 

The values of the unconfined compressive test may in the case of 

jointed clays lead to an erroneous conception of consistency because 

of the natural planes of weakness caused by the joints. For this reason 

many compressive tests may be necessary and the field classifications 

should not be underemphasized. 
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Typical Boxing Logs 

For purposes of illustration a number of borings vas selected as 

typical of those encountered in the Houston area. The locations of 

these borings are indicated by the circles in Figure 1. 

Boring a (Figure 6) is a representative boring from the dovntovn 

area of Houston. All the strata shovn on this log are usually encoun¬ 

tered with some variation in elevation and thickness. 

Boring b (Figure 7) was taken near Highway U. S. 59 at Saunders 

Road and is evidently in the Lissie formation. The elevation 65 is 

approximately the maximum elevation of the sites considered. The top 

stratum is typical of the sandy loam soils in this area. The other 

strata are similar in order and thickness to those of boring a. 

Slightly greater plasticities are indicated for the clays of boring 

b and neighboring borings than were noted elsewhere. 

Borings c and d (Figure S) represent the condition of sandy soils 

to a considerable depth below the ground surface. Boring c was taken 

at Polk and Dowling Streets near downtown Houston, d was taken near 

Alabama and Claremont Streets. Although the soil stratifications are 

practically identical, the sandy clays in boring c contain more mois¬ 

ture, have lower densities (not shown) and as a result tend to be 

weaker in compression. 

Borings e and f (Figure 9) are typical of the difficult circum¬ 

stances often encountered at streams. Boring f was taken at Sims 

Bayou near the La Porte Expressway (Texas Highway 225). Most of the 

material is soft and compressible. The strata to elevation -13 are 

doubtless of Recent age. The beds of gravel are probably indicative 

of earlier, more active stages of the stream's history. 
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Fig. 6. Boring a at San Jacinto and Walker Streets 
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Fig. 7» Boring b near Saundere Road and U. S. Highway 59 
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Fig. 8 
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Wet tan silty sand 

Wet gray silty sand with organic matter 
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Stiff red sandy clayey silt 

Bottom of boring 

Boring e at U. S. Highway 75 and Brays Bayou 
Elevation 

Surface 
Soft, wet dark gray clayey silt 
Soft yellow and light gray silty sand 

Moist yellow and light gray clayey sand 
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Soft, wet gray silty day 
Wet fine red sand 
Stiff red clay, jointed 

Rooks or large gravel 

Plastic light red sandy clay 

Stiff light red sandy day 

Rocks or large gravel 
Bottom of boring 

Boring f near Texas Highway 225 and Sims Bayou 

Fig. 9 
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Boring g (Figure 10, vicinity of San Jacinto Battlegrounds) is 

included since it represents the deepest logged boring obtained in this 

study. The boring extends to a depth of 200 feet. To a depth of 145 

feet three cycles of deposition can be distinguished in that the order 

of stratification is repetitive, ranging from coarser grained soils 

(high sand content) to fine grained soils (high clay content). Since 

the particle sizes deposited normally increase with the strength of 

current, it seems logical to assume that significant erosion partially 

removed the clay strata on which each sandy layer was deposited, leaving 

relatively thin layers of clay. The existence of shells and fossils 

at 100 feet are indicative of deltaic conditions. 

Boring h (Figure ll) was taken on Loop 137 near the Lissie outcrop. 

The ground elevation at this site, based on topographic maps, is approx¬ 

imately 60 feet. The black organic topsoil is a part of the Lake 

Charles clay loam, shallow phase. This site, from the soils map (Figure 

4), lies at approximately the contact between a large patch of shallow 

Lake Charles clay loam and an area of Acadia fine sandy loam. 

This boring is considered in detail because extensive data were 

available. Figure 12 shows the distribution of particle sizes in sam¬ 

ples taken from several strata. 

The very stiff red and gray clay (28' to 50’) has a somewhat higher 

natural water content (28 percent) than the shallower gray clay (20 per¬ 

cent approximately). Attention is now called to the gradations of 

particle sizes shown by the emulative mechanical analyses. A very 

sizeable proportion of each stratum is composed of silt, in some cases 

the largest percentage. The sand content is appreciable in several 

strata. Increasing quantities of silt and sand are reflected by 
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Fig. 10. Boring g at San Jaointo Battlegrounds 
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Sieve Sizes - U.S. Standard 

«? « 
8 

o o 

Grain Size - Diameter in Millimeters 

Sample Elevation Olay Silt Sand Cohesion* 0 Lineal Shrinkage 

% % % Tons/Ft? De^rves Percent 

k 58-60 57 45 18 0.87 24 19 

B 58 - 58 45 45 4 0.45 15 17 

0 52 -58 85 55 4 0.50 11 22 

D 

C
M
 

tf\ 
1 

I 

5
 52 42 26 0.50 16 16 

E 58 - 4l 58 50 12 0.22 24 20 

F 

C
M
 

K\ 
1 
O
 
H
 62 58 2 0.50 19 22 

*Angle of Internal Friction as Determined 
by Triaxial Compreeaion Teats 

Determined by Triaxial Teats 

Fig. 12. Grain-Size Curves of Olay Deposits 
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increases in internal friction and decreases in percent shrinkage. 

Percent shrinkage is high for the deepest stratum as a consequence of 

the clay fraction but since moisture oontent may be considered stable 

at this depth, this factor is usually of no consequence except during 

construction operations. The shallow strata in general are subject to 

somewhat smaller shrinkages, however, the variable moisture content 

brings this factor into full importance. The 2 foot layer of topsoil 

is hazardous in the light of possible moisture changes even though the 

clay fraction amounts to only 37 percent, for in this case the organic 

content serves the same function as the plastic clays. This boring is 

typical of those normally encountered in the Houston area in that wide 

variations of particle sizes may occur in quantities sufficient to 

affect the physical properties of the soil. 

Profiles 

Variations in stratigraphy can be shown best by means of soil 

profiles. IfJherever adequate borings were available, soil profiles 

were constructed. These profiles show variations in contact elevations 

of various strata from boring to boring. Legends show the engineering 

classifications of the strata. The locations of profiles which were 

constructed are shown on the vicinity map in Figure 1. 

Figure 13 shows a profile along U. S. Highway 90. The ground 

elevation is approximately+50 throughout this profile. The contact 

points of all strata indicate similar regularity. The most conspic¬ 

uous stratum is the thick deposit of stiff to very stiff red and gray 

jointed silty clay encountered at elevation + 20. Many small lenses 

of sand and silt were interbedded in this stratum, all of which were 
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red and blue in color. The most conspicuous of these were shown on 

the profile. Above elevation + 20, the stratigraphy is varied, con¬ 

sisting largely of deposits of yellow and gray clay and sandy strata. 

Conditions along U. S. Highway 59 are shown in Figure 14. This 

route is approximately at right angles to the route of Figure 13, 

the point of intersection is near Jensen Drive. These profiles show 

very similar conditions, however, Figure 14 also demonstrates the 

abrupt transitions from clay to sand strata which are characteristic 

near Buffalo Bayou. 

Figure 15 is a profile of approximately 4 mile length along the 

Gulf Freeway (U. S. Highway 75). The red clay in this profile appears 

quite near the ground surface and is replaced at greater depths by a 

stratum of yellow and gray clay. A thick stratum of soft yellow and 

gray clay is noted at elevation+20 near Velasco Street. Significant 

sand and silt deposits are indicated in the vicinity of Brays Bayou. 

The reference to Brays Bayou as a former distributary stream (Chapter 

II) leads to the assumption that these sand deposits represent old 

distributary ridges. 

The profile along Texas Highway 225 (Figure 16) is quite different 

from those already mentioned. The most prominant stratum between 

Broadway Street and Plum Creek is a thick stratum of stiff sandy clay 

with colors of yellow, gray, and red. Dash lines between strata in 

this region indicate uncertain contacts. It was felt that the avail¬ 

able data did not justify complete determination of some contacts. 

Deposits of sand in the vicinity of Plum Creek and Sims Bayou are loose 

in relative density and therefore represent very poor foundation materi¬ 

als 
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CHAPTER VI 

CLAY DEPOSITS 

Downtown Houston 

Figures 17 to 20 show boring logs from four sites in the downtown 

district. Water contents, liquid and plastic limits, cohesion and dry- 

density are given for the selected borings. Figures 17 and 18 repre¬ 

sent the mean results encountered on entire sites. Figures 19 and 20 

are single typical logs from the indicated respective sites. 

The borings studied show the stiff red clay in the downtown area 

to have average moisture contents of about 25 percent, liquid limits 

of 65 percent, plastic limits of 24 percent and dry densities of 102 

pounds per cubic foot. These values were obtained from data from 

representative borings at 10 sites. Average values for stiff gray and 

tan sandy clay in the downtown area are as follows: water content, 16 

percent; plastic limit, 15 percent; liquid limit, 40 percent; and dry 

density 115 pounds per cubic foot. Higher water contents, higher 

plasticities and lower dry densities of the red clay are immediately 

apparent in comparison with the sandy clays. The latter normally have 

medium to low plasticity. However, the designation of sandy clay leaves 

room for wide variations in the actual grain size distribution and from 

this standpoint it becomes doubly difficult to assign typical properties 

of the foregoing nature. 

The usual stratigraphy of downtown Houston which is near elevation 

50 consists of approximately 6 feet of plastic to stiff dark gray organ¬ 

ic clay (often silty and/or sandy), 3 to 5 feet of stiff sandy or silty 

gray and yellow clay, and a stratum of stiff red and gray clay, with' 
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 Natural Water Content 
. Liquid Limit 
  Plaatio Limit 

Surface 
Stiff black organic 
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Stiff red and gray 

Jointed clay 

with calcium oarbonate 
nodules 
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sand 
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Very stiff red jointed 
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Very stiff red jointed 
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Bottom of boring 

Water Content, Percent 

0 20 40 60 eo 

Pig. 17. Boring at Travis and McKinney Streets 
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Surfaoe 
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olayey topsoil 
Very stiff to hard 
gray sandy clay 
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jointed clay 

Stiff light gray and 
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Bottom of boring 

^Standard Penetration Test 

Fig. 18. Boring at Bagby and McKinney Streets 
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Fig. 20. Boring near Riesner Street at Buffalo Bayou 
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slickensides, extending to a depth of 20 to 25 feet. From 25 to 50 feet 

a series of sandy strata is encountered which contain varying quantities 

of clay binder; from 50 feet (Elevation 0) to 100 feet a thick bed of 

stiff to hard red clay (often jointed or slickensided) has been noted 

on all logs. Pockets of dense red silty sand are not uncommon in the 

deeper clay strata. Many of these pockets or lenses are from 2 to 4 

feet in thickness, several sometimes being encountered in holes of 100 

feet or less. 

Figure 20 is indicative of the high ratio of sand to clay strata 

oecuring near Buffalo Bayou. Evidently erosion has cut away and re¬ 

placed materials until the existing strata are thinner than they were 

originally. The result is that alternate beds of clays and sands are 

encountered which have very comparable thicknesses. 

Jointed Clays 

Stiff to hard jointed clays are present throughout Houston. These 

clays are characteristically red but may also be yellow, gray or blue, 

often consisting of some combination of these colors. The depths of 

these strata are indicated by the various profiles and borings. Often 

a relatively thin stratum is found near the ground surface (10* to 15' 

in depth) and a thick stratum is found at greater depths (approximately 

50*), extending throughout the depth of most borings. Typical dry 

densities, moisture contents, and Atterberg limits were given in the 

summary of conditions in downtown Houston. 

The jointed clays are highly plastic as evidenced by the magnitudes 

of the plasticity indices, but usually contain appreciable quantities 

of silt and in some instances sand. Often these clays are slickensided, 
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that is, the joints are glossy due to slippage. The joints themselves 

may contain clay different in color from the host material. This phenom¬ 

enon may be explained in the following manner.23 The clays were depos¬ 

ited during wet periods or periods when the streams overflowed their 

natural levees. 'When the waters receded during dry periods, the clays 

developed joints or fissures due to drying shrinkage. The next flood 

brought new sediments which were first deposited in the shrinkage 

cracks, then formed another layer of soil. The newly deposited soil 

could have been entirely different in appearance and physical prop¬ 

erties from the host material. 

Dawson noted that since new soil might be deposited in old shrink¬ 

age cracks before the jointed clay could swell, subsequent swelling 

would cause internal stresses which would result in "the apparent high 

preconsolidation pressures’* The mechanics of consolidation by 

desiccation is well known and is believed to be the only possible source 

of the high preconsolidation pressures. Since the Beaumont formation 

is principally of deltaic origin, a large portion of the sediments were 

deposited at or below sea level. Lowering and fluctuation of the sea 

level during the Wisconsin glacial age was instrumental in draining 

the deposits and exposing surface sediments to atmospheric conditions. 

This process and the concept of seasonal wet and dry periods associated 

with the advance and retreat of flood waters account for the jointing 

and preconsolidation of the plastic clays. 

23R. F. Dawson, "Settlement Studies on the San Jacinto Monument", 
Proceedings of the Seventh Texas Conference on Soil Mechanics and 
Foundation Engineering. (The University of Texas Bureau of Engineering 
Research, Austin, Texas), 1947» p. 4* 

24Dawson, loc. cit. 
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Typical void ratio versus pressure curves are shown in Figure 21. 

Dawson reported preconsolidation pressures of 3 to 4 tons per square 

foot on samples taken from 15 foot depths.25 At this depth the possible 

range of overburden pressure was noted to be between 0.9 and 1.8 tons 

per square foot. Considerably higher preconsolidation pressures have 

been noted at greater depths. The stiff plastic clays, therefore, 

appear to be of low compressibility at all depths of interest to the 

foundation engineer. 

The high expansive powers of the stiff plastic clays can be noted 

from the void ratio versus pressure curves. Expansion pressures are 

measured by determining the vertical load at which a laterally con¬ 

fined, saturated sample will cease to swell. Expansion pressures of 

1 to 2 tons per square foot are not uncommon and pressures of 3 to 4 

tons per square foot have been observed. 

Figure 22 shows the statistical relationship between plasticity 

index and liquid limit for a number of random samples. Results are 

shown for sandy clays as well as plastic clays. Both types of soil 

show the same trends in this relationship. 

^Dawson, op. cit., p. 3 
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Sandy Clays 

1 clay which contains a sufficient quantity of sand to materially 

alter its physical properties is classified as sandy clay. In Houston, 

sandy clays are often encountered at relatively shallow depths, in many 

cases immediately below topsoil and above the ground water table. Shal¬ 

low sandy clays are light in color as a result of oxidation and may 

consist of some combination of light gray, tan, yellow and red. 

Average values of water content, liquid and plastic limits, and 

dry density were given for sandy clays of downtown Houston. These 

properties were compared with the corresponding properties of stiff 

red clay. 

The sand grains in sandy clay gives rise to appreciable internal 

friction and gives some rigidity to the soil structure. Joints or 

slickensides are therefore quite uncommon in sandy clays. With adequate 

confinement sandy clays may develop high shearing strengths. Figure 

23 (a) shows Mohr's stress circles and rupture line for a stiff red and 

gray jointed sandy clayj Figure 23 (b) shows the same information for 

an ordinary sandy clay. The difference in both cohesion and internal 

friction of the two materials is quite apparent. Furthermore, the 

physical properties of the jointed sandy clay correspond closely to 

typical values for clays of high plasticity. The fact that it was 

jointed indicates at least moderate plasticity. This illustration 

demonstrates the fact that internal friction is quite high for clays 

which are unmistakably sandy and may be well worth consideration for 

numerous other clays. This fact has been substantiated by triaxial 

tests on silty clays. 

Figure 21 shows the results of two consolidation tests on sandy 
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(a) Stiff red and gray Jointed sandy clay 

(b) Red, yellow and gray sandy clay 

Pig. 25. Results of Triaxial Compression Tests 
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clays. Low plasticities account for the moderate expansion pressures. 
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CHAPTER VII 

SAND DEPOSITS 

Sand deposits in Pleistocene soils of the Houston area usually 

appear as lenses which are highly repetitive. The profiles indicate 

the manner in which these lenses apparently die out and reoccur. Thick 

sand deposits do not consist of clean sand over large areas but almost 

invariably change gradually into silt or clay strata. This grading 

applies to both vertical and horizontal directions; the former is 

evidenced by many of the boring logs and the latter can readily be 

noted from a study of the soil profiles. Thin lenses of sand are very 

common, usual thicknesses are one to four feet, and often occur em¬ 

bedded in thick clay deposits. 

All sands which have been noted here are fine to very fine in 

grain size; usually an appreciable percentage of silt is present. The 

sands are tan, light gray, red and sometimes blue in color. Tan and 

light gray sands are found at shallow depths, for example, above sea 

level in the downtown area, whereas red (and blue) sands are found at 

greater depths. Red sand lenses or sandy silts are found within thick 

masses of red clay. 

Standard penetration tests indicate wide variations in the rela¬ 

tive density of sands in the Houston area. The arbitrary relationship 

between relative density and the number of blows per foot of penetra¬ 

tion using the standard test is shown in Table 3» Loose deposits of 

sand are common in the vicinity of Buffalo Bayou and its tributaries, 

especially at shallow depths. This fact is partly due to the Recent 

origin of much of the soil along these streams. Away from the bayous 



52 

sand deposits are usually at least medium in relative density. The 

results of standard penetration tests at a site near Fannin Street 

and Holcombe Boulevard are indicated in Figure 24. Sand deposits of 

this thickness are not common in Houston. This deposit had many thin 

lenses of sandstone, accounting for some of the high values of resis¬ 

tance. 

TABLE 3 

RELATIVE DENSITY AS DETERMINED 
BY THE STANDARD PENETRATION TEST 

Relative Density Blows per Foot 

Very Loose 0-4 

Loose 4-10 

Medium 10-30 

Dense 30-50 

Very Dense Over 50 
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CHAPTER VIII 

RECENT DEPOSITS 

Recent deposits are found in river valleys and along the coast 

where they represent beach and delta deposits. The process of delta 

building is presently very active at the mouths of Gulf coast rivers. 

The profile of highway 90 shows Recent deposits in the channel 

of Buffalo Bayou. Figure 25 shows a profile along Buffalo Bayou with 

the line of contact traced between Recent deposits of sand and the 

stiff to hard clays of Pleistocene age. The irregular thickness of 

the Recent deposits indicate the effect of erosion along the banks 

of the bayou. Areas of fill are also noted. 

Most Recent deposits are obviously poor foundation materials} 

thorough laboratory testing for design purposes are usually uncommon. 

An excellent source of comparative data on Recent and Pleistocene 

soils may be obtained from borings made in the Gulf of Mexico on the 

continental shelf. Pleistocene rivers eroded deep valleys across the 

continental shelf. These valleys have been filled with Recent alluvium 

ranging in thickness up to several hundred feet. Figure 26 demonstrates 

the range of thickness of Recent soils deposited on the continental 

shelf. The locations of the borings are shown on the Geologic Map 

ia Figure 27. 

A typical log of an offshore boring is shown in Figure 28. The 

site of this boring is approximately 6 miles offshore near Freeport, 

Texas. The Recent soils represent part of the filled valley of an 

ancient Pleistocene Brazos River and are noted by soft consistencies 

and dark gray color as opposed to the stiff tan and gray Pleistocene 
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soils. The top several feet of the Pleistocene soils, beginning at 

elevation -120 have been exposed to the atmosphere and oxidized, this 

being evidenced by the light color and calcareous nature.^ Moisture 

contents of 40 "to 50 percent and unconfined compressive strengths of 

approximately 1.0 tons per square feet are shown for the Recent soils. 

Pleistocene soils from this boring show moisture contents ranging from 

18 percent to approximately 32 percent. Unconfined compressive strengths 

average about 2.0 tons per square foot. Densities of the Pleistocene 

soils are characteristically greater than densities of the Recent soils. 

Dry densities of approximately 80 pounds per cubic foot for the Recent 

soils and 100 pounds par cubic foot for Pleistocene soils are shown in 

Figure 27. 

^Bramlette McClelland, "Foundation Investigations for Offshore 
Drilling Structures in the Gulf of Mexico,"Presented at the New Orleans 
Convention, American Society of Civil Engineers, March, 1952* 
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CONCLUSIONS 

This thesis represents the first attempt to present an overall 

picture of the soil conditions of Houston from the standpoint of 

modern soil mechanics. The magnitude of this task is great; this work 

can be considered only the beginning. By necessity, much time was 

spent in the routine process of accumulating data. The available time 

for detailed studies of specific properties and factors governing these 

properties was therefore limited. It is highly essential that this 

thesis be viewed as a general statement of conditions. The presenta¬ 

tion of typical boring logs was considered to be an effective means 

of demonstrating subsurface conditions. Wherever adequate borings 

were conveniently oriented, profiles were constructed for convenience 

in visualizing the stratigraphy. The laboratory data presented may 

serve as a guide to engineers not familiar with local soil properties, 

but extrapolation in regard to the logs and profiles is not warranted. 

The conditions at an unexplored site can be determined only by a 

suitable test program. 

The following conclusions are felt to be justified by the data 

studied: 

(l) The general character and significant engineering properties 

of Houston subsoils can be correlated with the known geology of the 

Gulf Coast formations. The variations in constituents of soil strata 

are a result of deposition under water; as a result, many soils possess 

a somewhat uniform gradation from clay to fine sand. Gradual grada¬ 

tions from one strata to another are typical, especially in regard to 

sand deposits. Rather abrupt transitions in stratification indicate 
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deposition of the more recent strata on top of eroded older strata. 

(2) Geologists have shown that the beginning of the Lissie out¬ 

crop is approximately coincident with the increase in slope of the 

terrain north of Buffalo Bayou. Boring logs from the Lissie outcrop 

are similar to boring logs from the Beaumont formation. None of the 

borings in this area were deep enough to define soil conditions below 

sea level. From the data available it vrais noted that the average 

plasticity of red clays in the Lissie outcrop was somewhat greater than 

the average plasticity of corresponding clays in the Beaumont formation. 

(3) Subsurface clays, sandy clays and silty clays are generally 

stiff in consistency. Clays with very stiff or hard consistencies 

are not uncommon, particularly among the jointed clays. Surface soils 

with plastic consistencies are often noted. In many cases subsurface 

clays range from plastic to stiff consistencies. 

(4) Clays containing small fractions of sand possess high values 

of liquid limits and plasticity indices, that is, high plasticities. 

These clays are commonly jointed in nature, often containing slicken- 

sides. Joints may be expected to extend to elevations of 50 feet below 

sea level. Jointed clays are red, light gray or blue, and yellow in 

color; red is the most characteristic color. The water content of 

these clays approximates 25 percent, the dry density, 100 pounds per 

cubic foot. Opposed to these values, the ordinary sandy clays may 

possess water contents of 15 percent and dry densities of 115 pounds 

per cubic foot. The plasticities of sandy clays range from medium to 

low, depending upon the sand content. 

(5) Preconsolidation loads of the plastic clays are in excess of 
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present overburden loads. No geological evidence has been presented 

to indicate that the overburden of Houston soils vas at any time 

appreciably greater than at present. From these data it follows that 

the preconsolidating loads can be attributed only to desiccation, the 

source of the secondary structure of joints and slickensides. 

(6) Clays with high plasticities, even though essentially satu¬ 

rated in the natural state, are capable of developing high expansion 

pressures. The fact that these clays are capable of absorbing addi¬ 

tional water can be confirmed by observing the high range between the 

plastic limit and the liquid limit together with the fact that the 

natural water content is very near the plastic limit. 

(7) Surface clays, usually silty, sandy and organic, are subject 

to seasonal variations in natural water content. Fluctuations in 

water content gives rise to swelling and shrinking of great signif¬ 

icance . 

(8) Sand deposits appear as numerous lenses. Thick deposits of 

clean sand are uncommon but may appear, especially in the vicinity of 

old streams. Lenses of sand with varying amounts of clay binder and/or 

silt are common. Houston sands are fine to very fine in grain size 

with colors of light gray and tan or red and blue. Relative densities 

vary from loose to very dense. 
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Correlation of Data 

The locations of borings for which logs were utilized are shown 

on the vicinity map in Figure 1. The boring logs were made available 

by several organizations. The technique of sampling and classifying 

soils and the laboratory tests run varies with both the organization 

and the particular exploration program. It is therefore impossible 

to obtain all the information pertinent to this kind of study. 

Due to time limitations, an effort was made to obtain data which 

would have the greatest significance from the standpoint of complete¬ 

ness. However, in some instances judgment was used in making compar¬ 

isons between data from different sources or in the event insufficient 

data were available. 

Most of the individual boring logs and test data were obtained 

from Greer and McClelland, Consulting Engineers. Data for construc¬ 

tion of the soil profiles were obtained from the Texas Highway 

Department, Urban Expressways Office. Supplementary logs and test 

data were made available by District 12, Texas Highway Department, 

and Engineers Testing Laboratories. 

Due to the preponderance of data available a system of selection 

was necessary. The means finally selected consisted of concentrating 

on the deeper borings in a given locality and using shallow borings 

for supplementary data. This method was found to be most effective, 

as more strata could be defined and more test data could be used. 

In areas where no deep borings were available shallow borings were 

considered• 

Figure 1 by no means indicates the total number of borings 

studied. Many of the sites indicated represent explorations con- 
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sisting of many borings. To effectively correlate information between 

such sites involves first a reduction of data at each site. It was 

found that this could usually be effectively accomplished by comparing 

logs and data at a given site and choosing the log of the most repre¬ 

sentative boring. In a sense, comparison was then made between average 

conditions at the various sites. 
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Construction of Profiles 

The four profiles shown in Figures 12 through 15 were presented 

for the purpose of demonstrating the general variations in stratigraphy 

of Houston soils. Construction of the profiles consisted of laying 

out on a large work sheet each boring log along a particular route. 

Data for the logs were taken either from field books of boring logs 

or prepared sheets showing individual logs. The logs were plotted 

vertically on the work sheet with the point of contact between the 

various strata indicated. Scales for the work sheets were chosen 

such that the logs could be plotted in full detail (for example: 

vertical scale of 1 inch = 5 feet, horizontal scale of 1 inch » 200 

feet). 

Since the purpose of the profiles was to indicate the general 

stratigraphy or the average conditions, minor variations were usually 

ignored. Also, the data were weighted such that conditions repre¬ 

sented by several adjacent borings were considered to be representative 

even though a single nearby boring showed contradictory evidence of 

minor significance. Such a procedure was felt to be the only practical 

means of effectively demonstrating soil conditions on profiles repro¬ 

duced to small scales. 

A large portion of the data used in constructing the profiles was 

semi-quantitative in nature. Field classifications were used freely 

in defining the character of the soil. Due to the nature of the explor¬ 

ation program under which the borings were made, laboratory tests were 

often run only on samples from selected strata. It was therefore 

necessary to rely strongly upon field classifications made in the 

process of the boring. Nevertheless, due to the nature of the soils, 
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particularly the jointed clays, field classifications are very valuable 

in describing the soils. For example, a single shear test made on a 

jointed clay might lead to an erroneous conception of the consistency 

of that clay, whereas an appropriate classification in the field 

accompanied by an understanding of probable variations in the strength 

of the soil serves as a very useful guide in evaluating its character. 

From this standpoint, the profiles are felt to be a reliable presen¬ 

tation of general variations. 
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Suggestions for Further Research 

The accumulation and correlation of soils data are a valuable aid 

in the understanding of soil action. In view of the results of this 

study, the following suggestions for further research on Houston sub¬ 

soils are made. 

(1) Further accumulation and assimilation of data of the type 

herein presented is warranted. Mapping of subsurface soils by means 

of soil profiles and contour maps is a convenient means of defining 

local soil conditions. 

(2) A basic study of clay minerals may lead to a better under¬ 

standing of variations in engineering properties among various clay 

strata. Variations in sand and silt content have been shown to be 

an important factor. To date, however, no attempt has been made to 

correlate engineering properties of Houston clays with mineral content. 

(3) A basic study of the shearing strength of jointed clays is 

needed in order to better estimate field action from laboratory data. 

A concept of the effect of disturbance on the strength of jointed 

clays would be particularly valuable. Such an investigation should 

include both unconfined compressive and triaxial tests. 


